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Preface

class of fifth-grade students listen
as their teacher reads 7he Boy Who
Harnessed the Wind. This is the true
story of William Kamkwamba, a
14-year-old African boy whose perseverance and
ingenuity brought electricity and running water
to his drought-ravaged village. With nothing
but scraps from a junkyard and the knowledge
he acquired from library books, William built
a windmill and waited for the wind. Students
sit in awe as the teacher reads the dramatic ac-
count of what happened next. “Like always, it
came, first a breeze, then a gusting gale. The
tower swayed and the blades spun round. With
sore hands once slowed by hunger and darkness
William connected wires to a small bulb, which
flickered at first, then surged as bright as the sun.
“Tonga!” he shouted. ‘T have made electric wind!””
The teacher asks the class, “How do you think
William’s windmill was able to light a lightbulb?”
In a lesson inspired by this extraordinary story
(Chapter 9, “Harnessing the Wind”), students
discover the answer to this question by first
investigating how a simple handheld generator,
the Dynamo Torch, transforms energy of mo-
tion into electrical energy. Students then build
on this experience by reading an article about
energy transformations and listening to a nonfic-
tion read-aloud that explains how wind turbines
produce electricity. Eventually, students develop
explanations that explain how William’s wind-
mill was able to light a bulb. They elaborate on
what they have learned by researching various en-
ergy resources. Through hands-on inquiries and
high-quality readings and picture books, students
learn difficult concepts about energy—all within
the context of William’s remarkable true story.

Even More Picture-Perfect Science Lessons, K-35

What Is Picture-Perfect
Science?

This scenario describes how a children’s pic-
ture book can help guide students through an
engaging, hands-on inquiry lesson. Even More
Picture-Perfect Science Lessons, K—5 contains 20
science lessons for students in grades K through
5, with embedded reading comprehension strate-
gies to help them learn to read and read to learn
while engaged in inquiry-based science. To help
you teach according to A Framework for K—12
Science Education (NRC 2012), the lessons are
written in an easy-to-follow format for teaching
inquiry-based science according to the BSCS
5E Instructional Model (Bybee 1997, used with
permission from BSCS; see Chapter 4 for more
information). This learning cycle model allows
students to construct their own understanding of
scientific concepts as they cycle through the fol-
lowing phases: engage, explore, explain, elaborate,
and evaluate. Although Even More Picture-Perfect
Science Lessons is primarily a book for teaching
science, reading comprehension strategies and
the Common Core State Standards for English
Language Arts (Common Core ELA; NGA for
Best Practices and CCSSO 2010) are embedded
in each lesson. These essential strategies can be
modeled while keeping the focus of the lessons
on science.

Use This Book Within Your
Science Curriculum

We wrote Even More Picture-Perfect Science Lessons
to supplement, not replace, an existing science
program. Although each lesson stands alone
as a carefully planned learning cycle based on

Copyright © 2013 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
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clearly defined science objectives, the lessons are
intended to be integrated into a more complete
unit of instruction in which concepts can be more
fully developed. The lessons are not designed to
be taught sequentially. We want you to use the
lessons where appropriate within your school’s
current science curriculum to support, enrich, and
extend it. And we want you to adapt the lessons to
fit your school’s curriculum, your students’” needs,
and your own teaching style.

Special Features

Ready-to-Use Lessons With
Assessments

Each lesson contains engagement activities,
hands-on explorations, student pages, suggestions
for student and teacher explanations, opportuni-
ties for elaboration, assessment suggestions, and
annotated bibliographies of more books to read
on the topic. Assessments include poster sessions
with rubrics, teacher checkpoint labs, and formal
multiple-choice and extended-response questions.

Reading Comprehension Strategies

Reading comprehension strategies based on the
book Strategies Thar Work (Harvey and Goudvis
2000) and specific activities to enhance compre-
hension are embedded throughout the lessons
and clearly marked with an icon 2. Chapter
2 describes how to model these strategies while
reading aloud to students.

Standards-Based Objectives

Alllesson objectives are grade-level endpoints from A
Framework for K—12 Science Education (NRC 2012)
and are clearly identified at the beginning of each
lesson. Because we wrote Even More Picture-Perfect
Science Lessons for students in grades K-35, we used
two grade ranges of the Framework: K-2 and 3-5.
Chapter 5, “Connecting to the Standards,” outlines
the component ideas from the Framework and the
grade band addressed for each lesson.

The lessons also incorporate the Common Core
State Standards for English Language Arts. In a

box titled “Connecting to the Common Core”
you will find the Common Core ELA strand the
activity addresses (e.g., reading, writing, speaking
and listening, or language) as well as the grade
level and standard number (e.g., K.9 or 5.1). You
will see that writing assignments are specifically

labeled with an icon “S..

Science as Inquiry

As we said, the lessons in Fven More Picture-
Perfect Science Lessons are structured as guided
inquiries following the 5E Model. Guiding ques-
tions are embedded throughout each lesson and

marked with an icon ?. The questioning process
is the cornerstone of good teaching. A teacher
who asks thoughtful questions arouses students’
curiosity, promotes critical-thinking skills, cre-
ates links between ideas, provides challenges, gets
immediate feedback on student learning, and
helps guide students through the inquiry process.
Chapters 3 and 4 explore science as inquiry and
the BSCS 5E Instructional Model, and each les-
son includes an “Inquiry Place” box that suggests
ideas for developing open inquiries.
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Editors’ Note

Even More Picture-Perfect Science Lessons builds on the texts of 31 children’s picture books to
teach science. Some of these books feature animals that have been anthropomorphized, such
as a caterpillar that does magic tricks. While we recognize that many scientists and educators
believe that personification, teleology, animism, and anthropomorphism promote miscon-
ceptions among young children, others believe that removing these elements would leave
children’s literature severely underpopulated. Furthermore, backers of these techniques not
only see little harm in their use but also argue that they facilitate learning.

Because Even More Picture-Perfect Science Lessons specifically and carefully supports scientific
inquiry—the “Amazing Caterpillars” lesson, for instance, teaches students how to weed out
misconceptions by asking them to point out inaccurate information about caterpillars and
butterflies in a storybook—we, like our authors, feel the question remains open.

Even More Picture-Perfect Science Lessons, K-35
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Sounds All Around
11 K-2 Do You Know Which Ones Will Grow?
Whats Alive?
12 K-2 Flip, Float, Fly: Seeds on the Move
Who Will Plant a Tree?
13 K-2 Unbeatable Beaks
Beaks!
14 3-5 Just Ducks!
Ducks Dont Get Wet
15 K-2 Houdini the Amazing Caterpillar
From Caterpillar to Butterfly
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16 3-5 Fossil
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20 3-5 Now & Ben: The Modern Inventions of Benjamin Franklin
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Amazin

Description

g Calerpillars

In the eyes of a child, the transformation of a caterpillar into a butterfly is nothing short of magic! In this
lesson students construct their own understandings about the complete butterfly life cycle by observing,
exploring, and journaling about live caterpillars and butterflies before scientific explanations and vocabu-
lary are introduced. Then they learn that butterflies aren’t the only ones that go through these dramatic

changes. In fact, most insects do.

Suggested Grade Levels: K-2

LESSON OBJECTIVES Connecting to the Framework

LIFE SCIENCES

Core IDea LS 1: FRom MoLecuLes To ORGANISMS: STRUCTURES AND PROCESSES

LS 1:B: GRowTH AND DEVELOPMENT OF ORGANISMS

By the end of grade 2: Plants and animals have predictable characteristics at different stages of development. Plants and animals
grow and change. Adult plants and animals can have young. In many kinds of animals, parents and the offspring themselves
engage in behaviors that help the offspring to survive.

)

JRTING CATE

P

From Caterpillar to

ERFLY

3

-y

AR T aEiEe
]

TITLE:
AUTHOR:
ILLUSTRATOR:
PUBLISHER:

YEAR:
GENRE:
SUMMARY:

TITLE:
AUTHOR:
ILLUSTRATOR:
PUBLISHER:
YEAR:

GENRE:
SUMMARY:

Featured Picture Books

TITLE:
AUTHOR:
ILLUSTRATOR:
PUBLISHER:
YEAR:

GENRE:
SUMMARY:

Houdini The Amazing Caterpillar

Janet Pedersen

Janet Pedersen

Clarion Books

2008

Story

Houdini is a classroom caterpillar with “magical” abilities. He makes a leaf vanish,
crawls across a high-wire stick, and grows before your very eyes. When the audience
tires of his tricks, he performs one final act to amaze everyone, including himself.

From Caterpillar to Butterfly

Deborah Heiligman

Bari Weissman

HarperCollins

1996

Narrative Information

Simple text and colorful illustrations describe a butterfly’s life cycle within an
elementary classroom.

The Very Hungry Caterpillar

Eric Carle

Eric Carle

Penguin Group

1969

Story

The story follows a caterpillar as it makes some unusual food choices and grows into
a beautiful butterfly.

Even More Picture-Perfect Science Lessons, K-5
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Time Needed

This lesson will take several class periods. Suggested scheduling is as follows:

Part 1

About Two weeks: Engage with Houdini the Amazing Caterpillar NOTE: Allow about
Read-Aloud and Explore with Our Amazing two weeks between
Caterpillars Journal part 1 and part 2 of this

lesson. During those
Part 2 two weeks, students will

Day 1: Explain with Houdini the Amazing Caterpillar and n.e.ed several opportu-
From Caterpillar to Butterfly Read-Aloud, card sort, and nities to observe the

Pasta Life Cycle Diagram caterpillars/chrysalides
and record these obser-

Day 2: Elaborate with Butterflies Aren’t the Only Ones vations in their journals.

Day 3 Evaluate with 7he Very Hungry Caterpillar
Retelling Book

Materials

For caterpillar observations (per class)
® Painted lady butterfly kit containing caterpillars or caterpillar coupons, food, and mesh butterfly

habitat. (Butterfly kits are available at wwuw.insectlore.com and www.carolina.com.)

For card sort (one set per pair of students)

e Burterfly Life Cycle cards (cut out in advance by teacher)

For Pasta Life Cycle Diagram (per student)

® Pasta shapes to represent the stages of the butterfly life cycle: small beadlike pasta such as pearl
pasta, acini di pepe, or couscous (egg), rotini (caterpillar), shell (chrysalis), and bowtie (butterfly)

® Green, brown, and black markers or colored pencils
® 9" or 10" paper plate
® White glue

Student Pages

® Our Amazing Caterpillars Journal (Copy the cover on a separate sheet, then copy pp. 1 and 8 back-
to-back with 2 and 7; copy pp. 6 and 3 back-to-back with 4 and 5. Fold and staple along the spine.)

® Butterflies Aren’t the Only Ones
o The Very Hungry Caterpillar Retelling Book

% National Science Teachers Association

Copyright © 2013 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781935155171.



Background

A Framework for K—12 Science Education recommends that by the end of grade 2 students recognize
that plants and animals have predictable characteristics at different stages of development. With young
children, it is best to develop understanding of biological concepts such as this through direct expe-
rience with living things and their life cycles. Butterflies are ideal to use in this type of exploration.
They are familiar, interesting, and often found in the local ecosystem.

Butterflies experience metamorphosis as they progress through their life cycles. Almost all insects go
through metamorphosis, with the exception of a few such as silverfish and springtails (which hatch
from the egg as a small replica of the adult and mature by growing bigger). Metamorphosis is marked
by distinct stages, often resulting in an abrupt change of physical appearance. The butterfly begins
its life as an egg and hatches into a /zrva, known as a caterpillar. In this larval stage, the caterpillar
spends most of its time eating plant material. As it grows, the exoskeleton becomes tight, so it molts,
or sheds, the old one. This process is repeated several times as the caterpillar grows. Finally, the cater-
pillar makes a special silk “button” which it uses to hang upside down from a twig or other surface.
The soft body that the caterpillar reveals when it molts for the final time is called a chrysalis (plural:
chrysalides), which hardens to form a protective shell. Many children and adults confuse this structure
with a cocoon; however, a cocoon is a silk covering that most moths spin to protect their chrysalis.
(Some species of moth caterpillars also disguise their cocoons with leaves or other debris.) Inside the
chrysalis, a remarkable transformation takes place. This is known as the pupal stage of the butterfly
life cycle, during which the butterfly is immobile. In the pupal stage, parts of the caterpillar’s body
break down into undifferentiated cells, which then form new structures. The amount of time required
for this transformation varies depending on the species. After the caterpillar completely transforms,
the chrysalis cracks open and the adult butterfly emerges. At first, its wings are damp and crumpled.
As it pumps blood into them, the wings straighten out and dry. Soon the adult butterfly is ready to
take its first flight.

Many animals (such as fish, birds, reptiles, and mammals) have fairly simple life cycles in which
they are born or hatched, then grow into adults. Amphibians have a bit more complex life cycle where
they hatch from an egg, live underwater breathing through gills, grow into adults, move to land and
breathe air through their skin and lungs. Most insects, however, have a dramatic life cycle in which
they go through the following stages: egg, larva, pupa, and adult. A few insects, like dragonflies,
grasshoppers, and cockroaches, go through an incomplete metamorphosis, which means they go from
egg to larva to adult, without a pupal stage. In the elaborate phase of this lesson, students apply what
they learn about the stages of insect metamorphosis to other insects, so they will understand that
butterflies aren’t the only ones that go through this dramatic change.

About the Painted Lady Butterfly

This lesson uses painted lady butterflies to demonstrate the stages of a metamorphic life cycle. The
painted lady butterfly (Vanessa cardui) is found in most of the United States as well as Canada. Sev-
eral companies have marketed ready-made kits that include everything you will need to help your
butterflies develop. Most contain coupons to send away for the live caterpillars. You are unlikely to
see the egg stage of the life cycle; therefore, you should be prepared to describe this to your students.
Female painted lady butterflies lay their eggs on plants such as thistle, hollyhock, and mallow. When
the caterpillars hatch, they eat the leaves of the plants. The eggs are light blue-green in color and the
size of a pinhead. The caterpillars emerge within three to five days.
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Excluding the egg stage, the life cycle should take approximately three weeks. Your caterpillars will
likely ship in a ventilated plastic cup containing food (referred to as “nutrient” by some vendors). The
caterpillars will spend most of their time eating and may spin a small amount of silk. You will notice
small balls in the container; the balls are caterpillar waste, or frass.

When your caterpillars are ready for the pupal stage, they will crawl to the lid of the container
and hang upside down in a hook shape. If they are not disturbed, the caterpillars will harden into
chrysalides in one to two days. Once all of your caterpillars have entered the pupal stage, you should
remove the lid and hang it inside of your butterfly home. You may notice the chrysalides shaking.
This is natural and helps to prevent predator attacks in the wild.

The adult butterflies will emerge in 7 to 10 days. You may notice that the chrysalides become
transparent just before this occurs. The new butterflies’ wings will be wrinkled and soft. They will
be ready to fly within a few hours. Do not be alarmed if you notice your butterflies excreting a red
liquid. This is meconium, a waste product from the pupal stage. You may want to line the bottom of
your butterfly home with paper towels or a paper plate to catch the meconium.

To feed your butterflies, dissolve 3 teaspoons of sugar into 1 cup of water. Sprinkle this mixture
onto fresh flowers or saturate a crumpled paper towel. Place them in your butterflies’ home. You will
see your butterflies uncurl their proboscises and sip the sugar water.

When you are ready to release your butterflies, make sure the temperature is above 55°F. Painted
lady butterflies are one of the most widely distributed butterfly species in the world, but check your
state’s wildlife release rules prior to setting them free in your area. If you are unable to release them,
your butterflies may mate and lay eggs. When the larvae hatch, add thistle, hollyhock, or mallow
leaves to your butterflies’ home. The adult butterflies have a life span of only two weeks. Reassure
your students that this, too, is a part of the life cycle, and the young will continue the circle of life.

(engpage ? Have you ever heard of a magician named

Houdini?

Houdini the Amazing Caterpi”ar Tell the students that Harry Houdini was one
of the most well-known magicians of all time.

Read-Aloud Houdini became famous for his escape acts.
Q . . He could free himself from prisons, handcuffs,

W= Making Connections: ropes, chains, and water-filled containers. One of
Text-to-World Houdini’s most famous illusions involved making
Ask a full-grown elephant and its trainer disappear
from the stage! Then tell the students that you

? Have you ever seen a magic show? have a book about a very unusual magician, also

? What kinds of tricks do magicians do? (make ~named Houdini, to share with them. Show the
something disappear, pull a rabbit out of a hat,  students the cover of Houdini the Amazing Cat-
guess a card, escape from an enclosed space,  erpillar, and introduce the author and illustrator.
and so on)
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-Q'* Inferring

Connecling lo the Common Core
Reading: Literature
Kev Ipeas anp Deraits: K.1,1.2,1.3

Read the book aloud, stopping after page 19.
(“Suddenly, he knew just what his next act would
be. It would be his most daring act ever.”) Ask

? How are Houdini’s actions like magic?
(Houdini makes leaves vanish by eating them;
he grows before their very eyes and breaks free
from his skin; he holds a pose for almost two
weeks without food, water or taking a break.)

Model questioning by saying, “I wonder what
Houdini’s next act will be?” Give each student a
sticky note, and ask them to write or draw what
they think Houdini’s next, most daring act will
be. Collect the sticky notes and use them to assess
student preconceptions. Tell students that they are
going to see some “magic” in their own classroom
before you read the rest of the book to them.

explore

Our Amazing Caterpillars
Journal

Connecling to the Common Core
Writing

ResearcH 1o BuiLb AND Present Knowtenee: K.7, 1.7, 2.7

Hold up the caterpillar container, and tell students
that you have some amazing little “Houdinis” for

them to observe.

