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Abstract. Good mathematical problem-solving skills are acquired through practice and training.
This can be achieved by regularly administering tests that measure students' mathematical problem-
solving skills. The development of this test aims to obtain a test that is capable of measuring students’
mathematical problem-solving skills. The Research & Development (R&D) approach was used to
develop a test instrument for mathematical problem-solving skills on the Pythagorean theorem.
Seven stages adapted from the Borg & Gall development model were followed to obtain a good test
instrument that met the test objectives. The total sample size for the trial was 87 eighth-grade
students from a junior high school in Pamekasan Regency. The sample was selected using random
sampling techniques. The instrument consisted of an expert validation sheet and a test sheet that was
developed. Data were collected through expert validation and pilot testing. The expert validation
results were analyzed descriptively to measure the theoretical validity of the developed test.
Meanwhile, the pilot test data were analyzed using Classical Test Theory (CTT) parameters, which
included empirical validity, reliability, difficulty level, and discrimination power tests. The results
showed that each test item was valid, reliable, had different levels of difficulty, and had good
discriminating power. Thus, the developed test instrument met the criteria for a good test and could
be used to measure mathematical problem-solving skills.
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Introduction

Mathematical problem solving is one of the important skills that needs to be developed to
improve student learning success (Badrulaini, 2018; Cahyaningrum et al., 2023; Chamot et al.,
1992; Guven & Cabakcor, 2013; Hasanah & Setiawan, 2023; Nisa & Faradiba, 2023). Previous
studies have shown that the mathematical problem-solving skills of students in Indonesia are
relatively low, especially in geometry and the Pythagorean theorem (Musa et al., 2017; Ratnasari
& Setiawan, 2022; Simbolon & Sapri, 2022; Susanti & Faradiba, 2022; Wulandari et al., 2021).
Many factors influence students' mathematical problem-solving abilities. Some of these are
affective factors such as mathematical disposition, self-efficacy, and mathematical anxiety
(Hasanah & Setiawan, 2023; Negara et al., 2023; Sari & Faradiba, 2022; Wedastuti & Faradiba,
2023). The main factors causing low mathematical problem-solving skills are students' lack of
understanding of the problems given and the material taught (Arfany & Faradiba, 2022; Hegarty et
al., 1995; Verschaffel et al., 1999; Wulandari et al., 2021). Both factors occur because students are
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not accustomed to practicing or being presented with mathematical problem-solving questions

(Ambhar et al., 2020; Wedastuti, Sunismi, et al., 2023; Wijayanti et al., 2023).

One effort to overcome this is by administering mathematical problem-solving tests on a
regular basis. The test instruments provided must be able to measure and train students'
mathematical problem-solving skills. Therefore, the questions in the test are not compiled randomly
and as they are, but are compiled in accordance with the learning objectives and the objectives of
the test (Faisal, 2022; Magdalena et al., 2020; Secolsky & Denison, 2012). If a test is developed
with the aim of measuring students' mathematical problem-solving abilities, then the test items must

meet the indicators of mathematical problem-solving abilities.

A test instrument is categorized as a good evaluation tool if the items on the test are not only
in line with the learning objectives and test objectives, but also meet the criteria of validity,
reliability, level of difficulty, and good discriminating power (Fiska et al., 2021; Magdalena et al.,
2020, 2021; Secolsky & Denison, 2012; Setiyawan & Wijayanti, 2020). Validity is a principle that
requires an instrument to truly measure the intended concept, that the hypothesized causes truly
produce the observed effects, and that the results obtained from a population using the instrument
can be generalized to other populations (Lecompte & Bear, 2017). Therefore, validity is the most
critical consideration in a test item that is being developed (Secolsky & Denison, 2012). Meanwhile,
reliability is a principle that describes the consistency of scores over time, test form, or internally
within the test itself (Secolsky & Denison, 2012). In other words, reliability measures the extent to
which test items can provide reliable interpretations (Alfarizi & Fuady, 2020). Validity and
reliability represent the credibility and quality of a test item (Lecompte & Bear, 2017). Thus, the
better the validity and reliability of a test item, the better its quality.

