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Abstrak

Aktivitas penyelesaian masalah merupakan aktifitas yang dapat digunakan untuk melihat kemampuan matematis
siswa. Teknologi seperti komputer yang berkembang pesat dapat menjadi sumber alternatif untuk membantu proses
pembelajaran. Dengan demikian penggunaan teknologi dalam scaffolding merupakan hal yang dapat
dipertimbangkan. Khalil et al (2019) menyatakan bahwa terdapat pengaruh positif penggunaan geogebra sebagai alat
scaffolding untuk penyelesaian geometri. Secara khusus, masih perlu dilakukan penelitian lebih lanjut yang
mengungkap bagaimana penerapan Scaffolding berbantuan GeoGebra dapat mendukung kemampuan pemecahan
masalah geometri siswa. Penelitian ini merupakan penelitian deskriptif dengan pendekatan kualitatif. Subjek
penelitian adalah mahasiswa Program Studi Pendidikan Matematika semester empat yang berjumlah tiga orang
dengan kemampuan geometri tinggi, sedang, rendah. Metode penelitian terdiri dari tiga tahapan yaitu 1) studi
pendahuluan, 2) perencanaan, dan 3) implementasi. Teknik analisis data yang digunakan terdiri dari tiga tahapan
yaitu 1) reduksi data, 2) penyajian data, 3) penarikan kesimpulan. Hasil penelitian menunjukkan bahwa scaffolding
berbantuan geogebra diberikan dalam bentuk explaining pada subjek sedang dan pada subjek rendah dalam bentuk
explaining dan reviewing pada fase analisis serta dalam bentuk restructuring pada fase perencanaan. Hasil penelitian
ini dapat digunakan sebagai acuan guru yang memanfaatkan aplikasi Geogebra dalam rangka memberikan
scaffolding penyelesaian masalah geometri sesuai dengan kemampuan matematika siswa. Sehingga bentuk
scaffolding berbasis geogebra yang diberikan dapat membantu meningkatkan kemampuan matematis siswa secara
maksimal.

Abstract

Problem-solving activity is an activity that can be used to see students' mathematical abilities. Technology such as
computers that are developing rapidly can be an alternative source to assist the learning process. The use of
technology in Scaffolding is something that can be considered. Khalil et al (2019) stated that using GeoGebra as a
scaffolding tool for solving geometry has a positive influence. In particular, further research must be carried out to
reveal how applying GeoGebra-assisted scaffolding can support students' geometric problem-solving abilities. This
research is descriptive research with a qualitative approach. The research subjects were students of the Mathematics
Education Study Program in the fourth semester, totaling three people with high, medium, and low geometric
abilities. The research method consists of three stages: 1) preliminary study, 2) planning, and 3) implementation. The
data analysis technique consisted of three stages, namely 1) data reduction, 2) data presentation, and 3) concluding.
The results showed that GeoGebra-assisted Scaffolding was given in the form of explaining for moderate subjects
and for low-level subjects in the form of explaining and reviewing in the analysis phase and in the form of
restructuring in the planning phase. The research results can be used as a reference for teachers who use the
Geogebra application to provide scaffolding for solving geometric problems according to students’ mathematical
abilities. So that the form of geogebra-based scaffolding provided can help improve students' mathematical abilities
to the maximum.
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PENDAHULUAN
Problem-solving activity is an

problem-solving skills can help students
to learn to think mathematically (Rott,

activity that can be used to see students’
mathematical abilities. Problem-solving
is essential to learning mathematics
(Liljedahl, Santos-Trigo, Malaspina, &
Bruder, 2016). One of the reasons is that

2021). In particular, the core of the goal
of learning mathematics is that students
have skills in solving problems by
utilizing the mathematical concepts they
have learned. According to Szabo et al
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(2020), teaching mathematical problem-
solving is an effective way to deal with
various problems that develop. Rott
(2021) states that there are five problem-
solving indicators: analysis, exploration
(exploring aspects of the problem),
planning, implementation, and
verification. The right strategy is needed
to support students’ problem-solving
abilities. Using appropriate learning
strategies is one of the factors that can
influence students' success in becoming
successful problem solvers (Schoenfeld,
2016).

