Section 1-2 1-2 How Scientists Work

1 FOCUS

Objectives Guide for Readi ng H ave you ever noticed what happens to food that is left in an
1.2.1 Describe how scientists test open trash can for a few days in summer? Creatures that
hypotheses. Key Concepts look like worms appear on the discarded food. These creatures are
. o o How do scientists test called maggots. For thousands of years people have been observ-
1.2.2 Explain how a scientific hypotheses? ing maggots on food that is not protected. The maggots seem to
theory develops. * How does a scientific theory suddenly appear out of nowhere. Where do they come from?
develop?
M Vocabulary Designing an Experiment
spontaneous generation
Vocabul ary Preview controlled experiment People’s ideas about where some living things come from have
. . manipulated variable changed over the centuries. Exploring this change can help show
Have students preview .the S.eCtIOI’]'S responding variable how science works. Remember that what might seem obvious
Vocabulary terms by skimming the theory today was not so obvious thousands of years ago.
text, finding the highlighted, bold- Reading Strategy: About 2300 years ago, the Greek philosopher Aristotle made
face terms, and writing down the Outlining As you read, make extensive observations of the natural world. He tried to explain
definitions of each in their notebooks. an outline of the main steps in a his observations through reasoning. During and after his life-
controlled experiment. time, people thought that living things followed a set of natural
Reading Strategy rules that were different from those for nonliving things. They

also thought that special “vital” forces brought some living
things into being from nonliving material. These ideas, exempli-
fied by the directions in Figure 1-7, persisted for many cen-

Have students make an outline of the
section, using the blue heads as the

first level of the outline and the green turies. About 400 years ago, some people began to challenge
heads as the second level. Explain V Figure 1-7 About 2000 years these established ideas. They also began to use experiments to
that the third and possibly fourth ago, a Roman poet wrote these answer their questions about life.
levels of the outline should be directions for producing bees.
supporting details of the topics 'r:;f::;gz ir%?v);cﬁa;;o:ntg’;lz cepted As!(ing a Questif)l"l For many years, observations seemed to
suggested by the heads. the ideas behind this recipe? indicate that some living things could just suddenly appear:
Maggots showed up on meat; mice were found on grain; and
2 ’ N ST R u CT beetles turned up on cow dung. People wondered how these
- - events happened. They were, in their own everyday way, identi-
W fying a problem to be solved by asking a question: How do new
H H living things, or organisms, come into being?
Deugpmg an Recipe for Bees g e ¢ ¢
Experlment ; - ' Forming a Hypothesis For centuries, people accepted
. . . 1. K‘“ abull dum_1g the the prevailing explanation for the sudden appearance of some
Build Science Skills first thaw of winter. F organisms, that some life somehow “arose” from nonliving
Applying Concepts Drawing from 9. Build a shed. matter. The maggots arose from the meat, the mice from the
the green headings in the students’ % Placethe deadibtll grain, and the beetles from the dung. Scholars of the day even

o TR e et s gave a name to the idea that life could arise from nonliving

text, write the steps for designing an
inside the shed. matter—spontaneous generation. In today’s terms, the idea

experiment on the board:

—

1. Ask a question of spontaneous generation can be considered a hypothesis.

2. Form j hypothesis 4. :{Valt for sgm&me; J;he In 1668, Francesco Redi, an Italian physician, proposed a dif-
. ecaying body of the : .

3. Set up a controlled experiment L et o ferent hypothes1§ for the appearance of maggots. Redi had gbserved

' that these organisms appeared on meat a few days after flies were

4. Record and analyze results - S . ;

5D usi present. He considered it likely that the flies laid eggs too small
- Draw a conclusion S for people to see. Thus, Redi was proposing a new hypothesis—

Then, have students recall a common
superstition, such as the one that
proposes that a black cat crossing
your path brings bad luck. Ask stu-
dents how they would use an
experiment to verify or disprove this
superstition, using the steps written e Issues and Decision Making, Issues and

on the board. 1.2 * Teaching Resources, Lesson Plan 1-2, Decisions 2
Adapted Section Summary 1-2, Adapted Technology:
Worksheets 1-2, Section Summary 1-2,
Worksheets 1-2, Section Review 1-2,
Enrichment

* Reading and Study Workbook A, Section 1-2

e Adapted Reading and Study Workbook B,
Section 1-2

flies produce maggots. Redi’s next step was to test his hypothesis.

e jText, Section 1-2
e Transparencies Plus, Section 1-2
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Setting Up a Controlled Experiment In science, testing
a hypothesis often involves designing an experiment. The
factors in an experiment that can change are called variables.
Examples of variables include equipment used, type of material,
amount of material, temperature, light, and time.

