Development of Science Teachers’ TPACK

Ying-Shao Hsu
Editor

Development of Science
Teachers’ TPACK
East Asian Practices

Editor
Ying-Shao Hsu
Graduate Institute of Science Education
National Taiwan Normal University
Taipei, Taiwan

ISBN 978-981-287-440-5
ISBN 978-981-287-441-2
DOI 10.1007/978-981-287-441-2

(eBook)

Library of Congress Control Number: 2015941023
Springer Singapore Heidelberg New York Dordrecht London
© Springer Science+Business Media Singapore 2015
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, express or implied, with respect to the material contained herein or for any errors
or omissions that may have been made.
Printed on acid-free paper
Springer Science+Business Media Singapore Pte Ltd. is part of Springer Science+Business Media
(www.springer.com)

Preface

Teaching with technology has been widespread around the world for many years,
and it continues to increase and change with greater access to and variety of technologies. Taking the United States as an example, at least one computer was available in 97 % of its classrooms in 2009 (Gray, Thomas, & Lewis, 2010). The fever
about pursuing electronic classrooms has spread to developing countries. Zhang
(2007) reported that governments of most Eastern countries launched projects or
reforms in classrooms since 2000 to infuse information and communication technologies (ICT). As early as 2002, Taiwan, Hong Kong, and three other Asian countries were listed among the countries with high ICT access (International
Telecommunication Union, 2003; Ono, 2005). The Ministry of Education in Taiwan
announced the Blueprint of Information Education in Elementary and Junior High
Schools (Ministry of Education, 2008) to strengthen students’ technology literacy,
which included increasing the hours for information courses in the curriculum and
enhancing teachers’ technology application abilities. This call for technology literacy should not be confused with engineering/technology literacy advocated as part
of the science, technology, engineering, and mathematics (STEM) initiative in the
recent framework of science education in the USA (National Research Council
[NRC], 2012; Yore, 2011); but ICT literacy is a contributing component to these
science, mathematics, and engineering/technology literacies.
It appears that in Asia the technological hardware, software applications, and
curricular authority are in place. Demands for teacher education to refine science
teachers’ technology usage are needed in Taiwan, Hong Kong, and elsewhere. Sung,
Chang, and Hou (2005) pointed out that most of the teacher education courses in
Taiwan regarding ICT literacy emphasized technological skills and lacked meaningful connections with pedagogy or subject area content. Practicing teachers reported
positive attitudes toward technology implementation and knowledge about constructivist approaches as being effective strategies when teaching with technology,
but their actual implementation was limited (Chen, 2008). As for the situation in
Hong Kong, Fox and Henri (2005) found that teachers’ teaching practices with technology changed little due to the administrative overloads and busy work even though
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the government introduced a policy that promoted a shift of curriculum and
instruction to a student-centered focus. Gaps are common between teachers’ actual
implementation of technology and their knowledge levels or the expectations others
place on them regarding teaching with technology. Some other problems that may
discourage teachers’ use of technology included the lack of teaching experience,
negative perceptions of technology, insufficient on-site time, and technical or financial support (Mumtaz, 2000).
Clearly, helping teachers to teach with technology is critical to contemporary
education since it will meet the needs of Net Generation students, capitalize on
the potential of ICT to enrich and expand learning opportunities, and increase
the effectiveness of the learning–teaching experience. Teachers’ use of
PowerPoint presentations to deliver their instruction in an organized way is a
good first step to ICT-enriched instruction. However, there are still more profound possibilities where technology can be used to serve teaching and learning
needs. Flexible uses of technology to realize content knowledge delivery and
student learning are worth pursuing, such as through presenting natural phenomenon or allowing students to do simulated experiments in classrooms. It is only
when teachers possess Technological Pedagogical Content Knowledge (TPACK;
Mishra & Koehler, 2006) that would enable them to design and implement
instruction with best considerations of students, curriculum, and technology.
Assuming that the quality of teachers’ technology utilization partially determines the quality of students’ learning effects, then professional development of
teachers’ TPACK deserves a fuller investigation to identify what can be done
better.