The scaffolding strategy was
introduced by Wood, Brunner, and Ross
(1976) as a gradual guidance or provision
of assistance to enable a child to solve a
problem. According to Makar et al
(2015), Scaffolding is temporary support
provided by a teacher or knowledgeable
person to help students solve problems
they cannot solve independently. This
support can be offered in different ways,
such as modeling, problem posing, and
others (Dukuzumuremyi & Siklander,
2018; Muhonen, Rasku-Puttonen,
Pakarinen, Poikkeus, & Lerkkanen,
2016). Scaffolding has received much
attention as an effective learning strategy
because it helps students engage in
learning and improves learning outcomes
(Belland, 2014). Research on Scaffolding
generally focuses on one-on-one or small-
group guidance. Teachers play an
essential role in the scaffolding process
by providing adaptive support that can
enhance student learning (Chen & Wu,
2016). Technology such as proliferating
computers can be an alternative source to
assist the learning process. So the use of
technology in Scaffolding is something
that can be considered. According to
Belland (2014); Kim & Hannafin (2011)

as scaffolding technology develops, it
depends not only on the scaffolding
provider but also on technology, such as
the software wused. GeoGebra is a
software that offers interactive learning
that allows students to explore various
mathematical concepts (Jelatu, Sariyasa,
& Made Ardana, 2018). GeoGebra can
help  teachers  increase  students'
understanding of mathematical concepts
and procedures because this software
offers mathematical functions such as
symbols, graphs, and many others
(Zulnaidi & Zamri, 2017). There have
been many studies linking GeoGebra with
learning, for example, in stereometry
learning (Kramarenko, Pylypenko, &
Muzyka, 2020), proof (Botana et al.,
2015) conceptual understanding of
integral material (Tatar & Zengin, 2016)
as well as geometry (Orozco & Morales-

Morgado, 2017; Venema, 2011)
curriculum, geometry is one of the
essential materials  taught  from

elementary school to university. This is
because geometry helps us understand the
world by comparing shapes, objects, and
relationships (Gunhan, 2014).
Understanding geometry is essential for
understanding other areas of
mathematics. This contributes to logical
and deductive reasoning about objects
and spatial relationships (Algahtani &
Powell, 2016). Therefore, understanding
the concept of geometry must be
developed effectively in learning
mathematics. Susilawati et al (2021)
explained that teaching geometry is
expected to be able to provide an attitude
of visualizing the relationships and
characteristics of geometric  spaces.
Susilawati et al (2021) emphasizes that
students must be given opportunities and

adequate supporting learning media to
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observe, explore, and find geometric
principles through informal activities
before informing what they have learned
in their formal learning activities.

Khalil et al (2019) conducted
research related to the use of GeoGebra
as a scaffolding medium on geometric
material. The main focus of this research
is to see the effect of geo on students'
mathematical thinking using a
quantitative approach. In particular, there
still needs to be more research that
reveals how applying GeoGebra-assisted
Scaffolding can  support students'
geometry problem-solving abilities. This
research is  essential,  considering
problem-solving relates to various
mathematical  activities  such  as
representation and reflective thinking
(Dorner & Funke, 2017). Based on some
of these descriptions, the formulation of
the problem that the researcher will raise
is how to apply GeoGebra-assisted
Scaffolding to  support geometric
problem-solving abilities. The research
aims to describe the application of
GeoGebra-assisted Scaffolding, which
can support the ability to solve geometric
problems.

RESEARCH METHOD

This research is descriptive
research with a qualitative approach. The
qualitative approach was chosen because
the research aims to describe the
application of GeoGebra-assisted
Scaffolding, which can support the
ability to solve geometric problems. The
research subjects were students of the
Mathematics Education Study Program
in the fourth semester. Three students
were selected randomly according to
criteria with the evaluation scores of
geometry in the previous chapter being

high, medium, and low—determination
of subject criteria based on the
evaluation value obtained on the material
before geometric flat wakes. Apart from
being based on scores, another criterion
is that the subject can complete the tasks
given seriously. This is done to obtain
data relating to the shape of the
GeoGebra rock scaffolding that will be
provided. Next, each subject was given a
geometry task to solve. Before being
given to students, the geometry
assignment was first assessed in terms of
content and language. The content aspect
assesses the suitability of the assignment
to the educational level, and the
language aspect assesses readability. The
research instrument used was
observation sheets of student and
lecturer activities. Observation sheets are
used to obtain qualitative data related to
student problem-solving activities and
Scaffolding carried out by lecturers.
Apart from using observation sheets,
solving  problems and providing
scaffolding was recorded using an audio
recorder. So that researchers can
increase their diligence to ensure the
validity of research data. Sugiyono
(2019) stated that the validity of research
data can be achieved by increasing the
researcher's perseverance in reading the
data  obtained. The  supporting
instrument is GeoGebra software.

