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Abstract 
 

The measurement of scientific literacy is very focused, this is shown by the urgency of preparing 
scientific literacy test instruments. This research develops a proper scientific literacy test 
instrument on particle dynamics material. This research is a development research adapted from 
the Borg and Gall model. The test subjects of this study were 202 students. Design validation, 
instrument validity, instrument reliability, instrument difficulty level and instrument 
differentiability are data analysis techniques. The product produced is a material science literacy 
test instrument for particle dynamics totaling 10 questions in the form of reasoned multiple choice 
questions. The results showed that (1) the questions were in the valid category, (2) had reliability 
with very good criteria of 0.83 (3) the difficulty level of the questions obtained 1 item in the 
difficult category and 11 questions with moderate criteria, (4) the results of the discriminating 
power of the questions show that there are 2 questions with sufficient discriminating power so 
that the items can still be used and there are 2 items with bias so that 2 items are discarded. It can 
be concluded that the developed scientific literacy test instrument can be used to measure students' 
scientific literacy competence.  

 

Keywords: Particle Dynamics, Test Instrument, Scientific Literacy, Validity, Reliability, Difficulty Levels, 
Instrument Differentiability 
 

INTRODUCTION 

Technological developments make changes in the way of life and strong interactions in every human 
being. This encourages strength to be able to compete and adapt to become a quality resource. The 
educational aspect is closely related to quality human resources(Sholihah et al., 2023). One way to turn 
into a quality human being is to have life skills, one of which is scientific literacy (Al Sultan et al., 
2018; Chusni et al., 2018; Dewantara et al., 2019; Tamassia et al., 2014; Winarni et al., 2020). Scientific 
literacy leads us to see events in nature and those resulting from human activities that are relevant to 
the concepts learned in school (Dewantara et al., 2020; Kholiq, 2020; Parno et al., 2020; Wahyu et al., 
2020; Wartono et al., 2018; Yuriza et al., 2018; Zulistina & Sunarti, 2022). Students are expected to be 
able to explain scientific phenomena, evaluate and design scientific research, and interpret scientific 
data and evidence (Fakhriyah et al., 2017; Parno et al., 2020; Pentin et al., 2018). Scientific literacy is 
knowledge and understanding of scientific concepts and processes that enable a person to use 
knowledge to make decisions so that they can play an active role in all aspects of their lives (Cahyana 
et al., 2019; Hasasiyah, Siti Hardiyanti ; Hutomo, Bagus Addin ; Subali, Bambang ; Marwoto, 2019; 
Wahyu et al., 2020; Walag et al., 2022; Winarni et al., 2020)..  

The importance of scientific literacy shows the urgency of having instruments to measure 
scientific literacy. The test or assessment instrument is a part of the planning and learning process. The 
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assessment was carried out as an effort to measure the level of achievement of learning indicators and 
collect information on student learning developments in various aspects (Astuti et al., 2014). The test 
instrument is needed to determine the ability level of students and as a reference for developing policies 
about it (Milia et al., 2022). Several recent relevant studies have sought the preparation of scientific 
literacy instruments from various fields  (Bashooir & Supahar, 2018; Pramuda et al., 2019; Suwono et 
al., 2022; Vizzotto & Mackedanz, 2018). In Indonesia, the development of scientific literacy 
instruments has also been implemented to test the scientific literacy of junior high school students in 
certain cities (Atta & Aras, 2020; Jufri et al., 2019; Septiani et al., 2019) and senior high school 
(Algiranto, 2022; Krisdiana et al., 2018; Lestari & Setyarsih, 2020; Novitasari & Handhika, 2018; 
Yamtinah et al., 2019; Yuliasih & Sarwi, 2020). Instruments have also been developed for prospective 
science teacher students (Rusilowati et al., 2019) as well as prospective physics teachers (Bahri et al., 
2018). This is because in some cases, students in physics learning only focus on equations and 
mathematical problems without literacy. So, when learning begins to be intensified about literacy, 
physics teachers must also have instruments for assessing student literacy. 

