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Abstract. The use of technology into science learning encounters problems. One of the
problem is teachers less technological pedagogical and content knowledge (TPACK) on the
implementation of technology itself. The purpose of this study was to investigate science
teachers' experience in using digital technology into science classroom. Through this study
science teachers' technological knowledge (TK) and technological content knowledge (TCK)
can be unpacked. Descriptive method was used to depict science teachers TK and TCK
through questionnaire that consisted of 20 questions. Subjects of this study were 25 science
teachers in Bandung, Indonesia. The study was conducted in the context of teacher
professional training. Result shows that science teachers still have less TK, yet they have high
TCK. The teachers consider characteristics of concepts as main aspect for implementing
technology into science teaching. This finding describes teachers’ high technological content
knowledge. Meanwhile, science teachers’ technological knowledge was found to be still low
since only few of them who can exemplify digital technology that can be implemented into
several science concept. Therefore, training about technology implementation into science
teaching and learning is necessary as a means to improve teachers' technological knowledge.

1. Introduction

Integrating technology into science teaching and learning has been concerned by many countries
[1,2,3,4]. Effectiveness of technology implementation in science teaching is the core of technology
integration itself. Nowadays, the implementation of technology into science teaching ill remains
some problems. The quality of technology implementation in science teaching and learning mainly
influenced by science teachers.

Technological pedagogical and content knowledge (TPACK) is considered as knowledge that
corresponds to teachers' ability to integrate technology into their class [1,5,6]. Numerous studies had
been carried out to investigate pre-service and in-science teachers TPACK. It is believed that pre-
service science teachers TPACK are till low in their last year of teacher preparation program [7].
Technologica pedagogical knowledge is believed to be factor that has the strongest relationship to
TPACK [8]. Science teachers achieve and reach competency of integrating ICT by means of TPACK
based professiona learning workshop [4]. Through collaborative design of technology-enhanced
science lessons, science teachers TPACK were found to be improved. In addition, there are three
kinds of science teachers who integrate technology into their teaching which are technology-infusive
(T1), technology transitiona (TR), and planning and design (PD) [9].
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Most of study about pre-service and in-service TPACK employed self-reported survey on TPACK
consisting question about technological knowledge, pedagogical knowledge and content knowledge.
Knowledge interplay are included in the survey which are technological pedagogical knowledge,
technological content knowledge, pedagogical content knowledge and technological pedagogical
content knowledge [10]. Another way to unpack TPACK were used by the utility of extended content
representation [6]. Nevertheless, there has not been any studies unpacking science teachers
experience on technological knowledge by using contextual instrument. Therefore, the purpose of this
study was to investigate science teachers’ experience on technology integration during professional
training. Contextual instrument was used in the study which is questionnaire about science teachers
technological knowledge and technological content knowledge.

2. Methods

This study utilized descriptive method to investigate science teachers experiencein integrating digital
technology. It is lead to the identification of science teachers technological knowledge and
technological content knowledge. Twenty five science teachers were involved in the study. Every
science teachers has different learning experience in regard to their working life. The study was
performed in the context of science teacher professional training. The training was aimed at
strengthening science teachers skill of conducting science teaching and learning in junior high
schoal.

This study used guestionnaire consisting of 20 questions. Seven guestions were asking science
teachers demography data. Nine questions were asking science teachers’ view about the necessity of
teacher professional training. Meanwhile, four questions were asking view about technology
integration. Questions concerning view about technology integration were composed in the form of
multiple type. Science teachers were asked about their habits of integrating technology into their
science classroom. The teachers were asked whether they never, always or sometimes integrating
technology. Those who aways or sometimes integrating technology into which unpacking type of
technology that they used whether digital or non-digital. Specific type of digital and non- digital
technology used were explore through open question attached in each type of technology chosen.

The type of digital technology were classified more detail into three groups which are: 1)
hardware, 2) software 3) online program. Another question was added to each group of digita
technology. Moreover, the last question asked science teacher preference of integrating digital
technology or non-digital technology into their teaching.

3. Result and Discussion

This section explains the description of science teachers’ experience in integrating technology that
lead to technological knowledge and technological content knowledge identification. Data gained are
expressed in chart.

3.1. Science Teachers' Technological Knowledge (TK)

In this study, science teachers’ experience in using technology into their classroom was the first
asked. Twenty four of 25 science teachers stated that they sometimes use technology into their
teaching. One teacher said he always use it. This fact indicates that amost all of the teachers
previoudy do not comprehend the word ‘technology’ refers to. They view technology as only digita
tools. Thisfacts indicate that science teachers’ TK are till low. Thisis because (TK) refersto several
technologies, from non-digital technologies such as pencil and paper to digital technologies such as
computer, software and online teaching tools [10]. Another feature indicating TK is knowledge about
modality modalities that are presented for delivering information [11]. In contrast, when science
teachers were asked to mention non-digital technology they used in their classroom, thirteen teachers
explain several standard technology they commonly used to support their teaching. This inconsistency
confirms less teachers' technological knowledge. Types of non-digital technology used is shown in
Table 1.
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Table 1. Type of non-digital technology in-use

Types Amount
Laboratory kits 11
Biology charts 1
M easurement 2
tools

Torso 1

Table 1 shows the most used of non-digital technology. It is found that |aboratory kit is the most
used. Thisfact imply that non-digital technology still preferable to support science laboratory activity.
There has not been any digital aid that is used to support laboratory activity. Whereas, digita
technology was found can be used to support inquiry instruction [12] even it is possible to carry out
inquiry based computational experiment [13].

