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Abstract

Today, it is of great importance that teachers have pedagogical and technological knowledge in addition to
content knowledge. For this reason, the present study aims to develop a TPACK self-efficacy scale for
preservice science teachers by following the theoretical framework of technological pedagogical and content
knowledge (TPACK), as suggested by Koehler and Mishra (2006). The scale consists of seven subscales, which
are technology knowledge (TK), pedagogy knowledge (PK), content knowledge (CK), technological
pedagogical knowledge (TPK), technological content knowledge (TCK), pedagogical content knowledge
(PCK), and technological pedagogical content knowledge (TPCK) with a total of 55 items. A total of 467
preservice science teachers from four different universities in Turkey participated in the study. The Cronbach's
alpha reliability coefficient of the scale was calculated as 0.969. Following the modification suggestions,
confirmatory factor analyses showed that the model fit the scale adequately. The study found significant
differences between the bottom and top groups; this shows the sufficiency of the items’ discriminatory powers.
As the result of these analyses, it was found out that the scale had the necessary properties required for
measuring the TPACK self-efficacy perceptions of preservice science teachers.
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Introduction

Today, the qualifications expected from teachers are substantially higher compared to those expected in the past.
Until two centuries ago, the teaching profession was seen as retelling the knowledge in one’s content area,
whereas in the minds of contemporary educators, it is a complicated concept that requires various special skills
(Yigit, 2014). Shulman (1986) provided the biggest contribution to this change in the teaching profession. With
the studies conducted by Shulman (1986, 1987), teaching started to be regarded as a profession which requires
pedagogical knowledge alongside content knowledge. As the education technologies immensely increased and
became diversified, the perception started to prevail that teachers should have an adequate level of content
knowledge, pedagogical knowledge, and technological knowledge. This idea resulted in the emergence of the
concept of TPACK.

Theoretical Framework

Almost all of the TPACK studies in the literature refer to the concept of PCK, which is also stated by Shulman
(1986) in his study, as the starting point of TPACK. However, there is not a universal consensus on the scope of
PCK and TPACK. Although detailed differently by different researchers, the only point on which a consensus
has been formed is a theoretical model put forth by Mishra & Koehler (2006), which is formed from the
intersection of three different sets and has seven subheadings (see Figure-1). In the studies conducted after the
emergence of this model, researchers have deepened and widened these seven steps considering their branches
and backgrounds.

Technological Knowledge
Technological knowledge is the knowledge of the technologies that contain a wide range from low technologies

such as pencil and paper to digital technologies (Mishra & Koehler, 2006; Schmidt, Baran, Thompson, Mishra,
Koehler, & Shin, 2009). However, the technological knowledge referred to in TPACK studies is generally the
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knowledge related to digital technologies. For this reason, technological knowledge is mostly seen as the
knowledge of computers, the internet/web and digital materials (Akaygun & Aslan-Tutak, 2016; Archambault &
Crippen, 2009). When this perspective is widened, technological knowledge is stated as knowing and using
computer software (operating system, basic office programs, and software peculiar to the area of instruction,
etc.), using hardware (projection device, interactive whiteboard, etc.), using communication (internet, social
networks, email, forums, chat tools, etc.) and research devices (Chuang, 2013; Handal, Campbell, Cavanagh,
Petocz, & Kelly, 2013; Kaya & Dag, 2013).

Technological
Pedagogical Content
Knowledge
(TPACK)

Technological Technological

Pedagogica Content
Knowledge Knowledge
(TPK) _» (TCK)

Content

Knowledge
(CK)

Pedagogical
Knowiedge
(PK)

.
Pedagogical
Content
Knowledge

Contexts

Figure 1. The TPACK framework and its knowledge components (Koehler & Mishra, 2009)

Pedagogical Knowledge

Pedagogical knowledge is the knowledge of teachers regarding to teaching-learning strategies, approaches,
techniques and methods. The most important components of pedagogical knowledge are to understand how
students learn, knowledge of general classroom management skills, lesson planning, and student assessment
(Mishra & Koehler, 2006). In addition, taking the nature of the target group into consideration, helping gain a
positive attitude towards learning, knowing teaching and learning theories and applying them in the classroom
are within the scope of pedagogical knowledge (Abbitt, 2011; Bos, 2011; Chai, Koh, & Tsai, 2013; Kaya &
Dag, 2013; Koehler & Mishra, 2009; Schmidt et al., 2009).

Content Knowledge

Content knowledge is the knowledge of the subject matter to be taught or learned (Abbitt, 2011; Koehler,
Mishra & Yahya, 2007). Shulman (1986) describes this subject matter knowledge as the knowledge of concepts,
theories, ideas, organizational frameworks, knowledge of evidence and proof. When customized to science, in
various countries content knowledge appears as certain learning areas. In science curriculums in Turkey and
many other countries, these areas are listed as the knowledge of physics, chemistry, biology, astronomy, earth
science, and science process skills/skills of scientific inquiry, science-technology-society and environment
(MEB, 2006, 2013). Today, the teaching of the concepts of science by integrating with science processes,
technology and society rather than teaching them in an isolated manner constitutes the most important focus of
the standards of science education (Campbell & Smith, 2013, Lederman, Lederman, & Antink, 2013; MEB,
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2006; Yager, 2013). In addition, another quality in terms of content knowledge is being aware of highly
common misconceptions in science. Not providing the wrong information which results in misconceptions to
students is important in terms of content knowledge (Koehler & Mishra, 2009; National Research Council,
2000; Tekkaya & Kilig, 2012).

