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 
ABSTRACT 
 
Traditional web-based learning platforms give the same 
educational content to each learner. Nowadays, these kinds of 
teaching environments are gradually replaced by 
individualized adaptive e-learning systems. This study deals 
with the design and implementation process of an innovative 
Dynamic Adaptive Hypermedia System (DAHS) named as 
"CleverUniversity". Learning styles are one of the most 
important factors in determining personal differences. 
Accordingly, our system allows students to take content of the 
course appropriate to their own needs and learning styles. By 
this means, the efficiency and effectiveness of learning 
activities would be improved. Our system is composed of five 
main components, first, learner’s model, pedagogical model, 
domain model, content generator and multimedia database. 
 
Key words : Adaptive assessment, Dynamic Adaptive 
Hypermedia, Individualized learning, Learning style. 

 
1. INTRODUCTION 
 
Today, learning environments and information and 
communication technology (ICT) are integral parts of an 
innovative education system. In traditional teaching methods 
offer predetermined courses in the same way to all 
learners[1]. Knowledge level, previous information, learning 
styles and individual characteristics and specification of 
students regarding the lesson are not taken into account in 
these environments. These differences may have a direct 
impact on the learning processes of learners. Dynamic 
Adaptive Hypermedia System (DAHS) is developed as an 
alternative to classical hypermedia systems according to 
“one-size-fits-all” approach by adapting to the needs and 
knowledge of each learner[2][3].  
Design of DAHS is one of the new lines of research topics in 
the field of distance education. Key concept in these 
environments is learner modeling. In this study, an 
individualized adaptive e-learning framework based on 
learning styles (LS), CleverUniversity, was designed and 

 
 

developed. LS are typically defined as the behaviors and 
attitudes which determine the way students prefer to learn and 
train [4]. These students are different in terms of training, 
skills, attitudes, knowledge, motivations, needs and 
preferences. In order to improve the adaptability and 
individualization of learning in our system, we have chosen to 
adopt learning style models and a fine-grained approach to 
learning contents.  
In the first part of this article, we describe the architecture and 
components of our System Adaptive Hypermedia Dynamic 
named as CleverUniversity.  It is individualized based on the 
index of learning styles (ILS) developed by Felder and 
Silverman [5]. The system is developed using PHP5 language 
in Symfony Framework. MySQL was used for database. 
Section 2 deals integration an adaptive assessment module 
into CleverUniversity. Thanks to this module, learners 
receiving personalized assessment appropriate for their own 
ability level. Lastly, Section 3 deals with our conclusions and 
presentation of our future work. 
 
2. AN  INNOVATIVE INTELLIGENT AND ADAPTIVE 
E-LEARNING SYSTEM: CLEVERUNIVERSITY 
 
This section deals with CleverUniversity architecture based 
on a client/server model. It was designed and encoded using 
Symfony PHP framework, JQuery, CSS and MySql database. 
CleverUniversity can be examined under seven main parts. 
These are architecture, learner module, domain module, 
pedagogical module, basis of multimedia resources, content 
generator user interface and adaptive testing module. 
 

2.1 Architecture of CleverUniversity 
Figure 1 below illustrates the basic architecture of our 
CleverUniversity environment. It was developed as an 
intelligent and adaptive e-learning platform where education 
content is generated for each learner according to his/her 
learner’s model. Students and teachers should register to 
access to the system. The student who logs in the system takes 
the Felder-Silverman questionnaire. Hereby, learning style of 
this student is detected [4]. By this means, individualized 
education content will become more effective and 
adaptive[6]. 
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Figure 1: Architecture of CleverUniversity 

 

