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Abstract

The goal of this research is to explore the Likert scale questions using two
distinct methods: Classical Test Theory and Item Response Theory. By
comparing the results of these approaches, the study aims to address the
question: "Do the outcomes from these two methodologies align, or do they
contradict each other?" The research design followed a descriptive methodology
and utilized secondary analysis techniques. The study population consisted of
977 junior high school students. After the data screening process, the final
sample size for analyzing extraversion items was 783 students, 763 students for
openness items, and 784 students for conscientiousness items. The research
instruments were the three subscales of extraversion, openness, and
conscientiousness from the Neo Personality Test. The statistical analysis
yielded results indicating that a strong internal consistency among items
enhanced the accuracy and validity of outcomes derived from the graded
response model. However, when items exhibit low internal consistency, caution
should be exercised, as the model may vyield erroneous thresholds or
discrimination coefficients (i.e., false negative or positive). Overall, combining
multiple methods of statistical analysis can significantly contribute to more
effective analysis and obtaining highly accurate results.
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1. Introduction

In the field of psychometrics, the study of the relationship between a
continuous latent variable and a categorical observed variable is
referred to as Item-Response Theory (IRT) (Ostini & Nering, 2006).
Unlike the Classical Test Theory (CTT), which focuses on the overall
score, IRT is significant as it emphasizes the analysis of items
individually. Concentrating on the item level allows for the
development, revision, and optimization of scales tailored to specific
applications (Baker, 2001; De Ayala, 2013; Embretson & Reise, 2000;
Hambleton et al., 1985). In this study, our focus is on exploring
polytomous items with Likert scale from both the perspective of Item-
Response Theory (IRT) and Classical Test Theory (CTT). The primary
objective of this research is to compare the outcomes generated by the
two approaches — Item-Response Theory (IRT) and Classical Test
Theory (CTT) — and determine whether their results align or conflict
with one another. A secondary yet practical aim is to introduce
polytomous IRT models to researchers, aiming to facilitate a better
comprehension and accurate interpretation of the concepts and
outcomes associated with these models. Additionally, the study seeks
to address the challenge of understanding polytomous models and their
limited applications in a predominantly dichotomous item context.

2. Literature Review

The Graded Response Model (GRM), introduced by Muraki in 1990, is
extensively employed in the analysis of Likert scale items. GRM is also
known as the Reduced Graded Response Model (R-GRM) or the
Parsimonious, Constrained, or Modified Model. The primary
distinction between the Graded Response Model (GRM) and the
reduced model, the Reduced Graded Response Model (R-GRM), lies in
the estimation of discrimination indices. In the R-GRM, a single
discrimination index is computed for all items with the assumption of
equal discrimination indices across all items. In contrast, the GRM
estimates a unique discrimination index for each individual item,
allowing for more precise analysis. Both GRM and R-GRM are suitable
for analyzing items on a Likert scale (Toland, 2014).

The Graded Response Model (GRM) extends the two-parameter
model used for items with multiple ordinal response options. Unlike the
two-parameter model, GRM assigns a unique slope parameter to each
item, providing more nuanced insights. Furthermore, GRM
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distinguishes itself from the two-parameter model in terms of the
computation of discrimination index. In contrast to the two-parameter
model, which estimates the difficulty parameter, Graded Response
Model (GRM) instead calculates the threshold. For each item, the
number of thresholds is equal to the total number of categories minus
1. In the Reduced Graded Response Model (R-GRM), a uniform
discrimination parameter is estimated for every item. The primary
advantage of the R-GRM (Reduced Graded Response Model) model is
that it is more parsimonious, as it lessens the total number of parameters
required for estimation. However, this simplification implies the
assumption that the relationship between the latent trait and each item
remains uniform.

3. Methodology

The participants in this research comprised 977 first-year high school
students who had previously completed the Neo test. The intended
analysis represents a secondary analysis since the data was already
collected for another purpose. All available information was considered
for analysis, and no additional data sampling was conducted. During
the data screening process, certain participants with item nonresponse
were excluded from analysis due to the limitations of item-response
models. Separate screening was performed for each personality trait to
ensure an accurate representation and reliable evaluation. The analysis
of extraversion items was based on the data of 783 participants, while
the analysis of openness to experience items was conducted using the
information of 763 individuals. Similarly, the analysis of
conscientiousness items was carried out utilizing the data of 784
subjects. The research was conducted using 3 subscale items of the
NEO personality questionnaire, specifically focused on extraversion,
openness to experience, and conscientiousness. These subscales were
selected because they showcased varying Cronbach's alpha
coefficients, permitting the researcher to effectively pursue the
objectives of the study.

The alpha coefficient of the openness characteristic amounted to
0.234, indicative of very weak internal consistency amongst the items
in this set. The alpha coefficient for extraversion reached 0.527,
denoting an averageinternal consistency within the items in this
category. In stark contrast, the alpha coefficient for conscientiousness
was considerably higher, at 0.759, demonstrating high internal
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consistency amongst the items within this category. The presented data
analysis comprises 3 distinct sections, each delving into the following
aspects: (1) the analysis of openness items, where the lowest internal
consistency was found, (2) the analysis of extraversion items, with an
average internal consistency, and finally (3) the analysis of
conscientiousness items, which displayed the highest internal
consistency. Each section incorporates descriptive information, along
with CTT and IRT-based analyses.

