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Abstract 
Indonesia has a low level of scientific literacy, so it is necessary to make efforts for teachers 

to develop appropriate assessments or assessment instruments. In this research, a physics 

assessment instrument will be developed based on scientific literacy on atomic nuclei and 

radioactivity with the aim that the resulting instruments are good and feasible to use. This 

research is a type of development research. The feasibility analysis of the assessment 

instruments in this study included validity, reliability, level of difficulty, and differentiability. 

The assessment instrument will be validated by three expert lecturers as validators. The test 

subjects in this study were 35 first-year students of the Physics Education Study Program, 

at Surabaya State University. Based on the results of data analysis, it can be concluded that 

the scientific literacy-based physics assessment instrument on atomic nuclei and 

radioactivity developed has a logical validity value for the content domain of 100% in the 

very valid category, the construction domain of 92.85% in the valid category, and the 

language by 85.71% with very valid category. As for the empirical validity value, 50% of the 

questions are in the valid category and 50% are in the invalid category. The reliability value 

is 0.492 which means reliable. Furthermore, for the difficulty level of the items, 20% of the 

questions were in the easy category, 65% of the questions in the moderate category, and 

15% of the questions in the difficult category. As well as for the discriminating power of the 

items, 10% of the items were in the good category, 35% were in the sufficient category, and 

55% were in the less category. 

Wardi, L. Z., & Jauhariyah, M. N. R. (2025). Validity and reliability scientific literacy-based physics assessment instrument on atomic nucleus 

and radioactivity material. Momentum: Physics Education Journal, 9(1), 109-119. https://doi.org/10.21067/mpej.v9i1.10450 

1. Introduction 
One of the most important drivers accelerating growth across all domains is the 21st century. 

The education sector is actively working to create learning models that are more in line with the 
needs of the twenty-first century in this age of globalization (Azizahwati et al., 2023; Deta et al., 
2023). It can be observed from the development of these situations and conditions, various efforts 
have been made to improve the quality and quality of education. One of the goals of learning in the 
21st century is to prepare students to be able to enter the world of work in a wider scope (Rizaldi et 
al., 2020). The 21st century can be faced by creating quality human resources so they can compete in 
the international arena (Dakhi et al., 2020). In the 21st century learning process requires several 
skills that must be possessed by students, so that learning must be student-centered (Parcon, 2022; 
Tyan et al., 2020). One of the skills needed in the 21st century is scientific literacy skills (Apriyani et 
al., 2021). Scientific literacy is defined as the ability to act as a reflective individual, using his scientific 
knowledge so that he can engage with science-related problems and provide scientific ideas to solve 
real-life problems and make decisions related to the surrounding circumstances (Nurhayati et al., 
2023). Scientific literacy can also be explained as the ability to understand scientific knowledge and 
its life application (Lestari et al., 2018). 

The ability of students to have scientific literacy in Indonesia is in the low category and has 
decreased. This is based on the results of the assessment Program for International Student 
Assessment (PISA) from 2015 to 2022 where Indonesia is ranked lower than the participating 
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countries. In 2015 students in Indonesia achieved a score of 403 out of the overall average score of 
participating countries, namely 493. Then in 2018, students in Indonesia only achieved a score of 396 
out of the overall average score of participating countries, namely 489. This means that Indonesia 
experienced a significant decline between 2015 and 2018 (Sholikah & Pertiwi, 2021; Wahyu et al., 
2020). While in 2022, Indonesian students reached a score of 383 from the international average 
score of 485 (OECD, 2023). Several factors can affect students' scientific literacy levels, including 
teaching materials, learning models, learning environment, student assignments, and scientific 
literacy-based assessment instruments (Radzi et al., 2023; Saputra et al., 2024). Assessment 
instruments based on scientific literacy do not only focus on real situations but also mastering 
concepts in life skills (Aina et al., 2020; Rosana et al., 2020). 

Currently, the Indonesian education system generally uses two types of curriculum, namely the 
2013 curriculum and the ”Merdeka Belajar” curriculum. The 2013 curriculum clearly emphasizes 
student skills that can be integrated into real-life. As the new curriculum or the ”Merdeka Belajar” 
curriculum progresses, some new programs or policies replace the National Examination (UN) 
program with the Minimum Competency Assessment (AKM) program. AKM is a student-oriented 
assessment that measures basic literacy and numeracy skills. There are only three materials tested 
in this AKM, namely literacy, numeracy, and also strengthening character education. Whereas 
literacy and numeracy materials refer to PISA questions (Shofiyah et al., 2021). This AKM has the 
intention to measure student competence in depth and not just content mastery. This is following the 
assessment of scientific literacy which aims not only to measure aspects of students' knowledge but 
also to emphasize students' scientific competence (Dewi et al., 2021; Ke et al., 2021). 

