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Abstract: Technological Pedagogical Content Knowledge (TPACK) is a model that explains how teachers use technology more
effectively in the context of technological, pedagogical, and content knowledge. Teachers' TPACK competencies play great
importance in this regard. Lesson study has also been playing significant roles in the development of teachers' professional trainings.
When the researches on TPACK and lesson study have been analyzed, the research is expected to provide significant contributions to
the literature. This study aims to present reflections from a lesson study practice that carried out to urge techno-pedagogical
competencies of the secondary school mathematics teachers and to reveal the development of teachers’ progress. The study used
case study method, and it was conducted with three in-service teachers. The research data were collected through semi-structured
interviews, voice recorder, and observation notes. To analyze the collected data, descriptive analysis method was used. The results
have revealed that teachers have made much more progress in designing, implementing, and problem solving in terms of TPACK
competencies. It has also been determined that teachers’ development of openness to the innovations was limited. This limitation
appeared to emerge as a result of teachers’ time anxiety and insufficient knowledge regarding the use of technology.
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Introduction

Technology, pedagogy, and content knowledge have been considered as a whole, teacher competencies have been
reassessed, and new criteria have been put forward (Niess, 2005). Among these models, the technological pedagogical
content knowledge (TPACK) is a conceptual framework that is necessitated for effective technology integration of
prospective teachers and teachers (Bos, 2011). TPACK is a model that explains how teachers incorporate technology
into learning-teaching processes and how to use technology more effectively in the context of technological,
pedagogical, and content knowledge (Koehler, Mishra & Yahya, 2007; Mishra & Koehler, 2006). In this regard, it is most
probably that teachers' development regarding TPACK competencies is important as the quality of education is directly
related to the qualifications of teachers (Demirel & Kaya, 2003). Even if schools have technological equipment, they are
the teachers who will make education programs actual through using educational technologies (Ay, 2015; Isiksal &
Cakiroglu, 2006). Thus, the teachers who put technology into practice should also have the ability in order to organize
learning activities through technology together with new teaching techniques (Erbas, Cetinkaya & Ersoy, 2009; Koh,
Chai & Tsai, 2013). The question that "can the level of teachers' techno-pedagogical competencies be improved through
appropriate professional training?" comes to the mind. Numerous studies have put forward the necessity for providing
teachers with receiving education that is practiced and discussed in the class (Doruk, Aktumen & Aytekin, 2013;
Fernandez & Yoshida, 2004; Lewis, Perry & Hurd, 2009; Yildiz, 2013). Recently, lesson study has played a significant
role in the development of teachers' professional trainings (Back & Joubert, 2011; Fernandez & Yoshida, 2004; Yoshida
& Jackson, 2011; Werhoef & Tall, 2011).

Lesson study require steps such as collaborative planning of the lesson, monitoring, and discussing the lesson during
the practices, replanning of the lesson (optional), implementation and discussion of a new plan (optional) (Fernandez &
Yoshida, 2004). Thus, lesson study has become a system in which participants can express their wishes, gain awareness
about a particular subject and develop their abilities together (Senge, Cambron-McCabe, Lucas, Smith, Dutton & Kleiner,
2000). Furthermore, teachers develop a deeper understanding of content and student thinking in this process, and their
teaching may become more useful and understandable (Murata, 2011). For instance, Ong, Lim, and Gazali (2010) found
that teachers initially asked questions about the steps of the process and the results achieved, but they urge the
students to think after lesson study. This can be considered as a difference from in-service courses for lesson study. In
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this context, the reflections from the lesson study on the development of techno-pedagogical competencies of
secondary school mathematics teachers were presented and the development of teachers in this process was examined
in the current study.

Upon analyzing the researches on TPACK, theoretical studies have mostly concentrated on the conceptualization of
TPACK (Angeli & Valanides, 2009; Cox, 2008; Graham, 2011), the determination of TPACK levels (Archambault &
Crippen, 2009; Gundogmus, 2013; Tokmak, Konokman & Yelken, 2013), the examination of its development (Akkaya,
2009; Harris & Hofer, 2011; Jaipal & Figg, 2010; Jang & Chen, 2010; Niess, 2005) and the effect of various in-service
training programs on teachers’ TPACK levels (Chai, Koh & Tsai, 2010; Guzey & Roehring, 2009). Other than that, the
researches on lesson study have been identified to introduce different lesson study practices (Sarkar Arani, Keisuke &
Lassegard, 2010) and evaluate teachers’ impressions by bringing them together in a project (Saito, Harun, Kuboki &
Tachibana, 2006). These studies reveal the development of teachers’ teaching techniques (Inoue, 2011; Lewis, Perry,
Hurd & O’Cannell, 2006). On the other hand, when the studies carried out in our country have been examined, Baki
(2012) and Butun (2012) carried out lesson study practices with prospective teachers. Yildiz (2013) also analyzed the
effect of lesson study practices conducted with secondary school mathematics teachers on teachers’ behaviors towards
enhancing their students' metacognition in problem-solving setting. Hence, this research is thought to be original, and it
will provide significant contributions to the literature.

