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ABSTRACT 

This study aims to determine the quality of physics concept 

understanding test items on the topic of electromagnetic 

waves based on estimation of item fit, item difficulty level 

estimation, and item reliability estimation. The research 

sample consisted of 298 eleventh-grade science students 

from several public high schools in Central Kalimantan 

province. The results of data analysis using the Rasch 

model with the aid of QUEST software showed that all 

items were fit or valid, with INFIT MNSQ values ranging 

from 0.77 to 1.33. The item reliability was 0.98, 

categorized as excellent, and the test participant reliability 

was 0.25, categorized as weak. The difficulty level of the 

test items was categorized into three: 5 items were 

difficult, 5 items were moderate, and 5 items were easy. 

Furthermore, based on the analysis using OUTFIT t 

values, one item was discarded and could not be used as a 

test instrument because it had an OUTFIT t value greater 

than 2. 
 

 

 

INTRODUCTION 
 

Evaluation and assessment in the learning process are crucial components that determine the 

effectiveness of learning and the success of students [1]. Good assessment can deliver reliable 

information about students' competency achievements and the effectiveness of the teaching methods 

used [2]. One way to ensure accurate assessment is through comprehensive item analysis [3]. Item 

trials are used to produce high-quality test items, ensuring that the measurements conducted using 

these items are more accurate and reliable. 

 

Students' ability to understand concepts is one of the skills commonly measured in education, 

especially in the field of physics education. Understanding physics concepts plays a crucial role in 

students' learning at the secondary school level. Concepts in physics, such as force, energy, motion, 

waves, and light, form the foundational understanding needed to comprehend natural phenomena and 

modern technological applications [4]. According to Pennington & Black [4], strong understanding of 

physics concepts enables students to relate theories to physical phenomena observed in everyday life. 

This aligns with Land [5], which show that a good grasp of physics concepts is related to students' 

ability to solve physics problems effectively. 
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Understanding concepts is a crucial skill for students and must be mastered. By understanding 

concepts, students can expand their learning abilities and apply the concepts learned to real-life 

situations. Students' ability to understand concepts can be measured by their ability to comprehend or 

understand something from various perspectives [6]. To enhance students' conceptual understanding, it 

is necessary to not only develop the learning process but also support the development of concept 

understanding assessments through tests designed to meet standards that encompass content, 

construction, and language requirements, and possess high validity and reliability. 

 

There are several indicators of conceptual understanding. These indicators consist of seven aspects: 

interpreting, explaining, summarizing, exemplinifing, classifying, inferring, and comparing [7]. 

According to Riwanto et al [8], the indicators of conceptual understanding include classifying, 

explaining, interpreting, comparing, and exemplinifing. Anderson & Krathwohl [9] suggest that the 

indicators of conceptual understanding encompass generalizing, inferring, interpreting, comparing, 

exemplinifing, explaining, and classifying. In this study, the indicators of conceptual understanding 

measured in the test instrument include interpreting, classifying, exemplinifing, comparing, and 

explaining, as these align with cognitive competencies and can build conceptual knowledge. 

 

The electromagnetic wave spectrum is one of the complex topics in the physics curriculum for XI 

grade science students in high school. Understanding this concept requires an in-depth comprehension 

of various physical phenomena related to electromagnetic waves, making it essential to assess 

students' understanding meticulously and carefully [10]. To ensure that the test items used to evaluate 

students' understanding of this material are of high quality, item trials are conducted. 

 

Item Response Theory (IRT) has proven to be an effective tool in item analysis as it can provide more 

detailed and accurate information compared to classical methods [11]. IRT is a theoretical framework 

used to design, analyze, and assess the quality of tests and assessment instruments. In contrast to 

classical theory that focuses on total scores, IRT focuses on the relationship between individual 

abilities and question item characteristics [12]. IRT is based on several important assumptions, they 

are unidimensionality, local independence, and parameter invariance [13]. Rasch model is one popular 

model in IRT, which provides a strong framework for analyzing item characteristics. The model 

assumes that the probability of a correct answer depends only on the difference between individual 

ability and item difficulty [14] [15]. The Rasch model is one of the simplest and most frequently used 

IRT models. In the context of grain quality analysis, the model provides important information such as 

item difficulty and item match to the model [3]. 

