


This groundbreaking handbook offers a contemporary and thorough review of research relating 
directly to the preparation, induction, and career long professional learning of K–12 science teachers.

Through critical and concise chapters, this volume provides essential insights into science teacher 
education that range from their learning as individuals to the programs that cultivate their knowledge 
and practices. Each chapter is a current review of research that depicts the area and then points to 
empirically based conclusions or suggestions for science teacher educators or educational researchers. 
Issues associated with equity are embedded within each chapter. Drawing on the work of over 100 
contributors from across the globe, this handbook has 35 chapters that cover established, emergent, 
diverse, and pioneering areas of research, including:

• Research methods and methodologies in science teacher education, including discussions of the 
purpose of science teacher education research and equitable perspectives;

• Formal and informal teacher education programs that span from early childhood educators to 
the complexity of preparation, to the role of informal settings such as museums;

• Continuous professional learning of   science teachers that supports building cultural responsiveness 
and teacher leadership;

• Core topics in science teacher education that focus on teacher knowledge, educative curricula, 
and working with all students; and

• Emerging areas in science teacher education such as STEM education, global education, and 
identity development.

This comprehensive, in-depth text will be central to the work of science teacher educators, 
researchers in the field of science education, and all those who work closely with science teachers.
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This book is dedicated to science teachers who graciously opened and open their  
classrooms to collaborate with science teacher educators and researchers.  

Every time we work together, we learn together. 
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She is Senior Researcher at the Samuel Neaman Institute for National Policy Research, Haifa, 
Israel. She has been intermittently Visiting Professor or Visiting Scholar at Massachusetts Institute of 
Technology between 2000 and 2014 and during 2020. Professor Dori research interests encompass 
educational technology, teacher education, assessment, 21st-century STEM skills, and metacogni-
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interest and understanding within science.

Margarita Gómez is Professional Development Coordinator of the STEM-Academia Program 
at the Colombian Academy of Sciences, Colombia. She has worked in teacher training for more 
than 10 years and has contributed to the elaboration of educational materials for science and math-
ematics in primary education. At this moment she coordinates professional development actions at 



Contributors

xx

STEM-Academia, a program of the Colombian Academy of Science that aims to promote science, 
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aspects of the out-of-field teaching phenomenon, particularly on the experiences of teachers who 
teach mathematics and science out-of-field. Her recent research funded internally is exploring the 
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language, and chemistry education within the contexts of secondary education and science teacher 
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identifying factors and strategies to enhance science career aspirations and studying new approaches 
to convergence science education.
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the author of many scientific papers published in international journals and is Joint Founding Editor 
of the online science journal Action Research and Innovation in Science Education (ARISE).

Vanessa Kind is Professor of Education and Head of the School of Education at Leeds University, 
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Professor Abdelkrim Hasni. She used to work in orthopedagogy in high school. She is a lecturer at 
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scientific conceptions, nature of science, scientific inquiry, and science teacher professional develop-
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is currently a PhD candidate at the University of San Andrés, Argentina. Since 2014 she has been a 
member of the Science Education Program at the same university, participating in various research 



Contributors

xxv

and professional development projects related to science teaching at all educational levels. She has 
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in Argentina. Her current research interests revolve around the planning and decision-making 
processes of primary-level teachers, and the ways in which these relate to curriculum policies and 
materials.

Edward G. Lyon is Associate Professor of Science Education at Sonoma State University, USA. 
Dr. Lyon researches how science teachers learn and enact core instructional and assessment prac-
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guage Development, and co-led the NSF-funded Secondary Science Teaching with English Language 
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and useful for elementary school students. She is the 2019 recipient of the Early Career Research 
Award from the National Association for Research in Science Teaching and recently served on the 
National Academies of Science and Engineering Committee on Enhancing Science and Engineering in 
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for science teachers in public schools of the Chilean Ministry of Education. She also coordinated 
the team that proposed the Standards of Chemistry Teachers Education programs in Chile and col-
laborates permanently with schools and educational institutions.

Felicia Moore Mensah is a Professor of science education, and Department Chair of Mathematics, 
Science, and Technology at Teachers College, Columbia University, New York, USA. Dr. Mensah 
has published extensively, where her work addresses issues of diversity, equity, and identity in science 
education. Her most recent research utilizes critical race theory and intersectionality to transform 
teacher education research and practice. Her work on the experiences of Teachers of Color and pre-
paring future teacher educators for racial literacy combines years of teaching, mentoring, and out-
reach. Dr. Mensah was the recipient of the 2017 Outstanding Science Teacher Educator of the Year 
(ASTE); the 2012 Early Career Award, Division K Teaching and Teacher Education (AERA); and an 
Equity and Ethics Scholar in 2005 (NARST). Dr. Mensah is a Past President of Sisters of the Acad-
emy Institute, or SOTA, an organization that supports the success of Black women in higher edu-
cation. Among other activities, she is co-editor of the Journal of Research in Science Teaching (JRST).

Cristian Merino is an Adjunct Professor in Chemistry Teaching at different educational levels, 
at the Institute of Chemistry of the Pontificia Universidad Católica de Valparaíso, Chile. He has 
a bachelor’s degree in Chemistry Education at the Pontificia Universidad Católica de Valparaíso 
(Chile), and a PhD in science education at the Universitat Autònoma de Barcelona (Spain). His 
research interests focus on the characterization of school chemical activity for the development and 
analysis of innovation activities that favor the construction of school-scientific explanations, with an 
emphasis on the transition between phenomenon and theory under a modeling approach for initial 
science teacher preparation (especially in chemistry), as well as experimental work and the teaching 
of chemistry through technological mediations.

Sabela F. Monteira is an educational researcher at the SciTeach Center at the University of Lux-
embourg, Luxembourg. Her work focuses on the collaborative creation of resources for promoting 
science teaching and learning during the early ages, as well as for supporting the development of 
creative spaces for engaging in science. She is also a preservice teacher educator (PhD, ed., Universi-
dade de Santiago de Compostela, Spain) and former chemist (BSc, chemistry, University of Glasgow, 
Scotland). Her research uses ethnographic methods in order to investigate the multiple ways through 
which young children and their teachers collectively engage in inquiry along the first 3 years of 
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formal schooling. Her work focuses on how children’s engagement in the disciplinary practices of 
science evolves from 3 to 6 years of age and on how teachers foster the development of children’s 
communication and representational skills, as well as cognitive and affective scaffolding strategies that 
promote increasing children’s autonomy.

Patricia Moreira is a natural science and chemistry teacher in Chile. She received her PhD in sci-
ence education at the Pontificia Universidad Católica de Chile (Chile) in 2019. Moreira has 6 years 
of experience teaching at both middle and high school levels in Chile, and the last 6 years as a teacher 
educator at Pontificia Universidad Católica de Chile. The principal goal of her research is to pro-
vide evidence to understand and enhance the teaching and learning processes in science education 
through the characterization of the expressed scientific reasoning of middle school and high school 
students, and by identifying how classroom interactions shape students’ expressed reasoning.

Audrey Msimanga is Associate Professor of Science Education and Head of the School of Educa-
tion at the University of the Witwatersrand, South Africa. Audrey has worked in biology research, 
science education research, and teacher education for over 30  years. Audrey’s research seeks to 
understand the challenges and affordances of access to science and success in science education for 
English second-language students in sub-Saharan Africa. Audrey is currently Associate Editor for 
the Journal for Research in Science Teaching (JRST), a member of the Editorial Board of the Euro-
pean Science Education Research Association (ESERA) Book Series, and President-Elect of the 
Southern African Association for Research in Mathematics, Science and Technology Education 
(SAARMSTE).

Shannon L. Navy is Assistant Professor of Science Education at Kent State University, USA.  
Dr. Navy’s research pertains to STEM teacher education, teacher induction, and the professional 
development of teachers. Her work is published in leading journals in the field, and she recently 
co-edited a book on newly hired science teachers. She completed her postdoctoral studies at the 
University of Virginia, and was Assistant Professor and Director of the Woodrow Wilson Teaching 
Fellowship and Induction Program at Valparaiso University. As a graduate student she attended the 
Sandra K. Abell Summer Research Institute and won the Dissertation Award in the AERA SIG 
Research on Teacher Induction.

Meshach Ogunniyi is Emeritus Professor at the University of the Western Cape, South Africa. 
His research interests straddle NOS, IKS, and the integration of the two using an argumentation 
instructional model. He has written over a dozen books and published over 200 articles in refereed 
journals, conference proceedings, and book chapters. He has supervised over 80 master’s and doc-
toral theses and has conducted several large-scale studies. He retired first in 2009 and finally in 2014. 
He has served as an editor and member of editorial boards of several journals. He received the Vice-
Chancellor Best Teacher Award in 2008, a Life-time Research Award of SAARMSTE in 2014, and 
the NARST Distinguished Research Award in 2015.

