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Abstract 

The purpose of this study was to determine the level of misconception using 

the Four-Tier Test (FTT) for science teachers. Data collection to obtain the 

required information was carried out using a diagnostic test instrument which 

was distributed to 29 teachers who were selected as a sample of the total 

population of science teachers who teach at SMPN in Banda Aceh. To 

provide an interpretation by differentiating the level of conception of 

respondents, they are divided into seven categories based on the combination 

of answers, namely scientific conceptions (SC), misconceptions (MSC), lack 

of knowledge guessing (LKG), lack of knowledge deficiency (LKD), false 

positives (FP), false negatives (FN), cannot be encoded (TKD). The test 

instrument used in the form of Four-Tier Multiple Choice questions as many 

as 24 items has been equipped with a choice of the Certainty of Response 

Index (CRI) confidence level along with the reasons for the answer choices. 

The results showed that scientific conceptions (SC) 30.46%, misconceptions 

(MSC) 29.74%, lack of knowledge guessing (LKG) 5.32%, lack of 

knowledge deficiency (LKD) 8.48%, false positives (FP) 13.07%, false 

negatives (FN) 12.93%.  

        

       Keywords: Misconception; science teacher; Four-Tier Test. 

 

INTRODUCTION 

Misconceptions or wrong concepts refer to a concept that is in accordance with 

the scientific understanding or understanding accepted by experts in that field. 

Misconceptions can be in the form of initial concepts, errors, incorrect relationships 

between concepts, intuitive ideas or naïve views. Misconceptions are initial concepts as 

a result of knowledge construction that is inconsistent with scientific concepts (Suryati, 

et.al, 2020). Broadly speaking, the causes of student misconceptions can be summarized 

mailto:azzarkasyi@gmail.com
mailto:syamsul.rizal@serambimekkah.ac.id
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into five groups, namely students, teachers, textbooks, context and teaching methods. 

The causes of student misconceptions occur from various things, such as initial 

preconceptions, abilities, stages of development, interests, ways of thinking, and other 

friends. Meanwhile, the causes of misconceptions from teachers can be in the form of 

teacher incompetence, lack of mastery of materials, inappropriate teaching methods or 

attitudes of teachers who have poor relationships with students (Zafitri, et.al, 2018). 

Misconceptions in the field of science often occur in students, especially 

students who lack the ability to analyze them. This is because the concepts of science 

lessons are interrelated with one another so that it requires in-depth analytical skills. 

Diagnostic tests are a technique that is often used in analyzing the level of students' 

misconceptions based on everyday experiences (Didik, et.al, 2020). Diagnostic tests are 

usually given using the Certainty Response Index (Azzarkasyi, et.al, 2015), Three Tier 

Diagnostic Test (Saputra, et.al, 2021), and Four-Tier Diagnostic Test (Erwinsyah, et.al, 

2020). 

The results of Hermita et al's research on building and applying the Four-Tier 

Test on static electricity material to diagnose teacher misconceptions have gone through 

a series of stages and it can be said that the use of Four-Tier Test items can be used to 

diagnose the level of misconceptions in teachers (Hermita, et.al, 2017 ). 

The combination of respondents' answers for the diagnostic Four-Tier Test is 

grouped into seven categories as shown in Table 1, namely: a) scientific conceptions 

(SC) ie when the answers and reasons are correct and the respondent is very sure of the 

answers and reasons; b) lack of knowledge-guessing (LKG), namely when the answer 

or reason is correct, but the respondent is unsure of any answer or reason; c) lack of 

knowledge-deficiency (LKD) means when the reason is correct, but the answer is wrong 

and the respondent is unsure of any answer or reason; d) false positive (FP), namely 

when the answer is correct and the reason is wrong, but the respondent is sure of the 

answer and the reason; e) false negative (FN) is a condition that is opposite to a false 

positive; f) misconceptions (MSC), namely when the answers and reasons are wrong but 

the respondent is sure of the answers and reasons; g) cannot be ecoded, namely when 

one, two, three or all are not answered (Kurniawati, et.al, 2020). 

