
�����
�
����

�
����

�
�����
�
����
�
����
�
����
�
�����
�
����
�
����
�
����
�
�����
�
����
�
����
�
����
�
�����

�
����

�
�����

�
����

�
����

�

�

������

ƗƸƥƸƭƷƸƭƮƢ
ƘưƢưƥ ƒƥƹƴƫƧǂƱ ƑƫƻƥƱƭƮǂƱ

ƉƫưƢƸƵƫƶ ƑƫƸƷƳǁƨƫƶ

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

ƕƩƵƭƧƵƥƺƭƮƢ ƷƸƥƸƭƷƸƭƮƢ

ƉƭƥƷƸƢưƥƸƥ ƩưƴƭƷƸƳƷǁƱƫƶ

ſƯƩƧƻƳƭ ƹƴƳƬơƷƩƽƱ

ſƯƩƧƻƳƶ χ2

ƗƹƷƻơƸƭƷƫ ʇ ƈƵƥưưƭƮƢ ƴƥƯƭƱƨƵǀưƫƷƫ

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

ƗƸƭƶ ươƵƩƶ ưƥƶ ƩƣƱƥƭ ƮƳƭƱǂƶ ƥƴƳƨƩƮƸǀ ǀƸƭ Ƨƭƥ Ʊƥ ƷƻƫưƥƸƣƷƩƭ ƮƥƱƩƣƶ ưƭƥ ƭƨơƥ ƴƳƹ
ƥƺƳƵƠ ƭƨƭǀƸƫƸƩƶ Ƣ ƻƥƵƥƮƸƫƵƭƷƸƭƮƠ ƩƱǀƶ ƷƹƱǀƯƳƹ ƴƵơƴƩƭ ƮƥƸƥƵƻƢƱ Ʊƥ ƷƹƯƯơƲƩƭ
ƨƩƨƳươƱƥ�

ƌ ƷƸƥƸƭƷƸƭƮƢ Ƭƥ ưƴƳƵƳǁƷƥưƩ Ʊƥ ƴƳǁưƩ ǀƸƭ ƩƣƱƥƭ ƫ mƸơƻƱƫ} ƸƳƹ Ʊƥ ưƥƬƥƣƱƩƭƶ ƥƴǀ Ƹƥ
ƨƩƨƳươƱƥ�

ƗƹƧƮƩƮƵƭươƱƥ� ƩƣƱƥƭ ƫ ƩƴƭƷƸƢưƫ ƴƳƹ ƥƷƻƳƯƩƣƸƥƭ ưƩ

Ƹƫ ƷƹƯƯƳƧƢ ƸƽƱ ƨƩƨƳươƱƽƱ�

ƸƫƱ ƴƩƵƭƧƵƥƺƢ Ʈƥƭ ƸƫƱ ƥƱƠƯƹƷƢ ƸƳƹƶ�

ƮƥƬǂƶ Ʈƥƭ ưƩ ƸƫƱ ƩƲƥƧƽƧƢ ƷƹưƴƩƵƥƷưƠƸƽƱ ƥƴǀ ƥƹƸƠ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � ��
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ƗƹƯƯƳƧƢ ƨƩƨƳươƱƽƱ Ʈƥƭ ƴƩƵƭƧƵƥƺƭƮƢ ƷƸƥƸƭƷƸƭƮƢ

ƗƩ ƮƠƴƳƭƩƶ ƴƩƵƭƴƸǂƷƩƭƶ ơƻƳƹưƩ ƷƸƫ ƨƭƠƬƩƷƢ ưƥƶ ơƱƥ ƷǁƱƳƯƳ ƨƩƨƳươƱƽƱ�

ƕ�ƻ�� ƨƩƨƳươƱƥ Ƨƭƥ

ƸƳ ƴƳƷƳƷƸǀ ƥƱƩƵƧƣƥƶ ƷƸƫ ƻǂƵƥ ưƥƶ�

ƸƳƹƶ ƷƩƭƷưƳǁƶ ƴƳƹ ơƧƭƱƥƱ ƮƥƸƠ Ƹƫ ƨƭƠƵƮƩƭƥ ưƭƥƶ ƷƹƧƮƩƮƵƭươƱƫƶ ƻƵƳƱƭƮƢƶ
ƴƩƵƭǀƨƳƹ�

Ƨƭƥ ƸƳ ƥƮƥƬƠƵƭƷƸƳ ƩƧƻǂƵƭƳ ƴƵƳƾǀƱ ƮƯƴ�

ƗƩ ƥƹƸƢ ƸƫƱ ƴƩƵƣƴƸƽƷƫ ƫ ƷƸƥƸƭƷƸƭƮƢ ưƥƶ ƦƳƫƬƠƩƭ ƷƸƫƱ ƴƩƵƭƧƵƥƺƢ Ʈƥƭ ƷƸƫƱ
ƥƱƠƯƹƷƫ ƸƽƱ ƨƩƨƳươƱƽƱ ƥƹƸǂƱ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � ��
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ƗƹƯƯƳƧƢ ƨƩƨƳươƱƽƱ Ʈƥƭ ƴƩƵƭƧƵƥƺƭƮƢ ƷƸƥƸƭƷƸƭƮƢ

ŽƯƯƩƶ ƺƳƵơƶ ƴƠƯƭ� ƨƩƱ ơƻƳƹưƩ ƷƸƫ ƨƭƠƬƩƷƢ ưƥƶ ƨƩƨƳươƱƥ�

ƗƸƭƶ ƴƩƵƭƴƸǂƷƩƭƶ ƥƹƸơƶ ƻƵƫƷƭưƳƴƳƭƳǁưƩ ƷƸƥƸƭƷƸƭƮơƶ ƬƩƽƵƣƩƶ Ƨƭƥ Ʊƥ ƷƻƩƨƭƠƷƳƹưƩ
ơƱƥ ƮƥƸƠƯƯƫƯƳ ƴƩƣƵƥưƥ ǂƷƸƩ Ʊƥ ƨƫưƭƳƹƵƧƢƷƳƹưƩ ƨƩƨƳươƱƥ�

ƕ�ƻ�� ƥƶ ƹƴƳƬơƷƳƹưƩ ǀƸƭ ơƱƥƶ ƮƥƬƫƧƫƸƢƶ� ƴƳƹ ƨƭƨƠƷƮƩƭ ƴƵƳƧƵƥưưƥƸƭƷưǀ ƌ�ƙ� ƬơƯƩƭ
Ʊƥ ƩƲƩƸƠƷƩƭ ƴƳƭƠ ƥƴǀ ƨǁƳ ƨƭƥƺƳƵƩƸƭƮơƶ ưƩƬǀƨƳƹƶ ƩƮưƠƬƫƷƫƶ ƴƵƳƧƵƥưưƥƸƭƷưƳǁ ƷƩ
ƥƵƻƠƵƭƳƹƶ ƩƣƱƥƭ ƴƭǀ ƥƴƳƸƩƯƩƷưƥƸƭƮƢ�

ſƱƥƶ ƸƵǀƴƳƶ Ƨƭƥ Ʊƥ ƥƴƥƱƸƢƷƩƭ ƷƩ ƥƹƸƢ ƸƫƱ ƩƵǂƸƫƷƫ�
ƛƽƵƣƪƩƭ ƸƳƹƶ ƺƳƭƸƫƸơƶ ƷƩ ƨǁƳ ƳưƠƨƩƶ� Ʈƥƭ ƻƵƫƷƭưƳƴƳƭƩƣ ƨƭƥƺƳƵƩƸƭƮƢ ươƬƳƨƳ Ƨƭƥ
ƮƠƬƩ ƳưƠƨƥ�
ƗƸƳ ƸơƯƳƶ ƸƳƹ ưƥƬƢưƥƸƳƶ Ƴƭ ƺƳƭƸƫƸơƶ ƩƲƩƸƠƪƳƱƸƥƭ Ʈƥƭ ƷƸƫ ƷƹƱơƻƩƭƥ ƷƹƧƮƵƣƱƳƱƸƥƭ Ƹƥ
ƥƴƳƸƩƯơƷưƥƸƥ ƸƽƱ ƨǁƳ ƳưƠƨƽƱ�
ƆƱ Ƹƥ ƥƴƳƸƩƯơƷưƥƸƥ ƸƽƱ ƺƳƭƸƫƸǂƱ Ƹƫƶ ưƭƥƶ ƳưƠƨƥƶ� ƩƣƱƥƭ ƷƫưƥƱƸƭƮƠ ƮƥƯǁƸƩƵƥ ƥƴǀ
ƥƹƸƠ Ƹƫƶ ƠƯƯƫƶ � ƸǀƸƩ Ƭƥ ưƴƳƵƳǁƷƩ ƮƥƱƩƣƶ ƯƳƧƭƮƠ Ʊƥ ƹƴƳƬơƷƩƭ ǀƸƭ ƫ ươƬƳƨƳƶ
ƨƭƨƥƷƮƥƯƣƥƶ ƴƳƹ ƥƮƳƯƳƹƬƢƬƫƮƩ ƷƸƫƱ ƳưƠƨƥ ƥƹƸƢ ƹƴƩƵơƻƩƭ ơƱƥƱƸƭ Ƹƫƶ ƠƯƯƫƶ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � ��
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ƕƩƵƭƧƵƥƺƭƮƢ ƷƸƥƸƭƷƸƭƮƢ

�

������
Ɣ ƮƯƠƨƳƶ Ƹƫƶ ƷƸƥƸƭƷƸƭƮƢƶ ƴƳƹ ƥƷƻƳƯƩƣƸƥƭ ưƩ ƸƫƱ ƴƩƵƭƧƵƥƺƢ Ʈƥƭ ƴƥƵƳƹƷƭƠƷƫ ƸƽƱ
ƨƩƨƳươƱƽƱ ƯơƧƩƸƥƭ ƴƩƵƭƧƵƥƺƭƮƢ ƷƸƥƸƭƷƸƭƮƢ �GHVFULSWLYH VWDWLVWLFV��

