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INTRODUCTION

Abstract

This study aims to diagnose students' conceptions and identify their
sources related to direct current electrical circuits using a five-tier
isomorphic diagnostic instrument. A quantitative method with a
research and development design was used involving 108 grade XII
students from State Senior High School 1 Jambi City. Data was
collected through an isomorphic test of 9 questions, interviews, and
documentation. Validity and reliability analysis using SPSS showed
that the instrument was reliable (Cronbach's Alpha = 0.911). The
implementation of this research instrument showed that the average
percentage of students' correct answers (at Tier 1-4) was only 19.9%,
indicating a low understanding of the concept. Then, this study also
identified students' misconceptions, which included eight main types of
misconceptions with an average overall percentage (at Tier 1-4) of
13.6%, which was also categorized as low. Personal thinking was
identified as the primary source of misconceptions, providing important
insights for designing physics learning interventions. This study's
novelty lies in applying a five-tier diagnostic instrument to identify
misconceptions and their sources, finding that students' thinking was
the primary source. The results of this study provide important
implications for physics education, including targeted intervention
strategies and increased conceptual clarity, which ultimately support the
teaching and learning of basic physics concepts.
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A strong conceptual understanding is essential for students to succeed in all academic
disciplines. Student misconceptions are correlated with poor academic performance and high dropout
rates (Van Hoof et al., 2021; Liu & Fang, 2023; Hyskaj et al., 2024; Risnawati et al., 2024). A strong
understanding of physics is an important foundation for a nation's scientific and technological
development. Physics is a science that studies knowledge systematically through careful observation
and measurement (Maknun, 2020; Soeharto & Csap6, 2021; Silaban & Jumadi, 2022). Physics learning,
which requires understanding hierarchical concepts to explain natural phenomena, is often considered
challenging by students (Kokkonen & Schalk, 2021; Maison, Kurniawan, Wirayuda et al., 2022; Castro,
2025; Ummah & Yohamintin, 2025). In the context of teaching, students are expected to understand the
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concepts of the material in depth, following the demands of the applicable curriculum (Apriyanti et al.,
2020; Woitkowski, 2020; Huda, Girei, & Keizi, 2023; Maymunah, Ramorola, & Shobowale, 2023).
Understanding physics concepts is crucial because it helps students connect knowledge, facilitates
learning, and strengthens connections between concepts (Cai et al., 2020; Banda & Nzabahimana, 2021;
Nabila Junita & Dev Prasad, 2024). However, many students have difficulty understanding complex
physics concepts (Jeong & So, 2020; Rizki & Setyarsih, 2022; Fitriana & Waswa, 2024; Saputra, A.,
Musonda, A., & Nikolantonakis, 2024). Therefore, identifying misconceptions is important in designing
effective learning strategies to improve student understanding.

Misconceptions in physics are a common challenge faced by students. Students'
misunderstandings of several scientific concepts, including physics, may result from misunderstanding
fundamental issues (Stylos et al., 2021; Assem et al., 2023; Maudia, N., Awodeyi & Mohammed, 2024).
Misconceptions are incorrect or mistaken understandings of physics concepts, usually based on
everyday experiences or observations (Neidorf et al.,, 2019; Darmaji et al., 2022; Kulgemeyer &
Wittwer, 2023). The impact of these misconceptions is very significant because they can hinder
students' ability to understand more complex materials in the future and can even persist into higher
education (Maison et al., 2021; Maison, Kurniawan, Yolviansyah, et al., 2022; Herliana et al., 2024).
Therefore, learning must focus on eliminating misconceptions, which means that teachers must first
diagnose before learning (Ilyas & Saeed, 2018; Pieschl et al., 2021; Martawijaya et al., 2023; Arsyam,
Kariuki & Odango, 2024). A practical approach to addressing misconceptions must include the process
of diagnosis, causes, and improvement (Gleason et al., 2021; Resbiantoro & Setiani, 2022; Miharja,
Bulayi & Triet, 2024). One technique that can help diagnose students' misconceptions is using
isomorphic test instruments (Ansmann & Seyfried, 2022; Sutrisno et al., 2023; Feudel & Unger, 2024).
Isomorphic tests can describe students' understanding of various modes of representation and measure
students' skills in transferring knowledge from one context to another (Sumarak Ningsari et al., 2021;
Maison et al., 2023; Muhasriady, & Tiwari, 2024; Lamuda, Ashmawi, & Sangadji, 2024). Several
studies have shown that isomorphic tests can identify students with strong, weak, or misconception
understanding of concepts (Fitriani et al., 2023; Darmatiara et al., 2024; Mansyur et al., 2024; Wu et al.,
2024). In addition, diagnostic tests are also an important tool in identifying student misconceptions.
These tests cover a variety of formats, ranging from regular multiple-choice tests to multi-tiered
diagnostic tests such as four-tier and five-tier tests (Gurel et al., 2015; Kurniawati & Ermawati, 2020).

