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Âëèÿíèå âíåøíåé ïðèâëåêàòåëüíîñòè íà óðîâåíü çàðàáîòêà

Hamermesh, D. S., and J. E. Biddle (1994), Beauty and the Labor Market,

Amerian Eonomi Review 84, 1174�1194: ïî 1260 îïðîøåííûì èìåþòñÿ

ñëåäóþùèå äàííûå:

çàðàáîòíàÿ ïëàòà çà ÷àñ ðàáîòû, $,

îïûò ðàáîòû, ëåò,

îáðàçîâàíèå, ëåò,

âíåøíÿÿ ïðèâëåêàòåëüíîñòü, â áàëëàõ îò 1 äî 5,

áèíàðíûå ïðèçíàêè: ïîë, ñåìåéíîå ïîëîæåíèå, ñîñòîÿíèå çäîðîâüÿ

(õîðîøåå/ïëîõîå), ÷ëåíñòâî â ïðî�ñîþçå, öâåò êîæè (áåëûé/÷¼ðíûé),

çàíÿòîñòü â ñåðå îáñëóæèâàíèÿ (äà/íåò).

Îöåíèòü âëèÿíèå âíåøíåé ïðèâëåêàòåëüíîñòè íà óðîâåíü çàðàáîòêà ñ

ó÷¼òîì âñåõ îñòàëüíûõ �àêòîðîâ.
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Î íåîáõîäèìîñòè âèçóàëèçàöèè äàííûõ

Ïðèìåð:

http://en.wikipedia.org/wiki/Ansombe's_quartet
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Äàííûå

Â ãðóïïàõ looks = 1 è looks = 5 ñëèøêîì ìàëî íàáëþäåíèé.

Ïðåâðàòèì ïðèçíàê looks â êàòåãîðèàëüíûé è çàêîäèðóåì ïðè ïîìîùè

�èêòèâíûõ ïåðåìåííûõ:

looks aboveavg belowavg

< 3 1 0

3 0 0

> 3 0 1
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Âûáðîñû
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Áîëüøå 30 äîëëàðîâ â ÷àñ â âûáîðêå ïîëó÷àþò òîëüêî 5 ÷åëîâåê.

Èñêëþ÷èì èõ.
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Ïðåîáðàçîâàíèå îòêëèêà

max y

min y
= 29.4.

Íàéä¼ì ïðåîáðàçîâàíèå îòêëèêà ïðè ïîìîùè ìåòîäà Áîêñà-Êîêñà:

Äîâåðèòåëüíûé èíòåðâàë äëÿ λ îïðåäåëÿåòñÿ êàê ïåðåñå÷åíèå êðèâîé

RSS (λ) ñ ëèíèåé óðîâíÿ min
λ

RSS (λ) · eχ
2

1,1−α
/n.

95% äîâåðèòåëüíûé èíòåðâàë: (−0.028, 0.124) .
Âîçüì¼ì λ = 0, ò. å. áóäåì äåëàòü ðåãðåññèþ ëîãàðè�ìà îòêëèêà.
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Ìîäåëü 1

Ïîñòðîèì ëèíåéíóþ ìîäåëü:

lnwage = 0.43 + 0.01exper + 0.19union + 0.12goodhlth− 0.1black−

− 0.39female + 0.04married − 0.15service + 0.08educ−

− 0.004aboveavg − 0.13belogavg.

F = 78.63, p = 6× 10−125, R2 = 0.387, R2

a = 0.382.

Êðèòåðèé p-value

Øàïèðî-Óèëêà (íîðìàëüíîñòü) 1.0 × 10−4

çíàêîâûõ ðàíãîâ (íåñìåù¼ííîñòü) 0.8944
Áðîéøà-Ïàãàíà (ãîìîñêåäàñòè÷íîñòü) 5.7 × 10−4

Ïðèçíàêè, êîý��èöèåíòû ïðè êîòîðûõ çíà÷èìî îòëè÷àþòñÿ îò íóëÿ

(ìíîæåñòâåííàÿ ïðîâåðêà): exper, union, female, service, educ, belowavg.
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Ìîäåëü 2

�åäóöèðîâàííàÿ ìîäåëü:

lnwage = 0.54 + 0.01exper + 0.18union − 0.41female − 0.15service+

+ 0.08educ− 0.008aboveavg − 0.12belogavg.

F = 110.04, p = 1.5× 10−125, R2 = 0.382, R2

a = 0.378.

