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Abstract 

This study is an attempt to explore the value of the teachers’ critical thinking skills with fuzzy expert systems. The study 

employed this system to obtain an objective and authentic evaluation in an abstract or ambiguous assessment. The working 

group consisted of 275 teachers working in public schools in Antalya central districts during the 2021-2022 academic year. 

This study deployed The Critical Thinking Appraisal (CTA) developed by Özelçi (2012). In the first stage, the data 

obtained from the teachers' critical thinking skill scale were analyzed through classical logic. Validity (explanatory and 

confirmatory factor analysis) and reliability analyzes (Cronbach Alpha) were performed during data analysis. Besides, the 

data regarding the teachers' critical thinking skill scale were also examined through the fuzzy logic approach. Different 

results emerged when comparing both methods. The findings revealed that the result on the fuzzy logic approach, which 

underpins artificial intelligence applications and which is used in various decision-making applications, is more consistent 

and objective. This study may shed light onto the researchers to obtain results that are more objective by conducting studies 

based on fuzzy logic-based survey. Besides, the validity and reliability analyzes made through the classical method with a 

similar method may also be carried out through the fuzzy logic method. These new results may be compared with those of 

the classical method. Thus, the objectivity of classical validity and reliability analyzes may also be examined. 
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1. Introduction 

Teaching critical thinking skills (CTS) has become a fundamental and frequently emphasized educational goal in 

conjunction with acquiring knowledge in the age of artificial intelligence. Considering today understands of democratic 

and globalizing society, it is most likely that critical thinking is an essential competence to have. Critical thinking (CT) is 

a higher-level thinking skill that involves problem solving, decision-making and creative thinking [1]. Therefore, it is of 

great significance to teach students critical and effective thinking competencies since countless information is easily 

accessible [2]. Their peers or parents cannot teach critical thinking skills to students strongly; instead, trained and 

knowledgeable instructors are needed to impart these proper knowledge and skills [3]. Therefore, teachers must first enjoy 

critical thinking skills [4-5]. 

CTS is a competency that is hard to identify and that has complex definitions without a single, universally accepted 

definition [6]. Despite all the criticism, educators hold similar views regarding the need for CTS in a time when new 

knowledge is rapidly increasing in the contemporary world [5], [7]. As is seen, the specific boundaries of the CTS cannot 

be clearly drawn. 

Pe´piot, Cheikhrouhou, Fürbringer and Glardon asserted that precise measurements in a place where there is a human 

element might be questionable in terms of the accuracy and reliability of evaluating different people in the same group [8]. 

Therefore, this study employed fuzzy logic to evaluate critical thinking skills. Fuzzy logic is used in situations in which 

uncertainty and ambiguity prevail and when it is necessary to reduce the impact of subjectivity [9]. This study deployed a 

Likert-type scale to evaluate teachers' critical thinking skills in terms of the types of schools they work in and compare the 
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findings regarding teachers' critical thinking skills and those obtained through classical logic in terms of school types by 

measuring this scale with fuzzy logic. 

One of the higher-level thinking skills, critical thinking is a set of skills that allow producing arguments, inferences, 

deductions, conclusions, and evaluations based on the information [10]. CT is the ability to understand assumptions, make 

claims supported by evidence and make conclusions warranted by the evidence presented [5]. Hence, CT is disciplined 

thinking governed by intellectual standards such as clarity, precision, accuracy, relevance, consistency, logical correctness, 

completeness, and fairness [11]. Individuals with these characteristics can evaluate and weigh information to make 

informed decisions [12]. 

CT helps the individual make wise decisions through teaching them to think more carefully, clearly and logically related 

to significant life decisions. In this vein, the individual can make inferences in problem solving and decision-making 

processes, increase the probability of desired results, take probabilities into account, and use cognitive skills or strategies 

[2]. The basic components of CTS are listed as interpretation, analysis, evaluation, inference, explanation and self-

regulation [13]. Therefore, CTS enables the individual to consciously carry out democratic processes in social life and 

prevents society from being harmed due to wrong choices resulting from poor critical thinking [11]. Critical thinking also 

helps individual’s live better lives and make contributions that are more positive to society with conscious and informed 

decisions. 

