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R. A. Fisher and Sources of Variation 
• 1938 Presidential Address to Indian Statistical Society: 

 
 
 
 
 
 

 
• Research studies begin with list of major sources of variation, 

being variables that explain variation in the response(s) 
• Failure to identify and account for these threatens the validity, 

reliability, and power of your conclusions 
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To consult the statistician after an experiment is finished is 
often merely to ask him to conduct a post mortem 
examination.  He can perhaps say what the experiment died of. 

…he must […] use his imagination, and […] foresee in advance 
the difficulties and uncertanties […] 



Outline 
• Demonstrate how ignoring sources of variation can threaten 

validity of conclusions or lower power of analysis 
 

• Present general classes of sources of variation present in many 
research studies 
 

• List questions I often ask myself and collaborators when 
designing or reviewing data collection procedures 
 

• Discuss different ways to account for sources of variation 
 

• Goal: design better research studies, produce stronger 
analyses, and critique other studies constructively 
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Drug Efficacy Example 
• Clinical trial for a new drug and need to show drug efficacy 

meets a certain threshold for it to go to market 
• Drug efficacy is normalized response from 0 to 1 

• Need consistent efficacy score of 0.75 
• Recruit 50 subjects 

• Assign 40 to receive drug 
• Assign 10 to receive placebo 
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Drug out performs placebo usually, but 
not always 

Drug has far more variability! 



Drug Efficacy Example 
• The high variability makes it difficult for us to claim the drug 

consistently gives 0.75 score 
• How do we know the results are repeatable? 
• Need to describe our subjects in more detail and find out if 

anything unrelated to the drug could have lead to these results 
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Subjects were classified as either 
male or female 

Male placebo was much higher, 
Drug performance was similar 



Drug Efficacy Example 
• The high variability makes it difficult for us to claim the drug 

consistently gives 0.75 score 
• How do we know the results are repeatable? 
• Need to describe our subjects in more detail and find out if 

anything unrelated to the drug could have lead to these results 
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Subject age was also reported 

Age can be used to explain why 
there is higher variability in 
Efficacy 

Efficacy drops as age increases 

Younger subjects have higher, 
more consistent efficacy 



Identifying sources of variation 
• Start with set of variables hypothesized to affect response and 

directly related to your research questions 
• Also need to consider other sources of variation to show these 

relationships hold (or do not hold) under different scenarios 
 

• Responses come from taking measurements (or observations) 
on/from some thing, called the observational unit (OU) 

• Want things we call OUs to be unique 
 

• Most major sources of variation derive from either  
• Observational units 
• Study procedure (e.g. take measurements or apply treatments) 
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OU sources of variation 
• Internal characteristics – specific qualities of the OUs 

• Saw this with age and sex in Drug example 
• Do OUs come from a larger unit?  E.g. repeated measures 
• Are all of my subjects CS graduate students? 

 
• External influences – variables external but influential on OUs 

• Physical/environmental fluctuation 
• Awareness of being monitored or experimented on 
• Intentional manipulation for experiments (treatments) 

 
• Should also question the nature of these sources of variation 

• Effects on OUs constant throughout the study? 
• When do they affect the OUs?  Before or during study? 
• Can you control or reduce the amount of variation? 
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Procedural sources of variation 
• Measurement/recording error 

• Multiple measurements give same answer?  Measuring truth? 
• Problem with counting number of vulnerabilities in software 
• Affects both response and independent variables 

 
• Treatment application error 

• How confident are you in your ability to replicate a given scenario? 
• King et al (2014), “To Log, or Not To Log: Using Heuristics to Identify 

Mandatory Log Events” ESEM 
 
• OU selection 

• How are the OUs chosen?  Could someone get a similar sample? 
• Are OUs representative of the population you’re interested in? 
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Some useful questions to ask 
• What do you take measurements on?  These should be OUs 

• How are you selecting these? 
• Are there characteristics that make some units more similar than 

others? 
• Do some units come from larger units? 
• Is your population of interest large?  Could you make it smaller? 
• Are there external factors that could affect units? 
 

• If experiment – describe your treatment application process 
• What are you applying the treatment to? 
• Can you consistently replicate treatment scenarios? 
• Do you expect the treatment effect to be constant or diminish? 
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Accounting for sources of variation 
• Know what sources are important and which should be ignored 
• Studies that consider too many sources are complicated and 

hard to understand, pick your battles carefully 
 

• Controlling – fix variables to certain values to reduce variation 
• Modeling – explain variance by modeling relationship between 

response and variables  
• Verify proposed relationship actually makes sense (interactions!) 
• Try to have good, even coverage of variable values! 

• Randomization – if experiment, randomly assigning which 
subjects get a treatment reduces chance of confounding OU 
effects with treatment effects 
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Controlling versus Modeling 
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Conclusions 
• Careful consideration when designing research study will pay 

off significantly later on during analysis 
• Start by identifying the things you are measuring and lay out 

your study procedure in as much detail as possible 
• Use questions provided to modify your study if necessary 
• Collect detailed information on how data collection is going, be 

wary of potential issues that you may not have thought of 
• It’s better to not use data than to have no data to use 

• If your data do not yield strong conclusions, consider the 
possibility of missed sources of variation 

• Design paralysis: don’t be so afraid of missing everything that 
you never do the study!  
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Thank you! 
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