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Abstract

The ability to think logically in mathematics is a skill that must be developed through instruction.
One strategy for developing this ability is the use of high-quality instruments. Therefore, this study
aims to analyze the quality of a mathematical logical thinking ability test instrument in terms of its
validity, reliability, difficulty index, and discriminating power using SPSS and Microsoft Excel.
This research employed a quantitative method with an evaluative analysis approach. The subjects in
this study were students of class VII.6 and VII.8 at SMPN 26 Bandarlampung. The instrument used
was a descriptive test consisting of ten items, developed based on four indicators of logical thinking
ability, namely the ability to interpret information, the ability to predict, the ability to solve
problems, and the ability to draw conclusions. The results of this study indicate that: (1) the quality
of the logical thinking ability test instrument meets the criteria for 100% validity; (2) the reliability
of the logical thinking ability test instrument is 0.775, categorized as reliable; (3) the difficulty level
analysis shows that nine items fall into the moderate category and one item falls into the easy
category; (4) the discrimination power analysis shows that four items have good discriminating
power and six items have fair discriminating power.

Keywords: Mathematical logical thinking ability, test instrument, validity, reliability, difficulty
index, discriminating power

Introduction

Education in the 21st century demands changes in the learning process because
students can no longer be equipped merely with memorization skills; they need to be
trained to master higher-order thinking skills that are relevant to contemporary
developments. OECD (2021) emphasizes that education must help students adapt to very
rapid changes by developing a variety of essential skills, rather than simply recalling
information, so that they are able to face the challenges of modern technology. In line with
this, the Merdeka curriculum in Indonesia explicitly prioritizes the strengthening of HOTS
(Higher Order Thinking Skills) through deep learning, student-centered instruction, and the
promotion of critical, logical, and creative thinking, as well as problem-solving skills
(Kemendikbudristek, 2025). The importance of integrating these skills into the curriculum
is reinforced by recent research (Chusna et al., 2024), which affirms that 2 1st-century skills
are crucial for preparing the younger generation for the era of Society 5.0, in which
humans’ ability to think, analyze, and innovate becomes a key factor that cannot be

replaced by automated systems.
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Logical thinking ability is an essential component of mathematics learning, as it
enables students to reason systematically, understand relationships among concepts, and
draw valid conclusions, thereby supporting deep conceptual understanding and effective
problem solving (Hadi et al., 2025). Nevertheless, international assessment results indicate
that students’ reasoning abilities remain inadequate. The PISA 2022 findings reveal that
Indonesian students’ mathematics achievement is still below the OECD average,
particularly on tasks requiring logical reasoning and inference (OECD, 2023). This
condition underscores the need for assessment practices that go beyond procedural mastery
and are capable of accurately measuring students’ logical thinking through well-designed
instruments. Accordingly, this study defines mathematical logical thinking ability as
students’ capacity to process mathematical information systematically, as reflected in four
indicators: interpreting information by identifying relevant data and relationships,
predicting by generating reasonable conjectures based on given conditions, solving
problems through the application of appropriate strategies and logical reasoning steps, and
drawing coherent and valid conclusions from the obtained results. These indicators form
the basis for the development of test items and scoring criteria.

Given the low level of students’ logical thinking ability as indicated by the PISA
results, learning evaluation needs to be directed toward truly measuring aspects of
reasoning, which are the main components in learning mathematics. Evaluation essentially
functions to identify the extent to which students are able to use logic, understand
relationships between concepts, and draw valid conclusions, so that assessment instruments
must be designed in accordance with the characteristics of the abilities to be measured
(Brookhart, 2018). A quality assessment instrument is not sufficient if it only tests factual
knowledge; it must be designed to measure higher-order thinking skills, such as logical
reasoning in mathematics, through items that demand in-depth analysis, conclusion
drawing, and sound decision-making (Popham, 2020). In this context, item quality
becomes an important factor because items that meet the criteria of validity, reliability,
difficulty index, and discriminating power are able to measure the intended ability
accurately (Arifin, 2022). Conversely, weak items can produce biased or misleading
information about students’ level of mastery, thus leading to inappropriate instructional
decisions. Therefore, the measurement of logical thinking ability is highly dependent on
the quality of the evaluation instruments used, which must meet the principles of validity,

