
Journal of Education and Learning (EduLearn) 

Vol.12, No.1, February 2018, pp. 44~51 

ISSN: 2089-9823, DOI: 10.11591/edulearn.v12i1.6963      44 

  

Journal homepage: http://journal.uad.ac.id/index.php/EduLearn 

Development and Validation of Chemistry Virtual Test  

Based Multiple Representations 
 

 

Nahadi
1
*, Harry Firman

2
, Hendri Kurniadi

3
  

1,2Department of Chemistry Education, Universitas Pendidikan Indonesia, Indonesia 
3SMK Terpadu Al-Itihad Cianjur, Indonesia 

 

 

Article Info  ABSTRACT  

Article history: 

Received Aug 7, 2017 

Revised Dec 12, 2017 

Accepted Jan 21, 2018 

 

 The purpose of this study was developing and validation virtual test based 

multiple representations to facilitate students to understand the questions that 

assess students’ decision-making competence of buffer solution. This 

research was conducted using the method development and validation. The 

participants were 136 high school students who take science class. Data 

obtained were content validity, reliability, item difficulty index, 

discrimination index and readability of virtual test that has developed. This 

study also compared the item difficulty and readability between virtual test 

and paper and pencil test. The results showed that the virtual test had CVI’s 

value was 0.71, the Cronbach's Alpha value was 0.925 which was showed 

that the reliability with included in “very good” category, the item difficulty 

index was moderate categories and the readability of virtual test was higher 

than paper and pencil test. It could be concluded that the virtual test that had 

developed was feasible to use and could facilitate students in understanding 

the questions that assess students’ decision-making competence of buffer 

solution. 
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1. INTRODUCTION 

National Exam is standard evaluation of primary and secondary education nationally and this is to 

equal the quality of education levels among regions that conducted by the Centre for Educational 

Assessment, Ministry of National Education in Indonesia, with the aim to provide guidance and assistance to 

the education unit in its efforts to improve the quality of education. One of which must be evaluated from the 

National Exam is that the quality of questions used, which the quality of the National Exam have to meet 

validity and reliability. 

The chemistry item test on National Exam has not been able to measure the ability of high order 

thinking skills (HOTS). Preliminary study results showed that only six items (15%) were categorized at 

analysis level (C4), 22.5% on memorizing (C1), understanding (C2), and 35% on application level (C3) [1]. 

In 2015, 555 schools carried out National Exam with Computer-Based, consisting of 42 Junior High Schools, 

135 Senior High Schools and 378 Vocational Schools in 29 provinces and Foreign Affairs. Based on the 

phenomenon that has been described, the test only measure the ability of low order thinking skills (LOTS) 

and multiple chemical representation media used in Paper Based Test (PBT) can not be shown in their 

entirety [2]. 

Study results also showed that the characteristic of the HOTS item test on National Exam for High 

School Rayon B Year 2012/2013 was the stimulus, with the form of the stimulus in National Exam were 
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pictures/graphs/charts (15%), table (15%), symbols/formula/chemical equations (47.5%), samples (22.5%), 

and a fragment of cases (32.5%). The research results prove that item test on National Exam need to be 

revisited in order to measure the HOTS. The item test that measure the high order thinking skills make 

participants to be able to think logically, critically and analytically. One high order thinking skills is the 

ability of decision-making [3]. 

Decision making is the process of thinking to identify and decide the choice of various options. The 

ability of decision-making is one aspect of Graduate Competency Standards on the curriculum in 2013. 

Making the right decision can be made if the student is able to understand the concept as a whole. Students 

are said to understand the chemical concepts thoroughly and deeply if the student is able to connect the three 

levels of the chemical representation (macroscopic, sub-microscopic and symbolic) [4], [5]. Representation 

level macroscopically obtained through observation using five senses, symbolic knowledge denotes symbols 

and equations of reactions and submicroscopic knowledge includes the representation of atoms, molecules, 

and ions using image or molecular model [6]. However, in fact student can’t connect chemical representation. 

Buffer solution is concepts that need to be observed. The concept can also be explained in various forms of 

representation that can visualize these materials so that students are expected to observe the symptoms that 

occur, analyze and make the conclusions [7]. 

