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Arastirma Makalesi

Investigation of Science Teachers' Technological Pedagogical Content Knowledge
According to Activity Theory!

Fen Bilimleri Ogretmenlerinin Teknolojik Pedagojik Alan Bilgilerinin Etkinlik
Kuramina Gére Incelenmesi

Tuna GENCOSMAN?2, Mustafa AYDOGDU?, Mustafa DOGRU*

Oz: Bu aragtirmanin temel amac1; Etkinlik Kuramu gergevesinde
devlet okullarinda goérev yapmakta olan fen bilimleri
ogretmenlerinin sahip olduklari Teknolojik Pedagojik Alan
Bilgilerini (TPAB)’nin i¢inde bulunduklar1 baglamla/ortamla ele
alinarak, bireysel 6gretim siireglerinde ne dlgiide etkin oldugunu
belirlemektir. Bu amacgla arastirmada, nitel arastirma
desenlerinden durum c¢aligmasi kullanilmigtir. Calisma, amaglt
ornekleme teknigi kullanilarak secilen sekiz fen bilimleri
Ogretmeni ile yiritilmistir. Veriler, aragtirma problemleri
dikkate alinarak gozlem, goriisme ve dokiiman incelemesi
yontemleri birlikte kullanilarak toplanmigtir. Elde edilen nitel
verilerin analizi igin siirekli karsilagtirmali metot kullanilmigtir.
Aragtirmanin  bulgularindan elde edilen sonuglara gore;
Ogretmenlerin, teknoloji ile 6gretim uygulamalarini farkli konu
alanlarma gore, farkli diizeylerde performans gosterdikleri tespit
edilmistir. Bununla birlikte dgretmenlerin, teknolojinin 6gretim
stirecinde kullanimmin getirdigi katkilara bagli olarak, 6gretim
uygulamalarini degistirmek i¢in goniillii olduklar: fakat bu siirecte
bazi engellerle Kkarsilastiklar1  belirlenmistir.  Fen bilimleri
Ogretmenlerinin - 6gretim  siiregleri  ortamlarinda, TPAB’ni
kullanma diizeylerini etkileyen faktorlere iliskin sonuglar Etkinlik
Sistemi’nin dgeleri ele alinarak ayrintili olarak sunulmustur.

Anahtar sozciikler: Teknolojinin egitime entegrasyonu, fen
ogretmenleri, teknolojik pedagojik alan bilgisi, etkinlik kurami

Abstract: The main aim of this research is to determine the
efficiency of the Technological Pedagogical Content Knowledge
(TPCK) of science teachers working in public schools. For this
purpose case study which is one of the qualitative research
patterns, was used. The study was conducted with eight science
teachers who were selected from public schools by purposeful
sampling method. For analyzing the qualitative data descriptive
analysis and content analysis were used together with constant
comparative method. According to the results obtained from
research findings it was determined that teachers use technology
and teaching applications during their individual teaching
processes according to different subject fields, for different
purposes and therefore demonstrate performance at various levels.
The results related with factors effecting TPCK usages of science
teachers in teaching process environments were presented in detail
by handling elements of activity system created depending on
activity theory.

Keywords: Integration of technology in education, science
teachers, technological pedagogical content knowledge, activity
theory

UZUN OZ

Giris

Bilimsel ve teknolojik gelismelerin temel dayanagi oldugu bilinen fen bilimleri alaninda
ogretmenlerden, 6grencileri bilim ve teknoloji okuryazari bireyler olarak yetistirmeleri beklenmektedir.
Dolayisiyla fen bilimleri 6gretmenlerinin sahip olduklari teknolojik bilgilerini, pedagojik ve alan
bilgileri ile birlestirerek, sinif i¢i uygulamalarda etkili ve verimli bir sekilde kullanmalar1 gerekmektedir
(Niess, 2005; Mishra ve Koehler, 2006; Angeli ve Valanides, 2009). Ogretmenlerin sahip olmasi
gereken bilgi tiirlerine teknolojik bilgi entegre edilerek, bu bilgi tiirii “Teknolojik Pedagojik Alan Bilgisi
(TPAB)” olarak adlandirilmistir (Koehler ve Mishra, 2005). Bu baglamda fen egitiminde teknoloji
entegrasyonu, 0gretim programinin kazanimlar1 dogrultusunda, 6grenci merkezli ve etkili bir sekilde
kullanildig1 takdirde Ogrencilerin konu igerigini daha derinlemesine anlamalarini saglamaktadir

