
Experiments

Homework: Read pages 292-311

Assignment #1 is page 312-314 #2, 4, 14, 18, 29, 32

Assignment #2 is page 315-316 #42, 43



Observational Studies 

 researchers simply observe or collect and record 

 researchers do not manipulate, treat or influence the subjects 

 can only lead to correlations or associations

 retrospective study: an observational study in which subjects are selected and then their 

previous conditions or behaviors are determined

 prospective study: an observational study in which subjects are followed to observe future 

outcomes



Limitations

 Although an observational study may identify important variables related to the outcome we 

are interested in, there is no guarantee that we have found the right or most important related 

variables.

 There is the possibility of lurking variables that can be influencing the observations or responses.

 A lurking variable is a variable associated with both x and y that makes it appear that x may be 

causing y. 

 Example: It has been found that countries with more televisions per capita tend to have longer 

life expectancies. What could the lurking variable be?



Experiments

 the only way to “prove” (imply) causation

 an experiment manipulates factor levels to create treatments, randomly assigns subjects 

to these treatment levels, and then compares the responses of the subject groups across 

treatment levels 



Vocabulary

 experimental units: individuals on whom an experiment is performed; called subjects or 

participants when human

 treatment: the process, intervention, or other controlled circumstance applied to randomly 

assigned experimental units

 factor: a variable whose levels are manipulated by the experimenter

 level: the specific values that the experimenter chooses for a factor

 response: a variable whose values are compared across different treatments



Examples

 Caffeine and Pulse Rates

 Waiting Room Ambiance and Anxiety 



More Vocabulary

 control group: the experimental units assigned to a baseline treatment level, typically 

either the default treatment, which is well understood , or a null, placebo treatment; their 

responses provide a basis for comparison

 placebo: a treatment known to have no effect, administered so that all groups 

experience the same conditions; only by comparing with a placebo can we be sure that 

the observed effect of a treatment is not due to simply the placebo effect

 placebo effect: the tendency of many human subjects to show a response even when 

administered a placebo



Even More Vocabulary

 blinding: any individual associated with an experiment who is not aware of how subjects 

have been allocated to treatment groups is said to be blinded

 single-blind experiment

 double-blind experiment

 blocking: when groups of experimental units are similar, it is often a good idea to gather 

them together into blocks. 

 blocking allows us to isolate the variability attributable to the differences between the blocks so 

that we can see the differences caused by the treatments more clearly.



Principles of Experimental Design

 CONTROL

 It is important to control aspects of the experiment that we know may have an effect on the response 
but that are not the factors being studied.

 Control involves making the experiment as similar as possible for experimental units in each treatment 
condition. Three control strategies are control groups, placebos, and blinding.

 RANDOMIZATION

 Randomization refers to the practice of using chance methods (random number tables, flipping a coin, 
etc.) to assign experimental units to treatments. 

 In this way, the potential effects of lurking variables are distributed at chance levels (hopefully roughly 
evenly) across treatment conditions.

 REPLICATION

 Replication refers to the practice of assigning each treatment to many experimental units. 

 In general, the more experimental units in each treatment condition, the lower the variability of the 
dependent measures.

 BLOCKING (BONUS)

 It is helpful to block in an effort to reduce the effects of identifiable attributes of the subjects that cannot 
be controlled



Types of Experiments

Completely Randomized Design

Randomized Block Design 

Matched Pairs Design



Completely Randomized Design

 The completely randomized design is probably the simplest 

experimental design, in terms of data analysis and convenience. 

With this design, participants are randomly assigned to treatments.

 A completely randomized design relies on randomization to control 

for the effects of lurking variables.

 By randomly assigning subjects to treatments, the experimenter 

assumes that, on average, lurking variables will affect each 

treatment condition equally; so any significant differences between 

conditions can fairly be attributed to the independent variable.

https://stattrek.com/Help/Glossary.aspx?Target=Randomization


Randomized Block Design

With a randomized block design, the experimenter divides 

participants into subgroups called blocks, such that the variability 

within blocks is less than the variability between blocks. 

 Then, participants within each block are randomly assigned to 

treatment conditions. 

 Because this design reduces variability and potential confounding, 

it produces a better estimate of treatment effects.



Matched Pairs Design

 A matched pairs design is a design that assigns both treatments to 

every subject.

 It is used when the experiment has only two treatment conditions; 

and participants can be grouped into pairs, based on one or more 

blocking variables. 

 Then, within each pair, participants are randomly assigned to 

different treatments.



Designing an Experiment Requirements

Step 1: Identify the response.

Step 2: Diagram the design.

Step 3: Explain, in detail, the randomization procedure. 



Example 1

 Researchers are interested in studying the effects of a new fever reducing medication, 325 mg 

of Drug X . There are 1,200 volunteers available for the experiment. Describe a completely 

randomized design for this experiment. 



Example 2

 Researchers are interested in studying the effects of a new fever reducing medication, 

Drug X. They are interested in testing 3 levels of the drug, 325 mg, 500 mg and 650 mg. 

There are 1,200 volunteers available for the experiment. Describe a completely 

randomized design for this experiment. 



Example 3

 Researchers are interested in studying the effects of a new fever reducing medication, Drug X. 

They have reason to believe that it may have different effects on men and women. There are 

1,200 volunteers, 600 men and 600 women, available for the experiment. Describe a completely 

randomized block design for this experiment. 



Confounding

 When the levels of one factor are associated with the levels of another factor, we say that 

these two factors are confounded. 

 A confounding variable is associated in a non-causal way with a factor and affects the 

response. 

 Because of the confounding, we find that we can’t tell whether any effect we see was 

caused by our factor or by the confounding variable- or even by both working together. 