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � ��
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ƗƸƥƸƭƷƸƭƮƢ ƷƹưƴƩƵƥƷưƥƸƳƯƳƧƣƥ Ʈƥƭ ưƳƱƸơƯƥ ƴƭƬƥƱƳƸƢƸƽƱ

ƗƸƳ ƴƥƵƠƨƩƭƧưƥ Ƹƫƶ ƴƵƳƫƧƳǁưƩƱƫƶ ƴƥƵƥƧƵƠƺƳƹ� ưƩƸƠ ƸƫƱ ƳƯƳƮƯƢƵƽƷƫ ƸƳƹ
ƴƩƭƵƠưƥƸƳƶ Ʈƥƭ Ƹƫ ƷƹƯƯƳƧƢ Ʈƥƭ ƴƩƵƭƧƵƥƺƢ ƸƽƱ ƨƩƨƳươƱƽƱ ưƥƶ� Ƭƥ ƬơƯƥưƩ Ʊƥ
ƩƣưƥƷƸƩ ƷƩ ƬơƷƫ Ʊƥ ƩƲƠƧƳƹưƩ ƷƹưƴƩƵƠƷưƥƸƥ ƷƻƩƸƭƮƠ ưƩ ƸƳ ƴƳƭƠ ươƬƳƨƳƶ
ƨƭƨƥƷƮƥƯƣƥƶ ƩƣƱƥƭ ƮƥƯǁƸƩƵƫ�

�

������
Ɣ ƮƯƠƨƳƶ Ƹƫƶ ƷƸƥƸƭƷƸƭƮƢƶ ƴƳƹ ƥƷƻƳƯƩƣƸƥƭ ưƩ ƸƫƱ ƩƲƥƧƽƧƢ ƷƹưƴƩƵƥƷưƠƸƽƱ ƯơƧƩƸƥƭ
ƷƸƥƸƭƷƸƭƮƢ ƷƹưƴƩƵƥƷưƥƸƳƯƳƧƣƥ �LQIHUHQWLDO VWDWLVWLFV��

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � ��
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ƈƭƥ Ʊƥ ưƴƳƵơƷƳƹưƩ Ʊƥ ƦƧƠƯƳƹưƩ ƮƠƴƳƭƥ ƷƹưƴƩƵƠƷưƥƸƥ ƥƴǀ Ƹƥ ƨƩƨƳươƱƥ ưƥƶ Ƭƥ
ƴƵơƴƩƭ Ʊƥ ƯƠƦƳƹưƩ ƹƴʌ ǀƼƭƱ ưƥƶ Ʈƥƭ ƸƳƱ ƴƥƵƠƧƳƱƸƥ Ƹƫƶ Ƹǁƻƫƶ�

ƉƫƯƥƨƢ� ƷƸƳ ƴƥƵƠƨƩƭƧưƠ ưƥƶ� ƥƱ Ƴ ươƷƳƶ ǀƵƳƶ ƸƽƱ ƥƴƳƸƩƯƩƷưƠƸƽƱ Ƹƫƶ ƴƵǂƸƫƶ
ƳưƠƨƥƶ ƩƣƱƥƭ ƯƣƧƳ ƼƫƯǀƸƩƵƳƶ ƥƴǀ Ƹƫƶ ƨƩǁƸƩƵƫƶ� ƥƹƸǀ ƳƺƩƣƯƩƸƥƭ ƷƸƫƱ ƹƴƩƵƳƻƢ Ƹƫƶ
ưƩƬǀƨƳƹ ƨƭƨƥƷƮƥƯƣƥƶ Ƣ ưƢƴƽƶ ƩƣƱƥƭ ƮƠƸƭ ƸƹƻƥƣƳ Ʈƥƭ ƴƩƵƭƷƸƥƷƭƥƮǀ�

ƕ�ƻ�� ƥƱ ƷƸƵƣƼƳƹưƩ ơƱƥ ƱǀưƭƷưƥ �� ƺƳƵơƶ Ʈƥƭ ƷƸƭƶ � ƺƳƵơƶ ƸƳ ƥƴƳƸơƯƩƷưƥ ƩƣƱƥƭ
ƧƵƠưưƥƸƥ� ƥƹƸǀ ƷƫưƥƣƱƩƭ ǀƸƭ ƥƱ ƩƴƥƱƥƯƠƦƳƹưƩ ƸƳ ƴƩƣƵƥưƥ ƩƣƱƥƭ ƴƭǀ ƴƭƬƥƱǀ Ʊƥ
ơƵƬƳƹƱ ƧƵƠưưƥƸƥ Ƣ ǀƻƭ� Ɔƴǀ ƸƫƱ ƠƯƯƫ ưƩƵƭƠ� ƥƱ ƷƸƵƣƼƳƹưƩ ƸƳ ƱǀưƭƷưƥ �� ƺƳƵơƶ Ʈƥƭ
ƷƸƭƶ �� ơƵƬƳƹƱ ƧƵƠưưƥƸƥ� ƸǀƸƩ ưƠƯƯƳƱ ưƩ ƷƻƩƸƭƮƢ ƥƷƺƠƯƩƭƥ ưƴƳƵƳǁưƩ Ʊƥ
ƷƹưƴƩƵƠƱƳƹưƩ ǀƸƭ ƸƳ ƱǀưƭƷưƥ ƥƹƸǀ ƨƩƱ ƩƣƱƥƭ ƥưƩƵǀƯƫƴƸƳ�

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



�����
�
����

�
����

�
�����
�
����
�
����
�
����
�
�����
�
����
�
����
�
����
�
�����
�
����
�
����
�
����
�
�����

�
����

�
�����

�
����

�
����

�

ƊƴƳươƱƽƶ� Ƨƭƥ Ʊƥ ưƴƳƵơƷƳƹưƩ Ʊƥ ƮƥƸƥƯƢƲƳƹưƩ ƷƩ ƯƳƧƭƮƠ ƷƹưƴƩƵƠƷưƥƸƥ ƥƴǀ Ƹƥ
ƨƩƨƳươƱƥ ưƥƶ� ƷƹƱƢƬƽƶ ƴƵơƴƩƭ Ʊƥ ƬƩƽƵƢƷƳƹưƩ ƮƠƴƳƭƩƶ ƹƴƳƬơƷƩƭƶ ƷƻƩƸƭƮƠ ưƩ ƸƫƱ
ƴƭƬƥƱǀƸƫƸƥ Ƹƥ ƨƩƨƳươƱƥ ưƥƶ Ʊƥ ƴƥƣƵƱƳƹƱ ƨƭƠƺƳƵƩƶ Ƹƭươƶ� ƘƳ ƷǁƱƳƯƳ ƸƽƱ
ƹƴƳƬơƷƩƽƱ ƥƹƸǂƱ ƯơưƩ ǀƸƭ ƩƣƱƥƭ ơƱƥ ưƳƱƸơƯƳ ƴƭƬƥƱǀƸƫƸƥƶ Ƨƭƥ Ƹƥ ƨƩƨƳươƱƥ ưƥƶ�

ƈƭƥ ƸƳ ƯǀƧƳ ƥƹƸǀ ƫ ƷƸƥƸƭƷƸƭƮƢ ƷƹưƴƩƵƥƷưƥƸƳƯƳƧƣƥ ƴƵƳƿƴƳƬơƸƩƭ ƮƠƴƳƭƥ ƧƱǂƷƫ
ƬƩƽƵƣƥƶ ƴƭƬƥƱƳƸƢƸƽƱ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ � � ��
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ƕƯƫƬƹƷưƳƣ� ƨƩƣƧưƥƸƥ

ƗƸƫ ƷƸƥƸƭƷƸƭƮƢ ƬơƯƳƹưƩ Ʊƥ ƴƠƵƳƹưƩ ƴƯƫƵƳƺƳƵƣƩƶ Ƨƭƥ ơƱƥ ƷƹƧƮƩƮƵƭươƱƳ ƷǁƱƳƯƳ
ƷƸƳƭƻƩƣƽƱ� ƸƳ ƳƴƳƣƳ Ƭƥ ƳƱƳưƠƪƳƹưƩ ƴƯƫƬƹƷưǀ�

ƗƹƱƢƬƽƶ Ƴ ƴƯƫƬƹƷưƳƣ ƴƳƹ ƩƲƩƸƠƪƳƹưƩ ƩƣƱƥƭ ƸǀƷƳ ưƩƧƠƯƳƭ ƴƳƹ ƨƩƱ ưƴƳƵƳǁưƩ Ʊƥ
ƩƲƩƸƠƷƳƹưƩ ǀƯƥ Ƹƥ ươƯƫ ƸƳƹƶ�

ƈƭƥ ƴƥƵƠƨƩƭƧưƥ� ưƴƳƵƩƣ Ƴ ƴƯƫƬƹƷưǀƶ ưƥƶ Ʊƥ ƩƣƱƥƭ ƸƳ ƷǁƱƳƯƳ ƸƽƱ ƩƹƵƽƴƥƣƽƱ
ƴƳƯƭƸǂƱ� Ƣ Ƴƭ ƩƴƩƲƩƵƧƥƷƸơƶ ƴƳƹ ƴƥƵƠƧƩƭ ơƱƥ ƩƵƧƳƷƸƠƷƭƳ�

ƗƩ ƸơƸƳƭƩƶ ƴƩƵƭƴƸǂƷƩƭƶ� ƴƵƳƷƴƥƬƳǁưƩ Ʊƥ ƦƧƠƯƳƹưƩ ƷƹưƴƩƵƠƷưƥƸƥ Ƨƭƥ ƸƳƱ
ƴƯƫƬƹƷưǀ ƩƲƩƸƠƪƳƱƸƥƶ ơƱƥ ƷƻƩƸƭƮƠ ưƭƮƵǀ ƹƴƳƷǁƱƳƯƳ ƸƽƱ ưƩƯǂƱ ƸƳƹ� ƘƳ ƹƴƳƷǁƱƳƯƳ
ƥƹƸǀ ƸƳ ƯơưƩ ƨƩƣƧưƥ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƘƳ ƨƩƣƧưƥ Ƭƥ ƴƵơƴƩƭ Ʊƥ ƩƣƱƥƭ ƥƱƸƭƴƵƳƷƽƴƩƹƸƭƮǀ ƸƳƹ ƴƯƫƬƹƷưƳǁ� ưƩ ƸƫƱ ơƱƱƳƭƥ
ǀƸƭ ƫ ưƩƯơƸƫ ƸƳƹ ƨƩƣƧưƥƸƳƶ Ƭƥ ƴƵơƴƩƭ Ʊƥ ưƥƶ ƨƣƱƩƭ ƴƯƫƵƳƺƳƵƣƩƶ Ƨƭƥ ƸƳƱ
ƴƯƫƬƹƷưǀ�

