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the needs of individuals and present the most appropriate content is considered as a solution method in this regard.
The aim of this systematic study is to determine the trends in the field by making a comprehensive analysis about
what kind of suggestions are given in the studies on the recommendation systems used and designed in the field
of adult education, in which year the studies were conducted, the research method used, the filtering methods used
and the algorithms used, and to identify the trends in this field to establish an up-to-date basis for new entrants. As
a result of the review madein various databases, 113 studies werereached, and a systematic analysis of 75 studies
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that met the inclusion criteria was carried out. As aresult of the review, itwasseen that the most content suggestions
were made, the most publications were made in 2020, the research method focused on determining the system
performance and promoting, and a limited number of experimental studies were included. It has been determined
that the most collaborative filtering method is used, and content-based and hybrid filtering methods are less
preferred. It has been concluded that the K nearest neighbor algorithm is used much more than other algorithms,
and besides this algorithm, artificial neural networks, support vector machines, decision trees and newly proposed
algorithms by the researchers are also included. In line with the results obtained, investigations were made and
suggestions were made for practice and research for future studies.

© IJERE. All rights reserved
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INTRODUCTION

Today, we live in a world where we can reach more products and varieties. We need to make decisions for
different purchases from clothes to books, from food to electronic devices, and from cars to homes. The
multitude of options for all these products brings difficulties in choosing individuals who do not have time to
research in the hustle and bustle of daily life or who are undecided about what they need. In the periods when
there were no virtual systems, individuals made their product choices mostly on the recommendation of the
best seller or their relatives/acquaintances. The service sector of the developing world also brought about
changing habits and enabled the use of Virtual Systems (Ganguly et al., 2010). While there were few products
and uses in the beginning, with the increase in the number of items and users over time, it has become difficult
for individuals using virtual systems to make decisions. It is seen that similar difficulties are experienced in
the field of education.

With the recognition that obtaining information from the Internet saves time and space, there has been an
uncontrolled exponential increase in the number of virtual classrooms, courses, and educational materials
(Chou & Chen, 2008; Vezne et al., 2023). While MIT, one of the systems providing e-learning services, publishes
2577 courses online in the open course system, UDEMY, which is the most widely used in Turkey, offers more
than 185,000 courses, and the Ministry of National Education offers courses with an average of 461,689
different content per year for users of all ages. Access to digital content whose growth rate cannotbe controlled
is easy for individuals, but this increase also causes serious problems for users in choosing content. These
problems reduce the effectiveness and efficiency of the training, the chance of reaching the right training, and
the satisfaction rate of individuals from training (Peltier, Schibrowsky& Drago, 2007). Interests, skills, needs,
and expectations that vary according to the person require a solution to the problem of presenting online
content equally and in the same way to everyone. The most effective method that can be a solution to this
problem in online environments is recommendation systems. The main task of recommendation systems is to
prevent virtual disappearanceby identifying and presenting the mostsuitable / ones amongnumerous content
(Khanian&Mohd, 2016). Recommendation systems are also preferred by publishers to increase the preference
rates of the applications or websites used, to ensure user satisfaction, and to enable orientations to different
items (Cheng et al., 2016; ézaydm etal, 2022a, b).

According to Knowles (1978), an adult is defined as a person who has reached the biological reproductive age
and is legally capable of voting, obtaining a driver's license, marrying of their own accord, or going to the
military. Adult education, on the other hand, can be defined as the process of organized activities in which
people who have completed their continuous/formal education participate voluntarily in order to create a
change in their understanding of life, knowledge, skills, behavior and understanding. Adults want to meet
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both their own and society's needs throughout their lives. This need may arise not only from the need to
know/learn, but also from the need to be valued/prestige or self-actualization, as stated by Maslow (1943) in
the hierarchy of needs. Adult students differ from child students. There are no exam requirements that will
shape life depending on a certain curriculum (Knowles, 1978). They are at a certain level of educational
maturity and have their own intellectual structures. For these reasons, before learning a subject, they want to
know why they will learn, how the learned information will affect their lives and where they should use this
information. The need to know is inevitable for adult students, not only for themselves, but also for ensuring
the development and safety of the individuals they are responsible for (Garrison, 2003). The desire to adapt to
the developing and changing world around them, to learn new techniques and to feel adequate for the
individuals under the most important responsibilities is the trigger of this desire to learn. Positive support of
the educator/education system, organized form of learning objects, and repetitions provide the permanence
and continuity of learning to support adult individuals' desire to learn (Wlodkowski, 1999). Considering all
these requests and needs, increasing information sets and lack of time, suggestion systems are important for
the identification and proposal of needs of adults that are not even aware of themselves. While presenting
correctly structured information sets to individuals saves time, it also increases motivation by preventing
information overload. The systems in which these information sets are presented to the individual in line with
the needs, preferences or navigation of the individuals that they are aware of or not aware of are called
suggestion systems. Suggestion systems present the given suggestion to the person, and itis up to the person
whether the user prefers this suggestion or not.

This study examines the studies on suggestion systems prepared for adults in the field of education in line
with predetermined criteria and presents the results. When the previous literature reviews are examined;
Deschénes (2020) examined the studies on recommendation systems in the field of learning between 2008 -
2018.In the study, investigations were made on what was suggested, which filtering methods were used, and
what the dependent variable was. Zang, Lu, and Zang (2021) conducted a study on recommendation systems
for their screening e-learning. In this study, the authors focused on determining the filtering methods used in
the field. Urdaneta-Ponte, Mendez-Zorrilla and Oleagordia-Ruiz (2021) examined the studies on the use of
recommendation systems in learning environments between 2015-2020 in their literature review. In these
reviews, it was determined in which countries the subject was studied, the distribution of publications by
years, the distribution of studies according to the type of education, the recommendations, and which metrics
were used to determine the system performance. In this study, the focus is on the studies on adult
recommendation systems in the field of learning between the years 2000-2022. In other studies, what is
suggested (Urdaneta-Ponte, Mendez-Zorrilla & Oleagordia-Ruiz, 2021), number of publications by years
(Urdaneta-Ponte, Mendez-Zorrilla &Oleagordia-Ruiz, 2021; Deschénes, 2020; Zang, Lu & Zang, 2021) and
what the filtering methods are (Deschénes, 2020; Zang, Lu & Zang, 2021) studies have been made on it.
However, other studies do not show any restrictions on users. In addition, in this study, unlike other literature
reviews in the literature, surveys were conducted on the research methods examined, the algorithms used,
and the adult recommendation systems, which is the main focus. When the literature review studies in the
literature are examined, it is seen that they are made in the fields of computer engineering, software
engineering, business administration and educational sciences.

Conceptual Framework
According to the way they work, recommendation systems can be content-based, collaboration-based, or
hybrid-based. According to the type of raw data (user-user, user-item, item-item interaction) to be used for
machine learning in recommendation systems, the type of filtering to be used is determined (Ricci, Rokach &
Shapira, 2011). After the specified filtering type, machine learning algorithms used in these filtering methods
are used in model generation. Suggestions are made to people with the models produced.

Collaborative Filtering

Collaboration-based filtering expression is mentioned for the first time in the literature in 1992 by Goldberg in
a study in which the recommendation system called Tapestry was put forward. Collaboration-based filtering
is the most preferred method among recommendation systems. Unlike the “Collaborative Filtering - CF”
content-based filtering, which we consider as filtering based on common preferences, it works not by the user-
item matrix of a single user, but by considering the profiles of users who like similar sets of attributes and
showing similar characteristics (Figure 1)(Koren, Rendle & Bell, 2022). The algorithms used in the design are
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the demographic characteristics, interests, likes, scores given to the previous content, etc. of the users in the
system. Collecting information about the criteria ensures that similar users are identified, these users are
grouped, and similar content is presented to users in the same group.

_ X USER

\

OBJECT 1
I
Similar OBJIECT 3
Ofject Users
OBJECT 2
/

Y USER

Figure 1. Recommendation process in collaboration-based systems

/

Creating Collaborative Filtering

Collaborative filtering algorithms consist of 3 separate calculation steps: similarity calculation, neighborhood
selection, and prediction calculation.

Collaborative Filtering Methods

In CF filtering, a user-item interest matrix is created for each user in the system, in line with the ratings given
to the items. By using this matrix, similarities are calculated with the memory-based or model-based methods.

Memory-based methods, also called neighborhood-based, are user-user (similar users prefer similar items) or
item-item-based (similaritems are preferred by similarusers). They can be constructed using cosine similarity
or Pearson correlation.

In the model-based method, rating estimates are made for items that are not evaluated based on the ratings
created by users for items. Using decision trees, SVD, MF, Bayesian, rule-based models, or clustering
approaches, convergent neighbors are determined and recommendations are presented.

