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ABSTRACT

This research aims to develop a mathematical assessment instrument equivalent to the Academic
Ability Test (TKA) for junior high school students who have good measurement quality. This
research uses a Research and Development (R&D) approach by adapting the ADDIE model which
includes the stages of analysis, design, development, implementation, and evaluation. The instrument
developed consists of three question items that are arranged based on the TKA preparation grid with
emphasis on mathematical reasoning skills, problem solving, and critical thinking. The research
subjects consisted of expert validators including experts in mathematics and educational evaluation
experts, as well as 80 junior high school students as respondents to the instrument trial. The data
collection technique is carried out through expert validation sheets and tests of student work. Data
analysis was carried out descriptively to assess the feasibility of the instrument's contents, while
empirical validity was analyzed using corrected item-total correlation and reliability was analyzed
using Cronbach's Alpha coefficient with the help of IBM SPSS Statistics software. The results
showed that all question items had a corrected item-total correlation value that was greater than the
r-value of the table (0.220) so that it was declared valid. In addition, the results of the reliability test
showed a Cronbach's Alpha value of 0.953 which was in the very high category. These findings show
that the assessment instruments developed have a very good level of validity and reliability so that
they are suitable for use as an alternative assessment to measure the academic ability of junior high
school students that are in line with TKA standards.
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INTRODUCTION

21st century education requires students to possess higher-order thinking skills,
particularly problem-solving and critical thinking, as essential competencies to face the
complexities of modern life (Jannah et al., 2026). In the context of junior high school
education, the development of these abilities serves as a fundamental basis before students
advance to higher levels of education. Mathematics plays a strategic role as a medium to
train logical reasoning, analytical skills, and systematic problem-solving abilities (Rahman
etal., 2021; Utami et al., 2025). Therefore, mathematics learning should be supported by an
evaluation system that is capable of comprehensively describing students' cognitive
processes and thinking skills. Learning evaluation not only functions to measure the level of
material mastery, but also to provide meaningful information about how students think in
solving problems (Phafiandita et al., 2022). Thus, appropriate assessment practices are
essential to accurately measure the development of students’ cognitive abilities.

In the context of educational evaluation, assessment is defined as a systematic
process of collecting, analyzing, and interpreting information about students’ abilities as a
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basis for decision-making in learning (Adriantoni et al., 2025; Sa’dijah et al., 2025). A high-
quality assessment must be able to measure the intended constructs accurately and
consistently (Munaroh, 2024). Therefore, the development of assessment instruments must
consider measurement quality, particularly in terms of validity and reliability. Validity refers
to the extent to which an instrument measures what it is intended to measure, while reliability
indicates the consistency of measurement results when the instrument is administered under
similar conditions (Saputri & Larasati, 2023; Widiana, 2023). Instruments that lack validity
or reliability may produce inaccurate data, which can lead to incorrect interpretations of
students’ abilities (Munaroh, 2024). Consequently, the development of assessment
instruments must involve systematic validation and empirical testing to ensure their
feasibility and accuracy in evaluating learning outcomes.

In line with the need for high-quality assessment, the Academic Ability Test (Tes
Kemampuan Akademik/TKA) has been introduced as an assessment model that emphasizes
reasoning skills. TKA is designed to measure students' academic abilities not only in terms
of content mastery but also in understanding, analyzing, and solving problems
(Kemendikdasmen, 2025). The TKA framework highlights reasoning ability, problem-
solving, and numeracy literacy as key indicators of academic competence. The standards for
TKA development issued by the Ministry of Primary and Secondary Education provide a
structured and standardized reference for designing assessment instruments
(Kemendikdasmen, 2025). These principles allow adaptation across different levels of
education, including junior high school. Therefore, integrating TKA principles into
assessment practices is expected to strengthen the measurement of students’ academic
abilities from an early stage.

However, the implementation of mathematics assessment at the junior high school
level still faces several challenges. Existing assessment instruments are generally oriented
toward procedural knowledge and memorization of concepts (Syafi et al., 2025). The items
presented have not optimally measured complex reasoning skills or students’ ability to
transfer knowledge to new situations. As a result, the information obtained from assessment
results does not fully reflect students' cognitive abilities comprehensively. Teachers require
assessment instruments that are not only valid and reliable but also practical and aligned with
national standards (Hidayat et al., 2026; Saputra & Akmal, 2025). In addition, the limited
availability of instruments that are aligned with standardized frameworks such as TKA at
the junior high school level indicates the need for more representative and high-quality
assessment tools.