The Aim of Research

This research aims to present reflections from lesson study practice carried out to ensure techno-pedagogical
competency to secondary school mathematics teachers, and reveal the development of teachers in this process. This
process has been limited to the fractal geometry. Fractal geometry is much more dominated compared to Euclidean
geometry in terms of modeling nature through mathematics (Baki, 2001). Lonell and Westerberg (1999) describe
fractal geometry as the geometry of nature. Thus, fractal geometry has become one of the most popular topics that have
been studied in mathematics and mathematics education as a new field of mathematics in recent years (Karakus, 2010).
Several studies also explore the fact that fractals help students see mathematics as a whole (Lornell & Westerberg,
1999; Karakus, 2007; Fraboni & Moller, 2008).

Methodology
This section covers research model, participants of the research, implementation process, data collection and analysis.
Research Method

In this research, we have used the method of case study as it enables us to examine a particular group in depth and to
assess the data obtained through data collection tools without being concerned about generalization. According to Yin
(2003) a case study design should be considered when: (a) the focus of the study is to answer “how” and “why”
questions; (b) it is impossible to manipulate the behavior of those involved in the study.

Participants

The research was carried out with three secondary school mathematics teachers who work at the same school and who
were selected among those capable of utilizing dynamic software voluntarily. Both participants were male, one of
whom has been working for 10 years while the other is 7 years. While presenting the data, we coded each in-service
teacher. For example, T1 stands for the first teacher and R stand for the researcher.

Data Collection Tools

The research data were collected through interviews with the teachers during the lesson study, the voice recorder by
which teachers' dialogues were recorded in the planning, and observation notes that the teachers held during the
practice. Before conducting the research, we determined possible questions for the interview. Therefore, the interview
questions were designed to present the process of teaching fractals and to answer how this process could be planned
better.

Implementation Process

The guideline, which is considered to be used during lesson study, was formed with relevant literature and interviews
with experts. Hence, the guideline includes learning theories, teaching methods / techniques / strategies, design of
effective learning setting, software / technological products that are used in mathematics education, measurement and
evaluation application topics, and activities related to these topics.

The implementation process was performed in the second semester of 2015-2016 academic years. Some parts of these
studies were conducted as a group with three teachers working at the same school including the researcher. The
informative and discussion phase of the lesson study were performed in groups. The three teachers except for the
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researcher carried out the planning and implementation phases. On that point, the other teacher also entered the
teacher's course. The implementation was carried out with the 8th grade students.

Hence, teachers were asked to record the planning phase via a voice recorder and to take reflective observation notes
in the learning setting. Therefore, the discussion phase of the lesson study was realized within the framework of these
notes and teacher observations. Each meeting lasted about 40 minutes in which group members come together out of
course hours. Thus, the cycle of three lesson study was completed.

Data Analysis

Having a qualitative data analysis design, this research used descriptive analysis. Thus, interviews with the teachers
and teachers' dialogues in the planning phase were written verbatim. Yildirim and Simsek (2005) have suggested that
direct citations must be included in the descriptive analysis so that it can conspicuously reflect the interviews. Each
interview was written without any correction by taking the order of interviewer-interviewee in to consideration. Then,
the data analysis was finalized by bringing the independent analyzes together and discussing them separately by the
researchers. Researchers’ consensus has been paid great attention. The study used performance indicators developed
by Yurdakul, Odabasi, Kilicer, Coklar, Birinci and Kurt (2014) for teachers' techno-pedagogical competencies. Thus, the
development in these indicators was revealed by the expressions of the teachers during the lesson study and by the
behaviors during the practice. On the other, codes were handed to the researcher and teachers during the presentation
of findings.

Findings
The first lesson study cycle begins with the teachers' following thoughts.

T1: It is difficult to understand abstract expressions, especially within fractal geometry.

T2: Yes. We are incompetent in fractals while drawing the next steps.

T1: It is Ok. Then, let's create an alternative plan for the current lesson plan. Let's plan an activity for drawing the next
steps of the fractal, which our students are forced to do.

T3: 1 think that the activities that we will do or the abstract concepts may be best understood with the GeoGebra program
as it will be more effective for students to learn by doing. We have already observed this situation within some
implementations or in our conversation with R.

In general, following the dialogues mentioned above, teachers formed patterns and fractal examples through GeoGebra
software. Teachers were determined to experience several difficulties in performing the activities by means of a slider
object. T1 who will implement this practice presented these examples to the students and directed the students to the
discovery process. These examples are as regards:
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Figure 1. Sierpinski triangle activity created through GeoGebra software.
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Figure 2. The number of bricks in the ladder steps created through GeoGebra software.

