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×òî òàêîå ýêñïåðèìåíò

�
Íàáëþäåíèå, îñíîâàííîå íà òåîðèè (`In theoreti
ally

unambiguous 
ir
imstan
es' � (
) A.E.Roth).

�
(Âåðîÿòíî, ãëàâíûé) ìåòîä è èíñòðóìåíò íàó÷íîãî ïîçíàíèÿ.

�
Âñåãäà èñêóññòâî � õîòÿ è â ðàçíûõ ñìûñëàõ.

�
Ëó÷øåå çíàíèå � âðàã õîðîøåãî çíàíèÿ.
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Ïðè÷èííî-ñëåäñòâåííûå ñâÿçè

Y = f(X) + ε

Êîãäà ìû ìîæåì óòâåðæäàòü, ÷òî X åñòü ïðè÷èíà Y ?

�
Correlation 6= 
ausation

�
È êàê áûòü ñ 
onfounders?
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Ïðè÷èííî-ñëåäñòâåííûå ñâÿçè II

http://www.tylervigen.
om/spurious-
orrelations

6 / 38

http://www.tylervigen.com/spurious-correlations


Ïðè÷èííî-ñëåäñòâåííûå ñâÿçè III

�
×òî ÿâëÿåòñÿ ïðè÷èíîé ðàêà ëåãêèõ? (Êóðåíèå,

ñîöèàëüíî-ýêîíîìè÷åñêèé ñòàòóñ, ãåíû?..)

�
Ïîìîãàþò ëè âàêöèíû îò COVID-19 (è åñëè äà, òî êàêàÿ

ëó÷øå?)

�
Âëèÿåò ëè ðàçìåð êëàññà íà óñïåâàåìîñòü ó÷åíèêîâ (è êàêîé

ðàçìåð îïòèìàëåí)?

�
Ñïîñîáíà ëè ïðîïàãàíäà óñèëèòü ñîöèàëüíûé êîí�ëèêò?

�
Ïðèâîäèò ëè ïîâûøåíèå ìèíèìàëüíîé çàðàáîòíîé ïëàòû ê

ðîñòó áåçðàáîòèöû?
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Ïðè÷èííî-ñëåäñòâåííûå ñâÿçè IV
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Èíñòðóìåíòû

Yi = β0 + β1Xi + β2Wi + ei
β̂OLS = (XTX)−1XTY
cov(Xi, ei) 6= 0

Yi = β0 + β1X̂i + β2Wi + ei
X̂i = α0 + α1Zi + ui

β̂IV = (ZTX)−1ZTY
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Òðåáîâàíèÿ ê èíñòðóìåíòàì

Relevan
e Èíñòðóìåíò Z ñêîððåëèðîâàí (÷åì ëó÷øå � òåì

ëó÷øå:) ñ èíñòðóìåíòèðóåìîé ïåðåìåííîé X.

Ïðîâåðêà: cov(X,Z) 6= 0

Ex
lusion restri
tions Èíñòðóìåíò Z íå ñêîððåëèðîâàí ñ

çàâèñèìîé ïåðåìåííîé Y , ò.å. âëèÿåò íà íåå
èñêëþ÷èòåëüíî ÷åðåç X. Ïðîâåðêà: àðãóìåíòû...
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Ýêçîãåííàÿ âàðèàöèÿ: ïîêðûòèå ðàäèî è ãåíîöèä

â �óàíäå (Yanagizawa-Drott, 2016)

log(hi) = βri +Xiγ + γi + ei
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Åñòåñòâåííûå ýêñïåðèìåíòû â îáðàçîâàíèè

Angrist and Krueger, 1991

Exogenous variation in

years of edu
ation


auses higher in
ome for more edu
ated.
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Åñòåñòâåííûå ýêñïåðèìåíòû II

13 / 38



Di�eren
e-in-Di�eren
es

Ashenfelter and Card, 1985

Èññëåäóåòñÿ ý��åêò δ ýêñïåðèìåíòàëüíîãî âîçäåéñòâèÿ x íà

çàâèñèìóþ ïåðåìåííóþ y = β + δx+ u, ñ êîíòðîëåì íà

åñòåñòâåííûå èçìåíåíèÿ ïî êîíòðîëüíîé ãðóïïå:

δ = (E(y1|x = 1)− E(y0|x = 1))− (E(y1|x = 0)− E(y0|x = 0))

