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Abstract

The purpose of this study was to investigate within- and between-threshold parameter invariance for items of a
fourteen-item Positive Affect Scale developed to assess positive moods (like happy, peaceful, etc.) of university
students. To test whether the estimated threshold parameters were as expected (1 to 5, with increments of 1)
across all the 14 items, Graded Response, Partial Credit, and Rating Scale Models were fit the response data
collected from 326 students. A comparison of the model fit statistics, such as the negative 2log likelihood and
chi-square values, revealed that the Graded Response Model had the best fit and that the thresholds estimates for
all the items in the Positive Affective Scale were reasonably close to the expected 1 to 5 values with increments
of 1. The study illustrates how polytomous response models can be used to test the psychometric quality of items
with ordinal rating scales.
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INTRODUCTION

When the response scales of the polytomous scored items are formulated, e.g., Likert scale, it is
expected that respondents will choose the category that best describes their state given the measured
trait. Even if it can be argued that this is a reasonable expectation, there remain several unanswered
questions about how individuals’ self-ratings compare amongst themselves, related to potential
differences that may exist in the decision-making processes of the individuals when evaluating their
state given the scale provided. The study of defining and testing for such individual differences has
long been the focus of many scaling studies (e.g., Wang, Wilson, & Shih, 2006), all underlining the
importance of a careful analysis of the scale properties of items, especially when subjective
assessments are involved (Wang et al., 2006). Even when constructing ordinal scale assessment tools,
the main objective of the psychometric work is about deriving the most accurate and meaningful
information from the item responses (Wu & Adams, 2006).

Researchers studying traits from the affective domain do often face a greater number of challenges
when evaluating the quality of their assessment results when compared to those who study traits from
the cognitive domain, yet new methodological advancements rarely target their issues first. In this
context, polytomous Item Response Theory (IRT) models, commonly used in calibrating items of most
cognitive assessment tools, are yet to gain such common use when it comes to calibrating ordinal
rating scale items, which are often used in the evaluation of psychological constructs, such as
personality traits (Baker, Rounds, & Zevon, 2000). Given that assessment tools assessing
psychological characteristics are, in general, composed of rating scale items, it would be most
reasonable that polytomous IRT models are used in estimating non-linear relationships between the
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propensity level of the respondent and the likelihood of responding in a certain category (Embretson
& Reise, 2000).

The prototypical Likert-type scale has five categories. These are printed equally spaced and equally
sized on the response form (Figure 1). The intention is to convey to the respondent that these categories
are of equal importance and require equal attention (Linacre, 2002). Response categories have an
explicit and clear continuum and reveal the underlying psychological structures of these categories.
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Figurel. Likert-Type Scale Response Categories

According to Linacre (2002), from a measurement perspective, the rating scale may appear in different
forms (Figure 2). The rating categories still have a continuum and attempt to measure a psychological
construct. Since the psychological construct intended to be measured conceptually is infinitely long,
the two extreme categories are also infinitely wide. However, individuals are predominantly in the
agree category. The size of intermediate categories such as undecided is dependent on how they are
perceived and used by the respondents. Agree categories are usually more attractive than disagree
categories. Therefore, agree categories may be represented by a wider interval for the measured
psychological construct.

Strongly Strongly
Disagree Disagree Undecided Agree Agree

Figure 2. Typical Likert Scale Response Categories from Measurement Perspective

How the variable is divided into categories affects the reliability of a scale (Linacre, 2002). The rating
categories with equal intervals as in Figure 1 or ordinal as in Figure 2 can be analyzed with polytomous
IRT models. Polytomous IRT models are needed to represent the nonlinear relation between examinee
trait level and the probability of responding in a particular category (Embretson & Reise, 2000).
Polytomous models allow the use of different item discrimination values in weighting items, the
estimation of measurement errors at each ability level, and achieving parameter invariance for the
individuals and items (Lord, 1980).

Polytomous models vary based on whether the response categories are ordinal or non-ordered. In this
case, in each model, the meaning of the response probability obtained for the response categories will
also differ within the context of parameters that the model allows defining. The Graded Response
Model (GRM; Samejima, 1969), one of the polytomous models used for modelling ordered response
categories, the likelihood of marking each category or an upper category is modelled; while in Partial
Credit Model (PCM; Embretson & Reise, 2000), the likelihood of scoring or choosing each category
is directly modelled (instead of the category or an upper category).

In this study, category threshold parameters between consecutive categories estimated according to
the GRM model used in the estimation of scale item parameters represent the ability level required for
responding to the category and above with a probability of .50. According to PCM, the items are
assumed to have equal discrimination (slope). In this case, the probability of an individual's responding
to a category is computed as a function of the difference between an individual's ability level and the
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category threshold parameter (step difficulty). Unlike GRM, step difficulty parameters represent the
relative difficulty of each step. According to Rating Scale Model (RSM), the last model used in the
study, the location parameter estimated separately for each item reflects the relative easiness or
difficulty of the particular item. In this model, it is assumed that the same response format is used for
all items in the scale; therefore, category threshold values are estimated on an equal basis for all items.
In RSM, the response likelihood of an item is determined by location parameter and category threshold
parameter (Embretson & Reise, 2000).

Item response categories with different properties are analyzed with different measurement models
mentioned above, and model-data fit is assessed. In addition to the assessment of a model-data fit, it
is emphasized that the importance of including basic observations to determine to what extent the
model fits the psychological reality that underlies the responses (i.e., response format) (Samejima,
1996). For this reason, it is important to determine the characteristics of the analyzed item response
categories (whether the categories have a similar order for each item) and to what extent they fit the
psychological structure they are trying to measure, in terms of the reliability and validity of the
measurement results obtained.

A review of the literature showed that polytomous IRT models are widely used in analyzing
psychometric properties of Likert-type rating scales (de Ayala, Dodd, & Koch, 1990; Koch, 1983).
These models are also used for analyzing psychometric properties of measurement tools designed for
measuring affective skills such as self-esteem (Gray-Little, Williams, & Hancock, 1997), emotional
regulation (Rubio, Aguado, Hontangas, & Hernandez, 2007), self-identification (Flannery, Reise, &
Widaman, 1995), emotional intelligence (Cho, Drasgow, & Cao, 2015), subjective well-being (Baker
et al., 2000), self-reflection (Silvia, 2021), anxiety (Caycho-Rodriguez et al., 2021) as well as of those
for measuring cognitive skills (Min & Aryadoust, 2021). Few studies were found in our country which
employed polytomous IRT models for analyzing psychometric properties of measurement instruments
used for emotional skills. It was found that polytomous IRT models were used for developing and
adapting measurement tools like resilience scale (Yasar & Aybek, 2019), attitude scale (Demirtasl,
Yal¢in, & Ayan, 2016); however, the properties of item response categories were not analyzed in many
scale development and adaptation studies. This study focused on the importance of this issue and
elucidated how the studies could be conducted in practice by exemplifying through a scale in the
context of the use of polytomous IRT models in measuring constructs related to the affective domain
such as subjective well-being.

