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ABSTRACT

Article History This study aims to evaluate the psychometric quality of diagnostic test instruments
Submitted: on wave material in physics learning, with a focus on their validity and reliability. The
23 April 2025 instrument was validated by seven experts using the content validation method,
Revised: which resulted in an average validity score of 0.849, indicating that the instrument is
24 April vety valid. Confirmatory factor analysis (CFA) was conducted to test the model fit
;\;:c;eprtﬂed: and validity of the instrument structure. The KMO test results showed a figure of
p 0.946, indicating the suitability of the data for factor analysis, while the Bartlett Test
of Sphericity results confirmed that the intercorrelation data was not an identity
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matrix. The tested model showed a good fit to the data, with a CFI value of 0.948,
TLI of 0.935, and RMSEA of 0.072. The model parameter estimates showed a
significant relationship between the latent variables and the observed items, with a
strong influence from the "Wave" variable. Although the Chi-square test tesults
indicated a statistically poor fit of the model, this result could be influenced by the
large sample size. Limitations of this study include the limited sample size of seven
validators, which may not cover all perspectives. This study suggests that further
research involving a larger number of validators and more in-depth analysis should
be conducted to strengthen the results obtained. The results of this study are
expected to contribute to the development of more effective diagnostic test
instruments for physics teaching at the secondary school level.
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INTRODUCTION

Diagnostic test instruments serve as essential tools in physics education, particularly for
identifying misconceptions and assessing students’ conceptual understanding more deeply
(Hyland & O’Shea, 2022; Tomczyk & Eger, 2020). Unlike summative tests that only assess final
learning outcomes, diagnostic tests serve as a teachet's tool to map students' initial abilities and
specifically identify parts of the concept that have not been understood (Homjan et al., 2022).
In the context of physics learning, this is very important because physics requires not only
memorization of concepts but also logical understanding, relationships between concepts, and
scientific reasoning skills (Hadi et al., 2022). One of the materials that is known to be complex
and often cause misconceptions is wave material, which involves abstract concepts such as
amplitude, frequency, wavelength, phase and interference. Therefore, a diagnostic instrument is
needed that is not only accurate in its content but also has a strong scientific basis in terms of
validity and reliability.

Unfortunately, conditions in the field often show that the instruments used in learning
are still far from ideal. Several previous studies have shown that diagnostic test instruments
circulating in schools tend to be made practically without going through an adequate validation
process. For example, research by Istiyono (2022) and Burkholder et al. (2021) found that most
teachers only used homemade questions without empirical trials, potentially producing
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inaccurate misconception data. In addition, a study by Scoulas et al. (2021) showed that the
construct validity of many diagnostic instruments has not been systematically analyzed through
an exploratory or confirmatory factor approach. In fact, validity and reliability are absolute
requirements for an instrument to be said to be appropriate and valid for use in the context of
educational assessment (Asriadi & Hadi, 2021; Tabatabaee-Yazdi et al., 2018).

This gap indicates the need for the development and evaluation of diagnostic instruments
based on modern psychometric approaches. The developed instruments must go through a
content validation process using quantitative approaches such as Aiken's V index, followed by
exploratory factor analysis (EFA) to identify the latent structure of the construct (Burak &
Gultekin, 2021) and confirmatory factor analysis (CFA) to test the suitability of the model to
empirical data (Abdullah et al., 2021). Reliability estimation is also important to ensure the
internal consistency of the test items (Haryanto et al., 2023). This kind of psychometric
evaluation has not been systematically conducted in the context of wave material diagnostic
instruments, thus becoming an important opportunity to produce significant scientific
contributions.

