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Abstract. There is no the best format of a test to measure students’ digital literacy skill in physics 

simulation learning. Any test or survey is only on questionnaire without any analysis with validity 

and reliability analysis. For this reason, our study aim to develop and compare the multiple choice 

and open-ended format in measuring students’ digital literacy skill about physics simulation 

learning using website simulation learning. Data analysis concluded by item response theory 

such as validity and reliability test, item difficulty and item discriminant test. We also measure 

the level of Indonesian Students about digital literacy skill is. There were 169 students (15-17 

age) randomly chosen from Science class in Yogyakarta. They asked to answer any question 

about some aspect of digital literacy skill using 14 items multiple-choice and 10 items open-

ended format include information, communication, content creation, safety and problem solving 

aspect. Based on result, in this study we conclude that multiple-choice format has the greater 

internal consistency (α =.90, excellent) than open-ended format (α =.80, good). All items both 

multiple-choice and open-ended test is valid and in moderate level of difficulty. There is one 

item of open-ended test are not fit with Rasch model, while all item of multiple-choice are fit 

with it. In the level of discrimination item, all open-ended items is very good level, for the 

multiple-choice only two items are very good and four items are good level. Indonesian students’ 

digital literacy skill is rather below especially in physics simulation learning. The score of the 

digital literacy aspect is 63 for information, 61 for communication, 74 for creation content, 62 

for safety and only 62 for problem solving from 100 for the highest score. Teacher or policy 

maker of Indonesian government must focus on developing digital literacy environment on the 

school to make this Country in order to participate in the world.   

1. Introduction 
Research on the digital divide has devoted growing attention to differences in skills, seen as an 

increasingly important aspect of social inequality in the use of new communication technologies [1]. 

Meeting the digital literacy learning outcomes require concentrated efforts and clear articulation and 

development of prioritized learning objectives, appropriate technology curriculum scope and sequences, 

technology affordances in schools, and new modes of assessment and evaluation, supported by rigorous 

research designs on effectiveness, moving more quickly forward towards comparative research that 

offers insight on improved practices [2]. A digital literacy measurement offers policy makers a means 

to monitor the diffusion of digital skills [3]. There is a need for valid and reliable assessment instruments 

that target students’ competence in solving problems, communicating, and collaborating through digital 

channels [4]. This paper offer an analysis between multiple choice and open ended test as the best 

instrument to measure students’ digital literacy skill. 
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Multiple-choice testing might be as good as, or even better than, studying in reactivating marginal 

knowledge[5]. Multiple-choice tests are used to sweep text contents, and they have high content validity 

that forms a considerable part of construct validity in educational evaluation because of content-

relevance and representativeness [6]. Multiple-choice testing can improve accessibility to information 

that might otherwise be too inaccessible to recall [7]. Multiple choice tests are often chosen because 

these are more affordable for testing a large number of students [8], [9].  MCQs can be designed to 

assess the higher cognitive levels of the students and having high objectivity which avoids inter-

examiner bias, and the results are easy to compile and analyses [10]. Therefore, to measure students' 

abilities in a short period of time, we will assess the quality of multiple-choice and open-ended format 

as the best digital literacy skills 

 

Although multiple-choice test has many advantages, several study found another side of this test. 

Multiple-choice test may be technically adequate, several factors associated with group-administered 

tests of reading comprehension may affect students’ performance, and thus may potentially mislead or 

obscure interpretation of students’ text processing and reading comprehension skills [9]. Kiss & Selei 

(2018) found that as multiple-choice test points were not significantly lower in a consistent manner in 

the treatment groups. They observe that in a streak, the likelihood to choose a different and incorrect 

answer than the previous ones is higher in the treated group. The number of identical previous answers 

does not seem to explain these choices of incorrect answers. The multiple-choice format has the 

drawback that it introduces elements into the task that may lead to failure for reasons other than lack of 

linguistic competence (Frizelle, O’neill, & Bishop, 2017). It was characterized by assisted response, 

constructed in an a priori way possibly will fail to provide an appropriate set of alternatives meaningful 

in substance or wording to respondents [13]. An examiner has a chance of answering a difficult item 

correctly by random guessing, it may introduce bias in the estimation of item difficulty and lead to an 

item being easier than what it would be without random guessing [14]. As a contradictory, not only 

multiple choice test can be used to measuring students skill, open ended test also be used to do that. 

