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Abstract

The current problem-solving ability assessment tool lacks specified criteria for fair instrument
items to measure students’ abilities across genders and grade levels. To ensure score validity, unfair or
biased assessment items should be removed from the test instrument. This study analyzed the quality of
assessment items for mathematical problem-solving abilities, considering variables of gender and class.
This research is an instrument development study with a quantitative descriptive approach. Data
collection using an online survey obtained responses from 362 high school students to 10 instrument
items. The data analysis technique utilized classical test theory, employing an item functioning analysis
approach through the Mantel-Haenszel method. The item validity analysis indicated that not all items
were classified as biased among gender groups. Two items were identified as biased according to grade
level groups. The reliability estimate was 0.829, indicating a high level of consistency in the results
obtained using different samples. The study’s findings validate the bias item analysis approach and
provide a reliable assessment tool for evaluating high school students’ mathematics problem-solving
abilities. This study also suggests using modern theoretical analysis to identify item features that
distinguish students’ ability, guessing levels, and carelessness in test item responses.
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INTRODUCTION

Problem-solving is a crucial component of the 21st-century curriculum, as it develops essential
skills that students need to thrive in the modern era. These skills are crucial for students to help solve
complex problems as the modern era evolves and becomes technology-driven (Ismail et al., 2021).
Problem-solving skills are not only crucial for academic success but also help students solve problems
in everyday life and the workplace (Astuti, Aziz, Sumarti, & Bharati, 2019; Bahar & Maker, 2015).
Problem-solving in realistic contexts enables students to explore and discover knowledge, thereby
preparing them for development in a manner relevant to the times (Lim Li Gek, 2020). Problem-solving
ability is a cognitive process consisting of identifying, planning, implementing strategies, and evaluating
results in solving problems. Problem-solving ability is a domain of mathematical ability (Campbell,
2004; Ridwan et al., 2023a). The problem-solving stage consists of activities to understand the problem,
develop strategies, implement plans, and review the results (Fahrudin et al., 2019; Firda et al., 2023;
Ningsih & Hidayati, 2022; Parandrengi et al., 2024; Weng et al., 2007). Problem-solving ability is
important in mathematics and nursing to apply learned concepts to real-world situations (Choi & Jeon,
2022; Yuristia & Musdi, 2020). Problem-solving skills are a mandatory requirement in recruiting
workers in work and industry (Rios et al., 2020) and contribute to improving overall team performance
(Scott, 2007).

Mathematical problem-solving ability refers to understanding, planning, implementing, and
verifying solutions in solving mathematical problems. Mathematical problem-solving ability is a high-
level cognitive ability that applies mathematical concepts to various real-world situations (Apriani et al.,
2021; Istigomah et al., 2019; Ningsih & Hidayati, 2022; Yuristia & Musdi, 2020). Some challenges in
solving problems involving mathematical problem-solving skills consist of students’ low ability to
understand story problems (Apriani et al., 2021; Parandrengi et al., 2024), students’ difficulties in
working on non-routine problem forms due to deficiencies in working on practice questions (Kusuma
& Untarti, 2020; Nasution et al., 2018), and students’ lack of ability in working on problem items
procedurally, namely understanding or modeling mathematical problems (Apriani et al., 2021). In
addition, several factors influencing students’ low mathematical problem-solving abilities are
motivation, learning independence, self-understanding of mathematics, and using learning models.
Higher motivation tends to lead to better performance at all stages of problem-solving solving (Kusuma
& Untarti, 2020), higher learning independence indicates better problem-solving skills (Muhtarom et
al., 2024; Yasin et al., 2020), and a positive self-understanding concept in mathematics correlates with
better problem-solving abilities (Kharisudin & Cahyati, 2020). Then, the use of innovative learning
models such as the IMPROVE (Introducing new concepts, Metacognitive questioning, Practicing,
Reviewing and Reducing difficulties, Obtaining mastery, Verification, and Enrichment) model and
problem-based learning models is efficacious in improving problem-solving abilities compared to
conventional methods (Agustinsa et al., 2023; Gozali et al., 2022; Hasanah et al., 2021; Mansyur &
Sunendar, 2020; Nasution et al., 2018; Ridwan et al., 2022b, 2022a; Ridwan, Retnawati, et al., 2021;
Yasin et al., 2020).

