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Physics is a subject related to the environment so that it requires students to study nature and apply it 

in life. However, in learning sometimes students have difficulty understanding physics concepts and 

cause students to experience misconceptions. Therefore, a two-tier multiple choice diagnostic test is 

needed to analyze students' misconceptions. This study aims to determine the effectiveness of the two-tier 

multiple choice diagnostic test to analyze students' misconceptions in terms of content validity, 

practicality, and effectiveness. The research model is instrument development. The research design used 

is true experiment research with pretest posttest control. The subject of this research is class X MIPA 

MA Negeri Purworejo. Data collection in this study used validation sheets, observation sheets, student 

response questionnaires, and two-tier multiple choice diagnostic tests. The results showed that: 1) content 

validation for the construct and language aspects obtained from 3 validators got an Aiken V index of 1 

for all items included in the high validity category, 2) a practical two-tier multiple choice diagnostic test 

in terms of sheets. observations with reliable categories and good responses and responses from students, 

3) student learning outcomes have increased with an N-gain of 0.5 which is included in the medium 

category and students' misconceptions are found on the subject of momentum, impulse, and collision by 

41.20% which is at medium level. Thus the two-tier multiple choice diagnostic test is declared valid, 

practical, and effective so that it is feasible to analyze students' misconceptions in learning physics. 
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1. Introduction 
Determinants of the quality of education can be seen from various aspects, one of which is 

learning [1]. Quality education will produce students who have the ability to think critically, 

innovatively, creatively, a sense of responsibility, and skills and have good character. Therefore, along 

with the times, educational innovations are needed. The 2013 curriculum requires students to master 

scientific skills [2]. Physics is one of the subjects related to nature, so to study phenomena related to 

physics students need direct interaction with nature. In addition, learning physics is considered a 

science that can explain natural phenomena with human images. Therefore, through physics learning, 

students can study the natural surroundings and apply it in everyday life factually [3]. In physics 

learning, students are directed to understand the concept of the material as well as possible. However, 

when learning takes place, students have difficulty in understanding the concepts in physics learning.  
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This makes it difficult for students to connect the material being studied with the knowledge used [4]. 

If the concepts possessed by students are not appropriate, it will lead to different interpretations of 

concepts, giving rise to misconceptions. 

Misconception is an understanding that is different from scientific concepts that have been 

expressed or defined by experts [5]. The misconceptions that occur in physics learning are fatal, because 

the material in physics is related to each other. Students who experience misconceptions have a 

consistent wrong understanding [6]. If students experience misconceptions on basic concepts, it will 

allow students' misconceptions to get bigger. This is because students form their own understanding 

into the basic concepts that are believed to be true, where the concept comes from the environment or 

surrounding media. Sometimes the concepts that students already have are not the same as those 

agreed upon by the experts, giving rise to misconceptions. Misconceptions that occur in students need 

to be changed so as not to experience prolonged misconceptions, one method that can be used to 

identify misconceptions is to perform diagnostic tests. Through the diagnostic test, the teacher can see 

and find out where the students' misconceptions are based on the answers [7]. Students' misconceptions 

cannot be identified using a single-level multiple choice test because it allows students to answer 

questions by guessing so that the reason for the students' answers is unknown. The two-tier multiple 

choice diagnostic test is one of the tests that can be used to identify and analyze students' 

misconceptions in learning physics [8].  

Two-tier Multiple Choice is a multiple choice question with two levels which was first developed 

by David F. Treagus [9]. The first level of this test consists of multiple choices to answer the concept of 

the material, while the second level contains multiple choices about the choice of reasons for the 

answers to the first level. Two-tier multiple choice is very effective in identifying students' 

misconceptions, besides that it can be used as a tool for evaluating student learning outcomes [10]. In 

the field of education and especially in physics subjects, the identification of students' misconceptions 

has not been done much. The teacher assumes that if the student's score has reached the KKM, the child 

has understood the material presented. However, this is not necessarily true because the teacher has 

not identified the students' misconceptions because the tests used in the assessment of physics learning 

outcomes so far have only been one-level multiple choice, resulting in the teacher not knowing exactly 

where the students' misconceptions [11]. Besides coming from the students themselves, misconceptions 

are also caused by other things, one of which is the delivery of physics subject matter by the teacher so 

that it affects student learning outcomes [12]. 

