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Abstract 
Information and communication technologies, which are currently changing and improving, 
affect the life circle of humanity. Such technologies, which also take place in the field of 
education and which are currently updated and practiced by the teachers, are of great 
significance. Not only the qualified teachers should be equipped with the subject matter of the 
field and with pedagogical information, but also they should have expertise in technological 
information. Pre-service teachers who have expertise in Technological Pedagogical Content 
Knowledge (TPACK) regarding the interaction between above-mentioned technologies, are 
going to be one of the most important and essential investments for the humanity. In this 
respect, the major concern of this research is to examine and develop the TPACK levels of the 
pre-service biology teachers. According to the aim of this research microteaching method is 
applied to thirty-nine pre-service biology teachers who are affiliated to pedagogical formation 
certificate program for 14 weeks. In this research content analysis technique which is one of 
the qualitative method techniques has also been applied. The data have been collected via semi-
structured interview form and have been submitted to content analysis through ATLAS.ti 
package program. Though studying with a small group, such a qualitative research provides 
researchers with detailed and in-depth information. Moreover, content analysis is defined as a 
research technique composed of text composition, classification, comparison and inference. As 
a result the research there is significant change and improvement in the application of TPACK. 
After the application of this process pre-service teachers have become aware of integrating 
teaching technologies; of developing their imaginations and creativities in the process of course 
material preparation, of obtaining teaching-experience to increase self-confidence, and of 
improving themselves in every respect. 
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Introduction 
Information and communication technologies, which are currently changing and 

improving, affect the life circle of humanity. Such technologies, which also take place in the 
field of education and which are currently updated and practiced by the teachers, are of great 
significance. Technology becomes more powerful and portable, it changes the conditions for 
both teaching and learning, bringing increased complexity to the teaching profession (Erstad 
& Hauge, 2011; Mishra & Koehler, 2006). Not only the qualified teachers should be equipped 
with the subject matter of the field and with pedagogical information, but also they should have 
expertise in technological information. Implementing technology in teaching has proven to be 
a complex process and although teachers may possess technology skills, this does not 
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automatically mean they are capable of integrating them in their teaching practice (Angeli & 
Valanides, 2013; Jen, Yeh, Hsu, Wu, & Chen, 2016; So & Kim, 2009).  

One of the important thing as a teacher is being a qualified person before they graduated 
from the education program because later success depends on the teachers’ continuous 
individually improvement efforts with their awareness of the advents and the new development.  

The idea of Technological Pedagogical Content Knowledge was described by Mishra 
and Koehler and builds on the core of Shulman’s Pedagogical Content Knowledge through the 
inclusion of technology. Pre-service teachers who have expertise in TPACK regarding the 
interaction between above-mentioned technologies, are going to be one of the most important 
and essential investments for the humanity. 

The purpose of TPACK is to integrate educational technology tools into the classroom 
teaching and learning via the synthesized form of knowledge. The composition knowledge of 
TPACK consists of three core constituents: These are content knowledge, pedagogical 
knowledge, and the technological knowledge. The interaction of these three forms of core 
knowledge gives rise to pedagogical content knowledge, technological content knowledge, and 
technological content knowledge (Figure 1). The TPACK framework identifies a unifying 
structure that not only respects this complexity, but also provides guidance for appropriate 
technology integration (Koehler & Mishra, 2008; Mishra & Koehler, 2006).  
 

 
Figure 1. Illustration of the TPACK framework (Koehler & Mishra, 2008) 

 
TPACK is the knowledge of using various technologies to teach, to represent and to 

facilitate knowledge creation of specific subject content. It is the basis of good teaching with 
technology and requires an understanding of the representation of concepts using technologies; 
pedagogical techniques that use technologies in constructive ways to teach content; knowledge 
of what makes concepts difficult or easy to learn and how technology can help redress some of 
the problems that students face; knowledge of students’ prior knowledge and theories of 
epistemology; and knowledge of how technologies can be used to build on existing knowledge 
and to develop new epistemologies or strengthen old ones (Mishra & Koehler, 2006: 1029). 

The Technological Pedagogical Content Knowledge framework describes the type of 
teacher knowledge required to teach effectively with technology (Koehler & Mishra, 2008; 
Mishra & Koehler, 2006). This assumes that teachers can successfully integrate technology 
into the classroom teaching when the teachers are proficient in using the specific current 
educational technologies. 
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According to TPACK Framework descriptions of the knowledge domain as below by 
Mishra and Koehler.  
 
