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ABSTRACT In the present study, the effects of using dynamic geometry software in active learning framework on
students’ problem posing skills and their views about problem posing were examined. The participants
consisted of 16 eighth-grade students. Data were collected by problem posing tests, open-ended
questions, student diaries, and dynamic geometry software supported tasks. The study, designed with the
embedded mixed method, lasted 13 weeks. The dependent t-test was used in the analysis of quantitative
data, and descriptive analysis was performed in qualitative data. Problem posing skills of students
examined according to use of mathematical language, grammar and expression, suitability to
acquisitions, quantity and quality of data, solvability, originality, solution of the problem criteria. In the
present study, it was determined that the use of dynamic geometry software in active learning framework
developed students’ problem posing skills. The problems that students posed in the dynamic geometry
software during the implementation process indicated improvement in terms of problem posing skills as
the weeks passed. It was found that students had positive views about the problem posing process, while
they experienced some difficulties in this process.

Keywords:  Active learning framework, Dynamic geometry software, Eighth-grade students, Problem posing skill,
Triangles.

Dinamik geometri yazilimi ve aktif 6grenme cercevesi ile
ogrencilerin problem kurma becerilerinin gelistirilmesi

0Z  Aragtirmada, aktif 6grenme gercevesinde dinamik geometri yazilimi kullaniminin 6grencilerin problem
kurma becerilerine ve problem kurmaya yonelik goriislerine etkisi incelenmistir. Katilimcilar, 16
sekizinci smif Ogrencisinden olusmustur. Veriler problem kurma testi, acik uglu sorular, dgrenci
giinliikleri ve dinamik geometri yazilim1 destekli etkinlikler ile toplanmigtir. Gomiilii karma yontem ile
tasarlanan arastirma 13 hafta stirmiistiir. Nicel verilerin analizinde iliskili 6rneklemler t-testi, nitel
verilerde betimsel analiz yapilmustir. Ogrencilerin problem kurma becerileri; matematik dilini
kullanabilme, dil bilgisi ve anlatim, kazanimlara uygunluk, veri miktar1 ve niteligi, ¢oziilebilirlik,
6zgiinliik, problemin ¢dziimii kriterlerine gore incelenmistir. Arastirmada, aktif 6grenme gercevesinde
dinamik geometri yazilim: kullanimmm &grencilerin  problem kurma becerilerini gelistirdigi
belirlenmistir. Ogrencilerin uygulama siirecinde dinamik geometri yaziliminda kurduklari problemler
ise haftalar ilerledik¢e problem kurma becerileri agisindan gelisim gdstermistir. Ayrica dgrencilerin
problem kurma siirecine yonelik goriislerinin olumlu oldugu ancak bu siiregte bazi zorluklar yasadiklar
gorillmiistiir.

Anahtar  Aktif ogrenme ¢ergevesi, Dinamik geometri yazilimi, Problem kurma becerisi, Sekizinci sinif
Sozciikler: ogrencileri, Uggenler.
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INTRODUCTION

Problem posing is an intellectual activity defined as making changes in the given problem or creating
problems in accordance with the presented mathematical situations (Cai & Hwang, 2020; Silver, 1994).
Problem posing activities require many skills including the skill of students to pose complex
mathematical problems as well as simple problems, formulate problems from daily life situations, take
advantage of different mathematics topics and choose a suitable approach to a mathematical situation
(Abu Elwan, 1999). However, problem posing activities that have an important place in the development
of mathematical ideas of students are not sufficiently utilized (Ellerton, 2013). It is also stated that there
is not enough information about mathematics teaching designed by using problem posing activities (Cai
& Hwang, 2020; Cai et al., 2015; Xu et al., 2020). Chen and Cai (2020) pointed out that teaching
mathematics with problem posing approach encourages students to think actively and creatively and has
potential benefits such as supporting students’ understanding mathematical concepts. In addition, the
problem posing approach has been found to improve students’ problem solving skills (Abu Elwan, 2002;
Chen et al., 2015) and mathematical thinking (English, 1997). In addition, it is indicated that problem
posing approaches improve students' problem posing skills (Abu Elwan, 1999, 2002; Cankoy, 2014;
English, 1997). At this point, studies are needed on the design of the process and revealing the benefits
of adopting a problem posing approach in mathematics lessons (Chen & Cai, 2020).

There is an increasing interest in the use of technology in mathematics education, and it has been
emphasized that the exploration opportunities offered by technology are related to problem posing (Cai
et al., 2015). Problem posing process supported with technology contributes positively to problem
posing performance of students. For example, Beal and Cohen (2012) examined the problems posed by
middle school students by using a web based content authoring and sharing system. This system also
provided students with social behaviors such as solving problems written by their peers and interpreting
each other’s problems. Students were found to be successful in problem posing with this system.
However, it was found that students preferred problem solving activities more than problem posing.
Abu Elwan (2014) examined the algebraic problems prospective teachers posed with "what if" and "what
if not" strategies in dynamic geometry software (DGS) environment. Prospective teachers posed more
problems by using this strategy since they could make changes to the original problem more easily with
"what if" strategy in DGS. The DGS helped prospective teachers to pose new problems and confirm
their assumptions. Besides, prospective teachers stated their views that DGS provided an effective
environment for problem posing and this environment was interesting.

Drawing, dragging and measurement tools of DGS contribute to students’ problem posing and the
process of validating the problems they pose (Christou et al., 2005; Ogal et al., 2020). In addition, DGS
allows creating, reshaping, manipulating, moving geometric objects and examining their interactions in
an interactive way (Christou et al., 2005). In this respect, using DGS in problem posing can be useful in
developing problem posing skills of students. However we have limited knowledge about designing
classroom environments to develop problem posing skills and attitudes of students and about how
technology can be integrated into these environments (Ellerton et al., 2015). For this reason in the
present study, DGS supported problem posing based learning process was designed and on the effect of
this learning of environment students' problem posing skills was focused. In this respect, it is thought
that this study will contribute to the literature in terms of integrating technology to problem posing
environments and examining its reflections in the implementation process.

Although computer based technologies are suitable for problem posing in different mathematics topics,
it may be more convenient to use them in geometry in order to provide opportunities such as dynamic
visualization and exploration of objects (Cai et al., 2015). In the eighth-grade mathematics curriculum,
the topic of triangles is handled in depth and covers an important part of the program (Ministry of
National Education [MoNe], 2018). In the curriculum, the topic of triangles consists of auxiliary
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elements of the triangle, triangle inequality, angle-side relations, construct of the triangle, the
Pythagorean Theorem, congruence, and similarity (MoNE, 2018) subtitles, respectively. Studies have
shown that students have difficulties in explaining the auxiliary elements of a triangle (Sengiin &
Yilmaz, 2021) and they have misconceptions in triangles (Cutugno & Spagnolo, 2002; Kaya, 2018). For
example, Sengiin and Y1lmaz (2021) found that eighth-graders had difficulties in explaining median and
angle biosector in triangle and these concepts were confused with altitude. In addition, Kaya (2018)
reported that eighth-graders had many misconceptions such as confusing bisector with median, thinking
that a triangle can be drawn given the length of two sides or three interior angles and confusing the terms
of drawing triangle with Pythagorean Theorem. Cutugno and Spagnolo (2002) showed that students had
misconceptions only about drawing altitude inside the triangle. The topic of triangles was preferred in
the present study because of the difficulties experienced by students about triangles and the contributions
of DGS, which has the potential to overcome these difficulties, to the geometry learning environment.

Research Objectives

The present study aims to examine the effects of using dynamic geometry software in active learning
framework on problem posing skills of eighth-grader students about triangles and their views about
problem posing. Specifically, answers to the following problems have been sought:

1. Ts there a significant difference between students’ pre and post-implementation problem posing skills?
2. How are the students’ pre and post- implementation problem posing skills?

3. How are the student groups’ during the implementation problem posing skills?

4. How are students’ views on pre and post-implementation problem posing based learning?

Theoretical Framework
Active learning framework

School mathematics programs have focused on developing students’ problem solving and problem
posing skills does not receive enough attention in classroom activities (Ellerton, 2013; Ellerton et al.,
2015). However, studies have shown that there is a significant relationship between problem solving
and problem posing (e.g., Cai, 1998; Cai & Hwang, 2002; Chen et al., 2015; Silver & Cai, 1996) and
these two activities affect each other mutually (Xie & Masingila, 2017). For example, in an international
comparison study with sixth-grades, Cai and Hwang (2002) determined that there is a strong relationship
between Chinese students’ problem solving and posing skills, and that this relationship is weak in US
students. On the other hand, Silver and Cai (1996) concluded that students with high problem solving
skills pose more complex problems and there was a strong positive relationship between problem
solving and posing. In this context, problem posing based learning process was designed on the
relationship between problem solving and problem posing in this study.

Different designs have been preferred in literature on how problem posing activities can be approached
in classroom environments (e.g., Abu Elwan, 1999, 2002; Cankoy, 2014; Chen et al., 2015; English,
1997; Ellerton, 2013; Ornek & Soylu, 2021; Xie & Masingila, 2017). For example, Chen et al. (2015)
adopted a problem posing process consisting of understanding the problem posing task presented,
identifying its category, posing new problems by applying problem posing strategies and evaluating
these problems. Ornek and Soylu (2021) designed a Problem Posing Learning Model in which the stages
of understanding the desired situation, designing the story, forming the problem statement, solving the
problem, assessing the problem and finalizing to pose a problem were followed. However, it can be said
that these designs do not detail the actions of teachers and students in the process of problem posing and
do not contain sufficient explanations about which stages to follow in teaching concepts. In this respect,
Ellerton (2013) developed an active learning framework (ALF) based on the stages of modelling of
examples, drawing attention, locating of examples, problem solving, problem posing and discussion.
Ellerton (2013) aimed to integrate problem solving and problem posing activities to mathematics
curriculum in parallel to each other with this framework. ALF stages were followed in the problem

95

R GE R A= AU SIaUE| 2022, Volume 11, Issue 2 www.turje.org


http://www.turje.org/

APARI, OZGEN, & ZENGIN; Developing students' problem posing skills with dynamic geometry software and active
learning framework

posing based classroom environment designed in this study. This framework was preferred because it
supports active learning in problem posing process, it is based on the relationship between problem
solving and problem posing and dominant classroom and student actions are defined at each stage
(Ellerton, 2013).

In the present study, the following stages of ALF were followed in problem posing based learning
process. In the modelling of examples stage, the teacher models examples, the students listen and imitate
the samples presented by the teacher. In the process of drawing attention to examples, the students
observe the examples presented by the teacher and engage in the examples. During the locating of
examples stage, the presented examples are located in the student, and students are aimed to recognize
the related concepts by doing research. In the problem solving stage, students try to solve the problems
based on the model problem by recalling what they have learned and helped those who need support. In
the problem posing stage, the students share their ideas with each other and pose problems with the same
structure as the model problem by doing various experiments. In the discussion stage, the solution of
the problems posed by the students and class discussion are made (Ellerton, 2013). In a study they
conducted on prospective teachers, Xie and Masingila (2017) tried to determine the interaction between
problem solving and problem posing and find out whether the order in which these two activities are
carried out matters. In this respect, ALF was extended (EALF) by keeping the logic of students’
progression from passive receiver to active learner role. Unlike ALF, stages were added to EALF in
which first problem posing and then problem solving stages were followed. In the first stage of EALF,
the teacher models examples. Next, the framework is divided into two different paths as problem solving
or problem posing activities. In the first stage of the tasks that start with problem posing activities, the
teacher designs problem posing activities. Students pose different problems from these activities and
new concepts are discussed. The problems posed are solved by students and these problems are
discussed. In the last stage, students try to pose problems according to the problems solved or new
concepts. In the first stage of the tasks that start with problem solving activities, the teacher designs
problem solving activities. Students try to solve these problems and they discuss new concepts. In the
next stage, students pose new problems with the same structure to these problems or different types of
problems. Finally, a class discussion is made and students try to solve the problems they pose (Xie &
Masingila, 2017).