The research method consists of
three stages: 1) preliminary study, 2)
planning, and 3) implementation. The
preliminary study consists of examining
scaffolding theory, problem-solving, and
GeoGebra. The planning stage involves
making research instruments, namely
observation sheets of student and
lecturer activities and the selection of

subjects. Implementation is the stage of
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collecting data, analyzing data, and
drawing conclusions. Data collection is
carried out at the implementation stage
by providing geometry-related problems
on the subject determined at the planning
stage. The results of the subject's work
were analyzed to determine the shape of
the Scaffolding assisted by the given
GeoGebra. The scaffolding shape is
given through the zoom platform
individually so that it is detected in detail
the scaffolding shape needed between
high, medium, and low subjects in
solving geometry problems. In this case,
the instrument used is the observation
sheet. After the observation data is
obtained, data analysis and conclusions
are drawn.

The data analysis technique
consists of three stages, namely 1) data
reduction, 2) data presentation, and 3)
concluding. Data reduction is choosing
primary data, namely choosing data that
meets all indicators of problem-solving
activities so that the form of GeoGebra-
assisted Scaffolding can be identified at
each step of  problem-solving.
Furthermore, data related to Scaffolding
to support problem-solving abilities that
have been analyzed are presented as a
description. And finally, drawing
conclusions based on the results of the
description. The problem-solving
indicators refer to the research results
Rott (2021) of analysis, exploration,
planning, implementation, and
verification. Analysis is discuss the core
of the problem, the process of solving it,
and the analogy with similar problems;
Exploration is discuss in an unstructured
manner the core of the problem, and the
process of solving it, analogizing the
problem  with  similar  problems;
Planning is adopt known procedures.

We are combining known procedures in
the context of a new problem;
Implementation is carry out activities
contained in the planning phase;
Verification is check results by looking
back at recently resolved issues.

While the form of Scaffolding
given refers to Anghileri (2006) consists
of three components, namely explaining,
reviewing, and restructuring. Activities
in explaining include telling and
showing, namely the preparation of
initial discussion material involving a
little student contribution. Reviewing is
an activity to refocus on the core issues.
This activity anticipates if students need
help to identify the essential aspects of a
concept or problem. The restructuring
component introduces modifications of
emerging ideas so that they produce
students' understanding and the ability to
interpret a concept.

RESULTS AND DISCUSSION

The preliminary study consists of
examining scaffolding theory, problem-
solving, and GeoGebra. The results of
the examination showed that not all
students were able to solve the problems
given. Thus, scaffolding is needed to
help students solve a problem.
Technology such as computers, which
are developing rapidly, can be an
alternative  source. The Geogebra
application can be used as an alternative.
Quantitative research results also show
that Geogebra  rock  scaffolding
positively affects students’ geometric
problem-solving abilities. The planning
stage  involves making  research
instruments, namely observation sheets
of student and lecturer activities and the
selection of subjects. Implementation is
the stage of collecting data, analyzing
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data, and drawing conclusions. Data
collection is carried out at the
implementation stage by providing
geometry-related problems on the
subject determined at the planning stage.
The results of the subject's work were
analyzed to determine the shape of the
Scaffolding assisted by the given
GeoGebra. The scaffolding shape is
given through the zoom platform
individually so that it is detected in detail
the scaffolding shape needed between
high, medium, and low subjects in
solving geometry  problems. The
following are the research results on
applying GeoGebra-assisted Scaffolding
to support problem-solving abilities in
the geometry material given to subjects
with high, medium, and low criteria. The
problems given by researchers are as
follows.

“Given the cube ABCDEFGH with a
side length of 2 units. If points K and L
respectively are the midpoints of the
lines BF and DH, while EC is the space
diagonal of the cube, then determine the
distance of point G to the KCLE plane”.

