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ABSTRACT 

During the last decade, the interest for e-learning systems has grown thanks to availability of bandwidth and 
powerful computers. Thus the e-learning has moved from specific environments to larger communities. The 
main challenge of the last generation e-learning systems is to provide courses tailored to different students 
backgrounds; this pushes the research to create an adaptive environment able to just-in-time craft the best 
path for each student. This paper deals with this problem, introducing a proposal of a system for e-learning 
which provides students with all formative paths moving from an initial to a desired knowledge, and where 
paths are adapted according to student needs and capabilities, and dynamically modified when such needs 
change. We also present a prototype of a web-based e-learning environment, through which students can 
follow dynamically adapted formative paths, also exploiting collaborative learning tools. 
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Introduction  
 
The increasing use of Web technologies has led to significant changes in the role covered by computers, that can 
be now considered as enhanced terminals through which several web-based application can be accessed.  
 
Among these applications, E-learning (Soine, 2001; Luchini, 2001; Heinrich et al., 2001) is one of the most 
innovative, since it can (almost) radically change the learning process of many people. E-learning was initia lly 
developed inside specific environments (e.g., industries), where homogeneous contents were developed to 
homogeneous people communities.  
 
In this paper we want to consider courses for students, where significant differences can characterize users, as 
the learning rate, personal capabilities and knowledge degree. This means that the same course must be adapted 
to each student, or to a group of them (i.e. a class) sharing some characteristics, as the desired (target) 
knowledge. 
 
To satisfy this need, the use of new technologies, integrated in a proper environment (as a web-based one), can 
help the learning process. Computer-based interactions, indeed, allow the development of more active learning 
techniques, thus significantly improving the chance of adapting a course for each student, based on his/her 
capabilities and needs. This is in contrast with traditional lessons, where a single flow of information mainly 
exists, directed from the teacher to all students.  
 
Moreover, a course must promote students cooperation as well as communication between students and the 
teacher, thus reducing the problem of students isolation that can characterize e-learning courses.  
 
Based on these considerations and on the principles for a good educational systems described in (Chickering, 
1987), the system proposed in this paper aims at promoting active learning techniques, allowing to adjust 
formative paths based on students needs and capabilities (named profiles), also exploiting feedback of each 
student activity; it also aims at promoting collaboration among students and between them and the teacher. 
 
The system takes into account both the teacher and the student point of view: the teacher adjusts the course to the 
class, adapting it to the average capability and knowledge of  the students and modifying how the lesson is 
proposed (examples, training, theory, etc.); the students point of view is considered through profiles, that store 
individual needs and capabilities.  
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In order to allow a greater flexibility, a course is modeled as a graph, where each node represents a subject 
matter and two nodes are connected only if the knowledge gained by learning the former node is needed as a pre-
requisite to learn the latter node. Each oriented arc connecting two nodes is weighted in order to measure the 
difficulty to face the next node.  
 
The target is to create and propose to the student all the possible paths starting from his/her knowledge and 
directed to the desired topic of interest, filtering such paths according to the student personal profile; weighted 
routes allow eliminating paths if they are too long or too difficult for that student.  
 
The system can also adapt itself dynamically to student needs, for instance if he/she does not actually own an 
initially declared knowledge, system could detect these situation from exercises results and could re-evaluate and 
suggests a new path to that student; or the system could change the path if the student’s available time varies. 
 
This system has been implemented as a first prototype based upon open-source software, so students only need a 
simple browser to access the system, independently of any hardware/software architecture. 
 
The prototype allows to attend on-line courses: each student first logs into the system, eventually specifying his 
membership to a class, then he/she chooses a course (or searches for a specific topic), and consequently all 
related formative paths are built, also based on student profile; finally, the student selects one path and attends 
the course (lessons, exercises, …). 
 
Moreover, the prototype offers a set of tools to support collaboration among students and between them and the 
teacher during the entire learning process. 
 
Finally, the prototype also allows the teacher to reuse educational materials already exis ting in other formats 
such as slides, electronic documents, images, or videos. To satisfy this goal, a course is built putting together all 
different required pieces in a web-based environment, where links among different elements are not directly 
embedded in the lesson itself but dynamically created and/or updated. In this way, the editor of the course avoids 
the troubles connected to links maintenance, having a greater degree of re -configurability of formative paths. 
 
