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Abstract. The difficulty of students in solving geometric reasoning problems which are based
on Van Hiele’s levels is still low so that the right alternative solution is needed. For that reason,
this research aims to answer those three main objectives. First, this study determines the
difficulty experienced by the students. At second, this research identified the factors which
cause the difficulty experienced by students in solving geometric reasoning problems based on
van Hiele theory by GeoGebra software. At third, this research tried to determine the steps
which are required to be taken to overcome the students’ difficulties in solving geometric
reasoning problems based on van Hiele theory by GeoGebra software. The type of study is a
descriptive study with a qualitative approach. The results showed that students’ geometrical
reasoning ability was still in the low category; the causal factors are the students were rarely
trained in geometric reasoning and lack of self-confidence. The step that should be done is by
using van Hiele theory to detect the difficulty experienced by the students, including
technology media such as GeoGebra software.

1. Introduction

Geometry is one of mathematics brach which has a greater opportunity to be mastered by students than
other branches. The reason is that geometric ideas are already known by the students as earlier before
they enter school, for example students’ earlier knowledge abaout lines, planes, and spaces [1].
Geometry not only develops the students' cognitive ability but also helps the students in the formation
of memory namely from concrete objects to abstract or to geometrical reasoning processes so that
geometry is an important material in mathematics learning [2]. Actually, the field reality showed that
most Senior High School students are still lack of mastery in geometry material. Therefore, teachers
must provide learning experiences that are appropriate to the level of students' geometrical thinking to
lead students thinking mature facing the process. Also, the teacher can form a learning experience by
provided such method or by use instructional media [3]. In this case, geometric requires media to
facilitate learning as well as a tool, namely GeoGebra. It is used to measure geometric reasoning
abilities based on van Hiele's theory. Because if the geometry and learning materials not adjusted, it
will cause a lack of success in learning mathematics. Knowing Van Hiele's level of problems using
GeoGebra in making question instruments will be more helpful to get VVan Hiele level information on

69


mailto:marianiramlan@gmail.com

Proceeding of USN Kolaka-ADRI International Conference on Sustainable Coastal-Community Development

ICSCCD 2018 p-ISSN 2716-1919  e-ISSN 2716-2907
Volume 1, January 2020 doi:10.31327/icusn-adri.v1i0.1141

students who have problems or the level of geometric thinking. Then, the right handling alternative
solution are able to apply to achieve the optimal learning outcomes. It also because

In line with the above idea, this research tried to (1) find out the difficulty experienced by
students in solving geometric reasoning problems based on van Hiele theory by GeoGebra software;
(2) identify the causes of difficulty experienced by the students in solving geometric reasoning
problems based on van Hiele theory by GeoGebra software; and (3) determine the steps which are
required to be conducted to overcome the students’ difficulty in solving geometric reasoning problems
based on the van Hiele theory by GeoGebra software.

Based on the previous observation, it stated that the three-dimensional figure is the most difficult
of the mathematics learning material for the tenth grade at Senior High School or Islamic Senior High
School. It is because the three-dimensional figure is an abstract concept. In addition, there are several
problems occur namely (a) the students’ skills in drawing and using the tools to draw three
dimensional figure is still low; (b) the students’ ability to understand the mathematical concepts is still
unsatisfactory; (c) some students only rely on memorization without understanding the concept so that
they make mistakes on finishing the problem; and (d) the prerequisite material includes straight lines,
angles, the area of two dimensional figure, trigonometry and the requisites for Pythagoras theorem
application have not been mastered by some students [4].

To resolve students’ difficulties in learning geometry, it is recommended to apply the theory of
van Hiele. According to van Hiele’s theory, the students work by the stages of students’ thinking, so
students are increasingly interested in learning [5].

The skills to use learning media, namely GeoGebra, to complement van Hiele’s theory are
expected to be useful to provide the information regarding the difficulties experienced by the students.
GeoGebra is a dynamic mathematics software used as a tool in mathematics learning specifically to
make instruments to measure students’ geometrical comprehension based on van Hiele’s theory.
However, this software is developed for the mathematics teaching and learning process in observed
schools at least three uses namely the mathematics learning media, the mathematics teaching
materials, and the mathematics problem solving [6].

Later on, Van Hiele theory is one of the theories that can measure students’ geometrical abilities.
As the name of the theory, this theory was presented by Dina and Pierre van Hiele in 1986. They
researched students’ geometrical thinking at school. According to this theory, there are five levels
experienced by the students in learning geometry. The use of levels here is not to categorize the
students but to know about the students’ geometrical thinking ability gradually through these five
levels. Based on the research of Van Hiele theory, students are usually at level 0, Junior High School
students are usually at level 0 and 1, while Senior High School students are at level 2 [2]. This study is
limited to level 3 (formal deduction).

Pierre van Hiele and his wife Dina van Hiele-Geldof were Dutch researchers and teachers. They
had personal experience with difficulties which their students had in learning geometry. Therefore,
they dealt with these problems in detail. The theory originated in their theses at the University of
Utrecht in 1957 [7]. These research findings provide mathematics teachers insight into how students
think and what difficulties they face while learning geometry [8].

