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Abstract—A misconception is a concept differing from 

experts’ explanation, resulting in confusion among students. This 

study aims to apply the conceptual change learning model with a 

combination of predict-observe-explain to overcome students' 

misconceptions about the concept of chemical bonds. The 

research method was quasi-experimental. The samples were186 

students at MAN (Islamic State Senior High School) Banda Aceh. 

Students' chemical bonding misconceptions were identified by 

the four-tier test, and data were then analyzed by the Mann-

Whitney test. The results showed a decrease in misconceptions by 

0.64 (medium) and 0.05 (low) in the experimental and control 

classes. Data analysis results showed a significant difference in 

the decrease of misconceptions between the experimental and 

control class. This implies that the conceptual change learning 

model combined with predict-observer-explain can reduce 

student misconceptions on chemical bonding. 

Keywords—misconception, conceptual change model, predict-

observer-explain model,  chemical bonding 

I. INTRODUCTION 

Misconception is common in education. Many researchers 
have studied about misconception and tried to solve this 
problem. Several examples of misconception studies are in the 
concept of physical and chemical change [1], organic chemistry 
[2], and photocatalyst [3]. Kay and Yin [4] revealed some 
aspects causing misconception, including: First, the teachers do 
not realise about misconception even though they have taught 
students for years, Second students feel confident in their 
understanding, Third the explanation of the concept is not 
representative, so it tends to be excessive, Fourth inappropriate 
analogy by the teachers, and Fifth there is an ambiguous 
meaning of the concept. Previous studies have identified 
misconception in chemistry such as misconception analysis of 
chemical bonds [5, 6, 7, 8, 9, 10, 11,12, 13], redox reactions 
[14], titration [15], covalent bonds [16], ionic bonds [17], 
covalent and octet bonds [18], hybridization [19], chemical 

equilibrium [20, 21] and chemical kinetics [22,23]. One of the 
students' misconceptions about chemical bonds is that they 
cannot accurately describe the ionic and covalent bonds [2 4]. 
For example, most students stated that KOH and NaNO3 
compound is ionic or covalent bonds. However, the correct 
answer is that both are covalent bonds as well as ionic ones. 
The impact of misconception can also affect students' learning 
outcomes. It can be seen from the 2017 National Examination 
(UN) data for chemistry subject. Aceh province ranked six out 
of 34 provinces with an average score of chemistry subject was 
53.36. Banda Aceh, in particular, had the highest average of 
UN chemistry score by 87.50 with a percentage of 5.41%.  

One of the solutions in overcoming chemical bonds 
misconception is the implementation of Conceptual Change 
(CC) learning model [25]. The CC is a constructed learning 
model and has several stages in knowledge building [26].  

Muis et al [27] stated that the reduction of misconceptions 
towards students with a sample of 120 people who were given 
the CC learning model treatment showed a significant impact 
in influencing their conceptual understanding. Chen and She 
[28] prove that the development of arguments or ideas for 
students in understanding concepts based on the theory of 
experts through the CC model is better than the use of 
conventional models, so that the misconceptions that exist in 
students can be corrected. Research by Novak et al [29] states 
that the use of the CC framework during learning can reduce 
students' misconceptions and understanding of the concepts 
formed can last in the long term. Ceylon and Yalcin [30] 
analyzed the impact of improving misconceptions through CC 
on the success rates of students in 57 students, namely: first the 
success rate of students increased after treatment and second 
student confidence increased from "self-confidence" to 
"Absolute confidence". They also suggest using CC with a mix 
of learning strategies such as simulation, analogy, and concept 
maps. The research of Sahin et al [31] shows that the CC model 
can reduce students' misconceptions about the concept of 
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celestial bodies for 22 students with a pre-experimental 
research design. 

In addition to this model, the POE (Predict Observe 
Explain) learning model is also often used to increase students' 
understanding. Usmeldi [32] research results show that the 
POE model is very effective in increasing students' mastery of 
concepts and competencies developed through learning 
modules. Most of the students gave very good responses, 
Usmeldi [32] suggested that the POE model be used in science 
material with research-based implementation. The data 
obtained shows that the use of POE can increase the 
understanding of the teacher's concept by 28.7%, thus avoiding 
misconceptions. However, these two learning models are rarely 
used together in overcoming misconception. It is interesting 
since they affect solving misconception. The CC and POE 
models can restructure existing concepts with new information. 
Therefore, this study implemented the CC learning model with 
POE in reducing students' misconceptions of chemical bonds.  

