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ABSTRACT

DESIGN AND IMPLEMENTATION OF A GRADUATE COURSE FOR
DEVELOPMENT OF TECHNOLOGICAL PEDAGOGICAL CONTENT
KNOWLEDGE

CETINKAYA AYDIN, Gamze
Ph.D., The Department of Elementary Education
Supervisor: Prof. Dr. Jale CAKIROGLU

September 2022, 245 pages

Following a design-based research approach, the present study aimed to develop a
course design named Theory — Application — Practice (T-A-P) and investigate its
effectiveness for graduate level students’ development of technological pedagogical
content knowledge (TPACK). Participants’ views on the T-A-P course design, the
change in their perceived competencies and self-efficacy of TPACK, and the change
in their TPACK level were investigated to test the effectiveness of the course design.
The proposed design was implemented in two iterative cycles with a total of 12
graduate level students pursuing a M.S. or Ph.D. degree in elementary science
education. To examine participants’ views about course design, data were collected by
means of written feedback and interviews. Thematic analysis was used to analyze data,
and the findings revealed that participants found the T-A-P course design helpful for
their TPACK development. Participants’ perceived competencies and self-efficacy of
TPACK were measured by pre- and post-administration of two TPACK scales, and

Wilcoxon Signed Rank Tests were performed to investigate whether the change was



statistically significant. The results revealed significant improvements in participants’
scores for both of the scales in both cycles of implementation. Lastly, lesson plans,
micro-teachings and interviews were used to capture the development of participants’
levels of TPACK. It was seen that after attending a graduate course based on T-A-P
course design, participants’ level of TPACK progressed at different levels in both
cycles of implementation. T-A-P course design, developed based on the related
literature, was found to be effective for promoting graduate level students’ TPACK

development.

Keywords: Technological Pedagogical Content Knowledge, Course Design, Design-

Based Research, Science Education, Technology Integration
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TEKNOLOJIK PEDAGOJIK ALAN BILGISININ GELISTIRILMESINE
YONELIK BiR YUKSEKOGRETIM DERSININ TASARIMI VE
UYGULANMASI

CETINKAYA AYDIN, Gamze
Doktora, Ilkdgretim Béliimii

Tez Yéneticisi: Prof. Dr. Jale CAKIROGLU

Eyliil 2022, 245 sayfa

Bu ¢alisgmanin amaci, tasarim tabanli arastirma yontemini kullanarak, Teori —
Alistirma — Pratik (T-A-P) adli bir ders tasarimi gelistirmek ve bu tasarimin lisansiistii
diizeydeki 6grencilerin teknolojik pedagojik alan bilgisini (TPAB) gelistirmedeki
etkililigini degerlendirmektir. T-A-P ders tasariminin etkililigini degerlendirmek i¢in
katilimcilarin ders tasarimi hakkindaki goriisleri, TPAB yeterlik algilar1 ve 6z yeterlik
inanglarindaki degisim ve TPAB diizeylerindeki degisim arastirilmustir. Onerilen ders
tasarimi, yiiksek lisans veya doktora diizeyindeki toplam 12 fen egitimi 6grencisiyle
iki ardisik donem boyunca uygulanmigtir. Katilimeilarin ders tasarimi hakkindaki
goriiglerini incelemek i¢in yazili geri bildirimler ve goriismeler yoluyla veri
toplanmigtir. Tematik analiz kullanilarak analiz edilen verilerin sonucunda,
katilimcilarin T-A-P ders tasarimin1 TPAB gelisimleri agisindan faydali bulduklar
anlagilmistir. Katilimecilarin TPAB yeterlik algilart ve 6z yeterlik diizeylerindeki
degisim, iki TPAB 6l¢eginin 6n-test ve son-test olarak uygulanmasiyla dlglilmiis ve

degisimin istatistiksel olarak anlamli olup olmadigini1 degerlendirmek i¢in Wilcoxon

Vi



Isaretli Siralar Testleri yapilmistir. Sonuglar, iki uygulama dongiisiinde de
katilimcilarin her iki olgekten elde ettikleri puanlarda 6nemli gelismeler oldugunu
ortaya koymustur. Son olarak, katilimcilarin TPAB diizeyindeki gelisimi incelemek
icin ders planlari, mikro-6gretimler ve goriismeler kullanilmistir. T-A-P  ders
tasarimina dayali bir lisansiistii derse katildiktan sonra, katilimcilarin TPAB
diizeylerinin her iki uygulama dongiisiinde de farkli diizeylerde ilerledigi goriilmiistiir.
Sonug olarak, ilgili alan yazina dayali olarak gelistirilen T-A-P ders tasariminin
lisansiistii diizeydeki fen egitimi 6grencilerinin TPAB gelisimini desteklemede etkili

oldugu goriilmiistiir.

Anahtar Kelimeler: Teknolojik Pedagojik Alan Bilgisi, Ders Tasarimi, Tasarim

Tabanli Aragtirma, Fen Egitimi, Teknoloji Entegrasyonu
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CHAPTER 1

INTRODUCTION

The fourth industrial revolution, also known as the digital revolution, has radically
altered all aspects of our lives. Today, most of our daily routines depend on modern
digital technologies. This transformation does not exclude schools; technological tools
such as smart boards, computers, tablets, and online systems have become widely used

in classrooms all around the world.

Digital technologies have become more accessible and available in schools, and
therefore, the use of technological tools in classrooms has increased significantly in
recent years. However, the frequent use of technological tools does not necessarily
mean that the integration of technology is successful (Farjon et al., 2019). Researchers
have recognized that the presence of technology does not guarantee its effective use in
promoting students' learning, and the focus shifted to meaningful integration of

technology into teaching (Graham et al., 2009).

For technology to make a significant difference in education, teachers are expected to
use technology effectively in a way that enhances student learning. Without teachers
with the right pedagogical skills to integrate technology in a way that improves student
learning, technology cannot meet its educational promise (Keengwe & Onchwari,
2011). Therefore, for meaningful and successful integration of technology into
education, teachers need to gain the required skills for their new role as a guide to
facilitate students’ thinking by using the right combination of technology, pedagogy,
and content.

However, learning how to teach with technological tools in an effective way is a
complex task for teachers; it requires not only knowing technological tools but also
how to use these tools to design powerful learning activities (Valanides, 2018). Even

though several models have been proposed in the last few decades to explore



technology integration into education, most of them were generally focused on the
technological skills of teachers, ignoring the pedagogical aspects of teaching with

technology (Jimoyiannis, 2008).

For this reason, different frameworks for technological pedagogical content
knowledge (TPACK) (e.g., Angeli & Valanides, 2005; Mishra & Koehler, 2006;
Niess, 2005) were introduced to propose a conceptual framework for effective
teaching with technology considering the interactions between technology knowledge,
pedagogical knowledge, and content knowledge. Especially the framework by Mishra
and Koehler (2006) has become widely popular and used in numerous studies. In this
framework, knowledge of content, pedagogy, and technology are not isolated bodies
of knowledge; they are all interrelated and form teachers’ main knowledge. Teachers
need to combine content, pedagogy, and technology in a meaningful way by
considering contextual factors. Niess (2008, p. 224) described TPACK as

a way of thinking strategically while involved in planning, organizing,
critiquing, and abstracting, for specific content, specific student needs, and
specific classroom situations while concurrently considering the multitude of
21t century technologies with the potential for supporting student learning.

Knowledge of content, pedagogy, and technology work together to form knowledge
of where to use technology, which technology to use, and how to teach with
technology (McCrory, 2008). Researchers have tried to find best practices for
technology integration into education by using the TPACK framework to be able to
improve the quality of school instruction and teacher education (Voithofer & Nelson,
2021).

Teachers have a key role in the technology integration process because the integration
of technology into teaching is not just a different way of presenting information;
technology, pedagogy, and content should be combined in such a way that students
become active learners engaged in appropriate learning activities. Teachers need to
know how to use technology as a tool for improving the learning process, not a tool to

carry out direct instruction with reading materials presented via technological tools



(Jimoyiannis, 2010). The quality and effectiveness of technology integration into

education highly depend on the teacher.

Unfortunately, research consistently showed that beginning teachers do not feel ready
to use technology effectively in their classrooms; there is a gap between teacher
education programs and actual classroom practices (Gao et al., 2011; Tondeur et al.,
2017). Teachers do not enter the teaching profession with required skills for effective
technology integration. Research shows that graduates of teacher education programs
do not feel prepared to use technology to improve student learning (Kaplon-Schilis &
Lyublinskaya, 2020; Ottenbreit-Leftwich et al., 2010). For this reason, reforming
teacher education programs to raise teachers with high levels of TPACK (Mouza,
2016) and designing professional development programs to increase in-service
teachers' TPACK (Baran et al., 2016) have been important research areas to increase

the quality of technology integration in schools.

Improving teacher education programs to prepare teachers to use technology in their
future classrooms effectively has become a challenge for teacher educators. For
teacher education programs, Beck and Wynn (1998) described a continuum; at one
end, technology is presented as a separate course, whereas on the other end, technology
integration is used and emphasized within the entire program. Unfortunately, most of
the teacher education programs are closer to the first end of that continuum (Niess,
2005). In order to move higher education to the other end, some universities designed
and implemented professional development programs related to technology
integration. However, as Stover and Veres (2013) pointed out, these professional
development programs were generally focused on technology, ignoring its

relationships with content and pedagogy.

Niess (2005) stated that it is not enough to integrate technology in teacher education
programs because teachers do not necessarily teach the way they were taught; teacher
education programs need to teach how to teach with technology. If teachers are
expected to teach with technology effectively, they should be provided with explicit

instruction and effective practices of technology integration during their education. As



Chai et al. (2010) argued, just offering technology courses in teacher education
programs is not enough for TPACK development. Teacher education programs need
to teach content knowledge, pedagogical knowledge, and technological knowledge in
relation to each other. TPACK framework-based courses may help teachers to develop
the required knowledge and skills for effective technology integration (Tondeur et al.,
2017).

The same principle applies to the professional development programs aiming to
develop in-service teachers’ TPACK. Professional development programs should
include experiences designed to help teachers understand the relationship between
technology and context, develop technological skills, and practice the application of
new technologies in their subject area (Figg & Jaipal-Jamani, 2014). Learning about
theories of technology integration (Baran & Uygun, 2016; Lee & Kim, 2014; Tondeur
et al.,, 2012), examination of technology-integrated learning materials (Baran &
Uygun, 2016; Mouza et al., 2014), examination of different technologies and
identifying their educational affordances, limitations, and uses (Angeli & Valanides,
2009; 2013); engagement in design activities (Baran & Uygun, 2016; Koehler et al.,
2005; Lee & Kim, 2014; Voogt et al., 2016), implementing technology-enhanced
lesson plans (Baran & Uygun, 2016; Lee & Kim, 2014), and providing feedback about
teacher designs (Tondeur et al., 2012; Lee & Kim, 2014) are suggested as effective

strategies to promote TPACK development of teachers.

In addition, researchers argue that the knowledge required for effective technology
integration by teachers varies according to the discipline they teach; effective
integration of technology may look different for science classrooms and social studies
classrooms (Graham et al.,, 2009). For this reason, it is important to design
interventions according to the subject area to be taught. Based on the previous studies
conducted to improve science teachers” TPACK, science teachers need continuous
feedback and support, guidance, active involvement, and authentic learning
experiences to be able to integrate technology into instruction effectively (Jang &
Chen, 2009; Jimoyiannis, 2010).



Within the science education research community, various researchers have argued
that technology has a significant potential to improve science instruction, students’
involvement in science lessons, and students’ understanding of scientific concepts
(Bell et al., 2013). Integration of technologies might improve science teaching and
learning by making it easier to display abstract concepts through graphical
representations, animations, videos etc., by representing natural events very slowly or
fast on a big or small scale for students to observe, and by summarizing the results of

experiments to draw conclusions (Grimalt-Alvaro et al., 2019).

Moreover, efficient technology integration has the potential to promote conceptual
understanding of scientific concepts (Wu & Huang, 2007). Effective use of
technological tools might also help students engage in scientific inquiry, construct
their own knowledge, work as scientists, and improve their problem solving skills
(Guzey, & Roehrig, 2009; Trowbridge et al., 2008). In addition, technological tools
might facilitate teachers’ implementation of inquiry practices with the help of
simulations, digital media, modeling tools, data analysis and interpretation programs,
and visualization opportunities (Bell et al., 2013; Bell & Trundle, 2008; Lee et al.,
2010; Schnittka & Bell, 2009; Varma et al., 2008; Wu & Huang, 2007). There are
many available technologies ranging from simple to complex that might be used to

improve science instruction.

Considering the possible improvements technology can bring into science education,
effective integration of technology into classroom practices can improve the quality of
science teaching and learning. Technology has a significant potential to improve
science instruction, and the level and the quality of its integration highly depend on
science teachers. For this reason, finding effective practices to develop science

teachers” TPACK is very important.
1.1. Statement of the Purpose and Research Questions

The main purpose of the present study was to develop a course design to be
implemented in Teaching Science with Technology graduate course and investigate its

influence on graduate science education students’ TPACK. For this reason, the



relevant literature was reviewed to identify important characteristics of successful
models for developing teachers’ TPACK (see 2.2.2. Models for TPACK Development

of Teachers). Then, a course design named as Theory-Application-Practice (T-A-P)

was designed. The principles guided the course design are explained in Section 2.2.3
Principles of the (T-A-P) Course Design.

The proposed design was implemented in two iterative cycles. To investigate its
effectiveness for TPACK development of graduate science education students, the

following research questions were answered:

1. What were graduate science education students’ views about Teaching Science
with Technology course based on T-A-P course design?

2. Is there a change in graduate science education students’ perceived
competencies and self-efficacy of TPACK after attending the Teaching
Science with Technology course based on T-A-P course design?

3. How did graduate science education students’ level of TPACK change as they
attended the Teaching Science with Technology course based on T-A-P course

design?
1.2. Significance of the Study

In order to achieve effective technology integration in schools, teachers should possess
a high level of TPACK. Frequent technology use in the classroom does not necessarily
improve student outcomes; to improve classroom instruction and student outcomes,
teachers need support to integrate technology effectively (Zinger et al., 2017).
However, there is no perfect way of improving teachers’ TPACK. Preparing teachers
for technology integration in their classroom practices is a challenging, complex
process (Liu, 2016; Tondeur et al., 2012).

One of the biggest advantages of the design research is that it tries to develop solutions
to real teaching and learning problems in collaboration with practitioners and
researchers; it is not isolated from practice (Reeves, 2006). Following design-based

research methodology, this study aims to make a significant contribution to the



solution of the problem of determining effective practices for TPACK development of

teachers.

The most important significance of the present study is its contribution to the efforts
of developing science teachers” TPACK. The present study proposes a course design
for the development of technological pedagogical content knowledge and aims to
make a significant contribution to the practice of science teacher education instead of
describing an existing situation. Determining the effective strategies for developing
science teachers” TPACK is an important concern for science education, and this study
aims to make a significant contribution by proposing a practical solution that can be
implemented and adapted to various contexts.

The identification of principles that could be employed to design effective instructional
design models to improve TPACK is important. Purposefully selecting and combining
the strategies for teachers’ TPACK development and testing their influence is
important to be able to match teachers’ needs to development strategies (Harris, 2016).
Although the TPACK framework has been studied widely, and researchers agree that
TPACK is needed for effective technology integration, there is still a need for
clarification to guide future educational efforts to prepare teachers (Brantley & Ertmer,
2013). The findings of the study can be useful and guiding for future studies aiming to
determine and use principles for designing effective programs for teachers’ TPACK
development. By combining different strategies based on the literature, organizing
them into a course design, creating course content according to these principles, and
testing the effectiveness of this design, this study aims to make a significant
contribution to teacher education practices by presenting an example course to

promote science teachers’ TPACK.

There is a need for research investigating how to promote teachers’ TPACK needed
for using technology to support subject-specific pedagogies and evaluating the
effectiveness of the methods used to prepare teachers for technology integration
(Jimoyiannis, 2010). In the present study, a science content-specific TPACK course

design model was created, and its effectiveness was investigated. The literature about



science teachers’ development of TPACK within the context of specifically designed
programs is still limited; most of the studies creating instructional models to support
the development of TPACK were conducted with pre-service teachers. In addition,
empirical evidence is needed to design successful programs in developing teacher
knowledge of technology integration (Niess, 2013). Therefore, the findings of the
present study contribute to the research efforts of investigating TPACK development

of teachers by using graduates of science education programs as participants’.

In addition, even though the TPACK research literature has grown rapidly, there is
still limited research investigating science teachers’ development of TPACK in detail;
much more research is needed to be able to understand the issue clearly (Koh & Chali,
2014). Most of the studies were focused on measuring components of TPACK from
an integrative perspective; the studies investigating the TPACK component as a
separate construct from a transformative perspective are still limited (Archambault &
Crippen, 2009; Kabakg1 Yurdakul et al., 2012). Moreover, in Turkey, mostly
quantitative methods were employed in the TPACK studies; there is a need for
qualitative and mixed-methods studies to better understand the framework in our
national context (Baran & Canbazoglu-Bilici, 2015). For this reason, the findings of
this study can make a contribution to the literature by exploring TPACK development
from a transformative approach and providing detailed explanations about

participants’ TPACK development using qualitative data.

Lastly, the course design process, course content, and course activities are described
in detail in the present study. This information can be useful for researchers and teacher
educators aiming to design courses and/or programs to support teachers’ TPACK
development. Since multiple guiding principles were used while designing the study,
and these principles were matched with specific course activities, it would be easy to
change the structure of the course by adding/removing principles and adapting them
according to the specific needs of a particular context. Teacher educators and
researchers may adapt and implement the proposed course design according to their
contexts and the needs of their audience. In addition, even though T-A-P course design

was created for graduate education, the guiding principles and main stages of the



design can be informative while designing interventions for pre-service teachers’
TPACK development. The course content and activities might be heavy for pre-service
teachers to handle; therefore, it can be adapted by decreasing the number of

assignments and readings.



CHAPTER 2

LITERATURE REVIEW

In the present study, a graduate course was designed to promote graduate science
education students’ TPACK development, and the change in graduate science
education students’ level of TPACK, perceived competencies of TPACK, and self-
efficacy of TPACK after attending that course was examined. In order to design that
course, the related literature was reviewed. This chapter presents a brief summary of
the reviewed literature. First, the TPACK framework is explained. Then, research
about the TPACK development of teachers is presented. Lastly, the characteristics of
effective programs for TPACK development are discussed, and the course design

created for the present study is explained.
2.1. Technological Pedagogical Content Knowledge (TPACK)

Shulman (1986) introduced the term pedagogical content knowledge (PCK) and
defined this concept as teachers’ ability to combine their content knowledge with their
pedagogical knowledge and present subject matter knowledge in a way that is
comprehensible and understandable to others for an efficient learning process. PCK
framework suggests that it is not sufficient for teachers to just know about the subject
matter and pedagogical strategies separately; teachers need to combine these two kinds
of knowledge effectively to form PCK, which includes knowledge about organizing
the content, selection of teaching methods, common student misconceptions, learner
characteristics, curriculum and so on (Shulman, 1986; 1987). Since its introduction,
the PCK framework has been accepted and studied excessively.

When computers entered the schools and classrooms, meaningful integration of
technology and the teacher knowledge needed for effective teaching with technology

became an important concern for educational research (Brantley-Dias & Ertmer,
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2013). First, Pierson (2001) suggested technology knowledge component should be
added to the PCK framework and argued that the intersection of three knowledge areas,
technological-pedagogical-content knowledge can define the knowledge needed for
effective technology integration. After that, other researchers also used the term
technological pedagogical content knowledge and/or proposed similar approaches for
defining teacher knowledge needed for effective technology integration, considering

the relationships between content, pedagogy, and technology.

However, the TPACK framework, sometimes referred to as TPCK by other
researchers, became widely popular when Mishra and Koehler (2006) explained the
framework in detail and defined the components of TPACK as content knowledge
(CK), pedagogical knowledge (PK), technology knowledge (TK), technological
content knowledge (TCK), technological pedagogical knowledge (TPK) and
pedagogical content knowledge (PCK) (Graham, 2011). In the following sub-sections,
after discussing the nature of technological pedagogical content knowledge, different

frameworks of TPACK are explained.
2.1.1. The Nature of TPACK

Before explaining the different frameworks of TPACK, it is important to discuss the
nature of TPACK. In the literature, there are two perspectives about the
epistemological nature of TPACK: the transformative model and the integrative
model. Firstly, Gess-Newsome (2002) described integrative and transformative
perspectives when discussing the nature of PCK. After the introduction of TPACK
frameworks, researchers adapted these perspectives to interpret the nature of TPACK.

The integrative perspective suggests that TPACK is a combination of the identified
components; when there is an increase in any of the components, the level of TPACK
also increases. Teachers with high levels of TPK, TCK, PCK, TK, PK, and CK will
also have a high level of TPACK (Schmid et al., 2020). On the other hand, the
transformative perspective identifies TPACK as a unique, synthesized form of
knowledge; all of the identified components are necessary and contribute to the

development of TPACK; however, they do not simply add up to form TPACK (Angeli,
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& Valanides, 2009; 2013; Chai et al., 2010; Graham, 2011). According to the
transformative perspective, the instruction for teachers needs to target TPACK
specifically; just improving some of the components does not help teachers improve
their level of TPACK.

It is important for researchers to identify their perspective when studying TPACK
because it has significant influences on the research questions, data collection
methods, and data analysis strategies (Graham, 2011). Integrative perspective
generally leads to measuring components of TPACK separately and adding them up
to capture TPACK, whereas transformative perspective focuses on TPACK as a
different form of knowledge on its own (Angeli, & Valanides, 2009; 2013). For this
reason, researchers need to decide on their perspective of epistemological of nature
before they begin to make investigations. In the present study, the transformative view
of TPACK was adopted following a framework developed by Niess (2005; 2012;
2013), which will be explained in the following sub-section.

2.1.2 TPACK Frameworks

Niess (2005) argued that the developments in technological tools and the entrance of
technological tools into school require the addition of technology as a central
component to the PCK framework. The researcher stated that teaching with
technology requires knowing technology, content, and pedagogy as well as
understanding the interactions between them. In this conceptualization, TPCK is not
just a set of different domains of knowledge; it is a way of thinking using these
domains of knowledge (Niess, 2008). Using the components of PCK (Grossman, 1989;
1990), the knowledge and skills for teaching with technology were identified as:

1. An overarching conception of what it means to teach a particular subject by
integrating technology into the learning;

2. Knowledge of students’ understandings, thinking, and learning with
technology in a particular subject;

3. Knowledge of curriculum and curriculum materials that integrate technology
with learning in the subject area;

4. Knowledge of instructional strategies and representations for teaching
particular topics with technology (Niess, 2005, p. 511).
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Overarching conception is the basis for teachers’ instructional decisions and refers to
teachers’ knowledge and belief about the nature of the subject to be taught, the
important points for students to learn, and how technology can assist students’
learning. Knowledge of students’ understandings component includes teachers’
knowledge and beliefs about students’ learning with technology in specific topics
which are influencing their integration of technology. Teachers use knowledge of
curriculum when using different technologies to teach specific topics and organizing
the subject matter knowledge to be taught in a technology-enhanced environment.
Knowledge of instructional strategies shapes teachers’ integration of technologies as
they use technologies to meet their instructional goals and to guide students during the

process of learning with technology (Niess, 2012).

Niess (2013) used the term “integrated transformation” when describing the nature of
TPACK. Since content, pedagogy, and technology come together to form TPACK, it
is integrated; however, since the resulting knowledge is “a distinct form of knowledge
where the inputs to the knowledge have been rearranged, merged, organized,
assimilated, and integrated in such a way that none are individually discernible” it is
also transformative (Niess, 2013, p. 176). It is also argued that it is not possible to
identify teachers as having or not having TPACK; the development of TPACK is a

cognitive developmental process, as shown in Figure 2.1.
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Figure 2.1 Developmental Levels of TPACK (Niess, 2012, p. 7)
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Based on Roger’s (1995) five step process of whether to accept or reject an innovation,
Niess et al. (2006) identified progressive TPACK levels for teachers. At the
Recognizing level, teachers can use technology and recognize its capabilities but
consider it as a low level tool to learn information. At the Accepting level, teachers try
to use technology without thinking about how to support their teaching of the subject
matter. At the Adapting level, teachers try to integrate technology but are not confident
enough to give up control; students are generally presented with low-level thinking
activities managed by the prescribed worksheets. At the Exploring level, teachers
actively use technology to try different ways of teaching and learning the content and
adopt more student-centered pedagogies. At the Advancing level, teachers use
technology in various ways, and students are presented with the opportunity to manage

their own learning process with technology (Niess, 2012).

Angeli and Valanides (2005) used the term ICT (information and communication
technologies) related to PCK and defined it as a teacher’s ability to combine
knowledge about technology, content, pedagogy, learners, and context in a way that
adds the value of technology to teaching for specific contexts and learners. They

identified five main competencies for ICT-related PCK as knowing how to:

1. Identify topics to be taught with ICT in ways that signify the added value of
ICT tools, such as topics that students cannot easily comprehend, or teachers
face difficulties in teaching them effectively in class.

2. ldentify representations for transforming the content to be taught into forms
that are comprehensible to learners and difficult to be supported by traditional
means.

3. Identify teaching strategies, which are difficult or impossible to be
implemented by traditional means, such as application of ideas into contexts
not possible to be experienced in real life, interactive learning, dynamic and
context-situated feedback, authentic learning, and adaptive learning to meet the
needs of any learner.

4. Select ICT tools with inherent features to afford content transformations and
support teaching strategies.

5. Infuse ICT activities in the classroom (Angeli & Valanides, 2005, p. 294).

The researchers also emphasized that these aspects should not be handled separately
but considered simultaneously while designing technology-integrated lessons (Angeli
& Valanides, 2005). In the later years, the researchers used the term ICT-TPCK and
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identified five knowledge bases as subject matter knowledge, pedagogical knowledge,
ICT knowledge, knowledge of students, and knowledge of the context (Angeli &
Valanides, 2009; 2013). Figure 2.2 represent the graphical representation of the ICT-
TPCK framework.
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Figure 2.2 Graphical Representation of the ICT-TPCK Framework (Angeli &
Valanides, 2013, p. 201)

The researchers strongly emphasized that ICT-TPCK is a transformative body of
knowledge; it is not a simple combination of the knowledge bases. Knowledge bases
are significant contributors, but they are not sufficient alone to capture TPCK; TPCK
should be assessed according to the identified competencies (Angeli & Valanides,
2013). Even though, in the later years, the term TPACK gained significant popularity
in the literature, the researchers continued to use the term TPCK to distinguish their

conceptualization of technological pedagogical content knowledge.

One of the most popular frameworks of TPACK was proposed by Mishra and Koehler
(2006) by extending Shulman’s PCK framework with the addition of technology
knowledge component in order to provide a theoretical framework related to the
relationship between teaching and technology. The TPACK framework, introduced as
TPCK and then changed to TPACK (Thompson & Mishra, 2007), proposes that
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effective teaching with technology requires a meaningful combination of content,
technology, and pedagogy and emphasizes the relationships, connections, strengths,

and weaknesses between and among these components (Mishra & Koehler, 2006).

In the TPACK framework, content knowledge (CK), pedagogical knowledge (PK),
and technology knowledge (TK) pair up to form three other types of knowledge
besides technological pedagogical content knowledge: technological content
knowledge (TCK), technological pedagogical knowledge (TPK) and pedagogical
content knowledge (PCK) (Mishra & Koehler, 2006). Knowledge of context is also
very important in the TPACK framework; however, it was not defined as an element
of the TPACK framework at the beginning. It was included in the framework to
represent the influence of context on TPACK. However, since it was neglected in
many TPACK studies, contextual knowledge (XK) was added to the framework as an
element in later years (Mishra, 2019). Figure 2.3 presents the updated version of the
TPACK diagram.
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Figure 2.3 Revised Version of the TPACK image
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Content knowledge is the knowledge about the subject matter to be taught and learned,
including concepts, theories, facts, principles, nature of knowledge, and inquiry
(Shulman, 1986; Mishra & Koehler, 2006). Teachers need to have solid knowledge
about their field as well as an understanding of the procedures of obtaining that
knowledge. Pedagogical knowledge includes knowledge about the processes of
teaching and learning. It includes knowledge about learner characteristics, teaching
methods, developing and implementing of lesson plans, classroom management,

assessment, and evaluation (Shulman, 1986; Mishra & Koehler, 2006).

Since technology is always changing and evolving, it is difficult to define what
constitutes technology knowledge. At first, it was described as a teacher’s knowledge
about standard and advanced technologies and the ability to operate those technologies
(Mishra & Koehler, 2006). Then, Cox and Graham (2009) argued that technology
knowledge in the TPACK framework should be limited to emerging technologies
which are typically digital technologies. Knowledge about transparent technologies
(e.g., books, chalkboards, pencils) should not be included in technology knowledge
since they are no longer considered as technologies. Most of the researchers using the
TPACK framework also described knowledge of technology as the knowledge of
emerging technologies, digital technologies, and/or information technologies (e.g.,
Koehler et al., 2013; Lin et al., 2013; Roussinos & Jimoyiannis, 2019; Tondeur et al.,
2020). In the educational literature, the terms technology, digital technologies,
information and communication technologies (ICT), and information technologies are
used interchangeably to refer to digital devices, and the content reached via these

devices.

Pedagogical content knowledge refers to teachers’ ability to integrate their subject
matter knowledge with their pedagogical knowledge, including the ways of
communicating subject knowledge in ways that are understandable to learners for an
efficient learning process (Shulman, 1986; Mishra & Koehler, 2006). It refers to how
teachers transform the content to be taught in a way that is suitable for the learners and

the context.
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Technological content knowledge is an understanding of the relationship between
content and technology, including the ability to evaluate how they can support or
constrain another (Mishra & Koehler, 2006). Teachers should know how technological
tools can be used to transform the content to be taught as well as how the content
shapes the use of technology (Koehler & Mishra, 2009). It requires an understanding

of the affordances and limitations of technology to represent the content effectively.

Technological pedagogical knowledge refers to the knowledge about various
technological tools to be used in particular teaching and learning situations and the
ability to combine the pedagogical strategies with the appropriate technologies (Mishra
& Koehler, 2006). It requires an understanding of how technology can change the
teaching and learning processes (Koehler & Mishra, 2009). Teachers need to be able
to evaluate the strengths and weaknesses of a technological tool to improve their

teaching as well as students learning.

Contextual knowledge includes a teacher’s knowledge about the available
technologies, national policies, school environment, and every unique information
about their classroom circumstances (Mishra, 2019). Contextual factors influence the
relationships between content, pedagogy, and technology and how they are combined
by the teacher.

In this framework, TPACK is the emergent form of knowledge that results from the
interactions and combinations of content, technology, and pedagogy and includes a
teacher’s knowledge about different technologies for content representation,
pedagogical strategies that use technologies effectively to teach the content, how
technology can be used to make a concept more understandable for students, and how
to use different technologies to help students construct new knowledge (Mishra &
Koehler, 2006). It is also argued that there is no single best way for technology
integration into education; integration efforts should be designed creatively according
to the subject matter to be taught and specific classroom contexts (Koehler et al., 2013).
Even though the researchers strongly emphasized that TPACK is a different type of

knowledge and requires a transformation, they did not specify their perspective on the
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nature of TPACK. However, later research by developers of this framework and most
of the studies using this framework, measured the components of the TPACK to
capture teachers’ level of TPACK. Therefore, this framework was considered to be
following the integrative view of TPACK (Angeli & Valanides, 2009; Graham, 2011).

Lee and Tsai (2010) used the TPACK framework by Mishra and Koehler (2006) as a
basis and developed Technological Pedagogical Content Knowledge-Web (TPCK-W)
framework. They replaced the technological knowledge component in the original
framework with the knowledge of the Web component. In this framework, knowledge
of the Web refers to the knowledge of the use of Web-based technologies. The
researchers argued that the Web is an important technology for education and teaching
with the Web requires more complex knowledge than TPCK. In a similar way,
Jimoyiannis (2010) developed the Technological Pedagogical Science Knowledge
(TPASK) framework based on components of the TPACK framework to propose a
science content specific framework for teachers’ preparation. They replaced the
content knowledge component with science knowledge and identified knowledge

components and descriptions for all components of the TPASK framework.

Porras-Hernandez and Salinas-Amescua (2013) used the ICT-related PCK framework
(Angeli & Valanides, 2005) as a foundation to propose a strengthened framework for
TPACK. They argued that the context in this framework is vaguely defined; however,
it is an important element of the framework as a knowledge component for teachers
and as a factor influencing teacher practices. They proposed two dimensions to
describe the context: (1) Scope; macro, meso, and micro level contexts; and (2) Actor:
students’ and teachers’ contexts. Macro context includes social, political,
technological, and economic conditions as well as technological developments and
national and global policies. Meso context is defined by the social, political, cultural,
organizational, and economic conditions of the local community and the institution.
Micro context refers to the conditions of the classroom, including available resources,
norms, beliefs, and goals of teachers and students. Students’ and teachers’ contexts
refer to unique characteristics of teachers and students, including their needs, beliefs,

ethnicity, and socio-economic status.
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Yeh et al. (2014) proposed the TPACK-P framework to account for the influence of
teachers’ experiences in the development of TPACK. Using the Delphi technique,
experts’ ideas were collected, and eight knowledge dimensions and 17 indicators were
identified. These eight dimensions belong to three main knowledge domains: (A)
knowledge of learners, including (1) using ICT to understand students, and (2) using
ICT to assess students; (B) knowledge of planning and designing, including (3) using
ICT to understand subject content, (4) planning ICT-infused curriculum, (5) using ICT
representations to present instructional representations, and (6) employing ICT-
integrated teaching strategies; (C) knowledge of classroom instruction including (7)
applying ICT to instructional management, and (8) infusing ICT into teaching contexts
(Hsu et al., 2015). This framework suggests that actual teaching practices help the
development of TPACK-P and increase the quality of technology integrated

instruction.

TPACK is a complex concept, and there are different interpretations in the literature
which resulted in different frameworks. Voogt et al. (2013) suggested that different
views of TPACK in the literature can be classified as TPACK as extended PCK,
TPACK as a distinct body of knowledge, and TPACK as the interactions between three
domains of knowledge. All of these different approaches have been studied extensively

in the literature to get a comprehensive understanding of the TPACK construct.
2.1.3. Measuring TPACK

As discussed in the previous sub-section, there are different frameworks to explain
TPACK, and therefore, different types of instruments are needed to capture TPACK.
For this reason, various qualitative and quantitative methods were employed in
TPACK studies to examine TPACK.

Archambault (2016) conducted an extensive literature review to identify qualitative
measures of TPACK. Performance assessments in the forms of lesson plan rubrics
(e.g., Harris et al., 2010; Lyublinskaya & Tournaki, 2012), learning activities (e.g.,
Hofer & Harris, 2010), design tasks (e.g., Graham et al., 2012), case-based approaches
(e.g., Kinuthia et al., 2010) are widely used to measure TPACK in the literature. In
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addition, interviews (e.g., Jaipal & Figg, 2010; Mishra et al., 2007) and observation
tools (e.g., Hofer et al., 2011) are frequently used in TPACK studies. Most of the time
researchers use more than one qualitative method of data collection for detailed

investigation of the construct and for triangulation.

Quantitative measures of TPACK are generally in the form of self-reported surveys,
which can be categorized as general TPACK surveys, technology specific TPACK
surveys, pedagogy specific TPACK surveys, and content specific TPACK surveys
(Chai et al., 2016). TPACK surveys also differ according to the nature of the TPACK
framework; some of them are constructed based on the integrative view and therefore
try to capture TPACK based on the identified components, and some of them use
transformative view of TPACK and try to capture TPACK from a holistic perspective.
Schmidt et al. (2009) developed the most used and adapted (e.g., Kaya & Dag, 2013;
Koh et al., 2010) general TPACK survey measuring pre-service teachers' self-reported
perceptions of TPACK across seven components of TPACK from an integrated point
of view. Kabakgi-Yurdakul et al. (2012) developed the TPACK-Deep scale based on
the transformative view of TPACK. Measuring TPACK as a whole entity, this survey
is composed of four factors: design, exertion, ethics, and proficiency.

Since TPACK is a complex form of knowledge, specifying it for different
technologies, pedagogies and contents can help researchers assess the level of TPACK
better (Chai et al., 2016). Some researchers attempted to achieve this by developing
technology specific TPACK surveys trying to measure TPACK for specific
technologies. For example, Lee and Tsai (2010) developed a TPACK survey for Web-
based learning composed of six factors: Web-general, Web-communicative, Web-PK,
Web-CK, Web-PCK, and attitude towards Web-based instruction. Similarly, Hsu et al.
(2013) designed a technology specific survey for game-based TPACK composed of
three factors: game knowledge, game pedagogical knowledge and game pedagogical

content knowledge.

TPACK for Meaningful Learning survey is an example of pedagogy specific TPACK
survey developed by Chai et al. (2011) based on the components of the TPACK
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framework. Examples of subject specific instruments include the TPACK-SeS scale
developed by Canbazoglu-Bilici et al. (2013) and the TPACK questionnaire developed
by Jang and Tsai (2013), which were designed to capture TPACK specifically for

science content.

Besides self-reported surveys, Angeli and Valanides (2005) developed a rating scale
for assessing technology-integrated lesson plans for ICT-related PCK development.
Using this rating scale, lesson plans were scored on ICT-related TPACK framework
dimensions between 0 and 1. Kramarski and Michalsky (2010) developed a TPACK
comprehension test composed of 10 open-ended questions. The answers were scored
between O (failure to respond) and 3 (high level of comprehension).

There are also various other instruments in the literature that are not mentioned here.
Especially developing quantitative instruments for measuring TPACK has been an
important research interest after the introduction of the TPACK framework. Although
the forms, purposes, and frameworks of the instruments vary, all of them are developed
for the same purpose; capturing TPACK. When measuring TPACK, the major
concerns should be selecting instruments/methods of data collection that are
compatible with the framework of the study and using multiple instruments/methods
to be able to capture a detailed picture of teachers’ TPACK.

2.2. The Development of TPACK for Teachers

After the introduction of the TPACK frameworks, various studies have been conducted
to investigate teachers’ TPACK development. Since effective use of technology in
teaching and learning has significant implications for improving the quality of school
instruction and the quality of integration efforts depends on teachers, researchers have
tried to find best practices for developing teachers” TPACK. However, there is no
single perfect strategy to develop teachers’ TPACK; several professional development
approaches can be found in the literature. Koehler et al. (2014) grouped these efforts
into three broad categories; (1) From PCK to TPACK; (2) From TPK to TPACK; and
(3) Developing PCK and TPACK simultaneously.
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PCK to TPACK approach is suitable when teachers already have PCK through
methods courses but do not have any experience about how to integrate technology
into their teaching practices. In this approach, teachers learn how to use technology to
improve their current teaching practices (Koehler et al., 2014). The professional
development programs following this approach try to improve TPACK by offering
knowledge about technology as well as knowledge about how to effectively integrate
technology into the teaching of subject matter (e.g., Harris & Hofer, 2009; Niess et al.,
2010).

TPK to TPACK approach is usually the default approach used with pre-service
teachers (PT) in higher education institutions. PTs learn instructional technologies in
a separate course before they take a content specific teaching methods course. They
learn about instructional technologies without connections to subject-specific
pedagogies and content. Then, as they learn teaching methods related to their subject
area, their TPK is expected to expand into TPACK (Koehler et al., 2014). In this
approach, PTs take technology courses separately and are expected to apply their

knowledge to their content areas.

The third approach tries to develop PTs’ PCK and TPACK simultaneously, typically
in the context of a subject-specific teaching methods course (Koehler et al., 2014). In
this approach, instead of giving technology knowledge separately, PTs learn about the

effective integration of technology while learning about subject-specific pedagogies.

While the latter two approaches are generally used with PTs, the studies with teachers
generally follow the first approach based on the assumption that teachers already have
PCK. In the following sub-sections, different instructional approaches designed to

promote TPACK development of science teachers’ are reviewed.
2.2.1. Research on TPACK Development of Science Teachers

Niess (2005) designed a one-year, graduate level program to prepare science and
mathematics teachers to integrate technology into instruction. Twenty-two student

teachers, who previously had earned Bachelor’s degrees in their teaching areas, were
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enrolled in the program. In the first quarter of the program, participants attended a
technology course to learn about different technologies, pedagogical considerations
when using these technologies, and teaching and learning with these technologies. In
the second quarter, participants attended a micro-teaching course where they learned
about different teaching methods, prepared technology integrated lesson plans for each
of these methods, and performed micro-teachings using their lesson plans. The second
half of the program included two courses about technology and pedagogy and school
experiences for the participants. During this period, participants learned how to design
technology-enhanced lessons and designed and implemented their own lesson plans in
real classroom settings. Data were collected through assignments, classroom
observations, supervisor and cooperating teacher feedback, and student teachers’
interviews. The results of the study revealed that 14 of the 22 student teachers
developed TPACK, meeting the requirements of effective technology integration,
whereas 8 of them were found to need more development in TPACK.

In another study, Jimoyiannis (2010) developed and implemented a program based on
the TPASK framework. The coursework of the program included two modules:
general theory and ICT in science education. The general module included lessons
about pedagogy, teacher training methods, ICT in education, learning theories, and
ICT tools. The science module included lessons about science education principles,
educational technologies for science education, subject matter learning scenarios and
activities, instructional design principles, and micro-teachings. Data were collected
through interviews with participants. The results showed that participants developed a
meaningful understanding of the TPASK framework, improved their ability for ICT
integration into science education, and increased their willingness to use ICT in their
classrooms. In addition, the difficulties faced by teachers during ICT integration were
also investigated and found as the need to cover curriculum, textbook restrictions
posed in instructional practices, the need to prepare students for the exams, the lack of
time, and the school's resistance to changes. It was concluded that for the development

of TPASK, teachers need authentic learning experiences and continuous feedback.
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To develop science teachers’ TPACK specific to the integration of interactive
whiteboards (IWB), Jang (2010) developed the TPACK-COIR model (TPACK
Comprehension, Observation, Instruction, and Reflection) based on the peer coaching
model by (Joyce & Showers, 1995). The researcher limited the technology component
to interactive whiteboards and the content component to the heat and temperature
topic. In this model, during the Comprehension stage, science teachers studied the
content in teams. In the Observation stage, one of the teachers demonstrated his
teaching of the topic with IWB; his peers and the researcher observed his teaching and
gave comments and suggestions. During the Instruction stage, teachers prepared
activities to teach the topic with IWB, implemented them in their actual classrooms,
and video recorded their implementations. In the Reflection stage, participant teachers
watched each other’s implementation, shared their experiences, and evaluated their
own performances. Data were collected through written assignments, reflective
journals, and interviews. The findings of the study revealed that IWBs helped teachers
when teaching the heat and temperature topic by providing the use of different
representations of the concepts. In addition, giving and receiving feedback from each

other helped science teachers improve their skills in teaching with technology.

