
big ideas in science
big ideas in science have shaped our understanding of the natural world and continue to
influence technological advancement and philosophical thought. These groundbreaking
concepts span various disciplines, from physics and biology to chemistry and earth
sciences. By exploring fundamental theories such as evolution, relativity, and quantum
mechanics, science reveals the underlying principles that govern the universe. The
significance of big ideas in science lies not only in their explanatory power but also in their
ability to inspire innovation and solve complex problems. This article delves into some of
the most transformative scientific ideas, highlighting their development, impact, and
ongoing relevance. Through a comprehensive examination, readers will gain insight into
how these concepts have revolutionized our perspective and continue to shape future
discoveries.

The Theory of Evolution

The Laws of Thermodynamics

Relativity Theory

Quantum Mechanics

The Structure of DNA

Plate Tectonics

The Big Bang Theory

The Theory of Evolution
The theory of evolution is one of the most influential big ideas in science, providing a
framework for understanding the diversity of life on Earth. Proposed by Charles Darwin in
the 19th century, it explains how species change over time through the process of natural
selection. This concept revolutionized biology, shifting the perception of life from static
creation to dynamic adaptation.

Natural Selection and Adaptation
Natural selection is the mechanism by which individuals with advantageous traits are
more likely to survive and reproduce, passing those traits to subsequent generations. Over
time, this process results in adaptation to the environment and the emergence of new
species. Evolutionary biology integrates genetics, paleontology, and ecology to explain this
complex phenomenon.



Impact on Modern Science
The theory of evolution underpins much of modern biology, influencing fields such as
medicine, genetics, and conservation. It explains patterns of genetic variation and disease
resistance while guiding efforts to preserve biodiversity. Evolutionary principles also
extend to behavioral sciences and anthropology, providing insights into human origins and
social behavior.

The Laws of Thermodynamics
The laws of thermodynamics are fundamental principles governing energy and its
transformations, essential to physics, chemistry, and engineering. These laws describe
how energy moves and changes form, setting limits on processes ranging from engines to
biological systems.

First Law: Conservation of Energy
The first law states that energy cannot be created or destroyed but only transformed from
one form to another. This principle is critical for understanding energy efficiency and the
functioning of machines and living organisms.

Second Law: Entropy and Disorder
The second law introduces the concept of entropy, a measure of disorder in a system,
which tends to increase over time. This law explains why processes are irreversible and
why energy quality degrades, influencing fields such as cosmology and information theory.

Applications of Thermodynamics
Thermodynamics applies to a wide range of technologies, including refrigeration, power
generation, and chemical reactions. It also provides insight into biological metabolism and
ecological energy flow, making it a cornerstone of both physical and life sciences.

Relativity Theory
Albert Einstein’s theory of relativity transformed physics by redefining the concepts of
space, time, and gravity. It consists of two parts: special relativity and general relativity,
each addressing different aspects of the physical universe.

Special Relativity
Special relativity introduced the idea that the laws of physics are the same for all non-
accelerating observers and established the constant speed of light as a cosmic speed limit.



It led to groundbreaking concepts such as time dilation and mass-energy equivalence,
famously expressed as E=mc².

General Relativity
General relativity extended these ideas to include gravity as a curvature of spacetime
caused by mass and energy. This theory provided a new understanding of gravitational
phenomena, predicting black holes, gravitational waves, and the expanding universe.

Significance in Modern Physics
Relativity theory underpins modern cosmology, astrophysics, and GPS technology. It has
been confirmed by numerous experiments and observations, continuing to influence
theoretical and applied physics.

Quantum Mechanics
Quantum mechanics is a revolutionary big idea in science that describes the behavior of
matter and energy at atomic and subatomic scales. It challenges classical physics notions
and introduces probabilistic and wave-particle duality concepts.

Principles of Quantum Theory
Key principles include quantization of energy, wave-particle duality, uncertainty principle,
and superposition. These concepts explain phenomena such as atomic spectra, electron
behavior, and chemical bonding, fundamentally shaping modern physics and chemistry.

Technological Implications
Quantum mechanics has led to the development of technologies like semiconductors,
lasers, and MRI machines. It also forms the foundation for emerging fields like quantum
computing and quantum cryptography, promising transformative advances.

