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Abstract

This study aimed to analyze the psychometric quality of Grade 5 elementary school mathematics test
instruments based on validity, reliability, and difficulty level distribution parameters. A quantitative
descriptive approach was employed, with 15 multiple-choice items administered to 49 students as the
unit of analysis. Data were collected through documentation of test scripts, answer keys, and student
answer sheets. Analysis was conducted using Classical Test Theory, comprising item validity through
item-total correlation, reliability using Cronbach's Alpha coefficient, and difficulty level analysis based
on the proportion of correct answers. Results indicated that 9 items (60%) met validity criteria, while 6
items (40%) did not. The instrument obtained a Cronbach's Alpha value of 0.753, classifying it as reliable.
Difficulty level distribution showed 8 items (53.33%) in the moderate category and 7 items (46.67%) in
the easy category, with no items classified as difficult. The mathematics test instrument analyzed
demonstrated adequate psychometric quality; however, it still requires revision of invalid items and
development of items with more varied difficulty levels to ensure more accurate and comprehensive
measurement of student ability.
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Introduction

Education serves as a fundamental pillar in producing competitive human resources
in the global era, where the quality of the national education system serves as a barometer of
national progress. The 1945 Constitution Article 31 paragraphs (3) and (4) mandates the
government to organize a quality education system integrated with the improvement of faith
and noble character. This is reinforced in Law Number 20 of 2003 on the National Education
System, which emphasizes that the learning process must holistically develop students'
potential across cognitive, emotional, and psychomotor domains (Boini et al., 2023). In
realizing this vision, learning evaluation occupies a strategic position as a systematic
instrument for measuring the achievement of instructional objectives and providing feedback
mechanisms for educators to undertake continuous improvement (Rossmalia et al., 2024).

In the discipline of mathematics, the quality of evaluation is particularly crucial
because mathematics is a universal language that is foundational for everyday life and serves
as the primary basis for mastery of science at higher educational levels (Zakiyah & Kartika,
2024). Theoretically, a high-quality evaluation instrument must fulfill psychometric
parameters encompassing validity, reliability, level of difficulty, and discrimination power
(Umiyati et al., 2026; Triani et al., 2023).

However, field realities indicate a significant disparity between theoretical standards
and the implementation of evaluation in elementary schools. Many test instruments used in
school examinations are developed without adequate empirical trials to ensure their
psychometric validity (Boini et al., 2023). Educators are often trapped in using conventionally
available test items without considering whether those items remain valid or require revision
based on current student characteristics (Triani et al., 2023). Empirical evidence shows that
mathematics items at the elementary school level often have disproportionate difficulty
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distributions dominated by the 'easy' category thereby insufficiently exploring students'
cognitive potential in depth (Umiyati et al., 2026).

The research gap lies in the inconsistency between the urgency of item analysis
frequently emphasized in academic literature and the minimal practice of such scientific
analysis at the elementary school level. Although Classical Test Theory (CTT) methodology
has long been established, many schools still rely on static question banks without data-based
updates (Umiyati et al., 2026; Syaifudin, 2023). The scarcity of research that comprehensively
integrates validity, reliability, and difficulty distribution analysis for Grade 5 mathematics
instruments creates an information gap regarding the precision of measurement tools used to
map students' mathematical foundations.

The fundamental factor causing this gap is the administrative and technical burden
perceived by educators, where the process of statistical item analysis is considered complex
and time-consuming (Susanto et al., 2015). Limited mastery of educational evaluation
technology also constitutes a major barrier for teachers in producing quality test items (Triani
et al., 2023). The novelty of this study lies in its comprehensive psychometric quality review
specifically focused on Grade 5 elementary school mathematics test instruments, highlighting
precise difficulty level distribution analysis using contemporary software tools.

This study aimed to comprehensively describe the psychometric quality of
mathematics test instruments used in Grade 5 elementary school. The primary objective was
to analyze the characteristics of each item based on validity, reliability, and difficulty level
distribution parameters. Through this empirical analysis, it is expected that items classified as
good, requiring revision, or needing to be discarded can be identified to optimize the learning
achievement assessment process.

Method

This study employed a quantitative descriptive research approach. Quantitative
descriptive research aims to examine phenomena occurring at present by objectively and
systematically describing and summarizing the characteristics of the object being studied (Ika
Isna Umiyati et al., 2026; Susongko, 2016). The justification for using this research type is that
the researcher intended to describe the psychometric quality of the mathematics test
instrument that had been administered without imposing any treatment (Sulistyawati et al.,
2022). The unit of analysis was the multiple-choice test items and the answer sheets of Grade
5 elementary school students (Setiawan et al. 2020).

The primary concept is psychometric quality, defined as the extent to which a test
instrument is suitable for use as an accurate measuring tool for learning outcomes. The
research variables analyzed included item characteristics: validity, reliability, and difficulty
level (Retnawati, 2016). The operationalization of these concepts is presented in Table 1.