Purpose of the Book
The Science Education Center at National Taiwan Normal University has been
exploring topics of science teaching and learning and designing technology-enabled
science instruction for years. With these longitudinally academic research endeavors, the Center received grants from the Aim for the Top University Project that is
funded by the Ministry of Science Education in Taiwan for making an overall
improvement for science education in terms of science learning, teaching practice,
policy, and research. This book tries to report on what the Center and its associates
have done in promoting science teachers’ instructional knowledge in teaching with
technology and how they refine their science instruction with technological supports. Important TPACK issues, professional development, and teacher development are discussed, including theoretical and practical concerns, knowledge
framework construction and evaluation rubrics, and actual observations on science
teachers’ TPACK development.
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Organization of the Book
As Sir Isaac Newton wrote in a letter to Robert Hooke in 1676, “If I have seen
further it is by standing on the shoulders of giants.” Relying on the works of
Shulman, Mishra, Koehler, Angeli, Valanides, and some other researchers, we
propose a TPACK framework called TPACK-Practical (TPACK-P) within which
teaching practices play key roles in contextualizing and evolving teachers’ knowledge in teaching with technology. Some related empirical studies that we have done
based on TPACK-P to investigate and develop science teachers’ TPACK are reported
in chapters. In order to make the book more diverse in its content, we invited some
researchers who use an integrative TPACK framework to share with us their research
findings in some chapters. Hopefully, with empirical studies based on two major but
different TPACK frameworks, we can provide our readers a comprehensive understanding of the development of teachers’ TPACK and stimulate further studies that
inform teacher education programs.

Part I – TPACK in Teaching Practices
Part I reports how TPACK is epistemologically defined and actually shaped. Most
of the current TPACK frameworks were heuristic based, that is, trying to find out
what constitutes teachers’ TPACK and to seek ways to further refine current teacher
education. In this section, we are eager to unveil how TPACK is composed from
practical teaching and learning contexts such as in science classrooms. We think
sketches of the TPACK that teacher educators and science teachers have would
inform the current development status of teachers’ TPACK and provide insights
about how we can work on and with it. In Chap. 1, we provide a brief overview
introducing why TPACK is viewed as a strand of teachers’ pedagogical content
knowledge (PCK) and how the conceptualizations of the integrative frameworks
and transformative frameworks inherited from PCK were instrumental in our view
of TPACK. With the basic understanding of these two different schools of thought
on the development of teachers’ instructional knowledge, this chapter also raises the
importance of students and content in teachers’ TPACK development and classroom
implementation. Chapter 2 begins with a synthesis of the frameworks and factors
that we have known about TPACK based on previous research findings. The study
that informed this chapter focused on knowing more about how TPACK is carried
out within an actual teaching context. The authors invited a research panel and an
expert teacher panel to participate in a Delphi survey to identify a practical framework of TPACK that teachers develop for and from actual teaching contexts. The
authors in Chap. 3 documented inservice science teachers’ use of technology when
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they designed their own curricula, enacted their teaching, and assessed their
students’ learning progress. Profiles of teachers who develop their TPACK-P with
different proficiency levels are presented. Chapters 2 and 3 will familiarize readers
about what TPACK-P in science teaching practices looks like and how we can
strengthen science teachers’ TPACK-P.

Part II – The Transformative Model of TPACK
The chapters in Part II take the transformative approach to view the development of
teachers’ TPACK. In Chap. 4, we try to construct rubrics that can be useful for
evaluating preservice teachers’ performances regarding lesson planning and
microteaching in technology-infused classrooms. Though limited in number of participants, profiles of the seven preservice teachers’ lesson plans and microteaching
performances were carefully analyzed, suggesting directions for future teacher education. The longitudinal, complicated, and dynamic development varied for these
TPACK exhibits, which makes knowledge measurement a difficult task. Findings
from this chapter are expected to make contributions to the literature of TPACK
measurements. In Chap. 5, the authors propose a teacher community of practice in
which teachers with different proficiency levels in TPACK work together, not only
for developing android applications (APPs) on multitouch tablets to facilitate students’ physics learning but also for strengthening each others’ TPACK-P for better
accommodating student learning.

