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Abstract 

 
This article describes students’ strategy on learning reflection geometry which is 
supported by the four activities designed based on Pendidikan Matematika Realistik 
Indonesia (PMRI). Design Research is chosen to achieve this research goal. HLT is tested 
to twenty-six students of seventh grade. The result of teaching experiment shows these 
activities can stimulate students to establish high reasoning strategies in the learning 
reflection. In reflecting object, student used grid, assisstant line and folding the 
symmetry line. In formal level, students read pattern of reflection to transform 
geometrical object. Based on this invention, it is suggested to use this HLT as learning 
material and guideline for progressive geometric transformation class. 
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INTRODUCTION 

Being literate in geometric transformation is very useful for students to improve spatial 
ability, reasoning ability and strengthen the mathematical geometric proof (Edwards, 
1997). The abilities (Patterson, 1973) can pull students to explore mathematical 
concepts abstractly about the concept of similarity, symmetry, congruency, and parallel 
lines; enriching experiences, geometric thoughts and imagination; and to improve 
students' spatial ability. In this regard, the concept of transformation geometry must be 
completely mastered by the student. However, comprehend the concepts of 
transformation geometry remains as a big problem for student to be understood. 
 
Many studies revealed that students have difficulty in understanding the concepts and 
variations of identifying transformations include translation, reflection, rotation and 
combinations of these transformations (Clements & Burns, 2000; Olson, Zenigami & 
Okazaki, 2008; Rollick, 2009). In addition the students do not understand how a figure is 
reflected. Research conducted by Morris and Paulsen (2011) revealed that some 
students are able to transform simple geometric objects but they have trouble facing 
problems rotations and reflections for a more complex figure. Another difficulty 
experienced by students, one of which relates to the orientation of transformation 
(Schultz et al., 1983). Knowing the students’ strategy will help teacher understand how 
students think, choose which is efficient the most and help students attain the strategy.  
 

THEORETICAL FRAMEWORK 

Reflection is a type of transformation geometry as the most fundamental of all kinds of 
isomety derived from the reflections (Stillwell, 2005: 60). Reflection as isometric 
generator for making all types of isomers can be composed of two reflections. According 
to Kahfi (1997) in two dimensional space, reflection can be isometry generators for 
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reflection, translation, rotation, and combination of translation and reflection. For 
example, the translation can be made with a combination of two reflections.  
 
Reflection in elementary school, taught through the concept of reflection symmetry line. 
Morris and Paulsen (2011) designed learning material for transformation geometry 
using tracing paper with the aim that students helped visually. Visualization plays an 
important role in the transformation of learning geometry. In their study, the object 
being observed as a transformation object is a polygon shape. This is similar to the Thaqi 
(2011) who also concluded in his research that more educators can teach geometry 
transformations with the visualization method. He argues that in order to study the 
transformation geometry, students can find the properties of transformation through a 
visual image. Meanwhile, according to Naidoo (2010), the most effective strategies in 
learning geometry transformation is a combination of visuals and analytics. Strategies 
with the help of visual and analytic can be done for students of seventh grade because 
students already able to think abstractly. 
 
PMRI which is an adaptation of Realistic Mathematics Education approach, suggest that 
rather than the teaching by the formal level, it is better that students are taught from an 
informal level where they know in everyday life (Gravemeijer, 2010). Teaching 
Geometry transformation using PMRI have helped students understand and build the 
concept. Zulkardi (2002) revealed that more students can express their opinions and 
most importantly they were able to solve their own problems in geometric 
transformation. It is also disclosed by Helsa and Yusuf (2011) that through activities 
designed by PMRI, students trained to argue and think criticaly in addition and make 
learning more interesting and enthusiastic for students. 
 
Considering that recent teaching approach is done in formal level, it's time to move from 
transfer of knowledge to the teaching of meaningful (Sembiring, Hoogland, & Dolk, 
2010). Hence the need for innovation in order to become a more meaningful teaching 
mathematics through PMRI enact. PMRI learning theory starts from the things that real 
or experienced by students, emphasis on process skills, discuss, collaborate, argue with 
classmates so that in the end of learning, students find their own solution of a problem 
using the math. The significance of mathematical concepts is a key concept of PMRI. 
Student learning will only occur if the knowledge is learned meaningful for students 
(Freudenthal, 1991). 
 
