Turkish Journal of Computer and Mathematics Education Vol.11 No.3 (2020), 668-705
Research Article

From Micro-Teaching to Classroom Teaching: An Examination of Prospective
Mathematics Teachers’ Technology-Based Tasks

Giilay Bozkurt® and Melike Yigit Koyunkayab

#zmir Demokrasi University, Faculty of Education, izmir/Turkey (ORCID: 0000-0001-9573-5920)
®Dokuz Eyliil University, Buca Faculty of Education, Izmir/Turkey (ORCID: 0000-0002-7872-3917)

Article History: Received: 30 January 2020; Accepted: 31 August 2020; Published online: 26 October 2020

Abstract: This study examines the changes and development of prospective secondary mathematics teachers’ technology-
based tasks through teaching practices. The Dynamic Geometry Task Analysis model consisting of the components of
mathematical depth and technological action has been chosen as the conceptual framework of the study. In this study, a
qualitative research paradigm has been adopted and action research methodology involving a cyclical process has been used.
Participants of the study were four prospective secondary mathematics teachers, who were enrolled in a secondary
mathematics education program at a state university in Turkey. This research was carried out within the scope of a 14-week
Practicum course and focused on prospective mathematics teachers’ implementations of their technology-based tasks through
micro-teaching and classroom teaching. Data mainly consisted of each prospective teacher’s one technology-based task,
video recordings of their teaching practices (micro-teaching and classroom teaching) and interviews. Data was analyzed by
using the video analysis method to examine how and why mathematical depth and technological action of the planned tasks
changed or developed during micro-teaching and classroom practices. Findings of the study indicated that prospective
mathematics teachers improved the levels of mathematical depth of their tasks by making use of their planned technological
actions in a more effective way from micro-teaching to classroom teaching. In particular, it became apparent that micro-
teaching supported the development of prospective mathematics teachers’ technology-based tasks in terms of content and
also the implementation processes of their tasks in classrooms.

Keywords: Technology-based mathematics education, action research, micro-teaching, classroom teaching, dynamic
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Oz: Bu calisma, ortadgretim matematik ogretmeni adaylarinin tasarladiklart teknoloji destekli etkinlikleri Ggretme
stireglerindeki degisim ve gelisimlerini incelemektedir. Matematiksel derinlik ve teknolojik eylemin g¢esidi bilesenlerinden
olusan Dinamik Geometri Etkinlik Analiz Cercevesi ¢aligmanin kavramsal temelini olusturmaktadir. Bu ¢alisma, nitel
aragtirma paradigmast benimsenerek dongiisel bir siireci igeren eylem arastirmasi ile desenlenmistir. Katilimcilar
Tiirkiye'deki bir devlet {iniversitesinde ortadgretim matematik egitimi programina kayitli dort matematik ogretmeni
adaymndan olusmaktadir. 14 hafta siiren Ogretmenlik Uygulamasi dersi kapsaminda yiiriitiilen bu arastirmada 6gretmen
adaylarmm gelistirdigi etkinliklerin mikro 6gretim ve sinif i¢i uygulama siireglerine odaklanilmistir. Arastirmanin veri
grubunu her bir 6gretmen adayinin tasarladigi bir etkinlik, bu etkinligin uygulama video kayitlari (mikro 6gretim ve smif ici
uygulama) ve goriisme video kayitlar1 olusturmaktadir. Bu verilerin analizinde 6zellikle video analiz yontemi kullanilarak
etkinlikte amaglanan matematiksel derinlik ve teknolojik eylemin ¢esidi bilesenlerinin plandan uygulama siireglerine nasil ve
neden degistigi veya gelistigi incelenmistir. Aragtirmanin bulgulari, mikro 6gretimden sinifa gegis siireglerinde, 6gretmen
adaylarmin etkinliklerinin matematiksel derinligini arttirdiklart ve bu derinligi arttirmak igin etkili teknolojik eylemler
kullandiklar1 goriilmektedir. Ozellikle, mikro dgretim siirecinin 6gretmen adaylarmin hem teknoloji destekli etkinliklerinin
igerigini gelistirmelerine hem de bu etkinliklerin siniflarda uygulama siireglerine katki sagladig: belirlenmistir.

Anahtar Kelimeler: Teknoloji destekli matematik egitimi, eylem aragtirmasi, mikro 6gretim, simf i¢i 6gretim, dinamik
geometri etkinlikleri, matematik 6gretmeni aday1

Tiirkge siiriim i¢in tiklayiniz

1. Introduction

National curriculums and standards in many countries emphasize the importance of digital technologies on
learning and teaching processes in mathematics education (National Council of Teachers of Mathematics
[NCTM], 2000; National Center for Excellence in the Teaching of Mathematics [NCETM], 2014; Ministry of
National Education (MNE), 2013; 2018). Accordingly, there are a number of research studies focusing on the
integration of digital technologies into mathematics education in the related literature (e.g., Akyuz, 2016; Baki,
1996; Clark-Wilson, Robutti, & Sinclair 2014, Drijvers 2012, Erfjord, 2011; Hollenbeck, Wray, & Fey, 2010).
These studies indicate the positive effects of using digital technologies on enriching mathematics learning and
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teaching, developing students’ mathematical thinking and understanding, and increasing students’ motivation
and interest in mathematics. Equally, the national and international literature underline the crucial role of
teachers in incorporating technology effectively (e.g., Akkog, 2012; Clark-Wilson, Robutti & Sinclair 2014;
Yigit Koyunkaya, 2017). In Turkey, in the document about Teacher Competencies published by the Turkish
Education Association, one of the teacher competencies is pointed out as “an effective use of information
technologies” (Teacher Competencies, 2009, p. 10). Similarly, “effective use of information and communication
technologies in the teaching and learning processes” (General Competencies for Teaching Profession, 2017, p.
14) is highlighted as one of the teacher competencies. The word effective here indicates that teachers should not
only have technological knowledge per se, but also consider using appropriate pedagogical technigues relevant
to the class level and the topic taught in order to make a difference compared to using traditional methods. To
integrate digital technologies into teaching effectively, teachers need “detailed road maps and also experts or
teachers who can act as a compass” (Bozkurt & Cilavdaroglu, 2011, p. 868). Detailed road maps can be defined
as detailed lesson plans that teachers prepare beforehand. In this sense, teachers (practicing and prospective)
aiming to use digital technologies in teaching should be supported in their preparation and development
processes of lesson plans (Hur, Cullen, & Brush, 2010). In particular, prospective teachers should be provided
with an environment, where they can prepare lessons with the use of digital technologies in their teacher
education (Ozgun-Koca, Meagher, & Edwards, 2010).

In this light, researchers draw attention to the importance of ‘Practicum’ courses in teacher education aiming
to increase teaching experiences of prospective teachers with the integration of digital technologies into
mathematics lessons. In this process, micro-teaching is regarded as an important and useful preparation tool for
prospective teachers’ teaching experiences in classrooms (Allen, 1980; Griffiths, 2016; Ledger & Fischetti,
2019). While prospective teachers could have an opportunity to experience classroom teaching to some extent in
school placements, they may not experience all possible situations that may occur, hence micro-teaching could
be a crucial step for them to experiment before their classroom practices (Ledger, Ersozlu & Fischetti, 2019).

Research indicates that digital technology integration in mathematics teaching has progressed much slower
than expected (e.g., Clark-Wilson, Robutti, & Sinclair 2014). Similarly, in Turkey, despite the huge funds
allocated for schools to provide suitable technology hardware and infrastructure, digital technologies could not
be effectively integrated into mathematics teaching (Cift¢i, Taskaya, & Alemdar, 2013; Kayaduman, Rowkaya,
& Seferoglu, 2011). When professional development programs are examined in Turkey, it become apparent that
they mostly focus on the technical elements of technology rather than pedagogical and mathematical aspects,
which those technologies could trigger (Uslu & Biimen, 2012; Pamuk, Cakir, Ergun, Yilmaz, & Ayas, 2013).
Hence, in this study, in the context of a 14-week Practicum course at a Turkish University, we aim to support the
professional development of four prospective mathematics teachers (PMTs) on technology integration by
enabling them to learn how to effectively blend technology into their teaching. In particular, we focus on the
processes where the PMTs integrate dynamic mathematics software -GeoGebra- to design technology-based
mathematical tasks, to develop these tasks through micro-teaching and to practice their tasks effectively in
classroom environments. The main goal of this study is therefore to examine changes and development of the
PMTs’ technology-based tasks on the implementation processes of micro-teaching and classroom teaching in
school placements.

2. Conceptual Framework

Mathematical tasks are considered as one of the most important elements that support learning and teaching
in classroom practices (Smith & Stein, 1998; Swan, 2007). Hence, we believe that it is of essential importance to
examine technology-based mathematical tasks designed by the PMTs in detail. In line with the aim of the study,
the Dynamic Geometry Task Analysis framework developed by Trocki and Hollebrands (2018) was chosen as
the conceptual framework of the study. This framework consists of two components: (1) Mathematical Depth;
(2) Technological Action. The component of mathematical depth focusing on the mathematical purpose served
by a technology-based task is developed mainly based on Smith and Stein's (1998) Cognitive Demand Level
framework and also some other related studies in the literature (Baccaglini-Frank & Mariotti, 2010; Christou,
Mousoulides, Pittalis, & Pitta-Pantazi, 2004; Laborde, 2001; Sinclair, 2003; Stylianides, 2008; Zbiek, Heid,
Blume, & Dick, 2007). The component of technological action points out technological affordances to reach the
targeted depth in the task and is developed again through the use of some studies in the related literature
(Arzarello, Olivero, Paola, & Robutti, 2002; Baccaglini-Frank & Mariotti, 2010; Christou et al., 2004;
Hollebrands, 2007; Holzl, 2001; Sinclair, 2003). While mathematical depth explains the purpose of the task in
levels including N/A and 0-5, type of technological action consists of technological affordances described
between N/A and A-F to reach the targeted mathematical depth (see Table 1). In the framework, two main parts
are taken into consideration in the tasks: (1) the section seen on the screen drawn by dynamic geometry; (2)
guiding questions called ‘prompt’ related to the teaching objective. In this study, by employing this framework,
we examined how the PMTs changed or developed their designed technology-based mathematical tasks in terms
of mathematical depth and technological action through micro-teaching and classroom teaching.
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Table 1. Dynamic Geometry Task Analysis Framework (Trocki & Hollebrands, 2018, p. 123)

Allowance for Mathematical Depth

Levels Hierarchical Levels and Descriptions
N/A Prompt requires a technology task with no focus on mathematics.
0 Prompt refers to a sketch that does not have mathematical fidelity.
1 Prompt requires student to recall a math fact, rule, formula, or definition.
2 Prompt requires student to report information from the sketch. The student is not expected to

provide an explanation.

3 Prompt requires student to consider the mathematical concepts, processes, or relationships in
the current sketch.

4 Prompt requires student to explain the mathematical concepts, processes, or relationships in the
current sketch.

5 Prompt requires student to go beyond the current construction and generalize mathematical

concepts, processes, or relationships.
Types of Technological Action
Affordances  Descriptions
N/A Prompt requires no drawing, construction, measurement, or manipulation of
current sketch.
Prompt requires drawing within current sketch.
Prompt requires measurement within current sketch.
Prompt requires construction within current sketch.
Prompt requires dragging or use of other dynamic aspects of the sketch.
Prompt requires a manipulation of the sketch that allows for recognition of emergent invariant
relationship(s) or pattern(s) among or within geometrical object(s).
F Prompt requires manipulation of the sketch that may surprise one exploring the relationships
represented or cause one to refine thinking based on themes within the surprise (adapted from
Sinclair (2003, p. 312).

mooOw>

3. Method
3.1. The Research Design

This study formed as a qualitative research was designed using an action research method, which is used to
understand and solve an educational problem in a particular context (Charles & Mertler, 2002). In action
research, researchers are aware of the expected impact of the intervention and possible changes that might occur
through the research. Therefore, most action research focuses on consciously changing or developing a particular
issue, in which researchers have key roles (Berg, 2004). In particular, the development of research is based on
researchers’ ability to organize, implement, improve and evaluate the newly introduced plan or process (Hui &
Grossman, 2008). Action research is a cyclical process consisting of planning what to change, acting upon and
observing the results of such change, then reconstructing the process through revision and reflection (Kemmis &
McTaggart, 2005).

This study is part of a research project where we as the researchers (the authors of this study) examined the
development of four PMTs’ designing and implementing technology-based lesson plans in the context of a 14-
week Practicum course (Bozkurt & Yigit Koyunkaya, 2020). We designed an action research in three cycles (see
Figure 1). The first cycle of the study was conducted between the 1st and 7th weeks to improve the PMTs’
knowledge to design technology-based mathematical tasks and to plan the implementation processes of those
tasks. The second cycle was about micro-teaching carried out between the 8th and 9th weeks to allow the PMTs
practicing their tasks before classroom teaching. The last cycle focused on the PMTs’ classroom teaching in their
school placements and completed between the 9th and 14th weeks. In this process, due to the nature of the action
research, during the transition from one cycle to the next cycle, we followed and examined the planning
processes of technology-based tasks, micro-teaching and classroom practices. Accordingly, we designed
individual action plans for each PMT during the research process (for example; conducting additional individual
interviews, or repeating the micro-teaching process). In this study, we mainly focused on the second and third
cycles of the research.
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¢ Seminars about designing technology-based tasks
¢ Designing lesson plans
¢ Examining the plans and giving individual feedback to the PMTs

* Revising initial lesson plans
* Micro-teaching
e Discussion and suggestions about micro-teaching and lesson plans

¢ Modification of the lesson plans
¢ Classroom teaching

Figure 1. The cyclical process of the research
3.2. Participants

Participants of the study were four prospective secondary mathematics teachers, who were enrolled in the last
semester of their final year of a mathematics education program at a Turkish University. Participants took almost
all mathematics and mathematics education courses in their teacher education program, as well as technology-
based courses such as Using Mathematics Software and Using Information Technologies in Mathematics
Education. In addition, before taking the Practicum course, they took a course called School Experience in which
they had an opportunity to observe classroom environments in school placements for a semester. While selecting
the participants, the criterion sampling method, a purposeful sampling strategy, was used to provide detailed
information about situations in depth (Merriam & Tisdell, 2016). Participants’ knowledge and ability to use
GeoGebra was considered as a criterion for their participation in the study.

3.3. Data Collection

Data in this study consisted of the PMTs’ technology-based tasks, video recordings of micro-teaching and
classroom implementations, and also interviews. The PMTs designed in general four or five technology-based
tasks in their lesson plans. In this study, we focused on one task of each PMT that was selected and examined in
detail. We as the researchers involved together in the selection process of the tasks by discussing the content of
each task. In particular, within the conceptual framework, we paid particular attention to select and share some
tasks in which the three PMTs showed some development and also a task in which one PMT could not propose
much change or development. In terms of the chosen topics, the first prospective mathematics teacher (PMT1)
designed a task to teach trigonometric ratios, the second one (PMT2) designed a task to teach the area of a circle,
the third one (PMT3) designed a task to teach the area of a triangle, and the fourth prospective mathematics
teacher (PMT4) designed a task to teach the base area of a shape formed by rotating a rectangle at different
angles.

During the second cycle, the PMTs practiced their micro-teaching. After micro-teaching, each PMT was
given feedback and suggestions by the researchers and fellow PMTs in micro-teaching. In addition, we
conducted individual interviews with each PMT on this process and gave feedback to help them improve their
plans and teaching. Then in the third cycle of the research, the PMTs revised their tasks based on their micro-
teaching experiences and given feedback, then implemented their revised tasks in classrooms. All those
processes were video-recorded as the main data of the study.

3.4. Data Analysis

For the data analysis, we analyzed each selected task by comparing and contrasting the aimed mathematical
depth (MD) and planned technological action (TA) in the PMTs’ plans, and also reached MD and used TA in
their micro-teaching and classroom implementations in school placements. We investigated the changes and
development that occurred among these processes. The tasks in the plans were analyzed with the document
analysis method based on the conceptual framework of the study (Bowen, 2006).
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Also, video recordings collected in micro-teaching and classroom teaching were analyzed using video
analysis method, in particular whole to part approach (Erickson, 2006). In this process, we followed the steps
stated below respectively:

e We watched all the videos as a whole without stopping and took notes,

e We watched the videos again with stopping and divided into pieces according to the components of
the framework. Then we transcribed the selected pieces and identified the critical events related to
the framework.

e By comparing the aimed and reached MD and TA in each process of the task (including the design
stage, micro-teaching and classroom teaching), we analyzed how and why it changed or developed.