High Geometry Ability Subject

Based on the results of
observations in solving problems given
by subjects with high criteria fulfilling
all problem-solving indicators, lecturers
do not carry out Scaffolding. The
following details describe the stages of
solving high-subject problems. In the
analysis stage, the subject can determine
the essence of the given problem. This
can be seen in Figure 2, which shows
that the subject can correctly determine
the line's location where the distance
from point G to the KCLE plane is on
the CE line.
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Figure 2. High Geometry Ability Subject

Analysis Phases

Next, the subject completes the
exploration phase by determining which
lines can help solve the problem. In this
case, the subject first determines the
distance from point G to point E, from
point G to point K, and from point G to
point L. From the exploration and
analysis  phase, the subject who
previously only determined the location
of the distance after exploring can
determine the line representing the
distance of point G with the KCLE field,
i.e., the GM line. This can be seen in

Figure 3 below.
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Figure 3. High Geometry Ability Subject
Exploration Phase

Based on the results of the
exploration phase, the subject makes a
problem-solving plan using a
comparison of the areas of triangles.
This can be seen from the subject's
answers at the stages of calculating the
area of the EGC right triangle, as shown
in Figure 4 below.
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Figure 4. Planning Phase of High
Geometry Ability Subject

Geogebra Assisted Scaffolding: Strate... 186



APOTEMA: Jurnal Program Studi Pendidikan Matematika, Volume 10, No. 2. Juli 2024

ISSN: 2407-8840 (print)
ISSN: 2580-9253 (online)

The implementation phase can be
seen from the tall subject's answers using
a comparison of the area of the CGE
triangle. The first area comparison uses
the GE and GC line segments as the base
and height, and the second area uses the
EC and GM line segments as the base
and height. As seen in Figure 5 below,
by comparing the areas of the triangles,
the length of the line segment GM is
obtained, which is the distance from
point G to the KCLE plane.

E=eml-ocGE 7 1%

. T =
Figure 5. Planning Phase of High
Geometry Ability Subject

Furthermore, at the verification
stage, the subject re-examined the
problem-solving process. An
examination can be seen from the
conclusions written by the subject. In
this phase, the subject also checks the
suitability between the problems given
and the final results obtained. It can be
seen from the subject that the closest
distance from point G to the KCLE plane
is a perpendicular line from point G to
the KCLE plane. This can be seen in

Figure 6 below.
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Figure 6. Verification Phase of Hig
Geometry Ability Subjects

Moderate Geometry Ability Subject

Based on the results of
observations, the following describes the
stages of problem-solving and the form
of Scaffolding given in solving a given
problem. In the analysis phase, the
subject can understand the essence of the
given problem. This can be seen in
drawing spatial shapes to help visualize
the given problems, as shown in Figure 7
below. In the process of drawing the
geometric shapes, it can be seen that the
subject added a dotted line to the EC line
segment, which indicates the subject's
guess about the location of the line
segment, which is the distance between
point G and the KCLE plane. At this
stage, there is no scaffolding provided by
the lecturer.

Figure 7. Moderate Geometry Ability
Subject Analysis Phase

The subject's exploration phase is
shown by determining the distance from
point G to each corner point of the
KCLE plane, namely from point G to
points K, L, C, and E. Meanwhile, the
planning phase is seen when the subject
determines point O where this point O is
the point of intersection of line segments
KL and EC, and creates a line segment
GO. Furthermore, the implementation
phase is shown when the subject
determines the distance from point G to
point O. Furthermore, the verification
phase is shown when the subject
concludes that the distance from point G
to the KCLE plane is the distance
Geogebra Assisted Scaffolding: Strate... 187



APOTEMA: Jurnal Program Studi Pendidikan Matematika, Volume 10, No. 2. Juli 2024
ISSN: 2407-8840 (print)
ISSN: 2580-9253 (online)

between point G to point O, which is
equal to V1. Figure 8 below shows the
stages of solving problems from a
medium subject.

-
A . Jarak bhw G K budang eCLE
2 G w aw E > 2 (dog. bidw)
A W o G- et 4 EEY
= 2%+ \*

V)
®
3

—_—A

Y TR—— :

T .

