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ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ

ƗƹƷƻơƸƭƷƫ

ƉƫưƢƸƵƫƶ ƑƫƸƷƳǁƨƫƶ
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ƊƭƷƥƧƽƧƢ

ƗƹƻƱƠ ƩƱƨƭƥƺƩƵǀưƥƷƸƩ Ʊƥ ưƩƯƩƸƢƷƳƹưƩ Ƹƫ ƷƻơƷƫ ưƩƸƥƲǁ ƨǁƳ ƴƳƷƳƸƭƮǂƱ
ưƩƸƥƦƯƫƸǂƱ Ƣ ƴǂƶ ƫ ưƭƥ ƩƴƫƵƩƠƪƩƭ ƸƫƱ ƠƯƯƫ� ƕ�ƻ��

ƕƳƭƥ ƩƣƱƥƭ ƫ ƷƻơƷƫ ưƩƸƥƲǁ ƸƳƹ ǁƼƳƶ ƸƽƱ ƺƳƭƸƫƸǂƱ ƩƱǀƶ ƸưƢưƥƸƳƶ ưƩ ƸƳ ƦƠƵƳƶ
ƸƳƹƶ�

ƕǂƶ ƷƻƩƸƣƪƩƸƥƭ ƫ ƩƴƣƨƳƷƫ ƸƽƱ ưƥƬƫƸǂƱ ƷƸƫƱ ƈŻ ƯƹƮƩƣƳƹ ưƩ ƸƫƱ ƩƴƣƨƳƷƫ ƷƸƭƶ
ƩƭƷƥƧƽƧƭƮơƶ ƩƲƩƸƠƷƩƭƶ ƸƳƹ ƴƥƱƩƴƭƷƸƫưƣƳƹ�

ƕǂƶ ƷƻƩƸƣƪƩƸƥƭ Ƴ ưƭƷƬǀƶ ưƩ Ƹƥ ơƸƫ ƷƴƳƹƨǂƱ ƸƽƱ ƩƵƧƥƪƳươƱƽƱ�

ƕƥƵƥƸƫƵƢƷƸƩ ǀƸƭ ƷƸƥ ƴƥƵƥƴƠƱƽ ƴƥƵƥƨƩƣƧưƥƸƥ Ƴ ƩƵƩƹƱƫƸƢƶ ƨƩƱ
ƴƵƳƮƥƬƳƵƣƪƩƭ�ƩƯơƧƻƩƭ Ƹƭƶ Ƹƭươƶ ƮƥưƭƠƶ ƥƴǀ Ƹƭƶ ƨǁƳ ưƩƸƥƦƯƫƸơƶ�

ƕƵƳƷƳƻƢ� ƉƩƱ ƥƷƻƳƯƳǁưƥƷƸƩ ưƩ ƴƩƵƭƴƸǂƷƩƭƶ ǀƴƽƶ� ƴ�ƻ�� ƴǂƶ ƷƻƩƸƣƪƩƸƥƭ Ƴ ƥƵƭƬưǀƶ
ƸƽƱ ƥƱƳƭƻƸǂƱ ƸƥưƩƣƽƱ ƩƱǀƶ ƷƳǁƴƩƵ ưƠƵƮƩƸ �ƸƳƱ ƳƴƳƣƳ ƮƥƬƳƵƣƪƩƭ Ƴ ƨƭƩƹƬƹƱƸƢƶ ƸƳƹ
ƮƥƸƥƷƸƢưƥƸƳƶ� ưƩ ƸƳƱ ƻƵǀƱƳ ƥƱƥưƳƱƢƶ ƸƽƱ ƴƩƯƥƸǂƱ ƷƸƥ ƸƥưƩƣƥ�
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Ɔƶ ƬƩƽƵƢƷƳƹưƩ ƨǁƳ Ƹ�ư�X,Y Ʈƥƭ n ƪƩǁƧƫ ƴƥƵƥƸƫƵƢƷƩƽƱ

(x1, y1), (x2, y2), . . . , (xn, yn)

