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Abstract 

This study aims to find out how the process of developing instrument products in the form of a four-tier diagnostic test on 

parabolic motion material, and to find out how the quality of a four-tier diagnostic test instrument product on parabolic 

motion material was developed. The test subjects were all high school students of class X MIPA, taken by purposive 

sampling, namely 60 students in the first phase of the trial and 134 students for the 2nd phase of the trial. of 0,3 which 

means valid. The instrument reliability value is 0,859 which is in the very high reliability category. This means that the 

developed instrument can be used to identify misconceptions. The results of expert validation indicate that the instrument is 

in the very good category so that it can be used to identify misconceptions. The validation results from the first validator are 

85% (Good) and the second validator is 92,08% (very good). Based on the results of the study, it can be concluded that the 

misconception instrument developed from one-tier questions to four-tier diagnostic tests is appropriate to be used to identify 

students' misconceptions on parabolic motion material. This can be seen from the results of the analysis of the validity and 

reliability of the instrument, where all items are valid and have very high reliability. 
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1. INTRODUCTION 

Personality formation, skill and knowledge improvement are the responsibility of 

families, schools and communities to create a competitive, intelligent and spiritually pious 

generation that can be achieved through education (Rochanah, 2016; Sholichah, 2018) 

Education is carried out by providing examples, developing creativity, building motivation 

and empowering all components of educational services (Fakhriyani, 2016; Purmadi & 

Surjono, 2016). One way to obtain education is through formal education, one of which is 

school. Teaching and learning activities in schools are able to form students' self-

understanding both in knowledge, psychologically and socially (Hariyani, 2018; Putra, 

Wijayati & Mahatmanti, 2017). Through education both in the school, family and community 

environment, it is hoped that the next generation will experience an increase in potential, 

character, intelligence and knowledge. 

Physics is one of the subjects studied in formal education at school. Physics is a 

branch of Natural Sciences (IPA) that studies natural phenomena and also teaches various 

concepts that are very close to human life (Mulia, 2019; Setiawati & Jatmiko, 2018). Physics 

does not only contain formulas or theories to be memorized, but physics has many concepts 

that must be understood in depth and able to apply them in everyday life (Hanna et al., 2016). 

In studying physics, students must be directed to find out and find out for themselves so as to 

help students understand concepts more deeply (Kurniawati & Nita, 2018). Based on some of 

these opinions, the author can define physics as a science that studies natural phenomena and 

teaches various concepts that are closely related to everyday life. 

In studying physics, understanding concepts is very important so that physics learning 

can become meaningful learning for students. Physics learning has a conditional nature, 
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which means that a new concept is related to the previous concept (Fauziah & Darvina, 2019; 

Hikmah, 2017). If students have difficulty and misunderstand a physics concept, then the 

student will also find it difficult to understand the next material. Misconceptions are 

interpreted as students' ideas from unstructured personal experiences so that they produce 

meanings that are not in accordance with scientific concepts (Soeharto et al., 2019). A 

student's understanding of a concept that contradicts scientific concepts or scientists in that 

field and is strongly attached to students is called a misconception (Sitepu & Yakob, 2019; 

Zayyinah et al., 2018). Misconception is defined as a concept that is understood by students 

but is not in accordance with scientific understanding but students are confident in their 

understanding (Annisak et al., 2017). There are many things that cause misconceptions. The 

initial concept of students is very important as a cause of misconceptions because it affects 

the acquisition of student knowledge at the next level of education (Yuliati, 2017). There are 

three causes of misconceptions, namely books, teachers and the environment (Nainggolan, 

2017). Meanwhile, the causes of misconceptions are preconceptions, intuition of associative 

and humanistic thinking, and incomplete reasoning (Adi & Oktaviani, 2019). Based on the 

description above, it can be said that misconceptions are not only caused by students, but also 

caused by many things such as from books, teachers and the environment. 

