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Executive Summary

The main goal of this deliverable is to present two methodologies that compose the framework for context-
aware multidimensional adaptation: the Context-aware Design Space (CADS) and the Context-aware
Reference Framework (CARF).

These methods are complementary and represent a unified approach that joins context-information and
adaptation concepts, such as dimensions, levels and techniques. They consist in graphical representations that
organize the dimensions for adaptation in different abstraction levels and the adaptation techniques.

This deliverable defines the methodologies and also presents the background information required to
understand the context and motivation for the development and application of them, as well as examples of
use and applications of these methods.
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1 Introduction

1.1 Objectives

This deliverable describes the CADS and the CARF: two important components to the development of the
framework for adaptation of services front-end according to context awareness. CADS stands for context-
aware design space, a graphical representation that provides an overview of the possible dimensions for
adaptation and their respective abstraction levels. CARF consists of a context-aware reference framework
that refines and details the dimensions of the CADS. An extensive investigation was performed in order to
identify and describe in details the adaptation elements and the related techniques. Both methodologies are
complementary and provide the main components for the framework aimed by the Serenoa Project.

1.2 Audience

The target audience consists of researchers and practitioners.

1.3 Organization of this document

Chapter 1 presents the goal, audience and related documentation with this deliverable. In Chapter 2, the
description of the work is presented. Chapter 3 describes and exemplifies the Design Space. In Chapter 4, the
Reference Framework is defined and illustrated with examples. Chapter 5 presents final remarks and
concludes this deliverable. In Annex the adaptation techniques gathered so far are described in details.
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2 Description of Work

2.1 Motivation

Adaptive system can improve the user interaction in many application domains, for instance students in an e-
learning platform, drivers interacting with a GPS, elderly users with a mobile phone. For different situations,
different use cases and variables must be taken into account to provide an efficient interaction.

Most of the systems developed are constrained to one specific context of use (an able bodied user, a stable
environment, and a desktop PC). However, in reality, the contexts of use vary and can be adapted concerning
many different aspects. In order to provide adaptation, the context information has to be identified and
considered, mainly it includes (but is not limited to): user, platform and environment. Besides the context
information, there are also many dimensions that can be subject to adaptation and in different levels.
Previous works started to investigate these concepts, they tried to create, identify and organize adaptation
methods, techniques, tools and applications.

However they are constrained to one specific dimension at a time, and they require constant updates. In order
to organize adaptation according to their techniques and context information, and to advance previous
researches, in the Serenoa Project we define and develop two methods: the context-aware design space and
the context-aware reference framework.

The Design Space and the Reference Framework are complementary methods that, together with the
Ontology, compose the main framework for the Serenoa Project.

The next sections describe and exemplify both methods.

2.2 Goal

In the context of Serenoa to devise a computational framework for (multidimensional) context-aware
adaptation of SFEs three techniques will be used:

e a Reference Framework (CARF) that identifies the relevant abstraction levels for the description of
SFEs sensitive to the multiple dimensions of the context of use.

e a Design Space (CADS) that identifies the relevant design options and how they can vary to
accommodate different scenarios and requirements.

e an Ontology (CARFO) for Multi-Dimensional Adaptation of SFEs

The CARF and the CADS provide a theoretic and conceptual perspective as a unifying approach. We
consider adaptations that take into account different contextual aspects (and their mutual influences) at the
same time (multi-dimensional adaptation), thus leveraging existing work on adaptive and multi-target Uls.

2.3 Description
Task 2.1 Reference Framework (CARF) and Design Space (CADS) for CAA of SFEs [led by UCL]

This task is devoted to devise a sound definition of two main components of the Computational Framework
and their relationships:

1. A Reference Framework for CAA of SFEs. The starting point to produce the CARF is the
Cameleon Reference Framework, which is being leveraged to take into account new technological
developments such as Rich Internet Applications (Web 2.0) and Distributed User Interfaces. For this
purpose, a conceptual map defining dimensions for context-aware adaptation of SFEs will be
progressively built along the following axes: how, when, what, with respect to what, where, etc. This
CARF will be fed by already existing surveys on adaptation and will progressively evolve by
considering more advanced adaptation techniques. The conceptual map will also be implemented as
visualisation software based on hyperbolic trees in order to check consistency, to reason about it, etc.

SERENOA CADS and CARF Page 8



FP7 - ICT - 258030

2. A Design Space for multi-dimensional CAA of SFEs: The CADS will also introduce the basic
principles that drive context-aware SFEs, enabling to explore different adaptation methods that will
be developed during the project. The starting point to produce the CADS will be the FP 6 Similar
Adaptation Space that will be expanded and refined.
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3 Description of CADS (Context aware Design Space)
The four main goals of a CADS are:

e introduce the basic aspects that drive context-aware SFEs.
¢ identify the multi-dimensional space of the solutions for context-aware adaptation of SFEs
e introduce the architectural layers that will be responsible for conducting the adaptation process

e be an instrument for exploring different combinations of adaptation methods that will be
developed during the project

The CADS intends to support the whole adaptation life-cycle by allowing each step being performed by
the user, the system, a third party or any combination of them. In addition the CADS can consider feedback
or adaptation preferences expressed by end-users or domain experts, thus enabling an adaptation system
that it is capable to learn from human beings.

In accordance with the CADS devised, the CARFO Ontology will be populated (in the form of an
Adaptation Knowledge Base) by gathering knowledge about adaptation coming, from different domain
experts, existing open-source tools or communities of end-users (for instance, the accessibility community).

3.1 The Similar Adaptation Space

The design space expresses important dimensions and their respective levels in which adaptation must be
considered. In an initial version, illustrated by Figure 1, from 2005, the method accommodated 7 context
dimensions: with respect to what, who, when, how many, what, with what and for what. The design space
consisted of two main parts, the upper part of the graphic represented the action (regarding the status of the
system before adaptation) and the bottom represented the reaction (considering the status of the system after
the adaptation was performed).

Task ——  With respect to what?

Domain —

User —

Interaction object ——
Device —
Computing platform ——

Physical environment ——

o 5 Z E Organization — Action (Before)
(=] —

b 2, =] =

= z2. 2 =.

= =] = H

s 5 = = User Mixed System

| | | | i | | | ?
<+ ] } l Design [ | | »  Who!
For what? At design time

At run time

Application ——
pphicat At both design and run time
o 3 Presentation ——
L .
win % & % Pialog - one Whent
= =5 @ Help —+ Some
what? o 2 2 . Reaction (After) Man
% o% 2 Guidance — Y How many?
%; 3 @ Tutorial ——
o

V¥ What?
Figure 1. A design space for context sensitivity [Vanderdonckt et al., 2005].

This design space was an initial attempt to graphically organize Ul categories for adaptation. The goal of a
design space is to help designers to clearly locate, identify and separate the events that cause change of
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context as well as the possible reconfigurations of the UIL. This attempt was considered limited and was
improved in a new version in order to accommodate more dimensions and their respective adaptation levels.

3.2 Context-Aware Design Space

Figure 2 synthesizes the Similar Adaptation Space [Vanderdonckt et al., 2007] for context-sensitive user
interfaces. This adaptation space is a result from the efforts of 33 members in 16 countries of the FP6 Similar
Network of Excellence on multimodal user interfaces. The problem space is structured according (but not
restricted) to the following dimensions:
e The means used for adaptation: re-distribution, re-molding.
e The Ul component granularity representing the smallest UI units that can be adapted by the way
of these means.
e The state recovery granularity after adaptation has occurred (from the session level to the user's
last action).
e The Ul deployment (static or dynamic) as a way to characterize how much adaptation has been
pre-defined at design-time vs. computed at runtime.
o The context coverage to denote the causes for adaptation with which the system is able to cope.
e The coverage of the technological spaces as a way to characterize the degree of technical
heterogeneity supported by the system.
e The existence of a meta-Ul to allow users to control and evaluate the adaptation process.

| Adaptation
E)a“rs;:?ac-% IOf A means
Re-distributiorr{~ Ul component
Interactor level granularity

Plastic Meta-Ul \

Dialog space level
Meta-Ul with negotiatior\ Re-molding}~ gsp

Meta-Ul without negotiation Total level
No Meta-Ul .
Multi- Inter-TS  Intra-TS Session level
Te I Task Iev%[ tio level
i e 1 L , Action leve
Technological — Sear ' 3 State recovery
space coverage static granularity
Computing platform
Dynamic
Environment ynhami
Context ul
of use deployment

Figure 2. The Similar Adaptation Space [Vanderdonckt et al., 2007].

The dimensions and their specifications that the CADS describes may vary according to different contexts
and classifications domains. According to Balme et al. (2004) the platform can be elementary (when it is
composed of one computer) or a cluster (when it is assembled from a set of computers). The assembly may
be static (if its configuration cannot be modified on the fly) or dynamic (when an interaction resource may
arrive or disappear). The cluster is homogeneous (when it is composed of identical elementary platforms) or
heterogeneous (the resources and/or the operating system of the constituents differ).

Once the CADS is a flexible and extensible method, it can also accommodate different dimensions. We
defined seven that are more important in the context of Serenoa, however other ones can also be considered.
These seven dimensions are described and exemplified in the next subsections.
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3.2.1 Adaptation Means: Re-molding and Re-distribution

The “Adaptation Means” dimension was extensively investigated concerning its main concepts and techniques.
For instance, Ul re-molding denotes any UI reconfiguration that is perceivable to the user and that results
from the application of transformations on the UL It may result in a graceful degradation or in a graceful
upgradation. Transformations include:

¢ Insertion of new Ul components to provide access to new services relevant in the new context of use.
For instance, if more screen space becomes available, more information can be displayed.

e Deletion of the Ul components that become irrelevant in a new context of use. For instance,
removing unnecessary Ul elements to accommodate screen constraints of a PDA is a frequent
technique.

e Reorganization of Ul components by revisiting their look-and-feel, spatial layout and/or their
temporal dependency. For instance, switching from a portrait to a landscape view may require spatial
reorganization.

Re-molding may result in using different modalities, or in exploiting multimodality differently. Ul adaptation
is often assimilated to UI re-molding. This is true as long as we live in a closed world where the interaction
resources are limited to a single computer at a time. In ubiquitous computing, the platform may be a dynamic
cluster composed of multiple interconnected computing devices whose interaction resources, all together,
form a habitat for Ul components. In this kind of situation, instead of being centralised, the user interface
may be distributed across the interaction resources of the cluster. Ul re-distribution denotes the re-allocation
of the UI components of the system to different interaction resources.

Re-molding a UI from a source to a target Ul may imply changes in the set of the supported modalities:

e Ul re-molding is intra-modal when the source UI components that need to be changed are retargeted
within the same modality. Note that if the source user interface is multimodal, then, the target Ul is
multimodal as well: intra-modal re-molding does not provoke any loss in the modalities set.

e Re-molding is inter-modal when the source Ul components that need to be changed are retargeted
into a different modality. Inter-modal retargeting may engender a modality loss or a modality gain.
Thus, a source multimodal Ul may be retargeted into a mono-modal Ul and conversely, a mono-
modal Ul may be transformed into a multimodal UI. As for inter-modal re-molding, multimodal re-
molding may result in a modality loss or a modality gain.

e Re-molding is multi-modal when it uses a combination of intra and inter-modal transformations. For
example, the support of multi-modal re-molding considering graphics and vocal modalities. As for
inter-modal re-molding, multi-modal re-molding may result in a modality loss or a modality gain.

Ul re-molding may range from cosmetic changes to deep software reorganization.

3.2.2 User Interface Components Granularity

This dimension considers the units of the user interface that can be affected by adaptation. When it is total
the whole user interface is affected, but it can also be partial. In this case, the smallest software unit is the
interactor. Interactors consist of elements of the interface, such as: input boxes, scroll bars, buttons or dialog
windows.

A workspace is considered as the logical space developed to support the execution of a task (or a set of
tasks). Workspaces are populated with interactors, such as widgets (graphics, speech), windows, icons and
menus. An interface expressed with SVG supports only total remolding, once it is not possible to resize
subparts of the user interface to maintain text legibility as the display area is shrunk.

3.2.3 State Recovery Granularity

This dimension characterizes the context in which the adaptation occurred. If the adaptation is applied in the
session level, it means that the users must restart their activity from the initial state of the system (when it is
launched). At the task level, the user can pursue the activity from the beginning of the task, currently
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interrupted. And at the physical action level, the user can carry on the current task at the exact point in which
he or she stopped.

For instance, for an email service, the session level corresponds to the act of login in the system, the task
level corresponds to send an email, and the action level corresponds to typing the subject of the email
message.

3.2.4 User Interface Deployment

The deployment concerns the installation of the user interface component; it may be static or dynamic. When
it is static it corresponds to adaptations occurring at the time the system is launched (and after this no
changes can be performed). A dynamic deployment allows changes to happen on-the-fly (the use of Ajax
technology permits this type of deployment).

Static deployments force user to quit the session and to launch a new and appropriate version of the system.

3.2.5 Context of Use

The context of use was formally defined for this project as the triple: user, environment and platform. Each
dimension is a rich information space that includes many characteristics. The environment considers physical
and social characteristics.

Dey (2000) defined the context information as all information that is relevant for an application, it concerns
all the characteristics of an entity that can be used to adapt a system, for instance, concerning the user, many
different aspects can be observed, like the technological experience, gender, age, preferences, language;
concerning the environment, we can consider the level of light, noise, humidity, temperature, location; and
concerning the platform, characteristics such as, the operating system, memory, battery level, input and
output devices, available screens, network connections, bandwidth, and so on.

The context can be gathered in an automated or manual way, by sensors or explicitly requiring the user to set
it, for instance.

3.2.6 Technological Space Coverage

The technological space involves a working context and the related: concepts, knowledge, tools, required
skills, and possibilities [Kurtev et al., 2002].

Examples of technological spaces include documentware concerned with digital documents expressed in
XML, dataware related to data base systems, ontologyware, and so on. Most Uls are implemented within a
single Technological Space (TS), such as Tcl/Tk, Swing, or HTML. This homogeneity is not appropriate for
plastic multimodal Uls, since re-distribution to different computing devices may require crossing
technological spaces. For example, a Java-based Ul must be transformed into WML 2.0 when migrating
from a PDA to a WAP-enabled mobile phone.