Pass out the Our Amazing Caterpillars Jour-
nals. Tell students they are going to be observing
these caterpillars for several weeks, just as the
children in Houdini the Amazing Caterpillar did.
For observation 1, first have students record the
date. Throughout the day, allow small groups of
students to visit the caterpillars to record their

observations. Continue to have the students make
observations every few days, or as needed when
changes occur. At this point, it is not necessary
to reveal the scientific terminology for each stage,
although some students may already be familiar
with some of these words. You will continue with
the rest of this lesson when all of the caterpillars
have become adult butterflies.

Use the following guidelines to help students
work through the journal:

Observation 2: Complete one to two days fol-
lowing the initial observation.

Observation 3: Com-
plete two to three days
following the second
observation.

Observation 4: Com-
plete when at least one
caterpillar is hanging
upside down, preparing
for the pupal stage.

Observation 5: Com-
plete once all chry-
salides have formed,
and you have removed
them from the cater-
pillar container. Allow
students to make their
observations before

PAINTED LADY CHRYSALIS
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placing the chrysalides in the butterfly home.
The drawing of the circle is the disk upon which
the chrysalides are attached.

Observation 6: Complete when one or more
butterflies have emerged. This can also be used
if you are lucky enough to observe a butterfly as
it is emerging.

Observation 7: Complete once all of the but-
terflies have emerged.

Wonderings: Students can record any questions
they have about the caterpillars and butterflies
on this page.

<explam

Houdini the Amazing Caterpillar
and From Caterpillar to Butterfly
Read-Aloud

-Q'* Making Connections:

Text-to-World

Tell students that now that they have witnessed
the “magic” of their own caterpillars, you will read
the entire story of Houdini the Amazing Caterpillar
to them. Tell them that as you read, you would
like them to signal when they see Houdini doing
something that they saw their caterpillars doing.
Students should signal that both Houdini and
their classroom caterpillars ate, shed their skin,
grew, hung upside down for a long time, and
emerged as butterflies. After reading, ask

? Is this book fiction or nonfiction? How do you
know? (fiction, because the caterpillar smiles

and talks)

Tell students that you have a nonfiction book
that can help them learn more about the life cycle
of a butterfly, including the names of all the stages
that they observed. Introduce the author and
illustrator of From Caterpillar to Butterfly. As you
show the cover, ask

? What do you think this book has in common
with Houdini the Amazing Caterpillar? (An-

swers may include that they are both about
butterflies, there are caterpillars in both books,
and the butterflies in both books are orange.)

-Q'“ Open Sort

Before reading the nonfiction book, give each pair
of students a set of precut Butterfly Life Cycle
cards with the names and pictures of the four
stages of butterfly metamorphosis: egg, caterpillar
(larva), chrysalis (pupa), butterfly. Before reading,
ask students to put the cards in the order in which

they think they go.

wg> Determining Importance

Connecting lo the Common Core
Reading: Informational Text
Key Ipas anp Derais: K.3, 1.3, 2.3

Tell students that as you read the book aloud, you
would like them to listen for the names of the
stages on their cards. Read the large-print text of
the book aloud. As you read about each stage, have
students move their cards in the correct order. Be
sure to read the small-print text on page 11 (“The
caterpillar is also called the larva.”) and page 19
(“The chrysalis is also called the pupa.”).

-Q'* Closed Sort

After reading, make sure students have put the
cards showing the stages of the butterfly life
cycle in the correct order: egg, caterpillar (larva),
chrysalis (pupa), butterfly. Ask

? Where do butterfly eggs come from? (adult
butterflies)

Have students move the cards to create a
circle that represents the continuation of the egg-
caterpillar-chrysalis-butterfly cycle.

Ask if students have ever heard the term cocoon.
Explain that butterflies do not make cocoons, but
moths do. Cocoons are spun out of silk during a
moth’s pupal stage. Some moths also camouflage
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their cocoons by covering them with bits of
leaves or other plant material. They go through
their metamorphosis inside the safety of their
cocoon. Ask

? “Where do butterflies go through their pupal
stage?” (inside a chrysalis)

Pasta Life Cycle Diagram

Pass out one paper plate and one piece of each
of the following pastas to each student: beadlike
pasta, rotini, shell, and bowtie. Students will also
need green, brown, and black markers or colored
pencils. Guide students through the following
steps to make a butterfly life cycle diagram on a
paper plate:

SAFETY

Tell students not to eat or taste any food (e.g., pasta)

or beverage that has been made or used in the lab
or classroom activity unless instructed to do so by
the teacher.

1. Ask

? How does a caterpillar begin its life? (as an
egg) Show the illustration of butterfly eggs
on page 9 of From Caterpillar to Butterfly.
Tell students to hold up the pasta that looks
most like a butterfly egg (beadlike pasta).
Tell them to place the beadlike pasta at the
12:00 position on their plates. Then have
them sketch the outline of a leaf with a green
marker or colored pencil around the “egg.”
Tell them that they will glue the pasta onto
the “leaf” later. Have students write “egg”
below the beadlike pasta.

2. Ask

? What hatches from a butterfly egg? (cater-
pillar) Show the illustration of a caterpillar
on page 15 of the book. Tell students to hold
up the pasta that looks most like a caterpil-
lar (rotini). Tell them to place the rotini at
the 3:00 position on their plates. Remind
them that they will glue the pasta onto the

Even More Picture-Perfect Science Lessons, K-5

late later. Have students write “caterpillar”
p p
below the rotini.

3. Ask

? What is another name for a caterpillar?
(larva). Have students write “larva” in
parentheses next to the word “caterpillar.”

4, Ask

? What happens after the caterpillar molts for
the last time? (It makes a chrysalis.) Show
the illustration of the chrysalis on page 20
of the book. Tell students to hold up the
pasta that looks most like a chrysalis (shell
pasta). Tell them to place the shell pasta at
the 6:00 position on their plates. Then have
them use a brown marker or colored pencil
to draw a twig just above the shell pasta
(so the “chrysalis” has a place to attach).
Remind them that they will glue the pasta
onto the paper plate later. Have students
write “chrysalis” below the shell pasta.

5. Ask

? What is another name for the chrysalis?
(pupa) Have students write “pupa’ in paren-
theses next to the word “chrysalis.”

6. Ask

? What comes out of the chrysalis? (butterfly)
Show the illustration of the adult butterfly
on page 29 of the book. Tell students to hold
up the pasta that looks most like a butterfly

g

a Lige cvecle Caterpt Mor

o
Buttedy b‘t'”'-:“y (Lowwa)
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Chrysalis
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PASTA LIFE CYCLE DIAGRAM
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(bowtie pasta). Tell them to place a piece of
bowtie pasta at the 9:00 position on their
plates. Remind them that they will glue the
pasta onto the plate later. Have students
write “butterfly” below the bowtie pasta.

7. Have students draw arched arrows from the
egg to the caterpillar to the butterfly to show
that these stages occur in a set order. Ask

? Should we draw an arrow from the butterfly
back to the egg?

Reread pages 28 and 29 of From Caterpillar ro
Buszterfly. Introduce the term /ife cycle by telling
students that every living thing is born, grows
and changes, reproduces by laying eggs or hav-
ing babies, and dies. The babies, or offspring,
grow up to repeat these stages. Ask

? What is the word for the changes that a
butterfly goes through in its life cycle?
(metamorphosis, p. 6).

Tell students that the word metamorphosis
means “really big change.” Explain that all
living things go through a life cycle, but only
some of them, like the butterfly, go through a
metamorphosis. Then have students draw an
arrow from the butterfly to the egg to demon-
strate that the life cycle will continue.

POINTING OUT SCIENTIFIC INACCURACIES

8. Have students write “Life Cycle of a But-
terfly” in the center of their plates with a
black marker.

9. Have students use white glue to affix the
pasta shapes to their appropriate places on
the paper plates.

elaborate

Butterflies Aren’t the Only Ones

Explain that many animals, such as fish, birds,
reptiles, and mammals, have fairly simple life
cycles in which they are born or hatched, then
grow into adults. Amphibians, such as frogs, have
a bit more complex life cycle—they are born, live
underwater breathing through gills, grow into
adults, then move to the land and breathe air.
Most insects, however, have a dramatic life cycle
where they go through the following stages: egg,
larva, pupa, and adult. Write the names of these
stages on the board. Ask

? What is the larval stage of the butterfly called?

(caterpillar)

? What is the pupal stage of the butterfly called?

(chrysalis)

Explain that a few insects, like dragonflies,
grasshoppers, and cockroaches,
go through an incomplete meta-
morphosis, which means they
go from egg to larva to adult,
without a pupal stage. However,
most insects, like butterflies, go
through a metamorphosis, or

really big change.

Pass out the Butterflies Aren’t
the Only Ones student page to
each student or pair of students.
Explain that they will apply the
concepts and vocabulary they
have learned about the stages of
the butterfly life cycle to another
kind of insect. Assign each stu-
dent or pair of students an insect
that goes through a metamor-
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phosis and have them research the life stages of
their insect on the internet or in nonfiction books.
Examples of such insects include ant, bee, beetle,
firefly, housefly, ladybug, mosquito, moth, praying
mantis, and wasp. Have students use the student
page to draw the different stages of that insect’s
life cycle, then have them share what they learned
about their insect with the class.

evaluale

The Very Hungry Caterpillar
Retelling Book

Introduce the author and illustrator of 7he Very
Hungry Caterpillar. Read the book aloud to stu-
dents. After reading, ask

? Is this book fiction or nonfiction? (fiction)
How do you know? (The caterpillar eats food
that caterpillars don't really eat, and so on)

W Rereading and Determining
Importance

Connecling lo the Common Core
Reading: Literature
CRarT AND STRUCTURE: K.5, 1.5

Tell students that you are going to read the book
again, but this time you would like to point out
everything in the book that is not factual based
on the things they have observed and read about
caterpillars and butterflies. If they see a picture or
hear something in the book they think is incorrect,
they should raise their hands and explain their
reasoning. Responses might include

¢ Caterpillars would not eat the foods in the
book like ice cream, salami, cake, and so on.

® Butterfly caterpillars make a chrysalis, not a
cocoon.

¢ Burterflies must let their wings dry before flying.
e Bucterflies push out of the chrysalis. They

Even More Picture-Perfect Science Lessons, K-35

don’t nibble.

Many children have asked Eric Carle why the
butterfly in 7he Very Hungry Caterpillar comes
from a cocoon and not a chrysalis—so many,
in fact, that it appears in the “Frequently Asked
Questions” page on his website. This is the answer

he gives:

Heres the scientific explanation: In most cases
a butterfly does come from a chrysalis, but not
all. Theres a rare genus called Parnassian, thar
pupates in a cocoon. These butterflies live in
the Pacific Northwest, in Siberia, and as far

away as North Korea and the northern islands
of Japan.

And heres my unscientific explanation: My
caterpillar is very unusual. As you know cater-
pillars don'’t eat lollipops and ice cream, so you
won’t find my caterpillar in any field guides.
But also, when I was a small boy, my father
would say, “Eric, come out of your cocoon.” He
meant I should open up and be receptive o the
world around me. For me, it would not sound
right to say, “Come out of your chrysalis.” And

50 poetry won over science!

Eric Carle,

www.eric-carle.com/q-cocoon.html

Tell students that Eric Carle did not write 7he
Very Hungry Caterpillar as a science book, so it’s
okay if it is not scientifically accurate, or true.
Anything can happen in fiction; a caterpillar can
even eat ice cream and salami! But tell students
they are going to get a chance to create a version
of the story so that it is scientifically accurate. Pass
out The Very Hungry Caterpillar Retelling Book. As
you read it aloud, have the students illustrate the
story and label the correct stages of the butterfly’s
life cycle. When students are finished, they should
cut out each page separately and staple the pages
together in order.
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Inquiry Place

Have students brainstorm questions about animal life cycles. Examples of such questions include

? How does the moth life cycle compare with the butterfly life cycle? Observe it or research
it! (Note: Life cycle kits for saturniid and hornworm moths are available from www.caro-

lina.com.)

~J

How does the mealworm life cycle compare with the butterfly life cycle? Observe it or

research it! (Note: Mealworms are available at pet stores and bait shops.)

-~ -~

-~

What kinds of cocoons do different moths make? Research it!
Which insects go through an incomplete metamorphosis? Research it!

What are the stages of an amphibian’s life cycle? Research it!

Then have students select a question to investigate or research as a class, or have groups
of students vote on the question they want to investigate or research as a team. Students can
present their findings at a poster session or gallery walk.

Websites

The Children’s Butterfly Site
www.kidsbutterfly.org

National Geographic video “Butterfly: A Life”
Watch the transformation of a monarch butterfly
from egg to larva to pupa to adult in two minutes.
http://video.nationalgeographic.com/video/nation-
al-geographic-channel/all-videos/av-8520-8756/
ngc-butterfly-a-life

More Books to Read

Allen, J. 2003. Are you a butterfly? New York: Kingfisher.
Summary: Simple text and soft illustrations help
the readers imagine themselves as butterflies
experiencing metamorphosis.

Bunting, E. 1999. Butterfly house. New York: Scholastic
Press.
Summary: A young girl saves a caterpillar from a
hungry jay and creates a home for it. She raises the
caterpillar until it becomes a painted lady butterfly.
The girl releases the butterfly, but as she grows
older, painted ladies continue to flock to her garden.

Kalman, B. 2006. The life cycle of a butterfly. New York:
Crabtree.
Summary: This scientific text clearly explains
the stages of a butterfly’s life cycle. Attractive
photographs and clear illustrations enhance the
fact-filled book.

Pashley, H., and L. Adams. 2010. Look, ask and learn
about butterflies. New York: Little Science Books.
Summary: This encourages the reader to observe
and ask questions about butterflies. Stunning, up-
close photos show various butterflies at different
stages in their life cycles.

Ryder, J. 1996. Where butterflies grow. New York: Puffin.
Summary: Strong imagery helps the readers
connect to the story and experience life as a
growing black swallowtail butterfly. The author
includes suggestions for creating your own but-
terfly garden.

Slade, S. 2008. From caterpillar to butterfly: Following
the life cycle. Minneapolis, MN: Picture Window
Books.

Summary: Bright illustrations and informative text
describe the life cycle of the monarch butterfly.
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Draw and color what you see in the
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Butlerfly Life Cycle Cards

Caterpillar (Larva) Chrysalis (Pupa) Butterfly
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Name:

Butterflies Aren't the
. Only Ones

Draw the stages of the life cycle of an insect other than a butterfly.
Be sure to draw arrows from one stage to the next.

kgg

Life Cycle
of a

Adult larva

Pupa

Even More Picture-Perfect Science Lessons, K-35

Copyright © 2013 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781935155171.

219



Name:

The Very Hungry Calerpillar

Retelling Book

THE VERY
HUNGRY
CATERP i

By Eric Carle In the light of the moon a
Retold by little egg lay on a leaf.

One warm day—pop!—a tiny

and very hungry caterpillar He started to look for some
ate its way out of the egg. food.
QBD National Science Teachers Association
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Name:

The Very Hungry Calerpillar

Retelling Book

Now he wasn’t hungry any
more—and he wasn't a little
caterpillar any more. He was
a big fat caterpillar.

For many days, the caterpillar
ate through nice green leaves,
and after that he felt much
better.

He made a covering, called a
chrysalis, around himself. He
stayed inside for several days.
Then he pushed his way out
and...

he was a beautiful
butterfly!
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Questioning, x, 13

developing good questions,
21-22

for “Do You Know Which
Ones Will Grow?” lesson,
145

for “Float Your Boat” lesson, 69

for “Fossils Tell of Long Ago”
lesson, 226, 227

for “Harnessing the Wind”
lesson, 112-113

for “Problem Solvers” lesson,
283-284

for “Seeds on the Move” lesson,
162

for “Sunsets and Shadows”
lesson, 265, 268

R
Ramona the Pest, 1
Reading aloud, ix, x, 9, 9-12
encouraging interaction during,
11
with expression, 11
giving information about
authors and illustrators
before, 10
having fun with, 12
keeping books accessible after,
11-12
keeping the flow during, 11
modeling reading strategies
during, 11
previewing book before, 10
rationale for, 9-10
setting the stage for, 10
sharing pictures during, 11
tips for, 10-12
Reading comprehension strategies,
ix, x, 6, 12-16

299



determining importance, 13
enhancement by picture books,
2,16
explicit teaching of, 12
inferring, 13
making connections, 13
modeling of, 12
questioning, 13
synthesizing, 13
tools for enhancement of,
13-15
anticipation guides, 14
card sorts, 14, 14
close reading, 14-15, 15
rereading, 15
sketch to stretch, 15
stop and try it, 15, 15-16
turn and talk, 16
using features of nonfiction,
16, 16
visualizing, 13
Reading skills, 2, 9
Reading Standards for Informational
Text K-5, 42-43
Reading Standards for Literature
K-5, 40-41
Reading With Meaning: Teaching
Comprehension in the Primary
Grades, 12
“Reduce, Reuse, Recycle!” lesson, xv,
243-252
background for, 244-245
BSCS 5E Instructional Model
for, 245-248
elaborate, 247-248
engage, 245
evaluate, 248
explain, 246, 246-247, 247
explore, 245, 245-246
connecting to A Framework for
K=12 Science Education, 39,
243, 245
connecting to the Common
Core, 246, 247, 248
description of, 243
Inquiry Place for, 249
materials for, 244
objectives of, 243
picture books for, 243, 243

safety precautions for, 245
student pages for, 244, 250—
252
My Three Rs Superhero
Pledge, 252
The Three R’s Plus One, 250
Write a Letter, 251
time needed for, 244
Rereading, 15
for “Amazing Caterpillars”
lesson, 211
for “Fossils Tell of Long Ago”
lesson, 229
for “Unbeatable Beaks” lesson,
176
Researchable questions, 22, 23
Rey, H. A, 1
Roca, Nuria, 243
Romance, N. R., 2

S
Safety precautions
for “Amazing Caterpillars”
lesson, 209
for “Do You Know Which
Ones Will Grow?” lesson,
144, 146
for “Ducks Don’t Get Wet”
lesson, 191, 193
for “Float Your Boat” lesson, 66
for “Freezing and Melting”
lesson, 54
for “Harnessing the Wind”
lesson, 109
for “Reduce, Reuse, Recycle!”
lesson, 245
for “Seeds on the Move” lesson,
161, 163
for “Sounds All Around” lesson,
126
for “Sunsets and Shadows”
lesson, 265, 269
for “The Wind Blew” lesson,
80, 82, 83
for “Unbeatable Beaks” lesson,
174, 177
for “What Will the Weather
Be?” lesson, 256
Sanitizing equipment, 126

Science and Children, 4
Science skills, 2, 20
Science textbooks, 1, 2
Scientific and engineering practices,
20, 20, 35-36
Scientific habits of mind, 21
Seamless Assessment in Science, 31
“Seeds on the Move” lesson, xvi,
159-171
background for, 160-161
BSCS 5E Instructional Model
for, 161-164
elaborate, 162-163, 164
engage, 161
evaluate, 164
explain, 162
explore, 161, 161-162
connecting to A Framework for
K=12 Science Education, 38,
159, 160
connecting to the Common
Core, 162, 163
description of, 159
Inquiry Place for, 165
materials for, 160
objectives of, 159
picture books for, 159, 159
safety precautions for, 161, 163
Sock Walk for, 163, 164
student pages for, 160, 166—
171
Seed Cards, 166
Seeds on the Move Lift-the-
Flap Booklet, 168-171
What's on My Sock?, 167
time needed for, 160
Sendak, Maurice, 1
Sharp objects, 66, 146, 245, 256
Shea, Susan A, 141
Silverstein, Shel, 1
Simon, Seymour, 1
Sketch to stretch, 15
for “What Will the Weather
Be?” lesson, 255
Slip/fall hazards, 66, 126, 191, 193,
269
Smith, J. K., 2
Smith, M., 2
Smolkin, L., 4

National Science Teachers Association

Copyright © 2013 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781935155171.