Niess et al. (2010) tried to improve science and mathematics teachers’ TPACK within
the context of a graduate course about the use of spreadsheets. The researchers
designed the course content in four units. First, participant teachers explored the use
of spreadsheets for teaching specific topics of science and mathematics and engaged
in whole group discussions. Second, the teachers learned and discussed the skills for
spreadsheets within different themes and units. Third, the teachers were asked to
consider strategies for the assessment of students’ outcomes while solving problems
with spreadsheets. Fourth and last, participant teachers designed electronic portfolios
including spreadsheet problems, plans for incorporating these problems into their
instruction, and a reflection on integrating spreadsheets into their instruction. Data
were collected by means of observations, interviews, online discussion transcripts, and
all course assignments. At the end of the course, participant teachers expressed positive
views about the course design. The findings revealed that some of the teachers

achieved higher levels of TPACK, whereas the TPACK level of some teachers did not
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improve significantly. However, the course was found to be helpful in terms of

increasing their self-efficacy of TPACK.

Figg and Jaipal-Jamani (2013) proposed a TPACK-based Professional Learning
Design Model (PLDM) composed of four stages: (a) modeling a technology enhanced
learning activity, (b) integrating ‘pedagogical dialogue’ in a modeled lesson, (c) tool
demonstrations, and (d) applying TPACK knowledge to the design of activity.
Findings from the implementation of a four-week professional development program
based on this model designed to improve science teachers” TPACK about using blogs
revealed that participants found modeling a technology enhanced learning activity
helpful for them to design their own activities (Jaipal-Jamani & Figg, 2015). The
teachers’ level of TPACK was improved at the end of the program.

Baran et al. (2016) designed and implemented a TPACK-based professional
development program and investigated its effect on science teachers’ perceptions of
their TPACK development. The TPACK-based PD program aimed to develop science
teachers’ awareness about domain-specific technologies, improve their knowledge
about technology integration into science classrooms, and increase their self-efficacy
of TPACK. The program is composed of three sections: introductions, modules, and
final remarks. The introduction section included warm-up activities, TPACK
presentations, introduction of the TPACK lesson design project, and the formation of
teacher groups. The modules section included the presentation of various technological
tools by the researchers, design activities for teachers using the tools presented, and
teacher presentations of their work, discussions, and feedback. The final remarks
section included project presentations, feedback, discussions, and evaluation forms.
Data were collected by means of KWL charts and evaluation forms. At the end of the
program, participant teachers stated that the program positively influenced their TK,
TCK, and TPACK. Teachers also emphasized that designing technology-integration
materials and collaborating with their colleagues and researchers improved their PK.
Learning about various technologies helped teachers develop their TK, and interacting

with domain-specific technologies improved their TCK. Lastly, participant teachers
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stated that designing a science lesson with the integration of technology helped them
improve their level of TPACK.

Koh etal. (2017) proposed a professional development framework for the development
of TPACK-21CL, TPACK for 21% century learning. They identified TPACK-21CL as
a pedagogy-specific form of TPACK; their aim was to develop teachers’ TPACK when
using teaching strategies to improve students’ 21% century skills. Their professional
development process included five sequential steps. First, teachers designed a lesson
plan and assessed it using the rubric developed by the researchers. Then, in the second
step, teachers were asked to identify what needs to be improved in their plans and set
goals for improving them after redesigning their plans. For the third step, design teams
were formed, and as a team, they attended weekly co-design sessions with the
researchers for 6 months to achieve their goals. During the fourth step, the teachers
implemented and recorded their lesson plans and evaluated the student outcomes. In
the last step, the teachers were asked to reflect on their implementation and student
outcomes and to identify ways of improving their lesson plans. Data were collected by
means of surveys, lesson plans, and teacher reflections. The findings of the study
revealed that teachers’ perceived confidence in designing 21% century lessons
enhanced by ICT integration was increased at the end of the program. In addition,
redesigned lessons increased students’ performance, and the participants found the
program helpful in terms of improving their ability to design ICT supported 21%

century lessons.

Review of the different instructional approaches for TPACK development of science
teachers revealed that design activities, external support, and feedback were generally
used and found to be helpful by teachers for TPACK development. In addition,
teaching experiences were included in most of the approaches, which provided
teachers a chance to reflect on their development. However, the literature about science
teachers’ development of TPACK within the context of specifically designed programs
is still limited; most of the studies creating instructional models to support the

development of TPACK were conducted with pre-service teachers. For this reason,
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some of the instructional design models developed for pre-service teachers were also

reviewed in the following sub-section.
2.2.2. Models for TPACK Development of Teachers

Improving the TPACK of pre-service and in-service teachers has been major research
interest in recent years (Baran et al., 2016; Mouza, 2016). For in-service teachers,
generally, short professional development programs were created and implemented
and for pre-service teachers, generally, the courses within the teacher education
programs were revised. Designing a course for TPACK development of teachers

requires the identification of important elements of effective programs.

Learning by design approach developed by Koehler et al. (2004) to promote the
development of faculty members’ and graduate students” TPACK by making them
work in groups to solve ill-structured real-world problems of teaching with technology.
In a master’s level course of educational technology, groups composed of one faculty
member and three or four graduate students were formed, and they were assigned to
design an online course to be taught during the next semester. Course content included
readings, discussions, preparing a prototype for the course design, technology
explorations, peer review, and feedback. Each class period included two main parts;
discussion of the readings and issues as a whole group, and working on the projects in
small groups. The design task required groups to develop the course syllabus,
determine the readings, assignments, and assessment rubrics, and decide how
technology would be used. Researchers stated that design-based activities provide a
rich context for learning and help learners gain a deep understanding of the
relationships between technology, pedagogy, and content, as well as giving them a
chance to apply their knowledge to real-world problems (Koehler et al., 2004; Koehler
& Mishra, 2005). Other researchers also used the learning by design approach to
develop teachers” TPACK (e.g., Baran & Uygun, 2016; Boschman et al., 2015; Koh
et al., 2014). In general, this approach requires forming teacher groups to design a
technology-enhanced solution to a given teaching problem through iterative cycles of

designing, analyzing, and re-designing (Voogt et al., 2015; Yeh et al., 2021). Engaging
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in design activities as a group help teachers share their expertise, learn from each other,

and discuss different perspectives.

Tondeur et al. (2012) reviewed 19 qualitative studies and developed a SQD-model
(synthesis of qualitative evidence) to identify best practices to prepare pre-service
teachers to integrate technology into their future classrooms. The findings of this
review revealed 12 key themes that should be present in education programs. Figure
2.4 presents the proposed SQD model.

PREPARING
PRE-SERVICE TEACHERS

FOR TECHNOLOGY USE

Figure 2.4 SQD Model to Prepare Pre-Service Teachers for Technology Use (Tondeur
etal., 2012, p. 8)
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In this model, the key themes were categorized as themes directly related to the
preparation of pre-service teachers and themes about the necessary conditions to
implement such programs at the institutional level. Themes related to the preparation
of PTs are: (1) aligning theory and practice, (2) using teacher educators as role models,
(3) reflecting on attitudes about the role of technology in education, (4) learning
technology by design, and (5) collaborating with peers, (6) scaffolding authentic
technology experiences, (7) moving from traditional assessment to continuous
feedback. Institutional level themes are related to the conditions necessary to
implement such programs, including (1) technology planning and leadership, (2) co-
operation within and between institutions, (3) staff development, (4) access to

resources, and (5) systematic and systemic change efforts (Tondeur et al., 2012).

The SQD model proposed by Tondeur et al. (2012) is very informative in identifying
the characteristics of an intervention aiming to develop teachers’ TPACK.
Specifically, the themes directly related to the preparation of PTs can help researchers

develop effective programs to promote TPACK development.

Teacher's role as a designer of technology-enhanced learning environments is also
found to be very important for improving TPACK. Engagement in design activities
provides teachers opportunities for learning TPACK, fosters creativity when
repurposing technology to improve students learning, and increase their confidence to
use technology through active involvement (Voogt et al., 2016). For this reason, the
learning by design approach developed by Koehler et al. (2005) has been widely used
to develop teachers’ TPACK and found to be effective in numerous studies. (Yeh et
al., 2021). Design based experiences help teachers put their theoretical knowledge into

action and explore the interactions between content technology and pedagogy.

Since different kinds of design contexts and experiences were found to be effective in
improving teachers’ TPACK, Baran and Uygun (2016) reviewed the relevant literature
to identify the main principles of design-based learning (DBL). Figure 2.5 presents
the principles of design-based learning to improve TPACK.
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Figure 2.5 TPACK-DBL Principles (Baran & Uygun, 2016, p. 49)

According to these principles, discussing different design ideas, designing technology-
integrated instructional materials, examining existing design solutions, and exploring
different technologies are important characteristics of design-based learning
environments (Baran & Uygun, 2016). In addition, engaging with theoretical
knowledge to build a foundation for teaching with technology was also identified as

an important principle.

Angeli and Valanides (2009) argued that the technology mapping approach could be
used to improve teachers” TPACK. They proposed an instructional design model
(Figure 2.6) based on technology mapping approach to guide teacher thinking about

the complex problem of designing technology-enhanced learning.
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Topic 1 Topic 2 ae Topic n

Figure 2.6 Instructional Design Model for the Design of Technology—Enhanced
Learning (Angeli & Valanides, 2009, p. 160)

According to this instructional design model, teachers should be guided to think about
the content of their design by considering the alternative conceptions of students and
difficulties associated with the teaching of that topic. Then, teachers should be guided
to think about how technology can help to create powerful representations of that topic
according to the needs of learners and to transform their pedagogical practices.

Technology mapping is a critical element of this design and refers to “the process of
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establishing connections or linkages among the affordances of a tool, content, and
pedagogy in relation to learners’ content-related difficulties” (Angeli & Valanides,
2013, p. 204). According to the researchers, just teaching about how to use a
technological tool is not enough for teachers to understand the educational affordances
of that technology. For this reason, educational affordances of technological tools

should be made explicit for teachers with the help of discussions and design activities.

Lee and Kim (2014) reviewed the literature and proposed four guidelines to create an

instructional design (ID) which are:

1. Explicit, systematic procedures should be included in the instructional
design (ID) model to provide practical solutions for teacher training
programs to enhance pre-service teachers’ TPACK.

2. Stages to introduce the TPACK framework and to demonstrate TPACK
examples should be included in the ID model to build pre-service
teachers’ knowledge base of technology integration and to prepare them
to design technological artifacts for teaching.

3. Design-based learning activities such as creating a lesson plan and
associated digital artifacts should be included in the ID model to prompt
pre-service teachers to analyze the content and student learning needs.

4. A cyclic design-based learning process should be included in the ID
model to offer the opportunities for pre-service teachers to go through
the design process more than once (Lee & Kim, 2014, p. 443).

Based on these principles, the researchers created the TPACK-IDDIRR (Introduce,
Demonstrate, Develop, Implement, Reflect, and Revise) model (Figure 2.7) to be
implemented in a multidisciplinary technology integration course for the TPACK

development of pre-service teachers.
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Figure 2.7 TPACK-IDDIRR Model (Lee & Kim, 2014, p. 444)

In this model, Introduce stage aims to develop a knowledge base of TPACK to
promote pre-service teachers’ learning in design activities. Demonstrate stage includes
the demonstration of the technology-enhanced lesson by the instructor of the course.
Develop, Implement, Reflect, and Revise stages includes iterative learning activities for
pre-service teachers. During these stages, working in groups, pre-service teachers
develop a technology-enhanced lesson plan; one of the group members implements
this plan as micro-teaching, then they reflect on their performance and revise their plan
accordingly. The revised version of the plan is implemented by another group member,
and the iterative cycle of implement-reflect-revise continues until each group member

performs micro-teaching (Lee & Kim, 2014). This model emphasizes the importance
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of building a theoretical foundation, designing and implementing technology-based

lesson plans, and a chance to revise the initially designed plans.

The models and their guiding principles explained in this section were used when
designing the “Theory-Application-Practice (T-A-P) Course Design” aiming to
improve graduate science education students’ TPACK. The next section explains how

the stages of this course design were determined based on the existing literature.
2.2.3 Principles of the Theory-Application-Practice (T-A-P) Course Design

The review of the literature emphasized the importance of building a theoretical
foundation, examining technology-integrated lesson materials, investigating different
technological tools, engaging in design activities, implementing technology-enhanced
lesson plans, and giving and receiving feedback for teachers’ development of TPACK.
Accordingly, in the present study, a course design was developed to be implemented
in Teaching Science with Technology course based on these principles. The guiding
principles of this course design and how they are reflected in the course activities are

explained one by one.
1. Building a theoretical foundation is important for teachers’ TPACK development.

Learning about theories of technology integration can help teachers develop
meaningful learning materials enhanced with technological tools (Baran & Uygun,
2016; Lee & Kim, 2014; Tondeur et al., 2012). In order to promote the TPACK
development of teachers, providing them with theoretical information about
technology integration is important. For this reason, in T-A-P course design, teachers
were assigned to read articles, write reflections and prepare discussion questions about
them. During the first five weeks of the course, the instructor prepared a presentation
about the selected articles, including teachers’ discussion questions, and the selected
articles were discussed in the classroom. In addition, participants were engaged in
different in-class activities about the theoretical foundations of the TPACK framework
(e.g., defining components of the framework, identifying teacher competencies for

technology integration, and TPACK game).
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2. Examining examples of technology-integrated learning materials promotes
teachers’ development of TPACK.

Examination of existing technology-integrated learning materials gives teachers a
chance to explore different design ideas and make them think deeply about the
interactions between content, pedagogy, and technology (Baran & Uygun, 2016;
Mouza et al., 2014). In addition, the examination of different materials may help
teachers gain different perspectives and find inspiration for their design processes. For
this reason, in T-A-P course design, teachers were provided with example lesson plans
in week 5 and guided to discuss the quality of technology integration in that plans. In
addition, participants shared all of their lesson plans with each other on the course page
in the learning management system (LMS) of the university. They were also assigned

to examine at least two of their friends’ lesson plans and provide feedback.

3. Investigation of technologies using the technology mapping approach promotes the
TPACK development of teachers.

Examination of different technologies is a common element of programs aiming to
develop teachers” TPACK. However, just presenting different technological tools is
not enough for teachers to identify how these tools can be used to support the teaching
of the content (Angeli & Valanides, 2009; 2013). For this reason, when learning about
different technologies, teachers should be guided to identify and discuss educational
affordances, limitations, and uses of particular technological tools. For this reason, in
T-A-P course design, teachers investigated the technologies selected by the instructor
working in groups, determined affordances, limitations, and potential uses of each
particular tool in science teaching, and discussed their ideas as a whole class. In
addition, teachers formed groups, and each group selected a technological tool,

presented it to the class, and showed an example application.
4. Designing technology-enhanced learning materials improves teachers’ TPACK.

Almost all of the studies about the development of teachers’ TPACK suggest that
designing learning materials with the help of technology is an effective way of
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improving TPACK. Engagement in design activities helps teachers apply their
theoretical knowledge to specific situations, fosters creativity, and promotes TPACK
(Baran & Uygun, 2016; Koehler et al., 2005; Lee & Kim, 2014; Voogt et al., 2016).
For this reason, in T-A-P course design, teachers prepared four technology-integrated
lesson plans. In addition, they were provided with a lesson plan format (Appendix B),
including questions about the interactions between content, technology, and pedagogy

of their lesson plans to help them think deeply while preparing lesson plans.

5. Implementing technology-integrated lesson plans and reflecting on the experiences

contribute to the development of TPACK.

As well as designing learning materials, implementing them is also very important for
the TPACK development of teachers since it gives teachers a chance to reflect on their
performance. Implementing lesson plans and reflecting on those experiences can help
teachers identify the difficulties they face while teaching with technology, assess their
performance, and promote their TPACK (Baran & Uygun, 2016; Lee & Kim, 2014).
For this reason, in T-A-P course design, each participant performed a micro-teaching

and wrote a reflection paper about their micro-teaching experience.
6. Providing feedback about teacher designs is important for TPACK development.

Teachers need support and feedback when learning to design technology-integrated
lesson materials. Feedback from the instructor as well as from other participant
teachers is important for teachers’ development of TPACK. Feedback help teachers
identify the shortcomings of their design and give them a chance to refine their designs
(Tondeur et al., 2012; Lee & Kim, 2014). For this reason, in T-A-P course design,
teachers were assigned to provide feedback to the lesson plans of other participants. In
addition, the instructor provided detailed feedback to all lesson plans of teachers to

help them improve their technology integration practices.

Based on these principles, the course content and activities are determined, categorized
under three stages, and put in a meaningful order. The first stage of the course design

is Theory designed to gain graduate science education students an understanding of the
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theoretical principles of the TPACK because having theoretical knowledge is the
foundation of TPACK development. The second stage of the course design is
Application, during which teachers examine various technological tools as well as
discuss their integration into science teaching. The third and last stage of the course
design is Practice designed to make teachers put their newly gained theoretical
knowledge and technology knowledge into action by performing micro-teachings.
Detailed explanations about the course content and activities are presented in the

methodology section.
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CHAPTER 3

METHODOLOGY

The purpose of this study was to design a graduate course to promote graduate science
education students’ TPACK development and investigate how graduate science
education students’ level of TPACK, perceived competencies of TPACK, and self-
efficacy of TPACK changed after attending that course. In this chapter, after
explaining the research design, information about the content, syllabus, and activities
of the designed course are presented. In addition, participants, data collection, and
analysis procedures are explained. Lastly, the issue of trustworthiness, limitations,
assumptions, and ethic are discussed.

3.1. Design-Based Research

The main purpose of this research was to design and implement a graduate course that
will help graduate science education students’ (1) develop an informed understanding
of the TPACK framework and its implications for science education; (2) gain required
knowledge and skills to combine technology and pedagogy effectively for teaching
science content; (3) experience the technology integration process while preparing
lesson plans for teaching science. In order to achieve these aims, design-based research
methodology was employed in the present study.

Design-based research (DBR) can be described as “a series of approaches, with the
intent of producing new theories, artifacts, and practices that account for and
potentially impact learning and teaching in naturalistic settings” (Barab & Squire,
2004, p.2). Design-based research emerged to carry out formative research in order to
evaluate and modify educational designs based on findings of previous research
(Collins et al., 2004). DBR, developed and used by educators, aims to increase the

impact of educational research on real-life practices (Anderson & Shattuck, 2012).
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Van der Akker et al. (2006) summarized the main purposes of DBR as:

1. To strengthen the link between educational practice and research;
2. Todevelop grounded theories by studying the process of learning and the ways
of improving that process;

3. To improve the robustness of design practice.

Design-based research, which is sometimes called as design research, design
experiments, or development research in the literature, is a way of developing and
implementing practices within scientific research principles to improve real-world
practice. DBR focuses on investigating the effectiveness of a particular intervention
which can be a type of assessment, or an instructional approach, or a technology-based

intervention, and so on (Anderson & Shattuck, 2012).

DBR approach is similar to how engineers create a product. Researchers identify a
problem and design a solution for that problem using theory and previous research.
Then, this potential solution is tested in a real-world setting, and its effectiveness is
evaluated. Lastly, the researcher analyzes the results of this test and determines which
parts of the solution are working and which are not, and starts a new cycle of testing
after making necessary revisions (Scott et al., 2020).

DBR has begun to be used more frequently as a research methodology in recent years,
and there are different definitions provided by different researchers. Some of these
definitions mainly focus on the development of a theory, some others focus on
improving practice and/or creating a product, and some fail to address either of them
(Christensen & West, 2018). Even though definitions of DBR vary in the literature,
there are some common characteristics of the methodology mentioned by various
researchers. These common characteristics are identified by Christensen and West
(2018) and summarized in Table 3.1.
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Table 3.1

Characteristics of Design-Based Research

Characteristic

Description

Design
driven

Situated

Iterative

Collaborative

Theory
building

Practical

Productive

Design-based research requires a design process which may range
from an intervention to an instructional artifact (Anderson &
Shattuck, 2012; Brown, 1992; Cobb et al., 2003; Collins, 1992;
Design-Based Research Collective, 2003).

The process of design is situated in a real-world context (Anderson
& Shattuck, 2012; Barab & Squire, 2004; Cobb et al., 2003).

DBR includes multiple cycles of design, test, and revision
(Anderson & Shattuck, 2012; Barab & Squire, 2004; Brown, 1992;
Design-Based Research Collective, 2003; Shavelson et al., 2003).
Collaboration between researchers, practitioners, and others
involved is required in DBR (Anderson & Shattuck, 2012; Barab &
Squire, 2004; McCandliss et al., 2003).

DBR requires making evidence-based theoretical contributions as
well as creating an effective design (Anderson & Shattuck, 2012;
Barab & Squire, 2004; Brown, 1992; Cobb et al., 2003; Design-
Based Research Collective, 2003; Joseph, 2004; Shavelson et al.,
2003).

The results of DBR should make a contribution to real-world
practices (Anderson & Shattuck, 2012; Barab & Squire, 2004;
Design-Based Research Collective, 2003; McCandliss et al., 2003).
In addition to making theoretical and practical contributions, the
effectiveness of the design should be measured and evaluated (Barab
& Squire, 2004; Design-Based Research Collective, 2003; Joseph,
2004; McCandliss et al., 2003).

In contrast to the belief that a research process can be tainted by the influence of the

researcher, in design-based research, the researcher manages the research process in

cooperation with the participants and constantly design, implement and revise the

intervention (Wang, & Hannafin, 2005). Researchers should fulfill the roles of

researcher, project manager, theorist, and designer when conducting DBR
(Christensen & West, 2018). In addition, DBR requires the use of a variety of different

approaches for data collection and analysis, such as surveys, interviews, observations,

and comparative analysis (Wang & Hannafin, 2005).
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Gravemeijer and Cobb (2006) argued that there are three distinct phases of design-
based research. The first phase is preparing for the experiment, where the researchers
clarify theoretical intent and propose a course design by considering the learning goals,
instructional activities, and students’ thinking and understanding. In the present study,
the first phase included preparing an instructional course design named “Theory —
Application — Practice (T-A-P)” based on the findings of the previous research studies
aimed at developing science teachers’ level of TPACK (e.g., Angeli, & Valanides,
2013; Jang & Chen, 2010, Koh & Divaharan, 2011).

The second phase of DBR is experimenting in the classroom, where researchers
conduct the design experiment in the classroom, continuously collect data, and
evaluate the design at the same time. In the present study, the T-A-P course design had
been implemented for two semesters. During these semesters, graduate science
education students were asked to write weekly feedback about each class meeting. The
researchers analyzed this feedback weekly to improve the design continuously. In
addition, in order to investigate the change in participants’ level of TPACK, self-
efficacy of TPACK, and perceived competencies of TPACK, data were collected
during this stage by means of various quantitative and qualitative instruments such as

questionnaires, interviews, and lesson plans.

The last phase of DBR is the retrospective analysis, where the entire data set is
collected, implementation is finalized, and the researchers analyze data for the

improvement of the instructional design.

Moreover, typical design-based research includes two or more iterative cycles; after
the first implementation and data analysis, the researchers make necessary changes to
the proposed design to improve its effectiveness (Herrington et al., 2007). For this
reason, the present study included two iterative cycles. Figure 3.1 presents how each
phase took place in the present study in each cycle.
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15t Cycle

1. Preparing for the
experiment:

Designing the Theory-
Application-Practice course
design for Teaching Science with
Technology graduate course

!

2. Experimenting in the
classroom:

-Implementing the Theory-
Application-Practice course
design in the Teaching Science
with Technology graduate
course

-Data collection

-Analysis of students’ feedback
about the course continuously

!

3. Data analysis:

Analysis of the data collected
during 1% cycle of
implementation

2nd Cycle

1. Preparing for the
experiment:

Making necessary revisions to
course design based on data

analysis

2. Experimenting in the
classroom:

-Implementing the Theory-
Application-Practice course
design in the Teaching Science
with Technology graduate
course

-Data collection

-Analysis of students’ feedback
about the course continuously

!

3. Data analysis:

-Analysis of the data collected
during 2" cycle of
implementation

-Organizing results from both
cycles of implementation and

Figure 3.1 Implementation of DBR Phases in the Present Study




In the present study, the general principles and characteristics of DBR were followed
to present a strong link between theory and practice by designing a graduate course
based on theoretical principles and assessing its effectiveness in practice. The details

of the course are presented in the following section.
3.2. Teaching Science with Technology Graduate Course

The first phase of DBR, preparing for the experiment, includes determining the
purpose of the research and proposing an effective design to reach this purpose. For
this reason, relevant literature was reviewed in detail, and common characteristics of
effective programs for developing science teachers’ level of TPACK were determined.
Since the target audience of this design was graduate science education students with
a bachelor’s degree in elementary science education, the course design was created
based on the assumption that participants would have pedagogical knowledge and
content knowledge related to elementary science education. Therefore, the course
design mainly focused on increasing technological knowledge and helping participants
gain the required knowledge and skills to combine technology and pedagogy

effectively for teaching science content. The course objectives were stated as:

1. To analyze the TPACK framework and its implications for science education;

2. To discuss the importance, advantages, and disadvantages of technology
integration into science education;

3. To develop an awareness related to the characteristics of educational

technologies that can be used to improve the quality of science teaching and

learning;

To examine various technologies that can be used in science education;

To engage in technology integrated lessons throughout the course;

To examine and reflect upon technology integrated science lesson examples;

N o g &

To experience the technology integration process while preparing lesson plans
and activities for teaching science;

8. Todesign a unit of instruction for a science topic using the TPACK framework;
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9. Todevelop technological skills to be able to combine technology and pedagogy
effectively for teaching science content;
10. To develop an interest in research on technology integration into science

education.

The course was offered to the students of the Elementary Science and Mathematics
Education M.S. program and Elementary Education Ph.D. program who were
specialized in elementary science education. In the first meeting of the course, students
were presented with the course syllabus, which included information about the course
description, course objectives, reading list, course schedule, assignments, and grading
(Appendix A). They were also informed about the present study briefly.

3.2.1. Theory-Application-Practice (T-A-P) Course Design

The course design created to be implemented in Teaching Science with Technology
graduate course was composed of three stages named as Theory, Application, and
Practice.

In the Theory stage of the proposed course design (lasted for five weeks), it was aimed
to gain graduate science education students an understanding of the theoretical
principles of the TPACK framework since it is important for learners to have solid
theoretical knowledge to be able to design pedagogically meaningful learning
materials (Baran & Uygun, 2016). During this stage, graduate science education
students read selected articles, submitted reflections about them to the discussion
forums in the LMS before each class meeting, and participated in class discussions.
Moreover, since it is important for teachers to think critically about how content,
pedagogy, and technology can be combined in effective instruction (Mouza et al.,
2014), the participants were provided with technology integrated science lesson plan
examples during this stage. It was also aimed to help the participants understand what
TPACK suggests for teachers and teacher educators. If they know about the
importance of technology integration and its premises for science education, they

might be more motivated to integrate technology and improve themselves in this area.
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During this stage, each week, participants read selected articles, submitted reflections
and discussion questions about them to the discussion forums in LMS before each class
meeting, and participated in the class discussions. Each week, the researcher prepared
a presentation about that week’s topic. The discussion questions prepared by the
participants were integrated into these presentations when they were relevant. While
summarizing the assigned readings of that week, the researcher also created a
discussion environment with the help of discussion questions. Moreover, since it is
important for teachers to think about how content, pedagogy, and technology can be
combined in effective instruction critically, the participants were provided with
technology integrated science lesson plan examples in week 5. Participants examined
the provided examples and discussed the quality of technology integration in that
plans. In addition, participants played the TPACK game in this stage to practice
combining technology, pedagogy, and content effectively to teach science content. The

weekly distribution of topics of this stage was as follows:

Technology integration into science education
Technological Pedagogical Content Knowledge (TPACK) framework
TPACK literature review: What does the research say?

TPACK in science education/science teacher education

o > w0 NP

Examination of technology integrated science lesson examples

In the Application stage (lasted for four weeks), it was aimed to familiarize graduate
science education students with various technological tools and encourage them to
discuss which content and pedagogy can be combined with those technological tools.
Knowing how to use a technological tool does not mean knowing how to teach with
that tool. Therefore, teacher educators should help teachers evaluate the educational
affordances and limitations of a particular technological tool. As the transformative
approach of TPACK suggests, knowing technology alone does not necessarily mean
that teachers have the necessary abilities to integrate them into their teaching (Angeli
& Valanides, 2013). That’s why, while introducing the technologies, their use in
science teaching was also demonstrated with the active participation of the

participants.
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During this stage, domain-specific and domain-free technological tools were presented
to the participants, and they examined each tool one-by-one. Each week participants
were provided a list of technological tools related to that week’s topic, and they were
asked to assess the affordances, limitations, and educational uses of each particular
tool. Then, a discussion environment was created in the classroom. In addition, at the
beginning of this stage, student groups were formed, and each week a group presented
a technological tool that can be used in science teaching. The weekly distribution of

topics of this stage was as follows:

Online laboratories, simulations, games
Mobile applications, google services

Social media tools, presentation programs

M WD

Wiki platforms, discussion groups, collaborative platforms

In the Practice stage (lasted for three or four weeks depending on the number of
students), it was aimed to give graduate science education students a chance to put
their newly gained knowledge into action. Niess (2008) argued that knowledge about
teaching with technology is not enough, teachers must be provided with opportunities
to apply this knowledge. During this stage, graduate science education students
designed and implemented lesson plans that integrated science, pedagogy, and
technology in a meaningful way, and each participant performed a micro-teaching
using these lesson plans. Moreover, they also had a chance to observe each other’s

micro-teaching and give feedback to each other.
3.2.2. Course Assignments

Throughout the semester, there were many assignments designed to improve
participants’ levels of TPACK. All of the assignments were posted to the online forums
in the LMS. Online forums were used because, in this way, all participants could see
each other’s work. In addition, most of these activities were used as the data source for

the present study.
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First of all, each week, participants were assigned readings related to that week’s topic.
Before each class meeting, participants were expected to reflect upon that weeks’
readings by (1) sharing the main points they have drawn from the texts; (2) preparing
at least two questions for classroom discussions; and (3) discussing how this new
information can be related to real science classroom settings. Participants posted their
reflections to the online discussion forum in the LMS two days before the class. They
were also encouraged to read each other’s reflections and share their ideas. In addition,
they were assigned to find at least one article/news/activity (or something else that
they think is important to share) related to the topic of that week and share it in the
LMS.

Secondly, after each lesson, participants wrote feedback on that day’s lesson and each
other’s work by sharing their ideas about (1) what can be done to improve the quality
of instruction/discussion/presentation/lesson plan etc. and (2) what was the most
effective part of the instruction/discussion/presentation/ lesson plan etc. Participants

posted their feedback to the online discussion forum in the LMS until the next class.

Third, participants prepared four lesson plans according to the format provided to them
(Appendix B). In these lesson plans, they were asked to plan to teach a science topic
by choosing the right pedagogy and technology. They also shared their lesson plans
with each other in the LMS until the class hours of the assigned week. They were also
expected to provide feedback to at least two of their friends’ lesson plans. The
researcher also provided feedback to the lesson plans of participants. In addition, a
face-to-face interview was conducted with each participant after they submitted their

lesson plans to give them the opportunity to elaborate their ideas on their lesson plans.

Fourth, participants were assigned to make a group presentation about a technological
tool that can be used in science teaching. They made a demonstration in the class and
prepared a presentation report including their ideas about (1) why they chose that
specific tool, (2) how that tool can improve science instruction, (3) which teaching

methods and science topics can be combined with that tool.
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Lastly, at the end of the semester, each participant performed a micro-teaching by
presenting their third lesson plan in the classroom. They were also assigned to write a

reflection about their teaching performance.
3.2.3. In-Class Activities

Throughout the semester, there were many in-class activities planned to increase

graduate science education students’ participation and improve their level of TPACK.

In week 1, participants were given a document including different definitions of
education made by important historical figures. Participants were asked to work in
pairs, review the definitions and come up with their own definitions. They were told
they could use those definitions for inspiration, select one or more of them to explain
their view of education, and combine two or more of them to create a new one. After
each pair worked on their definitions, a classroom discussion was held about their

definitions of education.

In week 2, participants were asked to form groups of two or three and write two
research suggestions related to the TPACK development of science teachers. They
were instructed to use transformative approach for one of the research questions and
integrative approach for the other. They were also asked to specify what kind of
instruments could be used for each of their research suggestions and why. After each
group finalized their suggestions, each group shared their own work and gave feedback

to each other.

In week 3, the Delphi technique was explained to the participants. In this technique, a
group of individuals investigated a complex, open-ended question in cooperation
(Linstone & Turoff, 1975). With the purpose of reaching a consensus about the given
issue, the technique usually includes three or four rounds (Hsu & Sanford, 2007). In
this technique, participants were presented with an open-ended question. In the case
of the participants of this research, this question was “What are the competencies of a
science teacher with a high level of TPACK?” In the first round, participants were

asked to list all competencies they think a science teacher with a high level of TPACK
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should possess. In the second round, the researcher organized all of the competencies
listed by participants and gave them back to participants for review. Participants
evaluated all competencies, commented on them, judged their clarity, and identified
similar items. In the third round, the researcher eliminated some of the competencies
based on participants’ views and organized them into a questionnaire. Participants
were asked to rate each competency on a 7-point Likert-type scale and write additional
comments if there were any. In the fourth round, based on participants’ ratings, the
interquartile range and median values were calculated for each item. Then, a new
questionnaire was prepared for each participant in which these values and participants’
prior rating of that item was presented. Participants were told they could change their
previous rating after seeing the interquartile range and median values, or they could
stick with their initial rating. In the end, the interquartile range and median values were
calculated again. If the interquartile range was one or below for an item, it is considered
to be agreed by all participants (De Vet et al., 2005). This classroom activity and its
results were submitted to an international conference and published as a full-text

proceeding.

In week 5, the TPACK game was played. In this game, three-item pools are prepared
by the instructor: content pool, pedagogy pool, and technology pool. Students formed
three groups, and each group had two random items and one non-random item. For
example, one of the groups selected technology and pedagogy randomly from the
pools, and they decided on the appropriate content to be taught using that technology
and pedagogy. Then, using those items, each group prepared a classroom activity and

shared it with the class.

Throughout the Application stage of the course, each week, participants were asked to
bring their computers, tablets and/or mobile phones to the classroom. During these
weeks, they were given a list of technologies to be examined one-by-one. They were
also asked to fill out a table where they wrote the strengths, weaknesses, and
educational uses of each particular tool. After the evaluation of the technologies was
finished, everybody shared their ideas with each other and discussed how each tool

could be used in science lessons.
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During Practice stage, each week, assigned participants performed micro-teachings.
During these micro-teachings, all of the participants in the classroom acted like
students, and the assigned participant performed the micro-teaching using their third
lesson plan. At the end of each micro-teaching, participants receive and give feedback
about that micro-teaching.

3.2.4. Revisions between Cycles of Implementation

After the first cycle of implementation, based on preliminary data analysis and
participants’ feedback (discussed in the results section, see section 4.1.1.3.), no major
revisions were made to the course design. The only revision before the second cycle
of implementation was updating the list of technologies to be examined during the
Application stage and removing some of the technologies. Other than that this design
was implemented for two semesters with the same course content. The study was

ended at the end of the second cycle of implementation.
3.2.5. The Role of the Researcher

I, the researcher of the present study, had been working as a research assistant at
Elementary Science Education department for six years at the time of the study. | had
been a teaching assistant in many undergraduate and graduate courses during these six
years, including science teaching methods, instructional technologies, measurement
and assessment, educational research and so on. | was the co-instructor during the
practice hours of these courses. In addition, as the teaching assistant, | observed the
lectures given by instructors of these courses. Therefore, | had many experiences in

teaching at the university and graduate levels.

In the present study, | was the co-instructor of the Teaching Science with Technology
course. The course had not been offered in the department for years. Just using the
original name of the course, | re-designed the course content and activities with the
help of my advisor according to the purpose of the present study. During the first
meeting, all participants were informed about the study that was being conducted

within that course context, and the lectures were co-instructed by a research assistant.
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Even if | was responsible for making presentations, organizing course content, track
participants’ work and assignments, the other instructor of the course attended all class
meetings, participated in class discussions, gave feedback, and provided guidance to

the participants and myself.

In DBR studies, the researcher undertakes many different roles (Christensen & West,
2018). For this study, | had many roles, including the designer of the course, the
instructor of the course, the data collector, and the data analyst. While performing these
roles, | tried to remain objective, be sensitive about participants’ needs, and put
participants’ interests first. [ always told participants the course was designed for their
benefit, and the most important goal of this study was to help them improve their level
of TPACK.

3.3. Participants

In this study, both purposive and convenience sampling principles were employed.
Convenience sampling is selecting individuals who are easily available to the
researcher and can provide data (Fraenkel et al., 2012). Since the students who were
enrolled in Teaching Science with Technology graduate course were selected as
participants, convenience sampling was used. However, all of the students enrolled in
the course were not eligible for the present study. Therefore, purposive sampling was
used where the researcher used judgment to select participants according to the needs
of their study (Fraenkel et al., 2012). Only the students who have a bachelor’s degree
in elementary science education program were selected for the study since having
pedagogical knowledge, and content knowledge about elementary science education

IS a prerequisite to participate in the present study.

In the first semester (cycle-1) 9 students were enrolled in the course. However, one of
them was a chemistry teacher and, therefore, not included in the present study. Another
student did not complete all of the required assignments for the course. For this reason,
7 students were asked to participate in the study, and all of them accepted to be a
participant voluntarily. In the second semester (cycle-2) 6 students were enrolled in

the course. However, one of them was a chemistry teacher and therefore not included
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in the present study. For this reason, 5 students were asked to participate in the study,
and all of them accepted to be a participant voluntarily. In order to protect the privacy
of participants, code names were used throughout the text. Table 3.2 presents

information about the participants of this study.

Table 3.2
Participants of the Present Study

Pseudonym Gender Teaching experience
Cycle-1
Nazim Male None
Lale Female 6 months
Tomris Female None
Cemal Male 6 months
Giilten Female 2 years of tutoring
Ozdemir Male None
Nilgiin Female 2 years
Cycle-2
Didem Female None
Turgut Male 2 years
Umay Female None
Birhan Female None
Ayten Female None

None of the participants had any prior training about technological tools and/or their
integration into science lessons. In addition, not all of the participants were working
as a teacher; some of them were working as research assistants, some of them were
working in different areas, and some of them were only pursuing their graduate degrees
at the time of the study.

3.4. Data collection

As Gravemeijer and Cobb (2006) suggested, design-based research requires a
comprehensive data set to be able to draw empirically grounded inferences. In the
present study, both qualitative and quantitative data collection procedures were

employed in both cycles of implementation. Data were collected by means of lesson
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plans, micro-teachings, interviews, TPACK questionnaires, and written feedback to

answer the following research questions.

RQ1: What were graduate science education students’ ideas about Teaching
Science with Technology course based on T-A-P course design?

RQ2: Is there a change in graduate science education students’ perceived
competencies and self-efficacy of TPACK after attending Teaching Science
with Technology course based on T-A-P course design?

RQ3: How did graduate science education students’ level of TPACK change
as they attended Teaching Science with Technology course based on T-A-P
course design?

In addition, all of the classroom meetings were recorded, and all of the students’ work
was archived in case they were needed for clarification of findings. Table 3.3 presents
information about which data sources were used to answer which research question

and the time schedule for data collection.

Table 3.3

Research Questions and Data Sources

Data Sources Time Schedule
RQ1 Written Weekly feedback: After each lesson
feedbacks  General feedback: At the end of the semester
Interviews At the end of the semester
RQ2 TPACK- 1% administration: At the beginning of the course
Deep scale 2@ administration: At the end of the semester
TPACK- 1%t administration: At the beginning of the course
SeS Scale 2" administration: At the end of the semester
RQ3 Lesson 1% lesson plan: Submitted at the beginning of the course
plans 2" lesson plan: Submitted at the end of the Theory stage
3" lesson plan: Submitted at the end of the Application stage
4™ esson plan: Submitted at the end of the Practice stage
Interviews 1%t interview: Conducted after submission of 1% lesson plan
2" interview: Conducted after submission of 2" lesson plan
3" interview: Conducted after submission of 3™ lesson plan
4™ interview: Conducted after submission of 4" lesson plan
Micro- Performed once during Practice stage
teachings
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3.4.1. Lesson Plans

In the present study, participants prepared four technology integrated lesson plans; one
lesson plan at the beginning of the course and three lesson plans at the end of each
stage. Since the T-A-P course design was divided into three stages, the change in
participants’ level of TPACK was measured by lesson plans at the beginning of the
semester and at the end of each stage. In the lesson plan format provided to the
participants (Appendix B), there were questions to be answered related to the selection
of content, pedagogy, and technology. These questions aimed to help the researcher
during the data analysis process and understand participants’ rationale for combining
the selected content, pedagogy, and technology. Participants were told they needed to
integrate at least one technological tool into their lesson plans. They were informed
that they could choose any science topic from the curriculum, they could use any
teaching method, and they could integrate any technological tool. There were no

restrictions regarding the selection of content, pedagogy, and technology.

Participants submitted the first lesson plan at the beginning of the course. In the first
meeting, the researcher presented the lesson plan format to the participants and
informed them they should submit their first technology integrated lesson plan until
the first lesson. With this first lesson plan, participants’ initial level of TPACK was

determined.

The second lesson plan was collected at the end of the Theory stage, after participants
attended five class meetings related to theoretical principles of the TPACK framework.
In those lessons, 12 articles about technology integration into science education,
TPACK framework, and preparing technology integrated science lessons were given
as reading assignments and discussed in the classroom with the help of instructor
presentations, discussion questions prepared by the participants, and additional in-

class activities.

The third lesson plan was collected at the end of the Application stage after participants
attended four class meetings where they actively used and examined various

technological tools that can be used in science lessons. In those lessons, participants
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also discussed the strengths and weaknesses of each tool and how each tool can be

integrated into science lessons.

The fourth and last lesson plans were collected at the end of the Practice stage, which
also was the end of the semester. During this stage, each participant performed a micro-
teaching in the classroom using their third lesson plan. After each micro-teaching,
participants received feedback from their peers and the researcher. They also wrote a

reflection paper about their own performance.
3.4.2. Interviews

In the present study, four semi-structured interviews were conducted with participants
within the following week of each lesson plan submission. The purpose of these
interviews was to give participants a chance to elaborate on their lesson plan ideas.

The duration of each interview was approximately 30 minutes.

The first interviews were conducted at the beginning of the semester. The questions
were prepared by the researcher related to participants’ lesson plans and their

combination of technology, content, and pedagogy. These questions were:

1. Inyour lesson plan, which criteria did you use to choose the topic?
o What can other teaching methods be used to teach that topic? Why?
o What can other technological tools be used to teach that topic? Why?
2. In your lesson plan, which criteria did you use to choose the technology?
o How does this technology help students learn science topics?
o What challenged you the most when integrating this technology into
your lesson plan?
o If you need to implement this lesson plan in a classroom, what concerns
you about using this technology? What kind of problems can occur?
o Suppose you are implementing this lesson plan and a problem related
to technology occurs. How can you solve this problem?
o If you were not instructed to integrate at least one technological tool

into your lesson plan, would you integrate it on your own?
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3. Inyour lesson plan, which criteria did you use to choose the teaching method?

o How does this teaching method help students learn science topics?

o What challenged you the most when using this teaching method in your
lesson plan?

o Ifyou need to implement this lesson plan in a classroom, what concerns
you about using this teaching method? What kind of problems can
occur?

4. Which element did you choose first; technology, pedagogy, or content? How
did these three elements come together in your plan?
5. Is there anything else you wish to add about your lesson plan?

These questions about the lesson plans were used in all of the other interviews.
However, in the following interviews, there were some additional questions. In the
second interview, participants were asked to compare their first and second lesson
plans. In the third interview, there were some additional questions about their micro-
teaching performance. In the fourth and last interview, participants were also asked

some questions related to course design.