As a first step, we analyzed the PMTs’ prompts in their plans to determine the levels of mathematical depth
that they aimed to reach and the types of technological action they planned to use. Then, we identified changes
or development in the PMTs’ tasks by analyzing the videos of micro-teaching and classroom teaching. We
particularly examined the prompts they asked during teaching, answers to those prompts, how they used the
dynamic technology (such as use of dragging) and compliance with their plan at these stages. For instance,
concerning the PMT3’s task on finding the area of a triangle, we identified, first, his intended mathematical
depth, which was to guide students to reach the area formula of a triangle by using the area formulas of polygons
(MD-1) and also his planned technological action which was to use the activity only as a visual (TA-N/A). Then,
we watched the videos of his two micro-teaching (he conducted two micro-teaching) and classroom teaching of
this critical event without stopping, and then the videos were stopped and watched again. At this stage, we
transcribed the pieces related to his reached mathematical depth and used technological actions. All processes
were compared and the changes or development were determined. Additionally, we transcribed and used the
interviews with the PMTs and post-lesson discussions regarding the identified critical events that were used to
support the data. In this sense, triangulation was used in order to increase the trustworthiness of the study
(Patton, 2002).

4. Results

In this section, we report our analysis on each prospective mathematics teacher's targeted level of
mathematical depth (MD) and planned technological action (TA) in their tasks, the level of mathematical depth
achieved and the type of technological action used during micro-teaching and as well as during classroom
teaching of those tasks in school placements. In particular, we compared their achieved MD and used TA in
micro-teaching and in classroom teaching to identify the changes in the content of tasks and in teaching practices
of the PMTs.

4.1. Prospective mathematics teacher 1
4.1.1. What PMT1 planned

PMT1 designed a technology-based task in which students could use right triangles and related elements to
support the conceptual learning of the meaning of trigonometric ratios (see Figure 2). She planned to discuss
how to find the length of the tree in the sketch using the sides of a right triangle and the ratios of these sides, and
in this process, she expected students to gather information from the sketch (MD-2). Then, she aimed to explain
the meaning of the trigonometric ratio of tangent in a right triangle, and planned to ask the following prompt, "If
we only knew the value of tanN, could we find the length of the tree?". Then, she aimed for students to notice
and explain how the trigonometric ratios were related to side lengths of the right triangle (MD-3 and 4).

At the last stage of her plan, PMT1 planned to discuss the following prompts on the possibilities that this tree
could fall on the house:

o If we could change the distance of the tree from the house, could we make different comments?
e Let's fall down the tree by using the slider. What could you say about this situation?
e Would it be enough just to change the length of the tree or the distance of the tree from the house?

In this process, PMT1 aimed for students to reach a generalization (MD-5) on how trigonometric ratios
would change based on the changes in an angle through using dynamic features of the technology (TA-D) and
guiding them to recognize existing relationships in the sketch (TA-E). Although she planned to ask some
prompts with the use of a slider attaching to the tree in the sketch, she could not manage to design such a slider
in the content of the task. She stated that she would work on this before implementing her task in micro-
teaching.
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The wind begins to blow. Is there any possibility
that this tree can fall onto the house?

Figure 2. The Tree Task designed by PMT1

4.1.2. Micro-teaching

In her micro-teaching, PMT1 only used the rules related to trigonometric ratios (MD-1) and enabled students
to gather information from the sketch (MD-2). In terms of the type of technological action, it became apparent
that she generally used her sketch in a static way (TA-N/A), but towards the end she partially used the dynamic
features of the software by changing the height of the tree (TA-D). Detailing the whole micro-teaching process,
she started her teaching by discussing the question in Figure 2 and expected students to make inferences in line
with what they saw on the screen (MD-1 and 2). However, at this stage, PMT1 asked some prompts, which were
not in her plan, that resulted in a different teaching direction from her plan. For instance, she asked “Have you
ever heard of a concept called slope?” and guided students to find the length of the tree by discussing the slope
concept. She then introduced the ratio of tangent as planned by pointing out the ratio between the side lengths.
However, she did not ask the following planned prompt directly “If we only knew the value of tanN, could we
find the length of the tree?”. Instead, she discussed the content of this prompt by proposing different prompts
than she planned, but with the prompts she asked, students only managed to collect information from the sketch
(MD-2).

Later, PMT1 focused on the changes in trigonometric ratios while changing the height of the tree. For this
purpose, she asked “What changes would happen if I move the tree?”. As mentioned above, although she
planned to attach the image of the tree to a slider to show the possible different situations of the tree falling down
that could be analyzed by students (TA-D), she could not manage to add such a slider to the task. Instead, she
only discussed the situation where the height of the tree was changed by dragging the corner point of the image
of the tree (see Figure 3). In this process, she tried to support students’ examination of the situation by only
changing the height of the tree one time. Therefore, she could not manage to discuss how changes in an angle
would affect the trigonometric ratios of this angle since she could not use the dynamic features of the software
effectively. In this sense, PMT1 could not guide her students to construct conceptual knowledge regarding
relationships between angles and side lengths (MD-3 and 4) or to reach a generalization (MD-5). In the interview
after micro-teaching, she stated that she could not put her plan into practice during micro-teaching since she lost
track of the details and directions of what she planned.

The wind begins to blow. Is there any possibility
Pe-oor that this tree can fall onto the house?

Figure 3. A redrawn sketch of PMT1’s dragging the vertex point of the tree
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4.1.3. Classroom teaching

Based on her experience and feedback during micro-teaching, PMT1 revised her task before classroom
implementation. While revising her task, it became apparent that she still could not manage to add a slider
attaching to the tree image. Instead, she drew a number of colored line segments to show the different heights
and positions of the tree. Following her plan, she started her classroom practice by discussing how the tree's
falling down situation was related to the side lengths of the right triangle. In this process, she guided students to
make inferences through using their prior knowledge and collecting information from the sketch (MD-1 and 2).
She then showed the tangent ratio of an angle. At this stage, as she planned, she effectively discussed the idea of
finding the length of the tree by knowing the tangent ratio of an angle and guided students to make explanations
considering the relationships between angles and side lengths (MD-3 and 4). Also, she helped them develop
conceptual knowledge about other trigonometric ratios and the relationships between them (MD-3 and 4).
However, she did not use any technological action until this stage; she only used the task in a static way. At the
last stage of the task, although PMT1 wanted to take advantage of the dynamic features of the software, she had
some problems in practice. For instance, to change the height of the tree and its distance from the house, she
moved the position of the vertex of the right triangle (point K), but in the static picture she added to the task, the
position and height of the tree did not change (see Figure 4).

The wind begins to blow. Is there any possibility
that this tree can fall onto the house?

Figure 4. A redrawn sketch of PMT1’s dragging the vertex point K of the triangle

PMT1 asked “For example, if I move point K, my tree is not moving right now, please ignore it. It is a static
picture. What changes as I move point K now?”. Since the location and appearance of the tree did not change,
unclear answers came from the students. At this point, she tried to use the colored line segments, however, forgot
the roles and functions of the line segments and became confused. In this sense, PMT1 experienced a number of
difficulties in using the tools of the software (e.g. she did not measure the side lengths dynamically and forgot to
close the dynamic texts representing these measurements). Nevertheless, she continued her teaching by dragging
the line segment AO (orange colored) showing the height of the tree, and managed to guide her students to reach
a generalization to some extent about how trigonometric ratios changed depending on the changes in angles and
side lengths (MD-5) (see Figure 5). However, contrary to what she had planned in this process, PMT1 partially
used the dragging feature (TA-D). Also, she was partially successful in using the task in a way for students to
recognize relationships between trigonometric ratios and angles in the sketch (TA-E).

The wind begins to blow. Is there any possibility
that this tree can fall onto the house?

Figure 5. A redrawn sketch of PMT1’s dragging the line segment showing the height of the tree
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Considering all the processes she experienced, it became apparent that PMT1 developed not only the content
of her task but also the way she used it in her teaching. As it can be seen in Table 2, although she planned to
guide students to reach a generalization regarding how trigonometric ratios changed depending on changes in
angles and sides, in micro-teaching she did not achieve the targeted mathematical depth as she could not utilize
her planned technological actions in an effective way. However, by considering her experiences and suggestions

in the micro-teaching, she managed to achieve her planned aims to some extent in her classroom practice.

Table 2. Examples of PMT1’s prompts at different stages

Prompt stated Targeted (MD+ TA) Micro-teaching (MD+ TA) Classroom teaching
in the plan (MD+ TA)
Would it be She aimed to guide Through discussing the situations  She managed an effective

enough to have
only the value of
tanN and the
length of |ON| to
find the length of
the tree?

students to examine on
what elements they
should focus in a right
triangle to find an
unknown side length by
constructing a

related to the right triangle in the
sketch, she enabled the students
to collect information from this
right triangle. However, she did
not succeed in guiding them to
establish and explain the

discussion to reach her
intended mathematical
depth and succeeded in
guiding the students to
establish and explain the
relationship between tan

relationship between tanN value
and the given length.
(MD-2; TA-N/A)

N value and the given
length.
(MD-3 and 4; TA-N/A)

relationship between
given information.
(MD-3 and 4; TA-N/A)

If we could She aimed toteach how She could not use the dynamic She managed to guide the
change the trigonometric ratios features of GeoGebra effectively. students to reach her
distance of the change based on She asked the following question aimed generalization.
tree from the changes in angles and “What change would happen if I (MD-5; TA-D and E).
house, could we side lengths by move the tree?” However, as she

make different changing the distance of could not add a slider to the task,

comments? the tree from the house she only dragged the corner point

(or changing the length of the image of the tree one time

of the tree). and enabled students to collect
(MD-3, 4 and 5; TA-D information from the sketch
and E) (MD-1 and 2, TA-N/A)

4.2. Prospective mathematics teacher 2
4.2.1. What PMT2 planned

PMT2 designed three different technology-based tasks to conceptually verify the area of a circle in his lesson
plan. He aimed to verify the area by using an infinite-sided regular polygon in the first task, using sectors in the
second task, and forming the circle into a triangle in the third task. In this section, we reported the results of his
second task, namely verifying the area of a circle through using sectors.

In his plan, it became apparent that he did not indicate the targeted mathematical depth or planned
technological actions for the implementation of the task, instead he only stated the aim of guiding students to
reach the area of the circle. In line with this aim, he planned to use two different sliders (TA-D) while one of
them attached to the radius of the circle, the second one represented the number of sectors in the circle (see
Figure 6). Using this task, PMT2 aimed to guide students to reach a generalization about the fact that the area of
a circle could be obtained from the area of a rectangle, which was evolved through the shape formed by
combining the sectors as the number of sectors increased (MD-5) (see Figure 7b).

4.2.2. Micro-teaching

PMT2 experienced two micro-teaching. In the first micro-teaching, he practiced only his first task, which
was about verifying the area of a circle by using infinite-sided regular polygon. During the process, he
encountered situations that he did not plan to which he could not propose any solution. Hence, he ended the
micro-teaching at his own request to conduct another micro-teaching later. Then, in his second micro-teaching,
he implemented all three tasks he planned to teach. Considering the problems and difficulties experienced in the
first micro-teaching, PMT2 was more successful in reaching his goal in the second micro-teaching.
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In micro-teaching, PMT?2 started his second task by introducing the functions of the sliders and the content of
the task. To indicate the area of evolving shape formed by interlacing of different colored sectors (see Figure 7a),
he used the slider representing the number of sectors (TA-D) and asked students to observe how the area
changed as the number of sectors gradually increased (see Figure 7b and 7¢). In this process, he encouraged the
students to discuss the following prompts:

Although he pointed out that the total shape resembled a rectangle through using hand gestures, a student
asked, “Can we do it again from the beginning?”. At this stage, it became apparent that students had difficulties
in constructing and explaining the relationship between shapes and only managed to collect information from the
sketch (MD-2). In response to the student’s request to repeat the process again, PMT2 animated the slider and
prompted students on the animation (TA-D). In this way, he managed to better help students establish and
explain mathematical relations about the evolving shapes (MD-3 and 4; TA-D and E). As a result, students
reached a generalization on the relationship between the area of the rectangle and the area of the circle (MD-5).

.

Area ofthe circle=mr’

Figure 6. PMT?2’s task of verifying the area of a circle through using sectors

slider; what do you think is happening to the shape?
What did the final version of the shape resemble?

@)

I move this slider and increase the number of sectors. What happens to this shape (the shape formed by
arranging the sectors)?
| constructed 44 blue sectors, 44 red sectors and rearranged them together in a shape. | am moving the

(b)

676




From Micro-Teaching to Classroom Teaching: An Examination of Prospective Mathematics Teachers’ Technology-Based Tasks

(©
Figure 7 (a) (b) (c). Redrawn sketches of different implementation processes of the task

In terms of technological action, PMT2 managed to use the sliders effectively (TA-D) to reach the intended
mathematical depth. Although he was more successful in his second micro-teaching, he experienced some
difficulties in guiding students to reach his aimed mathematical depth. For instance, it was observed that he had a
difficulty in answering the following question asked by a student: “why is the length of the line segment formed
by the sectors 2 (pi)?”. In the group discussion conducted after micro-teaching, fellow PMTs made suggestions
regarding answering such a question. They also suggested that to better indicate that the shape formed by sectors
resembled a rectangle as the slider increased, he should have emphasized the parallelogram image beforehand.

4.2.3. Classroom teaching

Considering his experiences and feedback given in micro-teaching, PMT2 revised his task before his
classroom implementation. He started his practice by explaining the functions of the two sliders in the task:

This slider represents the radius of the circle. Radius is a dependent variable here, so the radius
changes when | move the slider. | also divided the circle into equal sectors starting with the minimum
number 4 increasing to 6,8,10 till 60. So, the second slider represents the number of the sectors.

PMT?2 initially expected students to collect information about the changes that occur on the sketch (MD-2)
by animating the slider representing the sectors (TA-D). Then, he guided students to discover the relationship
between variants (number of sectors and evolving shape) by asking how the sketch changes (MD-3, TA-E). In
this process, he helped students realize that the shape formed by the sectors evolved from parallelogram to
rectangle by using the concept of limit (see Figure 8). Then, PMT2 asked prompts about the area of the circle
and expected them to provide explanations through relating the circle to the rectangle (MD-3 and 4).

Ares of the circle wnr?
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Figure 8. A redrawn sketch of PMT2 increasing the number of sectors through the slider
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While students said that the short side of the rectangle was equal to the radius of the circle, they could not
understand how the long side of the rectangle was formed. For example, a student asked a question regarding the
long side of the rectangle: “When you move the slider into 60, should not the line segment indicating the long
side of the rectangle stay constant? Why is it getting longer? Circumference of the circle is fixed, we only
increase the number of the sectors”. PMT2 answered the question by constructing a relationship between the
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length of the arc and the length of the line segments. He showed that the length of the arc had gradually evolved
to the length of the long side of the rectangle by increasing the number of sectors with the slider. In particular, he
changed the number 60, which was the highest value in the slider, into 1000 and enabled students to observe and
notice the idea of approaching (see Figure 9). In this sense, it became apparent that PMT2 were able to respond
to an unexpected question by using the technology in an effective way. After he guided the students to conclude
the relationship between the long side of the rectangle and the circle, they reached a generalization of the area of
the circle (MD-5).

r=3

L

n= 1000

Area ofthe circle s
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Figure 9. A redrawn sketch of PMT2 changing the highest number of the sector slider as 1000
In summary, considering his experiences and suggestions in his two micro-teaching sessions, PMT2 managed
to use the dynamic technology effectively in his classroom implementation and was more successful in reaching
the mathematical depth he aimed (see Table 3).

Table 3. An example of PMT2’s prompt at different stages

Prompt stated in
the plan

Targeted (MD+ TA)

Micro-teaching
(MD+ TA)

Classroom teaching (MD+
TA)

He did not include
specific prompts in
his plan.

He aimed to start
his task by asking
the following
question: “How
can | find the area
of a circle?”

He aimed to guide students to
reach a generalization about
the fact that the area of a circle
could be obtained from the
area of a rectangle, which was
evolved through the shape
formed by combining the
sectors as the number of
sectors increased (MD-5; TA-
D).

In the process, using
the slider representing
the number of sectors
(TA-D), he enabled
students to collect
information from the
sketch (MD-2).

Then, he continued
dragging the slider
(TA-D), but he had

He enabled the students to
collect information from the
sketch by animating the slider
representing the number of
sectors (MD-2), to construct
and explain a relationship
between the number of
sectors and the shape formed
by the sectors (MD-3 and 4)
(TA-D and E).

difficulties in reaching
his aimed
mathematical depth.

