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Ïðîøëàÿ ëåêöèÿ

Ñòàòèñòè÷åñêèé âûâîä (statistical inference) â ðåãðåññèè

Ïðåîáðàçîâàíèå ïåðåìåííûõ â ðåãðåññèîííûõ ìîäåëÿõ è

íåëèíåéíîñòü

Ýôôåêòû âçàèìîäåéñòâèÿ
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Ñåãîäíÿ

Äîïóùåíèÿ ðåãðåññèîííîé ìîäåëè è äèàãíîñòèêà

Íåñêîëüêî ñîâåòîâ, êàñàþùèõñÿ ðåãðåññèîííîãî ìîäåëèðîâàíèÿ
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Ñòàòèñòè÷åñêèå �âûáðîñû� (outliers)

Íåîáû÷íûå íàáëþäåíèÿ ìîãóò ñèëüíî âëèÿòü íà ðåãðåññèîííûå

êîýôôèöèåíòû (è äðóãèå ñòàòèñòè÷åñêèå ïàðàìåòðû)

Â êîíòåêñòå ìíîæåñòâåííîé ðåãðåññèè, �âûáðîñ� � ýòî

íàáëþäåíèå, êîòîðîå ïðèíèìàåò íåîáû÷íîå (ñëèøêîì áîëüøîå

èëè ñëèøêîì ìàëîå çíà÷åíèå), ó÷èòûâàÿ çíà÷åíèÿ ïðåäèêòîðîâ
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Äâå ðåãðåññèè: ñ íåîáû÷íûìè íàáëþäåíèÿìè è áåç íèõ
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Ðåøåíèå

Â äàííîì ñëó÷àå îäíèì èç ðåøåíèé áóäåò âçÿòü ëîãàðèôì äîõîäà

(èëè ïðîñòî óäàëèòü ýòè íàáëþäåíèÿ)
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topbot è ëîãàðèôì äîõîäà
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Ôîðìàëüíàÿ äèàãíîñòèêà

Ñóùåñòâóþò áîëåå ôîðìàëüíûå ìåòîäû äëÿ èäåíòèôèêàöèè

âûáðîñîâ

Ðàçíèöà ìåæäó �íåñîãëàñèåì� (discrepancy) è �ðû÷àãîì� (leverage)
I Íåñîãëàñèå: íàñêîëüêî âåëèêè îñòàòêè (íàñêîëüêî äàëåêî ðåàëüíîå

íàáëþäåíèå íàõîäèòñÿ îò ðåãðåññèîííîéé ëèíèè èëè ïëîñêîñòè)
I �Ðû÷àã�: â êàêîé ÷àñòè ðàñïðåäåëåíèÿ íåçàâèñèìîé ïåðåìåííîé

íàõîäèòñÿ íàáëþäåíèå

Âëèÿíèå íà ðåãðåññèîííûå êîýôôèöèåíòû îïðåäåëÿåòñÿ

îäíîâðåìåííî íåñîãëàñèåì è �ðû÷àãîì�
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Ïðèìåð (äàííûå Äýâèñà)
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Ïðèìåð (2)
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Ïîêàçàòåëü �ðû÷àãà�: hat values

Hat values ïîêàçûâàþò, íàñêîëüêî äàëåêî íàáëþäåíèÿ ëåæàò îò

ñðåäíåé x (â ïàðíîé ðåãðåññèè)

hi =
1
n + (Xi−X̄ )2∑n

j=1 (Xj−X̄ )2

�Ðû÷àã� íå çàâèñèò îò çàâèñèìîé ïåðåìåííîé
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Ïîêàçàòåëü �íåñîãëàñèÿ�: Ñòüäåíòèçèðîâàííûå îñòàòêè

Ðåãðåññèîííûå îñòàòêè ïîêàçûâàþò, íàñêîëüêî �íåîáû÷íû�

íàáëþäåíèÿ â ðåãðåññèè

Ñòüþäåíòèçèðîâàííûå îñòàòêè: E ∗i = Ei

SE(−i)

