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Abstract. The aim of adapting e-learning systems is to provide effective 
learning by supplying students with the opportunity to communicate with an 
environment that meets their needs, behaviour, and knowledge. The design and 
creation of learning materials is directly dependent on the learning objectives. The 
more different groups of students a course is adapted to, the higher the degree of 
personalization of the learning process is. In this article we present the results of 
a study on the types of adaptive systems depending on the technological tools and 
methodological approaches for implementing adaptability and personalization in 
learning. Special attention is paid to the applied technologies in the development 
and delivery of adaptive learning content as well as to the ways of modeling an 
individual learning path.
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Introduction
Adaptability within e-learning platforms is built in response to the fact that the 

learning process is different for each student. Adaptive education is an educational 
approach that provides adaptive e-learning services and learning materials specifi-
cally tailored for adaptive learning. The goal is to combine the ability to understand 
and discover the specific needs of a learner with the appropriate pedagogical strate-
gy to improve the learning process. The modeling of the adjustment of the adaptive 
e-learning systems (AELS) from the point of view of the methodological aspects 
of e-learning can be done according to different criteria: user modeling, modeling 
the educational content, modeling the learning process, modeling the knowledge 
control, etc.

AELSaims to adapt some of its key functionalities (providing learning content, 
supporting navigation in a courseof studies, etc.) to the needs and preferences of 
learners. In this sense, adaptability can be seen as the ability of the system to adapt 
its behaviour and provide its functionality to users in accordance with their pref-
erences, educational goals, learning styles, levels of knowledge, behaviour in the 
system, etc.
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According to the initial design of adaptive e-learning (AEL), the content of an 
adaptive course should be suitable for students with different profiles (Modritscher 
& al., 2004; Brusilovsky, 2012; Tuparov & Tuparova, 2009). These profiles can 
contain information about the learner’s goals, preferences, level of knowledge, 
shown performance, learning style, psychological profile, etc. Adaptability can be 
both individual and group; often the learning content is designed for groups of stu-
dents who have similar values to one or more parameters of the student’s profile. 
The more different groups of students a course is adapted to, the higher the degree 
of personalization of the learning process (Bontchev & Vassileva, 2012).

Types of adaptive e-learning systems
Adaptability in e-learning systems is expressed in the ability to adapt to user 

needs and preferences depending on the user behaviour and in response to the re-
sults shown.

AELS have been the subject of active research for the past three decades. What 
can be adapted is a topic that is constantly enriched and developed. This also leads 
to a large number of classifications, often with intertwined terms and ambiguity.

We will present types of adaptive systems depending on the technological tools 
and methodological approaches for realization of adaptability and personalization 
in learning.

Macro-adaptive learning systems – In them, learners’ test results are domi-
nant. Depending on these systems, the learning process is designed and conducted 
differently. A number of adaptive systems have been developed that better adapt 
to the different abilities of students. Since macro-adaptive instruction is regularly 
used within a class, it often includes elements such as explaining or presenting spe-
cific information, asking questions to monitor the learning process, and providing 
appropriate feedback to learners.

Computer-assisted learning systems – They combine the macro-adaptive and 
the micro-adaptive approaches (Modritscher et al., 2004). In them, the instructor 
has tools to monitor and control the learning process.

Another type of system that follows the macro-adaptive approach is the class of 
computer-managedinstruction (CMI) systems. As described in (Goldberg, 2019), 
CMI systems have functions for diagnosing students’ learning needs and recom-
mending learning activities suitable for those needs. For example, the PLM (Platon 
Learning Management) system provides tests at different levels of instruction, such 
as a learning module, lesson, course, and curriculum. According to the student’s 
educational outcomes, specific instruction recommendations are provided, such as 
repeating the assessment or the whole unit, offering additional course instructions, 
etc. When mastery of all objectives in the module is achieved, the student can 
proceed to the next module. CMI systems provide very important macro-adaptive 
learning functions that allow the teacher to monitor and control the student’s learn-
ing activities.
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Intelligent Learning Systems (ILS) – they automatically personalize the learn-
ing process. Their main purpose is to simulate various aspects of teaching; in them, 
the system itself is the instructor or teacher. ILS are based on artificial intelligence 
and they can draw conclusions based on knowledge models, which is useful for 
promoting and evaluating learning. The main function of ILS is to adapt to the 
learner through understanding or awareness of his/her cognitive, meta-cognitive, 
and emotional states. Among the characteristics of research in the field of ILS, the 
emphasis is on the individualization of learning and the requirement that the system 
has its own expertise for solving problems as well as a specific skill for conducting 
instruction in order to interact with the learner.

