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The use of statistics to make logical 
conclusions is everywhere. . .





What is Statistics?



Statistics is:

Population

6

Sample

Inference (logical conclusion)

*True Unknowns*

Summarize
Analyze 

7/27/2020 Hendricks, 2020



Inference

➧A logical conclusion

➧We can even get an idea of (i.e. quantify) the uncertainty of our inference!

➧The way data are collected is very important
 Will influence what logical conclusions we can make about the population using our sample

➧Cause and effect

➧To whom can we generalize 
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Population
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Sample

Inference (logical conclusion)

*True Unknowns*

Summarize
Analyze 

*Data Science* is:

7/27/2020 Hendricks, 2020



Population
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Sample

Inference (logical conclusion)

*True Unknowns*

Summarize
Analyze 

*Machine Learning* is:
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Inference

➧Cause and effect
 Drawing a cause and effect relationship between two variables (e.g. traits, features, 

attributes)

 e.g. putting my hand on a hot stove caused me to feel pain

 e.g. exposure to COVID-19 caused me to get sick

➧Generalizability
 e.g. the conclusions from this study extend to

➧All people with COVID-19 in the world?

➧The people with COVID-19 that are hospitalized?

➧Race, ethnicity, SES, biological sex, adult/child, those with “minor” or “major” responses
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Generalizability
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Generalizability

13

*True Unknowns*
Population

Other logical 
evidence, or 
assumptions

Population Sample

Inference

*True Unknowns*

Summarize
Analyze 
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Generalizability

➧But I want to generalize beyond
 Not based on the statistical model

 Must be based on other logic or assumptions

 Sometimes likely ok

➧How to sharpen skates

 Canadian expert skaters  amateur skaters

➧Human to human transmission in Europe and Asia  Human to human transmission in US

 Sometimes not

➧Clinical trials on heart disease

 white men  women or different ethnicities or ancestries

➧Vaccine trials for COVID-19 of young, healthy people  older, more at risk populations
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Inference

➧Cause and effect
 Drawing a cause and effect relationship between two variables (e.g. traits, features, 

attributes)

 e.g. putting my hand on a hot stove caused me to feel pain

 e.g. exposure to COVID-19 caused me to get sick

➧Generalizability
 e.g. the conclusions from this study extend to

➧All people with COVID-19 in the world?

➧The people with COVID-19 that are hospitalized?

➧Race, ethnicity, SES, biological sex, adult/child, those with “minor” or “major” responses
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Two Main Types of Studies

➧Experimental Studies

➧Observational Studies

167/27/2020 Hendricks, 2020



Two Main Types of Studies

➧Experimental Studies

 Studies where we manipulate/change something (e.g. vaccine, treatment) to try 

to cause an effect on another variable (e.g. COVID-19 diagnosis)

 Randomized Experiment

➧Study objects (e.g. people, animals, beer batches, etc.) randomly assigned to 

treatment groups
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Randomized experiments

➧Randomized clinical trial

➧Causal conclusions can be made
 Randomization mixes up subjects with different features (i.e., confounding variables) 

among treatment groups

 But even random groups can have patterns (i.e. other differences exist between groups) 

➧Can be incorporated into statistical analysis
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A side note on one of my favorite words



Equipoise

➧An ethical balance

➧Necessary for a randomized clinical trial 

➧Uncertainty whether a treatment or a vaccine will be beneficial

20

BeneficialNOT Beneficial
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Equipoise

➧Once treatment/vaccine proven beneficial

 Unethical to keep the treatment/vaccine from people

 Must give treatment/vaccine to all people
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Equipoise

➧Once treatment/vaccine proven NOT beneficial

 Unethical to give the treatment/vaccine to people

 Must stop giving treatment/vaccine to all people
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Randomized clinical trial

➧Randomized clinical trial

 Can be used to conclude that a vaccine or treatment causes an 

outcome

➧e.g. vaccine causes people to be less likely to become sick from 

COVID-19

 Equipoise is necessary to start and continue randomized clinical trial
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Two Main Types of Studies

➧Experimental Studies

 Studies where we manipulate/change something (e.g. explanatory variables, 

treatments) to try to cause an effect on another variable

 Randomized Experiment

➧Study objects (e.g. people, animals, beer batches, etc.) randomly assigned to 

treatment groups

➧Observational Studies
 Data are measured by observing the world 

 Grouping is not assigned

➧e.g. COVID-19 + and COVID-19 -, fever vs. not fever, people who go to college vs. 

those who do not
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Observational studies

➧Causal conclusions are not possible *

 *field of causal inference – advanced statistical techniques to provide more or 

less evidence of possible causality

➧We don’t know the direction or even if there is a causal relationship at all!