Îöåíêà Dif-Dif � ýòî ðàçëè÷èå â ïîêàçàòåëÿõ y äëÿ

ýêñïåðèìåíòàëüíîé è êîíòðîëüíîé ãðóïï.
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Ìåòîä ðàçíîñòè â ðàçíîñòÿõ

y = β0 + δ0t+ β1x+ δtx+ u

ãäå β0 � ñðåäíåå çíà÷åíèå y â ïåðèîä 0, δ0 � ý��åêò âðåìåíè, t
� äàììè âðåìåíè (0 â ïåðèîä 0, 1 â ïåðèîä 1), x è β1 � äàììè

è ý��åêò ðåãèîíà, tx � êðîññ-ý��åêò âîçäåéñòâèÿ è ðåãèîíà, δ
� îöåíêà DifDif.
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Åñòåñòâåííûå ýêñïåðèìåíòû III

Card and Krueger, 1994
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Ìåòîä ðàçðûâíîé ðåãðåññèè

Íåñìîòðÿ íà ðîñò ìèíèìàëüíîé çàðïëàòû â Íüþ-Äæåðñè ñ

4.25$ to 5.05$ â ÷àñ â àïðåëå 1992, áåçðàáîòèöà â ðåñòîðàííîì

ñåêòîðå â Íüþ-Äæåðñè íå âûðîñëà, à äàæå íåñêîëüêî óïàëà â

äîëãîñðî÷íîé ïåðñïåêòèâå.

Card (1990): Ìèãðàöèÿ áîëåå 100 òûñ. êóáèíöåâ âî Ôëîðèäó â

1980 ã. íå ïðèâåëà ê ðîñòó áåçðàáîòèöû âî Ôëîðèäå.
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Êà÷åñòâî øêîë è îòäà÷à îò îáðàçîâàíèÿ

Card and Krueger, 1992

�îñóäàðñòâåííûå øêîëû ðàçíîãî êà÷åñòâà ñ òî÷êè çðåíèÿ à)

íàãðóçêè íà ó÷èòåëÿ, á) ïðîäîëæèòåëüíîñòü

øêîëüíîãî ãîäà, â) çàðïëàòû ó÷èòåëÿ.

Êîíòðîëü ìèãðàöèè ìåæäó øòàòàìè ïîçâîëÿåò ñðàâíèâàòü

ó÷åíèêîâ, ïîëó÷èâøèõ îáðàçîâàíèå â øòàòàõ ñ

ðàçíûì êà÷åñòâîì øêîë, ïîëó÷àþùèì äîõîäû âî

âçðîñëîì ñîñòîÿíèè íà îäíîì è òîì æå ðûíêå

(íàïð., âûðîñøèõ â Àéîâå èëè Àëàáàìå, íî

ðàáîòàþùèõ â Êàëè�îðíèè).

Â ðåçóëüòàòå áûë ïîëó÷åí ïîëîæèòåëüíûé ý��åêò êà÷åñòâà:

ñîêðàùåíèå ðàçìåðà êëàññà íà 5 ÷åë. ïðèâîäèò ê

ðîñòó îòäà÷è îò îáðàçîâàíèÿ íà 0.4 ï.ï., à ðîñò

çàðïëàòû ó÷èòåëÿ íà 10% � ê ðîñòó îòäà÷è íà

0.1.ï.ï.
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Potential Out
ome approa
h:

the Rubin Causality Model

�
åäèíèöû íàáëþäåíèÿ (èíäèâèäû, ñîîáùåñòâà, �èðìû...)

i = 1, . . . n
�
âîçäåéñòâèå (treatment) Ti = 1 äëÿ òåõ íà êîãî îíî

îêàçûâàëîñü (treated) èTi = 0 íà òåõ íà êîãî íåò (untreated
unit)

�
ïîòåíöèàëüíûé èòîã (potential out
ome) Y 1

i
≡ Yi(Ti = 1) äëÿ

treated è Y 0

i
≡ Yi(Ti = 0) äëÿ untreated unit

�
ïðè÷èííîå âîçäåéñòâèå (
ausal e�e
t) τi = Y 1

i
− Y 0

i
îò T íà

åäèíèöó i

Åñëè ý��åêò âîçäåéñòâèÿ íîñèò ñèñòåìàòè÷åñêèé õàðàêòåð, ìû

ãîâîðèì î ïðè÷èííîì âîçäåéñòâèè. Ïðîáëåìà â òîì, ÷òî íà

ïðàêòèêå �íåëüçÿ äâàæäû âîéòè â îäíó è òó æå âîäó�, ò.å.

íàáëþäàòü îäíîãî è òîãî æå èíäèâèäà è ïîä âîçäåéñòâèåì, è

âíå åãî.