In recent years, critical thinking has been among the primary goals of education to provide individuals with the thinking 

and reasoning skills necessary to solve the problems they encounter in their daily lives [14]. Critical thinking corresponds 

to the levels of analysis, synthesis and evaluation in the field of education [15]. Teachers hold a significant mission in 

acquiring these skills. It is paramount for teachers to have CTS in terms of professional competence and educational 

reforms [16-18]. Teachers play a significant role in the development of competencies such as CTS, which is among higher-

level thinking skills [19]. Future teachers need to be skilled critical thinkers so that they can promote students’ critical 

thinking skills [20]. Various studies revealed that teachers have a limited understanding of critical thinking [21-23]. Thus, 

previous studies suggested that teachers from different disciplines understand the significance of CTS, but cannot fully 

grasp what it really means. Besides, there is a dearth of studies on investigating teachers' perceptions, practices and their 

levels of CTS. It is remarkable that teachers ready for their responsibilities regarding the education of the new generation. 

Therefore, they need to possess CTS in the processes of organizing, implementing and evaluating their practices in school 

and to encourage their students for being good critical thinkers.  They also need to first develop their own CTS to promote 

students’ CTS [24]. It is also vital to develop methods for evaluating teachers' CTS. On this wise, teachers may both 

increase their own critical thinking competencies and that they may be more effective in teaching students CTS. Numerous 

current studies were grounded on pre-service teachers' critical thinking skills [25-29], [14]; few focused on teachers' critical 

thinking skills [30] in-service. This indicates the lack of research on maintaining and developing CTS in teachers' 

professional lives. 

Although the emphasis on critical thinking has led to a significant amount of research on critical thinking skills, little 

information is available on identifying teachers' critical thinking skills. Upon analyzing the relevant literature, studies on 

measuring teachers' CTS [31-35] are mostly built on Aristotle's logic perspective, which is classical logic. The evaluations 

made with Aristotelian logic may be insufficient or incomplete as the boundaries of CTS are difficult to draw sharply. 

Thus, this study used fuzzy logic to evaluate teachers' critical thinking skills in terms of school types. 

It is most probable to encounter uncertainties at almost every moment of life. However, classical logic is often inadequate 

in explaining these uncertainties since a situation or proposition must be either absolutely true (used for elements with a 

membership degree of 1) or false (used for elements with a membership degree of 0) in classical logic. Situations other 

than this cannot be expressed logically and mathematically. In other words, a situation involving uncertainty cannot be 

expressed with classical logic. To illustrate, an apple must be either red or not red in classical logic. However, in classical 

logic, shades of red cannot be expressed as the color of an apple. There is no equivalent in classical logic for situations 

such as the color of an apple being dark red or light red. 

Zadeh defined the concept of fuzzy sets [36] in 1965 to explain uncertainties mathematically. Unlike classical logic, fuzzy 

logic is used to explain how true the situation or importance is instead of analyzing whether a situation or proposition is 

absolutely true or false. In other words, fuzzy logic requires that the membership values of an element in a set do not have 

to be 0 or 1 as in classical logic. Fuzzy logic uses the continuum values local values between 0 and 1, including 0 and 1. 

Namely, the membership of the elements can be graded in fuzzy logic. Thus, the uncertainties may be expressed 

mathematically. The color of the apple being red with a membership degree of 0.9 (meaning 90% red) or being red with a 

membership degree of 0.01 (meaning 1% red) is a simple example of membership grading in fuzzy logic. Therefore, fuzzy 

logic is used in many decision-making practices in almost every branch of science [37-40]. It also contributes to obtaining 

more objective results in solving many problems compared to classical methods. In addition, fuzzy logic theory underpins 

popular artificial intelligence applications with its increasing use day by day. 
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2. Preliminaries 

Özelçi developed critical Thinking Appraisal (CTA) [41]. The tool consists of five factors (willingness to gather 

information, self-regulation, inference making ability, evidence-based decision making, and openness to causality) and 19 

items. The willingness to gather information factor consists of four items (4,8,12,19), self-regulation (6,13,15,16,18) five 

items, inference making ability (2,9,10) three items, evidence-based decision making (5,11,17) three items, and openness 

to causality (1,3,7,14) four items. The scale is rated on a 5-point Likert type (1 = Strongly disagree, 5 = Strongly agree). 