Content-based Filtering

A system using Content-Based Filtering (CBF) analyzes the attributes of one/many items previously rated by
user X and ensures that items with similar qualities are offered for the interests of user X (Lops,
Gemmisé&Semeraro, 2011)(Figure 2). In other words, in the content-based filtering method, it is essential to
present a suggestion among the items grouped according to the description of an item in the system, the
keywords describing the item or the features that the user prefers about the items. The algorithms used try to
suggest items similar to an item a user hasliked in the past. Since a new item added to the system is an item
group to which it belongs, it does not need to be evaluated by users.

[ USER J —lr Item Profile
[ Unseen New Item J -— User Profile

Figure 2. Recommendation process in content-based systems (Sharma and Gera, 2013)
Creating Content-based Filtering

Content-based filtering algorithms consist of 3 separate calculation steps: content analysis, extracting user
profiles, and filtering.
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Hybrid Filtering

In hybrid-based filtering design, collaboration and content-based filtering can be used together, or it can be
developed by combining different techniques. This technique is to combine its advantages with each technique
to create a system that works with maximum performance by eliminating its disadvantages (Cano&Morisio,
2017).Burke (1999) classified hybrid methods into seven different types: Weighted, Switching, Hash, Feature
Combination, Cascading, Feature Augmentation, and Meta-Level.

METHOD

The aim of this study is to determine the trends in studies on recommendation systems in the field of education
for adult individuals through articles, papers, master's theses or doctoral theses. In this direction, the study
was carried out as a review study.

Within the framework of the determined aim, answers were searched for the following research questions.

¢ Whattypes of media have been suggested in the studies?

e Whatis the distribution of the reviewed studies according to the year they were published?

e Whatis the studies distribution according to the research method used in the studies examined?
e  Whatis the distribution according to the filtering methods used in the studies?

e  Whatare the machine learning algorithms used for making recommendations?

Study Process

The work process carried out is given in detail in Figure 3 step by step. As seen in Figure 3, the study started
with the identification of keywords. Keywords for the purpose were determined as “educational
recommender systems, educational recommender systems for adults, and collaborative filtering in education”.
These keywords were scanned in Turkish and English in EBSCO, ProQuest, ULAKBIM, YOK National Thesis
Center, and Google Scholar studies between 2000-2022.

Educational Recommender Systems
B Educational Recommender Systems for Adults
® Collaborative Filtering in Education
B
© weo
s £ 2000-2022
=
@ =
= o
°E° E EBSCO
= Proquest
E ULAKBIM
= YOK thesis
Google Scholar
v
| Choosing by title ]
| Elimination of duplicate studies ]

= :

5 Article Doctoral thesis Master's thesis Conf:r::hce L';Z:?;‘:E

£ N=74 N=25 N=2 pap

i N=T7 MN=5

Studies obtained as a result of filtering
N=113

k4

Studies excluded because of:
Non-educational= 18
Non-adult education=3
Spanish=1
Literature Review=5
Except for the specified filtering methods=11

| Total studies excluded=38 ]

Review by inclusion and
exclusion criteria

| Total studies included=75 ]

Figure 3. Study process
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As a result of the search, a total of 113 studies in the type of 74 articles, 5 literature reviews, 25 doctoral theses,
2 master’s theses, and 7 conference papers related to keywords were reached. Before examining the studies in
detail, inclusion and exclusion criteria were determined for the study. These criteria are listed in Table 1. A
total of 113 studies found in line with the criteria were examined. As a result of the analyses, 18 studies were
conducted in areas other than education, 3 studies were conducted outside adult education, 1 study was
written in Spanish, 5 studies were published as a literature review, and other techniques other than the filtering
techniques in the inclusion criteria were used in other 11 studies. Accordingly, a total of 38 studies were
excluded from the detailed review asthey did not meet the inclusion criteria. The remaining 75 studies were
reviewed in detail by two researchers (Appendix 1). These investigations were carried out to determine the
type of suggestion given in the studies, the year of the study, the method used, the filtering meth od used, and
the algorithms used. The information is given in the findings section in the form of tables and explanations.

Table 1. Inclusion or exclusion criteria

Inclusion Criteria Exclusion Criteria

Adult recommendation system for Studies with individuals under 18 and over 64 years
individuals between the ages of 18-64 old

Studies using content-based filtering Studies in areas such as non-education, engineering,
technique marketing

Studies using cooperative filtering Studies conducted in languages other than Turkish
technique and English

Studies using hybrid filtering technique  Literature reviews

Studies in the field of education Studies using knowledge-based filtering technique

Studies using data mining techniques

FINDINGS

Under this heading, there are findings for the detailed examination. The types of recommendations used in
the studies examined are given in Figure 4.

Scentific publication W
Course design W
Comment W 1
Question difficulty level W
dence boosting notification W
Learning resource [ 3
Course NN 7
Book W 1
lob NN 3
Larning path Wl 2
Post W 1
Successprediction W 1
Person N 3
Exercize NN 4
Contents I 45

Figure 4. Types of recommendations given to individuals in studies
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When the types of suggestions are examined in detail, the most common suggestions are for the content
(N=45). Course suggestions (N=7)are the second most suggestive type.

Apart from content and courses, there are also exercises (N=4), learning resources (N=3)(like links, books), job
(N=3), people (N=3), and learning paths (N=2) recommendations were alsomade. When the distribution of the
studies by years is examined in detail, the results are given in Figure 5.
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Figure 5. Distribution of the reviewed studies by publication years

According to the literature, the year with the most publications is 2020 (N=18). There were 8 study in 2015,
2018, and 2019, 7 study in 2021, 4 study in2016 and 2017, 3 study in 2013 and 2014, 2 study in 2005,2009,2011,
and 2012, and 1 study in 2000, 2002, 2006, and 2008. In 2001, 2003, 2004, 2007, and 2010, a recommendation
system study for adults was not found within the framework of the determining criteria. Since both of the 2
studies conducted in 2022 are literature reviews, there are no publications that meet the criteria this year. The
findings regarding the study methods used by the researchers in the studies examined are given in Figure 6.

= Quasi-experimental design u Testing system performance and demonstrating u Case study Mixed method u Usability

Figure 6. Study distributions according to the method

When the research methods used are examined, the most used method is testing and promoting the system’s
performance (N=62). In addition, quasi-experimental research design (N=8) and case studies (N=3) are also
included in adult recommendation systems studies. In the studies, mixed research and one study in which the
usability of the system was tested were found. The results of the investigations according to the filtering
method used are given in Figure 7.
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Figure 7. Filtering methods used in studies

When the filtering methods used in the studies examined the most used method is the cooperative (N=29)
filtering method. In addition, content-based filtering was used in 25 studies, and hybrid filtering methods in
which collaborative filtering and content-based filtering were used simultaneously in 21 studies. The findings
regarding the algorithms used in the studies examined are given in Figure 8.

Classfication algorithm  ma—— 3
Regression snalyiis mm 1
N-grarn clustering mm 1
Matrix factorization mem 1
Clustering analysis m— 2
Rule-based mmm 1
K-Mleare mmm 1
Graph modeling o 2
Cascade sgorithm mem 1
Using multiple algorithms  ——— 4
Ungpecified maa—— 5
Recormamendad by the recaarthel NN 5
TF_IDF similarity s 4
Antificial newal networks EEEEE———— 5
Support vector machines m— 2
Bavedan nelwork: DI 4
Agsoc@ation rules mining  EEE————" 3
Decision Trees  DEE—— S
o= ez e ST e i oS | 7 S

Figure 8. Machine learning algorithms used in the studies

When the algorithms used for machine learning are examined in the studies, it is seen that the K-nearest
neighbor algorithm (N=25) is mostly used in the studies. Artificial neural networks and decision tree
algorithms were used in 5 studies, the algorithm used in 5 studies was not mentioned, and the algorithms
recommended by the researchers were used in 5 studies. More than one algorithm was used in 4 studies, and
the TF_IDF similarity algorithm and bayesian networks were used in 4 studies. There are 3 studies in the
literature, each using association rules analysis and classification algorithms. In 2 studies, clustering analysis,
graph modeling, and support vector machine algorithms are used. Regression analysis, n-gram clustering,
matrix factorization, rule-based, k-means, and cascade algorithms were used in each study.