reliability, difficulty index, and discriminating power.
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In various mathematics studies, it has been found that most of the test items used in
school examinations have not been thoroughly analyzed in terms of their quality. Important
aspects such as validity, reliability, difficulty index, and discriminating power are often not
examined or are overlooked (Nafs et al., 2023). Issues such as invalid items, low reliability,
imbalanced difficulty indexs, and low discriminating power indicate that the mathematics
test items in circulation do not meet the quality standards of an assessment instrument.

This condition affirms that item analysis is a crucial step in evaluating the quality of
each test component, including validity, reliability, difficulty index, and discriminating
power (Manfaat et al., 2021). Without such analysis, test developers do not obtain
empirical information regarding item quality, so invalid or unreliable items may still be
used in evaluation (Kurniati et al., 2025). Item analysis should ideally be conducted before
the test is administered so that decisions made are based on valid and accurate data.
Without this step, the interpretation of test results can be misleading and may not
accurately reflect students’ actual logical thinking abilities (Ridwan et al., 2021). In
addition, item analysis provides long-term benefits for improving evaluation instruments.
Teachers can identify which items need to be revised, replaced, or refined, such as items
with low discriminating power or items that are too easy or too difficult.

Although the evaluation of mathematical ability, including logical thinking skills, is
frequently carried out in schools, comprehensive item analysis is still rarely implemented.
This is in line with the study conducted by Hakim and Revita (2025), which found that
although the essay items were declared valid, the overall reliability of the instrument
remained low, and the discriminating power of several items also varied, meaning that not
all items were able to clearly distinguish between high- and low-ability students.
Meanwhile, studies that conduct a thorough analysis including aspects such as validity,
reliability, difficulty index, and discriminating power are still relatively limited in the
context of mathematical logical thinking items at the secondary school level.

At present, there is still very little research in Indonesia that specifically analyzes
the quality of test items designed to measure logical thinking ability. Studies that examine
students’ logical thinking or mathematical reasoning generally focus on developing test
items or improving students’ abilities through instructional models, rather than on
analyzing the quality of the items used to measure those abilities. This is in line with the
study by Nursyahidah et al. (2016), which measured students’ reasoning, but did not

conduct item analysis to determine whether the items truly measured reasoning. The
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scarcity of studies that combine item analysis with indicators of logical thinking shows the
existence of a research gap that needs to be addressed, particularly in order to produce
mathematics evaluation instruments that are genuinely capable of accurately measuring
students’ logical thinking abilities.

Given these conditions, this study is important to conduct because the quality of
assessment instruments plays a crucial role in ensuring that the learning evaluation process
truly measures the abilities that are intended to be developed, particularly students’ logical
thinking skills. Instruments that are not analyzed in depth have the potential to produce
inaccurate information about students’ abilities, which in turn affects instructional
decision-making in the classroom. Therefore, this study provides benefits not only for
researchers, but also for teachers and schools in providing evaluation instruments that are
more valid, reliable, and aligned with curriculum demands. Teachers can use instruments
whose quality has been tested to assess logical thinking skills more accurately, while
schools can improve the quality of their assessment practices through the use of more
targeted measurement tools. In addition, the results of this study are expected to contribute
to the development of more comprehensive mathematics evaluation instruments in future
research. Based on this urgency, this study generally aims to analyze the quality of test
items specifically designed to measure logical thinking ability so that the instruments used

are truly valid and fit for purpose.

