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Abstract—This study aims to examine the implementation of the Interactive
Conceptual Instruction (ICI) learning model assisted by computer simulation to
change students’ conception of force and vibration. However, the change in the
conception of the research is focused on the Misconception category (MC) be-
cause it is fundamental in the learning of physics. This study used a mixed-
method design with an exploratory sequence. It was conducted on 30 students of
Class X in one of the high schools in Cimabhi city. The instrument used comprised
20 questions in a four-tier test. The analysis was conducted using a combination
of two methods to analyze: (1) the changes in the conception based on three cat-
egories of conception, in exchange for the three categories of misconceptions
(Acceptable Change (MC-PU and MC-SU), Not Acceptable (MC-NU and the
MC-NC), and No Change (MC-MC), (2) the calculations of percentage for each
change in the conceptions that occurred. The results showed that changes could
be identified from the following categories of misconceptions: Acceptable
Change (AC) categories (including MC-PU (63%) and MC-SU (53%), No
Change (NCh) category (MC-MC (63%)), and Not Acceptable (NA) categories
(include MC-NU (40%) and MC-NC (3%)). Thus, the ICI learning model, as-
sisted by computer simulation, can change students' misconceptions and improve
their concept of force and vibration.

Keywords—conceptual changes, Interactive Conceptual Instruction (ICI)
learning model, computer simulation

1 Introduction

Understanding is the process of blending and linking various types of relevant infor-
mation. The comprehension procedure is a structure input procedure performed by the
student. Conceptual Understanding allows students to relate ideas and show relation-
ships and complementarities between many concepts [1-3]. Overall, students can apply
concepts to multiple conditions, explain conditions or concepts through philanthropic
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logical motifs, express concepts in numerous actions. This makes understanding a con-
cept that is fundamental in learning something. If a concept can be understood correctly,
the understanding follows the scientific conception. However, if it is not following the
scientific concept (according to the agreement of the experts), then it becomes a mis-
conception. Misconceptions can be interpreted as notions, main ideas, and views of a
person’s concept that do not follow the correct concept approved by experts [4—6]. Mis-
conceptions are widespread among students in various fields. One of them is the mis-
conception of physics concepts.

Several studies show that students still have misconceptions about some concepts in
physics. For example, in mechanics [7—8] momentum [9], electricity and magnetism
[10-12] thermodynamics [13], modern Physics [14], optics [15—16], vibrations and
waves [17], work and energy [18—19], and lightwave [20-21]. In addition, misconcep-
tions also occur in the concept of force and vibration. Research conducted by [22]
showed many misconceptions about the concept of simple harmonic vibrations. Hence,
understanding the concept of simple harmonic vibrations is included in the low cate-
gory. There are still many misconceptions about it. This is also supported by the pre-
liminary studies that have been carried out.

Based on a preliminary study using the Force and Vibration diagnostic test in a two-
tier format, it was found that many students still experienced such misconceptions. The
misconceptions that occurred included the concept of simple harmonic vibrations, ini-
tial deviation, restoring force, velocity, acceleration, period, and energy. Overall,
50.6% of the students experienced misconceptions. The most significant percentage of
misconceptions involved the concept of acceleration and period in simple harmonic
vibrations. As mentioned earlier, the high percentage of students’ misconceptions of
the Force and Vibration concept indicates the need for research to change student mis-
conceptions.

Conceptual change is considered a change in students' mindset from one level of
understanding to another. However, changing the conception is done to change stu-
dents’ understanding of a phenomenon for the better. According to [23], conceptual
changes are significant in science education. Students often have misconceptions about
their significance, movies, TV shows, and thinking about science. Furthermore, at least
three conditions for a student’s prior knowledge [24]: students have no ledge, incom-
plete knowledge, and conceptions contradict the concept of research objects. Based on
this, learning is the addition of new knowledge of the first condition. It can fill the void
of the second condition, but in the understanding edition, learning becomes. It can
change. Thus, one of the efforts that can be done is to implement a learning model that
can change students’ misconceptions. To accomplish this, we used the Interactive Con-
ceptual Instruction (ICT) model in this study.

Interactive Conceptual Instruction (ICI) is learning developed by [25]. ICI was de-
signed to encourage conceptual coherence and is based on the premise that understand-
ing physics requires an interactive process that allows for ideas to be expressed through
thinking and conversation between teachers and students. In other words, the process
must take place in the teaching and learning dialogue [25]. To facilitate conceptual
change, ICI is based on the Conceptual Change Model (CCM). Four conditions that
must be fulfilled for students to experience conceptual change include dissatisfaction
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with existing conceptions, the intelligibility of new concepts, plausibility to believe in
new ideas, and fruitfulness, which need to be valuable in a pragmatic sense [26]. Those
four conditions can be fulfilled by the ICI learning model [12]. In line with a claim
made by [27], there is empirical evidence that Interactive Conceptual Instruction (ICI)
can significantly improve students’ conceptual understanding. The main components
of ICI are focused on concept, use of text, research-based materials, and class interac-
tions [28]. Therefore, ICI learning stages include conceptual focus, use of text, re-
search-based material, and classroom instruction.

