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Abstract – The demands of formative assessment in the kurikulum merdeka should ideally be able to 

diagnose students’ conceptual patterns in depth. However, common assessment practices are still 

limited to instruments that only measure correct or incorrect answers, so they cannot reveal conceptual 

understanding. The gap between these demands and reality has led to the development of more targeted 

instruments, especially for complex thermodynamics material. This study aims to develop a formative 

assessment instrument in the form of a misconception check to analyze high school students’ conceptions 

of thermodynamics. The method used is quantitative with an instrument development approach based 

on the Mardapi model. The developed instrument is a formative assessment tool in the form of a 

misconception check with a multiple-choice format, with answer options designed to represent various 

categories of conceptions. The instrument was tested on 262 students from three high schools, and its 

validity was evaluated through content validity, construct validity, and readability tests. After a series 

of evaluations, it was found that 3 items were invalid and were eliminated, leaving 33 items that were 

suitable for use. This instrument has a unidimensionality value of 21%, an average Aiken's V coefficient 

of 0.96, and reliability of 0.92. The results of the study indicate that the developed formative 

misconception check assessment instrument is feasible and effective for analyzing the conceptions held 

by high school students on thermodynamics material. Therefore, this instrument can help teachers 

specifically analyze students' conceptions and design targeted learning. 
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INTRODUCTION 

The success of education depends 

heavily on three main pillars: curriculum, 

learning, and assessment(Aditomo, 2024) . 

The Merdeka Curriculum emphasizes the 

integration of learning and assessment, 

placing formative assessment as an integral 

part of the learning cycle. This approach is 

in line with strategies such as Teaching at the 

Right Level (TaRL) and Backward Design 

(Wiggins & McTighe, 2005) , which 

prioritize the achievement of learning 

objectives and assessment adjustments to 

ensure that all students achieve a deep 

understanding of concepts. So far, 

educational assessment has focused more on 

summative assessment (Assessment of 

Learning) to measure the final learning 

outcomes. However, the Merdeka 

Curriculum encourages a paradigm shift to 

formative assessment (Assessment as 

Learning) that is oriented towards providing 

feedback and continuous improvement of 

the learning process (Schuwirth & Van Der 

Vleuten, 2011) . 

In learning, especially physics, 

students build new knowledge based on their 

experiences and understanding (Kiray 

&amp; Simsek, 2021) . This understanding 

is referred to as conception (Dewi & 

Ibrahim, 2019) . However, misconceptions 

often occur, namely discrepancies between 

individual understanding and scientific 

concepts (Saputri et al., 2021) . Therefore, 

effective formative assessment must be able 

to reveal students' conceptions so that 

educators can design appropriate learning 

strategies (Aufschnaiter & Alonzo, 2018). 
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This stage is in line with the scientific 

concept (Saputri et al., 2021) .  

The importance of formative 

assessment has been recognized in theory, 

but in practice, there is a significant gap. In 

fact, the formative assessments conducted 

by teachers are not yet optimal. Interviews 

with physics teachers and direct 

observations show that formative 

assessments are often only conducted orally 

in class or through homework assignments 

without in-depth discussion. A study by 

(Suherly et al., 2023) shows that only 40% 

of teachers conduct formative assessments in 

the form of quizzes or assignments, and only 

20% provide feedback to students. Other 

research results also indicate that teachers do 

not yet have a complete understanding of the 

requirements of the Merdeka Curriculum, as 

well as difficulties in designing assessment 

instruments (Liliawati et al., 2022) . 

Commonly used assessment 

instruments have limitations. Conventional 

multiple-choice tests often only measure 

correct or incorrect answers, without 

recognizing patterns of errors or 

misconceptions (Chandrasegaran et al., 

2007) . The journal Bhaw et al. (2024) also 

highlights the weakness of conventional 

multiple-choice questions, namely the lack 

of effectiveness of distractors, which can 

make questions too difficult or unreliable. 

The conventional scoring system 

(dichotomous scoring) only gives a score of 

1 for correct answers and 0 for incorrect or 

unanswered questions. The main weakness 

of this system is that it cannot accommodate 

the partial knowledge that students may have 

(Burfitt, 2017) .  

