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Abstract—In e-learning, recommendation systems have proven to be highly
efficient for improving learners' performance and knowledge. They can manage
the different pedagogical resources and simplify the workload for the instructor
and learners as well. Throughout the years, recommendation systems in e-
learning have witnessed a major evolution since the 2000s. Several aspects have
been developed, including techniques involved, test data (...). In this respect,
this paper analyses the evolution of recommendation systems in e-learning since
2000 with a focus on the evolution sides. It furthermore addresses areas not ful-
ly addressed to date. A set of recommendation systems is identified and then
analysed in order to define techniques used, as well as algorithms deployed.
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1 Introduction

The large amount of information and material has hindered the task of learners as
they are encountering many educational resources covering different subjects. E-
learning improves learners' knowledge and abilities [1-2]. Mooc, in particular, offers
several options for learners and a diversity of material [3-4]. Choosing between all
the existing information and materials is currently regarded as one of the toughest
choices requiring prior study and analysis of all features of the learning environment.
In this respect, recommendation systems can manage multiple resources within a
learning environment and assist in guiding learners towards a more efficient learning
process [5-6]. Many researchers addressed recommendation systems in e-learning [7-
9]. Techniques and approaches covered are also varied, from personalized approach-
es, collaborative filtering approaches to hybrid approaches [10-12]. Recommendation
systems emerged early in research, although they did not start to grow in the field of
e-learning until the 2000s. It is only from this year onwards that researchers began to
explore the function of recommendation systems in e-learning and how they can guide
learners in their learning. In e-learning, recommendation systems are progressing with
the advancement of Machine Learning algorithms and Big Data techniques. For in-
stance, learning analysis can be handled to predict learner performance within Moodle
[13]. Tt is therefore of utmost importance to study the evolution of recommendation
systems since their emergence. In this article, we propose a study analyzing the evolu-
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tion of recommendation systems in e-learning since 2000 and discussing the points
developed by researchers according to their types and characteristics. On the other
hand, we plan to explore limitations of studies already carried out in e-learning on
recommendation systems and what are the next avenues to pursue.

The paper is structured according to the following parts: the first part deals with the
research methodology in question, including data collection; the second part consists
of an analysis of selected papers; the third part provides a general analysis of results
obtained after selecting papers and thus gives answers to questions asked; finally, the
conclusion elaborates results of the analysis and the next avenues to be explored.

2 Analytical Technique

2.1  Research questions

In this study, we will analyze the different selected researches in order to detect
which techniques have been contemplated as well as areas not covered through the
two questions:

a) What are challenges that have been addressed by recommendation systems?
b) What are the limits that were not included in these studies?

2.2 Research methodology
e Data collection
To select papers, we spread our study over four time periods:

a) From 2000 to 2005
b) From 2006 to 2010
c¢) From 2011 to 2015
d) From 2016 to 2020

Research was conducted on several databases, including IEEE, Springer, Elsevier,
ScienceDirect, Google Scholar.

e Search by keyword

Research terms used for this article can be divided into two groups. The first group
includes terms related to e-learning: e-learning, distance learning, learners, online
education. The second group includes terms referring to recommendation systems and
their different types: recommendation system, recommendation, content, collaborative
filtering, hybrid system.
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¢ Selection of papers to be included
Papers selected must meet the following criteria:

a) They must be written in English

b) They must be published between 2000 and 2020

¢) Two words should basically appear in the title: recommendation and e-learning

d) Focus on articles appearing at the beginning of the research list and with a high
number of citations

3 Analysis of the Selected Papers

This part is devoted to the study of recommendation systems proposed in the con-
text of e-learning and social learning. We will study the evolution of recommendation
systems in this field from 2000 up to the present moment. We will thus look more
closely at recent proposed recommendation systems and the aspects that have not
been addressed in depth.

3.1  First period: From 2000 to 2005

Recommendation systems have coexisted since the 1990s. It was only after the
1990s that recommendation systems started to spread in many areas, including e-
learning. As a result, recommendation systems within e-learning only began to gain
prominence after 2000. In this period, researchers initiated their work in exploring
these systems in e-learning and how these systems will improve the quality and per-
formance of e-learning. We report an overview of some work undertaken in the area
of e-learning recommendation systems.

o A personalized e-learning recommender system [14]

This study proposes a personalized recommendation system for two purposes: the
first purpose is to identify and justify the needs of learners and the second purpose is
to recommend content that is appropriate to the identified needs of learners. The
framework consists of several parts:

a) Extraction of learners' data

b) Identification of learners' requirements and needs
c¢) Content analysis

d) Generation of recommendations

¢ A social recommendation system [15]

This article proposes a QSIA recommendation system aiming at sharing questions
and knowledge among learners. The concept of social mechanisms is discussed while
comparing the aspect of neighbours compared to friends.
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e A recommender agent for e-learning systems [16]

The concept of actions carried out by users has been widely adopted in several are-
as. This article focuses on techniques for exploiting the web based on learners' activi-
ties and their history. The approach consists in creating a recommendation agent
based basically on association rules. The association rules thus focus on linking dif-
ferent items simultaneously.

