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ABSTRACT: In this study, fuzzy logic based Gregorc learning system is proposed to characterize learning
styles of the students who have various own learning skills, intelligence levels and learning styles. Gregorc
learning system helps student to notice their different ways of perceiving and ordering information. Such that
student can learn by reasoning logically and intuitively; by seeing and hearing; by reflecting and acting or by
analyzing and visualizing. The goal of this system is to categorize students learning style and to make instructor
be able to match his teaching style with student's learning style. By this way, it is aimed to increase students
success in education considerably.
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INTRODUCTION

People spend most of their time by educational activities in order to achieve learning which is the most important
part of needs in their daily lives. For centuries, many studies have been done in order to answer following
questions "how can i teach best”, "how can an individual learn best”, "how can the learned information be
remembered always". By results of these researches, new education and learning methods, and new program

types have been developed [1].

Education can be considered as a product of gain by experiences of family, environment, religion and mass
communication mediums [1,2]. However, it should be noted that in almost every society, planned education is a
mission of education schools. Regardless what comes up as a result of scientific studies, a part of education that
can not be ignored certainly occurs at schools. This is how it is in global educational system of present days.
Large proportion of education occurs in school environment which exposes some problems that need to be
surmounted along. One of these problems is excessive amount of students who have education at the same time.
In this case, other problems can occur such that; are that much student's characteristics same thus they do have
education together by the same circumstances, environment and by the same teacher? Do not these students have
any diversity between each other? It can not be expected from students that have individual differences to
perform same level of learning. Therefore, when these questions and excessive amount of students in the school
are considered, actually, it can be concluded that individual differences must be taken into consideration [1,3].

In traditional education systems, every individual in a student group is bonded to a single program intended to
group and an education method that is chosen by teacher. However, every student has various, own learning
skills. Ignorance of these individual differences causes problems such that students which are more tended to
chosen program, used method learning more efficiently, and others who are not tended to chosen program,
couldnt learn as required [4]. Many studies such as Kolb’s [5], McCarthy’s [6], Honey’s [7] and Fleming’s [8]
learning styles have been proposed about these individual properties that needed to be taken into account on
education design.
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BACKGROUND

In this section, background subjects of the system such as Gregorc learning style and Fuzzy Logic Technique are
described briefly.

Gregorc Learning Style

Gregorc's Mind Styles model provides an organized way to consider how the mind works. This model
categorizes learning style into four groups: Abstract sequential, Concrete sequential, Abstract random, and
Concrete random [9]. In abstract sequential learning model, learner likes analyzing and applying logic in solving
problems. They learn best when they have access to experts or references; placed in stimulating environments
and able to work alone. It is very hard for them to being forced to work with those of differing views; Repeating
the same tasks over and over; dealing with lots of specific rules and regulations [9]. In Concrete sequential
learning model, learner likes ordering, following directions and getting facts. They learn best when they have a
structured environment; they can rely on others to complete this task; are faced with predictable situations; can
apply ideas in pragmatic ways. It is very hard for them to work in groups; Working in an unorganized
environment; Dealing with abstract ideas; Following incomplete or unclear directions [9]. In Abstract random
learning model, learner likes to listen to others; bringing harmony to group situations; establishing healthy
relationships with others; focusing on the issues at hand. They learn best when they are in a personalized
environment; are given broad or general guidelines; are able to maintain friendly relationships; are able to
participate in group activities. It is very hard for them being in a competition; Working in a restrictive
environment; Working with people who don’t seem friendly; Concentrating on one thing at a time; Giving exact
details [9]. In Concrete random learning model, learners like experimenting to find answers; taking risks; using
their intuition; solving problems independently. They learn best when they are able to use trial-and-error
approaches; are able to compete with others; are given the opportunity to work through the problems by
themselves. It is very hard for them being restricted and limitated; re-doing anything once it’s done; keeping
detailed records; showing how they got an answer; choosing only one answer; having no options [9].