The Structure of DNA
The discovery of DNA’s double helix structure is a landmark big idea in science, opening
the door to molecular biology and genetics. Identified by James Watson and Francis Crick
in 1953, this structure revealed the mechanism for genetic replication and inheritance.



Double Helix and Genetic Code
The double helix consists of two strands wound around each other, with nucleotide bases
pairing specifically to encode genetic information. This structure explains how DNA
replicates and directs protein synthesis, foundational to understanding life at the
molecular level.

Impact on Medicine and Biotechnology
Understanding DNA has transformed medicine, enabling genetic testing, gene therapy,
and personalized medicine. It also drives biotechnology advances, from genetically
modified organisms to forensic science and evolutionary studies.

Plate Tectonics
Plate tectonics is a unifying big idea in earth science explaining the movement of Earth's
lithospheric plates. This theory accounts for phenomena such as earthquakes, volcanic
activity, and continental drift, reshaping geology and geography.

Mechanics of Plate Movement
Earth’s outer shell is divided into rigid plates that move over the semi-fluid asthenosphere.
Interactions at plate boundaries cause geological activity, including mountain building,
sea-floor spreading, and subduction zones.

Geological and Environmental Significance
Plate tectonics provides insight into the formation of natural resources, natural hazards,
and the Earth’s geological history. It informs environmental science and disaster
preparedness, making it essential for understanding planetary dynamics.

The Big Bang Theory
The Big Bang theory is a foundational big idea in cosmology, describing the origin and
evolution of the universe. It posits that the universe began as an extremely hot, dense
point approximately 13.8 billion years ago and has been expanding ever since.

Evidence Supporting the Big Bang
Key evidence includes cosmic microwave background radiation, the abundance of light
elements, and the observed redshift of galaxies. These observations support the model of
an expanding universe evolving from a singular origin.



Implications for Cosmology
The Big Bang theory informs current research on dark matter, dark energy, and the
ultimate fate of the universe. It provides a framework for understanding cosmic structure
formation and the large-scale properties of space and time.

Summary of Key Big Ideas in Science

Evolution explains biological diversity and adaptation.

Thermodynamics governs energy transformations and entropy.

Relativity redefines space, time, and gravity.

Quantum mechanics reveals atomic-scale phenomena.

DNA structure underlies genetics and heredity.

Plate tectonics explains Earth's geological activity.

The Big Bang theory describes the universe’s origin.

Frequently Asked Questions

What are some of the biggest ideas in science today?
Some of the biggest ideas in science today include quantum computing, CRISPR gene
editing, artificial intelligence, climate change science, dark matter and dark energy, the
origin of life, and the quest for a unified theory in physics.

How does quantum computing represent a big idea in
science?
Quantum computing leverages the principles of quantum mechanics to process
information in fundamentally new ways, potentially solving complex problems much faster
than classical computers, impacting cryptography, materials science, and medicine.

What is the significance of CRISPR in modern science?
CRISPR is a revolutionary gene-editing technology that allows scientists to precisely
modify DNA, offering potential cures for genetic diseases, advancements in agriculture,
and new approaches to treating cancer and other conditions.



Why is climate change considered a major scientific
challenge?
Climate change is a critical scientific challenge because it involves understanding complex
Earth systems, predicting future impacts, and developing sustainable solutions to mitigate
human-induced environmental damage and protect ecosystems and societies.

What role does dark matter play in our understanding of
the universe?
Dark matter is an invisible form of matter that makes up about 27% of the universe's
mass-energy content; understanding it is crucial for explaining the structure and evolution
of galaxies and the overall dynamics of the cosmos.

How does artificial intelligence impact scientific
research?
Artificial intelligence accelerates scientific research by enabling the analysis of large
datasets, automating experiments, enhancing modeling and simulations, and facilitating
discoveries across disciplines such as biology, physics, and environmental science.

What is the quest for a unified theory in physics?
The quest for a unified theory aims to reconcile general relativity, which explains gravity
and large-scale phenomena, with quantum mechanics, which governs the subatomic
world, potentially leading to a deeper understanding of the fundamental laws of nature.

How does the study of the origin of life contribute to
science?
Studying the origin of life helps scientists understand how life emerged from non-living
matter, shedding light on the conditions necessary for life, guiding the search for life
beyond Earth, and informing biology and chemistry.