Sounds All Around, xxi, 34, 125,
125, 126, 130
“Sounds All Around” lesson, xvi,
125-139
background for, 127
BSCS 5E Instructional Model
for, 30, 34, 128-131
elaborate and evaluate, 131
engage, 128
evaluate, 130-131
explain, 129-130, 130
explore, 129, 129
connecting to A Framework for
K—12 Science Education, 38,
125, 127
connecting to the Common
Core, 128, 129, 130, 131
description of, 125
Inquiry Place for, 131
materials for, 126-127
objectives of, 125
picture books for, 125, 125
safety precautions for, 126
student pages for, 127, 132-139
Sound Anticipation Guide,
132
Sound Stations, 133—137
time needed for, 126
Speaking and Listening Standards
K-5, 4748
Spills, wiping up, 66, 126, 191, 193
Stone, Jon, 1
Stop and try it, 15, 15-16
for “Float Your Boat” lesson,
69-70
for “Sounds All Around” lesson,
130
for “The Wind Blew” lesson,
81-83
Storybooks, 4-5
pairing with nonfiction books,
6
using in BSCS 5E Instructional
Model, 34
Strategies That Work, x, 3, 12, 14
Sun safety precautions, 144, 163,
265,272,273
“Sunsets and Shadows” lesson, xvi,

263-277

background for, 264-265
BSCS 5E Instructional Model
for, 265-270
elaborate, 269, 269-270
engage, 265, 265-266
evaluate, 270
explain, 267-268
explore, 266-267, 267
connecting to A Framework for
K=12 Science Education, 39,
263, 264
connecting to the Common
Core, 265, 267, 270
description of, 263
Inquiry Place for, 271
materials for, 264
modeling Earth’s rotation for,
269, 269-270
objectives of, 263
picture books for, 263, 263
safety precautions for, 265, 269
student pages for, 264
Changing Shadows, 274—
275
Letter to Parent, 272
Sunrise/Sunset Take-Home
Page, 272-273
Sunsets and Shadows
Assessment, 276277
time needed for, 264
Swinburne, Stephen R., 173, 176
Synthesizing, 13
for “Ducks Don’t Get Wet”

lesson, 194
for “Seeds on the Move” lesson,
162
T
T-charts

for “Ducks Don’t Get Wet”
lesson, 193, 197, 198
for “Freezing and Melting”
lesson, 57
for “Harnessing the Wind”
lesson, 111
Testable questions, 22-23, 23, 25,
26
The Boy Who Harnessed the Wind, ix,
xxi, 103, 103, 104, 106, 108

Even More Picture-Perfect Science Lessons, K-35

Copyright © 2013 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781935155171.

The Monster at the End of This Book,
1
The Moon, 1
The Three R’s: Reuse, Reduce, Recycle,
xxi, 243, 243, 244, 246
The Very Hungry Caterpillar, xxi, 1,
3, 4, 203, 203, 204, 211, 219
retelling book, 211, 220-221
The Wind Blew, xvi, 77,77, 78, 80,
81
“The Wind Blew” lesson, xvi, 15,
77-101
background for, 79
BSCS 5E Instructional Model
for, 80-85
elaborate, 83-84, 84
engage, 80
evaluate, 84-85
explain, 81-83, 82
explore, 80, 80-81
checkpoint lab for, 25, 36,
83-84, 84, 89-99
connecting to A Framework for
K—12 Science Education, 36,
38,77,79
connecting to the Common
Core, 81, 84
description of, 77
Inquiry Place for, 36, 86
materials for, 7879
objectives of, 77
picture books for, 77
poster session for, 84-85, 100
safety precautions for, 80, 82,
83
student pages for, 79, 87-101
Poster Session, 100
Sail Cutouts, 101
The Wind Blew Team
checkpoint lab, 89-99
The Wind Blew Team Task
Cards, 88
Wind Challenges, 87
time needed for, 78
Toy Boat, xxi, 65, 65, 66, 67-68
Turn and talk, 11, 16
for “Do You Know Which
Ones Will Grow?” lesson,

145



for “Problem Solvers” lesson,
282, 283-284
for “Seeds on the Move” lesson,
161
for “The Wind Blew” lesson, 80
for “What Will the Weather
Be?” lesson, 255
Twilight Comes Twice, xxi, 263, 263,
264, 265

U
Unbeatable Beaks, xxi, 4, 173, 173,
174,176
“Unbeatable Beaks” lesson, xvi,
173-186
background for, 175
BSCS 5E Instructional Model
for, 175-181
elaborate, 180
engage, 175, 175-177
evaluate, 180-181
explain, 178-180, 179
explore, 177, 177-178, 178
connecting to A Framework for
K—12 Science Education, 39,
173, 175
connecting to the Common
Core, 176, 179
description of, 173
Inquiry Place for, 181
materials for, 174
objectives of, 173
picture books for, 173, 173
safety precautions for, 174, 177
student pages for, 174, 182-186
Bird Cards, 184-185
The Right Beak for the Job,
186
What's the Best Beak?,
182-183
time needed for, 174

\'%
Visualizing, 13
for “What Will the Weather
Be?” lesson, 255

Vitale, M. R, 2
Vocabulary, 4, 5, 34
Volkmann, M. J., 31

w
Weakland, Mark, 65
Weidner Zoehfeld, Kathleen, 141
Wemberly Worried, 55
Wemberlys Ice-Cream Star, xxi, 4, 53,
53, 54, 55
What Will the Weather Be?, xxi, 2,
253, 253, 254, 256-257
“What Will the Weather Be?”
lesson, xv, 2, 253-262
background for, 254-255
BSCS 5E Instructional Model
for, 255-258
elaborate, 257-258
engage, 255-256
evaluate, 258
explain, 256-257
explore, 256, 256
connecting to A Framework for
K—12 Science Education, 36,
39, 253, 254
connecting to the Common
Core, 255, 256, 258
daily reports for, 257-258, 258
description of, 253
Inquiry Place for, 259
materials for, 254
objectives of, 253
picture books for, 253, 254
safety precautions for, 256
student pages for, 254, 260-262
Daily Reports, 261
4-3-2-1 Weather Report Skit
Rubric, 262
Weather Instruments, 260
time needed for, 254
weather instruments for, 256,
256
placement of, 257
weather report skits for, 258
scoring rubric for, 262
Whats Alive?, xxi, 141, 141, 142,

144-145
Whats That Sound?, xxi, 125, 125,
126, 128
Where the Sidewalk Ends, 1
Where the Wild Things Are, 1
White, E. B., 1
Who Will Plant a Tree?, xxi, 159,
159, 160, 162
Why Did My Ice Pop Melt?, xxi, 53,
53, 54, 56, 57
Wind Energy: Blown Away!, xxi, 5,
103, 103, 104, 107
Woodward, Katie, xvi
‘Writing activities
for “Amazing Caterpillars”
lesson, 207-208
for “Do You Know Which
Ones Will Grow?” lesson,
146-147
for “Ducks Don’t Get Wet”
lesson, 190, 194
for “Float Your Boat” lesson, 71
for “Fossils Tell of Long Ago”
lesson, 229
for “Freezing and Melting”
lesson, 59
for “Harnessing the Wind”
lesson, 113, 115
for “Reduce, Reuse, Recycle!”
lesson, 247
for “Sounds All Around” lesson,
131
for “Sunsets and Shadows”
lesson, 270
for “The Wind Blew” lesson, 84
Writing Standards K-5, 44-46

Y

Yellow Brick Roads: Shared and
Guided Paths to Independent
Reading 4-12, 9

V4
Zunon, Elizabeth, 103

National Science Teachers Association

Copyright © 2013 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781935155171.



f

Grades K-5

ational Science Teachers Association

Picture-Perfect

I s CHIld fens

=t SRS O i L y I

= T LY b

“The No. I compliment we hear from teachers is that the lessons are complete
and ready to take back to their classrooms and use.” —Karen Ansberry and
Emily Morgan, coauthors of the Picture-Perfect Science series

Since the debut of the Picture-Perfect Science books and workshops more than 10 years ago,
authors Emily Morgan and Karen Ansberry have learned one thing for certain: Elementary school
teachers are constantly clamoring for even more ways to engage children in reading and science
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“In all things of
nature there is
~ something

of the marvelous.”
— Aristotle

A NOTE TO PARENTS AND TEACHERS

he books in this series are intended to be read with

a child after he has had some experience with the

featured objects or phenomena. For example, go
outside together on a spring day and look for maple tree
samaras (which we commonly call maple seeds). Gather a
pile of them and toss them up in the air. As they fall to the
ground, watch them spin through the air like tiny helicopters.
Look around to see if you can find the tree that made them.
Drop one samara at a time and count the seconds it takes to
reach the ground. Look closely at a samara and talk about
its shape. Feel the delicate, feathery wing. Break open the
round end and discuss what you find inside.

Ask your child what he is wondering about the samaras,
and share what you wonder. Then read this book together
and discuss new learnings. You will find that new learnings
often lead to new questions. Take time to pause and share
these wonderings with each other.

The Next Time You See books are not meant to present
facts to be memorized. They are written to inspire a sense
of wonder about nature and foster a desire to learn more
about the natural world. Children are naturally fascinated
by twirling maple tree samaras, and when they learn about
what'’s inside and why they spin, these whirling springtime
regulars become much more remarkable. My wish is that
after reading this book, you and your child feel a sense of
wonder the next time you see a maple seed.

—Emily Morgan




When you look up at a mature maple tree, it is
astonishing to think that tree was once a tiny
embryo that fit inside a feathery, winged samara.
Have you ever wondered how a small seed
becomes a towering tree?

Inside the round, hard part of the samara is the
seed, and inside of that seed is an embryo. The
embryo is the part of the maple seed that can
grow into a tree. You might think of it as a baby
tree. If you take a samara apart carefully, you can
actually observe the tiny tree that is waiting to
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grow. First, pull off the wing and remove the seed.
Then, carefully divide the seed in half and look
closely for the tiny maple tree embryo inside.
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To begin to grow, a maple
seed just needs water and
a warm environment. Like
most seeds, a maple seed
= does not need sunlight to

sprout. Most seeds sprout
in darkness underground.
While underground, the
embryo uses the material

in the rest of the seed for
food and grows roots to
soak up water. When the
leaves finally break through

the surface, something truly

amazing begins to happen.




Next Time You See a

MAPLE SEED

It's fun to toss maple seeds up in the air and watch them spin down to

the ground like nature’s own helicopters. This book prompts inquisi-
tive kids to learn about these marvels of aerial engineering, including
their real name (no, not whirlybird), the work they do for maple trees,
and how to uncover the little trees waiting to sprout from the seeds.
Next Time You See a Maple Seed is a mini class in how tall trees grow
from these tiny, twirling winged fruits.

Awaken a sense of wonder in a child with the Next Time You See series
from NSTA Kids. The books will inspire elementary-age children to
experience the enchantment of everyday phenomena, such as maple
seeds, Moon phases, pill bugs, fireflies, seashells, and sunsets. Free
supplementary activities are available on the NSTA website.
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Preface

This is the eighth book in the Uncovering
Student Ideas in Science series, and the first one
that exclusively targets young children’s ideas.
Like its predecessors, this book provides a col-
lection of formative assessment probes designed
to uncover the ideas students bring to their sci-
ence learning. Each probe is carefully researched
to elicit commonly held ideas young children
have about phenomena or scientific concepts. A
best answer is provided along with distractors
designed to reveal research-identified miscon-
ceptions held by young children.

A major difference between this book
and others in the Uncovering Student Ideas in
Science series lies in the format of the student
pages. The probes in this book use minimal
text so that they can be used with children
who are just developing their reading and writ-
ing skills. Each probe provides a visual repre-
sentation of the elicited idea using familiar
phenomena, objects, and organisms or set in
situations that can be duplicated in the class-
room. For example, “Is It Living?” elicits stu-
dents’ ideas about living and nonliving things
using pictures of familiar objects and organ-
isms. “Big and Small Magnets” uses a concept
cartoon format to elicit children’s ideas about
magnetism, which can then be tested in the
classroom using magnets of different sizes. The
visuals are designed to capture children’s inter-
est and stimulate their thinking. Each probe
ends by asking, “What are you thinking?” to
draw out students’ reasons for their answer
choices and encourage “science talk.”

Other Uncovering Student Ideas
Books That Include K-2 Probes

While this book is specifically designed for
K=2 students, other books in the series include

K-12 probes that can be used or modified
for the primary grades. The following is a
description of each of the other books in the
Uncovering Student Ideas in Science series and
selected probes that can be used as is or modi-
fied for the primary grades:

Uncovering Student Ideas in Science,
Volume 1 (Keeley, Eberle, and Farrin
2005)

The first book in the series contains 25 forma-
tive assessment probes in life, physical, and
Earth and space science. The introductory
chapter provides an overview of what forma-
tive assessment is and how it is used. Probes
from this book that can be used in grades
K-2 include:

e “Making Sound”

e “Cookie Crumbles”

e “Is It Matter?” (This probe has been modi-
fied for this book.)

e “Is It an Animal?” (This probe has been
modified for this book.)

e “Is It Living?” (This probe has been modi-
fied for this book.)

o “Wet Jeans”

Uncovering Student Ideas in Science,
Volume 2 (Keeley, Eberle, and Tugel 2007)
The second book in the series contains 25 more
formative assessment probes in life, physical,
and Earth and space science. The introduc-
tory chapter of this book describes the link
between formative assessment and instruc-
tion. Probes from this book that can be used
in grades K-2 include:

Uncovering Student Ideas in Primary Science
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e “IsItaPlane?” (This probe has been modi-
fied for this book.)

“Needs of Seeds”

“Is It a Rock?” (version 1)

“Is It a Rock?” (version 2)

“Objects in the Sky”

Uncovering Student Ideas in Science,
Volume 3 (Keeley, Eberle, and Dorsey
2008)

The third book in the series contains 22 for-
mative assessment probes in life, physical, and
Earth and space science, as well as 3 probes
about the nature of science. The introduc-
tory chapter describes ways to use the probes
and student work for professional learning.
Probes from this book that can be used in
grades K-2 include:

o “IsIta Solid?”
e  “Does It Have a Life Cycle?”
e “Me and My Shadow”

Uncovering Student Ideas in Science,
Volume 4 (Keeley and Tugel 2009)

The fourth book in the series contains 23 for-
mative assessment probes in life, physical, and
Earth and space science, as well as 2 probes that
target the crosscutting concepts of models and
systems. The introductory chapter describes the
link between formative and summative assess-
ment. Probes from this book that can be used

with grades K-2 include:

e “Magnets in Water”
e  “Moonlight”

Uncovering Student Ideas in Physical
Science, Volume 1 (Keeley and
Harrington 2010)

The fifth book in the series, and the first in a
planned four-book series of physical science
probes, contains 45 force and motion formative
assessment probes. The introductory chapter

describes why students struggle with force and
motion ideas and the implications for instruc-
tion. Probes from this book that can be used in
grades K-2 include:

“How Far Did It Go?”
“Rolling Marbles”
“Talking About Forces”
“Does It Have to Touch?”
“Balance Beam”

Uncovering Student Ideas in Life
Science, Volume 1 (Keeley 2011)

The sixth book in the series, and the first in
a planned three-book series of life science
probes, contains 25 life science formative
assessment probes. The introductory chapter
describes how formative assessment probes are
used in a life science context. Probes from this
book that can be used in grades K-2 include:

“Cucumber Seeds”
“No Animals Allowed”
“Pumpkin Seeds”
“Rocky Soil”

“No More Plants”
“Chrysalis”

Uncovering Student Ideas in Astronomy
(Keeley and Sneider 2011)

The seventh book in the series contains 45
formative assessment probes for astronomy.
The introductory chapter describes how forma-
tive assessment probes are used to understand
students’ mental models in astronomy. Probes

from this book that can be used in grades
K=2 include:

“Where Do People Live?”
“Sunrise to Sunset”
“Seeing the Moon”
“Sizing up the Moon”
“Crescent Moon”
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Features of This Book

This book contains 25 probes for the K-2 grade
range organized in three sections: Section 1,
Life Science (8 probes); Section 2, Physical
Science (11 probes); and Section 3, Earth and
Space Science (6 probes). The format is similar
to the other seven volumes, with a few changes
due to the focus on the primary grades. For
example, the introduction focuses on young
children’s ideas in science and the use of “sci-
ence talk.” What follows are descriptions of
the features of the Teacher Notes pages that
accompany each probe in this book.