Suppose you want to know whether an increase in water,
light, or fertilizer can speed up plant growth. If you change all
three variables at once, you will not be able to tell which vari-
able is responsible for the observed results. ((gp Whenever
possible, a hypothesis should be tested by an experiment
in which only one variable is changed at a time. All other
variables should be kept unchanged, or controlled. This
type of experiment is called a controlled experiment. The
variable that is deliberately changed is called the manipulated
variable. The variable that is observed and that changes in
response to the manipulated variable is called the responding

variable.

Based on his hypothesis, Redi made a prediction that keep-
ing flies away from meat would prevent the appearance of
maggots. To test this hypothesis, he planned the experiment
shown in Figure 1-8. Notice that Redi controlled all variables
except one—whether or not there was gauze over each jar. The
gauze was important because it kept flies off the meat.

II{CHE(K.PG.'NT.- What was the responding variable in Redi’s experiment?

Go \‘nlir.le
activeart,
For: Redi’'s Experiment activity

Visit: PHSchool.com
Web Code: cbp-1012

V Figure 1-8 & In a controlled
experiment, only one variable is
tested at a time. Redi designed an
experiment to determine what
caused the sudden appearance of
maggots. In his experiment, the
manipulated variable was the
presence or absence of the gauze
covering. The results of this experi-
ment helped disprove the hypothesis
of spontaneous generation.

Redi’s Experiment on Spontaneous Generation

OBSERVATIONS: Flies land on meat that is left uncovered. Later, maggots appear on the meat.
HYPOTHESIS: Flies produce maggots.

PROCEDURE

Controlled Variables: ;
jars, type of meat,
location, temperature,
time

Manipulated Variable:
gauze covering that keeps

Responding Variable:
whether maggots appear

i
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Maggots appear.

Covered jars

|
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No maggots appear.

CONCLUSION: Maggots form only when flies come in contact with meat.
Spontaneous generation of maggots did not occur.

UNIVERSAL ACCESS

Less Proficient Readers

For students who have trouble
understanding the three experi-
ments discussed in the section,
spend time orally comparing
and contrasting the illustrations
in Figures 1-8, 1-10, and 1-11.
Make sure students can identify
the controlled, manipulated,
and responding variables in
each experiment. (L1

English Language Learners
Explain to students that the
word generation in the term
spontaneous generation is related
to the verb to generate, or “to
bring into existence.” Then, dis-
cuss what it means to be
“spontaneous” and how the
common meaning of the word
is related to the meaning used
in science. L1 L2

Advanced Learners
Encourage students who need a
challenge to investigate how
college science textbooks pre-
sent a systematic approach to
problem solving, often called
the scientific method. Details will
vary, though the basic principles
will be the same in all sources.
Have these students make a
presentation to the class. L3

60 Online \

active ar

For: Redi’s Experiment activity
Visit: PHSchool.com
Webh Code: cbe-1012

Students can interact online with
the art of Redi’s experiment.

Use Visuals

Figure 1-8 Ask students: What was
Redi’s hypothesis? (Flies produce mag-
gots.) Why did he design an
experiment that tested only one
variable? (He designed such an experi-
ment to make sure that any differences
he observed during the experiment were
caused by that single variable.) What
was the manipulated variable in
Redi’s experiment? (Whether or not
there was gauze over each jar) What is
the difference that you can see
between the two setups? (After sev-
eral days, maggots appear on the meat
in the uncovered jars, but no maggots
appear on the meat in the covered jars.)
L2

Build Science Skills

Designing Experiments Show stu-
dents an example or photo of moldy
bread. Explain that mold will grow
on bread that is exposed to air at
room temperature. Then, ask each
student to design an experiment to
test the effects of water and sunlight
on the growth of bread mold. Tell
students that they may use up to
four slices of bread and any materials
available in the classroom. Ask that
they ask a question, formulate a
hypothesis, and identify the manipu-
lated variable and the control in the
proposed experiment. Discuss vari-
ous experimental designs as a class.
Students should take any safety pre-
cautions necessary to prevent
exposure to mold or mold spores.