Problem posing activities performed after problem solving can make it easier for students to create new
problems from the existing problem (Siswantoro & Siswono, 2019). In addition, it may be more useful
to switch to problem posing activities after gaining experience in problem solving (Lavy, 2015). In this
respect, the problem posing-problem solving ranking in Xie and Masingila’s (2017) EALF may not be
suitable for students without problem posing experience. Besides, result of the previous study has
revealed the contribution of problem posing process by using ALF in developing students’ problem
solving and posing skills (Ozgen et al., 2019). For this reason, in the present study, ALF of Ellerton
(2013) has been adopted as a guide framework where there is a problem solving stage before problem
posing. In this study, a learning environment was designed to enable students to learn about these
concepts as well as develop their problem posing skills on triangles topic. Therefore, it is thought that
the stages of ALF will contribute to teaching of targeted topic. It can be said that the problem posing
stage of ALF, which has the same structure as the model problem (Ellerton, 2013), restricts students in
terms of problem posing on different topics. However, this limitation of ALF may serve the criteria of
suitability to acquisitions, which is one of the criteria that reflect students’ problem posing skills in the
present study. Although student actions such as listening and imitating emphasized in the early stages
of ALF (Ellerton, 2013) are in line with the traditional approach, it can be said that there are traces from
the constructivist learning philosophy in the later stages of the framework. Therefore, since this
framework is considered to be suitable for our learning environment, the ALF of Ellerton (2013) was
adopted in the present study. In addition, the ALF has been chosen since integrating problem solving
and posing, step by step student progress to the role of active learner (Ellerton, 2013), and being a guide
in designing the problem posing process. In addition, the stages are supported with dynamic geometry
software (DGS).
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Technology supported problem posing environment

Integrating technology to mathematics teaching enables students to understand concepts better and
provides suitable environment for students to be included in deep cognitive activities (Ranasinghe &
Leisher, 2009). Supporting problem posing activities with technology can enrich the problem posing
process (Shriki & Lavy, 2012). For example, Ogal et al. (2020) examined the problems prospective
teachers posed with paper-pencil test and in DGS environment in terms of creativity. It was found that
prospective teachers were insufficient about posing creative problems in these two environments and
the problems were mostly related to length. DGS has enabled prospective teachers to see the mistakes
they make in the problems they pose and the errors in numerical values. In this respect, it was found that
prospective teachers were more successful in posing conceptually valid problems in DGS environment.
The measurement and drag properties of the DGS provide an understanding of the problem and help to
examine the correctness of the possible solutions and assumptions of the problem (Christou et al., 2005).
DGS provides learning environments suitable for creating complex shapes that cannot be made with
pencil and paper and for making various transformations of these shapes. In addition, the dragging tool,
which is a unique feature of DGS, provides students to test their assumptions and to make empirical
justification (Marrades & Gutiérrez, 2000).

It was emphasized that DGS plays an effective role in the problem posing process (Abu Elwan, 2014;
Christou et al., 2005; Leikin, 2015). For example, Lavy and Shriki (2010) found that structured problem
posing activities carried out with “What if?” strategy in DGS supported environment were effective in
deepening prospective teachers’ knowledge of geometric concepts and shapes and improving their
mathematical knowledge. In addition, the features of the software such as calculating and drawing made
it easier for prospective teachers to examine without wasting time during the problem posing process.
Shriki and Lavy (2012) examined the problem posing situations of mathematics teachers by using the
“What If Not?” (WIN) strategy. It was defined that teachers are motivated with the help of WIN strategy
in DGS, and their insight and understanding are improved. Leikin (2015) found that prospective teachers
improved their problem posing skills, created new problems from a simple problem, and able to design
problem posing activities for their peers through the investigations in DGS. On the other hand, Christou
et al. (2005) reached the conclusion that DGS supports prospective teachers in terms of conjecture,
experimentation, modelling and generalization in the problem solving-posing process. DGS provides
the establishment of connections between the concepts during the problem posing process and facilitates
the investigation of validity and solution control of the posed problems (Lavy & Shriki, 2010).

GeoGebra, which combines the features of DGS and computer algebra system in the same source,
provides dynamic links between multiple representations of mathematical concepts (Hohenwarter &
Jones, 2007). In addition, user-friendly GeoGebra dynamically helps students explore mathematical
relationships and solve problems (Dikovic, 2009). GeoGebra can support creativity in the problem
posing process and deepen the problem solving and posing process of students (Petkova & Velikova,
2015). Afrilianto et al. (2019) compared Project-Activity-Cooperative Learning (PACE) model,
GeoGebra supported PACE (PACE-G) and direct learning environments in developing students’
problem posing skills. It is concluded that PACE-G and PACE model is more effective than direct
learning environments in developing students' problem posing skills. In another study, it was stated that
problem posing learning based on GeoGebra applications positively affected students' conceptual
understanding skills (Siswantoro & Siswono, 2019). It has also been found that classroom discussions
of students while creating dynamic materials in a GeoGebra supported sociocultural learning
environment contribute to mathematical communication (Zengin, 2018). In this line, in the problem
posing based learning process GeoGebra was used because of the benefits that can be effective in
improving students’ problem posing skills.

Problem posing situations

Stoyanova and Ellerton (1996) classified problem posing situations in three categories as free, semi-
structured and structured problem posing. In free problem posing situation, students are encouraged to
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pose problems from a natural or artificial situation provided without any limitations. In semi-structured
problem posing, students are expected to explore a given open situation such as incomplete problems,
equations, and picture by using their mathematical experience, knowledge and skills and to pose
problems suitable for this situation. In structured problem posing, students are asked to produce new
problems by making changes in the conditions of the existing problem (Stoyanova & Ellerton, 1996).

The problem posing tasks prepared in this study are based on Stoyanova and Ellerton’s (1996) problem
posing situations. Stoyanova (1998) stated that problems involving the use of a specific concept can be
posed in situation of free problem posing. She gave the example of “Make up some problems which
relate to the right angled triangle.” (p. 173) to this situation. This study also included problem posing
activities that included the use of concepts related to triangle topics discussed in the problem solving
phase of ALF in free problem posing situation. Structured problem posing situations were discussed in
the context of problem posing with a similar structure to this problem, after the problem based on the
model problem was solved in problem solving phase of ALF. One of the situations presented to students
in semi-structured problem posing is incomplete problem structures based on diagram or picture
(Stoyanova, 1998; Stoyanova & Ellerton, 1996). In this sense, when the students are presented a triangle
in DGS environment, they may tend to use different triangle concepts from the sub-topics of the triangle
discussed in the implementation process. In the present study, sub-topics related to triangles stated in
“Process” section were included every week during the implementation process. For this reason,
problem posing activities prepared during the implementation process included free and structured
problem posing situations and the students built all the structures themselves in the DGS environment
for the problems they posed.

METHODOLOGY

Embedded mixed methods were used in this study. Qualitative and quantitative data were collected from
the same participants, and qualitative data played a supportive role to promote dominant quantitative
data (Creswell, 2014). The quantitative data in the present study were obtained by scoring the problems
students posed according to a rubric and determining their levels. Quantitative data were collected using
a one group pre-test and post-test design. In this design, the effect of the experimental process observed
on a single group is measured using pretest-posttest pre and post-implementation (Creswell, 2014). The
qualitative data consist of pre and post-implementation views of students about problem posing
activities, and student diaries.

Participants

The participants of this study were 16 eighth-grade students who were studying in a public school in
Turkey. Participants were selected from the volunteer students, according to the convenience sampling
method. Students individually responded to the data collection tools implemented pre and post-
implementation. In the tasks carried out during the implementation process, the binary groups were
made through gathering the students in the upper and lower groups in the same group according to the
mean score of the seventh-grade mathematics lesson report card. In seventh-grade mathematics lesson
report card score averages, the lowest score is 0, while the highest score is 100. Seventh-grade
mathematics lesson report card score averages of the students were obtained from the school
administration.

When the students were classified according to their seventh-grade scores, the students within the range
of (21-54) were grouped as low mathematics success. This group includes students named Ss, Ss, Si3,
Si14, S15and Sy6. Students named Sy, Sy, Sa, Se, S7, S, S10 and S12 whose mathematics scores were between
(55-84) had moderate mathematics success. Finally, students named Sz ve Si1 who had a score between
(85-100) were grouped as high mathematics success level. Eight groups were formed in the present
study and they were named as Sl-Sg, 82-816, S3-Sl4, S4-813, 85-55, S7-Slo, Sg-slz, S11-S1s. Before the
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implementation, it was determined that the students did not have experience in posing their own
problems and they did not use GeoGebra in their lessons. However, students can use the computer
sufficiently as they took information technology and software lessons in the fifth and sixth-grades.

Data Collection Tool and Process
Tasks

In the present study, seven tasks were developed on the topic of triangles. The tasks consist of auxiliary
elements of the triangle, triangle inequality, angle-side relations, construct of the triangle, the
Pythagorean Theorem, congruence, and similarity (MoNE, 2018) subtitles, respectively. MoNE (2018)
and ALF (Ellerton, 2013) were referred to while developing tasks. While preparing the tasks, dynamic
materials on the GeoGebra website (www.geogebra.org) were considered relating to how the topic of
triangles could be discussed in dynamic environment. The tasks were prepared by considering the six
stages of ALF and these stages were supported with GeoGebra software. Students were encouraged to
pose problems in a dynamic environment. In the first three weeks of the implementation process, the
activities applied in the problem posing stage of ALF were structured and in the last four weeks, they
were prepared according to free problem posing situations. Students were also provided with
instructions (e.g., the problems you will pose must be solvable) about what they should pay attention to
during the problem posing stage. These instructions have guided the students in terms of what they
should pay attention to in the problems they pose. In addition, in the problem solving and posing stages
of the tasks, activities within the context of daily life were developed to enable students to associate
their mathematical knowledge with daily life.

The prepared tasks were examined by two mathematics education experts and two mathematics teachers.
Necessary corrections were made in line with the feedback received from the experts. For example, the
necessity to provide clues about the concepts related to the difficulties that students will face during the
problem solving stage was added to the tasks. At this stage, possible scenarios were discussed in line
with the feedback received from experts that concept-oriented specific information should be written in
the discussion stage of tasks. It was also stated that students had to be presented with instructions during
problem solving and problem posing stages and problem solving-posing instructions were added. Then,
the tasks were piloted to 19 eighth-grade students at the school where the main implementation carried
out. With the pilot study, necessary corrections were made in areas that are not understood on subjects
such as the duration of the tasks, the suitability and adequacy of the used materials, encountered
difficulties in implementation, and language-expression of the problems. Below is an example task used
in the second week of the implementation process supported with GeoGebra software and designed
according to ALF.

Stage 1- Modelling of Examples: The teacher tries to determine students’ previous knowledge in the
introduction. For this purpose, the teacher draws a triangle on the board and asks students the question
of how to find out the side lengths of the triangle drawn. The triangular traffic sign and the triangular
wall shelf, which we encounter in daily life, are shown to students on interactive board, they are
explained how they need to learn the topic of triangle inequality and they are informed about the goals
of the lesson. Students passively listen to the teacher and they imitate the visuals presented below (Figure
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Stage 2-Drawing Attention: The teacher forms the examples given below (Figure 2) by using
GeoGebra software on interactive board. With the examples the teacher creates on GeoGebra software,
students observe how a triangle is drawn, three side lengths of which are given and pay attention to the
side lengths with which triangles can and cannot be drawn. At this stage, the teacher has an active role
and draws triangles with GeoGebra software. The students engage with the information given in a
passive position.

Figure 2.
Drawing Attention Stage

Example: Draw the triangles whose side lengths are given below in GeoGebra software.

a) a=6cm b=9cm c=7cm b) a=6¢cm___b=9%9cm c=3cm

C

Stage 3-Locating of Examples: This stage is the stage in which students will create the targeted
acquisition and the worksheet below (Figure 3) is distributed to student groups. Students try to draw a
triangle by following the instructions below in GeoGebra software. Students move the slider in the task
they created with their group friend; they observe the changes in the triangle and research the
relationships. Student groups fill in the table given on the worksheet, they begin to recognize the
relationship between the sides of the triangle and to research whether it is possible to draw a triangle or
not, while the teacher is in the guiding position.

Figure 3.
Locating of Examples Stage

Worksheet:

a) Open the GeoGebra software.

a=2
b) | i Select the slider tool and form three a, b, ¢ sliders with a minimum value of 1, a maximum value of
10 and an increment value of 1.

c) .D] Select the segment with given length tool and form a line segment with a length of a.

¢)! —4 Select the circle: center & radius tool, select point A of the line segment you created, type “b” in

the new page that opens and create a circle with centre A and radius b.

(¥
d) Select the circle: center & radius tool, select the point B of the line segment you created, type “c”
in the new page that opens and create a circle with centre B and radius c.

e) Xll Select the intersect tool, find the intersection point of the circles you created by selecting the circles
separately.
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Figure 3. (Continued)
Locating of Examples Stage

.';.
f) ":ll Select the polygon tool, create a triangle passing through points A, B and C by selecting points A,
B and C respectively.

cm'

-

g) =i Select the distance or length tool, find the side length by selecting separately the sides of the ABC
triangle you created.

g) Write the side lengths of the triangle ABC that forms when you move the slides a, b, ¢ the sum and the
difference of the side lengths and whether a triangle is drawn or not in the table below.

Triangle

a b c a+h a+e b+e |a-b| |a-c| [b-c| | cam be |can’t be

drawn drawn

h) Is there a relationship between the sides of the triangle according to the table above?