Meanwhile, essay tests, although 

effective in revealing misconceptions as 

stated by Resbiantoro et al.(2022) , are 

impractical to implement on a large scale 

because they require a long time to assess 

(Sadler, 1998) . As a result, students are 

often assessed as lacking creativity and 

unable to analyze physics concepts because 

educators only rely on questions from 

textbooks (Wulandari et al., 2023) . This 

limitation hinders educators in identifying 

students' conceptions and misconceptions, 

even though mastery of correct conceptions 

is crucial in the Merdeka Curriculum, 

especially in physics subjects such as 

thermodynamics, which has many 

applications in everyday life. 

To address this gap, this study aims to 

develop a more effective formative 

assessment instrument. Referring to the 

Classroom Assessment Techniques (CAT) 

concept proposed by Cross & Angelo, the 

misconception check instrument can be a 

solution. This method is specifically 

designed to reveal common misconceptions 

among students. Previous research by 

Holbeck et al. (2014) shows that the use of 

misconception checks can improve online 

learning and provide better information for 

educators. 

Although previous studies have 

identified various tools used to analyze 

misconceptions (Resbiantoro et al., 2022) 

and demonstrated the effectiveness of 

assessment, there are still gaps in the 

development of practical, informative 

instruments that can be used to analyze 

concepts in depth. This study attempts to fill 

this gap by developing a formative 

misconception check assessment instrument 

in a partial multiple-choice format 

specifically designed to analyze student 

conceptions. 

Partial multiple choice in assessment 

method reviews, Frary (1989) reported a 

method in which choices are weighted and 

students receive scores according to their 

choices. Students learn several aspects of a 

concept before becoming fully competent 

and can be described as having partial 

knowledge of the concept. 
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The answer choices in this instrument 

not only serve as distractors, but are also 

designed to present various types of 

conceptions that students may have. 

Furthermore, this study will categorize 

student conceptions into five levels, namely: 

scientific conception, almost scientific 

conception, misconception, lucky guess, and 

non-understanding of a concept-(Derya 

Kaltakci, 2012; Jannah & Rahmi, 2020; 

Kiray & Simsek, 2021) . The development 

of this formative misconception check 

assessment instrument is expected to provide 

a practical yet informative tool for educators 

to identify and address students' conceptions 

more effectively.  

 

RESEARCH METHODS 

This study adopted a quantitative 

method with an instrument development 

approach that refers to the Mardapi model 

(Mardapi, 2020) . The aim was to create a 

misconception check-type formative 

assessment instrument to analyze the 

concepts of senior high school (SMA) 

students on thermodynamics material. This 

development procedure involved several 

steps, namely: (1) Compiling test 

specifications, (2) Writing test questions, (3) 

Reviewing test questions, (4) Conducting 

test trials, (5) Analyzing test items, (6) 

Revising test items, and (7) Assembling the 

test as shown in the following Figure 1. 

The research participants consisted of 

262 students from three high schools in 

Bandung City who were selected using 

stratified random sampling based on their 

2024 new student admission report card 

(PPDB) scores, which were high, medium, 

and low. The sample demographics are 

presented in Table 1. 

 

 

 
Figure 1. Research Design Flowchart 

Table 1. Sample Demographics 

No Aspect 
High School Grade 

High Middle Low 

1. Gender    

 Boys 46 30 67 

 Girls 21 41 57 

2. Ages 

(Years) 
   

 16-17 67 71 - 

 17-18 - - 124 

 

The data collection procedure was 

carried out through instrument testing after 

undergoing expert validation and readability 

testing. Data analysis was conducted 

quantitatively to evaluate the feasibility and 

effectiveness of the instrument. The analysis 

included content validity and readability 

testing using Aiken's V Index, with the 

following formula: 

𝑉 =
𝛴𝑠

𝑛(𝑐 − 1)
 

(1) 

𝑠 = 𝑟 − 𝑙0  (2) 

Explanation: 

V = validity coefficient 

n = number of validators 

c = highest rating 

r = score given by validators 

𝑙0 = lowest score 

 