Soonhye Park is Professor in Science Education at North Carolina State University, USA.  
Dr. Park’s research centers on teacher Pedagogical Content Knowledge (PCK) and teacher pro-
fessional development. She has led various federal, state, and internally funded grant projects on 
teacher professional development that explicitly seek effective ways to advance teachers’ knowl-
edge, skills, and practices that promote students’ engagement in scientific practices, critical thinking 
skills, and science achievement, especially in the context of rural and low SES schools. She also 
served on the Editorial Board for the Journal of Research in Science Teaching and the Journal of Science 
Teacher Education. The impact and quality of her scholarship has been recognized by several awards, 
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including PCK Summit invitee (2012, 2016), NARST Outstanding Paper Award (2014), David 
P. Butts Award for Contributions to Science Education (2014), and University Faculty Scholar 
(2017–2018).

José Manuel Pavez is a doctoral student at the University of Georgia, USA. Originally from Chile, 
he graduated from the Metropolitan University of Educational Sciences, Santiago, Chile. He has 
over 10 years of teaching experience from 5th grade to the graduate level in Chile and the USA. He 
has been actively involved in educational research since 2012. His research interest has been around 
science teacher education, nature of science, and science methods courses. He has participated in 
different research projects funded by NSF and FONDECYT (Chilean state funds). He has served 
multiple local and international organizations like NARST, ASTE, and SCHEC, as well as many 
journals in science education, like the Journal of Science Teacher Education (JSTE), where he is part of 
the editorial review board. His efforts were recognized by the ethics and equity panel of NARST, 
who named him a Jhumki Basu fellow in 2021.

William (Bill) Penuel is Professor of Learning Sciences and Human Development in the School 
of Education and Institute of Cognitive Science at the University of Colorado, Boulder, USA. His 
research focuses on interest-related learning across settings, classroom assessment in science, teacher 
learning, and promoting the equitable implementation of reforms in STEM education. As Principal 
Investigator for a U.S. Department of Education knowledge utilization center, the National Center 
for Research in Policy and Practice, he studies how school, district, and state education leaders use 
research evidence in decision-making. He has been involved in research-practice partnerships at 
the district and state levels, focused on supporting implementation of the Next Generation Science 
Standards through co-design of curriculum and assessment resources that connect to students’ inter-
ests, identities, and experiences. He is a Fellow of the International Society of the Learning Sciences, 
American Educational Research Association, the International Society for Design and Develop-
ment in Education, and the National Education Policy Center. He is also an elected member of the 
National Academy of Education and member of the Board on Science Education at the National 
Academy of Sciences, Engineering, and Medicine.

Erin E. Peters-Burton  is  the Donna R. and David E. Sterling Endowed Professor in Science 
Education and Founder and Director of the Center for Social Equity through Science Education at 
George Mason University in Fairfax, Virginia, USA. Dr. Peters-Burton’s research agenda is based in 
social justice, and she pursues projects that help students who feel excluded in science classes become 
more aware of the scientific enterprise and how scientific knowledge is generated. She is PI for an 
NSF-funded research project entitled  Fostering Student Computational Thinking with Self-Regulated 
Learning, which is developing an electronic notebook that prompts students to think computation-
ally with self-regulated learning strategies while collecting analytics on student learning (SPIN; 
Science Practices Innovation Notebook). In addition, Dr. Peters-Burton is an editor of the STEM 
Roadmap Curriculum Series published by NSTA Press, a K–12 curriculum that integrates STEM, 
English-language arts, and social studies concepts and practices.

Neal Petersen is Deputy Director in the School of Mathematics, Science, and Technology Education 
at North-West University, South Africa. His research interests focus on using engaging pedagogies 
to contextualize science teaching including indigenous knowledge, STEAM education, coopera-
tive learning, self-directed learning, and teacher professional development. He was the principal 
investigator of a project on using engaging pedagogies and is currently a co-investigator in a Fuchs 
Foundation-funded project, “Teachers without Borders,” with a focus on empowering in-service 
science teachers to use engaging pedagogies. He acts as supervisor and co-supervisor for various 
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postgraduate students, has published in national and international publications, is the co-editor of a 
AOSIS book, and has presented papers at national and international conferences.

Rose M. Pringle is Associate Professor in Science Education in the School of Teaching and 
Learning at the University of Florida, USA. Her research agenda extends into two parallel yet 
related areas in science education. In one line, she focuses on the development of science teachers’ 
disciplinary content knowledge and their response to professional development. In her other line 
of research, Rose investigates inquiry-based pedagogical content knowledge as a framework for 
shifting practices and heightening science teachers’ stance toward issues of social justice and cul-
tural competence. She therefore operates at the nexus between teachers’ knowledge and its trans-
formation into culturally relevant and appropriate science teaching practices – that is, teaching in a 
manner that challenges assumptions and the status quo and leads to increased science achievement 
among minoritized populations.

Umesh Ramnarain is Professor in Science Education and Head of the Department in Science and 
Technology Education at the University of Johannesburg, South Africa. His main research inter-
est is on inquiry-based science education, with a particular focus on its uptake in South African 
classrooms. His research has been published in top-tier journals such as the International Journal of 
Science Education, Research in Science Education, Journal of Research in Science Teaching, Chemistry Educa-
tion Research and Practice, and Teaching and Teacher Education. His work has also been disseminated at 
prominent international conferences such as NARST, ESERA, and IOSTE. He is associate editor 
of Research in Science Education and has served on the editorial board of Journal of Research in Science 
Teaching.

Franz Rauch is Professor for School Pedagogy and Environmental Education at the University of 
Klagenfurt, Austria. Dr. Rauch holds a master’s degree in natural sciences (teaching certification), 
a PhD in education at Graz University, Austria, and a Habilitation in education (with a focus on 
environmental education). He has been involved in research and development projects internation-
ally and nationally for many years. He is one of the editors of Educational Action Research Journal 
and the ARISE journal (Action Research in Science Education) and serves on editorial boards of other 
journals. His areas of research, teaching, and publication are education for sustainable development/
environmental education, networks in education, school development, science education, continu-
ing education for teachers, and action research.

Vijay Reddy is Distinguished Research Specialist at the Human Sciences Research Coun-
cil (HSRC), South Africa, in the Inclusive Economic Development (IED) research division.  
Dr. Reddy assumed this position after serving as Executive Director at the HSRC from 2006 to 
2018. The three major thrusts of her research are large-scale achievement studies, skills planning, 
and public understanding of science. She has extensive experience in social scientific research, espe-
cially in science and mathematics education. Her work has included the application of large-scale 
surveys, life history research, and research contributing to setting up a skills planning mechanism. 
Earlier in her career, she worked as a high school teacher as well as a university chemistry and sci-
ence education lecturer.

Michael J. Reiss is Professor of Science Education at IOE, UCL’s Faculty of Education and Society,  
University College London, a Fellow of the Academy of Social Sciences, and Visiting Professor at 
the Royal Veterinary College, United Kingdom. The former director of education at the Royal 
Society, he is a member of the Nuffield Council on Bioethics and has written extensively about 
curricula, pedagogy, and assessment in science education and has directed a very large number of 
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research, evaluation and consultancy projects over the past 25 years funded by UK research councils, 
government departments, charities, and international agencies.

David Santibáñez is Professor of Science Education at Finis Terrae University. He is Public Policy 
Director of the Chilean Society of Scientific Education (SChEC), of which he is one of its founders. 
He has vast experience as a biology teacher in elementary, middle, and university education. He is 
the author and advisor of numerous textbooks and a consultant for national teacher evaluation agen-
cies in the area of science. He is a researcher in FONDECYT (Chilean state funds) projects related 
to the training of science teachers, the nature of science, and pedagogical knowledge content (PCK). 
He has recently participated in the publication of the book Teaching Evolution and Genetics for Scientific 
Literacy. David’s main interest is related to the training of elementary teachers, especially the process 
that allows them to develop their PCK in science.

Kathleen Schenkel is Assistant Professor in the School of Teacher Education at San Diego State 
University, USA. Dr. Schenkel is a former middle school science teacher, and her scholarship draws 
on critical sociocultural and consequential theories of learning and utilizes participatory research 
methodologies with teachers and students. She explores with students and their teachers how to 
redress systems of power and oppression operating within science learning spaces. One area of focus is 
the role of participatory pedagogies in disrupting systems of power. Her research has been published 
in Science Education, Science Scope, and the Journal of Research in Science Teaching, among other places.

Teresa Shume is an Associate Professor in the School of Education at North Dakota State Uni-
versity in Fargo, USA. Dr. Shume’s research explores equity, inclusion, and environmental sustain-
ability within the realms of science education and teacher preparation. Dr. Shume’s scholarship 
has appeared in journals such as the International Journal of Inclusive Education, Cultural Studies in 
Science Education, and Environmental Education Research and has been presented to the National Asso-
ciation for Research in Science Teaching (NARST), the Association for Science Teacher Educa-
tion (ASTE), and the American Educational Studies Association (AESA), among many others. An 
award-winning educator of science and teacher education for over 25 years, she holds a PhD in 
teaching and learning from the University of North Dakota, an MEd from the University of Utah, 
and undergraduate degrees in biology and education completed in French at Collège Universitaire 
de St.-Boniface in Canada.

