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Abstract The concept of reliability statistically pertains to the data obtained. Therefore, reliability of the attitude scales
and satisfaction questionnaires should be expressed as the accuracy degree of the data obtained. Accuracy is depending on
whether the answers of the individuals who participate in the questionnaire reflect their real thoughts. However, individuals
might not give the answers that reflect their real thoughts due to a great number of psychological factors for the attitude scales
and questionnaires which have the Likert-type questions. Since the people think fuzzy during their daily life, it would be a
more realistic way to take the answer of each question asked to the individuals as an interval number rather than a single value
in order to acquire fuzzy data. This study has revealed that the fuzzy data obtained with a fuzzy satisfaction questionnaire for
which the items (questions) are answered as an interval number is statistically more accurate than the data obtained with a
classical satisfaction questionnaire for which the items are answered as a single value. Since the data obtained with a fuzzy
satisfaction questionnaire is fuzzy, the reliability value of this data has been calculated as a fuzzy Cronbach Alpha reliability
coefficient which is a new method of calculation. It has been demonstrated that the data obtained for the minimum and
maximum values of Fuzzy Cronbach Alpha has the statistical assumptions on a large scale compared to the data obtained
from a Classical Questionnaire and it has been suggested that the data obtained for the maximum value of Cronbach Alpha is
the most realistic data. Thus, the proposed method has allowed for obtaining highly reliable data without need to exclude
some items from the questionnaire, increase the number of samples, and perform a great number of applications for the
purpose of improving the reliability.
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including the number of items and application conditions of
1. Introduction the test [1]. With respect to the achievement and
Psychological tests, reliability can be improved by making
suitable these factors. If a low reliability degree is due to the
limited number of items, reliability can be increased by
determining how many items should be added to the test.
However, since the purpose of the satisfaction questionnaires
is to determine the general satisfaction level, while the
questionnaire questions are prepared, all of the items that can
help determination of the general satisfaction are determined
by the experts in the related subject before conducting the
questionnaire. So, since addition of new items to the
questionnaire in order to increase the low reliability value of
a questionnaire can cause recurrence of same questions, it
may not be an efficient method for improving the reliability.
It also can be tried to improve reliability by deleting
item/items which has/have a negative impact on reliability.
Since the achievement tests contain many items that measure
the same behaviour, deletion of certain items from the test
erol.egriogli@marmara.edu.tr (Erol Egriogh) would be an efficient way for attempting to improve
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Crocker and Algina [1] defined Reliability as “the
repeatability of measurements for a qualification carried out
on the same individuals under the similar conditions”.
However, with respect to the measurements in education or
psychology, it is almost impossible to make repeated
measurements under the same conditions [2]. So, if a low
reliability value is obtained as a result of a questionnaire,
attitude scale or psychological test assessment, it would be
very difficult to make measurement under the same
conditions after a while.

Since reliability is defined as the degree of purification
from random error, the measurement results are as reliable as
the extent to which the results include less random errors [3].
According to the aforementioned definition, the reliability of
the scores received from a test is affected by many factors
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determination of the general satisfaction about a matter.
However, in such studies, if the item deleted from the
questionnaire represents an important variable that could
determine satisfaction, since this variable will be excluded
from the scope of the study, it is obvious that the content
validity of the questionnaire will decrease even if the
reliability becomes higher. So, with respect to the
questionnaires intended for measuring the general
satisfaction level or an attitude, all of the satisfaction
questions related to the subject matter should be determined
at the beginning, and no significant item should be deleted
from the questionnaire for the purpose of improving the
reliability.

The aforementioned methods of improving the reliability
by increasing or decreasing the number of items and making
repeated measurements are based on the fact that the concept
of reliability is addressed by its association with the content
and formal content of the questionnaire or scale used.
Statistically, the concept of reliability pertains to the data of
the test or scale used for a specific purpose instead of its
verbal or formal content. Although it has several definitions,
it has been explained that the reliability pertains only to the
data collected from the group tested [1, 4, 5]. So, reliability
should be defined as an estimated value related to the
accuracy degree of the measurement of attitudes. The

Reliability Index p2 (X A ) which is the measure of

proximity of the true scores to the observed scores is defined
as follows [6]:

o*(T)

2x, Ty =—-"2
p(X.T) 20X)

