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Abstract: This study aims to analyze the item characteristics of the mathematics problem-solving 

ability test instrument using the Classical Test Theory model. The data collection was based on 

the results of the test documentation as many as 359 students with dichotomous data. Qualitative 

validation analysis by experts uses the panel method, and quantitative analysis uses the Aiken 

index and Content Validity Ratio (CVR), while quantitative validation uses biserial point 

correlation. The test reliability index used the Alpha-Cronbach method. The results of qualitative 

validation show that all items correspond to the indicators of solving mathematical problems, but 

technically writing a few items needs improvement. Quantitative analysis using the Aiken index 

and CVR shows all items are valid with good validity. The reliability of the test is stable, with a 

coefficient of 0.83. Then, the test instrument consists of items with very difficult, difficult, and 

easy levels. All items were able to distinguish the test taker's ability and the effectiveness of the 

distractor to function correctly. 

 

Keywords: classical test theory, biserial point correlation, validity, reliability. 

  

Abstrak: Penelitian ini bertujuan untuk menganalisis karakteristik butir soal instrumen tes 

kemampuan pemecahan masalah matematika menggunakan model Classical Test Theory. 

Pengumpulan data berdasarkan hasil dokumentasi tes sebanyak 359 siswa dengan bentuk data 

dikotomus. Analisis validasi kualitatif oleh ahli dengan metode panel dan analisis kuantitatif 

menggunakan indeks Aiken dan Content Validity Ratio (CVR) sedangkan validasi kuantitatif 

menggunakan korelasi poin biserial. Indeks reliabilitas tes menggunakan metode Alpha-

Cronbach. Hasil validasi kualitatif menunjukkan semua butir memiliki kesesuaian dengan 

indikator pemecahan masalah matematika, namun secara teknis penulisan beberapa butir soal 

perlu perbaikan. Analisis kuantitatif menggunakan indeks Aiken dan CVR menunjukkan semua 

butir valid dengan validitas baik. Reliabilitas tes stabil dengan koefisien sebesar 0.83. Kemudian, 

instrumen tes terdiri dari butir dengan tingkat sangat sukar, sukar dan mudah. Semua butir soal 

mampu membedakan kemampuan peserta tes dan juga efektivitas distraktor berfungsi dengan 

baik. 

 

Kata kunci: teori tes klasik, korelasi poin biserial, validitas, reliabilitas. 
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▪ INTRODUCTION 

The test is a collection of items consisting of many questions that students must 

answer. The purpose of cognitive tests is to measure cognitive abilities with the level of 

understanding and mastery of the material coverage required and following specific 

learning objectives. According to Mardapi (2017: 94), a test is a form of instrument used 

to make a measurement. Measurement is the third stage in the development of the test 

instrument after designing and testing the test. 

Researchers such as Oriondo & Antonio (1998) and Mardapi (2008) developed the 

procedure for developing test instruments. According to Zimmerman & Risembarg in 

Istiyono (2018), the test device development stage consists of test design, test trials, and 

measurements. The design of the test includes setting test objectives, determining the 

competence and material to be tested, compiling the instrument matrix, preparing and 

preparing the test grid (blueprint), writing and assembling test items, compiling scoring 

rubrics, validating the contents of the items, revising to improve the test items, and 

instrument assembly. Then, the test trial consists of determining the test subject, 

implementing the test trial, scoring and analyzing the test items, revising the items that 

do not meet the criteria for the desired test item parameters. The next stage, the 

measurements, includes assembling the test based on the trial results, determining the 

measurement subject, implementing the measurement, scoring and analyzing the 

measurement data, and interpreting the results. 

The development of a mathematics problem-solving ability test instrument aims to 

measure students' mathematical problem-solving abilities in class XI and XII of Senior 

High School or equivalent. Competency and material testing based on the selection of 

core competencies and basic competencies to measure mathematical problem-solving 

abilities. Then, the preparation of the test instrument matrix consists of the material and 

substance column, while the row consists of aspects or sub aspects of ability. Next is the 

practice of the test grid, scoring guidelines, and the validation of the contents of the test 

instruments. The next stage is testing the test instrument to see the suitability of the test 

instrument with the ability to be measured, and the final step, namely the measurement, 

produces response data to the test instrument. The stages of instrument validation in this 

study consisted of content validation using qualitative and quantitative analysis. Another 

validation is quantitative validity. Then, the student response data were obtained from the 

results of the test instrument trial to analyze the characteristics of the test instrument item 

of the mathematical problem-solving ability. 