TS coverage denotes the capacity of the underlying infrastructure to support UI plasticity across
technological spaces:

e Intra-TS corresponds to Uls that are implemented and adapted within a single TS.

e Inter-TS corresponds to the situation where the source Ul, which is expressed in a single TS, is
transformed into a single distinct target T'S.

e Multi-TS is the flexible situation where the source and/or the target user interfaces are composed of
components expressed in distinct technological spaces.

3.2.7 Existence of a Meta-Ul

The concept of meta-Ul is defined as a simplification of an end-user development environment. A full fledge
meta-Ul should allow end-users to program (configure, and control) their interactive spaces, to debug (evaluate)
them, and to maintain and re-use programs. It binds together the activities that can be performed within an
interactive space. In particular, it provides users with the means to configure, control, and evaluate the adaptation
process. It may, or may not, negotiate the alternatives for adaptation with the user. It may or may not be plastic.

A meta-Ul without negotiation makes observable the state of the adaptation process, but does not allow the user to

SERENOA CADS and CARF Page 13



FP7 - ICT - 258030

intervene. The system is autonomous.

A meta-Ul incorporates negotiation when, for example, it cannot make sound decisions between multiple forms
of adaptation, or when the user must fully control the outcome of the process.

The balance between system autonomy and too many negotiation steps is an open question. Another issue is the
plasticity of the meta-UI itself since it lives within an evolving habitat. Thus, the recursive dimension of the meta-
UI calls for the definition of a native bootstrap meta-UI capable of instantiating the appropriate meta-UI as the
system is launched. This is yet another research issue.

3.3 Illustrated Examples for Dimensions’ Levels

Many efforts have been done in order to implement adaptive systems. These systems can be adapted in
different levels and for specific dimensions. This section illustrates by describing scientific examples, the use
of adaptation concerning each dimension of the CADS.

3.3.1 Adaptation Means

Groulax et al. (2005) presented important definitions for the dimension of adaptation means. For instance, in
their work they defined the interaction paradigm of Detachable User Interface by characterizing it as a set of
properties:

e Detachability: allows any component of the user interface to be removed from the current interface;

e Migratability: allows components of user interfaces to be migrated from a user platform to another
(even with distinct operating system, protocols and screen resolution);

o Plastifiability: consists in the property of adapt, in an appropriate manner, the interface component
that was previously migrated, considering the new context; and

e Attachability: consists in a property of merging components to running UL

The migration of a UI was defined as the transference of it from one computing platform to another. It can be
considered as total or partial (depending if the interface is completely or partially migrated); it can be
considered as control-migration (if only the control component is migrated) or presentation-migration (when
the control is maintained and the presentation moves), or mixed (when both parts are migrated).

In order to accommodate all these properties, a meta-Ul interface has to be defined: it identifies the
possibility of migration, proposes it, selects alternatives, and executes them. Meta-Uls can be system
initiated, user-initiated or mixed-initiated (depending on ,whostarted and performed the migration).

Groulax et al. (2005) also defined UI components as parts of the user interface. These components, that may
be subjected to detach, were classified in: full-screen, window, active window, region, fixed region and a
widget, according to different abstraction levels. And the computing platform was considered as the complete
hardware and software environment.

Sedan-Bouillon is a plastic website that can be distributed across a cluster under the user's control [Balme et
al., 2005; Vanderdonckt et al., 2007]. The end user can specify platform screens in which she or he wants to
access workspaces that compose the website. Sedan-Bouillon exemplifies the re-molding, as well as re-
distribution, they are both performed at the workspace level: the title, content, and the navigation bar are the
smallest units for re-molding and re-distribution.

The means used for adaptation are also related with the user interface component granularity, as the next
subsection illustrates.

3.3.2 User Interface Component Granularity

User interface component granularity refers to the different unit levels of the interface that can be subjected
to adaptation, for instance a window or a button.

Melchior et al. (2009) presented an example in which the interface can be distributed in the interactor-level.
Given n application processes and m display processes, a toolkit was developed to partitionate the GUI of
each application over the m display processes that are available at a time. A single display process can,
therefore, combine parts of the GUI of each application, in one or several windows with no restriction. This
is performed arbitrarily and dynamically.
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In this example, as a case study a distributed office suite was implemented. The main goal was to show that a
complex application (with many toolbars and buttons) could be distributed over multiple devices and many
users. An interface can be decomposed in a lot of components, and a workspace can also be divided into
different migratable regions. One of the specific goals was to distribute atomic elements of the user interface,
like Figure 3 illustrates. Buttons on the drawing toolbar should be detachable and distributable. A paragraph
or a line of the text should also be distributable without the need to distribute the whole text.

The granularity of distribution can range from the application level to the widget level: an entire application
can be distributed across platforms, but also the different components of any widget. For instance, even a
radio button, consisting of a circle to be checked and a label can be split across platforms. Even the label can
be distributed (although it does not make sense in some cases). Buttons on the drawing toolbar can be
detachable and distributable.

Figure 3. Example of adaptation, the clock is migrated from one application to another [Melchior et al, 2009].

They also considered adaptation for different displays, platforms, operating systems, and users. For instance,
each application (parts or the whole) could be marked for exportation, exported to another platform where it
continued to run its own life, and re-imported back from where it was initially exported. This migration
allows user to access interaction results of other users. Other users can also modify the content created and
exported previously. This allows many users to work together no matter where they are located.

3.3.3 State Recovery Granularity

State recovery granularity characterizes the effort users must apply to carry on their activity after adaptation
has occurred: at the session level, at the task level or at the action level.

In the example of the Sedan-Bouillon website, in which the plasticity allows it to be distributed across a
cluster under the user's control [Balme et al., 2005; Vanderdonckt et al., 2007], the end user can specify
platform screens in which she or he wants to access workspaces that compose the website. In this case the
system supports a task level state recovery: if re-distribution occurs while filling a form, users have to refill
the complete form.

3.3.4 User Interface Deployment

A common example of static deployment occurs when the website is able to recognize the use of a specific
device, such as a PDA, by, for instance, checking the “user agent” field on the http header, and then the
appropriate version of the website is loaded and rendered. This adaptation requires the previous design and
implementation of different versions of the website according to different platforms options.

Rekimoto'S pre-distributed pick and drop is an example of a static UI deployment [Rekimoto, 1997]. Pick
and drop consists in an interaction paradigm in which the user selects a resource (a file, for instance) by
selecting its icon, and then, the user drags the resource to another available device, in order to make a copy
and share it. This paradigm is an extension of the drag-and-drop.

Sedan-Bouillon, on the other hand, supports dynamic Ul deployment. The user can select his or her
preferences and the interface will automatically change and be adapted according to the choices previously
made. There is no need to install a new version of the application in this case, once the website is
programmed to provide adaptation on the fly.
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3.3.5 Context of Use

Context of use involves all information related to the system. When this context information is relevant it can
be used as parameters to compose adaptation rules defined previously.

For Sedan-Bouillon example, a platform is a cluster of connected computing devices. In turn, this cluster
may be static or dynamic (computing devices may appear and disappear on the fly), and the cardinality of
this cluster is an important factor to consider in relation to scalability and usability. Computing devices are
also characterised by the interaction resources they support. The platform dimension of the context of use is
probably the most frequently addressed portion of the context to accommodate the UI with.

The context of use was considered in this example concerning: user preferences (where she or he wanted to
access each Ul component), available devices (PDA and a PC screen) and specific Ul components of the
application (title, navigation menu and content).

Context information must always be considered for adaptation models, however they consist in a broad range
of information, thus the adaptive application available nowadays consider context information, but certainly
always in a restricted way. This occurs not only because it is a hard task to gather all possible context
information, but also because it is a hard task to infer the best approaches to consider context in a way that
adaptation is performed with high usability level and transparency for the users, without confusing or getting
them lost.

3.3.6 Technological Space Coverage

Kurtev et al. (2002) asserted that is not easy to define precisely TS, but TS can be considered as working
contexts with their associated concepts, knowledge, tools, required skills, and possibilities. TS is often
associated to a user community with shared know-how, educational support, common literature and even
workshop and conference regular meetings. Examples include the XML TS, the DBMS TS, the abstract
syntax TS and the meta-model (OMG/MDA) TS.

Nowadays there are many different technologies available, and though it is hard for developers to decide
which is the best solution (of combination of them) to implement an application. Kurtev et al. (2002)
provided a higher-level comparative view of 4 technological spaces (XML, MDA, AS — abstract syntax — and
Ontologies) according to specific qualities (executability, aspects, formalization, specialization, modularity,
traceability, and transformability). These qualities were respectively classified as: poor, fair, good and
excellent. The potential interoperability among the TS was also analysed.

The TS as a CADS dimension, can be classified among 3 levels: multi, inter and intra. When the adaptation
is performed in the level of intra the same TS is maintained, for inter the TS changes and multi combines
different TS. Kurtev et al. (2002) analysed and discussed the issues for this type of adaptation, not always
interoperability is provided and sometimes it is necessary to combine processes, such as reverse engineering
and forward engineering, for instance to convert Java to C#, first a UML-like model is required.

In the example of Sedan-Bouillon website the technological space is kept even after adaptation is performed,
therefore it can be classified as adaptation in the level of intra-technological space.

Technological Spaces can also be classified according to their abstraction levels, for instance a semantic
model (such as an Ontology) has a higher abstraction level than a concrete technological space.

3.3.7 Existence of a Meta-UlI

A meta-Ul incorporates negotiation when, for example, it cannot make sound decisions between multiple
forms of adaptation, or when the user must fully control the outcome of the process. This is the case for
Sedan-Bouillon where the user can decide on the allocation of the UI components.

Coutaz (2006) proposed the meta-user interface concept as a set of functions that control and evaluate the
state of interactive ambient spaces; the goal is to help users in controlling and evaluating this state. A
dimension space was presented to classify, compare and contrast research efforts in the domain of meta-UI.

Models and mechanisms are currently being developed for re-molding and re-distribution under the umbrella
of plastic UI's and context-aware adaptive UI'S. But the level of control left to end-users must be carefully
defined.
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She designed a prototype for meta-UI that supports the discovery and coupling of mixed-by-design objects
(PDA's and PC), as well as Ul re-distribution. The integration of the UI of this meta-UI uses a combination
of embedded-ness and externality using objects ownership as a driving principle: the user interface of the
meta-Ul services that act on the Ul components of the domain-specific services are embedded.

3.4 Application of the Context-Aware Design Space

The CADS can be applied in the analysis of adaptive systems. A region of the graphic is filled according to
the dimensions and levels of adaptation implemented in the system, this approach has two main advantages:
it is possible to identify clearly the coverage of adaptation, and consequently, underexplored domains that
can be considered to improve adaptation.

Figure 4. Application example of the CADS for Angie [Schlee & Vanderdonckt, 2004]

Figure 4 illustrates the Design Space applied for Angie, a software implemented aiming design-time
adaptability of a GUI by adding and removing Ul components and recompiling [Schlee & Vanderdonckt,
2004]. It uses the concept of Generative Programming (GP) that allows automatic creation of softwares using
the configuration of elementary and reusable components. In this case, as its CADS illustrates, adaptation is
performed by re-distribution; in the interactor level, for instance: radio buttons and check boxes (concerning
the Ul component granularity); a new session needs to be launched to accommodate the adaptation; the
deployment is static; users are being considered for context information; the technological space is
maintained (intra-TS) and there is no meta-UI.

The CADS is a method that can be used to classify all adaptive applications. Its use consists in analysing a
given adaptive application concerning the dimensions and levels of adaptation provided. Dimension not
being provided can be ignored or removed. Besides, the graphic representation of the CADS allows the
dimensions to be refined into more detailed levels and new dimensions can be included. The following
section provides further descriptions concerning the advantages of the methodology.

3.5 Advantages of the Context-aware Design Space

The CADS is a flexible model once its dimensions can be removed or inserted depending on the application
example being analysed. In addition to this, the CADS is an extensible model once it also allows new
dimensions to be considered and the current dimensions to be refined accommodating more levels of
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adaptation.

The graphical representation of the CADS permits different applications to be compared concerning their
adaptation dimensions and levels. In this case the graphic regions considered for two (or more) different
applications must be defined, compared and analysed. This approach facilitates the comparison of the
adaptation coverage concerning different dimensions and levels. Dimensions not being considered for a
given case, or underexplored dimensions, may require special attention.

It is important to take into account the design space goals. According to [Lafon, 2000], a design space should
serve three virtues that guide its definition:

e adescriptive virtue: any adaptation technique should be described completely, consistently, and
unequivocally based on the CADS.

e acomparative virtue: each pair of adaptation techniques should be made comparable according
to the same criteria defined in the CADS. This supports a sound comparative analysis of
techniques, and later on, a rigorous benchmarking of techniques. For instance, if we compare
two techniques for CAA of SFEs on the CADS, we will rely on the coverage of the two
techniques in order to identify their respective strengths and weaknesses.

e an exploratory virtue: all steps of all dimensions of the CADS should be explored in order to
identify where are existing techniques, where are new opportunities, and where are under-
explored portions of the design space. In particular, we can identify uncovered steps and
dimensions of CAA of SFEs, first from an analytic point of view, then according to a
technological support.

Therefore in order to consider a new adaptation dimension, its concepts must be initially clarified and well
defined. The adaptation levels for a given dimension can be obtained by analysing adaptive applications,
previously reported, that provide adaptation for this specific dimension and also by investigating the own
nature of the dimension. The description of a new dimension must be complete, consistent and its scope must
be well defined.

The comparison between different applications must be done by overlapping the graphical representations of
them under the CADS structure. A visual analysis of the outcome provides a clear definition of the
adaptation coverage, and consequently the observation of strengths and weakness of the applications being
compared. The use of transparency or different colors helps the graphical visualization.

The CADS allows the exploration of adaptive applications concerning all possibilities of dimensions and
levels. Its graphical representation permits to identify the coverage of adaptation in a single application, a
further investigation of related works provides means to improve and increase the adaptation level in this
context.