Assessment of mathematical problem-solving ability is currently also an important aspect in
determining the effectiveness and practicality of assessments carried out by teachers to improve
students’ abilities. The relationship between assessment strategies and mathematical problem-solving
ability is an important aspect of exploring different assessment methods that affect students’ abilities in
solving mathematical problems. Like authentic assessments consisting of effective performance rubrics
used to evaluate students’ abilities (Rosli et al., 2013) and can improve the ability to solve mathematical
problems compared to conventional methods (Darma et al., 2018; Firdausi & Supinah, 2021; Kadir,
2023). In addition, self-assessment can also motivate students to actively review their performance by
identifying strengths and weaknesses in understanding mathematical problems (Barana et al., 2022).
Then, integrating video games into problem-based learning can improve students’ mathematical
problem-solving abilities (Hwang et al., 2014; Ukobizaba et al., 2021). Formative assessment integrated
into learning using the use of GeoGebra Classroom is also effective in improving mathematical problem-
solving abilities (Rosyidi et al., 2024).
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However, in addition to the assessment strategy, some aspects are also fundamental for teachers
to pay attention to: assessment with measuring instrument components that can measure and are
consistently used to assess students’ mathematical problem-solving abilities. The measuring instrument
components are based on the validity and reliability aspects of the mathematical problem-solving ability
assessment instrument. Validity is defined as the accuracy of a measuring instrument in measuring what
it claims to measure (Greeno, 2003; Ouzouni & Nakakis, 2011). Validity describes that the interpretation
and use of test results can be justified and relied on (Linn, 2010; Ryan & DeMark, 2012; Sireci & Soto,
2016). In general, the validity of an assessment instrument is based on content and construct validity.
Content validity provides evidence of the extent to which elements of the assessment instrument are
relevant and represent constructs aligned with specific assessment objectives (Almanasreh et al., 2019).
Meanwhile, construct validity is an assessment of the development of test instruments based on the
suitability of the theoretical study construct model with empirical data (Coulacoglou & Saklofske,
2017). Several aspects of validity consist of item quality based on the item difficulty level, items can
predict respondents’ ability scores based on actual or false responses, and items have distractor answer
options for students. The next aspect of validity is that items do not tend to favor male (or female) groups
or be based on class levels, as reviewed from the aspect of item difficulty. Another quality aspect is that
the test instrument has reliable or consistent characteristics that can be used by different students with
the same school characteristics. Reliability refers to the consistency and reproducibility of measurements
with assessment measuring instruments producing the same results against different measurement times
and sample characteristics (Kaul et al., 2025).

Several studies are relevant to the results of the instrument quality analysis of measuring
instruments for assessing students’ mathematical problem-solving abilities. Research relevant to the
results of research examining the analysis of instrument quality for assessing students’ mathematical
problem-solving abilities based on content validity and other item validity with a classical theory
analysis approach based on difficulty level parameters, item identification of respondent ability scores,
and estimation of instrument construct reliability (Ridwan, Istiyono, et al., 2021). The subsequent
relevant research study is only based on content validity (Bambang et al., 2018; Kania et al., 2024;
Rosyidi et al., 2024; Ulya et al., 2024; Widodo et al., 2021). The following relevant research study
reported the results of the study, consisting of content validation, item suitability analysis using a modern
theory analysis approach with a response model based on difficulty level parameters (Astuti, Supahar,
Mundilarto, & Istiyono, 2020; Jatiningtyas, Kartono, & Mindyarto, 2022; Reffiane, Sudarmin, Wiyanto,
& Saptono, 2021). The following relevant study reported the results of the instrument quality analysis
also with a modern theory analysis approach to item quality based on the level of difficulty parameters
and item discrimination power and the estimation of the instrument’s reliability against the mathematical
problem-solving assessment measuring instrument (Annisavitri et al., 2020; Sorby et al., 2022). Other
validity aspect reports also use content validity, identification of item difficulty levels, and instrument
construct validity based on the aspect of the instrument measuring measurable dimensions and
estimation of instrument reliability (Fitriana & Supahar, 2019). Other relevant research results reports
are based on content validity and construct and reliability analysis of the mathematical problem-solving
ability assessment instrument (Wahyuni et al., 2018).

In general, the results of the literature review of relevant research obtained research results by
several researchers did not specifically conduct item quality analysis based on the effectiveness of
distractors or distractor answer choices and also identification of items that do not tend to benefit gender
groups, namely male (or female) or based on class levels reviewed from the aspect of item difficulty
level parameters. Identifying distractor effectiveness based on the proportion of test participants
choosing distractors compared to the total test participants. Then, identify biased items using the
differential item functioning (DIF) analysis approach using the Mantel-Haenszel method. By definition,
DIF indicates that test participants in different groups with the same ability have different probabilities
of answering certain test instrument items correctly (Gamerman et al., 2018; Yiiksel et al., 2019). Such
conditions indicate that the item is likely biased or unfair to specific groups. DIF identification is
essential in test development to ensure the measuring instrument measures students’ abilities in all
groups. In addition, DIF analysis results are very much needed in the scope of education, psychology,
social sciences, and health, which have significant implications for test results (Hidalgo & Gomez-
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Benito, 2010; Runnels, 2013). The results of the item quality analysis by identifying answer choices
other than the answer key aim to determine the construction of answer choices designed by researchers
or test makers, chosen by test participants for specific reasons. Identification of subsequent items based
on information on biased items with effects that can affect the test participant’s ability score, so that the
items are revised or eliminated and cannot be used for assessing mathematical problem-solving abilities.
The novelty of this research provides information on the validation of a mathematical problem-solving
ability assessment instrument using an analysis approach to item functional differences, aiming to obtain
a standardized assessment measurement tool. The validation aspect of the assessment instrument has
fair item criteria. It does not tend to favour one group of test participants or students over another based
on gender or grade level differences.

