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Abstract

During the Physics learning process, students often have difficulty in understanding the concepts, such as
Electromagnetic Induction concepts. For example, students assumed that a loop in a magnetic field B whose coil
plane area shrinks towards the page produces a constant induced electromotive force. However, the truth is
when the surface area of the loop is reduced, the induced electromotive force produced gets smaller. This
contradiction is called a misconception. This misconception should be detected immediately using a diagnostic
test of conception, especially the five-level diagnostic test. This paper is intended to report the results of the
writing of a five-level conception diagnostic test for Electromagnetic Induction concepts, to test its’ feasibility
(validity and reliability) and to get an overview of the several students’ understanding level as well as to identify
the most dominant internal factors that cause students' misconceptions on the concepts. A total of 11 questions
on the diagnostic test is validated and reliable therefore it can be used to test students' understanding level. The
results of the internal validity test are 92% (very valid) and the external content validity in terms of true fake and
wrong fake values are 3.94% and 5.45%, the construct external validity (rx=0.591) > rwane=0.3061 and the
reliability [ r11=0.608 (very reliable)]. Among 14 students who were tested for their level of understanding
44.16% of them experienced a lack of knowledge.
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INTRODUCTION

Physics is one of the branches of natural sciences, which consists of various concepts,
studying natural phenomena, objects in nature, and interactions between its’ objects (Lailiyah
& Ermawati, 2020). During Physics learning, students are more required to understand the
concepts than recitation. Therefore, effective and efficient learning strategies are needed to
quickly understand the concepts of Physics (Pertiwi & Setyarsih, 2015). But in reality,
students are often unable understand the concepts taught by the teacher properly. Such a
situation has the potential to cause misunderstanding of concepts in students.

Based on the results of the pre-research activities that was carried out when teaching
Electromagnetic Induction concepts at the Islamic state of senior high schools in Lamongan,
it was found that there is a potential students’ misconception. For example, when the students
asked to describe the value of the induced electromotive force produced by a loop in a

magnetic field B whose coil plane area shrinks towards the page in Figure 1, the student
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replied that the size of the loop is the same and the number of magnetic force lines entering
will be proportional to the surface area of the loop (A) so that the induced electromotive force
produced is constant. Meanwhile, according to Giancoli (2014) in his book entitled
“Physics: Principles with Applications”, it is mentioned that current can be

induced by changing the coil area (A), although the magnetic field B does not
change (Figure 2). In Figure 2, the coil area in area A is reduced by pulling the side of the
coil so that the rate of change of flux decreases when we go from (a) to (b) and the value of
the induced electromotive force becomes smaller. Likewise, according to Young & Freedman
(2013) in his book entitled "University Physics with Modern Physics" that when a loop in the

magnetic field B is constant then we attract or press both sides of the coil, the rate of change
of the flux decreases and the value of the induced electromotive force becomes smaller so
that the current moves counterclockwise. The difference between a concept understood by
students and the correct concept is called a misconception (Firdaus et al., 2021; Jannah &
Ermawati, 2019; Sadhu et al., 2017).

Misconceptions can occur because the students’ initial knowledge is different from the
correct concepts; such initial knowledge is called preconception (Utari & Ermawati, 2018). In
addition, misconceptions can also occur because of the student's perspective on a concept, the
teacher and the learning resources used (Firdaus et al., 2021). The misconceptions
experienced by students must be detected immediately from the beginning so as not to drag
on and interfere with students’ understanding on the following concepts (Sadhu et al., 2017).
One effective way to detect such misconceptions is using a conception diagnostic test
(Salsabila & Ermawati, 2020; Gurel et al., 2015). The conception diagnostic test was widely
reported to date as a four-level diagnostic test consisting of the first level in the form of
question with several multiple choices. The second level is the level of students’ confidence
in answering question at the first level. The third level is the choices of students' reason for
answering question at the first level. The fourth level is the level of students’ confidence in
choosing the correct reason for the third level question.

Previously, several four-level conception diagnostic tests were reported by other
authors, such as by Firdaus et al., (2021) for Inheritance concepts; Kiray & Simsek (2021) for
Density concepts; Tumanggor et al., (2020) for Simple Harmonic Motion concepts;
Kurniawati & Ermawati (2020) for Dynamic Fluid concepts; Jannah & Ermawati (2020) for
Dynamic Rotation and Rigid Body Equilibrium concepts; Maharani et al., (2019) for
Newton’s Law concepts; Ermawati et al. (2019) for Work and Energy concepts; Hanifah &
Ermawati (2019) for Momentum and Impulse concepts; Aisahsari & Ermawati (2019) for
Direct Electric Current concepts; Rohmanasari & Ermawati (2019) for Optical Instruments
concepts; Utari & Ermawati (2018) for Matter Temperature, Heat and Displacement
concepts; Isfara & Ermawati (2018) for Static Fluid concepts; and by Yang & Lin (2015) for
Number Sense Concepts.

Table 1 provides an example of a five-level conception diagnostic question consisting
of first to the fifth levels that was written by the Authors of this work. The four-level
conception diagnostic test referred to above are the questions in Table 1 starting from the first
to the fourth levels.

Table 1. An example of a five-level conception diagnostic test question consisting of first to
the fifth levels that was written by the Authors of this work.

