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Abstract

Likert-type scales are often used in education and psychology. In Likert-type scales, response
options/categories, like items, are expected not to direct individuals’ responses. Although the researchers
themselves make decision on how to arrange categories during scale development, it is possible that different
categories reveal different response behaviors. In the literature, it has been observed that differentiations in
the number of categories of forms are studied more, yet there are a limited number of studies investigating
the middle category in the forms with different labels. Furthermore, it has also been observed that there are
limited number of empirical studies conducted based on polytomous Item Response Theory. This study,
which was conducted to close this gap in the literature, was carried out with 377 students. The options of the
attitude scale were denominated with different labels, and thus four different forms were generated. Only
the middle category names were changed in the first three forms, and in the fourth form, the categories were
graded. The data obtained from the forms were analyzed using the Graded Response Model and the
Generalized Partial Credit Model depending on Item Response Theory. After the examination of reliability of
the forms, the parameters in these forms, and the relationships between the parameters according to both
models, inferences were made as to how the differences of the middle category in the forms had an effect
on the perceptions of individuals.
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INTRODUCTION

Every individual has different characteristics, and perceives events differently. As living conditions and
past experiences of people differ, their perceptions may differ too (Erkus, 2012). Perception process is
deemed the process of knowledge acquisition for individuals (Rajamanickam, 2007). Organizing the
situations that individuals have encountered in different environments and conditions, organizing the
information they have acquired affectively and becoming aware of this information is called
“perception” (Dunkel, 2015; Gibson, et al.,, 1996; Pomerantz, 2003; Qiong, 2017). To reveal
perceptions, Likert-type scales are often preferred (Wakita, Ueshima & Noguchi, 2012). These scales
provide advantage by presenting numerical data about a structure (Annett, 2002), and assume a linear
relationship between the response probability and the psychometric characteristic underlying the
characteristic to be measured (Hulin, Dragow, & Parsons, 1983). Besides that, if the psychological
distance between the categories of the characteristic to be measured is equal, precise measurements
can be obtained for the structure to be measured (Wakita, Ueshima, & Noguchi, 2012).

Multiple scoring is made on polytomous categories in Likert-type scales. When a 5-point Likert-type
scale is used, the answers are scored between Strongly agree (5) and Strongly disagree (1). In case that
the scale is unidimensional and multi-scored, among the unidimensional Item Response Theory (IRT)
models, those developed for polytomous items are utilized. It is possible to come across studies in
education and social sciences in which the difference between categories of the Likert-type scales’
items, which are mostly preferred due to their psychometric characteristics, is examined with
polytomous IRT models (Carle et al., 2009; Cordier et al., 2019; OECD, 2021). The commonly used
polytomous IRT models are Partial Credit Model (PCM), Generalized Partial Credit Model (GPCM),
Graded Response Model (GRM), and Generalized Graded Response Model (GGRM). These models
differ by the research aim, the parameters they use, and the fixed value of the parameters (Dai, et. al.,
2021) The present study examines the forms of a 5-point Likert-type scale with different answer
categories based on GRM and GPCM. The GRM was developed by Samejima (1969), and is used when
item categories are sequential. Because GRM was developed for multi-scored items as an extension of
the Two Parameter Logistics Model (2PLM), the model calculates a discrimination “a” parameter for
each item and four threshold values that are “bl”, “b2”, “b3”, and “b4”. GPCM shows a similar
structure to GRM (Bartolucci, et al. 2015; Sung & Kang, 2006). GPCM, deemed as an extended version
of PCM that was developed by Masters (1982), allows parameter “a” to be different for each item
(Muraki, 1992). Although GRM and GPCM are among the polytomous IRT models, and have the same
number of parameters, they model the answers given to the items in different ways (Embretson &
Reise, 2000).

Itis also important to denominate the categories in the scales as the items in the Likert-type scales are
important in terms of the measured characteristic. Categories may differ by the characteristic
measured, the roots of the items used when measuring the characteristic, and the choice of the person
who developed the scale. Different denominations in these categories may cause directing individuals’
perceptions of the desired characteristic to be measured to extreme values, or intermediate values, or
limitation of expressing perceptions (Albaum, 1997). Even the differentiation in the denomination of
the middle category only can be the reason for this differentiation. While these categories are
preferred, besides providing face validity, the categories being in a format that will not direct the
perceptions of individuals in revealing the characteristic related to the subject to be examined while
selecting these categories is important to obtain unbiased outcomes. Therefore, it is necessary that
researchers exercise due diligence to determine categories in the process of scale development.



Volume: 13 Issue: 2 — Sakarya University Journal of Education e 209

This study aims to reveal the effect of the categories in the 5-point Likert-type scales on the exhibited
affective behavior, and so, on the perceptions of individuals. To that end, the answers with the same
items/expressions to four forms with different scale categories were evaluated based on polytomous
IRT models. In the literature, there are many studies conducted to see the effects of different
expressions of scale categories (Blumberg, DeSoto, & Kuethe, 1966; Dixon, Bobo, & Stevick, 1984; Finn,
1972; Huang, 2016; Jacko & Huck, 1974; Kottner, et. al., 2011; Krosnick & Berent, 1993; Lange, et. al.,
2017; Newstead & Arnold, 1989; Wetzel, et. al., 2016; Wyatt & Meyers, 1987). As, the rarity of the
empirical research in which these categories are examined depending on IRT, this study can contribute
to the literature. The study’s problem statement is “How does the difference in the perceptions of
individuals affect the item parameters according to the four forms of the same scale created with
different category labels?” Based on this problem statement, answers are sought to the following sub-
problems:

1. Which IRT model is more suitable for Form 1-2-3-4?

2. What are the item parameters of Form 1-2-3-4 estimated based on GPCM?

3. What are the reliability coefficients of Form 1-2-3-4 estimated based on GPCM?
4. What are the item parameters of Form 1-2-3-4 estimated based on GRM?

5. What are the reliability coefficients of Form 1-2-3-4 estimated based on GRM?

6. What is the relationship between the item parameters estimated based no GPCM and GRM for
the Form 1-2-3-4?

7. What is the difference between the item parameters estimated based on GPCM for the Form 1-
2-3-4?

8. What is the difference between the item parameters estimated based on GRM for the Form 1-2-
3-4?

METHOD

This section discusses the research design, study group, data collection tool as well as the forms
created by differentiating the options, and data analysis methods in detail.

Research Design

This study was conducted based on the steps given in Figure 1. Figure 1 shows that the measurement
tool was selected in the first step. Then, the category labels were changed, Form 1, 2, 3 and 4 were
created, and transferred to the web environment. The forms were administered at one-week intervals,
the data sets were checked, and analyses were made. This research is a descriptive study that
comparatively analyzed model-data fit based on different models and different forms.
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Figure 1
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Study Group

The study group consists of 377 undergraduate students from several universities of Turkey in 2021.
Demographic information regarding the study group is given in Table 1. According to Table 1, almost
half of the study group consists of Inonu University students (49.1%), and most of them are enrolled

in the Faculty of Education (91.8%). The majority of the students who filled out the forms were at the
3and 4" grades, and were female students (72.1%).