Furthermore, previous research showed that the ICI Learning model could effec-
tively reduce student misconceptions [29—-30]. These findings were achieved because
the stages in the ICI learning model can support students to find the correct concept and
change students’ misconceptions. However, some things in physics are abstract. Thus,
the media is needed as a facility in learning.

In learning, the media has an important role. During the Covid-19 pandemic, most
learning has been diverted to online learning [31]. In addition, the use of media has
been developed on various platforms, such as mobile, web apps, and computer simula-
tions. Several studies revealed that mobile learning could be used as a medium for every
student at various levels [32—34]. Research by [35] demonstrated that tablets could be
one of the tools students use in learning compared to print media. In addition, the use
of mobile learning is also used in various learning activities such as STEM [36], game-
based learning [37], and conceptual learning [38]. The advantage that can be derived
from interactive media in learning (technology-based) is that teachers or students can
access and evaluate any learning outcomes anywhere at any time [39].

However, in this study, we used interactive computer simulation to overcome these
problems, considering it will be implemented in the classroom. Thus, that it can be
more effective and fairer if used in groups. Technological devices in interactive com-
puter simulations can promote students’ and teachers’ thinking skills, make multi-rep-
resentations, communicate with each other, explore scientific phenomena, and carry out
investigations to perform scientific studies [40]. This is following ICI learning to
change students’ misconceptions. Physical sensations can be represented in words,
equations, animations, graphs, tables, pictures, or diagrams. Making connections be-
tween multiple representations is an essential ability to increase understanding of the
whole concept. The simulation also provides a bridge between students’ knowledge
before and after learning Physics and helps students develop scientific awareness and
reduce misconceptions or provide conceptual change [41]. The results of previous re-
search generally showed that the use of interactive computer simulations in Physics
learning contributed to positive results [42—44].

In this study, computer simulations were given to students, especially at the concep-
tual focus and research-based material stages. Thus, students can find it easier to carry
out each step in the ICI learning model to get the correct conception in the Force and
Vibration unit. The computer simulation that was used in this study used the Macrome-
dia flash application. This computer simulation was designed based on the common
misconceptions experienced by students in Force and Vibration unit. The example of a
computer simulation display used in this study can be seen in Figure 1.
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Fig. 1. The example of simulation display

The stages of Interactive Conceptual Instruction (ICI) Learning Model Assisted by
Computer Simulation are as follows.

In the first stage (Conceptual Focus), the students are made aware of and dissatisfied
with their initial conceptions. To achieve this, computer multimedia consisting of sim-
ulations and videos that show the Physics phenomena related to the Physics concepts
to be discussed were delivered to students.

The second stage (Use of Text) aims to prepare students to see their dissatisfaction
with the concepts and problems or misconceptions they are experiencing. To achieve
this second stage, textbooks and other learning resources were used. According to [28],
texts were used to find keywords related to concepts. The students were directed to read
textual materials and then transform these materials into a concept map.

In the third stage (Research-Based Materials), the students were instructed to form
groups of five to six to conduct experiments using computer simulations. Then the
teacher guided the students to fill in the LKPD PDEODE*E. [12] developed the ICI
model with the PDEODE*E task in the research-based material section. It was assessed
that the PDEODE * E task-based teaching is more vital to support students' conceptual
change, namely those who experience misconceptions. Therefore, the PDEODE * E
task is suitable for using research-based material on the ICI model to optimize students’
conceptual change. The PDEODE*E consists of seven elements: predict, discuss, ex-
plain, observe, discuss II, explore, and explain II. ICI learning model is assumed to be
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the “home” for the PDEODE*E task. Students can be actively involved in their con-
ceptual change and develop their conceptual understanding.

The fourth stage (Classroom Interaction) was the last in ICI learning. Class interac-
tion mentioned referred to the exchange that occurred in class in discussions between
students and collaborative interactions between teachers and students. At this stage, the
teacher guided the students' meetings in each group and helped the students to solve
problems by comparing the results of exploration sheets from each group. The interac-
tion was also carried out in the teacher’s clarification when misconceptions could still
be found at the end of the lesson. Therefore, this study aims to implement the Interactive
Conceptual Instruction (ICI) learning model assisted by computer simulation to change
the students’ conception of force and vibration.