Level Question and Answer choices

15t Level 1. Aloop in a magnetic field B whose coil area shrinks towards the page (£2) as
shown in Figure 1.
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Level Question and Answer choices

—

B

Figure 1. A loop in a magnetic field B whose coil area is shrinking toward
the page in the direction of the arrow (Source: Authors’ Document).

The value of the induced electromotive force produced is....
a. Getting smaller*
b. Constant
c. Getting bigger
d. Zero
e. Cannot be determined
2" Level Confidence level in choosing answers:
a. Believe*
b. Do Not Believe
3" Level Reasons for the answer:

a. The surface area of the loop is getting narrower, so the rate of flux change
will decrease and produce a smaller induced electromotive force*

b. The surface area of the loop is getting narrower, so the rate of flux change
will increase and produce a greater induced electromotive force
(Humanistic thinking)

c. The surface area of the loop does not affect the electromotive force
generated (False intuition)

d. The induced electromotive force only occurs due to changes in the magnetic
field (preconception)

e. The surface area of the loop is proportional to the number of lines of
magnetic force entering so that the rate of flux change will remain and
produce a constant induced electromotive force (Associative thinking)

f. The surface area of the loop is getting narrower, so the flux will increase
and induce smaller electric forces (Incomplete reasoning)

4™ Level Level of confidence in choosing the reason for the answer:
a. Believe*
b. Do Not Believe

5" Level What conclusions can you draw about the value of the induced
electromotive force produced when the loop in the shrinking magnetic field

B leads to the field?

The surface area of the loop is getting narrower so that the rate of change in the

magnetic flux decreases and produces a smaller induced electromotive force*

Information: * stated the answer key
Table 1 shows the questions at the first to the fourth levels are in the form of multiple

choices, where the tested students only get the opportunity to choose one answer that is
considered correct. According to the previous authors, the multiple-choice questions can
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already be used to detect the level of understanding of the tested students. However, relying
on students' answers from the first to the fourth levels alone cannot confidence the examiner
about whether the student has really understood the concept being asked or not? Therefore, it
is necessary to add one question level which is considered able to provide the required
confidence level. In this case, the question is an open question at the fifth level in Table 1.
The open question can be in the form of requests for students to draw conclusion about the
concepts asked in the first level question, to make concept maps, question to draw (drawing
question), or other question according to the needs of each question (Putri & Ermawati, 2021;
Ramadhani & Ermawati, 2021).

The way to assess students' works results using the four-level conception diagnostic
test is given in Table 2, especially in the first to the fourth levels columns. When the
combination of answers given by a student are precise (P), believe (B), precise (P) and
believe (B), it can be concluded that the student already understood the concept (RU), and so
on including student answers that are considered true fake (TF) and wrong fake (WF). What
IS meant by a true fake answer (TF) is when the combination of students' answers on the first
to the fourth levels are precise (P), believe (B), imprecise (IP) and believe (B). It means that
the student answered the question precisely and he or she believes that the answer is precise.
In addition, he or she choose the imprecise reason and unfortunately he or she believes that
the chosen reason is precise. Meanwhile, what is meant by a wrong fake answer (WF) is
when the combination of students’ answers on the first to the fourth levels are imprecise (IP),
believe (B), precise (P) and believe (B). It means that the student is imprecise in answering
the question but he or she believes that the answer is precise. Further, he or she chose the
precise reason and he or she believes that the reason is precise.

While the assessment that used in the five-level conception diagnostic test is by adding
one assessment at the fifth level column in Table 2. When the combination of answers from
the first to the fourth levels given by a student are precise and he or she believes that the
answer is precise, the reason chosen are also precise and he or she also believes it, then the
student can still be possibly considered really understood the concept (RU) or partial
understood (PU) or lack of knowledge (LC) or misconceptions (MC) or does not understood
the concept (NU) or undefined (UD).

Table 2. The combination of five-level diagnostic test answers and types of students
understanding levels (Amin et al., 2016).

No Combination of answers to level- Level of
' 1 2 3 4 5 understanding
SU RU
PP PU
1 P B P B M
W LC
NA ubD
2. P B P NB
3. P NB p B
4, P NB P NB
5. P B IP NB
6. P B IP B
7. P NB IP B PP/M/W/INA LC
8. P NB IP NB
9. IP B P B
10. IP B P NB
11. IP NB P B
12. IP NB P NB

Prisma Sains: Jurnal Pengkajian llmu dan Pembelajaran Matematika dan IPA IKIP Mataram, Jan. 2022. Vol. 10, No.1

| 4



Apriliyanti & Ermawati Five-Level Conception Diagnostic Teston ...........

No Combination of answers to level- Level of
' 1 2 3 4 5 understanding
13. IP B IP NB
14. IP NB IP B PP/M/WINA NU
15. IP NB IP NB
16. IP B IP B M/WINA MC
17. There is an unanswered question either in level 1, 2, 3, 4 or 5 uD

Note: P = Precise, IP = Imprecise, B = Believe, NB = Not Believe, SU = Scientific Understood, PP = Partial
Precise, M = Misconception, W = Wrong, NA = No Answer. RU = Really Understood, PU = Partial
Understood, LC = Lack of Knowledge, NU = No Understood, MC = Misconception, UD = Undefined.

