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ABSTRACT 

The aims of this research is to develop a two-tier test instrument to diagnose students' conceptual understanding abilities 

and knowing the level of student misconceptions on the topic of simple harmonic motion. The method in this research 

is 4D Research and Development (Define, Design, Develop, and Disseminate) by Thiagarajan and Semmel. The define 

stage is to conduct a literature study and observation in determining the focus of the problem. The design and develop 

stage is a modification of test instrument development procedure from the Oriondo & Dallo-Antonio models, namely: 

(1) Test design, (2) Trying out, (3) Test assembly, and measurement. The disseminate stage is conducting a seminar on 

the implementation result. The content validity of the nine items test was declared valid with Aiken’s V coefficient ≥ 

0.76. The test instrument has been validated and declared valid and reliable has seen from the entire INFIT MNSQ item 

in the range of 0.77 - 1.30. The data analysis technique using the PCM 1 PL model with Polytomous scoring. The test 

instrument developed and tested to 60 students of Class X MIPA was able to measure the error of students by 30.5% 

having misconceptions and by 27.6% not understanding the concept. Of the nine items given with different conception, 

the largest percentage of students' misconceptions is in item number 4, which is 68.3% of students experiencing a 

misconception about the relationship of spring length to their frequency value. 

Keywords: Development, diagnostic instruments, two-tier, misconception, simple harmonic motion. 

1. INTRODUCTION 

Learning is an effort to have knowledge and 

understanding, which is getting through a series of 

systematic learning processes, to form accurate, precise, 

and directed concepts. [1]. In learning science, students 

must actively think critically to strengthen their 

understanding of complex concepts in sciences, so that 

they can build knowledge and core ideas of the 

disciplines. [2], [3]. But there are still many factors that 

affect the lack of deepening of the concept of science, 

especially physics, one of the factors is Misconception 

[4], [5]. Because understanding a strong concept has an 

important role for students to develop their knowledge 

structure and to apply the right concepts in problem-

solving [5]–[7]. It is said to be a misconception because 

of the lack of correlation to actual opinions and know 

knowledge [8], [9]. If the aspects of knowledge and 

information provided to students differ from scientific 

theories coupled with applying personal gaze then it is 

clear that students experience misconceptions [10], [11]. 

knowledge [8], [9]. If the aspects of knowledge and 

information provided to students differ from scientific 

theories coupled with applying personal gaze then it is 

clear that students experience misconceptions [10], [11]. 

One of the materials with a high level of error in 

understanding is motion, especially about a simple 

harmonic motion which in its understanding requires 

analytical skills to link theory with phenomena or facts 
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[8], [12]. Some of the mistakes of students in 

understanding the concept, especially in the topic of 

simple harmonic motion such as the relation of the 

mathematical operational restoration force to the actual 

motion or phase angle [13], as well the students view that 

the magnitude of the amplitude depends on the period or 

the frequency. [14]. To overcome this, an instrument in 

the form of a test is needed to find out the students’ 

understanding of the actual theory. 

Diagnostic tests are deemed suitable for exposing 

scientific concept errors. The diagnostic test is an 

assessment instrument consisting of some questions to be 

tested, where the questions are focused on the difficulties 

and weaknesses of students in a material [15], [16]. One 

that is used in overcoming students' misconceptions is to 

use two-tier diagnostic formatted instruments [3]. 

Kahveci (2013) [17] states that two-tier items have the 

potential to elicit the way students choose reasons 

compared to using traditional multiple choice. Besides, 

the two-tier assessment is a practical method for daily 

use. Chandasegaran (2007) [18] states that the 

development of two-tier multiple choice diagnostic tests 

to identify alternative concepts of learners in a limited 

and clear area. Loh (2014) [19] states that two-tier 

multiple choice has a contribution to reducing the level 

of probability of answering correctly. 

