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on the Geometry of Space Subject

ABSTRACT: The space geometry is one of  the major subjects, which must be taken by the students of  the mathematics 
education. The aim of  the courses is to make students are able to master the form geometry in three dimensions. 
Competencies must be mastered include the ability to draw space, the ability to draw the slice field, and the ability to 
determine the extents of  the slice field. Based on the competencies, the material of  the space geometry was not an easy 
matter to be mastered by students. Students needed their imagination to visualize the shape, which came from the two-
dimensional images shaped into a three dimensional or vice versa. These difficulties did not only occur on the students, 
but also the mathematics teachers, who had the learning process in the schools. This research belonged to qualitative 
descriptive study, in which the subject of  this research was the class A second semester students of  Mathematics 
Education Study Program of  UMP (Muhammadiyah University of  Purwokerto) in Central Java, Indonesia, in 
academic year 2015/2016, which belonged to the class of  the shape geometry. The instruments which were used were 
the observation sheet and the documentation in the form of  photographs or videos. The research procedures consisted 
of  the steps in the lesson study in 3 cycles. Each cycle consisted of  plan, do, and see steps. The result of  the study was 
that the students’ error of  mathematical communication ability was in the form of  pictures on the space geometry 
subjects occurred on the drawing procedure in the determination of  the slice field; the concept of  an image in three 
dimensions; and the students’ concept in the fields analysis.
KEY WORDS: Mathematical Communication Skill; Lesson Study; Geometry of  Space; Form of  Pictures; 
Students’ Concept.
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INTRODUCTION 
The space geometry is one of  the major 

subjects, which must be taken by the students 
of  the mathematics education (TA, 2016). 
The aim of  the courses is to make students 
are able to master the form geometry in three 
dimensions. Competencies must be mastered 
include the ability to draw space, the ability 

to draw the slice field, and the ability to 
determine the extents of  the slice field (Reilly, 
1998; and TA, 2016).

Based on the competencies, the material 
of  the space geometry was not an easy matter 
to be mastered by students. Students needed 
their imagination to visualize the shape, 
which came from the two-dimensional images 
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shaped into a three dimensional or vice versa. 
These difficulties did not only occur on the 
students, but also the mathematics teachers, 
who had the learning process in the schools 
(cf Eryaman, 2009; Kariadinata, 2010; and 
Evbuomwan, 2013). 

This condition based on the results of  
research, which shows that teachers of  
mathematics often had problems when 
drawing three-dimensional slice field 
(Budiarto, Koespono & Nindyo, 1998; and 
Lee & Zeppelin, 2014). Other studies had also 
shown that the problems, which happened 
in the space geometry were in the construct 
the form of  geometry (Pressman, 1997; and 
Kariadinata, 2010).

The problems experienced by students 
above was closely associated with one of  
mathematical ability, that was mathematical 
communication ability. Communication is 
the process of  submitting an idea or ideas to 
others (Shadiq, 2009; and Chun, 2015). The 
delivery of  this idea can be done by using a 
variety of  ways, either oral or written. 

The communication in mathematics learning 
focused on the importance of the ability 
to speak, write, draw, and describe various 
mathematical concepts (Bold, 2001; and Van 
de Walle, 2007). With these conditions, the 
communications required the interactions, 
so that it created the understanding and the 
changing in common (Dansereau & Markham, 
1987; and Soekamto et al., 1993).

In this three dimensional problems, 
the more specific communication and 
corresponding to the context of  the 
problem capabilities were the ability of  
mathematical communication. Mathematical 
communication is an activity for organizing, 
communicating, analyzing, and evaluating a 
mathematical idea, and using mathematical 
language appropriately (NCTM, 2000). 
Another definition said that the ability 
of  mathematical communication was the 
ability to connect real objects, images or 
diagrams into mathematical ideas that 
was orally spoken or written through real 
objects, images, diagrams or algebra, and to 
declare everyday events using mathematical 
language (Syaban, 2006). In other words, 
the components in the mathematical 

communication included vocabulary, symbols 
of  algebra, a representation of  the visual 
forms, tables, and charts (Morgan, 2002).