II. METHODS 

This study was conducted on 19 September 2019 using a 
quasi-experimental research method to determine the decrease 
of chemical bonds misconception by using CC and POE 
models. The population in this study was all students of grade 
X-MIA MAN Banda Aceh such as MAN 1, MAN 2, and MAN 
3. MAN 1 Banda Aceh has 265 students divided into 5 classes. 
MAN 2 Banda Aceh has 3 classes with 110 students. 
Meanwhile, MAN 3 Banda Aceh has 116 students, divided into 
3 classes. The sample was determined by using purposive 
sampling technique while looking at the percentage of 
misconception through the four-tier test instrument on chemical 
bonds concept based on table 1.  

TABLE I.  STUDENT CONCEPT CATEGORY 

Comb

inatio

n No. 

Category 

Combination Answer 

Answe

r 

Confiden

ce rating 

Answer 

Reaso

n 

Confidenc

e rating 

Reason 

1 

Misconception 

True Sure False Sure 

2 True Not sure False Sure 

3 False Sure False Sure 

4 False Not sure False Sure 

5 

Lack of 

knowledge  

True Sure True Not sure 

6 True Sure False Not sure 

7 True Not sure True Sure 

8 True Not sure True Not sure 

9 True Not sure False Not sure 

10 False Sure True Not sure 

11 False Sure False Not sure 

12 False Not sure True Not sure 

13 False Not sure False Not sure 

18 
Error 

False Sure True Sure 

19 False Not sure True Sure 

24 Understanding 

the Concept 

True Sure True Sure 

 
There were 186 students as samples, and they were divided 

into the experimental group and the control group with 93 
people in each class. The four-tier diagnostic test items have 

passed the calibration process (validation, reliability, difficulty 
level, and discriminating power). 

Kaltakci [33] adds that validity is defined as "suitability, 
meaning, and the specific use of researchers based on the data 
they collect". In this study, each item is stated in the form of 
Pearson Product Moment correlation, which is as follows: 

 

Information: 

N = Number of respondents 

X = The score of each question 

Y = Total score 

rxy = Product Moment correlation coefficient 

 
The Interpretation of the correlation coefficient is expressed 

in table 2. 

TABLE II.  QUESTION VALIDITY CATEGORIES 

Correlation Coefficient Interval Criteria 

0,80 < rxy < 1,000 Very good 

0,60 < rxy < 0,799 Good 

0,40 < rxy < 0,599 Enough 

0,20 < rxy < 0,399 less 

0,00 < rxy < 0,199 very less 

 
The reliability method used is the Internal Consistency 

Method. The test reliability coefficient is determined using the 
Kuder Richardson 20 (KR-20) formula in the form of multiple 
practice questions. The following is the form of the Kuder 
Richardson 20 formula: 

 

Information: 

n = The number of research samples 

p = The proportion of one item correct answers 

q = The proportion of answers to one item 

s2 = Total variance 

r20 = Instrument reliability coefficient 

Then, the results of using the KR20 formula will be 
interpreted in table 3. 
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TABLE III.  PRODUCT MOMENT CORRELATION CRITERIA 

Correlation Figures Criteria 

0,80 < r20 < 1,00 Very good 

0,60 < r20 < 0,80 Good 

0,40 < r20 < 0,60 Enough 

0,20 < r20 < 0,40 Less 

0,00 < r20 < 0,20 Very less 

 
The level of difficulty is the ratio of students who answered 

the questions correctly and the number of students who 
answered the questions. The use of a difficulty level this 
research uses the Nitko formula: 

 

Information: 

p = Difficulty index. 

B = The number of participants answered correctly 

N = Number of participants answering the test 

 
Furthermore, the results of using equation above are 

interpreted in table 4. 

TABLE IV.  DIFFICULTY LEVEL INDEX CRITERIA 

Index Distance Criteria 

0,00 < p < 0,20 Very difficult 

0,21 < p < 0,40 Difficult 

0,41 < p < 0,60 Moderate 

0,61 < p < 0,80 Easy 

0,81 < p < 1,00 Very easy 

 
This index determines the difference in students' high and 

low abilities called the distinguishing power of the test question 
instrument. The following is the formula for the power 
difference index of the test question instruments: 

 

Information: 

D = Distinguishing power 

NA = The number of participants in the top group 

NB = Number of participants in the lower group 

BA = The number of participants in the top group answer right 

BB = Number of participants in the lower group answered 

wrong 

 

The interpretation of equation is shown in table 5. 