T BK:-¥FF zRL: W=l
£c: 20
EL-kC zkE=LC=V

Sow b L w GLTadityne®
= \14 7_1'

= \44

_ _et=Ys
>0 W gusar © »> CO*= GL*-oOcCt
= = 2t e
_=.a-3
4
0 - v

b ovaw keclexat kw6 4 bdawy, fcle abatls
Javouw At 6 W dw O =

Figure 8. Stages of Problem-Solving
Subject Moderate Geometry Ability

Based on the problem-solving
process, the lecturer provided
Scaffolding at the planning stage. The
form of giving Scaffolding is in the form
of explaining, in which the subject is
asked to define the definition of distance.
The result of Scaffolding in explaining
this subject shows doubts about the
answer. This can be seen when the
subject, with the help of the GeoGebra
application, connects point G to point E
to form an ECG polygon. Then remove
the polygon in a two-dimensional type
so that it forms an ECG triangle, as
shown in Figure 9 below.

Figure 9. Scaffolding Explaining at the
Planning Stage of the Moderate
Geometry Ability Subject

Based on the results of the
Scaffolding, the subject then changed the
planning phase so that it was successful
in the implementation and verification
phases. The  success of  the

implementation and verification phases
is shown in Figure 10 below.

Figure 10. Stages of Problem-Solving
Subject Moderate Geometry Ability
After Being Given Scaffolding
Explaining

As seen in Figure 10, based on
the GeoGebra application, the subject
determines the distance from point G to
the KCLE plane by drawing a CGE
triangle. It determines the distance from
point G to the KCLE plane, namely the
line segment GM where GM is a line
perpendicular to the line segment CE.
Furthermore, in the implementation
phase, the subject determines the length
of a line segment GM using triangle
congruence and the Pythagorean
theorem. The subject carried out the
verification phase with the help of the
GeoGebra application, namely
comparing the distance from point G to
all points on the CE line segment.
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Low Geometry Ability Subject

Based on the results of
observations, low subjects experienced
difficulties at the analysis stage. The
difficulty experienced was that the
subject could not visualize the given
geometric problem. This impacts the
subject's ability to determine the essence
of the given problem. This can be seen
from the subject's answers, as shown in
Figure 11 below.
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Figure 11. Stages of Problem-Solving
Low Geometry Ability Subject

In Figure 11 above, it can be seen
that the subject first drew the FCG
triangle. Then determine the side lengths
of the line segments FG and GC with a
length of two units. Next, the subject
determines the length of the line segment
x using the formula x"2=272+2"2 and
finds x"2=8. Only after this stage will
the subject realize that the line segment
is X. This stage is necessary for the
subject to connect the first stage with the
second completion stage. This can be
seen from the second image made by the
subject, namely the F.ABCD pyramid.
The x value obtained (although it has yet
to obtain the actual x value) is not used
in the pyramid drawing. The pyramid
image also shows that the subject cannot
visualize the given geometric problem
where the length of all the sides of the
pyramid made is 2 units. The subject
also determines the volume of the
pyramid. The results of the pyramid

volume are also unrelated to the next
step, namely determining the FO length
in the third triangle that is made, namely
the AFC triangle. Based on the
irregularity of the problem-solving
stages that the subject did, it can be
concluded that the subject experienced
difficulties in the analysis phase, namely
determining the essence of the given
problem.

Based on these difficulties, the
lecturer then gave Scaffolding in the
form of explaining. With the help of
GeoGebra, the lecturer explains the
concept of point-to-point distance, point-
to-line distance, and point-to-plane
distance. For the point-to-point distance,
the lecturer places two points, namely
point A and point B, in a Cartesian
plane. Then the lecturer shifts point B in
several coordinates until the subject
finds the concept of distance, namely the
shortest path. Then the subject uses the
concept of distance to determine the
distance of a point with a line. At this
stage, the subject found a relationship
between the perpendicularity and the
concept of distance that the subject had
found before. Furthermore, Scaffolding
in the form of reviewing was given when
the subject was asked to determine the
distance from a point to the plane,
namely, determining the distance from
point G to the plane ABCD. The results
of the review can be seen in Figure 12
below.
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Figufe 12. Res'ult&s”bf RéviéWing
Subjects of Low Geometry Ability in
GeoGebra

In Figure 12, it can be seen that
the subject made several line segments
to help find the line segment, which
represents the distance between point G
to the plane ABCD. Using the help of
GeoGebra, intuitively, the low subject
can determine the distance between point
G to the plane ABCD, namely the line
segment GC.