Y = Y 0(1− T ) + Y 1T (1)

Êàê âîçìîæåí âûâîä î ïðè÷èííîì âîçäåéñòâèè?
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�àíäîìèçàöèÿ

Åñëè ñëó÷àéíî ïðèïèñàòü åäèíèöû ê ãðóïïàì âîçäåéñòâèÿ

(ýêñïåðèìåíòàëüíîé) è êîíòðîëüíîé, (Y 1

i
, Y 0

i
) ⊥ Ti

òî íåò äîñòàòî÷íûõ îñíîâàíèé ïîëàãàòü, ÷òî îíè

ñèñòåìàòè÷åñêè îòëè÷àþòñÿ, è ñëåäîâàòåëüíî, ðàçëè÷èå èõ

ñðåäíåé ðåàêöèè íà âîçäåéñòâèå èëè åãî îòñóòñòâèå è åñòü

ïðè÷èííûé Average Treatment E�e
t (ATE):

ATE = Eτi = E(Y 1

i |Ti = 1)− E(Y 0

i |Ti = 0) (2)
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Îöåíêà ïðè÷èííîãî âîçäåéñòâèÿ

Íà ïðàêòèêå íåñìåùåííàÿ îöåíêà âîçäåéñòâèÿ ïîëó÷àåòñÿ êàê

ATE = τ̂ =

∑
n1

i=1
YiTi

n1
−

∑
n0

i=1
Yi(1− Ti)

n0
(3)

ñ äèñïåðñèåé îöåíêè

V ar(τ̂) =
σ2

Y 1

i

n1
+

σ2

Y 1

i

n0
(4)
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Êëþ÷åâûå óñëîâèÿ

Ex
ludability: åäèíñòâåííîé äåéñòâóþùåé ïðè÷èíîé, âëèÿþùåé

íà åäèíèöû âîçäåéñòâèÿ (treated units) ÿâëÿåòñÿ

ñàìî âîçäåéñòâèå. Âñå èíûå ïåðåìåííûå

V = {v, v′, . . .} îò êîòîðûõ çàâèñèò Yi íå ìîãóò

âûçâàòü ýòîò ý��åêò, ò.å. Y 1

i
(v) = Y 1

i
(v′) and

Y 0

i
(v) = Y 0

i
(v′),∀v, v′ . . ..

SUTVA: Stable Unit Treatment Value Assumption:

ïîòåíöèàëüíûé èòîã äëÿ îäíîé åäèíèöû íèêàê íå

çàâèñèò îò âîçäåéñòâèÿ, îêàçàííîãî íà ëþáûå

äðóãèå åäèíèöû, Yi(Ti) = Yi(T).

Íà ïðàêòèêå óäîâëåòâîðèòü ýòè òðåáîâàíèÿ áûâàåò íå ëåãêî.
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Ïîëåâûå ýêñïåðèìåíòû â îáðàçîâàíèè

https://highs
ope.org/perry-pres
hool-proje
t/

https://ab
.fpg.un
.edu/abe
edarian-proje
t
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Ïîëåâûå ýêñïåðèìåíòû â îáùåñòâåííûõ íàóêàõ

Du�o, Banergee, Kremer (Nobel prize 2019) on powerty alleviation

Banerjee Du�o Glennerster Kodhari on

in
entives to va

inate

Kremer Banerjee Du�o

on 
auses in edu
ation
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Field experiments in So
ial S
ien
es

Bertrand and Mullainathan (2004) on

dis
rimination in the labor market.

Della Vigna and Malmendier

(2012) on 
harity donations.
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Àíãëèéñêàÿ ëåäè è åå ÷àé

An English Lady 
laims she


an distinguish between Tea

poured in Milk from Milk

poured in Tea.

Êàê ïðîâåðèòü, ïðàâäó ëè îíà ãîâîðèò?

1. Âåðîÿòíîñòü óãàäàòü âåðíî äëÿ îäíîé

÷àøêè Pr = 1
2

2. Äëÿ òðåõ ÷àøåê Pr = (12 )
3 = 1

8

3. ×åì áîëüøå âûáîðêà, òåì ìåíüøå

âåðîÿòíîñòü ÷òî ýòî ñëó÷àéíîå

ñîâïàäåíèå, Pr(really knows) = 1− (12 )
n

Fisher ïðåäëîæèë òåñò èç 8 ñëó÷àéíî

óïîðÿäî÷åííûõ ÷àøåê, è êîòîðûõ â

ïîëîâèíó íàëèâàëè ñïåðâà ìîëîêî, à â

ïîëîâèíó ÷àé, òàê ÷òî âåðîÿòíîñòü

ñëó÷àéíî óãàäàòü âñå ðàâíà îäíîìó

øàíñó èç

8!
4!(8−4)! = 70

(ãèïåðãåîìåòðè÷åñêîå ðàñïðåäåëåíèå,

odds ratio 1/70 ≈ 1.4%. (�îâîðÿò, ëåäè
óãàäàëà!)
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Òèïû ýêñïåðèìåíòîâ â îáùåñòâåííûõ íàóêàõ