Gravemeijer (1994), introduce stages to develop a formal mathematical ability. There 
are four stages (levels) those are level of situational learning, a model of, a model for, 
and formal. Implementation of the four levels are as follows.  
1. Situational level, the basic level of emergent modeling is emerging in which domain-

specific knowledge that is based on the situation and the strategies that are used in 
the completion of the situational context is presented.  

2. Referential level, the use of models and strategies at this level refers to a situation 
that illustrates the problem.  

3. General level, focusing on strategies that have the mathematical nature of the 
referential level which later developed into a formal model.  

4. Formal level, the students work with conventional procedures and notation without 
the need for context. 
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METHODS 
The research aims to design a learning material in PMRI, therefore researchers followed 
the three phases of the design research study (Gravemeijer and Cobb, 2006). Those are 
initial phases of design (preliminary design), testing the design through preliminary 
experiments and teching experiment, and retrospective analysis. To investigate 
students’s strategies on geometry transformation learning through combination of 
reflection, we design four learning activities base on four level suggested by Gravemeijer 
(2010). 
1. Activity 1: Identifying Transformation Phenomenon 

Objective: Students understand the types of transformation by giving the 
characteristics of each type of transformation.  

2. Activity 2: Investigating the similarity between object and its image 
Objective: Students discover the nature of the isometric.  

3. Activity 3: Drawing reflection image on X-axis, Y-axis, the line x = y, the line x = 2, the 
line x = 5.  
Objective: Students can draw reflection image correctly  

4. Activity 4: Finding pattern of reflection and generate it as rotation or translation. 
Objective: Students can find and recognize patterns of reflection reflections image as 
a result of a combination of rotation or translation.  

 
RESULTS AND DISCUSSION 
From the teaching experiment, we found that the activities can stimulate students 
enacted critical strategies on reflection through combination of reflection geometry. 
Students successfully draw images from most of all reflection axis, except reflection 
images on x= 2 and x= 5 axis. Researchers found many students who use the strategy of 
drawing the images axis tilted, such as using the assisstant line. The student uses the 
properties of the image position perpendicular to the axis of reflection as shown in the 
following figure 1. Figure 1 shows the results of student work using a line connecting the 
two points between image and object. The line is made in the form of dotted lines are 
perpendicular to the axis of reflection. 

.  

 
 

Figure 1. Lines help to draw image 
 
In addition to the above strategies, researchers found that students use to fold 
symmetry axis to obtain a reflction image. Some students voted for it because it's easier 
to draw an image. Fragment 1 presents students’ strategy. 
Auvan : Yes, by folding paper (interrupted Mufidah), because it can easily draw the 

image. 

Garis bantuan 

dalam 

menggambar 

bayangan refleksi 
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Mufidah : In accordance with the lines (interrupt when Auvan speak up in the word 
"paper ") ". 

Auvan : or it could be the appropriate box (pointed reflection on the vertical axis 
and the horizontal axis) 

 
Fragment 1. Strategies in drawing images of reflections by folding paper 
Dialogue from the Fragment 1, this student group expressed their ideas about how to 
draw images with paper folding reflection axis tilted to the side, but they could use a box 
(grid) for upright and horizontal axis reflection. 
Although most students had no difficulty in drawing the images, but there are still 
students who experienced the error for the reflection axis y = x. Fragment 2 illustrates 
how a student is experiencing difficulty in determining the orientation of the image. 
Student : " A its here, its C here (pointing to the image)" 
Researcher  : "C?" 
Student : "C here (pointed to the spot that was not supposed to be)" 
Researcher  : "C must be there?" 
Student : "No - no" 
Researcher  : "B first, which is near the first" 
Student  : "Oh, the first deket" 
Researcher  : "B used to be where? B is this right?" 
Students  : "Yes" 
Researcher : "B is to be where?" 
Students : B here (pointing to a point that is not supposed to be) 
Researcher  : "Hmm? away?" 
Student  : "A is in here." 
 
Fragment 2. Errors reflecting image in y = x 
 
Dialogue on the Fragment 2 shows the students still have difficulty in determining the 
position of a point with correct orientation. In line 3 students mistakenly put the 
position angle C is supposed to be occupied point to point B. Similarly, another angle, 
mistakenly placing by students. 
 
Based on the activities that have taken place during this reflection image drawing 
activity, students bring a variety of ways to draw the image of reflection. There are 
students who use the grid boxes, there are students who performed assisstant line, 
those that use the folded paper work. Preferred strategy of using grid to be used by 
students as a reflection drawing pad the vertical axis and horizontal (Fragment 1). The 
strategy uses a line used by some students to reflect that oblique axis (see Figure 1). In 
addition to the image line of the oblique reflection there are more students interested in 
using how to fold the paper work (see Fragment 1). 
 
