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Abstract

High-quality assessment instruments ensure that education measures learning outcomes validly, reliably, and
fairly. This study analyzes the relationship between mathematics item quality and student learning outcomes using
Item Response Theory (IRT). This data-based approach provides more accurate and comprehensive parameter
estimation than classical test theory. The study involved 189 students, and the analysis began with the KMO and
Bartlett's Test, which showed sufficient feasibility to proceed to factor exploration. It is clear that the rotation
method generated items that fulfilled the requirements of feasibility, making them suitable to be indicators of
mathematical competences. Through exploratory factor analysis, it became possible to identify the underlying
structure of cognitive constructs of students. This confirms that the developed assessment tools, based on Item
Response Theory, facilitate the diagnostics of learning achievements more accurately and help make the process
of learning inclusive by providing easily measurable assessments. The results of the study go beyond purely
technical aspects since it is important to have well-developed assessment tools to ensure proper measuring of
learning outcomes.
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INTRODUCTION

The science of mathematics is a field that is very instrumental in the development of
logical, analytical, and critical thinking of the students at all educational levels. The study of
mathematics is a strategy that has always been incorporated into the national curriculum for
years due to its role in developing higher-order thinking and problem-solving skills (Wahono
et al., 2026; Septripiyani & Novtiar, 2021). Challenges during mathematics learning are,
however, very prevalent, considering how some students fail to grasp the concepts and perform
poorly in their learning outcomes (Putri & Rosilowati, 2024). Such a situation points to the
challenges that exist in the effective implementation of meaningful learning, and one of those
challenges is associated with the assessment process.

Quality learning cannot be separated from good and measurable evaluation activities
(Utami et al., 2026; Setiani et al., 2025; Alfarisa & Purnama, 2019). In learning outcome
assessment, teachers need evaluation instruments that accurately and fairly describe students'
abilities. Two main approaches are classical test theory (CTT) and item response theory (IRT).

CTT assesses learning outcomes based on total scores and tends to depend on the tested group,
1


mailto:*endangwati.2024@student.uny.ac.id

Jurnal Pendidikan Indonesia Gemilang, Vol.7, No.1, 2027, pp. 1-13
e-ISSN 2807-5285. DOI.10.52889/jpig.v7i1.940

making item parameters and student abilities relative to the sample (Djemari, 2012; Sudjana,
2016). In contrast, item response theory is a modern approach that explains the probability of
correct answers based on students' latent abilities and item characteristics, making it more
stable, accurate, and less biased (Hambleton & Swaminathan, 1985; Retnawati, 2014).

The creation of measurement theories including item response theory (IRT) is evidence
of transition from score collection to measuring ability using probabilistic models. According
to Allen & Yen (1979) and Sari et al., (2022), any phenomenon in educational measurement
has to be expressed quantitatively in order to make an objective description of reality. The IRT
suggests the use of a mathematical function to correlate the ability of students (latent trait) to
the likelihood of providing the right answer and estimation of three parameters — discrimination,
difficulty and probability of guessing. This approach provides teachers with better
understanding of the characteristics of items and makes decisions data-driven.

The key advantage of item response theory (IRT) over classical test theory is the property
of invariance of parameters — item parameters do not depend on the population of respondents
and student ability estimates do not depend on a particular set of items (Retnawati, 2014). The
item response theory can be used as a method of creation of fair and inclusive educational
assessment, when every student has the same chance to be assessed objectively. In addition,
item response theory (IRT) supports sustainable learning because accurate measurement data
can serve as a basis for teachers to carry out targeted interventions, remediation, or enrichment
(Istiyono et al., 2024).

In terms of both theory and practice, quality assessment tools are key components in
enhancing student performance. Valid and reliable assessment tools enable teachers to have a
clear picture of their students' strengths and weaknesses (Emerentian et al., 2022; Nurjannah et
al., 2023). In turn, such knowledge promotes the use of personalized learning strategies. Several
previous studies have shown that low-quality test items can bias interpretations of learning
outcomes and lead to inappropriate educational decisions (Hardianti, 2021; Rina et al., 2024).
Therefore, an analytical approach is needed to provide a comprehensive picture of item quality,
based not only on final scores but also on psychometric characteristics.