Purpose

This section describes the purpose of the
probe—what you will find out about your stu-
dents’” ideas when you use the probe. It begins
with the overall concept elicited by the probe,
followed by the specific idea the probe targets.
Before choosing a probe, it is important to
be clear about what the probe is designed to
reveal. Taking time to read the purpose will
help you decide if the probe fits your intended
learning target.

Related Concepts

Each probe is designed to target one or more
concepts that are appropriate for grades K-2
students. A concept is a one-, two-, or three-
word mental construct used to organize the
related ideas addressed by the probe and the
related national standards. These concepts are
also included on the matrix charts that precede

the probes on pages 2, 44, and 92.

Explanation

A brief scientific explanation accompanies
each probe and provides clarification of the
scientific content that underlies the probe. The
explanations are designed to help the teacher
understand what the “best” or most scientifi-
cally acceptable answers are, as well as clarify
any misunderstandings about the content.

Preface

The explanations are not intended to provide
detailed background knowledge about the con-
tent or designed to be shared with the student.
The explanation is for the teacher. In writing
these explanations, the author is careful not to
make them too technical, as many primary-
grade teachers have a limited content back-
ground in science. At the same time, the author
takes great care not to oversimplify the science.
The intent is to provide the information a sci-
ence novice would need to understand the con-
tent related to the probe. If you have a need or
desire for additional or deeper explanations of
the content, refer to the NSTA resources listed
for each section to build or enhance your con-
tent knowledge. For example, Bill Robertson’s
Stop Faking It! Finally Understanding Science So
You Can Teach It books are excellent resources
for furthering your own content understanding,.

Curricular and Instructional
Considerations for Grades K-2

Unlike the collections in the other books
of this series, which address curricular and
instructional considerations across the K-12
grade range, these probes are designed for the
primary grades, and therefore the curricular
and instructional considerations focus only
on the K-2 grade span. (/NVoze: Several probes
are appropriate for the preK level as well)
This section provides a broad overview of the
curricular emphasis in the primary science
curriculum, the types of instructional experi-
ences appropriate for K-2 students, and the
difficulties to be aware of when teaching and
learning the concepts related to the probe.
This section will sometimes alert teachers to a
K-2 idea from A Framework for K—12 Science
Education (NRC 2012) that in the past
has typically been addressed at the upper-
elementary or middle-school level but has
been moved down to the primary level. For
example, static friction and waves are two con-
cepts that typically have not been addressed
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at the K-2 level but are included in the grades
K-2 span in A Framework for K—12 Science
Education. These are new considerations for
curriculum and instruction that teachers of
primary science will need to be aware of as
they use the probes and design learning expe-
riences for their students. In some cases, the
developers of the Next Generation Science
Standards (NGSS) decided to move disciplin-
ary core ideas to a later grade span. This, too,
is noted in the Teacher Notes.

Administering the Probe

Suggestions are provided for administering
the probe to students, including response
methods and ways to use props, demonstrate
the probe scenario, make modifications for
different learners, or use different formative
assessment classroom techniques (FACTs) to
gather the assessment data. This section also
suggests referring to pages xxviii—xxxiii in the
introduction for techniques that can be used
to guide “science talk.”

Related Ideas in the National Standards

This section lists the learning goals stated in
two national documents. One has been used
extensively to develop the learning goals in
states’ standards and curriculum materials:
The revised, online version of Benchmarks for
Science Literacy (AAAS 2009) includes a K-2
grade span. The National Science Education
Standards (NRC 1996) were released after
the original Benchmarks and overlap con-
siderably in content. However, they are not
included here, as the content is similar and the
learning goals target too broad a grade span
(K—4). Another referenced document in the
teacher notes, A Framework for K—12 Science
Education (NRC 2012), was used to identify
the disciplinary core ideas that informed the
development of the K-2 performance expec-
tations in the NGSS. Since the Benchmarks is
one of the primary documents on which most

state standards have been based prior to the
release of the NGSS—which will be adopted
by several states—it is still important to look
at the related learning goals in this document.
The third source of standards referenced is the
NGSS, which were released shortly before the
publication of this book. The Teacher Notes
include the related performance expectation,
which is the final assessment of student learn-
ing and is informed by the disciplinary core
ideas listed under the Framework. The probes
are not designed as summative assessments, so
the listed related national standards are not
intended to be considered alignments, but
rather ideas that are related in some way to
the probe. Some targeted probe ideas, such
as the concept of living versus nonliving, are
not explicitly stated as learning goals in the
standards, yet they are important prerequisite
ideas to understanding core ideas related to
living things. In some cases, the NGSS perfor-
mance expectation may not relate directly to
the probe. Because performance expectations
are designed for summative assessment pur-
poses and not considered the curriculum or
instruction, teachers need to provide experi-
ences for students to learn the underlying ideas
and concepts that will deepen the knowledge
they will use to demonstrate the performance
expectation. Formative assessment reveals the
gaps that teachers can address in their instruc-
tion to move students toward the intended
learning targets.

Related grade 3—-5 learning goals, as well
as some middle school learning goals, are also
included in this section because it is useful to
see the related idea that builds on the probe
ideas at the next grade level. In other words,
primary teachers can see how the foundation
they are laying relates to a spiraling progression
of ideas as students move from the primary
grades to the intermediate elementary level. It
may also be useful to teachers in grades 3-5
who may choose to use one of these probes
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to assess for gaps in students’ understanding
or misconceptions that are still tenaciously
held. Sometimes the listed learning goals
from upper grade spans appear to be unre-
lated to the probe or the K-2 learning goal.
It is important to recognize that learning is a
progression, and while it may seem unrelated,
there is a connection. For example, when K-2
students learn about natural resources, it is
in the context of objects and materials that
are made from resources obtained from the
Earth. The “Is a Brick a Rock?” probe is an
example. However, in grade 4, the NGSS per-
formance expectation shifts to energy sources
and fuels obtained from the Earth. While the
grade 4 NGSS performance expectation does
not directly align with the probe, it is related
to the bigger idea that humans use natural
reources from the Earth.

Related Research

Each probe is informed by related research.
Three comprehensive research summaries com-
monly available to educators—Chapter 15 in
Benchmarks for Science Literacy (AAAS 1993),
Rosalind Driver’s Making Sense of Secondary
Science: Research Into Students’ Ideas (Driver,
Squires, Rushworth, and Wood-Robinson
1994), and recent summaries in the Atlas of
Science Literacy, Volume 2 (AAAS 2007)—
were drawn on for the research summaries. In
addition, recent research is cited where avail-
able. Although many of the research citations
describe studies that have been conducted in
past decades and studied children not only in
the United States but in other countries as well,
most of the results of these studies are consid-
ered timeless and universal. Whether students
develop their ideas in the United States or
other countries, research indicates that many
of these commonly held ideas are pervasive
regardless of geographic boundaries and soci-
etal and cultural influences. Misconceptions
held by students studied in past decades still

Preface

exist today. Even though your students may
have had different experiences and contexts for
learning, the descriptions from the research
can help you better understand the intent
of the probe and the kinds of thinking your
students will likely reveal when they respond
to the probe. As you use the probes, you are
encouraged to seek new and additional pub-
lished research or engage in your own action
research to learn more about students’ think-
ing and share your results with other teachers
to extend and build on the research summaries
in the teacher notes. To learn more about con-
ducting action research using the probes, read
the Science and Children article “Formative
Assessment Probes: Teachers as Classroom
Researchers” (Keeley 2011).

Suggestions for Instruction and
Assessment
Uncovering and examining the ideas children
bring to their learning is considered diagnos-
tic assessment. Diagnostic assessment becomes
formative assessment when the teacher uses
the assessment data to make decisions about
instruction that will move students toward the
intended learning target. Therefore, for the
probe to be considered a formative assessment
probe, the teacher needs to think about how to
best design, choose, or modify a lesson or activ-
ity to best address the preconceptions students
bring to their learning or misconceptions that
might surface or develop during the learning
process. As you carefully listen to and analyze
your students’ responses, the most important
next step is to decide on the instructional
path that would work best in your particular
context based on your students’ thinking, the
materials you have available, and the different
types of learners you have in your classroom.
The suggestions provided in this section
have been gathered from the wisdom of teach-
ers, the knowledge base on effective science
teaching, and research on specific strategies
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used to address commonly held misconcep-
tions. These are not lesson plans, but rather
brief suggestions that may help you plan or
modify your curriculum or instruction to help
students learn ideas with which they may be
struggling or that are incomplete. It may be
as simple as realizing you need to provide an
effective context, or there may be a specific
strategy or activity that you could use with
your students. Learning is a complex process,
and most likely no single suggestion will help
all students learn. But that is what formative
assessment encourages: thinking carefully
about the variety of instructional strategies
and experiences needed to help students learn
scientific ideas. As you become more familiar
with the ideas your students have and the multi-
faceted factors that may have contributed to
their misunderstandings, you will identify addi-
tional strategies that you can use to teach for
deeper understanding. In addition, this section
also points out other probes in the Uncovering
Student Ideas in Science series that can be modi-
fied or used as is to further address the concepts
targeted by the probe.

Related NSTA Resources

This section provides a list of additional materi-
als that can provide further information on con-
tent, curriculum, or instruction related to the
probe. For example, Bill Robertson’s Stop Faking
It! series may be helpful in clarifying content
with which teachers struggle; Karen Ansberry
and Emily Morgan’s Picture-Perfect Science
series may suggest trade books and classroom
activities that go together; and Dick Konicek’s
Everyday Science Mysteries series may provide
an engaging story context to help students start
investigating ideas. Articles from NSTA’s Science
and Children journal may suggest ways to pro-
vide primary-grade students the opportunity to
learn the content targeted by the probe.

References

References are provided for the standards, cited
research, and some of the instructional sugges-
tions given in the Teacher Notes. You might
also wish to read the full research summary or
access a copy of the research paper or resource
cited in the Related Research and Suggestions
for Instruction and Assessment sections of the
Teacher Notes.

Formative Assessment Probes
in the Elementary Classroom
Formative assessment is an essential feature of
a learning-focused elementary science environ-
ment. To help teachers learn more about using
formative assessment probes with elementary
students to inform instruction and promote
learning, NSTA’s elementary science journal,
Science and Children, publishes my monthly
column “Formative Assessment Probes:
Promoting Learning Through Assessment.”
Your NSTA membership provides you with
access to all of these journal articles, which
have been archived electronically by NSTA. Go
to the Science and Children page at www.nsta.
orglelementaryschool. Scroll down to the jour-
nal archives and type “Formative Assessment
Probes” in the keyword search box. This will
pull up a listing of all of my columns. These
articles can be saved in your library in the
NSTA Learning Center or downloaded as a
PDF. The following table lists the journal issue
date, title of the column, and topic of the col-
umn for the articles that have been published
to date. Check back regularly as more articles
are added. These articles can also be used by
preservice instructors, professional developers,
and facilitators of professional learning com-
munities to engage teachers in discussions
about teaching and learning related to the
probes and the content they teach.
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Table 1. List of Articles in the Column “Formative Assessment Probes: Promoting Learning
Through Assessment”

Date Title Topic

Sept. 2010 “Doing Science” Probe: “Doing Science”
“Scientific method”: examine how misuse of the “scientific
method” influences students’ ideas related to the nature of
science

Oct. 2010 “‘More A-More B’ Rule” Probe: “Floating Logs”
Floating and sinking: use of intuitive rules to reason about
floating and sinking

Nov. 2010 “Does It Have a Life Cycle?” Probe: “Does It Have a Life Cycle?”
Life cycles: addressing the limitations of context in the
curriculum

Dec. 2010 “To Hypothesize or Not” Probe: “Is It a Hypothesis?”
Hypothesis making: reveal misconceptions teachers have
about the nature of science that can be passed on to
students

Jan. 2011 “How Far Did It Go?” Probe: “How Far Did It Go?”
Linear measurement: difficulties students have with
measurement particularly with a non-zero starting point

Feb. 2011 “Needs of Seeds” Probe: “Needs of Seeds”
Needs of living things: engaging in evidence-based
argumentation

March 2011 | “The Mitten Problem” Probe: “The Mitten Problem”
Energy transfer; insulators: teaching for conceptual change
and how children’s everyday experience affects their thinking

April 2011 “Is It Living?” Probe: “Is It Living?”
Characteristics of living things: examine ways to uncover
hidden meanings students have for some words and
concepts in science

July 2011 “With a Purpose” Probe: various examples
A variety of probes and concepts are used to show
purposeful links to various stages in an assessment,
instruction, and learning cycle

Sept. 2011 “Where Are the Stars?” Probe: “Emmy’s Moon and Stars”
Solar system, relative distances: importance of examining
students’ explanations even when they choose the right
answer; the impact representations have on children’s
thinking

Oct. 2011 “Pushes and Pulls” Probe: “Pushes and Pulls”
Forces: examining common preconceptions and use of
language to describe forces and motion
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Table 1 (continued)

Date Title Topic

Nov. 2011 “Teachers as Researchers” Probe: “Is It an Animal?”

Biological conception of an animal: explore how formative
assessment probes can be used to engage in teacher action
research

Dec. 2011 “Representing Microscopic Life” | Probe: “Pond Life”

Single-celled organisms: use of representations to examine
students’ ideas

Jan. 2012 “Daytime Moon” Probe: “Objects in the Sky”

Objects in the sky: challenges the adage “seeing is
believing” with “believing is seeing”; examines reasons why
children hold on to their strongly held beliefs

Feb. 2012 “Can It Reflect Light?” Probe: “Can It Reflect Light?”

Reflection: addressing students’ preconceptions with
firsthand experiences that support conceptual change

April/May “Food for Plants: A Bridging Probe: “Food for Plants”

2012 Concept” Food, photosynthesis, needs of plants: using bridging
concepts to address gaps in learning goals, understanding
students’ common sense ideas

July 2012 “Where Did the Water Go?” Probe: “Where Did the Water Go?”

Water cycle: using the water cycle to show how a probe can
be used to link a core content idea, scientific practice, and
crosscutting concept

Sept. 2012 “Confronting Common Folklore: | Probe: “Catching a Cold”

Catching a Cold” Infectious disease, personal health: using a probe to uncover
common myths and folklore related to the common cold

Oct. 2012 “Talking About Shadows” Probe: “Me and My Shadow”

Sun-Earth system; talk moves: using a formative assessment
probe to engage students in productive science talk

Nov. 2012 “Birthday Candles: Visually Probe: “Birthday Candles”

Representing Ideas” Light transmission; connection between light and vision:
using drawings to support explanations

Dec. 2012 “Mountain Age: Creating Probe: “Mountain Age”

Classroom Formative Weathering and erosion: organizing student data using a
Assessment Profiles” classroom profile for instructional decisions and professional
development

Jan. 2013 “Solids and Holes: A P-E-O Probe: “Solids and Holes”

Probe” Floating/sinking; density: using the P-E-O technique to launch
into inquiry

Feb. 2013 “Labeling Versus Explaining” Probe: “Chrysalis”

Life cycle of a butterfly: reveals how an overemphasis

on labeling diagrams with correct terminology may mask
conceptual misunderstandings related to the life cycle of a
butterfly
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Date Title Topic
March 2013 | “When Equipment Gets in the Probe: “Batteries, Bulb, and Wire”

Way” Electrical circuits; lighting a bulb with a battery and a wire:
how science kit materials may make it difficult for students
to examine the way a complete circuit works

Summer “Is It a Solid? Claim Cards and Probe: “Is It a Solid?”
2013 Argumentation” Matter, solids: using claims and evidence to engage in
argumentation

Formative Assessment
Reminder

Now that you have the background on this new
series, the probes, and the Teacher Notes, we
should not forget the formative purpose of these
probes. Reminder that a probe is not formative
unless you use the information from the probe to
modify, adapt, or change your instruction so stu-
dents have increased opportunities to learn the
important scientific ideas necessary for building
a strong foundation in the primary grades. As a
companion to this book and all the other vol-
umes, NSTA has copublished the book Science
Formative Assessment: 75 Practical Strategies for
Linking Assessment, Instruction, and Learning
(Keeley 2008). In this book, you will find a
variety of strategies to use along with the probes
to facilitate elicitation, support metacognition,
spark inquiry, encourage discussion, monitor
progress toward conceptual change, encour-
age feedback, and promote self-assessment
and reflection. In addition, be sure to read the
suggestions in the introduction before using the
probes. The introduction will help you learn
more about ways to facilitate productive science
discussions in the primary classroom and make
links to the Common Core State Standards in
English language arts. I hope the use of these
K-2 probes and the techniques used along with
them will stimulate new ways of assessing your
students, create environments conducive to
learning, and help you discover and use new
knowledge about teaching and learning.
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Introduction

“The having of wonderful ideas is what I consider the essence of intellectual

development.” —Eleanor Duckworth

K-2 Probes as Assessments for

Learning

Imagine a firstgrade classroom where Miss
Ortega’s students are sitting in a circle on the
science rug to have a science talk about living
things. Miss Ortega uses the pictures from the
“Is It Living?” probe to have the children share
their ideas about which things are living and
which things are not living. As Miss Ortega
shows the pictures and names the organisms or
objects, she has each student turn to his or her
partner to talk about ideas. They then discuss
each picture as a whole class, with students
sharing the rules they used to decide if some-
thing is living or nonliving.