This study aims to evaluate the psychometric quality of diagnostic test instruments on
wave material in physics learning, with a focus on their validity and reliability. In ensuring a clear
and coherent research direction, this study focuses on two main objectives: (1) assessing the
validity of the content analyzed using the Aiken's V index to determine the alignment of test
items with learning indicators and content clarity while constructing validity is examined through
Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) to empirically
validate the dimensional structure of students' conceptual understanding of waves, and (2)
evaluating the internal consistency of the instrument to ensure its reliability in identifying
misconceptions. This study builds on existing research in physics education that highlights the
need for valid and reliable diagnostic tools to support formative assessment and guide targeted
instructional interventions. Through this approach, this study is expected to contribute to a
state-of-the-art diagnostic instrument that supports evidence-based decision-making in the
learning process.

RESEARCH METHOD

This study uses a survey design with a cross-sectional approach, in which data is collected
at a single point in time (Creswell, 2022). This approach was chosen because it, in accordance
with the main objective of the study, conducts a psychometric evaluation of diagnostic test
instruments on wave material in physics learning. The survey design allows researchers to obtain
quantitative data from large numbers of respondents efficiently, which is important to support
the analysis of the validity and reliability of the instrument (Johnson & Christensen, 2017). The
cross-sectional approach is very relevant in the context of measuring psychometric properties
because it allows researchers to test the construction structure of the instrument (through
Exploratory Factor Analysis and Confirmatory Factor Analysis), as well as estimate reliability
(with internal consistency coefficients) based on actual data from the target population in a short
time. Thus, this method provides a strong empirical picture of the extent to which the
instrument can measure diagnostic concepts validly and reliably according to the characteristics
of students at the time the measurement is carried out.

The subjects in this study were 11th-grade students from various SMA/MAN in Bandung
City, West Java. This study involved two stages of data collection. In the initial stage, a total of
220 students were planned to be tested using the diagnostic test instrument. The sample at this
stage was selected using a simple random sampling technique to ensure the representativeness
and diversity of respondents from the student population in Bandung City. This technique
allows each student to have an equal opportunity to be selected as a subject so that the data
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obtained can describe a more general condition. The selected sample is expected to provide a
representative picture of the effectiveness of the diagnostic test instrument being tested.

The instrument used in this study was a diagnostic test designed to identify and evaluate
the level of initial understanding and development of student's abilities in the material being
taught. This test uses a two-tier multiple-choice format that aims to measure students'
understanding at vatious cognitive levels based on Bloom's Taxonomy. The material tested
includes Sound Waves and Light Waves, with questions categorized into three cognitive levels:
C2 (Understanding), C3 (Applying), and C4 (Analyzing).

The matrix of diagnostic test instruments used can be seen in Table 1. This table shows
the distribution of questions based on the material and cognitive level that is in accordance with
the measurement objectives to be achieved. By using this approach, the test aims to measure
students' understanding at various cognitive levels, from basic knowledge to the level of analysis
and evaluation. The total number of questions in this test is 14 questions designed to represent
the various cognitive levels in Bloom's Taxonomy.

Table 1. Diagnostic Test Instrument Matrix (Two-Tier Multiple Choice)

Material
.. Vibrations & Waves Sound Wave 1 Sound Wave 2 Light Waves
Cognitive
. Number . Number . Number . Number
Levels Question Question Question Question
of of of of
Number . Number . Number . Number .
Questions Questions Questions Questions
C2 3 1 8 1 9 1 14 1
C3 2 1 5 1 10 1 12 1
C4 1.4 2 6.7 2 11 1 13 1
Total 4 4 3 3

Table 2. Results of Validation of Final Diagnostic Test Instrument Content (Post-test)

Item R1 R2 R3 R4 R5 R6 R7 Vv Description
Item 1 5 4 5 5 4 4 3 0.821 Valid
Item 2 5 5 3 4 5 5 3 0.821 Valid
Item 3 5 3 5 5 5 5 3 0.857 Valid
Item 4 5 5 5 4 5 5 4 0.928 Valid
Ttem 5 5 4 4 3 5 4 4 0.786 Valid