Table 1

Demographic Information of the Study Group (N=377)

Gender

Female 272 72.1

Male 105 27.9
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University
Aksaray University 132 35
Hacettepe University 54 14.3
Inonu University 185 49.1
Other 6 1.6
Faculty
Education Faculty 346 91.8
Sports Faculty 25 6.6
Other 6 1.6
Year
1** Year 57 15.1
2" Year 138 36.6
3 Year 161 47.2
4™ Year 21 5.6

Data Collection

Before the collection of data, the necessary permits were obtained from the Inonu University Scientific
Research and Ethics Committee (Protocol No: 13-19, Date: 02/07/2021). Due to the COVID-19
pandemic, the forms were delivered online platform. Each form was opened to students at one-week
intervals only within the administration period (four days). To minimize the error caused by the
sequence effect while filling out the forms, the order of administering the forms was kept constant
considering that it would be very difficult to collect data online with differing order of precedence of
the forms. Thus, data obtained from 633 students filling out Form 1, 571 students filling out Form 2,
576 students filling out Form 3, and 581 students filling out Form 4 were examined. After the missing
values and repetitive data in the forms were removed from the data set, analyzes were made on the
data of 377 students who answered all the forms. The adequacy of the sample size for parameter
estimations according to the models may differ according to the number of items in the scale and the
number of categories of the items (Huang, 2016; Jin & Wang, 2014; Wetzel, et al.,2016). In the
literature, for tests with 5 categories and no longer length, there are studies supporting that the
sufficient sample size for the polytomous IRT model is between 300 and 500 (Kieftenbeld & Natesan,
2012), or at least 250 (Finch & French, 2019). Therefore, the number of samples used was considered
sufficient to make comparisons in the model.
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Data Collection Tools

In this study, the short form of the Mathematical Attitudes Scale (MAS) developed by Baykul (1990)
was used as the data collection tool. The reliability coefficient of the scale with 15 positive and 15
negative items in its original form was found to be 0.96 (as cited in Nartgilin, 2002, p.47). Considering
that the items in the scale represent the same structure, 15 items were reviewed at the first step. Two
items that were related to the mathematics of the modeled scale, and that could contribute to the
students’ ability to use mathematics were added to these items, and the two items stated for the
lesson only were removed from the scale form. The finalized scale was organized in four different
forms including four different option categories with the scale items remaining the same. For the first
three forms, denomination given only for the middle values differed, while the categories of the fourth
form consisted of numerical values. These categories included in the four forms are as follows:

e Form 1:1-Strongly disagree, 2-Disagree, 3-No idea, 4-Agree, 5-Strongly agree

e Form 2:1-Strongly disagree, 2-Disagree, 3-Undecided, 4-Agree, 5-Strongly agree

e Form 3: 1-Strongly disagree, 2-Disagree, 3-Neither agree nor disagree, 4-Agree, 5-Strongly agree
e Form 4: Strongly disagree (1) (2) (3) (4) (5) Strongly agree

Data Analysis

In this study, the analyses were conducted with unidimensional and polytomous IRT models.
Therefore, the assumptions of unidimensionality and local independence of IRT of the data sets were
examined first. Unidimensionality refers to a single latent trait that items measure and underlies the
response performance of individuals. What is meant by unidimensionality is that there is a dominant
dimension measured by the items (Hambleton & Swaminathan, 1985). In the examination of
unidimensionality, the literature has offered many experimental and statistical methods. This study
used principal components factor analysis using polychoric correlation calculated on polytomous item-
response patterns to examine the unidimensionality assumption. For this reason, the assumptions of
the principal components factor analysis, which has the purpose of explaining the variances of the
measured variables rather than explaining the fundamental nature of the correlations between the
measured variables, were checked on the data sets.

Table 2

KMO Values and The Bartlett Test Results

Forms KMO Bartlett's Chi-square p

Form 1 0.969 42.98 .00
Form 2 0.968 38.46 .00
Form 3 0.966 37.42 .00

Form 4 0.963 22.65 .04
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In the factor analysis, Comrey and Lee (1992) stated that 200 observations were suitable, 300 were
good-satisfactory, and 500 were quite sufficient (as cited in Tabachnick & Fidel, 2007). The calculated
KMO values and Bartlett test results for 377 people who answered the four forms are given in Table 2.
Considering the KMO and Bartlett values in Table 2, the sample size is sufficient, the structure provides
the assumption of multivariate normality according to Mardia's multivariate skewness and kurtosis
coefficients, and it is factorable. The outliers in the data sets were examined with using the z scores
and Mahalanobis, and 40 individuals in total were excluded from the data set. As obtained from the
factor analysis conducted on 337 students, all forms pointed to a unidimensional structure, and the
first factor in each form accounted for 76.9%, 78.7%, 79.7%, and 76.8% of the total variance,
respectively. The item factor loads were between 0.73 and 0.94 for the Form 1, between 0.71 and 0.95
for the Form 2, between 0.74 and 0.95 for the Form 3, and between 0.71 and 0.95 for the Form 4,
which were quite high. The Cronbach’s Alpha coefficient for all forms was calculated as 0.98. The
McDonald’s Omega coefficients were obtained as 0.972 for Form 1, 0.975 for Form 2, 0.977 for Form
3, and 0.974 for Form 4, respectively. Based on these findings, the data on the forms supported
unidimensional structure, and had high level of reliability.

Local independence is that student responses to different items are statistically independent of each
other. Therefore, two items at a fixed competence level should be independent of each other
(Hambleton & Swaminathan, 1985). However, it is possible that the assumption of local independence
cannot be achieved in tests containing testlets, in personality tests with items representing each other,
in performance assessments, and speed tests (Embretson & Reise, 2000). In such cases, because a
second dimension may get involved, the assumption of unidimensionality is violated along with local
independence. Because this study examines different forms of an attitude scale with different options,
there is no threat to the local independence. Besides, according to McDonald, any meaningful clarity
of unidimensionality is based on the principle of local independence. According to McDonald, the test
is unidimensional if the covariance between items equals zero for students of similar theta levels (as
cited in Hambleton & Swaminathan, 1985, p.25). In other words, if a test shows unidimensionality with
a significant clarity, the items in this test also have local independence. As a result of the factor analysis,
the unidimensionality of the scale can also be interpreted as the local independence of the scale items.
Prior to the findings of the sub-problems, the percentage values of the options/categories in four
different forms were examined, and presented in Table 3.