CONCLUSION and DISCUSSION

In this study, 75 studies on recommendation systems in the field of adult education were examined. These
75 studies were analyzed in detail in terms of the types of recommendations made, the year of publication, the
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research method used, the filtering methods used and the algorithms used. The results of the examination are
given in detail in the findings section. When the studies were examined according to the suggestion types, the
most content suggestions were made to the people, and the second highest suggestion type was on the
suggestion of learning objects. Looking at the years of study, the studies in which adult recommendation
systems were used were mostly published in 2020, and the period with the least publication years was the
beginning of the 2000s. According to the research methods used, the studies mostly included studies that
tested the system performance and introduced the system, as well as studies using quasi-experimental
designs, case studies, mixed studies, and usability studies. When the studies under the headings of
cooperative, content-based, and hybrid filtering methods are examined, the most used method is cooperative
filtering. The second preferred method is the content-based method, and the less preferred method than the
other two methods is the hybrid filtering method, which uses cooperative filtering and content-based filtering
methods at the same time. When the machine learning algorithms used in the studies are examined, it is
observed that the k-nearest neighbor algorithms are mostly preferred. In addition, as algorithm preference;
decision trees, bayesian networks, artificial neural networks, new algorithms proposed by researchers, TE_IDF
similarity, use of multiple algorithms, classification and clustering algorithms, graph modeling, support vector
machines, regression analysis, n-gram clustering, matrix factorization, rule-based, k-mean and cascade
algorithms were also used.

When the types of suggestions made to the users were examined, the most content type of suggestions
was included in this study. Urdaneta-Ponte, Mendez-Zorrilla, and Oleagordia-Ruiz (2021) concluded in their
study in the field of education that learning resources are the most recommended. They also concluded that
the course recommendation was the second most recommended recommendation. However, in this study, in
the recommendation systems for adults, the second recommendation is the learning object, followed by the
course recommendations in the third place. Zhang, Lu, and Zhang (2021), in their study, concluded that the
most recommended type islearning materials, ie content, asin this study. In the second place, they concluded
that learning objects are the most used type, as in this study. It is thought that the differences in the studies
are due to the differences in the database scanned, the differences in the year range, the different classification
of the themes by the researchers (for example, Zhang, Lu&Zhang (2021) took the content and learning objects
as two separate types in their study “content” type, in this study, the contents and learning objects were
grouped under the "content" type), the difference in scope and the differences in the inclusion and exclusion
criteria determined. Since multimedia objects (contents) (Deldjoo, Schedl, Hidasi, Wei, & He, 2022) are the
most basic and indispensable element of these trainings in online trainings and it is important to provide
learners with content suitable for them in terms of individualization of learning, it is thought that the contents
are recommended the most. When the study distributions by years are examined, Deschénes (2020) has the
most publications in 2018, Rima, Meriem, Najima, and Rachida, (2022) in 2021, Urdaneta-Ponte, Mendez-
Zorrilla and Oleagordia-Ruiz (2021) in 2020. have reached their conclusion. In this study, as in the study of
Urdaneta-Ponte, Mendez-Zorrilla and Oleagordia-Ruiz (2021), most publications were made in 2020. The
reason why Deschénes (2020) came to a different conclusion may be that this study was conducted between
2008 and 2018. In addition, the differentiation of the conclusion reached by Rima, Meriem, Najima, and
Rachida (2022) is because the survey includes all studies without the target audience limit that can be reached
in the field of education. When the literature review in the field of education is examined, there is no
information about the research methods used in these studies. As Jordan and Mitchell, (2015) stated, it can be
said that recommendation systems are a new trend in the field of machine learning, and itis due to the focus
on the development and performance of systems. Looking atthe results of the analysis of the filtering methods
used in these scans, Deschénes (2020) concluded thatthe most used method is content-based filtering, followed
by the second most used method, using content-based and hybrid filtering techniques with an equal number
of studies. Urdaneta-Ponte, Mendez-Zorrilla and Oleagordia-Ruiz (2021) concluded in their study that the
cooperative filtering method was used the most, the hybrid filtering method was used second, and the content-
based filtering method was the least preferred one. Zhang, Lu and Zhang (2021) concluded that as in this
study, the mostcollaborative filtering method is used, then content-based filtering is the second most preferred
filtering technique, and hybrid filtering is the least preferred method compared to other methods. As stated
by Walker (2000), the use of collaborative filtering techniques in recommendation systems generates
recommendations based on user-user interaction results. In the first studies conducted in recommendation
systems, it was aimed to recommend an object to people who might prefer it more, based on user-user
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interaction (Jordan & Mitchell, 2015). In this area, different data, based on user-user interaction and
suggestions for this interaction were carried out. In addition, the collaborative filtering method also provides
the use of simplealgorithms (Koren, Rendle & Bell, 2022). These situations bring about more use of cooperative
filtering techniques. Urdaneta-Ponte, Mendez-Zorrilla and Oleagordia-Ruiz (2021), and Deschénes (2020) did
not review the algorithms used in their studies. Zhang, Lu and Zhang (2021) examined 40 studies in their
study and stated that only two of these studies used the k-nearest neighbor algorithm, which was found to be
the most preferred in this study. In addition, the results of the use of n-gram, rule-based, graph modeling,
artificial neural networks, and decision tree algorithms in this study were also obtained as a result of the
investigations by Zhang, Lu and Zhang (2021). The K nearest neighbor algorithm uses classification
algorithms. It uses simple calculations such as pearson correlation (Walker, 2002), sinus similarity (Li & Ye,
2020), heuristic similarity (Salehi &Kmalabadi, 2012), and cosine similarity (Rodriguez, Ovalle & Duque, 2015).
In addition, the k nearest neighbor algorithm, which is a classification algorithm, supports working with less
learning data compared to algorithms using clustering such as artificial neural networks. This explains the
reason why the K nearest neighbor algorithm is the most used algorithm. In addition, this algorithm has the
feature of being one of the first used algorithms in recommendation systems (Walker, 2002) because of that it
is the most preferred algorithm.

SUGGESTIONS

When the methods used in the analyzed studies are examined, it is seen that the experimental studies in
which the system performance is tested and introduced are rarely included. Experimental studies can be
included in future studies and the effects of these systems in terms of different dependent variables can be
examined. In addition, a detailed screening study can be done about the dependent and independent variables
that are considered in experimental studjies.

When the studies are examined in terms of the filtering methods used, it is seen that the least used
filtering method is hybrid filtering. Hybrid filtration systems reduce the cold start problem compared to
systems where only cooperative or content-based filters are used. In future studies, studies canbe carried out
to prevent cold start problems by using the hybrid filtering technique.

When the distribution of studies by year is examined, itis seen that the most studies were carried out in
2020, but this number decreased in 2021-2022. Within the framework of the above-mentioned
recommendations, new studies on the effectiveness of recommendation systems can be made to contribute to
the literature.

In this study, it was seen that the two types most recommended were contents and courses. Other than
these species and the species specified in the study, studies can be carried out to suggest species that are used
in educational activities or that can support these activities.

When the algorithms used for machinelearning were examined, it was seen that classification algorithms
(K-NN, etc.) were preferred more than clustering algorithms (artificial neural networks, etc.) in this study. In
future studies, the performance of these methods or their effects on dependent variables can be examined by
using methods using clustering algorithms.

LIMITATIONS

This study is limited to studies that are conducted in EBSCO, Proquest, ULAKBIM, YOK National Thesis
Center, and Google Scholar between 2000-2022, with “educational recommender systems, educational
recommender systems for adults, and collaborative filtering in education” keywords. Studies outside of these
criteria were not included in the review.

Declarations

Conlflict of Interest

This study was carried out within the scope of the TUBITAK 1001 project entitled 120K927, “Developing
a Recommendation System for Increasing Parents” Digital Parenting Competencies”.

This study is related to the doctoral thesis entitled “Development, evaluation, and usability of a mobile
recommendation system to increase parents’ digital parenting competencies”.

Funding

www.ijere.com 872



QOzaydn Aydogdu, Y, Duman Sancalc B, Yidiz Durale, H myiirel, S, (2023), Systematic review on ystems _developed forthe fiad of adult education 1_lournal of Educational Rescarch Review8(4) 864878

No specific grant was given to this research by funding organizations in the public, commercial, or not-
for-profit sectors.

Research and Publication Ethics Statement

Hereby, we as the authors consciously assure that for the manuscript “

" the following is fulfilled:

¢ This material is the authors' own original work, which has not been previously published elsewhere.

¢ The paper reflects the authors' own research and analysis in a truthful and complete manner.

* The results are appropriately placed in the context of prior and existing research.

* All sources used are properly disclosed.

Contribution Rates of Authors to the Article
This study was conducted in equal collaboration between the four authors.

Acknowledgment

This study was carried out within the scope of the TUBITAK 1001 project numbered 120K927, and
entitled “Developing a Suggestion System for Increasing Parents' Digital Parenting Competencies”

This study is an extended version of the abstract presented at 15th International Computer and
Instructional Technologies Symposium.

REFERENCES

Adam, N. L., Sulaiman, M. S. A,, & Soh, S. C. (2019). Calculus video recommender system. Journal of Physics:
Conference Series, 1366,1-8.https://doi.org/10.1088/1742-6596/1366/1/012080.

Agziyagh, V. S. (2020). Ders videolarimn icerik tabanli erisimi (Publication no.10355219) [Master's thesis, Baskent
University].http://acikerisim.baskent.edu.tr/handle/11727/6724.

