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Introduction

have serious, negative effects on the environment and health of individuals. Nanoscale
objects are small enough to cross some biological barriers; thus, familiar materials such as
zinc oxide (used in sunscreens) and gold (long
used in dental applications) may affect living
organisms differently in nanoscale form than
in their bulk form. In other words, despite
the benefits that result from NSE, legitimate
health and environmental concerns also exist.
Understanding these trade-offs is imperative. The need to characterize and to evaluate
benefits and risks argues for a scientifically
literate citizenry able to consider technological advances in an informed manner. To make
wise decisions about the uses of science, citizens
must be able to consider the consequences and
implications of all scientific advances. Most students will not become scientists or engineers,
but they will participate in decision making
about the work that scientists and engineers do.
From privacy concerns related to computerized
data storage to stem cell research, citizens are
confronting issues related to science and technology in their everyday lives. At the very least,
all citizens must be able to read and understand
science-based articles in the popular press or
on the internet and to make sense of politically
charged rhetoric around science-based issues.
Understanding ideas related to NSE is necessary not only for scientific literacy and decision making but also for individual and national
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The emerging fields of nanoscience and nanotechnology promise to have extensive implications for
all of society as they apply the unique properties
of matter at the nanoscale (i.e., 10-9–10-7 meters or
1–100 nanometers) to create new products and
technologies. Because nanoscale science and
engineering (NSE) research involves the study,
control, and fabrication of matter across science
and engineering disciplines, NSE researchers
explore an extremely diverse range of phenomena. Many industries, including electronics,
pharmaceuticals, cosmetics, and textiles, employ
nanotechnology to improve products. Examples
of products currently on the market include
transparent zinc-oxide-based sunscreen, scratchresistant automobile paint, and stain-resistant
clothing. The technical advisory group for the
President’s Council of Advisors on Science and
Technology (PCAST) predicts that by 2020 nanotechnology will also contribute to areas such as
water purification, medical diagnostics, targeted
drug therapies, and better solar cells (PCAST
2005). Clearly, we live in an exciting time with
respect to advances in science and technology at
the nanoscale.
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The Importance of Nanoscale Science and
Engineering (NSE) in 7–12 Education

Society’s Individual and
Collective Needs
Although little argument exists about the
value of nanomedicines to treat, for example,
cancer patients, scientists and conservationists
caution that some nanoscale materials may
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paid to STEM education in the United States has
long been recognized as an education problem
of great consequence (Foley and Hersam 2006;
Schmidt, Wang, and McKnight 2005), a problem
that will be exacerbated if traditional methods
continue to be the modus operandi of U.S. schools
and if traditional content continues to be the fare
offered in U.S. classrooms.
There is no question that the world in which
our students live requires a change in what they
learn. As such, this book introduces science
educators to the “big ideas” of nanoscale science and engineering.

What Are Big Ideas?
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prosperity. At the time of this writing (2009), the
demand for U.S. workers with science and engineering skills is growing five times faster than
the rest of the work force (Foley and Hersam
2006). U.S. economic prosperity is increasingly
linked with the growth of technology; a large
percentage of future jobs will require technology-based skills. By 2020, scientists, engineers,
and policy groups predict that technologies and
products derived from nanotechnology will
contribute more than $1 trillion each year to
the worldwide economy (Roco and Bainbridge
2001). Nearly one million workers knowledgeable in nanoscale science and engineering will
be required to support the nanotechnology sector in this country (Roco 2003).
Clearly, future economic prosperity and the
ability to make ethical decisions depend on a
population with the knowledge required to
function in a highly technological society and
to produce the knowledge of the future. These
conditions are not likely to be met unless preparation begins in schools. The “preparation”
aspects are the crux of this book.
As jobs related to science and technology proliferate, education related to these fields is essential. Only if students are educated in growth areas
will they have access to predicted career opportunities. This means that NSE education must
begin in middle and high school, well before students have chosen a career path in college. This
pressing need argues for reviewing the pipeline
through which students, particularly those historically underrepresented in science, technology, engineering, and mathematics (STEM)
education, come to specialize in STEM-related
disciplines. Science education must prepare all
students to participate not only in the consumption of technological advances but also in the
production of these advances. This is especially
true in a global economy. The minimal attention

x

Big ideas are those considered central or fundamental to a discipline. Some big ideas in biology, while fundamental to that discipline, may
not be central to chemistry. However, other big
ideas are cross-disciplinary, enabling learners to explain a broad range of phenomena
both within and across disciplines. In any science discipline, students encounter a number
of important ideas, but those considered “big
ideas” are core to the discipline. They provide
a framework for the long-term development
of student understanding, allowing teachers and students to revisit ideas throughout
the 7–12 curriculum and to build conceptual
understanding during those years. In doing
so, understanding becomes progressively more
refined, developed, and elaborate. Big ideas in
any discipline provide a foundation on which
future, more specialized learning can build.
This book focuses on the big ideas of NSE while
acknowledging the current educational framework into which they must be incorporated.

