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Abstract: Diagnostic tests are generally two or three-tier and based on classical test theory. In this research, the Four-Tier 
Diagnostic Test (FTDT) was developed based on modern test theory to determine understanding of physics levels: scientific 
conception (SC), lack of knowledge (LK), misconception (MSC), false negatives (FN), and false positives (FP). The goals of the FTDT 
are to (a) find FTDT constructs, (b) test the quality of the FTDT, and (c) describe students' conceptual understanding of physics. 
The development process was conducted in the planning, testing, and measurement phases. The FTDT consists of four-layer 
multiple-choice with 100 items tested on 700 high school students in Yogyakarta. According to the partial credit models (PCM), the 
student's responses are in the form of eight categories of polytomous data. The results of the study show that (a) FTDT is built on 
the aspects of translation, interpretation, extrapolation, and explanation, with each aspect consisting of 25 items with five anchor 
items; (b) FTDT is valid with an Aiken's V value in the range of 0.85-0.94, and the items fit PCM with Infit Mean Square (INFIT 
MNSQ) of 0.77-1.30, item difficulty index of 0.12-0.38, and the reliability coefficient of Cronbach's alpha FTDT is 0.9; (c) the 
percentage of conceptual understanding of physics from large to small is LK type 2 (LK2), FP, LK type 1 (LK1), FN, LK type 3 (LK3), 
SC, LK type 4 (LK4), and MSC. The percentage sequence of MSC based on the successive material is momentum, Newton's law, 
particle dynamics, harmonic motion, work, and energy. In addition, failure to understand the concept sequentially is due to 
Newton's law, particle dynamics, work and energy, momentum, and harmonic motion. 
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Introduction 

Understanding concepts in physics learning is important and fundamental (Huda et al., 2017). Evidence shows that the 
results of learning fundamental concepts in physics are still low (Prahani et al., 2022; Pratama & Retnawati, 2018; 
Saepuzaman et al., 2019). According to the overall student learning outcomes, students do not comprehend Raschthe 
fundamentals of physics (Rosyid et al., 2013; Suwarto, 2013). This low response from students arises when they have 
misconceptions or biases about the subject matter (Saepuzaman et al., 2019; Tiandho, 2018; Zukhruf et al., 2017). 
Misconceptions that are not overcome lead to learning difficulties in understanding the next concept. Therefore, 
developing tools to diagnose student concept understanding is very important. 

Diagnosing students' conceptual understanding involves an instrument (Bennett, 2014; Saepuzaman & Karim, 2016). 
The instruments for analyzing students' conceptual understanding can be mind mapping (Kandil İngeç, 2009) or 
diagnostic tests (Adodo, 2013). The model of diagnostic multiple-choice questions accompanied by justifications and 
confidence questions is a tool that can be used to deepen students' understanding of concepts (Caleon & Subramaniam, 
2010). Questions in the form of a two-tier (Tsui & Treagust, 2010), three-tier (Ratnaningdyah, 2018), and four-tier 
(Fariyani, 2015) diagnostic test can be used. In addition, the Four-Tier Diagnostic Test (FTDT) is expected to recognize 
students' concepts better than other multi-tests because the FTDT includes additional confidence questions at each level. 
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FTDT can minimize guessing answers (Gurel et al., 2015). In addition, the FTDT can also make a difference in student's 
knowledge so that the extent of students' misconceptions is known. 

Diagnostic tests are tools used to recognize learning difficulties (Miller et al., 2009), and teachers use them to find 
students' incorrect answers. Teachers use a variety of methods to ensure students' understanding (Grigorovitch, 2014). 
These attempts are ineffective if the instructor does not have a comprehensive knowledge of the material's 
conceptualization by the students. An overview of the student's understanding of the concept will be accepted if the 
teacher assesses the student's learning difficulties. 

The teacher assesses learning difficulties using diagnostic tests. Diagnostic tests show whether students understand a 
concept correctly or not. Diagnostic tests can also reveal students' misconceptions and why they have misconceptions 
about a scientific understanding (Gierl, 2007). Using diagnostic tests, teachers can recognize students' learning problems 
or difficulties. By identifying students' misunderstandings, diagnostic tests may also be used to organize subsequent 
attempts to correct them. 

The four-tier or four-layer multiple-choice diagnostic test comprises answer choices in the first layer, as in general, in 
multiple-choice tests. The second layer includes the confidence level of the answers in the first layer. The third layer 
contains reasons, and the fourth tier is the level of belief in reasons. A four-tier multiple-choice diagnostic test can be the 
expansion of a three-tier diagnostic test by adding a level of confidence to each answer and reason. The third stage covers 
pertinent concepts that authenticate the response in the first stage, but the fourth stage delivers assurance about the 
replies in the third stage. 