A good test instrument should contain test items with varying levels of difficulty in
proportion (Aiken, 1989). In other words, there should be a balance in the number of items
classified as easy, medium, and difficult in a test instrument (Annisah et al., 2020; Magdalena et
al., 2021). The level of difficulty is not determined by the perspective of the item writer, but rather
by the ability of the student to answer the item (Clauser & Hambleton, 2011; Magdalena et al.,
2021). Measuring the level of difficulty is necessary to determine the quality of each item on a test
(Annisah et al., 2020). The higher the difficulty index of a test item, the lower its difficulty level (
), and vice versa. Test items with difficulty indices that are exceptionally high or low compared to
other test items need to be reviewed and revised/replaced (Clauser & Hambleton, 2011; Magdalena
et al., 2021). Good test items should not fall into the "very easy" or "very difficult" categories
(Annisah et al., 2020; Clauser & Hambleton, 2011; Wedastuti, Fuady, et al., 2023). Items that are
too easy tend not to stimulate students' ability to solve mathematical problems (Magdalena et al.,

2020; Nurhalimabh et al., 2022).
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Discriminatory power is also one of the indicators of the quality of a test item. A good test
item can distinguish or "discriminate" between students in the upper group and students in the lower
group (Clauser & Hambleton, 2011). The discriminatory power of a test item is based on the item
discrimination index. The higher the discrimination index of an item, the better its ability to
distinguish between groups of students who have understood the material and those who have not

(Clauser & Hambleton, 2011; Magdalena et al., 2021).

The purpose of this research and development is to develop a test instrument that can measure
students' mathematical problem-solving abilities on the Pythagorean theorem material. The test
instrument will be developed in such a way that it meets the criteria for a good evaluation tool,
namely, it is theoretically and empirically valid, reliable, has a varied level of item difficulty, and
has good discriminating power (Fiska et al., 2021; Magdalena et al., 2020, 2021; Secolsky &
Denison, 2012; Setiyawan & Wijayanti, 2020). The test instrument to be developed will only
contain essay-type questions because the purpose of the test is to measure or describe students'

mathematical problem-solving abilities in the Pythagorean theorem material.

Several developments of mathematical problem-solving ability test instruments have been
carried out previously. Widodo et al. (2021) developed a mathematical problem-solving ability test
instrument on geometry material for junior high school level. Unfortunately, the test development
process carried out by Widodo et al. (2021) was limited to the expert validation stage and had not
been tested. The results of the research by Widodo et al. (2021) show that the test instrument on
geometry material developed has met the criteria of validity and practicality with a V-Aiken value
of more than 0.532. A mathematical problem-solving ability test instrument was also developed by
Lukman et al. (2023) on the topic of algebra. However, the test instrument development stage was
limited to the content validity stage. Therefore, we developed a mathematical problem-solving test
instrument containing Pythagorean theorem material from the initial research stage to the field trial

stage, resulting in a final product that is ready for use.

Method
This research is classified as Research & Development (R&D). The product developed is a
mathematical problem-solving test instrument compiled based on Polya's (1985) stages and
indicators of problem-solving. The stages and indicators of problem-solving ability are presented
in Table 1.
Table 1. Polya's(1985) Problem-Solving Indicators

Problem-Solving Stage Indicators

Able to find information contained in the question and

Understanding the problem asked in the question,
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Problem-Solving Stage Indicators

Able to determine the steps needed to solve the problem

Planning the solution and the reasons behind them.

Implementing the problem-solving Being able to solve the problem using the steps that have
plan been determined.

Able to verify the accuracy of the results obtained from

Reviewing th i luti . .
eviewing the entire solution each step taken in solving the problem.

The mathematical problem-solving test instrument was designed and developed through
several stages adapted from the Borg & Gall (1983) development model. The model consists of 10
stages of development. However, we adapted it so that there are seven stages used, namely 1)
research and information gathering, 2) planning, 3) initial product development, 4) limited testing,
5) initial product revision, 6) field testing, and 7) final product revision. The research and
information gathering stage aims to examine the problems encountered in greater depth based on
relevant theoretical studies (Borg & Gall, 1983). In addition to literature studies, researchers
analyze the problems encountered, the conditions of the students, and the learning environment.
Observations and interviews with teachers and students are conducted to analyze the three
aforementioned aspects. Task analysis and material analysis were also carried out by breaking down
the Learning Outcomes (CP) and Learning Objectives (TP), which were then translated into test

question indicators.