Scientific literacy itself is closely related to physics, especially its relationship with surrounding 
life (Apriyani et al., 2021). Most students still think that physics only contains theories and is rarely 
associated with application in everyday life (Rini & Aldila, 2023; Wulandari et al., 2022). The physics 
cognitive abilities possessed by students are also classified in the low category (Kurniawan et al., 
2020). In addition, many students also think that physics material is mainly related to atomic nuclei 
and radioactivity which contains analyzing the characteristics of atomic nuclei, analyzing 
radioactivity events, and the use and dangers of radioactivity is one of materials that is very difficult 
and boring (Cardoso et al., 2020). Studying physics requires the ability to assemble an understanding 
of concepts and also understanding their applications in solving problems in everyday life (Erfianti 
et al., 2019). In the atomic core and radioactivity, the material itself is closely related to life. For 
example, in the medical field, some radioisotopes are used to diagnose patients and treat medical 
devices. By utilizing gamma rays, Co-60 can be used as a more practical and effective sterilizer for 
medical devices (Astuty & Angkejaya, 2022). 

AKM itself is a form of effort from the government to develop scientific literacy skills possessed 
by students. But before that, it is necessary to make efforts from the teacher through the development 
of an appropriate assessment or assessment instrument. The self-assessment instrument aims to 
measure the abilities possessed by students. Assessment instruments can be used properly if they 
can measure the abilities of the students to be measured (Jacob & Rothstein, 2016; Sumarni et al., 
2018). The minimum criteria for an assessment instrument can be said to be good, namely valid and 
reliable, having varying levels of difficulty, and having differentiating power. Research on the 
development of science literacy assessments on atomic nuclei and radioactivity is needed because 
these topics are complex and abstract, demanding deep understanding from students. This 
assessment is not only designed to measure basic knowledge, but also critical thinking skills and 
application of concepts by students related to issues such as radiation safety and nuclear technology 
applications (Appiah-twumasi, 2024). In contrast to previous studies that generally focus on general 
physics topics such as force, motion, temperature, and heat (Anibo et al., 2022; Danar et al., 2025; 
Elisa et al., 2019). This study offers a customized assessment instrument to evaluate students' science 
literacy in the context of atomic nuclei and radioactivity, providing a more specific approach in 
measuring students' science understanding. Meanwhile, the scientific literacy competencies that will 
be used in the development of assessment instruments in this study refer to the 2018 scientific 
literacy competencies by PISA which are described in Table 1. 
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Table 1. PISA Science Literacy Competence 2018 
No.  Science Literacy Competence 
1 Explaining phenomena scientifically 
2 Evaluating and designing scientific inquiry 
3 Interpreting data and evidence scientifically 

 (OECD, 2019) 

 

The problems to be discussed in this study are formulated as follows: (1) What is the validity 
and reliability of the developed science literacy-based physics assessment instrument on atomic 
nuclei and radioactivity material? (2) What is the level of difficulty of the developed science literacy-
based physics assessment instrument on atomic nuclei and radioactivity material? (3) What is the 
distinguishing power of the developed science literacy-based physics assessment instrument on 
atomic nuclei and radioactivity material? 

2. Method 
This research is a type of development research. This study aims to produce a physics 

assessment instrument based on scientific literacy competence in atomic nuclei and radioactivity 
that is good and feasible to use. The assessment instrument developed was in the form of 20 
descriptive questions covering three scientific literacy competencies according to PISA, namely 
explaining phenomena scientifically, evaluating and designing scientific investigations, and 
interpreting data and evidence scientifically. The feasibility analysis of the assessment instruments 
in this study included validity, reliability, level of difficulty, and differentiability. The test subjects in 
this study were 35 first-year students of the Physics Education Study Program, at Surabaya State 
University. The validity test conducted in this study includes logical validity and empirical validity. 