(1

Whereas, p2 (T ) is the true score variance and

p2 (X ) is the observed score variance. The reliability

index as given in (1) is a theoretical expression, and it is not
calculated numerically. Therefore, it can be said that many
reliability coefficient formulas developed are estimations of
the Reliability Index [7]. If so, the Reliability Index can also
be considered as the precision degree. Precision means that
the measurement results are real. Therefore, proximity of the
reliability coefficient to (1) can be considered as the
proximity of the obtained results to the precision.
Considering that the concept of reliability is related to the
data obtained from the group subjected to the measurement,
it can be said that the base cause of a low reliability is the fact
that the individual subjected to the test is not always the same
in terms of the measured feature. Many of the measured
features are also not stable when measuring the attitudes or
satisfaction level for a subject matter; and they can vary day
by day, even hour by hour [2]. Therefore, it would be more
realistic to take the answers from the individuals as an
interval number to obtain fuzzy data rather than requiring
them to answer with a single value. For example; when it is
requested to answer a question such as “What point would
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you be give for the course content prepared by the faculty
members in your department and their lecturing skills?”” with
a point between 0 and 100, a student may remember a faculty
member who has a positive effect on that student in terms of
the faculty member’s course and lecturing style and express
his/her satisfaction by giving 90 points. If, at that moment,
the same student thinks of the worst course and the teacher
whose lecturing style is the worst according to him/her,
he/she can express his/her dissatisfaction by giving 30 points.
In such a case, it is most likely that the student will not state
his/her actual opinion when answering that question. But, if
the question is revised as follows: “What would be the
minimum and maximum points given by you for the course
content prepared by the faculty members in your department
and their lecturing skills?”, the student will think of the most
precision incompetent and most competent teachers
according to him/her, and answer the question with an
interval number such as [30, 90]. It is obvious that the actual
opinion of the student for this question is a point within that
interval number. When a satisfaction question is put to an
individual having no opinion about the subject matter of that
question, he/she will not give any random point stating that
he/she have no idea about the question with the interval
number [0, 100]; and if he/she is certain about any other
question, he/she will be able to state this certainty with the
interval number [50, 50].

The student’s answer [30, 90] expressing his/her
satisfaction degree can be converted into a triangular fuzzy
number such as (30,60,90). The statistical results to be
obtained from data consisting of the fuzzy numbers will also
be fuzzy numbers. So, the items included in the
questionnaire can be named as fuzzy items. A fuzzy
satisfaction questionnaire is defined as a questionnaire in
which “the points given by the participants for each question
are fuzzy numbers”. Since the people think fuzzy during
their daily life, it would be a more realistic way of obtaining
the results which are closest to precision if the satisfaction
level is measured by conducting a fuzzy satisfaction
questionnaire. A reliability coefficient to be calculated using
the data obtained from a fuzzy satisfaction questionnaire will

also indicate a fuzzy number in the form of (al,a,az).
With the value & is the centre of the fuzzy reliability, the
values @ and «, will be the reliability coefficients

representing the minimum and maximum reliability levels,
respectively. As a result of this, a broad range of data with
various reliability values would be acquired by means of a
single application.

In this study, Cronbach Alpha and measure the standard
error formula of the measurement have been given and the
suggested fuzzy Cronbach Alpha Method has been
introduced. The encountered problems because of the
application of classical satisfaction questionnaire have been
discussed and the application of fuzzy satisfaction
questionnaire are argued. Finally, the study is ended by the
conclusion and discussion part.
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2. Cronbach Alpha Coefficient

The Cronbach Alpha reliability coefficient is defined as
follows [2, 8, 9].

k
i By @

Whereas, k is the number of items included in the scale;

0_'2

;= is the variance of the item i fori=1,2,....k ; and

O'T2 represents the variance of the total sum of all points

(the variance of whole test). The standard error of the
measurement [6] can be indicated as follows:

SE:O-T‘.\II_CZ 3)

Whether the reliability coefficient to be calculated for a
questionnaire will prove to be low or high is also depending
on whether the group subjected to the said questionnaire is
homogeneous or heterogeneous in terms of the feature
measured [1]. It has been emphasized that it is important to
use continuous quantitative data with normality assumption
in estimation of the Cronbach Alpha [10]. On the other hand,
Yuan and Bentler [11] stated that it is not always possible to
ensure that the items in the attitude scales have a normal
distribution. When considering the Cronbach formula given
in (2); the reliability of the test will increase if each item
shows a distribution close to the homogeneous (with
sufficiently small item variances) normal distribution within
a heterogeneous (with a sufficiently high Total Score
variance) group close to the normal distribution in terms of
the feature measured by the test. Another criterion of testing
with high reliability is high correlation between the item
scores and Total Score [8, 12-14].

3. ProEosed Method: Fuzzy Cronbach
Alpha

This study proposes a calculation method named as the
Fuzzy Cronbach Alpha Reliability Coefficient for the case in
which the satisfactions scores are obtained as an interval
number from the questionnaires. Below, the proposed
method is described in steps:

Step 1. Firstly, the satisfaction scores obtained as an
interval number from the questionnaires are
transform into the triangular fuzzy numbers.