Table 2 shows that students are categorized as really understood the concept (RU) when
the combination of their answers to the questions at the first to the fourth levels are precise
(P), believe (B), precise (P) and believe (B), the fifth level answer is also given precisely
according to the scientific understood (SU). However, when student’s answers to the
questions at the first to the fourth levels are precise (P), believe (B), precise (P) and believe
(B), but the answer to the fifth level question is still only partially precise (PP), then the
student is categorized as partial understood the concept (PU). Furthermore, when the
combination of answers to the questions at the first to the fourth levels given by a student are
precise (P), believe (B), precise (P) and believe (B), but the answer to the fifth level question
are misconceptions (M) and wrong (W), then the student is categorized as lack of knowledge
(LC). Meanwhile, when student’s answers to the questions at the first to the fifth levels are
precise (P), believe (B), precise (P) and believe (B), but the answer to the fifth level question
is not answered (NA), then the student is categorized as undefined (UD) and so on. The
explanation and answer values for the fifth level open-ended question is shown in Table 3.
When student’s answer to the question at the fifth level is precise and in accordance with the
Physics concepts, then the student is declared scientific understood (SU) which is given a
value of 100%. Furthermore, when the answer to the question at the fifth level given by a
student is still only partially precise, then the student is declared partially precise (PP) which
is given a value of 70-90%, and so on.

Table 3. Description and value of answers on the five-level diagnostic test based on Table 2
(Dikmenli, 2010; Kose, 2008)

No. Types Description Value (%)

1. SU When the answers given by students are precise and in 100
accordance with the concepts of Physics

2. PP When the answers given by students are only partially 70-99
precise and in accordance with the concepts of Physics.

3. M When the answers given by students are not precise and 40-69
different from the concepts of Physics

4. wW When the answers given by students cannot be 1-39
understood and different from the concepts of Physics

5. NA When there is no answer given by the student 0

Note: SU = Scientific Understood, PP = Partial Precise, M = Misconception, W = Wrong, NA = No Answer.

Until now, the five-level conception diagnostic test was adopted by some authors to
identify the students’ level of understanding, such as by Ramadhani & Ermawati (2021) for
Uniform Circular Motion (UCM) concepts; Putri & Ermawati (2021) for Harmonic Vibration
concepts; Sari & Ermawati (2021) for Straight Motion concepts; Lailiyah & Ermawati (2020)
for Sound Wave concepts; Qonita & Ermawati (2020) for Vector concepts; Salsabila &
Ermawati (2020) for Elasticity concepts; Fajriyyah & Ermawati (2020) for The Kinetic
Theory of Gases concepts; Anam et al. (2019) for Heat Transfer concepts and by Bayuni et
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al. (2018) for Changes of Matter concepts. However, the five-level conception diagnostic test
on Electromagnetic Induction concepts has never been reported.

Based on the explanation above, this paper is intended to report the results of the
writing of a five-level conception diagnostic test on Electromagnetic Induction concepts.
Furthermore, the written test is tested for feasibility (validity and reliability) and tested
applied to a number of students to identify their level of understanding on Electromagnetic
Induction concepts.

METHOD
Research Type

Considering that the conception diagnostic test is not standardized yet, it means that
someone who wants to test their students’ level of understanding must write it first then test
its” feasibility before using a diagnostic conception test. Therefore, “Research and
Development (R&D)” is required in writing a conception diagnostic test. What “Research”
means is that the Authors examined the concepts of Electromagnetic Induction (especially on
the sub-concepts: Definition of Inductive Electromotive Force, Induction Electromotive
Force Due to Changes in the Area of the Coil, Induced Electromotive Force Due to Changes
in Orientation Angle 0, Faraday's Law and Lenz's Law) at two books references, i.e., Physics:
Principles with Applications, 7" Edition (Giancoli, 2014) and Physics for Scientists and
Engineers, 6 Edition (Serway & Jewett, 2004). Next stage, the Authors analyzed and
summarized the students' potential misconceptions.

Table 4 summarizes some of the students' potential misconceptions on Electromagnetic
Induction concepts from the results of the analysis. In the “development” stage, the Authors
wrote the Draft 1 (consisting of 11 questions of the five-level conception diagnostic test).
Table 4. Some students’ potential misconceptions that obtained from the results of the
analysis on Electromagnetic Induction concepts.

Sub- Correct Concept
concepts

Potential misconceptions

Definition of The induced electromotive force (EMF) is the Students considered that

Induction
Electromotiv
e Force
(EMF)

potential difference between the ends of the coil
(coil) that will produce an induced electric current.
The induced electromotive force (EMF) occurs when
a rate of change in the magnetic flux. The magnetic
flux (®g) itself can be caused by changes in the
number of magnetic force lines penetrating the
closed-loop surface area (A) or changes in the
magnetic field and angle orientation 6, namely the

orientation of the magnetic field direction (ﬁ) to the
normal line of the loop surface as formulated:
Induced electromotive force:

- _N%
= —N ” (1)
which:
ds=BAC0s0 )

Information:

d®B . . Wb
- Rate of change in the magnetic flux per second (T)

®p = Magnetic flux (Wb)

B = Magnetic induction (Wh/m? =T)

N = The number of coils

A = Loop surface area (m?)