Positive Affect Scale (PAS) used in this study is designed similarly to the Positive and Negative Affect
Scale (PANAS; Watson, Clark, & Tellegen, 1988), but it is a five-point graded (1-5, with increments
of 1) Likert scale consisting of 14 positive affect items. These self-report constructs by which
individuals assess themselves are considered substantial individual differences’ variables for a long
time (Hattie, 1992). Determination and improvement of positive affects of individuals such as
subjective well-being, happiness, and resilience are among the main objectives of education
environments. The responses to polytomous scoring items used for analyzing affective characteristics
are based on subjective assessments by which individuals are assumed to select the categories which
describe them best. At this point, the satisfaction of the assumption that the order between response
categories in the scale used is the same for each item (e.g. evenness of threshold parameters between
1 and 2, 2 and 3, ...) and that the order between items refers to the same meaning is important for a
reliable interpretation of measurement results (Koch, 1983).

Purpose of the Study

The purpose of this study was to investigate response categories of rating items (from 1 to 5) in a 14-
item PAS scale developed to measure positive affects and to demonstrate the extent of
similarities/differences between these categories regarding the items. It was aimed to obtain an
estimation of item parameters for polytomous scoring items in PAS scale utilizing different
polytomous models, analyze model-data fit and make a comparative evaluation of the measurement
precision at different ability levels across the affect scale. Considering the polytomous response format
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of PAS and theoretical relationship between polytomous models and response processes, whether
category threshold parameters used for determining responses to the items were ordered in inter-item
was tested through GRM (Samejima, 1969), PCM (Embretson & Reise, 2000) and RSM (Andrich,
1978). Based on the requirements set out by each of these models, the validity of the assumption of
invariance of category threshold parameters for all items was analyzed using the data in practice.

METHOD

This study is designed as a descriptive comparative study that analyzed psychometric properties of the
PAS according to polytomous Item Response Theory models (Glass & Hopkins, 1984; Kaptan, 1995).

Study Group

The study group comprised 326 volunteer students (pre-service teachers) who studied at the Gazi
Faculty of Education in the academic year 2017-2018. The study group included 166 female (51%)
and 52 male (17%). The participants were in an age range of 19-35 years. Among these participants,
6 of them were 19 years old (1.8%), 77 were 20 years (23.6%), 92 were 21 years (28.2%), 24 were 22
years (24%), 7 were 23 years (2.1%), 3 were 24 (0.9%), 2 were 25 years (0.6%), 1 participant was 28
years (0.3%), 3 participants were 29 years (0.9%), 2 were 30 years (0.6%) and 1 participant was 35
years (0.3%) old. (Demographic information about the study group was obtained by a separate scale
and was not mandatory. Therefore, the values for those whose information could be reached were
presented.)

Data Collection Tools

The data used in this study come from a more comprehensive study called Emotion Ruler Field Study
(Kahraman, Akbas, & Sozer, 2019). Positive and Negative Affect Scale consists of 27 positive and
negative affects. The individuals were asked to mark the best describe them among the response
categories (from 1 for very slightly or not at all to 5 for extremely). According to the results of
Exploratory Factor Analysis (EFA) for factor structure of the scale, a Kaiser-Meyer-Olkin (KMO)
value was found to be 0.94. Chi-square (y2) statistic and the result of Bartlett’s test was statistically
significant (¥ (351) = 5605.97, p < .05). The data were found to have a two-factor structure with
eigenvalues of 11.13 and 3.53. The total variance explained by the factors was 51%. Confirmatory
Factor Analysis (CFA) results used for verifying factor structure showed that model-data fit was at an
acceptable level, and the scale had a two-factor structure (y? (294) = 838.76, RMSEA= .08, CFI = .87,
TLI=.86 and SRMR = .08). The results of Cronbach’s Alpha correlation coefficients showed that the
reliability for each factor was respectively for positive and negative affects .92 and .91.

In this study, the data came from positive affect items was employed. This sub-factor named PAS
consists of 14 items that ask individuals to mark one of the response categories (from 1 for very slightly
or not at all to 5 for extremely) for each item given to them. 14 positive affects included in the scale
are as follows (Table 1): Happy, peaceful, contented, open to communication, understanding,
motivated, resilience, strong, self-confident, determined, successful, optimistic, brave and energetic.
Descriptive statistics for items are given in Table 1. Analyses for the factor structure of PAS are
presented in the data analysis section.

Data Collection Procedure

Data for the PAS were collected from the participants through an online application. PAS consists of
self-report items whereby individuals are asked to choose one of the response categories appropriate
for them.
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Table 1. Descriptive Statistics for Positive Affect Scale

Items Mean S.D. Skewness Kurtosis rij*
1. Happy 3.17 0.95 -34 -.04 .68
2. Peaceful 3.03 1.08 -25 -.67 .63
3. Contented 2.98 1.06 -21 -58 .68
4. Open to communication 3.60 0.99 -.50 -.18 .58
5. Understanding 3.57 0.91 -41 -.07 51
6. Motivated 3.10 1.05 -.08 -.49 74
7. Resilience 3.52 0.99 -42 -.27 .68
8. Strong 3.48 1.05 -44 -41 .66
9. Self-confident 3.31 1.05 -.23 -42 .66
10. Determined 3.27 1.09 -.28 -.49 .66
11. Successful 3.22 1.00 -23 -13 .60
12. Optimistic 3.38 1.03 -.24 .-.54 .60
13. Brave 3.20 1.06 -12 .-.54 .63
14. Energetic 2.72 1.09 A7 -.62 .62

* rij = correlation values for item-total test score

Data Analysis

The data were analyzed using the “mirt” package (Chalmers, 2012) in the R (R Core Team, 2016)
program. Item parameters for PAS were estimated using GRM (Samejima, 1969), PCM (Embretson
& Reise, 2000) and RSM (Andrich, 1978). Descriptive statistics (mean, standard deviation) obtained
at the initial data analysis stage, and correlation values for item-total test score (r;;) are given in Table
1. Besides, the factor structure of the scale (unidimensionality assumption) was analyzed using EFA,
CFA and parallel analysis. The reliability coefficient for PAS was determined as a Cronbach’s o value
of .92. In the evaluation of model-data fit for factor analysis, RMSEA < .08 (Steiger & Lind, 1980);
SRMR <.08 (Brown, 2015); CFI > .90 (Hu & Bentler, 1999) and TLI > .90 criteria were considered.