At the planning stage, the researcher compiled a test question grid, test questions, and
guidelines for scoring mathematical problem-solving test questions. These three things were
compiled based on the results obtained from the research and information gathering stages. The
expert validation sheet instrument was also compiled at this stage based on three assessment
aspects, namely the content aspect of the test questions, the language aspect, and the writing aspect

of the test questions.

In the initial product development stage, theoretical validation was carried out through expert
judgment or by requesting the assessment of several experts (Hamdi et al., 2022; Putra & Zarita,
2022). The experts/validators who assessed the initial product were mathematics education experts
with more than 11 years of teaching experience. The results of theoretical validation are followed
up by making improvements to the initial product based on the suggestions and input from the
experts. After going through the revision process, the initial product is consulted again with the

experts until the product is declared suitable for use.

A limited trial of the initial product was conducted involving 20 eighth-grade students at a
junior high school in Pamekasan Regency as respondents or trial samples. The results of the limited

trial were analyzed and used as a basis for making improvements (if any) to the initial product



97 Febrianti Rofidatul Hasanah

developed. The parameters measured in the trial results included empirical validity, reliability,
difficulty level, and test item discrimination. If the analysis results showed that the initial product
was valid, reliable, had a varied difficulty level, and good discrimination, then it proceeded to the

next stage.

The field trial stage was conducted on the limited trial product that had met the four
parameters measured. The field trial sample consisted of 67 eighth-grade students. The field trial
results were analyzed and measured for empirical validity, reliability, level of difficulty, and
discriminating power. Next, revisions are made to the final product (if any revisions are needed)
before the product is finally used. In general, the flow of developing mathematical problem-solving

test questions on the Pythagorean theorem material is illustrated in Figure 1.

Tahap Penelitian dan Pengumpulan Informasi |
Tahap Perencanaan
Draft Awal dan
Lembar Validasi

Tahap Pengembangan Produk [
Awal (Validasi oleh Ahli)

Analisis Data Hasil
Validasi Ahli

Apakah draft awal
Iayak digunakan?

e

| Analisis Data Hasil Uji Coba Terbatas

Apakah draft ke-i memenuhi kriteria
validitas, reliabilitas, tingkat kesukaran,
den daya pembeda yang baik?

Figure 1. Test Item Development Process

The data collected consisted of qualitative and quantitative data. The qualitative data

collection instrument was an expert validation sheet used to measure the validity or feasibility of
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test items before they were tested (Tsabitah & Sunismi, 2020). Therefore, the data from the
theoretical validation of the initial test items through expert judgment is qualitative data, which is
then analyzed using descriptive analysis. The validation criteria for each test item consist of four
options, namely suitable for use without revision, suitable for use with minor revisions, suitable for

use with major revisions, and not yet suitable for use.

The quantitative data collection instrument consisted of test questions that had been
theoretically validated and revised according to the suggestions of validators/experts. Quantitative
data were obtained through limited trials and field trials. The sample or pilot test respondents were
eighth-grade students at a junior high school in Pamekasan Regency. The pilot test data, both from
the limited pilot test and the field pilot test, were analyzed using the parameters of classical test
theory (CTT) (Secolsky & Denison, 2012). The CTT parameters measured in the test items
developed were limited to empirical validity, reliability, difficulty level, and item discrimination
(DeVellis, 2006; Magno, 2009; Secolsky & Denison, 2012). This is because the test items

developed are essay-type items, so there is no need to measure the effectiveness of distractors.

