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2 Scientific 
Inquiry

Objectives
After this lesson, students will be able to
P.1.2.1 Explain what scientific inquiry 
involves.
P.1.2.2

 

Describe how to develop a 
hypothesis and design an experiment.

 

P.1.2.3

 

Differentiate between a scientific 
theory and a scientific law.

Target Reading Skill

 

Building Vocabulary

 

Explain that 
knowing the definitions of key terms helps 
students understand what they read.

 

Answers

 

Sample answers: 

 

scientific inquiry 

 

(A process 
that includes the different ways that scientists 
find out about the natural world)

 

; 

 

hypothesis 

 

(One possible answer to a scientific question)

 

; 

 

 

 

variable 

 

(Something that can change in an 
experiment)

 

; 

 

manipulated variable 

 

(The 
variable that is changed on purpose during 
an experiment)

 

; 

 

responding variable 

 

(The 
variable that changes in response to changes in 
the manipulated variable)

 

; 

 

controlled 
experiment

 

; 

 

(An experiment in which only 
one variable is manipulated)

 

; 

 

operational 
definition

 

; 

 

(A description of how to measure a 
variable or define a term)

 

; 

 

data 

 

(Facts, figures, 
and other evidence that a scientists collects 
through observing) 

 

Students should also 
define

 

 communicating, scientific theory

 

, and 

 

scientific law

 

.

Preteach

 

Build Background 
Knowledge

 

Solving Everyday Problems

 

Ask: 

 

What are some problems you’ve solved 
recently, such as having to fix something or 
having to decide how to proceed in treating 
an injury or illness? 

 

(Students might describe 
fixing a broken bicycle or overcoming a sports 
injury.) 

 

What were the steps you used in 
solving this problem? 

 

(Sample answer: The 
first step was trying to figure out exactly what 
was wrong. The next step was considering 
alternative solutions and deciding which was 
best.)
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Skills Focus

 

Posing questions

 

Materials

 

2 hard-boiled eggs, 2 beakers, 
sugar

 

Time

 

10 minutes

 

Tips

 

For each group, fill two beakers with 
500 mL of water. Add sugar to one beaker  
so that an egg will float—170 g (3/4 cup) 
sugar works well. Water may need to be 
heated to dissolve sugar; let cool.

 

Expected Outcome

 

Students will 
observe that the egg placed in one beaker 
will sink and the egg placed in the other 
beaker (with sugar water) will float.

 

Think It Over

 

Sample answer: Why did 
one egg sink and the other float? The 
answers could be found out by testing to 
see if the eggs and the water in each beaker 
are different.
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2 Scientific Inquiry

What’s Happening?
1. Your teacher will give you two eggs 

and two beakers filled with water.
2. Put one egg in each beaker. Observe 

what happens.

Think It Over
Posing Questions Write down three questions you have about 
your observations. How could you find out the answer?

Reading Preview
Key Concepts
• What is scientific inquiry? 

• What makes a hypothesis 
testable?

• How do scientific theories differ 
from scientific laws?

Key Terms
• scientific inquiry   
• hypothesis   • variable   
• manipulated variable   
• responding variable   
• controlled experiment   
• operational definition   • data
• communicating   
• scientific theory   • scientific law

Target Reading Skill
Building Vocabulary  A definition 
states the meaning of a word or 
phrase by telling about its most 
important feature or function. 
After you read this section, reread 
the paragraphs that contain 
definitions of Key Terms. Use all the 
information you have learned to 
write a definition of each Key Term 
in your own words.

A snowy tree cricket

“Chirp, chirp, chirp.” It is one of the hottest nights of summer
and your bedroom windows are wide open. On most nights,
the quiet chirping of crickets gently lulls you to sleep, but not
tonight. The noise from the crickets is almost deafening.
“Chirp, chirp, chirp, chirp, chirp!”

Why do all the crickets in your neighborhood seem deter-
mined to keep you awake tonight? Could the crickets be chirp-
ing more because of the heat? How could you find out?

As you lie awake, you are probably not thinking much
about science. But, in fact, you are thinking just as a scientist
would. You made observations—you heard the loud chirping
of the crickets and felt the heat of the summer night. Your
observations led you to infer that heat might cause increased
chirping. You might even make a prediction: “If it’s cooler
tomorrow night, the crickets will be quieter, and I can get a
good night’s sleep!”

Although you might not know it, your thinking and ques-
tioning is the start of the scientific inquiry process. Scientific
inquiry refers to the diverse ways in which scientists study
the natural world and propose explanations based on the
evidence they gather. If you have ever tried to figure out why
your CD player has stopped working, then you have used
scientific inquiry. Similarly, you could use scientific inquiry
to find out whether there is a relationship between the air
temperature and crickets’ chirping.

� 

 



   

Instruct

 

Posing Questions

 

Teach Key Concepts

 

Beginning Inquiry With Questions

 

Focus

 

Explain to students that a scientist 
often begins the process of inquiry by posing 
questions about an observation.