The logical validity test was carried out by three Unesa Physics Department lecturers as expert 
lecturers who would assess it based on a Likert scale with a score of 1-4, then analyzed using the 
mode of each validation aspect. The results obtained will be calculated by the percentage of matches 
between the validators using the equation Percentage of Agreement (PoA) as follows: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 = 100% 𝑥 (1 −
𝐴−𝐵

𝐴+𝐵
)     (1) 

with: 
A = Frequency of the aspect assessed by the observer by giving a high frequency 
B = The frequency of the aspect assessed by the observer by giving a low-frequency 
Acceptance criteria percentage of agreement is if the results obtained are ≥ 75% (Borich, 1994) 

 

Furthermore, empirical validity is determined using the correlation formula product moment 
as follows: 

𝑟𝑥𝑦 =
𝑁 𝛴𝑋𝑌−(𝛴𝑋)(𝛴𝐴𝑁𝐷)

√{𝑁𝛴𝑋2−(𝛴𝑋)2}{𝑁𝛴𝐴𝑁𝐷2−(𝛴𝐴𝑁𝐷)2
       (2) 

information: 
𝑟𝑥𝑦  = Correlation coefficient for each item item 

N  = Number of trial respondents 
X  = Sum of item scores 
AND  = Sum of total scores 

 

The criterion for testing the validity of the items is by calculation 𝑟𝑥𝑦  then compare with 

rproduct moment on the table, when 𝑟count > 𝑟table then it can be said that the item is valid 
(Arikunto, 2012). 

According to Arikunto (2012), a test has high reliability if the test gives consistent results. Essay 
form test reliability is measured by the coefficient formula Alpha Cronbach as follows: 

𝑟11 = (
𝑛

𝑛−1
) (1 −

𝛴𝜎𝑖2

𝜎𝑡2 )        (3) 
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information: 
𝑟11 = Reliability Value  
𝛴𝜎𝑖2 = Total variance of the item scores 
𝜎𝑡2 = Varians total 

 

The test reliability test criteria are from calculations 𝑟11 then compared with rproduct-moment 
on the table, it can be said reliable when 𝑟count > 𝑟table (Sugiyono, 2015). 

The difficulty level of the item is a measure of the ease or difficulty of an item based on the ability 
of the test subject. So that the level of difficulty can be seen from the ability of the test subjects to 
answer the items being tested. To calculate the difficulty level of the item description questions, use 
the following formula: 

𝑃 =
𝑀𝑒𝑎𝑛

𝑆ℎ𝑜𝑒𝑠 𝑚𝑎𝑥
         (4) 

information: 
P   = Difficulty Index 
Mean   = Average score for each item 
Shoes Max = The maximum score that has been set for each item 

 

The difficulty level is categorized based on the difficulty index which ranges from 0.00 to 1.00. 
The higher the difficulty index, the easier the item is because almost all test subjects can answer, and 
vice versa (Arikunto, 2012). 

The discriminating power of items is the ability of an item to distinguish between the upper and 
lower groups or distinguish high-ability test subjects from low-ability test subjects. To calculate the 
discriminating power of the item description questions use the following formula: 

𝐷 =
𝑆𝐴− 𝑆𝐵

𝑆𝑐𝑜𝑟𝑒 𝑀𝑎𝑥
         (5) 

information: 
D  = Discrimination Index 
SA  = Upper group average 
SB  = Lower group average 
Score Max = Maximum score 

 

Discriminating power is categorized based on the index of discrimination. The higher the 
discrimination index, the more effective the items are in distinguishing high- and low-ability test 
subjects, and vice versa (Arikunto, 2012). 

3. Results and Discussion 
The development of the assessment instrument begins with analyzing the initial needs or 

conditions, the analysis covers the curriculum to basic competencies to determine the material used 
in this study. After obtaining the results of the analysis, then proceed to the stage of designing the 
assessment instrument. The assessment instrument was developed based on predetermined 
indicators and scientific literacy competencies by PISA 2018. In this case, the assessment instrument 
includes a question grid, a table of item specifications, and an assessment rubric. Furthermore, the 
assessment instrument will go through a logical validation stage and then try out to obtain empirical 
validity, reliability, level of difficulty, and discriminatory power. Table 2 presents an initial 
development containing data on the distribution of item items based on scientific literacy 
competencies. 
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Table 2. Data on the Distribution of Question Items Based on Scientific Literacy 
Competencies 

Items Explain phenomena 
scientifically 

Evaluate and design scientific 
investigations 

Interpret data and evidence 
scientifically 

1 √ 
  

2 
  

√ 
3 

  
√ 

4 
  

√ 
5 

  
√ 

6 
   

7 
   

8 √ √ √ 
9 

 
√ 

 

