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Introduction:-

In the 21st century, it demands the world of education to improve and produce quality human resources. The most
important challenge in education this century is to discover and develop an efficient tool and can help in the process
of teaching and learning. It can be achieved if supported by technology. Technology must be used in conjunction
with education and teaching that cannot be separated from each other (Schmidt, et al., 2008). The technology used
can support the implementation of classroom learning as a teacher's instructional cognitive tool, learning and
learning process, and effective teaching. Effective teachers know not only the subject matter but are also able to
create a learning environment that stimulates and implements pedagogical strategies, including strategy-rich
technology to engage students while To help improve their performance (Sahin, 2011). Teachers and students are
very important in new technologies that will be used both to collect, organize and evaluate information to solve a
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problem. In improving teacher learning potential and active students ' involvement in science learning, students need
not only the sophisticated learning process, but teachers also need to prepare to acquire teaching competencies By
integrating technology into teaching practice in classrooms.

Studies conducted on technological integration have highlighted that technological knowledge should be considered
along with the knowledge of content and knowledge of pedagogy. Teachers are not only required to have Pedagogic,
Content, Knowledge (PCK) skills but also technological application. So that technology, pedagogic and content has
become a part of teacher education program to prepare professional teachers. To prepare the competence of the 21st
century science teacher, Technological Pedagogical Content and Knowledge (TPACK) is currently considered as an
important knowledge for highly qualified teachers. TPACK is an interaction and communication among all three
types of knowledge, there are a few interconnected components: technological knowledge, pedagogical, and content
(field) (Koehler, et al., 2007). Technological knowledge refers to the knowledge of the standard technology and the
high-end technologies used for educational and teaching purposes (Koehler, et. al., 2007). Pedagogical knowledge
includes the development of teaching strategies, classroom management, lesson plans, and situations such as student
assessments and the nature of mass targets (Hernandez, 2014). Content knowledge involves structures in related
fields that connect cases and events, concepts, theories, processes, thoughts and opinions related to the field and
organize them.

TPACK as a pedagogical technique that utilizes technology constructively to teach the content, and the knowledge
of what makes the concept difficult or easy to learn how technology can help the problems faced by students;
students " initial knowledge and epistemology theories, as well as knowledge of how technology can be used to build
existing knowledge and to develop new epistemology or reinforce the old (Kocoglu, 2009), to realize development
of science teachers ' ability, teachers must be able to understand cognition and have different ways of learning.
Teachers should also be able to understand the students’ progress and various pedagogic concepts as well as they
master the Learning materials and their alternate assessments that they use to measure student learning outcomes.
Thus, teachers are able to place different language and cultural differences, learning styles, talents, and intelligence
as the basis for implementing the various teaching strategies he chooses (Abidin, 2009).

Therefore, the author raises the problem regarding the ability of pedagogic technology and content knowledge
(TPACK) on the development process of teachers especially for science teachers.

Research Methods:-

The writing of this article was conducted through a systematic review of the articles relating to the Use of the
Pedagogical Content and Knowledge (TPACK) problem in science teachers. Sorting articles used in this review is
by reading abstract and content. The result of sorting, obtained 16 best articles from national and international
articles. There are three phases in conducting qualitative data analysis, namely: (1) data reduction, carried out with
several stages namely: the electoral phase, simplification of the abstraction, review, and transformation of data
obtained from the review of articles already exists, (2) The data feed, the data obtained does not contain things that
are irrelevant to the research and (3) the withdrawal of conclusions, this stage to record the patterns, regularity, and
linkage between section one with the other (Marsigit, 2012).

Results and Discussion:-

3.1 Technological Pedagogical and Content Knowledge (TPACK)

Based on the review of the article that has been done explained that before Technological Pedagogical Content
Knowledge (TPACK) first started from the discovery of Pedagogical Content Knowledge (PCK) which appeared in
Shulman article in In 1986. Shulman states the combination of Pedagogical Knowledge and Content Knowledge is
required to teach. According to Shulman, Pedagogical Content Knowledge (PCK) of a teacher is essential to create
useful learning for students. Speaking of Pedagogical Content Knowledge (PCK), there are two major parts that
make up Pedagogical Content Knowledge (PCK), Content Knowledge (CK) and Pedagogical knowledge (PK).
According to Shulman (1986), content knowledge includes knowledge of concepts, theories, ideas, skeletal thinking,
proving methods and evidence. While pedagogical knowledge relates to ways and teaching processes that include
knowledge of classroom management, assignment, learning and learning planning of students. Pedagogical Content
Knowledge (PCK) can be described as a link between the basic knowledge of content and pedagogy with all three
required fields of context. Then Hurrel (2013) depicted the Shulman's idea as follows:
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Figure 1:-Shulman‘s (1986) domains of pedagogical content knowledge

From the picture above, it is seen that Pedagogical Content Knowledge (PCK) is a combination of Content
knowledge and Pedagogical Knowledge that teachers apply in learning in the classroom by observing the existing
context. Furthermore, when information and communication technology develops very rapidly and began to enter
the school evenly, the children began to use information and communication technology in its daily life, it is time
teachers implement information technology and communication in its learning. But integrating information and
communication technologies into learning is a challenge that is not easily encountered. To answer the challenge, an
important theoretical framework that arises today in the use of information technology and communication by the
teacher is Technological Pedagogical Content Knowledge (TPACK).

