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Abstract 
The basics concepts of optical phenomena like as the explanation of the visible spectrum, color, light, 
laws of reflection and refraction are part of the scientific basic knowledge of the primary education 
teachers. Then students of primary education should understand the concepts of ray optics creating 
“scientifically appropriate” representation to a correct understanding of the laws of reflection and 
refraction. On the other hand is well known that the “alternative conceptions” can be an obstacle to the 
acquisition of new knowledge. In this study was investigated, in a pilot study with students of the first 
year of the bachelor's degree in primary education, whether tasks using (multiple) representations and 
addressing widespread misconceptions can help students to improve conceptual understanding about 
light reflection and refraction. 

Methodologically, we opted for a qualitative research approach, based on a case study. Data 
collection was done through a pre-test/post-test design. The students preformed the pre-test before 
being taught any optical topic, and a month and a half later the students preformed the post-test. The 
post-test was carried out by the students responding to the same questions of the pre-test, but 
inserted in a normal assessment test of the Physical-Chemistry Curricular Unit. The paper includes the 
analysis of students' general misconceptions and a critical reflection to the methodology used to teach 
the reflection and refraction laws of the light.  
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1 INTRODUCTION 
Concepts of reflection and refraction of the light are quite important for children of the primary and 
secondary school since it helps them to understand the interaction of the light with matter as well as 
modern optical instruments. However, unfortunately, most of primary and secondary school students 
do not understand these concepts well and the same difficulties still remain in higher education. 
According to Kriek and Grayson [1] students have difficulties in learning physics when they experience 
physical phenomena in their daily lives, many of the physics explanations of these phenomena are 
counter-intuitive, leading to alternative conceptions. On the other hand, when the content are 
presented in the classroom are usually disconnected from its real world context and the knowledge 
transmitted in the classroom tends to be situated in the context of the classroom rather than the 
context in which the knowledge was created [2]. 

Optical phenomenon like reflection and refraction are usual events that result from the interaction of 
light with matter and can be observed every day. Perhaps the constant presence of these phenomena 
in our day to day contributes to the development of alternative conceptions. On the other hand, 
teachers can have a crucial role in leading students to achieve such high level of work competencies 
in order to deconstruct these misconceptions and promote a rigorous scientific thinking. For instance, 
according to Guesne [3] middle-school students (ages 10-13) understand that mirrors can reflect light. 
However, they often reject the idea that everyday objects also reflect light. Goldberg and McDermott 
[4] reported that about 50% of university students surveyed considered that images in a mirror could 
be in a number of places at the same time and that 90% of their sample of university students believed 
that images in a mirror could be in a number of places at the same time and thought that moving away 
from a mirror would lead to a more complete image that in moving away from a mirror, a person or 
image gets smaller. The aforementioned view largely persisted (70%) following instruction. 

More recently Merlin et al. [5] reported that for students of grade 11 of a public South African school, 
the students experienced serious conceptual difficulties when they were required to apply the optics 
concepts in the real-world contexts presented to them. Moreover, the participants’ conceptual 

Proceedings of EDULEARN19 Conference 
1st-3rd July 2019, Palma, Mallorca, Spain

ISBN: 978-84-09-12031-4
3889



difficulties about reflection and refraction were also found to be associated with their inability to 
understand correctly the optical processes involved in vision. 

Langley et al. [6] conducted a study regarding students’ conceptual understanding about the optical 
phenomena. They reported that the students’ difficulties have origin in the fragmented, pre-scientific 
knowledge constructed on the basis of experience and these difficulties persisted because main 
factors leading to fragmentation were not addressed and remedied. Yalcin et al. [7] consider textbooks 
as potential sources of misunderstandings. According Viennot and Kaminski [8] the language used by 
teachers in the presentation and discussion of optical phenomena may also be misinterpreted by 
students. Common expressions like, “image is received on a screen” are more than compatible with 
the idea that an image is a kind of copy that travels in space like an ordinary object, passing through 
some limited transformations, until reaches the screen. 

Yap and Wong [9] argued that typical textbooks do not pay attention to examples or exercises where 
sight is included which contributes to misunderstandings of learners about image formation in a plane 
mirror. In the investigation conducted by Gunay and Ogan-Bekiroglu [10] identified the refraction as an 
area where learners experienced conceptual difficulties. They do not understand well the transition of 
light between medium with different indexes, from a lower-index to a higher-index medium and vice 
versa. Furthermore, Keawkhong et al. [11] in an investigation about conceptual understanding of 
refraction indicated that most students could not apply the refraction principles to explain the real 
world situation. The misunderstandings in drawing rays according to refraction principles remain even 
after the students having studied simple geometric optics. 