The purpose of this study is to analyze the quality of the mathematical problem-solving ability
assessment instrument items using the classical test theory analysis approach consisting of identifying
the level of item difficulty, valid items measuring students’ ability scores, distractor effectiveness,
identifying biased items based on gender group and grade level responses, and estimating instrument
reliability. The research questions (RQ) are as follows.

RQ1. How is the difficulty level of the mathematical problem-solving ability assessment instrument
items mapped?

RQ2. How many valid items measure students’ mathematical problem-solving ability scores?

RQ3. How many mathematical problem-solving ability assessment items have effective distractors for
students to choose from?

RQ4. How many biased items measure students’ mathematical problem-solving ability based on gender
group and grade level responses?

RQ5. How does the assessment instrument’s consistency level produce the same results against different
measurement times and sample characteristics?

METHOD
Research design

The quantitative research design using the classical test theory approach consists of an analysis
of the quality of instrument items based on the identification of item difficulty levels, items predicting
respondent ability scores, the effectiveness of distractor answer choices, and the identification of biased
items based on differences in item responses to gender groups and grade levels. The use of a classical
test theory analysis approach takes into account the DIF method, namely the Mantel-Haenszel method.
The DIF method is a classical approach with uniform effects (i.e., effects that do not consider ability
level based on group membership), and the number of groups is equal to two (Magis et al., 2010;
Mellenbergh, 1982). The classical test theory (CTT) approach is a measurement theory that focuses on
the relationship between observed test scores and measurement error. The observed test score is the sum
of the actual score (the true state of the unobservable variable) and the error score (random effects on
the observed variable) (Brown, 2013; Steyer, 2015). The limitation of using CTT analysis is that the
concept does not consider various sources of error, assuming that all measurement errors are random
and uncorrelated with the actual score (Grabowski & Lin, 2019). However, using CTT for instruments
with a larger number of items tends to have a higher level of consistency because it calculates the average
random error more effectively (Algina & Swaminathan, 2015).

Instruments

The research instrument uses indicators for assessing mathematical problem-solving abilities with
a test instrument length of 10 questions. The indicators for assessing mathematical problem-solving
abilities consist of identifying and understanding problems, formulating and planning, implementing
plans, and reviewing and reflecting. The four indicators are stages of problem solving following Polya’s
steps, namely the ability to understand problems, planning, implementation, and evaluation (Fahrudin
et al., 2019; Ningsih & Hidayati, 2022; Parandrengi et al., 2024). The ability to identify and understand
known and asked aspects is a sufficient requirement for solving mathematical problems (Mustofa et al.,
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2020; Rakhmawati et al., 2019; Yuristia & Musdi, 2020). Formulating problems or constructing
mathematical models requires constructing plans or strategies to solve mathematical problems (Mustofa
et al., 2020; Yuristia & Musdi, 2020). The plan’s design consists of accurate mathematical manipulation
and calculations, which are procedures for solving mathematical problems (Mustofa et al., 2020;
Rakhmawati et al., 2019; Yuristia & Musdi, 2020). The ability to review and reflect is the process of
mathematical problem-solving activities by re-examining the solution and reflecting on the process that
aims to verify the correctness of the solution (Mustofa et al., 2020; Permata et al., 2018; Rakhmawati et
al., 2019; Yuristia & Musdi, 2020). The research instrument items were constructed based on the
mathematical problem-solving indicators in Table 1. Five expert lecturers in mathematics education
validated the ten problem-solving ability assessment instrument items (3 raters with doctoral degrees
and two others with master’s degrees). The Aiken validity results for each item have an Aiken index at
the interval of 0.870 and 1 so that the items meet the valid criteria in terms of content, indicating that
each item defines the assessment of the item indicator. The item validity criteria use the Aiken index
table with a total of five raters, and the assessment category consists of 4 scores and a significant value
of 0.050, which meets the minimum value of 0.870 (Aiken, 1985).

Table 1. Construction of Mathematical Problem-Solving Ability Assessment ltems
Items Indicators

P-SAl.1 Ability to understand problems and planning related to linear programming material.

P-SA1.2 Ability to understand problems, planning, implementation, and evaluation related to linear
programming material.

P-SA2.3 Ability to understand problems, planning, implementation, and evaluation related to the
opportunity material.

P-SA2.4 Ability to understand problems, planning, implementation, and evaluation related to the
opportunity material.

P-SA2.5 Ability to understand problems, planning, implementation, and evaluation related to the
opportunity material.