Table 3

The Percentages of the Categories in Forms

Form 1 Form 2 Form 3 Form 4

tems 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

tem1 14 28 15 32 11 12 30 17 29 11 14 26 20 27 13 19 21 18 23 18

tem2 6 19 16 42 16 6 17 19 41 18 6 16 22 41 15 12 16 17 31 24

tem3 10 23 11 37 20 10 22 16 36 16 12 22 16 36 15 14 20 19 27 20
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tem4 19 31 11 27 12 16 31 16 25 11 17 31 19 23 10 24 21 18 22 15

ltem5 10 22 10 38 20 10 17 13 40 20 10 17 9 38 25 11 12 15 29 33

tem6 21 34 11 19 15 21 30 15 19 15 23 26 18 18 15 25 23 16 16 20

tem7 10 15 8 30 37 9 14 9 33 34 10 15 10 31 34 13 12 8 24 43

tem8 16 21 11 27 24 14 22 11 29 23 16 21 15 27 21 19 20 14 19 28

tem9 15 31 14 25 15 15 28 18 25 13 16 28 20 24 11 21 22 19 23 15

ltem10 12 40 12 26 9 11 36 18 25 9 13 30 23 25 9 14 29 22 23 13

ltem11 5 18 14 43 20 6 18 18 40 19 7 15 20 38 20 11 13 19 27 31

tem12 8 18 7 40 27 8 18 10 39 25 8 16 12 39 24 12 15 12 23 38

tem13 7 25 18 36 16 8 21 19 38 14 10 21 18 38 14 12 18 20 28 22

tem14 12 20 8 38 21 10 23 11 34 21 11 21 13 34 21 18 13 13 28 28

Table 3 shows that students’ answers have intensity in different categories and different forms.
Therefore, differences occur in the response patterns of individuals in four different forms. Predictions
of item parameters were first performed to test how the response differences in the forms affected
the item parameters. The item parameters of the data scored with 5-point Likert-type scale generally
consist of sequential response categories. The GPCM and GRM were used together in the present study
to estimate item parameters of the sequential response parameters. Because these both models use
item discrimination and category threshold parameters (Ostini & Nering, 2006), it is difficult to
determine which model should be preferred (Dai et al., 2021). The parameters were compared based
on the forms after the item parameters were estimated based on both models.

The values of -2Likelihood difference (-2LL), Akaike Information Criterion (AIC), and Bayesian
Information Criterion (BIC) were examined to determine which model was more suitable for the data
obtained from the forms in the solution of the first sub-problem. Lower values indicated a more
appropriate model. For the second, third, fourth, and fifth sub-problems, item analyses were
performed depending on GRM and GPCM, and the marginal reliability coefficients of the forms were
calculated. In the sixth sub-problem, the relationship between the estimated item parameters based
on two models was determined with the help of the Spearman correlation coefficient. In the seventh
and eighth sub-problems, first, the Friedman test was administered to compare the estimated item
parameters, and then the Wilcoxon test was administered to do pairwise comparisons. Data analysis
was conducted in R software (R Development Core Team, 2013). The “mirt” (Chalmers, 2012) to
estimate for item parameters, “mvn” (Korkmaz, Goksuluk, & Zararsiz, 2014) for multivariate normality
analysis, “TAM” (Robitzsch, Kiefer, & Wu, 2021) for model-data fit, “FSA” (Ogle, Wheeler, & Dinno,
2021) for comparison between models, “EFAtools” (Steiner & Grieder, 2020) to test the factor
structure, and “agricolae” (Mendiburu, 2021) packages were also benefited.
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Ethical Principles

Ethics committee permission for this study was obtained from inénii University Scientific Research and
Ethics Committee with the decision dated 02.07.2021 and numbered 2021/13-19.

FINDINGS
Findings as to which IRT model is more suitable for Form 1-2-3-4

In the first sub-problem of the research, the -2LL, AIC, and BIC values were evaluated to find out fit of
data with GPCM and GRM. The values obtained from each form with two separate models are given
in Table 4.

Table 4

The Model Data Fit Results of the Forms

Model/Form Likelihood -2LL AIC BIC

GRMeorm1 -5424.388 -166.704 10988.776 11264.033
GPCMFeorm1 -5507.740 11155.481 11430.738
GRMEorm2 -5355.097 -192.152 10850.194 11125.451
GPCMpeorm2 -5451.173 11042.347 11317.604
GRMEorm3 -5513.108 42.04 11166.217 11441.474
GPCMeorm3 -5492.088 11124.177 11399.434
GRMrorma -5932.855 59.278 12005.710 12280.967
GPCM¥orma -5903.216 11946.433 12221.690

When the Table 4 is examined, considering the smaller AIC and BIC values, it is seen that the model fit
of GRM for Form 1 and Form 2 was better, yet Form 3 and Form 4 were found to be more compatible
with GPCM. According to -2LL values, the model data fit supported this finding. Therefore, the data
obtained from Form 1 with the statement “/ have no idea” and Form 2 with the statement “Undecided”
are more compatible with GRM, whereas the data obtained from Form 3 with the statement “Neither
agree nor disagree” and the numerically scored Form 4 are more compatible with GPCM.

Findings as to the item parameters of Form 1-2-3-4 estimated based on GPCM

To find an answer to the second sub-problem, the discrimation (a) and threshold parameters (b1, b2,
b3, b4) of the items were estimated based on GPCM for all forms, and the results were given in Table
5.
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Table 5 shows that the highest standard deviation value for the discrimination parameter (a) is in Form
4, and the lowest standard deviation is in Form 1 when considering the item parameters estimated
based on GPCM. a parameter values range from 0.80 to 3.92 in Form 1, from 0.76 to 4.71 in Form 2,
from 0.87 to 5.24 in Form 3, and from 0.63 to 5.58 in Form 4. The discrimination values range from -2
to +2 in general, and can have infinite value. Considering the a parameters estimated from the forms,
item 3 has the highest and item 8 has the lowest discrimination. The measures of central tendency
(mean and median) of the discrimination index are the lowest in Form 4 and the highest in Form 2.