Next sections first describe the underlying model of the proposed e-learning system, then the prototype that has 
been implemented is shown, finally presenting conclusions and future work.  
 
 
The Underlying Model 
 
The system proposed in this paper is based on a model which aims at taking into account several ideas present in 
literature; thus it can be viewed as a general model for e-learning (Carchiolo et al., 2000). The model, shown in 
figure. 1, consists of several elements, described in the following subsections. 
 

Figure 1. Engine components 
 
 
The Domain Database 
 
The first component is the domain database, which contains all information about each lesson (as its name, 
description and estimated time to learn it), together with links to the related educational material (e.g. slides, 
exercises, and so on), and with all semantics relationships among lessons, in order to exploit such links when 
building courses.  
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Several papers concerning domain databases are present in literature (Papaterpos, 2001; Cairò, 2001; Le, 2001); 
most of them come from artificial intelligence area, where the design of such databases has been widely 
analyzed as a general question.  
 
Moreover, since the structure generally adopted for such databases is graph-based (Chiu, 2001; Fujiwara, 2001; 
Chan, 2001; Fung (1), 2000), we adopt the same structure for courses description. In particular, each course will 
be represented as a graph of Course Units (CU), each of which represents a “one-argument lesson” container 
which includes both information about that lesson and links to related educational materials.  
 
All CUs belonging to the same course are connected together into a graph structure using oriented and weighted 
arcs; the orientation represents the ’precedence and succession’ relation between two units, while the weight of 
an arc represents the difficulty to access a topic coming from a previous one. According to this semantics, not all 
CUs are actually connected, hence the graph is not fully connected. Arcs weights are managed by teachers, 
usually by establishing their initial values, which are further refined with the system help, e.g. through a 
statistical analysis of previous students sessions. 
 
 
Students and Teachers Profiles 
 
Two further components whose information are used for courses generation are the profiles databases, which 
contain all relevant data about teachers and students. 
 
Considering the student, in literature several works are present (Abbas, 2001; Thomas, 2001; Fung (2), 2000), 
some are more pedagogical and/or psychological oriented  (Kort, 2001; Aurum, 2001; Giraffa, 2001), others 
focus on students collaboration (collaborative learning), as (Ravenscroft, 2001; Wijekumar, 2001).  
 
All these works lead to include several information into the student profile, as: 
Ø the student’s available time; 
Ø the desired learning style, i.e. if the student prefers more practical-oriented or theoretical-oriented lessons 

about a given issue; this in order to select the desired level of detail and/or specific related materials (e.g., 
more exercises) for each unit; 

Ø the desired level of difficulty, e.g. basic, intermediate, or advanced; this will help to select the length and/or 
the level of detail of formative paths; 

Ø the desired media type, in order to select specific educational material for CUs (e.g. slides, or videos);  
Ø the knowledge initially owned by the student, described with a set of keywords or with other indexes, 

obtained for instance with course admittance tests; this information is used to optimize courses building, 
avoiding already known CUs; 

Ø other psychological-oriented information, as the satisfaction level and the comprehension level, both given 
as a numerical score, used to improve courses generation and/or the relevance order when presenting 
personalized formative paths to a student. 

 
All these information are used to adapt courses to student profile, and also to assure dynamic behavior to the e-
learning system, as described in the next section. 
 
Considering the teacher, generally his role mainly consists in providing educational guidelines to be followed by 
students  (Mora , 2001); such guidelines can include information as: 
Ø which is the set of basic paths or sub-paths in accordance with some study programmes. In particular, the 

teacher obtains these paths by first accessing the system and exploiting the engine (described in the next 
section) to generate  personalized formative paths based on the needs of the students class he conducts, and 
then he selects those paths which are in accordance with study programmes; a student belonging to that class 
will find these as “s uggested” paths, in addition to his/her other personalized paths; 

Ø which lessons (CUs) must be eventually considered as mandatory for a given class of students; this will in 
turn impose a constraint over personalized paths during their generation, highlighting the question of how to 
mediate between educational guidelines coming from teachers and courses customization coming from 
student needs;  

Ø when and which exercises must be performed with respect to a given CU, set of CUs, or even suggested 
paths mentioned above. 
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All information is stored in the teacher profile and is used to build proper courses and to retrieve the desired 
material for CUs. Both students and teachers profiles are dynamically improved and adjusted using feedback 
modules shown in figure 1.  
 