 

Some of the previous studies that used the Rasch model were conducted by Glamočić et al [16] using 

analysis of Differential Item Function (DIF) to evaluate bias in items in physics tests. Their findings 

suggest that DIF analysis can identify items that may be biased against certain groups, such as gender 

or ethnic background, and allow for the development of fairer and more valid tests. Wahyuni et al [17] 

develop and validate measurement instruments for computational thinking skills among physics 

education students. The study found that the use of the Rasch model in data analysis provided results 

that showed high reliability and validity, supporting the use of this instrument in the evaluation of 

physics education. Research conducted by Planinic et al [18] analyzed the Force Concept Inventory 

(FCI) using the Rasch. The results show that Rasch's model can identify non-compliant items and 

provide insights into how students understand the concept of style, which is crucial for the 

improvement of assessment instruments.  

 

Syadiah & Hamdu [19] utilized the Rasch model to analyze critical thinking test questions in STEM 

learning. The results of the study showed suitability to identify the quality of test items or students, 

thus providing satisfaction to teachers in carrying out the learning process at school. Nisa et al [20] 

demonstrate that the Rasch can be used to test the validity and reliability of test items, including 

analyzing the DIF to detect gender and domicile bias. This aligns with the research conducted by 

Tarigan et al [21], which shows that the use of the Rasch provides good accuracy in determining the 

validity and feasibility of test instruments.  
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Based on various studies, the Rasch model has proven to be highly effective in estimating students' 

abilities, evaluating item fit, and determining the reliability of test items. It offers more accurate 

information than traditional methods and helps identify and correct weaknesses in evaluation 

instruments. The Rasch model can be used to test the validity and reliability of an instrument, assess 

item and respondent reliability, check dimensionality, and detect bias in items [22] [23] [24]. It also 

determines student abilities, where a student's likelihood of answering an item correctly correlates with 

their ability level [25] [26]. In essence, the Rasch model can analyze both the instrument items and the 

students themselves [27] [28]. In this study, the Rasch model was used to analyze a concept 

understanding test instrument on electromagnetic wave material. The Rasch model was chosen for 

analyzing students' conceptual understanding tests because of its ability to provide more objective and 

reliable measurements. This model can separate item difficulty from student ability, offering a more 

accurate representation of students' conceptual understanding [23]. Additionally, the Rasch model 

excels in diagnostic analysis, as evidenced by the use of Wright maps, which visualize both student 

abilities and item difficulties on the same scale, facilitating the identification of comprehension gaps 

[2] [22]. 

 

Conceptual understanding is a crucial skill that students must develop during the learning process. A 

strong conceptual understanding allows students to build a more complex cognitive structure, making 

it easier to connect one concept with another [29] [30]. Therefore, it is essential to have a reliable 

measurement tool for assessing students' conceptual understanding. A test instrument is considered 

effective if it is valid, reliable, and usable [31] [32] [33] [34], enabling accurate measurement of 

students' abilities [35] [36]. Instrument validity can be established through content, construct, and 

criterion-related validation processes [31] [34]. In this study, the Rasch model is employed to analyze 

the quality of physics concept understanding test items in electromagnetic wave material, focusing on 

the estimation of item fit, item difficulty level, and item reliability. 

 

Previous research conducted by Hofer et al [37] used the Rasch model to analyze a conceptual 

understanding test instrument on Newton's mechanics. The findings indicated that the Rasch model 

produced a fair, rigorous, and efficient measurement tool for assessing high school students' 

conceptual understanding of Newtonian mechanics. Similarly, research by Bozdağ & Türkoğuz [38] 

demonstrated the effectiveness of the Rasch model in analyzing elementary students' conceptual 

understanding of light, confirming that the test was fully valid and reliable. Handayani et al [35] 

further supported these findings by showing that the Rasch model effectively analyzed the reliability 

and validity of a conceptual understanding test on electricity and magnetism, making it a robust tool 

for measuring students' understanding. Andriani et al [39] also highlighted the Rasch model's ability to 

evaluate the validity, reliability, and difficulty level of test items in a basic physics course. Lastly, 

Fiskawarni et al [36] utilized the Rasch model to validate 20 test items and scoring rubrics for 

measuring energy literacy among prospective physics teachers, confirming their suitability for use. 