 

Teach

 

Have students think about the 
example of a CD player that stopped 
working. Then, elicit responses from 
students about what questions they might 
ask themselves based on the observation that 
the CD player doesn’t work. Have students 
assess how each question might lead to 
scientific inquiry that would involve 
gathering evidence.

 

Apply

 

Tell students that a local biologist 
observes one summer that a certain species 
of bird once common to your area no 

 

longer can be found. Ask: 

 

Given this 
observation, what scientific questions 
do you think the biologist would ask to 

 

begin a scientific inquiry? 

 

(Sample 
questions: Why has the bird disappeared 
from the area? Has a disease wiped out the 
population? Has the environment changed 

 

in some way?) 

 

learning modality: verbal

 

Independent Practice
Teaching Resources

 

•

 

Guided Reading and Study Worksheet: 

 

Scientific Inquiry

 

 

 

Student Edition on Audio CD
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Skills Focus

 

Classifying

 

Time

 

10 minutes

 

Tips

 

This can be either an individual or a 
group activity.

 

Expected Outcome

 

Students will 
typically judge that the first question 
cannot be answered by scientific inquiry, 
since the answer may simply be a matter of 
taste. Some students may say that the word 

 

better

 

 can be interpreted in terms of health 
or some other measurable quality. The 
second question is a scientific question 
because it can be answered by making 
observations and gathering evidence. The 
third question is not a scientific question, 
because any answer would be about 
personal preferences.

 

 

 

learning modality: 
verbal

The temperature
is really warm 

tonight.

I wonder if the air 
temperature affects the 

chirping of crickets.

Posing Questions
Scientific inquiry often begins with a problem or question
about an observation. In the case of the crickets, your question
might be: Does the air temperature affect the chirping of crick-
ets? Of course, questions don’t just come to you from nowhere.
Instead, questions come from experiences that you have and
from observations and inferences that you make. Curiosity
plays a large role as well. Think of a time that you observed
something unusual or unexpected. Chances are good that your
curiosity sparked a number of questions.

Some questions cannot be investigated by scientific inquiry.
Think about the difference between the two questions below.

• Why has my CD player stopped working?

• What kind of music should I listen to on my CD player?

The first question is a scientific question because it can be
answered by making observations and gathering evidence.
For example, you could change the batteries in your CD
player and observe whether it begins to work. In contrast, the
second question has to do with personal opinions or values.
Scientific inquiry cannot answer questions about personal
tastes or judgments.

What role does curiosity play in posing questions?

FIGURE 7
Posing Questions
Scientific inquiry often begins with 
a problem or question. Questions 
often arise from experiences or 
observations.

Classifying
Which of the following 
questions can be answered 
by scientific inquiry?

• Is running a better sport 
than swimming? 

• Does running make your 
muscles stronger than 
swimming does?

• Which brand of running 
shoes looks best?

How did you make your 
decision in each case?
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Differentiated Instruction

Show the Video Field Trip to let students 
experience forensic investigators gathering 
and interpreting evidence to solve a crime. 
Discussion question: How much more 
evidence would modern investigators have 
about Toms than investigators from 200 
years ago? 

 

(They would have photos of the 
crime scene, temperature of the victim, cast of 
the footprint, hair and fibers, DNA analysis of 
blood, and gun powder residue.)

 

 

Less Proficient Readers
Answering Questions Select a passage 
from the text, such as Developing a 
Hypothesis. Read the passage aloud to 
students as they follow along in their 
books. After reading, ask some questions 
about the passage. If they don’t know the 
answers, challenge them to find the 
answers in the passage. learning 
modality: verbal

L1 Gifted and Talented
Before students read the section on 
scientific inquiry, ask them to propose 
in writing a process of scientific inquiry 
that they think would work best in finding 
the answer to a scientific question. After 
they have read the section, ask them to 
compare the process they proposed with 
the process described in the text. learning 
modality: verbal
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Monitor Progress L2

Writing Ask students to write three 
scientific questions about today’s weather 
and then develop a hypothesis for each 
question.

Answers
Figure 8 Sample answer: Maybe there were 
more crickets around that night.

Curiosity sparks questions 
about an observation.
A possible explanation for a
 set of observations or answer 

to a scientific question

Developing a 
Hypothesis

Teach Key Concepts
A Possible Explanation
Focus Tell students that after posing 
questions, scientists proceed by focusing on 
a possible answer to one question in 
particular.

Teach Ask: What does it mean that a 
hypothesis is “testable”? (Researchers must 
be able to carry out investigations and gather 
evidence that will either support or disprove 
the hypothesis.)

Apply Tell students that one explanation 
for why crickets chirp more on hot summer 
nights is that the crickets just feel like 
chirping more on those nights. Ask: Could 
this explanation be a scientific hypothesis? 
Why or why not? (No. It could not be because 
it is not testable.) learning modality: 
logical/mathematical
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Perhaps crickets chirp
more when the temperature

is higher.

Video Preview
Video Field Trip
Video Assessment  

FIGURE 8
Developing Hypotheses
A hypothesis is one possible way to 
explain a set of observations. 
A hypothesis must be testable—
scientists must be able to carry out 
investigations to test the hypothesis.
Developing Hypotheses Propose
another hypothesis that could 
account for this boy’s observations.

