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INTRODUCTION 

The most fundamental ability to master 21st-century skills is conceptual understanding. 
One effort in implementing learning to enhance these 21st-century skills is through productive 
learning practices that enrich knowledge, aiming to achieve conceptual understanding (Darling-
Hammond et al., 2020). Students’ conceptual understanding of physics content is crucial for 
fostering their higher-order thinking skills, which enable them to solve everyday problems 
creatively (Putranta & Supahar, 2019). Understanding concepts in physics plays a significant role 
in learning (Putri et al., 2020). Furthermore, understanding is a cognitive aspect that significantly 
contributes to the success of student learning (Sartika, 2018). A poor grasp of concepts can lead 
to numerous issues, one of which is the occurrence of misconceptions (Kola, 2017). Therefore, 
physics learning aimed at improving students’ understanding of physics concepts is essential. 

The understanding of physics concepts is not only important but also presents a challenge 
for students. Physics content often poses challenges due to its complexity and the abstract nature 
of its concepts (Pals et al., 2023). One topic in physics that presents a challenge is the topic of 
waves (Sharma et al., 2023). A comprehensive understanding of mechanical waves is essential for 
students to succeed in mastering various advanced physics topics (F. Kurniawan et al., 2023; Xie 
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This study aims to develop, validate, and analyze test items for assessing the 
understanding of mechanical wave concepts among high school students. The test 
development process followed the Mardapi instrument development model, which 
includes: (1) constructing test specifications, (2) writing test items, (3) reviewing test 
items, (4) piloting the test, and (5) analyzing the items. The developed instrument 
consists of 12 multiple-choice items, covering three aspects of conceptual 
understanding: translation, interpretation, and interpolation. Content validity was 
assessed by three validators, and the results were analyzed using the Aiken V method. 
The instrument was then administered to 257 high school students in South Sulawesi 
Province. The results were analyzed using Item Response Theory (IRT) with the 
Rasch model through the Quest program. Item analysis included item fit estimation, 
reliability, and item difficulty. The content validity test results indicate that the 
instrument is valid. All items fit the Rasch model, with a reliability coefficient of 0.95, 
categorized as high reliability. Item difficulty analysis revealed that 8.3% of items were 
categorized as easy, 8.3% as difficult, and 83.3% as moderate. Overall, the results 
indicate that the test instrument is of good quality and can be used to assess high 
school students’ understanding of mechanical wave concepts. 
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et al., 2021), as it enables them to develop a deeper understanding of more abstract wave 
phenomena, such as electromagnetic waves (Goodhew et al., 2019). However, the concept of 
mechanical waves has been identified as a difficult topic, and students face conceptual difficulties 
related to wave topics at various educational levels (Kanyesigye et al., 2022). Hence, efforts are 
needed in physics learning to facilitate students’ understanding of mechanical wave concepts. 

Effective physics learning that supports students’ conceptual understanding can be 
influenced by various components, one of which is assessment. Assessment has a significant 
impact on improving students’ abilities in physics learning (Chen et al., 2018; Darling-Hammond 
et al., 2020). A strategy that can help students understand physics material well is by 
administering tests to measure their level of understanding (Larasati et al., 2020). Thus, a high-
quality instrument is necessary as a tool to measure concept understanding while supporting the 
effectiveness of physics learning. Furthermore, well-developed test instruments can also serve as 
valuable tools in educational research to assess the effectiveness of teaching methods and 
curricula. 

Developing a high-quality test instrument requires an appropriate approach to ensure its 
validity, reliability, and objectivity. The Rasch model, as part of Item Response Theory (IRT), 
helps improve the accuracy of instrument development, ensures its quality, and accurately 
computes respondents’ performances (Boone, 2016). The Rasch model provides objective 
measurements based on student ability, which are unaffected by item difficulty levels in the 
assessment task (Asriadi & Hadi, 2021). The Rasch model plays a key role in developing 
instruments that meet the principles of scientific measurement, including testing invariance and 
scale precision (Bond et al., 2020). Rasch modeling is a robust analytical approach for assessing 
item performance, detecting shifts in difficulty over time, and enabling comparisons of students 
who participated in assessments at different times or locations (Hope et al., 2024). Rasch is also 
widely used to validate educational tests to ensure they are free from bias and align with the 
abilities measured in diverse populations (Bond et al., 2020). Therefore, the Rasch model is an 
effective approach in developing high-quality test instruments. 