From various materials in physics lessons, students have difficulty in understanding the concept 

of material, one of which is the material of momentum, impulse, and collision. Based on the results of 

previous research conducted by Lusiana., et al, it is proven that the students' misconceptions on the 

material of momentum, impulse, and collision are highest in the submaterial of the law of conservation 

of momentum and collision [13]. In addition, the results of other studies conclude that students 

experience misconceptions on questions related to the concept of momentum in everyday life [12]. 

Based on the researcher's observations and the results of interviews with physics subject teachers 

conducted at the MA Negeri Purworejo, information was obtained that teachers had not identified 

students' misconceptions in learning physics. The scores of students who are below and above the KKM 

are almost balanced so that Huru only assumes that students who have scores above the KKM have a 

good understanding of the concept. On the other hand, the questions used for daily tests, mid-semester 

tests, and final tests have not been able to identify students' misconceptions, so that students' 

misconceptions in learning physics have not been identified.  
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In assessing learning outcomes, teachers only use ordinary one-tier multiple choice questions. This 

results in most teachers not being able to identify students' misconceptions because there is no test 

instrument used to analyze misconceptions [14]. 

Referring to the description that has been presented, as an effort to analyze the misconceptions 

of students in learning physics, multiple choice questions are needed. Based on this background, this 

study intends to determine the effectiveness of a two-tier multiple choice diagnostic test to analyze 

students' misconceptions in high school physics learning on the subject of momentum, impulse, and 

collision. 

 

2. Method 
This research is part of development research of two-tier physics test instrument that refers to the 

modification of the Orindo & Antonio (1998) and Mardapi (2008). Instrument development model with 

the steps taken to develop this test, including: 1) test design, 2) trial, 3) measurement [15]. The subjects 

in this study were students of class X MIPA MA Negeri Purworejo in the 2021/2022 academic year. The 

research design to find effectiveness using true experiment with pretest posttest control [16].  

The technique used to collect data in this study consisted of validation sheets, observations, 

questionnaires, and tests. The instruments used in this study were validation sheets, test 

implementation observation sheets, student response questionnaire sheets, and two-tier multiple 

choice diagnostic tests. Data analysis carried out is content validity, practicality, and effectiveness. 

The content validation of the two-tier multiple choice diagnostic test for the construction and 

language aspects was compiled to obtain an assessment from the expert validator. Calculation of 

content validation using the Aiken V index presented in equation(1) [17]. 

 1


cn

s
V            (1) 

To determining the validity category to determine the validity of the developed test, it is presented in 

Aiken V index interpretation. Score with interval V > 0.80 is high category, 0.40 ≤ V ≤ 0.80 is moderate 

category, and V < 0.40 in low category [15]. The test can be used if it has a moderate validity result. 

The practicality of the two-tier multiple choice diagnostic test is seen from the observation of the 

implementation of the test carried out by two observers and the responses of students. The steps used 

to obtain observational data on the implementation of the test are to tabulate the data obtained and 

then calculated using the percentage agreement calculation in the equation (2)[18]. 

%1001 













BA
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A and B are the scores given by the first and second observers, where A > B. The research instrument 

is declared reliable if the PA is more than one or equal to 75%. Furthermore, the PA criteria are 

interpreted using percantege agreement criteria. Reliable on 76-100, enough reliable: 51-75, less reliable: 

26-50, and unreliable: 0-25 [19]. 

Then to find out the student's response to the two-tier multiple choice diagnostic test, it was 

carried out using steps including recapitulation of student response questionnaire data. Next, tabulate 

the data obtained and calculate the percentage using the equation (3)[18]. 
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Next step is to convert the percentage results into qualitative criteria based on the reference [18]. 

Criteria of students’ response with percentage 86-100 is very good, 76-85: good, 65-75: enough, 55-59: 

less, and ≤ 54: very less. The two-tier multiple choice diagnostic test is declared practical if the 

percentage of students' responses in interpretation is sufficient. 