Part III – The Integrative Model of TPACK
Part III takes the integrative perspective to view the development of teachers’
TPACK as an alternative perspective in applying TPACK in teacher education.
Authors in Chap. 6 propose a model, MAGDAIRE (modeled analysis, guided development, articulated implementation, and reflected evaluation), to foster preservice
teachers’ ability to integrate ICT and teaching. They discuss how MAGDAIRE significantly increased preservice teachers’ Flash knowledge and skills facilitated the
development of their TPACK-Flash and led to better integration of the knowledge
components. In Chap. 7, Hong Kong teachers’ use of multimedia resources is analyzed using the TPACK framework to provide tangible understanding of how technology supports teaching and learning in elementary schools. Data collection
included a revised questionnaire on TPACK and lesson observations of teachers’
use of pedagogies with follow-up interviews, which provided some useful information to enhance our understanding of how multimedia resources are used in primary
classrooms and initiated ideas about elementary teachers’ teaching practices with
technology.
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Part IV – Epilogue
Chapter 8 provides external reflections and an international perspective to Chaps. 1,
2, 3, 4, 5, 6, and 7. Since this book discusses the development of teachers’ TPACK
in teaching practice, the Epilogue comments on how efficient these teachers or
teacher educators were in the development of TPACK from epistemological and
practical points of view. Insights for constructing a more teacher- and learnerfriendly classroom with ICT implementation are offered.
Throughout this book, we would like to share with our readers what TPACK
looks like when science teachers apply it in their teaching practice as well as what
we have done in developing science teachers’ TPACK from different perspectives.
Perspectives and findings mainly from Taiwan and some from Hong Kong may not
depict full pictures of the science teachers in the digital era in Asia or around the
world. However, we expect these studies can be cases that give future researchers or
educators insights about how educational negotiations between teaching and technology can be made. At the same time, we also look forward to more studies that
investigate how science teachers can better teach with technological applications
that include fundamental considerations of pedagogical concerns, science knowledge, and the dynamics and diversity of students and teachers. Technology can be
constructive to student learning only if it is properly used and meaningfully engaged
into instruction. Otherwise, technology can be a tool like blackboards that serve
only as a knowledge displayer instead of a knowledge facilitator.

Acknowledgments
This book (Chaps. 1–5) was partially supported by the “Aim for the Top University
Project” of National Taiwan Normal University (NTNU), sponsored by the Ministry
of Education, Taiwan, R.O.C. The authors gratefully acknowledge the assistance of
Prof. Larry Dean Yore and his wife, Sharyl Yore.
Taipei, Taiwan

Ying-Shao Hsu

References
Chen, C.-H. (2008). Why do teachers not practice what they believe regarding technology integration? Journal of Educational Research, 102(1), 65–75.
Fox, R., & Henri, J. (2005). Understanding teacher mindsets: IT and change in Hong Kong schools.
Educational Technology & Society, 8(2), 161–169.
Gray, L., Thomas, N., & Lewis, L. (2010). Teachers’ use of educational technology in U.S. public
schools: 2009 (NCES 2010–040). Washington, DC: National Center for Education Statistics,
Institute of Education Sciences, US Department of Education.