1) Based on the relationship between the side lengths of the triangle, what kind of a conclusion can we reach
about whether a triangle can be drawn or not?

Stage 4- Problem Solving: At this stage, students by recalling what they have learned and with their
group friends try to solve the following problem related to daily life given in the worksheet in accordance
with the problem solving instructions given below (Figure 4). The teacher supports groups having
problems in problem solving with clues. The teacher tells the groups who have difficulties which have
problems that the a, b and c sides of the triangle are the side lengths of the geometry strip in the problem,
according to the table they filled in during the locating examples stage. Thus, students are given clues
that they can solve the problem by using triangle inequality. The teacher tells the students experiencing
difficulty in the evaluation phase that they can evaluate the problem solved by making use of GeoGebra
software. The teacher also tells the students that they have to choose the maximum level as 20 instead
of 10 in the sliders they create in the task they carry out in locating examples stage. The problem posing
stage is started after all groups solve the problem.

Figure 4.
Problem Solving Stage

7cm

13cm

X

Ali wants to make similar of the above traffic sign using three geometry strips. The length of
the given two strips are 13 cm and 7 cm, respectively. Find the sum of integer values that the
length of the third geometry strip can take.
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Stage 5-Problem Posing: At this stage, student groups try to pose a problem in GeoGebra software in
the situation of structured problem posing same as the triangle inequality problem in the problem solving
stage (see Figure 5). The teacher observes students passively, while student groups try to pose a problem
about triangle inequality in daily life by reflecting their ideas to each other. While creating the triangle
inequality in GeoGebra software for the problems posed by students, the teacher guides the students to
give the maximum and minimum values of the sliders according to the side lengths of the triangles they
have created.

Figure 5.
Problem Posing Stage

Pose a new problem in GeoGebra software by changing the state, conditions and assumptions of the
triangle inequality problem you have solved above and solve the problem you have posed.

Stage 6-Discussion: In Figure 6, possible mistakes that students may make in the problems they have
posed in triangle inequality are discussed during the discussion stage of the second week of the
implementation process.

Figure 6.
Discussion Stage

At this stage, the problems posed are presented to the classroom. The problems posed are discussed
by the class, the incomplete or wrong parts are evaluated by students and mistakes are noticed. In
the problems posed, the problems in which the integer is not specified while asking the third side
while drawing a triangle are discussed and it is questioned why integer should be specified. In the
problems posed, the suitability of the values given to side lengths and the units used to real life is
discussed and the errors made are fixed. The problems posed are solved and the task is ended after
drawing attention to different strategies that can be applied in the solutions of students.

The problem posing test

In the present study, the problem posing test (PPT) was developed to determine students’ problem posing
skills. Because triangles covered through the seven acquisitions in Turkish eighth-grade mathematics
curriculum, PPT formed by seven questions with respect to each acquisition. PPT was prepared
according to the framework of Stoyanova and Ellerton (1996). First and fifth questions are free; second,
sixth questions are semi-structured; third, fourth and seventh questions are structured problem posing
situation.

For the validity and reliability of the developed test, two researchers who are experts in mathematics
education and two mathematics teachers examined the test in terms of convenience, semantic and scope.
Necessary corrections were made in the test according to the feedback. For example; “Pose and solve a
problem by using auxiliary elements (median, angle bisectors, altitude) in the triangle.” question that
was developed in free posing situation was stated in the situation of general and difficult to evaluate in
accordance with the expert view. For this reason, this question was rearranged according to the
structured posing situation. In this context, the students were given a sample problem situation related
to median. The students were asked to pose a new problem by using auxiliary elements in triangle by
changing the conditions and assumptions of the given problem. PPT was applied to 19 eighth-grades in
the pilot study and the test was finalized by correcting some expressions.

Daily life situations were used while developing PPT. Figure 7 shows an example of the daily life related

problem posing activity prepared according to the triangle inequality acquisition in the seventh question
of PPT. Students were given two lesson hours (80 minutes) to complete PPT.
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Figure 7.
PPT Seventh Question

Ali will put up a fence around his triangular garden. Find the sum
of the highest and lowest integer value the length of the fence can
have.

Pose a new problem by changing the conditions and assumptions
of the problem situation given above and solve the problem you
have posed.

Open-ended questionnaire

In the present study, open-ended questions were prepared to determine the students’ thoughts about
problem posing activities before and after the implementation. Open-ended questions were used to find
out students’ thoughts about problem posing activities, the benefits of the implementation process and
the difficulties experienced in the process. While preparing the questions, criteria such as being open-
ended and easy to understand and avoiding channelling and multi-dimensional questions (Yildirim &
Simsek, 2016) were taken into consideration. The prepared questions were applied in the pilot study and
necessary corrections were made in terms of clarification and explanation of the questions. Open ended
guestions were as follows:

- How do you think the use of problem posing activities in mathematics learning process affects your
learning?

- Explain in detail your views on problem posing activities carried out during GeoGebra supported
problem posing based learning process.

- What kind of difficulties did you experience in GeoGebra supported problem posing based learning
process?

In addition to these questions, students wrote their views about the tasks in the implementation process
using diaries. Here, the aim was to find out students’ views on tasks applied in the stages of ALF. In this
way, the views of students about the problem posing environment based on GeoGebra supported ALF,
which is carried out every week, were determined.

Process
The study was completed in 13 weeks. The implementation process was carried out by one of the
researchers in the computer laboratory of the school, which has an interactive board. During the

implementation process, the students worked in pairs (Figure 8).

Figure 8.
Class Environment
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In the first four weeks of the implementation process, the GeoGebra software teaching plan was applied
to the students for three lesson hours (3x40=120 minutes) per week. In this way, students were supposed
to use the tools of GeoGebra software effectively. In addition, additional studies were carried out with
students to practice with the tools they learned in the software outside the class hours. Students who
have difficulty in using GeoGebra software are provided with one-to-one support. In this context,
additional applications were made with students who had difficulties in constructing triangles for which
the measurements of sufficient numbers of elements were given and using sliders in GeoGebra software.
At the same time, students who have computers and tablets at their homes were informed about the
installation of GeoGebra. Within the scope of the teaching plan, students were introduced to the
interfaces, menus and tools of GeoGebra, and applications for the use of the tools. While determining
the content within the GeoGebra teaching plan, the menus and tools to be used in the tasks were taken
into consideration. In addition, possible tools that students can use in GeoGebra software are considered
while posing problems in triangles. After observing that the students gained the desired skills with the
applications supporting the activities in GeoGebra, pre-tests were applied and the learning process
started. During the learning process, tasks prepared according to the ALF supported by GeoGebra were
implemented on triangles for four lessons (4x40=160 minutes) per week. In the seven-week learning
process, auxiliary elements of the triangle, triangle inequality, angle-side relations, construct of the
triangle, the Pythagorean theorem, congruence and similarity acquisitions (MoNE, 2018) were
considered. At the end of the implementation, the post-tests were applied and the study was completed.

Ethical Procedures

The ethical committee approval for this study was obtained from the Educational Sciences Ethics
Committee at Dicle University (Approval Number is 2018/10-3). In addition, the study obtained the
approval of the Batman National Education Directorate to collect data in school (Dated 2018, No.
40456018-480.99-E.20792091). Permission was also obtained from the parents of the students to
conduct the study, and volunteers participated in the present study.

Data Analysis

The student posed problems before and after the implementation process were scored according to the
rubric developed by Ozgen et al. (2017). This rubric was preferred because it allows the posed problems
to be scored and can be classified by frequency and percentages. It can be said that ALF’s problem
posing stage, which has the same structure as the model problem (Ellerton, 2013) is suitable for the
rubric’s suitability to acquisitions criterion. In addition, this rubric was used in the present study because
the discussion stage of ALF provides opportunity to questioning the problems posed in terms of qualities
such as grammar, mathematical language, and solution of the problem. In this study, students’ problem
posing skills were examined according to rubric’s use of mathematical language, grammar and
expression, suitability to acquisitions, quantity and quality of data, solvability, originality, solution of
the problem (Ozgen et al., 2017) criteria. In each criterion, level 1 (L1) is rated as 0, level 2 (L2) is 1
point, level 3 (L3) is 2 points and level 4 (L4) is 3 points (Ozgen et al., 2017).

In the use of mathematical language criterion, if the mathematical language of the posed problem is
correct and complete, it is evaluated as 3 points (L4), as 2 points (L3) if it is incomplete, as 1 point (L2)
if the concepts are used incorrectly and as 0 points (L1) if left empty. In the grammar and expression
criterion, if there are no incoherency and spelling mistakes in the problem statement, it is evaluated as
3 points (L4), as 2 points (L3) if there are spelling mistakes, as 1 point (L2) if there is incoherency, and
as 0 points (L1) if left empty or if it includes incoherency and spelling mistake. In the suitability to
acquisitions criterion, if the problem is suitable to acquisitions and complete and error free, it is
evaluated as 3 points (L4), as 2 points (L3) if it is not suitable to acquisitions, but error free, as 1 point
(L2) if it is suitable to acquisitions, but incomplete/erroneous and as 0 points (L1) if left empty or if it
is not clear how it will be solved. In the quantity and quality of data criterion, if the data in the problem
are sufficient and suitable, it is evaluated as 3 points (L4), as 2 points (L3) if they are not suitable or if
there are missing/more data-expression, as 1 point (L2) if there are both inappropriate data and
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missing/more data-expression, and as 0 points (L1) if it is not understood how to solve or if there are no
usable data. In solvability criterion, if the problem is solvable, it is evaluated as 3 points (L4), as 2 points
(L3) if the data is sufficient but there are spelling mistakes or incoherency, as 1 point (L2) if the data is
insufficient or if there is lack of expression and as 0 points (L1) if it is empty or if there is no text. In the
originality criterion, if the problem is original (not found in textbooks and sources), it is evaluated as 3
points (L4), as 2 points (L3) if it is partly original (not the classic question type), as 1 point (L2) if it is
ordinary (type of always been to) and as 0 points (L1) if it is empty or undetectable. In the solution of
the problem criterion, if the solution is correct, it is evaluated as 3 points (L4), as 2 points (L3) if there
is calculation error, as 1 point (L2) if given/asked could not be applied to the solution and as 0 points
(L1) if there is no solution (Ozgen et al., 2017). Below are examples of evaluating the student posed
problems in the PPT according to the rubric (Table 1).

Table 1.
Examples for the Evaluation of PPT

Criteria

Use of Mathematical Language: In
post-test question 3, in the problem
of S14, the expression of the area of
the book should be specified as the
surface area. It was evaluated as
L3 since mathematical language
was used incompletely.

Examples
* Y ondek? Yo Lin Dg -] =30 Ve
IN kw25 T  AD cm © olan Yaqgen
selel?ndel? k EHAcdin erlioian EO«
N
s il e e

(BC=30 and 10 cm altitude of the book in the form of the triangular area
of the book is how many cm??)

Grammar and Expression: In post-
test question 5, there is an
incoherency in the problem of S
in the expression “clock angle
seemed correlated”. In addition,
since unnecessary sentences are
used in the problem, it is at L2.

'W’;’Svlr/ anndec Lnunde  onnesine

UG‘)“—’" Telklinde O&‘A\'ﬁ‘l bLic Saal

ACh benor ¥)a2-\-(\¥\\\ 3\'\3“33“‘6‘“'\‘0.“

bye Gan kacssinda itk Kenad

Liade o Uacgtndo. Wi ke nend
‘“\\""\’\‘Pf&u» Bu Saly\ecol g8 aaulan
w —g ASaed SiCalonginrz .

< <D

e < ¥r=A

S5< 6=

(Mesut seemed to relate the side of a clock angle he took to his mother in
a triangle shape on Mother’s Day. Because there was a big side opposite
a large angle, a small side opposite a small angle. Order the angles s-b
according to these conditions.)

Suitability to Acquisitions: Sz gave
the shadow of the cactus in the
posed problem regarding the
similarity in post-test question 6.
The shadow of the tree wanted to
be found with the similarity rate in
the solution of the problem. The
problem is at L4 since it is suitable
to acquisitions and error free.

%?Hcsc,, boye 1s0cm,
aSO;-O bodu Se R -

I jmor,«
AN 6 3 SO0 c)

? Mok s . N i

: ; O 381 9est Rmoide g
kbrlreemr 300\ e AFocn oy w“s bichu? g
Rp-tootyy BT o s e - kdahr!

\:3:%«'\

Q‘Q}“’éoo
(The length of the cactus is 150cm and the length of the tree is 300cm.
Since the cactus shade is 3m, what is the shade of the tree?)