(McCrory, 2006).
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Teknolojinin 6grenme-6gretme siirecine entegrasyonu; 6gretmenler, 6grenciler, okul yonetimi,
egitim programlar1 ve okul kiiltiirli gibi bir¢ok dinamigi iginde barindiran karmasik ve ¢ok boyutlu bir
stire¢ oldugundan, bu siirecin etkililigi a¢isindan uygulamalarin i¢inde bulundugu sosyo-kiiltiirel
baglamla birlikte ele alinmasinin énemli oldugu dile getirilmektedir (Yamagata-Lynch, 2003). Bu
noktada, 6gretmenlik egitiminin gerceklestirildigi yapida tiim unsurlarin dikkate alinarak yapilmasinin
daha uygun olacagini éngoéren “Etkinlik Kurami” yaklagimi alternatif bir model olarak 6nerilmektedir
(Demiraslan ve Kogak-Usluel, 2006). Kuramin en 6nemli gdstergesi; teknolojinin 6grenme ve 6gretme
siirecinde rol alan tiim bireyler ve 6zellikleri, rolleri, amagclari ile kullanilan araglarin etkilesim i¢inde
olmasi, dolayisiyla 6grenme ve 6gretime olumlu bir sekilde yansimasidir (Jonassen ve Murphy, 1999).
Etkinlik kuramindaki temel vurgu ise; karmasik bir etkinligin gerceklesmesindeki siirecte yer alan
Ogeler arasindaki etkilesimdir (Yamagata-Lynch, 2003). Etkinlik kuramindaki sistemin temel dgeleri;
0zne, nesne, araglar, topluluk, kurallar, is boliimii ve ¢iktilardan olusmaktadir (Engestrém, 2001). Bu
noktada Etkinlik Kurami c¢ergevesinde devlet okullarinda gorev yapmakta olan fen bilimleri
ogretmenlerinin sahip olduklar1 TPAB’nin i¢inde bulunduklar1 baglam/ortamla ele alinarak, bireysel
Ogretim siireclerinde ne oOlciide etkin oldugunu belirlemek, bu c¢alismanin temel amacini
olusturmaktadir.

Yontem

Calismada, nitel arastirma desenlerinden durum c¢aligmast (6rnek olay incelemesi)
kullanilmigtir. Ayni zamanda, olasilik temelli olmayan amacli 6rnekleme tekniginden yararlanilarak
belirlenen ve uygulama siirecine katki saglamada goniilli olan 8 fen bilimleri 6gretmeni ile
yliriitiilmistiir. Teknolojinin egitime entegrasyonu baglaminda; fen bilimleri 6gretmenlerinin bireysel
ogretim siireclerinde TPAB’ni kullanma diizeyleri, Canbazoglu Bilici (2012) tarafindan Magnusson vd.
(1999) PAB modeline “teknoloji bilgisi” entegre edilerek olusturulan bilesenler ¢ercevesinde, “TPAB
Temelli Gozlem Formu” ile degerlendirilmistir. Ogretmenlerinin sahip olduklar1 TPAB’nin icinde
bulunduklar1 sosyo-kiiltiirel baglamla ele alinarak, ne 6l¢iide etkin oldugunu belirlenmesi amaciyla yari
yapilandirilmig  goriismeler gergeklestirilmistir.  Goriisme formunun gelistirilmesinde Etkinlik
Kuramindan yararlanilmis ve etkinlik sisteminin temel elemanlarindan “Ozne, Nesne, Araglar, Kurallar,
Is Boliimii, Cikt1”, konu basliklar1 olarak alinip sorular bu basliklar altinda hazirlanmgtir. Aym
zamanda dgretmenler tarafindan hazirlanan materyaller, gézlem formu ve goriisme kayitlar1 dokiiman
olarak kullanilmistir.

Aragtirmada verilerin analizi i¢in betimsel analiz ve igerik analizi yontemi, siirekli
karsilastirmali metot ile birlikte kullanmilmistir (Strauss ve Corbin, 1990). Ogretmenlerle yapilan
gorlismeler, ders gézlem ve video kayitlari, ayrica toplanan dokiimanlara yonelik olusturulan arastirma
metinlerindeki hangi bilgilerin gz onilinde bulunduruldugu arastirma sorularina dayandirilarak tespit
edilmistir. Buna gore, gecerli kodlar belirlenmis ve kodlar arasi iligkileri ortaya koymada etkinlik
sistemlerinin 6geleri (6zne, temele alinmustir. Her bir 6ge altindaki kodlar ve bu kodlar arasi iliskilerin
Etkinlik Kurami baglaminda irdelenmesiyle temalar olusturulmustur.

Sonug¢ ve Tartisma

Aragtirmanin bulgularindan elde edilen sonucglara gore, Ogretmenlerin bireysel Ogretim
siireglerinde, cogunlukla derslerini bilimsel olgularin 6grencilere aktarimi seklinde isledikleri tespit
edilmistir. Ancak, TPAB’m bu bilesenine iliskin gdsterdikleri performans diizeyleri, konu alanlarina
gore farklilik gostermistir. Ogretmenler genellikle isledikleri konunun 6gretim programindaki kapsami
ve programdaki sarmal yapisim1 tamamen dikkate almalarina ragmen sinirli sayida materyal
kullandiklar1 gézlenmistir. Bunun yani sira, teknolojinin entegre edildigi 6gretim programi ve materyal
bilgilerinin, konu alanina gore degiskenlik gosterdigi tespit edilmistir. Cogunlukla 6grencilerin 6n
bilgileri, kavram yanilgilar1 ve 6grenmekte zorlanabilecekleri kavramlar tamamen dikkate alinmus,
ancak Ogrencilerin 6grenmekte zorlanabilecekleri kavramlarin iistesinden gelmek i¢in sinirli sayida
uygulama yapildig: tespit edilmistir. Genellikle konunun kapsamina tamamen uygun olarak dgrenci
Ogrenmesini kolaylastiracak ¢oklu sunum veya etkinlikler kullanildiklan tespit edilmis ve bu durum
konu alanlarma gore farklilik gdstermemistir. Ogretmenlerin lgme ve degerlendirme tekniklerini
kazanimlara uygun olarak kullanabilme ve dgrencilerin diisiinme becerilerini 6l¢en sorular sorabilme
bilgilerinin istenilen diizeyde olmadigi tespit edilmistir. Konu alanina goére incelendiginde ise; bu
durumun degiskenlik gosterdigi goriilmiistiir. Bu ¢aligmada ayrica teknolojinin egitime entegrasyonu
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baglaminda; fen bilimleri Ogretmenlerinin bireysel Ogretim siireglerinde, TPAB’ni kullanma
diizeylerini etkileyen faktorlere iliskin sonuglar Etkinlik Sistemi’nin 6geleri ele alinarak ayrintili olarak
sunulmustur.

