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Article History Abstract
Received: 10 September 2025 The Instrument for Resonance Accuracy and Misconception Analysis (IRAMA) was
Revised: 11 November 2025 developed to identify college students’ sound wave resonance conceptions with Rasch. The

Identify, Design, Development, Evaluation (IDDE) was used with 30 participants (9 females
Accepted: 20 December 2025 and 21 males) from one of the universities in Bandung, and four experts (2 in physics and 2
Published: 1 March 2026 in education) served as IRAMA validators. Rasch analysis used Minifac 4.4.0 (MF-RM) with
the rater reliability of 0.75, Infit-MnSq values of 0.77-1.38, and Outfit-MnSq values are
outside the ideal limits on item 5 (3.72) (the rest is ideal). With Jamovi 2.7.2, we confirmed

Keywords the presence of bias in one of the raters for item 5. The Ministep 5.10.1, based on conceptual
Conceptions categories, Full Understanding (FU), Partial Plus (PP), Partial Minus (PM), Don't Understand
Rasch (DU), Misconception (MC), and Not Defined (ND). Meanwhile, identification for confidence
Resonance is based on Full Confidence (FC), Partial Confidence (PC), Not Confidence (NC), and Not

Defined (ND). The Cronbach Alpha reliability for conception (0.84), with the highest being

Sound Wave in the PM category (27%), and the lowest is in the DU and ND categories (10%). For
confidence, the Cronbach Alpha reliability (0.91), with the highest category is in FC (77%),
and the lowest is in the ND category (6%). IRAMA is also free from bias towards gender for
conception and confident answers (PROB>5% and meet the threshold DIF Contras). Thus,
the IRAMA can be an instrument to identify resonance conceptions and, in the future, will
be an tool in resonance Augmented Reality (AR) application.
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1. Introduction

Resonance is a physics concept whose implementation can be applied in various fields such as physics,
chemistry, technology, music, and medicine. Observations of resonance in physics can occur in both
electromagnetic waves (such as light waves) and mechanical waves (such as sound waves) (Gidion et al., 2023;
Huang et al,, 2023; Ramadhani et al,, 2025). However, in this study, we limit the discussion of resonance to
mechanical waves (sound waves). Resonance in sound waves focuses on systems that oscillate at their natural
frequencies (Amer et al., 2024; Ghanem et al,, 2023; Niu & Luo, 2022). Many sound resonance phenomena are
frequently encountered in everyday life in Indonesia, for example, the vibrating glass of a house when the drum
beats before the call to prayer in a mosque. Glass, which has a natural frequency, will vibrate if the frequency
emitted by the drum beat matches the glass's natural frequency (Ramadhani et al, 2025). Similarly, the
phenomenon of a horeg sound (a large sound that usually travels around in a truck) can shatter surrounding
glass (Damayanti, 2025). This can occur because the frequency emitted by the horeg sound matches the glass's
natural frequency. This is especially true if the sound is so loud that its amplitude increases and exceeds the
glass's elastic threshold (shattering). Furthermore, certain location conditions or shapes can also cause sound
resonance and increase the amplitude, making the sound clearer compared to its source.

One example of this can be observed in the movement of a guitar string. The two ends of the string are
called fixed ends. The waves produced by the string are standing waves (Hallmann et al., 2023; Lisboa et al,,
2021; Tangmongkollert, 2025), as illustrated in Figure 1.
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Figure 1. Illustration of Guitar String Movement

Initially, the guitar string is stationary (Position 1), and then given a maximum deviation of A (Amplitude
of deviation) (Position 2), causing the string to move back and forth past its equilibrium point (oscillate), forming
a standing wave. Variations in these waves include the 1st harmonic, 2nd harmonic, 3rd harmonic, and so on.
The movement of the guitar string illustrates the shape of a standing wave, indicated by nodes (green dots) and
antinodes (red dots) (Fabre et al, 2023; Lisboa et al., 2021). However, this string movement occurs in a
transverse wave (where the direction of vibration and the direction of propagation are perpendicular (90°)),
where the deviation (Position 2) is 90° from the direction of propagation of the string. Therefore, the shape of a
transverse wave closely resembles the shape of a wave graph, making it easier to understand its movement. In
contrast, sound waves are longitudinal (where the direction of vibration and the direction of propagation are in
the same direction (0°)). This can lead to misconceptions in understanding and interpreting the graph and the
shape of longitudinal waves (Kurniawan et al., 2023; Puttisanwimon & Wuttiprom, 2024; Volfson et al,, 2022).