An examination of descriptive statistics given in Table 1 shows that skewness and kurtosis coefficients
are in the range of £1. This points out a normally distribution of the data. In the second stage, IRT
models used in parameter estimation and model-data fit process are presented.

Unidimensionality assumption

Unidimensionality which is the fundamental assumption of unidimensional IRT models was analyzed
using EFA, CFA and parallel analysis. The KMO value was found to be 0.91, and according to
Bartlett's test result, ¥? value was significant (y? (91) = 2642,29, p < .05). The dimensionality of data
structure was examined using a scree plot (Figure 3), and a single-factor structure with an eigenvalue
of 6.85 was identified. Total variance explained by the factor was 49%, and factor loadings for the
items varied between .53 and .77.

Scree plot indicates a rapid decrease in the eigenvalue from the first to the second factor. This shows
that PAS had a dominant single-factor structure. At the end of CFA performed to verify factor
structure, it was confirmed that model-data fit was at an acceptable level and the scale had a single-
factor structure (y (74) =283.79, RMSEA = .08; CFI = .91, TLI = .88 and SRMR =.06).
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Figure 3. Scree Plot of the PAS Factor Structure

Parallel analysis

Parallel analysis generates random correlation matrices and conducts a factor analysis with these
matrices followed by a comparison of eigenvalues obtained through observation of real data with those
obtained from simulated data. The fact that eigenvalues obtained from real data are higher than
simulated data signals the existence of significant factors.

i —— PC Actual Data

Faktor ya da bilesenin dzdegeri

PC Simulated Data
PC Resampled Data
FA Actual Data

FA Simulated Data
FA Resampled Data

_________________

Faktor ya da bilesen sayisi
Note: FA Actual Data: Factor Analysis actual data; FA Simulated data: Factor Analysis simulated data; PC Actual Data:
Principal Component Analysis actual data; PC Simulated Data: Principal Component Analysis simulated data

Figure 4. Parallel Analysis Scree Plot

Red-dotted lines in Figure 4 indicate values for simulated data, and blue-dotted lines indicate values
for actual data. Blue dots derived from factor analysis up to the red line for simulated data (triangular
shape) show factors and components obtained from the data. As a result of the analysis, it was
concluded that a single-factor structure was provided.
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Local independence assumption

Local independence, given a constant ability level that affects test performance, means that
individuals’ responses to items are independent of each other. Local independence often occurs when
an item is an answer to another item or items depend on a scenario or reading text (DeMars, 2010).
Various statistics such as Yen’s Qs (1984) are suggested for analyzing local independence assumption.
The Qs statistic proposed by Yen takes into account the relationships between item pairs. First of all,
parameters for items and individuals are estimated through an IRT model that is fit for the data. After
the estimation of parameters, a residual matrix is formed using the residuals of each item, and
correlations between them can be analyzed (DeMars, 2010). If the local independence assumption is
confirmed, the items will be independent of each other given an ability level (6) condition.

It is stated by various studies that if the unidimensionality assumption is met, the local independence
assumption is also met (Embretson and Reise, 2000; Hambleton & Swaminathan, 1985). At this point,
it was verified by the results of factor analysis that items used in the study displayed a unidimensional
structure. Since the unidimensionality assumption was met, it was assumed that the local independence
assumption was also met.

Parameter estimation

In the second stage of the analysis, psychometric properties of response categories of 14 items were
analyzed using GRM, PCM and RSM. Brief information about the models used in the analysis is given
below.

Graded response model (GRM): GRM was used firstly for the estimation of item and test parameters.
GRM is appropriate to use when item responses can be characterized as ordered categorical responses.
The best advantage of GRM lies in that it provides more information about the ability of individuals
compared to dichotomous models. Polytomous items are categorically similar to dichotomous items,
but they have more than two response categories. These ordered categories have a k-1 boundary or
threshold parameters that separate the categories for an item with k ordered response categories. In
comparison with the probability of an individual to respond to any categories lower than a certain
category level, they attempt to determine the likelihood to respond to that category or to those above
that category (DeMars, 2010).

In the GRM, each scale item (i) is described by two parameters. First, the a; (discrimination) parameter
can be defined as the variation strength of response probability as a function of the latent trait (Rubio
et al., 2007). Second, b; (threshold parameter) refers to the level of latent trait, 6, at which, for each
category boundary, the probability of giving a positive response rather than a negative one to that
boundary is .5 (Embretson & Reise, 2000).

GRM requires a two-stage procedure to computing the category response probabilities (Embretson &
Reise, 2000). In the first step, the estimation of response probabilities involves the computation of k-
1 curves for each item of the form given in Equation 1.

. eDai(gj_bik)
Pik(ej) = 1+eD%@=bi) @

bik parameter, for each category boundary, is the level of the latent trait, 0, at which the probability of
giving a positive response rather than a negative one to that boundary is .5. Pj (6;) (operating
characteristic curve) refers to the probability of an individual with 6; to respond above a determined k
category boundary. In Equation 2, category characteristic curves are estimated in the second stage, and
they represent the probability of an examinee responding in a particular category conditional on trait
level. P;,(6;) refers to the probability of an individual under 6; condition to choose a k category of
item i (Embretson & Reise, 2000).

Puc(6;) = Pii(6;) — Pik+1y(6)) 2)
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In this study, the Marginal Maximum Likelihood (MML) method was used for the estimation of GRM
item parameters. In GRM, discrimination (slope) for each item and 4 threshold parameters for 5-point
response categories were estimated. It is assumed that inter-category threshold (b) parameters for each
item are ordered in GRM (Embretson & Reise, 2000).

Partial credit model (PCM): PCM was used secondly in the estimation of item and test parameters.
PCM (Muraki, 1992) was developed for items that require responses in multiple steps. It is also used
for the analysis of responses to items in scales that measure traits, in which two or more categorical
responses are possible such as personality traits (Embretson & Reise, 2000).

It is an extension of the Rasch Model, and raw scores are sufficient for the estimation of ability levels.
In this model, the individuals with the same raw scores are at the same ability level. Unlike GRM, the
discrimination (a;) parameter is assumed to be equal for all items. The likelihood of responding to a
category can be directly modelled. PCM is a divided-by-total or, as we term it, a direct IRT model
(Embretson & Reise, 2000). This means that the probability of responding in a particular category will
be written directly as an exponential divided by the sum of exponentials. Assume that item i is scored
x = 0...m; for an item with K; = m;+1 response categories. For x = j the category response curves for
the PCM can be written as in Equation 3.