For example, assuming that a participant has given
minimum 30 and maximum 70 (interval number is [30, 70])
for the faculty members’ ability to lecture (Item 1). In this
case, the satisfaction score given by that individual would be
a triangular fuzzy number as follows: (30, (30+70)/2, 70) =
(30,50,70)

Computing Cronbach Alpha Reliability Coefficient for Fuzzy Survey Data

Step 2. The h-sections of the fuzzy numbers are formed
according to a predetermined h value, and while
the satisfaction scores are at the closed intervals
consisting of the h-sections, the minimum and
maximum values for the Cronbach Alpha
coefficient are obtained using the multivariate

constrained  optimization  technique. The
optimization is formulated below:
f = (xl1,xlz,...,xlk,....,xnl,xnz,...,xnk)
Xjj e[alj,bij],izl,...n j=L.,k &

In here, « is the Cronbach Alpha function that described

in (2). Decision variables for this optimization problem
represent satisfaction scores that answerers give in the

questionnaires. Xjj is the score that i’th answerer gives to

j’th subject. Each decision variable is limited to the h-section
obtained from the fuzzy number, namely the closed interval.
a; is the lower limit of the h-section of the fuzzy number
obtained from the answer given by the participant i for the
item j. by is the upper limit of the h-section of the fuzzy
number obtained from the answer given by the participant i
for the item j.

The minimum and maximum values of the objective
function are obtained by means of any multivariate
constrained optimization method. This study has used the
built-in function called “fmincon” of the Matlab package
program for optimization.

Step 3. The Fuzzy Cronbach Alpha is obtained according

to the result of the optimization.

The minimum and maximum values of the objective
function constitute the left and right ends of the triangular
fuzzy number of the Fuzzy Cronbach Alpha, respectively.
The average of the maximum value and minimum value is
taken as the centre of the Fuzzy Cronbach Alpha. The
obtained Fuzzy Cronbach Alpha is indicated as follows.

a = (min( /), (max(f)+min(f))/2,max(f)) ()

In this study, the values of the decision variables
corresponding to the maximum Cronbach Alpha (max( f))
value obtained are accepted as the most accurate data. It is
recommended to use the data with the maximum reliability
value (max( f') ) when evaluating the questionnaire results.

4. Application

4.1. Application of a Classical Satisfaction Questionnaire
and Encountered Problems

In order to determine the satisfaction level of 51 students
at Class 3 of the School of Nursing, Hitit University; 9
subjects of satisfaction were determined, namely the
lecturing skills of the Faculty Members, their relations with
the students, the department’s computer facilities, laboratory
facilities, course contents, library facilities, scientific
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activities, social activities, and sports activities. The Table 1
below shows the satisfaction points given by 44 students
between 0 and 100 for the 9 items during the classical
questionnaire application.

Table 1. Satisfaction Points given by 44 Students

Subjects

Participants | 1 2 3 4 5 6 7 8 9
1 80 100 50 50 70 100 85 100 80
2 80 70 10 0 50 60 60 50 50
3 90 100 0 50 90 8 80 100 50
4 60 70 10 10 8 80 60 20 40
5 40 60 O O 70 10 50 20 70
6 60 9 10 0 70 80 70 80 90
7 70 60 0 O 70 80 50 50 20
8 60 30 0 8 9 90 50 50
9 60 30 10 0 50 70 70 80 40
10 30 40 10 0 60 20 40 50 70
11 30 60 50 0 50 70 50 40 80
12 70 60 20 0 60 50 70 30 50
13 70 100 30 30 60 50 70 70 70
14 60 90 10 25 100 75 20 50 25
15 80 80 40 30 70 70 80 60 70
16 50 40 0 0 75 50 50 50 60

17 70 60 50 40 70 50 60 60 O
18 70 90 8 O 80 100 80 80 80
19 100 90 0 50 90 80 80 50 90
20 60 8 10 0 8 20 50 30 70
21 60 60 0 10 20 50 50 20 30
22 100 70 0 O 80 100 10 90 90
23 70 80 10 0 90 70 60 40 60
24 60 90 9 0 50 70 80 20 100
25 8 70 10 10 80 100 90 50 50
26 100 100 80 70 80 60 100 100 50
27 80 100 0 0O 60 50 90 70 100
28 70 70 0 0 50 80 10 70 80
29 80 8 0 20 50 50 80 30 70
30 8 70 10 10 70 50 80 50 10

31 70 70 50 0 60 O 50 30 O
32 40 40 10 0O 50 40 90 80 70
33 80 90 60 10 70 70 80 60 80
34 60 70 60 40 50 80 70 70 50
35 50 9 50 70 8 50 60 10 70
36 80 60 10 0 80 20 40 10 50
37 70 70 50 O 100 80 40 90 30
38 50 40 30 0 40 30 60 70 60
39 50 70 0 0 50 50 60 70 80
40 70 100 20 0 8 80 80 10 60
41 80 70 50 0 90 100 90 50 50
42 80 70 30 O 100 9 9 50 70
43 9 75 0 0 60 50 40 60 60
44 70 90 30 0 60 90 60 70 80
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The Cronbach Alpha reliability coefficient of the item
scores given in the Table 1 has been calculated as 0.685.
Considering that many authors state that a reliability
coefficient calculated should be minimum 0.70 [15] and, it
can be said that the reliability (0,685) of the obtained data is
low.

The changes in Cronbach Alpha when any item is deleted
from the questionnaire have been examined, and it has been
seen that all items except for the Item 9 (Satisfaction from
sports activities) have reliability improving effects. The
reliability value calculated following deletion of the Item 9
from the questionnaire is 0.705 (0.705 > 0.685). So, it is
possible to improve reliability by deleting the Item 9 from
the questionnaire. However, it is obvious that the satisfaction
levels of the students with respect to the sports activities
organized by the department will not be determined if the
Item 9 is deleted from the questionnaire.