So we are in line with Adams et al. [12], about the need to make a shift in the traditional teaching 
methodology to enable students to take an active role during the classes as investigators, problem 
solvers and to change a role of teachers to be students’ guides and facilitators instead of knowledge 
presenters. 

The main aim of this paper is to identify some misconceptions in universities students of the primary 
education about the reflection and refraction that still remain in the first year of the bachelor's degree 
and promote one critical reflection about the methodology used to teach these phenomena. 

2 METHODOLOGY 

2.1 Research design 
The data presented here are part of a pilot study which aims to improve conceptual understanding 
about light reflection and refraction of the primary education students at University of Trás-os-Montes 
e Alto Douro in Portugal. The researchers intend to investigate the extent to which the students apply 
correctly optics principles in the given contexts and to identify alternative conceptions in the 
explanation of the reflection and refraction optical phenomena. The research design study adopted 
was based in the collected of quantitatively data from a pre-test and post-test, e.g. [13]. 

2.2 Sample selection 
The research performed in 2017/2018 involved the participation of a teacher and 43 students of first 
year of the primary education at University of Trás-os-Montes e Alto Douro in Portugal. The students 
are from two classes and were selected because they were taught by the same teacher. Students 
came from different regions of Portugal and were admitted by the national concourse, based on the 
selective subject they choose. According to the curriculum of the secondary education all students are 
supposed to learn optical phenomena such as reflection, refraction and total internal reflection. This 
work is focused only in students’ responses about the application of the principles of reflection and 
refraction. 

2.3 Data collection  
Data were collected from three multiple-choice questions, see Figs. 1, 2, and 3. The content validity of 
the test was confirmed by two PhD experts in Education and in Physics. 

In the question Q1 the students were asked to choose, from a set of diagrams, the correct option, with 
the direction of the ray light for the observer O to see the tree, where the sun S is the primary light 
source. 
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The question Q2 is a multiple-choice question about the position of the image of an object formed by a 
plane mirror. Where was asked to the students to choose the correct option of four options. 

The question Q3 is about the ray direction when the light through media with different indices of 
refraction. Students were asked to choose from a set of three diagrams the correct option.  

The students performed a pre-test before being taught any optical topic, and a month and a half later 
the students preformed a post-test. The post-test was carried out by the students responding to the 
same questions of the pre-test, but inserted in a normal assessment test of the Physical-Chemistry 
Curricular Unit. The participants’ responses were quantitatively analyzed. 

2.4 Pre-test and post-test questions 
Q1.The figures below represent a light source S (Sun) and an observer O. From the alternatives 
presented, choose the one that best represents the way in which the observer sees the tree. 

 
Figure 1. Choose the image that best represents the way in which the observer can sees the three? 

Q2. The figure 2 shows an observer standing in front of a plane mirror. Between the mirror and the 
observer is an object. If the observer moves to the left, what will happen to the image of the object 
given by the mirror? 

a) Remains in the same place where it was. 
b) Moves to the left of the observer. 
c) Moves to the right of the observer. 
d) The information given is not sufficient 

 
Figure 2. Where is the position of the image of the object when the observer moves to the left? 

Q3. A ray of light strikes the surface of a glass. In the figure below choose the one that correctly 
represents the trajectory of light in the glass. 
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Figure 3. What diagram represents correctly the trajectory of light in the glass? 

3 RESULTS 
In the question Q1, the participants were asked to choose the correct ray representation of the optical 
phenomenon that better represent the direction of the light responsible by we see the objects. It was 
observed from the responses to the multiple-choice of the question Q1 that only 13.9% and 65.5% of 
students responded correctly (option A) in the pre-test and post-test respectively. Many students do 
not realize that their eyes receive light when they are looking at an object. 34.9% and 29.1% think that 
the light came from directly of sun, 30.2% and 5.4% believes that the eyes generate light that radiates 
outwards, and 21% and 0% do not respond to the question, respectively (Fig 4a). From the answers 
we infer that after the post-test 29.1% and 5.4 % of the learners participants in this study remain the 
alternative conceptions of that light came from directly of sun and the eyes generate light that radiates 
outwards, respectively. 

The question Q2 is about image formation by a plane mirror. We assumed that students had no deep 
knowledge in ray tracing. In the multi-choice we asked to predict how the image given by mirror of an 
abject changes when the observer moves. 46.2% and 85.2 % of students gave the correct answer 
(option A) in the pre-test and post-test respectively, that is the image remains in the same place (Fig 
4b). 53.8% (pre-test) and 14.8% (post-test) of students thought that the position of the image depends 
on the observer's position and most of them did not deduce the position of the image from ray tracing. 
The incorrect answers were all the option C, the object moves to the right of the observer when the 
observer moves to the left. That is the alternative conception of that the image of an object formed by 
a mirror moves when the observer moves remains after the post-test evaluation in 14.8 % of the 
participants. 

