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ABSTRACT

EELEICINERET TN SIS Many conventional e-Learning systems are based on static information and
Received: 09 October 2020 consider all learners the same, so they cannot meet their diverse needs and tastes. The main drawback of
Reviewed: 25 November 2020 these systems is ignoring the previous interactions and interests of the learners. The e-learning

. recommender systems have been introduced with the aim of overcoming these problems and offering the
Revised: 27 January 2021 ) ) . A
most suitable personalized courses to each learner. The goal of this article is to propose a trust-based e-
Accepted: 27 February 2021 learning recommender system using fuzzy clustering while taking into account the learners' previous
interactions and interests. For this purpose, the weighted association rules and rank prediction were used
to produce a candidate list of learning courses and reclassification of the candidate list to generate the final
recommendations list.
In this paper, a novel approach is proposed, which is based on combining the trust relationships
among users and their common interests in order to calculate their similarities in an e-Learning
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E-Learning recommender system while using fuzzy clustering and weighted association rules, which are aimed at
Trust relations recommending learning courses to the users. In the proposed method, after analyzing the similarities
Fuzzy clustering among users and constructing a trust matrix, the next stages are divided into two general phases: the
Weighted association rules clustering phase of the users and the phase of recommending suitable learning courses for the users. The

clustering phase consists of two stages. In the first stage, the optimal number of clusters is obtained using
the X-Means algorithm, and in the second stage, the fuzzy C-Means clustering is performed based on the
number of clusters obtained. In the recommendation phase for the user, using the weighted association
rules and the final clusters obtained for the users, the rank intended by the target user is predicted for each
learning item according to the neighbors of the user’s cluster. Finally, based on the predicted rankings, N
higher ranking course items are suggested as the target user's favorite items.

Implementation and evaluation of the proposed method on the Moodle dataset demonstrate that

with the reduction of the Mean Absolute Error (MAE) and Root Mean Square Error (RMSE), the accuracy of
the proposed recommendations is increased, utilizing trust relationships, and the coverage rate of the users
and ranks has increased, using fuzzy clustering and weighted association rules, respectively, as compared
with the other existing methods. These findings result from employing the fuzzy clustering of users based
on their interests and the trust relationships among them, which make it possible for each user to join
several clusters with different degrees of membership. Moreover, in utilizing weighted association rules,
the association rules that are most compatible with the courses taken by the user are selected. Rules
selection scores are calculated on the basis of not only the reliability factors but also a combination of the
reliability factors and the user’s interest in learning courses.
Utilizing the criterion of trust among users increases the accuracy in choosing neighbors and
limits the users' harmful effects and invalid opinions, which will ultimately lead to more accurate
recommendations. Also, according to the fuzzy clustering of users, the prediction of the rating of different
learning courses is done only based on the neighbors existing in the clusters of the target user. As a result,
it will perform more efficiently for the massive volume of information available in an e-Learning system and
it shall reduce the problem of data sparsity.
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semantic concepts, nd an agent-based query processing
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from different e-learning systems.
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The proposed approach is based on the Felder and
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student learning styles and the learning items profiles. This
approach shows that the K-means clustering algorithm, the
cosine similarity criterion and the Pearson correlation
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items recommendation systems.
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This paper presents the Mentor system, that supports

teachers in finding former learning designs on the basis of

their needs and preferences. Mentor is integrated into

LAMS which is a well-known tool for designing, managing
and delivering sequences of learning activities.
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saving recommendations
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A hybrid recommendation system is presented as an add-
on for the Moodle Learning Management System that can
support a collection of learning repositories that are
compatible with the Moodle standard. This system
suggests a ranking list of educational items following a
question based on simple key words.
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Two projects recommending practical and privacy-
preserving cell-phone applications which are based on trust
evaluation have been proposed. Recommendations on
cellphone practical applications are presented based on the
users’ trust behaviors related to their usage of cell phones
practical applications.
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This method benefits
from good efficiency, low
memory and
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battery consumption.