√
1−hi
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Ãèñòîãðàììà ñòüþäåíòèçèðîâàííûõ îñòàòêîâ äëÿ äàííûõ
Äýâèñà (æåíùèíû, rep weight ← weight)
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Äëÿ äàííûõ î äîõîäå â Êèòàå
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Ñòüþäåíòèçèðîâàííûå îñòàòêè è hat values: äàííûå
Äýâèñà
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Äàííûå î äîõîäå â Êèòàå
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Âëèÿíèå íà ðåãðåññèîííûå êîýôôèöèåíòû

Âëèÿíèå íà êîýôôèöèåíòû îïðåäåëÿåòñÿ ñîâìåñòíî �íåñîãëàñèåì�

è �ðû÷àãîì�

Ñòàòèñòèêà, êîòîðàÿ èçìåðÿåò âëèÿíèå, íàçûâàåòñÿ DFBETA. Ýòà

ñòàòèñòèêà ïîêàçûâàåò, êàê èçìåíèòñÿ ðåãðåññèîííûé

êîýôôèöèåíò (â ñòàíäàðòíûõ îòêëîíåíèÿõ), åñëè íàáëþäåíèå

óäàëèòü èç áàçû äàííûõ
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DFBETAS äëÿ äàííûõ Äýâèñà
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DFBETAS äëÿ êèòàéñêèõ äàííûõ
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×òî äåëàòü ñ âûáðîñàìè

Íåîáõîäèìî ïîíÿòü ïðè÷èíó âîçíèêíîâåíèÿ �âûáðîñîâ�

Åñëè ýòî îøèáêà êîäèðîâàíèÿ, ìîæíî ïåðåêîäèðîâàòü èëè

óäàëèòü íàáëþäåíèÿ

Åñëè ýòî ðåàëüíîå íàáëþäåíèå, òî óäàëÿòü òàêèå íàáëþäåíèÿ

íóæíî ñ îñòîðîæíîñòüþ. Ìîæíî ïðåîáðàçîâàòü ïåðåìåííóþ èëè

äîáàâèòü â ìîäåëü äðóãèå ïåðåìåííûå, êîòîðûå ïîçâîëÿò

�îáúÿñíèòü� âûáðîñû

Â áîëüøèõ âûáîðêàõ ðåäêî îáíàðóæèâàþòñÿ âûáðîñû.

Ñîîòâåòñòâåííî, äëÿ ïîëèòîëîãîâ âûáðîñû � á�îëüøàÿ ïðîáëåìà,

÷åì äëÿ ñîöèîëîãîâ
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Îòëè÷íîå îò íîðìàëüíîãî ðàñïðåäåëåíèå îñòàòêîâ

Îäíèì èç äîïóùåíèé ëèíåéíîé ðåãðåññèè ÿâëÿåòñÿ òî, ÷òî

îñòàòêè â ãåíåðàëüíîé ñîâîêóïíîñòè íîðìàëüíî ðàñïðåäåëåíû

Ìû ìîæåì ïðîâåðèòü èñòèííîñòü ýòîãî äîïóùåíèÿ â âûáîðêå

(Èñòî÷íèê: Äæ.Ôîêñ)
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Íîðìàëüíûé âåðîÿòíîñòíûé ãðàôèê (Q-Q plot) äëÿ
êèòàéñêèõ äàííûõ

À.Ð.Áåññóäíîâ (ÍÈÓ ÂØÝ) Ìíîæåñòâåííàÿ ðåãðåññèÿ 3 16 ìàðòà 2012 22 / 37



Ðàñïðåäåëåíèå îñòàòêîâ íå ÿâëÿåòñÿ íîðìàëüíûì

Ýòî íå âëèÿåò íà ðåãðåññèîííûå êîýôôèöèåíòû, íî âëèÿåò íà

ñòàíäàðòíûå îøèáêè

Îäíèì èç âîçìîæíûõ ðåøåíèé ÿâëÿåòñÿ ïðåîáðàçîâàíèå

çàâèñèìîé ïåðåìåííîé

Äðóãèì ðåøåíèåì ÿâëÿåòñÿ ðîáàñòíàÿ ðåãðåññèÿ
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Íåïîñòîÿíñòâî äèñïåðñèè îñòàòêîâ
(ãåòåðîñêåäàñòè÷íîñòü)