4.3. Prospective mathematics teacher 3
4.3.1. What PMT3 planned

PMT3 designed a lesson plan to teach how to find the area of a triangle. In the first task of his plan (see
Figure 10), he aimed to reach the area of a triangle using the areas of polygons such as rectangle or square. At
this point, he planned to use his task only as a visual (TA-N/A) and aimed to use the areas of rectangle and
square (MD-1). In order to achieve this goal, he planned to ask students to calculate the areas of 4 different
shapes in Figure 10 respectively. Also, for the triangle shape in the task, he aimed to ask students to turn this
triangle into a square (using two equal triangles) and then to calculate the areas of those triangles and the square.
At this part, if unexpected answers arose, he planned to teach the area of the triangle step by step by directing
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students to the first two shapes in the task. After students recognized that the area of the triangle was half of
square and/or rectangle, PMT3 expected them to reach the area of triangle through calculating the area of the
final shape (an irregular polygon) in the task.

o C C E l H

SEKIL1 SEKIL 2

SEKIL 4

SEKIL 3

Figure 10. PMT3’s task about the area of a triangle
4.3.2. Micro-teaching

PMT3 performed two micro-teaching. In his first micro-teaching, he followed his plan, and used the task as a
visual (TA-N/A) and enabled students to reach the area of the triangle with the use of the areas of rectangle
and/or square (MD-1). At this point, the researchers and the other PMTs who participated in the micro-teaching
made suggestions regarding the fact that he could have used technology more effectively in line with his aim.
For instance, instead of using the task as a visual, he could have explored the area of the triangle by drawing this
sketch step by step in GeoGebra.

Considering these suggestions, PMT3 requested to practice another micro-teaching for this task. In his
second micro-teaching, PMT3 drew an irregular polygon step by step (TA-A) and asked students how to
calculate the area of this polygon (see Figure 11). When students replied that this polygon could be divided into
a rectangle and two triangles, PMT3 asked about the area of the rectangle (MD-1) and guided them to create
rectangles from those two triangles. He started a discussion for students to make and explain a relationship
between these shapes (MD-3 and 4). Then, PMT3 continued on the ordinary board and enabled students to reach
the area formula of the triangle based on the area of the rectangle. At the end of this micro-teaching, the
participants suggested that he could verify the area of the triangle by dragging one side of the polygon that was
constructed at the beginning.

Figure 11. A redrawn sketch of PMT3’s drawing an irregular polygon
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4.3.3. Classroom teaching

During the classroom practice, it was observed that PMT3 improved his teaching by taking into account his
experiences and suggestions given in micro-teaching. Similar to his second micro-teaching, PMT3 drew an
irregular polygon in GeoGebra (see Figure 12) and asked students how to find the area of this polygon as
planned. While doing this drawing, he constructed a polygon with a right angle instead of a random polygon
(TA-C) because he wanted to make use of the rectangle. This was one of the suggestions given in his second
micro-teaching.

Figure 12. A redrawn sketch of PMT3’s construction of an irregular polygon with a right angle

PMT3 effectively used the software to verify students' answers while guiding a class discussion on how to
find the area of the polygon. In this process, with the use of the GeoGebra tools (perpendicular line, parallel
line), he constructed two triangles and a rectangle inside this polygon (TA-C) and measured the areas of each of
these polygons (TA-B) (see Figure 13).

E D

Area of EAD = 5.45

A./Area of DAF = 5.45
F
o B

Figure 13. A redrawn sketch of PMT3’s construction of two triangles and a rectangle in the irregular
polygon

During the discussion, he asked students to remember areas of the rectangle and triangle (MD-1) and to make
predictions about the relationships between the areas of the shapes and explain this (MD-3 and 4). By turning the
triangles into a square or a rectangle, he enabled students to verify/falsify their predictions. At this point, PMT3
dragged the irregular polygon (TA-D) and helped students realize that the equality of proportions between the
areas did not change even though the polygon changed (MD-5) (see Figure 14).
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Area of EAD = 11.9

Area of DAF = 11.9

E

Figure 14. A redrawn sketch of the evolved irregular polygon based on PMT3’s dragging a point of the
constructed polygon

As summarized in Table 4, there were significant changes and development in the content and

implementation of PMT3’s task.

Table 4. Examples of PMT3’s prompts at different stages

Prompt stated Targeted (MD+ Micro-teaching 1 Micro-teaching  Classroom teaching
in the plan TA) (MD+ TA) 2 (MD+TA) (MD+ TA)
How many units  To guide the He achieved the goal He drew an His classroom

are those shapes
composed?
(showing the
pre-made shapes

students on
reaching the
formula of the
triangle from the

by applying the task as
he intended. After
micro-teaching,
researchers and other

irregular polygon
in GeoGebra and
asked the
following

implementation of this
task was similar to his
second micro-teaching.

in GeoGebra) shape by aiming to  prospective teachers question “How

make use of the suggested that he could  could we find the

area of the improve the level of area of this

rectangle and mathematical depth of  polygon?” (MD-

planned to use the the task and use 2, TA-A).

task as a static technology in a more

image (MD-1, TA-  effective way (MD-1

N/A). and 2, TA-N/A).
What ratio do He aimed to guide  As he planned, he He drew an He constructed a polygon
you think is students to notice asked the students irregular polygon  with a right angle (TA-C),

there between
the area of the
triangle and the
area of a
quadrilateral
created from two
of this triangle?

that area of a
triangle is the half
of the area of
formed
quadrilateral
(MD-1 and 2, TA-
N/A)

about the ratio between
the area of the triangle
and the quadrilateral.
Students made
comments about the
shapes using the area
formula (MD-1 and 2,
TA-N/A).

and discussed the
relationship
between the areas
of the triangles
and quadrilateral
(MD-3 and 4;
TA- A).

and enabled the students
to relate between the
areas of the triangle and
rectangle inside this
polygon (MD-3 and 4),
then by dragging a point
of this polygon (TA-D)
he guided the students to
reach a generalization
(MD-5).

4.4. Prospective mathematics teacher 4
4.4.1. What PMT4 planned

PMT4 designed a task to teach the base area and volume of a shape formed by rotating a rectangle at
different angles (see Figure 15). PMT4, in her task, used 3 different sliders representing the rotation angle, short
side of the rectangle (the radius of the cylinder) and long side of the rectangle (the height of the cylinder). In this
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study, we share the results of part of her task related to the base area. She aimed to reach a generalization on how
to find base area by rotating a rectangle at an angle (e.g., 360°, 180° and 120°) (MD-5). In this process, PMT4
aimed for students to remember the base area formula of a cylinder (MD-1), to collect information from the
sketch by observing the changes in the angle (MD-2), to explain the relationships that occur based on the
changes in the sketch (MD-3 and 4) and finally to generalize the occurred relationship (MD-5). She planned to
use the sliders at different stages in the sketch (TA-D) and aimed to achieve her goal by emphasizing the changes
in the situations that occurred. For instance, she planned to ask the following prompt: “What could be the
relationship between the base areas of a rectangle rotated by 360° and then by 120°?”. Then, by measuring the
base areas of the geometric shapes (TA-B), she planned to discuss whether the students' predictions about the
relationships were correct. As a result, she aimed to emphasize the relationship between the base area and radius
by asking whether a change in radius would affect this relationship.
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Figure 15. PMT4’s Task about Cylinder
4.4.2. Micro-teaching

In the micro-teaching, PMT4 started the lesson by reminding the following information to the class “the
cylinder is formed by rotating the rectangle 360°”. She asked students about the relationship between the base
areas of the shapes formed by rotating the rectangle 360° and 180°. She chose a student from the class to use
GeoGebra in the front, whom she asked to move the angle slider first to 360° and then to 180° (TA-B and D).

At this point, by using the measurement tool, she confirmed that the base area of the shape formed by
rotating 180° was half the area of the cylinder. She then performed similar operations for the shape that formed
by rotating the rectangle 120°. However, she could not reach her intended mathematical depth since she could
not effectively utilize her planned technological actions. For instance, she used the slider attaching to an angle to
rotate the rectangle (TA-D) but did not guide students to make observations on the formed shapes in order to
discover relationships and make mathematical explanations. Instead, she talked about the ratios using only the
formulas related to the relationships of the shapes (MD-1). Then she asked the students whether the ratio
between the base areas of the shapes changed when the radius changed. She asked the student (who was using
the technology) to move the radius slider (TA-D), however she explained to the class that the ratio did not
change by using the formula on the normal board (MD-1). In the last stage, she asked the following prompts:
“What can | say about the base area of the rectangle rotated with a certain angle? Can | reach a formula
dependent on the angle?”. When students gave an answer as o/360°, she asked “Why?”, but she made her
explanation to the class without prompting further and was not able to guide students to reach a generalization
about the fact.

At this point, it has been observed that PMT4 made use of the software by only using the measurement tool
and the slider in a limited way. In particular, she did not make an effective use of her planned technological
actions (using the slider) in the discussions and in the cases of verifying/falsifying the students' responses. In the
group discussion held after micro-teaching, the other PMTs and researchers made critical comments about her
teaching including the fact that PMT4 was prone to replying to her own prompts without allowing enough time
for students to respond, and that her prompts were not clear in guiding the students to reach a generalization.
Also, one of the comments was about her not using dynamic technology effectively in the discussion she aimed
to create.

682



From Micro-Teaching to Classroom Teaching: An Examination of Prospective Mathematics Teachers’ Technology-Based Tasks

4.4.3. Classroom teaching

Despite the experiences and suggestions made in the micro-teaching, no significant difference was observed
in PMT4’s classroom teaching. PMT4 started the task by asking students the relationship between the base area
formed by rotating the rectangle at 360° and the base area formed by rotating it at 180° After receiving the
students’ responses, she chose an assistant student from the class, who would be in charge of the technology in
the front, and asked the student to measure the base areas of the shapes using the measurement tool in GeoGebra
(TA-B) and verified the predictions of the students in the class (see Figure 16).

Likewise, she asked them to predict the relationship for the shape formed by rotating a rectangle at 120° and
tested students’ predictions with the use of the measurement tool. In this sense, as stated in her plan, she asked
her assistant student to change the angles (TA-D) for the class to collect information from the sketch about the
shapes rotated by different angles (MD-2). She then asked whether a change in the radius would affect the ratio
between the base areas of the shapes rotated by different angles, however, she did not make any manipulation on
the sketch with the use of the radius slider to verify or falsify students’ predictions. In this process, as she stated
in her plan, she asked the class about their reasons regarding the predictions they made, but although students
gave several answers, she ignored those and gave her explanations instead. At the last stage aiming for the
students to reach a generalization, PMT4 asked about the formula of the base area of the shapes formed by
rotating a rectangle by o degrees. After a couple of students responded to her question, she wrote the formula
directly on the normal board without using her technology-based task. In this sense, she generally answered the
prompts herself, directed the lesson on the normal board and could not guide the students to reach the intended
mathematical depth, in which she used the measurement tool (TA-B) and sliders (TA-D) in a limited way.
However, during the post-lesson interview, PMT4 stated that she felt that her awareness about her teaching
increased and improved. She expressed that the reason why she could not reach the intended mathematical depth
was related to the low participation rate of students in the classroom, which hindered her to create a class
discussion.
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Figure 16. A screenshot of showing the measured base area of the shape formed by rotating the rectangle at
180°

To conclude, PMT4 had problems in reaching her intended mathematical depth and in using the planned
technological actions effectively during both her micro-teaching and her classroom teaching (see Table 5). This
seem to be because she did not to take into account her experiences or suggestions given in the micro-teaching.
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Table 5. Examples of PMT4’s prompts at different stages

Prompt stated in
the plan

Targeted (MD+ TA)

Micro-teaching (MD+ TA)

Classroom teaching
(MD+ TA)

How do we find
the base area of a
shape formed by
rotating a
rectangle at a
specific angle?

By presenting situations
regarding different
angles, she aimed to
guide students to
establish and explain
relationships and
between the base areas
of the formed shapes
(MD-3 and 4; TA-B and
D).

She changed the slider to the angles
of 120°, 180° and 360° and
measured the base areas of the
shapes formed. However, she could
not guide students to compare the
base areas at specific angles and
construct the  intended relationship
(TA-B and D (limited)). (MD-1 and
2).

She did a teaching
similar to what she
did in micro-teaching
and did not achieve
her goal.

Would

changing the
radius change this
relationship?
Move the slider to
change the radius.
Is your prediction
correct? Explain

She aimed to guide
students to reach a
generalization about the
relationship between the
base areas formed by
changing the slider
representing the radius
(MD-5; TA-D).

She used the slider in a limited way
and only guided students to use
formulas and collect information
about a couple of shapes formed
(MD-1 and 2, TA-D).

She could not reflect
her  micro-teaching

it.

experiences to her
classroom  teaching.
She mostly used the
task as a visual
amplifier and
explained the
intended relationship
verbally.

In summary, Table 6 provides an overview regarding the processes experienced by the four PMTSs. It became
evident that although PMT1, PMT2 and PMT3 did not reach their goals during their micro-teaching, they
managed to fulfil their targeted mathematical depth to some extent by using their planned technological actions
in their classroom teaching. However, in PMT4’s case, there was not a significant improvement from her micro-

teaching to her classroom teaching.

Table 6. An overview of changes in the PMTSs’ tasks in terms of mathematical depth and technological action

Prospective Targeted mathematical Reached mathematical Reached mathematical
mathematics depth and planned depth and used depth and used
teacher technological action in technological action in technological action in
their plans micro-teaching classroom teaching
PMT1 MD-5 MD-1 and 2 MD-5
TA-D and E TA-D TA-D and E (Limited)
PMT2 MD-5 MD-5 MD-5
TA-D TA-D TA-Dand E
PMT3 MD-1 MD-1 MD-5
TA-N/A TA-A TA-Aand D
PMT4 MD-5 MD-1 and 2 MD-1 and 2
TA-Band D TA-B and D (Limited) TA-B and D (Limited)

5. Conclusions and Discussion

This study focused on the development of four PMTs’ technology-based tasks through teaching practices. In
particular, as suggested by Trocki and Hollebrands (2018), this study examined how PMTs targeted
mathematical depth and planned technological actions of their tasks changed or developed during classroom
practices. In micro-teaching, it was observed that PMTs could not reach the mathematical depth they aimed in
their tasks or use their planned technological actions effectively (e.g., not being able to use the dynamic features
of the software, aimless or limited dragging or not using the measuring tool). Additionally, during micro-
teaching, there were a number of their inappropriate uses of mathematics vocabulary and notation. Furthermore,
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they could not use their prompts in the ways they planned. All of which had an impact on their failure to reach
the targeted mathematical depth. After micro-teaching, it has been observed that there were positive changes and
development in PMTs’ classroom practices, during which they considered their micro-teaching experiences and
also the suggestions given during interviews. In particular, PMT1, PMT2 and PMT3 developed their teaching of
technology-based tasks considering the suggestions in their micro-teaching and interviews. However, in PMT4’s
case, there was not much difference between her micro-teaching and classroom teaching in terms of the level of
mathematical depth achieved and the type of technological action used, which indicated that she seemed not to
consider and evaluate her micro-teaching experiences and suggestions.

The results of the study indicate that the PMTs in general improve the ways of teaching the intended
mathematical knowledge (use of mathematical notations and conducting a class discussion) and also the ways
they utilized the dynamic technology. In addition, all the PMTs stated that they changed the content or goals of
their tasks after micro-teaching. In this sense, through micro-teaching, PMTs had the chance to determine
whether they were able to reach their targeted mathematical depth in the tasks or use their planned technological
actions and accordingly to develop the situations they were missing. In particular, PMT3 showed a notable
change in the way he implemented his technology-based task. While initially aiming to use his task only in a
static way (MD-1, TA-N/A), he made use of the measuring and dragging tools (TA-B and D) for students to
reach a generalization on the area of triangle in his classroom teaching (MD-5) based on his micro-teaching
experiences and suggestions. In other words, the PMT3 did an effective teaching by using the dynamic
technology to help students explore mathematical relationships (Bowers and Stephens, 2011). In this sense,
micro-teaching in this study provided an ethical and safe environment for the PMTs to experiment new tasks that
did not risk the learning of students (Allen & Eve, 1968). In the interviews, all the PMTSs indicated that micro-
teaching was the most important part in this process and mentioned that micro-teaching contributed the most to
the process of developing their technology-based tasks and teaching their tasks. This result, similar to the results
of Akyuz (2016), highlights the importance of teaching experiences in PMTs’ technology integration. Hence, the
results of this study contribute to the field on how technology-based teaching of PMTs could be developed
through micro-teaching.

The results of the study also point that the PMTs’ individual and group interviews with the researchers, their
participation in each other’s micro-teaching and classroom teaching, and also post discussions about each other’s
teaching were the elements that affected the PMTs’ development from micro-teaching to classroom teaching
(Akyuz, 2016; Donnelly & Fitzmaurice, 2011; Griffiths, 2016; Zbiek, 2005). Also, the actions and questions of
both the participants in micro-teaching and students in classroom teaching led to the PMTs revising and
developing their technology-based tasks. In this sense, this study indicates that incorporating micro-teaching into
Practicum courses is of crucial importance for PMTs’ technology integration, in particular, considering the
implied discrepancies between what teachers plan and what they experience in classrooms (Lagrange &
Ozdemir-Erdogan, 2009; Ruthven, 2009). In this way, PMTs could be prepared for technology use in classroom
teaching and such discrepancies could be minimized.