Pedagogical Content Knowledge

According to Shulman, PCK is the knowledge of how to teach specific content knowledge (Archambault &
Barnett, 2010). In other words, PCK is the pedagogical knowledge that is required in order to teach a specific
content (such as science). It is matching specific content knowledge with pedagogical knowledge (Shulman,
1986). However, there is no fixed recipe for this and teachers should continuously adapt their knowledge to new
situations by considering certain features such as students’ characteristics, school environment etc. This is
because the most important indicator of a teacher’s qualifications is his/her ability to transform his/her content
knowledge to a form which students at different cultural, skill and knowledge levels can learn in the best way
(Shulman, 1987). PCK, which was first defined by Shulman, consists of seven components as content
knowledge, general pedagogical knowledge, curriculum knowledge, knowledge regarding learners, knowledge
of educational contexts and knowledge of the purposes of education and general viewpoints (Tekkaya & Kilig,
2012). According to Koehler, Mishra, and Yahya (2007), PCK includes the representation and formulation of
concepts, pedagogical techniques, and knowledge of what makes concepts difficult or easy to learn, knowledge
of students prior knowledge and theories of epistemology. At the same time, being aware and getting rid of the
misconceptions and learning disabilities students have is also within the scope of PCK (Archambault & Barnett,
2010; Tekkaya & Kilig, 2012).

Technological Content Knowledge

Technological content knowledge refers to how an effective form of presentation can be created by integrating
specific content area with technology (Schmidt et al, 2009). Teachers need to know not only the subject matter
they are supposed to teach, but also how the teaching of this subject matter may also change when integrated
with technology (Mishra & Koehler, 2006; Schmidt et al, 2009). For this reason, TCK requires understanding
how technology and subject matter reciprocally affect each other (Koehler, Mishra, & Yahya, 2007). In other
words, TCK is the teachers’ finding out the subject matters in their areas to which specific technologies are
more appropriate. While teaching content knowledge by using technology, it is necessary to be careful about
which technology will be used where and how. Some technologies may be effective in teaching certain content
knowledge, whereas they may not show the same effect in teaching another content knowledge (Koehler &
Mishra, 2009). Similarly, while some technologies are effective when they are used if needed and for a short
time in a lesson, some other technologies may be more effective when used long-term.

Technological Pedagogical Knowledge

Technological pedagogical knowledge (TPK) is to understand how technology use affects teaching and learning.
When constructing TPK, first of all, it is necessary to know the constraints and affordances that the use of
technology may cause in a teaching environment (Koehler & Mishra, 2009). Teachers who find themselves
sufficient in terms of TPK should have the ability to decide which technological device fits for educational use.
At the same time, they should be able to integrate the most convenient technology with the most appropriate
teaching strategy, method, technique, model, or theory. In a similar way, these teachers should be able to
integrate educational technologies with measurement and assessment methods and techniques, utilize
technology according to individual differences of students, and have knowledge about classroom management
in classroom environments. In summary, TPK is related to presentation of pedagogical strategies and technology
integration (Mishra & Koehler, 2006).

Technological Pedagogical Content Knowledge

TPACK is the presentation of content knowledge by being integrated with pedagogical knowledge through
using various technologies (Chai, et al, 2013).
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Literature Review about TPACK Scales

A literature review reveals that there are numerous scale development and adaptation studies related to TPACK.
While some of these studies are compatible with the theoretical framework suggested by Mishra and Kohler
(2009), some others may conflict with the theoretical framework of TPACK, are formed of subscales that are
different in terms of number and sometimes fall outside the theoretical framework and the items of the scale
show very big differences depending on the backgrounds of the authors. Schmidt et al. (2009) developed the
most commonly used and most adapted scale.

Schmidt et al. (2009) developed a seven dimensional TPACK scale that preserves the theoretical framework and
includes four main courses: mathematics, science, social studies and literacy. However, the original version of
the scale may not be applied to anybody, but primary teachers, kindergarden teachers, or preservice
primary/kindergarden teachers, if it measures these four main courses. Although, in theory, the scale is
considered as ideal, in practice, the scale can yield the expected results when applied to science teachers and
preservice science teachers. Since the scale measures each of four different subject matters with three items, it
causes the difficulty that the same factors are obtained when the scale is applied to a single subject and relatively
few items are included in content knowledge section compared to other categories, which constitutes the
weakest side of the scale in terms of science teachers and preservice science teachers. At the same time, it is
observed that the seven subscales within the theoretical framework could not be obtained in the factor analysis-
based adaptation studies of the scale carried out by different researchers. Again, Koh, Chai, and Tsai (2010)
conducted a validity and reliability study for the TPACK scale developed by Schmidt et al. (2009) with 1185
preservice teachers in Singapore and found out that the items of the scale shifted to factors other than the
original scale.