 

 

 
 

TABLE V.  DISTINGUISHING POWER CRITERIA 

Index Distance Criteria 

Under 0,10 Doubtful item 

0,11 < D < 0,20 Does not differentiate 

0,21 < D < 0,30 Moderate 

0,31 < D < 0,40 Different 

0,41 < D < 1,00 Very Different 

The reliability score was high (0.889) and 15 out of 20 
items in the feasibility test were ready to use. 

TABLE VI.  RESULTS OF RESEARCH INSTRUMENT TRIALS 

NO 
Level of Difficulty Discernment Validity 

Reliability Decision 
Value Category Value Category Value Category 

1 0.534 Moderate 0.545 Very Different 0.707 Good 

0.889 

Good question 

2 0.554 Moderate 0.625 Very Different 0.710 Good Good question 

3 0.568 Moderate 0.452 Very Different 0.679 Good Good question 

4 0.500 Moderate 0.566 Very Different 0.708 Good Good question 

5 0.571 Moderate 0.594 Very Different 0.702 Good Good question 

6 0.518 Moderate 0.529 Very Different 0.752 Good Good question 

7 0.559 Moderate 0.559 Very Different 0.731 Good Good question 

8 0.576 Moderate 0.646 Very Different 0.686 Good Good question 

9 0.568 Moderate 0.554 Very Different 0.765 Good Good question 

10 0.541 Moderate 0.523 Very Different 0.666 Good Good question 

11 0.579 Moderate 0.559 Very Different 0.700 Good Good question 

12 0.578 Moderate 0.483 Very Different 0.720 Good Good question 

13 0.569 Moderate 0.553 Very Different 0.715 Good Good question 

14 0.568 Moderate 0.591 Very Different 0.742 Good Good question 

15 0.509 Moderate 0.522 Very Different 0.771 Good Good question 

 
After the student has received treatment. Then, the students' 

misconceptions data were analyzed based on the following 
equation: 
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With the provisions of the reduced value category in table 
7. 

TABLE VII.  CRITERIA FOR QUANTITY REDUCTION MISCONCEPTIONS 

limit Criteria 

 ΔM > 0.7 High 

0.3 < ΔM < 0.7 medium 

ΔM < 0.3 Low 

 
The implementation stages in the study began with the 

provision of four tier tests to students who had been determined 
to find out misconceptions of chemical bonds. Then, 
researchers provide learning using the CC and POE models to 
reduce misconceptions about students. Furthermore, at the end 
of the lesson, a final test using a four tier test is given. After 
that, the understanding data obtained through the 
implementation stage were analyzed using the normality test, 
homogeneity test, and t test. 

III. RESULTS AND DISCUSSIONS 

A. Differences in Derivation of Misconceptions Quantity 

between the Experimental Group and the Control Group 

The derivation of students' misconceptions was calculated 
by the equation of Kurniawan et al. [34], as shown in Table 8. 

 

TABLE VIII.  RECAPITULATION OF MISCONCEPTIONS DERIVATION 

QUANTITY IN THE EXPERIMENTAL AND CONTROL GROUP 

Sample Misconception 
 

information 

Before After 

Experiment 44.0 15.8 0.64 Moderate 

Control 45.7 43.3 0.05 Low 

 

Based on Table 8 it shows that the average derivation in the 
experimental group's misconception is higher (moderate 
category) than the control group's (low category). Gurmu [35] 
revealed that the dominance of students' learning methods such 
as memorising chemistry concepts without observing, proving, 
and experiencing how a concept is formed creates 
misconceptions. The conventional model is a method that only 
makes students passive and teachers active. The students 
receive knowledge from the teacher without any proof of a 
given concept [36]. Furthermore, the misconception also comes 
from the learning environment, so it is hard to remove [37]. In 
general, the stages of the conventional model are: First, the 
teacher will explain the concept followed by the instruction to 
take a note towards the explanations. Then, the students will be 
given some exercises. This situation makes the classroom 
atmosphere monotonous and results in less effective learning of 
abstract chemical bond concepts [38]. The experimental group 
got treatment in the form of constructivism learning models 
such as CC and POE, which can reduce the number of 
chemical bond misconceptions. The students' conceptual 
understanding is obtained from meaningful learning in the CC 
and POE learning models. These constructivism learning 
models can form a good understanding of students so that the 
decrease in the number of chemical bonds' misconceptions is 
higher than the control groups'. The normality and 
homogeneity test results to determine the difference in the 
decrease of misconceptions between the experimental group 
and the control group is shown in table 9. 

The results of statistical data analysis from the four-tier test 
in the experimental group and control group based on Table 2 
by using SPSS version 22 software indicate that the data are 
not normally distributed and are not homogeneous which have 
a Sig < .05. However, the Zcount > Ztable in the discriminating 
power test differs between the experimental and the control 
group, so it can be concluded that it is significant. 