Quality and Quantity of Data: In
the posed problem by Sio in the
pre-test question 5, the values
given to the inner angles of the
triangle door and the triangle door
are not logically appropriate.
Therefore, the problem is at L3.

e eton Seaen, Lo oo T
fV\CAj ;(oo/m[a):\.ﬁ_;o)fje
~ Cé);’) , Sonvc o Iic;‘i‘;/‘ N

B1Au s onea Sonv ¢l rbecs bes ‘156%/

" 2unle E‘lcllmi ECJ:L‘-}Q/‘ chcac Sl

6(_*)‘—} 30 = Do 186~ 909 o

N A
Ml 7 M A 7 mcB)

(If m2£A= 60 and m«B= 30 in the house with a triangular door given at
the side then m«C=? what is the result? Order the side lengths from large
to small with your result.)
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Table 1. (Continued)

Examples for the Evaluation of PPT
Solvability: The problem sentence
of S4 is understood in pre-test
question 4. However, giving 8 cm
to the side of the farm is not
logically appropriate. Since the
data in the problem are not suitable
and sufficient, it is at L2.

Yandari gigtliik
XEs pacgalacg

Lollanrmls S,

Buf\q 56(‘? bo

QTF‘“TG,"A alaninn

G-L=38
bu\ue\\l’L ?

Kighe Yores B

Gty = B

B x8 = 64 a\on
(The farm on the side is divided into identical parts. Find the area of this
farm accordingly?)

Originality: Si;z has created a | He g Adedeforinis  soFcel 8a  Sesemcthdn
different fiction than the given AU %7 hanes? 2 e L ousvne e br Dagets vaualk -
problem in the pOSEd problem in Yo oldvgane— Sore f‘«b’\f-: L ogornes \n edetlecas? en 4zl
post-test question 7. Therefore, | *=~ = - A

A7 telofomen S resints

since the problem is original, it has \2 L) 4 w2 i3k Getnie home = b
been evaluated as L4. AL X L e
X =6

(Ali's phone password has three digits. Since the first two digits of Ali's
phone's password are 3 and 4, and the lengths of a triangle, what is the
largest integer value that the third digit can get?)

Solution of the Problem: In the e Len
: M8 AR = o\ % (e m i

post-test question 2, the problem L Gluk 225 E:’ - f”" Petsnite vlosabilmes:
posed by Si3 has been evaluated as =~ 299 LMA',.? AenKS o Uglon 0Qsalbu8u
L4 since it has been solved ~ '
correctly and completely. T on

299%= ¢

e 1/"32.‘: |

(Continued: What is the shortest path for the mouse to reach the cheese?)

In the quantitative data of the study, Shapiro-Wilk test, Q—Q plot, skewness and kurtosis coefficients
were examined in the normality analysis of the PPT pretest-posttest scores of the students. The data
were found to have a normal distribution at the 0.05 significance level, and the dependent t-test was

used. The effect size was calculated with the formular = |/t2/(t? + df) (Field, 2009). The calculated
r value is considered as 0.10 small, 0.30 medium, and 0.50 large effect (Cohen, 1992). In calculating the
reliability for scoring of the problems posed, the formula proposed by Miles and Huberman (1994) was
used. In the scoring of the problems posed by students, the same data were evaluated twice periodically
by the first researcher. The percentage of agreement regarding the scoring of the problems posed by the
students was calculated as 90% for pre-test, as 84% for post-test and as 84% during the implementation
process. Different scorings were reviewed and agreement was reached.

Descriptive analysis was used to analyze the qualitative data obtained from open-ended questionnaire
and diaries of the students. In descriptive analysis, the data are described in a systematic and clear way,
presented in an interpreted way with cause and effect relationships and direct quotations are included in
the presentation of the data obtained (Yildirim & Simsek, 2016). In the findings section, direct
quotations were given in the students’ views and the students were named as Si...S1s.

RESULTS
Students' Problem Posing Skills

This section presents results regarding the first sub-problem “Is there a significant difference between
students’ pre and post-implementation problem posing skills?”” In the PPT, the t-test results according
to the criteria in the rubric and total scores of the posed problems by the students are presented below
(Table 2).
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Table 2.
T-test Results of Students’ Problem Posing Skill Scores
Criteria Test n X ss sd t p
Use of mathematical language  Pre-test 16 7.37 17 15 -536 .00
Post-test 16 11.06 3.8

Grammar and expression Pre-test 16 4.87 221 15 -454 .00
Post-test 16 9.56 5.45
Suitability to acquisitions Pre-test 16 281 179 15 -519 .00

Post-test 16 9.56 6.17
Quantity and quality of data Pre-test 16 4.18 225 15 -591 .00
Post-test 16 10.68 5.97

Solvability Pre-test 16 443 287 15 -61 .00
Post-test 16 10.5 5.92

Originality Pre-test 16 243 163 15 -414 .00
Post-test 16 5.43 3.53

Solution of the problem Pre-test 16 581 222 15 -5.09 .00
Post-test 16 11.06 5.7

Total score Pre-test 16 31.93 13.09 15 -553 .00

Post-test 16 67.87 35.97

According to Table 2, there is a significant difference in student use of mathematical language [t(15)=-
5.36, p<.05, r=.81], grammar and expression [t(15)=-4.54, p<.05, r=.76], suitability to acquisitions
[t(15)=-5.19, p<.05, r=.80], quantity and quality of data [t(15)=-5.91, p<.05, r=.83], solvability [t(15)=-
6.1, p<.05, r=.84], originality [t(15)=-4.14, p<.05, r=.73], solution of the problem [t(15)=-5.09, p<.05,
r=.79] skills and PPT total scores [t(15)=-5.53, p<.05, r=.81] in favor of post-test. When the effect size
values of the problem posing criteria were examined, it was found that the largest effect size was in
solvability criterion (r=.84), while the smallest effect size was in originality criterion (r=.73). Moreover,
since PPT total scores and effect size values calculated in all skills were higher than .50, it can be said
that the effect size of the implementation process was large (Cohen, 1992). PPT average total scores
increased from 31.93 to 67.87. Therefore, it can be said that DGS use in ALF developed students’
problem posing skills.

Levels of the Problems Posed by Students

This section presents results regarding the second sub-problem “How are the students’ pre and post-
implementation problem posing skills?” The levels of the problems students posed in problem posing
pretest-posttest according to the criteria in rubric were given below (Table 3) with frequency and
percentage table.

Table 3.
Levels of Students’ Problem Posing Skills
Criteria PPT L1 L2 L3 L4
Use of mathematical language  Pre-test 12 (10.7%) 84 (75%) 14 (12.5%) 2 (1.8%)
Post-test  5(4.5%) 52 (46.4%) 40 (35.7%) 15 (13.4%)

Grammar and expression Pre-test 35(31.3%) 76 (67.9%) 1 (0.9%) 0 (0%)
Post-test 29 (25.9%) 41 (36.6%) 14 (12.5%) 28 (25%)
Suitability to acquisitions Pre-test  75(67%) 31 (27.7%) 4 (3.6%) 2 (1.8%)

Post-test 40 (35.7%) 31 (27.7%) 1(0.9%) 40 (35.7%)
Quantity and quality of data Pre-test 67 (59.8%) 28 (25%) 12 (10.7%) 5 (4.5%)
Post-test 34 (30.4%) 26 (23.2%) 11(9.8%) 41 (36.6%)

Solvability Pre-test 56 (50%) 46 (41.1%) 5 (4.5%) 5 (4.5%)
Post-test 32 (28.6%) 33(29.5%) 6(5.4%) 41 (36.6%)

Originality Pre-test 74 (66.1%) 37 (33%) 1 (0.9%) 0 (0%)
Post-test 44 (39.3%) 53 (47.3%) 11(9.8%) 4 (3.6%)

Solution of the problem Pre-test 39 (34.8%) 56 (50%) 14 (12.5%) 3 (2.7%)

Post-test 26 (23.2%) 32 (28.6%) 17 (15.2%) 37 (33%)

Note. Frequencies (percentages)
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In Table 3, it is seen that most of the student posed problems in the pre-test are gathered in levels 1 and
2 in terms of all the criteria of rubrics. In this case, it can be said that the problems students posed in the
pre-test were insufficient. It can be said that in the posed problems in the post-test, a positive
development towards levels 3 and 4 has been shown in terms of all criteria. This finding shows that the
learning process improves the students in terms of the criteria in posed problems by them. Below (Figure
9) is an evaluation of the problems posed by Sz in PPT question 7.

Figure 9.
Problems Posed by Ss
g /k'{e.f* 19?\(\) Q(\[\YO\LRL L\é\d\;{\&e Melr(’ﬂ !DPJ{/\ |'JCW gg{:ﬁh.-lg bir ]‘vf'u:l
Len&’ e SAEY s;Jr\a oo r vordir. [ ARl= 24 m [AC) =3bm s \RA kown-
: neg o v a NMA a[nh?l(z"\‘ ke A |
GHHigin & bawe dbtatloe Yo I s
q \Cj [} ; S“&f d@k‘ef.ﬂ,\ "”P“’W\\ ke, ‘;\o\vf?
A . €Al:§l:.“‘,‘¢ A alo\gf'fr?
3 :E/\‘q" o g1 (¢Vu‘o=9.8’-36<’7ac‘< 2Le«3p
tatles
Cewp=| 302U Clbo2 Lakritba gy 4o, flrec 4, 0%,
Gb<e < 8 ALOW veeen 6263 *L
G 23 é‘pLL\‘,‘;} 4 Eaktuk =32 m

Pre-test: Mr. Mert buys himself a farm in Erkokli
Village. What can be the largest and smallest ¢ side of
the farm?

Post-test: Mr. Metin has a triangular field. What is the
sum of the largest and smallest integer values that the
|BC]| side can take if |[AB|=28 m, |AC|=36 m?

In Figure 9, in the posed problem in the pre-test by Ss, the values given as the inner angle of the triangle
are used as side lengths in the solution. Therefore, it is at L2 in terms of the use of mathematical
language. Since there is an incoherency in the problem sentence, it is at L2 in grammar and expression
criteria. Although the problem is suitable for the triangle inequality acquisition, it is evaluated at L2 in
the criterion of suitability to acquisitions as being incorrect. In the problem, since the side lengths of the
triangle is not given and the “integer values” statement is not used when asking the side c, itisat L2 in
terms of quantity and quality criterion. In the posed problem, the side lengths are missing and
semantically missing, so itis at L2 in terms of solvability. Since the problem does not contain an original
context, it is at L2 in the originality criterion. Since the internal angles of the triangle are applied to the
solution as side lengths in the problem, it is evaluated at L2 in the criterion of the problem solution.

In the posed problem in the post-test by Ss, the length symbols, units and concepts are used correctly,
hence it is at L4 in the criterion of the use of mathematical language. Since the problem statement is
understandable, it is at L4 in grammar and expression criteria. Since the problem is suitable and accurate
for the acquisition of triangle inequality, it is evaluated at L4 in terms of suitability to acquisitions. In
the problem, the values given to the side lengths of the field is logical. In addition, since the statement
“integer values” is used when asking for the BC side, it is at L4 in terms of data quantity and quality.
Side lengths are given in the problem and the problem statement is sufficient in terms of expression, so
it is at L4 in the solvability criterion. The context of the posed problem is similar to the given problem,
and since it is not original, it is at L2 in terms of originality. Since the problem was solved by the student
correctly, it was evaluated at L4 in the solution of the problem. In this case, it can be said that DGS use
in ALF was effective in developing the problem posing skills of S3

Levels of the Problems Posed by Students during the Implementation Process

This section presents results regarding the third sub-problem “How are the student groups’ during the
implementation problem posing skills?” During the implementation period, student posed problems in
pairs in GeoGebra during seven weeks are given according to their problem posing skills with frequency
and percentage tables. Values given in the tables are presented as frequency (percent). The tables are
supported by direct quotations from the student posed problems.
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Table 4.

Levels of the Posed Problems in terms of Use the Language of Mathematical
Weeks L1 L2 L3 L4 Total
Week-1 0(0%) 6 (75%) 1(12.5%) 1(12.5%) 8 (100%)
Week-2 0(0%) 5(62.5%) 3(37.5%) 0 (0%) 8 (100%)
Week-3 0(0%) 4 (50%) 3(37.5%) 1(12.5%) 8 (100%)
Week-4 0 (0%) 0 (0%) 6 (75%) 2 (25%) 8 (100%)
Week-5 0(0%) 1 (12.5%) 4 (50%) 3(37.5%) 8(100%)
Week-6 0(0%) 2 (25%) 4 (50%) 2 (25%) 8 (100%)
Week-7 0(0%) 2 (25%) 6 (75%) 0 (0%) 8 (100%)

Total 0(0%) 20 (35.7%) 27 (48.2%) 9 (16.1%) 56 (100%)

According to Table 4, it can be seen that in terms of the use of mathematical language, the problems
students posed in the early weeks concentrated at L2, and they progressed towards L3 and L4 in the
problems they posed starting from week-4. Therefore, it can be said that the students made mistakes in
using mathematical language in the problems they posed in early weeks, while they progressed in terms
of using mathematical language well as the weeks progressed. It can be said that this situation is due to
the fact that students gained experience in problem posing and also due to GeoGebra’s characteristics
supporting correct use of mathematical language.