ƥƴǀ Ƹ�ƨ� ưƩƧơƬƳƹƶ n�

ƆƱƥƪƫƸƳǁưƩ ươƸƵƥ Ƹƥ ƳƴƳƣƥ ưƴƳƵƳǁƱ Ʊƥ ƩƮƺƵƠƷƳƹƱ Ʈƥƭ Ʊƥ ƴƳƷƳƸƭƮƳƴƳƭƢƷƳƹƱ ƸƫƱ
ƴƭƬƥƱƢ ƷƹƷƻơƸƭƷƫ ƸƽƱ ƨǁƳ ưƩƸƥƦƯƫƸǂƱ�

Ɣ ƴƭƳ ƥƴƯǀƶ ƸƵǀƴƳƶ Ƨƭƥ Ʊƥ ƴƠƵƳƹưƩ ưƭƥ ƭƨơƥ Ƨƭƥ ƸƳ ƥƱ Ʈƥƭ ƴǂƶ ƨƹƳ ưƩƸƥƦƯƫƸơƶ
ƷƹƷƻƩƸƣƪƳƱƸƥƭ� ƩƣƱƥƭ Ʊƥ ƮƥƸƥƷƮƩƹƠƷƳƹưƩ ƸƳ ƯƩƧǀưƩƱƳ ƨƭƠƧƵƥưưƥ ƨƭƥƷƴƳƵƠƶ �VFDWWHU
SORW��

ƉƫƯƥƨƢ� Ʊƥ ƥƱƥƴƥƵƥƷƸƢƷƳƹưƩ Ƹƥ ƪƩǁƧƫ ƸƽƱ ƴƥƵƥƸƫƵƢƷƩƽƱ (xi, yi) ƽƶ ƷƫưƩƣƥ ƷƩ
ơƱƥ ƮƥƵƸƩƷƭƥƱǀ ƷǁƷƸƫưƥ ƥƲǀƱƽƱ ǀƴƳƹ Ƴ ƳƵƭƪǀƱƸƭƳƶ ƠƲƳƱƥƶ ƩƣƱƥƭ Ƴ ƠƲƳƱƥƶ ƸƽƱ x Ʈƥƭ
Ƴ ƮƥƸƥƮǀƵƹƺƳƶ ƸƽƱ y�
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ƕƥƵƠƨƩƭƧưƥ

Ɔƶ ƬƩƽƵƢƷƳƹưƩ Ƹƥ ƨƩƨƳươƱƥ�

x 6 20 0 14 25 16 28 18 10 8

y 15 31 10 16 28 20 40 25 12 15

−5 0 5 10 15 20 25 30
10

15

20

25

30

35

40

x
y
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Ɔƴǀ ƸƳ ƨƭƠƧƵƥưưƥ ƨƭƥƷƴƳƵƠƶ ƴƥƣƵƱƳƹưƩ ưƭƥ ƴƵǂƸƫ ƩƭƮǀƱƥ Ƨƭƥ ƸƳ ƴǂƶ ƷƻƩƸƣƪƳƱƸƥƭ
ƥƹƸơƶ Ƴƭ ưƩƸƥƦƯƫƸơƶ ưƩƸƥƲǁ ƸƳƹƶ� ƑƭƮƵơƶ Ƹƭươƶ Ƹƫƶ ưƩƸƥƦƯƫƸƢƶX ƷƻƩƸƣƪƳƱƸƥƭ ưƩ
ưƭƮƵơƶ Ƹƭươƶ Ƹƫƶ Y � ƩƱǂ ưƩƧƠƯƩƶ Ƹƭươƶ ƸƫƶX ƷƻƩƸƣƪƳƱƸƥƭ ưƩ ưƩƧƠƯƩƶ Ƹƭươƶ Ƹƫƶ Y �

ƚƹƷƭƮƠ� ưƴƳƵƳǁưƩ ƩǁƮƳƯƥ Ʊƥ ƹƴƳƯƳƧƣƷƳƹưƩ Ƹƭƶ ƴƳƷǀƸƫƸƩƶ�

X̄ = 14.5, Ȳ = 21.2, SX = 8.7082, SY = 9.5778,

Ƴƭ ƳƴƳƣƩƶ ǀưƽƶ ưƥƶ ƨƣƱƳƹƱ ƴƯƫƵƳƺƳƵƣƩƶ Ƨƭƥ ƸƫƱ ƮƠƬƩ ưƩƸƥƦƯƫƸƢ ƲƩƻƽƵƭƷƸƠ Ʈƥƭ ǀƻƭ
Ƨƭƥ Ƹƫ ưƩƸƥƲǁ ƸƳƹƶ ƷƻơƷƫ�

ƗƸƫ ƷƹƱơƻƩƭƥ� Ƭƥ ƨƳǁưƩ ơƱƥ ƮƯƥƷƷƭƮǀ ươƸƵƳ ƷƹƷƻơƸƭƷƫƶ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � ��
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ƗƹƱƸƩƯƩƷƸƢƶ ƧƵƥưưƭƮƢƶ ƷƹƷƻơƸƭƷƫƶ ƸƳƹ 3HDUVRQ

Ɣ ƨƩƭƧưƥƸƭƮǀƶ ƷƹƱƸƩƯƩƷƸƢƶ ƧƵƥưưƭƮƢƶ ƷƹƷƻơƸƭƷƫƶ ƸƳƹ 3HDUVRQ ƷƹưƦƳƯƣƪƩƸƥƭ ưƩ
r Ʈƥƭ ƳƵƣƪƩƸƥƭ ƽƶ�

r =
SXY

SX · SY
,

ǀƴƳƹ

SXY = (X,Y ) =
1

n− 1

n∑

i=1

(xi − X̄)(yi − Ȳ ).

SX � SY ƩƣƱƥƭ Ƴƭ ƨƩƭƧưƥƸƭƮơƶ ƸƹƴƭƮơƶ ƥƴƳƮƯƣƷƩƭƶ ƸƽƱX � Y � ƥƱƸƣƷƸƳƭƻƥ�
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ƊƴƳươƱƽƶ
�
�ƗƹƱƸƩƯƩƷƸƢƶ ƧƵƥưưƭƮƢƶ ƷƹƷƻơƸƭƷƫƶ ƸƳƹ 3HDUVRQ Ƨƭƥ ƸƳ ƨƩƣƧưƥ�
��

������

r =

∑n
i=1(xi − X̄)(yi − Ȳ )√∑n

i=1(xi − X̄)2
√∑n

i=1(yi − Ȳ )2

=

∑n
i=1 xiyi − n · X̄ · Ȳ√∑n

i=1 x
2
i − n · X̄2

√∑n
i=1 y

2
i − n · Ȳ 2

.

ƊƱƸƩƯǂƶ ƥƱƠƯƳƧƥ ƳƵƣƪƩƸƥƭ Ƴ ƴƯƫƬƹƷưƭƥƮǀƶ ƷƹƱƸƩƯƩƷƸƢƶ ƧƵƥưưƭƮƢƶ ƷƹƷƻơƸƭƷƫƶ ƸƳƹ
3HDUVRQ� ƸƳƱ ƳƴƳƣƳ ƷƹưƦƳƯƣƪƳƹưƩ ưƩ ρ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � ��
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ƕƥƵƠƨƩƭƧưƥ

Ɔƶ ƹƴƳƯƳƧƣƷƳƹưƩ ƸƳƱ ƷƹƱƸƩƯƩƷƸƢ ƧƵƥưưƭƮƢƶ ƷƹƷƻơƸƭƷƫƶ Ƨƭƥ Ƹƥ ƨƩƨƳươƱƥ�

x 6 20 0 14 25 16 28 18 10 8

y 15 31 10 16 28 20 40 25 12 15

ƊǁƮƳƯƥ ƦƵƣƷƮƳƹưƩ ǀƸƭ�
X̄ = 14.5, Ȳ = 21.2
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ƏƥƸƥƷƮƩƹƠƪƳƹưƩ ƸƳƱ ƴƣƱƥƮƥ�

xi yi xi − X̄ yi − Ȳ (xi − X̄)2 (yi − Ȳ )2 (xi − X̄)(yi − Ȳ )

