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Abstract

A course material is the most important support material for the student throughout the learning process. Especially in distance learning,
course materials gain even more importance. Materials to be presented in distance learning systems should be determined according to
the student's readiness level and learning style. The main goal is how to best realize learning. In this study, based on the fuzzy logic a
material recommendation system is modeled for distance learning systems. In the proposed model, in addition to readiness and learning
style, material difficulty level and material type are also used. After the fuzzy rule base created, it determined whether each material is
suitable for students.

Keywords: Distance learning, readiness, material recommendation, learning style, fuzzy logic.

Uzaktan Ogrenme I¢in Bulamik Mantik Tabanh Materyal Oneri
Sistemi

Oz

Bir ders materyali 6grenme siireci boyunca égrencinin en dnemli destek materyalidir. Ozellikle uzaktan 6grenmede ders materyalleri
daha da fazla 6nem kazanmaktadir. Uzaktan 6grenme sistemlerinde sunulacak materyaller 6grencinin hazir bulunusluk seviyesi ve
ogrenme stiline gore belirlenmelidir. Temel amag¢ 6grenmenin en iyi nasil gercgeklestirilecegidir. Bu ¢alismada, uzaktan 6grenme
sistemleri i¢in bulanik mantik tabanli bir materyal 6neri sistemi modellenmistir. Onerilen modelde, hazir bulunusluk ve 6grenme stiline

ek olarak materyal zorluk seviyesi ve materyal tiirii de kullanilmigtir. Olusturulan bulanik kural taban sonrast her bir materyalin
ogrenciler i¢in uygun olup olmadig: tespit edilmistir.

Anahtar Kelimeler: Uzaktan 6gretim, hazir bulunusluk, materyal 6neri, 6grenme stili, bulanik mantik.
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1. Introduction

Learning style is defined as cognitive, affective and
physiological behaviors that are indicators of students' perception
structure, interaction with the distance learning system and
reactions (Bahar and Siiliin 2011; Given 1996). The main goal of
leraning style is how to best realize learning. Educators state that
there are three different learning style approaches: self-awareness,
curriculum design and application to teaching processes, and
diagnostic perspective (Can 2011). In this study, since the model
for distance learning has been created, the perspective of
application to curriculum design and teaching processes has been
brought to the fore. Kolb, McCarthy, Butler and some other
researchers have adopted learning styles of this nature (Can 2011).
The most well-known of these styles and the most widely used in
the literature is the learning theory developed by Kolb (Cevher
and Yildirim 2020). The theory focuses on both cognitive and
affective dimensions, as well as emphasizing the importance of
experiences in the learning process (Can 2011).

Both the education and the teaching process are carried out
depending on past experiences. Lack of experience or previous
knowledge of students will also cause problems in the next
education-teaching processes. The subjects for the lessons follow
each other and the previous subjects form the basis for a subject
to be learned. For this reason, before starting a new topic, previous
learning about the topic should be acquired and it should be
checked whether this situation exists in individuals (Altun 2005;
Yenilmez and Kakmaci 2008). With readiness, it is investigated
whether the student has sufficient knowledge for the new subject
to be learned. In short, readiness is whether the individual has the
necessary prerequisites for the relevant learning activity (Arik
1995; Yenilmez and Kakmaci 2008).

Materials are used as supportive resources for students in both
distance and face-to-face learning. The source to be used differs
according to the teaching method used. The biggest difference that
distinguishes distance learning from face-to-face education is that
the course materials gain great importance because the education
is carried out independently of space and time. Lecture notes,
lecture video recordings, presentations and texts are important in
distance learning, which is carried out asynchronously. The
effectiveness of these materials is related to the effectiveness of
the educator, and the educator should know their strengths and
weaknesses. Especially developing web technologies have
increased the interaction between course materials and students in
distance learning systems.

One of the problems in distance learning systems is proposing
suitable materials for students. Because, if permission is given, it
may be necessary to choose among the materials shared by
different educators on the same subject. It may be necessary to
suggest material suitable for the student's learning style. Most
studies in the literature are filter-based and based on student's past
records. In this study, a student-centered approach is proposed to
contribute to the literature. In the proposed approach, the course
materials to be presented to the students are determined according
to their learning style, readiness, material difficulty level and
material type.