The indicators of van Hiele thinking the level theory that had been adapted to the Three
Dimensional material of modified [1] as in Table 1 below:
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Table 1. Indicator of van Hiele Thinking Level in the Subject of Three Dimensional Space

Thinking level based Characteristics Thinking Level Indicators
on van Hiele theory
Level 0 Students’ thinking objects = Students can visualize:
(visualization) are still dominated by shape - The position of points, lines, and
and what a shape looks like planes in space
visually. - the surface area of geometric
shapes

- distance in geometric shapes
- The angle in geometric shapes
- Plane section with geometry

Level 1 Students start to recognize = Students can analyze:

(analysis) and apply a geometric idea, - The position of points, lines, and
to correctly describe various planes in geometric shapes
properties, and also to able - the surface area of geometric
to identify the figure as a shapes
part of a bigger figure. - distance in geometric shapes

- The angle in geometric shapes
- Plane section with geometry

Level 2 (Informal Students can sort and relate = Students can conclude by giving
Deduction) several geometric ideas arguments informally based on the
logically, understand given information.
definitions, and conclude by
giving arguments
informally
Level 3 (Formal Students understand the = Students can prove by giving
Deduction) meaning of deduction so explanations formally based on
that they can prove based axiom, theorem, or formula.
on axiom, theorem, or
formula.

The advancement from one level to the next level depends more on the education or learning
experience than age or maturity. Some experience can ease or obstruct the advancement in a level or to
a higher level [9].

The completion of three-dimensional space problems requires not only student skills but also
thinking and reasoning. Here are the difficulties of students when learning material that leads students
to make mistakes in solving questions about three-dimensional space. The number of mistakes made
by students in solving the questions can be a clue on how far students have mastered the material.
From the mistakes made by students, the causes of student errors can be further investigated and then
must immediately get a complete solution. This solution is taken by analyzing the root of the problem
that is the cause of mistakes made by students then an alternative solution is sought so that the same
error will not be repeated in the future [4].

2. Methods
This research is a descriptive study using a qualitative approach. This research was done in class XI of
SMA Negeri 1 Wundulako located in JI. Guro no. 05 Lamekongga, Wundulako Subdistrict, Kolaka
Regency, Southeast Sulawesi Province. The research subject is a three-dimensional figure.

The data collection techniques used were (1) the test method and (2) the semi-structured interview
method carried out on the subjects who were selected. The test given in this study is a diagnostic test.
"Diagnostic tests are tests that are used to figure student weaknesses so that based on these weaknesses
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can be given the right treatment [10]. The instrument used are the four items of students’ geometrical
reasoning ability, which consists of four ability levels namely visualization, analysis, abstraction, and
formal deduction.

The category distribution for the students’ score of geometrical reasoning ability used the criteria
guideline stated [11] in the following Table 2:

Table 2. The Categorization of Geometrical Reasoning Ability

Score Category
80 <x <100 High
60 <x <80 Intermediate
0<x<60 Low

In qualitative research, the data validity can be check by triangulation and extension of
participation. Triangulation is a technique of checking the validity of data that uses something else
outside of the data for checking or as a comparison to that data [10]. Triangulation in this study is a
triangulation method, which is by comparing the test results data verified by interview, and
observation [4].

3. Results and Discussions

The test result of geometrical reasoning skill consisted of 4 indicators, namely visualization, analysis,
abstraction or informal deduction, and formal deduction. The test result was presented descriptively in
the form of a table. Generally, the result of the students’ geometrical reasoning skill was presented in
the following table 3:

Table 3. The Test Result Data of Geometrical Reasoning Skill

Geometrical Reasoning Skill

Number of Respondents 30
Average 42.50
Median 47.50
Modus 60.00
Standard Deviation 24.591
Variant 604.741
Minimum Score 5.00
Maximum Score 90.00
Total Score 1275.00

The percentage of students and the average score of students’ geometrical reasoning ability for
each category of the high group, intermediate group, and the low group were presented in the bar
diagram in the following figure 1:
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Figure 1. The Percentage of the Number of Students and the Average Score of Geometrical Reasoning
Skill

The data obtained from the results of the geometric calculation tests of students for each level
were presented in the following table 4:

Table 4. The Results of Geometric Reasoning Analysis

Level of Thinking N Percentage (%) Average
Visualization 10 33.33 3.07
Analysis 2 6.67 2.03
Abstraction 2 6.67 1.90
Formal Deduction 0 0.00 1.50

Based on table 4, the four levels of geometric reasoning, were not maximally achieved.

The difficulties experienced by students at the level of analysis were that students were not able to
analyze geometric object based on its characteristics. It was only ten students whose solutions were
almost fully complete and correct with a score of 5 each. No student was able to achieve maximum
scores in the level of abstraction and formal deduction. Based interview, the students got difficulty to
answer the questions based on van Hiele's theory due to several things. The students rarely practiced
geometrical reasoning questions, students were lack of confidence, and there was no teacher’s
comprehension of problematic level information and required appropriate alternatives and lack of use
of learning media. From the information, it also was required to familiarize van Hiele's theory to
students by practicing geometric reasoning skills and identifying problematic levels, besides the use of
appropriate media like GeoGebra is a mathematics dynamic software used as a tool in mathematics
learning specifically to make instruments to measure students’ geometrical comprehension based on
van Hiele’s theory [6].

The benefit of this research is to inform educators that the VVan Hiele's theory combined with the
use of GeoGebra software can be an alternative in anticipating students' difficulties in learning
geometry. In addition, this research can be a benefit for coastal communities who want to develop
their potential resources such as making more contextual instruments with coastal areas and utilizing
GeoGebra software based on Van Hiele's theory, either in geometry learning or mathematics learning.

4. Conclusion

This research concludes three main points. At first, the student’s geometric reasoning skill is
categorized into a low level. Second, the difficulty factors students faced are the students’ lack of
confidence, the teacher’s comprehension, and the lack of learning media, especially GeoGebra
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software. At third, the recommendation step is by using Van Hiele theory to detect the difficulty
experienced by the students, including technology media such as GeoGebra software. At last, it is also
necessary to pay attention to the not maximally achieved students’ level of thinking or geometric
reasoning abilities.
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