➧ e.g. a correlation between treatment and survival from COVID-19

➧Confounding Variable 
 Is related to both variables

 Can make a relationship appear or disappear (i.e. confounds relationship/association)
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confounding

26

ventilator survival

severity of 
COVID-19
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confounding

27

treatment survival

severity of 
COVID-19
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https://mathcoachblog.files.wordpress.com/2014/11/correlation-does-not-imply-causation.png



But what about something not obviously 
silly. . .



http://www.forbes.com/sites/alexknapp/2013/01/03/how-lead-caused-americas-violent-crime-epidemic/#1d43f9a63b277/27/2020 Hendricks, 2020

Can we assume that a 
change in gas lead 
levels caused a change 
in violent crimes 23 
years later?



Accumulate & Combine Evidence

➧Combine Evidence
 Observational studies in human children

 Experimental studies in model organisms (laboratory)

 Extremely bad outcomes for children with high blood lead levels (seizures, etc.)

 Etc.

➧Accumulate lots of evidence over time

➧Statistical, experimental methods exist that can add support to a causal 
relationship
 Psuedo-experimental studies

 Causal inference analyses

 Etc.
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4 Examples of
Generalizability and Causal Inference

In the time of COVID-19…



Ex. 1: Who do we test for COVID-19?

33

➧ In early days of COVID-19, only tested people with 

 Contact with COVID-19 + test

 Certain symptoms: Cough, fever, shortness of breath

➧ Thus, prevalence of those symptoms seen at a higher rate

➧ End of April CDC added chills, repeated shaking with chills, muscle pain, headache, 

sore throat, loss of taste or smell

➧ Now include fatigue, congestion or runny nose, nausea or vomiting, diarrhea
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Ex. 1: Who do we test for COVID-19?

347/27/2020 Hendricks, 2020



35

Ex. 2

➧Generalizable

 Hospital workers

 With fever or respiratory symptoms

➧93% of sample had fever, cough, or shortness of breath



Ex. 1: Who do we test for COVID-19?

Population

36

Sample

Inference

Summarize
Analyze 

• Contact with COVID-19 +
• Fever
• Cough

• Contact with COVID-19 +
• Fever
• Cough
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• Contact with COVID-19 +
• Fever
• Cough



Ex. 2 Hydroxychloroquine
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Ex. 2 Hydroxychloroquine
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retrospective observational study

Last sentence of abstract: “prospective trials are 
needed to examine this impact.”

Randomized clinical trial



Ex 3. A Treatment
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➧Generalizability

 Adults hospitalized with Covid-19

 Time to recovery

➧defined by hospitalization no longer needed
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➧Causality

 Double-blind: neither doctors nor patients know treatment group

 Randomized: subjects randomly assigned to treatment group

 Placebo-controlled: subjects are assigned to drug or placebo group
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Figure 2. Kaplan–Meier Estimates

of Cumulative Recoveries.

Beigel, 2020 NEJM



Ex. 4: A Vaccine!
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➧Clinical Trials

 Randomized experimental placebo-controlled trials

➧Volunteers randomized to receive vaccine or a placebo
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Ex. 4: A Vaccine!
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➧Clinical Trials

 Phase 1: small; assesses safety and dosage in healthy volunteers

➧Is vaccine safe?

➧Does safety vary at different dosages?

 Phase 2: moderately sizes; assesses potential benefit & side effects

➧Does vaccine elicit immune system/antibody response?

➧Any severe side effects?

 Phase 3: large; assesses benefit, effectiveness, and side effects

➧COVID-19 vaccine trials will likely have >10,000 volunteers

**Won’t it take forever to conduct a trial on >10,000 people?**
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Ex. 4: A Vaccine!
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So, what about a Human Challenge Trial?

➧ Volunteers for a vaccine trial are injected with the virus

➧ Pro: much faster trial than waiting for volunteers to be exposed to COVID-19 on own

➧ Con: non-trivial risk of death and co-morbidities (e.g. lasting lung damage)

➧Modifications to make safer

 Only complete trial in healthy, young adults
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Ex. 4: A Vaccine!

Population

47

Sample

Inference

• Healthy
• Young

Summarize
Analyze 

• Healthy
• Young
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• Healthy
• Young
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*True Unknowns*

Population

Other logical 
evidence, or 
assumptions

Population

Inference

Summarize
Analyze 

• Healthy
• Young

• Healthy
• Young

Sample

• Everyone!
• Older
• Sick
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Ex. 4: A Vaccine!



Ex. 4: A Vaccine!
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➧Will not be human challenge
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In Summary

➧Always ask
 Can I conclude causality?

➧(correlation does not imply causation)

➧Experimental studies are useful here when possible

 To whom can I generalize?

➧ Stay safe and wear a mask
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Thank you!
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