The five-tier diagnostic test measures understanding of physics concepts and provides in-depth
insight into possible misconceptions. This test includes five tiers: answers to questions, confidence
levels in answers, reasons for answers, confidence levels in reasons, and student sources of information
(Bayuni et al., 2018; Fatonah et al., 2022; Jumaera, Blessing, & Rukondo, 2024). This test instrument
allows teachers to explore students' understanding more deeply, providing a more accurate diagnosis of
misconceptions. Previous studies on diagnosing student misconceptions have been widely conducted,
such as research by Trisnawati et al. (2020), which analyzed misconceptions in direct current electrical
circuit material in Vocational High School students in Kendari City using four-tier diagnostics. Then,
the research conducted by Inggit et al. (2021) focused on identifying misconceptions and their causes
using the five-tier fluid static test (STFST) instrument in grade XI students. In addition, research by
Alatas et al. (2021) which focused on identifying student misconceptions using isomorphic instruments
in Newton's law material. However, there are still gaps in previous studies; namely, the analysis of
students' conceptual knowledge sources has not been identified, and a study conducted by Fitriani et al.
(2023) focused on diagnosing students' conceptions of wave propagation material using a five-tier
isomorphic instrument. This study can describe the misconceptions experienced by students and the
causes of misconceptions that occur in students. So, to fill the gap in previous studies, this study was
conducted to diagnose students’ conceptions and their causes in direct current electrical circuits using a
five-tier isomorphic instrument.

Based on the results of interviews conducted by researchers, common misconceptions students
face include the belief that electric current 'runs out' after passing through a resistor and
misunderstandings regarding voltage distribution in a circuit. Based on information from sources, it is
known that in physics learning, several students still experience misconceptions about several materials,
one of which is direct current electricity. This can hinder the achievement of physics learning outcomes,
such as students' ability to apply electrical concepts. The causes of this misconception include students'
initial understanding that is not quite right and limited teaching materials. Generally, teachers identify
these misconceptions roughly through discussions, observations, and exam results without detailed data.
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In line with the results of pre-research interviews, according to Purwaningtias and Putra (2020), the
causes of these misconceptions come from internal and external factors. Internal factors include
students not paying attention and not taking notes on the material presented by the teacher, students not
studying before the test takes place, students being less careful in answering test questions, and students
only memorizing material while studying without understanding the basic concepts of the material
(Maison, Hidayat, et al., 2022). External factors include examples of questions given by teachers that
are not varied enough, teachers are too quick in explaining the material, and books used by students are
incomplete. There are no practical activities that support learning (Stadermann & Goedhart, 2021;
Rovai & Pfingsthorn, 2022; Sunandar, Alvarez, & Cardozo, 2024; Yulita, Sayco, & Neto, 2024). Then,
according to Inggit et al. (2021), students' thinking is the source of the most common misconceptions.

