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How Does a Scientist Think?

Scientists use critical thinking skills to help them gather and analyze
information in order to answer questions about the natural world. In this
activity, you will use scientific thinking skills, including observing, predicting,
inferring, and analyzing, to draw conclusions about an experiment.
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INQUIRY FOCUS Observe
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Procedure
[image: image7.png]


1.
              Pour about 250 ml of water into one beaker.

2.
Drop half the lentils into the beaker. Describe what
happens to the lentils.

3.
Empty out the beaker as directed by your teacher. Pour about 250 ml of club soda
into the beaker.

4.
Repeat Step 2. Describe what happens to the lentils.
Think It Over
[image: image8.png]


Describe any differences you observed between Steps 2 and 4.

[image: image9.png]


What can you infer about the reason for the different behavior of the lentils in the
two liquids? 

[image: image10.png]


What do you predict would happen if you left lentils in club soda for 24 hours?
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Scientific Skills
Scientists use both quantitative and qualitative observations to collect data.
They also make inferences and then predict what will happen in the future.
In this activity, you will observe how a paper airplane flies, infer how to
make the airplane better, and predict how the airplane will fly with a better
design.

[image: image13.png]


INQUIRY FOCUS Evaluate the Design, Predict
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Procedure
1.
With a partner, make a paper airplane. Begin by
creasing a sheet of paper in half from top to bottom.
Continue to fold the paper until you have a paper
airplane with a nose and two wings.

[image: image15.png]
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2.
            Make two trial flights with your airplane. For
each trial, measure the  distance the plane flies with a meter stick. Make a data
table on the back of this page to record your results. Also record your observation
of how straight your  airplane flew. 

3.
Based on your observations of Trial 1 and Trial 2, predict how you can change your
airplane so that it will fly either farther or staighter. Make your changes to your
original airplane or use a new sheet of paper. Record your prediction of how your
redesigned airplane will fly.
Prediction:

4.
Test your prediction by flying your airplane. Record your observations.
Think It Over
[image: image17.png]


Were your quantitative or qualitative observations more useful for inferring how
to make a better airplane? Explain.
[image: image18.png]


Did the results of Trial 3 support your prediction? Explain why or why not.
[image: image19.png]
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Developing a Theory

In science, a theory is a well-tested explanation for a wide range of
observations. Theories may be modified to reflect new information. In this
activity, you will practice developing and modifying your own explanation
for a set of observations.

[image: image21.png]



INQUIRY FOCUS Classify
[image: image22.png]


Procedure
1.
Examine the objects. Think of a rule that could be
used to divide the objects into two groups. For
example, you might put all the metal objects in one
group and all the non-metal objects in another group.
Do not tell your partner the rule.

2.
Put ten of the objects into your two groups and show the groups to your partner.
Let your partner examine your groups for one minute. 

3.
Ask your partner what he or she thinks the rule is. Record his or her prediction.
4.
Show your partner one of the five remaining objects. Ask him or her to predict
which group it belongs in. Then put the object in the correct group. 

5.
Repeat Step 4 with the remaining objects. After you have placed all the objects,
ask your partner whether he or she has modified his or her prediction. Record his
or her new prediction below.
6
Tell your partner the rule you used.

Think It Over
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How did observations help the guesser form a prediction in Step 3?
[image: image24.png]


Did the guesser have to modify his or her prediction in Step 5? If so, how did
the guesser decide what changes to make?
[image: image25.png]
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Activities of Science

Scientists use logical reasoning—not guesses or opinions—to reach
conclusions that explain their observations. In this activity, you will
explore scientific ways of collecting evidence.
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INQUIRY FOCUS Measure, Infer
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Procedure
[image: image29.png]PRE LAB



1.
      Your teacher will assign you one of two ways to
determine the mass of each item: by holding each
item in your hands or by using a laboratory balance.
All members of your group will use the same method.

2.
Make a data table on the back of this page. Write the
label of each item in the data table.

3.
If your group determines mass by holding the objects, pick up one item in each
hand. Judge their relative mass based on what you feel. As a group, rank the
items from least mass (1) to greatest mass (6). Record your rankings in the data
table.

4.
If your group determines mass with a balance, measure each item on the
balance and record its mass in the data table. Rank the items from least mass
(1) to greatest mass (6), and record your rankings in the data table.