 
The Engine  
 
Domain database and profiles are used to build all formative paths. To generate a formative path, several 
approach are possible (Galeev, 2001; Jesshope et al., 2000; De Oliveira, 2001; Mendez, 2001; Delgado, 2001). 
Here, paths finalized to the study of a specific matter are derived from the graph contained in the domain 
database thanks to the engine component shown in Figure 1.  
 
First, the desired knowledge is provided by the student as a direct request or from search results, mapping such 
knowledge onto a target CU. Then, the engine accesses the domain database, retrieves that CU, and moves 
backward from this CU along all existing paths (semantic relationship), until a node representing a knowledge 
owned by the student is encountered. If such a node is not found for a given path, the search goes backward 
along that path until a starting node is found; starting nodes are those elementary CUs which are supposed to be 
learned without specific initial knowledge. 
 
In a few words, the engine extracts from domain database all paths having the desired CU as final node, and 
starting from an initial knowledge (owned or not); note that if the desired knowledge is mapped on to a set of 
(not just one) target CUs, the engine perform the algorithm above for each target, retrieving paths which may or 
not share some of their CUs. 
 
Figure 2 shows an example of paths retrieval for a given student. The precedence and succession relationships 
stored into the domain database are represented in figure 2 a). We suppose that target CU is the node 7 and that 
the student owns the knowledge provided by node set (2,4), thus all paths for that student will start with node 2 
or 4.  
 
Figure 2 b) shows all paths extracted according to the procedure described above: starting from node 7, moving 
backward along semantic relationships, nodes 6 and 5 are anyway collected, then two paths depart from node 5, 
a former stops at node 4 since it belongs to the owned knowledge, while the latter collects nodes 3 and then stops 
at node 2. Hence, two paths are extracted, i.e. 2-3-5-6-7 and 4-5-6-7.  
 
Similarly, if student knowledge is represented with node set (3,12), the engine extracts the paths 3-5-6-7 and 4-5-
6-7 (node 12 belongs to another path), as shown in figure 2 c). 
 

 Figure 2. An example of paths retrieval for a given student 
 
 
After all paths are retrieved and eventually optimized, the engine filters them comparing arc weights with 
information stored on student profile, as well as on teachers profiles (the system refers to the profile of the 
teacher which conducts the class that student belongs to).  
 
Discarding those paths which are not in accordance with these needs, the system acts as adaptive.  
 
Finally, remaining paths are presented to the student, which can select one path (personalized course) and learn 
its CUs.  
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Path # Topics Avg Diff Difficulty 
Circle 5 11,25 45 
Square 4 30 90 

… … … … 
Figure 3. Routing table to reach the Target CU 

 
 
In figure 3, two paths are shown as examples; they belong to the same set of filtered paths and share, in this case, 
the same starting CU: a student can follow the path through “boxes”, which is shorter but harder, or select the 
path through “circles”, being a longer and easier path, given that both paths are compatible with student needs, 
knowledge and capabilities (e.g. both are less or equal to the desired difficulty level and available time values). 
Each route includes information about the difficulty for that student and with a numerical index weighting the 
“effort to learn” the target topic through it; however, more analysis is actually needed to better define what 
“difficulty” means.  
 
The system also includes the possibility of modifying the path during the learning process, for instance 
suggesting some revision if exercises results highlight that a declared knowledge is not actually owned by the 
student, or bypassing some lesson if the student available time varies, or suggesting a shorter/harder (or 
longer/easier) path if total time spent denotes the student is faster (respectively, slower) than expected; all these 
behaviors make the system dynamic. 
 
 
The Prototype  
 
The architecture of the prototype of the e-learning system is shown in figure 4. Note that we designed the system 
adopting the "open source" approach (Open Source, 2001), assuring that just a simple browser is needed, as well 
as gaining simple expandability, wide support and high performance.  
 
Based on these considerations, the prototype core of the E-learning system is based on the Apache Web Server, 
completed with Php (PHP Language, 2002) for server-side scripting and MySql (MySQL Database, 2002) for 
database management. The system is accessed from a site (named E-Learning Portal in figure 4) where students 
can attend courses, perform exercises and exams, as well as exploiting several collaborative tools, as described 
later. The E-Learning Management System includes the web server, which interacts on one hand with the E-
Learning Portal, while on the other it is connected to both Php Scripts and Services (see figure 4). The former 
represents the main implementation of the system, as scripts implements the engine and allow domain databases 
and students/teacher profiles management. The latter represents the implementation of all other services, for 
instance Services module could include a video server together with related plug-ins, if video streaming is 
provided, or Java-based chat service, if collaboration is provided, and so on. The last component of the E-
Learning Management System is the MySQL Database, which actually includes domain database, as well as 
profiles databases. 
 