3.6 Extending the CADS: Further Dimensions

Concerning other potential dimensions of the Similar Adaptation Space, the project participants acknowledge the
fact that they have no previous research results to be reused, thus all remaining dimensions will have to be defined
and exhaustively investigated during the project lifetime. Nonetheless, due to time and effort limitations we will
not deal with all the possible combinations between the different dimensions.

We are elaborating a design space that characterizes the design dimensions of SFE adaptation, based on the
initial version of the Similar Adaptation space. This design space is being continuously expanded according
to the same mechanisms as for the Reference Framework in order to identify the major dimensions to take
into account when performing adaptation of SFEs. Major dimensions to be considered include, but are not
limited to: the precise time when the adaptation will be applied (e.g., design time, linking time, compilation
time, run-time), the involvement of users, machines and third parties such as a broker (Figure 5), the seven
stages of adaptation, the QoSFE (Quality of SFE), etc.
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Figure 5. Some examples of other possible dimensions for extending the Design Space.

3.7 Final Remarks

Among the advantages of CADS some must be remarked. This technique is:

Extensible: once the model allows updating, such as the consideration and inclusion of new
dimensions;

Flexible: the current dimensions can be removed, replaced or the levels considered for current
dimensions can be refined according to the application being analysed or compared;

Unified: the graphic representation accommodates multi-dimensions and different levels in an
integrated view;

Descriptive: this technique provides and overview of which dimensions the application provides
to adapt itself and in which level it is performed, this allows the analysis of any application;
Comparative: two or more applications can be compared according to the adaptive dimension
levels that they provide; it is an advantage to graphically check whether one dimension should be
better explored in an application;

Exploratory: many dimensions can be simultaneously considered, designers can classify the
application according to its adaptive dimensions and analyse their coverage

The main limitation of the CADS is the difficulty to consider different levels of adaptation in the same axis

for compari

son. Besides, to compare different applications it is better to consider on top the application that

provide a lower adaptation level (in order to provide a better comparative visualization of both cases), the

adoption of

different line styles (such as hached and continuous line), and distinct transparency levels and

colors is also recommended to improve the visualization.

The use of

tri-dimensional graphic representation will be investigated once it may help to handle these

limitations concerns.
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4 Context aware Reference Framework (CARF)

4.1 Background

In the past, many different models with different levels of coverage, expressiveness, and progress have been
created and reported. Since recently, the community working in the adaptation domain has produced a
general agreement about the abstraction levels appropriate for describing multi-target (i.e. for multiple users,
multiple platforms, multiple environments, multiple contexts of use) interactive applications that resulted in
the Cameleon Reference Framework (CRF) [Cameleon] [Calvary 2003], issued by the FP5 Cameleon
project:

The Cameleon Reference framework structures the Ul development life cycle into four subsequent layers:
task and domain model, describing the logical activities necessary to achieve users™ goals; abstract user
interface (AUI) model, concrete user interface (CUI) model, and final user interface (FUI). The abstract
interface, is the Ul model independent of any target platform and any interaction modality; concrete
interface, is the UI model which is dependent on the target platform and interaction modality, but
independent of any implementation language, and the final interface, corresponds to the UI running or
interpreted. The contents and usage of these abstraction levels remain however open to interpretation.

Brusilovsky (2001) presented a taxonomy that organizes adaptive hypermedia technologies, however, as
illustrates the Figure 6, this taxonomy is limited, once it only considers adaptation regarding presentation and
navigation.

Figure 6. Taxonomy of adaptive hypermedia technologies [Brusilovsky, 2001].

As Bailey (2002) stated the Brusilovsky'S taxonomy originally provided a mechanism for classifying the
various AH systems at the time. Since then, more systems have been developed, some of which fit in to the
existing taxonomy, and others that have forced extensions to the taxonomy making it more lengthy and
complex.

In 2008, Rouillard proposed a diagram that represents an overview of adaptation. The CARFs implemented
so far leverage his work by clarifying techniques for each domain of application. As we can see in Figure 7,
this view involves a wide range of context information, but, as the author states, it is not extensive, it
represents the main contexts closely related with adaptation.

We extend his model by detailing the techniques applied for each domain, namely content, presentation and
navigation. Once Serenoa will consider many different contexts of use for adaptive systems, other domains
are also planned to be analysed, such as adaptation techniques for mobile applications.

SERENOA CADS and CARF Page 20



FP7 - ICT - 258030

initiative
| proposal
functional core user-centered —
T, 4 decision
functional core adapter | { —
i 2! i stages | | execution
dialogue controller | abstraction S —
| variation

logical presentation [ |

A

\_system-centered | selection

physical presentation

. | | testing
enabling components and features | )

— : [ intra-modal
switching between interfaces | | -

%,

modality | inter-modal

|
filtering | strategies f -

- 7 f | multi-modal
reconfiguring /| \ | f —
— | | mono-channel

editing / | how | channel ————
e / \._ s multi-channel
translation [ \ / —
. Ty | i | task model
reverse engineering, migration | | L
-, methods / | [ user model
markup language { - models ~———————
——— | P ./~ domain model
model-based approach / [ Adaptation i’ —
o i S— - \_ interaction model
functionality — —

USEr: customization

presentation | | who controls —
——, what / s system: personalization
 — ! -

dialogue f —
] | | system personalization
help, tutorial, advice / | | | —_——
| f system designer
present what users want to see speed up use .I| 1 | | —_

~, | \ who | | [ system administrator
make complex system usable \ —h | s
- - -, simplify use g | who agents | | local expert
easy, efficient, effective use ,~—— | — . human [7
- ) \ USer groups
user | | - -
\_user | typical user
hardware | ) ;
——— platform | | | \_individual user
software hat | | ) | —_—
— | to what | | interna
physical — |\ where ——
— ) f | = external
people | environment / | E—
7 | dynamic
resources |/ | — )
— ' when | ] between sessions
o static o/

' before sessions

Figure 7. An overview of adaptation based in Rouillard (2008).

4.2 The Reference Framework

In order to provide a rigorous basis for applying the adaptation of SFEs in WPs 3, 4, and 5 in a unified way,
there is a need to conduct some fundamental research that systematically analyses existing adaptation
techniques. The Computational Framework is addressing this question by researching successively:

e a Reference Framework (CARF): is being elaborated in order to articulate all dimensions, their
abstraction levels and concepts relevant to adaptation. The content is, in general, being gathered by
performing the systematically analysing the literature: by compiling adaptation techniques,
abstracting individual techniques into more general ones whether experience permits and
consolidating techniques. The techniques are being structured according to how, what, who, when,
where, with respect to what and with which models (based on the Cameleon Reference Framework).
Finally the techniques are also being generalized when permitted.

Figure 8 depicts a generic representation of the CARF structure according to a tree represented by a mind
map. This conceptual map is being consistently explored and defined. It evolves with the consideration of
new adaptation techniques and it will be encoded in a system in order to reason about structural differences
of adaptation techniques.

SERENOA CADS and CARF Page 21



FP7 - ICT - 258030

why
how P S

to what - Adaptation
— |~ "\ _who
where |/  —
. when

Figure 8. Reference Framework

A CAREF is being elaborated for each domain of the system subject to adaptation, namely: content (audio,
image, text and video), presentation and navigation. The CARF lists all techniques gathered for this domain,
and in order to describe them a template was created. This template describes a set of information about each
technique listed in the CARF. The template, as Figure 9 illustrates, contains 11 fields that present essential
information, such as: its name, description, references, rationale, example, context, advantages,
disadvantages, a code sample (e.g. an algorithm), a picture (e.g. snapshot) and additional comments.
Currently, a website was created to organize, list and describe techniques, in a systematic way (using a
template to detail the techniques gathered).

Figure 9. Template for Adaptation Techniques

The templates are being continuously filled according to the progress in the review and analysis of the
related literature. The description of the adaptation techniques analysed so far is presented in Annex
Sections: Annex A — Adaptation Techniques Templates for Content, Annex B — Adaptation Techniques
Templates for Navigation and Annex C — Adaptation Techniques Templates for Presentation.

4.3 Application Examples

The reference frameworks represent one domain of adaptation at a time. For Serenoa, we are considering
adaptation for: Content, Navigation and Presentation. Content involves the following formats: audio, image,
text and video.

An example of a Reference Framework for text adaptation is illustrated by Figure 10, the related context
information consists in the following dimensions: who, what, how, where and why.

The dimension what defines the subject of the adaptation, which is text in this case. The dimension who
defines the subject that performs the adaptation, the subject can be a person, such as the end-user, or an
external agent, like an external application. In this example the text adaptation can be performed by: the
system, developer, end-user or a third-party. The dimension where defines the device types in which the
adaptation occurs, for instance a desktop computer, or a mobile device. The dimension why defines the goal
of the Reference Framework, thus in this case, adapt to the user. The dimension how defines the technique to
be applied, thus text processing. How can be refined in a sub-level where the different techniques are
presented. In this example, the content of the text can be adapted, the content can be: summarized,
simplified, truncated, translated and described. And the presentation of the content can be adapted
concerning: the zoom (in/out), size, color, font type, orientation, highlight, alignment, spacing, serif,
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Figure 10. An example of CARF — Adaptations Techniques for Text Content.

The advantages of creating a reference framework for each domain of adaptation are:

e A clear visualization of all possible contexts

e Priorities can be attributed to the contexts to support the composition of adaptation rules

e The model is extensible, once new information can be added

e The model is flexible, information can be collapsed, removed, replaced

However, to achieve a significant coverage of adaptation techniques, an intensive effort is necessary to
analyse and consider the works reported so far in this domain. The techniques gathered also need to be
refined, once some of them can be grouped, abstracted, refined or extended.

The next sections of this deliverable describe the CARF for the three domains of adaptation according to the
analysis of current techniques performed so far.

4.3.1 CARF - Content

The content of an application is usually complex, or composed by different content formats, thus it is
possible to adapt the content of an application in a total level, or concerning its different parts (formats). We
consider adaptation techniques for the higher abstraction level and also for specific formats that can be used,
namely: audios, images, texts and videos. Figure 11 illustrates the CARF for Content Adaptation including
the 7 context information previously described. This content represents a sample of all possible options for
adaptation concerning the content. This domain will be better explored.

Different techniques have been proposed in order to present information concerning different content types.
Annex A — Adaptation Techniques Templates for Content describes in details the three techniques listed, they
were defined by Brusilovsky (1997) mainly for text content in web document but they can also be abstracted
and applied for other content formats and other domains of application.
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Figure 11. CARF for Content

4.3.1.1 CARF - Audio

Audio content is mainly present in music files or feedback for the user. It is also associated with some
specific context, such as with visually impaired users or contexts of use in which a screen is absent or can
difficult the main task of the user (e.g. when the user is driving a car). Therefore audio adaptation should
especially consider the context of the user, and the environment (task of the user, level of noise).

Some examples of adaptation techniques for this domain are: the reduction of the bit rate of an audio file, the
reduction of the rate at which an audio file is sampled, the conversion of an audio file from two to one single
channel (in order to reduce the required bandwidth to transfer the audio content), the conversion of the audio
format (e.g. WAV to mp3), the translation of the audio content, the translation between modalities (e.g. from
audio to text) [Lemma et al., 2005]. The Figure 12 illustrates the CARF concerning audio content.
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Figure 12. CARF for Audio

These techniques will be better investigated and detailed in future works.

SERENOA CADS and CARF Page 24



FP7 - ICT - 258030

4.3.1.2 CARF - Image

Regarding image content, different techniques have been proposed in order to present graphical information
for different contexts of use. Figure 13 illustrates the CARF for image adaptation. It contains 15 techniques
that change visual content. These techniques will be better explored and detailed in future works.
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Figure 13. CARF for Image

4.3.1.3 CARF - Text

The text content is probably the most common type of content that can be found in technological
applications, when users access a website, interact with a mobile phone, or with a digital television, their
means of interaction are mostly based in ,written*communication channels (e.g. keyboards, remote controls).
Besides there are many features that can change in this content format, its presentation and its content.
Therefore there is a wide range of adaptation techniques that can be considered in this domain.

The Figure 14. CARF for Text illustrates the CARF containing 28 adaptation techniques for text content. The
detailed description of these techniques can be seen in Annex B — Adaptation Techniques Templates for
Content - Text.
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Figure 14. CARF for Text

4.3.1.4 CARF - Video

There are many different adaptation techniques that can be considered for video content. Although video files
are mostly used in the domain of interactive digital televisions, they can also be presented in desktop
computers, laptops or smaller devices, such as mobile phones or PDAs. Adaptation in this domain can vary
according to multiple context information, such as available bandwidth, scalability, video quality, user
satisfaction, preferences and so on.

The CARF illustrated by Figure 15 presents 6 adaptation techniques for video content [Cotroneo et al.,
2005]. In a future analysis we plan to gather and detail more techniques used in this domain.
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Figure 15. CARF for Video

4.3.2 CARF - Navigation

Different techniques have been proposed in order to adequate the navigation options concerning different
contexts. Figure 16 illustrates the CARF for navigation techniques. The reference used was Brusilovsky
(1999), in principle 6 different techniques were gathered and described in details, the continuous
investigation of related literature will provide other techniques to be added in this CARF. A template for each
of these techniques was filled, it describes in details information about them. The templates can be consulted
in the Annex B — Adaptation Techniques Templates for Navigation.
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Figure 16. CARF for Navigation

The navigation is defined by structure of the links that the user can follow while interacting with the
application. The navigation can be adapted according to user preferences or expertise, for instance interaction
options (represented usually by menu items, links or buttons) can be prioritized according to the context of
use, more relevant options must be available, less relevant options can be either grouped, collapsed or even
removed, this adaptation not only optimises the user interaction but also permits a more clear visualization of
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the interaction options that a user have available in the interface in a given moment. The space in a
presentation interface may be also saved, what is appropriate for small screen devices or higher levels of
zoom, for instance.

It is relevant to consider also interfaces that are not visual, navigation for auditory systems, for example,
must also be considered once their navigation can be adapted as well.