Sound waves, which are longitudinal waves, have a different image between their waveform and their
graphs. The illustration of a longitudinal wave consists of compression and waves. Meanwhile, the graph of a
longitudinal wave still has a shape like a transverse wave. This difference often confuses as to whether sound
waves are longitudinal or transverse waves, because both sometimes appear simultaneously (Gani et al., 2023;
Kurniawan et al, 2023; Olaniyan, 2022; Puttisanwimon & Wouttiprom, 2024). The implementation of
longitudinal waves can be found in organ pipes (closed or open), which are often implemented in musical
instruments. An illustration of the shape of a longitudinal wave can be seen by the resonance that occurs in a
tube where one end is closed, resulting in a fixed node at the end of the tube in the closed section, as occurs in
Figure 2.
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Figure 2. Illustration of Air Particle Movement

At Position 1 (sound off), the air particles move normally, but at Position 2 (sound on), it is seen that the
air particles move by colliding with each other according to the source frequency. Figure 2 shows an illustration
of the 1st harmonic with various graphs below it. As explained previously, sometimes converting longitudinal
wave phenomena into graphs often causes confusion. As shown in Figure 2, when the particle wave moves
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(Position 2), the movement of air particles is simply illustrated as the image below. The red line in "Simple
movement of air particles" shows that the particles at the closed end are not moving (maximum pressure). Thus,
the graph "Standing waves for pressure"” shows the position of the maximum pressure (antinodes) / Amplitude
for pressure is at the point of the closed end (wave reflection occurs), and the minimum pressure (nodes) is at
the open end (Huang et al,, 2023; Kim et al., 2015; Olivieri et al., 2021). This illustration corresponds to the
phenomenon of air particle movement at Position 2. Meanwhile, for the "Standing waves for deviation" graph,
the maximum deviation (antinodes)/Amplitude for deviation is at the open end, and the minimum deviation
(nodes) is at the closed end (where wave reflection occurs). This occurs because the movement (deviation)
experienced by a particle at the closed end is very small. In fact, at maximum pressure, the air particle will not
move at all, or its deviation is minimal. This results in a 90° shift between the Pressure P (Pa) versus Time t (s)
graph and the Deviation s (m) versus Time t (s) graph. The transition in creating longitudinal wave graphs has
the potential to create misconceptions among students at various levels (Calis & Ergiil, 2022; Hallmann et al,,
2023).

Misconception is a category of conception that commonly occurs in individuals. Aminudin et al (2019)
created categories of conception and confidence, which will be adapted in this study. Conception is the
understanding of a phenomenon, and in physics, it usually occurs in understanding natural phenomena
frequently encountered in everyday life (Gani et al., 2023; Zahran, et al., 2025a). The difference with concepts in
physics is that concepts are symbolizations of observed quantities. For example, the concepts of displacement
(v), position (x), and others. Therefore, conceptions will have their own categories in understanding these
concepts. The conception categories usually have a score calculated for each category. In some sources,
misconceptions are expressed as inconsistencies with scientific conceptions (Aminudin et al., 2019; Eliya et al,,
2024; Samsudin et al.,, 2024).

Misconceptions occur in various concepts in physics, including the concept of resonance (Hawe et al., 2010;
Potvin et al, 2014; Uchino, 2020). Many sources of misconceptions can influence students' conceptions at
various levels, ranging from experience, culture, books, modules, and other information from unclear sources.
Given the current ease of access to information, especially with the development of Artificial Intelligence (AI) or
from social media, its accuracy must be reconfirmed. However, it is currently difficult to find instruments that
can identify misconceptions regarding the concept of resonance. Several types of instruments can be used to
identify conceptions (including misconceptions), such as interviews, two-tier, three-tier, and four-tier
instruments. The structure of each diagnostic instrument can be seen in Table 1 (Dreischor et al.,, 2022; Fratiwi
etal, 2019; Ivanjek et al,, 2021; Samsudin, et al., 2025a).

Table 1. Conception Diagnostic Instrument Structure

Interview Two-Tier Three-Tier Four-Tier
Comprehensive questions Question 1 is about the Question 1 is about the Question 1 is about the
with open-ended answers concept concept concept

Question 2 is about the
level of confidence in the
answer given in Question 1

Question 2 is about the
level of confidence in the
answer given in Question 1
Question 3 is about the
reasoning for the answer
given in Question 1
(Questions 2 or 3 can be
repositioned as needed)

Question 2 is about the
level of confidence in the
answer given in Question 1
Question 3 is about the
reasoning for the answer
given in Question 1
Question 4 is about the
level of confidence in the

answer given in Question 3

Each type of diagnostic instrument in Table 1 will influence the number of conception categories used. The
more levels used in a diagnostic instrument, the more conception categories will be generated, and this will
impact the accuracy of conception identification. Therefore, in this study, the Four-Tier type will serve as the
reference in developing the IRAMA instrument.

The development of IRAMA became crucial due to the difficulty of finding diagnostic instruments for the
conceptual understanding of sound waves, particularly the concept of resonance. While this concept is
frequently encountered in everyday life, its explanation remains confusing. As previously explained, resonance
is related to many variables within waves, further complicating the understanding of traveling waves, standing
waves, and reflected waves, which result in their superposition. One example is the air column resonance tube
experiment, where students remain confused about the resonance that occurs in the tube. In the reading sources,
it is still very difficult to find what causes the humming sound to occur. If resonance is an oscillation that occurs
due to the presence of an external frequency that matches the natural frequency, then which natural frequency
resonates in the resonance tube experiment? Therefore, the purpose of this study is to develop a diagnostic
instrument called the Instrument for Resonance Accuracy and Misconception Analysis (IRAMA) to identify
college students’ sound wave resonance conceptions with Rasch. The uniqueness of IRAMA located in each
IRAMA item that identifies the conception of resonance, starting from the basic concept related to quantity, to
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the concept of resonance in air tubes. Likewise, the variations of each item are varied between sentences, tables,
and images. Thus, IRAMA is expected to identify the distribution of conceptions on the concept of resonance,
and can be used by various parties (such as teachers, lecturers, educational practitioners, or policy makers) in
identifying conceptions or stages in developing diagnostic instruments.