Also, the number of the factors in the scale decreased to five in his/her study. Chai et al. (2011) adapted the
scale developed by Schmidt et al. (2009) in a study on primary school teachers. In their study, the scale again
included five factors. Similarly, Dikkartin-Ovez and Akyiiz (2013) applied the same scale to mathematics
teachers and obtained four factors. Sahin (2011) developed a seven dimensional scale, and this scale can be
adapted to any subject. Similarly, another seven-dimensional scale was created by Archambault and Crippen
(2009). Even though such all-purpose TPACK scales preserve the theoretical frame, the scale items include
highly general statements, and these statements do not reveal teachers’ TPACK self-efficacy level (in science,
social science, math or any other subject area) in relation to content knowledge (CK), pedagogical content
knowledge (PCK), and technological pedagogical content knowledge (TPACK). Along with including highly
general statements that can be adapted to any subject, another weakness is that some subscales of the factors in
the scale cannot be clearly distinguished from each other. Therefore, the recent focus is on the scales that are
customized to one subject rather than the scales that cover all subjects.

A scale with seven subscales specific to one subject was developed by Akman and Giiven (2015). The content
knowledge section of the scale, developed by Akman and Giiven (2015), was based on the social sciences
curriculum. The scale individually addresses the learning areas of social sciences in the content knowledge
section constitutes the strongest side of the scale. Besides this scale, there are other TPACK scales developed
specifically for mathematics and science. The scale called TPCK-M, developed by Handal et al., (2013),
includes three subscales customized for mathematics as technological content knowledge (TCK), technological
pedagogical knowledge (TPK) and technological pedagogical content knowledge (TPCK). As for science, there
is a scale with four subscales developed by Graham et al. (2009). This scale was named as TPACK confidence
scale, which is specific to only science education. The scale gives more prominence to the use of technology in
science education in the form of technological knowledge (TK), technological content knowledge (TCK),
technological pedagogical knowledge (TPK), and technological pedagogical content knowledge (TPACK)
compared to pedagogical and content knowledge.

Method

In the present study, the reliability and validity of a new TPACK scale was calculated for preservice science
teachers.

Participants

The instrument developed for this study was applied to a total of 467 senior year students at the science
education departments from four different universities in Turkey. The TPACK scale was applied to the
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participants of the study in the spring term of 2014. The application of the scale was performed at one university
from each of the northern, southern, eastern, and western regions of Turkey. The students were given 40 minutes
to fill in the questionnaire. Of the preservice teachers who took part in the study, 64% (299) were females and
36% (168) were males.

The Instrument Development Process

The scale development process started with a literature review related to TPACK. Nine trial items were written
for each of all the subscales of TPACK. The initial form of the scale included 63 items. The items were
evaluated by the experts who studied TPACK and science education. The necessary revisions were performed
on the scale based on the experts’ suggestions, and the scale was finalized. The items of the scale were
transformed into Likert scale items to measure the TPACK self-efficacy perceptions of the preservice teachers.
Each item of the scale had the following response categories: (1) | do not know at all, (2) | have a little
knowledge, (3) | have a moderate knowledge, (4) | know well, and (5) | know very well. Afterwards, the scale
was administered to the participants. Confirmatory factor analysis was performed for the construct validity of
the scale. As the result of the factor analyses, the number of the items in the scale was determined as 55. To test
the reliability of the scale, the internal reliability coefficient Cronbach's alpha was calculated by using SPSS
15.0 software. In addition, statistically significant difference was checked between the bottom and top group.

Findings and Discussion

The data regarding the validity, reliability, and item analyses of the scale obtained in the scale development
process are explained below.

Validity of the Scale

The validity of the scale was maintained in two ways. The first of these was content validity and the second one
was construct validity.

Content Validity

After the items of the scale were written, an email was sent to two faculty members from different departments
who had studied TPACK and two faculty members who had studied science education and curriculum
development to ask feedback about the scale. The items of the scale were revised based on the faculty members’
comments. Then, the scale was administered to 4 science education graduates who are studying for their
master’s degree in science education and four randomly selected preservice science teachers. They provided
feedback on readability, understandability, and duration. The words and sentences in the scale were corrected
based on the feedback taken from these eight participants.

Construct Validity

Confirmatory factor analyses were performed to test the construct validity of the scale.

Confirmatory Factor Analyses

Confirmatory factor analyses were performed to see how appropriate the scale designed with seven subscales
based on theoretical principle. The result of the confirmatory factor analyses is shown in Figure 2.

