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I have always wished that my computer would be as easy to use as my telephone. My
wish has come true. I no longer know how to use my telephone.
– Bjarne Stroustrop (originator of C++) [from Yates et al. (2003)]
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Abstract (English)
This work will present the iManual concept of using PDAs as context-sensitive and interactive help systems for sufficiently complex devices that was developed along with
this diploma thesis. The concept was prototypically realized for using the navigation
system of a BMW 7, but is also transferable to using coffee machines, washing machines, photocopiers, industrial machines etc.
Using handheld computers such as PDAs leads to several advantages compared to conventional paper-based manuals. These advantages base on the following characteristics
of a PDA: mobility, connectivity, interactivity, and personality as well as the resulting
adaptivity and adaptability of the help system running on the PDA.
Mobility and connectivity are prerequisites for a specific situation of using the help system: The user can use the PDA immediately when operating the device, e.g. in his car,
in the kitchen or on the way, and the PDA is connected both to the device (e.g. via Bluetooth™) and to external information sources such as the manufacturer’s product database or a user community (e.g. via GPRS or UMTS). This results in a close situative
integration of using and learning processes: First, the PDA can request the internal state
from the device and send commands to it and second, up-to-date information about the
device and annotations and tips from other users can be transferred to the PDA. Furthermore, information about current user interaction, e.g. user problems, ratings or solutions to common problems, can be send to the manufacturer or the user community.
Based on this, context-aware mobile help systems can enable transferring many of the
successful features of modern help systems for software applications to help systems for
any physical devices.
Interactivity, i.e. the opportunity to not only get information about the device on the
PDA, but to remote control it from the PDA, can by used to achieve an an even closer
integration of using and learning. Altogether, these kinds of help systems enable the
projection of the user interfaces of all kinds of devices onto the familiar, personalized
interface of the PDA and therefore lead to a more efficient usage.
Analyzing the internal state and the interaction history of the device, the attributes of the
user (e.g. previous knowledge, level of expertise) as well as other contextual parameters
of the environment allows to provide help information and control functionality that is
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tailored to the current situation and the user’s needs. This adaptivity is based on processing contextual and individual information on the PDA or a central server and the
resulting selection and presentation of appropriate information and functionality. The
resulting delivery of adaptive and individualized help can even be enhanced by providing adaptability, i.e. letting the user actively tailor the system to his needs.
This diploma thesis will discuss these issues in detail and introduce the iManual system,
which is a prototypical realization of the concept of a context-aware mobile help system.
This includes presenting the system architecture and describing how adaptive, contextaware help was implemented using a Case-Based Reasoning engine that is based on a
CBR package developed at Fraunhofer FIT.
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Abstract (German)
In dieser Arbeit wird das in Zuge in meiner Diplomarbeit entwickelte iManual-Konzept
der Verwendung von PDAs als kontextsensitive und interaktive Hilfesysteme bei der
Benutzung von Geräten hinlänglicher Bedienkomplexität vorgestellt. Dieses Konzept
wurde prototypisch am Beispiel der Bedienung des Navigationssystems im 7er BMW
implementiert, ist aber gleichermaßen auf die Bedienung von Kaffeeautomaten,
Waschmaschinen, Kopierapparaten oder industriellen Maschinen etc. anwendbar.
Durch den Einsatz von PDAs können eine Reihe von Benutzungsvorteilen im Vergleich
zu konventionellen papiergebundenen Handbüchern erzielt werden. Diese Vorteile beruhen auf den folgenden Eigenschaften von PDAs: Mobilität, Konnektivität, Interaktivität und Personalität sowie der daraus resultierenden Adaptivität und Anpassbarkeit des
darauf ausgeführten Systems.
Mobilität und Konnektivität sind dabei die Voraussetzungen für eine spezifische Nutzungssituation: Der Benutzer kann seinen PDA unmittelbar bei der Bedienung des Gerätes verwenden, also z.B. in seinem Fahrzeug, in der Küche oder unterwegs, und sein
PDA ist einerseits mit dem zu bedienenden Gerät (z.B. über Bluetooth™) und andererseits mit externen Informationsquellen wie der Produktdatenbank des Herstellers oder
einer Nutzer-Community für dieses Produkt verbunden (z.B. über GPRS oder UMTS).
Auf diese Weise kann eine enge situative Verzahnung von Bedien- und Lernvorgängen
erzielt werden: Der PDA kann den Status des zu bedienenden Gerätes abfragen und an
dieses Kommandos übermitteln, und es können aktuelle Produkt- und Bedieninformationen, Tipps von anderen Benutzern etc. an den PDA übertragen werden. Weiterhin
können Informationen über die aktuelle Benutzung, wie z.B. Benutzungsschwierigkeiten, Bewertungen oder Lösungen von typischen Bedienungsproblemen, an den Hersteller oder andere Benutzer übermittelt werden. Durch vernetzte PDAs ergibt sich somit
die Möglichkeit, die inzwischen für die meisten Software-Systeme verfügbaren leistungsfähigen Hilfesysteme für die Benutzung von allen Arten von Gerätschaften nutzbar zu machen.
Durch die Interaktivität, d.h. die Möglichkeit über den PDA nicht nur Informationen zur
Bedienung zu erhalten, sondern das jeweilige Gerät direkt zu bedienen, kann eine noch
weitergehende Integration von Bedienung und Unterstützung erzielt werden. Insgesamt
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kann dieses Szenario dazu führen, dass die Benutzeroberflächen verschiedenster Gerätes auf die vertraute, personalisierte Oberfläche des PDA projiziert werden und so eine
einfachere Bedienung ermöglichen.
Durch die Auswertung des Zustands und der Bedienungsgeschichte des Gerätes, sowie
weiterer kontextueller Merkmale der Umgebung und der Eigenschaften des Benutzers
(z.B.

Vorwissen,

Bedienungskompetenz)

lassen

sich

Bedieninformationen

und -funktionen bereitstellen, die speziell auf die aktuelle Nutzungssituation und die
Bedürfnisse des Benutzers abgestimmt sind. Diese Adaptivität des Hilfesystems beruht
auf der Verarbeitung der Kontext- und Benutzerinformationen auf dem PDA oder einem
zentralen Server und der entsprechenden Auswahl und Darstellung geeigneter Informationen und Funktionen. Die dadurch erreichte individuelle Benutzerunterstützung kann
durch umfangreiche Anpassungsmöglichkeiten noch verbessert werden.
Die Diplomarbeit wird diese Gesichtspunkte genauer diskutieren und die Umsetzung
des Konzepts eines kontextsensitiven mobilen Hilfesystems durch das prototypische
iManual-System vorstellen. Dabei werden insbesondere die entwickelte SystemArchitektur und die technischen Umsetzung des adaptiven Hilfesystems durch ein CaseBased-Reasoning Modul vorgestellt, das auf eine von Fraunhofer FIT entwickelte CBRKlassenbibliothek aufsetzt.
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Introduction

1.1

Thesis Statement

1

Transferring help systems for devices to mobile handheld computers holds a great potential. Main advantages of handhelds are mobility, connectivity, interactivity and personality. These advantages can be exploited to create better help systems for devices.
One such way, which is shown is this work, is to obtain contextual information such as
the recent interaction with the device and the help system, the device’s internal state,
and user characteristics (e.g. user experiences, level of expertise, implicitly or explicitly
stated preferences etc.) to give assistance according to that information. When help systems for software moved from paper to electronic media, similar strategies, among others, were successfully used to improve the help system’s usability. The system prototype that was build along with this thesis is planned to be used for usability studies to
evaluate if similar improvements can be achieved.
A help system that is based on mobile handheld computers creates a completely new
learning situation. Considering the main advantages mentioned above, the user can take
his mobile help system directly to the device, let it connect to the device, and interact
with both help system and device through the handheld’s familiar interface, while getting situated help when problems occur. So all in all, learning about a device and using
it will be integrated.
Along with this thesis, the concept of a context-aware mobile help system was realized
by developing the iManual prototype. The iManual help system is implemented for the
navigation system of a BMW 7. However, the concept can be realized for many kinds of
devices and the iManual system can easily be transferred to other domains. This thesis
generally talks about help systems for devices but this term represents a wide range of
possibilities. A device in this context can be any entity that could need further explanation in certain situations. This includes consumer electronics such as VCRs or digital
cameras, office equipment such as laser printers or a copy machines, powered tools such
as drill or grinding machines, and large-scale industrial machines as well as small-scale
products of our daily life such as RFID-tagged clothes that tell us how to wash them or
tagged food items that give cooking instructions.
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2

Remaining Thesis Structure

This thesis discusses the concept of context-aware mobile help system and presents a
prototypical realization.
Section 2 of this thesis analyzes the state of the art in research fields that are relevent for
this concept. The first subsection about context-aware computing introduces the terminology that is used in this thesis, provides a classification of context dimensions and
identifies the dimensions relevant for context-aware mobile help systems. Furthermore,
it provides a classification of context-aware computing systems and shows that a context-aware mobile help system is different from most existing context-aware computing
systems. The next subsection about intelligent help provides a classification of help systems and evaluates different strategies to improve help. It is shown that several strategies that are mostly used for software systems have a positive influence on the quality
of the given help. To provide the psychological background for this evaluation, the
questions why and how adults learn are addressed. The subsection starts with answering
the question if help systems are needed at all. The third subsection about mobile Human-Computer Interaction analyzes the chances and challenges that providing help on a
handheld computer brings. The challenges are addressed by examining empirically
founded guidelines for designing user interfaces and for writing text on handheld devices. The fourth subsection justifies why a context-aware help system is particularly
promising for the automotive domain – the domain used for the prototype.
Section 3 introduces the concept of context-aware mobile help systems. First, it explains
in which ways contextual information can be exploited to provide context-aware help.
This includes describing integrated help that exploits contextual information related to
the device, personalized help that adapts assistance to the individual user, and locationbased help that provides help according to the geographic or relative position. The next
subsection describes how machine learning strategies can be used to provide intelligent
help. It is explained why Case-Based Reasoning is a particularly promising strategy,
which is underlined by giving examples for systems that successfully use case-based
strategies. The third subsection shows that help systems that can remote control the device over wireless links lead to a new learning situation where learning and using are
integrated. The fourth subsection analyzes how content has to be organized for contextaware mobile help systems. Finally, chances and challenges of the concept are summarized.
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Section 4 describes the iManual system, a prototypical implementation of a contextaware mobile help system, that was developed along with this thesis. This section justifies the chosen domain of the prototype, summarizes the most important features of the
system and gives a functional overview of the system architecture, which consists of
three logical parts: the iManual PDA, the iManual server and an iManual-compatible
device. Subsection 4.4 gives design and implementation details. This includes a brief
description of the used platforms and programming languages, explains the communication over web services and Bluetooth™, describes how the Fraunhofer FIT CBR engine
was used to implement context-aware adaption of the help system, and shows how the
Fraunhofer FIT Adaptive Learning Environment was integrated to handle the help content. Finally, further work that is needed to improve and extend the iManual system is
listed.
Section 5 summarizes how the opportunities of the concept were realized and the challenges were met in the iManual system and discusses if the expectations that were expressed prior to developing the system were fulfilled.
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4

State of the Art

A context-aware mobile help system is a hybrid concept that touches upon several research fields. This section describes the theoretical background, recent findings, and
existing applications in these fields.
It is a complex problem situation where a user operates a physical device and needs
context-aware help provided by a help system on a handheld computer. Users form a
very heterogeneous group, i.e. they differ in their knowledge level, attitude towards
learning, experience with the device and various other aspects. Every user is in a unique
situation that is characterized by his current activity, his previous interactions with the
device, his location, and his environment. This makes applying context-aware computing to a mobile help system both promising and challenging. Therefore, the next chapter
analyzes relevant research in context-aware computing and how theoretical and empirical findings can be related to the usage of context-aware computing in mobile help systems.

2.1

Context-Aware Computing

One reason why many people find existing computing systems hard to use, even if their
user interfaces (UIs) are carefully designed, lies in a major difference in how humans
communicate with other humans and with machines. In human-to-human communication we are able to use implicit information that is specific to the current situation. This
context-related information is mostly either neglected or impossible to obtain by computing systems in Human-Computer Interaction (HCI) [see Dey et al. (1999)].
Making more context-information available to computing systems holds a great potential in improving their usability, making them less obtrusive, and therefore making them
calm [Weiser et al. (1995)] or even invisible [Norman (1998)].
2.1.1 Terminology
Currently, many researchers and software developers are using terms like contextawareness, context-sensitivity, situation-awareness etc. to describe their research activities or software developments. In this chapter, the most dominant definitions are given
and compared.
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2.1.1.1 Context, Sensed Context and Context Fusion
When researchers began to realize that considering context is important to improve the
usability of computing systems, they found that the existing linguistic definitions [e.g.
Schulenburg (1995)] of context were not sufficient for their domain. Several works provided different definitions while Goodwin et al. (1992) even stated that “it doesn’t seem
possible at the present time to give a single, precise, technical definition of context, and
eventually [...] such a definition may not be possible.” Nevertheless, a general definition
is given by Dey:
Context is any information that can be used to characterize the situation
of an entity. An entity is a person, place, or object that is considered relevant to the interaction between a user and an application, including the
user and applications themselves. [Dey et al. (1999)]
A more specific definition that better fits the system proposed in this thesis states that:
context is the constantly changing execution environment including the
following pieces of the environment:
• Computing environment available processors, devices accessible for
user input and display, network capacity, connectivity, and cost of
computing
• User environment location, collection of nearby people, and social
situation
• Physical environment lightning and noise level
[Schilit et al. (1994b)]
Chen et al. (2000) adds the “time context” to Schilit’s three pieces of environment and
stresses that new possibilities arise when considering the “context history” by recording
context aspects across a time span.
However, not all “information to characterize a situation” (Dey) and not all aspects of
the “execution environment” (Schilit) can be made available to computing systems.
Properties that cannot be sensed or obtained from a readable source are impossible to
use in context-aware computing. This leads to the definition of sensed context as
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properties that characterize a phenomenon, are sensed and that are potentially relevant to the tasks supported by an application and/or the
means by which tasks are performed. [Gray et al. (2001)]
This does, however, not mean that all aspects of sensed context have to be obtained
from a single source. Some aspects like the social situation cannot be read form a single
sensor but have to be determined by evaluating several sources (context services). For
example, the same contextual aspect can be obtained from different sets of sensors according to the situation, or results from several sensor sources can be evaluated according to a probability function. Abowd et al. (2001) call this context fusion.
2.1.1.2 Context-Awareness and Context-Aware Computing
The first research related to context-awareness was the “Active Badge” system developed by Want et al. (1992) [see Dey et al. (1999)]. Small badges could be used to track
the location of office-workers. The Call Forwarding system based on the Active Badge
system could then be used to forward telephone calls to the phone that was closest to the
callee’s current position. Want didn’t discuss context-aware computing explicitly, so it
was Schilit who first defined it as software that
adapts according to its location of use, the collection of nearby people
and objects, as well as changes to those objects over time. [Schilit et al.
(1994b)]
The term context-aware has been used in various ways. Furthermore, many expressions
are used synonymously, as listed by Dey et al. (1999), including “reactive,” “responsive,” “situated,” “context-sensitive,” “environment-directed,” and “adaptive”. The relationship of adaptivity to adaptability that was analyzed by some authors is described in
the next chapter. Dey compares previous definitions of context-awareness and complains that they either concentrate on using context or on adapting to context. Therefore,
he gives a new general definition:
A system is context-aware if it uses context to provide relevant information and/or services to the user, where relevancy depends on the user’s
task. [Dey et al. (1999)]
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2.1.1.3 Adaptivity vs. Adaptability
Adaptivity is an important facet of context-awareness. Some authors even use both
terms synonymically. Several authors have stressed the potential of better meeting the
user’s needs by letting the computing system adapt to the current situation [Oppermann
(1994a), Lieberman et al. (2000)]. However, Wulf et al. (2001) also shows the boundaries of automatic adaptivity [see also Friedrich (1990)]. Computing systems sometimes
cannot provide all information that is needed to make a decision in a certain situation.
Another way to increase usability and flexibility of software systems is adaptability, i.e.
the possibility to let the user actively tailor applications according to his needs [Stevens
(2002b)].
Bringing adaptivity and adaptability together, Klann et al. (2003) proposed are “shared
initiative” approach. While most research activities address the former two approaches
separately, they propose to use a joint approach to compensate for the respective shortcomings of the others. For example, adaptability can be enhanced through adaptivity by
identifying recurring tailoring activities and reusing existing solutions. On the other
hand, adaptivity could be enhanced through adaptability when the user chooses what
properties to take into account so that an automatic decision can be made, or when he
provides missing parameters in the user-specific settings of an adaptive software component [see also Oppermann (1994b)].
Using a system changes the user, which lets him use the system in new ways [Nielsen
(1993)]. These new ways often require new functionality in the system. This “coevolution of system, technology, environment and users” [Bourguin et al. (2001)] cannot only be supported by enabling tailoring functions, but also by letting end users develop the system according to their needs. These “activities or techniques that allow
people, who are non-professional developers, at some point to create or modify a software artifact” are called End User Development (EUD) [Costabile (2002), Klann et al.
(2004)]. To realize EUD, the focus has to move from “easy-to-use“ to “easy-to-develop
interactive software systems“ [Lieberman et al. (2003)]. EUD can be supported by
component-based architectures [Stevens (2002a)] to achieve component-based tailorability [Stiemerling (2000)], which lets end users „select, modify, integrate, and share
components to create new functionality“ [Mørch et al. (2004)]. To encourage users to
actually use tailoring functions, many authors demand a gentle slope to tailorability
[Mørch et al. (2004)]. This demand is taken from the more general claim of a gentle
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slope of complexity, which means to make simple tasks easy to fulfill, to demand a
gradual increase of knowledge for more complex tasks, and therefore to “keep a reasonable trade-off between ease-of-use and expressiveness” [Costabile et al. (2003)].
2.1.2 Context Dimensions
Most theoretical works on context-awareness also try to describe what context and context-awareness consist of. While some authors simply list different features of context,
others provide a more structured categorization.
Chen et al. (2000) list location, time, nearby objects, network bandwidth, orientation,
light level, proximity of humans, sound, temperature and pressure as low-level types of
context as well as the user’s current activity and the social context as examples for highlevel types of context.
Dey et al. (1999) distinguish primary and secondary context. Primary context information describes the entity’s situation and is used as an index to retrieve secondary context.
For example, the user’s personal preferences can be derived from his identity. Dey’s
primary context types are picked up and revised by many other authors in the discussion
of context dimensions. Oppermann et al. (2001) summarizes four main context dimensions:
•

Location: Most authors mention the physical location of an entity that can be
used for so called location-based services, but Oppermann also includes the
electronic location, that can be described by Uniform Resource Locators (URLs)
or similar mechanisms.

•

Identity: The user’s identity can be used to infer many secondary context types,
such as the user’s preferences, his knowledge, and his history of activities.

•

Time: The current point in time as well as categorical scales (e.g. working-hours
vs. weekend, day vs. night) can be relevant for context-aware applications.

•

Environment or Activity: This dimension varies most among different authors.
Dey et al. (1999) consider activity as the fourth context dimension and describe
it as the answer to “the question of what is occurring in the situation.” Oppermann calls this dimension “activity or environment” that “describes the objects
and the physical location of the current situation.”
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Pham (2001) substitutes the more general dimension of environment or activity with
infrastructure as his forth context dimension [based on a classification by Schmidt et al.
(1998)]. He describes it as the “knowledge about the available computing resources and
infrastructure in the close vicinity.”
2.1.2.1 Dimensions Relevant to Context-Aware Help Systems
For context-aware help systems, several of the context dimensions are relevant.
Location can be used in two ways: The position of the handheld computer relative to the
device and the geographic position. The geographic location can be particularly useful
for mobile help systems in the automotive domain, for example when the car indicates
an error and the help system shows a list of nearby dealers. The relative position could
be used to detect which part of the device the user currently watches. A help system for
a large machine might need to show different information if the handheld computer detects that the users stands at the backside of the machine.
Identity can be exploited in various ways in a context-aware help system. The personal
handheld device monitors the user’s interaction and stores various personal information.
Both can be used to determine the user’s preferences and his level of knowledge. Based
on this, the content and UI of the system can adapt to the identity.
The most important entity of the environment is the device that the help system is made
for. Therefore, relevant aspects of the environment or activity dimension include the
internal state of the device as well as current or previous interaction with it. For a user
that is stuck in the middle of a task, his recent interaction with the device is central for
the help he needs. For example, if a user just opened the hood of his car and the help
system is able to detect this, it can provide the user with descriptions of common tasks
for the current situation, e.g. refilling the water for the windshield washer. If the car’s
internal state also includes the oil temperature being too high, the help system might
show information for checking the oil level.
2.1.3 Categories of Context-Aware Computing Systems
Patterns to classify context-aware applications have been provided by several authors.
Schilit et al. (1994a) provide a taxonomy based on two orthogonal dimensions as shown
in Table 1.

10
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The horizontal dimension describes whether the application obtains contextual information manually or automatically, whereas the vertical dimension describes if the application’s task is to get information or to execute a command. Proximate Selection and Contextual Information is the class of applications that presents a number of choices (e.g. a
list) to the user where the choices most relevant to the user’s context are emphasized.
Automatic Contextual Reconfiguration stands for applications that show contextrelevant information to the user automatically. Hence, it also includes resource discovery, i.e. the dynamic search for new or changed nearby objects. Contextual Commands
are the manual execution of commands that are available due to the user’s context. Context-triggered Actions are based in a simple if-then logic and are executed automatically
based on the user’s context.

