CI = A DEFINVTION OF CAUSAL EFFECT

x No"l’ GL“’ .I_Olﬂ:

o A = { = .ii Treated = dichstomous ~Aveatmenit 'Var—wLL)le_
O o/w

\’\'w’el -H)/\(& “l‘B\&’e, 1 A A}m-)f_a_ Yersion @6 %Jd\e_

( A 5S \'-Lm'm<;)
P

’}reaﬁmev{t / w\’\i(_\"l < V\g‘\' ckl Uda_aj/.; ) —l‘b\a Samée.
. Y - ) ;(i SM"?"H“-Q = d c;\fuﬁo mous outlome Var?alolﬁ
O ‘ig crlecd*e'\
a=I i

e Y = Y = ostcome varialle Rk woudd Veve been
Aoserved wnder Hhe Neatment value a=1 .

3 a=0 O ‘
e Y :\( = B e a =i

Y = \(‘ afe ceXprred o as PCTENTIAL OUWTOMES .

\\e;%, one of Hrere oy e Ix;Jrem}\hn:;) ckferaed ¥

C-p 3’:; @Cj,é&jt\b‘ﬂ i ctc:‘vcx@»?j K’cui\\xc._f( (e .

iIg A:a/—"‘fr\@n Y = Y'&

S loNSISTENC Y
& Y= AY +(-A)Y"

K " N
The causal -@;@(20’(‘
- i § ) \’ \ > ,
PoPuloLHon {OF W\c‘ W &L\,m_/ck 1 AD

vt o

(Y, Y, A)

R




Incn:_'cl—un& QQ;QZC;‘S Canm+ [De ;Jen"i ec.\ see OQQL one. @
F%emﬁai outcome. s Kac\uod?,.

& ]n&+€aal/ we ,QDOL:' 'in““o aqcfflqa[’?.&g _e_ggg_cp\—s {2 .
CLU&I’&%L CaLU-onQ .QdS O 1}3?&0&1@ c.g }v\c\\iu—l‘.‘ elua«QA .

The Ca;;vf)a& 4.5«&-& C?r b;&;". (.?LL(G,Q
1 s well o\e‘%q\r\e_& F@.qdec]
it does not 6;\6‘:;@(\—_\. gy
Peadm eat valie @6 i de 5/

i.e. when Heee 15 no

i(\c]iﬁ,w& é

inter Xeren e .
\
S U\T \V4 A 6&53\5&\«1:)"\"\\&’\

" Qa.lb.on Rubin K 48 \
fergg interest

Ander SU:TVAI we can wm‘),-:‘re. [ esinate E(Yd: i ) :
VR
%;hi "\'@ F'pf)\lm\iof\ J m/%:‘rlre, / LCLAC(}Q f:z/ FA.‘(C'\.b—Onl g

all obse/‘d'eo\ - on éﬂ e SCLW\F\Q, s olaserved

_g An a\reracao__ cannal L‘@ad\' 08 Aceodimet A on
outore Y s Fras.en+ 1& [P(\(\____|) 2 “P(Yo:i\ .

\

: ’ e
& A(\ CK\O.S Lence. C.'/Y AN O L LCU-’-«:YJ( L‘k{%&c*- goii J
vk:‘f lm’r% ain ‘ a‘o Scence Dg indivi duall vj;“[(uix -

=

ﬁD(Y‘:l) —F(Yo: l} L rck dﬁ.@erence.j

k} ( ~ adbsolute aumk ers)
L POY'=D o
/ﬁ)(\(o:‘s ) L sk i‘a—"\\oj

(o how mudh mee & \q),[% )




X Remar |< = l'f\e_re, aye "fWo Souiceq e§ r'chcJOM ey = @

SAMPUNG VRLIABILIT Y + NoNDETERMINISTIC P.O.