Genel olarak, teknolojinin egitimde kullanimu ile ilgili diizenlemeler 6grenme, mesleki gelisim
saglama ve iletisim bi¢imini degistirmektedir. Gerek teorik gerekse uygulama alanindaki caligsmalar,
teknoloji entegrasyonunun hem 6gretmen hem de sistemi yonetenler i¢in olduk¢a zor bir i oldugunu
gostermektedir. Ozellikle dgretmenlerin sinif uygulamalarinda teknolojinin kullanimi konusunda ve
sinif ortaminin diizenlenmesi konusunda istekli goriilseler de, teknolojinin egitime entegrasyonu yavas
ve ugrastirici bir siirectir. Bu alanda ortaya konulan teorik ¢aligmalar ve uygulama modelleri dikkate
almmalidir. Bu sayede entegrasyon siirecinde insan kaynaklar1 ve maddi kaynaklar uygun bir bigimde
yiiriitiiliirse 6nemli yollar alinabilecektir.

INTRODUCTION

Today it is a requirement for people to follow up scientific and technological developments in
their fields. One of the most important of these fields is education and training. This is due to the fact
that information and communication technologies are a necessity in education and training, since it
helps to create a quality educational approach.

International Society for Technology in Education (ISTE, 2008), is important for society as
relating to the usage of technology in education, states that teachers should use their knowledge about
the content, technology, education and training applications, in order to facilitate experiences that help
the students to learn things permanently in face-to-face and virtual environments and for them to
develop their creativity and innovative features. In this respect, technological knowledge is integrated
into the knowledge which the teachers already have and the out coming knowledge is named
“Technological Pedagogical Content Knowledge (TPCK)” (Koehler and Mishra, 2005).

TPCK, is a teaching knowledge model developed by Mishra and Kohler (2006), which was
derived by integrating technology into the Pedagogical Content Knowledge system developed by
Shullman (1986,1987). In TPCK, the relationship and interactions between content knowledge,
pedagogical knowledge, and technological knowledge are discussed as being three main concepts that
are of equal importance which the teachers should have. According to this model, technology covers
traditional tools (chalk, board, book, laboratory materials, teaching materials, models etc) and the
advanced tools (internet, digital video, smart board, and software), Pedagogy covers education and
training methods, strategies, and processes, while field covers the subject to be learned (Koehler and
Mishra, 2005). Accordingly, TPCK defines in which area topics the technology should be used by
teachers, which pedagogic techniques should be implemented to teach a subject, and how technology
should be used to remove the obstacles as relating to the learning process of the students and to establish
the prior knowledge that the students have (Mishra and Koehler, 2006).

In the field of sciences which is the beginning for all the scientific and technological
developments, there is an expectation on teachers to raise students who are scientifically and
technologically literate. In this regard, if technology integration in science education is used effectively
as focusing on students in line with the gains from the education program, it can enable the students to
understand the subject content in depth (McCrory, 2006).

Integrating technology into education and training process in return for the information
provided is a complex and multi-dimensional process that has many dynamics such as teachers,
students, school management, education programs, and school culture (Yamagata-Lynch, 2003). At this
point, “Activity Theory” approach is the most appropriate in order for all particulars to be considered
in the structure where teaching education is occurring (Engestréom, 2001).

Basic emphasis of the Activity Theory is the interaction that occurs between the factors being
part of the process that will help with the realization of a complex activity (Jonassen and Murphy, 1999;
Yamagata-Lynch, 2003). The Basic elements of Activity Theory are subject, object, tools, rules,
community, division of labor, and outcomes. In the system, “Subject” is the person or group, whose
point of view is taken into consideration during the analysis of the activity. “Object”, is the situation or
problem area causing the subject to take part in the activity, as defining a requirement or an emotion
and the reason for evoking the activity. “Tools”, are concrete and abstract tools used in the the subject
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so as to obtain the results for the activity. “Rules”, are formal and informal rules that control the actions
and interactions of the activity. “Community”, is the social group of which the subject is a member of,
during the activity. “Division of Labor”, defines how authority, statutes and work will be arranged
among the members of community. “Outcomes”, are the end products of the activity (Engestrom, 2001).
The structure of Activity System is shown in Figure 1 as schematically.