What are some ethical considerations related to big
ideas in science?
Ethical considerations include privacy and security in AI, genetic modification and its
impact on ecosystems and society, equitable access to new technologies, and the
responsible use of scientific knowledge to prevent harm.

How do big scientific ideas influence technology and
society?
Big scientific ideas drive technological innovation, improve quality of life, inform policy
decisions, shape economic development, and challenge philosophical and ethical
perspectives, ultimately transforming how societies function and evolve.



Additional Resources
1. A Brief History of Time by Stephen Hawking
This landmark book explores fundamental questions about the universe, including the
nature of time, black holes, and the Big Bang. Hawking presents complex scientific
concepts in an accessible way, bridging the gap between theoretical physics and general
readers. It challenges our understanding of reality and our place in the cosmos.

2. The Selfish Gene by Richard Dawkins
Dawkins introduces the gene-centered view of evolution, explaining how natural selection
operates at the level of genes rather than individuals or species. The book revolutionized
evolutionary biology by emphasizing the role of genetic replication and survival. It also
explores ideas like altruism and cooperation through the lens of selfish genes.

3. Cosmos by Carl Sagan
"Cosmos" takes readers on a journey through space and time, covering topics from the
formation of the universe to the development of life on Earth. Sagan combines scientific
rigor with poetic storytelling to ignite curiosity about the universe. The book also
highlights humanity’s quest for knowledge and the importance of science in society.

4. The Structure of Scientific Revolutions by Thomas S. Kuhn
Kuhn’s influential work examines how scientific progress occurs through paradigm shifts
rather than gradual accumulation of knowledge. He argues that science undergoes
periodic revolutions that fundamentally change the frameworks within which scientists
operate. This book reshaped the philosophy of science and our understanding of scientific
change.

5. The Origin of Species by Charles Darwin
Darwin’s seminal work lays out the theory of evolution by natural selection, providing
evidence for how species change over time. It challenged prevailing views on the creation
and diversity of life, fundamentally altering biology and natural history. The book remains
a cornerstone for understanding biodiversity and evolutionary processes.

6. Gödel, Escher, Bach: An Eternal Golden Braid by Douglas Hofstadter
This interdisciplinary classic explores deep connections between mathematics, art, and
music, focusing on concepts like recursion, self-reference, and formal systems. Hofstadter
delves into Gödel’s incompleteness theorems, Escher’s paradoxical art, and Bach’s
intricate compositions to reveal patterns of meaning and intelligence. It’s a profound
meditation on the nature of consciousness and cognition.

7. The Gene: An Intimate History by Siddhartha Mukherjee
Mukherjee traces the history of genetic research alongside personal stories and ethical
considerations. The book covers the discovery of DNA, the development of genetic
engineering, and the implications for medicine and society. It provides a comprehensive
yet accessible look at how genes shape life and identity.

8. Silent Spring by Rachel Carson
This groundbreaking environmental science book exposed the dangers of pesticides and
their impact on ecosystems. Carson’s work sparked the modern environmental movement
by raising awareness about human-induced ecological damage. It remains a powerful call
for sustainability and responsible stewardship of the planet.



