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Experimental Design
Goals: 

• Build a working vocabulary for experimental design

• Describe the features of a well-designed experiment

• Understand the difference between an observational study and an experiment

• Identify and use several different experimental designs

CLASS NOTES
Questions/Main Ideas

Name _________________________________ Date ___________

Establishing causation A survey can be useful to investigate opinions, but the interpretation of its results 
cannot go much deeper. In order to establish a causal relationship, such as a new 
drug causing lower blood pressure, a well designed experiment is needed.

Vocabulary First, you need to decide what your research question and target population 
will be. Do you want to study the effects of a new drug on young children? Do 
you want to see how temperature affects the rate at which a certain species of 
plant grows? You will most likely not have access to the entire population, so 
you will need to use the sampling techniques that you have learned to gather a 
representative sample. The actual things or people that you experiment on are 
called experimental units. If the experimental units are people, they are usually 
called subjects.

In the context of your research question, there is usually some sort of causal 
relationship you are trying to establish. That is, you are trying to demonstrate 
that one thing has some clear effect on another. You are trying to explain some 
response. The variable (or factor) that you are using to explain the response is 
called the explanatory variable. The variable you are considering to be the 
response would be called the response variable. You may remember from your 
science classes the terms independent and dependent variable. In terms of 
experimental design, the explanatory variable would be the analog (synonym) of 
the independent variable. Likewise, the dependent variable would be the analog 
of the response variable (the response is “dependent” on the explanatory 
variable).

A simple experiment would have one explanatory variable and one response 
variable, but experiments need not be limited to only studying one thing. The 
different explanatory variables would be called factors. You could think of an 
experiment asking the question, “How do these factors affect the response?” 
Each factor could have multiple levels. For example, an experiment could be 
designed to study the effects of three different pain killers on the reported pain 
experienced. The three different pain killers would be considered factors. The 
experimenters might test each of the pain killers at several different dosages. 
These would be considered the levels. A specific experimental condition 
imposed on the experimental units (i.e. Drug A at 100 mg) is called a treatment. 
The units that are given a specific treatment are called a treatment group.



Three components of a well 
designed experiment

randomization

replication

control

The experimental units come from some target population. There will always be 
individual differences among the experimental units. Assuming you do not have 
access to the entire population, you need to have a sample for your experiment 
that represents the population. You might think that hand-picking a sample to 
represent the population would be a good strategy, but this could easily introduce 
bias on the part of the experimenter. Without even being aware, the experimenter 
may systematically choose a biased sample. We therefore rely on randomization 
to control the effects of individual differences and to gather a sample that, as 
close as possible, represents the target population. Any well-designed 
experiment needs to have randomization as part of its sampling technique.

Again, considering that there will always be individual differences among the 
experimental units, if a strong response is seen in one unit, it would be poor 
judgment to conclude that a strong relationship has been established for all units. 
As much as possible, each specific treatment should be replication on as many 
experimental units as possible. The larger the sample size, the better.

The third feature (in no particular order) of a good experimental design is 
control. The goal of many experiments is to conclusively determine that one 
factor has a measurable affect on some response. In order to make a conclusion 
like this, you would need to design an environment in which the only things that 
change among the various treatment groups are the factors that you intend to 
change. All other factors not included in the design of the experiment (we will 
call these confounding variables) should be controlled. Note that “control” does 
not equal “control group.” Many well-designed experiments do use a control 
group to serve as a base-line to compare results of the treatment group, but 
control, more broadly, indicates that only the intended factors vary and 
everything else (as much as possible) is controlled.

Charting an experiment

Be sure to include:
• A description of where 
randomization happens in 
the process

• Named treatment groups 
(i.e. the new ball and the old 
ball)

• Specifically what is 
measured. Don't just say 
“compare results”.

A golf ball manufacturer wants to determine if a newly designed ball will travel 
further than their current product. They randomly choose 50 of each type of ball 
(the new design and the current design). They choose a day with no wind and 
use a machine to hit each ball to ensure consistency. The distance traveled by 
each ball is recorded.



Experiment vs. 
Observational Study

Any experiment should have some sort of treatment deliberately imposed on the 
experimental units. If there is no treatment imposed and the units are simply 
measured or observed, the study would be considered an observational study. 
Don't be fooled by fancy sounding designs. An experiment may sound complex 
in design, but if no treatment is imposed, it is simply an observational study. An 
observational study is useful for determining a relationship between the things 
being studied, but it should not be used to establish a direct, causation 
relationship.

Randomized comparative 
experiment

The simplest type of experimental design would be a randomized comparative 
experiment. The experimental units are randomly assigned to treatments.

Block design Ablock design would be used when there is some characteristic in the population 
that the researchers think could have an effect on the response. For example, a 
blood pressure medication may have a different effect on the different age 
groups. To account for this, a researcher may choose to block by age. They 
might create “blocks” by ages 20-39, 40-59 and 60-79. Note that there is nothing 
random about the creation of the blocks. Randomization will happen within the 
blocks.



Matched Pairs 
Experiment

In a matched pairs experiment, each experimental unit is usually measured twice. 
This might look like a before/after or pre-test/post-test. It could also involve half 
(or part) of an experimental unit receiving one treatment and the other half a 
different treatment. The response would be the difference in responses between 
the two treatments given to each unit. In terms of the three crucial components of 
experimental design, each unit would serve as its own control. Replication would 
take place across many units. The order of the treatments should be randomized 
for a well-designed matched pairs experiment. It is also possible to conduct a 
matched pairs experiment in which members of the population are matched up in 
pairs by some characteristic(s) and each member of the pair would receive a 
different treatment. Typically, however, a matched pairs experiment consists of 
each individual receiving both treatments.

Simulating an Experiment Suppose you are interested in measuring the proportion of a population infected 
with a certain disease. You suspect that 85% of the population is currently 
infected. In order to simulate a study, you generate the following list of random 
numbers:

04220 35427 26200 13133 31560 62370 46466 78915 13409 73001 02291 
33178 59846 50683 14638 38075 41345 71732 87928 03789 10098 94611 