As seen in the above figures, teachers preferred Sierpinski triangle for fractals while ladder steps for pattern. Students
were expected to make observations regarding fractal for different steps by moving GeoGebra’s slider object, and thus
finding the pattern rule.

In the implementation process, T1 enabled students to make relations with daily life through the use of examples from
nature and technology. Then, the same teacher presented examples to the students in accordance with the purpose
mentioned above, and he requested to find the difference between the pattern and the fractal. Finally, he finished the
lesson with the Antropi Teach program during the evaluation stage. However, it was identified that T1 could not solve
some of the technological problems that students encountered in this process.

Time is the mostly dominant topic during the discussion phase for both teachers. Teachers' views are as follows.

T1: I think such activities actually take a long time. We may get behind in the curriculum in the future.

R: Our first goal is to provide students with learning the acquisitions by constructing them. If technology will help this
process, we must use it. Yet, this does not require such a situation in which technology-aided training is used for learning
each acquisition. We must use technology without hesitation the moment we feel that there is a need for learning. As we
talked earlier, we are required to design and manage the learning environment.

T2: In fact, as we prefer to present much more real-life events with more slides, we do not have difficulty in using
technology. But we cannot even do it due to time constraint.

Since both teachers share the same ideas, teachers are unable to demonstrate their ability to use technology in
conducting in-class and out-of-class educational activities (homework, projects, internships, etc.) and produce solutions to
the technological problems encountered while preparing activities related to real life. This may derive from teachers’ time
anxiety and insufficient knowledge regarding the use of technology.

Teachers were reminded of the potential for group work in the informational phase of the second lesson study cycle,
and some of the deficiencies in using GeoGebra software were illustrated on some examples. In the planning stage, the
dialogue between the teachers is summarized as follows.

T3: We may teach this subject far more effective with the fractal card activity. (This is planned in advance, which aims to
expose the fractal example by cutting a paper into frames of certain rules in the event.) In this way, the students are able to
visualize the next steps in their minds through their own practice.

T2: GeoGebra and EBA data will increase the visually of the subject.

Figure 3 depicts the final stage of the fractal card activity that teachers mentioned in the dialogues above. T2, who
implemented this practice, firstly had students perform this activity.
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Figure 3. Fractal card activity.

Afterwards, students were asked to do the activity below (Figure 4) that was created by both teachers via GeoGebra
software during the planning stage in order that students can have the opportunity for exploring repetition and self-
similarity concepts that are the features of fractals and that distinguish them from the shapes of Euclidean geometry.
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Figure 4. Snowflake created in GeoGebra software.

The activity presented above includes a triangle first, followed by a marking of the points at one-third of each side of
the triangle, followed by a snowflake fractal example. In this context, students made observations by changing the
slider object as it is to explore the concepts of repetition and self-similarity.

Then, we met the teachers for the discussion phase. At this time, teachers expressed the favourableness using them
effectively in their technology courses over time as, they usually did not use it preliminarily. In this process, teachers'
desire to use technology has been determined to increase even more, and that they need to deepen their teaching with
their technological products.

T1: Actually, students are happy to see things on the screen and try to interpret them. For instance, I do not show the
similarity of shapes in the graphical display of GeoGebra, but I think you have contributed more to their learning. So, I long
for utilizing the software more in my classes over time.

T2: ... Yes, I did not use it much in my prior lessons. I now want to use technology efficiently in time.

The planning phase of the third lesson was spent preparing the measuring and assessment practices to assess the
students' learning level of the fractals. This is the stage of the application and then the stage of discussion. At this stage,
teachers generally discussed the benefits of the activities they have done to students. In this discussion process, the
general judgment was that GeoGebra activities increased the students' requests for fractal and they had a more
enjoyable course process.
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T3: When visual examples are given in this way, students are more interested in the lesson. I have already observed that
students are more enthusiastic with GeoGebra. Actually, this is how our class became more enjoyable.

The research results reveal that teachers have made much more progress in designing the teaching process,
implementing the teaching process and problem solving in terms of TPCK competencies. To illustrate, the teachers’
thoughts are as follows.

T1: Actually, it's better than in-service teacher education that we do not get together like this. We can be more beneficial
to our students by discussing what we do and telling each other. For example, using our technology to start planning
lessons will improve, students’ problem-solving skills. In addition, thanks to various technologies, it is rewarding for
students to discuss the subject for good learning and to intervene when a problem arises. In this way, we may construct and
discuss something in our minds.

T2: We can improve our knowledge with different studies by keeping it alive at all times. We have already begun to put
more of our knowledge into practice in the fields of designing and implementing, which we both discuss in the first place.