Develop Test 

Specipications 

Write the test item 

Review the test 

Conduct pilot 

testing 

Readability 

Test 

Empirical 

Test 

Analyze the 

Question Items 

Revise the 

Question Items 
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The validity coefficient (V) value 

obtained from the subsequent calculation 

will be interpreted by matching it to the 

Aiken's V index table. In this study, there 

were 5 validators with a rating category of 1-

5 (5 categories), so the validity coefficient 

(V) value must be V &gt; 0.80 to be 

considered valid with a p value of 0.040 or a 

40% error probability. And for the 

readability test based on the number of 

validators and the probability of error (p). In 

this study, there were 11 validators with 

assessment categories 1-5 (5 categories), so 

the validity coefficient (V) value must be V 

> 0.70 to be considered valid with a p value 

of 0.035 or a 35% probability of error. 

Empirical data analysis uses the 

Rasch model with Winsteps software. This 

Rasch model analysis includes a 

unidimensionality test, a reliability test (item 

reliability), an item quality test (category 

function, item polarity, and item fit), and a 

reliability test (item reliability). The results 

will be interpreted in the following table: 

The unidimensionality test or 

prerequisite test is used to ensure that the test 

measures what it is supposed to measure. 

The results are interpreted based on the raw 

variance explained by the measure. 

Table 2. Unidimensionality Value Criteria  

Raw variance explained by 

measure (%) 
Criteria 

20 &lt; Rve ≤ 40 Met 

40 &lt; Rve ≤ 60 Suitable 

60 < Rve ≤ 100 Excellent 

(Sumintono & Widhiarso, 2015) 

Table 3. Criteria for Unexplained Variance in 

Contrast 
Unexplained Variance in 

Contrast (%) 
Criteria 

&lt; 3 Exceptional 

3 – 5 Very Good 

5 – 10 Good 

10 -15  Fair 

&gt; 15 Good 

(Sumintono & Widhiarso, 2015) 

 To reinforce the unidimensionality 

test results, the analysis was also reviewed 

using two additional indicators. Category 

Function was used to ensure that each 

answer choice functioned effectively in 

distinguishing ability levels. Meanwhile, 

Correlation Order verified the suitability 

between the difficulty level of the questions 

and the correlation of student abilities, which 

reinforced the overall validity of the 

instrument. 

 After conducting the prerequisite 

test, a reliability test was conducted to 

measure the consistency and reliability of 

the test results. This test produced Person 

Reliability, Item Reliability, and Cronbach 

Alpha (KR-20).  

Table 4. Interpretation of Reliability Test  
Statistics Index Value Criteria 

Item and 

Pearson 

Reliability 

&lt; 0.67 Low  

0.67 – 0.80 Moderate 

0.81–0.90 Good 

0.91 – 0.94 Very Good 

&gt; 0.94 Very Good 

Cronbach Alpha 

(KR-20) 

&lt; 0.50 Low 

0.50 – 0.60 Moderate 

0.61–0.70 Good 

0.70 – 0.80 High 

&gt; 0.80 Very High 

 In addition to reliability indicators, 

Rasch Model analysis also displays the 

Separation value. This value is important 

because it shows the instrument's ability to 

distinguish the level of difficulty of the 

items. The higher the Separation value, the 

better the instrument is at identifying groups 

of items. The number of groups identified 

can be calculated using a formula. 

𝐻 =
[(4 × 𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛) + 1]

3
 

(3) 

 A validity test is conducted for each 

item to assess its quality. This test is 

obtained from the item fit order and can be 

seen from the outfit mean square (MNSQ) 
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value, outfit Z-Standard (ZSTD), and point 

measure correlation (PT Measure Corr). 

Table 5. Item Fit Criteria  
Indicator Acceptable Values 

Outfit MNSQ 
0.5 &lt; MNSQ &lt; 

1.5 

ZSTD Outfit -2.0 < ZSTD < +2.0 

Pt Measure Corr 0.4 < Pt Measure 

Corr < 0.85 

(Sumintono & Widhiarso, 2015) 

The results of each criterion are then 

interpreted based on the fit-statistic value 

criteria according to Sumintono & 

Widhiarso (2015) in Table 6 below. 

