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INTRODUCTION:
WHAT IS INQUIRY?
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I remember the first time that I was excited about learning science. It was
1963, and one of my fellow third graders had brought a land tortoise to
school. Everyone gathered around the giant, prehistoric-looking reptile
and gazed in amazement at the ancient creature. Ten pairs of little hands
rubbed the smooth yet bumpy shell and spontaneously began asking
questions. I wonder how old he is. Why does he have such a big shell? Do
you think he can live to a hundred years old? How fast can he walk in an
hour? Which foods do you think he likes best? Can he swim in water like
the turtle I have at home? The questions kept coming, and they weren’t
from the teacher. In fact, the teacher was nowhere in sight. Some of our
questions were research questions that could be answered only by reading
books, talking to a tortoise expert, or going on the Internet (if there had
been an Internet back then). Other questions were testable ones that could
have been explored firsthand through experimentation.
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Although I wasn’t aware at the time that we were engaged in the
beginning stage of inquiry science—by starting with our own questions
about the world—I did feel the excitement, motivation, and curiosity that
seemed alive and palpable all around me. Inquiry science has little to do
with textbooks and lectures and everything to do with our inherent need
as a species to learn about and reflect on the world around us. Humans, and
particularly children, are natural scientists, and it seems that nothing can
stop us from inquiring about our world, except for maybe the classroom.
I remember the buzz of excitement about our new reptile friend came
to an abrupt halt with the scolding voice of our teacher, summoning us to
the classroom where we began the “real” science lesson. Textbooks were
opened, voices quieted, and the teacher in all her wisdom began her lesson
about desert animals: she lectured and we passively pretended to listen.
I’m sure most of us were still thinking about the tortoise and imagining all
the neat experiments we could do with it.
“Learning science is something students do, not something that is
done to them” (National Committee on Science Education Standards,
National Research Council 1996, 20). This quote from the National
Science Education Standards sums up nicely what inquiry science is all
about: active, student-centered learning. When we engage in inquiry, we
begin with a question. It could be a question that comes from children
who are responding to some stimuli or topic. Or, it could be a provocative question posed by the teacher at the beginning of a science unit.
We then move to designing experiments that test our question. During
experimentation, we collect data, make discoveries, and draw conclusions about our question. Finally, we come to new questions that fuel the
next cycle of inquiry. In inquiry science, children learn about concepts
by being involved in the science processes. They observe and describe
objects and events, make predictions, ask questions, acquire knowledge,
construct explanations of natural phenomena, test those explanations
in many different ways, and communicate their ideas to others. They do
exactly what grown scientists do.
Doing science in the real world outside the classroom is a messy
business, and is open to interpretation and change. While testing their
hypotheses, scientists work together, make mistakes, start over, ask new
questions, and try to control variables that pop up unexpectedly. They
work from prior knowledge and experience and follow their hunches into
the unknown. There is no neat and tidy textbook plan for them to follow.
Theories are built, torn down, and replaced over and over. If you don’t
believe me, ask Aristotle! His theories about physics were replaced by
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Newton’s theories, and then most recently by Einstein’s. Scientists learn
about the world the same way that children do: by their active participation in problem solving and critical thinking.
Although we know that scientists in the workplace are immersed
in the inquiry process, work collaboratively, and share their discoveries
with others, teachers in some classrooms still rely heavily on textbooks,
lectures, and rote memorization when teaching science. Oftentimes,
science is not taught at all, because “more important” subjects such as
reading and math must be taught since “they’re on the test.” Although
traditional approaches to science instruction are still in play, there has
been tremendous progress in science teaching. In California, for instance,
hands-on science kits from FOSS: Full Option Science System (Lawrence
Hall of Science 2012) have worked their way into classrooms. These kits
come with teacher guides and lessons that are aligned to state standards,
include hands-on experiences, offer performance-based assessments, and
provide opportunities for students to participate, in various ways, in the
5-E Instruction Model: Engage, Explain, Explore, Elaborate, and Evaluate
(Carr, Sexton, and Lagunoff 2007). Although the kits are fairly structured
in their approach, the lessons allow students to become actively involved
in learning science.
While hands-on science is finding its way into classrooms across the
country, researchers in science teaching and learning are discovering that
an inquiry approach can have a positive effect on student achievement,
especially for poor students and for those learning English as a second language. For example, researchers in the southeastern United States studied
the effects of inquiry learning on groups of students from culturally, linguistically, and socioeconomically diverse backgrounds in six different
schools and found marked improvement in test scores (Cuevas et al. 2005).