Validity is essential in the development of test and non-test instruments (Mardapi, 

2016). Also, Subali (2014) emphasizes that validity and reliability analysis are 

fundamental and need to be done in developing an instrument. Valid instruments must 

have internal and external validity (Sugiyono, 2015). The internal validity is rational, 

while internal validity consists of construct and content validity. According to Alifa et al. 

(2018), content validity consists of material, construct, and language aspects in an 

instrument. Logical or empirical analysis of the validation of the test content is evidence 

of the validity of interpreting test scores. Content validity is fundamental and proven to 

support the accuracy of the measurement results of a test. On the other hand, according 

to Hinkin (1995), several techniques for determining the validity of the content that 

researchers have applied have not been able to ensure that the scale or test has valid 

content. However, the information will provide evidence that the item is a viable construct 

in testing and reduce the need for future repairs. 
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Analysis of the validity of the contents of an instrument is the initial stage of 

developing a test instrument to obtain the quality of the instrument in the form of the 

accuracy of the student's ability assessment data. This research focuses specifically on the 

analysis of content validity as the initial stage of developing an instrument for assessing 

the mathematical problem-solving abilities of high school students. The technique of 

determining the validity of the content is based on qualitative expert reviews and 

quantitative analysis based on expert judgment. A quantitative analysis approach based 

on expert judgment uses the Aiken index (Aiken, 1985) and Lawshe's CVR formula 

(Lawshe, 1975). 

Several studies related to content validity analysis in developing test instruments. 

Research by Ikhsanudin & Subali (2018) conducted an analysis of the validity of the 

contents of the formative test instruments for high school students in Biology subjects for 

the first semester. The results showed that the instrument contained one item from 35 

items that did not agree on the proportion between the assessors regarding the essence of 

the test instrument. Besides, based on the quantitative analysis review using the Aiken 

index, three items were obtained in low validity. Then, a qualitative study suggests paying 

attention to the main language of the questions for the nine items on the test instrument.  

The development of another instrument in learning volleyball is an information 

system-based assessment instrument (Yudiana et al., 2017). The results of the content 

validation analysis using Lawshe CVR showed that the information system-based early-

stage assessment instrument proved valid in measuring the performance of high school 

students' volleyball game. The stages required in conducting a content validation analysis 

consist of defining the content domain to be assessed, item construction, and expert 

judgment of the constructed items (Delgado-Rico et al., 2012). 

In addition to testing the validity of obtaining good quality instruments, it is also 

essential in developing the test instrument to analyze the characteristics of the items. The 

use of test instruments must have excellent and representative item characteristics in 

measuring every aspect of actual student achievement. The characteristics of the items 

consist of difficulty level, difference power index, and distractor. The difficulty level of 

a suitable item has a composition of easy, medium, and difficult questions that spread 

proportionally according to the test material testing. A good item discrimination index 

can also differentiate between groups of high and low ability students, and the 

effectiveness of the distractor is functioning correctly. The approach to analyzing item 

characteristics consists of classical test theory (CTT) and item response theory (IRT) 

models. 

Researchers have carried out an analysis of test measurement data using the 

classical test theory approach (Mardapi, 2018; Suhariyono et al., 2014; Sarea & Ruslan, 

2019; Setiawati et al. 2018; Sunarmi et al. 2016; Fernanda & Hidayah, 2020; Awopeju & 

Afolabi, 2016; Bichi et al. 2019; Bichi et al. 2015, Adegoke, 2013; Guler, et al. 2014; 

Pido, 2012; Jabrayilov et al. 2016; Hambleton & Jones, 1993; Royce, 2009; Eleje et al. 

