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X Y Y = f(X)

X Y

3



80 100 120 140

15
0

20
0

25
0

30
0

35
0

腹围和体重

腹围

体
重

4



5



6



-2 -1 0 1 2

-1
5

-1
0

-5
0

5

x

y

7



Outline

1 Pearson

2 Spearman

3 Kendall τ

4 Key points

5

8



Pearson

Pearson
(x1, y1), (x2, y2), · · · , (xn, yn) Pearson

rxy =
sxy
sxsy

,

sxy = 1
n−1

n∑
i=1

(xi − x̄)(yi − ȳ) sx =
√

1
n−1

n∑
i=1

(xi − x̄)2

sy =
√

1
n−1

n∑
i=1

(yi − ȳ)2.
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−1 ≤ rxy ≤ 1

r

r > 0
r < 0
r = 0
r = 1
r = −1
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rxy

r

|rxy| ≥ 0.8
0.5 ≤ |rxy| < 0.8
0.3 ≤ |rxy| < 0.5
|rxy| < 0.3
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ρxy =
σxy

σxσy
,

σxy = E[(X − µX)(Y − µY)] σ2
x = E[(X − EX)2]

σ2
y = E[(Y − EY)2]
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H0 : ρ = 0
H1 : ρ ̸= 0

T =
r
√
n − 2√
1 − r2

.

H0 T ∼ t(n − 2).
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R Pearson

cor(fat$Abdomen, fat$Weight)

## [1] 0.8879949
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R

cor.test(fat$Abdomen, fat$Weight)

##
## Pearson's product-moment correlation
##
## data: fat$Abdomen and fat$Weight
## t = 30.532, df = 250, p-value < 2.2e-16
## alternative hypothesis: true correlation is not equal to 0
## 95 percent confidence interval:
## 0.8586427 0.9115424
## sample estimates:
## cor
## 0.8879949
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Spearman

Pearson
?
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Spearman

Spearman
(x1, y1), (x2, y2), · · · , (xn, yn) Spearman ρ

Rank Pearson

ρxy =

∑
(ui − ū)(vi − v̄)√∑

(ui − ū)2
√∑

(vi − v̄)2
,

ui vi xi yi
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i 1 2 3 4 5 6

xi 1 2 3 4 5 6
yi 1 4 9 16 25 36

Pearson =
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Spearman

i 1 2 3 4 5 6

rank(xi) 1 2 3 4 5 6
rank(yi) 1 2 3 4 5 6

Spearman =
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T = ρ

√√√√ n − 2
1 − ρ2 .

H0 T ∼ t(n − 2).
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R Spearman

cor(fat$Abdomen, fat$Weight,
method = 'spearman')

## [1] 0.8739719
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R

cor.test(fat$Abdomen, fat$Weight,
method = 'spearman')

##
## Spearman's rank correlation rho
##
## data: fat$Abdomen and fat$Weight
## S = 336133, p-value < 2.2e-16
## alternative hypothesis: true rho is not equal to 0
## sample estimates:
## rho
## 0.8739719
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Kendall τ

Kendall τ

(x1, y1), (x2, y2), · · · , (xn, yn) i < j
(xi − xj)(yi − yj) > 0 (xi, yi) (xj, yj)

C2
n =

n(n−1)
2 Nc Nd

Kendall τ
τ =

Nc − Nd

n(n − 1)/2
.

27



R Kendall τ

cor(fat$Abdomen, fat$Weight,
method = 'kendall')

## [1] 0.693417
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R

cor.test(fat$Abdomen, fat$Weight,
method = 'kendall')

##
## Kendall's rank correlation tau
##
## data: fat$Abdomen and fat$Weight
## z = 16.359, p-value < 2.2e-16
## alternative hypothesis: true tau is not equal to 0
## sample estimates:
## tau
## 0.693417
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R

library(corrplot)
library(RColorBrewer)
M <-cor(fat)
corrplot(M, type="upper", order="hclust",

col=brewer.pal(n=8, name="RdYlBu"))
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