According to the results of the one-sample
Kolmogrov-Simirnov Test, the items other than the Item 5 (8
ones of 9 items) have no normal distribution. Since a normal
distribution of the Items and Total Score would positively
affect the reliability, it is possible to improve reliability by
increasing the number of participants. However, the number
of participants cannot be increased since the related
population consists of 51 individuals. So, for the purpose of
improving the reliability, it can be considered to apply the
same satisfaction questionnaire to the students after a while
and obtain more reliable data. But, this method is impractical,
and achieving to obtain a high reliability value is not exact
with a new application.

Average of the correlation values between each item and
total score has been found 0.540. Another reason for this low
reliability is the fact that the correlation values between the
item scores are small.

4.2. Application of a Fuzzy Satisfaction Questionnaire

A fuzzy satisfaction questionnaire is applied to 45 students
of the same 51 students who participated in the Classical
Satisfaction Questionnaire a week ago as mentioned above..
In this new questionnaire, the questions were revised (i.e.
Item 1: “What would be the minimum and maximum points
given by you for the competence and lecturing skills of the
faculty members in the related fields in your department?”),
and the answers for the items have been obtained as
triangular fuzzy numbers between 0 and 100. The Fuzzy
Satisfaction Scores obtained are shown in the Table 2 below.

As can be seen in the Table 2, the satisfaction levels of the
individuals are expressed as the fuzzy values, instead of net
values. The Fuzzy Cronbach Alpha value has been found
(0.7370, 0.8218, 0.9066) by the optimization method given
in (4) using the fuzzy data. In other words, the fuzzy data
obtained as shown in the Table 2 has the fuzzy reliability
(0.7370, 0.8218, 0.9066). Even the minimum value of fuzzy
reliability 0.7370 is higher than 0.685 which was calculated
from S51-observation data obtained by the classical
questionnaire application. So, it can be considered that the
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individuals give more realistic answers when fuzzy satisfaction Questionnaire is applied to participants.
Table 2. Fuzzy Satisfaction Scores Given by 45 Students

Subjects

P 1 2 3 4 5

1 (90,95,100) (100,100,100) (80,85,90) (70,80,90) (70,30,90)
2 (60,75,90) (80,85,90) (50,55,60) (40,45,50) (40,60,80)
3 (40,50,60) (40,67.5,95) (0,10,20) (0,0,0) (20,55,90)
4 (30,35,40) (70,75,80) (40,50,60) (0,0,0) (30,40,50)
5 (20,30,40) (30,40,50) (10,25,40) (0,0,0) (10,20,30)
6 (0,50,100) (40,55,70) (0,20,40) (0,20,40) (20,40,60)
7 (20,50,80) (30,55,80) (0,10,20) (0,5,10) (10,50,90)
8 (10,50,90) (0,25,50) (0,10,20) (0,0,0) (50,70,90)
9 (60,75,90) (90,91.5,93) (0,5,10) (0,5,10) (70,75,80)
10 (40,60,80) (60,70,80) (10,27.5,45) (0,0,0) (30,60,90)
11 (30,55,80) (40,60,80) (20,25,30) (10,20,30) (30,45,60)
12 (30,55,80) (10,35,60) (0,10,20) (0,10,20) (20,30,40)
13 (40,60,80) (40,60,80) (20,35,50) (0,0,0) (50,70,90)
14 (30,50,70) (40,57.5,75) (0,0,0) (0,0,0) (20,35,50)
15 (20,50,80) (30,50,70) (10,30,50) (10,12.5,15) (30,45,90)
16 (30,40,50) (40,65,90) (20,35,50) (0,5,10) (0,25,50)
17 (20,50,80) (5,52.5,100) (0,5,10) (0,5,10) (15,50,85)
18 (20,60,100) (80,90,100) (0,5,10) (0,0,0) (20,50,80)
19 (20,45,70) (0,40,80) (0,5,10) (0,5,10) (10,15,20)
20 (30,60,90) (10,47.5,85) (40,55,70) (0,5,10) (20,50,80)
21 (40,65,90) (60,75,90) (20,40,60) (0,10,20) (30,65,100)
22 (30,55,80) (50,75,100) (0,25,50) (0,5,10) (20,40,60)
23 (60,75,90) (30,45,60) (20,32.5,45) (0,2.5,5) (65,77.5,90)
24 (40,67.5,95) (35,47.5,90) (10,25,40) (10,15,20) (40,57.5,75)
25 (30,45,60) (50,65,80) (30,40,50) (20,35,50) (50,65,80)
26 (40,60,80) (70,85,100) (50,55,60) (10,20,30) (10,40,70)
27 (40,60,80) (60,75,90) (20,30,40) (0,0,0) (60,67.5,75)
28 (20,35,50) (60,75,90) (90,95,100) (0,0,0) (50,60,70)
29 (10,50,90) (10,37.5,65) (0,7.5,15) (0,0,0) (10,50,90)
30 (15,30,45) (55,62.5,70) (0,2.5,5) (0,2.5,5) (70,30,90)
31 (40,55,70) (30,55,80) (0,10,20) (0,0,0) (60,75,90)
32 (25,52.5,80) (40,65,90) (10,20,30) (0,5,10) (40,60,80)
33 (85,87.5,90) (10,20,30) (5,10,15) (0,0,0) (75,77.5,80)
34 (53,66.5,80) (85,90,95) (20,50,80) (30,52.5,75) (70,30,90)
35 (80,85,90) (75,80,85) (0,1.5,3) (0,1.5,3) (80,82.5,85)
36 (70,85,100) (20,55,90) (30,55,80) (0,5,10) (90,95,100)
37 (20,55,90) (10,45,80) (30,40,50) (0,0,0) (10,40,70)
38 (25,55,85) (50,65,80) (60,70,80) (10,10,10) (50,65,80)
39 (50,65,80) (60,75,90) (40,50,60) (0,0,0) (40,55,70)
40 (70,75,80) (60,72.5,85) (50,55,60) (10,15,20) (80,85,90)
41 (25,50,75) (83,90,97) (10,12.5,15) (5,25,45) (35,55,75)
42 (50,65,80) (60,75,90) (30,40,50) (10,10,10) (50,62.5,75)
43 (10,20,30) (0,15,30) (10,,15,20) (0,10,20) (20,30,40)
44 (30,55,80) (50,65,80) (10,25,40) (0,0,0) (20,40,60)
45 (20,40,60) (40,60,80) (30,50,70) (0,0,0) (10,40,70)