 

Open questions require students to make answers in their own words and show them verbally or in 

writing [15]. In open questions, student answers can be categorized based on the theme / type of answer, 

even some of these answers can be categorized into several types because they have several themes that 

are the same or relevant [16]. Through open questions researchers can analyze respondent's answers 

word for word, get respondents' insights deeper not only in substance, but also know how they 

understand the questions asked to write answers [17]. Open tests provide greater opportunities for 

students to practice metacognitive skills regarding tool selection and decision making, and can create 

conditions conducive to using and developing communication skills while in groups [18]. The 

disadvantage of open-ended questions is that these tests require more time and effort to solve them, 

sometimes left unanswered and, may require special expertise of researchers to identify content and 

interpret data [19]. It requires more extra effort to correct the data on the participant's answer essence, 

potential bias, and practically little sample size [20]. The answers to open questions are indeed difficult 

to analyze but that does not mean that it is impossible to do because researchers must carefully study the 

answers and group them into categories so that it takes a lot of time [21]. However, to our information 

there are no studies analyzing multiple choice and open ended question to determine student’s digital 

literacy of senior high school. In this study the research question are following these: 

a. What is the best test can be used to determine student’s digital literacy skill between multiple 

choice and open-ended test based on validity and reliability scale? 

b. How is the students’ digital literacy skill of Indonesian students in physics simulation learning? 

 
2. Method 

2.1 Defining the Construct and Formulating Objectives 
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The first step in comparing multiple choice tests and open-ended tests is to define digital literacy skills 

and choose the component of this skills measured in the test. Skills targeted in both multiple choice and 

open tests are selected after reviewing all the components of the digital literacy skills mentioned above. 

Tests on multiple choice and open questions in this study focus on the following components of digital 

literacy skills 

Table 1 Components of Digital Literacy Skills 

Component of Digital 

Literacy 

Sub-category of Digital Literacy 

Information to locate the digital information by digital media 

to judging its relevance and purpose 

to arrange procedures for searching information on the internet 

effectively and efficiently 

to collect information from the internet 

Communication to share resources through online tools,  

to collaborate through digital tools,  

Content Creation to integrate and re-elaborate previous knowledge and content;  

to deal with and apply intellectual property rights and licence 

to use hypertext navigation guides on the website 

to build knowledge of the content of the referenced information 

Safety personal and data protection,  

security measures, safe and sustainable use 

Problem Solving to make informed decisions on most appropriate digital tools according 

to the purpose or need,  

to solve conceptual problems through digital means, 

to clarify the validity and completeness of the content of the referenced 

information 

to assess the suitability of the content of the referenced information 

 

2.2 Content Validity by Expert 

Content validity is an assessment of the extent to which an instrument can measure what the researcher 

wants to measure, and depends on the ability of the researcher to fully and clearly indicate the domain 

of a test component made [22]. This involves the subjective opinions of "experts" who group items into 

one of three categories: "important," "useful, but not important," or "unnecessary." Items that are 

considered "important" by a number of experts are then inserted into the final instrument, and 

nonessential items are discarded. [23]. As stated by Ref [24] that suggested the term content validity 

ratio (CVR) as a linear transformation of the level that corresponds to how many "experts" assess an 

"important" item calculated using the following equation: 

 
In which the ne is the number of expert review indicating “essential” and N is the total number of expert 
review. If there are seven reviewers, the minimum value of CVR is .99 [24]. Two physics professors, 
three doctorates, four master students in the Postgraduate Program at Yogyakarta State University and 
two professional physics teachers were asked to review 10 open items and 14 multiple-choice items. 
They were asked to review each item based on the following criteria: 

a. Accuracy of information in items, 

b. Clarity of words / phrases / diagrams of each item. 

 

(1) 
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2.3 Item Administration 

After the items were revised according to the reviewers' recommendations, these items were given to 

students majoring in Science (N = 169 students, 73 for open-ended test and 96 for multiple choice) who 

were randomly selected in the province of Yogyakarta, Indonesia. Tests are given following the steps of 

giving the test by [25] before the test begins, students are given an explanation of the test objectives, 

how they must answer all items, and the application to take the test seriously and provided about one 

hour to complete. 

 

3. Results 

In this section, we explain the results of our analysis of multiple choice and open-ended tests which 

include internal consistency (item reliability), item validity, item difficulties, item discrimination, and 

results of analysis of students' digital literacy skills. 

 

3.1 Internal Consistency (Item Reliability) 

Internal consistency is the basic characteristic of a scale that is used to clarify grouping items [26]. 

Internal consistency is needed to ensure that items are on the actual scale in measuring variables and 

maximizing the power of statistics in empirical studies [27]. It shows the extent to which an item can or 

can measure the same variable [28]. In this study we calculated the item reliability using cronbach alpha 

formula [29]: 

 

Where n is the number of items, Vt is the variance of the total scores and Vi is the variance of the items 

score. In this test, we found the α =.80 (good) for open-ended test and α =.90 (excellent) for multiple 

choice. As stated by Ref [30] who provide the following rules of thumb: α ≥ .9, excellent; .9 > α ≥ .8, 

good; .8 > α ≥ .7, acceptable; .7 > α ≥ .6, questionable, .6 > α ≥ .5, poor; .5 > α, Unacceptable. 

