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Preface to Science Explorer

Welcome to Science Explorer. As the program lead author, one which is used by more students than any
other in the United States, I know you will find this text engaging and fascinating.

Every aspect of Science Explorer is designed to motivate students to think about the science they are
learning. This is, by definition, an inquiry approach to teaching and learning science. Why is inquiry
so important? In today’s world, in which nations are both competing and cooperating with one
another, individuals and nations will perform well are those who are able to think scientifically, to
identify critical questions to study, to carry out complicated procedures to eliminate all possibilities
except the one under study, to discuss, share and argue with colleagues, and to adjust what you know
based on that social interaction. This is the precise focus of Science Explorer.

Science Explorer is designed around numerous hands-on activities that stimulate students to think
like scientists. Different kinds of activities — Discover, Try This, At Home and Skills Activities —
involve students in relatively short term investigations that focus on individual inquiry skills like
inferring, graphing and classifying. Other activities — Labs, Chapter Projects, and Tech and Design —
allow students to do inquiry in greater depth and for greater periods of time. This combination of
ways to approach inquiry is just what is envisioned by many international reports.

The text in Science Explorer is designed to engage students intellectually. It is animated and focused
on teaching important content. All of the text has undergone the most detailed of reviews to ensure
accuracy and suitability for students. Graphics of various sorts are an integral part of the program
because they actively invite students to engage with the text by asking questions that require thoughtful
analysis. I invite you to select a section randomly from any of the books and read it. I know you will
be struck by the captivating writing style and the way that it reaches out to grab students’ interest.

Since inquiry is such an important aspect of the program, let me share some quick questions that I
used when designing activities for Science Explorer. I think you will find them useful when you are
teaching the program. To make sure you are getting students involved in inquiry, ask yourself:

1. Who asks the question? That is, who asks the question that focuses the investigation (e.g., “What
effect does the tilt of the earth have on seasons?” or “What effect does pH have on litmus paper?”
or “Which antacid best neutralizes acid?”)? Is it the student, the teacher or the book? In most
curricula, these are an element given in the materials. However, as a teacher you need to plan
activities that, at least on a periodic basis, allow students to pursue their own questions.

2. Who designs the procedures? I am speaking here of activity procedures for an investigation. Who

designs this process for gathering information? In order to gain experience with the logic
underlying inquiry, students need continuous practice with designing procedures. Some labs,
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where the primary target is content acquisition, designate procedures. But others should ask

students to do so.

3. Who decides what data to collect? Here, the focus is on the data itself. What data is important
and who determines that? To answer this question, students must have a deep understanding of
what they are trying to accomplish.

4. Who formulates explanations based upon the data? Do the text materials or the teacher give the
answers? Or do questions posed at the end of activities make students think about what they are
doing and then analyze and draw conclusions based on their data? The bottom line — are you
and the curriculum making students think?

5. Who communicates and justifies the results? Do activities push students not only to
communicate, but to justify their answers? Are activities thoughtfully designed and interesting
so that students want to share their results and argue about conclusions?

6. What kind of classroom climate is set up so that students can wrestle with the difficult questions
posed during a good inquiry? Setting up an intellectually positive climate that stimulates
students to think is the responsibility of the teacher. Do students know that they are expected to
think and grapple with data? Or is there a sense among them that they will pretend to learn if
the teacher pretends to teach?

I think you will find that Science Explorer promotes good results related to all six of these questions.
I’ know your students will enjoy the program; I am also confident that you will learn to be a better
science teacher with the program.

Michael Padilla

Lead Author, Science Explorer
Associate Dean and Professor

Eugene T. Moore School of Education
Clemson University

Clemson, South Carolina

USA
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'NATURE OF SCIENCE
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s a child growing up in Mexico, long before
he won a Nobel Prize in chemistry, Mario Molina
enjoyed playing with science. “I was always
interested in chemistry sets or toy microscopes.
With the microscope in front of me, I'd take a
piece of lettuce, put it in water, and let it rot and
really stink. To see the life teeming in a drop of
water—that for me was fascinating. Even then I
realized it would be great if I could become a
research scientist.”

What Mario wanted to do, he decided, was
“actually use science for things that affect society.”
Mario Molina began by looking at the chemicals
people put into the air.

Dr. Mario Molina Born in Mexico City, chemist
Mario Molina is now a Professor of Earth,
Atmospheric, and Planetary Sciences at the
Massachusetts Institute of Technology in
Cambridge, Massachusetts. In 1995, Professor
Molina, Sherwood Rowland, and Paul Crutzen
won the Nobel Prize in Chemistry for their work
on CFCs and the ozone layer.




Chlorine Ozone

Cycle of Ozone Destruction

Chlorine
monoxide Oxygen
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Chlorine from CFCs and
ozone (O3) combine to form
chlorine monoxide and oxygen.

Chlorine

Sunlight
peroxide
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Chlorine peroxide reacts with
sunlight to form oxygen and chlorine.
The chlorine atoms are then free to
begin the cycle again.

