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Abstract - This research aims to analyze college students’ 

misconception on optical concept. Participants were 36 

college students of sixth semester from one intact class.  

College students’ misconception of geometrical optics were 

measured by a three-tier misconception test. From the 

data collected we were determined the students’ 

misconceptions profile that find students have 

misconceptions in each sub-chapter. Then from data 

analysis we found that: (1) percentage of first tier true 

answer is higher than percentage of second tier true 

answer for the whole class, but opposite for all students 

who suffer misconception (2) there is a significant 

opposite/negative correlation between students’ 

misconception and the score they get (3) there is no 

significant correlation between students’ score and degree 

of confidence for their answer to the problem. 

 
Keywords—misconception; optical concept; degree of 

confidence 

I. INTRODUCTION  

Everyone has a perception of his knowledge. He/she 
processes the information they have in accordance with their 
individual thinking patterns. Similarly, students experience the 
process of understanding a concept of physics. Sometimes 
students can understand correctly according to existing 
scientific concepts, but sometimes students have a different 
understanding of the existing scientific concepts and believe 
that their understanding is true even though it is not in 
accordance with scientific concepts [1]–[3]. Sometimes 
students are not stubborn in their belief in the concepts they 
understand, but they have other concepts that are different 
from the existing scientific concepts [4]. The difference 
between the concepts owned by students and the scientific 
concept is commonly referred to as the term misconception [5-
11]. 

Misconceptions can be identified in several ways, 
including through interviews, open-ended tests, multiple-
choice tests, two-tier tests, three-tier tests, or multiple-tier tests 
[11]. In this study, identification of misconceptions used three-
tier diagnostic tests adopted from Chen and developed by this 
researchers team [12]. The three-tier diagnostic test is more 

effective to distinguish between non-conformist students and 
students who have the misconception with the added question 
of belief in choosing the answer, if compared to the two-tier 
diagnostic test [13-15]. Using three-tier diagnostic tests can be 
known the profile of students who do not understand the 
concept, students who have experience misconceptions, and 
students who understand the concept [16]. 

Identification of misconceptions needs to be done to find 
out the right way to implement Physics learning. In optical 
learning, there are several concepts that allow students to 
experience misconceptions. However, not all students are 
aware of that. To change students' understanding of a concept 
when they experience misconceptions, a way is needed for 
students to change the concept they have toward the correct 
scientific concept. In order for the conceptual change to be 
realized: (1) students need to be aware of the inadequacy of 
their knowledge, (2) students need to understand the new 
knowledge given to them, (3) it is necessary for the students to 
find new information given to them sensitive, (4) students 
need to use new knowledge given to them to solve new 
problems they have encountered [17]. 

Before improving the quality of learning in optical 
subjects, prior misconceptions were identified through this 
research. In this study the profile of student answers to the 
three-tier diagnostic test of optical geometry material was 
described. Through the student's answer data, the relationship 
between misconceptions and scores obtained by students was 
also examined and the relationship between students' beliefs in 
giving answers to scores obtained. 

II. RESEARCH METHODS 

Given the three-tier diagnostic test instrument to 36 
college students on sixth semester from intact clas on physics 
education program study Universitas Negeri Surabaya 
(UNESA). The three-tier diagnostic test on geometry optics 
topis developed by modified from two-tier diagnostic test 
which developed by Chen et. al. consist of 20 test items [12]. 
Students gave the combination answer of the concept answer, 
the reasoning, and beliefs anwer. The students’ combination 
answer categorized into five categories [14] showed by Table 
I. 
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This research focused on students' misconceptions 
quantitative analysis. To find out the profile of student 
answers, researchers analyzed the combination of student 
answers in answering, giving reasons, and giving confidence 
in the geometrical optics problems presented. Based on a 
combination of student answers, researchers identified the 
students misconceptions on the problems presented. 
Furthermore, an analysis was carried out to determine the 
relationship between misconceptions and scores obtained by 
students and an analysis of the relationship between students' 
level of confidence in the scores obtained by using SPSS. 