Within the section dedicated to descriptive information, the
following aspects are detailed: (1) the frequency percentage
corresponding to each option response, (2) the average (mean) and
dispersion (standard deviation) of each subscale, as well as (3) the mean
for each item. In the context of dichotomous items, the mean can be
considered an approximate representation of the difficulty index.
Analysis within this section was conducted using SPSS software. The
examination of items via CTT involves calculating the internal
consistency coefficient, with Cronbach'’s alpha serving as the metric for
this purpose. Additionally, the correlation between each item and the
overall score (which can be taken as the discrimination index for
dichotomous items) is reported, alongside the alpha coefficient in the
event of removing each individual item. In the section pertaining to the
analysis of IRT on Likert scale items, the Graded Response Model
(GRM) proposed by Simjima was utilized. Before carrying out the
analysis, a comparison between the fit of the GRM and the R-GRM was
performed using the Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), and LRT index, the full report of which
can be found in Table 1. For all three subscales, the GRM was deemed
superior to its reduced model, exhibiting a more favorable fit with the
data. Therefore, all subsequent analyzes

4. Conclusion
In summary, it is evident that the presence of weak items significantly
enhances the likelihood of errors and can lead to erroneous conclusions
when employing IRT-based analyzes. Our observations align with this,
as seen in the case with openness, where items with very low alpha
coefficients and weak or even negative correlations between items were
found.

Furthermore, the threshold levels encountered in the items of this
collection reach seemingly implausible values such as 11 and 10, which
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deviates from the typical range reported by Baker (2001). Generally,
latent trait scores and threshold parameters are usually confined
between -2 and 2, and even values spanning from -3 to 3 may not be
entirely unreasonable. Values beyond this range, however, are atypical
and might indicate potential issues with the items or less meaningful
responses.

Therefore, employing a scale with suboptimal psychometric
qualities (characterized by poor accuracy across or at certain locations
along the continuum of the latent trait for items) can compromise the
interpretation of potential score inferences, and if utilized as an output
variable in a statistical analysis, it may lead to a decrease in the validity
of statistical conclusion inferences (Kang & Waller, 2005). The
research findings of Zamanpour et al. (2018) further support the notion
that if the unidimensionality assumption is rigidly adhered to, the items
determined to be suitable in both analyses will be identical.
Consequently, if all the assumptions are fulfilled and the items exhibit
satisfactory psychometric properties, there should be minimal
difference between the two types of analyses. Nevertheless, IRT
analyzes offer more thorough and nuanced information. For instance,
in the analysis of conscientiousness items, the superiority of IRT
models was confirmed. This superiority was attributed to the fact that
information regarding the information functions of these items was
unattainable through CTT analysis alone. In the analysis of
conscientiousness items, while the CTT approach demonstrated all
appropriate conditions and there was no evidence of any issues, IRT
analysis revealed that these items were incapable of detecting
individuals with conscientiousness levels exceeding 2 and failed to
provide informative data.

IRT analysis should be preceded by a check to ensure that there is
sufficient frequency in each category and that all response options have
been adequately selected by the participants of the sample. This study
observed that in problematic items, most individuals tended to select
specific options, which led to unrealistic ICC values. While there are
no strict and explicit guidelines regarding the criterion of adequacy,
having more responses within each category can enhance the accuracy
of the estimation of item parameters and facilitate the evaluation of the
usefulness of the response categories.

When insufficient numbers are employed in the response categories,
it may be necessary to aggregate them together to create a reduced
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response category system. This approach enhances the accuracy and
stability of the item parameter estimation (Toland, 2014). In line with
the findings of this research, it would be beneficial to utilize both
theoretical approaches for examining the items of each test. This
approach guarantees that the weaknesses of each theory are explored
and effectively addressed, leading to a comprehensive test evaluation.
Furthermore, it is recommended that future studies compare various
IRT models with CTT analyses, in order to objectively observe and
assess the strengths and limitations of each approach from a practical
standpoint.
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1. Operational Characteristic Curve (OCC)
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1. Boundary Characteristic Curve (BCC)

2. Operational Characteristic Function (OCF)

3. Category Characteristic Curve (CCC)

4. Operating Response Function (ORF)

5. Category Operating Response Function (CORF)
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1. Akaike Information Criterion (AIC)
2. Bayesian Information Criterion (BIC)
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1. nested
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library("ltm")

library("MASS")

library("msm")

library(“"polycor™)

setwd("D:/ICC")

DATAK<- read.table("data.dat", header = T)

Fit) <- grm(DATA,, constrained = TRUE)

fit2 <- grm(DATA,, constrained = FALSE)

anova(fitl, fit2)

summary(fit2)

plot(fit2, legend = TRUE, cx = "topright", lwd =2, cex = 0.6))

plot(fit2, type = "11C",items = (1: 12), legend = TRUE, cx = "topright", Iwd =2, cex =
0.6)

plot(fit2, type = "OCCu",items = (1: 12), legend = TRUE, ¢x = "bottomright", lwd
=2, cex = 0.6)

information(fit2, c(-4, 4), items = ¢(1, 12))
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