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Students as Scientists
|

Making Science

What does science look and feel like?

I f youodre reading this book, either as a student
ipracticeo of science. Probabl vy, someone, somewhe.
so youbve probably already h diteks. Whoddyaunpetare doiog i magi n
science? What do they look like? What are they doing?

Often when we ask people to imagine this, they draw or describe people with lab coats, people

with crazy hair, beakers and flasks of weird looking liquids that are bubbling and frothing. Maybe
therebébs even an explosion. Letbés be honest: Some s
stereotypes: people readied with their pocket protectors and calculators, figuring out how to

launch a rocket into orbit. Or maybe what comes to mind is a list of steps that you might have to

check off for your science fair project to be judged; or, maybe a graph or data table with lots of

numbers comes to mind.

So |l etds start over. When you indealgulators, isthatamhs and
you | ove? I f this describes you, thatds great. Bu
us, then go ahead and dump that i mage of science

picture yourself as a maker and doer of science. The fact is, we need scientists and citizens like
you, whoever you are, because we need all of the ideas, perspectives, and creative thinkers. This
includes you.

Scientists wander in the woods. They dig in the dirt and chip at rocks. They peer through
microscopes. They read. They play with tubes and pipes in the aisles of a hardware store to see
what kinds of sounds they can make with them. They daydream and imagine. They count and
measure and predict. They stare at the rock faces in the mountains and imagine how those came
to be. They dance. They draw and write and write and write some more.

Scientists 8 and this includes all of us who do, use, apply, or think about scienced dondét f it a
certain stereotype. What really sets us apart as humans is not just that we know and do things,
but that we wonder and make sense of our world. We do this in many ways, through painting,

religion, musi c, cul ture, poetry, and, most espec
collection of things we know. ltés a uniquely human practic
explanations for the natural world around us. This ranges from the most fundamental building

bl ocks of all matter to the widest expwondsred of spa
AWhen did time start?0, or fAWhat is the small est
other endless questions then youdre already think
youdre human, after all



But here is where wereal |y have to be <clear. Science 1isnot
Science is about a sense of wondering and the sense-making itself. We have to wonder and then

really dig into the details of our surroogoddings.
example: two young scientists under the presence of the Courthouse Towers in Arches National

Park. We can be sure that they spent some amount of time in awe of the giant sandstone walls,

but here in this photo t hey&trbeenemwashed bylrdcemtdainwi t h t h
Therebs this giant formation of sandstone | oomi ng¢
happily playing in the sand. This is ridiculous. Or is it?

How did that sand get there? Where did it come from? Did the sand come from the rock or does
the rock come from sand? And how would you know? How do you tell this story?

Look. Therebs a puddl e. How often is there a pudd
it makes swirling, layered patterns on the solid stone. There are pits and pockets in the rock, like

the one that these two scientists are sitting in, and the gritty sand and the cold water accumulate

there. And then you might start to wonder: Does the sand fill in the hole to form more rock, or is

the hole worn away because it became sand? And then you might wonder more about the giant

formation in the background: It has the same colors as the sand, so has this been built up or is it

being worn down? And if iitdés beingt dguedtilneru;p abnyd si:
being worn away then why does it make the patterns that we see in the rock? Why? How long?

What next?

Just as there is science to be found in a puddl e c
in a soap bubble, in a worm, in the spin of a dancer and in the structure of a bridge. But this thing
we call Asciencedo is only there if youdre payin

possibilities. You have to make the science by being the person who gathers information and

evidence, who organizes and reasons with this, and who communicates it to others. Most of all,

you get to wonder. Throughout all of the rest of this book and all of the rest of the science that

you will ever do, wonder should be at the heartofital. Whet her youdre a student
this wonder is what will bring the sense-making of science to life and make it your own.

Adam Johnston

Weber State University



Science and Engineering Practices

Science and Engineering Practices are what scientists do to investigate and explore
natural phenomena.