Although most of the students have been able to draw the image of objects correctly for 
all axes including true reflection in the image orientation, there are still students who 
are experiencing errors image orientation. It was experienced by a small proportion of 
students when drawing images of axis angle (see Fragment 2). It also indicates that the 
use of the grid is not too help the students to draw a reflection on an axis tilted. The 
proof for the vertical and horizontal axis, all the students could draw image correctly. 
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According to what we experienced students only occurs in a minority of students, so that 
the student can be guided by the case much more than other students. 
 
After performing strategy in drawing reflection image, students look for patterns of 
reflection. There is only one important strategy appear in activity 4, which reads the 
position of the point of order Interchangeability coordinate. In order find the 
coordinates of the reflection, the students do not have problems in the pattern the 
images. Students in finding regularities strategy is to look for the part and the part that 
remained unchanged in the coordinates of the point that they make. Fragment 3 
illustrates some of the students who are doing the reasoning patterns of reflection to the 
Y axis. 
 
Researcher : " How that could be (- a, b)?". 
Student 1 : "That's looking for the opposite direction" 
Student 2  : "It's upside down" 
Student 3 : "Reverse - reverse (high tone) 
Researcher : "Where is the upside?" 
Student 2 : "This was reversed (pointing value of x in the column), which is -5 to 5, so 2 

-2, -5 to 5 
Researcher  : "Oh so. So this must be (a, b)?" 
Student : "This (- a, b)" 
Researcher : "Smart!!" 
 
Fragment 3. Determining pattern reflection image 
 
Seen from the dialogue of Fragment 3, it can explicitly known that students 2 provides 
an explanation of how he could concluded reflection pattern on axis Y. He argues that 
the change of coordinates of the points when reflected to the Y axis which changes 
regularly, which just changed its abscissa marks. By following this pattern, he concluded 
that the coordinates of the images of the point (a, b) is changed to (- a, b).Similarly for 
reflection X axis, Y axis, axis x = y, the students do the same strategy in finding the 
position of a point of order changes. Thus they could easily determine the pattern of 
reflections. Figure 2 shows the pattern of reflections made by students. 

 
  

 
 
 
 
 
 

 
 
 
 
 
 

Figure 2. Reflection pattern Y axis, the X axis , and y = x 
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Figure 2 shows a regular pattern of reflection, whereby when a point on the Y axis to 
reflect the abscissa would be the opposite sign. Similarly, if a point on the X axis to 
reflect on the ordinate will be the opposite sign. For reflection to the line y = x, the 
abscissa with the ordinate exchange and vice versa. 
 
Although the students managed to find a pattern to reflect the above, but for the 
reflection to the x-axis = 2 and x = 5, the students could not find the pattern. Students can 
find the coordinates only through the help of reflection images on a particular case, the 
point of the concrete. The failure was in the show by Figure 3. 
 

 
  

 
 
 
 
 

 
Figure 3. True image point coordinates, but the pattern made wrong 

 
Following the reflection patterns they create previously, A mistake apparent from the 
reflection pattern P' (a +4, b). That pattern is true for points A and B but wrong to point 
C. Here the strategy of students in reading order is not successful. 
 
Students have to think formally in determining reflection image. Researchers argued 
that the existence of the columns where the coordinates stuffing reflection image helps 
students find patterns. It can be seen the students easily pointed abscissa x is 
experiencing a change in one column (Fragment 3). Students to see changes when the 
coordinates of the points reflected the Y axis to change the order, it the abscissa only 
changing the sign. By following this pattern, he concluded that the coordinates of the 
images of the point (a, b) is changed to (- a, b). So this method can be called as a strategy 
students in finding the reflection pattern. 
 
Reflection patterns on the X-axis, Y -axis line y = x by students is when a point on the Y 
axis to reflect the abscissa have been the opposite sign. Similarly, if a point on the X axis 
to reflect on the ordinate will be the opposite sign. For reflection to the line y = x, the 
abscissa with the ordinate exchange and vice versa. 
 
CONCLUSSION 
It can be concluded that student used many strategies in constructing concept of 
reflection geometry. Those are: student used grid, assistant line and folding the 
symmetry line. For formal strategy, students read pattern of reflection to transform 
geometrical object. 
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