2018), the Rasch model, and the item response theory. Mardapi (1998) research shows 

that the number of items rejected according to the classical test theory is more than 

according to the item response theory. The consistency index of the item analysis results 

is low. There is a high relationship between the results of the estimated ability in the two 

approaches of 0.99 and 0.98 for the test instrument. First and second, the test reliability 

index according to classical test theory and item response theory are high in terms of the 

standard error measurement error. 
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Subsequent research, the analysis of the accuracy of the final semester test 

equipment for Physics subjects using the CTT and IRT approaches showed that the 

reliability coefficient for the Education Unit Level Curriculum and 2013 Curriculum 

questions were 0.806 and 0.576, respectively. Then the level of difficulty for the question 

models was 0.374 and 0.364, respectively. Simultaneously, the difference power index of 

the two models is 0.370 and 0.270 (Suhariyono et al., 2014). Then, the analysis of the 

classical theory approach and the item response theory was also carried out by Sarea & 

Ruslan (2019). It showed that the difficulty level of the items categorized as well based 

on the classical test theory was 27 items. In comparison, the difference power index was 

15 items which were categorized as good. 

Another relevant research by Setiawati et al. (2018) by evaluating the psychomotor 

characteristics of differential gifted tests with classical theory shows that most of the 

different power index is good, and some items are low or need improvement. The abstract 

thinking subtest items have many tricksters that are classified as ineffective, and all the 

different gifted subtests are classified as reliable. Analysis of the quality of the items on 

the quadratic equation test instrument was also carried out using the classical test theory 

approach and the Rasch model. It shows the quality of the measurement instrument for 

concept understanding through the classical test theory approach was of good quality 

compared to the Rasch model. The test reliability index of the test kits through the 

classical test theory approach and the Rasch model is moderate (sufficient). Meanwhile, 

the difficulty level index through the classical test theory approach does not have good 

quality. Simultaneously, the Rasch model shows various levels of difficulty, namely easy, 

difficult, and very difficult. The distinguishing power of the pre-test instrument question 

understanding of the concept through the two approaches was categorized as evil. 

Analysis of final test item items using the classical theory approach was also carried 

out by Sunarmi et al. (2016) to show that the reliability of the class X Final Semester 

Examination test is sufficient, while for class XI, it is low. The validity of the item content 

for both tests was 87.5% and 85.83%, and the construct validity was 95.71% and 84.29%. 

The percentage of the validity of the second language test was 89.16% and 91.67%. The 

rate of difficult items in class X was more significant than the medium and easy items. In 

contrast, for class XI, the moderate items were more significant than the complex and 

easy items. Next, the item difference between the two tests has terrible and destructive 

criteria. Meanwhile, the effectiveness of distractor for class X items with excellent and 

good standards was 70%, while for class XI items were 20%. Next, analyze the quality 

of the statistical exam questions by comparing the CTT and the Rasch Model (Fernanda 

& Hidayah, 2020). The results showed that 21 items met the difficulty level and different 

power index, while the Rasch model consisted of 42 qualified items, then the other items 

needed to be evaluated. So the Rasch model is better than CTT. 

Analysis of the items in the statistical and psychometric test instruments used the 

classical test theory approach and the item response theory based on the difficulty level 

and the item difference index (Awopeju & Afolabi, 2016). The results showed that the 

two methods had a comparable number of item characteristics based on these two 

parameters—the use of the two instruments in the development of the national exam. A 

comparison of the two theoretical approaches was also carried out by Bichi et al. (2019) 

in analyzing the item's characteristics in Chemistry subjects. The results showed that the 

CTT and IRT approaches were effective and reliable in analyzing test items that gave 

similar results. Other research results indicate that there is no standardization or content 

validation process for the instruments used. 
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Based on the explanation above, the problem in this study is the analysis of the 

characteristics of the items on the mathematical problem-solving ability test instrument 

using the classical test theory approach. Item analysis studies for mathematics problem-

solving ability test instruments are rarely carried out using the classical theory approach. 

Also, the use of the R and QUEST programs is still lacking in analyzing the characteristics 

of the instrument items. Subsequent studies in this study provide information and serve 

as a reference in applying the technique of determining content validity in the 

development of test instruments. The preliminary analysis in this study is the content 

validity of the test instrument for the ability to solve mathematical problems using 

qualitative validity by experts. Then, the quantitative validity uses the biserial point 

coefficient. The reliability of the test using an internal consistency approach is the Alpha-

Cronbach method. 