e A smart recommendation system [17]

The study proposes a recommendation system adapted both to the different users
and to the web environment as well. The system takes several features into considera-
tion:

a) Basic contents

b) Learner evaluation

c¢) Collecting information on the web environment
d) Collaborative classification and filtering module

o A personalised recommendation system [18]

An EPERS recommendation system is designed to offer learners personalised con-
tent meeting their requirements. The framework is based on numerous aspects:

a) Extraction of learner-related information
b) Knowledge of the field
¢) Learning resources for recommendations

¢ An e-learning system based on item response theory [19]

The recommendation system proposed in this article makes it possible to consider
the degree of difficulty of pedagogical subjects as well as the capabilities of learners.
The architecture of the recommendation system depends on several parameters:

a) Learner data
b) Data related to available educational resources
¢) Explicit learner assessments

The recommendation system is thus evaluated by considering explicit feedback
from learners.

A significant amount of Research has been accomplished on recommendation sys-
tems in e-learning between 2000 and 2005. Although e-learning recommendation
systems only emerged in the 2000s, researchers have explored several avenues for
personalized recommendations, social recommendations and explicit feedback from
learners. More emphasis has been devoted to personalized recommendation systems
to meet learners' requirements and needs.
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3.2  Second period: From 2006 to 2010

Recommendation systems are starting to gain prominence during this period. How
then have recommendation systems evolved during these years, and what changes and
improvements have researchers brought forward in comparison to what has previously
been achieved? We outline some of the recommending systems proposed from 2006
to 2010.

¢ A recommendation system based on collaborative filtering [20]

The proposed recommendation system is based mainly on the weight of learners
according to their level of knowledge. Those with a higher level will have higher
weights than those with a lower level. In this respect, equations have been modified in
connection with collaborative filtering. The test was carried out on MovieLens as long
as the e-learning realm suffers from a lack of data.

¢ A recommender system based on implicit feedbacks [21]

This article proposes to consider implicit feedback from learners instead of relying
on explicit data and learner evaluations. This entails applying web data mining to
build a better recommendation system. Association rules are proving to play a signifi-
cant contribution to recommendations in the context of web mining.

¢ A smart system on e-learning [22]

A web application is developed integrating the recommendation system aiming to
support the learning process for learners. This keeps essential questions and resources.

e Predicting student performance by a recommender system [23]

This approach uses recommendation systems to predict learner performance. The
assessment was carried out on numerous databases, also based on linear regression
and logistic regression.

e A hybrid recommender system [24]

A hybrid system is set up within a learning environment combining content-based
and classification-based techniques. Classification algorithms such as k-means have
been adopted to achieve adequate content clustering.

e A hybrid system [25]

This hybrid system proposes to combine concept maps and collaborative filtering
to better identify the learning process. The system encompasses several parts:

a) The pedagogical resource base
b) The tag base
¢) The base of concept maps
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During this phase, hybrid recommendation systems occupy an important position
in the e-learning domain. Researchers are realizing the relevance of hybrid recom-
mendation systems as they offer more advantages and performance compared to other
recommendation systems.

3.3  Third period: From 2011 to 2015

This period is marked by the high prevalence of Machine Learning algorithms and
more developed techniques as well as more reliable systems. What are the then the
areas of improvement and development? We thus identify some studies performed on
e-learning recommendation systems between 2011 and 2015.

e Application of recommender systems on e-learning environments [26]

The recommendation system proposed in this article consists in ensuring appropri-
ate content for learners according to their level. The system is then founded on several
aspects:

a) Recorded data about learners

b) Classification of learners with a higher level

¢) Association rules for learners with a lower level

d) Recommendations according to the category of the learner

¢ A context-based recommendation system [27]

This study proposes the integration of learners' implicit activities as an alternative
to explicit answers. The approach is based on two aspects:

a) The geographical context
b) The user context

e Adaptive hypermedia for e-learning personalization [28]

A developed program is suggested, Protus, which intends to combine recommenda-
tions and adaptive hypermedia. The architecture of protus consists of various parts:

a) The learner interfaces
b) The system server
¢) The teacher interfaces

¢ Semantic-based recommendation system [29]

The recommendation approach proposed in this article sets up a system based on
semantic analysis and the relationship between object learning and learners' needs.
The architecture of the semantic recommendation system consists of:

a) Repository service
b) Indexing service
¢) User service
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¢ An e-learning recommender systems based on hybrid filtering [30]

The approach comprises a two-sided hybrid recommendation system, the first side
is a hybridisation between content filtering and collaborative filtering, while the sec-
ond side is a hybridisation between collaborative filtering and the k-neighbour algo-
rithm. The framework consists of several aspects:

a) Learner profile
b) Relevant contents
¢) Recommendations addressed to the target learner

e A hybrid system [31]

This hybrid system consists on the one hand of collaborative resource filtering and
then applying the sequential algorithm to detect common resources. The hybrid ap-
proach includes:

a) Web logs

b) Data pre-processing

¢) Sequential models

d) Recommendation results

We distinguish a heavy presence of hybrid recommendation systems. Researchers
are more interested in combining developed approaches and algorithms to increase the
performance of their recommendation systems.

