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Abstract—This article is a continuation of our work concerning the devel-
opment of the adaptive hypermedia; and precisely the adaptation model, which 
is one of the three fundamental models that constitute the main architecture of 
adaptive learning systems. 

The adaptation model describes the set of rules of construction and presenta-
tion responsible for the construction of the content to be delivered to the learner. 
Although there is a lot of adaptation model proposed by reference models like 
(MUNICH and ALEM), these models are on a high level of abstraction and also 
were never been implemented (lack of concrete implementation). 

So, the main purpose of this article is to present our own adaptation model 
that has the capacity to be implemented and that responds to all the remarks and 
shortcomings of the existing models while showing implementations and tests 
(technically) that we have developed. 

Keywords—Learner model, Adaptive hypermedia, E-learning, Domain model, 
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1 Introduction 

This paper joins our work done on Adaptive hypermedia systems and particularly 
the context of adaptation, these systems are defined as a set of nodes and links that 
allows one to navigate through the hypermedia structure and that dynamically adapts 
various visible aspects of the system to individual user’s needs, preferences, and 
knowledge[1]. 

These systems have a minimal architecture, which consists of a domain model, a 
user model and an adaptation model [2]. 

The domain model describes how the information content of the application is 
structured [3]. Generally, in terms of mechanisms by which the links and nodes are 
related and navigated, the nodes are treated as general data containers [4]. 

The user model, learner model in adaptive hypermedia systems,[5]allows the sys-
tem to maintain a profound knowledge of each learner through the extraction of rele-
vant characteristics that can better describe the person, measure his performance, 
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motivation, and cognitive capacities, identify his level of knowledge and define his 
goals, emotions and learning style [6]. 

The adaptation model represents the mechanism responsible to adapt content, links, 
representation and structure. 

During our previous work [7], we developed a new conception of the learner model 
mainly based on six facets (personal information, knowledge and skills, historic, psy-
chological profile, cognitive ability, emotional state). And as a next step, we have 
studied the two remaining models and noted that most of the proposed adaptation 
models are never implemented (lack of concrete implementation) due to the fact that 
during the design of these models the technical and programming implementation was 
not taken into consideration. 

Also, despite the fact that each type of adaptation needs to have a specific way of 
presentation and process of implementation, they are treated with the same way on the 
conceptual level. This is clearly seen in the Munich Reference Model for adaptive 
hypermedia applications [4]. 

Some works neglect even a certain type of adaptation, we quote the work of (De 
bra, 2008) [7], which takes into account only two types of adaptation: adaptation of 
content and adaptation of links, however, there are two other types of adaptation: 
adaptation of the presentation and adaptation of the structure.  

And finally, we will focus on the current trend of using open models that have the 
ability to learn and achieve new outcomes that are not anticipated in advance. 

After the study of these different works we thought to change the vision of the 
work, and instead of developing the domain model then moving to the model of adap-
tation and finally finishing by detailing the mechanics of adaptation and implementa-
tion (technically speaking), we studied simultaneously the adaptation model and its 
different techniques of implementation and then we intend to move our focus to the 
domain model which will be designed to describe the whole structure of the elements 
that both our adaptation model and learner model need. (This way we will have a 
domain model that answers exactly the needs). 

So in this article, we will focus on the developing of our adaptation model and its 
implementation processes, which is also known as adaptive agent, while separating 
the different types of adaptation at the conceptual level and on the implementation 
level, then finally we will test our established model in a web platform while present-
ing the different algorithms and technologies we have used. 

2 Problematic 

An adaptive hypermedia system is a set of nodes and links that allow a user to nav-
igate through the structure of the hyperspace and dynamically adapt the different 
visual aspects of the hypermedia to the needs of the learner. 

As the previous definition mentions, there are several aspects of which adaptation 
and customization can be done. 

• Adaptation of the links: allows either to restrict the possibilities of navigation in 
the hypermedia or to propose to the learner new links of concepts. 
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• Adaptation of the content: adjust the content of the pages by providing the most 
appropriate content to the learner. 

• Adaptation of the structure: allows displaying the same page in several structures 
and different forms. 