Additionally, IRAMA’s approach integrates in-depth conceptual analysis with the Rasch measurement
model, which allows the conversion of college students’ response data into a logarithmic scale (Samsudin et al.,
2023; Zahran, et al., 2025a). Using Rasch can provide fairer input into the instrument's validity results by experts
and during IRAMA distribution because it uses logarithmic functions (logarithm odd unit (logit)) (Bond et al,
2021; Boone et al., 2014; Linacre, 2025). In the context of IRAMA, the results of the participants were analyzed
for distribution across the conception categories, and in addition, for confidence analysis, as IRAMA has a
confidence-related component. Meanwhile, using conventional analysis, such as standard Excel calculations, can
lead to bias in the results, as each question may not be given the same weight. Therefore, in developing IRAMA,
we used Rasch analysis for expert validation and distribution analysis.

2. Method

This development research uses the Identify, Design, Development, Evaluation (IDDE) design (Aminudin
etal, 2024). Based on the stages, the implementation is shown in Figure 3. Thus, the research will be conducted
based on the IDDE design stages, and the evidence or results for each IDDE stage are the result of this research
and are discussed in the research results section.
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Figure 3. The Design of IDDE

Figure 3 shows the IRAMA development process. Stage 1 (Identify) was conducted through VOSviewer
analysis, while stage 2 (Design) created the 4-Tier IRAMA format. In stage 3 (Development), the IRAMA design
was validated by four experts (two in physics and two in education). Meanwhile, the validator criteria for physics
are those who have taught physics (basic physics or waves, or resonance tube experiments) and have published
physics research. For education, the criteria are those who have taught in the field of physics evaluation
instruments, physics concepts, or physics teaching media, and have published in physics education. The
validation results were then analyzed using Minifac 4.4.0 and Jamovi 2.7.2. After analysis and revision, we
prepared the instrument through Google Forms. In stage 4 (Evaluation), we distributed IRAMA to participants,
and the results were analyzed using Ministep 5.10.1.

2.1. Participants

Participants were 30 college students (9 females and 21 males), who had studied the concept of resonance
in their first year at one of the universities in Bandung. Participants were selected using a purposive sampling
technique, considering their prior experience with resonance (conceptually in basic physics and the resonance
tube experiment). Therefore, these considerations were relevant for participating in IRAMA's development.

2.2. Data Analysis

Data analysis was conducted using Rasch analysis with Minifac 4.4.0 and Jamovi 2.7.2 (for the results of
the four expert validations). Validation using experts was analyzed with the Many-Facet Rasch Model (MFRM)
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(Minifac 4.4.0) using a Rating Scale Model (RSM). The model included two facets: raters (4 validators) and items
(8 Criteria in Table 4), with a uniform 3-category rating scale (1 = poor, 2 = fair, 3 = good). The MFRM was chosen
because it accommodates variations in item difficulty and rater severity simultaneously, and is appropriate for
polytomous data where all items share the same category structure. Minifac 4.4.0 is used to demonstrate the
relative calibration mapping of all assessment components (items, criteria, validators) on a single logit scale
(Zahran et al.,, 2025b). Use of Jamovi 2.7.2 untuk mengkonfirmasi beberapa bias dari validator menggunakan
snolRT bagian Many Facet Rasch Model. Jamovi 2.7.2 is also used for analysis of the Many Facet Rasch Model
feature (Quintero et al., 2025), demonstrating the measurement mapping for each criterion assessed by the
validator.

For the student responses, the Partial Credit Model (PCM) was applied using Ministep 5.10.1 (for the
conception analysis). Conception categories included Full Understanding (FU), Partial Plus (PP), Partial Minus
(PM), Don't Understand (DU), Misconception (MC), and Not Defined (ND), scored 0-4. Confidence categories
included Full Confidence (FC), Partial Confidence (PC), Not Confidence (NC), and Not Defined (ND), scored 0-2.
Rasch analysis was used to help explain the quality of the IRAMA instrument, including expert validity and
diagnostic results for college students. Rasch analysis was chosen because it can identify the potential abilities
of individuals and IRAMA items. Therefore, it is hoped that it will produce a fairer and more consistent
instrument in identifying college students’ conceptions. Then, the PCM was selected because it allows each item
to have its own step difficulties, making it suitable for multi-tier diagnostic assessments where the category
structure is not strictly identical across items.

