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Overview for this session

• Introduce and discuss common sampling 

methods with examples

• Introduce and discuss common 

experimental designs with examples

• Illustrate a slightly more complex 

experimental design for an important goal 

– making the perfect cocktail



Sampling Methods

• Four common methods are simple random 

sampling (SRS), stratified random 

sampling (StRS), systematic random 

sampling (SyRS), and cluster sampling

• The other three methods use additional 

information to improve upon SRS by either 

reducing variance, sampling costs, or both



An SRS example

• In a large company (N = 5000) we want to 

estimate the average funds that employees think 

should be spent next year on iPads

• For SRS, take the list of employees, called the 

frame, and select some sample size (say n = 

300) so that all samples of size 300 are equally 

likely

• Collect data from those 300, make calculations



How stratification (StRS) may help

• If our list of the 5000 employees contains 

information about whether the employee 

primarily uses PCs or Macs, can that help?

• For StRS, we can take separate SRS‟s from the 

PC and Mac groups (the two strata), then 

combine data to estimate the average

• When done effectively StRS can greatly lower 

variance of our estimate



Possible use of SyRS

• If the set of names is in a list but not on 

the computer, we can randomly choose 

one of the first 16 names, then every 16th

afterward (why 16?)

• A more relevant example for natural 

resources data would be to use SyRS to 

obtain a geographically-balanced sample 

for spatial data



Cluster sampling to control costs

• If the employees work in different groups 
in several states and we need to 
personally interview respondents, we 
could randomly sample groups (called 
clusters) and interview some or all from 
each chosen cluster

• This approach can control travel costs 
(instead of using SRS and hoping that we 
do not need to visit each group)



Examples for discussion

• What proportion of graduate students at UI 

favor the health care reform bill that was 

passed last year?

• What is the average amount of space (in 

square feet) of single-family residences in 

northern Idaho?



Experimental Designs

• The simplest designs are completely 

randomized (CR), randomized complete  

block (RCB), and completely randomized 

factorial (CRF)

• RB is used to lower variance and/or cost 

compared to CR, CRF lets us look for 

interaction effects when there are multiple 

factors of interest



A CR example on hand steadiness
adapted from data in R. Kirk‟s Experimental Design text

• Subjects were randomized into one of 4 

sleep-deprivation groups (12, 18, 24, or 30 

hours)

• After that amount of sleep deprivation, 

they take a test using a “fill in the bubble” 

computerized form and the amount of lead 

outside the bubbles is measured



Using blocking

• Do people differ a lot in hand steadiness?

• If so, have each subject try each amount 

of sleep deprivation in a random order with 

a multiday „wash out‟ period in between 

each treatment

• This is a randomized complete block 

(RCB) design, in which the subjects are 

the blocks



Multiple factors

• Does caffeine consumption affect hand 
steadiness?  

• Randomize one of three levels of caffeine 
to each subject

• Combine sleep deprivation and caffeine 
level so that subjects are randomized to 
one of the 4 x 3 = 12 combinations.  This 
is a completely randomized factorial (CRF) 
design



Related questions

• How can we control person-to-person 

variation while studying both factors for the 

hand steadiness study?

• Other options: split-plot or repeated 

measures approaches



Examples for discussion

• Comparing a new tofu burger to a 

hamburger, fish sandwich, and a chicken 

sandwich at a restaurant

• An oil company wants to determine if its‟ 

new gasoline achieves more MPG than 

other brands



How do you make the perfect 

cocktail?

More specifically, what is the best 
combination of orange juice, 

vodka, and Galliano in a Harvey 
Wallbanger?

(Sahrmann et al, 1987,

The American Statistician)



Different recipes for the Harvey Wallbanger 

have been published, but which is best?

• Several researchers teamed up to 

address the issue.  Preliminary 

investigations led them to conclude that 

acceptable drinks satisfied:

• 4 < Orange juice/Galliano < 9  and

• 1.2 < Vodka/Galliano < 2.8

• Seven recipes were chosen, and are 

easily visualized in the following diagram:



The design space



Data collection

• An experiment (aka „party‟) was conducted 

in which 28 people rated different recipes

• How should we have the 28 people rate 

the 7 recipes?  Should each person only 

rate one recipe?  Should each person try 

all 7 recipes?  There is a benefit to having 

people try more than 1 drink, but 7 drinks 

is too many

• Statisticians have a great deal of expertise 

with these types of designs



Balanced Incomplete Block 

Designs (BIBD)

• A BIBD exists that allows us to have each 
subject try 3 drinks, and is balanced in the 
sense that each recipe is tried with each 
other recipe the same number of times

• Here is how the design looks in this case: 
i) abe ii) caf iii) gda iv) ecd v) dfb vi) bgc 
vii) feg

• Only seven combinations are needed, so 
we can have four people try each 
combination 



Data analysis

• A series of regression models were fitted 

to the taste test results.  The best-fitting 

model was:

• Predicted taste = -520.86G +101.04V -

12.51O +130.41GV + 815.96GO -

102.98VO

• The predictions from this model can be 

used to draw a contour plot, like a 

topographical map



The fitted surface

The solution is near (O,G,V)=(.75,.125,.125)