After the subject understands the
concept of distance, the subject returns
to the given problem, and the subject
successfully completes the analysis
phase. Demonstrated with the subject
can determine the essence of the
problem given. The exploration phase
was also successfully carried out, as
shown by the subject's ability to
determine several line segments that
could assist in solving the problem,
namely the GE and EC line segments. In
addition, it is shown by the subject
drawing the EGC triangle to make it
easier to determine the line segment
representing the distance from point G to
the KCLE plane. Some of the above can
be seen in Figure 13 below.
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Figure 13. Analysis and Exploration
Phase of Subjects with Low Geometry
Ability After being given Scaffolding,

Explaining and Reviewing

In the planning phase, the subject
again  experienced difficulties in
determining the length of the GM line
segment, representing the distance
between point G and the KCLE plane.
This can be seen when the subject says
that the subject has no idea how to
determine the length of a line segment
GM. To overcome this, the lecturer
carried out Scaffolding in the form of
restructuring, namely modifying the
triangles the GeoGebra assistant subject
made. The modification is done by
showing the position of the triangle on
the cube, then rotating the cube so that
you can see the base and height of the
triangle from two different perspectives.
The first angle of view obtains the result
of the GE base and GC height, and the
second point of view is the EC base and
GM height. Figure 14 below shows the
result of restructuring using the
GeoGebra application, which affects the
planning and subject verification phases.
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Figure 14. Results of Restructuring Low
Geometry Ability Subjects in GeoGebra

Based on the research results
above, GeoGebra-assisted Scaffolding
supports problem-solving abilities in
geometric material. GeoGebra-assisted
Scaffolding helps the process of
reasoning abductively, inductively, and
deductively in solving problems (Uygan
& Bozkurt, 2019). This reasoning is
always used in every phase of problem-
solving. In addition, in linking one phase
to another, abductive reasoning is
required (Marasabessy & Hasanah,
2021). In subjects with moderate
abilities, geoge-bra-assisted Scaffolding
can help subjects in the planning phase.
Through the provision of Scaffolding in
the form of explaining, doubts arise in
the subject about the answer. The subject
then verifies these doubts by removing
the field corresponding to the problem so
that it is visible. Using GeoGebra makes
this easy and produces precise field sizes
so that the subject can see the location of
the error and correct it, which impacts
the success of the next problem-solving
phase. In line with the opinion of
Bwalya (2019), who states that geo-
geography can help demonstrate and
visualize so that it can help solve
problems appropriately.

Applying GeoGebra-assisted
Scaffolding is also an excellent strategy
to support problem-solving in the
analysis phase. The analysis phase is a

foothold in the problem-solving stage as
the basis for the next problem-solving
stage. The analysis phase is where the
subject finds the core of the problem, the
process of solving it, and analogies the
problem with similar problems. Arriving
at this stage requires a solid conceptual
understanding so that the analysis phase
can be carried out appropriately.
GeoGebra-assisted Scaffolding is proven
to help the subject overcome the
difficulties the subject is facing, namely
finding the concept of distance. Through
GeoGebra, the subject can explore what
is contained in his intuition so that he
gets the right concept that can be used to
solve problems. This is by research
(Jelatu, Sariyasa;, et al., 2018) which
states that GeoGebra scaffolding can
help  understand  procedural and
conceptual concepts.

KESIMPULAN

GeoGebra-assisted Scaffolding is
proven to be used to support geometry
problem-solving abilities. GeoGebra-
assisted Scaffolding on high subjects is
unnecessary. On low  subjects,
GeoGebra-assisted Scaffolding is carried
out in the planning phase by explaining;
that is, the subject removes the field
from the cube to convince his intuition to
get the right problem-solving plan. On
low subjects, GeoGebra-assisted
Scaffolding was carried out in the
analysis and planning phases. The
analysis phase is given Scaffolding in
the form of explaining and reviewing by
visualizing the concept of distance in
GeoGebra. The planning phase is given
Scaffolding in the form of restructuring,
namely by modifying the subject's
perspective with the help of the

GeoGebra application. The research
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results can be used as a reference for
teachers who wuse the Geogebra
application to provide scaffolding for
solving geometric problems according to
students' mathematical abilities. So that
the form of geogebra-based scaffolding
provided can help improve students'
mathematical abilities to the maximum.