Table 1 

 Categories of Four-Tier combination answers 

No Option Confidence Reason Confidence Category 

1 

2 

3 

4 

5 

6 

7 

8 

Correct 

Correct 

Wrong 

Wrong 

Correct 

Correct 

Correct 

Correct 

Sure 

Sure 

 Sure 

Sure 

Sure  

Not Sure 

Not Sure 

Sure  

Correct 

Wrong 

Correct 

Wrong 

Correct 

Correct 

Correct 

Wrong 

Sure  

Sure  

Sure  

Sure  

Not Sure 

Sure  

Not Sure 

Not Sure  

SC 

FP 

FN 

MSC 

LKG 

LKG 

LKG 

LKG 
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9 

10 

11 

12 

13 

14 

15 

16 

Correct 

Correct 

Wrong 

Wrong 

Wrong 

Wrong 

Wrong 

Wrong 

Not Sure 

Not Sure 

Sure  

Not Sure 

Not Sure 

Sure  

Not Sure 

Not Sure 

Wrong 

Wrong 

Correct 

Correct 

Correct 

Wrong 

Wrong 

Wrong 

Sure  

Not Sure 

Not Sure 

Sure  

Not Sure 

Not Sure 

Sure  

Not Sure 

LKG 

LKG 

LKG 

LKG 

LKG 

LKD 

LKD 

LKD 

17 If one, t wo, t hree or all are not  answered Cannot be 

encoded 

SC = scientific conceptions, FP = false positive, FN= false negative, MSC = misconceptions,       

 LKG = lack of knowledge-guessing,  LKD = lack og knowledge-deficiency 
CRI is used to measure the level of confidence in answering each question given 

(Taufiq, 2012). The level of self-confidence that is developed is in the range of one to 

six according to research that has been previously conducted by (Wulandari, et.al, 

2017).  This level of confidence will make it easier and save time in analyzing the 

misconceptions of respondents (Annisak, et.al, 2017). With the development of a 

diagnostic Four-Tier Test with CRI, the misconceptions of the respondents can be 

identified properly. Kurniasih (2017) states the level of confidence in CRI is presented 

in Table 2, namely: 

Table 2 

CRI Confidence Scale 

Category  Scale  Confidence Level 

Guess 

Very unsure 

Not sure  

Sure     

Somewhat sure 

Very sure 

0 

1 

2 

3 

4 

5 

Low/Not sure 

 

 

High/Sure 

 

METHOD  

Data collection to obtain the required information was carried out using a 

diagnostic test instrument which was distributed to 29 teachers who were selected as a 

sample of the total population of science teachers teaching at SMPNs throughout Banda 

Aceh. The test instrument used was a Four-Tier Multiple Choice question consisting of 

24 items which were equipped with a choice of CRI confidence level along with the 

reasons for the selected answers.  
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To provide an interpretation of the level of misconceptions, a diagnostic Four-

Tier Test was used by differentiating the respondent's level of conception into seven 

categories based on a combination of answers (Gurel, et.al, 2015). Each question has 

one correct answer and one correct reason. Other options contain alternative 

conceptions. Therefore, respondents' responses were analyzed based on alternative 

conceptions (Anggrayni, et.al, 2019). Respondents' answers were grouped into seven 

categories as shown in Table 1. The level of understanding can be categorized by 

calculating the % of answers from each category for each question using the following 

equation; 

 
Where PJ is the % answers of each question, nx is the number of students 

belonging to the category scientific conceptions (SC), misconception (MSC), lack of 

knowledge guessing (LKG), lack of knowledge deficiency (LKD), false positives (FP), 

false negatives (FN), cannot be encoded (TKD), dan ns is the number of respondents. 

  

RESULTS AND DISCUSSION 

Research data collection was conducted on science teachers at SMPNs across the 

city of Banda Aceh using diagnostic test instruments and documentation. The test used 

is a Four-Tier Multiple Choice question consisting of 24 questions. The answer sheet 

provides answer columns, Certainty of Response Index (CRI) and answer reasons. From 

a number of study populations, 29 teachers were sampled from several SMPNs 

throughout the city of Banda Aceh. The research results obtained by the average value 

of respondents by category scientific conceptions (SC), misconception (MSC), lack of 

knowledge guessing (LKG), lack of knowledge deficiency (LKD), false positives (FP), 

false negatives (FN), cannot be encoded (TKD). 