 

▪ METHOD 

This research uses descriptive quantitative analysis to analyze the item's 

characteristics on the test instrument of mathematical problem-solving abilities. The 

research stages consisted of (1) determining the purpose of instrument preparation, (2) 

developing instrument item indicators, (3) compiling instrument items, (4) content 

validation, (5) revision based on input from expert validators, and (6) making the final 

assessment instrument. The next stage, (7) data collection of trial results, and (8) analysis 

of test results using the classical test theory analysis approach. The collecting data in 

research with the questionnaire method and online test using google form. The 

questionnaire method was used to collect validator data on the test instrument, while the 

test method was to collect data on high school students' mathematics problem-solving 

abilities. Student responses to the test instrument were dichotomous data as many as 359 

respondents. The test instrument consists of 10 items consisting of linear program 

material, probability, permutations and combinations, functions, straight line equations, 

circles, and trigonometry. The data analysis technique used the item characteristic 

analysis based on the classical test theory approach with the R and QUEST programs. 

The characteristics of the items consist of the level of difficulty and differentiation 

parameters as well as the effectiveness of the distractor. 
 

▪ RESULTS AND DISCUSSION 

Validity 

Validity is a condition in which the instrument can measure precisely based on what 

is to be measured. According to Miller et al. (2009), a good test instrument fulfills three 

characteristics: validity, reliability, and reusability. Empirical validity testing consists of 

content validity, construct validity, and criterion validity (Azwar, 2017). The instrument 

consists of 10 items to measure the problem-solving ability test of middle school students. 

Validity testing is carried out by reviewing the quality of the items before testing the party 

who is the subject of the study. 

Polit and Beck (2006) state content validity as the extent to which the evaluation 

instrument consists of sufficient items to construct an assessment. In line with that, Wynd 

et al. (2003) stated that content validity refers to the evidence needed to determine the 

extent of the instrument adequately in sampling the corresponding research domains. In 

this sense, content validity is generally understood as the degree to which a sample of 

items represents an adequate operational definition of a good instrument construct (Polit 

and Beck, 2006). In this study, the content validity was based on qualitative expert 
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reviews and quantitative analysis of the expert judgment. Also, quantitative validity is to 

see the level of validity of each item on the test instrument. The qualitative content 

validity is based on expert reviews and quantitative analysis using the Aiken index 

(Aiken, 1985), while quantitative validity uses biserial point correlation. 

 

Qualitative validity 

The validity of the content is qualitatively based on the expert judgment of as many 

as four validators. The validators each have a background in mathematics, each of whom 

has a doctorate in research and evaluation of education and mathematics education, and 

2 of them are students of a doctoral program in educational research and evaluation—

collecting data on the validation of the problem-solving ability test instrument using 

google form. The validation technique uses the panel method by conducting a study for 

each item based on the suitability of the instrument aspect with the indicator, the 

usefulness of the indicator with the item, the suitability of the item substance, the clarity 

of the sentence, the sentence is not confusing. The format of writing, symbols, and 

pictures is quite clear. The results of the qualitative review by several experts showed that 

each item had conformity with the mathematical problem-solving indicator. However, 

technically, the writing of a few items still needed improvement. 

The quantitative content validation analysis uses the Aiken index based on scoring 

the relevance of items with indicators using a score of 1 = irrelevant, 2 = less relevant, 3 

= quite relevant, 4 = relevant, and a score of 5 = very relevant. They were categorizing 

the validity of the instrument items based on the index. If the index is less than or equal 

to 0.4, then the validity is less; 0.4 - 0.8 medium validity category; and if it is more 

significant than 0.8, it is said to be valid (Retnawati, 2018). The results of the content 

validation analysis showed that for each item, items 6 and 8 were obtained with moderate 

validity, each of which had a value of 0.75, while the other items had a validity level. 

Then, based on the Aiken validity table with a total number of evaluations of 4 validators 

on a scale of 5 having an index at intervals of 0 and 1.0 (Aiken, 1985). 