INFORMATION

COMMAND

MANUAL

AUTOMATIC

Proximate Selection & Contex-

Automatic Contextual Reconfigu-

tual Information

ration

Contextual Commands

Context-triggered Actions

Table 1: Categories of context awareness [Pham (2001)].

Dey et al. (1999) combine this classification with the work of Pascoe (1998). He merges
Schilit’s Proximate Selection and Contextual Commands to a new category of “presentation of information and services to a user.” Furthermore, Schilit’s Context-triggered
Actions are renamed “automatic execution of a service.” Dey leaves out Automatic
Contextual Reconfiguration because he sees it as a part of his first two categories.
Automatically showing contextual information and resource discovery can be seen as
part of presenting information according to the context. Finally, he adds a new category
called “tagging of context to information for later retrieval” (based on Pascoe’s “contextual augmentation”). Applications of this class attach digital information to physical
or virtual objects to augment the environment.
The context-aware mobile help system that is presented in this thesis has features that
fall into two of Dey’s categorizes. The features are described in chapter 4.2. The contextual links-feature that shows a number of links to topics that are most relevant according
to the current context belongs to the category of “presentation of information and services to a user” while the context-triggered help-feature that shows important warnings
or alerts according to the device’s context belongs to “automatic execution of a service.”

ERROR! STYLE NOT DEFINED.

11

The context-aware mobile help system that is presented in this thesis belongs to Dey’s
category of because it presents a number of links to information that is helpful according to the current context, but leaves the decision to follow one of those links to the user.
In the following chapter a categorization of previous context aware computing systems
according to Dey’s taxonomy is presented. This will show that the concept of exploiting
contextual information in mobile help systems is a rather new approach that differs from
many early works in the field because it concentrates on several context dimensions
including activity and identity and combines using these dimensions with presenting
information to the user. Furthermore, it is used in a different domain and integrates contextual help with interactive usage.
2.1.4 Existing Systems - Categorization and Evaluation
Dey et al. (1999) provided the basis for Oppermann’s summary of context dimensions
as well as a categorization of context-aware computing systems, as described in the previous chapter. Furthermore, he tried to catalogue various context-aware applications of
recent years. Table 2 lists which application uses which context dimensions and which
applications fall into which class of his taxonomy.
This categorization shows that applications can be found for every context dimension
and every category of context-awareness. However, the systems listed by Dey concentrate on using location. This was also found by a later work of Chen et al. (2000) that
provided a similar categorization of mobile context-aware systems and concluded that
most context-aware application in research so far concentrate on location.
The iManual system presented in this thesis concentrates on identity and activity rather
than location and was categorized as “presentation of information and services to a
user” and “automatic execution of a service”. There is no other application in Table 2
that also falls into these categories (A, I; P, E). This indicates that integrating contextawareness into a mobile help system by using activity (or “environment or activity,” as
other authors call it) and identity has not been investigated by many research groups and
could therefore be a promising approach.

12
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System Name

System Description

Context Type
A

Classroom 2000 [1]

Capture of a classroom lecture

Cyberguide [1]

Tour guide

Teleport [2]

Teleporting

Stick-e Documents [3,4,5]

Tour guide

X

I

L

T

X

X

X

X

X

X

X

X

Paging and reminders

X

X

Reactive Room [6]

Intelligent control of audiovisuals

X

X

GUIDE [7]

Tour guide

CyberDesk [8,9,10]

Automatic integration of user services

X

Conference Assistant [11]

Conference capture and tour guide

X

Responsive Office [12]

Context-Aware

X

X
X

X

NETMAN [13,16]

Network maintenance

X

Fieldwork [17,18,22]

Fieldwork data collection

X

Augment-able Reality [19]

Virtual post-it notes

X

Context Toolkit [24]

In/Out Board

X

X

X

Capture of serendipitous meetings

X

X

X

Call forwarding

X

X

Type:

A

=

Activity,

I

=

Identity,

L

X

X

X

Context

X

X

Office environment control

used:

X

X

X

X

=

T

X

X

Symbols

E

X

X

Active Badge [28]

P

X

X

X
X

X
X

X
X

Location

X

X
X
X
and

X

X
T

=

Time;

Context-Aware: P = Presentation of information and services to a user, E = Automatic execution of a service and T =
Tagging of context to information for later retrieval. Numbers in brackets stand for references used in Dey’s original
work.

Table 2: Application of context and context-aware categories [Dey et al. (1999)].

2.1.5 Challenges of Context-Aware Computing
Realizing context-aware systems holds a great potential, but there are also several challenges that have to be met to ensure success of these system.
Lueg (2002) describes the basic problems of context-aware systems when trying to answer a question of Satyanarayanan (2001): “Why do these [pervasive computing] scenarios seem like science fiction rather than reality today?”. Context-aware systems are
based on “approximations of potential users and usage situations”. These approximations are described as “assumptions about which aspects of human activities and their
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physical and social environment will be important in future usage situations”. However,
making good approximations can be extremely difficult in some areas of context-aware
computing. It can be very hard to decide which contextual parameters are relevant for
the system because of the dilemma that “context is shaped by the specific activities,”
but “these activities also influence what participants treat as relevant context.”
A related problem is the frame problem, which describes the difficulty to decide which
aspects of the world are relevant parts of a sufficiently detailed world model and how a
system can keep these aspects up-to-date [Lueg (2002)]. A complete world model is
infeasible because the features of the world are infinitely rich and constantly changing,
so context-aware systems have to find a well-balanced compromise. If a context-aware
help system was evaluated and weaknesses were identified, the frame problem could be
the reason. It would then have to be analyzed if other parts of the context have to be
considered to provide a better system behavior.
Other challenges that all kinds of context-aware systems have to face are privacy and
security issues. These potential problems arise because context-aware systems store
various kinds of personal data to be able to adapt to the user’s identity. If context-aware
systems get more popular and powerful, the amount of data also increases. If the context-aware system is used by several users, this personal information is possibly stored
on a central server. Furthermore, users might use portable devices to connect to a server
over a wireless link. These links might then be used to get unauthorized access to this
variety of personal information. A context-aware system therefore has to ensure that no
unauthorized sources can access any kind of user data [Amor (2002), Cas (2002)]. For
scenarios where physical devices can be controlled by handheld computers, a secure
and transient association has to be ensured [Stajanao (2002)]. This means that a physical device can only be remote controlled by authorized users, that an established connection cannot be cut by other users and that the association is completely removed if
the user is not authorized anymore.
A challenge that is specific for a context-aware help system is the granularity problem.
This means that the help system has to find a representation to store the pieces of content in a way that various versions of the content can be presented according to each
user’s context. This problem is described in more detail in chapter 3.4 because it is not a
challenge for every context-aware mobile system but very specific to a mobile help system.
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2.1.6 Summary
Context-awareness is a promising approach to improve existing systems or even to
build systems with features that would otherwise be infeasible to realize. Using it in
help systems holds some special possibilities that most research activities in contextawareness did not especially concentrate on. But context-awareness is not the only
strategy to improve existing help systems and create new intelligent ones. In the following chapter, these strategies and their background are described and evaluated.

2.2

Intelligent Help Systems

Help systems exist for all kinds of systems that users have to learn about, including
software systems and physical devices. As Covi et al. (1995) explain, the development
of help systems is one of the hardest problems of HCI because it requires understanding
of the tasks that the system support, the system itself and the characteristics of the user.
This, of course, is not only related to software systems but to all systems that require a
help system. This chapter classifies help systems, explains the psychological background and describes strategies to solve this hard problem, i.e. to develop an intelligent
help system. However, I will first motivate this chapter by answering a common question that is often asked when talking about help system.
2.2.1 Do we Need Help Systems at all?
Users don’t want to use manuals, they want to achieve goals. A perfect device would be
one that does not need a help system at all because all the functions can be used correctly without additional explanation or training. This device could be used to achieve
the goal without demanding too much of the users attention. However, the scenario that
all devices will turn into such easy-to-use and unobtrusive things that don’t need any
explanation is not very likely for two reasons:
First, our surrounding devices are getting more powerful and therefore, more complex.
Cars for example come with more and more equipment that makes them safer, more
secure, more comfortable, and more flexible. With more things to control and to use, the
effort to learn and understand all these features gets of course more difficult. Figure 1
exemplifies how complex the GUI of a standard text editing program can get.
Norman (1998) distinguishes complexity and difficulty. Complexity is used for the internal state of the device while difficulty refers to the external state. In this terminology,
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difficulty determines the ease-of-use of the device while complexity is only relevant for
technicians and manufacturers. Norman stresses that it is possible to hide internal complexity behind good user interfaces. It is important for a device to
present a clear conceptual model of itself, making the possible actions
apparent. [...] when the world itself helps tell you what to do, [...] no
manuals are necessary. [Norman (1998) p. 175)]
However, this is only possible to a certain extend for simple devices being used for
simple tasks. In specialized devices
ease of use is directly related to the effort level of the task. Easy tasks can
be done effortlessly; hard tasks may still be difficult. [Norman (1998) p.
60)]

Figure 1: Microsoft Word with all toolbars shown [Baecker (2003)].

Furthermore, a good conceptual model has to make it easy to remember the function of
control elements and to give immediate and continuous feedback. Both can be delivered
by an intelligent well-designed help system.
Second, new UIs for complex devices might even get highly intuitive. However, as
Raskin (1994) points out, “intuitive” does not mean being usable without explanation or
training. It just means using “readily transferred, existing skills.“ Introducing new intui-
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tive features means that users can rely on well-established concepts and are able to
transfer their existing skills to use these new features. Therefore, when introducing new
features of a device for the first time, there always has to be some kind of explanation or
training to show how to transfer existing skills. E.g., a car manufacturer might introduce
a new intuitive interface to control the air conditioning. Nevertheless, all users that
don’t have the existing skills to use it will need at least one explanation from the manual.
Even for users that belief to know everything about the system they use, an intelligent
help system can be helpful. First, it can show how to use advanced features that the users might not be aware of and second, it can show ways to complete tasks that are faster
or more efficient than the way the user fulfills the task. As an example from the author’s
personal experience: I always thought it would be unnecessary to read my mobile
phone’s manual [Siemens (2003)] because I thought I knew all its functions. However, I
always used a procedure of ten single key presses to insert a number into an SMS and
return to the text entry mode when using T9 [America Online (2003)], until a friend
showed me to press and hold the key to insert the number with a single key press – a
feature that was well documented in the manual.
Hence, the solution is not to ship complex devices without manuals or documentation
but to integrate using the device and getting help from the intelligent help system so that
users achieve their goals more easily.
2.2.2 The Psychology of Requesting Help
Designing a help system, whether intelligent or not, cannot be successful without understanding the process of learning. Various authors have investigated the psychological
background of why and how people learn. Most of them also differentiate children and
adult learners as they behave differently in many situations. This thesis only considers
adult learners.
2.2.2.1 Why people learn
Most adults do not learn for the sake of learning. When they consult the help of a new
tool, they don’t want to learn how to use the tool but how to complete a task. When they
are stuck in the middle of an action and access reference help, they don’t want to learn
how to operate the system but how to achieve their goal [see Smart et al. (1998), Carroll
(1990)]. Users always have individual goals and their personal expectations when they
learn. If they are misled by their expectations, learning can even be frustrating [Carroll
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(1990)]. Because users want to achieve goals and complete tasks, they are impatient
when confronted with long texts and want to get started quickly instead [Brockmann
(1990), Rettig (1991)].
2.2.2.2

How people learn

The way adults learn was investigated by Carroll et al. (1984) and summarized by
Baecker (2003) in three general forms of learning: learning by doing, learning by knowing and learning by thinking.
The importance of learning by doing was analyzed theoretically and empirically by several authors. Adult learners are discouraged by long texts and tend to skip around in
help documents. They prefer to work on real tasks rather than reading theoretical information. They always want to try things out and explore the world they learn about. Carroll showed in empirical tests that users are more satisfied and more effective in learning by exploring the system [Carroll (1990)]. Brockmann (1990) summarized that adult
learners are “best motivated by self-initialized exploration.” Furthermore, humans always make mistakes when first using a system. Brockman states that users most often
learn from recognizing and correcting those errors. Carroll showed that recovering from
errors often is a “matter of creative problem solving,” an approach that can lead to a
deeper understanding of the problem domain [Carroll (1990)].
Learning by knowing means to use one’s prior knowledge to gain new understandings.
Adult learners always have a history of learning and building knowledge, and they always, consciously or not, try to relate new information to their prior knowledge. Furthermore, they are situated in a complex world full of contextual information. Everything they read or hear is associated with their current context, their experiences, and
expectations. A help system that is too detailed or too strict and does not leave room for
making one’s own associations fails to encourage learning. Carroll (1990) calls this the
paradox of sense-making.
Learning by thinking as the third form of learning lets the learner use his mind to construct a cognitive representation of the things learned. This mental model [Naranyanan
et al. (1998), Steehouder et al. (2000)] can then be used to solve problems without always needing the help documents and to adapt one’s knowledge to new situations.
Various authors have tried to use the findings of why and how people learn to improve
the quality of help systems. I will now first classify help systems, situations of request-
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ing help, and help content and then, based on that classification, describe and evaluate
several strategies to improve help.
2.2.3 Classification of Help Systems
2.2.3.1 Terminology
In the rest of this thesis, I will use the term help system when talking about a general
facility that can provide assistive information [compare Kearsley (1988)] and manual
when talking about a help system that is related to a software program or physical device. Some authors use a stricter definition of these terms. Lacey (1996) describes a
manual as a „set of instructions, lengthy enough to be bound yet small enough to be
easily handled“. An intelligent help system is not strictly defined in this thesis. Instead,
intelligent is used to describe a broad range of approaches that make a help system act
and react more helpful for the user.
2.2.3.2 Classification of Help Systems
Some authors classify help systems according to the medium that is used, e.g. paperbased help, electronic help (or online-help) etc. Furthermore, most modern help systems
use various media types such as text, image, video, audio, or any combination of these.
Of course, paper-based systems can only use a limited variety of media types. Hypertext
can be seen as a special type of text that allows non-linear navigation through hyperlinks, and animations, e.g. 3D-Animations, can be seen as a combination of images, text
and video. An electronic help system can also be interactive, e.g. when giving the possibility to tailor the presentation of the content or to navigate through the content individually. The special chances and challenges of interactive help are described in chapter
2.2.4.5. The distinction as to which medium is used by a help system and which media
types it includes is not helpful when talking about intelligent help, because using more
advanced media does not mean being more or less intelligent. New media bring new
possibilities, but what makes a system intelligent are the strategies that use the possibilities of the medium, not the medium itself.
Covi et al. (1995) provides a very broad definition of online-help including documentoriented systems and computer mediated help. Document-oriented systems, according to
Covi, can be online manuals, hypertext systems and self-explanatory objects while
computer mediated help can be e-mail communication with a human expert, a web-
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based group forum and a searchable archive. Intelligent help systems can also support
computer-mediated help, but in the remaining chapter, I will concentrate on what Covi
calls document-based systems.
Help systems can be classified as being passive or active, context-independent or context-sensitive, and user-independent or user-sensitive according to Bauer et al. (1988).
Active help is given when the system assumes that the user might need assistance while
passive help is triggered by an explicit action of the user. Context-sensitive help (or dynamic help [Oppermann (2001)]) considers the system’s current contextual situation
while context-independent help (or static help) does not. User-sensitive help (or individual help) adapts the information to the user’s preferences, requirements or experiences while user-independent help (or uniform help) provides identical information for
every user. According to the definition of context-awareness given in chapter 2.1, usersensitive help systems would also be classified as context-aware, so in this thesis, I use
the term context-aware help for systems that consider any of the context dimensions and
refer to user-sensitive help only to stress that these help system concentrate on the context dimension of identity. Active and context-aware help systems are described and
evaluated in chapter 2.2.4.
2.2.3.3 Classification of Situations of Requesting Help
When trying to create intelligent help systems it is also important to consider in which
situation help is requested by the user. Some authors provided a classification of situations of requesting help and most of them simply distinguish two basic situations: the
learning situation and the reference situation [Ummelen (1997)]. The requirements to
the help systems and the way of using it are fundamentally different in these situations.
A user is in the learning situation when he decides to learn how to perform a task with
the system. The reference situation occurs when the user is in the middle of using the
systems and consults the help system to find specific information to complete his task.
Solem (1986) distinguishes situations of requesting help according to three user attitudes called no-time-to-learn, want-to-learn, and know-what-I-want. While the want-tolearn attitude is mostly equivalent to the learning situation and the know-what-I-want
attitude to the reference situation, Solem adds the no-time-to-learn attitude to describe a
situation, where the user wants to get started quickly and needs compact “quick-steps“information.
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Baecker et al. (1990) provide a more detailed classification of situations of requesting
help. This “taxonomy of user questions“ identifies several questions that a help system
should answer:
Identification:

What is this?

Transition:

Where have I come from and gone to?

Orientation:

Where am I?

Choice:

What can I do now?

Demonstration:

What can I do with this?

Explanation:

How do I do this?

Feedback:

What is happening?

History:

What have I done?

Interpretation:

Why did that happen?

Guidance:

What should I do now?

[Baecker et al. (1990)]
2.2.3.4 Classification of Help Content
When designing an intelligent help system it is important to be aware of the different
kinds of help content and to present the kinds of content to the user that best fit the current situation. Several authors classified different kinds of help content and investigated
which kind of content should be used in which situation.
Many authors basically distinguish between declarative and procedural information,
although several different terms are used. Ummelen (1997) defines procedural information as “directly supporting actions“ that describe conditions for actions, actions and
results from actions, whereas declarative information “supports comprehension and
factual knowledge.“ This classification is orthogonal to the media type classification of
help systems, because both procedural and declarative information can contain any kind
of media and because within one type of media, there can be both procedural and declarative parts. The discussion whether declarative information is useful and needed at
all will be described in chapter 2.2.4.2. Declarative information is also sometimes called
descriptive, explanatory, or background information. Carroll et al. (1988) calls declarative information How-it-works help and procedural information How-to-to help.
Steehouder et al. (2000) describes operational information as a subtype of declarative
information that “describes how the system works.“ Farkas (1998) describes four subtypes of procedural help: procedures, which are used to present various kinds of instruc-

ERROR! STYLE NOT DEFINED.

21

tions, tutorials, which are specially designed instruction that explicitly support retention,
performance support help, which includes “wizards“ and “coaches“ [Microsoft (1995)]
and supports working and learning simultaneously, and interface-based documentation,
which is directly embedded into the graphical interface of the software.
Procedural information is often used to support learning by doing while learning by
thinking is supported by declarative information.
The classification of help systems, situations of requesting help and help content is the
basis of identifying and describing different strategies to improve help systems, which
are presented in the following.
2.2.4 Evaluation of Strategies to Create Better Help Systems
This chapter presents different strategies to improve help systems, i.e. to develop more
effective system with a higher usability that provide assistance that better meets the
user’s needs. The strategies are not meant to be disjunctive. Some advanced approaches
are based on earlier approaches and some features of modern help systems can be assigned to more than one strategy. In general, to achieve improved the help they provide,
help systems have to take a hybrid approach – which most modern help systems do –
using the most successful features of the following strategies.
2.2.4.1 Systems Approach
The Systems Approach [Dick et al. (1996), Andrews et al. (1980)] is based on the work
of Gagne et al. (1979) and influenced by cognitivist psychology theories. This approach
tries to decompose the educational content into small pieces that can better be organized
and presented. These pieces can then be used as a basis for instructions.
Carroll made empirical experiments that showed that users had significant trouble in
using manuals that followed the systems approach [Carroll (1990)]. A detailed list of
instructions that users simply have to follow fails to support the basic form of learning –
learning by doing – because it does not leave enough room for individually exploring
the system. Following simple steps
may be both too much and too little to ask of people. […] People are always already trying things out, thinking things through, trying to relate
what they already know to what is going on, recovering from errors. In a

ERROR! STYLE NOT DEFINED.