Previous studies have used the Rasch model in test development for wave topics. Mešić et 
al. (2019) developed a conceptual understanding test for the wave optics topic for university 
physics students using the Rasch model. Similarly, Balta et al. (2022) developed a test for high 
school students on wave optics concepts using Rasch analysis. The study by A. Kurniawan et al. 
(2024) analyzed the quality of test items in an instrument designed to assess high school students’ 
conceptual understanding of the electromagnetic wave topic. However, studies focusing on 
developing tests for conceptual understanding of mechanical wave topics for high school 
students using the Rasch model are still limited. Thus, the researchers aim to develop a test 
instrument to assess conceptual understanding of the topic of mechanical waves. This study aims 
to develop, validate, and analyze test items to investigate high school students’ conceptual 
understanding of mechanical wave concepts based on the Rasch model in Item Response Theory 
(IRT). 

METHOD 

Research Design 

This study employs a development research method with a quantitative approach. The 
research aims to develop, validate, and analyze a concept understanding test instrument on the 
topic of mechanical waves for high school students. The development of the test instrument 
follows Mardapi’s (2008) instrument development procedure: (1) developing test specifications, 
(2) constructing test items, (3) reviewing test items, (4) conducting preliminary testing, (5) 
analyzing items, (6) revising test items, (7) assembling the test, (8) implementing the test, and (9) 
interpreting test results (Mardapi, 2008). This study concludes its focus on the item analysis stage. 
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Data Collection and Sample Size 

Data collection was carried out through the implementation of the concept understanding 
test on mechanical wave material using a Google Form. The instrument consisted of 12 items, 
tested on a sample of 257 students from grade XI in 11 high schools in South Sulawesi. The 
minimum sample size requirement for Rasch model analysis, according to Wright and Stone 
(1979), is 200 respondents. Şahin and Anıl (2017) recommend a minimum of 150 respondents for 
the Rasch model, while Mešić et al. (2019) suggest at least 100 samples to ensure sufficiently 
stable parameter estimation in Rasch-based concept understanding tests. Therefore, the sample 
size of 257 respondents in this study is adequate. 

Data Analysis 

The analysis of the test instrument was conducted to assess the quality of items designed to 
measure high school students’ conceptual understanding of mechanical waves. The developed 
instrument underwent a rigorous content validity evaluation, employing Aiken’s V method 
(Aiken, 1980) to determine its content validity. 

Content Validity 

The content validity of the test instrument was assessed by three expert validators using a 
structured validation framework. The validation instrument consisted of 15 evaluation statements 
grouped into three core criteria: content accuracy, structural integrity, and linguistic clarity. The 
assessment results encompassed numerical validity scores and constructive feedback from the 
validators, aimed at enhancing the quality of the test items. Recommendations from the 
validators were systematically incorporated to refine and improve the instrument. The validation 
scores were analyzed using Aiken’s V formula, providing a content validity coefficient that 
reflects the instrument’s alignment with theoretical and practical standards (Aiken, 1980), as 
presented in Formula (1). Meanwhile, the content validity coefficient obtained is categorized 
based on Table 1 (Istiyono, 2020). 

