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Experiments vs. Observational Studies

In an experiment investigators apply 
treatments to experimental units (people, 
animals, plots of land, etc.) and then 
proceed to observe the effect of the 
treatments on the experimental units.

In a randomized experiment investigators 
control the assignment of treatments to 
experimental units using a chance 
mechanism (like the flip of a coin or a 
computer's random number generator).
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Experiments vs. Observational

Studies (cont.)

In an observational study investigators 

observe subjects and measure variables 

of interest without assigning treatments to 

the subjects.  The treatment that each 

subject receives is determined beyond the 

control of the investigator.

For example, suppose we want to study the 
effect of smoking on lung capacity in women.
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Experiment

• Find 100 women age 20 who do not currently 

smoke.

• Randomly assign 50 of the 100 women to the 

smoking treatment and the other 50 to the no 

smoking treatment.

• Those in the smoking group smoke a pack a day 

for 10 years while those in the control group remain 

smoke free for 10 years.

• Measure lung capacity for each of the 100 women.

• Analyze, interpret, and draw conclusions from data.
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Observational Study

• Find 100 women age 30 of which 50 have 
been smoking a pack a day for 10 years 
while the other 50 have been smoke free 
for 10 years.

• Measure lung capacity for each of the 100 
women.

• Analyze, interpret, and draw conclusions 
from data.
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Fisher’s Hypothesis: his argument (i.e., a ``gene” as a 

confounding factor) on why observational studies may not show smoking 

causes health problems (he was a smoker)

• Suppose there is a gene that causes smoking to 

appear to be a very pleasurable experience.

• Suppose the same gene also causes emphysema, 

lung cancer, throat cancer, etc.

• People who have the gene will be more likely to 

smoke than people who do not have the gene.

• People who have the gene will be more likely to get 

emphysema, lung cancer, throat cancer, etc.

• So is it really smoking that causes health problems?  

Maybe it is just the gene? 6

• Observational studies can NEVER prove cause-
and-effect relationships (due to confounding)

• A confounding variable is related both to group 
membership and to the outcome of interest.  Its 
presence makes it hard to establish the 
effect/outcome as being a direct consequence of 
group membership.

• In obs. studies, we don’t actually ``make/impose”
groups being studied (just observe them) & so it’s 
not easy to explain the causes for any differences 
in observed outcomes between groups (i.e., 
confounding) 

Important Distinction
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But, randomized experiments can provide evidence 

of causation (accounting for confounding variables)

Logic of Experimental Design   (See Display 1.6 in Text)
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Sometimes observational studies are the only 

practical way to investigate groups (e.g., smoking)

An observational study can be comparative but can’t 

impose treatments & can’t conclude cause/effect 

(e.g., gender study)
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Importance of Randomization

1. eliminate bias by chance selection

2. introduce probability in study (get probability model)

Type of selection matters:  (See Display 1.5, 1.6 & 1.9 in Text)

• random selection:  justifies going from sample to population   

(statistic to parameter)

• random assignment:  implies causal effect of treatment

Probability model connects sample to population or treatment 

effect to experiment
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Always Randomize if Possible

Consider a field experiment intended to 
compare the yield of two corn varieties 
(A and B).

Suppose the field is divided into 20 plots that 
run from one end of the field to the other.  

Is there anything wrong with the following 
assignment of varieties to field plots?

A B A B A B A B A B A B A B A B A B A B