In confirmatory factor analyses, the criteria that are used to decide whether the theoretical framework support
the data (Akman & Giiven, 2015; Celik, Sahin, & Aktiirk, 2014; Celik, Sahin, & Aydin, 2014; Hu & Bentler,
1999; Kline, 2005). These criteria are given in Table 1.
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Table 1. Confirmatory factor analysis fit index values

Criterion Perfect fit | Acceptable fit | Indices of
references indices indices TPACK model
x2 /df <3 <4-5 1.96

RMSEA <0.05 0.06-0.08 0.045

NFI >0.95 0.94-0.90 0.901

CFlI >0.97 >0.95 0.950

GFlI >0.90 0.89-0.85 0.852

AGFI >0.90 0.89-0.85 0.855

TL <0.95 0.94-0.90 0.904

RMR <0.05 <0,10 0.033

For the scale developed in this study, while x2 / df=1.96, RMR=0.033, RMSEA=0.045 indicate a perfect fit,
GFI1=0.852 CF1=0.950, NFI= 0.901, AGFI=0.855 and TL= 0.904 values were found to be within the acceptable
fit range. These results show that the theoretical framework supports the data (Celik, Sahin, & Aktiirk, 2014;
Tabachnick & Fidell, 2007).

Figure 2 shows that the regression weights among the subscales of the scale and the items existing in these
subscales vary between 0.37 and 0.83. All of these values are above the acceptable breakpoint of 0.30 (Klein,
2005). The variances of these coefficients depending on the subscales of the scale are as follows: .47 and .76 in
technological knowledge (TK), .56 and .80 in pedagogical knowledge (PK), .37 and .78 in content knowledge
(CK), .69 and .83 in technological pedagogical knowledge (TPK), .74 and .83 in technological content
knowledge (TCK), .52 and .65 in pedagogical content knowledge (PCK), .78 and .82 in technological
pedagogical content knowledge (TPCK).

The correlation values between the subscales are as follows: .61 between TK and PK, .57 between TK and CK,
.62 between TK and TPK, .71 between TK and TCK, .58 between TK and PCK, .67 between TK and TPCK, .67
between PK and CK, .72 between PK and TPK, .75 between PK and TCK, .79 between PK and TPCK, .71
between CK and TPK, .69 between CK and TCK, .64 between CK and PCK, .71 between CK and TPCK, .75
between TPK and TCK, .73 between TPK and PCK, .74 between TPK and TPCK, .74 between TCK and PCK,
.85 between TCK and TPCK, .78 between PCK and TPCK. These indicate that there are medium and higher
correlations between the subscales of the scale, which reveals the correlation between the subscales.

Reliability
The Cronbach's alpha reliability coefficient of the developed scale was calculated respectively for each subscale
and the entire scale. These coefficients, which show the internal consistency reliability, are presented in the table

below.

Table2. The Cronbach’s alpha reliability coefficient of scale and subscales

Domain Cronbach’s
alpha
Technological Knowledge (TK) .875
Pedagogical Knowledge (PK) .902
Content Knowledge (CK) .866
Technological Pedagogical Knowledge (TPK) 922
Technological Content Knowledge (TCK) 916
Pedagogical Content Knowledge (PCK) 792
Technological Pedagogical Content Knowledge (TPCK) .924
Overall .969

The Cronbach's alpha reliability coefficients of both the entire scale and individual subscales are higher than the
value of 0.70. Measurement tools with a Cronbach's alpha reliability coefficient higher than this value are
regarded as reliable tools (Tavsancil, 2002).
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Table 3. 27 % Top-bottom groups comparison and item-total correlation for items of TPACK Scale

Subscales  Items Item-total Bottom Group Top Group Comparison
correlation 27 % 27 % of Top-
Bottom
r X S X S Groups
(t value)
1 551 3.50 0.72 4,55 0.49 -13.37**
2 .586 3.52 0.75 4.43 0.49 -15.10**
3 .554 3.49 0.70 4.59 0.53 -13.99**
4 510 3.11 0.92 4.36 0.82 -11.27%*
TK 5 .554 3.52 0.90 471 0.47 -13.14**
6 573 3.24 0.91 4,53 0.64 -12.97**
7 510 3.24 0.97 4.50 0.73 -11.658**
8 510 3.17 0.93 4.35 0.78 -10.85**
9 .304 3.45 0.88 4.17 0.85 -6.58**
10 531 3.16 1.04 4.44 0.63 -11.73**
11 561 3.54 0.87 4.69 0.49 -12.77%*
12 .651 3.48 0.84 4.82 0.40 -16.07**
13 .639 3.57 0.74 4.78 0.44 -15.71**
PK 14 .679 341 0.71 4.79 0.44 -18.35**
15 .619 3.48 0.73 4.67 0.51 -14.86**
16 .620 3.29 0.91 4.65 0.49 -14.67**
17 .606 3.44 0.82 4,75 0.45 -15.54**
18 .676 3.31 0.83 4.67 0.50 -15.61**
19 .506 2.78 0.82 3.88 0.69 -11.44**
20 351 3.25 0.95 4.03 0.83 -6.96**
21 .299 3.69 0.88 4.28 0.73 -5.82**
22 541 2.70 0.93 411 0.79 -12.90**
CK 23 .509 2.76 0.83 3.96 0.83 -11.41%*
24 .630 3.21 0.73 4,57 0.54 -16.69**
25 .598 3.29 0.83 4.60 0.53 -14.86**
26 .619 3.20 0.80 4.48 0.61 -14.16**
27 .653 3.12 0.85 451 0.61 -14.76**
28 .603 311 0.82 4.54 0.64 -15.47**
29 597 3.25 0.86 4.53 0.61 -13.49**
30 .708 3.08 0.82 4.69 0.47 -18.88**
TPK 31 .705 2.90 0.82 4.68 0.50 -20.70**
32 .686 3.03 0.81 4,53 0.57 -16.80**
33 .696 3.10 0.80 4.69 0.49 -18.90**
34 125 3.18 0.82 4.79 0.42 -19.50**
35 .703 3.20 0.77 4.62 0.50 -17.30**
36 719 3.32 0.74 4.67 0.47 -17.16**
37 .691 3.38 0.71 4,70 0.45 -17.42%*
TCK 38 .699 3.38 0.75 471 0.50 -16.45**
39 .665 3.29 0.75 4.65 0.49 -16.92**
40 .689 3.30 0.72 4,55 0.52 -15.63**
41 .698 3.30 0.70 4.69 0.48 -18.22**
42 522 3.08 1.08 4.50 0.77 -11.97**
43 403 3.19 111 4.34 0.75 -9.53**
44 .569 3.37 0.81 4.48 0.76 -11.13**
PCK 45 434 3.61 0.77 451 0.72 -9.54**
46 490 3.50 0.88 4.42 0.72 -9.06**
47 405 3.52 0.80 4.25 0.73 -7.49%*
48 517 3.21 0.83 4.30 0.83 -10.41**
49 137 3.19 0.75 4.63 0.53 -17.40%*
50 .705 3.34 0.73 4.67 0.51 -16.57**
51 750 3.08 0.76 4.65 0.47 -19.36**
TPACK 52 123 3.15 0.74 4.64 0.49 -18.64**
53 .690 3.23 0.73 4.60 0.50 -17.19**
54 .708 3.09 0.80 4,61 0.56 -17.30**
55 .700 3.15 0.88 4.69 0.51 -16.74**
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Test-Re-Test Reliability Analysis