TABLE I.  THE COMBINATION ANSWER OF THREE-TIER TEST [14]. 

Phenomena (P) Reasoning (R) Confidence (C) 
Category 

First-tier Second-tier Third-tier 

True True Sure Understand the Concept (UC) 

True True Unsure 
Less Understand the Concept 

(LUC) 

False False Sure 
Do Not Understand the Concept 

(NCU) 

True False Unsure Guessing (G) 

True False Sure 

Misconceptions (M) False True Sure 

False False Sure 

III. RESULT DISCUSSION 

The result from 36 college studens response answer to 20 

test items can be depicted as Figure 1. 

 

 

Fig. 1. The percentage of True Answer, Degree of Confidence and 

Misconception 

Based on Figure 1, in general the answer to the first 
question (first tiers) or factual question given has the 
percentage of correct answers higher than the percentage of 
correct answers to the second question (second tiers) 
containing the conceptual questions. There are exceptions for 
numbers 3, 12 and 16. 

Meanwhile, the level of confidence in general answers to 

all questions has a higher percentage than the percentage of 

correct answers to the second question (second tiers) and also 

higher when compared to the percentage of correct answers to 

the first question (first tiers). There are exceptions for numbers 

4, 11, 15 and 19. 

Based on the data above, it can be concluded that 
conceptual questions have a higher level of difficulty than 
factual questions. 

 

Fig. 2. The percentage of false answer and misconception 

Based on the results of the analysis of answers to all 
answers to misconceptions in all the questions given as shown 
in Figure 2, the fact that: in general the answers that cause 
misconceptions occur because students are more wrong in 
answering the first question (first tier) in this case the question 
factual. This fact is contrary to the results of the overall class 
data analysis in Figure 1 which finds the fact that the 
percentage of correct answers in general is precisely in the 
first question (first tier) higher than the percentage of correct 
answers in the second question (second tier) containing 
conceptual questions. Exceptions only occur in questions 
number 12 and 16 which get the wrong answer to the second 
tiers which is the reason for the factual answer. 

The items that have high misconceptions (above 50%) in 

responses are numbers: 6, 9, 10, 11, and 14, where the 

percentage of misconceptions are 53%, 58%, 56%, 61% and 

58%. Misconceptions about light reflection are represented by 

numbers: 6, 9, 10 and 1, meanwhile light refraction is 

represented by number 14. The misconceptions in this 

geometrical optics three-tier diagnostic test are explained more 

clearly in the following Table II. 

TABLE II.  THE RESULT COLLEGE STUDENTS’ MISCONCEPTION ON 

GEOMETRICAL OPTICS 

No Sub Chapter 
Number of 

problem 
Finding Misconception 

1 

Light 

reflection 

6 
The position of the object's image on 

a flat mirror depends on the position 

of the observer. 

2 9 
The size of the shadow of objects on 

a flat mirror will change when the 
light source moves from its position. 

3 10 

The position of the object's image on 

a flat mirror will moves if the 
observer moves away from the 

mirror. 

4 11 
The shadow of a black object on a 

flat mirror is produced by a beam of 
light from the black object. 

5 
Light 

refraction 
14 

The source of the refracted light 

comes from the eye towards the 
object being observed. 
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To test whether there is a relationship between several 
variables, including misconceptions suffered by students, 
scores obtained and the level of confidence in the answers, an 
analysis of the answers of each student is done first. The 
analysis is done by calculating in advance for each student: the 
score of the correct answer obtained, then determine the level 
of answer confidence and the number of misconceptions 
obtained. Where the results of the analysis are presented in 
Table III. 