 

3.2 Content Validity 

To measure the content of item base on the accuracy of information in items and clarity of words / 

phrases / diagrams of each item we use CVR value following the formula which suggested by [24]. All 

the validator give score 3 (important) and use the formula the CVR value is 1.  

 

3.3 Construct Validity 

 

Construct validity uses the Rasch model to determine whether the score of an item is significant, 

meaningful, useful, and purposeful [31]. There are three variables considered in the construct validity 

of an item, namely, product moment correlation (r(s)), infit and outfit mean square (MNSQ). To 

determine a valid or not item, we compared the Pearson product-moment correlation coefficient r (S) 

with r table. If r (s) of each item> rtable, then the item is valid. Valid or not an item can also be 

determined if the Infit MNSQ value = 0.77-1.30 [32] and outfit (-2.0 to +2.0) [33].  The result shows 

that all the multiple choice items are valid where r(S) > r table (.1671/N=96) and fit with Rasch model 

with the Infit MNSQ value = 0.77-1.30 and Outfit MNSQ value = -2.0 – 2.0. All the open-ended items 

are valid where r(S) > r table (.1914/N=73), but item 4 is not fit with Rasch model where infit MNSQ 

value of item 4 is not at the range (.77-1.30) So, the item must be revised or discarded. 

 

3.4 Item Difficulty 

(2) 
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This variable is important for each new item added to the test [34]. It is the measure of the percentage 

of respondents who answered the questions correctly [35] with a difficulty index range from 0% (very 

difficult) to 100% (very easy) [36]. The difficulty of the item is determined by a combination of weighty 

cognitive components that represent the cognitive constructs of the item [37]. To calculate the difficulty 

level of each item, we use the QUEST program with the index range is b ≥ 2, very difficult; 1 < b ≤ 2, 

difficult; -1 < b ≤ 1, moderate; -1 < b ≤ -2, easy; and b < -2, very easy.  

 

3.5 Item Discriminant  

it was defined as the difference in the percentage of the correct number of students (upper-middle-

moderate) by Pearson correlation between items and total scores [38]. It used to measure the extent to 

which an item is able to predict the quality of an item by providing a relationship between the item's 

answer and the item's score for all participants [39]. High item discrimination values indicate that 

respondents who have good ability tend to answer items correctly. If students with good abilities answer 

the item incorrectly, then the item will have zero or even a negative item discrimination index [35]. The 

following rules of discriminant level as shown on Table 2 [40] : 

Table 2 Range of Discrimination Level 
Index Range Discrimination Level 

0.19 and below Poor item, should be eliminated or needed to be revised 

0.20 – 0.29 Marginal item, needs some revision 

0.30 – 0.39  Reasonably good item but possibly for improvement 

0.40 and above Very good item 

 

Table 3 Summary of Multiple-choice 
Item Product moment 

correlation r(S) 

Infit MNSQ 

Fit: (0.77 – 1.30) 

Outfit MNSQ 

Accepted if ≤ 

2.00 

Difficulty Discrimination  Item 

Decision 

Value Category Value Category Value Category Value Category Value Category 

1 .178 Valid .98 Fit .48 Fit .72 Moderate .20 Marginal  Accepted 

2 .315 Valid .92 Fit 1.16 Fit .32 Moderate .24 Marginal  Accepted 

3 .310 Valid .98 Fit .82 Fit .32 Moderate .30 Good  Accepted 

4 .433 Valid .92 Fit .91 Fit .22 Moderate .46 Very 

good  

Accepted 

5 .265 Valid 1.03 Fit 1.01 Fit .24 Moderate .28 Marginal  Accepted 

6 .265 Valid 1.05 Fit 1.05 Fit .28 Moderate .22 Marginal  Accepted 

7 .272 Valid 1.02 Fit 1.00 Fit .23 Moderate .32 Good Accepted 

8 .372 Valid .94 Fit .88 Fit .24 Moderate .40 Very 

good  

Accepted 

9 .368 Valid .97 Fit .92 Fit .31 Moderate .28 Marginal  Accepted 

10 .327 Valid .95 Fit 1.06 Fit .27 Moderate .33 Good  Accepted 

11 .227 Valid 1.13 Fit 1.17 Fit .22 Moderate .15 Poor  Discarded 

12 .310 Valid 1.06 Fit 1.05 Fit .22 Moderate .25 Marginal  Accepted 

13 .268 Valid 1.01 Fit 1.26 Fit .26 Moderate .23 Marginal  Accepted 

14 .318 Valid 1.00 Fit .81 Fit .30 Moderate .30 Good Accepted 

 