10 √ 
  

11 
  

√ 
12 √ 

  

13 √ 
 

√ 
14 

   

15 
   

16 √ 
  

17 
  

√ 
18 

 
√ 

 

19 √ √ 
 

20 
  

√ 
Sum 6 5 9 

 

Based on Table 2, the initial assessment instrument consisted of 20 questions in the form of a 
description with a percentage distribution of 30% for the competence to explain phenomena 
scientifically, 25% for the competence to evaluate and design scientific investigations, and 45% for 
the competency to interpret data and evidence scientifically. Table 1Table 3 shows some examples 
of questions developed based on scientific literacy competencies: 

Table 3. Examples of questions based on scientific literacy competencies 
Science Literacy Competence Problems example 
Explain phenomena scientifically 
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Science Literacy Competence Problems example 
Evaluate and design scientific 
investigations 

 
Interpret data and evidence scientifically 

 
 

Based on the table above, are examples of questions from the three indicators of scientific 
literacy. For the first problem with the indicator of scientifically explaining phenomena using 
questions with initial information related to a nuclear disaster, students are expected to be able to 
explain the impact resulting from the disaster, namely exposure to nuclear radiation. For the second 
problem with indicators evaluating and designing scientific investigations using questions with 
information and pictures related to nuclear radiation counter experiments or Geiger Muller 
detectors, students are expected to be able to design experiments that are carried out by explaining 
the objectives and experimental data resulting from the experiment. Then for the third problem with 
indicators of interpreting data and evidence scientifically using questions with information in the 
form of graphs that describe the physiology of the average height of chili plants irradiated against the 
time of measurement, students are expected to be able to interpret graphs into information or data. 

The initial assessment instrument was validated by three expert lecturers as validators based 
on aspects of the content, construction, and language domains using a validation questionnaire. The 
results of the logical validity of scientific literacy-based physics assessment instruments on the 
atomic nucleus and radioactivity material are described in Table 4.  

Based on the logical validation results in Table 4, it can be concluded that the average PoA for 
each domain has a percentage of ≥ 75% so the assessment instrument developed is included in the 
valid category. Viewed from the realm of content with a percentage of 100%, the category is very 
valid, the realm of construction, with a percentage of 92.85%, is a valid category, and the domain of 
language, with a percentage of 85.71%, is a very valid category. This shows that the developed 
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scientific literacy-based physics assessment instrument meets valid criteria and can be used both in 
terms of material, construction, and language. 

Table 4. The results of the logical validity of the instrument 
Contents  Aspect number Modus Criteria 

1 4 Very Valid 
2 3 Valid 
3 3 Valid 
4 4 Very Valid 

Modus Very Valid 
PoA Average 100% 
Construction  Aspect number Modus Criteria 

5 4 Very Valid 
6 3 Valid 
7 3 Valid 
8 3 Valid 

Modus Valid 
PoA Average 92,85% 
Material  Aspect number Modus Criteria 

9 4 Very Valid 
10 4 Very Valid 
11 3 Valid 
12 4 Very Valid 

Modus Very Valid 
PoA Average 85,71% 

 

Table 5 shows some suggestions given by the validator during the assessment instrument 
validation process. 

Table 5. Suggestions and improvements from the validator 
Suggestions and improvements Question items 
The use of the preposition di- in the word "diatas" should be separated by a space to 
become "di atas" 

2, 3, 4, 5, 10, 11, 13, 14, 15, 
17, 18, 19 

Some of the information presented, such as images, tables, and graphics, is blurry or 
unclear, so it needs to be corrected 

10, 13, 18 

Some of the language used is still unclear and specific, so it needs to be explained in 
detail so as not to cause confusion 

8, 10, 15, 17 

 

Then the assessment instrument was tested on students who would then be analyzed. The 
results of the empirical validity of the physics science literacy test items were analyzed using Ms. 
Excel is described in Table 6. 

Table 6. The results of the empirical validity of the item questions 
Criteria Question Items Amount 
Valid 3, 4, 7, 8, 10, 11, 13, 15, 18, 19 10 
Invalid 1, 2, 5, 6, 9, 12, 14, 16, 17, 20 10 

 

Based on Table 6, analyzed from 𝑟count > 𝑟table then the 20 items on the scientific literacy test that 
have been developed yield the results of 10 valid questions and 10 invalid items or a percentage of 
50% valid and 50% invalid. 