ASKING QUESTIONS AND @ @
@ DEFINING PROBLEMS a

DEVELOPING AND
UsSING MODELS

PLANNING AND CARRYING ANALYZING AND
OuT INVESTIGATIONS INTERPRETING DATA

&

UsING MATHEMATICS CONSTRUCTING
AND COMPUTATIONAL EXPLANATIONS
THINKING AND

DESIGNING
SOLUTIONS

ENGAGING IN ARGUMENT
FROM EVIDENCE

OBTAINING, EVALUATING, AND
COMMUNICATING INFORMATION




Cross Cutting Concepts

Crosscutting Concepts are the tools that scientists use to make sense of natural
phenomena.

Structure and Function

The way an object is shaped or structured
determines many of Its properties and
functions.




A Note to Teachers

This Open Educational Resource (OER) textbook has been written specifically for students as a
reputable source for them to obtain information aligned to the 3™ Grade Science Standards. The
hope is that as teachers use this resource with their students, they keep a record of their
suggestions on how to improve the book. Every year, the book will be revised using teacher
feedback and with new objectives to improve the book.

If there is feedback you would like to provide to support future writing teams please use the
following online survey: http://go.uen.org/b62
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CHAPTER 1

Standard 1TheWater Cycle

Chapter Outline

1.1 HOW ENERGY AFFECTS WATER

1.2 WATER CYCLE

1.3 SUMMARY SECTION
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Standard 1: Students will understand that water changes state as it
moves through the water cycle.

Objective 1. Describe the relationship between heat energy, evaporation and
condensation of water on Earth.

a) ldentify the relative amount and kind of water found in various locations on Earth
(e.g., oceans have most of the water, glaciers and snowfields contain most fresh
water).

b) ldentify the Sun as the source of energy that evaporates water from the surface of
Earth.

c) Compare the processes of evaporation and condensation of water.

d) Investigate and record temperature data to show the effects of heat energy on
changing the states of water.

Objective 2: Describe the water cycle.

a) Locate examples of evaporation and condensation in the water cycle (e.g.,
water evaporates when heated and clouds or dew forms when vapor is cooled).

b) Describe the processes of evaporation, condensation, and precipitation as they
relate to the water cycle.

c) ldentify locations that hold water as it passes through the water cycle (e.g.,
oceans, atmosphere, fresh surface water, snow, ice, and groundwater).

d) Construct a model or diagram to show how water continuously moves through
the water cycle over time.

e) Describe how the water cycle relates to the water supply in your community.

12



1.1 How Energy Affects Water

Is water more precious than gold?

My grandpa used to tell me wonderful
stories as | trudged behind him through the
fields of our farm. | thought he was very wise
and knew just about everything. | remember
one summer day we saw a beautiful
., ¢ rainbow after a soaking rain. The rainbow
066 | glimmered with all the beautiful colors of an
4 ar t i settedMy graralpa said there might
not be a pot of leprechaun gold at the end
of a rainbow, but rainbows hold another
secret that most people do not know. He
said, when we see a rainbow, we are seeing
evidence that air contains water. Water droplets in the air break up
sunlight into different colors. That is why we see a rainbow.

When | look at a globe, it seems as though much of our planet is
covered with water. Grandpa explained that three-fourths of Earth
Is covered with water. But the amount of water we can use is small.

Most of Earthos water is in the oc:¢
Just one percent of the water on Earth is fresh. Two percent is

frozen in the ice caps and 97 percent is salty. When we think about
Earthdéds water supmpt &, itnhatthboss en ocatmo
usable water for the six billion people living on Earth.

We live in a desert. Utah is the second driest state in the United
States of America (USA). The driest state is Nevada. Our state
receives about eleven inches of precipitation each year. Most of
this precipitation falls in the mountains in the form of snow.

13



Grandpa sai d,

friends think all they have to do
to get water is turn on the tap.

really comes from or where it
goes. We need to understand
% that we have the same amount
I8 of water on Earth today as when
the dinosaurs were stomping around millions of years ago. We
might be drinking the same water that a dinosaur drank long ago.

A Wat ¢
precious than gol d.