Instrument quality is focused on validity, reliability, level of difficulty, and distinguishing 
power. The validity of the test instrument is the accuracy of the test instrument in the form of description 
questions in measuring students' scientific literacy. Which is validated by the validator before being 
tested in the field. Instrument validity is an important part in a development. Validity determines the 
extent to which the instrument can measure the intended thing (Asyhari et al., 2019; Vizzotto & 
Mackedanz, 2018). The reliability of the test instrument is the extent to which the test instrument in the 
form of a description item is made credible whose results are not affected by circumstances. The 
reliability test was carried out to measure the level of consistency of the instrument being developed. A 
test is said to be reliable if it shows consistency from one test item to another (Novanti et al., 2018). 
Difficulty level is a measure of the ease of a question. Items with low criteria imply that students find 
it easy to solve problems, and items with difficult criteria imply that students find it difficult to solve 
problems (Adawiyah & Wisudawati, 2017). The comparison between easy, moderate, and difficult 
questions can be made 3-4-3, meaning that 30% of the questions fall into the easy category, 40% fall 
into the medium category, and 30% fall into the difficult category. Another comparison that is similar 
to the ratio above is 3-5-2. This means that 30% of the questions fall into the easy category, 50% fall 
into the moderate category, and 20% fall into the difficult category (Susanto, Hery ; Rinaldi, 2015).  
The differentiating power of the test instrument is the ability of the test instrument, in the form of 
descriptive questions, to distinguish high and low achieving students. Discriminating power is 
calculated using the number of right and wrong answers of students from the lower group and the upper 
group (Ismail, 2020).  Discriminating power can be determined in two ways, namely differentiating into 
small groups (less than 100) and large groups (100 and above). In small groups, we divided the entire 
test group into two equal groups, 50% of the upper group and 50% of the lower group. For large groups, 
two poles are used to facilitate analysis. 27% each at the top and bottom only.  

 
Table 1 Aspects of science literacy in the PISA 2015 assessment framework 

 

Aspect Indicator 

Context Current and historical personal, regional, national and global issues require the ability to 
understand science and technology. 

Knowledge Understanding various facts, concepts, and theories that underlie scientific knowledge 
including substantive, procedural, and epistemological knowledge. 

Competence The ability to provide explanations for scientific phenomena and interpret statistical data 
primarily based entirely on scientific evidence. 

Attitude 
A set of attitudes toward science characterized by an interest in science and technology, 
an appreciation of the scientific approach to inquiry, perceptions when present, and 
awareness of the environment. 
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Aspects of Scientific Literacy in the 2015 PISA assessment framework illustrated in Table 1. 
Therefore, in this study, researchers used the 2015 PISA aspects and indicators as a reference for 
developing instruments for testing basic material science literacy in particle dynamics for high school 
students. Based on the previous explanation, the purpose of this study is a description of research test 
instrument is needed that can be used to measure students' scientific literacy abilities. 
 
 
METHODS  

This type of R&D research is a process used to develop and validate educational products. The research 
and development model used by researchers is the Borg and Gall method (Borg & Gall, 1989), the steps 
can be seen in Figure 1. 

 
 

Figure 1 Steps for using the R & D method 
 
The research took place from October 2021 to May 2022. The locations for the research were 

3 school in Banjarmasin. The subject of this research is a material science literacy test instrument for 
particle dynamics. The test subjects were class X students for the 2021/2022 academic year, totaling 28 
people for small product trials and 202 people for use trials. As for this study, several instruments were 
used, namely validation sheets and test instruments in the form of reasoned multiple choice which were 
given to students after one learning chapter had been taught. The development process carried out in this 
study only includes nine stages.  

 
1. Problem analysis 

 
Based on the results of the literature study, it was found that the scientific literacy abilities of Indonesian 
state students based on the results of the PISA assessment were still in the low category. The low ability 
of scientific literacy is due to several factors, one of which is that students are not used to working on 
scientific literacy-based questions and it is rare to find scientific literacy test instruments. Therefore, it 
needs an RND to develop assessment tools used by teachers when teaching physics in schools to find 
out the situation in the field. 
 
2. Data collection 

 
The results of the interviews were analyzed, then a literature survey was carried out as data collection 
to solve existing problems, and the tools developed met expectations. Data collection was carried out 
to collect references about scientific literacy and test instruments. 
 
