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Abstract The aim of this study is to examine the
impact of the Technological Pedagogical Content
Knowledge (TPCK) based educational practices in
astronomy lectures on prospective science teachers’
success levels. The study was conducted on 4th-grade
prospective science teachers of a public university and
lasted for 14 weeks. In the study, quasi-experimental
method and pre-test post-test control group experimental
design were employed. The study was conducted in
2015-2016 Academic Year, in the Astronomy Course. In
total, 72 students (control group=35, experimental
group=37) participated in the study. “Astronomy Success
Test” was used as data collection tool. The KR-20
reliability coefficient of the test was calculated as 0.81.
During the research process, the instruction was carried out
by following the current Astronomy Course Curriculum in
both groups. In addition to this, in the instruction process of
the experimental group TPCK based educational practices
were applied. In the research, it was determined that an
improvement has occurred in success levels at a significant
level of the students in the experimental group. In addition,
it was also determined that the post-test astronomy success
scores of the students in the experimental group are
significantly higher than the scores of the students in the
control group.

Keywords Technological Pedagogical Content
Knowledge,  Technological = Pedagogical  Content
Knowledge Based Educational Practices, Astronomy
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1. Introduction

As computers, software and mobile applications have
penetrated into our lives in the recent years, studies on
“pedagogical content knowledge” continue to be the focus
of current research in the field of education and teachers’
competency in using advanced technologies and training
technologies (smartboard, computer, simulation software,
scientific measurement tools such as probeware etc.) and
applying them in teaching process have been put on the
agenda. Generalizing the use of new and advanced
technological training programs by teachers and their
impacts on students are issues that should be researched.

Shulman (1986) analyzed the knowledge teachers must
have in three categories: “content knowledge, curriculum
knowledge and pedagogical content knowledge” and
defined the distinctions between these categories.
Pedagogical content knowledge covers what a teacher
knows and does, and reasons why teachers do what they do
[1]. According to Shulman (1986), pedagogical content
knowledge functions as a bridge between pedagogy and
content knowledge. Recently, researchers have added
“technological pedagogical content knowledge” to the
competencies teachers must have within the framework of
concept of pedagogical content knowledge. Researchers
have conceptualized pedagogical content knowledge using
technology in different formats within the field of
education. For example, Margerum-Lays and Marx [2]
used the term “pedagogical content knowledge of training
technology” whereas Slough and Connell [3] preferred
“technological content knowledge” (cited by Angeli &
Valanides, [4]) and Koehler and Mishra [5] preferred
“Technological Pedagogical Content Knowledge”, a term
that is also accepted in the literature. As defined by Mishra
and Koechler [6], Technological Pedagogical Content
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Knowledge (TPCK) is a type of knowledge that advances
beyond a combination of technology, pedagogy and
content. An extended definition of TPCK Mishra &
Koehler, [6]; Koehler & Mishra, [7] is as follows: “A body
of knowledge about explaining concepts with the help of
technology, positive use of technology for teaching content
knowledge with pedagogical techniques, help of
technology in solving problems experienced by the
students and how students may use technology to develop
new knowledge theories based on their existing knowledge
or to improve their existing knowledge.”

The research on the “General Competencies of the
Teaching Profession” conducted by the Turkish Education
Association (2009) clearly lists Technological Pedagogical
Content Knowledge as one of the competencies a teacher
must have to achieve success in the teaching profession.
Furthermore, the International Society for Technology in
Education (ISTE) standardized technological knowledge
teachers and administrators in the field of education must
have all around the world as “technology standards” and
“performance indicators” [8]. Furthermore, these standards,
which are known as the National Educational Technology
Standards (NETS) in the USA, are the basis of student
standards and technology standards for teachers and
administrators. The National Council for Accreditation of
Teacher Education (NCATE) in the USA cooperated with
the ISTE to design these standards [9]. These standards and
performance indicators, determined as a result of these
studies, were adapted into Turkish by Saban [10].