Six weeks after the first administration, the test was administered again to one of the groups. The correlation
between the results of this re-test conducted on 63 students, and their previous results was examined. The
correlation coefficient was calculated as 0.82 (p<0.001). This value shows the consistency of the test over time
(Biiytikoztiirk et al., 2011; Biiytikoztiirk, 2012).

Item Analysis

An independent samples t test was used to check whether there was a statistically significant difference between
the top and bottom groups to determine the item discrimination of the scale items. At the same time, the
correlation of each item with the total score was computed. Table 3 presents these results which reveal the item
discrimination of the scale items.

When Table 3 is examined, the t values varied between -20.70 and -5.82, and there was a statistically significant
relationship between the bottom and top groups. At the same time, a positive significant correlation was found
between each item and the total items. These findings show that the discriminatory power of the test was
substantially high. The high discriminatory power of the test is an indicator of its reliability (Biiyiikoztiirk et al.,
2011; Biyiikoztiirk, 2012).

Conclusion

This study aims to develop a scale that assesses the TPACK self-efficacy of preservice science teachers. In
accordance with the theoretical framework suggested by Mishra and Kohler (2006), the scale developed in the
study includes a total of 7 subscales as Technology Knowledge (TK), Pedagogy Knowledge (PK), Content
Knowledge (CK), Technological Content Knowledge (TCK), Technological Pedagogical Knowledge (TPK),
Pedagogical Content Knowledge (PCK), and Technological Pedagogical Content Knowledge (TPCK). The
subscales of this 55-item scale were determined and confirmed by using confirmatory factor analyses. One of
the strong sides of the scale is that it includes subscales that are consistent with the theoretical framework
suggested by Kohler and Mishra (2006).

The most distinctive feature of the scale is the Content Knowledge subscale. While current TPACK scales
measure content knowledge in general terms, the scale developed in this study was customized to science
learning areas. In particular, the broad-fields curriculum design approach combines large program areas into a
single course, like science and social science; therefore, measuring each subject area is given importance. The
scale represents physical science, chemistry, biology, earth science, and astronomy, as individual items,
constitutes one of its strongest sides. Besides, another strong side of the scale is that items related to science
process skills/skills of scientific inquiry and science-technology-society-environment, which have become an
indispensable part of science education, are included as a subscale in our scale. Another remarkable feature of
the scale is that common misconceptions in science are included in content knowledge.

Although not as impressive as content knowledge, another important feature of the scale is that the items of the
scale were written by grouping a wide range of technologies from traditional technologies to digital
technologies and the internet under certain themes (e.g. digital software, social networks, science lab materials,
basic software, mobile learning tools, etc.). In the scales presented in the literature, the names of these
technologies are listed individually. In the present study, however, names related to technology are given in
parenthesis as examples to these main titles. This feature of the scale contributes to the prolongation of the
lifetime of technology, which is the fastest changing subscale of TPACK scales.
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Appendix A — TPACK-Science Self Efficacy Scale (English Version)
Dear Colleague;

This questionnaire is designed to investigate the relationship between preservice science teachers’
technological, pedagogical, and content knowledge. Your answers will be used for the research purposes. Your
identity and answers will be kept confidential. Your sincere responses to the questionnaire are highly important
to determine the validity and reliability of the study. The numbers presented on the right side of the page refer to
your level of perception regarding the statements: (1) | do not know at all, (2) | have a little knowledge, (3) |
have a moderate knowledge, (4) | know well, and (5) | know very well. Please, cross or circle the number of the
statement from 1 to 5 that corresponds to your perception level. Thank you for your contribution and time.

