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Abstract The development of creative think@ability Creative Thinking, Thinking,
was one of the focuses in learning mathematics*®€reative

thinking is one of the skills needed in a society, so it

is necessary to develop these skihas early as possible.
This research aims to describe *®he effectiveness of
learning circle assisted by Geogebra
reviewed from creative thinking and ésual thinking
ability of Junior High School students.@nis research
was a quasi-experimental research using pretest-posttest
control group design. The population was all grade VIII
student of One State Sedayu Junior High School. Sample
of this research was selected by purposive sampling
technique. Two classes from eight classes were selected.
The experirggotal class was VIII F and the control class
was VIII GPhe experimental class was taught by using
Geogebra software while the control class is by using
the conventional one. The instruments used on this
research were creative thinking test and visual thinking
ability test. The result of this research showed that learning
circle assisted by Geogebra software is more
effective than conventional method for improving
creative thinking and visual thinking ability.

software

1. Introduction

ahe rapid development of information and
communication technology today were rooted from the
development of mathematics on number theory, algebra,
analysis, probability theory, and discrete mathematics. To
keep abreast with technological changes, the students need
to master logical, analytical, systematical, critical, creative
thinking and collaborative skill from early year [1; 2].
Those competences are prescribed in the Indonesian
a:tional curriculum [3]. It says that the students should
ve the ability to obtain, manage, and utilize information
for the survival in every uncertain condition.
According to National Minister Education Regulation
Number 22 Year 2006 explaining the content standards,
studying mathematics aims to enable students: (1)
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Understanding mathematical concepts, explaining the
interrelationships concepts and applying the concepts or
the algorithms, flexibly, accurately, -efficiently, and
precisely, in problem solving; (2) Using reasoning on
patterns and character, carrying out mathematical
manipulations in making generalizations, compiling proof,
or explaining mathematical ideas and statements; (3)
Solving problems include understanding problems ability,
designing mathematical models, solving models and
interpreting the solutions; (4) Communicating ideas with
symbols, tables, diagrams or other media to explain the
situation or problem; (5) Having an appreciating
usefulness of mathematics ability in life, namely curiosity,
attention, and interest in learning mathematics, as well as
being tenacious and confident in problem solving [4].

The development of creative thinking ability was one of
the focuses in learning mathematics. Creative thinking is
the ability of applying complex thinking structures to
produce new and original ideas. Creative thinking ability
is needed on solving mathematical problems including the
formulation steps, interpretation, and problem solved
planning [5]. This is in line with Tall that "Mathematical
creativity in problem solving is the ability to formulate
mathematical objectives and find their innate relationships;
it is the capacity to solve problems according to the
appropriateness of integrating both the nature of
logic-deduction in mathematics education and its evolved
concepts into its core." [6].This means that creative
thinking in solving mathematical problems is not only the
ability to formulate mathematical objects and find
interrelated relationships, but also to make conclusions
and apply mathematical concepts.

Difficult topics that hindered creative thinking of the
students at standard VIII are geometry and measurement
since they deal with abstract material and need to be
visualized. One of the media facilitating the geometry and
measurement learning, particularly circles, is Geogebra
software. Several researches have been conducted on its
efficacy as learning media. The implementation of
reciprocal teaching and learning models assisted by
Geogebra could improve students’ mathematical
communication skills. In this research, teaching materials
were delivered through the Guided Discovery learning
model assisted by Geogebra software [7]. Yuliani and
Suragih [8] argue that guided discovery learning model
(guided discovery) is a learning model that places the
teacher as a facilitator, while students are encouraged to
think for themselves so that they can find general
principles based on the material or data provided by the
teacher. To solve mathematical problems, the students
need thinking ability and visual thinking abilities.

