
Advances in STEM Education
Series Editor: Yeping Li

Judy Anderson
Yeping Li   Editors

Integrated 
Approaches 
to STEM 
Education
An International Perspective



Advances in STEM Education

Series Editor

Yeping Li
Texas A&M University
College Station, TX, USA



Advances in STEM Education is a book series focusing on cutting-edge research 
and knowledge development in science, technology, engineering and mathematics 
(STEM) education from pre-college through continuing education around the 
world. It is open to all topics in STEM education, both in and outside of classrooms, 
including innovative approaches and perspectives in promoting and improving 
STEM education, and the processes of STEM instruction and teacher education. 
This series values original contributions that view STEM education either in terms 
of traditionally defined subject-based education or as an educational undertaking 
involving inter-connected STEM fields. The series is open to new topics identified 
and proposed by researchers internationally, and also features volumes from invited 
contributors and editors. It works closely with the International Journal of STEM 
Education and Journal for STEM Education Research to publish volumes on topics 
of interest identified from the journal publications that call for extensive and in-depth 
scholarly pursuit.

Researchers interested in submitting a book proposal should contact the Series 
Editor: Yeping Li (yepingli@tamu.edu) or the Publishing Editor: Melissa James 
(Melissa.James@springer.com) for further information.

Series editor 
Yeping Li, Texas A&M University, College Station, Texas, USA

International Advisory Board
Spencer A. Benson, University of Macau, Macau, China
Richard A. Duschl, Pennsylvania State University, USA
Dirk Ifenthaler, University of Mannheim, Germany
Kenneth Ruthven, University of Cambridge, UK
Karan L. Watson, Texas A&M University, USA

More information about this series at http://www.springer.com/series/13546

http://www.springer.com/series/13546


Judy Anderson  •  Yeping Li
Editors

Integrated Approaches  
to STEM Education
An International Perspective



ISSN 2520-8616	         ISSN 2520-8624  (electronic)
Advances in STEM Education
ISBN 978-3-030-52228-5        ISBN 978-3-030-52229-2  (eBook)
https://doi.org/10.1007/978-3-030-52229-2

© Springer Nature Switzerland AG 2020
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Judy Anderson
Sydney School of Education and Social 
Work
The University of Sydney
Camperdown, NSW, Australia

Yeping Li
Texas A&M University
College Station, TX, USA

https://doi.org/10.1007/978-3-030-52229-2


v

Contents

	 1	�� Investigating the Potential of Integrated STEM Education  
from an International Perspective�����������������������������������������������������������       1
Judy Anderson and Yeping Li

Part I � Approaches to STEM Integration

	 2	�� STEM Integration: Diverse Approaches to Meet Diverse Needs���������     15
Yeping Li and Judy Anderson

	 3	�� STEM Education for the Twenty-First Century �����������������������������������     21
Russell Tytler

	 4	�� Facilitating STEM Integration Through Design �����������������������������������     45
Lyn D. English

	 5	�� A Review of Conceptions of Secondary Mathematics in Integrated 
STEM Education: Returning Voice to the Silent M�������������������������������     67
Erin E. Baldinger, Susan Staats, Lesa M. Covington Clarkson,  
Elena Contreras Gullickson, Fawnda Norman, and Bismark Akoto

	 6	�� What Is the Role of Statistics in Integrating STEM Education?���������     91
Jane Watson, Noleine Fitzallen, and Helen Chick

	 7	�� Numeracy Across the Curriculum as a Model of Integrating 
Mathematics and Science�������������������������������������������������������������������������   117
Anne Bennison and Vince Geiger

	 8	�� Investigating the Epistemic Nature of STEM: Analysis  
of Science Curriculum Documents from the USA Using  
the Family Resemblance Approach���������������������������������������������������������   137
Wonyong Park, Jen-Yi Wu, and Sibel Erduran

	 9	�� Approaches to Effecting an iSTEM Education in Southern  
Africa: The Role of Indigenous Knowledges �����������������������������������������   157
Judah Makonye and Reuben Dlamini



vi

Part II � Designing Integrated STEM Approaches for Students

	10	�� Focusing on Students and Their Experiences in and Through  
Integrated STEM Education�������������������������������������������������������������������   177
Yeping Li and Judy Anderson

	11	�� Connecting Computational Thinking and Science  
in a US Elementary Classroom ���������������������������������������������������������������   185
Emily C. Miller, Samuel Severance, and Joe Krajcik

	12	�� Developing US Elementary Students’ STEM Practices  
and Concepts in an Afterschool Integrated STEM Project������������������   205
Sasha Wang, Yu-hui Ching, Dazhi Yang, Steve Swanson,  
Youngkyun Baek, and Bhaskar Chittoori

	13	�� What Can Integrated STEAM Education Achieve?  
A South Korean Case�������������������������������������������������������������������������������   227
Nam-Hwa Kang

	14	�� Student STEM Beliefs and Engagement in the UK:  
How They Shift and Are Shaped Through Integrated Projects�����������   251
Karen Skilling

	15	�� Climate Change and Students’ Critical Competencies:  
A Norwegian Study�����������������������������������������������������������������������������������   271
Lisa Steffensen

	16	�� Examining a Technology and Design Course in Middle School  
in Turkey: Its Potential to Contribute to STEM Education�����������������   295
Behiye Ubuz

	17	�� Incorporating Mathematical Thinking and Engineering  
Design into High School STEM Physics: A Case Study �����������������������   313
Israel Touitou, Barbara Schneider, and Joe Krajcik

	18	�� STEM Skill Assessment: An Application of Adaptive  
Comparative Judgment ���������������������������������������������������������������������������   331
Scott R. Bartholomew and P. John Williams

Part III � Implementing Integrated STEM Approaches in Teacher Education

	19	�� Developing Teachers, Teaching, and Teacher Education  
for Integrated STEM Education�������������������������������������������������������������   353
Yeping Li and Judy Anderson

	20	�� Missing Coherence in STEM Education: Creating  
Design-Based Pedagogical Content Knowledge in a Teacher  
Education Program�����������������������������������������������������������������������������������   361
Ibrahim Delen, Consuelo J. Morales, and Joe Krajcik