 

Numerous studies have demonstrated the efficacy of the Rasch model in accurately estimating student 

abilities, evaluating item fit, and enhancing test reliability compared to traditional methods [35] [36] 

[37] [38] [39]. By identifying poorly functioning items, the Rasch model offers a robust approach to 

improving assessment quality. Despite its advantages, the application of the Rasch model in physics 

education, particularly in regions like Central Kalimantan, Indonesia, remains limited. The results of 

field observations suggest that most public high schools in this province, including SMAN 1 Balai 

Riam, SMAN 1 Permata Kecubung, SMAN 2 Kasongan, SMAN 1 Sukamara, SMAN 1 Montalat, and 

SMAN 1 Palangka Raya, have yet to adopt rigorous item analysis procedures. This lack of attention to 

assessment quality raises concerns about the validity and reliability of student performance data. 

 

To address this gap, objectives of this study to analyze the quality of physics concept understanding 

test items related to electromagnetic waves using the Rasch model. By employing the QUEST 

software, a well-established tool for Rasch analysis, this research will provide valuable insights into 

item fit, difficulty, and item reliability. The research focuses on three main objectives: (1) calibrating 
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test items, (2) analyzing the fit of each test item, and (3) assessing the overall reliability and validity of 

the test. The findings are expected to contribute to the development of more effective assessment 

practices in physics education and inform instructional improvements in Central Kalimantan. 

Additionally, this study will contribute to provide a set of validated test items to assess students' 

understanding of electromagnetic waves, as well as demonstrating the usefulness of the Rasch model 

and QUEST software in physics education research. 

 

Based on the description, research is needed to address the following research questions, including: (1) 

How is the estimated fit of the concept understanding test item on electromagnetic wave material to 

the Rasch model? (2) How is the item difficulty level estimation of the concept understanding test item 

on electromagnetic wave materials? (3) What is the reliability of the concept understanding test item 

on electromagnetic wave material? 

 

 

METHOD 

 
This study is a descriptive research with a quantitative approach to assess the quality of the test 

instrument. This research will be carried out in May 2024. The population of this study is all class XI 

students in public high schools in Central Kalimantan province. The sample in this study consisted of 

298 eleventh-grade science students. In determining the sample, the researcher used the Quota 

sampling technique. The sample taken by the researcher is students from several schools representing 

three locations, namely sub-districts, districts, and urban areas. These schools are SMAN 1 Balai 

Riam, SMAN 1 Montalat, SMAN 1 Permata Kecubung as schools located in the sub-district, SMAN 2 

Kasongan and SMAN 1 Sukamara as schools located in the district, and SMAN 1 Palangka Raya as 

schools located in urban areas. The stages conducted in this research were: 1) determining the subject 

matter; 2) preparing the item indicators of the instrument; 3) composing the instrument items; 4) 

validating the content by experts; 5) conducting instrument trials with test participants; and 6) 

analyzing the results of the instrument trials [40]. The instrument used is a concept comprehension test 

consisting of 15 multiple-choice items on electromagnetic wave material. Data collection was done 

using an online-based Google Form. Data analysis technique employed the Rasch model using the 

QUEST program. Data analysis was conducted to assess item quality through five stages: 1) 

estimation of item fit; 2) item difficulty level estimation; 3) reliability estimation; and 4) estimation of 

passed items. 

 

 

RESULTS AND DISCUSSIONS 

 
The results of this study include: estimation of item fit, item difficulty level estimation, item reliability 

estimation, and estimation of item passed. 

 

Estimation of Item Fit 

As stated by Setyawarno [41], the overall fit of items with the Rasch model is evaluated based on the 

average value of the INFIT Mean Square (INFIT MNSQ) and the standard deviation. The fit of each 

specific item with the Rasch model is determined by the OUTFIT t value of the item in question. The 

results of fit statistics is shown in Figure 1. 