Albatayneh, N. A., Ghauth, K. I, & Chua, F.-F. (2018). Utilizing learners’ negative ratings in semantic content-
based recommender system for e-learning forum. Journal of Educational Technology & Society, 21(1), 112-
125. http://www jstor.org/stable/26273873.

Gordillo, A., Lépez-Fernandez, D., & Verbert, K. (2020). Examining the usefulness of quality scores for
generating learning object recommendations in repositories of open educational resources. Applied
Sciences, 10(13), 4638. https://doi.org/10.3390/app10134638.

Althbiti, A. (2021). Model-Based Learning to Augment Collaborative Filtering: Prediction and Evaluation University
of Idaho (Publication no.28318069) [Doctoral dissertation, Idaho University]. ProQuest Dissertations and
Theses  Global.  https://www.proquest.com/dissertations-theses/model-based-learning-augmen t-
collaborative/docview/2558461814/se-2.

Bhaskaran, S., Marappan, R., & Santhi, B. (2021). Design and analysis of a cluster-based intelligent hybrid
recommendation system for e-learning applications. Mathematics, 9(2), 197.
https://doi.org/10.3390/math9020197.

Bulathwela, S., Perez-Ortiz, M., Novak, E., Yilmaz, E., & Shawe-Taylor, ]. (2021). Peek: A large dataset of
learner engagement with educational videos. arXiv ~ preprint arXiv:2109.03154.
https://doi.org/10.48550/arXiv.2109.03154.13.

Bourkoukou, O. & El Bachari, E. (2016). E-learning personalization based on collaborative filtering and
learner’s  preference.  Journal  of Engineering  Science and  Technology, 11(11), 1565
1581.https://jestec.taylors.edu.my/Vol%2011%20issue%2011%20November%202016/11_11_5.pdf.

Brik, M., & Touahria, M. (2020). Contextual information retrieval within recommender system: Case study" e-
learning system". TEM Journal, 9(3), 1150. https://www.ceeol.com/search/article-detail?id=894803.
Burke, R. (1999). Integrating knowledge-based and collaborative-filtering recommender systems. Proceedings
of the Workshop on Al and Electronic Commerce, https://aaai.org/Papers/Workshops/1999/WS-99-

01/WS99-01-011.pdf.

Burke, R. (2002). Hybrid recommender systems: Survey and experiments. User modeling and user-adapted
interaction, 12, 331-370. https://doi.org/10.1023/A:1021240730564.

Cai, X, Han, J,, Li, W,, Zhang, R, Pan, S., & Yang, L. (2018). A three-layered mutually reinforced model for
personalized citation recommendation. IEEE Transactions On Neural Networks And Learning Systems,
29(12), 6026-6037. https://doi.org/10.1109/TNNLS.2018.2817245.

www.ijere.com 873


https://doi.org/10.1088/1742-6596/1366/1/012080
http://acikerisim.baskent.edu.tr/handle/11727/6724
http://www.jstor.org/stable/26273873
https://doi.org/10.3390/app10134638
https://www.proquest.com/dissertations-theses/model-based-learning-augment-collaborative/docview/2558461814/se-2
https://www.proquest.com/dissertations-theses/model-based-learning-augment-collaborative/docview/2558461814/se-2
https://doi.org/10.3390/math9020197
https://doi.org/10.48550/arXiv.2109.03154.13
https://jestec.taylors.edu.my/Vol%2011%20issue%2011%20November%202016/11_11_5.pdf
https://www.ceeol.com/search/article-detail?id=894803
https://aaai.org/Papers/Workshops/1999/WS-99-01/WS99-01-011.pdf
https://aaai.org/Papers/Workshops/1999/WS-99-01/WS99-01-011.pdf
https://doi.org/10.1023/A:1021240730564
https://doi.org/10.1109/TNNLS.2018.2817245

Cami, B. R, Hassanpour, H., & Mashayekhi, H. (2017). A content-based movie recommender system based on
temporal user preferences. 2017 3rd Iranian conference on intelligent systems and signal processing
(ICSPIS).https://doi.org/10.1109/ICSPIS.2017.8311601.

Chen, H,, Yin, C, Li,R,, Rong, W,, Xiong, Z., & David, B. (2019). Enhanced learning resource recommendation
based on online learning style model. Tsinghua Science and Technology, 25(3), 348-356.
https://doi.org/10.26599/TST.2019.9010014.

Chen, |, Li, H, Ding, W., & Liu, Z. (2021). An educational system for personalized teacher recommendation in K-12
online  classrooms.  Artificial Intelligence in Education: 22nd International Conference.
https://doi.org/10.48550/arXiv.2107.07124.

Cheng, Y., & Bu, X. (2020). Research on key technologies of personalized education resource recommendation
system based on big data environment. Journal of Physics: Conference Series.https://doi.org/10.1088/1742-
6596/1437/1/012024.

Chou, P. N., & Chen, W. F. (2008). Exploratory study of the relationship between self-directed learning and
academic performance in a web-based learning environment. Online Journal of Distance Learning
Administration, 11(1), 15-26. https://ojdla.com/archive/springl11/choul11.pdf.

Cano, E., &Morisio, M. (2017). Hybrid recommender systems: A systematic literature review. Intelligent Data
Analysis, 21(6), 1487-1524. https://doi.org/10.3233/IDA-163209.

Dahdouh, K,, Dakkak, A., Oughdir, L., & Ibriz, A. (2019). Large-scale e-learning recommender system based
on Spark and Hadoop. J. Big Data 6(1), 1-23. https://doi.org/10.1186/s40537-019-0169-4.

De Meo, P., Messina, F.,, Rosaci, D., & Sarné, G. M. (2017). Combining trust and skills evaluation to form e-
Learning classes in online social networks. Information Sciences, 405, 107-122.
https://doi.org/10.1016/j.ins.2017.04.002.

Demertzi, V., & Demertzis, K. (2020). A hybrid adaptive educational eLearning project based on ontologies
matching and recommendation system. arXiv preprint arXiv,2007
,14771 https://doi.org/10.20944/preprints202008.0388.v2.

Demirbilek, M. (2004). Effects of interface windowing modes and individual differences on disorientation and cognitive
load in a hypermedia learning environment (Publication no.3145904) [Doctoral dissertation, University of
Florida].ProQuest  Dissertations and Theses Global https://www.proquest.com/dissertations-
theses/effects-interface-windowing-modes-individual/docview/305181772/se-2.

Deldjoo, Y., Schedl, M., Hidasi, B., Wei, Y., & He, X. (2021). Multimedia recommender systems: Algorithms
and  challenges. In Recommender ~ systems handbook  (pp. 973-1014).  Springer.
https://link.springer.com/chapter/10.1007/978-1-0716-2197-4_25.

Deschénes, M. (2020). Recommender systems to support learners” Agency in a Learning Context: A systematic
review. International Journal of Educational Technology in Higher Education, 17(1), 17-50.
https://link.springer.com/article/10.1186/s41239-020-00219-w.

Wan, N, Wu, X,, Guo, S, Yang, L., Han, Q., & Yin, R. (2020). Research on personalized recommendation of learning
resource based on big data of education. 2020 IEEE 2nd International Conference on Computer Science and
Educational Informatization (CSEI).https://doi.org/10.12738/estp.2018.5.094.

Shen, L., Wang, M., & Shen, R. (2009). Affective e-learning: Using “emotional” data to improve learning in
Gorakalapervasive learning environment. Journal of Educational Technology & Society, 12(2), 176-189.
https://www jstor.org/stable/jeductechsoci.12.2.176.

Drachsler, H,, Hummel, H., Van den Berg, B., Eshuis, ], Waterink, W., Nadolski, R., Berlanga, A., Boers, N., &
Koper, R. (2009). Effects of the ISIS Recommender System for navigation support in self-organised
Learning  Networks.  Journal  of Educational  Technology &  Society, 12(3), 115-126.
https://www jstor.org/stable/jeductechsoci.12.3.115.

Dwivedi, P., & Bharadwaj, K. K. (2013). Effective trust-aware e-learning recommender system based on
learning styles and knowledge levels. Journal of Educational Technology & Society, 16(4), 201-216.
http://www jstor.org/stable/jeductechsoci.16.4.201.

Ganguly, B., Dash, S. B, Cyr, D., & Head, M. (2010). The effects of website design on purchase intention in
online shopping: the mediating role of trust and the moderating role of culture. International Journal of
Electronic Business, 8(4-5), 302-330. https://doi.org/10.1504/IJEB.2010.035289.