Empirical validity and reliability testing of test items was conducted using SPSS software.
Meanwhile, the difficulty level and discriminating power of test items were analyzed using the
program with the assistance of Microsoft Excel. The validity criteria for test items were based on
the significance value or comparison of r(caicutaecdyWith 1(abic) If the significance value was< 0,05 or
T(calculated)™> T'(table),then the item was declared valid. Meanwhile, the reliability of test items is based
on their reliability coefficient (Cronbach's Alpha value). If the reliability coefficient of a test item
is> 0,6 , then the item has good reliability, and vice versa. To assess the level of difficulty of test
items, the criteria in Table 2 are used, with p being the difficulty index of the item.

Table 2. Categories of Difficulty Level (p ) of Test Items

Difficulty Index ( (p) Difficulty Level
p <0,30 Difficult
030<p <070 Moderate
p > 0,70 Easy

(Arikunto, 2020)

The criteria for classifying test items based on discriminative power are based on the

discrimination index as shown in Table 3.

Table 3. Test Item Discrimination Power Categories
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Discrimination Categor
Index (DB) ategory
DB = 0,40 Good (accepted)
<
0<’300 46 DB Fairly Good (accepted with improvements)
0,20 < DB Poor (requires further discussion, needs improvement and should be
< 0,30 targeted for improvement)

DB < 0,20 Not Good (discarded/rejected and replaced with another item)

The mathematical problem-solving test instrument developed for the Pythagorean theorem
material will be considered good if it is proven to be valid, reliable, has varying levels of difficulty,
and has good discriminatory power. Test questions that meet these four parameters become the

final product that can be used widely.

Results and Discussion

The research and information gathering stage was conducted to examine in depth the
problems encountered, namely the low mathematical problem-solving ability of students
in solving problems, especially descriptive questions in the form of story problems. An
analysis of the learning conditions and environment of students was also conducted at this
stage. The results of observations and interviews with students showed that they were not
accustomed to solving descriptive mathematical problems such as story problems. The
questions given so far were limited to multiple choice, fill-in-the-blank, and descriptive
questions, but not in the form of story problems. The descriptive questions given were
limited to the application of concepts to simple questions. The results of observations and
interviews with mathematics teachers also show that students' ability to understand material
and problems in the form of story problems is relatively low, especially in geometry. There
is concern that giving problems such as story problems in class will take up a lot of time
and result in some material/sub-material not being completed or taught by the end of the

semester.

Task and material analysis was also conducted during the research and information
gathering stage. The next topic to be taught is the Pythagorean theorem. Therefore, the
Learning Outcomes (CP) and Learning Objectives (TP) related to this material were
outlined to become question indicators. The learning objective chosen for the test questions
developed was to solve everyday problems related to the Pythagorean theorem. This
learning objective was chosen because the evaluation must be in the form of everyday
problems, which are usually presented in the form of story problems. The purpose of the

instrument developed is to measure students' mathematical problem-solving abilities.
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Therefore, at this stage, a literature study was also conducted related to the development
topic, such as problem-solving ability indicators, evaluation tool measurement, test

development models, and so on.

At the planning stage, the test blueprint, test items, and scoring guidelines were
developed based on the results of research and information gathering in the previous stage.
Therefore, the test blueprint, test items, and scoring guidelines were based on Polya's
(1985) indicators of mathematical problem-solving skills. The test items are arranged in
such a way that they contain Polya's four indicators of mathematical problem solving. The
test instrument developed consists of two essay questions containing pictures. The test
scoring guidelines contain alternative answers that may be written by students. Thus, there
is more than one alternative answer in the scoring guidelines. An expert validation sheet
was also compiled at this stage, containing three assessment aspects, namely the content
aspect of the test items, the language aspect, and the writing aspect of the test items. The
expert validation sheet was used to measure the theoretical validity of the developed test
items. A summary of the validation results by each validator is presented in Table 4.

Table 4. Summary of Expert Validation Results

Validator Validation Results Suggestions/Input
Valid (s.ultablle for The question indicators should be made more concise
Expert I use with minor . ) .
.. and begin directly with operational verbs
revisions)
Valid (suitable for . . .
Expert IT use with minor Co-rr_ected spellmg errors (#ypos), including in the
. writing of area units
revisions)

Valid (suitable for ~ The color of the letters indicating the names of the
Expert Il use with minor corners in the image has been changed to black so that
revisions) they are more visible when printed

The test question grid, test items, and scoring guidelines were revised according to the
validators' suggestions and input. The question indicators were made more concise, typing errors
were corrected, and the letters indicating the vertices of flat shapes in the pictures in the questions
were made black. After the revision process was carried out, the researchers consulted with experts

again until the product was declared suitable for testing.