The idea of Technological Pedagogical Content Knowledge (TPACK) appeared formally on the Education journal
in 2003 and began to be crowded with the year 2005 which was originally abbreviated to TPCK but changed to
TPACK to facilitate the pronunciation (Chai , et al., 2013). Technological Pedagogical Content Knowledge
(TPACK) is a technological knowledge, content knowledge, and Pedagogical knowledge, explaining the interaction
between every two knowledge and among all the knowledge.
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Figure 2:-Kohler‘s (2013) TPACK Framework
Technological Pedagogical Content Knowledge (Figure 2) describes the knowledge that is synthesized from every

knowledge that has been outlined before focusing on how technology can be made with special to be faced with the
needs of to teach the right content in a particular context. Every element of the field of knowledge illustrates the
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need and importance of such aspects in teaching. But for effective teaching requires more than every part of it. For
teachers with Technological Pedagogical Content Knowledge (TPACK), technological knowledge, pedagogy, and
content are synthesized and used for the design of student learning experiences.

3.2 Technological Pedagogical and Content Knowledge (TPACK) analysis on science teacher Development
TPACK is an effective teaching basis with technology. Simultaneously integrating knowledge about technology,
pedagogy and content, teachers can bring TPACK at any time to their teaching environment. TPACK is able to
foster the ability of science teachers in competency and transformation knowledge. TPACK is able to produce high
quality science teachers, TPACK competence can be used as the main attribute for the future of science teachers
because it can affect the practice (Srisawasdi, 2012). Several other studies have mentioned that TPACK is divided
into TPACK's trust and TPACK level. TPACK trusts are used as predictors, while TPACK levels are used to form a
case study. The results of the case study showed that there was a positive relationship between the TPACK trust and
TPACK level. TPACK's belief systems are consistently associated with their TPACK levels in some respects. When
epistemological beliefs are not considered, the relationship between other research variables demonstrates
consistency with previous research findings relating to the relationship between self and the conception of teaching
and learning (Gunes , 2016).

In another study, the introduction of the TPACK framework for science education, found results that 90% of pre-
service teachers thinking unit experiments increased their understanding of the investigation process, 88% reported
more confidence in their understanding About the concept of science and 94% of students report increased
knowledge and their belief in WEB 2.0 tools in favor of scientific investigation in science. The TPACK Model
provides a curriculum designer with a frame that leads to a combination of technology, pedagogy and content for
knowledge. Pre-Service teachers are able to explore issues that exist beyond the narrow reach of science and into
society, geography and history by using a science investigation process to frame their investigation (Sheffield,
2015). Guzey (2009) states that the use of TPACK has a positive impact on the various levels of teacher
development. The TPACK on contextual factors and pedagogical reasoning of the teacher affects the ability of
teachers to enact their classes and what they learn in school. Teachers ' pedagogy thinking skills affect the basic
knowledge of teachers needed to develop TPACK. In this case it can be seen that there is a link between the
development of TPACK teachers with pedagogical and their reasoning skills. Through pedagogical reasoning the
teacher can reflect their pedagogical action. Teachers give reviews of class instruction closely related to their
scientific conception, effective teaching of science and instructional strategies, teaching goals and student
understanding.

Other findings also indicate that most of the TPACK is associated with the disclosure of practical problems.
However, when further investigation is conducted, the orientation of the existing teachers appears more prominent in
the conversations in the learning process. In addition, when dealing with TPACK or PCK, most design talks reflect
the reflection of concern. Pedagogy is aimed not as a single domain of knowledge, but rather relates to two other
domains, so practical implications are discussed for how TPACK is able to support teachers during collaborative
design.

TPACK will produce effective ICT innovations, so the composition of the design team needs to be carefully
considered. Teachers also need to develop competencies, facilitate and discuss the design so that contextual
concerns can be turned into opportunities to support a pedagogic increase. These results indicate that in order to
improve TPACK co-construction, the teachers need to be consciously for deeper discussions about pedagogical.
However, factors such as class level and ICT competence of students need to be conducted further examination. The
results showed that even with the time prescribed for lesson planning, primary teachers 1 could still approach
pedagogical innovations through administration lenses.