The two-tier diagnostic instrument is a multilevel 

assessment model in knowing the weakness and mistakes 

of students in understanding a concept. The first tier of 

this test instrument aims to measure students' ability to 

answer correctly questions consisting of five answer 

choices, and the second tier is the choice of reasons that 

refer to the first level answer [20], [21]. The use of the 

Two-tier test aims to reduce the guessing factor of 

students because students are required to provide the 

answers they choose [7]. Therefore, this study focuses on 

developing a systematic two-tier diagnostic test 

instrument to diagnose and detect students' understanding 

of concepts and misconceptions on simple harmonic 

motion material. 

2. RESEARCH METHODS 

This research refers to the 4D development stage 

(Define, Design, Development, Disseminate) according 

to Thiagarajan and Semmel [22] where is combined with 

the development stage of the modified Oriondo and 

Antonio model test instrument were consists of three-

stage, namely: (1) Design the test, (2) Trial test, (3) 

assembly and measurement tests [23]. This research aims 

to diagnose students' abilities and to determine the level 

of student misconceptions as measured through the 

development of a two-tier test instrument. Literature and 

observation studies were doing at the define stage. In the 

design procedure, design tests and trials carried out. The 

design of the test includes developing test specifications, 

Writing tests, Reviewing tests [1]. The testing stage 

includes testing to determine validity and reliability, then 

carried out improvements. The development stage is 

Assemble tests and measuring include assembling tests, 

carrying out a test, and interpreting test results, in this 

case, is to measure students' misconceptions in simple 

harmonic motion material. The next stage is 

disseminating, the test instruments that have been 

assembling and carried out measurements at the seminar 

to be follow up. 

2.1. Population and sampling 

This research was conduct in senior high school in 

the Yogyakarta from February to March 2020. This 

research using a simple random sampling technique. The 

empirical test has been doing in 113 students of class XI 

who had studied the simple harmonic motion material, 

consisting of two classes in SMA Negeri 1 Banguntapan 

and two classes in SMA Negeri 1 Sewon. After obtaining 

a valid and reliable instrument, then a field test was 

carried out, namely the measurement in class X involving 

60 students as subjects. 

2.2. Data Analysis 

The data analysis techniques are using Quest and 

Parscale program. The data obtained were polytomous 

data using four categories and were analyzed based on 

Partial Credit Model 1-PL (PCM 1-PL). 

Two-tier test instrument, at the first tier the test item 

has 5 choices of answers A, B, C, D, E based on the 

concept. The second tier contains 5 answers in the form 

of reasons for choosing answers at the first tier [16]. The 

results of students' answers to each item will provide a 

combination of the answers presented in the Table 1. 

Table 1. decision criteria from a combination of answers 

No. 

Answer 

 (1st – 

tier) 

Scientific 

reason 

(2nd – tier) 

Decision category Score 

1 True  True   
Understand the 

concept (UC) 
4 

2 False    True  
Misconception 

(MSC) 
3 

3 True   False   
Misconception 

(MSC) 
2 

4 False False 
Not understand the 

concept (NC) 
1 
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3. RESULT AND DISCUSSION 

The Define stage carried out literature studies and 

observations related to problems that occurred in the 

field, especially the difficulties and weaknesses of 

students in learning physics. The information obtained 

through research at this stage then determines the focus 

of the problem be investigated and to find a solution, one 

of which is the simple harmonic motion physics material 

where students experience many misconceptions.  

Furthermore, the stages of research must be carried 

out in accordance with the explanation of the research 

method design and develop. From the results of the 

design, it can be seen that the instrument item matches, 

instrument validity, item difficulty level, reliability, total 

information function, and SEM. After the instrument is 

declared suitable, then the test instrument is tested to find 

out the diagnosis results of students' misconceptions. 

Content validity obtained from assessments conducted by 

7 raters with 4 rating scales. The minimum value of 

Aiken's V Coefficient based on the V-Aiken table is 0.76 

and a probability of 0.045. The results of the content 

validity for the 9 test items showed a coefficient of V-

Aiken ≥ 0.76. Based on the analysis of content validity, 

the data obtained from the item items categories shown 

in Table 2.  

