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Scientific Thinking Handbook

Making Observations

An observation is an act of noting and recording an event, character-
istic, behavior, or anything else detected with an instrument or with
the senses.

Observations allow you to make informed hypotheses and to gather data for
experiments. Careful observations often lead to ideas for new experiments.
There are two categories of observations:
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¢ Quantitative observations can be expressed in numbers and include
records of time, temperature, mass, distance, and volume.

¢ Qualitative observations include descriptions of sights, sounds, smells,
and textures.

EXAMPLE

A student dissolved 30 grams of Epsom salts in water, poured the solution into
To determine the mass. the | @ dish, and let the dish sit out uncovered overnight. The next day, she made

student found the mass of the following observations of the Epsom salt crystals that grew in the dish.
the dish before and after

growing the crystals and Table 1. Observations of Epsom Salt Crystals
then used subtraction to

find the difference. Quantitative Observations Qualitative Observations
\.
f‘ *mass = 30 g  Crystals are clear.
The student measured sever- W - mean crystal length = 05 om - Crystals are long, thin, and

al crystals and calculated the rectangular.

mean length. (To learn how
to calculate the mean of a
data set, see page R36.)

- longest crystal length = 2 cm
- White crust has formed around
edge of dish.

Photographs or sketches
are useful for recording
qualitative observations.

Epsom salt crystals

MORE ABOUT OBSERVING

e Make quantitative observations whenever possible. That way, others will
know exactly what you observed and be able to compare their results
with yours.

e |t is always a good idea to make qualitative observations too. You never
know when you might observe something unexpected.
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Predicting and Hypothesizing

A prediction is an expectation of what will be observed or what will
happen. A hypothesis is a tentative explanation for an observation or
scientific problem that can be tested by further investigation.

EXAMPLE

Suppose you have made two paper airplanes and you wonder why one of
them tends to glide farther than the other one.
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1. Start by asking a question. o
i
2. Make an educated guess. “~s 1 Why does one of the paper airplanes
After examination, you notice Z: dlide farther than the other?
that the wings of the airplane :‘e
that flies farther are slightly z:: 2. The size of an airplane’s wings may
larger than the wings of the Ly affect how far the airplane will glide.
('—'—h\
other airplane. Pl
: - < 3 Prediction: If | make a paper airplane
»
3. Write a prediction basgd upon “~ with larger wings, then the airplane will
your educated guess, in the :‘c glide farther
form of an “If . . ., then . ..” —
statement. Write the indepen- ;‘r)]dre;f 2:3::};‘;‘;?2%?35“
dent variable after the word i, see page R30. '
and the dependent variable &
after the word then. “~s 4 Hypothesis: If | make a paper airplane
o with larger wings, then the airplane will

4. To make a hypothesis, explain

ol e <k vt e glide farther, because the additional

surface area of the wing will produce

£
&
&
predicted will occur. Write the < more lift. A
&

explanation after the word Notice that the part

because. of the hypothesis
after because adds
an explanation of
why the airplane

MORE ABOUT HYPOTHESES will glide farther.

e The results of an experiment cannot prove that a hypothesis is correct.
Rather, the results either support or do not support the hypothesis.

e Valuable information is gained even when your hypothesis is not supported
by your results. For example, it would be an important discovery to find
that wing size is not related to how far an airplane glides.

e In science, a hypothesis is supported only after many scientists have
conducted many experiments and produced consistent results.

Scientific Thinking Handbook R3




Full Page View Section  Page Page Section

i Goto classzone.com )  Table of Contents ) %) @ E]) «_«) g) Page 3 0f 8 P) Z»)

SCIENTIFIC THINKING
HANDBOOK

Inferring

An inference is a logical conclusion drawn from the available
evidence and prior knowledge. Inferences are often made
from observations.

EXAMPLE

A student observing a set of acorns noticed something unexpected about one
of them. He noticed a white, soft-bodied insect eating its way out of the acorn.