At one point, the class is evenly divided
about whether a seed is living or nonliving.
Shalika argues, “The seed is not living because
it can’t move. The cat moves and it is alive, so
I think living things have to move.” Mac dis-
agrees: “A tree is alive, but it can’t move around
like a cat. I think some things can be living
and not move, so maybe a seed is alive.” Oscar
offers a new idea: “But seeds grow into plants.”
Miss Ortega asks Oscar to say more about
that, and he adds a clarification: “Things that
are living can grow. A seed grows into a plant,
so that makes it living.” Cora argues that some
living things stop growing: “My dad is living,
but he is done growing. I think you can stop
growing and still be living.”

Miss Ortega lists two ideas the children
have proposed so far: moving and growing.
She asks the class if there are other ways to
decide if something is living. Albert offers a
new idea: “Living things have to eat, so if it

eats, then it is alive.” Kenny looks puzzled and
asks a question to seek clarification: “But what
about fire? It grows bigger when it eats wood.”
Rania responds, “Yeah, it moves around, too.
Fire can move through a whole forest!”

The discussion continues for several min-
utes. The children are deeply involved in sharing
their ideas, listening attentively to each other,
seeking clarification from the teacher or other
students when needed, constructing explana-
tions to use in their arguments, and evaluating
the ideas and arguments of others. Throughout
the discussion, they are using and practicing
speaking and listening skills.

Miss Ortega makes sure that all the chil-
dren have an opportunity to make claims
and express their thinking. Throughout the
year, they have been working on claims and
evidence during their science time. Her stu-
dents know that a claim is the statement that
answers the probe question, and to share their
thinking, they must provide reasons, includ-
ing evidence, for their claim. As the children
are talking, Miss Ortega is carefully listening
and making a list of the class’s best ideas so
far, which she will post on a chart for students
to see and refer to while they visit the learn-
ing stations she will set up for the children to
explore claims and ideas that support their
claims. She notes the extent to which students
are using scientific ideas or whether they are
drawing on their own alternative conceptions
or prior experiences.

By taking the time to find out what her
students think about characteristics of liv-
ing things, Miss Ortega collects valuable
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assessment data that she will use to plan les-
sons that will confront her students with
their ideas and help them resolve some of the
inconsistencies between their ideas and the
scientific explanation she will guide them
toward developing. By taking their ideas
seriously and not correcting students” initial
misconceptions, Miss Ortega is promoting
learning by giving her students the opportu-
nity to use scientific practices as they listen to
each other’s ideas, justify their own reasoning,
and evaluate the validity of each other’s argu-
ments. This is the essence of formative assess-
ment where good instruction and assessment
are inextricably linked. Formative assessment
is an approach to teaching in which students
develop deeper conceptual understanding
through the development of their own think-
ing and talking through their ideas, while
simultaneously providing a window for the
teacher to examine students’ thinking and
determine next steps based on where the
learners are in their conceptual development.

Facilitating this type of approach to learn-
ing may sound demanding, and it seems it
would be much simpler to just give students
the information or engage in a hands-on
activity. However, research shows that chil-
dren learn best when they first surface their
ideas before launching into investigations,
activities, readings, and other opportunities to
learn (Bransford, Brown, and Cocking 1999).
Students have to do the thinking; the activ-
ity cannot do it for them, nor is the learning
in the materials themselves. Surfacing initial
ideas and recognizing when their ideas are
changing as they construct new understand-
ings is a powerful way to teach and learn. It is
the explanation of the probe—not the answer
selections the students choose from—that pro-

vides important assessment data and supports
learning. One of the most effective ways to
help students construct new understandings
and simultaneously develop reasoning skills
(that works particularly well with the forma-
tive assessment probes) is to provide children
with the opportunity to interact in pairs, small
groups, and as a whole class, where they listen
to each other’s ideas and have to justify their
own. Communicating ideas in science is a
central feature of using the formative assess-
ment probes and one of the Next Generation
Science Standards (NGSS) scientific practices.
The probes not only provide insights for the
teacher about students’ understanding or mis-
understanding of core ideas in science but also
provide a treasure trove of data about students’
use of scientific and engineering practices. For
example, P-E-O (Predict-Explain-Observe)
probes provide an opportunity for young chil-
dren to make an initial claim (prediction),
provide an explanation for their initial claim,
test the claim, gather evidence (the data) from
the observations, analyze the data to see if
they support or refute the initial claim, and
propose a new claim and explanation if the
observations did not match the initial claim.
See Table 2 for examples of ways the forma-
tive assessment probes support learning of the
practices in the NGSS.

This book provides 25 highly engaging
formative assessment probes that elicit pre-
conceptions, support the development of
young children’s understanding of K-2 core
disciplinary ideas, and encourage the use of
scientific practices in the NGSS. However,
before you skip ahead and use the probes, read
through the rest of this introduction to learn
more about children’s ideas in science and sci-
ence talk so that you can best use these probes
to inform your teaching and support learning,.
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Table 2. Link Between K-2 Formative Assessment Probes and the NGSS Scientific
and Engineering Practices

NGSS Scientific and
Engineering Practice

K-2 Probes as Assessments for
Learning

Examples

Practice 1: Asking
questions and
defining problems

The probe begins with an interesting
question. Students ask additional
questions to seek understanding and
determine what they already know or
need to know to make a claim and
construct explanations to the probe.

Probe 16, “Do the Waves Move the Boat?”
Students may ask questions of each other
and the teacher about water waves. They
use the probe question to further explore
the science that can provide an explanatory
answer to the probe.

Practice 2:
Developing and using
models

Some probes involve the use of
models to develop explanations of

the phenomenon. As the teacher
listens to children’s ideas, he or she is
thinking about the best model to use
to help them understand the probe
phenomenon.

Probe 24, “What Lights Up the Moon?”

As the teacher listens to students, he
notices several students think there is a light
glowing inside the moon. He thinks about
how he can have the children model the
reflection of sunlight using a white ball and a
flashlight.

Practice 3: Planning
and carrying out
investigations

Some probes (P-E-O probes) can be
used to launch an investigation and
require children to think about how they
can best make observations and collect
data to test the claims they made in
response to the probe.

Probe 19, “Big and Small Magnets”
Students test their claims using a variety of
big and small magnets. They decide how they
will determine strength using paper clips,
make observations, and record their data.

Practice 4: Analyzing
and interpreting data

To support a claim with evidence when
using a P-E-O probe, students collect,
analyze, and interpret the data to derive
meaning.

Probe 18, “Rubber Band Box”

Students make rubber band box guitars like
the one in the probe context and test their
ideas about sound. They analyze their data
to determine how pitch is related to the
thickness of the rubber band.

Practice 5: Using
mathematics and
computational

Students count and use numbers to
find or describe patterns related to the
probe. They also use measurement

Probe 12, “Snap Blocks”
Students count the individual blocks and
make predictions about how the weight

Constructing
explanations and
designing solutions

construct an initial explanation (their
personal theory) to support their
claim (answer choice) and revise
their explanations as they gather new
evidence and information.

thinking and measurement instruments such of the blocks snapped together compares
as thermometers, rulers, and weighing to the total weight of the individual blocks
scales to gather data. weighed together. They try this several times
using different numbers of snap blocks,
weigh them on a scale, record their data, and
notice that the pattern shows the weight is
always the same.
Practice 6: Every probe requires students to Probe 10, “Watermelon and Grape”

The initial theory proposed by the class is
that large things sink and small things float.
After testing a variety of objects, students
revise their initial explanation to explain that
size alone does not determine whether an
object floats or sinks.
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Table 2 (continued)

NGSS Scientific and
Engineering Practice

K-2 Probes as Assessments for
Learning

Examples

Practice 7: Engaging
in argument from

All the probes are used in a talk format
that requires students to explain

Probe 1, “Is It Living?”
As in the scenario at the beginning of this

evaluating, and
communicating
information

evidence and defend their reasoning to others chapter, the teacher engages the students
and promotes careful listening so in science talk, explaining and defending
that other students can build on a their reasons for why something is or is not
line of reasoning or offer alternative considered living. Later, after the teacher
explanations. Together, the class has provided opportunities for students to
searches for the best explanation from investigate their ideas, they will engage again
the comments and evidence offered in science talk, providing new evidence to
during science talk. support or revise their initial arguments.

Practice 8: Following up the use of a probe often Probe 6, “Do They Need Air?”

Obtaining, involves students seeking additional Many students claimed that animals that

information that may come from trade
books, videos, and other sources to
provide information that supports their
claims or provides new information to
help them change their claim. Students
must also be able to communicate
information clearly to each other, which
sometimes involves the use of drawings

and other visual ways to share the
information they obtain.

live in water do not need air, so the teacher
obtained several trade books and video
clips for children to learn about animals
that live in water and how they meet their
needs. She also brought in a goldfish that
students could observe. Children revisit the
probe and explain ways different animals
get air and draw pictures of land and water
animals, showing different structures they
use to get air.

Young Children’s Ideas

Children develop ideas about their natural
world well before they are taught science in
school. For example, many young children
think that things like hats, coats, blankets,
sweaters, or mittens warm us up by generating
their own heat. This makes sense to children
because when they put on a sweater or wrap
themselves up in a blanket, they get warmer.
They have not yet learned that heat moves from
warmer to cooler and that materials such as a
mitten can slow down the loss of body heat.
In other instances, children are novice learn-
ers in science and have not yet gained enough
background knowledge or been formally
introduced to scientific principles to be able to
explain a concept scientifically. For example,
young children may think that only organ-
isms with fur and four legs are considered
animals because they do not yet have enough

knowledge about the scientific meaning of
animal—such as having to acquire food from
the environment—to recognize that organ-
isms such as worms, insects, and even humans
are considered animals in a scientific sense.
Some of the ideas young children have may
be consistent or partially consistent with the
science concepts that are taught. For example,
they know when you drop an object, it falls to
the ground. They are already developing ideas
consistent with the idea of gravity. But often
there is a significant gap between children’s
explanations for natural phenomena or con-
cepts and the explanations that are developed
through “school science.” For example, failure
to recognize that weight is conserved when a
whole object is broken into individual pieces
illustrates a significant gap between children’s
ideas about what happens to the total weight
of an object when it is changed in some way
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and the understanding of conservation of mat-
ter with “parts and wholes” that is developed
in the science class.

Many studies have been conducted of chil-
dren’s commonly held ideas about natural phe-
nomena and science concepts. Most notable
among the researchers of children’s ideas is
Dr. Rosalind Driver and her research group
from the University of Leeds in England. This
group has contributed extensively to our under-
standing of commonly held ideas children have
about science that may affect their learning,
The research into commonly held ideas, which
is often referred to by practitioners as miscon-
ceptions, has enabled teachers to predict what
their own students are likely to think about a
phenomenon and how they might respond to
an assessment that probes their thinking. The
assessment probes in this book were developed
from examining the research on children’s
ideas in science, particularly Driver’s contribu-
tions (Driver, Squires, Rushworth, and Wood-
Robinson 1994). As you use these probes, it is
highly likely that your students’ ideas will mir-
ror the findings that are described in the Related
Research Summaries part of the Teacher Notes
that accompany each of the probes. While you
may be surprised to find that your students hold
many of these alternative ideas, it is important
for you to realize that these are highly personal
and make sense to the student. Merely correct-
ing them does not make them go away. Students
must have access to instructional experiences
that will challenge their thinking and help
them construct models and explanations that
bridge the gap between their initial ideas and
the scientific understandings that are achievable
at their grade level.

Another important feature of children’s
ideas in science is that children learn best when
knowledge is socially constructed. Much like
the way science is done in the real world, chil-
dren need opportunities to share their thinking,
justify the reasons for their ideas, and listen to
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the ideas of others. Children also need to be
aware of the range of ideas others have about
the same phenomenon or concept and be able
to evaluate them in light of their own ideas
and the evidence presented. Scientific theories
develop through interaction with other scien-
tists; children’s ideas develop through interac-
tion with their classmates and the teacher. The
probes provide ample opportunities for children
to think through and talk about their ideas with
others. Animated science talk and argumenta-
tion are the hallmarks of a formative assess-
ment—centered learning environment in which
the probes are effectively being used.

Children’s Learning Experiences
Hands-on science has not always been minds-
on science. The opportunity to ask ques-
tions, manipulate materials, and conduct
investigations—a major emphasis of inquiry-
based science—has not always resulted in
deeper conceptual learning. That is because
the learning is not in the materials or inves-
tigations themselves, but in the sense children
make out of their experiences as they use the
materials to perform investigations, make
observations, and construct explanations.
Perhaps the pendulum swung too far to the
hands-on side in the last decade or so of ele-
mentary inquiry-based science. Inquiry with-
out inquiry for conceptual change did little to
help students give up their strongly held alter-
native ideas. One way to support inquiry for
conceptual change is to start with uncovering
children’s ideas before launching into an inves-
tigation. To design probes for this book that
could be used to support or enhance children’s
learning experiences, the following features for
developing and using a probe were considered:

e Promoting curiosity and stimulating chil-
dren’s thinking

e Drawing out alternative ideas that could
be investigated in the classroom
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e Linking to previous experiences in or out
of school

e Using familiar objects, phenomena, and
situations
Reducing dependency on reading text
Improving developmental appropriateness

e Relating to core ideas in the NGSS or the
Benchmarks for Science Literacy

e Supporting the use of the scientific and
engineering practices such as constructing
explanations and engaging in argument
from evidence

e Using models and representations to
develop explanations

e Encouraging sense making and reflection
on how ideas have changed

Effective teaching and learning do not just
happen; they are carefully planned. Using the
probes to inform the design of learning experi-
ences for children involves the recognition that
children already have ideas about the natural
world that they bring with them to their learn-
ing experiences. This is significant when plan-
ning instructional experiences, particularly
when combined with a constructivist view of
learning in which the student must take an
active role in constructing meaning for him-
self or herself. When children’s existing ideas
are acknowledged as you incorporate their
ideas from the probes into the lessons, learn-
ing takes place as children change their ideas
through experiences that allow them to test or
discuss their ideas and support them with evi-
dence, in much the same way that scientists
develop theories. This may involve supporting
an initial idea, modifying an idea, or rejecting
an idea in favor of an alternative explanation.
Whichever it is, the student needs to “own it,”
which means the reasoning must be done by
the student (not the teacher, although he or she
can guide it).

Formative Assessment Probes
and Science Talk

When I first tried listening quietly and
taking notes about what I heard students
saying as they worked, my insight into
their learning was phenomenal! I actu-
ally stopped talking and just listened.
The data I collected showed some incor-
rect conceptions as well as understand-
ing. It often opened windows into how a
student had learned. The rich data I gath-
ered helped me determine which next
steps I needed to take to further learn-
ing. (Carlson, Humphrey, and Reinhardt
2003, p. 37)

This quote from an elementary teacher reveals
the power of careful listening as students talk
about their science ideas. The probes in this
book differ from the collection of 215 other
formative assessment probes in the Uncovering
Student Ideas series because they are designed
to be used in a talk format rather than having
students write explanations to support their
answer choice (however, they certainly can be
combined with writing, especially with science
notebooks). Even the formats used in this book
highlight the importance of science talk. For
example, you will see that several of the probes
in this book use a cartoon format in which the
characters share their ideas with each other
and the student selects the character whose
idea best matches his or her own (e.g., “Sink
or Float?”). This format models what we want
to encourage children to do: share their claims
with one another and provide evidence that
supports these claims. The author intention-
ally uses this format to help students recog-
nize the importance of sharing ideas without
passing judgment initially on whether they are
right or wrong.
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Whether you use the science workshop
approach, science conferences, small-group
discussions, pair talk, or other ways to involve
students in science talk, the probes provide an
interesting question that serves to elicit chil-
dren’s initial ideas and draw out their reasons
for their thinking. Assessment data is gathered
by carefully listening to students, and, when
possible, audio-recording dialogue, taking
notes, or transcribing parts of conversations as
you listen will provide a treasure trove of data
you can use to design instruction focused on
where the learners are in their understanding.

The first step in using science talk for for-
mative assessment is to ask questions that will
capture students’ interest, provoke thinking,
and encourage explanations that will help you
gain insight into their reasoning and under-
standing. Sometimes it can be challenging for
teachers to know what type of question will
elicit children’s ideas that can provide rich
information about a core concept they will be
learning. This has been done for you in this
book! Each probe is a question specifically
designed to draw out children’s ideas that will
not only support their learning but also inform
your teaching. Use the probe as your starting
point for learning more about your students’
ideas. New questions will spring from the
probe and spark further conversation.

Sometimes a probe is used to develop an
investigative question and launch into inquiry.
Some probes provide an opportunity for stu-
dents to make predictions and explain the
reasons for their prediction before they make
observations during their investigations. This
type of probe is called a P-E-O (Predict-
Explain-Observe) ~ probe, and examples
include, but are not limited to, “Snap Blocks”
(p- 59), “Marble Roll” (p. 71), and “Seeds in
a Bag” (p. 25) (Keeley 2008). P-E-O probes
provide an opportunity for children to prac-
tice verbal communication to articulate their
thoughts prior to the investigation and make
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their thinking visible to others. In addition, it
provides an opportunity for children to discuss
the best way to test their ideas and then test
them, supporting the NGSS scientific practice
of designing and carrying out investigations.

Productive classroom talk using a forma-
tive assessment probe before launching into an
investigation also has the benefit of leading to
deeper engagement in the content before and
during the investigation. As students collect,
analyze, and share their data, they compare
their findings with their initial claims and evi-
dence and may become aware of the discrepan-
cies between their own or others’ ideas from
the evidence gathered during the investigation.
For example, the probe “When Is the Next Full
Moon?” provides an opportunity for students
to make and test a prediction about how long
it takes to see a full Moon again (length of a
lunar cycle). They examine reasons for their
predictions before beginning an investigation
that provides the data they need to under-
stand the repeated pattern of Moon phases, a
disciplinary core idea in the NGSS as well as
a crosscutting concept of patterns and cycles.
The probe can be revisited again after students
have had an opportunity to make sense of their
data and use it to explain the lunar cycle. By
following the probe with a scientific investiga-
tion, the students have actual data from their
investigation to construct a scientific explana-
tion to support their new or revised claim. As
they engage in talk and argument again with
the same probe, the context of the probe—
combined with the scientific knowledge they
gained through their investigation—provide
an opportunity for them to build stronger,
evidence-based arguments.