All of the interview protocols were prepared by the researcher. After that, the questions
were reviewed by two other researchers experienced in TPACK studies. The questions
were revised and reorganized according to their suggestions. In addition, a pilot study
was conducted with a Ph.D. student to test the clarity of questions. After the pilot

study, the final version of the interview protocols was formed (Appendix C).
3.4.3. Micro-teachings

In the present study, all of the participants performed a 40 min micro-teaching during
the Practice stage, using their 3" lesson plan, which they prepared at the end of the
Application stage. The purpose of these micro-teachings was to give participants a
chance to implement a technology integrated science lesson plan and put their newly
gained technological knowledge into action. At the end of micro-teachings, each
participant receives feedback from their friends. In addition, they wrote a reflection

paper about their micro-teaching experience.

57



3.4.4. TPACK Scales

In the present study, two TPACK scales were used to capture the change in graduate
science education students’ perceived competencies and self-efficacy of TPACK after
attending the Teaching Science with Technology course based on T-A-P course design.
Data were collected by pre and post-administration of two scales.

Participants’ perceived competencies of TPACK were measured by the TPACK-Deep
scale developed by Kabakei-Yurdakul et al. (2012). It is a 33-item 5-point Likert type
scale (“I can easily do it”, “I can do it”, “I can partly do it”, “I can’t do it” and “I
certainly can’t do it”) composed of four subscales: Design (designing instruction),
Exertion (implementing instruction), Ethics (ethical awareness) and Proficiency
(innovativeness, problem solving and field specialization). The confirmatory factor
analysis conducted by the developers confirmed the four-factor structure of the scale.
In addition, the Cronbach’s alpha reliability coefficient of subscales ranged between
.85 and .92 (Kabakgi-Yurdakul et al., 2012). The internal consistency value for the
whole scale was found to be o = .95. In the present study, Cronbach’s alpha reliability

coefficient values ranged between .92 and .98 for subscales and the whole scale.

Participants’ self-efficacy of TPACK was measured by the TPACK-SeS scale
developed by Canbazoglu-Bilici et al. (2013). It is a 52-item 100-point rating scale
ranging from 0 (cannot do at all) to 100 (highly certain can do) divided into 10 unit
intervals composed of eight subscales: Technological knowledge (TK), pedagogical
knowledge (PK), content knowledge (CK), technological pedagogical knowledge
(TPK), technological content knowledge (TCK), pedagogical content knowledge
(PCK), technological pedagogical content knowledge (TPACK) and knowledge of the
context (CxK). The confirmatory factor analysis conducted by the developers
confirmed the eight-factor structure of the scale. In addition, the Cronbach’s alpha
reliability coefficient of subscales ranged between .84 and .94. The internal
consistency value for the whole scale was found to be o = .98 (Canbazoglu-Bilici et
al., 2013). In the present study, Cronbach’s alpha reliability coefficient values ranged

between .91 and .99 for subscales and the whole scale.
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Pre-administration of scales was immediately after attending the first meeting before
the first class session. Post-administration was at the end of the semester after all
participants completed all of the assignments. The scales were converted into google

forms, and participants filled them out online.
3.4.5. Written Feedback

Since one of the research questions of the present study was to investigate participants’
ideas about T-A-P course design and the Teaching Science with Technology course,
participants were asked to write feedback about that day’s lesson to the online

discussion forum in the LMS after each class meeting.

In the Theory and Application stages, participants were asked to give feedback about
(1) What can be done to improve the quality of instruction/discussion/presentation etc.;
(2) What was the most effective part of the instruction/discussion/presentation etc. In
the Practice stage, they were asked to write their ideas about (1) Do you think it is
effective for presenters and non-presenters? Why?; (2) What can be done to improve
the quality of micro-teaching weeks?; (3) What can you suggest to the presenters

(teachers) as an observer (student)?

In addition, at the end of the semester, they were asked to write general feedback about
the course. For that feedback, no guiding questions were given. Participants were
informed that all comments, positive or negative, about the course design, instruction,
activities, assignments, readings, or anything else related to the course were very

valuable for the improvement of the course.
3.5. Data analysis

In the present study, both qualitative and quantitative data collection procedures were
employed in both cycles of implementation to answer the following research

questions:

RQ1: What were graduate science education students’ ideas about Teaching
Science with Technology course based on T-A-P course design?
RQ2: Is there a change in graduate science education students’ perceived
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competencies and self-efficacy of TPACK after attending Teaching Science
with Technology course based on T-A-P course design?

RQ3: How did graduate science education students’ level of TPACK change
as they attended Teaching Science with Technology course based on T-A-P
course design?

Analysis of the data for each research question is explained in the following sub-

sections.
3.5.1. Analysis of Data for RQ1

For the analysis of the qualitative data collected by written feedback and interviews,
the thematic analysis phases proposed by Braun and Clarke (2006) were used. These
phases are: (1) familiarizing with data; (2) generating initial codes; (3) searching for
themes; (4) reviewing themes; (5) defining and naming themes; (6) producing the

report.

First, all written feedback and related interview transcripts were organized and read
carefully to search for emerging codes. Then, by carefully scanning the documents,
frequently repeated codes were identified. After that, emerging codes with the highest
frequencies were listed, reviewed, and collated into potential themes. When the
potential themes were identified, the documents were examined again to refine them.
Lastly, all themes were finalized, and the emergent codes were organized under these

themes.
3.5.2. Analysis of Data for RQ2

In order to answer RQ2, “Is there a change in graduate science education students’
perceived competencies and self-efficacy of TPACK after attending Teaching Science
with Technology course based on T-A-P course design?”’, TPACK-Deep scale
(Kabakgi-Yurdakul et al., 2012) and TPACK-SeS scale (Canbazoglu-Bilici et al.,
2013) were used. These quantitative instruments were analyzed based on the

information provided by the developers of the instruments.

After scoring each instrument and subscales, descriptive statistics were obtained. As

inferential statistics, the Wilcoxon Signed Rank Test was used to investigate the
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change in participants’ questionnaire scores before and after taking the course. The
Wilcoxon Signed Rank Test is a nonparametric alternative of paired-samples t-test,
preferred with small sample sizes and used to identify if there is any change in
participants' responses from Time 1 to Time 2 (Pallant, 2011). In addition, individual
scores of participants on subscales and whole scales were also calculated and

presented.
3.5.3. Analysis of Data for RQ3

The lesson plans prepared by participants were analyzed by using the TPACK Levels
Rubric developed by (Lyublinskaya & Tournaki, 2012). The rubric was first developed
to assess in-service mathematics teachers’ level of TPACK while using TI-Nspire
technology to teach algebra. In another study, developers of the rubric change the
wording of the rubric to make it usable with all technological tools in both science and
mathematics lesson plans (Lyublinskaya & Tournaki, 2014). In the present study, this

adapted version is used to assess participants’ lesson plans (Appendix D).

The TPACK Levels Rubric has a matrix structure; rows represent TPACK
components, and columns represent TPACK levels. TPACK components are
identified according to the study of Niess (2005), where the researcher rephrased
Grossman’s (1989, 1990, 1991) descriptions of central components of PCK to

determine the components of TPACK. These components are:

e C1: An overarching conception about the purposes for incorporating
technology in teaching subject matter topics.

e (2: Knowledge of students’ understandings, thinking, and learning in subject
matter topics with technology.

e C3: Knowledge of curriculum and curricular materials that integrate
technology in learning and teaching subject matter topics.

e C4: Knowledge of instructional strategies and representations for teaching and

learning subject matter topics with technologies.
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For each component, participants are rated among five levels of TPACK proposed by
Niess et al. (2006); recognizing, accepting, adapting, exploring, and advancing. For
each level of each TPACK component, two performance indicators are determined
based on previous literature (Goldenberg, 2000; Niess, 2011); one of them describes
teacher actions, and the other one describes student actions or digital materials. For
example, for the Recognizing level of C3 - Curriculum component, the performance
indicators are: “Teacher does not use instructional technology for learning
mathematics or science” and “Instructional technology if used is not aligned with one

or more curriculum goals” (Lyublinskaya & Tournaki, 2014).

Participant scores can range between 0 and 5 for each component. If a lesson plan
meets both indicators of the component for a particular level, the component score is
an integer; if only one of the performance indicators is met, then participants receive
a half-integer score. For example, if both indicators of adapting level are met, the
participants receive a score of 3. However, if only one indicator is met, then the
participant receives a score of 2.5. After determining the level and score of each
component, participants’ overall TPACK level is determined by the lowest score they
receive across all of the components. For example, if a participant scores 2 for C1, 2.5
for C2, 3 for C3, and 4 for C4; the participants overall TPACK level will be Accepting

2).
3.6. Trustworthiness of the Study

In qualitative studies, validity issues are discussed under the title of trustworthiness
and generally judged by four main criteria suggested by Lincoln and Guba (1985,
1986); credibility, dependability, transferability, and confirmability. To increase the
trustworthiness of the present research, various strategies suggested by Merriam

(2009) were employed.

Credibility deals with the issue of consistency between research findings and reality
(Merriam, 2009). It corresponds to internal validity in quantitative studies In order to
establish credibility, triangulation using multiple methods of data collection was used.

An interview was conducted with participants related to each of their lesson plans to
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check what was written in plans against what they told in the interviews. Participants’
micro-teaching recordings were also used while analyzing third lesson plans. In
addition, participants’ written feedback about the course design and activities were
also triangulated with the interviews. Triangulation using multiple data sources was

also obtained by collecting data at different points throughout the semester.

Triangulation using multiple investigators was used while analyzing the data. Two
other researchers were involved in data analysis and analyzed a portion of the data.
Both of them were pursuing a Ph.D. degree and experienced in qualitative data
analysis. One of them analyzed a portion of data for written feedback and interviews.
The codebook was shared with the researcher, and s/he analyzed three weeks of data
for written feedback (one week from each stage of the course) and three of the final
interview transcripts. Inter-rater agreement was calculated as 80%. The researchers
discussed the differences in coding to solve any conflicts. The other researcher
analyzed all four lesson plans of two participants using the TPACK levels rubric. First,
the researcher explained how to use the rubric and gave information about the
components and criteria included in the rubric. To measure the degree of consistency
between two raters, the Pearson product-moment correlation coefficient was

calculated and found to be .79.

Adequate engagement in data collection was another strategy employed in this study
to increase credibility. The amount of data and the period of data collection depends
on the particular study (Merriam, 2009). In the present study, data were collected
during two semesters in two cycles. Within each cycle, a significant amount of data
was collected by means of four interviews, weekly written feedback, four lesson plans,
pre- and post-administration of two TPACK scales, and one micro-teaching. By this

way, it was tried to capture participants’ progression in detail.

Peer review is another strategy to increase credibility, and all graduate students
naturally employ it since the advisor and the committee members monitor the study

process and comment on findings (Merriam, 2009).
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Reflexivity, which refers to researchers explaining their assumptions, biases, and
experiences regarding the study, is another strategy to increase credibility. In section
3.2.4. The Role of the Researcher, | explained my experiences related to this study and
the implemented course. During my graduate education, | have taken courses related
to qualitative research, research methods, TPACK framework. In addition, | had
experience as a researcher in different projects and research groups related to

technology integration into education.

Dependability deals with the issue of consistency between the collected data and
results. It corresponds to reliability in quantitative studies. However, replicating a
study and yielding the same results is not possible in qualitative research, especially in
social sciences. It is not an aim of qualitative research either. For this reason, in
qualitative research, a study can be accepted to be dependable if the findings are
consistent with the data (Merriam, 2009). To ensure dependability, the use of
triangulation, peer review, reflexivity, and audit trail strategies are suggested. The first
three strategies were also employed to increase credibility and are explained in the
previous paragraphs. The audit trail is “a record of the research process as well as the
theoretical, methodological, and analytical choices made by the researcher” (Bowen,
2009, p.307). Using audit trail, researchers can make their decisions clear for readers
to follow their logic from data to findings. In the present study, sample excerpts from
data were presented to exemplify codes, and the main procedures of lesson plans were
described in detail to clarify their assessment. The audit trail also ensures
confirmability of the study, which corresponds to objectivity in quantitative studies.
(Lincoln & Guba, 1986).

Transferability deals with the issue of the generalizability of the findings to other
situations. It corresponds to external validity in quantitative studies. To ensure
transferability, the most common strategy is to use of rich, thick descriptions
(Merriam, 2009). For this reason, detailed descriptions were provided regarding the

course design, participants, data collection tools, and findings of the present study.
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3.7. Limitations, Delimitations and Assumptions of the Study

Limitations are the potential weaknesses of the study and most of the time beyond
researchers’ control. In the present study, not all of the participants were actively
working as a teacher. Some of them were research assistants, some of them were
graduate students, and some of them were working in different areas. This might have
influenced their progression during the study. Working as a teacher and having actual
classroom experience might be a factor shaping their approach to technology

integration.

Another limitation was performing micro-teachings in the context of a graduate course.
Since it was not possible for all of the participants to arrange a classroom and get the
necessary permissions for practicing implementation of a technology integrated lesson
plan, participants performed micro-teachings in the classroom. Having experience
teaching with technology in an actual classroom environment might have yielded
different results in terms of TPACK development. Moreover, due to time limitations,

each participant performed micro-teaching once throughout the course.

In addition, since all of the participants were graduate students at a research-oriented
university, it can be inferred that they were all successful graduates of the elementary
science education program with strong pedagogical content knowledge. In addition,
since the context of the study was a graduate course, they might have put more effort

while preparing lesson plans.

Delimitations are the limitations the researcher intentionally put into their research to
set the boundaries. In the present study, among the students enrolled in the course,
only the ones with a bachelor’s degree in elementary science education program were
included because it was important for participants to have pedagogical knowledge and
content knowledge. It was assumed that all participants had sufficient pedagogical
knowledge and content knowledge. The course design was focused on improving
technological knowledge and gaining the required skills to combine pedagogy,

content, and technology effectively to teach science content.

65



In addition, the study took place at a single university; the same course design might
have different results at a different university. However, the main components and
principles of the course design might be informative for other researchers and

instructors.

Lastly, it was assumed that participants provided sincere feedback about the course
design. The researcher strongly emphasized in all course meetings and interviews that

the aim is to improve this design; therefore, constructive criticism is very critical.
3.8. Ethical Considerations

Before data collection, approval was obtained from the Ethical Committee of Middle
East Technical University (Appendix E). Participants’ permission was also obtained
by signed consent forms, which included information about the aim of the study, data
collection tools and procedures, and participants’ right to leave the study at any point
(Appendix F). The real names of the participants were never used in the report, and
participants’ data were never shared with anybody. During data analysis, when a

second researcher analyzed data for reliability, participants’ names were kept hidden.
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CHAPTER 4

RESULTS

The purpose of this study was to design a graduate course to promote graduate science
education students’ TPACK development and investigate how graduate science
education students’ level of TPACK, perceived competencies of TPACK, and self-
efficacy of TPACK changed after attending that course. Three research questions
guided the presented study. In this chapter, each sub-section presents information
about the findings related to each research question. First, participants’ ideas about the
designed and implemented course are presented. Second, the change in participants’
perceived competences and self-efficacy of TPACK is explained. Lastly, the change

in participants’ level of TPACK throughout the course is presented.
4.1. Findings for Participants’ Feedback about T-A-P Course Design

The purpose of this section is to present findings related to the first research question
guiding the present study. The question was: “What were graduate science education
students’ ideas about Teaching Science with Technology course based on T-A-P course
design?” In order to answer this question, data collected by means of written feedback
and interviews were analyzed and discussed in the following sub-sections. Data for
each cycle of implementation are presented separately.

4.1.1. Findings for First Cycle of Course Implementation

In this section, findings from seven participants of the first cycle of implementation
were discussed using excerpts from written feedback and interviews. All of the weekly
feedback posted on the online forum, general feedback written at the end of the
semester, and transcripts of the 4" interviews were organized and scanned to identify

emerging codes. Most frequent codes were determined and organized under two
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themes; understanding TPACK and practicing TPACK. Table 4.1 presents these

themes and relevant emerging codes.

Table 4.1
Findings for Participants’ Feedback about the Course

Themes Emergent codes

Class discussions

Understanding TPACK o
In-class activities

Using & learning technologies

Practicing TPACK Performing & observing micro-teachings

4.1.1.1. Understanding TPACK

The analysis of written feedback and interviews revealed that all of the participants
frequently mentioned that reading articles assigned throughout the semester, class
discussions, and in-class activities were effective and helpful for them in improving
their understanding of the TPACK framework. In their written feedback, participants
thought the assigned articles and writing reflections about them helped them
understand the main concepts and principles of the TPACK framework. Besides
reading the articles, discussing them in class with their friends was also found to be
very helpful by participants for the development of their TPACK knowledge.
Throughout the semester, classroom discussions dominated the lessons; instructors
tried to create a discussion environment in all of the lessons. Participants constantly
mentioned that classroom discussions were very effective in seeing other viewpoints

and forming a better understanding. Some of the participants reported that:

Lale — Week 2: I think the discussion method is very effective for this course.
Because we examined the TPACK framework deeply, also, we discussed the
limitations of TPACK this week. By having the discussion, we examine our
understanding, and we learn what other friends figure out from the article. We
reinforce our learnings together.

Cemal — Week 7: Especially the discussion part of the applications was the
most beneficial part because we had a chance to discuss how we can integrate
them into science classes and what are the possible strong points or limited
sides.
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Tomris — Week 8: Integrating domain free technologies into education is
uneasy, and discussing how we can use these technologies in the classes is
helpful to concrete their real class use.

Throughout the semester, there were many in-class activities designed to help
participants improve their understanding of TPACK. In the Theory stage, the activities
were mainly related to the TPACK framework; in the Application stage, they focused
on using, examining, and discussing technological tools; and in the Practice stage, they
included performing micro-teachings and acting as students during micro-teachings.
These activities were highly demanded and appreciated by the participants. Some

comments about these activities made by participants are:

Nilgiin — Week 2: Thanks to different activities, especially when we applied
our current understanding related to the integrative and transformation model
of TPACK, I could understand the difference between two models more
clearly.

Tomris — Week 5: Discussing authentic learning and practical examples for
technology in the classroom that depends on principles of authentic learning
were so helpful and effective for concretizing the interdependence aspect of
technology, pedagogy, content, and context components. Rather than stating
just the name of the activity types, showing specific cases in class is more
beneficial for understanding the concept.

Ozdemir — Week 5: Further, this week had an activity, and this activity helped
me how to prepare a lesson plan by choosing random technological tools and
pedagogy. | think the activity showed that we started to convert our theoretical
TPACK to the application of science lessons, and the most effective part was
the TPACK game.

All participants expressed positive ideas about course content and activities in terms
of helping them understand the TPACK framework. In their general feedback about
the course, all participants stated that after taking the Teaching Science with
Technology course, they gained theoretical knowledge about the TPACK framework
with the help of reading articles, classroom discussions, in-class activities, and

instructor presentations.
4.1.1.2. Practicing TPACK

Participants’ feedback showed that Teaching Science with Technology course made

them practice TPACK and improve their level of TPACK by using/learning different
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technological tools and performing/observing micro-teachings. During the Application
stage of the course, participants learned different technological tools and examined
them in class with the guidance of instructors. This stage was found to be both helpful
and enjoyable by all participants to improve their technological knowledge. In
addition, while examining these tools, participants were also asked to evaluate each
tool in terms of its strengths, weaknesses, and educational uses. They expressed that
learning, using and examining different technological tools, and discussing their
integration into science lessons were effective for their development. Excerpts from

participants’ feedback are quoted below:

Giilten — Week 6: | learnt different technologies and how | can use these
technologies in lessons this week. We also had a chance to try these
technologies, and it was also beneficial and entertaining. I think that this lesson
was very beneficial and informative.

Tomris — Week 7: Learning new educational websites and evaluating them are
helpful in enhancing our technology, pedagogy, and content knowledge.

Lale — Week 8: This week, we investigate different technological tools. Before
this lesson, | have never used some applications such as Facebook, Twitter for
educational purposes. Moreover, | have never used and heard the name of some
of these applications. With the help of this lesson, I will try to use them. Maybe
I will use it next time. | think that learning these applications improves my
technological skills.

Participants also found the Practice stage of the course considerably helpful and
effective. During this stage, each participant performed a micro-teaching in-class and
received feedback from their peers and instructors afterward. For most of the
participants, it was their first experience of implementing a technology integrated
science lesson plan. They frequently mentioned that performing micro-teachings gave
them a chance to face the challenges of integrating technology into science lessons.

Some of the participants reported that:

Nazim — Week 10: As a presenter, | had a chance to use what | have learned in
this course. Moreover, | understood that this course is useful for the ones who
want to develop themselves in technology integration in science classes.
Cemal — Week 11: Micro-teachings are very beneficial for both presenters and
non-presenters. Presenters had a chance to experience their technology
integrated science lessons, and while presenting, they faced both barriers and
strengths of it. Non-presenters also observe the weak and strong points of the
different technologies with different pedagogical and contextual usage.
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Ozdemir — Week 12: When | am a non-presenter, | try to understand how
students have difficulty using technology. As a presenter, |1 observed the
advantages and disadvantages of using technology in the classroom with
respect to teacher and students. I realized my lacking part of TPACK.

Overall, participants expressed that throughout the semester, they had many
opportunities to put their newly gained TPACK knowledge into action. They stated
that with the help of practical classroom activities such as examining technological
tools and performing micro-teachings, they had a chance to identify their strengths and

weaknesses while using technology in science teaching.

To summarize, participants found the course design effective in learning and practicing
TPACK. In the 4™ interview, when they were asked whether they would suggest this
course to a graduate student or a pre-service teacher, all of them stated that they would
suggest this course. Participants mentioned that especially graduate students who wish
to study TPACK in their graduate studies should take this course. They also stated that
graduate students with a different research interests would also benefit from this course
to improve their level of TPACK. For pre-service teachers, all of them stated they
would suggest this course since it would be very helpful for their professional
development. They also mentioned that this course should be a must-course for pre-
service teachers with revisions in the syllabus. They expressed that the course load
would be difficult for pre-service teachers to handle. For this reason, they suggested
that this course should be offered to pre-service teachers by keeping the content of the
course the same and decreasing the number of reading articles and assignments.

4.1.1.3. Suggestions for Improvement of the Course

Since DBR requires at least two or more iterations, and the researcher made necessary
revisions to the design based on preliminary data analysis between iterations, after the
first cycle of implementation, participants’ feedback, responses to TPACK scales, and
their lesson plans were analyzed. The details of analyses for TPACK scales and lesson

plans are presented in the following sections of this chapter.

In their written feedback and interviews, participants were asked to give feedback

about what can be done to improve the quality of the Teaching Science with
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Technology course. Most of the participants expressed that they were satisfied with the
course design and nothing needs to be changed for future semesters. However, there
were some suggestions from some of the participants. Their suggestions for revisions

included:

e Increasing the number of in-class activities during the Theory stage;
e Presenting some of the technological tools during the Theory stage;
e Decreasing the number of technological tools examined during the Application

stage.
These suggestions were assessed by the researcher one by one.

Increasing the number of in-class activities. This suggestion came from two of the
participants after the first lesson. In the first week, there was a small in-class activity
about defining education. At the end of this lesson, two participants suggested there
should be more in-class activities like that. The researcher took this suggestion into
consideration and immediately added in-class activities to each week during the
Theory stage. In both cycles of implementation, each week, there were small in-class

activities during the Theory stage.

Presenting some of the technological tools during the Theory stage. In their general
feedback, two of the participants suggested that some of the technological tools
examined during the Application stage may be presented during the Theory stage. They
stated that the Application stage was more enjoyable when compared to the Theory
stage; therefore, adding technology examinations to these weeks may make the Theory
stage more enjoyable. However, they also said that examining technologies after
gaining theoretical knowledge was more effective. Other participants also stated that
the sequence of stages was meaningful. They explained that they needed theoretical
information regarding technology integration to be able to examine technological tools
with an informed perspective. Since there was no consensus among participants about

this suggestion, no revisions were made based on this suggestion.
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Decreasing the number of technological tools examined during the Application stage.
Three participants suggested that during the Application stage, some technological
tools can be removed from the list of technologies to be examined in order to spend
more time on discussion about these technologies. The researcher also observed that
in some weeks, the examination of technologies took more time than planned. For this
reason, the list of technologies to be examined during the Application stage was
reviewed, and some of the technologies were excluded from classroom discussions
during the second cycle. Even though each week participants were provided with the
same list of technologies in both cycles of implementation, some of the technological
tools were not examined or discussed in the classroom in the second cycle of
implementation. They were just presented to the participants for them to examine in

their own time.

Besides participants’ feedback, data collected by means of TPACK scales were
analyzed, and the results revealed that participants’ self-efficacy and perceived
competencies of TPACK increased significantly at the end of the first cycle of
implementation. In addition, when the first and fourth lesson plans of participants were

compared, there was a noticeable improvement in terms of technology integration.

Based on preliminary analyses, it was concluded that the course design was effective
in terms of supporting participants’ understanding of the TPACK framework, helping
participants integrate technology into their lesson plans, and improving their self-
efficacy and perceived competencies of TPACK. Participants’ feedback also
supported these analyses. For this reason, no major revisions were made to the course

design before the second cycle of implementation.
4.1.2. Findings for Second Cycle of Course Implementation

In this section, findings from five participants of the second cycle of implementation
are presented using excerpts from written feedback and interviews. All of the weekly
feedback posted on the online forum, general feedback written at the end of the

semester, and transcripts of the 4™ interviews were organized and analyzed using the
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emergent codes and themes (see Table 4.1) obtained while analyzing the data from the

first cycle of implementation.
4.1.2.1. Understanding TPACK

Similar to the first cycle of implementation, participants of the second cycle also found
weekly readings and class discussions about them effective for their understanding of
the TPACK framework. In their written feedback and interview, participants stated
that especially during the Theory stage of the course discussing the articles with the
guidance of instructors helped them understand the theoretical background of

technology integration into science education. Some of the participants wrote:

Umay — Week 1: The lesson was different from my expectations in terms of
the discussion part. Actually, | am happy because the discussions in this class
are different from the courses | have taken before. In the discussions in those
classes, we only discussed the given article instead of a free discussion
environment. In other words, we followed those readings step by step in class,
but the discussions did not only depend on articles in this class. Therefore, |
am so glad not to do that. Additionally, the discussion questions in the class
forced me to think about technology integration.

Birhan — Week 2: Before the lesson, my friends have some questions about the
readings. In the lesson, the questions were discussed and answered. This made
the issue more clear. In addition, the main points were supported by the
presentation. This makes us easy to follow the main points. | think that the most
effective part of the lesson was discussing the issue with my classmates and
instructors.

Didem — Week 3: Articles that we read in the 3-week review the literature both
in Turkish and in the international context in detail, and in this way, we had a
chance to look TPACK framework from a broader perspective. We had a
chance to understand the problems of the framework, the areas that need further
investigation, and the points that should be carefully considered while studying
TPACK. Classroom discussions related to these issues were very beneficial
and effective for me.

Participants also mentioned the effectiveness of in-class activities in their feedback
frequently. They stated that the classroom activities such as the Delphi study and
TPACK game helped them clarify important points related to the TPACK framework.

Excerpts from participants’ feedback are quoted below:

Didem — Week 2: The handout that we filled out was very useful. Before
coming to the classroom, | had some questions in my mind related to some
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components of TPACK, and | experienced difficulty when considering related
examples. In the classroom, firstly, definitions of components were given to
us, and then we were asked to find examples regarding this component. We
shared our examples and discussed them, and this was the most effective part
of the lesson for me.

Ayten — Week 4: We talked about a Delphi study about TPACK, and our topic
is what are the knowledge and skills that the TPACK framework components
include for elementary science teachers. In my opinion, the Delphi study helps
us to make it clear the TPACK framework in our mind.

Turgut — Week 5: The most interesting part of the class was the TPACK game
part, of course. We made a basic technology integrated activity plan in a short
time. Therefore, | am happy to see that we can manage to combine randomly
selected pedagogy, randomly selected technology, and content that we
selected.

To sum up, participants thought that the selected articles and class discussions about
them were effective features of the Teaching Science with Technology course in terms
of improving their understanding of technology integration into science education and
the TPACK framework. In addition, additional in-class activities were appreciated by
participants since they increased their participation in lessons and facilitated group

work.
4.1.2.2. Practicing TPACK

During the Application stage of the course, participants were presented with various
technological tools, examined them on their own, and discussed their integration into
the science lesson. Most of the participants mentioned that this stage was helpful for
them to get familiar with technology and gain perspective about technology

integration. Some of the participants reported that:

Turgut — Week 6: | found the examples very interesting and informative; I
didn't know many of them. Being introduced to such technologies and
databases are helpful for us to be familiar with them in our studies and future
lesson plans. Also, the rubric made it easier for us to determine the usability of
that technology.

Didem — Week 9: Firstly, the links of the technologies were introduced to us,
and then we were given some time to play with the technologies, and this was
the most effective part of the lesson for me. | think getting engaged with the
technologies by ourselves is more effective than introducing them through
direct instruction. Then, we discussed how we could use them in science
lessons, their affordances, and their limitations. We were also provided some
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links that included examples about wiki platforms to examine, and | think they
were also beneficial for us.

Ayten — General feedback: Examining of technology part is also a useful part
for me because | gain technological self-efficacy by using them. In addition to
that, 1 had a chance to know such a lot of software technologies which are
appropriate for science teaching.

In addition to examining technologies, using them in their micro-teachings and
observing the performance of their friends were found to be effective by most of the
participants. In their feedback, they stated that performing and observing micro-
teachings were useful to see their own performance and different examples of
technology integrated science lesson plans. Some comments about these micro-

teachings made by participants are:

Birhan — Week 10: All micro teachings were very enjoyable for me. We saw
the different technology combinations, different teaching methods, and
different subjects.

Didem — Week 10: Microteachings in this course were really fruitful and
enjoyable for me. As we have talked about before, TPACK is unique to
teachers, and everybody integrates technologies in different ways, even if they
use the same one. We examined many technologies, and it was good to see how
these technologies combined with the content and pedagogy in practice.
Ayten — Week 11: Micro-teaching is a good idea and application to see how to
use the technologies which we examine in a real classroom. Examination of
technology and application of technology in a classroom are so different.

In short, besides gaining theoretical knowledge about the TPACK framework, getting
a chance to actively use technological tools was effective for participants. Similar to
the findings of the first cycle of implementation, participants of the second cycle also
thought that examining technological tools, discussing their affordances and
limitations, and integrating them into their science lesson micro-teachings were useful

to practice their newly gained technological pedagogical content knowledge.
4.1.2.3. Suggestions for Improvement of the Course

Participants of the second cycle were also asked to provide suggestions to instructors
for improvement of the course. In their feedback and interviews, they did not write any
significant suggestions for the lessons; they just gave positive comments about the
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lessons. In their general feedback and interviews, they again expressed positive ideas.

One of the participants, Turgut, wrote:

“A course like Teaching Science with Technology will help and encourage the
pre-service teachers or teachers to integrate the technology into their lesson as
much as they can. If they take a course like this during school life, they can
easily integrate the technology to get a more effective learning environment in
their lesson®.

Similarly, other participants also mentioned that the organization of stages, class
activities, assignments, and course content were effective and meaningful for their
improvement. This feedback was repeated during the interviews. Since analyses of
TPACK scales and lesson plans also supported this feedback, data collection was
ended at the end of the second cycle. The course design was found effective for
graduate science education students’ development of TPACK according to the

feedback and analysis of data.

4.2. Results for the Change in Participants’ Perceived Competencies and Self-
Efficacy of TPACK

The second research question of the present study was “Is there a change in graduate
science education students’ perceived competencies and self-efficacy of TPACK after
attending the Teaching Science with Technology course based on T-A-P course
design?”. For this research question, data were collected by means of two scales, and

data were analyzed using Wilcoxon Signed Rank Test.

The dependent variables were participants’ perceived competencies of TPACK and
participants’ self-efficacy of TPACK. The independent variable was the time of
administration; before and after taking the Teaching Science with Technology course
based on T-A-P course design. The results for each dependent variable are presented

for each cycle of implementation in the following sub-sections.
4.2.1. Change in Participants’ Perceived Competencies of TPACK
Participants’ perceived competencies of TPACK were measured by the TPACK-Deep

scale, which is a 33-item 5-point Likert type scale composed of four subscales: Design,
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Exertion, Ethics, and Proficiency (Kabakgi-Yurdakul et al., 2012). Data were collected
by means of pre- and post-administration of the scale before and after attending the

Teaching Science with Technology course based on T-A-P course design.

For the first cycle of implementation, descriptive statistics revealed that participants’
mean scores on all of the subscales and total scale increased after attending the
Teaching Science with Technology course. Participants’ mean scores increased from
3.54 to 4.40 in the design subscale; 3.68 to 4.43 in the exertion subscale; 3.64 to 4.76
in the ethics subscale; 3.43 to 3.97 in the proficiency subscale; and 3.59 to 4.41 in a
total of TPACK-Deep scale. Table 4.2 presents descriptive statistics for pre- and post-
administration of the TPACK-Deep scale in the first cycle of implementation.

Table 4.2
Descriptive Statistics for TPACK-Deep Scale (Cycle-1)

Time N Mean SD Min. Max.  Range
Design Pre 7 3.54 .86 2.00 4.60 2.60
Post 7 4.40 34 4.00 4.80 .80
Exertion Pre 7 3.68 59 2.58 4.33 1.75
Post 7 4.43 .36 4.00 4.83 .83
. Pre 7 3.64 49 3.00 4.50 1.50
Ethics
Post 7 4.76 13 4.50 4.83 .33
Proficiency Pre 7 3.43 75 2.20 4.20 2.00
Post 7 3.97 .68 2.80 4.60 1.80
TPACK Pre 7 3.59 .64 2.42 4.24 1.82
competency Post 7 441 31 3.97 4.76 .79

Similarly, participants’ mean scores on all of the subscales and total scale increased
after attending the Teaching Science with Technology course in the second cycle of
implementation. Participants’ mean scores increased from 4.10 to 4.80 in the design
subscale; 4.15 to 4.65 in the exertion subscale; 3.87 to 4.63 in the ethics subscale; 3.64
to 4.24 in the proficiency subscale; and 4.01 to 4.63 in a total of TPACK-Deep scale.
Table 4.3 presents descriptive statistics for pre- and post-administration of the
TPACK-Deep scale in the second cycle of implementation.

78



Table 4.3

Descriptive Statistics for TPACK-Deep Scale (Cycle-2)

Time N Mean SD Min. Max.  Range
Design Pre 5 4.10 .56 3.40 4.80 1.40

Post 5 4.80 .20 4.60 5.00 40
Exertion Pre 5 4.15 43 3.67 4.83 1.17

Post 5 4.65 .38 4.08 5.00 .92

: Pre 5 3.87 42 3.50 4.50 1.00

Ethics

Post 5 4.63 .32 4.17 5.00 .83
Proficiency Pre 5 3.64 .65 2.80 4.60 1.80

Post 5 4.24 46 3.60 4.80 1.20
TPACK Pre 5 4.01 42 3.42 4.61 1.18
competency  Post 5 4.63 .30 4.24 491 .67

In order to investigate whether the increase in mean scores was statistically significant

for subscales and the total scale, Wilcoxon Signed Rank Tests were performed. For

both cycles of implementation, Wilcoxon Signed Rank Test revealed a statistically

significant increase in design competencies of participants after taking the Teaching

Science with Technology course, with a large effect size. Table 4.4 presents the results

of the test for the design subscale.

Table 4.4

Wilcoxon Signed Rank Test Results for Design Subscale

Pretest Posttest Effect

Median Median Size
Cycle-1 3.70 450 2.37 .02 .63
Cycle-2 4.20 4.80 2.03 .04 .64

The design subscale of the TPACK-deep scale consists of 10 items aiming to assess

teachers’ perceived competencies related to designing a teaching process with the help

of technology. Items in this subscale address the important aspects of the teaching

design process, such as analysis of the situation before teaching, selection of
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appropriate methods and technologies, and preparation of a teaching plan. Example

items included in this subscale are:

e | can update an instructional material based on the needs by using technology.

e | can use technology to develop activities based on student needs to enrich
teaching and learning process.

e | can combine appropriate methods, techniques, and technologies by evaluating

their attributes in order to present the content effectively.

Based on the test results, it can be concluded that participants’ perceived competencies
related to designing a teaching plan with the help of technological tools had
significantly improved after attending the Teaching Science with Technology course
based on T-A-P course design for both cycles of implementation.

Wilcoxon Signed Rank Test also revealed a statistically significant increase in exertion
competencies of participants after taking the Teaching Science with Technology course
for both cycles of implementation with a large effect size. Table 4.5 presents the results

of the test for the exertion subscale.

Table 4.5

Wilcoxon Signed Rank Test Results for Exertion Subscale

Pretest Posttest 7 S; Effect

Median ~ Median g Size
Cycle-1 3.83 4.58 2.37 .02 .63
Cycle-2 4.08 4.58 2.02 .04 .64

The exertion subscale of the TPACK-deep scale consists of 12 items designed to
capture teachers’ perceived competencies related to the execution of a teaching process
while using technology. Items in this subscale are focused on the active learning
process of students and the evaluation of the effectiveness of the teaching process.

Example items of this subscale are:
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e | can implement effective classroom management in the teaching and learning
process in which technology is used.

e | can use technology for implementing educational activities such as
homework, projects etc.

e | can use innovative technologies to support the teaching and learning process.

Based on the test results, it can be inferred that participants’ perceived competencies
related to executing a teaching process in which technology is used significantly
improved after attending the Teaching Science with Technology course based on T-A-

P course design for both cycles of implementation.

For both cycles of implementation, Wilcoxon Signed Rank Test revealed a statistically
significant increase in ethics competencies of participants after taking the Teaching
Science with Technology course, with a large effect size. Table 4.6 presents the results

of the test for the ethics subscale.

Table 4.6
Wilcoxon Signed Rank Test Results for Ethics Subscale

Pretest Posttest 7 si Effect

Median Median g Size
Cycle-1 3.67 4.83 2.37 .02 .63
Cycle-2 3.83 4.67 2.02 .04 .64

The ethics subscale of the TPACK-deep scale includes six items focusing on teachers’
perceived competencies related to ethical issues regarding the teaching profession and
technology use in the classroom. Items in this subscale address ethical issues such as
equal access, protection of privacy, and copyright issues. Example items covered in

this subscale are:

e | can provide each student equal access to technology.
e [ can follow the teaching profession’s codes of ethics in online educational

environments.
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Based on the test results, it can be claimed that participants’ perceived competencies
related to ethical issues regarding integrating technology in their teaching process had
significantly developed after attending the Teaching Science with Technology course

based on T-A-P course design for both cycles of implementation.

According to Wilcoxon Signed Rank Test results, there was a statistically significant
increase in proficiency competencies of participants after taking the Teaching Science
with Technology course for both cycles of implementation with a large effect size.

Table 4.7 presents the results of the test for the proficiency subscale.

Table 4.7
Wilcoxon Signed Rank Test Results for Proficiency Subscale

Pretest Posttest 7 S; Effect

Median ~ Median g Size
Cycle-1 3.40 4.20 2.46 .01 .66
Cycle-2 3.60 4.40 2.02 .04 .64

The proficiency subscale is composed of five items aiming to assess teachers’
perceived competencies related to troubleshooting problems that can occur while
integrating technology into the teaching process. The items of this subscale focus on
becoming an expert and cooperating with others while using technology in teaching.

Example items included in this subscale are:

e | can troubleshoot any kind of problem that may occur while using technology
in any phase of the teaching-learning process.
e | can become a leader in spreading the use of technological innovations in my

teaching community.

Based on the test results, for both cycles of implementation, it can be said that
participants’ perceived competencies related to their proficiency while using
technology in their teaching process had significantly improved after attending the

Teaching Science with Technology course based on T-A-P course design.
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As it was evident from the results regarding subscales, participants’ overall perceived
competencies of TPACK improved significantly for both cycles of implementation.
The developers of the TPACK-Deep scale also suggested the use of total scores for the
scale. The minimum score that can be obtained from this scale is 33, and the maximum
score is 165. According to the information provided by the developers of this
instrument, total scores above 130 corresponds to a high level of TPACK; scores
between 95 and 130 correspond to a medium level of TPACK, and scores below 95
correspond to a low level of TPACK. Table 4.8 presents the total scores of each

participant from both cycles of implementation before and after taking the course.

Table 4.8
Total Scores of Participants for TPACK-Deep Scale

Pre-administration Post-administration
Participant Cycle  Total score I_I'_Efgg Total score 'II_'E\,ﬁ:clj
Nazim 1 80 Low 131 High
Nilgiin 1 108 Medium 137 High
Ozdemir 1 140 High 157 High
Cemal 1 140 High 151 High
Giilten 1 111 Medium 154 High
Lale 1 123 Medium 152 High
Tomris 1 128 Medium 137 High
Umay 2 113 Medium 146 High
Birhan 2 152 High 162 High
Didem 2 131 High 154 High
Ayten 2 131 High 162 High
Turgut 2 134 High 140 High

All of the participants’ total scores increased after taking the Teaching Science with
Technology course. In the first cycle of implementation, at the beginning of the course,
one participant had a low level of TPACK, four participants had a medium level of
TPACK, and two participants had a high level of TPACK. At the end of the course, all
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of the participants had a high level of TPACK. In the second cycle of implementation,
at the beginning of the course, one participant had a medium level of TPACK, and four
participants had a high level of TPACK. At the end of the course, the participant with
a medium level of TPACK also had a high level of TPACK, and the other participants
increased their total scores.

4.2.2. Change in Participants’ Self-efficacy of TPACK

Participants’ self-efficacy of TPACK was measured by the TPACK-SeS scale, which
is a 52-item 100-point rating scale ranging from 0 (cannot do at all) to 100 (highly
certain can do) divided into 10 unit intervals and composed of eight subscales:
Technological knowledge (TK), pedagogical knowledge (PK), content knowledge
(CK), technological pedagogical knowledge (TPK), technological content knowledge
(TCK), pedagogical content knowledge (PCK), technological pedagogical content
knowledge (TPACK) and knowledge of the context (CxK) (Canbazoglu-Bilici et al.,
2013). Data were collected by means of pre- and post-administration of the scale
before and after attending the Teaching Science with Technology course based on T-

A-P course design.