In the next section of the study, the situation in the literature
was examined. In the third and fourth sections, basic information
is given. The proposed model is given in the fifth section and the
results and discussion are given in the last section.
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2. Related Works

Learning style is important for the concepts learned to be
permanent for a longer period. It also makes the concepts easier
to understand. Learning styles are determined with the help of
questionnaires in both online and offline applications. In the
study, in which machine learning techniques and Kolb learning
styles were used, a model was proposed to determine learning
styles. In the proposed model, in addition to the scale information,
age and gender data were also used, and classification was made
with k-NN, C4.5 and Naive Bayes (Kartal et al. 2019). In the study
examining the efficiency of Kolb learning styles, J48, BayesNet
and Naive Bayes and Random Forest classifiers were used. As a
result, the highest success was obtained in the Random Forest
(Menaka and Nandhini 2019). In the study, in which web usage
mining was used for the determination of learning style in
distance learning independently of the theories, the movements of
the students on the websites were determined with the fuzzy
classifier and higher success was achieved than the traditional
methods (El Aissaoui et al. 2019). The results of the study, in
which personalized and learner-specific learning strategies were
developed according to Kolb's learning style for distance learning,
showed that personalization in distance learning based on learning
style significantly affects the academic success and satisfaction of
students (Sanjabi and Montazer 2020). In the study conducted in
2021, different classifiers were used by reducing the scale sizes.
While creating the data set, the time spent on audio files, concept
maps, images, reading texts and simulations in the distance
learning system was used. As a result, the highest success was
obtained with the SVM classifier (Rasheed and Wahid 2021).

The studies described above and, in the literature, focused on
two approaches to determine learning style. These are the
student's behavior on the system and the questionnaires. Both
approaches have strengths and weaknesses. The data obtained
with the help of the questionnaires contain weaknesses such as the
students' unawareness of their own preferences and the fact that
the questionnaire creates boredom. These weaknesses are
eliminated in the approach where the behavior of the student in
the system is used. However, movements on the system also
create weaknesses such as leaving the system open for a certain
period and not using the system himself. In addition, theory-based
studies focused on previous versions of Kolb learning style
(KLSI) and were based on four learning styles.

Readiness, in addition to suggesting educational material to
the student, also guides the educator in teaching the lesson. To
achieve this, the educator needs to prepare a readiness test for each
lesson topic. Although it seems to increase the workload of the
educator, it can be used for many years as it will only be defined
once.

‘When the studies on readiness in the literature are examined,
the readiness of the primary school mathematics teacher students
for the 2" grade high school mathematics lesson has been
examined and it has been determined that the readiness level is
quite low (Tuna and Kagar 2005). In the study in which the
relationship between preschool education and mathematics lesson
was investigated, it was determined that the readiness for
mathematics lesson of those who received preschool education
was high (Unutkan 2007). Questionnaire data were used in the
study in which the relationship between students' readiness levels
and academic achievements for foreign language lessons was
examined. According to the results of the study, it has been
determined that the students' readiness levels and academic
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achievements vary according to gender and preparatory reading
status. In addition, it was concluded that students with high
readiness levels also have high academic achievement (Unal and
Ozdemir 2008). The readiness of primary school students for the
7th grade mathematics lesson was investigated with a test
including demographics, mathematics achievement, interest in
mathematics and prerequisites, and suggestions were given to
increase the level of readiness in mathematics (Yenilmez and
Kakmaci 2008). Students' readiness was examined in terms of
achievement test, semi-structured interview form and attitude
scale and geographical concepts, and it was observed that the
applied teaching techniques increased the learning level (Akengin
and Siier 2013). According to the results of the study in which the
readiness of mathematics teaching students about functions was
examined, the participants in the study were insufficient in terms
of functions (Erdogan, Erdogan, and Celik 2012). In the study
examining the readiness levels of pre-school teacher candidates to
teach mathematics, it was determined that some participants saw
mathematics as a way of life, while some participants saw daily
words as a mathematical element (Inan 2014). In the study
examining the effects of pre-lesson activities such as online tests
on student readiness and performance, the answers of two groups
of students to the preparatory questionnaires were compared
(Fraley et al. 2015). In another study, the readiness of instructors
in distance education was examined. In the study, definitions were
made about the importance of readiness and its detection methods,
as well as its sub-categories of cognitive, social and educational
readiness (Kologlu, Kantar, and Dogan 2016). In the study using
distance learning perception scale and readiness scale, students'
demographic data and answers to scales were used (Gokbulut
2021).