  .............................. (1) 

with: 
V : content validity coefficient  
s : r - l0  
l0 : lowest validity score assigned 
c : highest validity score possible 
r : score provided by a validator 

Table 1. Content Validity Categories 

Validity Coefficient Category 

V < 0.4 Low validity 
0.4 < V < 0.8 Moderate validity 

V > 0.8 High validity 

Rasch Model 

The Rasch model is currently considered the most reliable approach to the fundamental 
principles of measurement in the humanities (Bond et al., 2020). One simple variant of the Rasch 
model is the dichotomous Rasch model, where the relationship between an individual’s ability 
and the difficulty of an item is explained through probabilities (Boone et al., 2014). The main 
advantage of the Rasch model lies in its specific objectivity feature, where differences in item 
difficulty estimation are independent of the sample (Szabó, 2008). A key characteristic of the 
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Rasch model is its ability to describe the relationship between an individual’s ability and the 
difficulty level of an item, where the probability of success in answering an item is determined by 
the difference between the individual’s ability and the item’s difficulty (Bond et al., 2020). The 
benefits of the Rasch model include: (a) evaluating whether the test items fit and identifying 
potential item biases; (b) item calibration that is not influenced by sample ability; (c) using the 
standard error of calibration to assess the precision of each item; and (d) estimating item 
difficulty from various samples and converting them to a common scale (Wright, 1977). With its 
various advantages, the Rasch model is a robust and objective tool for determining the quality of 
test items. 

The Rasch model is used to analyze the trial results of the instrument with 257 
respondents. The instrument is considered to be of good quality if it meets the criteria for 
evaluating item assessment, which includes the stages of: (1) estimation of item suitability; (2) 
estimation of difficulty level; (3) estimation of item fit; and (4) estimation of reliability (Hanna & 
Retnawati, 2022). The first stage involves estimating item suitability based on the Infit Mean 
Square value, and the third stage estimates item fit based on outfit t. Infit t and outfit t indicate 
the instrument’s validity based on its fit with the Rasch model (I. Azizah & Supahar, 2023). 
Therefore, this study analyzes test items to evaluate their quality based on (1) Validity (relevant to 
the Rasch model), (2) Reliability, and (3) Item difficulty. The Rasch model analysis is performed 
using the Quest program. The primary element of the Quest program is Item Response Theory 
(IRT) adjusted to the Rasch model (Habibi et al., 2019). The results of the instrument trial are 
used to analyze item quality using the Rasch model, including item fit, reliability, and item 
difficulty through the Quest program. 

Item Fit 

Fit statistics generally focus on two aspects of item fit, namely infit and outfit (Bond et al., 
2020). Items will be considered valid if they align with the Rasch model, with the INFIT MNSQ 
value falling within the range of 0.77–1.33 and the OUTFIT t value ≤ 2 with a probability of 0.5 
(Dewi et al., 2023; Lafifa & Dadan, 2024). The range for infit or outfit MNSQ of 0.7 < MNSQ < 
1.3 is used as a guideline to assess item fit in Rasch analysis (I. Azizah & Supahar, 2023; Bond et 
al., 2020). This range is considered adequate to detect significant item misfit, though its sensitivity 
to large violations of the model is still debated (Bond et al., 2020). In this study, the INFIT 
MNSQ range and outfit t values from the Quest output are used to consider item fit. 

Reliability 

To test the reliability of this developed test instrument, the Quest program was used. The 
output from Quest provides two types of reliability: reliability of items and case estimates (Rahim 
et al., 2023). The reliability results of the test instrument can be categorized based on the 
reliability coefficient value, as shown in Table 2 (Istiyono, 2020). 

Table 2.  Reliability Categories 

Reliability Coefficient Category 

0.80 – 1.00 Very High 
0.60 – 0.80 High 
0.40 – 0.60 Medium 
0.20 – 0.40 Low 
-1.00 – 0.20 Very Low 

Item Difficulty 

Based on the Quest output, the difficulty index (parameter b) of each item from the 
developed test instrument is obtained by examining the Thresholds (THRSH) (Setyawarno, 
2017). A question item is considered good if its difficulty index (b) ranges from -2 to +2, when 
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the ability score is transformed so that it has an average of 0 and a standard deviation of 1 
(Sumaryanta, 2021). If the b value approaches -2, the item’s difficulty index is very low, whereas 
if the b value approaches +2, the item’s difficulty index is very high. The criteria for item 
difficulty are presented in Table 3 (Baker, 2001). 