Garrison, D. R. (2003). Self-directed learning and distance education. Handbook of distance education, 814,161-
168. https://124.im/WUflpF1.

www.ijere.com 874


https://doi.org/10.1109/ICSPIS.2017.8311601
https://doi.org/10.26599/TST.2019.9010014
https://doi.org/10.48550/arXiv.2107.07124
https://doi.org/10.1088/1742-6596/1437/1/012024
https://doi.org/10.1088/1742-6596/1437/1/012024
https://ojdla.com/archive/spring111/chou111.pdf
https://doi.org/10.3233/IDA-163209
https://doi.org/10.1186/s40537-019-0169-4
https://doi.org/10.1016/j.ins.2017.04.002
https://doi.org/10.20944/preprints202008.0388.v2
https://www.proquest.com/dissertations-theses/effects-interface-windowing-modes-individual/docview/305181772/se-2
https://www.proquest.com/dissertations-theses/effects-interface-windowing-modes-individual/docview/305181772/se-2
https://link.springer.com/chapter/10.1007/978-1-0716-2197-4_25
https://link.springer.com/article/10.1186/s41239-020-00219-w
https://doi.org/10.12738/estp.2018.5.094
https://www.jstor.org/stable/jeductechsoci.12.2.176
https://www.jstor.org/stable/jeductechsoci.12.3.115
http://www.jstor.org/stable/jeductechsoci.16.4.201
https://doi.org/10.1504/IJEB.2010.035289
https://l24.im/WUflpF1

QOzaydn Aydogdu, Y, Duman Sancalc B, Yidiz Durale, H myiirel, S, (2023), Systematic review on ystems _developed forthe fiad of adult education 1_lournal of Educational Rescarch Review8(4) 864878

Ghauth, K. I, & Abdullah, N. A. (2011). The effect of incorporating good learners' ratings in e-Learning
content-based recommender System. Journal of Educational Technology & Society, 14(2), 248-257.
https://www jstor.org/stable/jeductechsoci.14.2.248.

Gulzar, Z., Leema, A. A., & Deepak, G. (2018). Pcrs: Personalized course recommender system based on hybrid
approach. Procedia Computer Science, 125, 518-524 .https://doi.org/10.1016/j.procs.2017.12.067.

Cheng, H. T, Koc, L., Harmsen, J., Shaked, T., Chandra, T., Aradhye, H., Anderson, G., Corrado, G., Chai, W,
& Ispir, M. (2016). Wide & deep learning for recommender systems. Proceedings of the 1st workshop on deep
learning for recommender systems.https://doi.org/10.1145/2988450.2988454.

Hidayat, A. F., Suwawi, D. D.]., & Laksitowening, K. A. (2020). Learning content recommendations on personalized
learning environment using collaborative filtering method. 2020 8th International Conference on Information
and Communication Technology (ICoICT).https://doi.org/10.1109/ICoICT49345.2020.9166371.

Hikmatyar, M. (2020). Book recommendation system development using user-based collaborative
filtering.Journal of Physics: Conference Series.https://doi.org/10.1088/1742-6596/1477/3/032024.

Huang, Z., Liu, Q., Zhai, C,, Yin, Y., Chen, E.,, Gao, W., & Hu, G. (2019). Exploring multi-objective exercise
recommendations in online education systems. Proceedings of the 28th ACM International Conference on
Information and Knowledge Management.https://doi.org/10.1145/3357384.3357995.

Ibrahim, M. E,, Yang, Y., Ndzi, D. L., Yang, G., & Al-Maliki, M. (2018). Ontology-based personalized course
recommendation framework. IEEE Access, 7, 5180-5199. https://doi.org/10.1109/ACCESS.2018.2889635.

Jiang, W., Pardos, Z. A., & Wei, Q. (2019, March). Goal-based course recommendation. In Proceedings of the 9th
international conference on learning analytics & knowledge. https://doi.org:10.1145/3303772.3303814.

Jordan, M. I, & Mitchell, T. M. (2015). Machine learning: Trends, perspectives, and prospects. Science,
349(6245), 255-260. https://www.science.org/doi/abs/10.1126/science.aaa8415.

Khadka, A. (2020). Capturing and exploiting citation knowledge for the recommendation of scientific publications
(Publication No. 28266419) [Doctoral Dissertation , Open University]. ProQuest Dissertations & Theses
Global.https://www.proquest.com/dissertations-theses/capturing-exploiting-citation-
knowledge/docview/2457564489/se-2.

Najafabadi, M. K., &Mahrin, M. N. R. (2016). A systematic literature review on the state of research and
practice of collaborative filtering technique and implicitfeedback. Artificial intelligence review, 45(2), 167-
201.https://doi.org/10.1007/s10462-015-9443-9.

Klasnja-Milicevi¢, A. (2013). Personalized recommendation based on collaborative tagging techniques foran e-Learning
system (Publication No. 28235240) [Doctoral Dissertation , Novi Sad University]. ProQuest Dissertations
& Theses Global. https://www.proquest.com/dissertations-theses/personalized-recommendation-
based-on/docview/2481936326/se-2.

Kladnja-Milicevi¢, A., Vesin, B, & Ivanovi¢, M. (2018). Social tagging strategy for enhancing e-learning
experience. Computers & Education, 118, 166-181. https://doi.org/10.1016/j.compedu.2017.12.002.
Knowles, M. S. (1978). Andragogy: Adult learning theory in perspective. Community College Review, 5(3), 9-

20.https://journals.sagepub.com/doi/abs/10.1177/009155217800500302?journal Code=crwa.

Koren, Y., Rendle, S., & Bell, R. (2022). Advances in Collaborative Filtering. In: Ricci, F., Rokach, L., Shapira,
B. (eds) Recommender Systems Handbook. (457-474) Springer. https://doi.org/10.1007/978-1-0716-2197-4_3.

Sharma, L., & Gera, A. (2013). A survey of recommendation system: Research challenges. International Journal
of Engineering Trends and Technology (IJETT), 4(5), 1989-1992. http://ijettjournal.org/volume-4/issue-
5/JETT-V4I5P132.pdf.

Li, H, Li, H.,, Zhang, S., Zhong, Z., & Cheng, J. (2019). Intelligent learning system based on personalized
recommendation  technology. Neural Computing  and  Applications, 31,  4455-4462.
https://doi.org/10.1007/s00521-018-3510-5.

Li, J, & Ye, Z. (2020). Course recommendations in online education based on collaborative filtering
recommendation algorithm. Complexity, 2020, 1-10. https://doi.org/10.1155/2020/6619249.

Liao, T, Feng, X., Sun, Y., Wang, H, Liao, C, & Li, Y. (2020). Online teaching platform based on big data
recommendation system. Proceedings of the 5th International Conference on Information and Education
Innovations. https://doi.org/10.1145/3411681.3412951.

Lops, P., De Gemmis, M., & Semeraro, G. (2011). Content-based recommender systems: State of the art and
trends. Recommender systems handbook, 73-105. https://doi.org/10.1007/978-0-387-85820-3_3.

www.ijere.com 875


https://www.jstor.org/stable/jeductechsoci.14.2.248
https://doi.org/10.1016/j.procs.2017.12.067
https://doi.org/10.1145/2988450.2988454
https://doi.org/10.1109/ICoICT49345.2020.9166371
https://doi.org/10.1088/1742-6596/1477/3/032024
https://doi.org/10.1145/3357384.3357995
https://doi.org/10.1109/ACCESS.2018.2889635
https://doi.org:10.1145/3303772.3303814
https://www.science.org/doi/abs/10.1126/science.aaa8415
https://www.proquest.com/dissertations-theses/capturing-exploiting-citation-knowledge/docview/2457564489/se-2
https://www.proquest.com/dissertations-theses/capturing-exploiting-citation-knowledge/docview/2457564489/se-2
https://doi.org/10.1007/s10462-015-9443-9
https://www.proquest.com/dissertations-theses/personalized-recommendation-based-on/docview/2481936326/se-2
https://www.proquest.com/dissertations-theses/personalized-recommendation-based-on/docview/2481936326/se-2
https://doi.org/10.1016/j.compedu.2017.12.002
https://journals.sagepub.com/doi/abs/10.1177/009155217800500302?journalCode=crwa
https://doi.org/10.1007/978-1-0716-2197-4_3
http://ijettjournal.org/volume-4/issue-5/IJETT-V4I5P132.pdf
http://ijettjournal.org/volume-4/issue-5/IJETT-V4I5P132.pdf
https://doi.org/10.1007/s00521-018-3510-5
https://doi.org/10.1155/2020/6619249
https://doi.org/10.1145/3411681.3412951
https://doi.org/10.1007/978-0-387-85820-3_3

Ma, B., Lu, M,, Taniguchi, Y., & Konomi, S. I (2021). CourseQ: The impact of visual and interactive course
recommendation in university environments. Research and practice in technology enhanced learning, 16, 1-
24. https://doi.org/10.1186/s41039-021-00167-7.