On the other hand, science and technology has brought its own impact to the world of education and 

also support the success of education. In the field of education, the use of computers is necessary to facilitate 

complex educational activities as well as in assessing students. Competency assessment has shifted toward 

the use of computer-based procedures [8]-[10]. The use of computer technology to assess students provides 

some benefits, In general, the implementation of the CBT system can saving time, reducing the burden of 

teachers, the assessment results are also faster and can be reducing the possible fraud of students during the 

exam [11]-[15]. The results of its assessment is more valid, more interactive and its assessment can be more 

contextual [16]. In addition, the results of test can be directly known and may indicate a student's 

weaknesses, so as to provide immediate feedback [17]. The computer is a medium of instruction to visualize 

different facts, skills, concepts and computer also displays images that move in accordance with its 

requirements [18].  

Van Merrienboer said that importance to use a computer as an assessment and instructional tool, 

since the tool can simulate real-world problems, which are ill-structured and complex in nature [19]. Besides 

assessment by Computer Based Test, has advantages which the tests can explore the computer so that the test 

form with multimedia can be images, text, graphics, animation, video and others. One of the computer based 

test that has been and should be developed further is a virtual test. Virtual test is a test form using software 

that can be carried out both online and offline. From the above definition, it can be concluded that the virtual 

test is a form of testing by using multimedia computer such as images, text, graphics, diagrams, animations, 

and video.  

Mushonev states that the use of visual forms in the test questions will help evaluators to measure 

students' cognitive abilities were higher compared to just use a statement or just questions and can train 

simultaneously measuring the ability of the students' science process [20]. The use of media in virtual test 

such as images, audio, animation, and video can help student understand the statement items are delivered. 

Multimedia effects provide sufficient retention great for students. This is so that make the question be more 

interactive. Type this assessment also received a good response from the students [21], [14]. 

Virtual test is developed by eight visual perceptual skills are developed Rocford and Archer with the 

aim to measure the level of student mastery concepts on the reaction rate material [22]. There are several 

research of virtual tests have been developed, but the virtual development of visual perceptual skills test 

based on specific chemical content has never been developed. Research that have been developed include 

Firman and Rusyati develop a virtual test used to measure critical thinking skills of junior high school 

students on the theme of human diseases, Saukani in his research to develop a virtual test used to measure the 

ability of decision-making high school students on the material solution acid-base, Anggarjati in his research 

to develop a virtual test used to measure critical thinking skills of high school students on the material 

Chemical Equilibrium, and Christian has developed VSCs (Visual Spatial Chemistry Specific) [23]-[25]. 

VSCs are assessment tools developed to assess visual perceptual skills of the students, where these skills are 

involved in the formation of a mental image of visual objects. Christian VSCs focuses on the representation 

of the molecule, and have not focused on a specific chemical content [22]. 

Based on phenomena that have been described, assessment only measure low-level thinking skills 

(low order thingking skills-LOTS) and media used in the form PBT so multiple representations chemistry 

can’t be shown in full. Issues such as basic statements tests containing abstract concepts that are difficult to 

describe with words causing students to have difficulty understanding statement of principal test.Use virtual 

test can create types more interactive questions. With use virtual test allows for problem creators using 

images, graphics, animations, and deep videos problem-solving so as to clarify the intent of the underlying 
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statement test. Therefore, it needs to be developed virtual test based multiple representation which can 

measure decision-making ability in competence buffer. 