Contents



vii

	21	�� Promoting a Learning Scenario for an Integrated Approach  
to STEM: Prospective Teachers’ Perspectives in Portugal�������������������   385
Ana Henriques, Hélia Oliveira, and Mónica Baptista

	22	�� Designing and Evaluating an Integrated STEM Professional 
Development Program for Secondary and Primary  
School Teachers in Australia �������������������������������������������������������������������   403
Judy Anderson and Deborah Tully

	23	�� Argumentation in Primary Grades STEM Instruction:  
Examining Teachers’ Beliefs and Practices in the USA �����������������������   427
AnnaMarie Conner, Barbara A. Crawford, Timothy Foutz,  
Roger B. Hill, David F. Jackson, ChanMin Kim,  
and Sidney A. Thompson

	24	�� Integrated STEM Education in Virginia: CodeVA  
Elementary Coaches Academy�����������������������������������������������������������������   447
Anita Crowder, Rebecca Dovi, and David Naff

	25	�� Integrated STEM in Australian Public Schools: Opening  
Up Possibilities for Effective Teacher Professional Learning���������������   469
Jane Hunter

	26	�� Teachers’ Responses to an Integrated STEM Module:  
Collaborative Curriculum Design in Taiwan, Thailand,  
and Vietnam�����������������������������������������������������������������������������������������������   491
Pei-Ling Lin, Yu-Ta Chien, and Chun-Yen Chang

	27	�� Promoting Integrated STEM Tasks in the Framework  
of Teachers’ Professional Development in Portugal������������������������������   511
Maria Cristina Costa, António Domingos, and Vítor Teodoro

Part IV � Reflections and Future Directions

	28	�� Reflections of an Engineering Education Scholar  
on Integrated Approaches to STEM Education�������������������������������������   535
Jeffrey E. Froyd

	29	�� Reflections on Integrated Approaches to STEM Education:  
An International Perspective���������������������������������������������������������������������   543
Mei-Hung Chiu and Joe Krajcik

��Index�������������������������������������������������������������������������������������������������������������������   561

Contents



ix

About the Editors

Judy  Anderson  is an Associate Professor in Mathematics Education at the 
University of Sydney, Australia, with extensive experience working with under-
graduate and postgraduate students. With publications on problem-solving in the 
school curriculum and teachers’ problem-solving beliefs and practices, she has 
also worked with colleagues from the University of Sydney to investigate middle 
school students’ motivation and engagement. Judy is currently the Director of the 
STEM Teacher Enrichment Academy, an innovative professional learning program 
for STEM teachers that was established in 2014 by a collaborative team of aca-
demics from the faculties of Education and Social Work, Science, and Engineering. 
A team of 12 academics deliver the program and to date, the Academy has reached 
over 1250 teachers from more than 240 primary and secondary school settings in 
NSW, Australia. With her colleagues, Judy has been conducting research into the 
impact of the STEM Academy program on teachers, school leaders, students, par-
ents, and local communities. Over her career, she has been an active member of 
several professional teaching associations in which she has held leadership roles 
including president of the Australian Association of Mathematics Teachers 
(AAMT) and of the Australian Curriculum Studies Association (ACSA). She is 
currently the Secretary of the International Group for the Psychology of 
Mathematics Education (IGPME).

Yeping Li  is Professor at the Department of Teaching, Learning & Culture in the 
College of Education and Human Development, Texas A&M University, USA. His 
research focuses on curriculum studies in school mathematics, STEM education, 
international education, and teacher education. He is the founding editor-in-chief of 
the International Journal of STEM Education and Journal for STEM Education 
Research, both published by Springer, and is also the editor of several monograph 
series including, Advances in STEM Education also published by Springer. In addi-
tion to publishing over 15 books and special journal issues in recent years, he has 
published more than 100 articles in topic areas that he is interested in. He has also 
organized and chaired many group sessions at various national and international 
professional conferences, such as International Congress on Mathematical 
Education (ICME)-10 (2004), ICME-11 (2008), ICME-12 (2012), and American 
Educational Research Association (AERA). He received his Ph.D. in Cognitive 
Studies in Education from the University of Pittsburgh, USA.



xi

Bismark Akoto  University of Minnesota, Minneapolis, MN, USA

Judy Anderson  Sydney School of Education and Social Work, The University of 
Sydney, Camperdown, NSW, Australia

Youngkyun Baek  Boise State University, Boise, ID, USA

Erin E. Baldinger  University of Minnesota, Minneapolis, MN, USA

Mónica Baptista  Instituto de Educação, Universidade de Lisboa, Lisbon, Portugal

Scott R. Bartholomew  Brigham Young University, Provo, UT, USA

Anne Bennison  University of the Sunshine Coast, Sunshine Coast, QLD, Australia

Chun-Yen Chang  National Taiwan Normal University, Taipei City, Taiwan

Helen Chick  University of Tasmania, Hobart, TAS, Australia

Yu-Ta Chien  National Taiwan Normal University, Taipei City, Taiwan

Yu-Hui Ching  Boise State University, Boise, ID, USA

Bhaskar Chittoori  Boise State University, Boise, ID, USA

Mei-Hung Chiu  National Taiwan Normal University, Taipei City, Taiwan

AnnaMarie Conner  University of Georgia, Athens, GA, USA

Maria Cristina Costa  Instituto Politécnico de Tomar, Tomar, Portugal

Lesa M. Covington Clarkson  University of Minnesota, Minneapolis, MN, USA

Barbara A. Crawford  University of Georgia, Athens, GA, USA

Anita Crowder  Virginia Commonwealth University, Richmond, VA, USA

Ibrahim Delen  Usak University, Faculty of Education, Usak, Turkey

Reuben Dlamini  University of the Witwatersrand, Johannesburg, South Africa

Contributors



xii

Antonio Domingos  Universidade Nova De Lisboa, Lisbon, Portugal

Rebecca Dovi  CodeVA, Richmond, VA, USA

Lyn D. English  Queensland University of Technology, Brisbane, QLD, Australia

Sibel Erduran  University of Oxford, Oxford, UK

Noleine Fitzallen  La Trobe University, Melbourne, VIC, Australia

Timothy Foutz  University of Georgia, Athens, GA, USA

Jeffrey E. Froyd  Ohio State University, Columbus, OH, USA

Vince Geiger  Institute for Learning Sciences and Teacher Education, Australian 
Catholic University, Brisbane, QLD, Australia