L2 L3

Answers to . . .

Izcnfcxmwr » The responding variable

was whether maggots appeared.

Figure 1-7 A typical response might
suggest that without controlled experi-
ments such a recipe could seem logical

based on prior observations.
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1-2 (continued)
Build Science Skills

Recording and Analyzing Results
Scientists usually keep written records of their
observations, or data. In the past, data were

Fin cotrafact %ﬁa&mnﬁ?ﬂiﬂgﬂé ernoes
et o e s e e S Do

Designing Experiments Divide
the class into small groups, and have
each group consider this question:
Does the amount of sleep a student
gets affect how well the student does
in school? Ask each group to design
an experiment that would address
that question. Point out that they
should ask a question, form a
hypothesis, describe a controlled
experiment, and describe how the
results could be recorded and ana-
lyzed. L2

Repeating
Investigations

Demonstration

Display a number of periodicals and
science journals for students to study,
including issues of Science and
Nature. Go over two or three of the
experiments described, pointing out
the hypothesis, the manipulated vari-
able, the responding variable, the
control, the results, and the conclu-
sion for each experiment. Then,
divide the class into small groups and
assign each group an experiment in
one of the journals to analyze accord-
ing to the experimental process
described in their textbook. L2 (L3

10 Chapter 1

A Figure 1-9 For centuries, the workings of the
human body remained a mystery. Gradually, scientists
observed the body’s structures and recorded their work
in drawings like this. This diagram dates back to
fifteenth-century Austria. Comparing and
Contrasting How does this drawing compare with the
modern illustrations in Unit 107

usually recorded by hand, often in notebooks or
personal journals. Sometimes, drawings such as
Figure 1-9 recorded certain kinds of observations
more completely and accurately than a verbal
description could. Today, researchers may record
their work on computers. Online storage often
makes it easier for researchers to review the data
at any time and, if necessary, offer a new expla-
nation for the data. Scientists know that Redi
recorded his data because copies of his work were
available to later generations of scientists. His
investigation showed that maggots appeared on
the meat in the control jars. No maggots
appeared in the jars covered with gauze.

Drawing a Conclusion Scientists use the
data from an experiment to evaluate the hypothe-
sis and draw a valid conclusion. That is, they use
the evidence to determine whether the hypothesis
was supported or refuted. Redi’s results supported
his hypothesis. He therefore concluded that the
maggots were indeed produced by flies.

As scientists look for explanations for specific
observations, they assume that the patterns in
nature are consistent. Thus, Redi’s results could
be viewed not only as an explanation about
maggots and flies but also as a refutation of the
hypothesis of spontaneous generation.

CHECKFOINT » What did Redi conclude?

Repeating Investigations

A key assumption in science is that experimental
results can be reproduced because nature behaves
in a consistent manner. When one particular
variable is manipulated in a given set of variables,
the result should always be the same. In keeping
with this assumption, scientists expect to test one
another’s investigations. Thus, communicating a
description of an experiment is an essential part of
science. Today’s researchers often publish a report
of their work in a scientific journal. Other scien-
tists review the experimental procedures to make
sure that the design was without flaws. They often
repeat experiments to be sure that the results
match those already obtained. In Redi’s day, scien-
tific journals were not common, but he communi-
cated his conclusion in a book that included a
description of his investigation and its results.

HISTORY OF SCIENCE

An emphasis on experimentation
Galileo Galilei (1564-1642) is generally consid-
ered to have established the modern scientific

method, as demonstrated in his investigations.
Some stories about Galileo cannot be verified,
including the one about the Leaning Tower of
Pisa, but his approach to the study of nature is
beyond question. He challenged Aristotle’s view

that the natural state of a body was at rest, a view
accepted for 2000 years. Galileo’s discovery of
Jupiter’s moons supported the Copernican model
of the solar system. His emphasis on experimenta-
tion as the way to prove the validity of ideas was
part of the broader movement of free thought
and skepticism that was characteristic of the
European Renaissance.