3. Product design 

 
At this stage, it begins with determining the aspects and indicators of scientific literacy that will be used 
in research. Researchers compared aspects and indicators of scientific literacy used from several sources 
of literature. Then make a scientific literacy test instrument with 20 questions using the scientific 
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literacy indicators. The scientific literacy test instrument that was prepared was reviewed by the 
supervisor. The design of the scientific literacy instrument which is compiled contains covers, prefaces, 
table of contents, aspects, and indicators of scientific literacy, question grids, and scientific literacy test 
questions. The scientific literacy test instrument was composed of 20 reasoned multiple-choice 
questions on class X high school particle dynamics material. 
 
4. Design validation 

 
The design validation stage was carried out by validators: 3 instructors (graduates) and 3 physics 
teachers (practitioners). This validation is based on rational thinking without field testing. 
 
5. Design revision 

 
The compiled products were repaired based on suggestions from the validator before being tested. 
 
6. Product trials 

 
The product trial phase was carried out in a small scope, namely on class X MIPA 3 students at SMA 
Negeri 6 Banjarmasin, totaling 28 people. The scientific literacy test instrument consists of 20 reasoned 
questions given to students. The trial lasted for 2 x 30 minutes or 2 JP.  
 
7. Product revision 

 
After trials were carried out on a small scale, the product was revised again to perfect the products made 
and take the questions received for trials on a large scale. 
 
8. Usage trial 

 
The usage trial phase was carried out on a large scale in three different schools. The scientific literacy 
test instrument consists of 12 reasoned questions given to students. The scientific literacy instrument 
was tested on 202 students consisting of 90 students from MAN 1 Banjarmasin, 99 students from SMA 
Negeri 6 Banjarmasin, and 13 students from SMA Islam Sabilal Muhtadin. The results of the data were 
then analyzed using the Rasch program in Winstep software version 3.73 to determine the value of 
validity, reliability, difficulty level, and item discriminating power. 
 
9. Final product revision 

 
Final product revisions were made to correct product deficiencies that remained after extensive 
application testing. This revision must improve the instruments developed according to conditions in 
the field. This phase provides the final output of the manuscript for the scientific literacy test instrument, 
a science test instrument consisting of 10 logical questions. 
 
a. Data analysis technique 
 
Design validity analysis was carried out using Aiken's V formula and then the value was adjusted 
according to the criteria 0.6 ≤ V ≤ 1.00 in the valid category and V < 0.6 in the invalid category. The 
equations used are as follows: 

𝑉 =	 !"
[$(&'()]

      (1) 

s = r – l0           (2) 

Meanwhile, the reliability value is calculated using the Alpha-Cronbach equation with the help of the 
SPSS application. Reliability assessment criteria can be seen in table 2. Interpretation of the reliability 
of the items. Calculation of the validity of reasoned multiple-choice items in small-scale trials using the 
product moment correlation formula, namely: 
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𝑟+, =
𝑁(∑𝑋𝑌) − (∑𝑋) (∑𝑌)

,[𝑁∑𝑋- − (∑𝑋)-]	[𝑁 ∑𝑌- − (∑𝑌)-]
 

(3) 

 
Information: 
𝑟!" : product-moment correlation coefficient 
∑𝑋 : the total score of all students on the item 
∑𝑌 : the total score of all students on the test 
𝑁 : the total number of all students 
𝑋 : the score of each student on the item 
𝑌 : total score of each student 
 

The criterion for testing the validity of the questions is after knowing the value 𝑟!" and comparing it 
with r product moment with a table, if the price 𝑟!" > 𝑟#$%&' then the question item is considered valid 
and otherwise 𝑟!" ≤ 𝑟#$%&' then the question is considered invalid. The reliability of the items is 
categorized in Table 2. Reliability can be calculated using the Alpha formula as follows: 
 

𝑟(( = /
𝑛

𝑛 − 1231 −	
∑𝜎.-

𝜎/-
5 

(4) 

 