Misconceptions can hinder the process of receiving new knowledge in students. If 

students have experienced misconceptions at the beginning of the material, it is certain that 

these students will continue to experience the same mistakes until they realize that the 

concept they believe to be true is wrong (Kurniati, Ruslan & Ihsan, 2018). Misconceptions in 

students must be a concern for teachers, this is because misconceptions can have a negative 

impact on student learning outcomes (Kusumaningrum, Napitulu & Tyas, 2017; Yuliati, 

2017). Many misconceptions occur in physics subjects. This is because students are often 

faced with concepts that are abstract, dimensions that are too small or too large, making 

direct observation difficult (Astiti & Hali, 2019).  

One of the physics material that is difficult to understand and many misconceptions 

occur is the parabolic motion material. The results of the study state that many students 

experience misconceptions about parabolic motion material, one of which students assume 

that objects with a heavier mass will take a total displacement that is closer to the launch 

point when compared to objects with lighter masses (Wibowo & Sunarti, 2020). 

Misconceptions in the parabolic motion material must be identified immediately to improve 

student understanding and so as not to interfere with subsequent learning. One method that 

can be used to identify misconceptions is a four-level diagnostic test (Sheftyawan, 

Prihandono & Lesmoro, 2018). The four-tier diagnostic test is the best test instrument at this 

time to measure misconceptions, because it can accurately measure the misconceptions 

possessed by respondents so that conclusions drawn are free from errors and lack of 

knowledge (Gurel, Eryilmaz & McDermott., 2017). Instruments with four-tier format can 

analyze students who have misconceptions and understand concepts (Amin, Wiendartun & 

Samsudin., 2016). In addition, the reason the author chose the four-tier diagnostic test is 

because in previous studies there was no misconception measuring instrument with a four-tier 

format on parabolic motion material. Based on this description, the aim of this research is to 

develop a four-tier misconception instrument for parabolic motion material for high school 

students. 

 

2. METHODS  

This research uses mixed methods with sequential explanatory type. The sequential 

explanatory method means that researchers start research using quantitative methods after 

completion, followed by qualitative sequentially (Mustaqim, 2016). Quantitative data were 
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obtained from the four-tier diagnostic test instrument which was distributed to students. 

Quantitative data was collected by distributing four-tier misconceptions about parabolic 

motion material to students via google form. This data is then analyzed to determine the 

value of the validity and reliability of the instrument. While qualitative data were obtained 

from interviews with students, suggestions and comments on validation sheets by expert 

lecturers. This research was conducted at SMAN 1 Jambi City and SMAN 11 Jambi City, 

from March 2021 to May 2021. The population in this study were all students of class X 

MIPA SMAN 1 and SMAN 11 Jambi City who had studied Parabolic Motion material. The 

sampling technique used was purposive sampling. Purposive sampling is a method of 

determining non-probability samples with certain criteria for consideration (Sugiyono, 2016). 

In this study, the sample criteria were based on 134 students who had studied the parabolic 

motion material. 

The first phase of the trial aims to get students' answers and reasons for the selected 

answers. The instrument used in this trial uses one-tier questions accompanied by open 

reasons. Meanwhile, the second phase of the trial aims to obtain the validity and reliability of 

the developed instrument. The instrument used in this trial uses a four-tier diagnostic test. 

The results of the first stage of the trial and the second stage of the trial will obtain 

quantitative data. While the qualitative data was obtained from the expert validation sheet 

using a Likert scale with 5 answer scales. In addition, qualitative data were also obtained 

through interviews with students. Interviews with students were used to find out more about 

the reasons students chose the answers given in the first phase of the trial. 

All data obtained were analyzed by explanatory mixed-method analysis, starting with 

quantitative data analysis followed by qualitative data analysis. Quantitative data analysis 

techniques are divided into two, namely validity analysis and reliability analysis. Validity 

analysis was performed by looking for scatter plots, correlations between tiers, and factor 

analysis with the help of the SPSS program. Reliability analysis was determined by 

Cronbach's Alpha using the SPSS program (Syaputra, 2020). While the qualitative data 

analysis technique used an expert validation sheet with 5 answer scales. The five answer 

choices are Very Good (5), Good (4), Fair (3), Not Good (2), and Not Good (1). The 

procedure of this development research can be seen in Figure 1. 

 

 

 

 

 

 

 

 

Figure 1. Research procedure 

 

3. RESULTS AND DISCUSSION  

Results 

The type of data in this study consisted of quantitative data and qualitative data. 