C,CLLKSCL““\OV\ VAS ﬁ\SScC.fx_;&ﬁC{\,

Foc individual 4 Y = ALYy (- ALY,
We doserve Hhe Aveatoment AL and de outome \(,_‘ :

We can oom[),g)re, [ esbinake ®(Y=1 | A= a.\
L i |
A Meaure c(g) AXNO ctaiuf\ ‘oeﬂ‘wexm
| A and Y.
Iﬁ P(Y= | ‘ A= ‘\3
=T (=1 \ A=c ) ;
— Hen L A
Asseoation |
Measarea

75 PN A=) - B(Y= 1] Ao

( ML\Q,PG/'\ 0\63’1“& 3

F
P OY=0 \ A=1) [ Net wnwmal o j{;ml an ando dadwon
‘]P (\(: | IA:O}

wonen Mrece Ja ne J«ﬂ)@j

Asse wation

~ 0

ﬁo(‘{:llF\r:I) (P(\(:]\PF‘O)

y Y J
C&U-\Scl/hb-"\ _ﬂ\ah«, S,-\;L_L; \7/\7 :\ ANeNs

<> AVAS @_ ﬁ\r'.:g./\ et be -ﬁz,]’z @ -‘31:‘_'\!3Lt;\°.r'\i,

US\ /H/\L. W ‘tii;\c'_ % Lekion
P(Y'=1) F(Y“»iﬁ}\¥l~“‘ K




[CI = RANDOMISED EXPERIMENT S

One c‘g Yc or Y‘ s gac}um’e.
N Th a (andom Axrex-(me«l\: " vlmnela one b(g \(u o -Y'\

‘s o‘o&&’u ecfk OLCUsS 5’U~_St h'f) C—l/\ci.,'v’l Ce- -
= —T-(_‘ZUC" menJr cLQQ_DQ{JLi:kbA. a0 P e.]_xﬂ;m(_le,{" \
eg \f % %O«” cd& oC -

Thic swt\-kf) is ra'%,f"er
Ae as EXCHAN GEABI LITY

[ YYLA Qralta

g

‘L‘l E i )
L V' \\_‘——C’?\:J & (:Ii e d'\.k.a

(Y, Y, A)

i

tt\

e {7 i =
agm ¥ 4 lo3s o)l & Gaivr
ndidoal 1 { ai

Pe‘m.ﬁcxbidn
Cov'\j eq AENCe =
ED(\(O:\y = “)(_\(c:‘ \ P\:l) = i\j\\\/c:—l ‘ P\:OB
P(Y'=1) = P(Y'=t A=) =P (Y'=1 | A=0).

-—nﬂeA?_. e Fr«z oC&e.Q,\a -\'e\e, poz\dkl'CCo\s of o~ @am:lcm( 22
E Kllerim&rd: .

.._Re;mar\/( - .YK-L A Vs Y 4 A

Th cases where an overage. caunol p,igﬂ.c)r ofg Neatenenk A

on ou&'oome Y..Q_)(na’l‘} P(Y‘:i) 9’= r\)(\(o:i)
Il : \
N , P21l A=) P(Y° =1 [ p=0)
(v P.&._\“\}_',@\L; 5 f.’( I ( i

TP(Y=1ln=1) CP(Y=1]A0)




We conclinde. ok P21 | A=‘) =+ (P(\(:‘ \ A:O)} @
(-2 . Y7L A
= E—)(C.\f\aa'\c eal&&ka ou’\dibiyw S on ‘\e\e Pojremﬁo-o o\,d' wwomnly
. 0 \ |
(YL A for el o) net on he adome ariakle Y

@ CD\-’\Q\.\’.\:\\O.’RQ p\c@olo(v\nt E‘_' ALON

/ mgt’%}na&% randomi22.d o Pe,n\meﬂ+ ,
(‘\”o&.:: one con and allecade ndiu. duals 3
N tondiona iy @rdomized g_xFerIme-nt
(J!\’J-%S oNe (o %}«' individualo oitth L=O J andl
anetinec con j{o’ Hose cotr L= )
\, &i.e- condibionaly o L -

(
Qolx,alw'c«,@anjc to Ao s.e..])a/\odre, ma/ucasmﬂ»\a randiomi 2ed
2xpeiments . TN,
’n:,i N LA | Llz=0  Va @:’@‘J—ﬁ?
YEL A | L= Y a |

haldds en = sebseds [ <hedtz of e popukation .