Christina Siry is Professor of Learning and Instruction at the University of Luxembourg, Luxem-
bourg. She has several lines of research that focus on the intertwined areas of science learning and 
learning to teach science, particularly at the primary and early childhood levels. Together with her 
research team, she investigates the ways in which plurilingual young children interact with peers, 
teachers, and materials as they engage in science lessons. Grounded in critical perspectives, her work 
focuses on the necessity of incorporating multiple perspectives in research, and she draws upon col-
laborative pedagogies and participatory methodologies as tools for transforming science teacher edu-
cation and science education. One of her current projects is the SciTeach Center at the University of 
Luxembourg, which provides resources and continuing education opportunities to support primary 
school teachers in teaching science. Using a foundation of sociocultural theories, she and her team 
work with teachers to explore the emerging possibilities for drawing on the many diverse resources 
plurilingual students bring to the classroom.

Macarena Soto is Assistant Adjunct Professor at Pontificia Universidad Católica de Chile, Chile. 
She obtained her degree in physics and mathematics pedagogy at Universidad de Santiago de Chile 
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and a PhD in science education at the Universitat Autònoma de Barcelona (Spain). She worked as 
a physics and mathematics teacher in the Chilean school system, and also as a teacher in the Physics 
and Mathematics Teacher Education Program at the Universidad de Santiago de Chile. Her research 
interest is focused on science education at the school level and on preservice physics teachers. Her 
research has a special emphasis on the development of scientific practices and scholar scientific mod-
els through research-based design, focusing on learning and teaching sequences.

David Stroupe is Associate Professor of Teacher Education and Science Education and Associate 
Director of STEM Teacher Education at the CREATE for STEM Institute at Michigan State Uni-
versity, USA. He has three overlapping areas of research interests anchored around ambitious and 
equitable teaching. First, he frames classrooms as science practice communities. Using lenses from 
science, technology, and society (STS) and the history and philosophy of science (HPS), he examines 
how teachers and students disrupt epistemic injustice through the negotiation of power, knowledge, 
and epistemic agency. Second, he examines how beginning teachers learn from practice in and across 
their varied contexts. Third, he studies how teacher preparation programs can provide support and 
opportunities for beginning teachers to learn from practice. David has a background in biology and 
taught secondary life science for 4 years.

Robert H. Tai is Associate Professor at the University of Virginia, USA. Dr. Tai’s research has 
primarily focused on the use of large-scale, nationally representative survey data to address a variety 
of research topics including science and mathematics teacher retention, youth science engagement, 
and out-of-school time science program impact. His work applying these types of data resources was 
recognized with the 2008 Council of Scientific Society Presidents Award for Educational Research 
Leadership. He is Co-Editor in Chief of the Science Educator, official peer-reviewed research journal 
of the National Science Education Leadership Association. He currently teaches elementary science 
teaching methods to preservice teachers at the School of Education and Human Development at the 
University of Virginia.

Edna Tan is Professor of Science Education at the University of North Carolina at Greensboro, 
USA. Dr. Tan’s collaborative research investigates the design, support, and outcomes of equitable 
and consequential STEM learning for historically minoritized youth across learning contexts and 
over time. Current National Science Foundation-funded projects include longitudinal, community-
engaged research with minoritized and refugee youth engaging in makerspace work, focused on 
identifying the elements of an authentic, community-owned, and youth-centered making space; and 
working with middle school teachers in co-developing and enacting an engineering for sustainable 
communities curriculum that attends to students’ identity work and engineering toward justice-
oriented ends. Her research has been published in the American Educational Research Journal, Teachers 
College Record, the Journal of the Learning Sciences, Journal of Research in Science Education, and Science 
Education, among others. In 2020, Dr. Tan was elected as a Fellow of the American Association for 
the Advancement of Science.

Seng Chee Tan is Associate Professor with the Learning Sciences and Assessment Academic Group 
and Associate Dean with the Office of Graduate Studies and Professional Learning, National Insti-
tute of Education, Nanyang Technological University, Singapore. He obtained his PhD (instructional 
systems) from the Pennsylvania State University in 2000. His research interests include integration 
of technologies in education, computer-supported collaborative learning, knowledge building, and 
adult learning. As a trained chemist and chemistry educator, many of his research studies were 
conducted in science classrooms. His recent research works include the use of learning analytics to 
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analyze students’ ideas in online forums and using eye-tracking glasses to study teacher noticing in 
science classrooms.

Mehmet Faith Taşar is Professor of Mathematics and Science Education at Gazi University, 
Turkey. Dr. Taşar earned his PhD from the Pennsylvania State University in 2001 in curriculum 
and instruction with emphasis on science education. His research focuses on qualitative meth-
odologies, learning process studies, and science teacher education. Dr. Taşar has supervised 12 
doctoral students and eight master’s students to the successful completion of their degrees. He has 
published numerous journal articles, delivered keynote speeches, and presented scholarly works at 
the conferences of professional organizations around the world. He has served as an editor, edito-
rial board member, and reviewer for international journals. Currently Dr. Taşar is Co-Editor of 
the International Journal of Physics & Chemistry Education and Action Research and Innovation in Science 
Education (ARISE).

Joseph A. Taylor is Assistant Professor of Educational Leadership, Research, and Foundations at 
the University of Colorado, Colorado Springs, USA. Dr. Taylor teaches courses in intermediate and 
advanced quantitative research methods as well as program evaluation. Formerly, he served as Direc-
tor of Research and Development at BSCS Science Learning. Focusing primarily on STEM educa-
tion contexts, his research focuses on issues of knowledge accumulation from intervention studies, 
including effect size reporting, study replication, and synthesis methods. Dr. Taylor also studies the 
use of research evidence by education practitioners. His publications have appeared in numerous 
research journals, including American Educational Research Journal, Journal Research in Science Teaching, 
and International Journal of Science Education.

Tang Wee Teo is Associate Professor in the Natural Sciences and Science Education – Academic 
Group, in the National Institute of Education, Singapore. She is also Co-Head of the Multi-centric 
Education, Research and Industry STEM Centre. Tang Wee is a social equity scholar in science 
education. She applies a critical lens to examine diverse equity issues in science education that affect 
learners (e.g., science learners with special education needs, lower track students, children aged 6–8, 
and international students) who are underrepresented in the local and international literature. She 
has more than a decade of teaching and research experience in STEM teaching and learning, spe-
cifically critical studies of STEM education. Her current work focuses on special education-needs 
science learners and lower-track science students. As a trained chemist and chemistry education 
professor, she also actively publishes in chemistry education journals.

Sara Tolbert is Associate Professor of Science and Environmental Education at the University of 
Canterbury, New Zealand. Dr. Tolbert has an extensive teaching and research background in science 
and ESOL education and teacher education. She has contributed to multiple federally funded pro-
jects, including as co-lead for the NSF-funded Secondary Science Teaching with English Language 
and Literacy Acquisition (SSTELLA) Project, recognized as a Hispanic Bright Spot for Education 
under the Obama administration; and consulted on the recent National Academies of Sciences, 
Engineering, and Medicine’s STEM Education for English Learners report. She was awarded a National 
Academy of Education/Spencer Postdoctoral Fellowship in 2015 to investigate how teachers enact 
social justice in school science. Her current work explores how science teachers can engage in 
justice-oriented praxis within the complex sociopolitical dimensions of teaching with/for emergent 
bilingual students.

Chin-Chung Tsai is currently Chair Professor and Dean for School of Learning Informatics, 
National Taiwan Normal University, Taipei, Taiwan. He received a master of education degree from 
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Harvard University and completed his doctoral study at Teachers College, Columbia University, in 
1996. He is also Director of the Institute for Research Excellence in Learning Sciences, National 
Taiwan Normal University. Since July 2009, he has been appointed as the Co-Editor of Computers 
and Education (SSCI, IF = 8.538, rank 3/264). He also currently serves as Editor of the International 
Journal of Science Education (indexed in SSCI, one among the three core journals in science educa-
tion). His research interests deal largely with constructivism, epistemic beliefs, and various types of 
technology-enhanced (such as VR, AR, game) instruction. He has a Google Scholar citation of 
more than 36,000 and an h-index of above 100.

Dorit Tubin is Head of the Masters of Arts Program for Educational Administration, Policy, and 
Society, and the Principal Preparation Program Head at Ben Gurion University, Israel. Dr. Tubin’s 
main research interests are educational leadership and professional development, school success, and 
the relations between structure and interactions. She has published more than 50 papers, and her 
work is published in leading journals such as Educational Administration Quarterly and School Effective-
ness and School Improvement. She also collaborates with the international research group as ISSPP 
(International Successful School Principal Project) and the OECD/CERI innovative learning envi-
ronments project.