Article 6 4 5 5 4 5 4 3 0.821 Valid

Ttem 7 5 4 5 3 4 5 4 0.821 Valid
Article 8 5 5 5 4 5 5 4 0.928 Valid
Article 9 5 5 5 4 4 4 4 0.786 Valid
Article 10 4 4 5 4 5 5 4 0.857 Valid
Article 11 5 4 4 4 5 4 5 0.893 Valid
Article 12 4 5 3 4 5 5 4 0.821 Valid
Article 13 5 4 4 5 4 5 5 0.928 Valid
Article 14 4 5 5 3 5 5 3 0.821 Valid

Validation Results of the Contents of the Diagnostic Test Instrument 0.849 Valid

With this approach, the test instrument not only aims to measure students' understanding
at the basic knowledge level but also to assess students' ability to apply concepts and analyze
more complex physics phenomena according to the expected cognitive level. Based on
information table 1 is data analysis in this study involved three main stages: content validity,
construct validity, and instrument reliability. First, content validity was tested using assessments
from expert validators and practitioners through instrument validation sheets. The scores given
ranged from 1 to 5, with categories ranging from irrelevant to very relevant, and then analyzed
using the Aiken formula to measure the level of validity. The results were categorized as very
valid, valid, or less valid according to the Aiken coefficient. Furthermore, construct validity was
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tested using Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) Order
2 to ensure that the selected test items had a factor load above 0.5 to be retained as valid. Items
with factor loads between 0.30 and 0.50 would be considered for further analysis (Hair et al.,
2017). Finally, the reliability of the instrument was assessed using McDonald's » and Cronbach's
«, which are appropriate methods for estimating the reliability of instruments with polytomous
scale items (Blessing et al., 2021). The results are categorized into five levels of reliability based
on Cronbach's Alpha values, ranging from unreliable to highly reliable. All these analyses were
performed using R Studio software.

FINDINGS AND DISCUSSION
Findings

Content Validation Results

The results of the content validation of the diagnostic test instrument show that the
assessment data by 7 expert validators and practitioners, obtained through the instrument
validation sheet, were analyzed to assess the content validity of the developed diagnostic test.
This content validity focuses on the suitability of the question items to the established indicators.
The assessment was carried out by measurement experts and material experts, where each
question item was given a score between 1 and 5, with categories of irrelevant, less relevant,
relevant, and very relevant. The scores obtained from each validator were then calculated using
the Aiken formula to determine the content validity of the instrument.

Table 2 shows the results of the validation of the final diagnostic test instrument based
on expert assessments. Each item was tested and had a validity score (V) varying between 0.786
and 0.928, all of which were in the Valid category. Overall, the average validity value of this
instrument reached 0.849, which was also included in the Valid category. Based on these results,
it can be concluded that this final diagnostic test instrument has met the criteria for very good
validity and can be used with confidence to measure the desired aspects.

KMO and Bartlett test of Sphericity

The KMO (Kaiser-Meyer-Olkin) test and the Bartlett test (test of sphericity) are two
important tests in preparing for factor analysis. The KMO test is used to assess whether the
data is suitable for factor analysis by looking at the correlation between variables, while the
Bartlett test tests the significance of the correlation between variables (Watkins, 2018)
Appropriate results from both tests are needed before proceeding to further factor analysis.

Table 3. KMO and Bartlett Test of Sphericity

Parameter Mark

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 946

Bartlett's Test of Sphericity Approx. Chi-square 1639.326
df 91
Sig. .000

The results in Table 3 show that the KMO value has met the requirements, so the data is
worthy of further analysis. The eligibility criteria are that the KMO value must be more than
0.7, or at least 0.5, with a Bartlett significance value below 0.05. The Bartlett tests whether the
intercorrelation matrix is an identity matrix or not. If the significance value is <0.05, then the
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intercorrelation matrix is not an identity matrix, and factor analysis can be performed. The
results of the analysis show that the KMO wvalue is 0.946, which is greater than 0.7, and the
significance value is 0.000, which is less than 0.05. Thus, the intercorrelation matrix is not an
identity matrix, allowing factor analysis to be performed.