It cannot completely detect the
internal malicious users and the
external attacks.
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In  addition to considering social trust-based
communications among users and  their sequential
behaviors, the 1SoTrustSeq method also considers their
implicit interests. This method is based on the matrix
factorization.
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Using the implicit interests
and trust relations among
users leads to the
improvement of accuracy
and reduction of error of
recommendations.
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It requires large amounts of data
as the input. If the user data are
not accessible, the method will
suffer severely.

[4]

2017

ouds all slazel jy pie oS 5 (po0lpiinn el S
K-means 5 b ol 55 o580l S 5 51 o9y ol -l
solawl L‘b;)-\ LS)%,-?QLA S bl o 0,5 (gaisaiig> ol

[y sleel (e 00l (23055 eSile a5 WS (o
A hybrid trust-based recommendation strategy is
presented. It uses a combination of firefly and K-means
algorithms for clustering the learners according to their
learning styles. Then, the trust-based weighted mean is
calculated.
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A trust-based approach
that improves speed and
accuracy of
recommendations.
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A novel trust-based- neural network and collaborative
filtering model is proposed which exploits information
from several sources (content, resources, users’ ratings,
social trust) to predict the ratings in an e-learning
environment. This method combines deep neural network
and collaborative topic regression together, and uses social
trust for the prediction of ratings..
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It reduces data sparsity
and improves the system
capability. It also makes
accurate
recommendations  using
multilevel relationships in

the social networks and
deep learning
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high
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A trust-based recommendation framework is proposed
that recommends the reliable learning sources in e-learning
environments to the learners. This approach uses both the
learners' learning styles and their knowledge levels to elicit
trust values among the learners and incorporates them
with collaborative filtering.
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It proposes relatively
accurate
recommendations by

calculating the trust based
on the learner’s goals and
level of knowledge.
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A new hybrid filtering recommendation approach is
proposed which combines the learners’ influence model, a
self-organization- based recommendation strategy, and
sequential patterns’ mining together for recommending
the learning items to the learners.
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If the former user interests are
not available, the method will be
faced with a serious challenge.
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The proposed method is a collaborative filtering algorithm
based on the influence sets of the collective e-learning
behaviors. The recommendations are generated by
combining k nearest neighbors and k reverse nearest
neighbor.
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In addition to alleviating
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sparsity, it provides
relatively accurate
recommendations
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The presented architecture aims at suggesting the
recommendation of learning items in an e-learning
environment where the reputation of users who
recommend these learning items is considered.

ool Hlews o1 51 oolanl
Ls Ololgrig 9 <ol

FRCSIP | - SWps
Itis very simple to use
and makes relatively
accurate
recommendations.
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appropriate.
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Fig. 1: Framework of the proposed method
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Table 2: Example of ranking matrix (user-item matrix)

Items
Users N ,‘,:4"'1
[FYeyiy
|1 |2 |3 |4 |5 |6 |7 IS
Uy 4 3 2 4 5 1 5 3
U, 0 4 3 0 1 3 2 0
Us 5 1 0 1 0 4 3 0
Uy 1 5 4 0 3 2 5 4
Us 3 4 5 5 1 0 2 3
GB= 5 e 5le) slael o il 5l slaiged ¥ Jgozr
Table 3: An example of a trust matrix (user-user matrix)
Users
Users la 5
[FYULy
U1 Uz U3 U4 US UG U7 U8
Up 0 3 2 4 5 1 5 3
U, 0 0 3 0 1 3 2 0
Us 5 2 0 1 0 4 3 0
Us 1 5 4 0 3 2 5 4
Us 3 4 5 5 0 0 2 3
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Table 4: Configurations of the X-Means Algorithm

S slesul Sl
Configuration parameters Value

onl o v

Low bound(Kpin)

YL o £
High bound (Kax)
K-Means oy ,631 1,55 slaws o yiden Ve

Maximum number of K-Means
algorithm iterations

,1,S5 JS slows oy ik Voo
Maximum total number of iterations
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R L
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Algorithm 2: Pseudocode of the fuzzy C-Means algorithm

The pseudo-code of the Fuzzy C-Means (FCM)

Input: X and C.

Output: Final Fuzzy C-Means clusters.