Needham'’s Test of Redi’s Findings Some
later tests of Redi’s work were influenced by

an unexpected discovery. About the time Redi
was carrying out his experiment, Anton van
Leeuwenhoek (LAY-vun-hook) of the Netherlands
discovered a world of tiny moving objects in
rainwater, pond water, and dust. Inferring that
these objects were alive, he called them “animal-
cules,” or tiny animals. He made drawings of his
observations and shared them with other scien-
tists. For the next 200 years or so, scientists could
not agree on whether the animalcules were alive
or how they came to exist.

In the mid-1700s, John Needham, an English
scientist, used an experiment involving animal-
cules to attack Redi’s work. Needham claimed
that spontaneous generation could occur under
the right conditions. To prove his claim, he sealed
a bottle of gravy and heated it. He claimed that
the heat had killed any living things that might
be in the gravy. After several days, he examined
the contents of the bottle and found it swarming
with activity. “These little animals,” he inferred,
“can only have come from juice of the gravy.”

Spallanzani’s Test of Redi’s Findings
An Italian scholar, Lazzaro Spallanzani, read
about Redi’s and Needham’s work. Spallanzani
thought that Needham had not heated his samples
enough and decided to improve upon Needham’s
experiment. Figure 1-10 shows that Spallanzani
boiled two containers of gravy, assuming that
the boiling would kill any tiny living things, or
microorganisms, that were present. He sealed one
jar immediately and left the other jar open. After a
few days, the gravy in the open jar was teeming
with microorganisms. The sealed jar remained free
of microorganisms.

Spallanzani concluded that nonliving gravy
did not produce living things. The microorganisms
in the unsealed jar were offspring of micro-
organisms that had entered the jar through the
air. This experiment and Redi’s work supported
the hypothesis that new organisms are produced
only by existing organisms.

4 n{cm’cmnn How did Spallanzani’s investigative
procedures improve upon Needham’s work?

P Figure 1-10 Spallanzani’s experiment showed that
microorganisms will not grow in boiled gravy that has
been sealed but will grow in boiled gravy that is left open
to the air. Interpreting Graphics What variable was

Gravy is boiled.
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Gravy is teeming
with microorganisms.

Gravy is free of
microorganisms.

controlled in this experiment?

HISTORY OF SCIENCE

Water teeming with “animalcules”

Anton van Leeuwenhoek had a passion for tiny
things. During a lifetime of investigation, he stud-
ied the structure of muscle, skin, hair, tooth
scrapings, and various small insects. His famous
discovery of “animalcules” occurred late in the
summer of 1674 when he returned home from
boating on a local lake with a sample of the
water. That water was cloudy, and most people at
the time thought that such cloudiness was caused

by a heavy dew. But, when Leeuwenhoek used
one of the lenses he had mounted as a micro-
scope, he was surprised to see that the water was
teeming with tiny organisms, so many that it was
cloudy with them. This and other discoveries
made him world-famous. Perhaps his most
remarkable discovery was made in 1676 when he
described tiny organisms that are now known to
have been bacteria.

Build Science Skills

Applying Concepts After students
have read about Needham'’s test of
Redi’s findings, ask: What was
Needham'’s hypothesis in his exper-
iment? (Spontaneous generation could
occur under the right conditions.) In
what way did he change Redi’s
experiment? (Needham heated a
sealed bottle of gravy. Redi never used
heat in his experiment.) What
assumption did Needham make
that made his results invalid? (He
assumed that heating the gravy killed
all the “animalcules.” That assumption
was wrong.) What is the result
when a scientist draws a conclu-
sion from data that are derived
from an invalid assumption? (The
conclusion is flawed.) L2

Use Visuals

Figure 1-10 Ask students: What
was Spallanzani’s hypothesis?
(Boiling would kill any tiny living things
in gravy, and no growth of organisms
would occur in a sealed flask.) Is boil-
ing the manipulated variable in
Spallanzani’s experiment? If not,
what is? (Boiling was not the manipu-
lated variable; the manipulated
variable was whether or not the flask
was sealed.) What variables were
kept the same, or controlled, in
his experiment? (Same gravy, same
boiling, same flasks, same time) L2

-

\.