Table 3. Category of Item Difficulty 

Difficulty Index Category 

b > 2 Very difficult 
1< b < 2 Difficult 

-1 < b < 1 Medium 
-1 > b > -2 Easy 

b > -2 Very easy 

FINDINGS AND DISCUSSION 

Findings 

Instrument Development 

The first step in instrument development is constructing test specifications. This process 
involves defining the objectives of measurement, the scope of content, and the competencies to 
be assessed. The test specifications are systematically organized into a matrix or blueprint. The 
objective of the developed test instrument is to assess cognitive learning outcomes in physics for 
11th-grade high school students. The competency targeted for measurement is conceptual 
understanding. The content scope includes topics on mechanical waves aligned with the 
Indonesia Merdeka Curriculum Phase F, covering quantities of mechanical waves, travelling 
waves, and standing waves. These test specifications are systematically organized into a matrix or 
blueprint to ensure alignment with the intended goals. The development of the instrument 
adheres to the matrix (blueprint) that has been systematically designed. Table 4 provides a 
presentation of the developed question matrix, illustrating its alignment with the specified 
objectives and competencies. 

Table 4. Instrument Blueprint 

Aspects Sub-aspect 

Mechanical Wave Material 

Transverse and 
longitudinal waves 

Traveling 
wave 

Stationary 
wave 

Concept Understanding Translation 1, 2 6 9 
Interpretation 3, 4 7 10 
Extrapolation - 5, 8 11, 12 

 
The second development step is constructing test items. At this stage, a matrix (blueprint) 

is prepared, which is developed into a question grid. Based on the grid, the items were then 
developed into 12 multiple-choice items. 

The third development step is reviewing test items. The test instruments that have been 
developed are reviewed or tested for content validity by three validators. The developed test 
instrument was reviewed or tested for content validity by three validators. The validator’s 
assessment results were calculated using the Aiken V content validity formula. The content 
validity results shown in Table 5, that the scores for each item on the instrument were 
consistently high, indicating strong agreement among the validators. This suggests that the 
instrument is effective and reliable in measuring the intended concepts, providing a robust 
assessment tool. An Aiken V value approaching 1 indicates high content validity, whereas lower 
values suggest poor validity. 
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Table 5. Content Validity 

Item Number Validity Coefficients Category 

1 1.00 High validity 
2 0.89 High validity 
3 1.00 High validity 
4 1.00 High validity 
5 0.89 High validity 
6 0.89 High validity 
7 1.00 High validity 
8 0.89 High validity 
9 1.00 High validity 
10 1.00 High validity 
11 1.00 High validity 
12 1.00 High validity 

 
Table 5 presents all items in the test instrument for understanding mechanical wave 

concepts are declared valid. The validity values obtained are close to 1, and some even have a 
value of 1, indicating that the instrument has high content validity. 

The fourth step of instrument development is conducting test trials. The assembled test 
was administered to 257 eleventh-grade high school students to assess their conceptual 
understanding of the topic of mechanical waves. Their responses submitted via Google Forms 
were exported in a spreadsheet format. These responses were then converted into dichotomous 
items, with correct answers scored as 1 and incorrect answers scored as 0. The responses were 
subsequently analyzed for item fit, reliability, and item difficulty levels based on the Rasch model. 

Validity of Instrument 

Validity (fit with the Rasch model) of the instrument can be obtained from Infit 
Meansquare and Outfit t value. The Quest output that displays the Infit Meansquare distribution 
is illustrated in Figure 1. 

 
 

 

Figure 1. Item Fit Quest Output 

An item is considered to fit the Rasch model when it has an infit mean square (MNSQ) 
value ranging from 0.7 to 1.3 and an outfit t-value less than 0.2. Table 6 presents information on 
Infit Meansquare, Outfit t and categorization of the validity of each item of the mechanical wave 
topic concept understanding test instrument. 