Control In
entives Sampling Realism

Lab High High (?) Convenien
e Low

Lab in the �eld Medium High (?) Case study/ Medium

Snowball

Survey Low Low Quota/Random Medium

Field Medium/Low Medium Quota High

Natural Medium/Low Medium(?) Population/ High

Self-sele
tion
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Àíàëèç ïðè÷èííîñòè

Îñíîâíûå ìåòîäû è êîíöåïöèè àíàëèçà ïðè÷èííîñòè

ïðèäóìàíû íå Íîáåëèàòàìè 2021:

Di�eren
e-in-Di�eren
es � Snow (1855)

Potential out
ome in experiments � Neyman (1923)

Causality in observational data � Rubin (1974)

Instrumental Variables � Philipp/Sewall Wright (1928), He
kman

(1979)
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Àíàëèç ïðè÷èííîñòè II

Ìåòîäè÷åñêèé âêëàä (Angrist an Imbens, 1994; Angrist, Imbens

and Rubin, 1996) ñîñòîèò â îïðåäåëåíèè óñëîâèé

èäåíòè�èêàöèè ý��åêòà âîçäåéñòâèÿ D íà öåëåâóþ

ïåðåìåííóþ Y êîãäà îíî ýíäîãåííî è íåîäíîðîäíî:

� Y � äîõîäû, D � óðîâåíü îáðàçîâàíèÿ, êîòîðûé

ïîòåíöèàëüíî ýíäîãåíåí (ñàì çàâèñèò îò äîõîäîâ) è

íåîäíîðîäåí (ëþäè ìîãóò ïî-ðàçíîìó ïîëüçîâàòüñÿ

îáðàçîâàòåëüíûìè ðåñóðñàìè). Èññëåäîâàòåëþ ïîäêîíòðîëåí

èíñòðóìåíò Z (òåõíîëîãèè, íàïð., ãåéìè�èêàöèÿ),

âëèÿþùèé íà D(Z) è ÷åðåç íåãî íà Y (D,Z).
� Y � ñîñòîÿíèå çäîðîâüÿ (îáúåêòèâíûå êëèíè÷åñêèå

ïîêàçàòåëè), D � ñòðàòåãèÿ ëå÷åíèÿ (ëåêàðñòâî, treatment)

êàê äèñêðåòíàÿ ïåðåìåííàÿ. �åàëüíîå âîçäåéñòâèå ìîæåò

îòëè÷àòüñÿ îò D (ïàöèåíò âûáðàñûâàåò òàáëåòêè,

çàíèìàåòñÿ ñàìîëå÷åíèåì, è äð.). Íàáëþäàåìî òîëüêî Z �

íåèçâåñòíû D(Z) è Y (D,Z).
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Àíàëèç ïðè÷èííîñòè III

Òðåáîâàíèÿ ê ïåðåìåííûì ïðè ýíäîãåííîñòè è íåîäíîðîäíîñòè:

SUTVA: Âëèÿíèå Z íà D è Y äëÿ îäíîãî èíäèâèäà íå

çàâèñèò îò äðóãèõ èíäèâèäîâ: Z = Z ′D(Z) = D(Z ′)
and Z = Z ′&D = D′Y (D,Z) = Y (D′, Z ′). Ïðè ýòîì

äîïóùåíèè âîçäåéñòâèå èëè íå âîçäåéñòâèå

(Z = {0, 1}) ìîæåò ïðèâåñòè òîëüêî ê èñõîäàì

D(0), Y (D(0), 0) èëè D(1), Y (D(1), 1).

Ex
lusoin Restri
tion : Z âëèÿåò íà Y òîëüêî ÷åðåç D, ò.å. äëÿ

ëþáîãî d = {D(0),D(1)}, Y (d, 1) = Y (d, 0).