Previous research focused on developing and testing a diagnostic instrument in the form of a
four-tier test to diagnose students' conceptual understanding of Series Electrical Circuit. While this
instrument proved to be valid and reliable in identifying students’ understanding levels such as
understanding, partial understanding, misconceptions, and lack of understanding the study was limited
to the scope of material covering only one type of electrical circuit (Hesti, 2022). In contrast, the current
research expands its scope to include Direct Current Electrical Circuits, addressing more fundamental
and comprehensive concepts in physics. Moreover, the current research develops a diagnostic
instrument based on a five-tier isomorphic diagnostic instrument, which not only diagnoses students’
conceptual understanding but also identifies the sources of their misconceptions, such as personal
thinking patterns. This represents a significant advancement compared to the previous research, which
did not explore the sources of misconceptions.

This research is urgently needed because misconceptions in physics, particularly in the material
of direct current electrical circuits, often hinder students' understanding of more complex concepts in
the future. Misconceptions such as the belief that electric current "runs out" after passing through a
resistor or misunderstandings regarding voltage distribution highlight the need for a more in-depth
diagnostic instrument. Teachers have generally identified these misconceptions roughly through
discussions or exam results without structured and detailed data, creating a gap in understanding and
hindering effective learning. This research aims to develop and implement a five-tier isomorphic
diagnostic test instrument that not only maps students' understanding more accurately but also identifies
the sources of misconceptions that are often overlooked. With this instrument, teachers will be able to
diagnose students' misconceptions more effectively and design more targeted and efficient learning
interventions. This research aims to provide a clearer map of students' understanding, which will
support the planning of more effective lessons and ultimately improve students' grasp of fundamental
physics concepts.

This research is important because misconceptions in physics, especially in the material of
direct current electrical circuits, often become obstacles for students in understanding more complex
concepts in the future. Teachers usually only identify these misconceptions roughly through discussions
or exam results without detailed and structured data. Misconceptions such as the belief that electric
current "runs out" after passing through a resistor or misunderstanding of voltage distribution indicate
the need for a more in-depth diagnostic instrument. By developing a five-tier isomorphic-based
diagnostic instrument, this study can provide a more accurate mapping of students' conceptions,
including identifying the causes of often overlooked misconceptions. The results are expected to help
teachers design more effective learning and support students in building a stronger understanding of
fundamental physics concepts. Based on the above explanation, the researcher aims to diagnose
students’ conceptions and causes in direct current electrical circuits using a five-tier isomorphic
instrument.

This study uses a quantitative research design that relies on objective measurement results and
mathematical or statistical analysis of data samples. The instruments used were first developed before
being implemented. The subjects used as the population were Senior High School 1, Jambi City
students. The researcher used a purposive sampling technique to determine the research sample.
Purposive sampling is the deliberate selection of samples based on their ability to explain specific
themes, concepts, or phenomena (Lenaini, 2021; Robinson, 2023). The sample in this study was 108
students from class XII of Senior High School 1, Jambi City, from classes XIL.F5, XII.F6, and XII.F7.
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The research sample was selected based on the criteria of students who took physics lessons and studied
direct current electricity material.

This study began by identifying the problem through literature studies and preliminary studies
related to students’ common misconceptions about direct current electrical circuits. It then continued by
adapting instruments to diagnose students' conceptions about direct current electrical circuits. The next
stage is data collection and quantitative data analysis, as well as interpretation and drawing conclusions.

The data collection technique used in this study was a misconception test, interviews, and
documentation. The test used was a five-tier isomorphic instrument of direct current electricity
consisting of 9 items. The interviews were conducted with several students, especially those with low
conceptions (Busetto et al., 2020; Monteiro et al., 2021). The five-tier isomorphic instrument in this
study was a conceptual question related to direct current electric circuits. The guidelines or instructions
are: at the first tier, choose the answer to each question; at the second tier, determine your level of
confidence in the answer; at the third tier, choose the reason for the answer to the question; at the fourth
tier, determine your level of confidence in the reason; and at the fifth tier, choose the source of
information (knowledge) that you use in answering. Table 1 below presents the question grid on the
isomorphic instrument.