Table 1 
Brief Descriptions of the Knowledge Domain Represented in the TPCK Framework (Mishra 
& Koehler, 2006; Koehler & Mishra, 2008) 

Knowledge Domain Description 

Technology Knowledge (TK) 

Continually changing and evolving knowledge base that 
includes knowledge of technology for information 
processing, communications, and problem solving and 
focuses on the productive applications of technology in both 
work and daily life. 

Pedagogical Knowledge (PK) 
Knowledge of nature of teaching and learning, including 
teaching methods, classroom management, instructional 
planning, assessment of student learning, etc. 

Content Knowledge (CK) 
Knowledge of the subject matter to be taught (e.g. 
mathematics, science etc.) 

Technological Pedagogical 
(TPK) 

Knowledge of the influence of technology on teaching and 
learning as well as the affordances and constraints of 
technology with regard to pedagogical designs and 
strategies. 

Pedagogical Content (PCK) 
Knowledge of the pedagogies, teaching practices, and 
planning processes that are applicable and appropriate to 
teaching a given subject matter. 

Technological Content (TCK) 

Knowledge of the relationship between technology and 
subject matter including knowledge of technology that has 
influenced and is used in exploring a given content 
discipline. 

Technological Pedagogical 
Content (TPCK) 

Knowledge of the complex interaction among the principle 
knowledge domains (technology, pedagogy, content) 

 
Some examples of this domain knowledge:  
TK: Knowledge about how to use Web 2.0 tools (e.g., Wiki, Facebook, Blogs etc.)  
PK: Knowledge about how to use project based learning (PBL) in teaching.  
CK: Knowledge about Biology subjects. 
PCK: Knowledge of using analogies to teach Cell Biology. 
TPK: The notion of Web quest, using ICT as cognitive tools, computer-supported collaborative 
learning.  
TCK: Knowledge about online dictionary, SPSS, subject specific ICT tools, topic specific 
simulations. 
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The aim of the research 
The aim of this research is to examine and develop the TPACK levels of the pre-service biology 
teachers. 
 

Materials and Methods 
Method 

In this research content analysis technique which is one of the qualitative method 
techniques has also been applied during the microteaching method. Microteaching usually 
involves scaled-down lessons taught to a group of peers; video recordings of lessons and 
reflective feedback and analysis by student teacher, peer, and tutor. Recordings of their lessons 
are further analyzed and reflected on by student teachers using guided self-reflection and 
evaluation templates (Amobi & Irwin 2009). Content analysis technique is one of the 
qualitative research techniques, has been applied to review and assess the opinions of the pre-
service biology teachers regarding the TPACK applications. Content analysis is any technique 
for making inferences by systematically and objectively identifying special characteristics of 
messages (Holsti, 1968: 608). The basic goal of content analysis is to take a verbal, non-
quantitative document and transform it into quantitative data (Bailey 1978). It is a process by 
which the ‘many words of texts are classified into much fewer categories’ (Weber 1990). By 
doing content analysis, it takes texts and analyses, reduces and interrogates them into summary 
form through the use of both pre-existing categories and emergent themes in order to generate 
or test a theory (Cohen, Manion and Morrison, 2007). Though studying with a small group, 
such a qualitative research provides researchers with detailed and in-depth information. 
Moreover, content analysis is defined as a research technique composed of text composition, 
classification, comparison and inference. 
 
Participants 

The participants of this research are thirty-nine pre-service biology teachers who are 
affiliated to pedagogical formation certificate program in one of the university in Turkey.  
 
Data Collection and Analysis 

The data have been collected via semi-structured interview forms and word association 
test (WAT). All data have been submitted to ATLAS.ti package program to do the content 
analysis. ATLAS.ti is one of the qualitative data program. As a result of this data the data were 
coded separately by some categories of TPACK. After gathering the same codes of the data, it 
was arranged by the aspects in a common way and the results were interpreted. 