22

word, they are too busy learning to make much use of the instructions.
[Carroll (1990), p.74]
2.2.4.2 J. Carroll’s Minimalism
Based on his findings about the weaknesses of the systems approach, Carroll (1990)
developed the Minimalist Design Principles also called Minimalism. He also designed
an exemplary manual that followed these principles called the Minimal Manual. Several
authors continued to investigate about these principles, both theoretically and empirically.
Carroll describes several principles that a minimalist manual should follow. First, it
should provide “training on real tasks“ and allow “getting started fast.“ Users don’t
want to learn to use the system, they want to complete a task. Brockmann (1990) adds
to “focus on what readers need to know to immediately apply it to productive work“ and
to “cut secondary features […] – overviews, introductions, summaries etc.“ Second, the
manual should support “reasoning and improvising“ and “reading in any order“ to give
the user a chance to explore the system and the manual on his own and to start learning
by thinking. This was, for instance, achieved in Carroll’s exemplary minimal manual by
organizing the content as a set of training cards that each addressed a specific question
and that did not depend on material covered by other cards. Brockmann suggests supporting active exploration by intentionally incomplete information. Third, Carroll
stresses to „coordinate system and training.“ In paper-based systems, minimalist manuals should support the coordination of system and manual, especially in step-by-step
instructions. Fourth, a minimalist manual should support “error recognition and recovery“ by identifying common errors, giving appropriate information, and supporting to
recover from errors on one’s own. Carroll mentions that the well-known undo facility of
many software applications supports error recovery and helps to “unravel the error
situation.” Finally, the manual should support learning by knowing through “exploiting
prior knowledge,“ e.g. by using common metaphors or analogies.
Meij et al. (1998) later summarized four major principles of minimalism and also provided heuristics to each principle in order to make them easier to apply to real manuals
(see Figure 2).
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Principle 1: Choose an action-oriented approach
Heuristic 1.1: Provide an immediate opportunity to act
Heuristic 1.2: Encourage and support exploration and innovation
Heuristic 1.3: Respect the integrity of the user's activity
Principle 2: Anchor the tool in the task domain
Heuristic 2.1: Select or design instructional activities that are real tasks
Heuristic 2.2: The components of the instruction should reflect the task structure
Principle 3: Support Error Recognition and Recovery
Heuristic 3.1: Prevent mistakes whenever possible
Heuristic 3.2: Provide error information when actions are error prone or when correction is difficult.
Heuristic 3.3: Provide error information that supports detection, diagnosis, and recovery
Heuristic 3.4: Provide on-the-spot error information
Principle 4: Support reading to do, study and locate
Heuristic 4.1: Be brief; don’t spell out everything
Heuristic 4.2: Provide closure for chapters

Figure 2: Four main design principles for minimalist instruction [Meij et al. (1998)].
Farkas (1998) showed how minimalist help systems can be enhanced with a technique
called layering. A risk of minimalism is that too many information might be cut so that
users are unable to complete a task or develop an incorrect mental model. Layering
means providing reading choices to the users. Thus, the user can chose to read more
detailed information on a topic or chose to skip that extra information. Layering can be
achieved in hypertext by simply providing carefully-named links (e.g. “HOW DOES THIS
WORK?“)

to additional information. Layering is one way to tailor content to the individ-

ual needs of the users. Expert users may choose not to click on the links while novices
might need several “layers“ of links to more detailed information.
Several studies rewrote existing manuals according to the minimalist design principles
and then compared using the original and the minimalist manual. All of them showed
that minimalism brings significant improvements to the usability of manuals.
Carroll (1990) showed that users with a minimal manual required 40% less training time
than users with a manual following the systems approach. Nevertheless, they completed
2.7 times as many subtasks in the test period. Furthermore, they made 20% less errors
and, even more important, spent 10% less time recovering from their errors. When using the manual in a reference situation, minimalist manual users were successful in finding the desired information in 41% of all tries in contrast to 31% for the system-style
group. Hewlett-Packard [Anson (1998)] applied minimalist design principles to some of
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their product documentation. In a comparison with traditional documentation users,
minimalist manual users needed 10% more time to work through the tutorial but then
had fewer problems and completed a test faster and more accurate. HP later showed in
usability tests that users liked minimalist documentation shipped with network printers
in 1994 (270 pages) better that traditional documentation for network printers shipped
in 1993 (650 pages).
The question of how much declarative information can be left out of a manual is still
discussed controversially. Minimalism in general suggests leaving out most declarative
information without being more specific. Carroll et al. (1984) found out that users tend
to skip declarative information and Charney et al. (1988) observed that providing no,
little or many declarative information had no effect on user performance. Price (1984)
only advises technical writers to “separate what to do from what it means” while
Boedicker (1990) stressed that too much background information is not only unnecessary but even harmful. However, Ummelen (1997) showed that users still spend 31% of
their time on reading declarative and 69% on procedural information, so the fact that
users completely skip declarative information would be overdrawn. This was tested
using the click-and-read technique that blurs blocks of the text except for the headings
so that the user has to click on a block to read it. Another test showed that users that
both got procedural and declarative information performed better in tests that were carried out after some period of time and in tests that concentrated on reasoning than users
with procedural information only. They were faster, needed fewer attempts and knew
better how procedures could be done more efficiently. These results seem to show that
providing procedural and declarative information lets users build a more complete mental model, which then can be applied it in future tasks. These findings were used by
Steehouder et al. (2000) to suggest three enhancements to step-by-step instructions. He
suggests adding declarative information, to create a hierarchical structure by adding a
functional level, and to relate sequences of steps to real life goals.
Minimalism and the systems approach are not restricted to any type of medium, although most studies refer to paper-based manuals. The following strategies are limited
to electronic media. Most studies are related to help systems for computer programs.
Later I will show that some of the following successful strategies can also be applied to
help systems for physical devices.
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2.2.4.3 Active Help
In chapter 2.2.3 I already described the difference between active and passive help. Active help presents assistive information to the user although he did not explicitly request
help. The help system has to assume that the user might need help and to show information that the system has identified to be helpful in the current situation. Determining
which information the user currently needs according to his situation is part of contextaware help, which is described in the next section, so this section only describes the
advantages and challenges of help that shows up without a user request. Embedded help,
which is also mostly active because it is embedded into the GUI and shown during the
user’s interaction with the system, is described and evaluated in chapter 2.2.4.6.
Active help is often tested with the wizard-of-oz technique [Carroll et al. (1984),
Nitschke et al. (2001)]. This technique uses a human expert that simulates advanced
features of the computer system that are not implemented yet. Carroll showed that many
users appreciated active help that explained how the currently used functions work, previewed consequences of those actions, and provided confirmation of a plan that the user
was unsure about. However, he also showed that there is a very thin line between giving
confirmation and being annoying when information appears that the user already knows
or that disturbs completing the current task. Nitschke also shows the problem that too
detailed or unrestricted active help does not support the learning process. Test users did
not improve in delayed tests after having received unrestricted active help in contrast to
users that used paper-based operational instructions.
2.2.4.4 Context-Aware Help
Context-aware help, which is also called context sensitive help or situated help, is described by many authors and used by companies in various ways. What differs in how
authors or companies understand context-aware help is the use of which of the context
dimensions and the extent to which context-awareness is being tried to achieve. Brockhaus’ dictionary defines context sensitive help as giving „information that always automatically refers to the current working situation, the currently used commands and control elements“ [Bibliographisches Institut & F.A. Brockhaus AG (2001), translated by
the author]. According to the context-dimensions defined in chapter 2.1, this definition
only uses the environment or activity dimension. This thesis uses a broader definition of
context-aware help that considers all context dimensions.
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Silveira et al. (2001) extend the definition of context-aware help and distinguish between interface-context sensitivity, user-profile sensitivity, task sensitivity and userintent-sensitivity.
Interface-context sensitive help gives information according to user’s interaction with
the application’s GUI and is embedded into the GUI. It is described in a separate chapter (2.2.4.6 Embedded Help and Self-Explanatory Objects) because the feature of being
embedded into the application is more predominant than being context-aware. Userprofile sensitive help is a system that presents information tailored to the user profile,
which typically contains the user’s preferences, his expertise, and history of interaction.
User-profile sensitivity uses a profile to adapt the help content to the user’s identity.
Selker (1994) presented a system that builds an “adaptive user model” which is used to
achieve user-profile sensitivity. Silveira’s last two categories classify help systems that
take into account what the user currently does (tasks) and what he plans to do (intentions). Task-sensitive help is help that guides the user through several steps to let him
complete his task. If the system knows what the user’s task is, this is, according to
Silveira, rather easy to realize, for example in Wizards or Step-by-Step instructions. The
more difficult part is trying to find out what the user intends to do and which tasks he
plans to carry out. Silveira calls this user-intent sensitive help. One way of achieving
user-intent sensitivity is providing feedback opportunities that are described in the following chapter. The iManual system presented in this thesis also tries to achieve userintent sensitivity, which is described in chapter 3.1.
Research has not defined clearly what context-sensitive help means, so most empirical
evaluations were related to systems that were context-aware only to a certain extend.
Nevertheless, many researchers showed that well-designed context-sensitive help can be
valuable for learning and working with a system. In an empirical study simulating intelligent help systems, Carroll et al. (1988) summarized “being smart can help.” They
showed that intelligent help systems that were aware of the current context could give
users very helpful assistance. The problem for most real-life systems is, however, the
difficulty to measure all relevant aspects of the current context. Furthermore, the more
context-aware and therefore intelligent a help system is, the more responsible is it made
by users for every inconvenience. With context-aware help systems, users can get used
to getting information that perfectly fits their situation. However, they might get frustrated when the system fails to deliver appropriate information or makes any other kind
of mistake.
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Figure 3: Microsoft Visual Studio.NET Dynamic Help [Microsoft (2003a)].

Microsoft included an improved version of context-sensitive help into their IDE Visual
Studio.NET [Microsoft (2003a)]. Their dynamic help tries to exploit activity, a context
dimension defined earlier, by keeping track of the user’s actions. Then, hyperlinks to
help topics that are related to these actions are shown. In usability tests, Microsoft found
that this kind of help improved overall usability of the product [Microsoft MSDN News
(2001), Microsoft (2002), ExtremeTech.com (2003), see Figure 3].
Randall et al. (1998) stated that context-aware help is one step towards building a human-like ethos in the help system. Ethos first appeared in Aristotle’s Rhetoric [Aristotle
Rhetoric (1990)] as the “character” of a human speaker and was transferred to the situation of a help system as “the character, image, and the presence of human-like or human-appealing attributes within the system.” Even though there is no human present
within a system, the user might get the impression of the help system reacting like a
human. A Context-aware help system suggests to users that it is “intelligent enough to
know what they are trying to discover,” a feature that underlines the ethos of a useful,
informative human assistant. Randall et al. point out that such an ethos can narrow the
distance between users and help system or even lead to the impression that the user does
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not need help at all, because the help system unobtrusively presents the information
needed to fulfill the task.
Oppermann (2001) mentions the problem of being up-to-date. As user preferences,
wishes, intentions and moods can change from one moment to the other and depend on
many factors including the current task, it is difficult for the help system to keep the
user-model up-to-date and present help content according to it. He also mentions that it
is difficult to decide how to represent conceptual information. Furthermore, if the help
system uses a metaphor to help the user understand new concepts, it is difficult for the
system to decide which metaphor is appropriate for the current situation.
All in all, most studies show that context-aware can be helpful to create help systems
that users like better, but also that the biggest problem of how to retrieve all relevant
contextual information must be solved for every system individually.
2.2.4.5 Interactive Help and Help With Feedback
Early help systems were always paper-based and therefore couldn’t be used interactively. Help systems using electronic media can offer various possibilities for interactive
usage. These include interactive navigation through the content, interactive adjustment
of views and presentations and interactive animations. Another form of interactivity
results from the integration of software and help systems. As in most modern software
systems the help system is available on an electronic medium and closely interconnected with the application, users can interactively switch between help and software,
sometimes without recognizing that they just used the help system. Mirel (1998)
stresses that interactivity that goes beyond navigation through documents has a very
positive influence on the learning performance. Interactively using help system and
software helps the user to “understand their computational choices” and build a solid
mental model. Jonassen et al. (1993) also showed that interactivity supports learning.
Interactivity is an enabling technology of context-aware help systems. E.g. for userprofile sensitive systems, interactivity is needed to measure and track the user’s activities, which are an important part of the user profile. Layering is also mostly achieved
with interactive elements.
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Figure 4: Accessing help via the „Why doesn’t it“ utterance [Silveira et al. (2001)].

Interactivity is one way to let the user communicate with the system. Some approaches
try to provide communication facilities that go beyond those interactive features described above. Silveira et al. (2001) see software systems as “meta-communication artifacts,” i.e. they “communicate about communication.” Software artifacts are messages
from the designer about possible user-system communication. Silveira et al. stress, that
this communication is bidirectional. In their approach based on “semiotic engineering”
they use standardized utterances to achieve user-intent sensitivity. In a word processing
application, the user can express his intention by 15 utterances like “Where is,” “What
happened,” or “What now.” These utterances, which are based on the taxonomy of user
questions by Baecker et al. (1990) described previously, are triggered either explicitly
by clicking a button or implicitly when the user acts in a way that makes a certain intention likely. For example, when the user navigates through menus and toolbars for a certain time, the utterance “Where is” is triggered. The utterances are meant to let users
express their intention when accessing help and therefore are an example to use interactivity to realize user-intent sensitivity.
This approach is one way to use feedback to improve the usability of a help system in
use. Another interesting approach is to use feedback to improve the design of the next
version of a help system. If many users express their opinion about the help system and
even state what they like and what could be improved, this information can be used to
periodically improve the help system in design-redesign cycles.
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2.2.4.6 Embedded Help and Self-Explanatory Objects
The first major change for help systems for software was to go from paper to the computer screen, often still as a separate set of documents. Later, most help systems were
linked closely to the software system. The next logical step was to embed the help system completely into the application. Most modern software systems have parts of their
assistive information integrated into their system’s GUI. Examples for this embedded
help are wizards, tool tips (also called balloon help) and status bars [Microsoft (1995),
Microsoft (2001b), Apple Computer (1996)]. While many companies start to see their
documentation as a product, Rettig (1991) suggests to see the “product as documentation.” Gery (1995) calls embedded help intrinsic support and describes it as being “so
integrated into the interface structure […] that it is impossible to differentiate it from the
system itself.”
Another way of making objects self-explanatory other than embedding documentation
into the objects is to design them such that everybody can use the respective feature
without help. While there have been some positive examples for this, the increase in
complexity of many systems, shown for example in Figure 3, suggests that this is only
possible to a certain extent.
This approach, when seen as one part of a hybrid solution to build highly usable help
systems, is quite promising for help systems for software. When considering help systems for physical devices, it is not always possible to embed help content into the device. The device has to have a display and the computational power to present the information and still, all information would be limited to some kind of display and not
really embedded into the control elements. A tool tip showing personalized help integrated into a button on your washing machine is not likely to be realized in the near
future. The approach that is presented in this thesis takes an alternative approach: It
does not embed the help system into the device but the device’s interface into the help
system. This kind of help system runs on a handheld computer and integrates ways to
remote control the device into the help pages.
2.2.5 Summary
The strategies that were described above are successful ways to improve the usability of
a help system. While minimalism can be applied to all kinds of help systems, active
help, context-aware help, interactive help and embedded help are related to help sys-
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tems for software so far. However, not only minimalism, but also active, context-aware
and interactive help are strategies that can also be applied to help systems for physical
devices, provided that the help system is given on an electronic device and that it can
communicate with the physical device in some way.. Therefore, using handheld computers for mobile context-aware help systems is a promising approach that can help to
realize some of the strategies described above – of course without forgetting the problems and success factors that were identified. The following chapter describes the challenges and opportunities that arise when using such handheld computers.

2.3

Mobile Human-Computer Interaction

The previous two parts of the State of the Art-section concentrated on describing context-awareness and intelligent help systems as a theoretical foundation of a contextaware help system. However, they didn’t consider the great challenges and possibilities
of the fact that the context-aware help system described in this thesis is mobile. This
chapter describes the basic terminology of mobile devices, stresses the new possibilities
of using mobile devices, and analyses the challenges that have to be met when designing the UI and content for a mobile device. Furthermore, results from recent usability
studies with mobile devices and design guidelines based on these studies are described.
These guidelines influenced the design of the UI and content of the iManual prototype.
Human-Computer Interaction (HCI) in general and mobile HCI as a subsection is a
large field of research, so this chapters is not intended to give an overview of the state
of the art in HCI or mobile HCI but to analyze the possibilities and challenges in mobile
HCI that are relevant to a mobile context-aware help system.
2.3.1 Terminology
Mobile devices nowadays come in various sizes, shapes, and looks and are equipped
with a huge range of functions. Vendors use several terms, often influenced by their
marketing and sales departments. Weiss (2002) defines three characteristics for a handheld device: It must operate without cables (except temporarily), must be easily used
while in one’s hands, and must allow the addition of applications or support Internet
connectivity. Laptops and palmtops (which look like laptops but are significantly
smaller and often fit into a pocket) are not classified as handhelds because they are not
operated in one’s hands. Handheld devices can be subclassified into Personal Digital
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Assistants (PDAs), pagers, and mobile phones as shown in Figure 5. These classes are
overlapping and communicators are described to combine the characteristics of all three
classes. PDAs typically fit into a shirt pocket, have larger displays than mobile phones,
have touch screens, offer input via stylus or some hardware keys and, unlike pagers, can
be extended with software and sometimes hardware in various ways. Some PDAs offer
Internet access and Bluetooth™ communication.

Figure 5: Handheld devices [Weiss (2002)].

Figure 6: Handheld device types: mobile phone, pager and PDA [Weiss (2002)].

The PDA used for the iManual prototype is a Siemens Fujitsu Pocket LOOK 600
[Fujitsu Siemens Computers (2004)] with a 400Mhz processor, 64MB RAM, a 240x320
pixel color display, battery for 12 hours operating time, integrated Bluetooth™ hardware and an external WLAN card.
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Figure 7: Fujitsu Siemens Pocket LOOX PDA [Fujitsu Siemens Computers (2004)].

2.3.2 PDAs as an Enabling Technology
Transferring a help system for a device from the traditional medium of paper to an electronic handheld device brings a lot of new possibilities. Many of these are described in
other chapters of this thesis because the whole concept of a context-aware mobile help
system is not feasible without an electronic device, so this chapter is intended to give an
overview.
A PDA is a mobile, network-connected, interactive, and personal device. Mobility enables learning and using at the same place. Paper-based manuals tend to be unavailable
when they are needed. PDAs, on the other hand, are used for multiple purposes, so they
are better available when the user needs help about a certain device. Furthermore, future
PDAs can possibly connect to any device and download the contents of its help system
either from the device or the Internet, so the PDA will be the single help source of the
future holding the manuals of all surrounding devices.
Connectivity to different kind of networks or devices also brings many opportunities for
a mobile help system. Today’s PDAs are connected to the Internet or local LANs via
WLAN, GSM, GPRS or UMTS. Furthermore, they can communicate with other devices
via Bluetooth™ or IrDA. Communication with the device means that the UI of the device can be projected onto the PDA. The user therefore can remote control the device
using the familiar interface of his PDA [compare Feldbusch et al. (2002), Nichols et al.
(2002b), Myers et al. (2002), Zimmermann et al. (2003)]. When using an interface element on the PDA, a corresponding command is send to the device to invoke the appropriate action. Connection to the Internet can be used in many ways. The Internet can for
example be used to provide the content of the help system that can be downloaded by
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the PDA or the device, which would make it easier for content provider to maintain
their content. Furthermore, information of the help system can directly be linked to related web-based content. E.g., a page of a help system explaining how to change tires of
a car could provide links to dealers that sell tires or offer a changing service. A third
way to exploit the Internet connection is to enable collaboration. For example, Internetbased forums can be offered to let users of the mobile help system share their knowledge and cooperate with each other. If a user could find a way of solving a problem that
is not covered by the help system, he could then share the solution in a user forum and
many others could use this new information if they run into the same error. Of course,
the content provider could also analyze that information to update the help content or –
better – improve his product to prevent common errors or identify usability flaws.
Interactivity lets users individually navigate through the help content, mostly supported
by hypertext. Connectivity to the device even enables interactivity on another level, i.e.
interactive operation of the device from the help system.
Personality brings further advantages. Unlike a paper-based manual, a mobile help system can be personalized. The content of the help system and the way it is presented can
adapt to the user-model, either because of explicitly stated preferences or implicitly
measured user-related information. The PDA will be the user’s personal electronic device that accompanies him all day being used for various tasks and storing all kinds of
personal information. Thus, the owner gets used to the interface of this device, especially if this interface can be tailored to his needs.
Having a mobile, connected, interactive, and personal electronic device is also the basis
of gathering several kinds of contextual information such as location, identity and action
that are then used to deliver content that adapts to the current situation.
2.3.3 PDAs as a Design Challenge
2.3.3.1 Key Challenges
Compared to a typical desktop application, a system running on a PDA has to cope with
some basic disadvantages: The PDA has less computing power, less storage capacity,
often an Internet connection with a lower bandwidth, a smaller display and limited input
possibilities. Furthermore, these systems have to face a limited operation time because
batteries have to be recharged frequently. Looking at the PDA used in the iManual prototype, we already see that the limitations of computing power, storage, connection
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bandwidth, and battery time have started to diminish. Today’s PDAs reached the CPU
performance that desktop computers had some years ago, offer acceptable Internet
bandwidth when using WLAN or UMTS and offer batteries that allow more than a business day of operation and more than a week of standby time. Storage capacity is also
less relevant because data can be delivered over network connections instead of being
stored on the device. While computing power, storage capacity, connection bandwidth,
and battery life will probably further improve, display size and limited input facilities
will remain the key challenges for PDA-based systems. Being portable and handheld
always implies small displays and one-handed input facilities.
Based on these technical limitations, Dunlop et al. (2002) identified five key challenges
for HCI designers:
• Designing for mobility
• Designing for a widespread population (e.g. users without formal training)
• Designing for limited input/output facilities
• Designing for (incomplete and varying) context information
• Designing for users multitasking at levels unfamiliar to most desktop users
To cope with these challenges, various authors set up design guidelines. These guidelines are based on the findings of usability studies in mobile HCI. As a basis for the
design of the iManual prototype, these findings and design guides are described in the
next chapters.
2.3.3.2 Empirical Findings
A lot of research in the mobile HCI field has dealt with the limitations of handheld devices. This chapter concentrates on the influences of the small display and the limited
input facilities on reading speed, comprehension and typical ways to access information.
These are seen as key influences that have to be considered in the design of a contextaware mobile help system.
Early works showed that users generally are able to read and understand information
even on very small displays [Dillon et al. (1990), Duchnicky et al. (1983)]. However,
Nielsen (2000) reports that reading from a screen on a desktop is about 25% slower than
on paper, while others showed that reading from a small display is even slower. It was
also found that display height and width play different roles. A height of about four
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lines seemed to be sufficient because speed and comprehension did not improve significantly on higher screens. On the other hand, a greater width increases reading speed, as
reading on a full width display was 25% faster than on a display with one third of the
full width. Laarni (2002) presents a study that lets a display width of about ten centimeters seem to be optimal for reading speed and comprehension, which is significantly
above the typical width of a PDA. This all suggests that content on a PDA has to be
designed especially careful to overcome the disadvantages of the limited width.
Help systems on electronic devices almost always use hypertext to present their help.
For hypertext-based systems, not only the ability to read and understand text is important but also the way the user navigates through the hypertext system. This also includes
intra-page navigation such as scrolling and following links between parts of the same
page.
Jones et al. (1999) tested users in searching for certain information in the Internet with
two displays that differed in width and height. Not surprisingly, these tests showed more
scrolling to the left and down on the smaller displays. This is remarkable because other
studies showed that even on desktop systems, scrolling can make up significant portions
of overall browsing time (Byrne et al. (1999) measured 40 minutes of scrolling in five
hour tests). Even if users with smaller displays tend to more scrolling, they still have
more trouble finding information located in the middle or at the end of a page. Kim et al.
(2001) showed worse results for smaller display users on pages of 275 or more words.
However, Jones also showed that the number of clicks on links between pages were
equal on both displays, indicating that small display users are not browsing through
more information to find their answers and that they do not get lost while surfing. What
differs is the way users found the information they needed: Users with bigger displays
tend to follow longer paths of hyperlinks while small screen users use the search facility
more frequently and return to that facility sooner. All in all, large screen users were
50% better in solving information retrieval tasks in the Internet in Jones’ tests.
2.3.3.3 User Interface Design Guidelines
When designing a text-based system intended for a mobile device, both the design of
the UI of the mobile system and the text itself is important to ensure usability. This
chapter concentrates on guidelines for UI design that are relevant for a context-aware
mobile help system while the next chapter describes how text should be written for mobile devices.
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As stated above, the key challenge for UI design for handheld devices is a rather small
display. However, as uidesign.net (2000) put it, “the need for a big screen is simply a
poor excuse for bad design.” Reeves et al. (1996) states that a large screen can even
impede the usability of an educational or instructional system because a larger screen
also leads to more arousal.
A first thing that has to be considered is a different way people access information on
handheld devices than on desktop systems, particularly for mobile help systems. As
mentioned above, users of small screens don’t like to follow long paths of hyperlinks
and use the search facility more frequently. Generally, mobile users appreciate ways of
direct access to information [Billsus et al. (2002)]. Therefore, mobile help systems have
to offer several ways of accessing the mobile help content, such as search engines,
structured tables of contents, indices, links of related content on each page, and links to
helpful content according to the user’s situation.
Along with providing multiple access to information, a handheld system should provide
a well-designed, consistent way of navigating through the system [Microsoft (2003b)].
Using consistent and familiar concepts is especially important in mobile help systems
because providing access to information is the main purpose of such a system [compare
Uther (2002)]. Some aspects of a design concept called Inductive User Interface (IUI)
can also be useful for mobile help systems [Microsoft (2001a)]. This concepts intends to
make UIs easier to understand by “breaking features into screens or pages” that are easy
to learn. This includes having a single screen per task, stating the task explicitly in the
title and making the next step obvious from each page. These design principles can also
be applied on mobile help systems.
Several authors also stress the importance of handheld, as well as desktop systems, to
enable interactive discovery [Microsoft (2003b)]. This was also part of the minimalist
approach to writing manuals that was described in chapter 2.2.4.2. Interactive discovery
is encouraged by guaranteeing forgiveness, i.e. by making actions reversible or recoverable [Weiss (2002), Billsus et al. (2002), Microsoft (2003b)]. Furthermore, to support
interactive discovery, hyperlinks should be self-descriptive. As already said, Jones
showed that handheld device users don’t like to follow long paths of hyperlinks, while
Kim et al. (2001) states that users are “very reluctant to click a link” because they try to
anticipate the content of the linked page and only click if they are “fairly certain that
they will discover what they are looking for.” Therefore, a link should explain as exactly as possible what the link leads to. The fact that interactive exploration has a posi-
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tive effect on learning was shown by Wulf (2000). He implemented “explorations environments” that could be used to interactively explore the functions of three tailorable
groupware tools. Although this test was not related to a mobile environment, it shows
that exploration supports self-directed learning and should therefore also be supported
by mobile as well as stationary UIs that want to let their users learn new concepts of
their interface quickly.
The finding that mobile device users spend much time on scrolling and have more trouble finding information located in the middle or at the bottom of a page suggests that
pages should be designed to reduce or avoid scrolling, especially horizontal.
The layout of the UI and the pages of a help system are also important to designing a
usable interface. Icons are a way to place more interface elements on a small display
than with text, so they can be a helpful way to design handheld UIs [Marsden et al.
(2001)]. Marcus et al. (2002) showed how the use of icons can help to design a more
personal device and to let “the user know what is happening on the device in a constant,
noticeable, but non-obtrusive manner” (see Figure 8 and Figure 9).
However, icons and graphics have to be used carefully because they also lead to more
arousal and might be hard to grasp and to remember for new users. To make icons usable and easy to remember, they should be intuitive and therefore they should be carefully designed and tested with typical users [Nielsen et al. (1994)]. Graphics in hypertext pages should only be used if they complement the written text, regardless if the
system if mobile or not [Morkes et al. (1997)].