x

Preface

International Telecommunication Union. (2003, November 19). ITU digital access index: World’s
first global ICT ranking [Press release].
Ministry of Education. (2008). White Paper on information technology education for elementary
and junior high schools 2008–2011. Taipei, Taiwan: Author.
Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: A framework
for teacher knowledge. Teachers College Record, 108(6), 1017–1054.
Mumtaz, S. (2000). Factors affecting teachers’ uses of information and communications technology: A review of the literature. Journal of Information Technology for Teacher Education, 9(3),
319–342.
National Research Council. (2012). A framework for K–12 science education: Practices,
crosscutting concepts, and core ideas (H. Quinn, H. A. Schweingruber, & T. Keller, Eds.).
Washington, DC: National Academies Press.
Ono, H. (2005). Digital inequality in East Asia: Evidence from Japan, South Korea, and Singapore.
Asian Economic Papers, 4, 116–139.
Sung, Y.-T., Chang, K.-E., & Hou, H.-T. (2005). Technology-instruction integration: Learning
from America’s experience and reflecting on Taiwan’s development. Bulletin of Educational
Research, 51(1), 31–62.
Yore, L. D. (2011). Foundations of scientific, mathematical, and technological literacies – Common
themes and theoretical frameworks. In L. D. Yore, E. Van der Flier-Keller, D. W. Blades, T. W.
Pelton, & D. B. Zandvliet (Eds.), Pacific CRYSTAL centre for science, mathematics, and technology literacy: Lessons learned (pp. 23–44). Rotterdam, The Netherlands: Sense.
Zhang, J. (2007). A cultural look at information and communication technologies in Eastern education. Education Technology Research Development, 55(3), 301–314.

Contents

Part I TPACK in Teaching Practices
1 The Development of Teachers’ Professional
Learning and Knowledge .........................................................................
Ying-Shao Hsu

3

2 The TPACK-P Framework for Science Teachers
in a Practical Teaching Context ...............................................................
Ying-Shao Hsu, Yi-Fen Yeh, and Hsin-Kai Wu

17

3 The Current Status of Science Teachers’ TPACK
in Taiwan from Interview Data ................................................................
Tzu-Chiang Lin and Ying-Shao Hsu

33

Part II The Transformative Model of TPACK
4 Rubrics of TPACK-P for Teaching Science with ICTs ..........................
Yi-Fen Yeh, Sung-Pei Chien, Hsin-Kai Wu, and Ying-Shao Hsu

53

5 Applying TPACK-P to a Teacher Education Program ..........................
Yi-Fen Yeh, Fu-Kwun Hwang, and Ying-Shao Hsu

71

Part III The Integrative Model of TPACK
6 Developing Preservice Teachers’ Sensitivity to the Interplay
Between Subject Matter, Pedagogy, and ICTs .......................................
Yu-Ta Chien and Chun-Yen Chang

91

xi

xii

Contents

7 Examining Teachers’ TPACK in Using e-Learning
Resources in Primary Science Lessons.................................................... 105
Winnie Wing-Mui So, Apple Wai-Ping Fok,
Michael Wai-Fung Liu, and Fiona Ngai-Ying Ching
Part IV

Epilogue

8 The End of the Beginning: An Epilogue.................................................. 133
Punya Mishra and Danah Henriksen
Author Index.................................................................................................... 143
Subject Index ................................................................................................... 149

Contributors

Chun-Yen Chang is a Professor of the Graduate Institute of Science Education at
NTNU. He received his PhD from the University of Texas. Dr Chang served as the
President of the National Association for Science Education in Taiwan (NASET)
from 2011 to 2012 and now continues his work as the Associate Editor for the
Journal of Geosciences Education. He is also on the Editorial Board of two SSCIlevel journals: Studies in Science Education (science education) and Learning,
Media & Technology (instructional technology) and served on the Editorial Board
of Journal of Research in Science Teaching (science education) and as the Associate
Editor for the International Journal of Science and Mathematics Education both
from 2010 to 2013. Dr Chang has authored and coauthored more than 100 articles,
including almost 80 papers indexed in the Science/Social Science Citation Index
(SCI/SSCI) database. In 2003, 2009, and 2012, he received the Outstanding
Researcher Award in 2003, 2009, and 2012 from National Science Council of
Taiwan.
Sung-Pei Chien is a doctoral student in science education at National Taiwan
Normal University, Taipei. His research interests include teacher education, teachers’
beliefs, and teachers’ community. His work has been published in Computers in
Human Behavior, Journal of Educational Computing Research, and International
Journal of Science and Mathematics Education. He also serves as a manuscript
reviewer of International Journal of Science and Mathematics Education.
Yu-Ta Chien is a doctoral student in science education at the NTNU. He also serves
as an engineer at the Science Education Center for developing e-learning environments. His research mainly focuses on using emerging technologies to facilitate
science learning and teaching in the classroom. He has published several articles in
international journals, such as Computers & Education, British Journal of
Educational Technology, and Teaching and Teacher Education.