P-SA3.6 The ability to understand problems, planning, implementation, and evaluation related to the
composition function material.

P-SA3.7 The ability to understand problems, planning, implementation, and evaluation related to the
composition function material.

P-SA4.8 The ability to understand problems, planning, implementation, and evaluation related to linear
equation material.

P-SA5.9 The ability to understand problems, planning, implementation, and evaluation related to the

material on circle equations.
P-SA6.10 The ability to understand problems, planning, implementation, and evaluation related to the
material on determining the area of a triangle.

Participants

Data collection for the trial of 10 items of mathematical problem-solving ability test instruments
using an online survey of 362 students. The characteristics of the research sample consisted of 230 11th-
grade students (94 male students, 40.87%; 136 female students, 59.13%) and 132 12th-grade students
(78 male students, 59.09%; 54 female students, 40.91%). The determination of the research sample used
purposive random sampling, namely, based on the objectives, and was carried out randomly. The
purposive random sampling technique is a sampling technique based on consideration or selection
(Andrade, 2020; Guarte & and Barrios, 2006) with a sampling technique that selects participants based
on specific characteristics that are relevant to the research objectives (Williamson, 2018). The
consideration of research sampling is based on the learning of problem-solving material by 11th and
12th-grade students, as well as gender differences. This technique ensures that the research sample meets
the characteristics of the respondents to increase the relevance and quality of the collected data (Memon
etal., 2025).

Data analysis
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Data analysis using the response data of the 10-item trial instruments of 362 students. The item
response data is dichotomous, meaning that each item has an actual value (response of 1) and an
incorrect value (response of 0). The data analysis technique employs a classical test theory approach,
which involves estimating item validity and instrument reliability. Analysis of instrument quality based
on item validity and reliability estimation using the R Studio program. Aspects of item validity consist
of identifying item difficulty, items predicting respondents’ ability scores, the effectiveness of distractor
answer choices, and identifying biased items based on differences in item responses to gender groups
and class levels. The level of item difficulty uses the criteria for an item difficulty index greater than
0.700 (easy), greater than 0.300 and less than 0.700 (moderate), and an index less than 0.300 (difficult)
(Allen & Yen, 1979). Then, the item criteria predict respondents’ ability scores using a biserial point
coefficient greater than or equal to 0.250 (Douglas-Morris et al., 2021; Varma, 2006). However, suppose
the biserial point coefficient value is negative or less than 0.250. In that case, the item shows the test
participant’s response that answers correctly (wrongly) will get a low (high) total score. The following
criterion is based on identifying the effectiveness of distractor answer choices using the distractor index
criterion, which is greater than or equal to 0.020. Items with a distractor index less than 0.020 provide a
condition where the distractor is not functioning correctly (Fernandes, 1984). Distractors with this index
are revised and replaced by considering the distractor construction criteria that allow for reasons. Other
item validity uses bias item analysis based on differences in gender group responses and class levels.
Bias item analysis with DIF analysis uses a classical theory approach, namely the Mantel-Haenszel
(MH) method with uniform effects and a purification process. The bias item criteria are based on a
contrast DIF value greater than 0.640 and a significance value (p-value) less than 0.050 (Paek &
Holland, 2015; Ridwan et al., 2023b). Next, identify the effects of DIF items using the AMH value
criteria with significant effects (AMH]| values greater than or equal to 1,500), moderate effects ((AMH]|
values greater than or equal to 1,000 and less than 1,500), and small effects (AMH]| values less than
1,000) (Holland & Thayer, 1988; Zieky, 1993). Another aspect of instrument quality is reliability
estimation, which requires a high level of consistency, as indicated by a Cronbach’s Alpha coefficient
of at least 0.700 (Sarstedt & Mooi, 2019).

RESULTS

The results of the analysis of the trial responses of 362 students to 10 items of the mathematical
problem-solving ability test instrument using the classical theory approach consist of item quality based
on the level of difficulty, identification of predicted respondent ability scores, and the effectiveness of
choices other than the answer to the question to be selected by the test participants. The following item
quality analysis results identify biased items using differences in item responses based on gender groups
and class levels. The results of other instrument quality analyses are based on the level of consistency
in the use of research samples.

Item difficulty level, identification of predicted respondent ability scores, and distractor
effectiveness

The level of item difficulty describes the ability of test participants to answer correctly or
incorrectly to an instrument item. Grouping the item difficulty level is based on the proportion of
respondents giving correct responses to an item to the total number of respondents. Then, to identify the
predicted score of respondents’ ability using the biserial point coefficient criterion, the effectiveness of
the distractor is based on the proportion of respondents responding to items other than the answer key
to the total number of respondents. The results of item analysis using the classical test theory approach,
based on the difficulty level, identification of the predicted score of respondents’ ability, and the
effectiveness of the distractor, are given in Table 2.