Figure 8: Using icons in a constant, noticeable, non-obtrusive manner [Marcus et al.
(2002)].
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Figure 9: Using icons to create a personal UI [Marcus et al. (2002)].

A possible way to learn from the tests that limited height is not as important as limited
width could be to flip the PDA so that the text can be shown having a bigger width in
exchange for a smaller height. This applies to most of today’s PDAs that typically have
a display with a bigger height than width.
Buyukkokten et al. (2000a) suggest a way to cope with the problem that it is harder to
get an overall image of the information when using a small screen device. They implemented a system that first shows a “link view” that presents an automatically generated
overview of all pages of a web site. The link view just contains a hierarchical view of
all the links on the pages of a site. The same system also offers two further approaches
to increase handheld usability: a local search facility that allows searching for keywords
on a particular site and a support for text entry that suggests keywords when only few
characters are typed based on recent input [Buyukkokten et al. (2000b)]. These features
resulted in a 45% gain in browsing speed and a significant reduction of stylus movements. Hence, if usability tests indicated that users of a mobile help system had similar
trouble, such an approach could be considered.
A lot of authors also worked on ways to cope with the limited input facilities on handheld devices. This is not central for a mobile help system, because it is primarily used to
retrieve information. However, a context-aware help system on a PDA can also be used
to operate the device as a kind of remote control. Therefore, the user does not only read
information on the PDA but use the PDA’s input facilities to operate the device.
Central to all works on limited input facilities is the claim for as few input as possible
[Uther (2002)]. Because one-handed interaction with a handheld device is always more
cumbersome than using mouse and keyboard on a desktop, the mobile application has to
provide ways to reduce input. This can be supported by context-aware computing, so
the user does not have to provide data that the system also can obtain from the current
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context [Billsus et al. (2002)]. In the iManual prototype described later, the user can
input a target into the navigation system of his car using his PDA. The user can either
use his stylus to type data such as city, street and number and send it to the car or – better – use one of the addresses of the PDA’s address book.
Another way of coping with limited input facilities of handheld computers is to enable
voice control and audio output. This is especially relevant for using computerized information systems in cars [ATX North America (2003b)]. For security reasons, the
driver of the car cannot read from a PDA’s screen or use the stylus to tap on buttons.
The iManual system presented in this thesis did not implement an audio interface. This
work concentrates on exploiting contextual information to improve a mobile help system and integrating remote control elements into the PDA’s existing interface, while
leaving research about creating multimodal interfaces for mobile scenarios to other
groups [e.g. Nichols et al. (2002a), Haniff et al. (1999), Kirste et al. (2001)].
2.3.3.4 Text Production Guidelines
Guidelines for writing text have been set up by many authors. Most of the findings from
research on how to write hypertext for systems that use larger screens can also be transferred to handheld scenarios.
All works on how to write hypertexts that will be read on any size of screen have one
guideline in common: “keep it short” [Nielsen (2000), Uther (2002), Microsoft (2003b),
Koyani et al. (2003), Kim et al. (2001)]. Reading on screens is harder for human eyes
and mostly also slower, especially on small screens. Furthermore, it can often be interrupted in mobile scenarios, readers often do several things in parallel and small screens
can only show small chunks of content at the same time. Therefore, having a short and
compact representation of the content will increase reading usability. The need for short
pages that don’t demand scrolling is supported by hypertext, which allows splitting
longer texts into several pages linked together. Layering, which has been described in
chapter 2.2.4.2, is a technique that users hypertext to split longer units into several parts,
allowing the reader to skip content that he probably already knows. However, Kim et al.
(2001) warns of “fragmenting ideas to smaller-than-meaningful grains.”
For similar reasons than listed above, many authors advise writers to design their texts
for scannability [Nielsen (2000), Morkes et al. (1997), Koyani et al. (2003), Spyridakis
(2000)]. Nielsen reports that 79% of web-page users scan a web page rather than reading it word-by-word. Tests on handheld displays would probably lead to similar results.
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Scannability can be supported by careful layout and appropriate text, e.g. by short,
meaningful and well placed headings, short and readable paragraphs, bullet lists that
break the flow of uniform text blocks and various other kinds of text highlighting. Furthermore, a writing style that puts the primary theme in the first sentence of each paragraph improves scannability. Well-formulated headings are also important because they
are often used as search results and therefore have to provide a good idea of what the
paragraph is about [Russell (2001)].
There are many other guidelines that several authors have published about writing text
for hypertext systems, e.g. avoiding unfamiliar acronyms, using words that are easily
understandable by typical users, or avoiding long prose text on navigational pages
[Koyani et al. (2003)]. Most of them are rather obvious and therefore not described further here.

2.4

IT in the Automotive Domain

This thesis analyzes the concept of context-aware mobile help system. The iManual
prototype developed along with the thesis uses the automotive domain to show this concept but could the easily transferred to any other domain. The prototype contains the
content of a car’s manual and especially concentrates on help about using the navigation
system. The iManual concept uses a product that is mostly used by consumers because
this makes the application easier to understand. However, the concept is also very promising in the industrial domain where workers have to learn and know how to operate
various complex machines. Using a context-aware mobile help system is especially useful in the automotive domain for several reasons. Cars are complex devices with more
and more features. Controlling and using these features is getting more and more difficult for users, especially when they use that kind of car for the first time. Therefore,
manuals for cars get quite large1. The need for an intelligent presentation of the assistive
information increases with the number of features and size of the manual. Second, getting information about the status of the car as a part of the context is quite promising
because modern cars are equipped with thousands of sensors2. Third, a car is a relatively
expensive device and for most consumers the most or second most expensive invest-

1
2

E.g. the manual for the BMW 7 has 323 pages [BMW AG (2002)]
E.g. to connect the various sensors and electronic devices, Volkswagen’s Phaeton includes 3860m of
wires and 2110 trims [c't (2003)].
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ment (after their house) they make in they life. The high price leads to a low relative
price of the PDA compared to the car. A low relative price makes it easier for manufacturers to equip the product with a PDA-based mobile help system. Fourth, some cars
already contain systems that use PDAs, as described as follows.
After this section, section 3 describes the concept of a context-aware help system. It
does not consider the specific opportunities and challenges of the automotive domain.
The subsequent section 4 describes the prototypical implementation of the iManualsystem and does consider the specifics of the chosen domain.
2.4.1 Computerized Systems in Cars
Modern cars already contain various IT-supported systems. Some of these can be used
via PDA, either by using it as the main input and output device, as an alternative output
device, or by being able to synchronize data in the car with the PDA. Therefore, a mobile help system can use that existing interface to connect the PDA-based system to the
car in order to reduce costs. Typical IT system that are used in modern cars are:
•

Information Portals: Features range from access to the address book, tasks or
appointments to Internet connectivity, e.g. to check e-mails or news. Navigation
systems, which many of today’s cars already contain, are also integrated into
these systems. Obviously, new UIs with voice control or easy-to-use buttons and
audio feedback are needed. More and more people today spend an increasing
part of their day in their cars, e.g. sales persons or commuters, so these systems
bring an added value for those users.

•

Security and Emergency Systems: If equipped with appropriate sensors, a vehicle can detect crashes automatically, e.g. when the air-bag is released. This is
also called Automatic Crash Notification (ACN). The car or the connected PDA
then send an emergency call automatically. Additional information such as the
car’s current position, indicators for the intensity of the crash, and even personal
medical data (if saved on the PDA previously) can be transferred [Hansmann
(2001)].

•

Remote diagnostics: Without being physically present in a garage, a car can
measure maintenance-relevant data and send this to the dealer’s garage or service center [Hansmann (2001)]. The service center can use this information to
suggest maintenance appointments only when necessary. The garage can use it
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to allocate personnel and order spare parts. Future cars could even repair simple
defects remotely by the cars electronics.
•

In-Car Entertainment (ICE): Various entertainment applications are included
in modern cars, ranging from digital radio to DVD players. Many can be supported by PDAs, for example the car audio system can play MP3 songs from the
PDA or passengers can use the handheld to play “backseat games” [Brunnberg
(2002)]. Systems that offer ICE, remote diagnostics, security and emergency
features, and access to information portals are often summarized as telematics
[Telematics Research Group (2003b), Duri et al. (2002), Hansmann (2001)].

•

Personalized Cars: Modern cars adapt to its user when they detect the user’s
personal key, e.g. by adjusting the seats and mirrors to the driver and by loading
favorite music. This is interesting for cars that are shared by more than one
driver (e.g. rental cars) or drivers who drive a lot of different cars. The identification can of course also be based on the user’s PDA instead of the key.

•

Vehicle Relationship Management (VRM): VRM systems transfer relevant
data to the car manufacturer, so he can build a database about status, errors and
breakdowns of his cars and the way drivers interact with the vehicle. He can
then analyze where errors occurred quite frequently, which reasons led to breakdowns very often etc. The more information the car manufacturer gets about his
customers and his cars, the better are his possibilities to use this information for
marketing, market research or CRM. Via different communication channels the
manufacturer can contact his customers to inform them about new car equipment,
special offers, or necessary car inspections. This can generate additional revenue
for the manufacturer and enhance customer loyalty [Wheeler (2002)].

•

Inter-Vehicle Communication: Many more possible applications arise when
using communication between vehicles. When all vehicles on the road automatically communicate with each other, these networks can be used to prevent traffic
jams, accidents etc. [Fraunhofer FOKUS (2003), FleetNet (2003), Huber et al.
(2001),Hansmann (2001)].

2.4.2 Existing Products
Car manufacturers, suppliers, and research institutions are developing systems or investigating possibilities in most of these fields, while in some areas there are already sev-
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eral products on the market. Most existing products cover several of the functions described above.
GM Corporation (2003b) sells 110 000 cars equipped with its telematics system „OnStar“ per month and has more than two million subscribers to that service [Telematics
Research Group (2003a), GM Corporation (2003a)]. OnStar offers remote diagnostics,
emergency and security services, as well as access to traffic or routing information. It
consists of three buttons on the steering wheel and a call center that handles the service
requests, so most outgoing connections are simply established via a mobile phone call.
Usage of OnStar is subscription-based, so customers pay a monthly fee for their service.
Daimler-Chrysler (2003)’s system „TeleAid“ also offers remote diagnostics and emergency services using a car-phone connection. Unlike OnStar, it does not use an own call
center but sends data directly to the emergency call center or the dealer’s garage.
BMW AG (2003b), Audi AG (2003) and Volkswagen AG (2003) offer or develop similar services.
Information portals are for example offered by BMW AG (2003a) and DaimlerChrysler (2002). BMW uses built-in displays (with PDA synchronization) for displaying information while Daimler-Chrysler offers docking stations for PDAs and mobile
phones or stationary displays alternatively.
Some component suppliers and technology companies also develop systems that major
car manufacturers use in their systems [Hirschmann (2003), MobileAria Inc. (2003),
Siemens (2002), ATX North America (2003a), Siemens (2002)]. ATX North America
(2003b), a supplier working for BMW, Daimler-Chrysler and Jaguar, has announced to
offer a help system application called “vehicles owner’s manual.” This completely audio-based system can be used while driving and can even suggest inspection appointments when defects are detected.
2.4.3 Using PDA-based Help Systems in Cars
A context aware mobile help system for a car could either be used on a mobile device
(e.g. PDA) or on a built-in display in the car. However, using the PDA has several advantages:
A PDA is a personal device that accompanies its user the whole day. One PDA can be
used to hold help systems for many surrounding devices including the car. The help
content could either be stored on the PDA, in the Internet, or on each device and be
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transferred to the PDA when used. Using a PDA for the prototype is reasonable because
this stresses the fact that a single mobile device can be used to offer the help system for
various physical devices.
Secondly, PDAs are personal devices. A driver can use his PDA in many cars, and a car
can be driven by many users with different PDAs. In this scenario the PDA can be used
to identify the user, which is an important aspect of the scenario’s context.
Thirdly, a PDA can be handled faster and better than a car’s buit-in display and control
devices. Nichols (2001) showed that test users controlled different devices more successfully using a PDA than directly. They were faster in fulfilling certain tasks and
made less mistakes. The reason for that could be that PDAs are personal devices that are
used much more frequently than the controlled devices. Hence, the PDA’s UI is more
familiar than the UIs of those devices.

2.5

Conclusions - Going Beyond the State of the Art

This section described the state of the art relevant for the concept of context-aware mobile help systems. It provided a classification of context dimensions and context-aware
computing systems, and it showed that most existing context-aware systems concentrate
on other dimensions and fall into other categories than a context-aware mobile help system.
It then classified and evaluated strategies to create better help systems. It was shown in
empirical studies that several strategies successfully improved help systems, mostly
however for software and not for physical devices. The following sections will show
that many of these successful strategies can also be applied to help systems for devices.
Based on the disadvantages of a handheld computer such as small screen size and limited input facilities, this section listed relevant guidelines for designing UIs and writing
texts for handhelds. These guidelines were considered in the iManual system that is
presented in section 4.
Finally, this chapter justified why the automotive domain that the iManual prototype
was implemented for is a promising domain for a context-aware mobile help system.
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Context-Aware Mobile Help Systems - the Concept

This section presents the concept of context-aware mobile help systems. The following
section then shows how this concept was put into practice by developing the iManual
system. In this section, I will describe the most important opportunities the concept
brings. Furthermore, I will mention the challenges that have to be met when designing
such a system. It will be described in which way such a system can provide contextaware help by analyzing different contextual parameters. Then, I will describe how
strategies of machine learning can be used to cope with the multitude of contextual constellations and to learn from previous experiences to improve future reactions. Then I
will show that the concept of context-aware mobile help systems leads to a new learning
situation that integrates learning and using. Furthermore, I will mention a main challenge to develop context-aware mobile help system, i.e. to organize the help content so
it can adapt according to the context. Finally, I will summarize chances and challenges
of context-aware mobile help systems.

3.1

Providing Context-Aware Help

As said in chapter 2.1.2.1, the context dimensions of identity, environment or action,
and location are particularly relevant for context-aware mobile help systems. Relevant
aspects of these dimensions that were identified above include
•

the internal state of the device that the help system is provided for

•

recent and current interaction with that device

•

recent and current interaction with the help system

•

the user’s knowledge and level of expertise

•

the user’s experiences

•

the user’s preferences

•

the geographic location

•

the relative location of the handheld to the device
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A context-aware mobile help system adapts the presentation and the content of the
given help to these contextual parameters. The next chapters show in which way the
help system considers these parameters.
3.1.1 Integrated Help
Integrated help in the context of this section does not mean that the given help is physically integrated into the device but that the device and the help system are connected by
a wireless link and are able to use this link to transfer contextual information. Based on
that wireless communication, the device constantly sends relevant contextual data to the
help system that is measured by one of its sensors. This includes changes of the internal
state of the device and monitored user interaction. State changes can include defects and
errors that are measured by the device’s sensors, internal states that have changed because of user interaction (e.g. the on/off-state) and any other internal values that can be
measured and are relevant for a help system. Therefore, the help system is constantly
kept up-to-date about relevant contextual parameters related to the device. The new
learning situation that is enabled by the ability to exchange contextual information and
to send control commands from the help system to the device will be described in chapter 3.3. Knowledge about the internal state of the device can improve the provided help
in several ways. For example, descriptions of interaction options can be filtered out if
they are not available in the current state of the device or urgent information related to
defects or errors can be shown if they are detected by the device. Adapting the given
help to the current or recent user interaction with the device will be described in the
following chapter because providing personalized help is based on monitoring user interaction.
3.1.2 Personalized Help
A context-aware mobile help system takes contextual information about the individual
users into account and therefore provides personalized help. This means that the presentation of the help and the help content itself is adapted to the user’s knowledge, level of
expertise, experiences, preferences and his interaction history. This chapter describes
how two special kinds of context-awareness that adapt to the users’ individual needs can
be achieved: user-profile sensitivity and user-intent-sensitivity.
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3.1.2.1 User-Profile Sensitivity
As described in chapter 2.2.4.4 according to Silveira et al. (2001), user-profile sensitive
help is a system that presents information tailored to a user profile. A user profile for a
context-aware help system is build combining some of the context-parameters just described, i.e. the user’s previous interaction with the help system and with the device and
his explicitly stated preferences. From this user-profile, the user’s knowledge, his expertise, and his implicit preferences and wishes can be inferred. Given that the help system
has obtained sufficient information about the user and given that this information allows
reasonable inferences, the help system can provide valuable help tailored to the user’s
needs.
For example, when the user demands information about a certain topic, by clicking on a
link or searching for a keyword, the content can be adjusted considering the user profile:
If the profile indicates that the user has detailed knowledge about the topic he requests,
the presented help can be short and compact. If it indicates that he prefers procedural
instead of declarative help, the declarative parts of the content can be left out or hidden
behind links. If recent interaction shows that a user has significant trouble with a certain
topic because he repeatedly requests help about it, the help system could offer alternative representations or related information.
3.1.2.2 User-Intent Sensitivity
As already said, user-intent sensitivity is difficult to realize. No software system can
precisely predict the future, so determining what the user plans to do is hard. Silveira et
al. (2001) addressed the problem by allowing the user to express his intention by choosing from a given set of typical utterances. The context-aware help system described in
this thesis take a different approach. In order to determine the user’s intention, a user
profile as described in the previous chapter is used. The current interaction with the device and the help system, the user’s preferences, which are taken from the user profile,
as well as other contextual parameters such as the internal state of the device are used to
anticipate which task the user might plan to do and which help he might need.
For example, similar to the dynamic help feature in Microsoft (2003a) (see Figure 3), a
context-aware help system can constantly try to anticipate the user’s intention and show
appropriate help. The iManual-System described in this thesis offers a contextual linksfeature that is accessible from anywhere in the help system. The feature uses contextual
information to anticipate the user’s intention and machine learning strategies to evaluate

ERROR! STYLE NOT DEFINED.