Think It Over
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Which groups used scientific evidence to rank the six rocks? Which groups did not
collect evidence in a scientific way?
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Which method of ranking the rocks resulted in more reliable rankings? Explain.
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Scientific Thinking

Conclusions that sound scientific but are not based on scientific  reasoning
are called pseudoscience. In this activity, you will combine materials and
observe the results. Then, you will decide which explanation of those
results represents scientific thinking.
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INQUIRY FOCUS Analyze Alternative Explanations
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Procedure
1.
Observe the two solutions. Make a data table on
the back of this page and write a description of
each solution in the data table.
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2.
                    Put on gloves, goggles, and an apron.
Then, slowly pour Solution A into the beaker containing
Solution B, being careful not to cause splashing.
Observe what happens. 

3.
Dispose of the solutions as directed by your teacher.
Wash your hands with soap.
Think It Over
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Consider these possible explanations of what you observed.

A
Solution A avoids Solution B, and when they come in contact Solution A pulls
together into a solid to try to keep away from Solution B.

B
A reaction occurred between the two solutions, and the products were a white,
solid substance and a liquid.

C
When one solution reacted with the other, the stronger solution won and
became a solid.

Which explanation or explanations are examples of scientific reasoning? Explain.
[image: image39.png]


Which explanation or explanations are examples of pseudoscience? Explain why.
[image: image40.png]
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Science and Its Methods

In order for a scientific result to be accepted, other scientists must be able
to repeat the experiment and find the same result. Scientists write careful
procedures so that other scientists will be able to replicate, or repeat, their
experiments. In this activity, you will write instructions for another group,
and see if the instructions allow the other group to replicate your results.
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INQUIRY FOCUS Communicate
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Procedure
1.
Use one set of building blocks to make a structure. Be
creative! Make notes as you build about how you’re
putting the blocks together.

2.
With your structure in place, use your notes to write
clear, detailed, and complete instructions for how to
build your structure. 

3.
Cover your structure with the cloth. Exchange your instructions and the second
set of blocks with another pair of students. Use their instructions to rebuild their
structure.

4.
Show your structure to the students that wrote the instructions. Compare your
result with their original structure.

Think It Over
[image: image44.jpg]


Were the other students able to rebuild your structure exactly using your
instructions? Explain. Did they have any problems following your instructions?
[image: image45.png]Copyright © Pearson Education, Inc., or its affillates. All Rights Reservead.



Which was harder, writing the instructions or following the other pair’s
instructions? How would you write clearer instructions next time?
[image: image46.png]POST LAB



Why is it important for scientists to communicate their procedures clearly?
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What's the Question?

Scientific investigations start with a question about the natural world.
In this activity, you will develop and test a question of your own.
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INQUIRY FOCUS Pose Questions
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Procedure
1.
Watch your teacher’s demonstration. Then observe
your prepared strip. Think of a question you could
ask about the strip that you could answer using the
materials you have. Write your question below.

2.
How could you answer your question? Write a
description of your plan below. Your plan should use
only the materials you have. Show your plan to your
teacher before you try it.
3.
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 With your teacher’s approval, use the materials to find the answer to
your question. Record your answer below.
Think It Over
[image: image51.png]OPEN Inquiry.




How were the observations you made in Step 1 related to the question you asked?
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What process did you use in Step 3 to answer your question?
[image: image53.png]


Share your results with another group. Did any groups ask a different question? If
so, what was it?
[image: image54.png]POST LAB
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It Starts With a Question

Scientific inquiry often starts with observations that lead to a question. In
this activity, you will make observations and pose a question based on your
observations. Then, you will develop a hypothesis that is a possible answer
to your question.
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INQUIRY FOCUS Pose Questions, Develop Hypotheses
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Procedure
1.
[image: image4.jpg]


 Put on your safety goggles.

2.
While one member of your group holds the meter
stick upright on the floor, another member should
drop the wooden ball from a height of 1 meter.
Observe how high the ball bounces after it hits the
floor. Make a data table on the back of this page and
record your observations.