Table 7. Literacy competency data for valid questions 
Science Literacy Competence Question Items 
Explain phenomena scientifically 8, 11, 19 
Evaluate and design scientific investigations 7, 15, 18 
Interpret data and evidence scientifically 3, 4, 10, 13 

 

The results of the reliability of scientific literacy-based physics assessment instruments 
analyzed using Ms. Excel are described in Table 8. 
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Table 8. Instrument reliability results 
R11 Rtable Criteria 
0.492 0.334 Reliable 

 

Based on Table 8, the results of the reliability analysis of the developed assessment instrument 
obtained an R 11 of 0.492 which means 𝑟count > 𝑟table so it can be concluded that the instrument is 
reliable. This is in accordance with the research by Zuhdi et al., (2024).Then for the processing of the 
difficulty level of the physics science literacy test items, the results are obtained in Table 9. 

Table 9. The results of the difficulty level of the item questions 
Criteria Question Items Amount 
Easy 1, 2, 15, 19 4 
Medium 3, 4, 6, 7, 8, 9, 10, 11, 13, 14, 16, 17, 20 13 
Difficult 5, 12, 18 3 

 

Based on Table 9, the 20 items are categorized into three levels of difficulty namely easy, 
medium, and difficult. The results of the item difficulty analysis showed a balanced distribution 
across the three categories of difficulty. A total of 20% of the items were in the easy category to assess 
students' basic understanding, ensuring a foundation of prior knowledge. Most of the items, 65%, 
were in the medium category and served as the main tool for testing deeper understanding and 
application of the concepts learned. Meanwhile, another 15% of questions were categorized as 
difficult, requiring in-depth analytical thinking to identify higher-ability students. It can be seen that 
most of the questions are categorized as medium. This is in accordance with the research by Zuhdi et 
al., (2024) and Arafah et al., (2021) states that a good question is a question that is not too easy and 
not too difficult. Meanwhile, research conducted by Suprapto et al., (2020) stated that the dominant 
instrument on questions with difficult categories. 

For the processing of the discriminating power of the physics science literacy test items, the 
results are obtained in Table 10. 

Table 10. The results of the discriminating power of the item questions 
Criteria Question Items Amount 
Less 1, 5, 6, 8, 9, 12, 14, 16, 17, 18, 20 11 
Enough 2, 4, 7, 10, 13, 15, 19 7 
Good 3, 11 2 

 

Based on the table above, the 20 items are categorized into three categories of discriminating 
power, namely good, sufficient, and lacking. Judging from the differentiating power of the developed 
assessment instrument, 10% of the questions were in the good category, 35% were in the sufficient 
category, and 55% were in the poor category. Questions with good discriminating power criteria 
have abilities that can distinguish students who have understood competence from students who 
have not understood competence (Mulyana & Desnita, 2023). Questions with poor discriminating 
power criteria will result in the work of students in the upper group and students in the lower group 
getting equally high scores or equally low scores (Arafah et al., 2021; Suprapto et al., 2020). Figure 1 
is a documentation of the assessment instrument trials conducted on students. 

 
Figure 1. Documentation of testing the assessment instrument 
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4. Conclusion 
The developed physics assessment instrument based on scientific literacy on the atomic nucleus 

and radioactivity material has a logical validity value for the content domain of 100% with the very 
valid category, the construction domain is 92.85% with the valid category, and the language domain 
is 85.71% with the category very valid. As for the empirical validity value, 50% of the questions are 
in the valid category and 50% are in the invalid category. The reliability value is 0.492 which means 
reliable. Furthermore, for the difficulty level of the items, 20% of the questions were in the easy 
category, 65% of the questions in the moderate category, and 15% of the questions in the difficult 
category. As well as for the discriminating power of the items, 10% of the items were in the good 
category, 35% were in the sufficient category, and 55% were in the less category. So, it can be 
concluded that from the scientific literacy-based physics assessment instrument on atomic nuclei 
and radioactivity developed, the results of instruments that are valid, reliable, and can be used to 
measure students' scientific literacy competency abilities are obtained. Valid and reliable 
instruments ensure that assessment results truly reflect students' science literacy, especially on 
complex and abstract material. In addition, this instrument can support a curriculum that is more in 
line with science literacy needs and has the potential to become a reference for national assessment 
standards, thus helping to prepare students for future science challenges. 
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