TPACK-Science Self Efficacy Scale

1. How to use the materials used in the teaching-learning process in a science laboratory 1120345
(activity/experiment materials like microscope, radiometer, dynamometer, thermometer)

2. How to use the electronics-based teaching technologies (computer, projection, television, 1120345
camera, video, etc.)

3. How to use the essential software programs (Word, Excel, and PowerPoint etc.) 112, 3/4|5

4. How to use interactive technological learning tools (interactive whiteboard/LCD panel, tablet, 11234 s
digital course book, etc.)

5. How to use mobile learning tools (tablet, mobile phone etc.) with internet support 1/2[3]4]|5

6. How to use multimedia (video clips, animation, simulation, virtual lab, etc.) 1/2(3/4|5

7. How to create distance learning environments through social networks that provide audio and 1120345
visual communication (skype, messenger etc.)

8. How to use digital software (java simulation, inspiration, graphic calculator etc.) 112,345

9. How to create a social environment on the internet (discussion boards, wikis, web blogs, 11234 s
electronic document sharin

10 How to develop daily, yearly and unit plans 2134|565

11 How to use classical (multiple choice, fill-in the blanks, etc.) and alternative/complementary 11234 s
(Portfolio, rubric etc.) measurement and assessment tools for evaluating student performance

12 How to use different teaching strategies (verbal learning, discovery learning, inquiry-based 12 4ls
learning, etc.)

13 How to use different teaching methods (Problem-based learning, Project based learning etc.) 1|2 4

14 How to use different teaching techniques (Brainstorming, Six thinking hats, Analogy, 1 4
Metaphor, Station, drama, snowball, exhibition, panel, forum, etc.)

15 How to use different teaching-learning approaches, and theories (behaviorist, constructivist, 1120345
multiple intelligence, etc.)

16 How to teach based on different teaching-learning models (5E, 7E learning models etc.) 1/2]3]4]5

17 How to plan lessons by taking the individual differences of the students into consideration 112[3]4]|5

18 Classroom management according to different teaching-learning approaches 112,345

19 Adequate content knowledge of physics for my profession 112,345

20 Adequate content knowledge of chemistry for my profession 112,345

21 Adequate content knowledge of biology for my profession 112,345

22 Adequate content knowledge of astronomy for my profession 112,345

23 Adequate content knowledge of earth science for my profession 112,3/4|5

24 Content knowledge regarding the interaction of science-technology-society-environment 112,345

25 Content knowledge regarding scientific process skills and the nature of science 112,345

26 The common scientific misconceptions 1/2]3]4]5

27 Content knowledge regarding the concepts, principles, generalizations, theories and laws of 11203 4ls
Science

28 HO\éV }o use the technologies that are suitable to different teaching theories, approaches and 11203 4ls
models

29 How to use the technologies that are suitable to different teaching strategies, methods and 1120345
techniques

30 How to utilize technology according to students’ individual differences 1/12[3]4]|5

31 How to utilize technology while carrying out measurement and assessment (electronic portfolio, 11203 4ls
online test, online rubric etc.)

32 How to decide whether a new technology is suitable for teaching 112,345

33 Classroom management while using different teaching technologies 112,345

34 How to use technology in a way that affects learning positively 112,345

35 How to decide on the appropriate teaching technologies for different learning areas of Science 1120345
(physics, chemistry, biology, astronomy ...)

36 How to utilize technology in a way that enables to learn the concepts of science better 112,345
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37 How to choose the technologies that will enable to learn Science content knowledge moreeasily § 1 | 2| 3| 4| 5
38 How to decide on the technologies that will enable to learn Science content knowledge in a 12103 5
meaningful way
39 How to decide on the appropriate technologies depending on the characteristics of Science 1121345
content knowledge (simulation for teaching electrics, using models for teaching DNA, etc.)
40 How to integrate my knowledge about the learning areas of science with appropriate teaching 1120345
technologies
41 How to utilize technology at the correct place and inadequate time while teaching science 11234 s
content
42 How to prepare lesson plans in accordance with the outcomes stated in science curriculum 1/2]3]4]|5
43 How to choose the theories, approaches, models, strategies, methods and techniques that are 1120345
appropriate to the outcomes stated in science curriculum
44 How to evaluate by using the assessment tools that are appropriate to the outcomes stated in 11234 s
science curriculum
45 How to design in-class and out-of-class activities that are appropriate to the outcomes stated in 11234 s
science curriculum
46 How to prepare science content by taking the students’ individual differences into consideration f 1| 2| 3|4 |5
47 How | can teach the concepts of science in a more comprehensible and thorough way 112,345
48 How to resolve common misconceptions in science 112/ 3/4|5
49 How to integrate the outcomes of science with appropriate strategies, methods, techniques, and 1120345
technologies
50 How to choose the appropriate strategies, methods, techniques and technologies that will enable 1120345
to learn Science content better
51 How to decide on the appropriate pedagogical and technological applications for the learning 11234 s
areas of science (physics, chemistry, biology, astronomy, earth science, etc.)
52 How to integrate my content knowledge with my pedagogical and technological knowledge in a
i , : 112[3|4|5
way that will increase the value of students’ learning
53 How to adapt the emerging strategies, methods, techniques, models, and technologies to the 11203 4ls
outcomes of science
54 How to guide my colleagues in integrating the outcomes of science with appropriate 11234 s
technologies and pedagogies
55 How to restructure my content knowledge by using my technological and pedagogical 11234 s
knowledge in a way different from the presentation style of knowledge in the course book
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Appendix B — TPACK-Science Self Efficacy Scale (Turkish Version)