This study also shows the usefulness of Trocki & Hollebrands’s (2018) framework in two ways. Firstly, the
PMTs realized that they could plan tasks with different levels of mathematical depth through the use of prompts.
They also noticed that they should have considered and planned technological actions for the purpose of
reaching their intended mathematical depth. Secondly, the framework has provided us as the researchers to
examine and evaluate the content of the PMTs designed tasks. In detail, it helped us reach a general impression
about the coordination of mathematical depth with technological actions, purpose and level of the task,
especially in the process of coding each prompt in the tasks. In this light, this study provided the usefulness of
the Trocki and Hollebrands’s (2018) model integrated into a Practicum course, which offered the PMTs a
guidance in designing and developing technology-based mathematical tasks. This is of particular importance
since Trocki and Hollebrands (2018) highlighted that there has been a limited number of studies on the design
and evaluation of dynamic technology-based tasks (Trocki, 2015; Yigit Koyunkaya & Bozkurt, 2019) and
suggested that future research should be designed especially on the effects of the use of this framework on
prospective (practicing) teachers’ professional development. Hence, similar to our study, future studies could
make use of the existing technology-specific frameworks in teacher education programs to improve PMTSs’
knowledge, experience and skills in technology integration in order to contribute to the related literature.

Concerning the limitations of this study, we must acknowledge the intensive schedule of the PMTs during a
14-week Practicum course in the last semester of their mathematics education program. Hence, it may be useful
to apply further studies in a wider time period to promote the development of PMTs in designing and teaching
their technology-based tasks. In addition, the PMTSs in this study chose the topic they taught in the classrooms
according to the mentor teacher’s program at the placement school, which may have put a limit on their design
of technology-based tasks. In this context, further studies could focus on PMTs designing and teaching
technology-based tasks on a topic that they choose at own request.
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Mikro Ogretimden Smmf i¢i Ogretime: Matematik Ogretmeni Adaylarimn Teknoloji
Destekli Etkinliklerinin incelenmesi

1. Giris

Bircok iilkede benimsenen Ogretim programlarinda ve standartlarda, matematik egitiminde dijital
teknolojilerinin kullanilmasmin &gretme ve 6grenme siirecine katki saglayacagina deginilmektedir (National
Council of Teachers of Mathematics [NCTM], 2000; National Centre for Excellence in the Teaching of
Mathematics [NCETM], 2014; Milli Egitim Bakanligi [MEB], 2013; 2018). Var olan alanyazin incelendiginde,
dijital teknolojilerin matematik derslerine entegrasyonu odaginda ¢ok sayida arastirmaya rastlanmaktadir (e.g.
Akyiiz, 2016; Baki, 1996; Clark-Wilson, Robutti ve Sinclair 2014, Drijvers 2012, Erfjord, 2011; Hollenbeck,
Wray ve Fey, 2010). Yapilan bu c¢aligmalar, matematik 6grenimi ve 6gretimini giliclendirme, matematiksel
diisiinme ve anlayis1 gelistirme ve matematige olan ilginin arttirilmasi gibi durumlarda sinif i¢i uygulamalarda
dijital teknolojilerin kullanimmm olumlu etkilerine deginmislerdir. Bu anlamda, uluslararasi baglamda oldugu
gibi ulusal alanyazinda de etkili teknoloji entegrasyonu i¢in 6gretmenin 6nemli bir role sahip oldugu vurgusu
yapilmaktadir (Akkog, 2012; Yigit Koyunkaya, 2017). Ulkemizde Tiirk Egitim Dernegi (TED) tarafindan
yayimlanan Ogretmen Yeterlikleri belgesinde bir dgretmenin sahip olmasi gereken yeterlik alanlarindan bir
tanesi ‘bilisim teknolojilerini etkili bigimde kullanabilme’ (Ogretmen Yeterlikleri, 2009, s. 10) olarak
Ozetlenmektedir. Benzer olarak, 6gretmen yeterlik gostergelerinden biri olarak “6gretme ve 6grenme siirecinde
bilgi ve iletisim teknolojilerini etkin olarak kullanir” (Ogretmenlik Meslegi Genel Yeterlikleri, 2017, s. 14)
ifadesinin alt1 ¢izilmistir. Burada etkili kelimesi 6gretmenlerin sadece teknolojik bilgiye sahip olmasimi degil
teknolojiyi matematiksel kavramlarin 6gretiminde simif ve konu seviyesine uygun pedagojik teknikler kullanarak
ve geleneksel yontemlere kiyasla fark yaratacak sekilde kullanmalarmi gerektirmektedir. Arastirmacilar
teknolojinin 6gretime etkili entegrasyonu i¢in Ogretmenlerin “ayrintili yol haritalarma ve pusula gorevini
yapacak uzmanlara ve Ogretmenlere” (Bozkurt ve Cilavdaroglu, 2011, s. 868) gereksinimleri oldugunu
vurgulamiglardir.  Ayrintili  yol haritalar1 &gretmenlerin  hazirlayacaklar1 detayli ders planlar1 olarak
tanimlanabilir. Bu anlamda, teknolojik araglar1 kullanacak Ogretmenlerin ve gelecegin Ogretmenleri olan
Ogretmen adaylarmin ders plant hazirlama baglaminda geligimlerinin desteklenmesi gerekmektedir (Hur, Cullen
ve Brush, 2010). Ozellikle gelecegin dgretmenleri olan dgretmen adaylarmim teknoloji destekli ders planlari
tasarlama yeteneklerini gelisimine katki saglamanm en iyi yollarindan biri teknolojik araglar1 kullanabilecekleri
dersler hazirlamalarmna ortam saglamaktir (Ozgiin-Koca, Meagher ve Edwards, 2010).

Arastirmacilar 6gretmen adaylarinin dgretim deneyimlerini arttiracak ‘Ogretmenlik Uygulamasi® derslerinin
onemine dikkat ¢cekmislerdir. Bu siirecte mikro &gretim yapma, 6gretmen adaylarmin siniflarda yapacaklari
Ogretim deneyimleri igin 6nemli ve yararh bir hazirlik araci olarak goriilmektedir (Allen, 1980; Griffiths, 2016;
Ledger ve Fischetti, 2019). Ogretmenlik uygulamasi dersi kapsaminda dgretmen adaylar1 simiflarda 6gretmenlik
deneyimi kazanma firsati yakalarken smif ortamlarinda meydana gelebilecek olasi tiim durumlari tecriibe
edemeyeceklerinden dolayi, mikro 6gretim bu siirecte bir ¢dziim Snerisi olarak dne ¢ikmaktadir (Ledger, Ersozlii
ve Fischetti, 2019).

Son yillarda yapilan arastirmalar, dijital teknolojilerin matematik 6gretimine entegrasyonunun ongoriilenden
cok daha yavas ilerledigini gdstermektedir (Clark-Wilson, Robutti ve Sinclair, 2014). Ulkemizde de benzer
sekilde okullardaki teknoloji altyapisini saglamak i¢in yapilan bilyiik teknoloji yatirimlarmma ragmen dijital
teknolojilerin 6gretim siirecine etkili bir bicimde entegre edilemedigi yapilan arastirmalarda belirtilmistir (Ciftgi,
Tagkaya ve Alemdar, 2013; Kayaduman, Swrakaya ve Seferoglu, 2011). Ulusal diizeyde mesleki gelisim
programlari incelendiginde 6gretmenlerin teknolojiyi pedagojik olarak alanlarina nasil entegre edeceklerinden
ziyade genellikle donanim ve yazilim gibi teknolojik araglari nasil kullanacaklari gibi teknik boyutlara
odaklanildig: tespit edilmistir (Uslu ve Biimen, 2012; Pamuk, Cakir, Ergun, Yilmaz ve Ayas, 2013). Bu
anlamda, bu ¢alisma ile 14 hafta siiren bir Ogretmenlik Uygulamasi dersi kapsaminda ortadgretim matematik
Ogretmeni adaylarinin teknoloji entegrasyonuna dair mesleki gelisimlerini desteklemek amaglanmaktadir.
Ozellikle bu caliymada, &gretmen adaylarinin dinamik matematik yazilimlarindan GeoGebra programini
kullanarak matematiksel kavramlarin derinlemesine dgretilmesi i¢in tasarladiklar1 teknoloji destekli etkinlikleri
mikro &gretim yaparak gelistirmeleri ve smif i¢i ortamlarda etkili bir sekilde uygulamalar1 hedeflenmektedir.
Bu dogrultuda, bu ¢aligmanin temel amaci ortadgretim matematik 6gretmeni adaylarmin tasarladiklar: teknoloji
destekli etkinlikleri mikro 6gretim ve smif i¢i uygulama siire¢lerindeki degisim ve gelisimlerini incelemektir. Bu
anlamda, GeoGebra programmin &gretim siireglerinde etkili kullanimina ydnelik 6gretmen adaylarinin
farkindaliklarinin ve bilgilerinin gelistirilmesi amaglanarak arastirmacilara oneriler yapilacaktir.

2. Kavramsal Cerceve

Smif i¢i uygulamalarda, 6grenimi ve dgretimi destekleyen en 6nemli unsurlardan bir tanesinin matematik
O0grenme etkinlikleri oldugu vurgulanmaktadir (Smith ve Stein, 1998; Swan, 2007). Bu diisiinceden hareketle,
Ogretmen adaylarinin tasarladiklar1 teknoloji destekli etkinliklerin ayrmtili incelenmesinin gerekli oldugu
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diigiiniilmektedir. Belirlenen amag¢ dogrultusunda, bu caligmanin kavramsal cercevesi olarak Trocki ve
Hollebrands (2018) tarafindan gelistirilen Dinamik Geometri Etkinlik Analiz Cergevesi benimsenmistir. [lgili
alanyazm temelinde gelistirilen bu gerceve, iki baglik altinda ele alinmigtir: (1) Matematiksel Derinlik; (2)
Teknolojik Eylemin Cesidi. Matematiksel Derinlik basligi teknoloji destekli bir etkinligin hizmet ettigi
matematiksel amaca odaklanmirken agirlikli olarak Smith ve Stein’in (1998) Bilissel Istem Diizeyi Cergevesinden
faydalanilmisg, buna ek olarak alanyazinda var olan ilgili baz1 ¢aligmalar (Baccaglini-Frank ve Mariotti, 2010;
Christou, Mousoulides, Pittalis ve Pitta-Pantazi, 2004; Laborde, 2001; Sinclair, 2003; Stylianides, 2008; Zbiek,
Heid, Blume ve Dick, 2007) gbz Oniine alinarak olusturulmustur. Teknolojik Eylemin Cesidi bashigi ise
etkinlikte hedeflenen derinlige ulagsmak i¢in yapilan teknoloji kullanimini belirtmekle birlikte ilgili alanyazinda
var olan baz1 ¢alismalar (Arzarello, Olivero, Paola ve Robutti, 2002; Baccaglini-Frank ve Mariotti, 2010;
Christou vd., 2004; Hollebrands, 2007; Holzl, 2001; Sinclair, 2003) 1s181inda olugturulmustur.

Trocki ve Hollebrands’in (2018) gelistirdigi cercevede etkinliklerde iki ana bilesen gz Oniinde
bulundurulmustur: (1) dinamik yazilim ile ¢izilen ekranda goriilen boliim; (2) belirlenen 6gretim amaci veya
kazanmm ile iligkili ‘prompt’ ad1 verilen yonlendirme sorulari. Matematiksel derinlik bileseni etkinligin hizmet
ettigi amaci puansiz ve 0-5 arasindaki seviyeler ile agiklarken, teknolojik eylemin ¢esidi ise hedeflenen derinlige
ulagmak i¢in yapilan Puansiz ve A-F arasindaki bilesenleri icermektedir (bknz. Tablo 1). Benimsenen gergeve
kapsaminda, Ogretmen adaylarmin tasarladiklar1 etkinliklerin hem mikro Ogretim hem de smif igi
uygulamalarinda matematiksel derinlik ve teknolojik eylemin c¢esidi agisindan nasil degistigi ve gelistigi
arastirilmustir.

Tablo 1. Dinamik Geometri Etkinlik Analiz Cercevesi (Trocki ve Hollebrands, 2018, s. 123)

Matematiksel Derinlik
Seviyeler Hiyerarsik Seviyeleri ve Tanimlar

Puansiz Yonlendirme sorusunun odaginda matematiksel bir kavram, konu veya kazanim olmamasi

0 Etkinligin dinamik yazilim ile c¢izilen boliimiiniin yonlendirme sorularini cevaplamak igin
matematiksel bir uygunluga sahip olmamast

1 Yonlendirme sorusunun bir matematiksel dogruyu, kurali, formiilii kullanmayi veya
hatirlatmay1 amaglamasi

2 Yonlendirme sorusunun grencinin  verilen ¢izimden bilgi toplamasini amaglamasi
(Ogrenciden aciklama yapmasi beklenmemektedir)

3 Yonlendirme sorusunun matematiksel kavramlari, siiregleri veya iligkileri gdz Oniinde

bulundurarak 6grencide etkinlikte verilmek istenen amaca uygun olarak kavramsal fikirlerin
olusmasina ve matematiksel anlamanin saglanmasina hizmet etmesi

4 Yonlendirme sorusunun matematiksel kavramlari, siiregleri veya iliskileri agiklamayi
gerektirmesi
5 Yonlendirme sorusunun yapilan ¢izimden 6te matematiksel kavramlar, siiregler ve iligkilerin

dogasinin kesfedilmesine ve genelleme yapilmasini saglamasi
Teknolojik Eylemin Cesidi
Saglayicilik  Tamimlari

Puansiz Yonlendirme sorusunun yazilimin dinamik 6zelliklerinden birini (gizim yapma, dlgme,
stiriikleme, manipiilasyonlar) kullanilmasmin gerektirmemesi

A Yonlendirme sorusunun bir ¢izim yapilmasini gerektirmesi

B Yonlendirme sorusunun bir dl¢iim yapilmasimi gerektirmesi

C Yonlendirme sorusunun bir insa yapilmasini gerektirmesi

D Yonlendirme sorusunun siirgii/siiriikleme veya diger dinamik Ozellikleri kullanmay1
gerektirmesi

E Yonlendirme sorusunun bazi iligkilerin veya driintiilerin fark edilmesini gerektirmesi

F Yonlendirme sorusunun, arastiran kisiyi manipiilasyonlar yaparak sasirtabilmesi ve bu sasirma
halinde olagan dig1 durumlari test etme yoluyla da ortaya ¢ikabilecek temalara dayanarak
temsili iliskilerin kesfedilmesi veya diistincelerin gelistirilmesi. (Sinclair’den (2003) alinmistir,
sf. 312)

3. Yontem

3.1. Arastirma Deseni

Nitel arastirma paradigmasi benimsenen bu ¢alisma eylem aragtirmasi ile desenlenmistir. Eylem arastirmast
belirli bir alandaki bir sorunu anlamaya ve bu sorunu ¢dzmeye yonelik kullanilan bir ydntemdir (Charles ve
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Mertler, 2002). Eylem arastirmasinda, arastirmacilar yapilan miidahalenin beklenen etkisi ve ortaya ¢ikacak olan
olas1 degisimlerin farkindadir. Dolayisiyla, ¢ogu eylem arastirmasinda bilingli olarak bir olguyu degistirmeye
veya gelistirmeye odaklanilmaktadir (Berg, 2004). Bu noktada, arastrmacimin roli kayda deger bir dneme
sahiptir. Eylem arastirmasinin gelisimi arastirmacinin organize etme, uygulama, iyilestirme ve yeni ortaya konan
iirtinii, plam veya siireci degerlendirme becerisine dayanmaktadir (Hui ve Grossman, 2008). Eylem arastirmasi
dongiisel bir siirectir ve bu siirecte arastirmaci ilk dnce neyi degistirmek istedigini planlamali(planning), sonra
eyleme gecip (acting) degisimin siirecini ve sonucunu gézlemlemelidir (observing). Bir sonraki adimda, siireci
ve sonuglarint gézden gegirip yansimalarini yaparak (reflecting) siireci yeniden yapilandirmalidir (Kemmis ve
McTaggart, 2005).