Figure 1. Structure of an activity system (Engestrom, 1987)

Subject Object —, Outcome

Ruoles Divistom «f
Community Labor

At this point, it can be asserted that in regards to science teachers’ using TPCK in the classroom,
and being investigated in different processes and environments, therefore, Activity Theory can provide
important opportunities for obtaining rich data sets. Therefore, teachers’ making use of Activity Theory
for investigating the current situation, specifying the conditions, defining the contradictions and creating
solution proposals in order to examine TPCK multi-dimensionally, is an important concept for this
study. Within the framework of Activity Theory, and examine the TPCK usage by science teachers
working at the state schools in regards to the environment they are in, and finally defining the level of
effectiveness of the individual learning processes is the main purpose of this study. For this purpose,
questions for this research are below:

1. With respect to the integration of technology in education, what is the level of usage of
Technological Pedagogical Content Knowledge by science teachers in the individual teaching
processes?

2. With respect to the integration of technology in education, what are the factors that have an
impact on level of usage of Technological Pedagogical Content Knowledge by science teachers within
individual activity system (subject, object, tools, rules, division of labor, society, outcomes)?

METHOD

In this study, qualitative investigation was carried out for the purpose of evaluating the TPCK
level of science teachers, with regards to the social-cultural respect within the framework of Activity
Theory.

In defining the work group, use of purposeful sampling technique was used but not based on
probabilities. Accordingly, a criterion for making choices was used to form the work group (Merriam,
2013). In regards to how the schools were chosen for the research, it was based on research that was
carried out, firstly schools that have mass communication tools which can be used for educational
purposes and can be placed next to books and white board, were considered. Science teachers in 15
schools being situated in city center were reached out to and as per Science Curriculum being revised
in January, 2013, implementation of “Survey of Technological Pedagogical and Content Knowledge
(TPACK)” (Sahin, 2011) was made for 30 science teachers who at that time were teaching 6™ grade
students. The data obtained from the scale was ranked from the highest to the lowest and 10 science
teachers who had the highest scores in regards to TPACK levels were determined to be the teacher that
would be used in the research. The 10 science teachers that were chosen were than interviewed again
and the research was carried out with 8 science teachers, who volunteered to be part of the working and
implementation process.
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2.1. Collection of Data

In the research, the process for collecting data was started in the second semester of the 2013-
2014 school years. Interviews, observations, and collection of documents were planned out together
with the researchers and the teachers in order not to disturb the everyday teaching process.
Implementation process of the research is presented in Table 1.

Table 1. Implementation period of the research

Implementation Measurement Tool

1. Structing of observations
Living Things and Life (Systems in our body)

2. Realising the observations

Substance and Change (Substance and Heat) TPAB Based Observation
3. Realising the observations Form

Physical events (Light and S ound)

4. Realising the observations

Earth and Universe (What is the earth’s crust composed of?)

Making the interviews Interview Form

In the research, participant observation method was used (Boke, 2009), thus enabling the
researcher to observe the subject being investigated directly. The direct observations were evaluated
using the “TPCK Based Observation Form”, created by Canbazoglu Bilici (2012) where validity and
reliability studies were also conducted. The form was designed as a quartet performance level scoring
key that used analytics and contained8 articles, TPCK components are;

1. Knowledge of science for the purpose of technology and education,

2. Knowledge of Science Curriculum and how technology is integrated,

3. Knowledge of using Technological Tools-Devices, enabling students to learn a specific
science topic by understanding,

4. Knowledge of Education, Strategy, Methods and Technics supported by technology, to teach
a specific science topic.

5. Knowledge of Measurement and Evaluation Technics that are supported by technology and
are being used to assess understanding of a specific science topic by the students.

In this study, observation was made in the second semester of school’s period, covering at least
two lessons from each unit as relating to “Living Things and Life”, “Matter and Change”, “Physical
Events”, “Earth and Universe”, and part of learning domain of science lesson of “knowledge” in 6th
classroom. During the observation, in accordance with the criteria specified on the observation form,
performance levels of teachers (PL) were ranked by the researcher. According to this, the highest score
which a teacher can have as relating to the 8 articles is 32. During the observations methods such as
observation form, video recordings, and note taking were used in unison.

By having the research consider the TPCK that each science teacher has, with respect to the
social-cultural aspect and for defining the level of effectiveness, semi-structured interviews were also
held. In order to develop the interview questionnaire Activity Theory was used and basic elements of
activity system, namely “Subject, Object, Tools, Rules, Division of Labor, and Outcome” were used as
subject titles and questions were created based around these titles. After the interview form consisting
of 20 articles had been prepared, opinions of two lecturers who specialize in their own fields were taken
and interviews were conducted with two science teachers who part of the research in order were not to
make sure the questions were well devised. The interviews were recorded via audio tape and note taking.
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2.2. Analysis of Data

In the research, descriptive and content analysis methods were used together with constant
comparative method, for the analysis of data (Strauss and Corbin, 1990).

Observational data from the research was resolved by quantifying the qualitative data, in other
words by transforming the data from written form into numbers and graph by applying specific
processes to them (Yildirim and Simsek, 2005). Data obtained from observation form, were also used
in establishing activity systems for each teacher.