Sevgili meslektasim;

Bu anket fen bilgisi 6gretmen adaylarmmin teknoloji, pedagoji ve alan bilgisi arasindaki iliskiyi arastirmak igin
diizenlenmigtir. Ankette vereceginiz cevaplar arastirma amagl kullanilacak olup kimliginiz ve cevaplariniz
kesinlikle gizli tutulacaktir. igtenlikle vereceginiz cevaplar arastirmanin gegerligi ve giivenirligi agisindan biiyiik
onem arz etmektedir. Sayfanin sag tarafindaki rakamlar 6nermelere iligkin algi diizeyinizi ifade etmektedir: (1)
Hi¢ Bilmem, (2) Az Diizeyde Bilirim, (3) Orta Diizeyde Bilirim, (4) Iyi Diizeyde Bilirim, (5) Cok Iyi Diizeyde
Bilirim. Sizlerden istenen asagida verilen 6nermelere karsilik gelen algi diizeyinizi 1 den 5 e kadar olan
ifadelerden uygun olani carp: isareti ya da yuvarlak icine alarak isaretlemenizdir. Degerli katkilariniz igin
tesekkiir ederiz.

TPAB-Fen Oz Yeterlik Olcegi

Fen laboratuvarlarinda bulunan 6gretme-6grenme siirecine yonelik materyalleri (mikroskop,

radyometre, dinamometre, termometre gibi etkinlik/deney malzemeleri) kullanmay1 NREEE
2 Elektronik temelli 6gretim teknolojilerini (bilgisayar, projeksiyon, televizyon, kamera, video vb) 1120345
kullanmay!1
3 Temel yazilim programlarini (Word, excell, powerpoint v.b) kullanmay1 112, 3/4|5
4 Etkilesimli teknolojik 6grenme araglarini (akilli tahta/LCD panel, tablet, dijital ders kitab1 v.b.) 11213 4ls
kullanmay1
5 Mobil 6grenme araglarini (tablet, mobil telefon v.b) internet destekli kullanmay1 112,3/4|5
6 Coklu medya ortamlarini (video klibi, animasyon, simiilasyon, sanal lab v.b.) kullanmay1 112,345
7 Sesli ve goriintiili iletisim saglayan sosyal iletisim aglar1 (skype, messanger v.b.) ile uzaktan 11213 4ls
O0grenme ortamlari olusturmayi
8 Dijital yazilim programlarini (java simulasyon, inspiration, grafik hesap makinesi v.b.) kullanmay1 | 1| 2| 3| 4|5
9 Internet tizerinden sosyal ortam (discussion boards, wikis, web blogs, elektronik dokiiman 11203 45
paylagma) olusturmay1
10 | Ginliik, yillik ve @initelendirilmis plan gelistirmeyi 112,3/4|5
11 | Ogrenci performansini degerlendirirken klasik(coktan segmeli test, bosluk doldurma v.b.) ve 11213 4ls
alternatif/tamamlayici (portfolio, rubrik v.b.) 6l¢me degerlendirme araglarini kullanmay1
12 | Farkli 6gretim stratejilerini (Sunus, Bulus, Arastirma-inceleme v.b. ) kullanmay1 112|3]4]5
13 | Farkli 6gretim yontemlerini (Probleme Dayali 6grenme, Proje tabanli 6grenme v.b.) kullanmay1 11213145
14 | Farkli 6gretim tekniklerini (Beyin firtinasi, Alt1 Sapkali Diisiinme, Analoji, Metafor, Istasyon,
. 112,345
drama, kartopu, sergi, panel, forum v.b.) kullanmay1
15 | Farkli 6gretme-6grenme yaklasim ve kuramlarimi (davranis¢i, yapilandirmaci, ¢oklu zeka v.b.) 11213 4ls
kullanmay1
16 | Farkli 6gretme-6grenme modellerine (5E,7E 6grenme modelleri v.b.) gbre 6gretim yapmay1 112|3]4]5
17 | Ogrencilerin bireysel farkliliklarim dikkate alarak ders planlamayi 112,3/4|5
18 | Farkli 6gretme-6grenme anlayislarina gore sinif yonetimini 112,345
19 | Fizik ile ilgili meslegim i¢in yeterli alan bilgisini 112|3]4|5
20 ] Kimya ile ilgili meslegim i¢in yeterli alan bilgisini 112,3/4|5
21 | Biyoloji ile ilgili meslegim i¢in yeterli alan bilgisini 112,3/4|5
22 | Astronomi ile ilgili meslegim i¢in yeterli alan bilgisini 112,3/4|5
23 | Yerbilimleri ile ilgili meslegim i¢in yeterli alan bilgisini 112|3]4|5
24 ] Fen-teknoloji- toplum- cevre etkilesimiyle ilgili alan bilgisini 112,345
25 | Bilimsel siire¢ becerileri ve bilimin dogast ile ilgili alan bilgisini 112|3]4|5
26 ] Fen dersindeki yaygin kavram yanilgilarinin neler oldugunu 112,3/4|5
27 | Fen dersine ait kavramlar, ilkeler, genellemeler, teoriler ve yasalar ile ilgili alan bilgisini 112/ 3/4|5
28 | Farkli 6gretim teorilerine, yaklagimlarina ve modellerine uygun teknolojileri kullanmay1 112[3]4|5
29 | Farkli 6gretim stratejilerine, yontemlerine ve tekniklerine uygun teknolojileri kullanmay1 112[3]4|5
30 | Opgrencilerin bireysel farkliliklarina gore teknolojiden faydalanmay: 112|3]4]|5
31 | Olgme ve degerlendirme yaparken teknolojiden (elektronik portfolyo, online test, online rubrik 112130 4ls
v.b) faydalanmayi
32 ] Yeni bir teknolojinin gretime uygunluguna karar vermeyi 1/2]3]4]|5
33 | Farkli 6gretim teknolojilerini kullanirken sinif yonetimini 112|3]4|5
34 | Teknolojiyi 6grenmeyi olumlu etkileyecek sekilde kullanmay1 112/3]4]5
35 | Fen dersinin farkli 6grenme alanlan (fizik, kimya, biyoloji, astronomi ...) i¢in uygun gretim 11213 als
teknolojilerine karar vermeyi
36 | Fen kavramlarini1 daha iyi 6grenmeyi saglayacak sekilde teknolojiden faydalanmay1 112|3]4]5
37 | Fen dersine ait igerik bilgisini daha kolay 6grenmeyi saglayacak teknolojileri se¢gmeyi 112|3]4|5
38 | Fen dersi icerik bilgisinin anlamli 6grenilmesini saglayacak teknolojilere karar vermeyi 112|3]4]5
39 | Fen dersindeki igerik bilgisinin dzelligine gore uygun teknolojilere (elektrigin dgretiminde 112/3/4]5
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simiilasyon, DNA’nin 6gretiminde model kullanma v.b. ) karar vermeyi