Table 5

The Item Parameters Estimated with GPCM

Form 1 Form 2
a b1 b2 b3 b4 a b1 b2 b3 b4

Iltem 1 3.27 -115 -0.10 0.05 1.34 368 -1.20 -0.11 0.18 1.30
ltem 2 159 -192 -046 -0.59 1.29 168 -1.89 -0.65 -0.50 1.17
ltem 3 392 -130 -033 -032 0388 471 -1.29 -043 -0.10 1.03
ltem 4 3.11  -094 0.20 0.09 1.27 4.42 -0.97 -0.01 0.31 1.28
ltem 5 201 -145 -0.11 -0.64 1.02 148 -144 -034 -0.75 111
ltem 6 254 -089 041 0.21 1.09 3.33 -0.80 0.16 0.39 1.07
ltem 7 263 -135 -043 -0.77 031 3.27 -133 -056 -0.64 0.42
ltem 8 0.80 -1.09 0.53 -1.01  0.73 0.76 -1.33 0.58 -1.11  0.85
ltem 9 199 -1.22 0.18 0.01 1.16 268 -1.08 -0.06 0.22 1.22
Item 10 270 -1.33 0.30 0.16 1.50 339  -1.27 0.03 0.33 1.42
Item 11 162 -206 -050 -0.78 1.09 1.89 -1.89 -0.63 -047 1.09
ltem 12 223 -160 -025 -091 0.71 210 -160 -0.34 -0.78 0.76
Item 13 171  -189 -0.27 -0.32 1.25 1.77 -169 -042 -0.30 1.39
ltem 14 3.17 -123 -0.27 -0.52 0.86 3.35 -1.31 -0.28 -0.30 0.84
Mean 237 -138 -.07 -.38 1.03 2.75 -1.36 -.21 -.25 1.06

Median 2.38 -1.31  -.18 -.42 1.09 2.97 -132 -31 -.30 1.10
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St. Dev. .83 .36 .34 42 31 1.16 31 34 48 27

Form 3 Form 4

a b1 b2 b3 b4 a b1 b2 b3 b4
ltem 1 428 -1.09 -0.22 0.24 1.17 3.19 -0.85 -0.21 0.15 0.93
ltem 2 169 -1.79 -075 -0.36 133 1.78 -1.14 -055 -0.32 0.76
Iltem 3 524 -114 -0.37 -0.04 1.06 558 -1.05 -0.41 0.06 0.84
ltem 4 392 -094 0.02 0.40 1.33 3.22 -0.70 -0.10 0.29 1.11
ltem 5 1.74 -140 -019 -0.88 0.81 150 -1.15 -0.71 -0.56 0.37
Iltem 6 289 -0.74 0.05 0.44 1.03 216 -0.64 0.04 0.33 0.76
ltem 7 245 -128 -048 -0.62 043 1.82 -1.05 -044 -0.80 0.02
ltem 8 0.87 -1.09 0.17 -0.56 0.91 0.63 -0.67 0.27 -0.31 -0.08
ltem 9 299 -1.02 -0.06 0.32 1.29 289 -0.78 -0.15 0.24 1.08
Iltem 10 284 -120 -0.11 0.37 1.47 280 -1.16 -0.14 0.32 1.20
ltem 11 1.73 -165 -0.75 -041 1.04 139 -1.20 -0.82 -0.33 0.39
ltem 12 239 -147 -049 -061 0.79 1.55 -1.15  -045 -0.55 0.12
ltem 13 197 -147 -037 -026 132 187 -1.23 -049 -0.13 0.82
Item 14 331 -128 -036 -0.27 0.84 1.74 -072 -047 -046 0.58
Mean 273  -125 -27 -.16 1.05 229 -96 -33 -.14 .63
Median 264 -124 -29 -.26 1.05 1.84 -1.05 -42 -.22 .76
St. Dev. 1.17 .28 .28 44 .28 1.20 22 .29 37 41

Considering the threshold parameters in Table 5, the highest standard deviation for the threshold
parameter “b1l” is in Form 1, and the lowest one is in Form 4. The highest central tendency values are
observed in Form 4, while the lowest values are in Form 1 for the mean and in Form 2 for the median.
The estimated b1 values range from -2.06 to -0.89 in Form 1, from -1.89 to -0.80 in Form 2, from -1.79
to -0.74 in Form 3, and from -1.23 to -0.64 in Form 4. The highest standard deviation for the threshold
parameter “b2” was obtained in Form 1 and Form 2, and the lowest was obtained in Form 3. Of the
tendency measures for this parameter, the highest value was obtained from Form 1, and the lowest
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was obtained from Form 4. The estimated “b2” range from -0.50 to 0.53 in Form 1, from -0.65 to 0.58
in Form 2, from -0.75 t0 0.17 in Form 3, and from -0.82 t0 0.27 in Form 4.

Table 5 shows that the lowest standard deviation for the threshold parameter “b3” was obtained from
Form 4. The highest standard deviation value was calculated in Form 2. Considering the central
tendency measures of the “b3” parameter, the highest values were found in Form 4, and the lowest
were in Form 1. The values of this parameter range from -1.01 to 0.21 in Form 1, from -1.11 t0 0.39 in
Form 2, from -0.88 to 0.44 in Form 3, and from -0.80 to 0.33 in Form 4. The lowest standard deviation
was obtained from Form 2, and the highest was obtained from Form 4 for the threshold parameter
“b4”. The highest tendency measures were found in Form 2, and the lowest ones were in Form 4.
Parameters “b4” range from 0.31 to 1.50 in Form 1, from 0.42 to 1.42 in Form 2, from 0.43 to 1.47 in
Form 3, and from -0.08 to 1.2 in Form 4. Based on this finding, Form 1 with the statement “/ have no
idea” in the middle value and Form 2 with the statement “Undecided” showed similar values in similar
parameters. Form 4 had the highest value in parameter “b1” and the lowest value in parameter “b4”.

Findings as to the reliability coefficients of Form 1-2-3-4 estimated based on GPCM

In the third sub-problem, test information functions, which reflected the overall of the parameters
estimated based on GPCM, and were equal to the sum of the item information functions at the relevant
competence level, were obtained. Test information functions provides information about reliability on
IRT. Thus, high level of test information showed less standard error in the theta level. As can be seen
in Figure 2 below, Form 3 is the form with the least standard error and the broadest level of theta. The
marginal reliability coefficients calculated depending on GPCM for the forms is as follows:

e 0.866 for Form 1,
e 0.885 for Form 2,
e 0.890 for Form 3 and,

e 0.872 for Form 4.
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Figure 2

The Test Information Functions of the Forms Based on GPCM
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It is possible to see this in Figure 2. Therefore, it can be said that the form which gives the higher
information is Form 3 with the statement “Neither agree nor disagree.” Form 2, which includes the
expression “Undecided” gives information mostly in the range of -1.0 to 0.5 theta, and Form 3 gives
maximum information in the range of -1.0 to 0.0 theta.

Findings as to the item parameters of Form 1-2-3-4 estimated based on GRM

In the fourth sub-problem, the item parameters estimated on the basis of GRM for all forms are given
in Table 6.