0 = The angle between the normal line of the loop
surface and the direction of the magnetic field

the induced electromotive
force is caused by the
presence of electric
induction current and the
number of the coil because
the greater the number of
coils, the greater the
current generated so that
the induced electromotive
force produced is even
greater.
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Sub- Correct Concept Potential misconceptions
concepts

(Giancoli, 2014)

Electromotiv  Changing the area of the coil (A) in the magnetic Students assumed that the
e force field B as in Figure 2. size of the loop is the same
induced by a and the number of magnetic

y FEORHE DG force lines entering will be
proportional to the surface
area of the loop (A) so that
the induced electromotive
force produced is constant.

change in the
area of the
coil

B

(inward

(b)

Figure 2. A current can be induced by changing the
coil’s area, even though B doesn’t change. Here the
area of the coil in area A is reduced by pulling the
side of the coil so that the change in speed decreases
when we go from (a) to (b) and the value of the
electromotive force produced is getting smaller. The
short induced current acts in the direction shown to
try to maintain the original flux (®s=BA) by
producing its own magnetic field in the page. That is
as the area of the coil in area A decreases, the current
acts to increase B in the initial (inward) direction
(Source: Giancoli, 2014).

Subiject

The subject in this work at the First trial was conducted on 30 students of class XII
MIPA 3 at one of Gresik’s senior high schools to obtain the results of the external validity
and reliability. Meanwhile, the Second trial was conducted on 14 students from class XII
MIPA 4 at one of Gresik’s senior high schools to detect the students’ level of understanding
on Electromagnetic Induction concepts.

Instrument, Procedure and Data Analysis

The first draft (consisting of 11 questions of the five-level conception diagnostic test)
was written by the Authors then tested for its internal validity by two appointed Lecturers
from the Physics Department of UNESA, both in terms of content, construct or language with
several indicators. The indicators that used to assess the internal validity in terms of content
are (a) whether the questions are in accordance with Electromagnetic Induction concepts or
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not, (b) whether the questions are in accordance with the question indicators or not, (c)
whether the explanation of the questions in accordance with the order of the concepts or not
and (d) whether limits of question, answer and explanation of expected reasons are declared
clearly or not. Furthermore, the indicators that used to assess the internal validity in terms of
constructs are (a) whether the diagnostic test instructions were expressed clearly or not, (b)
whether between the criteria of the questions with the Basic Competencies and Bloom's
Taxonomy are appropriate or not, (c) whether each question in diagnostic test can determine
students' understanding or not, (d) whether the choice of reasons provided able to determine
the causes of misconceptions from within the students or not, (e) whether the distractors in
the choice of reasons were rational and homogeneous with the first level answer or not and (f)
whether the pictures, graphs, tables and the like are in accordance with the provided problems
or not. Meanwhile, the indicators that used to assess the internal validity in terms of language
are (a) whether the question sentences utilized Indonesian properly and correctly or not, (b)
whether the question sentences did not cause double meaning or not and (c) whether the
question of each test are stated clearly and easily understood or not.

Each indicator that used to assess the internal validity is given a value ranging from 1 to
4 according to the assessment rubric as shown in Table 5. The way to calculate the
percentage (%) of the internal validity is using Equation (3) then interpreted based on Table
6.
Table 5. Standard of the internal validity assessment rubric (Riduwan & Akdon, 2013)

Assessment rubric Standard
1 Fulfilled only 0-39%
2 Fulfilled only 40-69%
3 Fulfilled only 70-89%
4 Fulfilled only 90-100%
S
Pr = mx 100% (3)

where: Pr = % of internal validity, S = number of validator values, Nt = the highest value on
the validity indicators, Py= number of questions, dan Ry = number of validator.
Table 6. Interpretation of the internal validity value results (Riduwan & Akdon, 2013)

Percentage (%0) Interpretation Standard
0-20 Very small
21-40 Small
41 -60 Enough
61 —80 Valid
81 — 100 Very valid

The results of the internal validity test were Draft 2. The Draft 2 was conducted first
test (First Trial) with the respondents are 30 students of class XII MIPA 3 at one of Gresik’s
senior high schools to obtain the results of the external validity and reliability. The external
validity test consists of empirical content and construct validity (questions in accordance with
basic competencies). The empirical validity of the content was determined based on the
calculation of the % true fake (TF) and wrong fake (WF) answers using Equation (4) and (5)
(Kirbulut & Geban, 2014). In theory, the empirical validity of the content will be fulfilled if
each %TF and %WEF is less than 10% (<10%) (Zahra & Suprapto, 2019). The explanation of
the true fake (TF) and the wrong fake (WF) answers was explained in the section

"Introduction".

%TF = LTF

x 100% (4)

Yquestions X Xstudents
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%WF = LWE

x 100%

Yquestions X Lstudents 00% (5)
where: £TF = number of TF, XWF = number of WF, Zquestions = number of questions
(consisting of 11 questions), and Xstudents = number of students (In this work amounted to
30 students).

The empirical external validity test of the construct was determined based on the
calculation of the Pearson Product Moment (rxy) correlation using Equation (6) (Arikunto,
2013) with the standards in Table 7. The reliability of the questions was calculated by the
Alpha Cronbach coefficient (r11) as in Equation (7) (Arikunto, 2016) with standards based on
Table 8.