The effectiveness analysis was viewed from the results of the pretest and posttest of students and 

the percentage of students' misconceptions. The increase in the results of the students' pretest and 

posttest tests is calculated by the N-Gain shown in the equation (4) [20]. 

si

sisf
g






100
           (4) 

There are several criteria for increasing N-Gain, which high criteria g ≥ 0.7; medium 0.3 ≥ g > 0.7; and 

low category g < 0.3 [21]. The data from the pretest and posttest were then tested for normality with the 

aim of knowing that the data were normally distributed. Furthermore, to prove that the sample used 

came from a homogeneous population, a homogeneity test was carried out. Then to find out the 

difference between the students' pretest and posttest scores, a t-test was carried out. 

The calculation of the percentage of students' misconceptions on the material of momentum, 

impulse, and collision is done by analyzing the data from the students' test results through a two-tier 

multiple choice diagnostic test. To find out the percentage of students' misconceptions, it is calculated 

using the equation (5) [22]. 

%100
N

J
P            (5) 

Furthermore, the percentage results are interpreted into several categories of student misconceptions 

which are presented on misconception category. High misconception between  61-100, medium: 31-60; 

and low category: 0-30 [4]. 

 

3. Result and Discussion 
This research is part of the research on the development of two-tier test questions.  This study to 

find the effectiveness of a two-tier multiple choice diagnostic test to analyze students' misconceptions 

in learning physics. Content validity for construction and language aspects aims to determine the 

feasibility of a two-tier multiple choice diagnostic test used to analyze students' misconceptions. This 

validation was carried out by 3 experts. Based on the results of the validity calculation using the Aiken 

V index, of the 30 questions tested for validity, a score of 1 was obtained for all items. The score indicates 

that the questions used in this study are in high validity criteria. These results are relevant to the results 

of other studies, namely if the Aiken score is above 0.75 then the diagnostic test is declared valid and 

feasible to use [23]. So based on content validation for construction and language aspects carried out 

by expert validators, it can be concluded that the two-tier multiple choice diagnostic test is valid or 

feasible to be used to analyze students' misconceptions on momentum, impulse, and collision materials. 

The practicality of the two-tier multiple choice diagnostic test was reviewed through the test 

implementation observation sheet and student response sheets. The test implementation observation 

sheet was carried out by 2 observers who supervised the test. Observation of the implementation of the 

test is calculated using the percentage agreement and obtained a percentage of 95% so that it is in the 

reliable category. This proves that the implementation of the learning evaluation can be carried out 

properly starting from the beginning to the end of learning [24]. In this case, the assessment of student 

learning outcomes uses a two-tier multiple choice diagnostic test, so that based on the observations of 

the observer, it shows that the two-tier multiple choice diagnostic test is practical to use in the 

evaluation of physics learning. 
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 A part of the observation sheet on the implementation of the test carried out by the observer, 

the practicality of the two-tier multiple choice diagnostic test was also reviewed from the results of the 

response questionnaire to determine student responses. Student response questionnaires were given 

after students took a two-tier multiple choice diagnostic test. The calculation of the student response 

questionnaire is presented in Table 1. 

 
Table 1. Results of Student Response 

No. Aspect Score Percentage (%) Category 

1. Eligibility of Content 716 82.87% Good 

2. Language 352 83.80% Good 

Average 539 83.33% Good 

  

Based on the student response questionnaire data in Table 1 shows that from the aspect of 

content feasibility, a score of 716 is obtained. If expressed in percentage, it gets a score of 82.87% and is 

included in the good category. The language aspect gets a score of 352, if expressed in percentage it 

gets a percentage of 83.80% and is in the good category. All aspects obtained a total score of 539 with a 

percentage of 83.33% so that they obtained a good category based on the reference in Table 4. These 

results are similar to the results of other studies which conclude that the location of the practicality of 

the assessment instrument is between 60% NRS 80%, then the criteria are strong [25]. From the results 

of student responses through student response questionnaires, information is obtained that the 

sentences used in the questions are easy to understand and understand making it easy for them to work 

on test questions. In addition, the language used does not cause multiple interpretations so that 

students have no difficulty in understanding the meaning of the questions. Through the diagnostic test 

questions given, students stated that they were more motivated to understand the concept of physics 

because in doing this test they were required to know the reasons besides only doing calculations using 

existing equations. 