2 Methods

2.1  Research design

Mixed methods research was used in this study. This method combined qualitative
and quantitative analyses by mixing the two methods [45-46]. The qualitative approach
is used to describe the changes in students’ conceptions after the implementation of
computer-assisted ICI. In contrast, the quantitative method is used to calculate the per-
centage of the conceptual difference. The exploratory sequential mixed-method design
process in this study is shown in Figure 2.

| Students’ Conceptual || : Percentage of : Interpreta-
E Change E_’: Conceptual Change :_’ tion
""""" Qualitative Data Quantitative Data

Fig. 2. The Process of Exploratory Sequential Mixed-Method Design

2.2 Participants

Cimahi City is one of the administrative cities in West Java, and its location is close
to the capital city of West Java, namely Bandung. Participants in this study consisted
of 30 students of Class X in one of the high schools in Cimahi city. The area map of
the participants can be seen in Figure 3.
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Fig. 3. The Map of Cimahi City (by Google Map)

2.3 Instruments

The diagnostic test instrument used is a four-tier test consisting of 20 items regarding
the concepts of force and vibration. This instrument has a reliability index (KR-20) of
0.71 and was given to students during the pre-test and post-test. The results are then
used to determine changes in the students’ conceptions, viewed from the conception
category at the pre-test and post-test. Thus, the aim of this research can be achieved.
An example of the four-level test used is illustrated in Figure 4.

8.1 The red arrow shows the direction of acceleration in an object moving in simple harmonic motion.
The correct direction of acceleration when the object 1s moving towards point A 15 shown 1n figure_ .

A B. ' C. "
i i
! I

oy 3 G 3

’ 1 a

8.2 Your confidence level in answering question number 8.1
A Confident
B. Not confident
8.3 The reason you chose the answer to question number 8.1
A The direction of acceleration of simple harmonic vibrations 1s always perpendicular to the
direction of the deviation
B. The direction of acceleration of a simple harmonie vibration 1s always opposite to the deviation
C. The direction of acceleration of simple harmonic vibrations 1s not affected by the direction of 1ts
deviation
D. The direction of acceleration of simple harmonic vibrations is always perpendicular to the
direction of object’s motion
E. Others ...
8.4 Your confidence level in choosing the reason for the answer to question number §.1
A Confident
B. Not confident

Fig. 4. The example of a four-tier test
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The tier-1 (8.1) contains multiple-choice conceptual questions with four trick op-
tions and one correct answer. Tier-2 (8.2) includes students' confidence level in answer-
ing the question in the previous class in the form of "Confident" and "Not Confident"
options. Tier-3 (8.3) contains scientific reasoning of the question in level one in multi-
ple choices options with four selectable reasonings and one open logic. Tier-4 (8.4)
includes the confidence level for the reasons given at the third level in the form of
"Confident" and "Not Confident” options. A student is considered a misconception
when they answer the questions on Tier-1 and Tier-3 incorrectly. At the same time, they
choose “Confident” on Tier-2 and Tier-4.

2.4  Data analysis

The analysis is conducted in two ways: (1) to analyze the conceptual changes based
on three categories of conception, but this is accomplished for changes in the miscon-
ception categories only, and (2) Calculations of the percentage for each change in con-
ception occurs.

Conceptual Changes Analysis (qualitative). Conceptual change analysis is carried
out by entering each student’s answer in five categories of conception, as shown in
Table 1.

Table 1. Conception Category

Conception Category Score
Sound Understanding (SU) 2
Partial Understanding (PU)
Misconceptions (MC)

No Understanding (NU)
No Coding (NC)

[=N Rl Nl

Furthermore, the pre-test and post-test data are identified based on the changes in
conception that occurred. Twenty-four possible changes in concept can occur (Table
2). However, all these possibilities have been included in three categories of conceptual
change, including Acceptable Change (AC), Not Acceptable (NA), and No Change
(NCh) [12].

However, of the 24 possibilities available, only five options will be used because the
focus of this study is on the category of misconceptions. Thus, the changes that will be
identified are only changes for the variety of misconceptions (Figure 5).
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Table 2. Possible Conceptual Change

No Pre-Test Change (—) Post-Test Category
1 MC — PU
2 MC — SU
3 NU — PU
4 NU — SU Acceptable Change (AC)
5 PU — SU
6 NC — PU
7 NC — SU
8 MC — NU
9 NU — MC
10 PU — MC
11 PU — NU
12 SU — PU
13 SU = NY Not Acceptable (NA)
14 SU — MC
15 PU — NC
16 MC — NC
17 NC — MC
18 NU — NC
19 NC — NU
20 PU — PU
21 NU — NU
22 MC — MC No Change (NCh)
23 SU — SU
24 NC — NC
Conceptual
Pre-Test Post-Test Changes
Category
o
o

Not
- My Acceptable

Not
Acceptable

Fig. 5. Possible Changes in the Misconception Category

NC
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Percentage of Conceptual Change (quantitative). The calculations of students’
conceptions of each item in the experimental and control classes in pre-test and post-
test can be presented in percentages using the following equation.