xiii

xiv

Contributors

Fiona Ngai-Ying Ching is a PhD candidate at the Department of Science and
Environmental Studies of The Hong Kong Institute of Education. Deeply interested
in the brain, her research is focused on the preservice teachers’ neuroscience literacy
and perceptions of the application of neuroscience research in education with an
aim to provide recommendations for making neuroscience part of initial teacher
education. She is also interested in science education and ICT in education.
Apple Wai-Ping Fok is the Project Director of Pervasive Educational Technology
Group, Centre for Innovative Applications of Internet and Multimedia Technologies
(AIMTech Centre), City University of Hong Kong; and the CEO of Sky Jump
Enterprise Limited, a limited liability company incorporated in Hong Kong. She
received her PhD in Computer Science specializing in personalized education from
City University of Hong Kong. Her current R&D activities mainly focus on applying personalization technologies, intelligence agents, and semantic web technologies in education. Dr Fok created a full-scale e-education platform and deployed a
blended learning curriculum framework with a unique e-pedagogical approach that
enhances learning and teaching effectively.
Danah Henriksen is a Visiting Assistant Professor in the Educational Psychology
and Educational Technology program at Michigan State University, East Lansing.
She received her Ph.D. in educational psychology and educational technology from
Michigan State University. Her research and scholarship has focused on creativity
in teaching learning and the role that digital technologies can play in the process,
specifically characteristics of the most effective and creative teachers, evaluation
schemas for creative work, and transdisciplinary thinking. She coleads the College’s
Deep-Play Research Group, which focuses on research related to creativity, transdisciplinary thinking, and the twenty-first-century issues of teaching and learning.
She serves as Assistant Chair of the Creativity SIG at the Society of Information
Technology in Teacher Education.
Ying-Shao Hsu is an Adjunct Professor of Graduate Institute of Science Education
and the Department of Earth Sciences at the National Taiwan Normal University
(NTNU). Currently, she is also the director of Graduate Institute of Science
Education at present and Research Chair Professor of NTNU. She received her
PhD degree in 1997 from the Department of Curriculum and Instruction at the
Iowa State University. Her expertise in research includes technology-assisted
learning, inquiry learning of science, science curriculum design, and earth science education. She has published journal articles in leading journals of science
education such as Science Education, International Journal of Science Education,
British Journal of Educational Technology, International Journal of Science and
Mathematics Education, and Research in Science Education. She currently serves
the Editorial Board of International Journal of Science and Mathematics
Education and as a reviewer for several SSCI journals. She is a recipient of
Outstanding Research Award of the National Science Council in February 2012.