Elena Contreras Gullickson  University of Minnesota, Minneapolis, MN, USA

Ana Henriques  Instituto de Educação, Universidade de Lisboa, Lisbon, Portugal

Roger B. Hill  University of Georgia, Athens, GA, USA

Jane Hunter  The University of Technology, Sydney, Australia

David F. Jackson  University of Georgia, Athens, GA, USA

Nam-Hwa Kang  Korea National University of Education, Cheongju, South Korea

ChanMin Kim  Pennsylvania State University, University Park, PA, USA

Joe Krajcik  Michigan State University, East Lansing, MI, USA

Yeping Li  Texas A&M University, College Station, TX, USA

Pei-Ling Lin  National Taiwan Normal University, Taipei City, Taiwan

Judah Makonye  University of the Witwatersrand, Johannesburg, South Africa

Emily C. Miller  University of Wisconsin—Madison, Madison, WI, USA

Consuelo  J.  Morales  Michigan State University, CREATE for STEM Institute, 
East Lansing, MI, USA

David Naff  Virginia Commonwealth University, Richmond, VA, USA

Fawnda Norman  University of Minnesota, Minneapolis, MN, USA

Hélia Oliveira  Instituto de Educação, Universidade de Lisboa, Lisbon, Portugal

Wonyong Park  University of Oxford, Oxford, UK

Barbara Schneider  Michigan State University, East Lansing, MI, USA

Samuel Severance  University of California, Santa Cruz, CA, USA

Karen Skilling  University of Oxford, Oxford, UK

Contributors



xiii

Susan Staats  University of Minnesota, Minneapolis, MN, USA

Lisa Steffensen  Western Norway University of Applied Sciences, Bergen, Norway

Steve Swanson  Boise State University, Boise, ID, USA

Vitor Teodoro  Universidade Nova De Lisboa, Lisbon, Portugal

Sidney A. Thompson  University of Georgia, Athens, GA, USA

Israel  Touitou  CREATE for STEM Institute, Michigan State University, East 
Lansing, MI, USA

Deborah Tully  The University of Sydney, Camperdown, NSW, Australia

Russell Tytler  Deakin University, Melbourne, VIC, Australia

Behiye Ubuz  Middle East Technical University, Ankara, Turkey

Sasha Wang  Boise State University, Boise, ID, USA

Jane Watson  University of Tasmania, Hobart, TAS, Australia

P. John Williams  Curtin University, Perth, Australia

Jen-Yi Wu  University of Oxford, Oxford, UK

Dazhi Yang  Boise State University, Boise, ID, USA

Contributors



1© Springer Nature Switzerland AG 2020
J. Anderson, Y. Li (eds.), Integrated Approaches to STEM Education, Advances 
in STEM Education, https://doi.org/10.1007/978-3-030-52229-2_1

Chapter 1
Investigating the Potential of Integrated 
STEM Education from an International 
Perspective

Judy Anderson and Yeping Li
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1.1  �Background: Sharing Common Interests 
in STEM Education

We are both mathematics educators by training with a keen interest in curriculum 
and the ways teachers use innovative curriculum to transform students’ experiences 
in classrooms. Having written about mathematics curriculum and conducted 
research into the ways teachers use the curriculum to design lessons and tasks to 
meet their students’ needs (e.g., Anderson, 2014; Li & Lappan, 2014), we indepen-
dently developed an interest in integrated curriculum and the ways the mathematics 
curriculum connects with the other STEM subjects: science, technology, and engi-
neering. We have published in the field of science, technology, engineering, and 
mathematics (STEM) education, but we agree this is still a contested space and we 
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need to encourage our colleagues to take a more critical stance about the role of 
STEM education in the broader school curriculum (Li & Schoenfeld, 2019; Tytler, 
Williams, Hobbs, & Anderson, 2019). To pursue the goal of encouraging debate 
about integrated STEM education, we sought opportunities to discuss the chal-
lenges with colleagues at international conferences.

As members of the International Group for the Psychology of Mathematics 
Education (IGPME), we facilitated a Working Group at the Singapore conference in 
2017, followed by a Discussion Group at the Umea, Sweden conference in 2018. 
Each session was well attended with 25–30 participants from more than 15 coun-
tries at each. As participants shared their knowledge and experiences of STEM edu-
cation, it became apparent many of our colleagues were similarly interested in 
integrated STEM curriculum and the role of mathematics in connecting the STEM 
subjects. At each session, we proposed the development of a volume to share our 
experiences, critique current practices, and propose new approaches to STEM cur-
riculum and instruction. Not wanting to limit the contributions to mathematics edu-
cators, we also circulated a call for chapters to a broad audience of STEM educators 
and this volume is the outcome of this joint effort.

The objective of Integrated Approaches to STEM Education: An International 
Perspective was to showcase international contributions to STEM research and 
practice with recommendations for researchers, policymakers, and teachers about 
the future of integrated STEM education. The book aimed to evaluate the efficacy 
of integrated STEM education as it is currently practised and identify opportunities 
for further research and potential collaborations in the STEM education research 
community.

1.2  �Inviting International Perspectives on Integrated 
STEM Education

Researching STEM education has been gaining momentum with increased calls for 
strategies to improve student engagement and to increase participation in senior 
schooling in countries where mathematics and science are not compulsory (Freeman, 
Marginson, & Tytler, 2015; Roth, 2018). At the same time, the diversity of perspec-
tives and approaches (from curricular to pedagogical) challenges the collection of 
evidence to establish a research base which justifies the funds currently being 
invested in STEM education (Honey, Pearson, & Schweingruber, 2014). In the 
USA, STEM education has been extensively supported over the years with national 
policy and substantial Federal Government funding to develop a STEM focus (Li, 
2014; Li, Wang, Xiao, Froyd, & Nite, 2020). Bybee (2013) argues the lack of a com-
mon understanding or definition of STEM education has led to a diversity of 
approaches with scant evidence for the success of many of the initiatives adopted by 
schools and school systems. In recent reports in Australia, there has been a strong 
recognition of the importance of STEM thinking and skills for all students and an 
advocacy of the need to bring school science and mathematics closer to the way 
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science and mathematics are practiced in contemporary settings across the STEM 
disciplines (Office of the Chief Scientist, 2016; Tytler, Swanson, & Appelbaum, 2015).