Table 1. Diagnostic test item grid

Measured Aspects/Concepts Number of  Item Number
Items
Essential characteristics of parallel circuits 3 1,2,3
Distribution of electric current 2 4,5
Characteristics of electrical circuits and fundamental laws of electricity 4 6,7,8,9

(Ohm's Law, Kirchoff's Law, and the concept of electrical power).

Table 1 presents the diagnostic question grid on a five-tier isomorphic instrument designed to
measure students' understanding of direct current electrical circuits. The questions cover three main
aspects: the relationship between current and voltage in parallel circuits (4 items), the brightness of a
lamp in a parallel circuit (3 items), and changes in current and voltage due to a switch (2 items). Each
question assesses students' conceptual understanding in depth by involving answers, beliefs, reasons,
beliefs about reasons, and sources of information used. This instrument aims to detect students'
misconceptions by presenting structured conceptual questions.

An instrument or measuring tool can be good if it meets the validity and reliability values
(Nurhayati et al., 2024). Instruments that are not valid and reliable can produce inaccurate and biased
conclusions related to the conditions of the subjects being measured. The instrument that researchers are
currently using is valid and reliable qualitatively or in terms of the validity of the content of this
research instrument is valid and reliable. So, in this study, the construct validity will be measured. The
classification of instrument validity can be seen in the following table:

Table 2. Instrument Validity Classification

r value Interpretation of Validity
0,80 <13, < 1,00 Very high
0,60 <13,=< 0,80 High
0,40 <73, < 0,60 Enough
0,20 <13,=< 0,40 Low
0,00 <73,< 0,20 Very low
Tyy< 0,00 Invalid

Then, a reliability test is also carried out, which shows the level of firmness (consistency) of a
test. A test is said to be reliable if the test results show a determination. The analysis used to test
reliability in this study is using Cronbach Alpha, which is found in SPSS software. The following table
presents the interpretation of reliability values.
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Table 3. Interpretation of reliability values

Reliability value Interpretation
0.80 <1y, <1.00 Very high reliability
0.60 <7111<0.80 High reliability
0.40 <7y <0.60 Medium reliability
0.20<7r1<040 Low reliability
711=< 0.20 Very low reliability

The categories of conception based on measurements using a file-tier format instrument are as
follows Table 4.

Table 4. Five-tier misconception decision categories

No. Decision Tier-1 Tier-2 Tier-3 Tier-4 Tier-5
Books
Internet
oy Teacher's explanation
SCCOS:?;S (t)lnf;C Correct Sure Correct Sure Observation results
Personal thoughts
Friends
Others
Correct Sure Correct Not sure
Correct Not sure Correct Sure
Correct Not sure Correct Not sure
Correct Sure Wrong Not sure Books
Correct Not sure Wrong Sure Internet
5 LK (Lack of Correct Not sure Wrong Not sure Teacher‘s. explanation
Knowledge) Wrong Sure Correct Not sure Observation results
Wrong Not sure Correct Sure Personal thoughts
Wrong Not sure Correct Not sure Friends
Wrong Sure Correct Not sure Others
Wrong Sure Wrong Not sure
Wrong Not sure Wrong Sure
Wrong Not sure Wrong Not sure
Books
Internet
MSC Teacher's explanation
3 (Misconceptio Wrong Sure Wrong Sure Observation results
n) Personal thoughts
Friends
Others
Books
Internet
Teacher's explanation
4 kP (.F.alse Correct Sure Wrong Sure Observation results
Positive)
Personal thoughts
Friends
Others
Books
Internet
Teacher's explanation
5 ;I:gglz?‘llg Wrong Sure Correct Sure Observation results
Personal thoughts
Friends
Others