A limited trial was conducted on a small group of 20 students. The results of the limited trial
were analyzed to obtain data on the validity, reliability, difficulty level, and discriminating power

of the test items. The results of the item validity test are shown in Table 5.

Table 5. Results of Item Validity Testing in Limited Testing
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Item No. 1 Item No. 2 Score

Item No. 1  Pearson 1 928" 981"
Correlation
Sig. (2-tailed) 0.000  0.000
N 20 20 20
Item No. 2 Pearson .928* 1 .982™
Correlation
Sig. (2-tailed) 0.000 0.000
N 20 20 20
Score Pearson 981" 982" 1
Correlation
Sig. (2-tailed) 0.000 0.000
N 20 20 20

In Table 5, the significance values for items 1 and 2 are0,000 < 0,05 . The reicuacavalues for
each test item are 0.981 and 0.982. Meanwhile, the r(ubie)value withN = 20 and a significance of
5% is 0.444. Thus, r(caiculatedy™ I(bleyapplies to both item number 1 and number 2. Therefore, it can
be concluded that both test items have met the validity criteria. The results of the test item reliability
test in the limited trial stage are presented in Table 6.

Table 6. Test Item Reliability Test Results in the Limited Trial

Cronbach’s Alpha Number of
Items
0.982 2

In Table 6, Cronbach's Alpha coefficient for test questions after limited testing was 0.982
(> 0,6 ). This means that the test questions tested have good reliability. The results of the analysis
of the difficulty level of each test question are presented in Table 7.

Table 7. Results of the Analysis of Test Item Difficulty Levels in the Limited Trial

Question Number P Difficulty Level
1 0.61 Moderate
2 0.34 Moderate

Based on Table 7, both items have different difficulty indices but are classified in the same
difficulty category. The difficulty level of both test items is moderate. Thus, a slight improvement
is needed on one of the test items so that the difficulty level of the developed test instrument
becomes more varied. The results of the item discrimination analysis can be seen in Table 8.

Table 8. Results of Item Discrimination Analysis in Limited Testing
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Item Number Discrimination Index (DB) Item Discrimination Category
1 0.39 Fairly Good
2 0.67 Good

Based on Table §, item number 1 has fairly good discrimination. Therefore, based on the test
item discrimination category in Table 3, test item number 1 is acceptable but needs improvement.
Item number 2 already has good discrimination, so it can be used directly in the field trial stage
without needing improvement. In general, the statistics of the analysis results of the initial product
of the mathematical problem-solving test questions at the limited trial stage are summarized in
Table 9.

Table 9. Statistics of the Analysis Results of the Initial Test Items for Problem-Solving Ability

Statistical Scale Value
Mean 47.10
Standard Deviation 24.85
Median 51.00
Reliability Coefficient 0.982
Average Difficulty Level 0.475
Average Discrimination Power 0.530

Table 9 shows that the average score of students was 47.10 and the average difficulty index
of the test questions was 0.475. This means that the difficulty level of the test questions was
moderate. Meanwhile, the average discrimination index or discriminating power of the questions
was 0.530 (= 0,40) , which means that the test questions have good discriminatory power. In other
words, the developed mathematical problem-solving test questions have been able to distinguish
well between students who have mastered and those who have not mastered the Pythagorean

material.

Test items that needed revision based on the analysis of the limited trial data were corrected
before being used in the field trial. After the initial test items underwent the revision process, the
field trial was conducted. At this stage, there were 67 students who became the subjects of the field
trial. The field trial data were analyzed as in the limited trial, namely empirical validity, reliability,
difficulty level, and test item discrimination. The results of the empirical validation of the test items
in the field trial are summarized in Table 10.