XXy

Y 7 A 6
"y = o)t yz) ©)

where: ryy = the correlation between variables x and y, x = the total value of each question, y =
the total value of each student.
Table 7. Standard of the Pearson Product Moment correlation coefficient results (Sugiyono,

2015)
Correlation Coefficient Interval (rxy) Standard

0.800 — 1.000 Very strong
0.600 — 0.799 Strong

0.400 - 0.599 Enough

0.200 - 0.399 Small

0.000 - 0.199 Very small

2
= k:jl 1- EG%) (7

where: r;; = the reliability coefficient, ks = number of questions, Y 0;? = the total variance
value of each question and o2 = number of grain variances.
Table 8. Standard for the reliability of the Alfa Cronbach coefficient results (Sugiyono,

2015)
Reliability Value Interval (ri1) Standard
0.800 — 1.000 Very strong
0.600 —0.799 Strong
0.400 — 0.599 Enough
0.200 - 0.399 Small
-1.000 — 0.199 Very small

The outcomes of the external validity and the reliability test resulted in the Final Draft
of a five-level conception diagnostic test (consisting of 11 questions) which was feasible to
be used for the second trial. The second trial was conducted on 14 students from class XII
MIPA 4 at one of Gresik’s senior high schools. Furthermore, the results of the second trial
that were analyzed based on Table 2 so that was obtained an overview for each tested
students’ level of understanding on Electromagnetic Induction concepts.

The analysis was carried out to get an overview of students' level of understanding
using the five-level conception diagnostic test are (a) calculating the percentage of the
internal validity using Equation (3) with standards are very small if a value between 0 and 20,
and so on as shown in Table 6 (Riduwan & Akdon, 2013); (b) calculating the empirical
external validity of the content and the construct. The explanation of the empirical external
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validity of the content was explained in the sub-section “Instrument and Procedure”.
Meanwhile, the empirical external validity of the construct was classified as very small if the
Pearson product moment correlation coefficient (rxy) is calculated using Equation (6) = 0.000 -
0.199, and so on for the other range of values in Table 7 (Sugiyono, 2015). Next step is
calculating the reliability test with standards that are very small if the calculation (ry1) yields
Equation (7) = -1.000-0.199, and so on for the remaining value ranges in Table 8 (Sugiyono,
2015). Furthermore, a five-level conception diagnostic test (consisting of 11 questions) which
was validated and reliable therefore it can be used to test students' level of understanding.
The students’ level of understanding was determined based on a combination of students’
answer on test results according to Table 2 and was explained in the section “Introduction”.

RESULTS AND DISCUSSION
Writing of the five-level conception diagnostic test

As already mentioned, 11 questions of the five-level conception diagnostic test were
successfully written by the Authors and stated feasible. One of the 11 questions is given in
Table 1.
Validity and reliability test

Summary of the internal validity tests, the external validity and the reliability results,
consecutively are given in Tables 9-12.
Table 9. The internal validity test results

Validity Validator

i 0,
No. Aspects Indicators ) Standard

:
1. Content ©
(d)
(a)
;
C
2. Construct ()
(e)
(f)
(a)
3. Language (b)
(c)

88 Very Valid

88 Very Valid

100 Very Valid

A DRAPOWWWWDRWWWW|EF
e N T S NGO S S SN S S ) O

Average 92 Very Valid

Note: The Indicators at 1(a)-1(d), 2(a)-2(f), 3(a)-3(c) are described in the method of the internal validity
assessment section. Assessment rubrics can be seen in Table 5. The internal validity standard can be seen in
Table 6, V1 = Lecturer Validator 1, and V> = Lecturer validator 2.

Based on the data in Table 9, it can be seen that the average percentage of the internal
validity of Draft 1 is 92% so it is classified as very valid in terms of content, construct and
language. Draft 1 became Draft 2, which was further tested for the external validity and the

reliability.
Table 10. The empirical external validity test results of content
Question TStudents STF SWF
Number
1 0 1
2 1 6
3 30 3 1
4 0 1
5 1 0
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Question TStudents STF SWF
Number
6 1 0
7 2 1
8 2 3
9 3 0
10 0 8
11 2 3
Total 13 18
Percentage (%0) 3.94 5.45

Note: TF = True Fake is calculated using Equation (4) and WF = Wrong Fake is calculated using Equation (5)

Table 11. The empirical external validity test results of construct

Question Number Iy I'table Standard
1 0.84500 Valid
2 0.59756 Valid
3 0.35430 Valid
4 0.79349 Valid
5 0.67568 Valid
6 0.59585 0.3061 Valid
7 0.56662 Valid
8 0.48445 Valid
9 0.55987 Valid

10 0.38751 Valid
11 0.63593 Valid

Note: the ry is calculated using Equation (6) and the criteria is based on Table 7. If the ryy > ripie, then the test is
categorized as valid. However, if the rxy < rupie, then the test is categorized as invalid.

Table 10 states that the values %TF is 3.94% and %WF is 5.45%, where both values
are less than 10% (<10%). Thus, the Draft 2 is categorized as valid in terms of empirical
content. Table 11 states that the external validity test results in terms of empirical construct,
Draft 2 (consisting of 11 questions) is also categorized as valid because of the value of ryy >
lavle. The rble Value is determined based on the number of respondents that were 30 students
(df = 28) with a significance level of 0.05 for the one-way test so that rwne = 0.3061
(Sugiyono, 2015).

Table 12. The reliability test results

ri I'table Standard

0,608 0,3061 High

Note: ri1 is calculated by Equation (7) and the criteria correspond to Table 8. If ri1>ripie, then the test is
categorized as reliable. However, if the rx,< rupie, then the test is categorized as not reliable.

Based on the data in Table 12, it was found that the value of ri1 > rupie S0 that Draft 2
was declared reliable (Arikunto, 2016). Furthermore, Draft 2 becomes the Final Draft which
is ready to be tested in the second trial, considering that the results of the validity test are
valid and reliable.

