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Designing an Experiment
Use this section when designing or conducting an experiment.

Determining a Purpose
You can find a purpose for an experiment by doing research, by examining
the results of a previous experiment, or by observing the world around you.
An experiment is an organized procedure to study something under controlled conditions.
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Don’t forget to learn
as much as possible
about your topic
before you begin.

1. Write the purpose of your experiment as a question or problem that you
want to investigate.
2. Write down research questions and begin searching for information that
will help you design an experiment. Consult the library, the Internet, and
other people as you conduct your research.

EXAMPLE
Middle school students observed an odor
near the lake by their school. They also
noticed that the water on the side of the
lake near the school was greener than the
water on the other side of the lake. The
students did some research to learn more
about their observations. They discovered
that the odor and green color in the lake
came from algae. They also discovered that a new fertilizer was being used on a
field nearby. The students inferred that the use of the fertilizer might be related
to the presence of the algae and designed a controlled experiment to find out
whether they were right.

Problem
How does fertilizer affect the presence of algae in a lake?
Research Questions
• Have other experiments been done on this problem?
If so, what did those experiments show?
• What kind of fertilizer is used on the field?
Research
How much?
As you research, you may
• How do algae grow?
find a topic that is more
interesting to you than
• How do people measure algae?
your original topic, or
• Can fertilizer and algae be used safely
learn that a procedure
in a lab? How?
you wanted to use is not
practical or safe. It is OK
to change your purpose
as you research.

R28 Student Resources

Page 20 of 26

Writing a Hypothesis
A hypothesis is a tentative explanation for an observation or scientific
problem that can be tested by further investigation. You can write your
hypothesis in the form of an “If . . . , then . . . , because . . .” statement.
Hypothesis
If the amount of fertilizer in lake water is increased,
then the amount of algae will also increase, because
fertilizers provide nutrients that algae need to grow.

Hypotheses
For help with
hypotheses, refer to
page R3.

Determining Materials
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Make a list of all the materials you will need to do your experiment. Be specific,
especially if someone else is helping you obtain the materials. Try to think of
everything you will need.

Materials
• 1 large jar or container
• 4 identical smaller containers
• rubber gloves that also cover the arms
• sample of fertilizer-and-water solution
• eyedropper
• clear plastic wrap
• scissors
• masking tape
• marker
• ruler
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Determining Variables and Constants
EXPERIMENTAL GROUP AND CONTROL GROUP
An experiment to determine how two factors are related always has two
groups—a control group and an experimental group.
1. Design an experimental group. Include as many trials as possible in the
experimental group in order to obtain reliable results.
2. Design a control group that is the same as the experimental group in
every way possible, except for the factor you wish to test.
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Experimental Group: two containers of lake water
with one drop of fertilizer solution added to each
Control Group: two containers of lake water with
no fertilizer solution added

Go back to your materials list
and make sure you have
enough items listed to cover
both your experimental group
and your control group.

VARIABLES AND CONSTANTS
Identify the variables and constants in your experiment. In a controlled experiment, a variable is any factor that can change. Constants are all of the
factors that are the same in both the experimental group and the control group.

Hypothesis
If the amount of fertilizer
in lake water is increased,
then the amount of algae
will also increase, because
fertilizers provide nutrients
that algae need to grow.

1. Read your hypothesis. The independent variable is the factor that you
wish to test and that is manipulated or changed so that it can be tested.
The independent variable is expressed in your hypothesis after the word if.
Identify the independent variable in your laboratory report.
2. The dependent variable is the factor that you measure to gather
results. It is expressed in your hypothesis after the word then. Identify the
dependent variable in your laboratory report.
Table 1. Variables and Constants in Algae Experiment
Independent
Variable

Dependent
Variable

Constants

Amount of
fertilizer in
lake water

Amount of algae
that grow

• Where the lake
water is obtained

Set up your
experiment so that
you will test only
one variable.
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• Type of container
used
• Light and temperature conditions
where water will
be stored
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MEASURING THE DEPENDENT VARIABLE
Before starting your experiment, you need to define how you will measure the
dependent variable. An operational definition is a description of the one
particular way in which you will measure the dependent variable.
Your operational definition is important for several reasons. First, in any experiment there are several ways in which a dependent variable can be measured.
Second, the procedure of the experiment depends on how you decide to
measure the dependent variable. Third, your operational definition makes it
possible for other people to evaluate and build on your experiment.

EXAMPLE 1
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An operational definition of a dependent variable can be qualitative. That is,
your measurement of the dependent variable can simply be an observation
of whether a change occurs as a result of a change in the independent variable. This type of operational definition can be thought of as a “yes or no”
measurement.
Table 2. Qualitative Operational Definition of Algae Growth
Independent Variable

Dependent Variable

Operational Definition

Amount of fertilizer
in lake water

Amount of algae that
grow

Algae grow in lake
water

A qualitative measurement of a dependent variable is often easy to make and
record. However, this type of information does not provide a great deal of
detail in your experimental results.

EXAMPLE 2
An operational definition of a dependent variable can be quantitative. That is,
your measurement of the dependent variable can be a number that shows how
much change occurs as a result of a change in the independent variable.
Table 3. Quantitative Operational Definition of Algae Growth
Independent Variable

Dependent Variable

Operational Definition

Amount of fertilizer
in lake water

Amount of algae that
grow

Diameter of largest
algal growth (in mm)

A quantitative measurement of a dependent variable can be more difficult
to make and analyze than a qualitative measurement. However, this type of
data provides much more information about your experiment and is often
more useful.

