THE ASSOCIATIONS BETWEEN LEARNING-TEACHING CONCEPTIONS AND
TECHNOLOGICAL PEDAGOGICAL CONTENT KNOWLEDGE: A STRUCTURAL
EQUATION MODELING STUDY

Abstract: Competency in technological pedagogical content
knowledge is one of the fundamental standards to become a
qualified teacher in 21. century. Teachers are expected to have
TPACK with technology integration efficacies in their
classroom. This research aims to explain the roles of TPACK
and its components on behaviorist and constructivist learning —
teaching conceptions. Designed as an explanatory research the
current study employs hypotheses explaining cause — result
connections amongst independent variables (knowledge of
technology, knowledge of pedagogy and content knowledge),
mediators (technological content knowledge, pedagogical
content knowledge, technological pedagogical knowledge, and
technological pedagogical content knowledge) and dependents
(behaviorist and constructivist teacher conceptions). One of the
structural equation modeling applications benefits from path
analysis to uncover these associations. Mediation effects
between them are tested through the Sobel tests and bias-
corrected bootstrapping confidence interval. The path analyses
point out that behaviorist teacher conception is just affected by
technology knowledge. They show also that technology and
pedagogy knowledge have indirect effects on constructivist
teacher conceptions via technological content, pedagogical
content, technological pedagogical knowledge, and TPACK. It
is found that content knowledge is an agent directly affecting
constructivist teacher conceptions. It is suggested that teachers
should take part in workshops, projects etc. on TPACK or
technology integration.
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INTRODUCTION

Teaching new skills for students has changed teachers’ roles from behaviourist theory to constructivist one
in the 21st century. They also differ in missions, educational goals, learning — teaching understandings. On
the one hand, in behaviourist theory, teachers transmit the content for students and ask them to memorize
it through teacher-centered teaching strategies (Cleaver, 1975). Behaviourist teachers tend to prefer direct
instruction as a teaching method. They always use basic technologies (e.g. PowerPoint) related to it in their
classroom (Howard et al., 2000). On the other hand, in constructivist theory, teachers are expected to help
them learn 21st century skills (e.g., problem-solving, critical thinking, decision-making) via student-
centered strategies (Klieme & Clausen, 1999; Hoagland, 2000). Hasweh (1996) found that constructivist
teachers help students more elaborate their ideas and concepts than behaviourists do. Constructivist teachers
seek technologies (e.g. simulations, hypermedia with forums) that can engage students in problem-solving,
conceptual understanding, critical thinking, and discussion outcomes (Entwistle, Skinner, Entwistle & Orr,
2000). For example, in case of hypermedia, it allows to understand the complexity of teaching, provide
constructivist teaching methods and facilitate classroom discussions (Hughes, Packard & Pearson, 2000).
Lampert, Heaton & Ball (1994) found that behaviourist approaches to teaching student teachers about
constructivist approaches to mathematics instruction are effective in changing teachers’ beliefs.
Hypermedia environment by Lampert Heaton & Ball (1994) provided with several materials student
teachers to experience real time math teaching apart from presenting them with behaviourist methods.

As been understood from the discussion above, Web-based applications like hypermedia are closely
intertwined with constructivist pedagogical approaches. Concerning the role of novel technologies on
knowledge acquisition, Tomei (2005) stated that teachers, educational institutions, and other stakeholders
should reshape pedagogical and instructional approaches in addition to in-class resources to minimize the
gap between contemporary instructional and learning methods and explicit instruction methods. He also
expressed that the constructive process necessitates integrating technology into pedagogy and content
knowledge. Some research show that constructivist pedagogy assisted technologies allowed to develop
student teachers or teachers’ TPACK (Schrum et al., 2005; Mishra & Koehler, 2006; Marreo et al., 2010;
Pryor & Bitter, 2008; Harper & Cox, 2012; Meng & Sam, 2013; Yigit, 2014; Durdu & Dag, 2017; Karakus,
2018; Atun & Usta, 2019). Henceforth, it is possible to say that TPACK has resulted from constructivist
theory and approaches. TPACK term developed by Mishra & Koehler (2006), which is based on Shulman's
pedagogical content knowledge (1986) concept and developed by Pierson's (2001) addition of technology
knowledge, has become widespread with the use of constructivist theory and approaches in education
(Mishra & Koehler, 2009; Harris, Mishra & Koehler, 2009; Schmidt et al. 2009).

In recent years, researchers (Koehler & Mishra, 2005; Mishra & Koehler, 2006) put forward technological
pedagogical content knowledge (TPACK) to define teachers’ knowledge about integrating technology
efficiently into teaching and learning contexts (Yigit, 2014). Harris, Mishra & Koehler (2009) considered
TPACK as a way of thinking about technology integration. It is also regarded as an efficient teaching
strategy that helps teachers develop sophisticated and dynamic knowledge (Lu, 2014). Liu (2013) defined
it as a practical approach that allows teachers to integrate the technology into the classroom. Competency
in TPACK is one of the fundamental standards to become a qualified teacher (Apau, 2017; Sahin, 2019;
Simsek & Sarsar, 2019; Alpaslan, Ulubey & Ata, 2021). Henceforth, teacher training curricula and teacher
educators should not only focus on how to use the technology but also connect it with content and pedagogy
(Sweeney & Drummond, 2013; Kraglund-Gauthier & Moseley, 2019; Yangin-Ersanli, 2016; Uysal &
Gilindogdu, 2019).

TECHNOLOGICAL PEDAGOGICAL CONTENT KNOWLEDGE
The foundations of TPACK lie in the concept' pedagogical content knowledge' that Shulman (1986)
proposed as a combination of pedagogy and content knowledge. TPACK, which evolved by integrating the
technology into PCK as a result of Pierson's (2001) study, was conceptualized and developed by Mishra &
Koehler (2006) as a holistic competency framework or teaching approach regarding the development of
teachers' knowledge of technology, pedagogy, and content. In this study of Mishra & Koehler (2006), while
explaining the relationship between technology (TK), pedagogy (PK), and content knowledge (CK), they
also explained the paired interactions in these fields of knowledge. As a result of these interactions, concepts
related to pedagogical content knowledge (PCK), technological content knowledge (TCK), technological
pedagogy knowledge (TPK), and technological pedagogical content knowledge (TPACK), which is a
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combination of TK, CK and PK, have evolved (Mishra & Koehler, 2006). Technological pedagogical
content knowledge refers to teachers' knowledge to integrate the technology into their instruction in any
content area (Mishra & Koehler, 2006, 2009; Schmidt et al. 2009). TPACK is an integrated knowledge
enabling to incorporate technology consciously into the instruction in which teachers teach the subject using
appropriate pedagogy and technology in a given content (Schmidt et al. 2009; Abbitt, 2011). Via TPACK,
teachers may interpret associations among content, pedagogy, and technology knowledge. This
interpretation enables teachers to use suitable pedagogical methods and technological tools (Schmidt, et al.,
2009).

TECHNOLOGICAL KNOWLEDGE

Technology knowledge covers knowledge from simple tools such as books, chalk, blackboards to more
advanced technologies such as the internet and digital video. Teachers with more comprehensive
technological capabilities have the ability to use tools such as word processors, worksheets, browsers, and
e-mail, knowledge of computer hardware and operating systems in the context of advanced technologies
(Mishra & Koehler, 2006). They also know and have an ability to use instruments such as information and
computer networks, digital content, e-books, internet sites, multimedia, Mobil technologies, multi-
touchable cooperative software, virtual settings with multi-users (Qasem & Viswanathappa, 2016).
Eventually, teachers equipping with technology knowledge accomplish a range of diverse tasks using
information technology, and develop various ways of achieving a particular task (Mishra & Koehler, 2009).

PEDAGOGICAL KNOWLEDGE

Pedagogical knowledge encompasses knowledge about the methods, techniques, and processes of learning
and teaching, students' nature (e.g., needs, interests, readiness), and strategies used to evaluate students'
understandings (Mishra & Koehler, 2006). It also covers knowledge on instructional method and processes
as well as dealing with classroom management, measurement and assessment, course design, and student
assessment (Schmidt et al., 2009). Teachers with in-depth pedagogy knowledge understand how students
learn, acquire skills and develop positive attitudes towards learning (Mishra & Koehler, 2006).

CONTENT KNOWLEDGE

It is concerned with knowledge about the themes or the subject matter in a given discipline. That is, teachers
must grasp and understand the content they instruct. In terms of content knowledge, teachers should know
basic facts, concepts, processes, and theories in their field. They should also understand the nature of
knowledge and thinking in different disciplines as well as the deeper knowledge about components of the
branch they study (Mishra & Koehler, 2006). For example, science lesson covers scientific facts and
theories, the scientific method, and evidence-based logic. On the other hand, as for art lesson, it includes
knowledge of art history, famous creations, sculptures, artisans and their historical contexts (Mishra &
Koehler, 2009).

TECHNOLOGICAL CONTENT KNOWLEDGE

It explains the knowledge about which technologies to use to teach the subject matter or themes of a
discipline. In technological content knowledge, teachers must know the subject matter well. They also
understand that it can be taught and manipulated successfully by technology. For instance, a math teacher
can employ Geometr's Sketchpad to teach subjects in Geometry. The software allows students to manipulate
shapes and form, providing tangible illustrations of ideas, formulations, and concepts (Mishra & Koehler,
2006). In another instance, imagine Scratch software in disciplines such as science or physics. Teachers
can use it to teach science subjects allowing students to create animations, games, and stories and be
motivated to learn and understand them easily (Ouahbia et al., 2015).