In the study, which aims to help students find the learning
materials they need to read, the needs of the students were
determined, and fuzzy matching was used to find the appropriate
learning materials that would best meet the needs of each student.
The criteria used are; student's personal characteristics, history of
access to learning material, current interests and other student
needs (Lu 2004). In the study, which aims to have students search
for content using more than one keyword at the same time, the
students' past records were analyzed and the relationship between
students' learning behaviors, possible keywords and learning
course content was determined (Liu and Shih 2007). In the study,
in which certain features are defined as vectors, the learning rate
for the features was defined, and the similarity rate between
learner behaviors and materials was calculated (Salehi and
Kmalabadi 2012). Collaborative filtering and sequential model
mining are used in various studies used to recommend material.
Collaborative filtering focuses on relationships between users
with similar interests, while sequential model mining uses records
of users' interactions with the system (Chen et al. 2014; Syed et
al. 2017; Turnip, Nurjanah, and Kusumo 2017). In the study using
fuzzy logic, student information, performance reports, study
materials and user queries were used (Pandey and Singh 2015;
Perumal, Sannasi, and Arputharaj 2019). In the study
investigating the effectiveness of learning styles in material
recommendation, Felder Silverman learning style, cooperative
filtering, content-based filtering and grading were used and rating
was determined as the best method (Trusthi and Nurjanah 2017).

Most studies on material recommendation in the literature use
filtering (searching among materials) and student's past web
traces. In this context, the inadequacy of student-centered studies
that focus on the learning style of the student and use material
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prior knowledge is seen as a deficiency in the literature. In
addition, studies involving Kolb's nine learning types are also
limited.

3. Learning Style

KLSI is based on experiential learning theory (Can 2011;
Goldag 2011). KLSI is based on the learning style and problem-
solving habits of students in their daily lives. There are four types
of learning styles in this style (Askar and Akkoyunlu 1993;
Copgeven and Firat 2019; Kolb 1985): Concrete Experience,
Reflective Observation, Abstract Conceptualization, Active
Experimentation. Here, it assumes that active experimentation is
learned better by feeling, watching reflective observation,
thinking about active experimentation, and doing abstract
conceptualization. Learning style consists of a combination of
these four styles. This combination determines the student's
learning style (Askar and Akkoyunlu 1993; Can 2011). With
KLSI 4.0, four learning types were transformed into nine learning
types (Alice Y. Kolb 2013). The KLSI 4.0 dimensional diagram is
given in Figure 1.

Concrete Experience

Initiating Experiencing

Imagining

Acting Balancing

Active Experimentation

Deciding Thinking Analyzing

Abstract Conceptualization

Figure 1. KLSI 4.0 (Anon 2017; A.Y. Kolb 2013)

Learning strengths and weakness for KLSI 4.0 are given in
Table 1.
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Table 1. Learning strengths and weakness for KLSI 4.0 (Anon