El Mabrouk, M., Gaou, S., & Rtili, M. K. (2017). Towards an intelligent hybrid recommendation system for e-
learning platforms using data mining. International Journal of Emerging Technologies in Learning (Online),
12(6), 52. https://doi.org/10.3991/ijet.v12i06.6610.

Maslow, A. H. (1943). A theory of human motivation. Psychological review, 50(4),
370.https://doi.org/10.1037/h0054346.

Masters, J. (2005). ExplaNet: A learning tool and hybrid recommender system for student -authored explanations
(Publication No. 3187695) [Doctoral dissertation, California Santa Cruz University]. ProQuest
Dissertations & Theses Global. https://www.proquest.com/dissertations-theses/explanet-learning-tool-
hybrid-recommender-system/docview/305004832/se-2.

McNee, S. M. (2006). Meeting user information needs in recommender systems (PublicationNo. 3230139) [Doctoral
dissertation, California Santa Cruz University]. ProQuest Dissertations & Theses Global.
https://www.proquest.com/dissertations-theses/meeting-user-information-needs-
recommender/docview/305306133/se-2.

Mokarrama, M. J,, Khatun, S., & Arefin, M. S. (2020). A content-based recommender system for choosing
universities. Turkish Journal of Electrical Engineering and Computer Sciences, 28(4), 2128-2142.
https://doi.org/10.3906/elk-1911-37.

Montuschi, P, Lamberti, F.,, Gatteschi, V., & Demartini, C. (2015). A semantic recommender system for
adaptive learning. IT Professional, 17(5), 50-58.https://doi.org/10.1109/MITP.2015.75.

Morales, A. Gonzalez, J., Alquerque, K, Reyes, ], & Sanchez, S. (2021). Recommendation system with graph-
oriented databases for repository of open educational resources. IOP Conference Series: Materials Science and
Engineering. https://doi.org/10.1088/1757-899X/1154/1/012021.

Moshrefizadeh, M. (2021). A Computational Linguistics-based Framework for Question Generation and
Recommendation in E-Learning Systems. Turkish Journal of Computer and Mathematics
Education(TURCOMAT),12(14),1722-1727.
https://www.turcomat.org/index.php/turkbilmat/article/view/10518.

Mulholland, E., Mc Kevitt, P., Lunney, T., Farren, J., & Wilson, ]. (2015). 360-MAM-Affect: Sentiment analysis
with the Google prediction API and EmoSenticNet. 2015 7th international conference on intelligent
technologies for interactive entertainment (INTETAIN).
https://eudl.eu/pdf/10.4108/icst.intetain.2015.259631.

Na, C,, Xiuyuan, Z., & Na, L. (2020). Research on Network Personalized Learning Recommendation Algorithm Based
on Knowledge Representation. 2020 International Conference on Information Science, Parallel and
Distributed Systems (ISPDS).https://doi.org/10.1109/ISPDS51347.2020.00080.

Ochirbat, A., & Shih, T. K. (2017). Occupation recommendation with major programs for adolescents. Proceedings of
the International Symposium on Grids and Clouds.https://doi.org/10.22323/1.293.0003.

Ozaydin Aydogdu, Y., Yildiz Durak, H., Aydogdu, S., & Somyiirek, S. (2022b). Yetiskinlere yonelik bir mobil
sistemin analiz tasarim ve gelistirme siirecleri. Presented at the 15th International Computer and
Instructional Technologies Symposium, Canakkale.

Ozaydm Aydogdu, Y., Sancak, B., Yildiz Durak, H., & Somyiirek, S. (2022a). Yetiskin egitimi alanina yonelik
gelistirilen Oneri sistemleri tizerine bir literatiir taramasi. Presented at the 15th International Computer
and Instructional Technologies Symposium, Canakkale.

Pazzani, M. ], &Billsus, D. (2007). Content-based recommendation systems. The adaptive web: Methods and
strategies of web personalization, 325-341. https://doi.org/10.1007/978-3-540-72079-9_10.

Pedro, L., Santos, C., Almeida, S. F., Ramos, F., Moreira, A., Almeida, M., & Antunes, M. J. (2014). The SAPO
Campus recommender system: A study about students” and teachers’ opinions. Research in Learning
Technology, 22. https://doi.org/10.3402/rlt.v22.22921.

Peltier, J. W., Schibrowsky, J. A, & Drago, W. (2007). The interdependence of the factors influencing the
perceived quality of the onlinelearning experience: A causal model. Journal of Marketing Education, 29(2),
140-153 https://doi.org/10.1177/0273475307302016.

Polyzou, A. (2020). Models and algorithms for performance prediction and course recommendation in higher education
(PublicationNo. 28094258) [Doctoral dissertation, Minnesota University]. ProQuest Dissertations &

www.ijere.com 876


https://doi.org/10.1186/s41039-021-00167-7
https://doi.org/10.3991/ijet.v12i06.6610
https://doi.org/10.1037/h0054346
https://www.proquest.com/dissertations-theses/explanet-learning-tool-hybrid-recommender-system/docview/305004832/se-2
https://www.proquest.com/dissertations-theses/explanet-learning-tool-hybrid-recommender-system/docview/305004832/se-2
https://www.proquest.com/dissertations-theses/meeting-user-information-needs-recommender/docview/305306133/se-2
https://www.proquest.com/dissertations-theses/meeting-user-information-needs-recommender/docview/305306133/se-2
https://doi.org/10.3906/elk-1911-37
https://doi.org/10.1109/MITP.2015.75
https://doi.org/10.1088/1757-899X/1154/1/012021
https://www.turcomat.org/index.php/turkbilmat/article/view/10518
https://eudl.eu/pdf/10.4108/icst.intetain.2015.259631
https://doi.org/10.1109/ISPDS51347.2020.00080
https://doi.org/10.22323/1.293.0003
https://doi.org/10.1007/978-3-540-72079-9_10
https://doi.org/10.3402/rlt.v22.22921
https://doi.org/10.1177/0273475307302016

QOzaydn Aydogdu, Y, Duman Sancalc B, Yidiz Durale, H myiirel, S, (2023), Systematic review on ystems _developed forthe fiad of adult education 1_lournal of Educational Rescarch Review8(4) 864878

Theses  Global.  https://www.proquest.com/dissertations-theses/models-algorithms-performance-
prediction-course/docview/2454419380/se-2.

Rafaeli, S., Dan-Gur, Y., & Barak, M. (2005). Social recommender systems: Recommendations in support of e-
learning. International  Journal of Distance Education Technologies (IJDET), 3(2), 30-47.
https://doi.org/10.4018/jdet.2005040103.

Ricci, F., Rokach, L., & Shapira, B. (2010). Introduction to recommender systems handbook. In Recommender
systems handbook (pp. 1-35). Springer. https://doi.org/10.1007/978-0-387-85820-3_1.

Rima, S., Meriem, H., Najima, D., & Rachida, A. (2022). Systematic literature review on open educational
resources recommender systems. International Journal of Interactive Mobile Technologies, 16(18).
https://iyi.to/RQJ5j.

Rodrigueza, P., Duqueb, N., & Ovallea, D. (2015). Multi-agent system for knowledge-based recommendation
of learning objects. Advances in Distributed Computing and Artificial Intelligence Journal 4(1), 80-89.
https://doi.org/10.14201/ADCAI2015418089.

Rodriguez, P. A, Ovalle, D. A., & Duque, N. D. (2015). A student-centered hybrid recommender system to provide
relevant learning objects from repositories. Learning and Collaboration Technologies: Second International
Conference, LCT 2015, Held as Part of HCI International 2015, Los Angeles, CA, USA, August 2-7,2015,
Proceedings 1. https://doi.org/10.1007/978-3-319-20609-7_28.

Salehi, M., & Kmalabadi, I. N. (2012). A hybrid attribute—based recommender system for e-learning material
recommendation. leri Procedia, 2, 565-570.https://doi.org/10.1016/j.ieri.2012.06.135.

Salehi, M. (2013). Application of implicit and explicit attribute based collaborative filtering and BIDE for
learning  resource = recommendation. Data &  Knowledge  Engineering, 87,  130-145.
https://doi.org/10.1016/j.datak.2013.07.001.

Santos, O. C.,, &Boticario, J. G. (2011). Requirements for semantic educational recommender systems in formal
e-learning scenarios. Algorithms, 4(3), 131-154. https://doi.org/10.3390/a4030131.

Segal, A, Katzir, Z., Gal, K., Shani, G., & Shapira, B. (2014). Edurank: A collaborative filtering approach to

personalization in e-learning. Educational Data Mining,
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pd f&d 0i=e773879a830012c225841e143c1ffdd
Ob8ebecb5.

Shi, K., Wen, B,, Wang, J., & Ouyang, Z. (2019). Research for Personalized Learning Reasource Recommendation
Model Based on Academic Emotions. 2019 IEEE International Conference on Computer Science and
Educational Informatization (CSEI), https://doi.org/10.1109/CSEI47661.2019.8938863.