These conditions reveal a significant research gap in the field of mathematics
assessment development. Most previous studies tend to focus on improving learning
outcomes or examining the effectiveness of instructional models (Aqidatul Aisyah et al.,
n.d.; Paat et al., 2024; Ramadhani & Sukenti, 2023). Meanwhile, studies that specifically
emphasize the development and empirical testing of assessment instrument quality,
particularly those aligned with academic ability standards such as TKA, remain limited.
Furthermore, research that integrates content validation, empirical validity testing, and
reliability analysis within a single framework of TKA-equivalent assessment development
for junior high school students has not been widely conducted. This indicates a clear need
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for research that focuses on developing standardized, valid, and reliable assessment
instruments that are capable of measuring higher-order thinking skills in mathematics.

Based on this gap, this study offers a novel contribution by developing a mathematics
assessment instrument equivalent to TKA specifically for junior high school students and
testing its quality through a comprehensive validation process. The instrument is designed
based on the TKA framework, emphasizing the measurement of mathematical reasoning,
problem solving, and critical thinking skills. The items are constructed to represent the
indicators outlined in the TKA standards, enabling a more comprehensive assessment of
students’ academic abilities. The development process involves systematic stages, including
item construction, expert validation, and empirical testing involving students. This approach
ensures that the resulting instrument meets the criteria of a high-quality assessment tool and
1s suitable for use in mathematics learning evaluation.

Based on the description above, the research problems in this study focus on
examining the quality of the developed assessment instrument. Specifically, this study seeks
to investigate the content validity of the TK A-equivalent mathematics assessment instrument
based on expert judgment, to analyze the empirical validity of the instrument based on
students’ responses, and to determine the reliability of the instrument in measuring students’
academic abilities.

Accordingly, this study aims to develop a TKA-equivalent mathematics assessment
instrument for junior high school students and to evaluate its quality in terms of content
validity, empirical validity, and reliability. The results of this study are expected to
demonstrate that the developed instrument has strong measurement quality and can be used
as an alternative evaluation tool in mathematics learning. Ultimately, this research is
expected to contribute to the advancement of educational assessment studies and support
more effective evaluation practices that are oriented toward higher-order thinking skills.

RESEARCH METHODS

This research is a research and development (R&D) that aims to produce a
mathematical assessment instrument equivalent to the Academic Ability Test (TKA) for
junior high school students who have good measurement quality. The development design
adapts the ADDIE model which consists of five stages, namely analysis, design,
development, implementation, and evaluation with adjustments to the development of
educational assessment instruments. The development stages in this study include Analysis,
at this stage a study of the needs for instrument development is carried out through an
examination of the TKA preparation grid published by the Ministry of Primary and
Secondary Education and mathematics competency analysis at the junior high school level.
This stage aims to identify relevant indicators of ability to be measured, in particular
mathematical reasoning, problem-solving, and critical thinking skills. Next is Instrument
Design, this stage includes the preparation of assessment grids based on the ability indicators
contained in the TKA preparation standards. Furthermore, the design of question items is
carried out that is adjusted to the ability indicators to be measured, as well as the
determination of the form of the question and scoring guidelines. In the Instrument
Development stage, three items of mathematical assessment questions are prepared in
accordance with the indicators in the grid that has been designed. The question items that
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have been developed are then validated by experts in mathematics and educational
evaluation experts to assess the suitability of the content, construction, and linguistic aspects
of the instrument. The results of expert validation are used as a basis for revising instruments
before testing students. Furthermore, the Implementation stage (Instrument Trial) was
carried out by testing instruments to junior high school students to obtain student response
data to the developed question items. The data from the students' work is used as a basis for
empirically analyzing the quality of the question items. The last stage is Evaluation by
analyzing the quality of the instrument based on expert validation results and empirical test
results. This evaluation aims to determine the feasibility of the assessment instrument
developed so that it can be used as a measuring tool for students' academic ability equivalent
to TKA.