DAFTAR PUSTAKA

Algahtani, M. M., & Powell, A. B.
(2016). Instrumental Appropriation

of a Collaborative, Dynamic-
Geometry Environment and
Geometrical Understanding.

International Journal of Education
in  Mathematics, Science and
Technology, 4(2).
https://doi.org/10.18404/ijemst.3805
4

Belland, B. R. (2014). Scaffolding:
Definition, current debates, and
future directions. In Handbook of
Research on Educational
Communications and Technology:
Fourth Edition.

https://doi.org/10.1007/978-1-4614-
3185-5 39

Botana, F., Hohenwarter, M., Janicic¢, P.,
Kovacs, Z., Petrovié, 1., Recio, T., &
Weitzhofer, S. (2015). Automated
Theorem Proving in GeoGebra:
Current Achievements. Journal of
Automated Reasoning, 55(1).
https://doi.org/10.1007/s10817-015-
9326-4

Bwalya, D. (2019). Influence of
Geogebra on Students’ Achievement
in Geometric Transformations and
Attitude towards Learning
Mathematics  with  Technology.
Journal of Education and Practice,
10(13), 25-36.
https://doi.org/10.7176/jep/10-13-04

Chen, C. H., & Wu, B. T. (2016).
Teaching students how to calculate
the area of complex figures with
circles by using learning trajectories.
Journal of Research in Education

Sciences, 61(2), 1-41.
https://doi.org/10.6209/JORIES.201
6.61(1).01

Ddérner, D., & Funke, J. (2017). Complex
problem solving: What it is and
what it is not. Frontiers in
Psychology, 8(JUL).
https://doi.org/10.3389/fpsyg.2017.0
1153

Dukuzumuremyi, S., & Siklander, P.
(2018). Interactions between pupils
and their teacher in collaborative
and technology-enhanced learning
settings in the inclusive classroom.
Teaching and Teacher Education,
76.
https://doi.org/10.1016/j.tate.2018.0
8.010

Gunhan, B. C. (2014). A case study on
the investigation of reasoning skills
in geometry. South African Journal
of Education, 34(2).
https://doi.org/10.15700/201412071
156

Jelatu, S., Sariyasa, & Made Ardana, I.
(2018). Effect of GeoGebra-aided
REACT strategy on understanding
of geometry concepts. International
Journal of Instruction, 11(4), 325-
336.
https://doi.org/10.12973/iji.2018.114
21a

Khalil, M., Khalil, U.,, & ul Haqg, Z
(2019). Geogebra as a Scaffolding
Tool for Exploring  Analytic
Geometry Structure and Developing
Mathematical Thinking of Diverse
Achievers. International Electronic
Journal of Mathematics Education,
14(2).
https://doi.org/10.29333/iejme/5746

Kim, M. C., & Hannafin, M. J. (2011).
Scaffolding 6th graders’ problem
solving in technology-enhanced
science classrooms: A qualitative
case study. Instructional Science,
39(3).
https://doi.org/10.1007/s11251-010-
9127-4

Kramarenko, T. H., Pylypenko, O. S., &

Geogebra Assisted Scaffolding: Strate... 192



APOTEMA: Jurnal Program Studi Pendidikan Matematika, Volume 10, No. 2. Juli 2024

ISSN: 2407-8840 (print)
ISSN: 2580-9253 (online)

Muzyka, 1. O. (2020). Application

of GeoGebra in  Stereometry
teaching. CEUR Workshop
Proceedings, 2643.

Liljedahl, P.,  Santos-Trigo, M,

Malaspina, U., & Bruder, R. (2016).
Problem Solving in Mathematics
Education.
https://doi.org/10.1007/978-3-319-
40730-2_1

Makar, K., Bakker, A., & Ben-Zvi, D.
(2015).  Scaffolding norms of
argumentation-based inquiry in a
primary mathematics classroom.
ZDM - Mathematics Education,
47(7).
https://doi.org/10.1007/s11858-015-
0732-1

Marasabessy, R., & Hasanah, A. (2021).
Penalaran Matematika : Apa Aspek
Sentralnya ? 05(01), 562-577.