Y students who experience changes in conception
(%) = £ g P27 % 100 (1)

Y. students

These results are then interpreted using a Radar Chart to describe any changes in the
conception that occurs.

3 Result and discussion

Based on the results of calculations for the five categories of student conceptions,
namely Sound Understanding (SU), Partial Understanding (PU), No Understanding
(NU), Misconception (MC), and No Coding (NC) [12], Table 3 presents the data for
the conception category of the students during the pre-test and post-test.

Table 3. Categories of students’ conceptions

Conception Criteria

Question MC SU PU NU NC
Number Pre- | Post- | Pre- | Post- | Pre- Post- | Pre- | Post- | Pre- | Post-

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1 26.7 13.3 36.7 26.7 20.0 533 16.7 6.7 0.0 0.0
2 6.7 33 26.7 433 46.7 36.7 20.0 16.7 0.0 0.0
3 20.0 13.3 0.0 13.3 333 46.7 46.7 26.7 0.0 0.0
4 63.3 56.7 0.0 0.0 10.0 20.0 26.7 20.0 0.0 33
5 133 0.0 10.0 70.0 533 30.0 233 0.0 0.0 0.0
6 30.0 26.7 6.7 0.0 26.7 56.7 333 16.7 33 0.0
7 30.0 26.7 6.7 36.7 36.7 30.0 26.7 6.7 0.0 0.0
8 233 20.0 0.0 16.7 50.0 56.7 26.7 6.7 0.0 0.0
9 16.7 16.7 0.0 26.7 66.7 46.7 16.7 10.0 0.0 0.0
10 233 33 6.7 10.0 533 76.7 16.7 10.0 0.0 0.0
11 26.7 20.0 33 26.7 333 36.7 333 16.7 33 0.0
12 36.7 26.7 33 36.7 30.0 16.7 26.7 16.7 33 33
13 30.0 13.3 33 50.0 40.0 233 233 6.7 33 6.7
14 233 6.7 33 30.0 60.0 63.3 6.7 0.0 6.7 0.0
15 30.0 16.7 0.0 10.0 433 533 233 20.0 33 0.0
16 30.0 13.3 0.0 33 30.0 73.3 333 10.0 6.7 0.0
17 30.0 16.7 0.0 233 26.7 46.7 40.0 133 33 0.0
18 36.7 233 0.0 10.0 26.7 46.7 333 20.0 33 0.0
19 26.7 26.7 6.7 10.0 16.7 433 433 20.0 6.7 0.0
20 233 16.7 0.0 26.7 333 50.0 36.7 6.7 6.7 0.0
Average 27.3 18.0 57 23.5 36.8 453 27.7 12.5 2.5 0.7

MC=Misconception; SU=Sounds Understanding; PU=Partial Understanding; NU=Not Understanding;
NC=No Code.
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Based on Table 3, it is apparent that the number of students who experience miscon-
ceptions tends to decrease from pre-test to post-test. The reduction in the number of
students who participate misconceptions mainly occurs in Question 10, namely the mis-
understanding about the following statement "The acceleration of the object at any
point in simple harmonic vibrations are the same." The reduction in the percentage of
students who experience misconceptions in Question 10 reaches 20%. The decrease in
the rate of students who participate misconceptions about Question 10 is also followed
by an increase in the number of students who understand the concept (SU), by 3.3%,
and partially understand (PU) by 23.3%. In general, the level of conception of students
before and after participating in ICI learning assisted by computer simulations is pre-
sented in Figure 6.

45.3% Mpre-test
Epost-test
2.5%0,7%
Ny —
Misconception Sound Partial Not Not Coding

Understanding Understanding Understanding

Fig. 6. The percentage of students’ conceptual criteria before and after the treatment

Although most students who experience misconceptions decrease from the pre-test
to the post-test, it is still found that the number of misconceptions does not change from
the pre-test to the post-test in some cases. For example, it is shown in Question 19,
which is a misconception of the following statement "The total energy in simple har-
monic vibrations is affected by the object's mass." The percentage of students who ex-
perience misunderstandings does not change from the pre-test to the post-test, 26.7%.
This indicates that the application of ICI assisted by computer simulations cannot en-
tirely reduce the students' misconceptions. This can be caused by several factors, in-
cluding the implementation of ICI learning aided by computer simulations which will
be explained in the following discussion, which can also be caused by the limitations
of researchers in controlling students’ psychological problems. This is in line with the
findings [12], which states that misconceptions in students are difficult to change be-
cause of the limitations of researchers in controlling psychological problems such as
their way of thinking, their teamwork skills in groups, and their motivation. In addition,
misconceptions are difficult to change because students maintain their initial concepts
following the statement [12], which states that changing student conceptions takes a
long time because misconceptions are embedded in their minds. Misconceptions have
the following character: challenging to change, stable, and well embedded in the cog-
nitive realm of students [42].
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Furthermore, after the implementation of Interactive Conceptual Instruction (ICI)
learning assisted by computer simulations, the students’ conceptual changes can be cat-
egorized into three categories, which are Acceptable Change (AC), Not Acceptable
(NA), and No Change (NCh). The types of conceptual changes that occurred are shown
in Table 4.