Christine Ure is Alfred Deakin Professor of School Education at the Faculty of Arts and Education, 
Deakin University, Australia. She was Executive Dean of the Faculty from 2018 to 2020 and Head 
of School of Education from 2012 to 2018, and she represented the tertiary sector in government 
forums on teacher supply and quality schooling. During 2017–2021 she was an expert panel mem-
ber to the Australian Institute of Teaching and School Leadership for graduate teacher performance 
assessment, and in 2015 she established a National Network of Associate Deans of Professional 
Experience to lead a national review of practicum in ITE. During 2014–2017 she led the project 
for Successful Students – STEM Program, to improve teaching capability in secondary schools and 
promote student engagement with STEM disciplines. She currently advises the review of the Tech 
Schools Initiative in Victoria, which is designed to increase student and teacher engagement with 
STEM capabilities and link education with emerging industries.

Jan van Driel is Professor of Science Education and Leader of the Mathematics, Science and Tech-
nology Education Group in the Melbourne Graduate School of Education at the University of Mel-
bourne, Australia. His research interests include science teacher knowledge, teacher education and 
professional learning, science and gender, and interdisciplinary science and STEM education. He has 
supervised 25 doctoral students to successful completion. He has served on the boards of a number 
of associations for educational research in the Netherlands and the USA. Currently, he is Co-Editor 
in Chief of the International Journal of Science Education and a member of the Education Committee of 
Council of the Australian Academy of Science and the executive board of the Australasian Science 
Education Research Association (ASERA).

Dana Vedder-Weiss serves as the Chair of Teacher Education Program and leads the Informal 
Learning Environments Research Group as a faculty member in the Department of Education at 
Ben-Gurion University of the Negev, Israel. She was a science teacher and curriculum developer 
and earned her PhD in science education from the Weizmann Institute of Science. She is interested 
in the socio-emotional dimensions of learning, including, for example, identity, emotions, motiva-
tion, agency, and face management. Her research studies examine teacher and student learning in 
science (and other domains) in formal and informal settings. In recent years, she has been involved in 
a design-based implementation research, aiming to advance on-the-job professional learning and to 
cultivate pedagogical discourse and teacher leadership. Additionally, she has been exploring learning 
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processes in family everyday life. She has received the NARST 2020 Early Career Research Award 
and serves as Associate Editor for the Journal of Research in Science Teaching.

Claudia Vergara is Professor of Science Education in the Faculty of Philosophy and Humanities at 
the Alberto Hurtado University, Santiago, Chile. She earned a bachelor’s degree in biology (1996) 
and a PhD in education from the Pontifical Catholic University of Chile (2006). She had a postdoc-
toral experience in science education at the Illinois Institute of Technology, USA (2012). She served 
as a biology and natural sciences teacher in secondary and middle school for five years. She is the 
author or co-author of 20 scientific articles in national and international journals and of five national 
and international book chapters. She is a founding member of the Chilean Society of Scientific 
Education, of which she is past president (2014–2015). Her current line of research is pedagogical 
knowledge content, geoscience education, nature of science, and the professional development of 
primary school teachers. She is a member of the editorial staff of the Journal of Science Teacher Educa-
tion. She is currently engaged in two funded projects about pedagogical content knowledge, nature 
of science, scientific argumentation, and climate change education.

Vicki Vescio is Clinical Associate Professor in the School of Teaching and Learning at the Univer-
sity of Florida, USA. She teaches master’s and doctoral courses in curriculum, social justice, quali-
tative research, and culturally responsive pedagogy. She specifically works with pre- and in-service 
educators to support endeavors designed to make schools more equitable. She is the lead author of 
A Review of Research on the Impact of Professional Learning Communities on Teaching Practice and Student 
Learning, a publication that has been cited 3,000 times since 2008. Her current research interests 
include advancing teachers’ understandings of social justice as it relates to classroom practices, exam-
ining teacher professional development in collaborative groups, and exploring the experiences of 
educators enrolled in an online professional practice doctoral program focused on equity. Dr. Vescio 
is also an active member of professional organizations including the American Educational Research 
Association (AERA) and the National Association for Multicultural Education (NAME), where she 
engages in service that both advances and gives back to education as a profession.

Jamie Wallace works in educational research and evaluation at the American Museum of Natural 
History (AMNH), USA. She is a member of the research and evaluation team for the Master of Arts 
in Teaching Earth Science Residency Program. Some of her current research projects focus on cul-
turally responsive science education and conceptions of mentoring practice. Her background is in 
cultural and material anthropology and museum ethnography. She has worked at AMNH for more 
than 10 years and has worked as an evaluator, researcher, and educator in a variety of learning settings 
in the United States and internationally.

Julianne A. Wenner is Associate Professor at Clemson University, USA. She was Program Coor-
dinator for the MiT in Elementary Education as well as the MA in curriculum and instruction at 
Boise State University, USA. Dr. Wenner’s research focuses on teacher leadership, elementary/early 
childhood science education, and science teacher education. Wenner also collaborates with inter-
disciplinary projects to assist with educational research and qualitative data collection and analysis. 
Her work has been published in Review of Educational Research, Journal of Research in Science Teach-
ing,  and  Journal  of Science Teacher Education.  Wenner currently serves on the Editorial Board for 
the International Journal of Teacher Leadership.

Brooke A. Whitworth is Associate Professor and Doctoral Program Coordinator in Teaching and 
Learning at Clemson University, USA. Dr. Whitworth’s research focuses on teacher leadership, dis-
trict science coordinators, and more broadly on professional development. Whitworth has received 
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a teaching award and recognition for her work with undergraduate and graduate students. She cur-
rently serves as an Executive Director on the National Association of Research in Science Teaching 
(NARST) Board of Directors and as Program Coordinator for the Association for Science Teacher 
Education (ASTE). Whitworth also serves on the Editorial Review Boards for the Journal of Research 
in Science Teaching and Journal of Science Teacher Education.

Francesca A. Williamson is Assistant Professor at Indiana University School of Medicine, USA. 
Dr. Williamson earned her PhD in science education and inquiry methodology. Her research 
is interdisciplinary and focuses on three main areas: (1) equity work in STEMM education, (2) 
STEMM future faculty development and socialization, and (3) qualitative and multimethod research 
in education. She is a research associate for several NSF-funded multimethod and mixed methods 
projects, including the I CAN PERSIST STEM Initiative for Girls and Women of Color and Cul-
tivating Scientific Literacy and Action through Place-Based Experiential Learning at Butler Univer-
sity. Dr. Williamson was the 2017–2019 Graduate Student Representative to the NARST Executive 
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The idea for this book began with a friend, Patricia (Pat) Friedrichsen. In discussing our final years 
in science teacher education, we shared the important contributions we hoped to make in the field. 
Our discussion meandered through research contributions, our work with graduate students, and 
our work on behalf of different professional organizations. It was an easy conversation that gave us a 
moment to reflect on the work we had done and the work we planned to conclude in the upcom-
ing years.

We talked about compilations of research that could guide the field, leading us to the topic of 
handbooks. Both Pat and I have always appreciated handbooks for teacher educators. Clandinin 
and Husu’s (2017) Handbook of Research on Teacher Education and Loughran and Hamilton’s (2016) 
International Handbook of Teacher Education were two that we found useful in our own work. These 
handbooks reviewed established and emerging research in teacher education in general, yet they 
offered insights to the field of science teacher education.

We found that the unique qualities, attributes, and challenges in science teacher education could 
intersect with the topics in these handbooks. However, the time seemed right for a handbook 
focused on science teacher education. We understood the potential and the need for such a hand-
book. Excited in our vision, within two days we had an outline for a Handbook of Research on Science 
Teacher Education and the name of a person at Taylor and Francis.

Our plan for the Handbook clipped along. We wanted it to capture essential areas in the field, as 
well as new areas in need of review. Established science teacher educators with a solid understand-
ing of the field and emerging science teacher education researchers with fresh ideas would be the 
authors. We envisioned chapters that were concise reviews and that would suggest future research 
which would be important in years to come. Most importantly, we wanted the Handbook to have 
global appeal. We would ask authors to partner with their colleagues in different countries and 
attend to research across the globe. It was a lofty vision.

As the Handbook started to take shape, Pat was asked to take on new responsibilities at her insti-
tution. The university needed her administrative expertise. Pat felt the Handbook was in a good 
position, but she would not have the time needed to review and shape the chapters. It was a dif-
ficult decision for Pat, and I wanted to be supportive. I agreed to continue moving the Handbook 
forward, while Pat focused on a new role at her university. This was ultimately a good decision for 
Pat. During the writing and editing of the Handbook, Pat was diagnosed with an aggressive form of 
lymphoma, underwent chemotherapy, and recovered from a stem cell transplant. Pat reminds me 
often that she is forever grateful for the power of science and science education. I am too.