PEDAGOGICAL CONTENT KNOWLEDGE

PCK was first described by Shulman (1986) as pedagogical knowledge that is applicable to teaching a
particular content. Shulman’s idea is consistent with the concept ‘Pedagogical content knowledge’ Mishra
& Koehler (2006) proposed as a component of TPACK framework. PCK is concerned with the
representation and formulation of notions, pedagogical methods, knowledge of conditions affecting student
learning, and knowledge of students' prior knowledge. It also includes knowledge related to teaching
strategies that incorporate appropriate conceptual illustrations to address student challenges and
misunderstandings and promote meaningful learnings. Moreover, it also involves knowledge of what the
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students bring to the learning situation, which might be either facilitative or dysfunctional for the particular
learning task (Mishra & Koehler, 2006).

TECHNOLOGICAL PEDAGOGICAL KNOWLEDGE

Technological pedagogy knowledge is knowledge about a repertoire of technological instruments used in
learning and teaching. It also covers the ability to choose an instrument based on its suitability, strategies
for employing its affordances, knowledge of pedagogical strategies, and the ability to apply those strategies
to use technologies. Teachers understand that many instruments can be utilized for a particular task.
Teachers know instruments necessary for keeping class records, lesson planning, assessment, student
participation and motivation, and knowledge of generic technology-based applications such as WebQuests,
discussion platforms, and chat rooms (Mishra & Koehler, 2006). Teachers can change and transform their
instructions to an effective format using particular technologies. For example, Chen & Jang (2013)
incorporated e-books into teaching processes, allowing students' learning and motivation, (b) their learning
of complex and abstract concepts, (c) increasing interactions between teacher and students, and (d) directing
teachers to think flexibly.

LEARNING — TEACHING CONCEPTIONS

BEHAVIORIST LEARNING CONCEPTIONS
As a psychological study area, behaviorist movement based on observing and analyzing how controlled
environmental stimuli affect human behaviors. It has impacted learning and teaching processes as a result
of Ivan Pavlov and Frederick Skinner’s conditioning experiments. According to behaviorist tradition,
learning means observable and measurable changes occurred in behaviors of a human being. The learner
makes an association between stimulus and effect, and changes his/her behavior following this association.
The teachers’ role is to manipulate the environment to reinforce desirable behavioral changes (Brau, Fox
& Robinson, 2020). By this tradition, a behaviorist teacher focuses just on transmitting knowledge to
students (Richardson, 1996). Behaviorist instructional design comprises discrete and segmented knowledge
and skills rather than the integration or structuring of knowledge and a holistic conceptual understanding.

CONSTRUCTIVIST LEARNING CONCEPTIONS
Constructivism opposes behaviorist approaches as well as some cognitive learning philosophies
(Bhattacharjee, 2015). It is a philosophy based on the epistemological construction of knowledge instead
of transmission and storage. According to constructivist conception, the learner’s role is to build and
transform knowledge (Applefield, Huber & Moallem, 2001). In this conception, students construct
knowledge through activities since it is not wholly transmitted by the teacher (Cox, 2011). The teacher is
considered as an agent mediating student and knowledge (Richardson, 1996). The constructivist teacher
employs active learning strategies to scaffold activities and performances (so that students proceed from
simple to complex), explore information and concepts, and construct knowledge and meanings (Hassad,
2011). They also create lessons for students to solve problems independently instead of direct instruction.
Furthermore, they student-centered activities and cooperative learning projects based on students’ basic
curiosity about the world (Berube, 2001). They provide opportunities to collaborative study and problem-
solving in classrooms (Cox, 2011). Accordingly, they utilize efficient instruments and strategies such as
speaking, discussion, and inquiry to improve students’ communication and thinking skills (Naeem &
Basher &, 2014; Bay, Basaran & Dos, 2021). They also regulate the learning environment integrating the
technology by considering students’ needs and course content (Sang et al., 2010; Ertmer, 2005; Molebash,
2002).

THEORETICAL RELATIONSHIPS BETWEEN TPACK AND LEARNING — TEACHING CONCEPTIONS

Proposed as a framework on the inclusion of technology (Harris, Mishra & Koehler, 2009), TPACK is
closely associated with technological skills (Kazu & Erten, 2011). Web 2 tools, excel, digital stories,
communication technologies develop teachers’ TPACK (Kul, Aksu & Birisci, 2019; Loong, 2014; Sancar-
Tokmak, Siirmeli & Ozgelen, 2014; Apeanti, 2016; Wright & Akgiindiiz, 2018). In fact, there are
associations between TPACK and self-efficiency beliefs about technology or technology integration
(Keser, Karaoglan-Yilmaz & Yilmaz, 2015; Karakus, 2018; Jaipal-Jamani et al, 2015; Kozikoglu &
Babacan, 2019). For example, it is founded that student teachers improve technology, pedagogy, and
content knowledge in a digital story-assisted course (Sancar-Tokmak, Siirmeli & Ozgelen, 2014; Kul, Aksu
& Birisci, 2019). A study investigating the association between technological and pedagogical knowledge
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showed that teachers’ use of technology helps them develop their pedagogical designs and stimulate
information-seeking behaviors (Kraglund-Gauthier & Moseley, 2019). Piotrowski & Witte (2016)
discovered that flipped classrooms and practices as a technological pedagogical method enhanced their
technology expertise and TPACK. Sahin, Celik, Aktiirk & Aydin (2013) put forward that TPACK should
be assessed holistically, and its’ combinations (TK, PK, CK, TCK, TPK, TPACK) have an impact on
another one. In other words, teachers’ technological knowledge or content knowledge increases the
development of theirs’ TPACK.

Constructivist approaches increase TPACK while behaviorist instructional approaches present a low
technological pedagogical content knowledge (Giines & Bahgivan, 2016). Teachers are expected to use
student-centered or constructivist learning methods with technology in their classroom. Technology usage
in education improves cooperative learning; provides flexible learning; facilitates independent learning on
time and setting (van Braak, 2001; Bauer, & Kenton, 2005; Jonassen, Howland, Moore, & Marra, 2003).
Based on binary theoretical associations amongst TK, PK, CK, TCK, PCK, TPK, TPACK and behaviorist,
and constructivist learning — teaching conceptions in previous studies, a matrix of 30 hypotheses is created
as shown in Table 1.

HO hypothesis: any independent variable has no direct or indirect impact on a dependent variable

H1 hypothesis: any independent variable has direct or indirect impact on a dependent variable

For H1 hypothesis, a reference or references is/are presented to point out an association between two
variables in Table 1.

For HO hypothesis, a blank is left since there is not any association between two variables in Table 1.

30 hypotheses are divide into 6 sets of hypotheses by dependent variables as stated below.

H1, H2, and H3 hypotheses are created relating to direct effects on technological content knowledge.

H4, H5, H6 and H7 hypotheses are created relating to the direct, and indirect effects on pedagogical content
knowledge.

H8, H9, H10, H11, and H12 are created relating to the direct, and indirect effects on technological
pedagogical knowledge.

H13, H14, H15, H16, H17 and H18 are created relating to the direct and indirect effects on technological
pedagogical content knowledge.

H19, H20, H21, H22, and H23 are created relating to the direct and indirect effects on behaviorist teacher
style.

H24, H25, H26, H27, H28, H29, and H30 are created relating to the direct and indirect effects on
constructivist teacher style.

6 hypotheses sets are tested and interpreted respectively in Table 3, 4, 7, 10, 13, and 14.

As stated previously, the present study aims to test theoretical associations amongst independent (TK, CK,
PK), mediating (TCK, PCK, TPK, TPACK), and dependent (behaviorist and constructivist conceptions)
variables via the survey data obtained for this study. It shows how technology integration and TPACK
applications impact constructivist conceptions of the most valuable educational approaches in the 21st
century. It is thought that the results of the current study will be beneficial for teacher educators to transform
their practices from behaviorist approaches to constructivist ones.
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Table 1. Studies showing theoretical associations between TPACK and its components and behaviorist — constructivist teachers conceptions