Trial 2

Table 13 provides an overview of the 14 tested students’ level of understanding and
their answers to 11 questions consisting 6 sub-concepts. For cells marked in red boxes were
examples of students’ answers in Table 14.
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Table 13. Recapitulation of the results of Trial 2 on 14 tested students and their level of
understanding

Students

Sub-concepts

A B C

D E

Number Conclusion
Question Number
1 2 3 4 5 6 7 8 9 10 11

RU (36.36%)

1 |RY ('\F’,'E) Lc| RU LC ?g,g LC RU NU LC RU and LC
(36.36%)

2 PU RU RU RU RU RU LC UD RU PU RU (63.64)

MC MC

LC 0

3 LC RU LC RU LC RU oy LC oy LC  LC(5455%)
4 PU LC RU RU NU RU[RUl Lc Lc nu (Z'% RU (36.36%)

T MC MC

5 PU LC RU LC LC RU LC NU o\ LC(4545)
6 PU LC LC PU LC|RU|JRU RU RU LC RU RU (45.45%)
7 LC LC PU RU RU RU RU RU LC PU  RU (54.55%)
8 LC LC LC RU RU LC RU RU |LC| Lc ('n% LC (54.55%)
9 PU LC RU RU LC RU LC RU LC PU RU (45.45)
10 LC RU RU RU LC NU NU LC LC ('\H"% LC (45.45%)
11 PU PU LC RU LC LC RU LC LC|LC|] LC  LC(63.64%)
12 LC LC LC LC RU|Lc|RU RU ?;',8 PU RU  LC (45.45%)
13 LC LK LC ?I/LC) LC LC RU LC LC Nu LC (72.73%)
14 LC LC LC LC RU LC RU |LC| PU LC UD  LC (63.64%)

Note: a = Definition of induced electromotive force, b = Electromotive force induced by a change in the
magnetic field, ¢ = Electromotive force induced by a change in the area of the coil, d = Electromotive force
induced by a change in angular orientation, e = Faraday's law, f = Lenz's law, MC (Pr) = Preconception, MC
(PF) = Associative thinking, MC (HT) = Humanistic thinking and MC (IR) = Incomplete reasoning.

Table 14. One of the 14 students’ answers at their answers sheet

Students Question

Student’s Answers

Number Number
o 3 Pilihan Jawaban Tingkat Kepercayaan
L Pilihan Jawaban Tingkat Kepercayaan
\/]
+ (AL [CIYE] A[sgole] - (A1)
Nasan Memlh Jawaban Tingkat Kepercayaan Alasan Memilih Jawaban Tingkat Kepercayaan
Al ElF] RU BICIOJEIF| [A[A LC
1 land 3 Jawaban Esai Jawaban Esai
15U pervbanan £k madnertk| [ ¢gaf oalyanometer ergerak

Kavena erbahan meddn magnes
dan orientast fudut §

k¢ adh Kanan

Prisma Sains: Jurnal Pengkajian llmu dan Pembelajaran Matematika dan IPA IKIP Mataram, Jan. 2022. Vol. 10, No.1

| 12



Apriliyanti & Ermawati Five-Level Conception Diagnostic Teston ...........

Students  Question ,
Number Number Student’s Answers

4 Pilihan Jawaban Tingkat Kepercayéan

[(x[Bfc|D|E]

Alasan Memilih Jawaban Tingkat Kepercayaan

IXlelclplel ] ixlsfwo
2 4 Jawaban Esai
Jea Wag permubaan \oog remavan revag,
Woka \apu peruvinan fupe dean veckeprans
dan wenovasikan oo\ \MAurG yo

__somaeln ol
5 Pilihan Jawaban Tingkat Kepercayaan
Delc]polE]
Alasan Memilih Jawaban Tingkat Kepercayaan
[ATeDLo[E]F] [a
3 5 Jawaban Esai -

bR 991 WHIES Yany. Qlraslkoun

Balaly” W\ Faclnon Puubahon  USuk Yaua
famatin redl menghonitan 991 [nduiey ¥

fumapia kecl pula .

7 _Pilihan Jawaban Tingkat Kepercayaan
(A clole]  [Rie]
Alasan Memilih Jawaban Tinﬁkat Kepercayaan
[—AJ_BlCIDleFl B RU

4 7 Jawaban Esai
Mecubah Sudpnt pUraran s
kum paran %ax\ W\edpm%énu

1 Pilihan Jawaban Tingkat Kepercayaan
[Alsclele]
Alasan Memilih Jawaban Tingkat Kepercayaan
[alslcled el ]
5 1 Jawaban Esai

Hean dda petubahan g4\ kebEa
by Hues magiut Rumeah

8 Pilihan Jawaban Tingkat Kepercayaan
[ATBCcTE]
“ Alasan Memilih Jawaban Tingkat Kepercayaan

[(ADxgclp el F| [ LBlm

6 8 Jawaban Esai
Searalh dengan arol gutaraw

arum jam Setank don ekmbal
e vnol.
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Students  Question ,
Number Number Student’s Answers

6 Pilihan Jawaban Tingkat Kepercayaan
[X[e]c]o[E]

Alasan Memilih Jawaban Tingkat Kepercayaan
(alslwio]e[ F] [%x[8] (g
7 6 Jawaban Esai