[Test for the Conceptual Understanding of Dichotomous Mechanical Waves (12 items of columns 7-18)] 
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Table 6. Item Validity Based on Fit with the Rasch Model 

Item Number MNSQ Infit Outfit t Interpretation 

1 1.00 0.7 Valid 
2 0.94 -0.7 Valid 
3 0.95 -0.3 Valid 
4 0.87 -1.9 Valid 
5 0.86 -1.3 Valid 
6 1.15 0.7 Valid 
7 1.03 0.3 Valid 
8 1.04 0.4 Valid 
9 1.01 -0.3 Valid 
10 0.99 -0.2 Valid 
11 1.16 1.7 Valid 
12 1.06 0.8 Valid 

 
Table 6 indicates that all items used fall within the acceptable range according to the Rasch 

model criteria based on INFIT MNSQ and INFIT values. All items have met the validity criteria, 
and therefore, no revisions are necessary. Consequently, the analysis results can be fully utilized 
to interpret the probability of students’ responses in understanding concepts related to 
mechanical waves. This suggests that the developed items are appropriate and valid for measuring 
students’ conceptual understanding of the mechanical wave topic. 

Reliability of Instrument 

The test instrument reliability results obtained can be categorized based on the reliability 
coefficient value, as previously specified in Table 2. The reliability of the instrument, based on the 
Quest output, includes both item reliability and case reliability, which are displayed in Figure 2. 
The Quest program provides these reliability estimates to evaluate how well the test items 
function and how consistent the measurements are across different respondents. Item reliability 
assesses the stability of item parameters, ensuring that each item measures what it intends to 
across different samples, while case reliability looks at the consistency of measurements for 
individual respondents, confirming that the instrument can reliably distinguish between different 
levels of ability or performance. These reliability indices are crucial for determining the overall 
quality of the test instrument and ensuring its validity in measuring the intended construct. 

 

  

Figure 2. Reliability Quest Output 

Figure 2 shows the results of item reliability and case reliability. The item reliability score is 
0.95, which, based on Table 4, falls into the high reliability category. It indicates that the test 
instrument for conceptual understanding of the wave topic has excellent item quality. Meanwhile, 
the case reliability score is 0.58, which falls into the moderate reliability category. This value 
reflects the consistency of respondents in completing the test. Although a case reliability score of 
0.58 indicates a reasonable level of consistency, further improvements are necessary to achieve 
optimal results. 

Difficulty Index 

The item difficulty index or parameter b represents the difficulty level of a test item. The 
item difficulty of the developed instrument can be seen in Table 7.  
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Table 7. Item Difficulty Index 

Item Number b Category 

1 -1.23 Easy 
2 -0.21 Medium 
3 -0.23 Medium 
4 -0.87 Medium 
5 0.93 Medium 
6 0.19 Medium 
7 0,19 Medium 
8 -0.52 Medium 
9 0.64 Medium 
10 -0.39 Medium 
11 1.45 Hard 
12 0.05 Medium 

Table 8. Item Difficulty Distribution and Quality Judgement 

Difficulty Categories Quality Item Number Frequency Percentage 

Easy Good 1 1 8.33% 
Medium Good 2, 3, 4, 5, 6, 7, 8, 9, 10, 12 10 83.33% 

Hard Good 11 1 8.33% 

 

 

Figure 3. Item Difficulty and Ability Distribution 
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Table 7 presents parameter b values ranging from -1.23 to 1.45, categorized into easy, 
medium, and hard items, with the majority of test items classified as having a medium difficulty 
level. Table 8 illustrates the distribution of items and their quality assessment based on item 
difficulty levels. All items have difficulty indices within the range of -2 to 2, indicating that all 
items are of good quality in terms of difficulty level. The developed test exhibits a balanced 
distribution of difficulty levels, dominated by medium-difficulty items (83.33%), while easy and 
hard items are equally represented (8.33% each). 

Figure 3 is also called item maps or wright maps. The vertical axis shows the difficulty or 
proficiency scale. The left part of the figure depicts the distribution of examinees’ abilities, and 
the right part shows the location of item difficulty. Figure 3 illustrates the logit range from -3 to 
+3, where items located near logit -3 are categorized as low-difficulty items, while items around 
logit +3 are classified as high-difficulty items. Items near logit 0 are considered to have moderate 
difficulty levels. The easiest item is located around logit -1, whereas the most difficult item is 
above logit +1. The Wright Map also depicts the distribution of students' ability levels, enabling 
the identification of students with similar abilities based on identical logit values. Each “X” on 
the map represents three test takers. As shown in Figure 3, the majority of test takers have 
abilities below logit 0, which represents the average ability level. Only a small proportion of test 
takers demonstrate abilities above logit 0, reflecting performance above the average level. 