P (6) = ©)

In PCM, different from GRM, step difficulty is defined instead of category threshold parameter. In
Equation 3, 39_,(6 — 6;;) = 0 terms are called the item step difficulty associated with a category
score of j. Step difficulty can be directly interpreted as the point on the latent trait scale at which two
consecutive category response curves intersect. Step difficulty can also be defined as the difficulty
parameter for passing from one category to the other (Embretson & Reise, 2000).

exp X7-o(6-6ij)
720 €xp X7_o(0-5ij)

MML method was also used in PCM for the estimation of item parameters. In PCM, since the
discrimination (slope) parameter is considered equal for all items, one discrimination parameter is
estimated for all items. k-1 step difficulty (b) estimation is obtained for an item with k ordered response
categories.

Rating scale model (RSM): It can be used when the items in the scale have the same response format
(Embretson & Reise, 2000). In this model, step difficulties of the PCM are defined by location
parameter that indicates the place of the item on ability scale and category threshold parameter between
consecutive categories. Each item has a single scale location parameter which reflects the difficulty or
easiness of the particular item. By the way, the scale location parameter indicates the distance of
averages of step difficulties across consecutive categories to zero. It is equivalent to a limited version
of PCM where category threshold parameters are equal across items. As is the case in PCM, item
discrimination (ai) parameters do not vary across items.

In RSM, the item discrimination parameter is considered equal for all items. k-1 category threshold
parameters (b) estimation is obtained for an item with k ordered response categories. Since the same
scale format is used for all items, category threshold parameters are assumed to be equal for all items.
Step difficulty, on the other hand, is defined as the sum of item-specific location parameters and
category threshold parameters. MML method was also used in RSM for the estimation of item
parameters.

In the RSM model, the step difficulties of the PCM are decomposed into two components, namely, |;
and d;, where dj; = (i + d;). The l; is the location of the item on the latent scale and the d; are the category
threshold parameters (Embretson & Reise, 2000). RSM is written as Equation 4.

exp{T7_o[0-(Ai+8)1}
TM o exp{T¥_[0-(Ai+5)]]

P(0) = (4)

In PAS with ordered and 5-point Likert type response categories, the same response categories (also
in the same number) are used for all scale items. Therefore, item and test parameters were analyzed
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using GRM, PCM and RSM in an attempt to determine the best fit model to be used for analyzing
psychometric properties of the scale.

Model - data fit

For assessment of model-data fit, -2loglikelihood values of polytomous model pairs were compared.
Firstly, a comparison was made based on GRM and RSM -2loglikelihood values, 2 value and degrees
of freedom. AIC and BIC values were also examined. Subsequently, GRM and PCM models were
compared. Also, standard error and parameter invariance was investigated. For measurement
precision, the amount of information provided by each item across different ability levels was
evaluated along with item information functions. The ordinal state of item response categories for each
item was examined employing graphical methods.

RESULTS

14 items in PAS were scaled using three different polytomous IRT models. Table 2 displays the model-
data fit statistics and Table 3 displays the amount of item information for each model.

Model-data fit was evaluated by comparing in model pairs of lower AIC, BIC and -2loglikelihood
values from the models. According to AIC and BIC values in Table 2, the models with the lowest AIC
values are GRM, RSM and PCM, respectively, while the models with the lowest BIC values are RSM,
GRM and PCM, respectively. These results show that GRM and RSM fitted the data better than PCM.

Table 2. Model-Data Fit Indexes for Polytomous IRT Models

Models AIC BIC e Degrees of freedom (df)
GRM 11454.84 11722.66 5763.32 70
RSM 11562.64 11631.51 5657.42 19
PCM 11575.21 11793.30 5730.61 57

Table 3 presents item and total test information amount and marginal reliability values derived from
different models. The highest amount of total test information was obtained from RSM. Other
information amounts were provided by GRM and PCM, respectively. Also, although the reliability
coefficient of all three models was close to each other, the highest reliability coefficient was obtained
with GRM with a value of .93. Firstly, the values obtained from RSM and GRM which provided the
highest amount of total test information were compared to -2loglikelihood, degrees of freedom (df)
and y? values. The number of parameters varies depending on the different models.

Table 3. Amount of Item and Total Test Information from Polytomous IRT Models

ltems GRM* PCM** RSM***
1. Happy 7.20 3.99 3.99
2. Peaceful 5.44 3.99 4.82
3. Contented 7.08 3.99 5.67
4. Open to communication 4.49 3.99 28.95
5. Understanding 3.70 3.99 22.20
6. Motivated 8.79 3.99 4.15
7. Resilient 6.90 3.99 15.56
8. Strong 6.33 3.99 11.52
9. Self-confident 5.73 3.99 5.08
10. Determined 5.57 3.99 4,53
11. Successful 4.76 3.99 4,14
12. Optimistic 4.64 3.99 6.81
13. Brave 4.89 3.99 4.05
14. Energetic 4.79 3.99 23.54
Total Information 80.35 55.98 145.08
Marginal Reliability 93 .92 .92

* GRM: Graded Response Model; **PCM: Partial Credit Model; ***RSM: Rating Scale Model
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According to RSM, a common a; parameter, (the number of categories (5) - 1 = 4) category threshold
parameters and location parameters for each item were estimated, and the degrees of freedom is (19).
In GRM, the a; parameter for each item and (the number of categories (5) — 1 = 4) category threshold
parameters for each item were estimated, and the degrees of freedom was determined as (70).
According to this, ¥ (70, 19) = 5763.32 - 5657.42 = 105.9 and approximate table ¥ value, % (51, .05)
= 67.50. The difference between the -2loglikelihood %2 values from model pairs was found to be
significant. Therefore, it can be concluded that GRM is more appropriate for the data.

Secondly, the difference in -2loglikelihood y%? values obtained from GRM and PCM was compared
with y? statistic using the .05 significance level and degrees of freedom. While the degrees of freedom
was determined as (70) for GRM; in PCM, a common a; parameter for each item and (the number of
categories (5) — 1 = 4) category threshold parameters were derived for each item, and the degrees of
freedom was determined as (57). In this case, y? (70, 57) = 5657.42 — 5730.61 = -73.19 and,
approximate table y? value, y? (13; .05) = 22.36. The difference between the -2loglikelihood y? from
model pairs is not significant. This indicates that there is no difference between GRM and PCM.
Furthermore, in GRM, the reliability and maximum information values were found to be .93 and 80.35,
respectively with a lower AIC value. As a result of model pair comparisons, it was determined that
GRM fits the data better, and parameter estimations were performed using GRM. Using GRM, a;
parameter (discrimination) for each item and 4 threshold parameters for 5-point response categories
were estimated. Table 4 shows estimated parameters for PAS items.