McCrory [11] argued that the TPCK of science teachers
has four elements. These are science, students, pedagogy
and knowledge of technology. These four elements are
combined when a teacher uses technology in the teaching
process. There are two reasons for a teacher’s use of
technology in a classroom. These are as follows: 1.
Recognizing problems related to teaching or learning a
subject in the curriculum and believing that technology can
help to overcome these difficulties in learning; 2.The
subject is intertwined with technology or teaching of the
subject requires the use of technology. As the technology,
teachers, students and class contents change, the digital
technologies used in TPCK (computers and
communication technologies and the internet, special
purpose software programs etc.) offer a dynamic structure
containing the knowledge a teacher needs to plan a
teaching program and to focus on teaching students the
respective subjects and prepare their ideas for teaching
through digital technologies [12]. Cavin [13] added a
different category into the knowledge groups teachers must
have: “Knowledge of a technological tool”. This is
different from the personal use of that tool by the teacher. It
refers to using technology as a pedagogical tool through a
teaching strategy. Technology is the relation between
pedagogy and content. Actually, TPCK is the extended
version of Pedagogical Content Knowledge (PCK); it
refers to a teacher’s knowledge in combining technology
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and pedagogical strategies when teaching a subject related
to the content and effect of technological tools and how
students display their comprehension of that subject [14].

A review of studies and projects on the effective use of
educational technologies reveals that big budgets are
allocated for these and that great effort is expended. At the
same time, although schools might have technological
equipment it is teachers who will use these educational
technologies and implement teaching programs [15].
TPCK refers to effective and efficient in-class use of PCK
and educational technologies by teachers so that they can
effectively teach by using technology as well as referring to
the proper and effective integration of technology and
teaching. Having teachers and teacher candidates be aware
of these programs, as well as graduating from universities
as individuals qualified in TPCK, and ensuring that they
are comfortable with technology and have self-confidence
in their fields will make the education system more
productive and facilitate the process of achieving
educational goals.

Scientific and technological information is an important
criterion in the modernization and development of societies.
Scientific and technological knowledge emerges as a
product of people’s sense of wonder and attempts to
understand nature. Education received at early ages allows
a person to be more sensitive towards their surroundings
and to question their environment as well as contributing to
the construction of more durable foundations for scientific
and technological processes. In this regard, attempts to
understand nature are of great prominence in science and
technology classes. In education, one of the primary goals
of the science and technology curriculum has been stated as
creating science-literate individuals and this confirms the
relationship between this curriculum and scientific and
technological information. Today, we live in an age of
technology and science and technology teachers are
expected to produce individuals who are technology
literate. However, the teachers can only educate
technology-literate individuals if they are
technology-literate themselves, and they need to combine
their technological knowledge, content and pedagogical
knowledge as well as wusing them effectively and
adequately within their classroom activities [4, 28, 6, 29].
Today, it has become necessary to keep up with scientific
and technological advancements in many areas. One of the
most crucial of these areas is education. In this sense, we
should apply information and communication technologies
to the educational environment and use them in these
environments within the framework of a quality education
approach, while also extending the use of this approach.
When we bear this fact in mind, having TPCK
competencies has become an inevitable requirement for
teachers. Moreover, the literature contains several research
studies that have concluded that the use of technology in
education improves student success [30-37]. TPCK
competency has been defined by taking into consideration
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the intertwined relationship of technology and our lives in
the 21Ist century, the development of teachers’
competencies in using technology and the technological
aspect of teacher competency explained as PCK.
Improving this competency, which is a recent field of study,
has been studied intensively.

According to Yildiz [78], it is important for teachers to
have the TPCK qualification to successfully integrate
technology into their classes. In this study, the teaching
process was enriched with technological applications, so
TPCK based training program was included. TPCK-based
training program also includes intriguing and
student-interactive technological applications that can
contribute to student learning and provide student
participation.

