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Abstract: This research aims to develop and apply a five-tier isomorphic instrument to
determine the concept of wave propagation. The research design in this study is a mixed
method research design in development and implementation instrument. Quantitative
data was collected on 151 students in class XII MIPA SMA Negeri 1 Jambi City using an
isomorphic instrument in the form of a five-tier diagnostic test. The test instrument was
first tested for validity and reliability. The validity performed includes content and
construct validity. Content validity is determined based on the % False Positive (FP) and
False Negative (FN), which must be <10%. Construct validity is carried out by calculating
factor analysis. Meanwhile, reliability is determined based on Cronbach's Alpha coefficient
with r table = 0.413 (significance level 5%). The research results show that the instrument
is very valid and reliable. The average understanding of students' concepts in wave
propagation material is classified in the low category because the percentage obtained is
<30%, namely 16% in all four tiers. Most students' conceptions are in the category of lack
of knowledge regarding wave propagation, with a percentage of 23.5%.

Keywords: Five-tier diagnostic test; Reliability; Student conception; Validity; Wave

propagation
Introduction

Understanding concepts is the process of truly
understanding a design or an abstract idea that allows
someone to classify an object or event, and conceptual
understanding is obtained through the learning
process. Understanding concepts is very important in
learning physics because physics is an applied science
that is always related to natural phenomena that occur
in everyday life or even the environment around us
(Azahra & Wasis, 2023). Good conceptual
understanding is the basis of good problem-solving
abilities. Students with good problem-solving abilities
will use their conceptual understanding to solve
problems (Liu & Zhi et al., 2017). When students have
conceptions that do not follow scientific concepts but
are confident in their understanding, it can be said that
they have a misconception (Maison et al., 2022; Sandra
et al.,, 2022; Novianti et al.,, 2023). Therefore, it is
necessary  to  analyze  students' conceptual
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understanding to identify the types of misconceptions
they experience. According to Yana et al. (2020),
concept understanding analysis needs to be done to
show the distribution of students' conceptual
understanding, one of which is the concept of wave
propagation.

Wave propagation is a natural phenomenon that
plays a vital role in various aspects of science and
technology. Waves are fundamental concepts in
physics that have broad implications, ranging from
electromagnetic waves, which include light and radio
signals, to mechanical waves, such as water waves and
sound. The concept of understanding wave material,
which is suitable for wave material, will make it easier
for students to learn other physics materials about
sound, light, electricity, and magnetism (Ansyah et al.,
2021). In addition, understanding waves such as
mechanical waves will help students in advanced
material on optics and quantum mechanics (Kameo et
al., 2020; Warnock, 2019; Wittmann et al., 1999) as well
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as other scientific disciplines such as spectroscopy,
seismology, meteorology, engineering and electronics
(Kennedy & De Bruyn, 2011; Kryjevskaia et al., 2011;
Rusilowati et al.,, 2022). This shows that students'
understanding of wave material is fundamental,
especially about wave propagation. This is because
understanding concepts about how waves propagate
and interact forms the basis of many fields of science,
including physics, engineering, medicine, and
astronomy.

In the last few decades, much educational research
has been carried out that focuses on student
conceptions and means to diagnose and improve them
(Ansyah et al., 2021). Many research results show that
students often have problems regarding conceptual
understanding or misconceptions. One of them is
research conducted by Widiyanto et al. (2018), which
was carried out in class Darul 'Ulum Sumberpenganten
Jogoroto Jombang in the Mechanical Waves material is
included in the weak category with an average score of
64.6%, and experiencing misconceptions of 26.9%. One
way to diagnose students ' understanding of concepts
is by carrying out diagnostic tests (Andriani et al., 2021;
Maison et al., 2022).

A diagnostic test is a test that can be used to find
out precisely and ascertain the weaknesses and
strengths of students in certain subjects. In this study,
the diagnostic tests used were in the form of five tiers
of diagnostics tests. The tiers diagnostics test is a five-
tier diagnostic test that presents data about questions
regarding understanding of concepts with five test tiers
and provides reasons for a concept by providing an
overview of the answers that have been selected
(Bayuni et al., 2018; Haliza & Hadi, 2022). Five-tier
diagnostics The test is one of the efforts to assist teachers
in exploring deeper student understanding. This is
because the first tier of 5 tier diagnostics test contains the
choice of answers to the questions, the second tier
contains the level of confidence in the answers to the
questions, the third tier contains the reasons for the
answers at the first tier, the fourth tier contains the
confidence level of the reasons for the answers at the
third tier, and the fifth tier contains the sources from
which students answered the first tier questions and
third.