For the first cycle of implementation, descriptive statistics revealed that participants’
mean scores on all of the subscales and total scale increased after attending the
Teaching Science with Technology course. The largest increases were observed in TK
(mean difference = 16.46), TCK (mean difference = 18.50), TPK (mean difference =
18.16), TPACK (mean difference = 18.71), and CxK (mean difference = 18.93)
subscales. Participants’ mean score of overall self-efficacy of TPACK also increased
from 75.89 to 89.10 at the end of the course. Table 4.9 presents descriptive statistics
for pre- and post-administration of the TPACK-SeS scale in the first cycle of

implementation.
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Table 4.9
Descriptive Statistics for TPACK-SeS Scale (Cycle-1)

Time N Mean SD Min. Max. Range
PK Pre 7 76.02 6.33 64.29 84.29 20.00
Post 7 87.55 5.39 78.57 92.86 14.29
CK Pre 7 80.00 8.55 70.00 90.00 20.00
Post 7 85.24 9.01 76.67 100.00 23.33
PCK Pre 7 81.21 5.43 71.00 87.00 16.00
Post 7 88.14 5.68 78.50 94.00 15.50
TK Pre 7 73.57 17.66 50.00 95.00 45.00
Post 7 90.03 6.94 81.00 100.00 19.00
TCK Pre 7 73.57 17.01 45.00 95.00 50.00
Post 7 92.07 5.08 82.50 97.50 15.00
TPK Pre 7 72.96 19.37 37.14 95.00 57.86
Post 7 91.12 3.50 85.71 95.00 9.29
TPACK Pre 7 71.14 15.36 44.00 88.00 44.00
Post 7 89.86 5.49 84.00 98.00 14.00
CxK Pre 7 72.50 16.89 45.00 92.50 47.50
Post 7 91.43 5.61 81.25 97.50 16.25
Total Pre 7 75.89 10.75 58.96 88.02 29.06
Post 7 89.10 4.73 81.77 94.04 12.27

For the second cycle of implementation, descriptive statistics revealed that
participants’ mean scores on all of the subscales and total scale of TPACK-SeS
increased after attending the Teaching Science with Technology course. However, the
increases were smaller when compared to the increases observed in the first cycle of
implementation. The largest increases were observed in TPK (mean difference =
11.71), TCK (mean difference = 7.50), CxK (mean difference = 7.50) and TPACK
(mean difference = 13.80) subscales. Participants’ mean score of overall self-efficacy
of TPACK also increased from 81.67 to 88.23 at the end of the course. Table 4.10
presents descriptive statistics for pre- and post-administration of the TPACK-SeS scale

in the second cycle of implementation.
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Table 4.10
Descriptive Statistics for TPACK-SeS Scale (Cycle-2)

Time N Mean SD Min. Max. Range
PK Pre 5 81.71 9.76 71.43 97.14 25.71
Post 5 86.71 6.01 77.14 92.14 15.00
CK Pre 5 83.17 8.63 76.67 97.50 20.83
Post 5 85.17 5.48 76.67 90.83 14.17
PCK Pre 5 85.20 9.44 76.00 100.00 24.00
Post 5 87.80 9.65 73.00 100.00 27.00
TK Pre 5 78.60 16.55 58.00 98.00 40.00
Post 5 84.80 6.10 76.00 92.00 16.00
TCK Pre 5 83.00 12.04 70.00 100.00 30.00
Post 5 90.50 7.16 82.50 100.00 17.50
TPK Pre 5 80.00 12.16 65.71 98.57 32.86
Post 5 91.71 6.18 84.29 100.00 15.71
TPACK Pre 5 77.20 16.04 60.00 98.00 38.00
Post 5 91.00 6.86 82.00 100.00 18.00
CxK Pre 5 81.50 11.12 67.50 95.00 27.50
Post 5 89.00 7.42 82.50 100.00 17.50
Total Pre 5 81.67 9.60 71.88 97.71 25.83
Post 5 88.23 6.03 78.96 94.79 15.83

In order to examine whether the increase in participants’ scores was statistically
significant for subscales and the total scale, Wilcoxon Signed Rank Tests were
performed. For the first cycle of implementation, Wilcoxon Signed Rank Test revealed
a statistically significant increase in participants’ overall self-efficacy of TPACK after
taking the Teaching Science with Technology course, z = 2.37, p < .05, with a large
effect size (r = .63). When the change in the scores of subscales was examined, the
magnitude of difference, measured by effect size, was large in all of the subscales (r
value ranged between .59 and .63). Table 4.11 presents the results of the test for

subscales and the total scale.
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Table 4.11

Wilcoxon Signed Rank Test Results for TPACK-SeS Scale (Cycle-1)

Pretest

Posttest

Median Median Z Sig. Effect Size
PK 75.71 90.00 2.37 .02 .63
CK 80.00 81.67 2.37 .02 .63
PCK 83.50 89.00 2.20 .03 59
TK 78.00 89.00 2.38 .02 .63
TCK 75.00 92.50 2.37 .02 .63
TPK 81.43 91.43 2.20 .03 59
TPACK 74.00 90.00 2.37 .02 .63
CxK 67.50 93.75 2.37 .02 .63
Total 79.38 91.25 2.37 .02 .63

On the other hand, for the second cycle of implementation, Wilcoxon Signed Rank

Test revealed that the increase in participants’ scores on the subscales and the total

scale of TPACK-SeS was not statistically significant after taking the Teaching Science

with Technology course. Table 4.12 presents the results of the test for subscales and

the total scale.

Table 4.12

Wilcoxon Signed Rank Test Results for TPACK-SeS Scale (Cycle-2)

Pretest Posttest 7 Sig

Median Median '
PK 78.57 87.14 1.48 14
CK 78.33 86.67 .67 .50
PCK 86.00 88.00 .67 .50
TK 72.00 86.00 .67 .50
TCK 80.00 90.00 1.29 .20
TPK 78.57 90.00 1.75 .08
TPACK 82.00 90.00 1.75 .08
CxK 80.00 87.50 1.63 10
Total 79.58 87.92 1.75 .08
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When each participant’s individual scores on pre- and post-administration of the
TPACK-SeS scale were examined, it was seen that almost all of the participants’
scores increased in all of the subscales and total scale after attending the Teaching
Science with Technology course. Table 4.13 presents the scores of each participant
from both cycles of implementation before and after taking the course.

Table 4.13

Pre- and Post-administration Scores of Participants for the TPACK-SeS Scale

PK
CK
PCK
TK
TCK
TPK
TPACK
CxK
Total

Cycle-1
Nazim Pre 74 70 80 50 45 37 43 52 56
Post 91 78 86 88 83 91 85 90 87
Nilgiin Pre 63 72 71 55 65 60 63 64 64
Post 81 78 79 81 89 86 84 81 82
Ozdemir Pre 85 80 78 95 90 86 88 82 86
Post 89 82 94 98 95 94 98 92 93
Cemal Pre 74 90 84 95 95 95 88 90 89
Post 92 93 92 98 96 95 95 93 94
Giilten Pre 76 85 84 65 65 70 68 70 73
Post 91 90 94 89 93 91 92 87 91
Lale Pre 81 90 78 77 80 81 75 66 79
Post 90 100 89 90 98 93 88 96 93
Tomris Pre 78 73 85 78 75 81 73 92 79
Post 79 77 84 83 93 87 85 98 86
Cycle-2
Umay Pre 71 78 78 73 70 66 62 76 72
Post 76 77 73 77 83 84 82 88 80
Birhan Pre 99 98 100 96 100 99 100 98 99
Post 91 91 90 88 95 96 95 92 92
Didem Pre 76 85 86 73 80 79 83 80 80
Post 84 88 88 87 85 90 88 82 87
Ayten Pre 79 77 86 55 75 83 83 90 78
Post 91 83 100 80 100 100 100 100 94
Turgut Pre 84 78 76 98 90 74 63 68 79
Post 86 87 88 92 90 89 87 82 87
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As it was evident from descriptive and inferential analysis, participants’ self-efficacy
of TPACK and its components had significantly improved after attending the Teaching
Science with Technology course based on T-A-P course design for the first cycle of

implementation.

On the other hand, for the second cycle of implementation, the increase was not
statistically significant. When the individual scores of participants were examined, it
was seen that one of the participants from the second cycle, Birhan, had very high
scores on pre-administration. Her scores for subscales and the total scale ranged
between 96 and 100. Her post-administration scores were also very high and ranged
between 88 and 96; however, due to the small sample size, this decrease affected the

results of the inferential statistics.
4.3. Findings for the Change in Participants’ Level of TPACK

The third research question of the present study was “How did graduate science
education students’ level of TPACK change as they attend Teaching Science with
Technology course based on T-A-P course design?”. In order to answer this research
question, data collected by means of four lesson plans were analyzed using the TPACK
levels rubric developed by Lyublinskaya and Tournaki (2012; 2014) and documented
for each cycle of implementation in the following sub-sections.

4.3.1. Participants’ TPACK Level at the Beginning of the Course

Participants of the present study submitted their first lesson plans at the beginning of
the semester, before the first lesson. They were instructed to integrate at least one
technological tool into their lesson plans to teach a science topic. They were told they
could choose grade level, topic, objectives, teaching methods, and technological tools

freely as long as they stayed within the boundaries of the National Science Curriculum.
4.3.1.1. Assessment of First Lesson Plans (Cycle-1)

This section presents findings related to the first lesson plans of first cycle participants.

The main activities of the plans and their assessment were explained to each participant
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separately. The content, pedagogy, and technology used by participants of the first

cycle in the first lesson plans are presented in Table 4.14.

Table 4.14

Main Components of Cycle-1 Participants’ First Lesson Plans

Participant ~ Content Pedagogy Technology

Lale Light & shadow Demonstration Flashlight of mobile
phone

Nazim Proteins Laboratory work Video call program

Tomris Gas pressure Demonstration Video

Giilten Electric circuits Analogy Simulation

Ozdemir Factors affecting the  5E — Learning cycle  Simulation, video,

brightness of a lamp camera, and smart

board

Cemal The cell Learning cycle Mobile application,
online game

Nilgiin Floating and sinking  Argumentation Simulation

objects

Lale’s first lesson plan was scored at the Recognizing (1) level for all components of
the TPACK levels rubric because it did not integrate any technological tools for
teaching or learning the subject matter (Figure 4.1). In her lesson plan, the teacher
explained the topic of light and shadows using the demonstration method. For
technology integration, the teacher used the flashlight feature of a mobile phone during
the experiment to create shadows. There were no instructional technologies to be used
for subject matter development, presentation of information, student practice, or any
other teaching or learning purpose. Technology was just used as a practical tool to
replace a flashlight. In the interview, she expressed that “I implemented this plan
before in my classroom in the same way. Using a flashlight, | helped students observe
shadows”. She considered the flashlight as an instructional technology to teach science
content even though it has been considered to be a transparent technology for many

years.
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Lale's First Lesson Plan Assessment
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C1: Overarching C2: Student  C3: Curriculum C4: Instructional
Conception Understanding Strategies

o B N W b~ O

Figure 4.1 Lale's First Lesson Plan Assessment

In Nazim’s first lesson plan, most of the lesson was conducted without the integration
of any technological tool. Using laboratory work as the teaching method, students
learned about proteins and did an experiment with food containing proteins using nitric
acid as an indicator. As technology integration, using a video call program, the teacher
connected three experts to the classroom after the experiment, and they shared
information about proteins. Then, students asked questions to those experts if they had
any. In this plan, technology was mainly used for motivational and practical purposes
by the teacher. Students did not use technology on their own for learning. For this
reason, this lesson plan was scored at the Recognizing (1) level for C2-Student
Understanding and C4-Instructional Strategies components of the TPACK levels
rubric (Figure 4.2). Since the technology was used as an add-on to standard approaches
of teaching and the use of technology allowed presenting new knowledge from experts,
this plan met one criterion from the Accepting (2) level of C1-Overarching Conception
and C3-Curriculum components and scored as transitioning from Recognizing to
Accepting (1.5). In the interview, when asked about why he chose this technology,
Nazim expressed that “I used it to involve experts in the classroom. Without
technology, it would be difficult to connect experts with students”. He did not give any
reasons related to teaching and learning. He explained that he used it for practical and
motivational purposes. He also stated that he would not use any technological tools

while teaching this lesson plan if it was not a requirement of the course.
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Nazim's First Lesson Plan Assessment
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Figure 4.2 Nazim's First Lesson Plan Assessment

Tomris used the demonstration method to teach about gas pressure by performing an
experiment to the students in her first lesson plan. Most of the lesson was conducted
without the integration of technology. At the end of the demonstration and classroom
discussion about the observations and conclusions related to the experiment, students
watched a video about the topic summarizing the main points. In this lesson plan,
technology was mainly used for motivational purposes rather than actual subject
matter development. There were no inquiry activities with technology, and technology
was just used for summarizing the topic. For these reasons, this lesson plan was scored
as transitioning from Recognizing to Accepting (1.5) for C1-Overarching Conception
and C4-Instructional Strategies components (Figure 4.3). In addition, digital materials
mirrored the structure of the textbook presentation, there were no independent student
explorations, technology was used as an add-on to standard approaches of curriculum,
and the instruction was teacher-led. Therefore, this lesson plan was scored at the
Accepting (2) level for C2-Student Understanding and C3-Curriculum components. In
the interview, she stated that “I wanted to use a simulation for student explorations,
but I could not find anything appropriate. For this reason, | thought at least | can use a
video, and that is why I used it”. She did not try to make students more active while
watching the video or find other technological tools that might make the lesson more

student-centered.
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Tomris's First Lesson Plan Assessment
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Figure 4.3 Tomris’s First Lesson Plan Assessment

In her first lesson plan, Giilten used the water circuit analogy to teach students about
electric circuits. Most of the lesson was conducted without using any technological
tool. The teacher explained the topic via direct instruction using an analogy. After
teaching the topic, the teacher opened a simulation on the smart board to review the
concepts and the relationship between voltage, current, and resistance. In this plan,
technology was only used by the teacher for demonstration as an add-on to standard
approaches of teaching. Even though digital materials provided an environment to do
science and aligned with curriculum goals, they were only used for teacher
demonstrations, and students did not have a chance to actively and/or independently
use technology to explore the topic. For these reasons, this lesson plan was scored as
transitioning from the Accepting to Adapting (2.5) level for C2-Student Understanding
and C3-Curriculum components. Since there were no inquiry tasks for students and all
instructions were teacher-led, this plan was scored at the Accepting (2) level for C1-
Overarching Conception and C4-Instructional Strategies components (Figure 4.4). In
the interview, she justified her reason for using this simulation as “I used this
simulation because it helps students understand the relationships between variables
better. When | manipulate the variables, the students can see how other variables
change”. Even though she was aware of the affordances of the simulation she selected,

she did not use them effectively in her lesson plan.
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Giilten's First Lesson Plan Assessment
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Figure 4.4 Giilten's First Lesson Plan Assessment

Ozdemir’s first lesson plan included the use of a simulation, a video, a camera, and a
smart board. Using the 5E learning cycle teaching method, the topic of factors
affecting the brightness of a lamp was taught. At the beginning of the lesson, students
performed an experiment by setting up an electric circuit and manipulating the related
variables. The teacher used the camera to record the experiment to upload it to an
online video streaming platform afterward. The teacher guided students to draw
conclusions and made connections at the end of the experiment. For elaboration, the
teacher opened a simulation on the smart board, and volunteer students repeated the
same experiment on the simulation. The teacher also showed a short video about the
topic at this point. Since there were no inquiry tasks for students, the integration of
technology was teacher-led, and technology was mainly used for demonstrations, this
lesson plan was scored at the Accepting (2) level for C1-Overarching Conception and
C4-Instructional Strategies components (Figure 4.5). For C2-Student Understanding
and C3-Curriculum components, this plan was scored as transitioning from Accepting
to Adapting (2.5). Even though digital materials provided an environment for students
to do science, technology was not used for independent student explorations. They just
followed the steps demonstrated by their teacher. In addition, selected technologies
were aligned with curriculum goals, but mostly standard approaches were used for
teaching the topic, and technology was used as an add-on. In the interview, when asked
about why he used those technologies, he expressed that “I used smart board for

motivational purposes, to attract students’ attention. | used simulation for practice
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purposes; students can replicate what they did in the experiment, so they learn the topic
better”. In his plan, he taught the topic the way he felt comfortable and used technology

as an add-on.

Ozdemir's First Lesson Plan Assessment

0y

C1: Overarching C2: Student  C3: Curriculum C4: Instructional
Conception Understanding Strategies

o P, N W b~ O

Figure 4.5 Ozdemir's First Lesson Plan Assessment

The first lesson plan of Cemal included the integration of a mobile application about
the cell and organelles. The learning cycle with three phases was used as the teaching
method. At the beginning of the lesson, students’ prior knowledge about the main parts
of the cell was checked. Then, students were instructed to investigate the eukaryotic
cell model and organelles presented in the application. Then, after students learned
about the organelles, the teacher introduced a matching activity on the board in which
students matched organelles with their functions. Then, the teacher concluded the topic
and opened an online game for assessment in which students were asked to label
organelles and explain their functions. In this plan, technology was mostly used by
students to explore the topic and learn new information. For this reason, this plan met
one of the criteria of the Exploring (4) level of C1-Overarching Conception component
and was scored as transitioning from Adapting to Exploring (3.5). For all of the other
components, this lesson plan was scored at the Adapting (3) level because digital
materials did not allow students to take actions and observe the consequences.
Technology based tasks were used as a replacement for traditional curriculum
approaches, the students used digital materials to learn new information with teacher

guidance, and the teacher controlled the progression of the activities (Figure 4.6). In
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the interview, Cemal stated that “I selected these technologies to visualize abstract
concepts. | implemented this exact plan in my classroom, but the students needed too
much guidance from me. They had difficulties when using the application on their
own. | had to guide them when using these technologies on their own regarding what
they should look for, how to use the application etc.”. Since he implemented this
lesson plan in his actual classroom, he was aware of the problems that might occur and

constructed his plan accordingly to have more teacher guidance and direction.

Cemal's First Lesson Plan Assessment
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Figure 4.6 Cemal's First Lesson Plan Assessment

Nilgiin chose floating and sinking of the objects as the topic to be taught and used
inquiry-based learning as the teaching method. At the beginning of the lesson, the
teacher asked students what makes an object float or sink in a particular liquid. Then,
students formed groups and were introduced to a simulation where they could change
the mass, volume, and density of objects and liquids to explore floating and sinking.
The teacher guided each group to form different research questions. Students formed
hypotheses, made observations, and collected data using the simulation on their own.
They determined their own method for investigating their research question. At the
end, a student from each group shared their results and conclusions with the class.
After students’ explanations and discussion, the teacher summarized the topic and
concluded the lesson. In this lesson, students were the primary user of the
technological tools to explore a new topic. Technology-based tasks were inquiry-

based, and the teacher acted as a guide when they were experimenting with the
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technology. The teacher successfully taught curriculum objectives with the help of
technology. For these reasons, this lesson plan was scored at the Exploring (4) level
for all components of the TPACK levels rubric (Figure 4.7). In the interview, Nilgiin
mentioned that “I selected this technology to make students collect data, make
observations and draw conclusions. It would be difficult to do this activity with
materials in a classroom environment”. She was able to identify an appropriate

technology to enrich her teaching and go beyond traditional approaches.

Nilgiin's First Lesson Plan Assessment
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Figure 4.7 Nilgiin's First Lesson Plan Assessment

Most of the first lesson plans submitted by the first cycle participants were scored at
the Recognizing and Accepting levels across components of the TPACK levels rubric.
None of the lesson plans were scored at the Advancing level (the highest level of the
rubric) for any of the components. Exploring was the highest level of scoring achieved
across the first lesson plans. Table 4.15 presents the assessment of the first lesson plans
across the components of the TPACK levels rubric for all participants of the first cycle

of implementation.
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Table 4.15

Assessment of the First Lesson Plans (Cycle-1)

- C1: Overarching  C2: Student C3: C4: Instructional
Participant . . . .
Conception Understanding  Curriculum Strategies
Lale 1.0 1.0 1.0 1.0
Nazim 15 1.0 15 1.0
Tomris 1.5 2.0 2.0 1.5
Giilten 2.0 2.5 2.5 2.0
Ozdemir 2.0 2.5 2.5 2.0
Cemal 35 3.0 3.0 3.0
Nilgiin 4.0 4.0 4.0 4.0

4.3.1.2. Assessment of First Lesson Plans (2" Cycle)

In this section, findings related to the first lesson plans of second cycle participants are
explained. The content, pedagogy, and technology used in the first lesson plans by

participants of the second cycle of course implementation are presented in Table 4.16.

Table 4.16

Main Components of Cycle-2 Participants’ First Lesson Plans

Participant ~ Content Pedagogy Technology

Umay Sound waves Direct instruction Audio editor

Birhan Moon phases Learning cycle Animation

Turgut Food chain Discovery learning ~ Animation, online

game

Didem The cell Analogy Simulation

Ayten Genotypes & 5E — Learning cycle  Animation,
phenotypes simulation

Umay used direct instruction and questioning to teach students about the properties of
sound and sound waves. The topic was explained by the teacher without the integration
of technology. After the teacher explained the important concepts and characteristics
of sound, students were divided into groups and used sound editing software on
computers to investigate the concepts they learned. They investigated the soundwaves

for different sounds. Then, a classroom discussion was held about their observations
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and conclusions. In this plan, most of the new information was taught beforehand via
direct instruction. Students used technology on their own with the guidance of their
teacher to practice newly learned information. For this reason, this plan was scored at
the Adapting (3) level for C2-Student Understanding component (Figure 4.8). For all
of the other components of the rubric, this lesson plan was scored at the Accepting (2)
level because the technology was mostly used as an add-on to traditional approaches
of teaching for practice and motivation purposes. It is partially aligned with the
curriculum, there were no inquiry activities for students, and the instructions were
teacher-led. In the interview, she stated that “This technology helps students visualize
the properties of soundwaves, that’s why I used it. But if it was not a course
requirement, | would not probably use this technology to teach this topic”. As she

mentioned, she just used technology as an add-on because it was a course requirement.

Umay's First Lesson Plan Assessment
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Figure 4.8 Umay's First Lesson Plan Assessment

Birhan used the learning cycle method to teach about the phases of the moon. First,
she used a concept cartoon to help students think about how and why there are different
phases of the moon. Then, the teacher asked students to form a hypothesis about this
phenomenon. Using a V diagram, students answer some questions about the phases of
the moon. Then, the teacher used animation to show students how the phases of the
moon occur and asked students some questions about this phenomenon. In this lesson
plan, the teacher was the primary user of the technology to visualize the topic, and

there was no room for student explorations. The instructions were teacher-led, and
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technology was just used for demonstration. Students made observations under the
guidance of their teacher, and there were no explorations with technology. Technology
was used as an add-on to the standard approaches of teaching. Therefore, this plan was
scored at the Accepting (2) level for all components (Figure 4.9). In the interview,
Birhan stated that “I used an animation because it would be difficult to teach the phases
of the moon with a model. Technology helps students observe the positions of the
moon, sun and earth easily”. She used technology to support her teaching process;

however, the plan was mostly teacher-directed.

Birhan's First Lesson Plan Assessment
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Figure 4.9 Birhan's First Lesson Plan Assessment

Turgut used discovery learning to teach students about food chains. First, the students
used animation to learn about food chains and important terms such as consumers,
producers, and decomposers. Then, students formed groups and used an online game
to construct different food chains. Then, the teacher introduced the concepts of the
food web and food pyramid, and students continued to use the online game to learn
more about these concepts. In this plan, students used technology to learn new
concepts on their own with the guidance of their teacher; however, the nature of the
selected technologies did not allow them to ask their own questions to investigate.
Technology-based activities were similar to tasks based on traditional approaches. For
these reasons, this plan was scored at the Adapting (3) level for C1-Overarching
Conception and C3-Curriculum components of the TPACK levels rubric (Figure

4.10). For C2-Student Understanding and C4-Instructional Strategies components,
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this plan was scored as transitioning from Accepting to Adapting (2.5) because the
nature of the technological tools selected did not allow students to do active
explorations. In the interview, Turgut stated that “The online game did not allow
students to make any mistakes while they are constructing the food chains. It only
allows students to drag correct animals to their correct position on the food chain, but
I could not find a better tool”. Even though he was aware of the limitations of the

technology he chose, he still used it in his plan.

Turgut's First Lesson Plan Assessment
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Figure 4.10 Turgut's First Lesson Plan Assessment

Didem also selected the topic of the cell and its organelles to teach using analogies.
The lesson started with students filling out a KWL chart to identify what they already
knew about the cell and what they wanted to learn. Then, the teacher shared a link of
a simulation with students, which allowed students to learn about the cell and its
organelles and observe the differences between animal and plant cells. After students
completed their exploration, the teacher opened an online game on the smart board and
asked students to label the organelles of animal and plant cells. At the end of the lesson,
the students were expected to create a cell analogy working in groups and share their
work with their friends on the online classroom group. Since, in this plan, students
were the primary user of the technology to learn new information and exploration, one
of the criteria of Exploring level was achieved, and this plan was scored as
transitioning from Adapting to Exploring (3.5) for C1-Overarching Conception

component (Figure 4.11). Adapting (3) level was achieved for the other components
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since the technology was used as a replacement for non-technology based activities,
and digital materials were used by students to learn new information. However, digital
materials did not allow students to take actions and observe the consequences. In the
interview, Didem mentioned that “I selected this simulation to make the lesson more
student-centered. Because this topic is generally taught by direct instruction, and
students tend to memorize the information. This simulation helped them construct their
own knowledge”. She tried to make her lesson more student-centered with the help of
technology; however, due to the nature of the topic chosen, technology-based activities
were mostly a replacement for traditional classroom activities. They did not allow
students to ask questions to explore.

Didem'’s First Lesson Plan Assessment
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Figure 4.11 Didem's First Lesson Plan Assessment

Ayten selected the topic of genetic heritage to teach with the 5E learning cycle teaching
method. After reviewing the previously learned concepts, the teacher started the lesson
by showing an animation to students about parents and offspring. She made an
introduction using animation. Then, students formed groups to investigate how
genotypes and phenotypes of offspring were determined using a simulation. In the
simulation, there are different scenarios available for students to explore. The teacher
made sure each group investigated a different scenario so that at the end of the activity,
students could learn from each other’s investigations. Using the simulation, students
made observations and calculations to collect data. After all groups finished their

investigations, each group presented their observations and conclusions to the whole
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class. This lesson plan was scored at the Exploring (4) level for C3-Curriculum
component of the TPACK levels rubric (Figure 4.12) because the teacher changed the
way this topic is traditionally taught and selected a technology aligned with curriculum
goals. For other components, this plan was scored as transitioning from Adapting to
Exploring (3.5) because even though students used technology on their own to learn
new information via inquiry-based learning, the activities presented by the simulation
were too prescribed. The simulation told students what to do at each step. The teacher
controlled the progression of the activities using the simulation. In the interview, Ayten
mentioned that “The content of the technological tools are the most important thing
for me while selecting a technology. The ones | used include all important information
about this topic. These technologies are effective both for teachers and students”. She
was able to identify an appropriate technology to make her students explore science

ideas in a way that was not possible without technology.

Ayten's First Lesson Plan Assessment
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Figure 4.12 Ayten's First Lesson Plan Assessment

Most of the first lesson plans submitted by the second cycle participants were scored
at the Accepting and Adapting levels across components. None of the lesson plans was
scored at the Advancing level (the highest level of the rubric) for any of the
components. Exploring was the highest level of scoring across the first lesson plans,
which was achieved by one participant only for one of the components. Table 4.17
presents the assessment of the first lesson plans across the components of the TPACK

levels rubric for all participants of the second cycle.
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Table 4.17

Assessment of the First Lesson Plans (Cycle-2)

Participant C1: Overarching  C2: Student C3: C4: Instructional
Conception Understanding  Curriculum Strategies
Umay 2.0 3.0 2.0 2.0
Birhan 2.0 2.0 2.0 2.0
Turgut 3.0 2.5 3.0 2.5
Didem 3.5 3.0 3.0 3.0
Ayten 3.5 3.5 4.0 3.5

4.3.1.3. Summary of the Findings for First Lesson Plans

Participants’ overall TPACK level is determined by the lowest score they receive
across the components of the TPACK levels rubric. Figure 4.13 presents the
distribution of participants from both cycles across different levels for the components
of the TPACK levels rubric and overall TPACK level.

Assessment of First Lesson Plans
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Figure 4.13 Assessment of Participants’ First Lesson Plans

In the present study, five participants’ (Giilten, Ozdemir, Umay, Birhan, and Turgut)

overall TPACK was at the Accepting level. The teachers at this level mostly use
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technology for teacher demonstrations and student practice. Technology-based
activities at this level do not include inquiry-based tasks or independent student
explorations. Even if digital materials are aligned with curriculum goals, they
generally represent a textbook structure and are mostly used as an add-on to traditional
classroom activities. In their first plans, most of these participants used technology
after the topic was taught with traditional methods. Even if, in some cases, students
used technology on their own, there were no independent explorations of the topic with

technology. Most of the time, technology was used to introduce concepts or practice.

Three of the participants’ (Lale, Nazim, and Tomris) overall TPACK was determined
to be at Recognizing level. At this level, technology is mostly used for motivational
purposes instead of subject matter development. Technology is not used for learning
any new materials; it only provides opportunities for drill and practice. Participants at
this level did not use technology for subject matter development. The teacher was the
only user of the technology in their plans for motivational and practical purposes.

Three participants’ (Cemal, Didem, and Ayten) overall TPACK was at the Adapting
level. Teachers at this level try to adapt technologies to their classrooms but do not
give up control. Technology-based activities are teacher-directed. Even though
students use technology for explorations, they are limited and restrained by their
teachers and/or technology. Students cannot develop their own strategies to explore

the topic using technology.

There was one participant (Nilgiin) whose overall TPACK level was at the Exploring
level. At this level, technology-based tasks include inquiry activities where students
are required to ask questions and use technology to answer those questions. Teachers
act as a guide during students’ independent explorations. Traditional classroom
activities are modified and enhanced with the help of technology. Students use
technology on their own to form the hypothesis, collect data and draw conclusions.
Students construct their own knowledge with the help of technological tools and

activities presented by their teacher.
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4.3.2. Participants’ TPACK Level at the End of the Theory Stage

Participants submitted their second lesson plans at the end of the Theory stage of the
course after they attended five course meetings about technology integration into
science education and the TPACK framework. During these weeks, it was aimed to
help participants gain solid theoretical knowledge to be able to design pedagogically
meaningful learning materials with the integration of technology for science teaching.

Participants selected the components of their lesson plans freely.
4.3.2.1. Assessment of Second Lesson Plans (Cycle-1)

This section presents findings related to the second lesson plans of first cycle
participants. The main components of the second lesson plans selected by participants

are presented in Table 4.18.

Table 4.18
Main Components of Cycle-1 Participants’ Second Lesson Plans

Participant ~ Content Pedagogy Technology

Lale Photosynthesis Cooperative learning Powerpoint

Nazim Carbohydrates POE & Discussion Simulation

Tomris Liquid pressure POE Simulation, online
quiz

Giilten Skeletal system Demonstration Mobile application

Ozdemir Celestial bodies 5E — Learning cycle  Computer program,
videos

Cemal Moon phases 5E — Learning cycle  Simulation

Nilgiin Thermal Inquiry-based Web-based science

conductivity learning lesson

Lale used cooperative learning and experimenting to teach the topic of photosynthesis.
Students performed an experiment about the effect of light on photosynthesis. They
made observations and collected data for a period of time. After that, they created a
PowerPoint presentation to present their results. Since, in this plan, technology was
just used as a practical tool to help students share their results, was not used for

teaching and learning purposes, and did not contribute to students’ understanding of
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science ideas, this plan was scored at the Recognizing (1) level for all components of
the TPACK levels rubric (Figure 4.14). In the interview, Lale stated that “Finding
different technological tools is the most difficult part for me. This activity would have
been better if students were able to speed up the experiment and see the results
immediately”. She also confirmed that technology could have been used very

effectively to teach this topic; however, she was not able to do that in her plan.

Lale's Second Lesson Plan Assessment
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Figure 4.14 Lale's Second Lesson Plan Assessment

In his second lesson plan, Nazim used discussion and predict-observe-explain
techniques to teach about carbohydrates. The teacher explained the topic by asking
questions to students. All information about carbohydrates and their importance for
the human body was explained without technology. After that, the teacher opened a
simulation on the smart board replicating the process of color change in different foods
with the help of an iodine solution. First, students wrote their prediction about whether
a specific food contains carbohydrates or not on their worksheets. Then, volunteer
students performed the activity using the simulation on the board. This plan was scored
at the Accepting (2) level for C1-Overarching Conception and C4-Instructional
Strategies components of the TPACK levels rubric because the technology was mostly
used for teacher demonstration, no inquiry tasks were provided to students, and the
instructions were teacher-directed (Figure 4.15). For C2-Student Understanding and
C3-Curriculum components, this plan was scored as transitioning from Accepting to

Adapting (2.5). Technology was not used for independent student explorations, and
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only volunteer students repeated the steps demonstrated by their teacher. Even though
selected technologies were aligned with curriculum goals, technology was being used
as an add-on to standard approaches of teaching. In his interview, he stated that “I used
this simulation because iodine solution may be hard to find in schools. This is a simple
experiment. Using the simulation or performing the experiment are the best ways to
teach this topic”. As he also stated, technology integration did not make any significant

contribution to the teaching of this topic.

Nazim's Second Lesson Plan Assessment
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Figure 4.15 Nazim's Second Lesson Plan Assessment

In her second lesson plan, Tomris selected the topic of liquid pressure to be taught by
using the POE method. First, students performed and experiment about liquid pressure
using a syringe. Then, students used a simulation to investigate the factors affecting
liquid pressure on their own. The teacher distributed a worksheet with three
screenshots from the simulation. Students were expected to replicate the same
conditions and write down what they observed. At the end, the teacher asked questions
about students’ observations and summarized the topic. Lastly, students took an online
quiz about the topic. In this plan, students used technology to manipulate variables and
make observations; however, the given tasks were too prescribed. Students were using
technology to learn new information under the control of their teacher. The given
questions in the worksheet were a replacement for textbook questions. For these
reasons, this plan was scored at the Adapting (3) level for all components of the
TPACK levels rubric (Figure 4.16). In the interview, she stated that “I had difficulty
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while preparing a worksheet for this activity. | could not determine what students
should make predictions and observations about”. She was able to select compatible
technology, content, and pedagogy; however, she had difficulty combining them in an

effective manner.

Tomris's Second Lesson Plan Assessment
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Figure 4.16 Tomris’s Second Lesson Plan Assessment

Giilten used a mobile application to teach skeletal system using the demonstration
method. After checking students’ prior knowledge and making students fill out KWL
charts, the teacher showed and explained the structures of the skeletal system using the
application. The teacher explained the classification of bones and showed their places.
After she finished her demonstration, students were given time to use the application
on their own. Then, students discussed what they observed using the application. In
this plan, the teacher used technology for demonstration. Students made observations
using technology after they learned about the topic mostly for practice purposes.
Technology was used as an add-on to teacher-led instruction even though it was
aligned with the curriculum. Therefore, this plan was scored as transitioning from
Accepting to Adapting (2.5) for all components of the TPACK levels rubric (Figure
4.17). In the interview, she mentioned that “I had difficulty integrating this technology
at first, but when | used KWL chart, it became easier to determine where to use
technology”. Even though the KWL chart could have been used with a more student-

centered approach, she preferred demonstration because it was easier for the teacher.
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Giilten's Second Lesson Plan Assessment
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Figure 4.17 Giilten's Second Lesson Plan Assessment

Ozdemir used a computer program to show students celestial bodies using the SE
learning cycle method. First, students watched a video about meteors. Then, the
teacher distributed activity sheets to students to be filled out while the teacher showed
stars and planets using the program. Students observed the differences between stars
and planets and recorded their observations. Then, the teacher asked questions about
their observations and summarized the topic. Lastly, they watched a video about the
sun and observed the sun on the program. Even though the selected technology was
appropriate for student explorations, it was mostly used by the teacher for
demonstrations. There were no inquiry activities for students. For these reasons, this
plan was scored as transitioning from Accepting to Adapting (2.5) for C1-Overarching
Conception and C2-Student Understanding components (Figure 4.18). Since
technology based tasks were not significantly different from traditional curriculum
activities and a teacher-directed approach was used to teach with technology, Adapting
(3) level was achieved for C3-Curriculum and C4-Instructional Strategies components
of the TPACK levels rubric. In the interview, he stated that “for this topic, technology
should be used because it is not possible for students to make observations otherwise”.
He was able to identify a topic from the curriculum for which technology use is
effective and appropriate.
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Ozdemir's Second Lesson Plan Assessment
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Figure 4.18 Ozdemir's Second Lesson Plan Assessment

Cemal taught moon phases using the 5E learning cycle method. First, students
performed an activity about moon phases using a ping pong ball hanging from a box
with holes to observe and a flashlight. After they made observations about moon
phases, the teacher used a simulation for elaboration to show students the rotational
movement of the moon. For assessment, students were asked to observe the moon for
a month and prepare an online moon calendar. In this plan, technology was mainly
used for teacher demonstrations, and there were no inquiry tasks for students with
technology. For this reason, this lesson plan was scored at the Accepting (2) level for
C1-Overarching Conception and C4-Instructional Strategies components (Figure
4.19). For C2-Student Understanding and C3-Curriculum components, this plan was
scored as transitioning from Accepting to Adapting (2.5). Even though the technology
was appropriate for independent student explorations, it was used by the teacher for
demonstration. Mostly standard approaches were used for teaching the topic, and
technology was used as an add-on. In the interview, he mentioned that “for this plan,
I integrated technology more easily because | did not use it during the main body of
the lesson. | focused on using it for assessment. Students will take pictures and then
prepare an online calendar”. As he stated, technology was not a significant tool for the

most part of the lesson. Most of the teaching was done without using technology.
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Cemal’s Second Lesson Plan Assessment
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Figure 4.19 Cemal's Second Lesson Plan Assessment

Nilgiin used a web-based science lesson to teach students the topic of thermal
conductivity. At the beginning of the lesson, the teacher showed a video about thermal
conductivity and asked questions about this phenomenon. Then, students were directed
to a website presenting an inquiry-based science lesson where they answered
questions, made predictions, collected data, and drew conclusions. In addition,
students were asked to take measurements in their classroom and enter data into the
website. Since in this lesson, students were engaged in a guided inquiry activity with
the help of technology, students were the primary user of technology to do science and
learn new information, and the teacher changed the traditional way of teaching this
topic, this lesson plan was scored at the Exploring (4) level for all components of the
TPACK levels rubric (Figure 4.20). In the interview, she mentioned that “The website
| used was perfect for inquiry-based learning. It does not only help students to simulate
experiments but also includes questions and directions. Students make predictions,
collect data, write reflections, and communicate with each other. In addition, it helps
the teacher to monitor students” work and assess their performance”. She selected a
very well-designed and comprehensive online teaching and learning tool for inquiry-
based learning. Using this tool, the teacher acted as a guide while students were
constructing their own knowledge with the help of technology.
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Nilgiin's Second Lesson Plan Assessment
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Figure 4.20 Nilgiin's Second Lesson Plan Assessment

Most of the second lesson plans submitted by the first cycle participants were scored
at the Accepting and Adapting levels across components. Only one participant was
scored at the Recognizing level for all components. None of the lesson plans were
scored at the Advancing level (the highest level of the rubric) for any of the
components. Exploring was the highest level of scoring across the second lesson plans;
which was achieved only by one participant. Table 4.19 presents the assessment of the
second lesson plans across the components of the TPACK levels rubric for all

participants of the first cycle.

Table 4.19
Assessment of the Second Lesson Plans (Cycle-1)

Participant C1: Overarching  C2: Student C3: C4: Instructional
Conception Understanding  Curriculum Strategies
Lale 1.0 1.0 1.0 1.0
Nazim 2.0 2.5 2.5 2.0
Tomris 3.0 3.0 3.0 3.0
Gilten 2.5 2.5 2.5 2.5
Ozdemir 2.5 2.5 3.0 3.0
Cemal 2.0 2.5 2.5 2.0
Nilgiin 4.0 4.0 4.0 4.0
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4.3.2.2. Assessment of Second Lesson Plans (Cycle-2)

In this section, findings related to the second lesson plans of second cycle participants
are explained. The main components of the second lesson plans are presented in Table
4.20.

Table 4.20

Main Components of Cycle-2 Participants’ Second Lesson Plans

Participant ~ Content Pedagogy Technology

Umay Electric circuits Analogy Simulation

Birhan Electric circuits Learning cycle Simulation, online
sharing platform

Turgut Work and energy 5E — Learning cycle  Simulation

Didem Solar system and Collaborative Interactive website,

planets learning online sharing

platform, video

Ayten Celestial bodies 5E — Learning cycle  Simulation, online

collaboration tool

Using water circuits as the analog concept, Umay taught electrics in her second lesson
plan. First, the teacher explained the concept using analogy and defining important
concepts. At the end of the lesson, for closure and assessment, students were divided
into groups and used a simulation to construct open and closed circuits and make
observations related to current, voltage, and flow of electrons. In this plan, technology
was used by students to practice the newly learned concepts, and no inquiry activities
were prepared for students. Even though technology based tasks were aligned with
curriculum objectives, they had a superficial role in the lesson. For these reasons, this
plan was scored as transitioning from Accepting to Adapting (2.5) for C1-Overarching
Conception and C3-Curriculum components (Figure 4.21). For C2-Student
Understanding and C4-Instructional Strategies components, this plan was scored at
the Adapting (3) level because students used technology on their own for review of
knowledge under the guidance and control of their teacher. In the interview, she stated
that “I was planning to use the simulation for the main part of the lesson for teaching

the concepts but I also wanted to use analogies. For this reason, 1 used it for closure
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and assessment”. As she confirmed, this simulation would have been integrated into
this lesson in a more student-centered way with an inquiry-based activity; however,

she preferred to use analogies.

Umay's Second Lesson Plan Assessment
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Figure 4.21 Umay's Second Lesson Plan Assessment

Birhan also selected electric circuits as the topic to be taught using a simulation. She
used the learning cycle as the teaching method. First, the teacher checked students’
prior knowledge and reminded previous information about how electric circuits work.
Then, she explained the symbols of electric circuit elements. After that, students
formed groups and created a model of electric circuit using symbols. Then, they
constructed these circuits on a simulation and shared their models with their peers and
teacher on a sharing platform. This plan was scored as transitioning from Accepting to
Adapting (2.5) for C1-Overarching Conception and C3-Curriculum components
because the technology was used by students to practice the newly learned concepts,
and no inquiry activities were prepared for students (Figure 4.22). The teacher
explained the topic beforehand and used technology as an add-on. For C2-Student
Understanding and C4-Instructional Strategies components, this plan was scored at
the Adapting (3) level because mostly a teacher directed approach was used to teach
new information even though students were given a chance to practice with
technology. She mentioned in the interview “this simulation helps students see

symbols and pictures of electric circuit elements at the same time. Also, students can
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construct their own circuits to see whether it works or not”. She used technology for

practice purposes to support students’ learning.

Birhan's Second Lesson Plan Assessment
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Figure 4.22 Birhan's Second Lesson Plan Assessment

Turgut used a simulation to teach students potential and kinetic energy using the 5E
learning cycle method. In this lesson, students were given worksheets with data tables
to be filled. They were instructed to change the values in the simulation (e.g., the height
of an object from the ground, the speed of a car) and record the potential/kinetic
energy. After students collected data using a simulation, they were asked to draw
conclusions. For elaboration, the teacher showed an animation related to the
relationship between kinetic and potential energy and asked students to explain how
they are related. In this lesson, technology was mostly used by students to learn new
information and develop connections. The teacher acted as a guide while students
made observations related to kinetic and potential energy. However, the activity was
too prescribed; students were told exactly which data to collect and how to collect it.
For these reasons, this plan was scored at the Adapting (3) level for C1-Overarching
Conception component and C2-Student Understanding components (Figure 4.23). For
C3-Curriculum and C4-Instructional Strategies components, this plan was scored as
transitioning from Adapting to Exploring (3.5) level because the teacher changed the
way this topic was traditionally taught and used a combination of deductive and
inductive strategies. In the interview, Turgut stated that “simulations are the best

technological tools to teach this topic because energy is an abstract concept and
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simulations help students observe the relationships”. He was able to identify an

appropriate technology to support his teaching process and make it more effective.