The research subjects consisted of expert validators including experts in mathematics
and educational evaluation experts, as well as 80 junior high school students as respondents
to the instrument trial. The data collection technique is carried out through expert validation
sheets and tests of student work results on the developed instruments. The data from expert
validation results were analyzed descriptively to determine the feasibility level of the
instrument's contents. Furthermore, the empirical validity of the question items was analyzed
using the correlation between the item score and the total score to determine the degree of
relevance of each question item to the overall instrument. The instrument reliability test was
carried out using the Alpha Cronbach coefficient to determine the level of internal
consistency of the developed assessment instrument. The entire statistical analysis was done
with the help of IBM SPSS Statistics software. The results of the validity and reliability
analysis are used as a basis to determine the feasibility of assessment instruments equivalent
to TKA for junior high school students.

RESULTS AND DISCUSSION

The development of the TKA-equivalent mathematics assessment instrument began
with a validation process conducted by material experts. This stage aimed to evaluate the
feasibility of the instrument in terms of content, construction, and language aspects. The
results of expert judgment indicated that the instrument was generally appropriate for use,
although several revisions were required. These revisions primarily focused on improving
the clarity of item wording, refining the contextual representation of problems, and aligning
the indicators more closely with the TKA framework. This validation process plays a crucial
role in ensuring that the instrument meets fundamental quality standards before being
implemented in empirical testing, as expert validation is essential for establishing content
validity in assessment development.

Following the validation stage, empirical testing was conducted involving 80 junior
high school students to examine the validity of the instrument. The analysis used corrected
item-total correlation to determine the extent to which each item contributes to the overall
construct being measured. As presented in Table 1, all items demonstrate corrected item-
total correlation values exceeding the critical r-value (0.220), indicating that each item has a
strong relationship with the total score.
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Table 1. Results of the Empirical Validity Test
Corrected Item- Cronbach’s Alpha if

Total Correlation Item Deleted
Item 1 0.870 0.955
Item 2 0.943 0.900
Item 3 0.891 0.939

These findings indicate that all items are valid and effectively represent the intended
construct of mathematical ability. The strong correlation values suggest that each item
consistently contributes to measuring the same underlying construct, namely students’
reasoning and problem-solving abilities. This result can be attributed to the systematic
development process, which involved alignment with the TKA framework and refinement
through expert validation. Such a process ensures that the items are not only relevant but
also capable of capturing higher-order thinking skills. This finding is consistent with
previous studies which state that assessment instruments developed through structured
validation and empirical testing tend to demonstrate strong validity and accurately represent
the intended constructs (Saputri & Larasati, 2023; Ulfah, 2025; Zayrin et al., 2025).

In addition to validity, the reliability of the instrument was analyzed using
Cronbach’s Alpha to determine its internal consistency. The results, as shown in Table 2,
indicate that the instrument has a very high reliability coefficient.

Table 2. Reliability Test Results

N of Item Cronbach’s Alpha
3 0.953

The high reliability coefficient demonstrates that the instrument produces consistent
measurement results and that all items function cohesively in assessing the same construct.
This strong internal consistency can be explained by the alignment of items with clearly
defined indicators derived from the TKA framework, as well as the careful construction of
items during the development process. Instruments with high reliability are considered stable
and dependable when used across similar groups of respondents. This finding supports
previous research indicating that well-constructed assessment instruments tend to yield
consistent and reliable measurements of students’ abilities (Muharromah et al., 2025; Saputri
& Larasati, 2023; Zana et al., 2025).