2.2 Learner module 
 
The intelligence of a Dynamic Adaptive Hypermedia System 
(DAHS) is primarily attributed to its capacity to offer 
personalized content according to the personal needs and 
abilities of each student. Our intention is to provide the 
learner with concepts tailored to her/his needs that permits to 
reduce the time spent in learning. Hence, this content should 
have a high educational quality. This can only be 

accomplished through knowledge of the student's model, 
which is one of the most important elements of our system. 
This module presents the kernel of any individualized 
learning and places the student in an interactive role in 
teaching process. 
In addition, the information kept in learner module help to 
define the relevant characteristics of each learner that can 
better measure or describe his/her performance, motivation, 
cognitive level, goals, learning style and psychological 
problems. 
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In our approach, every student must be modeled, firstly, by 
traits which are collected in a facet of identification with the 
personal data such as: username details, password, first and 
last name, day of birth, email, etc. Secondly by the goal and 
requirement of the student to the knowledge. The only way to 
acquire this information is through a questionnaire that the 
student must answer when he or she first accesses the 
platform. This questionnaire contains the ILS questions to 
predict his/her own learning styles. 
Initial learning style of learner is calculated based on the 
learners’ answers based on the learning style-model by 
Felder-Silverman. Consequently, learning style is recorded in 
appropriate learner model [7]. 
 

2.3 Adaptation mechanism based on the student's 
learning profile 

 
We can summarize the process of adapting educational 
content based on the student's learning profile in six main 
steps: 

Step 1: The first time that learners use CleverUniversity, 
system stores personal information supplied directly by the 
learner.  

Step 2: The user is faced with two distinct decisions either: 
fill the questionnaire in Felder-Silverman and jump to the 
stage four; this consists of a set of psychological questions that 
easily identifies the student's habits, behavior and learning 
profile. Otherwise, the content builder proceeds to the step 
three. 

Step 3: In the event that the student surpasses the 
questionnaire, a default learning profile that we have already 
defined will be assigned to the learner, and move to step five. 

Step 4: All of the learner's responses to our survey will 
permit to the tool to identify levels of priority for each 
component of the F&S model. 

Step 5: It permits to measure the degree of adaptation of 
material to the level of preference. 

Step 6: The student defines its goals and selects the lesson 
that he/she wishes to take, so that learning content will be 
presented according to his/her learning style and current state 
of knowledge. 

2.4 Domain module  
 
Domain module provides information on the essential 
learning material that will be taught. One of the main 
objectives of the domain module is to identify the pertinent 
topics and their connections and to give an overview design of 
the teaching. In this step, our system provides teachers with 
an intuitive tool to create relevant and structured educational 
content [5]. 
 

2.5 Pedagogical module 
 
The main objective of DAHS is providing adequate assistance 
to the learner. In this regard, our pedagogical module detailed 
how to design the learning approaches used by instructors 
when delivering of the education material to students. It also 
includes the criteria used to define the learner’s knowledge 
level. The pedagogical module is the set of requirements for 
the learning material to be produced by the platform as well as 
how and when it is to be produced. This component is based 
on a module of prediction to predict the next content which 
could be accessed by the student and also allows promoting 
his/her autonomy who has a need to have a guidance or to 
evaluate the effectiveness of the efforts he or she is making 
and those that remain to be made. 
 

2.6 Bank of multimedia resources 
 
This bank contains the concepts, learning material, tutorials 
and quiz to be delivered to the student, based on the 
knowledge model. These education contents are distinguished 
by attributes to which educational content should be delivered 
to the student. There are four kinds of attributes: the physical 
type, the cognitive level, the cognitive type and the learning 
goal. 
 

2.7 Content generator 
 
The module of content generator or course generator is 
considered the most important component in our system, 
because it connects the different modules mentioned above. 
This block comprises the process to follow to update the 
student’s model according to his behavior and strategies for 
enhancing the adaptability of the e-Learning environment. 
Three kinds of adaptations can be distinguished:  
 Content adaptation: is based on the generation of education 

content based on the learner’s model. 
 Navigation adaptation: enables adaptation of the 

scheduling of concepts that will be presented to the 
student. 

 Presentation adaptation: the system modifies the layout and 
the visual appearance. This form of adaptation uses some 
preferences of the learner. For example, the system can 
hide some links if it estimates from the student model 
that such links take her to the irrelevant content. 