Discussion 

Test Specification 

The instrument developed based on the development steps outlined by Mardapi (2008) 
resulted in 12 multiple-choice items designed to measure high school students’ conceptual under-
standing of physics in the topic of mechanical waves. The aspects of conceptual understanding 
include translation, interpretation, and extrapolation (Halim et al., 2017). The chosen test format 
is multiple-choice, which is widely used in physics education research literature. For instance, 
Planinic et al. (2024) employed a multiple-choice test instrument to assess students’ understand-
ing of wave optics. Similarly, studies by Mešić et al. (2019) and Balta et al. (2022) developed 
multiple-choice test instruments to measure conceptual understanding in wave optics. Multiple-
choice tests are an economical and practical method for assessing students’ conceptual under-
standing, offering high objectivity and ease of implementation in large groups (Balta et al., 2022). 
They also assess various cognitive levels and can cover a broad range of material (Istiyono, 2020). 
In line with this statement, there is research comparing students’ multiple-choice test scores with 
instructor-rated written explanations. The consistency between multiple-choice scores and the 
instructor’s assessment of student explanations suggests that multiple-choice exams effectively 
measure student understanding in a statistically equivalent manner (Docktor & Mestre, 2014), so 
the multiple-choice test form can be an adequate instrument to measure concept understanding. 

Content Validity 

The developed test instrument was validated for its content validity based on expert 
validator assessments. Content validity aims to identify the relevance and representativeness of 
the instrument in relation to the evaluated aspects (Retnawati & Wulandari, 2019). Content 
validity is determined by experts through an evaluation of the extent to which the content aligns 
with and appropriately represents the operational definition of the construct being measured 
(Andrich & Marais, 2019). In general, content validity encompasses representativeness, content 
relevance and technical quality (Yim et al., 2024). Content validity testing can be conducted using 
an expert validator assessment approach. Content validity through the validator approach 
involves evaluating the alignment of test items with a specific content domain based on expert 
judgment (Kurpius & Stafford, 2005). Table 5 shows that most instrument items have a validity 
coefficient of 1, with the remainder approaching 1, indicating that all items possess strong 
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content validity. Based on the validators’ assessment, the test instrument for conceptual under-
standing in the topic of mechanical waves for 11th-grade high school students is deemed suitable 
in terms of content validity. 

Item Analysis with the IRT Rasch Model 

The IRT approach was developed as a resolution to address the shortcomings found in 
classical measurement theory. In classical test theory, item characteristics depend on the group of 
participants taking the test, and ability is measured based on observed performance scores (Shanti 
et al., 2020). In this study, item analysis was based on IRT with the Rasch model. The item 
analysis includes item fit, reliability and item difficulty.  

Item Fit 

The Rasch model analysis produces fit statistics, which provide insights into whether the 
obtained data accurately reflect individuals’ abilities to respond to test items based on their 
difficulty levels. This evaluation utilizes infit and outfit parameters, derived from mean square 
values and their standardized counterparts. Items deemed to fit the model indicate that their 
behavior aligns consistently with the expectations of the Rasch model (N. Azizah et al., 2022). 
This study calculates the infit and outfit statistics, which are used to estimate the extent to which 
an item is useful in distinguishing respondents around the mean score (infit) and at the extremes 
of the distribution (outfit) (Hope et al., 2024). 

Table 6 demonstrates that all test items fall within the acceptable range for INFIT MNSQ 
and INFIT values based on Rasch model criteria, confirming their validity without any items 
being discarded. These items effectively measure individual abilities in responding to test items 
based on their difficulty, exhibiting consistency in alignment with the expectations of the Rasch 
model. Figure 1 further supports this conclusion, showing that all 12 instrument items fall within 
the acceptable range of 0.77 to 1.30, thus fitting the Rasch model criteria. 

