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Problem (A), Navice Solution (B), and Expert
Solution (C)
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Note. Adapted from ‘*Students’ Preconceptions in Introductory Mechanics’ by
J. Clement, 1982, American Journal of Physics, 50(1), p. 68. Copyright 1982
by the American Association of Physics Teachers. Adaptad by permission,

Expert Solution (A) and Two Novice Solutions
(B and C)

- gd e =0

A B c
Note. Adapted from ‘‘Naive Theorias of Motion" by M. McCloskey. In Mental
Models by D. Gentner and A. Stevens (Eds.), 1983, Hillsdale, NJ: Lawrence

Eribaum Associates, Inc. Copytight 1983 by Lawrence Erbaum Associates,
Inc. Adapted by permission.
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Matter Processes Mental
States
“is red”, “is heawy”, "is skinny”, “an hour long”, “happened yesterday” “is true”, “is about x" ldream image)
“has weight”, occuplos space” (recess, thunderstorm)
1 = | L
Natural Constraint-based
kinds l Artifacts Procedure Event ‘ Bt Emotional Intentional
“is fixed”, “is  “iscarried out”, “is caused by”, has “equilibrium”, (fear) [wants)
broken” (lamp) “has a squence” a beginning and “evolutionary”
(tying shoe) ending” (kiss, fight) (fog, traffic jam)
" Living l Nonliving “Intentional U Random ” Natural “ Artificial
“can move”, ' "is on purpose” |flipping a coin) (lightining) (electrical current)
“can reproduce” (kiss, fight) (speciation)
[ Animals ] Plants [ Solid [ Liquid

“hungry” (bee) “wilts"” (flower) “sparkles” “leaks”, “accumulates”

iam
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Marfolamine is a gadabolic cupertance
essential for our jamination. Marfolamine was
discovered in a zackadago. It was chemovated
from the zackadago by ligitizing the pogites
and then bollyswaggering it. Marfolamine will
eventually micronate our gladivones so that we
can homitote our tonsipows more demicly.

1. What is marfolamine?

2. Where was marfolamine discovered?
3. How is marfolamine chemovated?

4. Why is marfolamine important to us?
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Wet Jeans

Sam washed his favorite pair of jeans. He hung the wet jeans on a clothesline outside.

An hour later the jeans were dry. )!.".‘?." f’eﬁb :Jm

Circle the answer thart best describes what happened to the water that was in the wet
jeans an hour later.

A It soaked into the ground.

B It disappeared and no longer exists.
€ Icis in the air in an invisible form.
D It moved up ro the clouds.

E It chemically changed into a new
substance.

F It went up o the Sun.

G It broke down into atoms of hydrogen
and oxygen.

Describe your thinking. Provide an explanation for your answer.
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How Long Is a Day on

the Moon?

Four students were designing a Moon base for a science project. Planning the Moon
base was casy. But deciding what a day-night cycle on the Moon base would be like
was hard! All four students had different ideas. Here is what they said:

Hannah: “I chink the length of the day-night cycle on the Moon is 24 hours.”

Sachet: "It depends where the Moon base is. If it is on the dark side of the Moon,

there will never be daytime.”

Ravi: “I think there would be about two weceks of sunlight and two weeks of

darkness.”

Manuel: "It depends on the Moon phase. In a crescent Moon, daylight would be
much shorter. When there’s a full Moon, daylight would be much longer.”

Which student do you think has the bestidea? Explain why

you H.g.l CC.

Source: Keeley and Sneider 2012.



Is It a Theory?

Put an X next to the statements you think best apply r

to scientific theories.

Theories include observations.
Theories are “hunches” scientists have.

Theories can include personal beliefs or

opinions. r ]

Theories have been tested many times.
Theories are incomplete, temporary ideas.
A theory never changes.

Theories are inferred explanations, strongly supported by evidence.

I & m m ©

A scientific law has been proven and a theory has not.

Theories are used to make predictions.

J Laws are more important to science than theories.

Examine the statements you checked off. Describe what a theory in science means

[0 you.



What Is a Hypothesis?

Hypotheses are used widely in science. Put an X next to the statements that describe

a hypothesis.