The importance of intelligent learning systems has increased rapidly in recent 
decades (Bradac & Kostolanyova, 2017). There are various ways in which the ap-
proaches of artificial intelligence are used in adaptive educational systems. For 
example, in some systems the main focus is to study and evaluate learners’ charac-
teristics in order to generate learner profiles. The aim is to assess students’ general 
level of knowledge and preferences, which should be used as a basis for the peda-
gogy that is further recommended.

Adaptive Hypermedia Systems(AHS) – they try to combine adaptive learning 
systems and hypermedia-based systems. These systems adapt to user characteris-
tics, usually introducing user models for this purpose. Due to their popularity and 
accessibility, AHS have been used for educational systems, e-commerce applica-
tions, information systems, and support systems.

Adaptive hypermedia methods can be divided mainly into two areas of adapta-
tion – content-level adaptation or adapted presentation, where the content is com-
posed or presented in different ways or in different sequences, and link-level adap-
tation or adaptive navigation support (Almohammadi, 2017).

In (Brusilovsky, Kobsa & Vassileva, 2013) the adaptability in the adaptive hy-
permedia is described in detail, as the main accents arethe following:

– possibilities of the system to adapt – user characteristics (knowledge, goals, 
qualification, previous experience in hypermedia, preferences) and charac-
teristics of the user environment (platform, geographical location); 

– what can be adapted – content of the learning pages and the hyperlinks be-
tween them, which are called adaptive presentation and adaptive navigation 
respectively; 

– methods and techniques for achieving adaptive presentation and adaptive 
navigation. 

According to Brusilovsky, two main components can be adapted in AHS – the 
content of the learning pages and the hyperlinks between them. In (Brusilovsky, 
2012), adaptability in adaptive hypermedia is comprehensively described from a 
technical point of view, deriving a taxonomy of adaptive hypermedia technolo-
gies, cited by a number of authors also as a taxonomy of Brusilovsky. The two 
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main types of adaptability from a technical point of view are the above-mentioned 
adaptive presentation and adaptive navigation, which are subsequently divided into 
eight subclasses of adaptability in terms of pedagogical aspects of adaptive e-learn-
ing (Brusilovsky, 2012; Bower, 2016).

Methods and tools for adapting the learning content
Three main components participate in a balanced formula for adaptability: user 

(learner, student), teacher (instructor, educator), and a set of predefined rules set 
by the instructor (Arnaudova, Terzieva & Rahnev, 2016). Adaptability is usually 
focused on the learner. The subject of our research are the methods and tools of 
adapting the learning content.

When adapting the learning content, resources and activities dynamically 
change their content similar to adaptive Internet-based learning systems, which use 
intelligent agents to adapt the presentation or an adaptive presentation (Bradac & 
Kostolanyova, 2017). In case of content adaptability, it isalso understood to submit 
learning materialsappropriate to each student’s learning style. The purpose of the 
adaptive presentation is to adapt the content of each node (page) in accordance with 
the current state of knowledge, learning objectives, and other characteristics of the 
user (Brusilovsky, 2014). In adaptive presentation systems, pages are not static; 
instead, they are adaptively generated and compiled for each user. For example, 
an advanced learner may receive more detailed and in-depth information, while a 
beginner may obtain additional explanations.

The modeling of the learning content is directly dependent on the learning ob-
jectives. The system of goals reflects the set of knowledge, skills, and competencies 
that the learner must acquire at the end of the course. The course author is respon-
sible for the creation and management of educational content. The main character-
istics that the content must have are the following: 

– to be well structured – in a suitable ontology and in an adequate place in the 
ontological graph; 

– to allow for repeated use – i.e.to have the lowest possible structure of the 
learning objects; thus, it can be used in different places and for different 
purposes; 

– to be described in detail according to the LOM standard or another one. 
Standardization allows portability between platforms and storage in learning 

object repositories. Thus implemented, e-lessons can be used to independently 
achieve educational goals. This also makes it easier for the instructor or other Inter-
net-based learning systems to find appropriate content.