Table 6. Interpretation of Fit-Statistic Item 
Criteria Description 

All three indicators are 

met 
Very Suitable 

Two of the three 

indicators are met 
Suitable 

One of the three 

indicators is met 
Less suitable 

None of the indicators are 

met 
Not compliant 

(Sumintono & Widhiarso, 2015) 

In addition, the level of difficulty of 

the items (item measure) and item maps are 

used to map the level of difficulty of the 

items to the abilities of the students. These 

item maps can be divided into five 

interpretation zones to identify the level of 

difficulty in more detail, ranging from very 

hard, hard, medium, easy, and very easy. 

- Very Hard 

These items are located at the top of the 

map and are only answered by students 

with the highest abilities. 

- Hard 

These items are located above the 

average scale and can only be answered 

by students with above-average 

abilities. 

- Medium 

This item is located around the midpoint 

of the logit scale, effective for 

distinguishing students with average 

abilities. 

- Easy 

This item is located below the average 

of the logit scale. Students with abilities 

below average to average can generally 

answer these items correctly. 

- Very Easy 

This item is located at the bottom of the 

items. They have a very low (large 

negative) logit value. These questions 

can be answered correctly by almost all 

students. 

To assess the validity of the test 

instrument, the information function (TIF) 

and Standard Error of Measurement (SEM) 

are used. The information function measures 

how well the instrument measures specific 

abilities (Sumaryanta, 2021) , while SEM 

addresses unavoidable errors in 

measurement. The relationship between the 

two is inversely proportional; an increase in 

information correlates with a decrease in 

SEM, indicating an increase in precision 

(Retnawati, 2020; Setiawati et al., 2013) . To 

see the suitability of the test with the 

students' abilities based on the information 

function and SEM, it can be classified as 

follows: 

Table 7. Classification of Ability Estimation  

Ability Range (𝜃) Category 

-4 to -2.5 Very Low 

-2.5 to -1 Low 

-1 to 1 Moderate 

1 to 2.5 High 

2.5 to 4 Very High 

 

RESULTS AND DISCUSSION 

Results 

 The characteristics of the 

misconception check instrument were 

analyzed through content validity, 

readability testing, and data analysis using 

the Rasch model with the help of Winsteps. 

 Content validity testing was 

conducted to evaluate the extent to which the 
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items could represent thermodynamics 

material. 

 Table 8. Content Validity Test Results 

Question 𝜮(𝑺) 
N 

(C-1) 
V Note 

1A 20 20 1.00 Very High 

1B 20 20 1.00 Very High 

2A 20 20 1.00 Very High 

2B 20 20 1.00 Very High 

3A 20 20 1.00 Very High 

3B 20 20 1.00 Very High 

4A 20 20 1.00 Very High 

4B 20 20 1.00 Very High 

5A 20 20 1.00 Very High 

5B 20 20 1.00 Very High 

6AB* 20 20 1.00 Very High 

7A 20 20 1.00 Very High 

7B 20 20 1.00 Very High 

8A 20 20 1.00 Very High 

8B 20 20 1.00 Very High 

9A 20 20 1.00 Very High 

9B 20 20 1.00 Very High 

10A 20 20 1.00 Very High 

10B 20 20 1.00 Very High 

11AB* 20 20 1.00 Very High 

12A 20 20 1.00 Very High 

12B 20 20 1.00 Very High 

13A 20 20 1.00 Very High 

13B 20 20 1 Very High 

14A 20 20 1 Very High 

14B 20 20 1 Very High 

15A 20 20 1 Very High 

15B 20 20 1 Very High 

16AB* 20 20 1 Very High 

17AB* 20 20 1 Very High 

18A 20 20 1.0 Very High 

18B 20 20 1.00 Very High 

19A 20 20 1.00 Very High 

19B 20 20 1.00 Very High 

20A 20 20 1.00 Very High 

20B 20 20 1.00 Very High 

Overall 

average 
720 720 1.00 Very High 

Readability tests were conducted to 

ensure that the language and format of the 

instruments were easily understood by 

students. 