Based on observations made on high school
students in Jambi, it was found that there were still
many students who did not understand the concept of
wave propagation. Meanwhile, little research still

discusses and identifies students' conceptual
understanding of the material to determine the level of
conceptual understanding that students have,

especially those who use the instrument. Five-tier
isomorphic. Isomorphic instruments are a form of
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problem where one indicator or theme contains several
questions that solve the same concept but have
different forms of representation (Ningsari et al., 2021).
Some problems are called isomorphic when the
problem-solving uses the same physics concepts with
the same problem-solving steps. This isomorphic
instrument can also map students' abilities in
understanding specific modes of representation and
assess students' abilities in transferring what is learned
from one context to another. Therefore, researchers
researched to diagnose students' conceptual
understanding of wave propagation material using a
diagnostic test in the form of a five-tier isomorphic
instrument.

This research is fundamental because waves are a
fundamental concept in physics with broad
applications in various aspects of daily life and
technology. Understanding students' conceptions of
wave propagation is critical to improving their learning
in this area. First, by understanding common mistakes
students make in understanding these concepts,
teachers can develop more effective teaching strategies
and design more relevant learning materials. Second,
this research will provide valuable insights for
developing physics education curricula to ensure
students master these basic concepts. Third, this
research can contribute to scientific research in physics
education by expanding our understanding of how
students learn and internalize physics concepts. Thus,
this research significantly impacts improving the
education system and the development of physical
science.

The relevant research that examines the
understanding of concepts in the form of a five-tier
diagnostic test has been carried out by previous
researchers with the title "Identification of
Misconceptions and Their Causes Using the Five-Tier
Fluid Static Test (5TFST) Instrument in Class XI High
School Students". This research was conducted in one
state school in Bandung City and two in Kuningan
Regency, with 217 students participating. Based on the
results of data processing, it is known that the Five-Tier
Fluid Static Test (5TFST) instrument using the CDQ
analysis technique can identify any misconceptions
experienced by students and the causes of
misconceptions that occur among students in static
fluid material (Inggit et al, 2021). Furthermore,
research was conducted by Maison et al. (2019) on
identifying student misconceptions in business and
energy materials. This research aims to discover the
misconceptions experienced by 288 students in class.
The research results show that, on average, students
experience misconceptions about business and energy
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materials, which is classified in the low category
because the percentage obtained is <30%, namely 24 %.
It is hoped that the results of this research will
benefit teachers and students. For teachers, diagnostic
tests are information that can be used to update the
learning process, while for students, they can be used
to improve the learning process. This research will
focus on understanding students' wave propagation
conceptions using the Five-Tier Isomorphic tool.
Therefore, it is essential to carry out this research using
the focus to diagnose students' conception of wave
propagation using the five-tier isomorphic instrument,
with the problem formulation how is the validity and
reliability of the instrument on wave propagation
material using a five-tier isomorphic instrument?; and
how does the student conceive wave propagation
material using an isomorphic five-tier instrument?

Method

The research design used is a mixed method
research design in developing and implementing the
instrument—subjects used as the population were
students of SMA Negeri 1 Jambi City. Researchers used
a purposive sampling technique in selecting the sample.
Purposive sampling is a sampling technique with criteria
determined by researchers based on specific
considerations (Denieffe, 2020; Sugiyono, 2015).
Sampling considerations depend on the needs of
researchers regarding the research being conducted
(Maharani & Bernard, 2018). The researcher took
samples using a purposive sampling technique,
considering that the samples used were students who
had studied wave propagation material at SMA Negeri
1 Jambi City. Therefore, the samples were class XII IPA
students at SMA Negeri 1 Jambi City, with a total sample
of 151 students.

The flow in this research consists of several stages.
(1) Preliminary stage, research begins by conducting
literature studies and preliminary studies; (2)
Instrument adaptation stage; (3) Data collection stage;
(4) Quantitative data analysis stage; (5) Interpretation
and conclusion drawing stage. The flow chart of the
research carried out by researchers can be seen in Figure
1.

Data collection techniques in this research used
tests, interviews, and documentation. The test used is an
isomorphic diagnostic test instrument in a five-tier
format. Interviews were conducted with several
students who experienced low conception. Research
data was obtained using documentation techniques,
namely in the form of a list of names of students at SMA
Negeri 1 Jambi City respondents to the research, test
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results, photo documentation at the time of
implementation, and other supporting documents.