ƕ�ƻ�� ƥƶ ƹƴƳƬơƷƳƹưƩ ǀƸƭ ƬơƯƳƹưƩ Ʊƥ ƩƮƸƭưƢƷƳƹưƩ ƸƫƱ ƫƯƭƮƭƥƮƢ ƮƥƸƥƱƳưƢ ƸƽƱ
ƮƥƸƳƣƮƽƱ ưƭƥƶ ƷƹƧƮƩƮƵƭươƱƫƶ ƴǀƯƫƶ� Ʈƥƭ Ƨƭƥ ƸƳ ƯǀƧƳ ƥƹƸǀ ƷƫưƩƭǂƱƳƹưƩ ƸƫƱ ƫƯƭƮƣƥ
ƸƽƱ ��� ƴƵǂƸƽƱ ƥƱƬƵǂƴƽƱ ƴƳƹ ưƴƥƣƱƳƹƱ ƷƸƫƱ ƨƫưƳƸƭƮƢ ƦƭƦƯƭƳƬƢƮƫ�

ƆƱ ƫ ươƷƫ ƫƯƭƮƣƥ ƸƽƱ ��� ƥƹƸǂƱ ƥƱƬƵǂƴƽƱ ƩƣƱƥƭ ���� ơƸƫ� ưƴƳƵƳǁưƩ Ʊƥ
ƷƹưƴƩƵƠƱƳƹưƩ ǀƸƭ ƥƹƸƢ ƩƣƱƥƭ ƴƩƵƣƴƳƹ Ʈƥƭ ƫ ươƷƫ ƫƯƭƮƣƥ ǀƯƳƹ ƸƳƹ ƴƯƫƬƹƷưƳǁ�

ƕƭƬƥƱǀƸƥƸƥ ƥƹƸƢ ƫ ƩƮƸƣưƫƷƫ ƨƩƱ Ƭƥ ƩƣƱƥƭ ƷƽƷƸƢ ƧƭƥƸƣ ƷƹƱƢƬƽƶ ƱƩǀƸƩƵƳƭ ƮƠƸƳƭƮƳƭ�
ưƥƬƫƸơƶ Ʈƥƭ ƺƳƭƸƫƸơƶ ƻƵƫƷƭưƳƴƳƭƳǁƱ ƴƩƵƭƷƷǀƸƩƵƳ Ƹƫ ƦƭƦƯƭƳƬƢƮƫ ƥƴʌ ǀƸƭ
ưƩƧƥƯǁƸƩƵƳƭ ƩƵƧƥƪǀưƩƱƳƭ ƴƳƯƣƸƩƶ�

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

δείγμα

Παράμετροι

μ, σ, σ2

Συλλογή δεδομένων

Δειγματοληψία

Στατιστική συμπερασματολογία

για τον πληθυσμό:


Εκτιμήσεις

Έλεγχος ΥποθέσεωνΣτατιστικές ποσότητες


, s, s2

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƕƳƭƳƸƭƮơƶ Ʈƥƭ ƴƳƷƳƸƭƮơƶ ưƩƸƥƦƯƫƸơƶ

ſƷƸƽ ƯƳƭƴǀƱ ǀƸƭ ơƻƳƹưƩ ơƱƥ ƴƯƫƬƹƷưǀ ƷƸƥ ươƯƫ ƸƳƹ ƳƴƳƣƳƹ ƮƥƸƥƧƵƠƺƳƹưƩ Ƹƭƶ
Ƹƭươƶ ƴƳƹ ƴƥƣƵƱƩƭ ơƱƥ �Ƣ ƴƩƵƭƷƷǀƸƩƵƥ� ƷƹƧƮƩƮƵƭươƱƳ ƻƥƵƥƮƸƫƵƭƷƸƭƮǀ� ƴ�ƻ� ưƫƱƭƥƣƳ
ƩƭƷǀƨƫưƥ� ƻƵǂưƥ ưƥƸƭǂƱ� ǁƼƳƶ� ƫƯƭƮƣƥ� ƩƴƠƧƧƩƯưƥ�

ƆƱ ƸƳ ƻƥƵƥƮƸƫƵƭƷƸƭƮǀ ƥƹƸǀ ƴƥƣƵƱƩƭ ƥƵƭƬưƫƸƭƮơƶ Ƹƭươƶ ƸƳ ƯơưƩ ƴƳƷƳƸƭƮǀ� ƩƱǂ ƩƠƱ
ƨƩƱ ƴƥƣƵƱƩƭ ƥƵƭƬưƫƸƭƮơƶ Ƹƭươƶ �ƴ�ƻ� ƺǁƯƳ� ƩƴƠƧƧƩƯưƥ� ƬƵƢƷƮƩƹưƥ� ƸƳ ƯơưƩ ƴƳƭƳƸƭƮǀ�

Ƙƥ ƴƳƷƳƸƭƮƠ ƻƥƵƥƮƸƫƵƭƷƸƭƮƠ ƻƽƵƣƪƳƱƸƥƭ ƷƩ
ƨƭƥƮƵƭƸƠ �ƩƣƱƥƭ ƥƹƸƠ ƴƳƹ ƴƥƣƵƱƳƹƱ ƥƵƭƬưƢƷƭưƳ ƴƯƢƬƳƶ ƸƭưǂƱ �ƴ�ƻ� ƥƵƭƬưǀƶ
ƺƳƭƸƫƸǂƱ ƷƩ ưƣƥ ƨƭƠƯƩƲƫ� Ƴƭ Ƹƭươƶ ƴƳƹ ưƴƳƵƩƣ Ʊƥ ƴƠƵƩƭ ƩƣƱƥƭ 0, 1, 2, . . .�� Ƣ

ƷƹƱƩƻƢ� ǀƴƳƹ ưƴƳƵƳǁƱ Ʊƥ ƴƠƵƳƹƱ ƳƴƳƭƥƨƢƴƳƸƩ ƸƭưƢ ƩƱǀƶ ƨƭƥƷƸƢưƥƸƳƶ ƸƭưǂƱ
�ƴ�ƻ� ǁƼƳƶ� ƬƩƵưƳƮƵƥƷƣƥ��

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƕƥƵƳƹƷƣƥƷƫ ƷƸƥƸƭƷƸƭƮǂƱ ƨƩƨƳươƱƽƱ

Ƙƥ ƥƵƭƬưƫƸƭƮƠ ƨƩƨƳươƱƥ ưƭƥƶ ơƵƩƹƱƥƶ Ƭƥ ƴƵơƴƩƭ Ʊƥ ƴƥƵƳƹƷƭƠƪƳƱƸƥƭ ưƩ ƸƵǀƴƳ ƷƥƺƢ�
Ʈƥƭ ƸơƸƳƭƳ ǂƷƸƩ Ƴ ƩƱƨƭƥƺƩƵǀưƩƱƳƶ Ʊƥ ƴƥƣƵƱƩƭ ƧƵƢƧƳƵƥ ưƭƥ ƥƣƷƬƫƷƫ ƸƽƱ ƦƥƷƭƮǂƱ
ƻƥƵƥƮƸƫƵƭƷƸƭƮǂƱ ƸƽƱ ƨƩƨƳươƱƽƱ�

ƌ ƩưƴƩƭƵƣƥ ơƻƩƭ ƨƩƣƲƩƭ ǀƸƭ ƴƣƱƥƮƩƶ Ʈƥƭ ƧƵƥƺƢưƥƸƥ ƦƳƫƬƳǁƱ ƷƸƫƱ ƴƥƵƳƹƷƣƥƷƫ ƸƽƱ
ƨƩƨƳươƱƽƱ� Ʈƥƭ ƷƹƻƱƠ ƩƷƸƭƠƪƳƹƱ ƷƩ ƷƫưƥƱƸƭƮơƶ ƭƨƭǀƸƫƸƩƶ ǀƴƽƶ ƸƳ ƩǁƵƳƶ� Ƴ ƦƥƬưǀƶ
ƷƹƧƮơƱƸƵƽƷƫƶ� Ƣ ƫ ƷƹưưƩƸƵƣƥ ƸƽƱ ƨƩƨƳươƱƽƱ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƕƣƱƥƮƩƶ ƷƹƻƱƳƸƢƸƽƱ Ʈƥƭ ƧƵƥƺƢưƥƸƥ

ƕƥƵƠƨƩƭƧưƥ� ƊƸƢƷƭƳƭ ƥƵƻƭƮƳƣ ưƭƷƬƳƣ �� ƱơƽƱ ƴƸƹƻƭƳǁƻƽƱ ƫƯƩƮƸƵƳƯǀƧƽƱ ưƫƻƥƱƭƮǂƱ
ƷƸƭƶ ƌ�ƕ�Ɔ� �ƷƸƵƳƧƧƹƯƳƴƳƭƫươƱƳƭ ƷƸƫƱ ƴƯƫƷƭơƷƸƩƵƫ ƻƭƯƭƠƨƥ ƷƩ ���

ƕƵǂƸƳƶ ưƭƷƬǀƶ ƗƹƻƱǀƸƫƸƥ ƆƬƵƳƭƷƸ� ƗƹƻƱǀƸƫƸƥ
�� � �
�� � �
�� � �
�� � ��
�� � ��
�� �� ��
�� � ��
�� � ��
�� � ��
�� � ��
�� � ��
ƕƣƱƥƮƥƶ �� ƆƵƻƭƮǀƶ ưƭƷƬǀƶ ƷƩ ơƱƥ ơƸƳƶ�
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ƉƭƠƧƵƥưưƥ ƷƹƻƱƳƸƢƸƽƱ� ƵƥƦƨǀƧƵƥưưƥ ƷƹƻƱƳƸƢƸƽƱ
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ƕƳƯǁƧƽƱƳ ƷƹƻƱƳƸƢƸƽƱ
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ƕƣƱƥƮƩƶ ƷƻƩƸƭƮǂƱ ƷƹƻƱƳƸƢƸƽƱ Ʈƥƭ ƧƵƥƺƢưƥƸƥ

ƕƵǂƸƳƶ ưƭƷƬǀƶ ƗƻƩƸƭƮƢ ƷƹƻƱǀƸƫƸƥ
�� ����  ������ ≈ ����
�� ����  ������ ≈ ����
�� ����
�� ����
�� ����
�� �����
�� �
�� ����
�� ����
�� ����
�� ����
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ƏƹƮƯƭƮƠ ƨƭƥƧƵƠưưƥƸƥ �SLH FKDUWV�

ƛƵƫƷƭưƳƴƳƭƳǁƱƸƥƭ ƮƹƵƣƽƶ Ƨƭƥ ƴƳƭƳƸƭƮƠ ƨƩƨƳươƱƥ�

ƕƥƵƠƨƩƭƧưƥ� ƗƸƥ ƴƯƥƣƷƭƥ ưƭƥƶ ơƵƩƹƱƥƶ ƵƽƸƢƬƫƮƥƱ ��� ƮƥƬƫƧƫƸơƶ ưƥƬƫưƥƸƭƮǂƱ ƷƩ
ƷƻƳƯƩƣƥ ươƷƫƶ ƩƮƴƥƣƨƩƹƷƫƶ ƥƱ Ƭƥ ƴƵơƴƩƭ Ʊƥ ƩƯƥƸƸƽƬƩƣ Ƣ ƥƹƲƫƬƩƣ ƫ ƨƭƨƥƮƸơƥ ǁƯƫ
ƸƽƱ ưƥƬƫưƥƸƭƮǂƱ� ƗƸƳƱ ƥƮǀƯƳƹƬƳ ƴƣƱƥƮƥ ƺƥƣƱƳƱƸƥƭ Ƴƭ ƥƴƥƱƸƢƷƩƭƶ ƴƳƹ ƨǂƷƥƱƩ�

ƏƥƸƫƧƳƵƣƥ ƗƹƻƱǀƸƫƸƥ ƗƻƩƸƭƮƢ ƷƹƻƱǀƸƫƸƥ ���
ƒƥ ƩƯƥƸƸƽƬƩƣ �� ��
ƒƥ ƴƥƵƥưƩƣƱƩƭ ƫ ƣƨƭƥ �� ��
ƒƥ ƥƹƲƫƬƩƣ �� ��
ƛƽƵƣƶ ƧƱǂưƫ �� ��
ŽƵƱƫƷƫ ƆƴƠƱƸƫƷƫƶ � �
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ƏƹƮƯƭƮƠ ƨƭƥƧƵƠưưƥƸƥ �SLH FKDUWV�

 

38%

30%

12%

16%

4%

Να ελαττωθεί Να παραμείνει η ίδια Να αυξηθεί

Χωρίς γνώμη Άρνηση Απάντησης

ƑƩƭƳƱơƮƸƫưƥ� ƘƳưƩƣƶ ƴƳƹ ƥƱƸƭƷƸƳƭƻƳǁƱ ƷƩ ưƭƮƵƠ ƴƳƷƳƷƸƠ ƩƣƱƥƭ ƨǁƷƮƳƯƳ Ʊƥ
ƥƱƥƴƥƵƥƷƸƥƬƳǁƱ�
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ƏƹƮƯƭƮƠ ƨƭƥƧƵƠưưƥƸƥ �SLH FKDUWV�

ƈƭƥ Ʊƥ ƹƴƳƯƳƧƣƷƳƹưƩ Ƹƫ ƧƽƱƣƥ �ƷƩ ưƳƣƵƩƶ� ƮƠƬƩ ƮƹƮƯƭƮƳǁ ƸƳươƥ ƩƵƧƥƪǀưƥƷƸƩ ƽƶ
ƩƲƢƶ�

$� ƙƴƳƯƳƧƭƷưǀƶ Ƹƫƶ ƧƽƱƣƥƶ �ƷƩ ưƳƣƵƩƶ� ưƩ Ƹƫ ƻƵƢƷƫ ƴƳƷƳƷƸǂƱ �ƷƻƩƸƭƮǂƱ
ƷƹƻƱƳƸƢƸƽƱ��
ƕ�ƻ� Ƨƭƥ ƸƳƱ ƴƵǂƸƳ ƸƳươƥ mƱƥ ƩƯƥƸƸƽƬƩƣ} ơƻƳƹưƩ

θ

360◦
=

38

100
⇒ θ =

38 · 360
100

⇒ θ = 136.8◦

ƈƭƥ ƸƳƱ ƸƵƣƸƳ ƸƳươƥ mƱƥ ƥƹƲƫƬƩƣ} ơƻƳƹưƩ

θ

360◦
=

12

100
⇒ θ =

12 · 360
100

⇒ θ = 43.2◦
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%� ƙƴƳƯƳƧƭƷưǀƶ Ƹƫƶ ƧƽƱƣƥƶ �ƷƩ ưƳƣƵƩƶ� ưƩ Ƹƫ ƻƵƢƷƫ ƷƹƻƱƳƸƢƸƽƱ�
ƕ�ƻ� Ƨƭƥ ƸƳƱ ƴƵǂƸƳ ƸƳươƥ mƱƥ ƩƯƥƸƸƽƬƩƣ} ơƻƳƹưƩ

θ

360◦
=

57

150
⇒ θ =

57 · 360
150

⇒ θ = 136.8◦

ƈƭƥ ƸƳƱ ƸƵƣƸƳ ƸƳươƥ mƱƥ ƥƹƲƫƬƩƣ} ơƻƳƹưƩ

θ

360◦
=

18

150
⇒ θ =

18 · 360
150

⇒ θ = 43.2◦
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ƔưƥƨƳƴƳƭƫươƱƥ ƨƩƨƳươƱƥ� ƨƩƱƨƵƳƧƵƥƺƢưƥƸƥ�
ƭƷƸƳƧƵƠưưƥƸƥ

ſƱƥƶ ƥƴƳƸƩƯƩƷưƥƸƭƮǀƶ ƸƵǀƴƳƶ Ƨƭƥ Ʊƥ ƳƵƧƥƱǂƷƳƹưƩ ưƭƮƵƳǁ ơƽƶ ưƩƷƥƣƳƹ ưƩƧơƬƳƹƶ
ƷǁƱƳƯƥ ƨƩƨƳươƱƽƱ ƩƣƱƥƭ ƸƳ ƯƩƧǀưƩƱƳ ƨƩƱƨƵƳƧƵƠƺƫưƥ �VWHP�DQG�OHDI SORW�� ƈƭƥ Ʊƥ
ƮƥƸƥƷƮƩƹƠƷƳƹưƩ ơƱƥ ƨƩƱƨƵƳƧƵƠƺƫưƥ� ƴƵơƴƩƭ Ʊƥ ƻƽƵƣƷƳƹưƩ ƮƥƬơƱƥ ƥƴǀ Ƹƥ
ƨƩƨƳươƱƥ ưƥƶ ƷƩ ƨǁƳ ươƵƫ ʇ ƷƸƳƱ ƮƳƵưǀ Ʈƥƭ ƷƸƥ ƺǁƯƯƥ�
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ƕƥƵƠƨƩƭƧưƥ ƨƩƱƨƵƳƧƵƥƺƢưƥƸƳƶ

Ɣƭ ƦƥƬưƳƣ �� ƺƳƭƸƫƸǂƱ ƷƩ ơƱƥ ƨƭƥƧǂƱƭƷưƥ ƩƣƱƥƭ Ƴƭ ƩƲƢƶ�

69, 70, 63, 40, 77, 79, 80, 63, 94, 68, 89, 74, 76, 76, 82, 73, 77, 86, 85, 91.

ƉƩƱ ƹƴƠƵƻƩƭ ƮƥƱǀƱƥƶ Ƨƭƥ ƸƫƱ ƩƴƭƯƳƧƢ ƸƳƹ ƮƳƵưƳǁ Ʈƥƭ ƸƽƱ ƺǁƯƯƽƱ� ƕ�ƻ�� ưƴƳƵƳǁưƩ Ʊƥ
ƩƴƭƯơƲƳƹưƩ ƽƶ ƮƳƵưǀ ƸƳ ƼƫƺƣƳ ƸƽƱ ƨƩƮƠƨƽƱ Ʈƥƭ ǂƶ ƺǁƯƯƳ ƸƳ ƼƫƺƣƳ ƸƽƱ ưƳƱƠƨƽƱ�

ƏƳƵưǀƶ ƚǁƯƯƳ
� �
�
� � � � �
� � � � � � � � �
� � � � � �
� � �
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ƉƩƱƨƵƳƧƵƠƺƫưƥ

ƕƯƩƳƱƩƮƸƢưƥƸƥ

ƇƯơƴƳƹưƩ ƠưƩƷƥ Ƹƭƶ ƥƮƵƭƦƩƣƶ
ƴƥƵƥƸƫƵƢƷƩƭƶ

ƕƩƵƭơƻƩƭ ƻƵƢƷƭưƩƶ ƴƯƫƵƳƺƳƵƣƩƶ
ǀƴƽƶ ƴ�ƻ�� ƴƳƭƠ ƩƣƱƥƭ ƫ ươƧƭƷƸƫ
ƴƥƵƥƸƢƵƫƷƫ� ƫ ƷƹƻƱǀƸƫƸƥ ƸƽƱ
ƴƥƵƥƸƫƵƢƷƩƽƱ ƮƯƴ�

ƑƩƭƳƱƩƮƸƢưƥƸƥ

ƉƩƱ ưƴƳƵƩƣ Ʊƥ ƮƥƸƥƷƮƩƹƥƷƸƩƣ Ƨƭƥ
ưƩƧƠƯƳ ƥƵƭƬưǀ ƨƩƨƳươƱƽƱ

Ɣ ƸƵǀƴƳƶ ƮƥƸƥƷƮƩƹƢƶ ƸƳƹ ƨƩƱ
ƩƣƱƥƭ ưƳƱƥƨƭƮǀƶ
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ƔưƥƨƳƴƳƣƫƷƫ ƨƩƨƳươƱƽƱ

ƂƸƥƱ ƸƳ ƴƯƢƬƳƶ ƸƽƱ ƨƩƨƳươƱƽƱ ưƥƶ ưƩ ƨƭƥƺƳƵƩƸƭƮơƶ Ƹƭươƶ ƩƣƱƥƭ ƴƳƯǁ ưƩƧƠƯƳ� ƸǀƸƩ
ƩƣƱƥƭ ƻƵƢƷƭưƳ Ʊƥ ƳưƥƨƳƴƳƭƢƷƳƹưƩ Ƹƥ ƨƩƨƳươƱƥ ưƥƶ ƷƩ ƮƯƠƷƩƭƶ �ƨƭƥƷƸƢưƥƸƥ�
ƷƹƧƮƩƮƵƭươƱƳƹ ƴƯƠƸƳƹƶ� Ʈƥƭ ƷƸƫ ƷƹƱơƻƩƭƥ Ʊƥ ƷƻƩƨƭƠƷƳƹưƩ ƸƳ ƴƯƢƬƳƶ ƸƽƱ ƷƸƳƭƻƩƣƽƱ
ƴƳƹ ƥƱƢƮƳƹƱ ƷƩ ƮƠƬƩ ƮƯƠƷƫ�
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ƕƥƵƠƨƩƭƧưƥ

Ɣ ƥƮǀƯƳƹƬƳƶ ƴƣƱƥƮƥƶ ƴƩƵƭơƻƩƭ Ƹƫ ƨƭƠƵƮƩƭƥ ƪƽƢƶ� ƷƩ ǂƵƩƶ� ��� ƯƥưƴƸƢƵƽƱ
ƴƹƵƥƮƸǂƷƩƽƶ

14 Chapter 2: Descriptive Statistics

Type of Cancer Number of New Cases Relative Frequency

Lung 42 .21
Breast 50 .25
Colon 32 .16
Prostate 55 .275
Melanoma 9 .045
Bladder 12 .06

2.2.3 Grouped Data, Histograms, Ogives, and
Stem and Leaf Plots

As seen in Subsection 2.2.2, using a line or a bar graph to plot the frequencies of data values
is often an effective way of portraying a data set. However, for some data sets the number
of distinct values is too large to utilize this approach. Instead, in such cases, it is useful to
divide the values into groupings, or class intervals, and then plot the number of data values
falling in each class interval. The number of class intervals chosen should be a trade-off
between (1) choosing too few classes at a cost of losing too much information about the
actual data values in a class and (2) choosing too many classes, which will result in the

TABLE 2.3 Life in Hours of 200 Incandescent Lamps

Item Lifetimes

1,067 919 1,196 785 1,126 936 918 1,156 920 948
855 1,092 1,162 1,170 929 950 905 972 1,035 1,045

1,157 1,195 1,195 1,340 1,122 938 970 1,237 956 1,102
1,022 978 832 1,009 1,157 1,151 1,009 765 958 902

923 1,333 811 1,217 1,085 896 958 1,311 1,037 702

521 933 928 1,153 946 858 1,071 1,069 830 1,063
930 807 954 1,063 1,002 909 1,077 1,021 1,062 1,157
999 932 1,035 944 1,049 940 1,122 1,115 833 1,320
901 1,324 818 1,250 1,203 1,078 890 1,303 1,011 1,102
996 780 900 1,106 704 621 854 1,178 1,138 951

1,187 1,067 1,118 1,037 958 760 1,101 949 992 966
824 653 980 935 878 934 910 1,058 730 980
844 814 1,103 1,000 788 1,143 935 1,069 1,170 1,067

1,037 1,151 863 990 1,035 1,112 931 970 932 904
1,026 1,147 883 867 990 1,258 1,192 922 1,150 1,091

1,039 1,083 1,040 1,289 699 1,083 880 1,029 658 912
1,023 984 856 924 801 1,122 1,292 1,116 880 1,173
1,134 932 938 1,078 1,180 1,106 1,184 954 824 529

998 996 1,133 765 775 1,105 1,081 1,171 705 1,425
610 916 1,001 895 709 860 1,110 1,149 972 1,002
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ƔưƥƨƳƴƳƭƳǁưƩ Ƹƥ ƨƩƨƳươƱƥ ưƥƶ ƥƹƸƠ ƷƩ ƮƯƠƷƩƭƶ�

ƏƯƠƷƫ ƉƭƠƷƸƫưƥ ƗƹƻƱǀƸƫƸƥ
� ��� � ��� �
� ��� � ��� �
� ��� � ��� ��
� ��� � ��� ��
� ��� � ���� ��
� ���� � ���� ��
� ���� � ���� ��
� ���� � ���� �
� ���� � ���� �
�� ���� � ���� �

���
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ƎƷƸǀƧƵƥưưƥ ƷƹƻƱƳƸƢƸƽƱ

ƈƭƥ ƸƫƱ ƮƥƸƥƷƮƩƹƢ ƸƳƹ ƭƷƸƳƧƵƠưưƥƸƳƶ ƷƹƻƱƳƸƢƸƽƱ ƬƩƽƵƳǁưƩ ơƱƥ ƷǁƷƸƫưƥ ƳƵƬƳƧƽƱƣƽƱ
ƥƲǀƱƽƱ Ʈƥƭ ƷƸƳƱ ƳƵƭƪǀƱƸƭƳ ƠƲƳƱƠ ƸƳƹ ƷƫưƩƭǂƱƳƹưƩ Ƹƥ ǀƵƭƥ ƸƽƱ ƮƯƠƷƩƽƱ� ƗƸƫ ƷƹƱơƻƩƭƥ
ƮƥƸƥƷƮƩƹƠƪƳƹưƩ ƳƵƬƳƧǂƱƭƥ ƴƥƵƥƯƯƫƯǀƧƵƥưưƥ ƴƳƹ ơƻƳƹƱ ƦƠƷƩƭƶ Ƹƥ ƨƭƥƷƸƢưƥƸƥ ƸƽƱ
ƮƯƠƷƩƽƱ Ʈƥƭ ǁƼƳƶ ƸơƸƳƭƳ� ǂƷƸƩ ƸƳ ƩưƦƥƨǀƱ ƮƠƬƩ ƳƵƬƳƧƽƱƣƳƹ Ʊƥ ƭƷƳǁƸƥƭ ưƩ ƸƫƱ ƷƹƻƱǀƸƫƸƥ
ƸƽƱ ƴƥƵƥƸƫƵƢƷƩƽƱ ƷƸƫƱ ƥƱƸƣƷƸƳƭƻƫ ƮƯƠƷƫ� ƊƠƱ Ƴƭ ƮƯƠƷƩƭƶ ƩƣƱƥƭ ǀƯƩƶ ƸƳƹ ƭƨƣƳƹ ƴƯƠƸƳƹƶ�
ƸǀƸƩ Ƹƥ ƳƵƬƳƧǂƱƭƥ ơƻƳƹƱ ǁƼƳƶ ƥƱƠƯƳƧƳ Ƹƫƶ ƥƱƸƣƷƸƳƭƻƫƶ ƷƹƻƱǀƸƫƸƥƶ�
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ƑơƸƵƥ ƮƩƱƸƵƭƮƢƶ ƸƠƷƫƶ

ƊƮƸǀƶ ƥƴǀ Ƹƭƶ ƧƵƥƺƭƮơƶ ƴƥƵƥƷƸƠƷƩƭƶ ƴƳƹ ưƥƶ ƴƥƵơƻƳƹƱ ƴƯƫƵƳƺƳƵƣƩƶ Ƨƭƥ Ƹƥ
ƨƩƨƳươƱƥ� ƻƵƩƭƥƪǀưƥƷƸƩ Ʈƥƭ ƮƠƴƳƭƳƹƶ mƥƵƭƬưƳǁƶ} Ƴƭ ƳƴƳƣƳƭ Ƭƥ ƥƴƳƸƩƯƳǁƱ ơƱƥ ƩƣƨƳƶ
ƴƩƵƣƯƫƼƫƶ ƸƽƱ ƨƩƨƳươƱƽƱ ưƥƶ�

Ƙƥ ươƸƵƥ ƮƩƱƸƵƭƮƢƶ ƸƠƷƫƶ ƩƣƱƥƭ ƻƵƢƷƭưƥ ƧƭƥƸƣ ưƥƶ ƨƣƱƳƹƱ ưƭƥ ƭƨơƥ Ƨƭƥ ƸƳ ƮơƱƸƵƳ
Ƹƫƶ ƮƥƸƥƱƳưƢƶ� ƹƴƳƯƳƧƣƪƳƱƸƥƶ ưƭƥ ƸƭưƢ ƧǁƵƽ ƥƴǀ ƸƫƱ ƳƴƳƣƥ ƷƹƧƮƩƱƸƵǂƱƳƱƸƥƭ Ƴƭ
ƴƥƵƥƸƫƵƢƷƩƭƶ�

ƍƥ ƥƱƥƺƩƵƬƳǁưƩ ƷƸƥ ƩƲƢƶ ươƸƵƥ ƮƩƱƸƵƭƮƢƶ ƸƠƷƫƶ�
���� ƑơƷƫ ƸƭưƢ ƸƳƹ ƨƩƣƧưƥƸƳƶ Ƣ ƆƵƭƬưƫƸƭƮǀƶ ươƷƳƶ �PHDQ�
���� ƉƭƠưƩƷƳƶ �PHGLDQ�
���� ƊƴƭƮƵƥƸƳǁƷƥ ƸƭưƢ �PRGH�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƑơƷƫ ƸƭưƢ ƸƳƹ ƨƩƣƧưƥƸƳƶ �PHDQ�

Ɣ ƴƭƳ ƨƭƥƨƩƨƳươƱƳƶ ƨƩƣƮƸƫƶ ƮƩƱƸƵƭƮƢƶ ƸƠƷƫƶ�
�
ƔƵƭƷưǀƶ
��

������

$Ʊ x1, x2, . . . , xn ƩƣƱƥƭ Ƴƭ ƴƥƵƥƸƫƵƢƷƩƭƶ ưƥƶ� ƸǀƸƩ ƫ ươƷƫ ƸƭưƢ �ƸƳƹ ƨƩƣƧưƥƸƳƶ�
ƳƵƣƪƩƸƥƭ ƽƶ

x̄ =
x1 + · · ·+ xn

n
=

1

n

n∑

i=1

xi.