Based on these definitions, the ability 
of  mathematical communication was a 
prerequisite for the development of  ideas or 
mathematical ideas (Kilpatrick, Hoyles & 
Skovsmose, 2005). It was because without 
any mathematical communication, the 
mathematical idea would be kept only in 
one's mind. In education, this condition 
was very dangerous, because students could 
not develop and convey the knowledge they 
had to others (Flevares & Schiff, 2014). In 
addition, lecturers also could not know the 
ability of  the student.

Communication problems within the 
students could not be solved quickly, but 
this required a kind of  process and practice. 
With this process and practice, students were 
expected to be accustomed to communicate 
mathematically. To find out the students' 
mathematical communication abilities, 
we could see from their ability to express 
ideas. The expression of  the idea could be: 
expenditure of  mathematical ideas orally, 
written, demonstration, or visual; and proper 
use of  language, notation, and mathematical 
structure (NCTM, 2000).

In this study, the focus of  the learning is 
the lesson study. Lesson study is an approach 
that can improve the quality of  learning and 
it comes from Japan (Susilo et al., 2009). 
Lesson study aims to improve knowledge of  
the concept of  learning community (Syamsuri 
& Ibrohim, 2009). By using the lesson study, 
teachers can learn from conditions that occur 
in the classroom (Kemendiknas RI et al., 2012).

Based on the explanation above, the 
researchers intended to do the research about 
the Identification of the Students’ Mathematical 
Communication Skills Eror in Form of  
Pictures on Class A of UMP (Muhammadiyah 
University of Purwokerto) Mathematics 
Education Student of Second Semester in 
Academic Year 2015/2016 in the Geometry of  
Space Subject Based on Lesson Study.

METHODS
This research was a descriptive qualitative 

research, and the implementation was based 
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on the stage of  the lesson study (Jacobs, Lee 
& Ball, 1996; Creswell, 1998; and Elliott & 
Timulak, 2005). Stages of  the lesson study 
included a plan (planning), do (execution), and 
see (reflection and evaluation). The plan started 
with doing the preparation against technical 
and needs that wold be made in learning. 
“Do” was the implement activities which were 
planned in the action plan. “See” was the 
reflection and evaluation of  the activities of  
learning activities (Jacobs, Lee & Ball, 1996).

This research was done on the even 
semester academic year 2015/2016 in 
mathematical education courses at the UMP 
(Muhammadiyah University of  Purwokerto) 
in Central Java, Indonesia. The subject of  this 
research was the class A semester II students 
of  Mathematics Education Study Program at 
the UMP in academic year 2015/2016, which 
belonged the space geometry class.

The data collection techniques used 
in this study were the observation and 
the documentation (Creswell, 1998; and 
Kawulich, 2005). The data in this study 
was done with the observation which was 
made by 3 professional observers, they were: 
Anggun Badu Kusuma, M.Pd.; Reni Untarti, 
M.Pd.; and Wanda Nugroho Y., M.Pd. The 
observation was guided by the observation 
sheets of  questions related mathematical 
communication skills of  the students. The 
documentations which were obtained in 
this research in the form of  videotapes and 
photograph of  each the activities of  the plan, 
do, and see, as well as the results of  the work 
of  the students.

After the data was retrieved, then, the data 
was analyzed in qualitative descriptively, such 
as following here (cf  Creswell, 1998; Pope, 
Ziebland & Mays, 2000; Attride-Stirling, 
2001; and Elliott & Timulak, 2005): 

Firstly, Data Reduction. This step was done 
to choose the data whether it was appropriate 
in accordance with the research issues or not. 
For this research, the data which used was 
the data which supported the communication 
skills of  students.

Secondly, Presentating the Data. After the 
appropriate data was selected, then, the data 
was presented in the form of  pictures or the 
explanation of  descriptions.

Thirdly, Triangulation of  Data. In this 
process, the data that was presented was 
adjusted from another source, for example, 
the data that was from observational results 
was suited with the data from the results of  
the documentation.

Fouthly, the Withdrawal of  the Conclusion. 
After the data was adjusted, then, it became 
conclusions about how the communication 
ability of  college students of  the subject of  
research.