Interviews held with the teachers, lesson observations, video recordings, and information in
research texts that was to be considered in relation to the documents collected, were specified as being
based on the research questions. Accordingly, valid codes were defined and particulars of the activity
system were taken as basis for revealing relations between the codes. By examining codes under each
element and the relations between these codes as regards to Activity Theory, themes were established.
Afterwards steps were taken in the analysis of data collected throughout the case study, and are
summarized below:

1. Specifying the valid codes by reading interview data many times,
2. Determining categories to cover more than one code,

3. Giving the final shape to the codes and categories,

4. Establishing the activity system

5. Defining the themes

While activity systems were being established, codes were defined, data analysis process was
placed in activity units and they were supported with information obtained from different data sources.
By revealing the contradictions between the particulars that were creating problems for the teacher and
not allowing them to realize their classroom targets, different viewpoints could be provided as regards
to the solutions that could be found by integrating technology into education process.

RESULTS

3.1 Findings and Interpretations as Relating with TPCK levels of Science Teachers within the
Individual Education Process as Regards to the Integration of Technology into Education

Findings relating to this have been investigated separately and five components of TPCK were
used. Furthermore, as per the nature of TPCK, performance levels (PL) of participants were analyzed
in relation to the subject, and they were interpreted in line with their educational areas.

The findings obtained as relating to the performance levels of teachers “Knowledge of Science
relating with purpose and targets as regards to technology and education” were investigated in line
with subject areas and are summarized in Graphic 1.

Graphic 1. Examination of information of science for purpose and targets relating with technology and
education that the teachers have as per subject areas
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When Graphic 1 is analyzed, in relation to subject area of “Living Things and Life” it was
observed that teachers mainly prefer to use activities designed to develop scientific processing skills of
students (PL=2), in their individual educational period.

As relating to the subject areas “Matter and Change” and “Physical Events”, teacher have mainly
preferred to use activities designed for students to learn with simple tools (PL=3) within their
educational process. Finally, in the subject area “Earth and Universe”, it was observed that teachers
mainly used their lessons to transfer scientific findings to the students (PL=1).

When it comes to the performance levels of teachers in relation with component of “Knowledge
on Science Educational Program to which Technology” of TPCK are investigated as per subject areas,
the findings obtained are summarized in Graphic 2 and Graphic 3.

Graphic 2. Examination of educational program information of teachers as per subject areas
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When Graphic 2 is analyzed, in relation to “Living Things and Life” and “Physical Events”, it
was observed that majority of teachers completely followed the curriculum of the program (PL=4).
Accordingly, majority of teachers linked the lessons from 5" grade and expanded on those in the 6™
grade lessons.

As for “Matter and Change” and “Earth and Universe”, majority of students completely took into
consideration only the content specified for the class where education is realized as regards to the lesson
they were giving (PL=3) the students did not look to expand their knowledge outside the curriculum.
Accordingly, teachers only focused on the making sure students knew and understood the content that
is within the educational process.

Graphic 3. Examination of educational program materials of teachers as per subject areas
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When Graphic 3 is examined, as relating with subject areas of “Living Creature sand Life”,
“Matter and Change”, and “Physical Events”, it was observed that majority of teachers used limited
number of materials (PL=3), despite having wide variety of material to choose from.
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A finally when it came to “Earth and Universe”, it was observed that majority of teachers did not
use any materials (PL=0).

Findings obtained in relation to the performance levels of teachers “Knowledge of Using
Technological Tools-Devices for the Students to understand and learn a Specific Science Topic” as part
of TPCK, and in the subject areas, are summarized in Graphic 4 and Graphic 5.

Graphic 4. Examination of information about the usage of technological tools-devices that the teachers
have, as per subject areas
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When Graphic 4 is examined, as relating with subject area of “Living Things and Life”, it was
observed that majority of teachers considered prior knowledge of students, conceptual mistakes, and
the concepts where they can have difficulties during the lesson and had created many differentiations
with their lessons in order to help students overcome any concepts they might be having difficulty with
or the ones where they can have conceptual mistakes (PL=4).

Additionally, the subject areas of “Matter and Change” and “Physical Events” was where
majority of teachers considered prior knowledge of students, conceptual mistakes and concepts where
they can have difficulty in learning, during the lesson period but that they only had limited number of
applications for the purpose of helping students to overcome any concepts where they may be having
difficulty in or have conceptual mistakes in (PL=3).

Finally, as relating to the subject area of “Earth and Universe”, majority of teachers do consider

the conceptual mistakes and concepts where students have difficulty in learning but they haven’t made
any applications for them to overcome these (PL=1).

Graphic 5. Examination of information of teachers’ considering learning styles of students as per
subject areas
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When Graphic 5 is examined, as relating with subject areas of “Living Things and Life” and
“Physical Events” in a 6" grade classroom, it was observed that majority of teachers considered multi-
learning platform that were being integrated (more than four), in order for students to comprehend
science (PL=4). Accordingly, teachers have considered different learning types as physical, kinesthetic,
social, verbal, aural, numeric, and visual.

As relating with subject areas of “Matter and Change” and “Earth and Universe”, it was seen that
majority of teachers considered 2 or 3 learning styles during the lesson period (PL=2). Accordingly,
teachers mainly focused on aural, visual and physical learning styles.

