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that young children
aren’t ready for
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Young Children Can Be
Sophisticated Scientists

Since the first international comparison of
student achievement in mathematics and sci-
ence, we’ve been worried about the disappoint-
ing showing by U.S. students. However, while
the United States has tried to improve mathe-
matics achievementin every grade from kinder-
garten to 12th, its efforts to improve science
education have emphasized only middle school
and high school. Elementary school science
has been relatively neglected.

One cause is an outdated idea that elemen-
tary school children aren’t developmentally
ready to handle complex science. But my re-
search and that of others shows thatyoung chil-
dren can be surprisingly capable scientists.
Their abilities far exceed the notions of age-
appropriate science in current curriculum pol-
icy documents. This means that today’s science
curricula are unnecessarily watered down.

What children know determines what they
can learn next. If we update our thinking about
what young children can do with science and
give them more optimal learning opportuni-
ties, we may be able to significantly strengthen
young children’s scientific reasoning and posi-
tion them to take on more rigorous curricu-
lum in later grades.

What Science?

For many years, science educators have cat-
egorized what is appropriate for children ac-
cording to Jean Piaget’s developmental stages.
We’ve thought about kids’ capabilities and de-
ficiencies in terms of different grade bands, and
we’ve thoughtabout the “science process skills”
thatare available to them in those grade bands.
But this approach substantially underestimates
children’s capabilities.

One problem with Piaget’s stages is that his
investigations of children’s scientific inquiry
used tasks for which they had weak conceptual
knowledge, thus handicapping their reasoning
(Carey 1985). But how well children perform
a science task depends on both how well they
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reason #nd how well they know important con-
cepts. As Susan Carey noted, “If these concepts
are not completely clear in the child’s mind,
due to incomplete scientific knowledge, then
the child will, of course, be unable to separate
them from each other in hypothesis testing and
evaluation” (1985: 498). Later work on chil-
dren’s development by Piaget (1978, 1980) and
others (see Duschl, Schweingruber, and
Shouse 2007) reveals that young children have
a wide range of intellectual resources. But
many science educators have clung to the idea
that young children have limited scientific rea-
soning capabilities.

The developmental literature may identify
the intellectual resources that children bring to
the classroom, but it is blind to the capacities
that children can reveal under better learning
conditions. Recent research suggests that chil-
dren’s capabilities are surprisingly plastic and
sensitive to the opportunities they have to learn.

Stronger Science Instruction

In my research, I analyze how well children
can think scientifically when they get instruc-
tion that uses their intellectual resources to the
tullest. One line of my work investigates the
power of scientific inquiry in the hands of chil-
dren in the primary grades (Metz 2004, 2008).
More recently (Metz et al. 2010), I've been in-
vestigating the extent to which young children
can understand core scientific ideas.

From this work, I've developed five instruc-
tional design principles aimed at maximizing
the power of children’s scientific inquiry, and
I’ve incorporated these principles into an ele-
mentary school curriculum. The design prin-
ciples are:

1. Scaffold relatively rich knowledge,
emphasizing big ideas that transcend
the topic being studied.

A solid grasp of concepts leads to better sci-
entific reasoning. Unfortunately, U.S. science
curricula cover many topics superficially
(Valverde and Schmidt2000), undermining in-
depth conceptual understanding. This instruc-
tional model sacrifices coverage of many top-
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ics to go deep into strategically selected ones.
This principle gives rise to the next two.

2. Engage children in purposeful scientific
inquiry, with the goal of discovery and
understanding.

3. Teach science processes and methods in
the context of “doing” real science.

The elementary science classroom seldom
reflects a strong model of science as a way of
knowing, particularly in primary grades. Cur-
ricula typically foreground the science “process
skills” that have been deemed developmentally
appropriate, like observation, measurement,
and categorization. Breaking up scientific in-
quiry into discrete process skills may simplify
teaching and let students practice the compo-
nent pieces, but it obscures the very purpose
of doing science — discovery and understand-
ing. Furthermore, students can’t learn how to
use scientific processes and methods appropri-
ately unless they use them for actual scientific
inquiry. To be able to do this well, we need a
strategy to encourage children’s initial partic-
ipation in scientific inquiry and to help them
take up and eventually master new tools and
ideas.

4. Manipulate both the size of the student
groups working on scientific inquiry and
the extent to which the curriculum
presents the inquiry in “well-structured”
form instead of asking students to
undertake the design themselves.

5. Build knowledge and responsibility to the
point where pairs of students who are at
the same level academically assume
primary responsibility for their own
investigations.

Engaging children in scientific inquiry
means teaching them to use scientific processes
in context. Thus, we need a strategy to
smoothly introduce children to scientific in-
quiry and to increase the cognitive demand as
they take up and eventually master new tools
and ideas. At one end of the continuum, the
whole class takes on well-structured investiga-
tions; at the other end, pairs of students design
their own investigations. By increasing their
responsibility for scientific inquiry, we culti-
vate children’s interest in science, their capac-
ity to undertake scientific inquiry on their own,
and their understanding of science as a way of
knowing.

Children’s Scientific Thinking

Iinvestigated how 1st graders reasoned sci-
entifically after receiving instruction based on
my five design principles (Metz 2008, 2011),
and I found that they could successfully par-
ticipate in scientific inquiry that is much more
demanding than what prevailing curricula as-
sume to be “developmentally appropriate.”
They could assume increasing responsibility
for planning and carrying outscientificinquiry.
They were able to draw on the knowledge, sci-
ence processes, and methods they had learned
in whole-class investigations to design a study
of their own in areas they had studied in depth
(animal behavior and botany).