What Is Science?

Developing a Hypothesis
How could you explain your observation of noisy crickets on
that summer night? “Perhaps crickets chirp more when the
temperature is higher,” you think. In trying to answer the
question, you are in fact developing a hypothesis. A
hypothesis (plural: hypotheses) is a possible explanation for a
set of observations or answer to a scientific question. In this
case, your hypothesis would be that cricket chirping increases
at higher air temperatures.

It is important to realize that a hypothesis is not a fact.
Instead, it is only one possible way to explain a group of obser-
vations. In the case of the crickets, perhaps they only sounded
louder that night because you had left more windows open
than you usually do. Or, maybe there were more crickets
around that night.

In science, a hypothesis must be testable. This
means that researchers must be able to carry out
investigations and gather evidence that will either
support or disprove the hypothesis. Many trials
will be needed before a hypothesis can be accepted
as true.

What is a hypothesis?



Designing an 
Experiment

Teach Key Concepts
Testing a Hypothesis
Focus Tell students that scientists design an 
experiment in such a way that an experiment 
will yield results that will prove or disprove 
the hypothesis.

Teach After students have read the 
description of the cricket experiment, call 
on volunteers to define variable, manipulated 
variable, and responding variable. Ask: What 
is the manipulated variable and the 
responding variable in this experiment? 
(Air temperature and number of cricket chirps, 
respectively) Why is this considered a 
controlled experiment? (Only one variable 
is being tested—air temperature. All other 
variables are controlled.)

Apply Have small groups of students design 
an experiment to test this hypothesis: 
Crickets are more active at 12:00 midnight 
than at 12:00 noon. Emphasize that the 
experiment should have a manipulated 
variable and a responding variable, and 
all other variables should be controlled. 
learning modality: logical/mathematical

Help Students Read
Relating Text and Figures Refer to the 
Content Refresher in this chapter, which 
provides the guidelines for the Relating Text 
and Figures strategy.

Have students read the text related to 
designing an experiment. Then, have them 
use Figure 9 to identify the variables that 
were designed as part of the cricket 
experiment. Ask: What evidence do you 
see in the photo of what the manipulated 
variable was in the cricket experiment? 
(Each container is labeled with a different 
temperature, and thus the manipulated 
variable is air temperature. One container is 
maintained at room temperature, one is cooled 
with ice, and one is warmed using a heating 
pad.) What can you see from the photo 
about variables that were controlled in this 
experiment? (The containers look identical. 
The environments within the containers look 
identical or at least very similar. Only one 
small container is labeled as a cricket holder, 
and therefore the crickets are the same in each 
large container. All the containers are aligned 
in a row, which means they will all receive the 
same amount of light.)
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Skills Focus Controlling variables

Time 10 minutes

Expected Outcome The variables 
present in such an experiment would 
include the amount of water in each 
container, the amount of salt, and the 
amount of sugar. Some students might 
also mention the temperature of the water. 
The manipulated variable is the solute 

used—either sugar or salt. The responding 
variable is the time taken for the solute to 
dissolve.

Extend Challenge students to carry out 
their experiments. Students should 
develop a hypothesis and plan how data 
will be collected before they begin the 
experiment. learning modality: logical/
mathematical

We’ve set up the 
containers to be 

identical except for the 
temperature conditions.

Now we have to agree 
on how to time and 

count the chirps.

Designing an Experiment
After you state your hypothesis, you are ready to design an
experiment to test it. You know that your experiment will
involve counting how many times crickets chirp when the air
temperature is high. But how will you know how many times the
crickets would chirp at a lower temperature? You would need to
include other crickets in your experiment for comparison.

Controlling Variables  To test your hypothesis, then, you will
need to observe crickets at different air temperatures. All other
variables, or factors that can change in an experiment, must be
exactly the same. Other variables include the kind of crickets, the
type of container you test them in, and the type of thermometer.
By keeping all of these variables the same, you will know that any
difference in cricket chirping must be due to temperature alone.

The one variable that is purposely changed to test a
hypothesis is called the manipulated variable (also called the
independent variable). In your cricket experiment, the manip-
ulated variable is the air temperature. The factor that may
change in response to the manipulated variable is called the
responding variable (also called the dependent variable). The
responding variable here is the number of cricket chirps.

Controlling Variables
Suppose you are designing 
an experiment to determine 
whether sugar or salt 
dissolves more quickly in 
water. What is your 
manipulated variable? What 
is your responding variable? 
What other variables would 
you need to control?
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Differentiated Instruction

Observing Rate of Fall

Time 15 minutes

Materials 2 marbles of different sizes, spring 
scale, towel, ruler

Focus Explain that one of the best-known 
experiments in history is an experiment by 
Galileo. He showed that objects of different 
weights fall at the same rate and hit the 
ground at the same time.