Table 4. Categories of students’ conceptual changes

Changes Pre- | Post- , . °
Category No test | test Student’s Code (Question Number) f| %

S1(4,10,15,16,17,18,19); S2(1,2,19); S3(1,19); S4(4,9,14,19,20);
$5(1,6,7,10,14,15,16,17,19); S6(3,6,10); S7(10,15,18,19);
1 [MC| PU | S8(8,10,17); S9(7,10,12,18,20); S10(4,11,18,20); SI12(11,12,13); |19 63
S13(1,8,16,17); S20(12); S22(15,20); S23(13); S24(2,3,18);
S25(6,13,14,18,20); S26(8); S30(1,4,9)

S1(1,5,8,9,13,20); S4(18); S6(7); 87(3,5,7.9,11,14,17);
$8(1,5,12,15,18); S9(14,17); S10(13); S11(9); S12(5,7,15);

2 |MC | SU 6 1313),S14(11): S16(7); S17(11); S22(14): $24(10,12,13,14,17); | 16 | 3
$25(19)
$2(6,10,14); S3(6,11,17,20); S4(2,5,6); S6(9,14); S10(8);
S11(6,10,16,17,19); S13(3,6); S14(2,8,20); S15(3,11,12,15,17);
Acceptable | 3 |NU | pu | SIO@1LI6) SIT(,16); SI8(3,15,20); S19(6,7,8,15.1620 | oo | )

Change $20(10,16,178,18); S21(3,5,20); S22(8,11); S23(15,19);
(AC) $24(6,20); S26(11,16,17,18,19); S27(4,8,13,16,17,18);
$28(9,10,16,18); S29(1,20); S30(10)

S2(13); S3(7,13); S6(5,8,11,20); S10(2); S11(7); S15(16);
4 |NU | SU | S17(8,17); SI8(5); S19(5,11); S21(12); S22(1,7); S23(2,3,13,17); | 16| 53
$24(5,7); $27(12); S28(13); S29(5,7,12);

S1(12,14); S2(9); S3(9); S5(9); S6(12,13); $7(2,812,20);
S8(13,14,20); S9(3,5,11,15,19,); S11(2,5,13,20); S14(5,9,13,18);
5|PU| SU S15(5,9,18) S16(2,5,10); S17(2,5); S19(2,3,17); S20(20); 23| 77
$22(10,12); S23(5,7,8,11,12); S24(8); S25(9); 26(13,14);

$28(2,5,20); S29(14); S30(5)

NC | PU S18(16); S21(14); S30(14,15,16,17,19,19) 3] 10
NC | su $27(20); S30(11,12) 2|7
S2(4,16); S3(4,15); S4(8,11,16); S5(3,4,8,18); S10(12,15);
8 IMCINU T g1318). S15(13); S17(12); S20(4,11); S24(4); S25(17); $29(6) | 12| 40
S6(4,18); ST1(3.4,11,18); S12(4); S14(19); S15(4);
S16(6,9,12,17,18,19); S17(20); S18(17,19); $21(1,2,4,8,19);
9 |NU| MC $22(15.18); $23(4,6); S24(1); S26(12): S28(3,12,19); 1653
$29(13,18,19); S30(7)
S2(7,12,15); S3(8); S5(11); S8(7.,9); S9(9); S10(6,14); ST1(8,12);
Not 10| PU | MC [S15(7.8); S16(18): S19(1,4,13); S21(7.9,11,15): S22(19): $23(20); [ 17| 57
Acceptable S25(16): S27(10); S28(11,14); S29(11.17)
(NA) 1 pu |y [5208): $308): 55012.20): 51202): 513(2,15.19): 514(10): 5166 (5 | 5
S17(10,13); S18(1,2): $22(2,6,17); S24(11); $26(10,15); S27(9)
Llsu [ pu | 5300 582): 92): s10(1.5.19): s1210): S13(11: 51401 | (4] 5
S15(6); S17(7); S20(14); S24(19); $26(2); S27(1): S28(1): $30(2)
13 su | ~U S4(12); S14(7)
14| SU | MC 0
15| pU | NC S18(4) NE
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Changes Pre- | Post- , . o
Category No test | test Student’s Code (Question Number) f| %
16| Mc | NC S18(12) 1|3
17| NC | Mc $30(13,20) 1|3
18| NU | NC S18(13) 1|3
19/ NC [ NU S18(6); S27(19) 2| 7
S1(3,6,7,11); S2(5.8,11,20); S3(5,14); S4(7,13,15,17); S5(5,13);
$6(1,2,15,16,17,19); S7(1); S8(8); S9(4,13,16); S10(3.9,10,16,17);
S11(14,15); S12(1,10); S13(9,10,14,20): S14(3.,6,12,14,16);
No Change S15(9,10.14); S16(13,14); S17(6.,8.14.18); S18(7.8.9,10,14,18);
o~chy 20| PY | PU S19(9,10,14); $20(1,2.5,8,15); S21(6,10,16); 822(3,5,9); |0 | 100
$23(9,10,23,16,18); S24(9,16); $25(1,2,3,7,8,10,11,15);
$26(3,6,9,20); S27(5,6.7,14,15); S28(8,15); $29(8.9.10,15.16);
S3003,8)
$2(3,17); S3(3,16); S4(1,3); S14(4); S15(18,19,20); S16(15);
21|NU| NU | S17(9,15,19); SI8(11); S19(12,18,19); S20(3.9,19); S26(7); | 14| 47
$27(2,3,11); $28(6,17); S29(3)
S3(12); S7(4,6,16); S8(3.4,6,11,16,19); S9(6.8); S10(7);
S12(3,6,16.20); S13(4,12); S14(15,17); S16(4); S17(4); S20(7):
22| MC I MC | 1 (18), $22(4,13): S24(15); S25(4,12); S26(1.4): $28(4.7,19) | 17| &3
$29(4); S30(6)
S1(2); S3(2); S5(2); S7(13); S9(1); S11(1); S15(1); S16(1);
23| SU | SU S17(3): S25(5); $26(5); $29(2) 12] 40
24| NC | NC 0 0| o