Shu, J.,, Shen, X,, Liu, H,, Yi, B., & Zhang, Z. (2018). A content-based recommendation algorithm for learning
resources. Multimedia Systems, 24(2), 163-173. https://doi.org/10.1007/s00530-017-0539-8.

Sirisaengtaksin, K. (2016). An information systems design theory for a notification and recommender mobile app for
educational online discussion (PublicationNo. 10101131) [Doctoral dissertation, Novi Sad University].
[ProQuest Dissertations & Theses Global].https://www.proquest.com/dissertations-theses/information-
systems-design-theory-notification/docview/1785854483/se-2.

Symeonidis, P., &Malakoudis, D. (2016). MoocRec. com: Massive open online courses recommender system. Poster
Proceedings of ACM RecSys 2016: Proceedings of the Poster Track of the 10th ACM Conference on
Recommender Systems (RecSys 2016), https://doi.org/10.1142/9789813275355_0019.

Tavakoli, M., Hakimov, S., Ewerth, R., &Kismihok, G. (2020). A recommender system for open educational videos
based on skill requirements. 2020 IEEE 20th International Conference on Advanced Learning Technologies
(ICALT).https://doi.org/10.1109/ICALT49669.2020.00008.

Tavakoli, M., Mol, S. T., &Kismihok, G. (2020). Labour market information driven, personalized, OER
recommendation  system for  lifelong  learners. arXiv ~ preprint  arXiv:2005.07465.
https://doi.org/10.5220/0009420300960104.

Tejeda-Lorente, A., Bernabé-Moreno, J., Porcel, C.,, Galindo-Moreno, P., & Herrera-Viedma, E. (2015). A
dynamic recommender system as reinforcement for personalized education by a fuzzly linguistic web
system. Procedia Computer Science, 55,1143-1150. https://doi.org/10.1016/j.procs.2015.07.084.

Tian, F., Gao, P, Li, L., Zhang, W, Liang, H., Qian, Y., & Zhao, R. (2014). Recognizing and regulating e-learners’
emotions based on interactive Chinese texts in e-learning systems. Knowledge-Based Systems, 55,148-164.
https://doi.org/10.1016/j.knosys.2013.10.019.

www.ijere.com 877


https://www.proquest.com/dissertations-theses/models-algorithms-performance-prediction-course/docview/2454419380/se-2
https://www.proquest.com/dissertations-theses/models-algorithms-performance-prediction-course/docview/2454419380/se-2
https://doi.org/10.4018/jdet.2005040103
https://doi.org/10.1007/978-0-387-85820-3_1
https://iyi.to/RQJ5j
https://doi.org/10.14201/ADCAIJ2015418089
https://doi.org/10.1007/978-3-319-20609-7_28
https://doi.org/10.1016/j.ieri.2012.06.135
https://doi.org/10.1016/j.datak.2013.07.001
https://doi.org/10.3390/a4030131
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=e773879a830012c225841e143c1ffdd0b8ebecb5
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=e773879a830012c225841e143c1ffdd0b8ebecb5
https://doi.org/10.1109/CSEI47661.2019.8938863
https://doi.org/10.1007/s00530-017-0539-8
https://www.proquest.com/dissertations-theses/information-systems-design-theory-notification/docview/1785854483/se-2
https://www.proquest.com/dissertations-theses/information-systems-design-theory-notification/docview/1785854483/se-2
https://doi.org/10.1142/9789813275355_0019
https://doi.org/10.1109/ICALT49669.2020.00008
https://doi.org/10.5220/0009420300960104
https://doi.org/10.1016/j.procs.2015.07.084
https://doi.org/10.1016/j.knosys.2013.10.019

Urdaneta-Ponte, M. C., Mendez-Zorrilla, A., & Oleagordia-Ruiz, 1. (2021). Recommendation systems for
education: Systematic review. Electronics, 10(14), 1611. https://doi.org/10.3390/electronics10141611.

Vezne, R, Yildiz Durak, H., & Atman Uslu, N. (2023). Online learning in higher education: Examining the
predictors of students” online engagement. Education and Information Technologies, 28(2), 1865-1889.

Wang, F. H. (2008). Content recommendation based on education-contextualized browsing events for web-
based personalized learning. Journal of Educational Technology  &Society, 11(4), 94-
112 https://www jstor.org/stable/pdf/jed uctechsoci.11.4.94.

Wang, C., Zhu, H,, Zhu, C, Zhang, X., Chen, E.,, & Xiong, H. (2020). Personalized employee training course
recommendation with career development awareness. Proceedings of the Web Conference 2020,
https://doi.org/10.1145/3366423.3380236.

Walker, A. E. (2002). An educational recommender system: New territory for collaborative filtering (Publication No.
3077216) [Doctoral Dissertation , Utah State University].ProQuest Dissertations & Theses Global.
(305489660). https://www.proquest.com/dissertations-theses/educational-recommender-system-new-
territory/docview/305489660/se-2.

Walker, R. E. (2012). Comparing information retrieval effectiveness of learning object recommendation strategies for
course developers (Publication No. 3529672) [Doctoral Dissertation, Northcentral University]. ProQuest
Dissertations &  Theses Global. https://www.proquest.com/dissertations-theses/comparing-
information-retrieval-effectiveness/docview/1112250372/se-2.

Wlodkowski, R.]J. (1999). Enhancing adult motivation to learn: A comprehensive guide for teaching all adults
(Rev. ed.). San Francisco: Jossey-Basss.https://ijettjournal.org/archive/ijett-v4i5p132.

Wu, D, Ly, ], & Zhang, G. (2015). A fuzzy tree matching-based personalized e-learning recommender system.
IEEE transactions on fuzzy systems, 23(6), 2412-2426. https://doi.org/10.1109/TFUZZ.2015.2426201.

Xu, J, Xing, T., & Van Der Schaar, M. (2016). Personalized course sequence recommendations. IEEE
Transactions on Signal Processing, 64(20), 5340-5352. https://doi.org/10.1109/TSP.2016.2595495.

Yang, C. C,, Chen, L. Y., Ak¢apinar, G, Flanagan, B., & Ogata, H. (2021). Using a summarized lecture material
recommendation system to enhance students” preclass preparation in a flipped classroom. Educational
Technology & Society, 24(2), 1-13. https://www jstor.org/stable/27004927.

Ye, M., Tang, Z., Xu, ], & Jin, L. (2015). Recommender system for e-learning based on semantic relatedness of
concepts. Information, 6(3), 443-453. https://doi.org/10.3390/info6030443.

Zhang, Q., Ly, J., & Zhang, G. (2021). Recommender Systems in E-learning. Journal of Smart Environments and
Green Computing, 1(2), 76-89. http://dx.doi.org/10.20517/jsegc.2020.06.

Zhou, Y., Huang, C., Hu, Q,, Zhu, J., & Tang, Y. (2018). Personalized learning full-path recommendation model
based on LSTM neural networks. Information Sciences, 444, 135-
152.https://doi.org/10.1016/j.ins.2018.02.053.

Zhao, Z., Arya, A, Orji, R,, & Chan, G. (2020). Effects of a personalized fitness recommender system using
gamification and continuous player modeling: system design and long-term validation study. JMIR
serious games, 8(4), €19968. https://doi.org/10.2196/19968.

Zheng, X.-L., Chen, C.-C,, Hung, J.-L., He, W., Hong, F.-X,, & Lin, Z. (2015). A hybrid trust-based recommender
system for online communities of practice. IEEE Transactions on Learning Technologies, 8(4), 345-356.
https://doi.org/10.1109/TLT.2015.2419262.