9. The Double Helix by James D. Watson
Watson’s personal account of the discovery of the DNA structure offers insight into the
scientific process, competition, and collaboration. The narrative reveals the excitement
and challenges involved in one of the most important scientific breakthroughs of the 20th
century. It humanizes the story behind the molecule that carries genetic information.
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  big ideas in science: The Five Biggest Ideas in Science Charles M. Wynn, Arthur W.
Wiggins, 2008-05-02 In a thought-provoking and entertaining exploration of The Five Biggest Ideas
in Science, authors Charles Wynn and Arthur Wiggins provide a panoramic view of the questions
scientists seek to answer about the natural world: * Do basic building blocks of matter exist, and if
so, what do they look like? * BIG IDEA #1: Physics' Model of the Atom * What relationships, if any,
exist among different kinds of atoms? * BIG IDEA #2: Chemistry's Periodic Law * Where did the
atoms of the universe come from,and what is their destiny? * BIG IDEA #3: Astronomy's Big Bang
Theory * How is the matter of the universe arranged in planet Earth? * BIG IDEA #4: Geology's Plate
Tectonics Model * How did life on planet Earth originate and develop? * BIG IDEA #5: Biology's
Theory of Evolution Get set for a lively and informative discussion, as you also learn how to evaluate
potential applications of these and other scientific ideas.
  big ideas in science: Big Ideas in Primary Science: Understanding the Climate Crisis
Peter Loxley, 2022-09-26 Big Ideas in Primary Science: Understanding the Climate Crisis takes a
fresh approach to learning the science of climate change. It combines new thinking in science
teaching using big ideas, with our growing need to look after our planet, and encourages children to
learn from what scientists have to say about issues that will impact their lives today and in the
future. The book offers primary teachers the subject and pedagogical knowledge, as well as the
confidence they need, to integrate the seeds of big ideas into their curriculum. It provides models of
good practice which exemplify how primary-aged children can work towards understanding some of
science’s big ideas and engage with important issues related to climate change. There are also
opportunities for children to develop skills and understanding from other curriculum areas, such as
geography, design technology, and art. The easy-to-use book covers topics such as: Weather Climate
Climate change Impact of the climate crisis on our lives Impact of the climate crisis on wildlife The
world we must create Taking climate action By making the ideas their own, children can develop
informed ways of thinking about issues related to climate change and feel empowered to act in ways
which can make a difference. Full of ideas about the climate crisis, Big Ideas in Primary Science is a
comprehensive, valuable, and essential resource for all teachers of primary science.
  big ideas in science: The Big Ideas of Nanoscale Science and Engineering Shawn Y.
Stevens, LeeAnn M. Sutherland, 2009-12 Given the ability of nanoscience and nanotechnology to
exploit theunique properties that matter exhibits at the nanoscale, the researchresulting from these
emerging fields is poised to dramatically affecteveryday life. In fact, many widely used electronic,
pharmaceutical,cosmetic, and textile products already employ nanotechnology.With the support of
the National Science Foundation, scientists,educators, researchers, and curriculum developers have
achieved a roughconsensus on what the key concepts--or big ideas--of nanosciencemight be for
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middle and high school science students: * Size and Scale * Structure of Matter * Forces and
Interactions * Quantum Effects * Size-Dependent Properties * Self-Assembly * Tools and
Instrumentation * Models and Simulations * Science, Technology, and Society This volume provides
in-depth discussions of each big idea.Nine additional chapters examine learning goals and how to
reachthem, students' likely misconceptions, and ideas for integratingnanoscale science and
engineering with traditional science content.An appreciation of nanoscience will help students
understandfundamental science concepts across disciplines. Also, learning theenormous implications
of the extremely tiny nanoscale phenomenawill pique students' interest in the study of 21st-century
scienceand at the same time motivate them to learn traditional science.
  big ideas in science: Big Ideas in Outdoor Primary Science Peter Loxley, 2020-07-08 Big
Ideas in Outdoor Primary Science takes a fresh approach to learning science in outdoor contexts. It
combines new thinking in science teaching using big ideas, with our growing need to look after our
planet, and encourages children to learn from what scientists have to say about issues which will
impact their lives today and in the future. The book offers primary teachers the subject and
pedagogical knowledge, as well as the confidence they need, to integrate the seeds of big ideas into
their curriculum. To this end, it provides models of good practice which exemplify how primary-aged
children can work towards understanding some of science’s big ideas and engage with important
issues related to wildlife conservation. The easy-to-use book covers topics such as: Interdependence
Adaptation Inheritance Following in Darwin’s footsteps Protecting ecosystems Full of ideas for
outside learning, this book is a comprehensive, valuable and essential resource for all teachers of
primary science.
  big ideas in science: Powerful Ideas of Science and How to Teach Them Jasper Green,
2020-07-19 A bullet dropped and a bullet fired from a gun will reach the ground at the same time.
Plants get the majority of their mass from the air around them, not the soil beneath them. A
smartphone is made from more elements than you. Every day, science teachers get the opportunity
to blow students’ minds with counter-intuitive, crazy ideas like these. But getting students to
understand and remember the science that explains these observations is complex. To help, this
book explores how to plan and teach science lessons so that students and teachers are thinking
about the right things – that is, the scientific ideas themselves. It introduces you to 13 powerful
ideas of science that have the ability to transform how young people see themselves and the world
around them. Each chapter tells the story of one powerful idea and how to teach it alongside
examples and non-examples from biology, chemistry and physics to show what great science
teaching might look like and why. Drawing on evidence about how students learn from cognitive
science and research from science education, the book takes you on a journey of how to plan and
teach science lessons so students acquire scientific ideas in meaningful ways. Emphasising the
important relationship between curriculum, pedagogy and the subject itself, this exciting book will
help you teach in a way that captivates and motivates students, allowing them to share in the delight
and wonder of the explanatory power of science.
  big ideas in science: The Book of Big Science Ideas Freya Hardy, 2019 A fact packed
celebration of science from the clever people who bring you AQUILA magazine. The Book of Big
Science Ideas introduces young readers, aged 8 and up, to 15 brilliant science ideas and more than
50 ingenious thinkers who have helped shape our understanding of the world. What is everything
made of? What is our place in space? Can machines think? And why does your hat come hurtling
back down after you've chucked it into the air? This book has the answers! Readers will learn all
about established ideas such as atoms, electricity and the solar system, as well as ideas that are still
evolving such as gravity, energy and classification, right up to recent discoveries like AI and
genetics. Each big idea is explored over two double-page spreads: the first explains the idea in rich
detail and with plenty of bright and engaging illustrations and diagrams, while the second spread
introduces readers to the key scientists and thinkers who helped shape the idea with fun portraits
for each one. Thinkers include, Wang Zhenyi, Louis Pasteur, Marie Curie, James Joule, Rosalind
Franklin, Charles Darwin, Aristotle, Edith Clarke, Isaac Newton, Grace Hopper, Alan Turing, Ada