2017)
Style Strengths Weakness
Doefllscate yourself to your Controlling the urge to
%earchin for new act
Initiating g Listening to the opinions
opportunities
. L of others
Influencing and directing .
Impatience
others
Bullc.img Qeep personal Understanding the
relationships
Lo S theory
Experiencing Strong intuition focused on . .
. Systematic planning
thoughts and actions .
. Evaluation
Open to new experiences
Awareness of people's
feelings and values To decide
Imagining Listening with an open mind | Taking the lead
Visualizing the consequences | Act on time
of uncertain situations
Understanding others' point
of view Initiating an action
Seeing “What’s going on” in natng
. NS Thinking too long
Reflecting situations . o
ST Raising your voice in a
Turning intuitions into clear
. group
explanations
Data collection
Organizing information RISI? te.lk.l ng
. . . Socializing with others
Analyzing To be logical and rational . :
o Coping with structural
Building conceptual models .
deficiency
Analytcs e open-minded
Thinking Rational decision making & op
Analyzing quantitative data about 1d§as
Get lost in thought
Problem solving Creative thinking
Evaluating ideas and beyond the ordinary
Deciding solutions Sensitivity to people's
Setting goals feelings
Making decisions Dealing with uncertainty
Combining technical Taking time to think
knowledge and personal Solving the right
Acting relationships problem
Focus on getting things done | Information gathering
Leading business teams and analysis
Flexibility of movement in -
- Instability
the learning cycle To do evervthine vou
. Ability to work with ything
Balancing . can, but not to be an
different types of groups of .
expert in any of them
people .
S Constant commitment
Creative intuitions

To determine the learning style, it is planned to use KLSI 4.0,
the demographic data of the student, the student emotion of each
KLSI 4.0 question and the time to answer the question. KLSI 4.0
and the use of question-based emotion will contribute to the
literature. In Figure 2, the suggested model for determining
learning style is given.

@G )

KLSI 4.0 5 @

Score “g 2

5 — £

. .

Demographic
Data

a— S

Figure 2. Learning style module

e-ISSN: 2148-2683

For the determination of the learning style given in Figure 2,
the answer time of the student and the emotion at the time of
answering, score value and demographic information for each
question of the KLSI 4.0 questionnaire were taken as basis. The
inconsistency of the answer time with the average time
determined for the question will show that the answer given by
the student may be incorrect. In this case, an average value that
does not affect the overall score should be given for the relevant
question. If this discrepancy occurs for more than 50% of the
questions, it is recommended to repeat the test. In addition, the
emotional state at the time of answering each question will also
show the student's perspective on the related question. The
expressions (IT-initiating, EX-experiencing, IM-imaging, RF-
reflecting, AL-analyzing, TH-thinking, DC-deciding, AC-acting,
BL-balancing) were used for learning style.

4. Readiness

Readiness is whether the individual has the necessary
prerequisites for the relevant learning activity (Arik 1995;
Yenilmez and Kakmaci 2008). For students who do not have
prerequisites, education should be planned that is concrete,
uncomplicated, and close to their previous experience. In the
proposed material suggestion system, the level of readiness of the
student for each course subject is determined and appropriate
educational material is suggested. Questions prepared by the
educator should be used to determine the level of readiness. In the
proposed model, linguistic expressions of Very Ready (VR),
Ready (R), Moderate (M), Not Ready (NR) and Never Ready
(NVR) were used for readiness. The membership function graph
for readiness is given in Figure 3.

Membershp Degree

* nr NE M R VR

| | | | {# Exarmn Result

20 40 a0 &l 100

Figure 3. Membership function for readiness

5. A Material Recommendation Model

In the proposed model, a student-centered approach is used.
The course materials to be presented to the students are
determined according to their learning style, readiness level and
material properties. The diagram of the proposed model is given
in Figure 4.

Type Difficulty Level

||

Materials

}

Material
Recommendation
(Fuzzy Inference)

/ Learning Style }—»
}—»

Figure 4. Suggested Material Recommendation Model

— Recommended Materials
‘ Readiness

The proposed model works based on fuzzy inference and as
input material difficulty level (VE-very easy, E-easy, M-
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moderate, D-difficult, VD-very difficult), type of material (W-
and graphic,
animation), learning style (IT, EX, IM, RF, AL, TH, DC, AC, BL)
and readiness (VR-very ready, R-ready, M-moderate, NR-not
ready and NVR-never ready) information. True and false values
are used as output. If the relevant material is suitable for the

written, 1G-image

European Journal of Science and Technology

V-video,

TA-interactive

student, true (1), otherwise false (0) will be output. The nine items

Table 2. Rule table for material recommendation

in the learning style are the fuzzy versions of the four items (active
experimentation, concrete experience, reflective observation,
abstract conceptualization) based on the KLSI. Because the
initiating learning style involves active practice and concrete
experience. In line with this information, the rule table for the
material recommendation is given in Table 2.