Ïðè ýòèõ äâóõ óñëîâèÿõ ý��åêò èíñòðóìåíòà íà çàâèñèìóþ

ïåðåìåííóþ åñòü ïðîèçâåäåíèå äâóõ ý��åêòîâ:

Y (1,D(1)) − Y (0,D(0)) = [Y (1) − Y (0)]× [D(1) −D(0)]

Îäíàêî ýòî åùå íå èñêëþ÷àåò ñàìîîòáîðà èíäèâèäîâ, ïîýòîìó
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Àíàëèç ïðè÷èííîñòè IV

Monotoni
ity : äàæå â íåîäíîðîäíîé ïîïóëÿöèè èíñòðóìåíò Z
ïîâëèÿë áû îäèíàêîâî íà ëþáîãî èíäèâèäà, âíå

çàâèñèìîñòè îò òîãî â êàêîé ãðóïïå âîçäåéñòâèÿ îí

îêàçàëñÿ, Di(1) ≷ Di(0),∀i.

Òîãäà Lo
al (äëÿ èíäèâèäîâ ñ ìîíîòîííûìè ïðåäïî÷òåíèÿìè)

Average Treatment E�e
t

LATE =
E(Yi|Zi = 1)− E(Yi|Zi = 0)

E(Di|Zi = 1)− E(Di|Zi = 0)
=

E[(Yi(1) − Yi(0))|(Di(1)−Di(0)) = 1]

äëÿ áèíàðíîãî èñõîäà (åñòü/íåò âîçäåéñòâèå).

Êðîìå òîãî, Angrist and Imbens ïîêàçàëè, ÷òî äëÿ ëþáûõ

äèñêðåòíûõ èíñòðóìåíòîâ IV îöåíêè åñòü âçâåøåííûå ñðåäíèå

LATE.
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So what?

Äà, òåïåðü ìû çíàåì óñëîâèÿ, ïðè êîòîðûõ îöåíêè êàóçàëüíûõ

ñâÿçåé áóäóò êîððåêòíû è ñîñòîÿòåëüíû, ÷òî ðàñøèðèëî

ãîðèçîíòû ïîíèìàíèÿ ïðè÷èí è ñëåäñòâèé, â ò.÷. â

ïðèëîæåíèÿõ. Íî

�
Ýòè óñëîâèÿ äîñòèãàþòñÿ íå àâòîìàòè÷åñêè, à ïðè íàëè÷èè

ýêñïåðèìåíòàëüíûõ èíòåðâåíöèé.

�
Ñîáëþäåíèå ýòèõ óñëîâèé � îò÷àñòè îñòàåòñÿ âîïðîñîì

èñêóññòâà èíòåðïðåòàöèè.

�
ÍÅ ïîçâîëÿþò äåëàòü êîíòð�àêòè÷åñêèõ âûâîäîâ, íà ÷òî

ñïîñîáíû, ê ïðèìåðó, áàéåñîâñêèå ìåòîäû àíàëèçà

ïðè÷èííîñòè (Dire
ted A
y
li
 Graphs (DAG) � Pearl and

M
Kenzie (2018), Pearl (2001), Imbens (2020)).
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Questions for future

�
Êîãäà êîððåëÿöèÿ îçíà÷àåò ïðè÷èííîñòü (Sewall Wright,

1928).

�
Ñîáëþäåíèå ýòèõ óñëîâèé � îò÷àñòè îñòàåòñÿ âîïðîñîì

èñêóññòâà èíòåðïðåòàöèè.

�
ÍÅ ïîçâîëÿþò äåëàòü êîíòð�àêòè÷åñêèõ âûâîäîâ, íà ÷òî

ñïîñîáíû, ê ïðèìåðó, áàéåñîâñêèå ìåòîäû àíàëèçà

ïðè÷èííîñòè (Dire
ted A
y
li
 Graphs (DAG) � Pearl and

M
Kenzie (2018), Pearl (2001), Imbens (2020)).
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Êîãäà êîððåëÿöèÿ îçíà÷àåò ïðè÷èííîñòü?
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Thank you for your attention!
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Ultimatum game

G�uth S
hmittberger S
hwarze, 1982

Player 1 (sender) has endowment (pie of size) 100 and may o�er any share x of

this endowment. Player 2 (re
eiver), observing this o�er, may either a

ept it,

in whi
h 
ase he re
eives x, sender gets 100− x, or reje
t it, in whi
h 
ase both

players re
eive nothing.

Equilibrium predi
tion: arbitrarily small x is preferred by the re
eiver to

nothing, so (s)he would a

ept any o�er. Knowing this, sender should set

x → 0 and keep 1− x → 1, whi
h sender (marginally) a

epts.
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Ultimatum and di
tator games in Russia

Globally, (Co
hard e.a., 2021), median and mean o�ers in UG are

in the range of 41-42%, in DG, about 25%. In UG, o�ers less than

20 are reje
ted 80% of the time, so there is almost no o�ers below

20 and above 50.
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