Talk Moves

One of the best resources I recommend that
every teacher of elementary science read and
become familiar with is Ready, Set, Science!
Putting Research to Work in K-8 Classrooms
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(Michaels, Shouse, and Schweingruber 2008).
Since this book is published through our fed-
eral taxpayer—supported National Academies
of Science, it is available for free as a PDF on the
National Academies Press website (www.nap.
edu), where you can download a copy of the
book. It is also available for purchase through
the NSTA bookstore. Chapter 5, “Making
Thinking Visible: Talk and Argument,” is an
excellent read for you to deepen your under-
standing of the role of talk and argument in
science as you use the probes in this book.

As students grapple with the ideas elic-
ited by the probes in this book, the role of
the teacher is to facilitate productive science
talk in ways that will move students’ think-
ing forward and help them clarify and expand
on their reasoning. One of the ways to do this
is through the use of “talk moves” (Keeley
2012). Table 3 shows six productive talk moves
adapted from Ready, Set, Science! (Michaels,
Shouse, and Schweingruber 2008) that can be
used with the formative assessment probes in

this book.

Table 3. Talk Moves and Examples

Talk Move (from Ready, Set, Science! [Michaels,
Shouse, and Schweingruber 2008])

Example of Using the Talk Move with a Formative Assessment Probe

Revoicing

- “So let me see if I've got your thinking right. You're agreeing with
Amy because ?”

- “Let me see if | understand. You are saying ?”

Asking students to restate someone else’s reasoning

- “Can you repeat in your own words what Latisha just said about
why she agrees with Jamal?”
- “Is that right, Latisha? Is that what you said?”

Asking students to apply their own reasoning to
someone else’s reasoning

- “Do you agree or disagree with Emma’s reason for agreeing with
Morrie, and why?”

- “Can you tell us why you agree with what Sam said? What is your
reasoning?”

Prompting students for further participation

+ “Would someone like to add on to the reasons why some of you
chose Fabian as the person you most agree with in the probe?”

- “What about others—what would you like to add to these ideas
so far?”

- “What do others think about the ideas we have shared so far?
Do you agree or disagree?”

Asking students to explicate their reasoning

- “Why do you agree with Penelope?”

+ “What evidence helped you choose Fabian as the person you
most agree with in the probe?”

- “Say more about that.”

Using wait time

+ “Take your time. We'll wait.”
+ “l want everyone to think first, and then | will ask you to share
your thinking.”
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Revoicing

Sometimes it is difficult to understand what
the student is trying to say when they struggle
to put their thoughts into words. If you, as the
teacher, have difficulty understanding what the
student is saying, then the students listening
are apt to have even greater difficulty. Clarity in
expressing ideas is often needed when encour-
aging young children to share their thinking,.
Therefore, this move not only helps the child
clarify his or her thinking but also provides
clarity for the listeners as well—both teacher
and students. By revoicing the child’s idea as a
question, the teacher is giving the child more
“think time” to clarify his or her ideas. It is also
a strategy for making sure the student’s idea is
accessible to the other students who are listen-
ing and following the discussion.

Asking Students to Restate Someone
Else’s Reasoning

While the move above (revoicing) is used by
the teacher, this move has the students reword
or repeat what other students share during the
probe discussion. It should then be followed
up with the student whose reasoning was
repeated or reworded. The benefit to using this
talk move during discussions about the science
probe ideas is that it gives the class more think
time and opportunity to process each student’s
contribution to the science talk. It also pro-
vides another version of the explanation that
may be an easier version for the children to
understand. This talk move is especially useful
with English language learners. As a formative
assessment talk move, it provides the teacher
with additional clarification of student ideas.
Additionally, it acknowledges to the students
that the teacher as well as the students in the
class are listening to one another.

Introduction

Asking Students to Apply Their Own
Reasoning to Someone Else’s Reasoning
The probes encourage students to make a claim
and share their reasoning for their claim. This
talk move is used with the probes to make sure
students have had time to evaluate the claim
based on the reasoning that was shared by a
student. It helps students zero in and focus
on the reasoning. Note that the teacher is not
asking the other students whether they merely
agree or disagree with someone’s claim; they
also have to explain why. This talk move helps
students compare their thinking to someone
else’s and, in the process, helps them be more
explicit in their own reasoning.

Prompting Students for Further
Participation

After using revoicing to clarify the different
ideas that emerge during discussion of the
probe, the teacher prompts others in the class
to contribute by agreeing, disagreeing, or add-
ing on to what was already shared. This talk
move encourages all students to evaluate the
strength of each other’s arguments. It pro-
motes equitable and accountable discussion.

Asking Students to Explicate Their
Reasoning

This talk move encourages students to go
deeper with their reasoning and be more
explicit in their explanations. It helps them
focus on the evidence that best supports their
claim and build on the reasoning of others.

Using Wait Time

This is actually a silent move, rather than a talk
move. One of the hardest things for teachers to
do is to refrain from not commenting imme-
diately on children’s responses. There are two
types of wait time that should be used when
engaging students in probe discussions. The
first is for the teacher to wait at least five sec-
onds after posing a question so the students
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have adequate think time. The second is for
the teacher, as well as the students, to practice
waiting at least five seconds before comment-
ing on a students’ response. This strategy is
especially important to use with English lan-
guage learners as well as students who may be
shy or reluctant to contribute ideas in front
of the whole class. By waiting, even though
silence can be agonizing, the teacher supports
students’ thinking and reasoning by providing
more time for them to construct an explana-
tion or evaluate the arguments of others. This
strategy provides greater inclusivity for all stu-
dents in the class to participate in productive
science talk by acknowledging the time they
need to think through their ideas.

All of these talk moves can be used with
the probes in various combinations to facilitate
productive science talk in which all the students
are accountable for each other’s learning and
the teacher is able to extract valuable formative
assessment data to further plan instruction and
support learning. However, to use these moves
effectively, it is important to establish the con-
ditions for a respectful learning environment.
To do that, teachers should set group norms or
ground rules for engaging in productive talk
and equitable participation so that students
will listen to and talk with one another respect-
fully and courteously as they use the probes. It
is important for them to know that a scientific
argument has a different meaning in science
than in real life. In science, we argue to exam-
ine our ideas and seek understanding rather
than argue to win with our point of view.
Examples of norms you might establish in your
classroom for science talk may include but are
not limited to the following:

e Listen attentively as others talk.
e Make sure you can hear what others are

saying.

Speak so others can hear.

Argue to learn, not to win.

Criticize the reasoning, not the person.
Make only respectful comments.

Communicating and listening to scien-
tific ideas contribute to language develop-
ment, an important goal of teaching in the
primary grades, and is consistent with the
Common Core State Standards, ELA (NGAC
and CCSSO 2010). See Table 4 for examples
of ways the formative assessment probes sup-
port the Common Core literacy standards for
speaking and listening for primary students.

Formative assessment that supports pro-
ductive scientific discussions takes time to
develop and needs a lot of practice. As you
incorporate these probes into your science
lessons, I hope you will see the value in pro-
ductive science talk that emanates from using
these probes. By using these probes in talk
formats with primary students, you are not
only developing conceptual understanding
of the life, physical, Earth, and space ideas
for grades K-2 included in the NGSS, but
also revealing and clarifying the ideas they
bring to their learning, which you can use
to improve and enhance your science teach-
ing. Making students’ ideas visible as you use
these probes will help you build more effec-
tive lessons and support young students in
using the scientific and engineering practices
in sophisticated ways that show young learn-
ers are capable of far more than we often ask
of them. In a nutshell, it’s about teaching sci-
ence well and giving your students the best
possible start to be successful learners of sci-
ence as they progress through school!
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Table 4. Linking Formative Assessment Probes to the Common Core Speaking and

Listening Standards

Common Core State Standards (Grades K, 1, and 2)

Formative Assessment Probes

» SL.K.1, 1.1, 2.1: Participate in collaborative conversations with
diverse partners about kindergarten, grade 1, and grade 2 topics
and texts with peers and adults in small and larger groups.

The probes are designed to be used in

a talk format in small or large groups
discussing ideas with the teacher and with
each other about a science topic.

+ SL.K.2: Confirm understanding of a text read aloud or information
presented orally or through other media by asking and answering
questions about key details and requesting clarification if
something is not understood.

+ SL.1.2: Ask and answer questions about key details in a text read
aloud or information presented orally or through other media.

* SL.2.2: Recount or describe key ideas or details from a text read
aloud or information presented orally or through other media.

As students talk about and share their
ideas related to the probe, they ask
questions about and discuss key details
related to the probe context or answer
choices. They may ask for clarification
about the probe context or the answer
choices or clarification of each other’s
explanations as they share their ideas
through speaking and listening.

* SL.K.3: Ask and answer questions in order to seek help, get
information, or clarify something that is not understood.

+ SL.1.3: Ask and answer questions about what a speaker says in
order to gather additional information or clarify something that is
not understood.

+ SL.2.3: Ask and answer questions about what a speaker says in
order to clarify comprehension, gather additional information, or
deepen understanding of a topic or issue.

Students ask questions about the probe
task. They also ask questions of each
other and seek clarification of explanations
as they share their claims and provide
their reasons for their claims. After
students have had the opportunity to
revisit the probe after the teacher has
designed learning experiences, students
ask and answer questions to deepen their
understanding of the concepts elicited by
the probe.

+ SL.K.4: Describe familiar people, places, things, and events and,
with prompting and support, provide additional detail.

+ SL.1.4: Describe people, places, things, and events with relevant
details, expressing ideas and feelings clearly.

* SL.2.4: Tell a story or recount an experience with appropriate
facts and relevant, descriptive details, speaking audibly in
coherent sentences.

The probes provide a context for discussing
familiar phenomena, objects, and
processes related to a science core idea.
Students are encouraged to share their
prior experiences connected to the probe
and prompted by the teacher to provide
details and further information.

+ SL.K.5: Add drawings or other visual displays to descriptions as
desired to provide additional detail.

+ SL.1.5: Add drawings or other visual displays to descriptions
when appropriate to clarify ideas, thoughts, and feelings.

+ SL.2.5: Create audio recordings of stories or poems; add
drawings or other visual displays to stories or recounts of
experiences when appropriate to clarify ideas, thoughts, and
feelings.

Students are encouraged to use drawings
or other visual symbols, where appropriate,
to support their ideas, clarify their
responses, and communicate relevant
details related to the probe.

+ SL.K.6: Speak audibly and express thoughts, feelings, and ideas
clearly.

+ SL.1.6 and SL2.6: Produce complete sentences when appropriate
to task and situation in order to provide requested detail or
clarification.

Probes provide an engaging context for
students to practice speaking clearly in
complete sentences to support their ideas
and emerging understanding of science.
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Earth and Space Science

Is a Brick a Rock?

A brick is not
a rock.

A brick is
a rock.

What are you thinking?
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Earth and Space Science

Is a Brick a Rock?

Purpose

The purpose of this assessment probe is to
elicit children’s ideas about rocks. The probe
is designed to determine if children can dis-
tinguish between rocklike materials made by
humans and rocks that have a geologic origin.

Related Concepts

rocks, Earth materials, human-made materials

Explanation

Chase has the better answer: “A brick is not
a rock.” Bricks are objects made by humans
from Earth materials such as clay, lime and
sand, or dried mud. They are often fired in
a kiln. Rocks are a solid mass of mineral (a
naturally occurring inorganic substance with
a definite chemical composition) or mineral-
like matter that occurs naturally on our planet
and is formed by geologic processes. Rocks can
be composed of one type of mineral or mix-
tures of two or more minerals. Bricks are also
mixtures containing rock material, but they do
not form naturally. Although bricks may con-
tain some rock material, they are reshaped and
recombined through a human manufacturing
process, not a geologic process.

Curricular and Instructional
Considerations for Grades K-2
Observing properties and classifying objects
by their properties is an important part of the
elementary science curriculum. Young chil-
dren should become familiar with a variety of
natural and human-made materials in their
environment, describe the materials’ proper-
ties, and classify them as natural or human
made. They should develop an understanding

that humans need materials from their envi-
ronment and many of the materials humans
use to build houses, roads, and other things
come from the Earth. The focus is on natu-
ral resources used to make materials or build
objects. At the grades 3-5 level, the focus
on natural resources begins to move toward
energy resources.

Administering the Probe

Ask children if they have ever seen a brick or
things made from bricks. Show children an
actual brick or pictures of structures made
from bricks before they share their ideas
related to the probe. Have children circle or
color the person with whom they agree the
most and explain why they agree with that
person. Explain to students that they should
select the person whose idea best matches their
thinking, not whose features they like most.
See pages xxviii—xxxiii in the introduction for
techniques used to guide “science talk” related
to the probe.

Related Ideas in Benchmarks for
Science Literacy (AAAS 2009)

K-2 Structure of Matter

e Objects can be described in terms of their
properties. Some properties, such as hard-
ness and flexibility, depend upon what
material the object is made of, and some
properties, such as size and shape, do not.

3-5 Processes That Shape the Earth
e Rock is composed of different combina-
tions of minerals.
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Earth and Space Science

3-5 Materials and Manufacturing

e Humans have produced a wide variety of
materials, such as steel, plastic, and nylon,
that do not appear in nature.

Related Core Ideas in A
Framework for K-12 Science
Education (NRC 2012)

K-2 ESS3.A: Natural Resources
(] Humans use natural resources fOI‘ CVCIY—

thing they do.

3-5 ESS3.A: Natural Resources

e All materials, energy, and fuels that
humans use are derived from natural
sources.

Related Next Generation
Science Standards (Achieve
Inc. 2013)

Kindergarten: Earth and Human Activity

e K-ESS3-1: Use a model to represent the
relationship between the needs of different
plants or animals (including humans) and
the places they live.

Grade 4: Earth and Human Activity

e 4-ESS3-1: Obtain and combine informa-
tion to describe that energy and fuels are
derived from natural resources and their
uses affect the environment.

Related Research

e The word rock is used in many different
ways, contributing to the confusion of what
it means in a geologic sense (Freyberg 1985).

e Instudies by Happs (1982, 1985), students
had difficulty making the distinction
between natural things and those cre-
ated or altered by humans. For example,

some students considered a brick to be a
rock because part of it comes from natural
material (Driver, Squires, Rushworth, and

Wood-Robinson 1994).

Suggestions for Instruction and
Assessment

o A related probe, “Is It a Rock? Version 2,”
can be modified for use at this grade level
(Keeley, Eberle, and Tugel 2007).

o This probe uses a format called “Oppos-
ing Views” and can also be used with a
strategy called “Lines of Argumentation”
(Keeley, in press). Have children sit in two
lines that face each other—one line for
those who selected Olivia and another line
for those who selected Chase. Have stu-
dents engage in argumentation—making
a claim and justifying their claim with rea-
soning for why they think a brick is or is
not a rock. If an argument is compelling
enough to change a student’s thinking, he
or she can move to the other line.

e Take time to elicit students’ ideas about
what they think a rock is. Develop an
operational definition before introducing
the scientific definition of rock.

e Compare and contrast naturally formed
rocks with objects that are “rocklike”
and formed by humans (e.g., bricks, tiles,
cement, clay pots), as well as objects that
are shaped from rock (e.g., figurines carved
out of rock, granite countertops, grave-
stones, statues).

e Use this probe as a nice tie-in to the 7 in
STEM: technology. Science deals with our
natural world (rocks); technology uses the
application of science to modify our natu-
ral world to fulfill a human need (making
clay pots out of rock). Furthermore, you
can tie in the £ (engineering) to show how
engineers solve problems to meet human
needs through a design process. (How can
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materials be combined to make a clay pot

that is hard to break?)
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“The most beavutiful thing
we can experience is the
muysterious. It is the source
of alltrue art and science.”

— Albert Einstein




AN INTRODUCTION TO
PHENOMENON-BASED LEARNING

The pedagogical approach in this book is called
phenomenon-based learning (PBL), meaning
learning is built on observations of real-world
phenomena—in this case of some fun toys or
gadgets. The method also uses peer instruction,
which research has shown results in more learn-
ing than traditional lectures (Crouch and Mazur
2001). In the PBL approach, students work and
explore in groups: Exercises are done in groups,
and students’ conclusions are also drawn in
groups. The teacher guides and encourages the
groups and, at the end, verifies the conclusions.
With the PBL strategy, the concepts and the phe-
nomena are approached from different angles,
each adding a piece to the puzzle with the goal
of developing a picture correctly portraying the
real situation.

PBL is not so much a teaching method as it is a
route to grasping the big picture. It contains some
elements that you may have seen in inquiry-
based, problem-based, or project-based learning,
combined with hands-on activities. In traditional
science teaching, it's common to divide phenom-
ena into small, separate parts and discuss them
as though there is no connection among them
(McNeil 2013). In our PBL approach, we don’t
artificially create boundaries within phenomena.
Rather, we try to look at physical phenomena
very broadly.

PBL is different from project-based or problem-
based learning. In project-based learning, the stu-
dent is given a project that provides the context for
learning. The problem with this is that the student
is not necessarily working on the project out of
curiosity but simply because they are required to
by the teacher. To avoid having students view the
project as a chore or just a problem that they have

to solve, we employ PBL: The student’s own curi-
osity becomes the driver for learning. The student
explores not by trudging through a problem to get
to the correct answer but by seeing an interesting
phenomenon and wanting to understand what’s
going on. This works because interest and enthu-
siasm do not result from the content alone; they
come from the students themselves as they dis-
cover more about a phenomenon. Personal expe-
rience with a phenomenon is always more inter-
esting and memorable than a simple recitation of
facts (Jones 2007; Lucas 1990; McDade 2013).