“~ R
The student recorded these Observations
observations. - There is a hole in the acorn, about 05 cm in
Pk diameter, where the insect crawled out.
(t\: - There is a second hole, which is about the size
<., of a pinhole, on the other side of the acorn.
S5 - The inside of the acorn is hollow
PR
Here are some inferences Inferences
that can be made on the * The insect formed from the material inside the
basis of the observations. acorn, grew to its present size, and ate its way
. out of the acorn.
D
:‘a - The insect crawled through the smaller hole, ate
;‘ the inside of the acorn, grew to its present size, (Wh 3 h
< 2 and ate its way out of the acorn. yvnen you make
o T inferences, be sure to
e An egg was laid in the acorn through the look at all of the evi-
:: smaller hole. The egg hatched into a larva that dence available and
., atetheinside of the acorn, grew to its present | combine it with what
<., size and ate its way out of the acorn. you already know.
e \ J
-
&
e D
=
Z

MORE ABOUT INFERENCES

Inferences depend both on observations and on the knowledge of the people
making the inferences. Ancient people who did not know that organisms are
produced only by similar organisms might have made an inference like the
first one. A student today might look at the same observations and make the
second inference. A third student might have knowledge about this particular
insect and know that it is never small enough to fit through the smaller hole,
leading her to the third inference.
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Identifying Cause and Effect

In a cause-and-effect relationship, one event or characteristic is the
result of another. Usually an effect follows its cause in time.

There are many examples of cause-and-effect relationships in everyday life.

Turn off a light. Room gets dark.
Drop a glass. Glass breaks.
Blow a whistle. Sound is heard.

A004dNVH
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Scientists must be careful not to infer a cause-and-effect relationship just
because one event happens after another event. When one event occurs after
another, you cannot infer a cause-and-effect relationship on the basis of that
information alone. You also cannot conclude that one event caused another
if there are alternative ways to explain the second event. A scientist must
demonstrate through experimentation or continued observation that an

event was truly caused by another event.

EXAMPLE

Make an Observation

Suppose you have a few plants growing outside. When the weather starts
getting colder, you bring one of the plants indoors. You notice that the plant
you brought indoors is growing faster than the others are growing. You cannot
conclude from your observation that the change in temperature was the cause
of the increased plant growth, because there are alternative explanations for
the observation. Some possible explanations are given below.

e The humidity indoors caused the plant to grow faster.
e The level of sunlight indoors caused the plant to grow faster.

e The indoor plant’s being noticed more often and watered more often than
the outdoor plants caused it to grow faster.

e The plant that was brought indoors was healthier than the other plants

to begin with.
To determine which of these factors, if any, caused the indoor plant to See pages R28-R35
grow faster than the outdoor plants, you would need to design and conduct for infarmation
. about designing
an experiment. experiments.

Scientific Thinking Handbook R5
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Recognizing Bias

Television, newspapers, and the Internet are full of experts claiming
to have scientific evidence to back up their claims. How do you know
whether the claims are really backed up by good science?

Bias is a slanted point of view, or personal prejudice. The goal of scientists
is to be as objective as possible and to base their findings on facts instead of
opinions. However, bias often affects the conclusions of researchers, and it is
important to learn to recognize bias.

When scientific results are reported, you should consider the source of the
information as well as the information itself. It is important to critically analyze
the information that you see and read.

SOURCES OF BIAS

There are several ways in which a report of scientific information may be
biased. Here are some questions that you can ask yourself:

1. Who is sponsoring the research?

Sometimes, the results of an investigation are biased because an organiza-
tion paying for the research is looking for a specific answer. This type of
bias can affect how data are gathered and interpreted.

2. Is the research sample large enough?

Sometimes research does not include enough data. The larger the sample
size, the more likely that the results are accurate, assuming a truly random
sample.

3. In a survey, who is answering the questions?

The results of a survey or poll can be biased. The people taking part in
the survey may have been specifically chosen because of how they
would answer. They may have the same ideas or lifestyles. A survey or
poll should make use of a random sample of people.

4. Are the people who take part in a survey biased?

People who take part in surveys sometimes try to answer the questions
the way they think the researcher wants them to answer. Also, in surveys
or polls that ask for personal information, people may be unwilling to
answer questions truthfully.

SCIENTIFIC BIAS

It is also important to realize that scientists have their own biases because of
the types of research they do and because of their scientific viewpoints. Two
scientists may look at the same set of data and come to completely different
conclusions because of these biases. However, such disagreements are not
necessarily bad. In fact, a critical analysis of disagreements is often responsible
for moving science forward.
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Identifying Faulty Reasoning

Faulty reasoning is wrong or incorrect thinking. It leads to mistakes
and to wrong conclusions. Scientists are careful not to draw unreason-
able conclusions from experimental data. Without such caution, the
results of scientific investigations may be misleading.

EXAMPLE

Scientists try to make generalizations based on their data to explain as much
about nature as possible. If only a small sample of data is looked at, however, a
conclusion may be faulty. Suppose a scientist has studied the effects of the El
Nifio and La Nifa weather patterns on flood damage in California from 1989
to 1995. The scientist organized the data in the bar graph below.