Method

This research is a quantitative study with an evaluative analysis approach, focusing
on examining the quality of a test instrument measuring mathematical logical thinking
ability. According to Susanto et al. (2015) and Arifin (2022), evaluative analysis in
educational measurement is conducted to assess the quality and effectiveness of test items
as measurement tools through indicators of validity, reliability, item difficulty, and
discrimination power, thereby ensuring that the instrument truly represents the construct
being measured. Therefore, this approach was adopted to ensure that each item in the
logical thinking ability test functions appropriately as a measurement instrument. The
participants in this study were students from two Grade VII classes (VII.6 and VIIL.8) at a
public junior high school in Bandar Lampung. The total number of participants was 64
students, consisting of 32 students from class VII.6 and 32 students from class VIL.8. A

purposive sampling technique was employed, with class selection based on similarities in
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academic characteristics and the completion of relevant mathematics content. Both classes
were used as trial groups to evaluate the quality of the test instrument.

The instrument used was an essay test consisting of ten items, developed based on
four indicators of logical thinking ability, namely the ability to interpret information, the
ability to predict, the ability to solve problems, and the ability to draw conclusions. The
data analysis used in this study included tests of validity, reliability, difficulty index, and
discriminating power. The calculations for validity, reliability, difficulty index, and
discriminating power were conducted with the aid of SPSS and Microsoft Excel.

The questions below were used to measure mathematical logical thinking ability.

SOAL TES KEMAMPUAN BERPIKIR LOGIS

Mata Pelajaran Masewatika Nama
Waktu 2x40 zasmat Kelas
Petunyux Penzenians Seal

3 Jovableh eaalsosl besikt dengan lanshan, welus, dan tapat

b Juwahioh saa) yang ! dab tacl el

wjian dengan § scal. Jika siswa mengeryakan sema soal dengan benzs, maka akan
endapat nilai paling kecil 7, tidak akan mendapat remidi. Amis tidak

datibal & baweak ini ok nii yarg munbrsat Atk diremnidi, das besikan

dikirimkan adalsh 53 kaleng. Berapakah jumlah kaleng sus

5 Runa g Genkal beberapa buk sehacza Rp25 000 per buku 1a baaa ssoulda vang Rp150 000
Bawapa banak buies AR a0z b3 ia bels |

Figure 1. Logical Thinking Ability Test Questions

The interpretation of instrument validity, reliability, difficulty index, and
discriminating power follows the criteria below:
1. Validity
The validity test employed in this study was criterion-related validity, which was analyzed
using the Pearson product moment correlation with the assistance of SPSS. According to
Ghozali (2018), an item is considered valid if it has a significance value of less than 0.05.
2. Reliability
Test reliability refers to the consistency and dependability of the measurement results. The
main purpose of estimating reliability is to determine the extent to which the test scores are
accurate and stable. Reliability was measured using Cronbach’s alpha coefficient to assess
internal consistency with the assistance of SPSS. The interpretation of the reliability

coefficients according to Sudijono (2011) is shown below:
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Table 1. Reliability Criteria

Reliability Coefficient (ri1) | Interpretation
m < 0,70 Not Reliable
i = 0,70 Reliable

3. Difficulty Index
The formula used to calculate the item difficulty index for essay-type questions according

to Arifin (2012) is as follows:

Mean item score

Dif ficulty Index =

Maximum score for each item

The classification of the difficulty index according to Arikunto (2013) is shown below:
Table 2. Difficulty Index Criteria

Difficulty Index Interpretation
0,00 — 0,30 Difficult
0,31 -0,70 Moderate
0,71 — 1,00 Easy

4. Discriminating Power
Discriminating power refers to the extent to which an item can differentiate between high-
performing and low-performing students (Asrul, 2015). The formula used to calculate the
discrimination index of essay-type items according to Arifin (2012) is as follows:
XK, + XK
pp=——2 "7

Maximum score

Where:

DP = Discrimination index

XK, = Mean score of the upper group
XKz = Mean score of the lower group

The classification of discriminating power based on Arikunto (2013) is as follows:

Table 3. Discriminating Power Criteria

Discriminating Power (DP) Interpretation
0,7< DP =10 Excellent
04<DP <07 Good
02<DP <04 Fair
0,0< DP <02 Poor

DP =00 Very Poor

Results and Discussion
The quality of the test instrument based on the aspects of validity, reliability,

difficulty index, and discriminating power was obtained as follows. The type of validity
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used is criterion-related validity. The criterion validity test was carried out using SPSS.