4.3.3 CARF - Presentation

The presentation in an application can change for many different reasons, such as: a different screen size,
visual impairment of the user, a different position of the output devices (e.g. screens can be in landscape or
portrait), a changing in the environment (like the level of light) and so on. Different techniques have been
proposed in order to present information with different layouts according to different contexts. Figure 17
illustrates the CARF for presentation. It contains 7 different techniques; and their description can be
consulted in the Annex C — Adaptation Techniques Templates for Presentation.
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Figure 17. CARF for Presentation

The techniques to adapt presentation will be further investigated in future work in order to identify other
techniques, extend the CARF and refine the techniques gathered so far (for instance by grouping similar
techniques described in the literature with different names, such as distribution and re-distribution).

4.4 Final Remarks

The CARF methodology is flexible, extensible and unified. Its context can be added, removed, and extended.
It is considered unified once all contexts can be seen in a single diagram.

It is a complex task to elaborate a Reference Framework that covers all the possible dimensions for context-
aware adaptation, therefore it is mandatory to perform an extensive investigation to gather as much as
possible the dimensions for each context domain subject to adaptation. To compose the templates and to
elaborate the CARFs an extensive analysis of the literature is being conducted.

The elaboration of CARFs for all adaptation dimensions demands a significant effort, however its outcome
will generate a unified model that organizes many different adaptation techniques. This outcome will be used
to feed adaptation rules in the next steps of the project. Context information will also be considered to
prioritize distinct adaptation techniques.

A continuous and critical analysis of the outcomes is necessary in order to refine the techniques gathered, the
adaptation techniques described can be classified, grouped, abstracted, refined and associated, further
investigation is planned to achieve a more complete version of them.
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5 Conclusion

Together, the CARF, CARFO and CADS will constitute a computational framework for the development
of a set of new technologies, which will enable a new generation of SFEs sensitive to different aspects of the
context of use at the same time.

It is important to conclude the CARF and CADS to cover a wide range of dimensions and levels for
adaptation. The gathering of theses techniques, as well as a consistent description of them, may support
developers in building adaptive applications.

The methodologies will serve as a material of reference, and the adaptation rules can be reused in order to
facilitate and promote the development of adaptive systems in several scenarios.

5.1 Final Remarks

These methodologies require an extensive investigation to cover as many aspects as possible for context-
aware adaptation. A continuous investigation and refinement is necessary in order to keep the documents
updated and complete.

5.2 Future Work

The next efforts will consist in reviewing and analysing continuously the literature, in order to gather more
adaptation techniques regarding as many dimensions as possible. The descriptions of the techniques will also
be periodically checked and refined in order to avoid inconsistencies and to detect mistakes or repetitive
information.

In a first analysis it is possible to observe that the techniques can be classified according to different aspects,
one of them is the complexity, complex techniques are composed by the combination of other techniques,
while simple techniques consist in one single transformation. For instance, modifying the readability of a text
content consists in applying a set of adaptation techniques, such as changing the: alignment, contrast and size
of the text.

The techniques can also be grouped, for instance, regarding the adaptation for text it is possible to observe
that some techniques changes the presentation and others the content. Presentation is modified by alignment,
color, contrast, size, and so on; while the content itself is modified by summarizing, truncating, or explaining
it, for example.

The work done so far investigated techniques regarding mainly content, navigation and presentation, we
started also to analyse techniques according to the platform, such as the adaptation techniques that W3C
proposed for mobile devices (http://www.w3.org/TR/di-atdi/).

Once the literature review is done, the association of the techniques with context information (mainly
regarding: platform, environment and users) will be further investigated and defined in order to compose
adaptation rules that consider both issues (context and techniques).
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Annex A - Adaptation Techniques Templates for Content
Conditional Text

Name: Conditional Text

References: [Brusilovsky, 1997]

Description: All information about a concept is divided into several chunks of text, each chunk is associated with a condition on
the level of the user knowledge represented by the user model. When the information is presented to the user by
the system only the chunks associated with a pre-defined condition are exhibited.

Rationale: Given a content, and a user model, a criteria is established and only content information that obey to that criteria is
presented according to the user profile.

Example: A given content may be inappropriate for users under a certain age, so according to her profile the content is
adapted to be presented

Context: According to the context of user, user's profile or preferences.

Advantages: - Interaction more efficient

- Unnecessary content is not exhibited
- Better performance

Disadvantages:

The content must be first divided, the criteria well established, and the user model defined

Sample:

Pictures:

Observation:

—Fhis technique is a low-level technique (it requires some "programming" work from the author to set all the
required conditions) but it is also very flexible. By choosing appropriate conditions on the knowledge level of
the current concept and related concepts represented in the user model the author can implement different
methods of adaptation. A simple example is hiding chunks that contain irrelevant explanations if the user's
knowledge of the current concept is good enough, or turning on a chunk with comparative explanations if the
corresponding related concept is already known. This conditional text technique can be easily applied in the WWW
context”

Frame Based

Name: Frame-based

References: [Brusilovsky, 1997]

Description: With this technique all the content about a domain is represented in the form of a frame, slots of frame can contain
several different explanations about a content (links, examples). Presentation rules can be used to decid which
slots should be presented to which user an in which order. Rules define presentation priorities. To create the rules
the user knowledge, or features of the user model can be considered.

Rationale: The concept is defined, content related is selected, and presented grouped. The criteria to present the content is
established.

Example: Students in an e-learning platform that present difficulties in a specific topic (this can be detect with the analisiys of
her exam), can access information about it, during the interaction with the system;

Context: According to user's preferences, profiles, background, and context of use

Advantages: The information presented will be adapted to the user level of expertize, improving usability;

Disadvantages:

Pre-processing is necessary, to associate content information, and to define criteria for the presentation of the
content

Sample:

Pictures:

Observation:

Stretch

Name: Stretch

References: [Brusilovsky, 1997]

Description: This technique presents to the user different parts of the content according to her knowledge level. With this
technique the content in a system can be extended. The idea is to present the content with all extensions if it is
relevant for the user, otherwise the extensions of the content are collapsed and not presented

Rationale: First, the developer define which parts of the content are -uncollapsable”, then the remaining of the content, such
as additional explanations of a particular concept, oras a low level detail of a particular concept, are linked to
the main content. Then a criteria is established in order to define when the content shall be exhibited or collapsed.

SERENOA CADS and CARF Page 35




FP7 - ICT - 258030

Example: Users with a high level of interest in a domain can access further information about a content of their interest; Or
users that have already a certain background information about a domain, do not have to access basic content

Context: According to the context of use, user's preferences or profiles

Advantages: The usability may be improved

Disadvantages:

First the content has to be produced and the conditions to present or collapse the content need to be defined and
related to certain criteria

Sample:

Pictures:

Observation:

-Users with good knowledge of a concept will always find additional explanations of this concept hidden (collapsed)
and all low level details uncollapsed. On the contrary, users with poor knowledge of a concept will always find
additional explanations of this concept visible and all low level details collapsed. The user with medium level
knowledge will see both kinds of information. An important feature of the adaptive stretch technique is that it lets
both the user and the system adapt the content of a particular page, taking into account both the knowledge and
the preferences of the user. After its initial presentation, the stretched content can be further adapted by the user
who can uncollapse and collapse appropriate explanations and details according to her preferences. The system
updates the user model according to her preferences to ensure that she will always see the preferred combination
of collapsed and uncollapsed parts. For example, if the user has collapsed additional explanations of a particular
concept, the system will always show additional explanations of this concept collapsed until the user changes her
preferences”

Audio

Audio techniques will be investigated in the future work.

Image

Crop

Name: Cropping

References: http://en.wikipedia.org/wiki/Cropping

Description: This technique cuts an image in order to remove some parts of it

Rationale: Given an image file, and a criteria to cut, the document is processed and a new version is generated containing
only a specific part of its original version

Example: The systems presents only the faces of people in their avatar pictures

Context: When some parts of the image aren't necessary for the context or when we want focus on only one part of the
image

Advantages: - Smaller image in size and weight

- Faster to load
- Better adaptation for mobile devices

Disadvantages:

The result of the use of this technique can lead to hide some parts of the image

Sample:

Pictures:
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Observation:

The techniques of: automatic rotation, color, definition, diamond, format, halo, info border, positioning,
scale, scrolling, and zooming were already identified. Their templates are under construction and they will be
presented in the following reports.

Text

Additional Explanation

Name:

Explanation Variants.

References:

[Brusilovski, 1996], MetaDoc [Boyle & Encarnacion, 1994], KN-AHS [Kobsa et al., 1994], EPIAIM [de Rosis et al.,
1993], Anatom-Tutor [Beaumont, 1994], Lisp-Critic [Fischer et al., 1990], Hypadapter [Hohl, Bocker &
GunzenhSuser, 1996], ORIMUHS [Encarnacao, 1995], SYPROS [Gonschorek & Herzog, 1995]

Description:

The goal is to hide from the user some parts of information about a particular concept that are not relevant to the
user's level of knowledge about this concept. Additional explanations can be given to users who are ready for them.
Additional explanations take advantage of users' knowledge to offer more in-depth information to users who can
understand it. For example, low level details can be hidden from users a with poor level of knowledge of this
concept because they cannot understand these details. On the contrary, additional explanations usually required by
novices to understand the concept can be hidden from a user with a good level of knowledge of the concept
because they do not need these explanations anymore. In more general terms, in addition to the basic
presentation, some category of users can get some additional information, which is specially prepared for this
category of users and will not be shown to users of other categories.

Rationale:

The explanation variants method can be implemented by fragment variants and page variants techniques. Page
variants is the most simple adaptive presentation technique. With this technique, a system keeps two or more
variants of the same page with different presentations of the same content. As a rule, each variant is prepared for
one of possible user stereotypes. When presenting a page, a system selects the page variant according to the user
profile. These systems store several examples illustrating particular concept and offers the user the example, which
is most suitable to the user's previous experience and interests. Fragment variants is a more fine-grained
implementation of explanation variants method. For each concept mentioned in the page, the system selects the
explanation which is most suitable to the user's knowledge level.

Example:

Students from different levels may require specific definitions in order to comprehend a content. The same text can
be presented, but according to the background of the user, she decides whether to see the additional explanation.

Context:

Concerning different users' profiles.

Advantages:

It assumes that showing or hiding some portion of the content is not always sufficient for the adaptation because
different users may need essentially different information. With this method, the system stores several variants for
some parts of the page content and the user gets the variant which corresponds to his or her user model.

Disadvantages:

It requires extra efforts of the developer in order to: define specific terms that need explanation, create the
additional explanation about the term, and link these concepts.

Sample (HTML):

Textual content
<a id="footnote-l-ref" href="#addexp">[complex term]</a>.
<p id="footnote-1">
- Additional explanation <a href="#addexp">&#8617</a>

</p>

Pictures:

Observation: It is the most popular method of content adaptation;
A goal-based variant of this method is to hide from the user some parts of information about a particular concept,
which are not relevant to the current user's goal (Hook et al., 1996);
The use of anchor is one of the possible approaches to implement this techniques, a link to a new page can also
be used though.

Alignment

Name: Alignment

References: http://www.w3schools.com/CSS/css_align.asp

Description: Given a text content, an adaptation process changes its alignment (left, right, centralized or justified). The
alignment can consider the vertical or horizontal position of the content.

Rationale: A text is selected, a alignment type is chosen, the adaptation is performed, the text is presented with the new
alignment.
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Example: A user is reading a text, and she prefers a different type of alignment to be applied, then she changes it.

Context: According to the user preferences or the device type (for instance justifying a text in a large screen may not be a
good idea once the user will have more effort to achieve the end of the lines).

Advantages: The readability may be increased

Disadvantages:

Sample
CSS):

(HTML,

<p align="center">
This text is centered.
</p>

.center

{

margin-left:auto;
margin-right:auto;
width:70%;
background-color: #b0e0e6;
}

Pictures:

In my younger and more vulnerable years my father gave me some
advice that I've been turning over in my mind ever since.

"Whenever you feel like criticizing anyone,' he told me, just remember
that all the people in this world haven't had the advantages that you've
had.

Observation:

Altering Fragments

Name: Altering Fragments

References: [Brusilovsky, 2002]

Description: The altering fragments technique can be used to select between a number of alternative explanations, perhaps
using different wording to suit different types of users. But the technique can also be used to replace a technical
term by a non-technical one for users who have not seen the definition of the term.

Rationale: Define contexts of use, preparing different versions of the content, present each appropriate version of the content
for each context

Example: A user with a lower level of education/instruction can access an article from a newspaper with a version of the
content that better suits for her previous knowledge; Saloun and Velart (2006) describes an adaptive hypermedia
system that provides progressively different content (tests) according to the topics that the students learned.

Context: According to different users’ profiles, according to different user‘s contexts

Advantages: The content can be comprehended by more people, the accessibility is increased

Disadvantages:

Requires the developers to define different contexts of use as well as build different versions of the content that are
more appropriate for each context

Sample:

Pictures:

Observation: This technique is functionally identical to adaptation of modality (according to [Bailey, 2002]). Once fragments can
contain multiple media representations of the same data objects. In such cases, choosing the best media type to
display (adaptation of modality) is a process of selecting one fragment from a set of fragments (altering fragments).

