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The research purpose to explore the cause of misconception on the factors 
affecting reaction rates using the 4TMC diagnostic test instrument which is 
reported on the students' conceptions profile,  students' misconceptions,  and 
the causes of students' misconceptions. This research was conducted at the 
class XI science three students senior high school. The result showed that (1) 
the students’ conceptions profile on the factors affecting reaction rates is 49.77 
% misconceptions, 29.55 % did not understand the concept, and 20.68 % 
understood the concept, (2) the students' misconceptions profile of each sub-
material ie misconception of concentration 24.20 %, temperature 21.00 %, 
surface area 26.03 % and catalyst 28.77 % and there are 5 student (22.73 %) 
included in the category of high misconceptions, 13 students (59.09 %) 
medium misconceptions and 4 students (18.18 %) low misconceptions, (3) 
students’ misconceptions depend on a variety of causes, ie: associative 
thinking 43.53 %, incomplete reasoning 24.02 %, preconceptions 19.84 %, 
incorrect intuition 9.96 %, humanistic thinking 2.65 %. 
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INTRODUCTION 
According to Permendikbud Number 20 the year 2016 regarding graduate competency 
standards, the dimensions of knowledge that must be possessed by 
SMA/MA/SMALB/Package C students are factual, conceptual, procedural, and 
metacognitive knowledge at the technical, specific, detailed, and complex levels 
(Kemendibud, 2016). High school students are required to have the ability of 
conceptual knowledge dimensions (Ogan-Bekiroglu & Eskin, 2012). One of the sciences 
related to conceptual knowledge is chemistry (Picon et al., 2020). 

Chemistry is a field of science that studies a variety of compositions, structures, 
properties, changes, and associated energies (Landa et al., 2020) of a material 
developed by the scientific method and based on scientific attitude (Fernandez-
Gonzalez, 2013; Hono et al., 2014). Understanding the concepts in learning chemistry is 
decisive (Avargil, 2019) since one concept with another concept is tightly connected 
(Irawati, 2019). In addition, the concept in chemistry has an important role in chemistry 
as a strong foundation for students to perform the following applicable learning (Wu et 
al., 2021). This is in line with Jean Piaget's thought in Slavin (2012) which stated that 
when students build their understanding through the assimilation process, integration 

of old and new concepts in cognitive structure, students often experience difficulties and even 
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failures (Eymur & Geban, 2017). Consequently, it raises a variety of misunderstandings 
and the potential to lead to misconceptions (Kiray & Simsek, 2020). 

Misconceptions are defined as wrong ideas or views about a concept of someone 
who has different from the scientific concepts according to the experts right consider 
(Vamvakoussi & Vosniadou, 2010; Ibrahim, 2012; Kala et al., 2013). The wrong view of 
students is usually resistant and persistent (Ibrahim, 2012; Jafer, 2020). However, the 
student’s mind is not empty, full of prior knowledge, and has some daily experience 
related to scientific phenomena before reaching a scientific source (Cetin et al., 2015). 
Therefore, misconceptions must be detected early on because they can interfere with 
students' understanding of the following concept they will learn. (Treagust, 2006). 
Moreover, according to Seel (2012), even if misconceptions existed in their prior 
knowledge, their current understanding  needs to be confronted and included before 
developing new or more correct ideas. 