ƗƸƫƱ ƴƩƵƣƴƸƽƷƫ ǀƴƳƹ ƹƴƠƵƻƳƹƱ ƩƴƥƱƥƯƥưƦƥƱǀưƩƱƩƶ ƴƥƵƥƸƫƵƢƷƩƭƶ ƸǀƸƩ Ƴ ƴƭƳ
ƴƠƱƽ ƸǁƴƳƶ ƴƥƣƵƱƩƭ ƸƫƱ ƥƮǀƯƳƹƬƫ ưƳƵƺƢ�

x̄ =
1

n

k∑

i=1

νixi,

ǀƴƳƹ νi ƩƣƱƥƭ Ƴƭ ƷƹƻƱǀƸƫƸƩƶ ƸƽƱ ƸƭưǂƱ xi� i = 1, 2, . . . , k�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƗƫưƩƣƽƷƫ� ƌ ươƷƫ ƸƭưƢ ƯƥưƦƠƱƩƭ ƹƴʌ ǀƼƭƱ ǀƯƩƶ Ƹƭƶ ƴƥƵƥƸƫƵƢƷƩƭƶ� ƠƵƥ ƩƴƫƵƩƠƪƩƸƥƭ
ƥƴǀ ƥƮƵƥƣƩƶ ƴƥƵƥƸƫƵƢƷƩƭƶ� ƗƸƫƱ ƴƩƵƣƴƸƽƷƫ ǀƴƳƹ Ƹƥ ƨƩƨƳươƱƥ ƴƥƵƳƹƷƭƠƪƳƹƱ
ƥƮƵƥƣƩƶ ƴƥƵƥƸƫƵƢƷƩƭƶ ƸǀƸƩ Ƴ ƥƵƭƬưƫƸƭƮǀƶ ươƷƳƶ ƨƣƱƩƭ ƴƥƵƥƴƯƥƱƫƸƭƮơƶ
ƴƯƫƵƳƺƳƵƣƩƶ�

ƕƥƵƠƨƩƭƧưƥ� ƒƥ ƦƵƩƬƩƣ Ƴ ƥƵƭƬưƫƸƭƮǀƶ ươƷƳƶ ǀƵƳƶ ƸƽƱ ƥƵƭƬưǂƱ ��� �� �� �� �� ��
ƐǁƷƫ�

x̄ =
2 + 6 + 3 + 0 + 7 + 2

6
=

16

6
= 2.67.

ƕƥƵƠƨƩƭƧưƥ� ƒƥ ƦƵƩƬƩƣ Ƴ ƥƵƭƬưƫƸƭƮǀƶ ươƷƳƶ ǀƵƳƶ ƸƽƱ ƥƵƭƬưǂƱ

1, 0, 1, 2, 1, 2, 3, 1, 1, 10.

ƐǁƷƫ�

x̄ =
0 + 1 + 1 + 1 + 1 + 1 + 2 + 2 + 3 + 10

10
=

22

10
= 2.2.

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƉƭƠưƩƷƳƶ �PHGLDQ�

ƉƩƣƮƸƫƶ ƮƩƱƸƵƭƮƢƶ ƸƠƷƫƶ Ƴ ƳƴƳƣƳƶ ƩƣƱƥƭ ƻƵƢƷƭưƳƶ ƷƸƫƱ ƴƩƵƣƴƸƽƷƫ ǀƴƳƹ ƹƴƠƵƻƳƹƱ
ƥƮƵƥƣƩƶ ƴƥƵƥƸƫƵƢƷƩƭƶ�
�
ƔƵƭƷưǀƶ
��

������
ƌ ƨƭƠưƩƷƳƶ ƳƵƣƪƩƸƥƭ Ʊƥ ƩƣƱƥƭ ƫ ưƩƷƥƣƥ ƴƥƵƥƸƢƵƫƷƫ� ƥƺƳǁ ƴƵǂƸƥ Ƹƥ ƨƩƨƳươƱƥ
ƨƭƥƸƥƻƬƳǁƱ ƷƩ ƥǁƲƳƹƷƥ ƷƩƭƵƠ�

ƗƫưƩƣƽƷƫ� ƌ ƨƭƠưƩƷƳƶ ƯƥưƦƠƱƩƭ ƹƴǀƼƫ Ƹƭƶ ƷƹƻƱǀƸƫƸƩƶ ƸƽƱ ƸƭưǂƱ Ʈƥƭ ǀƻƭ Ƹƭƶ ƣƨƭƩƶ
Ƹƭƶ Ƹƭươƶ ƠƵƥ ƨƩƱ ƩƴƫƵƩƠƪƩƸƥƭ ƥƴǀ ƥƮƵƥƣƩƶ ƴƥƵƥƸƫƵƢƷƩƭƶ�

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

ƒƥ ƦƵƩƬƩƣ ƫ ƨƭƠưƩƷƳƶ ƸƽƱ ƥƵƭƬưǂƱ −2, 6, 3, 0, 7, 2�

ƐǁƷƫ� ƆƵƻƭƮƠ Ƭƥ ƴƵơƴƩƭ Ʊƥ ƨƭƥƸƠƲƳƹưƩ ƸƳƹƶ ƥƵƭƬưƳǁƶ ƷƩ ƥǁƲƳƹƷƥ ƷƩƭƵƠ�

−2, 0, 2, 3, 6, 7.

ƕƥƵƥƸƫƵƳǁưƩ ǀƸƭ ƨƩƱ ƹƴƠƵƻƩƭ ưƭƥ mưƩƷƥƣƥ ƴƥƵƥƸƢƵƫƷƫ} ƥƯƯƠ ƨǁƳ� ƌ ƨƭƠưƩƷƳƶ
ƩƣƱƥƭ Ƴ ươƷƳƶ ǀƵƳƶ ƸƽƱ ƨǁƳ ƸƭưǂƱ� ƠƵƥ ƫ ƨƭƠưƩƷƳƶ ƩƣƱƥƭ ƣƷƫ ưƩ ����

6�2�6� ƕƥƵƥƸƫƵƢƷƸƩ ǀƸƭ ƥƱ� Ƨƭƥ ƴƥƵƠƨƩƭƧưƥ� ơƯƩƭƴƩ ƫ ƴƥƵƥƸƢƵƫƷƫ ưƩ ƸƭưƢ �� ƸǀƸƩ ƸƳ
ƨƭƥƸƩƸƥƧươƱƳ ƨƩƣƧưƥ ƩƣƱƥƭ ƸƳ ��� �� �� �� � ƳƴǀƸƩ ƫ mưƩƷƥƣƥ ƴƥƵƥƸƢƵƫƷƫ}� ƨƫƯƥƨƢ ƫ
ƨƭƠưƩƷƳƶ� ƩƣƱƥƭ ƣƷƫ ưƩ ��

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƊƴƭƮƵƥƸƳǁƷƥ ƸƭưƢ �PRGH�

�
ƔƵƭƷưǀƶ
��

������
ƌ ƩƴƭƮƵƥƸƳǁƷƥ ƸƭưƢ ƳƵƣƪƩƸƥƭ Ʊƥ ƩƣƱƥƭ ƫ ƸƭưƢ Ƹƫƶ ƴƥƵƥƸƢƵƫƷƫƶ ưƩ Ƹƫ ưƩƧƥƯǁƸƩƵƫ
ƷƹƻƱǀƸƫƸƥ�

���� ƌ ƩƴƭƮƵƥƸƳǁƷƥ ƸƭưƢ ƨƩƱ ƩƣƱƥƭ ưƳƱƥƨƭƮƢ� ƑƴƳƵƩƣ ơƱƥ ƨƩƣƧưƥ Ʊƥ ơƻƩƭ
ƴƩƵƭƷƷǀƸƩƵƩƶ ƥƴǀ ưƭƥ ƩƴƭƮƵƥƸƳǁƷƩƶ Ƹƭươƶ� ƗƸƫƱ ƴƩƵƣƴƸƽƷƫ ǀƴƳƹ ƸƳ ƨƩƣƧưƥ
ƴƥƵƳƹƷƭƠƪƩƭ � ƩƴƭƮƵƥƸƳǁƷƩƶ Ƹƭươƶ ƸǀƸƩ ƳƱƳưƠƪƩƸƥƭ ƨƭƮǀƵƹƺƳ �ELPRGDO��

���� ƌ ƩƴƭƮƵƥƸƳǁƷƥ ƸƭưƢ ƻƵƫƷƭưƳƴƳƭƩƣƸƥƭ ƭƨƭƥƭƸơƵƽƶ ƷƩ ƴƩƵƭƴƸǂƷƩƭƶ ƴƳƭƳƸƭƮǂƱ
ưƩƸƥƦƯƫƸǂƱ ǀƴƳƹ ƨƩƱ ơƻƩƭ Ʊǀƫưƥ Ʊƥ ưƭƯƢƷƩƭ ƮƠƴƳƭƳƶ Ƨƭƥ ƸƳƱ ƥƵƭƬưƫƸƭƮǀ ươƷƳ Ƣ
Ƹƫ ƨƭƠưƩƷƳ�

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

ƒƥ ƦƵƩƬƩƣ�ƳǁƱ� ƫ �Ƴƭ� ƩƴƭƮƵƥƸƳǁƷƥ�Ʃƶ� ƸƭưƢ�Ʃƶ� ƸƽƱ ƨƩƨƳươƱƽƱ

−2, 3,−7, 2,−2, 1,−2, 3, 4,−6, 3.

