m—&ﬂ'z &?—

1L 1IRTE 2023-2024
Lecture 13: The Neyman-Rubin Causal Model

HET
THET FFFELT D3 YN BSMXICX#1510
RYIARZFEREZSFFXARAD HHIm E-mail huangjp@szu.edu.cn

Website https://huangjp.com


mailto:huangjp@szu.edu.cn
https://huangjp.com

RS

Causal effects

. ERXZ (causality) : BEMTHSIUSEN. TEBHESR
s IENMHERAEESSIEILTERIED?
A HEBRAN R LFEXRED
(MAEBH: BN HEREESSRVNEIENAIEEM)
-1&2 ,ﬁ?mu aqe_,\\\z ﬁnté%u NIRRT BRI
T

o XY MRS E RS A AN B R

. /E:‘JLL‘ ALK AMSBFPRIEFERE, RItFEEEMRITEEREEIH
BAESCIORIRES

o WLMEWE: XFan{arF) BN EE Efpit 248 HERR RN, EARFEREE R —
AYIAIR, —E3FI UG E ceteris paribus R NE RN, B—ENETE
RESLHEICHIEZEANITIE,
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Ceteris Paribus

o Ceteris Paribus — I8 EM A RITALZ,

s SEANNIE—TEENTEN ([RE) BER5IERAZ—TEEEMN (ER) B, Fl]—
iR B EMEE—ERREZN, MRE, WRERBFEMITZEESH T LR
&,

s ZNFAS AR EMFHAE

B0 @\ IRARRRES/ N FHER=E
XEBRISHIMEES . FEREN . FERENR., ZRMABHNALSTIE. FRISZFEMPR
B MABRENTEEAE, MARA%E/NIRNER,

SLHRIRYESCIN
MRIEARNNE, EMFEHEFRARE (FIERAGHEXAORE. FAERERA
%)

o]/ MTHR, ceteris paribus FEFiH BT S, BEFEIIFNEIZIESZ /D
Te, BEYTsSIENN, HibthFitiEizsl,
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The Neyman-Rubin Causal Model

* “No causation without manipulation.”

Rubin (1975), Bayesian Inference for Causality: The Importance of Randomization, Proceedings of the Social
Statistics Section of the American Statistical Association.

« Treatment (8): TN MEAHITHFFITH.

o Unit (TMF): EEAIFERBIR LA (physical object) . AL 28], EK, AERS
8] R _ERYE]— IR A B BT,

* Potential outcome (B7EZER): EHITAIER] (ex anti) I 1AIELNIELE R ] eERRIFALIE
RS (treatment and control) IS NEVZEHEVE Y (treated), Y.(control), M#HTAMER
(ex post) BHATREEMMBIE H—Fh Y. (observed), ToiEWLMAIMIHFR N/ ESL
(counterfact)

o Causal effect NE X : Y (treated) — Y.(control)
RRB N EXNE—TAEE—ER (L4EE) ERBEESRERILER,

 Causal effect BU{&it: EFrIVINZS09EFRMNNE 2 [BIAVEEER ., PIBER R —TIIERIEA
[ElRt el = EAYLERR, WRIBER Z MR R —ht (8] = _EAYLEER,
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Randomized controlled experiment

o L0 FNHINNEHITIIENLIE, AEMERILINE VIR

o RISEMRMA—X
. EANEER: ST, TG MR R
. ERBREHH ARSI SRR
BIFh: E IR A AR 1T SEE AT S EE U MA R RN A4
« BENLXTERSLEG (randomized controlled experiment) : MAEETCERFIR, 71
(EVEEEATH
o MERBFENIEFEFEIRIEE (random sampling) , FHEEN D ECLIEAFITELA (random

assignment)
o STEEAMBAFITERALERAIIYE: Y(treated) — Y(control)
« LR, ZFFMRICIEHITHEALXT RN

o« BlE0, FAVABEASLIN N BBENREXRFNFER
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Assignment mechanism and selection bias

A BEER L LEEEN V]
Yi(drug) Yi(surgery) Yi(surgery) - Yi(drug)

BE1 1 7 6

BE 2 6 5 -1

=3 1 5 4

BE 4 8 7 -1

1918 4 6 2

Lb3E PUINIIEAE S
™MK
Wi = surgery Y,°°s
BE 1 1 7
BE 2 0 6
BE3 1 5
BE 4 0 8

BRIRFATA AILMBIFAEBELSER, NWESSAFHIRRBNA 2

Y Niafs RRAEFE

BN surgery tt drug [FE2EFIIZIE 2 &

RIREERMNELEBTRARTRAEREET, N

surgery HHVFEIIEFFEN 6, /T drug BRFIIEFFE 7

BALEBNNMEZ 22 D Bl S R2 I m I A AR (S 1T R R

WIBZRLER (6) — WIRALSR (7) = (HIEAL
+ [AEIBZERAMERTRIZSESR (1) — WERALSR (7)]

RZHAY S

WMZERZZE (-1) = LI

A RN HERTRIAZ O BAE : (it 1Y IE N (average treatment effect, or ATE)

(6) — AIBLERAMERTRIZSSR (1)]
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YRR IEIIN (B) + EFERZE (-6)
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ANl HRRIRIFE R E

» WIRT S AIIRIZAT: BEALIT AR SE
 FEALIEIERR ¥ iZE R E
» fTAlRRESWHEEIR? B 5. MR AEALEZSE?
» LWHIRATZK?

