
 

Development of Test Instruments in Substance Pressure to Measure 

Student's Numerical Literacy Ability  

Rita Iva Fatmala, Ani Rusilowati, Budi Astuti 
Postgraduate Universitas Negeri Semarang, Semarang, Indonesia 
 

Article Info  Abstract 

Article history: 

Submitted 22 November 2022 
Revised 12 February 2023 
Accepted 14 February 2023  
 
Keywords: 
Test Instruments, 
Literacy, Numeracy, Physics, 
Pressure  

 The purpose of this study was to develop an instrument test to measure 

student's numeracy literacy skills on substance pressure and its 

application. The research was conducted using the Research and 

Development (R&D) development method trough the ADDIE research 

design (Analysis, Design, Development, Implementation, and 

Evaluation) through several stages, namely curriculum analysis, content 

analysis, context analysis, and determining instrument framework, 

instrument development, pilot testing instrument and item analysis of the 

instrument. The trial was conducted on a sample determined by a random 

sampling technique. The item analysis of the instrument includes item 

validity test, item reliability test, item difficulty level, and item 

discriminatory power. The results of this study were the test instrument 

of numeracy literacy in the form of multiple-choice questions with 18 

reliable questions with a reliability coefficient of 0.903. Based on the 

validity test, there are 5 questions with moderate validity category, 10 

questions with high validity category, and 3 questions with very high 

validity category. Based on the results of the discriminatory power test 

and the level of difficulty of the questions, it was obtained that all 

questions had distinguishing power in the good category with the 

difficulty level of the questions in the easy, medium, and difficult category 

are 1, 13, and 4 questions, respectively. Therefore, it can be concluded 

that the numerical literacy test instrument on the substance pressure 

material and its application can be used as a test instrument to measure 

student's numeracy literacy skills. 
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INTRODUCTION 

The literacy and numeracy abilities of 

students are the focus of the development of the 

Indonesian government in the field of education. 

This is because the numeracy literacy skills of 

students are in line with the Human Development 

Index (HDI) which is the reference for the quality of 

human resources in a country. If the numeracy 

literacy ability of students is in a good category, then 

the HDI of a country is also good, and vice versa. 

Aisyah (2021) reveal that students must at 

least have mastery of six basic literacy skills, which 

include literacy, numeracy, scientific literacy, digital 

literacy, financial literacy, and civic cultural literacy 

to be able to face global challenges 21st century. In 

line with these challenges, several regulations have 

been developed by the government to support the 

strengthening of student's numeracy literacy skills. 

Then, this regulation was followed up with the 

implementation of the program, called Gerakan 

Sekolah Literasi (School Literacy Movement)  as the 

implementation of Permendikbud No. 23 of 2015. 

Saputri & Diana (2021) states that the 

implementation of government support for 

strengthening the literacy and numeracy abilities of 

students can be seen in the development of the 

Minimum Capability Assessment (MCA), where 

literacy and numeracy abilities are one of the 

abilities measured in the MCA. The implementation 

of the MCA can be used as a reference for the 

literacy and numeracy ability profile of students on 

a national scale to be followed up by educators and 

students as an evaluation material for strengthening 

student's literacy and numeracy abilities for the 

education unit level. 

So far, Trends in International Mathematics 

and Science Study (TIMSS) and Program for 

International Student Assessment (PISA) have 

become the reference for measuring the scientific 

literacy and numeracy abilities of students on an 

international scale. Based on TIMSS data, the level 

of scientific literacy and numeracy of Indonesian 

students always ranks in the bottom five in the 

world.  

According to Fuadah et al. (2017), scientific 

literacy and numeracy skills are very important in 

determining the quality of education in a country as 

well as providing students with the ability to face 

changing times and technological developments. 

Fuadi et al. (2020) state that one of the causes of the 

low level of scientific literacy and numeracy of 

students is the instrument technique that does not 

fully accommodate the criteria for assessing 

scientific literacy and numeracy abilities. This is in 

line with Maulida & Hamama (2021) research, the 

test instruments used in schools generally only test 

cognitive aspects and mathematical calculations, 

without considering process and context aspects. 