Performance levels of teachers as relating to “Knowledge of Education, Strategy, Management,
and Technics with technology support as being used in the training of a specific science topic”, were
examined as per subject areas and the findings are summarized in Graphic 6.

Graphic 6. Examination of information the teachers have as relating with education, strategy, method
and technics with technology support, being used in the education of a specific science topic, as per
subject areas
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When Graphic 6 is examined, as relating to “Living Things and Life”, “Matter and Change” and
“Physical Events”, it was seen that majority of teachers use multi-presentations and activities to
facilitate children’s learning process and in line with the scope of subject (PL=3). For the subject area
of “Earth and Universe”, teachers preferred to use presentations and activities to facilitate students’
learning process as they are in line with the subject’s scope and by using them in limited numbers
(PL=2).

When performance levels of teachers are examined as relating to “Measurement and Evaluation
Technics with Technology Support used in the Assessment of understanding of students as regards to a
specific science topic” component of TPCK, the findings obtained are summarized in Graphic 7 and
Graphic 8.

Graphic 7. Examination of information of teachers for using measurement and evaluation technics in
accordance with the gains, as per subject areas

9
8
7 M0
26
c
25 - Hl
o
— 4 -
£ M2
a 3 4
2 H3
11 H4
0 T T T T
Living Things Matter and Physical Earthand
and Life Change Events Universe

Subject Areas

230



Tuna GENCOSMAN , Mustafa AYDOGDU , Mustafa DOGRU

When Graphic 7 is examined, as relating to the subject area of “Living Things and Life”, it was
observed that majority of teachers have used all of the measurement and evaluation technics by first
considering the gains (PL=4). For subject areas “Matter and Change” and “Earth and Universe”, it was
observed that majority of teachers considered the measurement and evaluation technics (PL=0). For
subject area of “Physical Events”, some of the teachers used measurement and evaluations technics in
line with the gains (PL=4), while others randomly used some technics without considering the gains
(PL=2).

Graphic 8. Examination of information that the teachers have as relating with their asking questions to
measure thinking skills of the students, as per subject areas
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When Graphic 8 is analyzed, as relating to the subject areas “Living Things and Life” and
“Physical Events”, it was seen that majority of teachers had formed the measurement and evaluation
questions and have quality measurements that examine the students thinking skills at one upper levels
and at lower levels (PL=2). For subject areas “Matter and Change” and “Earth and Universe”, it was
observed that majority of teachers did not have questions that measured thinking skills of students
during the educational process (PL=0). In this case, it can be stated that majority of teachers generally
asked students’ questions based on lower part of the thinking spectrum that includes information and
conceptual thinking during the lesson. Plus, they used the evaluation questions from the study book,
and this was the reason for the use of lower level thinking questions.

3.2 Findings and Interpretations as Regards to the Factors Influencing Level of Usage of
Technological Pedagogic Content Knowledge by the Science Teachers as Part of the Individual
Activity System and within the Scope of Integration of Technology to Education

By grouping different sources that were obtained according to their similarities and differences,
findings for this part of the research question are explained within the framework of activities-based
teaching. At the same time, contradictions within this system were also stated and examined separately
for each teacher.

The activity system established for Teacher A within the frame of factors of Activity
Hypothesis, are shown in Figure 2. Within this the contradictions within the system were also stated.
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Figure 2. Activity system established for Teacher A
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Most important factors effecting the mediation of teacher A for the realization of purpose within
the activity system, are opportunities within school as regards to integration of technology in the
education process, willingness of teacher, positive division of labor among teachers, and the interest
shown by students to the lessons based around technology. As teacher A provides training to a village
school, he makes use of environmental conditions in his lessons as well. Furthermore, since class
attendance is low and there is only a total of three classes at a high school level, it was seen that the
lesson load is not heavy. However, there was a difficulty in managing the classroom when it came to
using technology and a teacher lost interaction between himself and the student once technology came
into play there this can be seen as important sources of contradiction. At the same time, insufficient
management of technical problems can also be shown as a contradiction.

Within the frame of factors of Activity Theory, the activity system established for Teacher B is
shown in Figure 3. In that respect, problems faced by the teacher within the system are also stated.
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Figure 3. Activity system established for Teacher B
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The most important factor in mediating the realization of purpose by teacher B in activity system
is expectation of the training environments that have too much interaction in small classes regarding
the integration of technology in education and his desire to improve himself in that respect. Insufficient
resources provided by school management, crowded class attendances, students’ not showing interest
in technological tools or lessons, limited cooperation among teachers are the most striking sources of
issues faced by the teacher.

Within the frame of factors of Activity Theory, activity system established for Teacher C is
shown in Figure 4. The issues within the system are also stated.
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Figure 4. Activity system established for Teacher C
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Most important factor having impact on mediation of teacher C in the realization of the purpose
within activity system are him considering individual differences of students and different intelligence
levels in regards to their learning process, him using technology as a tool in that respect, and having a
high level of communication being realized among the students. Inadequate laboratory when it comes
to the science lessons, limited role of class system in that respect, insufficient knowledge of students as
regards to usage of technology, and lack of support by the school management are the most striking
sources of issues.