Êðèòåðèé p-value

Øàïèðî-Óèëêà (íîðìàëüíîñòü) 1.6 × 10−4

çíàêîâûõ ðàíãîâ (íåñìåù¼ííîñòü) 0.8480
Áðîéøà-Ïàãàíà (ãîìîñêåäàñòè÷íîñòü) 4× 10−5

Çíà÷èìû âñå ïðèçíàêè, êðîìå aboveavg.
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Îñòàòêè ìîäåëè 2
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Îñòàòêè ìîäåëè 2
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Îñòàòêè ìîäåëè 2
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Îñòàòêè ìîäåëè 2
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Ìîäåëü 3

Ìîäåëü ñ êâàäðàòîì ïðèçíàêà exper:

lnwage = 0.4 + 0.04exper − 0.0006exper2 + 0.18union − 0.4female−

− 0.16service + 0.08educ− 0.006aboveavg − 0.13belogavg.

F = 104.92, p = 1.2× 10−133, R2 = 0.402, R2

a = 0.399.

Êðèòåðèé p-value

Øàïèðî-Óèëêà (íîðìàëüíîñòü) 3.1 × 10−5

çíàêîâûõ ðàíãîâ (íåñìåù¼ííîñòü) 0.8571
Áðîéøà-Ïàãàíà (ãîìîñêåäàñòè÷íîñòü) 5.5 × 10−6

Çíà÷èìû âñå ïðèçíàêè, êðîìå aboveavg.
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Îñòàòêè ìîäåëè 3
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Îñòàòêè ìîäåëè 3
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Îñòàòêè ìîäåëè 3
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Îñòàòêè ìîäåëè 3
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Ìîäåëü 4

Ñäåëàåì ïîøàãîâóþ ðåãðåññèþ ñî âñåìè ïîïàðíûìè âçàèìîäåéñòâèÿìè è

êâàäðàòàìè âñåõ ÷èñëîâûõ ïðèçíàêîâ:

lnwage = 0.32 + 0.05exper + 0.27union − 0.25female + 0.06educ−

− 0.005exper ∗ union − 0.007exper ∗ female− 0.008exper ∗ service−

− 0.31goodhlth ∗ black + 0.01goodhlth ∗ educ− 0.26goodhlth ∗ belogavg+

+ 0.36black ∗ female− 0.11female ∗married− 0.0007exper2−

− 0.01aboveavg + 0.1belogavg.

F = 61.31, p = 1.4× 10−137, R2 = 0.426, R2

a = 0.419.

Êðèòåðèé p-value

Øàïèðî-Óèëêà (íîðìàëüíîñòü) 9.8 × 10−5

çíàêîâûõ ðàíãîâ (íåñìåù¼ííîñòü) 0.9204
Áðîéøà-Ïàãàíà (ãîìîñêåäàñòè÷íîñòü) 5.1 × 10−5
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Ìîäåëü 5

×òîáû óïðîñòèòü ìîäåëü è ïîâûñèòü å¼ èíòåðïðåòèðóåìîñòü, èñêëþ÷èì

âçàèìîäåéñòâèÿ, äëÿ êîòîðûõ ìíîæåñòâåííàÿ ïðîâåðêà äà¼ò äîñòèãàåìûé

óðîâåíü çíà÷èìîñòè ìåíüøå 0.05:

lnwage = 0.35 + 0.05exper + 0.19union − 0.32female + 0.06educ−

− 0.007exper ∗ female− 0.008exper ∗ service− 0.3goodhlth ∗ black+

+ 0.01goodhlth ∗ educ+ 0.36black ∗ female− 0.0007exper2−

− 0.008aboveavg − 0.14belogavg.

F = 74.90, p = 1.5× 10−137, R2 = 0.420, R2

a = 0.414.

Êðèòåðèé p-value

Øàïèðî-Óèëêà (íîðìàëüíîñòü) 6.3 × 10−5

çíàêîâûõ ðàíãîâ (íåñìåù¼ííîñòü) 0.9360
Áðîéøà-Ïàãàíà (ãîìîñêåäàñòè÷íîñòü) 2.1 × 10−4

Êðèòåðèé Äàâèäñîíà-ÌàêÊèíëè ïîêàçûâàåò ïðåâîñõîäñòâî ìîäåëè 5 íàä

ìîäåëüþ 3 (p1 = 7.1× 10−10, p2 = 0.0851).
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Îñòàòêè ìîäåëè 5