Other researchers of science education have compared inquiry-based
instruction with “commonplace” or traditional teaching, and the results
support the effectiveness of an inquiry approach (Wilson et al. 2010). And
although inquiry can enhance learning, it has also been found to be the
most effective way of increasing appreciation for science (Ornstein 2006).
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HOW CHILDREN LEARN SCIENCE: THE ROLE
OF NAÏVE CONCEPTIONS
An abundance of research tells us that children construct their own knowledge by testing ideas and approaches based on their prior knowledge and

© 2016 Hawker Brownlow Education • 9781760017798 • SHP7798

experience, applying these to new situations, and integrating the new
knowledge with preexisting intellectual constructs. These preexisting
ideas can serve as fertile ground from which new understandings grow.
Watson and Konicek (1990), in an article describing a fourth-grade teacher’s efforts to “teach for conceptual change,” paraphrase Louis Pasteur’s
conclusion that “understanding favors the prepared mind.” They go on
to echo Eleanor Duckworth, pointing out that children need to develop
a network of ideas in which to embed new ideas. For example, if Sonia, a
third grader, already believes that sunlight and plant growth are related
because she’s thought about and experimented with plants over time,
she’s likely to assimilate the idea that depriving plants of light may be
detrimental to their health (Abruscato 2004). But sometimes the ideas
that children bring to new learning experiences are flawed and based on
erroneous assumptions or partial information. Responding to children’s
naïve conceptions about the world and offering experiences that help
them confront their previously held conceptions is at the heart of an
inquiry approach.
Children derive their naïve conceptions through limited observation
and experience (Yin, Tomita, and Shavelson 2008). For example, children
may have partial or surface-level understandings of where energy comes
from, based on their observation that “things work if they are plugged into
the socket in the wall.” From these initial conceptions about energy, children move toward more complete understandings of how energy is stored
and transferred through social interaction and direct experience, not necessarily by being told or shown by the teacher. Furthermore, children
may generalize that “flat things float” because they’ve observed rafts and
surfboards during outings at the beach. Unless they see, through further
experimentation, that flat pieces of iron or ceramic plates sink, they may
hold on to their previously held beliefs about buoyancy. Without investigation, children may continue to think that when an object is at rest,
no forces are acting upon it; that the shape of the moon always appears
the same; that mealworms are worms; that sweaters create their own heat;
that seeds come from a packet; that rocks must be heavy; or that you grow
on your birthday. In fact, children hold on to their notions with a passion. Teaching by telling does not necessarily help students change their
conceptions. We cannot drag children into understanding concepts that
have taken scientists sometimes years to make sense of just because the
test is looming or because the pacing guide says we have to be on page 38
by Friday. The beauty of inquiry science is that it is based on asking good
questions, providing rich experiences that confront naïve conceptions,
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and allowing students to learn about the world like scientists. Inquiry science supports the notion that good teaching is more about listening to
children and asking key questions than telling and showing.
Inquiry science is not something new. For a long time, teachers on the
cutting edge of science instruction have been teaching children to think,
reason, and problem solve. Guided by research about how children learn,
these teachers have pushed ahead despite pressures from certain stakeholders who would prefer to see them teach to the test. Sharon Fargason is one
of these educators. In the following paragraphs, Sharon describes her own
journey as a learner of science, shares her view of the teacher’s role when
teaching inquiry science, and articulates how the approach described in
this book is different from traditional and hands-on methods.
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WHAT HAPPENED TO THE BANANA
I THREW IN THE COMPOST PILE?
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A few years ago I was invited to join a group of teachers at a summer institute. We would learn some science, talk about pedagogy, and reflect on
our lessons throughout the year. That sounded good to me. A little learning, a little more spending money. Sign me up! A few weeks before the
training started, I received an e-mail asking me to start a compost bin at
my house. I had no idea what that meant, but a quick Google search gave
me a plethora of options for compost bins. They ranged from tiny ones
that sat on your kitchen counter to massive installations for your backyard. Being the urban girl that I am, I bought the tiniest one I could find,
put it on my back porch in an effort to keep the flies away, and dumped
some fruit peels into it every now and then.
I went to the summer institute wondering what they were going to
teach me about compost bins. I was excited because the topic was “green”
and earth conscious, and I wondered if I could bring my own personal
experiences to the institute. I came with my notebook already prepared: a
section each for procedures, observations, findings, and vocabulary. I was
a good student, and I was ready.
“How many of you started a compost bin?” asked the presenter.
I raised my hand, yawned a little, sipped some coffee, and settled into
my chair, ready to hear what she had to say about my bin.
“So I put a bunch of stuff into mine,” she said, “and it doesn’t look the
same anymore. What happened to the banana peel that I put into my
compost bin?”
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