Table 10. Results of Item Validity Testing in the Field Test

Item No. 1 Item No. 2 Score

Item No. 1  Pearson 1 693 .920™
Correlation
Sig. (2-tailed) 0.000  0.000
N 67 67 67

Item No.2  Pearson 693" 1 .920™
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Item No. 1 Item No. 2 Score

Correlation

Sig. (2-tailed) 0.000 0.000

N 67 67 67
Score Pearson .920™ .920™ 1

Correlation

Sig. (2-tailed) 0.000 0.000

N 67 67 67

In Table 10, the significance values for items 1 and 2 are0,000 < 0,05 . The reacuacavalue
for each test item is 0.920. Meanwhile, the r(picjvalue withN = 67 and a significance level of 5%
is 0.240. Thus, r(calcutateayis greater than r(ipieyfor both items 1 and 2. Therefore, it can be concluded
that both test items meet the validity criteria. The results of the test item reliability test in the field
trial stage are presented in Table 11.

Table 11. Test Item Reliability Test Results in the Field Trial

Cronbach’s Alpha Number of
Items
0.819 5

Table 11 shows that the Cronbach’s Alpha coefficient of the test questions after the field trial
was 0.819 (> 0,6 ). This means that the revised and tested test questions have good reliability. The
results of the analysis of the difficulty level of each test question in the field trial are presented in
Table 12.

Table 12. Results of the Analysis of Test Item Difficulty Levels in the Field Test

Item Number Difficulty Index (p) Difficulty Level
1 0.59 Moderate
2 0.30 Difficult

Table 12 shows that the two items have different difficulty indices. Item 1 is classified as
moderate, while item 2 is classified as difficult. The revised test items that were tested in the field
trial had a more varied level of difficulty than those in the limited trial. The results of the analysis
of the discriminating power of test items in the field trial are presented in Table 13.

Table 13. Results of the Analysis of Item Discrimination in the Field Test

Question
Discrimination Index (DB ) Item Discrimination Category
Number
1 0.41 Good
2 0.70 Good

Based on Table 13, both test items developed have an item discrimination index of>= 0,40 ,
meaning that both test items have good discriminating power. Based on the test item discrimination

power category in Table 3, both test items can be accepted without modification. Thus, the final
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product of the mathematical problem-solving test on the Pythagorean theorem can be used for wider
testing. In general, the statistics of the final product analysis of the mathematical problem-solving

test based on field trials are summarized in Table 14.

Table 14. Statistics of the Analysis Results of the Final Product of the Mathematical Problem-

Solving Ability Test
Statistical Scale Value
Mean 44.70
Standard Deviation 23.86
Median 40.00
Reliability Coefficient 0.819
Average Difficulty Level 0.445
Average Discrimination Power 0.555

In Table 14, the average test score of students is 44.70 and the average difficulty index of the
test questions is 0.445. This means that the difficulty level of the test instrument developed is in the
moderate category. Meanwhile, the average discrimination index or discrimination power of the
questions is 0.555 (= 0,40 ), which means that the test questions have good discrimination power.
In other words, the developed mathematical problem-solving test questions are able to distinguish
well between students who have mastered and those who have not mastered the Pythagorean
material. Based on the results of the discrimination test, it was also concluded that the test
instruments developed were able to distinguish well between students with good mathematical
problem-solving abilities and students with poor mathematical problem-solving abilities. Based on
all of the above analysis results, it can be concluded that the mathematical problem-solving test
questions on the Pythagorean theorem that were developed meet the criteria for a good test and can
be used widely. The final product of the mathematical problem-solving test that was developed is
shown in Table 15.

Table 15. Mathematical Problem-Solving Ability Test Questions on the Pythagorean Theorem
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Question

The following image is an illustration of a stage used in an art performance at SMP Negeri 1

Pakong.
A B
E The stage is rectangular in shape. The part indicated by the
shape AFE is the stage floor covered with brown carpet.
2 D Y C Determine the area of the brown carpet used!

Wildy drew the roof frame of his house as shown in the following picture. The front and back

are isosceles triangles, while the sides are rectangles.