3.
Repeat Step 1 with the rubber ball.

4.
Repeat Steps 1 and 2 two more times.

5.
With your group, brainstorm questions that are raised by your
observations of the two balls. Discuss possible answers to your
questions. Choose one question and write it below.
6.
Write a hypothesis that could be an answer to your question.
Think It Over
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How did your observations help you choose a question?
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Describe a method you could use to test your hypothesis.
[image: image60.png]
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Lab Investigation


Becoming a Learning Detective
Reviewing Content
Every scientific experiment starts with a  question
and a testable possible answer to that question,
called a hypothesis. Not all scientific questions
can be answered with controlled experiments, but
controlled experiments are one important tool
that scientists use. Controlled experiments  provide
reliable results because variables are controlled,
meaning that only one variable is purposely changed.
All other  variables must be controlled, or kept the
same. The variable that is changed on purpose is
called the  independent variable. The  dependent
variable is the variable that changes in response to
the independent variable. Other steps in a controlled
experiment include collecting and interpreting data,
drawing conclusions, and  communicating.

In this activity, you will develop a hypothesis
and conduct a controlled experiment to  investigate
factors that affect how easily people learn and
remember items on a list.

Reviewing Inquiry Focus

In this activity you will develop and test a hypothesis about one  factor
that affects how easily people learn and remember information. To
develop a hypothesis, think about the scientific question being posed.
Your hypothesis should be one possible answer to the question.
Remember that your hypothesis must also be testable.

With these statements in mind, preview the Lab Investigation. Then
answer the questions in the space provided.
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Becoming a Learning Detective
Problem

How can you test a hypothesis about factors that make
learning easier?


Procedure
1.
As a group, make two lists of six three-letter words,
each on separate sheets of notebook paper. List A
should contain nonsense words, like “zop,” “rud,” and
“tig,” that have no meaning in ordinary English. List B
should contain familiar but unrelated words like “cat,”
“bug,” or “red.”

2.
Discuss with your group what you think will happen
if people try to learn the words in each list. Write a
hypothesis about which list will be easier to learn and
remember.

3.
Present List A to five people who are not in your group.
Use the stopwatch and allow them to study the list
for one minute. After one minute, take the list away.
Then give them one minute to write down words they
remember from List A. In your data table, record the
number of words each person remembers. Calculate the
mean (average) number of words remembered by all
the people, and record that number in your data table.

4.
Present List B to the same five people. Control
variables by having them study List B for the same
length of time that they studied List A. After one
minute, take the list away. Then give them one minute
to write down words they remember from List B.
Record the number of words each person remembers.
Calculate the mean (average) number of words
remembered by all the people, and record that number
in your data table.
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Lab Investigation



Data Table

	Word List
	Test Subject
	Number of Words 
Remembered
	Mean  Number 
of Words 
Remembered

	A
	1
	
	

	
	2
	
	

	
	3
	
	

	
	4
	
	

	
	5
	
	

	B
	1
	
	

	
	2
	
	

	
	3
	
	

	
	4
	
	

	
	5
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Lab Investigation


Analyze and Conclude
Develop Hypotheses Did your results support or fail to support your
hypothesis? Explain.

Control Variables What was the dependent variable in this
experiment? What are two variables that were controlled?

Predict Do you think your results would change if you tested many
more people with each list? Why or why not? 


Interpret Data Why was it important to calculate the mean number
of words remembered for List A and List B?


Draw Conclusions What is the relationship between the familiarity of
the words on the list and how easy they are to learn and remember?
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Lab Investigation
Becoming a Learning Detective

Design Experiments Was your procedure a controlled experiment? 
Why or why not?
Pose Questions What is one other question about learning you could
investigate? Write the question and explain how you could investigate
this problem.
Develop Hypotheses Suppose you were going to investigate people’s
ability to remember three-letter words, five-letter words, and seven-let-
ter words. Write a hypothesis for this investigation.
Summarize Summarize what you learned about testing hypotheses.
List any questions that you still have.

What I learned


What I still want to know



74
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Becoming a Learning Detective
Problem
How can you test a hypothesis about factors that make
learning easier?

1.
In this activity, you and your group will design an
experiment to determine whether familiar words or
unfamiliar words are easier to learn and remember.