Turgut's Second Lesson Plan Assessment

1 il

C1: Overarching C2: Student  C3: Curriculum C4: Instructional
Conception Understanding Strategies

o B, N W b~ O

Figure 4.23 Turgut's Second Lesson Plan Assessment

Didem planned a collaborative learning activity to teach students about the
characteristic of the solar system. After getting students' attention using a video, the
teacher divided the class into small groups and directed students to an interactive
website about planets. Each group was assigned a planet and asked to design an aircraft
for that planet. Students were told to investigate the characteristics of their planets on
the website and create their models accordingly. Each group filled out a worksheet
about the characteristics of their planets, the influence of these characteristics on their
design, and the final design of their aircrafts. Then, they shared their work with each
other using an online sharing platform. After all groups shared their work, students
were instructed to read and learn about their peers’ work. In this plan, technology was
used by students to learn new information, communicate with each other, and share
their work. Students explored and compared the planets on their own to complete given
tasks. Even though a student-centered approach was used to teach the topic, the
selected technologies did not allow students to take actions on objects or ask their own
questions to investigate. For these reasons, this plan was scored as transitioning from
Adapting to Exploring (3.5) level for all components of the TPACK levels rubric. In
the interview, she stated that “I created a student-centered lesson and organized the

technology to support this design”. Even though she selected a student-centered
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pedagogy, the selected technologies were not flexible enough to support it.
Technology did not allow students to develop their own strategies for investigating the

topic.

Didem's Second Lesson Plan Assessment
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Figure 4.24 Didem's Second Lesson Plan Assessment

Ayten used the 5E learning cycle to teach students about stars and planets using a
simulation. First, the teacher gave definitions of stars and planets and explained the
topic briefly to the students. Then, students formed groups and, using a simulation,
selected a random star in the solar system and explored its characteristics. While doing
this, they recorded their findings on an online collaboration platform for their teacher
and peers to see. Then, using the simulation, they created an imaginary planet within
this star’s habitual zone and compared it with Earth. After each group finished their
exploration, they summarized their findings, and a classroom discussion was held
about stars and planets. This lesson plan was scored at the Accepting (2) level of the
TPACK levels rubric for C3-Curriculum component. For the other components, it was
scored as transitioning from Accepting to Adapting (2.5) because the main concepts of
the topic were taught beforehand by the teacher without technology (Figure 4.25). The
students used simulation to make observations about stars; however, most of the data
provided by the simulation was beyond the scope of the curriculum. Even though
students were the primary user of technology for active explorations, the contribution
of technology to teaching the topic was limited. In the interview, she mentioned that

“the simulation did not present much information about the content. First, | explained
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the topic, then, I used technology for student practice”. The selected technology was
not appropriate for teaching this topic and did not support students’ understanding of

the main concepts of this topic.

Ayten's Second Lesson Plan Assessment
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Figure 4.25 Ayten's Second Lesson Plan Assessment

Most of the second lesson plans submitted by the second cycle participants were scored
at the Accepting and Adapting levels across components. None of the lesson plans were
scored at the Exploring and Advancing level (the top two levels of the rubric) for any
of the components. There were two participants who were scored as transitioning from
Adapting to Exploring for some components. Table 4.21 presents the assessment of
the second lesson plans across the components of the TPACK levels rubric for all

participants of the second cycle.

Table 4.21
Assessment of the Second Lesson Plans (Cycle-2)

Participant C1: Overarching  C2: Student C3: C4: Instructional
Conception Understanding  Curriculum Strategies
Umay 2.5 3.0 2.5 3.0
Birhan 2.5 3.0 2.5 3.0
Turgut 3.0 3.0 3.5 3.5
Didem 3.5 3.5 3.5 35
Ayten 2.5 2.0 2.5 2.5
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4.3.2.3. Summary of the Findings for Second Lesson Plans

The lowest score received across the components of the rubric determines the overall
TPACK level. The distribution of participants from both cycles across different levels
for the components of the TPACK levels rubric and overall TPACK level was shown
in Figure 4.26.

Assessment of Second Lesson Plans
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C1: Overarching  C2: Student  C3: Curriculum C4: Instructional Overall TPACK
Conception Understanding Strategies level
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Figure 4.26 Assessment of Participants’ Second Lesson Plans

Assessment of second lesson plans revealed that at the end of the Theory stage, most
of the participants were at the Accepting level in terms of overall TPACK. Four of
them were also at this level at the beginning of the course (Giilten, Ozdemir, Umay,
and Birhan). In their second lesson plans, they used technology mostly for teacher
demonstrations or low-level practice tasks instead of active student explorations. Two
of the participants (Cemal and Ayten) regressed to this level; their first lesson plans
received better scores. In their first lesson plans, both of them used technology to teach
the main concepts and used technology in a student-centered way. However, in their
second plans, technology did not make a significant contribution to the teaching of the
main concepts. One participant, Nazim, increased his level of TPACK from

Recognizing to Accepting. In his first lesson plan, technology was just used for
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practical purposes, whereas in his second plan, he selected a technology to simulate a
traditional experiment. He used technology for teaching the concept in his second plan;
however, the selected technology did not improve the teaching process when compared

to traditional methods.

One of the participants, Lale, stayed at the Recognizing level in terms of overall
TPACK. Similar to her first lesson plan, she used technology just for practical

purposes without any improvements to her teaching process.

At the end of the Theory stage, three participants’ overall TPACK was at the Adapting
level. Didem’s overall TPACK level did not change, and she was scored at the
Adapting level for both of her lesson plans. Tomris’s level of TPACK increased from
Recognizing to Adapting. In her first plan, she just used a video to summarize the topic;
however, in her second lesson plan student used a simulation to learn new information.
Turgut progressed from Accepting to Adapting in his second lesson plan. He used a
simulation to make students learn or practice new information about the topic. Even
though students were the primary user of the technology to learn new information,
their explorations were limited by their teacher with the help of worksheets that

specifically told students what to do.

Nilgiin’s overall TPACK level was at the Exploring level for both of her lesson plans.
Her lesson plans included inquiry activities where students construct their own
knowledge with the help of technological tools while the teacher acted as a guide

during students’ independent explorations.
4.3.3. Participants’ TPACK Level at the End of the Application Stage

Participants submitted their third lesson plans at the end of the Application stage of the
course after they attended four course meetings about different technological tools that
can be used in science education. During this stage, it was aimed to familiarize science
teachers with various technological tools and encourage them to discuss which content
and pedagogy can be combined with those technological tools. There were no

limitations regarding content, pedagogy, and technology.
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Using their third lesson plans, participants performed a 40 min micro-teaching during
the Practice stage. The purpose of these micro-teachings was to give participants a
chance to implement a technology integrated science lesson plan and put their newly
gained technological knowledge into action. The video-recordings of participants’
micro-teachings were also used for the assessment of their lesson plans.

4.3.3.1. Assessment of Third Lesson Plans (Cycle-1)

This section presents findings related to the third lesson plans of first cycle

participants. The main components of their lesson plans are presented in Table 4.22.

Table 4.22

Main Components of Cycle-1 Participants’ Third Lesson Plans

Participant ~ Content Pedagogy Technology
. Inquiry- . . i
Lale Food chain au ) y-based PowerPoint, simulation
learning
. 5E — Learnin Web sources, simulation,
Nazim Balanced diet g
cycle concept map tool
. Powerpoint, video,
. Light & . . p. . .
Tomris . Learning cycle simulation, online quiz,
Reflection .
online poster tool
. i Interactive lesson
) Cell and its 5E — Learning i i
Giilten platform, simulation,
organelles cycle .
online game
- L uestioning, direct Interactive lesson
Ozdemir Electric circuits Q : g . .
instruction platform, simulation
Interactive lesson
Cemal Microscopes Laboratory work platform, virtual
laboratory
o Evolution and . o
Nilgiin Argumentation Online inquiry space

adaptation

In her third lesson plan, Lale selected food chains as the topic to be taught by inquiry-
based learning. First, she used a presentation to check prior knowledge and introduce
the new topic. Then, she distributed worksheets with two questions to be investigated

using a simulation. After students completed their exploration and filled out their
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worksheets, the teacher asked for their observations. Then, the teacher used the
simulation to demonstrate how introducing a predator to the ecosystem affects other
organisms. Lastly, students formed a hypothesis and tested it using simulation. In this
plan, most of the time, students were the primary user of technology to experiment
with it; however, the teacher told and demonstrated what to do at each step while
students were using the simulation. Even though the selected simulation supported
student reflection, a teacher directed approach was used while students were using
technology. For this reason, this plan was scored as transitioning from Adapting to
Exploring (3.5) level for C1-Overarching Conception, C2-Student Understanding, and
C4-Instructional Strategies components. For C4-Curriculum component, this plan was
scored at the Exploring (4) level because the teacher found an alternative way to teach
the topic, and the selected technology was aligned with curriculum goals (Figure 4.27).
During the micro-teaching, she implemented the lesson exactly as she planned. In the
interview, she stated that she implemented this lesson plan in her actual classroom.
She mentioned that “I generally use direct instruction and discussion while teaching.
For this plan, | took students to the computer laboratory, and students were very
excited”. She prepared a teacher-directed lesson because she and her students did not
have enough experience in using technology while teaching and learning.

Lale's Third Lesson Plan Assessment
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Figure 4.27 Lale's Third Lesson Plan Assessment

Nazim used various technologies to teach the topic of balanced diet using the SE

learning cycle teaching method. First, he used an online graphic showing the diet
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patterns of people in different countries. Then, he opened the simulation and asked
students which foods should be included in a healthy diet. A volunteer student created
this diet in the simulation based on his classmates’ ideas, and they observed its
influences on the human body. After that, the teacher asked questions about their
observations. Lastly, he summarized the topic and used an online concept mapping
tool to construct a concept map as a class. In this plan, the teacher was the one actively
using technology while teaching a new topic. Even though the integration of
technology enhanced the teaching and learning process, students did not get a chance
to use technology for active explorations. The teacher controlled the use of technology
and tried to engage students with questions. For these reasons, this plan was scored at
the Adapting (3) level for all components of the TPACK levels rubric (Figure 4.28).
He implemented his plan without any alterations in his micro-teaching. In the
interview, he stated that “I made my lesson more teacher-centered while using
technology and tried to engage students with questioning to prevent problems that
might occur if students were using technology on their own”. He did not feel

comfortable enough to give up control while teaching with technology.

Nazim's Third Lesson Plan Assessment
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Figure 4.28 Nazim's Third Lesson Plan Assessment

Tomris selected the topic of light reflection to be taught using a simulation. First, she
made a presentation about previously learned concepts. Then, she asked questions
about light reflection and introduced the activity with the help of a short video about

mirrors and light reflection. Students used a simulation to change the direction of light
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with the help of mirrors and tried to illuminate specified areas. They observed how
light is reflected using the simulation. At the end of the lesson, students discussed their
observations and the teacher asked questions about daily life examples. She also made
an online quiz and asked students to design a periscope and prepare an online poster
as homework. In this plan, a teacher guided inquiry activity was implemented with the
help of technology; students used technology to do science, make observations and
inferences, and learn new information. The teacher changed the traditional way of
teaching this topic, and she planned a student-centered lesson where students construct
their own knowledge with the help of technology. For these reasons, this plan was
scored at the Exploring (4) level for all components of the TPACK levels rubric
(Figure 4.29). She performed her micro-teaching as she planned without any changes.
In the interview, she stated that “I think this time I integrated technology better when
compared to my other lesson plans. Technology had more contribution to my plan this
time”. After learning about different technologies during the Application stage, it

became easier for her to prepare a technology integrated lesson plan.

Tomris's Third Lesson Plan Assessment
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Figure 4.29 Tomris’s Third Lesson Plan Assessment

To teach about cell and its organelles, Giilten used the SE teaching method enriched
by different technologies. She used an interactive lesson platform to keep her students
engaged. After a brief introduction, students used a simulation to observe plant and
animal cells, organelles, and structures. The teacher distributed an activity sheet

including the question about organelles, their structure, and functions. Then, they made
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observations about the differences between plant and animal cells. After students’
exploration, the teacher opened an online game, and students placed organelles in a
cell figure. Lastly, using the interactive lesson platform, students completed a quiz
about the topic. Since the technology was mostly used by students for exploration of
the topic, this plan was scored as transitioning from Adapting to Exploring (3.5) for
C1-Overarching Conception component. For the other components, this lesson plan
was scored at the Adapting (3) level since the technology was used as a replacement
for non-technology based tasks, selected technologies did not allow students to take
actions on objects, and the teacher controlled the progression of the activities via
activity sheets (Figure 4.30). She did not make any changes during her micro-teaching.
In the interview, she stated that “the textbook images for the cell are not in good
quality; technology provides a better visualization for students”. Even though she tried
to make her lesson more student-centered, technology based activities were mostly a
replacement for traditional tasks.

Giilten's Third Lesson Plan Assessment

10D

C1: Overarching C2: Student  C3: Curriculum C4: Instructional
Conception Understanding Strategies

O P N W B~ O

Figure 4.30 Giilten's Third Lesson Plan Assessment

Ozdemir used an interactive lesson platform to monitor students’ work while teaching
about electric circuits and symbols. First, the teacher gave brief information about the
topic. Then, students were given instructions to construct different electric circuits
using a simulation. The teacher gave directions about the components to be used.
Using the simulation, the students observed the symbolic representations of their

electric circuits. Then the teacher asked students to draw symbols using the online
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platform to see their answers immediately. Lastly, the teacher summarized the topic.
Students were using technology to learn and practice new information, take actions on
scientific objects and observe the results; however, the activities were too prescribed.
For this reason, this plan was scored as transitioning from Adapting to Exploring (3.5)
C1-Overarching Conception and C2-Student Understanding components (Figure
4.31). Even though the selected technologies were aligned with curriculum goals, a
teacher directed approach was used to teach with technology. Therefore, this plan was
scored at the Adapting (3) level for C3-Curriculum and C4-Instructional Strategies
components (Figure 4.31). He implemented his lesson plan without any changes
during his micro-teaching. In the interview, he mentioned that “I tried to make students
active and engaged. That’s why I used the online lesson platform and asked too many
questions”. His intention was to prepare a student-centered lesson; however, the
activities he prepared were too prescribed. He did not give students a chance to make
their own explorations with technology. The questions and activities did not promote

high level thinking.

Ozdemir's Third Lesson Plan Assessment
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Figure 4.31 Ozdemir's Third Lesson Plan Assessment

Cemal used a virtual laboratory application to teach how to use a microscope. In order
to monitor students’ work using this application, the teacher used an online lesson
platform. The teacher directed students to the virtual laboratory, where they learned
how to use a microscope under the guidance of a virtual assistant. Students experienced

the steps of obtaining a fine image using a microscope with the directions and feedback
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provided. The virtual assistant told and showed students what to do at each step. Then,
the teacher asked labeling questions using the online platform. In this plan, students
used the virtual lab to simulate using a microscope; however, students’ explorations
were limited by the selected technology. The virtual assistant gave instructions at each
step, and students were just following the instructions and reading the explanations
provided. Since the teacher controlled and limited what students did with technology,
this plan was scored at the Adapting (3) level for all components (Figure 4.32). He
implemented his lesson plan without any changes. In the interview, he stated that “the
virtual assistant of the technology acts like a teacher and teaches students how to use
microscopes. The teacher does not have much role while students are using this
technology”. As he stated, the technology he selected was too structured and guided.
Students could have used this technology on their own outside the classroom without

their teacher.

Cemal's Third Lesson Plan Assessment

1NN

C1: Overarching C2: Student  C3: Curriculum C4: Instructional
Conception Understanding Strategies

o B N W b~ O

Figure 4.32 Cemal's Third Lesson Plan Assessment

Nilgiin used an online inquiry space to teach evolution and adaptation to students.
Using this online platform, she prepared a lesson for her students to guide them
through their explorations. Students formed groups and were given five different
scenarios related to natural selection to be investigated using a simulation. After
students finished their explorations, they were provided with two possible explanations
for their observations. Students chose one of the explanations and were asked to

support it with their observations. After they entered their ideas into the online space,
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each group presented their ideas, and a classroom discussion was held, and the teacher
directed students toward the correct explanation with questions. This lesson plan was
scored at the Exploring (4) level for C1-Overarching Conception and C3-Curriculum
components because the technology was used by students for high-level inquiry
activities aligned with curriculum goals (Figure 4.33). The teacher altered the way this
topic is generally taught. For C2-Student Understanding and C4-Instructional
Strategies components, this plan was scored as transitioning from Exploring to
Advancing (4.5) because the teacher prepared technology-based tasks to promote high-
level thinking and used multiple instructional strategies. Technology-based activities
required students to ask questions, justify their explanations, and discuss with each
other to draw conclusions. During the micro-teaching, she implemented this plan
without any alterations. In the interview, she stated that “I try to make my lesson
student-centered as much as possible. Otherwise, students do not give their attention”.
She effectively combined technology, content, and pedagogy to teach a difficult

concept with active student explorations.

Nilgiin's Third Lesson Plan Assessment
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Figure 4.33 Nilgiin's Third Lesson Plan Assessment

When participants’ scores across components were investigated for third lesson plans,
it was seen that participants distributed among Adapting and Exploring levels. Five
participants were scored at the Adapting level for all components, and two participants
were scored at the Exploring level for all components. None of the lesson plans were

scored at the Recognizing, Accepting, and Advancing levels for any of the components.
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Only one participant’s plan was scored as transitioning from Exploring to Advancing
for two components. Table 4.23 presents the assessment of the third lesson plans across

the components of the TPACK levels rubric for all participants of the first cycle.

Table 4.23
Assessment of the Third Lesson Plans (Cycle-1)

Participant C1: Overarching  C2: Student C3: C4: Instructional
Conception Understanding  Curriculum Strategies
Lale 35 35 4.0 35
Nazim 3.0 3.0 3.0 3.0
Tomris 4.0 4.0 4.0 4.0
Giilten 3.5 3.0 3.0 3.0
Ozdemir 35 35 3.0 3.0
Cemal 3.0 3.0 3.0 3.0
Nilgiin 4.0 4.5 4.0 4.5

4.3.2.2. Assessment of Third Lesson Plans (2" Cycle)

This section presents findings related to the third lesson plans of second cycle

participants. The main components of their lesson plans are presented in Table 4.24.

Table 4.24
Main Components of Cycle-2 Participants’ Third Lesson Plans

Participant ~ Content Pedagogy Technology
Umay Heat and Questioning, Interactive lesson platform,
temperature direct instruction  simulation
Birhan Density Laboratory work  Simulation, video, online
sharing platform,
Turgut Heredity POE Simulation, online quiz tool
Didem Digestive 5E — Learning Presentation tool, simulation,
system cycle augmented reality
application, online poster tool
Ayten Pure 5E — Learning Augmented reality
substances cycle application, classroom

management tool, video
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Umay used direct instruction and questioning to teach about heat and temperature.
After checking prior knowledge, the teacher used an interactive lesson platform to
share her presentation about definitions of important concepts with her students on
their screens. Then, the teacher directed students to a simulation and gave them
instructions about what to do in the simulation. Students changed the variables as
instructed and observed what happened. After students finished their exploration, the
teacher asked them their conclusions and explanations. The teacher made students
reach meaningful conclusions by questioning. Lastly, they summarized the topic, and
the teacher gave a mini quiz to the students. In this lesson, students used technology
to manipulate variables and make observations, but the activity was too prescribed.
Students were told exactly what to do. For these reasons, this plan was scored at the
Adapting (3) level for C1-Overarching Conception and C2-Student Understanding
components (Figure 4.34). For C3-Curriculum and C4-Instructional Strategies
components, this plan was scored as transitioning from Adapting to Exploring (3.5)
level because the selected technology was aligned with curriculum goals even though
a teacher-directed approach was used while students were using it. She implemented
this plan exactly in her micro-teaching. In the interview, she stated that “I wanted to
use the interactive lesson platform, and I thought the most appropriate method to use
it was direct instruction. | tried to keep students engaged with the help of technologies
and questioning”. As she stated, the technologies she selected made students active

during the lesson; however, the tasks with technology were mostly teacher-directed.

Umay's Third Lesson Plan Assessment
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Figure 4.34 Umay's Third Lesson Plan Assessment
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Birhan selected laboratory work as the teaching method to teach density using a
simulation. First, the teacher made students watch a video about density to get their
attention. Then, the teacher directed students to the online sharing platform and
instructed them to write their predictions about whether the given objects will float or
sink in the water. Then, students were given worksheets with guiding questions. The
students used the simulation to measure the mass and volume of objects, calculate their
densities and observe whether they float or sink. At the end, the teacher wanted
students to explain what makes an object float or sink and summarize the topic. In this
plan, students were guided to form the hypothesis, collect data to test it, and draw
conclusions. Students manipulated the variables and observed their consequences.
Technology-based tasks were aligned with curriculum goals and made students pose
questions about the phenomena. For these reasons, this plan was scored at the
Exploring (4) level for all components of the TPACK levels rubric (Figure 4.35). She
did not change anything in her plan for her micro-teaching. In the interview, she stated
that “I think this technology (simulations) make it easier for teacher and students to do
laboratory work, that’s why I selected it. Students construct their own knowledge while
experimenting with technology”. She prepared a student-centered lesson plan but also

monitored and guided them with the help of the technology she selected.

Birhan's Third Lesson Plan Assessment
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Figure 4.35 Birhan's Third Lesson Plan Assessment

Turgut taught the topic of heredity using the POE technique and a simulation. He also

used an online quiz tool to prepare online worksheets for students. The instructions
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and questions of a worksheet were given online. Students made predictions and
observations about breeding mice with different phenotypes and genotypes, collected
data, and drew conclusions with the help of guiding questions provided by their
teacher. The students explored the topic using a simulation, and the teacher monitored
their progress with the help of the online quiz tool. After students completed their
exploration of a question, the teacher started a classroom discussion and guided
students to reach meaningful explanations. In this plan, students used technology to
simulate an experiment, ask questions, make observations, and draw conclusions.
Instead of telling students what to do, the teacher directed open-ended questions for
students to investigate. Using both inductive and deductive strategies, the teacher
helped students draw meaningful conclusions. Selected technologies were aligned
with the curriculum goals and useful to teach this topic in a different way. For these
reasons, this plan was scored at the Exploring (4) level for all components of the
TPACK levels rubric (Figure 4.36). He performed his micro-teaching based on this
plan without any changes. In the interview, he mentioned that “I used a quiz tool to
prepare an online worksheet to be able to see students’ responses simultaneously. By
this way, when discussing their observations, I guided them better”. He adapted a
technological tool according to his needs to improve the process of teaching and

learning.

Turgut's Third Lesson Plan Assessment
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Figure 4.36 Turgut's Third Lesson Plan Assessment
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In her third lesson plan, Didem taught the topic of the digestive system using the 5E
learning cycle method and integrating various technological tools. First, the teacher
used a presentation program to remind previously learned concepts. Then, using an
augmented reality application, students observed the systems of the human body. The
teacher instructed them to focus on the digestive system. Then, students were given
worksheets and directed to a simulation. In this worksheet, students were first asked
to match organs with their functions according to explanations provided by the
simulation. Then, they were asked to construct their own digestive system using the
simulation. After finishing their design, they observed it processing food and recorded
what percentage of calories and water were observed by their design. Then, based on
their results, they were asked to assess their designs and try to improve them. Then a
classroom discussion was held about working and not working designs, the ideal
model of the digestive system, and students’ observations. Lastly, they were asked to
investigate diseases of digestive systems and prepare online posters. In this plan, the
teacher improved the traditional approaches of teaching this topic with the help of a
technology aligned with curriculum goals. Instead of making students memorize the
organs and their functions, the students found the working model of the digestive
system by actively constructing models and observing the consequences. For these
reasons, this plan was scored at the Exploring (4) level for all components of the
TPACK levels rubric (Figure 4.37). During micro-teaching, she had trouble managing
her time. In the interview, she mentioned that “Students should be given more time
with this simulation when implementing this lesson plan in an actual classroom
environment”. She selected effective technologies to teach this topic; however, she
could not use time effectively. She planned so many student-centered activities for a

single lesson, and it became difficult to implement all of them.
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Didem'’s Third Lesson Plan Assessment
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Figure 4.37 Didem's Third Lesson Plan Assessment

To teach students the first 18 elements of the periodic table, Ayten used the 5E learning
cycle method and an augmented reality application. The teacher started the lesson by
making a presentation about previously learned information about pure substances and
the characteristics of elements. Then, students watched a video about elements, their
characteristics, and their symbols. Then, using a classroom management tool, two
students groups were formed. One group became the teller, and the other group became
the guesser. The teller group was given an augmented reality card and an information
card about a particular element. The teller group studied the given information and
tried to make the other group guess the element. After the guessing part was complete,
the guesser group got the augmented reality card and explored the characteristics of
that element. Then, groups switched roles, and the game continued for different
elements. After the game, the teacher showed the list of elements and symbols and
wrapped up the lesson. In this plan, there were no inquiry tasks for students, and
technology was mostly used for learning new information. Selected technologies did
not promote student reflection, mostly used as an add-on to traditional approaches of
teaching. Technology-based tasks were mostly a replacement for traditional non-
technology tasks in the curriculum. Even though the application provided students an
environment to observe the natural state of elements, it was mostly used for reading
information. Therefore, this plan was scored as transitioning from Accepting to
Adapting (2.5) for all components (Figure 4.28). In her micro-teaching, she faced many

problems while setting the rules for the game. She did not plan the activity very well.
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In her interview, she said that “I did not think about the game rules very much. It would
be difficult to implement with actual students in a classroom setting”. As she stated,
technology integration and activities with technology were problematic. She could

have integrated it better with a well-structured lesson plan.

Ayten’s Third Lesson Plan Assessment
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Figure 4.38 Ayten's Third Lesson Plan Assessment

Investigation of participants’ scores across components for third lesson plans revealed
that three of the participants were scored at the Exploring level for all components.
There was one participant scored at the Adapting level and one participant at the
Accepting level. None of the lesson plans were scored at the Recognizing, and
Advancing levels for any of the components. Table 4.25 presents the assessment of the
third lesson plans across the components of the TPACK levels rubric for all

participants of the first cycle.

Table 4.25
Assessment of the Third Lesson Plans (Cycle-2)

- C1: Overarching  C2: Student C3: C4: Instructional
Participant . . . .
Conception Understanding  Curriculum Strategies
Umay 3.0 3.0 35 35
Birhan 4.0 4.0 4.0 4.0
Turgut 4.0 4.0 4.0 4.0
Didem 4.0 4.0 4.0 4.0
Ayten 2.5 2.5 2.5 2.5
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4.3.3.3. Summary of the Findings for Third Lesson Plans

Participants’ overall TPACK level is determined by the lowest score they receive
across the components of the TPACK levels rubric. Figure 4.39 presents the
distribution of participants from both cycles across different levels for the components
of the TPACK levels rubric and overall TPACK level.

Assessment of Third Lesson Plans
7,0
6,0
5,0
4,0
3,0
2,0
1,0
0,0
C1: Overarching  C2: Student  C3: Curriculum C4: Instructional Overall TPACK
Conception Understanding Strategies level
® Recognizing Accepting Adapting Exploring Advancing

Figure 4.39 Assessment of Participants’ Third Lesson Plans

Assessment of third lesson plans revealed that, at the end of the Application stage,
none of the participants was scored at the Recognizing level and Advancing level for
any of the components. Advancing level, the highest possible level of the rubric was

not reached by any of the participants in any of the lesson plans.

Lale was the only participant with the overall TPACK level of Recognizing at the end
of the Theory stage. For her third lesson plan, she received scores of 3.5 and 4 across
different components, and her overall TPACK level was determined as Adapting. She
prepared a lesson plan where students were actively using technology to explore the
topic under the guidance of the teacher. She did not give up control when her students

were using technological tools.
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Five other participants were also at the Adapting level. Nazim, Giilten, Ozdemir,
Cemal, and Umay increased their level of TPACK from Accepting to Adapting in their
third lesson plans. The participants at this level planned technology-based exploration
activities for their students; however, they were generally too prescribed; the teacher
controlled how students used technology to learn new information.

Ayten’s level of TPACK stayed at the Recognizing level at the end of the Application
stage. The activity she planned did not include any inquiry tasks for students, and
technology was used as a medium for learning new information and as an add-on to

standard activities of teaching.

Five of the participants’ overall TPACK level was determined to be at the Exploring
level. Nilgiin was the one participant who received the same score for all of her lesson
plans. Tomris, Turgut, and Didem increased their level of TPACK from Adapting to
Exploring. Birhan increased her level of TPACK to the Exploring level from
Accepting. All of their plans included student-centered activities facilitating students’
independent exploration with technology to learn new information on their own. They
changed the traditional approaches of teaching and used various strategies to promote

student reflection.
4.3.4. Participants’ TPACK Level at the End of the Course

Participants submitted their last lesson plans at the end of the Practice stage, which
also corresponded to the end of the semester. They performed micro-teachings during
the Practice stage to experience the implementation process of a technology integrated
science lesson plan. In addition, they had a chance to observe each other and give and

receive feedback from their peers, their instructor, and the researcher.
4.3.4.1. Assessment of Fourth Lesson Plans (Cycle-1)

In this section, findings related to the fourth and last lesson plans of first cycle
participants are explained. The main components of the fourth lesson plans selected

by participants are presented in Table 4.26.
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Table 4.26

Main Components of Cycle-1 Participants’ Fourth Lesson Plans

Participant Content Pedagogy Technology
. Inquiry-based PowerPoint, virtual
Lale Acids and bases q _y
learning lab.
L Project-based Web page with mini
Nazim Digestive system ) . . _p_ g
learning activities
. - _ Role playing, Internet sources,
Tomris Mitosis and meiosis . P .y g ..
discussion animation
Simulation, online
Giilten Digestive system 5E — Learning cycle  game, interactive
lesson platform
Augmented reality
application,
Ozdemir Skeletal system 5E — Learning cycle interactive lesson
platform,
spreadsheets
Cemal Pollination 5E — Learning cycle  Simulation
. Online inquiry
. . Inquiry-based . i
Nilgiin Force and weight quiry space, simulation,

learnin .
g digital canvas

In her last lesson plan, Lale selected the topic of acids and bases to be taught using
inquiry-based learning. First, the teacher reviewed and checked prior knowledge using
a presentation. Then, students were given worksheets with instructions and questions
and directed to a virtual lab application to experience the process of pH testing. In this
application, students measured the pH value of various substances using pH papers.
Then they were asked to determine whether the substance was acid, base or neutral
using the pH scale. They were also asked to determine the common characteristics of
acidic and basic substances. In this plan, students used technology on their own for
exploration; however, their process was controlled and limited by their teacher and the
selected technology. Even though the selected technology was aligned with the
curriculum goals, it was too structured and limited. It was only a replication of a
traditional classroom experiment with pH paper. For these reasons, this plan was

scored at the Adapting (3) level for all components of the TPACK levels rubric (Figure
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4.40). In the interview, she stated that “I selected this virtual lab application because it
already had a prepared worksheet guiding students through the activity. Moreover,
when compared to doing this experiment in the classroom, it includes a various number
of materials to be tested”. She selected a useful technology to replicate an experiment;
however, technology-based activities only supported a basic understanding of the

topic.

Lale's Fourth Lesson Plan Assessment
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Figure 4.40 Lale's Fourth Lesson Plan Assessment

Nazim used a website including the information and mini activities about the digestive
system for his last lesson plan. The teacher started the lesson by directing students to
a web page about the digestive system. On that web page, students were required to
prepare a model of the digestive system. They tried to identify the organs of the
digestive system by reading explanations about them and their functions. After
students finished their models, the teacher asked them which organs were included in
their models and why. If they included an unrelated organ, the teacher guided them to
the correct model with the help of questions and hints. At the end, the teacher
summarized the topic and explained the correct model for the digestive system.
Students also completed a quiz available on the web page and e-mailed the pdf file of
their model to their teachers. In this plan, students used technology to learn new
information on their own. They determined which organs to include in their models.
However, the selected technology did not allow them to see whether their model would

work or not. Selected technology was aligned with the curriculum but did not present
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any features other than information about the functions of organs and visualization.
For these reasons, this plan was scored at the Adapting (3) level for all components of
the TPACK levels rubric (Figure 4.41). Nazim mentioned in the interview that
“typically this topic was taught using a human model by teacher demonstrations. It is
not possible to provide each student with a model, so this web page helped me make
my lesson more student-centered”. Even though students used technology to prepare a

model, technology did not contribute significantly to student learning.

Nazim's Fourth Lesson Plan Assessment
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Figure 4.41 Nazim's Fourth Lesson Plan Assessment

Tomris used selected the topic of mitosis and meiosis and the method of role-playing
for her last lesson plan. They already had some prior knowledge about the topic. In
this lesson, students were divided into two groups to represent mitosis and meiosis.
Then, they were given time to prepare a play to represent mitotic and meiotic divisions.
They searched about their topic using the list of resources (animations, videos, web
pages etc.) provided by their teacher. After each group performed their play, the
teacher created a discussion environment about the topic and asked students about the
differences between mitosis and meiosis. Lastly, she showed an animation to
summarize the topic. In addition, she recorded their plays and uploaded them to the
class page. Students were assigned to watch each group’s video and comment on it as
homework. In this plan, students were in charge of their learning. The teacher did not
put any restrictions, and she just provided a list of web sources to help them reach the

correct information. Students used technology on their own to learn the topic in depth
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to be able to represent it in a role-play. The teacher changed the way this topic is
generally taught with the help of technology. For these reasons, this plan was scored
at the Exploring (4) level for all components of the TPACK levels rubric (Figure 4.42).
In the interview, she mentioned that “by recording their plays I wanted to make them
watch and assess their performance as well as their friends’. Watching those videos
can help them realize if there is anything wrong or missing”. She used technology to
make students construct their own knowledge as well as give them a chance to reflect

on their own learning.

Tomris's Fourth Lesson Plan Assessment
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Figure 4.42 Tomris’s Fourth Lesson Plan Assessment

Gilten used a simulation, an online game, and an interactive lesson platform to teach
the topic of the digestive system. Using the interactive lesson platform, she monitored
the students throughout the lesson. At the beginning of the lesson, students used the
simulation to learn about the functions of the digestive system organs and the
nutritional value of specific foods. Then, using the simulation, they were instructed to
put the organs in the right order to construct a model of the digestive system. Then,
they tested their system to observe if it was working or not based on the data provided
by the simulation about the percentage of water and calories absorbed. After they
finished their exploration, the teacher asked students questions about the correct order
of the organs and their functions. After the classroom discussion, the students were
directed to an online game in which they were asked to put digestive system organs in

their right place on the human body. In this plan, students find the right model of the
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digestive system on their own by constructing their own models and testing them. The
teacher changed the traditional way of teaching with the help of technological tools to
make her lesson more student-centered. Students were the primary user of technology
to learn new information and the teacher acted as a guide, not a director. For these
reasons, this plan was scored at the Exploring (4) level for all components of the
TPACK levels rubric (Figure 4.43). In the interview, she stated that “I would have
used these technologies to teach this topic even if it was not a course requirement.
They enrich the teaching process, make students more active, and support student
learning”. In this plan, she selected effective technologies to teach this topic and
combined them with an appropriate teaching method to design a student-centered

science lesson.

Giilten's Fourth Lesson Plan Assessment
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Figure 4.43 Giilten's Fourth Lesson Plan Assessment

Ozdemir used the SE learning cycle teaching method to teach about the classification
of bones. After the teacher checked prior knowledge and reminded important concepts,
the student groups used an augmented reality application to investigate the bone
structure. They were instructed to come up with a classification schema for bones.
After the groups finished their explorations, the teacher asked them to write their
classifications on online spreadsheets. Then, the teacher showed the spreadsheet on
the smart board and started a classroom discussion. Each group explained their
classification system. Then, the teacher tried to guide them to the correct classification

with the help of questions and hints. At the end, the teacher explained the groups of
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bones and gave examples. Lastly, using the interactive lesson platform, she showed
some bone pictures and asked them to write the name and group of that bone. In this
plan, a technology-based inquiry task was designed for students. Students used
technology to make explorations about the topic, make observations, and draw
conclusions. Students were required to come up with their own classification schema.
In this plan, students were the primary user of technology for the exploration of a new
topic. The teacher identified an important topic from the curriculum and enriched it
with the help of technology. For these reasons, this lesson plan was scored at the
Exploring (4) level for C1-Overarching Conception and C3-Curriculum components
(Figure 4.44). For C2-Student Understanding and C4-Instructional Strategies
components, this plan was scored as transitioning from Exploring to Advancing (4.5)
because the teacher prepared technology-based tasks to promote high-level thinking;
students asked questions, collected data, justified their explanations, and discussed
with each other to draw conclusions. In the interview, he stated that “without
technology, the students cannot get a chance to individually observe an actual human
model; the lesson will be teacher-directed. At best, the teacher can explain the topic
using a model or a poster”. He selected an appropriate technology for the chosen topic
and enriched his lesson with the help of it. He facilitated students’ high-level thinking
with technology.

Ozdemir's Fourth Lesson Plan Assessment
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Figure 4.44 Ozdemir's Fourth Lesson Plan Assessment
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In his last lesson plan, Cemal selected a simulation to teach about flower pollination.
First, students used the simulation to learn about the parts of flowers. Students were
asked to read the explanations and label each part. The simulation provided feedback
about correct and incorrect answers. After they labeled each part correctly, learned
about their functions, and filled out their worksheets, they were asked to simulate the
processes of self-pollination and cross-pollination using the simulation. The
simulation provided information about the steps of pollination while students were
doing it. After they finished their exploration, they were asked to explain the steps of
each type of pollination, compare them and write down their differences on their
worksheets. Then, the teacher started a classroom discussion about pollination. After
students finished their discussion, the teacher summarized the topic. In this plan,
students used technology to learn the topic on their own, explored with the simulation
to observe natural phenomena, discussed their observations, and analyzed their
observations to identify similarities and differences. The selected technology was
aligned with curriculum goals. The teacher used a student-centered pedagogy instead
of using a teacher-centered approach to deliver information. For these reasons, this
plan was scored at the Exploring (4) level for all components of the TPACK levels
rubric (Figure 4.45). In the interview, he stated that “I found two simulations about
this topic; however, the other one did not allow the students to explore anything. It was
more like an animation explaining the topic”. He selected an appropriate technology

for a student-centered lesson and supported it with the worksheet he prepared.

Cemal's Fourth Lesson Plan Assessment

C1: Overarching C2: Student  C3: Curriculum C4: Instructional
Conception Understanding Strategies

o B N W b~ O

Figure 4.45 Cemal's Fourth Lesson Plan Assessment
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Nilgiin used an online inquiry space to gather different technologies on one platform
and present them to students. First, student groups explored the free fall of heavy and
light objects in air and vacuum atmosphere with or without parachutes and were asked
to explain their observations. Then, the teacher asked what would happen if they were
dropped from an inclined plane. Students were directed to a simulation in which they
could change the angle of incline, friction, and weight of the object. Students were
asked to write their own research questions and investigate them using the simulation.
They were instructed to use a digital canvas to document their research process. After
each group finished, they presented their findings and conclusions. In this plan,
students were totally in charge of their learning. The teacher presented them with
appropriate technologies, and they decided how to use them. No instructions or
limitations were given to the students, and they were engaged in an open-inquiry with
the help of technology. The students manipulated the variables and observed the
consequences using the data tables and graphics provided by the simulation. In
addition, they were required to explain their process of investigation and justify their
conclusions. Technology-based activities were fully aligned with curriculum goals and
promoted high-level thinking and conceptual understanding. For this reason, this plan
was scored at the Advancing (5) level for all components of the rubric (Figure 4.46).
In the interview, she stated that “the simulations provided accurate data for students to
correctly observe the relationship between variables. We cannot do these experiments
in a school environment accurately”. She prepared an open-inquiry activity for her

students and selected effective technologies to support their learning process.

Nilgiin's Fourth Lesson Plan Assessment
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Figure 4.46 Nilgiin's Fourth Lesson Plan Assessment
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The assessment of the fourth and last lesson plans of first cycle participants revealed
that four of the participants were at the Exploring level. Only two participants were at
the Adapting level for all components. None of the lesson plans were scored at the
Recognizing and Accepting levels for any of the components. One participant was
scored at the Advancing level for all of the components. Table 4.27 presents the
assessment of the fourth lesson plans across the components of the TPACK levels

rubric for all participants of the first cycle.

Table 4.27
Assessment of the Fourth Lesson Plans (Cycle-1)

- C1: Overarching  C2: Student C3: C4: Instructional
Participant . . . .
Conception Understanding  Curriculum Strategies
Lale 3.0 3.0 3.0 3.0
Nazim 3.0 3.0 3.0 3.0
Tomris 4.0 4.0 4.0 4.0
Giilten 4.0 4.0 4.0 4.0
Ozdemir 4.0 4.5 4.0 4.5
Cemal 4.0 4.0 4.5 4.0
Nilgiin 5.0 5.0 5.0 5.0

4.3.4.2. Assessment of Fourth Lesson Plans (Cycle-2)

In this section, findings related to the fourth and last lesson plans of second cycle
participants are explained. The main components of the fourth lesson plans selected

by participants are presented in Table 4.28.

Table 4.28
Main Components of Cycle-2 Participants’ Fourth Lesson Plans

Participant ~ Content Pedagogy Technology

Umay Acids and bases POE Simulation, quiz tool
Birhan Plant growth 5E — Learning cycle  Video, simulation
Turgut Levers 5E — Learning cycle  Simulation

Didem Weight and mass Laboratory work Simulation

Ayten Greenhouse effect  5E — Learning cycle  Simulation, video
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Umay used the POE strategy to teach students acids and bases. First, the teacher
reminded the definitions of acids and bases. Then, students were given a list of
materials and asked to predict whether they were acid or base. Then, the teacher
collected their predictions and directed them to a simulation to measure the pH value
of the materials. They determined whether the substance was acid or base based on the
pH value provided by the simulation. After students’ determined the pH value of all
substances, the teacher asked about the discrepancies between their predictions and
observations. Students were also asked about the common characteristics of acids and
bases according to their observations. Lastly, the teacher used an online quiz tool to
make a quiz. In this plan, students used technology to replicate a traditional classroom
experiment. Even though technology based tasks were aligned with the curriculum
goals, they were too structured and limited. Technology only supported a basic
understanding of the topic. For these reasons, this plan was scored at the Adapting (3)
level for all components of the TPACK levels rubric (Figure 4.47). In the interview,
she stated that “T used this technology because it gives students a chance to learn pH
values of various substances from daily life. It would be difficult to make this
experiment in class with that many substances”. As she confirmed, she just used
technology to replicate a simple experiment to increase the number of substances to

be tested. Technology integration did not support students’ high-level thinking skills.