TABLE III.  THE RESULT OF COLLEGE STUDENTS’ MISCONCEPTION, SCORE 

AND CONFIDENCE 

N0 
Name Code 

of Students 
Misconception Score  Confidence 

1 A 8 4 11 

2 B 12 6 19 

3 C 15 5 20 

4 D 12 7 20 

5 E 12 7 19 

6 F 9 7 17 

7 G 14 4 17 

8 H 11 6 17 

9 I 8 6 14 

10 J 9 7 15 

11 K 7 8 14 

12 L 12 7 19 

13 M 6 7 11 

14 N 10 9 20 

15 O 11 7 19 

16 P 12 8 20 

17 Q 10 9 19 

18 R 3 10 13 

19 S 6 10 15 

20 T 7 10 17 

21 U 10 9 20 

22 V 8 10 18 

23 W 7 12 20 

24 X 9 10 19 

25 Y 10 10 20 

26 Z 6 11 17 

27 AA 8 11 20 

28 AB 7 13 20 

29 AC 3 13 10 

30 AD 6 12 17 

31 AE 5 15 20 

32 AF 6 13 20 

33 AG 0 13 13 

34 AH 6 14 20 

35 AI 5 14 17 

36 AJ 4 16 19 

 

By using the data listed in Table 3, we examine the 

relationship between the level of misconception and the score 

obtained by the college student using SPSS. The results of 

correlation analysis obtained based on calculations with SPSS 

can be seen in Table IV. 
Based on the results of the correlation test of the 

relationship between misconceptions with scores obtained by 
prospective teachers using SPSS as shown in Table 4, it can be 
stated that the level of student misconception has a significant 
relationship with students' thinking ability with correlation 
coefficient - 0.740 means that: students’ misconception level 

compare upside down students' thinking skills, (the higher  
students' thinking skills, the less likely they are to experience 
misconceptions). 

Furthermore, to examine the relationship between the 
beliefs of prospective teachers in providing answers to scores 
obtained, it was also done using SPSS, where the results are 
presented in Table V. 

TABLE IV.  THE CORRELATION RESULT BETWEEN MISCONCEPTION 

AND SCORE 

 Misconception Score 

Misconception Pearson Correlation 1 -.751** 

Sig. (2-tailed)  .000 

N 36 36 

Score Pearson Correlation -.751** 1 

Sig. (2-tailed) .000  

N 36 36 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

TABLE V.  THE CORRELATION RESULT BETWEEN SCORE AND 

CONFIDENCE CORRELATIONS 

 Score Confidence 

Score Pearson Correlation 1 .167 

Sig. (2-tailed)  .331 

N 36 36 

Confidence Pearson Correlation .167 1 

Sig. (2-tailed) .331  

N 36 36 

 
Furthermore, the correlation test results of the relationship 

between the acquisitions of scores with a level of confidence in 
the answers of prospective teachers using SPSS as shown in 
Table 5. Based on the value of the correlation coefficient is 
very small that is 0.167 and is in the rejection area it can be 
stated that the acquisition of college student do not have a 
significant relationship with level of confidence in the answer. 

IV. CONCLUSION 

The collage student’s misconception profile shows that 

collage students are experiencing misconceptions throughout 

the sub-chapter of image formation on a flat mirror (light 

reflection) and light refraction by two different medium. The 

highest misconception lies in the sub-chapter of formation of 

black body shadows on a flat mirror with a percentage of 61%. 

From result discussion we conclude that: (1) percentage of 

first tier true answer is higher than percentage of second tier 

true answer for the whole class, but opposite for all students 

who suffer misconception (2) there is significant 

opposite/negative correlation between students’ misconception 

and the score they get (3) there is no significant correlation 

between students’ score and degree of confidence for their 

answer to the problem. 

Based on the findings of this study, the researcher 

suggested to the teacher that in his lectures to ensure that 

factual knowledge had been fully understood by students 

before teaching conceptual knowledge, and the teacher in 

assessing the understanding of concepts obtained by students 
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did not just believe in students' recognition but had to do it by 

testing understanding of concepts comprehensively. 
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Appendix 
  
The sample five biggest misconception of test item of Geometrical Optics three-tier diagnostic test instrument: 
(Chen et al., 2002) 

 

6.  Asgshown in the leftgfigure, a plane mirrorgand a pencil are placedgongtop of a table. 

     A boy and a girlgsit side by side in front of the table, lookingginto thegmirror. The 

     relativeglocations of the pencil, mirror, boygand girl aregshown on thegright. 