The results of data analysis from a total of 24 items that were distributed, there 

were 5 (five) items that became the focus of attention. This is because the five item 

questions obtained the highest level of misconceptions. The five item questions are item 

number 7 (seven), 9 (nine), 11 (eleven), 16 (sixteen), 22 (twenty-two). The percentage 

level of misconceptions obtained is as follows: 
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Figure 1. Percentage of Category Indicator Items Question Number Seven 

From Figure 1 it is found that 23 respondents who experienced high 

misconceptions (MSC) 79.31%, scientific conceptions (SC) 3.45%, lack of knowledge 

guessing (LKG) 3.45%, lack of knowledge deficiency (LKD) 0.00%, false positives 

(FP) 0.00%, false negatives (FN) 13.79%. These results indicate that apart from 

misconceptions, only one person whose answer is in accordance with scientific 

conceptions and does not know the concept and guesses, while the other four 

respondents are negatively wrong, namely the answer is wrong because it is correct but 

the level of confidence is high. This item is a study of electrical material that asks about 

testing a flashlight that doesn't work anymore because it's old. 

 
Figure 2. Percentage of Category Indicator Items for Question Number Nine 

Figure 2 is the percentage of item number nine. From the picture above it is found 

that 24 respondents who experienced high misconceptions (MSC) 82.76%, scientific 

conceptions (SC) 3.45%, lack of knowledge guessing (LKG) 3.45%, lack of knowledge 
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deficiency (LKD) 3.45%, false positives (FP) 6.90%, false negatives (FN) 0.00%. The 

results of the analysis on this item show that apart from misconceptions, only one 

respondent whose answer was found to have a scientific conception, did not know the 

concept but guessed and lacked knowledge of the concept. while the other two are 

positive false, namely the answer is correct because it is wrong but the level of 

confidence is high. The item of this question is the study of population development 

from animal life in a research conducted for 30 years. 

 
Figure 3. Percentage of Indicator Category Items for Question Number Eleven 

Figure 3 shows the percentage of item number eleven. From the figure it is found 

that 17 respondents who experienced high misconceptions (MSC) 58.62%, scientific 

conceptions (SC) 3.45%, lack of knowledge guessing (LKG) 3.45%, lack of knowledge 

deficiency (LKD) 27.59%, false positives (FP) 6.90 %, false negatives (FN) 0.00%. The 

results of the analysis on this item show that apart from misconceptions, only one 

respondent whose answer was found to have a scientific conception, did not know the 

concept but guessed, and eight respondents lacked knowledge of the concept. while the 

other two are positive false, namely the answer is correct because it is wrong but the 

level of confidence is high. This problem examines related to data collection about how 

the battery voltage varies after a few weeks which is displayed in a voltage (voltage) 

graph. 
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Figure 4. Percentage of Category Indicator Items for Question Number Sixteen 

Figure 4 shows the percentage of item number sixteen. From the figure it is found 

that 23 respondents who experienced high misconceptions (MSC) 79.31%, scientific 

conceptions (SC) 10.34%, lack of knowledge guessing (LKG) 3.45%, lack of 

knowledge deficiency (LKD) 0.00%, false positives (FP) 6.90 %, false negatives (FN) 

0.00%. The results of the analysis on this item show that apart from misconceptions, 

three respondents whose answers were found to have scientific conceptions, one 

respondent who did not know the concept but guessed. while the other two are positive 

false, namely the answer is correct because it is wrong but the level of confidence is 

high. This item examines a hypothesis that causes a reason why wood floats in water 

according to the perspective of a scientist. 

 
Figure 5. Percentage of Category Indicator Items for Question Number Twenty Two 

Figure 5 shows the percentage of item number twenty two. From the figure it is 

found that 20 respondents who have high misconceptions (MSC) 68.97%, scientific 
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conceptions (SC) 3.45%, lack of knowledge guessing (LKG) 0.00%, lack of knowledge 

deficiency (LKD) 3.45%, false positives (FP) 24.24 %, false negatives (FN) 0.00%. The 

results of the analysis on this item show that apart from misconceptions, only one 

respondent whose answer was found to have a scientific conception and a lack of 

knowledge of the concept. while the other seven positive respondents were wrong, 

namely the answer was correct because it was wrong but the level of confidence was 

high. This item examines the observations of a naturalist who provides a conclusion 

about the causes of winter that affect bear hibernation, bird migration and changes in 

leaf color that occur. 