Astronomy subjects generally include abstract concepts.
Therefore, it is regarded as one of the science subjects
which is difficult to be understood and perceived at a
conceptual level by students [43]. In order to learn the
concepts of astronomy, students should envisage sizes of
celestial bodies in comparison to each other, the rate of
distance between them, their spatial locations and
geometrical figures. However, most of the learner groups
cannot actualize these [41,42]. In addition to this, studies
on Astronomy, which is the subject of this study, have
criticized errors in the content of teaching programs in the
field, noted that there is a lack of people who can properly
explain topics and addressed the importance and benefits
of topics in astronomy subjects. They have also revealed
the conceptual errors made by teachers, teacher candidates
and students and their level of knowledge of astronomy and
argued that teacher candidates, teachers and students have
several misconceptions about topics related to astronomy.
Furthermore, these studies argue that astronomy improves
general levels of understanding and helps to broaden
people’s perspectives [16-19].

Properly teaching astronomy topics requires properly
understanding them. Failure to understand the exact
meaning of facts and concepts or to understand them
clearly can alienate people from this field and turn the
subject into one which is looked on unfavorably or avoided
in class. It is also known that science teachers and science
teacher candidates have insufficient program and material
knowledge to integrate technology into the astronomy
topics of the curriculum and teacher candidates have very
poor knowledge about the objectives of the curriculum,
concepts specific to astronomy, achievements, and the
existing technologies that will be used in the education of
this subject [79]. In this context, it is thought that the
TPCK-based training programs, which have been
developed using content that ensures that topics within
Astronomy can be better understood, will contribute to a
greater comprehension of these topics.

Purpose of Research

The purpose of this research is to study the effect of

Astronomy classes taught with TPCK-based Training
Programs on the success levels of science teacher
candidates.

2. Method

2.1. Research Design

A quasi-experimental method was used for the research.
Pretest-posttest control group experimental design was
used in the study [20]. The research model is
quasi-experimental because existing classes were used as
the control and experimental groups during the research,
the students in these classes were not replaced, the
principle of randomness was not used in selecting the
students or the students were not assigned by lot to the
experimental and control groups [21,22].

2.2. Research Workgroup

The study group of the research consists of 4th-grade
prospective teachers who receive education in the Science
Teaching Department of Faculty of Education in the
academic year of 2015-2016. In the study, the
convenience sampling method was used in terms of
identifying the sample [21, 22]. In terms of the selection
of experimental and control groups, the branches were
matched-up according to the equivalency at first. This
match-up was based on the semester grade-point averages
of the branches. In the match-up that was conducted in
this direction, among the branches of A, B and C, it was
determined that the branches of A and C are equivalent
and involved in the study. The decision of which group
should be assigned as control or assignment was made
through the random assignment method. All of the
prospective teachers who constitute the groups are
graduated from general high schools and Anatolian high
school which are public schools. In the study group that
consists of 72 students, there are 35 students (26 females;
9 males) in the control group and 37 students (28 females;
9 males).

Table 1. Descriptive Statistical Results of Students Based on
Participation in Control and Experimental Groups
Group N %
Control 35 48.6
Experimental 37 51.4
Total 72 100

As seen from the table, control group students
accounted for 48.6% of the sample and the experimental
group for 51.4%.

2.3. Application of Research

The experimental stage of the research was completed
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within a period of 14 weeks during the Astronomy classes
offered two hours per week to senior science teacher
candidates attending the Faculty of Education of a state
university located in Turkey during the 2015-16 academic
year. For the application stage of the research, the teacher
candidates in the control group were not subjected to any
experimental process, and the Astronomy class, which is
one part of the science teacher training program offered
by Faculties of Education, was taught by following the
curriculum. The students in the experimental group
followed the curriculum offered to the control group but
the researcher used the TPCK-based Training Program
about that week’s topic and predetermined activities
during the last 15 minutes of the weekly class. These
applications were created using simulation, animation,
virtual laboratory environments, augmented reality
applications, mobile applications, online assessment and
evaluation tools, effective presentation programs, social
media tools and field-specific technological tools. The
data collection tool, which was given to both groups as a
pretest before starting the research, was reapplied to the
groups at the end of research as a posttest.