Zhu, H, Liu, Y, Tian, F, Ni, Y, Wu, K, Chen, Y., & Zheng, Q. (2018). A cross-curriculum video
recommendation algorithm based on a video-associated knowledge map. IEEE Access, 6, 57562-57571.
https://doi.org/10.1109/ACCESS.2018.2873106.

www.ijere.com 878


https://doi.org/10.3390/electronics10141611
https://www.jstor.org/stable/pdf/jeductechsoci.11.4.94
https://doi.org/10.1145/3366423.3380236
https://www.proquest.com/dissertations-theses/educational-recommender-system-new-territory/docview/305489660/se-2
https://www.proquest.com/dissertations-theses/educational-recommender-system-new-territory/docview/305489660/se-2
https://www.proquest.com/dissertations-theses/comparing-information-retrieval-effectiveness/docview/1112250372/se-2
https://www.proquest.com/dissertations-theses/comparing-information-retrieval-effectiveness/docview/1112250372/se-2
https://ijettjournal.org/archive/ijett-v4i5p132
https://doi.org/10.1109/TFUZZ.2015.2426201
https://doi.org/10.1109/TSP.2016.2595495
https://www.jstor.org/stable/27004927
https://doi.org/10.3390/info6030443
http://dx.doi.org/10.20517/jsegc.2020.06
https://doi.org/10.1016/j.ins.2018.02.053
https://doi.org/10.2196/19968
https://doi.org/10.1109/TLT.2015.2419262
https://doi.org/10.1109/ACCESS.2018.2873106

Qzaydn Aydogdu Y., Duman Sancal B, Yidz Dural, H myiirel, (2023), Systemaltic review on ystems _developed forthe field of adult education, 1 loumal of Ed 1 Rescarch Review 8(4)864-878
APPENDICES
Appendix 1.Reviewed Studies
Study Type Recommendation Method Filtering technique Used algorithms
given
Moshrefizadeh (2021) Article Learning object Testing Content- Classification algorithm
system performance based
and demonstrating
(TSPD)
Ma, Lu, Taniguchi and Konomi Article Course TSPD Content- KNN (K-nearest neighbors)
(2021) recommendation based
Bhaskaran, Marappan and Article Content TSPD Hybrid Clustering analysis
Santhi (2021)
Bulathwela, Pérez-Ortiz, Article Video TSPD Hybrid More than one
Novak, Yilmaz and Shawe-
Taylor (2021)
Althbiti (2021) PhD Thesis Content TSPD Collaborative Artificial neural networks
Morales, Gonzalez, Alquerque, Conference paper Learning object TSPD Hybrid Unspecified
Reyes and Sanchez, (2021)
Yang, Chen, Ak¢apinar, Article Learning object TSPD Content- TE_IDF similarity
Flanagan and Ogata (2021) based
Polyzou (2020) PhD Thesis Course TSPD Collaborative KNN
recommendation
Na, Xiuyuan and Na (2020) Article Content TSPD Hybrid Support vector machines
Cheng and Bu (2020) Conference paper Content TSPD Hybrid Association rules mining
Gordillo, Lopez-Fernandez and | Article Learning object Usability Collaborative KNN
Verbert (2020)
Hidayat, Suwawi and Article Content TSPD Collaborative KNN
Laksitowening (2020)
Liand Ye (2020) Article Course TSPD Collaborative KNN
recommendation
Liao, Feng, Sun, Wang, Liao Conference paper Learning object TSPD Collaborative KNN
and Li (2020)
Wan, Wu, Guo, Yang, Han and | Conference paper Learning resource TSPD Collaborative KNN
Yin (2020)
Tavakoli, Mol and Kismihok Article Job TSPD Collaborative KNN
(2020)
Wang, Zhu, Zhu, Zhang, Chen Article Course TSPD Collaborative Bayesian networks
and Xiong (2020) recommendation
Demertzi and Demertzis (2020) Article Content TSPD Hybrid Artificial neural networks
Tavakoli, Hakimov, Ewerth Article Video TSPD Content-based Classification algorithm
andKismihok (2020)
Hikmatyar (2020) Article Book Case study Collaborative Recommended by the
researcher
Khadka (2020) PhD Thesis Scientific Quasi-experimental Content-based Unspecified
publication design
Brik and Touahria (2020) Article Person TSPD Collaborative Bayesian networks
Agziyagh (2020) Master’s Thesis Content TSPD Content-based TF_IDF similarity
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Zhao, Arya, Orjiand Chan Article Exercise TSPD Content-based Decision trees
(2020)
Dahdouh, Dakkak, Article Content TSPD Collaborative Association rules mining
Oughdirand Ibriz (2019)
Huang, Liu, Zhai, Yin, Chen, Article Exercise TSPD Collaborative KNN
Gaoand Hu (2019)
Jiang, Pardosand Wei (2019) Article Content TSPD Collaborative Artificial neural networks
Li, Li, Zhang, Zhong and Article Content TSPD Hybrid KNN
Cheng (2019)
Shi, Wen, Wangand Ouyang Article Learning resource TSPD Collaborative KNN
(2019)
Chen, Yin, Li, Rong, Xiong and Article Content TSPD Collaborative Association rules mining
David (2019).
Mokarrama, Khatun and Article Job TSPD Content-based Artificial neural networks
Arefin (2020)
Adam,Sulaimanand Soh (2019) Article video TSPD Content-based Using multiple algorithms
Zhu, Liu, Tian, Ni, Wu, Article Video TSPD Collaborative Recommended by the
Chenand Zheng (2018) researcher
Ibrahim, Yang, Ndzi, Yang and Article Job TSPD Hybrid KNN
Al-Maliki (2018)
Gulzar, Leema and Deepak Article Course TSPD Hybrid N-gram clustering
(2018) Recommendation
Cai, Han, Li, Zhang, Panand Article Learning object TSPD Content-based Graph modeling
Yang (2018)
Klasnja-Mili¢evi¢, Vesinand Article Learning object TSPD Collaborative KNN
Ivanovié¢ (2018)
Zhou, Huang, Hu, Zhuand Article Learning path TSPD Collaborative KNN
Tang (2018)
Shu,Shen, Liu, Yiand Zhang Article Learning object TSPD Content-based Artificial neural networks
(2018)
Albatayneh, Ghauthand Chua Article Post TSPD Content-based TE_IDF similarity
(2018)
Ochirbat and Shih (2017) Article Job TSPD Collaborative Regression analysis
El Mabrouk, Gaouand Rtili Article Content TSPD Hybrid Decision Trees
(2017)
De Meo, Messina, Rosaciand Article Exercise TSPD Collaborative KNN
Sarné (2017)
Sirisaengtaksin (2016) Master’s thesis Content Quasi-experimental Content-based Rule-based
design
Xu, Xingand Van Der Schaar Article Learning Path TSPD Content-based KNN
(2016)
Bourkoukouand El Bachari Article Content TSPD Collaborative KNN
(2016)
Symeonidisand Malakoudis Article Course TSPD Collaborative Matrix factorization
(2016) Recommendation
Zheng, Chen,Hung, He,Hong Article Success prediction Quasi-experimental Hybrid Recommended by the

and Lin (2015)

design

researcher

Tejeda-Lorente, Bernabé-
Moreno,PorceGalindo-Moreno
and Herrera-Viedma (2015)

Conference paper

Content

Quasi-experimental
design

Content-based

KNN
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Ye, Tang, Xuand Jin (2015) Article Learning object TSPD Content-based Support vector machines
Wu, Lu and Zhang (2015) Article Exercise TSPD Content-based Decision trees
Mulholland, Mc Kevitt, Article Content TSPD Content-based Recommended by the
Lunney, Farren and Wilson researcher
(2015)

Montuschi, Lamberti, Article Course TSPD Content-based Bayesian networks
Gatteschiand Demartini (2015) recommendation
Rodriguez, Ovalle and Duque Conference paper Learning object TSPD Hybrid KNN
(2015)
Rodriguez Marin, Duque and Article Learning object TSPD Content-based Clustering analysis
Ovalle (2015)
Tian, Gao, Zhang, Liang, Article Confidence- TSPD Content-based Decision trees
Qianand Zhao (2014) boosting
suggestions

Segal, Katzir, Gal, Shani and Article Question difficulty TSPD Collaborative KNN
Shapira (2014) level
Pedro, Santos, Almeida, Article Content Case study Collaborative Unspecified
Ramos, Moreira, Almeida and
Antunes (2014)
Salehi (2013) Article Learning Object TSPD Content-based Decision trees
Dwivedi and Bharadwaj (2013) | Article Learning resource TSPD Hybrid K-means
Klasnja-Mili¢evi¢ (2013) PhD Thesis Content Quasi-experimental Collaborative KNN

design
Walker (2012) PhD Thesis Course design Quasi-experimental Hybrid More than one (KNN,

design bayesian networks)
Salehi and Kmalabadi (2012) PhD Thesis Learning object TSPD Content-based KNN
Santos and Boticario (2011) Article Content TSPD Content-based Unspecified
Ghauth and Abdullah (2011) Article Content Case study Content-based TE_IDF similarity
Shen, Wangand Shen (2009) Article Learning object TSPD Collaborative KNN
Drachsler, Hummel, Van den Article Learning object Quasi-experimental Hybrid Graph modeling
Berg, Eshuis, Waterink, design
Nadolski, ... and Koper (2009)
Wang (2008) Article Content TSPD Hybrid Classification algorithm
McNee (2006) PhD Thesis Content TSPD Hybrid Bayesian networks
Masters (2005) PhD Thesis Comment Mixed method Hybrid More than one (KNN,

suggestion Bayesian networks)

Rafaeli, Dan-Gur and Barak Article Person TSPD Collaborative KNN
(2005)
Walker (2002). PhD Thesis Content Quasi-experimental Collaborative KNN

design
Burke (2002) Article Content TSPD Hybrid Cascade

www.ijere.com