Introduction: literature study &
preliminary study

Instrument adaptation

Data collection

Data analysis: quantitative

Interpretation and drawing
conclusions

Figure 1. Flow chart of research conducted by researchers

This research uses an isomorphic instrument as a
five-tier diagnostic test. The instrument in this research
is a conceptual question about wave propagation, which
consists of 8 multiple-choice questions with five tiers of
answers. The first tier contains the content of the
question-answer choices, the second tier contains the tier
of confidence in the answer to the question, the third tier
contains the reasons for the answer at the first tier, the
fourth tier contains the level of confidence in the reasons
for the answer at the third tier, and the fifth tier contains
the sources from which students answer the tier
questions. First and third. The question grid in this
isomorphic instrument is presented in Table 1.

Table 1. Diagnostic Test Question Grid
Aspects that are measured Number of Question

Items number
The propagation time of the two waves 4 1,2,7,8
Velocity of both waves 2 3,4
The distance between the two waves 2 5,6

Table 1 shows that the isomorphic wave instrument
consists of 8 questions, divided into three aspects to be
measured, namely in the first isomorphic measure of the
propagation time of the two waves. The second
isomorphic measures the speed of propagation of the
two waves, and the third isomorphic measures the
distance between the two waves.

The two requirements for a good instrument or
measuring tool are to meet the validity and reliability
values. An invalid or unreliable instrument will produce
biased conclusions and provide inaccurate information
about the subject's condition undergoing the test (Siyoto
& Sodik, 2015). The instrument was validated first by 2
Physics lecturers at Jambi University. An instrument is
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valid when it can reveal data from variables accurately
without deviating from the actual situation. According
to Gurel (2017), the validity of an instrument can be seen
based on content and construct validity.

To determine the content validity of an instrument
can be determined quantitatively by calculating the % of
false positives (FP) and false negatives (FN) answers
with Pers (Kirbulut & Geban, 2014). The FP answer is if
the student answers the tier 1 question correctly and is
sure of the answer but the reason is wrong. Meanwhile,
the FN answer is if the student answers the wrong tier 1
question and is sure of the wrong answer but the reason
is correct. Content validity is said to be fulfilled if the
percentage of FP and FN is less than 10% (Hesthenes &
Halloun, 1995). The percentage can be found using the
following equation.

XX 100y )
" Yitemx Xn 0

%X
With:
%X = Percentage of FP or FN, or LK
2. x = Number of FP or FB or LK categories
Y. item = Number of question items developed
Y.;n = Number of students who were respondents

The students' conception level categories will be
grouped based on the answers to the five-tier
diagnostic test, namely those containing the first tier in
the form of question-answer choices, the second tier is
the confidence in answer to the first tier, the third tier
is in the form of a choice of reasons for the selected
answers in the first tier, the fourth tier is the level of
confidence in the third tier of reasons is chosen, and the
fifth tier contains the source of information obtained.
Next, students' answers are grouped based on the
description of the misconceptions that have been
determined.

Apart from content validity, researchers also
carried out construct validity. Construct validity is
carried out by calculating factor analysis with the help
of SPSS. In analyzing construct validity, it displays a
scree plot and Rotated Component Matrix values. In
the Rotate Component Matrix section, the construct
validity value of an instrument is obtained. As for the
categorization of instrument validity, it can be seen in
Table 2.

Table 2. Validity Categories (Arikunto, 2015)

The value of r Interpretation of validity

0.80 <1y < 1.00 Very high
0.60 <1y, <0.80 High
0.40 <1y, < 0.60 Enough
0.20 <13y, <040 Low
0.00 <17y, <0.20 Very low
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Furthermore, a reliability test was also carried out.
Reliability is the level of constancy (consistency) of a test.
A test is reliable if the test results show a determination.
The analysis used to test the reliability in this study is
using Cronbach Alpha contained in the SPSS
application. The following table presents the
interpretation of the reliability value.

Table 3. Interpretation of Reliability Value (Arikunto,
2014)

The magnitude of the reliability value Interpretation
0.80 <ry; <£1.00 very high reliability
0.60 <7y <0.80 high reliability
0.40 < 11 < 0.60 moderate reliability
0.20 <1y <040 Low reliability
—1.00 <14 £0.20 Not reliable

After obtaining the results of the validity and
reliability tests, the test instruments were ready to be
tested on 151 students at SMAN 1 Jambi City. Next,
quantitative data analysis was done by categorizing the
percentage level of student understanding of concepts in
wave propagation material. The category of students'
conceptual understanding was adopted from research
by Sari et al. (2017), presented in Table 4.