Umay's Fourth Lesson Plan Assessment
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Figure 4.47 Umay's Fourth Lesson Plan Assessment
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In order to teach the topic of plant growth, Birhan used the 5E learning cycle teaching
method and various technological tools. First, the teacher used a macro time-lapse
video showing plant growth. Then, student groups were given V-diagram sheets and
asked to plan an experiment about the factors affecting plant growth. The teacher
directed them to a simulation where they could manipulate variables such as intensity
of light, water level, fertilizers and speed up the time to observe their effect on plant
growth. After they finished their explorations, each group presented their process of
investigation and results to the class. In this plan, students were not given cookbook
instructions about what to do with technology, and they decided on their own method
of investigation. They were engaged in an open-inquiry activity. They decided on their
independent, dependent, and controlled variables and observed the results of their
actions with the help of graphics and data tables provided by the simulation. They were
required to justify their conclusions during classroom discussions. Technology-based
activities were fully aligned with curriculum goals and promoted high-level thinking
and conceptual understanding. For these reasons, this plan was scored at the Advancing
(5) level for all components (Figure 4.48). In the interview, she stated that “this
simulation allowed students to manipulate and control variables on their own. | found
other simulations related to this topic, but they were directing students on what to do.
| selected this one to give students the freedom to determine their process”. She was
able to select a technology that could be effectively combined with her pedagogy and

content to prepare an open-inquiry activity.

Birhan's Fourth Lesson Plan Assessment
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Figure 4.48 Birhan's Fourth Lesson Plan Assessment
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In his last lesson plan, Turgut used a simulation to teach about levers. After checking
students’ prior knowledge about simple machines, the students were given worksheets
and directed to a simulation. In this worksheet, students were guided to collect data
about the amount of force needed to lift different objects using a lever. There were also
questions about the relationship between the position of the object and the amount of
force needed. Students also explored second-class and third-class levers using the
simulation with the help of guiding questions. At the end of each activity, the teacher
asked for their observations and helped them reach meaningful conclusions. In this
plan, a guided inquiry activity was presented to students. With the help of worksheets,
the teacher guided students’ explorations with technology. Students made
observations, collected data under different circumstances, and drew conclusions.
Technology based activities were aligned with curriculum goals and concentrated on
doing science. For these reasons, this plan was scored at the Exploring (4) level for all
components of the TPACK levels rubric (Figure 4.49). In the interview, he mentioned
that “there are many variables to be investigated about levers. I prepared the worksheet
with guiding questions to make sure all students made observations related to each of
these variables”. He used both teacher-directed and student-centered strategies while
using technology to make sure students explored the topic from all necessary aspects.

Turgut's Fourth Lesson Plan Assessment
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Figure 4.49 Turgut's Fourth Lesson Plan Assessment

In her fourth and last lesson plan, Didem selected a simulation to teach about weight

and mass. First, the teacher gave brief definitions of force, weight, and mass. Then,
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students used a simulation to explore the concepts of mass and weight using spring
scales and balances. First, they were guided to explore how a balance works and what
it measures with different activities and questions given in the worksheets. Then, they
were instructed to take measurements with a spring scale on Earth, Moon, Mars, and
Jupiter and record their observations. Lastly, they used balance on different planets to
observe whether the mass of objects changed or not. After they finished their
explorations, the teacher asked their observations and conclusions to start a classroom
discussion about mass and weight. In this plan, students used technology to explore
the concepts of mass and weight on their own. Technology allowed them to collect
data under different circumstances. With the help of worksheets, students were guided
to make predictions, collect data and draw conclusions. The teacher used a student-
centered approach to teach the topic, and technology-based tasks were aligned with
curriculum goals. For these reasons, this plan was scored at the Exploring (4) level for
all components of the TPACK levels rubric (Figure 4.50). In the interview, she stated
that “mass and weight are difficult concepts for students to understand without active
explorations; however, we cannot change gravity in the classroom for students to
explore its effect on weight”. She was able to identify an important science topic and

improve the traditional way of teaching it.

Didem'’s Fourth Lesson Plan Assessment
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Figure 4.50 Didem's Fourth Lesson Plan Assessment

Ayten selected the topic of the greenhouse effect as content and a simulation as the

main technology. First, students watched a video about greenhouse gases. Then, they
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formed groups and used a simulation to investigate the effect of greenhouse gases on
temperature. Students changed the percentage of greenhouse gases and collected data
using the tables and graphs provided by the simulation. They made observations about
the temperature, the amount of heat flowing into the atmosphere, and the amount of
heat flowing out of the atmosphere. In the end, a classroom discussion was held about
students’ observations and interpretations. In this plan, students used technology to
speed up a natural phenomenon, manipulate variables and collect data under different
circumstances. The teacher guided them during their explorations; however, she did
not direct them on what to do. Technology based tasks were aligned with the
curriculum and promoted students’ conceptual understanding. For these reasons, this
plan was scored at the Exploring (4) level for all components of the TPACK levels
rubric (Figure 4.51). In the interview, she stated that “without this technology, students
cannot collect accurate data about this phenomenon, and the concepts will remain
abstract for them. With this simulation, they get a chance to speed up time, make
observations, and see graphical representations of the data produced”. She identified a
topic that would be difficult to teach without technology integration. With the help of
technology, she made students actively explore the topic, make observations and draw

conclusions.

Ayten's Fourth Lesson Plan Assessment
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Figure 4.51 Ayten's Fourth Lesson Plan Assessment

The assessment of second cycle participants’ fourth lesson plans revealed that three of

the participants were at the Exploring level. None of the lesson plans were scored at
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the Recognizing and Accepting levels for any of the components. One participant was
scored at the Advancing level, and one participant was at the Adapting level for all
components. Table 4.29 presents the assessment of the fourth lesson plans across the

components of the TPACK levels rubric for all participants of the second cycle.

Table 4.29

Assessment of the Fourth Lesson Plans (Cycle-2)

.. C1: Overarching  C2: Student C3: C4: Instructional
Participant . . . .
Conception Understanding  Curriculum Strategies
Umay 4.0 4.0 4.0 4.0
Birhan 5.0 5.0 5.0 5.0
Turgut 4.0 4.0 4.0 4.0
Didem 3.0 3.0 3.0 3.0
Ayten 4.0 4.0 4.0 4.0

4.3.4.3. Summary of the Findings for Fourth Lesson Plans

The lowest score received across the components of the TPACK levels rubric
determines participants’ overall TPACK level. Figure 4.52 presents the distribution of
participants from both cycles across different levels for the components of the TPACK

levels rubric and overall TPACK level.
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Figure 4.52 Assessment of Participants’ Fourth Lesson Plans
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At the end of the course, two participants from one cycle (Nazim and Lale) and one
participant from the second cycle (Umay) were at the Adapting level. All of them were
also at this level at the end of the Application stage. In their last lesson plans, all of
them selected technologies that did not give students a chance to develop their own
strategies to actively explore the topic. Students were given low-level thinking

activities with technology.

Seven participants (four from the first cycle and three from the second cycle) were at
the Exploring level at the end of the course. Three of them (Tomris, Turgut, and
Didem) were also at this level at the end of the Application stage. Three of them
(Giilten, Ozdemir, and Cemal) increased their level from Adapting level, and one of
them (Ayten) increased their level from the Accepting level. All of their last lesson
plans included guided inquiry activities for students to form the hypothesis, collect
data and draw conclusions. They used a student-centered pedagogy to teach with
technology.

Two participants (Nilgiin and Birhan), one from each cycle, were scored at the
Advancing level for all of the components. Both of them were scored at the Exploring
level at the end of the Application stage and increased their level of TPACK. In their
last lesson plans, they prepared open-inquiry activities where students determined their
own research questions to be investigated, their method of investigation and were
required to explain their results and conclusions. The teacher did not interfere with the

students’ process of investigation.
4.3.5. Change in Participants’ Level of TPACK Throughout the Course

Participants’ levels of TPACK were determined using the four lesson plans they
submitted throughout the course: (1) submitted at the beginning of the course; (2)
submitted at the end of the Theory stage; (3) submitted at the end of the Application
stage; (4) submitted at the end of the Practice stage. Details of these lesson plans and

their assessment were explained in the previous sections.
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There were seven participants in the first cycle of implementation. Three of them
started the course at the Recognizing level; two of them (Lale and Nazim) finished at
the Adapting level (progressed two levels), and one of them (Tomris) finished at the
Exploring level (progressed three levels). Two of the participants (Giilten and
Ozdemir) started the course at the Accepting level and finished at the Exploring level
(progressed two levels). Cemal started the course at the Adapting level and finished at
the Exploring level (progressed one level). Lastly, Nilgiin started at the Exploring level
and finished at the Advancing level. Figure 4.53 presents the first cycle participants’
level of TPACK at different points.

Level of TPACK
6
5
4
3
2
1
C il il "
Lale Nazim Tomris Giilten Ozdemir Cemal Nilgiin
m Beginning of the course m After Theory stage
After Application stage = After Practice stage

Figure 4.53 Change in First Cycle Participants’ Level of TPACK

There were five participants in the second cycle of implementation. Three of them
started the course at the Accepting level; Umay finished at the Adapting level
(progressed one level), Turgut finished at the Exploring level (progressed two levels),
and Birhan finished at the Advancing level (progressed three levels). Ayten and Didem
both started the course at the Adapting level and finished at the Exploring level
(progressed one level). Figure 4.54 presents second cycle participants’ level of
TPACK at different points.
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Figure 4.54 Change in Second Cycle Participants’ Level of TPACK

Based on the analysis of lesson plans submitted by participants during both cycles of
implementation, it was seen that after attending the Teaching Science with Technology
course based on T-A-P course design, all of the participants’ levels of TPACK

progressed at different levels in both cycles of implementation.
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CHAPTER 5

DISCUSSION

The main purpose of the present study was to develop a course design to be
implemented in Teaching Science with Technology graduate course and investigate its
influence on science teachers” TPACK. The proposed design was implemented in two
iterative cycles. To investigate its effectiveness for TPACK development of science

teachers, the following research questions were answered:

1. What were graduate science education students’ ideas about Teaching Science
with Technology course based on T-A-P course design?

2. Is there a change in graduate science education students’ perceived
competencies and self-efficacy of TPACK after attending the Teaching Science
with Technology course based on T-A-P course design?

3. How did graduate science education students’ level of TPACK change as they
attended the Teaching Science with Technology course based on T-A-P course

design?

In this chapter, the findings for each research question are discussed in the following
sub-sections. Lastly, implications for practice and suggestions for future research are

explained.
5.1. Participants’ Views on the T-A-P Course Design

Design-based research requires the testing, evaluating, and revising of the proposed
design. In the present research, the effectiveness of the design was evaluated based on
participants” TPACK development and participants’ feedback. T-A-P course design
was implemented for two semesters, and participants of the study were asked to write
weekly feedback about each class meeting. In addition, at the end of the semester, they

were asked to write general feedback about the course.
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The first principle employed while designing the T-A-P course design is: Building a
theoretical foundation is important for teachers’ TPACK development. In their
feedback, participants mentioned that reading articles and discussing them in the
classroom helped them understand the TPACK framework. They stated that especially
well-designed presentations and the integration of discussion questions prepared by
them were really helpful in terms of improving their understanding of principles of
effective technology integration. In addition, participants also stated that in-class
activities about the theoretical framework of TPACK (e.g., defining components of the
framework, identifying teacher competencies for technology integration, TPACK
game) also supported their understanding of TPACK.

In fact, at the beginning, the researcher did not plan an in-class activity for each week
of the Theory stage. It was just planned for the first week’s lesson as a warm-up
activity. However, after the first week of the first cycle of implementation, two
participants mentioned that this activity was very helpful in terms of increasing their
participation and there should be more activities like that. This suggestion was taken
into consideration, and in-class activities were added to each class meeting during the
Theory stage starting from the first cycle of implementation. In design-based research,
“participants are not subjects assigned to treatments but instead are treated as co-
participants in both the design and even the analysis” (Barab & Squire, 2004, p.3).
This instant was an example of how participants can be involved in refining the

proposed design.

Learning about theories of technology integration is thought to be effective for the
development of teachers’ TPACK (Baran & Uygun, 2016; Lee & Kim, 2014; Tondeur
et al., 2012). Participants’ feedback also supported this view. They reflected on their
TPACK development in their feedback and emphasized the importance of gaining a
theoretical perspective to be able to understand what constitutes effective technology
integration. In addition, participants stated that learning theories of TPACK before
learning about different technological tools helped them examine technological tools
with an informed perspective and identify their affordances, limitations, and

educational uses.
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The second principle guiding the development of the T-A-P course design is:
Examining examples of technology-integrated learning materials promotes teachers’
development of TPACK. For this reason, participants were presented with example
technology-integrated lesson plans and also assigned to examine each other’s lesson
plans available in the LMS. In their feedback, participants commented positively on
the examination of example lesson plans. They stated that it helped them concretize
the interdependence aspect of technology, pedagogy, content, and context
components. Examining examples of technology-integrated learning materials was
also suggested in the literature to promote teachers’ TPACK development by giving
them a chance to explore how technology can be combined with particular teaching
methods to teach a particular subject (Baran & Uygun, 2016; Mouza et al., 2014).

Participants’ feedback supported the suggestions given in the literature.

The third principle of the T-A-P course design is: Investigation of technologies using
the technology mapping approach promotes the TPACK development of teachers.
Angeli and Valanides (2009; 2013) suggested using technology mapping approach
when investigating technologies to improve teachers” TPACK. In their feedback,
participants stated that identifying the affordances, limitations and potential uses of
technologies was effective for their TPACK development. Participants also mentioned
that investigating technologies on their own is more effective than learning them
through direct instruction. They also mentioned that discussions about the integration
of technologies were helpful in enhancing their TPACK. Almost all of the participants
expressed that the examination of different technologies increased their technological

knowledge.

Participants’ views were consistent with the study of Angeli and Valanides (2013). In
their study, the researchers investigated the effectiveness of technology mapping by
giving Excel-based tasks to pre-service teachers and asked them to explain the
affordances and limitations of Excel. The results revealed that technology mapping is
effective in helping teachers combine their knowledge of content, pedagogy, and

technology in a meaningful way. In addition, participants of that study also commented
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on the technology mapping approach and suggested its use in teacher education

programs.

The fourth principle of the T-A-P course design is: Designing technology-enhanced
learning materials improves teachers” TPACK. Preparing lesson plans was not
mentioned frequently by the participants in their feedback because it was considered
as an assignment of the course rather the being part of the instruction. However, in the
last interview, when asked specifically about whether the number of lesson plan
assignments should be decreased, all participants stated that they were effective for
their TPACK development and, therefore, should be conserved. Literature also
consistently showed that design activities promote TPACK development (Baran &
Uygun, 2016; Koehler et al., 2005; Lee & Kim, 2014; Voogt et al., 2016). Participants
of this study agreed with this idea by stating that preparing lesson plans helped them
practice combining technology, pedagogy, and content in a meaningful way and
increased their level of TPACK.

The fifth principle guiding the T-A-P course design is: Implementing technology-
integrated lesson plans and reflecting on the experiences contribute to the development
of TPACK. Participants of this study stated that micro-teachings were helpful for
improving their TPACK by experiencing the implementation of technology integrated
science lessons. Participants also expressed that micro-teachings helped them reflect
on their performance and assess their own development. In addition, observing each
other’s micro-teachings was also found to be effective in terms of gaining different
perspectives and experiencing a technology-integrated science lesson as a student.
Researchers also suggest the use of micro-teachings for the development of TPACK
since micro-teachings help teachers identify their strengths and weaknesses when
teaching with technology and assess their performance (Baran & Uygun, 2016; Lee &
Kim, 2014). As supported by the feedback of participants, experiencing the teaching

of a technology integrated lesson is important for TPACK development.

The last principle of the T-A-P course design is: Expert feedback as well as feedback

from peers are important for developing teachers’ technology integration skills (Angeli
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& Valanides, 2009; Tondeur et al., 2012; Lee & Kim, 2014). Participants of the study
received feedback from their peers and the instructor for each of their lesson plans;
however, they did not explicitly mention this process in their written feedback about
the course design. Some participants mentioned the feedback for micro-teaching as
being informative to assess the quality of their lesson design. Most probably, since
receiving feedback on lesson plans from the instructor is common in their teacher
education programs, they did not feel the need to comment on them as a course design

element.

In summary, as suggested in the literature, courses that target TPACK as a whole, not
focusing on some of its components, are helpful for teachers’ development of TPACK
(Chai et al., 2010; Lyublinskaya & Tournaki, 2014). T-A-P course design included
various activities and strategies for this purpose, and findings for participants’
feedback about course design revealed that the identified principles for T-A-P course
design were helpful for the TPACK development of participants. The activities that
required the application of their newly gained knowledge and skills into specific

situations were appreciated by participants.

5.2. Change in Participants’ Perceived Competencies and Self-Efficacy of
TPACK

In the present study, the change in participants’ perceived competencies and self-
efficacy of TPACK after attending the Teaching Science with Technology course based
on T-A-P course design was investigated with the help of two scales: TPACK-Deep
(Kabakgi-Yurdakul et al., 2012) and TPACK-SeS (Canbazoglu-Bilici et al., 2013).
The results revealed significant improvements in participants’ scores for both of the

scales in both cycles of implementation.

All of the participants’ total scores of perceived competencies of TPACK, as measured
by TPACK-Deep scale (Kabakei-Yurdakul et al., 2012), increased after taking the
Teaching Science with Technology course. In the first cycle of implementation, at the
beginning of the course, one participant had a low level of TPACK, four participants
had a medium level of TPACK, and two participants had a high level of TPACK. At
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the end of the course, all of the participants had a high level of TPACK. In the second
cycle of implementation, at the beginning of the course, one participant had a medium
level of TPACK, and four participants had a high level of TPACK. At the end of the
course, the participant with a medium level of TPACK also had a high level of
TPACK, and the other participants increased their total scores. Relevant literature
suggests that perceived ICT competence can be influenced by contextual factors as
well as personal factors, and it can influence teachers’ intention to use technology
(Wang & Zhao, 2021). This is also reflected in the present study, and participants
started the course with different levels of perceived TPACK competencies. In addition,
it was suggested that with successful interventions designed to improve TPACK,
perceived competencies could also be improved (Ersoy et al., 2016). The findings of
the present study were also consistent with the literature; all participants’ perceived
TPACK competencies increased after taking the course, implying that the Teaching
Science with Technology based on T-A-P course design was effective for improving

graduate science education students’ TPACK competencies.

Participants’ self-efficacy, as measured by TPACK-SeS (Canbazoglu-Bilici et al.,
2013), also significantly increased at the end of the first cycle of implementation.
However, at the end of the second cycle, the increase in participants’ self-reported self-
efficacy was not statistically significant. To investigate this, all participants’ individual
scores were examined and it was seen that all participants’ scores increased from pre-
administration to post-administration except one participant, Birhan. The pre-
administration scores of Birhan were very high (ranged between 96 and 100). Even
though Birhan’s post-administration scores were very high (ranged between 88 and
96), there was a decrease when compared to pre-administration. This might be a result
of increased knowledge and awareness of effective technology integration. Before the
course, the participant might have answered the survey with a superficial
understanding of technology integration. At the end of the course, the participant might
have gained the required perspective to explain and detect her shortcomings and
deficiencies regarding technology integration. Gaining the ability and knowledge for
self-assessment of TPACK can also be considered as an achievement for that
participant.
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Relevant literature suggests that TPACK self-efficacy influences teachers’ technology
use practices in their classrooms and can be improved through interventions engaging
teachers in design activities (Yerdelen-Damar et al., 2017). Consistent with the
relevant literature (Lee & Lee, 2014; Kapic1t & Akgay, 2020), in the present study,
participants’ TPACK self-efficacy was developed as they were engaged in various

activities specifically designed to improve their TPACK.

In essence, both TPACK-Deep scale and TPACK-Ses were designed to measure
participants’ self-reported beliefs about their abilities to integrate technology;
however, the frameworks and approaches used while designing the scales were
different. The results revealed that participants’ perceptions regarding their TPACK
have improved after attending the Teaching Science with Technology course based on
T-A-P course design. The guiding principles of the course design were determined
based on the existing literature, and course activities were designed accordingly to
improve participants’ TPACK. Other intervention studies investigating participants’
TPACK development also yielded similar results. Engaging in design activities (Chai
& Koh, 2017; Ersoy et al., 2016; Tondeur et al., 2012), performing micro-teachings
(Danday, 2019; Voogt et al., 2013), investigating technologies, and discussing their
implications (Angeli & Valanides, 2013) are effective strategies for the development
of TPACK.

The results regarding self-reported measures of TPACK implied that T-A-P course
design was effective in terms of developing teachers’ TPACK self-efficacy and
competencies. However, self-reported measures are not enough to draw a final
conclusion about participants’ TPACK development. For this reason, participants’

lesson plans were also used to assess TPACK development throughout the course.
5.3. Change in Participants’ Level of TPACK

In order to assess the development of TPACK as participants’ progressed through
stages of the T-A-P course design, lesson plans were used. Participants prepared four
technology integrated lesson plans; one lesson plan at the beginning of the course and

three lesson plans at the end of each stage. There were no restrictions regarding the
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selection of content, pedagogy, and technology for participants. The lesson plans were
analyzed by using the TPACK Levels Rubric developed by (Lyublinskaya & Tournaki,
2012). Participants’ TPACK level was assessed among four components: overarching
conception, knowledge of students’ understandings, knowledge of curriculum, and
knowledge of instructional strategies. For each component, participants are rated
among five levels of TPACK proposed by Niess et al. (2006): recognizing, accepting,
adapting, exploring, and advancing. Based on the lesson plan analysis, it can be said
that all of the participants increased their level of TPACK at the end of the course in

different degrees.

At the beginning of the course, most of the participants were at the recognizing and
accepting levels implying that they did not have the required knowledge and skills for
effective technology integration. At these levels, teachers generally use teacher-
directed pedagogical strategies and use technology for motivation, student practice,
and/or teacher demonstrations. Teachers’ knowledge at these levels is composed of
distinct bodies of knowledge for technology, content, and pedagogy; teachers need
experiences about teaching a particular content with technology and using effective
pedagogical strategies to facilitate student explorations with technology to transform
their knowledge to TPACK (Niess, 2013). Consistent with the previous studies, this
result showed that their undergraduate education did not prepare them for effective

teaching of science with technology (Lyublinskaya & Tournaki, 2013).

There were only a few participants at the adapting level at the beginning of the course.
At the adapting level, teachers try to integrate technology into their teaching; however,
at best, they can prepare low-level activities managed by the teacher (Niess, 2012). It
can be said that teachers at this level have begun to transform their knowledge of
content, pedagogy, and technology into TPACK, yet, they need future experiences
about the affordances of technology to support student learning and improve their

teaching practices.

There was only one participant at the exploring level, Nilgiin. She was a Ph.D. student

in the elementary education department with a research interest in argumentation-

164



based teaching. She was not working actively as a teacher at the time of the study but
had two years of field experience. Her lesson plan included inquiry activities for
students encouraging them to use technology on their own to explore the topic. Her
initial level of TPACK was very high even though she had no prior training in
technology integration. Having teaching experience cannot explain this result on its
own since other participants with teaching experience had lower levels of TPACK.
Studying argumentation-based instruction also cannot explain this result because
Nazim also had a similar research background, yet, his initial TPACK level was at the
recognizing level. Similarly, there were other participants with the same undergraduate
education, but their initial TPACK levels were lower. Nilgiin was an outlier among
participants. One possible explanation may be her own personal efforts put into the
preparation of the lesson plan supported by her teaching experience, research

background, and undergraduate education.

Initial TPACK levels of participants revealed that most of them did not possess
required knowledge and skills for effective technology integration. Literature about
beginning teachers’ TPACK also supports this finding. Beginning teachers with little
or no experience mostly use technology for practice purposes and fail to integrate in
into their teaching practices (Agyei & Voogt, 2011; Ottenbreit-Leftwich et al., 2010;
Tondeur et al., 2017). Pre-service teachers and beginning teachers need hands-on

experiences specifically designed to improve their TPACK.

The theory stage of the T-A-P course design was planned to build a theoretical
foundation for participants regarding the effective use of technology for teaching. Even
though previous research emphasizes the importance of theoretical knowledge for
TPACK development, it is missing in most of the professional development studies
and pre-service course designs. Most of the training programs include a short
presentation about the TPACK framework. In the present study, participants were
assigned to read articles, write reflections and prepare discussion questions about
them, and discuss their ideas in the classroom for five weeks. At the end of this stage,

participants prepared their second lesson plans.
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When compared to the initial lesson plan performances, there was not a significant
improvement in most of the participants’ level of TPACK; the majority of them stayed
at their initial level of TPACK. There were three participants whose level of TPACK
increased. Two of them were at the recognizing level initially and progressed to
accepting and adapting levels. One of them was at the accepting level and increased
his level of TPACK to adapting. In addition, there were two participants whose
TPACK level regressed from adapting to accepting at the end of the Theory stage. No

consistent improvement was observed in teachers’ TPACK.

According to these results, it can be concluded that having theoretical information
alone does not lead to an improvement in terms of TPACK. No similar studies can be
found examining the singular influence of having theoretical information about the
frameworks and general principles of technology integration on improving TPACK.
Previous research and reviews suggested engagement with theoretical knowledge to
learn the principles of effective technology integration; however, they also stated that
it should be combined with other strategies such as design experiences, exploration of
technologies etc. (Baran & Uygun, 2016; Tondeur et al., 2012). As the results of the
present study revealed, just learning about the theory does not lead to an improvement
in teachers’ TPACK. Teacher education efforts should use multiple strategies for
teachers’ TPACK development.

The second stage of the course was application. During this stage, participants were
introduced to various technological tools and asked to determine the affordances,
limitations, and potential uses of each particular tool in science teaching by working
in groups and discussing their ideas as a whole class. In addition, they made a group
presentation about specific technology and showed an example application. At the end
of this stage, participants submitted their third lesson plans. In addition, participants

performed micro-teachings using this plan.

When compared to the previous lesson plan performances, most of the participants’
TPACK levels increased after examining different technologies. Only two of the

participants stayed at the same level: Nilglin and Ayten. Nilgiin’s TPACK level was
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determined to be at the exploring level for all three of her lesson plans. Since her initial
level of TPACK level was very high, there was very little space for improvement.
Ayten’s TPACK level also did not change at the end of this stage; she stayed at the
accepting level. The lesson plan she prepared was problematic in terms of technology,
pedagogy, and content. She tried to use an augmented reality application she learned
during the application stage. The technology was appropriate for the content to be

taught; however, she was not able to plan the teaching process effectively.

At the end of the application stage, all participants, except Ayten, were at the adapting
and exploring levels. This means participants were able to integrate technology into
their plans for teaching the subject; however, their pedagogical approaches were
different. Adapting level implies that teachers use technology to replace traditional
instructional practices with the integration of technology. The instructions are mostly
teacher-directed at this level; even if students use technology for scientific
explorations, the procedures they use are determined by the teacher with highly
structured worksheets. This might be because the participants were assigned to
perform micro-teachings with these lesson plans. It might be intimidating to perform
a student-centered technology-integrated lesson plan. It is difficult for new teachers to
teach through inquiry; it requires experience to be able to use inquiry-based teaching
approaches (Kaplon-Schilis, 2018; Wang et al., 2008). They need more practice with
technology as well as using it with an inquiry-based teaching approach. Teachers need
long-term training to gain confidence in teaching with technology and achieve higher
levels of TPACK (Koh & Divaran, 2011). Previous research also showed that even
after attending professional development programs about TPACK, some teachers tend
to continue traditional instructional practices while using technology for low-level
activities (Lyublinskaya & Tournaki, 2011; Niess et al., 2008).

Almost half of the participants achieved exploring level of TPACK at the end of the
application stage. They used student-centered instructional approaches while using
technology to teach the topic. When compared to adapting level, the teacher and
student roles are different at the exploring level. Teachers at the exploring level prepare

inquiry activities for students, including problem-solving tasks, and act as a guide, not
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a director, while students are using technology. There was no consistency between
having teaching experience and achieving higher levels of TPACK. There were four
participants with actual classroom experience; two of them were at the adapting level,

and two of them were at the exploring level.

The findings of the present study suggest that investigation of technologies using the
technology mapping approach was effective for promoting TPACK development of
teachers. The technology mapping approach is different from just presenting a specific
technology; it requires establishing connections between content, pedagogy, and
affordances and limitations of a particular technology. Previous studies by the
developers of this approach also revealed that it was helpful for teachers to combine
their knowledge of content, pedagogy, and technology in a meaningful way (Angeli &
Valanides, 2009; 2013). Focusing on technical skills and ignoring the relationships
between technology, content, and pedagogy is not effective for TPACK development.
Teachers should be given opportunities to actively explore and use technologies with

a subject-specific perspective (Tondeur et al., 2012).

The last stage of the course was practice, during which participants performed micro-
teachings using their third lesson plans. At the end of this stage, after experiencing the
implementation of a technology-integrated lesson plan, observing other participants’
performances, and receiving feedback from the instructor and the other participants,

the participants prepared and submitted their final lesson plans.

When compared to the previous lesson plans, after performing micro-teachings, half
of the participants’ TPACK levels increased, and the other half of the participants
stayed at the same level. Most of the participants were at the exploring level suggesting
that T-A-P course design was effectively gaining the required skills to prepare student-
centered lesson plans with the effective integration technology for teaching science
content. Three participants stayed at the adapting level as they were at the end of the
application stage. Two participants reached advancing level, the highest level (Niess
et al., 2006) at the end of the course. Teachers at this level can challenge the way the

topics are generally taught and prepare open-inquiry activities for students (Niess,
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2011). Students are in control of their learning with the help of technology. Teachers
at this level prepare technology-based tasks for the development of higher-level
thinking and deepening understanding of science concepts (Kaplon-Schilis, 2018;
Lyublinskaya &Tournaki, 2014).

The influence of performing micro-teachings for promoting TPACK development of
teachers was inconclusive. Half of the participants preserved their previous levels,
whereas the other half increased their level of TPACK. Previous research suggests that
implementing technology-integrated lesson plans can help teachers assess their own
performance, assess their strengths and weaknesses when teaching with technology,
and, therefore, promote their TPACK (Baran & Uygun, 2016; Lee & Kim, 2014).
Especially micro-teaching lesson study approach was found to be effective for the
TPACK development of teachers (Zhang & Tang, 2021). In the present study, the
micro-teaching experience was also appreciated by participants and helped some of
them to improve their level of TPACK. Micro-teaching is an important element of the
course design, and even though its singular influence on TPACK cannot be observed

consistently, it is necessary to support the TPACK development of teachers.

When participants' overall development throughout different stages of the course was
examined, it was found that the TPACK level of all participants increased at the end
of the course at different levels. Most of the participants progressed to two levels of
TPACK. There were only two participants who progressed three levels, Birhan and
Tomris. Birhan’s initial TPACK level was accepting and at the end of the course,
increased to advancing. This might be because she was very eager to learn about the
TPACK framework since she was planning to conduct a study about TPACK for her
master’s thesis. Tomris started the course at the recognizing level and finished at the
exploring level. Even though her initial TPACK was at the lowest level, she was able
to reach exploring level. It would be unrealistic to expect all of the participants to
achieve the highest level just by attending one graduate course. Improvement of

TPACK requires long-term commitment and training.
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5.4. Conclusions, Implications, and Recommendations

Theory-Application-Practice course design was created to offer a solution to the
problem of identifying effective strategies for the TPACK development of teachers.
Findings revealed that the design was effective for graduate science education
students’ TPACK development. By combining various principles found to be effective
for TPACK development in different studies, a course design was proposed and
implemented following designed-based research methodology. Based on the findings

of this study, the following conclusions can be drawn.

The findings of the present study revealed that science teachers do not graduate with
the necessary knowledge and skills for effective technology integration. Consistent
with the literature (Agyei & Voogt, 2011; Bate, 2010; Tondeur et al., 2017), the
findings of this study revealed that most of the participants’ initial TPACK level was
very low. Research suggests that only a limited number of beginning teachers can use
technology effectively for student-centered teaching (Gao et al., 2011). In the present
study, among 12 participants, only one of them used technology to design student-
centered tasks in the initial lesson plans. Teacher education has a significant influence
on teachers’ technology integration practices in their future classrooms (Chai, Koh, &
Tsai, 2010; Goktas et al., 2009). In order to raise science teachers with high levels of
TPACK, teacher education programs need to be consistent with the underlying
characteristics of the TPACK framework and provide effective practices for future

teachers.

The T-A-P course design was found to be effective for developing teachers’ TPACK.
Upon completion of the course based on T-A-P design, all participants increased their
level of TPACK. Almost all of the participants’ perceived competencies and self-
efficacy of TPACK also increased. Participant feedback also suggested that the course
design was perceived to be effective by teachers. Therefore, this course design can be

informative for teacher educators to guide their efforts.

T-A-P course design was created based on the assumption that teachers already have

PCK since participants were graduate students who received a B.S. degree from the
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elementary science education department. Therefore, it should be adapted according
to the needs of pre-service science teachers. Especially the theory stage of this course
might need revision before implementing it in undergraduate education since pre-
service teachers tend to prefer short lectures combined with practical work (Tondeur
et al., 2012). When adapting this course design for pre-service science teachers, the
number of articles to be read and discussed can be decreased. Articles providing
theoretical information about the TPACK framework can be conserved; however, the
research articles can be difficult to read and understand for pre-service science
teachers. They can be removed from the reading list. Future research with pre-service
teachers is needed to test the effectiveness of course design for pre-service science

teachers.

For designing professional development programs and graduate courses, this course
design can be helpful. Science teacher education still needs further research about the
implementation of alternative professional development programs in different contexts
(Baran et al., 2016). The present study aimed to make a contribution by designing an
alternative model to be implemented with science teachers. However, much more
research was needed to identify the characteristics of effective professional
development programs and courses in different contexts with different participants. In
addition, not all of the participants of this study were working as a teacher; most of
them were graduate students. This might imply an increased motivation to learn about
TPACK and, therefore, might have led to improved results. Testing the effectiveness
of this design with in-service science teachers is also important.

The development of participants’ TPACK was observed at different degrees among
participants. Previous research suggests that teachers’ personal beliefs as well as the
context they are teaching, influence their technology integration practices (Tondeur et
al., 2017). Teacher-related variables such as pedagogical beliefs, knowledge, self-
efficacy, and experience are important factors affecting technology integration
practices (Manfra & Hammond, 2006; Ottenbreit-Leftwich et al., 2018). In the present
study, most of the participants graduated from the same university, therefore, received

the same undergraduate education, yet, their initial TPACK levels were different.
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Working as a teacher also was not related to the development of TPACK levels. Two
of the teachers among the participants received the lowest and highest scores for their
lesson plans continuously. In addition, when individual scores for self-efficacy and
perceived competencies of TPACK were investigated, there was no consistency
between participants’ scores, their initial levels of TPACK, and the development of
TPACK. For example, Nilgiin had the highest level of TPACK at the beginning of the
course, yet, her self-efficacy and perceived competency scores were lower than most
of the other participants. For this reason, future research is needed to investigate the
relationships between TPACK development and teacher characteristics as well as to
determine how to minimize the negative influences of these factors on teachers’

TPACK development.

The most effective part of the course design was found to be the Application stage.
This might be explained by participants’ lack of technological knowledge at the
beginning. In their first interviews, most of the participants mentioned that it was very
difficult for them to find technologies to teach science content. After the application
stage, they mentioned the importance of learning different technological tools for
preparing science teaching lesson plans. Technology knowledge is one of the main
components of TPACK. Therefore, if teachers do not possess adequate TK, they
cannot improve their TPACK. For this reason, it is important to introduce participants
to various technologies that can be used in science education. In addition, the
discussion of technologies in terms of educational applications using the technology
mapping approach was also found to be helpful by participants and reflected in their

latter lesson plans.

The use of technology mapping strategy can also be helpful for improving educational
technology courses in undergraduate education (Angeli & Valanides, 2009; 2013);
however, future research is necessary to test its effectiveness with pre-service teachers.
Technology mapping strategy can be used in the educational technology courses in the
department of elementary science education. Rather than giving technology

knowledge without any connections to the subject area and subject-specific
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pedagogies, the technology mapping approach can be useful for pre-service science

teachers.

The practice stage, including performing and observing micro-teachings, did not make
a significant contribution to participants’ TPACK development. Even though
participants’ found it helpful and some participants’ level of TPACK increased after
micro-teachings, its effectiveness might be increased with actual classroom
experiences. On the other hand, Lale, working as a science teacher at a public
elementary school, implemented her third lesson plan in her actual classroom with her
students. However, her TPACK level did not change after this implementation either.
For this reason, future studies are needed to clarify the influence of actual classroom

practices on teachers’ TPACK development.

In conclusion, each stage of the course design was appreciated by participants and
contributed to their TPACK development. For this reason, the guiding principles used
for this design can be recommended to be applied in future studies aiming to improve

teachers’ TPACK. These principles are:

1. Building a theoretical foundation is important for teachers’ TPACK
development.

2. Examining examples of technology-integrated learning materials promotes
teachers’ development of TPACK.

3. Investigation of technologies using the technology mapping approach
promotes TPACK development of teachers.

4. Designing technology-enhanced learning materials improves teachers’
TPACK.

5. Implementing technology-integrated lesson plans and reflecting on the
experiences contribute to the development of TPACK.

6. Providing feedback about teacher designs is important for TPACK

development.

In the present study, the course content, activities, and selected technologies were

determined for science teaching. However, these principles and the stages of the T-A-
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P design are not subject-specific. Future research can benefit from these principles
through theory, application, and practice stages in different subject areas by changing

the course content.
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APPENDICES

A. TEACHING SCIENCE WITH TECHNOLOGY COURSE SYLLABUS
Course Description:

This course is designed to provide students opportunities to learn about the current state
of theory and research on technology integration into science education. There will be a
review of the Technological Pedagogical Content Knowledge (TPACK) framework and
TPACK research in science education/science teacher education; demonstration and
investigation of technologies for improving science teaching; examination of technology
integrated science lesson examples, and development and implementation of technology

integrated science lessons.
The main methods by means of which the course is to be conducted are through:

e The presentations and discussions of articles and/or texts assigned,

e Online forum discussions out of the classroom,

e In-class activities related to technology integration into science education,
e Development and implementation of lesson plans,

e Reflecting upon classroom practices and weekly readings,

e Reviewing and critiquing others’ work.
Course Objectives:

1. To analyze the TPACK framework and its implications for science education;

2. To discuss the importance, advantages, and disadvantages of technology
integration into science education;

3. Todevelop an awareness related to the characteristics of educational technologies
that can be used to improve the quality of science teaching and learning;

4. To examine various technologies that can be used in science education;

5. To engage in technology integrated lessons throughout the course;
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10.

To examine and reflect upon technology integrated science lesson examples;

To experience the technology integration process while preparing lesson plans
and activities for teaching science;

To design a unit of instruction for a science topic using the TPACK framework;
To develop technological skills to be able to combine technology and pedagogy
effectively for teaching science content;

To develop an interest in research on technology integration into science

education.

Reading Materials:

Each week you will be assigned specific readings according to the topic of that week’s

discussion. There is no single textbook that is going to be followed. However, the

following books are very helpful if you are interested in further readings.

AACTE Committee on Innovation and Technology (Ed.). (2008). The handbook
of technological pedagogical content knowledge (TPCK) for educators. Mahwah,
NJ: Lawrence Erlbaum Associates.

Keengwe, J. (Ed.). (2013). Research perspectives and best practices in
educational technology integration. Hershey, PA: Information Science Reference.
Tomei, L. A. (Ed.). (2013). Learning tools and teaching approaches through ICT
advancements. Hershey, PA: Information Science Reference.

Online Platforms:

METU-Class: Throughout the semester, we will use METU-Class for online
activities such as forum discussions, assignments, file uploads, announcements
and so on. Please complete your profile information and follow the updates.

Facebook group: We will have a Facebook group for small talks, chat, and any
questions related to the course and/or activities. It will make it easier for all of us
to communicate simultaneously. Please join the group and turn on notifications.

Do not hesitate to share anything that is related to our course.
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Attendance and participation:

This is a participatory class which means your attendance and engagement in activities
are essential for an effective learning environment. You are expected to keep up with your
readings regularly, complete your assignments and participate in the classroom/online
discussions and activities. If you have an important excuse for not participating/arriving

late/leaving early to a class, please inform the course assistant beforehand.
Academic Ethics and Plagiarism:

All assignments you submit should be the result of your own effort. Any form of academic
dishonesty (e.g., cheating, plagiarism) will not be tolerated and will result in failure of the
course and/or formal disciplinary proceedings. Plagiarism is a specific form of cheating.
It means “using, presenting or submission of someone else's ideas or phrasing without
clearly acknowledging the source of that information (that is without any citation or
credits) and representing those ideas or phrasing as our own, either on purpose or through
carelessness”. For more information about plagiarism, go to the webpage:

http://fbe.metu.edu.tr/plagiarism.

Give the full reference of any source you used for your work. Please use APA (6" edition

- https://owl.english.purdue.edu/owl/resource/560/01/) style for citation of sources.

Assignments and Grading:

1. Weekly readings and reflections (%10): Each week, you will be assigned

readings. We will have an online forum on METU-class for each week’s readings.
Before the class, you are expected to reflect upon that weeks’ readings by (1)
sharing the main points you have drawn from the texts; (2) preparing at least two
questions for classroom discussions; and (3) discussing how this new information
can be related to real science classroom settings. You need to share your
reflections on METU-Class until 23:59 on Sunday before the class. You are also

encouraged to read each other’s reflections and share your ideas.
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Lesson plans (%10 * 4 = %40): Within the semester, you will be asked to prepare

four lesson plans according to the format given to you. In these lesson plans, you
are asked to plan to teach a science topic by choosing the right pedagogy and
technology. You will also share your lesson plans with each other on METU-Class
until the class hours of the assigned week. You are expected to provide feedback
on at least two of your friends’ lesson plans.

Interviews (%10): In order to provide you the opportunity to elaborate your ideas

on your lesson plans, an interview will be conducted with you after your
submission of each lesson plan. Each interview will take approximately 15-20
minutes and can be conducted face-to-face or online, according to your time
schedule.

Group presentation and report (%10): Within the semester, you will be asked to

make a group presentation about a technological tool (not included in the syllabus
— please contact the course assistant before you decide) that can be used in science
teaching. You will make a demonstration in the class and prepare a presentation
report including your ideas about (1) why you chose that specific tool; (2) how
that tool can improve science instruction; (3) which teaching methods and science
topics can be combined with that tool. You are expected to submit your report to
METU-Class until the following Friday, 23:59.

Micro-teaching and presentation report (%10): At the end of the semester, you

will perform a micro-teaching by presenting your third lesson plan in the
classroom. You will also be asked to write a reflection and submit it to METU-
Class about your teaching until the following Friday, 23:59.

Feedback (%5): After each lesson, you are expected to provide feedback on that

day’s lesson and each other’s work by sharing your ideas about (1) what can be
done to improve the quality of instruction/discussion/presentation/lesson plan etc.
and (2) what was the most effective part of the instruction/discussion/presentation/
lesson plan etc. You are expected to submit your feedback to METU-Class until
the following Friday, 23:59.
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7. Article/News/Activity search (%5): Before each classroom meeting, you need to
find at least one article/news/activity (or something else that you think is
important to share with all of us) related to the topic of that week and share it on
the course’s Facebook page.

8. Participation (%10): Since the quality of the classroom activities depends on your

active participation, you are expected to (1) arrive on time and stay until the end
of each meeting; (2) complete the assignments on time; (3) participate actively in
classroom discussions and activities. When you have an important excuse for

missing a class, please inform the course assistant beforehand.
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B. LESSON PLAN FORMAT

Grade level: Which grade level do you intend to teach with this lesson plan?
Duration: How long will it take to implement this lesson plan?

Objectives: Write down the objectives of this lesson. Please be specific. You are
expected to determine your objectives aligned with the objectives given in the
curriculum; you can revise them or add other objectives as long as you stay in the

scope of the curriculum objectives.

