
Relating Two Variables

Class 14

CMPU 100 · Programming with Data



Remember that you have Assignment 5, from before 
break, due this week on the regular schedule.



Story time



When we introduced 
visualization at the end of Part 1 
of the course, we talked about 
John Snow and the London 
cholera outbreak of 1854. 

616 people died in the vicinity of 
Broad Street.

South side of Broad Street, c. 1875



In the 1800s, there were two theories about cholera:

Cholera is caused by germ cells 
(which had not yet been 
identified), transmitted through 
food or drink.

Miasma theory Germ theory

Cholera is caused by particles in 
the air (miasmata), which arise 
from decomposing matter.

Robert Seymour, 1831 Dartmouth Electron Microscope Facility

https://collections.nlm.nih.gov/catalog/nlm:nlmuid-101393375-img
https://web.archive.org/web/20070319225907/http://remf.dartmouth.edu/imagesindex.html


Physician John Snow (1813–
1858) doubted miasma theory.



And, as we saw, he recorded the deaths on a map.

Each black bar represents one death.



Snow’s observation was that 
deaths cluster around the 
Broad Street water pump



Snow used his map to convince local authorities to 
remove the handle of the Broad Street pump.



Snow used his map to convince local authorities to 
remove the handle of the Broad Street pump.

Later investigation found a cesspit, leaking a few feet 
from the well of the Broad Street pump; the pump’s 
water was contaminated by sewage from houses of 
cholera victims.
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“Each company supplies both rich and poor, both 
large houses and small; there is no difference either 
in the condition or occupation of the persons 
receiving the water of the different Companies… 
there is no difference whatever in the houses or the 
people receiving the supply of the two Water 
Companies, or in any of the physical conditions with 
which they are surrounded…” 
John Snow, On the Mode of Communication of Cholera, 1855
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Water supply area

Southwark and 
Vauxhall Co.

Lambeth Co.

Rest of London

Number of houses

40,046

26,107

256,423

Cholera deaths

1,263

98

1,422

Cholera deaths per 
10,000 houses

315

37

59



Cause and effect



Association: variables A and B change at the same 
time 

Causation: change in variable A makes variable B 
change



What type of conclusion – 
association or causation – can 
we draw from this graph?



Ice cream sales don’t cause shark attacks (or vice 
versa); there’s a third thing that causes an increase in 
both.
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Ice cream sales don’t cause shark attacks (or vice 
versa); there’s a third thing that causes an increase in 
both.

This is called a confounding variable (because it can 
“confound” researchers and lead them astray).

Weather

☀

Ice cream sales

🍦
Shark attacks

🦈



If we can control for any confounding variables – that 
is, remove the possibility that they have an effect on 
the data – then we can make causal claims. 

One way to do that is with a randomized controlled 
trial.
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Outcome: the variable (possibly) affected by 
treatment 

Treatment group: those who receive the 
treatment 

Control group: those who do not receive the 
treatment 

Population: the group for which the 
conclusions apply
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Treatment: the variable a researcher would 
(possibly) manipulate 

Outcome: the variable (possibly) affected by 
treatment 

Treatment group: those who receive the 
treatment 

Control group: those who do not receive the 
treatment 

Population: the group for which the 
conclusions apply

Treatment: Sewage in drinking water 

Outcome: Death from cholera 

Treatment group: Households getting 
Southwark & Vauxhall Co. water 

Control group: Households getting Lambeth 
Co. water 

Population: The areas of London served by 
these companies

Cholera and germs



While much of this class is focused on the details of 
working with data, we also want you to think 
critically about other people’s data analyses, which 
you read or hear about.
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Treatment: chocolate consumption 

Outcome: heart disease 

Population: 20,000 European adults followed for 12 
years



“Among those in the top tier of chocolate 
consumption, 12 percent developed or died of 
cardiovascular disease during the study, compared to 
17.4 percent of those who didn’t eat chocolate.”
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“Among those in the top tier of chocolate 
consumption, 12 percent developed or died of 
cardiovascular disease during the study, compared to 
17.4 percent of those who didn’t eat chocolate.”