Based on data analysis in the field indicating the presence of TPACK instruments that have been filled by the
participants, participants identify and divide the concept of material into simple content into a more meaningful form
of representation (Chamichael, et al., 2010). Participants use methods of learning discussions, information,
introductions, and assignments in the classroom. In that method, participants use projector, whiteboard, markers,
laptops, and CD players to support the process of discussions that students are doing by displaying student-generated
PowerPoint and some video impressions that play using CD player to support the conception of content in students.
During the discussion, students are guided by teachers on difficult materials, so that they can explain themselves
about the phenomenon of the phenomena contained in the content by using their PowerPoint impressions with video
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support to deepen the concept of material Students. Participants use the learning method of discussion so that
students can dig out their own knowledge and discover the concepts themselves. In addition, participants also
facilitated students using impressions that students and videos have made to help realize the difficulties found by the
students. Based on the TPACK components that have been outlined, the ability of the participant's TPACK is
included in the degree category as the participants can identify the difficulties of the content and are able to identify
the teaching methods according to technology. However, participants cannot explain how to use technology to
change content.

TPACK instruments that have been filled by the teachers show that the skills of SCIENCE teachers in the planning
of TPACK on the concept of material is taught mostly in the form of presentations and class discussions. This is due
to the 2013 curriculum which demands that students be able to find concepts in the material. In addition, the
supporting technology in the presentation and class discussion process is just a set of projector to show the
PowerPoint created by the group of students, although there are some teachers who use video and animation for
support in the process His studies. In the process of learning, SCIENCE teachers only act as facilitators in the
classroom. If any material is deemed difficult, the teacher will begin directing students to find its difficulties and
provide a perception of difficult content so that students feel easy and eventually overcome the difficulties in the
concept independently.

Based on the analysis of TPACK instruments that have been filled by the teachers, the ability of science teachers in
the implementation of TPACK components in the class belongs to the category of level of perception (Perception
Level-Pn). At this level of perception, the teacher already has a perception towards the harmonization of TPACK
components because through presentation and discussion, the teacher is able to identify the difficulties of the content
so that it can transform it into a simple form of content with Support of the appropriate use of technology, which is a
set of projector, video, and animated impressions. This shows that science teachers can identify content difficulties
and are able to identify the teaching methods that are appropriate to the technology. But teachers, cannot explain
how to use technology to change the content teachers will provide to students, so that teacher knowledge is only
centered on the use of projector, video, and animated impressions in the teaching process that teachers do in class.

Based on the explanation above, with Technological Pedagogical Content Knowledge (TPACK) affects the teacher.
It remembers the relationship between technology, pedagogy, and inherent content. Therefore, teachers face major
challenges in shifting technological changes, pedagogy, subject matter and current class contexts. Teachers should
have become more active in designing the curriculum. In addition to the impact on teachers, Technological
Pedagogical Content Knowledge (TPACK) also affects teacher educators. Among the various learning approaches, a
teacher educator should be more stressed on how teachers integrate technology in their teaching practice rather than
emphasizing what teachers integrate in teaching practice Their. The approaches that can be done include learning
technology by design and learning technology by activity types. The development of Technological Pedagogical
Content Knowledge (TPACK) should begin with a variety of simple technologies known then gradually improved to
the more sophisticated ones.

3.3 Factors affecting Science Teacher's TPACK capability

One of the factors that affects the ability of TPACK is the many learning experiences that teachers obtain through
seminars held by the Government in order to improve the quality of teachers. So that the duration of teaching
experience is not directly proportional to the increase of TPACK capability. This can be influenced by many factors,
such as the busyness of the senior teachers, causing senior teachers to not be able to do their time to learn new
things, especially the technological advances in Support the teaching process in the classroom. Therefore, most of
the senior teachers are still implementing many conventional methods of learning. In contrast, teachers with a 11-15-
year teaching experience can still perform transformations in its class using technology. This is because the busyness
of teachers who have a teaching experience of 11-15 years, not as much as the busyness that is owned by teachers
who have experience of teaching 16 years or more.

Conclusion:-

The most important challenge in education in the 21st century is to find and develop an efficient tool and can assist
in the teaching and learning process. It can be achieved if supported by technology. The technology used can
support the implementation of classroom learning as a teacher's instructional cognitive tool, learning and learning
process, and effective teaching. Effective teachers know not only the subject matter but are also able to create a
learning environment that stimulates and implements pedagogical strategies, including strategy-rich technology to
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engage students while to help improve their performance. Thus, technology, pedagogic and content has become a
part of teacher education program to prepare professional teachers. Technological Pedagogical Content and
Knowledge (TPACK) is currently considered as an important knowledge for highly qualified teachers. TPACK
describes the knowledge synthesized from each field of knowledge with a focus on how technology can be tailored
to be faced with pedagogical needs to teach the right content in a particular context.
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