The obstacles of learning geometry in class were caused
by two reasons; the first one is teacher who faces high
visualization material power [9-11] and the second one is
effectiveness of time [5]. If the teacher conveys the
geometry space concept through a Cartesian diagram then
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draws it manually without using tools, this will obviously
require a lot of time while the times are limited. When
viewed from time effectiveness, conventional learning
method needs more time to achieve optimal results. Visual
thinking is a process of formulating, linking ideas, and
discovering new patterns [5;12]. Visual thinking is an
iteration process that used mock models and sketches for
developing the ideas in quantitative and qualitative
manners [13-14]. That visualizations and symbolically are
important to learn more abstract high-level mathematics
[15]. Visualization becomes important when student do
not get concrete objects to be manipulated. The proposed
Virtual Manipulates and Whiteboard systems can help
students to understand the process of solving geometry
problems, such as using various solving strategies, as well
as exposing geometric  misunderstandings  [16].
Visualization is also used to assist in proving the integrity
of the functions. So, it can be concluded that visual
thinking is an intuitive intellectual process as well as
visual imagination ideas, both mental and drawing
images.

The creative thinking ability of class VIII SMP Negeri
1 Sedayu was relatively low. It was proven by the
observations and explanations given by teachers that
among 31 students in the class, only 3-5 students were
able to answer or to solve mathematics questions. From
the interview, it is found that students still had difficulty
in representing problems on visual images, graphics, and
diagram forms or written explanations. Out of 31 students
observed, only 10-13 students were able to do it. Thus, it
can be inferred that creative thinking and visual thinking
abilities of students belong to low categories.

Creative thinking is a mind rule trained by observing
intuition, animating imagination, expressing new
possibilities, opening amazing perspectives, and

veloping unexpected ideas [17]. That creative thinking

one of the skills needed in a society, so it is necessary to
develop these skills as early as possible [18]. Nuha et al
[19] argue that these creative thinking skills are useful for
the future therefore they must have these skills. Based on
[20], creativity can be assessed based on five habits of
creative thinking namely Inquisitive, Imaginative,
Persistent, Collaborative, and Disciplined.

There are four aspects of creative thinking---smooth
thinking, flexible thinking, original thinking, and detail
thinking [21]. One way to understand the concept is to use
visualization. Some studies show the importance of
visualization and visual reasoning for learning
mathematics [22]. Visual thinking is organizing process
and managing information by viewing through pictures,
graphs, colors, and diagrams [23]. Visual thinking is
something active thinking and analytical processes for
understanding, interpreting and producing visual messages
interaction between seeing, imagining, describing, and
verbal thinking [24]. The steps of visual thinking
according to Bolton are (1) Looking, identifying problems
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and their interrelationships which are viewing and
gathering activities; (2) Seeing, understanding problems
and opportunities by selecting and grouping activities; (3)
Imagining, generalizing steps to find solutions, pattern
recognition activities; (4) Showing and Telling, explaining
what has seen and obtaining then communicates it [25].

Geogebra is a dynamic mathematics software
supervised by the General Public License (GPL)
developed by Howenwarter in 2002 through his master's
thesis project of Salzburg University [26]. Geogebra as
dynamic mathematics software gives experience to
construct and explore geometric models and structures
dynamically, so learning mathematics becomes more
explorative because students can understand relationship
between analytic and visual representations concepts also
interrelationships among other mathematics concepts
directly. This is in line with Preiner who said that
Geogebra software can be used to visualize mathematical
concepts and create mathematics learning materials [27].
Thus, Geogebra is an open source application program
used as a tool in learning mathematics specifically algebra
and geometry.

The using of Geogebra program in mathematics
learning provides several advantages 1) Drawing
geometry more quickly and thoroughly faster than using a
pencil, ruler, or compass. 2) Animation facilities existence
and manipulation motions (dragging) provide a clearer
visual experience to help students understanding geometry
concept. 3) It can be used as feedback/ evaluation to
ensure that has been drawing correctly. 4) Make easier
investigating or showing the characteristic applied on
geometry object for both teacher and student [28].

Conventional learning is a teaching method involving
instructors and the students i cting in a face-to-face
manner in the classroom [29]¥hese instructors initiate
discussions in the classroom and focus exclusively on
knowing content in textbooks and notes. Conventional
learning student placed as an object who receives all
information passively [30]. In conventional learning, the
lesson materials are delivered through lecturing, question
and answers, and assignments methods. Conventional
learning is done by one way while in Geogebra software,
the students can do two activities simultaneously both
listening and recording.