The conception categories are adapted from (Aminudin et al., 2019) with sequential scores (ordinal data)
in Table 2. However, this can be addressed by Rasch analysis in Ministep 5.10.1, which converts ordinal data to
intervals (Medvedev et al,, 2020). Similarly, the confidence levels are analysed because the IRAMA instrument
has confidence levels (Tiers 2 and 4) that play a role in determining conceptions. Therefore, the confidence
analysis section aims to identify college students’ confidence without reviewing their conceptions. These results
can also provide data for various teacher and study program needs.

Table 2. Score of Conceptions and Confidences Categories

No Conceptions Score No Tier Confidences Categories Score
Categories Conceptions 1 2 3 4 (JustforTier 2 and4) Confidences
FU 4 1 0O O O O FC 4

1 0O 0 0 X
PP 3 2 0O X 0 o© pc 2
3 0O X 0 X NC 0
1 0O 0 X 0 FC 4
2 0O 0 X X
3 0O X X o Pe 2
4 0 X X X NC 0
PM 2 5 X 0 0 0 FC 4
6 X 0 0 X
7 X X 0 O Pe 2
8 X X 0 X NC 0
1 X 0 X X
DU 1 2 X X X O Pe 2
3 X X X X NC 0
MC 0 1 X 0 X 0 FC 4
The contents of
ND (Not Filled) 1 each Tier are ND (Not Filled)
incomplete.

Note: 1. The code “O” on Tier 1 and Tier 3 means “Correct”; 2. 1. The code “X” on Tier 1 and Tier 3 means “Incorrect”; 3. The
code “O” on Tier 2 and Tier 4 means “Sure”, and; 4. The code “X” on Tier 2 and Tier 4 means “Not Sure”.

After categorizing the responses based on conception and confidence categories, we reviewed the
Cronbach's Alpha reliability (including Person and Item reliabilities). For each fit analysis, both in MFRM and
Ministep 5.10.1 used the infit/outfit ranges (0.5-1.5) (Bond et al,, 2021; Boone et al.,, 2014; Linacre, 2025).
Meanwhile, for bias analysis, the PROB>5% threshold and the Differential Item Functioning (DIF) Contrast
threshold were used, as shown in Table 3 (Cameron et al., 2014).

Table 3. The DIF Contras Threshold

DIF Contras (DC) Category

1< DC Substantial

0.5< DC <1 Moderate
DC <0.5 Negligible
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3. Results and Discussion

This section will be explained based on the sequence of stages of the IDDE design used, namely Identify,
Design, Development, Evaluation (Figure 3).

3.1. Ildentify

In this section, we searched for research sourced from the Scopus database with a keyword search: TITLE-
ABS-KEY (resonance misconception) in the initial search. The results obtained were 342 articles. Then we
filtered with the criteria TITLE-ABS-KEY (resonance misconception) AND (LIMIT-TO (DOCTYPE, "ar")) AND
(LIMIT-TO (PUBSTAGE, "final")) AND (LIMIT-TO (SRCTYPE, "j")) AND (LIMIT-TO (LANGUAGE, "English")). This
filtering resulted in 181 articles which were then analyzed using VOSviewer. The analysis was carried out on
keywords from 181 Scopus articles with the aim of keywords being the focus for each research in the article
(Figure 4).
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Figure 4. The Keyword Analysis

The results of this analysis indicate a link between misconceptions and resonance. However, resonance
has not yet emerged in relation to college students’ identification of physics concepts such as sound waves.
Meanwhile, research related to resonance misconceptions is still found in physics, which is more applicable than
its basics (Hawe et al,, 2010; Potvin et al., 2014; Uchino, 2020). There is also research related to misconceptions
about sound waves, but it has not yet reached the concept of resonance (Gani et al., 2023; Kurniawan et al,,
2023). Thus, the initial identification will be used to support the development of the IRAMA diagnostic
instrument and to fill this research gap.

3.2. Design

The questions in IRAMA are multitiered, consisting of Tier 1 (containing multiple-choice questions), Tier
2 (confidence level in answering questions in Tier 1), Tier 3 (containing reasons for answering questions in Tier
1), and Tier 4 (confidence level in answering questions in Tier 3). This type of instrument is widely used to
identify students' conceptions (Aminudin et al., 2019; Eliya et al., 2024; Samsudin et al., 2023). Overall, IRAMA
contains 10 questions with criteria to be assessed by the validator as shown in Table 4.

Table 4. Criteria of IRAMA Assessment

No  AssessmentIndicators No  Criteria
1. Misconception 1. Misconceptions often found in learning
2. Conception 2. The proposed scientific concept is correct
3. Question 3. The question aligns with the objectives of the scientific concept
4. The question does not provide clues to the correct answer
5. The question uses good and correct Indonesian
4. Answer key 6. The answer choices and reasons are homogeneous and logical in terms of the
material
7. The answer Key is correct
8. There is only one answer key
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Meanwhile, the design of the question- answer structure for the 10 IRAMA questions can be seen in Table

Table 5. Structure Design of IRAMA Question-Answer

No Concept Question Format Answer Format
Tier 1 Tier 3 Tier 1 Tier 3
1 Frequency SQ SQ SA SA
2 Amplitude SQ SQ SA SA
3 Frequency and Amplitude SQ SQ FA SA
4 Standing Waves FQ SQ FA SA
5 Standing Waves in a Resonance Bottle FQ SQ SA SA
6 Resonance Phenomenon FQ SQ SA SA
7 Resonance Phenomenon FQ SQ NA SA
8 Resonance in the Resonance Tube Lab FQ SQ SA SA
9 Air Pressure in the Resonance Tube Lab FQ SQ NA SA
10 Wave Graph in the Resonance Tube Lab FQ SQ FA SA

Note: SQ (Short Questions); FQ (Figure Questions); SA (Short Answers), FA (Figure Answers), and; NA (Number Answers)

3.3. Development

Development was carried out on the IRAMA structure in the design section and prepared to be distributed
to respondents in Google Form as in Figure 5.