Content: Which science content from the curriculum do you intend to teach with this
lesson plan? Write the name of the topic and unit according to the curriculum. Give

some background information about the content. Please also explain:

1. Why did you choose that specific topic to teach?

2. What might be the possible misconceptions that students have before they
come to class?

3. What prior knowledge do you expect students to know related to that topic
before they come to the class?

4. What are the possible difficulties you might face while teaching that topic?

Teaching Method(s): Which teaching method(s) will be used to teach that content?
What are the important characteristics of that teaching method? Please also explain:

1. Why did you choose that specific teaching method?
2. Why do you think this method can be effective in teaching that content?
3. According to you, what are the advantages and disadvantages of this teaching

method?

Instructional Technology(s): Which instructional technology(s) will be used to teach

that content with that teaching method? Please also explain:

1. Why did you choose that specific instructional technology?
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2. How do you think this instructional technology can improve the quality of
teaching and learning?

3. What might be the possible advantages and disadvantages of integrating that
instructional technology into teaching that content?

4. What other technologies might fit to that content and teaching method?

Teaching procedure: Please explain how you plan to carry out the whole lesson. Try
to give as much details as possible. Clearly explain how you integrate the content,
teaching method, and technology by giving details about the content to be taught,
characteristics of the teaching method, and technology. You are advised to divide this
part into sections as (1) introduction — middle - closure; (2) 0-10 min — 10-20 min —
20-30 min, and so on; (3) according to the steps of your teaching method; or (4) in any

other way you think that is appropriate.

Assessment: How are you going to assess whether you reached your objectives or not?
Please also explain:

1. Why did you choose that specific assessment strategy(s)?

2. How does your assessment strategy(s) fit your objectives?
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C. INTERVIEW PROTOCOLS

C1. 1%t Interview Protocol

1. Hazirladiginiz fen 6gretimi ders planlarinda, 6greteceginiz konuyu

secerken ne gibi kriterlere dikkat ettiniz?

(@]

o

Sizce bu konuyu anlatmak i¢in baska hangi 6gretim yontemleri
kullanilabilir? Neden?
Sizce bu konuyu Ogretirken baska ne tiir teknolojilerden

faydalanilabilir? Neden?

2. Hazirladigmiz fen Ogretimi ders planlarinda, entegre ettiginiz

teknolojiyi segerken ne gibi kriterlere dikkat ettiniz?

o

Sizce bu teknoloji 6grencilerin fen konularini 6grenmesine nasil
yardimci olur?

Bu teknolojiyi ders planiniza entegre ederken sizi en ¢ok ne
zorladi?

Bu ders planini gercek bir sinif ortaminda uygulamaniz gerekirse,
teknoloji kullanimiyla ilgili nelerden endise duyarsiniz? Ne gibi
sorunlarla karsilasabilirsiniz?

Diyelim ki bu ders planini uyguluyorsunuz ve teknoloji sorun
¢ikardi, bu durumu nasil ¢ozersiniz?

Ders planinizda teknoloji kullanmaniz mecbur tutulmasaydi, yine

de bu teknolojiyi kullanir miydiniz?

3. Hazirladiginiz fen 6gretimi ders planlarinda, kullandiginiz 6gretim

yontemini segerken ne gibi kriterlere dikkat ettiniz?

o

©)

o

Sizce bu Ogretim yontemi O&grencilerin  fen konularmi
o0grenmesine nasil yardimci olur?

Bu 6gretim yontemini ders planiniza entegre ederken sizi en ¢ok
ne zorladi?

Bu ders planini gercek bir sinif ortaminda uygulamaniz gerekirse,
O0gretim yontemiyle ilgili nelerden endise duyarsiniz? Ne gibi

sorunlarla karsilasabilirsiniz?
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4. Ders planimiz1 hazirlarken 6nce konuyu mu, 6gretim yontemini mi

yoksa teknolojiyi mi sectiniz? Ugii nasil bir araya geldi?

5. Hazirladigimiz ders plani ile ilgili sizin eklemek istediginiz bir seyler

var m1?

C2. 2" Interview Protocol

1. Hazirladigimmiz fen 6gretimi ders planlarinda, 6greteceginiz konuyu

secerken ne gibi kriterlere dikkat ettiniz?

o

o

Sizce bu konuyu anlatmak i¢in baska hangi 6gretim yontemleri
kullanilabilir? Neden?

Sizce bu konuyu ogretirken baska ne tiir teknolojilerden
faydalanilabilir? Neden?

2. Hazirladigimz fen Ogretimi ders planlarinda, entegre ettiginiz

teknolojiyi secerken ne gibi kriterlere dikkat ettiniz?

o

Sizce bu teknoloji 6grencilerin fen konularin1 6grenmesine nasil
yardimci olur?

Bu teknolojiyi ders planiniza entegre ederken sizi en ¢ok ne
zorlad1?

Bu ders planini gergek bir sinif ortaminda uygulamaniz gerekirse,
teknoloji kullanimiyla ilgili nelerden endise duyarsiniz? Ne gibi
sorunlarla karsilasabilirsiniz?

Diyelim ki bu ders planin1 uyguluyorsunuz ve teknoloji sorun
c¢ikardi, bu durumu nasil ¢ozersiniz?

Ders planinizda teknoloji kullanmaniz mecbur tutulmasaydi, yine

de bu teknolojiyi kullanir miydiniz?

3. Hazirladigimiz fen 6gretimi ders planlarinda, kullandiginiz 6gretim

yontemini segerken ne gibi kriterlere dikkat ettiniz?

o

Sizce bu Ogretim yontemi O&grencilerin fen konularmi

Ogrenmesine nasil yardimci olur?
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o Bu 0gretim yontemini ders planiniza entegre ederken sizi en ¢ok
ne zorlad1?

o Buders planini gergek bir sinif ortaminda uygulamaniz gerekirse,
Ogretim yoOntemiyle ilgili nelerden endise duyarsiniz? Ne gibi
sorunlarla karsilasabilirsiniz?

4. Ders planiniz1 hazirlarken 6nce konuyu mu, 6gretim yontemini mi
yoksa teknolojiyi mi sectiniz? Ugii nasil bir araya geldi?

5. Bir onceki ders planinizla karsilagtirdiginizda bu ders planinizda ne
gibi farkliliklar yaptiniz? Daha m1 kolay hazirladiniz, daha m1 zor?

6. Hazirladigimiz ders plani ile ilgili sizin eklemek istediginiz bir seyler

var m1?
C3. 3 Interview Protocol

1. Hazirladigmiz fen 6gretimi ders planlarinda, 6greteceginiz konuyu
secerken ne gibi kriterlere dikkat ettiniz?

o Sizce bu konuyu anlatmak i¢in baska hangi 6gretim yontemleri
kullanilabilir? Neden?

o Sizce bu konuyu Ogretirken bagka ne tiir teknolojilerden
faydalanilabilir? Neden?

2. Hazirladigmiz fen Ogretimi ders planlarinda, entegre ettiginiz
teknolojiyi segerken ne gibi kriterlere dikkat ettiniz?

o Sizce bu teknoloji 6grencilerin fen konularin1 6grenmesine nasil
yardimci olur?

o Bu teknolojiyi ders planiniza entegre ederken sizi en ¢ok ne
zorladi1?

o Buders planini gercek bir sinif ortaminda uygulamaniz gerekirse,
teknoloji kullanimiyla ilgili nelerden endise duyarsiniz? Ne gibi
sorunlarla karsilasabilirsiniz?

o Diyelim ki bu ders planini uyguluyorsunuz ve teknoloji sorun

¢ikardi, bu durumu nasil ¢ozersiniz?
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3.

10.

11.

12.

o Ders planinizda teknoloji kullanmaniz mecbur tutulmasayd, yine
de bu teknolojiyi kullanir miydiniz?

Hazirladiginiz fen 6gretimi ders planlarinda, kullandiginiz 6gretim
yontemini secerken ne gibi kriterlere dikkat ettiniz?

o Sizce bu Ogretim yontemi Ogrencilerin  fen konularini
O0grenmesine nasil yardimci olur?

o Bu dgretim yontemini ders planiniza entegre ederken sizi en ¢ok
ne zorladi?

o Buders planini gergek bir sinif ortaminda uygulamaniz gerekirse,
Ogretim yoOntemiyle ilgili nelerden endise duyarsiniz? Ne gibi
sorunlarla karsilasabilirsiniz?

Ders planinizi hazirlarken 6nce konuyu mu, 6gretim yontemini mi
yoksa teknolojiyi mi sectiniz? Ugii nasil bir araya geldi?

Bir onceki ders planinizla karsilastirdiginizda bu ders planinizda ne
gibi farkliliklar yaptiniz? Daha mi1 kolay hazirladiniz, daha m1 zor?
Hazirladiginiz ders plani ile ilgili sizin eklemek istediginiz bir seyler
var m1?

Ders anlatimi esnasinda neler yasadiniz?

Ders anlatiminda sizi en ¢ok zorlayan kisim neydi?

Ayni ders anlatimin1 ger¢ek bir sinifta o yas grubu Ogrencilerle
yapabilir misiniz? Neleri degistirirsiniz?

Ders planinizda yazip uygulama esnasinda yapamadiginiz kisimlar
oldu mu? Olduysa hangi kisimlardi?

Bu ders planmin anlatimmi yapacaginiz i¢in ders planiniza
eklemekten vazgegctiginiz seyler oldu mu? Olduysa nelerdi?

Ders anlatimmiz ile ilgili ile ilgili sizin eklemek istediginiz bir seyler

var m1?
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CA4. 4™ Interview Protocol

1. Hazirladiginiz fen 6gretimi ders planlarinda, 6greteceginiz konuyu
secerken ne gibi kriterlere dikkat ettiniz?

o Sizce bu konuyu anlatmak i¢in baska hangi 6gretim yontemleri
kullanilabilir? Neden?

o Sizce bu konuyu Ogretirken baska ne tiir teknolojilerden
faydalanilabilir? Neden?

2. Hazirladigimz fen Ogretimi ders planlarinda, entegre ettiginiz
teknolojiyi segerken ne gibi kriterlere dikkat ettiniz?

o Sizce bu teknoloji 6grencilerin fen konularin1 6grenmesine nasil
yardimci olur?

o Bu teknolojiyi ders planiniza entegre ederken sizi en ¢ok ne
zorladi1?

o Buders planimi gergek bir sinif ortaminda uygulamaniz gerekirse,
teknoloji kullanimiyla ilgili nelerden endise duyarsiniz? Ne gibi
sorunlarla karsilasabilirsiniz?

o Diyelim ki bu ders planini uyguluyorsunuz ve teknoloji sorun
¢ikardi, bu durumu nasil ¢ozersiniz?

o Ders planinizda teknoloji kullanmaniz mecbur tutulmasaydi, yine
de bu teknolojiyi kullanir miydiniz?

3. Hazirladiginiz fen 6gretimi ders planlarinda, kullandiginiz 6gretim
yontemini segerken ne gibi kriterlere dikkat ettiniz?

o Sizce bu Ogretim yontemi Ogrencilerin fen konularim
ogrenmesine nasil yardimei olur?

o Bu 6gretim yontemini ders planiniza entegre ederken sizi en ¢ok
ne zorlad1?

o Buders planin1 gergek bir sinif ortaminda uygulamaniz gerekirse,
ogretim yontemiyle ilgili nelerden endise duyarsiniz? Ne gibi

sorunlarla karsilasabilirsiniz?
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10.

11.

Ders planinizi hazirlarken 6nce konuyu mu, 6gretim ydntemini mi
yoksa teknolojiyi mi sectiniz? Ugii nasil bir araya geldi?

Bir 6nceki ders planinizla karsilastirdiginizda bu ders planiizda ne
gibi farkliliklar yaptiniz? Daha mi1 kolay hazirladiniz, daha m1 zor?
Hazirladigimiz ders plani ile ilgili sizin eklemek istediginiz bir seyler
var m1?

Dersin organizasyonunu degerlendirecek olursaniz (teori, uygulama,
micro-teaching) neler sdyleyebilirsiniz? Sizce degismesi gereken
kisimlar neler?

Derste yaptigimiz etkinlikler (delphi ¢calismasi, tpack game, teknoloji
sunumlar1 vd.) hakkinda neler diisiiniiyorsunuz?

Dersin  assignmentlarin1  degerlendirecek  olursaniz  neler
sOyleyebilirsiniz? Eklenmeli mi yoksa azaltilmali m1? Donem igine
yayilmasi iyi mi yoksa onun yerine donem sonunda daha kapsamli bir
06dev mi olmal1?

Bu dersi almaya diisiinen biri (hem graduate hem pre-service) fikrinizi
sordugunda al ya da alma derken neler sdylersiniz?

Dersle ilgili sizin eklemek istediginiz bir seyler var m1?
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D. TPACK LEVELS RUBRIC

C1: An overarching conception about the purposes for incorporating

technology in teaching subject matter topics

Level

Explanation

Recognizing

1)

— Instructional technology is used for motivation, rather than
actual subject matter development. All learning of new ideas
presented by the teacher mostly without technology.

— Technology-based activities do not include inquiry tasks.
Technology procedures concentrate on drills and practice only.

Accepting
)

— Instructional technology is used for motivation, rather than
actual subject matter development. Larger part of technology use
is for demonstrations, which include presenting new knowledge.

— Technology-based activities do not include inquiry tasks.
Technology procedures concentrate on teacher demonstration
and practice.

Adapting
@)

— Teacher is one who is using instructional technology in a way
that is new and different from teaching without technology and
students use technology for learning new knowledge.

— Technology-based activities include inquiry tasks. Technology
procedures concentrate on scientific tasks with connections and
on inquiry activities that use or develop connections.

Exploring
(4)

— Larger part of instructional technology use is by students who
explore and experiment with it for new knowledge and for
practice.

— Technology-based activities include inquiry tasks. Technology
procedures concentrate on scientific tasks with connections and
on inquiry activities that use or develop connections. Technology
procedures concentrate on doing science.

Advancing

®)

— Instructional technology tasks provide students with deeper
conceptual understanding of science and their processes.

— Technology-based activities include inquiry tasks of high
cognitive demand. Technology procedures concentrate on
scientific tasks with connections and on doing science.
Technology procedures concentrate on inquiry activities that use
or develop deep scientific knowledge representing connections
and strategic knowledge.
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C2: Knowledge of students’ understandings, thinking, and learning in

subject matter topics with technology

Level

Explanation

Recognizing

)

—Instructional technology is used primarily for student practice.
— Digital materials do not present any new material, and only
provides space for applications and drills.

Accepting
)

—Instructional technology is mostly used for teacher
demonstrations or teacher-led student-follow work with
technology; it is rarely used for students’ independent
explorations. Teacher sees the technology as a motivational tool
for student rather than a learning tool.

— Digital materials mirror the structure of the textbook
presentation of science without active explorations.

Adapting
@)

—Teacher focuses on students’ thinking of science while students
are using instructional technology on their own — both for
learning new knowledge and review of prior knowledge.

— Digital materials provide an environment for students to do
science with teacher guidance.

Exploring
(4)

—Instructional technology focuses on students’ science
conceptual understanding and serves as a guide for student
learning with technology, not a director.

— Digital materials provide an environment for students to
deliberately take scientifically meaningful actions on objects.
Teacher guidance is necessary in order for students to see the
scientifically meaningful consequences of those actions.

Advancing

®)

—Teacher facilitates students’ high level thinking with
instructional technology.

— Digital materials provide an environment for students to
deliberately take scientifically meaningful actions on objects and
to immediately see the scientifically meaningful consequences
of those actions.
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C3: Knowledge of curriculum and curricular materials that integrate
technology in learning and teaching subject matter topics

Level

Explanation

Recognizing

)

—Teacher does not use instructional technology for learning
science.

— Instructional technology if used is not aligned with one or more
curriculum goals.

Accepting
)

—Teacher uses standard approach to the curriculum topics with
instructional technology being used as add-on.

— Instructional technology is partially aligned with one or more
curriculum goals. Teacher has difficulty in identifying topics in
science curriculum for including instructional technology as
tool.

Adapting
@)

—The instructional technology is used as a replacement for non-
technology based tasks in a traditional curriculum approach.
Teacher only adapts experiences that he/she has personally
experienced in his/her learning.

— Instructional technology is aligned with one or more curriculum
goals. Teacher chooses topics from school science curricula;
however, technology use is not always appropriate for the chosen
curriculum topics.

Exploring
(4)

—Teacher envisions on his/her own as to how curriculum might
be taught with the technology. Students are given problem-
solving tasks with instructional technology and are asked to
expand science ideas based on technology explorations.

— Technology is aligned with curriculum goals. Teacher chooses
important topics of school science curricula and technology use
is appropriate for the chosen curriculum topics.

Advancing

®)

—Teacher uses instructional technology in a fully constructive
way, including tasks for development of higher-level thinking
and deepening understanding of science concepts. Teacher
challenges the traditional curriculum - engaging students in
learning quite different topics with the technology and
eliminating some of the topics that have traditionally been
taught.

— Instructional technology is strongly aligned with curriculum
goals. Teacher chooses essential topics of school science
curricula. Technology use is effective for the chosen curriculum
topics.
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C4: Knowledge of instructional strategies and representations for teaching

and learning subject matter topics with technologies

Level

Explanation

Recognizing

1)

—Teacher focuses on how to use instructional technology rather
than how to explore science ideas, using teacher-directed
lectures followed by student practice.

— Digital materials provide students only with opportunities for
drill and practice.

Accepting
)

—The instructions are teacher-led. Teacher structures lesson plan
with limited student explorations with instructional technology.
— Digital materials are not built around learning objects and do not

promote student reflection.

Adapting
©)

—Teacher uses deductive (teacher- directed) approach to teaching
with instructional technology to maintain control of the
progression of the activities.

— Digital materials are built around learning objects but do not
promote student reflection — especially the posing of questions
for sense making.

Exploring
(4)

—Teacher uses various instructional strategies (deductive and
inductive) and focuses on students thinking about science.
Teacher’s use of instructional technology is beyond traditional
approaches to curricular topics.

— Digital materials are built around learning objects and must
explicitly promote student reflection — especially the posing of
guestions for sense making.

Advancing

®)

—Teacher focuses on students’ hands-on and experimentation of
new science ideas with instructional technology, and focuses on
conceptual development.

— Digital materials are built around learning objects and must
explicitly promote student reflection — especially the posing of
questions for sense making and reasoning, including explanation
and justification.
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F. CONSENT FORM

Goniillii Katilim Formu

Bu ¢aligma, ODTU Ilkégretim Béliimii 6gretim iiyesi Prof. Dr. Jale CAKIROGLU
danigsmanliginda, Ars. Gor. Gamze Cetinkaya AYDIN tarafindan yiiriitiilen bir doktora
tez calismasidir. Bu form sizi arastirma kosullar1 hakkinda bilgilendirmek icin

hazirlanmustir.

Bu ¢alismanin amaci, ilk6gretim boliimiinde verilmekte olan “ESME 522 - Teaching
Science with Technology” dersinin, dersi alan 6grencilerin teknolojik pedagojik alan
bilgilerinin gelisimini saglama acisindan etkililigini incelemektir. Bu amag
dogrultusunda dersi alan 6grencilerden anket, miilakat (ses kaydi), gézlem (video
kaydi) ve ders kapsaminda hazirlanan materyaller yoluyla veri toplanacaktir. Toplanan

bu veriler, dersin gelistirilmesi ve daha 1y1 hale getirilmesi amaciyla kullanilacaktir.

Calismanin fiziksel ve ruhsal saglhiginiz i¢in herhangi bir riski bulunmamaktadir.
Caligmaya katiliminiz tamamiyla goniilliillik esasina dayalidir. Cevaplariniz
tamamuyla gizli tutulacak ve sadece aragtirmacilar tarafindan degerlendirilecektir; elde
edilecek bilgiler yalnizca bilimsel yayimlarda kullanilacaktir. Higbir sekilde gercek
isminiz kullanilmayacak, kimseyle paylasilmayacaktir. Anket, gériigme ve raporlarda
kisisel anlamda rahatsizlik verici sorular bulunmamaktadir. Ancak, herhangi bir
nedenden otiirii kendinizi rahatsiz hissederseniz, sorular1 yanitlamay1 birakabilir ve
herhangi bir gerekce belirtmeden ayrilabilirsiniz. Calismaya katilma, calismaya
katilmama ya da caligmayr yarim birakma durumlar1 herhangi bir olumsuzluk

yaratmayacak ve ders notlariniza asla etki etmeyecektir.

Calismada sizden beklenen aktivitelere aktif katilim saglamaniz, sorulara ictenlikle
yanit vermeniz ve ders icin hazirladiginiz materyallerin c¢aligma kapsaminda
degerlendirilmesine izin vermenizdir. Katilimimiz i¢in simdiden tesekkiir ederiz.
Calisma hakkinda daha fazla bilgi almak icin Ilkdgretim Boliimii arastirma

gorevlilerinden Gamze CETINKAYA AYDIN ile iletisim kurabilirsiniz.
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Bu ¢alismaya tamamen goniillii olarak katiliyorum ve istedigim zaman yarida kesip
cikabilecegimi biliyorum. Verdigim bilgilerin bilimsel amaghh yayimlarda
kullanilmasini kabul ediyorum. (Formu doldurup imzaladiktan sonra uygulayiciya geri

veriniz).

Isim Soyad Tarih Imza
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H. TURKISH SUMMARY / TURKCE OZET

Giris

Dijital teknolojilerin okullarda daha erisilebilir ve kullanilabilir hale gelmesiyle
birlikte, teknolojik araclarin siniflarda kullaniminda son yillarda 6nemli 6l¢iide artig
gerceklesmistir. Ancak teknolojik araglarin sik kullanilmasi, teknolojinin 6gretime
entegrasyonunun basarili oldugu anlamina gelmemektedir (Farjon vd., 2019).
Teknolojilerin siifta var olmasi etkin kullanimini garanti etmemektedir, bu nedenle
odak noktasi teknolojinin 6gretim siireglerine anlamli entegrasyonu olmalidir (Graham
ve digerleri, 2009). Teknolojinin egitim alaninda anlamli bir degisime yol acabilmesi
icin, Ogretmenlerin teknolojiyi Ogrenmeyi giiclendirecek bir sekilde etkin
kullanabilmesi gerekmektedir. Gerekli pedagojik yetkinliklere sahip, teknolojiyi
O0grenmeyi destekleyecek bicimde kullanabilen ogretmenler olmadan, teknoloji
egitime vaat ettigi katkilar1 saglayamaz (Keengwe & Onchwari, 2011). Bu nedenle,
teknolojinin etkin entegrasyonu i¢in, Ogretmenlerin teknoloji, pedagoji ve alan
bilgisini 6grenme siireglerini  giliclendirecek sekilde bir araya getirebilecek

yetkinliklere sahip olmas1 gerekmektedir.

Bu nedenle, teknoloji, pedagoji ve alan bilgisi arasindaki etkilesimleri géz oniinde
bulundurarak teknolojinin etkili kullanimini agiklamaya ¢alisan, teknolojik pedagojik
alan bilgisine (TPAB) (Orn., Angeli & Valanides, 2005; Mishra & Koehler, 2006;
Niess, 2005) yonelik cesitli kavramsal gergeveler ortaya koyulmustur. Ozellikle
Mishra ve Koehler (2006) tarafindan gelistirilen kavramsal ¢erceve oldukg¢a kabul
gormiis ve cok sayida c¢alismada kullanilmistir. Bu kavramsal c¢ercevede, teknoloji,
pedagoji ve alan bilgisi birbirinden bagimsiz bilgi yapilari degildir; hepsi birbiriyle
iligkilidir ve 6gretmenlerin temel bilgi yapisini olusturur. Etkili teknoloji entegrasyonu
icin Ogretmenlerin teknoloji, pedagoji ve alan bilgilerini baglamsal faktorleri goz

oniinde bulundurarak anlamli bir sekilde birlestirmesi gerekmektedir.
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TPAB kavramsal gercevesi farkli arastirmacilar tarafindan iki farkli yaklasimla ele
alinmistir. Birlestirici yaklasimda TPAB kendisini olusturan bilgi tiirlerinin toplami
olarak aciklanmaktadir. Buna gore, teknoloji bilgisi (TP), pedagoji bilgisi (PB), alan
bilgisi (AB), teknolojik pedagojik bilgi (TPB), teknolojik alan bilgisi (TAP), ve
pedagojik alan bilgisi (PAB) yiiksek olan 0gretmenlerin yiliksek diizeyde TPAB’a
sahip olmas1 beklenmektedir (Schmid vd., 2020). Ote yandan, déniisiimcii yaklasimda
TPAB ayr1 bir bilgi tiirii olarak ele alinmaktadir. TPAB bilesenleri olarak ifade edilen
bilgilere sahip olmak TPAB gelisimi i¢in gerekli ve dnemlidir ancak yeterli degildir;
bu bilgilere sahip olan 6gretmenlerin otomatik olarak yiiksek diizeyde TPAB sahibi
olacagi varsayilamaz (Angeli, & Valanides, 2009; 2013; Chai vd., 2010; Graham,
2011).

Déniistimcii yaklasimi benimseyen Niess (2005), TPAB’1 tanimlamak i¢in Grossman
(1989, 1990) tarafindan ortaya koyulan PAB bilesenlerini kullanmig ve teknolojinin
etkili kullanim1 i¢in 6gretmenlerin sahip olmasi gereken bilgi ve becerileri su sekilde

agiklamistir:

1. Belirli bir konuyu teknoloji kullanarak 6gretmenin ne anlama geldigine dair
kapsamli bir anlayis;

2. Ogrencilerin belirli bir konuyu teknoloji yardimiyla anlama, diisiinme ve
ogrenmelerine yonelik bilgi;

3. Teknoloji entegrasyonuyla oOgretilen alana ait Ogretim programi ve
materyallerine yonelik bilgi;

4. Belirli bir konuyu teknoloji yardimiyla 6gretmek i¢in kullanilan 6gretim

yontem ve stratejileri bilgisi (Niess, 2005, s. 511).

Bu modele gore, 6gretmenleri TPAB sahibi veya degil diye ayristirmak miimkiin
degildir; TPAP gelisimi bir bilissel gelisim stirecidir ve fark etme, kabullenme, uyum
saglama, kesfetme ve ilerleme olmak iizere bes asamada gerceklesir. Bu ¢alismada da
Ogretmenlerin TPAB gelisimlerini arastirmak icin Niess (2005) tarafindan onerilen bu

TPAB modeli kullanilmistir.

222



Arastirmalar meslege yeni baslayan Ogretmenlerin teknolojiyi etkin kullanmak
konusunda kendilerini yeterli hissetmediklerini gostermektedir (Tondeur vd., 2012).
Bu nedenle, Ogretmen yetistirme programimi yliksek seviyede TPAB sahibi
ogretmenler mezun edecek sekilde doniistiirmek (Mouza, 2016) ve gorev yapan
ogretmenlerin TPAB diizeyini artirmaya yonelik hizmet i¢i egitim programlari

tasarlamak (Baran vd., 2016) énemli arastirma konular1 haline gelmistir.

Bunun yani sira, etkili teknoloji entegrasyonu icin gerekli bilgi ve beceriler dgretilen
alan bilgisine gore degisebilmektedir; bu nedenle, TPAB gelistirmeye yonelik
uygulamalarin 6gretilmesi hedeflenen alan1 g6z Oniinde bulundurmasi olduk¢a
onemlidir (Graham vd., 2009). Fen egitimi 6zelinde bakildiginda, etkili teknoloji
kullanim1 6grencilerin derse katilimini artirma, Ogretim siireglerini gelistirme, ve
Ogrencilerin bilimsel kavramlar1 anlamasini kolaylastirma potansiyeline sahiptir (Bell
vd., 2013). Fen 6gretimi gelistirmeye yonelik pek ¢ok teknolojik ara¢c bulunmaktadir.
Teknolojik araglarin entegrayonu sayesinde soyut kavramlar somut hale getirilebilir,
dogal olaylar daha hizli veya yavag, daha biiylik ya da kii¢lik 6l¢ekte canlandirilarak
ogrencilerin gézlem yapmasi saglanabilir, ve deney sonuglar1 dgrencilerin ¢ikarim
yapmasini  kolaylastiracak bir halde sunulabilir (Grimalt-Alvaro vd., 2019).
Teknolojik araglarin etkin kullanimi 6grencilerin arastirma tabanli 6gretim siireclerine
dahil olmasmi kolaylastirarak kendi bilgilerini yapilandirmalarina, fen konularini
bilim insan1 gibi davranarak oOgrenmelerine ve problem ¢6zme becerilerini

gelistirmelerine yardimci olabilir (Guzey, & Roehrig, 2009; Trowbridge vd., 2008).

Teknolojinin fen egitimine saglayabilecegi potansiyel katkilar g6z 6niine alindiginda,
fen 0gretmenlerinin yliksek diizeyde TPAB sahibi olmasinin énemi daha acik hale
gelmektedir. Ne yazik ki Ogretmenlerin TPAB diizeylerini artirmanin tek bir
miikemmel yolu yoktur. Ogretmenleri teknoloji etkin bir bigimde kullanmak icin
hazirlamak oldukga zorlu ve karmasik bir siiregtir (Liu, 2016; Tondeur vd., 2012). Bu
nedenle, fen oOgretmenlerinin TPAB diizeylerini gelistirmeye yonelik alternatif
programlar hazirlanmasi ve test edilmesi, etkili yontemlerin belirlenmesi i¢in oldukca

onemlidir.
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Bu noktadan hareketle, bu ¢alismanin amact fen 6gretmenlerinin TPAB diizeylerini
gelistirmeye yonelik bir yliksekogretim dersi gelistirmek ve bu dersin etkililigini
arastirmaktir. Bu kapsamda, oncelikle ilgili alan yazin taranmis ve Ogretmenlerin
TPAB diizeylerini artirmada etkili oldugu daha 6nceki arastirmalarda ortaya koyulmus
prensipler belirlenmistir. Daha sonra bu prensipler ¢ergevesinde Teori — Alistirma —
Pratik (T-A-P) isimli bir ders tasarimi gelistirilmis ve bu ders tasarimi iki ardigik
doénem boyunca lisansiistii diizeydeki fen egitimi 6grencilerine uygulanarak asagidaki

arastirma sorularina yanit aranmistir:

1. Lisansiistii diizeydeki fen egitimi oOgrencilerinin T-A-P ders tasarimi
cercevesinde kurgulanan Teknoloji Destekli Fen Ogretimi dersi hakkindaki
goriisleri nedir?

2. Lisansiistii diizeydeki fen egitimi 6grencilerinin TPAB yeterlik algilarinda ve
0z yeterlik inang diizeylerinde T-A-P ders tasarimi ¢ergevesinde kurgulanan
Teknoloji Destekli Fen Ogretimi dersine katildiktan sonra bir degisim var
midir?

3. Lisansiistii diizeydeki fen egitimi dgrencilerinin TPAB diizeyleri T-A-P ders
tasarimi cercevesinde kurgulanan Teknoloji Destekli Fen Ogretimi dersine

katilimlar1 siiresince nasil degismistir?

Bu calismanin fen 6gretmenlerinin TPAB gelisimi desteklemede etkili yontem ve
stratejilerin  belirlenmesi agisindan alan yazina Onemli katkilar saglayacagi
diisiiniilmektedir. Onceki arastirmalara etkili oldugu iddia edilen prensipleri bir araya
getirerek ve fen egitimi Ozelinde uyarlayarak bir ders tasarim modeli ortaya
koyulmustur. Bu ders tasarimi, fen 6gretmenlerinin ve 6gretmen adaylarinin TPAB
gelisimlerini desteklemek i¢in hazirlanacak program ve egitimler i¢in yol gosterici
olabilir. Ayrica, Tiirkiye’de gerceklestirilen TPAB arastirmalarinda ¢cogunlukla nicel
yontemler tercih edilmistir; bu nedenle, ulusal baglamda TPAB kavramsal ¢ercevesini
detayli arastirilmast i¢in nitel veya karma ydntem izleyen arastirmalara ihtiyag
duyulmaktadir (Baran & Canbazoglu-Bilici, 2015). Hem lisansiistii diizeydeki, bir

kismi 6gretmenlik yapmakta olan katilimcilarla gergeklestirilmesi bakimindan hem de
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katilimcilarin  TPAB gelisim ve degisimlerini detayli bir sekilde aciklamasi

bakimindan bu ¢alismanin ulusal alan yazina da katki saglayacag: diisiintilmektedir.
Teori-Ahstirma-Pratik Ters Tasarimi

Alan yazin taramasi sonucunda TPAB gelistirmeye yonelik tasarlanan egitim
programlarinda etkili oldugu farkli ¢aligmalarda ortaya koyulan en yaygin prensipler
belirlenmis ve T-A-P ders tasarimi bu prensipler ¢ercevesinde kurgulanmistir. Bu

prensipler ve ders tasariminda nasil ele alindiklar1 sdyle 6zetlenebilir:

1. Teorik bir bilgi temeli olusturmak TPAB gelisimi acisindan 6nemlidir (Baran &
Uygun, 2016; Lee & Kim, 2014; Tondeur vd., 2012). Bu nedenle, T-A-P ders
tasariminin teori olarak isimlendirilen ilk asamasinda, katilimcilar bes hafta boyunca
alan yazindaki 6nemli makaleleri okumus, her ders dncesinde bu makalelerle ilgili
diisiincelerini ve tartisma sorularini 0grenme yonetim sistemindeki ilgili sayfada
paylasmis ve ders esnasinda arastirmaci tarafindan hazirlanan sunum rehberliginde
tartismiglardir. Ayrica, TPAB kavramsal ¢ercevesini anlamaya ve tartismaya yonelik

cesitli sinif ici etkinlikler hazirlanmis ve uygulanmastir.

2. Teknoloji destekli ders plan1 6rneklerini incelemek TPAB gelisimini destekler
(Baran & Uygun, 2016; Mouza vd., 2014). Bu prensibe uygun olarak, T-A-P ders
tasariminin teori asamasinin son haftasinda, katilimcilara gesitli 6rnek ders planlar
verilmis, katilimeilar bu planlar1 inceleyerek sinif ortaminda tartismislardir. Ayrica,
donem boyunca katilimcilar tarafindan hazirlanan tiim ders planlar1 6grenme yonetim
sisteminde herkesin erigsimine acik halde paylasilmis, katilimcilarin birbirine doniit

vermesi istenmistir.

3. Cesitli teknolojik araglarin teknoloji haritalama yaklagimi kullanilarak incelenmesi
TPAB gelisimine yardimci olur (Angeli & Valanides, 2009; 2013). T-A-P ders
tasariminin dort hafta siiren alistirma asamasi boyunca katilimcilar hem alana 6zgii
hem alan bagimsiz pek ¢ok teknolojik araci teknoloji haritalama yontemiyle
incelemistir. Bu agsama boyunca, katilimcilara her hafta bir teknoloji listesi verilmis,

katilimcilarin her bir teknolojiyi gruplar halinde incelemesi, her bir aracin egitim
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acisindan  giicli  yanlarini, smrhiliklarmmi  ve  6gretim  siireglerinde nasil
kullanilabilecegini belirlemesi istenmistir. Ayrica, bu asama siiresince katilimcilar
kendi belirledikleri bir teknolojik araci gruplar halinde sunmus ve 6rnek bir uygulama

gostermistir.

4. Teknoloji destekli 6grenme materyalleri tasarlamak TPAB gelisimini destekler
(Baran & Uygun, 2016; Koehler vd., 2005; Lee & Kim, 2014; Voogt vd., 2016). TPAB
gelisimi icin en Onemli stratejilerden biri 6gretmenlerin tasarim siireclerine aktif olarak
dahil olmasidir. Bu nedenle, T-A-P ders tasarimi kapsaminda katilimcilar donem

boyunca toplam dort tane teknoloji destekli ders plant hazirlamistir.

5. Teknoloji destekli ders planlarini uygulamak ve bu uygulamay1 degerlendirmek
TPAB gelisimine yardime1 olur (Baran & Uygun, 2016; Lee & Kim, 2014). Bu prensip
dogrultusunda, katilimcilar T-A-P ders tasariminin {i¢iincii ve son agamasi olan pratik
asamasi siiresince hazirladiklar1 teknoloji destekli bir ders planinin mikro-6gretimini
gerceklestirmis ve sonrasinda uygulama deneyimleri hakkindaki goriislerini yazili

olarak bildirmislerdir.

6. Teknoloji destekli dgretim materyalleri tasarimlarina doniit verilmesi TPAB
gelisimine yardimci olur (Tondeur vd., 2012; Lee & Kim, 2014). Bu dogrultuda, T-A-
P ders tasarimi kapsaminda katilimcilarin hazirladiklar1 ders planlarina hem

arastirmaci tarafindan hem de arkadaslar tarafindan yazili doniitler verilmistir.

Tiim bu prensipler 15181nda, ders igerigi ve etkinlikleri hazirlanmis ve teori, alistirma
ve pratik olmak iizere iic asamada uygulanmistir. Teori agamasinin temel amaci
katilimcilara teorik bir bilgi temeli olusturmaktir. Bes hafta siiren bu asamada
katilimcilar TPAB kavramsal ¢ergevesiyle ve fen egitiminde teknoloji kullanimiyla
ilgili ¢esitli makaleleri okuyup sinif ortaminda tartigmislardir. Konularin haftalara gore

dagilimi su sekildedir:

1. Fen egitiminde teknoloji entegrasyonu
2. TPAB kavramsal ¢ercevesi

3. TPAB alan yazin taramasi: Arastirmalar ne soylityor?
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4. Fen egitiminde ve fen 6gretmenlerinin egitiminde TPAB uygulamalari

5. Teknoloji destekli fen ders plan1 6rneklerinin incelenmesi

Alistirma asamasinda katilimcilarin gesitli teknolojik araglar1 tanimasi, kullanmasi ve
bu araglarin fen 6gretiminde kullanimini tartismast hedeflenmistir. Dort hafta siiren bu
asama boyunca katilimcilar alana 6zgii ve alan bagimsiz teknolojileri 6grenmis,

kullanmis ve fen egitiminde kullanimin1 tartismistir. Konularin haftalara gore dagilimi

su sekildedir:
1. Simiilasyonlar, sanal laboratuvarlar ve egitsel oyunlar
2. Mobil uygulamalar, Google hizmetleri
3. Sosyal medya araglari, icerik hazirlama ve sunma programlari
4. Wiki platformlari, tartisma gruplari ve isbirlik¢i calismaya yonelik platformlar

Pratik asamasi ise katilimcilarin yeni edindikleri bilgileri uygulamaya dékmelerini
saglamak {iizere olusturulmustur. Katilimct sayisina bagh olarak ii¢ veya dort hafta
siiren bu asama boyunca tiim katilimcilar teknoloji destekli bir ders planinin mikro
ogretimin gerceklestirmis, birbirlerinin 6rnek uygulamalarimi gozlemlemis, doniit

vermis ve almistir.
Yontem

Bu calismada tasarim tabanli arastirma yontemi kullanilmistir. Tasarim tabanh
aragtirma yontemi Ogrenme ve Ogretme siireclerini etkileyebilecek ve/ya
aciklayabilecek yeni teoriler, liriinler ve uygulamalar gelistirmeyi hedefleyen
yaklagimlar biitiinii olarak tanimlanabilir (Barab & Squire, 2004).Tasarim tabanli
arastirma yontemi, arastirmacilar tarafindan egitim aragtirmalar1 ¢iktilariin gercek
simif ortamlarindaki uygulamalar {izerindeki etkisini artirmak amaciyla

kullanilmaktadir (Anderson & Shattuck, 2012).

Miihendislerin {iriin gelistirme siireglerine benzer olarak, tasarim tabanli arastirma
yontemi kapsaminda arastirmacilar belirledikleri bir problemin ¢oziimiine yonelik bir

tasarim ortaya koyar. Daha sonra bu tasarim uygulanarak etkililigi degerlendirilir.
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Yapilan incelemeler sonucunda tasarimin ¢alisan ve ¢calismayan kisimlar tespit edilir,
gerekli diizenlemeler yapilir ve yeni bir test dongiisiine baslanir (Scott vd., 2020).
Tasarim tabanli arastirma yontemi genel olarak (1) uygulama oncesi hazirlik, (2)
tasarimin uygulanmasi, ve (3) geriye doniik analiz olmak iizere {i¢ asamadan olusur
(Gravemeijer & Cobb, 2006. Bu calisma kapsaminda, ilk asamada ilgili alan yazin
taranmig ve fen Ogretmenlerinin TPAB gelisimini desteklemeye yonelik Teori-
Alistirma-Pratik isimli bir ders tasarimi hazirlanmistir. fkinci asamada, bu tasarim
lisansiistii bir ders kapsaminda uygulanmis, siire¢ boyunca tasarimin etkililigini
degerlendirmek amaciyla veriler toplanmistir. Ugiincii asamada ise toplanan veriler
analiz edilerek ders tasariminda gerekli degisiklikler yapilmistir. Ayrica, tipik bir
tasarim tabanli arastirma iki ardisik dongiiden olusur. Bu calisma da iki ardisik donem
boyunca uygulanmistir. Dongiiler arasinda ders tasariminda onemli bir degisiklik
yaptlmamistir; katilimcilarin goriiglerine, arastirmacinin gézlemlerine ve verilerin
analizine dayanarak yalnizca alistirma asamasinda sif ortaminda tartisilan
teknolojilerin sayist azaltilmig, bazi teknolojik araglar katilimcilarin daha sonra

incelemesi i¢in yalnizca link olarak paylasilmigtir.
Katihmeilar

Calismanin katilimcilarini Teknoloji Destekli Fen Ogretimi isimli derse kayitli olan
ilk6gretim fen bilgisi Ogretmenligi mezunu lisansiistii diizeydeki Ogrenciler
olusturmustur. Fen 6gretimi ile ilgili pedagoji bilgisine ve alan bilgisine sahip olmak
caligmaya katilim i¢in bir 6nkosul oldugu i¢in bagka boliimlerden mezun olan
ogrenciler ¢alismaya dahil edilmemistir. Calismanin ilk dongiisiine ti¢li 6gretmenlik
yapmakta olan toplam 7; ikinci dongiisline ise biri 6gretmenlik yapmakta olan toplam
5 yiiksek lisans veya doktora diizeyindeki fen egitimi Ogrencisi goniillii olarak

katilmistir.
Veri Toplama Aracglar

Tasarim tabanli arastirma yontemi kapsamli bir veri seti kullanilmasim

gerektirmektedir (Gravemeijer & Cobb, 2006). Bu kapsamda her bir arastirma sorusu
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icin ¢esitli nitel ve nicel veri toplama araglar1 kullanilmigtir. Katilimcilarin ders
tasarimi hakkindaki goriislerini arastirmak i¢in yazili geri bildirimler ve gortismeler
kullanilmistir.  Katilimcilarin  TPAB  yeterlik algilari1  degerlendirmek igin
Teknopedagojik Egitim Yeterlik (TPACK-Deep) Olgegi (Kabak¢i Yurdakul vd.,
2012), teknolojik pedagojik alan bilgisi 6z yeterlik inang diizeylerini belirlemek i¢in
ise TPAB-OyO (Canbazoglu Bilici vd., 2013) kullanilmistir. Katilimcilarin TPAB
diizeylerindeki degisimi incelemek icin ise ders planlari, goriismeler ve mikro-6gretim
uygulamalar1 kullanilmigtir. Tablo 1’de her bir arastirma sorusu i¢in kullanilan veri

toplama araglar1 ve siiregleri 6zetlenmistir.
Tablo 1

Veri Toplama Yontemleri

Arastirma Veri Toplama  Veri Toplama Zamani

sorusu Araglari

1 Yazili geri Haftalik geri bildirimler: Her ders sonunda
bildirimler Genel bildirimler: Donem sonunda
Gorlismeler Donem sonunda

2 TPACK-Deep Ddnem basinda ve sonunda
olcegi

TPAP-OyO Dénem basinda ve sonunda

3 Ders planlart 11k ders plani: Dénem baginda
Ikinci ders plani: Teori agamasinin sonunda
Ucgiincii ders plan1 Alistirma asamasinin sonunda
Dérdiincii ders plani: Pratik agamasinin sonunda

Gorlismeler [k gériisme: Dénem basinda
Ikinci goriisme: Teori asamasinin sonunda
Uciincii goriisme: Alistirma asamasinin sonunda
Dordiincti goriisme: Pratik asamasinin sonunda

Mikro-6gretim Pratik asamasi siiresince, bir kez
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Veri Analizi

Katilimcilarin ders tasarimi hakkindaki goriislerini incelemeyi hedefleyen birinci
arastirma sorusu i¢in toplanan yazili geri bildirimler Braun ve Clarke (2006) tarafindan
Onerilen tematik analiz agamalar1 kullanilarak analiz edilmistir. Bu asamalar su sekilde
stralanmistir: (1) veriyi tanima; (2) ilk kodlar1 iiretme; (3) temalar1 aragtirma; (4)
temalar1 gézden gegirme; (5) temalar1 tanimlama ve isimlendirme; ve (6) raporu

hazirlama.