MSA (Measure of Sampling Adequacy)

Measure of Sampling Adequacy (MSA) is a measure used in factor analysis to evaluate the
extent to which sample data is suitable or adequate for factor analysis. MSA calculates the partial
correlation between variables in a dataset, which is then used to determine whether the variables
can be grouped or reduced into smaller factors. MSA values range from 0 to 1, where values
close to 1 indicate that the variables in the dataset have a high correlation and are very suitable
for factor analysis, while values close to 0 indicate a low correlation and data that is less suitable
for factor analysis. Interpretation of MSA values is important to ensure the validity and reliability
of factor analysis that will be carried out on existing sample data.

Table 4. MSA (Measure of Sampling Adequacy)

Item Parameters MSA Value Ttem Parameters MSA Value

Ttem_1 0.926 Ttem_9 0.959
Item_2 0912 Item_10 0.964
Ttem_3 0.957 Ttem_11 0.927
Item_4 0.937 Item_12 0.958
Item_5 0.925 Item_13 0.963
Ttem_6 0.949 Ttem_14 0.959
Ttem_7 0.957 Overall MSA 0.946
Ttem_8 0.952

Based on the analysis results in table 4, all items have MSA values above 0.5. Items with
fairly high MSA values include Item 1 with a value of 0.926, Item 2 with a value of 0.912, and
so on up to Item 14 which has a value of 0.959. Therefore, all items meet the sample adequacy
requirements for further analysis.

Model Fit Test

Model Fit Test is an evaluation process carried out in data analysis, especially in the
context of statistical models such as SEM (Structural Equation Modeling) (Helmi et al., 2025).
This test aims to assess the extent to which the proposed model is in accordance with the
observed data.

Based on the results of the model analysis presented in Table 5, it can be concluded that
this model shows a good level of fit to the data analyzed. Although the Chi-square test shows a
low p-value (0), indicating that the model does not fit perfectly based on this criterion, this needs
to be considered carefully because a large sample size can affect the results of this test (Hair et
al., 2019) . However, several other fit indices show very positive results. The Comparative Fit
Index (CFI) of 0.948 and the Tucker-Lewis Index (TLI) of 0.935 both exceed the recommended
cut-off (= 0.90), indicating that this model is very suitable for the data used. In addition, the
Root Mean Square Error of Approximation (RMSEA) value of 0.072 and the Standardized Root
Mean Square Residual (SRMR) of 0.043 are within adequate limits (< 0.08), indicating that the
model has a good statistical fit to the data. In addition, the Akaike Information Criterion (AIC)
value of 8002.046 and the Bayesian Information Criterion (BIC) of 8110.497 indicate that this
model is relatively better compared to other alternative models in terms of fit to the data (Hair
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et al., 2017). Thus, although there are notes related to the Chi-square test, overall, this model
can be considered a good representation of the observed phenomenon based on the various
evaluation criteria used.

Table 5. Model Fit Test

Model Parameters Cut Off Value Mark Description
Statistical test - 155.926 Fit
Degtrees of freedom - 73

P-value (Chi-square) > 0.05 0 Fit
Comparative Fit Index (CFI) = 0.90 0.948 Fit
Tucker-Lewis Index (TLI) > 0.90 0.935 Fit
Akaike (AIC) Smaller is better 8002.046 Fit
Bayesian (BIC) Smaller is better 8110.497 Fit
Root Mean Square Error of <0.08 0.072 Fit
Approximation (RMSEA)

Standardized Root Mean Square <0.08 0.043 Fit

Residual (SRMR)

Compared to previous studies examining diagnostic instruments in science education,
such as that conducted by Watkins (2018), this study offers an integrated approach that not only
strengthens the internal structure of the instrument but also provides empirical support for its
effectiveness in identifying students’ misconceptions related to the concept of waves. The
novelty of this study lies in its specific focus on wave phenomena in physics that are often
underrepresented in the development of diagnostic tools. Furthermore, the use of rigorous
statistical criteria ensures a strong validation of the instrument. This contribution lays the
groundwork for future research aimed at developing similatly structured instruments in other
complex domains in science education.