[ {J

Tn ofter words, AL A | L [

The drecoope Camanal 1_%21?.:/\’ Can o2 uomF.«:]'zd | esbimaled
wlbain zacdh S’lva+um , of  ocxress ie whole Fo‘a—»gﬂikor\
We A Scww next o (-Q!Z(\A;.\fa‘eent) Eegl,\n\clu% To mT)Je_/
QS“'\YY‘OJ’(@ ﬁD(Yl = I) - P (YO — ‘) [Tal Cﬁ'\a\;\tﬁoma%
randomi Ledk zx‘)’»fimemkzs-rm\f:mmam—nw 2 INVERSE

PROBABILITY WEIGHTING ,




. STANDARD) 2 ATiop)

Tse e law GK Totrl ,-Pra\:&%‘ﬁ% T
P(Y* =1) = % PN =1, L==2)
- 2 PO%= | L2 ) P(l=2)
\,kcu;\ en L, (YTLAILL b
- (‘l:a &\ (4§ = L L s p A = ot )
—y oy % (Y =1 | L= , h=a) P (L=t )
, _ % P(Y =1 | L=2 A;_-&) P(L=2)
o R_A
(%) Theyw can be U:,mP)gg;l @ﬁm\iecl J@GY\
the doda

. INVERSE PROBABILITY WEIGHTING

Note tnede (P(\(:‘ \L:Q‘/ P‘:CL) = (‘)(L:Q/ P‘:a/\(;‘§
P-t, Ao

F(Ya:i)

IW%A ol L= ﬁ§ﬁD(L 2 A, X 0)

— N (L“J}

P(Y%=1) = Zw(a ) P(L= DP(Aza| L=2)
<P (Y= | 122, A=a)
|
/\’lm, moXe Sense og Hir ox

essien  en ‘\%\& nexct v
(Lv\d\ N F@L)(,kaﬂ.."‘ ‘é/f ‘{’t -‘-fm AAS (Cl .(.) P 3)<-/




{ SN

Teee - sthrudwe ra,f:ﬁeS@f\')?‘h“’-’” : o

vodue oa" Ko
andom variab e

~
i L/
i =
. :P_F -
1 ’V%

individualS

(3 ty'\:_j]t-l,,’{ CLL'J_Q{j L’\f’i_,ﬁi.

(L=t , A=t , Y=1)

To oom‘qd-e_ PONY® = i)/ be. need o pQ;co\(uwP brandbeq
(,or-rebiv\M%‘l\a p=0 and Y=|

Qo Sy b e RO,
we need o Look Lormanchhin
A sitwalion where (o "-5@39‘0\13\6 Yo A=| and Y=

Rverﬁe;ﬂe, (s nee c‘mjr@r_;({ac,hcji K
: A" . 3 N ’ |
{—g{‘mﬁ " ‘V(/vz, PJ Qa,tm

ceonaned. anfrec ed

)
4 sihalion B 2 \%

w&’{(jme o Hhe P;PL&L on
hao been %‘Q&%’EA




,Le)f‘:s ,%ou.ua on T(NY°=1).
We ned fo
N "Prcm%er’c e & individuale who reciived A=l | L= ©
’tO Non ’l‘r&d'ﬁ\e,w\‘\‘
\y W&%LFE He I ndividwels oo recoived A=) | L=
4o non treadmenk

/ 5 ¢
|

-~
- Y » Z Pofxx\:'c-f(ktn

F (K (B+12=20)
: / /' recived

A=0

The number c% indiwviduals s seatod A

b \ S )
J /ﬁt’(P\:OlL;ﬁ) ’“’“(O/"LB

= I\’\C“\:‘:Cllﬂﬁ_f) wi‘P(ALV\ K.CL\J/\ LX'LU\(‘,&'\ L:O ar‘\cl L:'
ae SL\;-LLPF@L or ;zxck:.waul , 0o ./% M wcé‘t M{—&rd’_\@\ﬂﬁa%-
EJ..:\ ‘HM;A ,I.:) Fch,i‘;. ¢ --l*B\e_ (,mLIbm.;Jg ,‘w'.?((,\r\w\cdic\bit{i%
conditiion \('a._]_ A )L YVa / frect oo ua o
daw caundl condluwons Y dusered valuos (A "y Y) .