Qualitative data were obtained through suggestions and comments from expert lecturers on 

the validation sheet. Quantitative data obtained through validity and reliability tests. 
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Four-Tier Diagnostic Test 
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Table 1. Validation Results 

Validator Indicator Percentage Information 

1 

Instructional aspect 80% Good 

Scope of the misconception test instrument 80% Good 

Accuracy of concepts, principles and laws 90% Very Good 

Grammar 90% Very Good 

Average percentage 85% Very Good 

2 

Instructional aspect 80% Good 

Scope of the misconception test instrument 93,33% Very Good 

Accuracy of concepts, principles and laws 100% Very Good 

Grammar 95% Very Good 

Average percentage 92,08% Very Good 

 

The validation results from the first validator obtained an average percentage of 85% 

(Good). While the validation results from the second validator obtained an average 

percentage of 92.08% (Very Good). 

 

Correlation between tiers 

Table 2. Tier correlation 

Correlations 

 tier 1 tier 2 tier 3 tier 4 tier 1-3 tier 2-4 

tier 1 Pearson 

Correlation 
1 0.649**     

 Sig.(2-tailed)  0.000     

tier 2 Pearson 

Correlation 
0.649** 1     

 Sig.(2-tailed) 0.000      

tier 3 Pearson 

Correlation 
  1 0.695**   

 Sig.(2-tailed)    0.000   

tier 4 Pearson 

Correlation 
  0.695** 1   

 Sig.(2-tailed)   0.000    

tier 1-3 Pearson 

Correlation 
    1 0.691** 

 Sig.(2-tailed)      0.000 

tier 2 -4 Pearson 

Correlation 
    0.691** 1 

 Sig.(2-tailed)     0.000  

 

Based on the data in Table 2, it is known that the correlation is positive, meaning that 

the instrument has construct validity. The correlation between tier 1 and tier 2 has a value of 

0,649** with a significant value of 0,000. This means that tier 1 and tier 2 have a strong 

relationship and significant data. The correlation between tier 3 and tier 4 has a value of 

0,695** with a significant value of 0,000. This means that tier 3 and tier 4 have a strong 

relationship and the data is significant. The correlation between tier 1 and tier 3 with tier 2 

and tier 4 has a value of 0,691** with a significant value of 0,000. This means that tier 1-3 

and tier 2-4 have a strong relationship and the data is significant. 
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Factor Analysis 

Factor analysis led to scree plot results and construct validity results. The results of 

factor analysis shown in Figure 2. 

 

 

Figure 2. Sree plot test results 

  

Based on the screenshot of the scree plot test results, it can be seen that there are 4 

points that have eigenvalues > 1, meaning that there are 4 component factors formed. The 

results of the construct validity of the developed instrument can be seen in the following 

table. 

 

Table 3. Construct Validity 

Rotated Component Matrix 

 Component 

1 2 3 4 

item_1 
 

0.642 
 

0.438 

item_2 0.380 
 

0.666 0.363 

item_3 
 

0.702 
  

item_4 0.363 0.707 
  

item_5 
 

0.758 
  

item_6 
 

0.728 
  

item_7 
 

0.408 
  

item_8 
   

0.833 

item_9 0.480 0.680 
  

item_10 0.716 
   

item_11 0.802 0.314 
  

item_12 0.828 
   

item_13 
  

0.607 
 

item_14 0.596 
   

item_15 0.692 
   

item_16 0.743 
   

item_17 0.470 
 

0.549 
 

item_18 0.740 
   

 

In Table 3 it can be seen that the item components consist of component 1, 

component 2, component 3, and component 4. Based on the data above, all items have a 

validity value above 0.3, which means that 18 items can be declared to have construct 



Maison et al. 

364 

 

validity. Based on the data analysis, it is known that the reliability value is 0,859, meaning 

that for a total of 18 items, the reliability is very high. 

 

Discussion 

A diagnostic test is a test that can be used to determine and ascertain the weaknesses 

and strengths of students in learning materials (Zaleha Samsudin & Nugraha, 2017). In 

addition, diagnostic tests can also be used to identify students' misconceptions. In this study, 

a diagnostic test was developed in a four-tier form on the parabolic motion material. The 

four-tier diagnostic test is a development of the three-tier diagnostic test. (Rawh et al., 2020) 

said that the development is the addition of the level of student confidence in choosing 

answers or reasons. 

