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Correlation

Definition

● Sarah is a regional sales manager for a 
company that supplies residential heating 
oil. 

● Prices fluctuate, and orders are 
inconsistent. 

● Sarah wants to understand: what factors 
are related to heating oil consumption? 
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Correlation

Definition

● Home insulation. 
● Outdoor temperature. 
● Number of occupants. 
● Average age
● House size.

➢ Correlation is a statistical measure of how 
strong the association between two variables 
is. 

➢ Pre-visualization using scatter plot: each point is 
an observation; 

➢ If the points tend to lie along an 
upward/downward line → there is a connection.
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Correlation

Definition

Scatter plot help:
● See the direction and strength with your 

eyes: points line up to the right → positive; 
going down → negative; scattered in clusters 
→ uncorrelated.

● Detecting nonlinear relationships: two 
variables with a curved relationship (eg 
U-shaped) can have r ≈ 0 even though they 
are related.

● Outlier detection: an outlier can skew the 
coefficients.

● Verify the validity of the correlation 
coefficient.
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Definition

deviations of each value 
from its own mean. They tell 
us whether a value is above 
(positive) or below (negative) 
the average of its variable.
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Correlation

Definition

the numerator: the sum of 
the products of the paired 
deviations.
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Correlation

Definition

The denominator: a 
measure of the spread 
(dispersion) of each 
variable around its mean.
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Correlation

Example

The target variable is 
Heating_Oil — the annual 
consumption of heating oil (in 
units).

- Apply func. (1) to 
calculate r  for each 
varialble along with 
target var.

- Use scatter plot to 
visalize the correlation 
between each variable 
to the target.
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Correlation

Example ● Insulation: r = +0.997 — very strong, positive.
-> The points stick close to the upward straight line. 
This is a clear and reliable LINEAR relationship: the 
more insulated the house, the more oil it consumes. r 
reflects reality.

● Avg_Age
-> r = +0.157 — close to 0, seemingly 'irrelevant'.
BUT the scatter plot shows an inverted-U shape: 
middle-aged people use the most oil, and very young 
and very old people use the least. The relationship is 
STRONG but NONLINEAR, so linear r ≈ 0 hides it

● Num_Occupants
-> r = +0.521 — average, looks worth using.
But this r is mainly pulled up by ONE outlier (house of 
12 people, uses 560 oil). Removing that point, r is only 
≈ 0.12.

● Home_Size
-> r = +0.522 — average, but meaningless.
Nearly every house has Home_Size = 4 (one vertical 
column), only ONE house = 8. The entire 'variation' of 
x is at a single point → r is determined by that point.
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Correlation

Correlation vs. Causation
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Association Rules

Definition
● Association Rules finds items that 

frequently appear together in transactions — 
which is market-basket analysis. The results 
are rules of the form:

     => A → B ("if customers buy A, they 
usually buy B")

● 3 Counting indices:
○ Support: How often does this rule 

come up?
○ Confidence: Among those who 

purchased product A, what percentage 
also purchased product B?

○ Lift: Is group buying really more than 
just random chance?
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Association Rules

Definition
● Association Rules finds items that 

frequently appear together in transactions 
— which is market-basket analysis. The 
results are rules of the form:

     => A → B ("if customers buy A, they 
usually buy B")

● 3 Counting indices:
○ Support: How often does this rule 

come up?
○ Confidence: Among those who 

purchased product A, what 
percentage also purchased product 
B?

○ Lift: Is group buying really more 
than just random chance?

The proportion of transactions containing both A and B; indicates how 
frequently the rule occurs.

Among transactions involving A, what is the proportion that also includes B? This 
indicates the reliability of the rule.

Compare the "A and B together" level to the random level. Read:

- Lift > 1: go together more than by chance → positive contact, worth using.
- Lift = 1: independent → meaningless law.
- Lift < 1: come together less than by chance → exclude each other.
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Association Rules

Example

- Apply association rules 
for this table
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Association Rules

Example

- Association rules work with items, not continuous numerical values. Therefore, we discretize (bin) each variable 
into levels, transforming each house into a set of items:
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Association Rules

Example
For the rule A → B, where N = the total number of transactions:

Luật A → B count(A) count(B) count(A&B) Support Confidence Lift

Insul=High → 

Oil=High

Age=Middle → 

Oil=High

Occ=Many → 

Oil=High

Size=Big → 

Oil=High

- Complete this 
table
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Summarize
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Thank you!