Items 1, 3, 5, 7, 11, 14, 16 and 17 are reverse items. Cronbach's alpha values regarding the factors were depicted 

respectively as willingness to gather information (α = .70), self-regulation (α = .64), inference making ability (α = .52), 

evidence-based decision-making (α = .54) and openness to causality (α = .56). The Cronbach's alpha coefficient for CTA 

was identified as .75. In addition, Cronbach's alpha values for each of the 5 factors were as follows: willingness to gather 

information (α =.46), self-regulation (α =.64), inference (α =.49), evidence-based decision making (α). =.61) and openness 

to causality (α =.53), respectively. Confirmatory factor analysis was performed to test the accuracy of the scale including 

19 items and 5 factors. 

The fit indexes of the model obtained from the path analysis were examined through the Lisrel 8.71 package program and 

that the five-factor model's RMSEA (root mean square error of approximation), NFI (normed fit index), NNFI (non-

normed fit index), CFI (comparative fit index), SRMR (standardized root mean squared residual) were at acceptable levels 

(Kaplan, 1995). The fit indices of the model obtained from the confirmatory factor analysis related to the critical thinking 

attitude scale were analyzed and the chi-square value (χ2= 267.03) and degrees of freedom (df=142), p = 0.00 < 0.05) were 

identified. The fit index values were found to be RMSEA= .06, NFI= .88, NNFI=.92, GFI= .91, CFI=.93, AGFI=.88, 

SRMR= .07, and RMR= .07. On analyzing the fit values of the measurement tools, χ2/sd,, RMSEA, NFI, NNFI, GFI, CFI, 

AGFI, SRMR and RMR values for CTA were determined to show satisfactory fit (Byrne & Campbell, 1999; Bentler, 

1980; Schermelleh-Engel, Moosbrugger and Müller, 2003). Accordingly, it is most likely that all fit values confirm the 

factor structure of the scale. 

Definition 1: [36] Let ℬ be the universal set. A fuzzy set 𝒜 on ℬ is defined by  

𝒜 = {〈𝑎, 𝜇𝒜(𝑎)〉: 𝑎 ∈ ℬ}. 

Here, 𝜇𝒜(𝑎) is membership function such that 

𝜇𝒜: ℬ → [0,1]. 

Definition 2: [46] A triangular fuzzy number 𝑛̃ = [𝑘1, 𝑙1, 𝑚1] is a special fuzzy set on the real number set ℝ, whose 

membership function is defined as follows 

𝜇𝑛̃(a) =  {

(𝑎−𝑘1)/(𝑙1−𝑘1),          𝑖𝑓 (𝑘1≤𝑥<𝑙1)
1,                                     𝑖𝑓 (𝑎= 𝑙1 )

   (𝑚1−𝑎)/(𝑚1−𝑙1),      𝑖𝑓 (𝑙1<𝑎≤𝑚1)
       0,                                      𝑖𝑓 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

3. Classical Method 

3.1 Research problem 

This study employed a Likert-type scale to measure teachers' critical thinking skills in terms of the types of schools they 

work in, and the data were examined through fuzzy logic to obtain the teachers’ critical thinking skills, and these findings 

were compared those of classical logic. Hence, answers to the following sub-problems were sought; 

1. What are the teachers’ critical thinking skill levels across the types of schools in terms of classical logic approach? 

2. What are the teachers’ critical thinking skill levels across the types of schools in terms of fuzzy logic approach? 
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3. Is there a significant difference between the teachers’ critical thinking skill scores in terms of fuzzy and classical logic 

approaches? 

 

3.2 Working Group 

The working group held 275 teachers working in public schools in the central districts of Antalya during the 2021-2022 

academic year. The maximum variation sampling and convenience sampling/criterion sampling techniques chose the 

participants. 

Among the participants, 144 (52.4%) are females and 131 (47.6%) were males. 195 (70.6%) of the participants have a 

bachelor's degree, 76 (27.6%) a master's degree and 3 (1.1%) doctorate degree. The teaching experience of the participants 

range from 1 to 38 years, with an average of 15 years. The age distribution is between 22 and 62 with an average of 40. 

Table 1: Information regarding school types 

Variables  Sub-groups  N % 

 

 

 

School type  

HL1-Private High School   29 10.5 

HL2-Science High School 67 24.3 

HL3-Anatolian Religious High School 34 12.4 

HL4-Thematic High School 33 12 

HL5-Project Vocational High School  23 8.4 

HL6-Vocational and Technical Anatolian High School 37 13.5 

HL7-Multi-Program Vocational and Technical Anatolian 

High School 

22 8.0 

HL8-Anatolian High School   30 10.9 

29 of the teachers work at private high schools, 67 at science high schools, 34 at Anatolian religious high school, 33 at 

thematic high schools, 23 at project vocational high schools, 37 at vocational and technical Anatolian high schools, 22 at 

multi-program vocational and technical Anatolian high schools and 30 at Anatolian high schools.  (Table 1). 