Table 1. Operationalization of Concepts, Variables, and Research Indicators

Concept Variable Indicator
Psychometric Quality of Validity The accuracy of test items in
Test Instrument measuring the competence being

tested through item-total score
correlation (Boini et al., 2023).

Reliability The degree of consistency and
stability of measurement results
even when administered
repeatedly (Rossmalia et al., 2024).
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Concept Variable Indicator
Level of The proportion of test participants
Difficulty who answered each item

correctly(Umiyati et al., 2026).

The population consisted of all Grade 5 student answer sheets at UPT SDN 1 Patoman
on the mid-semester mathematics examination for the even semester. Samples were
determined using purposive sampling, a technique based on data representativeness and
specific research objectives (Rossmalia et al., 2024; Setiawan et al. 2020). The total sample of 49
students was selected by considering the availability of student answer sheets and the
requirements for statistical item analysis.

The data collection technique was documentation, obtaining secondary data
comprising mathematics test scripts, item grids, answer keys, and student answer sheets
processed by the school objectives (Rossmalia et al., 2024; Setiawan et al. 2020). This ensured
that analyzed data represented actual evaluation results from the learning process (Novalia &
Syazali, 2014).

For item validity testing of multiple-choice items, the Product Moment correlation
formula was applied (Boini et al., 2023; Umiyati et al., 2026). An item was declared 'valid' if r-
calculated > r-table at a 5% significance level. If the correlation was less than 0.30, the item was
classified as invalid (Boini et al., 2023; Susongko, 2016).

Instrument reliability testing utilized the Cronbach's Alpha coefficient (Umiyati et al.,
2026; Rossmalia et al., 2024). An instrument was declared 'reliable' if the reliability coefficient
(r11) > 0.60. Instruments with coefficients above 0.70 can be categorized as having good
internal consistency and are suitable for use in learning evaluation (Basuki & Hariyanto, 2014;
Boini et al., 2023).

The study was conducted at UPT SDN 1 Patoman, selected because the Grade 5
mathematics test instruments used there had never undergone empirical psychometric
analysis, making standardization of the school's question bank necessary to ensure assessment
fairness (Setiawan et al. 2020). Data analysis was performed using Classical Test Theory
assisted by ANATES version 4.09 or IBM SPSS Statistics (Novalia & Syazali, 2014; Rossmalia
etal., 2024). The difficulty index formula P = B/JS was used, where B is the number of students
who answered correctly and JS is the total number of test participants.

Results and Discussion
Item Validity Analysis

Item validity was analyzed using Corrected Item-Total Correlation values, with the
validity criterion of a correlation value greater than r-table of 0.282 (n=49, a=5%). The results
indicated that not all items met empirical validity criteria, as presented in Table 2.

Table 2. Distribution of Item Validity

Category Number of Items Percentage
Valid 9 60.00%
Invalid 6 40.00%
Total 15 100%

The results showed that the majority of test items met validity requirements. However,
six items had correlation coefficients below the minimum threshold and thus failed to
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optimally represent the mathematical ability construct. The highest correlation value was
found in item number 12 (r = 0.580), while the lowest was in item number 15 (r = -0.075). A
negative correlation value indicates that the item is not functioning properly —students with
high total scores tended to answer this item incorrectly, suggesting that this item needs to be
revised or eliminated entirely.

This finding is consistent with Ndiung & Jediut (2020), who developed a mathematics
learning achievement test instrument for elementary school students oriented toward higher-
order thinking. Their study found that not all developed items met empirical validity criteria,
necessitating revision before the instrument could be widely used. These findings confirm that
empirical validation is a crucial stage in instrument development to ensure each item
genuinely measures the targeted competency. Similarly, Yuliyanto et al. (2021) demonstrated
that elementary school students' initial mathematical ability instruments require validity and
reliability testing to be genuinely suitable as measurement tools.

In an international context, El-Hamamsy et al. (2022) affirmed the importance of
validity and reliability in the development of learning assessment instruments; the
Computational Thinking instrument they developed demonstrated strong content and
construct validity along with adequate reliability, making it suitable for evaluating
competency at the elementary school level. Based on these findings, the mathematics test
instrument analyzed has adequate validity, but revision of the six invalid items is still needed
to improve measurement precision.

Instrument Reliability Analysis

Instrument reliability was analyzed using Cronbach's Alpha coefficient. The results are
presented in Table 3.

Table 3. Reliability Test Results

Indicator Value
Number of Items 15
Cronbach's Alpha 0.753

The instrument obtained a Cronbach's Alpha value of 0.753, indicating a good level of
internal consistency. This value demonstrates that the items within the instrument have
adequate interrelatedness in measuring the mathematical ability construct of elementary
school students. Consequently, the mathematics test instrument can be categorized as reliable
and capable of producing relatively consistent scores when used with groups of participants
with similar characteristics.