In this context, item response theory (IRT) offers an innovative approach to analyzing
item quality and linking it more comprehensively to student learning outcomes. Through IRT,
teachers and researchers can determine how well each item measures the intended mathematical
ability and evaluate the instrument's effectiveness in describing student ability profiles. The

strengths of item response theory (IRT) lie not only in its technical aspects of parameter
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estimation but also in its potential to foster more inclusive and accurate student assessment for
a sustainable future of education.

Although Item Response Theory (IRT) has been increasingly applied to evaluate the
psychometric characteristics of educational assessments, empirical evidence regarding
mathematics test items in junior secondary school contexts remains limited. Previous IRT-
based mathematics assessment studies have shown that item-level parameters, particularly
discrimination and difficulty, provide detailed information for evaluating the quality and
functioning of individual test items (Jumini & Retnawati, 2022). Therefore, an empirical
analysis of the mathematics assessment administered at SMP Negeri 1 Barat and SMPII Al
Abidin Sukoharjo is needed to identify individual-item characteristics and provide evidence to
improve the assessment within the educational context examined.

Operationally, the link between Item Response Theory (IRT) and differentiated
instruction can be explained through information derived from item parameters and student
ability estimates. The discrimination parameter (a) indicates an item's ability to distinguish
between students based on proficiency levels, while the difficulty parameter (b) reflects the
ability required to answer an item correctly. This information enables the identification of
student ability patterns and the precise determination of learning needs. Thus, measurement
results serve as a foundation upon which teachers can implement remediation to students that
need reinforcement, proper level of difficulty, or enrichment depending on their performance.
Such evidence-based approach emphasizes the role of IRT in ensuring quality and inclusive
education as per SDG 4.

Based on the above description, this study aims to analyze the relationship between
mathematics test item quality and student learning outcomes through the item response theory
(IRT) approach. The results of this analysis are expected to contribute to valid, reliable, and
adaptive assessment instruments and to form the basis for creating a smart, fair, and sustainable
learning ecosystem aligned with Sustainable Development Goal 4 (SDG 4).

METHOD
Research Design and Participants

This study employed a descriptive quantitative design to examine the psychometric
characteristics of a mathematics achievement test using Item Response Theory (IRT). In IRT,
the association between the latent trait (ability) and the probability that the examinees get the
items right is measured (de Ayala, 2009; Kilpatrick et al., 2001). In this study, the participants
were 189 Grade VII students at two junior high schools in the Regency of Sukoharjo, Central

Java, Indonesia who were the target population of the Grade VII mathematics test. Nevertheless,
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since the study used data only from two junior high schools, the results of this study cannot be
generalized to the whole population of Grade VII.

The data were collected using the informal consent and cooperation from the participating
junior high schools. The authors did not acquire the formal consent from the school authority,
formal written parental consent, formal student assent, and formal ethics committee review.
This is a limitation of the study since obtaining the consent is an ethical principle when
conducting research involving human participants (Allen & Yen, 1979). It is worth noting that
the analytical dataset did not contain any personally identifying information of the participants.
Instrument and Data Collection

The study was conducted on 289 grade seven students from two schools, comprising 128
students (67.7%) from one of the junior high schools in Sukoharjo Regency and 62 students
(32.3%) from another junior high school in Sukoharjo Regency, Central Java. This number
indicates the total number of students that met the inclusion criteria and were accessible at those
respective schools. The present study was not meant to compare the performance of students
across the two different schools but used responses of students from both the schools to develop
psychometric properties of the mathematics test based on the 2PL IRT model. Hence, the
unequal number of participants is an aspect of the sample rather than a reason for comparison
between the schools. However, this unequal distribution and sample size should be taken into
consideration while evaluating the generalizability and stability of the item parameters (Jumini
& Retanawati, 2022).