3.3 Classical Findings 

Table 2 displays the evaluation results on teachers' critical thinking skills through using the classical survey method in 

terms of eight different types of schools.   

Table 2: Result of Classical Survey 

 
Mean (out of 5) Mean (out of 100) 

HL1 3,83 76,67 

HL2 3.9 78 

HL3 3,86 77,24 

HL4 3,96 79,22 

HL5 3,85 77,07 

HL6 3,97 79,46 

SL7 3,98 79,67 

HL8 3,99 79,86 
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Table 2 depicts that HL1 (Private High School) had the lowest mean value ( X  = 3,83), and HL8 (Anatolian High School) 

had the highest mean value ( X  = 3,99) in terms of the teachers’ critical thinking skills. The values related to teachers’ 

critical thinking skills across eight different school types were identified from the highest to the lowest as HL8 ( X  = 3,99), 

HL7 ( X  = 3,98), HL6 ( X  = 3,97), HL4 ( X  = 3,96), HL2 (X  = 3,9), HL3 ( X  = 3,86), HL5 (X  = 3,85) and HL1 ( X  = 3,83). 

4. Fuzzy Method 

This section presents basic information in relation to fuzzy matlab applications. Besides, new artificial intelligence 

applications were offered through using the fuzzy matlab to measure teachers' critical thinking skills in terms of the types 

of schools they work in.  

4.1 Fuzzy Matlab Application 

In the fuzzy matlab application, the process is shown in Figure 2. 

 

Figure 2. Fuzzy Matlab Algorithm 

We present the fuzzy Logic Designer in Figure 3. 

 

 

Figure 3. Fuzzy Logic Designer 

We suggest the inputs for this application in Table 3 and Figure 4 (inputs at Fuzzy Matlab Applications). 
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Table 3: Inputs for this fuzzy matlab application 

 

 

 

 

 

 

 

 

 

 

                              

 

                                                                        

  Figure 4. Inputs for Fuzzy Matlab Algorithm 

The fuzzy membership functions of these inputs and the representation of these functions as fuzzy numbers were 

summarized in Table 4, Table 5, Table 6, Table 7, Table 8 and Figure 5, Figure 6, Figure 7, Figure 8, Figure 9 (triangular 

fuzzy numbers at Fuzzy Matlab Applications). 

In this section, we use the triangular fuzzy numbers as fuzzy number. 

Table 4: Fuzzy Membership Functions of input EBDM 

Fuzzy Membership Functions Abbreviation Fuzzy Number 

Little L [0, 0, 40] 

Medium M [15, 50, 85] 

High H [65, 100, 100] 

Input Abbreviation 

Evidence Based Decision Making EBDM 

Openness to Causality OTC 

Self-Regulation SR 

Inference Making Ability IMA 

Willingness to gather Information WTGI 
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Figure 5. Fuzzy Membership Functions of input EBDM 

Table 5: Fuzzy Membership Functions of input OTC 

Fuzzy Membership Functions Abbreviation Fuzzy Number 

Little L [0, 0, 40] 

Medium M [15, 50, 85] 

High H [65, 100, 100] 

 

 

Figure 6. Fuzzy Membership Functions of input OTC 
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Table 6: Fuzzy Membership Functions of input SR 

Fuzzy Membership Functions Abbreviation Fuzzy Number 

Little L [0, 0, 40] 

Medium M [15, 50, 85] 

High H [65, 100, 100] 

 

Figure 7. Fuzzy Membership Functions of input SR 

Table 7: Fuzzy Membership Functions of input IMA 

Fuzzy Membership Functions Abbreviation Fuzzy Number 

Little L [0, 0, 40] 

Medium M [15, 50, 85] 

High H [65, 100, 100] 

 

Figure 8. Fuzzy Membership Functions of input IWA 
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Table 8: Fuzzy Membership Functions of input WTGI 

Fuzzy Membership Functions Abbreviation Fuzzy Number 

Little L [0, 0, 40] 

Medium M [15, 50, 85] 

High H [65, 100, 100] 

 

 

Figure 9. Fuzzy Membership Functions of input WTGI 

Table 9 signifies the output for this fuzzy matlab application. 