 

Table 8. Readability Test Results 

Question 𝜮(𝑺) 
N 

(C-1) 
V Note 

1A 41 44 0.93 Very High 

1B 44 44 1.00 Very High 

2A 43 44 0.97 Very High 

2B 44 44 1.00 Very High 

3A 44 44 1.00 Very High 

3B 42 44 0.95 Very High 

4A 42 44 0.95 Very High 

4B 42 44 0.95 Very High 

5A 40 44 0.90 Very High 

5B 41 44 0.93 Very High 

6AB* 44 44 1.00 Very High 

7A 42 44 0.95 Very High 

7B 44 44 1.00 Very High 

8A 41 44 0.93 Very High 

8B 42 44 0.95 Very High 

9A 42 44 0.95 Very High 

9B 42 44 0.95 Very High 

10A 44 44 1.00 Very High 

10B 44 44 1.00 Very High 

11AB* 42 44 0.95 Very High 

12A 43 44 0.97 Very High 

12B 42 44 0.95 Very High 

13A 40 44 0.90 Very High 

13B 42 44 0.95 Very High 

14A 44 44 1.00 Very High 

14B 44 44 1.00 Very High 

15A 38 44 0.86 Very High 

15B 41 44 0.93 Very High 

16AB* 44 44 1.00 Very High 

17AB* 44 44 1.00 Very High 

18A 41 44 0.93 Very High 

18B 41 44 0.93 Very High 

19A 44 44 1.00 Very High 

19B 42 44 0.95 Very High 

20A 44 44 1.00 Very High 

20B 44 44 1.00 Very High 

Overall 

average 

152

8 
1584 

0.964

65 
Very High 

 

Unidimensionality is a crucial characteristic 

that assumes that the instrument measures 

only a single construct. The results are as 

follows: 
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Figure 2. Unidimensionality Test Results 

After passing the unidimensionality 

test, an item-person map test was conducted, 

which is a key feature of Rasch analysis that 

provides a visual representation of the 

characteristics of the instrument. This allows 

us to see the distribution of question 

difficulty levels and student abilities 

simultaneously. The results are as follows: 

 

Figure 3. Person Item Map of 36 Questions 

 

Next, a category function analysis 

was conducted to test whether each answer 

option on the multiple-choice instrument 

functioned effectively and had a logical 

sequence. 

 

Figure 4. Category Function Test Results 

 

To test the effectiveness of the answer 

options, an analysis of the probability curve 

of students choosing each option was 

conducted. 

 
Figure 5. Category Probability Curve 
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The formative assessment data was 

analyzed using Item Polarity. This analysis 

aimed to examine the consistency of each 

item with the overall measurement scale. 

 
Figure 6. Correlation Order Results 

 

Instrument reliability was conducted 

to analyze the performance of the instrument 

and students in greater depth. Next, 

summary statistics will present important 

data related to reliability, fit, and separation, 

which are crucial for understanding the 

overall quality of the instrument. 

 

Figure 7. Summary Statistics Results 

To evaluate the quality of each item 

individually, an item fit analysis was 

conducted. This analysis focused on three 

main indicators: Outfit Mean Square 

(MNSQ), Outfit Z-Standard (ZSTD), and 

Point Measure Correlation (Pt Mean Corr). 

An item can be considered valid if it meets 

two of the three categories. 

 

 
Figure 8. Analysis of the Quality of Each Item 

 

Invalid items were excluded from the 

analysis, leaving 33 items to be analyzed to 

determine their level of difficulty (item 

measure). This analysis aimed to group the 

items to provide a clearer picture of the test's 

characteristics. This grouping was 

interpreted through item distribution maps 

(person item maps). 
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Figure 9. Person Item Map of 33 Items 

 

Based on the results of the item map 

analysis, the items were identified as having 

varying levels of difficulty. To reinforce the 

findings in the person item maps, the data 

will then be analyzed by matching it with the 

measure order. 

 

Figure 10. Measure Order Test Results 

The process of creating information function 

curves and SEM began by exporting TIF 

data from Winsteps to Excel. Then, the SEM 

value was calculated using the 

formula𝑆𝐸𝑀 = 1√𝐼 , where I is the 

information value. This data was then 

visualized in a scatter plot with the X-axis as 

the measure (ability) and the Y-axis as the 

TIF and SEM values. 