Table 4. Concept Understanding Category

Description Category
0<x<30% Low
30% <x<60% Currently
60% <x<100% Tall

Result and Discussion

Validity criteria are obtained from 2 things: content
validity and construct validity. The results of the
validation of this instrument are shown in Table 4 and
Table 5. The content validity of an instrument can be
determined quantitatively by categorizing student
answers into false positive (FP) and false negative (FN)
categories. The content validity results are shown in
Table 5, namely as follows.

Table 5. Number of FP and FN in Trial Results Data

Item False positive (FP) False negative (FN)
Item 1 3 4
Item 2 2 18
Item 3 6 5
Item 4 5 5
Item 5 3 2
Item 6 32 4
Item 7 11 9
Item 8 4 24
Amount 66 71
Percentage (%) 5.5 59
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Based on Table 5, % FP and % FN from the
isomorphic wave instrument data results obtained
percentages of 55 and 5.9, respectively. Thus, the
isomorphic wave instrument in a five-tier format has
met the empirical content validity criteria because of %
FP and % FN <10% (Yuanita & Suprapto, 2019). Next,
the empirical validity of the construct is reviewed from
the question items. Validity is determined using Product
moment correlation. A question item is valid if r
calculated (r calculated) is greater than r table (Arikunto,
2005). Based on the calculations that have been carried
out, the calculated r-value is obtained for each question
item as in Table 6.

Table 6. Construct Validity Test Results

Components

Item 1 5 3
Item 1 0.72

Item 2 0.63

Item 4 0.76

Item 6 0.69

Item 3 0.55

Item 7 0.87

Item 5 0.74
Item 8 0.74
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Table 6 shows that the question items in group one
are item 1, item 2, item 4, and item 6. The question items
in group 2 are items 3 and 7. Meanwhile, the question
items in group 3 are items 5 and 8. Because the grouping
of loading values is based on absolute values, each is >
0.3, so it is declared valid. Next, the reliability test was
carried out. Considering that the number of test students
involved was 151, with a significance level of 5%, the
value of rwble = 0.16 was obtained. The reliability results
of the waveform isomorphic instrument with a five-tier
format are presented in Table 7.

Table 7. Reliability Test Results
T hitung
0.55

Criteria
Very high

T table
0.159

Based on Table 7, it was found that the value of rcount
> rble SO that the wave isomorphic instrument is very
reliable (Arikunto, 2016). Given that the instrument is
very valid and reliable, the results of the average
percentage of students' correct scores will be obtained
from this study. The following are the results of data
analysis for the correct score, which are presented in
Table 8.

Table 8. Results of the Average Percentage of Correct Scores for XII IPA Students at SMAN 1 Jambi City

Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item7 Item$8 Mean
Only first tiers 14% 10% 29% 24% 3% 36% 39% 41% 24.5%
First third tiers 12% 9% 25% 21% 1% 15% 32% 38% 19%
All four tiers 10% 7% 20% 17% 1% 13% 26% 33% 16%

Based on the data in Table 8, it can be seen that class
XII Science students at SMAN 1 Jambi City have
different average percentages of correct answers for
various levels of understanding. The percentage is 24.5%
at the first tier, while at the first and third tiers, the
percentage is 19%. Overall, the average correct score for
all levels of understanding of the wave propagation
concept was 16%. These results are further classified in
the low concept understanding category because the
percentage of concept understanding obtained is below
30%. If the data in Table 8 is presented in graphical form
depicting the percentage of correct student answers at
the first, first, and third tiers, and all tiers, then the
results look like Figure 2.

As seen in Figure 2, the correct score sequence
based on the highest percentage is at the first tier,
followed by the first and third tiers, and lastly, the
correct score for all tiers. The average correct score for
the first tier of all item items is about 24.5%. The
percentage of correct scores at the first tier is always
higher because the instrument questions used are
ordinary multiple-choice questions, and the level of
student confidence in choosing an answer is not

considered. Therefore, if a student answers correctly at
the first tier, it does not necessarily indicate a strong
understanding of the concept. The correct answer could
have arisen from chance or the student's guess.