Contributors

xv

Fu-Kwun Hwang is a Professor of Department of Physics at the National Taiwan
Normal University. He received his PhD degree in 1992 from the University of
Maryland. By viewing that most high-school students in Taiwan did not like physics, he devoted himself in making science learning more fun and more friendly by
applying physics concepts to nature phenomena or everyday life. With research
interests on the use of computer tools for the conceptual understanding of physics,
he has developed hundreds of physics-related java applets on the web to help students to play with physics models in the simulation and enjoy the fun of physics.
The applets or the educational websites he constructed not only received honors
from major educational institutes around the world but also be deemed useful
among teachers and more than 88 mirror sites were created.
Tsung-Hau Jen is an assistant researcher at the Science Education Center at
NTNU. He received his PhD in 2000 from NTNU with a specialization in largescale assessments, and he develops innovative assessment theories, constructs
online assessment platforms, and promotes innovative assessments in science classrooms at primary and secondary schools. Besides being an active author and
reviewer for international journals, he is also a popular speaker who gives both talks
and workshops on the topics of educational measurements for science education
researchers and in-service teachers.
Tzu-Chiang Lin is a postdoctoral researcher of the Graduate Institute of Digital
Learning and Education at the National Taiwan University of Science and
Technology. He received his PhD in 2012 from the Department of Life Science at
NTNU. His research interests include science education, science teacher education,
and educational technology. He has published journal articles in the field of educational research, such as International Journal of Science and Mathematics Education
and Journal of Science Education and Technology. He has also served as a paper
reviewer for journals such as Cyberpsychology, Behavior, and Social Networking
and Computers & Education.
Punya Mishra is Professor of Educational Technology at Michigan State University,
East Lansing, where he directs and teaches in the Master of Arts in Educational
Technology program. He received his Ph.D. in educational psychology from the
University of Illinois, Urbana–Champaign. He chairs the Creativity SIG at the
Society for Information Technology in Teacher Education and is former chair of the
Innovation and Technology Committee of the American Association of Colleges of
Teacher Education. He has worked extensively in the area of technology integration
in teacher education which led to the development (in collaboration with Dr. M. J.
Koehler) of the Technological Pedagogical Content Knowledge (TPACK) framework, which has been described as being “the most significant advancement in the
area of technology integration in the past 25 years.” He is nationally and internationally recognized for his work on the theoretical, cognitive, and social aspects related
to the design and use of computer-based learning environments. He has received
over $7 million in grants, has published over 50 articles and book chapters, and has
edited two books.

xvi

Contributors

Michael Wai-Fung Liu is currently the panel head of General Studies of Ying Wa
Primary School and was a Project Officer of Department of Science and
Environmental Studies of the Hong Kong Institute of Education in 2012. Mr Liu has
been invited to share his experience in curriculum development and teaching of
General Studies by the teacher education institute as well as the Education Bureau
of HKSAR. He has a Bachelor of Education degree in 2007 from the Hong Kong
Institute of Education and received his Master of Arts degree in Curriculum
Development and Teaching of Liberal Studies in 2012 from The Chinese University
of Hong Kong.
Winnie Wing-Mui So is the Head and Professor of Department of Science and
Environmental Studies, as well as the Associate Dean of the Graduate School at the
Hong Kong Institute of Education. She is also the Director of the Centre for
Education in Environmental Sustainability. She received her PhD in science teaching and learning from the University of Hong Kong. Professor So has rich and
diversified experiences associated with learning and teaching of science in primary
and secondary classrooms as well as teacher education. She has published her
research in the Computers and Education, International Journal of Mathematics
and Science Education, Educational Research Journal, etc.
Hsin-Kai Wu is a Professor of Graduate Institute of Science Education at the National
Taiwan Normal University. She has a MS degree in organic chemistry and received
her PhD degree in science education from the University of Michigan. She has published journal articles on chemistry visualization, scientific inscriptions, learning
technologies, and inquiry learning in leading journals of science education. Currently,
she serves the Editorial Board of Science Education and Journal of Research in
Science Teaching, and she is also an Associate Editor of the Internal Journal of
Science and Mathematics Education. Dr Wu was the 2003 recipient of the Outstanding
Dissertation Award from the US-based National Association for Research in Science
Teaching (NARST). In 2004, her research work was recognized by Wu Da-Yu
Memorial Award from the National Science Council in Taiwan. She also received the
Early Career Award from NARST, which is giving annually to the early researcher
who demonstrates the greatest potential to make outstanding and continuing contributions to research in science education. She is also a recipient of Outstanding Research
Award of the National Science Council in February 2009 and 2014.
Yi-Fen Yeh is a project-appointed research scientist of Science Education Center at
the National Taiwan Normal University. She received her PhD in 2010 from the
Department of Curriculum and Instruction at Texas A&M University. Her research
interests include technological pedagogical content knowledge (TPACK),
technology-assisted learning, science reading, and scientific inquiry. She has published articles in international journals, such as International Journal of Science
Education, the Journal of Science Education and Technology, and School of Science
and Mathematics.