The tool was made up of 30 items, which were multiple-choice questions with a
dichotomous scoring system where 1 was given for a correct response, and 0 was given for
wrong answers. The items were derived from Grade VII mathematics competency indicators
and were aimed at assessing conceptual and procedural skills, which is evidence for the validity
of scores. Prior to the test, the items underwent scrutiny by four experts, two mathematics
teachers and two measurement experts. The review examined content relevance, item
construction, and language clarity, providing evidence concerning the appropriateness and
representativeness of test content (Schmitz & Storey, 2020; Plake & Wise, 2014). The
instrument was then administered to 189 participants. No clinical or diagnostic data, including
diagnosis of dyslexia, were gathered and used as a criteria for choosing participants. Thus, the
results obtained are related to psychometric properties of the test in relation to participating

students, but not to students having clinical learning disabilities.
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Data Analysis

The process of data analysis entailed two steps. Initially, Kaiser-Meyer-Olkin (KMO) test
and Bartlett's Test of Sphericity were used to determine if the correlation matrix was appropriate
for factor analysis. While KMO test checks for sampling adequacy, Bartlett's Test checks if the
correlation matrix is different from an identity matrix (Kaiser, 1970; Bartlett, 1950). Both KMO
test and Bartlett's Test were considered as indicative rather than confirmatory measures of
unidimensionality. Second, the test items were tested using the two parameter logistic (2PL)

model of Item Response Theory (IRT) (de Ayala, 2009; Kilpatrick et al., 2001):

ePi(6-by
P (0) = T2aDiDy e (1)
Description:

P;(8) : The probability that test-
takers with the ability to

answer item 1 will do so

0 :  Test takers' ability level
b; :  Difficulty index of item 1
E : Natural number whose value

is close to 2.718
D : Scaling factor whose value is
close to 1.7
The discrimination parameter indicates how well an item differentiates students by ability,
while the difficulty parameter indicates the item's location on the ability scale, helping interpret
item performance (de Ayala, 2009; Kilpatrick et al., 2001). We identified items with
discrimination parameters below 0.50 for further examination rather than automatically
eliminating them. Item decisions were considered together with statistical results and the
substantive characteristics of the items, consistent with principles of test development and score
interpretation (Plake & Wise, 2014). Pearson's product—moment correlation was also used to
examine the relationship between individual item scores and total test scores.
Trustworthiness of the Analytical Process
To improve procedural transparency, the researchers documented the main stages of
instrument development, expert review, data collection, coding, screening, and statistical
analysis. These records traced the analytical process from the collected responses to the reported

results.
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RESULTS AND DISCUSSION

At the preliminary step of dimensionality assessment, response matrix was subjected to
Kaiser-Meyer-Olkin (KMO) criterion and Bartlett’s Test of Sphericity. Obtained KMO index
was equal to 0.824, and significant value of y> of Bartlett’s Test was 881.562, p<.001
(Figure 1). It could be stated that the correlation matrix was suitable for further factor analysis.
This finding implied the possibility of factorability, but not unidimensionality (Kaiser, 1974).
Further on, exploratory factor analysis (EFA) and scree plot analysis were applied to determine
the latent dimensionality of the measuring instrument (Figure 2). Scree plot analysis revealed a
single dominant factor and the decrease of eigenvalues after it, thus confirming a dominant
latent dimension. Such findings allowed conducting unidimensional 2PL IRT analysis, whereas

dimensionality should be interpreted from the overall factor structure and construct definition.

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 824
Bartlett's Test of Approx. Chi-Square 881.562
Sphericity df 210

Sig. .0oo

Figure 1. Results of KMO and Bartlett’s Test
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Figure 2. Scree Plot Results of Not Unidimensional Exploratory Factor Analysis (EFA)

The output from the EFA revealed that the vast majority of the items were strongly
related to the main factor; but the items 5, 6 and 16 had relatively lower loadings on the main
factor. This relatively lower loading implies that these items may contribute less significantly
to the main construct compared to the other items. (Hair et al., 2019). Higher factor loadings
mean that these items are able to represent the dimensions of the construct effectively. However,
you should not rely solely on factor loading as evidence of the need to delete an item. This
integrated approach is important because factor loading and IRT discrimination provide
different forms of psychometric evidence: factor loading reflects an item’s association with the

factor structure, whereas the IRT discrimination parameter describes how strongly it
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differentiates examinees along the latent ability continuum. Therefore, decisions concerning
item revision or removal should consider converging evidence from construct-level and item-
level analyses. Factor loading values for each test item based on the results of an exploratory

factor analysis (EFA) can be seen in Figure 3.