• Adaptation of the presentation: allows displaying the same content of the page in 
different customized styles (size text, color and font.) 

All of these different types of adaptation depend on both the domain model and the 
learner model and they are generally described by a set of rules. These rules describe 
how pages are constructed and represented to learners. Indeed, many reference mod-
els (like Munich [4] and Alem [5]) have proposed a conception of the adaptation 
model based on the concept of the rules and they will be the main topic of this section.  

In both works, we found several remarks and reproaches that make the models 
proposed incomplete or really difficult to be implemented. 

So as we have already mentioned, there are 4 types of adaptation where each one 
has its own characteristics and its own level of intervention that must be expressed in 
the adaptation model. 

Unfortunately, the two models (Munich and ALEM) have just formally integrated 
the 4 types at the same level and in the same way without indicating how to envisage 
adaptation by means of its 4 types. In Fig. 1, we clearly notice that all the four adapta-
tion types are expressed by a 'class' inheriting from the 'Class: Rule'. 

 
Fig. 1. Adaptation model of the Munich reference model [4] 

We have also noticed that the context of adaptation is not fully supported only by 
the adaptation model, in the sense that adaptation techniques (which are the processes 
of implementation of an adaptation method) are provided by the domain model. 
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In fact, both works (Munich and ALEM) consider that the domain model must de-
scribe not only the structure of the concepts (knowledge, course, etc.) but also de-
scribe the structure of the pages, the components and the styles of presentation. 

Finally, ALEM has integrated the possibility of defining new adaptation rules (spe-
cific rules) that we named ‘open mode’, unlike Munich where the rules are predefined 
(generic rule) that we named ‘closed mode’. 

The adaptation model is in ‘open mode’ when it supports the creation of new rules 
that are not defined in advance, this mode allows the adaptation model to evolve and 
meet the needs of any type of learner, unlike ‘closed mode’ where the designer must 
set all the rules in advance, which makes the combination number of these rules cal-
culable. 

Nowadays, it has become essential that systems must be designed in open mode 
and especially adaptation models to follow the evolution and diversity of learners' 
preferences. 

3 Reflection and Ideas of Conception 

During the early stages of our thinking, we found difficulties in designing an adap-
tation model that responds to all of the previous detailed remarks because our way of 
thinking was global and very abstract, indeed when we talk about adaptation we must 
first answer the following question: what are we going to adapt? 

In adaptive hypermedia systems, the different models that compose it collaborate 
to generate content in the form of a structured, well-presented page and with adequate 
content that responds to the needs of the learner. 

So the adaptation model to be designed must have the capacity to represent the dif-
ferent types of adaptation and also the capacity to contain all the information needed 
to implement the adaptation. Unlike the existing adaptation models, we will separate 
from the domain model all that is a structure of page, structure and presentation of 
components. Therefore, our vision is: the domain model will remain abstract by de-
scribing course structures, knowledge, and concepts, etc. And it is up to the model of 
adaptation to provide the structure and presentation of the page. 

This separation will be useful also in the case of importing courses (SCORM for 
example) from another platform and integrating it in the domain model then use the 
adaptation model to generate the page and also to adapt it. 

In the rest of this chapter, we will detail each type of adaptation while explaining 
our different ideas of design that we have taken into consideration all the remarks and 
criticisms discussed previously. 

Starting with the adaptation of structure, this type of adaptation specifies how the 
nodes (component) building the page are connected and ordered. These elements 
(components) form a tree with an indeterminate depth where each component can 
have several other components connected to it called “children” and can have at most 
only one parent; this type of tree can be modeled by a reflexive relationship or by the 
use of the composite design pattern that will be detailed later. 
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In addition, the child elements must be ordered. For example in a page we have a 
section (representing the parent component) that contains a title and a paragraph (rep-
resenting the children), if in this case we do not have information that indicates the 
order of these components (title and paragraph) the system can generate an incon-
sistent section which starts with the paragraph then the title, thus the integration of a 
property indicating the order is obligatory. 

Another concept that needs to be taken into account is that the adaptation model 
must retain both the original structure of the page designed by the tutors and the struc-
tures personalized by the learners. 