\
7V )/> instrument for Resonance Accuracy and Misconception Anolysis |
(IRAMA)

.

Instrument for Resonance Accuracy and
Misconception Analysis (IRAMA)

Figure 5. Example Questions on IRAMA

Each section of the Google Form contains four tiers, as shown in Figure 5. Tiers 1 and 3 are for questions,
and Tiers 2 and 4 are for the level of confidence in answering the questions. However, before distribution, IRAMA
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validation was given to four experts (two in Physics and two in Education), and the results of the Rasch analysis
using Minifac 4.4.0 can be seen in Figure 6.
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Figure 6. Expert Validator Results

Items are IRAMA question numbers (1-10), Criteria are 8 indicators assessed by validators (validators 1-
4). In the item section, the higher its position (high logit) then the item has the highest value from the validator.
This means that item 10 has the highest value compared to the others. The item with the lowest value is item 5,
where many revisions were given by the validator (Zahran et al,, 2025b). Meanwhile, the easiest criteria to
answer and thus get the highest score are the criteria in the lowest position (low logit) criteria number 3 and 4
(all validators gave high scores). The criteria that received the most suggestions were the criteria in the highest
position, namely criteria number 5 and 6. The validator with the highest score is the validator in the lowest
position (low logit), namely Validator 4. This means that Validator 4 is the most lenient in giving assessments
on IRAMA. Validator 3 is the most stringent in giving assessments and giving many suggestions on IRAMA.
Meanwhile, based on the results of the fit statistics (FMRM), Infit and Outfit MnSq, the results were obtained as
in Table 6.

Table 6. Statistical Fit Results from Infit and Outfit MnSq

Item Infit MnSq Outfit MnSq Status

1 0.78 0.28 Fit

2 0.94 0.66 Fit

3 1.19 1.38 Fit

4 1.10 1.18 Fit

5 1.07 3.72 Misfit (revision)

6 0.89 0.83 Fit

7 1.01 0.92 Fit

8 1.05 1.09 Fit

9 1.07 1.11 Fit
Maximum - Fit

Item 1 in Table 6 showed an Outfit MnSq below the recommended 0.5-1.5 range, indicating overfit. Overfit
suggests that all validators responded to the item in an overly predictable manner, typically due to clear item
wording or unanimous agreement. In the context of expert judgment, overfit is not problematic and does not
indicate construct misalignment, thus, Item 1 was retained. One item (Item 10) received maximum ratings from
all experts, resulting in an extreme score condition where the Outfit MnSq could not be computed. This situation
does not indicate misfit, rather, it reflects unanimous agreement among validators and is commonly observed
in Many-Facet Rasch analyses when an item receives no response variation (Linacre, 2025). Therefore, Item 10
was retained. Then, item 5 exhibited substantial misfit (Outfit MnSq = 3.72), exceeding the acceptable range for
Rasch fit statistics. This indicates inconsistent rating patterns among validators, suggesting potential ambiguity
in item wording or misalignment with the intended construct. We present the suggestions given by the validator
in Table 7.

Table 7. Example of Revision to Item 5
Criteria Suggestion
Number Validator 1 Validator 2 Validator 3 Validator 4
- - - There seems to be very little
misconception about bottles.
Coherent is a frequency - - -
with the same phase
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Criteria Suggestion

Number Validator 1 Validator 2 Validator 3 Validator 4
The word “high” in - There is a typo -
buzzing is changed to the
word “loud”

- - Options a-con Tier 1 canbe -
misleading but less relevant

Maybe you could add "Air - - -

molecule shift node

point"

Table 7 shows that all validators provided suggestions except Validator 2. We then discussed the
suggestions and revised them accordingly. However, for some suggestions that were less relevant to the IRAMA
context, we will retain the arguments in the IRAMA item. For example, the suggestion from Validator 4 was not
followed up because resonance demonstrations on bottles are rarely done in physics classes. Therefore, we
consider this to be a novelty of the resonance concept and in the future, it can be a simple demonstration tool
that can be done in physics classes. This will also be confirmed by the Jamovi 2.7.2 analysis in Table 7.
Meanwhile, the distribution for validator (rater) interaction with criteria (task) (Interaction: Rater X Task)
Jamovi 2.7.2 mapping results can be seen in Figure 7.
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Figure 7. Mapping of Interaction: Rater X Task

A high measure in Figure 7 indicates a stricter rater (giving a lower score) for the task. Meanwhile, a low
measure indicates a more lenient rater (giving a higher score) for the task. This shows variation in where raters
give high and low scores. Of course, the acceptance of this variation can be confirmed by the interaction fit
(tolerance of outfit and infit values) of Rater X Task. In detail, the Interaction fit: Rater X Task data from Figure
7 can be seen in Table 8.