RESULTS AND DISCUSSION
Identification of  the communication skills 

of  the students in this research was known by 
the results of  the work of  the students and the 
presentation in the class. The findings in every 
cycle are following here:

Cycle I. The learning material on the first 
cycle is painting the slice field on the cube. 
The finding on cycle I as follows:

Firstly, the drawing procedure in 
determining the slice field was not heeded yet. 
For example, the students did not give number 
sort on any line painted. This affected on the 
process of  rechecking the images, in which 
the students were confuse when they were 
asked to re-explain in painting the iris fields 
that had been drawn. 

Look at figure 1, it was a student which 
was drawing and there was no number 
sort yet on any line that was drawn. If  the 
drawing procedure was correlated with the 
mathematical communication skill, it meant 
that the students could not be able to convey 
their idea correctly in written.

Secondly, most of  the student's ability 
in understanding the concept of  intersect 
line was still low. For example, the students 
considered that two lines crossing could 
intersect in a single point, whereas two lines 
crossing could not intersect at a point. This 
error happened, because the ability of  the 
students in representing 3 dimensions shape 
in figure 2 dimensions was still low. It meant 
that the students could not be able to convey 
their idea correctly visually.

From figure 1, it could be seen that the 
student tried to determine the point Z which 
was an intersection between line RR' with the 
line EF, even though the two lines would not 
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intersect, since both of  the lines crossed each 
other.

Thirdly, the students didn’t not understand 
the concept of  the slice field yet. This can be 
seen in figure 2.

From the figure 2, it could be seen that 
the students marked out the slice field to 
the geometry. This mistake showed that the 
students could not be able to convey their idea 
correctly visually.

Fourthly, the concept of  students about 
how the formation of  the line was still low. It 
could be seen when the students made a line, 
they used only one point. Whereas by passing 
through the single point could be made not 
only one line. This mistake happened, because 
there was a lack of  the students’ concept 
understanding of  the line and the students’ 
skill in conveying the mathematical idea 
visually was low as well.  

Fifthly, there were still many students 
who had difficulties to develop the concept 
of  the intersection of  two lines in one plot, 
especially if  the known points were not on 
the edge of  a space. The example of  images 
space was like in figure 3, when the point R 
was on the field ADHE, but it was not on the 
edge the space ABCD and EFGH. Related to 
the mathematical communication skill, this 
phenomenon showed that the students also 
were not be able to present their mathematical 
idea into the visual picture.

In the first cycle, there were two errors 
related to the students’ mathematical 
communication skill in drawing the sliced 
field on the cube, such as: 

Firstly, the students were not be able to 
convey their idea in written. It could be seen 
when the students did not mention the steps 
in drawing the sliced field on the cube. When 
the students were asked to re explain it, they 
would be confused. Finally, the students 
realised their lack that had been done. 
When the students had finally realised about 
it, hopefully they would not do the error 
anymore.  

Secondly, the students were not be able to 
represent their mathematical idea in visual 
image. Visual representation helped the 
students to solve the problem by connecting 
the information, which had been found on the 

Figure 1: 
Crossed Line

Figure 2:
Errors in Marking the Slice Field

mathematical problem which was needed to 
solve the problem (Woodward et al., 2012; and 
Barmby et al., 2013). In the other word, when 
the students were not be able to represent their 
problem in the visual form, they would have 
difficulty in solving the problem. 

Cycle 2. Learning materials on the second 
cycle are painting the slice field at phiramid. 
The findings of  the on cycle II as follows:

Firstly, the student still did not give 
the code sequence of  line pictures that 
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was formed. This can be seen in figure 4. 
Although the errors still happened to the 
students, the amount of  them was less than 
the first cycle. It meant that the students had 
tried to communicate their ideas in written.

Secondly, another procedure that was 
forgotten by the student in drawing the slice 
field was that they did not pay attention to 
the pencil scratches thickness on the drawing. 
This result that it was not able to distinguish 
which the line that was still an experiment 
and the one that had been an outcome. In 
addition, from the beginning since they had 
drown thick strokes as the error occured, 
then, the trace was not clean and could not be 
deleted clearly, and it made the figure looked 
dirty. This can be seen in figure 4.

Thirdly, the students do not yet understand 
the concept of  the axis affinity. This can be 
seen in figure 5.