 
Findings and Results 

In this section according to the TPACK applications with microteaching method for 14 
weeks, developments of pre-service biology teachers was revealed with some findings.  In this 
context word association test was one the data collection tools. This test was applied before the 
application as a pre-test and after all process was completed post-test was applied again. All 
data were analyzed and compared at Table 2. 
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Table 2 
Pre and Post Word Association Test Frequencies Related with TPACK 

CATEGORIES 
PRE-WAT POST_WAT 

Concepts f Total Concepts f Total 

TECHNOLOGICAL 
KNOWLEDGE 

Using Computer 15 

45 

Technological Knowledge 13 

57 

Using Smart Board 8 Using Amination 12 
Using Amination 6 Using Smart Board 11 
Using Microscope 6 Using Computer 10 
Taking Photo-Video 5 Using LabQuest 7 
Technological Knowledge 5 Taking Photo-Video 4 

PEDAGOGICAL 
KNOWLEDGE 

Giving Presentation 6 

20 

Materials Preparation 20 

71 

Materials Preparation 8 Professional Competence 11 
Teaching Methods 4 Pedagogical Knowledge 10 
Pedagogical Knowledge 2 Teaching Methods 10 
  Giving Presentation 9 
  Teacher 6 

    Educational Knowledge 5 

INSTRUCTIONAL 
TECHNOLOGIES 

Projection 7 

23 

Simulations 6 

23 

Educational Software 6 Educational Software 6 
Simulations 4 Instructional Technologies 6 
Internet 2 Internet 4 
Tablets 2 Distance Education 1 
Device 1   

Overhead 1     

ADVANTAGES 

Understandable 3 

16 

Computer Based Learning 12 

32 

Innovation 3 Active Learning 8 
Concretisation 3 Innovation 4 
Learning 3 Creation 4 
Application 2 Concretisation 2 
Update 1 Integration 2 
Creation 1     

CONTENT  
KNOWLEDGE     Content Knowledge 12 12 

TOTAL   104     195 
 

According to the answers given by pre-service teachers, the words are grouped into five 
categories; Technological Knowledge, Pedagogical Knowledge, Instructional Technologies, 
Advantages and Content Knowledge. The related word number was increased from 104 to 195.  
In all categories the best change was on the category of pedagogical knowledge because the 
related word number was increased from 20 to 71. Similarly it was understood that categories 
of technological knowledge and advantages were also raised. Otherwise there was no change 
about the concept number for instructional technologies. The development percentages of the 
concepts about Technological Pedagogical Content Knowledge were shown in Graphic 1. 
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Graphic 1. Development of Concepts about Technological Pedagogical Content Knowledge 
 

According to the Graphic 1 the percentage levels for four categories were increased 
such as; technological knowledge category was from 23% to 29%, pedagogical knowledge 
category was from 10% to 36%; advantages category was from 8% to 16% and content 
knowledge category was from 0% to 12%. There was no change in percentage levels of 
instructional technologies. All total the percentage level of pre-service teachers’ concepts about 
TPACK was changed from 53% to 100%. This means that the concepts that they have were 
almost doubled. 

The data also have been collected via semi-structured interview forms. These forms 
have open-ended questions about TPACK and applied to the pre-service teachers before and 
after the applications. One of the questions was about the importance of instructional 
technologies in biology courses. At the beginning they stated some opinions (f=80) about the 
subject matter and according to the content analyses of the pre-service teachers’ answers 10 
codes were grouped under effective learning, adaptation to modern age, knowledge and time 
categories (Table 3). 

 
Table 3 
Frequencies about the importance of the instructional technologies before the application 

CATEGORIES CODES f Total 

EFFECTIVE 
LEARNING 

Facilitating the learning process 12 

51 

Attracting students’ attention 11 

Ensuring permanent learning 11 

Making the learning process fun 6 

Contribution to learning process 4 

Learning by doing 4 

Concretizing the subject 3 
ADAPTATION 
TO MODERN 

AGE 
Adaptation to modern age 15 15 
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CATEGORIES CODES f Total 

KNOWLEDGE Transferring of knowledge 10 10 

TIME Time saving 4 4 
 

The codes of the effective learning category were found as below: facilitating the 
learning process (f=12), attracting students’ attention (f=11), ensuring permanent learning 
(f=11), making the learning process fun (f=6), making contribution to the teaching process 
(f=4), learning by doing (f=3) and concretizing the subject (f=3).  They also emphasized that 
technology is important in terms of adaptation to the modern age due to the fact that we are in 
the age of information and communication, and that technology is important for situations such 
as access to information and prevention of time loss. Other codes were the adaptation to modern 
age (f=15), transferring of knowledge (f=10) and time saving (f=4).  