ƐǁƷƫ�

ƘƭưƢ −7 −6 −2 1 2 3 4
ƗƹƻƱǀƸƫƸƥ 1 1 3 1 1 3 1

ƘƳ ƨƩƣƧưƥ ơƻƩƭ ƨǁƳ ƩƴƭƮƵƥƸƳǁƷƩƶ Ƹƭươƶ� ƸƫƱ ƸƭưƢ �� Ʈƥƭ ƸƫƱ ƸƭưƢ � ƧƭƥƸƣ ƥƹƸơƶ Ƴƭ
Ƹƭươƶ ƩưƺƥƱƣƪƳƱƸƥƭ Ƹƭƶ ƴƩƵƭƷƷǀƸƩƵƩƶ ƺƳƵơƶ ƷƸƳ ƨƩƣƧưƥ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƑơƸƵƥ ƨƭƥƷƴƳƵƠƶ ƸƽƱ ƴƥƵƥƸƫƵƢƷƩƽƱ

ƑơƸƵƥ ƴƳƹ ƩƮƺƵƠƪƳƹƱ Ƹƭƶ ƥƴƳƮƯƣƷƩƭƶ ƸƽƱ ƸƭưǂƱ ưƭƥƶ ưƩƸƥƦƯƫƸƢƶ ƧǁƵƽ ƥƴǀ Ƹƥ
ươƸƵƥ ƮƩƱƸƵƭƮƢƶ ƸƠƷƫƶ�

ƍƥ ƥƱƥƺƩƵƬƳǁưƩ ƷƸƥ ƩƲƢƶ ươƸƵƥ ƨƭƥƷƴƳƵƠƶ�
���� ƊǁƵƳƶ �UDQJH�
���� ƉƭƥƷƴƳƵƠ �YDULDQFH�
���� ƘƹƴƭƮƢ ƥƴǀƮƯƭƷƫ �VWDQGDUG GHYLDWLRQ�
���� ƗƹƱƸƩƯƩƷƸƫƶ ƑƩƸƥƦƯƫƸǀƸƫƸƥƶ �FRḪFLHQW RI YDULDWLRQ�

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƊǁƵƳƶ �5DQJH�

�
ƔƵƭƷưǀƶ
��

������

ƘƳ ƩǁƵƳƶ ƳƵƣƪƩƸƥƭ ƽƶ ƫ ƨƭƥƺƳƵƠ

R = x − x ,

ǀƴƳƹ x Ʈƥƭ x ƫ ƩƯƠƻƭƷƸƫ Ʈƥƭ ƫ ươƧƭƷƸƫ ƴƥƵƥƸƢƵƫƷƫ ƥƱƸƣƷƸƳƭƻƥ�

ƕƥƵƠƨƩƭƧưƥ� ƒƥ ƦƵƩƬƩƣ ƸƳ ƩǁƵƳƶ ƸƽƱ ƴƥƵƥƸƫƵƢƷƩƽƱ −2, 3, 4,−7, 6, 12�
ƐǁƷƫ� ƕƥƵƥƸƫƵƳǁưƩ ǀƸƭ ƫ ươƧƭƷƸƫ ƴƥƵƥƸƢƵƫƷƫ ƩƣƱƥƭ ƸƳ 12 ƩƱǂ ƫ ƩƯƠƻƭƷƸƫ ƸƳ −7�
ŽƵƥ ƷǁưƺƽƱƥ ưƩ ƸƳƱ ƳƵƭƷưǀ ƸƳ ƩǁƵƳƶ ƭƷƳǁƸƥƭ ưƩ

R = 12− (−7) = 12 + 7 = 19.

ƗƫưƩƣƽƷƫ� ƊƣƱƥƭ ƭƨƭƥƣƸƩƵƥ mƻƳƱƸƵƳƮƳưươƱƳ} ươƸƵƳ ƨƭƥƷƴƳƵƠƶ ƧƭƥƸƣ ƷƸƫƵƣƪƩƸƥƭ
ưǀƱƳ ƷƩ ƨǁƳ ƴƥƵƥƸƫƵƢƷƩƭƶ Ʈƥƭ ưƠƯƭƷƸƥ Ƹƭƶ ƴƭƳ ƥƮƵƥƣƩƶ�
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ƘƹƴƭƮƢ ƆƴǀƮƯƭƷƫ �6WDQGDUG GHYLDWLRQ�

�
ƔƵƭƷưǀƶ
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������

ƌ ƸƹƴƭƮƢ ƥƴǀƮƯƭƷƫ ƸƽƱ ƴƥƵƥƸƫƵƢƷƩƽƱ x1, x2, . . . , xn ƳƵƣƪƩƸƥƭ ƽƶ

s =

√√√√ 1

n− 1

n∑

i=1

(xi − x̄)2.

ƊƮƺƵƠƪƩƭ Ƹƫ ươƷƫ ƥƴǀƷƸƥƷƫ ƸƽƱ ƴƥƵƥƸƫƵƢƷƩƽƱ ƥƴǀ ƸƳƱ ƥƵƭƬưƫƸƭƮǀ ươƷƳ ƸƽƱ
ƨƩƨƳươƱƽƱ�

ƗƫưƩƣƽƷƫ� ƆƱƸƣ ƸƳƹ ƴƵƳƫƧƳǁưƩƱƳƹ ƸǁƴƳƹ ưƩƵƭƮơƶ ƺƳƵơƶ ƻƵƫƷƭưƳƴƳƭƩƣƸƥƭ Ƴ ƸǁƴƳƶ�

s =

√√√√ 1

n

n∑

i=1

(xi − x̄)2.
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ƉƭƥƷƴƳƵƠ

�
ƔƵƭƷưǀƶ
��

������

ƘƳ ƸƩƸƵƠƧƽƱƳ Ƹƫƶ ƸƹƴƭƮƢƶ ƥƴǀƮƯƭƷƫƶ� ƨƫƯ�

s2 =
1

n− 1

n∑

i=1

(xi − x̄)2

ƮƥƯƩƣƸƥƭ ƨƭƥƷƴƳƵƠ�
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ƕƥƵƠƨƩƭƧưƥ

ƒƥ ƦƵƩƬƩƣ ƫ ƸƹƴƭƮƢ ƥƴǀƮƯƭƷƫ ƸƽƱ ƸƭưǂƱ� −2, 3, 4,−6, 8,−1.

ƐǁƷƫ� ƆƵƻƭƮƠ ƦƵƣƷƮƳƹưƩ ƸƳƱ ƥƵƭƬưƫƸƭƮǀ ươƷƳ ǀƵƳ� x̄ = (−6)+(−2)+(−1)+3+4+8
6 = 1.

xi xi − x̄ (xi − x̄)2

−6 (−6− 1) = −7 49
−2 (−2− 1) = −3 9
−1 (−1− 1) = −2 4
3 (3− 1) = 2 4
4 (4− 1) = 3 9
8 (8− 1) = 7 49
6 124

Ɔƴǀ ƸƳƱ ƸǁƴƳ ƹƴƳƯƳƧƭƷưƳǁ Ƹƫƶ ƨƭƥƷƴƳƵƠƶ ơƻƳƹưƩ

s2 =
1

n− 1

n∑

i=1

(xi − x̄)2 =
1

5
· 124 = 24.8 ⇒ s = 4.98.
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ƗƹƱƸƩƯƩƷƸƢƶ ưƩƸƥƦƳƯƢƶ �&RḪFLHQW RI YDULDWLRQ�

�
ƔƵƭƷưǀƶ
��

������
CV =

ƸƹƴƭƮƢ ƥƴǀƮƯƭƷƫ
ươƷƫ ƸƭưƢ

· 100 =
s

x̄
· 100

Ɣ ƷƹƱƸƩƯƩƷƸƢƶ ưƩƸƥƦƳƯƢƶ ƻƵƫƷƭưƳƴƳƭƩƣƸƥƭ Ƨƭƥ Ƹƫ ƷǁƧƮƵƭƷƫ Ƹƫƶ ưƩƸƥƦƯƫƸǀƸƫƸƥƶ
ƨƩƭƧưƠƸƽƱ ƥƴǀ ƨƭƥƺƳƵƩƸƭƮƳǁƶ ƴƯƫƬƹƷưƳǁƶ Ʈƥƭ ƩƣƱƥƭ ƥƨƭƠƷƸƥƸƳ ươƧƩƬƳƶ
�ƩƮƺƵƠƪƩƸƥƭ ƽƶ ƴƳƷƳƷƸǀ��
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Ɣ ươƷƳƶ ưƭƷƬǀƶ ƸƽƱ ƹƴƥƯƯƢƯƽƱ ưƭƥƶ ƩƸƥƭƵƩƣƥƶ Ɔ ƩƣƱƥƭ x̄A = 1200e ưƩ ƸƹƴƭƮƢ
ƥƴǀƮƯƭƷƫ sA = 150e�
Ɣƭ ƥƱƸƣƷƸƳƭƻƩƶ Ƹƭươƶ Ƨƭƥ ƸƳƹƶ ƹƴƥƯƯƢƯƳƹƶ ưƭƥƶ ƩƸƥƭƵƩƣƥƶ Ƈ ƩƣƱƥƭ x̄B = 1400� ưƩ
ƸƹƴƭƮƢ ƥƴǀƮƯƭƷƫ sB = 350��

ƉƭƥƺƳƵƩƸƭƮơƶ ưƳƱƠƨƩƶ ươƸƵƫƷƫƶ ưƭƷƬƳǁ⇒ Ƴƭ ƨƭƥƷƴƳƵơƶ ƸƽƱ ƴƥƵƥƸƫƵƢƷƩƽƱ ƨƩƱ
ƩƣƱƥƭ ƠưƩƷƥ ƷƹƧƮƵƣƷƭưƩƶ�

�

������
ƉƩƻǀưƥƷƸƩ ǀƸƭ ơƱƥ ƨƩƣƧưƥ ƸƭưǂƱ ưƭƥƶ ưƩƸƥƦƯƫƸƢƶ ƩƣƱƥƭ ƳưƳƭƳƧƩƱơƶ ƥƱ Ƴ ƷƹƱƸƩƯƩƷƸƢƶ
ưƩƸƥƦƳƯƢƶ ƨƩƱ ƲƩƴƩƵƱƠ ƸƳ 10 �
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ƏƥƱƳƱƭƮƠ ƭƷƸƳƧƵƠưưƥƸƥ

2.5 Normal Data Sets 31

2.5 NORMAL DATA SETS
Many of the large data sets observed in practice have histograms that are similar in shape.
These histograms often reach their peaks at the sample median and then decrease on both
sides of this point in a bell-shaped symmetric fashion. Such data sets are said to be normal
and their histograms are called normal histograms. Figure 2.8 is the histogram of a normal
data set.