The roof frame of Wildy's house is made of wood. If the wood is indicated by the lines in the

picture and the roof height is 4 m, determine the total length of wood needed!

Mathematical problem-solving skills are an important component of mathematics learning
(Chamot et al., 1992; Guven & Cabakcor, 2013; NCTM, 2000; Widdah & Setiawan, 2023). Good
mathematical problem-solving skills are not acquired suddenly, but require practice and training
(Amhar et al., 2020). This practice can be realized by regularly giving mathematical problem-
solving test questions. However, the test questions used need to be compiled and developed in such
a way that they are truly in line with the learning objectives and the objectives for which the

questions were developed (Faisal, 2022; Magdalena et al., 2020; Secolsky & Denison, 2012).

An evaluation tool, including test questions, can be considered good if it meets several
criteria, two of which are validity and reliability (Magdalena et al., 2020; Secolsky & Denison,
2012). Validity and reliability tests are very important for assessing the credibility and quality of a
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test question (Lecompte & Bear, 2017). The higher the level of validity and reliability of an
evaluation tool, such as a test question, the lower the level of measurement error in the test question
(Dassopoulos et al., 2007; Lecompte & Bear, 2017). Therefore ( , before a test item can be used
widely, it must be tested for validity and reliability (Magdalena et al., 2020; Secolsky & Denison,
2012). Validity testing of a developed test consists of theoretical and empirical validity. Theoretical
validity is measured through expert review (Hamdi et al., 2022; Putra & Zarita, 2022). Meanwhile,
empirical validity is measured based on test data (Hamdi et al., 2022; Lecompte & Bear, 2017,
Putra & Zarita, 2022). The results of the validity (theoretical and empirical) and reliability tests in
the field trial show that the test questions on mathematical problem-solving skills in the
Pythagorean theorem material that were developed are valid and reliable. In other words, the
developed product has met two indicators to be considered a good evaluation tool and meets the

criteria for product development feasibility (Lecompte & Bear, 2017; Secolsky & Denison, 2012).

The results of the field trial show that the difficulty level of the test items is moderate to
difficult. The test instrument developed contains two items with different and proportional
difficulty levels. The balance of difficulty levels of test items is important to consider when
developing a test instrument (Aiken, 1989; Magdalena et al., 2021; Misri et al., 2021). A test that
contains items with the same level of difficulty in each item is considered poor (Magdalena et al.,
2021; Misri et al., 2021; Nurhalimah et al., 2022). The test results also show that the test instrument
developed does not contain items with easy criteria. Test items that fall under the easy criterion
tend not to stimulate students' mathematical problem-solving abilities (Magdalena et al., 2021;
Nurhalimah et al., 2022). Therefore, the test instrument developed has met one of the criteria for a

good test based on its level of difficulty.

The final product developed has good discriminatory power. The discrimination index of the
two test items= 0,40 , which means that it meets the criteria for being good. This shows that the
two test items are able to effectively distinguish between students who have mastered the material
and those who have not (Magdalena et al., 2021; Secolsky & Denison, 2012; Zarokanellou et al.,
2023). The discrimination index value for item number 2 is higher than the discrimination index
for item number 1. The higher the discrimination index of an item, the more valid and reliable the
test score will be (Secolsky & Denison, 2012; Zarokanellou et al., 2023). In other words, the higher
the discrimination index of an item, the better the item developed (Clauser & Hambleton, 2011;
Magdalena et al., 2021). This means that even though both test items have good discriminatory
power, item number 2 is better able to distinguish or "discriminate" between students with good

mathematical problem-solving abilities and those with poor abilities.

The purpose of this research and development is to obtain a good test instrument to measure
students' mathematical problem-solving abilities on the Pythagorean theorem material. Based on

the results presented, the test instrument developed has met the criteria of being valid (suitable for
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use) theoretically and empirically, reliable, has varying levels of difficulty, and has good
discriminating power. Thus, the developed test instrument has met the criteria for a good test and
can be used on a wider scale (Fiska et al., 2021; Magdalena et al., 2020, 2021; Secolsky & Denison,
2012; Setiyawan & Wijayanti, 2020).
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