2.
Write a hypothesis that you will test in your experiment.
3.
Design a controlled experiment to test your
hypothesis. Write your procedure in the notebook on
the next page. Make a data table to record your
observations and calculations. Have your teacher review
and approve your procedure before you begin.
Consider the following as you design your experiment.

a.
What will the independent variable be? The
dependent variable? What variables should be
controlled?

b.
What data will you collect?

c.
What calculations will you carry out to convert
individual data to group data?
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Lab Investigation

Procedure
Data Table
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Lab Investigation
Analyze and Conclude
Control Variables What variables were controlled in your
experiment?
Identify Experimental Bias What could you do to reduce the chance
of bias in your investigation?
Interpret Data What calculations did you perform to help you
analyze your data?
Draw Conclusions Did your experiment allow you to draw a
conclusion about what makes words easy to learn and remember? If so,
describe your conclusion here. If not, explain how your experiment
could be changed to allow you to draw a conclusion.
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Lab Investigation
Becoming a Learning Detective

Evaluate Data Reliability What is one change you could make to
your experiment to make the data more reliable?
Communicate Evaluate the procedure you wrote. Does it include
enough detail to allow another scientist to replicate your work? If not,
how would you change it. Explain why this is important.
Analyze Alternative Explanations Describe one other possible
explanation for the results of your experiment.
Design Experiments Describe an experiment you could conduct to
test whether the length of a word determines how easily it is learned
and remembered.
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How Can You Explain It?

A scientific explanation makes sense of observations by using logical
reasoning. In this activity, you will make observations of a fossil. Then, you
will use logical reasoning to draw conclusions from your observations.

INQUIRY FOCUS Observe, Draw Conclusions
Procedure
1.
Examine the fossil with and without the hand lens.

2.
Record your observations on the lines below.

Think It Over
What do you think the fossil is made of? Why? Write a scientific explanation for
your conclusion.

Long ago, a common belief about fossils is that they were rocks that formed inside 
Earth and just happened to look like living things. Do you think this is a scientific
explanation for what fossils are? Why or why not?
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Posing Questions

Have you ever seen ads with scientific claims that a product will help you
lose weight, kill germs, or make a car run better? In this activity, you will
analyze scientific claims in an ad and pose questions to find out if the
claims are reliable.


INQUIRY FOCUS Pose Questions

Procedure

1.
Look through a magazine and select an ad that makes
a scientific claim. Write the claim in the table.

2.
Write down five questions that you would want
answered before you would believe the claim in
the table.

3.
Choose one of the questions and plan a way to find the answer.

Think It Over

What scientific claim did the ad make? List the two most important questions that
you would pose and want answered before believing the claim.

How might you find the answer to one of the questions you chose?

SCIENTIFIC LITERACY
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Scientific Literacy Survey

Scientific literacy is the understanding of scientific terms and principles
that allows someone to ask questions and evaluate information. In this
activity, you will create a survey to determine the scientific literacy of some
of your classmates.

INQUIRY FOCUS Draw Conclusions
Procedure
1.
With the other members of your group, design a 10-question survey that asks
about a few basic scientific terms and principles.

2.
Trade your survey with the members of another group. Have them fill it out and
return it to you.

3.
Analyze the answers to determine the scientific literacy of students in the other
group.
Think It Over
Based on answers to the survey questions, draw conclusions about the scientific
literacy of the group with whom you exchanged surveys. Are there some areas of
science in which some of them are more scientifically literate than others?

What criteria did you use to draw your conclusions?

SCIENTIFIC LITERACY
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Analyzing Claims
Assume you read an advertisement that claimed: “Our Grippo shoes have
better grip than any other shoe.” How could you use a scientific process to
evaluate this claim for truthfulness?


INQUIRY FOCUS Evaluate Scientific Claims
Procedure
1.
Observe the shoes and make a prediction about
which shoe has the best grip (requires the most force
to slide it on a smooth surface).
_______________________________________________

2.
Put one shoe on a flat, smooth surface (not a rug/carpet)
with the sole down. Place the brick on top of the shoe.
3.
Attach the hook on the end of the spring scale to the laces above the toe of
the shoe. Gently and evenly pull the other end of the spring scale until the shoe
moves forward slowly. Record the force being measured on the scale in the table.
4.
Repeat Steps 2 and 3 with the other shoes.

	Brand
	Force (N)

	Grippo
	

	W
	

	X
	

	Y
	

	Z
	


Think It Over

Which shoe required the most force to move it along the surface?