Behaviorist Constructivist TK PK CK TCK PCK TPK TPACK
[H19] [H26] [H6] [H7] [H3] [H6] [H10] [H8]
Kraglund-Gauthier &
van Braak, 2001; Né:osle_ll(e%20“19_;KS gg;n’
Smith, Kim & Sancar-qumak, Meealgﬁer{guEn dwar ds’
Smith, Kim& | Vcintyre, 2015; van Braak, 2001\ o i coti) Aktink | Surmeli & Ozgelen, | Sahin, Celik, 2010; Aktiirk & Roschelle 2000;
TK Melntvre. 2015 Bauer, & Kenton, X Roschelle 2000; & Avdm. 2013 2014; Sahin, Celik, Aktiirk & Avdim. 2013: Lehtinen et al. 1998
yre, 2005; Jonassen, Lehtinen et al. 1998. yam, Aktiirk & Aydm, Aydm, 2013 | Aydin, 297005 :
Piotrowski & Witte,
Howland, Moore, & 2013 .
Marra. 2003 2016; Baturay &
' Gokgearslan & Sahin,
2017
[H20] [H25] [H1] [H4] [H9] [H14]
Sancar-Tokmak,
Siirmeli & Ozgelen, Sahin, Celik, . . - . . -
PK X o X o 2014; Sahin, Celik, Aktiirk & Sa};“;fgﬁlk’foligurk Sa};“;fgﬁlk’folgurk
Aktiirk & Aydin, Aydin, 2013 yam, yam,
2013
[H21] [H24] [H2] [H5] [H8] [H13]
Sancar-Tokmak,
Siirmeli & Ozgelen, Sahin, Celik, . . . . . )
CK X 0 o X 2014; Sahin, Celik, Aktiirk & Sa};"f;“k’?o‘l‘gurk Sa};"f;“k}%}fg"rk
Aktiirk & Aydin, Aydin, 2013 yam, yam,
2013
[H2] [H29] [H10] [H9] [H8] [H12] [H16] [H18]
Kraglund-Gauthier & Figgl, Gallagher,
Moseley, 2019; Sahin, Celik, . . .. Scott & Ciampa,
PO hin, Celik, Aktiirk . . - -
Ozgiin-Koca, Meagher & Sahin, s A . . . . . ) Sahin, Celik, 2015; Piotrowski &
TPK X Edwards, 2010; Aktiirk & Pigirgv}\//glfil, émt’te Sa};n;xcgi;k’?olgurk Salgn;\c(eﬁ;k,zAOlgurk Aktiirk & 0 Witte, 2016;
Aydin, 2013; Piotrowski & 2016 ! ydm, ydmn, Aydin, 2013 Baturay &
Witte, 2016; Baturay & Gokgearslan &
Gokgearslan & Sahin, 2017 Sahin, 2017
[H22] [H27] [H6] [H4] [H5] [H7] [H11] [H16]
PCK X Makaato 2012 Sahin, Celik, Aktiirk & Sahin, Celik, Aktiirk Sahin, Celik, Aktiirk | Sahin, Celik, Aktiirk o Sahin, Celik, Aktiirk Sahin, Celik, Aktiirk
gato, Aydin, 2013 & Aydin, 2013 & Aydin, 2013 & Aydin, 2013 & Aydin, 2013 & Aydin, 2013
[H23] [H28] [H3] [H1] [H2] [H11] [H12] [H17]
Sancar-Tokmak Sancar-Tokmak,
Sancar-Tokmak, Stirmeli & - Lo ! Siirmeli & Ozgelen, Sahin, Celik, . . . . . .
TCK X Ozgelen, 2014; Sahin, Celik, 3‘6‘;2?% iigzégf;’ 2014; Sahin, Celik, X Aktiirk & Sa}gnAC(ell;k,zAOl;tsurk Sa}g“fgl;k’fo'g”rk
Aktiirk & Aydin, 2013 o g g Aktiirk & Aydin, Aydm, 2013 yam, yam,
Aktiirk & Aydin, 2013 2013
[H5] [H30] [H15] [H14] [H13] [H17] [H16] [H18]
Kazu & Erten, 2014; Kul, .
Giines & Giines & Bahgivan, Aksu & Birisci, 2019; Keser, Figgl, Gallagher, S(.:Ott
Bahgivan. 2016; Niess, van Karaoglan-Yilmaz & Yilmaz. Sahin, Celik. & Ciampa, 2015,
TPACK | 2016; Smith, Zee & Gillow- | 2015; Loong, 2014; Karakus, Sal;“fj};k’z‘glgurk Sal;“fj};k’z‘glgurk Sa};“fj};k’;oll‘g”rk Aktirk & P';gloe"_"g";tf‘r;’vge' X
Kim & Wiles, 2011; 2018; Kozikoglu & Babacan, ydim, ydim, ydim, Aydin, 2013 Gok ea;slan & )éahin
Mclntyre, 2015 Kafyulilo, 2010 2019; Apeanti, 2016; Wright ¢ 2017 ?

& Akgiindiiz, 2018
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Psycho-Educational Research Reviews

METHOD

THE RESEARCH MODEL

Aiming to investigate the effects of student teachers’ technological pedagogical content knowledge
(TPACK) on learning-teaching conceptions, the current study was designed as an explanatory (causal)
research. The researchers employ the present model to establish causal-effect connections between
independent and dependent variables (Cohen, Manion & Morrison, 2018). The study tried to explain the
effects of technology, pedagogy, and content knowledge as independent variables on behaviorist and
constructivist teacher conceptions as dependent variables by mediating technological content, pedagogical
content, technological pedagogical knowledge, and technological pedagogical content knowledge.
Assumptions like defining time order among variables, correlating them with another one, and eliminating
alternative variables must be considered to establish such a causal—effect connection (Neuman, 2009).
Defining time order. Technology (TK), pedagogy (PK), and content knowledge (CK) are some of the
primary components in TPACK. Technological content (TCK), pedagogical content (PCK), technological
pedagogical knowledge (TPK), and technological pedagogical content knowledge (TPACK) are derived
from them. Technology, pedagogy, and content knowledge exist prior behaviorist (BLTC) and
constructivist (CLTC) learning — teaching conceptions. So, TCK, PCK, TPK, and TPACK pre-exist with a
behaviourist and constructivist conceptions.

Correlating them with another one. There are significant correlations among independent, mediators, and
dependent variables. For this reason, correlational analysis was conducted to determine connections
amongst TK, PK, CK, TCK, PCK, TPK, TPACK, and behaviorist and constructivist conceptions.
Eliminating alternative variables. The pre-requisite explains the effects of technology, pedagogy, content
knowledge on behaviorist and constructivist conceptions mediating technological content, pedagogical
content, technological pedagogical knowledge, and technological pedagogical content knowledge. It was
benefited from path analysis and mediation analysis to test this pre-requisite.

Independents : Dependents

Mediators

Figure 1. Hypothesis model

As shown in Figure 1, the hypothesis model is established following the cause — result associations amongst
independents, mediators, and dependents.

THE UNIVERSE AND SAMPLE

The sample of the present research consisted of 362 university students at Faculty of Islamic Sciences at a
public university in Turkey. Participants were included in study using convenient sampling method.
Convenient sampling refers to selecting suitable or suitable persons, depending on circumstances such as
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time, cost, and location. A researcher, who conducts the research with the students in the classes he/she
teaches, determines the sample by the convenience sampling method (Canbazoglu-Bilici, 2019). For this
reason, in this study, the researcher collected data only from students in this faculty, as he could easily reach
his students in his classes, and it would be less costly to study. Specifically, the study focused specially
student groups enrolled and completed pedagogical formation course at least since TPACK and learning —
teaching conceptions are constructs explaining a qualified teacher (Apau, 2017). For this reason, not taking
any pedagogical formation course, freshman students were excluded. Junior, sophomore and senior students
participated in the study voluntarily. Table 1 presents frequencies and percentiles of students in study group.

Table 1. Frequencies and percentiles of student teachers in study group

Gender (f (%)
Male 239 66
Female 123 34

Class degree
Sophomore 131 36,2
Junior 88 24,3
Senior 143 39,5
Total 362 100

As seen in Table 1, 209 (%66) females, and 123 (%34) males of 362 students participated in the study.
They are 131 sophomore (%36,2), 88 junior (%24,3), and 143 senior (%39,5) student teachers.

DATA COLLECTION INSTRUMENTS
Technological pedagogical content knowledge scale and learning — teaching conceptions scale were
employed as data collection instruments.

TECHNOLOGICAL PEDAGOGICAL CONTENT KNOWLEDGE SCALE

The technological pedagogical content knowledge scale developed by Horzum, Akgiin & Oztiirk (2014)
was used to measure student teachers” TPACK self-efficiency. It consists of 7 components and 51 items.
The components are technology knowledge (6 items), pedagogy knowledge (7 items), content knowledge
(8 items), technological content knowledge (6 items), pedagogical content knowledge (8 items),
technological pedagogical knowledge (8 items) and technological pedagogical content knowledge (8
items). The inter-consistency coefficients calculated for the present study are in turn .870, .839, .892, .864,
.905, .785, .905.

LEARNING — TEACHING CONCEPTIONS SCALE

Developed by Chan and Elliot (2004), and adapted by Aypay (2011) to Turkish language, the scale
comprises 30 items, reducing two components. It includes behaviorist teacher conceptions (18 items) and
constructivist teacher conceptions (12 items). Inter-consistency coefficients of two components are
respectively calculated to be .832 and .750. in the current study.

DATA ANALYSIS
The data analysis of current study consists of three successive stages: Descriptive statistics, path analysis,
and mediation analysis.

DESCRIPTIVE STATISTICS

Binary correlations amongst variables were calculated to test the effects of student teachers’ TPACK on
learning — teaching conceptions firstly since it is examined if variables are related with the others to explain
the presence of the cause — result connections amongst variables (Neuman, 2009). For this reason, Pearson
Moments Product Correlation Analysis and descriptive statistics were computed to deal with technological
knowledge, pedagogical knowledge, content knowledge, technological content knowledge, pedagogical
content knowledge, technological pedagogical knowledge, and technological pedagogical content
knowledge and behaviourist and constructivist teachers conceptions.

PATH ANALYSIS

Path analysis was carried out using the maximum likelihood method to test the fit between the data and
hypothesis model based on theoretical connections. The maximum likelihood method is used to estimate
parameters of data stack with a normal distribution (Bryne, 2010). Some reference indices are checked to
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understand the fit between the data and the hypothesis model. That y2/sd parameter is below 3 points out
superior fit (Kline, 2011). As Goodness Fit Indices (GFI), Adjusted Goodness Fit Indices (AGFI),
Comparative Fit Indices (CFI), and Incremental Fit Indices (IFI) reach 1 (one), the model indicates superior
fit (Arbuckle, 2014). Root Mean Squared Errors Approximation (RMSEA) also should be less than .05 for
model fit (Hu & Bentler, 1999). Technology, pedagogy, and content knowledge are independents;
behaviourist and constructivist teacher conceptions are dependents.