NN gevow VeREW 2 KArRAK Glgyq
WAL fidataas SHde quted I ooy,
b tiskew ke Mg digg;

9 Pilihan Jawaban Tingkat Kepercayaan
p&lslclolE]
Alasan Memilih Jawaban Tingkat Kepercayaan
[alsX[o[e]F] |Ai>_e<-|

8 9 Jawaban Esai —

oo avs (ndVG) Arasahban beda -
Waran arahh potavan javm jamn

OWn aoray WEROK 1 Wl Woge da
‘5 WA GOMaKi RGOV oty

-

3 Pilihan Jawaban 7 Tingkat Kepercayaan

(Al B8] D]E] <] 8 |
Alasan ivlemilih Jawaban Tingkat Kepercayaan
Dlelclolelr] Dol

9 3 Jawaban Esai =

aql eredl {ask WMoyt dilellartain
a foagasan  karena o paran

‘fée(r'tuqu amih galuancmeter e
N

1 Pilihan Jawaban Tingkat Kepercayaan
[ALB[cladE]
Alasan Memilih Jawaban Tingkat Kepercayaan
(ATe[cPDE] 7] -
10 1 Jawaban Esai
oL wdwy Aopdi Hehka ada
aWs  yang  Mengae-

10 Pilihan Jawaban Tingkat Kepercayaan
XTelclolE] mu

Alasan Memilih Jawaban Tingkat Kepercayaan
[XTelcTolel e ] [alelf
11 10 Jawaban Esai

Nang terjadi yaitu arus Kumparan
sehingga idax tecjodi peruvaban fluxs
magnetnya
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Students Question

Number Number Student’s Answers

6 Pilihan Jawaban Tingkat Kepercayaan
[>XTelclolE]
Alasan Memilih Jawaban Tingkat Kepercayaan
[ATedcTole[F] PKI8]( (¢
12 6 Jawaban Esai

Padu sacd t=(, 990 mbksy (el
byar Serpads et =2

11 Pilihan Jawaban gkat Kepercayaan
[ATe]c[pfxd -
Alasan Memilih Jawaban Tingkat Kepercayaan
e 3
13 11 Jawaban Esai

4 ban ado rAbchan Mlan™ ety
":Z’"’“‘* Efika meawat; gurs x dey

8 Pilihan Jawaban Tingkat Kepercayaan
(AT T ol €]

Alasan Memilih Jawaban Tingkat Ke aan
(AlBD[D]E] F | DZiBI LC |
14 8 Jawaban Esai

(iolvanoweker berputar berta -
wanan Ak putaran |arum yam

Note: RU = Really Understood and LC = Lack of Knowledge.

Based on the data in Table 13, it can be seen that the most dominant student number 1’s
level of understanding is Really Understood (RU) and Lack of Knowledge (LC) with the
same percentage of 36.36%. The student experienced a Really Understood (RU) in sub-
concepts B, D and F. While in sub-concepts B, D and F, the student is still having difficulties.
Furthermore, the most dominant student number 2’s level of understanding is Really
Understood (RU) of 63.64% in sub-concepts B, C and 7. Meanwhile, students Number 3 and
8 experienced a Lack of Knowledge (LC) with the same percentage of 54 ,55% in sub-
concepts A, B, D and F.

The most dominant student number 4’s level of understanding is Really Understood
(RU) with a percentage of 36.36% in sub-concepts B, C and D. However, in other sub-
concepts (A, E and F) this student experienced a Partial Understood (PU), Lack of
Knowledge (LC), Not Understood (NU) and Misconception (MC) that occur due to
Humanistic Thinking (HT). Furthermore, students Numbers 6, 7 and 9 also dominantly
experienced a Really Understood (RU) with a successive percentage of 45.45%; 54.55% and
54.55%. These students experienced a Really Understood (RU) in sub-concepts D, E and F
for the 6" student, sub-concepts C, D and E for the 7" student and sub-concepts B, C, D, and
F for the 9" student.

Meanwhile, the most dominant student number 5’s level of understanding is a Lack of
Knowledge (LC) with a percentage of 45.45% in sub-concepts A, B, D and E. However, in
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sub-concepts C and F, this student experienced a Really Understood (RU), No Understood
(NU) or Misconceptions (MC) that occur due to Preconception (Pr) and Humanistic Thinking
(HT).

The next students who were dominantly experienced a Lack of Knowledge (LC) are
students Numbers 10, 11 and 12 with a percentage of 45.45% each; 63.64% and 45.45%. The
three students experienced a Lack of Knowledge (LC) in different sub-concepts, i.e., sub-
concepts A, B, D and F for the 10" student,, sub-concepts B, D, E for the 11" student and
sub-concepts A, B, C and D for the 12" student. Furthermore, students Number 13 and 14
also dominant experienced a Lack of Knowledge (LC) with a percentage of 72.73% and
63.64%, respectively. The 13" student experienced a Lack of Knowledge (LC) in sub-
concepts A, B, D and F. However, the 14" student experienced a Lack of Knowledge (LC) in
all sub-concepts (A, B.C, D, Eand F).

Among 14 students who were tested using the 11 questions, it can be conclude that
most of the levels of understanding were categorized as Lack of Knowledge (LC) with a
percentage of 44.16%. Meanwhile, the level of understanding of Really Understood (RU),
Partial Understood (PU), Misconceptions (MC), No Understood (NU) and Undefined (UD)
are 33.77%; 9.09%; 7.14%; 4.55% and 1.30%, respectively.