𝜎.- =
∑𝑥.-

(∑ 𝑥.-)
𝑁

𝑁 				𝑑𝑎𝑛	𝜎/- =
∑𝑥/-

(∑𝑥/-)
𝑁

𝑁 			 
(5) 

 
where 

r11 : question reliability 
n : number of items 
∑𝜎() : the number of questions of the variance of the score of each item 
𝜎#) : variants total 
∑𝑥() : the total score of the question item number 
∑𝑥#) : the total score of the questions 
𝑁 : the number of students  

  
Table 2 Criteria for the reliability of the items 

 
Score Criteria 

0,80 ≤ r11 ≤ 1,00 Very high 
0,60 ≤ r11 < 0,800 High 
0,40 ≤ r11 < 0,600 Enough 
0,20 ≤ r11 < 0,400 Low 
0,00 ≤ r11 < 0,200 Very low 

 
The difficulty level of objective questions can be determined using the following formula: 
 

𝑇𝐾 =	
The	number	of	students	correctly	answering	the	question	item

Number	of	students	taking	the	test	  

with easy criteria (0.70 ≤ TK ≤ 1.00), medium (0.30 ≤ TK ≤ 0.70), and difficult (0.00 ≤ TK ≤ 0.30). 
The discriminating power of questions can be determined using the following formula: 
 

𝐷𝑃 =
𝑈𝑝𝑝𝑒𝑟	𝑔𝑟𝑜𝑢𝑝	𝑚𝑒𝑎𝑛 − 𝐿𝑜𝑤𝑒𝑟	𝑔𝑟𝑜𝑢𝑝	𝑚𝑒𝑎𝑛

𝑚𝑎𝑥𝑖𝑚𝑢𝑚	𝑠𝑐𝑜𝑟𝑒	𝑜𝑓	𝑖𝑡𝑒𝑚  
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Table 3 Criteria for discriminating power of questions (Wati & Miriam, 2017) 
 

Discriminating Power Criteria 
0,40 ≤ DP ≤ 1,00 Accepted 
0,30  ≤ DP < 0,40 Accepted, but needs improvement 
0,20 ≤ DP < 0,30 Fixed 
0,00 ≤ DP < 0,20 Not used/thrown away 

 
Whether or not the analysis of test results using Rasch modeling is effective is the item obtained from 
the MNSQ score(Mean Square Fit Statistics) obtained by (0.5 < 0.5. MNSQ < 1.5), obtained the ZSTD 
(Standardized Fit Statistic) (-2.0 < ZSTD < +2.0) and the correlation value of the measured value (range 
0.4 to 0.85)   (Sumintono & Widhiarso, 2015).  To measure the reliability of tests in the form of 
descriptive questions using the Rasch modeling, this is indicated by the individual separation values 
and items and scores Alpha Cronbach. 
 
 
RESULT AND DISCUSSION  
 
This instrument is assessed from several aspects such as material aspects, construction, language, and 
scientific literacy in which each aspect has 5 to 6 elaborations that are assessed from a score of 1 to 5. 
The validation of scientific literacy tools includes: (2) the field of composition, namely the clarity of 
the subject and scientific discourse; (3) language, including the proper and accurate use of Indonesian 
in interrogative sentences  (Novanti et al., 2018). From the results of the data, it was found that the 
scientific literacy test instrument was included in the valid category. While the value of the reliability 
is high, which means that this instrument has a good level of trust. The reliability of the test instrument 
is the extent to which the test instrument is in the form of reasoned multiple-choice questions that are 
made credible and whose results are not affected by circumstances. Reliability is the accuracy or 
precision of a test being measured because the test is reliable if the results do not change over time 
(Wati & Miriam, 2017). An instrument is said to be valid if it can reveal data from variables accurately 
and does not deviate from the actual situation, while an instrument is said to be reliable if it can reveal 
reliable data (Nofriyandi ; Effenfi, 2019). 

Then from the results of the design validation analysis, instrument improvements were made 
based on suggestions or input from the validator which included repairing the question sentences, 
writing procedures, and improvements regarding answer options. Overall this scientific literacy 
instrument is feasible to use after revision based on input from the validator. After the revision of the 
scientific literacy instruments, they were collected back into the validator and then approved for the 
next stage, namely product trials. The results of the validity and reliability of the two validators were 
as presented in Table 4. 
 