1: Select an initial fuzzy pseudo-partition, i.e., assign values to all
Wij

2: Repeat

3: Compute the centroid of each cluster using the fuzzy
partition.

4: Update the fuzzy partition, i.e, the wi;.

5: Until the centroids don’t change.
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Algorithm1: The pseudocode of the X-Means algorithm

The Pseudo-Code Of X-Means Clustering
Input: a dataset D, upper bounds (Kmax) and lower bound (Kmin)
for possible K
Output: an Integer k as the number of clusters

1. Initialize K = Kmin

2. Clusters & Run K-means algorithm on D

3. While K< Kmax

{New Clustering < {}

4. For V Ci € Clusters
{

5. Children Structure < Split Ciinto 2 children
clusters

6 If  BIC (Children Structure) > BIC(Ci)

7. New Clustering & Children Structure

8. Else

9. NewClustering ¢ Ci

10. }

11. Clusters < NewClustering

12. If BIC (Clusters) > Best BIC obtained from
previous steps

13. Best Structures < Clusters

14, }

15. Return |Best Structures|
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Algorithm 3: Pseudocode of the proposed method based on fuzzy
clustering and trust relations
The pseudo-code of the proposed methods

Input: user set, coarse set,ratings, grades

Output: Top-N recommendation list.

1: Split dataset into train set Tr and test set Te;

2: Calculate user similarities using the train set Tr with
pearson and trust equations;

3: Determine the number of clusters with x-means algorithm
4: Apply the Fuzzy C-means algorithm

5: Update cluster centers, until cluster centers do not change
6: For allusers € Te do

7: Calculation of the degree of the membership of the user
to each cluster

8: Finding weighted association rules

9: Calculation of candidate courses recommendation score
based on Eq. (16)

10: End.

11: Recommend top_N of items as the recommendation list

to the user u;
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Table 5: Characteristics of files related to the Moodle dataset

File name Columns (fields) Row numbers Description
mdI_badge_issued EsngaLneh Dol ) 2354 oo yg8 10 ()l a8 ol oo s den gol> L oyl
niqueHash Datelssue <
Visigility 203,58 oS Cilitee (o5550]
This file contains all the badges that users have been able
to obtain in different educational courses.
mdl_course_modules Eoursell\llaame 75 s;,jy] Sl yg0 4 by o a5 ol ‘5,.@&;_','1 Gol> bl oyl
ourse . P i ..
Module Ailes,S S 5 byl jo ol 5 s
Instance This file conta|‘n‘s |tem§ that are related to the course and
. users can participate in them
Section
Completion
Score
mdI_course_modules_completion 3ser:\lljame 41204 I ‘5;}5,,] slooygs ax )15 84S wms e lid LB oy
ser|

CourseModulelD
CompletionState
Time

Sl 0uil 38
This file shows the educational courses that each user has
taken.
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RawGrade This file contains the complete performance history of the
RawGradeMax users in the items of educational courses. For example, the
RawGradeMin grades of each user or the users' opinions about the passed
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Time

mdI|_user UserName 2170 Zel )5 LBsp ledbl g9l bl oyl

UserlD This file contains user profile information
ForstAccess
LastAccess
Country
City
Language
TimeZone
BadgesCount

sy o s gl gboosls bl 5y oS il s wilanaslys ol S oS

aS 05 oo ol Badges Jguz g odls Laduie )5 o sla Jlow
il YV gz 50 oas oolo lis slaals Jolis

Badges Jguz sloulsd clasie ¥V Jgo=
Table 7: Description of Badges table’s fields
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Field Description
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UniqueHash Sl e awlls
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Table 6: Description of Grades table’s fields

abs Slos g
Field Explanations
UserName

B 2 )5 el
Username for each user

UserlD W e )l alis

User identifier for each user

ItemID A L.
em si9el 0,90 anlils
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Rate (FinalGrade) o 0,55 Sl S 2 0 e
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Grade of each user for
courses (between 1 and 5)
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Fig. 2: Comparison of TBEL with the other methods based on RMSE and MAE metrics
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Table 8: Results of TBEL and the other methods based on RMSE and MAE metrics
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Table 9: Results of TBEL and the other methods based on UC and RC metrics
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