3.1 Item Reliability 

The item reliability value can know from the 

summary of the item estimate shows the number is 0.73, 

and the reliability of people is based on the case estimate 

is 0.70. 

3.2 Item Estimation 

At the development stage, nine test items that proved 

valid were then tested and measured on 113 students. 

Student responses to the developed test items were 

analyzed based on the Partial Credit Model (PCM) PCM 

1 PL. The results of the test compatibility analysis based 

on empirical data can see in Table 3. 

3.3 Item Validity 

 Polytomous data with 4 scoring criteria as analyze with 

the Rasch Model. Test items analyzed by PCM 1-PL 

analysis results with the Quest program on 9 test items 

give INFIT MNSQ Output results depending on the range 

of 0.77 to 1.30 means all items fit of the PCM model [2], 

[24]. The results of the validity test show the 

compatibility of the test items with the Rasch Model 

shown in Figure 1. 

Figure 1. Item Distribution with the Rasch model 

3.4 Item Difficulty  

Item difficulty Index can be seen through analysis with 

the Quest program presented in Diagram in Figure 2.  

Figure 2. Graph of items difficulty level 

Table 3. Test fit Statistical parameters at 0,50 probability 

level 

Aspect 
Item 

Estimation 

Case 

Estimation 

Average value and 

standard deviation 
0.01 ± 0,81 0.26 ± 0.73 

Adjusted average and 

standard deviation 
0.69 0.61 

The average value and 

INFIT MNSQ standard 

deviation 

0.97 ± 0.14 0.97 ± 0.56 

The average value and 

the OUTFIT MNSQ 

standard deviation 

1.14 ± 0.56 1.14 ± 1.60 

Average difficulty 0.00 ± 0.81 

 

 

Table 2. Analysis Content Validity based on Aiken’s V 

Item 

Number 

V-Aiken 

Coeficient 
Category 

1 0,77 Valid 

2 0,76 Valid 

3 0,76 Valid 

4 0,76 Valid 

5 0,77 Valid 

6 0,76 Valid 

7 0,76 Valid 

8 0,76 Valid 

9 0,76 Valid 
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Based on Figure 2 the level of difficulty items has 

difficult, medium, and easy categories. The items are 

categorized as difficult if they have a difficulty index of 

0.00 - 0.30, are categorized as moderate with a difficulty 

index range of 0.31 - 0.70, and said to be easy with a 

range of 0.71 - 1.00. The greater the difficulty item index 

obtained from the calculation results, the easier the 

problem is. [1] The degree of appropriateness of items 

can affect the total form of the test score. For tests that 

are very difficult to make at a score < 0.25 positive 

skewed distribution form. While items with easy 

difficulty with a score of > 0.80 have a negatively skewed 

distribution [1]. All the items in this diagnostic 

instrument are categorized as good because they are in 

the range of scores from -2.0 to +2.0 [25].  

3.5 Information function and Standard error 

measurement 

From the results of item analysis with the Parscale 

program, the Total Information Function (TIF) is 

obtaining. The reliability of the test instrument based on 

the item response theory can see through the Total 

Information Curve (TIC) graph and the Standard Error of 

Measurement (SEM) in Figure 3. 

Figure 3. Information function and SEM 

Figure 3 shows the TIF and SEM curves in evaluating 

and measuring the ability to understand the concepts of 

simple harmonic physics material. The information 

function value gives a value of 0.2 wherein the graph is 

shown through the intersection line on the left scale. 

While for SEM value, the result is 1.94, which is seen in 

the intersection line which is the right scale on the graph. 

From this curve, it is known that the instrument for 

measuring students' misconceptions is more precisely 

tested on respondents who have a minimum ability of -

2.5 and a high ability of +2.1. 

This wide range of abilities is very appropriate to be 

applied in high schools, considering that the input of 

students has a variety of backgrounds and abilities. This 

can be seen through the Histogram in Figure 4. 

Figure 4. Distribution of student misconception ability 

Students' abilities can be identified through the output 

analysis using the Parscale program. Students' conceptual 

understanding abilities are presented on a logit scale in 

the ability column [2], [24]. The results of the 

measurement on the 60 students gave scores that were in 

the ability range -3 to +3. 