However, the development in the performances such as utilizing technology while preparing appropriate measurement
tools for the subject area in terms of designing, and using technology effectively in conducting in-class and out-of-class
educational activities (homework, project, internship etc.) and in the process of measuring and evaluating student
performances regarding implementation, and using technology in the development of the ability to produce solutions to
technological problems encountered while preparing activities related to real life in terms of problem solving has been
limited due to teachers’ beliefs. The expressions for this situation are as follows.

T2: Our biggest concern is actually curriculum development anxiety. We want to give examples and train our curriculum as
soon as possible. We have often this in our minds.

T1: Yes, this is significant. And we have never used technology in this way before. We have not encountered with such a
technology with in university education. After that, perhaps, we did not learn exactly because of our laziness.

As it is observed, the limited development in these behaviors is due to the teachers' time concerns about the curriculum
and the inadequate knowledge of how to use the technology. On the other hand, it has been determined that teachers’
development of being open to the innovations of the TPCK competencies is limited. Competences in this area; Keeping
up-to-date information about the technology, keeping up-to-date information about the technology, keeping up to date
information about the teaching process, and integrating innovations into real life with the teaching process. The
expressions are as following.

T1: Actually, we do not follow up-to-date training. So, in the education process we do not follow what is new, what is better
now. Maybe I do not have time for that.

T2: There was no such dynamic software when I thought of it before, but look how good it is right now. But of course you
have to follow up new information to use it. For example, while we were learning GeoGebra, there were some features. Now
I see that new features have been included.

Discussion and Conclusion

Teachers have been found to experience how techno-pedagogical competencies can be demonstrated in a classroom
environment both in their own and in the practice of group friends during lesson study. As in the findings by Crawford,
Chamblee and Rowlett (1988), this may derive from the fact teachers could see effective directions provided these
competencies were used. When considered in general, teachers have developed themselves regarding fractals in the
context of techno-pedagogical competencies. Of course, the shift in qualifications has been great for some, and small for
others. However, this research has revealed that the lesson study has been largely altered in comparison to the
previous one in most cases. Similarly, Groth, Spickler, Bergner, and Bardzell (2009) have emphasized that there may be
changes in the habit of teachers due to lesson study.

The limitation of improvement has been determined in competencies such as using technology while preparing the
appropriate measurement tool for the subject area in terms of designing and using technology in conducting in-class
and out-of-class educational activities (homework, project, internship, etc.) related to implementation. Still, at the end
of the lesson study, teachers began to express that it would be useful to try to use them effectively in technology
courses over time. In fact, the limited improvement in teachers can be enhanced over time for all teachers. Altan (1998)
emphasizes the importance of providing technical support for teachers who use technology in teaching curriculum
when they do not provide technical support and assistance to solve problems arising in the process of using technology
in teaching. In this study, this was achieved with a few weeks of lesson study, and a limited improvement in teachers
was ensured. On the other hand, it was postulated that the teachers' ability to produce solutions to the technological
problems while preparing activities related to real life problems in problem solving was limited. Likewise, a similar
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finding has been put forward by Simsek, Demir, Bagceci, and Kinay (2013) emphasizing that faculty members found
themselves less competent in solving the problems that might arise when using the technology in the teaching-learning
process.

It has also been concluded that teachers' developments are limited in terms of being open to innovations in research.
Similarly, Hermans, Tondeur, van Braak, and Valcke (2008) and Argon, Ismetoglu, and Celik Yilmaz (2015) found that
teachers did not see themselves adequate enough concerning individual innovation. However, teachers are the ones
who will bring new ideas, approaches and possibilities and the process of education out of the conventional way. In
order to achieve this, teachers need to improve themselves for life. Hence, it is required to take measures that help
teachers to improve them and to organize the courses.

Sarkar Arani, Keisuke, and Lassegard (2010) stated that there will not be any positive changes due to lesson study.
Carlson and Bloom (2005) and Handal and Herrington (2003) found that teachers are more confident in their beliefs
than their contemporary education practices in their courses. In accordance with this claim, this study has determined
the impact of teachers’ beliefs upon demonstrating some techno-pedagogical competence performances. For instance,
the development of the ability to produce solutions to technological problems while preparing activities related to real
life has been limited due to teachers' beliefs. Similarly, Anderson and Maninger (2007) and Demir and Bozkurt (2011)
reported a strong correlation between the beliefs about technology integration and the use of technology. Besides,
Depaepe, Corte, and Verschaffel (2010) noted that one of the factors influencing course content and practice is the
timetable and the curriculum that must be trained.

Research results have revealed that, lesson study for the training of the teachers should be extended. It should also be
possible for teachers to exchange views with other branch teachers in order to change some of their beliefs on
exhibiting techno-pedagogical competence performances.
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