 

 

2. RESEARCH METHOD  

The method used was the Development and Validation to produce a virtual test that measured the 

ability of decision making on buffer solution [26]. The research included analysis of buffer solution concept 

and analysis indicators student's decision making capability; construct virtual test; validation of contents 

based on judgment of experts; revise draft of the product; trials; data analysis and conclusion. Virtual test was 

published in exe file format, can be played on any computer using the operating system based on windows 

without having to install software. Subjects in this study were students of class XI in Al-Ittihad Senior High 

School in Cianjur, academic year 2015/2016. The research instruments were a virtual test that provides a 

simple multiple-choice questions, written test and interview guide sheets. Valuation techniques were expert 

judgment, decision-making ability tests and interviews. The data obtained were the result of the students' 

answers to the decision-making ability tests and the results of interviews with teachers and students. Data 

processing was performed using the Microsoft Excel program. The data in this study include determining the 

validity of the instrument, the analysis of items which include difficulty index discrimination index, 

instrument reliability and concurrent validity and analysis of the results of interviews with teachers and 

students. Validation results were calculated using the CVR (Content Validity Ratio) and averaged using CVI 

(Content Validity Index). The validity test using Pearson Product Moment analysis and reliability test using 

Cronbach's Alpha formula. 

 

 

3. RESULTS AND ANALYSIS  

3.1. Development of Pencil and Paper Test and Virtual Test 
Pencil and paper test and virtual test based on multiple representations of buffer solutions were 

developed based on curriculum applied in schools. The developed item problem refers to competence related 

to the real of knowledge. The material of the buffer solution lies in the basic competence 3.13, which is to 

analyze the role of the buffer solution in the body of a living being. Based on these competencies, then it was 

revealed to be integrated indicators of decision-making capabilities developed by Bavalon. The decision-

making indicators developed by Bavalon are: (1) Analyze possible alternative answers and possible risks; (2) 

Be able to analyze the relevance of existing rules or concepts; (3) Detects incorrect answer errors; (4) 

Understanding irrelevant decision-making basics; (5) Integrate related values; (6) Evaluate yourself. The six 

indicators were then reduced to 21 sub-indicators, then from 21 sub-indicators were produced 31 items about 

buffer solutions based on multiple representations that refer to the decision-making indicator. Pencil and 

paper test and virtual test which was developed in the form of multiple choice test. 

 

3.2. Quality of Pencil and Paper Test and Virtual Test 
Content validity to test decision-making ability is used by expert judgment. There are two aspects 

that are assessed by the expert, were the suitability of the sub-indicator of decision-making with the question 

of pencil and paper test and the conformity of the sub-indicator of decision-making with the virtual test 

question. Content validation data about pencil and paper test and virtual test by experts are presented  

in table 1. 

Based on CVR value calculation, 31 questions which were developed for paper and pencil test, 26 

items of that were valid consist of 16 items with CVR value 1.00 and 10 items with CVR 0.71. While the 

other 5 questions were invalid because of the CVR value lower than 0.62 (2 items with CVR value 0.43 and 3 

items with CVR value 0.14). 31 questions were developed for a virtual test, 22 items of that were valid 

consist of 11 items with CVR value 1.00 and 11 items with CVR value 0.71. While the other 9 questions 

were invalid because of the CVR value lower than 0.62 (6 items with CVR value 0.43 and 3 items with CVR 

value 0.14). Each 31 questions from paper and pencil test and virtual test were compared, and 22 questions 

were equal. In addition also was determined CVI value of paper and pencil test and virtual test. Based on the 

calculations, CVI value of paper and pencil test was 0.79 and a virtual test was 0.71. 

The paper and pencil questions and virtual tests used in the trial test after validated content were 

valid and equivalent. The Trial was conducted on 136 students of class XI. The result of the validity of item 

about paper and pencil test and virtual test are presented in table 2. 
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Table 1. Recapitulation Table of Expert Assessment Pencil and Paper Test and Virtual Test  

For each Decision Making Indicator 

The decision-making indicators 
Problem 

No. 

Pencil and Paper Test Virtual Test 

CVR Conclusions CVR Conclusions 

1. Analyze possible alternative answers and 

possible risks. 

1 1,00 Valid 0,71 Valid 

2 0,71 Valid 0,71  
3 1,00 Valid 0,71 Valid 

2. Be able to analyze the relevance of existing 

rules or concepts. 