Lovelace and many, many more! Spreads on why ideas matter, the scientific method, future ideas
and even more scientists to discover are also included, and a detailed timeline and glossary of
scientific terms ensure that readers have the tools to really get to grips with the concepts. This is the
perfect book for science-loving kids everywhere.
  big ideas in science: Understanding by Design Grant P. Wiggins, Jay McTighe, 2005 What is
understanding and how does it differ from knowledge? How can we determine the big ideas worth
understanding? Why is understanding an important teaching goal, and how do we know when
students have attained it? How can we create a rigorous and engaging curriculum that focuses on
understanding and leads to improved student performance in today's high-stakes, standards-based
environment? Authors Grant Wiggins and Jay McTighe answer these and many other questions in
this second edition of Understanding by Design. Drawing on feedback from thousands of educators
around the world who have used the UbD framework since its introduction in 1998, the authors have
greatly revised and expanded their original work to guide educators across the K-16 spectrum in the
design of curriculum, assessment, and instruction. With an improved UbD Template at its core, the
book explains the rationale of backward design and explores in greater depth the meaning of such
key ideas as essential questions and transfer tasks. Readers will learn why the familiar coverage-
and activity-based approaches to curriculum design fall short, and how a focus on the six facets of
understanding can enrich student learning. With an expanded array of practical strategies, tools,
and examples from all subject areas, the book demonstrates how the research-based principles of
Understanding by Design apply to district frameworks as well as to individual units of curriculum.
Combining provocative ideas, thoughtful analysis, and tested approaches, this new edition of
Understanding by Design offers teacher-designers a clear path to the creation of curriculum that
ensures better learning and a more stimulating experience for students and teachers alike.
  big ideas in science: Big Ideas Cameron Gibelyou, Douglas Taylor Northrop, 2021 A higher
education history textbook that covers the history of the universe, Earth, life, and humanity as a
single unified whole, integrating knowledge from across the natural sciences, social sciences, and
humanities--
  big ideas in science: Digital Systems for Open Access to Formal and Informal Learning
Demetrios G. Sampson, Dirk Ifenthaler, J. Michael Spector, Pedro Isaias, 2014-07-17 Today, Digital
Systems and Services for Technology Supported Learning and Education are recognized as the key
drivers to transform the way that individuals, groups and organizations “learn” and the way to
“assess learning” in 21st Century. These transformations influence: Objectives - moving from
acquiring new “knowledge” to developing new and relevant “competences”; Methods – moving from
“classroom” based teaching to “context-aware” personalized learning; and Assessment – moving
from “life-long” degrees and certifications to “on-demand” and “in-context” accreditation of
qualifications. Within this context, promoting Open Access to Formal and Informal Learning, is
currently a key issue in the public discourse and the global dialogue on Education, including Massive
Open Online Courses (MOOCs) and Flipped School Classrooms. This volume on Digital Systems for
Open Access to Formal and Informal Learning contributes to the international dialogue between
researchers, technologists, practitioners and policy makers in Technology Supported Education and
Learning. It addresses emerging issues related with both theory and practice, as well as, methods
and technologies that can support Open Access to Formal and Informal Learning. In the twenty
chapters contributed by international experts who are actively shaping the future of Educational
Technology around the world, topics such as: - The evolution of University Open Courses in
Transforming Learning - Supporting Open Access to Teaching and Learning of People with
Disabilities - Assessing Student Learning in Online Courses - Digital Game-based Learning for School
Education - Open Access to Virtual and Remote Labs for STEM Education - Teachers’ and Schools’
ICT Competence Profiling - Web-Based Education and Innovative Leadership in a K-12 International
School Setting are presented. An in-depth blueprint of the promise, potential, and imminent future of
the field, Digital Systems for Open Access to Formal and Informal Learning is necessary reading for
researchers and practitioners, as well as, undergraduate and postgraduate students, in educational