Background

Name: Background

References: www.gmail.com; http://www.w3schools.com/Css/pr_background-color.asp

Description: This adaptation technique consists in providing different options of background to be changed

Rationale: Different background options are available, the adaptation technique is performed, the background is modified

Example: The user wants to choose a new them for accessing her email client, there are options available, she selects one,
the background is modified

Context: According to user preferences, wishes, context of use, or even environment variables (level of light, weather)

Advantages: User preferences are considered, contrast may be improved making the access to the content more comfortable
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Disadvantages:

Not always the user preference is the best choice according to pre-defined guidelines of contrast

Sample (CSS):

body{background-color:yellow; }
hl{background-color:#00££f00; }
p{background-color:rgb (255,0,255);}

Pictures:
Different background for gmail, according to user preferences, and also according to the weather of the region of
choice (5" row, 1% column)

Observation: Contrast between background and text color must respect pre-defined guidelines, this requirement provides better
readability and accessibility

Color

Name: Color

References: http://www.w3schools.com/Css/css_text.asp;
http://www.lighthouse.org/accessibility/design/accessible-print-design/making-text-legible

Description: Change the color of the text

Rationale: Given a text content, a new color is selected and once the adaptation technique is applied the color of the text is
modified accordingly
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Example: The user is writing a code, but the text color is too light, she selects a darker color an the content can be better
read

Context: According to the user profile, preferences, and the level of light of the environment

Advantages: The new choice may improve the readability, or the user satisfaction

Disadvantages:

Certain combinations of color (regarding background and content) are not appropriate

Sample: body {color:blue;}
hl {color:#00f£f00;}
h2 {color:rgb(255,0,0);}
Pictures:
This is an ordinary paragraph. Notice that this text is red. The default text-color for a page is defined in
the body selector.
This is a paragraph with class="ex". This text is blue.
Observation: Users with visual impairments such as color blindness may not perceive colors as able-bodied users, these cases

must be considered, as well as a minimum level of contrast that permits a comfortable access to the content;

Mery high contrasts are difficult to achieve with color combinations other than black and white. Printed material,
generally, is most readable in black and white. Different colors may be important for aesthetic or other reasons, but
it is better to use such combinations only for larger or highlighted text, such as headlines and titles.”

Comparative Explanation

Name: Comparative Explanation

References:

Description: This technique refers to a comparison between topics described on different pages. The comparison can only be
understood by users who have read both pages. So when visiting one of these pages first, the comparison will not
be made, but when visiting the other page the comparison appears.

Rationale: Given two different text contents, an algorithm is applied in order to present to the user the similarities and
differences between the contents

Example: A reader accesses the news from two different sources, with this adaptation techniques the reading may be
optimised once only the information that varies between the sources will be accessed

Context: According to the user's preferences, profiles or context of use

Advantages: The access time will be optimised, interaction more efficient, usability improved

Disadvantages:

Long contents require more effort for processing, and consequently more time is needed to present the result

Sample (PHP): <?php
echo strcasecmp ("text content 1","Text content 2");
2>

Pictures:

Observation: The sample presents a basic function to compare string content, this function only returns whether a difference
exists between the two contents (without pointing which it is)

Compare

Name: Comparison

References: [Patterno, 1999] Archives & Museum Informatics: MW99 - Papers
http://www.archimuse.com/mw99/papers/paterno/paterno.html#ixzz1Ba9BCwLo

Description: With this method, the system gives the user information that allows her to make the comparison or to provide
directly a comparison; there are many types of information that can be analysed to provide comparisons or
highlight differences.

Rationale: Given two text contents, they are compared and the differences between them are pointed

Example: A system that controls versions of the content can compare it between two different dates and present to the user
which were the changes that occurred

Context: According to the context of use, or user's preferences

Advantages: The user does not have to perform the analysis manually, once the system points the differences between contents

Disadvantages:

Long texts may require a significant effort of processing
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Sample:

Pictures:

Observation: It is similar to comparative explanation, the techniques could be possibly grouped

Contrast

Name: Contrast

References: http://universalusability.com/access_by_design/text/contrast.html;
http://www.lighthouse.org/accessibility/design/accessible-print-design/effective-color-contrast

Description: It consists in a combination between other two adaptation techniques: change the text color and change the
background color, it may increase or decrease the contrast

Rationale: Given a system interface, its text content and its background color is modified in order to change its contrast

Example: A user in an airplane, the lights are switched off and the contrast of the book being accessed in an e-reader
changes in order to provide a more comfortable reading

Context: It may adapt according to the level of light in the environment, the device itself, user's preferences, user's
impairments (e.g. astigmatism)

Advantages: The usability of the content will be improved (readability, user satisfaction, more comfortable)

Disadvantages:

Guidelines for a minimum contrast must be taken into account, once user's preferences, or different devices may
prevent or difficult the access to the content

Sample:
Pictures:
Effective
2008 b rermetons ATl s s
HATIOAMAL AEROMBLITICS WA Hommpags
AND SPACE ADMINSTRATION a
Solar System Exploration Multimedia
" | Planats | Spacecratt | Toch | Waiorical | Wids | Widea | interactive | Dowmlos: |
Top 10 Images
Cansish el P W S lurm baen Tht ke
Wiavas
O o e imagen = o gallary, thin ons got e highasi
Lol
W SRS L TR Tl T
Multimedias @ TN R e
Some of the navigation links on the Solar System Exploration pages may difficult the reading. There is no enough
contrast between background and foreground colors. The links in 1 and 2 are particularly difficult to read once they
are a lighter shade of the background color.
Observation: Contrast guidelines must be taken into account (a minimum level of contrast is mandatory in order to permit the
reading in different devices and environments), there are online checkers to perform this task
—Fext should be printed with the highest possible contrast. There is good evidence that for many readers who are
older or partially sighted, light (white or light yellow) letters on a dark (black) background are more readable than
dark letters on a light background. However, the traditional dark on light may be aesthetically preferable.”
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Describe

Name: Describe

References:

Description: A description is presented to the user in order to provide further information about a specific content

Rationale: Given a text content, one word is selected and a description about it is presented to the user

Example: The user is reading a text content, but she does not understand the meaning of one specific word, the description
of it can be accessed

Context: According to the context of use, user's preferences or profiles

Advantages: The content can be better understood

Disadvantages:

The developer needs to define specific words, their description, and provide access to it

Sample:

Pictures:

Observation:

Dimming Fragments

Name: Dimming Fragments

References: http://wwwis.win.tue.nl/~debra/2ID20/week1/img23.html
www.sis.pitt.edu/~peterb/3954-061/Adaptive%20Presentation.ppt

Description: The text that is not intended for a user is de-emphasized (grayed out, smaller font). With the dimming fragments
technique the relevance of a text fragment is not used to hide it, as with stretchtext, but instead to make it less
visible. The idea is that the user is stimulated to not read the text, although it is still there and can be read when
desired. Shading or graying out can be used to indicate optional reading material. In magazines one often sees so-
called -side bars” with such optional text. It is also possible to imagine a combination of stretchtext with dimming:
small pieces of text can be shown like a tooltip, meaning that there is a small icon which when clicked on or when
the mouse moves over it shows the text temporarily.

Rationale: Given a text content, parts of it are dimmed according to pre-defined criteria (such as, content previously accessed
are less visible)

Example: The user is reading a text content, a camera scans her eyes and a tracking algorithm processes her movements,
the content previously accessed has its level of transparency increased in order to improve the focus in the content
currently read

Context: According to the context of use, user's preferences or profiles

Advantages: The reading may be optimised, more efficiency in interaction

Disadvantages:

Users may be not familiar with the technique

Sample:

Pictures:

Observation:

This technique can be combined with strecht text to create de-emphasized text that conditionally appears or only
appears after some event (like clicking on a tooltip icon).

Explanation Variants

Name: Explanation Variants.

References: [Brusilovsky, 1996]

Description: With this method, the system stores several variants for some parts of the page content and the user gets the
variant, which corresponds, to his or her user model.

Rationale: Prepare different versions of the content according to defined user models, check the user model when she
accesses the content, and the present the respective version accordingly

Example: Students may have access to the content according to their previous background information

Context: According to the context of use, user‘s preferences or profiles

Advantages: The usability is increased (especially user’s satisfaction)
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Disadvantages:

It requires efforts of the developers to prepare content versions and define user‘'s models

Sample:

Pictures:

Observation: "Explanation variants assumes that showing or hiding some portion of the content is not always sufficient for the
adaptation because different users may need essentially different information. With this method, the system stores
several variants for some parts of the page content and the user gets the variant which corresponds to his or her
user model.—

Font Family

Name: Font Family

References: http://www.w3schools.com/css/tryit.asp?filename=trycss_font-family
http://www.lighthouse.org/accessibility/design/accessible-print-design/making-text-legible

Description: The families of the fonts may differ, for instance there are decorative, cursive.

Rationale: Given a text content, the family of the font may be adapted.

Example: Text content that are long (such as an article or a chapter of a book) are better read in a standard font with serif,
such as roman typefaces.

Context: According to the content, or the user preferences, or user profile.

Advantages: The readability may be improved (consequently the usability and accessibility).

Disadvantages:

Some font types may require more space (consequently a scroll bar may be necessary).

Sample (CSS):

P
{

font-family:"Times New Roman",Georgia,Serif;

}

Pictures:

Observation:

Font Style

Name: Font Style

References: http://www.lighthouse.org/accessibility/design/accessible-print-design/making-text-legible

Description: The style of the font concerns the use of upper and lower cases, as well as italics, oblique or condensed.

Rationale: Given a text content, its font style is modified.

Example: In order to emphasize parts of the text, to remark for users that are studying a text content it may be adapted, some
words or statements can be underlined, italicized or become bold.

Context: According to the user’s preferences, profile, or context of use.

Advantages: The text content can be better read or even comprehended.

Disadvantages:

The excesses in style may become the reading less efficient and more uncomfortable (e.g. the use of capital
letters)

Sampb: p.normal {font-style:normal;}
p.italic {font-style:italic;}
p.oblique {font-style:oblique;}
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Pictures:

Observation: -While there is little reliable information on the comparative legibility of typefaces, there is some evidence that a
roman typeface, using upper and lower cases, is more readable than italics, oblique or condensed.”

Highlight

Name: Highlight

References: [Patterno, 1999] Archives & Museum Informatics: MW99 - Papers
http://www.archimuse.com/mw99/papers/paterno/paterno.html#ixzz1Ba9BCwLo;
http://www.tothepc.com/archives/highlight-selected-text-on-webpages-with-right-click/

Description: This technique highlights elements that can raise curiosity, discussion or comments from the users;

Rationale: Atext is given as an entry, an algorithm is applied, and a new version with the content highlighted is generated.

Example: The first text is a long article of a magazine, the new version contains the main ideas highlighted.

Context: According to the user* preferences or context of use

Advantages: The content will be remarked, the comprehension of the content may be improved

Disadvantages:

It is not always easy to identify and prioritize the main ideas of the content

Sample:
A . MOST POPI
Pictures: 1. Harry's Bar; Venice, Italy Articles
Bk Since cpening in 1931, Harry's Bar has been frequented by famous people 1. Chay
such as Ernest Hemingway, Truman Capote, Noel Coward, Orson Wells, ovar
Charlie Chaplin, and Peggy Guggenheim. The bar also claims credit for 2 Jacks:
inventing the Bellini and Carpaceio. 1. Madof
L7512, The Biind Beggar; Landon, England o
] 4. Jacksd
» The Blind Beggar in Whitechapel, built in 1894, is knowmn as. the site on Tamily
1 which The Salvation Army started but became even more notarious when, 5. Austra
In 1966, London gangster Ronnle Kray shot rival George Cornell as he sat horse”
at the bar. & Travel
3. White Horse Tavern; New York City, New York 7. Midto
1 Reuters leader
A favorive of New York's literati set, The White Horse has seen everyone B Ay
from Jack Kerouac to Nerman Mailer pass through its doors but is perhaps desput
best known as being the bar that served the 18 whiskeys said to have 0. Lifaaf
killed Dylan Thomas, 0 UPDW
This example illustrates the content highlighted with 4 different colors (it is an add-on of the browser Firefox
(Highlights)
Observation:
Orientation
Name: Orientation
References: http://articles.sitepoint.com/article/iphone-development-12-tips/2
Description: Given a text content its orientation will be modified in angles varying in 360°
Rationale: Given a text content in a landscape, it will be processed to be presented in portrait mode
Example: The user is reading a text in a wide screen, however the text respects margins of a A4 paper for printed version,
the user prefers to change the orientation of the screen to access the content in an optimized form (more text can
be accessed in a given time), the system automatically detects the changing of the orientation of the screen and
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changes the orientation of the text

Context:

User's preferences, profiles, screen’s orientation

Advantages:

The reading may be optimized (more space of the screen is used in a given moment), usability and accessibility
levels may be improved

Disadvantages:

Sample: function setOrientation() {
var orient = Math.abs(window.orientation) === 90 ? 'landscape' 'portrait';
var cl = document.body.className;
cl = cl.replace(/portrait]|landscape/, orient);
document .body.className = cl;
}
Pictures:
Example of different orientation according to the position of the device
Observation:

Pre-requisite (Explanations)

Name: Pre-requisite (Explanations)

References: [Brusilovsky, 1996]

Description: Before presenting an explanation of a concept the system inserts explanations of all its prerequisite concepts which
are not sufficiently known to the user.

Rationale: First the content is analysed and terms that may require further definitions are defined, The definition of these
terms is prepared and becomes available in the interface. A link, or an anchor can be used to provide access to the
explanation.

Example: A page can provide a short introduction or explanation when a unknown term is used (for instance a technical term
or a name that the user had no contact before).

Context: A textual content with terms that may be unknown or that have a difficult level of comprehension for users.

Advantages: The comprehension of the content is improved.

Disadvantages:

The performance and efficiency to complete a task may decrease (user has to stop’ her first goal in order to gain a
pre-required knowledge); this deviation may also confuse users (for instance if the explanation is to long or require
other pre-requisites, or even if the user has difficulties to follow the course of the interaction).