American Journal of Intelligent Systems 2014, 4(5): 204-213 209

Subjects

P 6 7 8 9

1 (50,60,70) (80,90,100) (90,95,100) (80,85,90)
2 (40,60,80) (20,45,70) (40,55,70) (0,10,20)
3 (30,45,60) (30,50,70) (0,10,20) (0,10,20)
4 (50,60,70) (40,45,50) (60,65,70) (70,75,80)
5 (10,20,30) (20,30,40) (40,60,80) (50,70,90)
6 (30,40,50) (30,45,60) (0,0,0) (10,30,50)
7 (50,70,90) (10,27.5,45) (10,10,10) (15,20,25)
8 (0,25,50) (0,20,40) (0,20,40) (20,45,70)
9 (50,52.5,55) (50,52.5,55) (30,35,40) (80,85,90)
10 (50,60,70) (25,37.5,50) (50,60,70) (50,55,60)
11 (40,55,70) (50,65,80) (10,25,40) (10,15,20)
12 (70,75,80) (50,65,80) (10,20,30) (40,55,70)
13 (50,70,90) (30,50,70) (20,40,60) (30,55,80)
14 (30,35,40) (10,15,20) (0,5,10) (30,35,40)
15 (20,25,30) (50,60,70) (30,45,60) (40,55,70)
16 (20,45,70) (30,55,80) (40,60,80) (50,75,100)
17 (5,35,65) (5,30,55) (10,45,80) (5,40,75)
18 (20,35,50) (10,20,30) (0,0,0) (70,85,100)
19 (10,15,20) (10,15,20) (10,15,20) (10,15,20)
20 (40,57.5,75) (20,40,60) (40,57.5,75) (10,30,50)
21 (50,60,70) (60,75,90) (50,70,90) (70,80,90)
22 (50,60,70) (60,75,90) (0,5,10) (50,75,100)
23 (30,42.5,55) (10,20,30) (5,22.5,40) (20,30,40)
24 (20,35,50) (30,45,60) (40,50,60) (40,55,70)
25 (50,60,70) (20,35,50) (20,25,30) (30,40,50)
26 (50,70,90) (40,50,60) (60,67.5,75) (70,77.5,85)
27 (50,67.5,85) (55,62.5,70) (10,20,30) (30,40,50)
28 (50,55,60) (40,50,60) (10,20,30) (10,20,30)
29 (10,25,40) (30,60,90) (20,55,90) (20,55,90)
30 (20,30,40) (45,55,65) (70,80,90) (45,55,65)
31 (30,40,50) (40,50,60) (50,55,60) (30,50,70)
32 (0,15,30) (20,35,50) (30,40,50) (50,60,70)
33 (90,95,100) (85,90,95) (55,65,75) (50,60,70)
34 (50,62.5,75 (80,82.5,85) (40,60,80) (20,25,30)
35 (70,71.5,73) (50,52.5,55) (0,0,0) (0,0,0)
36 (70,85,100) (10,30,50) (10,35,60) (10,30,50)
37 (50,70,90) (30,55,80) (0,25,50) (20,35,50)
38 (80,90,100) (55,62.5,70) (70,70,70) (50,55,60)
39 (60,75,90) (50,60,70) (30,45,60) (50,65,80)
40 (60,65,70) (80,85,90) (50,60,70) (50,55,60)
41 (25,35,45) (35,45,55) (25,30,35) (15,25,35)
42 (60,75,90) (60,67.5,75) (30,45,60) (30,45,60)
43 (30,40,50) (30,50,70) (40,50,60) (10,25,40)
44 (40,60,80) (20,37.5,55) (10,25,40) (10,27.5,45)
45 (40,65,90) (20,40,60) (0,5,10) (0,5,10)