Table 4  Results of the design validation analysis 
 

No Aspect Average Criteria 
1 Theory 0.88 Valid 
2 Construction 0.72 Valid 
3 Language 0.85 Valid 
4 Science literacy 0.75 Valid 

Average 0.80 Valid 
Reliability 0.96 Very high 

 
Based the results of the Table 4, shows that the scientific literacy instrument has a valid category 

to be tested on students and its reliability is classified as high, so its reliability can be trusted to be 
assessed repeatedly to produce the same results. In addition, the results of this design validation are also 
improved according to input or suggestions from the validator. Then the small-scale product trial stage, 
the product trial aims to determine the validity, reliability, distinguishing power, and level of difficulty 
of the questions compiled. This product was tested on a small scale in class X senior high school who 
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had studied particle dynamics with a total of around 28 students. The multiple-choice scientific literacy 
test instrument was used with a reasoned number of 20 questions. Test the validity of the items in this 
study using the product moment correlation formula or Pearson correlation. The number of students (N) 
= 28 and a significance level of 5%, the rtable = 0.374. The validity and reliability of product trials as 
presented in Table 5.  
 

Table 5 Results of validity and reliability of product trials 
 

No. Question number Criteria 
1 2, 3, 4, 5, 6, 7, 8, 10, 15 Height 
2 1, 9, 17 Enough 
3 18, 19 Low 
4 11, 12, 13, 14, 16, 20 Very low 

Valid 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 17 12 item 60 % 
Invalid 11, 12, 13 14, 16, 18, 19, 20 8 item 40 % 

Reliability 0,987924141 
Information Very high 

 
Based on the results of the Table 5, it was found that of the 20 items compiled, there were 12 

valid items and 8 invalid items. Items that are not valid because they include bad and very bad criteria 
and have a value of rxy < rtable or rxy < 0.374. Follow-up of 8 items whose validity is invalid then the 
items will be discarded or not reused. Whereas questions with valid validity can be reused during the 
product trial stage. A valid item means that it has an alignment between the question score and the total 
score, thus indicating that the item is capable of measuring students' abilities, whereas if the item score 
cannot provide support for the total score, the item is declared invalid (Indrawati & Sunarti, 2018). Test 
instruments that have invalid measuring power will not be able to provide information about students' 
abilities (Pratama, 2020). The items are said to be reliable because their reliability value in the criterion 
is very high, which is equal to 0.98. The difficulty level of the 20 questions tested on a small scale can 
be seen in Table 6. The results of Table 6 show that there are 12 items with difficult criteria, 6 questions 
with moderate criteria, and 2 questions with easy criteria. Based on these results, it can be seen that the 
scientific literacy test instrument is not proportional because the items with difficult questions are more 
difficult than the items with medium and easy criteria. The follow-up of the results of the difficulty 
level of the questions is items in the easy and difficult categories, re-examined to trace the causes of the 
items being difficult or easy to answer by students, after that they are corrected so that the questions 
can be used again in the next test. The results of the analysis of the differentiating power of the questions 
are shown in Table 7. 

 
Table 6 The results of the analysis of the difficulty level of the questions 

 
Question Number Criteria  Percentage  

7, 9, 10, 11, 12, 13, 14, 15, 16, 17, 19, 20 Difficult 60 % 
1, 2, 4, 6, 8, 18 Currently 30 % 

3, 5 Easy 10 % 
 

Table 7 Results of the analysis of the differentiating power of the questions 
 

Question Number Criteria  Percentage  
2, 3, 4, 5, 6, 8, 9, 10, 14, 15, 17, 18 Very good 60 % 