The subsequent content validity using Lawshe's CVR formula uses essential 

criteria, is useful but not essential, and is not required. Analysis of calculating the value 

of the Content Validity Ratio (CVR) using the formula 𝐶𝑉𝑅 = 2(𝑛𝑒
𝑁
) − 1, where 𝑛𝑒 and 

𝑁 each state the number of experts who provide validation with essential criteria and the 

number of experts who participated in conducting the validation. Content Validity Ratio 

(CVR) is a statistical item that is useful for rejection or acceptance of items in a 

questionnaire and is internationally recognized as an assessment technique for confirming 

the validity of content (Polit et al. 2006). 

According to Polit et al. (2007), items with a CVR value of 0.78 or higher with three 

or more experts can be considered evidence of good content validity. However, if an item 

does not meet that category, the item will be removed from the instrument for instrument 

testing purposes. The research results show that each item has a CVR value greater than 

0.78, so that the item has good content validity. Thus, based on the content validity 

analysis using the Aiken index and the Lawsche CVR formula, it shows that each item of 

the test instrument for the ability to solve mathematics problems can reach the 

measurement stage of the test instrument. 

 

Quantitative validity 

Quantitative testing of instrument items can be done using statistical analysis 

techniques, namely biserial point correlation. Biserial point correlation is a unidirectional 
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relationship between variables where the magnitude of the first variable score occurs 

together with the importance of the score for other variables. The low score of the first 

variable appears together with the low score of the other variables. According to Ebel & 

Frisbie (1986), the biserial point correlation shows the correlation between the test item 

score and the total score for each test taker. Biserial with positive and high scores 

indicates the tendency of those with high scores to answer correctly and those with low 

scores to give wrong answers. On the other hand, negative biserial scores provide 

information about the ability of testees with high scores to give wrong answers in 

answering items. In contrast, testes with low scores are correct in answering these items. 

In analyzing items to select good items, items with negative biserial should be excluded 

from the model. 

The item analysis technique uses the correlation coefficient between the instrument 

item scores. Items are said to be valid if the items on the instrument have a score with a 

significant correlation coefficient with the total score of the instrument. The following 

shows the results of the calculation analysis using the R software in Table 1, which is the 

biserial point correlation value for each item on the test of mathematical problem-solving 

abilities. 

Table 1. Correlation value of question points biserial points 

Item Biserial Points Correlation 

B1 0.51 

B2 0.62 

B3 0.60 

B4 0.64 

B5 0.54 

B6 0.30 

B7 0.55 

B8 0.26 

B9 0.46 

B10 0.68 

 

Table 1. above provides information related to the correlation value of biserial 

points for each item. Each item has a positive value biserial point correlation coefficient, 

which indicates that the relationship between variables is unidirectional. The value of the 

first variable occurs together with the significant score of the other variables, and the low 

score of the first variable occurs together with the low score of the other variables. The 

biserial point correlation coefficient for each item above shows the validity coefficient 

where item 10 has the highest validity coefficient of 0.68 while the lowest validity 

coefficient is item 8, which is 0.26. It indicates that based on the content validity 

quantitatively by identifying the biserial point correlation coefficient, it shows that each 

item of the test kit can precisely measure mathematical problem solving ability to be used 

for the measurement stage of the test instrument. 

 

Reliability 

Reliability or reliability is a coefficient indicating the level of consistency or 

consistency of the measurement results of a test (Mardapi, 2017). The consistency of these 

measurement results can be identified by carrying out several measurements of the same 
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group of subjects, and then the results are relatively the same where the aspects measured 

in the issue have not changed. The test reliability index can be calculated using several 

approaches: the retest (test-retest), the parallel form approach, and the internal 

consistency approach. 

In this study, the test reliability index using the internal consistency approach was 

the Alpha-Cronbach method. The assumptions underlying the classical test theory using 

this method are that there is no correlation between the actual score and the error score. 

The mean random error of measurement is zero (Allen & Yen, 1979). According to 

Crocker & Algina (2008), the reliability of the reliability index of the test is obtained 

using the Alpha-Cronbach formula. The reliability index of a good test is a minimum of 

0.70 (Linn, 1989; Allen & Yen, 1979). Analysis of the calculation of test reliability using 

the Alpha-Cronbach formula, namely 𝑟 =
𝑘

𝑘−1
(1 −

∑𝑆𝑏
2

𝑆𝑡
2 ) (Mehrens & Lehmann, 1984), 

obtained the reliability index of the mathematics problem-solving ability test of 0.83. It 

means that the test instrument is suitable. According to Guilford (1956), the same thing 

shows that the test instrument of mathematical problem-solving ability has a very high 

level of reliability, which means that repetition of the test will produce stable results. So, 

the test instrument for the ability to solve mathematical problems has a very high level of 

reliability, which means that repetition of the test will produce stable results. Thus, the 

instrument is reliable (Crocker & Algina, 2008) to measure high school students' 

problem-solving abilities. 