Integrated Approaches to STEM Education: An International Perspective pro-
vides a platform for international scholars to share evidence for effective practices 
in integrated STEM education and contribute to the theoretical and practical knowl-
edge gained from the diversity of approaches. Many publications on STEM educa-
tion focus on one or two of the separate STEM disciplines without considering the 
potential for delivering STEM curriculum as an interdisciplinary approach 
(Anderson, English, Fitzallen, & Symons, 2020)—this publication seeks to debate 
the efficacy of an integrated STEM curriculum and instruction, providing evidence 
to examine and support various perspectives. The volume focuses on the problems 
seen by teachers and academics working in the fields of science, technology, engi-
neering, and mathematics and provides a set of valued practices which have demon-
strated their use and viability to improve the quality of integrated STEM education.

This volume includes chapters that debate the conceptual basis of integrated 
STEM education, review historical developments in integrated STEM education 
policy and practices, describe the outcomes of effective integrated STEM education 
approaches, including curriculum design and pedagogical practices, and provide 
recommendations for ways forward for research and practice. This volume offers 
evidence to a range of stakeholders interested in integrated STEM education. 
Policymakers can benefit from access to research into integrated STEM education 
and its outcomes, and teachers can benefit from learning new approaches to the 
design and delivery of integrated STEM education. Their students can then benefit 
from opportunities designed and provided to solve real-world problems using 
knowledge from some or all the STEM subjects. Finally, we expect our readers will 
benefit from reading about the ways different countries and jurisdictions have 
approached integrated STEM education over the last few years across all grades of 
schooling.

Our initial invitation to contribute to the volume welcomed contributions on 
empirical research, theoretical frameworks, or detailed case studies showing what 
works in classrooms and what lessons may be learned. We were interested in chap-
ters that investigated diverse contexts and explored a broad range of STEM educa-
tion issues and challenges. The original list of suggested topics or themes for the 
volume included:

•	 Perspectives on integrated STEM education
•	 Approaches to integrating the separate STEM curriculum disciplines
•	 Case studies of integrated STEM education in countries or school jurisdictions
•	 Case studies of integrated STEM education in classrooms or schools
•	 Developing teachers’ integrated STEM education knowledge and practices
•	 Assessing integrated STEM education
•	 The role of one of the disciplines in integrated STEM education
•	 The influence of context on integrated STEM practices
•	 Involvement with the wider community and other stakeholders in integrated 

STEM education in schools
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•	 The most appropriate skills and dispositions for integrated STEM education
•	 Students’ and teachers’ reactions to integrated STEM education and,
•	 Approaches to researching integrated STEM education.

We received contributions which explored many of these topics and themes. 
However, organising this diversity into a coherent volume was a challenge, but we 
decided to structure the volume into four parts, according to the focus on approaches 
to STEM integration, designing integrated approaches for students, implementing 
integrated STEM approaches in teacher education, and future directions. The chap-
ter contributions in each part are described in the next section of this chapter.

1.3  �Structuring and Organising the Volume

1.3.1  �Reviewing Approaches to STEM Integration

The challenge for teachers and school leaders is to determine how they will design 
integrated STEM curriculum when faced with separate subject curriculum docu-
ments and, typically, separate subject assessment and reporting regimes. The design 
of integrated STEM curriculum is not a trivial task and requires subject expertise 
and experience in designing school-based curriculum which focuses not just on cur-
riculum content but on potentially new pedagogical approaches. While designing 
integrated curriculum is not a new idea (see for example Beane, 1997; Dewey, 
1938), focusing on the STEM subjects has meant that schools have had to rally the 
STEM expertise within the school and to plan ways to work together, particularly in 
secondary school contexts, where teachers may be located in separate staff rooms. 
But as Mockler (2018) states,

… a renewed focus on STEM … both in Australia and elsewhere, might provide us with a 
new energy for curriculum innovation and curriculum integration. We might add to this the 
imperatives contributed by the contemporary world, where developing students’ capacity to 
navigate knowledge and information across disciplinary boundaries is increasingly impor-
tant (p. 229).

In designing integrated STEM curriculum, some describe the level of integration 
or a continuum of integration suggesting a hierarchy from disciplinary, to multidis-
ciplinary, to interdisciplinary, and finally to transdisciplinary (Beane, 1997; Vasquez, 
2015). Like Vasquez’s “inclined plan of STEM integration” (p.  13), Gresnigt, 
Taconis, van Keulen, Gravemeijer, and Baartman (2014) proposed a ‘staircase’ 
model of curriculum integration, but they added isolated, connected, and nested 
levels before multidisciplinary, interdisciplinary, and transdisciplinary. Rennie, 
Venville, and Wallace (2018) argued against these hierarchical approaches to STEM 
integration because they imply one end of the continuum is of greater value than the 
other. Instead, they used categorisations of the kinds of approaches schools adopted 
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based on their extensive experience working with teachers and identified six 
approaches which they referred to as synchronised, thematic, project based, cross-
curricular, school specialised, and community-focused.

Regardless of the level of integration of the STEM subjects, or the approach 
adopted by schools to design integrated curriculum, curriculum integration is chal-
lenging and requires time, effort, collaboration, and commitment by teachers and 
school leaders. Mockler (2018) described enablers and constraints to designing 
integrated curriculum when reflecting on the development of the first national cur-
riculum in Australia. She suggested enablers include having broader goals for edu-
cation than just learning content knowledge, focusing on understanding ‘big ideas’, 
and learners ready access to real-world information through digital technologies. 
Whereas constraints might include a backlash against learner-centred approaches, a 
desire for standardisation and increased focus on core subjects, and greater account-
ability particularly through high-stakes testing. While the constraints might dampen 
the potential for integrated curriculum work, teachers and school leaders continue 
to seek ways to design more effective learning opportunities for their students and 
this is particularly evident in the international STEM movement (Anderson, Wilson, 
Tully, & Way, 2019; English, 2019; Tytler et al., 2019).