BUTIR | BUTIR 2 BUTIR 3 BUTIR & BUTIR 5 BUTIR 6 BUTIR / BUTIR 8
BUTIR_9 BUTIR 10
0.73 075 078 0.82 0.3 0.56  0.44  0.85
0.78  0.85
BUTIR_11 BUTIR 12 BUTIR 13 BUTIR 14 BUTIR_15 BUTIR 16 BUTIR 19 BUTIR 20
BUTIR_21 BUTIR 22
0.5  0.83  0.87  0.85  0.82  0.46  0.70  0.47
0.48  0.53
BUTIR_23 BUTIR 24 BUTIR 25 BUTIR 26 BUTIR 27 BUTIR 28 BUTIR 29 BUTIR 30
0.54  0.29 0.5 0.8 0.5 0.5 0.2 0.3

Figure 3. Factor Loading Values for Each Test Item based on the Results of an Exploratory
Factor Analysis (EFA)
The estimated discrimination parameters ranged between 0.52 to 1.84, suggesting

differences in the degree of differentiation of students on the latent mathematics ability
continuum by the items. High discrimination parameters lead to steep item characteristic curves
around the location of item difficulty, and hence, the probability of a correct response varies
with examinee ability. On the other hand, low discrimination parameters provide less
differentiation of examinees. This suggests variation in the item-level information that cannot
be appropriately represented in a single total-test score. This finding is in line with previous
studies conducted on mathematics assessments through 2PL IRT analysis, in which the
discrimination parameter at the item level suggested that some of the items needed more
attention even as the test functioned effectively (Jumini & Retnawati, 2022).

The estimated difficulty parameters ranged between —1.20 to 1.75, indicating dispersion
of the items across the latent ability continuum. Difficulty parameters with negative values
meant that items fell on the lower side of the ability scale, while positive difficulty parameters
indicated placement of items towards the higher end of the ability scale. In essence, the test did
not cover a narrow range of the latent ability continuum but covered all across the continuum.

As shown by the test information function, the test was found to have the highest
measurement information within the approximately 6 = —1 to +1 range. Therefore, the test is
found to be most accurate in the case where the examinees' mathematics ability is within this
range. The test information in the IRT is different at each ability level. This means that a test
may provide a more accurate measurement of some ability levels than other levels. The high
level of information within the range of 8 = —1 to +1 indicates that this current test is highly
informative particularly at the center of the ability continuum, while the accuracy level could

be low at the extremes (Trakas, 1997; Jumini & Retnawati, 2022; CASRAI, 2026). Therefore,
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the TIF adds to the item parameters through the illustration of the precision of the test and item
functioning (Embretson & Reise, 2000; de Ayala, 2009).

The Pearson product-moment correlation analysis yielded a statistically significant
positive association, r = .671, p < .001. The coefficient indicates a substantial positive
association within the present sample. However, this finding should be interpreted as
association rather than causal evidence. The correlation analysis provides complementary
empirical evidence concerning the variables examined. Still, it does not by itself establish that
improvements in item quality cause improvements in the accuracy of student ability estimates
or learning outcomes. Therefore, interpret the results in conjunction with the item-level IRT
findings and the intended interpretation and use of the assessment scores.

The results of this study reinforce the findings that the application of item response theory
(IRT) provides significant advantages over classical test theory (CTT) in evaluating item quality
and student ability (Hambleton & Swaminathan, 1985; Retnawati, 2014). The fundamental
difference between the two lies in parameter independence. In classical test theory (CTT), item
scores are interdependent, whereas in item response theory (IRT), item scores are independent,
so that the addition or removal of items does not affect the characteristics of other items
(Istiyono, 2020; Naga, 1991). These findings indicate that item response theory (IRT) is
superior in maintaining measurement stability and providing more accurate ability estimates.

The results of exploratory factor analysis (EFA) show that the Kaiser-Meyer-Olkin
(KMO) value of 0.824 and factor loadings mostly above 0.5 reinforce the construct validity of
the developed instrument. A high Kaiser-Meyer-Olkin (KMO) value indicates that the
correlations between items are quite strong, and the data are suitable for factor analysis. This is
in accordance with the criteria proposed by Field (2013) and Kaiser (1974). This condition
confirms that the remaining items have good internal consistency and are able to represent the
construct of mathematical ability measured stably. The increase in the Kaiser-Meyer-Olkin
(KMO) value after the removal of invalid items also indicates that the reduction of items with
low contribution has a positive effect on the overall structure of the instrument. This shows that
the item selection process is effective in strengthening the dimensions of the construct being
measured. Thus, the resulting instrument is more focused, efficient, and has better
discriminatory power against variations in student abilities.

