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Abstract. The aim of this paper is to briefly describe a aetit, systemic and evolutionary model
that has been conceived to develop adaptive hypkanneodels. This model is called SEM-HP and it
is composed of four subsystems which allow sepagaspects related to knowledge representation,
presentation, navigation, and user adaptation. Alibis layer we have a “meta” layer which makes
possible a consistent evolution of the elementsdéfin each of the four subsystems, as well as the
automatic co-evolution.

Keywords: User adaptation, Hypermedia systems, Evolutiomso#, Author tools

1 Introduction

Adaptive Hypermedia Systems (AHS) offer a big vgrigf advantages that turn them into very powerful
tools. Some of the advantages of hypermedia teobgadre the associative retrieval of informationl an
diversity of formats and ways to access informati®egarding adaptation, the main benefit is thétabi

to adjust the system to the characteristics andime¢ each particular user. However, although they
reduce many problems of the traditional hypermeglistems, such as user disorientation and knowledge
overloading, others problems arise when we use Abithe one hand, changes in the link structure and
in the content of the pages are not made on tha'wdemand. This may seem strange for some users wh
do not find what they expect. So, we think that tiser must have some control over when and how the
adaptation is carried out by the system. On therofiand, the AHS could force the user to readhall t
prerequisites for the desired information althotigh may not be needed. Therefore we believe that i
important to allow different types of navigation the hypermedia system. In this way, the user can
choose between navigation modes that are more (fveaker adaptation) or more guided (stronger
adaptation).

In a similar way, building the AHS has some proldednom the author's perspective. It is clear that t
author's task becomes more difficult than in noaptide systems, but this disadvantage can be sbfter
we provide a suitable tool for authors. A biggeolgem is that design, development and maintenance
processes (the whole life cycle) of AHS are notegienough importance. In particular, some tools for
authors do not incorporate a sufficient amount ethanisms to make system changes easier during and
after the development of the system. And most efrthdo not provide the necessary mechanisms to
ensure that, after the changes have been made $ystem, it remains in a consistent state.

The paper is organized as follows: Section 2 inioed the SEM-HP model. SEM-HP model is our
proposal to build adaptive hypermedia systems, lwigicarantees a semantic correspondence between
structure and functionality in the system and suggpthe author in the development and maintenance
processes. Section 3 briefly describes the elenwdritsee model, focusing on the architecture. Sectio
exposes some results and further work. Finallytiee® outlines the conclusions.

2 SEM-HP Model

SEM-HP [1, 2] is a SEMantic, Systemic and Evoluéiopn model that allows the development of
HyPermedia systems. In this model, the design analdpment processes are based on a cognitive
model by which the author can characterize the kedge domain of the hypermedia system (HS) by
using his own onthologies. This is important inerdo be in line with the efforts of the W3C ana th
IEEE LTTF towards the semantic Web, as do othdnastin this field [3, 4 and 5]. At the same tirttee
model tries to make the development, maintenandenawmigation of HS easier and more flexible. To do
it the model divides the design of the HS in fohages with the purpose of separating aspects oéilom



modeling, presentation, navigation and adaptafidis separation allows the developer to address the
construction of the HS following a divide-and-corgapproach, in a similar way to other models sagh
AHAM [6, 7], TANGOW [8] and LAOS [3, 9]. In additie, the model provides evolutionary mechanisms
that automatically ensure the integrity of the desithat the developer makes during the constructio

the HS and its subsequent maintenance [1]. Andlfinhhe model supports four types of navigatioatth
the user can choose according to his aim eachttiatehe uses the system [2]. Each of these types of
navigation adapts the HS taking into account diffiticharacteristics of the user (knowledge, prefers,
experience, goals, etc.), stored in a user model.

So, the SEM-HP model gives the author three elesrfenthe development of evolutionary AHS (Fig.
1): a development process, an architecture andinoatool. The development procegstablishes some
guidelines to create the system from a standpdisbftware engineering. Thachitecturedescribes the
representation models used to capture each oftiaeeg of the development process. Andathor
tool, called JSEM-HP, makes the creation of the systasier, according to the architecture and the
development process that have been proposed mdbel.
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Fig. 1. SEM-HP Model