They donot know wh

You might be askingyour s el f , AHow can that Db

Grandpa said all the water that has been on Earth since the planet
existed has been traveling around and around on an incredible
journey called the water cycle: the continuous cycle by which
water is circulated throughout the Earth and its atmosphere. A
cycle i s a process that At hat r e
evaporation, condensation, and precipitation.

Water is a special substance. It is one of the few materials on Earth
that exists naturally as a solid, liquid, or gas. Water can be in a solid
form such as ice or snow. It can be in liquid form so we can drink it
or use it for other reasons. It can also be in the form of a gas in the
air where we can't even see it. This is called water vapor: liquid in

14
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the air in the form of a gas. But conditions need to be just right for
water to change from one form to another. These changes are
caused by changes in heat energy. When water is really cold, it
becomes a solid. When water is cool or warm, it becomes a liquid.
When water is hot, it becomes a gas.

These energy changes are measured by changes in the
temperature : a measurement of how hot or cold something is. You
have probably experienced these temperature changes when you
were playing outside. All of these forms of water are considered
part of the water cycle.

The sun is the energy source for
these changes. Without the sun, the
water cycle couldn't work. Now let's
see how the water cycle works.

15



1.2 Water Cycle

During the water cycle, we can find water in oceans, lakes,
streams, snow-capped mountains, glaciers, and groundwater.
Water from these sources enter the water cycle through
evaporation: the change of a substance from a liquid to a gas
(vapor). This makes water vapor. Activities like watering our lawns
on sunny days and splashing water at the swimming pool also add
water vapor to the air. Can you think of other water activities you
do in the summer where water evaporates?

When water evaporates into water vapor, it is pure water. All the
sediments and minerals that were in the water, while the water was
on the ground, stay on the ground. This means that the mud in
puddles, the salt in the oceans (and the Great Salt Lake), and any
pollutants in water stay on the surface of Earth.

Condensation: water vapor that cools and changes back into a
liquid. Condensation can be observed on a cloudy bathroom mirror.
Taking a bath or shower puts a lot of water vapor into the air. When
warm water vapor hits ~ ,

the cold surface of the
mirror, the water
particles in the air collect
or condense on the
surface of the mirror and
turn back to liquid as tiny
water droplets.

Think about a tall glass &

filled with lemonade and
ice cubes. Within
minutes, water vapor in
the warmer air will ===
condense on the outside =~

16



of the glass because the glass is a cold surface. This means there
Is water vapor in the air. When this water vapor hits any cold
surface, water particles will form water droplets on the object.

You have probably

observed
dew: condensation
that occurs outdoors
due to warmer air
striking a colder
surface on your
lawns on  some
mornings. The
ground was cold
enough to condense
the water vapor on
the grass to create
dew.

Clouds are formed
from condensation.
As the warmer water
vapor rises into the
air, it begins to cool
and turn back into
water droplets. The &
droplets attach |

themselves to dust
particles in the air.
This is how clouds
are formed.
Clouds are a collection of millions of tiny water droplets or ice
crystals.

17



As warm water vapor cools high in the air, it condenses into a cloud.
Grandpa said when the temperature in the clouds are cold enough,
and as the water droplets connect to each other, they get heavy
enough to fall to Earthdos surface.
earth as rain, snow, sleet, or hail. This is called precipitation.




The water cycle does not have a real starting or ending point. It is

an endless process that involves the oceans, lakes, and other

bodies of water, as well as the land surfaces and the atmosphere.

The steps in the water cycle are as follows, starting with the water

in the oceans:

1 Water evaporates from the surface of the oceans, leaving behind
salts. As the water vapor rises, it collects and is stored in clouds.

1 As water cools in the clouds, condensation occurs.

1 Condensation creates precipitation: any form of water that falls
from clouds onto Earth's surfacerl includes rain, snow, hail, and
sleet. The precipitation allows the water to return again to the
Earthoés surface.

1 When precipitation reaches land, the water can sink into the
ground to become part of our underground water reserves, also
known as groundwater. Much of this underground water is stored
in aquifers: porous layers of rock that can hold water. The water
can also become runoff: precipitation that is not absorbed by the
soil and flows over the surface of the ground, and collect in
existing lakes, rivers, streams, or other collections of water.
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