Teach Show students that one marble is very 
much larger than the other, and then weigh 
both marbles on the spring scale. Have 
students speculate about which marble will 
hit the floor first if both are dropped from 
the same height at the same time. Then, 
place both marbles on the edge of a desk and 
position a folded towel on the floor below. 
Have volunteers in position to see which 
marble hits the floor first. With the ruler, 
push both marbles off the desk at the same 
time. Repeat the procedure several times, 
allowing all students to observe. Ask: Which 
marble hit the floor first? 

 

(They both hit at 
the same time.)

 

 Tell students this experiment 
supports the hypothesis that objects fall at 
the same rate, no matter what their weight.

 

Apply

 

Ask: 

 

What is the manipulated 
variable in this experiment? 

 

(Marble 
weight) 

 

What is the responding variable? 

 

(Rate of fall) 

 

What variables are controlled? 

 

(Height of fall, moment fall begins, landing 
area, shape and material of falling objects, air 
temperature)

 

learning modality: visual

 

English Learners/Beginning

 

Comprehension: Modified Cloze

 

 
Distribute a simplified paragraph about 
designing an experiment, but leave some 
words blank. Model how to fill in the 
blanks, using a sample sentence on the 
board. Provide students with the correct 
answers as choices.

 

learning modality: 
verbal
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English Learners/Intermediate

 

Comprehension: Modified Cloze

 

 
Distribute the same paragraph, but 
include some additional terms as incorrect 
answer choices. After students complete 
the paragraph, have them work together 
to write definitions for the answer 
choices that were not used.

 

learning 
modality: verbal

L2

Monitor Progress L2

 

Oral Presentation

 

Ask students to explain 
what a controlled experiment is and why it is 
always important to control variables in such 
an experiment.

 

Answers

 

Figure 9

 

Sample answer: Time of day, 
amount of light, other noises in the 
environment

 

The one variable in an
 experiment that is purposely 

changed to test a hypothesis

Setting Up a Controlled Experiment  An experiment in
which only one variable is manipulated at a time is called a
controlled experiment. Figure 9 shows one way to set up a
controlled experiment to test your cricket hypothesis. Notice
that identical containers, thermometers, leaves, and crickets
are used in each setup. In one container, the temperature
will be maintained at 15°C. In the other two containers, the
temperatures will be kept at 20°C and 25°C.

The Importance of Controlling Variables  Suppose you
decide to test the crickets at 15°C in the morning and the crick-
ets at 20°C and 25°C in the afternoon. Is this a controlled
experiment? The answer is no. Your experiment would have
two variables—temperature and time of day. Would increased
chirping be due to the temperature difference? Or are crickets
more active at certain times of day? There would be no way to
know which variable explained your results.

Forming Operational Definitions One other important
aspect of a well-designed experiment is having clear opera-
tional definitions. An operational definition is a statement
that describes how to measure a particular variable or define a
particular term. For example, in this experiment you would
need to determine what sounds will count as a single “chirp.”

What is a manipulated variable?

FIGURE 9
A Controlled Experiment
In their controlled experiment, 
these students are using the same 
kind of containers, thermometers, 
leaves, and crickets. The 
manipulated variable in this 
experiment is temperature. The 
responding variable is the number 
of cricket chirps per minute at 
each temperature.
Controlling Variables  What other 
variables must the students keep 
constant in this experiment?

 



Collecting and 
Interpreting Data

Teach Key Concepts
Organizing Data and 
Graphing Results
Focus Tell students that a good controlled 
experiment yields quantitative observations 
that can be recorded in a table or a graph.

Teach Ask a volunteer to read the definition 
of data, and then direct students’ attention 
to Figure 10. Ask: What data were gathered 
in the cricket experiment? 

 

(The number of 
cricket chirps per minute) 

 

For what purpose 
was this data gathered? 

 

(To test 
the hypothesis that cricket chirping increases 
at higher temperatures)

 

 Emphasize that 
recording data in a data table is a good way 
of organizing the data in anticipation of 
drawing a conclusion about the hypothesis.

 

Apply

 

Show students various data tables 
and graphs from experiments that have 
been published in scientific journals. 
Call on students to describe the kinds of 

 

data collected in these tables.

 

learning 
modality: visual

 

Use Visuals: Figure 10

 

Collecting and Interpreting Data

 

Focus

 

Tell students that a graph is another 
way of organizing data gathered in a 
controlled experiment. A graph shows 
patterns and trends in the data better than a 
data table does.

 

Teach

 

Ask volunteers to explain what is 
measured on the 

 

x

 

-axis and the 

 

y

 

-axis of the 
graph. Have students look at the row of the 
data table that shows the average number of 
chirps per minute at the three temperatures 
tested. Then, correlate those numbers with 
the points marked on the graph. Ask: 

 

What 
trend do you observe in the data gathered 
in the experiment? 

 

(The number of chirps 
increase as the temperature rises.)

 

 Point out 
that the data table provides the specifics of 
the data, while the graph provides a visual 
pattern in the data.

 

Apply

 

Ask: 

 

Suppose the experiment also 

 

gathered data about chirps at 30

 

°

 

C. How 
would the line on the graph be different? 

 

(Given the trend shown by the graph, the line 
would likely rise to a point over 200.)