Data analysis is the construct validity through factor analysis and Cronbach's alpha reliability.
The analysis in this study uses IBM SPSS Statistic 23 software to conduct CFA tests (involving Scree
Plot and Rotated Component Matrix) and Cronbach's alpha reliability tests. Scree plots and Rotated
Component Matrix values are displayed in analyzing construct validity. In the Rotate Component
Matrix section, the construct validity value of an instrument is obtained. Data analysis techniques for
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student test results using isomorphic instruments of direct current electrical circuits in a five-tier format
are processed by processing raw data, then by finding the correct score for tier 1, tier 1 and 3, and then
tier 1-4. For tier 1, if the answer is correct, score 1; for tiers 1 and 3, if the answer and reason are
correct, score 1; and for tiers 1-4, if all are correct, score 1. With tier 5, the cause of student
misconceptions can be identified (the source of students experiencing misconceptions). To obtain the
total correct score for each item in percent, the following equation can be used:

SB
= Z?ISWA x 100 ... (1)

Caption:

X = percentage;

SB = Correct score;
> = Number

RESULTS AND DISCUSSION

The validation results in this study for construct validity used a factor analysis, namely
confirmatory factor analysis using SPSS. The results of the instrument validation by construct are
presented in the following Table 5.

Table 5. Validity of the construct of isomorphic instruments for direct current electric circuits
Rotated Component Matrix®

Component
1 2 3

ITEM_9 919

ITEM 8 917

ITEM_7 716

ITEM 6 671

ITEM 1 .891

ITEM 2 871

ITEM 3 .849

ITEM 5 912
ITEM 4 .885

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 4 iterations.

Table 5 shows that the loading value of each item of the isomorphic instrument of the five-tier
format DC electric circuit correlates with the indicator and its construct. The results of the Rotated
Component Matrix analysis in Table 5 show the validity of the instrument construct through the
Principal Component Analysis (PCA) test with Varimax rotation. Based on the analysis results,
Component 1 consists of ITEM 9, ITEM 8, ITEM 7, and ITEM 6 with high factor loading values (above
0.6), indicating that these four items significantly contribute to the component. Component 2 consists of
ITEM 1, ITEM 2, and ITEM 3, which also have high factor loading values (above 0.8), indicating a
strong relationship between these items and the dimensions they represent. Meanwhile, Component 3
consists of ITEM 5 and ITEM 4 with factor loading values of 0.912 and 0.885, respectively, indicating a
decisive contribution to this component.

Overall, the high factor loading values on each component indicate that each item has good
construct validity when measuring the intended dimensions. Varimax rotation helps maximize the
interpretability of the results by distributing the factor loading values clearly on each component. The
rotation process also achieved convergence in 4 iterations, indicating the stability of the rotation
solution and the optimal factor structure pattern. Thus, this instrument can be considered valid for
measuring isomorphic constructs in direct current electrical circuit material because the items are
logically grouped in each relevant component. The results of the reliability test of the isomorphic direct
current electrical circuit instrument in a five-tier format using Cronbach Alpha found in the SPSS
software are presented in the following Table 6.
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Tabel 6. Reabilitas instrument isomorfik rangkaian listrik arus searah berformat five-tier
Cronbach’s Alpha N of Items
911 9

Based on the results of the reliability test in Table 6 above, it is known that the Cronbach's
Alpha value of the instrument consisting of 9 items is 0.911> 0.60, meaning that the nine items or all
question items on the isomorphic instrument of the direct current electrical circuit in the five-tier format
are reliable or consistent, which is categorized as very high reliability. The results of the implementation
of the isomorphic instrument of direct current electrical circuits in the five-tier format are in the
following Table 7.