Bu ¢alisma, matematik 6gretmeni adaylarmin 14 hafta siiren Ogretmenlik Uygulamasi dersi kapsaminda
teknoloji destekli ders plani tasarlama ve bu planlar1 uygulamalarmi gelistirmeyi amaglayan bir arasgtirma
projesinin pargasidir (Bozkurt ve Yigit Koyunkaya, 2020). Bu arastirmada eylem arastirmasi ii¢ dongiide
tasarlanmistir (bknz. Sekil 1). Aragtirmanin ilk dongiisii 1. ve 7. haftalar arasinda gergeklestirilmistir. Bu ilk
dongii 6gretmen adaylarmin teknoloji destekli matematik etkinlikleri gelistirme ve uygulamayi planlama
becerilerini gelistirmek amaciyla tasarlannustir. ikinci déngii, 8. ve 9. Haftalarda tamamlanmustir. Tkinci dongii,
arastirmacilarin ders planlarma verdigi bireysel doniitler dogrultusunda planlarin &gretmen adaylar1 tarafindan
revize edilmesi ve bu planlarm mikro dgretim uygulamalarinin yapilmas: siireglerini kapsamaktadir. ikinci
dongiide 6gretmen adaylarinin planlarini smif ortaminda uygulamadan 6nce deneyimlemeleri ve smif ortaminda
karsilasabilecekleri durumlari, yaptiklar1 hata ve eksiklikleri fark etmeleri saglanarak gelisimlerinin
desteklenmesi amaglanmistir. Mikro 6gretim uygulamast sonrasinda her bir 6gretmen adaymna arastirmacilar ve
tim katilimcilar tarafindan mikro 6gretim siireglerine dair doniitler ve 6neriler verilmistir. Ayrica, aragtirmacilar
her bir 6gretmen adayiyla bu siirece dair bireysel goriismeler yaparak etkinliklerini ve 6gretimlerini gelistirmeye
yonelik doniitler vermislerdir. Arastirmanin son dongiisii de 9. ve 14. Haftalar arasinda yiiriitilmiistiir.
Arastirmanin {iglincli dongiisiinde, 6gretmen adaylar1 mikro 6gretim deneyimlerine ve verilen doniitlere gore
ders planlarimi revize etmis ve smif i¢i uygulamalarini gergeklestirmiglerdir. Bu siirecte, eylem arastirmasinin
dogas1 geregi bir dongiiden diger dongiiye gegerken gelistirilen etkinliklerin planlama siiregleri, mikro 6gretim
ve smif i¢i uygulamalar1 takip edilmis ve her bir 6gretmen adayma bireysel doniitler verilerek arastirma
stirecinde her birine 6zgii yeni eylem planlar1 yapilmistir (6rnegin; ek goriismeler yapma veya mikro dgretimi
stirecini tekrarlama gibi). Bu calismada, ikinci ve ii¢ilincii dongiilerde toplanan veri grubunun bir kisminin
sonuglar1 paylasilacaktir.

» Teknoloji destekli etkinlik tasarlama ile ilgili egitimler verilmesi
e Ders planlarinin tasarlanmasi
¢ Ders planlarinin incelenmesi ve 6gretmen adaylarina bireysel donitlerin verilmesi

e Tasarlanan ilk ders planlarinin revize edilmesi
e Mikro-6gretim uygulamalarinin yapilmasi
e Ders planlari ve mikro-6gretim siirecine dair donit verilmesi

¢ Ders planlarinin revize edilmesi
 Sinif igi 6gretim

Sekil 1. Calismanin Dongii Semasti

3.2. Katihmecilar

Cahigmanin katilimeilari bir devlet {iniversitesinin Ortadgretim Matematik Ogretmenligi Boliimiinde egitim
goren dordiincii smif 4 matematik 6gretmeni adayidir. Caligmadaki katilimeilar, {iniversitelerindeki gretmen
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yetistirme ders programidaki hemen hemen tiim matematik ve egitim derslerinin yani sira matematik egitimi
ozelinde teknoloji destekli olarak Matematik Yazilimlari ve Alan Egitiminde Bilisim Teknolojileri Kullanimi
derslerini de almislardir. Ayrica, ¢alismanm gergeklestirildigi ‘Ogretmenlik Uygulamas1’® dersinden 6nce, Okul
Deneyimi dersini alarak smif i¢i ortamlarmi bir donem boyunca gozlemleme firsati bulmuglardir. Aragtirmanin
katilimer grubu segilirken, derinlemesine arastirilmasi gereken durumlara dair detayl bilgi verdiginden dolay1
amagli Orneklemlerden biri olan Olgiit ornekleme ydontemi kullanilmistir (Merriam & Tisdell, 2016).
Katilimeilarin matematik egitiminde kullanilabilecek dinamik matematik yazilimlardan GeoGebra programini
kullanmay1 bilmeleri bir 6l¢iit olarak ele alinmuistir.

3.3. Veri Toplama

Ogretmen adaylarmin gelistirdigi teknoloji destekli etkinlikler, mikro dgretim ve sinif ici uygulamalar ile
gdriismelerin video kayitlar1 bu calismanin veri grubunu olusturmaktadir. Ogretmen adaylar1 planlarinda 4-5 tane
teknoloji destekli etkinlige yer vermislerdir. Bu ¢aligmada her bir 6gretmen adayinin ders planlarindan segilen
bir etkinlik ele alinarak detayli incelenmistir. Arastwrmacilar bu etkinliklerin igerigini tartigarak beraber
se¢mislerdir. Ozellikle, benimsenen gerceve kapsaminda ii¢ dgretmen adayinin kayda deger gelisim gosterdikleri
etkinlikleri ve bir dgretmen adaymnm da pek bir sey degistiremedigi etkinligi secilerek paylasimstir. ilk
dgretmen aday1 (6gretmen aday1 1-OA1) trigonometrik oranlar1 gretmek amagli, ikinci 6gretmen adayi (OA2)
dairenin alan formiiliinii 6gretmek amacly, {igiincii 6gretmen aday1 (OA3) iiggenin alanin1 6gretmek amacl ve
dordiincii 6gretmen adayr (OA4)silindirin taban alanimin  hesaplanmasini  dgretmek amagh etkinlikler
tasarlamiglardir.

3.4. Veri Analizi

Her bir 6gretmen adaynin tasarladigi etkinlik matematiksel derinlik (MD) ve kullanilan teknolojik eylemler
(TE) baglaminda tasarlama siirecinde, mikro 6gretimde etkinliklerin uygulama siirecinde ve smif i¢i uygulama
siirecinde ulasilan durumlar karsilastirilarak incelenmistir. Ogretmen adaylarmnm tasarladig ders planlarinda yer
alan etkinlikler benimsenen ¢ergeve kapsaminda dokiiman analizi yontemi ile analiz edilmistir (Bowen, 2006).

Calismada mikro 6gretim ve smif i¢i uygulamalarda toplanan video kayitlar1 biitiinden pargaya video analiz
yontemi kullanilarak analiz edilmistir (Erickson, 2006). Bu siirecte, asagidaki asamalar sirasiyla izlenmistir:

e [lk olarak tiim videolar durdurulmadan bir biitiin olarak izlenmis ve notlar alinmustir.

® Videolar durdurularak tekrar izlenmis ve benimsenen c¢ercevenin bilesenlerine gore pargalara
ayrilmigtir. Ardindan bu siiregler transkript edilerek ¢aligmanin ¢ercevesi kapsaminda kritik durumlar
belirlenmistir.

e Etkinligin her stirecinde (Planlama, mikro 6gretim ve smif uygulama siireclerinde) hedeflenen veya
kullanilan MD ve TE karsilastirilarak nasil ve neden degistigi/gelistigi arastirilmistir.

Ogretmen adaylarinin 6ncelikle planlarinda ulasmay1 hedefledikleri matematiksel derinlik ve kullanmayi
planladiklar1 teknolojik eylemin cesidi belirlenmistir. Video analizinde mikro 6gretim ve smif i¢i 6gretim
stireglerinde nasil bir 6gretim yaptig1, 6gretim sirasindaki yonlendirme sorulari, bu sorulara gelen cevaplar,
teknolojiyi nasil kullandig1 (dinamik 6zellikleri hangi amagla, nasil kullandig1) ve bu agamalarda planina uyumu
incelenerek meydana gelen degisimler ve gelisimler belirlenmistir. Ornegin, OA3’iin {icgende alan konusunu
dikdortgen ve kare gibi g¢okgenlerin alanlarindan yola ¢ikarak nasil 6gretmeyi planladigi ele alinmistir. Bu
incelemede, OA3’iin planinda teknolojinin dinamik &zellikleri kullanmay1 planlamadig, etkinligi sadece gorsel
olarak kullanmay1 planladigi (TE-Puansiz) ve ¢okgenlerin alan formiillerini kullanarak (MD-1) iiggenin alan
formiiliine ulasmay1 hedefledigi belirlenmistir. Kritik olay olarak belirlenen bu durumun mikro-6gretim ve smif
i¢i uygulama siireclerinin videolar1 dncelikle durdurulmadan izlenmis ve daha sonra videolar durdurularak tekrar
izlenmistir. Benimsenen ¢ergeve kapsaminda pargalara ayrilan videolar transkript edilmistir. Transkript edilen
boliimlerde, OA3’iin yonlendirme sorularini nasil kullandig1 ve bu sorular ile beraber matematiksel derinligin
hangi seviyesine ulastig1 ve teknolojik eylemin ¢esidi olarak neleri kullandigi detayli olarak incelenmistir. Ek
olarak, yapilan goriismelerde ve dersler sonrasindaki tartigmalarda, belirlenen kritik olay ile ilgili
sOylemlerin transkripti ¢ikarilmis ve diger veri grubunu destekleyecek sekilde kullanilmistir. Bu anlamda,
calismanin gilivenirliligini arttrmak amaciyla, farkli veri gruplari kullanilarak veri gesitlemesi yapilmistir
(Patton, 2002).

4. Bulgular

Bu boliimde, 6gretmen adaylarinin tasarladiklari teknoloji destekli etkinliklerde hedefledikleri MD ve
planladiklar1 TE, bu etkinliklerin mikro 6gretim ve smif i¢i uygulama siire¢lerinde ulastiklari MD ve
kullandiklar1 TE paylasilacaktir. Ayrica, bu siiregler karsilastirilarak Ogretmen adaylarinin tasarladigi
etkinliklerin igeriginde ve 6gretim uygulamalarinda meydana gelen degisimlere vurgu yapilacaktir.
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4.1. Ogretmen Aday 1
4.1.1. Etkinligi Tasarlama Siireci

OA1 trigonometrik oranlarin tanimlarinin kavramsal olarak 6grenimini desteklemek amaciyla, 6grencilerin
dik iiggen ve elemanlarmi kullanabilecekleri bir etkinligi ele almustir (bknz. Sekil 2). Oncelikle OA1 bir dik
iicgenin kenar uzunluklar1 ve bu uzunluklarin birbirlerine olan oranlarini kullanarak agacin uzunlugunun nasil
bulunacagma dair tartisma ortami yaratmayt ve bu siirecte Ogrencilerin verilen sekilden veri toplamalarini
planlamistir (MD-2). Bu tartismadan sonra, tanjantin trigonometrik oranmnin dik iiggendeki karsiligni agiklamay1
diisiinmiis ve “sadece tanN degerini bilseydik agacin uzunlugunu bulabilir miydik?” sorusunu sorup tartigmay1i
planlamistir. Bu siiregte, OA1 6grencilerden bir dik iiggendeki trigonometrik oranlar ve kenar uzunluklari
arasindaki iliskileri fark edip agiklamalarini hedeflemistir (MD-3 ve 4).

Cok giiclii bir riizgar esmeye baslamistir. Verilen
bilgilere gore agac evin iizerine devrilir mi?

Sekil 2. OA1’in Tasarlad1g1 Agag Etkinligi
Planin son asamasinda OA1 asagidaki yonlendirme sorularini kullanarak tartismay1 planlamistir:

e Agacim eve olan uzakligini degistirebilseydik farkli yorumlarda bulunabilir miydik?

o Etkinlikte verilen siirgiden agaci devirelim. Agacin devrilmesi ile olusan durum hakkinda neler
sOyleyebilirsiniz?

e  Sadece agacin uzunlugunu degistirmek ya da agacin eve olan uzakligini degistirmek yeterli olur mu?

Bu siiregte, OA1 teknolojiyi dinamik olarak kullanarak (TE-D) var olan iligkilerin kesfedilmesini (TE-E)
amaclamig ve 6grencilerin bir aginin degismesiyle trigonometrik oranlarin nasil degisecegine dair genellemeye
varmalarmi (MD-5) hedeflemistir. Ote yandan, OAl, planinda yer alan yonlendirme sorularinda siirgiiyii
kullanarak sorular sorup bu dogrultuda uygulama yapmay1 planlamasma ragmen, etkinligin i¢eriginde heniiz bir
stirgli arac1 olusturmadig belirlenmistir.

4.1.2. Mikro Ogretim Siireci

Mikro &gretim siirecinde, OA1 planladiginin aksine sadece trigonometrik oranlar ile ilgili kurallar kullanmis
(MD-1) ve etkinligin gorseliyle dgrencilerin bilgi toplamasini saglamistir (MD-2). TE agisindan ise OAl
etkinligi sadece gorsel olarak kullanmig (TE-puansiz), fakat son agamalarda agacin boyunu kisaltarak (TE-D)
programin  dinamikliginden kismen faydalanmistir. OAl, Ogretimine planladigi gibi baslamis, etkinligin
gorselinden agacin devrilme durumunu tartismis ve Ogrencilerden ekranda gordiikleri dogrultusunda veri
toplamalarmni beklemistir (MD-1 ve 2). Fakat bu siirecte, OA1 planma bagli kalmayarak farkli sorular sormus ve
dgretiminin farkli bir yone gitmesine neden olmustur. Ornegin, OA1 dgrencilere, “Egim diye bir sey duymus
muydunuz daha 6nce?” sorusunu sorarak agacin uzunlugunu egim kavrami iizerinden tartisarak buldurmaya
¢alismigtir. Ardindan kenarlarin uzunlugunu ve bunlarin birbirine olan oranlarini kullanarak, planladigi gibi
tanjant1 tamtmustir. OAl, “sadece tanN degerini bilseydik agacin uzunlugunu bulabilir miydik? sorusunu
dogrudan sormamistir. Bu ydnlendirme sorusunu tartigacak bir ortam yaratmig fakat amagladigmimn aksine
ogrenciler sadece verilen dik iiggenden bilgi edinmiglerdir (MD-2).

Daha sonra, OAl agacin yiiksekligini degistirmeye dayali trigonometrik oranlardaki degisikliklere
odaklanmistir. Bu amagla &grencilere “Eger ben agaci oynatirsam nasil bir degisiklik olabilir?” diye
sormustur. OA1, dgrencilere farkli durumlar1 gdstermek icin agaci siirgiiye baglamayi planlamasina ragmen (TE-
D) etkinligine siirgii araci ekleyememis, bu nedenle sadece agacin kose noktasini siiriikleyerek agacin
yiiksekligini degistirme durumunu tartigmistir (bknz. Sekil 3). Bu siirecte, OA1 agacin gorselinin kdse noktasini
bir kez siiriikleyerek 6grencilerin durumu gézden gegirmelerini saglamistir. Fakat yazilimin dinamik 6zelliklerini
etkin kullanamamasindan dolay1 agacin yeni konumuna goére bir aginin degisikliginin, bu agiya iliskin
trigonometrik oranlar1 nasil etkiledigini tartisamamistir. OA1 hedeflediginin aksine dgrencilerin, a¢1 ve kenar
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kavramlarini ve bunlarmn arasindaki iliskilere dair kavramsal bilgiyi olusturmalarin (MD-3 ve 4) ve genellemeye
(MD-5) ulagmalarmni saglayamamistir. OA1, mikro 6gretim sonrasi yapilan goriismede, tasarladigi planini takip
etmedigi i¢in hedeflediklerini gerceklestirmede sorun yasadigini belirtmistir.

Cok giicli bir riizgar esmeye baslamistir. Verilen
bilgilere gore agac evin iizerine devrilir mi?

Sekil 3. OA1’in agacin kdse noktasini siiriikledigi 6rnegin yeniden gizilmis hali

4.1.3. Simif i¢i Uygulama Siireci

OA1 mikro &gretim siirecindeki deneyimlerini ve verilen doniitleri gz oniinde bulundurarak agag etkinligini
sinifta uygulamadan dnce revize etmistir. Bu revize siirecinde OAL1 etkinligine, planlamasina ragmen yine siirgii
aracim ekleyememistir. Bunun yerine, OA1 agacin farkli boy ve konumlarmi gosterecek temsili renkli dogru
pargalar1 olusturmustur. Smif ici uygulamasina, OA1 planladig1 gibi agacin devrilme durumunu dik iiggenin
kenar uzunluklar1 ile nasil iliskili oldugunu tartisarak baslanustir. Siirecte, OA1 tartismalarda hedefledigi gibi
ogrencilerden On bilgilerini kullanmalarini ve etkinligin gorselinden veriler toplayarak ¢ikarimlarda
bulunmalarini saglamustir (MD-1 ve 2). OAl daha sonra iiggendeki ag1 ve kenar uzunluklarmi kullanarak bir
acmin tanjant degerine karsilik gelen esitligi gostermistir. Bu noktada, OA1 planladig1 gibi, bir agmin tanjant
degerini bilerek agacm uzunlugunu bulma sorusunu etkili bir sekilde tartigarak, 6grencilerin agi-kenar
uzunluklarmni ve iligkilerini goz oniinde bulundurarak agiklama yapmalarini (MD-3 ve 4) saglamistir. Yine
hedefledigi gibi, OA1 dgrencilerin diger trigonometrik oranlar1 ve bu oranlar arasindaki iliskiler konusunda
kavramsal bilgiyi elde etmelerini saglanustir (MD-3 ve 4). Fakat bu asamaya kadar OA1 herhangi bir teknolojik
eylem kullanmanus ve etkinligi sadece gorsel olarak kullanmustir. Etkinligin son asamasinda, OAl programim
dinamiklik &zelliginden faydalanmak istese de uygulama siirecinde bazi sorunlar yasamistir. Ornegin, OA1
agacin boyu ve eve olan mesafesini degistirmek igin dik iiggenin K tepe noktasini siiriiklemis fakat gorsel olarak
ekledigi agacin konum ve boyu degismemistir (bknz. Sekil 4).