6 15 −8.5 −6.2 72.25 38.44 52.7

20 31 5.5 9.8 30.25 96.04 53.9

0 10 −14.5 −11.2 210.25 125.44 162.4

14 16 −0.5 −5.2 0.25 27.04 2.6

25 28 10.5 6.8 110.25 46.24 71.4

16 20 1.5 −1.2 2.25 1.44 −1.8

28 40 13.5 18.8 182.25 353.44 253.8

18 25 3.5 3.8 12.25 14.44 13.3

10 12 −4.5 −9.2 20.25 84.64 41.4

8 15 −6.5 −6.2 42.25 38.44 40.3

682.50 825.60 690.00

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � ��
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r =

∑n
i=1(xi − X̄)(yi − Ȳ )√∑n

i=1(xi − X̄)2
√∑n

i=1(yi − Ȳ )2
=

690√
682.5 · 825.6

= 0.9192.
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ƗƹƱƸƩƯƩƷƸƫƶ ƧƵƥưưƭƮƫƶ ƷƹƷƻơƸƭƷƫƶ
Section 9.1 Scatter Diagrams and Linear Correlation 509

TABLE 9-2 Some Facts about the Correlation Coefficient

If r Is Then The Scatter Diagram Might Look Something Like

0 There is no linear relation 
among the points of the 
scatter diagram.

1 or There is a perfect linear 
relation between x and y
values; all points lie on 
the least-squares line.

Between The x and y values have a As we go from 
0 and 1 positive correlation. By this, left to right, 

we mean that large x values the least-squares 
are associated with large y line goes up.
values, and small x values are 
associated with small y values.

Between The x and y values have a As we go from 
and 0 negative correlation. By this, left to right, 

we mean that large x values the least-squares 
are associated with small y line goes down.
values, and small x values 
are associated with large y values.

(!1 6 r 6 0)
!1

(0 6 r 6 1)

!1

 r " !1 r " 1

(a) Construct a scatter diagram. Do you expect r to be positive?

SOLUTION: Figure 9-7 displays the scatter diagram. From the scatter diagram,
it appears that as x values increase, y values also tend to increase. Therefore,
r should be positive.
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FIGURE 9-7

x 70 115 105 82 93 125 88

y 3 45 21 7 16 62 12
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ƎƨƭǀƸƫƸƩƶ ƸƳƹ ƷƹƱƸƩƯƩƷƸƢ ƧƵƥưưƭƮƢƶ ƷƹƷƻơƸƭƷƫƶ

Ƴ ƷƹƱƸƩƯƩƷƸƢƶ ƧƵƥưưƭƮƢƶ ƷƹƷƻơƸƭƷƫƶ r ƩƣƱƥƭ ơƱƥ ươƸƵƳ Ƹƫƶ ƧƵƥưưƭƮƢƶ ƷƻơƷƫƶ
ưƩƸƥƲǁ ƨǁƳ ưƩƸƥƦƯƫƸǂƱ�

Ɣ ƷƹƱƸƩƯƩƷƸƢƶ ƷƹƷƻơƸƭƷƫƶ ƩƣƱƥƭ ƮƥƬƥƵǀƶ ƥƵƭƬưǀƶ �ƨƩƱ ơƻƩƭ ưƳƱƠƨƩƶ
ươƸƵƫƷƫƶ��

−1 ≤ r ≤ 1

r ƮƳƱƸƠ ƷƸƳ +1 ƹƴƳƨƩƭƮƱǁƩƭ ƭƷƻƹƵƢ ƧƵƥưưƭƮƢ ƬƩƸƭƮƢ ƷƹƷƻơƸƭƷƫ ưƩƸƥƲǁ ƸƽƱ
ưƩƸƥƦƯƫƸǂƱ�

r ƮƳƱƸƠ ƷƸƳ −1 ƹƴƳƨƩƭƮƱǁƩƭ ƭƷƻƹƵƢ ƧƵƥưưƭƮƢ ƥƵƱƫƸƭƮƢ ƷƹƷƻơƸƭƷƫ ưƩƸƥƲǁ ƸƽƱ
ưƩƸƥƦƯƫƸǂƱ�

r ƮƳƱƸƠ ƷƸƳ 0 ƹƴƳƨƩƭƮƱǁƩƭ ǀƸƭ ƨƩƱ ƹƴƠƵƻƩƭ ƧƵƥưưƭƮƢ ƷƹƷƻơƸƭƷƫ ưƩƸƥƲǁ ƸƽƱ
ưƩƸƥƦƯƫƸǂƱ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƆƱ r = 0� ƸǀƸƩ ƨƩƱ ƷƹƱƩƴƠƧƩƸƥƭ ǀƸƭ ƨƩƱ ƹƴƠƵƻƩƭ ƷƹƷƻơƸƭƷƫ ưƩƸƥƲǁ ƸƽƱ
ưƩƸƥƦƯƫƸǂƱ� ƥƯƯƠ ǀƸƭ ƨƩƱ ƹƴƠƵƻƩƭ ƧƵƥưưƭƮƢ ƷƹƷƻơƸƭƷƫ ưƩƸƥƲǁ ƸƽƱ
ưƩƸƥƦƯƫƸǂƱ�

X X

Y Y

r = 0 r = 0

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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Ɣ ƷƹƱƸƩƯƩƷƸƢƶ ƧƵƥưưƭƮƢƶ ƷƹƷƻơƸƭƷƫƶ r ƻƵƫƷƭưƳƴƳƭƩƣƸƥƭ ƽƶ ưƭƥ ƩƮƸƭưƢƸƵƭƥ ƸƳƹ
ƴƯƫƬƹƷưƭƥƮƳǁ ƷƹƱƸƩƯƩƷƸƢ ƧƵƥưưƭƮƢƶ ƷƹƷƻơƸƭƷƫƶ ρ� ưǀƱƳƱ ǀƸƥƱ Ƹƥ ƪƩǁƧƫ
(x1, y1)� (x2, y2)� . . . , (xn, yn) ƴƵƳơƵƻƳƱƸƥƭ ƥƴǀ Ƹƹƻƥƣƥ ƨƩƭƧưƥƸƳƯƫƼƣƥ� ƊƱ
ƧơƱƩƭ� ƨƩƱ ƻƵƫƷƭưƳƴƳƭƩƣƸƥƭ ƷƩ ƴƩƵƭƴƸǂƷƩƭƶ ƴƩƭƵƥưƥƸƭƮǂƱ ƨƩƨƳươƱƽƱ� ǀƴƳƹ Ƴƭ
Ƹƭươƶ Ƹƫƶ ưƭƥƶ ưƩƸƥƦƯƫƸƢƶ ƩƯơƧƻƳƱƸƥƭ�ƮƥƬƳƵƣƪƳƱƸƥƭ ƥƴǀ ƸƳƱ ƩƵƩƹƱƫƸƢ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƗƹƷƻơƸƭƷƫ ̸⇒ ƥƭƸƭǀƸƫƸƥ
ƂƸƥƱ ƷƩ ưƭƥ ƨƩƭƧưƥƸƳƯƫƼƣƥ ƨǁƳ ưƩƸƥƦƯƫƸơƶX Ʈƥƭ Y ƦƵƣƷƮƳƱƸƥƭ ƷƹƷƻƩƸƭƷươƱƩƶ
ƥƹƸǀ ƷƫưƥƣƱƩƭ ƥƴƯƠ Ʈƥƭ ưǀƱƳƱ ǀƸƭ Ƴƭ ưƩƸƥƦƯƫƸơƶ ƥƹƸơƶ ƷƹƱƨơƳƱƸƥƭ ưƩ ƮƠƴƳƭƥ
ƷƻơƷƫ�

ƉƩƱ ƷƹƱƩƴƠƧƩƸƥƭ ǀưƽƶ� ƮƥƸʌ ƥƱƠƧƮƫ� ƥƭƸƭǀƸƫƸƥ� ƨƫƯƥƨƢ ǀƸƭ ƹƴƠƵƻƩƭ ưƩƸƥƲǁ
ƸƳƹƶ ƮƠƴƳƭƥ ƷƻơƷƫ ƥƭƸƣƳƹʇƥƴƳƸƩƯơƷưƥƸƳƶ�

ƕ�ƻ�� ƥƱ ƹƴƳƯƳƧƣƷƳƹưƩ ƸƳ ƷƹƱƸƩƯƩƷƸƢ ƷƹƷƻơƸƭƷƫƶ ưƩƸƥƲǁ ƸƳƹ ưƢƮƳƹƶ ƸƳƹ
ƴƳƨƭƳǁ Ʈƥƭ Ƹƫƶ ƭƮƥƱǀƸƫƸƥƶ ƥƱƠƧƱƽƷƫƶ Ƨƭƥ ƸƳƹƶ ưƥƬƫƸơƶ ƸƳƹ ƨƫưƳƸƭƮƳǁ ƷƣƧƳƹƵƥ
Ƭƥ ƴƵƳƮǁƼƩƭ ưƭƥ ưƩƧƠƯƫ ƸƭưƢ�
ƚƹƷƭƮƠ� ƥƹƸǀ ƨƩƱ ƷƫưƥƣƱƩƭ ǀƸƭ ưƩƧƠƯƳ ƴǀƨƭ⇒ ưƩƧƥƯǁƸƩƵƫ ƭƮƥƱǀƸƫƸƥ
ƥƱƠƧƱƽƷƫƶ�
Ɗƨǂ ƹƴƠƵƻƩƭ ơƱƥƶ ƸƵƣƸƳƶ ƴƥƵƠƧƳƱƸƥƶ� ƴƳƹ ƴƵƳƺƥƱǂƶ ƩƣƱƥƭ ƫ ƫƯƭƮƣƥ� ưƩ ƸƳƱ
ƳƴƳƣƳ ƷƹƱƨơƳƱƸƥƭ Ʈƥƭ Ƹƥ ƨǁƳ ƻƥƵƥƮƸƫƵƭƷƸƭƮƠ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ſƯƩƧƻƳƶ ƷƹƷƻơƸƭƷƫƶ

Ɣ ƷƹƱƸƩƯƩƷƸƢƶ ƷƹƷƻơƸƭƷƫƶ �r� ƴƳƹ ƩƣƨƥưƩ ơƻƩƭ ƹƴƳƯƳƧƭƷƸƩƣ ƦƠƷƩƭ ƸƽƱ
ƴƥƵƥƸƫƵƢƷƩƽƱ ƸƳƹ ƨƩƣƧưƥƸƳƶ� Ɣ ƷƹƱƸƩƯƩƷƸƢƶ ƷƹƷƻơƸƭƷƫƶ Ƨƭƥ ƸƳƱ ƴƯƫƬƹƷưǀ �ρ�
ƩƣƱƥƭ ưƭƥ ƠƧƱƽƷƸƫ ƴƥƵƠưƩƸƵƳƶ ƸƫƱ ƳƴƳƣƥ ưƴƳƵƳǁưƩ Ʊƥ ƩƮƸƭưƢƷƳƹưƩ ưƩ Ƹƫ ƦƳƢƬƩƭƥ
ƸƳƹ r�

ƗƹƻƱƠ ưƥƶ ƩƱƨƭƥƺơƵƩƭ Ʊƥ ƩƯơƧƲƳƹưƩ ƷƩ Ʃ�Ʒ� α ƮƥƸƠ ƴǀƷƳ Ƴƭ ƨǁƳ Ƹ�ư�X Ʈƥƭ Y ƩƣƱƥƭ
ƥƷƹƷƻơƸƭƷƸƩƶ Ƣ ǀƻƭ� ƨƫƯƥƨƢ ƴƵƥƧưƥƸƳƴƳƭƳǁưƩ ƸƳƱ ơƯƩƧƻƳ�

H0� ρ = 0 ơƱƥƱƸƭ ƸƫƶH1� ρ ̸= 0

ƆƴƳƨƩƭƮƱǁƩƸƥƭ ǀƸƭ ƮƠƸƽ ƥƴǀ ƸƫƱ ưƫƨƩƱƭƮƢ ƹƴǀƬƩƷƫ ƫ Ƹ�ư�

T =
r
√
n− 2√
1− r2

∼ ƮƥƸƥƱƳưƢ t �6WXGHQW� ưƩ n− 2 ƦƥƬưƳǁƶ ƩƯƩƹƬƩƵƣƥƶ�

ƙƴƳƯƳƧƣƪƳƹưƩ ƯƳƭƴǀƱ ƸƫƱ ƸƭưƢ ƸƳƹ ƷƸƥƸƭƷƸƭƮƳǁ ƩƯơƧƻƳƹ T Ʈƥƭ ƸǀƸƩ ƫ pʇYDOXH ƸƳƹ
ƥưƺƣƴƯƩƹƵƳƹ ƩƯơƧƻƳƹ ƩƣƱƥƭ ƨǁƳ ƺƳƵơƶ ƫ ƴƭƬƥƱǀƸƫƸƥ ƨƩƲƭƠ ƸƳƹ T ưƩ ƦƠƷƫ ƸƫƱ tn−2�
ƘơƯƳƶ� ƥƴƳƵƵƣƴƸƳƹưƩ ƸƫƱH0 ƥƱ pʇYDOXH < α�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƚơƵƱƳƹƱ Ƹƥ ưƽƵƠ Ƴƭ ƴƩƯƥƵƧƳƣ�

5� 0DWWKHZV� 6WRUNV GHOLYHU EDELHV �p = 0.008��7HDFKLQJ 6WDWLVWLFV� �� ������� ��ʇ���

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƕƯƫƬƹƷưƭƥƮƠ ƷƸƳƭƻƩƣƥ ƥƱƬƵǂƴƽƱ Ʈƥƭ ƴƩƯƥƵƧǂƱ Ƨƭƥ �� ƻǂƵƩƶ

!!!!!!!!!!!!

!
Adapted from Matthews, “Storks deliver babies (p=0.008)”. Data from 1990.

Country Storks !
(pairs)

Humans !
(millions)

Birth rate !
(thousands/year)

Albania 100 3.2 83
Austria 300 7.6 87
Belgium 1 9.9 118
Bulgaria 5000 9.0 117
Denmark 9 5.1 59
France 140 56.0 774
Germany 3300 78.0 901
Greece 2500 10.0 106
Holland 4 15.0 188
Hungary 5000 11.0 124
Italy 5 57.0 551
Poland 30000 38.0 610
Portugal 1500 10.0 120
Romania 5000 23.0 367
Spain 8000 39.0 439
Switzerland 150 6.7 82
Turkey 25000 56.0 1576

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƗƻơƷƫ ưƩƸƥƲǁ ƴƯƫƬƹƷưƳǁ ƴƩƯƥƵƧǂƱ Ʈƥƭ ƵƹƬưƳǁ ƧƩƱƱƢƷƩƽƱ

0 0.5 1 1.5 2 2.5 3 3.5
x 104

0
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1600

1800

Storks (pairs)

Bi
rth

 ra
te

 (1
03 /y

ea
r)

y = 0.0288 x +  225.0287

ƕƵƳƮǁƴƸƩƭ ǀƸƭ Ƴ ƷƹƱƸƩƯƩƷƸƢƶ ƧƵƥưưƭƮƢƶ ƷƹƷƻơƸƭƷƫƶ r = 0.62

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ſƯƩƧƻƳƶ ƷƹƷƻơƸƭƷƫƶ

H0 : ρ = 0 �ƨƩƱ ƹƴƠƵƻƩƭ ƧƵƥưưƭƮƢ ƷƹƷƻơƸƭƷƫ�
H1 : ρ ̸= 0

Ɗ�Ʒ� α = 1

ƗƸƥƸƭƷƸƭƮƢ ƷƹƱƠƵƸƫƷƫ ƩƯơƧƻƳƹ�

T =
r
√
n− 2√
1− r2

=
0.62

√
17− 2√

1− 0.622
≈ 3.06

ƑƩ (n− 2) = 15 Ʀ�Ʃ� ƦƵƣƷƮƳƹưƩ p�YDOXH = 0.008

∴ ƆƴƳƵƵƣƴƸƳƹưƩ ƸƫƱH0 Ʈƥƭ ƷƹưƴƩƵƥƣƱƳƹưƩ mƭƷƻƹƵƢ ƷƸƥƸƭƷƸƭƮƠ ƷƫưƥƱƸƭƮƢ ƷƻơƷƫ
ưƩƸƥƲǁ ƸƳƹ ƥƵƭƬưƳǁ ƸƽƱ ƴƩƯƥƵƧǂƱ Ʈƥƭ ƸƳƹ ƥƵƭƬưƳǁ ƧƩƱƱƢƷƩƽƱ}���

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƕƵƳƷƳƻƢ� Ƒƫ ƷƹƧƻơƩƸƩ ƷƹƷƻơƸƭƷƫ ưƩ ƥƭƸƭǀƸƫƸƥ

ƕƥƵǀƯƥ ƥƹƸƠ� ��� mǀƴƽƶ Ʈƥƭ ưƩ ƮƠƬƩ ƠƯƯƫ p�YDOXH� ƥƹƸǀ ƨƩƱ
ƷƫưƥƣƱƩƭ ǀƸƭ ƫ ƴƭƬƥƱǀƸƫƸƥ ƥƹƸǀ Ʊƥ ƷƹưƦƥƣƱƩƭ ƷƸƫƱ Ƹǁƻƫ Ʃƣ�
Ʊƥƭ ưǀƯƭƶ 1/125 = 0.008� Ʈƥƭ ƷƩ Ʈƥưưƣƥ ƴƩƵƣƴƸƽƷƫ ƨƩƱ
ƷƫưƥƣƱƩƭ ǀƸƭ ưƩ ƴƳƷƳƷƸǀ 124/125 = 99.2 ƴƵƠƧưƥƸƭ Ƴƭ
ƴƩƯƥƵƧƳƣ ƺơƵƱƳƹƱ Ƹƥ ưƽƵƠ�}

Ƒƭƥ ƴƭƬƥƱƢ ƩƲƢƧƫƷƫ� ƌ ǁƴƥƵƲƫ ƩƱǀƶ ƸƵƣƸƳƹ ƴƥƵƠƧƳƱƸƥ ưƩ ƸƳƱ ƳƴƳƣƳ ƷƹƱƨơƳƱƸƥƭ Ʈƥƭ
Ƴƭ ƨǁƳ ưƩƸƥƦƯƫƸơƶ�

ƕƭƬƥƱǀƶ mƴƭƷƸƩƹƸǀƶ} ƹƴƳƼƢƺƭƳƶ� ƌ ơƮƸƥƷƫ Ƹƫƶ ƮƠƬƩ ƻǂƵƥƶ ���
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ſƮƸƥƷƫ 	 ƴƯƫƬƹƷưƭƥƮƠ ƷƸƳƭƻƩƣƥ ƥƱƬƵǂƴƽƱ Ʈƥƭ ƴƩƯƥƵƧǂƱ Ƨƭƥ ��

ƻǂƵƩƶ

!
Adapted from Matthews, “Storks deliver babies (p=0.008)”. Data from 1990.!!!!!!!!!!!!!!!!

Country Area !
(sq. km)

Storks !
(pairs)

Humans !
(millions)

Birth rate !
(thousands/

year)

Albania 28,750 100 3.2 83
Austria 83,860 300 7.6 87
Belgium 30,520 1 9.9 118
Bulgaria 111,000 5000 9.0 117
Denmark 43,100 9 5.1 59
France 544,000 140 56.0 774
Germany 357,000 3300 78.0 901
Greece 132,000 2500 10.0 106
Holland 41,900 4 15.0 188
Hungary 93,000 5000 11.0 124
Italy 301,280 5 57.0 551
Poland 312,680 30000 38.0 610
Portugal 92,390 1500 10.0 120
Romania 237,500 5000 23.0 367
Spain 504,750 8000 39.0 439
Switzerland 41,290 150 6.7 82
Turkey 779,450 25000 56.0 1576
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ƗƻơƷƫ ƴƯƫƬƹƷưƳǁ ƴƩƯƥƵƧǂƱ Ʈƥƭ ơƮƸƥƷƫƶ� Ʈƥƭ ƥƵƭƬưƳǁ ƧƩƱƱƢƷƩƽƱ Ʈƥƭ

ơƮƸƥƷƫƶ
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ƕƯƫƬƹƷưǀƶ ƴƩƯƥƵƧǂƱ Ʈƥƭ ơƮƸƥƷƫ ƆƵƭƬưǀƶ ƧƩƱƱƢƷƩƽƱ Ʈƥƭ ơƮƸƥƷƫ
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