The data giving the minimum value of fuzzy reliability = As a result of the analysis performed on the data in the Table
(0.7370) has been obtained from the fuzzy data given in the 3, the Cronbach Alpha value recalculated after deletion of
Table 2 by the optimization method as shown in the Table 3.  the Item 9 from the questionnaire is 0.754, and again, it has
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remained the satisfaction question that should be deleted been found 0.575, and this is slightly greater than the value
from the questionnaire (0.754 > 0.737). While only 2 0.540 calculated for the classical questionnaire application.
variables have an approximately normal distribution with Consequently, the data obtained even for the minimum value
respect to the application of the classical satisfaction of the Fuzzy Cronbach Alpha has a higher reliability, and the
questionnaire, the 8 variables (including the Total Item Score) statistical features for the data have been achieved to a large
except for the Item 1 and Item 4 have a normal distribution extent in comparison with the data obtained from the
for the data with a reliability level of 0.737. Average of the Classical questionnaire application.

correlation values between each item and Total score has

Table 3. Satisfaction Scores with Reliability Level of 0.7370 as Given by 45 Students

Subjects

P 1 2 3 4 5 6 7 8 9

1 932 100.0 83.5 78.9 77.8 57.4 88.2 93.6 83.2
2 74.8 84.9 54.9 453 59.4 59.5 442 54.7 8.5
3 50.6 68.4 10.3 0.0 55.8 45.6 50.8 10.1 9.9
4 342 75.0 50.2 0.0 39.3 59.8 44.6 65.3 75.4
5 30.2 40.3 25.7 0.0 19.9 20.0 303 61.3 71.4
6 50.6 55.6 20.5 21.0 40.4 40.5 45.7 0.0 304
7 50.6 55.6 10.3 5.7 50.6 71.2 27.8 10.0 20.2
8 50.9 25.2 10.6 0.0 71.4 254 20.3 20.6 46.0
9 74.9 91.7 39 43 74.9 51.9 52.0 34.4 85.4
10 59.9 70.0 27.2 0.0 59.9 60.0 37.0 60.3 55.0
11 55.2 60.2 252 20.5 45.0 55.3 65.6 24.9 14.6
12 55.3 34.7 9.8 10.4 29.8 75.9 65.7 19.8 55.6
13 59.8 59.7 34.8 0.0 70.1 70.2 49.7 39.7 54.9
14 S51.1 58.7 0.0 0.0 35.8 35.8 15.5 5.5 36.0
15 50.1 49.9 30.2 12.8 44.9 24.6 60.5 454 55.4
16 39.6 65.0 35.1 4.9 243 44.8 55.1 60.5 75.7
17 50.5 52.9 5.1 5.6 50.5 352 30.2 45.8 40.5
18 60.5 91.1 4.8 0.0 50.3 35.0 19.7 0.0 86.3
19 46.5 41.2 6.1 6.6 15.8 15.8 159 16.2 16.0
20 60.1 47.2 55.6 4.9 49.9 57.6 39.8 57.9 29.6
21 64.2 74.3 39.2 9.0 64.2 59.1 74.6 69.7 79.8
22 54.9 752 24.8 4.8 39.5 60.1 75.5 4.1 75.6
23 75.8 45.0 33.0 2.7 78.4 42.7 19.7 22.5 30.1
24 67.7 62.4 24.8 15.0 57.5 345 44.8 50.2 55.2
25 44.7 65.0 40.2 355 65.2 60.1 34.6 24.6 39.8
26 59.2 84.6 54.7 19.3 38.7 69.5 49.1 67.3 77.3
27 59.9 75.1 29.8 0.0 67.6 67.7 62.7 19.4 39.7
28 344 752 96.4 0.0 60.1 55.0 50.0 19.5 19.4
29 50.3 37.3 7.4 0.0 50.3 24.7 60.7 55.8 55.7
30 29.4 62.5 1.9 24 80.6 29.5 55.2 81.0 553
31 55.1 54.9 9.6 0.0 75.5 39.8 50.1 55.5 50.2
32 52.8 65.4 20.1 53 60.5 14.5 35.0 40.4 60.7
33 87.5 18.2 8.8 0.0 77.2 95.4 90.4 64.8 59.6
34 65.5 89.4 49.2 52.3 79.3 61.5 82.0 59.3 233
35 85.9 80.6 1.0 1.5 83.3 72.1 52.8 0.0 0.0
36 85.2 54.3 55.1 43 95.4 85.3 29.0 34.4 29.1
37 55.2 44.9 40.5 0.0 39.8 70.7 55.4 24.9 35.0
38 539 64.0 69.9 10.0 64.2 89.8 61.8 70.0 542
39 64.5 74.6 49.8 0.0 54.3 74.9 59.6 44.5 64.8
40 74.2 71.5 54.3 13.9 84.4 64.0 84.6 59.3 54.0
41 50.1 90.9 12.3 25.6 55.2 34.8 452 30.1 24.8
42 64.6 74.7 39.6 10.0 62.0 74.9 67.3 44.5 44.4
43 20.2 15.0 15.7 11.1 30.5 40.8 51.1 514 25.6
44 55.5 65.6 254 0.0 40.1 60.7 37.7 25.2 27.6
45 40.3 60.7 51.2 0.0 40.4 66.0 40.5 49 4.6