Based on the analysis using SPSS, the following data were obtained.

Table 4. Results of the instrument validity analysis

Item Number Sig. (2-tailed) Notes
1. 0,000 Valid
2a 0,000 Valid
2b 0,000 Valid
2c 0,000 Valid
2d 0,000 Valid
2e 0,000 Valid
3a 0,000 Valid
3b 0,000 Valid
4 0,000 Valid
5 0,000 Valid

Table 5. The results of the reliability analysis using SPSS

Cronbach's Alpha

N of Item

0,775

10

A Cronbach’s alpha value greater than 0.7 indicates that the test instrument is

reliable.

The results of the difficulty index analysis calculated using Microsoft Excel

Table 6. Difficulty Index

Item Number Indicator Difficulty level Notes
1. Problgm solving . 0.56 Moderate
Drawing conclusion
2a Drawing conclusion 0.68 Moderate
2b Drawing conclusion 0.69 Moderate
2c Drawing conclusion 0.68 Moderate
2d Drawing conclusion 0.71 Easy
2e Drawing conclusion 0.67 Moderate
3a Inter.prgtmg 0.62 Moderate
Predicting
3b Probl§m solving . 0.50 Moderate
Drawing conclusion
Interpreting
4 Predicting 0.56 Moderate
Problem solving
Drawing Conclusion
Interpreting
5 Predicting . 0.41 Moderate
Problem solving
Drawing Conclusion
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The results of the discriminating power analysis calculated using Microsoft Excel

Table 7. Discriminating Power

Item Number Indicator Discriminating power Notes
Problem
solving
Drawing
conclusion
Drawing
conclusion
Drawing
conclusion
Drawing
conclusion
Drawing
conclusion
Drawing
conclusion
Interpreting
Predicting
Problem
solving
Drawing
conclusion
Interpreting
Predicting
4 Problem 0.47 Good
solving
Drawing
Conclusion
Interpreting
Predicting
5 Problem 0.41 Good
solving
Drawing
Conclusion

0.44 Good

2a 0.39 Fair

2b 0.39 Fair

2c 0.30 Fair

2d 0.39 Fair

2e 0.39 Fair

3a 0.54 Good

3b 0.33 Fair

The try-out of the test instrument was carried out to measure junior high school
students’ logical thinking ability based on four indicators, namely the ability to interpret
problems, to predict, to solve problems, and to draw conclusions. The instrument used was
an essay-type test consisting of ten items, which was piloted with Grade VII students
(classes VII.6 and VII.8) at a public junior high school in Bandar Lampung. The choice of
essay format enabled the researcher to observe students’ thinking processes more
comprehensively, not only from their final answers but also from the way they constructed
arguments and solution steps. Thus, each item did not merely represent mathematical
content, but was also designed to reveal the level of logical thinking ability in accordance
with the predetermined indicators.

The results of the validity analysis show that all items meet the criteria for criterion-

related validity. The test, conducted using SPSS with Pearson’s correlation coefficient,
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indicates that each item has a positive and significant correlation with the total instrument
score. Significance values below 0.05 indicate that each item contributes meaningfully to
the measurement of the construct of logical thinking ability. Correlations in the moderate
to high range show that these items are effective in capturing variations in students’
abilities related to interpreting information, predicting possibilities, solving problems, and
drawing conclusions logically.

From a measurement theory perspective, good criterion-related validity indicates
that the instrument has a strong empirical basis to be used as a measuring tool. This is
particularly important because logical thinking ability is an abstract construct that cannot
be observed directly. A valid instrument helps ensure that the scores obtained by students
truly reflect their logical thinking ability, rather than merely their ability to memorize
procedures or their chance of answering correctly.