So, this research aims to describé®the effectiveness of
learning circle assisted by Geogebra software reviewed
from creative thinking and visual thinking ability of
Junior High School students

2. Research Methods

This rgggarch was conducted within quasi-experimental
research.®¥fhe main characteristic of quasi experimental
design is development of true experimental design which

has a control group but cannot fully control external
variables experiment affected. While, pre-post control
group design was used. In this experiment, there were two
groups randomly chosen, experimental group and control
group. The purpose of pretest was to find out creative
thinking and visual thinking ability of the students before
giving treatment. The experimental learned mathematics
on circle object by using Geogebra while the control class
had mathematics on circle object using conventional
methods.

The treatments were given every day from January of
23" until February of 28" 2020. After giving the
treatment, post-test was conducted to measure their
creative thinking ability and visual thinking ability. The
populations of this research were all VIII grade students
of SMP N 1 Sedayu consisting of eight classes with total
number 222 students. Fromgaight classes, only two classes
were chosen at random. ey were VIII F as the
experimental class and VIII G as the control class. The
independent variable in this research was learning
mathematics on circle object using Geogebra and the
dependent variable was the creative thinking ability of
students and visual thinking ability of students.

This research used description question test instrument.
This test instrument was used to measure creative thinking
ability and visual thinking abilities of the students. Expert
judgment was asked to guarantee the content validity of
the instrument. In this research, the expert was Iman
Nurwoko a mathematics teacher at SMP N 1 Sedayu. The
result of validity test using expert judgment is shown in
research finding.

At the data analbgais stage, the collected data must be
processed through®¥he analysis prerequisite test which
includes the normality test and the homogeneity test. The
normality test conducted is the multivariate normality test.
Meanwhile, the homogeneity test was carried out in a
multivariate manner using the Box's M test. The result of
the normality test and the homogeneity test is shown in
research finsing before effectiveness test.

Followed by the averagegimilarity test which is used to
determine whether or noﬁ:}re is a difference in the
average initial ability of students in the control class and
the experimental class, the data used were the pretest
results of students' creative thinking abilities and visual
thinking in both classes.

After the two samples were given different treatment,
the data obtained from the results of the preliminary
ability test and the final ability test were analyzed to
obtain a score of increase (gain) in both classes [31]. This

@alysis aims to determine the magnitude of the increase

students' creative thinking and visual thinking skills in
the experimental class and the control class. And finally,
to measure the effectiveness of Geogebra-assisted circle
learning in terms of creative thinking skills and visual
thinking skills, a one sample t-test was used.
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3. Research Finding

First, the research finding will show in the Table 1
about the result of the validity test using expert judgment.

Table 1. The Result of Validation ofTeaching Materials based on
Geogebra

No Aspect Value

1 Layout 5

2 Language 5

3 Content 5

4 Navigation 5

Table 1 shows that the develop instrument in the
teaching materials based on Geogebra can be used without
revision.

Then, the data in Table 2 below present the creative
thinking abilities test result on experimental class and
control class.

Table 2. Creative Thinking Abilities Test Result

Average
Class
Before Treatment After Treatment
Experiment 36,75 84,94
Control 37,06 73,44

Table 2 shows that average score of creative thinking
abilities test result before treatment on experimental class
was 36.75 and control class was 37.06. After treatment,
there was an increasing about 48.19 point so the average
became 84.94 for experimental class. While, there was an
increasing about 36.38 point so the average became 73.44
for control class. Thus, it can be inferred that the average
value of experimental class after being given treatment is
better than that of control class.

Table 3 below presents the visual thinking abilities test
result at experimental class and the control class:

Table 3. Visual Thinking Abilities Test Result

Average
Class
Before Treatment After Treatment
Experiment 37,56 85,88
Control 37,81 75,97

Table 3 shows that average score of visual thinking
abilities test result before treatment on experimental class
was 37.56 and control class was 37.81 After treatment,
there was an increasing about 48.32 points so the average
became 85.88 for experimental class. While, there was an
increasingmabout 38.16 points so the average becomes
75.97 foﬁntrol class. Based on these data, it can be
inferred that the average score of experimental class after
being given treatment is better than that of control class.
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After that, the normality test and the homogeneity test
are conducted before testing the hypothesis. The normaity
test before and after treatment in the experiment class and
control class shows that scatter-plot tends to form a
straight line with p-value 0,000. So, this datum is declared
normal. Next, the homogenity test before treatment in the
experiment class and control class has 2,723 box’s M
value, and then after treatment in the experiment class and
control class has 5,959 box’s M value. So, this datum is
declared homogeneity.