One of the chemistry topics contained many concepts, which are interconnected 
with each other (Susilaningsih et al., 2018) to cause students’ and rate of reaction topic 
could not be an exception (Habiddin & Page, 2021). Based on the pre-research results       
of 36 students of class XI Science in a state senior high school in Gresik, it was found 
that as many as 58 % of them considered the reaction rate material to be tough to 
understand. Besides, as many as 61 % of students consider concentration factors as 
difficult to understand in terms of factors that influence the rate of reaction. Then what 
is considered difficult is the catalyst factor, temperature, and surface area with a 
percentage of 56 %, 47 %, and 33 %, respectively. In addition to students’ assumptions 
that the reaction rate material is difficult, in this case, students also found 
misconceptions. Students were identified as having a misconception on the concept of 
a concentration factor of 24.20 %, on a temperature factor of 21.00 %, on a surface area 
factor of 26.03 %, and a catalyst factor of 28.77 %. In another study by Suyono (2019), 
the chemistry teacher candidates are still burdened with misconceptions, including the 
reaction rate concept. The existence of this misconception must certainly be detected so 
that it can be fixed immediately (Larkin, 2012). Meanwhile, according to an interview 
result, one of the chemistry teachers at the school explained that the teacher only uses 
daily tests and oral questions to students to check students' understanding of concepts. 
Thus, the teacher never used a diagnostic test to detect the misconception. 

The diagnostic test can identify misconceptions (Fulmer et al., 2015; Halim et al., 
2019). Depdiknas (2007) interpreted the diagnostic test as a test that can be used to 
determine the weaknesses and strengths of students. Thus, the diagnostic test results 
can be used as a basis for providing the appropriate treatment and following student 
weaknesses. The diagnostic tests at the beginning and  the end of learning can help 
teachers identify students' misconceptions about the material studied. 

This four-tier diagnostic test instrument is designed depending on four levels of 
questions (Fariyani et al., 2015). The four-tier test is developed to complete the three-
tier test by giving a selection level of logical beliefs (Hermita et al., 2017). The first level 
is a multiple-choice question, which includes four answer options for students to 
choose. The second level is student confidence  in choosing an answer. The third level 
is why students answer questions; those reasons consist of four false reasons and one 
reason for the correct answer. The fourth level is students’ confidence in choosing a 
reason (Caleon & Subramaniam, 2010). The cause of students’ misconceptions can be 
determined by selecting a deceiver with multiple-choice questions that may indicate 
the cause of the misconceptions (Syahrul & Setyarsih, 2015). 
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RESEARCH METHOD 
Participantss 
The subjects in this study were 22 students at class XI science 3 in GIKI 1 Surabaya 
Senior High School. Students received reaction rate material and with heterogeneous 
academic ability levels. 
 
Instrument and Procedures 
The instrument used in this research is the Four-Tier Multiple-Choice (4TMC) 
Diagnostic Test. This instrument was developed by Harahap and Novita (2020), has 
been tested and declared valid and reliable. Students are given diagnostic tests to know 
the level of conception and misconception they experience. The students’ answer is 
categorized based on Table 1. 

 
Table 1. Interpretation of the results of students' combination of answers using the four-

tier multiple choice diagnostic test instrument. 
The 

answer 
The confidence level 

of the answer 
The 

reason 
The confidence 

level of the reason 
Criteria 

Right High Right High 
Understand the 

concept 
Right Low Wrong High Misconception 
Right High Wrong High 

Wrong High Right Low 
Wrong High Right High 
Wrong High Wrong Low 
Wrong Low Wrong High 
Wrong High Wrong High 
Right Low Right Low Not understand 

the concept Right High Right Low 
Right Low Right High 
Right Low Wrong Low 

Wrong Low Right Low 
Wrong Low Wrong Low 
Right High Wrong Low 
Right Low Right High 

(Fariyani et al., 2015) 
 
Data Analysis 
The collected data from students’ answers of 4TMC were interpreted as misconceptions 
where concepts are understood, conceptual or conceptual misconceptions.The test 
results have shown the basis in determining the category of students' level of 
conception according to Table 1. Determination of the percentage of each of these 
categories can use the following equation. 
 