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
−4

−3

−2

−1

0

1

2

3

4

5

ε̃
i

l̂n yi

ÏÑ. �åãðåññèîííûé àíàëèç, ïðèìåð



Çàäà÷à �åøåíèå Èòîã

Îñòàòêè ìîäåëè 5

4 6 8 10 12 14 16 18
−4

−3

−2

−1

0

1

2

3

4

5

ε̃
i

educi

ÏÑ. �åãðåññèîííûé àíàëèç, ïðèìåð



Çàäà÷à �åøåíèå Èòîã

Îñòàòêè ìîäåëè 5

0 5 10 15 20 25 30 35 40 45 50
−4

−3

−2

−1

0

1

2

3

4

5

ε̃
i

experi

ÏÑ. �åãðåññèîííûé àíàëèç, ïðèìåð



Çàäà÷à �åøåíèå Èòîã
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�àññòîÿíèå Êóêà äëÿ ìîäåëè 5

0.5 1 1.5 2 2.5 3
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

ln yi

D
i

−1 0 1 2 3 4
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

l̂n yi
D

i

Ïîðîã 4/n ðàññòîÿíèå Êóêà ïðåâûøàåò äëÿ 70 íàáëþäåíèé (èç íèõ

14 aboveavg è 12 belowavg). Èñêëþ÷èì èõ.
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Ìîäåëü 6

Ìîäåëü, íàñòðîåííàÿ íà îñòàâøèõñÿ íàáëþäåíèÿõ:

lnwage = 0.28 + 0.05exper + 0.20union − 0.31female + 0.06educ−

− 0.007exper ∗ female− 0.007exper ∗ service− 0.26goodhlth ∗ black+

+ 0.01goodhlth ∗ educ+ 0.30black ∗ female− 0.0008exper2+

+ 0.009aboveavg − 0.15belogavg.

F = 94.52, p = 9.3× 10−163, R2 = 0.492, R2

a = 0.487.

Êðèòåðèé p-value

Øàïèðî-Óèëêà (íîðìàëüíîñòü) 0.1174
çíàêîâûõ ðàíãîâ (íåñìåù¼ííîñòü) ≈ 1
Áðîéøà-Ïàãàíà (ãîìîñêåäàñòè÷íîñòü) 8.0 × 10−5
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�àññòîÿíèå Êóêà äëÿ ìîäåëè 6
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Ïîðîã 4/n ðàññòîÿíèå Êóêà ïðåâûøàåò äëÿ 47 íàáëþäåíèé (èç íèõ

13 aboveavg è 10 belowavg).
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�åçóëüòàò

Èòîãîâàÿ ìîäåëü (�5) îáúÿñíÿåò 42% âàðèàöèè ëîãàðè�ìà îòêëèêà:
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C ó÷¼òîì äîïîëíèòåëüíûõ �àêòîðîâ, ó÷àñòíèêè îïðîñà

ñ ïðèâëåêàòåëüíîñòüþ íèæå ñðåäíåãî ïîëó÷àþò íà 13% ìåíüøå (95%
äîâåðèòåëüíûé èíòåðâàë (5.7%, 19.2%)), à ñ ïðèâëåêàòåëüíîñòüþ âûøå

ñðåäíåãî � íà 0.8% ìåíüøå (95% äîâåðèòåëüíûé èíòåðâàë (−5.0%, 6.2%)).
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Òðåáîâàíèÿ ê ðåøåíèþ çàäà÷è ìåòîäîì ëèíåéíîé ðåãðåññèè

âèçóàëèçàöèÿ äàííûõ, àíàëèç ðàñïðåäåëåíèÿ ïðèçíàêîâ (îöåíêà

íåîáõîäèìîñòè òðàíñ�îðìàöèè), îöåíêà íàëè÷èÿ âûáðîñîâ;

îöåíêà íåîáõîäèìîñòè ïðåîáðàçîâàíèÿ îòêëèêà è åãî ïîèñê ìåòîäîì

Áîêñà-Êîêñà;

îòáîð ïðèçíàêîâ;

âèçóàëüíûé àíàëèç îñòàòêîâ;

ïðîâåðêà ãèïîòåç îá îñòàòêàõ: íîðìàëüíîñòü, íåñìåù¼ííîñòü,

ãîìîñêåäàñòè÷íîñòü;

àíàëèç íåîáõîäèìîñòè äîáàâëåíèÿ âçàèìîäåéñòâèé è êâàäðàòîâ

ïðèçíàêîâ;

ðàñ÷¼ò ðàññòîÿíèé Êóêà, âîçìîæíîå óäàëåíèå âûáðîñîâ, îáíîâëåíèå

ìîäåëè;

âûâîäû.
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Ïðèêëàäíàÿ ñòàòèñòèêà

�åãðåññèîííûé àíàëèç, ïðèìåð ðåøåíèÿ çàäà÷è.

�ÿáåíêî Åâãåíèé

riabenko.e�gmail.om
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