Cok giiclii bir riizgar esmeye baslamistir. Verilen
bilgilere gore agac evin lizerine devrilir mi?

Sekil 4. OA1’in K tepe noktasin siiriikledigi rnegin yeniden ¢izilmis hali

OA1, bu noktada “Mesela ben K noktasini oynatsam, su an agacim oynamiyor, onu gérmezden gelin. Ciinkii
o sabit kaliyor. Su an oynadik¢a degisenler nedir?” diye sormustur. Agacmn konum ve goriintiisii
degismediginden ogrencilerden net olmayan cevaplar gelmistir. Bu siiregte, OA1 tartisma yaratmak icin
hazirladigi renkli dogru parcalarini kullanmaya calismig fakat dogru pargalarmin rolleri ve islevlerini dogru bir
sekilde hatirlayamamis ve kafas1 karismustir. Bu anlamda, OA1 yazilimm araglarmi kullanma anlaminda bazi
sikintilar (6rn: kenar uzunluklarina dair dlgiileri dinamik yapmamasi ve uygulama esnasinda bu dlgiileri temsil
eden metinleri kapatmay1 unutmasi gibi) yasamistir. Buna ragmen, OA1 6gretimi siirdiirerek agacim yiiksekligini
gosteren AO dogru pargasi (turuncu) tizerinden siiriikleme yapmis ve 6grencilerin ag1 ve kenar uzunluklarinin
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degisimlerine bagli olarak trigonometrik oranlarin nasil degistigine dair genellemeye ulagmalarmi saglamistir
(MD-5) (bknz. Sekil 5). Fakat OA1 bu siiregte planladiginin aksine, siiriiklemeyi (TE-D) kismen kullanmis ve
etkinligi baz1 iliskileri fark ettirecek sekilde kullanmada (TE-E) kismen basarili olmustur.

Cok giiclii bir riizgar esmeye baslamistir. Verilen
bilgilere gore agac evin lizerine devrilir mi?

Sekil 5. OA1’in agacin yiiksekligini gdsteren bir dogru pargasi kullandig1 6rnegin yeniden ¢izilmis hali

Tiim siirecler goz dniinde bulunduruldugunda, OA1’in tasarladig1 etkinligin iceriginde ve uygulama seklinde
kayda deger gelisimler oldugu belirlenmistir. Tablo 2’de de goriildiigii gibi, OA1 planinda ag1 ve kenar
uzunluklarmin degisimine bagl olarak trigonometrik oranlarin nasil degistigine dair dgrencilerin genellemeye
varmalarin1 amaclarken, etkinligin mikro 6gretim siirecinde hedefledigi derinlige ulasamadigi gézlemlenmistir.
Mikro dgretim siirecinde, OA1’in planladig1 teknolojik eylemleri etkili bir sekilde kullanamamasi ve planini
dogrudan uygulayamamasi amacina ulasamamasmim nedenleri olarak goriilmektedir. Fakat mikro &gretim
siirecindeki eksikliklerini ve yapilan &nerileri de géz oniinde bulundurarak, OA1 etkinligin simf i¢i uygulama
stirecinde amacina ulagmustir.

Tablo 2. OA1’in farkli asamalardaki yonlendirme sorularina drnekler

Etkinlikte yer Hedeflenen (MD+ TE) Mikro 6gretim (MD+ TE) Sinif ici Uygulama
alan (MD+ TE)
yonlendirme

sorusu

Agacm Bir dik iiggende hangi Bir dik tiggen iizerinde tartisma  Hedefledigi derinlige
uzunlugunu verileri kullanarak yaparak, 0grencilerin bu dik ulastirmada etkili bir

bulmak i¢in
sadece tanN
degeri ve |ON]
uzunlugunun
verilmesi yeterli
mi?

bilinmeyen bir kenar
uzunlugu bulunabilecegini
verilen veriler arasinda
iligki kurarak buldurmay1
hedeflemektedir.

(MD-3 ve 4; TE: Puansiz)

iicgende veri toplamasini
saglamigtir. Fakat tan N degeri
ve verilen uzunluk arasindaki
iligskiyi kurdurup agiklama
konusunda basarilt
olamamustir.

tartigma ortami yaratmis
ve verilen a¢inin tanjant
degeri ve kenar uzunlugu
arasindaki iligkiyi
kurdurma noktasinda
basarili olmustur.

(MD-2; TE-Puansiz) (MD-3 ve 4; TE:
Puansiz)

Agacin eve olan Agacin eve olan uzakligi GeoGebra’nin dinamik Hedefledigi gibi
uzakhigini (veya agacm uzunlugunu) dzelliklerini etkin ogrencilerin genellemeye
degistirebilseydik  degistirerek ac¢1 ve kenar kullanamamistir. “Ben agaci ulagsmasint  saglamistir
farkli yorumlarda uzunluklarmm degisimine oynatirsam nasil bir degisim (MD-5; TE-D ve E).
bulunabilir bagli olarak trigonometrik Olur?” sorusunu sormustur.
miydik? oranlarmn nasil  Fakat etkinlige planladigi gibi

degisecegini  Ogretmeyi siirgli eklememis ve agac

hedeflemistir gorselinin kdse noktasini bir

(MD-3, 4 ve 5; TE-D ve
E)

kez siiriikleyerek, 6grencilerin
olusan gorsel iizerinden veri
toplamalarni saglamistir (MD-
1 ve 2, TE-Puansiz)
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4.2. Ogretmen Adayi 2
4.2.1. Etkinligi Tasarlama Siireci

OA2 ders planinda dairenin alan formiiliiniin kavramsal olarak dogrulanmasi amaciyla ii¢ farkli etkinlik
tasarlanustir. {1k etkinlikte sonsuz kenarl diizgiin gokgenden, ikinci etkinlikte daire dilimlerinden ve {igiincii
etkinlikte de dairenin iicgen haline getirilmesinden faydalanarak dairenin alan formiiliiniin dogrulanmasini
amaglamustir. Bu calismada, OA2’nin daire dilimlerinden faydalandig ikinci etkinligi paylasilacaktir.

Tasarladig1 ders planinda, bu etkinligin uygulama siirecindeki amagladigi matematiksel derinlige ve
teknolojik eylemin ¢esidine ayrintili olarak yer vermemis, sadece dairenin alan formiiliine ulagsmay1 hedefledigini
belirtmigtir. Bu diisiince dogrultusunda, etkinliginde farkli iglevleri olan iki tane siirgii kullanmay1 planlamistir
(TE-D). Bu siirgiilerden ilki dairenin yaricapini ikincisi de daire diliminin sayisini1 temsil etmektedir (bknz. Sekil
6). Bu etkinlik ile beraber OA2, daire dilimlerinin birlestirilmesiyle olusan seklin, dilimlerin sayis1 arttikca
dikdortgene evrildigini ve bu dikdortgenin alanindan da dairenin alaninin elde edilebilecegi genellemesine
ulagtirmay1 amaglamigtir (MD-5) (bknz. Sekil 7 (b)).

Dairenin Alani =Trr?

TY— e in an
Sekil 6. OA2’nin Daire Dilimlerini Kullandig1 Etkinligi

4.2.2. Mikro Ogretim Siireci

OA2, iki tane mikro 6gretim uygulamasi yapmustir. Birinci mikro dgretim siirecinde ilk etkinligi olan sonsuz
kenarli diizgiin ¢cokgenin alanindan faydalanarak dairenin alanini 6gretme etkinligini uygularken planlamadigi
durumlar ile karsilasmig ve mikro 6gretimi daha sonra gergeklestirmek iizere kendi istegiyle sonlandirmistir.
Daha sonra ikinci bir mikro §gretim daha yaparak planladig tiim etkinliklerin 6gretimini yapmistir. Bu anlamda,
daire dilimlerinden faydalanarak dairenin alanini Ogretme etkinligini ikinci mikro &gretiminde ilk kez
uygulanustir. Bununla beraber, OA2’nin ilk mikro dgretim siirecinde yasadigi problemleri ve zorluklar1 goz
oniinde bulundurarak, ikinci mikro 6gretim siirecinde hedefine ulasmada daha basarili oldugu diisiiniilmektedir.

Ikinci mikro dgretimde, etkinlige siirgiilerin islevlerini ve etkinligin igerigini tanitarak baslamustir. OA2,
daireyi dilimlere bolerek ve farkli renkteki daire dilimlerinin i¢i ige geg¢mesiyle olusan seklin alanindan
faydalanarak dairenin alanina ulagsmak igin Ogrencileri yonlendirmistir (bknz. Sekil 7a). Daire dilimlerinin
sayisina bagl siirgiiyii (TE-D) etkin kullanmis ve 6grencilerden daire dilimlerinin sayisi adim adim arttik¢a
alanin nasil degistigini gdzlemlemelerini istemistir (MD-2) (bknz. Sekil 7b ve 7c). Bu siiregte, OA2 asagidaki
yonlendirme sorularini kullanarak 6grencileri tartigmaya tesvik etmistir:

e Ben bu siirgiiyli arttirtyorum, daire diliminin sayisint arttiriyorum, bu sekle (daire dilimlerinin
birlesmesi ile olusan sekil) ne oluyor sizce?

e Ben burada 44 tane mavi 44 tane kirmizi daire dilimini olugturdum ve bunlar1 birbirine tamamladim.
Ben bunu arttirryorum gitgide ne oldu?

e Toplam sekil ne halini ald1?

Bu noktada el mimikleriyle sekil iizerinde toplam seklin dikdortgen halini aldigini vurgulamasma ragmen, bir
ogrenci “En basa donebilir miyiz?”” sorusunu sormustur. Bu anlamda, 6grenciler sekiller arasinda iliski kurmalar1

693



G. Bozkurt, M. Yigit Koyunkaya

ve bu iliskiyi agiklamada zorluk yasamuslar ve sadece sekil iizerinden veri toplamuglardir (MD-2). Ogrencinin
basa donme istegine karsiik, QA2 siirgiiyii baslangic noktasma getirerek canlandirmis ve bu sefer olusan
animasyon iizerinden tartismayi siirdiirmiistiir (TE-D). OA2, siirgiiyii canlandirarak 6grencilerin degisen sekil
hakkinda matematiksel iligkiler kurup bu iligkileri agiklamalarim saglamistir (MD-3 ve 4; TE-D ve E). Son
asamada, 6grenciler olusan dikdortgenin alani ile dairenin alani arasindaki iliskiye dair genellemeye varmiglardir
(MD-5).

(a) (b)

(©)
Sekil 7 (a) (b) (¢). Etkinligin farkli uygulama siireclerinin yeniden ¢izilmis hali

Kullanilan teknolojik eylemler bakimindan, OA2 siirgii aracini (TE-D) hedeflenen matematiksel derinlige
ulagsmada etkili kullanmistir. Fakat bu siirecte daha basarili olsa da, 6grencileri hedefledigi matematiksel
derinlige ulastirma noktasinda bazi sorunlar yasamustir. Ornegin, Ogrencilerden gelen “daire dilimlerinin
olusturdugu dogru pargasmnmn uzunlugunun neden 2(pi)” oldugu sorusuna cevap verme siirecinde zorlandigi
gozlemlenmistir. Ogrenci roliindeki diger 6gretmen adaylar1 grup tartismasinda bu sorunun cevabma ydnelik
bazi 6nerilerde bulunmusglardir. Ayrica, mikro 6gretim sonrasinda yapilan grup tartigmasinda, diger §gretmen
adaylar1 OA2’ye, siirgilyii arttirdik¢a olusan seklin dikdortgene yaklastigmimn daha iyi anlasiimasi igin éncesinde
paralelkenar goriintiisiine vurgu yapilabilecegi 6nerisinde bulunmuslardir.

4.2.3. OA2 nin Sumf i¢i Uygulama Siireci

OA2, mikro ogretim siirecindeki deneyimlerine ve gorismeler sirasinda aldif1 doniitlere dayanarak
etkinligini smifta uygulamadan oOnce revize etmistir. OA2 etkinlige, siirgiilerin islevlerini agiklayarak
baslamistir:

Bu benim r’ye bagl siirgiim. Yaricap burada bagimli degisken, siirgiiyii degistirdigimde yaricap
degisir. Bir de daireyi birbirine esit dilimlere ayirdim en az 4 olmak tizere 6,8,10,60 dilime aywrdim.
Dairenin dilim sayisint da bu siirgiive bagladim. Yani, ikinci siirgiiyii de daire dilimlerine bagladim.

OA2, oncelikle daire dilimine bagladig1 siirgiiyii canlandirarak (TE-D), 6grencilere ekranda olusan
degisimlere dair bilgi toplamalarini (MD-2) beklemistir. Devaminda da bu durumun nasil degistigini sorarak,
ogrencilerin degisenler arasindaki iliskiyi (daire dilimi sayis1 ve olusan sekil arasmndaki iliski) kesfetmelerine
(MD-3, TE-E) odaklanmustir. Bu siiregte, limit kavramin1 kullanarak, 6grencilerin daire dilimlerinin olusturdugu
seklin paralelkenardan dikdortgene evrildigini fark etmelerini saglamustir (bknz. Sekil 8). Ardindan, OA2 alan
hesaplamasinin nasil yapilacagi tizerine sorular sormus ve Ogrencilerin daire ile dikdortgen arasinda iliskiler
kurarak bunlar1 agiklamasini istemistir (MD-3 ve 4).
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Dairenin Alani =Trr?

iz

—
EEm——————

2D

b 2n 3m 4m Sm

Sekil 8. OA2’nin daire dilimlerinin sayismni arttirdig1 siirecin bir 6rneginin yeniden ¢izilmis hali

Ogrenciler dikdértgenin kisa kenarinin dairenin yarigapina esit oldugunu sdylerken, uzun kenarmin nasil
meydana geldigini anlayamamislardir. Ornegin, bir 6grenci dikddrtgenin uzun kenarmna dair: “Siz siirgiiyii 60°a
getirdiginizde oradaki uzunluk sabit kalmasi gerekmez mi? Neden uzuyor? Dairenin gevresi sabit ya, biz sadece
dilim sayisini arttiriyoruz.” sorusunu sormustur. Bu durumda OA2 yaylarm uzunlugu ile dogru pargasi uzunlugu
arasinda iliski kurarak soruyu cevaplamistir. Bu noktada, OA2 6zellikle siirgii kullanimindan faydalanarak daire
dilimi sayisinin artmasiyla birlikte yay uzunlugunun git gide dikddrtgenin uzun kenarinin uzunlugunu meydana
getirdigini gostermistir. Ozel olarak, siirgiide belirledigi en yiiksek deger olan 60 degerini 1000 olarak
degistirmis ve Ogrencilerin yaklagsma kavramini gormelerini ve fark etmelerini saglamistir (bknz. Sekil 9).
Buradan, OA2’nin beklenmedik bir soru karsisinda da tasarladig etkinligi kullanarak cevap verebildigi ¢ikarimi
yapilabilir. Dikd6rtgenin uzun kenar1 ile gember arasindaki iliskiyi agiklamalar1 saglandiktan sonra 6grenciler
alan formiiliine dair genellemeye ulagsmiglardir (MD-5).

Dairenin Alani =Tir?

m 2m 3m xi‘rr 5'11

Sekil 9. OA2’nin 1000 olarak degistirdigi rnegin yeniden ¢izilmis hali
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Ozetlemek gerekirse, OA2, yaptigi mikro &gretimlerdeki deneyimlerini, gelen soru ve Onerileri de goz
oniinde bulundurarak, smifta yaptigi uygulamada teknolojiyi etkili bir sekilde kullanmis ve hedefledigi

matematiksel derinlige ulagsmada daha basarili olmustur (bknz. Tablo 3).