According to the authors, the creation of static learning material is avoidedin 
modern web-based learning environments; educational material is presentedto the 
learner in a linear waydue to the large number of interdependencies and contin-
gent connections between the different pages (Tuparov & Tuparova, 2012; Rahnev, 
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2014a; Sosnovsky & Brusilovsky, 2015). Often the authors create several versions 
of the learning resources so that the system can offer the most appropriate oneto 
the student.

In the general case, after the publication of the learning objects, it is not possi-
ble to change their structure, methods, or definitions of basic parameters (such as 
conditions or properties). However, if the learning objectis designed to allow for 
real-time changes, the teacher will be able to alter the way the learner perceives the 
course and the way it is conducted: 1) the teacher will be able to update the content 
based on predefined learning material or to create new content; 2) the teacher will 
be able to influence the learning path by uploading files, showing or hiding ele-
ments of the content and structure, etc.

The introduction of hypermedia has a major impact on adaptive learning sys-
tems. While other types of adaptive systems cannot be implemented without pro-
gramming skills, adaptive AHS courses can be created using the latest writing tools 
such as SmexWeb. However, there are some limitations to AHS: De Bra states that 
the user may be directed to pages that are not relevant or understandable to him/
her if the assumed relationship in the AHS is wrong or omitted by the user (De Bra, 
2003). In addition, the assessment of the learner’s knowledge is the most important 
factor for the successful implementation of AHS.

In hypermedia systems, content is not only textual but it also contains a number 
of multimedia elements. In this sense, a distinction can be made between an adap-
tive text presentation and an adaptive multimedia presentation. This also includes 
adaptations in the learning systems that implement intelligent agents to adapt per-
formance (Almohammadi, 2017), adaptive natural language generation, machine 
learning, and others. Another aspect of adapting the content is the submission of 
learning material appropriate to the learning style of each student through the use 
of various multimedia elements such as text, sound, graphics, video, animation, etc.

Adaptive navigation methods refer to all possibilities for modifying the visual 
links, which provide navigation – for example, rearranging, hiding, adding annota-
tions, etc. (Brusilovsky, 2014). The main methods for adaptive navigation are the 
following:

Direct guidance – the user can be directed to the material to be studied in ac-
cordance with his/her level of knowledge on the subject, learning objectives, ped-
agogical strategy, or other parameters involved in the user model (Brusilovsky, 
2012; Rahnev & al., 2014b).

Adaptive link sorting – it aims to arrange all the links in a page in line with 
certain criteria such as their compliance with previous knowledge or similarity to 
the current document. The higher a relationship is in the sorting, the more it meets 
the criteria.

Adaptive link annotation – this is a method whose implementation techniques 
involve providing links along with additional marking, text, coloring, icon, or fad-
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ing so as to give the learner some additional information about the nodes behind 
these links (Brusilovsky, 2012; Bower, 2016). The algorithm for generating anno-
tations classifies the students’ level of knowledge into three categories – minimum, 
average, and maximum. Thresholds for the level of knowledge can be set by the 
teacher. These three knowledge thresholds allow the adaptation mechanism to fine-
tune how much knowledge each learner needs to demonstrate. The authors also 
note the motivational effect of the annotation of links – in their opinion, learners 
answer more questions;they work with the questions more persistently and research 
a greater variety of materials related to the questions. The adaptive annotation of 
links helps to significantly increase the commitment of learners to work with op-
tional learning material.

The learners’level of knowledge or their abilities are also often included 
as parameters of adaptation in the construction of a personalized learning 
path. Some sources use Bloom’s taxonomy to classify the ability of students 
(Alshammari & al., 2014; Brusilovsky, 2012), while others use test results to 
determine the learners’level of knowledge (Rahneva & al., 2008; Rahnev & 
al., 2014a;Bower, 2016).

Another parameter, as suggested by (Rahnev & al., 2014b; Arnaudova & al., 
2016), is the number of visits to the same learning object. To meet the needs of stu-
dents and to improve the quality of adaptive learning, it is necessary to take into ac-
count a number of factors during the formation of a personalized learning path,such 
as prerequisites for success (results of preliminary tests, number of attempts, etc.), 
pedagogical consistency, cognitive complexity, successor failure of other learners, 
and assessment time (Terzieva & al., 2018; Rahnev & al., 2019). The preconditions 
for achieving the pedagogical goals are fulfilled in order to extract information 
about the students’preliminary preparation and to choose a suitable pedagogical 
model for them.