2.4. Data Collection Tool and Analyses

Research data was collected by using the “Success in
Astronomy Test” (success test). The 32-multiple choice
question test was designed by the researcher in a format
covering the course contents of the Astronomy class
included in the curriculum for senior students attending
the Department of Science Teaching. (In a way to
comprehend the sun and the solar system, stellar, galaxies,
the Big Bang, the formation of the universe, universe and
space). The test designed was submitted to the experts for
opinion; it was concluded that the test had content validity
and the distinctiveness indices of articles, their difficulties
and reliability co-efficient were calculated with a
pre-application after making the necessary corrections.
Two items were removed from the test because they had
distinctiveness indices under 0.20 and 30 items with
distinctiveness indices varying between 0.30 and 0.69
were included in the test following the necessary
corrections. The success test was completed by assuring
content validity. This success test’s reliability co-efficient

was calculated as 0.81.

Central tendency statistics such as mode, median and
mean as well as central distribution statistics such as
coefficient of skewness, standard deviation and coefficient
of kurtosis were used for determining the distributions of
answers given by the students and examining whether the
distribution of quantitative data obtained from data
collection tools was normal. Before analyzing the points
obtained from the data collection tools, research was
undertaken into which statistical method to use for the
analysis of quantitative data obtained from measurement
tools and a decision was made. Parametric and
nonparametric statistical methods can be used for analysis
of data obtained as a result of quantitative research. If
parametric statistical analysis methods are to be used in a
research study, the quantitative data obtained from
measurement tools must have a normal distribution [40].
Accordingly, analyses were performed to determine the
statistical methods to be used for analysis of research data
and the results were as follows: As seen in the data given
in Table 2, the success grades of students in Astronomy
were examined to determine whether their distribution
was normal.

As seen in Table 2, the average scores, median and
mode values of students are close to each other.
Furthermore, the coefficients of kurtosis and skewness
related to the scores students achieved from these scales
vary between -1.5 and +1.5. The fact that students have
similar arithmetic means, median and mode values related
to these scales as well as findings range of coefficients of
kurtosis and skewness (range between -1.5 and +1.5)
verify that the data has normal distribution [23-25]. It was
agreed that parametric tests must be used for the analysis
of data confirmed to have normal distribution based on
these descriptive statistical results. Accordingly, the
“T-test for Independent Groups” was performed for
determining whether there was significant different
between academic achievement pretest and posttest scores
of students in control and experimental groups and the
“T-test for Dependent Groups” was performed for
comparing pretest and posttest success points of
experimental and control group students in Astronomy.
The results were evaluated at a significance level of .05.

Table 2. Descriptive Statistical Results of Pretest and Posttest Scores of Students in Control and Experimental Groups

Test Group N i S Median Mode Kurtosis Skewness
Control 35 13.82 3.27 12 12 152 -.250
Pretest
Experiment 37 14.03 3.10 14 11 .045 -1.276
Control 35 21.51 4.11 21 20 .087 =512
Posttest
Experiment 37 24.78 3.87 25 28 -.887 .588
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3. Findings and Comments

In this section, data obtained from the control group
that had lessons with the methods and techniques
suggested by the existing curriculum and the experimental
group that had Astronomy lessons taught using
TPCK-based Training Programs in addition to the existing
curriculum were compared and necessary analyses were
carried out.

Table 3. Independent Groups T-test results of success in Astronomy
Pretest Scores of Students in Experimental and Control Groups

Group N X S sd t P

Control 35 13.83 3.28
Experiment | 37 14.03 3.10

No significant difference was observed between
pre-study Astronomy success test scores of students in the
experimental and control groups (tzo) =-.265; p >.05).
According to this data, the Astronomy success scores of
students attending the Astronomy class were similar
before the study; X = 14.03 in the experimental group and
X = 13.83 in the control group. Accordingly, the fact that
there was no significant level of difference between the
Astronomy knowledge of students accords with the
purpose of this study and shows that the groups were
equal in this respect. The low scores of the senior class
teacher candidates for such a basic level astronomy test
are striking. In a study focusing on teacher candidates
attending a teacher training program, Trumper [26]
studied the perceptions teacher candidates had about basic
astronomical concepts, and revealed that they had serious
contradictions in their understanding of these concepts.