Table 4 Summary of Open-ended Item 
Item Product moment 

correlation r(S) 

Infit MNSQ 

Fit: (0.77 – 1.30) 

Outfit MNSQ 

Accepted if ≤ 

2.00 

Difficulty Discrimination  Item 

Decision 

Value Category Value Category Value Category Value Category Value Category 

1 .610 Valid .97 Fit .96 Fit .72 Moderate .61 Very 

good 

Accepted 

2 .566 Valid 1.01 Fit .99 Fit -.82 Moderate .57 Very 

good 

Accepted 

3 .495 Valid 1.17 Fit 1.19 Fit .29 Moderate .50 Very 

good 

Accepted 
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Item Product moment 

correlation r(S) 

Infit MNSQ 

Fit: (0.77 – 1.30) 

Outfit MNSQ 

Accepted if ≤ 

2.00 

Difficulty Discrimination  Item 

Decision 

Value Category Value Category Value Category Value Category Value Category 

4 .728 Valid .76 Not Fit .75 Fit -.55 Moderate .73 Very 

good 

Discarded 

5 .395 Valid 1.17 Fit 1.30 Fit -.65 Moderate .40 Very 

good 

Accepted 

6 .643 Valid .93 Fit .87 Fit -.81 Moderate .64 Very 

good 

Accepted 

7 .687 Valid .80 Fit .80 Fit .47 Moderate .69 Very 

good 

Accepted 

8 .655 Valid .92 Fit .89 Fit -.10 Moderate .66 Very 

good 

Accepted 

9 .535 Valid 1.20 Fit 1.95 Fit .51 Moderate .53 Very 

good 

Accepted 

10 .669 Valid .84 Fit .81 Fit .94 Moderate .67 Very 

good 

Accepted 

 

Table 3 and 4 shows the quality of items based on validity, infit and outfit MNSQ, difficulty and 

discrimination. As we know almost the items are good and accepted to be used in measuring a variable. 

Base on the validity (product moment correlation) all the items (multiple choice and open-ended items) 

is valid. Infit and outfit MNSQ shows that all multiple-choice items is fit with Rasch model and only 

one open-ended item (item 4) is not fit with Rasch model. Based on item difficulty, all multiple-choice 

and open-ended items is moderate level (good for an item). Item discrimination shows that all open-

ended item is very good. For multiple-choice items, there is one item on poor category, seven items on 

marginal category, four items on good category, and two items on very good category. 

 

3.6 Student Digital Literacy 

In this study, we measure the students’ digital literacy skill on aspect problem solving, safety, content 

creation, communication and information using multiple-choice and open-ended test. The result of these 

skill about each aspect as shown as on the Figure 1. 

 

Figure 1 Student's Digital Literacy Skill 

In this study, students’ digital literacy skill on each aspect is rather below (<80). The score of the aspect 

is 63 for information, 61 for communication, 74 for content creation, 62 for safety and only 62 for 

problem solving. In the information aspect students only get a score of 63 out of 100. This could be 

because students experience difficulty in distinguishing the meaning of each available online 

information. In fact, one of the skills of the information aspect is that they are able to distinguish means 

until reaching an acceptable source of information[41]. The aspects of communication skills using digital 

devices can still be low, which can be caused by students having difficulty making expressions and 
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messages according to the digital devices used. Whereas in digital literacy, operating skills and general 

communication competencies are very necessary[42].  

 

The low content creation aspect can be caused by students lacking confidence when using digital devices 

related to content creation skills. This is similar to [43] that in the aspect of content creation skills are 

needed, confidence and abilities. The low safety aspect in digital literacy can be caused by the position 

of those who are only students. If they have a higher position (ex: government or political officials), it 

is certain that they will increase security in surfing the internet. This is consistent with [44] that the skill 

of preventing online threats is influenced by one's position in the social stratification system. In the 

problem solving aspect, the skills of students who are still low can be caused by their difficulty in 

distinguishing accurate and reliable information. As stated by [45] that the problem solving aspect is 

characterized by the ability to distinguish accurate and reliable information, interact with public services, 

communicate with friends, engage in political activities, and participate in continuing education. 

 

4. Conclusion  

This stage will answer the research question. (1) Based on the classical theory, we found that open-

ended test is better than multiple choice item, with the significant difference on item discrimination (all 

open ended items are better than multiple choice item). Similar with [46] that employed an experimental 

design to compare close ended and open-ended response categories for questions on frequency and 

quantities, they concluded that better quality data is provided by close-ended questions rather than open-

ended response options. (2) Student’s digital literacy skill in Indonesia is rather below, no one has higher 

than score 75 from 100. For the next study, teacher in Indonesia must develop learning base on digital 

environment and using open-ended test to describe more effective about these skills. 
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