Fuzzy Logic

Fuzzy logic deals with reasoning that is approximate rather than fixed and exact. Compared to traditional logic,
fuzzy logic variables may have atruth value that ranges in degree between 0 and 1. Fuzzy logic has been
extended to handle the concept of partial truth, where the truth value may range between completely true and
completely false [10]. Fuzzification, Fuzzy Rules, Membership Functions, Inferency and Defuzzification are
basic concepts of the fuzzy logic technique. The aim of fuzzification step is to determine the mapping degree of
crisp inputs to fuzzy sets by using membership functions. Fuzzy rules are applied to the fuzzified inputs. Outputs
of all rules are aggregated to obtain unificated output. From the fuzzy rules, probability fuzzy output variable can
be obtained. The higher probability means that the node has more chance to be selected. Defuzzification is the
process of transforming probability fuzzy output variable into a single crisp output [11].

THE PROPOSED SYSTEM

In this study a learning style inferency system which is based on fuzzy logic tehcnique and Gregorc learning
model is proposed to increase the success of students in education. In order to achieve this, a software which
provides an interface including 20 questions in accordance with the Gregorc model is developed. Fuzzy logic
technique is used to preference which learning style is suitable for the student’s education based on the answer’s
of the students to the questions.

Interface

Interface shown in Figure 1 is developed by using C# programming language and includes 20 questions. A
student who participates this survey gives 1, 2 or 3 point to each question. Point 1 corresponds to LOW, Point 2
corresponds to MEDIUM and Point 3 corresponds to HIGH.

1-5-9-13-17 questions’ total points are for concrete random(CR),
2-6-10-14-18 questions’ total points are for concrete sequential(CS),
3-7-11-15-19 questions’ total points are for abstract random(AR),
4-8-12-16-20 questions’total points are for concrete sequential(AS),
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Table 1. Linguistic Variables And Their Fuzzy Value Range

Question System Value | Linguistic variables | Fuzzy value
5-6-7 LOW 0.00<=x<0.3
8-9-10-11-12 MEDIUM 0.03<=x<0.7
13-14-15 HIGH 0.7<=x<=0.1
o - |

al Gregorc Learning Style

GREGORC LEARNING STYLE TEST

How do vou use this test?

This test evaluates your learning style according to Gregorc Learning
Style.When you click “Next Page™ button, you will see the some

questions.

You must give 1, 2 or 32 point to questions.
POINT 1 : Itis = LOW 7
POINT 2 : Itis * MEDIUM *
POINT 3 : Itis * HIGH ”

After you answer the questions, click the “Next Page” button and you
will see your test results.

(@)

ot Questions. = | B S

GREGORC LEARNING STYLE QUESTIONS

1find it easier to learn facts. ~ [] |

I prefer to get new information in pictures, diagrams, graphs, or maps. 2

I find it easier to learn concepts. 2

I prefer to get new information in written directions or verbal information. 3

I tend to understand the overall structure but may be fuzzy about details. 1

If 1 were a teacher, I would rather teach a course that deals with facts and real life situations 1

I tend to understand details of a subject but may be fuzzy about its overall structure. 1

If I were a teacher, I would rather teach a course that deals with ideas and theories. 3

I would rather be considered realistic. 1

Once I understand the whole thing, I see how the parts fit. 1

I would rather be considered innovative. 2

Once I understand all the parts, I understand the whole thing

I first want to brainstorm individuallyin a group project and then come together as a group to compare ideas. 1
Iunderstand something better after I try it out. 1

In a study group working on difficult material, I am more likely to jump in and contribute ideas. 2
Iunderstand something better after I think it through. 3

When someone is showing me data, I prefer charts or graphs. 1

When I start a homework problem, I am more likely to try to fully understand the problem first. 1
Ilearn in fits and starts. I'll be totally confused and then suddenly it all "clicks." 2

In a study group working on difficult material, I am more likely to sit back and listen. 3

(b)

Figure 1. Interface of Gregorc Learning Style

Education style is decided in accordance with the total points which are obtained from the answers of questions.
Figure 2 shows the interface of Gregorc Learning Style Test Result.
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6 Test Result = | E ||

GREGORC LEARNING STYLE'S TEST RESULT

EDUCATION STYLE ABSTRACT SEQUENTIAL
LEARNING STATUS HIGH
LEVEL OF LEARNING STYLE 0,85

Gregorc's Mind Style Characteristics

Reads avidly for information and ideas logically presented.