After the data declared normal and homogeneity, the
testing is continued with the average similarity test used to
find out the student average initial ability differences on
control class and experimental class. The data used were
students’ creative thinking ability pretest result and
student visual thinking ability pretest result in both classes.
Average similarity test is carried out through the t-test
with these following formula:

£ = X - while § = (ny—1)5;2+ (- 1)s,°
st L Ny+nz—2
x,'"l nz

Notes
X Experimental class pretest average score
X, Control class pretest average score
n, Experiment class student proportion
n, Control class student proportion
Sy Experimental class standard deviation
Sy Control class standard deviation
S Mix standard deviation

Table 4 shows the average similarity initial abilities
student test result:

Table 4. Average Similarity Initial Abilities Student Test Result

Variable Significance
Creative Thinking Abilities 0,827
Visual Thinking Abilities 0,860

Table 4 shows that significance value for creative
thinking ability was 0.827. This means no creative
thinking average initial ability differences between
experiment class and control class as the visual thinking
ability has 0.860 on the gimnificance value. Thus, it can be
concluded that betweermperimental class and control
class, there is also no difference in visual thinking average
initial ability of students.

Both of two samples were given different treatment,
data from initial ability test result and final ability test
result were analyzed to obtain an increase score (gain)
among the classes. This analysis aims to determine the
increasing score of creative thinking abilities student and
visual thinking abilities students on experimental class
and control class. Gain results interpreted by using an
adapted classification are as follows on Table 4:
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Table 5. Gain Index Criteria

Gain Index (g) Criteria
0.70-1.00 High
0.30-0.69 Middle
0.00-0.29 Low

The increasing gain score of creative thinking ability is
shown on Table 6:

Table 6. Increasing Creative Thinking Ability

Class Gain Index Criteria
Experiment 0.76 High
Control 0.59 Middle

Table 6 shows that creative thinking ability on
experimental class has the increasing gain score of 0.76.
This means that there was a high creative thinking abilities
student increase. Whereas, increasing gain score on control
class was much lower with totally 0.59 and it belongs to
middle category.

The increase gain score through visual thinking ability
is shown in table 6 below:

Table 6. Increasing Visual Thinking Ability
Class Gain Index Criteria
Experiment 0.78 High
Control 0.62 Middle

Table 6 shows that visual thinking ability in
experimental class has gain score of 0.78. This expect high
improvement in visual thinking abilities student whereas
control class has archived only 0.62. It seems much lower
gaining score that belongs to moderate category. Based on
the analysis, it can be concluded that after treatment, there
was a high increasing on creative thinking ability and
visual thinking ability on experimental class.

Learning mathematics on circle object using Geogebra
is effective to creative thinking ability and visual thinking
ability if the average score of experimental class students
achieves Minimum Mastery Criteria which is equal or
more than 75. This effectiveness test is carried out on
creative thinking ability student and visual thinking ability
students after treatment.

To find out the effectiveness learning mathematics on
circle object using Geogebra especially on creative
thinking ability and visual thinking ability, one sample
t-test should be given.

Circle learning assisted with Geogebra softaware is
effective in terms of creative thinking skills and visual
thinking abilities if the average value of the experimental
class students meets the Minimum Completeness Criteria
(KKM) that has been set at school, namely 75. This
effectiveness test is carried out on the value of creative
thinking skills and students' visual thinking abilities after
being given treatment.

From the results of hypothesis testing with the one
sample t-test statistic on the variable of creative thinking
ability, the significance value is 0.000 so that H O is
rejected. This means that learning circles assisted by
Geogebra software are effective in terms of creative
thinking abilities. As for the visual thinking ability
variable, based on the results of hypothesis testing with
the one sample t-test statistic, it was obtained a
significance value of 0.000 so that H_0 was rejected. Thus,
it can be concluded that circle learning assisted by
Geogebra software is effective in terms of visual thinking
abilities.