Within the frame of factors of Activity Theory, the activity system established for Teacher D is
shown in Figure 5. Problems face by the teacher within the system is also stated.
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Figure 5. Activity system prepared for Teacher D
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Biggest factors having impact on the mediation of teacher D in the realization of purpose within
the activity system are sufficient level of knowledge that the teacher and students have as regards to the
usage of technology, support of management as relating with usage of classrooms, rules’ being arranged
and implemented by the teachers, and efficiency of communication among teachers besides the efficient
communication that exists between student-teacher and student-student. Teacher’s consideration that
the physical conditions and resources are insufficient, the opinion that students do not give enough
effort when it comes to learning, not enough focus is given to technological implementations in the
evaluation scales, and limited support by management are the most important sources of contradiction.

Within the frame of factors of Activity Theory, activity system established for Teacher E is
shown in Figure 6. Problems face by the teacher within the system is also stated.
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Figure 6. Activity system established for Teacher E
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Most important factors having impact on the mediation of teacher E for the realization of purpose
within activity system are knowledge and desire of the teacher and students to use technology, usage of
different evaluation scales, positive and top-level cooperation among teachers and between teachers and
students, and unlimited support provided by school management. Besides, students use technology for
limited purposes, and it is not instructive, and there not being any adaption of it for a positive direction
in their daily lives, weak communication among themselves, limiting and restrictive rules of central
management are specified as the most important problem within the activity system.

Within the frame of factors of Activity Hypothesis, activity system established for Teacher F is
shown in Figure 7. Problems face by the teacher within the system is also stated.
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Figure 7. Activity system established for Teacher F
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Most important factors having impact on the mediation of teacher F in the realization of purpose
within the activity system are knowledge and desire of the teacher to use technology in his classroom,
the attitude and the rules of teacher in the classroom, usage of technology in measurement and
evaluation applications, positive level of communication between student-student and positive
cooperation among teachers, and support of school management even if it is limited. Insufficient
conditions in the classrooms, insufficient software, crowded classes, lack of knowledge that students
have when it comes to using technology, problems faced when improving them, and lack of cooperation
by the computer teacher who is not very supportive, are the most important factors that are not allowing
for proper implementation of technology in the school.

Within the frame of factors of Activity Theory, activity system established for Teacher G is
shown in Figure 8.
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Figure 8. Activity system established for Teacher G
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Most important factors having impact on the mediation of teacher G in the realization of purpose
within the activity system are teacher’s use of differentiation within the classroom depending on the
type of subject, his focus on considering the skills and talent of student, students’ showing interest in
the lesson when technology is used, giving a place and time for students to evaluate themselves,
interactive class environment, positive relationship between student-teacher and student-student, and
cooperation among teachers.

Within the framework factors of Activity Theory, activity system established for Teacher H is
shown in Figure 9. Problems face by the teacher within the system is also stated.
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Figure 9. Activity system established for Teacher H
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DISCUSSION

In this research, TPCK’s of science teachers was evaluated as within the framework of
components established by integrating “technology knowledge” by Canbazoglu Bilici (2012) into PCK
model of Magnusson, Krajcik and Borko (1999).

According to the results of the research, it was discovered that teachers gave their lessons mostly
in the form of transferring scientific fact to the students within their own individual education process.
But performance levels were different depending on the component of TPCK that was examined and
the subject area that was looked at. Accordingly, it was seen that teachers preferred to use activities that
are designed to develop students’ scientific processing skills and to enable them to learn by using or
learned through simple tools. Abell (2010) has stated that defining the component of knowledge and its
purpose and that focus on science education in general view, instead of focusing on the subject, and
working on thoughts regarding science education together with knowledge, belief, and values, has
created limitations in science education. Similarly, the results obtained by Jang and Chen (2010)
teachers taking part in the research stated that it was difficult to teach some scientific topics through
traditional methods like direct instruction and they explained that some topics required the teacher to
find relationship within daily life to those topics by using simulation technique or simple experimental
setup while teaching these topics.

Although the teachers considered the coverage within the training program and the immersive
structure of the program as relating to the topics they are teaching in their individual educational
processes, they used limited number of materials. Furthermore, in educational program, where
technology was integrated along with material knowledge of science teachers had a higher variation in
subject area. It was emphasized that teaching experiences of the teachers provided contribution in the
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development of their program knowledge. It was seen that teachers who participated in elementary
school classes regularly and gave lectures, were successful in regards to their program knowledge
(Lankford, 2010). Another result obtained by Wakwinji (2011) in regards to improvement of program
knowledge of teacher candidates increased as their educational experience increased. Therefore, it was
an expected outcome that teachers should consider knowledge about the topic they are teaching, the
coverage in educational program, and the immersive structure of program. However, according to the
results obtained, teachers used limited number of materials as per their subject area during in their
teaching. Especially in the final subject area of education period, it was observed that teachers did not
demonstrate the same level of performance. In studies which investigated the conformity of science
teachers within the program, it was seen that teachers had information about the program but that they
either completely rejected the material for educational targets or that they adjusted them to their own
teaching style (Mitchener and Anderson, 1989).