This finding is consistent with Pandra et al. (2017), who developed a mathematics
achievement test for third-grade elementary school students and obtained a reliability
coefficient of 0.783. Busnawir et al. (2023) also explained that the reliability coefficient is an
important aspect in determining test quality, as stable reliability indicates that the instrument
is capable of producing relatively consistent scores. El-Hamamsy et al. (2022) further
confirmed that good reliability enables instruments to produce consistent estimates of learner
ability across various sample groups. Therefore, the reliability value of 0.753 obtained in this
study indicates that the instrument has met recommended reliability standards in educational
research.

Difficulty Level Distribution Analysis

Difficulty level analysis was conducted to determine the proportion of students

capable of answering each item correctly. The results are presented in Table 4.
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Table 4. Difficulty Level Distribution

Category Number of Items Percentage

Difficult 0 0.00%

Moderate 8 53.33%
Easy 7 46.67 %
Total 15 100%

The majority of items were in the moderate category (53.33%), while the remainder
were in the easy category (46.67%). No items were classified as difficult. The highest difficulty
index was found in item number 7 (P = 0.959), indicating a very easy item that almost all
students answered correctly, while the lowest was in item number 15 (P = 0.326), approaching
the moderate category boundary.

This finding is consistent with Hartono et al. (2023), who analyzed elementary school
mathematics diagnostic test instruments using Classical Test Theory and found that item
characteristics, including difficulty level, need to be analyzed to ensure instrument quality.
Pandra et al. (2017) also emphasized that difficulty level analysis is important so that
mathematics test instruments accurately describe variations in student ability. Their study
concluded that moderate-category items have the best ability to describe student ability
variations because they can be answered proportionally by both high and low ability students.

The absence of difficult items is a notable weakness of this instrument. Hartono et al.
(2023) showed that evaluation instruments dominated by moderate-category items tend to
produce more stable measurement information compared to instruments dominated by easy
or difficult items, but also emphasized the importance of difficult items for identifying high-
ability students. Argianti & Retnawati (2020) demonstrated that mathematics items dominated
by easy categories reflect an imbalanced difficulty distribution, potentially reducing
instrument quality in mapping student ability comprehensively.

Theoretically, Brookhart & Nitko (2018) explain that item analysis must consider
difficulty and discrimination indices because both play a role in determining item quality and
the instrument's ability to differentiate students by ability level. Therefore, the absence of
difficult-category items means this instrument has not fully captured higher-order thinking
abilities that are important in 21st-century mathematics learning. Subsequent instrument
development needs to incorporate items with greater complexity so that the range of student
ability can be measured more comprehensively.

Overall, the mathematics test instrument analyzed demonstrated adequate
psychometric quality, as evidenced by the dominance of valid items, a reliability coefficient
meeting standards, and a difficulty distribution dominated by moderate and easy categories.
However, the six invalid items and absence of difficult items indicate that the instrument still
requires revision and further development. This is consistent with Argianti & Retnawati
(2020), who showed that imbalanced difficulty distribution can affect the instrument's
information quality in mapping student ability. Instrument quality is not determined by one
measurement aspect alone, but by the integration of validity, reliability, and item
characteristics (Brookhart & Nitko, 2018).

Conclusions

Based on the data analysis results, this study concludes that the mathematics test
instrument analyzed demonstrated adequate psychometric quality, though still requiring
several improvements. First, validity analysis showed that 9 out of 15 items (60%) met validity
criteria, while 6 items (40%) did not meet empirical validity criteria. This indicates that the
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majority of items have been able to measure the mathematical ability construct targeted for
measurement, though several items require revision for optimal functioning.

Second, reliability analysis showed that the instrument obtained a Cronbach's Alpha
coefficient of 0.753, demonstrating good internal consistency and meeting reliability standards
for use as a mathematics learning achievement evaluation tool. Third, difficulty level analysis
showed that 53.33% of items were in the moderate category and 46.67% in the easy category,
with no difficult-category items found. This condition indicates that the instrument is more
dominant in measuring basic and intermediate student abilities, but has not fully identified
students with higher-level mathematical abilities.

Overall, the Grade 5 elementary school mathematics test instrument analyzed can be
declared sufficiently suitable for use as a learning evaluation tool. However, revision of invalid
items and development of items with more varied difficulty levels should be conducted to
improve the instrument's psychometric quality for future use.

Based on these findings, several recommendations are proposed. For educators, it is
recommended to conduct periodic psychometric analysis of test instruments using Classical
Test Theory-based software such as ANATES or IBM SPSS to ensure evaluation quality. The
six invalid items should be revised by reviewing item language, clarity of answer choices, and
alignment with learning indicators. Additionally, the development of difficult-category items
is urgently needed to improve students' higher-order thinking skills. For future researchers, it
is recommended to expand the scope of analysis to include discrimination power (daya beda)
and distractor effectiveness to provide a more comprehensive picture of instrument quality.
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