The results of the data analysis of the overall percentage in each indicator 

category from the 24 item questions given to 29 respondents as shown in the following 

figure: 

 
Figure 6. Percentage of Each Indicator Category 

Figure 6 shows the percentage of each indicator category analyzed from the 24 

item items given to 29 respondents who were taken as samples in the study. Based on 

the picture above, it is found that the average of each indicator category is; (MSC) 

29.74%, scientific conceptions (SC) 30.46%, lack of knowledge guessing (LKG) 5.32%, 

lack of knowledge deficiency (LKD) 8.48%, false positives (FP) 13.07%, false 

negatives (FN) 12.93% . These results indicate that the level of misconceptions that 

occur is still in the low category and there are already many teachers who have 

scientific conceptions that are in accordance with the opinions of experts. Some teachers 

also still don't know the concept, so they guess in their answers and also lack knowledge 

of the concept being asked. Meanwhile, there are also some who answer positively 

incorrectly, namely the answer is correct because it is wrong but the level of confidence 

is high and negatively incorrect, namely the answer is wrong because it is correct but 

the level of confidence is high. 

The results of data analysis on scientific literacy misconceptions in science 

teachers using a test in the form of Four-Tier Multiple Choice questions totaling 24 
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items. The answer sheet provides answer columns, Certainty of Response Index (CRI) 

and answer reasons. From a number of research populations, 29 teachers were taken as a 

sample from several SMPNs in Banda Aceh. To find out the interpretation of the level 

of scientific literacy misconceptions by categorizing conceptions (SC), misconceptions 

(MSC), lack of knowledge guessing (LKG), lack of knowledge deficiency (LKD), false 

positives (FP), false negatives (FN), cannot be encoded (TKD). Meanwhile, the level of 

Scientific Literacy ability based on The Program for International Student Assessment 

(PISA), refers to one of the dimensions of scientific literacy, namely the competency 

aspect. The Competency Aspect consists of three scientific competencies, namely 

explaining phenomena scientifically (A), designing and evaluating scientific 

investigations (B) and interpreting data and evidence scientifically (C). Misconceptions 

of scientific literacy in each respondent can be seen in Table 1 below. 
Table.1 Results of Scientific Literacy Misconception Analysis 

Respondents 

TOTAL 

Misconceptions of 

Scientific Literacy MSC SC LKG LKD FP FN 

A B C 

R 1 2 2 4 8 5 3 4 2 2 

R 2 2 2 4 8 4 4 4 2 2 

R 3 2 2 4 8 5 3 4 2 2 

R 4 2 2 1 5 7 1 4 5 2 

R 5 2 2 1 5 7 1 4 5 2 

R 6 2 2 1 5 7 1 4 5 2 

R 7 1 1 4 6 9 2 1 4 2 

R 8 2 0 4 6 5 2 4 5 2 

R 9 4 2 5 11 5 0 1 4 3 

R 10 2 0 4 6 5 1 4 6 2 

R 11 2 0 3 5 3 4 5 5 2 

R 12 2 0 4 6 5 1 5 5 2 

R 13 2 1 4 7 6 1 4 5 1 

R 14 2 5 4 11 4 0 1 3 5 

R 15 4 5 3 12 3 0 0 5 4 

R 16 2 1 5 8 13 0 0 1 2 

R 17 2 3 2 7 9 0 0 2 6 

R 18 3 3 3 9 9 0 0 0 6 

R 19 3 3 2 8 8 0 0 1 7 

R 20 3 3 3 9 9 1 0 0 5 

R 21 3 3 3 9 9 0 0 0 6 

R 22 3 3 5 11 9 0 0 0 4 

R 23 2 3 3 8 9 0 0 0 7 
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R 24 0 1 0 1 0 11 9 0 3 

R 25 1 2 3 6 13 0 0 3 2 

R 26 1 2 2 5 11 1 1 4 2 

R 27 1 2 3 6 13 0 0 4 1 

R 28 0 2 3 5 10 0 0 7 2 

R 29 1 2 3 6 10 0 0 6 2 

Based on table 1 above, it shows that all respondents experienced misconceptions 

in science lessons in all aspects of scientific literacy. In the aspect category of 

explaining phenomena scientifically (A) misconceptions of scientific literacy are caused 

by the ability to apply scientific knowledge in a given situation, describe relevant 

information and explanations, and explain and predict appropriate results (Rini et al, 

2021). In the process of learning science teachers need to understand basic concepts and 

describe phenomena and be able to explain the concepts being taught in accordance 

with scientific studies. 

Misconceptions of scientific literacy in the aspect category of designing and 

evaluating scientific investigations (B) and interpreting data and evidence scientifically 

(C). In the process of teaching science learning teachers must have scientific 

investigation skills including scientific methods (scientific processes), so that teachers 

can teach students to develop their scientific attitudes and thinking skills (Indrawati et 

al, 2022). The existence of scientific investigation activities in the science learning 

process will foster students' critical thinking skills, this is because if students' 

competence in scientific investigations is low, their critical thinking skills will also be 

low. 