The chapters in this first part of the volume consider some of the challenges 
described here, as well as discipline integrity and policy agendas. Tytler describes 
the growth of STEM education, particularly from the policy perspective and through 
a framework of competencies associated with the STEM disciplines; he examines 
interdisciplinarity in greater depth, particularly as it impacts on the integrity of 
mathematics. The chapter by Baldinger and her colleagues addresses the concern 
about the role of mathematics in integrated STEM curriculum by conducting a lit-
erature review of recent publications to identify themes from “mathematically-rich 
integrated STEM studies”. Themes include communication, task authenticity, the 
centrality of inquiry, and the importance of informal learning spaces. Park, Wu, and 
Erduran analyse science curriculum documents to identify evidence of types of 
STEM discipline knowledge and understandings. An integrated STEM framework 
for developing countries is investigated in the chapter by Makonye and Diamini.

Chapters examining the process of, or potential models for, curriculum integra-
tion include those by English, Watson, Fitzallen and Chick, and Bennison and 
Geiger. In her chapter, English explores the role of design in curriculum innovation 
and integration, presenting evidence from students’ design project work. Watson 
and colleagues propose the potential of statistics to facilitate integration of the 
STEM subjects and describe several approaches through students’ activities. While 
Bennison and Geiger investigate the potential of numeracy across the curriculum as 
a new model for STEM curriculum integration with outcomes presented from teach-
ers’ lessons. The second part of the volume examines integrated STEM projects 
developed to support student learning.
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1.3.2  �Designing Integrated STEM Approaches for Students

While Dewey (1938) and Beane (1997) promoted experiential and connected learn-
ing approaches to enhance students’ understanding of their world, most countries 
have separate curriculum documents for each of the STEM subjects. Consequently, 
most schools present the curriculum as separate learning experiences, particularly 
in secondary schools, although science, technology, and mathematics teachers may 
use ‘project work’ to engage students and provide them with opportunities to tackle 
real-world problems (Tytler et  al., 2019). However, most real-world problems 
require the use of knowledge from more than one of the STEM subjects. While 
primary school teachers are better placed to connect knowledge for their students, it 
seems a wasted opportunity for secondary school STEM teachers not to connect 
with each other when such projects are offered to the students they teach (Anderson 
et al., 2020).

Research into the efficacy of integrated STEM education, particularly regarding 
long-term benefits to students, is still an emerging field. However, evidence is grad-
ually building that an integrated, interdisciplinary approach to teaching science, 
technology, and mathematics (including engineering-like design practices) supports 
improved problem-solving skills, increased learning-engagement, and improved 
science and mathematics outcomes (Becker & Park, 2011; Tytler et  al., 2019). 
Combining inquiry-based learning with an integrated STEM approach provides rich 
opportunities for students to develop a range of general capabilities, such as critical 
thinking, self-direction, creativity, and communication (Rosicka, 2016). When the 
inquiry focuses on a real-world problem that is meaningful to the students, their 
engagement has been found to extend beyond their immediate learning, to increased 
interest in further study in the component disciplines of STEM, and in future STEM-
related careers (Holmes, Gore, Smith, & Lloyd, 2018).

The chapters in this part of the volume present case studies of integrated STEM 
program experiences for students, with evidence of impact on student learning and 
engagement. At the primary school level, Miller, Severance, and Krajcik describe a 
fifth-grade unit connecting the particle nature of matter with computational think-
ing. Evidence from students reveals how identifying and using patterns helps stu-
dents explain and predict the phenomenon of taste. Wang and her colleagues explore 
the use of robotics in an afterschool setting to identify primary school students’ use 
of scientific language to communicate thinking. Kang presents evidence of impact 
of a large-scale integrated STEAM education approach in South Korea, which used 
project-based learning to deliver programs across most levels of schooling. 
Compared to a control group of students who were not taught the integrated 
approach, the STEAM students had variable outcomes, depending on the expertise 
of the curriculum designers.

Several chapters have focused on integrated STEM approaches in secondary 
school contexts. Skilling uses a transdisciplinary STEM project to investigate stu-
dents’ beliefs and engagement as they build electro-mechanical robots. Steffensen 
used tenth grade students’ discussions and debates about climate change to explore 
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their use of mathematics to argue and critically analyse information. From a differ-
ent perspective, Ubuz conducted research into teachers’ views about whether a 
Technology and Design course had the potential to contribute to students’ STEM 
capability development. Touitou, Schneider, and Krajcik report on the assessment 
of students’ performance on integrated STEM tasks designed to invoke mathemati-
cal and design thinking in a high school physics unit of work. Bartholomew and 
Williams examine an approach to STEM skill assessment aimed at improving reli-
ability and validity of assessing open-ended STEM projects. Designing effective 
integrated STEM experiences for students requires substantial support for teachers 
in both preservice and in-service education.

Studies into student engagement and motivation suggest students begin to disen-
gage from the STEM subjects as early as primary school, although the main shifts 
appear to occur in early secondary school (Martin, Anderson, Bobis, Way, & Vellar, 
2012). Addressing engagement and achievement in the STEM subjects in schools 
requires support for teachers to design curriculum which enthuses students, chal-
lenges their beliefs about the role of the STEM subjects in solving real-world prob-
lems, and inspires them to continue to study these subjects into the future (Moore, 
Johnson, Peters-Burton, & Guzey, 2016). Support for teachers through professional 
learning is a necessary component for successful implementation of innovative 
programs.