Asking Simple Questions
In the early 1970s, one of Dr. Molina’s
co-workers, Sherwood Rowland,
heard about a group of compounds
called chlorofluorocarbons, or CECs.
CFCs were used in air conditioners,
refrigerators, and aerosol spray cans,
but leaked into the air. “It is something
that is not natural, but is now in the
atmosphere all over the planet.” What
happens to these compounds in the air,
Rowland and Molina wondered, and
what do they do to the air?

“We didn’t know ahead of time if
CFCs were doing damage or not,” Dr.
Molina explains. “So what we did was
study what was going on. We learned
that CFCs aren’t changed much down
near Earth. But we expected that if
they got high enough in the
atmosphere, solar radiation would
destroy them.”

Radiation is how energy from the
sun reaches Earth. Ultraviolet (UV)
rays, a form of radiation, break

Chlorine Oxygen

Chlorine Chlorine
monoxide peroxide

&P &P 0

Two chlorine monoxide
molecules combine to
form chlorine peroxide.

compounds apart and change them.
“Above a certain altitude, everything
falls apart. We had to learn how high
CFCs went and how long it took
them to get there. Then we asked:
What does it mean that CFCs are
up there?”

A Protective Shield
in the Sky

In his laboratory, Dr. Molina studied
how ultraviolet light changes CFCs.
“It became clear that these molecules
would be destroyed by UV rays in the
stratosphere—the upper atmosphere,
where the ozone layer is. At the time,
I didn’t even know what the ozone
layer was.”

But Mario Molina learned fast.
The ozone layer is a thin layer of the
atmosphere that contains ozone, a
form of oxygen. The ozone blocks out
UV rays from the sun. UV rays would
be dangerous to living things if they
reached Earth’s surface.

In a 1987 internation
treaty, the United
States and other
industrial nations
agreed to reduce the
use of CFCs in spray
cans and other
products.

Le1



Changes in the ozone layer over Antarctica, 1979 to 1993

In 1979, thinning of
the ozone layer was

visible in satellite
images.

These images of the
South Pole, taken by
satellite between
1979 and 1993,
show a hole
developing in the
ozone layer of the
atmosphere. The

- changing size and
color of the image
over the pole
represent how
quickly the hole
increased.
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In 1985, a hole in
the ozone layer was
clearly visible.

—s—— Less ozone

Dr. Molina learned something
very disturbing. When the sun’s rays
break CFCs apart, chlorine forms.

A chain of chemical changes that
destroys ozone then begins. “Very
small amounts of CFCs can have very
big effects on ozone.”

A Scary Prediction
Comes True
Mario Molina and his co-workers
made a frightening prediction. If
CFCs can reach the stratosphere, they
will eventually damage the protective
ozone layer. Other scientists thought
Mario Molina was wrong or
exaggerating. But more and more
evidence came in. Researchers sent
balloons up into the stratosphere with
scientific instruments to measure
chlorine formed by CFCs. They found
that CFCs were in the stratosphere
and that the sun’s rays were breaking
them down.

Was the ozone layer being hurt?
Yes. Over Antarctica, there was an

Shown here is the ER-2 aircraft,
which was used to measure gases in

the ozone hole over Antarctica. p

In 1989, the hole in
the ozone layer was
expanding.

In 1993, the damage
to the ozone layer
was even worse.

More ozone —=

“ozone hole,” an opening in the ozone
layer. The hole lets in harmful
radiation from the sun. “That was a
surprise to us and to everybody. It was
a very large effect that we hadn’t
predicted. Some scientists thought the
ozone hole was natural, but we thought
it was caused by CFCs. We checked it
out by doing experiments from
Antarctica. In a couple of years it
became very clear that this hole was a
result of the CFCs.”

Scientist and Speaker
Dr. Molina now had to convince
people to stop making and using
CFCs. “We were lucky that the effect
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Chlorine Levels in the Atmosphere 1960-2100
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The graph shows that the level of
chlorine in the atmosphere would
have increased rapidly if controls on

CFCs had not been passed. With
controls in place, the amount of

Chlorine Levels

" Predicted levels without controls

@) Antarctica ozone hole found

over Antarctica was so large. That
made it easy to measure and test. But
similar effects exist everywhere. As
scientists we had to inform the public
and the government. If you’re
convinced that you’re right and that
something dangerous is going to
happen, you need to risk speaking out.”
Mario Molina went to the U.S.
Senate and to other governments. He
was able to show how UV radiation
was causing damage. “There was
damage to some crops, damage to
growing fish, damage that we can
already see and measure today.”
Finally, the world listened.
Through the United Nations, an

chlorine in the atmosphere should
gradually decrease to levels in the

light blue region of the graph. The
ozone hole should then close.

" Actual levels with controls

= = Predicted levels with controls

agreement was signed by most
industrial nations to stop using CFCs
by the year 2000.

Work Still to Do
“Everybody has to work together,”
chemist Molina says. He has done
more than his share. He gave
$200,000 of his Nobel Prize money
to help train scientists from Latin
America and other developing
countries. “There is a need to
understand our planet, and we need
very good minds to work on these
problems. There are big challenges
out there,” he says with a confident
smile, “but fortunately science is
fascinating.”

In Your Journar z

Mario Molina particular|
] Y wants to know how
chemicals made by people get into the
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