3.6 Diagnosis of student misconceptions 

The validated test instrument was then developed by 

completing the two-tier test format in diagnosing specific 

student misconceptions on each simple harmonic motion 

sub-topic. Data analysis is presented in Table 4. 

Table 4. Percentage of misconceptions in each sub-topic 

The measured sub-
topic 

Number of student 
response 
categories 

Percentage of 
misconceptions 

(%) 
UC MSC NC 

The pendulum period 
is perpendicular to the 
length of the rope 

18 29 13 48,3 

The pendulum period 
is influenced by the 
mass of the object that 
is swinging 

20 2 38 3,3 

Frequency in simple 
harmonic motion 

6 32 22 53,3 

The frequency is 
perpendicular to the 
change in spring 
length 

12 41 7 68,3 

The spring constant is 
inversely proportional 
to the frequency 

3 19 19 31,6 

The direction of the 
swing restoration force 
is in the direction of 
the amount of force 
applied 

35 14 11 23,3 

The period of vibration 
is caused by the 
recovery force 

48 8 4 13,3 

The direction of the 
restoring force on the 
spring always 
approaches the 
deviant force 

39 10 11 16,6 

The amount of 
deviation is not 
affected by the 
movement in the 
spring. 

45 10 5 16,6 

Percentage 41,9 30,5 27,6  
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The instrument for diagnosing student 

misconceptions was distributing to 60 students of class X 

MIPA program consisting of 9 items. Based on the 

analysis using the decision making a principle of two-tier 

tests, the results obtained by 41.9% of students 

understand the concept of simple harmonic motion. This 

happens due to several factors, one of them is the 

difficulty of the items as evidenced by the achievement 

of students' understanding of the concept in point seven, 

which is 80% understanding the concept, although the 

difficulty level of the seventh item is categorized as 

difficult with negative skewed distribution, which means 

the tail of the distribution is on the left, which shows that 

most of the values are on the right-hand side of the curve. 

The analysis also showed 30.5% of students experienced 

misconceptions. Students agree to blame because they 

make the first two questions and the second chooses one 

and the second choice of answers is one of the correct 

reasons. In this analysis, it can be determined the 

percentage criteria for students' misconceptions for each 

sub-topic being tested. The highest percentage of 

misconceptions on item 68.4% of students answered 

misconceptions about the relationship of spring length to 

the frequency value. This result is in line with research 

conducted on 45 students who carried out special classes 

at the Chiang Mai University of Thailand and provided 

information that most students reasoned that the mass and 

spring constant are the same so that the frequency value 

must remain the same [26]. Students' misconceptions in 

the medium category are shown in items 1, 3, and 5, and 

low misconception in items 2, 6, 7, 8, and 9 [27]. 

Meanwhile, 27.6% as a whole did not understand the 

concept and when viewed from the sub-topic of 63.3% 

students did not understand or did not know the correct 

concept in the second item which when viewed from the 

difficulty level of the item was categorized as being to 

measure the ability students to the concept of the mass of 

objects that swing affects the pendulum period.  

The form of reason presented in this two-tier test 

instrument is a closed reason to minimize students who 

only guess the answer at the first tier. So that it can be 

known in detail the extent to which students can 

understand the concepts in a material. 

 

4. CONCLUSION 

From the results of research and development of 

instruments to diagnose students' misconceptions on the 

topic of simple harmonic motion, they have been testing 

for validity and reliability using a two-tier test format that 

is in the proper and good category according to the V-

Aiken coefficient ≥ 0.76. The instrument has been 

validated and declared valid and reliable has seen from 

the entire INFIT MNSQ  item in the range of 0.77 - 1.30. 

The test instrument develops to measure students' 

misconceptions that useful for knowing students' abilities 

to understand of physics concepts based on the 

categorization of students' answers in understanding 

concepts correct, so that students who experience 

misconceptions and students who do not understand 

concepts can be known.  
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