Needs a guiet environment to think and work.

Likes to debate about ideas and controversial issues.

Likes to learn just to learn - self-directed.

Gathers information and analyzes ideas.Strives for intellectual recognition.
Thinks in a structured, logical and organized way.

Fears appearing foolish or uninformed.

Figure 2. Interface of Gregorc Learning Style Test Result

Fuzzy Logic Based Inferency System

Four input parameters namely Abstract Sequential (AS), Concrete Sequential (CS), Abstract Random (AR), and
Concrete Random (CR) and one output namely Education Style (EduStyle) are determined in the proposed fuzzy
logic based system which is shown in Figure 3.

XX \ gregore fuzzy
Eﬁ ES / (mamdani)
; ; ; ; EDUSTYLE

Figure 3. The Proposed Fuzzy Logic Based Inferency System

The fuzzification method involves the transformation of raw input variables and evaluation of the linguistic
variables using the triangular Membership Functions as shown in Figure 4.

plot points:
181
Membership function plots
T T T T T T T

Low MEDIUM HIGH

ly il T

input variable "AR"

(a)Input for Abstract Random
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plot points:
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(b)Input for Abstract Sequential
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(c)Input for Concrete Sequential
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input variable "CR"

(d)Input for Concrete Random

plot points:

Membership function plots 181

I T T I I T T
AS AR cs

CR

output variable "EDUSTYLE"

(e)Output
Figure 4. Membership Functions of The Proposed System

The rule base of Gregorc Learning styles testing is characterized by a set of IF THEN rules in which the

antecedents (IF parts) and the consequents(THEN parts) involve linguistic variables. An example of rule
determined in the system is shown in Figure 5.

IF AS is HIGH AND AR is MED AND CS is MED AND CR is LOW THEN LEARNING STYLES is AS.
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n Rule Editor: gregorc fuzzy =

File Edit WView Cptions

If (AS is HIGH) and (AR is MEDIUM} and (CS is MEDIUM} and (CR is LOW) then (EDUSTYLE is AS) (1} -
If (A5 is HIGH) and (AR is MEDIUM} and (CS is LOWVW} and (CR. is LOW) then (EDUSTYLE is &S} (1}

If (A5 is HIGH) and (AR is MEDIUM} and (CS is LOVV} and (CR is MEDIUM} then (EDUSTYLE is AS) (1}
If (A5 is MEDIUM) and (AR is LOVW) and (CS is MEDIUM} and (CR is HIGH} then (EDUSTYLE is CR) (1}
If (A5 is MEDIUM) and (AR is LOVW) and (CS is HIGH} and (CR is MEDIUM} then (EDUSTYLE is CS) (1}
If (A5 is MEDIUM) and (AR is HIGH) and (CS is MEDIUM} and (CR is LOVW) then (EDUSTYLE is AR} (1}
If (A5 is MEDIUM) and (AR is HIGH) and (CS is LOWW) and (CR is LOW) then (EDUSTYLE is AR} (1}

If (A5 is MEDIUM) and (AR is HIGH) and (CS is LOWW} and (CR is MEDIUM} then (EDUSTYLE is AR} (1}
If (AS is LOW) and (AR is LOW) and (CS is HIGH) and (CR is MEDIUM) then (EDUSTYLE is CS}) (1}

0. If (AS is LOW) and (AR is LOV) and (CS is MEDIUM} and (CR is HIGH} then (EDUSTYLE is CR) (1} =

m
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H
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Addrule |

Help |

Figure 5. An Example Rule of The Proposed System

Lastly Centroid of Area (CoA) method is used for the defuzzification step.