1.3.3  �Implementing Integrated STEM Approaches 
in Teacher Education

Professional learning programs for primary and secondary school STEM teachers 
have been designed and implemented in many contexts to support teacher co-
construction of integrated STEM curriculum and inquiry-based learning approaches 
(Nadelson & Seifert, 2017). Informed by research into high-quality, high-impact 
professional development design principles, effective programs should involve 
teams of teachers, working collaboratively to design programs suitable for their 
students (Darling-Hammond, Hyler, Gardner, & Espinoza, 2017; Voogt, Pieters, & 
Handelzalts, 2016). Designing real-world STEM problems or STEM project-based 
learning tasks also involves designing assessment rubrics to provide feedback to 
students on discipline knowledge as well as the key skills of critical thinking, cre-
ativity, collaboration, and communication (Care & Kim, 2018).

Some of the contributions in this part of the volume examined the development 
of STEM knowledge in preservice teacher education. Delen, Morales, and Krajcik 
develop a Design-based Pedagogical Content Knowledge (DPCK) framework to 
support teachers using engineering design processes to connect scientific knowl-
edge with pedagogy. Henriques, Oliveira, and Baptista investigate prospective 
mathematics and physics teachers’ development of integrated STEM projects using 
an authentic integration model.
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Other chapters examine the professional learning of practicing teachers, using a 
variety of approaches. Anderson and Tully evaluate a year-long program for both 
primary and secondary school teachers as school teams worked together to design, 
implement, and evaluate a school-based approach to integrated STEM education. 
Connor and her colleagues present results from a computer programming profes-
sional learning program for primary school teachers, using an innovative model to 
teach coding and collective argumentation. Crowder, Dovi, and Naff also investi-
gate a coding professional development program for elementary school coaches 
with evidence of the effectiveness of the collaborative, inquiry-based design of the 
program. Hunter’s high possibility classroom model was used in three elementary 
schools to demonstrate how teachers collaborated in school-based teams to imple-
ment new pedagogies to promote integrated STEM.  Through a collaboration 
between researchers in Taiwan, Thailand, and Vietnam, Lin, Chien, and Chang 
describe an approach to the development of an integrated STEM module, followed 
by teachers’ reactions to a workshop demonstrating the use of the module, while 
Costa and her colleagues report how coaching by university educators supports 
elementary teachers’ implementation of integrated STEM tasks in classrooms.

All the teacher education programs presented here provide evidence of the poten-
tial to impact teachers’ knowledge and understanding of STEM and their capacity 
to implement integrated STEM approaches in their classrooms. However, questions 
of scalability and sustainability for each of these programs remain. So, what of 
future directions for research in integrated STEM education?

1.3.4  �Identifying Future Directions

Two commentary chapters are contained in this volume from experienced STEM 
education scholars. We asked them to provide a commentary on the work published 
in this volume and to offer their suggestions for future directions. Froyd’s perspec-
tive, from an engineering education scholar, suggests the need for further investiga-
tion of the impact of computational thinking on STEM project work, the continued 
focus on teacher professional learning, and further consideration of the types of 
assessment approaches appropriate for STEM project work. In their reflections on 
the volume, Chiu and Krajcik focused on the notion of an iSTEM-plus curriculum, 
highlighting the opportunities afforded through an integrated STEM curriculum, but 
also describing the challenges and threats. They present strategies to support the 
further development of iSTEM-plus environments, concluding with a call for 
greater international collaboration and sharing of resources and expertise.

While the chapters in this volume provide evidence of the potential of integrated 
STEM education, many authors also raise questions and possibilities for further 
research. Some suggestions for further research raised by authors include, but are 
not limited to:

J. Anderson and Y. Li



9

	 1.	 Investigating what models of interdisciplinarty and in what topics lead to 
engagement of students for particular learning outcomes (Tytler in Chap. 3)

	 2.	 Developing programs of assessment that support such curriculum innovations 
(Bartholomew & Williams in Chap. 18; Tytler  in Chap. 3; Wang et  al. in 
Chap. 12.)

	 3.	 Exploring the development and cognitive components of systems thinking 
(English in Chap. 4)

	 4.	 Understanding teachers’ and students’ reasoning strategies in integrated STEM 
environments (Baldinger et al. in Chap. 5)

	 5.	 Comparing longitudinal research on student outcomes focusing on data analy-
sis aspects of integrated STEM activities (Watson et al. in Chap. 6)

	 6.	 Researching how teachers can provide greater emphasis on mathematics to pro-
mote critical aspects of STEM learning (Bennison & Geiger in Chap. 7)

	 7.	 Investigating how mathematics, as a discipline, operates in a wider enterprise of 
STEM and how it relates to the other three disciplines (Park, Wu & Erduran in 
Chap. 8)

	 8.	 Conducting international comparative studies about diverse and effective ways 
of developing twenty-first century competencies (Wang et al. in Chap. 12),

	 9.	 Exploring issues of subject integrity and inequitable subject representation in 
STEM project work (English in Chap. 4; Skilling in Chap. 14),

	10.	 Considering issues of teacher implementation of integrated STEM curriculum 
in diverse contexts (Ubuz in Chap. 16),

	11.	 Researching student transferability of STEM skills beyond the task or unit 
within which they were demonstrated (Touitou et al. in Chap. 17),

	12.	 Following PSTs into classrooms to examine whether their STEM knowledge is 
transferred into their classrooms (Delen et al. in Chap. 20; Henriques et al. in 
Chap. 21)

	13.	 Connecting learning in teacher professional learning about integrated STEM 
with improved student learning outcomes (Anderson & Tully in Chap. 22).

With these research ideas in mind, we hope readers will continue to explore inte-
grated STEM approaches and contribute to our knowledge of the field. While the 
STEM movement has continued for some time now, researchers still have a way to 
go to identify the most effective ways to design and deliver integrated STEM cur-
riculum in schools. Given Bybee’s 2020 vision for STEM education published in 
2010, it is clear we still have many questions to investigate (Bybee, 2010).

1.4  �STEM Education: Now More than Ever?