If the histogram of a data set is close to being a normal histogram, then we say that
the data set is approximately normal. For instance, we would say that the histogram given
in Figure 2.9 is from an approximately normal data set, whereas the ones presented in
Figures 2.10 and 2.11 are not (because each is too nonsymmetric). Any data set that is
not approximately symmetric about its sample median is said to be skewed. It is “skewed
to the right” if it has a long tail to the right and “skewed to the left” if it has a long tail
to the left. Thus the data set presented in Figure 2.10 is skewed to the left and the one of
Figure 2.11 is skewed to the right.

It follows from the symmetry of the normal histogram that a data set that is approxi-
mately normal will have its sample mean and sample median approximately equal.

FIGURE 2.8 Histogram of a normal data set.

FIGURE 2.9 Histogram of an approximately normal data set.
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ƏƥƱƳƱƭƮǀ ƭƷƸǀƧƵƥưưƥ ƏƥƸƠ ƴƵƳƷơƧƧƭƷƫ ƮƥƱƳƱƭƮǀ ƭƷƸǀƧƵƥưưƥ
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ƐƳƲƠ ƭƷƸƳƧƵƠưưƥƸƥ

32 Chapter 2: Descriptive Statistics

FIGURE 2.10 Histogram of a data set skewed to the left.

FIGURE 2.11 Histogram of a data set skewed to the right.

Suppose that x̄ and s are the sample mean and sample standard deviation of an approxi-
mately normal data set. The following rule, known as the empirical rule, specifies the
approximate proportions of the data observations that are within s, 2s, and 3s of the
sample mean x̄.

The Empirical Rule
If a data set is approximately normal with sample mean x̄ and sample standard deviation

s, then the following statements are true.

1. Approximately 68 percent of the observations lie within

x̄ ± s

2. Approximately 95 percent of the observations lie within

x̄ ± 2s

32 Chapter 2: Descriptive Statistics
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approximate proportions of the data observations that are within s, 2s, and 3s of the
sample mean x̄.

The Empirical Rule
If a data set is approximately normal with sample mean x̄ and sample standard deviation

s, then the following statements are true.

1. Approximately 68 percent of the observations lie within

x̄ ± s

2. Approximately 95 percent of the observations lie within

x̄ ± 2s

ƎƷƸǀƧƵƥưưƥ ƯƳƲǀ ƥƵƭƷƸƩƵƠ ƎƷƸǀƧƵƥưưƥ ƯƳƲǀ ƨƩƲƭƠ
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ƊưƴƩƭƵƭƮǀƶ ƮƥƱǀƱƥƶ

ƆƱ Ƹƥ ƨƩƨƳươƱƥ ưƥƶ ƩƣƱƥƭ ƮƥƸƠ ƴƵƳƷơƧƧƭƷƫ ƮƥƱƳƱƭƮƠ ưƩ ươƷƫ ƸƭưƢ x̄ Ʈƥƭ ƸƹƴƭƮƢ
ƥƴǀƮƯƭƷƫ s� ƸǀƸƩ

ƕƩƵƣƴƳƹ ��� ƸƽƱ ƴƥƵƥƸƫƵƢƷƩƽƱ ƥƱƢƮƳƹƱ ƷƸƳ ƨƭƠƷƸƫưƥ x̄± s

ƕƩƵƣƴƳƹ ��� ƸƽƱ ƴƥƵƥƸƫƵƢƷƩƽƱ ƥƱƢƮƳƹƱ ƷƸƳ ƨƭƠƷƸƫưƥ x̄± 2s

ƕƩƵƣƴƳƹ ����� ƸƽƱ ƴƥƵƥƸƫƵƢƷƩƽƱ ƥƱƢƮƳƹƱ ƷƸƳ ƨƭƠƷƸƫưƥ x̄± 3s
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ƕƥƵƠƨƩƭƧưƥ

ƘƳ ƥƮǀƯƳƹƬƳ ƨƩƱƨƵǀƧƵƥưưƥ ưƥƶ ƨƣƱƩƭ ƸƳƹƶ ƦƥƬưƳǁƶ �� ƺƳƭƸƫƸǂƱ ƷƩ ơƱƥ ƨƭƥƧǂƱƭƷưƥ
ƷƸƥƸƭƷƸƭƮƢƶ

ƏƳƵưǀƶ ƚǁƯƯƳ
� �� �� �
� �� �� �� �� �
� �� �� �� �� �� �� �
� �� �� �� �� �� �
� �� �� �� �� �
� �� �

Ɔƴǀ ƸƳ ƨƩƱƨƵǀƧƵƥưưƥ ưƴƳƵƳǁưƩ Ʊƥ ƨƳǁưƩ ǀƸƭ ƸƳ ƥƱƸƣƷƸƳƭƻƳ ƭƷƸǀƧƵƥưưƥ ƩƣƱƥƭ ƮƥƸƥ
ƴƵƳƷơƧƧƭƷƫ ƮƥƱƳƱƭƮǀ� ƇƵƣƷƮƳƹưƩ ǀƸƭ x̄ ≈ 70.571 Ʈƥƭ s ≈ 14.354�

Ɔƴǀ ƸƳƱ ƩưƴƩƭƵƭƮǀ ƮƥƱǀƱƥ ơƻƳƹưƩ ǀƸƭ 68 ƸƽƱ ƨƩƨƳươƱƽƱ ưƥƶ ƩƣƱƥƭ ưƩƸƥƲǁ 56.2 Ʈƥƭ 84.9� ƘƳ
ƥƮƵƭƦơƶ ƴƳƷƳƷƸǀ ƩƣƱƥƭ (15/28)× 100 ≈ 53.6 �
ƆƱƠƯƳƧƥ� Ƴ ƩưƴƩƭƵƭƮǀƶ ƮƥƱǀƱƥƶ ưƥƶ ƨƣƱƩƭ ǀƸƭ ƴƩƵƣƴƳƹ 95 ƸƽƱ ƨƩƨƳươƱƽƱ ưƥƶ ƩƣƱƥƭ ưƩƸƥƲǁ
41.86 Ʈƥƭ 99.28� ƩƱǂ ƸƳ ƥƮƵƭƦơƶ ƴƳƷƳƷƸǀ ƩƣƱƥƭ 100 �

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

�����
�
����

�
����

�
�����
�
����
�
����
�
����
�
�����
�
����
�
����
�
����
�
�����
�
����
�
����
�
����
�
�����

�
����

�
�����

�
����

�
����

�

ƕƥƵƠƨƩƭƧưƥ

ƉƣƱƳƱƸƥƭ Ƴƭ ƥƵƭƬưƳƣ� 5, 3, 6, 5, 4, 5, 2, 8, 6, 5, 4, 8, 3, 4, 5, 4, 8, 2, 5, 4

ƙƴƳƯƳƧƣƷƸƩ Ƹƫ ươƷƫ ƸƭưƢ� Ƹƫ ƨƭƠưƩƷƳ� ƸƫƱ ƩƴƭƮƵƥƸƳǁƷƥ Ƹƭưƫ� Ƹƫ ƨƭƥƷƴƳƵƠ Ʈƥƭ ƸƫƱ
ƸƹƴƭƮƢ ƥƴǀƮƯƭƷƫ�

ƉƭƥƸƠƷƷƳƹưƩ ƸƳƹƶ ƥƵƭƬưƳǁƶ ƥƴǀ ƸƳ ưƭƮƵǀƸƩƵƳ ƴƵƳƶ ƸƳ ưƩƧƥƯǁƸƩƵƳ�

2, 2, 3, 3, 4, 4, 4, 4, 4, 5, 5, 5, 5, 5, 5, 6, 6, 8, 8, 8

ƗƻƫưƥƸƣƪƳƹưƩ ƸƳƱ ƥƮǀƯƳƹƬƳ ƴƣƱƥƮƥ

xi νi xiνi xi − x̄ (xi − x̄)2 νi(xi − x̄)2

2 2 4 −2.8 7.84 15.68
3 2 6 −1.8 3.24 6.48
4 5 20 −0.8 0.64 3.20
5 6 30 0.2 0.04 0.24
6 2 12 1.2 1.44 2.88
8 3 24 3.2 10.24 30.72

20 96 59.20

Ɖ�Ɔ� ƑƫƸƷƳǁƨƫƶ ƕƭƬƥƱǀƸƫƸƩƶ 	 ƗƸƥƸƭƷƸƭƮƢ � Ƙư� ƒƥƹƴƫƧǂƱ �� � ��
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ƑơƷƫ ƸƭưƢ� x̄ =
1

n

6∑

i=1

νixi =
96

20
= 4.8

ƉƭƠưƩƷƳƶ�
5 + 5

2
= 5�

ƊƴƭƮƵƥƸƳǁƷƥ ƸƭưƢ� 5

ƉƭƥƷƴƳƵƠ�

s2 =
1

n− 1

n∑

j=1

(xj − x̄)2 =
1

n− 1

6∑

i=1

νi(xi − x̄)2 =
59.20

19
= 3.12.

ƘƹƴƭƮƢ ƥƴǀƮƯƭƷƫ� s =
√
3.12 ≈ 1.77�

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