RESULTS AND FINDINGS

Figure 6 shows an example operation of our system for the input parameters of values: AS: 6.74, AR:9.08, CS:
11 CR: 13.5 correspond to LOW, MEDIUM, MEDIUM and HIGH fuzzy degrees respectively. According to the
fuzzy rule "If (AS is LOW) and (AR is MEDIUM) (CS is MEDIUM) and (CR is HIGH) then (LEARNING STYLE
is CR)". The proposed system inferences that, these input values correspond to the value of 0.875 for the
Concrete Random learning style crisp output. The Surface Screen Interface of the Proposed Fuzzy Logic Model
is shown in Figure 7.

i u Rule Viewern gregorc fuzzy = B | S—
File Edit View Options
AS =674 AR =908 cCsS =11 CR=135 EDUSTYLE = 0.875

1 N | | (=N EEN | ™ |
2 | | | | L | L | RN |
3 | | | | ™ | | | TN |
4 | EEN | (=N | I |
5 | | L | | | | | [ N
5 | | | £ | | L™ | "™ |
7| | | ) ™ | L | ™ |
3 | | | ) L | | | L™ |
e | L™ | | | | | I N
10 | L | | | | I A
1 | | | | | | | [ N
12 | | | | | | | Al
S 15 5 15 S 15 S 15 Q
o] 1

Input: 15742 9.077 10.98 13.54] ”':"':'t points:  qg4 ‘ ‘MD‘-'BZ left | right | dnwnl up | |

| Opened system gregorc fuzzy, 12 rules ‘ ‘ Help | Cloze | |

Figure6. An Example Output of the Proposed System
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B Surface Viewer: gregorc fuzzy o (] S

File Edit View Options

EDUSTYLE

X (input): AS - | Y (input): AR w | Z (output): EDUSTYLE
X grids: a Y grids: 9 Evaluate
Ref. Input: [MaN NaN 10 14] ||P'Dt points: | g1 ‘ ‘ Help | Close | ‘

Ready ‘

Figure7. The Surface Screen Interface of the Proposed System
CONCLUSION

In this study, fuzzy logic based Gregorc learning system is proposed to characterize learning styles of the
students who have various own learning skills, intelligence levels and learning styles. In order to achieve this, a
software which provides an interface including 20 questions in accordance with the Gregorc model is developed.
Fuzzy logic technique is used to preference which learning style is suitable for the student’s education based on
the answer’s of the students to the questions. By categorizing students learning style, instructor will be able to
match his teaching style with student's learning style. By this way, it is aimed to increase students success in
education considerably.

REFERENCES

Kazu, 1.Y. , Ozdemir, O. (2009). Ogrencilerin Bireysel Ozelliklerinin Yapay Zeka ile Belirlenmesi (Bulamk
Mantik Ornegi). Akademik Bilisim, ss: 457-466.

Bloom, B.S.(1979). Insan Nitelikleri ve Okulda Ogrenme (Ceviren: Ozcelik, D.A.). Milli Egitim Basimevi.
Ankara.

Kazu 1., Kazu H., Ozdemir O., (2005). The Effects of Mastery Learning Model on the Success of the Students
Who Attended “Usage of Basic Information Technologies” Course. Journal of Educational Technology &
Society. 8 (4): 233-243.

Sever, S. (1997). Tiirkge Ogretimi ve Tam Ogrenme. An1 Yayicilik. Ankara.

Kolb, D.A. (1999). The Kolb Learning Style inventory. Hay Resources Direct, 6-25.

Mc Carthy, B. (1982). Improving Staff Development Through CBAM and 4MAT. Educational Leadership,
40(1): 20-25.

Higgison, C. (2001). Cevirimigi Ogretim e-kitab1, Online Tutoring e-book, http://otis.scotcit.ac.uk/onlinebook/
pp. 2-02--2-10. (Erigim Tarihi: 25.05.2005)

Akman, N. H. Mugan, C.S. (2004). “Muhasebe Egitiminde Ogretim Ve Ogrenim Yéntemleri ile Ders Basarist
Arasindaki Iliki: Pilot Calisma,” XXIII. Tiirkiye Muhasebe Egitimi Sempozyumu, May1s 2004, Antalya,

http://web.cortland.edu/andersmd/learning/Gregorc.htm

Novak, V., Perfilieva, 1. and Mockot, J. (1999) Mathematical principles of fuzzy logic Dodrecht: Kluwer
Academic. ISBN 0-7923-8595-0

Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8, 338-353.

191


http://web.cortland.edu/andersmd/learning/Gregorc.htm
http://en.wikipedia.org/wiki/Special:BookSources/0792385950