Another indication of science teachers TK is the number of digital technology types they
commonly used during their teaching experience. Data from questionnaire shows that hardware that
mostly used by the teachers are computer, laptop, and smartphone. Meanwhile, software used are
power point presentation, and flash animation. This finding indicates science teachers less
technologica knowledge since there are a large number of software that can be used to support
science teaching. For example, digital video software, word processing/desktop publishing, digital
audio software, digital imaging software can be used to support their teaching [1]. Spreadsheet is aso
another variant that can support the teaching [14]. Moreover, the teachers states only use E-learning to
support their teaching. Neverthel ess, science teaching and learning can also be supported by the use of
online text book [1].

3.2. Science Teachers Technological Content Knowledge (TCK)

Technologica content knowledge (TCK) refers to knowledge about how to choose technol ogies that
high represent and endorse certain content-based precepts [10]. Technological content knowledge
(TCK) can be embodied by the content-specific software [1]. Based on the questionnaire, science
teachers have enough TCK. It is indicated by the content specific software that they mentioned when
being asked about digita technology within their teaching experience.

Several science topics are considered to be appropriate with the utility of learning software. Those
topics are: 1) Excretion 2) Reproduction 3) Organ system 4) Digestive system 5) Circulatory system
6) States of matter 7) Heat 8) Light and 9) Solar system. Some of the topics are appropriate to be
conducted by software utility since they contain abstract concepts. However, it is also found that the
teachers used software for conveying the topic of ‘ States of Matter’ which is more appropriate when
being implemented by hands on activity. Nevertheless, there is no further information describing
whether the software used fully or complementary. This condition is limitation of this study. Multiple
data resources are then important to explore this fact more deeply and to better understand science
teachers’ technological knowledge.

The sufficient of science teachers' technological content knowledge in this study is also found by
analyzing teachers answer about the preferable technology to support science teaching and learning.
Five teachers viewed that digital technology is the best tool. Two teachers considered non-digital
technologies is better. Meanwhile 18 science teachers preferred both of digital and non-digital
technologies. The use of those two kinds of technology should be matched with characteristics of the
concepts. Thisfinding in line with belief that TCK supports teachers to match technology with certain
content [15].

4. Conclusion

Based on the study it is concluded that science teachers generaly have a lot of experience in
integrating technology into science teaching and learning. Nevertheless, the teachers experiences
were limited since they till have low technological knowledge. Most teachers view technology as
digital devices but further realize low-tech technology as standard technology. This less technological
knowledge impact on experience in using software to support the teaching. Wheresas, science teachers
TCK is found to be better than their TK. It is indicated by the content specific software that they
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mentioned when being asked about digital technology within their teaching experience. However,
there is no detail information explaining whether the teachers use software fully or complementary.
This condition is the limitation of this study. Multiple data resources are then important to explore this
fact more deeply and to better understand science teachers' technologica knowledge.

5. References

[1] Pringle R M, Dawson K and Ritzhaupt A D 2015 Integrating Science and Technology: Using
Technological Pedagogical Content Knowledge as a Framework to Study the Practices of
Science Teachers Journal of Science Education and Technology 24 648-62

[2] Chittleborough G 2014 Learning How to Teach Chemistry with Technology: Pre-Service
Teachers Experiences with Integrating Technology into Their Learning and Teaching
Journal of Science Teacher Education 25 373-93

[3] KhineM S, Ali N and Afari E 2016 Exploring relationships among TPACK constructs and ICT
achievement among trainee teachers Education and Information Technologies 1-17

[4] Getenet ST, Beswick K and Callingham R 2016 Professionalizing in- service teachers focus
on technologica pedagogical and content knowledge Education and Information
Technologies 21 19-34

[5] Mishra P and Koehler M J 2006 Technological pedagogical content knowledge: a framework
for teacher knowledge Teach Coll Rec 10 17-54

[6] Agustin R R and Liliasari L 2016 Investigating Pre-Service Science Teachers (PSTSs)’
Technological Pedagogical Content Knowledge Through Extended Content Representation
(CoRe) In MSCEIS Indonesia Journal of Physics

[71 Agustin R R and Liliasari L 2016 Pre-service science teachers readiness to integrate
technology (an exploration toward tpack in preliminary practical context) Jurnal Pengajaran
MIPA 22

[8] LinT-C, Tsai C-C, Chai C Sand Lee M-H 2013 Identifying Science Teachers Perceptions of
Technological Pedagogica and Content Knowledge (TPACK) Journal of Science Education
and Technology 22 325-36

[9) Yeh Y-F, Lin T-C, Hsu Y-S, Wu H-K and Hwang F-K 2015 Science Teachers Proficiency
Levels and Patterns of TPACK in a Practical Context Journal of Science Education and
Technology 24 78-90

[10] Schmidt D A, Baran E, Thompson A D, Mishra P, Koehler M J and Shin T S 2009
Technological Pedagogica Content Knowledge (TPACK) Journa of Research on
Technology in Education 42 123-49

[11]] Agyei D D and Keengwe J 2014 Using technology pedagogical content knowledge
development to enhance learning outcomes Education and Information Technologies 19
155-71

[12] MaengJL, Mulvey B K, Smetana L K and Bell R L 2013 Preservice Teachers TPACK: Using
Technology to Support Inquiry Instruction Journal of Science Education and Technology 22
838-57

[13] Psycharis S 2016 Inquiry Based-Computationa Experiment, Acquisition of Threshold
Concepts and Argumentation in Science and Mathematics Education Journal of Educational
Technology & Society 19 282-93

[14] Niess M L, Zee E H v and Gillow-Wiles H 2010 Knowledge Growth in Teaching
Mathematics/Science with Spreadsheets: Moving PCK to TPACK through Online
Professiona Development Journal of Digital Learning in Teacher Education 27

[15] Abbitt J T 2011 Measuring Technological Pedagogical Content Knowledge in Preservice
Teacher Education Journa of Research on Technology in Education 43 281-300