TABLE IX.  MANN WHITNEY TEST RESULTS ON DECREASING THE QUANTITY OF THE EXPERIMENTAL GROUP'S AND CONTROL GROUP'S MISCONCEPTIONS 

No. Class Average Normality*) Homogeneity **) 
Z value ***) 

Information 
Z count Z table 

1 Experiment 0.64 Abnormal (0.021) 
Not Homogeneous (0.003) 9,523 1959 Significant 

2 Control 0.05 Normal (0.117) 

Information: 
*) = Kolmogorov-Smirnov test, if Sig> .05 (Normal)               

**) = Levine’s test, if Sig> .05 (Homogeneous)               

***) = t test or Mann Whitney test, if Sig. p> .05       

         

B. The Decreasing of Misconceptions in Each Sub-Topic 

The results of the chemical bond misconceptions in each 
sub-topic can be seen in table 10. 
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TABLE X.  RECAPITULATION OF THE MISCONCEPTIONS DECREASE FOR 

EACH SUB TOPIC 

Sub Topic 
Experiment Group 

Before After 
 

Information 

Lewis 
structure 

48.2 14.0 0.71 High 

Ionic Bonds 49.2 16.4 0.67 Moderate 

Covalent 

Bonds  
46.6 12.7 0.73 High 

Polar And 

Non Polar 
Covalent 

Compounds  

44.7 19.4 0.57 Moderate 

Metal 
Bonds  

44.7 17.7 0.60 Moderate 

Inter- 

Molecular 

Forces  

47.1 18.0 0.62 Moderate 

Molecular 

Shape  
42.9 14.5 0.66 Moderate 

Physical 
Properties 

of 

Compounds  

44.5 16.8 0.62 Moderate 

Sub Topic 
Control Group 

Before After 
 

Information 

Lewis 

structure 
52.5 41.0 0.22 Low 

Ionic 
Bonds 

49.3 42.2 0.14 Low 

Covalent 

Bonds  
50.2 44.8 0.11 Low 

Polar And 
Non Polar 

Covalent 

Compounds  

48.0 43.1 0.10 Low 

Metal 
Bonds  

51.4 45.1 0.12 Low 

Inter- 

Molecular 
Forces  

47.4 42.4 0.11 Low 

Molecular 

Shape  
47.8 45.8 0.04 Low 

Physical 
Properties 

of 

Compounds  

46.5 42.3 0.09 Low 

 
In the experimental group, the high category of 

misconceptions reduction was found in the Lewis structure by 
0.7 and covalent bonds sub-topic by 0.67, while the other sub-
topic was in the medium category (Table 10). The experimental 
group experienced CC and POE learning models. At the 
beginning of the learning process, the teacher discovered the 
students' initial ideas. This treatment had a good impact on 
students' conceptual understanding so that the reduction of 
misconceptions in the experimental group was better than the 
control group. Adzape and Akpoghol [34] stated that 
constructivism learning, such as the CC and POE models could 
correct chemistry misconceptions, and its use is beneficial in 
teaching and learning activities. The POE model can create 
active learners in expressing and developing their ideas [37]. 

Zakiyah et al. [38] added that this model could decrease 
students' misconceptions and increase their good conceptual 
understanding. The decrease of misconception was low for all 
sub-topics experienced by the students in the control group 
(Table 3).  

The use of the CC model was very effective in reducing the 
misconceptions of covalent bonds as used by Putri and 
Sukarmin [39]. They used the model in the form of conceptual 
change text and the framework could solve students' daily life 
problems. The CC and POE models required learners to 
confront and evaluate their concept based on intelligence, 
credibility, and usefulness. Barlia [40] mentioned several 
stages in the CC model, namely addition, 
rearrangement/restructuring, and replacement. This model was 
also suggested by Nadelson et al. [41] for science education 
teachers because it is effective in changing students' concept. 
The learning by using CC and POE learning models on all the 
sub-topics in Table 3 shows a significant decrease in the 
misconceptions quantity. Chen et al. [42] suggested further 
collaboration in CC and POE models use to overcome 
misconceptions in other scientific topics. The combination of 
CC and POE models are proven in this research to reduce 
students' misconceptions. 

IV. CONCLUSION 

Based on this research, it can be concluded that combined 
learning of CC and POE can decrease students' misconceptions 
in the topic of chemical bond. In addition, these learning 
models can improve students' understanding of concepts. 
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