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Abstract – Previous research has shown that the application of the «one size fits all» concept, whereby all students are presented with the same static content, brought about failure of numerous electronic courses, as well as ill-motivation and discontent of the students. This paper presents a solution for the development of an adaptive on-line course in the personalized environment LMS Moodle. The primary objective of this research is the personalization of electronic learning system in accordance with the ascertained capabilities, needs and preferences of each student, allowing also for the circumscribed styles of learning. Students are classified in three characteristic groups and a model of an adaptive system of distance learning is presented. 

Index terms – adaptive e-learning, personalization, learning styles 
1. PERSONALIZED LEARNING
P
ersonalization, in the context of electronic learning, means to create and/or adapt the learning process to the person (student) on the basis of analysis of his or hers learning goals, current knowledge/skills level and preferences regarding learning style [1]. Adaptive system of electronic learning may be described as a personalized system which is, beside creating personalized content, able to assure adaptive “shipment“ of the course, interaction, teamwork and support [2][3].

Personalization can assume various outer forms, since it can imply the customization of: content, navigation, activity, and/or way of presentation [4], all so the better to respond to the needs, goals and preferences of the student.

There is a need for systems capable of being adapted to students with mutually entirely different characteristics, current knowledge levels and learning styles. In this work, Learning Management System (LMS) Moodle was used. Moodle otherwise is not an adaptive LMS, so here it was customized methodologywise only, without any software changes.
1.1. THE MOODLE SOFTWARE PACKAGE
Moodle is a free, open source platform for electronic learning [5]. It has also been described as Course Management System (CMS), Learning Management System (LMS) or Virtual Learning Environment (VLE)
[6]. Complying with educational principles, it was created so that teachers are enabled to facilely create on-line courses and organize effective and efficient communities of electronic learning systems’ users; students can easily access the courses content regardless of their location and the time of access. 
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Without any modifications Moodle can be run on Unix, Linux, Windows, MAC OS X, Netware and all other systems supporting PHP, including the majority of Internet providers [6]. The data are kept in only one database: MySQL and PostgreSQL, but Oracle, Access, Interbase, ODBC and others can also be used [6].

Simple installation and operation make this product a very acceptable solution both for students and teachers, as well as people charged with maintaining the application.
The Moodle platforme’s modular architecture and its being open code have made it a very popular solution for improving electronic education, while broadening of the basic package’s functionality is very easy. Also, the on-line community using this technology is highly disposed in favor of sharing its experiences and functionalities developed for own purposes.  
The basic properties marking this software package out as a contribution to distance learning can be divided into several categories, such as:
· High accessibility – ability to serve thousands of users at the same time
· Scalability – ability to endure increasing number of users without fall in performances

· Easy usability – ability of the user (student or teacher) to very quickly master using the system
· Interoperability – ability to integrate with existing software  

· Stabilility – Moodle’s stable version enables continuous service to the student and teacher populations
· Safety – property not to pose a safety risk greater than other components of the information system
The system mentioned was used for managing the process of learning in this work just because of the properties stated. 
2. METHODOLOGICAL PROCEDURES OF CREATING AN ADAPTIVE ENVIRONMENT
The first step in the research was to conduct a survey of students in order to establish their previous education, learning preferences, as well as working experiences with Moodle learning system. Besides, the goal was to ascertain each student’s learning style.
Learning styles are descriptions of attitudes and behaviors that constitute one's affinities in learning [7]. 
Felder-Silverman Learning Styles Model (FSLSM) circumscribes the following learning styles [8]:
· the active (those who like teamwork) and the reflexive (the thinking ones; those who like to work singly),
· the sensitive (those who tend towards facts, details and practical work) and the intuitive (those who like abstract material, innovations, and discovering connections and possibilities),
· the visual (those who memorize what they see: pictures, diagrams etc.) and the verbal (those using words spoken or written),
· the sequential (those who approach the problem in linear stages) and the global (those who learn by leapfrogging within the subject matter, who are able to make connections between objects while the details still remain unclear to them). 
Table 1 shows the relationship of individual learning styles’ characteristics to activities enabled by Moodle [9][10].

The student’s cognitive characteristics de facto influence the learning process itself [11]. However, very few adaptive systems allow for those cognitive properties, above all because it is very cumbersome to collect this type of data on students and then design adaptive rules afterwards on their basis.

Pursuant to statistical analysis of the results of the survey which was carried out, the students were divided into three clusters or groups, thus gaining results that are more consistent, reasonable and of better quality. Each student was categorized as a beginner (group 1), middle-level student (group 2) or an advanced student (group 3).