 

Analyze the characteristics of the instrument items 

Analysis of the characteristics of the items used in this study was the classical test 

theory model using the QUEST software. Characteristics of items consist of parameters 

of difficulty level and the different power of the questions, and the effectiveness of the 

distractor. The index of difficulty level and different strength for each item was obtained 

by calculating analysis using QUEST software. In contrast, the effectiveness of the 

distractor was obtained by identifying the ratio of the number of test-takers answering 

with a specific answer choice and the number of test-takers. 

Difficulty level 

The difficulty level of the item is the opportunity to answer a question correctly at 

a certain ability level. Analysis of calculating the level of difficulty can be done using 

proportion correct, linear difficulty index, Davis index, and Bivariate scale. For 

proportion correct, it is the ratio of the correct answer to the number of answerers (Azwar, 

2002). According to Sumintono & Widhiarso (2015), categorizing the difficulty level of 

items using a logit scale. If the difficulty level index is more significant than 1.0, then the 

category is very difficult; index 0 - 1.0 difficult category; index -1.0 - 0 easy categories; 

and the difficulty index is less than -1.0 with straightforward category. The following 

shows the results of the calculation analysis using the QUEST software in Table 2, which 

is the level of difficulty for every ten items on the mathematics problem-solving ability 

test. 

 

Table 2. Difficulty levels of question items 

Item Threshold 

B1 -0.87 

B2 -0.36 
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B3 -0.96 

B4 -0.19 

B5 0.18 

B6 1.84 

B7 -0.64 

B8 1.27 

B9 -0.26 

B10 -0.01 

 

Table 2. above provides information regarding the level of difficulty for each item. 

Each item has a threshold value where items 6 and 8 are with a very difficult level and 

item 5 with a difficult level. Other items with an easy level are 1, 2, 3, 4, 5, 7, 9, and 10, 

with their respective difficulty level values at intervals of -1.0 and 0. The items with the 

highest difficulty level are point 6 with a difficulty value of 1.84, while point 3 is the item 

with the lowest or easy difficulty level of -0.96. 

 

Distinguishing power 

The difference power of an item is the ability of an item to distinguish test 

participants who have high and low abilities. Also, the function of distinguishing power 

is to identify the smallest individual differences among the test takers. Determination of 

item difference power can be done using correlation techniques, namely biserial, biserial, 

phi, and tetrachoric points techniques (Ebel & Frisbie, 1986). In this study, the calculation 

of the power difference index used biserial correlation. The following shows the results 

of the calculation analysis using R software, the biserial correlation value for every ten 

items in the mathematics problem-solving ability test. 

 

Table 3. Correlation value of question points biserial points 

Item Biserial Correlation 

B1 0.65 

B2 0.78 

B3 0.78 

B4 0.81 

B5 0.68 

B6 0.41 

B7 0.69 

B8 0.35 

B9 0.58 

B10 0.85 

 

Based on Table 3 above provides information related to the biserial correlation 

value for each item. Each item has a biserial correlation value greater than 0.30, which 

indicates that each item received functions well to distinguish the ability of high and low-

ability test takers. Item 10 is the best item to determine the test taker's ability with a 

different power index of 0.85. In contrast, the lowest item to distinguish the test taker's 

ability with an index of 0.35 is item 8. 
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Then, the distinguishing power for each item provides information related to the 

item that can differentiate the ability of the test taker. By definition, the distinguishing 

power is the correlation between a test item score and the total score and is called the 

biserial point correlation. The technique for determining the item difference index uses 

biserial correlation. According to Mardapi in Istiyono (2018), determining the criteria for 

item power where items can be accepted with a more significant difference index 0.30, 

indexes between 0.10 to 0.30 are items with less difference, while items with an index 

smaller than 0.10 are items that cannot be used. In the measurement stage for data 

collection. Meanwhile, according to Rao et al. (2016), the item power index is more 

significant than 0.4 with suitable criteria, the index is between 0.3 to 0.39 in the good 

category, the index is between 0.2 to 0.29 in the sufficient category and needs to be 

corrected, while the index is smaller by 0.2 for the bad category and the questions. 