1) Percentage of conception level categories for all students 

 (1) 

Information: 
P : percentage of students' answers 
nx : number of answers categorized as understanding concepts, not understanding 

concepts, and misconceptions 
ns : total number of answers 
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2) Percentage of conception level categories for each student 

 (2) 

Description: 
P :  percentage of students' answers 
nx : number of answers categorized as understanding concepts, not understanding 

    concepts, and misconceptions 
ns :   total number of answers 

 
From the misconceptions percentage calculation, the sample of students was further 

categorized into 3 levels of misconceptions. The determining the criteria for each of 
these categories is as follows: 

 High misconception level category 
 (X) ≥ (Mi + SD) (3) 

Information: 
X : percentage of misconception (%) 
Mi : ideal mean 
SD : standard deviation 

 Medium misconception level category 
 (Mi – SD) ≤ (X) < (Mi + SD) (4) 

Information: 
X : percentage of misconception (%) 
Mi : ideal mean 
SD : standard deviation 

 Low misconception level category 
 (X) < (Mi – SD) (5) 

Information: 
X : percentage of misconception (%) 
Mi : ideal mean 
SD : standard deviation 

 
As for calculating the ideal mean and standard deviation, the equation is used 

  (6) 

  (7) 

 
RESULTS AND DISCUSSION 
Student Conception Profile Class XI Science 3 
Based on the treatment results, the data shows a combination of answers from each 
student. The combination of answers consists of 4 components, namely: (1) answers, (2) 
confidence level of answer, (3) reasons, and (4) confidence level of reason (Fariyani et 
al., 2015). Furthermore, each combination of answers was interpreted: (1) 
Understanding Concepts (UC), (2) Misconceptions (MC), and (3) Not Understanding 
Concepts (NUC). According to the data results on 22 students of class XI Science 3, the 
profile of students' conception, in general, is shown in Figure 1. 
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Figure 1. Student conception profile class XI science 3 on the reaction rate concept. 

 
According to Figure 1, the most percentage of students’ conceptions of XI Science 3 

is Misconception (MC) which is 49.77 %. Next, the percentage order from big to small is 
Not Understanding Concept (NUC) of 29.55 % and Understanding Concept (UC) of 
20.68 %. Most students are categorized in the Misconceptions (MC) on the concept of 
this reaction rate in which students believe the answers and reasons are wrong. A total 
of 29.55 % of students do not understand the concept (NUC). They are not sure of the 
answers and reasons were given. Meanwhile, only a small percentage of students can 
be included in the Understanding the Concept (UC) category. They had the correct 
answers and reasons and were confident with the answers and reasons were given. 
Students do not understand the concept (NUC) possibly because of several 
possibilities, such as forgetting the concepts that have been learned, they did not listen 
and pay attention to the teacher, or maybe the conventional teaching methods used by 
the teacher can cause them to be bored and tired. That made some concepts not 
conveyed properly to students. students (Jauhariyah et al., 2018). 

 
Profile of Misconceptions for Each Class XI Science 3 Student 
Students of XI Science 3 mostly experience misconceptions on the whole sub-material 
reaction rate, namely concentration, temperature, surface area, and catalyst. The 
percentage of students' misconceptions per sub material is explained in Figure 2. 
 

 
Figure 2. Percentage of students' misconceptions for each sub material. 

 
According to Figure 2, the most percentage of students’ misconceptions in XI Science 

3 is in the sub-material catalyst of 28.77 %. The smallest percentage of misconception is 
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the sub-material temperature of 21.00 %. While the surface area and concentration sub-
material students of class XI Science 3 experienced misconceptions of 26.03 % and   
24.20 %. Furthermore, previous research of Yang and Lin (2015) showed that the four-
tier diagnostic test could identify students’ misconception by the level of answers and 
reasons. Students' conceptions are categorized based on the percentage of their 
misconception scores. Starting from high misconceptions, moderate misconceptions, 
and low misconceptions, as shown in Table 2. Based on the recapitulation of 
misconception categories, the pie chart is shown in Figure 3. 

 
Figure 3. Diagram of percentage of students' misconceptions in class XI science 3. 
 