The results of discrimination (a) and difficulty (b) estimates present an evenly distributed
range, meaning that this testing instrument contains high-quality questions that are able to
adequately differentiate the ability levels of students along the whole spectrum of abilities. The

even distribution of these parameters means that this testing instrument does not contain either
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only easy or difficult questions but also includes different levels of difficulty to ensure a
comprehensive measurement of abilities of students. These results correspond to the principle
of test information function (TIF), which demonstrates the highest efficiency of measurements
in the case of moderate ability levels. Thus, this testing instrument is not only efficient enough
as a general tool for measurement but also highly diagnostic. It is extremely important for
teachers to use this information in order to develop the optimal strategy of interaction with each
student.

From an inclusive education perspective, the application of item response theory (IRT)
ensures that the process is fair and unbiased towards differences in students' abilities and
backgrounds. The principle of item parameter invariance in IRT ensures that the characteristics
of an item do not depend on the test-taker population, so that the instrument can be used for all
student groups equally. This means that the level of difficulty and discriminating power of the
items remain consistent even when applied to students with different abilities, genders, or social
contexts. This condition reflects the application of the principle of fairness in assessment, where
every student has the same opportunity to demonstrate their true abilities without being
influenced by external factors. Thus, IRT not only functions as a technical approach to
measurement but also as an ethical foundation for creating an objective, inclusive, and equitable
evaluation system in the context of modern education (Ntumi 2025; Retnawati, 2014).

Reviewed from the perspective of learning sustainability, instruments developed through
the item response theory (IRT) approach play an important role in supporting data-driven
learning practices. The assessment results obtained from IRT analysis can be used by teachers
to adjust learning strategies, whether in the form of remediation, enrichment, or differentiation
based on student profiles. Thus, assessment not only functions as a tool for evaluating learning
outcomes but also becomes a source of information that strengthens the cycle of continuous and
reflective learning. The adaptive use of assessment data helps create an education system that
is more responsive to the needs of students. In line with this, the practice of item response theory
(IRT)-based assessment supports the mission of Sustainable Development Goal 4 (SDG 4),
which is to ensure inclusive and equitable quality education for all learners and promote
learning transformation towards a more sustainable and future-oriented direction (Sandoval-
Hernandez & Carrasco, 2020; Nagy & Adel, 2025).

Theoretically, this finding enriches educational measurement by showing that item
response theory not only offers technical advantages in estimating ability parameters and item
characteristics. Moreover, item response theory represents a paradigm shift in how researchers

and practitioners understand and apply educational assessment. Through a probabilistic model-
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based approach, item response theory provides more accurate, adaptive, and bias-free
measurements, so that each student is assessed proportionally to their latent ability. This
paradigm emphasizes that assessment not only serves as a tool for measuring learning outcomes
but also as an instrument for fair and sustainable learning development. Thus, item response
theory (IRT) becomes the conceptual foundation for the development of modern educational
evaluation that emphasizes validity, fairness, and future orientation.
CONCLUSION

Based on the analysis, the 2PL Item Response Theory model provided empirical estimates
of item discrimination and difficulty for the mathematics assessment administered to 189 Grade
VII students. Parameters of discrimination varied from 0.52 to 1.84. However, the difficulty
parameters varied from —1.20 to 1.75, reflecting variations in the discriminating power of items
and their ability level requirement. The test generated more information about students who had
an ability level of approximately 8 = -1 to +1. Furthermore, the analysis through Pearson
correlation revealed a significant positive relationship between item quality and students'
performance (r = 0.671, p < 0.001). This finding implies that the 2PL IRT is capable of
generating more information regarding the quality of mathematics test items under review.
SUGGESTIONS

In future studies, the evidence for the quality and fairness of mathematical assessment
tools can be further enhanced by combining exploratory factor analysis and confirmatory factor
analysis with IRT. The researchers should carefully analyze the items having low factor
loadings along with their IRT estimates and then decide about whether to revise them or drop
them from the test battery. Differential item functioning analysis is another area that can be
explored in future studies, where researchers will try to find out whether there is any difference
in item functioning among certain groups of students. It is also recommended that future studies
include large and diverse sample size across various schools, regions, and educational
environments. Future research can also focus on various polytomous IRT models, including
GRM, and combination of IRT with CAT.
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