Table 4. Satisfaction Scores with Reliability Level of 0.9066 as Given by 45 Students
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Subjects

P 1 2 3 4 5 6 7 8 9

1 100 100 90.0 90.0 90.0 70.0 100 100 90.0
2 77.2 86.1 55.6 43.0 65.8 65.1 53.0 57.8 19.7
3 43.7 58.2 7.1 0.0 472 39.1 419 9.3 10.9
4 40.0 75.1 48.3 0.0 47.3 61.6 49.5 61.7 70.8
5 28.6 37.5 18.2 0.0 20.9 20.2 26.8 46.5 55.6
6 43.8 49.0 14.7 9.6 36.2 355 38.3 0.0 26.0
7 43.7 48.8 7.1 0.9 43.5 57.7 25.1 10.0 18.3
8 41.2 24.0 4.6 0.0 56.0 21.6 17.0 14.3 34.6
9 76.1 90.0 10.0 6.5 75.9 55.0 55.0 36.9 80.7
10 61.3 70.2 30.4 0.0 61.1 60.4 42.7 56.8 54.7
11 52.6 57.8 23.5 14.6 44.9 51.7 58.3 25.7 19.8
12 51.9 383 11.5 6.4 33.0 70.0 57.5 21.2 49.0
13 62.1 63.5 36.7 0.0 69.4 68.7 52.8 42.6 55.5
14 38.8 45.9 0.0 0.0 27.4 32.3 10.9 0.7 30.0
15 49.5 50.9 27.8 10.3 455 29.9 55.1 41.2 50.3
16 44.5 64.6 34.1 6.5 33.1 473 53.9 54.9 67.8
17 44.8 48.1 4.5 1.9 44.6 32.7 28.1 36.6 344
18 54.8 80.0 7.0 0.0 47.1 352 23.1 0.0 70.6
19 30.2 27.9 0.0 0.2 16.1 10.1 10.0 10.5 10.0
20 59.2 51.3 48.8 6.3 51.6 56.5 42.5 52.9 339
21 73.6 82.5 48.3 19.7 73.4 69.0 79.3 72.8 81.9
22 56.5 72.9 27.4 7.3 45.1 59.3 69.6 9.9 68.5
23 66.2 452 27.8 0.2 67.9 41.0 23.3 22.5 29.7
24 65.6 63.3 27.2 14.6 57.9 40.4 47.0 48.0 534
25 48.6 65.0 38.2 29.3 63.4 58.9 39.3 29.2 42.0
26 68.7 88.8 58.3 27.0 53.6 75.3 59.5 69.8 78.9
27 60.8 73.4 31.7 0.0 66.2 65.5 60.8 26.4 429
28 41.2 72.5 90.1 0.0 59.6 55.2 50.6 25.5 27.1
29 47.0 39.1 8.5 0.0 46.8 27.4 52.6 46.2 47.8
30 36.4 62.2 49 4.0 73.6 355 53.3 70.0 522
31 54.5 56.0 14.2 0.0 69.3 42.4 49.0 50.0 47.9
32 49.8 60.6 18.8 24 55.2 20.9 349 359 52.5
33 87.6 30.0 15.0 0.0 79.9 92.3 87.7 66.3 64.1
34 76.9 92.3 57.9 54.6 86.8 73.0 84.5 67.5 30.0
35 80.1 76.1 3.0 1.4 80.0 70.0 50.3 0.0 0.0
36 83.5 62.6 54.4 9.4 90.8 82.6 40.6 41.7 39.5
37 52.6 46.6 34.7 0.0 41.2 62.9 50.8 25.7 34.8
38 66.2 75.1 70.7 10.0 73.5 91.5 70.0 70.0 60.0
39 69.7 78.6 51.8 0.0 62.0 76.2 64.1 50.2 66.8
40 76.9 82.7 56.2 20.0 90.0 69.8 88.8 67.4 60.0
41 49.1 83.0 144 18.5 52.6 37.0 43.5 29.6 27.5
42 69.3 78.2 43.9 10.0 67.2 75.9 69.4 49.9 51.5
43 18.0 15.7 10.3 0.0 252 32.0 38.6 40.0 18.8
44 50.3 59.2 21.2 0.0 389 53.2 354 234 26.9
45 36.8 53.2 37.6 0.0 36.6 54.6 35.0 6.1 7.8
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The data giving the maximum value (0.9066) of fuzzy
reliability has been obtained from the fuzzy data given in the
Table 2 by the optimization method as shown in the Table 4.