According to Table 6, the discrimination parameter “a” ranges from 2.09 to 4.85 in Form 1, from 1.85
to 5.38 in Form 2, from 2.00 to 5.95 in Form 3, and from 1.66 to 6.35 in Form 4. The “a” parameter
values estimated based on the GRM were found to be higher than GPCM. Also, the range for parameter
“a” was highest in Form 4. Like GPCM, in all forms based on GRM, item 3 had the highest and item 8
had the lowest discrimination.
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Table 6

The Item Parameters Estimated with GRM

Form 1 Form 2

a b1 b2 b3 b4 a b1 b2 b3 b4
ltem 1 410 -120 -0.23 0.20 1.30 4.48 -1.23  -0.19 0.30 1.26
ltem 2 237 -189 -0.79 -0.24 1.22 2.43 -191 -0.86 -0.23 1.13
ltem 3 485 -1.34 -049 -0.16 0.90 5.38 -1.35 -049 -0.01 103
Item 4 410 -0.98 0.01 0.34 1.26 5.06 -1.01 -0.06 0.40 1.26
ltem 5 294 -149 -055 -0.22 1.01 2.47 -1.60 -0.74 -0.26 1.05
ltem 6 3.48 -091 0.15 0.48 1.17 4.24 -0.85 0.06 0.50 1.12
Item 7 400 -144 -0.76 -0.48 0.39 4.48 -1.39 -0.75 -045 047
ltem 8 209 -131 -047 -0.09 0.87 1.85 -148 -049 -0.09 0.96
ltem 9 305 -1.21 -0.10 0.33 1.20 3.61 -1.10 -0.16 0.36 1.23
Item 10 3.70 -1.30 0.08 0.44 1.45 4.10 -1.28 -0.06 0.45 1.40
Item 11 254 -202 -090 -040 101 2.80 -190 -0.84 -0.26 1.04
Item 12 328 -162 -073 -048 0.72 3.15 -163 -0.71 -0.39 0.77
Item 13 252 -181 -0.57 0.00 1.24 2.57 -1.69 -0.64 -0.05 1.32
ltem 14 437 -128 -0.53 -0.24 0.87 4.47 -1.33 -046 -0.12 0.85
Mean 338 -141 -42 -.03 1.04 3.64 -1.41  -45 .01 1.06
Median 338 -1.320 -.51 -12 1.09 3.855 -1.37 -49 -.07 1.08
St. Dev. .837 .32 .34 33 .27 1.10 31 31 .32 .24

Form 3 Form 4

a b1 b2 b3 b4 a b1 b2 b3 b4
ltem 1 497 -115 -0.26 0.31 1.16 4.37 -095 -0.24 0.25 0.97
Item 2 234 -190 -090 -0.18 1.28 2.79 -1.35 -0.66 -0.11 0.83



Volume: 13 Issue: 2 — Sakarya University Journal of Education e 221

Item 3 595 -1.20 -043 0.03 1.07 6.35 -1.12  -0.43 0.12 0.87

Item 4 467 -099 -0.01 0.49 1.30 4.38 -0.79 -0.12 040 1.13

ltem 5 282 -149 -069 -038 0.80 2.50 -148 -0.89 -0.35 0.56

Iltem 6 396 -081 -0.01 0.51 1.10 3.49 -0.77 -0.05 043 0.95

Item 7 415 -138 -0.73 -0.39 0.48 3.12 -1.31 -0.75 -044 0.25

Item 8 200 -132 -042 0.07 1.04 1.66 -1.21  -036 0.14 0.84

ltem 9 396 -1.06 -0.13 044 1.27 4.10 -0.88 -0.19 0.36 1.10

Item 10 353 -122 -0.20 0.46 1.46 3.80 -1.18 -0.20 041 1.22

Item 11 274 -175 -091 -0.24 0.98 2.51 -1.51 -0.86 -0.22 0.60

Item 12 348 -152 -075 -037 0.79 2.80 -1.35 -0.71 -0.30 0.39

Item 13 283 -150 -0.58 -0.02 1.26 2.93 -1.34 -0.58 0.02 0.90

Item 14 454 -130 -048 -0.11 0.84 3.23 -1.05 -0.56 -0.17 0.65

Mean 371 -132 -46 .04 1.05 3.43 -1.16  -.47 .03 .80
Median 3.74 -131 -45 .00 1.08 3.17 -1.19 -.49 .07 .85
St. Dev. 1.10 .29 .30 34 .26 1.14 .24 .28 .30 .28

According to Table 6, the standard deviation of parameter “a”, like GPCM, was estimated the highest
in Form 4 and the lowest in Form 1. Considering the central tendency measures of parameter “a” in
forms, Form 4 had the lowest values, while Form 3 for the mean, and Form 2 for the median had the
highest values.

Table 6 shows that the form in which the threshold parameter “b1” deviates most is Form 1, while the
form least deviated is Form 4. The tendency measures for this parameter are the highest in Form 4,
and the lowest in Form 1 and Form 2. The “b1” threshold parameter ranges from -2.02 t0 -0.91 in Form
1, from -1.91 to -0.85 in Form 2, from -1.9 to -0.81 in Form 3, and from -1.51 to -0.77 in Form 4.

Table 6 shows that the form with the highest standard deviation is Form 1, and that with the lowest is
Form 4 for the parameter “b2”. Parameter “b2” ranges from -0.90 to 0.15 in Form 1, from -0.86 to 0.06
in Form 2, from -0.91 to -0.01 in Form 3, and from -0.89 to -0.05 in Form 4. The smallest central
tendency value was calculated in Form 1 as per the median and in Form 4 as per the mean. The form
in which this parameter has the highest tendency value is Form 1 as per the mean value and Form 3 as
per the median value.
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As can be seen in Table 6, the standard deviation values of the parameter “b3” are very close to each
other, with the highest standard deviation value in Form 3 and the lowest one in Form 4. Parameter
“b3” ranges from -0.48 to 0.48 in Form 1, from -0.45 to 0.5 in Form 2, from -0.39 to 0.51 in Form 3, and
from -0.44 to 0.43 in Form 4. The highest mean of this parameter was obtained from Form 3, and the
highest median was obtained from Form 4. On the other hand, the lowest central tendency values
were obtained from Form 1.

According to Table 6, the standard deviation values of the threshold parameter “b4” are also close to
each other, with the highest deviation in Form 4 and the least deviation in Form 2. The parameter
values range from 0.39 to 1.45 in Form 1, from 0.47 to 1.4 in Form 2, from 0.48 to 1.46 in Form 3, and
from 0.25 to 1.22 in Form 4. The highest mean of this parameter was obtained from Form 2, and the
highest median was obtained from Form 1, while the lowest central tendency values were obtained
from Form 4. Commonly in both models, in Form 4, parameter “b1” had the highest value, and
parameter “b4” had the lowest value.

Findings as to the reliability coefficients of Form 1-2-3-4 estimated based on GRM

In the fifth sub-problem, the estimated reliabilities based on GRM were examined. Figure 3 shows that
the test information functions provide a high level of information in a wider theta range in the GRM.
The marginal reliability calculated based on GRM for the forms is as follows:

e 0.934for Form 1,
e 0.937 for Form 2,
e 0.939 for Form 3 and,

e 0.935 for Form 4.
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Figure 3

The Test Information Functions of the Forms Based on GRM
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The marginal reliability obtained from the forms provides information about the information of the
tests. According to the results obtained, although the reliability estimated from the forms provides
similar results, the form that gives information at maximum level is Form 3, and the form that gives
information at minimum level is Form 1. The test information functions in Figure 3 support these
findings on reliability. As per this model, the forms are tended to give information at maximum level
for wider theta range. It can be said that, compared to GPCM, the parameters estimated based on the
GRM give more information.