The results showed that each item had a biserial correlation value greater than 0.30, 

which indicated that the problem-solving ability test items functioned well to distinguish 

the abilities of high and low-ability test takers. The item that was best for distinguishing 

the test taker's ability with a different power index of 0.85 was item 10. At the same time, 

the lowest item in distinguishing the test taker's ability was item 8 with an index of 0.35. 

Distractor effectiveness 

The characteristics of multiple-choice items are one question and several answer 

choices with only one correct answer. Another answer option is called a distractor. 

Distractors are the answer choices for each item that distract the test-takers from 

answering the questions. Multiple-choice items consist of one question with three or four 

answer choices where one answer is the most correct. Analysis of the distractor function 

can be determined based on the analysis of the distribution pattern of the test participants' 

responses for each item by choosing the choice of answers to the possible answers that 

have been paired on each item (Sudjiono, 2005). Analysis of the calculation of the 

effectiveness of the distractor by comparing the number of students who choose a 

particular answer option with the number of test-takers. According to Fernandes in 

Istiyono (2018), the distractor can be said to be functioning well where at least 2% or 0.02 

of all test participants gave incorrect responses to the items. The results of calculating the 

effectiveness of the distractor for each item are given in Table 4 below. 

 

Table 4. Item distractor effectiveness ratios 

Item Effectiveness Ratio 

B1 0.36 

B2 0.44 

B3 0.35 

B4 0.47 

B5 0.53 

B6 0.76 

B7 0.40 

B8 0.69 

B9 0.46 

B10 0.50 

 

Table 4 shows that each item has a distractor effectiveness ratio, namely the number 

of test-takers choosing a particular answer compared to the number of test-takers. The 
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results of the calculation analysis show that the distractor for each item of the mathematics 

problem-solving ability test is functioning well with the distractor effectiveness ratio 

greater than 0.02 or 2%. The item with the distractor level that is functioning properly is 

point 6, with an effective ratio of 0.76, while point 3 is the item with the lowest distractor 

effectiveness ratio of 0.35. 

 

▪ CONCLUSION 

The reliability of the test of mathematical problem-solving abilities using an 

internal consistency approach indicates that the test instrument is suitable. The test 

instrument has a very high level of reliability where repetition of the test will produce 

stable results. The qualitative validity of the content by the expert states that for each 

item, it corresponds to an indicator of solving mathematical problems. It's just that 

technically writing a few items still needs improvement. Then, quantitative validity by 

expert judgment using the Aiken index obtained 6 and 8 with moderate content validity 

while other items had very valid validity levels. Also, the content validity using Lawshe's 

CVR formula also shows good content validity. 

Quantitative validity using biserial point correlation was obtained for each valid 

item. This shows that for each item, the test instrument can measure precisely the ability 

to solve mathematical problems so that the use of the instrument reaches the measurement 

stage. Analysis of item characteristics using the classical test theory approach shows that 

the test instrument has a hard level item consisting of 2 items and eight other items with 

an easy level. Then, for each item, the test taker was able to distinguish the test taker's 

ability and the effectiveness of the distractor to function correctly. 

The contribution of this research is the use of classical test theory in analyzing the 

characteristics of the items consisting of the difficulty level parameters, the distinguishing 

power of the questions, and the distractor effectiveness. Also, this study provides 

reference information in conducting content validity based on qualitative reviews and 

quantitative analysis by expert judgment. Another contribution is to contribute 

information to teachers or researchers regarding the use of good test instruments for 

mathematical problem-solving abilities. While the limitations in this study are based on 

data collection techniques using google Forms with unsupervised quality and the student 

processing time is not well controlled, the data obtained does not reflect the students' 

abilities. Therefore, the suggestions in this study are for data collection techniques using 

an online test application using the duration of the processing time to obtain accurate data 

regarding the ability to solve mathematical problems. 
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