With respect to the data with a reliability level of 0.9066,
only the Item 4 has no normal distribution, but all other
variables have an approximately normal distribution. Since
the Cronbach Alpha value (0.909) increases only by 0.002
when the Item 9 is deleted from the questionnaire, it can be
said that the negative effect of the Item 9 on reliability is
statistically insignificant. Therefore, it is not necessary to
delete any item from the questionnaire. The data shown in
the Table 4 is related to the data with a high reliability value
of 0.9066, for which the total core and all items except for
one have a normal distribution. Average of the correlation
values between each item and total score is 0.7614, and the
obtained data shows great correlations between the items. So,
it is seen that the data obtained for the maximum value of
Fuzzy Cronbach Alpha is the data closest to the precision
compared to the data acquired by the classical questionnaire
application or obtained for the minimum value of Fuzzy
Cronbach Alpha.

5. Conclusions

All of the statistical results obtained as a result of 3
applications are given in the Table 5. When analyzing the
Table 5, it can be seen that the results obtained for the
minimum value of Fuzzy Cronbach Alpha have significantly
better statistical features compared to the results obtained as
a result of the classical questionnaire application, and the
best statistical features are achieved for the maximum value
of the Fuzzy Cronbach Alpha. The data obtained for the
maximum value of the Fuzzy Cronbach Alpha is the data
with the highest reliability and highest degree of relevance to
a normal distribution as well as the greatest heterogeneity of
total item scores and greatest correlations between each item
and the total score as compared with the data obtained in
other application. Furthermore, the standard error of
measurement for the data obtained for the maximum value of
the Fuzzy Cronbach Alpha is significantly small compared to
the other applications, and the homogeneity assumption for

Computing Cronbach Alpha Reliability Coefficient for Fuzzy Survey Data

demonstrates that the data obtained for the maximum value
of the Fuzzy Cronbach Alpha is data closest to the precision.
Based on this, the data given in the Table 4 is the data with
highest reliability and closest to the precision, for which
almost all of the statistical assumptions are satisfied.

No item is needed to be deleted from the questionnaire
when the data obtained for the maximum value of the Fuzzy
Cronbach Alpha is used. In addition, the maximum
reliability value and the data giving this maximum reliability
have been obtained with only 45 samples and a single
application. The data obtained for the minimum value of the
Fuzzy Cronbach Alpha has also a high reliability value, and
the statistical features for the data have been achieved to a
large extent. Therefore, receiving the answers of a
satisfaction questionnaire as fuzzy numbers is a more
realistic method since this allows us to obtain more accurate
results.

The advantages of the proposed fuzzy satisfaction
questionnaire and Fuzzy Cronbach Alpha calculation can be
listed as follows:

¢ Since the people think fuzzy about many things in the
daily life [16], determination of the satisfaction levels
as fuzzy numbers is a more realistic method. When
fuzzy questionnaires and fuzzy attitute scales applied to
individuals, they can answer questions more correctly
according to the classical questionnaires or scales
applications and more reliable statistics are obtained.
And so, the closest results to the real results can be
obtained by researches.

e It is not necessary to delete any item from the
questionnaire in order to improve reliability. Because,
the results which have the content validity can be
obtained via applications of the fuzzy satisfaction
questionnaire in comparison with applications of the
classical questionnaire.

o There is no need that the number of the samples is high.
It is also possible to be able to be obtained highly
reliable data by using small samples.

e [t is not necessary to make repeated measurements in
order to improve reliability. Thus, the difficulties of
performing a great number of applications will be

the items has been substantially satisfied compared to the eliminated.
classical questionnaire application. So, this study
Table 5. Comparison of the Results
The results of the The results obtained from the data The results obtained from the data
Classical Satisfaction giving the minimum value of Fuzzy | giving the maximum value of Fuzzy
Questionnaire application Cronbach Alpha Cronbach Alpha
Cronbach Alpha 0.685 0.737 0.907
Standard error of measurement 59.2295471 52.60377486 42.12336276
Ratio of Varlat?les ‘WIth Normal 210 8/10 9/10
Distribution
Total Score Variance 11136.95 10521.51 19079.33
Total of Item Variances 4352.352 3628.59 3704.75
Average of Correlations between each
Item and Total Score 0-540 0.57 0.761
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Moreover, the statistical advantages of the data obtained for
the maximum value of fuzzy reliability in comparison with
data obtained from a classical questionnaire can be listed as
follow:

e Since the maximum value of reliability can be

determined, the most accurate data would be obtained;
The item scores to be obtained would be more
homogeneous and closer to the normal distribution in
accordance with statistical assumptions of the
reliability analysis,

The total scores to be obtained would be more
heterogeneous and have a normal distribution in
accordance with statistical assumptions of the
reliability analysis.

o The correlation value between each item and Total Score

would be greater in accordance with statistical
assumptions of the reliability analysis.
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