    (1) Whichgof the followinggstatements is correct? g(Please check) 

_(A) The locationsgof the imagegseen by both studentsgare the same. 

_(B) Theglocation of the imagegseen by the boygis on the rightgside of thatgseen 

          by the girl. 

_(C) Theglocation of the imagegseen by the boygis on the leftgside of thatgseen 

         by theggirl. 
      _(D) ___________________________________________________________ 

 

    (2) Whichgof the following ray diagramsgcan best explaingyour answer? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(3) Are you suregaboutgyourganswer? 
      (A) Sure  

      (B) Not sure 
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9. A planegmirror and a pencilgare placedgon a tabletop. An observergis lookingginto the mirror 

    to observegthe image of the pencil. gThe experiment is performedgin a darkenedgroom. A lamp 

    is the onlygilluminant inside thegroom. 

    If the lamp is raised a littleghigher, what will happengto the image of the pencilgseen by the observer? 

  (1) Please check: 

        _(A) The imagegwill becomeglonger. 

        _(B) The imagegwill becomegshorter. 

        _(C) The imagegwill remaingunchanged. 

        _(D) ___________________________________________________________ 
 

 (2) Which of thegfollowing ray diagramsgcan best explaingyour answer? (The dottedgand solid linesgindicate the light raygpaths, before and      

       aftegthe lamp is raised.) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(3) Are you sure about your answer? 
      (A) Sure  

      (B) Not sure 
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10. A planegmirror and a pencilgare placedgon a tabletop. Angobserver is lookingginto the mirror 

      to observegthe image of thegpencil. The experimentgis performed in a darkenedgroom. A lamp 

      is the only illuminantginside the room. If the observergmoves a little farthergfrom the mirror  

      while the lampgstays fixed, what willghappen to the locationgof the image of thegpencil seen  

      by the observer? 

  (1) Please check: 

        _(A) It will retreatgfrom thegmirror. 

        _(B) It willgapproach thegmirror. 

        _(C) It will staygat the sameglocation. 

        _(D) ___________________________________________________________ 
 

 (2) Which of thegfollowing ray diagrams cangbest explain yourganswer? (The dotted and solid linesgindicate the light ray paths, beforegand   

       after thegobserver retreatsgfrom the mirror.) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(3) Are you suregabout yourganswer? 
      (A) Sure  

      (B) Not sure 
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11. As showngin thegfigure, a white ball is placed ingfront of a planegmirror. An observergcan see the white ball ingthe mirror. Then, thegwhite 
      ball is replacedgwith a blackgone. 

 

 

 

 

 

 

 

 

 

(1) Which of the followinggstatements is correct? 

_(A) The observer cangsee the blackgball in thegmirror. 

_(B) The observer can’tgsee the blackgball in the mirror. 

_(C) ___________________________________________________________ 

(2) Which of the followinggstatements can best explaingyour answer? 

_(A) The black ball scattersgexternal light, some of which headsgtoward and reflects fromgthe mirror. 

_(B) The black ballgemits light, somegof which headsgtoward and reflects from the mirror. 

_(C) The blackgball neithergscatters nor emitsglight. 

_(D) The lines ofgvision from the observergreflect from the mirrorgand thengimpinge on thegblack ball. 

_(E) ___________________________________________________________ 

(3) Are you sure about your answer? 
                (A) Sure  

                (B) Not sure 

 

14. When we seegcoin in the bottom of thegswimming pool filledgwith water. 

(1) The coin will appear …  

(A) Deeper than its real position  

(B) Shallower than its real position  

(C) Equal to its real position  

(D) No conclusion  

(E)  ___________________________________________________________ 

(2) Which diagram of the process of shading thegshadows forming belowgfits and explains your answer? 

      (dotted lines and solid lines indicate the extension of the beam and the actual line of light) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(3)  Are you sure about your answer? 
               (A) Sure  

               (B) Not sure 
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