The development of scientific literacy and 

numeracy test instruments is one of the efforts to 

measure and improve student's literacy and 

numeracy skills in the science field. Sulistiawati  

(2015) states that one way to measure student's 

scientific literacy and numeracy skills is by using a 

test instrument. It is also supports to Martinah et al. 

(2022) research that the development of scientific 

literacy and numeracy test instruments used should 

include four categories of scientific literacy and 

numeracy, namely science as a body of knowledge, 

science as a way of thinking, science as a way of 

investigating, and the interaction between science, 

technology, and society. 

According Dewi & Rochintaniawati (2016), 

science literacy and numeracy instruments can be 

adopted from the questions on PISA. However, 

Chasanah et al. (2022) stated that the development 

of test instruments to measure student's science 

literacy and numeracy skills tailored to the 

background of learners in Indonesia is still needed to 

determine students' level of understanding of science 

concepts and their application in daily life. Then, in 

line with Howard et al., (2017) research state that the 

development of numeracy and literacy test can be 

arranged based on the interests of students, this is to 

anticipate the results of abilities that are not in 

accordance with the reality. Therefore, a test 

instrument is needed to measure the literacy and 

numeracy skills of learners, especially in science 

subjects that correspond to the background of 

learners. Its support to O’toole et al., (2020) research 

who explain that science education a fertile 

background for the development of literacy and 

numeracy test because this subject could clarify 

discussions of literacy in other disciplines. 

Grotlüschen et al., (2020) add that the literacy and 

numeracy test are needed because related to major 

aspects of life, they are recognizing and analyzing 

the use of methods of inquiry that lead to scientific 

knowledge and the ability to organize, analyze, and 

interpret quantitative data and scientific 

information. The purpose of this research is to 

develop a physics literacy and numeracy test 

instrument on substance pressure and its application 

that is valid, reliable, has a differential power and a 

good level of difficulty to measure the literacy and 

numeracy of learners in general.  

METHODS 

The research was conducted using the 

Research and Development (R&D) method through 

the ADDIE research design which includes analysis, 

design, development, implementation, and 

evaluation. In general, the stages of research carried 

out in developing numeracy literacy test instruments 

on the material pressure of substances and their 

application in everyday life can be seen in Figure 1. 
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Figure 1. Stages of Development of Test 

Instruments 

The examination of the test instrument was 

carried out on a sample determined by random 

sampling technique, namely the students of class 

VIII A, VIII B, VIII C, and class VIII H in MTs. 

Ma'ahid Kudus totaled 113 students. Data analysis 

carried out includes validity test, reliability test, level 

of difficulty, and discriminating power of questions. 

The instrument validity uses the product-moment 

correlation formula Arikunto (2015) as shown in 

equation (1). 

𝑟𝑥𝑦 =
𝑁 ∑ 𝑋𝑌−(∑ 𝑋)(∑ 𝑌)

√{𝑁 ∑ 𝑋
2

−(∑ 𝑋)2}(𝑁 ∑ 𝑌2−(∑ 𝑌)2)
           (1)  

where 𝑟𝑥𝑦 is the correlation coefficient of an item or 

item, 𝑁 is the number of subjects, 𝑋 is the score of 

an item or item and 𝑌 is the total score. Equation (1) 

above is used to measure the level of validity of the 

test questions per item with the question criteria said 

to be valid if the value of 𝑟𝑥𝑦 > rTable. The rTable data 

obtained from the auxiliary table is adjusted to the 

number of 𝑁, which is 113 with a significance level 

of 0.05, then the rTable is 0.1848. 

The determination of the category of the 

validity of the instrument developed refers to the 

classification of validity according to Guilford in 

Arikunto (2015), which is as follows. The validity 

category is very high if the 𝑟𝑥𝑦 is 0.81–1.00. High 

category if obtained 𝑟𝑥𝑦  0.61–0.80. Sufficient 

category if obtained 𝑟𝑥𝑦 0.41–0.60. Low category if 

obtained 𝑟𝑥𝑦 0.21-0.40 and very low category if 

obtained 𝑟𝑥𝑦 0.00-0.20. 

