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ABSTRACT 

The industrial revolution 4.0 and the COVID-19 pandemic that hit Indonesia requires all elements of education to 

apply online-based learning. The existence of information technology really supports the continuity of online learning. 

One of the supporting factors is data literacy ability. The assessment instrument diagnostic is important in providing 

information related to students' data literacy skills. This study aims to determine the suitability of an instrument in 

providing the expected information. The feasibility of the instrument includes the validity, reliability, and difficulty of 

each item. This test instrument consists of 6 indicators with 5 alternative answers. The test was conducted on 71 

students of the MIPA Class. The validity of the instrument content was analysed using the Aiken V equation, while 

the empirical validity, the difficulty level of the items, and the reliability of the instrument were analysed using the 

QUEST program. The results of the analysis show that the validity of the instrument content and the empirical validity 

of the instrument are valid and reliable. Test instruments can be applied to students with low to high abilities. In 

general, the percentage of measurement results shows that the average data literacy ability of students is moderate.  
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1. INTRODUCTION  

Technological advances in the period industrial 

revolution 4.0 have influenced various sectors of life. In 

Indonesia, the adjustment of life in the era of the 

industrial revolution 4.0 still has to be improved [1]. 

The world of education is expected to be able to face 

this challenge. Since mid-March, Indonesia has 

reportedly been affected by the corona virus pandemic, 

known as COVID-19. COVID-19 can attack every 

individual with a very fast chain of transmission. The 

impact of this pandemic is expected to be long-lasting 

[2][3]. The government's way of minimizing the impact 

in terms of the education sector is by implementing 

online learning  [4][5]. Educators and students must be 

able to use network and information technology [6]. 

This method is expected to balance the effectiveness of 

traditional and online teaching patterns. The challenge is 

to implement online learning that has never been 

implemented and to improve the quality of education. 

The assurance of the quality of education is 

inseparable from a good learning process. Learning 

outcomes are strongly influenced by several aspects. 

One important aspect is assessment [7][8]. A good 

assessment is that which provides diagnoses and 

suggestions for updates to students [9]. This type of 

assessment is called a diagnostic assessment. The 

scoring system is to diagnose the student's ability on 

each item of the problem and will be given further 

treatment in the form of suggestions [10]. This 

diagnostic test provides an overview for educators and 

students to re-evaluate learning outcomes on the 

material that has been obtained. In contrast to other 

types of assessment in general, diagnostic assessments 

emphasize the achievement of learning completeness to 

reduce the occurrence of misconceptions in subsequent 

learning  [11]. 

Technological advances have brought the field of 

assessment that was originally traditional to an online 

system [12]. The benefits of online assessment are to 

anticipate if there are obstacles to traditional learning, it 

is more effective, and makes it easier for educators to 

work [12]. The existence of an assessment can be a 

guide in providing input on the weaknesses that occur in 
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students during learning [7]. Evaluation activities 

require tools in the form of assessment instruments. A 

good assessment instrument includes the validity, 

reliability, and reliability of the assessment instrument 

in expressing students' latent abilities [13][14]. One of 

the abilities that need to be evaluated at this time is data 

literacy skills. 

The development of network and information 

technology has increasingly attracted the attention of 

educational practitioners. The challenge of mastering 

big data is needed [15][16]. In the school of physics 

studied to find out natural phenomena in life [17]. 

Various kinds of experiments and practicums were 

carried out to make it easier for students to master the 

concepts of physics. The first step that needs to be done 

is to hone data literacy skills [18]. Data literacy helps 

students in determining the purpose of using data, 

finding sources of data or accurate information, 

processing, and processing data appropriately, and being 

able to infer information based on data [19] [20] [21]. 

The lack of student data literacy knowledge affects the 

learning process. This is in line with Bhargava's opinion 

which states those students' data literacy skills have not 

developed well [21]. It is necessary to analyze data 

literacy indicators [19] [20] [21] as in Table 1 which is 

obtained from the synthesis of several articles. 

Table 1. Results of the synthesis of data literacy 

Indicators 

Data Literacy 

Aspects  Sub-aspects Indicators 

Collecting the 

Data  

Data source 

accuracy 

Students can 

determine the 

accuracy of the 

data source  

 Selects related 

variables based 

on data  

Students can 

choose the data 

variables used  

Analyze Data Analyze data Students can 

analyze data 

based on physics 

concepts 

Interpreting 

Data 

Interpret data 

into graphs 

Students can 

study charts 

 Interpret data in 

mathematical 

form 

Students can 

interpret the data 

in a mathematical 

form 

Data Literacy 

Aspects  Sub-aspects Indicators 

Make 

Conclusions 

Based on Data 

Formulate 

conclusions 

based on the 

data format  

Students can 

formulate 

appropriate 

conclusions 

based on data 

 

One of the physics materials that apply data literacy 

skills a lot is momentum and impulse [22]. Momentum 

and impulse are materials that study the collision 

phenomenon. The collisions that occur can have values 

and directions which are usually expressed in the 

graphical form [17]. This material involves a lot of a 

series of experiments or practicums that need data 

literacy skills. 