Findings on the relationship between the item parameters estimated based on GPCM and GRM for
the Form 1-2-3-4

The Spearman correlation coefficients were calculated, and were given in Table 7 for the relationships
between item parameters estimated from different forms under the same model, and between item
parameters estimated based on two models of the same form to examine the compatibility of the item
parameters depending on GPCM and GRM with each other in the sixth sub-problem.
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Table 7

The Relationship Between the Item Parameters Estimated on the Basis of GRM and GPCM

a bl b2 b3 b4
The relationship between the item parameters based on GPCM
Form 4 —Form 3 .84* 79* .81* .95* .82*
Form 4 — Form 2 .82* .69* .84* .85* .78*
Form 4 —Form 1 .68* .89* .84* .84* .80*
Form 2 —Form 3 .93* .95* .94* .95* .85*
Form 1—-Form 3 J91* .96* .94* J91* .90*
Form 1 —Form 2 .92* .89* .98* .95* .94*
The relationship between the item parameters based on GRM
Form 4 — Form 3 .90* .94* .94* .99* .89*
Form 4 — Form 2 .88* .93* .92* .98* .82*
Form 4 —Form 1 .80* .94* 91* .93* .82*
Form 2 — Form 3 .96* .98* .96* .98* .87*
Form 1-Form 3 .94* .96* .98* .93* .90*
Form 1 —Form 2 .95* 97* .98* .95* .98*
The relationship between the item parameters based on both models
Form 1 gpem-crm .98* .95* .87* .85* 97*
Form 2 gpcm-crm .96* .99* .86* .88* .99*
Form 3 gpem-crm .97* 97* .87* .93* .97*
Form 4 gecm-crm .96* 76%* .85% .98* .89%

"p<.01
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Table 7 shows that when the correlations between the estimated item parameters of the forms are
examined depending on GPCM, all values are statistically significant, and almost all are at a high level.
Only two correlation coefficients were calculated less than 0.70. One of them is the coefficient for

“u_n

parameter “a@”, which was estimated from Form 1 and Form 4, and the other is the coefficient for
parameter b1, which was estimated from Form 2 and Form 4. These two values are 0.68 and 0.69,

respectively, yet both indicate a significant correlation at the upper intermediate level.

As can be seen in Table 7, all forms are 0.80 and more among the item parameters estimated based
on GRM, and have significant correlations. In both models, the highest correlation coefficient for the
discrimination parameter “a” is between Form 2 and Form 3, while the lowest coefficient is between
Form 4 and Form 1. Therefore, in case the middle categories were “Undecided” (Form 2) and “Neither
agree nor disagree” (Form 3), the discrimination indices of the items yielded similar results. The
discrimination indices for the category “I have no idea” (Form 1) and the scale form at grading-level
(Form 4) differed. The relationship between the threshold parameters is acceptable in both models.

In Table 7, the relationship between Form 3 and Form 4 shows that the correlations of the parameters
in the forms are higher in the GRM model. The threshold parameter with the highest similarity
between the parameters of these forms estimated based on GPCM is “b3” with 0.95, and the lowest
threshold parameter is “b1” with 0.79. The threshold parameters represent the trait level necessary
to respond above the j threshold with 0.50 probability (Embretson & Reise, 2000). Because the sample
to which the forms were administered was the same in this study, the differentiation in the theta level
seen in the forms pointed to the differentiation of individuals in perceiving the forms. Therefore, this
shows that the “Neither agree nor disagree” and category “3” for Form 3 and Form 4, the similarity
between the skill levels required to answer in the upper category with a probability of 0.5 from the
middle category is 95%. Similarly, in the “b1” threshold parameter, the similarity between the skill
levels required to answer in the upper category with a probability of 0.5 from the lowest category
marked is. 79%. The most similar parameter did not change (r=0.99 in category b3) in the GRM model,
but the parameter with the lowest relationship was “b4” with 0.89. Accordingly, the similarity between
the skill levels required to answer in the highest categories based on the GRM had relatively lower
correlation than other categories.

Table 7 shows that the parameter with the lowest correlation between the parameters of Form 4 and
Form 2 was in “b1” parameter (0.69), and the highest relationship was in “b3” parameter (0.85)
according to GPCM. In GRM, similar to GPCM, these correlations were found to be the highest in “b3”
parameter (0.98), and the lowest in “b4” parameter (0.82). Regarding the correlations between Form
4 and Form 1, the lowest correlations were between the parameters obtained from these forms. The
lowest correlation between the estimated parameters for these forms was in parameter “a” (0.68 for
GPCM and 0.80 for GRM), and the highest correlation was in parameter “b1” (0.89 for GPCM and 0.94
for GRM). The parameters based on the two models for Form 2 and Form 3, Form 1 and Form 2, and
Form 1 and Form 3, with varying mid-point name only, showed differences. According to these
correlation coefficients, the fact that only the name of the middle value differed in the forms caused
the other categories to be understood differently for these forms.
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Findings on the differences between the item parameters estimated based on GPCM for the Form 1-
2-3-4

In the solution of the seventh sub-problem, whether the item parameters estimated based on GPCM
differed by the forms was tested first using the Friedman test and then the Wilcoxon test, and the test
results were given in Table 8.

Table 8

The Investigation of the Difference of the Parameters Estimated from GPCM Between the Forms

Parameter  Form Mean Rank Chi-squared df p Significant
Difference
a Form 1 1.93 11.743 3 .008 Form 1 - Form 2

Form 2 786 Form1-Form 3

Form 2 -Form 4

Form 3 3.29
Form 3 - Form 4

Form 4 1.93

bl Form 1 1.50 31.542 3 .000 Form1-Form 3

Form 2 164 Form 2 -Form 3

Form1-Form4

Form 3 2.86
Form 2 -Form 4

Form 4 4.00 Form 3 - Form 4

b2 Form 1 3.93 26.486 3 .000 Form1-Form 2

Form 2 250 Form1-Form 3

Form1-Form4
Form 3 2.00

Form 4 1.57

b3 Form1 1.29 20.828 3 .000 Form 1 - Form 2

Form 2 736 Form1-Form 3

Form 2 - Form 3
Form 3 3.36
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Form 4 3.00 Form1-Form4

b4 Form1 2.86 25.543 3 .000 Form 1 - Form 4

Form 2 - Form 4

Form 2 3.00
Form 3 -Form 4

Form 3 3.14

Form 4 1.00

Table 8 shows whether the median values of the parameters estimated depending on GPCM differed
by forms. According to the Friedman test results, both the discrimination and threshold parameters
showed a significant difference from one form to another (p < .01). The differences between paired
combinations of the forms were examined with Wilcoxon test. Paired comparisons results showed that
the discrimination parameters “a” estimated based on the GPCM differed significantly between Form
4 and Form 3, Form 4 and Form 2, Form 1 and Form 2, Form 1 and Form 3. When the middle value was
“I have no idea” (Form 1) and “3” (Form 4), the discrimination parameters in the forms had similar
values, and these values were relatively lower than other values. Furthermore, discrimination
parameters obtained for middle categories of “Neither agree nor disagree” (Form 3) and “Undecided”
(Form 2) had similar values in the forms.