In the following, a description of services provided by this system is introduced (Carchiolo, 2000). 
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Figure 4. Architecture of the prototype of the e-learning system 
 
 
Accessing the System 
 
The system is accessed through a web based interface, which is currently the platform most widely adopted 
(Kuittinen, 2001). The core of the system is an e-learning portal, i.e. a web site where several services are 
available to build a web based community for learning activities. Such portal is on one hand accessible by final 
users (both students and teachers), while on the other hand it is connected to the E-learning Management System. 
 
Students and teachers can access the system from anywhere, thanks to the web-based approach, provided that a 
proper user identifier and password must be provided in order to log in the system. The use of user-id and 
password: 
Ø allows to grant access only to registered users; 
Ø provides the system with auditing (logging) capabilities for each single users, used for further monitoring 

and extracting personal and statistic information about system usage; 
Ø provides a basic security level which can be further improved by using specific protocols, e.g. secure Http 

(HTTPS), helpful especially when sensitive information are being exchanged (as during on-line test 
performance); 

Ø allows to define user classes, in order to distinguish students from teacher and from system administrators 
(thus providing them with different rights and/or limitations), as well as grouping users for several purposes, 
as to create virtual classrooms or exams sessions, meetings, teacher update courses, and so on. 

 
 
Course Attendance 
 
The most important service is the course attendance, where, at the first access, the system requires the user to fill 
in a form where all information for student's profiles is  acquired.  
 
Then, the student can either attend one of the available courses or search for a specific topic. Courses are 
arranged into categories and presented as a web page, as shown in figure 5, where Basic and Advanced 
Computer Science categories are represented as examples; by clicking on a specific course, the related page will 
show all information about that course, as its name and description, its duration, its posit ion with respect to study 
programmes, which knowledge is required to attend that course and which knowledge will be gained by 
attending it (other information can be easily added). 
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Figure 5. E-Learning system portal 
 
 
Once the student has chosen a course or searched for a specific topic, personalized formative paths are created by 
the engine component using both profiles and domain database data, as described previously. Each path is 
presented with a set of information helpful to make the best choice, as the path length (number of CUs), its 
difficulty (similarly to figure 3), the required time, the style (practical/theoretical), required and gained 
knowledge.  
 
The student finally selects one of these proposed paths and attends the course. Each CU will appear (figure 6) as 
a web page containing information about that unit (these are similar to course information), plus all related 
materials, as slides, documents, videos, related links and so on. The students learns by accessing all these 
information, but he can also move forward along the path towards other CUs, provided that final exercises 
related to the current CU must be performed whenever present, or he/she can move backward to previous CUs 
for revising some concepts, or finally he can leave that path by selecting another path or searching for other 
topics. 
 
Exercises and Tests 
 
The student can perform exercises and tests related to a given CU, to a set of CUs or to a whole course; such 
exercises are generally performed at the end of lessons, even if this is not mandatory. The role of exercises 
(Callear , 2001; Alvarez, 2001) is fundamental for: 
Ø feedback purposes, thus on one hand a student can verify his acquired knowledge, while on the other the 

teacher can evaluate the student learning and the quality of the followed path; 
Ø educational reasons, i.e. to allow students a better comprehension of a given issue. 
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To increase the configurability, any test or exercise is composed of several basic elements; a question is 
endowed at least with a comment box where an answer in open or closed form can be provided. If needed, a link 
can be shown from which to download files containing data for the question in addition to the function of 
uploading a file as an answer itself (for the open form case). Any question can be related to different topics, 
allowing, during the test, reviews on past argument in the followed path and dynamic optimization of the current 
route. Finally, all tests are dynamically generated, offering questions always in a random order and with different 
answers picked up from the database provided by the teacher. 
 

Figure 6. Example course unit  
 
 
In case of closed form answers, the student will receive a mark at the end of the test, while open form answers 
are not immediately evaluated, rather the teacher will receive the answer, evaluate it and e-mail the mark to the 
student.  
 