Tablo 3. OA2’nin farkli asamalardaki yonlendirme sorulara drnekler

Etkinlikte yer

Hedeflenen (MD+

Mikro 6gretim (MD+ TE)

Smnif i¢i Uygulama (MD+

alan TE) TE)

yonlendirme

sorusu

Etkinliginde Stirgii ile daire Siiregte siirgiileri kullanarak Oncelikle daire dilimi
yonlendirme dilimlerin sayist (TE-D) Ogrencilerin  etkinlik sayisin1  belirten  siirgiiyil
sorularina yer arttikca olusan seklin sayesinde veri toplamasini canlandirarak &grencilerden
vermemistir. dikdortgene evrildigini  (MD-2) saglamustir. ekrandaki degisime gore veri
“Dairede alan ve boylelikle dairenin Ardindan siirgiiyii siiriiklemeye toplamalarini (MD-2), daire
hesabi bagka alaninin da bu devam etmis (TE-D) fakat dilimleri ve bunlarin
nasil dikdortgenin  alanina hedefledigi matematiksel olusturduklar: sekil ile ilgili
yapilabilir?” yaklastig1 derinlige ulastirma noktasinda iligki kurmalarim (MD-3) ve
sorusunu genellemesine baz1 sorunlar yasamuistir. bunu agiklamalarini (MD-4)
sorduktan sonra  ulastirmayi tartigarak saglamistir. (TE-D
bu etkinligi amaglamigtir  (MD-5; ve E)

uygulamay1 TE-D).

planlamistr.

4.3. Ogretmen aday1 3
4.3.1. Etkinligi Tasarlama Stireci

OA3, iiggende alan konusunu dgretecek bir ders plani tasarlamustir. Bu planin ilk etkinliginde (bknz. Sekil
10) liggenin alanmin dikddrtgenin veya karenin alani gibi g¢okgenlerin alanlari ile iliskili oldugundan yola
cikarak {icgenin alan formiiliine ulastirmay1 amaclamustir. Bu noktada OA3, dikdértgen veya karenin alan
hesaplama formiillerinin kullanilmasmi gerektiren (MD-1) ve sadece gorsel olarak kullanmay: planladigi (TE-
Puansiz) bir etkinlik tasarlamistir. Bu hedefe ulasmak i¢in, dgrencilerden 6nce Sekil 10°da yer alan 4 farkli
seklin alanlarimi tek tek hesaplamalarini istemeyi planlanustir. Bu noktada, OA3 égrencilerden etkinlikteki iiggen
seklini kareye tamamlayip alanlar1 hesaplamalarmi beklemistir. Eger beklentisinin disinda cevaplar gelirse
ogrencileri etkinlikteki ilk iki sekle yonlendirerek adim adim {iggenin alan formiiliine ulagmay1 diistindiigiini
belirtmistir. OA3, {iggenin alanmin karenin veya dikddrtgenin yaris1 oldugunu fark ettirdikten sonra,
ogrencilerden etkinlikteki son seklin alanini hesaplamalarini isteyerek ticgenin alan formiiliine ulagmalarini
beklemektedir.
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Sekil 10. OA3’iin tasarladig1 Uggende Alan Etkinligi
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4.3.2. Mikro ogretim Siireci

OA3 de iki tane mikro &gretim uygulamasi yapmustir. OA3, yaptig1 ilk mikro 6gretim uygulamasinda
tamamen planina uymus ve etkinligi bir gorsel olarak kullanmis (TE-Puansiz) ve dikdértgen veya karenin alan
formiillerinden faydalanarak (MD-1) 6grencilerin iggenin alan formiiliine ulagsmalarini saglamistir. Bu noktada,
derse katilan arastirmacilar ve diger dgretmen adaylar1 verilmek istenen amag¢ dogrultusunda teknolojiyi daha
etkin kullanabilecegine dair drnekler vererek onerilerde bulunmuslar ve mikro 6gretimi bu dnerileri géz dniinde
bulundurarak tekrar yapabilecegini vurgulamislardir. Ornegin, etkinligi sadece gorsel olarak kullanmak yerine,
bu etkinligi GeoGebra’da adim adim ¢izim yaparak {iggenin alanmni kesfettirebilecegine dair Onerilerde
bulunmuslardir. Oneriler dogrultusunda, OA3 bu etkinlik i¢in ikinci mikro 6gretim uygulamasini yapmustir. Bu
uygulamada, OA3 sadece gorsel islevi olan bu etkinligi kullanmak yerine, GeoGebra’da adim adim diizgiin
olmayan bir ¢okgen ¢izmis (TE-A) ve 6grencilere bu ¢okgenin alanini nasil hesaplayabileceklerini sormugtur
(bknz. Sekil 11). OA3, grencilerden bu sekilden bir dikdortgen ve iki {icgen olusturulabilecegi cevabini aldiktan
sonra dikddrtgenin alanmin nasil bulundugunu sormustur (MD-1). Daha sonra, OA3 iiggenleri dikdortgene
tamamlayip 6grencilerin bu sekiller arasinda iligski kurarak agiklama yapmalari icin (MD-3 ve 4) bir tartisma
baslatmistir. Ardindan OA3, normal tahtada devam etmis ve dgrencilerin dikdortgenin alanindan yola ¢ikarak
iicgenin alan formiiliine ulagmalarmi saglamistir. Bu mikro 6gretim sonunda, katiimcilar OA3’e baslangigta
olusturdugu cokgenin bir kenarmi siiriikleyerek iicgenin alan formiiliine ulastirma noktasinda dogrulama
yapabilecegini dnermislerdir.

Sekil 11. OA3’{in adim adim ¢izdigi ¢okgenin yeniden ¢izilmis hali
4.3.3. Simif'i¢i Uygulama Siireci

Simif i¢i uygulama siirecinde, OA3’iin mikro gretim siirecindeki deneyimlerini ve onerileri dikkate alarak
ogretimini gelistirdigi gozlemlenmistir. Ikinci mikro &gretimde yaptigi gibi, OA3 smif ici uygulamasinda
GeoGebra’da diizglin olmayan bir ¢cokgen ¢izmis (bknz. Sekil 12) ve planladig1 gibi 6grencilere bu ¢okgenin
alanmni nasil bulabileceklerini sorarak derse baslamistir. Bu c¢izimi yaparken, ikinci mikro 6gretimde aldigi
oneriler dogrultusunda, dikdortgenden faydalanmak istedigi i¢in, rastgele bir ¢okgen yerine bir agisi dik a¢1 olan
bir gokgen insa etmistir (TE-C).

B

Sekil 12. OA3’iin insa ettigi diizgiin olmayan ¢okgenin yeniden ¢izilmis hali
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OA3 cokgenin alanmin nasil bulunacagi konusunda bir tartismis ortami yaratarak dgrencilerin cevaplarini
dogrulamak amagli programu etkin bir sekilde kullanmistir. Bu siiregte, GeoGebra araglarmi (dik dogru, paralel
dogru) kullanarak bu cokgenden iki licgen ve bir dikdortgen insa etmis (TE-C) ve bu cokgenlerin her birinin
alanlarini 6lgmistiir (TE-B) (bknz. Sekil 13).

EAD Alan=5.45

DAF Alan= 545

I

Sekil 13. OA3’iin gokgeni ayirdig1 dikdortgen ve iiggenleri gdsteren drnegin yeniden gizilmis hali

OA3, dgrencilere dortgen ve iiggen alan formiillerini hatirlamalari (MD-1) ve bu sekiller arasinda iligkiler
kurarak agiklamalar1 i¢in (MD-3 ve 4) sorular yonlendirmistir. Ekrandaki geometrik sekillerde yer alan iiggenleri
dortgenlere tamamlayarak Ogrencilerin tahminlerini gdrmelerini saglamistir. Bu noktada, OA3 ikinci mikro
ogretiminden farkli olarak ¢izdigi ¢okgeni bir noktasindan siiriikleyerek degistirmis (TE-D) ve 6grencilerin
sekiller degigse de alanlar arasindaki oransal esitligin degismedigi durumunu fark etmelerini saglamistir (MD-5)
(bknz. Sekil 14).

EAD Alan=11.9

DAF Alan=11.9

!

Sekil 14. OA3’iin ¢okgeni bir kenarmdan siiriikledikten sonra olusan cokgenin yeniden insa edilmis hali

Tablo 4’te dzetlendigi gibi tiim siirecte, OA3’iin etkinliginin iceriginde ve uygulama seklinde kayda deger
degisim ve gelismeler olmustur.

698



Mikro Ogretimden Sinif Ici Ogretime: Matematik Ogretmeni Adaylarinin Teknoloji Destekli Etkinliklerinin Incelenmesi

Tablo 4. OA3’iin farkli asamalardaki yonlendirme sorularma drnekler

Etkinlikte yer  Hedeflenen Mikro 6gretim 1 Mikro 6gretim 2 Siif ici Uygulama
alan (MD+ TE) (MD+ TE) (MD+ TE)
yonlendirme
Sorusu
Sekiller kag Sekilden iicgenin  Hedefledigi gibi GeoGebra’da diizgiin  Mikro 6gretim-2
birim kareden formiiliine etkinligi uygulayip olmayan bir cokgen  deki siirece benzer
olugmustur ulagmalar1 amacina ulagmustir. ¢izmis ve “Bu olarak etkinligini
(GeoGebra’dan  agamasinda Aragtirmaci ve diger  ¢okgenin alanii uygulamistir.
onceden dortgenin alan 6gretmen nasil hesaplayabiliriz
hazirlanan formiiliinden adaylarmdan sorusunu
sekiller yararlanmay1 etkinligin yoneltmistir?”
gosterilerek)? hedeflemis ve matematiksel (MD-2 ve TE-A).

etkinligi sadece derinligini

gorsel olarak artirabilecegi ve

kullanmay1 teknolojiyi etkin

planlamistir (MD-  kullanabilecegi

1, TE-Puansiz). onerilmistir.
Sizce tiggenin Bir sekil Planladig: gibi Rastgele ¢okgen Bir kdsesi dik ag1
alani ve buna lizerinden verdigi sekil ¢izmis ve bu cokgen  olan bir ¢gokgen insa
benzetilen licgenin alaninin ~ {izerinden iizerinde tartigmayi etmis, (TE-C), bu
dortgenin olusan dortgenin  &grencilere tiggenin  yiiriiterek alanlar ¢okgen iizerinden
alanlar1 alanin yarisi alan1 ve dortgenin (liggenin ve Ogrencilerin tiggen

arasinda nasil
bir oran vardir?

oldugunu
kavratmay1
amaclamistir
(MD-1 ve 2, TE-
Puansiz)

alan1 arasindaki
orani sormustur.
Ogrenciler alan
formiiliinii
kullanarak sekil
tizerinde yorumlar
yapmistir (MD-1 ve
2, TE-Puansiz)

dortgenin alanini
kast ederek) arasinda
nasil bir iligki
kurulabilecegini
tartismigtir (MD-3 ve
4; TE- A)

ve dikddrtgenin
alanlar1 arasinda
iligki kurmalarini
sagladiktan sonra
(MD-3 ve 4), bir
noktayi siiriikleyerek
(TE-D) olusan
alanlar arasinda bir
genellemeye
varmigtir (MD-5).

4.4. Ogretmen adayi 4

4.4.1. Etkinligi Tasarlama Siireci

OA4 tasarladign etkinlikte dikddrtgenin farkli agilarla dondiiriilmesiyle olusan sekillerin taban alani ve
hacmini 6gretmeyi planlamistir (bknz. Sekil 15). OA4 etkinliginde, dondiirme ag1 6lgiisiinii, dikdértgenin kisa
kenarmni (silindirin yarigap1) ve dikdortgenin uzun kenarini (silindirin yiiksekligini) temsil eden 3 farkli siirgii
kullanmistir. Bu calismada, OA4’iin taban alami ile ilgili yaptig1 etkinlik ve bu etkinligin uygulama siireci
paylasilacaktir. OA4, dikdortgenin belli bir acryla dondiiriilmesiyle (360°, 180° ve 120°) olusan seklin taban
alanmnm nasil bulunacagma dair 6grencilerin genellemeye varmalarmi (MD-5) hedeflemistir. Bu siiregte,
ogrencilerden silindirin alan formiiliinii hatirlamalarin1 (MD-1), ag¢inin veya kenar uzunluklarmin degismesini
gozlemleyerek etkinlikten veri toplamalarmi (MD-2), degisimlere bagli olusan iliskileri fark ederek
agiklamalarini (MD-3 ve 4) ve son olarak bu iligkinin nasil oldugunu genellemelerini (MD-5) beklemektedir.
Etkinlikte farkli agamalarda siirgiileri tek tek degistirmeyi planlamis (TE-D) ve olugsan durumlardaki degisimlere
vurgu yaparak amacima ulasmay1 hedeflemistir. Ornegin, “Dikdortgenin 360° dondiiriilmesiyle olusan taban alani
ile 120° dondiiriilmesiyle olusan taban alami arasindaki iliski ne olabilir?” sorusunu sormay1 ve ardindan taban
alanlarini 6lgerek (TE-B) 6grencilerin iliskiye dair tahminlerinin dogru olup olmadigmi tartigmay: planlamistir.
Bu sorunun hemen ardindan “yari¢ap r’nin degismesi bu iligkiyi degistirir mi?”” sorusunu ekleyerek, taban alani
ve yarigap arasindaki iliskiye vurgu yapmay1 amaglamustir.
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h=16

-

Sekil 15. OA4’iin tasarladig1 Silindir Etkinligi

=

4.4.2. Mikro 6gretim Siireci

Mikro &gretim siirecinde, OA4 ilk derste verdigi “bir dikddrtgenin 360° déndiiriilmesiyle silindir olusur”
bilgisini hatirlatmis ve etkinligi uygulamaya baslamistir. OA4, ‘bu dikdértgenin 360° dondiiriilmesiyle olusan
sekil ile 180° dondiiriilmesiyle olusan seklin taban alanlari arasindaki iliski nasil olur?’ diye sormustur.
Ardmndan, GeoGebra’yr kullanmas1 amaciyla yardimer sectigi bir dgrenciden aci siirgiisiinii once 360° ye
siiriikleyerek, daha sonra da 180° ye getirmesini isteyerek (TE-D) olusan sekillerin taban alanlarmi dlgtiirmiistiir
(TE-B). Bu noktada, dikdértgenin 180° déndiiriilmesiyle olusan seklin taban alanmin silindirin alanmn yarisi
oldugunu gdstermis ve dgrencilerin cevabini dogrulamustir. Daha sonra benzer islemleri 120° déndiiriilmesi ile
olusan sekil igin de yapmustir. Bu anlamda, OA4 planladig1 gibi siirgii aracini ag1y1 déndiirmek i¢in dinamik bir
sekilde kullanmasina ragmen (TE-D) Ogrencilerin olusan sekillere dair gdzlem yapmalarma, iliskileri
kesfetmelerine veya matematiksel bir agiklama yapmalarma odaklanmamistir. Sadece olusan iliskilere dair
formiil kullanarak oranlardan bahsetmistir (MD-1). Ardindan OA4 yaricap degisimi ile olusan sekillerin taban
alanlar1 arasindaki oranin degisip degismedigini 6grencilere sormustur. Yardimci 6grenciden yarigap siirgiisiinii
hareket ettirmesini istemis (TE-D) fakat oranin degismedigini kendisi dogrudan formiil kullanarak (MD-1)
normal tahtada agiklamistir. Son asamada “belli bir a¢1 ile dondiiriilen dikdortgenin taban alani ile ilgili ne
sOyleyebiliriz, agtya bagli bir formiil olusturabilir miyiz?” sorusunu sormus 6grencilerden o/360° cevabi gelince,
OA4, “Neden?” diye sormus fakat sorunun cevabmi kendisi aciklamis ve ogrencileri genellemeye ulasma
noktasinda yonlendirememistir.

Bu noktada, OA4’iin 6lgiim yapma ve siirgiiyii hareket ettirme anlaminda teknolojiden oldukga smirli bir
sekilde faydalandig1 gozlemlenmistir. Ozellikle, OA4’iin tartismalarda ve dgrencilerin cevaplarmi dogrulama
veya yanliglama durumlarinda hemen hemen higbir sekilde planladigi teknolojik eylemlerden (siirgiiyii
kullanma) etkin faydalanmadigi belirlenmistir. Mikro &gretim sonrasinda yapilan grup tartigmasinda, diger
dgretmen adaylar1 ve arastirmacilar OA4’e sorular1 genel olarak kendisinin cevapladigini, sordugu yonlendirme
sorularinda genellemeye ulastirmayr amagladigin1 anlamadiklarini belirtmigler ve teknolojiyi daha etkin
kullanabilmesine yonelik 6nerilerde bulunmuslardir.