49

this information, which results in showing a number of links that offer assistance to the
anticipated task.
3.1.3 Location-Based Help
The help that a context-aware help system provides can also be adapted to the current
location. As said before, location can either mean the geographic location of the help
system or its relative location to the device. Geographic location can improve the help if
the device is used differently in different locations or if the functions of the device itself
are dependent on the location. For example, if the navigation system of a car computes a
route that leads to another country, the help system could offer additional information
about driving in that country.
The relative position of the handheld help system to the device can be exploited to offer
help about particular parts of the device that the help system is pointed at. If the mobile
help system of a large industrial machine is pointed at a particular element, the help
system could offer assistive information about that element. The LISTEN system that
will be described in chapter 3.2.2.4 is based on a similar concept. It determines the
user’s position in a room and his head orientation to give context-aware information
about the surrounding objects.
The following chapter describes a characteristic of context-aware applications that is
also relevant to context-aware mobile help systems: context fusion. This means that
contextual parameters can often be obtained or combined from several sources on several logical layers.
3.1.4 Contextual Information on Different Layers – Context Fusion
As in most context-aware applications, in a context-aware help system contextual information is obtained from various sources. These sources can be integrated into the
device or be part of the handheld system. To determine contextual parameters that can
be used in context-aware systems, values from different sources are aggregated on several layers.
Imagine a context-aware help system for a car. The car will be equipped with various
sensors. One sensor will measure the liquid level in the gas tank. Based on this “sensor
layer,“ this information is enriched by a semantical meaning on several layers. A low
gasoline level on a more semantical level means that the car can only drive a certain
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distance. This distance is transferred to the help system as a part of the internal state of
the car. If the car also transfers that the user just defined a new target in the navigation
system that is not within this distance, this interaction information can be combined
with the distance information to gain another meaning on a higher semantical level.
Analyzing this semantical level, the help system should show an advice that the driver
has to refuel on the way if he wants to reach the target. Along with that, the help system
can show help on how the route in the navigation system can be changed to drive to a
nearby gas station. Additionally, the help system could determine these gas stations
itself.
All in all, a context-aware help system uses sensor data from various sources that are
aggregated on several layers to enrich that data. Zimmermann (2003) describes an advanced framework with several different layers that can be used to model these different
layers of a context-aware application.

3.2

Learning to Improve Future Help

The context-aware mobile help system described in this thesis intends to give contextaware help and thus enhance human competence by taking advantage of a mobile, personal, and network-connected device such as a PDA. The mobile help system has to
implement a strategy that allows it to react to the multitude of possible situations accordingly. The PDA as a personal device allows monitoring the user’s activities with
the device and the iManual system. This information can be part of an explicit or implicit user-model. As the user interacts with the system, the user-model might constantly
change while the help system has to keep delivering the appropriate kind of help in
these changing situations. The ongoing interaction does not only make context-aware
reaction more complex but also brings the opportunity to improve future reactions based
on analyzing interaction of the past.
This chapter addresses this challenge – a multitude of possible situations to react to – by
exhausting the opportunity to improve the systems based on analyzing previous user
interaction.
Possible ways of meeting the challenge are using automated reasoning and knowledge
based learning systems, which are treated in the scientific field of machine learning.
Machine learning studies “computational methods for acquiring new knowledge, new
skills and new ways to organize existing knowledge” [Michalski et al. (1983)].
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After describing several strategies of machine learning, I will describe which strategy
fits best to the specific requirements of the scenario of a context-aware mobile help system and explain why it was chosen.
3.2.1 Strategies of Machine Learning
Learning in a knowledge based learning system „denotes changes in the system that are
adaptive in the sense that they enable the system to do the same task or tasks (...) more
efficiently and more effectively the next time” [Simon (1983)].
Research identified three general kinds of learning processes in machine learning: synthetic (also called inductive) learning, analogy-based learning and analytic (deductive)
learning [Richter (1992), Bergmann (2002)]:
•

Synthetic learning strategies generate knowledge by looking for general rules in
their observations and inferring conclusions from that. These conclusions are
hypothetic because they are only based on observations. Strategies that use synthetic learning are e.g. learning of decision trees, predicate logic systems, or
Neuronal Networks.

•

Analytic learning strategies extend their knowledge by making deductive conclusions. They try to combine existing knowledge with observed information to
infer new rules. Therefore, they only transfer implicit knowledge to explicit
knowledge and cannot generate knowledge that is not related to the existing
knowledge base. An example of a method using analytic learning is Explanation-Based Learning (EBL) [Choi (1993)].

•

Analogy-based learning strategies use similarities to previous experience to
solve present problems. Solutions of previous problems are transferred to existing problems making analogy-based conclusions. Unlike synthetic strategies,
analogy-based strategies do not generalize what they observe to build new
knowledge. Instead, learning just means storing current experience for future
use. Case-Based Reasoning (CBR) is an example of this kind of learning strategy.

Comparing these three strategies, as can be seen in Figure 10, shows that the amount of
knowledge that possibly can be learned increases from analytical over analogy-based to
synthetic learning strategies while the confidence in the reliability of the inferred data
decreases.
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Figure 10: Comparison of strategies of machine learning [Bergmann (2002)] (translated
from German source by the author).

While the term machine learning focuses on building and extending a knowledge base
that can be used for problems, the term automated reasoning does not concentrate on
the ability to learn, but on automatic problem solving. However, many strategies include
features of both learning systems and automated reasoning. Köster (2000) describes
automated reasoning as analyzing a knowledge base to draw conclusions and to solve
problems automatically. He lists CBR, Rule-Based Reasoning (RBR), Constrainttechniques and non-classical techniques such as Fuzzy Logic as examples.
The following chapter describes CBR and why it was used in the prototype of a contextaware mobile help system. To underline that CBR is a promising strategy in the scenario of this thesis as well as in many other situations, its usage in help systems is described, and three existing systems using CBR are analyzed.
3.2.2 Using Case Based-Reasoning in Context-Aware Help Systems
Strategies of machine learning and automated reasoning are one possible way to realize
context-aware assistance in mobile and network-connected scenarios. Among the various strategies listed in the previous chapter, Case-Base Reasoning (CBR) was chosen to
be used in the iManual prototype. How it was implemented and integrated into the
iManual system is described in chapter 4.4.4.
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3.2.2.1 What is CBR?
CBR is an analogy-based learning technique. It is rooted in early works of Schank
(1982), Kolodner (1983) and Lebowitz (1983). Existing knowledge from a domain is
used to solve a similar problem from the same domain. The problem is solved based on
similarities to previous problems. The knowledge base in CBR is dynamic because new
problems and their solutions are stored and influence how later problems are solved.
A CBR system consists of cases, i.e. a representation of a problem and its solution, a
case base to store these cases, and similarity measures. These measures are a numerical
representation modeling the similarity of two problems. Each case can have several attributes of various types, and local similarity measures are defined for each attribute
type.
Learning in a CBR system is a four-step process called retrieve, reuse, revive and retain
step as shown in Figure 11.

Figure 11: The CBR Cycle [Aamodt et al. (1994)].

The retrieve step finds a set of similar cases to the given problem. Similarity is measured by combining the local similarity measures of the problem’s attributes. The combination can be done in several ways, e.g. using the Weighted Euclidean Distance or the
Hamming Distance. Retrieval can also be implemented in several ways. Sequential re-

ERROR! STYLE NOT DEFINED.

54

trieval is a simple way of walking through the complete case base and comparing the
given problem to every case. This is an easy-to-implement and exact method. However,
as case bases tend to become very large, comparing the given case with every other
could be very costly. Ways of dealing with this are a two-step or an index-based retrieval. Two-step retrieval uses pre-selection to filter out cases that are probably not
similar to the given case. The pre-selection is mostly based on one or few simple attributes, e.g. Boolean attributes. The remaining cases are then compared using a sequential
retrieval. Index-based retrieval uses indexing and binary search trees to speed up the
search for similar cases.
The reuse step then transforms the solution of the most similar cases to the given problem. There are several transformation strategies for that, e.g. rule-based, model-based,
or user-based transformation. In some cases, no transformation is needed and a solution
can be used in similar problem situations without adaption.
The transformed solution is then evaluated in an optional revise step.
The retain step is responsible for gaining new knowledge. A CBR system can learn in
four ways: it can learn new cases, i.e. ways to solve problems, can improve its similarity
measuring, reorganize its case base or improve the way of transforming existing solutions. Thus, knowledge in CBR cases is represented in four knowledge containers:
•

The case base

•

The similarity measures (including weighting)

•

The case model (attributes of a case etc.)

•

The transformation knowledge

CBR has several advantages that make implementing, maintaining and using it relatively easy, such as
•

Easy modification and maintenance of the system

•

Learning and using periods are not separated

•

A complete solution is stored

•

The similarity measures can easily be adjusted

•

Knowledge is represented in different containers that each can learn.
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On the other hand, the following challenges have to be met when realizing a CBR system:
•

The case base has to offer a way of storing any kind of problem and solution

•

Efficient search algorithms have to be found to ensure acceptable performance

•

The most similar case doesn’t have to be the one that can be best transformed to
the current problem

•

There is a dilemma between having as many cases as possible to cover the complete problem domain and having as few as possible cases to allow an efficient
retrieval.

Based on these advantages when realizing a CBR system, but also keeping the challenges in mind, the next chapter points out why a case-based strategy was chosen.
3.2.2.2 Why CBR?
CBR was chosen in the iManual scenario because it has some promising advantages in
comparison to other strategies of machine learning or automated reasoning such as
Rule-Based-Reasoning or Neuronal Networks [compare Leake (1996)]:
•

Rule-based strategies have to cover the complete problem domain previous to
using the system. The problem domain often is just too large to be covered by
such a rule set. Furthermore, setting up these rules could be quite expensive because experts would have to define them. Two examples in the following chapter show scenarios where CRB was chosen because the problem domain was too
large to be covered by rules. CBR only handles problems that really occur instead of covering all possible problems. Furthermore, no experts are needed to
set up the cases. Instead, the case base grows by learning new cases while the
system is in use. In the scenario of a context-aware mobile help system, the
problem situation is dependent on the values of various context-parameters that
change continuously, which is hard to cover by a rule set. Therefore, CBR is better suited here than a rule-based problem-solving strategy.

•

In many fields where strategies of machine learning are used, the problem domain is imperfectly understood at the moment when the system is implemented.
Most other strategies require the main modeling of their knowledge to happen
before the systems is used, which then leads to imperfect results. CBR on the
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other hand offers an increasing quality of solutions during use because it continues to extend its knowledge. Furthermore, it can also learn to handle situations
that were not predictable a priori. In the scenario of a context-aware help system,
it is hard to predict which kind of help a user needs in which context. Different
users will need different help tailored to their personal preferences, and the same
user might need different help if the same situation occurs frequently. Therefore,
a CBR system is valuable here as it can develop the knowledge to react appropriately in unpredictable situations.
•

A static structure, such as a predefined set of rules, is not as flexible as a case
base. While changing a rule set requires effort and the presence of an expert, a
case base can be changed by the interaction of the user with the system. A user
therefore can train a CBR system himself without needing an expert. A CBR
system can be initialized with few seed cases and grow dynamically and independently while being used. In the iManual scenario, the CBR system learns
from the user’s interaction with the system. In the system, we have an ongoing
cycle of interaction: The user is in a situation needing assistance, the system delivers context-aware help, the user reacts to that help, and the system tracks the
users reaction to learn if its assistance was successful or not. Based on this cycle,
the CBR system can learn to improve its future reactions by using past experience.

•

A main difference of CBR systems to other inductive or deductive strategies is
that it does not generalize what it observes. When a RBR system is initialized
with training examples, it generalizes these examples to rules and when it observes a problem situation, it tries to find a general rule for the specific problem.
CBR systems, however, store what they observe. They don’t store the general
rule that can be learned from a case, but the case itself. In the iManual scenario,
generalizing cases, i.e. problem situations and its solutions, to general rules
would be hard because a solution depends on rich contextual information that
cannot serve as a general rule for future problem situation.

•

CBR systems do not only learn from reusing previous solutions in current situations, but also from failure. For context-aware help systems, determining that the
given help wasn’t successful, i.e. didn’t provide the assistance the user needed in
the given situation, can be at least as helpful for future cases as successful assis-
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tance. Most users rather judge a software system by the mistakes it makes than
by the situations it provided helpful assistance.
•

Another advantage of CBR systems lies in better explainability, and therefore
increased understandability and higher user acceptance. A problem solution in
CBR is always based on real happenings from the past. Whereas a RBR system
could only try to explain parts of its general rule set and Neuronal Nets don’t
provide explanations of their decisions, a CBR system can relate its behavior to
real cases. A context-aware help system could not only give assistance according to the current situation, but also explain why this kind of assistance is given.
For example, when the system shows a context-related link “CLICK
LEARN HOW TO HANDLE TRAFFIC JAMS”

HERE TO

in the iManual for a car’s navigation sys-

tem, another link “WHY DOES THIS LINK APPEAR?” could be added where the user
would get information about the context-parameters and his previous interaction
that the link presentation is based on. Therefore, the intelligent system would not
react as a “black box” but explain its behavior to interested users. Modern HCI
research identified understandability as a key to increased usability and higher
user acceptance in adaptive software systems.
•

The chosen CBR system in the iManual scenario also takes advantage of the system being network-connected and therefore allowing large groups of users to
cooperate. The system does not only learn from a single user’s interaction to improve adaption to that user’s needs, but can also store cases from multiple users
and therefore make the improvements learned from a single user available to all
others. This can be seen as an implicit cooperation. Consider a CBR system that
was initialized with a seed case to show a link “HOW
BOOK TO DEFINE ANOTHER ROUTE TARGET”

TO USE YOUR ADDRESS

after the user has just defined his first

target in his car’s navigation system. If 90% of all users ignored that link and
opened topics like “HOW TO START THE ROUTE CALCULATION” or “HOW TO DELETE A TARGET”

instead, the system would learn from the other users’ behavior

and suggest these links, even if the current user is in that situation the first time.
To assure personalization and let the system still adapt to the user’s individual
needs, the CBR retrieval step can be adjusted to give the attributes that identify
the current user a higher weight, so that cases of the current user are considered
more important when searching for similar cases.
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3.2.2.3 CBR in Help Systems
To underline that CBR is a promising strategy to be used in context-aware mobile help
systems, this chapters briefly describes typical systems that give assistance in some way
and that are often realized using a CBR strategy.
Case-Based Aiding Systems are used to support human reasoners by using case bases.
The system assists its user by reminding him of similar previous problem situation, suggesting prior successful solutions and warning in case of previous failures. Thus, they
serve as a complement to human experience. These systems perform the retrieval and
retain step of the CBR cycle described above, but leave the revise and reuse step to the
user. As Leake (1996) adds, “Not only does this interaction provide practical advantages, by avoiding the need for automatic case adaptation and evaluation, but humans
readily accept and appreciate the availability of advice.”
Case-Based Help Desk Systems are a kind of Case-Based Aiding Systems that are used
to support help desk employees. Those use the system as a knowledge base that they
consult if they cannot solve a problem immediately and think they might find a similar
problem in the case base. An example of a Case-Based Help Desk System will be presented in the next chapter.
Many authors use the term Case-Based Education to summarize the use of CBR systems in educational contexts [Leake (1996)]. CBR strategies can be used in many ways
in training and teaching, e.g. by making experiences of other learners available when a
learner is confronted with a typical problem situation.
Intelligent Tutoring Systems (ITS) are special kinds of educational systems that are not
only focused on CBR [Patel et al. (2001), Patel et al. (1998), Martens (2003b)]. Casebased strategies are just one way to implement typical tasks of those systems. An ITS
supports the teaching activity of a traditional human teacher. Martens (2003a) summarizes that “an ITS proposes the student a problem, follows him step by step, diagnoses
his errors, acknowledging their causes and, if necessary, gives him hints and examples.”
For giving this form of educational help, the ITS tries to build user-models to analyze
human behavior and predict future intentions. In an ITS, these models are the expert
knowledge model (also called domain model), the pedagogical model (teaching model),
the student model (learner model), and the model of the user interface. To realize these
models, an ITS mostly uses strategies of machine learning such as CBR.
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Adaptive Hypermedia Systems also use user-models to adapt to individual preferences.
These user-models are applied to hypermedia systems to adapt the content and the links
to the user’s needs. Many Adaptive Hypermedia Systems are used in educational contexts. Most authors distinguish adaptive navigation support and adaptive presentation
[Brusilovsky (1999), Peylo et al. (2000)]. The former helps the learner to find the optimal path through the hypermedia content and includes direct guidance, adaptive link
hiding and adaptive link annotation. Direct guidance informs the learner which links on
the page leads to the optimal content according to his individual context. Similar goals
are also reached be annotating links to indicate if a link is useful in the current context
and by hiding links that are not helpful yet according to the user’s knowledge level. In
adaptive presentation, the content itself is adapted to the user-model, e.g. by leaving out
details for advanced users or by generation additional information for beginners. Adaptive Hypermedia Systems are often implemented using CBR or other machine learning
strategies. The iManual system that is presented in this thesis uses features similar to an
Adaptive Hypermedia System. It uses a direct guidance strategy to lead the user to the
help content that he needs in a certain situation and also implements a simple form of
link annotation when giving additional information about why certain links are presented. Adaptive presentation is also planned to be implemented in future versions of
the system. However, it extends typical adaptive hypermedia scenarios because it does
not only use an implicit user-model but also contextual information from various
sources to adapt to the context and because it does not want to guide the user through
the complete content for educational reasons but to instantly offer the reference information that is needed in a certain situation. Furthermore, the hypertext includes embedded control elements that allow interactive communication with the device and therefore
integrate learning and using.
3.2.2.4 Examples of CBR in Existing Systems
This chapter briefly describes three systems that successfully used CBR strategies.
HOMER, a Case Based Help Desk System developed for DaimlerChrysler, is used to
support help desk employees that serve over 1500 engineers designing cars [Bergmann
et al. (1999)]. As a typical help desk system, HOMER stores experiences of help desk
operators in a knowledge repository and therefore makes corporate knowledge available
for help desk employees on all levels. It can also be used to identify common problems
and weak spots in engineering that have to be improved. A Rule-Based Reasoning sys-
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tem was considered impossible to realize because of the complexity and size of the
problem domain. Initial tests showed that 32% of all occurring problem could be used
with the HOMER system and average time to solve one of these problems decreased
from 141 minutes to 9 minutes. Evaluating the system also showed that important challenges for the success of such a system is to motivate help desk operators to input new
cases into the case base and to maintain the knowledge base to ensure that the case
base’s cases are helpful and well-specified.
The GM Variation-Reduction Adviser (VRA) is a CBR-inspired system used in automobile plants to support employees that supervise the quality of vehicles and try to find
reasons when a insufficient quality is detected [Morgan et al. (2003), Morgan et al.
(2002)]. The VRA system is used as a knowledge repository as well as a problem solving and communication tool. A case-based approach was chosen because it was considered impossible to cover the whole domain with rule sets. The challenge of motivating
users to input new cases was solved by combing the knowledge base and problemsolving function with a communication feature that allows workers in different shifts to
communicate with each other. New CBR cases are mostly based on these messages.
Attributes of a case include pre-selected symbols and free text, while similarity of cases
is measured by searching for keywords in free text or comparing symbols with an ontology. The combination of a communication system and a CBR system is called a “success story” by the authors.
Both previous examples show that knowledge acquisition is much harder in CBR systems where users have to input new cases themselves than in systems where CBR cases
can be generated automatically, e.g. from user interaction.
The LISTEN project, developed by the Fraunhofer Institute for Applied Information
Technology FIT (now shortly called Fraunhofer FIT), is a system that provides audio
information for humans moving in physical space [Zimmermann (2003)]. A prototype is
planned to be used by visitors of a museum who are offered audio sequences regarding
the user’s spatial position, head orientation and personal interests. E.g., a user wearing a
headphone might stop in front of a painting and the LISTEN environment would emit
audio sequences giving additional information to that painting. The LISTEN project
combines context-aware computing and CBR in a way that contextual information is
represented in cases, and CBR can be used to find similar situations to the user’s current
context. The problem description of a case is mapped to the parameters of the four context dimensions (see chapter 2.1.2) and the solution to a recommendation that is given
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in a certain context. Furthermore, a static context that holds values that do not change
often is distinguished from a dynamic context that stores snapshots of contextual values
that change constantly, e.g. the spatial location.
The LISTEN project is similar to the iManual scenario described here because it combines context-aware adaption with the use of a CBR strategy in a mobile situation and
because it maps contextual information to cases in a case base. However, it concentrates
on the context dimension of location while the iManual system concentrates on environment or activity and identity. Furthermore, LISTEN provides audio information to
augment the physical space while the iManual system provides mostly textual information for assistive purposes. Third, iManual integrates functions to control the device into
the contextualized information.