 

Based on Figure 1, the average INFIT MNSQ value of 1.00 with a standard deviation of 0.09 is 

obtained. Further analysis will an INFIT MNSQ range of 1.00 ± 0.09, resulting in a range from 0.91 to 

1.09. Meanwhile, the OUTFIT t value is 0.08 ± 1.33, resulting in a range from -1.25 to 1.41. Based on 

the results of the data analysis, the INFIT MNSQ value range is 0.91-1.09 (which falls within the 

acceptable range of 0.77-1.33), and the OUTFIT t value is ≤ 2, which if interpreted using the INFIT 

MNSQ and OUTFIT t value criteria presented in Table 1 and Table 2 [41] [42] [43] It can be inferred 

that, overall, all items fit with the Rasch model. 
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Fig 1. Recapitulation of Item Fit Statistics 

 

Table 1. Value Criteria of INFIT MNSQ 

Value Criteria 

> 1.33 Does not fit the Rasch model 

0.77 – 1.33 Fit the Rasch model 

< 0.77 Does not fit the Rasch model 

 

Table 2. Value Criteria of OUTFIT MNSQ 

Value Criteria 

≤ 2 Fit the Rasch model 

> 2 Does not fit the Rasch model 

 

Estimation of item fit can also be said to be a test of the validity of an item. Validity refers to the 

alignment of a test with what should be measured, in other words, the test instrument used is accurate 

in measuring the predetermined variable [44]. An item has high validity if it can measure the expected 

competence. However, if an item cannot measure the expected competence, then it has low validity. 

Items with high validity are able to measure students' abilities. Conversely, items with low validity 

need improvement [45]. The conformity of items with the Rasch Model can be assessed using the 

INFIT MNSQ values. Setyawarno [41] stated that the INFIT MNSQ value can be used to determine 

how well each item fits with the specified model criteria. The recapitulation of INFIT MNSQ values 

for each item analyzed through the QUEST program is shown in Figure 2. 

 

Table 1 indicates that items fit with the Rasch model, and meeting the requirements, have INFIT 

MNSQ values ranging from 0.77 to 1.33. Based on the data analysis as seen in Figure 2, all items in 

position within the range from 0.77 to 1.33, indicating that all items used are fit with the Rasch model 

or valid. This analysis result indicates that all items fit or meet the criteria for INFIT MNSQ values, 

thus it can be concluded that the items are appropriate for assessing students' conceptual understanding 

in electromagnetic wave material. 
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Fig 2. Recapitulation of Item Estimate 

 

Besides using the INFIT MNSQ values as seen in Figure 2, the item fit map presented in Figure 3 can 

also be used to determine whether the items used are relevant or fit with the Rasch model. 

 

Test items that fit the Rasch model are within the range from 0.77 to 1.33 [41] [42] or are within the 

area between the two dashed lines in the figure. Based on Figure 3, out of the 15 items tested, all are 

evenly distributed within this range or between the two dashed lines. Therefore, it can be inferred that 

all tested items fit the Rasch model or are valid. The validity test of test items is used to map the items 

with various criteria. Good test items as assessment tools must be valid, reliable, and usable [35] [36]. 

In this study, the student conceptual understanding test on electromagnetic waves was developed as a 
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multiple-choice test with five answer options. Before item analysis using the Rasch model, the test 

instrument underwent content validation by four experts using a validation sheet, followed by 

revisions based on their feedback. The content-validated instrument was then tested on 298 eleventh-

grade science students in public high schools in Central Kalimantan province. The results were 

analyzed using the Rasch model with QUEST software to estimate item fit, item difficulty level, and 

item reliability. The analysis showed that all tested items fit the Rasch model and were valid. Validity 

and reliability testing of test instruments is crucial to ensure accurate and trustworthy measurement 

results [35]. Test items are considered to have high validity when the item score is parallel to the total 

score [30] [46] [47]. Arifin [48] stated that several factors influence the validity of test items, 

including participants' responses, scoring of participants' answers, the test instrument used, and 

evaluation administration. Factors related to participants' responses include the tendency of 

participants to provide spontaneous answers and difficulties in recognizing scientific language in the 

tested items [30]. 