MEDIATION ANALYSIS

Technological content knowledge, pedagogical content knowledge, technological pedagogical knowledge,
and technological pedagogical content knowledge are considered as mediators. Mediation analysis is
carried out to explain causality between independents and dependents (Hicks & Tingley, 2011). The Sobel
test is performed to reinforce the significance of mediation effect in partial or full mediators (Preacher &
Hayes, 2008). The mediation effect is also tested via the Bias-corrected Bootstrapping method. The method
presents evidence about the mediation effect through bias-corrected confidence intervals (Shrout & Bolger,
2002). It creates confidence intervals for thousands of data sets resembling the available data via AMOS.
The data with 2000 samples of % 95 likelihood are created. The estimation coefficient, confidence interval,
and significance values for each parameter are calculated. The estimation coefficient is expected to be
higher than 0 (zero) (Jung, Lee, Gupta & Cho, 2019).

There are more mediators in the present mediation analysis than one between an independent and dependent
variable. These mediators create a multi serial mediation effect for causality. The purpose of multi serial
mediation is to search for direct and indirect effects between independent and dependent variables where
X (independents) affects M1 (first mediator), M1 has an impact on M2 (second mediator), and M2 affects
Y (dependents) (Hayes, 2013).

RESULTS

In this section, uncovering the direct and indirect effects of TPACK and its components on behaviourist
and constructivist learning — teaching conceptions, path analysis results are presented.

Figure 2 shows the direct and indirect effects of technology, pedagogy, content knowledge on behaviourist
and constructivist teacher conceptions mediating technological content knowledge, pedagogical content
knowledge, technological pedagogical knowledge, and technological pedagogical content knowledge. The
results of these effects are presented in detail in separate topics.
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Figure 2. Path analysis diagram

Table 2 indicated that the chi-square value test (y2/sd=2,41) is a superior fit according to the reference
coefficients. It points out that IFI (Incremental Fit Indices), GFI (Goodness Fit Indices), and AGFI
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(Adjusted Goodness Fit Indices) also have a superior fit while RMSEA (Root Mean Squared Error
Approximate) has an acceptable fit (Blunch, 2008; Bryne, 2010).

Table 2. A comparison of values observed and goodness indices accepted

Parameter Measurement values Superior fit Acceptable fit Fit degree
CMIN/ sd 2,409 0=y2 /df2 2<y2 /df<3 Superior
p .05>

GFlI ,975 0,95<GFI<1,00 0,90<GFI1<0,95 Superior
AGFI ,937 0,90<AGFI<1,00 0,85<AGFI<0,90 Superior
IFI ,985 0,95<GFI<1,00 0,90<GFI1<0,95 Superior
CFlI ,985 0,97<CFI<1,00 0,95< CF1 0,97 Superior
RMSEA ,062 0<RMSEA<0,05 0,05<RMSEA<0,08 Acceptable

THE DIRECT EFFECTS ON TECHNOLOGICAL CONTENT KNOWLEDGE

Table 3 shows that student teachers’ PK has no impact on TCK (p>.05). H1 hypothesis is rejected based
on this result. The H2 hypothesis is confirmed since there is a significant effect of CK on TCK (p=.45,
p<.05). It is seen that TK affects TCK (f=.49, p<.05). It is possible to say that the H3 hypothesis is accepted.
The results also indicate that TK and CK account for %58 of the variance on TCK. Table 3 shows path
analysis results showing direct effects on technological content knowledge.

Table 3. Path analysis results showing direct effects on technological content knowledge

Hypothesis Independent Dependent variable (DV) Direct p Total variance Accept/
variables (IV) effects explained on (DV) reject
by (1Vs)
H1 PK None >.05 X
H2 CK 45 .00
TCK % 58 v
H3 TK 49 .00 V4

THE DIRECT AND INDIRECT EFFECTS ON PEDAGOGICAL CONTENT KNOWLEDGE
Path analysis results of the direct and indirect effects on pedagogical content knowledge are presented in
Table 4.

Table 4. Path analysis results of the direct and indirect effects on pedagogical content knowledge

Hypothesis Independent Dependent Direct p Indirect p Total Accept/
variables (IV) | variable (DV) | effects effects variance reject
(Beta) (Beta) explained on

(DV) by

(1Vs)
H4 PK 34 .00 None >.05 v
H5 CK .35 .00 .09 .00 %58 N4
H6 TK PCK None >.05 10 .00 V4
H7 TCK 21 .00 None >.05 V4

Table 4 points out that PK directly impacts PCK (B=.34, p<.05). According to the results, PK is an
independent variable affecting directly PCK (B=.35, p<.05). It also found that CK affects it by mediating
TCK (B=.09, p<.05). Another result indicates that TK has no impact on PCK but mediates TCK ($=.10).
This result explains that H4, H5, H6, and H7 hypotheses are accepted. Also, PK, CK, and TCK explain
%85 of variance on PCK.

Table 5. Sobel test results of the effects of independents on one dependent via mediators

v R.C. S.E. MV R.C. S.E. DV Z value p Statue
TK 434 .032 4.49 .00 Full
CK .549 .044 TCK 181 038 PCK 4.45 .00 Partial

Path analysis shows us that it has a role as a partial mediator since CK directly impacts PCK and indirectly
affects it through TCK. The mediator effect is tested with the Sobel test. The mediator effect of TCK is
significant (Z=.4.49, p<.05). The results indicate that TC affects PCK only through TCK. Accordingly, it
is seen that TCK has a mediator effect between CK and PCK. The Sobel tests confirm that the mediation
effect is significant (Z=4.45, p<.05).
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Table 6. Bootstrap analysis results

Parameter Estimation Lower bound Upper bound P
T>TCK->PCK ,079 ,040 ,123 .001
C > TCK-> PCK ,099 ,052 ,160 .001

Another method used to define the mediation effect is bias-corrected bootstrapping confidence interval as
well as the Sobel test. The method presents robust evidence related to the significance of indirect effects
(Shrout ve Bolger, 2002). The parameter value estimated for the mediation effect of TCK between TK and
PCK is found as .079. The value is significant for the mediation effect of TCK. The coefficient tells us that
the mediator effect of TCK is significant at the .001 level. Similarly, the estimation coefficient for the
mediation effect of TCK between CK and PCK is computed as .099. It is found that the estimation
coefficient (.052 - .160) confidence interval is significant.

THE DIRECT AND INDIRECT EFFECTS ON TECHNOLOGICAL PEDAGOGICAL KNOWLEDGE
Table 7 points out path analysis results of the direct, and indirect effects on technological pedagogical
knowledge.

Table 7. Path analysis results of the direct, and indirect effects on technological pedagogical knowledge

Hypothesis Independent Dependent Direct p Indirect P Total variance | Accept/

variables (IV) variable (DV) | effects effects explained on reject
(DV) by (1Vs)

H8 CK None >.05 31 .00 V4

H9 PK None >.05 .09 .00 V4

H10 TK TPK 21 .00 .23 .00 579 V4

H11 PCK 27 .00 none >.05 V4

H12 TCK 43 .00 .06 .00 V4

As seen in table 7, it is understood that CK affects TCK (p>.05). On the other hand, it is found that CK has
an impact on TPK through TCK (f=.31, p<.05). As in CK, PK has no impact on although it affects TPK
via TCK (B=.09, p<.05). It is also found that TK has direct and indirect effects on it through both TCK and
PCK (B=.23, p<.05). Furthermore, TCK has a direct impact on TPK (B=.27, p<.05) as well as indirectly
affecting it via PCK ($=.06, p<.05). It is possible to say that H8, H9, H10, H11, and H12 hypotheses are
accepted on these results. Consequently, it is found that CK, PK, K, PCK, and TCK explain %58 of variance
on TPK.

Table 8. Sobel test results of the effects of independents on one dependent via mediators

Vs R.C. S.E. MV R.C. S.E. DV Z value p Statue
TK 434 .032 7.24 .00 Partial
CK .549 .044 TCK 437 051 TPK 7.06 .00 Full
PK .339 .044 PCK 317 .049 4.95 .00 Full
CK 371 .054 4.71 .00 Full

As shown in Table 8, TK has both a direct and indirect via TCK impact on TPK. It can be stated that TCK
plays a partial mediation role between TK and TPK. The Sobel test presents a shred of evidence about the
significance of TCK’s mediator role (Z=7.24, p<.05). Path analysis results indicate that CK can affect TPK
just through TCK. It can be said that TCK is significantly a full mediator on this result (Z=7.06, p<.05).
The results point out that PCK has a mediation effect on the cause — result connection between PK and
TPACK. The Sobel test proves that PCK is a full mediator (Z=4.95, p<.05). Furthermore, an independent
variable, CK is an independent variable of the effect on TPK via PCK. As a result of the Sobel Test, it can
be said that the mediation effect role of PCK is significant (Z=4.71, p<.05).

Table 9. Bootstrap analysis results

Estimation Lower bound Upper bound p
T>TCK>TPK ,190 ,143 ,240 .001
T >TCK 2PCK>TPK ,025 ,013 ,042 .000
C > TCK-> TPK ,240 ,185 ,309 .001
P > PCK>TPK ,107 ,061 ,166 .001
C-> PCK 2> TPK ,118 ,076 ,169 .01
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Bias corrected bootstrapping analysis explains in Table 9 that the estimation value is calculated as .190 for
the mediation role of TCK between TK and TPK. The value proves that the mediation role of TCK is
significant in confidence interval (.143-.240). In multiple series mediator analysis, the estimated value is
.025 in confidence interval (.013-.042) for TCK and PCK as mediators between TK and PK (p<.05).
Bootstrapping analysis shows that the estimation value is .240 (.185-.309) for a mediator effect of TCK
between CK and TPK. Furthermore, a conclusion is reached that PCK has a mediator effect between both
PK-TPK (.107, .061-.166) and C-TPK (.118, .076-.169).