A004dNVH
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The scientist drew the following conclusions: Flood and Storm Damage in California
. o 2000
1. The La Nina weather pattern has no effect on EE
flooding in California. 53 1500
2. When neither weather pattern occurs, there is | @ Z 1000 Weak-moderate
= i,
almost no flood damage. EZS ool El Nifio
. % E | Strong El Nifio
3. A weak or moderate El Nifio produces a small | 0
or moderate amount of flooding. 1989 1992 1995
4. A strong El Nifio produces a lot of flooding. Starting year of season
(July 1-June 30)
For the SiX'year periOd of the scientist’s investiga— SOURCE: Governor’s Office of Emergency Services, California

tion, these conclusions may seem to be reasonable.
However, a six-year study of weather patterns may be too small of a sample for
the conclusions to be supported. Consider the following graph, which shows
information that was gathered from 1949 to 1997.

Flood and Storm Damage in California from 1949 to 1997
%) —_
g g 2000
§=° 1500
=5
2 0 1000
© o
E= 500
% E
|.u O'I'.'"l' '|""|'_-""l"-!"'l""l"'|'_'|""|
1949 1953 1957 1961 1965 1969 1973 1977 1981 1985 1989 1993 1997
Weak-moderate El Nifio Weak-moderate La Nifia Starting year of season
W Strong El Nifio M Strong La Nifia
. (JU|y 1-June 30) SOURCE: Governor’s Office of
Neither Emergency Services, California

The only one of the conclusions that all of this information supports is number 3:
a weak or moderate El Nifio produces a small or moderate amount of flooding.
By collecting more data, scientists can be more certain of their conclusions and
can avoid faulty reasoning.
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Analyzing Statements

To analyze a statement is to examine its parts carefully. Scientific find-
ings are often reported through media such as television or the
Internet. A report that is made public often focuses on only a small
part of research. As a result, it is important to question the sources

of information.

Evaluate Media Claims

To evaluate a statement is to judge it on the basis of criteria you've estab-
lished. Sometimes evaluating means deciding whether a statement is true.

Reports of scientific research and findings in the media may be misleading
or incomplete. When you are exposed to this information, you should ask
yourself some questions so that you can make informed judgments about
the information.

1. Does the information come from a credible source?

Suppose you learn about a new product and it is stated that scientific
evidence proves that the product works. A report from a respected news
source may be more believable than an advertisement paid for by the
product’s manufacturer.

2. How much evidence supports the claim?

Often, it may seem that there is new evidence every day of something in
the world that either causes or cures an illness. However, information that
is the result of several years of work by several different scientists is more
credible than an advertisement that does not even cite the subjects of the
experiment.

3. How much information is being presented?
Science cannot solve all questions, and scientific experiments often have
flaws. A report that discusses problems in a scientific study may be more
believable than a report that addresses only positive experimental findings.
4. Is scientific evidence being presented by a specific source?

Sometimes scientific findings are reported by people who are called
experts or leaders in a scientific field. But if their names are not given or
their scientific credentials are not reported, their statements may be less
credible than those of recognized experts.
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Differentiate Between Fact and Opinion

Sometimes information is presented as a fact when it may be an opinion.
When scientific conclusions are reported, it is important to recognize
whether they are based on solid evidence. Again, you may find it helpful to
ask yourself some questions.

1. What is the difference between a fact and an opinion?

A fact is a piece of information that can be strictly defined and proved
true. An opinion is a statement that expresses a belief, value, or feel-
ing. An opinion cannot be proved true or false. For example, a person’s
age is a fact, but if someone is asked how old they feel, it is impossible
to prove the person’s answer to be true or false.

2. Can opinions be measured?

Yes, opinions can be measured. In fact, surveys often ask for people’s
opinions on a topic. But there is no way to know whether or not an
opinion is the truth.

HOW TO DIFFERENTIATE FACT FROM OPINION

Human Activities and the Environment

P Unfortunately, human use of fossil fuels is one of
Opinions the most significant developments of the past
Notice words or phrases ® ¢ canturies. Humans rely on fossil fuels, a non-
that express beliefs or
feelings. The words renewable energy resource, for more than 90
unfortunately and percent of their energy needs.
careless show that
opinions are being This careless misuse of our planet’s resources
expressed. has resulted in pollution, global warming, and the

\. . . "

destruction of fragile ecosystems. For example, oil
pipelines carry more than one million barrels of

4 N\ . . .
Opinion oil each day across tundra regions. Transporting
Look for statements that oil across such areas can only result in oil spills
speculate about events. that poison the land for decades.

These statements are
opinions, because they
cannot be proved.

<4

<4

\.

Facts

Statements that

contain statistics
tend to be facts.

Writers often use
facts to support

their opinions.
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