Prior to testing on students, the validity test was carried out by experts. Validation 

was carried out by two physics lecturers. Validation by experts was carried out to assess 1) 

aspects of guidance, 2) scope of the misconception test instrument, 3) accuracy of concepts, 

principles, and laws, and 4) grammar. After validation, improvements were made according 

to the suggestions and comments given. Of the 20 questions that were compiled, there were 2 

questions that were discarded with consideration of unclear and ambiguous questions. After 

the instrument is declared valid according to the expert lecturer, then the second phase of the 

trial is carried out to obtain the validity and reliability values. After obtaining the trial data, 

the data were analyzed using the SPSS program to determine the validity and reliability of 

the instrument. The validity of the instrument is seen by determining the 

relationship/correlation with the scatter plot, correlation test between tiers and factor 

analysis. The analysis using a scatter plot aims to determine whether the relationship between 

tiers has a positive correlation or a negative correlation. Based on the results of the scatter 

plot in Picture 2, the relationship between the tiers has a positive correlation, which means 

that the more students who choose the correct answer, the more students who have 

confidence in the answer. A positive correlation means that an increase in the first 

component will increase the second component (Saputra et al., 2016). 

Furthermore, correlation between tiers is used to determine the relationship between 

tiers on one item in the form of numbers. The correlated tiers are tier 1 with tier 2 and tier 3 

with tier 4, as well as tier 1 and tier 3 with tier 2 and tier 4. In Table 2 shows that the 

correlation between tier 1 and tier 2, tier 3 and tier 4 correlation and correlation tier 1-3 with 

tier 2-4 have a positive correlation and have a strong value and the data is significant. The 

level of the relationship is strong if the correlation value is in the range of 0,60 – 0,799 

(Siregar, 2015). As for the significant data, it is because the result value is smaller than 0,05. 

the data requirement is significant if the significant value is < 0,05 (Yusri, 2016). 

Furthermore, the data were analyzed to find the value of construct validity. In analyzing 

construct validity, data interpretation is obtained through graphs with scree plots. Based on 

the results of the scree plot in Picture 3, there are 4 component points that have an eigenvalue 

> 1, it can be interpreted that there are 4 component factors formed. Furthermore, to 

determine which each item belongs to which component factor, it can be seen in Table 3 by 

choosing the largest factor laoding value of the four component factors. The factor loading 

shows a large correlation between the items and the formed factors (Verdian, 2019). The 

greater the value of the factor loading, the closer the relationship of an item to the formed 

factor. Table 3 shows the Rotate Component Matrix which is used to determine the construct 

validity of the instrument.  

If the construct validity value of each factor is positive and the magnitude is greater 

than 0,3, then the factor is a strong construct (Sugiyono, 2011). Based on the construct 

validity value, it can be seen that all items have a validity value greater than 0.3, which 

means that all items have strong construct validity. If the validity value is in the range of 0,80 
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– 1,00 then the item is categorized as having very high validity. If it is in the range 0,60 – 

0,80 then the item is categorized as having high validity. Meanwhile, if it is in the range 0,40 

– 0,60 then the item has sufficient validity. Based on Table 3, it is known that items 8, 11, 

and 12 have very high validity. Items 1, 2, 3, 4, 5, 6, 9, 10, 13, 15, 16, and 18 have high 

validity. While items 7, 14, and 17 have sufficient validity. 

Furthermore, the reliability test was carried out with the SPSS program with 

Cronbach's. Alpha. The category of reliability coefficient is very high if the value of r is in 

the range of 0,80 r <1,00. Based on the results of Cronbach's Alpha in Table 4, the results of 

the instrument reliability are very high, namely 0,859. A variable or instrument is said to be 

reliable if it gives Cronbach's Alpha value > 0.60 (Sugiono et al., 2020). These results are 

declared reliable because > 0,6. So it can be said that the instrument can be trusted to 

measure students' misconceptions. 