» ANBT S ARHRIZAT: ESLIR (B7ASE)

» EXHNDEBEEAZRITERN, AR THRERBEEK(NTFTE
i e B RIS SERTTIALIE, PAREIFIREN 5 BCim I rIRER

- BAAE: L. TATE (V) . XEZES (DID) | HixmE)3
(RD) F
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GG BEF ARG EENEYHESEENI

o KSR (HAVISE: MLUHEITIEZE WIS
o EFRETHEIITERFH]

o 5l NEIFTEEWRNMSEERES (TR T elFh?
o BARGESHHOEIG?
s ERFEBERIRIERRE?

o UMEIHA1T RSB L HERR?

Jdlinl

glx
JAIEY
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Neyman-Rubin Causal Model



Leamer X SCUERASTAVHEITELA B rl{E 1 FE Ap

The Leamer critique and the Credibility Revolution

Leamer (1983) £ X HAITE T F LU R L 7 W FHETE:
o IZHIT=. ORI, HAREFEEENE., EZXENOTERMNESN (MIEERN) 25
xR
o SCIRFNNLMEIBERFE L0, REEERRAE.,
o O3 tAITIEIN SLIERIZ AV IE RO 25 R AR LR T TR EIEN R B E.,

Leamer R VAR AR EESURMED T (sensitivity analysis) , BRI XIE—
BBRAEREHITOT, FAUNRERESTRE.

1980 FCHHEAFIR, FBERREM A ARG IEFTFEFIUEIAE, UREREMAE
BRI T EHESDIEAR P SR EEML, FHRM Angrist & Pischke (2010) FiR%
o[{F4E 4 (credibility revolution) ., [ 1IAN, EMRSEIEARAEEHARE (FTiEET
ARWN) NEBREEIRZ EFBRNIARIZIT (research design) .

Leamer (1983). Let's Take the Con Out of Econometrics. AER, 73:1, 31-43.

Angrist & Pischke (2010). The Credibility Revolution in Empirical Economics: How Better Research Design is Taking
the Con out of Econometrics. JEP, 24:2, 3-30.
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EIRHERR: FeAINZKETA?

Focus of Causal Inference

Angrist & Pischke (2009) 245 7 U T K TR RERARINEE R TR (1FRA
FAQ)

TLarRARKER: BIFRETRAEGREXERKR
. AP RTETRYIRSEE?
- BEILEEFRE AN TR ETARNERAR, BIMYLRE— MR FE LRI EL TR

AETRIUA, BIETEXMREZRILER,

(AN ELEINE L v apre

- FITIE: KRBT MEFECENLR

o ETSAZNILTINER:

W NFAFEREDERSFENS? NFENFIRGZENABEEMFIERNZNE, MEHLKEREMN
Ewﬁ%‘ﬁ Em—k%ﬁw+$7¢@ R T AE R ZE S F a2 S FIRAVAIR T, B oEANFF
e, BAMER, ABTE (NFFR) sEMWER (FIM5H) .

aifanR %U EAERIRFGE NIRRT E
QNEAEITHUTIRRR: (SITBEARRYER, ST EER, WWERENIEREITS

Angrist & Pischke (2009). Mostly Harmless Econometrics: An Empiricist’s Companion. Princeton University Press.
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Neyman-Rubin EIREEY
The Neyman-Rubin Causal Model

EFARFR 3ZIAN Neyman (1923) E/R X4 Se 2 FENLSLIGERTRE X 7 BESE RIS . Rubin
(1974) LK EEERFIB LTS BIE AR SR B A SCIGIA R AN E4F5T (observational studies)

Neyman-Rubin E SRR EE N T E TSRS _ERIVRE SRHERTESS,

« ANET S (treatment variable) @ W, TR Im2AIE (W, AIAEREBUENEL(H, &ER
pigEE W, € {0,1}, 1 ARIEZWE, 0 KT ETWNE)

« JBHELER (potential outcome) : Yy, UK | IERAMBINNER, Y, AR [ x5 RZAIENIS

+ WLMLER (observed outcome) : YOS (RARSIEFILMZIRGEELR, V™S KFQEWMEIABAE
7R
o PRLIEZZN (unit-level treatment effect) @ Y, — Y, (8% Y,/Y)

ETEETARNVNAENEBRESESR, RULLTEITE N RGIERN , 1 X— 5 FIRAR 0 SRR
ROEZN|G)RT (the fundamental problem of causal inference) , E—FER%&(EGE (missing value
problem)

Neyman (1923). On the application of probability theory to agricultural experiments. Essay on principles. Section 9. Statistical Science, 5:465-80.

