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▶
▶ ,

▶
▶

▶ ?
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▶

▶
▶

▶ manipulated
/

▶ No causation without manipulation
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▶
outcome

variation( variance) variation(
variance) .

▶
▶ potential outcome

▶
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▶

▶ :
▶ pragmatic trials
▶
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▶ :
▶ pragmatic trials
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▶
▶ :
▶ pragmatic trials
▶
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non-experimental /observational
(emulate) /

▶ / /
▶
▶
▶
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▶ 2 2
/ 2

▶ ;

▶
2

▶ outcome variation
▶ variation
▶

+

8/27 • 2025



▶

▶ 20 R. A. Fisher
▶
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R. A. Fisher 1890-1962
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▶

▶

▶
/

▶
( ) (quasi-experiment)
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▶

▶
/

▶
( ) (quasi-experiment)
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▶
/

▶
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▶
▶

▶
/

▶
( ) (quasi-experiment)
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Jerzy Neyman 1894-1981
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Jerzy Neyman 1894-1981
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Neyman-Rubin Causal Model

▶ id1 (X = 1), Y = Y1, Y0

▶ id2 id3 (X = 0), Y = Y0, Y1 is

Subject X Y Y0 Y1

id1 1 1 ? 1
id2 0 0 0 ?
id3 0 1 1 ?
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Neyman-Rubin Causal Model
▶ RCT / pre-treatment) /

treatment)
▶ (Y0,Y1) / /

/
▶ , (Y0,Y1) ⊥ X
▶ ,

E(Y0) = E(Y0|X = 0) = E(Y0|X = 1) (1)
E(Y1) = E(Y1|X = 0) = E(Y1|X = 1) (2)

▶ consistency assumption

E(Y0) = E(Y0|X = 0) = E(Y|X = 0) (3)
E(Y1) = E(Y1|X = 1) = E(Y|X = 1) (4)
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Neyman-Rubin Causal Model

▶

E(Y0) = E(Y0|X = 0) = E(Y|X = 0) (5)
E(Y1) = E(Y1|X = 1) = E(Y|X = 1) (6)

▶

E(Y1)− E(Y0) = E(Y|X = 1)− E(Y|X = 0) (7)

▶

E(Y1)/E(Y0) = E(Y|X = 1)/E(Y|X = 0) (8)
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DAG RCT

Randomization X: Exposure

U

Y: Outcome
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Clinical Trials

▶
▶
▶

▶

▶ confounding by indication
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Clinical Trials

▶

▶
▶
▶
▶ validity
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Clinical Trials

▶

▶
▶
▶
▶
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Clinical Trials

▶

▶

▶ Adaptive randomized trials

▶
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Clinical Trials

▶

▶
intent-to-treat

▶

▶
(per protocol as treated)
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Clinical Trials

▶

▶

▶
▶ IPW inverse probability weighting G-estimation

time-varying variables
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Clinical Trials

▶ RCT / /
▶ RCT
▶ efficacy study population,

effectiveness target population
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Pragmatic Trials

▶ RCT
/

▶
▶ RCT

▶
▶
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Pragmatic Trials

▶
▶

▶

▶
RCT
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▶ assign ,
(make)

▶

▶
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