The goal in project-based learning is for the
students to produce a product, presentation, or
performance (Moursund 2013). PBL does not
have that requirement; students simply enjoy
exploring and discovering. This is the essence of
science, and it is consistent with the philosophy
of the Next Generation Science Standards (NGSS).
Rather than simply memorizing facts that will
soon be forgotten, students are doing real sci-
ence. They are engaged in collaboration, com-
munication, and critical thinking. Through this,
students obtain a deeper understanding of scien-
tific knowledge and see a real-world application
of that knowledge—exactly what was envisioned
with the NGSS. This is why, at the end of each
chapter, we provide a list of relevant standards
from the NGSS, further emphasizing our focus on
the core ideas and practices of science, not just the
facts of science.

The objective of PBLis to get the students’ brains
working with some phenomenon and have them
discussing it in groups. A gizmo’s functions, in
most cases, also make it possible for teachers to find
common misconceptions that students may harbor.
It is important to directly address misconceptions
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because they can be very
persistent (Clement 1982,
1993; Nissani 1997). Often
the only way to remove
misconceptions is to have
students work with the
problem, experiment, think,
and discuss, so that they can
eventually experience for themselves that their pre-
conception is not consistent with what they observe
in the real world.

We must also keep in mind that students can't
build up all the scientific laws and concepts from
scratch by themselves. Students will definitely
need some support and instruction. When doing
experiments and learning from them, the stu-
dents must have some qualitative discussions
(to build concepts) and some quantitative work
(to learn the measuring process and make useful
calculations). Experience with combining the two
reveals the nature of science.

PBL encourages students to not just think about
what they have learned but to also reflect on how
they acquired that knowledge. What mental pro-
cesses did they go through while exploring a phe-
nomenon and figuring out what was happening?
PBL very much lends itself to a K-W-L approach
(what we Know, what we Want to know, and
what we have Learned). K-W-L can be enhanced
by adding an H for “How we learned it” because
once we understand that, we can apply those
same learning techniques to other situations.

When you first look at this book, it might seem
as if there is not very much textual material. That
was intentional. The idea is to have more thinking
by the students and less lecturing by the teacher. It
is also important to note that the process of think-
ing and learning is not a race. To learn and really
get the idea, students need to take time to think ...

“Most of the time my students didn’t
need me, they were just excited about
a connection or discovery they made
and wanted to show me.”

—Jamie Cohen (2014)

then think
more—so be sure to allow

and some
sufficient time for the cog-
nitive processes to occur.
For example, the very first
experiment (using a toy
car) can be viewed in just
a few minutes, but in order
for students to think about the phenomenon and
really get the idea, they need to discuss the science
with other group members, practice using the
“language of science,” and internalize the science
involved—which might take 20 minutes. During
this time, the students may also think of real-life
situations in which the phenomenon plays a sig-
nificant role, and these examples can be brought
up later during discussions as an entire class.

HOW TO USE THIS BOOK

This book can be used in many ways. It can be
used as a teacher’s guide or as material for the
students. In the hands of the teacher, the intro-
ductions and the questions can be used as the
basis for discussions with the groups before they
use the gadgets, that is, as a motivational tool.
The teacher can ask where we see or observe the
phenomenon in everyday life, what the students
know about the matter prior to conducting the
activities, and so on. The explorations can also
be used to spark curiosity about a particular area
of science and to encourage students to explore
and learn.

Exactly how you present the material depends
alot on your students. Here’s one approach: Have
students work in groups. Studies have shown this
to be a good way for them to learn. Have the stu-
dents discuss with each other—and write down
in their science notebooks—what they already
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know about the gadget and about the phenom-
enon it demonstrates. If they don’t yet know
what phenomenon the gadget shows, you can
just have them carry out the steps provided for
exploring that gadget. As they perform the explo-
ration, they should write questions they think of
about the gadget or the science involved. If the
students are having trouble with this, you can get
more specific and ask them, for instance, what
they would need to know in order to understand
what’s going on; or ask where else they have seen
something like this. Having students formulate
questions themselves is part of PBL and also part
of an inquiry approach. Asking questions is also
how scientists start out an investigation. Be sure
to give the groups plenty of time to attempt to
answer their questions themselves.

It’s great to let the students pursue the ques-
tions they raise and to encourage investigations
into areas that they find interesting. This is part
of “responsive teaching,” and also part of PBL.
If, after a good amount of time, the students are
unable to come up with their own questions, you
can start to present the questions in the book—
but resist the temptation to just have students go
down the list of questions. That is more structure
than we want to have in view of our goal of pre-
senting learning as exploration and inquiry. A
good use of the questions would be to help guide
your interaction with the groups as they explore
a phenomenon.

Students can then work in groups to answer the
questions, doing more experimentation as needed.
The important point is that they won’t learn much
by simply being told an answer. Much more learn-
ing takes place if they can, through experimenta-
tion and reasoning, come up with some ideas them-
selves. Students may come up with an idea that is
incorrect; rather than immediately correcting them,

guide them toward an experiment or line of rea-
soning that reveals an inconsistency. It is not a bad
thing if the students’ first ideas are incorrect: This
allows them to recognize that, through the process
of science, it is possible to correct mistakes and
come away with a better understanding—which is
one of the main points of PBL.

While the student groups are investigating,
you, the teacher, should be moving among them,
monitoring conversations to determine whether
the students are proceeding scientifically, for
example, by asking questions or discussing ways
to answer the questions—perhaps using the
gadget, through debate, or even by doing web
searches. This monitoring is part of the assess-
ment process, as explained further in the Learn-
ing Goals and Assessment section.

After students have made a discovery or fig-
ured out something new, have them reflect on the
mental process they went through to achieve that
discovery or understanding. This reflection—
sometimes referred to as metacognition—helps
students recognize strategies that will be helpful
for other challenges in the future. The combina-
tion of guidance and metacognition is consistent
with a modern learning cycle leading to continu-
ous increases in students’ content knowledge and
process skills.

LEARNING GOALS AND
ASSESSMENT

The most important learning goal is for students
to learn to think about problems and try a vari-
ety of approaches to solve them. Nowadays,
most students just wait for the teacher to state
the answer. The aim here is for students to enjoy
figuring out what’s going on and to be creative
and innovative.
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Combining this with other objectives, a list of
learning goals might look something like this:

By the end of these lessons, students will

¢ think about problems from various angles
and try different strategies;

* demonstrate process skills, working
logically and consistently;

¢ collaborate with others to solve problems;
* use the language of science;

¢ reflect on the thinking processes that
helped them to acquire new knowledge
and skills in science; and

* view science as interesting and fun.

You will also notice that there are no formal
quizzes or rubrics included. There are other ways
to evaluate students during activities such as
these. First, note that the emphasis is not on get-
ting the “right” answer. Teachers should not sim-
ply provide the answer or an easy way out—that
would not allow students to learn how science
really works. When looking at student answers,
consider the following: Are the students basing
their conclusions on evidence? Are they sharing
their ideas with others in their group? Even if a
student has the wrong idea, if she or he has evi-
dential reasons for that idea, then that student has
the right approach. After all members of a group
are in agreement and tell you, the teacher, what
they think is happening, you can express doubt or
question the group’s explanation, making the stu-
dents describe their evidence and perhaps having
them discuss it further among themselves. Stu-
dent participation as scientific investigators and
their ability to give reasons for their explanations

will be the key indicators that the students under-
stand the process of science.

The PBL approach lends itself well to hav-
ing students keep journals of their activities. Stu-
dents should write about how they are conduct-
ing their experiment (which might differ from one
group to another), ideas they have related to the
phenomenon under investigation (including both
correct and incorrect ideas), what experiments
or observations showed the incorrect ideas to be
wrong, answers to the questions supplied for each
exploration, and what they learned as a result of
the activity. The teacher can encourage students
to form a mental model—perhaps expressed as
a drawing—of how the phenomenon works and
why. Then the students can update this model in
the course of their investigations. Students’ note-
books or journals will go a long way to helping the
teacher see how the students’ thinking and under-
standing have progressed. If there is a requirement
for a written assessment, the journal provides the
basis for that. As a further prompt for writing or
discussion, encourage students to form a “bridge
to the future” by asking questions such as “Where
could we use this phenomena?” and “How could
this be useful?” Students might also want to make
avideo of the experiment. This can be used for later
reference as well as to show family and friends.
Wouldn't it be great if we could get students talk-
ing about science outside the classroom?

A few of the questions asked of the students
will be difficult to answer. Here again, students
get a feel for what it’s like to be a real scientist
exploring uncharted territory. A student might
suggest an incorrect explanation. Other students
in the group might offer a correction, or if no one
does, perhaps further experimentation, along
with guidance from the teacher, will lead the
students on the right course. Like scientists, the

ACHERS ASSOCI/
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students can do a literature search (usually a web
search now) to see what others know about the
phenomenon. (Doing web searches also involves
learning to recognize when a site is reputable and
when it is not.) Thus there are many ways for a
misconception to get dispelled in a way that will
result in more long-term understanding than if
the students are simply told the answer. Guid-
ance from the teacher could include providing
some ideas about what to observe when doing the
experiment or giving some examples from other
situations in which the same phenomenon takes
place. Although many incorrect ideas will not
last long in group discussions, the teacher should
actively monitor the discussions, ensuring that
students do not get too far off track and are on
their way to achieving increased understanding.
We’ve provided an analysis of the science behind
each exploration to focus your instruction.

By exploring first and getting to a theoretical
understanding later, students are working like real
scientists. When scientists investigate a new phe-
nomenon, they aren’t presented with an explana-
tion first—they have to figure it out. And that’s
what students do in PBL. Real scientists exten-
sively collaborate with one another; and that’s
exactly what the students do here as well—work
in groups. Not all terms and concepts are exten-
sively explained; that’s not the purpose of this
book. Again, like real scientists the students can
look up information as needed in, for example, a
traditional science book. What we present here is
the PBL approach, in which students explore first
and are inspired to pursue creative approaches to
answers—and have fun in the process!

PBL IN FINLAND

The Finnish educational system came into the
spotlight after the Programme of International

Student Assessment (PISA) showed that Finnish
students were among the top in science literacy
proficiency levels. In 2009, Finland ranked second
in science and third in reading out of 74 countries.
(The United States ranked 23rd and 17th, respec-
tively.) In 2012, Finland ranked 5th in science and
6th in reading. (The United States ranked 28th and
24th, respectively.) Finland is now seen as a major
international leader in education, and its perfor-
mance has been especially notable for its signifi-
cant consistency across schools. No other country
has so little variation in outcomes among schools,
and the gap within schools between the top- and
bottom-achieving students is quite small as well.

Finnish schools seem to serve all students well,
regardless of family background or socioeco-
nomic status. Recently, U.S. educators and politi-
cal leaders have been traveling to Finland to learn
the secret of their success.

The PBL approach is one that includes respon-
sive teaching, progressive inquiry, project-based
learning, and in Finland at least, other methods
at the teachers’ discretion. The idea is to teach
bigger concepts and useful thinking skills rather
than asking students to memorize everything in
a textbook.

AUTHORS' USE OF GADGETS
AND GIZMOS

One of the authors (M.B.) has been using giz-
mos as the basis of teaching for many years. He
also uses them for illustrative purposes in public
presentations and school programs. The other
two authors (M.K. and ]J.K.) have been using
PBL—and the materials in this book—to teach
in Finland. Their approach is to present scien-
tific phenomena to students so that they can
build ideas and an understanding of the topic by
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themselves, in small groups. Students progress
from thinking to understanding to explaining.
For each phenomenon there are several different
viewpoints from which the student can develop
a big-picture understanding as a result of step-
by-step exploration. The teacher serves only as
a guide who leads the student in the right direc-
tion. PBL is an approach that is not only effec-
tive for learning but is also much more fun and
interesting for both the teacher and the students.

SAFETY NOTES

Doing science through hands-on, process, and
inquiry-based activities or experiments helps to
foster the learning and understanding of science.
However, in order to make for a safer experi-
ence, certain safety procedures must be followed.
Throughout this book, there are a series of safety
notes that help make PBL a safer learning experi-
ence for students and teachers. In most cases, eye
protection is required. Safety glasses or safety
goggles noted must meet the ANSI Z87.1 safety
standard. For additional safety information, check
out NSTA's “Safety in the Science Classroom” at
www.nsta.org/pdfs/SafetyInTheScienceClassroom.pdf.
Additional information on safety can be found at the
NSTA Safety Portal at weww.nsta.org/portals/safety.aspx.

Disclaimer: Safety of each activity is based in
part on use of the recommended materials and
instructions. Selection of alternative materials for
these activities may jeopardize the level of safety
and therefore is at the user’s own risk.
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AIR PRESSURE

s you learned earlier, gravity affects all objects. This includes air mol-

ecules—the small particles that make up air. Gravity pulls the molecules

toward the ground, and the molecules push on the ground. We call that
pushing air pressure or atmospheric pressure. Near the ground there are more mol-
ecules and they are squeezed together more tightly, the air pressure is higher near
sea level and lower up on a high mountain.

Air pushes in all directions because air molecules are constantly moving
in all directions. The molecules bump into, or collide, with each other and -
with everything they touch. In a container, the air molecules collide with '
the walls. These collisions cause a force that pushes the walls outwards:
You see this when the rubber expands as you blow up a balloon.

In the following experiments you will learn about air pressure. You
may have seen terms such as high pressure, excess pressure, low pressure,
and underpressure. Let’s find out what they mean!

USING PHYSICAL SCIENCE GADGETS & GIZMOS GRADES 3-5 PHENOMENON-BASED LEARNING 31

Copyright © 2014 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781936959389.



Let's Explore!

FIGURE 4.1: Atmospheric Pressure Cups

\4 IMPRESSIVE PRESSURE
SAFETY NOTES

We do not really feel the atmospheric pressure and the

* Wear safety glasses or forces it creates. One reason for this is that we are used to

goggles. these forces. Another reason is that the pressure is pushing
* To prevent injury, make equally on all parts of us, inside and out. In the following
sure arms are in an area experiments with the Atmospheric Pressure Cups (Figure

free of any objects when 4.1), you will get an idea of how strong the forces are.

pulling the suction cups 1. What are the gadgets you have? How do they work?

apart.

2. Compress the cups against each other. Then pull the
cups apart. They are probably very tight, so be carefull

3. There is an easier way to separate the two halves. Can
you discover it?

4. Place a piece of cloth between the cups.

5. How do the cups work if there is some cloth between
them? Why is that?

6. Try lifting different objects using the pressure cups.
Take notes on things you can and cannot lift with them.

7. How does the kind of surface affect how well the pressure
cups work? What is the same about the materials you
are able to lift with the pressure cup? What is the same
about the materials you are not able to lift?

8. Why do the two pressure cups stay together?
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Let's Explorel 4

PRESSURE POWER \4
SAFETY NOTE

Air pressure squeezes every object. Let’s see what happens
if we remove the pressure with the Vacuum Pumper and
Chamber (Figure 4.2). goggles.

Never stand over or

* Wear safety glasses or

1. You have a container and a pumper. Find out how the
near the water rocket

while it is being

pump works.

2. Before attaching the pump to the container, find out pressurized or launched.
which way the air moves while you are pumping.
Which way s it? * Stay clear of the stake—
it presents a potential
3. You were given something to put in the container. impalement hazard.

It might be a balloon, a half-filled water balloon,

a marshmallow, shaving foam, whipped cream, or * Only perform this

something else experiment outside in

an open field, never
4. What do you see in each of these cases? What inside.

happens while you pump? Why?

FIGURE 4.2: Vacuum Pumper and Chamber
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4 Let's Explorel

\4 ROCKET!
SAFETY NOTES

This experiment must be done outdoors in a field with
open sky. You will see the effect of gravitation and excess
pressure. It may be surprising how high the Air-Powered
Projectile (Figure 4.3) rises, so before launching the rocket,

* Wear safety glasses or
goggles.

¢ Before launching the

rocket, make sure
everyone is at a safe
distance.

Never stand over or
near the water rocket

the area nearby must be made safe.

1.

First, your teacher will launch the Air-Powered Projectile
straight up. After the rocket lands, look at it closely.
Explain what happened.

2. Then, select one of the wedges (triangular blocks)
while it is being .
' and place it under the launch pad. Try to guess where
pressurized or launched. the rocket will land. Each group can estimate its own
* Stay clear of the stake— landing spot and mark it on the ground before the
it presents a potential rocket is launched again. -
impalement hazard. 3. Which angle of the launch pad .

34

Only perform this
experiment outside in an
open field, never inside.

FIGURE 4.3: Air-Powered Projectile

do you think will make the
rocket fly the farthest distance?
Test your predictions.
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what's Going On?

TABLE 4.1

PRESSURE IN DIFFERENT PLACES IN DIFFERENT UNITS

When measuring pressure, several different units can be used: atmospheres (atm), bars (bar), kiloPas-

cals (kPa), and pounds per square inch (PSI).

Pressure location atm bar kPa PSI
Air pressure at sea level 1 1.01 101 14.7
Car tire 318 3.22 322 46.7
Bike tire 5.08 515 515 74.7
Basketball 1.54 1.57 157 22.7
5600 moters above sea level| 0332 | 0337 | 34 .
Mars atmosphere 0.00592 | 0.00600 0.600 0.087
Venus atmosphere 90.5 91.7 9170 1330

Additional info. For the car tire, bike tire, and basketball, the reading on the pressure gauge is the
amount by which the pressure is greater than the surrounding air pressure of 14.7 PSI. For example,
the pressure gauge on the bike tire will read 60 PSI, while the actual pressure in the tire is 74.7 PSI.

IMPRESSIVE PRESSURE

With the Pressure Cups (Figure 4.4), it’s easy to
explore the forces caused by atmospheric pres-
sure. Pressing the cups together squeezes the air
out from between them. When you start to pull
the cups apart, the space between the cups gets
larger, but the number of air molecules remains
the same, meaning the molecules are now more
spread out. As a result, the molecules don't hit the
cups as often, so the pressure between the cups
is lower. The air pressure outside the cups is still
the same—higher than the pressure inside—so it
pushes the cups together.