Items that fit the Rasch model are inherently valid, meaning they reliably predict individual 
performance within appropriate contexts (I. Azizah & Supahar, 2023; Andrich & Marais, 2019). 
This ensures that the developed instrument provides accurate and meaningful insights into 
students’ conceptual understanding of mechanical waves. Consequently, the findings confirm the 
instrument’s suitability for assessing such understanding, offering a robust tool for evaluating and 
improving physics education. 

Reliability  

Reliability is a critical factor in evaluating the quality of an instrument’s items. A reliable 
instrument ensures consistent data collection across repeated assessments within similar 
populations (Andrich & Marais, 2019). The Quest software provides two key reliability metrics: 
item reliability and case reliability, where case reliability is also referred to as person reliability 
(Dewi et al., 2023). 

Figure 2 reveals an item reliability score of 0.95, which is categorized as very high. The item 
reliability index indicates how consistently the placement of items measures abilities when the 
same items are administered to another group of participants with a similar size and comparable 
behavior (Bond et al., 2020). It indicates strong internal consistency among the items, reflecting 
the high quality and robustness of the instrument’s construction. A high item reliability score 
confirms that the test items consistently measure the intended construct across respondents. 

In contrast, the case reliability score in Figure 2 is 0.58, categorized as moderate. The 
person reliability index reflects the consistency of participant score rankings when they are 
administered a similar set of items measuring the same construct (Bond et al., 2020). In other 
words, high person reliability indicates a clear pattern where some participants consistently 
achieve higher scores while others score lower, and this pattern is expected to remain stable 
(Bond et al., 2020). This value highlights that while the instrument performs well in terms of 
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item-level consistency, it shows limitations in classifying individuals along the measured latent 
trait. This finding aligns with previous studies, including those conducted by Dewi et al. (2023), 
A. Kurniawan et al. (2024), and Faradillah and Febriani (2021). While Dewi et al. (2023) 
suggested that lower case reliability might result from smaller sample sizes, empirical evidence 
does not consistently support this claim. For instance, these authors observed a case reliability of 
0.26 with a sample of 38 respondents. Faradillah and Febriani (2021) reported a case reliability of 
0.53 from a sample of 204 respondents, whereas A. Kurniawan et al. (2024) found a case 
reliability of 0.25 with 298 respondents. These variations suggest that case reliability is influenced 
more by respondent consistency and engagement than by sample size alone. 

Moderate case reliability in the present study may also reflect challenges associated with 
administering the test online. Limited supervision and suboptimal respondent conditions likely 
contributed to inconsistencies in responses. The quality of respondent engagement with test 
items plays a vital role in determining both reliability and validity. Ensuring that respondents are 
well-prepared, understand the test format, and are presented with questions in a logical sequence, 
where easier items are not clustered at the end, can improve their engagement and response 
consistency (Andrich & Marais, 2019). 

Although the observed case reliability of 0.58 falls within an acceptable range, improve-
ments are necessary to enhance the instrument’s overall reliability. Refining the arrangement of 
item difficulty levels, ensuring optimal testing conditions, and promoting respondent consistency 
are crucial steps in achieving this goal. These adjustments would not only improve case reliability 
but also strengthen the instrument’s ability to classify individuals accurately along the latent trait 
being measured. 

Item Difficulty 

Item difficulty can be used to assess whether a test item is targeted to the ability level where 
measurement precision is desired. Table 7 demonstrates that all 12 conceptual understanding test 
items on the topic of mechanical waves fall within an acceptable difficulty range. One item 
(8.3%) is categorized as easy, specifically the first item. Ten items (83.3%) are of moderate 
difficulty, including items 2, 3, 4, 5, 6, 7, 8, 9, 10, and 12. Meanwhile, one item (8.3%) is 
categorized as difficult, which is item 11. 