In spite of its special characteristics, the desggd development of a HS is also a software
development process. Because of this, the qualitheoobtained product depends on the quality ef th
process carried out to obtain it. So, we think dqatlying a software engineering process to devtisp
kind of systems is necessary. The development psog@posed in SEM-HP model (Fig. 2) is composed
of four phases. These phases are inherent in gigrdef HS: memorization, presentation, navigatod
learning. The completion of each phase producesrasult a subsystem of the architecture.
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Fig. 2. SEM-HP Development Process

In thememorization phasthe author models the information domain to béedsby the system users.
In order to make the semantic relations betweerinfoemation items explicit, the author also spef
the underlying conceptual domain. The conceptuahaln is a set of concepts which can be used to
classify the different information items offeredtie HS. We understand as concept an idea, tharght
abstraction that can be tagged by the authorsdardo make explicit their knowledge about it anaken
it understandable. The conceptual domain also deduthe set of semantic associations that can be
established between the concepts. The informatmnaih is the set of items that are associateddo th
concepts in the specific conceptual domain. An itermny piece of information that we can acceshén
HS (html pages or any kind of electronic resource).



In the presentation phasthe author selects different presentations or siefithe knowledge domain
obtained in the previous phase. In ttevigation phasehe author establishes how the user can navigate
the available information items. And, finally, ihetlearning phasethe author solves aspects related to
adaptation, answering questions such as ‘to what®at?’, ‘how?’ and ‘when to adapt?’ As result, it
establishes needed mechanisms for the system #bleeto adjust to each user’'s characteristics and
interests while the system is functioning.

These phases are not sequential, but iterative. i$hténe author can go back to an earlier phasenwh
he needs it. In addition, this process involvesaolutionary development because its four phases ar
able to integrate changes that the author maké®inystem's structure in an easy, flexible andistent
way.

3 SEM-HP Architecture

The architecture proposed by SEM-HP is structunddyers, performing a double division, as we aa® s
in Fig. 3.
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Fig. 3. SEM-HP Architecture

The vertical divisionconsiders four interrelated subsystems, whichirgeracting. These subsystems
are called Memorization Subsystem, Presentationsy&ibm, Navigation Subsystem and Learning
Subsystem. Each of these systems stores some widithe!’s characteristics and gives some functioyali
to the rest of the subsystems and to the users.

The horizontal divisiondistinguishes two layers in each of the previaussgstems: system and meta-
system. Each of the layers represents a diffeardl lof abstraction. The least abstract level &yt
comprises the representation models defined bwditieor during the corresponding development phase,
while the most abstract level (meta-system) inctudee evolutionary mechanisms that will allow
integrating and propagating the changes performethé author in the elements of the corresponding
subsystem. The evolutionary mechanisms includedthen meta-system are: evolutionary actions,
restrictions and change propagation.

The author interacts with the meta-system to baidd modify the HS. To perform a change in a
subsystem the author must choose the appropriatet@nary action and run it. In order to assure th
integrity of system, the meta-system denies ina@st changes. So, an evolutionary action is only
executed if it satisfies a set of restrictions isge by the modekgstem restrictio)sand by the author
(author restriction$. Finally, modifying an element in one of the f@aubsystems can cause the need of
updating other elements in the same systatarfial propagatioi) or even in other subsystenex{ernal
propagatior). Both of these kinds of propagation are carristlamtomatically in the model. In this way a
coherent co-evolution of the whole architectur¢hia HS is guaranteed [1, 2]. For example, to ren@ve
concept in the conceptual and information domairthef Memorization Subsystem requires delete the
same concept in the views created in the Present&tibsystem, and to delete all the associaticats th
the concept had with items of information in botibsystems.

The Memaorization Subsystestores, structures and maintains the conceptubirdormational domain
of the HS. So, this subsystem is responsible forasgically structuring the knowledge domain, anddado
this, it catalogues the information items on thalenying conceptual domain. The annotation of the
information resources (often learning objects) perrmutomatically to handle the underlying semamtic
thus improving the navigation and adaptation preegssas seen in [10].

The representation model used for describing batmains (conceptual and information) is a
conceptual structure. The conceptual structure isemantic net that includes two types of nodes
semantically tagged to represent concepts andnraon items. A conceptual structure is formally
defined as: CS = (C, I, Rc, Rf, Ac, Af), where Gaiset of concepts, | is a set of information iteRs is




a set of conceptual relations, Rf is a set of fimmetl relations, Ac is a set of conceptual assasiatand
Af is a set of functional associations.

A conceptual relation, [ORc is the tag placed in the arc which links twoaapts, g0 C and g O C,
in the conceptual structure (is_a, is_composedetof). Aconceptual associatiog, O Ac is composed
by two concepts and a conceptual relatioihat exists between themgc, c>.