Table 2. Results of the Analysis of the Quality of Problem-Solving Ability Assessment Items

Choicesand  Difficulty = Number of Point biserial

answer keys  index distractor responses  coefficient
P-SAl.1 A - 0.171 -

Items Decisions
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Choicesand  Difficulty = Number of Point biserial

Items answer keys index distractor responses _ coefficient Decisions
B* 0.638 - 0.505 The five items with a
C - 0.118 - moderate difficulty
D - 0.044 - level were valid in
E - 0.027 - predicting respondents’
P-SA1.2 A - 0.133 - ability scores, and all
B - 0.138 - distractors functioned
c* 0.555 - 0.620 well.
D - 0.083 -
E - 0.091 -
P-SA2.3 A - 0.097 -
B* 0.649 - 0.605
c - 0.127 -
D - 0.091 -
E - 0.036 -
P-SA24 A - 0.166 _
B - 0.113 -
c - 0.102 -
D - 0.091 -
E* 0.528 - 0.643
P-SA2.5 A - 0.124 -
B - 0.138 -
C - 0.135 -
D - 0.130 -
E* 0.472 - 0.541
P-SA3.6 A - 0.169 - Items with difficulty
B - 0.152 - are valid in predicting
C - 0.166 - respondents’ ability
D - 0.273 - scores, and distractors
E* 0.240 - 0.297 function well.
P-SA3.7 A - 0.127 - The four items had a
B* 0.605 - 0.543 moderate difficulty
C - 0.130 - level, were valid in
D - 0.091 - predicting respondents’
E - 0.047 - ability scores, and the
P-SA4.8 A - 0.196 - distractors functioned
B - 0.229 ; well.
C - 0.180 -
D* 0.312 - 0.260
E - 0.083 -
P-SA5.9 A* 0.541 - 0.460
B - 0.138 -
C - 0.124 -
D - 0.138 -
E - 0.058 -
P-SA6.10 A - 0.146 -
B - 0.165 -
c* 0.500 - 0.680
D - 0.116 -
E - 0.072 -

(Source: Own analysis).

The findings from the item quality analysis in Table 2, derived from the percentage of test
participants who answered correctly 10 questions of the mathematical problem-solving skill assessment,
indicated that one item fell inside the difficult group. In contrast, the remaining items were classified as
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moderate. Item P-SA3.6 has a difficulty index of 0.240, which is smaller than 0.300, which means that
the proportion of test participants who answered correctly was only 24.00%, which is smaller than
30.00% or as many as 87 test participants who answered correctly out of 362 students. The other nine
items are in the moderate category with a difficulty index greater than 0.300 and less than 0.700. In this
case, test participants who answered correctly for the nine items have a proportion greater than 30.00%
and less than 70.00%. The following item quality analysis results, namely identifying valid items
predicting test participants’ ability scores, showed that all items have a biserial point coefficient value
greater than 0.250. The ten items identify the test taker’s response that answers correctly (or incorrectly),
which will get a high (or low) score, so the item provides an assessment according to the correct and
incorrect answer responses. The results of other item quality analyses by identifying the effectiveness
of distractors or choices other than the answer key obtained all items with distractors having an index
greater than 0.020. These items have well-functioning distractors that pay attention to the construction
criteria for answer choices that allow for reasons and can be selected.

Determining the validity of differential item functioning

The results of the evaluation of the quality of item assessment of the ability to solve the next
mathematical problem identify whether the item is fair or biased by differences in responding to items
based on gender groups and class levels.

Table 3. Results of Analysis of Bias Based on Gender Groups

Items DIF contrast value  Significance value  DIF effect coefficient  Decisions

P-SAl.1 0.003 0.960 -0.141 The four items are not
P-SA1.2 1.083 0.298 -0.901 biased based on the two
P-SA2.3 0.102 0.749 -0.370 groups of students, with
P-SA2.4 0.023 0.879 -0.268 a small DIF effect that

benefits the group of
female students.

P-SA2.5 0.869 0.351 0.750 Items are not biased
based on the two groups
of students, with a small
DIF effect that benefits
the group of male
students.

P-SA3.6 2.621 0.106 1.490 Items are not biased
based on the two groups
of students with a
moderate DIF effect that
benefits the group of
male students.

P-SA3.7 1.704 0.192 -1.039 Items are not biased
based on the two groups
of students with a
moderate DIF effect that
benefits a group of
female students.

P-SA4.8 0.167 0.683 0.347 Items are not biased
based on the two groups
of students, with a small
DIF effect that benefits
the group of male
students.

P-SA5.9 0.307 0.580 -0.451 Items are not biased
based on the two groups
of students, with a small
DIF effect that benefits a
group of female students.
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Items

DIF contrast value

Significance value

DIF effect coefficient

Decisions

P-SA6.10

0.194

0.659

0.532

Items are not biased
based on both groups,
with a small DIF effect
that benefits the group of
male students.