“The. ACO.'QM\% w (o y 2 Penslodes <00 o UJLua Ao e r.‘a\d‘
l«zwl Side og -;’B\P_ '"}Y:QQ/ where -|‘B\e_ numbe OS wdav, dualo  wa each
sswlo bran chh (L:,Q/ A:o/\(:l ) is  Scalod buulo L:a AU (O/ .Q).

0 ., )

P(X°=1) = S mle ) P(l=k, A=, Y=1)
£ = \ = N\

L""f’?"'"“""! | N ; , o

t,\:'@,-‘u;\}inr AXYO -:;';c,ijf ecA \Ni"n i'z'i‘f?;s (\i-; k J f' \:*«:J \(:, i




e

- P (N°=

RemarK = Tnverse ?n:,lmlo‘.m\& Exbmeder .

&v\mde(ou Fa?&dom e& n mdw\c\,\,m.k,o
Bz LAY, (L, A M) |

[P(Y]:I): Z’W('/f_) ﬂD(L:,?_/ A:}/ Y = i)

_ ‘N(d, 1’.) L%\\P L= /Q A= Y——A_)

B /albj-
- E{w(A L)AY}
2w (A L) ALY

b h\
-‘r;ZL"L'L'.I."\ c,‘\:"’ SCL U ‘..\i{_{:-f’\ k L ¢ AL “‘{L‘ ) A
)} -

)
(A L/tc.) '[,\J-k;‘g{l !'Ji g ) L ,i\l. , l b ‘) 4

l
n

il

2 wlo,2)P(L=L, A=o, Y=1)
£

= 2 w(a,e) (- cu)\a,“D(L:’Q/A:&/ Y:bﬂl)

,Q Cua_

_ ﬂ:{ (A, (=AY}
5 2 w (A L) (=AY YC

lf"\ (=

= (P(\(‘=|)_'\P(\fo;[) s esPimated ‘Oua_

2 A (FADY

(.N\f\ef e

-
5

N = - : A
= 1 e(LL) | = Q-LLl) -
'ﬂ-\a’ ‘-ﬁ‘ oV ;'% - ’F/ S <N -?.S‘B maL“'W
|

/

o (L) =P(Ac=!

L)




Note that B {u(A LA Y= E{w (AL (\—A)}:I @

L PO - E{wh O)AYS
E { WAL AY
E{wh DA}
5 ow L)AL
S LN
WA L)
2. { : }\(\;

Tiae 2w
élP\é:\

%)

= i ( f-\:} L)
(sum o 4.)
(normd\{ 2ed w@/‘ia&k )

R S}w{_\\m\xa Xor By = \

o (ads Ao Hhe Mpol,uguk HT esbimader ag Pe ATE
(Rebine ‘98 )
PN = / - 4 -
B - E WY - T WA LY
| A ([A=o

This  esbwnader can be derved «s Ko solidiion ::)8 o~
w;j(@ln"'éol L.g ‘:)Q)Ls)&’h
(ensider e (Sé'-f"b“c&w) medel Y= {'3_0+ F;i A+ & f‘\é‘{o,w
where € in 2erm mean .

’L\J‘B@«\ L,\,eig\/\t.um olos (AC/\(C/ LL) I:xa w(f\:/t;) /

We TZwmoueg on A”\?)LD\&L/M 'F;l:A_rJE .




(Po,P)*aﬂaw Zw(}e\ L)(\( ‘5 FA) .

l:1

g
F Q%>= XWX) X WY,

u\fe\ere W Akotra {LJ(A._, L¢ )}
{\'im[r’\ A \J‘:

o LA A
¥ = ( . = )
'\ \xZ ) | A"‘ ‘ " Q Y,,,

—

' Z W 2 (U T A;,\
-AB\"}@’ ca\ wﬁuj)fo'\& ) Xt\N{ X = ( ' )
S w: Ac 7 WAL

\-w;: w(AC, LS 3.