The categorization of FTDT used will refer to Gurel et al. (2015). It developed in categorization by paying attention to the 
weighting of answers and reasons made by Istiyono et al. (2014). So it is obtained to categorize the misconceptions of 
the four-tier test according to Gurel et al. and Istiyono et al. as in Table 1.  

Table 1. Four-Tier Test Decision According to Gurel et al. (2015) and Istiyono et al. (2014) 

Answer Level of Confidence Reason  
Level of 
Confidence 

Decision  

Correct Sure Correct Sure Scientific Conception (SC) 
Correct Sure Correct Not sure Lack of Knowledge type 1(LK1) 
Correct Not sure Correct Sure Lack of Knowledge type 1(LK1) 
Correct Not sure Correct Not sure Lack of Knowledge type 1(LK1) 
Correct Sure Wrong Not sure Lack of Knowledge type 2 (LK2) 
Correct Not sure Wrong Sure Lack of Knowledge type 2 (LK2) 
Correct Not sure Wrong Not sure Lack of Knowledge type 2 (LK2) 
Wrong Sure Correct Not sure Lack of Knowledge type 3 (LK3) 
Wrong Not sure Correct Sure Lack of Knowledge type 3 (LK3) 
Wrong Not sure Correct Not sure Lack of Knowledge type 3 (LK3) 
Wrong Sure Wrong Not sure Lack of Knowledge type 4 (LK4) 
Wrong Not sure Wrong Sure Lack of Knowledge type 4 (LK4) 
Wrong Not sure Wrong Not sure Lack of Knowledge type 4 (LK4) 
Wrong Sure Wrong Sure Misconception (MSC) 
Wrong Sure Correct Sure False Negative (FN) 
Correct Sure Wrong Sure False Positive (FP) 

The use of modern test theory is the proper explanation to obtain valid and reliable test development (Krathwohl, 2002) 
because the analysis using modern test theory emphasizes more on items and item responses (Lane et al., 2016). The use 
of modern test theory using item response theory (IRT) characterizes latent trait theory or item characteristic curve 
(ICC). The use of IRT aims to overcome the weaknesses found in classical measurements. Opportunities answered 
correctly 𝑃(𝜃) an item parameter: in the form of discrimination power (a), item difficulty index (b), and guessing (c), as 
well as the characteristics or parameters of the test taker, always correlated with a model formula that must be followed 
by grouping test items or groups of test takers (Hambleton et al., 1991).  

The partial credit model (PCM) is a polytomous scoring model used to evaluate item response models with more than 
two categories (Retnawati, 2014). The PCM was developed from the Rasch model (RM). The RM is used for dichotomous 
score data. Inline dichotomous score data, PCM was considered for categorical or polytomous score data. Scoring of 
categories corresponding to the scoring FTDT. 

The pandemic condition caused by the COVID-19 virus also disturbs the learning assessment system. Face-to-face 
learning assessment is not possible in this situation. Therefore, an online-based assessment model is needed so that 
learning continues.  
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Based on the explanation, it is very important to investigate the development of the FTDT online paper-based test (FTDT-
O_PBT) in an effective and targeted Google form using modern theory tests in its examination. The development of FTDT-
O_PBT was carried out to produce the correct test construct, good quality instrument, accurate measurement results, and 
effectively identify students' conceptual understanding appropriately. This study aims to develop a FTDT based on 
physics learning using modern test theory analysis. 

Methodology 

Research Design  

The development of FTDT online instrument was developed in an FTDT-O_PBT. The validity and quality of the contents 
of the instrument will be tested by expert judgments, seven experts consisting of material experts, measurement experts, 
and practitioners of physics education. The Orlando-Antonio test development model used is the instrument 
development method, which was improved into three steps, (a) test planning, (b) test trials, and (c) measurement and 
interpretation. 

The first stage was the test planning stage or the question construction stage. The first step was formulating the matrix 
and test grid, item writing, and item validation. In the next step, before being tested, the instrument was passed content 
validation by experts (expert judgment), seven experts consisting of material experts, measurement experts, and physics 
education practitioners.  

Sample and Data Collection 

The FTDT-O_PBT test instrument was given to 700 students of class X high school students in Yogyakarta province at 15 
schools. The scoring rubric for FTDT-O_PBT questions used eight categories referring to the Four-tier test decision in 
Table 2 (Istiyono et al., 2014).  

