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Abstract. The aim of the present study is to investigate pre-service lower 
secondary school mathematics teachers’ ability of drawing a given figure’s 
symmetry according to the lines in various positions. The sampling of the 
study comprised eight pre-service mathematics teachers who were 
attending a mathematics education department and willing to participate in 
the study. The criterion sampling methods was used. Six open-ended 
questions were asked to determine the ability of the prospective teachers to 
take the symmetry of a given figure according to the lines in different 
situations. Furthermore, interviews were conducted with the participants on 
their definitions of symmetry and symmetry according to a line. The data 
of the study were the prospective teachers’ drawing papers and the video 
recordings of the interviews including the definitions of the concepts of 
symmetry and symmetry according to a line. Content analysis was used to 
analyze the data. The findings indicated that the prospective teachers were 
successful in drawing the symmetry of a given figure according to the 
vertical, horizontal and oblique lines, and they used an informal language 
to define the concepts of symmetry and symmetry according to a line.  

1 Introduction  
One of the aims of the mathematics curriculum at primary education is to train individuals 
who can understand mathematics and use it in daily life. This fact has been emphasized for 
teaching mathematics to use the new curriculum which has been prepared by focusing on 
the national and international research studies, mathematics curriculum of developed 
countries and the experiences of mathematics education in our country (MoNE, 2018). 
It is evident in the related literature that many different terms are used to express the 
difficulties in mathematics learning. The terms “difficulty” and “mistakes” are the terms 
most often used by the students to express the difficulties they have experienced in learning 
mathematics (Aksoy and Bayazit, 2010). Students, teacher candidates and teachers are 
faced with many difficulties regarding many concepts specific to mathematics. Some of 
these studies focus on the concept of ‘symmetry’ (Köse, 2012, Aktaş, 2015). Since the 
concept of symmetry is interwoven with the real life, it is one of the fundamental issues for 
the students to get prepared for the life. In mathematics, the concept of symmetry is 
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intertwined with nature (Dreyfus & Eisenberg, 1989). Studies in the literature on symmetry 
are generally conducted on students, and they aim to determine their current knowledge and 
misconceptions (Köse 2012, Karadeniz et. al 2015). There is a limited research on what 
pre-service mathematics teachers pay attention when taking the symmetry according to a 
line, and on determining their existing misconceptions. The purpose of this study is to 
reveal the existing misconceptions of pre-service teachers regarding the concept of 
reflection symmetry.  
 
2 Aim of the Study 
 
The aim of the current study is to find out how pre-service primary school mathematics 
teachers define symmetry and their knowledge about drawing the symmetry of a figure 
according to a given symmetry line. In response to this general objective, answers to the 
following questions are investigated. 
Sub-questions: 
1-) How is the ability of pre-service secondary school mathematics teachers in taking the 
symmetry of a given shape according to the horizontal, vertical and oblique lines when the 
shape cuts the symmetry line or not? 
2-) How do the pre-service secondary school mathematics teachers define the concepts of 
‘symmetry’ and ‘according to straight line’?   
 
3 Method 
 
In this study, which aims at determining the pre-service mathematics teachers’ definitions 
of the ‘symmetry’ and ‘symmetry according to the straight line’ concepts. A case study 
design of qualitative research methods was used in collecting, analyzing and interpreting 
the data obtained from the participants.  
3.1 Participants of the Study 
 
The sampling of the study consists of eight senior pre-service mathematics teachers (5 
females and 3 males), who are attending a mathematics education department in the study. 
The aim of selecting final year prospective teachers is that they are considered to have the 
attainments regarding the concepts of symmetry and reflection symmetry in geometry 
lessons. The average geometry course grade of the participants' is 85 and above. The 
criterion sampling method, which is non-probabilistic method was used to choose the 
participants. 
 
3.2 Data Collection 
 
Six open-ended questions were used to determine the ability of prospective teachers to take 
the symmetry of a figure according to the vertical, horizontal and oblique lines for two 
cases whether the figure intersect or does not intersects with the line (Figure 1). 
Subsequently, interviews were held on the candidates' definitions of the concepts of 
‘symmetry’ and ‘symmetry according to a line”. The data of the study were collected 
through one-to-one interview method. Each interview with the participants took 
approximately 30 minutes and they were recorded. In this way, the meanings that the 
prospective teachers attributed to the idea of taking the symmetry of an object are 
elaborated. A semi-structured interview method inspired from Köse (2012) was created. 
Expert opinions were also collected to form the interview questions. 
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     (a)                       (b)                    (c)                     (d)                   (e)                   (f) 

Fig.1. A figure’s intersecting and not intersecting of a line in a horizontal, vertical and 
oblique position 

 
3.3 Data Analysis 
 
In the analysis of the data, the following four categories adapted by Lima (2006; as cited in 
Köse, 2012) were utilized to take the symmetry of a given shape according to a line: 1. 
Completely correct drawing, 2. Partially correct drawing, 3. Wrong drawing, 4. Blank or 
incomplete drawing. 
 
4 Findings 
 
Some examples of pre-service mathematics teachers drawing of the symmetry of the figures 
according to lines in vertical, horizontal and oblique positions are shown in Fig 2-4. Fig 2 
shows the completely correct drawing of symmetry according to vertical line drawn by pre-
service teachers 2 (PT2). Fig 3 shows the partially correct drawing of symmetry according 
to horizontal line drawn by PT6. Fig 4 shows the wrong drawing of symmetry according to 
oblique line drawn by PT4. 
 