Sample:

Pictures:

Observation: "The first method is based on prerequisite links between concepts. The idea is the following: before presenting an
explanation of a concept the system inserts explanations of all its prerequisite concepts which are not sufficiently
known to the user. This method is used in Lisp-Critic [Fischer et al., 1990] and C-book [Kay & Kummerfeld, 1994]."
"Prerequisite explanations try to compensate for missing foreknowledge”
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Readability

Name: Readability

References:

Description: Given a text content its readability can be increased by applying a set of adaptation techniques

Rationale: Given a text content: its size may be increased, the spacing may be improved, its alignment may be changed, the
colors and contrast may be modified too

Example: A user with sight impairments in a train, with an iPad, enters in a tunnel while reading an article, the level of
contrast of the page will be improved, the size of the font increased and the spacing of the text increased too

Context: According to the level of light of the environment, available space in the screen, user's profile and preferences

Advantages: It will become easier and more comfortable for the user to read the text, usability level will be improved, user

satisfaction will increase

Disadvantages:

It may change the distribution of the content in the interface

Sample:

Pictures:

Observation:

Serif

Name: Serif

References: http://www.lighthouse.org/accessibility/design/accessible-print-design/making-text-legible
http://www.w3schools.com/css/css_font.asp

Description: Serif fonts have small lines at the ends of some characters, such as F

Rationale: Given a text content its font type can be changed to one with or without serif

Example: A student is reading a thesis, it is more appropriate to have the content of the chapters in a font with serif and the
titles (and short contents) in font without serif

Context: According to the content, user's preferences, user's profile

Advantages: The reading may be comfortable, and efficient

Disadvantages:

The size of the content is also affected when the serif is included or removed

Sample: p{font-family:"Times New Roman", Times, serif;}
Pictures:
Sans-serif Serif Serif
(red serifs)
Observation: -On computer screens, sans-serif fonts are considered easier to read than serif fonts.”
There are guidelines that recommend serif or not according to the context of use
Similarity
Name: Similarity.
References: [Brusilovsky, 1996]
Description: If a concept similar to the concept being presented is known, the user gets a comparative explanation, which
stresses similarities and differences between the current concept and the related one
Rationale: Given a text content, words, expressions, or sentences are defined, and alternative content is linked to them in
order to present related concepts
Example: The user is reading a text, but she would like to know other definitions for an expression that was found, the system
provides similar concepts via a link
Context: According to the context of use, or user's preferences or profiles
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Advantages:

The comprehension of the content will be improved

Disadvantages:

The time to conclude the original task (reading) will be affected

Sample:

Pictures:

Observation: This method is based on similarity links between concepts. If a concept similar to the concept being presented is
known, the user gets a comparative explanation, which stresses similarities and differences between the current
concept and the related one. Such comparative explanations are particularly effective in the domain of
programming languages.

Simplify

Name: Simplify

References:

Description: Given a text content, a new version is produced, based in this original version but aiming a specific type of public

Rationale: Given a text content, a user's profile, an adaptation technique is applied and a new version of the content is
generated and presented to the user

Example: A technical content may be simplified to be understood also by non-technical readers; children can understand a
simplified version of complex contents

Context: User's profiles, preferences, context of use

Advantages: Access will be increased, comprehension of the content will be improved

Disadvantages:

It may be a hard task to well-define a target group, its comprehension level, and to implement an algorithm that
generates a new version of a text content, that efficiently promotes its understanding

Sample:

Pictures:

Observation:

Size

Name: Font Resize

Reference: http://www.w3schools.com/css/tryit.asp?filename=trycss_font-size_px;
http://www.lighthouse.org/accessibility/design/accessible-print-design/making-text-legible

Description: Change the font size according to the context.

Rationale: Given a text content, an adaptation rule is applied in order to change the text size, increasing or decreasing it.

Example: A visually impaired user accesses a news portal but the font size is inappropriate for reading. The font size can be
increased, allowing the user to read the text.

Context: User with visual impairments, screens far from the user, content in small sizes.

Advantages: The readability of the text will become possible or it will be improved.

Disadvantages:

The flow of the content may change, parts of the text may be hidden, scrolling may be required, the quality of the
content may decrease (according to its resolution).

Sample h1 {font-size:40px;}
h2 {font-size:30px;}

(CSS) p {font-size:14px;}

Picture:

Comments: The results of the adaptation must be evaluated once the information flow or content distribution may be affected;
“Fype should be large, preferably at least 16 to 18 points, but keep in mind that the relationship between
readability and point size differs somewhat among typefaces.”

If possible, it is recommended to chose the elements that define content type in HTML (<p>,<h1>,...) instead of
manually setting the text size in the code to avoid accessibility and usability issues
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Spacing

Name: Spacing (Leading)

References: http://www.lighthouse.org/accessibility/design/accessible-print-design/making-text-legible
http://www.w3schools.com/css/tryit.asp?filename=trycss_letter-spacing

Description: Leading is the spacing between lines of text (or between the characters).

Rationale: Given a text content the spacing between the lines or the characters can be modified in order to provide a better
reading.

Example: An elderly user with a mobile phone reading a text message, according to the user profile the leading may be
increased to facilitate the reading.

Context: User profile, screen size of the device.

Advantages: Increases the readability of the content, consequently the usability and accessibility of the text.

Disadvantages:

More space in the screen is necessary for the content, a horizontal (or a vertical) scroll bar may be necessary
depending on the size of the screen that is available.

Sample: hl {letter-spacing:2px;}
h2 {letter-spacing:-3px;}

Pictures:
Good and bad examples of line and character spacing.

Observation:

Stretch Text

Name: Stretch Text

References: http://wwwis.win.tue.nl/~debra/2ID20/week1/img23.html,
http://www.win.tue.nl/~laroyo/2L.340/resources/AdaptivePresChapRevised.pdf, [Hook, 1997]

Description: Items can be open or closed. Adaptive stretchtext is a technique which is essentially an adaptive version of the
replacement links in the Guide hypertext system. This system was developed by Peter Brown of the University of
Canterbury and was later commercialized by the OWL company. The idea is that items or paragraphs can be
displayed or hidden, and that the system decides adaptively which items to open when the page is first displayed.
The user can always decide to open or close items at will, and this may give feedback to the system that can be
used to change the user model so that the decisions which items to open automatically may change.

Rationale: In order to give focus to specific parts of the content, less relevant content is defined and hidden

Example: The user is reading an article, the sections that were already read before are _dosed‘ (replaced by an icon that
permits access to it)

Context: According to the context of use, uesr's profile or preferences

Advantages: Only the content of interest is presented and accessed

Disadvantages:

User may not noticed that further information can be also accessed depending on the link type that is used

Sample:
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Pictures:

Push system exemplifies the technique of Stretchtext

Observation:

Summarize

Name: Summarize.

References: [Patterno, 1999] Archives & Museum Informatics: MW99 - Papers
http://www.archimuse.com/mw99/papers/paterno/paterno.html#ixzz1Ba9BCwLo; [Peng, 2004]

Description: This technique receives as an input a text content and process it in order to obtain a summary of the content. As a
result a new version of the text is produced but only the main ideas are included. "after presenting a series of piece
of information it can be useful to summarise the main aspects that have been considered; the system can
dynamically elaborate some information depending on the data available."

Rationale: Atext is given as an entry, an algorithm is applied, and a new version of the content is generated and presented

Example: The first text is a long news of a magazine, the new version contains the main ideas as a headline. "if the user
examines multiple works of the same author it can be interpreted as a strong interest for such an author and this
can trigger the presentation of summarising information on such an author, such as a discussion of the preferred
techniques and materials used"

Context: According to the user’s preferences, context of use, or even the size of the screen in the device

Advantages: The content can be read faster, less space is required for presentation.

Disadvantages:

The information is not completely presented, it is not always easy to identify and prioritize the main ideas of a
content.

Sample:
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Pictures:

Four examples of summary of an article, observe that the outcomes can also have varied lengths

Observation:

Sort

Name: Sort

References: http://www.w3schools.com/xsl/tryxslt.asp?xmlfile=cdcatalog&xsltfile=tryxs|_sort

Description: Sorting fragments is most useful when a number of more or less independent fragments can be presented in any
order. The sorting can be done to perform relevance ranking, like in a list of search results, but it can also be done
to show an example before an explanation or the other way around.

Rationale: Given a text content, and a sort criteria, the text can be ordered accordingly, and presented to the user

Example: Students in a e-learning platform with different cognitive styles may prefer a different order of descriptions or
explanations of a concept, the items in a menu, for instance, can be ordered according to their access rate, which
becomes the navigation more efficient; Search results can be ordered according to their access rate;

Context: Different users have different preferences, and according to her goal it may be interesting to have options of sorting
for textual contents; the context of use may also be taken into account (most accessed, popular, requested, new);
the user's profile may also define the orders (e.g. blind users may access results according to their accessibility
level —metrics can be used in this context-)

Advantages: The user may find what she is looking for faster, increased efficiency in the interaction

Disadvantages:

The ordering may take a long time to be performed depending on the _wlume’ of content to be processed and the
ordering criteria chosen

Sample (XSL):

<xsl:template match="/">
<xsl:for-each select="techniques/adaptation">
<xsl:sort select="domain"/>
<xsl:value-of select="adaptation"/>
</xsl:for-each>

</xsl:template>

Pictures:
Example of content presented sorted by the domain in alphabetical order.
Observation:
Translate
Name: Translate
References: www.google.be
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Description: Given a text content in a specific language, an adaptation technique is applied and the text is translated to another
language

Rationale: A text is selected, its language is known, another language is specified, the text is translated and then presented

Example: A user travels to a country with a different language and she can access the news of this country in her own mother
tongue

Context: According to the user's preferences, profiles, region, context of use

Advantages: The text can be comprehended, accessibility is improved

Disadvantages:

According to the size of the content the processing can take a long time, some algorithms were implemented to
provide translation, however not always the results are correct

Sample:

Pictures:

In this example the browser Chrome recognizes the country of origin of the request (Belgium), the preferences of
the user signed in, and asks the user whether she wants to have the page translated

Observation: Providing different versions of the content can also be a solution (instead of automatically processing the content),
however it takes a significant effort of the developers;

In this domain there are two possibilities: translation and location, according to the consideration of the cultural’
aspects of the region where the language is spoken;
Providing versions to different languages helps to achieve the universal access

Truncate

Name: Truncate

References: http://www.w3schools.com/XPath/xpath_functions.asp

Description: Consists in given a text content, its size is reduced by simply cutting part of it, the text can be cut respecting
paragraphs, words, or not

Rationale: Given a text with n characters (or words or sentences), the content after a given point is removed, the content
supressed can be replace with a sign, such as —.”, or with a link that gives access to the complete content, further
criteria can be taken into account (such as respecting words, or sentences)

Example: In a search engine, the user usually access the title of the page, and part of the content which was previously
truncated; It can be also applied for privacy reasons, for instance when only the first 4 characters of a telephone
number is presented;

Context: In small screens, according to user's preferences, or context of use (when space is limited or insufficient)

Advantages: The user can have an idea about a variety of information without having to access the complete content, space in

the interface is saved, more results can be presented, and only information of interest accessed in more details

Disadvantages:

It is hard to establish the amount of text content that is enough for the user to understand if that information is
interesting for her; Truncating content in the middle of a word or sentence may not be a good approach (e.g. the
content may have a wrong meaning and interpretation)

Sample (XSLT):

fn:substring(string, start,len): returns the substring from the start position to the
specified length. Index of the first character is 1. If length is omitted it returns
the substring from the start position to the end

Example: substring('97015995',1,4)

Result: '9701"
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Pictures:
Example of a Google result truncated, the remaining content is replaced by a —.”

Observation:

Zoom

Name: Zoom

References: http://www.w3schools.com/css/css_font.asp

Description: It consists in modifying the size of the font, increasing or decreasing it

Rationale: Given a text content, and a command to change its size to become bigger or smaller, the size is modified and the
content is presented

Example: A user with visual impairment may prefer to read a text in bigger size

Context: User's profile, user's preferences, context of use, size of the screen, position of the screen (according to how far it
is from the reader)

Advantages: The content can be accessed in a more comfortable way

Disadvantages:xslt

The distribution of the content will vary (a new distribution may be required)

Sample (CSS):

body {font-size:100%;}
hl {font-size:2.5em;}

h2 {font-size:1.875em;}
p {font-size:0.875em;}

Pictures:

Font Size
The font-size property sets the size of the text.
Being able to manage the text size is important in web design. However, yo
Font Size adjustments to make paragraphs lock like headings, or headings look like p
Baing able to manage the taxt sizais important in web design. However, vou should nat use font AlW@YS USe the proper HTML tags, like <h1> - <h6> for headings and <p>
size adjustments to make paragraphs look like headings, o headings look like paragraphs.
i s haprser HTHLgs, ke <ni> - <ns o escings nd <35 sz, The font-size value can be an absolute, or relative size.
The font-size value can be an absolute, or relative size.
Ansguta ctzer Absolute size:
B et S bt g the text size i all s (5od or sccessioity ressons)
+ Absolute size is useful when the physical size of the output is known ! e Sets the text to a specified size
Relative size:  Does not allow a user to change the text size in all browsers (bad for
N :Ia;;;haajsiﬁ;ﬁ;r;;&;3:3;;6:3ﬂzg'::;m e Absolute size is useful when the physical size of the output is known
C;E';:E.;:;}nm specify a font size, the default size for normal text, like paragraphs, is 16px Re‘ative SiZE:
Example of zoom out and zoom in in the browser
Observation: Combining the use of em and percent is an approach that works for all browsers when the user changes the zoom.
Setting the font size with em avoid a problem with Internet Explorer (the resizing of the whole content instead of
only the text), many developers use em instead of pixels. The em size unit is recommended by the W3C. 1em is
equal to the current font size. The default text size in browsers is 16px. So, the default size of 1em is 16px. The
size can be calculated from pixels to em using this formula: pixels/16=em
Video

Video techniques will be investigated in future works.
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Annex B - Adaptation Techniques Templates for Navigation

Annotation of Links

Name: Annotation

References: [Brusilovsky, 1996]; http://wwwis.win.tue.nl/~debra/2ID20/week1/img25.html; AHA!; Interbook, ELM-ART; Inspire;
KBS Hyperbook

Description: All links are visible but an annotation indicates their relevancy. The link anchors may be changed (e.g. in color) or
additional annotation symbols can be used.

Rationale: Given a set of links, and a criteria to annotate them (e.g. popularity, recommended), the adaptation process adds to
the links some form of note, by changing the color, adding an icon, etc

Example: A user has already read some parts of the content before, the system marks these contents as read, by adding a
check icon before the link

Context: According to the context of use, or user’s preferences, profiles

Advantages: It avoids problems with incorrect mental maps. It is powerful once it distinguishes several levels of relevancy for

'interaction’.