From the figure 5, it looked that axis 
affinity that students aimed at was the line 
RQ. This case went against the concept of  
the affinity of  the axis. Because they had 
missconcept of  this affinity axis, it had an 
effect on the results of  the figure that would 
be got. Axis affinity mostly determined the 
formation of  other lines that in one field.

Fourthly, the students do not yet 
understand the concept of  a point. Note dan 
see in figure 6.

From the figure 6, it looked that the way 
that the students determined the point O was 
done randomly. Students should look for the 
lines that intersect each other and, then, it was 
continued by the new point. In these images, 
the students determined any point O on the 
line l and then they connected the point O 
with the point Q, so that it formed a line OQ.

Fifthly, for the more difficulty question, 
the students couldn’t determine how to start 
to draw the figure. The Students wrongly 
connected all points. This can be seen            
in figure 7.

The finding number 3, 4, and 5 showed 
that the students did not understand yet the 
concept related to the material which was 
learnt. The understanding is the essential part 
so that the students can overcome their own 
problem (NCTM, 2000; and Newton, 2015). 
Based on the finding, it could be concluded 

Figure 3:
The Point is Outside of  the Edge

Figure 4:
Drawing Procedure Errors

Figure 5:
Error Determining Axis Affinity
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that when the students could not understand 
the material which was learnt, then they could 
not communicate their mathematical ideas 
and finally they could not overcome their 
problem.  

Cycle 3. The learning process on the third 
cycle was painting the slice field on the cube 
as well as calculating the extent. The findings 
of  the on cycle 3, as follows:

Firstly, in this cycle, there was a new 
problem of  the student that was that students 
experienced the obstacle toward the concept 
of  comparison. The student could not draw 
if  the data lines were known in the form of  
comparison. For example: student couldn’t 
draw the line AB and point K on the line AB 
with AK ∶ KB = 2, but he could draw AB ∶ 
AK = 3 : 2. Even though the two problems 
were similar, but the students were confused. 
This problem occured, because the students 
could not apply  the form of  comparison          
in a figure.

Secondly, the student could not determine 
the name of  the iris field that was formed. If  a 
student was not able to determine the name of  
the two-dimension figures from of  the iris that 
was formed, then the student had difficulty in 
determining the area (cf  Paulu, 2001; Sava, 
2007; and Kariadinata, 2010). It happened, 
because the students could not acknowledge 
the features on the figure, so that they would 
have a difficulty in counting the area.

On cycle 3, the issues facing college 
students still remain with regard to the 
inability of  students to understand concepts 
which in the end, they weren’t able to express 
mathematical ideas as they are in the form of  
writings or visual.

CONCLUSION
Based on the findings of  the three cycles, it 

could be said that the miscommunications of  
mathematical student that were found, firstly, 
the procedure of  drawing in the determination 
of  the field of  iris. Student mathematical 
communication errors in the drawing 
procedure were: determining which line with 
thick or thin pencil stroke; giving the numbers 
sort in any lines which were formed; and the 
hygiene of  the paper. Those errors made the 
students had the difficulty in conveying the 

Figure 6:
Error Determining Point

Figure 7:
The Geometry Difficulty Level which is More Difficulty 

mathematical ideas in the written form and 
the visual form, so that the people could not 
understand what the students thought.

Secondly, the concept of  figure in three 
dimensions. These errors were that the 
students were not being able to explain and 
imagine the shapes of  three dimensions, 
which were presented in the form of  
images (in the form of  two dimensions). 
Furthermore, for the vice versa, the students 
could not imagine the real shape of  the 
figures of  three dimensions which were 
given. It meant that the students had the 
difficulty to express their mathematical ideas 
in the visual form.

Thirdly, the concept of  students in the field 
analysis. The mathematical communication 
error analysis of  students in this field were: 
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(1) the misunderstanding of  the concept of  
points, lines, and fields. Some concepts were 
not mastered, such as that there was one 
intersection that passed through the two lines 
which intersected each other, one line could 
be made by passing through two points, there 
was no intersection on the intersecting lines, 
and there were many points in one line, so 
that in order to decide the intersection point, 
it should be known that there was other line 
which intersected the line; and (2) drawing 
the line using the long comparison that was 
determined before.1
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