 
Figure 11. TIF and SEM Curves 

 

Discussion 

Based on the results of the above 

analysis, this formative assessment 

instrument in the form of a misconception 

check shows strong and reliable 

characteristics. The content validation of the 

instrument has been tested with a high 

Aiken's V coefficient (above 0.88) from 

experts, consisting of three physics lecturers 

and two physics teachers. The results can be 

seen in Table 6, showing that each item has 

been carefully evaluated and considered 

relevant and representative of the 

thermodynamics material taught at the high 

school level (Aiken, 1985) . 

In addition, the results of the 

readability test, which can be seen in Table 

7, show excellent results. Testing of 11 

students produced an average Aiken's V 

coefficient of 0.96, which is well above the 

minimum value. This value proves that this 

instrument is easy to understand in terms of 

language and format by students, so it can be 

used without linguistic barriers. 

The use of the Rasch model through 

Winsteps software, an approach that is 

highly relevant for analyzing dichotomous 

or polytomous data (Boone & Noltemeyer, 

2017) , further reinforces the quality of the 

instrument. Unidimensionality analysis with 
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PCA shows that the instrument consistently 

measures a single construct, namely 

students' conceptual understanding of 

thermodynamics. This is evidenced by a raw 

variance of 21%, which meets the minimum 

requirement of 20%, and an unexplained 

variance value in the range of 3% to 5%, 

indicating excellent criteria. 

Although disordered thresholds were 

found in the category function analysis (   ), 

where each response category did not fully 

function in a logical order due to students 

with higher comprehension abilities 

sometimes tending to choose categories that 

should have been chosen by students with 

lower abilities, or vice versa, this could also 

have occurred because the instrument was 

not tested on a larger sample size, resulting 

in a lack of varied responses.  

This indicates that the logical order of 

answer options does not fully function, but 

this instrument is still reliable (Engelhard & 

Wind, 2017) . The Infit and Outfit MNSQ 

values for each category are within an 

acceptable range (0.5 to 1.5), indicating that 

the data as a whole remains consistent with 

the Rasch model and that the students' 

response patterns do not deviate 

significantly (Bond & Fox, 2013) . This 

analysis is very important because it 

provides unique insights into the measure 

values of each incorrect answer category. 

Category 4 (correct answers) has a measure 

of 1.29 (the highest level of difficulty), while 

the other categories represent different types 

of misconceptions, ranging from almost 

scientific concepts (category 3 with a 

measure of 0.51) to non-understanding of a 

concept (category 0 with a measure of -

1.43). This underscores that incorrect 

answers are as important as correct answers 

in diagnosing misconceptions and designing 

appropriate learning interventions 

(Backhaus, 2024; Derya Kaltakci, 2012; 

Jannah & Rahmi, 2020; Kiray & Simsek, 

2021) . 

The Item-Person Map visualizes the 

alignment between the difficulty level of test 

items and the abilities of 262 students. The 

distribution of student abilities is 

concentrated in the range of 0 to +1.5 logits, 

which is in line with the distribution of the 

items. This map allows educators to identify 

the "concept zones" of students and 

determine which concepts are the most 

difficult (Cross & Angelo, 1993; Leonard, 

2024) . In addition, the category probability 

curve shows an ideal pattern: the probability 

of choosing the correct answer (category 4) 

increases as the learner's ability increases, 

while the probability of choosing a 

distractor (categories 0, 1, 2, 3) decreases. 

This pattern proves that each item functions 

well in distinguishing learners based on their 

ability levels, although the disordered 

thresholds indicate the need for revision of 

some items in the future. 

Technically, the reliability of the 

instrument is very good with an item 

reliability value of 0.92(Sumintono & 

Widhiarso, 2015) , indicating strong internal 

consistency. Item fit analysis shows that 33 

of the 36 items are valid because they meet 

at least two of the three criteria set (Outfit 

MNSQ, Outfit ZSTD, and Pt Mean Corr). 

The distribution of item difficulty levels, 

ranging from very easy to very difficult 

(divided into five categories), shows that this 

instrument is capable of measuring a wide 

spectrum of student abilities. Thus, although 

some improvements may be necessary, such 

as revising invalid items and testing on a 

larger sample, this instrument is, overall, a 

valid and reliable tool for identifying 

students' conceptions and misconceptions. 