The reliability of a test instrument produces a 

test that can still be said to be highly reliable. In this 

study, the formula for testing the reliability of the 

instrument used is according to Arikunto (2015) as 

shown in equation (2) below. 

𝑟11 = (
𝑛

𝑛−1
) (

𝑆2−∑ 𝑝𝑞

𝑆2 )                                             (2)  

where 𝑟11 is the reliability of the instrument, n is the 

number of instrument items, ∑ 𝑝𝑞 is the number of 

item variances, and 𝑆2 is the total variance. The 

results of reliability calculations can be categorized 

using reliability criteria, namely if the reliability 

index 𝑟11> 0.70 it is said that the developed 

instrument is reliable, but if 𝑟11 < 0.70 its can be said 

that the instrument is not reliable. 

The level of difficulty is obtained by 

calculating according to equation (3) according to 

Arikunto (2015) as follows. 

𝑃 =
𝐵

𝐽𝑆
              (3) 

where 𝑃 is the difficulty index, 𝐵 is the number of 

students who answered the questions correctly and 

𝐽𝑆 is the total number of students who took the test. 

Good questions are questions that are not too easy 

or not too difficult. The difficulty index of 0.00-0.30 

is a difficult question, for medium questions it has a 

difficulty index of 0.30-0.70, and for a difficulty 

index of 0.70-1.00 it is an easy question category. 

Distinguishing power is obtained by the 

discrimination equation according to Arikunto 

(2015), which is shown in equation (4) as follows. 

𝐷 =
𝐵𝑎

𝐽𝑎
−

𝐵𝑏

𝐽𝑏
             (4) 

where 𝐷 is the distinguishing power, 𝐵𝑎 the number 

of correct answers in the upper group, 𝐵𝑏 is the 

number of correct answers in the lower group, 𝐽𝑎 is 

the number of students who did the correct test in 

the upper group, and 𝐽𝑏 is the number of students 

who did the correct test in the lower group. 

The criteria for discriminating power are 

determined as follows. The category of 

discriminatory power is very good if the results of 

the discrimination index are 0.70–1.00. Good 

category if the discrimination index is 0.40–0.69, 

sufficient category if the discrimination index is 0.20 

– 0.39, and bad category if the discrimination index 

is 0.00 – 0.19, and if the discrimination index is less 

than 0, 00 then it is included in the bad category and 

the question should be discarded. 

Septiani et al. (2019) stated that the literacy 

and numeracy skills of learners can be categorized 

with the average of the overall value of learners in 

working on the literacy and numeracy test 

instruments developed, where the category of 

literacy and numeracy skills is very good if obtained 

an average of 80-100, category literacy and 

numeracy ability are good for an average of 66-79, 

the literacy and numeracy ability category is 

adequate for an average of 56-65, our literacy and 

numeracy ability category for an average of 40-55, 

and the fail category for an average of 30- 39. 

Curriculum Analysis

Content Analysis

Context Analysis

Determination of Instrument Framework

Instrument Development

Trials

Analysis

Conclusion
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RESULTS AND DISCUSSION 

The instrument was developed in the form of 

test questions in the form of multiple-choice 

questions in the form of 18 questions with four 

answer choices, this is in line with Patta & Muin 

(2021) research. The instrument was developed by 

containing aspects of literacy and numeracy that 

were adapted to the background of the students in 

MTs. Ma'ahid is the sample of this study. The 

content of literacy and numeracy aspects according 

to students' backgrounds is obtained by interviewing 

students, teachers, and related stakeholders in the 

school environment. Then, the instrument was 

tested in April 2022 and the results were analyzed. 

Validity analysis is used to determine the 

level of validity of a test item. The results of the test 

instrument validity can be seen in Table 1.