The title for the final section of this chapter is from a book recently published by 
Rodger Bybee (2018). Bybee has been a regular contributor to debates about STEM 
education, with several well-known and highly cited publications in the field. In 
2010, he published Advancing STEM Education: A 2020 Vision, calling for a 
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ten-year strategic plan to “move beyond the slogan and make STEM literacy for all 
students an educational priority” (p. 30). The plan recommended developing model 
STEM units with professional development for teachers and “exemplary assess-
ment at the elementary, middle, and high school levels” (p. 34). He recommended 
this would need to be followed by systemic changes in policies, programs, and 
practices at local, state, and national levels, with strategies to evaluate and refine 
approaches over several years. Even though the contributions in this volume provide 
examples of model STEM units, successful professional development programs, 
suggestions for approaches to assessment of STEM project work, and research into 
national and even international collaborative efforts, there is little evidence that 
Bybee’s 2020 vision has been realised.

While some countries appear to have committed substantial funds to STEM pro-
grams, many STEM education efforts are still piecemeal, and conducted at the local 
or regional levels of school education. Without STEM education becoming an inte-
gral component of the mandated curriculum, it is unlikely this will change (Lowrie, 
Downes, & Leonard, 2017). It seems a major challenge or hurdle which has yet to 
be overcome is the relationship between learning knowledge, skills, and under-
standings of the separate STEM subjects versus the benefits of an integrated cur-
riculum that allows students to tackle bigger problems. Efforts to create integrated 
curriculum experiences in the past have not necessarily been sustained, as was the 
case with the middle school movement in the 1990s (Beane 1997). There are many 
reasons why implementing integrated curriculum is challenging, including curricu-
lum structures, assessment practices, teachers’ knowledge and beliefs, as well as 
school structures and historical practices (Wallace, Sheffield, Rennie, & Venville, 
2007). But is it time to seriously rethink the purpose of schooling and the knowl-
edge students need to meet the challenges of today’s society?

Returning to Bybee’s recent book STEM Education Now More than Ever (2018). 
He describes initial concerns about the lack of a clear definition for STEM and the 
need for citizens to address twenty-first century challenges such as.

… economic growth, climate change, a reduction in biodiversity, vulnerabilities of the 
internet, energy efficiency, emerging and re-emerging infectious diseases, clean water, 
space exploration, and healthy oceans among others—depend on solutions that look at least 
somewhat to science, technology, engineering and mathematics (p. 6).

He argues “STEM provides opportunities to introduce issues beyond the tradi-
tional disciplines, such as citizenship” (p.  7). Given that politicians frequently 
ignore the advice of scientists, Bybee calls for education to provide increased 
opportunities for students to develop STEM competencies such as:

•	 Understanding the nature of science
•	 Cultivating an understanding and ability to use evidence and form reasonable 

arguments
•	 Engaging in civil discourse and,
•	 Developing twenty-first century workforce skills (p. 146).
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With recent international catastrophes, including floods, fires, melting icecaps, 
and the Covid-19 pandemic, there are good reasons why we do need STEM educa-
tion now more than ever.
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2.1  �Brief Background

The importance of mathematics and science has long been recognized in school 
education around the world. School mathematics and science have been compulsory 
subjects for every student in widespread school contexts. For example, the 
International Association for the Evaluation of Educational Achievement (IEA) con-
ducted a pilot 12-country study in 1960 to investigate the feasibility of undertaking 
a more extensive assessment of educational achievement (Foshay, Thorndike, 
Hotyat, Pidgeon, & Walker, 1962). The pilot study focused on five areas: mathemat-
ics, reading comprehension, geography, science, and nonverbal ability (see https://
www.iea.nl/studies/iea/earlier#section-171). The selection of these five areas repre-
sented what was commonly covered and valued in and through school education 
across different education systems at that time. After this pilot study, the IEA con-
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ducted its first international study with a focus on mathematics in 1964 (i.e., The IEA 
First International Mathematics Study—FIMS, Husén, 1967), and then follow-up 
international studies with six specific subject foci in 1970–1971 including science 
(i.e., The IEA First International Science Study—FISS, Keeves & Comber, 1973). 
FISS focused on three fields of science: biology, chemistry, and physics. In some 
countries, the emphasis on school mathematics and science may start even earlier. 
For example, the School Science and Mathematics Association was established in 
1901 in the United States with one of its four goals stated as “advancing knowledge 
through research in science and mathematics education and their integration” (see 
https://ssma.org). Its official journal, School Science and Mathematics, was founded, 
also in 1901, to showcase “research on issues, concerns, and lessons within and 
between the disciplines of science and mathematics in the classroom” (see https://
onlinelibrary.wiley.com/journal/19498594).

In contrast, STEM education as explicated by the term does not have a long his-
tory. The interest in helping students learn across STEM fields can be traced back to 
1990s when the U.S. National Science Foundation (NSF) formally included engi-
neering and technology with science and mathematics in undergraduate and K–12 
school education (e.g., National Science Foundation, 1998). It coined the acronym 
SMET (science, mathematics, engineering, and technology) first, and then changed 
to the acronym STEM in early 2000s to replace SMET (Li, Wang, Xiao, & Froyd, 
2020). The emerging field of STEM (later also STEAM after adding “A” as arts, 
STREAM after adding “R” as reading, and STEMM after adding “M” as medicine) 
education is perceived as providing some fascinating opportunities for transforming 
school education since not only STEM is important for students’ learning now and 
in the future but also STEM brings new perspectives about possible foci and the 
value of school education (Li, 2018).

Different from simply adding new school subjects in the past, the inclusion of 
“T” (technology) and “E” (engineering) calls for a broader focus on STEM educa-
tion with an ever-increasing interest in discipline integration instead of taking each 
discipline as “silos.” Consistently, there have been more and more interests in 
exploring and understanding different perspectives and approaches to STEM inte-
gration in many education systems. It is in this spirit that this part is designated to 
share and learn about those different perspectives and approaches internationally.

2.2  �Investigating Different Approaches to STEM Integration

A total of seven chapters (excluding this chapter) are included in this part. Two 
chapters are literature reviews of STEM education in general (Chap. 3) and the 
inclusion of mathematics in integrated STEM education (Chap. 5). Three chapters 
(Chaps. 4, 6, and 7) present and discuss specific approaches to STEM integration 
from a curriculum perspective. One chapter (Chap. 8) illustrates the use of a specific 
approach for analyzing curriculum documents to examine their epistemic nature of 
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STEM. The final chapter (Chap. 9) discusses a pedagogical framework for imple-
menting integrated STEM education in Southern Africa.