Answers to . . .

"{cﬂfmuuwrr Redi concluded that

maggots were produced by flies.

SHECKPOINT) Spallanzani boiled the
gravy, assuming that boiling would kill
any microorganisms.

Figure 1-9 Students’ answers will
vary. A typical comparison might sug-
gest that modern illustrations are much
more realistic and accurate.

Figure 1-10 The controlled variable
was the boiling of the gravy.
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1-2 (continued)

Address Misconceptions

After reading about the experiments
of Redi, Spallanzani, and Pasteur,
some students may be confused
about the steps a scientist takes in
carrying out an experiment. To
review these steps, use the following
activity. Write the steps on a set of
index cards. Place the cards face
down on a desk or table. Have each
student pick a card at random. Ask
the students to line themselves up so
that the steps they have drawn are in
the correct order. Then, have stu-
dents take turns describing each
step. ‘L1

Build Science Skills

Applying Concepts Point out that
a jar of pasta sauce is kept on a gro-
cery store shelf or in a cupboard at
home unrefrigerated. But, once the
top is opened, the jar must be kept in
a refrigerator to keep the contents
from spoiling. Ask students: What
can you infer from Pasteur’s work
about why an opened jar must be
kept in a refrigerator? (Pasteur
showed that all living things come from
other living things, and opening the jar
exposes the contents to organisms in
the air, just as breaking the neck of the
flask did in his experiment.) Have stu-
dents write a description of a
controlled experiment they might
carry out that would test the hypoth-
esis that organisms would grow in an
opened jar of food. L2 L3

CGO \’nline

C
Download a worksheet on [’NKS
experimenting for students to com-
plete, and find additional teacher
support from NSTA SciLinks.
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Broth is boiled. Broth is free of Curved neck Broth is teeming with
microorganisms is removed. microorganisms.
for a year.
A Figure 1-11 Pasteur’s experi- Pasteur’s Test of Spontaneous Generation Well into

ment showed that boiled broth
would remain free of microorgan-
isms even if air was allowed in, as

the 1800s, some scientists continued to support the spontaneous
generation hypothesis. Some of them argued that air was a

long as dust and other particles necessary factor in the process of generating life because air

were kept out. Inferring Why did contained the “life force” needed to produce new life. They pointed
microorganisms grow after Pasteur out that Spallanzani’s experiment was not a fair test because air
broke the neck of the flask? had been excluded from the sealed jar.

In 1864, French scientist, Louis Pasteur, found a way to
finally disprove the hypothesis of spontaneous generation. He
designed a flask that had a long curved neck, as shown in Figure
1-11. The flask remained open to the air, but microorganisms
from the air did not make their way through the neck into the
flask. Pasteur boiled the flask thoroughly to kill any microor-
ganisms it might contain. Pasteur waited an entire year. In that
time, no microorganisms could be found in the flask.

About a year after the experiment began, Pasteur broke the
neck of the flask, allowing air dust and other particles to enter
the broth. In just one day, the flask was clouded from the growth
of microorganisms. Pasteur had clearly shown that microorgan-
isms had entered the flask with particles from the air. His work
convinced other scientists that the hypothesis of spontaneous
generation was not correct. In other words, Pasteur showed that
all living things come from other living things. This change in
thinking represented a major shift in the way scientists viewed
living things.

1£CHECKPG|'NT,: What improvement did Pasteur make to Redi’s experiment?

The Impact of Pasteur’s Work During his lifetime,
Pasteur made many discoveries related to microorganisms.

His research had an impact on society as well as on scientific
thought. He saved the French wine industry, which was troubled
by unexplained souring of wine, and the silk industry, which
was endangered by a silkworm disease. Moreover, he began to
uncover the very nature of infectious diseases, showing that
they were the result of microorganisms entering the bodies of
the victims. Pasteur is considered one of biology’s most remark-
able problem solvers.