70 -.265 792

Table 4. Dependent Groups T-test Results for Success in Astronomy
Posttest Scores of Students in Experimental and Control Groups

Group N i S Sd t P

Control 35 21.51 4.11
Experimental | 37 24.78 3.87

70 3.471 .00

As seen in Table 4, there was a significant difference
between the success scores of students in the experimental
and control groups taking the Astronomy class after the
study, and this difference was in favor of the experimental
group (tro=-3,471; p < .05). After the experimental study,
the success test average scores were calculated as X =
24.78 in the experimental group and X = 21.51 in the
control group. Based on the fact that there was a
significant level of difference in favor of the experimental
group between the success levels of the control and
experimental group students in the Astronomy class, we
can say that TPCK-based Training Programs had a
positive impact on teacher candidates.

Table 5. Dependent Groups T-test Results for Success in Astronomy
Pretest and Posttest Scores of Teacher Candidates in Control Group

N X S sd t P
Pretest 35 13.83 3.27
Posttest 35 21.51 4.11

34 -22.28 .000

As seen in Table 5, there was a significant difference
between pretest and posttest success scores of students in
the control group (te4)=-22.28; p< .05). Accordingly, it is
concluded that the teaching methods used on the control
group had positive impact on the improvement of success
in the Astronomy class. It is known that science teacher
candidates and teachers have an imperfect knowledge in
basic topics related to astronomy and their interest in the
subject is insufficient [27]. In this case, we can argue that
the program was capable of overcoming these deficiencies
up to a point.

Table 6. Dependent Groups T-test Results for Success in Astronomy
Pretest and Posttest Scores of Teacher Candidates in Experimental Group

N i S sd t p
Pretest 37 14,03 3,10
36 -25,62 ,000
Posttest 37 24,78 3,87

As seen in Table 6, there was a significant difference
between pretest and posttest success scores of students in
the experimental group and this was in favor of the posttest
results (ti3) =-25.62; p<.05). Accordingly, it was observed
that the teaching sessions supported with TPCK-based
Training Programs as well as the existing curriculum
offered to the experiment group had a positive impact on
the improvement of student success in the Astronomy
class.

4. Discussion and Conclusions

It can be observed that using TPCK-based Training
Programs in addition to the methods and techniques
suggested by the curriculum of the Astronomy class,
which is one of the senior class courses taken during
science teacher training programs at Faculties of
Education in Turkey, significantly increases the success
levels of students in the experimental group taking
Astronomy classes. When the literature is examined, it is
seen that there are many lack of information and
misconceptions in studies conducted with teacher and
teacher candidates related to astronomy topics as a result
of not understanding, concretization or misinterpretation
of astronomy topics mostly composed of abstract concepts.
For example, in his study, Bostan [89] found that students
with different education levels between the ages of 10 and
23 had conceptual misconceptions about astronomy topics;
Baloglu [80] studied 6th grade students' misconceptions
about astronomy; Tunca [81] notes that some inaccuracies
and deficiencies in astronomy-related courses; Unsal et al.
[19] found that higher education students had lack of
knowledge in basic astronomy topics. In addition to these,
there are studies supporting this research's results in the
literature that affect students' success in astronomy topics
positively in that the technological pedagogical content
knowledge based educational practices materializes the
abstract concepts of astronomy. For example, Hassan
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Zadeh Baran [82] found that educational animation from
technological pedagogical content knowledge based
educational practices is effective at a significant level in
increasing the success of the second grade students
studying science teaching and the 11th grade students of
the secondary school. The research conducted by Colak
[83] investigated the effects of computer-assisted
technological pedagogical content knowledge based
educational practices on the success of science teacher
candidates in the astronomy course. In the research, it was
determined that the computer assisted technological
pedagogical content knowledge based educational
practices increased the astronomy achievements of
science teacher candidates. In the work done by Sirakaya
[84], it was determined that augmented reality involved in
technological pedagogical content knowledge based
educational practices in 7th grade Science and
Technology course, Solar System and Beyond: Space
Puzzle chapter is effective in increasing the success of
students and reducing the misconceptions. It can be
concluded that the academic success levels of the students
in the control group increased significantly during the
period of education and the academic success scores of
students in the experimental group were significantly
higher than those of the students in the control group at
the end of the study. The reason for the increase in the
success of the control group students can be explained by
the fact that astronomy topics are not only interesting but
also that teacher candidates learn very little about
astronomy topics in middle school and high school during
their education life, and they don't take this course until
the last semester during university education.