 

 
 

Fig 3. Fit map of Rasch model 

 

Item Difficulty Level Estimation 

The difficulty level of items is used to distinguish the ability of test participants who can answer 

correctly from those who cannot [30]. The difficulty level of items analyzed using the item estimate 

value (Threshold). The difficulty level criteria range from -2.0 to 2.0. An item is considered very easy 

if it is less than or equal to -2.0, and very difficult if it is greater than 2.0. The threshold value criteria 

and the distribution of the difficulty levels of the test items are presented in Table 3 [41] [43] and 

Table 4. 

 

Table 3. Criteria of Threshold Value 

Value of Threshold Criteria 

b > 2 Very Difficult 

1 < b ≤ 2 Difficult 

-1 < b ≤ 1 Moderate 

-2 < b ≤ -1 Easy 

b ≤ -2 Very Easy 
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Table 4. Item Difficulty Level Estimation 

Item Threshold Value Criteria 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1.62 

0.08 

-1.41 

-1.00 

1.13 

1.33 

1.08 

-0.56 

-1.34 

-1.24 

-0.05 

1.56 

-0.02 

-1.36 

0.19 

Difficult 

Moderate  

Easy 

Easy 

Difficult 

Difficult 

Difficult 

Moderate  

Easy 

Easy 

Moderate  

Difficult 

Moderate  

Easy 

Moderate 

 

Table 4 indicates that the difficulty levels of items are divided into several categories: 1) items 1, 5, 6, 

7, and 12 fall into the DIFFICULT category, 2) items 2, 8, 11, 13, and 15 fall into the MODERATE 

category, and 3) items 3, 4, 9, 10, and 14 fall into the EASY category. If presented in percentage form, 

out of the 15 test items administered to 298 test participants, 33.33% of the items are categorized as 

DIFFICULT, 33.33% as MODERATE, and 33.33% as EASY. Ideally, test items should have a 

balanced proportion of difficulty levels, with 25% of items in the easy category, 50% in the moderate 

category, and 25% in the difficult category [30]. Furthermore, high-quality test items are those that are 

neither too easy nor too difficult. This is because questions that are too easy may not stimulate enough 

effort to answer, and questions that are too difficult may cause frustration as they are beyond the test 

participants' abilities [30] [49]. 

 

 
 

Fig 4. Wright Map 
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In addition to using the value of the item estimate (threshold), the difficulty level of items can also be 

estimated from the Wright Map. Wright Map is used to visualize the distribution of test participants’ 

abilities and item abilities, which helps in analyzing the difficulty level of items based on the logit 

scale [50] [51]. By observing the position of each item on the Wright Map, then comparing it to the 

logical scale, we can determine which items fall into the difficult, medium, and easy categories. The 

distribution of the difficulty level of items is shown in Figure 4. 

 

Based on Figure 4, the estimation of the difficulty level of the item can be done by observing the 

position of points 1 to 15 on the Wright Map which are distributed to the left of the dotted line, while 

for the "x" sign distributed to the left of the dotted line is the distribution of the ability of test 

participants. The Wright Map presents the distribution of test participants' abilities according to the 

difficulty level of the item on a logit scale of -2.0 to +2.0. From the Wright Map, it can be estimated 

that item 1 and item 12 are the most difficult items, because their position is close to the logit scale 

+2.0, while item 3 is the easiest item, because their position is close to the logit scale -2.0. Then, if an 

analysis is carried out to estimate the level of ability of test participants, then based on the distribution 

of test participants' abilities on the Wright Map, a normal curve will be produced (see Figure 5), which 

means that there are few test participants with low and high abilities, while test participants with 

moderate ability are the most numerous [41]. 

 

 
 

Fig 5. Person Ability Level 

 

Estimation of item reliability 

Reliability refers to the consistency of an instrument. A test is considered reliable if it yields consistent 

results when administered to the same group at different times [30]. The reliability of items is 

determined by item reliability and person reliability values using the Rasch model [2] [22]. The Rasch 

model was employed to assess the reliability of items based on the item reliability estimate, and it can 

also be used to assess the ability of test participants based on the reliability of case estimate. The 

reliability criteria for item estimate and case estimate in the Rasch model are shown in Table 5 [22]. 