—41%
39 agi
6% 3
/ 32% 3%
29%._ /
2504 ~ / 26%
200 210% /
" L\‘jm / "
iég};’-\\\ / B
0,
— 7n,§ ) /
04
t3
Item1 Item2 Item3 Item4 Item 5 Item6 Item?7 Item 8
— —ONLY FIRST TIERS FIRST & THIRD TIERS  — — ALLFOUR TIERS

Figure 2. Graph of the average percentage of correct scores
for XII IPA students

Furthermore, the percentage of correct scores for
the first and third tiers is 19%, lower than that for the
first. This happens because assessments are carried out
at the first and third tiers by considering the answers and
reasons students give. If the answer and reason are
correct, the score given is 1. However, if there is a
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combination of correct answers and wrong reasons, or
vice versa, the score is 0. Furthermore, the percentage of
correct scores for all tiers is 16%, lower than the previous
tiers - first and third. This is because assessments at all
tiers consider students' answers, reasons, and
confidence levels in choosing answers and reasons. If the
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answer and reason are correct, and the student's
confidence level is sure, then the score given is 1.
However, if uncertainty or one of the four aspects is
incorrect, the score is 0. The results of the percentage of
false positives, false negatives, and LK are also
presented in Table 9.

Table 9. Percentage of FP, FN, and LK in XII IPA Students at SMAN 1 Jambi City

Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Mean
FP 2% 1% 4 % 3% 2% 21 % 7 % 3% 5%
FN 3% 12 % 3% 3% 1% 3% 6 % 16 % 8%
LK 15 % 32 % 20 % 20 % 21 % 23 % 20 % 21 % 23.5%

Description: FP= False positive; FN= False negative; and LK= Lack of knowledge

The student will be categorized as experiencing a
false positive if, in answering the questions given, they
answer with true and have confidence in the answer;
their reasons are wrong, and they are sure to reason that.
On the other hand, the false negative category is the
opposite situation, i.e., it happens when student answers
wrong and have confidence in the answers; however,
their reasons given is correct, and they are sure to reason
for that.

From the information in Table 9, it can be identified
that the highest percentage of false positives is in
question number 6, reaching 21%, while the lowest
percentage is in question number 2, namely only 1%. The
average percentage of false positives for all question
items is 5%. On the other hand, the highest percentage
of false negatives was in question number 8, namely
16%, while the lowest percentage of false negatives was
in question number 5, namely 1%. The average false
negative rate for all question items is 8%. Furthermore,
for lack of knowledge, students had the highest
percentage in question 2, 32%, and the lowest in question
1, 15%. The average percentage of lack of knowledge for
all question items is 23.5%. Based on this analysis, it can
be seen that the percentage of students who lack
knowledge of wave propagation material is 23.5%.

As for the sources of information (tier 5) used by
students in answering the test questions given, they are
presented in Figure 3. Figure 3 shows that most students'
sources of information in answering questions come
from personal thoughts, namely 77%. Meanwhile, the
rest comes from books, the internet, teacher
explanations, observations, and from friends.
Depending on several factors, information sources
originating from personal thoughts can produce true or
false information. First, limited individual knowledge
can result in erroneous thinking if someone has an
inaccurate or incomplete understanding of a topic.
Additionally, personal biases held by individuals,
influenced by their experiences, background, beliefs,
and values, can influence how they analyze information,
make conclusions, and lead them to errors in

interpretation. Invalid sources of information can also be
the reason for incorrect personal thinking if individuals
refer to untrusted sources or incorrect information.
Finally, differences in interpretation may cause different
individuals to have different subjective views about the
same information. Therefore, it is crucial always to
verify, dig deeper, and use various sources of
information to ensure the truth and accuracy of the
information we receive. For more on wave propagation,
the material is explained as follows.

B Buku

M Internet
Penjelasan Guru
Hasil Pengamatan

m Pemikiran Pribadi

m Teman

Figure 3. Pie chart of information sources of student answers
(Tier 5)

Wave Propagation

The results presented above show that most
students still do not understand the concept of wave
propagation. One of the causes is students' lack of
understanding of the equations or formulas for wave
propagation. Many students memorize general
equations without knowing their meaning. Memorizing
the rules for counting operations without sufficient
understanding only makes students unable to
understand the concept. Just memorizing formulas for
calculation operations will only increase the learning
difficulty in wave propagation.
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When children get used to memorizing general
formulas, it might be easier to do math problems. This is
because students are familiar with the exercise. When
students are given concept questions, most will have
difficulty because their understanding of the concept is
low. The concept that students have is different from the
actual concept. This is evident from the results obtained
in Figure 2, showing that students' understanding of the
concept is still low (Bakhri et al., 2023). In the instrument
questions given, there are no calculation questions at all.
They had difficulty working on concept questions
compared to calculation questions.

The following questions measure students'
understanding of concepts at SMAN 1 Jambi City, used
on the five-tier isomorphic wave instrument.

Question 1

Tier 1.

Large and small stones are dropped at point P from the
same height, as shown in Figure 4.