_______________________________________________________________________

Was your prediction accurate? Explain.

_______________________________________________________________________

_______________________________________________________________________

Assume you wanted to find out which bicycle tire tread had the best traction on
wet pavement. Describe an experiment you could set up to find out.

_______________________________________________________________________

_______________________________________________________________________

SCIENTIFIC LITERACY
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Sources of Information

The Internet can be a useful tool for research. However, it is important
to evaluate online sources for accuracy. In this activity, you will create
guidelines for evaluating the reliability of Internet sources.

INQUIRY FOCUS Evaluate Science in the Media
Procedure

1.
Using the Internet, research the following topic:
the reliability of Internet sources. First, list ways
to evaluate the accuracy of information gathered
on the Internet.
2.
Use what you learned to create a brochure on using Internet sources. Be sure to
outline the steps other students should follow in evaluating an Internet website.
Think It Over

What conclusion can you draw about the importance of evaluating Internet sources?


List three things to take into consideration when evaluating Internet sources.
SCIENTIFIC LITERACY
Materials


400-ml beaker


10-12 lentils


water


club soda





HOW SCIENTISTS WORK





Materials


sheet of paper


meter stick








HOW SCIENTISTS WORK





Materials


15 small objects





THE CHARACTERISTICS OF SCIENTIFIC KNOWLEDGE





Materials


6 rocks, labeled A–F


balance





THE CHARACTERISTICS OF SCIENTIFIC KNOWLEDGE





Materials


goggles


apron


plastic gloves


beaker of Solution A


beaker of Solution B








THE CHARACTERISTICS OF SCIENTIFIC KNOWLEDGE





Materials


2 sets of building blocks,


per team


cloth cover








THE CHARACTERISTICS OF SCIENTIFIC KNOWLEDGE





Materials


a strip of pH paper�prepared by your�teacher


cup of vinegar


cup of water


cup of milk of magnesia


2 new strips of pH�paper





DESIGNING AN EXPERIMENT





Materials


goggles


meter stick


wooden ball


rubber ball





DESIGNING AN EXPERIMENT





The mean, or average, of a set�of data is the sum of all the�values divided by the number of�items. The median is the middle�number when the data values�are arranged in numerical  order.�The mode is the value that�occurs most often. What are the�mean, median, and mode of this�data set?


Data�
18, 10, 14, 15, 17, 19, 21, �18, 12�
�
Mean = __________


Median = __________


Mode = __________








DESIGNING AN EXPERIMENT





What will you investigate in this activity? 	


Is a hypothesis always the correct answer to a scientific question? Explain.


	


	








INQUIRY FOCUS


Develop Hypotheses,


Draw Conclusions


Materials


stopwatch


2 sheets of


notebook paper








DESIGNING AN EXPERIMENT





BECOMING A LEARNING


DETECTIVE continued





DESIGNING AN EXPERIMENT





BECOMING A LEARNING


DETECTIVE continued





designing an experiment





Relate Evidence and Explanation In this activity, you investigated how easy it was to�learn and remember different kinds of information. Suppose you have been asked to�speak to a class of fifth graders. These students must memorize a lot of information�for an upcoming test. Use what you learned in your experiment to develop a�two-minute lesson about memorization to share with the students.








designing an experiment





INQUIRY FOCUS


Develop Hypotheses,�Design Experiments


Materials


stopwatch








Design an Experiment





designing an experiment





becoming a learning�detective  continued





designing an experiment





becoming a learning�detective  continued





designing an experiment





Analyze Experimental Results Think of another question related to the topic of�learning that you could investigate using a controlled experiment. Use appropriate ref-�erence materials to research the problem you have chosen. Then, plan an experiment�to answer the question. Present a brief lesson to your class that introduces the problem�or question, describes the information from the reference materials, and explains the�experimental procedure. Carry out your experiment with your class members as the�test subjects.








designing an experiment





Materials


fossil


hand lens





designing an experiment





Materials


popular magazine





Magazine Ad for 	


Scientific Claim:


Questions that could help evaluate the claim:


1.


2.


3.


4.


5.





Materials


5 sneakers


1 brick


1 spring scale, 0 to 30 N





Materials


Internet connection


paper


scissors


ruler


colored pencils