Table 8. The data of interaction fit: Rater X Task

No Rater Task (Criteria) Outfit Infit Diagnosis
1 1 1 0.985 0.985 -
2 1 2 0.888 0.888 -
3 1 3 8.17E-05 8.17E-05 -
4 1 4 8.17E-05 8.17E-05 -
5 1 5 0.961 0.961 -
6 1 6 1.17E-04 1.17E-04 -
7 1 7 0.931 0.931 -
8 1 8 6.36E-05 6.36E-05 -
9 2 1 7.29E-05 7.29E-05 -
10 2 2 1.04E-04 1.04E-04 -
11 2 3 9.15E-05 9.15E-05 -
12 2 4 9.15E-05 9.15E-05 B
13 2 5 0.962 0.962 -
14 2 6 0.962 0.962 -
15 2 7 9.27E-05 9.27E-05 -
16 2 8 7.37E-05 7.37E-05 -
17 3 1 1.83E-04 1.83E-04 B
18 3 2 1.39E-04 1.39E-04 B
19 3 3 6.01E-05 6.01E-05 -
20 3 4 6.01E-05 6.01E-05 -
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No Rater Task (Criteria) Outfit Infit Diagnosis
21 3 5 0.888 0.888 -
22 3 6 0.745 0.745 -
23 3 7 1.28E-04 1.28E-04 -
24 3 8 0.931 0.931 -
25 4 1 2.164 2.164 X
26 4 2 8.00E-05 8.00E-05 -
27 4 3 6.82E-05 6.82E-05 -
28 4 4 6.82E-05 6.82E-05 -
29 4 5 2.16E-05 2.16E-05 -
30 4 6 1.03E-04 1.03E-04 -
31 4 7 6.92E-05 6.92E-05 -
32 4 8 5.03E-05 5.03E-05 -

Note. Display 'X' when both Infit and Outfit values exceed 1.5.

Based on Table 8, all variations in Table 7are still acceptable, except for the diagnosis result for rater 4 in
the task 1 assessment. An "X" mark indicates bias in the assessment result (Setyawarno et al., 2025). However,
in the study Yilmaz (2017), bias value is greater than +2 or less than -2. Therefore, we will not follow up on the
assessment results and suggestions given. Based on the analysis conducted and the expert validation results,
IRAMA is valid and can be implemented after being revised according to the suggestions from each validator.
However, in general, the rater reliability value of 0.75 is based on MFRM analysis.

3.4. Evaluation

The evaluation results of the IRAMA instrument were conducted for reliability, the potential of college
students’ conceptions compared to confidence, and bias towards gender (for each conception and confidence in
Table 1). The reliability of conceptions and confidence can be seen in Figure 8.
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Figure 8. Reliability of: a. Conception; b. Confidence

Figure 8 shows the reliability results for Cronbach Alpha conception of 0.84 and for confidence of 0.91.
These results strengthen IRAMA in measuring college students’ conception and confidence because it is reliable
with reliability results approaching 1.0 (Aminudin et al,, 2024; Eliya et al, 2024; Samsudin et al, 2025b;
Yamtinah et al,, 2023). If we look at Figure 8a, of the 30 respondents in this study, only 28 data were analyzed
by Rasch. There are 2 respondents who are included in the Lacking Responses category, the results of the
answers of 2 students (codes 19M and 24M) who did not provide answers to IRAMA. Taahe description of the
code created is the first two numbers as the student's serial number, and codes F (female) and M (male).
However, for Figure 8b, only 1 respondent was eliminated (code 19M). This elimination was because the
respondent fell into the ND category (Table 2) for each question item on IRAMA, both for conception and
confidence. Figure 8b also shows the Maximum Extreme Score of 13 respondents (44.8%). Extreme values like
this do sometimes occur in Rasch analysis (Aminudin et al., 2024; Samsudin et al., 2023). This shows that there
are 13 respondents who have the FC category (Table 2) including 04M, 05F, 06M, 08M, 11M, 16M, 17M, 18M,
21F, 23M, 24M, 26F, and 28M. However, of the 13 respondents, there are 2 respondents who are actually in the
ND category on several questions, namely 04M (ND category for questions 16 and 110) and 11M (ND category
for question I8). The analysis also identified 13 maximum extreme scores, which is common in confidence-rating
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data and did not negatively affect overall model fit. These findings indicate that the confidence component
reliably captures gradations in students’ certainty about their answers. However, because all of them are FC
categories, several ND categories are accumulated by Rasch as potential FC. This is because Rasch can predict
missing or empty answers, in this case incomplete answers in IRAMA or ND category in Table 2. The number of
respondents will then be analyzed by Rasch, where for conception as many as 28 Person (by eliminating 19M
and 24M), and confidence analysis as many as 29 Person (by eliminating 19M).