4 0,71 Valid 0,71 Valid 

5 0,71 Valid 0,43 Not Valid 
27 1,00 Valid 1,00 Valid 

28 1,00 Valid 1,00 Valid 

6 1,00 Valid 1,00 Valid 
7 0,14 Not Valid 0,14 Not Valid 

8 0,14 Not Valid 0,14 Not Valid 

9 0,43 Not Valid 0,43 Not Valid 
10 0,14 Not Valid 0,14 Not Valid 

3. Detects incorrect answer errors. 11 0,71 Valid 0,71 Valid 

12 0,71 Valid 0,71 Valid 
4. Understanding irrelevant decision making 

basics. 

13 0,71 Valid 0,71 Valid 

14 1,00 Valid 1,00 Valid 

15 0,43 Not Valid 0,43 Not Valid 
16 0,71 Valid 0,43 Not Valid 

17 0,71 Valid 0,71 Valid 
18 1,00 Valid 0,71 Valid 

29 0,71 Valid 0,71 Valid 

30 1,00 Valid 1,00 Valid 
31 1,00 Valid 1,00 Valid 

5. Integrate related values. 19 1,00 Valid 0,71 Valid 

20 1,00 Valid 1,00 Valid 
21 1,00 Valid 1,00 Valid 

22 1,00 Valid 1,00 Valid 

23 1,00 Valid 1,00 Valid 
24 0,71 Valid 0,43 Not Valid 

25 1,00 Valid 0,43 Not Valid 

6. Evaluate yourself. 26 1,00 Valid 1,00 Valid 

 

 

Table 2 Recapitulation Validity of Item about Paper and Pencil Test and Virtual Test 

The decision-making indicators 
Problem 

No. 

Validity Item Problem 

Paper and 

Pencil Test 
Category 

Virtual 

Test 
Category 

1. Analyze possible alternative answers and possible 

risks. 

1 0,542 Enough 0,657 High 

2 0,596 Enough 0,711 High 

3 0,679 High 0,786 High 

2. Be able to analyze the relevance of existing rules or 

concepts. 

4 0,525 Enough 0,772 High 

5 0,502 Enough 0,633 High 

6 0,728 High 0,543 Enough 
7 0,533 Enough 0,732 High 

8 0,541 Enough 0,772 High 

3. Detects incorrect answer errors 9 0,574 Enough 0,683 High 
10 0,502 Enough 0,557 Enough 

4. Understanding irrelevant decision making basics. 11 0,707 High 0,677 High 

12 0,544 Enough 0,786 High 
13 0,500 Enough 0,786 High 

14 0,630 High 0,772 High 

15 0,728 High 0,732 High 
16 0,728 High 0,671 High 

17 0,728 High 0,655 High 

5. Integrate related values. 18 0,552 Enough 0,659 High 
19 0,709 High 0,632 High 

20 0,729 High 0,657 High 

21 0,711 High 0,633 High 

6. Evaluate yourself. 22 0,535 Enough 0,557 High 

 

 

Based on the Table 2., 22 items developed, there were 10 items of paper and pencil test that the 

category is high and 12 items enough category, whereas in a virtual test 19 items were a high category and 3 

items enough category. Figure 1 shows the percentage of the validity of paper and pencil test items and 

virtual test  
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Figure 1. Comparison of the validity of the items of paper and pencil test and virtual test 

 

 

Trials conducted to obtain empirical validity, the results were analyzed with SPSS 23, the results of 

data analysis showed that 86.4% of items test in virtual test was in the high category and 13.6% was at 

enough category, while for paper and pencil test was 45.5% in the high category and 54.5% was at enough 

category. From the data, the validity of items test in a virtual test that was at the high category was greater 

than paper and pencil test. Test had high validity if the test was to measure the ability of students in 

chemistry material that had been taught, so it could be concluded that the items test of virtual test that had 

developed was capable to measure the decision-making ability of buffer solution. 

Reliability with very good category means that the test had been developed had a very good 

consistency in measuring the ability of student decision-making so that when tested to other students with the 

same conditions and circumstances will produce the same information or close to the same. Based on the 

analysis of the trial results by using SPSS 23 obtained Cronbach's Alpha value for paper and pencil test was 

0.925 and for a virtual test was 0.947. Based on the value of Cronbach's Alpha was known that the reliability 

of the two types of tests was "very good". It was based on the categories of interpretation performed by 

George and Mallery that the reliability with Cronbach's Alpha value 0.910 to 1.000, the reliability included in 

the category of "very good" [27]. Reliability with the category of "very good" means that the items test had 

been developed had excellent consistency in measuring decision-making ability of students so that when 

tested to other students with the same conditions and state it would produce the same information or close to 

the same. 