Although successes of both groups were at the same
level at the beginning of the study, these results suggest
that the use of contemporary TPCK-based Training
activities in Astronomy classes is more effective in
improving the success levels of science teacher candidates
than the methods used in the control group. The
TPCK-based Training program used in the research
includes applications such as animation, simulation,
augmented reality, online exams, online puzzles, virtual
classroom, concept cartoons, digital story, QR code, etc.
These applications have been used with the tablet PC and
smart board. TPCK-based educational practices are
interesting, student-interactive, and have the
characteristics of being able to give feedback to students
and actively used by students. In this context, the reason
for the research results can be explained by the fact that
the TPCK-based educational practices are interactive with
the students, attract the students' interest, prosper the
learning-teaching process, give feedback to students, and
students can participate directly and actively in the
learning  process. In  addition, the teachers'
acknowledgement of the technological pedagogical
content knowledge as a teacher competence and the need
to have this ability, to see how technological pedagogical
content knowledge is used in learning environments and
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how to use it can also have an effect on this result. There
are studies in the literature that support the research result.
For example, in a study conducted by Sensoy and
Yildirim [85], they have examined the effects of the
TPCK-based Training activities on students' academic
success and reached the conclusion that these activities
have a positive impact on the students' success. Sahin &
Akbaba [86] found that computer assisted use of
technological pedagogical content knowledge education
practices was found to be effective at the 7th grade
students in learning abstract concepts within the "Solar
System and Beyond, Space Puzzle" topics and in
increasing academic success. Shelton and Hedley [47]
investigated the impact of the augmented reality from the
technological pedagogical content knowledge based
educational practices on the students' success,
understanding levels and conceptual misconceptions
about "the World and the Sun". As a result of the study, it
has been found that while the students' success level and
the conceptual understanding level increases, the concept
misconceptions level decrease. In the research conducted
by Yildirim and Sensoy [87], the effect of the
technological pedagogical content knowledge education
practices such as animation, simulation, augmented reality,
online exams, online puzzles, virtual classroom, concept
cartoons, digital story, QR code, etc. on the success of
sixth grade students in science class was investigated. As
a result of the research, it has been determined that the
technological pedagogical content knowledge education
practices are found to be significantly effective to improve
students' success level and to ensure permanence. Benli,
Kayabasi & Sarikaya [88] have concluded that the
technological pedagogical content knowledge education
practices have a meaningful effect on the success of the
7th grade students and the permanence of this success.

In various studies conducted in the field, it has been
found similarly that delivering lectures via the
technological-pedagogical ~ content  knowledge-based
educational practices increase the success of students
[44-51]. It is thought that the advantages of using
technological educational practices are effective in terms
of reaching this result. One of the advantages is the
increase in students’ attention and interest towards the
course through these practices [52-55]. Another advantage
is to enable students to take an active role during the
lectures and to make students ask more questions to the
instructor [51, 52]. Taking an active role in lecture and
asking relevant questions to the lecturing may contribute
to the learning of the subjects better and profoundly. In
addition, it is known that technological educational
practices increase the students’ motivation towards
lectures [55-60].