2 Piihan Jawaban Tingkt Kepercayaan 2 Pilihan Jawaban Tingkat Kepercayaan
A3 X[o]E [Alep<lolE] 6]
Alasan Memilih Jawaban Tingkat K Alasan Memilih Jawaban Tingkat K an
DOBEDE [ rc | (ALl cPXTel 7] Riel| wc |
Jawaban Esa Jawaban Esai
Tovuw Galvawymeter avan #00ywyang Jawm pida gANGNG eker gy ma
D g BN puthren, {0yt ke ket levea magret doeratiban
Toon RN ¥oruil Beic Sy Y g oo renyu ompaan
o tawm b
2 i;m’lag .;a\,\sxlban Tinikat Kepercayaan = LPli\lifi;&iavga]b?)nl E| gﬁk;thepercayaan
Alasan Memllihljjamn Tin‘k%t Kepercayaan str;lvllercniim;aw:blan': | y FP[ =
‘ A l B I Q | I | Ei MC J
Jawaban Esai PlELF B (j:_; l Jawaban Esai

[T magiut  dumarsuktan doligm

Jaum 9awanpweter bergerak Kamporn , ‘dkan g toeran ddans

berfawavnay arah Jarym Jam amus (et .
2 Pilihan Jawaban Tingkat Kepercayaan
[ATSadc [ D] €]
Alasan Memilih Jawaban Tingkat Kepercayaan

[A]B]cIx[el F] [x[8] :
Jawaban Esal &]

Arus  AiMAUKG vediva taoet A -

getokkan WMenuju (ehaion eumMpacin

(B Memngkat cefaat melalu \eumpa
AL0)

n)
pane ke vonan

Figure 3. Some combination of students’ answers on question Number 2

Figure 3 provides examples of several tested students’ levels of understanding based on
the combination of answers that given at question Number 2. The question Number 2 is one
of the sub-concepts of the Electromotive Force (EMF) induced by changes in the magnetic
field, where students were asked to determine the direction of the deviation needle on the
galvanometer when a magnetic rod is moved towards one end of the coil as shown in Figure
4. 1t can be seen that the students' answer at the fifth level, students who experienced a Lack
of Knowledge (LC) answered that when the magnetic rod was moved towards one end of the
coil, there was an increase in the number of magnetic force lines around the coil. Thus, the
rotation direction of the needle on the galvanometer deviates to the left. Meanwhile, the
answer of students at the fifth level who experienced a Misconception (MC) due to
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Associative Thinking (AT) was the number of magnetic force lines surrounded the coil is
constant. Thus, the rotation direction of the needle on the galvanometer moves to the left. The
answer for students at the fifth level who experienced a Partial Understood (PU) was that
when a magnetic rod was moved towards one end of the coil, the number of magnetic force
lines increased so that there was an electric current.

Meanwhile, according to the concepts of Physics, "In Figure 5, a current is induced

when a magnet is moved towards one end of the coil (ﬁ increases momentarily through the
coil) and the direction of the needle on the galvanometer deviates to the right (Giancoli,
2014).

Kumparan
SO\ —— > o s
N £
l I
| A
|
|
S 1//7
‘ 7= N
= + Magnet
moves up
I toward coil
(B in coil
| S J increasing)
Galvanomete

Figure 4. A magnetic rod is moved towards one end Figure 5. A magnetic rod is moved towards one end
of the coil connected to the galvanometer (Source: of the coil (Source: Giancoli, 2014)
Author’s document)

Relevant research in identifying students' understanding of Electromagnetic Induction
concepts was also conducted by Yustiandi & Saepuzaman (2017), namely "ldentification of
Difficulties in Learning the Concepts of Electromagnetic Induction in High School" by using
a diagnostic test in the form of multiple-choice of 10 questions and interviews. The results
showed that students had difficulty in determining the direction of the induced current in the
coil (only 6.7% of students answered correctly), determining the direction of the induced
current in the loop (only 10% of students answered correctly) and difficulties in
understanding the Electromotive Force (only 13.3 % of students answered correctly).

A similar study which also identified students' understanding of Electromagnetic
Induction concepts was conducted by Wulandari (2017), namely "Analysis of Mastery of
Electromagnetic Induction Concepts in Class XII High School Students”. The research
method used is by using a diagnostic test in the form of a description of 8 questions. The
research shows that 35.33% of students are classified as lacking in mastering the concepts of
Self Inductance, 36.16% of students lacking in understanding the concepts of applying the
concepts of Electromagnetic Induction in technology and 47.34% of students lacking in
understanding the concepts of induced EMF and Faraday's law.

CONCLUSION

The results of the writing of a five-level conception diagnostic test on Electromagnetic
Induction concepts of 11 questions has been validated and reliable showed that the diagnostic
test of conception is feasible for use. In addition, the diagnostic test of conception was
successfully identified the students' level of understanding on Electromagnetic Induction
concepts. Among 14 students who were tested for their level of understanding, 44.16% of
them experienced a Lack of Knowledge.
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RECOMMENDATION

The five-level conception diagnostic test on Electromagnetic Induction concepts can be
used by teachers to detect the students' level of understanding elsewhere. Thus, the teacher
has data about the difficulties experienced by students and can provide remedial to students
who especially experienced a Misconception on Electromagnetic Induction concepts.
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