 

Table 5. Reliability Criteria in the Rasch Model 

Value of Case and Item 

Estimate Reliability 
Criteria 

> 0.94 

0.91 – 0.94 

0.81 – 0.90 

0.67 – 0.80 

< 0.67 

Excellent 

Very Good 

Good 

Moderate 

Weak 

 

Based on the data analysis, the reliability of items and the test participants is presented in Table 6. The 

reliability of items is 0.98, which is categorized as excellent. This shown that the quality of the test 

items used to measure students' understanding of the electromagnetic wave spectrum is highly 

consistent. Meanwhile, the reliability of the test participants is 0.25, categorized as weak [43]. This 

suggests that there is inconsistency among the test participants in answering the test items [30] [52] 
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[53]. In other words, the consistency of the test participants in answering questions about the 

electromagnetic wave spectrum is weak or inconsistent. 

 

Tabel 6. Item and Test Participant Reliability 

 Value of Case and Item 

Estimate Reliability 
Criteria 

Item Reliability 

Test Participants  

0.98 

0.25 

Excellent 

Weak 

 

If the value of the case estimate reliability is in the good category, it indicates that the test participants' 

responses are consistent [53]. Research conducted by Pratama [53] only 67 test participants were used 

and a reliability of case estimate value of 0.38 was obtained with a weak category, while the research 

conducted by Purba [54] to analyze the achievement test instrument which amounted to 50 items using 

the Rasch model was 428 students. The item reliability value obtained is 0.99, and the person 

reliability value is 0.92. This shows that the number of test participants affects the reliability score of 

test participants. The more test participants, the higher the reliability value [53]. This statement is 

reinforced by Hakiki et al [55] findings with a sample of 417 students, the results of the reliability test 

participants were obtained of 0.76 and item reliability of 0.97. Furthermore, the findings by Istiyono et 

al [56] with a sample of 1001 students and the number of items used as many as 44 items, the 

reliability value of the instrument was obtained of 0.95. 

 

Estimation of Passed Items 

The OUTFIT t value was employed to assess which items fail or pass. Items pass or succeed if the 

OUTFIT t value is less than equal to 2.00, and fail if the OUTFIT t value is more than equal to 2.00 

[41] [43]. A recapitulation of the OUTFIT t values obtained from Figure 1 is presented in Table 7.  

 

Table 7. Fit Item Recapitulation  

Item OUTFIT t Value Description 

1 1.6 Passed 

2 -1.9 Passed 

3 -0.4 Passed 

4 -1.2 Passed 

5 1.2 Passed 

6 -0.3 Passed 

7 0.1 Passed 

8 1.6 Passed 

9 -1.5 Passed 

10 -1.6 Passed 

11 0.1 Passed 

12 0.3 Passed 

13 -0.6 Passed 

14 1.9 Passed 

15 2.1 Passed 

 

Table 7 shows that items 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, and 14 have an OUTFIT t value of less 

than 2.00. Therefore, it can be concluded that these 14 items have passed, meaning they can be used as 

test instruments to measure students' conceptual understanding of electromagnetic wave material. 

Meanwhile, item 15 has an OUTFIT t value greater than 2.00, so it is considered invalid and cannot be 

used. 

 

 

CONCLUSION AND SUGGESTION 

 
The concept understanding test instrument on electromagnetic wave material was developed and tested 
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on 298 XI grade MIPA students from several high schools in Central Kalimantan province. The 

analysis was then conducted using the Rasch model. The results were categorized as having good 

quality based on validity indicated by the INFIT MNSQ values, where it was concluded that all items 

were fit or valid with values ranging from 0.77 to 1.33. The item reliability analysis showed a value of 

0.98, categorized as excellent, while the test-taker reliability showed a value of 0.25, categorized as 

weak. The item difficulty level, based on the item estimate (threshold) values, was categorized into 

three: 5 items with high difficulty, 5 items with moderate difficulty, and 5 items with low difficulty. 

Additionally, based on the analysis using the OUTFIT t values, item 15 was found to be invalid and 

could not be used as a test instrument because it had an OUTFIT t value greater than 2. 
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