Information: S1-S30=Student 1 to Student 30; MC=Misconception; SU=Sounds Understanding; PU=Partial
Understanding; NU=Not Understanding; NC=No Coding; f=frequency

Based on Table 4, 22 types of students’ conceptual changes from 24 possible ones
after participating in learning using Interactive Conceptual Instruction, assisted by com-
puter simulations. Out of the seven types of conceptual changes in the Acceptable
Change (AC) category, the types of change that the majority of students experience are
the conversion of NU — SU and PU — SU. 77% of the students experience the con-
ceptual change in the AC category in each of these types of conceptions. An example
of conceptual change of NU — SU is experienced by student 17 (S17) in answering
Question 16 (Q16). Q16 is used to measure the students’ conceptions of the effect of
initial deviation on the spring period. S17 states that the spring period will be smaller
when the spring deviation is enlarged during the pre-test. This is because of the more
significant the initial deviation, the greater the period. The answer and reasoning are
incorrect, and S17 answers with "not confident" can be categorized as not understand-
ing the concept (NU). Then during the post-test, S17 states when the spring deviation
is enlarged, the period cannot be determined. This is because the period of simple har-
monic vibrations does not depend on its initial deviation. The answer is incorrect, while
the reasoning is correct. Therefore, it can be categorized as partially understood (PU).
In ICI learning, a conceptual change regarding the effect of initial deviation on spring
is carried out by guiding students to explore and change the initial spring deviation in
computer simulations and observing how it affects the size of the spring period. The
students’ observations are written in the PDEODE * E exploration sheet, used as a Re-
search-Based Material in ICI learning.
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In comparison, the example of conceptual change of PU — SU is experienced by
S14 in answering QS5 regarding the direction of the pendulum velocity. S14 states that
he/she is not confident about the answer but is confident about the reasoning. During
the pre-test, S14 states that when the pendulum is moving to the right, the direction of
the velocity of the pendulum is to the left, contrary to the reasoning they give, which is
the direction of the velocity of the simple harmonic vibration is similar to the direction
of motion of the object. Thus, it is categorized as partially understood (PU). Then dur-
ing the post-test, S14 states that the direction of the pendulum’s velocity is to the right
when the pendulum moves to the right and follows the trajectory of its motion. This is
because simple harmonic vibration velocity is in the same direction as the object’s mo-
tion. S14 is confident about his/her reasoning so that S14 is categorized as understand-
ing the concept (SU). These students’ conceptual changes are supported in the stages
of ICI learning, especially at the Research-Based Material stage using computer simu-
lations based on the characteristics of simple harmonic vibrations. In the simulation
used, the direction of velocity at each point of the movement of the object is displayed
with arrows, as shown in Figure 7, so that it is easier for the students to establish the
direction of the pendulum’s speed when it is moving in a simple harmonic motion.

m Simple Harmonic Motion

Quantity Appearance

Initial Deviation Angle

Energy _ [0 >

:
I

DETE |

o W

Fig. 7. The direction of velocity in simple harmonic vibration shown in computer simulation