Table 7. Percentage of correct answers based on the number of tiers

Item Only First Tiers (%) First & Third Tiers (%) All Four Tiers (%)
Item 1 80 60.2 51
Item 2 78 74.1 64
Item 3 63 50 44
Item 4 31 3.7 1.9
Item 5 17 12.9 7.4
Item 6 20 1 0.9
Item 7 44 2.8 1.9
Item 8 39 5.6 2.8
Item 9 33 9.3 5.6
Mean 45 24 19.9

The data in Table 7 reveals the variation in the average percentage of correct answers State
Senior High School 1 Jambi City students, which is reviewed based on its tier. The average percentage
of correct answers at the first tier reached 45%, while the average percentage at tiers 1&3 reached 24%.
Overall, the average percentage of correct scores for electrical circuits, assessed from tiers one to four
(with a four-tier instrument), was 19.9%. This result shows that the student's understanding of the
concept can be categorized as low because the percentage of correct scores obtained was below 30%. If
the data in Table 7 is represented as a graph, which illustrates the percentage of students' correct
answers at tiers one, two, and four, the results will be as seen in Figure 1.

Average Percentage of Correct Scores

100
80
60
40
20 /_/\__J—_/
0
Item1 Item2 Item3 Item4 Item5 Item6 Item7 Item8 Item9 Mean
==@=Only First Tiers (%) ==®=TFirst & Third Tiers (%) All Four Tiers (%)

Figure 1. Average percentage of correct scores for grade 12 students in phase F at State Senior High
School 1 Jambi City

The percentage of student conceptions in terms of False Negative, False Positive,
Misconception, Lack of Knowledge, and Scientific Conception is presented in the following table 8.
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Table 8. Percentage of student conceptions reviewed from False Negative, False Positive,
Misconception, Lack of Knowledge, and Scientific Conception

Percentage (%) Mean
Conception categories Item Item Item Item Item Item Item Item Item (%)
1 2 3 4 5 6 7 8 9
False Negative 4.6 2.8 19 5.6 2.8 0.9 7.4 5.6 1.9 5.66
False Positive 18 2.8 7.4 2.8 3.7 4.6 17 0.9 12 7.61
Misconception 7.4 2.8 3.7 0.9 7.4 0 2.8 0 21 5.14

Lack of Knowledge 19 45 22 27 22 46 26 51 20 31.1
Scientific Conception 51 46 47 64 64 48 47 43 44 50.5

Of the 108 students who worked on the DC electrical circuit isomorphic test in five tier format,
31.1% or 34 students were included in the lack of knowledge (LK) category on the material being
tested. Meanwhile, for students who understood the concept, there were 50.5% or around 55 students.
5.14% or 5 students were included in the misconception category, 7.61% or 8 students were included in
the false positive category and 5.66% or 6 other students were included in the false negative category.
According Kaltakci-Gurel et al. (2017), suggest using false positive and false negative probability
estimates to evaluate the validity of test content. To establish content validity, this proportion is
recommended to be below 10%. Therefore, using the MS-Excel program this proportion is estimated.
Table 5 provides this proportion for each item and the average. The average proportion of false
positives was estimated at 3.5% and false negatives at 3.3%, both below the suggested 10%. Based on
the results of data processing on the diagnostic tests that have been carried out, the misconception
profile presented in Figure 2 was obtained.

Conception Categories

Item

0 10 20 30 40 50 60 70

m Scientific Conception ® Lack of Knowledge = Misconception

m False Positive H False Negative

Figure 2. Percentage of student conceptions reviewed from False Negative, False Positive,
Misconception, Lack of Knowledge, and Scientific Conception