After the teaching process was completed the pre-service teachers’ became aware of 
the developed advantages of instructional technologies. At the end of the applications the views 
of the pre-service teachers were developed (f=128). According to the content analyses of the 
pre-service teachers’ answers 11 codes were grouped under effective learning, knowledge and 
time categories (Table 4). 
 
Table 4 
Frequencies about the importance of the instructional technologies after the application 

CATEGORIES CODES f Total 

EFFECTIVE 
LEARNING  

Providing permanent learning with visualization  34 

103 

Concretization of abstract concepts 17 

Providing active participation of students  14 

Attracting students’ attention 13 

Enriching the learning environment 12 

Easy demonstration of difficult applications in classes 7 

Making the learning process fun 4 

Reinforcement of topics 2 

TIME Time saving 14 
18 

  Accelerating the learning process 4 

KNOWLEDGE Transferring of knowledge 7 7 
 

The codes of the effective learning category were as below: providing permanent 
learning with visualization (f=34), concretization of abstract concepts (f=17), providing active 
participation of students (f=14), attracting students’ attention (f=13), enriching the learning 
environment (f=12), easy demonstration of difficult applications in classes (f=7), making the 
learning process fun (f=4), reinforcement of topics (f=2). They also stated about the subject 
matter that supplies time saving (f=14), accelerating the learning process (f=4) and transferring 
of knowledge (f=7).  

Almost the entire participants of this research have not the intended teacher experience 
until these applications. After all applications were completed for 14 weeks, pre-service 
teachers’ have emphasized that there are positive changes of the teacher proficiency and teacher 
experiences. According to the 39 pre-service teachers’ statements, all data were grouped under 
two categories (Table 5).  

According to Table 5, the first category was about the exercise of teaching process 
(f=108) and the second was personal evolution (f=46). The related codes of the first category 
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were as below: learning the integration of technology to the content knowledge (f=26), learning 
the teaching methods (f=25), preparing the effective teaching materials (f=20), using the 
instructional technologies easily (f=15), teaching the lessons in an appropriate student level 
(f=10), behaving to the students in an appropriate way (f=7), acquisition of classroom 
management (f=5). Other codes related with the personal evolutions were recognition and 
development of teaching profession requirements (f=32), increasing the professional 
confidence (f=11), Increasing the creation (f=3). 
 
Table 5 
Recognition and Development of Pre-service Biology Teachers after TPACK Applications 

CATEGORIES CODES f TOTAL 

Exercise of 
Teaching Process 

Learning the integration of technology to the 
content knowledge  26 

108 

Learning the teaching methods  25 

Preparing the effective teaching materials 20 

Using the instructional technologies easily 15 
Teaching the lessons in an appropriate student 
level 10 

Behaving to the students in an appropriate way 7 

Acquisition of classroom management 5 

Personal 
Evolution  

Recognition and development of teaching 
profession requirements 32 

46 Increasing the professional confidence 11 

Increasing the creation  3 
 
Some examples of the pre-service biology teachers’ about the recognition and development  of 
the instructional technologies are follows: 
 

B16: “I think you've improved me a lot. I have understood very well that the necessity 
of preparing the teaching process. I think that technology should benefit a great deal. I am 
more interested in technology that how to use and benefit them in biology lessons. I learned 
that content knowledge, technological knowledge, and pedagogical knowledge were in-
between and I know about the integration of all” 

B4: "At the end of the application there is no negative change in myself and this course 
was a great advantage for me. I had the chance to remember the information I had forgotten 
during the lesson. At the same time, I believe that I have learned the new resources to prepare 
for effective teaching.  By the completion of this course, I also think that my pedagogical 
content knowledge is better than the beginning of the course. " 

B22: “ think you have improved my teaching experiences in a positive direction. In this 
process I used many technological tools and programs for the first time (smart board, 
LabQuest, prezii, etc.). I saw many different materials. During the course of micro-education, 
I followed the narratives of my colleagues from different points of view and I decided how to 
transfer the topics in a more interesting way during my teaching 

B10: “I believed that I could teach and I liked it more about the proficiency of teaching. 
Now I trust myself more about teaching and I understand the importance of creativity in 
learning and teaching process. I learned how to integrate technology into courses such as 
simulation, animation, and educational software. " 
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