Out of the 12 types of conceptual changes in the Not Acceptable (NA) category, the
most common type experienced by students is the changing type of PU — MC. As
many as 57% of students experience this type of change of conception. One of them is
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S27 when answering Question 10 (Q10) regarding the acceleration value of spring mo-
tion in various positions. Q10 is used to measure students’ conceptions of the maximum
and minimum values for the acceleration of simple harmonic vibrations. During the
pre-test, S27 states that the correct statement regarding the acceleration of the block is
ao<ab (ao = acceleration in a balanced position; ab = acceleration between the equilib-
rium position and the farthest deviation), S27’s answer is correct, but S27 lacks confi-
dent about the answer. Their reasoning is that acceleration does not depend on the ob-
ject’s deviation. S27 is not sure of the sense, so it is categorized as partially understood
(PU). Then during the post-test, S27 confidently answers and states that the acceleration
of the block is ao>ab with the consideration of the maximum acceleration when the
object is at its equilibrium point. The reason and answer are incorrect, but if S27 states
that they are confident, it can be categorized as a misconception (MC). The percentage
of students who experience this type of change in conception is quite large. This shows
that ICI learning assisted by computer simulations is not fully effective in changing
students’ conceptions of the Force and Vibration unit. This is due to several factors,
one of which is the limitations of the researcher in controlling all research variables.
For example, when participating in ICI learning assisted by computer simulations, sev-
eral students fail to follow the lesson seriously. Thus, that students’ conceptual change
could not be optimally transformed to make their conceptions better.

Out of five types of conceptual change in the No Change (NCh) category, the type
of conceptual change experienced by the majority of the students is the conversion of
PU — PU. As many as 100% of the remainder experienced this type of conversion.
One of them is experienced by S10 in answering question number 9 (Q9), which con-
tains a simple harmonic vibration acceleration graph. Q9 is used to measure the stu-
dents’ conceptions of the acceleration magnitude of simple harmonic vibrations on
spring. During the pre-test, S10 confidently stated that the correct graph shows the
magnitude of the object’s acceleration when moving in a simple harmonic motion from
Point E (farthest deviation) to return to Point E is Graph C with the reason that the
maximum acceleration occurs when the object is at the farthest deviation point. As
shown in Figure 8, the reason that S10 gives is correct. S10 was confident of their rea-
soning so that it was categorized as partially understood (PU). Then during the post-
test, S10 stated that the correct graph showing the magnitude of the object's acceleration
when moving in a simple harmonic motion from point E (farthest deviation) to return
to point E is graph A with the reason that the maximum acceleration when the object is
at the farthest deviation point. The reasoning that the S10 gave was correct. S10 was
sure of their answer so that it was categorized as partially understood (PU). The S10’s
conception of simple harmonic vibrations acceleration had not changed even though
they had followed several ICI lessons assisted by computer simulations. S10 remained
at the partial conception (PU) level. From these findings, it can be said that ICI learning
has not entirely changed students’ conception for the better. The students persisted with
their initial conception. Following previous findings, it is challenging to change con-
ception because students tend to maintain the initial concept. This is supported by the
statement from [12], which stated that changing students’ conceptions takes a long time
because of misconceptions embedded in the students’ minds. Misconceptions have the
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following characters: challenging to change, stable, and well embedded in the cognitive
realm of the students [42].

Acceleration (ms?)
v
Acceleration (ms?)

3 0 ¢ 8 A 8 ¢ o £

Graph C Graph A

Fig. 8. Students’ answers regarding the Simple Harmonic Vibration acceleration graph

The changes in the NA and NCh concepts indicate that the implementation of ICI
learning assisted by computer simulations cannot wholly change the students’ concep-
tions of the Force and Vibration unit for the better. This can be caused by several fac-
tors, including the implementation of ICI learning assisted by computer simulations
that are not yet perfect, or it could also be caused by factors from within the students
themselves, such as the lack of motivation in learning Physics, the student's lack of
familiarity in learning using computer simulations, students’ dismissive attitudes in
groups setting, students feeling uncomfortable with their groups, students not paying
attention to teacher’s directions and explanations during the learning process. This is
supported by previous research [30] that explained the problem of researchers’ limita-
tions in controlling students’ psychological aspects.

In general, the age of students’ conceptual change categories after implementing In-
teractive Conceptual Instruction (ICI) learning is assisted by computer simulations.
Furthermore, it suggests that the change in the AC (Acceptable Change) category is
experienced by the majority of the students compared to other types of conceptual
change, as shown in Figure 9.

Acceptable Change

A% 31%

No Change Not Acceptable

Fig. 9. Students’ answers regarding the Simple Harmonic Vibration acceleration graph
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The changes in the student’s misconceptions indicate that the type of change in their
misconceptions regarding Force and Vibration tends to be positive. The category of
conceptual changes is dominated by the Acceptable Change (AC) sub-category. The
results obtained in this study are the following previously conducted research [9, 24,
25, 30]. Their findings indicated that the implementation of Interactive Conceptual In-
teraction could support conceptual change and reduce students' misconceptions.
Backed by some of the results of previous research, it can be asserted that the imple-
mentation of Interactive Conceptual Instruction (ICI) learning effectively changes the
students’ conceptions of Force and Vibration for the better when assisted by computer
simulations.