Regarding the adaptation of the presentation, we think that each component has its 
own display style expressed by a set of property-value (example: text color = red). 
However, it is necessary to differentiate between the default presentation styles pro-
vided by the tutors and the styles of personalized presentation specific to each learner. 

Concerning the two remaining types of adaptation: content and link. We consider 
that each component can be either a link or a title, an image, a video and can have 
content and a set of attributes. Let us take an example of a link whose name is 'Intro-
duction' and which refers to the section 'Introduction', this link will be a link compo-
nent, where the content is 'Introduction' and have an attribute: "address" which has the 
value "section Introduction". 

Finally and as what we mentioned earlier, the content and attribute values will be 
provided by the domain model, because it's there where all content is structured, so it 
is sufficient that the adaptation model supports the fact that each component has a 
content and a set of attributes and develop a process that will choose the appropriate 
content from the domain model and assign it to the component. 

4 Proposition 

Following the ideas of conceptions discussed in the previous section, we have 
elaborated the following adaptation model using UML2 class diagram (Fig. 2) that 
will be discussed in detail throughout this chapter. Also we used different colors to 
distinguish the classes used for adaptation processes and the interfaces used as pro-
viders of content and data from the learner model and domain model. 

 
Fig. 2. The class diagram of our proposed adaptation model 
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In our conception, we have taken into account that there is a set of pages grouped 
in templates that will be defined according to the recommendations of adaptive teach-
ing taxonomy for each learning style; the following is the combination of the four 
dimensions according to the learning dimension (LSD): 

LSD = {Sensitive (S) / Intuitive (I), Visual (Vi) / Verbal (Ve), Active (A) / Reflex-
ive (R), Sequential (Seq) / Global (G)} 

The number of combination is 16 = 24, so for each combination, the tutors must de-
sign pages according to the recommendations of each dimension and choose the ap-
propriate electronic media (Fig. 3) 

Let's take a concrete example of one of the combinations: 
LSDn = (S, Vi, A, S), the pages to be designed for this type of learner must respect 

the following recommendations: 

• Practical content, problem solving, laboratory and experiments à S: Sensitive 
Dimension. 

• Serious games and simulation, presentation à Vi: Visual Dimension. 
• Discussion Panel (group work), role-playing à A: Active Dimension. 
• Content must be shown in steps (chapters) àSeq: Sequential Dimension. 

 
Fig. 3. Adaptive taxonomy: LS dimensions and electronic media Relationship [9] 

The complete description of these recommendations of adaptive teaching taxono-
my of learning style can be found in the work of Ana Lidia Franzoni and Saïd Assar 
[9].
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Some others recommendations can be taken into consideration like the cognitive 
capacity of the learner, his gender, etc. So in summary and as shown in Fig. 4, our 
adaptation model supports multiple templates dedicated to a specific type of learners 
that include multiple pages where each is dedicated to a type of content to display 
(course, exercise, introduction). 

 
Fig. 4. Our adaptation model in action 

Each page is connected to a component (Class Component, Fig. 2) that represents 
the root (first parent element of the page), and from this root, the system can find all 
the other components that make up the composition (parent-children) expressed by 
the reflexive relation. 

To express this reflexive relationship, we implemented in our design two versions 
of the composite design pattern, which compose objects into tree structures [10]: 

• Standard version where we represent the original structure of the components  
• Advanced version for the custom structures. 

When the learner decides for the first time to visualize a page, a copy of the origi-
nal structure will be made by means of the advanced version of the composition. This 
copy will be identified by an instance of the class "State Composition".

So when the structure of the page is modified (manually or automatically) for this 
learner, the system updates one of the copies instead of the original one.

The learner can have the same page in several custom structures that one of them is 
chosen by the system during the display. This process is illustrated in the class dia-
gram (Fig. 2) by the fact that each component “Class Component” can have several 
adapted and personalized compositions “Class Adapt Composition” where each one is 
identified by a state of composition “Class State Composition" that is associated with 
the learner. Each state has several descriptors and detectors that describe it (these
descriptors and detectors are the set of information collected during the creation or 
modification of this personalized structure: the emotional state of the learner, period 
of the day.)
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In case of conflict, the system can simply choose the most recent state using the 
date of creation property. We can consider also that these states of composition repre-
sent rules and all the detectors and descriptors represent the conditions of application 
of these rules. 