HISTORY OF SCIENCE

The dawn of modern science than women, because Eve was created from
Andreas Vesalius (1514-1564) was a physician Adam'’s rib. In 1543, Vesalius published his book
from Brussels, Belgium. Because dissection of on human anatomy. It contained outstanding
human cadavers was forbidden in northern illustrations, many of which were done by a stu-
Europe, Vesalius moved to Italy in the 1530s, dent of the great Italian painter Titian. In this
where he taught anatomy at universities and per-  groundbreaking work, Vesalius showed the
formed numerous dissections. One of his human body in natural positions. It ended the
achievements was to demonstrate that men and influence of the Greek physician Galen, whose
women had the same number of ribs—the com- works on anatomy had dominated scientific
mon belief had been that men had one fewer rib  thinking since the second century.




<« Figure 1-12 In some animal field studies,
scientists observe the animals from a distance. In
other studies, researchers make measurements
and attach tracking devices to learn more about
the animal.

When Experiments Are Not Possible

It is not always possible to do an experiment to test a hypothesis.
For example, to learn how animals in the wild interact with others
in their group, researchers carry out field studies. It is necessary to
observe the animals without disturbing them. Ethical considera-
tions prevent certain experiments, such as determining the effect
on people of a chemical suspected of causing cancer. In such cases,
medical researchers may choose volunteers who have already been
exposed to the chemical. For comparison, they would study a group
of people who have not been exposed to the chemical.

When researchers design such alternative investigations,
they try to maintain the rigorous thinking associated with a
controlled experiment. They often study large groups of subjects
so that small differences do not produce misleading results.
They try to identify as many relevant variables as possible so
that most variables are controlled. For example, in a study of a
cancer-causing chemical, they might exclude volunteers who
have other serious health problems. By exerting great care in
planning these kinds of investigations, scientists can discover
reliable patterns that add to scientific knowledge.

4 JSCHECKPOINT) Why are controlled experiments sometimes impossible?

How a Theory Develops

As evidence from numerous investigations builds up, a particu-
lar hypothesis may become so well supported that scientists
consider it a theory. That is what happened with the hypoth-
esis that new organisms come from existing organisms. This
idea is now considered one of the major ideas in science. It is
called biogenesis, meaning “generating from life.”

You may have heard the word ¢heory used in everyday
conversations as people discuss ideas. Someone might say, “Oh,
that’s just a theory,” to criticize an idea that is not supported by
evidence. In science, the word theory applies to a well-
tested explanation that unifies a broad range of observa-
tions. A theory enables scientists to make accurate predictions
about new situations.

CGO \_'nline

For: Links on
experimenting
Visit: www.SciLinks.org

Web Code: cbn-1012

C[ INKS

'l ' TEACHER TO TEACHER

Before introducing Pasteur’s test of spontaneous
generation, | have students carry out a simula-
tion of his experiment. Students fill three
precleaned test tubes with 5-10 mL of nutrient
broth. Tube A is left open. Tube B is loosely fitted
with an autoclaved rubber stopper, which is
always handled with an alcohol-cleaned forceps.
Tube C is fitted with a rubber stopper pierced
with a bent piece of glass tubing that has also
been autoclaved. The three tubes are heated in a

boiling-water bath for at least 30-40 minutes
and then observed daily for about one week.
Students look for signs of turbidity. Tube A will
show growth within a day or two. Tubes B and C
will stay sterile.

—Gregory W. McCurdy
Biology Teacher
Salem High School
Salem, IN

When Experiments
Are Not Possible

Build Science Skills

Classifying Have each student write
down two topics related to biology
that he or she would like to investi-
gate and develop one hypothesis
related to each topic. Divide the class
into small groups, and ask each
group to classify the hypotheses of
each of its members according to
whether a controlled experiment
could be used in testing them. If the
answer is no, challenge groups to
explain how each hypothesis could
be investigated in a way in which
scientists could discover reliable
patterns that could add to scientific
knowledge. L2

How a Theory
Develops

Address Misconceptions

Discuss with students how the word
theory is used in everyday speech.
One dictionary definition of the word
lists conjecture and speculation as syn-
onyms. Point out that people often
use the word theory when they are
really referring to a hypothesis—for
example, “I have a theory about why
the washing machine doesn’t work.”
L1

Build Science Skills

Comparing and Contrasting Ask
students to look for examples from
the print or electronic media where
the term theory is used. Have them
determine for each example whether
the usage represents the scientific
meaning of theory or its meaning in
everyday speech. (L2

Answers to . . .