However, we specifically analyzed the section on changing the category of miscon-
ceptions. We observed that the changes in the pre-test for the variety of misconceptions
are the information needed by practitioners in the field. The distribution of conception
changes in the category of misconceptions is illustrated in Figure 10.

(Post-test)
PU~ 63%

70%

(Post-test) (Post-test)

MC A SU
63% (Pre-test) 539,
MC
(m PNe
NA

O ~Nch

NC 3% NU- 40%
(Post-test) (Post-test)

Fig. 10. Conceptual Change in the Misconception Category

Figure 10 shows that the changes identified from the misconception categories in-
clude: (1) Acceptable Change (AC) categories including MC-PU (63%) and MC-SU
(53%) (Green Box); (2) Not Acceptable (NA) categories include MC-NU (40%) and
MC-NC (3%) (Orange Box), and (3) No Change (NCh) category, namely MC -MC
(63%) (Red Box). The most significant changes occur in MC-PU (AC) and MC-MC
(NCh). In contrast, minor changes occur in MC-NC (NA). This result is not distinctly
different from Figure 9. The changes experienced in the category of misconceptions
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sequentially from the largest are AC, NCh, and NA. The ICI model assisted by com-
puter simulations can change the students’ understanding of their prior misconceptions
because the AC category dominates the results obtained. In addition, we also received
data on the students’ misconceptions for the 20 four-tier questions used (Table 5).

Table 5. Categories of students’ conceptual changes

Students’ Misconception

MC1 The direction of restoring force is perpendicular to the object’s deviation.

MC2 The restoring force possesses the same value at each point of the object's vibration.

MC3 Simple harmonic vibration is the back-and-forth motion of an object around its equilibrium point

regardless of its amplitude.

MC4 Simple harmonic vibrations of a pendulum can occur to all initial deviation angles values. Both big
and small

MC5 The velocity direction of simple harmonic vibrations is opposite to the direct object's motion.

MC6 The velocity of the object at any point in simple harmonic vibrations is the same.

MC7 The maximum speed of a simple harmonic vibration occurs at the maximum deviation and is zero

at the equilibrium point.
MC8 The acceleration's direction of simple harmonic vibrations is the same as the object's motion.
MC9 The maximum acceleration of a simple harmonic vibration occurs at its equilibrium point and is
zero at the maximum deviation.

MC10 The acceleration of the object at any point in simple harmonic vibrations is the same.

MCIl1 The period is the time taken to go through one incomplete vibration

MC12 The period of simple harmonic vibrations on a simple pendulum is affected by the initial angle of
deviation.

MCI3 The mass of the pendulum influences the period of simple harmonic vibrations on a simple pendu-

lum.

MCl14 The length of the rope does not affect the period of the pendulum

MCI15 Gravitational acceleration does not affect the period of the pendulum

MCl6 The initial deviation of the object influences the period of simple harmonic vibrations in the

spring-mass system.

MC17 The period of simple harmonic vibrations in a spring-mass system is affected by gravitational ac-
celeration.

MCI8 The period of simple harmonic vibrations in a spring-mass system is directly proportional to the

spring constant and inversely proportional to the object's mass.
MCI19 The total energy in simple harmonic vibrations is affected by the mass of the object.
The maximum potential energy is at the equilibrium point, while the maximum kinetic energy is
MC20 i
the farthest deviation.

MC1-MC20 = Misconceptions in question number

In some parts, after the computer simulation-assisted ICI was applied, there are ap-
parent changes in the students’ conceptions, as shown in Figure 10.
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4 Conclusion

Based on the research results on implementing the Interactive Conceptual Instruction
(ICT) learning model assisted by computer simulation, changes in students’ conceptions
are possible. These changes can steer them to further progress in a better direction. This
is indicated by the changes in students’ conceptions, sequentially from the most, namely
the Acceptable Change (AC) categories (include MC-PU (63%) and MC-SU (53%), 2)
No Change (NCh) type (MC -MC (63%)), and Not Acceptable (NA) categories (include
MC- NU (40%) and MC-NC (3%)). Then, the most significant changes occur in MC-
PU (AC) and MC-MC (NCh), while the minor change occurs in MC-NC (NA). Never-
theless, there are some limitations to these results as the simulation was only imple-
mented in the classroom. Thus, it does not rule out the possibility that the simulation
can also be used outside the classroom as material for the remediation of the miscon-
ceptions that occur. We hope that practitioners in the field can utilize this model to
change students who have misconceptions about the concepts of force and vibration. In
addition, it is possible that this research can be developed again to maximize the
changes or reduce misconceptions that occur.
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