LS MT RDN MDL Output
IT) v (IM) 1A) V (V) (VR) (VD) vV (D) V(M) V (E) V (VE) 1
(IT) v (IM) (IA) v (V) (R) (VD) 0
(IT) v (IM) (IA) V (V) (R) (D) V (M) V (E) V (VE) 1
(IT) v (IM) (IA) V (V) M) (VD) v (D) 0
(IT) v (IM) (Ia) v (V) M) M) v (E) v (VE) 1
(IT) v (IM) (1a) v (V) (NR) (VD) v (D) v (M) 0
(IT) v (IM) (1) v (V) (NR) (E) V(VE) 1
(IT) v (IM) (IA) V (V) (NVR) (VD) V (D) V (M) V (E) V (VE) 0
(IT) v (IM) (W) v (IG) (VR)V(R) V(M) V(NR) V(NVR) [ (VD)V(D)V M)V (E)V (VE) 0
(EX) v (TH) (EA) V (V) V(W) (VR) (VD) vV (D) V(M) V (E) V (VE) 1
(EX) v (TH) da)v vy v (wy (R) (VD) 0
(EX) v (TH) da) vy v (W) (R) D) v M) Vv (E) v (VE) 1
(EX) vV (TH) (IA) V (V) V (W) M) (VD) V (D) 0
(EX) vV (TH) (IA) V (V) V (W) M) (M) V (E) v (VE) 1
(EX) v (TH) da)v vy v (wy (NR) (VD) v (D) v (M) 0
(EX) v (TH) da) v vy v (w) (NR) &) v (VE) 1
(EX) vV (TH) (IA) V (V) V (W) (NVR) (VD) V (D) V (M) V (E) V (VE) 0
(EX) vV (TH) (1G) (VR)V(R) V(M) V(NR) V(NVR) [ (VD)V(D)V M)V (E)V (VE) 0
(RF) V (AL) (W) v (V) v (IG) (VR) (VD) V (D) V (M) V (E) V (VE) 1
(RF) v (AL) W) v (V) v dG) (R) (VD) 0
(RF) V (AL) (W) v (V) v (IG) ®R) (D) V (M) V (E) V (VE) 1
(RF) V (AL) (W) v (V) v (IG) M) (VD) Vv (D) 0
(RF) V (AL) (W) v (V) V (IG) M) (M) V (E) V (VE) 1
(RF) V (AL) (W) v (V) v (IG) (NR) (VD) V (D) V (M) 0
(RF) V (AL) (W) v (V) v (IG) (NR) (E) vV (VE) 1
(RF) V (AL) (W) v (V) v (IG) (NVR) (VD) V(D) V(M) V (E) V (VE) 0
(RF) V (AL) (1A) (VR)V(R) V(M) V(NR) V(NVR) | (VD)V (D)V (M) V (E)V (VE) 0
(DC) (IA) V (W) (VR) (VD) V (D) V (M) V (E) V (VE) 1
(DC) (IA) V (W) (R) (VD) 0
(DC) (IA) V (W) ®R) (D) vV (M) V (E) V (VE) 1
(DC) (IA) vV (W) M) (VD) v (D) 0
(DC) (IA) V (W) M) (M) V (E) V (VE) 1
(DC) (IA) V (W) (NR) (VD) V (D) V (M) 0
(DC) (IA) V (W) (NR) (E) V (VE) 1
(DC) (IA) vV (W) (NVR) (VD) V(D) V(M) V (E) V (VE) 0
(DC) (V) vV (IG) (VR)V(R) V(M) V(NR) V(NVR) [ (VD)V (D)V (M) V (E)V (VE) 0
(AC) (IA) V(W) v (IG) (VR) (VD) V (D) V (M) V (E) V (VE) 1
(AC) (IA) V(W) v (IG) (R) (VD) 0
(AC) (IA) vV (W) v (IG) R) (D) V (M) V (E) V (VE) 1
(AC) (IA) V(W) v (IG) M) (VD) v (D) 0
(AC) (IA) V (W) v (IG) (M) (M) V (E) V (VE) 1
(AC) (IA) V(W) v (IG) (NR) (VD) V (D) V (M) 0
(AC) (IA) V(W) v (IG) (NR) (E) V (VE) 1
(AC) (IA) V(W) v (IG) (NVR) (VD) V(D) V(M) V (E) V (VE) 0
(AC) V) (VR)V(R) V(M) V(NR) V(NVR) [ (VD)V (D)V (M) V (E)V (VE) 0
(BL) (IA) V(W) V (V) V (IG) (VR) (VD) V(D) V(M) V (E) V (VE) 1
(BL) (IA) V (W) V (V) V (IG) (R) (VD) 0
(BL) (IA) V (W) V (V) V (IG) (R) (D) V (M) V (E) V (VE) 1
(BL) (IA) V(W) V (V) V (IG) M) (VD) v (D) 0
(BL) (IA) V (W) V (V) V (IG) (M) (M) V (E) V (VE) 1
(BL) (IA) V (W) V (V) V (IG) (NR) (VD) V (D) V (M) 0
(BL) da) v w) v V) v (IG) (NR) (E) V(VE) 1
(BL) da) v w) v V) v (IG) (NVR) (VD) v (D) v(M) v (E) v (VE) 0