THE DIRECT AND INDIRECT EFFECTS ON TECHNOLOGICAL PEDAGOGICAL CONTENT KNOWLEDGE
Path analysis results of the direct and indirect effects on technological pedagogical content knowledge are
shown in Table 10.

Table 10. Path analysis results of the direct and indirect effects on technological pedagogical content knowledge

Hypothesis Vs DVs Direct p Indirect p Total variance Accept/
effects effects explained on (DV) reject
by (1Vs)
H13 CK None >.05 .32 .00 v
H14 PK 10 .00 .09 .00 v
H15 TK None >.05 .35 .00 v
H16 PCK TPACK 15 .00 13 .00 79 v
H17 TCK .25 .00 .26 .00 v
H18 TPK 48 .00 v

Path analysis results show that CK has no direct impact on TPK but affect indirectly it via TCK (p=.32,
p<.05). It is also seen that PK, another independent variable, affect directly TPACK (B=.10, p<.05). In
addition, via PCK, PK has an indirect effect on TPACK (B=.09, p<.05). On the other hand, TK has an
indirect impact (B=.35, p<.05) on it through TCK, PCK, and TPK, although it does not directly affect
TPACK (p>.05). Initially, PCK, TCK, and TPK are regarded as mediators; then, they are considered
independents. PCK affects directly (f=.15, p<.05) and indirectly TPACK (B=.13, p<.05) via TPK. A TCK
and TPK as independent variables directly impact TPACK (B=.26; f=.48; p<.05). The path analysis shows
that H13-H18 hypotheses are approved. Eventually, it is concluded that CK, PK, TK, TCK, PCK, and TPK
account for % 58 of the variance on TPACK.

Table 11. Sobel test results of the effects of independents on one dependent via mediators

Vs R.C. S.E. MVs R.C. S.E. DVs Z value p Statue
TK 434 .032 5,30 .00 Full
CK .549 .044 TCK 236 04l TPACK 0.01 0.99 None
PK .339 .044 3.08 .00 Partial
CK 371 .054 PCK 158 047 TPACK 3.01 .00 Full
TK .190 .041 TPK 437 .040 TPACK 4.63 .00 Full
TCK 181 .038 PCK 158 .047 2.75 .00 Partial

As indicated in Table 11, TK indirectly affects TPACK via TCK. Accordingly, it is concluded that TCK
has a full mediator effect. The Sobel test confirms the significance of TCK’s mediator effect (Z=5.30,
p<.05). TCK mediates wholly between CK and TPACK. However, the Sobel test proves us that the
mediation effect of TCK is no significant between two (p>.05). On the other hand, PK has both direct and
indirect impacts on TPACK via PCK. It can be said that it has a significant and partial mediation effect by
looking at Sobel test results (Z=3.08, p<.05). It is also seen that PCK as a mediator has a significant effect
between PK and TPK, according to Sobel test results (Z=3.01, p<.05). In addition, TK affects TPACK via
just TPK. The Sobel test shows this effect as significant (Z=4.63, p<.05). Finally, TK affects, directly and
indirectly, TCK through PCK. It is estimated as significant via The Sobel test (Z=2.75, p<.05).

As seen in Bias-corrected bootstrapping analysis (Table 12), the estimation value of mediation effect of
TCK between TK and TPACK is .102 and significant at confidence interval (.039 - .169). In multiple serial
mediation analyses, the estimation coefficient for an impact of TK on TPACK via TCK and PCK as
mediators is .012, and the confidence interval is .005 - .027 (p<.05).
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Table 12. Bootstrap analysis results

Estimation Lower bound Upper bound p
T>TCK->TPCK ,102 ,039 ,169 .002
T>TCK>PCK->TPCK ,012 ,005 ,027 .003
T->TPK->TPCK ,083 ,043 141 .002
T>TCK>PCK>TPK->TPCK ,011 ,004 ,023 .001
P->PCK - TPCK ,053 ,018 111 .006
P-> PCK = TPK - TPCK ,047 ,020 ,092 .002
C-> TCK - TPCK ,129 ,046 ,207 .002
C-> PCK 2> TPCK ,059 ,026 ,107 .003
C>TCK - PCK = TPCK ,016 ,006 ,035 .003
C>TCK->PCK - TPK = TPCK ,014 ,005 ,029 .001

THE DIRECT AND INDIRECT EFFECTS ON BEHAVIOURIST TEACHER CONCEPTIONS
Table 13 indicates the direct and indirect effects on behaviourist teacher conceptions.
Table 13. Path analysis results of the direct and indirect effects on behaviorist teacher style
Hypothesis Independent Dependent Direct p Indirect | p Total variance Accept/
variables (1Vs) variable (DV) | effects effects explained on reject
(DV) by (1Vs)

H19 TK A2 .00 None >.05 1.4 J/

H20 PK Behaviorist none >.05 None >.05 N4

H21 CK teacher style none >.05 None >.05 J/

H22 PCK (BTS) none >.05 None >.05 J/

H23 TCK none >.05 None >.05 J/

As shown in Table 13, it is seen that TK directly affects behaviourist teacher conceptions (BTC) (B=.12,
p<.05). It can be said that TK explains % 4 of variance on BTC. H19-H23 hypotheses are accepted
according to these results.

THE DIRECT AND INDIRECT EFFECTS ON CONSTRUCTIVIST TEACHER CONCEPTIONS
Path analysis results of the direct and indirect effects on constructivist teacher style are indicated in Table
14.

Table 14. Path analysis results of the direct and indirect effects on constructivist teacher style

Hypothesis Independent Dependent Direct p Indirect p Total variance Accept/
variables (1Vs) variable (DVs) effects effects explained on reject
(DV) by (I1Vs)
H24 CK .34 .00 .05 .00 J
H25 PK None >.05 .03 .00 N4
H26 TK Constructivist None >.05 .03 .00 N4
H27 PCK teacher style None >.05 .05 .00 21 N
H28 TCK (CTS) None >.05 .05 .00 J
H29 TPK None >.05 .08 .00 J
H30 TPACK 17 .00 None >.05 N

Path analysis results point out that CK affects directly (B=.34, p<.05) and indirectly (f=.05, p<.05)
constructivist teacher conceptions (CTC) via TCK, PCK, and TPACK. It is seen that PK ($=.03), TK
(B=.03), PCK (B=.05), TCK (B=.05), and TPK (B=.08) as independents have indirect effects on CTC.
Finally, TPACK has a direct impact on CTC (B=.17, p<.05). It is found that CK, PK, TK, TCK, PCK, TPK,
and TPACK represent % 21 of variance on CTC.

Table 15. Sobel test results of the effects of independents on one dependent via mediators.

Vs R.C. S.E. MVs R.C. S.E. DV Z value p Statue
PK .108 .041 1.98 .01 Full
TCK .236 .041 2.66 .01 Full
PCK .158 .047 TPACK 111 037 (CTS) 2.23 .01 Full
TPK 437 .040 2.89 .00 Full

As is shown in Table 15, PK, TCK, PCK, and TPK have the effects on CTC by mediating just TPACK. It
is concluded in the Sobel test results that TPACK has significant mediation effect between a group of
independents and dependent (p<.05).
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Table 16. Bootstrap Analysis Results

Estimation | Lower bound | Upper bound p
T>TCK>TPCK->CTS ,011 ,004 ,025 .002
T2>TCK2>PCK->TPCK->CTS ,001 ,000 ,004 .003
T>TPS>TPCK->CTS ,009 ,003 ,019 .004
T2>TCK2>PCK>TPS>TPCK—>CTS ,001 ,000 ,003 .002
P>PCK = TPCK—>CTS ,006 ,002 ,016 .006
P> PCK = TPS - TPCK—>CTS ,005 ,002 ,012 .004
C-> TCK > TPCK->CTS ,014 ,005 ,032 .002
C-> PCK = TPCK—>CTS ,006 ,002 ,016 .003
C>TCK 2> PCK > TPCK—=>CTS ,002 ,001 ,005 .003
C2>TCK->PCK 2 TPS - TPCK->CTS ,002 ,000 ,004 .002

Bias corrected Bootstrapping analysis shows that estimation coefficient and confidence intervals of
mediation effects of several mediators between TK, CK, and PK as independents and CTC as a dependent
are found as expected.