Model Parameter Estimation

Table 6 shows the results of estimation and statistical analysis for various latent variables
in a model. Each row in the table lists estimates for each item, indicating how much influence
that item has on the unobserved latent variables such as Item_1 to Item_14. Based on the result
table 6 higher estimates indicate a stronger relationship between the item and the latent variable.
In addition, there are also estimates for the effects of other latent variables, such as M1, M2,
M3, and M4, on the observed latent variable. Positive values indicate a positive relationship,
while negative values indicate a negative relationship between these latent variables. One
significant result is the effect of the latent variable "Wave" on the observed latent variable, with
an estimate of 0.232. This value is expressed by a Standard Error of 0.054 and a z-value of 4.341,
indicating that the effect of "Wave" on the observed latent variable is statistically significant.
This analysis is also supported by a very small P value, close to zero, indicating that this result
is unlikely to occur by chance. The entire table provides a detailed picture of the relative
contribution of each latent variable and item to the overall model, as well as the level of statistical
significance of the given estimates.

R Square (Effect Size)

Table 7 shows the R Square (Effect Size) values for various latent variables in a statistical
model. R Square indicates how much of the variation of a latent variable can be explained by
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other variables in the model. Each row in the table lists the R Square estimates for each item,
such as Item_1 to Item_14, as well as other latent variables such as M1, M3, and M4.

Table 6. Model Parameter Estimation

Latent Variables Estimate Std.Err z-value P(>|z|) Std.lv Std.all
Ttem_1 0.519 0.053 9.883 0 0.519 0.668
Ttem_2 0.605 0.075 8.091 0 0.605 0.367
Ttem_3 0.434 0.044 9.897 0 0.434 0.673
Ttem_4 0.726 0.082 8.801 0 0.726 0.439
Ttem_5 0.698 0.073 9.562 0 0.698 0.444
Ttem_6 0.501 0.057 8.749 0 0.501 0.312
Ttem_7 0.792 0.080 9.901 0 0.792 0.550
Ttem_8 0.468 0.054 8.703 0 0.468 0.308
Ttem_9 0.583 0.068 8.606 0 0.583 0.475
Ttem_10 0.608 0.070 8.743 0 0.608 0.490
Ttem_11 0.733 0.076 9.700 0 0.733 0.648
Ttem_12 0.549 0.073 7.486 0 0.549 0.360
Ttem_13 0.590 0.067 8,816 0 0.590 0.472
Ttem_14 1,022 0.102 10.051 0 1.022 0.747
M1 0.026 0.012 2.058 0.040 0.099 0.099
M2 -0.025 0.026 -0.975 0.330 -0.029 -0.029
M3 0.051 0.037 1.376 0.169 0.080 0.080
M4 0.088 0.053 1.677 0.093 0.090 0.090
Wave 0.232 0.054 4.341 0 1 1

Table 7. R Square (Effect Size)

Latent Variables Estimate Latent Variables Estimate

Item_1 0.332 Item_10 0.510
Item_2 0.633 Item_11 0.352
Item_3 0.327 Item_12 0.640
Item_4 0.561 Item_13 0.528
Item_5 0.556 Item_14 0.253
Item_6 0.688 Ml 0.901
Item_7 0450 M2 NA
Ttem_8 0.692 M3 0.920
Item_9 0.525 M4 0.910

In table 7, several items, such as Item_06, Item_8, and Item_12, have quite high R Square
values in succession. This indicates that these items make a large contribution in explaining the
variation of the latent variables observed in this model. On the other hand, the latent variable
M2 does not make a significant contribution or may not be included in the model for the
observed latent variables, marked with the value "NA". This analysis provides an in-depth
understanding of how well each latent variable and item can explain the variation of the
observed latent variables, providing a strong foundation for interpreting the results and drawing
conclusions in the context of the research or analysis being conducted.
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Path Standardized Value