The reliability analysis carried out using Cronbach’s alpha produced a coefficient
of 0.775. This value is above the 0.70 threshold that is generally used as a criterion
indicating that an instrument has adequate reliability. Thus, the instrument can be
categorized as having good internal consistency. This means that the items in the
instrument function well in measuring the same construct and do not contradict one
another. If this instrument is used with different groups of students who share similar
characteristics, there is a high probability that the pattern of results obtained will be
relatively consistent.

Such consistency is very important in the context of measuring logical thinking
ability, because this construct is influenced not only by cognitive factors but can also be
affected by external factors such as emotional conditions or learning situations. Good
reliability provides confidence that variations in students’ scores are largely due to
differences in logical thinking ability, rather than to inaccuracies in the measuring
instrument. Therefore, this instrument has the potential to be used in further research as
well as as an evaluation tool in classroom learning.

In terms of difficulty index, the analysis shows that nine items fall into the
moderate category and one item into the easy category. This composition indicates that, in
general, the instrument is at a moderate index of difficulty. A moderate difficulty index is
ideal for an instrument that aims to uncover higher-order thinking skills, such as logical
thinking ability, because students are still challenged to think, but the items are not so

difficult as to create unnecessary barriers. The presence of one easy item can also be
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considered positive as long as it remains relevant to the logical thinking indicators, since
items with a low difficulty index can help build students’ confidence and assist in
distinguishing students with very low ability from those with moderate or high ability.

An excessively high difficulty index risks preventing many students from
demonstrating their actual logical thinking ability due to excessive cognitive load.
Conversely, if there are too many easy items, the instrument can no longer effectively
challenge students to display more complex logical thinking. Therefore, the dominance of
moderate-level items indicates that the researcher has considered a balance between
cognitive demands and the accessibility of the items for students.

The analysis of item difficulty revealed variations in students’ performance across
the indicators of logical thinking ability. Most items were classified as having a moderate
level of difficulty (P = 0.41-0.69), indicating that the instrument has a proportional
difficulty level and is appropriate for use. From an indicator-based perspective, items
measuring the ability to draw conclusions were generally categorized as moderate, with
one item classified as easy (P = 0.71), suggesting that this indicator is relatively easier for
students to master. In contrast, the predicting indicator, particularly items that integrate
interpretation and problem solving, exhibited a higher level of difficulty, with the lowest
value observed in Item 5 (P = 0.41), indicating that predictive activities remain challenging
for students. Meanwhile, the indicators of interpreting information and problem solving
were within the moderate category with relatively balanced values (P = 0.50-0.62).
Overall, this analysis confirms that drawing conclusions tends to be easier, whereas
predicting is more difficult for students, indicating that the developed instrument has
diagnostic value in identifying indicators that require greater attention in mathematics
instruction.

From the perspective of discriminating power, the instrument shows reasonably
good quality. Four items fall into the “good” discrimination category, while the remaining
six are in the “fair” category. The absence of items with poor or very poor discriminating
power is an important indicator that all items are able, to varying degrees, to distinguish
between students with high and low logical thinking ability. Items with good
discriminating power function as highly effective questions for identifying students who
truly have superior logical thinking skills, because such items tend to be answered

correctly by high-ability students and less accurately by low-ability students.
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The analysis showed that the item discrimination indices ranged from 0.30 to 0.54,
indicating fair to good discrimination and suggesting that the instrument effectively
differentiates students’ logical thinking abilities. Items assessing interpretation and
prediction demonstrated the highest discrimination power, particularly Item 3a (DP =
0.54), making them the most effective in distinguishing between high- and low-performing
students. Items integrating multiple indicators also exhibited good discrimination (DP =
0.41-0.47), reflecting the sensitivity of complex reasoning tasks to ability differences. In
contrast, items measuring drawing conclusions showed lower discrimination (DP = 0.30—
0.39), consistent with their relatively lower difficulty levels. Overall, indicators involving
prediction and higher-order reasoning demonstrated stronger discrimination power,
indicating that the instrument not only meets item quality standards but also has diagnostic
value for identifying variations in students’ logical thinking abilities.