Table 9: Output for this fuzzy matlab application 

 Output Abbreviation 

Conclusion C 

The triangular fuzzy membership functions of this output were depicted in Table 10 and in Figure 10. 

Table 10.  Fuzzy Membership Functions of Output S 

Fuzzy Membership Functions Abbreviation Fuzzy Number 

Little L [0, 0, 40] 

Medium M [15, 50, 85] 

High H [65, 100, 100] 
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Figure 10. Fuzzy Membership Functions of output C 

As in Figure 11, we obtain 243 rules for fuzzy matlab application. 

 

Figure 11. Fuzzy Rules in Fuzzy Matlab Application 

The results with fuzzy matlab rules at Fuzzy Matlab Application were shown in Figure 12. 

 

Figure 12. Results with Fuzzy Matlab Rules 
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4.1 Fuzzy Findings 

Table 11 indicates the teachers’ critical thinking skill levels in terms of the type of school they work in through using the 

mean size of the data obtained from the fuzzy survey. In addition, Table 11 also covers the results for the fuzzy matlab 

application. 

Table 11: Results for Fuzzy Survey 

 School type Mean (out of 5) Mean (out of 100) 

HL1          4,28 86,6 

HL2 3.61 72.2 

HL3 3,50 70 

HL4 4,50 90 

HL5 2,50 50 

HL6 4,31 86.1 

HL7 4,31 86.1 

HL8 4,17 83.3 

Table 11 demonstrates the results on teachers' critical thinking skills in terms of eight different types of schools. 

Specifically, teachers' fuzzy matlab results suggested the teachers’ critical thinking skill levels in terms of school types. 

Accordingly, HL5 ( X  = 2.50) (Project Vocational High School) had the lowest mean value, while HL4 had the highest ( X  

= 4.50) (HL4=Thematic High School) regarding the teachers' critical thinking skills The values related to the teachers' 

critical thinking skills in terms of eight different school types were ranked from the highest to lowest as HL4             ( X  = 

4.50), H6=H7 ( X  = 4.31), HL1 ( X  = 4.28), HL8 ( X  = 4.17), HL2 ( X  = 3.61), HL3 ( X  = 3.50) and HL5 ( X  = 2.50). 

5. Data Analysis 

Data analysis was carried out in two stages. In the first stage, the data obtained from the teachers' critical thinking skill 

scale were analyzed through classical logic.  Validity (explanatory and confirmatory factor analysis) and reliability 

analyzes (Cronbach Alpha) were also performed during data analysis. 

In the second stage, the data obtained from the teachers' critical thinking skills scale were analyzed through the fuzzy logic 

approach. Matlab fuzzy logic module was used for the fuzzy logic approach. A structure with five entrances and one exit 

was designed. Triangle membership function was used as the membership function and centroid method as the 

defuzzification method. Table 12 suggests a comparison of the data    regarding the classical logic and those from the fuzzy 

logic. 

6. Comparison Method 

This study designed a fuzzy logic-based system by using the Fuzzy Logic Toolbox in the Matlab program to evaluate 

teachers' critical thinking skills in terms of the types of schools they work in. The study deployed Mamdani type fuzzy 

inference model and found a sharp output value obtained after the defuzzification process. The output value was determined 

as the teacher's critical thinking skill score. More than one system trial was made and the most appropriate one was selected 

 

 

 

.                                                  

Table 12: Comparison of Classical Survey and Fuzzy Survey 
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Classical Survey Mean Fuzzy Survey Mean 

HL1 3,83 4,28 

HL2 3.9 3.61 

HL3 3,86 3,50 

HL4 3,96 4,50 

HL5 3,85 2,50 

HL6 3,97 4,31 

SL7 3,98 4,31 

HL8 3,99 4,17 

When we compare the classical survey results presented in Table 2 with the fuzzy survey results in Table 11, we get 

those shown in Table 12 and Table 13.  

Table 13: Comparison of Classical Survey and Fuzzy Survey Results 

Survey Type Rank of Critical Thinking Skills of Teachers’ 

Clasical  Survey HL8, HL7, HL6, HL4, HL2, HL3, HL5, HL1 

Fuzzy Survey HL4, HL1, HL6 = HL7, HL8, HL2, HL3, HL5 

Table 12 and Table 13 show that critical thinking skills of teachers working in Anatolian high schools ranked first in the 

classical survey, while the fourth according to the evaluation made through the fuzzy survey. Likewise, the data regarding 

the classical survey revealed that the critical thinking skills of teachers working in private high schools ranked last, while 

they ranked second in the evaluation with the fuzzy survey. Critical thinking skills of teachers working in thematic high 

schools ranked fourth in the evaluation with a classical survey and first with a fuzzy survey. As seen, the results differ 

across the classical survey and the fuzzy survey. 