This mark is expressed in percentage: the system calculates the maximum score obtainable as sum of the top 
quoted answers in each question and it compares this with the student score.  
 
Test execution does not stop anyway the student from following the formative path in case of an inadequate 
mark, rather the system suggests to review again the topic. 
 
 
Collaborative learning features 
 
In addition to course attendance and exercises support, the system comes with a set of functionalities used to 
support collaboration among students and between them and the teacher. They can be classified into 
asynchronous and synchronous functionalities. Asynchronous functionalities group includes tools as: 
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Ø Virtual notice board, where messages and news about courses, exams, meetings, and other activities are 
accessible; messages can be managed both by teachers and authorized students; 

Ø Forum area, where students can create virtual study groups in order to exchange messages, both by chat 
services or through mailing lists, documents, slides, videos, comments and questions about courses; such 
groups can be or not supervised by the teacher;  

Ø FAQ databases, used to search for most frequently asked questions about courses, or concerning a specific 
topic; 

Ø Search engine, to find out all information (CUs) about a given topic, or simply to search the site. 
 
Synchronous activities mainly consist of Virtual classes, where on-line interactive lessons may be attended by 
students and supervised by the teacher. In this case, interaction is assured through: 
Ø audio/video live sessions; 
Ø providing a virtual blackboard, managed by the teacher which can perform a presentation of a lesson, or can 

give the control to a student (e.g. to perform an exercise); 
Ø sharing an application, in order to work together with students. 
 
Note that the integration of all these services allows the system to effectively support E-learning, in particular the 
collaborative learning, whose importance has been enforced also thanks to the combined use such technologies 
(Milrad , 2001). 
 
 
Monitoring activities 
 
In order to monitor didactic activities, the system has been designed to have three kinds of feedback: to the 
student, to the teacher, and to the system itself. Immediate test results represent the first and more direct one for 
to the student (so he/she can verify his/her acquired knowledge); the others are achieved through log files 
analysis. Log files tracks information about each student, as well as statistical information about all students; 
personal information include: 
Ø which courses have been chosen; 
Ø which kind of paths have been chosen; 
Ø which related topics have been actually studied; 
Ø the time spent; 
Ø the knowledge achieved (by analyzing exerc ises results);  
Ø the number of access to the system;  
 
Global information include: 
Ø the number of registered students for each course; 
Ø the ratio between this number and the total number of students (used as a significance level for that course);  
Ø the number of students which decrease the access or abandon a course; 
Ø data about satisfaction and comprehension level, also coming from performance (marks distribution)  

analysis. 
 
Reports coming from these logs allows feedback for the teacher, which can eventually recalibrate exercises or 
modify the lessons design and content, acting on the domain databases or on course materials, whereas the 
system updates and improves students and teachers profiles as well as course generation. 
 
 
Conclusions  
 
A great advantage for all students when learning would be to have a personal tutor adjusting the formative path 
for him. This dream is approached to become a reality thanks to the increasing use of E-learning systems.  
 
The chance to supply courses inside computer-based environment is not a new issue, especially inside specific 
contexts (e.g., business refresher courses). The proposal of this paper represents an attempt to create a general 
system for E-learning facing the more common needs of a generic student; this goal imposes a dynamic and 
adaptive system able to satisfy student needs in order to obtain a wide-spread and effective E-learning system.  
 
The system presented in this paper aims at achieving such a target: it is based on a model that includes a domain 
database containing all Course Units, together with links to their related educational materials, as well as with 
semantic relationships between all such lessons. The system exploits such information, plus all preferences 
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stored into both students and teachers profiles databases to build customized formative paths, assuring 
adaptation to specified needs; moreover, the system also allows the on-line paths evaluation, thus acting as a 
dynamic system. 
 
These features, accessed from a web-based environment which also provides collaborative tools, can improve 
significantly the entire learning process. 
 
Some issues are still open; simply put, it is important to address the question of how: 
Ø to analyze the granularity of each CU, establishing for instance if several abstraction levels are needed or 

not; 
Ø to extend profiles information, taking into account further needs coming from both students and teachers; 
Ø to explore how to improve the algorithm used to generate courses; 
Ø to define a common description language (e.g., XML-based) to represent educational materials, both to 

describe their contents, as well as to categorize and collect them when building courses; 
Ø to exploit feedback modules, in order to improve the system behavior;  
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