40 | Fen dersi 6grenme alanlarina ait bilgilerimi uygun 6gretim teknolojileri ile biitiinlestirmeyi 1/2]3]4]|5

41 | Fen dersine ait icerigi 6gretirken dogru yerde ve yeterli siirede teknolojiden faydalanmay1 1/2/3]4]5

42 | Fen programinda yer alan kazanimlara uygun ders plan: hazirlamay1 112,3/4|5

43 | Fen programinda yer alan kazanimlara uygun dgretme teori, yaklasim, model, strateji, yontem ve 11213als
teknikleri se¢meyi

44 | Fen programinda yer alan kazanimlara uygun dlgme araglar ile degerlendirme yapmay1 1/2/3]4]|5

45 | Fen programinda yer alan kazanimlara uygun sinif i¢i ve sinif disi etkinlik tasarlamay1 1/12|3]4]5
Ogrencilerin bireysel farkliliklarin dikkate alarak fen dersi igerigi hazirlamay: 112|3]4|5

47 | Fen kavramlarini nasil daha kolay anlagilir ve derinlemesine 6gretecegimi 112,345

48 | Fen dersindeki yaygin kavram yanilgilarini nasil giderecegimi 1/2/3/4]5

49 ] Fen dersi kazanimlarini uygun stratejiler,yontemler,teknikler ve teknolojiler ile biitiinlestirmeyi 112,/ 3/4|5

50 | Fen dersi igeriginin daha iyi 6grenilmesini saglayacak uygun stratejileri, yontemleri, teknikleri ve 11213 4als
teknolojileri segmeyi

51 ] Fenin 6grenme alanlarina (fizik, kimya, biyoloji, astronomi, yer bilimi v.b.) gore uygun pedagojik 1121304ls
ve teknolojik uygulamalara karar vermeyi

52 | Ogrencilerin 6grenmesinin degerini artiracak sekilde alan bilgimi, pedagoji ve teknoloji bilgim ile 120345
biitiinlestirmeyi

53 ] Yeni cikan strateji, yontem, teknik, model ve teknolojileri fen kazanimlarina uyarlamay1 112, 3/4|5

54 | Meslektaslarima fen kazanimlarinin uygun teknolojiler ve pedagojiler ile biitiinlestirilmesi 11213 4als
konusunda o6nciiliik etmeyi

55 | Ders kitabindaki bilginin sunulus seklinden farkli sekilde teknoloji ve pedagoji bilgimi kullanarak 11213/ 4ls
alan bilgisini yeniden yapilandirabilmeyi