4.4.3. Smif'ici Uygulama Stireci

Smif i¢i uygulama siirecinde OA4’{in mikro dgretim siirecindeki deneyimlerine ve yapilan dnerilere ragmen
ogretiminde ciddi bir farkhhik gozlemlenmemistir. OA4, ogrencilere planindaki gibi dikddrtgenin 360°
dondiiriilmesiyle olusan taban alan1 ve 180° dondiiriilmesiyle olusan taban alami arasindaki iliskiyi sorarak
etkinlige baslamistir. Ogrencilerin cevaplarmi aldiktan sonra, smiftan bir yardimci 6grenci secerek bu
ogrenciden GeoGebra’nin 6lgme arag¢ ¢ubugunu kullanarak sekillerin taban alanlarmi 6lgmesini istemis (TE-B)
ve siiftaki 6grencilerin tahminlerini dogrulatmustir (bknz. Sekil 16).
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Sekil 16. Dikdértgenin 180° déndiiriilmesiyle olusan seklin taban alamnin $l¢iilmiis halinin ekran alintisi

Aym sekilde, OA4, 120° dondiiriilmesiyle olusan sekil icin &grencilerin aralarindaki iliskiyi tahmin
etmelerini istemis ve Ol¢lim yaparak tahminlerinin dogrulugunu test etmistir. Bu siirecte, yardimci &grenci
OA4’iin komutlariyla siirgiiyii kullanarak agilar1 degistirmis (TE-D) ve 6grenciler ekranda olusan sekiller ile
ilgili bilgi toplamislardir (MD-2). OA4, yarigap degistiginde oranda degisiklik olup olmayacagmi sormus fakat
Ogrenci cevaplarmin dogrulugu ya da yanlishigi icin yarigap siirgiisiinii kullanarak ekranda herhangi bir
manipiilasyon yapmamustir. Bu siirecte planinda belirledigi gibi 6grencilere verdikleri tahminler dogrultusunda
neden Oyle diisiindiiklerine dair sorular sormus fakat her ne kadar 6grenciler cevap verse de bu cevaplari géz
oniinde bulundurmamig ve sorulara kendisi cevap vermistir. Genellemeye ulastrma asamasinda da bir
dikdortgenin o derece dondiiriilmesiyle olusan seklin taban alanmni veren formiilii sormus birka¢ 6grenciden
cevap aldiktan sonra etkinligi kullanmadan dogrudan formiilii normal tahtaya yazmistir. Bu anlamda, OA4
genelde sordugu sorulara kendisi cevap vermis, normal tahtada derse devam etmis ve planladigi 6l¢iim aracini
(TE-B) ve olusturdugu siirgiileri (TE-D) ¢ok smirli sekilde kullanarak Ogrencileri hedefledigi derinlige
ulastiramadig1 gozlemlenmistir. Fakat, OA4 ders sonrasi yapilan goriismede 6gretimine dair farkindaliginin
arttigi1 vurgulamis ve planladigi tartigma ortamini yaratamamasmim smiftaki 6grencilerin katiliminin az
olmastyla iligkili oldugunu diisiindiigiinii belirtmistir.

OAA4, bu etkinligin hem mikro dgretim hem de smif i¢i uygulama siireglerinde hedefledigi derinlige ulasma
ve planladigi teknolojik eylemleri kullanma siirecinde sorun yasamistir (bknz. Tablo 5). Bu sorunlarin
yasanmasinda, mikro &gretim siirecindeki deneyimlerini ve verilen Onerileri géz 6niinde bulundurmamasinin
etkisinin oldugu diisiiniilmektedir.

Tablo 5. OA4’iin farkli asamalardaki yonlendirme sorularma drnekler

Etkinlikte yer alan  Hedeflenen (MD+ TE) Mikro 6gretim (MD+ TE) Smif ici Uygulama
yonlendirme (MD+ TE)
sorusu

Dikdértgenin - belli  Farkli agi durumlari sunarak ~ Hedefi dogrultusunda, siirgiiyii 120°, Mikro  6gretimde

bir aciyla  dgrencilerden olusan 180° ve 360° getirmis ve olusan yaptigma benzer bir
dondiiriilmesiyle sekillerin taban alanlar1 sekillerin taban alanlarini 6lgmistiir.  6gretim yapmistir ve
olusan seklin taban oOlgiip aralarinda iligki kurup  Fakat sadece belli agilar i¢in yapmis amacina

alanini nasil agiklamalarini hedeflemistir  ve  formiil  kullanarak  taban ulasamamuistir.
buluruz? (MD-3 ve 4; TE-B ve D) alanlarmi kargilastirarak hedefledigi

iliskiyi kurduramamustir (TE-B ve D
(smurl)) (MD-1 ve 2)
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Tablo 5’in devamu

Yarigapin degismesi  Yarigap siirgiisiinii Siirgiiyii ¢ok smirli olarak  Mikro Ogretim siirecinde
bu iliskiyi degistirir degistirerek olusan siiriiklemis ve olusan birka¢ deneyimleri ve doniitleri sinif
mi? taban alanlari arasindaki ~ gekle dair formiil kullanarak uygulamasina yansitamamis;
T strglisiinii  iliskiye dair Ogrencilerin veri toplamasin1  etkinligi ~ ¢ogunlukla  gorsel
kullanarak yarigapit genellemeye varmayi saglayabilmistir (MD-1 ve 2, olarak kullanarak iligkiyi sozel
degistiriniz. hedeflemistir (MD-5; TE-D) olarak agiklamistir. (MD-1 ve 2,
Tahmininiz ~ dogru TE-D) TE-B ve D (simnirli))

mu? Agiklaymiz.

Sonug olarak, dort 6gretmen adayinin yasadig: siiregleri 6zetlemek gerekirse, Tablo 6’da goriildigi gibi,
OA1, OA2 ve OA3’iin mikro dgretim siirecinde amaglarma ulasamasalar da smif i¢i uygulama siirecinde
hedefledikleri matematiksel derinlige ulastiklar1 ve planladiklar1 teknolojik eylemleri kullandiklar1 goriilmiistiir.
Fakat OA4’iin bu konuda kayda deger bir gelisim gostermedigi belirlenmistir.

Tablo 6. Ogretmen adaylarinin siiregler boyunca ulastiklar1 matematiksel derinlik ve kullandiklar1 teknolojik
eylemler

Ogretmen Hedeflenen Matematiksel Mikro 6gretim Simif i¢i Uygulama
Aday1 Derinlik ve Teknolojik

Eylemin Cesidi
0A1 MD-5 MD-1 ve 2 MD-5

TE-Dve E TE-D TE-D ve E (Kismen)
0A2 MD-5 MD-5 MD-5

TE-D TE-D TE-Dve E
0A3 MD-1 MD-1 MD-5

TE-Puansiz TE-A TE-Ave D
0A4 MD-5 MD-1 ve 2 MD-1 ve 2

TE-Bve D TE-B ve D (sinirli) TE-B ve D (sinirli)

5. Sonug ve Tartisma

Bu calismada, 4 ortadgretim matematik 6gretmeni adaymnin teknoloji destekli etkinliklerini tasarlama ve
uygulama sekillerinin gelisimine odaklanilmstir. Ozellikle, Trocki ve Hollebrands’in (2018) onerdigi gibi bu
calismada 6gretmen adaylarinin gelistirdigi teknoloji destekli etkinliklerde hedefledikleri matematiksel derinlik
ve kullandiklari teknolojik eylemlerin smif i¢i uygulama siireglerinde nasil degistigi veya gelistigi incelenmistir.
Mikro Ogretim siirecinde, Ogretmen adaylarinin genel olarak etkinliklerinde hedefledikleri matematiksel
derinlige ulasamadiklar1 ve bu siirecte planladiklar1 teknolojik eylemleri etkin sekilde (6rnegin programin
dinamikligini kullanamama, amagsiz veya kisitl siiriikleme, 6l¢iim yapmama) kullanamadiklar1 gézlemlenmistir.
Ozellikle, mikro dgretim uygulamalar sirasinda kullandiklari matematiksel dil ve notasyonlarin eksik veya hatali
olmasi1 ve yonlendirme sorularini planladiklar1 gibi uygulayamamalarmin hedefledikleri matematiksel derinlige
ulasamamalarinda etkisi oldugu disiiniilmektedir. Mikro G6gretim sonrasinda, 0gretmen adaylarinin smif igi
uygulamalarinda genel olarak olumlu yonde gelismeler ve degismeler oldugu gézlemlenmistir. Bu noktada,
Ogretmen adaylarmimn kendi hata ve eksiklerini fark etmelerinin yani1 sira bireysel ve odak grup goriismelerinde
yapilan nerileri de dikkate almalarmin énemli oldugu diisiiniilmektedir. Ornegin, OA1, OA2 ve OA3 mikro
dgretim deneyimlerini yapilan éneriler dogrultusunda gelistirirken OA4 kendi eksikliklerini ve yapilan onerileri
g6z Oniinde bulundurmamis ve sinif ortaminda mikro 6gretime benzer bir 6gretim gerceklestirerek hedefledigi
derinlige ulasamamuistir.

Gelisim gosteren Ogretmen adaylarinin 6zellikle hedefledikleri matematiksel bilgiyi verme yollart (dil
kullanimi ve tartigmay1 yiiriitme) ve teknolojiyi kullanma sekillerinin gelistigi gézlemlenmistir. Bunun yani sira,
tim Ogretmen adaylari etkinliklerinin igeriklerini veya amaglarini mikro 6gretimden sonra degistirdiklerini
belirtmiglerdir. Bu anlamda, mikro 6gretim siirecinde 6gretmen adaylar tasarladiklari etkinliklerde amagladiklari
matematiksel derinligi verip veremediklerini ve dogru teknolojik eylemler kullanip kullanmadiklarmi da
belirleyerek eksik veya smirli oldugu durumlar1 gelistirme sansina sahip olmuslar ve olumlu yonde gelisim
gostermislerdir. Ozellikle OA3’iin bu noktada kayda deger bir gelisim gosterdigi one gikmaktadir. OA3, ders
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planinda tasarladig:i etkinligi sadece gorsel olarak kullanarak (TE-Puansiz) ¢okgenlerin alan formiiliini
kullanmay1 (MD-1) hedeflerken, mikro 6gretim siirecinde aldig1 doniitler ve deneyimleri sayesinde sinifta 6lgme
ve siiriikleme arag¢ ¢ubuklarindan faydalanarak (TE-B ve D), {iggenin alan formiiliine dair 6grencilerin genelleme
yapmasini saglamistir (MD-5). Diger bir deyisle, OA3 teknolojiyi, Bowers ve Stephens’in da (2011) dnerdigi
gibi, matematiksel iligkileri kesfetmek igin kullanarak etkin bir 6gretim yapmistir. Bu anlamda, bu ¢alismada
mikro 6gretim siireci Allen ve Eve’in (1968) belirttigi gibi 6gretmen adaylarinm yeni etkinlikleri denedikleri
ogrencilerin 6grenmesini riske atmayan etik ve giivenli bir ortam olusturmustur. Yapilan goriigmelerde, tim
Ogretmen adaylar1 mikro 6gretimi bu stirecteki en 6nemli kisim olarak goérmiis ve hem teknoloji destekli ders
plan1 gelistirme hem de bu plani uygulama siirecinde kendilerine en fazla katkinin mikro 6gretim siirecinde
olduguna deginmislerdir. Bu durum, Akyiliz’in (2016) sonuglarina benzer olarak, her ne kadar 6gretmen
adaylarina teorik olarak teknolojinin nasil kullanilacagi 6gretilse de 6gretmen adaylarinin teknolojiyi etkin
kullanmalarinda en 6nemli faktorlerden birinin de kazandiklari 6gretim deneyimleri oldugunu géstermektedir.
Bu noktada, bu ¢aligmanin bulgularinin 6gretmen adaylarmim teknoloji destekli dgretimlerinin mikro dgretim
stireci ile nasil gelistirilebilecegi konusunda alanyazina katki sagladigi diistiniilmektedir.

Caligmanm bulgular1 ele alindiginda, smif ici ortamda yapilan uygulamalarda 6gretmen adaylarinin hala
eksikleri veya hatalar1 olmasmna ragmen mikro Sgretim uygulamalarina gore oldukga gelistigi sonucuna
ulagilabilir. Alan yazinda ilgili caligmalarin (Akytiz, 2016; Donnelly ve Fitzmaurice, 2011; Griffiths, 2016;
Zbiek, 2005) sonuglarina benzer olarak, bu siirecte arastirmacilarla yapilan bireysel ve grup goriismelerinin yani
sira 6zellikle katilimeilarm birbirlerinin mikro 6gretim ve sinif i¢i uygulamalarini takip etmeleri ve buna yonelik
yapilan grup tartigmalarinin da etkili oldugu diisiiniilmektedir. Hem mikro 6gretim siirecindeki katilimeilarin
hem de smif i¢i uygulamalar siirecinde 6grencilerin eylem ve sorular1 6gretmen adaylarinin yanlig/eksik kisimlar
konusunda farkindaliklarinin gelismesine ve ders planlarin1 ¢ok sayida revize etmelerine yol a¢cmustir.
Dolayisiyla, 6zellikle teknoloji entegrasyonu konusunda alanyazinda 6gretmenlerin ders planlart ile ilk smif igi
uygulama siirecleri arasinda olumsuz bir farka vurgu yapildig: diisiiniiliirse (Lagrange ve Ozdemir-Erdogan,
2009; Ruthven, 2009) 6gretmen adaylarina yapilacak olan egitimlerde veya programlarinda yer alan derslerde
mikro 6gretim gibi uygulama sanslar1 verilerek, bu adaylarin siniflara hazirlanmalar1 ve bu farkliligi en aza
indirgemeleri saglanabilir.

Calismanm teorik c¢ergevesi, bu arastirmada Trocki ve Hollebrands’in (2018) vurguladig1 gibi iki sekilde
yararli olmustur. ilk olarak, teknoloji destekli etkinlikleri tasarlarken dgretmen adaylarmin prompt adi verilen
yonlendirme sorulart ile farkli matematiksel derinlige sahip olan etkinlikleri planlayabileceklerini ve amaglanan
derinlige ulasmada kullanmalar1 gereken teknolojik eylemleri diistinmeleri gerektigini fark etmelerini
saglanmustir. ikinci olarak bu gergeve, arastirmacilara dgretmen adaylarmin tasarladigi etkinliklerin igerigini
incelemek ve degerlendirmek icin bir yol gostermistir. Cergeve Ozellikle etkinliklerde yer alan her bir
yonlendirme sorusunu kodlama siirecinde, matematiksel derinligin teknolojik eylemlerle koordinasyonu
konusunda ve etkinligin igerigi, amact ve seviyesi hakkinda arastirmacilarin genel bir izlenime ulagmalarina
yardimc1 olmustur. Trocki ve Hollebrands (2018), bu cerceve hakkinda sinirli ¢aligma (Trocki, 2015; Yigit
Koyunkaya ve Bozkurt, 2019) olmasina vurgu yaparak Ozellikle c¢ercevenin Ogretmenlerin mesleki gelisim
ortamlarindaki etkileri konusunda arastirmalar yapilmasmi gerektigini vurgulamiglardir. Bu anlamda, bu
¢aligmanim Trocki ve Hollebrands’in (2018) Onerisinin bir uygulamasi olarak alanyazina katki saglayacagi
distiniilmektedir. Bu dogrultuda, 6gretmen adaylarina egitimler sirasinda galismanin gergevesinin tanitilmasi ve
bu gergevenin etkinlik gelistirme siirecinde onlara kilavuzluk etmesinin de gelisimlerine etkisinin oldugu
diisiiniilmektedir. Gelecek ¢alismalarda 6gretmen adaylarina, teknoloji destekli matematik egitimine 6zgii teorik
cergeveler 151¢3mda egitimler verilmesinin 6nemli oldugu ve bu calismalarin da alanyazina katki saglayacagi
diigtiniilmektedir.

Bu calisma 14 hafta siiren, 6gretmen adaylarmin egitimlerinin son doneminde verilen ‘Ogretmenlik
Uygulamas1’ dersi kapsaminda yapilmistir. Smirli zamanda yapilan bu arastirma sirasinda dgretmen adaylarinin
yogun programlarinin olmasi ¢alismanm bir smirliligi olarak goriilmektedir. Bu anlamda benzer amagl
caligmalarin daha genig zaman diliminde uygulanmasmin faydali olabilecegi diisiiniilmektedir. Ayrica, 6gretmen
adaylarmin smif i¢i uygulamalarinda 6gretecekleri konuyu uygulama okulundaki 6gretmenin programina gore
secmeleri teknoloji destekli etkinlikleri gelistirme konusunda bir smirlama getirmis olabilir. Bu baglamda,
gelecek calismalarda, yapilan bu caligmaya benzer yollar izlenerek O6gretmen adaylarinin tamamiyla kendi
istekleri dogrultusunda segtikleri, tasarladiklari ve uyguladiklari bir konunun 6gretimine odaklanarak alanyazina
katki saglanabilir.
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