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Abstract. Users of hypermedia systems are heterogeneous, came from
different backgrounds and have different level of knowledge in the use of
information systems. This paper discusses a multi-layered approach for
developing personalized e-books. The layers regard both Human Computer
Interaction/Navigation level and the Content of the e-book. These layers are
defined and described in detail. The tei-Book architecture is also presented in
the paper and it is proposed as suitable for providing personalized e-book
views to the various e-book readers. This is done by an E-Book manager that
manage to provide the appropriate e-book view according to the User Profiles
and Book Profile Components that dynamically are developed by the tei-Book.
Future work includes the evaluation of the personalized e-book views and also
the evaluation of system’s usability.

1 Introduction

Adapting books to electronic form in order to be readable by users in a computer
system is a concept that motivated research very early. The book metaphor has acted
as the primary way of presenting e-learning systems in a book like lay out [1].
Electronic browsing systems as SuperBook [2] and the Book Emulator [3], as well as
recent commercial offerings of hand held devices of book size [4] are a few of the
examples of the research into the e-book domain.

The demands and expectations of diverse users have grown fast. A recent study
reports that even for experienced users of common personal computers,
approximately 45% of their time is wasted with frustrating experiences tied to
confusing menus, indecipherable dialog boxes, and hard to find functions [5]. The
users find themselves disorientated, feeling stressed out and disappointed, end up
giving up the learning procedure to avoid further annoyance.
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The e-book as a learning platform should be able to accommodate for all users but
usually it is designed in a unified way, cutters for the middle line of users, excluding
the novice ones or makes the application unattractive for the experienced users. The
inequity of access to hypermedia products, often called the digital divide [6]
addresses the need of adapting the way the user accesses an ¢ learning system to
cater for each individual separately.

In order to cater to different user needs, information systems can be tailored
manually by the user or automatically by the system. Systems that allow the user to
change certain system parameters, and adapt their behavior accordingly, are called
adaptable. Systems that adapt to users automatically based on their assumptions
about them are called adaptive [7]. Whereas the first group of adaptations aims at
enabling and improving the overall access to the information system, the second
group of adaptations aims at individualizing one specific hypermedia system.

Personalization of the ¢ learning systems is increasingly important. Research has
shown that most users prefer the control afforded by an adaptable approach to
personalization rather than a system-controlled adaptive approach. No study,
however, has compared the efficiency of the two approaches.

Multi layers have been introduced in order to divide the interface of an
application into sections and make each section accessible by the user separately
[8,9,10]. Instead of presenting all features at once it is proposed to allow the user to
choose the features he prefers according to his skills and personal needs. An example
of a multi-layered application has been illustrated in the search engines on the
Internet in which the novice users just type a keyword in a search box and the results
are presented in a certain sequence. Users are usually satisfied with the whole
procedure, which is easily accessed. Experienced users might use a more advanced
interface, which allows them to use more criteria (country they are seeking
information from, time depended results, order of the results when presented). The
above approach gives users control over the sets of features available at any moment
but a clear separation between the different functions is incorporated. The two layers
of accessing the information is presented clearly leaving the user in control.

Each level can be designed separately; nevertheless all layers have to share
common aesthetics. Distinct goals that will be achieved in each level have to be
clarified. It is vital for the user to navigate through the system without the notion of
disorientation. Confusion between switching between layers has to be avoided.

Cognitive learning models have to be incorporated in order to define the
principles of the design of a multi layered e-learning application and usability testing
as well as user feedback will be essential. Facilities as help menu that clarifies the
use and scope of each level have to be examined and the interaction between
interface layers and layers of the content presentation also have to be addressed.

By adding to this debate the issue of not only adapting the navigation but adapting
the content of the subject the e-learning application is designed for, we are presented
with a much more complex system. In the following chapter the layers structure of
presentation of the content and the navigation will be described, incorporating both
the adaptive and the adaptable approach.
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2. E-Book layers definition

This paper discusses a multi-layer approach to developing personalized e-books
[11]. A system for supporting this personalization process, tei-Book (transformable
electronic and intelligent Book) was developed at the Department of Informatics of
the Technological Educational Institute (TEI) of Thessaloniki. As it is shown in
figure 1, our layered approach, proposes the existence of layers both to the HCI
{human-computer interaction/navigation level) of the e-book and to the content of
the e-book.

HCI

Annotations,
Bookmarks,
Highlights

HCI-3

Hyperlinks,
Imagemaps,
Video

HCI-2

Front, Back,
Index, image
Zoom

HCI-1

Content-1  Content-2 Content- ... Content-N Content

Fig. 1. Layers concerning both to the HCI of the e-book and the content of the e-book.

According to the proposed design, there are three different layers/levels of HCI.
These are the following:

Level HCI-1. This layer is designed for first-time and novice users of computer
systems, having no experience of how to use hypermedia. In this layer, only a static
menu will be presented, having simple functions such as return to index, go to next
and previous page and exit (see figure 2). Additional to these, images can zoom-in to
reveal details of various initially small images in the e-book. The user of this layer
will use the book metaphor and he will be able to navigate through e-book contents
without feeling disoriented.