Lab Handbook R31

Page 23 of 26

Writing a Procedure
Write each step of your procedure. Start each step with a verb, or action word,
and keep the steps short. Your procedure should be clear enough for someone
else to use as instructions for repeating your experiment.
If necessary, go back to
your materials list and
add any materials that
you left out.

Procedure
1. Put on your gloves. Use the large container to obtain a
sample of lake water.
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2. Divide the sample of lake water equally among the four
smaller containers.

Controlling Variables
The same amount of
fertilizer solution must
be added to two of the
four containers.

3. Use the eyedropper to add one drop of fertilizer solution to
two of the containers.
4. Use the masking tape and the marker to label the containers
with your initials, the date, and the identifiers “Jar 1 with
Fertilizer,” “Jar 2 with Fertilizer,” “Jar 1 without Fertilizer,” and “Jar
2 without Fertilizer.”
5. Cover the containers with clear plastic wrap. Use the scissors
to punch ten holes in each of the covers.

Controlling Variables
All four containers must
receive the same amount
of light.

6. Place all four containers on a window ledge. Make sure that
they all receive the same amount of light.
7. Observe the containers every day for one week.
8. Use the ruler to measure the diameter of the largest clump of
algae in each container, and record your measurements daily.
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Recording Observations
Once you have obtained all of your materials and your procedure has been
approved, you can begin making experimental observations. Gather both
quantitative and qualitative data. If something goes wrong during
Observations
your procedure, make sure you record that too.
For help with making qualitative and quantitative
observations, refer to page R2.

Table 4. Fertilizer and Algae Growth

For more examples
of data tables, see
page R23.

Control Group

Jar 1 with
Fertilizer
(diameter of
algae in mm)

Jar 2 with
Fertilizer
(diameter of
algae in mm)

Jar 1 without
Fertilizer
(diameter of
algae in mm)

5/3 4:00 P.M.

0

0

0

0

condensation
in all
containers

5/4 4:00 P.M.

0

3

0

0

tiny green
blobs in jar 2
with fertilizer

5/5 4:15 P.M.

4

5

0

3

5/6 4:00 P.M.

5

6

0

4

Date
and
Time

Jar 2 without
Fertilizer
(diameter of
algae in mm) Observations

5/7 4:00 P.M.

8

10

0

6

5/8 3:30 P.M.

10

18

0

6

5/9 3:30 P.M.

14

23

0

8

green blobs in
jars 1 and 2 with
fertilizer and jar 2
without fertilizer
water light green
in jar 2 with
fertilizer
water light green
in jars 1 and 2 with
fertilizer and in jar
2 without fertilizer
cover off jar 2
with fertilizer
drew sketches
of each
container

Drawings of Samples Viewed Under Microscope on 5/9 at 100x

Use technology,
such as a microscope, to help you
make observations
when possible.

Jar 1
with Fertilizer

Jar 2
with Fertilizer

Jar 1
without Fertilizer

Jar 2
without Fertilizer

Lab Handbook R33

LAB HANDBOOK

Notice that on the
sixth day, the
observer found
that the cover was
off one of the
containers. It is
important to record
observations of
unintended factors
because they might
affect the results of
the experiment.

Experimental Group
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Summarizing Results
To summarize your data, look at all of your observations together. Look for
meaningful ways to present your observations. For example, you might average
your data or make a graph to look for patterns. When possible, use spreadsheet software to help you analyze and present your data. The two graphs
below show the same data.

EXAMPLE 1

Figure 1. Fertilizer and Algae Growth

Always include a number
and a title with a graph.
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Diameter of algae (mm)

20

15

Line graphs are useful
for showing changes
over time. For help with
line graphs, refer to
page R24.
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Date
Jar 1 without fertilizer

Jar 2 with fertilizer

Jar 2 without fertilizer

EXAMPLE 2

Figure 2. Fertilizer and Algae Growth
25

Diameter of algae (mm)

Bar graphs are useful
for comparing different
data sets. This bar
graph has four bars for
each day. Another way
to present the data
would be to calculate
averages for the tests
and the controls, and
to show one test bar
and one control bar for
each day.

Jar 1 with fertilizer
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5
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Date
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Jar 1 with fertilizer

Jar 1 without fertilizer

Jar 2 with fertilizer

Jar 2 without fertilizer

5/7

5/8

5/9
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Drawing Conclusions
RESULTS AND INFERENCES
To draw conclusions from your experiment, first write your results. Then compare
your results with your hypothesis. Do your results support your hypothesis? Be
careful not to make inferences about factors that you did not test.
For help with making
inferences, see page R4.

Results and Inferences
The results of my experiment show that more algae grew in
lake water to which fertilizer had been added than in lake
water to which no fertilizer had been added. My hypothesis
was supported. I infer that it is possible that the growth of
algae in the lake was caused by the fertilizer used on the field.

Notice that you cannot
conclude from this
experiment that the
presence of algae in
the lake was due only
to the fertilizer.
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QUESTIONS FOR FURTHER RESEARCH
Write a list of questions for further research and investigation. Your ideas may
lead you to new experiments and discoveries.
Questions for Further Research
• What is the connection between the amount of fertilizer and
algae growth?
• How do different brands of fertilizer affect algae growth?
• How would algae growth in the lake be affected if no fertilizer
were used on the field?
• How do algae affect the lake and the other life in and
around it?
• How does fertilizer affect the lake and the life in and around it?
• If fertilizer is getting into the lake, how is it getting there?
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