What’s the relationship between chocolate consumption and heart disease?

This is just asking about association.
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“Among those in the top tier of chocolate 
consumption, 12 percent developed or died of 
cardiovascular disease during the study, compared to 
17.4 percent of those who didn’t eat chocolate.”

Does chocolate consumption lead to a reduction in heart disease?

This is asking about causation.



It’s often harder to answer questions about causality. 

“[The study] doesn’t prove a cause-and-effect 
relationship between chocolate and reduced risk 
of heart disease and stroke.” 

JoAnn Manson, chief of Preventative Medicine at Brigham and 
Women’s Hospital, Boston



Is the fact that people ate more chocolate the only 
possible cause for the observed effect of decreased 
heart disease risk? 

For example, suppose the people who ate more chocolate tended to 
live in European countries with better health care? 

What if wealthier people eat more chocolate – and can also afford 
better health care?



If the treatment and control groups are similar apart 
from the treatment, then differences between the 
outcomes in the groups can be ascribed to the 
treatment.



If you assign individuals to treatment and control at 
random, then the two groups are likely to be similar 
apart from the treatment. 

Randomized controlled experiments are the gold 
standard for establishing cause and effect.



Observational study: Treatment is non-random. 
Research must statistically adjust for confounding 
variables. 

Randomized control experiment: Research 
manipulates treatment. Controls for confounding 
variables by experimental design 

Natural experiment: Treatment occurs naturally and 
randomly (no researcher manipulation). Control 
for confounding naturally.



If randomized controlled experiments can establish 
causality while observational studies are subject to 
confounding, why are so many studies in the real 
world observational?



Review: Scatter plots



Scatter plots show the relationship between two 
numerical variables.



From 1973 to 2013, Peter and Rosemary Grant 
visited the Galápagos island of Daphne Major and 
collected data on finches, to study Darwin’s theory 
of evolution. 

The Grants spent years observing, tagging, and 
measuring finches and their environment.



Notebook: Finch data



fortis_1975



fortis_1975

fortis_1975.scatter( 
    "Beak length, mm", 
    "Beak depth, mm" 
)



“On average, as beak length increases,  
beak depth increases.”



Correlation



Quantifying linear association

Stronger association means the points are more 
tightly clustered on a straight line.

No association
Most positive 
association

Most negative 
association
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For each point (x, y), the 
sign of the product xy 
indicates whether the 
point suggests a positive 
or negative correlation.



For each point (x, y), the 
sign of the product xy 
indicates whether the 
point suggests a positive 
or negative correlation.

For each point (x, y), the 
magnitude of the product 
xy indicates the strength 
of correlation. 



We can sum up the contributions of each point: 

	 r = ∑
i

xiyi



We can sum up the contributions of each point: 

	 r = ∑
i

xiyi = x0y0 + x1y1 + ⋯ + xnyn



We can sum up the contributions of each point: 

	  

And then normalize it to be in the range [−1, 1] to 
make it interpretable: 

	

r = ∑
i

xiyi = x0y0 + x1y1 + ⋯ + xnyn

r =
∑i xiyi

∑i x2
i ∑i y2

i



r = 0.48



There’s one more issue we need to deal with to 
have a good measure of how associated two 
variables are.



r = 0.24 But this should have a negative correlation!



If the points aren’t centered at the origin, it messes 
with the r we compute:

r = 0.24



If the points aren’t centered at the origin, it messes 
with the r we compute:

r = 0.24 r = −0.70



So we center the data at (0, 0) by subtracting the 
average x and y from each point:



So we center the data at (0, 0) by subtracting the 
average x and y from each point:



So we center the data at (0, 0) by subtracting the 
average x and y from each point:



So we center the data at (0, 0) by subtracting the 
average x and y from each point:



r =
∑i (xi − x̄)(yi − ȳ)

∑i (xi − x̄)2 ∑i (yi − ȳ)2

Pearson’s correlation coefficient



Notebook: Correlation



Associations between beak length and depth

r = 0.821

r = 0.625
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