Path standardized value is an adjusted value in structural equation modeling (SEM). This
value indicates the strength and direction of the relationship between variables in the model
after the variables are transformed into a standard form with a mean of zero and a standard
deviation of one. The range of path standardized value values is from -1 to 1, where positive
values indicate a positive relationship between the variables (i.e., when the independent variable
increases, the dependent variable tends to increase as well), while negative values indicate a
negative relationship (i.e., when the independent variable increases, the dependent variable tends
to decrease). Values closer to 0 indicate a weak or insignificant relationship between the variables
in the context of the analytical model being studied. Path standardized value is an important
tool in understanding and interpreting how variables relate to each other in an analytical model,
helping to test hypotheses and validate the developed model.
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Figure 1. Path Standardized Value

The results of Figure 1 the confirmatory factor analysis (CFA) displayed in the Path
Standardized Value diagram show a strong relationship between the main latent variable (wave)
and the second latent variable (dimension). The loading factor from the wave variable to the
dimension shows a value of more than 0.4, with a range between 0.949 to 1.014. This value
indicates that the wave variable has a very strong relationship with its dimensions. In addition,
the relationship from the dimensions to each question item also shows a significant loading
factor, with a value of more than 0.4 ranging from 0.503 to 0.832. This shows that each
dimension substantially explains the variance of the related question items. Overall, these results
indicate that the model has a good fit, with the main and second latent variables explaining the
variance of their indicators strongly and consistently.

Reliability Estimation Results

According to the reliability criteria, these values are included in the "Very High" category,
because both exceed the threshold of 0.90. The 95% confidence interval for McDonald's Omega
ranges from 0.917 to 0.944, while for Cronbach's Alpha it ranges from 0.912 to 0.939 (Navarro
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et al., 2019). This shows that, with a 95% confidence level, the reliability of the instrument is
estimated to be in a range that is still very high.

Table 8. Frequentist Scale Reliability Statistics

Estimate McDonald's © Cronbach's « Average interitem correlation
Point estimate 0.931 0.926 0.470
95% CI lower bound 0.917 0.912 0.425
95% CI upper bound 0.944 0.939 0.514

Based on information from table 8, the diagnostic test instrument shows a very high level
of reliability. The point estimate value for McDonald's Omega (w) is 0.931, and for Cronbach's
Alpha («) is 0.926. The average inter-time correlation is 0.470, with a 95% confidence interval
ranging from 0.425 to 0.514. This high interitem correlation indicates that the items in the
instrument are well correlated with each other, indicating that they measure the same construct
with high consistency. Overall, these results indicate that the instrument has very good internal
consistency, making it a reliable and consistent measuring instrument for the measurement
purposes carried out.

Based on the statistical analysis of individual item reliability in Table 9, the diagnostic test
instrument shows a very high level of internal consistency, according to the results of the
McDonald's Omega (») and Cronbach's Alpha («) tests.

Table 9. Frequentist Individual Item Reliability Statistics

Ltem If item dropped
McDonald's w Cronbach's «
Ttem_1 0.929 0.925
Item_2 0.923 0.918
Item_3 0.929 0.925
Item_4 0.926 0.921
Item_5 0.924 0.919
Item_6 0.921 0.916
Item_7 0.927 0.922
Item_8 0.921 0.916
Item_9 0.926 0.921
Item_10 0.926 0.921
Ttem_11 0.929 0.925
Item_12 0.923 0.918
Item_13 0.926 0.921
Item_14 0.932 0.927