Muhonen, H., Rasku-Puttonen, H.,
Pakarinen, E., Poikkeus, A. M., &
Lerkkanen, M. K. (2016).
Scaffolding through dialogic
teaching in early school classrooms.
Teaching and Teacher Education,
55.
https://doi.org/10.1016/j.tate.2016.0
1.007

Orozco, C., & Morales-Morgado, E. M.
(2017). Geometric representations
built with geogebra for improving
the visualization and reasoning
cognitive  process. Journal of
Information Technology Research,
10(1).
https://doi.org/10.4018/JITR.201701
0104

Rott, B. (2021). Inductive and deductive
justification of knowledge:
epistemological beliefs and critical
thinking at the beginning of
studying mathematics. Educational
Studies in Mathematics, 106(1).
https://doi.org/10.1007/s10649-020-
10004-1

Schoenfeld, A. H. (2016). Learning to
Think  Mathematically:  Problem
Solving, Metacognition, and Sense

Making in Mathematics (Reprint).
Journal of Education, 196(2), 1-38.
https://doi.org/10.1177/0022057416
19600202

Sugiyono. (2019). METODE
PENELITIAN PENDIDIKAN. In
Bandung:Alfabeta.

Susilawati, W., Suryadi, D., & Dahlan, J.
A. (2021). The Improvement of
Mathematical Spatial Visualization
Ability of Student through Cognitive
Conflict. International Electronic
Journal of Mathematics Education,
12(2).
https://doi.org/10.29333/iejme/607

Szabo et al. (2020). Examples of
problem-solving strategies in
mathematics education supporting
the sustainability of 21st-century
skills. Sustainability (Switzerland),
12(23).
https://doi.org/10.3390/su12231011
3

Tatar, E., & Zengin, Y. (2016).
Conceptual ~ Understanding  of
Definite Integral with GeoGebra.
Computers in the Schools, 33(2).
https://doi.org/10.1080/07380569.20
16.1177480

Uygan, C., & Bozkurt, G. (2019).
GeoGebra-based Scaffolding of a
Prospective Mathematics Teacher’s
Learning While Exploring the
Properties of Chord and Tangent in
Circle. Journal of Qualitative
Research in Education, 7(4), 1-30.
https://doi.org/10.14689/issn.2148-
2624.1.7¢.4s5.15m

Venema, G. A. (2011). Exploring
advanced euclidean geometry with
geogebra. In Exploring Advanced
Euclidean Geometry with
GeoGebra.
https://doi.org/10.5948/9781614441
113

Wood, D., Bruner, J. S., & Ross, G.

(1976). THE ROLE OF
TUTORING IN PROBLEM
SOLVING. Journal of Child

Psychology and Psychiatry, 17(2).
Geogebra Assisted Scaffolding: Strate... 193



ISSN: 2407-8840 (print)

<‘“‘“M‘ APOTEMA: Jurnal Program Studi Pendidikan Matematika, Volume 10, No. 2. Juli 2024
....J ISSN: 2580-9253 (online)

https://doi.org/10.1111/j.1469-
7610.1976.tb00381.x

Zulnaidi, H., & Zamri, S. N. A S.
(2017). The effectiveness of the
geogebra software: The
intermediary role of procedural
knowledge on students’ conceptual
knowledge and their achievement in
mathematics. Eurasia Journal of
Mathematics, Science and
Technology  Education,  13(6).
https://doi.org/10.12973/eurasia.201
7.01219a

Biografi Penulis

Arif Hidayatul Khusna, M.Pd

Penulis adalah dosen Program Studi
Pendidikan ~ Matematika  Universitas
Muhammadiayah Malang. Pendidikan
terakhir ~ penulis adalah  Program
Magister (S2) Pendidikan Matematika
Universitas Negeri Malang, lulus tahun
2016.

Dr. Alfiani Athma Putri Rosyadi, M.Pd
Penulis adalah dosen Program Studi
Pendidikan  Matematika  Universitas
Muhammadiayah Malang Pendidikan
terakhir ~ penulis adalah  Program
Doktoral (S3) Pendidikan Matematika
Universitas Negeri Malang, lulus tahun
2023.

Prof. Akhsanul In’am, Ph.D

Penulis adalah Professor Program Studi
Pendidikan  Matematika  Universitas
Muhammadiayah Malang.

Geogebra Assisted Scaffolding: Strate... 194



