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Abstract

Introduction:This study analyzes the psychometric properties of essay and multiple-
choice questions in math and science for sixth-grade students using Classical Test
Theory (CTT) and Item Response Theory (IRT). There are two prominent theories for
analyzing test questions: Classical Test Theory (CTT) and Item Response Theory
(IRT). In CTT, the unit of analysis is the entire test, while in IRT, the unit of analysis
is each individual item. CTT has been a foundational theory in measurement for
several decades, defined as a simple linear model stating that the observed score on a
test is the sum of the true score and measurement error. This model consists of three
components: the observed score, the true score, and the error score. The central idea
regarding the relationship between the true score, observed score, and measurement
error provides CTT with the ability to explain factors affecting test scores. CTT is
based on three assumptions: first, the correlation between error scores and true scores
is zero; second, errors have a mean of zero; and third, measurements of parallel tests
are uncorrelated. CTT has been used for decades as a model for assessing the
reliability and validity of measurement tools. According to the literature, CTT
involves three main concepts: (a) the test score, also known as the observed score, (b)
the true score, and (c) error scores. CTT focuses on two main aspects: item difficulty
and item discrimination. Item difficulty refers to the proportion of individuals who
can correctly answer the question. Generally, the more difficult the question, the lower
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the percentage of individuals answering correctly. The primary index for measuring
item difficulty is the difficulty index. On the other hand, item discrimination refers to
the ability of an item to differentiate between "high-performing” and "low-
performing™ individuals. IRT is based on the assumption that the abilities of one or
more participants, denoted by 0 (theta), are predictable. In Item Response Theory
(IRT), important parameters for each item are defined: the discrimination parameter
(a), the difficulty parameter (b), and the guessing parameter (c).

Method: The sample consisted of 388 sixth-grade students from Hamadan, selected
using cluster sampling. Given the study's objective to evaluate the performance of
multiple-choice and essay questions in science and math, a survey approach was
utilized with methods based on CTT and IRT. The study population included all sixth-
grade students in Hamadan during the 2023-2024 academic year, with a sample size
of 388 determined using the Morgan table. This sample was selected randomly from
six schools (three girls' schools and three boys' schools). To collect data, two teacher-
made tests for science and math, containing both multiple-choice and essay questions,
were used. To assess validity, each test was reviewed by four teachers (with at least
six years of teaching experience) and then piloted. After incorporating the experts'
feedback, the tests were finalized and used for data collection. A grading (partial
credit) method was used for scoring the essay questions (Saif, 2016). To analyze the
results, the e-IRT software was utilized. Parameters for multiple-choice questions
were estimated based on the three-parameter model, while essay questions were
analyzed using the Graded Response Model.

Results: Results indicated that essay questions performed better than multiple-choice
questions in both science and math. Specifically, for essay questions, the average
discrimination index in science was 0.208 and in math was 0.55, while the average
difficulty index in science was 2.591 and in math was 2.342, reflecting better
discrimination and difficulty for essay questions. Additionally, analysis of essay
questions using IRT showed that all four questions in math had a discrimination
parameter above 1.35. In science, the discrimination values for the questions were
0.087, 1.090, 0.844, 1.419, and 0.533, respectively. Furthermore, the threshold
parameter showed positive changes at each step in both science and math, indicating
better discrimination and threshold functioning of essay questions.

The better performance of descriptive questions compared to multiple-choice
questions can be attributed to several factors. Descriptive questions allow students to
explore topics in depth and demonstrate critical and analytical thinking abilities. They
are particularly suitable for assessing higher-order skills such as analysis, evaluation,
and synthesis of information (Anderson, 2001). Unlike multiple-choice questions that
restrict students to selecting one option, descriptive questions enable them to express
their ideas in detail and creatively (Biggs, 2011). They also allow assessment of
complex or multifaceted topics by enabling students to tailor responses based on prior
knowledge and experience (Moon, 2006).Despite these advantages, descriptive
questions are used less frequently for several reasons. Scoring them is time-
consuming and may involve human error, leading to scorer variability (Brown, 2013).
They may also demonstrate lower reliability because responses can be influenced by
writing ability, fatigue, or time constraints (Gipps, 1994). Additionally, descriptive
questions usually cover fewer content areas and may not provide a comprehensive



uﬁ)}oT[aMMkw e 5 ko guaod s Glai; 35 35a 9 (o= s a)”}w wriwuls) sla S 5 Aunlio &5 V-

assessment of the entire curriculum (Race, 2014).This study has limitations that
should be considered when interpreting the findings. The types of questions used may
not have fully reflected all aspects of students' abilities. Although CTT and IRT
provided valuable psychometric information, they may not have captured all complex
aspects of item characteristics. The study focused only on math and science; therefore,
generalization to other subjects should be made cautiously. Moreover, factors such as
testing conditions and student stress were not fully controlled and may have
influenced the results.

Keywords: Psychometric properties, Classical Test Theory, Item Response Theory,
Discrimination index, Threshold index, Detection index, Guessing index
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