(Source: Own analysis).

The results of grain quality analysis using DIF with the Mantel-Haenszel method obtained the
characteristics of refractive grains based on gender groups and class levels in Tables 3 and 4.

Table 4. The Results of an Analysis of Bias Items Based on Class-Level Groups

Items

DIF contrast value

Significance value

DIF effect coefficient

Decisions

P-SAl.1

0.004

0.951

0.062

Items are not biased
based on the two groups
of students, with a small
DIF effect that benefits
the group of 12th-grade
students.

P-SA1.2

0.010

0.921

-0.060

Items are not biased
based on the two groups
of students, with a small
DIF effect that benefits
the group of students in
grade 11.

P-SA2.3

0.072

0.788

0.365

Items are not biased
based on the two groups
of students, with a small
DIF effect that benefits
the group of 12th-grade
students.

P-SA2.4

0.262

0.609

-0.567

Items are not biased
based on the two groups
of students, with a small
DIF effect that benefits
the group of students in
grade 11.

P-SA2.5

0.008

0.928

0.046

P-SA3.6

0.610

0.435

0.772

P-SA3.7

0.004

0.948

0.063

The three items are not
biased based on the two
groups of students, with a
small DIF effect that
benefits the 12th-grade
student group.

P-SA4.8*

6.234

0.013

1.740

P-SA5.9*

6.451

0.011

1.722

Both items are identified
based on the two groups
of students with a
significant DIF effect that
benefits the 12th-grade
student group.

P-SA6.20

0.644

0.422

-0.923

Items are not biased
based on the two groups
of students, with a small
DIF effect that benefits
the group of students in
grade 11.

(Source: Own analysis).
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The results of the DIF analysis are based on gender group responses and class levels in Tables 3
and 4, as well as Figure 1, each of which is obtained by the characteristics of a fair or non-biased item.
They can be used to assess the ability to solve mathematical problems. The ten grains are not identified
with a moderate and small DIF effect based on the response of the two gender groups. All items have a
small DIF effect except the P-SA3.7 item, which has a moderate effect. Identification of other DIF
analyses obtained six items with a response level indicating that it is easier for groups of male students
than female students. Conversely, the other four items have an easier difficulty response for female
students than for male students. On the other hand, there are two biased items with significant DIF
effects based on the responses of the two class-level groups. Both bias items have a significant DIF
effect, with a more difficult level of difficulty response for grade 11 students than 12th-grade students.
The following eighth DIF analysis results give a small DIF effect consisting of 5 items with an easier
difficulty level response for grade 12 students compared to 11th grade students. In contrast, other items
benefit grade 11 students.

The results of the same DIF item analysis in Figure 1 with the Mantel-Haenszel method using a
contrast value DIF value plot based on gender groups showed that all items have a statistical value less
than 3,842 (with a significance value greater than 0.050). On the other hand, the results of other DIF
items analysis based on class level groups obtained two items identified with statistical values of 6,234
(p-values = 0.013) and 6,451 (p-values = 0.011), each greater than 3,842 and p-value smaller than 0.050.
The two items are the 8th item (P-SA4.8) and the 9th (P-SA5.9), each of which shows a biased item, so
the items need to be revised or not used to assess the mathematical problem-solving ability of high
school students.
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Figure 1. Plot Identification of Bias Items Based on Groups (a) Gender and (b) Class Levels (Source:
Own analysis)

Reliability estimation

The analysis of the quality of other instruments based on the consistency level of measuring
instruments using different research samples obtained a Cronbach’s Alpha coefficient of 0.829. The
level of instrument reliability in a high category, which shows the consistency of measuring devices for
research samples, differs from the same characteristics that can be used to assess the ability to solve
students’ mathematical problems.

DISCUSSION

The results of the quality analysis of 10 items of the mathematical problem-solving ability
assessment instrument, using the responses of 362 students, with the classical test theory approach,
obtained the item difficulty index in the moderate and complex categories. Nine items have a moderate
difficulty level, and one other is difficult. Overall, for each item of the instrument, there is a tendency
for students to answer correctly with a proportion of more than 30.00% and less than 70.00% of the total
number of students. The subsequent item identification obtained all items with the criteria of being able
to provide predictions of the respondent’s ability score based on the suitability of the correct and
incorrect responses. Each item includes information that students who answer the item correctly (or
incorrectly) give a high (or low) ability score. The results of the construction of answer choices consist
of answer keys and distractors for each item, each with an effective distractor providing reasons for
being selected. Other validity results using the analysis of differences in item functioning against gender
group responses showed that not all items were identified as biased based on male and female groups.
Other DIF analysis results obtained two items that were identified as biased based on differences in
grade 11 and 12 group responses. Both items were revised or could not be used to assess students’
mathematical problem-solving abilities. The DIF analysis results show that for all items, it does not
benefit one gender group (male or female), and two biased items affect students’ ability scores that help
the grade 11 (or grade 12) group. The reliability estimate of the instrument in the very reliable category
is used to assess mathematical problem-solving abilities based on different research samples with the
same characteristics.