In recent years, cognitive information processing capabilities have also been 
added to the abilities that influence e-learning. The creation of adaptive e-learning 
systems, integrating the cognitive load theory (Clark &Mayer, 2016), is beginning. 
In e-learning, it is easy to succumb to the temptation to provide vast amounts of in-
formation through different media simultaneously and leave it in the hands of learn-
ers to deal with the associations between sound and text or picture and concept, etc., 
which strains students’cognitive abilities and leads to low learning efficiency.

The specific features that need to be considered in the process of implementing 
adaptive e-learning are:

– the learners’level of knowledge and skills, as both the initial level and the 
current state are essential when conducting interim tests;

– the individual rate of assimilation (working capacity) and level of cognitive 
and practical autonomy;

– the nature of the thought processes of the different groups of learners, etc.
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Conclusions 
Each learner has individual needs and characteristics such as basic knowledge, 

learning style, motivation, etc. These differences affect the effectiveness of the 
learning process and are a prerequisite for some learners to easily master the learn-
ing material of an e-course, whereas others to encounter significant difficulties.

The main goal of the functioning of the system for adaptive learning is to in-
crease the efficiency of learning by reducing the time for access to the necessary 
learning information, selecting a sufficient amount of learning resources to achieve 
the set learning goals, providing different learning styles and content accessibility, 
stimulating self-control and self-learning, motivating students through active forms 
of education and so on.

Acknowledgment. This paper is supported by the National Scientific Program 
“Information andCommunication Technologies for a Single Digital Market in Sci-
ence, Educationand Security (ICTinSES)”, financed by the Ministry of Education 
and Science.

REFERENCES
Almohammadi, K., Hagras, H, Alghazzawi D. & Aldabbagh G. (2017). 

A Survey of Artificial Intelligence Techniques Employed for Adaptive 
Educational Systems Within E-Learning Platforms, Journal of Artificial 
Intelligence and Soft Computing Research, Vol. 7, Issue 1, 47 – 64.DOI: 
10.1515/jaiscr-2017-0004, ISSN (print): 2083-2567, ISSN (on-line): 
2449-6499.

Alshammari, M., Anane, R. & Hendley R. (2014). Adaptivity in E-Learning 
Systems, The Eighth International Conference on Complex, Intelligent, 
and Software Intensive Systems(CISIS 2014), Birmingham, UK, ISBN 
print: 978-147994325-8.

Arnaudova, V., Terzieva, T. & Rahnev, A. (2016). A methodological 
approach for implementation of adaptive e-learning. CBU International 
Conference Proceedings, Prague, Czech Republic, v. 4, p. 480 – 487, 
Print ISSN 1805-997X, Online ISSN 1805-9961.

Bower, M. (2016). A Framework for Adaptive Learning Design in a Web-
Conferencing Environment, Journal of Interactive Media in Education, 
11, pp. 1–21,http://dx.doi.org/10.5334/jime.406.

Bontchev, B. & Vassileva, D. (2012). Courseware Adaptation to Learning 
Styles and Knowledge Level, E-Learning – Engineering, On-Job 
Training and Interactive Teaching, Dr. Sergio Kofuji (Ed.), InTech, 
ISBN: 978-953-51-0283-0.



389

Technologies and Tools for Creating...

Bradac, V. & Kostolányová, K. (2017). Intelligent Tutoring Systems, In: 
Vincenti G., Bucciero A., Helfert M. & Glowatz M. (eds) E-Learning, 
E-Education, and Online Training, Lecture Notes of the Institute for 
Computer Sciences, Social Informatics and Telecommunications 
Engineering, Vol. 180, Springer, 71 – 78, ISSN: 1867-8211, Online 
ISSN: 1867-822X.

Brusilovsky, P. (2012). Adaptive Hypermedia for Education and Training. 
In: Adaptive Technologies for Training and Education. Cambridge, 
UK: Cambridge University Press, pp. 46 – 68. ISBN: 9780521769037. 
Brusilovsky, P. (2014). Addictive links: engaging students through 
adaptive navigation support and open social student modeling, WWW ‘14 
Companion Proceedings of the 23rd International Conference on World 
Wide Web, Seoul, Korea, April 07 – 11, 1075 – 1076, ISBN: 978-1-4503-
2745-9.