~ (=]

! ’

“v
-
or
£
P

Figure 4

As a result, ripples are formed on the water surface at

point P. What is the propagation time for the two types

of waves to reach point Q?

a. Water surface waves from small stones take longer
to reach Q

b. Water waves produced by larger stones take longer
to reach Q.

c. The water waves generated by large and small
stones require the same time

d. Another answer...

Tier 2.

Are you sure about your answer?
a. Certain

b. Not sure

Tier 3.

What is the reason for your answer?

a. The bigger or smaller the ripple does not affect the
wave propagation time

b. The greater the ripple generated, the longer the
wave propagates

c. The smaller the ripple generated, the longer the
wave propagates

d. Other reason...

November 2023, Volume 9 Issue 11, 9461-9473

Tier 4.

Are you sure about your reasons?
a. Certain

b. Not sure

Tier 5.
The source of information you use to answer is...

a. Book e. Personal thoughts
b. Internet f. Friend

c. Teacher explanation  g. Other...

d. Observation result

In this first question, students' conceptions can vary
based on the results of research involving 151 class XII
Science students at SMAN 1 Jambi City. Found several
conceptions described as follows:

Conception 1. A total of 91 students answered
answer choice A) namely, "Water waves produced by
small stones take longer." It was found that they
answered option A because they thought that the size of
the ripples produced by the rock would impact the wave
propagation time. In their understanding, the bigger the
ripple , the longer the wave will travel. Conception 2. 32
students chose answer B, namely, "Water waves
produced by large rocks take longer." They had the
conception that if a giant rock fell into the water, it
would create larger ripples and, consequently, stronger
waves. In their conception, larger waves would take
longer to reach their destination. When students were
asked about the origin/source of information for the
answers and reasons, many answered that they used
personal thoughts, friends, and the internet.

However, these conceptions are wrong
misunderstandings about the propagation of water
waves. Answers to options (A) and (B) are incorrect
answers based on scientific conception. They may not
understand that in the context of surface water waves, as
explained in problem 1, the magnitude of the ripples or
amplitude does not affect the wave propagation time.
Other factors such as water depth, wavelength, and
gravitational force influence the wave propagation time.

The correct answer to the question in question 1 is
option (C), namely, the water waves produced by large
stones and small stones require the same time to arrive
at point Q. This is because the waves produced by both
stones have a frequency, amplitude, and the same
wavelength, so the propagation time is the same (Mufida
et al., 2022; Farisi et al., 2023). A wave is a vibration that
propagates; in its propagation, it carries energy
(Agustho, 2021; Mapau, Helmi, & Haris, 2022). In other
words, a wave is a vibration propagating from one place
to another. The waves generated by the two stones have
the same properties, so the propagation time is the same.
Therefore, the correct answer is option (c).
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From question number 1, as many as 14% of
students were able to answer correctly in tier 1.
However, when reviewed based on tier 1 and tier 3
(answers and reasons), the percentage of students who
could answer both correctly decreased to 12%. When
reviewed based on the entire tier (All four tiers), the
percentage of students who answered correctly was only
10%. Therefore, educators need to provide clear and
concrete explanations of this concept to students so that
they correctly understand the working principles of
water waves and avoid misunderstandings like this in
the future.

The following is the second question used to
measure student understanding using the isomorphic
wave instrument in a five-tier format presented in Table
10.

Question 2

Tier 1.

A stone is dropped on the surface of the water (point P)
from height A, then the same stone is dropped again
from a higher place (height B), as shown in Figure 5.

?B

(-]

Q A
"""" PR RS
Figure 5

What is the propagation time for the two types of waves

from point P to point Q?

a. Water waves caused by stones dropped from a
lower place (point A) take more extended

b. Waves of water caused by rocks dropped from a
higher place (point B) take longer

c. Water waves from rocks dropped at different
heights take the same time to arrive at point Q.

d. Another answer...

Tier 2.

Are you sure about your answer?
a. Certain

b. Not sure
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Tier 3.

What is the reason for your answer?

a. Smaller wave ripples have a minor propagation
speed
.d

c. More giant wave ripples have a minor propagation
speed

..d

e. The size of the ripples does not affect the speed of

the waves, reason ...

Tier 4.

Are you sure about your reasons?
a. Certain

b. Not sure

Tier 5.
The source of information you used to answer is...
a. book e. Personal thoughts

b. Internet f. Friend
c. Teacher explanation g. Other...
d. Observation result

In this first question , students' conceptions can
vary based on the results of research involving 151 class
XII Science students at SMAN 1 Jambi City. Found
several conceptions described as follows:

Conception 1. A total of 78 students answered
answer choice A), namely "Water waves caused by
stones dropped from a lower place (point A) take
longer," because many of them thought that smaller
wave ripples, such as those produced by stones which
fall from a lower place, will have a lower propagation
speed. This is due to their conception that smaller ripples
will create waves that are weaker or slower in
propagation. They also think that the height or low of a
falling object will affect the size of the ripples produced,
so they think that rocks from a lower height will create
smaller ripples.