Several studies are relevant to the results of the instrument quality analysis of measuring
instruments for assessing students’ mathematical problem-solving abilities. Research relevant to the
results of research examining instrument quality analysis using the classical theory analysis (CTT)
approach (Annisavitri et al., 2020; Ridwan, Istiyono, et al., 2021; Wahyuni et al., 2018) and modern
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theory (IRT) (Astuti et al., 2020; Fitriana & Supahar, 2019; Jatiningtyas et al., 2022; Reffiane et al.,
2021; Sorby et al., 2022). The fundamental differences between the two approaches are based on the
research sample’s dependency and the test’s specificity. Reliability and validity estimates using the CTT
analysis approach each depend on the use of a sample of test takers and a specific test item construct,
thus limiting the generalizability of the results to the research sample and also other items (DeVellis,
2006; Meguellati et al., 2024). Then, based on the specificity aspect of the test, all test items are assumed
to have the same weight so that the tendency of the measuring instrument is less accurate in measuring
the actual score of the test-taker’s ability. This assumption does not apply to IRT analysis, which has
item parameters that vary based on the level of difficulty and item discrimination (DeVellis, 2006;
Meguellati et al., 2024).

Relevant research studies obtained the results of the analysis of the quality of the assessment
instruments for students’ mathematical problem-solving abilities based on content validity (Astuti et al.,
2020; Bambang et al., 2018; Fitriana & Supahar, 2019; Jatiningtyas et al., 2022; Kania et al., 2024;
Reffiane et al., 2021; Ridwan, Istiyono, et al., 2021; Rosyidi et al., 2024; Ulya et al., 2024; Wahyuni et
al., 2018; Widodo et al., 2021). Content validity is related to how well the instrument items define the
measurable dimensions so that it is ensured that the items are relevant to the construct and represent all
measurable aspects (Muliana et al., 2020; Spoto et al., 2025; Yusoff, 2019; Zapata-Ospina & Garcia-
Valencia, 2022). Evaluation of content validity involves expert judgment to identify items based on
aspects of relevance and representativeness, with assessments carried out objectively based on
qualitative and quantitative assessment aspects (Nordin et al., 2022; Thompson & Senk, 2017; Yao et
al., 2007). Evaluation of item relevance for all relevant research studies uses the Aiken validity index.
Aiken validity effectively identifies items with high (or low) levels of relevance and can be used to
compare the assessments of various expert groups (Merino-Soto, 2023; Roebianto et al., 2023) with
coefficients in the interval 0 and 1.

The following relevant research study reports the results of research with a modern theory analysis
approach consisting of item fit analysis with the Partial Credit Model (PCM) (or Rasch model) and
identification of the level of difficulty of mathematical ability assessment instrument items (Astuti et
al., 2020; Fitriana & Supahar, 2019; Jatiningtyas et al., 2022; Reffiane et al., 2021). Item fit analysis
with PCM uses the infit t criteria (Reffiane et al., 2021) and infit mean-square (MNSQ) (Astuti et al.,
2020) while an item fits with the Rasch model uses the outfit MNSQ criteria (Fitriana & Supahar, 2019;
Jatiningtyas et al., 2022). The difference in the MNSQ infit (and outfit) criteria is based on the level of
sensitivity of unexpected responses to items targeted at (and far from) the test taker’s ability level (Guo
& Wind, 2021; Su et al., 2007). Practically, both statistical values are used in educational evaluations
by determining the cutoff score and assessment accuracy (Akbari & Shahrokhi, 2024). Then, for the
difficulty level criteria, the item measure criteria are used (Jatiningtyas et al., 2022), indices at intervals
of 0.00 and 1.00 (Fitriana & Supahar, 2019), and indices of -2.00 and 2.00 (Reffiane et al., 2021). In
this case, the level of difficulty of the test items is measured on a logit scale, with the distribution of test
items along a difficulty scale adjusted to the test taker’s abilities (Chan, 2009; Miyata et al., 2024;
Takeda et al., 2024).