NST0973 • 9781760010973 • © 2015 Hawker Brownlow Education
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International comparisons reveal that students
in the United States do not perform as well
as those in other developed countries on tests
of scientific knowledge (Schmidt, Wang, and
McKnight 2005). The failure of U.S. schools to
help learners understand core ideas in STEM
education has led to a generation of children
ill prepared to enter STEM-related fields and
to secure the nation’s leadership in science
and technology. Without intervention, this gap
is likely to increase as technologies become
ubiquitous and society becomes more reliant
on them. Perhaps most unfortunate is the fact
that many children in the nation’s rural and
large urban areas are not successful in science
(Lynch 2000; Grigg, Lauko, and Bockway 2006).
The challenge of how to provide quality science
instruction to all of the nation’s young people
is a challenge that must be taken on even if it
is only improved in some schools. Some of that
challenge can be addressed by the curriculum
itself.
Researchers from the Third International
Mathematics and Science Study (TIMSS) found
that curriculum coherence is the dominant predictor of student learning (Schmidt, Wang, and
McKnight 2005). When U.S. curricula are compared to those of countries whose students
perform better on international benchmarks,
the lack of coherence within and across years
in U.S. science curricula surfaces as one important factor in this failure. Unfortunately, most of
the standards documents used to guide the science curriculum are concerned with coverage
of a broad set of ideas rather than with making
certain that students develop deep and integrated understanding of key ideas (Wilson and
Berenthal 2006). This strategy of broad coverage
rather than deep understanding is supported by

high-stakes tests that superficially assess science
content. The trouble with covering too many
concepts is that students learn neither how ideas
are related to one another nor how they can be
used to explain or predict phenomena. Instead,
they must memorize discrete facts, and of the
thousands of facts they might have memorized,
they fail if they do not have the “right ones” at
their disposal at test time. In addition, standards
documents tend to treat all ideas as equally
important. They do not identify some ideas (e.g.,
particle model of matter, classical mechanics,
natural selection, plate tectonics) as big ideas
that require greater focus in the curriculum and
strategic building of understanding across time.
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Science Education in U.S.
Schools Today
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A Strategy for Developing a
Coherent Science Curriculum
A coherent curriculum can help students
build the kind of deep and meaningful understanding of big ideas that will enable them to
explain phenomena within and across disciplines. Coherence refers both to alignment of
instruction and assessment and to sequencing
of instruction around a small set of ideas, organized to support learners in developing integrated understanding of those ideas (Schmidt,
Wang, and McKnight 2005; Swartz et al. 2008).
However, in attempting to address a multitude
of national, state, and local standards, the U.S.
science curriculum hinders the development of
coherent curriculum materials and, thus, of students’ coherent understanding of science.
To build coherence around a small number of critical big ideas of science, curriculum
developers and educators must first know what
those critical ideas are. As a first step toward that
goal, in 2006 a representative group of scientists,
engineers, educators, and learning specialists
from across the nation worked together to determine the big ideas of NSE. (See appendixes A
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The information in this book can help teachers
to develop NSE knowledge and skills and to
incorporate NSE into the science courses they
are now teaching. Science resource persons and
science coordinators may also find the book of
value for its potential to shape curriculum decisions at the school or district level.

Organization of This Book

Section 1, “The Nine Big Ideas,” is the foundation
of the book. The chapters in this section introduce
the reader to and define an NSE big idea, detail
the content contained within the big idea, describe
how the group of workshop scientists arrived at
a consensus for that idea, and provide a justification for defining a concept as an NSE big idea.
Each chapter also provides a number of examples
that illustrate the content and that describe possible interdisciplinary connections. We also discuss
how the NSE content of each big idea relates to
the current 7–12 science curriculum.
In Section 2, “Integrating NSE into the
7–12 Science Curriculum,” the chapters are
broken down into the nine big ideas (although
other big ideas are discussed in each chapter).
In each, we give learning goals for that big
idea and how these learning goals can be used
to develop a coherent curriculum. Teachers
may want to refer to the content chapters for
each big idea in Section 1 if they are unsure
about content information. Section 2 also
identifies the prerequisite (both general and
specific) knowledge necessary for each big
idea, and the prior learning and misconceptions students may bring with them to the
science classroom. In addition, Section 2 lists
phenomena that could be used to contextualize NSE content in classrooms, as well as
questions teachers could ask for discussion
or for assessment. Finally, we relate the content in each big idea to the national standards
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and B for a description of the process and a list
of participants.) This book presents the group’s
consensus—not simply the authors’ vision—as
to what should be named a “Big Idea of NSE”
and which of the big ideas should be introduced
in grade 7–12 science classrooms.
NSE represents science and engineering of
all disciplines at the nanoscale. The big ideas of
NSE described in this book are related not only
to nanoscience and nanotechnology but also
to science more broadly. That is, the NSE big
ideas include many concepts critical for building general science literacy (e.g., structure of
matter, size and scale, models and simulations)
as defined in national standards documents
(AAAS 1993; NRC 1996). In fact, many people
consider the big ideas of NSE to be some of the
big ideas of all of science. The inherently interdisciplinary nature of NSE creates an opportunity to reorganize the way we think about
traditional science content and the way we
teach science content. In particular, NSE provides an opportunity to remove demarcations
that currently exist between the science disciplines in order to address ideas in a multidisciplinary fashion. As such, we see the big ideas of
NSE as the foundation for building coherence
in the science curriculum.

Audience for This Book
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We intend this book to be used primarily
by grade 7–12 science teachers who wish to
address NSE in their classrooms or to become
more knowledgeable about NSE and its potential for engaging students in science, deepening
their understanding of critical science concepts,
and developing lifelong learners. This book
is not meant to prescribe how NSE should be
taught in the classroom or to describe activities
and lessons for particular NSE topics, as can be
found in other resources (e.g., Jones et al. 2007).
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