Based on the results table 9, the McDonald's w values range from 0.921 to 0.932, while
Cronbach's a values range from 0.916 to 0.927. This indicates that the instrument remains in
the "Very High" reliability category even when one item is deleted, as all values remain above
0.90. Item-rest correlations, which measure the correlation of each item with the total score
without that item, range from 0.477 to 0.804. The items with the highest correlations are Item
8 (0.804) and Item 6 (0.800), indicating that these two items are very consistent with the other
items in measuring the same construct. Other items such as Item 2 (0.743) and Item 12 (0.747)
also show very strong correlations with the total score, indicating significant contributions to
the reliability of the instrument. On the other hand, Item 1 and Item 14 have lower item-rest
correlations, at 0.524 and 0.477, respectively, but are still within the range indicating a positive
contribution to the instrument's reliability. Overall, these results indicate that each item in the
instrument contributes positively to the overall internal consistency. The high McDonald's
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and Cronbach's a values despite the deletion of one item, as well as the generally strong item-
rest correlations, indicate that this instrument is highly reliable for the purposes for which it was
measured.

Discussion

An effective diagnostic test instrument in physics learning is very important in improving
students' conceptual understanding. This instrument is not only used to measure the level of
students' understanding of the material that has been studied but also functions to identify
conceptual errors or misconceptions held by students. According to Shanmugam (2018), a good
test instrument must have strong validity to measure what should be measured and high
reliability so that the test results can be consistent if repeated. In the context of physics learning,
the test instrument must cover all important concepts in physics, both conceptual questions and
those involving practical applications of these concepts. Therefore, the development of
diagnostic test instruments does not only rely on theory but also needs to be based on real
observations of errors that often occur in students.

As part of the theory of instrument development, Martiana et al. (2022) stated that clear
steps in the design are very important to create an effective test instrument. The stages
consisting of planning, item testing, and evaluation aim to ensure that the instrument developed
has high validity and reliability. Content validity needs to be considered when designing an
instrument that focuses on the extent to which the questions given cover all the material that
has been taught. Rahman et al. (2021) stated that to obtain good content validity, the
development of questions must involve experts in the field, such as physicists or physics
teachers. Thus, the questions designed not only measure students' understanding but also ensure
that the scope of the material tested is by the applicable curriculum.

Previous research also shows that valid diagnostic test instruments can provide a clearer
picture of students' misconceptions. Burkholder et al. (2021) found that the use of diagnostic
tests designed with good validity can detect students' misconceptions more effectively, allowing
teachers to respond immediately with the right approach. For example, by using diagnostic test
results, teachers can find out which topics are difficult for students to understand and design
more focused teaching on these aspects. Homjan et al. (2022) also revealed that test instruments
based on content validity can increase evaluation effectiveness because the questions asked
more accurately describe students' understanding of relevant physics concepts. Thus, a good
test instrument not only functions as an evaluation tool but also as an instrument to facilitate
continuous learning improvement.

In developing this diagnostic test instrument, one of the main challenges is to ensure that
the questions developed do not only measure memory alone but also the ability of students to
apply concepts in more complex situations (AM & Istiyono, 2022). In his educational taxonomy,
Bloom explains that effective tests must cover various cognitive levels, from basic knowledge
to application and analysis (Spiller & Tuten, 2019). Therefore, in developing a test instrument
for physics, questions must be designed to measure not only the understanding of basic
concepts but also the ability of students to solve more complex problems.

In addition, it is also important to consider the context of the use of this test
instrument. Istiyono et al. (2023) show that in implementing diagnostic test instruments in the
classroom, it is important to analyze the test results continuously. With this approach, teachers
can reflect on the effectiveness of the learning that has been carried out and modify teaching
strategies if necessary. This aligns with the principle of developing test instruments that are
continuously evaluated and adjusted to student needs and learning objectives to be achieved.

The Model Fit Test conducted in this study provides a comprehensive evaluation of the
proposed model’s alignhment with the observed data. Although the Chi-square test reveals a low
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p-value (0), suggesting a potential lack of perfect fit, this result must be interpreted carefully,
especially given the large sample size, which can often influence the outcome of this test (Hair
et al,, 2019). Despite this, other fit indices strongly support the model’s adequacy. Specifically,
the Comparative Fit Index (CFI) and the Tucker-Lewis Index (TLI) exceed the recommended
threshold of 0.90, indicating a strong fit, while the Root Mean Square Error of Approximation
(RMSEA) and the Standardized Root Mean Square Residual (SRMR) fall within acceptable
limits (= 0.08). These indices suggest that the model adequately represents the observed
phenomenon.