Based on Figure 2, it can be seen that the biggest misconception occurs in test item number nine
with a percentage of 21% with a total of 23 students related to the concept of Characteristics of
electrical circuits and fundamental laws of electricity (Ohm's Law, Kirchoff's law, and the concept of
electrical power). The lowest misconception occurs in test item number eight; namely, students do not
experience misconceptions but are dominant in the category lack of knowledge (LK) related to the
concept of Characteristics of electrical circuits and fundamental laws of electricity (Ohm's Law,
Kirchoff's law, and the concept of electrical power) with a percentage of 51% and the number of
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students is around 55 students. According to Caleon & Subramaniam (2010), misconceptions can be
significant if the number is more than 10% of the sample. Therefore, in this study, misconceptions that
meet these criteria were found in question number 9. The source of information on students' knowledge
related to students' conceptions of direct current electrical circuits in answering questions on isomorphic
instruments of direct current electrical circuits is presented in the following diagram:

Sources of Conceptions

80
70
60
50
40
30
20

10 B [
o DL ally afE o0B ol el acl el

Item1 Item2 Item3 Item4 Item5 Item6 Item7 Item8& Item9

H Books B [nternet Teacher's explanation
Observation result ~ ® Personal thoughts B Friends

H Others

Figure 3. Sources of Student Conceptions

Figure 3 is a horizontal bar chart showing sources of conception based on various categories.
These categories include Books, the Internet, Teacher Explanations, Observation Results, Personal
Thoughts, Friends, and Others. Each category is represented by several bars with different colors, which
depict the values for various “Items” (Item 1 to Item 9). Based on the graph, Personal Thoughts are the
most dominant source of conception, with the highest value compared to other categories. Sources such
as Teacher Explanations and Observation Results also provide significant contributions, although lower
than Personal Thoughts. On the other hand, categories such as books, the Internet, friends, and others
make a minor contribution to forming conceptions. This graph shows the respondents' tendency to rely
on specific sources to form their conceptions, with personal thoughts being the leading choice.

The results of the data analysis for student misconceptions were analyzed in the same way as
the results of the analysis of correct answers. However, the scoring was adjusted to the description of
the misconception presented in Table 8 below. Students who answered according to the misconception
answer key received a score of 1, but those who did not receive a score of 0. The assessment was
adjusted to the description of the misconception (Gurel et al., 2015).
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Table 9. Description of misconceptions of the topic of direct current electric circuits
Code Misconception Description Item Selection

1.1.a;1.2.a;13.a;14.a
M1 ;I;zt(r:ilgscfg r‘;(:: r‘ile voltage source, the greater the 3.1.5:32.2:33. b 34, a
) 9.1.¢;9.2.a;93.d;94.a
M2 The closer to the voltage source, the greater the 2.1.a;22.a;23.a;24.a
electrical potential difference across the load.
The voltage source is considered a constant
current source so that the total current remains 4.1.a;4.2.a;43.a;44.a
M3 constant. If the current in one branch decreases 8.1.a;8.2.a;83.a;84.a
or is cut off, the current in the other branch will
increase.
M4 There is an electric current in the open circuit 5.1.b;5.2.a;53.b;54.a
branch 5.1.¢;52.a;53.¢;54.a
M5 There is no potential difference across the open 6.1.a;6.2.a2;63.a;64.a
branch.
M6 Ifthere is no current, then the potential 6.1.b:6.2.2:63. 2: 6.4. 2
difference is small
M7 Potential difference depends on the magnitude 7.1.a;7.2.a;73.a;74.a
of the current 7.1.b;7.2.a;73.b;74.a
MS Branches of a circuit that do not have lights or 9.1.b;9.2.a;9.3.b;94.a

loads do not carry electric current.

Based on the analysis presented in Table 8 above, it was found that there were eight types of
misconception descriptions in the concept of direct current electrical circuits. Code M1 means the first
type of misconception, M2 means the second type of misconception, and so on. Then item 1 (a, a, a, a)
in M1 means that the first type of misconception is in question number 1 with answer keys in tier 1 a,
tier 2 a, tier 3 a, and tier 4 a. then, based on the analysis of the misconception description, the
percentage is obtained as shown in Figure 4.