PREFACE
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Pat and I discussed potential co-editors, and we agreed that Gail Jones’s experience in publish-
ing would be a tremendous asset to this project. In just a few days, Gail and I were talking about 
the Handbook. Gail needed time to think about joining the project. The workload, the reading, and 
the necessary comments on chapters would add to her already busy schedule. Needless to say, Gail 
joined the project because it sounded novel and brought her back to her passion of science teacher 
education.

Taking on this project was a huge leap of faith for Gail. While Pat had contributed to the con-
ceptualization of the project, the procedural part would now rest with Gail and me. We had never 
worked on a project together before, but Gail’s experience as an editor would be an ongoing asset. 
She could see how to move the chapters along and point out ways to make the chapters stronger. 
She was ultimately the perfect person for this stage of the project. It was clear Gail and I were like 
the experimentalists on a physics experiment – charged with enacting the vision of the theorists. We 
were constantly figuring out how to enhance the chapters in ways that could best present the field 
of science teacher education.

One of our first tasks was meeting with our global advisory team and our section editors. These 
two groups had different purposes on this project. Our intent was to make the Handbook global. 
Thus, we convened a global advisory team who suggested authors and occasionally provided reviews 
of the different chapters. The section editors were important in doing first- or second-level reviews 
that could guide the authors. In preparing for these meetings, Gail and I identified different docu-
ments that needed to be created and shared with the advisory team and editors. Gail’s documents 
were usually completed before mine and always stated what was needed in the final product.

In working with Gail, I  have learned that she is organized and procedural. We were a good 
team for this part of the project. We divided the chapters for review, worked with section editors, 
discussed the different chapters repeatedly, and decided how to bolster the ideas that were being 
advanced. Our Tuesday afternoon meetings were good discussions about the topics in the Handbook, 
and they resulted in suggestions that could guide the chapter authors.

As Gail and I worked with the chapters, we were always aware of the challenges our authors were 
facing. COVID had moved many of our authors to home offices, and many of our authors were 
navigating the virtual working environment. We had to strike a balance between what we could ask 
for and what was reasonable to request. Gail was exceptional in this area. She could see good ways to 
move the different chapters forward, and she could help find new authors when an author or team 
had to drop out.

In looking over the Handbook, I  can see that we have achieved a global document that sum-
marizes the research in the field. Across the 35 chapters, the Handbook has 111 authors, who come 
from 22 countries. Most of the authors are from the United States, with a good number from Chile. 
Authors from South Africa, Israel, Canada, and Australia also have a good presence in the Hand-
book. There are authors from Argentina, Austria, Belgium, China, Colombia, England, Georgia, 
Germany, Hong Kong, Luxembourg, New Zealand, Singapore, Spain, Switzerland, Taiwan, and 
Turkey, as well.

As this project comes to fruition, I have a few thoughts. First, I hope the Handbook continues to 
remind us that teachers are not our subjects, but partners in our research work. Each day I spend in 
a science classroom, I learn something new, and I realize the tremendous knowledge that science 
teachers hold.

Second, I hope the Handbook sees a second edition. I learned quite a bit during this project. Most 
importantly, I learned that many more areas worth examination are not included in the Handbook. So 
much more empirical work is available to be shared to guide science teacher education.

Finally, we are truly a community of science teacher educators. The individuals comprising 
the chapter authors in the Handbook include people who are new to the field and who will guide 
our future. Some authors are experienced science teacher education researchers who have made 
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significant contributions over time and who have something to say. These individuals reside across 
the globe, and they easily associate with one another. These authors came together to create an 
intergenerational and globally oriented Handbook that will guide many educators and researchers in 
the field.

– Julie A. Luft, Distinguished Research Professor,  
Athletic Association Professor of Mathematics and  

Science Education, University of Georgia
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The list consists of many people who have supported and contributed to this project. To begin with, 
this project would not have happened without the team at Routledge/Taylor and Francis. Simon 
Jacobs saw the importance of this project from the beginning. As the COVID pandemic became 
more pronounced, Simon was still optimistic that we could manage the Handbook. As the Handbook 
started to take shape, AnnaMary Goodall was vital. She answered every question asked about format-
ting and the submission process.

Three University of Georgia students also joined the project. Kayla Prichard, who graduated 
with her doctorate after we started the project, and José Manuel Pavez, a doctoral candidate, will-
ingly offered to help with the project in the beginning. They were a perfect team in the early part 
of the project. As time went on, José shifted to a more central role in the project. Joe DeLuca joined 
José in preparing the final document for Taylor and Francis. Their attention to detail was essential 
during this phase. I am forever indebted to José for his connections to collaborators across the globe 
(many in the Handbook) and for his attention to detail in organizing the Handbook for submission to 
Taylor and Francis. The Handbook would not be possible without Kayla, José, and Joe.

The Handbook came into its own because of the section editors. The team was great to work with 
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Science teacher education relies on empirical work to advance the field. Through investigations 
of science teaching, science learning, and teacher learning, knowledge accumulates that provides 
insights into ways science teachers should be supported throughout their careers. Investigations 
in the field of science teacher education can use different theories, methodologies, or methods 
to contribute to the knowledge base. Of course, the methodological, theoretical, and conceptual 
orientation also entails a sound understanding of the studied area. As many researchers know, these 
considerations are only a few that are important for empirical work that contributes to the field. 

The chapters in this section represent a few areas associated with empirical work in science 
teacher education. They were initially envisioned to be educative and directive for those in science 
teacher education and science teacher education research. With a broad charge, the authors of these 
chapters offer science teacher education researchers insights into different dimensions of educa-
tional research. They conceptualize science teacher education research, contemplate methodological 
approaches, and illustrate how a theoretical orientation can contribute to the field of science teacher 
education. 

This section begins with a chapter by Erduran and Guilfoyle, who take a broad view of the nature 
of research in science teacher education. In their conceptualization of the research, they describe the 
space existing between science teachers and science teacher educators. The complex nature of this 
research space is evident in the examples they provide. They describe a continuum of teacher learn-
ing that reaches from preservice teachers to experienced teachers to knowledgeable veterans. Sci-
ence teacher educators engage in the process of research in different ways. These groups are essential 
in shaping the space of science teacher education research.

Erduran and Guilfoyle’s chapter is to be appreciated for the way in which they attempt to portray 
this space. Like a painting that is the result of both subject and artist, the activity of science teacher 
education research is varied. Within this activity is a topic of study that associates with an area and 
that can have an orientation that ranges from broad, macro, or general to refined, micro, or specific. 
The varied positioning becomes evident in the examples later in the chapter. However, Erduran and 
Guilfoyle leave the door open for different configurations or descriptions that comprise the activ-
ity of science teacher education, and future science teacher educators are left to contemplate these 
configurations. 

Within science teacher education research are different methodologies and methods that contrib-
ute to the variability of contributions. The next chapters broadly contemplate these areas. Tai, Taylor, 
Reddy, and Banilower provide an overview regarding large data sets that are used in education. The 
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data sets they focus on are the Trends in International Mathematics and Science Surveys (TIMSS), 
the National Teachers and Principals Survey, the National Assessment of Education Progress, the 
National Survey of Science and Mathematics Education, and the High School Longitudinal Study 
of 2009. In their examination of these data sets, they suggest how the data can be used to inform 
science teacher education and add to the field’s knowledge in various science teacher education 
research areas.

Their overview provides science teacher educators and researchers with some important con-
siderations related to using these data sets. As experienced researchers who work with large data 
sets, Tai et al. are the right people to distill the important considerations that should be made when 
working with these and similar data sets. They also provide a solid example from South Africa about 
how an analysis of TIMSS data can guide science teacher educators in their work with teachers. 

Moore Mensah and Chen, in contrast to analyzing large data sets, explore how science teacher 
education researchers utilize qualitative or interpretivist research methods. Their analysis of pub-
lished articles reveals that general qualitative studies and case studies were the most prevalent meth-
ods, followed by grounded theory, ethnography, phenomenology, narrative, action research, and 
self-study. To frame these areas, spotlight studies are selected and described in a way that provides 
insights about these types of studies to both new and experienced researchers.

The descriptions provided by Moore Mensah and Chen illustrate the manner in which these 
studies are designed and enacted. These descriptions also provide guidance to those who engage in 
qualitative research. The authors point out the complex nature of qualitative work and the impor-
tance of qualitative research in understanding the varied nature of science teacher education. They 
also reiterate the need for the purposeful selection and discussion of the research process, especially 
in areas needing understanding. Qualitative research, they posit, is well-positioned to explore and 
address many topics that are underexplored – most notably, issues of power/knowledge, diversity, 
equity, and inclusion. 

Buck and Williamson’s chapter on mixed methods research is focused on ways mixed methods 
studies can and do contribute to the knowledge base in science teacher education. They begin their 
overview by defining mixed methods research, which is followed by a discussion of the purposes 
and questions associated with mixed methods research. The rest of the chapter describes the ways 
mixed methods approaches are used in science teacher education, what has been learned from mixed 
methods work, and what mixed methods researchers should look toward in the future. 