In summary, when the learner wants to visualize a page, the system will generate 
its structure starting with the root by browsing through all its children provided by the 
most appropriate adapted composition, and before continuing the path for each child 
component, a sort of these child components is done using the order property defined 
in the associative class 'Adapt Line Composition'. 

We also want to mention that for the browsing of the whole custom structure, a re-
cursive algorithm is necessary since the structure is in the form of a tree with indeter-
minate depth. 

These two types of composites that we designed allow each learner to have several 
structures of the pages specific to his/her needs, as well as each modification of one of 
the personalized structures will have no influence nor on the original structure nor on 
the others custom structures, without mentioning that open mode is implicitly sup-
ported as there is no limit or constraint in creating new custom structures. 

A set of algorithm is necessary for the use of these two types of composition that 
we conceived: 

• Recursive conditioned algorithm. 
• Insertion in a sorted list. 
• Attach and detach a component of the structure. 
• Sort algorithm 

Regarding the adaptation of presentation, we assigned to each component a set of 
couplet "property: value" presented by the two classes: "Value Property" and "Proper-
ty". 

This assignment represents the default styles created when developing pages, how-
ever, our proposed model allows learners to have custom styles, and this mechanism 
is realized in the following way: 

Each component has several state of presentation “Class State Presentation”, which 
represents states of its display. Each state is associated with a set of "value - property" 
couplets specific to a learner presented by the two classes: "User Value Property" and 
"Property". 

Similar to the state of composition explained previously, each state of presentation 
has several descriptors and detectors that describe it and during the generation of the 
page, the system will choose for each component the state of presentation most ade-
quate. 

Our model supports the addition of new property values (open mode) either by tu-
tors or by learners. This addition is used to enrich the database of styles. Let take an 
example of a paragraph type component; this component has several couplets "proper-
ty-value" which describes its style of display. Among these couplets, we have for 
example blue as a color of the text “text color = blue”. The system allows the learner 
to customize this color by proposing a set of text color values from our model, or to 
use the open mode by allowing the learner to introduce a new value that will be added 
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first to the model using the Class 'User Value Property' and then attributed to the cur-
rent state of presentation. 

Henceforth this new value will be part of the future propositions of the color of the 
text. 

In summary, the learner can have several display state of components that can be 
customized independently by selecting one of the existing values of the display prop-
erties or by adding a new one, we also mention that in our model, we did not impose 
restrictions on display property types in the sense that there are some properties that 
can influence the structure of the page, and here we mention the Flexbox property 
which is a Box Layout Module that allows and makes it easier to design flexible re-
sponsive layout structure without having to use floats or positioning[11]. 

Regarding the content, we assigned to each component a name property that repre-
sents its type, attributes, and content. Let's take an example of an image, this compo-
nent will have 'image' as value of name property, 'image path' as the value of the 
source attribute and blank content. 

Often the name of the component is not understandable by the learners, especially 
in a web environment (HTML). For example if we want a component to represent a 
link, we must assign 'a' as a value for name property, sadly not all learners will under-
stand that 'a' means a link, so we added a property named:[formal Name] to the class 
'Component' which will represent a meaningful and comprehensible name for learners 
and also hide the complexity and the environment of the development from the learn-
ers, the same concept is taken up in the names of the 'Property' which does not often 
have a name understood by the learners. Also in the web environment, we recommend 
the use of new names introduced by HTML5 that in the near future, computers can 
start to take advantage of these new smart tags [12]. 

Finally, we would like to mention that the content is dissociated from the compo-
nents, in the sense that during the generation of the page, the system chooses the 
structure and the appropriate presentation to the learner then with the help of a set of 
providers expressed by interfaces, the system will select the most suitable content 
from the domain model and assign it to the components while respecting the form of 
the generated page. 