Beyond statistical evidence, the characteristics of the developed items indicate that
the instrument has successfully incorporated higher-order thinking skills. The items require
students not only to apply mathematical procedures but also to interpret contextual
information, analyze problems, and make logical decisions. This reflects the principles of
TKA, which emphasize reasoning and numeracy literacy as key components of academic
ability (Kemendikdasmen, 2025). In this context, numeracy literacy extends beyond
computational skills to include the ability to understand and apply mathematical concepts in
real-life situations (Fajriah & Amalia, 2024). Therefore, the developed instrument aligns
with the concept of authentic assessment, as it connects abstract mathematical knowledge
with meaningful real-world contexts. This approach strengthens the role of assessment as
both a measurement tool and a means of fostering students’ cognitive development.
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The analysis of students’ response data further provides insight into the performance
of the instrument. The average scores for each item fall within a relatively high range,
indicating that most students were able to understand and respond to the items effectively.
However, this finding requires careful interpretation. A high average score may suggest that
the items are within an appropriate or moderate level of difficulty, but it may also indicate
that the items are relatively easy for the tested group (Widaman & Revelle, 2023). From a
measurement perspective, an optimal instrument should include a balanced range of
difficulty levels to effectively differentiate students’ abilities. Therefore, while the current
instrument demonstrates good accessibility and clarity, further refinement is needed to
enhance its discriminating power.

This interpretation is further supported by the relatively low standard deviation,
which indicates limited variation in students’ responses. On one hand, this suggests that the
instrument has clear language and well-structured contexts, allowing students to interpret
the items consistently. On the other hand, it may indicate that the instrument has not yet fully
captured the diversity of students’ abilities. This condition highlights the importance of
incorporating items with varying levels of complexity, including more challenging problems
that require deeper reasoning (Sun et al., 2025). Previous studies emphasize that while
structured item development improves instrument quality, it must be complemented by
advanced analysis such as item difficulty and discrimination indices to achieve optimal
measurement effectiveness (Lambert & Newman, 2023; Swan et al., 2023). Thus, future
development should aim to enrich the cognitive depth and variation of the instrument.

The findings of this study have important implications for mathematics learning
evaluation. The developed TKA-equivalent assessment instrument can serve as an
alternative tool for assessing students’ mathematical reasoning more comprehensively. Its
use enables teachers to move beyond procedural assessment toward evaluating deeper
cognitive processes. Furthermore, integrating TKA-based instruments into classroom
assessment can help familiarize students with reasoning-oriented and numeracy-based tasks
from an early stage. This supports the shift toward competency-based education, where
assessment is not merely an endpoint but an integral part of the learning (Sa’dijah et al.,
2025; Zahroh et al., 2025; Zana et al., 2025). In this regard, the findings extend previous
research by demonstrating that the integration of standardized frameworks such as TKA into
instrument development can enhance both the quality and relevance of assessment practices.
This also aligns with the broader goal of 21st-century education, which emphasizes critical
thinking, adaptability, and problem-solving skills (Adeoye et al., 2024).

Despite these positive findings, this study has several limitations. The number of
items developed is relatively small, consisting of only three questions, which limits the
coverage of the full range of TKA indicators. Additionally, the sample was restricted to
students from a single school, which may affect the generalizability of the results. Therefore,
future research is recommended to develop a larger pool of items and involve more diverse
samples to obtain more comprehensive and generalizable findings.

Overall, the results indicate that the developed TKA-equivalent mathematics
assessment instrument meets the criteria of a good measurement tool in terms of validity and
reliability. The instrument is capable of providing accurate and consistent information about
students’ mathematical reasoning abilities. These findings reinforce previous studies which
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highlight that reasoning-based assessment instruments can offer a more comprehensive
evaluation of students’ academic abilities (Sa’dijah et al., 2025; Zahroh et al., 2025). Thus,
this study contributes to the development of mathematics assessment practices that are
aligned with TKA standards and oriented toward higher-order thinking skills.
CONCLUSION

This research produced a mathematical assessment instrument equivalent to the
Academic Ability Test (TKA) for junior high school students developed through the ADDIE
model. The instruments compiled based on the TKA grid succeeded in meeting the criteria
of good measurement quality. The results of expert validation showed that the instrument
was feasible to use after several improvements were made to the editorial aspect, clarity of
the context of the questions, and the suitability of indicators. The empirical validity test
shows that all question items have a corrected item-total correlation value that is greater than
the r-value of the table so that it is declared valid. In addition, the results of the reliability
test showed a Cronbach's Alpha value of 0.953 which was in the very high category so that
the instrument had excellent internal consistency. These findings show that the assessment
instruments developed are able to measure students' mathematical reasoning skills
consistently and accurately. Thus, the assessment of TKA equivalents developed in this
study can be used as an alternative evaluation instrument to measure the academic ability of
junior high school students that are in line with TKA standards.
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