A A tentative explanation

B A statement that can be

tested
An educated guess
An investigative question

E A prediction about the out-

come of an investigation

F A question asked at the be-

ginning of an investigation
G A statement that may lead to a prediction

Included as a part of all scientific investigations

Used to prove whether something is true

Eventually becomes a theory, then a law

May guide an investigation

Used to decide what data to pay attention to and seck

Developed from imagination and creativity

Z2 2 r X -

Must be in the form of “if...then...”

Describe what a hypothesis is in science. Include your own definition of the word

Inpothesis and explain how you learned what it is.
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Rolling Marbles
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Can It Reflect Light?

What types of objects or materials can
reflect light? Put an X next to the things
you think can reflect light.

water
gray rock

_ leaf

____ mirror ____dull metal

__glass ___red apple

___sand ____rough cardboard o

___potato skin ___ the Moon _milk

____Wax paper ___ rusty nail ___ bedsheet

____tomato soup ___clouds ___brand new penny
___crumpled paper  ___ soil ___old tarnished penny

____shiny metal ____wood ____smooth sheet of aluminum foil

Explain your thinking. Describe the “rule” or the reasoning you used to decide if

something can reflect light.




Is It Food for Plants?
W

Organisms, including plants, need food to survive. %
Put an X next to the things you think plants ~

use as food.

~]
___ sunlight — soil \Hf\\ll

plant food from a garden store  _ water
___ sugar __ leaves
carbon dioxide ____ oxygen
minerals _ chlorophyll
___ fertilizer vitamins

Explain your thinking. How did you decide if something on the list is food

for plants?




Where Did the Water
Come From?

Latisha took a sealed, plastic container of ice cubes
out of the freezer. The outside of the container was
dry when she took it out of the freezer. She set

the container on the counter. She did not

open the container. Half an hour later she

noticed the ice had melted inside the con-

tainer. The container was full of water. A

small puddle of water had formed on the kitchen countertop,
around the outside of the container. Which best describes where the

puddle of water came from?

A gas in the air.

Melted ice inside the container.

Cold on the outside of the container.
Condensation from water inside the container.

Water that evaporated from inside the container.

Mmoo O W P

Cold changed hydrogen and oxygen atoms to water.

Describe your thinking about where the water came from. Provide an explanation for

your answer.



Me and My Shadow

Five friends were looking at their shadows
early one morning. They wondered what
their shadows would look like by the end
of the day. This is what they said:

Jamal: “My shadow will keep getting
longer throughout the day.”

Morrie: ~ “My shadow will keep getting
shorter throughout the day.”

Amy: “My shadow will keep get-

ting longer until it reaches its
longest point and then it will

start getting shorter.”

Fabian: "My shadow will keep getting shorter until noon and then it will start
getting longer.”

Penelope: “My shadow will stay about the same from morning to day’s end.

Which friend do you most agree with?

Describe your thinking. Explain the reason for your answer.




Cookie Crumbles

Imagine you have a whole cookie. You break the cookie into tiny pieces and crumbs. You

weigh all of the pieces and crumbs. How do you think

ANSWeEr.

Describe your thinking. Provide an

explanation for your answer.

the weight of the whole cookie compares to the total
weight of all the cookie crumbs? Circle the best
A The whole cookie weighs more than all of

the cookie crumbs. ’

All of the cookie crumbs weigh more ‘
than the whole cookie. / @

The whole cookie and all of the

cookie crumbs weigh the same. o @
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Gazing at the Moon

Ensico and Leah live in oppo-
site hemispheres. Enrico lives in
Santiago, Chile, which s in the
Southern Hemisphere. Leah lives
in Boston, Massadmseris, which
is in the Northern Hemisphere.
They both gazed ar the Moon on
the same evening. Enrico noticed
there was 2 fofl Moon when he
looked up ar the sky from his loca-
tion (the Southern Hemisphere).
What do you predici Leah saw
when she looked up in the sky
from her location (the Northern
Hemisphere)?