e-ISSN: 2148-2683

MDL: Material difficulty level, MT: Materyal type, LS: Learning style, RDN: Readiness
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When the rules in Table 2 are examined, a few examples of
comments that can be made are given below.

e Materials in the form of interactive animations and
written documents are recommended for a student with
a decision-making learning style, if the readiness for the
lesson is very ready, regardless of the difficulty level of
the material. In addition, if the readiness of this student
is not considered, video and picture materials are not
recommended.

e For a student with a balancing learning style, if the
readiness for the lesson is very ready, any material can
be recommended regardless of the difficulty level of the
material and the type of material.

o Video-type material is not recommended for a student
with an acting learning style, regardless of their
readiness for the lesson and the difficulty level of the
material.

6. Conclusion and Discussion

Distance learning platforms facilitate interaction between
students and instructors while reducing temporal or spatial
constraints. However, such platforms require measuring the
degree of student engagement in the delivered course content and
teaching style. Such information is invaluable for assessing the
quality of teaching and changing the style of teaching delivery in
mass online learning platforms. In addition, since the learning
process will continue individually, appropriate course materials
should be presented to the students. The materials are presented
to the students through the student's inquiries on the system or the
predictions based on the student's past records. This is a situation
in which the student's cognitive and affective competences are not
actively used.

The learning theory developed by Kolb focuses on both
cognitive and affective dimensions as well as emphasizing the
importance of experiences in the learning process (Can 2011).
Therefore, the materials to be presented to students should be
determined according to the learning style of the student. The use
of only learning style for material recommendation is still
insufficient for the student. Because the material to be proposed
to the student should be suitable for the level of the student. With
readiness, it is investigated whether the student has sufficient
knowledge for the new subject to be learned. In short, readiness
is whether the individual has the necessary prerequisites for the
relevant learning activity (Arik 1995; Yenilmez and Kakmaci
2008). The materials to be presented to the students should be
planned in parallel with the learning style. Therefore, the type and
difficulty level for the materials also strengthen the student-
centered approach.

Within the scope of this information, in this study, a material
recommendation system, which aims a student-centered approach
for distance learning systems, is modeled. The proposed model
uses learning style, readiness level, material type and difficulty
level as inputs for the fuzzy inference system. As an output, it is
determined whether the relevant material is suitable for the
student or not. To determine the learning style, the student's
demographic data, KLSI 4.0 result, time spent for KLLST 4.0 in this
process and emotion were used. It is suggested to use level
determination exams prepared by the trainer for readiness. After
the fuzzy logic-based model was created, the rule table was
created and given in Table 2.

e-ISSN: 2148-2683

The biggest limitation seen in the study is the increase in the
workload of the educator. However, once the proposed model is
created, it can be used in the distance learning system for many
years. Another limitation is that students give unrealistic answers
to KLSI in the process of determining the learning style. It has
been suggested to use time and emotion to avoid this limitation.
However, this will not be the definitive solution.

In future studies, materials from different courses can be
presented together, according to the student's interests, by
applying association rules while making material proposals.
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