Today, the use of fast-growing technology, as well as
its products and applications, is unavoidable in the field of
education. It is a known fact that computer-aided,
technology-based and TPCK-based programs improve
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students” motivation and contribute to adequate and
permanent learning. Prospective teachers graduate with a
limited knowledge of the strategies of integrating
technology into instruction [61]. Teacher candidates must
be aware of these applications and use these applications
in the teaching profession. According to Niess [29],
TPCK refers to the use of 21st century technologies by a
teacher for planning, arranging, criticizing and
summarizing a subject so that the teacher can support the
learning process of students by taking into their needs and
in-class conditions.

Due to the fact that science courses include various
abstract concepts, visualizing via technology can be
preferred because of its features as being economic, easily
accessible, safe, and repeatable [62]. Furthermore,
simulations in science teaching enable students to learn by
playing, in other words by enjoying,; and this play an
important role in terms of “psychological, intellectual and
social development” of a child and as they enjoy while
learning their motivation also increase and this leads to an
effective learner experience [63]. Science teachers’
TPFKs can be improved through applications that provide
real-like experiences, by gaining authentic learning
experiences, instructing in classroom and feedback
corrections [64].

Astronomy enables students to understand the world
more effectively. An anatomist must have anatomical
knowledge to have a better understanding of human body
and in a similar way, humans need a knowledge of
astronomy in order to understand the universe. In addition,
an education in astronomy can be used to overcome any
misconceptions students have. Learning astronomy can be
considered a factor in changing students’ conceptual
understanding [38]. Astronomy is a field that is difficult to
understand and that requires advanced skills such as
three-dimensional thinking and the use of the imagination.
Hence, insufficient knowledge of astronomy among
teachers or candidate teachers or the wrong information
they have might cause them to pass on misconceptions
that cannot be easily corrected to their students and the
students might tend to accept the non-scientific ideas
offered by society without even questioning them. Here,
one of the necessary actions to be taken for preventing the
abovementioned problems is to refreshing the basic
astronomical knowledge of teachers by using technology
training programs in tandem with today’s technology. It is
almost impossible for students to learn about astronomical
incidents by observing or intervening and observing the
result. Therefore, tools that will help students to learn
about astronomy subjects are required.
Technological-pedagogical ~ content knowledge-based
practices such as increased virtual reality are considered
as effective tools in terms of students’ learning of
astronomy subjects which include complex spatial
relations. When the literature is reviewed, it can be seen
that students can be enabled to directly observe in order to

support their learning related to astronomy subjects [65,
66, 48, 67, 68, 69, 70, 51] so they can interact with
celestial bodies [42, 71, 45, 72, 47, 73]. It is seen that
Technological-Pedagogical Content Knowledge-Based
Practices have been improved. It is known that these
practices facilitate the comprehension of difficult subjects
and concepts by visualizing [74, 65, 47].

If the instructors who raise prospective teachers use
technology regularly while they are teaching science and
clearly indicate why and how they use technology,
prospective teachers take it as an example and employ
technology in their instructions [75]. In this way,
prospective teachers learn how to teach via technology.
As Niess (2008) indicates “Teachers teach what they had
taught to them”. For this reason, prospective teachers’
experiences related to learning via technology also affect
their instructions. Prospective teachers who have the
experience of visual learning tend to apply these
experiences to their instructions [77].

It is thus appropriate to explicitly highlight TPCK
under the teacher competencies related to general and
specific fields and to evaluate TPCK levels of teachers.
“Technology standards” and “performance indicators”
must be designed for teachers as well as teacher
candidates, students and training directors [39].
Furthermore, in parallel to the knowledge gained at
university, teacher candidates should be provided with an
opportunity to have teaching experience in real
classrooms where they can use TPCK-based Training
Programs and courses involving such subjects should
include up-to-date TPCK applications and the use of
effective technology.
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