Disadvantages:

It may overload the user

Sample:

Pictures:

This example shows adaptive link annotation in Interbook. Links in the partial table of contents are annotated with
colored balls and checkmarks. Green means the link is recommended, red means not recommended, white means
that the page contains no new knowledge. The checkmarks indicate how much the user already knows about the
concepts of the page. No checkmark means no knowledge, a small checkmark some knowledge and a large
checkmark full knowledge. Note that in the example there is something strange because the links to subsections
0.1.1 through 0.1.5 are not recommended even though the user already has a lot of knowledge about them. The
recommendation however depends on the knowledge of prerequisites, not of the concepts treated in the pages
themselves.

In the page the links are annotated with arrows. These indicate whether the link goes down or up in the hierarchical
structure of the course. They are not adaptive.

The only adaptive part in the page is the red bar. It indicates that the page the user is reading is not recommended.

Observation:

"Annotation seems to be a very relevant form of adaptive navigation support. Annotation can be naturally used with
all four possible forms of links. This technique supports stable order of links and avoids problems with incorrect
mental maps. Annotation is generally a more powerful technology than hiding: hiding can distinguish only two
states for the nodes while annotation, as mentioned above, up to six states, in particular, several levels of
relevancy as it implemented in Hypadapter [Hohl, Bocker & GunzenhSuser, 1996]. Annotations do not restrict
cognitive overload as much as hiding does, but the hiding technology can be quite well simulated by the annotation
technology using a kind of "dimming" instead of hiding for "not relevant” links. Dimming can decrease cognitive
overload in some extent (the user can learn to ignore dimmed links), but dimmed links are still visible (and
traversable, if required) which protects the user from forming wrong mental maps."

-Adaptive link annotation is the most popular link adaptation technique. It is the least restrictive technique: all the
links are accessible. Annotations are used to indicate how interesting the link is for the user. Many systems use
some kind of icon in front of or behind the link anchor to indicate the relevance of the link. Since the Web has been
extended with style sheets it has also become possible to use the color of the link anchor as an annotation. This is
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not without drawbacks: some users are so used to links on the Web being blue or purple that they do not recognize
words in other colors as being link anchors."

Direct Guidance

Name: Guidance

References: [Brusilovsky, 1996]; [Armstrong et al., 1995]; [Brusilovsky et al., 1998];

Description: This technique decides and presents to the user the next best option for interaction, according to the user's goal
and other parameters being considered.

Rationale: Given a pre-defined criteria, the system suggests to the user the next steps that she should follow (criteria can take
into account previous interactions recorded in log file, for instance)

Example: A student is accessing an e-learning platform, after she accessed, read and studied a content the system provides
a link to an example of exam, the user then can try to solve the exercises

Context: According to the context of use, or user’s preferences, profiles

Advantages: User interaction may be optimised

Disadvantages:

Users can be frustrated in case the suggested links are not interesting for them

Sample:

Pictures:

Netscape: ACT-R Lesson Units

ACT-R Lesson Units
Wit 1: Understanding Production Systems
# Bection 1.1; The ACTR Prosdnction System Glossary

¥ 1.L1 Declarative Units in ACT-R Heln
©1.1.2 Prosiuction Rules in ACT-R
#1.1.3 Production Rule Format Search
@ L14 ACTR's Condition Form TS
¥ L15 ACT-R's Action Sude LS

Content

Backereund:

1.1.2 Production Rules- in ACT-R+

A production~ rule is a statement of a particular
contingency that controls behavior. Examples might te

IF the goal- is to classify a person
and he is unmarried
THEN classify him as a bachelor

IF the goal is to add two digits di1 and dZ2 in a
and di+ dz = d3
THEN set as & subgoal+ to write d3 in the column

The condition» of a production rule (the IF part) consists
of a specification of a goal and a nurmber of clunks+
while the action~ of a preduction rule (the THEN part)
basically invelves the creation or medifications of serne
churks. The above iz an informal English specification of
preduction rules. ou will learn the symtaz for their
precize specification within the ACT-R systern

A production rule specifies an 1o be taken when

a is met

=" [ Suggested Page: 1.1.1 Deolarative Units in ACT-R

5

In ACT-R, the Teach me button (bottom right) provides direct guidance for the users.

Observation:

Direct guidance is the simplest technology of adaptive navigation support. Direct guidance can be applied in any
system, which can decide what is the next "best" node for the user to visit according user's goal and other
parameters represented in the user model. To provide direct guidance, the system can outline visually the link to
the "best" node as it is done in Web Watcher [Armstrong et al., 1995], or present an additional dynamic link (usually
called "next") which is connected to the "best" node as in ISIS-Tutor [Brusilovsky & Pesin, 1994], SHIVA [Zeiliger,
1993], HyperTutor [Perez et al., 1995], and Land Use Tutor [Kushniruk & Wang, 1994]. The former way is more
clear, while the latter is more flexible, because it can be used to recommend the node which is not connected
directly to the current one (and not represented on the current page). Direct guidance is a clear and easy to
implement technology, it can be used with all four kinds of link presentation listed above. The problem with direct
guidance is that it provides limited support: "follow me or no help". Direct guidance can hardly be the primary form
of navigation support because it provides no support for the users who would not like to follow the system's
suggestion. Direct guidance is useful but it has to be used together with a "more supportive" technology.

Generation of Links

Name: Adaptive Link Generation

References: [Brusilovsky, 2003]; http://wwwis.win.tue.nl/~debra/21D20/week1/img24.html

Description: The system may discover new useful links between pages and add them, the system may use previous navigation
or page similarity to add links, and generating a list of links is typical in information retrieval and filtering systems.
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Rationale: Given two (or more) different contents in a systems, links are generated between them according to defined criteria
(such as an analysis of the previous interactions of the user)

Example: Students rate different aspects of the system and compare these ratings with the students of different
levels of knowledge of the subject. Knowledge Sea applies a neural network-based mechanism to
process a large number of pages from different Web-based tutorials along with a set of closed corpus
documents (such as lecture notes) and group then by similarity. As a result, a user with a specific
educational goal — such as to do readings associated with a particular lecture — can use an
automatically generated list of relevant links to explore

Context: User profile, preferences or context of use

Advantages: Links of interest may be generated improving the efficiency of the navigation

Disadvantages: It is necessary an inference algorithm to automatically and efficiently generate the links

Sample:

Pictures: O “Netscape: ACT=R Lesson Units 8

ACT-R Lesson Units [ coartio |
<0 1; Undestam Eng Prodocton Systens | e——
* Soctom 1.1: Toae ACT-R Prosdiction Gywian el |
#1311 :)’"l.qr.ql_am l')m:pu\‘l'—ﬁ Help
o2 Prodiucten Rule: mACT-R
] 1.3 Production Rude Forres Srarch
- l.SdIE-RB'fo!FOW | Inbertase
*1.1.5 ACT-RY Acsiom Sids
Bacieprownss
—M— ?—E:ﬁf
1.1.2 Production Rulesin ACT-R permr
A production rile & A staemEN! of A pariculkr contingency that conuols dehavior. Examples might be I
IF the geal is teo classify a pecscn ,II.M
and he iz umarried endiion
THEN elassify hin as a bacheler E smosedurd
17 the geal ic te add twe digitec dl and d2 in a selumn TR
and dl+ &2 - 42 i et ey
THEN s#t as a schgoal =o write d3 in the coalumn Lol
The condibon of & poduetion rile ithe IF panf) conssts of a specifeaton of a goal and a number of chuoks e
while the achon of & prothucton rule (the ‘1lUEN part) besically mrvolves the creaton or mochfisstions of
some clhunks. The atove i an mformnal English spacificatnn of production nes. 'You 9l eam the syntax
for their precxe specification within the ACTR. systerm.
A production rule specifes an | to be mkenwhena [ s et
T e ) N
o' [
This example illustrates link generation in Knowledge Sea System

Observation:

Hiding of Links

Name: Hiding (Link Removing; Link disabling)

References: [Brusilovsky, 1996]; http://wwwis.win.tue.nl/~debra/21D20/week1/img25.html; AHA!;
http://documentation.devexpress.com/#WindowsForms/CustomDocument4887

Description: This technique restricts the navigation space by hiding links to "not relevant" pages. Pure hiding means the link
anchor is shown as normal text (the user cannot see it as a link). Link disabling means that the link does not work;
it may or may not still be shown as if there is a link. Link removal means the link anchor is removed (and
consequently it cannot be used). A combination of hiding and disabling is also possible. It indicates that the link
anchor text is just plain text. Basically, in link hiding the navigation is simplified and restricting the navigational
space supports the user’s orientation.

Rationale: Given a set of links in a system, a criteria is established to define which ones are relevant or not, according to the
context, links that are considered as not relevant in that context of use are hidden

Example: A student can access a text content, but according to her previous knowledge, links to basic concepts may be
hidden, optimising the navigation

Context: Context of use, user's profile, user's preferences

Advantages: It reduces the complexity of navigation for the users, and it also reduces their cognitive overload. It has a wide
applicability; it can be used with all kinds of non-contextual, index, and map links and with contextual links. It is also
more transparent to the user and more stable

Disadvantages: Hiding can distinguish only two states for the nodes - relevant and non relevant; in case of _wong' inference users
may be prevented of accessing specific content

Sample: <style type="text/css" media="all">
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<l--
.hiddenlink {

color: #000; /* same color as the surrounding text */

text-decoration: none; /* to remove the underline */

cursor: text; /* to make the cursor stay as a text cursor, not the hand */
-—>

</style>

Pictures:

Example illustrating how links (replace) can be hidden in a menu

Observation:

-Adaptive link hiding means that links that are not considered relevant for this user are hidden, disabled or removed
in some way. Link hiding means that the link anchor cannot be seen as being a link anchor. When the text on a
page is black, a black link anchor, not underlined, looks just like plain text. If the link is still there many browsers will
show a special cursor when the mouse pointer is moved over the anchor. The link can also be disabled, meaning
that the anchor text is no longer a link anchor. On the Web this is easy to realize by removing the anchor tag.
However, that performs hiding as well as disabling. It is possible to use font color and optionally underlining to
make the anchor still look like a link anchor, but this is seldom done because it is frustrating for users to see link
anchors that do not work as links.

Link removal means that the anchor text is removed, thereby automatically disabling the link as well. Link removal
can easily be done in a list of links, but not in running text because the user needs to be able to read the text.
When asked in an informal setting a large majority of users has indicated that they preferred links in a list to be
annotated or -hidden”, but not removed.”

Map Adaptation

Name:

Map Adaptation

References:

http://wwwis.win.tue.nl/~debra/2ID20/week1/img27.html

Description:

The map adaptation is a form of adaptive navigation support. In order to give users an idea of the whole
hyperspace, and some orientation support regarding where the user is in this space, many applications offer some
kind of map. Websites often offer a textual sitemap, mostly because this is easy to generate. A graphical map,
preferably based on conceptual relationships rather than link relationships, is a better tool for giving insight into the
application's structure. Basically, map adaptation concerns adapting graphical representations of the global and
local hyperspace link structure using any of the techniques mentioned in this domain or their combination.

Rationale:

Given the navigational structure of the systems, its links are graphically represented, such as a map, in order to
present to the user possible interaction routes

Example:

The user in an ATM wants to transfer money to an international account, however the first interface does not
provide an option to do so, she can then look for and access the map of the system to find the route for performing
her task

Context:

According to the context of use, or user's profile and preferences

Advantages:

The navigation may be improved, users can perform their tasks more efficiently

Disadvantages:

Large maps are not insightful; a map can adaptively be reduced so that the user can still grasp the overall picture.
Nodes on the map can also be annotated to indicate relevance, to indicate where the user has gone before, and
perhaps even to indicate where other users have gone.

Sample:
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Pictures:

Observation: Complete site maps are not feasible for non-trivial hyperspace; a local or global map can be adapted by annotating
or removing nodes or larger parts; a map can also be adapted by moving nodes around; maps can be graphical or
textual; adaptation can be based on relevance, but also on group presence.

Sorting of Links

Name: Sorting of Links

References: [Brusilovsky, 1996]

Description: This technique sorts all the links according to the user and user-valuable criteria: the closer to the top, the more
relevant the link is.

Rationale: Given a set of link options for the user to access, they are ordered according to a pre-defined criteria and then
presented to the user, criteria can be: most popular, most accessed, alphabetical order

Example: The student in an e-learning platform has recommended contents to read, the teacher attributes to the documents
priorities in reading them, the system presents the links to the documents based in the priority order for the student
to read them

Context: According to the context of use, user's preferences, user’s profiles

Advantages: Useful for information retrieval. It can significantly reduce the navigation time. It can improve the usability level

(user's satisfaction, user's efficiency in performing a task)

Disadvantages:

Limited applicability: it can be used with non-contextual links, but it can hardly be used for indexes and content
pages and it can never be used with contextual links and maps. Technology can make the order of the links non-
stable, it may change each time the user enters the page

Sample:

Pictures:
Google provides the search results and their links according to a specific algorithm that considers different
variables, such as meta-information of the websites

Observation:
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Annex C - Adaptation Techniques Templates for Presentation

Attach

Name: Attach

References: [Groulax et al., 2005]

Description: Attach is a property in which part of an interface can be attached to the another interface being used so as to
recompose another one on-demand, according to user's needs, task requirements. "Any Ul component of interest
can be attached back to its previously detached Ul or to any other Ul. Thanks to the attachability property, it is
possible to support a Ul development process by copy/paste. In traditional visual programming, any Ul is drawn by
composition of widgets dragged from a tool palette onto a working area. This process does not support per se
composition of new Ul from previously defined Uls. Of course, it is possible to copy/paste parts of the widgets, but
there is a need to redraw everything. In Programming by demonstration, a Ul that will be implemented is
demonstrated and then derived. When a Ul component is attached to another Ul component, they are
automatically merged so as to create an entirely new Ul. There is no need to redraw the Ul and this operation can
be done at run-time."

Rationale: Given an interface, a new one (entirely or partly) is merged to it. "Any selected component from one Ul can be
copied, dragged and dropped into another Ul to compose a new Ul merging functions which are the sum of
functions provided by the individual components."

Example: In a calendar the user wants to join also a widget with weather information.

Context: When there is a need or a wish to have more functionality available at the same interface.

Advantages: Improving the functionality of the application, adapting to specific needs or wishes.