Figure 10.
Problems Posed by Ss-S14 during Implementation

ﬁ/ etve Can il b Lgen ade 2o B amde (A):80(6245 5 1 Selim bey catisini boyamak icin bir merdiven getiriyor.
olduduna gdre bu liggenin (C) agisinin diyer yarisini bulup (CDB) tggeninin A \ Merdven eve yaslayinca bt ik ggen olustugunu
[anini bulunuz. ) -
573 deninibuincz qOryor.Selim bey bu olusan dik icgende merdivenin
CEVEP 60+43:103 1| boyunu bulmak istiyor Sizee kag m olur?
180-105-75 AG=447 3=4m +— —a CEVAP 2442 =)2
/ 75-30=4§ (C) agisinin diyer yarisi RIS
/ hxtaban2 207 /X2
R=60° 252¢4-10,08 / F % J X
A D 10,08+2-5,04 =2m V20

Week-1: Mert and Can draw a triangle man together. In
this drawing, as (A)=60° (B)=45°, find the other half of
the angle (C) of this triangle and find the area of the
triangle (CDB).

Week-5: Mr. Selim brings a ladder to paint his roof.
When he leans a ladder against the home, he sees a
right triangle formed. Mr. Selim wants to find the
length of the ladder in this right triangle. Do you

think, how many meters it could be?

In Figure 10, in the posed problem by Ss-S14 at week-1, it is seen that the angle symbols are used poorly
and the lengths given in the figure are not given in the problem sentence. In addition, the expression
“the other half of the angle C” is used incorrectly and the angle is not divided into two identical parts.
Since there are errors in terms of mathematical language in the problem, it is at L2 in the criterion of
using mathematical language. In the student posed problem at week-5, it is seen that they use the unit
“m” and define the formed right triangle correctly. However, the length of the right triangle is not
specified in the problem sentence. For this reason, since mathematical language is used incompletely,
the problem is evaluated as L3.

From the view of S4 as “...we were drawing a triangle and we were finding half of it by clicking the
median feature in the software to be sure that we divide it by half of its base, and do the angles through
the angle feature, and we were seeing all of the features of the shape that we made with the algebra
window in GeoGebra...”, it is understood that GeoGebra tools support using the concepts correctly.
Similar situation reflected the view of S; as “.. I learned new mathematical shapes while posing
problems: ...polygon, center angle, hypotenuse, perpendicular bisector, etc. We saw the mathematical
tools... when we pressed the animate the triangle we made, the angles were changing and | could see
different aspects, and other shapes of triangles emerged...” Therefore, it can be said that GeoGebra is
effective in developing students’ skills to use the language of mathematical.
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Table 5.

Levels of Posed Problems in terms of Grammar and Expression
Weeks L1 L2 L3 L4 Total
Week-1 2 (25%) 5 (62.5%) 0 (0%) 1 (12.5%) 8 (100%)
Week-2 1 (12.5%) 5 (62.5%) 1 (12.5%) 1 (12.5%) 8 (100%)
Week-3 0 (0%) 7 (87.5%) 0 (0%) 1 (12.5%) 8 (100%)

Week-4 0 (0%) 4 (50%) 2 (25%) 2(25%) 8 (100%)
Week-5 0 (0%) 2 (25%) 1(125%)  5(625%) 8 (100%)
Week-6  1(12.5%) 2 (25%) 2(25%)  3(37.5%) 8 (100%)
Week-7 0 (0%) 4 (50%) 2 (25%) 2(25%) 8 (100%)

Total 4(71%) 29 (51.8%)  8(14.3%)  15(26.8%) 56 (100%)

According to Table 5, it was determined that the students had difficulties in terms of grammar and
expression and approximately half of the posed problems (51.8%) were semantically incorrect. It was
found that the problem statements students made in the first weeks included incoherencies; therefore,
there were more problems posed at L2. However, it can be said that there was a progress in problems
posed after week-3 in terms of expression.

Figure 11.
Problems Posed by Si11-S15 during Implementation
Ali, okuldan giktiktan sonra bir levha goruyor.Bu levha da Al ,okulda ¢ozdugu tcgen esitsizligi Ay d D
konusuna benzedidi igin hemen aklindan sayi verip x in alabilecedi en biyOk tamsayiy! bulup, a=90° §=0 . L .
)\, sonrada Gggenin gevresini bulup tam say ve gevresinin farkini bulmak istiyor Buna gére All ye Aﬁe‘ E\ﬂﬂ? gergeve a_lmak IGTH bir Mmagazaya g‘der
yardim edip sorunun g6zamana bulalim ve yandaki cerceveleri begenir .Bu cerceveler
benzer olduduna gére benzerlik orani kactir?
a=2 ¢OzZOM- H h=11 E, | N
* o3 12-3l<X<I2+3] F=00° £=50° Iz gazim
5 Jexes =0 6= ABCD~HGFE
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Week-2: Ali sees a sign after leaving school. Since this | \week-7: Ayse goes to a store to buy a frame for her
sign is similar to the triangle inequality that he solved | house and likes the frames on the side. Since these
atschool, Ali wants to find the largest integer that x can | frameworks are similar, what is the similarity ratio?
get from the mind and then find the perimeter of the
triangle and find the difference between the integer and
its perimeter. Accordingly, let's help Ali and find a
solution to the problem.

In Figure 11, in the posed problem at week-2 by Si:-Sss, the side lengths of the sign and the unknown
side are not clearly expressed in the problem sentence. There is also an incoherency because unnecessary
words are used in the problem (e.g., because it is similar to the triangle inequality that solved at school).
Therefore, it was evaluated at L2 in terms of grammar and expression. The problem sentence that the
students posed at week-7 is understandable and there is no spelling mistake, so the problem is at L4. In
this case, it can be said that as the implementation process progresses, the students develop in terms of
grammar and expression, but the development is in limited level.

It is understood from the view of Sz that the discussion stage contributed to seeing the mistakes: “...when
we share and discuss our problems with our friends, we find spelling and mathematical mistakes and
do not make the same mistakes in posing the next problem. For example; I prepared a problem with a
door. When we examined this posed problem with my friends, we found spelling and mathematical
mistakes and I took care not to make these mistakes in posing the next problem.” This situation also
stated in the views of Sip as “... We did not use symbols such as | | length m () angle, our problem was
not clear, we had such mistakes. Then | and my group friend got up on the board, explained our
problems, we had our mistakes, our problem was not fully explanatory, but we will pay close attention
to them.” In this case, it can be said that the limited development shown in terms of grammar and
expression resulted from the discussion stage.
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Table 6.

Levels of Posed Problems in terms of Suitability to Acquisitions
Weeks L1 L2 L3 L4 Total
Week-1 2 (25%) 4(50%) 0(0%) 2 (25%) 8 (100%)
Week-2 0 (0%) 7(87.5%) 0(0%) 1(12.5%) 8 (100%)
Week-3 0 (0%) 4(50%) 0(0%) 4 (50%) 8 (100%)
Week-4 0 (0%) 5(62.5%) 0(0%) 3(37.5%) 8 (100%)
Week-5 0 (0%) 2(25%) 0(0%) 6 (75%) 8 (100%)
Week-6 1(12.5%) 1(12.5%) 0(0%) 6 (75%) 8 (100%)
Week-7 0 (0%) 4(50%) 0(0%) 4 (50%) 8 (100%)

Total  3(5.4%) 27 (48.2%) 0(0%) 26 (46.4%) 56 (100%)

According to Table 6, it is determined that 27 of the posed problems are suitable for the acquisitions,
but are incomplete or incorrect, and 26 problems are complete and error free. Therefore, it can be said
that most of the posed problems are suitable to acquisitions. It was also found that students did not pose
problems at L3; in other words, problems which were not suitable to acquisitions. It can be said that this
situation results from ALF’s instructions of posing problems same structure to the model problem. The
posed problems in the first weeks are low level (L1-L2) in terms of suitability to acquisitions. However,
it can be said that the implementation process positively affects students in terms of posing problems
suitable for the acquisitions.

Figure 12.
Problems Posed by S;-S10 during Implementation

Mina evlerindeki masanin tiggen sekline benzedidini fark ediyor.Mina bu
masaya farkl farkli sayilar vererek bu masa gibi tiggen gizilirmi yoksa
¢izilmezmi 6grenmek istiyor. Hadi Mina'ya yardim edelim.Cizilenlere (+)
¢izilmeyenlere (-)sembolerini koyalim.
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Ayse'nin iki oyuncak evi vardir. Ayse'nin bu iki oyuncak
evinin kapi uzunluklan birbirine estir. IFEI=ILMI ve
IHEIFINMI olduguna gére x ve y kagtir?
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Week-4: Mina realizes that the table in their home
looks like a triangular shape. Mina wants to learn
whether or not to draw a triangle like this table by
giving different numbers to this table. Let us help
Mina. Let us put the symbols (+) on the ones drawn and
(-) on the ones not drawn.

Week-6: Ayse has two toy houses. The door lengths
of these two toy houses of Ayse are congruent. What
are x and y if [FE|=|LM| and |HE|=|NM|?

In Figure 12, the posed problem by S7-Sio in week-4 is suitable to the acquisition of construct of the
triangles. However, the elements of the triangle given in the choices are not expressed mathematically.
In addition, although the triangles are constructed, it is asked which triangle cannot be constructed.
Therefore, since the posed problem is incorrect, it is at L2 in the suitable to acquisitions criterion. In
week-6, in the posed problem by S7-Sio about congruence, two congruent gates are given and X, y were
asked. The problem is at L4 since it is suitable to acquisition and error free. Therefore, it can be said
that the implementation process had developed the students in terms of problem posing that is suitable
to acquisitions.

It is understood from the view of S that the student tries to find a problem in the same acquisition after
the problem solving activity: “Today we solved similarity activities in the GeoGebra lesson and checked
it through GeoGebra. Later, I and my group friend prepared a problem about the similarity...” A similar
situation was also stated in the views of Sip as “... The problem that we solved was related to the triangle
drawings, in fact, it was very simple because it would be drawn if the numbers are given in the problem
corresponded to the triangle drawing formula, it would not be drawn if it did not fit ... Then we pose a
problem. There was a triangular table in our problem. We gave them angle measurements and side
lengths. We put the (+) sign on the drawn and (-) sign on the non-drawn... ” Therefore, it can be said
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that the problem solving stage of ALF contributes to students’ problem posing in accordance with the
relevant acquisitions.

Table 7.

Levels of Posed Problems in terms of Data Quantity and Quality
Weeks L1 L2 L3 L4 Total
Week-1 2 (25%) 3 (37.5%) 1 (12.5%) 2 (25%) 8 (100%)
Week-2 0 (0%) 0 (0%) 7 (87.5%) 1(12.5%) 8 (100%)
Week-3 0 (0%) 3 (37.5%) 1 (12.5%) 4 (50%) 8 (100%)
Week-4 0 (0%) 2 (25%) 3 (37.5%) 3(37.5%) 8 (100%)
Week-5 0 (0%) 1 (12.5%) 1(12.5%) 6 (75%) 8 (100%)
Week-6 0 (0%) 2 (25%) 0 (0%) 6 (75%) 8 (100%)
Week-7 0 (0%) 2 (25%) 2 (25%) 4 (50%) 8 (100%)

Total 2(3.6%) 13(23.2%) 15(26.8%) 26 (46.4%) 56 (100%)

According to Table 7, it is determined that the data used in approximately half (46.4%) of the posed
problems are sufficient and appropriate. Since the data in the posed problems by the students in the first
weeks were not logically/operational appropriate, the posed problems were evaluated at a low level (L1-
L2). However, as the weeks progress, it can be said that the students pay attention to the data and
expressions that they use and that the posed problems developed.

Figure 13.
Problems Posed by Ss-Sg during Implementation

A

9=4 25Ji Ayla Hanim, cocuk odasinin dolabinin kapaklarini degistirmek

istemistir. Ayla Hanimin dolabinin kapaginin eni 48 cm , boyu ise

Mehmet 7 cm ve 9 cm uzunlugundaki gitalarla ugurtma yapmak ister.
3.citanin uzunlugunun alabilecegi tamsayi degerlerinin toplamini bulunuz.
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.
o

gozlm=127216
2345867891011121314,15
2+3+4+5+6+7+8+9+10+11+12+13+14+15.119

Week-2: Mehmet wants to make a kite with 7 cm and 9
cm long bars. Find the sum of the integer values that the
length of the third bar can take.

| 62 cm dir.Ayla Hanim gocuk odasina ayni bu uzunluklarda kapak

fl=62 EVCQ{-;J: 2 '“2 almak ister. Sizde Ayla Hanima yardimei olup x ve y'yi bulunuz.
i)

I Zéx—Z

Week-6: Mrs. Ayla wanted to change the doors of the
cabinet of the children’s room. The width of the door
of Mrs. Ayla’s cabinet is 48 cm wide and 62 cm long.