Äðóãèì äîïóùåíèåì ÌÍÊ-ðåãðåññèè ÿâëÿåòñÿ ïîñòîÿíñòâî

äèñïåðñèè îñòàòêîâ íà ðàçíûõ óðîâíÿõ x

Ýòî äîïóùåíèå íàçûâàåòñÿ ãîìîñêåäàñòè÷íîñòüþ, åñëè îíî

íàðóøàåòñÿ � ãåòåðîñêåäàñòè÷íîñòü
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Ëîãàðèôì äîõîäà <- îáðàçîâàíèå
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Ìíîæåñòâåííàÿ ðåãðåññèÿ

Äëÿ ìíîæåñòâåííîé ðåãðåññèè ìû ìîæåì ïîñìîòðåòü íà

äèàãðàììó ðàññåèâàíèÿ îñòàòêîâ è ïðåäñêàçàííûõ çíà÷åíèé

Åñëè ìåæäó ïðåäñêàçàííûìè çíà÷åíèÿìè è îñòàòêàìè åñòü

çàâèñèìîñòü, òî ýòî óêàçûâàåò íà ãåòåðîñêåäàñòè÷íîñòü
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Ëîãàðèôì äîõîäà <- îáðàçîâàíèå, âîçðàñò, âîçðàñò â
êâàäðàòå, ïîë
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Ðåøåíèå ïðîáëåìû ãåòåðîñêåäàñòè÷íîñòè

Ãåòåðîñêåäàñòè÷íîñòü íå âëèÿåò íà ðåãðåññèîííûå êîýôôèöèåíòû,

íî âëèÿåò íà ñòàíäàðòíûå îøèáêè

Ýòî âëèÿíèå ÿâëÿåòñÿ ñåðüåçíûì òîëüêî â òîì ñëó÷àå, åñëè

ìàêñèìàëüíàÿ äèñïåðñèÿ îñòàòêîâ ïðåâûøàåò ìèíèìàëüíóþ â 10

ðàç (ñîãëàñíî áîëåå êîíñåðâàòèâíîìó ïîäõîäó, â 4 ðàçà)

Âîçìîæíûå ðåøåíèå: ïðåîáðàçîâàíèå çàâèñèìîé ïåðåìåííîé,

èñïîëüçîâàíèå ìåòîäà âçâåøåííûõ íàèìåíüøèõ êâàäðàòîâ (WLS),

ðîáàñòíàÿ ðåãðåññèÿ
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Íåëèíåéíîñòü

Äîïóùåíèåì ëèíåéíîé ðåãðåññèè ÿâëÿåòñÿ òî, ÷òî ñâÿçü ìåæäó

çàâèñèìîé è íåçàâèñèìîé ïåðåìåííîé íàèëó÷øèì îáðàçîì

îïèñûâàåòñÿ ëèíåéíîé ôóíêöèåé

×àñòî ýòî íå òàê: ìû ïîäðîáíî îáñóæäàëè ýòî íà ïðîøëîì

çàíÿòèè

Ðåøåíèÿ: ïðåîáðàçîâàíèÿ íåçàâèñèìûõ ïåðåìåííûõ,

íåïàðàìåòðè÷åñêàÿ ðåãðåññèÿ
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Ìóëüòèêîëëèíåàðíîñòü

Ìóëüòèêîëëèíåàðíîñòüþ íàçûâàåòñÿ ñèòóàöèÿ. êîãäà äâå èëè

áîëåå íåçàâèñèìûå ïåðåìåííûå ñèëüíî ñêîððåëèðîâàíû ìåæäó

ñîáîé (r > 0.8)

Â ýòîì ñëó÷àå òÿæåëî îäíîâðåìåííî îöåíèòü ýôôåêòû ýòèõ

ïåðåìåííûõ

Ñòàòèñòèêà, êîòîðàÿ èñïîëüçóåòñÿ äëÿ èäåíòèôèêàöèè

ìóëüòèêîëëèíåàðíîñòè, íàçûâàåòñÿ VIF (variance-in�ation factor)

