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INTRODUCTION
Teaching Science in Elementary School
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TURNING TODAY’S CHILDREN INTO
TOMORROW’S LEADERS

teaching our students how to think clearly and
critically. Science is a method of gaining understanding independent of the changing whims of
fashion. Through a combination of conjecture and
observations, you teach our students how to cast
explanations into falsifiable theories that can be
tested by experiments. They learn that knowledge
gained in this way becomes a cumulative wisdom
in which the ultimate arbitrator is experiment.
Today, more than ever, we need our citizens
to appreciate and understand scientific data and
arguments, and that scientific questions are not
settled by political debate. Newton’s laws cannot
be repealed by a majority vote. We also need a new
generation of students that will form the corps of
future scientists and engineers needed to sustain
and strengthen our economic competitiveness.
We face unprecedented energy and climate challenges that will require new and bold technical
solutions. Indeed, many of the great challenges
we will face in this century will require science
and innovation to meet them.
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hen we were very young, we were
all scientists. We had to make
sense of the world through the
barrage of what we saw, heard,
touched, smelled, and tasted. Each day was filled
with a constant stream of experiments. By picking
up a baby rattle and dropping it, we saw firsthand the effect of gravity. With additional experiments, we discovered that not all food bounces
like a rattle; some of it splatters when it hits the
floor. Sometimes, seemingly simple questions
lead to great discoveries. Einstein asked himself
as a school boy, “If I am holding a mirror in front
of me and run at the speed of light, will I still see
myself?” The answer to that riddle is a founding
postulate of the theory of relativity.
At its core, science is about trying to make
sense of the natural world. By teaching science in
elementary school, you continue to nurture every
child’s sense of wonder. Without this early engagement, a youngster’s innate scientific curiosity can
easily be snuffed out. Equally important, you are
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What Is Science?
Marshall L. Grant, PhD

Senior Director, Formulation Development, MannKind Corporation

William Banko, MD
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President, Knowing Science LLC and Surgical Design Corporation

Dario Capasso, PhD

assignments at the K–5 grade levels makes it possible (even necessary) to teach children in a more
integrated, interdisciplinary way that builds on
their natural, holistic orientation to learning.
Consider how from infancy, children
continually observe and actively explore their
environments with all their senses and process the
information to make sense of the world. Recent
research shows that infants as young as eight
months already have expectations of how the
world behaves. For example, an infant is shown a
basket containing red and white balls and then an
adult places the basket so the infant can no longer
see its contents. If the adult proceeds to remove
only red balls, the infant is perplexed; removing
both colors does not elicit the same response in the
infant. This suggests the infant’s brain does a statistical calculation of expectations (Gopnik 2012),
and the baby recognizes that what she is seeing is a
bit out of the ordinary (i.e., a discrepant event; see
Chapter 4 and O’Brien 2010). Elementary science
education should take advantage of this natural,
inborn pattern recognition ability to help children
further develop their intuitive feel for science.
Not surprisingly, patterns is listed as the first
of seven crosscutting concepts in the Framework
and NGSS, which form the foundation for learning science. (See Figure 3.1, p. 40, for a list of the
eight scientific and engineering practices, NGSS
dimension 1, and the seven crosscutting concepts,
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uestions about the content and nature
of science are essential to framing
research-informed elementary science curriculum, instruction, and
assessment. Simply put, science is a framework
to continually refine, extend, and organize our
understanding of our internal and external environments. Common professional practices such
as observing events or phenomena, forming and
testing hypotheses, and making and testing predictions and tentative explanations underlie all
branches of science and engineering. A Framework
for K–12 Science Education (NRC 2012) and the Next
Generation Science Standards (NGSS) propose that
science be presented as an integrated whole rather
than as a set of separate topics with disconnected
inquiry skills, ideas, and isolated facts. Additionally, these documents argue that students must
learn the language of science as a tool to both
comprehend and communicate what they learn
about science through investigations, oral discussion, prose, and visual and mathematical representations. As such, the content and practices of
the Common Core State Standards, English Language
Arts (CCSS ELA) (i.e., reading, writing, speaking,
and listening related to both informational texts
and investigations with hands-on materials; see
Chapter 10) and the CCSS Mathematics are intrinsically linked with learning science and meeting
the NGSS. Moreover, the multidiscipline teaching
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CHAPTER 2
High Expectations for All