Misconceptions on aspects B and C are due to the teacher's lack of knowledge of 

the material they understand so that teachers are also difficult to interpret an 

investigation of the material and cannot prove it scientifically. The problems faced by 

these teachers have an impact on students so that they cannot evaluate a scientific 

investigation and also cannot interpret research data and evidence scientifically. 

Competency category aspects of designing and evaluating scientific investigations (B) 

to critically evaluate reports of scientific findings and investigations. This competency 

demonstrates students' ability to identify and distinguish questions that can be 

investigated scientifically, propose and evaluate ways to explore scientifically given 

questions, and be able to explain and evaluate how scientists ensure data reliability, 

objectivity, and generalizability of explanations described in PISA 2015 (OECD, 2017). 

Meanwhile, the competency aspect category interprets data and evidence 

scientifically (C) to analyze and evaluate data, claims, and arguments in various 

representations and draw appropriate scientific conclusions. This competency 

demonstrates the ability to transform data from one representation to another; analyze 

and interpret data and draw appropriate conclusions; identify assumptions, evidence, 

and reasons in texts related to science; distinguish between arguments based on 

scientific evidence and theory and based on other considerations; and evaluate scientific 
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arguments and evidence from various sources such as newspapers, journals and the 

internet (OECD, 2017). The implementation of scientific evidence is one of the skills 

that science teachers must have, because in this aspect category the teacher must be able 

to teach his students to be able to interpret findings as evidence to draw conclusions. In 

addition, this competency also requires students to provide evidence and conclusions, 

diagrams or others. Therefore, students must describe the correlation between evidence 

and conclusions (Yenni. et all, 2016). 

Based on the problems described above, the misconception of scientific literacy is 

due to the diverse backgrounds of science teachers. This can be seen from the fact that 

most of the teachers who teach in junior high schools are teachers who graduated from 

biology and physics education so that in practice the integrated science learning referred 

to in the curriculum still experiences many obstacles. This question was also obtained 

based on the results of interviews with science teachers at the time of research data 

collection. As a result, teachers are still unable to carry out integrated science learning 

on some material that is not in accordance with the fields of their graduates. 

Harefa, (2022) states that the obstacle faced by integrated science teachers in 

teaching integrated science is the difficulty in teaching subject themes that are not the 

teacher's educational background, for example integrated science teachers with a 

biology background find it very difficult to teach physics material, especially those 

related to formulation of equations and analysis of problems in physical phenomena. 

Likewise, many practicum activities are dominated by the scientific field due to 

limitations in using data analysis tools and techniques, even though physics practicum is 

carried out but only at the exploratory level, not up to how to find concepts and analyze 

good and correct physics or chemical problems. Likewise with teachers with a 

background in physics, there will be little difficulty in teaching biology or chemistry 

which is more about rote learning. 

 

CONCLUSION 

Misconceptions are initial concepts as a result of knowledge construction that is 

inconsistent with scientific concepts. The cause of the emergence of misconceptions in 

science teachers at the junior high school level is because some of the teachers who 

teach are not in accordance with their scientific fields. So that the understanding of the 

conception that occurs is not in accordance with the scientific conception as explained 

by experts in the scientific field. This is also in line with research conducted by other 

researchers which states that the causes of teacher misconceptions can be in the form of 

teacher incompetence, lack of mastery of the material, inappropriate teaching methods 

or the attitude of the teacher who has a poor relationship with students. 
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Scientific Literacy ability based on The Program for International Student 

Assessment (PISA) for science teachers, refers to one of the dimensions of scientific 

literacy, namely the competency aspect. The Competency Aspect consists of three 

scientific competencies, namely explaining phenomena scientifically, designing and 

evaluating scientific investigations and interpreting data and evidence scientifically. So 

it can be concluded that the scientific literacy competence of junior high school science 

teachers in Banda Aceh City is in the medium category with a percentage of 48.48%. 

ability based on competence to explain phenomena scientifically is in the medium 

category with a percentage of 46.55%, competence in designing and evaluating 

scientific investigations is in the moderate category with a percentage of 61.64%, and 

competence in interpreting data and evidence scientifically is in the moderate category 

with a percentage of 37 .24%. 
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