An undividedly positive students’ reaction was noted. Through survey questions they accepted and, as a motivational factor of e-learning, appraised the use of LMS Moodle. 

By clicking on the corresponding link (the name of the course) and entering the appropriate access password, the student applies for the chosen course, Fig. 1. 
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Figure 1. The page with the subjects offered

2.1. CONTENT CUSTOMIZATION AND ADAPTIVE NAVIGATION BY CATEGORY
Adaptivity can be implemented on the content level (content-adaptation) and the link level (link-adaptation) [12][13].

Using content-adaptation, information on certain subject matters was presented to students in different ways, depending on their previous knowledge. For the most part, the beginners were presented with more introductory or additional explanations, while more experienced students were offered more complex information on the same subject matter. 

The basic content-adaptation methods used in this work were:

· additional explanations – only for the users who can understand them 

· prerequisite explanations – repeating the concepts for which user’s previous knowledge does not suffice 
· sorting – the same information arranged according to personal criteria.
· comparative explanations  –  to explain new concepts similar to those already adopted.
	
	Active
	Reflexive
	Visual
	Verbal
	Sequential
	Global
	Sensitive
	Intuitive

	Forum
	Concrete

problems
	Topics for

thinking
	No
	Yes
	Yes
	Global

topics
	Facts,

examples
	Abstract

topics

	Chat
	Yes
	No
	No
	Yes
	Frequent
	No
	Yes
	No

	Glossary
	Many terms
	Concepts
	No
	Yes
	Yes
	No
	Yes
	No

	Workshop
	Experiment
	Unexplored

topics
	Yes
	Yes
	Yes
	Yes
	Practical

examples
	Unexplored

topics

	Survey
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes

	Choice
	Yes
	Yes
	Yes
	Yes
	Yes
	Rarely
	Yes
	No

	Lesson
	Problems,

examples
	Provided

topics
	Illustration
	Written,

multimedia
	Yes
	Rarely
	Facts,

algorithm
	Rarely

	Comm.
	Face-to-face
	E-mail
	Combined
	Combined
	Combined
	Combined
	Combined
	Combined


Table 1. Relations between learning styles and activities in the Moodle system
As a technique for implementing the content-adaptation methods mentioned, mostly strechtext was used, meaning that by selecting a key word a new explanatory fragment is put onto the same page.

Link-adaptation was used in order to reduce disorientation in hyperspace, but also to retain free navigation. The navigation path most often suggested to the student is the one on the level of the whole application or the next step that suits him or her the most – global, local guidance. Direct guidance, provided by the “Next” button, was the elementary technique perpetrated in this work to guide students with a beginner knowledge level. Links to already learned, recommended or forbidden pages were differently marked.
Of elementary link-adaptation techniques also were used: 
· link hiding, removal - links leading to irrelevant pages are omitted
· link annotation - relevancy of a concept was assessed for students of respective groups; [image: image13.png]VTS » Kategorije kurseva
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the means used for annotation were different colors, font types and sizes, as well as particular icons (for instance, the "semaphore metaphor": the most relevant links are green, while the forbidden or unrecommended ones are red)

· link sorting – links on top of the list are usually the most relevant ones for the student
Characteristics of the adaptive on-line course for the beginner students (students with a beginner’s knowledge level) – group 1:

· All lessons have corresponding priorities and are grouped within modules. Each learning module contains three important stages:

a) acquainting the student with the objectives
b) presenting the information
c) rehearsing the knowledge and skills acquired
· Lessons are linked by a prerequisite relation circumscribing lessons to be learned before passing to learning the next one, Fig. 2.

[image: image1.png]



1. modules Mk;     2.  lessons Li ;      3. tests Tj ;

Figure 2. Graph of the group 1 modules
· Beginner students follow a linear path while mastering lessons, Fig. 2.

· Each module includes a preliminary test and the final knowledge check-out test, Fig. 2. 

· Navigation is induced depending on the results of the final test.
· Concrete examples are given after each lesson, because they facilitate understanding of the syllabus content and stimulate learning, Fig. 3.

Figure 3. A one week’s portion of the content
· The titles of lessons within a module are presented to the student through content, Fig. 3. 

· It is important for the beginner students to be given as many examples as possible, Fig. 3.

· Each example contains bracketed comments with short explanations of each line of the program code, helping beginner students to understand the program, Fig. 4.

· As for the time schedule and limits, students were not constrained in any way.
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Figure 4. A page with a lesson
· Group 1 students take a multipart exam, preferring to be tested in shorter intervals
· For beginner students, links to additional content were hidden in order to make the course more traditional-like. Also, multimedia objects can be hidden so as not to overload or overwhelm students with the sheer bulk of various contents.
The characteristics of the adaptive on-line course for the students at the middle knowledge level – group 2:
· Lessons were grouped within modules along with the corresponding priority. 
· Middle-knowledge-level students can arbitrarily access lessons within each module, while arbitrary hopping between modules is not permitted.
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Figure 5: Graph of the group 2 modules   
· Each module includes a preliminary test and a final knowledge check-out test.