The model also demonstrates significant statistical findings, particularly with the latent
variable "Wave," which shows a positive and statistically significant relationship with the
observed latent variable, supported by a high z-value of 4.341 and a p-value close to zero. This
result confirms the reliability of the wave variable’s impact and positions this study as an
important contribution to the field. Compared to similar studies, such as those by (Kastriti et
al., 2022) and (Kaniawati et al., 2019), which focused on other physics concepts, this research’s
specific focus on wave phenomena provides a novel contribution to the diagnostic tool
development in science education. The study’s rigorous statistical validation adds to the growing
body of research that aims to create reliable models for diagnosing student misconceptions in
complex scientific topics, thus setting a strong foundation for future studies in other areas of
science education. In sum, while the Chi-square test presents some concerns, the overall model
fit and the significant findings from the parameter estimations and effect sizes affirm the
robustness and relevance of the model in explaining the relationship between the latent variables
and the observed data.

Using diagnostic test instruments designed with strong content validity and grounded in
educational theory and prior research enables more accurate identification of students’
conceptual errors. This contributes significantly to improving learning outcomes and enhancing
the overall quality of physics education. Theoretically, this instrument's development enriches
the educational assessment field by offering a systematic and empirically tested model for
measuring student competence in physics subjects often perceived as abstract and challenging.
It also reinforces key constructs in educational measurement theory, such as reliability, validity,
and measurement precision, thereby raising standards in educational testing, particularly in
science subjects.

From a practical standpoint, this diagnostic instrument provides tangible benefits for
classroom instruction. It equips teachers with precise diagnostic information on students'
learning difficulties, enabling them to tailor their teaching methods, implement targeted
interventions, and deliver more meaningful feedback to support conceptual understanding. This
study contributes to future scientific developments by laying the groundwork for adaptive
assessment models that can respond dynamically to students' individual learning needs. As
educational technology and data analytics continue to evolve, there is significant potential to
integrate diagnostic tools like this into digital platforms, allowing real-time feedback and
personalized learning paths. The trend toward differentiated and formative assessment practices
in STEM education underscores the importance of reliable diagnostic instruments. Future
research can explore the integration of such tools into learning management systems, expand
their use across diverse student populations, and refine them through machine learning to
enhance predictive validity and instructional relevance.

CONCLUSION

Based on the results of the analysis, it can be concluded that the diagnostic test instrument
developed on the wave material in physics learning shows strong psychometric quality in terms
of both validity and reliability. Content validation involving seven expert validators produced
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an average Aiken's V score of 0.849, which is included in the "very valid" category, indicating
that the items are aligned with the learning indicators and are formulated. Construct validity
testing through KMO (0.940) and Bartlett's Test of Sphericity confirmed the suitability of the
data for factor analysis, supported by a high average MSA value of 0.946. Furthermore,
confirmatory factor analysis showed that the model adequately fits the data. Fit indices such as
CFT (0.948) and TLI (0.935) exceeded the recommended threshold, while the RMSEA (0.072)
and SRMR (0.043) values also indicated acceptable model fit. Although the Chi-square test
yielded a low p-value (common in large samples), the model parameters indicated significant
relationships between the latent constructs and the observed variables. For example, the latent
variable “Wave” showed a significant effect with an estimated 0.232 and a very small p-value.

Despite these positive findings, several limitations need to be noted. The validation
process involved a small number of experts, and the sample size for construct validation may
affect the generalizability of the results. Future research should expand the number and diversity
of respondents and apply more complex modelling techniques to validate further and refine the
instrument. Including additional external variables may also increase the comprehensiveness of
the evaluation and the usefulness of the diagnostic test in identifying misconceptions and
guiding instruction.
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