1, 7, 19 Well 15 % 
12, 13, 20 Enough 15 % 

11, 16 Poor 10 % 
 
Based on the results of the Table 7, it was found that the discriminating power of the 20 items 

resulted in four criteria, namely very good, good, fair, and bad. For questions that have very good 
discriminating power, good and sufficient, there are 18 items, and items that have bad discriminating 
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power are 2 items. The follow-up carried out from the results of the differentiating power of the 
questions is that the items with poor discriminating power will be discarded. The questions were invalid 
because the answers from the students, the processing time was too short, namely 60 minutes for 20 
reasonable multiple choice questions. The difficulty level of the test is not appropriate with the learning 
materials and teaching material resources available at school. The difficulty level of the invalid items 
is in the difficult category, while the discriminating power in items 11 and 16 is in a bad category, items 
12, 13, and 20 are in the sufficient category, then items 14, 18, and 19 are in the very good category. 
Based on this, the invalidity of the items is influenced by the level of difficulty of the questions, then 
the invalidity of a coherent item with the distinguishing power of invalid items is on average in the bad 
and enough categories. Items 14, 18, and 19 will still have the distinguishing power included in the very 
good category of invalid item items this is due to the difficulty level of the questions and processing 
time. Follow-up of the effective results for this item includes reusing valid questions from a total of 12 
questions in test use, canceling or removing 8 invalid questions, and reusing these questions in use trial 
use. The following is the distribution of questions based on the results of the analysis of the quality of 
the instrument.  

The distribution of questions based on indicators consists of 5 items with indicators explaining 
scientific phenomena, 5 items with indicators of interpreting data and scientific evidence, and 2 
questions evaluating and designing scientific investigations as shown in Table 8. As for the difficulty 
level, based on the previous analysis, there were 5 difficult items, 5 medium items, and 2 easy items out 
of 12 items. These items will be reused in the trial phase of use in three schools, namely MAN 1 
Banjarmasin, SMA Negeri 6 Banjarmasin, and SMA Islam Sabilal Muhtadin Banjarmasin. 

 
Table 8 Distribution of questions based on indicators of scientific literacy 

 
Science Literacy Indicator Question Number Number of 

questions 
Explaining Scientific Phenomena 1, 2, 5, 8, 9,  5 
Interpret scientific data and evidence 3, 4, 6, 15, 17 5 
Evaluating and designing scientific investigations 7, 10  2 

 
Data from field trials were analyzed using Rasch modeling. Rasch modeling is considered valid 

or there are no elements extracted from the value (MNSQ) received <0.5. MNSQ < 1.5), the ZSTD 
value is obtained (Standardized Fit Statistic) (-2.0 < ZSTD < +2.0), and the correlation value of the 
measured values (range 0.4 to 0.85)  (Chan et al., 2013; Sumintono & Widhiarso, 2015). Based on the 
results of data analysis, it was found that questions numbers 4 and 10 were biased, so they had to be 
aborted. Therefore, based on an analysis of the validity, reliability, difficulty level, and discriminating 
power of the questions to be aborted, there are 2 questions, namely questions numbers 4 and 10. The 
scientific literacy test instrument created has a reliability value of 0.83 which is a very good standard. 
The difficulty level of the scientific literacy test consists of 9 moderate questions and 1 difficult item. 
Thus, it can be concluded that the instrument developed is feasible to use, but the bias questions need 
to be removed so that the final stage of scientific literacy instruments will consist of 10 reasoned 
multiple choice questions that can be used as student learning tests. The existence of scientific literacy 
instruments can train and familiarize students with scientific literacy questions, so that if students are 
used to meeting scientific literacy-based test questions their scientific literacy skills will increase. 

 
 

CONCLUSION  
 
The product compiled is a scientific literacy test instrument on particle dynamics material which 
amounts to 10 reasoned multiple choice questions equipped with covers, prefaces, table of contents, 
aspects and indicators of scientific literacy, question grids, and scientific literacy questions. From 
validation sheets, product test results, and Rasch program results (MNSQ clothing scores, ZSTD 
clothing and measurement correlation values), the scientific literacy test instruments were validated. 
The scientific literacy test instrument created has a reliability value of 0.83 which is a very good 
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standard. The difficulty level of the scientific literacy test consists of 9 moderate questions and 1 
difficult item. The scientific literacy test instrument at the usage trial stage consists of 12 acceptable 
questions. However, there were two biased questions, so these two questions had to be discarded and 
the final result of the Science Literacy Tool was 10 questions. Thus, the questions that have been 
developed can be used by teachers as instruments for assessing scientific literacy in the classroom after 
learning, especially in senior high school particle dynamics material.  
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