technology.
  big ideas in science: Science Learning, Science Teaching Jerry Wellington, Gren Ireson,
2013-02-28 Now fully updated in its third edition, Science Learning, Science Teaching offers an
accessible, practical guide to creative classroom teaching and a comprehensive introduction to
contemporary issues in science education. Aiming to encourage and assist professionals with the
process of reflection in the science classroom, the new edition examines the latest research in the
field, changes to curriculum and the latest standards for initial teacher training. Including two brand
new chapters, key topics covered include: the science curriculum and science in the curriculum
planning and managing learning learning in science – including consideration of current ‘fads’ in
learning safety in the science laboratory exploring how science works using ICT in the science
classroom teaching in an inclusive classroom the role of practical work and investigations in science
language and literacy in science citizenship and sustainability in science education. Including useful
references, further reading lists and recommended websites, Science Learning, Science Teaching is
an essential source of support, guidance and inspiration all students, teachers, mentors and those
involved in science education wishing to reflect upon, improve and enrich their practice.
  big ideas in science: Big Ideas In Mathematics: Yearbook 2019, Association Of Mathematics
Educators Tin Lam Toh, Joseph B W Yeo, 2019-05-21 The new emphasis in the Singapore
mathematics education is on Big Ideas (Charles, 2005). This book contains more than 15 chapters
from various experts on mathematics education that describe various aspects of Big Ideas from
theory to practice. It contains chapters that discuss the historical development of mathematical
concepts, specific mathematical concepts in relation to Big Ideas in mathematics, the spirit of Big
Ideas in mathematics and its enactment in the mathematics classroom.This book presents a wide
spectrum of issues related to Big Ideas in mathematics education. On the one end, we have topics
that are mathematics content related, those that discuss the underlying principles of Big Ideas, and
others that deepen the readers' knowledge in this area, and on the other hand there are practice
oriented papers in preparing practitioners to have a clearer picture of classroom enactment related
to an emphasis on Big Ideas.
  big ideas in science: Earth Sciences Imran Ahmad Dar, 2012-02-03 The studies of Earth's
history and of the physical and chemical properties of the substances that make up our planet, are of
great significance to our understanding both of its past and its future. The geological and other
environmental processes on Earth and the composition of the planet are of vital importance in
locating and harnessing its resources. This book is primarily written for research scholars,
geologists, civil engineers, mining engineers, and environmentalists. Hopefully the text will be used
by students, and it will continue to be of value to them throughout their subsequent professional and
research careers. This does not mean to infer that the book was written solely or mainly with the
student in mind. Indeed from the point of view of the researcher in Earth and Environmental Science
it could be argued that this text contains more detail than he will require in his initial studies or
research.
  big ideas in science: Princeton Review AP Environmental Science Prep, 2023 The
Princeton Review, 2022-10-11 Make sure you’re studying with the most up-to-date prep materials!
Look for the newest edition of this title, The Princeton Review AP Environmental Science Prep, 18th
Edition (ISBN: 9780593517130, on-sale August 2023). Publisher's Note: Products purchased from
third-party sellers are not guaranteed by the publisher for quality or authenticity, and may not
include access to online tests or materials included with the original product.
  big ideas in science: STEM Education Across the Learning Continuum Amy MacDonald, Lena
Danaia, Steve Murphy, 2020-02-18 This is the first comprehensive book to consider STEM education
from early childhood through to senior secondary education. It approaches STEM as a form of
real-world, problem-based education that draws on the knowledge and skills of the science,
technology, engineering and mathematics disciplines. Rather than presenting each of the separate
disciplines to an equal extent, it focuses on STEM researchers’ perspectives on how their work
contributes to effective STEM education in terms of building knowledge, skills and engagement.