The difficulty index indicates the relationship between the student's probability of answering the 

question correctly or incorrectly. Recapitulation of difficulty index about paper and pencil test and virtual test 

Decision-making capabilities are represented in table 3. 

 

 

Table 3. Recapitulation of Difficulty Index about Paper and Pencil Test and Virtual Test 

The decision-making indicators 
Problem 

No. 

Difficulty Index 

Paper and 

Pencil Test 
Category 

Virtual 

Test 
Category 

1. Analyze possible alternative answers and possible 
risks. 

1 0,30 Medium 0,35 Medium 

2 0,56 Medium 0,58 Medium 

3 0,52 Medium 0,57 Medium 

2. Be able to analyze the relevance of existing rules or 

concepts. 

4 0,51 Medium 0,53 Medium 

5 0,29 Medium 0,35 Medium 

6 0,38 Medium 0,36 Medium 
7 0,4 Medium 0,41 Medium 

8 0,49 Medium 0,53 Medium 

3. Detects incorrect answer errors 
9 0,58 Medium 0,61 Medium 

10 0,29 Difficult 0,38 Medium 

4. Understanding irrelevant decision making basics. 

11 0,38 Medium 0,39 Medium 

12 0,43 Medium 0,57 Medium 
13 0,49 Medium 0,57 Medium 

14 0,51 Medium 0,53 Medium 

15 0,38 Medium 0,41 Medium 
16 0,38 Medium 0,40 Medium 

17 0,38 Medium 0,41 Medium 

Integrate related values. 

18 0,57 Medium 0,60 Medium 
19 0,32 Medium 0,34 Medium 

20 0,32 Medium 0,35 Medium 

21 0,32 Medium 0,35 Medium 
Evaluate yourself. 22 0,34 Medium 0,38 Medium 
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Based on the data, difficulty index for paper and pencil test varies ranged from 0.29 to 0.58 with an 

average of 0.42. From 22 questions of paper and pencil test that was developed, difficulty index for 2 

questions was "difficult" and 20 questions were "moderate". While the difficulty index for virtual test ranged 

from 0.34 to 0.61 with an average of 0.45. Difficulty index of 22 questions of virtual test that was developed 

were "moderate". Based on these results it could be seen that the virtual test had the moderate items test more 

than the paper and pencil test and in the virtual test, there was no difficult item test if it's compared with 

paper and pencil test. This was shown that the items test of the virtual test had difficulty index higher than 

paper and pencil test, it was also indicated that the items test of a virtual test was easier to understand than 

paper and pencil test [27]. 

Discrimination index is the ability of items to distinguish between students who have mastered the 

material in question and the students who have not mastered the material being tested. Recapitulation of the 

differentiating index of paper and pencil test and virtual test are represented in table 4. Percentage 

differentiating index for paper and pencil test and virtual test are presented in Figure 2. 

 

 

Table 4 Recapitulation of The Differentiating Index of Paper and Pencil Test and Virtual Test 

The decision-making indicators 
Proble

m No. 

differentiating index 

Paper and 
Pencil Test 

Category 
Virtual 

Test 
Category 

1. Analyze possible alternative answers and 

possible risks. 

1 0,44 Good 0,64 Good 

2 0,55 Good 0,656 Good 

3 0,61 Good 0,67 Good 

2. Be able to analyze the relevance of existing 

rules or concepts. 

4 0,40 Good 0,67 Good 
5 0,39 Good 0,62 Good 

6 0,66 Good 0,44 Good 

7 0,51 Good 0,58 Good 
8 0,56 Good 0,67 Good 

3. Detects incorrect answer errors 9 0,52 Good 0,60 Good 

10 0,39 Good 0,45 Good 

4. Understanding irrelevant decision making 

basics. 