The important contribution of this chapter resides in two areas: the discussion of ways mixed 
methods research is used in the science teacher education community and the knowledge obtained 
through mixed methods approaches. Not surprisingly, much of the mixed methods research in sci-
ence teacher education is evaluative in nature. Buck and Williamson suggest that science teacher 
education researchers should move beyond this evaluative stance and use mixed methods approaches 
to understand the more nuanced how-and-why aspect of a study. This methodological orientation 
will help build a knowledge base with utility in science teacher education.

The final chapter in this section, by Calabrese-Barton, Tan, Schenkel, and Benavides, focuses on 
the equity-oriented research framework referred to as “rightful presence.” According to Calabrese-
Barton et al., this emerging framework pushes equity beyond the notions of inclusion and focuses 
on high-quality learning experiences that allow students to address their experiences and redress 
systemic inequities. In this section, they describe the framework, link it to science teacher educa-
tion, and suggest ways science educators and science teachers can support the enactment of this 
framework.

The contribution of the chapter to this section is significant. It illustrates how an emerging frame-
work focused on students can be used to guide research in science teacher education. Descriptions in 
this chapter are drawn from their work in the field with teachers, and they suggest how teachers can 
create this type of instructional space. The focus on the enactment of a rightful presence framework 
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certainly leaves room for research that explores how science teachers move (or not) toward this 
approach. The space between the framework and the actions of the teachers and students is ripe for 
exploring how to support science teacher learning. This opportunity for research occurs with so 
many other frameworks that are important in science teacher education.

As a collection, the chapters in this section provide a characterization of science teacher educa-
tion research, an overview of a few research approaches, and an example of ways in which a frame-
work can guide research and implications for science teaching. While several other chapters could 
have been included in this section, these chapters serve as a beginning point. As researchers review 
these chapters, they may engage in generative discussions that contemplate how science teacher edu-
cation researchers engage in their investigations, how they situate their work within a framework, 
and how their work contributes to the knowledge base in the field of science teacher education. 
We hope these discussions result in new characterizations, overviews, or examples, and potential 
chapters for the next handbook.
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Introduction

Research in STE is a complex area that involves a range of theoretical perspectives (e.g., sociocultural 
theories, cognitive psychological frameworks), methodological approaches (e.g., action research, 
experimental studies, ethnographies, case studies) and actors (e.g., teacher educators, student teach-
ers, in-service teachers). Not all research is STE is empirical in nature. In fact, very important 
research involves conceptual, theoretical, philosophical, or other non-empirical approaches. For 
example, there are systematic reviews (e.g., Rushton & Reiss, 2021) and meta-analyses on STE 
(Kraft et al., 2018). Often, theoretical studies challenge the community to think about what key 
issues need to be the focus of investigation, problematizing the function, purpose, or direction of 
STE in research, policy, and practice (e.g., Luehmann, 2007). In this chapter, we trace the scope and 
breadth of recent research in STE by raising three questions: (a) What are the purposes of research 
in STE? (b) What are the key concepts and methods underpinning research in STE? and (c) What 
are some example areas of research in STE? Given that STE is a very rich and complex domain as 
evidenced by the remit of this handbook itself, it is beyond the scope of a single chapter to cover all 
aspects of research in STE. Hence, the chapter is intended to provide a meta-perspective on a set of 
example areas of research to illustrate the rationale for carrying out research in STE and to illustrate 
some indicative areas of work for advancing the field.

Many international curriculum reform efforts have placed new and emerging demands on sci-
ence teachers, making it necessary to develop teachers’ knowledge about a whole range of issues 
(Reiser, 2013). For example, in the USA, the Next Generation Science Standards (NGSS) (NGSS, 
Lead States, 2013) have recently prompted a shift in the emphasis away from the breadth of too 
much content to a focus on the in-depth development of core explanatory ideas. Similar shifts in 
curricula in other parts of the world have been observed, for instance in the case of the inclusion of 
argumentation in the science curriculum in South Africa (Erduran & Msimanga, 2014). Another 
dimension of recent science curriculum reform includes the emphasis on integrated science, tech-
nology, engineering, and mathematics (STEM) in education when, traditionally, these subjects are 
taught separately in schools. However, research has illustrated that there may be a lack of coherence 
in how different aspects of STEM are represented in curriculum documents. For example, by trac-
ing the disciplinary aims, values, methods, and practices of STEM disciplines in science curriculum 
standards from Korea and Taiwan as well as the USA, Park et al. (2020) demonstrated that mathemat-
ics is underemphasized in science curriculum statements.
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In light of recent developments in science curriculum reform, we review a set of themes that 
highlight the significance of research in STE. Researching the experiences of teachers as they navi-
gate their developmental journey is helpful for teacher educators to better understand so that they 
can respond to teachers’ needs. Likewise, teacher educators’ research into their own practice can 
potentially improve the quality of their teaching. The discussion will identify (a) the purposes of 
doing research in STE, (b) the key constructs that frame research in STE, and (c) some example 
areas of research in STE. As we survey research in STE, we will often use the generic term “teacher” 
rather than the specific terms preservice teacher (PST) or in-service teacher. This is in recognition of 
the continuum of teacher education, which extends beyond the initial phase focusing on preservice 
teachers (Kahle & Kronebusch, 2003).

Key Constructs in Research in Science Teacher Education

Teacher education can be highly contested and variable in different jurisdictions around the world 
(Kitchen & Petrarca, 2016). Over the past decade, there have been increasing calls for teacher educa-
tion to become more “evidence informed” and for research to become a more integral part of teacher 
education (Menter & Flores, 2020). The role of research in teacher education programmes was dis-
cussed in broad and inclusive terms by the BERA-RSA report (2014). The report cited purposes such 
as (a) informing the content of teacher education, (b) informing the designing and structure of teacher 
education, (c) equipping teachers and teacher educators to engage with and be discerning consumers 
of research, and (d) to equip teachers and teacher educators to conduct their own research investigat-
ing the impact of particular interventions or to explore the positive and negative effects of educational 
practice. It has also been argued that teacher educators’ understandings and experiences of research can 
influence their teaching approaches in initial teacher education (Brew & Saunders, 2020). Therefore, 
it appears important to develop research programmes in teacher education where teacher educators 
investigate their own practices and “engage in collaborative research-based partnerships with school 
mentors, student teachers and teachers” (Menter & Flores, 2020, p. 9).

As a research field, STE literature presents a plethora of theoretical and empirically derived con-
structs such as “Pedagogical Content Knowledge” (PCK) and “Metacognition” which are also promi-
nent in generic teacher education literature. These constructs often frame researchers’ discussions 
about how teachers learn to teach as well as the nature of their pedagogical and subject knowledge. 
Numerous theoretical orientations, thus, inform such constructs including cognitive psychological 
accounts in the case of “metacognition” and epistemological perspectives, including the nature of 
subject knowledge (Schwab, 1962). PCK, a concept proposed by Lee Shulman (1986), has framed 
much research in STE. PCK has provided a powerful framework to illustrate a central feature of 
teachers’ knowledge. Shulman described PCK as “The most useful forms of content representa-
tion . . . the most powerful analogies, illustrations, examples, explanations, and demonstrations – in a 
word, the ways of representing and formulating the subject that makes it comprehensible for others” 
(p. 9). Various iterations of PCK have been proposed by other researchers, often complemented with 
other aspects of science teaching including subject knowledge (Berry et al., 2015; Hume et al., 2019).

Grossman (1990) added two other components to Shulman’s original PCK components: knowl-
edge of curriculum, and knowledge of purposes for teaching. A further account was proposed by 
Magnusson et al. (1999). This model added three components to Shulman’s original ones: orienta-
tion to teaching science (i.e., knowledge and beliefs about purposes and goals for teaching), knowl-
edge of science curricula, and knowledge of assessment of scientific literacy. A recent perspective on 
teacher knowledge uses a transformative yet structured model of teacher professional knowledge and 
skills. A model proposed by Gess-Newsom (2015) incorporates ideas from Shulman (1986), such as 
PCK, as well as other concepts such as Teacher Professional Knowledge Bases (TPKB) and Topic 
Specific Professional Knowledge (TSPK). The model makes explicit that content for teaching occurs 
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at the topic levels (i.e., chromatography) and not at the disciplinary level (e.g., chemistry). Further-
more, authors have argued that subject matter, pedagogy, and context can be considered in unison.