 

 

 

learning 
modality: logical/mathematical
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Number of Chirps per Minute
Cricket 15ºC 20ºC 25ºC

1 9 1 135 180
2 80 124 169
3 89 130 176
4 78 125 158
5 77 121 157

Average 83 127 168
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FIGURE 10
Collecting and Interpreting Data
A data table helps you organize 
the information you collect in an 
experiment. Graphing the data may 
reveal any patterns in your data.
Interpreting Data Did all of the  
crickets chirp more at  25°C  than at 
20°C ? Did you use the data table 
or the graph to answer this 
question?

Collecting and Interpreting Data
You are almost ready to begin your experiment. But first, you
must decide how many crickets to test. Because individual dif-
ferences exist from cricket to cricket, you will need to test more
than just one or two. You decide to test five crickets at each
temperature.

Organizing Your Data  Before you begin your experiment,
you should create a table like the one in Figure 10 in which to
record your data. Data are the facts, figures, and other evidence
gathered through observations. A data table provides you with
an organized way to collect and record your observations.

Graphing Your Results  After all the data have been col-
lected, they need to be interpreted. One useful tool that can
help you interpret data is a graph. Graphs will be discussed in
more detail in another chapter.

Study the graph in Figure 10 to see how graphing can help
you make sense of your data. Graphs can reveal patterns or
trends in data. For example, notice that your data points seem to
fall in a line. You can see that as the temperature increases from
15°C to 25°C, the number of chirps per minute also increases.

What are data?

 



    

Drawing Conclusions

 

Teach Key Concepts

 

A Summary of What’s Been Learned

 

Focus

 

Tell students that the purpose of 
gathering data from an experiment is to 
draw a conclusion about whether the data 
support or disprove the original hypothesis.

 

Teach

 

Ask: 

 

What was the hypothesis 
the cricket experiment was designed to 
test? 

 

(Cricket chirping increases at higher 
temperatures.) 

 

Was this hypothesis 
supported? 

 

(Yes) 

 

What do you base your 
conclusion on? 

 

(An interpretation of the 
data shown in Figure 10)

 

Apply

 

Direct students’ attention to the 
new questions that the cricket experiment 
led to: “Does this apply to all kinds of 
crickets?” and “What happens at lower 
temperatures?” Then, divide the class into 
small groups, and ask each group to write 
a new hypothesis for one of the questions 
and describe an experiment that would test 
that hypothesis.

 

Extend

 

The 

 

active art

 

 will show students 
about the process of scientific inquiry. 

 

learning modality: visual
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Skills Focus

 

Drawing conclusions

 

Materials

 

3 sheets of paper, watch or 
clock with second hand

 

Time

 

15–20 minutes

 

Expected Outcome

 

Gravity causes 
objects to fall at the same rate unless 
another force opposes that downward 
motion, such as air resistance. The 
crumpled sheet of paper will fall at about 

the normal rate, but air resistance will 
cause the unfolded sheet to fall much 
slower. The paper folded in fourths will 
likely fall at a rate between the other two. 
Possible hypothesis: The crumpled sheet of 
paper will fall fastest. A typical experiment 
will involve dropping the different sheets 
from the same height in the same 
conditions.

 

learning modality: visual

Monitor Progress L2

 

Skills Check

 

Daily newspapers often have 
a table that shows the progression of air 
temperatures on the previous day. Copy the 
table onto the board. Then ask students to 
make a line graph from that data and write a 
description of any pattern or trend they see in 
the temperatures during the day.

Students can save their graphs in 
their portfolios.

 

Answers

 

Figure 10

 

They all chirped more at the 
higher temperature. Only the data table 
provides information about the individual 
crickets.

 

Figure 11

 

Sample answer: Why does cricket 
chirping increase with temperature? Does 
the chirping begin to decrease above a 
certain temperature? Do crickets increase 
any other activity as the temperature rises?

 

Facts, figures, and other 
evidence gathered through 
observations

Cricket chirping 
does increase with 

temperature!

I wonder if 
temperature affects the 
rate of bird chirps, too.

Drawing Conclusions
Now that you have gathered and interpreted your data, you can
draw conclusions about your hypothesis. A conclusion is a
summary of what you have learned from an experiment. In
drawing your conclusion, you should ask yourself whether the
data supports the hypothesis. You also need to consider
whether you collected enough data and whether anything hap-
pened during the experiment that might have affected the
results. You should address these questions in your summary
of the experiment.

After reviewing the data, you decide that the evidence
supports your original hypothesis. You conclude that cricket
chirping does increase with temperature. It’s no wonder that
you have trouble sleeping on those warm summer nights!

Inquiry Leads to Inquiry Scientific inquiry usually doesn’t
end once a set of experiments is done. Often, one scientific
inquiry leads into another one. You have found that crickets do
indeed chirp more as the temperature rises. But does this apply
to all kinds of crickets everywhere? And what happens at lower
temperatures? These new questions can lead to new hypotheses
and new experiments.

FIGURE 11
Drawing Conclusions
Conclusions from an experiment 
often lead to additional questions to 
investigate. Posing Questions What
new questions does the cricket 
experiment lead you to ask?