Based on a comprehensive analysis, 

the developed Misconception Check 

formative assessment instrument has strong 
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characteristics for analyzing students' 

conceptions of thermodynamics. 

First, these characteristics are 

supported by strong content validity, a 

characteristic that has been confirmed 

through expert assessment using Aiken's V 

index. The results of the analysis show that 

the 36 comprehensively developed items 

represent the scope of the material, 

construction, and language, so that they can 

be used as an accurate and relevant 

assessment tool (Aiken, 1985) . In addition, 

readability tests also reinforce the feasibility 

of this instrument. All items have an Aiken's 

V coefficient value above the minimum 

value set, with an overall average of 0.96, 

which is classified as "Very High" 

(Sumintono & Widhiarso, 2015) . This high 

readability ensures that students' responses 

purely reflect their understanding, rather 

than being influenced by difficulties in 

interpreting ambiguous questions. 

Second, the characteristics of this 

instrument are reinforced by Rasch model 

analysis. The unidimensionality test proves 

that the items consistently measure a single 

construct, namely thermodynamic concepts, 

so that each finding can be interpreted 

specifically. The item-person distribution 

map also shows the distribution of items in 

accordance with the distribution of student 

abilities, ensuring that this instrument is 

capable of identifying concepts at various 

levels of understanding. Furthermore, the 

category function proved to work well. The 

analysis shows that each response category 

(scores 0 to 4) has a high probability in 

sequential ability ranges, confirming that the 

designed polytomous scale functions as 

intended. 

Third, evidence of characteristics also 

comes from the correlation order of the 

items and reliability. The analysis results 

show that 35 of the 36 items support each 

other in measuring the same construct 

uniformly. In addition, the very high item 

reliability value of 0.92 (Sumintono & 

Widhiarso, 2015) , is a strong argument for 

the instrument's feasibility, as it shows that 

the items are very consistent and reliable. 

Finally, item fit analysis confirmed this 

feasibility, with 33 of the 36 items having 

good results and items that did not meet the 

criteria being eliminated. Thus, this 

instrument is a robust, consistent, and 

reliable tool that is suitable as a basis for 

pedagogical decision-making. 

The validity of the Misconception 

Check formative assessment instrument was 

evaluated through TIF curve and SEM 

analysis. The results of this analysis show 

that the instrument has a good level of 

validity and reliability for use. 

It can be seen from the Test 

Information Function (TIF) curve that it has 

a peak or highest information point on the 

map of around 70.0 logit. This shows that the 

test information of the instrument is greatest 

when used and tested on students who have 

abilities of around 70.0 logit. The second 

cut-off point of the curve is at teta -3.5 and 

+3.2, indicating that the Misconception 

Check formative assessment test instrument 

on thermodynamics material is reliable for 

determining the level of students' 

conceptions from a range of -3.5 with very 

low abilities to +3.2 with very high abilities.  

 

CONCLUSION 

Based on the research results, the 

developed formative assessment instrument, 

Misconception Check, is proven to be valid, 

reliable, and suitable for diagnosing high 

school students' conceptions of 

thermodynamics. This is supported by 

strong content validity and readability tests 

that show that the questions are easy to 

understand. Analysis using the Rasch model 

further reinforced these characteristics, such 

as unidimensionality, which proved that the 
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instrument measured only a single construct. 

Although there were slight discrepancies in 

some items, overall the data produced was 

very reliable. Of the 36 items, 33 were 

proven to be of high quality and suitable, 

with excellent reliability of 0.92 and varying 

levels of difficulty, making it an effective 

and reliable tool. In practical terms, this 

instrument can be used by teachers to 

provide targeted feedback and design 

appropriate learning, which can ultimately 

improve students' conceptual understanding. 

Theoretically, this research contributes to 

the literature on formative assessment in 

physics education, particularly in the use of 

the Rasch model to ensure instrument 

quality. These results reinforce the 

framework for developing assessment 

instruments that can measure and identify 

conceptions. For optimization, it is 

recommended to conduct a broader sample 

test to improve generalization and develop 

usage guidelines for educators to interpret 

the results effectively. 
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