11 0,64 Good 0,55 Good 

12 0,36 Enough 0,67 Good 
13 0,51 Good 0,67 Good 

14 0,57 Good 0,67 Good 

15 0,66 Good 0,58 Good 
16 0,66 Good 0,56 Good 

17 0,66 Good 0,55 Good 

5. Integrate related values. 
18 0,5 Good 0,62 Good 
19 0,67 Good 0,60 Good 

20 0,69 Very Good 0,64 Good 

21 0,67 Good 0,62 Good 
6. Evaluate yourself. 

22 0,48 Good 0,45 Good 

 

 

 
 

Figure 2. Percentage of discrimination index for paper and pencil test and virtual test 

 

 

Based on data, items test of the virtual test had discrimination index values higher than paper and 

pencil test. Virtual test items had discrimination index ranges from 0.44 to 0.67 with an average 0.60 (good 

categories), while paper and pencil test had discrimination index ranges from 0.36 to 0.69 with an average of 

0.55 (good categories). The greater of discrimination index of the question the more obvious differences 

between the high group and the low group [28]. From 22 questions of paper and pencil test that was 

developed, 1 question was in "very good" category and 20 questions were in "good" category and the other 1 
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was in "enough" category. The trial was conducted to determine the readability to the items test that  

was developed.  

In the matter of developed virtual test is expected students can easily answer the problem compared 

with the matter of paper and pencil test. With the easier the students answer the question correctly will 

certainly cause differentiation of the matter will be lower because of the upper group and the lower group 

value is not too different. Differentiating power obtained on the virtual test shows that the number of low and 

moderate groups are correct in answering the problem so that the differentiation of virtual test is lower than 

the paper and pencil test. This certainly shows that the virtual test allows students to answer questions. 

The Trial test question is done using a questionnaire that contains four aspects of assessment, clarity 

on articles, pictures, videos, tables or animations; use of language that is easy to understand; understanding of 

problems in question; and an understanding of the choice of answers. Based on the test legibility, legibility of 

paper and pencil test is 88.8%, while the virtual test legibility 95.6%. This shows that the readability of the 

question in the form of virtual test is greater than the matter of paper and pencil test. Based on the T-test with 

a significance value of 0.001 (<0.05), this means that there is a significant difference to the level of legibility 

of paper and pencil test with a virtual test [19].  

In addition to validity test of the content, it did also correlation test between virtual test and paper 

and pencil test. Data related to the analysis of virtual tests and paper and pencil test, which the value of the 

correlation between virtual test and a paper and pencil test was 0.921 included in "very high" category, so it 

could be considered that the items test in virtual tests and paper and pencil test had a high relationship. 

The existence of paper and pencil test is still widely used in schools, but the problem in this form 

has many weaknesses because it is ineffective and efficient. Therefore the question in the form of virtual test 

can reduce the weaknesses that exist in the matter of paper and pencil test. This is in line with the application 

of computer based test can save time, reduce the burden of teachers, the assessment results are also faster and 

can reduce the possible fraud of students, and make it easier for students to understand the problem because 

the use of technology in computer based test can accommodate complex cognitive appraisal processes that 

can’t be accommodated with paper based test [11], [13], [15]. 

This virtual test which development had a positive response from both students and teachers, it 

could be seen from the students' responses, that the virtual test very interesting. Implementation of a virtual 

test at school is still rarely is done, this is because the school infrastructure is not yet complete. The Virtual 

test can be used as a solution for education, for improvement and measurement of high-order thinking skills, 

one of that is to measure the decision-making ability [12]. 

 

 

4. CONCLUSION  

Based on research of the development and validity of virtual test to measure the decision-making 

ability at buffer solution can be concluded that: multiple representations-based virtual test that have been 

developed had CVI value of 0.71 and included "high" category. It also had reliability with "very good" 

category. The virtual test based multiple representations that had been developed had difficulty index in 

"moderate" category. In general, the readability of items test in virtual test was more than in paper and pencil 

test. Interview result showed that virtual test based multiple representations that had been developed had a 

positive response from teachers and students in terms of appearance, grammar of the questions, ease of 

access and operation, multimedia contained in test, benefits, and time. 
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