In general, these errors have origin in the fact of students seem unable to use their direct experience 
to support the answers. They do not think of light as something that propagates through space but 
only as light sources or images on a screen.  

The question Q3 is about refraction optical phenomenon. Students were asked to choose the image 
that correctly represents the trajectory of a ray of light when it crosses from the air to the glass.  

In the pre-test 42.9% of the students correctly identified (option B) the ray direction when across the 
glass. But 28.6% chose the answer A, the direction of light does not change in glass. In the post-test 
the percentage of correct answers was 70.4% and 13.6% chose the option A (Fig 4c). Then the 
alternative conception of that the direction of light does not change when passing from the air to the 
glass still remains, in a significant number (13.6%), at the end of the training of the future primary 
school teachers  

Fig 4 shows the pre-test (brown) and post-test (green) percentage of answers given by the 
participants to the questions Q1, Q2 and Q3. For the questions Q1 and Q2 the answer correct is the 
option A and for the question Q3 is the option B.  

NA indicates the percentage of students who did not answer the question. For both pre-test and post-
test in questions Q1 and Q2, no student chose the option B. 
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Figure 4. Pre-test and post-test percentage of answers given 
 by the students to the questions. (a) Q1; (b) Q2 and (c) Q3. 

3.1 Students normalized gains score 
The average normalized gain obtained by students from their answers to the pre-teste and post-test 
questions was calculated by the following formula; 

 

where Post_test and Pre_test are que percentage of answers corrects given by the students on their 
post-test and pre-test, respectively [14]. 

Tab. 1 shows the general score of the participants’ responses to the questions in the pre-test, post-
test and the gain. The gain is the possible percentage of points they could have gained from Pre_test 
and Post_test, that is the learning gain for entire class on average for each of the questions. 

The Tab. 1, compares the results of post-test with pre-test and shows that a positive conceptual 
changes occurred in students’ minds regarding understanding of how a light ray travels (Q1, Q2, Q3) 
and relative to the position of the image formation (Q2). 

Table 1. General score of the participants’ answers to the questions and respective gains. 

Questions Pre_test Post_test Gain 

Q1 13.9% 43.9% 0.348 

Q2 46.5% 85.2% 0.723 

Q3 42.9% 70.4% 0.482 

For Q1, they gained 0.348 (or 34.8%) of the possible percentage points they could have gained from 
pre to post assessment. 

For Q2, they gained 0.723 (or 72.3%) of the possible percentage points they could have gained from 
pre to post assessment. 

For Q3, they gained 0.482 (or 48.2%) of the possible percentage points they could have gained from 
pre to post assessment. 

3.1.1 Alternative conceptions related with the reflection and refraction 
Students’ answers were also analysed in order to determine specific alternative conceptions based on 
pre-test and post-test answers. The results presented in Tab.1 show that positive conceptual changes 
occurred in students’ minds regarding understanding the reflection and refraction and how a light ray 
travels. 

3893



Differences between the pre-test and post-test point scores were significantly changed in a positive 
direction. Around 44% of the students correctly answer to the question Q1, they identifies correctly 
how light ray travels for us to see the objects. Around 85% of the students correctly answer to the 
question Q2, they identifies correctly the position of the image of an object formed by a plane mirror. 
Around 70% of the students correctly answer to the question Q3, they identifies correctly how light ray 
travels when passing from the air to the glass. 

On the other hand, still some students had their alternative conceptions revealed. There were around 
35% of students that chose the option C or D in the question Q1.They maintain the alternative 
conceptions: The light came from directly of sun and the eyes generate light that radiates outwards. 

There were around 15% of students that chose the option C in the question Q2. They maintain the 
alternative conception; the image of an object formed by a mirror moves when the observer moves. 

There were around 14% of students that chose the option A in the question Q3. They maintain the 
alternative conception; the direction of light does not change when passing from the air to the glass. 

4 CONCLUSIONS 
The alternative conceptions identified here reinforce the probable existence of alternative conceptions 
that persistence along the academic course of some studies. 

We think that before introducing a new topic it is important to elicit the students during the lectures by 
discussion, so as to make some student’s misconceptions (naive ideas) more evident to students 
themselves. This preliminary analysis of students’ thoughts may seem a waste of time, but in fact it is 
very important to make students and teachers more aware of their own misconceptions about light and 
its properties. On the other hand, students need to learn new scientifically acceptable conceptions in a 
range of situations before becoming confident and familiar enough to use them regularly in place of 
their own ideas. Thus, we support the need for early teaching of optical phenomenon and we 
recommend that teachers are alert to this problem by conducting a class discussion to identify and 
clarify the misconception held by students before and during optical phenomena classes. 
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