Disadvantages: It may be not easy to implement, it may overload the space, affecting performance for instance. It may require
redistribution.

Sample:
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In this example the colour pallet was attached to the QTk Draw application.

Observation: In scenarios with situations where the user may want to compose, decompose and re-compose the components of
a Ul on-demand, depending on users‘ needs, task requirements and platforms availability, an interaction paradigm,
called Detachable User Interfaces is considered. It is characterized by the _[emi-Plat’, a set of properties that
includes Attachability. Attachability is the property in which the plastified Ul component is attached to any Ul running
on the target-computing platform, if needed.

Collapse to Zoom

Name: Collapse to Zoom

References: [Baudisch et al., 2004]; [J. Coutaz, 2007]

Description: Collapse-to-zoom, which allows users to collapse areas of web pages deemed irrelevant,

Rationale: Given an interface, composed of interactors, the original position of the resources is modified, according to pre-

defined criteria. In addition to allowing users to zoom into relevant areas, collapse-to-zoom allows users to collapse
areas deemed irrelevant, such as columns containing menus, archive material, or advertising. Collapsing content
causes all remaining content to expand in size causing it to reveal more detail, which increases the user‘s chance of
identifying relevant content. Collapse-to-zoom navigation is based on a hybrid between a marquee selection tool and
a marking menu, called marquee menu. It offers four commands for collapsing content areas at different granularities
and to switch to a full-size reading view of what is left of the page. Collapse-to-zoom uses space gained from
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collapsing tiles to immediately magnify the remaining page content.

Example:

(a) As the page loads, the browser detects that the page is significantly bigger than the screen and thus shows a
thumbnail view instead. (b) The headlines are scaled below recognisability, so the user cannot decide if any of the
shown headlines involve the topic of interest. However, layout conventions allow the user to recognize the main
structure of a news page, i.e., menu, articles, and advertising columns. To see the news headlines in more detail, the
user performs a pen gesture to collapse the advertising column and then (c) the menu column. (d) As a result, these
columns are now replaced with thin gray place-holders and the freed screen space has been used to render the
remaining column with the news headlines at a larger size. While the abstracts are still fairly small, headlines have
now become readable. Note how the placeholders provide the user with visual context. In addition, they allow the user
to restore the respective tile. Tapping the left placeholder, for example, would restore the view to the state. In the
expectation to return to this news site, the user bookmarks it. (e) The user scrolls through the page and finds a
headline containing the name Bertelsmann. Without leaving overview mode, the user follows the link by tapping it. (f)
The article page is loaded and since it is too long to fit into the browser window, it too is displayed as an overview. To
be able to read the story the user performs an expand-and-zoom gesture on the story area. (g) This removes all
content outside the story area and switches to single-column view. The user can now advance through the story
efficiently using the device's hardware scrolling buttons. (h) The next day, the user invokes the bookmark created
earlier and the browser loads the new edition of the page. However, the browser also restores the collapse-state the
page was in when the bookmark was created. All headlines are therefore readable right away; no further user
interaction is required.

Context:

Overview visualizations for small-screen web browsers were designed to provide users with visual context and to
allow them to rapidly zoom in on tiles of relevant content. Given that content in the overview is reduced, however,
users are often unable to tell which tiles hold the relevant material, which can force them to adopt a time-consuming
hunt-and-peck strategy.

Advantages:

Collapsing content causes all of the remaining contents to be redrawn in more detail, which increases the user's
chances of identifying relevant content. When finally switching to the full-size view, the page has been reduced
significantly, which allows users to scroll through the remaining content in an efficient way. The collapse-to-zoom
mechanism described in this walkthrough minimizes the need for zooming and trial-and-error exploration. Instead of
forcing users to iterate between overview and detail view, collapse-to-zoom allows users to make continuous progress
towards the page content that is relevant to the user's task at hand. By collapsing elements deemed irrelevant users
narrow down the page, thereby reducing the amount of content that has to be examined when finally switching to
detail view. The need to scroll over irrelevant content is eliminated. In addition, collapsing content causes the
remaining material to be re-rendered with increased detail, which often enables users to continue zeroing in on the
relevant material. In addition, the page loads faster, as image material in the collapsed areas is not loaded.

Disadvantages:

Users not always are aware of a scrolling need, what can prevent she to access the content

Sample:

Pictures:
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With collapse-to-zoom, all page navigation is done up front (often using only a single expand-and-zoom action). Once

Observation: users switch to single-column view, subsequent navigation reduces itself to scrolling, which most devices support
' conveniently with a set of hardware scroll buttons. All the expand/collapse navigation is based on drag gestures

allows collapse-to-zoom to use pen tapping for following links
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Detach

Name: Detach

References: [Groulax et al., 2005]

Description: Detach is a property in which a part of an existing interface can be removed from the current interface. This part
can be used to recompose another interface on-demand, according to user‘'s needs and task requirements for
instance. Detachable user interfaces consist of graphical user interfaces whose parts or whole can be detached at
run-time from their host, migrated onto another computing platform while carrying out the task, possibly adapted to
the new platform and attached to the target platform in a peer-to-peer fashion. De-taching is the property of splitting
a part of a Ul for transferring it onto another platform.

Rationale: Given an interface, part(s) of it can be removed.

Example: In an agenda application the user wants to remove the events on top and use it just as a calendar.

Context: When there is a need or a wish to have fewer resources available at the same interface. It can happen for memory,
processing, connection or performance constraints, for instance. Adaptation may consider the availability of
platforms and contex of use (tasks)

Advantages: Making the resources of an application more flexible and adaptable to specific needs or wishes.

Disadvantages:

It may be not easy to implement, once the 'part' of the interface and the dettaching process need to be well-defined

Sample:

Pictures:

In this example the toolbox and the color bar were both detached from the original interface of QTk Draw.

Observation: Different types of detachability:

1. Full screen when the entire Uls of all applications running on the current platform are detached.

2. Window when an entire user/system-selected window or any portion of it is detached. For instance, a whole
window within the border, along with its title bar, its menu bar, the scroll bar or captions lines.

3. Active window when the windows that has the focus of interaction on the desktop is detached when the detach
operation is invoked.

4. Region when any user-defined rectangular region of the Ul is detached. For in- stance, a user may select by
direct manipulation a rectangle surrounding components subject to detachment.

5. Fixed region when a user-defined rectangular fixed region of the platform desktop defined by absolute pixel
coordinates.

6. Widget when any individual widget is detached.

Distribution

Name: Distribution

References: [Balme et al., 2004]; [Melchior et al., 2009]

Description: A Distributed User Interface (DUI) consists of a Ul having the ability to distribute parts or whole of its components
across multiple monitors, devices, platforms, displays, and/ or users.

Rationale: The application is composed by resources that may be distributed, once there is the possibility to distribute this
resources, the context is considered and adaptation rules are applied, the final version of the application contains
resources distributed in different domains (such as: platforms, devices or users)

Example: In the second picture there is a Pebbles-like configuration where the graphical Ul is distributed across the surfaces
of a PC and of a PDA. The slides viewer is displayed in a rotative canvas so that it can be oriented appropriately
when projected on a horizontal surface (e.g., a table). If the PDA disappears from the cluster, the control panel
automatically migrates to the PC screen. Because different resources are now available, the panel is plastified. As
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shown in Figure b, the retargeted control panel includes different interactors, but also a miniature representation of
the speaker's video is now available. During the migration-retargeting process, users can see the control panel
emerging progressively from the slides viewer while rotating so that they can evaluate the state of the transition.
The Ul, which was distributed on a heterogeneous cluster is now centralized on an elementary platform. The new
Ul results from a dynamic partial migration and retargeting at the workspace level. Conversely, if the PDA re-enters
the platform, the Ul automatically switches to the configuration of Figure a and the control panel disappears from
the PC screen by weaving itself into the slides viewer before reappearing on the PDA. [Balme et al., 2004]

Context:

Adapt to different devices, platforms and according to the user preferences.

Advantages:

More comfortable to visualize the content, flexibility of access to the system, user’s satisfaction is increased

Disadvantages:

The implementation must be carefully done to separate concerns properly, and to provide users an efficient
transition and interaction options to adapt.

Sample:

Pictures:

In this example the clock was distributed and can be accessed in a different application.

Observation: Distribution can be performed between different: monitors, devices, platforms, displays and users.

Migration

Name: Migration

References: [Groulax et al., 2005]; [Patterno et al., 2008]

Description: Migration consists of transferring any Ul component (presentation and dialogue states) from one platform to
another.

Rationale: The migration can be of the entire applications (which is problematic with limited-resource devices and different
CPU architectures or operating systems), or the migration can consider only a user interface part of a software
application. One approach for migration can be the encapsulation of all volatile execution state of a virtual machine;
(however this approach mainly supports migration of applications among desktop or laptop systems by making
copy of the application with the current state in a virtual machine and then copy the virtual machine in the target
device, which does not address the support of different interaction platforms supporting different interaction
resources and modalities, with the consequent ability to adapt to them. An specific approach considers migration of
applications shared among several users: when migration is triggered the environment starts a fresh copy of the
application process in the target system, and replays the saved sequence of input events to the copy in order to
ensure that the process will get the state where it left off. This solution does not consider migration across platform
supporting different interaction resources and modalities and consequently does not support run-time generation of
a new version of the user interface for a different platform. Another approach assumes that the desktop version of
an application exists, without posing any restriction on the method or tool used for its development. Then, during
the user session, a version for the platform is dynamically generated exploiting model-based techniques [Paterno
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etal., 2008].

Example:

A user who starts interacting with a digital museum application providing information about artworks. At some point
the user accesses a page, which allows him to specify preferences regarding artworks in the museum. While the
various preference options are specified, the application using an Ajax script provides a preview of artworks that
satisfy them without requiring access to a new page. Then, the user asks for migration to a mobile device in order
to continue by means of indicating preferences on the move.

Context:

The available platforms may be considered in order to perform this adaptation technique

Advantages:

They allow users to move about freely, change device and still continue the interaction from the point where they
left off

Disadvantages:

It may be not easy to implement: to obtain usable migration, preserving the user interface state across multiple
devices and adapting to the changing interaction resources

Sample:
Migration between different platforms
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This example shows a colour palette that was detached from QTk Draw, it migrated from a TabletPC to a Desktop.
Observation: Migration can be characterized along four axes, according to the amount of:

- Platforms: the migration can be one-to-one (from one platform to another one) or one-to-many (from one platform
to many platforms);

- Users: the migration is said to be single-user, respectively multi-user, when it occurs across platforms owned by
one user, respectively by many users;

- Platform types: the migration is said to be one-threaded, respectively multi-threaded, when it occurs between
platforms of the same type (e.g. between two PCs), respectively of different types (e.g., from a PC to a PDA that
does not necessarily run the same operating system);

- Interaction surfaces: the migration can be mono-surface, respectively multi-surface, when it occurs from one
interaction surface to another (e.g., from screen to screen), respectively from one surface to multiple surfaces at
the same time (e.g., from one screen to several different screens of various sizes)

In migration, the devices change but not the user, who still has the same interests and may appreciate the
possibility to find in the current bookmarks including the pages that were bookmarked in the previous device.
Another element that has similar characteristics is the browser home page: in some cases users may be interested
to migrate it to different platforms as well.

Re-distributio

n

Name: Re-distribution

References: [J. Coutaz, 2007]

Description: Ul re-distribution, i.e. the application of objects re-distribution to Ul components, denotes the re-allocation of the Ul
components of the interactive space to different interaction resources.

Rationale: Given an interface, composed of interactors, the original position of the resources is modified, according to pre-
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defined criteria.

Example: If there are 3 columns of content, like text, picture and a table, and the new context involved a mobile phone
instead of a large screen, the resources instead of being positioned side-by-side, they are presented in a vertical
sequence.

Context: When a new display is used, the resources may be re-distributed in order to provide a better visualization of them.

Advantages: It provides a more comfortable visualization of and interaction with the resources. Ease of finding resources.

Effectiveness and time-saving.

Disadvantages:

It may be not easy to define the best approach to re-organize the distribution of the resources in an interface.

Sample:
Pictures: 8 P e - s oo Pl ophore DX
“.:M - :’ n:'_ ae A &
ASSOCIATION DES PAYS
Title —"'Q)l SEDAN & BOUILLON
Title replicated
MENVENUE on PC apd PDA Navigation bar
migrated to the PDA
Navigation bar \_, . D SEDAN & BOUILLON
e .y e
ram n |
Content —J |- :
e q\?onlen: stationary
onPC MetaUl link
to control
Ul distribution
In this example (Sedan-Bouillon website) the content may be centralized to be presented on a PC or distributed
between PC and a PDA.

Observation:

Re-molding

Name: Re-molding

References: [J. Coutaz, 2007]; [Serna et al., 2010]

Description: Object re-moulding is to reshape objects without distorting their role. Applied to user interface components, Ul re-
moulding denotes the reconfiguration of the user interface that is perceivable to the user and that results from
transformations applied to the source user interface. Ul transformations include: suppression of the Ul components
that become irrelevant in the new context of use; insertion of new Ul components to provide access to new
services relevant in the new context of use, reorganization of Ul components by revisiting their spatial temporal
dependency. Reorganization may result layout and/or their insertion of Ul components. Re-moulding may result in
using different modalities, or in from the suppression and/or exploiting multimodality differently.

Rationale: Given an interface, composed of resources, such as interactors, they can be inserted or supressed, according to
pre-defined rules, in order to accommodate better in a new context.

Example: From a large screen displaying a text content to a small screen in a mobile phone, it may be better to present the
content in audio format.

Context: It may be adapted according to the availability of new platforms and devices: when a new display is used, the
resources may be re-molded in order to provide a better visualization of and interaction with them.

Advantages: It provides a more comfortable visualization of and interaction with the resources. Effectiveness and time-saving.

Disadvantages:

It may be not easy to define the best approach to re-define the modalities of the resources in an interface.

Sample:
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Pictures:

In this example the content is remolded to be better accommodated in a different device
Observation: Re-molding may occur at different abstraction levels: ranging from the task level to the concrete presentation
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