It was found that teachers completely took into consideration the prior knowledge of students,
their conceptual mistakes and concepts which they may have difficulty in learning but they had made
limited number of adjustments in regards to them. It was seen that teachers’ knowledge of technological
tools-devices needed so that students could understand and learn a specific science topic and that their
level of consideration given to educational styles of students varied as per the subject area. These results
are in conformity with those of Aydin and Boz (2012) as regards to teachers’ not being aware of learning
difficulties that students may face students or their conceptual mistakes and that teachers themselves
could have conceptual mistakes. It was seen that teachers did not have the same level of knowledge
when teaching concepts that are considered abstract, or in developing activities and presenting proposals
(Niess, 2005).

It was discovered that teachers used multi-presentation or activities to facilitate learning process
in students as were in conformity with the scope of subject most of the time. This situation shows
variation in subject areas. While teachers had knowledge about education, strategy, method and
theoretical techniques according to Canbazoglu Bilici (2012), as a result of evaluation of lesson plans
and lectures, it was found out that they had sufficient knowledge in education, strategy, methods and
technics. Simmons et al. (1999) found out that even though new teachers supported student-centered
education processes, they applied teacher-centered education processes within the class. Similarly, these
findings were in line with the results obtained from educational processes applied by teachers in areas
other than their specialization area (Hashweh, 1987; Sanders, Borko, Lockard; 1993).

It was seen that teachers’ ability to use measurement s and evaluation technics in accordance with
learning outcomes when it came to asking questions in order to measure thinking skills of students were
not at the desired level. When analysis was made as per subject areas, it was seen that this situation
showed variations. Staley (2004) has stated that teachers should use alternative evaluation methods like
assessments that are based on performances, booklet entries, models, and portfolio in addition to
traditional measurement and evaluation methods in science. In another research similar result were
obtain as in this one, it was seen that by using the tests that were specified for the program or prepared
by the teacher themselves, the assessments had conceptual understanding of students at all levels and
subject areas (Yamagata-Lynch, 2003). The fact that teachers preferred to give a lecture instead of
asking in depth questions to see whether students understood the lesson is consistent with the outcome
of studies carried out by Terpstra (2010). But in the area of literature it has been frequently emphasized
that point measurement and evaluations should be used in accordance with the purpose (Lankford,
2010).

In this study, with respect to integration of technology in education, results relating to factors that
have an impact on usage of technological pedagogical content knowledge by the science teachers in
educational processes are presented as articles by considering the particulars of an Activity System.

Accordingly, when integration of technology in education occurs, activity systems are established
for teachers and are evaluated. Therefore, the main factors in mediation and in the realization of purpose
were found and they were as follows;
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o Willingness of the teacher to use educational applications that require the use of technology,
e Positive attitude and motivation of student in the relation to the lesson,

e A need for a teacher and students to have sufficient knowledge and skills when it comes using
technological tools,

o The students’ having a high level of interest in using educational applications that have been
intergared via technology and in the materials prepared through technology,

e Make learning joyful and easy and thus enabling effective education,
o Sufficient opportunities in the school and complete set of tools and devices

e Having efficient cooperation from other teachers at the school and especially from the computer
teachers

o Sufficient level of support needs to be provided by school management.

On the other hand, the strongest negatives that can prevent the teachers from properly integrate
technology are:

e Teachers’ not having sufficient resources or the management is not supportive enough,

e Problem relating to educational program not providing the gains on time in regards to the target
and purposes of education program,

e Teachers’ having difficult time dealing with classroom management where applications using
the technology are made but not enough time is available.

o The thought that success will not be achieved if technology is heavily integrated in the
classroom and that the interest of the students in the lessons would be reduced,

e Teachers’ not using technology when it comes to measurement and evaluation technics and
instead applying classic evaluation methods,

e Problems with implementation due to crowded classrooms,

e Teacher’s being the authority in the educational applications that are being used.

In our time even though there is a desired to use technology in the educational process effectively,
it is not easy to actually integrating to the education (Angeli and Valanides, 2005). Due to problems
arising from educational system, teachers, and school environment, integration of technology into
educational process becomes difficult. Furthermore, these obstacles also have an impact on TPCK
development (Hew and Brush, 2007). Results similar to this research have been found and stated in
other studies (Canbazoglu Bilici, 2012; Demiraslan, 2005; Terpstra, 2010; Yamagata-Lynch, 2003).
Canbazoglu Bilici (2012) and Pirpiroglu (2014) mentioned that due to lack of knowledge by the teachers
and the problems originating from contextual factors, they had difficulty in integrating technology into
educational process. Wakwinji (2011) emphasized that factors like physical conditions of the class,
features of students, and internet access problem for some teachers influenced their TPCK
performances.

As a conclusion, as technology constantly expands and grows studies in how to integrate it into
education and to use it effectively will continue. The studies both theoretical and applicable demonstrate
that technology integration is very difficult for teacher and system managers. Especially although
teachers seem to be willing for usage of technology and regulation of class environment integration of
technology to education is a slow and tiring process. It is recommended that potentials of technology in
educations should be understood and that the obstacles should be avoided, by asking critical questions
about this process and by making detailed analysis. In the process of integrating technology and using
it effectively, all the richness and complexity of environment should be considered. Therefore, it is
recommended for similar researches to be made not only in elementary schools but also at other
educational levels and at institutions that have teachers.
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