2. RESEARCH METHOD 

This study uses a quantitative approach. The sample 

of this research was 71 students of class X MIPA 1 and 

X MIPA 2 SMA Negeri 1 Prambanan. The research was 

conducted online using google form. To take the test, 

students must fill in their full name, attendance number, 

and class. The execution of the test questions is carried 

out following the time stipulated on the Google form. 

The stages of developing a data literacy test instrument 

refer to the development models of Thiagarajan [23] and 

Mardapi. The test developed was adjusted to the 2013 

curriculum on Impulse and Momentum material for 

SMA Negeri 1 Prambanan. The test instrument used to 

measure students' data literacy skills consisted of 12 

items with 5 alternative answers. The test instrument 

development procedure can be seen in Figure 1. 

The assessment instrument was validated by 4 

experts. The validation sheet consists of the material, 

construction, and language aspects which in total has 13 

indicators. The feasibility of the assessment instrument 

for the empirical test obtained the validation results. For 

the empirical test obtained the validation results. These 

results then use the Aiken V Equation (1) as follows 

[24]. 

   v=
∑ s

[n(c-1)]
                                     (1)     

The Aiken V equation consists of s which is the 

result of (𝑟 − 𝑙𝑜). The symbol 𝑟 is the number given by 

the validator while 𝑙𝑜 is the lowest validity number. The 

symbol 𝑛  is the number of validators and 𝑐  is the 

highest validity number. The results of validation by 
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Figure 1 Stages of development of test instrumen

experts are then categorized in the Aiken V index range. 

If the Aiken V index is less than 0.4 it is categorized as 

low, between 0.4-0.8 moderate, and more than 0.8 is 

categorized as very high. 

The empirical test involved 71 students consisting 

of 36 students of class X MIPA 1 and 35 students of 

class X MIPA 2. The analysis in testing used the 

classical theory approach and item response theory 

(IRT) to see the validity of the test questions, the level 

of difficulty of each question, the reliability of the 

question instruments, and the question of information 

function. In the QUEST program, an item is declared 

valid if the INFIT MNSQ value ranges from 0.77 to 

1.30 [25]. The IRT analysis was adjusted to the Rasch 

model, namely the one-parameter logistic (PL) model. 

This parameter that determines the level of student 

ability is seen from the difficulty level of the items. 

According to the Rasch model, the item is said to be 

good if the difficulty level is in the range of -2.00 to 

+2.00. The reliability of the test instrument is 

determined based on the alpha cronbrach coefficient. If 

the alpha cronbrach coefficient is ≥ 0.87, it can be said 

that the instrument is suitable or can be trusted to 

provide the expected information. To complete the 

results of the reliability analysis, item information 

functions are needed. The item information function is 

used to explain the strength of the test items in 

providing information. The higher the information 

function of the test items, the more reliable the test 

items are in expressing the expected information. 

Estimation of the information function in the IRT often 

experiences measurement uncertainty. Therefore, the 

measurement standard error of measurement (SEM) 

needs to be done to produce accurate information 

functions. 

 

 

 

Table 2. Rating Category 

 

 

 

 

 

The percentage of students' data literacy ability 

scores was analyzed based on the output estimate from 

the analysis using the QUEST program. The output is 

then converted into a T score. The T score Equation (2) 

used is as follows:  

                𝑇 𝑠𝑐𝑜𝑟𝑒 = 10 (𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒) + 50                  (2) 

The T score is categorized based on the ranking of data 

literacy abilities. Categorization of the level of data 

literacy ability assessment can be seen in Table 2. 

3. RESULT AND DISCUSSION 

3.1.  Results of The Test Question Grid 

The item grid is arranged when the objectives for 
the test are set, the material is determined, and the 
competencies to be tested. The test question grid consists 
of 5 aspects, 6 sub aspects, 6 question indicators, 20 test 
questions with 5 alternative answers, a description of the 
answers, answer keys, diagnosis, and advice. 

3.2.  Results of Test Items 

The results of the test items are 20 items from the 6 
question indicators. The questions were then given to 4 
experts to be assessed. The aspects assessed include 
material, construction, and language aspects. 