3.3

Integrating Learning and Using

As said in the previous chapters, a context-aware help system running on a PDA brings
the opportunity that the PDA and the device can communicate via wireless links. This
chapter describes that this opportunity leads to a completely new learning and using
situation.
Consumer electronics, office devices, machines in the industrial domain, and devices in
various other domains can be complex and therefore need help systems. Users have to
learn to use those devices – some from the start and others only in reference situations
and for unusual tasks.
The opportunity to embed control functionality into help content is based on a wireless
communication channel. This communication between help systems and devices is bidirectional. First, the device can send its internal state and recent interaction with the user
to the help system. Therefore, as described before, the help system is constantly updated
on relevant contextual information and therefore can provide context-aware help that
takes this information into account. Second, the help system can send commands to the
device. Hence, any kind of function could be invoked both at the device directly and
with the help system PDA. Any device that enables wireless communication could
therefore be remotely controlled [compare Feldbusch et al. (2002), Nichols et al.
(2002b), Myers et al. (2002), Zimmermann et al. (2003)]. However, what is promising
is neither the remote control function nor the context-aware help system – but the integration of both.
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By embedding control elements into the help system, the entire UI of the device can be
projected onto the help system PDA. This is part of a scenario that is called distributed
and disappearing interfaces in ubiquitous computing [Dey et al. (2001), Hu et al.
(2003)]. Interfaces of modern devices, e.g. of the car’s navigation system, can be projected onto any other computerized device with an input and output facility. A single
device can therefore have multiple distributed and interconnected interfaces which are
each suitable for a particular situation or an individual preference [see Burkey (2000),
Landay (2002), Yates et al. (2003), Nichols et al. (2002a)]. Information systems can
also be distributed on multiple devices, while some of these devices can be so integrated
into the environment that the user doesn’t recognize it as a computerized artifact.
Of course, to exploit these opportunities, the help system content has to be designed in a
new way. Descriptions of how to fulfill a task on the device can be complemented with
links that invoke the function directly. The help system no longer instructs “PRESS THE
GRAY BUTTON TO…”

but “PRESS

HERE.”

A help system that both offers descriptions

on how to operate the device and functions to remote control it is also a usability challenge. The user might expect a description to complete a task at the device when he
finds a page that allows directly invoking the functions from the PDA or vice versa. A
usable interface has to make clear which parts describe and which can be used to control. This can be done in many ways, for example by using metaphors or consistent
icons. The icon used in the link above ( ) is taken from the help of windows operating
systems and used for the same purpose, i.e. indicating that the link in the help system
invokes a command in the system.
As help systems and devices intertwine, learning to operate a device is coupled with
using it. Integration of help system and device leads to integration of learning and using.
Learning a system and being able to use it the same time improves learnability and
learning motivation for several reasons:
First, integrating learning and using supports interactive discovery of the system. Whatever the learner reads about the device – he can always try that function out directly
from the help system. Interactive discovery supports learning by doing, which is an effective way to gain new knowledge (see chapter 2.2.2.1). It was therefore identified by
the minimalist approach as a key factor to design better manuals (see chapter 2.2.4.2).
Therefore, minimalism demands to allow “training on real tasks.” Interactive discovery
is also included in many design guidelines for handheld computers to improve the
handheld system’s usability (see chapter 2.3.3.3).
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Second, a help system wirelessly connected to the device supports coordination of help
content and device. This “coordination of system and training” is also part of the minimalist approach. If a task is described by a tutorial or a step-by-step instruction, learnability is improved by coordinating or synchronizing the state of the device with the
current step in the help system. The help system therefore assists the learner in keeping
the device up-to-date so he can concentrate on learning the task itself instead of having
to control that the device is in the state the instruction step requires.
Third, a user in a reference situation who is stuck in the middle of a task will appreciate
the direct control functionality because he is not interested in learning as much as possible about the system but to get his task done. A context-aware help system that is connected to the device can be aware of user’s recent interaction with the device. If he gets
stuck then, the help system analyzes several contextual parameters including the recent
interaction and offers context-aware assistance. These help topics could typically include parts like this: “IF
HERE.”

YOU WANT TO DO THIS, PRESS THE GREEN BUTTON OR CLICK

Many users would appreciate this kind of help because it is a fast way of solv-

ing problems and getting tasks done, which is what most users want when they interact
with a device.
All in all, this kind of integration of help system and device could realize many features
that most help systems for software already have. Many help topics for software systems today are closely integrated into the software itself and for example contain direct
links that invoke actions in the software. As shown in chapter 2.2.4, strategies to bring a
system and its help closer together have been shown to improve the usability of the systems. Realizing these strategies for physical devices could achieve similar success.

3.4

Organizing Content for Contextual Use

This chapter describes common challenges a context-aware mobile help system has to
face as far as the representation and storage of the help content are concerned. The basic
challenges for designing content have already been identified in chapter 2.3.3. It was
described how content has to be written to be usable on handheld devices with limited
screen size and which UIs are needed to cope with that screen size and the limited input
facilities.
A main challenge for storing the context is the granularity problem. Any help content in
context-aware systems might consist of sentences or words that are equal for all users,
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and other sentences or words that are only shown in certain situations. But storing very
small text fragments and combining them as needed is as unfeasible a solution as is storing various versions of longer text fragments that only differ slightly. Therefore, the
help system must help the content provider in finding a good trade-off, e.g. by splitting
the content into units of several sentences and choosing from several versions of the
same content unit based on meta-information that is tagged to these versions. Russell
(2001) describes the granularity problem related to web-based systems that have to decide which pieces of the information should be presented on the screen at a time and
how to structure this information internally. In addition to solve the granularity problem,
a context-aware mobile help system has to find a representation of the content that is
suitable for individual presentation of the help on various devices with different output
facilities. This could for example be done with XML or a database schema.
Another important challenge to ensure that the content can be used in a context-aware
system is to provide an authoring system that offers the content provider an easy way to
write and edit the content so that it can directly be used in the help system - without
requiring too much technical knowledge from the authors. Typically, a context-aware
help system would provide a kind of content-management system (CMS) similar to
those CMSs that allow authors to edit content on web-pages without knowing about
underlying web-design technologies. However, compared to a CMS for the web, a CMS
for a context-aware help system has to offer more: The authors have to be able to write
several versions of the content for each situation that requires a different representation
of the help information. Furthermore, authors have to provide a kind of information
tagged to each chunk of content that describes for which contextual situation this part
should be presented. This could for example be achieved by defining a metadata structure that is tagged to each chunk, together with a comfortable way for authors to edit
this meta-information.
Chapter 4.4.5 describes how the design guidelines for mobile content have been realized
in the iManual prototype, how content is represented and stored in the system and how
the granularity problem was addressed. The chapter then describes which kind of CMS
was used to provide the appropriate authoring environment for content providers.
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Summary – Chances and Challenges

This chapter summarizes the chances and challenges of context-aware mobile help systems by reviewing the concepts that have been described in this section and adding related aspects.
Chances
A basic functionality of a context-aware mobile help system is to analyze contextual
information and adapt the presentation and the help contents to that context. This provides assistance or instructions that are tailored to the user’s individual need and therefore improves the usability and increases user satisfaction. This function of a contextaware help system was described in chapter 3.1.
User satisfaction can further be improved by enhancing automatic adaptivity with explicit adaptability. If not enough contextual information is available to make a decision
about which content or which presentation mode is most appropriate in the current
situation, the missing information could be provided by explicitly stated user preferences. In addition to specifying their preferences, users should be given the possibility
to actively tailor the layout, presentation, or functionality to their individual needs.
The portability and mobility of the help system and the opportunity to communicate
with the device wirelessly brings further possibilities. Most important, it enables integration of help system and device and therefore – as described in chapter 3.3 – leads to
a new learning and using situation where both activities are integrated.
If context-aware mobile help systems become available for many devices that surround
us in our daily life, this could support the vision of ubiquitous and pervasive computing
[Weiser (1991), Gerstner (1998)]. When “technologies disappear into the background”
[Weiser (1991)] and millions of smart computerized devices will be “interwoven in the
global fabric of computing and communications” [Gerstner (1998)], some computerized
devices will be so invisible that users do not recognize that they are actually using a
technological system and therefore might need no help system. On the other side, as this
network of interconnected intelligent devices gets more powerful, even in gentle-slope
systems complex tasks might still be complex to fulfill, and therefore, intelligent, context-aware, and personalized help might still be needed. Furthermore, like users might
not notice that they are actually using computerized devices, they might not notice either that they are receiving help by integrated intelligent help systems.
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The handheld’s connectivity to the Internet also enables communication and cooperation among users as well as between users, manufacturers and content provides. Users
can give various kinds of feedback to help pages, for example annotations or ratings,
which are then available to all other users. This can help users to learn from other users’
experiences, find solutions for problems that are not covered by the help system, or get
additional information if help pages are not understood. Furthermore, it can help the
content provider to improve his content and the manufacturer to identify badly-designed
product interfaces or common errors. This Internet-based cooperation can create user
communities that could evolve into a large product-related knowledge base and that
would benefit users, content providers and manufacturers.
Challenges
Developing a context-aware mobile help system for a physical device also brings challenges that have to be faced.
As said in chapter 2.1.5 about the challenges of context-aware computing, contextaware help system have to cope with the frame problem. That means that the real world
is infinitely complex and constantly changing, so a context-aware help system has to
model the world by deciding which aspects are relevant to provide intelligent help, and
to keep the model up-to-date in that constantly changing environment.
Along with the frame problem, a context-aware help system has to develop a way to
cope with the multitude of possible contextual constellations. Intelligent help systems
that adapt the given help to various contextual parameters have to implement a strategy
to show an intelligent reaction to every possible situation. In this section, I showed that
machine learning strategies are promising approaches because they are based on a
knowledge base and are able to extend their knowledge by learning from observations. I
also explained why CBR, among the various machine learning strategies, best fits to the
requirement of a context-aware mobile help system. CBR does not require to cover all
possible situations with a rule set but is able to start with few seed cases and extend its
knowledge base dynamically by learning from experiences – even from failure (see
chapter 3.2.2.2).
Organizing the help content for a mobile and contextualized use is a further challenge.
As said in chapter 3.4, a context-aware mobile help system has to find a way to store
and represent the content so it can be adapted to the current context. Is also has to offer
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an authoring system for content providers to add and edit their content and to provide
the meta-information that is needed for contextual adaption.
Along with that, the mobile help content has to be designed to meet the specific requirements of a mobile, portable handheld computer with small screen size and limited
input facilities. Guidelines for writing and designing text and for designing the UI of the
mobile system have been identified in chapter 2.3.3.
The help system’s design also has to support the integration of learning and using.
While this is a main benefit for a context-aware mobile help system, as described in
chapter 3.3, it can also be a design challenge. Control elements that invoke functions on
the device being integrated into help content that only describes the device can also be
confusing for users. A well-designed help system has to make clear which parts describe functions of the device, which parts invoke these functions, and where the border
between both parts lies.
The following section 4 describes the realization of a context-aware help system – the
iManual-System. It will describe in which ways the chances that were described in this
sections are put into action and in which ways the challenges are met.
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iManual - the System Prototype

This section describes the iManual system – a prototypical realization of a contextaware mobile help system. It describes which concepts of such a system are realized in
the iManual prototype, how these concepts were implemented and why the particular
implementation techniques were chosen.
First, I will explain which problem domain was chosen for the prototype. The subsequent chapter describes the main features of the iManual system: context-triggered help,
contextual links, embedded control, and a design optimized for mobile scenarios. The
following chapters then describe how these features have been implemented: This starts
with a functional overview of the iManual architecture and its components. Then, I will
provide details of the design and implementation steps of the iManual system. This also
includes the discussion of basic design decisions that influenced the architecture and the
implementation of the system. First, I will describe which platforms and which programming languages have been used and why they were chosen. Second, I will describe
Bluetooth™ and web services, the main communication techniques that have been used,
and justify why they were taken. Then, it is shown how the Fraunhofer FIT CBR package was integrated to implement CBR functionality and how this is used to provide help
that adapts to the current context. After that, I will explain how the help content of the
system is stored, represented and handled and how the Adaptive Learning Environment
(ALE), developed by Fraunhofer FIT, was used to support these tasks. Finally, I will
discuss further work that is needed to improve the iManual system and to realize more
concepts of a context-aware mobile help system.

4.1

A Help System for the Automotive Domain – BMW 7

A context-aware mobile help system could be used for many kinds of devices. For the
iManual-System one of the most complex, most computerized and most expensive devices that end users typical own was chosen – a car. As described in chapter 2.4, a context-aware help system developed for a car has several advantages. Cars have a quite
high complexity, offer a great number of functions, and the help system has a low relative price compared to the car. Furthermore, cars are already equipped with thousands
of sensors to deliver contextual information, and many of them offer integrated IT sys-
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tems that often can even be used with PDAs. Thus, due to the complexity, the many
functions and the integrated IT systems, there is a need for an intelligent help system
and due to the many sensors, the low relative price, and a possibly existing PDA interface there is the chance to implement a useful context-aware help system.
For presentations and evaluations of the system, parts of the manual for a BMW 7 were
redesigned and integrated into the system. Figure 12 shows that the description of the
navigation system of the BMW 7 and related chapters were chosen for the prototype.

Control
Center

Address Book
Navigation System

CD
Player
Entertainment

Voice Control

Figure 12: Help system content of the prototype.

The internal Address Book of the BMW 7 is related to the navigation system because
addresses can be used as targets for the navigation system and current targets can be
saved into the address book. The entertainment system is related to the navigation system in a way that both use the CD player – the former to play music, the latter to load
map CDs. The description of the control center (i.e. the main display and the controller
– a button that is used as the main input facility) was added because its display is used
to present the route and its controller to input targets, select options etc. The description
of how to use voice control was included because most parts of the navigation system
can also be operated by voice.

4.2

System Features

This chapter summarizes the main features of the iManual system. By enabling these
features, the concept of a context-aware mobile help system is put into practice. The
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chapter only described features that were realized in the prototype, leaving features that
might be implemented in future to chapter 4.5 – Further Work.
4.2.1 Context-Triggered Help

Figure 13: Context-triggered help.

##Hinweis: Platzhalter. Richtiges Bild wird später eingefügt. Kann zur Zeit nicht erstellt
werden, weil das PDA-Kabel defekt ist. Das gilt auch für die weiteren Bilder dieses
chapters.##
The PDA that the iManual help system runs on is constantly updated on relevant contextual data, including contextual parameters that are measured by the car. Based on this
constant communication of car and PDA, the PDA shows important alerts or warnings
about the car’s internal state or important information about current actions. Hence, this
presentation of assistive information is triggered by context changes. For example, if the
car detects an important defect at one of its sensors, the help system immediately shows
a warning that includes ways to solve the problem, related background information, and
links to local car dealers if necessary (see Figure 13).
Another example in which a changed context triggers a help message on the PDA is a
traffic jam that the car’s navigation system might detect. If that jam is on the way that is
currently shown in the navigation system, an alert would come up showing detailed
traffic information followed by instructions on how to let the navigation system com-
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pute alternative routes or to let it find the target again if the driver bypasses the jam
himself (see Figure 14).

Figure 14: A traffic jam triggers contextual help.

4.2.2 Contextual Links
The iManual system also offers individual help according to the current context. Because the help system is always up-to-date about relevant contextual information, it can
offer a function that analyzes the current context and shows links to the most helpful
topics in that situation. These links are called contextual links (see Figure 15). The links
are self-describing and the number of links that are shown in each situation can be adjusted by the user, so he can decide himself if that information is relevant and helpful in
that situation or if he wants to ignore it. In the prototype, the presentation of contextual
links is triggered by the user clicking on an “iHelp” button. For future versions, empiric
evaluation is needed to find out if this kind of context-aware help is better triggered by
the user or by the system, e.g. on system startup or when opening the start page.
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Figure 15: Contextual links.

Based on the reaction of the user, the system learns to improve the given help in similar
situations in the future. Chapter 4.4.4 will describe which steps are needed to determine
the most relevant help, how the system learns from previous experiences and how this
functionality is implemented.
4.2.3 Embedded Control
The communication channel between the car and the PDA allows transmitting several
kinds of messages in both directions. Based on that communication, an integration of
using and learning is realized. Messages sent from the PDA to the car include commands that invoke functions of the car, and other kinds of user input. For security reasons, the commands only invoke functions that are not related to driving the car because
these functions are better operated with the more familiar interface of the car. But for
many secondary systems of the car, this PDA-based remote control is promising. Functions of the navigation system might easier be invoked by the PDA when currently reading about that function in the help system. Inserting addresses into the car’s address
book might be easier on the PDA, because text input is more familiar and faster on the
PDA than by using the BMW’s controller. Furthermore, the addresses can even be taken
from the PDA’s address book to minimize necessary user input. Of course, due to security reasons the PDA’s pages and the embedded control functions can only be used if
the car is standing, or by passengers who are not driving. If the car is driving and there
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are no passengers except the driver, voice control and audio output have to be used – yet
another interface that is most appropriate in a certain situation. Offering the physical
interface of the car, its projection onto the iManual PDA and an additional audio interface is an example for distributed interfaces as described in chapter 3.3.
In the iManual system, a target for the navigation system or a new address for the address book can be inserted in many ways, including with the PDA, which is probably
the fastest and easiest way (see Figure 16).

Figure 16: The PDA as an alternative input device.

Furthermore, many pages of the help system have embedded links that invoke the function of the car that is currently described (see Figure 17). Thus, remote control features
are embedded into the help content, which makes coordination of the car and the help
system much easier and therefore supports integration of learning and using, as described in chapter 3.3.
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Figure 17: Remote control functions integrated into help content.

4.2.4 Design for Mobile Use
The iManual system presents assistive and instructional information designed for a
handheld device with a limited display size. Therefore, the guidelines to design UIs and
to write text for small displays that were developed in the mobile HCI field and presented in chapter 2.3 were translated into action.
The iManual system provides multiple and direct ways to access information because
this has been identified as a key factor to support information access on handheld devices. In addition to providing a table of contents, a keyword index and a search facility,
the contextual links described above are also a way of information access. The contextual links and the table of contents are always accessible from the toolbar, which further
supports direct access (see Figure 18).

75

ERROR! STYLE NOT DEFINED.

Figure 18: The help system’s home page

Furthermore, the iManual system tries to provide a consistent and easy-to-remember
navigation through the system. The same icons are used on all pages to navigate to the
previous page or the menu page. Furthermore, step-by-step instructions consisting of
two or more pages have a consistent navigation bar on top of the page (see Figure 19).

Figure 19: Consistent navigation.

Another strategy to make navigation as easy as possible is to use a similar look than on
the device. For instance, the overview page that leads to the help about the main menus
of the car’s information system looks like the main menu itself.
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Figure 20: Comparison of the main menu in the help system and in the car.

An important factor for handheld information systems is to keep the information short
and compact. iManual uses a layering strategy to focus on the main information on a
single page and make additional information available via self-describing hyperlinks.

Figure 21: Layering with hyperlinks.
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Finally, the iManual system’s text is “designed for scannability.” That means that long
uniform text blocks are avoided and the text is structured with well-places headlines,
consistent and easy-to-remember icons, bullet lists, or pictures.

Figure 22: Design for scannability.

4.3

Architecture

This chapter will give an overview of the main software and hardware components that
were used for the iManual prototype. It tries to describe the components of the iManual
system on a functional level. Hence, it will focus on what the components do and what
they communicate rather than how they do it and how they communicate. The following
chapter 4.4 then provides technical details of the software artifacts, of how they were
implemented, and how they communicate.
4.3.1 The Big Picture
Error! Reference source not found. shows that the iManual system basically consists
of three logical parts:
•

The iManual-compatible car

•

The iManual PDA

•

The iManual Server
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The PDA and the car communicate over Bluetooth™ while the PDA and the iManual
Server use web services.

Figure 23: Main components of the iManual system.
4.3.2 Functional Overview
To describe the components of the iManual system and their functions, a more detailed
overview is provided in Figure 24.
4.3.2.1 iManual PDA
The iManual PDA is the main input and output device in the iManual architecture and
has several responsibilities. First, it presents the help content and allows interactive
navigation through the help system. Second, the PDA collects the contextual information. In the prototype, this information includes user interaction, internal state changes
and sensor data sent from the car, as well as the user’s identity and his preferences that
are stored on the PDA itself. Third, the PDA requests content from the iManual server.
This either happens when the user clicks on a (static or contextual) link or uses the
search facility. The iHelp function determines which content is most helpful for the user
in the current context and displays appropriate contextual links. For this, the PDA sends
CBR-requests including a representation of the contextual parameters to the iManual
server and receives a description of the links to most relevant topics. Another responsibility of the PDA related to CBR is to trigger the learning process on the iManual server.
Because learning is based on the success of previously provided help, the PDA determines if current help was successful and sends new cases to the server that represent the
context, the provided help and the success.
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Figure 24: Detailed architecture of the iManual system.
How the content requests of the PDA are handled is described in chapter 4.4.5, while
the CBR functions including the learning process are explained in chapter 4.4.4. Implementation details of the PDA components are given in chapter 4.4.1.
4.3.2.2 iManual-compatible Car
The car in the iManual architecture is responsible for determining contextual information and sending it to the PDA over the wireless Bluetooth™ link. The car sends three
kinds of messages to the PDA. First, it determines contextual data from its various sensors and sends relevant information to the PDA, e.g. the remaining gas in the tank or the
presence of any kind of defects. Second, the car monitors the user interaction and sends
relevant actions to the PDA. Third, the car informs the PDA about changes of its internal state, e.g. the number of entries in the address book or the currently selected viewing
option in the navigation system. Hence, the car keeps the PDA updated on all relevant
contextual information.
In the other direction, the car receives messages that enable the mentioned integration of
learning and using and the embedded control on the PDA. These messages include commands that invoke functions of the car’s system and other user input.
As shown in the overview, the iManual system did not use a real car but implemented a
simulation of the relevant properties running on a laptop. The simulation includes a
graphical representation of BMW’s cockpit with an imitation of the navigation system
and some related functions. All the menus of the navigation system and the address
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book are rebuilt, so the graphical output is close to the look of the real system. The usage of the controller to select items from the menu and to insert text was simulated by
buttons for each menu item and each letter of the alphabet (see Figure 25 to Figure 27).
The user clicks those buttons with his mouse instead of turning the controller until the
menu item is marked and then pressing the controller. The application on the laptop also
simulates the Bluetooth™ communication between the iManual PDA and the car, which
is described in chapter 4.4.3. In the rest of this section, when I talk about “the car,” I
mean the simulation of the car.