As seen in Table 8, the threshold parameters estimated based on the GPCM also differed by the forms
(p < .01). These differences were tested on paired combinations of the forms. The values of all
threshold parameters obtained from Form 1 (b1, b2, b3, b4) and all threshold parameters obtained
from Form 4 differed significantly. This finding can be an indicator that presenting the middle value as
“I have no idea” or presenting the categories at grading-level numerically may create a difference in
the perceptions of individuals.

Although Form 4 differed from other forms in terms of containing numerical values, it did not differ
from Form 2 and Form 3 in terms of “b2” and “b3” parameters. However, it differed significantly from
these forms in terms of the terminal/extreme threshold parameters “b1” and “b4”. In this case, it can
be interpreted that Form 2 with the middle category "Undecided" and the Form 4 with the middle
value "3" differ from each other in terms of the marking of the extreme categories. Similarly, the Form
3 with the middle category “Neither agree nor disagree” and Form 4 differed significantly from each
other in the way of marking the highest and lowest categories.

Although Form 4 has only numerical categories, and seems to differ from other forms, there were
significant differences in terms of the parameters among other forms whose only middle values
differed, also. In particular, parameters “b1”, “b2”, “b3” estimated from Form 1 with the category “/
have no idea” and Form 3 with the category “Neither agree nor disagree” differed significantly. This
differentiation can be expressed as the change in the name of the middle category in the forms affects
the marking of the extreme category "Strongly Disagree".

Table 8 shows that “b2” and “b3”, among the threshold parameters of Form 1 with the middle category
“I have no idea” and Form 2 with the middle category “Undecided”, differed significantly from one
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form to another. This differentiation means that the marking level of the middle categories of these
forms changed only with the change of the name of the middle category, and individuals were more
likely to prefer lower categories for Form 1.

For Form 2 with a middle category “Undecided” and Form 3 with a middle category “Neither agree nor
disagree”, the threshold parameters of “b1” and “b3” differed significantly between forms. This
differentiation indicated that the marking levels of the middle categories of these forms altered with
the change in the middle category name. Both threshold parameters had higher values in Form 3. It
can be interpreted that the change in the middle category name increased the possibility of preferring
the lowest category, “Strongly disagree”, and the middle category, “Neither agree nor disagree”.

Findings on the differences between the item parameters estimated based on GRM for the Form 1-
2-3-4

In the solution of the eighth sub-problem, whether the item parameters estimated based on GRM
differed by the forms was tested first using the Friedman test and then Wilcoxon test, and the test
results were given in Table 9.

Table 9

The Investigation of the Difference of the Parameters Estimated from GRM Between the Forms

Parameter Form Mean Rank Chi-squared df p Significant
Difference
a Form 1 1.93 5.743 3 125
Form 2 2.86 i
Form 3 2.93
Form 4 2.29
b1 Form 1 1.89 31.457 3 .000 Form1-Form 3
Form 2 143 Form1l-Form4
Form 2 —Form 3
Form 3 2.68
Form 2 —Form 4
Form4  4.00 Form 3 —Form 4
b2 Form1l 2.89 1.971 3 .533 -
Form 2 2.54

Form 3 2.32
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Form 4 2.25
b3 Form 1 1.54 14.314 3 .002 Form1-Form 3
Form 2 2.32 Form 1—-Form 2
Form1l—-Form4

Form 3 3.29
Form 2 - Form 3

Form 4 2.86
b4 Form 1 2.75 26.309 3 .000 Form1l—-Form4
Form 2 304 Form2—-Form 4
Form 3 —-Form 4

Form 3 3.21

Form 4 1.00

According to Table 9, discrimination parameter “a” estimated based on the GRM does not show a
significant difference between forms (p > .01). Thus, it can be said that the parameters “a” estimated
from all forms are similar. The threshold parameters, except for parameter “b2”, showed significant
differences between the forms (p < .01). In paired comparisons, except for “b2”, all threshold
parameters of Form 1 and Form 4 significantly differed from each other. While the lower extreme
category in Form 4 with numerical categories was preferred more than Form 1, the upper extreme
categories were preferred more in Form 1. However, for Form 2 with a middle category “Undecided”
and Form 3 with the middle category name of “Neither agree nor disagree”, the threshold parameters
of “bl” and “b3” differed significantly between forms. This differentiation is similar to the findings
from the GPCM.

As seen in Table 9, similar to the findings obtained from the GPCM, the extreme threshold parameters
“b1” and “b4” parameters differed significantly between Form 4 and other forms. Furthermore, there
was a significant difference between the “b1” extreme threshold parameters estimated from Form 3
and obtained from Form 2. Unlike GPCM, only “b3” threshold parameters differed significantly from
Form 1 with the middle category “I have no idea” to Form 2 with the middle category “Undecided”.
Only with the change of the middle category name did the levels of marking the middle categories of
these forms change, and there was a tendency in Form 2 to mark more the middle levels. For
parameters estimated from Form 1 with the middle category “I have no idea” and Form 3 with the
middle category “Neither agree nor disagree”, unlike GPCM, only parameters “b1” and “b2” differed
significantly. Therefore, the forms differed in general according to both GPCM and GRM, and the
differentiation of the middle category names caused significant differences in the marking levels of the
other categories.
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RESULTS, DISCUSSIONS, AND SUGGESTIONS