· Switching over to the next module is possible only after passing the final knowledge check-out test of the previous module. 

· Group 2 students were presented with expansions of thematic units – for instance, “Writing an Applet – Framework“, with additional information on tools for applet writing, Fig. 6. Sights were suggested on which more was to be found on the tools for applet writing, Fig. 7. Selecting the recommended link automatically opens the Web location whose content is recommended by the teacher.  

· Group 2 students decide themselves when to sit for each part of the exam.

· These students prefer practical to theoretical work.
· The teacher sets down the time limits for fulfilling the exam commitments.
· The teacher stipulates the topic for each student’s seminar assignment.
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Figure 6: A view of 8th week’s resources for group 2
[image: image5.png]Programiranje za Internet - Grupa 2
VT - Kiasterz » Resursi » Alai za pisanje Java Apleta

hitp /mathcs shu eduResources!JavalAPI-Editor->Programmer’ File Editor
hitp v lancs. ac.ukipeoplelcpaaplpfel-Compiler- >SUN's Java compiler
it v javasoft.com/-ADE->Blued version 1.1

hitp:/bluej monash. edulIDE->Microsoft Visual J++ 6.0




Figure 7: Additional info for the Framework
Characteristics of the adaptive on-line course for advanced students – group 3:
· To students with a higher level of previous knowledge, additional literature is suggested and their switching between modules is not restricted, Fig. 8.
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1. modules Mk;     2.  lessons Li ;      3. tests Tj ;
Figure 8: Graph of the group 3 modules  
· Group 3 has the schedule (time limits) for all exam commitments set down by the teacher.

· Students sit for all parts of the exam at once. 
· Instead of theoretical seminar assignments, here students are allowed to do practical projects.
Communication is important, especially for the students of groups 2 and 3, providing them with a chance to work together, discuss and ask for explanations, so the course includes forums and chat-rooms. The specific forum/chat-room is for students to discuss specific course topics, while the general f/c-r serves for the more general topics. Also, a session of virtual cabinet can be built-in into the course, where the students can ask questions while chatting with their teachers at predefined times.
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Figure 9: Communication in the e-learning process
3. RESULTS AND DISCUSSION
Considering growing interests in the development of adaptive e-learning systems, this paper nominates a model that supports adaptivity and at the same time provides for the simplicity of the course managing process. On the strength of analysis of the results achieved, the following conclusion was reached:

· Using some methods and techniques of adaptation, adaptivity was implemented on the level of content and that of links.

· The model is simple to implement on the existing open-source on-line learning systems.
· For each group, an appropriate course was carried out, customized to the students’ needs.
· The mood and motivation for learning have substantially risen with students of all three groups, while nothing similar was noted with control group students. 
· 92% students alleged that learning in the adaptive environment, at self-chosen tempo, increased their scores both on the preliminary and the final tests.
· At the end of the course, 82% students responded that Moodle was clear and easy to use.
	Groups
	Characteristics
	Identified learning styles

	Group 1
	Multimedia

material
	Visual

	
	Piecewise fulfillment of exam commitments
	Sequential

	
	Teamwork
	Active

	Group 2
	Students choose topics
	Intuitive

	
	Practical work
	Active

	
	No strictly defined time limits
	Global

	Group 3
	Multimedia

material
	Visual

	
	Teamwork
	Active


Table 2. Groups and learning styles
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Figure 10: Non-adaptive course test scores 
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Figure 11: Adaptive course test scores 
Student should be guided in such a way as to:

· Keep his or hers interest in the content presented. 

· Adopt the requisite knowledge at a speed that suits them the best.

· Get feedback on his or hers achievements timely. The feedback must be relevant to the student and positive.
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Figure 12. Comparative review of scores in adaptive

and non-adaptive conditions of electronic education 
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 Figure 13. An analysis of the scores obtained 
4. CONCLUSION
In this work, adaptive methods and techniques were implemented for the personalization of the instruction process in electronic education. 

By using the concept of adaptivity in the field of electronic education, the efficiency of the instruction process can be improved through carrying out a system for personalized learning, as well as the efficiency of the e-education system as a whole.

Further research will be directed towards finishing up the existing courses. Data on efficiency and effectiveness of the adaptation activities applied to the existing courses will be very important for further research. The research will be broadened by gathering new data on students’ traits. 
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