Figure 25: Screenshot of the simulation of the navigation system of the BMW 7

Figure 26: Simulation of a typical screen of the navigation system
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Figure 27: Simulation of text input into the navigation system

4.3.2.3 iManual Server
The iManual Server basically consists of three components:
•

The web server handles web service requests from the PDA and forwards them
to the other two components. How this was implemented is described in chapter
4.4.2.

•

The CBR engine implements the CBR functionality of the iManual system. The
engine receives CBR requests from the PDA forwarded by the web server.
These requests include a representation of the current contextual parameters.
Bases on these requests, the CBR engine identifies which help topics are most
relevant and sends a representation of contextual links back to the PDA. It also
receives new cases from the PDA which represent the success of the provided
help in a certain context. These cases are used to improve future help in similar
situations. They are only added to the case base if they improve the knowledge
of the CBR system. To obtain the content related to a contextual link, the ALE
system is used. How the contextual links-feature is realized with CBR and how
the Fraunhofer FIT CBR package was used to implement this is described in
chapter 4.4.4.

•

The Adaptive Learning Environment (ALE) is used as the Content Management
System (CMS) of the iManual system. It stores the help content in a database
and offers an interface that the web server can use to obtain the desired contents.
Furthermore, is allows web based authoring so that any authorized writer can insert and edit the help system’s content from any Internet-connected computer
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through an easy-to-use graphical interface. How ALE was integrated into the
iManual server and how content is stored, represented, and managed is described
in chapter 4.4.5.

4.4

iManual in Detail – Design and Implementation

This chapter gives details of the development and the implementation of the iManual
system. It also reports about important decisions that influenced the architecture and the
implementation of the system. Alternative implementations that were taken into account
are compared and reasons for choosing the existing solutions are given.
First, it is described which programming languages and which libraries were used for
the main components of the system and why they were chosen. Next, this chapter elucidates how the components communicate with each other and why the particular communication techniques have been selected. This includes wireless Bluetooth™ communication and web service communication transmitted over a wireless Internet link. Then,
the question of how to store, represent, and deliver content is answered. In the iManual
system, content is stored on a server and transmitted over wireless Internet connections.
Last, the chapter describes how CBR techniques were implemented to realize the context-aware adaption to the current situation. This was done by integrating and extending
the Fraunhofer FIT CBR package.
Readers with limited technical background who are not interested in learning how the
system features described above were realized might also skip this chapter and continue
with the discussion section. Understanding the discussion and conclusion section will
not depend on the technical details given here.
4.4.1 Platforms and Programming Languages
As said above, a Fujitsu Siemens Pocket LOOX 600 was used as the iManual PDA. The
PDA runs on Microsoft Pocket PC 2002, which is based on Microsoft Windows CE 3.0.
The decision of which programming language, which IDE and which libraries should be
used for the PDA depended on three main requirements: the support for Bluetooth™ (or
virtual serial port) communication, the availability of libraries for web service communication and the support of rendering HTML on the device. Based on these requirements, Embedded Visual C++ (eVC) was chosen, because using hardware components
such as Bluetooth™ devices and virtual serial ports is relatively easy with C++, free
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web service libraries are available and an HTML component is integrated [Microsoft
MSDN (2004)]. HtmlView, the HTML component integrated into eVC offers similar
functionality and the same familiar look than Pocket Internet Explorer, the web browser
that is integrated into Pocket PC. Alternative languages such as Java™ were also taken
into consideration but had some crucial disadvantages. J2ME, the Java™ version designed for small devices [Sun Microsystems (2004)] depends on third-party Java™ Virtual Machines (JVMs), such as SuperWaba [SuperWaba (2004)] or IBM’s J9, which is
part of an extensive IDE called WebSphere Device Developer (WSDD) [IBM (2003)].
J2ME has no integrated support for HTML, and third-party libraries to render HTML
are quite costly. Furthermore, Bluetooth™ or virtual-serial-port communication is
harder to implement because Java™ is designed to be platform independent.
For the simulation of the car simulation, also C++ was chosen because Bluetooth™
communication with the PDA was easier to implement and to maintain using the same
programming language on both sides. Of course, also any other programming language
could be used for the simulation. If future versions wanted to offer a better graphical
simulation, possibly even in 3D, other languages that better support those graphical requirements should be considered.
For the iManual-Server, Java™ was chosen for two reasons: First, several components
were used in the iManual server, such as a web server, a web service toolkit, and the
CBR engine. Integrating the chosen components into a Java™ application was much
easier because they were all designed to be used with Java™. Second, the Java™ language is platform independent and therefore the iManual server could easier be transferred to other platforms or operating systems.
4.4.2 Web Service Communication
The communication between the PDA and the iManual server was implemented with
web services. Web services are modular service applications that can be invoked from
anywhere in the internet by exchanging messages that are independent from any platform or programming language [W3C Consortium (2003b)]. Therefore, web service are
seen as a „new paradigm to the process of creating highly distributed applications“ [Chopra et al. (2001)]. Web services are self-describing and can be published,
located and invoked from any network-connected platform. The messaging protocol
used for web services is SOAP (Simple Object Access Protocol), an XML-based open
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Internet standard [W3C Consortium (2003a)]. Web service messages can be transmitted
over several standard Internet protocols such as HTTP or SMTP.
Web services were chosen for the iManual system because they allow communication
of distributed components over the Internet regardless of the platform, programming
language or physical location. In the iManual system, the C++ component on a Pocket
PC platform communicated seamlessly with the Java™ component running on a Windows XP platform. Therefore, replacing the Pocket PC PDA with another platform, e.g.
Palm OS, would not require any changes on the iManual server.
On the PDA, a web service client was supported by using an open source library called
PocketSoap [PocketSOAP (2003)]. Because web services are a rather new technology,
PocketSOAP is one of only few tools available for the Pocket PC 2002 platform. On the
iManual server, web service functionality was realized with Apache Axis, an open
source web services toolkit for Java™ [The Apache Software Foundation (2003)]. To
realize server functionality, i.e. to offer a service that clients can call over the Internet,
Axis was integrated into an Apache Tomcat web server [The Apache Software Foundation (2004)]. Axis is a web application that can easily be integrated into web servers and
Java™ applications. It automatically generates web services for existing Java™ methods and maps requests to those services to the appropriate Java™ classes. Axis was preferred over other web service toolkits such as Systinet WASP [Systinet Corporation
(2004)] because a better interoperability with the PocketSoap library on the PDA side
was experienced.
4.4.3 Bluetooth™ Communication
Bluetooth™ is used as the communication channel between PDA and iManualcompatible car (i.e. the car simulation on the laptop). Bluetooth™ is a connectivity
standard that allows wireless communication over short distances. It is a standardized
technology developed by an industry consortium [Bluetooth SIG (2004)], uses a freely
available radio frequency (2.4 GHz), allows communication over distances of up to ten
meters, and offers a maximum bandwidth of 723.2 kb/s [Stajanao (2002), Weiss (2002)].
It is particularly designed for small devices with limited battery power and is available
in most modern PDAs today.
Although the car is only simulated in the prototype, Bluetooth™ was considered the
most likely communication channel between a real car and a handheld computer be-
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cause it is an industry standard, designed for small devices and available on most handhelds.
In the prototype, both PDA and laptop have integrated Bluetooth™ hard- and software.
Bluetooth™ communication can possibly be realized in many ways but often depends
on the availability of Application Programming Interfaces (APIs) and toolkits developed by the Bluetooth™ hardware manufacturers. Due to the lack of such a toolkit, a
virtual serial port was established over Bluetooth™. A virtual serial port is a constant
Bluetooth™ link that can be used as if it was a serial connection [compare Barr (2000)].
Therefore, the communication partners do not have to know about the specifics of Bluetooth™ communication, but send messages to the other side as if connected by a physical serial cable.
4.4.4 Context-Awareness With Case-Based Reasoning
Chapter 3.2 already justified why CBR is a reasonable approach to realize adaptive and
intelligent help features in a context-aware mobile help system. This chapter describes
how CBR helps the iManual system to provide this kind of help and how the Fraunhofer
FIT CBR package was used to implement this functionality.
In the iManual prototype, CBR is used to provide contextual links in a reference situation. As mentioned in chapter 2.2.3.3, the reference situation is characterized by a user
who is stuck in the middle of using the device and needs help fulfilling his task. In this
situation the iManual system provides help by displaying contextual links that lead to
topics that are helpful for the user to fulfill his task. They are determined by analyzing
contextual parameters and using CBR techniques. These techniques relate the current
situation to similar situations of the past and reuse successful solutions of those previous
situations.
This is not the only situation where the use of CBR techniques is helpful in this iManual
scenario. For example, another usage that is planned to be implemented is connecting a
link with the appropriate content according to the user profile. In the first prototype, a
link always leads to the same target. In later version, a link could possibly lead to various versions of the same content, and a CBR strategy could evaluate which version is
appropriate for the current user based on experiences of the past.
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4.4.4.1 Case Model
A case in CBR consists of a problem situation and a solution to that problem. The problem situation in the iManual scenario is characterized by the user in a certain context
requesting help. An iManual solution is the presentation of a contextual link and a rating
of that solution. The rating is a numerical representation of the success of the provided
help. It is determined by analyzing the user interaction that follows the representation of
the contextual link. A solution is successful if its rating is high and unsuccessful if its
rating is low. Possible success factors to rate a solution are:
•

Did the user click on the contextual link?

•

How long did he watch the related topic and possible follow-up pages?

•

Did he add an explicit rating for that page and what was the rating?

•

Did he leave the page by clicking “cancel,” “back,” “next page,” or did he close
the iManual application?

Combining these factors leads to a general rating of the current solution. In the system
prototype, the first three factors above are considered. Based on these factors and a
weighting of them, a numerical rating value is determined by a rating algorithm. An
important task for further development is a usability study to find out which factors
make up a successful solution and how they have to be considered. Then, the rating algorithm has to be evaluated, adjusted and possibly a learning strategy has to be implemented that can adjust the rating algorithm dynamically.
Thus, an iManual case consists of a problem situation (i.e. attributes that represent the
current context), a solution (i.e. a representation of the contextual link), and a rating of
that solution. The contextual parameters that are considered by the iManual prototype
are descried now.
4.4.4.2 Considered Context Parameters
In chapter 2.1.2.1, I already identified the context dimensions relevant to a contextaware mobile help system. I also identified in chapter 3.1 which aspects of these dimensions could possibly be used in such a system. Among these context parameters, the
iManual system considers the identity of the user, the user’s preferences, the last user
interaction with the iManual-PDA, the last user action with the car, and various statuses
of the car. A possible interaction with the iManual could be the user using the search
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function, an interaction with the device could be the user opening the “target” menu of
the navigation system and possible statuses of the device could be number of targets in
the target list of the navigation system, the number of entries in the address book, the
remaining fuel or the fact that the car is moving or not.
To determine contextual links based on these context parameters, the iManual system
concentrates on the retrieval and retain step of the CBR cycle (see chapter 3.2.2.1).
4.4.4.3 Retrieval
The retrieval step is the search for similar cases compared to the current problem situation. This is done in by a two-step retrieval. A pre-selection query filters out cases that
are probably not relevant and then a sequential retrieval is executed on the remaining
cases using the attributes’ local similarity measures.
The system prototype uses different kinds of local similarity measures depending on the
data type and semantic characteristics of the attributes. Examples are given in chapter
4.4.4.5. Combining these local similarities to a global similarity is done using the
weighted sum. The weights of the attributes were specified after short test with few
cases in the case base. In future development, these have to be evaluated and adjusted,
or a learning strategy has to be implemented so that these weights can change dynamically. CBR strategies could be used to implement this kind of learning, but other strategies such as Neuronal Networks should also be considered.
While most CBR systems then transform the solution of the most similar case to the
given problem, the iManual CBR system considers a set of cases that are most similar to
the problem. Among this set of cases, all cases with identical solutions (i.e. with the
same contextual link that lead to a certain topic) are grouped and the system computes
the average rating for each group. The retrieval then is finished by returning the solutions with the highest ratings and by presenting the contextual links on the PDA’s display.
For example, in a certain contextual situation, the most helpful contextual links are
searched in a case base of 1000 cases. The situation is also called query case and a contextual link is a solution of a case. First, the pre-selection step might filter out 900 cases
because they are not similar to the query case based on the simple pre-selection query.
From the remaining 100 cases, 50 might be very similar to the query case. Each case
has a solutions and a rating, but two cases can of course have the same solution. So the
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50 cases might have 10 different solutions. Then, for each of the 10 solutions, the average rating is computed and the solutions with the highest ratings are returned.
4.4.4.4 Retain
As said above, the retain step is responsible for gaining new knowledge. A CBR system
can learn in four ways: it can learn new cases, improve its similarity measuring, reorganize its case base or improve the way of transforming existing solutions. In the
iManual system’s retain step, the system gains knowledge by adding new cases to the
case base. Other forms of learning mentioned above are not implemented in the current
version. However, future versions might integrate learning strategies to adjust the case
model, the weights of the local similarity measures, or the way a rating for a solution is
determined. The system stores new cases consisting of the problem situation, the solution and the solution’s rating. To prevent the case base from ‘exploding’ (i.e. to become
too large to allow an efficient retrieval), only cases are added that are not too similar to
any existing case. Checking if there is such an existing case is a similar process than the
retrieval step. If a new case is similar to an existing one, the rating of the old case is
replaces by the arithmetic mean of the old and new rating and the new case is dismissed
then.
This is only a first strategy for limiting the growth of the case base. Further development is needed to evaluate other strategies for this aim, especially because the iManual
prototype is going to be used by multiple users that each can generate new cases. For
example, a case could have a kind of expiry date that a process could check frequently
to forget cases that are too old. Another strategy would be to replace several similar
cases in the case base with a single generalized case [Bergmann (1996)].
Not only strategies to limit the growth of the case base, but also to initialize the case
base have to be developed [Leake (1996)]. CBR systems only learn from previous experiences and in the iManual system the learning process is only triggered by the reaction of the user to the provided help. Therefore, if the case base was empty, the retrieval
step would have no cases to search for and could not provide any contextual links. Consequently, the learning process would not be triggered and the case base would remain
empty. While there are many strategies to cope with this problem, the iManual prototype uses two strategies. First, the case base is initialized manually with a basic set of
cases when the server is installed. Second, the learning process is also triggered in a
situation that is not dependent on the presentation of contextual links: In the system,
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users can add annotations and ratings to each page. As said before, the explicit rating is
also considered when determining the rating of a CBR solution. In order to trigger the
learning process not only after contextual links were shown, a new case is also generated after adding or modifying an explicit rating. The case then consists of the contextual parameters (problem situation), the currently rated page (solution) and the explicit
rating. This helps to generate a basic set of cases that future retrieval steps can use.
4.4.4.5 Integration of the Fraunhofer FIT CBR Package
To realize CBR functionality in the iManual system, a CBR package developed by
Fraunhofer FIT was integrated into the system. The package is a collection of Java™
classes that can be integrated into other Java™ systems. It can be extended easily because it built highly modular. The package is a part of a bigger package that is currently
being developed at Fraunhofer FIT. It can easily be configured via XML files. Cases
can either be stored in active memory, XML files or relational databases. For iManual, a
mysql database was chosen [MySQL AB (2004)]. Communication with the PDA that
triggers the retrieval process and generates new cases is done via web services that are
forwarded by the iManual web server (see chapter 4.4.2).
The CBR functionality was implemented by integrating and extending the Fraunhofer
Fit CBR package. The package already offers basic CBR functionality such as loading
and saving cases, organizing cases in a linear case base, local and global similarity
measures for various types and sequential retrieval of cases. Additionally, I extended
the package in four ways:
First, I added local similarity measures for iManual-specific types. In the prototype, a
case has a DeviceActionId attribute that represents the user’s interaction with the
car. Each DeviceActionId has a set of related keywords and therefore, two user
actions are compared by comparing their keyword sets. Therefore, a new local similarity measure named KeywordSetMeasure was added to the CBR package:
A user action of case c1 that has n related keywords has a similarity of m/n to the user
action of case c2, if m keywords of c1 are equal to one of c2’s keywords.
Due to the modular structure of the CBR package, the class could easily be added by
deriving from an abstract super class and implementing the similarity function. It is then
integrated by specifying this kind of similarity measure in queries of the retrieval or
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retain step. Appendix B shows the class diagram of local similarity measures in the
CBR package.
Second, I added a two-step retrieval to the package. The CBR package offers a framework that allows seamlessly plugging in new retrieval methods. Furthermore, it already
includes a sequential retrieval class that walks through the case base sequentially to find
similar cases to a given case. The TwoStepRetrieval class that was added to the
package uses a pre-selection query to filter out cases that are probably not similar to the
given case. The remaining cases are then compared using the sequential retrieval. A
detailed description of the two-step retrieval process if given in the UML sequence diagram given in Appendix C .
Third, a special way of modeling cases needed for the iManual scenario was added to
the system. As said above, an iManual case has a solution and a rating. Therefore,
classes to deal with these solutions and ratings were added (see Appendix D for details).
These classes seamlessly work together with the retrieval classes like SequentialRetrieval and TwoStepRetrieval mentioned above.
Fourth, a basic retain step was added to the CBR system. It is essential for a CBR system to prevent the case base from growing too large. While there are various strategies
available for this problem, in iManual a RetainManager was implemented that adds
new cases only if they are not too similar to existing cases and forgets cases otherwise.
Before forgetting such a new case, an iManual-specific iManualRetainManager
replaces the rating of the existing case by the arithmetic mean of the old and new rating.
4.4.5 Content Management
This chapter describes how the help content of the iManual system is organized. First, I
will describe why the iManual architecture uses a central server to store and deliver the
content. Second, I will present how the help content is stored in the prototype system
and how this representation might be improved in a future version. Last, I will describe
how the ALE system was integrated into the iManual system.
4.4.5.1 Content Storage
When designing a context-aware mobile help system, the content can basically be stored
at three different places: on the PDA, on a central server, or on the device. After comparing advantages and disadvantages, it was chosen to place the content on a server that
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can be accessed over the Internet. A main advantage is having only one version of the
content that can easier by maintained by the content provider. Furthermore, content can
better be complemented by annotations, ratings or comments from the user community,
which are then available to all other users. Third, this solution is also feasible for handheld devices with minimal storage capacity because hardly any data has to be saved on
the handheld. On the other side, transmitting the help content over the Internet could be
a bottleneck if the handheld bandwidth is limited. However, considering that acceptable
bandwidth is already available today via WLAN and excepting that greater bandwidth
at lower cost will be available in future (e.g. via GPRS or UMTS), this disadvantage is
acceptable. Furthermore, the car might also have an Internet connection in the future
that the PDA could use. To overcome the bottleneck of a slow or unavailable Internet
connection, the help system could use several strategies: An easy way that is already
implemented in the system is to offer a setting to switch to an offline mode if no acceptable connection is available. For that, of course, a copy of the complete content has to
be transferred to the handheld when the help system is installed or when a fast connection is available. Furthermore, the help system could offer buffering strategies that
would only transmit content if the user requests a new page or a page that was changed
since the last visit.
4.4.5.2 Content Representation
The help content that is presented to the user on the PDA contains formatted text and
images, i.e. the content types that are also usually found on web pages. Therefore, the
content displayed on the PDA is encoded in HTML, the standard way of representing
web content. This has the advantage that standard components on the PDA can be used
to handle the HTML, render it and present it on the display. As said above, choosing an
HTML representation allowed using HtmlView, a standard HTML component for
Pocket PC. Of course, choosing to use an HTML component on the PDA does not mean
that the content has to be stored as HTML on the server, too. Nevertheless, for the prototype, exactly this was done. Hence, content providers create their content in HTML on
the server (with a graphical editor) and the same format is transmitted to and displayed
on the PDA. The granularity problem has been solved by storing the content in units
that typically fit on one PDA page. This ensures that the effort to combine the content of
a page from various units is not too high and that the editorial work to write several versions of the content is not too much.
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However, the HTML representation and units of the size of a PDA page have some disadvantages that have to be addressed in future versions of the system. HTML does not
separate content and layout, so HTML encoded content will look very similar on each
device. Modifying content always requires thinking about the layout, too. Cascading
Style Sheets (CSS) are one way to define consistent layout rules for large sets of HTML
pages, but still, the page size of the content would not be adaptable to different screen
sizes and, even more important, the content is limited to devices that are able to display
HTML. A possible solution to these disadvantages is to define a XML representation
for mobile help content. XML is a flexible, platform independent way to represent many
types of information. The XML content could then be transformed into various output
formats, e.g. HTML, WAP or PDF, that would each be optimized for a particular device
or a certain user preference. XML allows strict separation of layout and content and
would not require splitting the content into a predefined unit size. Furthermore, different
versions of the content related to different contextual situations could be included in the
XML representation as well a meta-information to define which content is intended for
which situation.
4.4.5.3 Integration of the Fraunhofer FIT Adaptive Learning Environment
The help content of the iManual system is stored and managed by the ALE system developed by Fraunhofer FIT. ALE is a learning management system that allows creating
educational content that consists of reusable learning objects. It presents individualized
courseware for learners depending on user preferences, learning style etc. [Specht et al.
(2002a), Specht et al. (2002b)]. ALE also supports cooperation among learners by
bringing together learners with similar interest and supporting cooperative work.
In the iManual prototype, ALE is only used as a kind of CMS. ALE enables web-based
authoring and modifying content or layout from anywhere in the Internet by multiple
authors. The features of ALE intended for learners, such as adapting content presentation to the user’s preferences, were not used because the special situation of a context
aware mobile help system required implementing other strategies to adapt the provided
help to contextual parameters. Therefore, a new interface was developed to deliver the
contents of the ALE system to the mobile user via web services.
The ALE system is currently developed further at Fraunhofer FIT. For future versions
of the iManual system, the existing and upcoming features of the ALE system will be
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evaluated to decide if more tasks of a context-aware mobile help system can be realized
with ALE.