The effectiveness of the two-tier multiple choice diagnostic test was reviewed based on the results 

of the pretest and posttest of students in the control and experimental classes. Pretest is conducted in 

each class, it aims to determine the ability of students before being given treatment in the form of 

learning on the subject of momentum, impulse, and collision. In working on the pretest questions, the 

control and experimental classes were given the same questions. After being given the pretest, then 

each class carried out the same learning activities, namely the topics of momentum, impulse, and 

collision. At the end of the lesson, the control class was given a posttest in the form of a single-level 

multiple choice, while the experimental class was given a posttest of a two-tier multiple-choice 

diagnostic test. The recapitulation of the results of the pretest and posttest for the control and 

experimental classes is presented in Table 2. 

 

Table 2. Students' Pretest and Posttest Scores 

No Aspects 
Control class Experiment Class 

Pretest  Posttest Pretest  Posttest 

1 Subject 54 54 54 54 

2 Mean  48.14 70.92 49.19 74.62 

3 Median  46.67 70.00 51.67 74.58 

4 Maximum  73.33 86.67 80.00 93.33 

5 Minimum  20.00 53.33 20.00 53.33 

6 Std Deviasi 11.33 7.53 13.45 8.18 
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Based on Table 2, information is obtained that students in the experimental class have higher 

scores than the control class. This proves that the score of students who get a posttest in the form of a 

two-tier multiple choice diagnostic test is higher than those who get a one-level multiple choice 

question. It can be seen that the posttest mean of students in the control class is 70.92 while in the 

experimental class it is 74.62, these results show that the two-tier multiple choice diagnostic test is 

effectively used to assess student learning outcomes. In addition, the maximum value obtained in the 

control class posttest was 86.67 while the experimental class obtained 93.33 results, this shows that the 

experimental class better understands the concept of physics after being given a two-tier multiple 

choice diagnostic test. Furthermore, to prove that the two-tier multiple choice diagnostic test is effective 

for analyzing students' misconceptions, it can be seen from the results of the pretest and posttest of 

each class. The answers to the pretest and posttest of one student from the control class are presented 

in Figure 2. 

 

 
  

Figure 1. Control Class Pretest and Posttest Student Respons 

Figure 1 show the answers to the pretest and posttest of students from the control class, namely 

the class that received the posttest in the form of one-level multiple choice. From the answers given by 

the students, both the pretest and posttest answers were not correct. Based on the concept of impulse 

material, it has been explained that the impulse is directly proportional to the force and contact time. 

This explains that if the contact time between two objects is longer, the impulse is also getting bigger. 

In this problem the ball is hit with the same force on each stroke but has a different contact time, so 

based on the data in the problem it can be seen that the order of the largest impulses is in the 4th, 3rd, 

2nd, and 1st strokes. From Figure 1 it can be seen that students in the control class still gave incorrect 

answers before being given treatment. This shows that students still do not understand the concept of 

impulse well. While the answers to the pretest and posttest of students in the experimental class are 

shown in Figure 2. 
 

 

 
Figure 2. Control Class Pretest and Posttest Student Respons 
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Students' answers to the same questions for the experimental class using a two-tier multiple 

choice diagnostic test can be seen in Figure 2. The students' answers before being given treatment 

answered incorrectly as shown in Figure 2. However, the answers changed after the experimental class 

was given. The treatment was then given a posttest in the form of a two-tier multiple choice diagnostic 

test. From the posttest answer in Figure 2, it can be seen that the answer in the first tier is correct, namely 

the impulse that occurs in the 3rd stroke is smaller than the 4th stroke. This is because the longer the 

contact time between two objects, the greater the impulse. Based on the answers given by students from 

the experimental class, the answers from the first and second tiers are correct, so it can be concluded 

that they understand the concepts used in the question. 