Table 2. FTDT scoring  

Category of Concept Understanding Scoring 
Scientific Correct (SC) 7 
Lack Knowledge type 1 (LK1) 6 
False Positive (FP) 5 
Lack Knowledge type 2 (LK2) 4 
False Negative (FN) 3 
Lack Knowledge type 3 (LK3) 2 
Misconception (MSC) 1 
Lack Knowledge type 4 (LK4) 0 

 

The selection of school types was based on high school National Examination scores in physics with high, medium, and 
low rankings. The next process was the validation, measurement, and data interpretation of students' understanding 
concept 

Analyzing of Data 

The instrument's content validity, tested by expert judgments, will be examined using the Aiken equation on eq.1 (Aiken, 
1985; Azwar, 2012). Aiken's validity coefficient is calculated with a score of 7 experts. Aiken's coefficient value (Aiken's 
V) will range from -1 to 1 (Putranta & Supahar, 2019). The coefficient value of V items is valid if it has an index V > 0.8.  

𝑉 =
∑(𝑟𝑖−𝑙0)

[𝑛(𝑐−𝑙)]
 [1] 

With ri is the number given by the expert, l0 is the number of the lowest validity, c is the number of the highest validity, 
and n is the number of experts and practitioners who carry out the assessment. The concept of content validity proposed 
by Aiken (1985) is influenced by the number of raters and the rating scale used. 

The quality of other instruments and construct validity was also examined based on students' responses to find out 
whether the seven sub-aspects of formation and items have been made fit to the latent conceptual understanding by 
referring to the results of exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). The instrument's 
suitability was evaluated using the Rasch model from the average INFIT MNSQ (Mean of Square) value. Items fit the 
model if they have an INFIT MNSQ value of 0.77 to 1.33 (Mayers et al., 2002). In addition, empirical validity was 
demonstrated by evaluating the respondent's responses to FTDT-O_PBT. Empirical validity (Apino & Retnawati, 2016; 
Sumintono & Widhiarso, 2015) was determined by using IRT, in this case, is PCM analysis which the R program was used 
during the examination.  
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PCM is a development of the Rasch model of dichotomous items applied to polytomy items. According to Muraki and 
Bock (1997, as cited in Retnawati, 2014), the general form of PCM is as in eq.2.  

 𝑃𝑗𝑘(𝜃) =
exp ∑ (𝜃−𝑏𝑗𝑣)𝑘

𝑣=0

∑ 𝑒𝑥𝑝 ∑ (𝜃−𝑏𝑗𝑣)𝑘
𝑣=0

𝑚
ℎ=0

 , 𝑘 = 0,1,2, … , 𝑚 [2] 

With 𝑃𝑗𝑘(𝜃) is the probability of participants with the ability  gain category score km in item j,  is the ability of 

participants, m + 1 is the number of items j, and bjk is the difficulty index category k items to j.  

The FTDT-O_PBT items are valid if the INFIT MNSQ value is 0.77 to 1.30 (Subali & Suyata, 2012). The level of instrument 
reliability is determined using the Alpha coefficient. The alpha coefficient can be used as long as each hemisphere is the 
same length or contains the same number of items (Azwar, 2020). The alpha coefficient can be determined using eq.3 

(Azwar, 2019). The alpha reliability is in the range of values between 0 and 1. With 
'xx is the coefficient reliability,  is 

the alpha coefficient, k is the number of gains, 
2x

x  is a variant of the test score, is a variant of the test hemisphere score 

with i is 1, 2, 3, and so on.  

2 2

'

0

1
xx x r

k

k
   



 
 −    = −   [4] 

The difficulty index for each item is calculated using the following equation (5) (Baker et al., 2001): 

𝑃 =
𝑁𝑝

𝑁
 [5] 

P is the proportion of the item difficulty index, Np is the number of participants who answered correctly, and N is the total 
number of participants. Reliability for rating results from observations of several raters (Shrout & Fleiss, 1979). Observed 
in the ICC (Interclass Correlation Coefficient), estimated using eq.6 (Mardapi, 2008): 

𝐼𝐶𝐶 =
𝜎𝑠

2

𝜎𝑠
2+𝜎0

2+𝜎𝑒
2 [6] 

𝜎𝑠 the size of the study object variants, 0 is an instrument variant, and 𝜎𝑒the Variance is due to random factors. ICC 
reliability will be used to estimate the reliability of the observation sheet instrument. 