Researchers may use a scale with a single or double category. In Likert-type scales without mid-point,
because participants are forced to select a degree of disagreement or agreement (Chyung, et al., 2017;
Johns, 2005), these scales are used as forced-choice scales (Chyung, et al., 2017). However, the use of
a middle category can contribute to the improvement of reliability, and make a difference for
individuals in the measurement of an affective trait (Adelson & McCoach, 2010; Croasmun & Ostrom,
2011; O’Muircheartaigh, Krosnick, & Helic, 2000). On a scale with no middle option, respondents must
make a decision to express their opinion. In this case, it will guide the participants who do not have an
opinion on a subject, or are unsure of their opinions, to choose only one option. The answers received
from individuals who are directed to make a choice will not reflect reality, and people who are
undecided or have no idea about that question may not want to fill in the scale. Even those who do
not have an idea about how to answer the items may not be right to respond to those items. Having
the middle option will partially prevent these referrals, and allow the items to be more distinctive. In
this study, 5-Likert-type scoring situation was discussed. Forced choice scales can also be examined in
further research. Just as offering the options to individuals with different priorities may create a
difference in perceptions, offering the categories in the scales to individuals in different formats may
cause differences in perceptions as well. Varied labeling in the middle categories does not give clear
information about whether the participants are actually unfamiliar with the subject, or whether they
are actually undecided. Furthermore, participants may use the middle category as an escape in
marking (Chyung, et al. 2017; Kulas & Stachowski, 2009). To examine the differentiation in such
perceptions, the effects of differences in category labels in Likert-type scales on individuals’
perceptions were examined considering polytomous IRT models. In many studies examining model fit,
the GRM was found to be more compatible in the comparison of GRM and GPCM (Biyikkidik & Atar,
2018; Schneider, et al., 2020; S6zer & Kahraman, 2021; Yasar & Aybek, 2019;). The reason for this can
be expressed as the fact that GRM is based on the gradual presentation of items in the estimation
(Embretson & Reise, 2000; Hays, Morales, & Reise, 2000). However, it is difficult to distinguish between
these two models as their item parameters are similar (Dai et al., 2021). For this purpose, the
Mathematical Attitude Scale (MAS) was used with various category names. This study used GPCM and
GRM as base among unidimensional polytomous IRT models. Considering both models for four
different forms, the forms showed better fit in different models. The result of this study showed that
Form 1 with the middle category “I have no idea” and Form 2 with the expression “Undecided” in the
middle category showed better fit to GRM. However, Form 3 with the middle category name of
“Neither agree nor disagree” and Form 4 with numerical property showed better fit to GPCM.
Therefore, examinations were made considering all estimations for both models throughout the
research.

Regarding the item parameters estimated in accordance with GPCM and GRM on all forms, the same
items for both models had the highest discrimination “a” parameter (item 3) and the lowest a
parameter (item 8). When the item parameters in the forms were estimated based on two different
IRT models, Form 4, unlike other forms, had a wide range of parameters “a”, and had a narrow range
of “b1” values. These results can be an indication that the categories in Form 4 differentiate the
students’ perceptions.

Marginal reliability provides an indication of the overall consistency of test scores in measuring the
observed score or underlying trait generated from the IRT model (Andersson & Xin, 2018). Therefore,
if the feature to be measured has different categories, examining the marginal reliability shows that
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the scores obtained for the structure are reliable. According to marginal reliability coefficients and test
information functions, the most informative and reliable form depending on GPCM was Form 3 with
the expression “Neither agree nor disagree” in the middle category. Compared to GPCM, the reliability
of the forms being higher in GRM, and the use of the models suitable for the forms only would be
restrictive for the reliability and the estimations. Regarding the model alignments of GRM and GPCM,
although there are studies suggesting that the fit of the two models shows similarity (Schneider, et al.,
2020), there are many studies suggesting that GRM has better fit than GPCM (Buyukkidik & Atar, 2018;
Sischka, et al., 2020; S6zer & Kahraman, 2021; Yasar & Aybek, 2019;). In this sense, it can be said that
the results of the present study are in line with the literature.

It is another important result of the study that all correlation coefficients between the estimated item
parameters based on both models are statistically significant. Nevertheless, it is remarkable that the
correlations between the parameters obtained from the forms based on GRM are more similar to each
other than those obtained by GPCM. The highest correlation coefficient for the discrimination
parameters is in Form 2 with the middle category name “Undecided” and Form 3 with the statement
of “Neither agree nor disagree”, while the lowest coefficient is in the Form 4 which is the numerical
scale and Form 1 with the middle category “I have no idea”. The correlations between the item
parameters estimated depending on GRM and GPCM of the forms showed that the calculated
correlation values were high and significant. Therefore, the parameters estimated based on different
IRT models yielded very close results.

In the present study, the parameters estimated from the forms depending on the same model were
compared so as to examine whether alteration of the middle category name changed the perceptions
of individuals and therefore the test-item parameters at a significant level. While the discrimination
parameter differed by the forms in GPCM, there was no significant difference between the forms in
GRM. Therefore, while the discrimination parameters estimated based on GRM on the forms with
different middle category name gave similar results, they showed significant differences from one form
to another in GPCM. So, it can be interpreted that GRM is more able to tolerate label/name differences
with middle category, or is not affected much by middle category names.

In terms of threshold parameters, “b1”, “b3”, and “b4”, estimated from both IRT models differed by
the forms, and this difference was found between similar forms. However, more parameters estimated
based on GPCM showed differences. According to both IRT models, the lowest extreme category in
Form 4 (numerical scale) was preferred more than other forms. It was concluded that this difference
was at a significant level with the forms those are with the middle category name “I have no idea” and
“Undecided”. However, the difference in the form with middle category “Neither agree nor disagree”
was less and insignificant. Similar to the form with numerical categories, the middle value of marking
the extreme category differed significantly from marking the forms “/ have no idea” and “Undecided”.
Based on this finding, providing the categories numerically or labeling the middle category as “Neither
agree nor disagree” directs the participants’ perceptions to mark the lower category. The least
preferred form of the highest extreme category is Form 4, which has numerical categories, and this
differs significantly from the level of preference in other forms. The form in which the highest extreme
category is preferred in other forms is the middle category of “Neither agree nor disagree”. However,
the level of preference for this form, and forms “I have no idea” and “Undecided” is not significant.
Consequently, the participants avoid giving the highest numerical value, and show similar attitudes in
other forms. As regard to the preference of the middle categories, the forms “Undecided” and “I have
no idea” had higher preference.
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All these findings obtained from the study suggest that the middle category is an important factor in
Likert-type scales. Previous studies indicated that if the middle category is single or double, the
response style varies (Chyung, et al., 2017; Moors, 2008). It can be questionable whether there is really
a midpoint of view between disagreement and agreement, or whether it should be treated as a lack of
view. Because the use of the midpoint with different labels can evoke these senses, (Chyung, et al.,
2017) differences may occur in the answers. For the Likert scale to be an interval scale, the distances
between sequential points on the scale should be the same, that is, the distance between consecutive
two categories must be equal (Wakita, Ueshima, & Noguchi, 2012). While consecutive categories can
be perceived as numerically equivalent to the same value for Form 4, which represents numerically
given categories, it can be difficult to control the distances between consecutive categories in verbal
expressions of other forms. This can be an indication of Form 4 taking different values from other
forms.

Future studies may use IRT based models, and use the rating scale categories with numbers along with
category labels instead of using them alone while preparing forms that can reflect the interests,
attitudes, tendencies, or emotions of individuals during scale development. During labeling of
categories, the labels can be determined by examining the fit between the data set and model with
the use of GRM or GPCM among IRT models particularly. In the current study, the students received
the forms in the same order for a certain period of time due to the pandemic. Performance of
application in the same order and in the order determined by the researchers can be considered the
limitation of this study. Future studies may examine the model fit when forms are distributed to the
participants in different orders as well as the effect of the middle category on perception.
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