Instead of focusing on a specific STEM integration effort, Tytler (2020) provides 
a historical overview of STEM education as originated in the United States and then 
expanded internationally. The chapter summarizes various forms of STEM educa-
tion that have been developed including, promoting the integration of engineering 
with science and mathematics in curricula, the inclusion of digital technology in 
school education, and/or connections between school education and STEM profes-
sional work in the real world. In accounting for possible reasons (i.e., “why”) that 
led to the dramatic development of STEM education, Tytler discusses several driv-
ers that are commonly perceived and highlighted in various documents: the need for 
improving a nation state’s economic productivity, the need for advancing a nation’s 
science and technology research and development, and the need for preparing a 
workforce with STEM competencies. Building upon the discussion about STEM-
competent workforce preparation, Tytler discusses a framework of STEM compe-
tencies needed in the future (i.e., “what”). The framework includes four types of 
knowledge (disciplinary knowledge, epistemic knowledge, interdisciplinary knowl-
edge, and procedural knowledge) and three types of skills (cognitive/metacognitive, 
social/emotional, and physical/practical), attitudes, and values. To develop students’ 
STEM competencies, Tytler discusses the ongoing movement of developing and 
using interdisciplinary approaches in STEM teaching and learning (i.e., “how”), 
with an extended review of possibilities and challenges associated with interdisci-
plinary mathematics education.

As mathematics is commonly perceived as a discipline that has received the least 
attention in integrated STEM education, Baldinger et al. (2020) conducted a litera-
ture review of articles published in 19 journals from 2013 to 2018. They found that 
only 32 out of 4072 articles in 12 journals demonstrated mathematically rich inte-
grated STEM at the secondary level. The finding provides empirical support to the 
common perception and it is also consistent with what has been reported recently by 
looking at publications in the International Journal of STEM Education (Li & 
Schoenfeld, 2019).

The three chapters on a specific STEM integration from a curriculum perspective 
are contributed by English (Chap. 4), Watson and colleagues (Chap. 6), and 
Bennison and Geiger (Chap. 7). English (2020) highlights the use of engineering 
design as an important approach for STEM integration, with special benefits of 
engaging students and providing opportunities for them to apply disciplinary knowl-
edge and make knowledge connections across disciplines. Watson, Fitzallen, and 
Chick (2020) argue that statistics, as part of mathematics, is well positioned for 
integrating STEM around the fundamental nature of variation across STEM con-
texts. Bennison and Geiger (2020) present and discuss the use of numeracy, the 
capability of using mathematics to solve real-world problems, as a rich cross-
curricular model for integrating mathematics and science in Australia.

In Chap. 8, Park, Wu, and Erduran (2020) demonstrate the feasibility of using the 
framework of the Family Resemblance Approach to examine the epistemic nature of 
STEM disciplines as represented in curriculum documents. As illustrations, they 
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present an analysis of the two science-based curriculum documents from the United 
States. Makonye and Dlamini (2020) discuss in Chap. 9 special challenges educators 
and teachers in developing countries, especially in Africa, are facing to begin to 
develop and implement integrated STEM education. Based on a literature review 
and interviews with selected teacher educators, they proposed a pedagogical 
framework that calls for the infusion of local context and culture in STEM education 
together with political support and professional development for teachers.

2.3  �Considering Further Issues

These seven chapters, as discussed above, provide a wide spectrum of what we can 
learn, ranging from a broad picture related to integrated STEM education based on 
literature reviews, specific approaches to STEM integration, to specific approaches 
for curriculum analysis and implementing integrated STEM education.

The three chapters with a focus on specific approaches present different curricu-
lum models for STEM integration. They share a common feature of developing 
STEM integration with a primary discipline base: design in engineering and tech-
nology (Chap. 4), statistics (Chap. 6), and numeracy in mathematics (Chap. 7). 
These chapters inspire us to think about the possibility of developing other curricu-
lum models of STEM integration with a selection of different disciplines as a pri-
mary discipline base, which may be used to serve different educational purposes. 
STEM integration is not the end, but a means of developing students’ competencies 
needed in the future. At the same time, these approaches tend to be discipline-centric 
that emphasize knowledge acquisition and application. Thus, further considerations 
are needed to discuss different types of knowledge (including epistemic knowledge 
and interdisciplinary knowledge) and skills in these integrated STEM curriculum 
models, as Tytler discusses in his chapter.

There can be some other perspectives in thinking about STEM integration. As 
Tytler quotes (Chap. 3), Andreas Schleicher, OECD (Organization for Economic 
Co-operation and Development) Director of Education and Skills, argued in the 
2017 OECD forum:

What is required is the capacity to think across disciplines, connect ideas and ‘construct 
information’: these ‘global competencies’ will shape our world and the way we work and 
live together.

An emphasis on the development of thinking is a very important aspect of compe-
tencies for the future workforce and STEM education is well positioned to develop 
students’ thinking (Li et al., 2019a). Li et al. (2019a) proposed that thinking needs 
to be reconceptualized as plural and can be differentiated as multiple models with 
levels. Specifically, as examples of models of thinking, Li and colleagues further 
discussed design thinking (Li et  al., 2019b) and computational thinking (Li, 
Schoenfeld, et al., 2020), without subject fixation, that are important for every stu-
dent to develop and apply in the twenty-first century. STEM integration can be 
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developed and used to help develop students’ transdisciplinary models of thinking, 
such as design thinking and computational thinking. This perspective should pro-
vide another direction for developing various approaches, different from discipline-
centric approaches, for integrated STEM education.

With a primary focus on integrated STEM curriculum models in this part, read-
ers can certainly want to learn more from reading this book. There are many other 
important aspects of STEM education beyond curricular issues. We invite readers to 
read our introductory chapters (Chaps. 10 and 19) for the follow-up parts with spe-
cific considerations about students and their experiences (Part 2, see Li & Anderson, 
2020a) and teachers and their practices (Part 3, see Li & Anderson, 2020b).
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