Clark, R., & Mayer, R. (2016). E-Learning and the science of instruction: 
proven guidelines for consumers and designers of multimedia learning, 
4th. ed, Jossey-Bass/Pfeiffer Edition, pp. 528, ISBN-13: 978-1119158660, 
ISBN-10: 1119158664.

De Bra, P. (2003). Link-Independent Navigation Support in Web-Based 
Adaptive Hypermedia, Journal of Web Engineering (JWE)Vol. 2,1&2 
pp. 74 – 89.

Goldberg, B. (2019). Design Recommendations for Intelligent Tutoring 
Systems: Volume 7 – Self-Improving Systems, U.S. Army Combat 
Capabilities Development Command – Soldier Center, pp. 194, ISBN: 
099772577X, 9780997725773. 

Modritscher, F., Manuel Garcia-Barrios, V. & Gutl C. (2004). The Past, the 
Present and the Future of adaptive E-Learning An Approach within the 
Scope of the Research Project AdeLE, Proceedings of the International 
Conference on Interactive Computer Aided Learning (ICL2004), Villach, 
Austria, ISBN: 3-89958-089-3

Rahnev, А., Pavlov N. & Kyurkchiev, V. (2014a). Distributed Platform for 
e-Learning – DisPeL, European International Journal of Science and 
Technology (EIJST), 3 (1), 95 – 109, ISSN: 2304-9693.

Rahnev, A., N. Pavlov, A. Golev, M. Stieger  &  T.  Gardjeva (2014b). 
New Electronic Education Services Using the Distributed E-
Learning Platform (DisPeL), International Electronic Journal 
of Pure and Applied Mathematics (IEJPAM), 7 (2), 63 – 71  
(ISSN: 1314-0744).

Rahnev, A., B. Zlatanov, E. Angelova, I. Staribratov, V. Arnaudova & S. 
Cholakov. (2019). Electronic textbook in overview lectures for state 
examination in DisPeL, Mathematics and Informatics, Volume 62, 



390

Todorka Terzieva, Valya Arnaudova, Asen Rahnev, Vanya Ivanova

Number 2, 156 – 167. ISSN 1314–8532 (Online); ISSN 1310–2230 
(Print).

Rahneva, O., A. Golev & N. Pavlov. (2008). Dynamic Generation of Testing 
Question in SQL in DeTC, Cybernetics and Information Technologies, 
Vol. 8, No. 1, pp 73 – 81, Print ISSN: 1311-9702, Online ISSN: 1314-
4081.

Sosnovsky, S. & P. Brusilovsky (2015). Evaluation of topic-based 
adaptation and student modeling in QuizGuide. User Model User-Adap 
Inter 25, 371–424.https://doi.org/10.1007/s11257-015-9164-4.

Terzieva, T., A. Rahnev & A. Karabov. (2018). Methodological problems 
for development of adaptive e-learning content, Annual Scientific and 
Methodological Journal“Education and Technology“,Vol. 9, ISSUE 1, 
pp. 119 – 124, ISSN 1314 1791.

Tuparov, G. & D. Tuparova (2009). Modelling of Adaptive Learning 
Scenario in e-Learning Environments, Journal Communication and 
Cognition, Vol. 42 No1, Gent, Belgium, pp. 19-34, ISSN 0378-0880.

Tuparov, G. & D. Tuparova (2012). Technological Tools for Development, 
Delivering and Maintenance of e-Learning Content and Courses, 
Mathematics and Informatics, Volume 3, pp. 2013 – 224, ISSN 1314–
8532 (Online); ISSN 1310–2230 (Print).

 Dr. Todorka Terzieva, Assoc. Prof 
ORCID iD: 0000-0003-2925-8534 

Dr. Valya Arnaudova, Assist. Prof. 
Prof. Dr. Assen Rahnev 

Dr. Vanya Ivanova, Assist. Prof. 
Faculty of Mathematics and Informatics 

University of Plovdiv “Paisii Hilendarski” 
236, Bulgaria Blvd. 

4003 Plovdiv, Bulgaria 
E-mail: dora@uni-plovdiv.bg, todorka.terzieva@fmi-plovdiv.org 

E-mail: varnaudova@uni-plovdiv.bg 
E-mail: assen@uni-plovdiv.bg 

E-mail: vantod@uni-plovdiv.bg