4.5

Further Work

The iManual system is a prototypical realization of the concept of context-ware mobile
help systems. This chapter showed the main features of the system and explained how
they were realized. However, as already said in some chapters, the system has to develop further to realize other concepts or improve existing features in order to improve
the given help. Therefore, this chapter summarizes possible improvements and extensions to the current system. Needed further work that was already mentioned in the previous chapters of this sections will also be summarized.
In general, the iManual prototype was implemented as a basis for evaluating the feasibility of the concept of a context-aware mobile help system. Therefore, the iManual
prototype has to be tested empirically to identify conceptual strengths and usability
weaknesses.
New Domains
The prototypical help system was implemented for a BMW 7 and especially for its
navigation system. This is considered as a promising domain because of several reasons
mentioned above. However, the iManual system was designed to be as independent as
possible from any domain and the concept of context-aware mobile help systems is
promising for a large range of devices. Therefore, future versions have to be designed
for other devices such as washing machines, copy machines, TVs or VCRs, mobile
phones, drill machines, or industrial machines in many branches.
Conceptual Enhancements
As said above, the Internet connection of the PDA (or possibly the device) enables various features of a context-aware mobile help system. In the current version of the system,
users can add annotations and ratings to each page of the help system. However, at the
moment, this kind of user feedback is not available to other users. The annotations have
to be stored in the CMS. This would enable cooperation among users and therefore be a
basis to build a user community. For example, if a user does not understand a certain
topic in the help system, he can check if other users attached annotations to the topic
that might clarify the issue or link to other helpful information.
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This kind of community-building is also valuable for the device manufacturer and help
content provider. The former can use community feedback to find usability weaknesses
or identify common errors. Both could be used to improve future versions of the product.
Furthermore, building a user community would increase customer satisfaction and loyalty. The latter could use that feedback to improve the help content itself.
The iManual prototype shows an example to integrate machine learning strategies into
a context-aware help system. CBR – the chosen strategy – as well as other learning
strategies could be used for other functions, too. As said above, not only contextual
links, but the description of a topic itself should be adapted to the user’s context, especially his knowledge and learning preferences. Determining the most appropriate version of the help content when clicking on a link therefore could be supported by CBR in
future versions.
The ALE system that is currently only used as a CMS for the iManual prototype also
supports adaption of the presentation of learning content to the user’s knowledge, preferences and learning style. Therefore, ALE can be used to provide personalized content
based on a user-model and an appropriate representation of the contents. This feature,
which is currently used for web-based e-learning in other systems, has to be evaluated
and possibly be adapted to the requirements of a context-aware help system.
The basic ability to tag metadata to the learning objects and to analyze it to present appropriate content could be used in the iManual scenario. Advanced authoring facilities,
such as metadata-tagging and writing different versions of the help content for specific
situations should therefore be supported in future versions of iManual (and ALE).
Functional Enhancements
In this chapter, several design and implementation decisions were discussed and in
some chapters, it was already mentioned that alternative realizations would improve
existing or enable new features.
As already said, the current iManual system demands an Internet connection or a local
copy of the entire content of the help system. To provide other alternatives for situation,
in which the Internet connection is not available, to slow, or too expensive, buffering
strategies could be implemented in future versions.
The existing CBR system could also be extended in several ways. As said in chapter
3.2.2.1, a CBR system can learn in many ways. For the presented realization of CBR in
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a context-aware help system, two ways are relevant. First, in the retrieve step, the
weighting of the attributes of a case could be managed by a machine learning strategy.
Determining which attribute is more and which is less important when comparing two
cases could be supported by a CBR strategy, by a rule-based approach or by a Neuronal
Network. Second, to decide when two cases are similar and when not should also be
supported by a kind of dynamic strategy.
A very important step for further work on the iManual system it to evaluate the rating
algorithm. This algorithm determines if the provided contextual link was successful
help or not. Usability tests have to find out which factors make the user satisfied with
the provided help and how to measure this satisfaction. Based on these tests, the rating
algorithm has to be adjusted, possibly even dynamically at runtime.
Furthermore, as said above, additional strategies to initialize the case base and to prevent the case base from growing too large have to be evaluated. Additionally, user tests
also have to find out if the retrieval and presentation of contextual link should be triggered by the user or the system.
Another task for future work on the iManual system that was mentioned above is to
improve the representation of the content and its presentation on the device. A first task
is to find a more flexible format for representing the content. Defining an XML format
and transforming it into multiple output formats would be a more flexible solution than
using HTML and optimizing the layout for a fixed screen size.
The way the content is presented on the handheld device could also be improved, but
that would of course depend on the problem domain and the content itself. For example,
instructions to change parts of a digital camera or to repair a laser printer should better
be presented in interactive 3D animations. Interesting web-based examples are shown in
ParallelGraphics (2004).
All in all, many concept of a context-aware mobile help system have been realized in
the iManual prototype. Therefore, the prototype is a valuable basis for evaluating the
concept, while it could still be extended in several ways.
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Discussion

Questions of the Thesis
This thesis analyzed how human competence can be supported by context-aware mobile
help systems running on handheld computers such as PDAs. Based on the main characteristics of a handheld – mobility, connectivity, interactivity and personality – it was
examined which new opportunities arise to assist humans in learning and operating surrounding physical devices. It was further asked how context-aware mobile help system
can adapt the help content and its presentation to different contextual parameters such as
the user’s knowledge, his previous interaction with the device, or the internal state of
the device.
Expectations
It was expected that users like such help systems better than traditional paper-based
manuals and were more successful in operating devices when supported by a contextaware mobile help system. It was further prognosed that the help provided by such an
adaptive help system is what users expect in the current situation and what they need to
fulfill their task. Finally, it was expected that help systems based on handheld computers enable many of the strategies that successfully improved the help of software
systems when it evolved from paper-based manuals to integrated and embedded help.
Opportunities of the Concept
Based on these expectations, the concept of a context-aware mobile help system was
introduced. These systems present the help system of a physical device on a portable,
interactive and personal handheld computer that is wirelessly connected to the device
and the Internet. It was shown that the personal and connected handheld device can be
used to adapt the provided help to the internal state of the device, the user’s interaction
with the device, and the help system, as well as his level of expertise, knowledge, experiences and preferences. The quality of the assistance can further be improved by enhancing automatic adaptivity with individual adaptability. It was further shown that
mobility, connectivity, and interactivity enable embedding control elements into the
help content. Therefore, the device can be operated from the familiar interface of one’s
personal handheld computer over a wireless link, e.g. a Bluetooth™ connection. This
leads to a new learning situation where learning and using are integrated. Third, it was
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exposed that Internet connectivity enables linking the help content to external information sources and supports communication and cooperation among help system users,
content providers, and manufacturers.
Challenges of the Concept
The analysis of the opportunities of the concept also identified main challenges for any
context-aware mobile help system. First, the system has to develop a way to cope with
the multitude of possible constellations of contextual parameters in an infinitely complex and constantly changing world. Second, it has to find a strategy to store and represent the help content and to offer an appropriate authoring system for content providers.
Third, content has to be designed for a handheld device with a small screen size and
limited input facilities following mobile HCI guidelines.
Realizing Opportunities
The concept of a context-aware mobile help system was realized in the iManual system,
a prototypical implementation of a context-aware mobile help system for the navigation
system of a BMW 7.
The main opportunities that transferring a help system onto a handheld computer brings
are realized in the iManual system. Based on analyzing contextual information from the
device and the handheld, the iManual system provides context-triggered help. Also
based on this contextual information, the system suggests contextual links that provides
assistive information that is most relevant to the current situation. The opportunity to
integrate learning and using is realized by embedding control elements and input facilities into the help content. The benefits of this integration can be enhanced by exploiting
the specific opportunities of the PDA being a personal information and communication
device. For example, inserting a target for the navigation system with the PDA can be
facilitated by taking these addresses from the PDAs address book.
It was also recognized that the prototype can be extended in several ways to exploit further opportunities of a context-aware mobile help system. The Internet connection has
to be exploited in two ways. First, cooperation and collaboration has to be supported by
providing feedback channels to rate pages and add annotations. This creates user communities and lets them share their experiences and knowledge. Second, the help content
has to be linked to external information sources to offer related information.
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Furthermore, adaptivity should be better supported by adaptability. Users should be able
to add information that can be used to improve the adaptive reaction of the system.
Along with that, users should have extended possibilities to personalize the presentation
and tailor the help system to their needs.
Meeting Challenges
The main challenges of a context-aware help system have been addressed. To cope with
the multitude of different contextual situations, a CBR strategy was used in the iManual
system because of several advantages. CBR systems store situations that really occur
and do not require to cover the while problem domain with rule sets. Furthermore, they
have a dynamic knowledge base that learns from success and failure, do not require
experts to set up rule sets, offer an increasing quality of solutions, and support explainability and understandability. The CBR system is used to offer contextual links based on
the current context. The system learns from the user’s reaction to the provided help to
improve future reactions in similar situation. It was found that only few seed cases are
necessary to initialize the knowledge base, and that the provided help constantly improves while the system is in use. However, it was also found that the rating algorithm
that determines if the given help was successful or not is crucial in such a CBR system.
Future work is needed to empirically test what makes up successful assistance and how
to identify a satisfied user. Based on these tests, the rating algorithm has to be improved,
and it has to be evaluated if machine learning strategies can be used to dynamically adjust the algorithm. Similar empirical tests have to show when two situations are similar
enough to reuse previous contextual links and which attributes of the case are most
relevant for this comparison. At the moment, contextual links are only reused if two
situations are very similar, but empirical research will probably show that reusing can
also be reasonable in less similar situations.
Further development to improve learning is not only needed within the CBR system.
CBR or other machine learning strategies can also be used in other situations of a context-aware mobile help system, for example when determining which version of the
same content is most appropriate according to the user’s learning level and previous
knowledge.
The CBR functionality was implemented with a CBR package developed at Fraunhofer
FIT. It was found that its XML-based configuration makes seamless integration into
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larger systems very easy and that its highly modular structure greatly supports extending the package and adding new functionality.
The challenge to organize, store, and represent content for context-aware mobile use has
been met by using ALE as the content server and the system’s CMS. It was found that
using a central server to store the content makes modifying and maintaining the content
very easy for the content provider and enables cooperation among users. However, as
long as the Internet connections of some PDAs are too slow, too expensive, or not available, alternatives or enhancements to that architecture have to be considered. It was
found that offering an offline mode is practical because it guarantees the availability of
the help system in such situations.
ALE provides an easy-to-use graphical user interface to insert or modify help content.
However, other systems developed at Fraunhofer FIT show that the ALE system can be
used for more than just content management. Because ALE also supports adaption of
the learning objects to the user’s knowledge and preferences, future work has to evaluate if iManual’s adaptive features, which are currently provided by the CBR system, can
also be provided or enhanced by ALE.
The chosen solution to store the content as HTML pages on the server needs to be
viewed critically. This representation was chosen because the prototypical development
concentrated on adapting suggested help to contextual parameters and integrating learning and using, and not on finding flexible representations for various environments.
Although ALE provides a graphical HTML editor that allows authors to edit content
without knowing about HTML, this representation is still quite inflexible. First, providing help for different devices with varying screen sizes, that might not even be able to
display HTML, would be awkward with HTML and second, showing different personalized and contextualized versions of the same content would be impeded by such a
representation. Therefore, future work will have to find more flexible representations
applicable for a broader range of mobile devices.
The challenge to design the UI and write the help content optimized for handheld devices was met by providing direct and multiple access to the information, offering a
consistent navigation through the hypertext, keeping the content short and compact and
designing it for scannability. These guidelines in general have been empirically evaluated by other authors, but the realization of these guidelines in the iManual system has
to be analyzed empirically.
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Lessons Learned From Development
The development of the iManual system has given some significant insights into implementing mobile, wireless, PDA-based applications. First, it was found that eVC is
better suited to developing applications for the Pocket PC platform than Java because a
significantly better performance was experienced and better toolkits and libraries were
available for the iManual requirements. Second, it was experienced that web service
communication is a very flexible and easy-to-maintain way of developing distributed
systems. With web services, different programming languages on different platforms
seamlessly communicate with each other. Furthermore, more and more powerful tools
are available that transform abstract service definitions into ready-to-use programs and
therefore shorten implementation time. Third, compared to implementing web services
that communicate over standard Internet connections, implementing Bluetooth™ communication requires significant development effort. The Bluetooth™ technology is quite
new and most applications that use Bluetooth™ are developed by OEMs. The virtual
serial port solution that was chosen for the iManual prototype provides a flexible communication channel between two programmable devices, but for other scenarios that
need to use advanced Bluetooth™ features, alternative implementations that are dependent on the availability of APIs and toolkits provided by hardware manufacturers or
driver suppliers have to be found.
Evaluating Expectations
Initial tests with the iManual system showed that the expectations that were expressed
prior to the development of the system and the writing of this thesis seem to be fulfilled.
However, detailed empirical evaluations have to be made to completely verify or falsify
these expectations. The iManual system is a valuable basis for such empirical user tests.
Those kinds of evaluations have to show if users like context-aware mobile help systems better than traditional paper-based manuals and if they are more or less successful
in fulfilling tasks with the device. The iManual system’s implementation is relatively
independent from any domain, so the system could also easily be developed and tested
for other devices than a car.
The question whether the provided help is what users expect and what they need to fulfill their current task needs further evaluation, too. Initial tests showed that the system
gave helpful advice in various situations and that the given help improved based on a
growing knowledge base of the CBR system.
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The iManual system transfers many strategies that are used in help systems for modern
software applications to help systems for physical devices. Several software-related
approaches that were described in the state of the art can also be found in the iManual
prototype:
The context-triggered help feature of the system is a kind of active help, which has been
shown to be useful in some software systems. Evaluations – e.g. with help systems used
in real cars – have to verify if this is also true for physical devices.
The kind of context-aware help that is found in software system can also be found in the
iManual system. However, help in iManual goes beyond the context-aware help that is
included in some software applications. The iManual system considers a wider range of
contextual parameters, especially personal attributes of the user, and offers a stronger
integration of learning and using, because it does not only enable to invoke functions
from the help system but can be used as an alternative input device and even an alternative interface for the device’s functions. Furthermore, the personal and familiar handheld computer can include the help systems of numerous physical devices at any location.
Interactive Help is realized in several ways. Using hypertext in general lets user navigate interactively through the system. The layering strategy further supports interactive
and individual help. Finally, the mentioned integration of learning and using takes interactivity to another level by offering interactive navigation through the help system
combined with embedded control elements to operate the device.
The concept of embedded help is not always directly transferable to physical devices.
The iManual system takes a contrary approach. Instead of embedding help into the device, it embeds the device’s interface into the help system.
Usability tests have to show if these strategies have similar success on help systems for
physical devices than on help systems for software systems.
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Conclusions and Outlook

This thesis discussed the concept of context-aware mobile help systems and presented a
prototypical implementation – the iManual system. These systems complement human
competence by providing help that adapts to the user’s individual needs and his current
contextual situation. The help is presented on a mobile, interactive, and personal handheld computer that is wirelessly connected to the device and the Internet. By embedding
remote control elements into the help content, these systems create a new learning situation that integrates learning and using. Furthermore, they support Internet-based communication and cooperation among users.
Machine learning strategies can be used to implement functions of context-aware help
systems and to improve provided help based on a knowledge base. This thesis showed
how CBR can be used to achieve context-aware adaption and to improve future help
based on current user interaction.
The ubiquitous availability of situation-aware help that is wirelessly transferred to a
single personal and familiar device is one step towards a scenario that offers appropriate,
personalized and unobtrusive help whenever we need it. In this scenario, PDAs will be
personal devices that accompany us all day, carry various personal information, enable
many kinds of wireless communication, and offer assistance for the all the devices that
surround us or are embedded into our environment.
The projection of the device’s interface into the help system is one step towards distributed interfaces. Devices of the future will no longer have a single interface that is physically attached to it. According to the current situation and his individual preferences, the
user can choose between multiple interfaces on various devices.
The iManual system will be developed further at Fraunhofer FIT. Usability tests will
show if users appreciate help that adapts to contextual parameters and if they are more
successful in operating devices when supported by the iManual system, also for other
devices in different domains. Further work will evaluate if contextual adaptivity should
be enhanced by individual adaptability, how cooperation among users can be supported
by the system and how advanced machine learning strategies can be used to support the
provided help.
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Appendix A

Figure 28: The iManual Architecture (detailed).##Hinweis: Diese größere Version ist u.u. nicht
nötig, wenn das kleinere bild auch lesbar ist##

LocalSimilarityMeasure

+ WeightedSumMeasure(in LocalSimilarityMeasures, in WeightVector): void
+ WeightedSumMeasure(in LocalSimilarityMeasures): void
+ compare(in CBRQuery, in CBRCase): float

+
+
+
+

LocalSimilarityMeasures(): void
LocalSimilarityMeasures(in Object[][]): void
add(in String, in LocalSimilarityMeasure): void
get(in String): LocalSimilarityMeasure

+ compare(in ContextAttribute, in ContextAttribute): float

AbstractLocalSimilarityMeasure
+ compare(in ContextAttribute, in ContextAttribute): float
# sim(in ContextAttribute, in ContextAttribute): float

AbstractSimilarityMeasure
+
+
+
+

compare(in CBRQuery, in CBRCase): float
getExplanation(): String
explanation_add(in String): void
clear_explanation(): void

«interface»

SimilarityMeasure
+
+
+
+

SymbolMeasure

NumericMeasure
+
#
#
#
#
+
+

compare(in CBRQuery, in CBRCase): float
getExplanation(): String
explanation_add(in String): void
clear_explanation(): void
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Appendix B

Figure 29: UML Class diagram of local similarity measures in CBR system.

WeightedSumMeasure
# local_similarity_measures: LocalSimilarityMeasures
# weights: WeightVector

NumericMeasure(): void
sim(in ContextAttribute, in ContextAttribute): float
distance(in ContextAttribute, in ContextAttribute): float
normalize(in ContextAttribute, in ContextAttribute, in float): float
assess(in float): float
setLeftFunction(in Function): void
setRightFunction(in Function): void

+ SymbolMeasure(): void
# sim(in ContextAttribute, in ContextAttribute): float

KeywordSetMeasure
+ KeywordSetMeasure(): void
# sim(in ContextAttribute, in ContextAttribute): float

SemanticalNumericMeasure
+
+
+
+
+
+
+

SemanticalNumericMeasure(): void
isSemantic(in int): boolean
setSemantic(in int): void
setLeftMeasure(in Function): void
setRightMeasure(in Function): void
setLeftMeasure(in int, in Function): void
setRightMeasure(in int, in Function): void

BoundedIntervalMeasure
+
+
+
#

BoundedIntervalMeasure(): void
BoundedIntervalMeasure(in float): void
BoundedIntervalMeasure(in float, in float): void
sim(in ContextAttribute, in ContextAttribute): float

Point2DMeasure
Point2DMeasure(in float): void
Point2DMeasure(in float, in float): void
setMaxDistance(in float): void
setRadi(in float, in float): void
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Figure 30: UML sequence diagram of the two-step retrieval process.
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+ copyAttributes(in CBRCase): void
+ setAttributes(in ContextAttribute[]): void
+ addAttributes(in ContextAttribute[]): void

CBRCaseImpl
+
+
+
+
+

CBRCaseImpl(): void
CBRCaseImpl(in Context): void
copyAttributes(in CBRCase): void
setAttributes(in ContextAttribute[]): void
addAttributes(in ContextAttribute[]): void
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Figure 31: UML Class diagram of a RatedCBRCase and its solution and rating.

«interface»

CBRCase

RatedCBRCaseImpl
- solution: CBRSolution

RatedSolutionSet
+
+
+
+
+
+
+
+

RatedSolutionSet(): void
RatedSolutionSet(in RetrievalResult): void
getOutputManager(): OutputManager
setOutputManager(in OutputManager): void
add(in CBRSolution): void
getBestSolution(): CBRSolution
getBestNSolutions(in int): RatedSolutionSet
toString(): String

+
+
+
+
+
+
+

RatedCBRCaseImpl(in CBRCase): void
getRating(): CBRRating
setRating(in CBRRating): void
getSolution(): CBRSolution
setSolution(in CBRSolution): void
save(): void
update(): void

CBRSolution
0..1
- solution

CBRRating

- rating: CBRRating
+
+
+
+
+
+
+
+

CBRSolution(in AbstractContext): void
getRating(): CBRRating
setRating(in CBRRating): void
addRating(in CBRRating): void
getId(): Integer
toString(): String
getOutputManager(): OutputManager
setOutputManager(in OutputManager): void

- rating
0..1

+
+
+
+
+
+

CBRRating(in AbstractContext): void
setBasedOnCases(in int): void
getBasedOnCases(): int
addRating(in CBRRating): void
isBetterThan(in CBRRating): boolean
toString(): String
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