5 Implementation and Test 

Since the adaptation model proposed above is abstract and does not depend on an 
implementation platform, we have chosen to implement it in a Java EE Web Applica-
tion.  

Also, we have chosen to support in the presentation layer a thin client that requires 
only a browser, present on all machines, which simplifies the work by eliminating the 
need to stream and install client software on learners' machines [13]. 

In Fig. 5, we show the architecture of our system, which is composed of three 
sides: 

• Client Side: Represented by the web browser and considered as the window of 
interaction between the learner and our system. 
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• Server Side: It is the main and core part of our system and it is divided into three 
layers (Presentation, Business and ORM) where each of them is responsible for 
providing specific services. 

• Database Server: All transactions made on our models by the system are persisted 
and stored there. 

For better understanding of how our system work, we illustrate in Fig. 5 two sce-
narios: 

• The first scenario presents what happens in the background when the learner de-
cides to visualize content.

• The second scenario concerns the process of adding a new adaptation rule when the 
learner triggers it. 

We also used different colors and numbering for each step of the scenario that we 
explained in the key of the figure for easier reading and understanding. 

 
Fig. 5. Global architecture of our web application implementing our proposed adaptation mod-

el 

Finally, in collaboration with our proposed adaptation model, we developed a set 
of tools (Fig. 6 and Fig. 7) and processes that proved necessary for the use of our 
model, then we put them to the test by taking an example of a C ++ programming 
language course that we built its structure and presentation with these tools and then 
we assigned it this students while adapting the layout, structure and presentation of 
the elements.

5.1 Tools for creating template pages:

Since the page has to be built respecting the structure expressed in our conception 
of the model, the tutors must have a creation tool that takes care of all the complexity. 
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In Fig. 6, we show this web tool that we have developed allowing the creation of 
pages in real time; the following is a short list of the functionality supported by our 
tool: 

• Add, update or remove component. 
• Drag and drop component. 
• Add, remove and update a presentation property of component. 
• Add, remove and update an attribute value of component. 
• Add [formal name] to component. 
• Preview of the course on a new window 

 
Fig. 6. Screenshot of our web app that represents the tools to create template pages 

5.2 Assignment of the page to the learner: 

After creating the pages that are grouped in templates where each one is dedicated 
to a learner type, an assignment of the template to a learner is made by making a copy 
of the pages and attributing them to the learner, (this concept is well previously ex-
plained) 
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5.3 Adaptation and customization: 

In Fig. 7, the system generates the page to the learner while offering the possibility 
to change the structure and the presentation. 

We notice that the order of the components of the page has changed; this new 
structure (the video is on the top of the page) is only applicable to this learner. 

 
Fig. 7. Screenshot of our web app that represents a custom and adapted page of a learner 

And finally, a set of technologies and algorithm have been used, here is a sum-
mary: 

• HTML5, CSS3, JavaScript / jQuery, AJAX and JSON 
• JAVA technologies 
• Design pattern: JEE, Composite, Bridge 
• Tools: Jstree.js, Bootstrap 
• Frameworks: Hibernate, Struts2 
• Algorithms: sorting, recursive algorithm, Inserting in a sorted list ... 

6 Conclusion and Perspective 

The adaptation model that we have designed responds to all the remarks and criti-
cisms cited in the problematic, and has the ability to conceptually represent any page 
with the different types of adaptation. 
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Certainly, all the adaptations made and tested previously are made manually but it 
does not prevent that they can be done automatically. What is important is that our 
model supports them. 

Our model is designed in open mode, i.e. we too as being the designers of the mod-
el we cannot imagine how the adapted and personalized pages can look like, in the 
sense that each learner can introduce new rules (no limit, no constraint), also over 
time we can retrieve from our model a set of new rules of adaptation that can become 
a reference if ever was approved by several learners. 

Finally, after the success of the tests and implementations that we realized on our 
model and in addition to our learner model already proposed [7], we are counting on a 
future work to develop the domain model and also to design an intermediary model 
that will exploit the learning content generated from the three models (learner model, 
adaptation model, domain model) to generate an adequate learning content for the 
target platform (desktop, mobile, web). 
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