Conception 1. A total of 58 students chose answer
option B, namely "Water waves caused by stones
dropped from a higher place (point B) take longer,"
because most of them thought that more giant wave
ripples, such as those produced by A rock that falls from
a higher place will have a smaller propagation speed. In
this understanding, they think larger waves will take
longer to reach point Q because they are bigger or
stronger. The conception underlying this answer is that
the high or low level of the place where a rock is dropped
will directly influence the size of the resulting ripple so
that rock from a higher height is thought to create more
giant ripples and, therefore, take more time to
propagate.
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However, this understanding is wrong in the
context of wave propagation; the correct answer to the
question in problem 2 is option (C), namely, "Water
waves from stones dropped at different heights require
the same time to arrive at point Q." This is because the
size of the ripple does not affect the speed of wave
propagation. A wave is a vibration that propagates; in its
propagation, waves carry energy. In the context of this
question, the propagation time of waves from point P to
point Q is the same because the waves produced by both
stones have the same frequency, amplitude, and
wavelength.

From question number 2, as many as 10% of
students could answer correctly at tier 1. However,
when reviewed based on tier 1 and tier 3 (answers and
reasons), the percentage of students who could answer
both correctly decreased to 9%. When reviewed based
on all tiers (All four tiers), the percentage of students
who answered correctly was only 7%. Therefore, to
properly understand the basic principles of waves,
educators need to provide clear and concrete
explanations to students so that they do not have this
kind of misunderstanding in the future.

According to the view of misconception theory,
students fail to explain physical phenomena because
they have wrong knowledge or do not comply with
expert agreement (Tagwa & Pilendia, 2018). The
knowledge is continuously used to explain phenomena
and solve problems. The only way to reduce or eliminate
student misconceptions is to replace existing knowledge
with new, correct knowledge. Moreover, this tends to be
difficult because students' misconceptions tend to be
retained and challenging to eliminate, especially if they
provide information verbally. Sometimes, students who
experience misconceptions and are given the correct
knowledge within a period will return to using their
incorrect knowledge.

Questions 1 and 2 are forms of isomorphic
instrument questions. Isomorphic instruments are a
form of problem where one indicator or theme contains
several questions that solve the same concept but have
different forms of representation (Ningsari et al., 2021).
Some problems are called isomorphic when the
problem-solving uses the same physics concepts with
the same problem-solving steps. The isomorphic
concept in the two problems above is that the waves
produced by two rocks or from different heights have
the same properties, so the propagation time is the
same. Some of the sub-concepts studied in this wave
isomorphic instrument are:

Wave Propagation Time
Water wave propagation time is required for a
wave to propagate from one point to another on the
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water surface. The concept of wave propagation speed
on the water surface is associated with wavelength,
frequency, and amplitude (Zhang & Ba, 2021). The
speed of wave propagation is the distance traveled by
the wave per unit time. The relationship between the
propagation time of water waves and wave ripples is
that the larger the wave ripples, the faster the waves
propagate. Meanwhile, the relationship between the
propagation time of water waves and the wave
propagation speed is that the greater the wave
propagation speed, the faster the wave propagates
(Zhang & Ba, 2021).

Several factors, such as water depth, water surface
conditions, and wind speed, can influence wave
propagation speed on the water surface. At the same
water depth, waves propagate faster on a smoother
surface than wavy water (Malau, 2018). In addition,
wave energy can also affect wave propagation speed.
Waves with high energy will travel faster than waves
with low energy.

Wave Propagation Speed

The speed of water waves is a physical quantity
that measures wave propagation speed in a particular
medium, such as water (Basu, 2017). This concept is the
same as speed in rectilinear motion kinematics, but
there is another quantity called wavelength in
propagation speed. The speed of propagation of water
waves can be influenced by the physical properties of
the medium, such as density, viscosity, and Young's
modulus. The relationship between the speed of water
waves and wave ripple is that the greater the wave
ripple, the faster the wave propagates. Meanwhile, the
relationship between the speed of water waves and
energy is that the greater the wave energy, the faster
the wave propagates.