The results of the pretest-posttest control and experimental classes show that the two-tier 

multiple choice diagnostic test can make students understand the material being taught. This is 

evidenced by the answers of students in the control class who only use one-level multiple choice 

questions that have not been able to answer correctly according to the concept of physics, namely the 

concept of impulse. While the answers of students from the experimental class seemed to be correct in 

answering the first tier and the reasons for choosing the answer. So that these students can be concluded 

to understand the concept because the answers to the first and second tiers are correct. These results 

prove that the two-tier multiple choice diagnostic test is effective in increasing students' understanding 

of the material of momentum, impulse, and collision as well as being able to analyze whether these 

students do not understand concepts, misconceptions, or understand concepts. 

Student scor increase in the pretest and posttest can be calculated using the N-gain. The results of 

the N-gain calculation show on Table 3. 

 

Table 3. Calculation of N-Gain 

No. Class Pretest Posttest N-gain 

1. Control  48.14 70.92 0.43 

2. Eksperiment 49.19 74.62 0.50 

 

The results of the calculation of N-gain in the control class obtained an increase of 0.43 and in the 

experimental class an increase of 0.50 was obtained so that each class experienced an increase in N-gain 

in the medium category. Even though it is at a moderate level, based on these results, it can be seen that 

the increase in the experimental class is higher than the control class. The class that received the posttest 

in the form of a two-tier multiple choice diagnostic test experienced a higher N-gain increase because 

through the diagnostic test students were required to understand concepts in addition to only doing 

calculations. Based on acquisition of N-gain that two-tier multiple-choice diagnostic test is more 

effective for analyzing students’ misconceptions. To find out that the pretest and posttest data were 

normally distributed, a normality test was carried out.  

The results of the normality test for control class pretest obtained 0.243 and posttest 0.460; 

experiment class obtained pretest 0.775 and posttest 0.091. Based on the normality test table, if the 

results obtained are Asym. Sig. (2-tailed) > 0.05, it can be concluded that the distribution of pretest and 

posttest data in the control and experimental classes is normal. The results of the above calculations are 

obtained that Asym. Sig. (2-tailed) pre-test control class is 0.243, while for Asym. Sig. (2-tailed) in the 

posttest obtained 0.460, because the significance value of the pretest and posttest control class is greater 

than 0.05, meaning that the data is normally distributed.  
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The pretest and posttest data in the experimental class, Asym results were obtained. Sig. (2-tailed) 

of 0.775 and 0.091, which is also greater than 0.05, so the pretest and posttest data in the experimental 

class are normally distributed. From the calculation of the normality test, it can be concluded that the 

control and experimental classes have pretest and posttest data that are normally distributed.  

Furthermore, to find out the pretest and posttest data came from the same population, a homogeneous 

test was carried out. Table 4 shows the calculation of the homogeneity test of the pretest and posttest 

data. 

Table 4. Homogenity Test Calculation 

No. Tes Fcount Ftable Sig. 

1. Pretest  0.192 
3.93 

0.662 

2. Posttest 2.086 0.152 

 

The homogeneity test from Table 4 shows that the pretest Fcount is 0.192 and the posttest is 2.086 

with a significance level of 0.05, from the data it shows that Fcount < Ftable, it means that the pretest and 

posttest data come from a homogeneous population.  

After carrying out the normality test, a paired t-test was carried out to see the difference in the 

students' pretest and posttest scores. The results of the calculation of the paired t-test are shown in Table 

5. 

 

Table 5. Calculation of Paired t-test 

No. Class Tes df tcount ttable Sig. (2-tailed) 

1. Control  Pretest & Posttest 53 -16.227 0.00575 0.000 

2. Eksperiment Pretest & Posttest 53 -13.450 0.00575 0.000 

 

The test used to determine the difference between the pretest and posttest is the result of 

significance. The provisions are if the significance is greater than 0.05 then H0 is rejected while Ha is 

accepted, but if the significance value is less than 0.05 then H0 is accepted and Ha is rejected. H0 is a 

hypothesis which states that there is a difference in the results of the pretest and posttest, while Ha is a 

hypothesis which states that there is no difference in the results of the pretest and posttest. The 

calculation results show that the significance value in the control and experimental classes is the same, 

namely 0.000, from these results it can be concluded that H0 is accepted and Ha is rejected. These results 

prove that there are significant differences in the results of the pretest and posttest of students. 