Robert Rothman

have been able to attain a degree of consensus that
has eluded standards advocates for years.
To be sure, as even the most passionate
supporters of the standards will acknowledge,
standards themselves do not transform schools.
The record of the past two decades, in which
states developed and adopted standards only
to see schools make modest improvements, is a
testament to the challenges ahead.
Yet there is a great deal of optimism about the
standards and a belief that they will help produce
a transformation in American education. There
is a tremendous amount of work under way to
develop assessments and curricular materials, and
to prepare teachers to teach to the new standards.
How did this happen? How did states agree
to set the same high expectations for student
learning, just a few short years after the idea of
national standards imploded? This chapter will
describe the history of the standards movement
over the past two decades, examine how a small
group of state leaders and reform advocates led
a revised effort to create common standards, and
look ahead to the challenges states face in putting
the new system in place.
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he Next Generation Science Standards
(NGSS), released in the spring of 2013,
represent a significant milestone in
American education history. Unlike
in the past, when each state developed its
own standards, with widely varying levels of
rigor and quality, the NGSS were internationally
benchmarked to reflect the expectations of the
highest-performing nations and are intended to
be adopted by many states.
The science standards follow closely on the
heels of the Common Core State Standards (CCSS)
in English language arts (ELA) and mathematics,
which have been adopted by 45 states, the District
of Columbia, and the Department of Defense
Education Activity. Like the science standards,
the CCSS were intended to be common across
states—hence the name—and to be internationally benchmarked. The CCSS were also intended
to spell out the knowledge and skills all students
need to learn in order to be prepared for first-year
college and career-training courses.
The wide acceptance of the two sets of standards represents a substantial step for the United
States. Nearly two decades ago, attempts to create
standards in core subjects prompted fierce political
battles and derailed national efforts to define what
students should know and be able to do. While
these arguments, along with others over states’
rights, did not go away, the CCSS and the NGSS

Ed

Alliance for Excellent Education

uc

at
io
n

FROM THE COMMON CORE STATE STANDARDS TO
THE NEXT GENERATION SCIENCE STANDARDS1

The Rise of Standards
The movement to set standards for student performance emerged in the late 1980s. Earlier that
decade, the report A Nation at Risk warned of a

1. Adapted from Rothman (2011).
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5E(z) Guidelines for Designing ResearchInformed Science Lesson Sequences
Thomas O’Brien, PhD

standing, which both builds on and challenges
their prior understandings. Great books and CIA
units also create a need-to-know that propels
the reader (or student) by the power of intrinsic
motivation (Banilower et al. 2010; see also Chapter
8 of this book). Interestingly, this same kind of selfreinforcing feedback loop motivates scientists and
engineers to keep pushing against the boundary of
the known, exploring the endless frontier of new
discoveries and inventions. And this is not surprising, since “science is fundamentally a social enterprise … . [T]he way that scientists operate in the
real world is remarkably similar to how students
operate in effective science classrooms” (Michaels,
Shouse, and Schweingruber 2008, pp. 5–6).
Research-informed science lesson sequences
(i.e., integrated CIA mini-units) support learning
as a process of conceptual change and meaningmaking where students are regularly engaged
with the eight scientific and engineering practices
identified in Chapter 3 of A Framework for Science
Education, K–12 (NRC 2012). Planning, implementing, and revising CIA units requires teachers
to follow an analogous set of inquiry-driven practices. The following discussion integrates ideas
from the Framework (NRC 2012) and the BSCS 5E
Instructional Model (Bybee et al. 2006), or Teaching
Cycle by drawing an extended analogy between
the work of scientists and engineers and the CIA
work of teachers.
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ommercial textbooks, science activity books, and internet resources offer
elementary teachers a plethora of science activities that claim to be “inquiry
based” (NSTA 2004). Although far fewer activities
meet all the S2EE2R criteria of being Safe, Simple,
Economical (time and money), Enjoyable, Effective, and Relevant (O’Brien 2010, p. 343), a number
of quality elementary science methods books are
available to assist teachers in separating the wheat
from the chaff (e.g., Friedl and Yourst Koontz
2004; Martin 2011; Martin et al. 2005). Overworked
elementary teachers do not have to invest their
limited time in creating, field-testing, and revising
their own science activities from scratch. Instead,
individual teachers and teacher teams can invest
their precious time in exploring how to synergistically sequence a series of such activities to align
with not only the Next Generation Science Standards
(NGSS) but also research-informed, developmentally appropriate learning progressions. In this way,
the whole science unit can become greater than the
sum of its parts (i.e., the individual lessons).
Well-designed science curriculum-instructionassessment (CIA) is like a carefully crafted book
or book series in which each chapter or book in
the series builds on and extends the previous
one. High-quality writing (and intelligent CIA
sequences) draw the reader (or student) into an
ever deepening and broadening world of under-
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How We Model the Complexities of the World