Table 1. Instrument Validity Test Results 

Validity Index Question Item Amount Percentage 

>0,1848 (valid) 1; 2; 3; 4; 5; 6; 7; 8; 9; 

10; 11; 12; 13; 14; 15; 

16; 17; 18 

18 100% 

<0,1848 (not valid) - - 0% 

The validity category obtained in the 

instrument test can be seen in Table 2 below.

Table 2. Category of Instrument Validity Test Results 

Category Question Item Amount Percentage 

Very High 5, 10, 11 3 17% 

High 1, 3, 6, 7, 8, 9, 12, 14, 17, 18 10 55% 

Medium 2, 4, 13, 15, 16 5 28 % 

Low - - 0% 

Very Low - - 0% 

Based on the results of the validity test of the 

instrument, it can be said that the instrument on the 

substance pressure material and its application 

developed is valid in measuring students' numeracy 

literacy abilities. 

Reliability analysis is used to determine the 

level of consistency of the developed instrument. 

Based on the calculations obtained r11 of 0.903 or 

greater than the rTable of 0.1848 so it can be stated that 

the test instrument developed is reliable. Based on 

the results of the reliability test of the items on the 

material pressure test instrument and its application, 

it can be said that the test instrument is reliable and 

the results in measuring the scientific literacy and 

numeracy abilities of students can be trusted. 

Based on the difficulty level test, it can be 

concluded that the question instrument is included 

in the good question category as evidenced by the 

large percentage of questions in the medium 

category, which is as much as 72%. This is supported 

by Arikunto (2015) who states that a good question 

is a question that is neither too easy nor too difficult. 

The measurement test data can be seen in Table 3. 

Table 3. Category of Instrument Difficulty Level Test Results 

Difficulty Level 

Indeks 
Question Item Amount Percentage 

Easy 7 1 6% 

Medium 1, 2, 3, 4, 5, 8, 9, 10, 11, 12, 13, 14, 15 13 72% 

Difficult 6. 16, 17, 18 4 22% 

The discriminatory test is used to measure the 

ability of a question to distinguish between high-

ability students and low-ability students. Based on 

the discriminatory power test, the different power 

value for each item is greater than equal to 0.5 so 

that it can be categorized that the material pressure 

test instrument and its application are in the 

category of literacy and numeracy ability test 

instruments with good discriminating power. 

Based on the test results with the developed 

test instrument, it was found that the literacy and 

numeracy abilities of students in MTs. Ma'ahid in 
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the various category. Testing the category of 

scientific literacy and numeracy levels obtained data 

as shown in Table 4. 

Table 4. Category of Scientific Literacy Level Test 

Results 

Science Numeracy Literacy 

Level Index 

Amount Percentage 

Very Good 22 20% 

Good 14 12% 

Enough 32 28% 

Not Enough 17 15% 

Fail 28 25% 

The OECD (2015) states that the factors 

causing the low literacy and numeracy of science in 

Indonesia include gender, economic and social. 

Nofiana & Julianto (2018) states that the low 

scientific literacy and numeracy skills of students are 

triggered by their unpreparedness of students to the 

times and problems in the surrounding 

environment. Therefore, there is a need for a series 

of actions to increase and strengthen the literacy and 

numeracy abilities of students, especially in the 

environment of MTs. Ma'ahid to later has quality 

graduates who are competent and able to compete 

in the global era in the 21st century. 

CONCLUSION  

Based on the validity test of the test 

instrument developed, 17% of the questions were in 

the very high valid category, 55% of the questions 

were in the high valid category and 28% were in the 

moderately valid category. Questions in the reliable 

category with a reliability value of 0.903. In 

addition, the questions are in the good category with 

the percentage of questions with a medium difficulty 

level of 72% and can categorize students with low 

and high abilities through a discriminatory power 

level of more than 0.5. Therefore, the test instrument 

developed on the material of substance pressure and 

its application in everyday life can be used as an 

instrument to measure students' numeracy literacy 

skills. 
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