3.4  Fourth period: From 2016 to 2020
¢ Ontology-based systems [32]

This article presents a review of papers produced between 2005 and 2014 within
the framework of ontology-based recommendation systems in e-learning. The study
ranks the papers according to the type of ontology and the type of programming lan-

guage.
e A hybrid system based on sequential pattern mining and context awareness

[33]

This paper proposes a hybrid recommendation system combining the contextual
aspect, sequential analysis and collaborative filtering algorithms. The hybrid approach
covers:

a) Web logs
b) Learner profiles
¢) The learning model
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e A hybrid system based on ontology [34]

A hybrid recommendation system is proposed combining ontology and sequential
analysis. The approach consists of calculating similarity based on the ontology, then
generating the top N recommendations, and finally applying the sequential analysis to
generate the final recommendations.

e A graph-based system [35]

This recommendation system suggests the graphical study to generate recommen-
dations. Several semantic relations have been explored between learning objects. The
proposed recommendation structure includes the knowledge graph, the learning path
and recommendations.

¢ A fog-based recommendation system [36]
The proposed recommendation system contains three modules:

a) Class identification module: calculating the correlation factor
b) Subclass identification module
¢) Correspondence module: matching subclasses to available contents

3.5 Interpretation of results

To analyse results arising from our analysis based on work between 2000 and
2020, we will classify the different approaches into the following categories: Person-
nalized, collaborative filtering, hybrid, web logs and data, semantic and others. After
sorting the research studied into these categories, we get the following graph (figure

1.

Between 2000 and 2020

OTHERS

SEMANTIC

WEB LOGS AND DATA
HYBRID

COLLABORATIVE FILTERING
PERSONNALIZATION

Fig. 1. Distribution of research carried out on e-learning recommendation
systems between 2000 and 2020
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The graph reveals that hybrid recommendation systems have held a prominent po-
sition in e-learning recommendation systems for many years. This indicates that re-
searchers tend to focus on hybrid approaches as they outperform traditional systems.
On the other hand, web logs are also strongly present in e-learning recommendation
systems since they allow tracking learner activity, and hence offer recommendations
that are more appropriate to learners' profiles and to actions taken within the learning
environment.

In the coming section, we will respond to the questions addressed at the beginning
of the article.

a) What challenges were addressed by the recommendation systems discussed?
The recommendation systems cited covered a broad range of techniques:

1. Collaborative filtering: which is based on all content and data from different learn-

ers.

ii. Hybrid techniques: which are based on the combination of several techniques sim-
ultaneously to improve the performance of the recommendation system.

iii. Web logs: which are addressed in many studies so as to better respond to learner
requirements.

iv. Ontology: which is considered among the most important aspects in recommenda-
tions.

v. Personalized recommendations: based on learner profiles and personalized data of
each learner.

It also turns out that significant importance has been accorded to hybrid recom-
mendation systems, as they can combine the advantages of several techniques and
obtain more reliable results.

b) What are the limits and points that have not been addressed in these studies?

Although the systems of recommendations identified from 2000 to 2020 addressed
many techniques, there are still several outstanding issues and aspects to be explored,
as well as several challenges to be met:

i. Focusing more on exploring social distance learning: In fact, most studies address
e-learning within the general context and do not specifically focus on social learn-
ing environments, including social networks. Social learning responds to specific
needs and encourages interactivity and collaboration among learners.

ii. Lack of implicit data in web data mining: Analyzing web data is deemed more dif-
ficult compared to explicit learner data. In some instances, it is difficult to find all
the data related to learners' logs in order to obtain relevant recommendations.

iil. In other cases, logs do not reflect the real preferences of learners, assuming that
certain actions are not of considerable importance.

iv. The problem of Data Scarcity in e-learning has not been properly handled. Some
research has used other databases from other fields to prove the performance of
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their recommendation systems. However, in order to evaluate a recommendation
system in e-learning, the database must relate to the learning context.

v. Treating each action as independent of the other: In most cases, recommendation
systems tend to consider actions undertaken by learners as independent when this
is not necessarily the case. In this respect, it is important to measure the degree of
correlation between the events carried out by learners and integrate this parameter
in the calculation of relevant recommendations.

4 Conclusion

In the context of e-learning, recommendation systems are of utmost importance.
They ensure a good management of pedagogical resources and time for learners, and
offer a diversity of contents in order to improve the learning level of learners. Since
2000, recommendation systems started to become popular in e-learning, including
content-based systems, collaborative filtering and hybrid systems. To describe the
evolution of recommendation systems in e-learning over the years, we split the re-
search into four parts to analyze issues that were addressed in each period and chang-
es and modifications proposed. In this article, we also highlight the aspects that have
been considered by researchers since 2000 as well as challenges that have not been
raised. Based on our study, we foresee in our future work:

i. To propose a recommendation system within the social learning perspective ad-
dressing the problem of data scarcity and implicit data gaps.

ii. Demonstrate the performance and reliability of our proposed recommendation sys-
tem.
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