LEARNING AND MEMORY, SYSTEMS AND FUNCTION
Anthony J. Greene, PhD

and (3) learning is part-and-parcel to all aspects
of our being, especially thought and creativity.
By better understanding learning and memory,
a cornucopia of implications for education will
become readily evident. Our learning systems are
designed to explore and to understand the world
in increasing measure to its stunning complexity
such that we become more and
more effective in negotiating
our lives; education is central
and indispensable for our
intellectual adaptivity and
as such perhaps the noblest
endeavor of humanity.
We’ve
recently
seen
a dramatic ascendancy of
“brain-based” learning. But
the reasons it should be of
such interest are not always
obvious. After all, one can
use a computer to great
effect without any significant
knowledge of the machine
itself. Why should the brain
be any different? Don’t we all
have some expertise on our
own learning? And hasn’t
that been the case irrespective
of the fairly recent advent of
neuroscience? The answer is yes, we have a great
deal of expert knowledge about ourselves and

ow

nl

ow

T

raditional ways of thinking about learning and memory are largely incorrect,
and frankly, have reached the limitation
of their usefulness. We have conceived
of memory as a modular storage device to be
filled with data. A more fruitful approach, as
we shall see, is to consider all of the systems of
our brain—perceptual, motor,
conceptual and problem solving, motivation, creativity,
emotions, and basic drives—
as adaptive systems that are
constantly revised, expanded,
and fine-tuned by experience.
The fundamental mechanism
of learning is modification by
association, and it is a property of the entire brain, not
memory modules.
Learning is achieved by
apprehending
connections
among items, people, and
events in ways that are meaningful, pertinent, and relevant,
in ways that predict more
favorable outcomes. Three
implications are straightforward, but far-reaching: (1)
learning is the adaptive malleability of thought and behavior; (2) learning
is not mere information storage and retrieval;
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Learning should be
construed as the
adaptive malleability of
behavior. As such, it is
what sets human beings
apart from all other
species. Our success,
as individuals and as
a society, depends
squarely on the efﬁcacy
of our learning.
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What Teachers Do to Engage Their Students
in Learning
By Abby Bergman, EdD

There exists a body of knowledge that we
can draw upon to plan logical sequences of learning experiences that will excite and inspire our
students and maximize learning. To begin, we
all know that there is a difference between teaching and learning. Sometimes teachers feel that
when they have taught something, the obligation
for learning (absorbing) lies with the student.
Researchers in brain-based learning have provided new understandings for how students can
become engaged in their learning and remember,
extend, and transfer what they have learned to
new contexts. As cognitive science has evolved
into cognitive neuroscience, we understand more
about what works to enhance learning and what
does not. Students literally have to create the
neuronal connections in their brain in order to
understand the knowledge (concept) the teacher
is explaining. The role of the teacher is to facilitate
the creation of these connections. There is no
automatic absorption simply because the teacher
has presented material; students must actively
create the knowledge (Greene 2010, pp. 24–26)
(see Chapter 8).
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cience education is changing! The
sequential release of A Framework for
K–12 Science Education (NRC 2012) and
the Next Generation Science Standards
represents a historic opportunity to rethink both
what and how science is taught and learned in our
nation’s schools. In this chapter time-honored
approaches, best practices, and new thinking
about the teaching and learning of science provide common-sense strategies and assistance for
teachers in their efforts to implement the Framework and the NGSS in their classrooms.
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Setting the Stage for Learning
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As teachers, we all want our students to be
involved and engaged in their learning. Few
moments in a teacher’s day are as rewarding as
observing the active involvement of students—
when something clicks, and our students want
to learn more about the topic or process before
them. Then there are those “aha” moments when
students seem to forget everything else around
them and their excitement and thirst in the learning process seems insatiable.
Some might say that those moments are few
and far between, but just imagine if we could structure our classrooms and our instructional practices
to maximize the emotional, social, and cognitive
engagement of all students in learning science!

Where to Begin?
First things first—know your students! Students
learn when they are engaged and feel valued as individuals and learners. Knowledge of your students
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