Meanwhile, items in the fair discrimination category can still be retained in the
instrument, but they also offer room for improvement. Future researchers may revise the
wording, context, or scoring scheme of such items to enhance their discriminating power—
for instance by clarifying the required steps of reasoning or adding complexity to the
situation within reasonable limits. Nevertheless, the current composition already indicates
that the instrument functions adequately as a tool for selection and diagnosis of logical
thinking ability.

When the four aspects validity, reliability, difficulty index, and discriminating
power are considered together, it can be concluded that the test instrument developed has
good quality and is suitable for measuring junior high school students’ logical thinking
ability. All items have been proven valid, the instrument as a whole is reliable, the
difficulty index tends to fall in the moderate category, and the discriminating power ranges
from fair to good. This combination of findings strengthens the position of the instrument
as a measuring tool that is not only theoretically and empirically sound, but also
operationally feasible in the field.

The findings of this study are consistent with previous research conducted by
Hartono et al. (2023) and Fradinata et al. (2025), which reported that well-constructed
mathematics instruments generally demonstrate acceptable levels of validity and reliability.
Most of the items in this study were classified as having a moderate level of difficulty,
indicating that the instrument is appropriate for measuring higher-order thinking skills.

However, in contrast to several earlier studies that identified items with low discrimination
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power, this study did not find any items categorized as having poor discrimination,
suggesting better item quality and construction.

Substantively, this instrument provides a fairly comprehensive picture of students’
logical thinking profiles, particularly in interpreting problems, predicting solutions, solving
mathematical problems, and drawing conclusions coherently. Teachers can use the test
results to identify which indicators are still weak in their students and to design strategies
for improvement. Thus, the instrument serves not only as an evaluation tool but also as a
basis for pedagogical decision-making.

The findings of this study contribute a model of an instrument that can be used as a
reference for developing tools to measure logical thinking ability at different levels and in
different contexts. The indicator structure used, the essay-item format, and the item
analysis procedures applied can be adapted by other researchers interested in examining
higher-order thinking skills, whether in mathematics or in other subject areas that demand

logical reasoning.

Conclusion and Suggestion

The results of the study show that the test instrument developed to measure
students’ logical thinking ability has, overall, met the eligibility criteria. All items were
found to be valid based on the criterion-related validity test, confirming that each item is
able to reflect aspects of logical thinking ability in accordance with the specified
indicators. The reliability coefficient of 0.775 also confirms that the instrument has
adequate internal consistency and is capable of producing relatively stable scores when
administered to groups of students with similar characteristics.

In terms of item characteristics, the majority of questions fall into the moderate
difficulty category, indicating that the instrument provides a balanced level of challenge
for students. In addition, the analysis of discriminating power shows that the items are able
to classify students according to their level of logical thinking ability fairly well.

Based on these findings, the instrument can be declared suitable for use as a
measuring tool for logical thinking ability, both in research and for instructional evaluation
purposes. The instrument is effective in measuring students’ ability to interpret problems,
make predictions, solve problems, and draw conclusions in accordance with the indicators
of logical thinking ability.

Suggestion
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1. For Mathematics Teachers

The instrument analyzed in this study can serve as a reference for designing test items that
assess students’ logical thinking ability. Teachers are encouraged to conduct validity,
reliability, difficulty level, and discrimination index analyses before using test items in
evaluations to ensure that the assessment results accurately reflect students’ abilities.

2. For Schools

A system is needed that encourages teachers to routinely conduct item analysis during the
preparation of every evaluation to ensure the use of high-quality assessment instruments.

3. For Future Researchers

Future studies may be expanded by increasing the sample size or involving different grade
levels to obtain a more comprehensive understanding of the quality of instruments used to
measure logical thinking skills.

4. For Instrument Development

Several test items that fall within the “fair” discrimination category should be revised to
improve their quality. Revisions may include refining the context of the questions,
adjusting the level of complexity, or enhancing the clarity of indicators so that the items

can more effectively distinguish between high- and low-ability students.
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