In GRM calibration, 70 parameters were estimated. Item discrimination parameter refers to the item’s
power of sorting individuals based on their abilities across latent trait scale. The discrimination level
of items is classified as; very low 0.01-0.34, low 0.35-0.64, medium 0.65-1.34, high 1.35-1.69 and
very high above 1.70 (Baker, 2001). Item discrimination (a;) parameters for 14 items vary between
1.25 and 2.66 and with item 6 having the highest and item 5 having the lowest level. Accordingly, it
is understood that discrimination values of items are of medium and high levels. In the context of data
structure, the a; parameter can be considered as the numerical value of the psychological uncertainty
of an item (Roskam, 1985). Higher a; parameter values indicate that the item has a well-defined and
clear meaning (Ferrando, Lorenzo, & Molina, 2001). As a result, it was concluded that 14 items in the
scale were well-defined items with high discrimination.

Table 4. Estimated Item Discrimination and Category Threshold Parameters According to GRM

Items ai (se) bi(se) ba(se) bs(se) ba(se)
1. Happy 2.21(.20) -1.94(.15) -1.06(.18) 0.38(.12) 2.03(.44)
2. Peaceful 1.83(.17) -1.75(.15) -0.70(.15) 0.40(.11) 2.14(.34)
3. Contented 2.25(.21) -1.58(.12) -0.68(.14) 0.48(.11) 2.00(.22)
4. Open to communication 1.55(.16) -2.92(.30) -1.57(.29) -0.30(.23) 1.36(.40)
5. Understanding 1.25(.14) -3.71(.46) -1.97(.40) -0.26(.32) 1.82(.62)
6. Motivated 2.66(.24) -1.77(.12) -0.76(.16) 0.40(.11) 1.56(.03)
7. Resilient 2.18(.20) -2.42(.19) -1.30(.23) 0.13(.18) 1.27(.50)
8. Strong 2.08(.19) -2.27(.18) -1.14(.21) -0.12(.16) 1.27(.47)
9. Self-confident 1.92(.18) -2.18(.17) -1.07(.20) 0.19(.14) 1.44(.68)
10. Determined 1.92(.18) -1.98(.16) -0.99(.18) 0.19(.13) 1.48(.71)
11. Successful 1.64(.16) -2.23(.20) -1.21(.21) 0.41(.14) 1.83(.20)
12. Optimistic 1.58(.15) -2.70(.26) -1.21(.24) 0.10(.19) 1.56(.59)
13. Brave 1.68(.16) -2.25(.19) -0.94(.19) 0.39(.15) 1.70(.89)
14. Energetic 1.67(.16) -1.56(.13) -0.30(.11) 0.94(.21) 2.26(.92)

Note: aj = item discrimination; se = standard error; bi = category threshold

bik parameters (bir and bis) show the position of items in the latent trait (ability) scale. For example, for
item 1, by; = -1.94 refers to the ability level required to respond to category 1 and above with a
likelihood of .50. bis = 2.03 refers to the ability level required to respond to category 5 with a likelihood
of .50. It is seen that along the latent trait scale, first category threshold parameter values were
distributed around -2, second category threshold parameter values around -1, third category threshold
parameter values around 0, and fourth category threshold parameter values were distributed around
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1.5. This indicates that the scale better differentiates people across with the latent trait scale. Also,
category threshold parameter values displayed a hierarchical increase along the ability scale.
According to the results, it is understood that it is suitable to use GRM for measuring the psychometric
properties of PAS.

Figure 5 presents category threshold parameters estimated for 14 items. a; (discrimination) parameters
obtained in GRM are treated as random effects. Since each item has its discrimination parameter value,
graph lines belonging to the category threshold are not parallel to each other. However, it is seen in
Figure 5 and Figure 6 that category threshold parameters of 14 items are ordinal for each item.
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Figure 5. Order of Category Threshold Values for 14 Items Estimated by GRM

Figure 5, horizontal axis denotes 14 items and the vertical axis denotes ability (0) scale. It is apparent
in Figure 5 that category threshold parameters for the items of PAS are in a hierarchical order. In
Figure 6, it is exemplified through item 2 and item 6 given that category threshold parameters are
ordered based on item.
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Figure 6. Item Response Category Characteristic Curves for Item 2 and Item 6
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In Figure 7, item information functions are given for three items with high (Item 6), medium (ltem 2)
and low discrimination (Item 5) level. Figure 7 indicates how different discrimination (slope) values
affect measurement precision throughout the ability scale. Accordingly, Item 6 with a high
discrimination value provided more information than Item 2 and Item 5 all along the scale.
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Figure 7. Item Information Curves with Low (Item 5), Medium (Item 2) and High (Item 6) Information
Level

Figure 8 shows the relationship between the total test information of PAS based on GRM and the
standard error. The amount of information obtained through the ability scale seems to be higher at the
ability level within the interval of (-2< 6 <+2). The figure also shows that standard error estimation is
also lower in this ability level interval. It indicates that the amount of maximum information is
provided by the scale around the ability level 6 = (-1.40).

Test Information and Standard Errors
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Note: 0 = Latent trait scale (ability scale), blue line indicates total test information function (I(0)), and the pink line indicates
standard error (SE(0)).

Figure 8. Test Information and Standard Errors for PAS Based on GRM

The sample was randomly divided into two groups to test parameter invariance and, then item
discrimination and category threshold parameter values were estimated for each sub-group.
Correlation between item discrimination values (a;) from the two sub-groups is r = .81 (p < .01).
Correlations between category threshold (bik) values were found to be biz = 0.90, bi;= 0.96, bi;= 0.97,
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bi.= 0.83 (p < .01), respectively. The results showed that the correlation values for parameters
estimated from different samples were high; in other words, they were analogous, proving that
parameter invariance was ensured.

DISCUSSION and CONCLUSION

The review of the literature on scaling reveals that there are many studies of cognitive test structures
under IRT models. However, it is a fact that use of IRT-based models in developing scales for
measurement of affective traits is relatively limited in our country (Demirtash et al., 2016). The
purpose of this study was to investigate whether category threshold parameters, which are used to
determine responses to Likert-type polytomous items in measurement tools used particularly for
measuring affective traits, were ordered within the items. Responses to polytomous items in Likert-
type measurement tools assume that individuals choose the categories which best describe their states.
However, differences may occur between assessments as individuals use different decision-making
processes when making such decisions. It is important to employ appropriate methods and techniques
for developing measurement tools to catch up with this variance between subjective assessments
(Wang et al., 2006). The extent to which a psychological construct intended to be measured is
represented by response categories of a measurement tool is very important in terms of psychometric
properties. This study aimed to test the psychometric properties of the Positive Affect Scale used to
determine positive affects across item response categories. The fact that item response categories in
the scale are ordered for each item and have similar meanings is of importance for using and
interpreting the results of the scale (Messick, 1995).