2548*2
25748*2
X2

876272
864
y8

Mrs. Ayla wants to buy a door for the child’s room at
the same length. Find x and y to help Mrs. Ayla.

In Figure 13, in the posed problem at week-2 by Ss-Se, it is not logically appropriate to give “7 cm and
9 cm” to the value of the two sides of the kite. For this reason, the posed problem is at L.3 according to
the quantity and quality of data criterion. In the posed problem at week-6, the given values to the door
of the cabinet are suitable for real life. In addition, the width and length expressions of the cabinet were
used correctly. Therefore, the posed problem was evaluated at L4. In this case, it can be said that over
time, students have improved in terms of using logical data.

It was stated in Sg’s view that the used data was illogical when posing a problem and this situation was
criticized during the discussion: “We were making mistakes mostly in giving numbers to the shapes in
the problem posing process. For example, when we made a triangle hat, we gave 4 cm or something.
But at that time, it did not seem like a mistake to us, and when we argued, our mistakes were noticeable
in our view...” Similarly, S; emphasized that the discussion process allows paying attention to the data
in the posed problems in the view as “...J was able to do problem posing, but [ was not paying attention
to what was given and desired... When I pose problems, I pay attention to “do the sides that I gave fit
the triangle drawing”, what is given and desired. When | pose the problem and solved it before,
sometimes there was no answer, but what shape fit to the sides that | gave, | pay attention to it now.
Narrow angle, right triangle or wide? | pay attention to the measure of that angle. The discussion has
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greatly contributed to me.” Therefore, it can be said that the development shown in terms of data
quantity and quality resulted from questioning errors at the discussion stage.

Table 8.

Levels of Posed Problems in terms of Solvability
Weeks L1 L2 L3 L4 Total
Week-1 2 (25%) 3(37.5%) 1(12.5%) 2 (25%) 8 (100%)
Week-2  0(0%) 7 (87.5%) 0 (0%) 1(12.5%) 8 (100%)
Week-3 0 (0%) 4 (50%) 0 (0%) 4 (50%) 8 (100%)
Week-4 0(0%) 5(62.5%) 0 (0%) 3(37.5%) 8 (100%)
Week-5 0 (0%) 2 (25%) 0 (0%) 6 (75%) 8 (100%)
Week-6 0 (0%) 2 (25%) 0 (0%) 6 (75%) 8 (100%)
Week-7  0(0%) 3(37.5%) 1(12.5%) 4 (50%) 8 (100%)

Total 2 (3.6%) 26(46.4%) 2(3.6%) 26 (46.4%) 56 (100%)

According to Table 8, there is a lack of inappropriate data and expression in 26 of the posed problems.
26 of them were determined to be solvable problems. It was determined that the students had difficulty
in posing problem solvable especially in the first weeks and that the posed problems were at low level.
However, it can be said that the implementation process affects students positively in terms of
solvability.

Figure 14.
Problems Posed by Ss-Si3 during Implementation
2 Umut havada gordigi savas Ucaginin kanatarina A Ali asagidaki dlcileri kullanarak dcgen ¢izmek istiyor. Buna
aklindan uzunluklar verdi. Bunlar; 200 cm, 190 cm ve b gore hangisini kullanamaz?
C

170 cm lik uzunluklar bunlara bakarak kanadin
a=§ om, b= 9 em, =6 cm

f A)s(BFF60, AR5, =Y em
@) s(C)=80,a=Tcm, c=6¢m
ACLAR m{C)/m(B)m(D) : P =540 -8 b= 10w

Week-3: Umut gave the value of lengths of the wings | Week-4: Ali wants to draw a triangle using the
of the warplane he saw in the air. These are lengths of | following dimensions. Accordingly, which of the
200 cm, 190 cm, and 170 cm, and sort the internal | following cannot be used?

angles of the wing from small to large through looking
at these.

ic agilarini kiiclikten biylge siralayiniz.

wzunluklar' CZBZD

In Figure 14, in the problem posed at week-3 by S4-Si3 the given values to the side lengths of the plane
(200 cm, 190 cm, and 170 cm) are not logical and suitable for real life. There is also a lack of expression
in the problem sentence. Therefore, the posed problem is at L2 in terms of solvability. The posed
problem at week-4 is understandable and the used data is sufficient. For this reason, it was evaluated at
L4. In this case, it can be said that the students showed improvement in posing solvable problem.

It is understood that the mistakes made in problem posing affect the solvability of the problem from the
view of Sis: “When we discussed the problems that we made at GeoGebra with our friends, we saw
verbal and numerical errors in the problem. We tried to be more careful when we posed or solved a
problem, we did more control and checkup of it...” This situation also reflected the view of Sis as “/
think it is more useful for us to see our mistakes verbally and mathematically in the problem that we
posed when we discuss the problems that we pose with our group friends in our GeoGebra lesson. And
after the mistakes that we made, we try to explain and write more carefully and concisely in the next
problem posing stage...” Therefore, it can be said that the mistakes made by the students in terms of
semantic, mathematical, and logical points affect the solvability of the posed problems.
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Table 9.

Levels of Posed Problems in terms of Originality
Weeks L1 L2 L3 L4 Total
Week-1 2 (25%) 5(62.5%) 1 (12.5%) 0 (0%) 8 (100%)
Week-2 0 (0%) 5(62.5%) 3(37.5%) 0 (0%) 8 (100%)
Week-3 0 (0%) 3(37.5%) 5(62.5%) 0 (0%) 8 (100%)
Week-4 1(12.5%) 6 (75%) 1 (12.5%) 0 (0%) 8 (100%)
Week-5 1(12.5%) 1 (12.5%) 4 (50%) 2 (25%)  8(100%)
Week-6 2 (25%) 1 (12.5%) 4 (50%) 1(12.5%) 8 (100%)
Week-7  2(25%) 3(37.5%) 3 (37.5%) 0 (0%) 8 (100%)

Total 8(14.3%) 24 (42.9%) 21(37.5%) 3(5.4%) 56 (100%)

According to Table 9, it is determined that the majority of the posed problems are ordinary problems
(type of always been to). It was found that only 3 of the 56 problems posed were original. This shows
that students had difficulties in posing original problems and they tended to pose ordinary/classical
problems. Therefore, it can be said that the implementation process affects students at a low level in
terms of originality.

Figure 15.
Problems Posed by S>-Si6 during Implementation

C SORU=

Dilan babasini bahgeye yapay im ekerken gériyor. §enay'in boyu 1m 'dir. $enay oyun oynarken yere

dustiyor. Senay diismeden 6nce dik duruyordu.
Senay'in yere distuginde dik durma haliile digme hali
arasindaki mesafeyi bulunuz.

Babas! ilk dnce yapay ¢imin uzunluklarini buluyor.
Dilan da bu uzunluklari bilylkten kiiglige dogru

siralamak istiyor. Sizce Dilan bunu nasil yapmalidir

a=7.96 ¢OZUM: En blyik agl karsisinda en CEVAP= 12412272
blyiik uzunluk oldugunda; 141=72
80> 50.33> 50 7=
10.22> 8> 7.96

Week-3: Dilan sees his father planting artificial grass | \Week-5: Senay’s height is 1m. Senay falls to the
in the garden. Her father first finds the length of the ground while playing games. Senay stood upright
artificial grass. Dilan wants to rank these lengths from | pefore falling. When Senay falls to the ground, find
large to small. In your opinion how should Dilan do this | the distance between standing upright and falling
down.

Figure 15 is given the posed problem at week-3 by S;-Si6. In this posed problem in the acquisition of
angle-side relationships, there are many data in the problem since both angle and side lengths are given.
This posed problem includes an ordinary context for ordering the lengths of the sides by giving the angle
values of the triangle. It is at L2 in terms of originality. On the other hand, the problem posed at week-
5 is a type of question that is not included in textbooks or resources. Therefore, since the problem is
original, it is evaluated as L4. In this case, students’ problem posing each week positively affected their
original problem posing skills during the implementation process. However, it can be said that the
development is limited.

It is understood that the student does not strive to create an original problem from the view of S11: “...4s
always, | and my group friend finished at first. Because, as always, we were taking the easy way out, so
we were posed easy problems and completed...” It was also stated that the students tend to pose ordinary
problems in the view of Siz as “... We did not cross our borders by always making easy problems when
we were posing problems with triangles ... ” Therefore, it can be said that the limited development shown
in terms of originality is caused by problem posing of the students in easy and considering their levels.
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Table 10.

Levels in terms of Solving the Posed Problem
Weeks L1 L2 L3 L4 Total
Week-1 1(12.5%) 2 (25%) 4 (50%) 1(12.5%) 8 (100%)
Week-2 0 (0%) 2 (25%) 6 (75%) 0 (0%) 8 (100%)
Week-3 0 (0%) 3(37.5%) 1(12.5%) 4 (50%) 8 (100%)
Week-4 0 (0%) 4 (50%) 2 (25%) 2 (25%) 8 (100%)
Week-5 0 (0%) 1(12.5%) 1 (12.5%) 6 (75%) 8 (100%)
Week-6 0 (0%) 2 (25%) 0 (0%) 6 (75%) 8 (100%)
Week-7 0 (0%) 2 (25%) 2 (25%) 4 (50%) 8 (100%)

Total 1(1.8%) 16 (28.6%) 16 (28.6%) 23 (41.1%) 56 (100%)

According to Table 10, 23 of the posed problems were solved by the students correctly. Especially in
the first weeks, it was observed that there were errors and deficiencies in the solutions of the problems
due to the mistaken student posed problems. However, it can be said that as the weeks progressed, they
developed solvable problem posing and this development contributed to solving the problems correctly.

Figure 16.
Problems Posed by Sg-S12 during Implementation

b d

=g Engin okulda ¢6zdgu Uiggene benzeyen bir gam agacinda kenar uzunlugu I
B verilmeyen bir kenar vardir.Buna gore uzunlugu verilmeyen kenarin alabilecegi rf m
@ ? en bilyiik ve en kilgiik degerlerin toplami kagtir? = - "

lbrahim yolda giderken agin hizdan dolay! kaza yapmigtir. Araba 6ninde duran direge carpmis ve direk
sekildeki gibi kirilmigtir Bunun sonucunda direk ve yol arasinda bir dik Gggen olusmustur. Direjin uzunlugu

8
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Week-2: A pine tree, similar to the triangle that Engin | Week-5: While going on the road, Ibrahim had an
solves at school, has a side that is not given a side | accident due to excessive speed. The car hit the pole
length. According to this, what is the sum of the largest | standing in front of it and the pole was broken directly
and smallest values that the side of which length is not | as in the figure. As a result, a right triangle formed
given can take? between the pole and the road. Since the length of the
pole is 12 m, what is the distance between the two
sides of the broken pole?

12 m olduduna gore kirilan diredin iki kenari arasindaki mesafe kagtir?

In Figure 16, Sg-S12 solved the problem they had posed in week-2, but the solution is erroneous because
the word “integer values” is not given in the problem sentence. Therefore, it is at L3 in terms of solving
the problem. The posed problem at week-5 was evaluated as L4 since it was solved by students correctly.
In this case, it can be said that the students have improved in terms of solving the problems they have
posed over time.

It is understood that GeoGebra’s calculation feature was used in the view of Ss as “...Through the
algebra window feature, we could see everything we did... The GeoGebra program was both practical
and contributing to finding the right result.” 1t is also stated that GeoGebra tools are used in the solution
of the problem in the view of Ss as “... It was very easy and simple when posing a problem in GeoGebra,
and we could find the right answer through GeoGebra when our answer was wrong.” Therefore, it can
be said that the features of GeoGebra contribute to the correct solution of the problems posed by the
students.

Students’ Views about Problem Posing Based Learning

This section presents results regarding the fourth sub-problem “How are students’ views on pre and
post-implementation problem posing based learning?” Codes obtained as a result of the analysis of the
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answers given by students to open-ended questions are presented below.

Figure 17.
Students' Views Before the Implementation

Inexperienced in problem posing (f=16)
Before implementation <

Providing a better understanding (f=9)

In Figure 17, it can be seen that before the implementation, all of the students stated that problem posing
was not used sufficiently in mathematic lessons and they were inexperienced about posing problems. In
addition to these views, the students stated that making use of problem posing activities would contribute
to understanding the topics better. In this regard, Se stated, “We do not benefit from problem posing in
mathematics lessons. Okay, we are solving problems, but we are not posing problems ourselves. But if
we could pose problems, we would have better understood topics and the topics would be simpler for
us...” Sy said, “We do not pose problems in the lesson. But if I pose problems, it shows that I understand
this topic...” Sis said, “We do not pose problems in lessons. But if we pose problems, we could
understand better and write better problems and solve them...” These views of the students show that
they are inexperienced about problem posing but they have a positive perspective towards problem
posing activities.