Items Information Function (IIF) is a method that can explain the power of an item. The information function will state 
how strong the contribution of the item being observed is in revealing the latent strength of the item trait and selecting 
the item strength of the test. The information function is expressed in eq.7 (Baker et al., 2001; Lissitz & Samuelsen, 2007)  

𝐼𝑖(𝜃) =
[𝑃𝑖

′(𝜃)]

𝑃𝑖(𝜃)𝑄𝑖(𝜃)
 [7] 

with i is 1,2,3,…, n, 𝐼𝑖(𝜃) is a function of grain to I, 𝑃𝑖(𝜃) is the probability of participants with the ability  answering 
correctly item i, 𝑃𝑖

′(𝜃) is the derivative of the function 𝑃𝑖(𝜃) to , and 𝑄𝑖(𝜃)is the probability of participants with the 
ability  answering incorrectly item i. Test information can be written mathematically as in eq.8,  

𝐼(𝜃) = ∑ 𝐼𝑖(𝜃)𝑛
𝑖=1  [8] 

Findings / Results 

The results include the construct results, FTDT quality, and a description of the understanding of the concept. These 
results are the development of questions that have been tested. 

FTDT Construct 

The construct results found that the FTDT-PBT test instrument developed consisted of 100 test items, 5 of which were 
anchor items. FTDT-PBT test was developed based on aspects of translation, interpretation, extrapolation, and 
explanation, as stated in Table 3.  
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Table 3. The FTDT-PBT test matrix 

Aspect Sub aspect Indicator Materials      
   1 2 3 4 5 Total 
Translation Translating Translating 

physical 
symptoms 

1A, 11B, 
6C, 11D 

2A, 15B, 
18C, 1D 

3A*, 
17B*, 
20C*, 
24D* 

4A, 13B, 
19C, 14D 

5A, 5B, 
3C, 
13D 

20 

 Interpreting Interpreting 
irrelevant 
information  

6A*, 6B*, 
11C*, 8D* 

7A, 1B, 
1C, 15D 

8A, 12B, 
4C, 9D 

9A, 23B, 
16C, 5D 

10A, 
14B, 
22C, 
3D 

20 

Interpretation Interpreting Interpreting 
values based 
on data 

11A, 
16B,24C, 

19D 

12A, 
19B,21C, 

18D 

13A, 4B, 
12C, 2D 

14A*, 
2B*, 

23C*, 
23D* 

15A, 
9B, 8C, 

17D 

20 

Extrapolation Extrapolating Extrapolating 
relationships 
between 
variables 

16A, 20B, 
2C, 4D 

17A*, 
8B*, 9C*, 

6D* 

18A, 10B, 
7C, 20D 

19A, 7B, 
13C, 16D 

20A, 
18B, 
14C, 
10D 

20 

Explaining Explaining Explaining 
problem 
solving in 
detail 

21A, 3B, 
17C, 22D 

22A, 
21B, 
15C, 
21D 

23A, 22B, 
25C, 12D 

24A, 
25B, 5C, 

7D 

25A*, 
24B*, 
10C*, 
25D* 

20 

Total        100 

Description: * = item question anchor 1= Particle Dynamics, 2= Newton's Laws of Gravity, and Kepler's Laws, 
3=Concepts of Work and Energy, 4= Momentum and Impulse, 5= Harmonic Vibration 

FTDT Quality 

The FTDT quality test results for Aiken's V score are shown in Table 4; the total variance extraction value in Table 5; the 
factor loading value in Table 6; the estimated item and FTDT test scores in PCM 1- PL in Table 7; the reliability value of 
the FTDF question in Table 8; and the item difficulty index in Table 9 below. 

Table 4. The value of Aiken's V items in each package 

Package  Minimum Value Maximum Value Average of Aiken's V Result 
A .848 .935 .902 Valid 
B .855 .942 .894 Valid 
C .870 .949 .923 Valid 
D .841 .928 .894 Valid 

Table 5. The total variance extraction sum of squared loading 

Component 
Package A  Package 

B 
 Package 

C 
 Package 

D 
 

 
Total  % of 

Variance 
(%) 

Total % of 
Variance 

(%) 

Total  % of 
Variance 

(%) 

Total  % of 
Variance 

(%) 
1 7.809 31.235  7.268  29.072  7.673 30.693  8.581  34.326  
2 1.538 6.153 1.357 5.427  1.636  6.546  1.295  5.181  
3 1.248 5.992 1.112 5.448  1.096  5.384  1.150  5.599 
4 1.093 5.372 1.046  5.182  1.077  5.309  1.062  5.248  
5 1.024 5.097 1.011 5.042 1.016 5.063 1.011 5.045 