Gathering contributions by authors from various countries, the book explores effective STEM
education from a range of perspectives within the international context. Moreover, it addresses
critical issues in STEM education, including transition and trajectories, gender, rurality,
socioeconomic status and cultural diversity. By doing so, it not only shares the current state of
knowledge in this field, but also offers a source of inspiration for future research.
  big ideas in science: Mathematics and Its Connections to the Arts and Sciences (MACAS)
Claus Michelsen, Astrid Beckmann, Viktor Freiman, Uffe Thomas Jankvist, Annie Savard, 2022-12-19
This book celebrates the 15th anniversary of the bi-annual symposium series Mathematics and its
Connections to the Arts and Sciences (MACAS), which was first held in 2005 following the continued
collaboration of an international group of researchers from ICME Topic Study Group 21. The
MACAS-conferences bring together scientists and educators who are interested in the connection
between mathematics, arts and science in educational curriculum, while emphasizing on, as well as
researching about, the role of mathematics. By pooling together these different approaches and
viewpoints between mathematics, arts and sciences, this book reveals possible synergies and paths
for collaborations. In view of the challenges of the 21st century, a modern approach to education
with a focus on multi- and interdisciplinarity is more important than ever. The role of mathematics
assumes a key role in this approach as it is connected to all other disciplines, such as STEM
education, physics, chemistry, biology, aesthetics and language, and can serve as a bridge between
them. This book discusses, amongst others, the curricular approaches to integrate mathematics and
other disciplines, the importance of mathematical modelling and the interdisciplinarity ways for
learning and studying of mathematics, as well as the intercultural dimensions of mathematics and
mathematics in the digital era. All topics will be presented from very different perspectives and
regarding very different contexts, including digitization, culture and sustainability. This unique
collection will serve as a very valuable and compact source for all above mentioned scientists and
educators, as well as for use in advanced teacher education courses.
  big ideas in science: Learning Progressions in Science Alicia C. Alonzo, Amelia Wenk Gotwals,
2012-07-30 Learning progressions – descriptions of increasingly sophisticated ways of thinking
about or understanding a topic (National Research Council, 2007) – represent a promising
framework for developing organized curricula and meaningful assessments in science. In addition,
well-grounded learning progressions may allow for coherence between cognitive models of how
understanding develops in a given domain, classroom instruction, professional development, and
classroom and large-scale assessments. Because of the promise that learning progressions hold for
bringing organization and structure to often disconnected views of how to teach and assess science,
they are rapidly gaining popularity in the science education community. However, there are
signi?cant challenges faced by all engaged in this work. In June 2009, science education researchers
and practitioners, as well as scientists, psychometricians, and assessment specialists convened to
discuss these challenges as part of the Learning Progressions in Science (LeaPS) conference. The
LeaPS conference provided a structured forum for considering design decisions entailed in four
aspects of work on learning progressions: de?ning learning progressions; developing assessments to
elicit student responses relative to learning progressions; modeling and interpreting student
performance with respect to a learning progressions; and using learning progressions to in?uence
standards, curricula, and teacher education. This book presents speci?c examples of learning
progression work and syntheses of ideas from these examples and discussions at the LeaPS
conference.
  big ideas in science: The Art of Teaching Science Jack Hassard, Michael Dias, 2013-07-04 The
Art of Teaching Science emphasizes a humanistic, experiential, and constructivist approach to
teaching and learning, and integrates a wide variety of pedagogical learning tools. These tools
involve inquiry and experimentation, reflection through writing and discussion, as well as
experiences with students, science curriculum and pedagogy. Becoming a science teacher is a
creative process, and this innovative textbook encourages students to construct ideas about science
teaching through their interactions with peers, professionals, and instructors, and through hands-on,