 
Fig.2. Completely correct drawing of symmetry drawn by PT2 according to vertical line 

 

 
Fig.3. Partially correct drawing of symmetry drawn by PT6 according to horizontal line  
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Fig.4. Wrong drawing of symmetry drawn by PT4 according to oblique line  

 
Table 1 shows the answers of pre-service mathematics teachers to six open-ended questions 
regarding figures given in Figure 1. 
 
Table 1. The frequency and percentage of responses of teacher candidates to the question 

of taking the symmetry of a figure according to a line in vertical, horizontal and 
oblique positions [f (%)] 

 
Figures Completely correct Partially correct Wrong Blank or incomplete 
Figure 1(a) 7 (87.5) 1 (12.5) 0 (0) 0 (0) 
Figure 1(b) 7 (87.5) 1 (12.5) 0 (0) 0 (0) 
Figure 1(c) 5(62.5) 3 (37.5) 0 (0) 0 (0) 
Figure 1(d) 2 (25) 6 (75) 0 (0) 0 (0) 
Figure 1(e) 4 (50) 2 (25) 2 (25) 0 (0) 
Figure 1(f) 5 (62.5) 3 (37.5) 0 (0) 0 (0) 

 
The definitions of the pre-service mathematics teachers regarding the symmetry concept are 
given in Table 2. For instance, pre-service teacher 5 (PT5) defined the symmetry concept as 
“By taking according to that line, it is crossing over a certain point or any object.” 
 
Table 2. Participants’ definitions regarding the symmetry concept  

Definitions Frequency Pre-service Teacher (PT) 
Mirror image  1 PT1 
Reflection 2 PT2, PT7 
Equidistance 1 PT4 
Mirror image and reflection  1 PT5 
Equidistance and reflection  1 PT8 
Equidistance and mirror image  2 PT3, PT6 

 
Definitions of the pre-service teachers regarding the concept of symmetry according to a 
line are given in Table 3. For instance, pre-service teacher 2 (PT2) defined the symmetry 
according to a line as “Symmetry according to the line is the co-image of a line on the other 
side of the line, the shortest distance of a point to the point on that line.” 
 
Table 3  Participants’ definitions regarding the concept of symmetry according to a line  

Definitions Frequency Pre-service Teacher  (PT) 
Reflection 4 PT3, PT4, PT6, PT7 
Co-image 1 PT2 
Equal distance image 2 PT1, PT8 
Crossing over  1 PT5 
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Based on the findings of the study, there are some variations on the ability of fourth grade 
pre-service secondary school mathematics teachers to take the symmetry of a given figure 
according to a line in different positions. The findings of the present study are in line with 
those of a study conducted by Karadeniz et. al. (2015) on prospective teachers. When the 
answers given by the prospective teachers were examined, it is clear that they were the 
most successful at the question about taking the symmetry of a given figure according to a 
vertical line. On the other hand, they had the lowest success at the question including a 
figure’s intersecting and not intersecting of an oblique line. 
It was found that the teacher candidates used one or more of the terms of reflection, mirror, 
equidistance, co-image in their expressions to explain the concept of symmetry and 
symmetry according to a straight line. When the definitions were examined, it was seen that 
the teacher candidates used an informal language. Teacher candidates’ use of that informal 
language to express the symmetry concept similar with the findings of the study of Kose 
(2012) on the 8th grade students. It is noteworthy that the data obtained from the current 
research sampling are similar with those of the 8th grade students. Only one teacher 
candidate tried to explain the concepts of symmetry and symmetry according to a line by 
using correct mathematical expressions. However, he could not make an appropriate 
definition. In this context, it can be also considered that the participating teacher candidates 
may not have efficient language skills. 
 
5 Conclusion and Implication 
 
Based on the analysis of the research data, it can be said that prospective teachers are 
generally successful in their skills to take the symmetry of a given figure according to the 
different cases of a line in contrast to the findings in the literature (Köse, 2012). This is 
thought to be due to the sampling of the study which consists of 4th grade pre-service 
mathematics teachers. It can be said that they are likely to be more successful when they 
consider the basic components while taking symmetry according to a straight line. 
According to the findings of the Aktas’s study (2015), the achievements of pre-service 
teachers can be further increased by using dynamic geometry software to take the symmetry 
of a figure according to a line in each case. Considering that teacher candidates have taken 
geometry and geometry teaching courses, it can be anticipated that these courses may have 
affected their ability of taking symmetry. 
Moreover, given the definitions of the pre-service teachers regarding the concepts of 
symmetry and the symmetry according to a line, it is concluded that they cannot use 
mathematical expressions efficiently when making the definitions. For the development of 
teacher candidates' skills of definition, topics including activities to enhance that skill can 
be involved in the course contents taken during undergraduate education.  
Studies can be conducted with a broader sample group for undergraduate students and in 
technology-supported settings. It is especially considered that the studies to measure the 
pre-service teachers’ skills of definition or to develop these skills will also contribute to the 
existing literature. It is thought that the pre-service teachers who will graduate from the 
education faculties should be supported with activities including verbal skills along with 
mathematical skills. 
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