Table 6. The RMSEA fit index 

RMSEA fit index Value Standard value Description 
Package A 0.057 ≤ 0.08 Fit 
Package B 0.036 ≤ 0.08 Fit 
Package C 0.059 ≤ 0.08 Fit 
Package D 0.039 ≤ 0.08 Fit 
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Table 7. Item estimation results and FTDT-PBT physics using PCM 1-PL 

Package 
A 

  Package 
B 

  Package 
C 

  Package 
D 

  

 Aspect Value  Aspect Value  Aspect Value  Aspect Value 
Outfit 
MNSQ 

Person 1.101 Outfit 
MNSQ 

Person 0.982 Outfit 
MNSQ 

Person 1.111 Outfit 
MNSQ 

Person 1.211 

 Item 1.112  Item 0.970  Item 1.121  Item 1.132 
Outfit t Person -

1.110 
Outfit t Person 0.846 Outfit t Person 1.110 Outfit t Person -

1.091 
 Item -

1.140 
 Item 0.987  Item 1.104  Item -

1.062 
INFIT 
MNSQ 

Person 0.90 INFIT 
MNSQ 

Person 1.087 INFIT 
MNSQ 

Person 1.071 INFIT 
MNSQ 

Person 1.072 

 Item 0.98  Item 1.081  Item 1.082  Item 1.181 

Table 8. The FTDT-O_PBT reliability test 

Test package Cronbach's Alpha 
A .907 
B .897 
C .905 
D .920 

Table 9. Range of item difficulty index for each package 

 Package A Package B Package C Package D 
Minimum -0 .12 -0 .09  -0 .11 - 0.10 
Maximum .38  .38  .38  .38  

The Description of Understanding the Concept of Physics 

The result of understanding the physics concept based on student responses is shown in Figure 1. Simultaneously, the 
distribution of conceptual understanding of physics for physics material can be seen in Table 10. 

Figure 1. The Difficulty Index in Understanding Concepts 

Table 10. The distribution of conceptual understanding of physics class in percentage 

 SC (%) LK1 (%) FP (%) LK2 (%) FN (%) LK3 (%) MSC (%) LK4 (%) 
Particle dynamics 12.41 12.49 12.50 13.60 12.97 12.43 11.90 11.70 
Newton's law 10.89 12.19 13.76 14.11 13.81 11.63 12.06 11.55 
Work and Energy 12.24 13.23 13.02 13.30 13.15 12.51 11.72 10.83 
Impulse 
Momentum 

13.15 13.89 12.46 12.62 11.85 12.68 12.76 10.59 

Harmonic Motion 12.21 13.14 14.06 13.05 12.28 11.78 12.29 11.19 
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Discussion 

The FTDT Construct 

The synthesis of constructs arranged in Table 3 refers to Bloom's (Crumb, 1983) conceptual understanding theory and 
its revision (Anderson & Krathwohl, 2010) with aspects of translation, interpretation, extrapolation, and explanation. As 
a hierarchical structure, Bloom's taxonomy can identify student abilities (Tiandho, 2018) from low to high levels (Yanuike 
et al., 2017). The students' conceptual understanding ability, which is measured, includes sub-aspects (a) translating with 
the success indicators of students being able to translate physical symptoms, and (b) interpreting with students' success 
indicators, namely students being able to interpret irrelevant information. Aspects of interpretation will include aspects 
of interpreting with indicators of success; students can interpret the value of physics based on existing data. The 
extrapolation aspect indicates students' ability to extrapolate the relationships between variables. The last aspect is an 
explanation with sub-aspects of solving the problem in detail with indicators that students can explain the solution. These 
aspects result from synthesizing students' conceptual understanding abilities that often appear in students (Holme, 
2015). Each aspect is built with a 25-item test with five anchor items. 

FTDT consists of the dynamics of particles, Newton's law of gravity, Kepler's law, the concepts of work and energy, 
momentum and impulse, and harmonic vibrations material. The questions are made in four packages, A, B, C, and D, with 
the same test achievement indicators between packages. The questions are made multiple-choice with a four-tier test, 
with the FTDT item model shown in Figure 2. The development of this FTDT question is appropriate for diagnosing 
students' conceptual understanding by adding confidence questions at each level, both in answers and reasons. It 
minimizes the guessing responses (Gurel et al., 2015). Explanations are made based on the findings of the students' 
incorrect answers. 