The ability levels required to respond to each category of each item are estimated separately for
measurement tools scaled with IRT models. This allows achieving more reliable and valid results for
the measurement of individual differences. The extent of fitness of response format in a measurement
tool for the psychological reality which it intends to measure also affects the validity of measurements
(Baker et al., 2000). Therefore, selecting the suitable model for the data is important for the
interpretability of the inferences from the results. In this study, Samejima’s GRM, PCM, and RSM
were used for analyzing psychometric properties of item response categories. Results from different
IRT models for scaling provide various information about categories. Psychometric properties of item
response categories of Likert-type scale items within the scope of this study were evaluated to model-
data fit within the context of specific parameters of each model. In particular, the analysis of inter-
category psychometric properties of polytomous items used for measuring affective traits will also
contribute to the significance of inferences from measurement results. Results based on different
models which ensured model-data fit provide different information about the properties of categories.

Application data were used in this study, and the comparability of item parameters of 14-item PAS
subject to the application was analyzed using polytomous IRT models. Model comparisons were made
to determine the best fit IRT model for PAS items. As a result of analyses, GRM had to the best fit.
Since the maximum amount of information provided by GRM and reliability of GRM is higher and its
AIC value is lower, parameter estimations were made according to GRM in the analysis of
psychometric properties. Similar results were obtained in various studies which examined
psychological properties. In the study by Rubio et al. (2007), results that correspond to those of GRM
were obtained in the analysis of psychometric properties of emotional adaptation scale, Rosenberg
self-esteem scale (Gray-Little et al., 1997). GRM has been frequently used in the analysis of
psychometric properties of measurement tools applied for analyzing response categories for positive
and negative affects (Baker et al., 2000) and various affective traits (Chernyshenko, Stark, Chan,
Drasgow, & Williams, 2001; Demirtash et al., 2016; Kose, 2015).

Item discrimination parameters (a;) for 14 items estimated based on GRM varied between the values
of 1.25 and 2.66. Accordingly, the items had discrimination values of medium and high level. In the
analysis, 4 category threshold parameters were estimated for each item. It is seen that along the ability
scale, first category threshold parameter values were distributed around -2, second category threshold
parameter values around -1, third category threshold parameter values around 0 and fourth category
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threshold parameter values around 1.5. This shows that the scale well-distinguished people at different
ability levels along the latent trait scale.

The information from test and item information functions proved to be higher at the ability levels in (-
2 <0 <+2) interval. The sample was randomly divided into two groups to test parameter invariance,
and item parameters were estimated through these groups. Findings support that item parameter
invariance was attained.

In scale development or adaptation studies and studies in which measurement tools that intend to
measure psychological characteristics are used (in particular for measurement tools used for measuring
affective traits), when, in general, evaluating whether measurement tool provides factor structure,
analysis of properties of item response categories is often ignored. However, rating level and
psychometric properties of item response categories are also important for determining to what extent
the measurement tool represents the construct it intends to measure. At this point, the fact that category
threshold values are in acceptable intervals for each item and that observed category threshold values
are comparable across items indicates that the information obtained from the items can be used in the
same way. In computing total scores, it is relatively important that the extent of comparability of a
response to an item, for example, a response of 4, with a response of 4 given to another item or the
extent of equivalence of the distance between responses of 3 and 4 in an item to the corresponding
distance in another item. This study focused on these questions and highlighted the importance of
computation of item parameters for measurement tools comprising items that use an ordinal rating
scale. It is suggested that model-data fit and item parameters should be studied in detail using models
like GRM for ordinal rating scales such as 3-point or 5-point scales.

It is possible to determine at which levels the scale provides more information by obtaining more in-
depth information on ability levels upon provision of detailed information on the measurement tool.
For future studies, it may be an option to incorporate additional items that will provide more
information, particularly on the ability levels for which the scale provided little information. Moreover,
ensuring model-data fit for a measurement tool scaling based on IRT allows the estimation of invariant
parameters of the scale even if it is applied to different groups. This will provide valid and reliable
measurement results in comparisons for the results of the same measurement tool applied to different
study groups.
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Ayni Tepki Kategorilerine Sahip Likert Maddelerin Psikometrik
Ozelliklerinin Cok Kategorili Madde Tepki Kurami Modelleri ile
Incelenmesi

Girig

Olgme araglarinda yer alan ¢ok kategorili (polytomous) Likert tipi puanlanan maddelere verilen
cevaplar, bireylerin durumlarmi en iyi tamimlayan kategorileri segtikleri varsayimiyla, 6znel
degerlendirmelerine dayanmaktadir. Yapilan bu 6znel degerlendirmelere gore bireyler, karar verme
sireglerinde farkli kriterlere gore durumlarini degerlendirerek cevap vermektedir. Bireyler arast bu
oznel karar verme farkliliklarmi tanimlamak &lgekleme igin oldukga onemlidir. Oznel
degerlendirmelerdeki bu varyansi yakalayabilmek igin 6l¢me araglarinin uygun yontem ve teknikler
ile incelenmesi 6nemlidir (Wang, Wilson, & Shih, 2006). Ciinkii bireylerin 6l¢ek maddelerine verdigi
tepkilerden en dogru ve kullanigh bilgiler ortaya ¢ikarmak 6lgme ve degerlendirmenin en temel
amaclarindandir (Wu & Adams, 2006). Olgme modellerindeki yeni gelismeler ve yaklasimlar ile
6lgme uygulamalarindaki hatalarin azaltilmasi, dogrulugun ve etkililigin arttirilmasi hedeflenmektedir
(Baker, Rounds, & Zevon, 2000). Bu baglamda kisilik ozellikleri gibi psikolojik yapilarin
degerlendirilmesinde kullanilan farkli cevap formatlarma sahip O6lgme araclarmin psikometrik
Ozelliklerinin degerlendirilmesi icin ¢ok kategorili Madde Tepki Kurami (MTK) modelleri
gelistirilmistir. MTK modellerine gore dlgeklendirilen test ve dlgekler ile her bir maddenin her bir
kategorisine cevap vermek i¢in gerekli olan yetenek diizeyinin ayr1 ayr kestirimi saglanmaktadir. Bu
da bireysel farkliliklarm 6l¢iimii baglaminda daha giivenilir ve gegerli sonuglarin elde edilmesine
neden olmaktadir. Bir dlgme aracinda kullanilan cevap formatinin 6lgmeye calistigi psikolojik
gerceklige ne derece uygun oldugu, O6lgme aracindan elde edilen Olglimlerin gegerligini de
etkilemektedir (Baker ve digerleri, 2000). Dolayistyla kullanilan veriye uygun bir modelin se¢ilmesi
sonuglardan elde edilecek ¢gikarimlarin anlamliligi i¢in 6nem tagimaktadir.