Wave energy can affect the propagation speed of
water waves. Waves with considerable energy will
propagate faster than waves with small energy. In
addition, the speed of water waves can be found from
the distance traveled divided by time or wavelength.
Water wave propagation speed is crucial in
understanding tsunamis, waves, and water ripples. By
understanding this concept, we can predict the speed
and arrival time of a water wave somewhere so we can
take appropriate action to reduce the impact of the
water wave phenomenon.

In addition to the fast propagation of water waves,
there is also the fast propagation of sound waves.
Sound wave propagation is the speed of sound wave
propagation in a particular medium, such as air or
water. This concept can be measured using the formula
v = f\, where v is the propagation speed, f is the
frequency, and A is the wavelength (Desstya et al,,
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2020). The relationship between the speed of
propagation of sound waves and the loudness of the
sound is that the faster the sound wave propagates, the
louder the sound produced. Meanwhile, the
relationship between the speed of propagation of
sound waves and frequency is that the greater the
sound frequency, the faster the sound waves
propagate. The factors that affect the speed of sound
waves are the type of medium, temperature, and
pressure. The propagation speed of sound waves will
be faster in a denser medium, such as metal, than in a
more dilute medium, such as air. Also, temperature
and pressure can affect the speed of sound wave
propagation. At a higher temperature, the molecules in
the medium will move faster, so the speed of sound
wave propagation will be faster. Meanwhile, at higher
pressure, the molecules in the medium will be denser,
so the speed of sound wave propagation will also be
faster.

Investigations involving students' conceptions of
waves are valuable because wave phenomena are
ubiquitous, and wave-related ideas have parallels in
physics and other fields (Caleon & Subramaniam, 2010;
Kosim et al., 2019). Many students find the concept of
waves challenging to understand because waves
exhibit various counterintuitive properties. Previous
research on students' conceptions of waves shows that
students often apply object-based reasoning when
dealing with waves, especially regarding sounds
(Michael et al., 2002).

Many research results show that students often
have problems regarding conceptual understanding or
misconceptions. One is research conducted by Maison
et al. (2019) regarding identifying student
misconceptions in business and energy material. This
research uses a four-tier diagnostic test instrument to
discover the misconceptions experienced by class XI
MIA students at SMAN 8 Jambi City regarding
business and energy materials. The research results
show that, on average, students experience
misconceptions about business and energy materials,
which is classified in the low category because the
percentage obtained is <30%, namely 24%. Apart from
that, there was also research conducted by Widiyanto
et al. (2018), which was carried out on class Darul
'Ulum Sumber penganten Jogoroto Jombang in the
Mechanical Waves material is included in the weak
category with an average score of 64.6%, and
experiencing misconceptions of 26.9%.

The novelty of the research is the application of the
Five-Tier Isomorphic tool in diagnosing students'
understanding of wave propagation material. This tool
is an innovative and different method to identify
students' conceptual misconceptions in physics,
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especially wave propagation (Mirza et al., 2022). This
novelty is essential because the Five-Tier Isomorphic
tool provides a more comprehensive approach and an
organized  structure for exploring students'
understanding, thus helping teachers and researchers
better understand where the difficulties lie in
understanding physics concepts (Jamaluddin et al.,
2018). Using this tool, this research significantly
improves the quality of teaching physics. It helps
students better understand the concept of waves, which
can pave the way toward a deeper understanding of
scientific concepts at a higher level.

This study highlights the importance of the Five-
Tier Isomorphic tool in diagnosing students'
understanding of wave propagation. The first
recommendation given by the researcher is to adopt this
tool in teaching and further research in identifying
students' conceptual misunderstandings. The results of
this research also show that there are misunderstandings
in students' understanding of wave propagation.
Therefore, it is recommended that teaching materials be
developed better, emphasizing concepts that may be
difficult to understand. Training teachers in using the
Five-Tier Isomorphic tool and overcoming student
misunderstandings are priorities so teachers can provide
effective feedback to students during learning.
Additionally, this study encourages further research to
explore the potential of this tool in the broader context
of education and other scientific concepts to improve
teaching and assessment methods in science education
as a whole (Bakhri et al., 2023). By implementing these
recommendations, students' understanding of wave
propagation and other scientific concepts is hoped to be
significantly improved.

Conclusion

Based on the research results, it can be concluded
that the five-tier format isomorphic wave instrument can
be declared valid and reliable with eight questions. This
instrument has met content validity with a percentage
below 10%, and construct validity obtained with a
loading value above 0.3 means all items are valid. The
reliability value of the five-tier diagnostic test
instrument on wave material is 0.555 in the very high
category. Furthermore, the overall understanding of the
concepts experienced by students in class is still low.
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