Table 2. Recapitulation of percentage of conception of students based on sequence of 
misconceptions and their categories. 

Initial Student’s 
Name 

Conception Percentage (%) 
Misconception Category 

UC MC NUC 

AA 0 100 0 High 
HS 0 100 0 High 

MRS 0 100 0 High 
LWK 5 95 0 High 
SAM 0 95 5 High 
RNP 20 80 0 Medium 
RK 0 70 30 Medium 

RAO 40 60 0 Medium 
NJ 10 55 35 Medium 
BF 10 50 40 Medium 

BAK 10 45 45 Medium 
MDS 55 45 0 Medium 
SDO 0 45 55 Medium 
RA 35 40 25 Medium 

FMP 5 25 70 Medium 
JAS 75 25 0 Medium 

GRA 80 20 0 Medium 
NEH 0 20 80 Medium 
EMB 85 15 0 Low 
BFA 5 5 90 Low 
NTA 15 5 80 Low 
ANF 5 0 95 Low 
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Based on Figure 3, 22.73 % or 5 students are categorized as a high misconception, 
59.09 % or 13 students are categorized as a moderate misconception, and the remaining 
18.18 % or 4 students are classified as a low misconception. The least level of 
misconceptions a student has is low misconceptions. Students who have good 
conceptual understanding tend to have misconceptions (Susilaningsih et al., 2020). 

 
Causes of Class XI Science 3 Student Misconceptions 
The causes of students’ misconceptions vary several factors, such as the teacher, 
learning media, and the students themselves. The specific causes of students’ 
misconception which originating from themselves can be varied such as: (1) 
Associative Thinking (AT), (2) Humanistic Thinking (HT), (3) Preconception (P), (4) 
Incomplete reasoning (R), and (5) Incorrect intuition (I) (Jauhariyah et al., 2018). 
Overall, the distribution of causes of misconceptions of XI Science 3 students shown in 
Figure 4. 

 
Figure 4. Causes of class XI science 3 students' misconceptions on the concept of 

reaction rate. 
 

Based on Figure 4, the most cause of misconception among students comes from 
associative thinking that is equal to 43.53 %. This result cause of misconception is 
different from Jauhariyah et al. (2018), which states that the highest percentage of 
causes of misconception is humanistic thinking. Associative thinking is a thought that 
considers a concept the same as another concept. Students often associate one concept 
with another concept that gives rise to misconceptions. This way of thinking inevitably 
happens because of the similarity of terms and errors in understanding the relationship 
between concepts. Incorrect or incomplete concepts are caused by several reasons, 
namely students' wrong generalizations as to their experiences result, misinformation 
from teacher carelessness, teacher misconceptions, and reflection of misleading 
information in textbooks (Zajkov et al., 2017), this affects students' conceptual learning 
(Chazbeck & Ayoubi, 2018; Develi & Namdar, 2019). 
 
CONCLUSION 
Students' misconception profiles can be known using instruments that have been 
developed. The conception profile of students in class XI Science 3 on the concept of 
reaction rate is 20.68 % understood the concept, 49.77 % misconceptions, and 29.55 % 
did not understand the concept. Profile of misconceptions of students of XI Science 3 
for each sub-material, which are misconceptions on the sub-material concentration of 
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24.20 %, temperature 21.00 %, surface area 26.03 %, and catalyst 28.77 %. A total of 5 
students (22.73 %) were included in the high misconception category, 13 students 
(59.09 %) were in the medium misconception category and 4 students (18.18 %) were in 
the low misconception category. And then, the biggest cause of misconception of 
students is due to associative thinking as 43.53 %. Then incomplete reasoning 24.02 %, 
preconception 19.84 %. This research implies that the Four-Tier Multiple Choice 
(4TMC) diagnostic test instrument can be used by teachers to explore the causes of 
their students' misconceptions. Further research can develop this instrument into the 
next level, like a five-tier or six-tier diagnostic test. 
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