Psikolojik 6zellikleri 6lgen 6l¢me araglart genelde ¢ok kategorili cevap formatina sahip maddelerden
olusmaktadir. Bu maddelerin incelenmesinde kullanilan ¢ok kategorili puanlanan MTK modelleri,
cevaplayicinin yetenek diizeyi ile belli bir kategoride tepki verme olasiligi arasinda dogrusal olmayan
iligkiler kuran modellerdir (Embretson & Reise, 2000). Cok kategorili modeller, madde
agirliklandirmalarinda farkli madde ayirt edicilik degerlerinin kullanilmasi, her bir yetenek diizeyinde
Olgme hatasi kestiriminin yapilmasi ve birey ve maddeler i¢in parametre degismezliginin elde
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edilmesini saglamaktadir (Lord, 1980). Bir 6lgegin dlgmeye ¢alistig1 yapinin kendini temsil eden tepki
kategorilerine nasil ayrildigi, o 6l¢egin giivenirligini etkilemektedir (Linacre, 2002). Esit aralikli veya
siralama diizeyi gibi farkli 6zelliklere sahip tepki kategorileri MTK icinde yer alan ¢ok kategorili
modeller ile incelenebilmektedir. Farkli 6zelliklere sahip madde cevap (tepki) kategorileri, Asamali
Tepki Modeli (ATM; Samejima, 1969), Kismi Puanlama Modeli (KPM; Embretson & Reise, 2000)
ve Dereceli Olgekleme Modeli (DOM; Andrich, 1978) gibi 6lgme modelleri ile incelenmekte ve
model-veri uyumlart degerlendirilmektedir. Bir modelin veriye uygunlugunun degerlendirilmesinin
yaninda, modelin yanitlarin altinda yatan psikolojik gerceklige (yani, yanitlarin formati) ne kadar
uygun olduguna dair temel gdzlemlerin de dahil edilmesinin 6nemi vurgulanmaktadir (Samejima,
1996). Bu nedenle, incelenen 6lgme aracinin kategorilerine ait 6zelliklerin neler oldugu (her madde
icin kategorilerin benzer bir siraya sahip olup olmadigi) ve 6lgmeye calistig1 psikolojik yapiya ne denli
uygun oldugunun belirlenmesi, elde edilen dlgme sonuglarinin giivenirlik ve gecerligi acgisindan
onemlidir. Bu ¢alismanin amaci pozitif duygu durumlarinin 6lgiilmesi i¢in gelistirilen 14 maddelik bir
Pozitif Duygu Durum (PDD) 6lgeginin igerdigi derecelendirilmis (1°den 5’e kadar) maddelerin tepki
kategorilerini ve bu kategorilerin maddeler arast ne derece benzerlik/farklilik gosterdigini
incelemektir. Bu amagla, PDD o6lgeginde yer alan ¢ok kategorili puanlanan maddelerin madde
parametrelerinin kestiriminin farkli modeller ile elde edilmesi, bu modeller i¢in hesaplanan model-
veri uyumunun incelenmesi ve duygu durumu 6l¢egi boyunca farkli yetenek diizeylerinde elde edilen
Olciimlerin 6lgme kesinliginin karsilastirmali olarak degerlendirilmesi amaglanmistir. PDD 6l¢eginin
cok kategorili cevap formatina sahip olmasi ve ¢ok kategorili modellerle cevaplama siiregleri
arasindaki teorik iligki dikkate alindiginda, dlgekte yer alan maddelere verilen tepkileri belirlemede
kullanilan kategoriler arasi esik (threshold) parametrelerinin maddeler i¢i sirali olup olmadigit ATM,
KPM ve DOM ile calisilmis ve bu modellerin her birinin 6ngdrdiigii kosullar iizerinden, maddeler igin
varsayilan kategori esik parametrelerinin olgekteki tiim maddeler igin degismezligi varsayiminin
gecerliligi, uygulamada bu 6l¢ek i¢in toplanan veriler kullanilarak incelenmistir.

Yontem

Bu calisma, PDD 6lgegi’nin psikometrik o6zelliklerinin MTK modellerine goére incelendigi
karsilagtirmali betimsel bir ¢alismadir. Uygulama verisinde 326 goniillii tiniversite 6grencisi yer
almaktadir. Bu ¢alismada kullanilan veriler Duygu Cetveli Alan Uygulamasi (Kahraman, Akbas, &
Sézer, 2019) olarak adlandirilan daha genis kapsamli bir ¢alismadan gelmektedir. Calisma verilerinin
elde edildigi PDD olgegi, bireylerden her madde i¢in kendilerine verilen cevap kategorilerinden (ki¢
veya ¢ok az igin 1’den ¢ok i¢in 5’¢ kadar) birini isaretlemelerini isteyen 14 maddeden olugmaktadir.
Olgekte yer alan 14 pozitif duygu durumu su sekildedir: Mutlu, huzurlu, memnun, iletisime agik,
anlayish, motive, dayanikli, giiglii, 6zgiivenli, azimli, basarili, iyimser, cesur ve enerjik. Verilerin
analizi R (R Core Team, 2016) programinda “mirt” paketi (Chalmers, 2012) kullanilarak
gerceklestirilmistir. PDD dl¢eginden elde edilen verilerin analizinde ATM, KPM ve DOM kullanilarak
madde parametre kestirimleri yapilmistir. Verilerin analiz asamasinda elde edilen betimleyici
istatistikler (ortalama, standart sapma) ve madde-toplam test korelasyon degerleri (rjj) incelenmistir.
Bununla birlikte 6lgegin faktdr yapisi (tek boyutluluk varsayimi) A¢imlayici Faktor Analizi (AFA),
Dogrulayici Faktér Analizi (DFA) ve paralel analiz ile incelenmistir. Olgegin giivenirlik katsayist
Cronbach’s a = .92 olarak belirlenmistir.

