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ANOVA vs. Regression
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Interpreting regression model
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y = 2x + 1

slope intercept

slope: vocabulary size 
increase by 10,000, 
reading score increases 
by 2 points on average. 

intercept: the expected y 
when x=0, may or may 
not make sense

y = b1x + b0

residuals: 
unexplained 
variance



b! = #𝑦 − 𝑏"𝑥̅

b" =
∑(𝑥# − 𝑥̅)(𝑦# − #𝑦)

∑(𝑥# − 𝑥̅)$

Estimating regression coefficients

reading score 1,3,4,5,6 (M=3.8)
vocabulary size 0.5,1,1.5,2.5,3 (M=1.7)

b! =
0.5 − 1.7 1 − 3.8 + 1 − 1.7 3 − 3.8 + 1.5 − 1.7 4 − 3.8 + 2.5 − 1.7 5 − 3.8 + 3 − 1.7 6 − 3.8

0.5 − 1.7 2+ 1 − 1.7 2+ 1.5 − 1.7 2+ 2.5 − 1.7 2+ 3 − 1.7 2

= 1.53

𝑦 = 𝑏"𝑥 + 𝑏0

b" = 3.8 − 1.53 ∗ 1.7 = 1.199

(1.7, 3.8)
centroid



A tale of two models
𝑦 = 0 ∗ 𝑥 + 𝑏0 𝑦 = 𝑏!𝑥 + 𝑏0

x has no effect on y                     x has positive effect on y 

!𝑦

SST

𝑆𝑆𝑅 =*(,𝑦" − .𝑦)#

SSR

𝑆𝑆𝑇 =*(𝑦" − .𝑦)#

𝑆𝑆𝐸 =*(𝑦𝑖 − 2𝑦)#

SSE

𝑅2 =
𝑆𝑆𝑅
𝑆𝑆𝑇



R2 and F ratio

𝑆𝑆𝑅 =*(,𝑦" − .𝑦)#

𝑆𝑆𝑇 =*(𝑦" − .𝑦)#

𝑆𝑆𝐸 =*(𝑦𝑖 − 2𝑦)#

M𝑆𝑅 =
𝑆𝑆𝑅
𝑘 − 1

M𝑆𝐸 =
𝑆𝑆𝐸
𝑛 − 2

k: number of model parameters (slope, intercept)
n: number of data points

𝑅2 =
𝑆𝑆𝑅
𝑆𝑆𝑇

𝐹 =
𝑀𝑆𝑅
𝑀𝑆𝐸



Correlation vs. Regression
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causal relationship, make prediction
x y

linear relationship, interchangeable
x     y
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Non-linear relationships

e.g., energy and temperature e.g., pandemic outbreak     

Quadratic Exponential



Correlation is not causation

0.0 0.2 0.4 0.6 0.8

0

3

6

9

Humidity

N
um

be
r 

of
 to

ne
s

Correlation to causation:
The correlation is strong.
The causal effect is plausible.Reading score

1   2   3   4   5   60
   

0
.5

  1
 1

.5
  2

  2
.5

  3
  *

1
0

4

vo
ca

b
u

la
ry

 s
iz

e



Variance vs. Covariance
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∑(𝑥# − 𝑥̅)(𝑦# − #𝑦)
𝑛 − 1

∑(𝑦# − #𝑦)$

𝑛 − 1

∑(𝑥# − 𝑥̅)$

𝑛 − 1



Covariance: Direction of the relationship
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∑(𝑥# − 𝑥̅)(𝑦# − #𝑦)
𝑛 − 1

covariance is influenced by scale: can only tell the direction of the 
relationship.



Correlation: Direction and strength
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r = !"#(%,')
)*+ % ∗)*+(')

Cov = ∑(%!.%̅)('!.0')
1.2

r (correlation coefficient):
a number between -1 and 1



Significance of correlation coefficient
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t = 3.4
)5 3 se(r) = 2.3"

1.6

= 3 1.6
2.3" ~𝑇!"#

1. Determine H0 and Ha:
H0: ρ = 0
Ha: ρ ≠ 0   à population level

2. Calculate the test statistic

3. Compare p with α



Interpret an r value in the context of 
the scientific question

r Interpretation

0.00-0.10 No correlation

0.10-0.39 Weak correlation

0.40-0.69 Moderate correlation

0.70-0.89 Strong correlation

0.90-1.00 Very strong correlation



Interpret r value in the context of the 
scientific question


