
2.1 Observational Studies vs. Experiments 

1.  Two types of studies 

Chapter two is all about data collection. How you do it and how not to do it. 

 

Now, before you collect data, you have to decide what type of study you are going to do. The two types 

of studies are observational studies and experiments, and you collect data differently in the two types. 

 

In an observational study, you simply go out and collect data.   

 

Example: A survey. It can be done online or in person, with paper/pencil or simply by asking questions. 

It could involve people running a race, or jumping tomatoes, or eating Cheerios. MOST data collection is 

done by observational study. 

 

On the other hand, in an experiment, the goal is to determine if there is a cause-and-effect relationship of 

an explanatory variable on a response variable. We do this by randomly assigning the experimental units 

to different treatment groups, where you will apply the explanatory variable to each group to see if there 

is a difference in the response variable among the treatments.  

In summary: 

  Explanatory variable: the variable causing the difference in treatments 

  Response variable: the variable you are measuring at the end, to see if there is a difference 

  Experimental units: the things or people that are randomly assigned to treatment groups 

You can NEVER determine a cause-and-effect relationship from an observational study. 

 

Example:  Researchers are investigating the effectiveness of spraying a fungus on trees to control the 

spread of a harmful insect. The researchers create four different concentrations of fungus mixtures:  

0 ml/L, 1.25 ml/L, 2.5 ml/L, and 3.75 ml/L. An equal number of the insects are placed into 20 individual 

containers. The group of insects in each container are sprayed with one of the four mixtures, and the 

researchers will record the number of insects that are still alive in each container one week after spraying. 

       -List the treatments:  

 Treatment 1: 0 ml/L   Treatment 2: 1.25 ml/L   Treatment 3: 2.5 ml/L   Treatment 4: 3.75 ml/L 

       -State the explanatory variable:  

 The concentration of fungus in ml/L 

       -State the response variable: 

 The number of insects alive in each container one week later 

       -State the experimental units:  

 The 20 containers (the 20 containers will be randomly assigned into the four treatment groups) 

       -An experiment has one essential feature. What do you think it is? 

 

2.  Random selection vs. random assignment 

Random selection (also called random sampling) is when you select subjects from the population “at 

random.” It’s done in both observational studies and experiments, and the reason we do it is to get a 

representative sample—that is, a sample that’s representative of the population. If you have random 

selection, you have a good chance of having a representative sample, which is required to generalize to 

the population. 

       How do I know if it’s random? Everyone has an equal chance of being picked.  

       For example, how would you create a random sample of 50 people from a list of 2000?  

       Answer: Use a hat! Put all 2000 names in a hat, shake the hat, and pull out 50. They are your subjects 



Random assignment (also called randomization) is done in experiments only. It’s when we randomly put 

our already-selected subjects into our different treatments. 

       For example, how would you randomize 100 people into two treatment groups?  

       Answer: Use a hat! Put all 100 names in a hat, shake the hat, and pull out 50. They go to treatment  

one. The remaining names go into treatment two. 

 

In a good experiment, first you do random ____________, then you do random ___________________. 

 

3. Confounding variables 

I said above that you can never determine cause-and-effect from an observational study. 

 

Example:  2000 people were followed for six years.  The question researchers wanted to know was, 

“Does prayer lower blood pressure?”  Although they didn’t do an experiment, the researchers DID 

discover that the people who prayed more had lower blood pressure. 

Let’s figure out why we can’t conclude that praying causes lower blood pressure. 

-Why do you think the researchers didn’t do an experiment? 

-Can you think of some reasons why the people who prayed might have had lower blood pressure? 

 

A confounding variable is a variable that is related to both the explanatory variable and the response 

variable. It’s “in between” them—and so you can’t tell any more if it’s the explanatory variable causing 

the response variable to change—it could be the confounding variable. That’s bad! 

 If you are trying to decide if something could be a confounding variable, you must show a 

connection to BOTH the explanatory and the response variables. 

Example confounding variable: Having quiet time. Here, for example, quiet time is related to 

praying (you need to be quiet to do it) and related to lower blood pressure (having the quiet time reduces 

stress). 

 Example confounding variable: Having more friends. Here, having more friends is related to both 

praying (it’s more likely you are active in your church) and related to lower blood pressure (having more 

friends makes you happier). 

 Other possible confounding variables: More exercise (walking to church), diet (some religions 

don’t eat pork, for example). 

 NOT a confounding variable: genes. Prayer is not related to your genes (that I can think of). 

 

Can you think of a confounding variable in each of these examples? 

-Having a dog lowering death rate 

   -Murder rate goes up when more ice cream is purchased 

   -Birth order related to Down’s syndrome 

4. In summary  

A well-designed experiment will let you determined cause-and-effect. You will most likely not have 

confounding variables in a well-designed experiment. 

 

 Generalize to the population Cause-and-effect relationship 

Observational Study 

 

YES, if 

 

random selection 

NO 

Experiment 

 

YES, if 

 

random selection 

YES, if 

 

random assignment 

 