 

Figure 2. Examples of FTDT Items 

The Quality of FTDT 

The results of the validator assessment in Table 3 were analyzed with the validity of Aiken's V in Equation 1, with results 
as shown in Table 4. It can be seen in table 4 that the analysis results can be categorized as valid if it meets Aiken's V 
coefficient limit for 4 rating scales and seven raters are 0, 76. Table 4 shows that the range of Aiken's V value of each item 
in packages A, B, C, and D is > 0,8, so it can be concluded that the FTDT items in each package O_PBT are valid and usable. 

Factor extraction results for four packages using EFA can be seen in Table 5. The seven established sub-aspects produce 
five forming factors with eigenvalues > 1 for each package, as shown in Table 5, so that the number of components with 
eigenvalues > 1 will be intended as the number of extracted factors that are then allocated to the model (Bauldry, 2015) 
on the FTDT-O_PBT instrument. Table 5 shows that each package produces five factors with a total eigenvalue of >1. 
Fabrigar & Wegener (Bauldry, 2015) state that the number of components with eigenvalues > 1 with a variance 
percentage > 5% will be intended as the number of extracted factors allocated to the model.  

Confirmatory Factor Analysis (CFA) results for packages A, B, C, and D of the five factors with 25 items. The loading factor 
value on each package with standardized loading estimate ≥ .50) and count (> 1.96) on each package, resulting p-value 
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greater than α with the RMSEA package, as shown in Table 6. Convergent Validity analysis is carried out to determine 
that the items from a latent construct have been assembled with a high proportion of variants (Ghozali & Fuad, 2005).  

The fitness of the model items on the FTDT-O_PBT test, which was analyzed using the R Program, showed that all items 
in Packages A, B, C, and D fit the model. The summary of the estimation results can be seen in Table 7. The goodness of fit 
results can be seen in the INFIT MNSQ and OUTFIT MNSQ sections (Subali & Suyata, 2012). Table 7 shows the 
compatibility of each item with PCM with INFIT MNSQ acceptance limits for all packages in the range of .77-1.30 and 
MNSQ OUTFIT acceptance limits in the range of .5-1.5 and t OUTFIT for all packages ≤ 2,0. 

The FTDT-O_PBT instrument developed on all packages was stated to be reliably assessed from Cronbach's alpha value. 
The reliability values of all packages are shown in Table 8. Table 8 shows the Cronbach's alpha value (Azwar, 2020) for 
packages A, C, and D > from .9, which indicates the reliability criteria for the package are excellent. While the Cronbach's 
Alpha value of package B is.81 to.9, the item criteria are still in the outstanding category.  

Based on Table 9, the difficulty index of the test items of the instrument in package A is in the range of -0.12 to 0.38. 
Package B is in the range of -0.09 to 0.38, package C is in the range of -0.11 to 0.38, and package D is in the range of -0.10 
to 0.38. A positive sign indicates that the item is categorized as complex, and a negative sign indicates that the item is 
classified as easy (Baker et al., 2001). The FTDT-O_PBT items are good because they are from -2.0 to 2.0. From the 
explanation above, it can be concluded that FTDT-O_PBT has an item difficulty index of -0.12 to 0.38. The difficulty index 
of an item is a description of the item's difficulty as a whole (Azwar, 2020). The difficulty index of the FTDT-O_PBT items 
already represents the student's ability to answer these items in the test analysis. 

The interclass correlation coefficient (ICC) observations (eq.5) of the FTDT-O_PBT test results are shown in Figures 1 
and 2 using package C item 1 as an example. Figures 1 and 2 are item characteristic curve (ICC) measurements). The ICC 
for Item 1 of Question Package C is shown in Figure 2. The ICC for Item 1 of Package B is shown in Figure 3, indicating 
that respondents' abilities are based on the category of student responses (Retnawati, 2016a; Sumintono & Widhiarso, 
2015). 

There are eight categories for student responses from 0 to 7. As can be seen in Figure 2 and Figure 3, very low-ability 
students are students who score 0 and 1. In contrast, low ability students score 2 and 3, high ability students score 4 and 
5, and very high ability students score 6 and 7. It shows that the higher the probability, the higher the chance of answering 
correctly (Crocker, 2012; Retnawati, 2016a, 2016b). 

Figure 3. Characteristic Curve Item 1 Package C  
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Figure 4. Characteristic Curve Item 1 Package B  

The score curve in Figure 2 has a non-sequential capability category result. It shows the characteristics of item 1 in 
package C, but it cannot deliver good scoring. Because the higher the score, the higher the student's ability (Shrout & 
Fleiss, 1979). It looks different from the results in Figure 4, with the ability categories sequenced according to the 
student's abilities.  