In addition, person reliability for conception was 0.77, corresponding to a person separation index of 1.85,
meaning the instrument successfully differentiated students into approximately two strata of conceptual
understanding. Item reliability was 0.86, with an item separation index of 2.47, showing a sufficiently wide range
of item difficulties and stable calibration across the sample. Two participants had missing responses, but
Ministep reported minimal impact on reliability estimates. These results demonstrate that the conception tier
provides adequate measurement precision for identifying levels of students' conceptual understanding. For
confidence, person reliability was 0.73 with a separation index of 1.65, indicating moderate differentiation
among participants’ confidence levels. Item reliability was 0.66, and the corresponding separation index was
1.41, suggesting that the confidence items had moderately distinct difficulty levels but were slightly less
dispersed than the conception items.

The combined reliability results from both tiers indicate that the IRAMA instrument demonstrates strong
psychometric quality. The conception scale shows higher item differentiation and stronger measurement
precision, while the confidence scale exhibits excellent internal consistency and adequate person and item
reliability. These outcomes align with recent Rasch literature emphasizing the importance of evaluating person-
item reliability and separation as complementary indices of measurement precision in diagnostic assessments
(Bintang & Suprananto, 2024; Yang et al.,, 2023). Therefore, the IRAMA instrument provides reliable measures
for both conceptual understanding and confidence levels in multi-tier diagnostics. Furthermore, the analysis of
the potential of college students’ conception will be compared with confidence through the output Variable
(Wright) maps shown in Figure 9.

Figure 9a shows that code 05F is the highest student and together with 17M has the potential to answer
all IRAMA questions. Meanwhile, codes 06M and 25M have the lowest potential and together with 04M, 11M,
02M, 03M, and 18M have abilities below the quality of IRAMA questions, so they have the potential to be unable
to answer all IRAMA questions. When associated with Figure 9b's confidence section, the relationship shows
which potential misconceptions exist. For example, 06M in Figure 9a is in the lowest position (potentially unable
to answer all IRAMA questions). However, in Figure 9b, its position is the highest (potentially has very high
confidence). This means that code 06m is the student with the most potential for misconceptions in answering
all IRAMA questions. These results are similar to other research analyses in identifying conceptions using Rasch
(Aminudin et al.,, 2024; Eliya et al.,, 2024; Samsudin, et al., 2025a). Likewise, for the analysis of other respondents.
Meanwhile, in the item section for IRAMA in Figure 9a, question 14 is the most difficult number to answer, and
numbers I1 and 16 are the easiest to answer. When compared to Figure 9b, question 14 was the question with
the fewest confident answers. In fact, its position is almost the same as question 16, which was the easiest to
answer confidently.

78 PERSON 10 TTEN S CATS ADMISTEP 5.10.1.0

a. Conception b. Confidence

Figure 9. Potential (Person x Item) of: a. Conception; b. Confidence

Overall, the interpretation shown in Figure 9 shows that the distribution between Person and Item is even.
Some Persons are above all items, while others are below all items. The Rasch reporting guideline recommends
explicitly identifying such extreme locations because they indicate where additional items, either more difficult
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or easier, would strengthen measurement precision and improve scale coverage. In terms of item distribution,
the map shows no major gaps across the latent continuum. Identifying item clusters is important for evaluating
whether items contribute unique measurement information or whether revisions or testlet combinations are
needed. However, in accordance with the development goals of IRAMA, we can only identify the conception of
resonance with distributed results. For comparison, we show the results of a manual analysis of the distribution
of conception and confidence categorizations in percentage form, as shown in Figure 10.
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Figure 10. Distribution of: a. Conception; b. Confidence

Figure 10a shows the dominant conception category in the PM category (27%), while the lowest was ND
(10%). The detected misconception category was MC (24%). This result is quite large in terms of misconceptions
in resonance. Meanwhile, in the confidence section (Figure 10b), the highest categories were FC (77%) and ND
(6%). This finding is supported by several researchers who state that misconceptions still exist in the concept
of resonance (Hawe et al, 2010; Potvin et al.,, 2014; Uchino, 2020). These results are calculations based on
participants' actual responses. Meanwhile, based on the Rasch analysis, particularly Figure 10b, which shows
the dominance of FC (77%) in confidence, this is noteworthy because Figure 8b explains that 13 respondents
(44.8%) had extreme scores, with the majority of them within FC. This proportion of extreme responses
reinforces the need for careful interpretation within the Rasch measurement framework. Extreme scores,
whether consistently selecting FC or NC, are known to produce unstable and less precise person measures
because the model cannot fully locate these respondents along the latent continuum (Bond et al,, 2021; Yang et
al,, 2023). Therefore, high FC percentages cannot automatically be interpreted as genuinely high confidence.
Rasch analysis does not predict or fill in missing responses. Instead, the model estimates a person’s ability only
from the responses that are actually provided. Rasch estimation is strictly model-based and does not impute
unobserved data (Engelhard & Wang, 2024). Furthermore, A bias analysis of gender (conception and
confidence) was also conducted to ensure that IRAMA is free of bias. The results of the analysis can be seen in
Figure 11.
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Figure 11. Gender Bias Analysis from: a. Conception; b. Confidence
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Figure 11a and 11b show the analysis of gender bias (F for Female and M for Male). The results can be seen
in the graph for each category, and the data are in the green box, with no values below 5% (0.05). This limit
indicates bias in the category used for Person, therefore, if a value is below 5%, it can be considered biased
(Aminudin et al,, 2024; Eliya et al,, 2024; Samsudin et al., 2025b; Syifa et al., 2024). Meanwhile, in the IRAMA
results, none are below 5%. Furthermore, if viewed in the graph (Figure 11a and 11b), the green line is the model
line, while the F and M lines can be identified as being above, below, or parallel to the model (green line). If the
position is below the green line and the value is less than 5%, then the question favors a particular category.
However, in this data, although some values are below the green line, the values are still above 5%, meaning
they are easier for certain categories but still within the threshold, not causing bias. In addition, the analysis of
the DIF Contrast threshold (in Table 3), the results can be seen in Table 9 (Cameron et al., 2014).