minds-on activities designed to foster a collaborative, thoughtful learning environment.
  big ideas in science: Secondary Science Teaching for English Learners Edward G. Lyon, Sara
Tolbert, Jorge Solís, Patricia Stoddart, George C. Bunch, 2016-06-13 Secondary Science Teaching for
English Learners: Developing Supportive and Responsive Learning Context for Sense-making and
Language Development provides a resource for multiple audiences, including pre- and in-service
secondary science teachers, science teacher educators, instructional coaches, curriculum specialists,
and administrators, to learn about a research-based approach to teaching science that responds to
the growing population of English learners in the United States. The book offers clear definitions of
pedagogical practices supported by classroom examples and a cohesive framework for teaching
science in linguistically diverse classrooms. The Secondary Science Teaching with English Language
and Literacy Acquisition (or SSTELLA) Framework addresses how learning science is enhanced
through meaningful and relevant learning experiences that integrate discipline-specific literacy. In
particular, four core science teaching practices are described: (1) contextualized science activity, (2)
scientific sense-making through scientific and engineering practices, (3) scientific discourse, and (4)
English language and disciplinary literacy development. These four core practices are supported by
sound theory and research based on unscripted guidelines and flexible modifications of science
lessons. Moreover, the four interrelated practices promote students’ use of core science ideas while
reading, writing, talking, and doing science, thus reflecting principles from Next Generation Science
Standards, Common Core State Standards for English Language Arts, and English language
proficiency standards. Secondary Science Teaching provides readers with a historical and
theoretical basis for integrating language, literacy, and science in multilingual science classrooms,
and well as explicit models and guided support teachers in enacting effective teaching practices in
the classroom, including comparative vignettes to distinguish between different types of classroom
practice.
  big ideas in science: Towards a science of ideas: An inquiry into the emergence,
evolution and expansion of ideas and their translation into action Guido Enthoven, Seweryn
Rudnicki, Rico Sneller, 2022-08-02 Ideas are the basic building blocks that construct the world we
live in. Yet despite the abundance of literature on creativity and innovation, there has been little
reflection on ideas as such, their nature and their working mechanisms. This book provides
foundations for a reflection focused specifically on ideas - what they are, how they emerge, develop,
interact, gain acceptance and become translated into actions. In doing so the book moves beyond
the mainstream approaches, offering new, promising theoretical angles, presenting original findings
and initiating a research agenda for a science of ideas. This book provides a fresh perspective on
how to conceptualize and study ideas and their working mechanisms by treating ideas as the main
object of the study and by bringing together a group of original thinkers, scholars, and philosophers
to move beyond the mainstream academic discourse on creativity and innovation.
  big ideas in science: Mindset Mathematics: Visualizing and Investigating Big Ideas,
Grade 1 Jo Boaler, Jen Munson, Cathy Williams, 2021-01-15 Engage students in mathematics using
growth mindset techniques The most challenging parts of teaching mathematics are engaging
students and helping them understand the connections between mathematics concepts. In this
volume, you'll find a collection of low floor, high ceiling tasks that will help you do just that, by
looking at the big ideas at the first-grade level through visualization, play, and investigation. During
their work with tens of thousands of teachers, authors Jo Boaler, Jen Munson, and Cathy Williams
heard the same message—that they want to incorporate more brain science into their math
instruction, but they need guidance in the techniques that work best to get across the concepts they
needed to teach. So the authors designed Mindset Mathematics around the principle of active
student engagement, with tasks that reflect the latest brain science on learning. Open, creative, and
visual math tasks have been shown to improve student test scores, and more importantly change
their relationship with mathematics and start believing in their own potential. The tasks in Mindset
Mathematics reflect the lessons from brain science that: There is no such thing as a math person -
anyone can learn mathematics to high levels. Mistakes, struggle and challenge are the most



important times for brain growth. Speed is unimportant in mathematics. Mathematics is a visual and
beautiful subject, and our brains want to think visually about mathematics. With engaging questions,
open-ended tasks, and four-color visuals that will help kids get excited about mathematics, Mindset
Mathematics is organized around nine big ideas which emphasize the connections within the
Common Core State Standards (CCSS) and can be used with any current curriculum.
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