Sonuc ve Tartisma

Madde Tepki Kurami modellerinin temel varsayimlar1 olan tek boyutluluk ve yerel bagimsizlik
incelendiginde, Olgegin faktdr yapisina iliskin yapilan analizler sonucunda Slgegin tek boyutlu bir
yapiya sahip oldugu belirlenmistir. Tek boyutluluk varsayiminin saglanmasi durumunda yerel
bagimsizlik varsayiminin da saglanacagi cesitli ¢aligmalar tarafindan belirtilmistir (Embretson ve
Reise, 2000; Hambleton & Swaminathan, 1985). Bu noktada, calisma kapsaminda kullanilan
maddelerin tek boyutlu bir yap1 gosterdigi faktor analizi sonuglarina gore dogrulanmustir. Tek
boyutlulugun saglanmasi nedeniyle yerel bagimsizlik varsayiminin da karsilandigi varsayilmstir.
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PDD o6l¢eginde yer alan 14 madde, ii¢ farkli cok kategorili MTK modeli kullanilarak analiz edilmis,
model-veri uyum istatistikleri ve her modele gore elde edilen madde bilgi miktarlari incelenmistir.
Model-veri uyumu daha diisiik AIC, BIC degerleri ve modellerden elde edilen -2loglikelihood
degerlerinin  ¢iftler halinde karsilagtirilmas1 ile degerlendirilmistir. Model-veri  uyumu
karsilastirmalarina gore, ATM ve DOM modellerinin veriye daha iyi uyum sagladigi gdzlenmistir.
Madde ve toplam test bilgi miktarlar ile farkli modellerden saglanan marjinal giivenirlik degerleri
incelendiginde en fazla bilgi miktarinin DOM’den elde edildigi gdzlenmistir. Bununla birlikte en
yiiksek giivenirlik katsayisi .93 olarak ATM modelinden elde edilmistir. Bu noktada -2loglikelihood,
serbestlik dereceleri ve y? degerlerine gore ciftler halinde model karsilastirmalar1 yapilnugtir. Ikili
model karsilagtirmalari sonucunda ATM modelinin veriye daha iyi uyum sagladigi sonucuna
ulasilmistir. ATM ile her madde i¢in &; parametresi (ayirt edicilik) ve 5°li tepki kategorileri i¢in 4 esik
parametresi kestirilmistir.

Asamal1 Tepki Modeli’ne gore elde edilen 14 maddeye ait a; parametreleri 1.25 ve 2.66 degerleri
arasinda degismektedir. Buna gore, maddelerin orta ve yiiksek diizeyde ayirt edicilik degerlerine sahip
oldugu goriilmektedir. Analizde her madde icin 4 kategori esik parametresi kestirimi yapilmustir.
Yetenek dlcegi boyunca birinci kategori kesisim parametre degerleri -2 etrafinda, ikinci kategori
kesisim parametre degerleri -1, li¢iincii kategori kesisim parametre degerleri 0 ve dordiincii kategori
kesisim parametre degerleri 1.5 etrafinda dagildigi goriilmektedir. Bu da 6lgegin, bireyleri yetenek
0lcegi boyunca farkli yetenek diizeylerinde iyi bir sekilde ayirdigini géstermektedir. Test ve madde
bilgi fonksiyonlari ile 6lgekten elde edilen bilginin (-2 < 0 < +2) araligindaki yetenek diizeylerinde
daha fazla oldugu goriilmektedir. Parametre degismezliginin incelenmesi i¢in drneklem tesadiifi olarak
ikiye ayrilmis ve madde parametreleri bu gruplar {izerinden kestirilmistir. Elde edilen bulgular, madde
parametre degismezliginin saglandigim desteklemektedir.

Olgek gelistirme veya uyarlama ¢alismalarinda ve psikolojik ozellikleri 6lgmeye calisan Slgme
araglarmin kullanildigi calismalarda (6zellikle duyussal becerilerin Olglilmesinde kullanilan 6lgme
araglar1 i¢in) genellikle 6l¢me aracinin faktor yapisini saglayip saglamadigi degerlendirilirken madde
tepki kategorilerinin 6zelliklerinin incelenmesinin genelde ihmal edildigi goriilmektedir. Oysaki
Oleme aracinin Olgmeye calistigi yapiyr ne derece temsil ettiginin belirlenmesinde madde tepki
kategorilerinin dereceleme diizeyi ve bu kategorilerin psikometrik 6zellikleri de 6énem tagimaktadir.
Bu noktada, hesaplanan kategori esik parametrelerinin her madde icin kabul edilebilir araliklarda yer
almasi ve gozlenen kategori esik degerlerinin maddeler arasi karsilagtirilabilir olmasi, maddelerden
elde edilen bilginin aym sekilde kullanilabilir oldugunu gostermektedir. Toplam puanlarin
hesaplanmasinda, bir maddeye verilen, 6rnegin, 4 cevabinin, diger bir maddeye verilen 4 cevabi ile ne
kadar karsilagtirilabilir veya bir maddedeki 3 ile 4 cevabi arasindaki mesafenin bir diger maddedeki
ayn1 mesafeye ne kadar denk oldugu olduk¢a 6nemlidir. Mevcut ¢alisma bu sorulara odaklanmakta ve
siralama Olcegi kullanan maddelerden olusan Olgme araglart icin de madde parametrelerinin
hesaplanmasimin  6nemli oldugunun altin1 ¢izmektedir. Onerilen, 3'li, 5'li gibi sirali cevap
kategorilerini kullanan maddelerden olusan 6lgekler i¢in ATM gibi modeller ile model uyumu ve
madde parametrelerinin detayli bir bicimde ¢alisiimasidir.

Olgme aracina iliskin ayrmtil bilgilerin saglanmast ile yetenek diizeylerine iliskin daha derinlemesine
bilgiler elde edilerek 6l¢egin hangi diizeylerde daha fazla bilgi sagladigi belirlenebilmektedir. Gelecek
aragtirmalarda kullanilacak 6lcege, 6zellikle daha az bilgi sagladig1 yetenek diizeyleri i¢in daha fazla
bilgi saglayabilecek maddelerin eklenmesi diisiiniilebilir. Ayn1 zamanda, MTK’ya dayal dl¢ekleme
yapilan bir dlgme aracinin model-veri uyumunun saglanmasi dlgegin farkli gruplarda uygulansa da
degismez parametre kestirimlerinin elde edilmesini saglamaktadir. Bu durum, farkli calisma
gruplaria uygulanan ayni 6lgme aracinin sonuglarina yonelik yapilacak karsilastirmalarda gegerli ve
giivenilir 6lgme sonuglarinin elde edilmesini saglayacaktir.
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