DISCUSSION AND CONCLUSION

Aiming to uncover the relationships between technological pedagogical content knowledge and learning —
teaching conceptions, the present study indeed tried to explain the roles of technological pedagogical
content knowledge and its components on behaviourist and constructivist teacher conceptions. Hypotheses
derived from theoretical associations in previous research was tested and assessed using this study’s data.
The findings indicate that technology knowledge plays a role in behaviourist teaching conceptions. It
possible to say that this result supports our hypothesis. Regardless of how technology is used, it represents
a significant part of behavioural and constructivist learning and teaching processes. However, based on the
results of path analysis, it can be said that technology in constructivist teaching has a much more influential
role than behavioural teaching. Teachers in behavioural tradition utilize technologies like smart boards,
PowerPoint, OER, etc., transferring the content to students as direct instruction is one of the methods that
behaviourist teachers use frequently, (Hickman, 2017). This method makes the instruction inefficient and
monotone without ICT support (Pardimin, Arcana & Supriadi, 2019). For this reason, direct instruction
with no ICT causes a decrease in teacher efficiency on adapting teaching students’ leaning at their own
pace and differentiating the instruction considering students’ development and context (Luke, 2014).
Accordingly, behaviourist teachers often employ technological instruments in order to extend the restricted
capacity of direct instruction on student learning and facilitate the instruction. In other words, it is possible
to say that technology is an agent explaining behaviourist teacher competencies.
The findings show that technology knowledge indirectly affects constructivist conception mediating TCK,
PCK, TPK and TPACK but no direct effect on it. With the inclusion of technology in education, teachers
have used technological knowledge to design activities and lesson plans in the context of TPACK.
However, technological pedagogical knowledge could not be developed when technology is not used in
ways to provide inquiry-based experiences to increase students’ learning (Ozgiin-Koca, Meagher &
Edwards, 2010). So, teachers can have technological pedagogical knowledge only if they integrate it with
given instructional method. The conclusion was confirmed by the results from the path analysis in the
present study. Baturay, Gokcearslan & Sahin, (2017) found that there is any significant and positive
association between outputs of technology integration like computer based instruction and TPACK. They
understood that technology and technological pedagogy knowledge are considerably associated with
computer-based instruction compared to other skills related to TPACK. The instruction has become
constructivist when computer or technology is blended with pedagogical methods (Smith, Kim & Mcintyre,
2015). Accordingly, teachers regard technology as effective tools to develop constructivist practices and
stimulate students’ curiosity. These constructivist methods enable to learn students independently as well
as providing active and positive learning environments (Azizinezhad & Hashemi, 2011).
The findings point out that technological pedagogical content knowledge is closely related to constructivist
teaching conceptions. It is concluded that TPACK and its components have direct and indirect effects on
constructivist teacher conceptions. Teachers with higher TPACK are inclined to employ students centered
strategies such as collaborative methods, allowing to students explore and solve problems (Niess, van Zee
& Gillow-Wiles, 2011). The inclusion of technology with constructivist methods helps students learn rich
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and diverse knowledge, and deal with complex issues about students. It also provides experience in creating
rich and unique outputs. The experience supports teachers - students’ cooperation making meaningful
discussion through technological instruments (Roschelle 2000; Lehtinen et al. 1998). It is possible to make
an infer that our hypotheses are accepted based on the findings of studies mentioned.

Furthermore, several studies on relations between learning-teaching conceptions and TPACK are discussed
above. It was concluded that the more constructivist student teachers are, the higher TPACK levels are. The
conclusion was supported by the findings of these studies. For example, a study of Kafyulilo (2010) found
that student teachers easily improved TPACK when they took part in microteaching, lesson design, and
sharing ideas with peers. Another study also explained an association between behaviourist and
constructivist teachers and TPACK. Behaviourist teachers have the low technological content knowledge
and TPACK. The study asserted that teachers should employ student-centered learning and teaching
conceptions to help them use technology efficiently. But the same study indicated that a teacher using
student- centered strategies has a low TPACK. It can be said that a teacher with student-centered beliefs
does not mean they can use the technology efficiently (Smith, Kim & Mclintyre, 2015). For this reason,
TPACK together with its components, is a teaching issue to be assessed holistically (Sahin, Celik, Aktiirk
& Aydin, 2013). Harris & Hofer (2011) also sought two research questions ‘How does TPACK affect
teachers’ instructional planning? and ‘how TPACK can be improved? TPACK assisted teacher workshop
in the current study uncovered that teachers’ choice and use became conscious, differentiated, and strategic;
the instructional planning transformed constructivist one. They also established quality standards for
technology integration. Hence, it is possible to say that TPACK with other components transform learning
— teaching processes into constructivist teaching.

The findings also show that content knowledge directly impacts on constructivist teacher conceptions. We
make an inference that as student teachers learn concepts, ideas, and theories in discipline they are studying,
they would have capacity to use effectively constructivist approaches throughout their instructions. Apart
from technology and pedagogy knowledge, it is seen that content knowledge alone is an independent
variable that affects directly the constructivist teaching approach. Besides, it is thought that they know
where and how an instructional method or material is used or even how a technology is integrated when
they know really content or subjects well at their disciplines. The integration process necessitates them
comprehend the content in-depth. For this reason, it can be said that it is an influential factor in affecting
immediately constructivist teacher conceptions and the hypothesis is accepted on inferences and
discussions.

It is also concluded that technology has different roles in behaviourist and constructivist teaching
conceptions. On the one hand, technology knowledge directly impacts behaviourist teaching conceptions.
The hypothesis is accepted based on the result. Hickman (2017) expressed that behaviourist teachers always
use it to present information, allowing students to understand quickly and effectively and they are the
instructor and activator of technology. We have reached an inference that behaviourist teachers regard it as
just an instrument based on both our study and Hickman’s expressions (2017).

On the other hand, technology knowledge affects constructivist teacher understandings through TCK, TPK,
PCK, and TPACK. The results prove to us that our hypotheses are accepted. There are complex and in-
depth associations between technology knowledge and constructivist teacher understandings, as can be
understood from these results. That is, it is concluded that constructivist teachers have the capacity to use
the technology on purpose way intertwined with TCK, TPCK, PCK, and TPACK. Likewise, Hickman
(2017) supported our conclusion stating that constructivist teachers reflect on technology usage. In a
constructivist instruction, technology is used purposefully for instructional events such as technology
integration, technology or computer-assisted instruction, TPACK based applications etc. As a result, it is
stated that constructivist teachers’ technology use differs in that students’ higher-order development from
that of behaviourist usage. Accordingly, they help students use independently it for practice, exploration,
research, personalized learning, etc. (Hickman, 2017).

RECOMMENDATIONS

It is suggested that teachers should take part in workshops, projects, etc., on TPACK or technology
integration. Since TPACK is closely related to technology integration, teachers must introduce and employ
a variety of technological instruments in an instructional design. For this reason, they should be involved
in technological material design projects where blending the technology with given pedagogical approaches
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and methods so that they can design constructivist instruction at their classrooms and provide students with
opportunities of studying and learning with peers in collaborative groups.

REFERENCES

Abbitt, Jason. “An Investigation of the Relationship Between Self-Efficacy Beliefs About Technology Integration and
Technological Pedagogical Content Knowledge (TPACK) Among Preservice Teachers”. Journal of Digital Learning in
Teacher Education, 27 (4), 134-143, 2011.

Akturk, Ahmet Oguz & Saka Ozturk, Handan. “Teachers’ TPACK Levels and Students’ Self-efficacy as Predictors of Students’
Academic Achievement”. International Journal of Research in Education and Science (IJRES), 5 (1), 283-294, 2019.

Alpaslan, Muhammet Mustafa, Ulubey, Ozgur, & Ata, Ridvan. “Adaptation of Technological Pedagogical Content Knowledge
Scale into Turkish Culture Within the Scope of 21st Century Skills”. Psycho-Educational Research Reviews, 10 (1), 77-91,
2021.

Atun, Handan. & Usta, Erhan. “The Effects of Programming Education Planned with TPACK Framework On Learning
Outcomes”. Participatory Educational Research (PER), 6 (2), 26-36, 2019.

Apau, Stephen Kwakye. “Technological Pedagogical Content Knowledge Preparedness of Student-Teachers of the Department
of Arts and Social Sciences Education of University of Cape Coast”. Journal of Education and Practice, 8 (10), 167-181,
2017.

Apeanti, Wilson Osafo. “Contributing Factors to Pre-service Mathematics Teachers’ E-readiness for ICT Integration”.
International Journal of Research in Education and Science (IJRES), 2 (1), 223-238, 2016.

Applefield, James. M., Huber, Richard. & Moallem, Mahnaz. “Constructivism in Theory and Practice: Toward A Better
Understanding”. High School Journal, 84 (2), 35-53, 2001.

Arbuckle, James. IBM SPSS Amos 23 User’s Guide. IBM, Amos Development Corporation. Retrieved from
ftp://public.dhe.ibm.com/software/analytics/spss/documentation/amos/23.0/en/Manuals/IBM_SPSS_Amos_User_Guide.pd
f. 2014.

Atar, Cihat, Bagc1, Hakki. & Aydin, Selami. “An Investigation of Pre-Service English Teachers’ Level of Techno-Pedagogical
Content Knowledge”. Journal of Language and Linguistic Studies, 15 (3), 794-805, 2019.

Aypay, Ayse. “Ogretme ve Ogrenme Anlayislari Olgegi’nin Tiirkiye Uyarlamasi ve Epistemolojik Inanglar ile Ogretme ve
Ogrenme Anlayislari Arasindaki Iliskiler”. Kuram ve Uygulamada Egitim Bilimleri, 11 (1), 7-29, 2011.

Azizinezhad, Masoud & Hashemi, Masoud. “Technology as a Medium for Applying Constructivist Teaching Methods and
Inspiring Kids”. Procedia - Social and Behavioral Sciences, 28, 862-866, 2011.

Baturay, Meltem Huri, Gokgearslan, Sahin. & Sahin, Semsettin. “Associations Among Teachers’ Attitudes Towards Computer-
Assisted Education and TPACK Competencies”. Informatics in Education, 16 (1), 1-23, 2017.

Bauer, John & Kenton, Jeffrey. “Toward Technology Integration in the Schools: Why It Isn't Happening”. Journal of Technology
and Teacher Education, 13 (4), 519-546, 2005.

Bay, Erdal, Bagaran, Mehmet & Dgs, Biilent. “The Reasons for Gaining and Losing the Popularity of a Paradigm in
Constructivism: Why? And How?”. Psycho-Educational Research Reviews, 10 (1), 8-24, 2021.

Berube, Clair T. “A study of the effects of constructivist-based vs. traditional direct instruction on 8th grade science
comprehension” (Unpublished Doctorate Thesis), Old Dominion University, Virginia, 2001.