To find out which method is more effective between
learning circles assisted by Geogebra software and
conventional methods in terms of creative thinking and
visual thinking abilities, first a multivariate test is carried
out. The multivariate test used is the Hotelling T " 2 test.
This test is conducted to determine whether there is a
difference in effectiveness between the two methods used.
The data analyzed were data obtained from the posttest
results of students' creative thinking abilities and visual
thinking after treatment. If H_0 is rejected, then the
hypothesis testing can be done by using the univariate test
using the independent samplet-test. This examination is
used to determine a more effective method between
circular learning with  Geogebra software and
conventional learning on students' creative thinking and
visual thinking skills. Based on the results of the T ~ 2
Hotelling teggmthat has been carried out, there are
differences ir®he average value of creative thinking and
visual thinking skills in the experimental class and the

q)ntrol class after treatment. The posttest average score of

e ability to think creatively in the experimental class is
higher than the control class. The results of girther
analysis showed that there was a high increas the
ability to think creatively in the experimental class.

Apart from the ability to think creatively, an aspect that
also improved in the experimental class afigg being given
treatment was the ability to visual thinkBased on the
results of the visual thinking posstest, it can be seen that
the average score obtained by students in the experimental
class is much higher than the control class. There has been
a high increase in students' visual thinking abilities
between before being given treatment and after being
given treatment.

4. Discussion

From the hypothesis test result using one sample t-test
on creative thinking ability, it is obtained significance
value of 0,000, thenH, is rejected. It means learning
mathematics on circle object using Geogebra is effective
to creative thinking ability. Besides, for visual thinking
ability, it is obtained significance value of 0,000 so H,is
rejected. Thus, it can be inferred that learning
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mathematics on circle object using Geogebra is effective
for visual thinking ability. In order to find out which one
is more effective whether learning mathematics on circle
object using Geogebraor conventional method for creative
thinking ability and visual thinking ability, multivariate
test was given. The multivariate method here was
T?Hotelling test.

The data used for this kigal of test were post-test scores.
The average posttest scor creative thinking ability on
experimental class was higher than the control one. The
results from further analysis showed that there was a high
score increasing on creative thinking ability experimental
class. Besides creative thinking ability, the visual thinking
ability was also improved. Based on visual thinking
post-test, the average post-test score was higher than that
of control class. The result from further analysis showed
that there was a high score increasing on visual thinking
ability after treatment.

Furthermore, from the result of this research, it can be
concluded learning mathematics on circle object using
Geogebra is more effective in improving creative thinking
ability and visual thinking ability than the conventional
methods [32-33].They said the use of Geogebra dynamic
geometry software has the potential to improve and
enhance students' critical knowledge and skills, creative
and  innovative  thinking  towards  supporting
problem-based learning as an approach in 21st century
learning [34-35].

5. Conclusion

Based on the results of this research, there were several
conclusions can be withdrawn: (1) learning mathematics
on circle object using Geogebra is effective for improving
creative thinking ability of the students, (2) learning
mathematics on circle object using Geogebra is effective
for improving visual thinking ability students, (3) learning
mathematics on circle object using Geogebra is more
effective for improving creative thinking ability and visual
thinking ability than conventional methods. There are
several factors that caused those effectiveness. One of
them is that Geogebrais gives new experience to the
students for constructing, exploring geometric models,
structure, or graph dynamically. As the result, when the
students learned mathematics, they become more active.
Through Geogebra, the student can see directly the
relationship between analytical and visual representations
of a concept as well as the interrelationships among
mathematical concepts. Thus, Geogebra indirectly
encourages students to be more creative. The factors that
caused learning using Geogebra is effective for improving
visual thinking ability are that it can visualize
mathematical concepts and create mathematics learning
materials. Dynamic visualization can be used for
explaining concepts so they can understand mathematical
concepts, ideas, object, and materials easily. It is
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suggested that Geogebra can be an alternative media to
convey mathematics concept in the class room. For other
researchers who want to do similar research, they should
add another variation of questions and prepare more
simulations well to support learning research and view the
Geogebra from other aspects, such as motivation learning,
spatial ability, and problem-solving abilities
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