Other relevant studies report the results of the analysis of the quality of instrument items using
the CTT analysis approach based on the parameters of the level of difficulty and the discrimination
power of the test items against the mathematical problem-solving assessment measuring instrument
(Annisavitri et al., 2020; Ridwan, Istiyono, et al., 2021; Sorby et al., 2022). In the CTT aspect, the level
of item difficulty is defined as the percentage of test takers who respond to the question item correctly
(i.e., for low scores, indicating items with a high level of difficulty) (Dickinson, 2015; Metsamuuronen,
2023; Xie & Cobb, 2020) while the item discrimination index is defined as the valid items that
differentiate test-takers’ abilities (Xie & Cobb, 2020) which is identified as the point-biserial correlation
between item scores and overall scores. In this case, if the item has a high level of difficulty, then the
lower the level of item validity, the greater the abilities between test takers (Sweeney et al., 2022). Other
relevant research reports based on the construct validity aspect of the mathematical problem-solving
ability assessment instrument (Fitriana & Supahar, 2019; Wahyuni et al., 2018). Construct validity is
related to the accuracy of conclusions based on theoretical and operational concepts (Agarwal, 2011;
Stone, 2019). The study of the construct validity aspect by Fitriana and Supahar (2019) is based on
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identifying unidimensional measuring instruments using dominant factor criteria, with the first factor
being able to explain a variance greater than 20.00%. Unidimensionality refers to the assumption that
one latent trait underlies the responses to all items in a test or that the relationship between responses to
all items is explained by only one variable representing the construct being measured (Anderson et al.,
2017; Hattie, 2015). Another construct validity study by Wahyuni et al., (2018) with a confirmatory
factor analysis approach to identify the level of item validity for each measured variable (Lewis, 2017;
Rogers, 2024) and also identify the suitability of the measurement model to empirical data using the
calculation of the suitability index and assessment of model parameters (Abdellahi et al., 2023; Graham
et al., 2003; Mueller & Hancock, 2015).

Other relevant research reports use construct reliability estimates to identify the level of
consistency of mathematical problem-solving ability assessment measuring instruments (Annisavitri et
al., 2020; Fitriana & Supahar, 2019; Ridwan, Istiyono, et al., 2021; Sorby et al., 2022; Wahyuni et al.,
2018). The criteria for assessing the consistency of the measuring instrument use the Cronbach’s Alpha
coefficient and Intraclass Correlation. Reliability estimates define the extent to which a measuring
instrument consistently measures a construct based on differences in aspects of opportunity, method, or
assessor (Blankson, 2020; Rindskopf, 2015). Reviewing the reliability aspects of the instrument is a
primary consideration in designing the test to ensure that the test consistently measures the instrument
construct based on aspects of population and conditions (Adams, 2005; Bodoff, 2008).

Although some relevant research has been conducted, quality analysis studies of mathematical
problem-solving ability assessment instruments using classical test theory analysis approaches and
modern test theories are lacking. However, the results of this study provide differences in studies related
to item identification based on distractor indices and differences in item functionality that do not tend
to favor gender groups and grade levels. The results of item evaluation based on distractor index criteria
provide information that developers of assessment measurement tools, such as researchers or teachers,
can consider when constructing an item with possible answer choices to be selected by test participants
or students. Other item quality analysis results indicate that standard and standard assessment
measurement tools meet the aspects for all fair items and do not tend to favor one group of test
participants or students based on gender and grade level differences.

CONCLUSION

Standardized measuring instruments assess students’ cognitive abilities based on validity and
reliability estimation. Several aspects of validity consist of the results of item quality analysis based on
identifying item difficulty levels, items’ ability to predict respondents’ ability scores, and identifying
distractor effectiveness. Other aspects of validity are identifying unbiased items based on the responses
of certain research sample groups. Then, the estimation of the instrument’s reliability is based on the
level of consistency of the measuring instrument for the use of different research samples with the same
characteristics. The results of this quantitative study using the classical test theory approach obtained
items by mapping the level of item difficulty based on moderate and difficult categories, all items can
predict respondents’ ability scores, and the construction of answer choices other than the answer key
provides possible reasons for being chosen by test participants. The results of the DIF analysis provide
information on identified biased items obtained by all items that can be used to assess mathematical
problem-solving abilities based on the responses of groups of male and female students. Different
conditions exist for identified biased items based on the responses of groups of grades 11 and 12
students, so that these biased items need to be revised or eliminated, which can affect the validity of the
respondents’ ability scores. The study’s results contribute to the analysis approach of the quality of
cognitive test instruments using classical test theory based on item difficulty mapping, item
identification, predicting respondent ability scores, and distractors’ effectiveness. The contribution of
the next item analysis approach considers the characteristics of the research sample based on differences
in gender group responses and class levels, with an analysis of differences in item functioning using the
Mantel-Haenszel method. The study’s limitations consist of using research samples in only one
provincial area, so it does not represent the characteristics of a particular region. However, this study
provides the results of an instrument item analysis that considers the characteristics of the research
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sample based on gender groups and class levels. Research samples with the same test participant
characteristics can still use this measuring instrument. Then, for further research recommendations,
large-scale trials will be conducted using research samples with school characteristics representing
Indonesia’s western, central, and eastern regions. Other research recommendations include instrument
quality analysis with a modern test theory approach using item response theory analysis that considers
item characteristics based on difficulty levels, discrimination indexes, guessing levels, and carelessness
factors in responding to items. The use of the results of the item response theory analysis provides
comprehensive assessment results based on the four aspects of item parameters.
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