Diagnostic tests in the form of four-tier can help in revealing the level of student 

confidence regarding how much confidence students have about the reasons for the answers 

they give (Maison et al., 2020). The four-tier diagnostic test instrument has advantages over 

other forms of tests such as the Open-ended Test, Ordinary Multiple Choice Test (MCT), 

Two-tier MCT, and Three-tier MCT. The four-tier diagnostic test is the best test instrument 

at this time to measure misconceptions, because it can accurately measure the 

misconceptions possessed by respondents so that conclusions drawn are free from errors and 

lack of knowledge. The four-tier diagnostic test instrument has the advantage that it is more 

specific or clearer in classifying categories of concept understanding, not understanding 

concepts, misconceptions and errors (Nurulwati & Rahmadani, 2019). In addition, the level 

of confidence at the first and second levels was asked separately so that the analysis of the 

combination of answers was more specific or clearer than the three-tier diagnostic test.  

The novelty in this research is that it has successfully developed a misconception 

instrument on parabolic motion material with a four-tier format. The instruments developed 

were 18 items and covered all concepts in the parabolic motion material. The concepts are 

the relationship of position, velocity and acceleration of parabolic motion, force on parabolic 

motion, velocity component on parabolic motion, object acceleration, parabolic trajectory, 

relationship between object reach and object travel time, velocity vector, influence of initial 

angle on total displacement, and parabolic motion. on an inclined plane. Thus, this 

instrument can be used to identify students' misconceptions about the parabolic motion 

material more deeply. Misconceptions will have a short-term and long-term impact on 

students. The short-term impact is the low understanding of students about the material being 

taught so that student learning outcomes are low. This is supported by the opinion which 

states that misconceptions greatly affect student learning outcomes (Aulia et al., 2018). The 

learning outcomes obtained by students vary, because the ability of students to digest a 

material is also different (Shalihah et al., 2016). While the long-term impact that will affect 

the learning process. If students experience misconceptions related to the concept of 

parabolic motion, then this will continue to the next learning stage.  

Based on a literature study by referring to Google Scholar, the misconception 

instrument on parabolic motion material is only available in two-tier. In previous research, in 

identifying students' misconceptions on the parabolic motion material, only ordinary multiple 

choice tests were used with open reasons. There is no instrument of misconception of 

parabolic motion material with a four-level format. Therefore, the four-level format 

misconception instrument on the parabolic motion material is needed to measure students' 

misconceptions more deeply than other tests. Some of the results of misconception research 

on parabolic motion material are explained as follows. Research namely Development of 

Two-Level Multiple Choice Diagnostic Tests to Identify Misconceptions in Two-

Dimensional Motion Concepts (Rahayu, 2015), research namely Identification of 
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Misconceptions in Parabolic Motion Materials with CRI Techniques at SMA Cilacap 

Regency (Amalia, 2018), research namely Analysis of Students' Misconceptions in 

Understanding the Materials of Straight Motion and Parabolic Motion in Class X SMAN 1 

Padang (Fauziah & Darvina, 2019). All of these studies only used multiple choice tests with 

open reasons. 

The impact of the development of the Four-tier Diagnostic Test instrument for 

parabolic motion material for lecturers is that this instrument can be used as development and 

research in advancing science and media to identify new misconceptions in the field of 

science. For teachers and prospective teachers, this misconception instrument can be used to 

identify misconceptions that occur in students in the parabolic motion material. For 

prospective teachers, they can add knowledge and produce new products in research at 

universities. For other researchers, it can be considered for further research. There are 

recommendations for several parties related to the development of the four-tier diagnostic test 

instrument for this parabolic motion, among others, it can be developed by other researchers 

with different topics of physics material and it is recommended to conduct a phase I trial and 

phase II trial with a wider subject so as to obtain deeper results. 

 

4. CONCLUSION  

The developed instrument can be used to identify students' misconceptions about the 

parabolic motion material. The impact of the development of the Four-tier Diagnostic Test 

instrument for parabolic motion material for lecturers is that this instrument can be used as 

development and research in advancing science and media to identify new misconceptions in 

the field of science. For teachers and prospective teachers, this misconception instrument can 

be used to identify misconceptions that occur in students in the parabolic motion material. 

For prospective teachers, they can add knowledge and produce new products in research at 

universities. For other researchers, it can be considered for further research. 
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