Katilimcilarin TPAB yeterlik algilar1 ve 6z yeterlik inan¢ diizeylerinde gerceklesen
degisimi arastirmay1 hedefleyen ikinci arastirma sorusu i¢in kullanilan TPACK-Deep
ve TPAB-OyO olgekleri, dlcegi gelistiren arastirmacilarin agiklamalar1 dogrultusunda
analiz edilmistir. Olgeklerden elde edilen puanlar hesaplandiktan sonra, katilimcilarin
skorlarinda gozlemlenen degisimin istatistiksel olarak anlamli olup olmadigini

belirlemek igin Wilcoxon Isaretli Siralar Testleri yapilmustir.

Katilimcilarin TPAB diizeylerindeki degisimi inceleyen hedefleyen iigiincii aragtirma
sorusu i¢in toplanan ders planlart TPAB Diizeyi Rubrigi (Lyublinskaya & Tournaki,
2014) kullanilarak analiz edilmistir. TPAB diizeyi rubrigi, satirlar TPAB bilesenlerini,
siitunlar ise TPAB diizeyini ifade edecek sekilde olusturulmustur. Her bir ders plani 1
— Kapsamli anlayis, 2 — Ogrencilerin anlamasi, 3 — Ogretim programi, 4 — Ogretim
stratejileri olmak iizere dort TPAB bileseninde fark etme (1), kabullenme (2), uyum
saglama (3), kesfetme (4) ve ilerleme (5) (Niess vd., 2006) diizeylerinden birinde
isaretlenmistir. Katilimcilarin her bilesen i¢in skoru isaretlendigi diizeye gore 0 ve 5
arasinda degisiklik gosterebilmektedir. Her bilesenin her diizeyi i¢in biri 6gretmen
davraniglarin1 digeri Ogrenci davranislarint veya dijital materyallerin yapisini
tanimlayan iki gosterge verilmistir. Eger bir plan herhangi bir bilesende bir diizeyin
her iki gostergesini de karsiliyorsa tam puan almaktadir. Eger gostergelerden yalnizca
biri karsilanmigsa, bucuklu puan almaktadir. Katilimcilarin toplam TPAB diizeyi ise

herhangi bir bilesenden elde ettigi en diisiik skora gore belirlenmistir.
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Bulgular ve Tartisma

Bu aragtirma kapsaminda elde edilen bulgular ve bu bulgulardan ¢ikarilan sonuglar her

bir aragtirma sorusu ig¢in ilgili basliklar altinda ele alinmustir.
Katihmcilarin T-A-P Ders Tasarimm Hakkindaki Goriisleri

Katilimcilarin ¢evrimi¢i forumda yayinladiklari haftalik geri bildirimlerin timii,
doénem sonunda yazilan genel geri bildirimler ve dordiincii goriismelerin transkriptleri
kullanilarak yapilan analizler her iki arastirma dongiisiinde de katilimcilarin T-A-P
ders tasarimini TPAB kavramsal c¢ercevesini anlama ve TPAB uygulamalar1 yapma

acisindan faydali ve etkili bulduklarini gostermistir.

Arastirmanin birinci dongiisiine katilan katilimcilar okuduklar1 makalelerin ve bu
makalelerle ilgili gorlislerini yazma ve soru hazirlama uygulamalarinin TPAP
kavramsal cercevesinin temel kavramlarini ve ilkelerini anlamalarma yardimci
oldugunu ifade etmislerdir. Makaleleri okumanin yani sira sinifta arkadaslariyla
tartismanin da TPAB gelisimi i¢in katilimcilar tarafindan ¢ok faydali bulundugu
goriilmiistiir. Ayrica, TPAB kavramsal ¢ergcevesini anlamaya yonelik gerceklestirilen

sinif i¢i etkinlikler de katilimcilar tarafindan oldukga etkili bulunmustur.

TPAB uygulamalart yapmaya yonelik gerceklestirilen etkinlikler de katilimecilar
tarafindan takdir edilmis ve TPAB gelisimlerine faydali olduklar: ifade edilmistir.
Katilimcilar, 6zellikle teknolojik araglarin teknoloji haritalama yaklagimi kullanilarak
incelendigi alistirma agamasint TPAB gelisimleri agisindan oldukga etkili bulmustur.
Mikro-6gretim uygulamasi da hem yeni edinilen teorik bilgilerin uygulamaya
dokiilebilmesi hem de baska 6rnek uygulamalar1 gézlemleme sans1 sunmasi agisindan

olduke¢a faydali bulunmustur.

Birinci aragtirma dongiisii sonunda, katilimcilarin gogu T-A-P ders tasarimini faydali
ve anlamli bulduklarimi ifade etmistir. Baz1 katilimcilar ise bir sonraki dongiide

asagidaki degisikliklerin yapilmasini 6nermistir:
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e Teori asamasindaki sinif i¢i etkinliklerin artirilmast;

e Alistirma asamasinda incelenen bazi teknolojik araglarin teori asamasinda ele

alinmasi;
e Alistirma asamasinda incelenen teknoloji sayisinin azaltilmasi.

Bu onerilerden teori asamasindaki sinif i¢i etkinlerin artirilmasi 6nerisi donemin ilk
dersinin sonunda iki katilimer tarafindan sunulmustur. Ilk hafta yapilan farkli egitim
tanimlarin1 inceleme, degerlendirme ve kendi egitim taniminmi olusturma etkinligi
sonrasinda katilimcilar benzer etkinliklerin her hafta yapilmasi gerektigini ifade
etmistir. Arastirmact bu oneriyi dikkate alarak teori asamasi boyunca her hafta farkl
bir smif i¢i etkinlik hazirlamig, bu etkinlikler her iki aragtirma dongiisiinde de

uygulanmigtir.

Bazi teknolojik araglarin teori asamasinda ele alinmasi onerisi iki katilimci tarafindan
donem sonunda yazdiklar1 genel geri bildirimde ifade edilmistir. Ancak yapilan
goriisgmelerde ayni katilimcilar, teknolojik araglar1 TPAB ile ilgili teorik bilgi
kazandiktan sonra incelemenin daha anlamli oldugunu da belirtmistir. Ayrica, diger
katilimcilar da T-A-P ders tasarimi asamalarinin sirasinin anlamli oldugunu ifade
etmis; teknolojileri elestirel bir bicimde degerlendirebilmek icin TPAB kavramsal
cercevesiyle ilgili teorik bilgi sahibi olmanin 6nemine vurgu yapmistir. Bu oneriyle
ilgili katilimcilar arasinda goriis birligi olmadigi i¢in bu Oneri uygulamaya

koyulmamustir.

Alistirma asamasinda incelenen teknolojik araglarinin sayisinin azaltilmasi 6nerisi {ig
katilime1 tarafindan sunulmustur. Bu asamada katilimceilar ¢ok sayida teknolojik araci
incelemis, fen egitimi acisindan giiclii yanlarimi, smirliliklarint ve potansiyel
kullanimlarini belirlemeye ¢aligmistir. Ancak ders saatlerinin sinirli olmasi nedeniyle
bazi haftalarda bazi teknolojilerin sinifta tartisilmasina vakit kalmamistir. Bu nedenle,
ikinci uygulama dongiisiinden oOnce bazi teknolojiler smif tartigmalarindan

cikarilmistir. Her hafta incelemek {izere sunulan teknoloji listeleri degistirilmemistir;
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ancak aragtirmanin ikinci dongiisiinde kimi teknolojiler sinifta incelenmemis ve
tartisilmamis, sadece isteyen katilimcilarin kendi bos vakitlerinde incelemeleri igin

katilimcilarla paylasilmistir.

Arastirmanin ikinci dongiisiinde yer alan katilimcilar da hem okumak {izere segilen
makaleleri hem de bu makalelerin sinifta tartisilmasinin TPAB gelisimleri agisindan
olduk¢a faydali oldugunu ifade etmistir. Ozellikle katilimcilar tarafindan ders
oncesinde ¢evrimici forumda paylasilan tartisma sorularinin sunumlara dahil edilmesi
ve simif¢a tartisilmasi katilimeilar tarafindan etkili bulunmustur. Bunun yan sira,
TPAB bilesenlerinin tanimlanmasi ve etkili teknoloji entegrasyonu icin gerekli fen
Ogretmeni yeterliklerinin delphi ¢alismas1 yoluyla belirlenmesi gibi sinif i¢i etkinlikler
de katilimcilar tarafindan TPAB gelisimleri icin faydali bulunmustur. TPAB
uygulamalar1 yapmaya yonelik ders etkinlikleri de katilimecilar tarafindan takdir
edilmis, teorik olarak edindikleri bilgilerin uygulamaya dokiilmesinin TPAB

gelisimleri i¢in oldukca etkili oldugu ifade edilmistir.

Ikinci arastirma dongiisiiniin sonunda katilimeilar tarafindan ders tasarimma iliskin
olumsuz geri bildirimler alinmamistir. Tiim katilimcilar T-A-P ders tasarimini ve
asamalarini, bu asamalar i¢in hazirlanan etkinlikleri TPAB gelisimini destekleme
bakimdan etkili buldugunu ifade etmistir. Sonraki donemler i¢in herhangi bir

degisiklik Onerisi gelmemistir.

Ikinci arastirma dongiisiiniin sonunda hem katilimcilarin goriisleri hem de TPAB
oOlgekleri, ders planlari, ve goriismeler yoluyla toplanan verilerin 1s1ginda T-A-P ders
tasariminin katilimcilarin fen 6gretimine yonelik TPAB diizeylerini artirmada etkili

oldugu sonucuna varilmis ve ¢alisma sonlandirilmistir.

Katilimeilarin T-A-P ders tasarimi hakkindaki goriislerine iligskin bulgular, tasarimin
gelistirilmesinde kullanilan prensipler agisindan degerlendirildiginde tiim prensiplerin
ve bu prensiplere iliskin uygulamalarin katilimcilarin TPAB gelisimi agisindan etkili
oldugu sonucuna varilmistir. Alan yazinda 6nerildigi tizere (Baran & Uygun, 2016;

Lee & Kim, 2014; Tondeur vd., 2012). TPAB kavramsal ¢ergevesi ve fen egitiminde
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teknoloji entegrasyonu hakkinda teorik bir bilgi temeli olusturmak katilimecilar
tarafindan da etkili bulunmustur. Katilimcilarin geri bildirimlerinde etkili teknoloji
entegrasyonunu anlayabilmek ve sunulan teknolojileri bilingli bir sekilde

inceleyebilmek i¢in teorik bilgiye sahip olmanin 6nemi vurgulanmistir.

Benzer sekilde, teknoloji destekli fen ders plani 6rneklerini incelemek katilimcilarin
TPAB gelisimi agisindan faydali bulunmustur. Teknoloji destekli 6grenme materyali
orneklerinin incelenmesi, belirli bir konuyu 6gretmek icin teknolojinin belirli 6gretim
yontemleriyle nasil birlestirilebilecegini inceleme sanst vermesi bakimindan
ogretmenlerin TPAB gelisimini desteklemek icin dnerilmistir (Baran ve Uygun, 2016;

Mouza vd., 2014). Bu ¢alismanin bulgulari da bu goriisii desteklemistir.

Angeli ve Valanides (2009; 2013), TPAB gelisimini desteklemek i¢in teknolojileri
arastirirken teknoloji haritalama yaklasiminin kullanilmasini 6nermistir. Katilimeilar
geri bildirimlerinde, teknolojik araglarin sundugu egitsel olanaklari, sahip oldugu
smnirhiliklart ve fen egitimindeki potansiyel kullanimlarini tartismanin TPAB
gelisimleri agisindan etkili oldugunu belirtmistir. Katilimcilar ayrica, teknolojileri
kendi baglarina incelemenin, onlar1 dogrudan 6gretim yoluyla 6grenmekten daha etkili
oldugunu ifade etmistir. Katilimcilarin tamamina yakimi farkli teknolojilerin
incelenmesinin teknolojik bilgilerini artirdigini bildirmistir. Daha 6nceki ¢aligmalarda
da, teknoloji haritalama yaklagiminin 6gretmenlerin alan, pedagoji ve teknoloji
bilgilerini anlamli bir sekilde birlestirmelerine yardimei oldugu ortaya koyulmustur

(Angeli & Valanides, 2013).

TPAB gelisimini destekleme ile ilgili yapilan g¢alismalarin biiyilkk ¢ogunlugunda
teknoloji destekli 6grenme materyalleri tasarlamanin TPAB gelisimini destekledigi
iddia edilmistir. Bu c¢alismadaki katilimcilar, ders plant hazirlamayr bir ders
etkinliginden ziyade 6dev olarak degerlendirdigi i¢in dersle ilgili yazdiklari haftalik
geri bildirimlerde bu uygulamanin etkililigine dair herhangi bir yorumda
bulunmamistir. Ancak son goriismede ders kapsaminda hazirlanan ders planlarinin
sayistyla ilgili yorum yapmalar istendiginde, tiim katilimeilar ders plani hazirlamanin

TPAB gelisimleri agisindan ¢ok etkili oldugunu sdyleyerek, hazirlanan plan sayisinin
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azaltilmamasi gerektigini bildirmistir. Alan yazindaki benzer ¢caligmalarda da tasarim
odakl1 etkinliklerin TPAB gelisimini destekledigi ortaya koyulmustur (Baran &
Uygun, 2016; Koehler vd., 2005; Lee & Kim, 2014; VVoogt vd., 2016).

Benzer sekilde teknoloji destekli ders planlarinin mikro-6gretim yoluyla uygulanmast,
ogretmenlere teknoloji kullanarak Ogretim yapma konusundaki giiclii ve zayif
yanlarin1  belirleme ve kendi performanslarini degerlendirme sans1 vermesi
bakimindan TPAB gelisimini desteklemektedir (Baran & Uygun, 2016; Lee & Kim,
2014). Bu calismaya katilan yiiksek lisans ve doktora diizeyindeki fen egitimi
ogrencileri de mikro-6gretim uygulamasint TPAB gelisimleri acisindan faydali

bulduklarini ifade etmistir.

Son olarak, alan yazina gore teknoloji destekli 6gretim materyalleri tasarlamanin ve
uygulamanin yani sira bu tasarimlara ve uygulamalara doniit almak da 6gretmenlerin
TPAB gelisimini desteklemektedir (Angeli & Valanides, 2009; Tondeur vd., 2012;
Lee & Kim, 2014). Bu ¢aligmanin katilimcilar1 6gretim tiyeleri veya arkadaslarindan
doniit almakla ilgili bir yorumda bulunmamistir. Bunun sebebi, hazirladiklar1 6gretim
materyallerine doniit almanin 6grenim gordiikleri iiniversite i¢in yaygin bir uygulama
olmast olabilir. Bu wuygulamayi, T-A-P ders tasarimmin bir parcast olarak
degerlendirmemis, zaten hali hazirda devam eden bir uygulama olarak goérmiis
olabilirler. Ote yandan mikro-dgretim sonunda doniit almakla ilgili baz1 katilimcilar
olumlu yorumlarda bulunmus, bu doniitlerin onlarin sonraki ders planlar1 agisindan

faydali oldugunu ifade etmistir.

Sonug¢ olarak, alan yazinda da oOnerildigi lizere TPAB gelisimini yalnizca bazi
bilesenlerine odaklanmak yerine bir biitiin olarak ele alan dersler, 6gretmenlerin TPAB
gelisimine yardimer olmaktadir (Chai vd., 2010; Lyublinskaya & Tournaki, 2014).
Doniisiimcii TPAB modelini benimseyen ve bu modele uygun prensipler ekseninde
hazirlanan T-A-P ders tasarimi da katilimcilar tarafindan TPAB gelisimini destekleme

agisindan etkili bulunmustur.
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Katiimcilarin TPAB Yeterlik Algilar1 ve Oz Yeterlik Inan¢ Diizeylerindeki
Degisim

Katilimcilarin TPAB yeterlik algilari, TPAB yeterligini Tasarim, Uygulama, Etik ve
Uzmanlasma olmak iizere dort alt boyutta degerlendiren TPACK-Deep olcegi
(Kabake¢i-Yurdakul vd., 2012) ile dlgiilmiistiir. Olcek dénem basinda ve sonunda
olmak tizere iki kez uygulanmis, degisimin istatistiksel olarak anlamli olup olmadigini
degerlendirebilmek igin Wilcoxon Isaretli Siralar Testi yapilmustir. Her iki uygulama
dongiisiinde de katilimcilarin 6lgegin genelinde ve alt boyutlarinda elde ettigi
skorlardaki artig istatistiksel olarak anlamhidir ve etki biiyiikligi yiiksek olarak

hesaplanmustir.

Olgegi gelistiren arastirmacilar, 6lcekten edilen toplam puanin TPAB yeterlik diizeyini
belirlemede kullanilabilecegini ifade etmistir (Kabakg¢1-Yurdakul vd., 2012). Olgekten
elde edilebilen minimum skor 33, maksimum skor 165°tir. Buna gore, 95 ve altindaki
puanlar diisiik diizeye, 96 ve 130 arasindaki puanlar orta diizeye, 131 ve ilizerindeki
puanlar ise yiiksek diizeye karsilik gelmektedir. Katilimcilarin toplam puanlarindaki
degisim incelendiginde, ilk uygulama dongiisiiniin sonunda 1 katilimcinin TPAB
yeterlik diizeyi diisiikten yliksege, 4 katilimcinin TPAB diizeyi de ortadan yliksek
diizeye ulasmistir. Doneme zaten yiiksek diizeyde baslayan iki katilimcinin ise toplam
puanlar1 artig gdstermis, diizeyleri degismemistir. Ikinci uygulama dongiisiine 4
katilimer yiiksek diizeyde 1 katilimci ise orta diizeyde baslamistir. Dénem sonunda

tiim katilimcilarin toplam puanlar artis gostermis ve hepsi yiiksek diizeye ulagsmistir.

Alan yazindaki arastirmalar TPAB yeterlik algisinin baglamsal faktorlerin yani sira
kisisel faktorlerden de kaynaklanabilecegini iddia etmektedir (Wang & Zhao, 2021).
Bu c¢alismada da, benzer egitim ge¢mislerine sahip katilimcilar derse farkli TPAB
diizeylerinde basglamislardir. Bu durum cesitli kisisel faktorlerden kaynaklaniyor
olabilir. Ayrica, TPAB yeterlik diizeyi etkili egitim uygulamalar1 ve programlariyla
artirtlabilmektedir (Ersoy vd., 2016). Bu ¢caligsmada tiim katilimcilarin algilanan TPAB

yeterlikleri dersi aldiktan sonra artmis, bu durum da T-A-P ders tasariminin yiiksek
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lisans ve doktora diizeyindeki fen egitimi Ogrencilerinin TPAB yeterliklerini

gelistirmede etkili oldugu iddiasin1 desteklemistir.

Katilimeilarin TPAB 6z yeterlik inang diizeyleri TPAB-OyO (Canbazoglu Bilici vd.,
2013) ile degerlendirilmistir. Teknolojik bilgi (TB), pedagojik bilgi (PB), alan bilgisi
(AB), teknolojik pedagojik bilgi (TPB), teknolojik alan bilgisi (TAB), pedagojik alan
bilgisi (PAB), teknolojik pedagojik alan bilgisi (TPAB) ve baglam bilgisi (BB) olmak
tizere sekiz alt boyuttan olusan 6l¢egin maddeleri 10’1u likert tipindedir. Katilimcilarin
her bir maddeye “Yapabilecegime kesinlikle inanmiyorum: 0” ve “ Yapabilecegime
kesinlikle inanityorum: 100 kriterlerine gore 0 ve 100 arasinda bir puan vermeleri
istenmektedir (Canbazoglu Bilici vd., 2013). Olgek dénem basinda ve sonunda olmak
tizere iki kez uygulanmis, degisimin istatistiksel olarak anlamli olup olmadigin

degerlendirebilmek i¢in Wilcoxon Isaretli Siralar Testi yapilmustir.

[k uygulama dongiisiinde katilimcilarin TPAB-OyQO’den elde ettigi puanlardaki artis
tiim alt boyutlarda ve dlgegin genelinde istatistiksel olarak anlamli bulunmustur ve
etki biiyiikliigii yiiksek olarak hesaplanmgtir. ikinci uygulama déngiisiinde ise
katilimcilarin puanlarindaki degisim higbir alt boyutta istatistiksel olarak anlamli
degildir. Bu durumun nedenini arastirmak adina katilimcilarin bireysel puanlari
incelendiginde, bir katilimcinin (Birhan) 6n-test puanlarinin ¢ok yiiksek oldugu, alt
boyutlar ve toplam 6lgek puani i¢in 96 ve 100 arasinda degistigi goriilmiistiir. Her ne
kadar ayn1 katilimcinin son-test puanlar1 da oldukga yiiksek olsa da ve alt boyutlar ve
toplam Olgek puani igin 88 ve 96 arasinda degisse de 6rneklem sayisinin kiiciik olmasi
nedeniyle bu diisiis sonuglarin istatistiksel olarak anlamli olmasini engellemistir. Bu
diisiislin sebebi katilimeinin ders siiresince etkili teknoloji entegrasyonuna yonelik
bilgi ve farkindaligimin artmastyla agiklanabilir. On-testte daha yiizeysel bir bilgiyle
teknolojiyt ¢ok etkili kullanabilecegini diisiinen katilimci, ders sonunda kendi

yeterliklerini daha bilingli ve elestirel bir bakis acisiyla degerlendirmis olabilir.

Alan yazinda da belirtildigi iizere, teknoloji destekli 6gretim materyali tasarlama
etkinlikleri (Yerdelen-Damar vd., 2017) ve direkt olarak TPAB gelisimini

desteklemeye yonelik hazirlanan etkinlikler sayesinde TPAB 6z yeterlik inanci
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artirilabilir. Bu ¢aligma da, T-A-P ders tasariminin ve bu modele gore hazirlanan
etkinliklerin Birhan hari¢ tiim katilimcilarin TPAB 6z yeterlik inang diizeylerini

artirmada etkili oldugu goriilmiistiir.
Katilimcilarin TPAB Diizeylerindeki Degisim

Katilimcilarin TPAB diizeyindeki degisim donem boyunca dort kez toplanan teknoloji
destekli ders planlarinin Lyublinskaya ve Tournaki (2012; 2014) tarafindan gelistirilen
rubrik kullanilarak degerlendirilmesiyle incelenmistir. Katilimcilar ilki donem
basinda, ikincisi teori asamasindan sonra, li¢iinciisii alistirma asamasindan sonra ve
dordiinciisii ise pratik asamasindan sonra, yani donem sonunda olmak iizere toplam
dort ders plani hazirlamistir. Bu ders planlari i¢in katilimcilara bir ders plani sablonu
verilmig, bu sablonda katilimcilarin hem 0&gretim siirecini detayli bir sekilde
aciklamalar1 hem de sectikleri teknoloji, konu ve 6gretim yontemine dair agiklamalar
yapmalar1 istenmistir. Katilimcilara konu, 6gretim yontemi veya teknoloji se¢imine
dair herhangi bir sinirlama getirilmemis, ulusal fen Ogretimi programina bagl
kaldiklar siirece istedikleri se¢imleri yapabilecekleri bildirilmistir. Her bir ders plam
1 — Kapsamli anlayis, 2 — Ogrenci 6grenmesi, 3 — Ogretim programi, 4 — Ogretim
stratejileri olmak tizere dort TPAB bileseninde fark etme (1), kabullenme (2), uyum
saglama (3), kesfetme (4) ve ilerleme (5) (Niess vd., 2006) diizeylerinden birinde

isaretlenmistir.

Katilimeilarin donem baginda hazirladiklar: ders planlar1 incelendiginde, iki uygulama
dongiisiinde de katilimcilarin ¢ogunun fark etme ve uyum diizeylerinde oldugu
goriilmistiir. Bu diizeylerdeki 6gretmenler genellikle 6gretmen merkezli pedagojik
stratejiler kullanir ve teknolojiyi motivasyon, pratik yapma ve/veya oOgretmen
gosterimleri i¢in kullanir. Bu seviyelerdeki 6gretmenlerin bilgisi, teknoloji, igerik ve
pedagoji icin farkl bilgi yapilarindan olusur. Ogretmenler, ayr1 yapilar halinde sahip
olduklar teknoloji, alan ve pedagoji bilgilerini TPAB'a doniistiirmek i¢in belirli bir
konuyu teknoloji ile Ogretme ve Ogrencilerin konuyu teknoloji yardimiyla
kesfetmelerini destekleyebilmek i¢in etkili pedagojik stratejiler kullanma konularinda

deneyimlere ihtiyag¢ duyarlar (Niess, 2013). Daha 6nceki ¢alismalarla tutarli olarak, bu
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sonu¢ katilimcilarin lisans egitimlerinin onlar1 teknoloji destekli fen o6gretimine

hazirlamadigimi gostermistir (Lyublinskaya ve Tournaki, 2013).

Donem basinda yalnizca birkag katillme1  uyum saglama  diizeyinde
degerlendirilmistir. Bu diizeydeki o6gretmenler teknolojiyi Ogretimlerine entegre
etmeye ¢aligirlar; ancak, en iyi ihtimalle, 6gretmen merkezli diisiik seviyeli etkinlikler
hazirlayabilirler (Niess, 2012). Bu seviyedeki 6gretmenlerin igerik, pedagoji ve
teknoloji  bilgilerini TPAB'a doniistiirmeye basladiklar1 sdylenebilir, ancak
Ogrencilerin 6grenmesini desteklemek ve Ogretim uygulamalarini gelistirmek icin

teknolojiden yararlanabilme noktasinda daha fazla tecriibeye ihtiya¢ duyarlar.

Dénem basinda kesfetme seviyesinde sadece bir katilimer vardi, Nilgiin. 1lkégretim
boliimiinde doktora yapmakta olan Nilgiin, arglimantasyon tabanli 6gretim alaninda
calismalar yapmaktaydi. Calisma sirasinda aktif olarak 6gretmen olarak ¢alismiyordu,
ancak iki yillik saha deneyimi vardi. Nilgilin’tin hazirladig: ilk ders plani, 6grencileri
konuyu kesfetmek i¢in teknolojiylr kendi baslarina kullanmaya tesvik eden
arglimantasyon etkinlikleri igeriyordu ve baslangic TPAB diizeyi teknoloji
entegrasyonu konusunda daha dnceden herhangi bir egitim almamis olmasina ragmen
oldukca ytiksekti. Bu sonu¢ Ogretmenlik deneyimi olmasi ile agiklanamaz zira
ogretmenlik deneyimi olan diger katilimcilarin baslangi¢ TPAB diizeyi daha diistiktii.
Arglimantasyon tabanli 6gretim ile ilgili ¢calismalar yapiyor olmasi da bu durumu
kendi basina agiklayamaz zira benzer bir arastirma deneyimi olan Nazim’in
baslangictaki TPAB diizeyi fark etme olarak belirlenmisti. Benzer sekilde ayni lisans
programinda mezun olan diger katilimcilarin TPAB diizeyleri de Nilgiin’e kiyasla
daha diisiiktii. Bu durum Nilgiin’lin bu ders plan1 i¢in harcadig kisisel ¢aba, diger

kisisel ozellikleri ve faktorler olabilir.

Katilimcilarin baglangictaki TPAB diizeyleri, iki uygulama dongiisiinde de ¢ogunun
etkili teknoloji entegrasyonu i¢in gerekli bilgi ve becerilere sahip olmadigini ortaya
koymustur. Ogretmenlik tecriibesi ¢ok az olan veya hi¢ olmayan &gretmenler
cogunlukla teknolojiyi pratik yapma amaciyla kullanmakta ve dgretim siireglerine

entegre etmekte zorlanmaktadir (Agyei & Voogt, 2011; Otenbreit-LeTwich vd., 2010;
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Tondeur vd., 2017). Ogretmen adaylari ve meslege yeni baslayan dgretmenlerin TPAB
gelisimleri i¢in Ozellikle TPAB gelisimi igin tasarlanmis etkili uygulamalara

ihtiyaclar vardir.

T-A-P ders tasariminin, teorik bir bilgi temeli olusturmay1 hedefleyen teori agamasinin
sonunda iki uygulama dongiisiinde de katilimcilarinin TPAB diizeylerinde ¢ok ciddi
bir degisim olmamustir. Iki dongiiye katilan toplam 12 katilimcidan iigiiniin TPAB
diizeyi ilerlemis, ikisinin TPAB diizeyi gerilemis ve diger katilimcilarin ise TPAB
diizeyinde herhangi bir degisiklik olmamistir. Buna gore, TPAB kavramsal
cercevesiyle ve fen egitiminde teknoloji entegrasyonuyla ilgili teorik bilgi sahibi
olmanin TPAB gelisimi i¢in tek basina yeterli olmadig1 sonucu ¢ikarilabilir. Alan
yazinda yalnizca teorik bilgi sahibi olmanin TPAB gelisimine etkisini arastiran bagka
bir calismaya rastlanmamaistir. Ancak teorik bilgi sahibi olmanin 6nemli oldugunu 6ne
stiren arastirmacilar, TPAB gelisimi i¢in teorik bilgi temeli kazandirmayla birlikte
baska stratejiler de kullanilmasini 6nermistir (Baran & Uygun, 2016; Tondeur vd.,
2012). Bu caligmada da goriildiigli lizere sadece teorik bilgi sahibi olmak TPAB
gelisimi i¢in yeterli degildir, TPAB gelisimini desteklemeye yonelik uygulamalarda

birden fazla yontem kullanilmalidir.

T-A-P ders tasariminin katilimcilarin teknoloji bilgisini artirmayi ve gesitli teknolojik
araclarin fen egitiminde nasil kullanilabilecegiyle ilgili bakis acist kazandirmay:
hedefleyen aligtirma agamasinin sonunda, iki uygulama dongiisiinde yer alan toplam
12 katilimcidan 10°’unun TPAB diizeyi ilerlemis, yalmizca Nilgiin ve Ayten bir dnceki
TPAB diizeylerinde kalmistir. Nilgiin’tin TPAB diizeyi her ii¢ ders plani i¢in de
kesfetme olarak belirlenmistir. Zaten baslangigtaki TPAB diizeyi ¢ok yiiksek oldugu
icin bu durum normal karsilanabilir. Ayten ise kabullenme diizeyinde kalmig, TPAB
diizeyinde bir ilerleme olmamustir. Hazirladig: iiglincii ders planinda bir artirilmis
gerceklik uygulamasi yardimiyla elementler konusunun Ogretilmesi hedeflenmis,
ancak dersin islenisinin iyi planlanmadig tespit edilmistir. Her ne kadar 6gretilmesi
hedeflenen konuya uygun bir teknoloji secilmis olsa da kullanilan 6gretim yonteminin

1yi kurgulanamadig1 gozlemlenmistir.
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Aligtirma asamasinin sonunda, Ayten hari¢ tiim katilimcilarin TPAB diizeyi uyum
saglama ve kesfetme diizeylerine ilerlemistir. Uyum saglama diizeyindeki katilimcilar,
teknolojik araglar1 Ogretim siireglerine g¢ogunlukla Ogretmen merkezli 6gretim
yontemleri kullanarak entegre etmis, 6grencilerin teknolojiyi kullanmasina yonelik
etkinlikler planlanmis olsa da bu etkinlikler olduk¢a yapilandirilmis, ¢ok fazla
yonlendirme igeren calisma kagitlar1  yardimiyla Ogretmen  kontroliinde
gerceklestirilmistir. Ozellikle 6gretmenlik deneyimi az olan dgretmenler igin teknoloji
desteli ders planlart hazirlarken 6grenci merkezli, sorgulamaya dayali 6gretim
yontemlerini kullanmak zor olabilmektedir (Kaplon-Schilis, 2018; Wang vd., 2008).
Ogretmenler hem sorgulama tabanl 6gretim ile ilgili hem de teknoloji destekli dgretim
ile ilgili daha fazla deneyime ihtiya¢c duymaktadir. Ogretmenlerin yiiksek diizeyde
TPAB sahibi olabilmek ve teknolojiyi 6gretim siireclerinde kullanabilme 6zgiiveni
kazanmak igin uzun siireli egitime ihtiyaclar1 vardir (Koh & Divaran, 2011). Onceki
aragtirmalarda da, baz1 6gretmenlerin TPAB ile ilgili mesleki gelisim programlarina
katildiktan sonra dahi geleneksel 6gretim uygulamalarini siirdiirdiikleri, teknolojiyi
daha diisiik seviyedeki etkinlikler i¢in kullandiklar1 goriilmiistiir (Lyublinskaya &
Tournaki, 2011; Niess vd., 2008).

Kesfetme diizeyine ilerleyen katilimcilarin teknolojiyi ders planlarina entegre ederken
ogrenci merkezli yontemler kullandiklar1 goriilmiistiir. Uyum saglama diizeyi ve
kesfetme diizeyi arasinda 6gretmen ve dgrenci rolleri bakimindan fark bulunmaktadir.
Kesfetme diizeyindeki Ogretmenler teknolojik araglar1 kullanarak 6grenciler igin
sorgulamaya dayali fen Ogretimi etkinlikleri hazirlayarak, 6grencilerin teknoloji
kullanim1 siiresince yonetici degil rehber olarak gorev almay: tercih etmektedir.
Ogretmenlik deneyimi ile TPAB diizeyi arasinda bir tutarlilk gdzlemlenmemistir;
ogretmenlik deneyimi olan dort katilimcinin ikisi uyum saglama diizeyinde ikisi ise

kesfetme diizeyinde yer almistir.

Bu ¢aligmanin bulgular1 1s181nda, teknoloji haritalama yontemiyle ¢esitli teknolojilerin
incelenmesi ve tartigilmasinin TPAB gelisimi agisinda faydali oldugu sdylenebilir.

Teknoloji haritalama yaklasiminda teknolojik araclar katilimcilara direkt 6gretim
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yoluyla sunulmamakta, her bir aracin egitsel olanaklari, sinirliliklari ve kullanimlar
incelenmekte ve tartisilmaktadir. Bu yaklasimin etkililiginin degerlendirildigi benzer
caligmalarda da teknoloji haritalamanin TPAB gelisimi agisindan faydali oldugu
ortaya koyulmustur (Angeli & Valanides, 2009; 2013). Yalnizca teknoloji bilgisine
odaklanarak teknoloji, pedagoji ve alan bilgisi arasindaki etkilesimleri goz ardi etmek
TPAB gelisimi agisindan anlaml1 degildir. Ogretmenlerin teknolojik araglar1 aktif bir
bicimde kullanmasi, kesfetmesi ve alana 6zgii bir bakis acistyla degerlendirebilmesi

gerekmektedir (Tondeur vd., 2012).

T-A-P ders tasariminin son asamasi olan pratik asamasinda tim katilimecilar
hazirladiklar1 {iglincii ders planlarimi  kullanarak mikro-6gretim yapmistir. Bu
asamanin sonunda, iki uygulama dongiisiine katilan toplam 12 katilimcinin yarisinin
TPAB diizeyi ilerlemis, yarisi ise bir 6nceki seviyesinde kalmistir. Bu nedenle, mikro-
Ogretim uygulamasinin TPAB gelisimine tekil etkisi agisindan bir sonuca varmak
zordur. Alan yazindaki arastirmalar teknoloji destekli ders planlarini uygulamanin
TPAB gelisimi agisindan etkili oldugunu 6ne siirmektedir (Baran & Uygun, 2016; Lee
& Kim, 2014). Her ne kadar bu arastirmada mikro-6gretimin tekil etkisi tutarli bir
bicimde giézlemlenemese de bu uygulama ve pratik agamasi katilimcilar tarafindan

oldukg¢a faydali bulunmustur.

Pratik asamasinin sonu ayn1 zamanda ders doneminin de sonuna karsilik gelmektedir.
Donem sonunda iki uygulama dongiisiinde yer alan toplam 12 katilimcinin yedisi
kesfetme diizeyinde, ii¢ii ise uyum saglama diizeyindedir. Yalnzca iki katilimci
donem sonunda en yiiksek diizey olan ilerleme diizeyine ulasabilmistir. Bu diizeydeki
ogretmenler Ogretilen konuyu geleneksel yontemlerden farkli bir bakis acisiyla
yorumlayarak Ogrenciler i¢in teknoloji destekli a¢ik aragtirma etkinlikleri
hazirlayabilmektedir (Niess, 2011). Ogrenciler teknolojiyi aktif olarak kullanarak
kendi 6grenim siireglerini kendileri kontrol etmekte, teknoloji destekli etkinlikler tist
diizey diisiinme becerilerini gelistirecek sekilde kurgulanmaktadir (Kaplon-Schilis,
2018; Lyublinskaya & Tournaki, 2014). Tek bir ders donemi sonunda tiim
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katilimcilarin en yliksek TPAB diizeyine ulagsmasin1 beklemek gercekei degildir;

TPAB gelisimi uzun siireli egitim ve ¢aba isteyen zorlu bir siiregtir.
Oneriler

Alan yazinda da siklikla ifade edildigi lizere (Agyei & Voogt, 2011; Bate, 2010;
Tondeur vd., 2017), 6gretmen yetistirme programlarindan mezun olan dgretmenler
etkili teknoloji entegrasyonu igin gerekli bilgi ve becerilere sahip degildir. Meslege
yeni baglayan 6gretmenlerin ¢ok azi teknolojiyi 6grenci merkezli 6grenme etkinlikleri
icinde etkili bir bi¢cimde kullanabilmektedir (Gao vd., 2011). Bu nedenle,
Ogretmenlerin gelecekteki smiflarindaki teknoloji kullanimlarini iyilestirmek igin
Ogretmen programlarinin gelistirilmesi gerekmektedir (Chai, Koh, & Tsai, 2010;
Goktas vd., 2009).

Bu calismada ortaya koyulan T-A-P ders tasarimi, fen bilgisi 6gretmenligi mezunu,
yiiksek lisans veya doktora diizeyindeki fen egitimi 6grencilerinin TPAB gelisimi
acisindan faydali bulunmustur. Bu ¢alismada etkililigi test edilen tasarim prensipleri
ve T-A-P ders modeli 6gretmenlik programlarindaki derslerin gelistirilmesi igin yol
gosterici olabilir. Ancak T-A-P ders tasarimi bu haliyle 6gretmen adaylariyla
kullanilmak i¢in uygun olmayabilr; teori asamasinda okunan ve tartisilan makaleler
gozden gecirilmeli ve Ogretmen adaylarma uygun olacak sekilde yeniden
diizenlenmelidir. Teorik bilgilerin verildigi makalelere odaklanilarak arastirma

makaleleri azaltilabilir.

Fen 6gretmenlerine yonelik TPAB egitimleriyle ilgili daha fazla calismaya ihtiyag
bulunmaktadir (Baran vd., 2016). Bu calisma, fen 6gretmenleriyle uygulanabilecek bir
ders tasarim modeli sunmasi agisindan alana katki saglamaktadir ancak bu tasarimin
farkli baglamlarda test edilmesine ihtiya¢ vardir. Ayrica, bu ¢alismanin katilimcilar
yiiksek lisans veya doktora diizeyindeki fen egitimi 6grencilerinden olusmaktadir. Bu
da katilimcilarin daha ytliksek motivasyona sahip olmasina, dolayisiyla sonuglarin 1yi
¢ikmis olmasina neden olmus olabilir. T-A-P ders tasariminin aktif olarak 6gretmenlik

yapan katilimcilarla da test edilmesi 6nem tagimaktadir.
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Katilimcilarin TPAB diizeyindeki degisim farkli dlgiilerde gerceklesmistir. Onceki
arastirmalarda da ortaya koyuldugu tlizere 6gretmenlerin kisisel inanglar1 ve baglamsal
faktorler TPAB gelisimini etkilemektedir (Tondeur vd., 2017). Pedagojik inanglar, 6z
yeterlik inanci, Ogretmenlik deneyimi gibi faktorler, Ogretmenlerin teknoloji
entegrayonu uygulamalarini etkilemektedir (Manfra & Hammond, 2006; Ottenbreit-
Leftwich vd., 2018). Bu calismada, 6z yeterlik inanci, TPAB yeterlik algisi, veya
Ogretmenlik  deneyimi ile TPAB gelisimi arasinda tutarli  bir iligski
gbzlemlenememistir. Bu nedenle, 6gretmen 6zellikleri ve TPAB gelisimi arasindaki
iliskiyi detayli bir bigimde inceleyen ve TPAB gelisimini olumsuz etkileyen

faktorlerin etkisinin nasil azaltilabilecegini arastiran ¢aligsmalara ihtiya¢ vardir.

T-A-P ders tasariminin en etkili agsamasi alistirma asamasi olarak tespit edilmistir. Fen
ogretiminde kullanilabilecek alana 6zgii ve alan bagimsiz pek ¢ok teknolojik aracin
incelendigi ve tartisildigi bu asama katilimcilarin eksik olan teknoloji bilgilerini
gelistirmesi acisindan faydali olmustur. Ayrica teknolojilerin direkt 6gretim yerine
teknoloji haritalama yontemi ile sunulmasi katilimcilar tarafindan da oldukga etkili
bulunmustur. Teknoloji haritalama ydntemi 6gretmen yetistirme programlarindaki
egitim teknolojileri derslerinin igerigini gelistirmek i¢in faydali olabilir. Bu nedenle,
bu yontemin 6gretmen adaylariyla kullanildigindaki etkisini aragtiran caligmalara

ithtiyag vardir.

T-A-P ders tasariminin icerigi fen bilgisi 6gretmenligi programi1 mezunlaria yonelik
hazirlanmistir. Bu nedenle, bagka alanlarda gbrev yapan Ogretmenlerle
uygulanabilmesi icin revize edilmesi gerekmektedir. Her ne kadar ders igerigi fen
egitimine yonelik hazirlanmis olsa da, T-A-P ders tasarimi asamalar1 ve bu agamalarin

belirlenmesinde yol gosterici olan prensipler bagka alanlara rahatlikla uyarlanabilir.
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