A New Moon (ne part of the Moon is visible)

B Crescent Moon (a quarter of the face of the Moon is visible)

C Half Moon (half of the face of the Moon is visible)

D Gibbous Moon (ghree-quartess of the face of the Moon is visible)
E Full Moon (the entire face of the Moon is visible)

Provide an explanation for yonr answer. How did you decide what the Moon would
look like in the opposiie hemisphere?
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Giant Sequoia Tree

The giant sequoia tree is one of the largest trees on
earth. It starts as a small seedling and grows into
an enormous tree. Five children can stretch their
arms across the width of the trunk of one of the
large sequoia trees!

Where did most of the matter that makes up
the wood and leaves of this huge tree originally

come from? Circle the best answer.
A sunlight

B water

C soil

D carbon dioxide |

E oxygen

F minerals

G chlorophyll

Explain your thinking. How did you decide where most of the matter that makes up
this tree came from?




L I R

L R R L R R B L I R I

LR B B L

Mixing Water

Melinda filled two glasses of equal size half-full with water. The water in one glass was
50 degrees Celsius. The water in the other glass was 10 degrees Celsius. She poured
one glass into the other, stirred the liquid, and measured the temperature of the full

glass of water.

What do you think the temperature of the full glass of water will be after the water is
mixed? Circle your prediction.

A 20 degrees Celsius
B 30 degrees Celsius
C 40 degrees Celsins
D 50 degrees Celsius
E 60 degrees Celsius

Explain your thinking. Describe the “rulc” or reasoning you used for your answer.




AName

»100 Drops of Water »

Pirections: Predict how much of the jar will ke filled after
adding 1CO drops of water. Draw your prediction. Then
add |CO drops and draw +he actual answer.

Prediction: Actual

Write your results here:




~ Rolling Marbles

Five friends built a marble tower. The marble tower had a curved
track.. The track was designed so that the marbles would move
down the track in a circular path. The track ended on the floor.
Each friend predicted how he or she thought the marble would
move when it rolled off the end of the track onto the floor. This is
what they said:

Magda: “I think it will roll in circles.”
Soledad: “I think it will curve for a bit and then

straighten out.”

Allen:  “T chink it will roll in one big curve.”
Keira:  “T chink it will roll in a straight line.”

Rafael: "I think it will zigzag for a lictle while.”

Which friend do you most agree with?

Use the picture above to draw the path you think the marble will take when it gets to
the end of the track.

Explain your thinking. Why do you think the marble will move that way?
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Making Sound

All of the objects listed below make sounds. Put an X next to the objects you think
involve vibrations in producing sound.

— guitar strings
— drum

___ dripping faucet
___barking dog
. piano

screeching brakes

___radio speaker . drum
—__crumpled paper — wind —hammer
_car engine __wood saw __flute
—chirping cricket ___clapped hands — thunderstorm
—___singer ___bubbling water ___two stones rubbed together
— popped balloon —_rustling leaves —_snapped fingers

Explain your thinking. What “rule” or reasoning did you use to decide which objects
involve vibrations in producing sound?
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Talking About Gravity

Two friends were talking about gravity.

Ben said, “Gravity needs an atmosphere or air.
If there is no air or atmosphere, there will be no
gravity.”

Kelly said, “Gravity doesn’t need an atmosphere
or air. If there is no air or atmosphere, there will
still be gravity.”

Which friend do you agree with?

Describe your thinking. Explain why you agree
with one friend and disagree with the other.




The Mitten Problem

Sarah’s science class is investigating heat energy. They wonder what would happen

to the temperature reading on a ther-

mometer if they put the ther-

mometer inside a mitten.

Sarah’s group obtained two
thermometers and a mitten.
They put one thermometer
inside the mitten and the
other thermometer on the ta-
ble next to the mitten. An hour

later they compared the readings on

the two thermometers. The temperature in-

side the room remained the same during their experiment.

What do you think Sarah’s group will discover from their investigation? Circle the

response that best matches your thinking.

A The thermometer inside the mitten will have a lower temperature reading than the

thermometer on the table.

B The thermometer inside the mitten will have a higher temperature reading than

the thermometer on the table.

C Both thermometers will have the same temperature reading.

Describe your thinking. Provide an explanation for your answer.