Äëÿ ïåðåìåííîé xj , VIFj =
1

1−R2
j
, ãäå R2

j � R2 äëÿ ðåãðåññèè xj íà
äðóãèå ïðåäèêòîðû â ìîäåëè

VIF èçìåðÿåò âëèÿíèå ìóëüòèêîëëèíåàðíîñòè íà òî÷íîñòü îöåíêè

bj

Åñëè VIF > 10, âîçìîæíà ìóëüòèêîëëèíåàðíîñòü

Åñëè âû îäíîâðåìåííî èñïîëüçóåòå ïåðåìåííóþ è êâàäðàò ýòîé

ïåðåìåííîé â ìîäåëè, íà VIF äëÿ ýòèõ ïåðåìåííûõ îáðàùàòü

âíèìàíèå íå ñëåäóåò

À.Ð.Áåññóäíîâ (ÍÈÓ ÂØÝ) Ìíîæåñòâåííàÿ ðåãðåññèÿ 3 16 ìàðòà 2012 30 / 37



Ðåøåíèÿ ïðîáëåìû ìóëüòèêîëëèíåàðíîñòè

Ðåäêî âñòðå÷àåòñÿ â ñîöèîëîãèè (÷àùå � â ïîëèòîëîãèè)

Âîçìîæíûå ðåøåíèÿ: óäàëåíèå èç ìîäåëè îäíîé èç ïåðåìåííûõ,

ñîçäàíèå øêàëû ñ èñïîëüçîâàíèåì ôàêòîðíîãî àíàëèçà
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Íåêîòîðûå ñîâåòû, êàñàþùèåñÿ ðåãðåññèîííîãî àíàëèçà

Îáðàùàéòå âíèìàíèå íà ðàçíèöó ìåæäó ñòàòèñòè÷åñêîé è

ïðàêòè÷åñêîé çíà÷èìîñòüþ
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Êîððåëÿöèÿ íå îçíà÷àåò ïðè÷èííî-ñëåäñòâåííóþ ñâÿçü

Ðåãðåññèÿ íå èäåíòèôèöèðóåò ïðè÷èííî-ñëåäñòâåííûå ñâÿçè: 1)

îáðàòíàÿ ïðè÷èííî-ñëåäñòâåííàÿ çàâèñèìîñòü, 2) íåíàáëþäàåìûå

ôàêòîðû

Êîððåêòíåå ãîâîðèòü î ñòàòèñòè÷åñêîé ñâÿçè, à íå î âëèÿíèè
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Íà÷èíàéòå ñ ïðîñòîãî àíàëèçà

�I �nd myself telling people to go simple, simple, simple. When

someone gives me their regression coe�cient I ask for the average,

when someone gives me the average I ask for a scatterplot, when

someone gives me a scatterplot I ask them to carefully describe one

data point, please� (A.Gelman)
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Íå äîáàâëÿéòå â ìîäåëü ñëèøêîì ìíîãî íåçàâèñèìûõ
ïåðåìåííûõ

Â ìíîæåñòâåííîé ðåãðåññèè âû èíòåðïðåòèðóåòå ðåãðåññèîííûå

êîýôôèöèåíòû, óäåðæèâàÿ äðóãèå ïåðåìåííûå â ìîäåëè íà îäíîé

óðîâíå. Â íåêîòîðûõ ñëó÷àÿõ ýòî íå èìååò ñìûñëà
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Èñïîëüçóéòå ãðàôèêè äëÿ èëëþñòðàöèè ìîäåëåé

Ãðàôèêè ÷àùå ïîçâîëÿþò ëó÷øå îòîáðàçèòü äàííûå è ìîäåëü,

÷åì òàáëèöû (îäíàêî òàáëèöàìè òàêæå íå ñëåäóåò ïðåíåáðåãàòü)
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Ñëåäóþùèé ìîäóëü

Ðåãðåññèîííûå ìîäåëè äëÿ äèõîòîìè÷åñêèõ çàâèñèìûõ

ïåðåìåííûõ

Ðåãðåññèîííûå ìîäåëè äëÿ êàòåãîðèàëüíûõ çàâèñèìûõ

ïåðåìåííûõ

Ëîãàðèôìè÷åñêè-ëèíåéíûå ìîäåëè äëÿ òàáëèö ñîïðÿæåííîñòè

Ââåäåíèå â ïðè÷èííî-ñëåäñòâåííûé àíàëèç
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