Rubin (1974). Estimating causal effects of treatments in randomized and nonrandomized studies. Journal of Educational Psychology, 66:5, 688-701.

12



EI SRR

Causal Inference

BIZR MR N TTiRIRTS, Bl RS ER B SRR IER A ,

mitEMR (estimand) E2RFHITAITEMNENZ. MITEGREHNSEENR, mih
iT= (estimator) xEﬁHﬁZIK/EXE’J{EﬁE*TE’JUME (ERE—MMEITAE) , EiTHE
(estimate) BMITEAIMNME, EEVIDTH, SREIFEER &EPEI’J%*&%B@E#EN

TERE—T NG, BATAIAEXAEMENAEARBN ETTER, GIIIE. ouEF

« LR (average treatment effect, ATE)

1 <N
Tate = ELYy; — Yol = ﬁzizl (Y1 — Yo

o QMBHRYFIILIERN (average treatment effect on the treated, ATET)

1
Tatpr = E[Y);, — Yo | W= 1] = Vlzi:Wi:l (Yy; — Yo

BRI TEERITE, BWFEENENT#ETELT,
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SUTVA ffi%

The Stable Unit Treatment Value Assumption
REMIMMEE (F{E) RI% (stable unit treatment value assumption, SUTVA) :

1. BEER Y, Yy AREMOGELGR W, FIE (no interference)

A NF I gt SR REEMEZNE I (peer effects) , ELLEITIERE NT =N KRGS
H RN, SUTVA EEARIL,

AT EHEESSEMTEWRAX—a, NREHPALBIEE S, MEEENMAHiIZSFE
HE RS (general equilibrium effects) , MMzl TIEUWAN, LS SUTVA thARBIL, SE{MAY
Bl F A EEMEENERE (M EMPARSEAIZMRNEm)

2. WTE—FME k, BREER Y,; @E—H (no hidden variations of treatment)

HiEEMS T2, IREHRBTHIVIKFRIZE—NE, MARIXEIKFEA—RIHRRE
e (IEFEBAZAREN) .

BEEROANRIEZOENH NN, FlulERENEESEERREMNERINT SRR
—3 (WSLHRTEEAR—1F) o
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Selection Bias

4 SUTVA BAZRY, MRRIIMIER YO MIRELER Y™ TJIUKEXR
yobs — iy 10Wi = & Y=Yy W +7Y,(l- W)
i YOi if VVl —0 i 1i""i 0:

mis YOi ifVVi=1 mis
Y= Y. #W.=0 < Y =YW+Y,;(1-W)
1i i

& TEAMITCHEY REERD Y™, HHNIZRAMNERETFHIMERNE, &
E[Y?™ | W, = 1] — E[Y?™ | W, =0] = E[Y; | W, = 1] — E[Yy; | W; = 0]
= (E[Y; | W, = 1] = E[Y,,; | W, = 1])
+(E[Yy, | W, = 1] - E[Y,; | W; =0])
LIBAFNT BB TFIIMNER Z E = trpy + BIFRE

MREFRENT, W ryrpr TABINER(ETT, SBUART (LESWMWIEARF) EER
EZA=BEINE, lﬁtl%#ﬁl&ﬁﬁﬂﬁﬁﬁiﬁﬁE’Jmtlﬂﬂj_ﬂﬁﬂ IR R ARIEERZE.
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[t % Bo r] LAEBRIZFR IR E
Random Assignment Eliminates Selection Bias

DECHLE (assignment mechanism) EEA{alEE W, WEUE. REENDEHEZMENSE (random
assignment) , BISHER i, Pr(W,=1|Y,,Y,) =Pr(W,=01Y,, Y,) = 1/2.

ERSENGT, NBTEMBEEREEMT, B (Y, Y,,) L W, LaaSE,
E[Y?™ | W, = 1] - E[Y?™ | W; = 0] = E[Y}; | W, = 1] — E[Y,; | W; = 0]
= E[Yy; | W, = 1] = E[Y,,; | W; = 1]

= E[Y}; — Yo | W; = 1]
= E1Y;; = Yyl

279 = E[Y?™ | W, = 1] - E[Y}™ | W, = 0], WERNSENHT

diff _ _
T = TATET = TATE

REEL, HTEREREE, BOREHEMIM (Y, Y,) L W, ENEEHRG, Mt Eafa
SRR, MBS TSR T TR,

*F M MEMSIMR, T8E

Imbens & Rubin (2015). Causal Inference for Statistics, Social, and Biomedical Sciences: An Introduction. Cambridge University Press.
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