Bhattacharjee, Jayeeta. “Constructivist Approach to Learning—An Effective Approach of Teaching Learning”. International
Research Journal of Interdisciplinary and Multidisciplinary Studies, 1 (6), 65-74, 2015.

Blunch, Niells. J. Introduction to structural equation modelling using SPSS and AMOS. California: SAGE Publications, 2008.

Brau, Bekki, Fox, Nathan. & Robinson, Elizabeth. Behaviorism (Eds. R. Kimmons & S. Caskurlu), The Students' Guide to
Learning Design and Research. USA: EdTech Books, 2020.

Byrne, Barbara M. Structural equation modelling with AMOS: basic concepts, applications, and programming (2nd ed.). New
York, NY: Routledge, 2010.

Canbazoglu-Bilici, Sedef. “Ornekleme yontemleri” (Eds. H. Ozmen & O. Karamustafaoglu). Egitimde arastirma yontemleri.
Ankara: Pegem, 2019.

Chen, Ho-Yuan. & Jang, Syh-Jong. “Exploring the Reasons for Using Electric Books and Technological Pedagogical and
Content Knowledge of Taiwanese Elementary Mathematics and Science Teachers”. TOJET: The Turkish Online Journal of
Educational Technology, 12 (2), 131-141, 2013.

Cleaver, Thomas J. “A Behaviorist Teacher's Creed”. American Biology Teacher, 37 (5), 298-299, 1975.

Cohen, Louis, Manion, Lawrance & Morrison, Keith. Research methods in education (8th edition). UK: Routledge, 2018.

Cox, Murray William. “The effects of behaviourist and constructivist instruction on student performance in college-level
remedial mathematics” (Unpublished Doctorate Thesis), Texas A&M University, Texas, 2011.

Dexter, Sara. “ETIPS: Educational technology integration and implementation principles”. In P. Rogers (Ed.), Designing
instruction for technology-enhanced learning (pp. 56-70). Hershey, PA: Idea Group Publishing, 2002.

Durdu, Levent & Dag, Funda. “Pre-Service Teachers’ TPACK Development and Conceptions Through A TPACK-Based
Course”. Australian Journal of Teacher Education, 42 (11), 150-171, 2017.

Entwistle, Noel, Skinner, Don, Entwistle, Dorothy., & Orr, Sandra. “Conceptions and Beliefs about “Good Teaching”: An
Integration of Contrasting Research Areas”. Higher Education Research and Development, 19 (1), 5-26, 2000.

Ertmer, Peggy A. “Teacher Pedagogical Beliefs: The Final Frontier in Our Quest for Technology Integration?”. ETR&D, 53 (4),
25-39, 2005.

73



Graham, Charles at al. “TPACK Development in Science Teaching: Measuring the TPACK Confidence of In-service Science
Teachers”. TechTrends. 53 (5), 70 — 79, 2009.

Giines, Erhan & Bahgivan, Eeralp. “A Multiple Case Study of Preservice Science Teachers’ Tpack: Embedded in a
Comprehensive Belief System”. International Journal of Environmental & Science Education, 11 (15), 8040-8054, 2016.
Harper, Suzanne & Cox, Dana Christine. “Developing TPACK alongside professional vision of teaching mathematics with

technology”. 34th Annual Meeting of Psychology of Mathematics Education, North America, 2012.

Harris, Judith B. & Hofer, Mark J. “Technological Pedagogical Content Knowledge (TPACK) in Action: A Descriptive Study
of Secondary Teachers’ Curriculum-Based, Technology-Related”. JRTE, 43 (3), 211 — 229, 2011.

Harris, Judith, Mishra, Punya & Koehler, Matthew. “Teachers’ Technological Pedagogical Content Knowledge and Learning
Activity Types: Curriculum-Based Technology Integration Reframed”. JRTE, 41 (4), 393 — 416, 2009.

Hashweh, Maher. Z. “Effects of Science Teachers’ Epistemological Beliefs in Teaching”. Journal of Research in Science
Teaching, 33, 47-63, 1996.

Hassad, Rossi A. “Constructivist and Behaviourist Approaches: Development and Initial Evaluation of a Teaching PRACTICE
Scale for Introductory Statistics at the College Level”. Numeracy, 4 (2), 1 — 33, 2011.

Hayes, Andrew F. Methodology in the social sciences. Introduction to mediation, moderation, and conditional process analysis:
A regression-based approach. USA: Guilford Press, 2013.

Hicks, Raymond & Tingley, Dustin. “Causal Mediation Analysis”. The Stata Journal, 11 (4), 605 — 619, 2012.

Hoagland, Matthew A. Utilizing Constructivism in the History Classroom. ED 482 436, 2000.

Horzum, Mehmet Baris, Akgiin, Ozcan Erkan & Oztiirk, Ergiin. “The Psychometric Properties of the Technological Pedagogical
Content Knowledge Scale”. International Online Journal of Educational Sciences, 6 (3), 544 — 557, 2014.

Howard, Bruce. C., McGee, Steven., Schwartz, Neil., & Purcell, Steve. “The Experience of Constructivism: Transforming
Teacher Epistemology”. Journal of Research on Computing in Education, 32 (4), 455-465, 2000.

Hu, Li-Tze & Bentler, Peter M. “Cutoff Criteria for Fit Indexes in Covariance Structure Analysis: Conventional Criteria Versus
New Alternatives”. Structural Equation Modelling, 6 (1), 1-55, 1999.

Hughes, Joan E., Packard, Becky, Wai-Ling & Pearson, P. “David. Pre-service teachers' Perceptions of Using Hypermedia and
Video to Examine the Nature of Literacy Instruction”. Journal of Literacy Research, 32 (4), 599-629, 2000.

Jaipal-Jamani, Kamini, et al. “Collaborative Professional Development in Higher Education: Developing Knowledge of
Technology Enhanced Teaching”. The Journal of Effective Teaching, 15 (2), 30-44, 2015.

Jonassen, David. H. et al. Learning to solve problems with technology: A constructivist perspective (2nd. Ed). Columbus, OH:
Merrill/PrenticeHall, 2003.

Jung, Kwanghee at al. “Comparison of Bootstrap Confidence Interval Methods for GSCA Using a Monte Carlo Simulation”.
Front. Psychol, 10, 1 — 11, 2019.

Kafyulilo, Ayoub. C. “Practical use of ICT in science and mathematics teachers’ training at Dar es Salaam University College
of Education: An analysis of prospective teachers’ technological pedagogical content knowledge” (Unpublished Master’s
Thesis), University of Twente, Tewente, 2010.

Karakus, Fatih. “An Examination of Pre-Service Teachers' Technological Pedagogical Content Knowledge and Beliefs Using
Computer Technology in Mathematics Instruction”. IUMPST: The Journal, 3, 1-13, 2018.

Kazu, Ibrahim Yasar & Erten, Pimar. “Teachers’ Technological Pedagogical Content Knowledge Self-Efficacies”. Journal of
Education and Training Studies, 2 (2), 126-144, 2014.

Keating, Thomas. M. & Evans, Ellen. “Three computers in the back of the classroom: Preservice teachers’ conceptions of
technology integration”. Paper presented at the Annual Meeting of the American Educational Research Association, Seattle,
WA, 2001.

Keser, Hafize, Karaoglan-Yilmaz, Fatma Gizem. & Yilmaz, Ramazan. “TPACK Competencies and Technology Integration Self-
Efficacy Perceptions of Pre-Service Teachers”. Elementary Education Online, 14 (4), 1193-1207, 2015.

Kivunja, Charles. “Embedding Digital Pedagogy in Pre-Service Higher Education to Better Prepare Teachers for The Digital
Generation”. International Journal of Higher Education, 2 (4), 131-142, 2013.

Klieme, Eckhard & Clausen, Marten. “Identifying facets of problem solving in mathematics instruction”. Paper presented at the
Annual Meeting of the American Educational Research Association, Montreal, 1999.

Kline, Rex B. Principles and practice of structural equation modelling (3rd ed.). New York, NY: Guilford Press, 2011.

Koehler, Matthew. J., & Mishra, Punya. “What Happens When Teachers Design Educational Technology? The Development
of Technological Pedagogical Content Knowledge”. Journal of Educational Computing Research, 32 (2), 131-152, 2005.

Kozikoglu, Ishak & Babacan, Nuri. “The Investigation of the Relationship Between Turkish EFL Teachers' Technological
Pedagogical Content Knowledge Skills and Attitudes Towards Technology”. Journal of Language and Linguistic Studies,
15 (1), 20-33, 2009.

Kraglund-Gauthier, Wendy & Moseley, Jane. “Building Teaching—Learning Capacities of Online Nurse Educators: Using
TPACK to Frame Pedagogical Processes and Identify Required Supports”. Canadian Journal of Learning and Technology,
45(1), 1-21, 20109.

Kul, Umit, Aksu, Zeki, & Birisci, Salih. “The Relationship Between Technological Pedagogical Content Knowledge and Web
2.0 Self-Efficacy Beliefs”. International Online Journal of Educational Sciences, 11 (1), 198-213, 2019.

Kuo, Nai-Cheng. “Action Research for Improving the Effectiveness of Technology Integration in Preservice Teacher Education”.
i.e.; inquiry in education, 6 (1), 1-9, 2015.

Lampert, M., Heaton, R., & Ball, D. “Using technology to support a new pedagogy of mathematics teacher education”. Journal
of Special Education Technology, 12, 276-289, 1994.