“Metacognition” is another widely and broadly used concept in teacher education. It is often con-
sidered as knowledge about cognition which refers to one’s knowledge about her/his own cognition 
(Schraw & Moshman, 1995). It consists of three sub-components: (a) declarative, (b) procedural, and 
(c) conditional knowledge. Declarative knowledge is defined as one’s knowledge about oneself as a 
cognitive processor. Procedural knowledge involves knowledge about execution of procedures for 
a specific cognitive task. The conditional knowledge refers to knowledge of why and when to use 
a particular strategy for a particular cognitive task. Accounts of science teachers’ cognition include 
domain-specific aspects of science teaching, such as the teaching of scientific inquiry. Examples of 
metacognition articulated in the work of STE researchers include Zohar’s (2012) framework that 
distinguishes meta-strategic knowledge or MSK as a sub-component of metacognition. MSK is the 
“thinking behind the thinking” (meta-level of thinking) rather than the “thinking behind the doing” 
(Zohar & Ben-David, 2008).

Research in STE is conducted through a range of methodological approaches. The sorts of 
knowledge claims that these audiences are interested in may differ, and so the sorts of evidence or 
method of generating evidence that they value may also differ. More generally, there are noticeable 
trends towards valuing forms of evidence in education, and efforts to make educational research 
“more scientific” (Wrigley, 2018). Researchers in STE often use experimental methods and ran-
domised control trial (RCT) approaches to study the impact of interventions. While there is perhaps 
a heightened value on RCTs or experimental studies in some spheres, researchers in STE recognise 
value in wider forms of evidence for informing practice. There are a broad range of frequently used 
research approaches beyond the experimental designs, including action research, ethnographies, and 
case studies. Quantitative (Ronald, 2012) and mixed methods (Luft et al., 2011) studies that seek to 
explore and explain relationships between variables, such as between teacher competence, quality, 
and student outcomes (e.g., Fauth et al., 2019). Further examples include investigations about how 
individuals in particular contexts respond in given research instruments for beliefs or understanding 
at points in time, or developmentally over periods of time (e.g., Herman & Clough, 2016).

Areas of Research in Science Teacher Education

Research in STE often differentiates the issues related to beginning and in-service teachers (Cochran 
et al., 1993; Friedrichsen et al., 2010). The needs of beginning and experienced teachers can vary 
significantly. For example, while experienced teachers can benefit from professional development on 
higher-order thinking skills, novice teachers tend to focus on more basic matters such as classroom 
management (Luft et al., 2011). Regardless of the career trajectories of teachers, studies on teacher 
education draw from a range of foundational disciplines that frame science teaching and teacher edu-
cation. Some areas are guided by theoretical constructs from diverse fields such as cognitive psychol-
ogy – for instance, those focusing on teachers’ cognition (Borko & Putnam, 1996) – and sociology 
of the teaching profession – for instance, those focusing on teaching in the broader societal norms 
and institutional imperatives (Ferfolja et al., 2015). Figure 1.1 provides an illustration of the areas of 
research in STE and the ways in which these areas relate to each other.

Any such illustration will necessarily be limited insofar as it is a reduction of the true complexity 
of teacher education. However, such representations can help summarise some of the key constitu-
ents of teacher education where research efforts are placed. In the center of Figure 1.1 lies the activ-
ity of STE. This activity is flanked by the primary actors involved in the activity, namely teachers and 
teacher educators. Research in STE will be related to all three of these elements, but some research 
is associated with one more than the others. A wide range of research is undertaken pertaining to 
the actors involved in teacher education (i.e., their beliefs, their background profiles and journeys, or 
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other characteristics) as well as systemic elements including the broader policy landscape of teacher 
education and accountability measures.

There are a variety of different areas and levels of research on the activity of STE, and some of 
the most pertinent of these are represented around the outside of the activity. Many of these are 
unpacked in greater detail in the body of the chapter but are briefly introduced here as a way to 
think about the breath of research in STE. Landscape refers to the kinds of research that are most 
concerned with understanding the “current state” of STE, particularly in light of policies in national 
as well as international comparative contexts (Scherr & Chasteen, 2020). For example, research can 
focus on who is entering STE (Roloff Henoch et al., 2015) or the policies relating to STE more 
generally (Olson et al., 2015). Orientations refers to the forms of research which are related to the 
overarching principles of STE, often informed by philosophies of education or other underpinning 
values. These principles and values guide the decision-making of STE and even the fundamental 
structure or approach to teacher preparation that is adopted (Craig, 2016). Accountability as a term 
in this representation includes a reasonably wide range of research interests. It differs from Landscape 
in that it is less about providing an account of the current state (the who, what, and how of current 
provision) and more about the measures and outcomes of the process.

The most familiar area of research is related to how teacher education programmes are evaluated 
for their outcomes such as teacher retention (Zhang & Zeller, 2016) or student achievement (Boyd 
et al., 2009). Subsumed in such evaluations, there is also the assessment and certification of teachers 
that many teacher education providers are accredited to undertake (Richmond et al., 2019). An area 
of research involves teacher competencies and how to assess that such competencies are adequately 
developed in STE. Strategies and self-study are closely related in that they can both be concerned with 
the practices of teacher educators (Bullock & Russell, 2012; Hordvik et al., 2020; Loughran et al., 
2004). Research on pedagogical strategies used in STE can be subjected to a wide range of forms of 
empirical study, some of which are on a large scale (Ronald, 2012) while others are investigated and 
usefully described in rich detail through an individual teacher educators’ own self-study (Russell & 
Berry, 2014). Teacher self-studies can be concerned with their own developmental journeys as actors 
in the activity of teacher education, and not just about the impact of their strategies. In the rest of 
this section, we focus on some example areas of research that are subsumed under each aspect of the 
broad characterisation in Figure 1.1.

Teacher beliefs, attitudes, dispositions, and identities

Research on beliefs, attitudes, and dispositions of teachers, both preservice and in-service, has been 
a long-standing strand in STE (Bryan, 2012). Much of this research has been motivated by the need 

Activity of 
Science Teacher Education

Teacher 
Educators

Teachers
Preservice & In-service

Landscape Orientations

Strategies Self-Study

Accountability

Figure 1.1 Areas of research in science teacher education
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to identify the thought processes that drive teacher behavior, paralleled with the idea that changes in 
such mental constructs could yield changes in teaching practices (Cochrane-Smith & Fries, 2005). 
Approaches in research shifted towards considering teacher education as learning experience where 
it was necessary to understand how teachers’ knowledge and beliefs develop, and how teachers ulti-
mately translate these beliefs into practice (Bryan, 2012). The task of defining the construct of teacher 
beliefs is a challenging one (Pajares, 1992), and despite a growing literature on the topic, it continues 
to be “murky” and lacking consensus (Fives & Buehl, 2012). Nonetheless, it has been argued that 
preservice teachers come to teacher education with pre-existing beliefs (Yesil-Dagli et al., 2012) and 
these beliefs act as filters for the information encountered in their education (Fives & Buehl, 2017). 
It is therefore important for teacher educators to investigate and understand the beliefs of preservice 
teachers to establish how their learning progression can be supported (Guilfoyle et al., 2020).

A range of beliefs, attitudes, and dispositions have been examined as important and influential 
in teacher education, including instructional beliefs (Rubie-Davies, 2015), goal-orientation beliefs 
(Anderman et al., 2002), self-efficacy beliefs (Cakiroglu et al., 2012), as well as beliefs about assess-
ment (Barnes et al., 2015), technology (Hermans et al., 2008) and diversity (Gay, 2010). Among the 
wide range of beliefs that are relevant for teaching in general, beliefs about the nature of the subject/
discipline are clearly of particular importance to STE. Shulman (1986) argued that teachers need 
to be able to guide students not only in learning the “accepted truths in a domain” but also in why 
these truths are deemed warranted in the domain (p. 9). For science teachers to be able to do so, STE 
must consider understanding of the nature of the discipline as part of the subject matter preparation 
of teachers (Ball & McDiarmid, 1990). Indeed, the science education community has long focused 
on this issue of students’ and teachers’ beliefs about the nature of science (e.g., Erduran & Dagher, 
2014; Lederman, 1992).

Some researchers have taken particular interest in the beliefs about the epistemic nature of the dis-
cipline and considered how these play a role in learning (Peng & Fitzgerald, 2006), teaching (Kang, 
2008), and learning to teach (Buehl & Fives, 2016). Researchers are often interested in how such 
themes develop over time. Consequently, longitudinal studies have been designed and implemented 
to trace teachers’ development over the course of teacher education and into their careers (Buldur, 
2017; Herman & Clough, 2016). A  relatively recent area of research in STE focuses on science 
teachers’ identities (Avraamidou, 2014), and here, too, there is growing interest in identity develop-
ment through the life cycle of the teacher (Hong et al., 2017). Although this is a recent emphasis 
in science education research, preservice science teachers’ identities have been investigated from a 
developmental and social psychological perspective in the broader teacher education for a number 
of years (Friesen & Besley, 2013).