Letting the air leak out from between the cups
equalizes the pressure between the inside and the
outside of the cups. With cloth between the cups,
air molecules leak out because they can pass

FIGURE 4.4: Pressure Cups

through the cloth. This allows the pressure inside
and outside of the cups to be the same. This is
also the case when the surface of an object you
are trying to lift is rough. All the things that the
cups can lift are smooth. All the things that the
cups won't lift are rough.

As an extension, note that the same ideas about
pressure apply to any fluid (liquid or gas), not
just air. For instance, think about how an octopus
attaches itself to glass under water.
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What's Going On?

PRESSURE POWER

With the Vacuum Pumper and Chamber (Figure
4.5) it is easy to observe the effects that air pressure
has. To see what air pressure can do, you need to
create differences in pressure. That means mak-
ing one place have less air pressure than another
place. With the chamber and pump, it is easy and
safe to do.

You probably noticed that the pump makes
air come out of the container. It is working in the
reverse manner of a normal pump. Instead of add-
ing air, as a pump does when used to add air to a
bicycle tire, this pump makes the air move out of
the chamber.

Molecules colliding in the chamber cause the
air pressure there. The air pressure in the chamber
is lower because you removed some air from it.
With fewer molecules, there are also fewer colli-
sions. Fewer collisions means lower pressure. This
lower pressure is sometimes called underpressure,
meaning that the pressure inside is lower than the
normal, outside air pressure.

You also noticed that items that contain air, such
as marshmallows, air balloons, or different kind of
foams tend to expand in the chamber. Let’s discuss
the marshmallow demonstration first. When you
start pumping, you remove the air from around
the marshmallow. The air pressure is lower now: It

FIGURE 4.5: Vacuum Pumper and Chamber

doesn’t push as hard on the marshmallow. When
the pressure in the chamber is lower, the small air
bubbles trapped inside the marshmallow start to
expand because the air pressure from those air
bubbles is greater than the air pressure outside
the marshmallow. When you let the air flow back
to the chamber, the marshmallow shrinks to a
smaller size than when it started. That’s because
when it expanded, some of its stretchy parts got
broken, causing it to collapse to a smaller size.

With the other foams or a balloon, something
similar happens. The air trapped inside the foam
or balloon expands when the pressure in the
chamber is low.

Question for discussion: What makes dirt go
into a vacuum cleaner?

ROCKET!

The two experiments involved underpressure.
With the rocket, you saw what can happen if there
is excess pressure.

The pressure in the rocket’s launch tube gets
higher when you pump air into it. The black plastic
cover will hold a certain amount of pressure. Once
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What's Going On? 4

the pressure exceeds that amount, the cap pops
and the compressed air comes out and expands,
launching the rocket. The compressed air pushes
the rocket up.

The Air-Powered Projectile (Figure 4.6) will fly
pretty far. With different plastic covers, you can
adjust the launching pressure and the distance
that the rocket flies. The rocket flies farthest when
the pressure is highest and when the launch angle
is about 45 degrees.

Air compressed in a balloon pushes on the bal-
loon when you let it go. Do you see how the balloon
is like a rocket?

Large rockets do not have air coming out the
back, but use other gases. Rockets will work with
any kind of compressed gas. The photo to the right
shows the rocket that first took humans to the
Moon in 1969. Would you like to ride in a rocket?

FIGURE 4.6: Air-Powered Projectile
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What's Going On?

web Resources

An activity that shows students air pressure at work.
www.canteach.ca/elementary/physical6.htm!

Just as in the rocket exploration, students learn about projectile motion by firing
various objects in this simulation. You can set the angle, initial speed, and mass,
and add air resistance. Make it a game by trying to hit a target.

Info: http://phet.colorado.edu/en/simulation/projectile-motion

Simulation: http://phet.colorado.edu/sims/projectile-motion/projectile-motion_en.htm!

Marshmallow man in a vacuum.
www.videojug.com/film/marshmallow-man-in-a-vacuum

Air pressure pushes an egg into a bottle.
www.youtube.com/watch?v=crWA2FkmHn!

A slow-motion version of the egg being pushed into the bottle.
www.youtube.com/watch?v=0gKwxytsvwQ&noredirect=1

Shaving cream in vacuum
physics.wiu.edu/demolabs/demos/avimov/fluids/shaving_cream_vacuum/shaving_cream.
MPG
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What's Going On?

Relevant Standards

Note: The Next Generation Science Standards can be viewed online at
www.nextgenscience.org/next-generation-science-standards.

The performance expectations in third grade help students formulate answers to ques-
tions such as: "How do equal and unequal forces on an object affect the object?"

[In the performance expectations for all elementary grades], students are
expected to demonstrate grade-appropriate proficiency in asking questions and
defining problems; developing and using models, planning and carrying out inves-
tigations, analyzing and interpreting data, constructing explanations and design-
ing solutions, engaging in argument from evidence, and obtaining, evaluating, and
communicating information.

PERFORMANCE EXPECTATION
3-PS2-1

Plan and conduct an investigation to provide evidence of the effects of balanced
and unbalanced forces on the motion of an object.

DISCIPLINARY CORE IDEA
PS2.A: Forces and Motion

*  Each force acts on one particular object and has both strength and a direction.
An object at rest typically has multiple forces acting on it, but they add to give
zero net force on the object. Forces that do not sum to zero can cause changes
in the object’s speed or direction of motion. (Boundary: Qualitative and
conceptual, but not quantitative addition of forces are used at this level.)

CROSSCUTTING CONCEPT

[Also in all elementary grades:] The crosscutting concepts of patterns; cause and
effect; energy and matter; systems and system models; interdependence of science,
engineering, and technology; and influence of engineering, technology, and science
on society and the natural world are called out as organizing concepts for these
disciplinary core ideas.

Cause and Effect

¢ Cause and effect relationships are routinely identified.
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Page numbers in boldface type refer to
tables or figures.

A
Air Pressure explorations, 31-39
Impressive Pressure, 32, 32, 35, 35
pressure in different places in different
units, 35
Pressure Power, 33, 33, 36, 36
Rocket!, 34, 34, 36-37, 37
standards addressed by, 39
Web resources for, 38
Air resistance. See Friction and Air
resistance explorations
Amperes, 58, 59
Assessment, xvi—xvii. See also Performance
expectations
Atmospheric pressure, 31. See also Air
Pressure explorations

B

Balancing Bird exploration, 24, 24
what’s going on in, 27, 27

Bar Magnets exploration, 72, 72
what’s going on in, 76, 76

C
Changing Speed exploration, 4, 4
what’s goingonin, 7,7
Creating Voltage with a Hand Crank
exploration, 61, 61

Snaptricity setup for, 67
Creating Voltage with a Simple Battery
exploration, 60, 60
Snaptricity setup for, 67
Critical thinking, xiii
Crosscutting concepts
for Air Pressure explorations, 39
for Energy explorations, 93
for Friction and Air Resistance
explorations, 19

D

Disciplinary core ideas, xiii
for Air Pressure explorations, 39
for Electric Circuits explorations, 69
for Electricity explorations, 49
for Energy explorations, 93
for Friction and Air Resistance

explorations, 19

for Gravity explorations, 29
for Magnetism explorations, 81
for Speed explorations, 9

Dragging the Block exploration, 12, 12
what’s going on in, 15-16, 15—-16

E
Einstein, Albert, xii
Electric Circuits explorations, 51-69
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INDEX

Creating Voltage with a Hand Crank, 61,
61, 67

Creating Voltage with a Simple Battery,
60, 60

Exploring Conductivity, 57, 57, 65

Getting to Know the Switches, 55, 55, 64

Having A Ball, 44, 44, 47, 47

Learning Types of Connections, 56, 56, 65

Lighting a Lamp, 54, 54, 64
Measuring Electricity, 58-59, 58-59, 66
Snapping Circuits, 52, 52-53
standards addressed by, 69
Web resources for, 68
what'’s going on in, 62—63
basic units of electricity, 63
conductivity, 63
electric circuits, 62—63, 62—63
Snaptricity setups, 64—67
Electricity explorations, 41-49
Fun Fly Stick, 42, 42, 45-46, 45-46
Having a Ball, 44, 44, 47, 47
Lightning Globe, 43, 43, 46, 46
standards addressed by, 49
Web resources for, 48
Electromagnet exploration, 75, 75
what’s going on in, 78, 78
Energy explorations, 83-93. See also
Electricity explorations
Hand Crank, 87, 87, 90, 90
Melting Ice, 85, 85, 89, 89
Music Box, 86, 86, 90, 90
Solar Car, 84, 84, 88, 88
standards addressed by, 92—-93
Web resources for, 91
Exploring Conductivity exploration, 57, 57
Snaptricity setup for, 65

F

Falling Balls exploration, 22, 22

what’s going on in, 25-26, 25—-26

Friction and Air Resistance explorations,

11-19
Dragging the Block, 12, 12, 15-16, 15-16
Is Running a Drag?, 14, 14, 17, 17
Sliding the Puck, 13, 13, 16, 16
standards addressed by, 19
Web resources for, 18

Fun Fly Stick exploration, 42, 42

G

what’s going on in, 45-46, 45—-46

Gadgets and gizmos, xiv—xv, xvii—xviii

for Air Pressure explorations
Air-Powered Projectile, 34, 37
Atmospheric Pressure Cups, 32, 35
Vacuum Pumper and Chamber, 33, 36
for Electric Circuits explorations
Hand Crank, 61
Snaptricity, 52, 64-67, 79
for Electricity explorations
Energy Ball, 44, 47
Fun Fly Stick, 42, 46
Plasma Globe, 43, 46
for Energy explorations
Hand Crank, 87, 90
Ice Melting Blocks, 85, 89
Music Box, 86, 90
Super Solar Racer Car, 84, 88
for Friction and Air Resistance
explorations
Air Puck, 13, 16
Four-Sided Friction Block, 12, 15
Running Parachute, 14, 17
for Gravity explorations
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Balancing Bird, 24, 27
IR-Controlled UFO Flyer, 23, 26
Vertical Acceleration Demonstrator, 22,
25
for Magnetism explorations
Bar Magnet, 72, 76
Box of Iron Filings, 73, 76
Compass, 73, 76
Electromagnet, 75, 79
Magnetic Compass, 73, 77
Magnetic Globe, 74, 77
for Speed explorations
Constant Velocity Car, 2, 5
Pull-Back Car, 4, 7
Velocity Radar Gun, 3, 6
ordering kits of, 95
Getting to Know the Switches exploration,
55, 55
Snaptricity setup for, 64
Gravity, 11, 21
Gravity explorations, 21-29
Balancing Bird, 24, 24, 27, 27
Falling Balls, 22, 22, 25-26, 25-26
Propeller Puzzle, 23, 23, 26, 26
standards addressed by, 29
Web resources for, 28

H

Hand Crank exploration, 87, 87
what'’s going on in, 90, 90

Having a Ball exploration, 44, 44
what’s going on in, 47, 47

|
Impressive Pressure exploration, 32, 32

INDEX

what’s going on in, 35, 35
Is Running a Drag? exploration, 14, 14
what’s going on in, 17, 17

J
Journaling by students, xvi

K
K-W-L approach, xiv
Kits of gadgets and gizmos, 95

L

Learning goals, xv—xvi

Learning Types of Connections exploration,

56, 56

Snaptricity setup for, 65

Lighting a Lamp exploration, 54, 54
Snaptricity setup for, 64

Lightning Globe exploration, 43, 43
what’s going on in, 46, 46

M

Magnetic Field exploration, 73, 73
what’s going on in, 7677, 76—77

Magnetic Globe exploration, 74, 74
what’s going on in, 77-78, 77-78

Magnetism explorations, 71-81
Bar Magnets, 72, 72, 76, 76
Electromagnet, 75, 75, 78, 78
Magnetic Field, 73, 73, 7677, 7677
Magnetic Globe, 74, 74, 77-78, 7T7-78
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standards addressed by, 81 for Electric Circuits explorations, 69
Web resources for, 80 for Electricity explorations, 49
Measuring Electricity exploration, 58-59, for Energy explorations, 92—-93
58-59 for Friction and Air Resistance
Snaptricity setup for, 66 explorations, 19
Measuring Speed exploration, 3, 3 for Gravity explorations, 29
what’s going onin, 6, 6 for Magnetism explorations, 81
Melting Ice exploration, 85, 85 for Speed explorations, 9
what’s going on in, 89, 89 Phenomenon-based learning (PBL), xiii—xiv
Misconceptions of students, xiii—xiv compared with project- or problem-based
Music Box exploration, 86, 86 learning, xiii
what’s going on in, 90, 90 definition of, xiii
goal of, xiii
group activities for, xiii, Xiv—xv
in Finland, xvii
N learning goals, assessment and, xv—xvii
Next Generation Science Standards Next Generation Science Standards and,
(NGSS), xiii Xiii
for Air Pressure explorations, 39 peer instruction for, xiii, xvi
for Electric Circuits explorations, 69 safety notes for, xviii
for Electricity explorations, 49 student misconceptions and, xiii—xiv
for Energy explorations, 92-93 use of gadgets and gizmos for, xiv—xv,
for Friction and Air Resistance XVii—xviii
explorations, 19 use of K-W-L approach with, xiv
for Gravity explorations, 29 Pressure. See Air Pressure explorations
for Magnetism explorations, 81 Pressure Power exploration, 33, 33
for Speed explorations, 9 what’s going on in, 36, 36

Propeller Puzzle exploration, 23, 23
what’s going on in, 26, 26

(o)
Ordering gadgets and gizmos, 95
R
Rocket! exploration, 34, 34
what’s going on in, 36-37, 37
P
Peer instruction, xiii, xvi
Performance expectations
for Air Pressure explorations, 39
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S
Safety notes, xviii. See also specific
explorations
Science notebooks, xiv, xvi
Sliding the Puck exploration, 13, 13
what’s going on in, 16, 16
Snapping Circuits exploration, 52, 52-53
Solar Car exploration, 84, 84
what’s going on in, 88, 88
Speed explorations, 1-9
Changing Speed, 4,4,7,7
Measuring Speed, 3, 3,6, 6
Speed Racer, 2,2,5,5
standards addressed by, 9
Web resources for, 8
Speed Racer exploration, 2, 2
what’s going onin, 5, 5
Static electricity explorations, 41
Fun Fly Stick, 42, 42, 45-46, 45-46

INDEX

Lightning Globe, 43, 43, 46, 46

\'
Velocity. See Speed explorations
Voltage explorations
Creating Voltage with a Hand Crank, 61,
61, 67
Creating Voltage with a Simple Battery,
60, 60, 67
Measuring Electricity, 58, 58

w
Writing assignments, xvi

USING PHYSICAL SCIENCE GADGETS & GIZMOS GRADES 3-5 PHENOMENON-BASED LEARNING

Copyright © 2014 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781936959389.

103



USING PHYSICAL SCIENCE

GADGETS & GIZMOS

GRADES 3-5

PHENOMENON-BASED LEARNING

“The most beautiful thing we can experience is the mysterious.
It is the source of all true art and science.” — Albert Einstein

The authors say there are
three good reasons to buy
this book:

1.

To improve your
students’ thinking

skills and problem-
solving abilities

hat student—or teacher—can

resist the chance to experiment

with Velocity Radar Guns, Running
Parachutes, Super Solar Racer Cars, and more?
The 30 experiments in Using Physical Science
Gadgets and Gizmos, Grades 3-5, let your
elementary school students explore a variety
of phenomena involved with speed, friction and
air resistance, gravity, air pressure, electricity,
electric circuits, magnetism, and energy.

The phenomenon-based learning (PBL)
approach used by the authors—two Finnish
teachers and a U.S. professor—is as educational
as the experiments are attention-grabbing.
Instead of putting the theory before the

Grades 3-5

Copyright © 2014 NSTA. All righ
PJURCHASE THIS BOOK, please V|

2.

To acquire easy-to-
perform experiments
that engage students
in the topic

3.

To make your
physics lessons
waaaaay more cool

application, PBL encourages students to first
experience how the gadgets work and then
grow curious enough to find out why. Working in
groups, students engage in the activities not as
a task to be completed but as exploration and
discovery using curiosity-piquing devices and
doohickeys.

The idea is to motivate young scientists to go
beyond simply memorizing science facts. Using
Physical Science Gadgets and Gizmos can help
them learn broader concepts, useful thinking skills,
and science and engineering practices (as defined
by the Next Generation Science Standards). And—
thanks to those radar guns and race cars—both

your students and you will have some serious fun.

PB345X3
ISBN: 978-1-936959-38-9

9781

936 5 9“

95938



	Elementary Sampler Cover
	Elementary Sampler Contents
	Even More Picture-Perfect Science Lessons, K–5 - Cover
	Contents
	Preface
	Acknowledgments
	Contributors
	About the Authors
	About the Picture-Perfect Science Program
	Lessons by Grade
	Ch 15 - Amazing Caterpillars
	Index
	Even More Picture Perfect Science Lessons - Back cover

	Next Time You See a Maple Seed - Cover
	A Note to Parents and Teachers
	Pages 16-19
	Next Time You See a Maple Seed - Back cover

	Uncovering Student Ideas in Primary Science, Vol. 1 - Cover
	Contents
	Dedication
	Preface
	Acknowledgments
	About the Author
	Introduction
	22 - Is a Brick a Rock?
	Index
	Uncovering Student Ideas in Primary Science, Vol. 1 - Back cover

	Using Physical Science Gadgets & Gizmos, Grades 3–5 - Cover
	Contents
	About the Authors
	An Introduction to Phenomenon-Based Learning
	4 -  Air Pressure
	Index
	Using Phyiscal Science Gadgets & Gizmos, Grades 3-5 - Back cover