74



Lehtinen, Erno et al. Computer supported collaborative learning: A review”. University of Turku, University of Helsinki.
Available at: http://etu.utu.fi/papers/clnet/cInetreport.html. 1998.

Liu, Shih-Hsiung. “Exploring the Instructional Strategies of Elementary School Teachers When Developing Technological,
Pedagogical, And Content Knowledge Via a Collaborative Professional Development Program”. International Education
Studies, 6 (11), 58-68, 2013.

Loong, Esther Yook-Kin. “Using the Internet in High School Mathematics”. IndoMS-JME, 5 (2), 108-126, 2014.

Lu, Liangyue. “Cultivating Reflective Practitioners in Technology Preparation: Constructing TPACK through Reflection”. Educ.
Sci., 4, 13-35, 2014.

Luke, Allan. “On Explicit and Direct Instruction”. Australian Literacy Association Hot Topics, 1-4, 2014.

Marreo, Meghan E., Woodruff, Karen. A., & Schuster, Glen. S. & Riccio, Jessica Fitzsimons. “Live, Online Short-Courses: A
Case Study of Innovative Teacher Professional Development”. International Review of Research in Open and Distance
Learning, 11 (1), 81-95, 2010.

Meng, Chew Cheng & Sam, Chap Sam. “Developing Pre-Service Teachers' Technological Pedagogical Content Knowledge for
Teaching Mathematics with The Geometer's Sketchpad Through Lesson Study”. Journal of Education and Learning, 2 (1),
1-8, 2013.

Mishra, Punya, & Koehler, Matthew. J. “Technological Pedagogical Content Knowledge: A new framework for teacher
knowledge”e. Teachers College Record, 108 (6), 1017-1054, 2006.

Mishra, Punya, & Koehler, Matthew. J. “What is Technological Pedagogical Content Knowledge?” Contemporary Issues in
Technology and Teacher Education, 9(1), 60-70, 20009.

Molebash, Philip. E. “Constructivism Meets Technology Integration: The CUFA Technology Guidelines in an Elementary Social
Studies Methods Course”. Theory & Research in Social Education, 30 (3), 429-455, 2002.

Naeem, Abdul. & Basheer, Abdul. “Teachers’ perceptions about constructivist learning in Afghan Schools: Mathematics
teachers’ perceptions and usage of question-answer, individual and group work methods considering constructivism”.
Retrieved from http://www.diva-portal.org/smash/get/diva2:812318/FULLTEXTO01.pdf. 2014.

Neuman, W. Lawrence. Social research methods: Qualitative and quantitative approaches (7th Edition). USA: Pearson
Education, 2009.

Niess, Margeret L., van Zee, Emily H. & Gillow-Wiles, Henry. “Knowledge Growth in Teaching Mathematics/Science with
Spreadsheets: Moving PCK to TPACK through Online Professional Development™. Journal of Digital Learning in Teacher
Education, 27 (2), 42-52, 2011.

Ouahbia, Ibrahim et al.” Learning Basic Programming Concepts by Creating Games with Scratch Programming Environment”.
Procedia - Social and Behavioral Sciences, 191, 1479-1482, 2015.

Ozgiin-Koca, S. Asli. Meagher, Michael & Edwards, Michael Todd. “Preservice Teachers’ Emerging TPACK in A Technology-
Rich Methods Class”. The Mathematics Educator, 19 (2), 10-20, 2010.

Pardimin, Arcana, Nyoman & Supriadi, Didi. “Developing Media Based on the Information and Communications Technology
to Improve the Effectiveness of the Direct Instruction Method in Mathematics Learning”. Journal for the Education of Gifted
Young Scientists, 7 (4), 1311-1323, 2019.

Pierson, Melissa E. (2001). “Technology Integration Practice as a Function of Pedagogical Expertise”. Journal of Research on
Computing in Education, 33 (4), 413-430.

Piotrowski, Amy & Witte, Shelbie. “Flipped Learning and TPACK Construction in English Education”. International Journal
of Technology in Teaching and Learning, 12 (1), 33-46, 2016.

Preacher, Kristopher & Hayes, Andrew. “Contemporary approaches to assessing mediation in communication research”. In
Hayes, A. F., Slater, M. D., & Snyder, L. B. (Eds.), The SAGE sourcebook of advanced data analysis methods for
communication research (pp. 13-54). Sage Publications, 2008.

Pryor, Caroline, R., & Bitter, Garry G. “Using Multimedia to Teach In-service Teachers: Impacts on Learning, Application, and
Retention”. Computers in Human Behavior, 24 (6), 2668-2681, 2008.

Qasem, Aewa Ahmed Abdo & Viswanathappa, Gandla. “Blended Learning Approach to Develop the Teachers’ TPACK”.
Contemporary Educational Technology, 7 (3), 264-276, 2016.

Richardson, Virginia. “From Behaviorism to Constructivism in Teacher Education”. Teacher Education and Special Education,
19, 1- 16, 1996.

Roschelle, Jeremy M., et al. “Changing how and what children learn in school with computer-based technologies”. Children and
Computer Technology, 10 (2). Available online at: http://www.futureofchildren.org/usr_doc/vol10no2Art4%2Epdf 2000.
Sahin, Ismail, et al. “Analysis of Relationships Between Technological Pedagogical Content Knowledge and Educational

Internet Use”. Journal of Digital Learning in Teacher Education, 29 (4), 110-117, 2013.

Sahin, Ismail. “Development of Survey of Technological Pedagogical and Content Knowledge (TPACK)”. TOJET: The Turkish
Online Journal of Educational Technology, 10 (1), 97-105, 2011.

Sancar-Tokmak, Hative, Siirmeli, Hikmet. & Ozgelen, Sinan. “Preservice Science Teachers’ Perceptions of Their TPACK
Development After Creating Digital Stories”. International Journal of Environmental & Science Education, 9, 247-264,
2014.

Sang, Guoyuan. et al. “Student Teachers’ Thinking Processes and ICT Integration: Predictors of Prospective Teaching Behaviors
with Educational Technology”. Computers & Education, 54 (1), 103-112, 2010.

Schmidt, Denise A. et al. “Technological Pedagogical Content Knowledge (TPACK): The Development and Validation of an
Assessment Instrument for Preservice Teachers”. JRTE, 42 (2), 123-149, 2009.

Schrum, Lynne et al. “Post-Secondary Educators’ Professional Development: Investigation of an Online Approach to Enhancing
Teaching and Learning”. Internet and Higher Education, 8 (4), 279-289, 2005.

75



Shafie, Hidayu, Majid, Faizah. Abd. & Ismail, Izaham. Shah. “Technological Pedagogical Content Knowledge (TPACK) in
Teaching 21st Century Skills in the 21st Century Classroom”. Asian Journal of University Education, 15 (3), 24-33, 2019.

Shrout, Patrick E., & Bolger, Niall. “Mediation in Experimental and Nonexperimental Studies: New Procedures and
Recommendations”. Psychological Methods, 7 (4), 422—445, 2002.

Shulman, Lee, S. “Those Who Understand: Knowledge Growth in Teaching”. Educational Researcher, 15 (2), 4-14, 1986.

Simsek, Omer & Sarsar, Firat. “Investigation of the Self-efficacy of the Teachers in Technological Pedagogical Content
Knowledge and Their Use of Information and Communication Technologies”. World Journal of Education, 9 (1), 196-208,
2019.

Simsek, Omer & Yazar, Taha. “Examining the Self-efficacy of Prospective Teachers in Technology Integration According to
Their Subject Areas: The Case of Turkey”. Contemporary Educational Technology, 10 (3), 289-308, 2019.

Smith, Ryan, Kim, Somin, & MclIntyre, Leighton. “Relationships between prospective mathematics teachers’ beliefs and
TPACK”. In T. Bartell, K. Bieda, R. Putnam, K. Bradfield, & H. Dominguez. (Eds.), Proceedings of the 37th annual meeting
of the North American Chapter of the International Group for the Psychology of Mathematics Education (pp.1218-1225).
East Lansing, MI: Michigan State University, 2015.

Sweeney, Trudy & Drummond, Aaron. “How Prepared are our Pre-service Teachers to Integrate Technology? A Pilot Study”.
Australian Educational Computing, 27 (3), 117-123, 2013.

Tomei, Lawrence A. Taxonomy for the technology domain. USA: Information Science Publishing, 2005.

Uysal, Selami & Giindogdu, Kerim. “Bilgisayar ve Ogretim Teknolojileri Egitimi Ogrencilerinin Web Pedagojik igerik Bilgisi,
Program Yaklagimlari ve Oz Diizenleme Becerilerinin Incelenmesi”. Uluslararas: Tiirk¢e Edebiyat Kiiltiir Egitim Dergisi, 8
(3), 1902-1928, 20109.

van Braak, Johan. “Individual Characteristics Influencing Teachers' Class Use of Computers”. Journal of Educational
Computing Research, 25 (2), 141-157, 2001.

Wright, Belgin & Akgunduz, Devrim. “The Relationship between Technological Pedagogical Content Knowledge (TPACK)
Self-efficacy Belief Levels and the Usage of Web 2.0 Applications of Pre-service Science Teachers”. World Journal on
Educational Technology: Current Issues, 10 (1), 70-87, 2018.

Yangin-Ersanli, Ceylan. “Improving Technological Pedagogical Content Knowledge (TPACK) of Pre-service English Language
Teachers”. International Education Studies, 9 (5), 18-27, 2016.

Yigit, Melike. “A review of the literature: How Pre-service Mathematics Teachers Develop Their Technological, Pedagogical,
and Content Knowledge”. International Journal of Education in Mathematics, Science and Technology, 2 (1), 26-35, 2014.

76