Which Falls Fastest?
Design an experiment to 
determine which falls 
fastest—an unfolded sheet 
of paper, a sheet of paper 
folded in fourths, or a 
crumpled sheet of paper. Be 
sure to develop a hypothesis, 
design a controlled  experi-
ment, and collect data. 

Drawing Conclusions Does
your data support your 
hypothesis?
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Use Visuals: Figure 12

 

The Nature of Inquiry

 

Focus

 

Have students recall the process 
involved in investigating crickets chirping. 

 

Ask: 

 

What were the steps involved in finally 
drawing a conclusion about cricket 

 

chirping? 

 

(Make observations, pose questions, 
develop a hypothesis, design an experiment, 
gather data, and draw a conclusion)

 

Teach

 

Tell students that scientific inquiry 
is a process of many paths. Direct their 
attention to Figure 12, and ask: 

 

Why is 

 

the phrase 

 

Posing Questions 

 

placed at 
the center of the process? 

 

(A surprising 
observation or accidental discovery at any 
stage of the process can lead to new questions, 
which in turn lead to new hypotheses and 
experiments.)

 

Apply

 

Ask: 

 

Would a scientist be wrong to 
discontinue a long-running experiment 
before it was completed in order to pursue 
another direction? 

 

(No, because a surprising 
observation or accidental discovery made 
during the experiment may suggest a better 

 

way to proceed)

 

learning modality: verbal

Teaching Resources

 

•

 

Transparency P2

 

For: 

 

The Nature of Inquiry activity

 

Visit: 

 

PHSchool.com

 

Web Code: 

 

cgp-6012

Students can interact with the art of the 
nature of inquiry online.

L2

Communicate

Form a 
Hypothesis

Pose Questions

Draw Conclusions

Collect and Interpret Data

Design an
Experiment

The Nature of Inquiry  In this cricket experiment, you
decided to test your hypothesis in one particular way. Your
friend may do it another way. Furthermore, different questions
may require different approaches to finding answers. For
example, a scientist studying the moon may rely more on obser-
vations rather than controlled experiments to test a hypothesis.

Scientific inquiry is a process with many paths, not a rigid
sequence of steps. Often, a surprising observation or accidental
discovery leads into inquiry. New information springs up, then
a scientist’s path takes a different turn. Work may go forward—
or even backward—when testing a hunch or fitting a new idea
with existing ones.

FIGURE 12
The Nature of Inquiry
There is no set path that a 
scientific inquiry must follow.   

For: The Nature of Inquiry activity
Visit:  PHSchool.com
Web Code: cgp-6012

 

Administrator
Line

http://www.phschool.com/webcodes10/index.cfm?fuseaction=home.gotoWebCode&wcprefix=cgp&wcsuffix=6012
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Communicating

 

Teach Key Concepts

 

Sharing Ideas and Findings

 

Focus

 

Tell students that scientists depend 
on other scientists to communicate their 
findings fully and accurately.

 

Teach

 

Ask: 

 

What would happen if a space 
scientist discovered something new about 
the solar system but failed to report the 
discovery to other scientists? 

 

(Sample 
answer: Other scientists would continue their 
work without the new information, and the 
work might be wasted as a result.)

 

 

 

Apply

 

Ask students why it is important for 
scientists to communicate the details of 
experiments to other scientists and to the 
public.

 

learning modality: verbal

 

Scientific Theories 
and Laws

 

Teach Key Concepts

 

Explanations and Patterns

 

Focus

 

Explain that the words 

 

theory

 

 and 

 

law

 

 
have special meanings in science.

 

Teach

 

Have a volunteer read aloud the 
definition of 

 

scientific theory.

 

 Discuss how 
that definition differs from the common 
meaning of the word. Then, have a volunteer 
read the definition of 

 

scientific law, 

 

and 
discuss how its definition differs from the 
common meaning.

 

Apply

 

Ask: 

 

Would a scientific law that is 
true in New York also be true in Alabama? 

 

(Scientific laws hold true for every state, and 
throughout the universe. A scientific law is a 
rule of nature, not a law passed by a human 
legislature.)

 

learning modality: verbal

L2

L2

Monitor Progress L2

 

Skills Check

 

Ask students to explain the 
difference between a hypothesis and a theory.

 

Answer

 

Sample answer: A scientific
inquiry may be part of a 

huge project with many scientists working 
together around the world. When scientists 
communicate, they describe their procedures 
in full detail so that others can repeat their 
experiments.

Communicating
An important part of the scientific inquiry process is commu-
nicating your results. Communicating is the sharing of ideas
and experimental findings with others through writing and
speaking. Scientists share their ideas in many ways. For exam-
ple, they give talks at scientific meetings, exchange information
on the Internet, or publish articles in scientific journals.

Sometimes, a scientific inquiry can be part of a huge
project with many scientists working together around the
world. On such projects, scientists must share their ideas and
findings on a regular basis. When scientists communicate their
research, they describe their procedures in full detail so that
others can repeat their experiments. 