A functional relationr; O Rf tags a link that joins an item (i I, to the associated concept[tC, and
denotes the role or function that the informatiorthe item performs regarding to the concept (dtédim,
example, opinion, etc.). Aunctional associatiores [0 Af is composed of a concept, an item and the
functional relation that exists between thery, %¢i>. In addition, each item has a set of propertieiEw
describes its information: author, media, languagée and level of difficulty, among others.

The Memorization Subsystem is comparable with thmain model of LAOS [9], but in LAOS the
relationships among concepts are hierarchical whileur model, SEM-HP, the concepts are associated
by means of a conceptual net. Regarding to thesitefrinformation, in our model these are directly
associated to the concepts on the net while in LAl@Spieces of information are stored as attribofes
the concepts. In both models the function or rdl@m item regarding to the associated concepe(titl
description, example, etc.) is explicitly represehtin SEM-HP by the tag of the functional assaarat
between the item and the concept and in LAOS usiagype of the attributes associated to the cdncep
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Fig. 4. Example of Conceptual Structure of Memorization

Fig. 4 shows a Conceptual Structure of Memorizaf©8,) in which the knowledge domain is a type
of Yoga called “Hatha-Yoga”. In it, concepts aredn as circles or ellipses, conceptual relations as
arrows, information items are rectangles and famneti relations are represented by lines. Obviously,
an example and it is not the whole structure, snesooncepts that could be in the\Clgave not been
represented.

The evolutionary approach of SEM-HP allows the autio extend, reduce or update the,G& any
time. To do this, there is a set of evolutionaryicats that allows creating, updating and deleting a
concept, an item, a functional association or aceptual association. For example, if the authoetdsl
the concept “Ying Yang”, the meta-system autom#lficteletes the conceptual association “balancel’ an
the functional associations “definition” (betweénwith “Ying Yang”) and “example” (between 110 with
“Ying Yang”). The items I8 and 110 are still avdila in a central repository if the author considéet it
is necessary. In addition, the meta-system exeeutesitomatic propagation mechanism in the follgwin
subsystems.

In the Presentation Subsysteeach presentation of the whole conceptual andrimdtdon domain is
called Conceptual Structure of PresentationpJC8& CS has a subset of concepts, items, functional
associations and conceptual associations includedthe C$%. Each presentation updates the
modifications performed in the Memorization Subepst In the previous example, the meta-system
would propagate the needed changes in all the masmns containing the concept “Ying Yang”.

The Navigation Subsystenefines a set of order rules (Ro) which estakdiglartial order to navigate
in each C& This order is based on: 1) the last informatimi accessed by the user, 2) the concept to
which this item is associated, and 3) the conctptshich it is possible to get from the current cept,
following a conceptual relationship. So, for exaeypf the last visited item in Fig. 4 is |4 assaedhto
the concept “Ha", then the user can visit any igseociated to the concept “Asanas” (111, 13) oth®
concept “Hatha-Yoga” (15, 16, 17). When a conceptam item is deleted in the GShe meta-system




propagates the change to all the Ro that conthatscbncept or item. This propagation implies tnaee

complete rules or some predicates in the ruless propagation is applied in a similar way to thiesun

the learning subsystem.

The Learning Subsystermodels the user and adapts the structure and tapemaf the HS to his
personal characteristics. The information includedhe user model is very diverse: personal data,
knowledge state composed of the user knowledgeegedmbut each item of the HS (“null”, “low”,
“medium”, “high”, “total”), experience on the sulgfe navigation experience, preferences, interests a
goals. To carry out the adaptation process, thenimg Subsystem applies a set of techniques and
adaptive methods which are based on rules predefipehe author, among others:

» Update rules(Ru): Increase the user knowledge degree on #msitof information that the user
visits (reads). The default update rule for an itgrRu (j) implies that the user fully knows the item
after visits it (“total” knowledge degree abot However, the author can modify the update rate f
an item, expressing another type of update on itbieed item (for example, an increase over the
degree of knowledge that he has now about the itard)even updates on other related items. The
format of these rules is if-then, like in AHAM [6hut in this case there are several differences: In
SEM-HP, update rules are applied only for itemsrtat concepts in AHAM) but the knowledge
about concepts (abstract concepts in AHAM) is dated by using Weigh Rules; SEM-HP never
performs a automatic negative update when an eselsran item; in SEM-HP, the author can specify
that an update is only executed if it is the fiirsie the user visits the item; and finally, in SERR,
the update rules are not executed recursivelyderao avoid cycles.