Pedagogy of Teacher Education

Being concerned with the development of teachers, STE researchers take particular interest in 
understanding the aspects and activities of teacher education that can support teachers’ professional 
development. Studies of the content and processes of teacher education take a number of forms. At 
the broadest level, studies can be conducted which aim to generate an understanding of the land-
scape of STE provision at any given point in time. For example, the Research on Science Education 
Survey (ROSES) report in the USA (Newton & Watson, 1968), provided insight into, amongst 
other things, the particular practices of teacher education employed in various institutions (e.g., the 
use of class discussion, student laboratories, student demonstrations, mock teaching, construction 
of teaching units, and lecturing). Other studies about the pedagogy of STE can focus on the level 
of the overarching orientation to programme construction. More recently, Olson (2017) explained 
how STE programmes can be differently constructed depending on the conceptual orientation of 
“construction,” “resolution,” “discrimination,” or “assimilation.”
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Korthagen (2016) argued that the pedagogy of teacher education should be different from other 
areas of higher education and that teacher educators need to “show exemplary pedagogical behav-
iour” (p. 313). Thus, the development and study of specific pedagogical practices in teacher education 
has been an important and growing area of research. Korthagen reviews illustrative examples of spe-
cific pedagogical practices and techniques that have been studied in the context of teacher education, 
including workplace learning, case methods, the use of video, approximations of practice, reflective 
practice, learning communities, narratives, teacher research, portfolios, and modeling (2016, pp. 320–
331). In the specific case of STE, Berry and Loughran (2012) documented how science teacher educa-
tors developed their personal pedagogies for STE, and how they articulate these pedagogies in ways 
that can impact the work of others. They describe a series of self-studies where science teacher edu-
cators explore tensions in their practice to build upon and communicate their pedagogies. However, 
science teacher educators can investigate pedagogies in other ways as well. For example, Scantlebury 
et al. (2008) conducted a longitudinal ethnographic study of the implementation of co-teaching in an 
undergraduate science education course. In doing so, they evaluate their own practice and share both 
the affordances and challenges of the pedagogical strategy for preservice teachers and teacher educators.

Siry and Martin (2014) used case study approaches to examine the role of video analysis in sup-
porting preservice science teachers to reflect on their classroom teacher, in tandem with cogenerative 
dialogue, to make reflexive changes to their practice. They argue that while the pedagogy of using 
video-based media in STE has received attention in literature, there is less reporting of the impact 
resulting from such practices for teachers. Siry and Martin’s research suggests that their dialogic video 
analysis can be transformative for preservice teachers’ practice. Hetherington and Wegerif (2018) use 
a large-scale international teacher survey and teacher interviews in a case study school to argue how 
dialogic pedagogy in STE needs to be cognisant of the material-dialogic relationships (i.e., not just 
focusing on words, but also how material resources used in the science classroom are linked to the 
dialogue). In this case, the research advocates for a pedagogy of teacher education by identifying a 
gap, rather than evaluating the implementation of the pedagogy. In summary, the scope of research 
on the pedagogy of STE is vast and diverse, ranging from the macro levels of ascertaining the land-
scape of provision and categorisation of approaches to programme construction, to micro levels of 
measuring and articulating pedagogical strategies.

Teacher Educators’ Professional Development

An important yet still growing focus of research in teacher education has been on teacher educa-
tors themselves, including their journeys, identities, beliefs, practices, and competencies (Korthagen 
et al., 2005; Lunenberg et al., 2011). However, there is still much left to do in this area, particularly 
in the specific cases of science teacher educators (Berry & Van Driel, 2012). Research studies on 
teacher educators address the questions of “Who teaches teachers?” “How do they become teacher 
educators?” “How can teacher educators be supported in their development?” These studies can 
focus on the personal experiences and professional journeys to becoming a teacher educator, includ-
ing the challenges and opportunities along the way. Some focus on pathways through various career 
roles, such as from classroom teacher to cooperating teacher or from school-based mentor to uni-
versity teacher educator (e.g., Zeichner, 2005). Others focus on the implications of the academic 
expectations of teacher educators, whose identities and backgrounds do not always match the “aca-
demic scholar” of other disciplines in the academy (e.g., Murray & Male, 2005; Loughran, 2011). 
Such research on teacher educators can help to better understand how STE works in practice and 
how best to support science teacher educators’ own professional journeys.

An example of a study that homed in on the case of subject discipline teacher educators is that 
of Johnston and Purcell (2020). These authors explored the profiles and practices of those involved 
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in initial teacher education programmes who provide disciplinary content knowledge to preser-
vice teachers (e.g., a physics lecturer on a teacher education course). Johnston and Purcell argued 
that although undergraduate preservice teachers would spend a significant portion of their initial 
teacher education course with such subject discipline teacher educators, little attention has been 
paid to them in teacher education research or policy. Erduran and Kaya (2019) reflected on their 
own journeys as science teacher educators as they collaboratively designed and taught a preservice 
science teacher education course about nature of science. The authors remarked about their own 
exposure to the foundational disciplines of history, philosophy, and sociology of science that help 
frame nature of science in science education. Research accounts of science teacher educators thus 
help to identify the opportunities as well as constraints to teacher educators’ own knowledge base in 
what they are including in their teaching. Berry & Van Driel (2012), in their study of science teacher 
educators’ expertise and practices, suggest that this form of research can contribute not only to a 
better understanding of science teacher educators’ work but also to “the development of a pedagogy 
of STE” (p. 117).

Teacher Education Communities, Institutions, and Accountability

Some researchers argue that a systemic approach that considers teacher education communi-
ties, institutions, and accountability mechanisms is necessary for significant and lasting changes to 
reforming science teacher education (Bryk et al., 2015; Coburn & Penuel, 2016). However, research 
investigating STE through frameworks focusing on a systems approach are scarce. Based on a review 
of literature, Allen and Heredia (2021) specify four practices that can aid in designing professional 
learning to facilitate science teachers’ organizational sensemaking of science reform. These practices 
are intended to complement and expand upon existing best practices for teacher professional learn-
ing, including active learning opportunities for teachers. The authors recommend practices that 
are aimed at intentionally surfacing organizational sensemaking: (a) anticipating sources of uncer-
tainty and ambiguity teachers may experience due to their organizational context and (b) triggering 
sensemaking during professional learning meetings. These practices are then followed by opportu-
nities to reduce ambiguity and uncertainty through (c) collective meaning-making and materials 
development and (d) sustained professional development and iteration around perceived barriers to 
implementation.

Organisations that provide teacher education are governed by accountability for quality and 
performance (Gitomer, 2003). For example, in many parts of the world, there are government-
based standards for being qualified to teach, and teacher training programmes are periodically 
inspected for quality assurance purposes. Research on such matters of accountability is often con-
ducted within organisational settings and commissioned by the relevant organisation. For instance, 
in the United Kingdom, Ofsted has published research evidence underpinning the education 
inspection framework. Ofsted stands for Office for Standards in Education, Children’s Services 
and Skills, and it is a non-ministerial department of the UK government, reporting to Parlia-
ment. Ofsted is responsible for inspecting a range of educational institutions, including initial 
teacher training. Ofsted regularly conducts research drawing on a range of sources, including 
both Ofsted’s own research programme and a review of the existing evidence base. Ofsted subse-
quently used their research report to justify the key judgements for a proposed new framework on 
inspection of schools, including quality of education, leadership, and management (Ofsted, 2019). 
When research is conducted within the institutional settings of accountability, particular biases may 
potentially arise guided by ideological stances (e.g., Murray & Wittaker, 2018). Nevertheless, it can 
also be argued that the research-policy gap is narrowed when organisations that govern and lead 
STE provisions engage in research.
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Discussion and Conclusion

The chapter outlined an overview of research in STE, including some key constructs and areas 
of research. The discussion raises numerous questions, some of which pertain to long-standing 
problems. For example, questions about the theory-practice gap (Kortkagen & Kessels, 1999) and 
scaling up of research outcomes involving a small number of teachers to the system level of teacher 
education (Schalock et al., 2006) persist. As the research base in STE continues to build, a sig-
nificant concern is the extent to which congruence in evidence is established across the various 
methods, agents, concepts, and contexts of research. At times, the interpretations in evidence may 
potentially include biases of researchers imposing meanings on teachers, teaching, and teacher edu-
cation not necessarily matching those of the participants of research. Convergence in collaboration 
and dialogue among the stakeholders of STE is likely to improve the credibility of evidence gener-
ated through multiplicity of approaches to research in STE. Some examples of spaces that are aim-
ing to create platforms for such interaction are beginning to emerge. For instance, there are now 
websites that build connections, mediate the development of research projects, and enable sharing 
of research findings as exemplified by the Teachers’ Research Exchange (T-Rex) in Ireland (McGann 
et al., 2020). Such initiatives are already extending the more traditional School-University Partner-
ships for research collaboration in STE, such as the Oxford Deanery situated at our own institution 
(Fancourt et al., 2015) and research briefs generated by organisations such as the NSTA in the USA 
that are intended to communicate outcomes of research. Ultimately, effective incorporation of 
robust research evidence in STE will ensure that science teachers are well prepared for the demands 
of teaching.
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