Why is communicating important to scientists?

Scientific Theories and Laws
As a body of knowledge, science is built up cautiously. Scien-
tists do not accept a new hypothesis after just one successful
experiment. Rather, a hypothesis is tested repeatedly as many
different scientists try to apply it to their own work.

Scientific Theories Sometimes, a large
set of related observations can be con-
nected by a single explanation. This can
lead to the development of a scientific
theory. A scientific theory is a well-tested
explanation for a wide range of obser-
vations or experimental results. For exam-
ple, according to the atomic theory, all
substances are composed of tiny particles
called atoms. The atomic theory helps to
explain many observations, such as why ice
melts at a particular temperature and why
iron nails rust.

Scientists accept a theory only when
there is a large body of evidence that sup-
ports it. However, future testing can still
prove an accepted theory to be incorrect. If
that happens, scientists may modify the
theory, or discard it altogether. This illus-
trates the ever growing—and exciting—
nature of scientific knowledge.

FIGURE 13
A Scientific Theory 
Based on observations of sunsets 
and sunrises, ancient people 
theorized that the sun revolved 
around Earth. New evidence led 
scientists to abandon that ancient 
theory. Today, scientists know that 
Earth, along with the other 
planets in the solar system, 
revolves around the sun.

 



   

Monitor Progress L1

 

Answer

Monitor Progress L2

 

A scientific law describes
 what scientists expect to 

happen every time under a particular set 
of conditions.

Assess

 

Reviewing Key Concepts

 

1.

 

 

 

a. 

 

Scientific inquiry refers to the diverse 
ways in which scientists study the natural 
world and propose explanations based on 
evidence they gather.  

 

b. 

 

Sample answer: You 
could, because the hypothesis that ceiling 
fans cool air faster than air conditioners can 
be tested.  

 

c. 

 

Sample answer: Changes in air 
temperature over time.

 

2.

 

 

 

a. 

 

Researchers must be able to carry out 
investigations and gather evidence that will 
either support or disprove the hypothesis.

 

b. 

 

Sample answer: Studying for an exam 
while listening to classical music improves 
exam scores.

 

3.

 

 

 

a. 

 

A scientific theory is a well-tested 
explanation for a wide range of observations 
or experimental results. A scientific law is a 
statement that describes what scientists 
expect to happen every time under a 
particular set of conditions.  

 

b. 

 

Unlike a 
theory, a scientific law describes an observed 
pattern in nature without attempting to 
explain it.  

 

c. 

 

It cannot be called a theory, 
because a theory is an explanation for a wide 
range of experimental results and must be 
supported by much evidence.

 

Reteach

 

Call on volunteers to describe scientific 
inquiry in terms of the cricket experiment. 
Ask what the hypothesis was, why it could be 
tested, what the design of the controlled 
experiment was, how data was collected, and 
what conclusion was drawn.

 

Performance Assessment

 

Skills Check

 

Have students make a 
flowchart that describes the process of 
scientific inquiry as outlined in this section.

Teaching Resources

 

•

 

Section Summary: 

 

Scientific Inquiry

 

•

 

Review and Reinforcement: 

 

Scientific 
Inquiry

 

•

 

Enrich: 

 

Scientific Inquiry

L1

L2

 

Keep Students on Track

 

By this 
point, students should have developed a 
hypothesis and described a controlled 
experiment to test that hypothesis. Check 
that the procedure of each experiment will 
result in collecting data that will enable 
students to draw a conclusion about the 
belief involved.

 

Writing Mode

 

Description

 

Scoring Rubric 

 

4

 

Exceeds criteria

 

3

 

Meets all criteria

 

2

 

Includes only a partial description, does 
not identify variables, and/or lacks questions

 

1

 

Includes only brief and/or inaccurate 
information

Section 2 Assessment

Target Reading Skill Building Vocabulary  
Use your definitions to help you answer the 
questions  below.

Reviewing Key Concepts
1. a. Defining Define the term scientific inquiry.

b. Explaining A friend claims that ceiling fans 
are better than air conditioning because they 
cool the air faster than air conditioners do. 
Could you investigate this through scientific 
inquiry? Explain.

c. Problem Solving  What kind of data would 
you need to collect to carry out this 
experiment?

2. a. Reviewing What is meant by saying that 
a hypothesis must be testable?

b. Developing Hypotheses Every time you 
and your friend study for an exam while 
listening to classical music, both of you do 
well on the exam. What testable hypothesis 
can you develop from your observations?

3. a. Defining What is a scientific theory? What 
is a scientific law?

b. Comparing and Contrasting How do 
scientific theories differ from scientific laws?

c. Classifying The students who conducted 
the cricket experiment concluded that their 
results supported their hypothesis. Can their 
supported hypothesis be called a theory? 
Why or why not?

Summary Suppose you will be traveling to a 
convention of cricket scientists from around 
the world. Write a paragraph describing the 
results of your cricket experiment. Include 
questions you’d like to ask other cricket 
scientists while at the conference.