  

Percentage (%) Category   

80-100 Very High 

60-79 High  

40-59 Moderate   

20-39 Low   

0-19 Very Low 

Develop test 

specifications 

Write test 

questions 

Carry out the test 

Analyze test results 

interpret test results 

Determination 

of validity 

Establish test objectives, materials, 

and competencies to be tested 

Revision 
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3.3.  Results of The Test Instrument Validity 

Assessment 

The 20 questions were arranged and then validated. 
The validation results showed that there were 12 items 
that were declared valid based on the material, 
construction, and language aspects by 4 experts. Table 3 
shows the results of the validity analysis of 12 items 
based on Aiken V.   

Table 3. Results of the validity analysis of test 

instruments by experts 

Item Number Aiken Value Decision  

1 0,88 Very High 

2 0,81 Very High 

3 0,88 Very High  

4 0,88 Very High 

5 0,94 Very High 

6 0,94 Very High 

7 0,94 Very High 

8 1,00 Very High 

9 0,94 Very High 

10 0,94 Very High 

11 0,88 Very High 

12 0,88 Very High 

 

Data from the analysis of the validity of the test 

instrument by the expert shows that the test instrument 

to measure students' data literacy skills is valid and can 

be applied to empirical tests.  

3.4.  Standardized Test Item Results 

There are 12 standardized or ready-to-use test items 
for the purposes of assessing students' data literacy 
abilities. Figure 2 is the result of writing the items using 
Google form.  

 

 

 

 

 

 

 

 

Figure 2 Results of writing question points from google 

form 

 

 

3.5.  Results of The Validity and Reliability of 

the Empirical Test  

The results of the empirical validity test using the 

QUEST program are shown by the MNSQ INFIT value 

so that an average of 1.00 with a standard deviation of 

0.18 is obtained. The average value is said to be valid 

because it is in the range of 0.77 to 1.30 which is 

following the Rasch model. Figure 3 shows the results 

of the analysis of each item based on the Fit model. 

Figure 3 Rasch model test item compatibility 

The difficulty index with the easy category is found 

at a value of -1.63 (question number 8) and the 

moderate difficulty index is at a value of 1.00 (question 

number 7). The index of the difficulty level of the data 

literacy test instrument is in the range -1.00 to 1.00 in 

the moderate category. If the item difficulty index -2.0 

is classified as very easy while the difficulty index +2.0 

is classified as very difficult [26]. Figure 4 shows the 

comparison of the difficulty level of each item. 

 

Figure 4 Level of difficulty for each item 

The results of the reliability analysis of the data 

literacy test instrument showed the alpha conbrach 

coefficient of 0.87. That is, the test instrument can be 

trusted to provide the expected information. 

3.6. Results of The Question Item Information 

Function and Standard Error of 

Measurement 

The results of the item information function curve 

analysis and measurement standard errors in the 

Parscale program are used to determine the reliability of 
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the test instruments according to the IRT. The results of 

the analysis are shown in Figure 5. 

 

Figure 5 Item information curve and SEM 

The information function of the total test items is 

0.64 with a standard error of measurement of 0.66. This 

means that the function of the test instrument to 

determine students' data literacy skills is suitable for 

students who have an ability of at least 0.64 with a low 

standard error of measurement. The level of reliability 

of the test instruments in measuring students' literacy 

skills ranges from -3 to +2, as can be seen in Figure 6.  

Figure 6 Histograms of the distribution of student data 

literacy abilities 

Figure 6 shows students with a low ability level or 

close to -3 are less than students with moderate ability 

approaching +2. This means that the test instrument can 

be used to measure students' data literacy skills. The 

level of students' data literacy skills can be seen in Table 

4. 

Table 4. Level of student's data literacy ability 

Percentage of Ability  

(%) 

Total 

Students 

Category  

80-100 13 Very High 

60-79 15 High  

40-59 34 Moderate   

20-39 9 Low  

0-19 0 Very Low 

 

The estimation result of the analysis using the 

QUEST program shows that the number of students 

who have moderate ability is 34 people with a 

percentage range of 40% to 59%. This number is more 

than any other ability level. This is because students 

have not been able to interpret data in various formats. 

A low understanding of concepts results in students 

being less able to analyze the data presented [27]. These 

results provide a reference that the data literacy skills of 

students at SMA Negeri 1 Prambanan need to be 

improved. 

4. CONCLUSION 

The results of the analysis of a diagnostic test that is 

suitable for use, are declared valid and reliable to 

measure students' data literacy skills. The level of 

students' data literacy skills is in the medium category 

and is more dominant than other ability levels. 

Therefore, the results of this analysis provide a 

reference that the data literacy skills of students at SMA 

Negeri 1 Prambanan need to be improved. Future 

research can apply a diagnostic assessment system to 

ascertain student weaknesses related to data literacy. 
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