Level HCI-2. In this level, users that have some experience in hypermedia,
additionally to the features of level HCI-1, will be able to find in the e-book, (a)
hyperlinks, (b) imagemaps (images are separate in different areas, each area having a
link to a corresponding e-book position) and (c) videos with the necessary navigation
buttons (play, pause, stop, fast forward, rewind). The user of this level will feel free
to navigate more flexibly to the whole book in a much faster manner.
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Fig. 2. Tei-Book with book like layout, page turning simulation, table of contents, front and
back page cover

Level HCI-3. In this top level, additionally to the features of level HCI-2, the
user will be able to personalize the e-book, by (a) adding his own bookmarks on the
pages of the e-books, (these work as hyperlinks to specific e-book positions), (b)
highlighting sentences that he considers important for him, and (c) adding personal
annotations on the pages of the e-book, that can be his personal comments on e-
book’s content (Figure 3). Every time the user of level 3 exits the e-book,
information regarding the personalized version of the e-book will be saved. In this
way the user will be able to load his own personalized version of the e-book and
continue his study from the point he stopped studying the e-book, viewing also his
past annotations, highlights and bookmarks.

Separating out the HCI-layers enable users to learn HCI features in a meaningful
sequence, while help screens are avoided. Nevertheless help menu can be added to
explain the functions of each HCI level. E-book readers can gain confidence and
after mastering layer HCI-1 move on to higher layers, when needed or when they
had time to experiment with.

The e-book can also have different levels of content. The e-book domain expert
can identify different levels of users according to their past knowledge on the e-book
subject, their age and the depth of the knowledge they are looking for in the e-book.
In this way, level Content-1 will correspond to the simplest content version which
will suitable for the absolute beginner of the e-book subject, having no prerequisites.
In the same manner, highest content level, level Content-N, will correspond to the
most advanced content version of the e-book that will be suitable for the most
experienced on the subject and concerned reader of the e-book. The number of
different content levels is not defined, since it depends on the subject and the scope
of the readers the e-book’s authors want to reach.
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Fig. 3. Tei-Book with user’s personal annotations and highlighted content.

According the above and figure 1, an e-book reader who is novice to the use of
hypermedia but very experienced on the e-book subject, should use the e-book tuned
to levels HCI-1 & Content-N, whereas an experienced hypermedia user with no
background knowledge on the subject of the e-book, should use the e-book tuned to
levels HCI-3 & Content-1.

3. The tei-Book Architecture

The personalization supported by the tei-Book system that we propose, is
orthogonal in the sense that HCI layered based personalization and content based
personalization could be applied as two separated processes. These processes can
then be combined to provide the final view of personalized e-book to its users.

Figure 4 shows the architecture of the tei-Book system. The content material
constituting a specific e-book is stored in the e-book Content Base.

The HCI Adaptation module is the one responsible to decide for the HCI layer
adaptation pertinent to each user. In order to do so it keeps a data base of user
profiles. These profiles are updated when the user initiates a reading session, either
based on his direct will or by following an interactive questionnaire approach in
order to diagnose his level. In such a way the e-book is functioning as an adaptable
hypermedia system. The profiles could also be updated automatically by the system
which monitors the user interaction through a microadaptation submodule (HCI
Monitor) in order to allow for dynamic HCI layer switching. In such a way the e-
book could be considered as an adaptable hypermedia system.

The Content Adaptation module is responsible to decide for the content layer
adaptation which provides different views to different users. In order to do so it
keeps a data base of book profile components. These book profile components are
updated:
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When a user initiates a reading session at HCI level 3, where content
adaptations tools (for bookmarking, annotation, paragraph hide et.c.) are
provided. In this case, a book profile consisting of a single book profile
component is created which governs content personalization for the user in
question.

When a special user (e.g. author of the e-book or experienced teacher using
the e-book as e-learning material for its students) initiates a reading session
in order to transform the e-book content. In this case, a discrete number of
book profile components could be generated corresponding to different
levels of content adaptation. The special user then has the possibility of
assigning these levels to specific user groups. Based on these content
profile components the content adaptation module can produce one or
more book profiles to be assigned to final users.

In both cases, user’s actions regarding content change are controlled through the
Content Monitor Module. In the second case content based personalization acts as a
tool to a teacher to annotate and transform the e-book in order to enhance a specific
strategy for reading to be followed by the students.

The e-book Manager subsystem is responsible for producing the personalized e-
book views for the specific users. It does so by using the e-book content base and by
collaborating with the HCI and Content Adaptation modules. By providing sufficient
redundancy and separation of content from HCI layout, the system ensures through
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the e-book Manager module that for any given situation adaptation is possible
without involving the complete content management chain.

The Administrative module apart from accommodating the HCI and Content
Monitors is responsible for controlling the whole user interface to the e-book and for
keeping user accounts. The system works as a web based client server application
and users need to go through a login authentication procedure in order to work with
their personalized version of the e-book. Additionally when a personalized e-book
view is finalized it can be compiled and used off-line by its user as a stand alone
hypermedia document.

4. Conclusions — Future Work

This paper suggested a multi-layer approach to developing personalized e-books.
Two types of personalization are possible: HCI based layers of personalization and
content based layers of personalization. These two types could either be applied
separately or could be combined. The layers were defined and the architecture of the
tei-Book system, which is used as a framework for developing personalized e-books,
was presented. A first version of the tei-Book was implemented together with a
complete e-book case study, an e-book containing an introduction to Computer
Systems. This case study will be used in order to evaluate the personalized e-book
views that are produced during the interaction between users (both readers and
teacher) and the tei-book system. Based on the evaluation results a more complete
version of the suggested architecture will be implemented. Usability testing is also
essential and comparison between the adaptable and the adaptive aspects of
personalization has to be examined in the future.
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