The arrangement of test items based on difficulty level can significantly impact the quality 
of respondents’ answers. According to Andrich and Marais (2019), placing easier questions at the 
beginning and more difficult ones toward the end is advisable. Structuring the test from the 
easiest to the hardest items reduces the likelihood of respondents leaving the test incomplete and 
increases the probability of correct responses (Anaya et al., 2022). The developed instrument 
adheres to this recommendation by starting with an easy item, followed by items of moderate 
difficulty. However, the difficult item appears as the eleventh question, followed by a moderate 
item as the twelfth question. This arrangement suggests the need to review and refine the test 
item sequence to align better with established recommendations. 

The item difficulty levels are also displayed on the Wright map presented in Figure 3. The 
left side of the Wright map illustrates the difficulty of the test items. Item difficulty is expressed 
in logits, with a logit value of 0 arbitrarily set as the average level of item difficulty (Bond et al., 
2020). Figure 3 shows a scale from -3.0 to 3.0, representing a range from very easy to very 
difficult. The lower the logit value, the easier the item is for most test takers, while the higher the 
logit value, the more difficult the item becomes. Therefore, items 6, 7, 9, 5, and 11 show positive 
logits that increase upwards, indicating increasingly difficult items. Item 12 has a logit of 0, 
representing the average difficulty level of the items. Items 2, 3, 10, 8, 4, and 1 display negative 
logits, scattered downward, making these items easier. Figure 3 indicates that all test items fall 
within an acceptable range of item difficulty indexes. Items with difficulty levels ranging from -2 
to 2 are considered to have a good level of difficulty (Asriadi & Hadi, 2021; Sumaryanta, 2021). 
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The Wright map also provides insights into the distribution of respondents' abilities and 
the difficulty levels of the test items on the same scale. It helps evaluate the match between item 
difficulty and the respondents’ abilities (Salman & Abd. Aziz, 2015). The right side of the map 
shows the distribution of student abilities, where the most difficult items (logit 3.0) were 
answered correctly by very few students, represented by three “X” marks, each symbolizing three 
students. Conversely, most students are located around difficulty level -1.0 and below (very easy). 
It indicates that as item difficulty decreases (negative logits), the number of correct responses 
increases, with most students performing well on easier items. This observation highlights the 
need to enhance physics instruction to improve students’ conceptual understanding of 
mechanical waves. Strengthening their comprehension is critical to ensure a broader range of 
students can successfully tackle items with varying difficulty levels. 

Implications and Limitations 

The development of the instrument resulted in 12 test items designed to assess high school 
students’ conceptual understanding of the topic of mechanical waves. The developed test was 
categorized as valid, reliable, and possessing an appropriate item difficulty index, indicating good 
item quality. This study’s findings are significant for enriching the literature by providing a valid 
test instrument to measure high school students’ conceptual understanding of physics in the 
context of mechanical waves, enabling further exploration of students' conceptions on this topic. 
Practically, the findings yield an instrument that teachers can utilize to assess or evaluate students’ 
learning outcomes in physics. Additionally, the Rasch model analysis can serve as a guide for 
researchers and physics teachers in developing and evaluating the quality of test instruments. 

The limitations of this study lie in the sample used for testing. The test sample was not 
selected based on respondents with low, medium, and high abilities. A diverse sample, 
encompassing a range of abilities, is crucial to ensure that the developed instrument is relevant 
and fair to all respondents. Furthermore, the test instrument was administered online, which 
minimized teacher supervision. This factor may have influenced the results of the instrument 
testing. Future research is recommended to ensure that test respondents represent various ability 
levels and that the test administration process is conducted under proper teacher supervision. 

CONCLUSION 

The development of the test instrument resulted in 12 items designed to investigate high 
school students’ understanding of physics concepts on the topic of mechanical waves. Based on 
Rasch analysis, all 12 items met the infit and outfit criteria that align with the Rasch model, 
indicating that all items are acceptable for use in measurement. In terms of reliability, the test 
items exhibited high reliability, while the reliability of the individuals was moderate, influenced by 
the consistency of the respondents’ answers. Additionally, all items had appropriate and 
acceptable difficulty levels. Overall, the developed test instrument demonstrates good quality and 
can be used to investigate high school students’ understanding of mechanical wave concepts. 
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