Table 9. The DIF Contras Threshold Result

Item Conception Confidence

DIF DIF DIF Contrast  Category DIF DIF DIF Contrast  Category

Measure F Measure M  (|F-M]) Measure F Measure M  (|F-M])
1 -1.10 -0.41 0.69 Moderate  -1.67 -0.39 1.28 Substantial
2 -0.10 -0.32 0.23 Negligible  -0.42 -0.36 0.06 Negligible
3 0.14 0.14 0.00 Negligible  0.19 0.10 0.08 Negligible
4 1.43 0.81 0.62 Moderate  -0.18 -0.60 0.41 Negligible
5 0.44 0.82 0.38 Negligible  0.38 0.38 0.00 Negligible
6 -0.61 -0.52 0.09 Negligible 0.37 0.37 0.00 Negligible
7 -0.15 -0.28 0.13 Negligible -0.33 0.05 0.38 Negligible
8 -0.18 -0.14 0.03 Negligible  0.01 0.10 0.10 Negligible
9 -0.15 -0.41 0.26 Negligible -0.33 -0.04 0.29 Negligible
10 0.24 0.24 0.00 Negligible 1.21 0.50 0.71 Moderate

Table 9 shown DIF results for the conceptual aspect show that most items are in the negligible category.
Two items showed moderate DIF (Item 1 and Item 4). In the self-confidence aspect, most items were also in the
negligible category, except for Item 1 (1.28 logits), which was in the substantial category, and Item 10 (0.71
logits), which was in the moderate category. Nevertheless, this DIF pattern is still acceptable because only a few
items exceeded the minimum bias limit, and most items remained within the acceptable DIF range for an
educational instrument. Overall, these findings indicate that the IRAMA instrument does not exhibit systematic
gender bias, and the majority of items performed consistently across groups, in accordance with DIF evaluation
standards in Rasch. These results further support the quality of IRAMA, which is valid, reliable, and free of
gender bias.

4. Conclusion

Based on the research results, the IRAMA distributed to respondents via Google Form has been revised
and validated based on Rasch analysis on Minifac 4.4.0 and Jamovi 2.7.2. Meanwhile, the results of Rasch analysis
through Ministep 5.10.1 show that the Cronbach Alpha reliability for conception (0.84) and confidence (0.91).
The distribution of college students’ conception potential is spread across the categories of Full Understanding
(FU) 25%, Partial Plus (PP) 4%, Partial Minus (PM) 27%, Don't Understand (DU) 10%, Misconception (MC) 24%,
and Not Defined (ND) 10%. Although the highest category is PM (27%), MC (24%) was also detected, indicating
that misconceptions on the concept of resonance are quite large because the difference is only 3% from the
highest category. Based on these results, every teacher needs to pay attention to delivering resonance material
both in concept and practicum because their understanding is prone to misconceptions. Meanwhile, the
distribution of their confidence levels consisted of Full Confidence (FC) 77%, Partial Confidence (PC) 11%, Not
Confidence (NC) 13%, and Not Defined (ND) 6%. Once again, these results only focus on measuring Tier 2 and 4
of IRAMA, without reviewing their conceptions. Thus, even though they have confidence (FC), their
understanding is also spread out, even between FC (25%) and MC (24%), only differing by 1%. However, the FC
value for confidence was influenced by extreme values in 13 respondents (44.8%). These extreme values
actually resulted in unstable measurements and lacked precision in the model. Therefore, high FC percentages
cannot automatically be interpreted as genuinely high confidence. The IRAMA instrument is also free from
gender bias for each conception and confidence measurement because the measurement results PROB> 5% and
DIF Contras dominated by the negligible category. These results indicate that IRAMA has been valid and tested
through Rasch analysis. We hope that the IRAMA diagnostic instrument can be used by practitioners in the field
in identify conceptions and contribute to filling the gap in diagnostic instruments on the concept of resonance,
which is tested based on research results. In the future, we will also include IRAMA in Augmented Reality (AR)
applications as a teaching medium for resonance material.
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