The purpose of the two-tier multiple choice diagnostic test is to be able to analyze students' 

misconceptions so that based on the results of the analysis the teacher can correct them so that similar 

misconceptions do not occur. Based on the posttest results of the experimental class using a two-tier 

multiple choice diagnostic test, it shows that as many as 41.20% of students have misconceptions and 

45% of students understand the concept while the other 13.80% do not understand the concept. 

Referring to the category of misconceptions in Table 6, the misconceptions are at a moderate level. The 

percentage gain proves that the two-tier multiple choice diagnostic test can classify students' 

conceptual understanding abilities [26]. The percentage of students' misconceptions in each sub-

material of momentum, impulse, and collision is shown in Figure 3. 
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Figure 3. Students' Misconceptions 

Based on Figure 3, information can be obtained that students' misconceptions in different sub-

materials, including momentum of 35.71%, impulse of 37.96%, momentum and impulse relationship of 

42.21%, conservation of momentum law of 52.47%, and collision of 42.59%. From the percentage of 

students' misconceptions that exist, all are in the medium level of misconception. Students experience 

the highest misconception in the sub-material of the law of conservation of momentum, they have 

difficulty answering questions on this matter. Most students make mistakes in choosing the reason or 

second tier. The highest misconception experienced by students when they are asked to solve problems 

regarding the application of the law of conservation of momentum in everyday life, one of which is the 

case of a child jumping from a canoe. Students are able to calculate the speed of the canoe after the child 

jumps, but cannot explain the cause and direction of the canoe shortly after a child jumps. This shows 

that students have difficulty in understanding the concepts applied to the law of conservation of 

momentum, they only calculate using existing physical equations. One sampe of the students' answers 

of questions about the momentum law of conservation sub-material is presented in Figure 4. 

 

  
 

Figure 4. Student Answers of The Law Conservation Momentum 

Based on the data of students who experienced misconceptions, students who answered correctly 

in the first tier were more than students who answered correctly in the second tier. In this question, 

students are asked to calculate the speed of the canoe after a child jumps from the canoe. The problem 

can be solved by the equation of the law of conservation of momentum to determine the final speed of 

the boat. However, students did not understand the reason for the reduced speed of the canoe and 

which direction the canoe finally moved due to the impulse given by a jumping child. This can be seen 

from the answers of students in the second tier which are mostly wrong. 

Meanwhile, of the 5 sub-materials, the lowest misconception is found in the momentum sub-

material. In this question, students are able to complete and answer questions correctly with the right 

reasons. Most of the students already understand that momentum is determined by mass and velocity 

and can apply it in everyday life. 
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If the mass and velocity are greater, the momentum will be greater because they are directly 

proportional to each other, so that students do not experience high misconceptions in this sub-chapter. 

This is evidenced by the correct answers of students in performing calculations and giving the right 

reasons for the selected answers. The presentation inline with [27] proves that the two-tier multiple 

choice diagnostic test is effective for analyzing students' misconceptions in learning physics so that it 

can help teachers to determine students' understanding of the material being taught. 

 

4. Conclusion 
Based on the analysis and presentation of the research results on the effectiveness of the two-tier 

multiple choice diagnostic test, the test is declared valid, practical, and effective so that it is appropriate 

to be used to analyze students' misconceptions in learning physics on the subject of momentum, 

impulse, and collision. The conclusions that can be drawn from this study are: 1) the two-tier multiple 

choice diagnostic test has high validity criteria based on the results of content validity calculations for 

the construct and language aspects carried out by expert validators so that it is said to be valid and 

feasible to use, 2) two diagnostic tests -tier multiple choice has met the practicality criteria based on 

data from the observation results of the implementation of the test which shows reliable criteria and 

the responses of students who meet the criteria are good, 3) the two-tier multiple choice diagnostic test 

is declared effective. It is suggested for teachers to apply a two-tier multiple choice diagnostic test to 

analyze students' misconceptions. For further researchers, the two-tier multiple choice diagnostic test 

can be developed in other subjects and other subjects with better content. In addition, the two-tier 

multiple choice diagnostic test is expected to be developed at different school levels to obtain various 

information and variations in student answers. This research should be used as a reference for further 

research by relating aspects of learning that are not discussed and have not been developed in this 

study. 
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