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 Purpose and Key Questions 

In the previous Planning and Conducting Investigations activity, you learned 
about independent, dependent, and control variables. Now we’ll take a 
closer look at how these are part of the process used to design experiments 
to find out about the world around us.  

 
A fair test is how we describe a scientific experiment from which a 
conclusion can be logically drawn. In simple situations (not necessarily 
scientific ones), this can be fairly intuitive.  
 
For example, during a track meet we measure and record the time each 
runner takes to complete the distance. In order for this to be a fair test, we 
must ensure that the distance is the same for the runners. The distance is a 
controlled variable, as is the weather, the track surface, and the starting gun. 
The independent variable, if you will, is the runner, and the dependent 
variable is the time. 
 
Many real-world examples are more complicated, such as experiments to 
determine if new medicines are effective. Even simple comparisons can be 
confused by too many variables, by bias in the observer, or by mistaking 
differences arising from chance as real differences, so we need to be careful 
to ensure that our design will allow us the best chance to draw a conclusion 
when the experiment is over. That is the topic of this lesson. 

 

 
Can you judge the fairness of a scientific test? 

 
Part 1. Essential parts of a fair test 
 

Many textbooks start by describing the scientific method. This is often 
described as a cycle: ask a question, come up with a hypothesis, do an 
experiment, draw conclusions that lead to a new question, and repeat. 
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Real science is often done without strictly following this order. The process can 
start when a paleontologist discovers a new dinosaur fossil or when an 
astronomer notices something new happening in the sky. The essential part is 
that there is some data. And data, in order to usefully advance a scientific 
question, must be able to be used in a comparison. If there is nothing to 
compare, it is not possible to draw a conclusion.  
 
For the comparison to be useful in drawing a conclusion, it is important to plan 
the investigation. If you notice a change after the fact, it is difficult to be certain 
that the change is due to any particular cause. If the process starts with a 
surprise discovery, a scientist must gather evidence about it, sort out what 
variables are present, and see if there is enough information to make a 
comparison. 

 
In the classroom lab, it is necessarily simpler, but the process is the same. In the 
previous lesson, we discussed the importance of changing only one variable at 
a time. To do this, you must make all other variables, including the 
circumstances surrounding the experiment such as lighting, temperature, wind 
(and so on) as similar between the two parts of the comparison as possible. We 
call everything that’s held the same a control, even if it’s not something that we 
plan to measure directly. 
 
Discussion Question for your group: Poison ivy has become a problem in a 
small park near your school, and, as a science project, your class decides to test 
a specific mixture of vinegar, salt, and dish soap as a way of killing the harmful 
plant. You have heard that this mixture is absorbed and carried down to the 
roots, which it destroys. To conduct the test, you mix up two gallons of the 
mixture, and spray all the plants in the park. After two weeks, you notice that 
the poison ivy plants look wilted. 
 

  Discuss the reasons for your answer with your group. Summarize your 
thinking here.  

 
 
 
 
 
_  Participate in a whole class discussion about your answers to this question.  
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Control groups 

When we did the pendulum experiment, we did the whole experiment with one 
pendulum. If the period changed after changing the length, we attributed that 
change to the change in length. This is a safe assumption for the pendulum 
because it is a simple and reproducible situation where the variables are related 
directly to each other.  
 
For nearly all tests in the real world, this is not adequate. If one sample is going 
to be given a particular treatment, you need to create a second group that is as 
identical as possible to serve as the control group. The control group is not given 
the experimental treatment, so it gives you something with which to compare 
the results of the treated group. For the poison ivy example in the clicker 
question above, a control group would be a necessary part of good experiment 
design.  
 
Take a look at the data table below  and answer the clicker question about it. 
 
Discussion Question for your group: Below is a portion of an experiment 
notebook for your school’s attempt to remove the poison ivy plants in the park. 
You have selected two patches of poison ivy so that you have a control group. 
If the conclusion that your group reached was that the chemical mixture is not 
effective, which missing parts of the data table below best justifies that 
conclusion?  
 

 
 
A.   (1) = No treatment applied, (2) = Plants appear wilted. 
B.   (1) = Applied treatment, (2) = Plants appear wilted. 
C.   (1) = No treatment applied, (2) = Plants appear healthy. 
D.   (1) = Applied treatment, (2) = Plants appear healthy. 
E.   More than one of the above. 
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  Discuss the reasons for your answer with your group. Summarize your 
thinking here. 

 
 
 
 
 
_  Participate in a whole class discussion about your answers to this question.  

 
 

 
 
Part 2. Improving the quality of scientific tests 

 
Let’s look again at the scenario from the summary question in Activity 1: Your friend 
wants to determine if rubbing a nail with a magnet more times affects the 
resulting magnetic strength, so she gets five identical nails and labels them A 
through E. She leaves nail A unrubbed, and rubs nails B-E two, four, six, and 
eight times respectively, being careful to keep them separate from each other 
and from the magnet. She then counts how many paperclips each of the nails 
can lift and makes a bar graph. 
 

 Is a control group necessary for this experiment? If so, did your friend use 
one? 

 
 
 
 

 
 

 Spend some time with your group thinking of ways this test could be 
improved to produce better evidence of the effect of number of nail counts 
on magnetic strength.  

 
List your ideas below and explain your reasoning. 
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For this experiment, five nails may be enough nails to draw some conclusion about 
whether the number of times you rub a nail with a magnet affects the resulting 
magnetic strength, if you are careful. But there are certainly ways for this to be 
improved. 
 
Summarizing Questions  

S1.  You are called in as an expert consultant for a hotel. The hotel washes an 
average of 400 towels a day from their swimming pool. They want to 
know if detergent A or B is better, so they buy some of each. They use 
detergent A on most of the towels, but save detergent B, which is more 
expensive, for the towels that have some visible dirt or stain. Sometimes 
the dirt or stain remains on towels washed with detergent B, so they 
decide not to continue buying it. Is this decision justified? What is your 
advice? 

 
 
 
 
 
 
 
 
S2.  Your friend Steve hurt his wrist in a waterskiing mishap, and he often 

complains about soreness in his wrist. Recently, he found a magnetic 
bracelet in a store that claimed it could be used to relieve wrist pain. He 
bought it and wore it around for a week. He reports that his wrist feels a 
little better, so he’ll keep wearing the bracelet. Discuss this in terms of the 
topics of this lesson. Was Steve’s experience an experiment? Is the 
information Steve shared data? Discuss with your group. 
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