 

2.8 User Interface 
 
While developing CleverUniversity, we paid attention to 
implement flexible and user-friendly interfaces. Our system is 
based on a 3-tier architecture. A three-tier architecture is a 
client-server software architecture which is composed of 3 
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layers of logical computing. This architecture provides many 
advantages for development systems by modularizing the user 
interface, business logic and data storage layers. 
CleverUniversity is based on Symphony which is a free, 
open-source PHP web framework, and MySQL was used for 
databases. 
3. ADAPTIVE ASSESSMENT MODULE: CLEVERTESTING 
 
At present, our system generates only traditional 
examinations (tests). However, this test format has many 
limitations and raises various problems of accuracy in 
measuring the learner's ability level. In order to solve these 
problems, we are working on the design and implementation 
of an innovative Computerized Adaptive Testing (CAT) 
module [8]. The primary distinguishing feature of CAT is that 
sets of items (questions) that are administered to examinees 
are specifically selected for each examinee during the 
evaluation process according to his/her cognitive abilities 
estimation [9]. 
 
We have designed and implemented an assessment authoring 
tool to assist teachers in their tasks of creating, presenting, 
scoring and storing evaluations and their results. Our tool 
named "CleverTesting" will allow the generation of questions 
and tests in accordance with the latest version of the IMS- 
Question and Test Interoperability v2.2 specification 
(IMS-QTI) in order to ensure their interoperability and 
reusability between different compliant systems [10]. 
The QTI Specification describes a basic format for the 
representation of the smallest exchangeable unit called Item. 
It relates to the question data, its presentation materials, the 
response processing rules, the outcome variables and the 
associated feedback.  
 
Figure 2 shows a simple choice question with one correct 
answer [11]. With the IMS-QTI v2.2 specification, the 
descriptive file for this item in XML format would be as 
shown in figure 3.From the example illustrated above, we can 
see that the code needed to describe a simple question is very 
complicated. This complexity and richness of the 
specification pushes us towards the development of tools for 
automatic tag generation that are smarter and more advanced 
than existing XML editors. In addition, these tools must assist 
the teacher-evaluator in his task of creating educational 
content, searching for it and importing it from other 
heterogeneous repositories. 
 
In the second phase, in order to build a flexible platform for 
online CAT, we will need to apply the Item Response Theory 
(IRT), the most commonly used form of psychometric 
theories today. IRT is a “family of mathematical models that 
describe how people interact with test items” [8]. It is a 
statistical model that focuses on the design and analysis of test 
elements to establish the relationship between these 
evaluation content and examinees [12], to make the quiz 
generated by our tool more adaptive to the examinee’s skill 
level. 

Figure 4 shows the flow of the model on an adaptive 
assessment activity. 
 

 
Figure 2: A simple choice question. 

 
Finally, our CleverTesting plug-in will be integrated into our 
Dynamic Adaptive Hypermedia System (DAHS) called 
CleverUniversity, while considering its integration into other 
community projects such as Moodle. This phase will be 
followed by experiments to improve our system and evaluate 
its effectiveness. 
 
4. CONCLUSION  AND FUTURE WORK 
 
In this paper, architecture and design of an Adaptive 
Hypermedia Dynamic System named CleverUniversity are 
focused on. CleverUniversity is a personalized adaptive 
e-learning environment. Our system identifies the learning 
styles of learners and presents the appropriate education 
content to each learner according to their own knowledge 
state and learning styles. 
 
As future works, we are planning to develop the adaptive 
assessment module proposed in section 3 and its integration 
into our CleverUniversity. Thanks to this module, learners 
receiving individualized assessment according to their own 
competences and ability level. This is because, in contrast to 
traditional assessment, adaptive evaluation makes it possible 
to determine the cognitive level of items (questions) candidate 
can answer, and cognitive level of items they cannot answer. 
Briefly, our system offers what students need. 
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Figure 3: A single choice question coded in IMS-QTI version 2.2. 

 

 
Figure 4 : Computerized Adaptive Testing Process. 
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