. JerEckraiNT) He used a flask with a
long curved neck to allow air, but not
microorganisms, to enter the flask.

l,{{HEEKPUWT,- Answers may include
ethical reasons. However, accept all
logical responses.

Figure 1-11 The curved neck pre-
vented microorganisms from making
their way into the flask. Once the neck
of the flask was broken, microorgan-
isms could get to the broth, where the

|_microorganisms multiplied.
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1-2 (continued)
3 ASSESS

Evaluate Understanding

Have students focus on Pasteur’s
experiment. Then, call on students at
random to state the question Pasteur
asked, explain what his hypothesis
was, describe his controlled experi-
ment, analyze the results of that
experiment, and explain what con-
clusion he drew.

Reteach

Review Redi’s experiment by having
students revisit Figure 1-8. Then,
have students write a description of
the experiment as if they were Redi
writing to a colleague. Emphasize
that they should ask a question, write
a hypothesis, explain how a con-
trolled experiment was set up,
analyze the results, and draw a con-
clusion.

P
L Writing in Science S
Students’ answers will vary. A good
response will describe the hypoth-
esis of spontaneous generation as
the idea that life could arise from
nonliving matter. Students should
explain that this hypothesis

seemed valid in light of people’s
everyday observations—that some
living things could just suddenly
appear. Any alternative scientific
exploration is acceptable. For
example, eggs were laid in rotting
meat, resulting in maggots.

Figure 1-13 & A theory is a well-
tested explanation that unifies a broad
range of observations. The theories of
plate tectonics and evolution help explain
why marsupials such as the koala (top)
and kangaroo (below) can be found only
in Australia and some nearby islands.

1-2 Section Assessment

Sometimes, more than one theory is needed to explain a
particular circumstance. For example, why are the marsupial
mammals in Figure 1-13 found only in Australia and some
nearby islands? An answer lies with the theories of plate tectonics
and evolution. Millions of years ago, when marsupials were
evolving, Australia, Antarctica, and South America were joined as
a single landmass. That landmass began to break apart, and
Australia became a separate continent. Its marsupials were thus
separated from other kinds of mammals, and they evolved as a
unique group.

A useful theory may become the dominant view among the
majority of scientists, but no theory is considered absolute truth.
Scientists analyze and critique the strengths and weaknesses of
theories. As new evidence is uncovered, a theory may be revised
or replaced by a more useful explanation. Sometimes, scientists
resist a new way of looking at nature, but over time new evi-
dence determines which ideas survive and which are replaced.
Thus, science is characterized by both continuity and change.

rting in Sclence

Critique a Hypothesis
Write a paragraph in which

1. @ Key Concept Why is
Redi’s experiment on sponta-
neous generation considered a

4. How did the design of Pasteur’s

flask help him successfully refute
the hypothesis of spontaneous

you analyze the spontaneous
generation hypothesis. Hint:

@

nteractive
Textbook

If your class subscribes to the
iText, use it to review the Key
Concepts in Section 1-2.

14 Chapter 1

. How do scientists today usually

controlled experiment? generation?

. @ Key Concept How doesa 5, Critical Thinking Making
Judgments Evaluate the impact
of Pasteur’s research on both
scientific thought and society.
What was the effect of Pasteur’s
investigations on scientists’ ideas
and people’s lives?

scientific theory compare with a
scientific hypothesis?

communicate their results and
conclusions?

In preparation, ask yourself
questions such as these:
What observations did the
hypothesis account for? Why
did it seem logical at that
time? What evidence was
overlooked or ignored?

1-2 Section Assessment

1.

2.

Redi controlled all variables but one—whether
or not there was gauze over each jar.

A hypothesis is a proposed scientific explana-
tion for a set of observations, whereas a
theory is a well-tested explanation that uni-
fies a broad range of observations.

. They often publish a report of their work in a

scientific journal.

. The curved neck of Pasteur’s flask prevented

microorganisms from the air from getting

into the broth, keeping the broth free of
microorganisms. He showed that all living
things come from other living things.

. Pasteur’s work represented a major shift in the

way scientists viewed living things. He
showed that infectious diseases were the
result of microorganisms entering bodies, and
therefore this discovery set the stage for med-
ical advances that have protected people
from diseases.
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