Each pair of students developed a research
poster that illustrated the nature and form of
their scientific inquiry. At this point, the chil-
dren assumed considerable responsibility for
their own research projects, supported by
whole-class exploration of how to generate
questions, a model of the components of a re-
search poster, and a menu of methods con-
structed in class as students learned ways to col-
lect data. For children with limited spelling or

Reform of
elementary

school science is
a fundamental part
of the solution to
addressing
underachievement
in science among
U.S. students.

How much farther can adult crickets jump than nymphs?

Procedure: We will take
10 nymphs one at a time.
We will put them on the
floor and measure how far
they jump with sticky dots.
We will cut pink yarn the
length of the nymph
jumps. We will take adult
crickets one at a time. We
will put them on the floor
and measure how far they
jump with yellow yarn.

Variables we will not
change: noise, light,
location, temperature,
habitat

Variable we will change:
type of cricket

Case Magnitude Plot:
adult crickets data

Case Magnitude Plot:
nymph crickets data

Analysis: We found out
that adult crickets jump
farther than nymphs. The 4
range shows us that,
when we look at the
median, there is not that
much difference.
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writing abilities, an adult was available to tran-
scribe what they said onto the poster.

Even pairs of students who were relatively
weak academically were able to come up with
their own study, incorporate analytic tools used
in a prior study by the whole class, and develop
reasonable claims based on their data. The
structured interview I conducted with each
pair afterward let me closely examine their rea-
soning, including their confidence in their
findings, the strategies they suggested for be-
coming more certain, and, more generally,
their ideas for improving their study.

"To evaluate the 1st graders’ thinking, I fol-
lowed a rubric developed by Rosalind Driver
and her colleagues (1997) that defines three
levels of reasoning about scientific inquiry:

® Phenomenon-based reasoning, the most
naive level, consists of simply “making
observations about the world, either
looking carefully at things or trying to
see what happens” (1997: 141).

L[]

Relation-based reasoning, the next level,
means reasoning about correlations
among variables, though it assumes a
straightforward, one-to-one relationship
between outcome and cause and thus
does not consider the possibility that
more than one factor could affect the
situation.

* Model-based reasoning, the highest level,
entails developing theoretical models or
systems that aren’t limited to actual
observations or variables.

In Driver and her colleagues’ study, nine-
year-olds used mostly phenomenon-based rea-
soning, and even 12- and 16-year-olds typically
used relation-based reasoning, with the prob-
lematic assumption of one-to-one correspon-
dence of cause and effect.

In my study, Ist graders’ scientific reasoning
looked surprisingly advanced. Almost half
(49%) of the children from two 1st-grade classes
surpassed Driver and her colleagues’ nine-year-
olds because these 1st graders thought about
their study in terms of the relationships among
variables. Even more impressive, 40% of the
children went beyond this, positing additional
variables that mightinfluence the outcome and
thus reflecting a tacit understanding that there
is not a straightforward, one-to-one corre-
spondence between cause and effect.

For example, one relatively academically

weak pair asked, “How much farther can adult
crickets jump than nymphs?” On the basis of
their data, they concluded that although adults
jump farther, “there’s not that much differ-
ence.” Asked how they could improve their
study, they raised the possibility that two ad-
ditional factors might influence the length of
the insects’ jumps. One suggested that fear
might play a role — not unreasonable, given
the children’s knowledge that adults may eat
the nymphs. The other child suggested that the
jump span could be affected by how much the
cricket eats before jumping.

Another, more academically advanced pair
investigated whether noise affects the behav-
ior of crickets, and, based on strong evidence,
concluded that it does. Nevertheless, when
asked, “How sure are you that ‘noise does af-
fect the behavior of crickets?’ ” only one of the
two said she was confident. The other student
not only suggested that they should replicate
the study, she also suggested that the type of
cricketmightmake a difference. This child also
suggested that it might not be noise per se, but
rather the quality of the noise (a “calmer” noise
might have another effect).

Thus, following instruction that aimed to
maximize their reasoning power, these Ist
graders far surpassed the rudimentary level of
simply making observations or trying some-
thing to see what happens. They reasoned
aboutinvestigationsin terms of variables. Most
impressive, many of them did not assume that
they had fully explained a phenomenon they
had set out to study simply because their data
reflected a relationship. When asked whether
they could be more sure or how they could im-
prove their study, they searched for other pos-
sible variables, a surprisingly sophisticated way

of thinking.
Conclusion

Clearly, we can’t wait until middle school to
address underachievement in science among
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U.S. students. Reform of elementary school
science is a fundamental part of the solution.
Rebuilding elementary school science would
be costly, requiring substantial investment in
curriculum development and teacher profes-
sional development. Butbecause whatstudents
of any age are able to learn depends heavily on
what they’ve already learned, failure to support
the scientific capabilities of elementary school
children will seriously handicap science learn-
ing at higher grade levels and will diminish the
abilities of our K-12 graduates. K
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Solutions and Lesson Plans to Prepare Tomorrow’s Innovators
Dennis Adams and Mary Hamm

“The authors present standards-driven processes, ideas, and lesson
plans in a way that will help teachers make learning clearer, bolder,
and more connected.”

Rose Castro, teacher, San Francisco

“The activities provided promote interesting and meaningful
learning and equip students for the twenty-first century and
beyond.”

Anabelle C. Felipe, Mariano Marcos State University, Philippines
“This book makes a compelling case for stimulating students in a
way that helps them apply the power of imagination in their lessons

and in the world outside of school.”
Sharonn Wilson, teacher, Pacifica, California

“This timely book encourages us all to consider what it means to
educate students in the twenty-first century and prepare for future
possibilities.”

Kathy Fugitt, teacher, San Francisco

“This is a valuable, insightful, and very readable book that is bound
to inform the thinking and the practical work of any educator.”
Rebecca Angeles, professor, University of New Brunswick, Canada
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