50
o 40
&30 —8—ONLY FIRST TIERS
g 20 FIRST & THIRD TIERS
= 10 —o—ALL FOUR TIERS
0
MI M2 M3 M4 M5 M6 M7 M8 Mean
Misconception MI M2 M3 M4 M5 M6 M7 ME Mean
Only First Tiers 222 148 403 319 426 287 23.6 426 308
First & Third Tiers 155 74 259 204 389 74 162 38 212
All Four Tiers 13 56 106 102 269 3.7 97 287 13.6

Figure 4. Percentage of descriptions of misconceptions about direct current electrical circuits based on
the number of tiers.

Figure 4 illustrates the percentage of misconceptions about direct current electrical circuits
classified by the number of tiers (Only First Tiers, First and third Tiers, and All Four Tiers) in eight
categories of misconceptions (M1 to MS). This graph shows different patterns at each tier and provides
in-depth insight into how using different tiers in the test affects the identification of misconceptions.
Figure 4 above reveals the variation in the average percentage of misconceptions of students at State
Senior High School 1 Jambi City reviewed based on their tiers. The average percentage of
misconceptions at the first tier reached 30.8%. Then, the average percentage of misconceptions of
students at tiers 1 and 3 reached 21.2%, and overall, the average percentage of students' misconception
scores, assessed from tier 1 to tier 4 (using a four-tier instrument), was 13.6%. These results indicate
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that the misconceptions held by students can be categorized as low because the percentage of
misconception scores obtained was less than 30%. This graph shows that the more tiers used in the
measurement, the more detailed the percentage of misconceptions detected. This indicates that more
comprehensive testing, such as a four-tier test, is more effective in identifying misconceptions in-depth
and accurately.

Research relevant to the current study was conducted by Manunure et al. (2020) where the
misconceptions identified were mostly similar, showing consistent problems in students across
educational contexts. One of them is the identification of misconceptions on “the closer to the source,
the greater the current”. However, in previous studies, the causes of misconceptions were not directly
identified. So, the current study expands on previous research by identifying the main causes of
misconceptions, complementing the focus on solutions in previous studies.

The results of this study provide a new contribution to the field of physics education by
developing and using a five-tier isomorphic diagnostic instrument to analyze students' misconceptions
on the concept of direct current electric circuits. The main novelty lies in the exploration of the sources
of students' conceptions in detail through the fifth tier, which identifies the origins of students'
understanding, including books, the internet, teachers, and personal thoughts, in addition to combining
several items to explore the same concept makes the instrument more precise in analyzing students'
understanding. This approach goes beyond previous studies that only focus on diagnosing
misconceptions without exploring the origins of students’ knowledge. This study also shows the
dominance of sources of misconceptions originating from personal thoughts, providing important
insights for designing more effective educational interventions.

The results of this study have practical benefits in improving physics learning, especially in
creating teaching strategies that are more responsive to students' misconceptions. By comprehensively
identifying sources of misconceptions, teachers can change their teaching methods, such as using
teaching aids or providing more in-depth explanations. However, this study has limitations in that it
only covered one high school and only on direct current electrical circuit material, so the results must be
generalized to more people. Recommendations for further research are to develop instruments, such as
websites, that can make analysis more practical and faster.

This study successfully developed a five-tier isomorphic diagnostic instrument to analyze
students' misconceptions about direct current electrical circuits. The instrument used showed good
construct validity with high factor loading values on each component and very high reliability with a
Cronbach's Alpha value of 0.911. The implementation of this instrument revealed that students'
conceptual understanding was still low, with an average percentage of correct answers for all tiers of
19.9%. In addition, this study also successfully identified students' misconceptions, which included
eight main types of misconceptions with an average overall percentage of 13.6%, which was
categorized as low. Practically, this study improves physics learning by providing a diagnostic tool that
can comprehensively identify students' misconceptions. However, this study was limited to one school,
so the results cannot be generalized to a broader population. Therefore, further research is
recommended to develop this instrument in a digital form based on a website so that the analysis can be
carried out more practically and efficiently.
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