Figure 18.
Students Views After the Implementation (Problem Posing)

Developing thinking skills (f=8)

Problem posing Developing problem posing skills (f=7)

Developing problem solving skills (f=6)l

Figure 18 shows that after the implementation, the students stated that problem posing developed their
thinking skills and problem solving-posing skills. For example, Sz said “...Problem posing makes us
think logically. While posing a problem, posing a solvable problem in accordance with the logical
content for the person in front of us to understand the problem improves our thoughts and improves us
both in posing and solving problems...” Sy stated “...Through the problem posing in GeoGebra, I can
pose a problem as much as | want, so | can plan how to solve the problem and of the lesson, | have
improved my problem solving skill while solving it. I can better do than before.” Si1 said “...In the
GeoGebra lesson, our problem posing skill improved and helped us to understand the topics better.
Through the problem posing, | can easily understand the topics and solve them easily. Through the
problem posing, our logic skill improves...” In line with these views, it can be said that all of the
planning students made during the process of shaping the problem they posed contributed to their
problem solving-posing skills in addition to their high level thinking skills.
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Figure 19.
Students Views After the Implementation (Difficulties Experienced)

Difficulty in problem posing (f=11)

Difficulty in problem solving (f=3)
Difficulties experienced
Difficulty solving the posed problem (f=2)

Inability to associate triangles with daily life (f=2)

When Figure 19 is examined, it can be seen that in terms of their views after the implementation, the
students stated that they had difficulties in solving and posing problems. In this regard, S, stated,
“Problem posing; because I had difficulties while thinking, designing and finding problems related with
the topic...” Sy stated, “I had difficulties in posing a problem. Because I could not solve the problem
when I could not pose the problem meaningfully. But we posed a lot of problems, we discussed about
these problems, we saw visuals and | began to develop as I made researches...” According to the views
obtained, it can be understood that a great majority of the students had difficulties in problem posing
process. However, it can be said that the stages of ALF and the studies conducted for posing problems
during the implementation process supported students’ problem posing skills. In addition, some of the
students stated that they had difficulties in solving the problems they posed and associating triangles
with daily life. Ss said, “The fact that the problem posing stage of GeoGebra supported problem posing
based learning process was very useful for me. | can pose problems with the measurements | learned,
but I experienced difficulties in this process. For example: After | pose the problem, sometimes | cannot
solve that problem or I have difficulties in solving...” Sio said, “...In the past, I could not pose a problem
alone, | could not associate the things in our daily life with triangles, but thanks to GeoGebra, | can do
these now...” Therefore, it can be said that in the modelling of examples stage of ALF, different triangle
models presented each week affected students positively in terms of associating these with daily life.

DISCUSSION AND CONCLUSION

This study examined the effects of using DGS in ALF on students’ problem posing skills. As a result of
the study, it was found that the use of DGS in ALF developed students’ problem posing skills. This
result is in line with studies showing that problem posing approaches improve students’ problem posing
skills (e.g., Abu Elwan, 1999, 2002; Cankoy, 2014; English, 1997). Similarly, Lavy (2015) stated that
the integration of the problem posing process with the WIN strategy and DGS supports the self-
confidence and problem posing skills of prospective teachers. In addition, Beal and Cohen (2012)
concluded that middle school students could successfully pose problems in a web based implementation.
Students actively participated in the problem posing process through the stages of ALF (Ellerton, 2013)
and the design of this lesson provided students with a rich learning environment that is different and
they had not experienced before. Therefore, it can be said that the development of students is due to the
stages of ALF adopted in the problem posing based learning process and the positive effect of GeoGebra.

Regarding the use of mathematical language, it was determined that most of the students posed problems
in the pre-test were at a low level, and that they developed in the post-test. While the mistakes in the use
of mathematical language were higher in the posed problems in the first weeks of the implementation
process, the students improved as the weeks progressed. In line with the views of the students, it can be
said that the development is due to the features of GeoGebra which support the use of mathematical
language correctly. The conclusion of the Zengin (2018) that GeoGebra supports the mathematical
communication skills of prospective teachers in the sociocultural learning environment is in line with
this view. Similarly, Lavy and Shriki (2010) found that problem posing supported by DGS and WIN
strategy was effective in developing the mathematical knowledge of prospective teachers and deepening
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their knowledge about geometric concepts. The errors and deficiencies made in the use of mathematical
language in the problems posed by students during the implementation process were questioned at the
discussion stage. In this process, situations such as incorrect and incomplete use of symbols such as
length and angle in triangles, the information on the figure being shown mathematically incomplete or
incorrect in the problem statement were discussed as a classroom. In this context, it can be said that the
stage of discussing ALF has an important effect on the development shown.

Most of the problems that students posed in the pre-test are low level in grammar and expression skills.
Through the implementation process, it was determined that although the students showed improvement
in this skill in the post-test, they had difficulty in expressing the problem. Similarly, Lin and Leng (2008)
determined that one of the reasons for the unsolvable problems posed by secondary school students is
incomprehensible statements in the problem sentence. In terms of grammar and expression criterion, it
can be said that the posed problems in GeoGebra in the first weeks are at low level and students have
difficulty in this criterion although they have improved over time. It can be said that this situation was
caused by the students not paying attention to the spelling rules while posing problems and having
difficulty in writing the problem sentence clearly. In addition, the fact that the students used unnecessary
sentences in the problem sentence while trying to pose problems in daily life situations caused this result.

In the suitability to acquisitions, which is another problem posing skill, the problems posed by students
in the pre-test were developed in the post-test in terms of this criterion. It was found that most of the
problems posed with GeoGebra during the implementation were suitable to acquisitions. In line with the
views of the students, it can be said that this development is caused by the problem solving stage of the
ALF suitable for each acquisition. In addition, in this development, the ALF is thought to be effective
at the problem posing stage, which has the same structure as the model problem (Ellerton, 2013).
Students who can realize which topic is related to the presented problem posing activity, may have
problems in the targeted acquisitions. It can be said that in problem solving activities related to the
acquisitions before the problem posing in the learning process, students can realize which acquisition is
related to the solved problem. In this way, it is thought that students do not tend to pose problems related
to different topics.

In terms of data quantity and quality skills, it was determined that inappropriate data, expressions or
incomprehensible expressions were used in the majority of the problems that students posed in the pre-
test. In the post-test, it was observed that the students paid attention to the data they used and showed
improvement. It was determined that the data in the problems posed in GeoGebra by the students in the
first weeks are not suitable for real life, therefore there are logical errors in the problems. During the
discussion stage of ALF, posed problems with inappropriate data were criticized by the class. Class
discussions in the problem posing process allow students to hear ideas they could not think of from
others (Lavy, 2015). In this study, through the discussion stage of ALF, the students noticed the mistakes
they made in the data in the posed problems with their peers. Therefore, it can be said that the
development stems from the discussion stage. In fact, S and S7’s views that the discussion process
reduces their mistakes in the problems they pose support this view.

When the students’ problem posing skills were examined in terms of solvability that is another criterion,
it was seen that there was improvement in favor of the post-test. This result is compatible with the study
results of English (1997) and Cankoy (2014). For example, Cankoy (2014) examined the effects of
interlocked problem posing and conventional problem posing teaching on fifth-graders’ problem posing
skills in the situation of free problem posing. As a result of five-week long implementation, it was found
that interlocked problem posing developed students more in terms of posing solvable and reasonable
problems of start-unknown when compared with the conventional teaching. It has been observed that
the most important factors affecting the solvability in the posed problems are the situations where the
data are not suitable and the lack of expression in the problem sentence (Ozgen et al., 2017).
Approximately half of the posed problems in GeoGebra are solvable problems. As the weeks progress,
it can be said that the problem posing based learning process affects students positively and there is
improvement in terms of solvability in posed problems.
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Although the posed problems developed in favor of post-test in the originality criterion, which is another
indicator of students’ problem posing skills, low level original problems were posed. Considering that
the students in this study did not have problem posing experience before the study, it can be said that
this is an expected situation. Similarly, in studies performed with students at different grade levels, it
was determined that students had difficulties in posing creative problems (e.g., Ozgen et al., 2019; Y1
& Ay, 2021; Xie & Masingila, 2017). For example, Y1§ and Ay (2021) examined the qualities of the
problems posed by seventh-graders on linear equations with support from problem posing approach. It
was found that students were unsuccessful about posing original problems and they were affected by the
problems in textbooks in most of the problems they posed. In the implementation process, it is
determined that a few of the posed problems in GeoGebra are original problems. In line with the views
of the students, it can be said that this situation stems from the fact that students tend to pose easy
problems while posing problems. Although students have reached the level to do basic activities by
GeoGebra teaching, the fact that they did not use GeoGebra before the implementation may have
affected this result. It is suggested that students should spend more time on problem posing activities to
pose original problems, and especially the free posing situations without restrictions.

In the context of the relationship between problem solving and posing (Cai, 1998; Cai & Hwang, 2002;
Chen et al., 2015; Silver & Cai, 1996; Xie & Masingila, 2017), the solution of problems posed by
students can be an effective criterion in reflecting problem posing skills. In this respect, when the student
posed problems are analyzed in terms of the solution of the problem, it is determined that there is
improvement in favor of the post-test. Therefore, it can be said that problem posing based learning
process is effective in developing students’ problem solving skills. This result is in line with the results
of'the study, which determined that problem posing approaches improve students’ problem solving skills
(Abu Elwan, 2002; Chen et al., 2015). In the post-test, although approximately 37% of the problems
posed by students are solvable, 33% of them are correct. Therefore, it can be said that some students
have difficulties in solving their own posed problems correctly (Ozgen et al., 2017) and students’
problem solving skills affect the problem posing process. In the first weeks of the process of
implementation, while the problems posed by the students were at a low level in terms of this criterion,
improvement was shown as the weeks progressed. According to the S4 and Ss’s views that GeoGebra
helps in reaching to the correct result in problem posing, it can be said that the calculation feature of
GeoGebra contributes to the correct solution of the posed problems. The result of Biilbiil et al. (2020)
that GeoGebra was used for visualization, calculation and verification during problem solving process
was in parallel with these results. As a result, it has been determined in the present study that the student
posed problems in GeoGebra develop in terms of problem posing skills as the weeks progress. However,
it was observed that the development was not linear, especially in the problems posed by students in
similarity acquisition at week-7, they had difficulty in terms of all skills compared to previous weeks.
This situation may be due to learning differences among acquisitions in triangles topic. In the future
studies, it can be examined in depth whether the student posed problems in triangles differ according to
acquisitions and the reasons of learning differences between them.

It was stated before the implementation in views of students regarding problem posing activities that
they did not have problem posing experiences in mathematics lessons. However, students expressed
their views that problem posing activities would enable them to understand topics better. This finding
shows that students have a positive perspective on problem posing activities. Similarly, Van Harpen and
Presmeg (2015) stated that high school students have little or no problem posing experience, but students
have a positive attitude towards problem posing. Students’ post-implementation views included having
difficulties in problem solving-posing and associating triangles with daily life. It can be said that this
situation results from the fact that students had not done any problem posing activities before the
implementation process. However, during the implementation process, this situation was tried to be
overcome with students’ doing problem solving-posing activities with stages based on ALF and
examining modelling of examples related with triangles. Indeed, in addition to their views above, the
students stated that problem posing had a positive effect on their thinking skills and problem solving-
posing skills. Abramovich and Cho’s (2015) view that technology supported problem posing had the
potential to support reasoning and thinking skills and also developing students’ problem solving skills
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support these findings. By following the instructions in the activities in ALF’s locating of examples
stage, the students tried to find out the characteristics of triangles such as the relationship between the
sides of triangle with their group friends using GeoGebra software. Therefore, it is thought that the
inquiries made in the process of determining the relationships between concepts contributed to the
development of students’ high level thinking skills. Moreover, it is thought that students’ consideration
of many situations such as the appropriateness of data and expressions in the problem statement,
language and expression makes great contributions in terms of developing their thinking skills.