The result of the information value of each package is relatively similar. Each item package has a difficulty index of -2 to 
2. This result shows that the developed questions can provide good information for respondents with abilities of -2 to 2 
(Mardapi, 2017). The test information function image (eq.7) for packages A, B, C, and D are shown in Figure 5, Figure 6, 
Figure 7, and Figure 8.  

Figure 5. Information Function Plot Package A 

 

Figure 6. Information Function Plot Package B 
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Figure 7. Information Function Plot Package C 

 

Figure 8. Information Function Plot in Package D 

The respondent's score reflects the respondent's ability (Fariyani, 2015; Ratnaningdyah, 2018). So the respondent's 
score and ability are the respondents' parameters. Respondents' ability is a continuum from low to high (Krathwohl, 
2002; Lane et al., 2016). High respondent scores indicate high ability, and low scores indicate low ability. 

Description of FTDT 

Overall, the respondent's data found that the difficulty index of the FTDT O_PBT translation aspect is -0,725, the 
interpretation aspect is 0,67, the extrapolation aspect is 0,29, and for the explaining aspect, it is 0,61. It is displayed in 
graphical form, as in the figure. Figure 1 presents the percentage of item difficulty index from each sub-aspect from the 
easiest to the most consecutively (Zulfikar et al., 2019) in the interpreting sub-aspect of explaining, extrapolating, and 
translating. It means that the ability to explain and translate is still relatively low (Crumb, 1983), while the ability to 
interpret, estimate and explain has a high score.  

Based on Table 9, conclusions were drawn on the spread of the student's conceptual understanding of physics for particle 
dynamics materials, Newton's laws of Gravity and Keppler's law, the concepts of work and energy, momentum and 
impulse, and harmonic motion on the FTDT-O_PBT instrument. Table 9 shows MSC based on material percentages from 
the largest to the smallest: momentum-impulse, Newton's law, particle dynamics, harmonic motion, and work and 
energy. Misconception about the physics concept, a combination of understanding LK3, LK4, and FN obtained 
successively is Newton's law of particle dynamics of 37.1% work and energy of 36.85%, momentum-impulse of 34.85%, 
and harmonic motion of 35.25%. Enough concept understanding is the sum of the abilities of LK1, LK2 and FP obtained, 
respectively, Newton's law of 40.06%, the harmonic motion of 40.05%, work, and energy of 39.56%, impulse-momentum 
of 38,75%, and particle dynamics of 38,59%. Meanwhile, from the largest to the smallest, the Scientific Correct (SC) 
categories are impulse-momentum at 13.15%, particle dynamics at 12.41%, work and energy at 12.24%, and harmonic 
motion at 12.21%, and Newton's laws at 10.89%. 
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Figure 9. Mapping of Conceptual Understanding of Physics Using FTDT-PBT 

The analysis and follow-up for each categorization are described below. Conceptual understanding of physics with the 
four-tier test scoring model shows the average categorization results as shown in the graph in Figure 8. Figure 8 shows 
the results of the conceptual understanding of Physics categorization with the four-tier test scoring model for SC of 
12.18%, LK1 of 12.99%, FP 13.16%, LK2 13.34%, FN 12.81%, LK 12.20%, MSC 12.14%, and LK4 11.17%. Figure 8 shows 
that the misconception ability is the sum of the FN, LK3, and LK4, 36.18%. The ability to understand the concept, which 
is the sum of LK1, LK2, and FP, is 38.99%. Scientific Correct ability (SC) is 12.18%.  

Students in the Scientific Correct (SC) category have correctly understood the concept (Cetin-Dindar & Geban, 2011). 
Students in this category have no difficulty understanding concepts to continue to the following material. Students with 
the category of misconceptions (MSC) may experience several possible misconceptions that require more in-response 
and deeper research. The misconceptions caused by associative thinking will be handled differently with students who 
experience misconceptions with humanistic thinking or students with wrong reasoning and intuition thinking. Students 
who have enough understanding of concepts understand the concepts of LK1, LK2, and FP. Students of this type have 
almost complete knowledge or nearly meet the understanding of scientific concepts, and only their confidence level is 
low. Scientific knowledge will be formed if it is believed to be accurate by students (Roberts et al., 2006; Yang et al., 2015). 
The category of students with correct answers and the right reason but not confident with their answers should be helped 
to trust their choices by encouraging self-confidence in students. Students with misconceptions conceptualize or include 
LK 4, LK 3, and FN categories. These students do not understand concepts (true lack of knowledge), so it is advisable to 
re-learn concepts. Students who experience misconceptions (MSC) respond with wrong answers and reasons but believe 
that such students need to be explained the correct concept.  