=  Weigh rulegRw): Each weigh rule calculates the user’s knogteabout a concept. To do it, it uses
the user’s knowledge about each of the items mbliamtehis concept. The knowledge about each item
is pondered with a weigh establish by the authoprating to how important this item is for learning
the concept.

= Knowledge RuleéRk): Determine which items the user can visitcéssible items) and which not at
a particular time. Moreover, they establish whidhthee accessible items have relevant information
depending on the current user knowledge statee&@d knowledge rule RK(idefines the minimum
knowledge that the user should have about a daterhset of items in order to accgggccessibility
restrictions), and/or the maximum knowledge thatdker should have about other specific items to
highlight the visit of i (idoneity restrictions). For example, the authould establish that 111 in Fig.

4 can be accessed only if the user has at leasgr@e of knowledge "medium" about 12 and 14. The
author can define several Rk for the same item, fomeevery possible way of being properly
prepared to learn it (the user just has to satisfy). Again, the Rk have points in common with the
adaptation rules in AHAM [6]. However, in SEM-HPetipedagogical requirements needed to visit
the items of information are specified outside tlwenain model. This allows the author to create
several rules of knowledge for the same item, abttie user can follow the path of their choice.

Most of the adaptations performed in SEM-HP aregiesl to customize the navigation of the user. The

user browses directly on the semantic network, taltows users to have a view of the context of

navigation at any time. The update and knowledégsrpermit a navigation restricted by knowledgat th
is, the user can only access the contents of anifteas the required knowledge to do it. Thus,ithm
selection over the semantic net will open it in binewser (or the suitable application) if the usatisfies
any knowledge rule associated to the item. Howentber three navigation modes are supported in SEM-

HP [2]: free navigation (without restrictions), ngation restricted by order rules and navigation by

concepts (the user clicks concepts on the semameticand obtains a personalized summary of the

information associated to the selected concept).

4 Results and Further Work

In order to assess our model, we have carried agnai-formal evaluation with 31 students from the
University of Granada. We have used JSEM-HP toteradnypermedia system whose knowledge domain
was the Object Oriented Programming (course taketindse students). The evaluation was successful in
the 35 aspects tested about the tool JSEM-HP. €hauation was made by using an opinion
questionnaire that students made after using thesyto learn the general concepts of Object-Gribnt
Programming. For example, the students gave amageescore of 4.29 points (maximum 5) on the
usefulness of the graphic browser of JSEM-HP @SEM-HP model the navigation is performed on the
semantic net itself), 4.06 points on the usefulrssavigation on a partial view of the graph (BEM-

HP model provides the user with a different prestm -CS- depending on the knowledge subdomain
in which the user is more interested) and 4.16tpamadaptation. Questions were also asked to acanp
JSEM-HP browsing and traditional web browsing. histaspect, students were 3.8 points on the



efficiency of finding information through the brogrson JSEM-HP against seeking information on the
Web.

Our immediate further work is focused on finishthg development of JSEM-HP in order to carry out a
wider assessment of the tool, both from a usempeetive (navigation and adaptation) and from ahaut
perspective (design, construction and maintenance).

5 Conclusions

SEM-HP is a systemic, semantic and evolutionary ehat develop adaptive and evolutionary
hypermedia systems. This model guarantees a semaotrespondence between structure and
functionality in the system. Therefore, the modgiorts the author in the development and maintanan
processes.

Specifically, SEM-HP model gives the author thrdenents for the development of evolutionary
Adaptive Hypermedia Systems: a systematic developmrocess, a layered architecture and an author
tool which permits to construct and navigate AHSoading to the development process and the
architecture proposed. The architecture of eacleldped AHS is divided in four subsystems: modeling,
presentation, navigation and adaptation. In additibere are two abstraction levels in each subsysb
perform an automatic evolution and co-evolution.

Another differentiating aspect of SEM-HP is thae thavigation structure displays, in addition to
information items, the concepts they describe &mdrélations between them. Furthermore, directly on
the navigation structure, the users can check thejree of knowledge about the items and concepts
offered. Thus the semantics provided by the autlioing construction of the system (LS, Ro, Ru,

Rw, RK) arises during user navigation, which woinfghrove the process of adaptation and the control
that the user has over it.
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