7. Conclusion  

This study explored the mean value of teachers' critical thinking skills in terms of the types of schools through using the 

fuzzy MATLAB application and averaging the dimensions of the data obtained from the fuzzy survey. Since fuzzy survey 

and fuzzy MATLAB provide a more comprehensive and objective evaluation, the fuzzy survey result is more consistent 

than the classical survey. The items are ranked on strongly agree, disagree, somewhat agree, disagree, and strongly disagree 

for the classic survey, while the fuzzy survey requires an evaluation between 0 and 100. The classical survey evaluates in 

5 categories, while the fuzzy survey evaluates in 100 categories. For instance; the classical survey welcomes the range of 

4.20-5.00 as strongly agree, the fuzzy survey and fuzzy MATLAB have a separate membership value for each real number 

in the range of 4.20-5.00. Namely, the fuzzy questionnaire considers each value as a different category instead of adding 

some values to a category. Therefore, it may be wise to mention that the result obtained from the fuzzy survey is more 

acceptable and realistic compared to that of of the classical survey. In this regard, the results on a fuzzy survey suggested 

that the critical thinking skills of teachers working in thematic high schools were ranked first, those working in private 

high schools ranked second, and those in multi-program and general vocational and technical Anatolian high schools 

ranked third. Teachers working in vocational and technical high schools were among the first three. In other words, the 

critical thinking skills of teachers working in vocational and technical high schools were higher than those of teachers 

working in other schools. 

Heyman and Daly [47] and Ovdiichuk [48] affirmed that vocational teachers need various strategies to prepare students 

for today's complex and globalized business environment (today's workplace), and thus critical thinking is an indispensable 

skill for them. Therefore, they should constantly improve their own critical thinking skills to teach these skills effectively 

[48]. Some studies [49-50] demonstrated that vocational and technical teachers' critical thinking is of critical importance 

for students to become competent professionals. Pithers [51] found that vocational and technical teachers had average 

critical thinking skills in terms of the critical reasoning test. 
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This study proved that the vocational and technical teachers’ critical thinking skills were higher than those working in 

other schools were. This paves the way for the fact that vocational and technical teachers' work-oriented style by doing 

and experiencing makes them more proactive and positively affects their problem-solving competencies. Because 

vocational and technical high schools in Turkey consist of vocational and technical high schools that implement various 

programs (focusing on a profession, multi-program, accepting with an exam, etc.). To exemplify, a thematic high school 

is a Vocational and Technical Anatolian High School that implements programs in a specific vocational field (e.g. aircraft 

maintenance and technologies, etc.) and in at most three complementary branches. Multi-program vocational and technical 

Anatolian high schools are formed by the combination of more than one school program in one school. Multi-program 

high schools implement: a) Programs that prepare for higher education, b) Programs that prepare for both profession and 

higher education, c) Programs that prepare for life and business. The cognitive competencies of teachers working in 

vocational and technical schools in Turkey may also be affected in line with the objectives of the schools. 

This study compared teachers' critical thinking skills in terms of the school types they work in. Another study may compare 

teachers through the fuzzy MATLAB application in different dimensions. Three different triangular fuzzy membership 

functions were used for each dimension in the fuzzy MATLAB application, and five for the outputs. As the number of 

these triangular fuzzy membership functions increases, results that are more precise may emerge. Besides, triangular fuzzy 

membership function was used for inputs and outputs in fuzzy MATLAB application. Researchers may obtain more results 

that are objective by conducting studies based on fuzzy logic-based survey. Researchers can also use other membership 

functions appropriate for their problems (trapezoidal fuzzy membership function, Gaussian fuzzy membership function, 

etc.). In addition, centering was performed with the Mandami method in the fuzzy MATLAB application. Researchers 

may also employ other centering processes appropriate to their problem (medium, mom, lom, etc.) or Sugeno management 

if appropriate. Moreover, the validity and reliability analyzes made with classical methods may be conducted with the 

fuzzy logic method. These new results may be compared with those of the classical method. Thus, the objectivity of validity 

and reliability analyzes may be reviewed. 
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