This study also suggests that the diagnostic test used is able to identify the level of students' conceptual understanding. 
This can be seen from the netting of all categories of misconceptions that occur in students. So, it can be concluded overall 
that students still do not understand the concept of class XI physics concept. The results of this study can help in exploring 
concepts that have not been understood by students. This is in accordance with the research conducted by Silung et al. 
(2016) that diagnostic tests are able to evaluate students' misconceptions by looking at the answers, reasons and level 
of confidence in answering questions. In contrast to the research of Silung which used the Three-Tier Diagnostic, this 
study used the FTDT. The development of the four-tiers is expected to be more sensitive and responsive in identifying 
students' understanding of concepts. So that various conditions of understanding students' concepts can be known, in 
order to plan appropriate actions and treatments in an effort to improve learning outcomes. 

Conclusion  

Three conclusions can be drawn based on this study's data analysis and discussion. FTDT-O_PBT was developed based 
on the aspects sub-aspects, and materials of physics, including the translation aspects with the sub-aspects of translation 
and interpretation. The interpretation aspects with the sub-aspects of interpreting, the extrapolation aspects with the 
sub-aspects of extrapolating, and the explanation aspects with the sub-aspects of explaining. The test was developed on 
Newton's law, particle dynamics, work and energy, momentum, and harmonic motion. The FTDT-O_PBT consists of 5 sets 
of 25 items and five anchor items for each set. Second, FTDT-O_PBT has proven content validity with an Aiken's V of 
0.848-0.935, the items fit PCM with an INFIT MNSQ of 0.77-1.30, and the item difficulty index ranges from -0.12 to 0.38, 
and the Cronbach Alfa reliability coefficient is 0.9, indicating that the FTDT-O_PBT is valid and reliable. The third one, the 
FTDT-O_PBT instrument, can describe the conceptual understanding of physics of high school students; which are SC 
(2.18%), LK1 (12.99%), FP (13.16%), LK2 (13.34%), FN (12.81%), LK3 (12.20%), MSC (12.14%), LK4 (11.17%), with 



382  ISTIYONO ET AL. / Four Tier Diagnostic Test based on Modern Test Theory 
 

 

the largest to the smallest number being LK2, FP, LK1, FN, LK3, SC, MSC, and LK4. Based on the material, misconceptions 
(MSC) are from largest to smallest number momentum-momentum, followed by Newton's law, particle dynamics, work, 
and energy. Conceptual misconceptions (FN, LK3 dan LK4) of 36.18% of students are related to Newton's law, particle 
dynamics, work and energy, momentum, and harmonic motion. It is enough if 38.99% of students understand the 
concepts (LK1, LK2 dan FP), from the largest to the smallest; Newton's law, harmonic motion, work and energy, 
momentum, and particle dynamics. Scientific concepts (SC) are 12.18% of students with material momentum-
momentum, particle dynamics, work and energy, harmonic motion, and Newton's law. 

Recommendations 

These findings can be used as a starting point in developing a stratified multiple-choice test instrument. It is very 
important to diagnose students' conceptual difficulties as early as possible. Further research is expected to examine the 
appropriate treatment or learning for each group of students' conceptions, ranging from misconceptions to the type of 
Lack of Knowledge.  

This expansion of the category of scientific concepts allows for more precise measurements. The expansion of the 
material allows it to be developed in other materials and lessons. In addition, it can also be used to diagnose students' 
scientific concept abilities, both material, and student categories. 

Limitations 

Instrument analysis was performed using PCM analysis. The item parameters analyzed are only the difficulty level, while 
the discriminative power parameters were not examined. To obtain more certainty regarding the obtained results, we 
performed an analysis with the GPCM analysis to determine other parameters for each item, not only the difficulty level 
but also the discriminative power of the items. Thus, the quality of the items in terms of their parameters becomes more 
valid as an instrument component. In addition, this instrument was tested on students in Yogyakarta for specific reasons 
that might differ from the abilities of other students in Indonesia. This study only used high school students in Yogyakarta 
as respondents. Further research is expected to use representative high school students representing all regions in 
Indonesia. To represent the abilities of all Indonesian high school students so that the instrument quality would be more 
valid when used for students in Indonesia. 
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