Scientific Laws Have you ever heard someone say, “What
goes up must come down”? When scientists repeatedly observe
the same result in specific circumstances, they may arrive at a
scientific law. A scientific law is a statement that describes
what scientists expect to happen every time under a particular
set of conditions.

Unlike a theory, a scientific law describes an observed
pattern in nature without attempting to explain it. You can
think of a scientific law as a rule of nature. For example, the law
of gravity states that all objects in the universe attract each
other. This law has been verified over and over again.

What does a scientific law describe?

FIGURE 14
A Scientific Law 
According to the law of gravity, this 
parachutist will eventually land back 
on Earth.
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Keeping Flowers Fresh

Prepare for Inquiry
Key Concept
In a controlled experiment, only one variable 
is manipulated at a time.

Skills Objectives
After this lab, students will be able to:
• design a controlled experiment in which 

a manipulated variable is tested
• control all variables in an experiment 

except the manipulated variable

Prep Time

 

20 minutes

 

Class Time

 

40 minutes class time 
over 5 days

 

Advance Planning

 

Collect the appropriate number of flower 
bouquets and plastic cups ahead of time. 
Each pair of students can divide one bouquet 
in half to carry out an experiment.

 

Safety

 

Caution students to be careful when 
handling sharp objects.

Teaching Resources

 

•

 

Lab Worksheet: 

 

Keeping Flowers Fresh

 

Guide Inquiry

 

Introduce the Procedure

 

Before students read the procedure, call 
on students at random to define the terms 

 

hypothesis, manipulated variable, responding 
variable,

 

 and 

 

controlled experiment.

 

 Have 
students then read through the lab and 
identify the manipulated variable and the 
responding variable.

 

Troubleshooting the Experiment
•

 

Review each student’s or group’s 
hypothesis and plan before giving the 
go-ahead to set up the experiment.

 

•

 

Review with students how to make a 
graph.

 

Expected Outcome

 

See 

 

Analyze and Conclude

 

, answers for 
Questions 1 and 2.

 

Analyze and Conclude

 

1.

 

Sample answer: Hypothesis: Placing cut 
flowers in sugar water keeps the flowers 
fresh. The hypothesis is based on seeing a 
gardener put sugar in the water in a vase.

 

2.

 

Manipulated variable: the presence of 
sugar in the water. Responding variable: 
freshness of flowers. Controlled variables 
include amount of water and sunlight and 
the air temperature.

 

3.

 

Graphs will vary depending on the 
responding variable chosen. Graphs may 

show the number of petals that drop or the 
number of days flowers stayed fresh. A 
typical graph will include two bars or lines, 
one for each flower (or bouquet)—one 
placed in sugar water, and one in water 
alone.

 

4.

 

Students should conclude the sugar in the 
water keeps flowers fresh.

 

5.

 

Sample answer: Collecting data about 
the freshness of the cut flowers was most 
difficult.

 

Extend Inquiry

 

More to Explore

 

 A typical controlled 
experiment might test a hypothesis that 
focuses on the air temperature the cut 
flowers are exposed to.

Keeping Flowers Fresh

Problem
How can cut flowers stay fresher for a longer 
period of time?

Skills Focus
developing hypotheses, designing experiments, 
drawing conclusions

Suggested Materials
• plastic cups   • cut flowers   • spoon   • water
• sugar

Design a Plan
1. You have just been given a bouquet of cut 

flowers. You remember once seeing a gar-
dener put some sugar into the water in a 
vase before putting flowers in. You wonder 
if the gardener did that so that the flowers 
would stay fresh longer. Write a hypothesis 
for an experiment you could perform to 
answer your question.

2. Working with a partner, design a controlled 
experiment to test your hypothesis. Make 
a list of all of the variables you will need to 
control. Also decide what data you will need 
to collect. For example, you could count the 
number of petals each flower drops. Then 
write out a detailed experimental plan for 
your teacher to review.

3. If necessary, revise your plan according to 
your teacher’s instructions. Then set up your 
experiment and begin collecting your data.

Analyze and Conclude
1. Developing Hypotheses What hypothesis 

did you decide to test? On what information 
or experience was your hypothesis based?

2. Designing Experiments What was the 
manipulated variable in the experiment you 
performed? What was the responding vari-
able? What variables were kept constant?

3. Graphing Use the data you collected to cre-
ate one or more graphs of your experimental 
results. (For more on creating graphs, see the 
Skills Handbook.) What patterns or trends do 
your graphs reveal?

4. Drawing Conclusions Based on your graphs, 
what conclusion can you draw about sugar 
and cut flowers? Do your results support 
your hypothesis? Why or why not?

5. Communicating In a paragraph, describe 
which aspects of your experimental plan 
were difficult to carry out. Were any variables 
hard to control? Was it difficult to collect 
accurate data? What changes could you 
make to improve your experimental plan?

More to Explore
Make a list of some additional questions you 
would like to investigate about how to keep cut 
flowers fresh. Choose one of the questions and 
write a hypothesis for an experiment you could 
perform. Then design a controlled experiment to 
test your hypothesis. Obtain your teacher’s per-
mission before carrying out your investigation.
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