In line with the results obtained from the study, some suggestions were made. First of all, it can be said
that DGS use in ALF supports students’ problem posing skills and the classroom environment designed
meets the problem posing learning environment, the lack of which was emphasized. In this case, similar
problem posing environments can be designed especially for students who do not have problem posing
experience. In addition, the stages of ALF can be a guide to researchers in designing problem posing
process. In addition, due to the positive effects on student problem posing skills, it is recommended that
problem posing activities be carried out in DGS supported environments. Thanks to the discussion stage
of ALF, students questioned the errors they made in the problems they posed and they had the chance
to see these errors. Therefore, supporting problem posing activities with classroom discussions can make
significant contributions to students in terms of improving the quality of problems posed. Based on the
result that students have positive perspectives towards problem posing, it is understood that such
activities should be included more in mathematics lessons. In this context, it may be useful to follow
these problem posing stages followed in this study in problem posing activities to be carried out with
students in different learning areas and different grades. In addition, future studies can work with fewer
students and examine students’ thoughts in problem posing process and examine in more detail the
interaction between students through observation.

Limitations

The main limitation of this study is that there was no control group to compare the problem posing skills
of the experimental group students and increase the generalizability of the results. Therefore, a similar
experimental design can be realized in the future by using a control group equivalent to the experimental
group. Another limitation is that given time to students for the GeoGebra teaching was limited.
GeoGebra teaching was carried out according to the tools in tasks and the possible tools students can
use in the process of posing problem in triangles. This situation limited the students in terms of the tools
they could use in GeoGebra software. Therefore, the GeoGebra teaching provided to students may cover
a longer period of time and more comprehensive teaching in a similar study in the future. In addition,
due to the inadequacy of the devices in the computer laboratory, students at GeoGebra posed problems
in pairs. Although this situation contributed to cooperative learning, it caused certain students to be
dominant in some groups. Therefore, in a future study, students may be able to pose problems
individually during the implementation process.
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TURKCE GENISLETILMIS OZET

Problem kurma, verilen problemde degisiklikler yapma ya da sunulan matematiksel durumlara uygun
problem olusturma olarak tanimlanan zihinsel bir aktivitedir (Cai & Hwang, 2020; Silver, 1994).
Problem kurma etkinliklerinin teknoloji ile desteklenmesi problem kurma siirecini zenginlestirebilir
(Shriki & Lavy, 2012). Bu nedenle ¢alismada GeoGebra destekli problem kurma temelli bir 6grenme
stireci tasarlanmistir ve bu 6grenme ortaminin 6grencilerin problem kurma becerileri iizerindeki etkisine
odaklamilmistir. Ogrencilerin problem kurma becerilerini gelistirmek amaciyla tasarlanan smf
ortaminda problem ¢6zme ve problem kurma etkinliklerinden yararlanilmistir. Bu nedenle ¢alismada,
Ellerton (2013) tarafindan gelistirilen aktif grenme cercevesi (AOC) kullanilmistir. Bununla birlikte
AOC’nin agamalari dinamik geometri yazilimi1 (DGY) ile desteklenmistir.

Aragtirmada, AOC’de DGY kullaniminin sekizinci sinif dgrencilerinin iiggenler konusundaki problem
kurma becerilerine ve problem kurmaya yonelik goriislerine etkisini incelemek amaglanmistir.
Aragtirma, gomiilii karma yontem ile tasarlanmistir ve 13 hafta stirmiistiir. Katilimcilar kolay ulasilabilir
durum orneklemesine gore belirlenen 16 sekizinci sinif 6grencisinden olusmustur. Arastirmada yedi
adet etkinlik plani, problem kurma testi (PKT) ve 6grencilerin problem kurma etkinliklerine yonelik
diisiincelerini belirlemek icin agik uglu sorular hazirlanmistir. Uygulama siirecinin ilk dort haftasinda
haftada ii¢ ders saati (3x40=120 dakika) 6grencilere GeoGebra yazilimi1 dgretim plant uygulanmistir.
Daha sonra 6n testler uygulanmistir ve grenme siirecine gegilmistir. Ogrenme siirecinde haftada dort
ders saati (4x40=160 dakika) iicgenler konusunda GeoGebra destekli AOC’ye gére hazirlanan
etkinlikler uygulanmistir. Yedi haftalik 6grenme siirecinde sirasiyla iicgenin yardimei elemanlart, tiggen
esitsizligi, agi-kenar iliskileri, licgen cizimi, Pisagor teoremi, eslik ve benzerlik kazanimlar1 (MEB,
2018) ele alinmistir. Uygulama sonunda ise son testler uygulanmistir ve arastirma tamamlanmustir.

Ogrencilerin kurduklar1 problemlerin degerlendirilmesinde Ozgen vd. (2017) tarafindan gelistirilen
“Problem kurma becerilerinin degerlendirilmesine y&nelik rubrik” kullamlmistir. Ogrencilerin problem
kurma becerileri matematik dilini kullanabilme, dil bilgisi ve anlatim, kazanimlara uygunluk, veri
miktar1 ve niteligi, ¢oziilebilirlik, 6zgiinliik, problemin ¢6ziimii kriterlerine (Ozgen vd., 2017) gore
degerlendirilmistir. Arastirmanin nicel verilerinde, 6grencilerin PKT 6n test-son test puanlarinin normal
dagilim gosterdigi belirlenmistir. Bu nedenle iligkili 6rneklemler t-testi kullanilmistir ve etki biyiikleri
hesaplanmistir. Ogrencilerin goriisleri ve giinliiklerinden elde edilen nitel verilerin analizinde ise
betimsel analiz kullanilmistir.

Aragtirmada 6grencilerin matematik dilini kullanabilme, dil bilgisi ve anlatim, kazanimlara uygunluk,
veri miktar1 ve niteligi, ¢ozilebilirlik, 6zgiinliikk, problemin ¢6ziimi becerilerinde ve PKT toplam
puanlarinda son test lehine anlamli fark oldugu belirlenmistir. Dolayisiyla, AOC’de DGY kullaniminin
ogrencilerin problem kurma becerilerini gelistirdigi sdylenebilir. Ogrencilerin &n testte kurduklari
problemlerin rubrigin tim kriterleri agisindan bilyliik bir kisminin 1. ve 2. diizeyde yogunlastigi
belirlenmistir. Son testte kurulan problemlerde ise tiim kriterler agisindan 3. ve 4. diizeye dogru olumlu
yonde bir gelisim gosterildigi soylenebilir. Bu bulgu 6grenme siirecinin 6grencileri kurduklar
problemlerdeki kriterler agisindan gelistirdigini gostermektedir.

Yedi haftalik 6grenme siirecinde 6grencilerin ikili gruplar halinde GeoGebra’da kurduklar1 problemler
rubrikteki kriterler acisindan hafta hafta incelenmistir. Ogrencilerin ilk haftalarda kurduklar
problemlerde matematiksel dili kullanmada hatalar yaptiklar1, hafta 4’den itibaren matematiksel dilin
kullanimi agisindan 3. ve 4. diizeye dogru gelisim gosterdikleri sdylenebilir. Ogrencilerin dil bilgisi ve
anlatim agisindan zorlandig1 ve kurulan problemlerin yaklagik yarisinin (%51,8) anlamsal a¢idan hatali
oldugu belirlenmistir. Kurulan problemlerden 27’sinin kazanimlara uygun ancak eksik ya da hatal
oldugu, 26 problemin ise kazanimlara uygun eksiksiz ve hatasiz oldugu goriilmustiir. Ayrica kurulan
problemlerin yaklasik yarisinda (%46,4) kullanilan verilerin yeterli ve uygun oldugu belirlenmistir.
Kurulan problemlerden 26’sinda uygun olmayan veri ve ifade eksikligi oldugu, 26’sinin ise ¢oziilebilir
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problemler oldugu belirlenmigtir. Kurulan 56 problemden sadece 3’iiniin 6zgiin problem oldugu ve
23’iiniin 6grenciler tarafindan dogru ¢oziildiigii tespit edilmistir.

Calismanin sonunda, AOC’de DGY kullanimimin grencilerin problem kurma becerilerini gelistirdigi
belirlenmistir. Matematik dilini kullanabilme becerileri agisindan 6grencilerin 6n testte kurduklar
problemlerin biiyiik bir kisminin diisiik diizeyde oldugu, son testte ise gelistigi belirlenmistir. Uygulama
stirecinin ilk haftalarinda kurulan problemlerde matematiksel dil kullaniminda yanlisliklar daha fazla
iken, dgrenciler haftalar ilerledikge ilerleme gdstermistir. Ogrencilerin 6n testte kurduklar1 problemlerin
biiyiikk bir kismi dil bilgisi ve anlatim becerisinde diisiik diizeydedir. Uygulama siireci sayesinde
Ogrenciler son testte bu beceri agisindan gelisim gostermesine ragmen problemi ifade etmede
zorlandiklar1 belirlenmistir. Dil bilgisi ve anlatim kriteri agisindan GeoGebra’da ilk haftalarda kurulan
problemlerin diisiik diizeyde oldugu, 6grencilerin zamanla gelisim géstermesine ragmen bu kriterde
zorlandiklar1 sOylenebilir. Bir diger problem kurma becerisi olan kazanimlara uygunluk kriterinde, 6n
testte Ogrenciler tarafindan kurulan problemler son testte bu kriter agisindan gelismistir. Uygulama
siirecinde GeoGebra’da kurulan problemlerin ise c¢ogunlugunun kazanimlara uygun oldugu
belirlenmistir. Veri miktar1 ve niteligi becerisi agisindan, 6grencilerin 6n testte kurduklar1 problemlerin
¢ogunlugunda uygun olmayan veri, ifadelerin oldugu ya da anlasilmayan ifadelerin kullanildig
belirlenmistir. Son testte ise 6grencilerin kullandiklar1 verilere dikkat ettikleri ve gelisim gdsterdikleri
goriilmiistiir. Ogrenciler tarafindan ilk haftalarda GeoGebra’da kurulan problemlerdeki verilerin gergek
yasama uygun olmadigi bu nedenle problemlerde mantiksal agisindan hatalar oldugu belirlenmistir.
Ogrencilerin problem kurma becerileri bir diger kriter olan ¢oziilebilirlik agisindan incelendiginde son
test lehine gelisim gosterildigi goriilmiistiir. GeoGebra’da kurulan problemlerin ise yaklasik yarisi
¢oziilebilir problemlerdir. Ogrencilerin problem kurma becerilerinin bir diger gostergesi olan 6zgiinliik
kriterinde kurulan problemler son test lehine gelisim gostermesine ragmen diisiik diizeyde 6zgiin
problemler kurulmustur. Uygulama siirecinde de GeoGebra’da kurulan problemlerin ¢ok az bir kisminin
6zgiin problemler oldugu goriilmiistiir. Ogrencilerin kurduklari problemler problemin ¢dziimii acisindan
incelendiginde son test lehine gelisim gosterildigi belirlenmistir. Dolayisiyla problem kurma temelli
Ogrenme siirecinin 0grencilerin problem ¢6zme becerilerini gelistirmede etkili oldugu sdylenebilir. Son
testte, Ogrenciler tarafindan kurulan problemlerin yaklasik %37’si ¢oziilebilir olmasina ragmen
bunlardan %33’tinlin ¢6ziimi dogrudur. Dolayisiyla bazi 6grencilerin kendi kurduklar1 problemleri
dogru ¢dzmede zorlandiklari (Ozgen vd., 2017) ve dgrencilerin problem ¢dzme becerilerinin problem
kurma siirecini etkiledigi sdylenebilir. Uygulama siirecinin ilk haftalarinda ise 6grencilerin kurduklar
problemler bu kriter agisindan diisiik diizeyde iken haftalar ilerledikce gelisim gosterilmistir.

Problem kurma etkinliklerine yonelik 6grencilerin uygulama 6ncesi goriislerinde, matematik derslerinde
problem kurma deneyimlerinin olmadigi belirtilmistir. Ancak Ogrencilerin problem kurma
etkinliklerinin konulari daha iyi anlamay1 saglayacagina yonelik diisiinceleri bulunmaktadir. Ogrenciler
uygulama sonrasi goriislerinde ise yasadiklari zorluklari problem ¢dzme ve kurmada zorlanma,
ticgenleri giinliikk yasamla iligkilendirememe olarak belirtmiglerdir. Ancak uygulama siirecinde
ogrencilerin AOC’ye dayali asamalarla problem ¢dzme-kurma etkinlikleri yapmalari, iiggenlerle ilgili
model oOrneklemeleri incelemeleri sayesinde bu durum agilmaya calisilmistir. Nitekim 6grenciler
yukaridaki goriiglerine ek olarak problem kurmanin, diisinme becerisine ve problem ¢dzme-kurma
becerilerine olumlu yonde yansidigini ifade etmislerdir. Aragtirmadan elde edilen sonuglar
dogrultusunda, AOC’de DGY kullaniminin 6grencilerin problem kurma becerilerini destekledigi ve
tasarlanan smif ortamimin eksikligi vurgulanan problem kurma O6grenme ortamini karsiladigi
sOylenebilir. Bu durumda &zellikle problem kurma deneyimi olmayan dgrenciler i¢in benzer problem
kurma ortamlar1 tasarlanabilir.
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