X WY - | Z wiXe
= o AL
A Z YA
= Fo> [ ZelGean
?; . (Zu;)(iw;A:\(c)_(iw;Aﬂ(Zw;Yﬂ
(Sehe) (€ ecl-p) )
J—'l’%”obv: ' / o= |;0(}‘3QAL LL)\(
12 SIGTATD
<)
F}O’\_ /\%\ _ {[%( wa C A’C/ LC‘)‘-\(L- |
ﬁ@%\ A La.\

= ?7, s A WCU%aA HT 2sbmader (vaﬁm uzmll? S?L,EI!‘QJTL!T\

-~




Nerralized  wer T ace 0’8'+5h z%zfrx;d( over erignel @
: 9 f ?

v M;) zsfagqu_ﬂLOL Hary, w0 (a, £) -_-‘\‘P(-A:qll_:/e)

is el {\9 O or 1 F weulua\ 43 Fﬁ C weséage. +B\e U CLnCe.

Dg “’B\Q— HT— e.stlvnai\?{‘ .

— Awamt@% | Avoacake [ Avim weidhla 4o fhein S% annd
65 po Fe((‘,enhQM :

— ANJ"’B\er ﬂffrwaci« s +o S}IZJOHJI_Z-Q_ wda\‘ﬂh D\)Ca/ .Q)
Jﬂa "‘“‘Qﬁf&&v‘é ’W‘m ba o~ c‘..mmjijﬂé 55 “9\.6 Aame  odan
f’% ”\l?jf\‘\bo\ea A "’ﬁ\e OQ.Q»W\&J“CEJ}@( F('P\:O\,L:.JZ) .
A (.emm,c«q&amu( vele Ao P(A= 3/. _andbﬁa +o

Hhe STABILI 2ED WEIGHTS [g(a/;&y:: P(h=a)

P(Aza | L= 2)

Nele hewever ok %or/z_ L{-.r\cxra Meadmenk

AE {o} L} and sadirated model Y= B4 B A+ E
e Lueiab\+ecl L% (orol:\em UBUA a welghts T M\sfacf}

‘:é w Keods b exac foe same ot (?Jo/%l)

Since- . o | (/Eg\o ) ’F\}‘ )

P = * 7/ "‘\\ S\\f e ‘H’\~&‘_ K \‘F v —522"‘7"“‘!‘
) 2 - J il - ) L
= &\JJL ( A&‘ ) Ld \ /_-' l&j ( }'\ = :_._3 15 DA WNEWV l\; c’._,(“ \i

e’

d ! Ad"-:_D x, t_:r\a-.’\;C.’L:-'-.."._,t:_:_n__\'. Sr f;C.~"|,aq>_,{\{,ﬁ G \'
S wy

S}BB\“Q:ZQA wbﬁl\l—g m\af{' b&dﬁzd 1(\5‘?&6\ 1(\%5@7\?‘5)(
5?)311'\’{49& ‘5\,\(.0\ o CQ\"\'\IF\UDUS Or "kWY\e-—VaJuaw:\ca ”‘Wﬁmen'{s :




« Remarkt: Tastead of a sadwated woded @
Y= \30 +\3, At £ Xfé\* wsw\c() cud%@vta w(A, L), we moua
CenS Aec k_éiuk\fa.aﬁﬂ}% He some Linear model ,%r
(oot {achial  stedements 4 F,+ ot & Medeal 5
‘m\m\uwd N ctuan’u‘b‘ea are oomme% mgg,wk 1o an
H“"‘@W‘ Sy achuend yerIS',

x Remankc: Back Ho shandardizatisy | Reall ok

EY* - %Z EON| Aza, lon) P(L=2)

‘ cedon meodel to
-[—B\e. 3 i s \o'\hﬁon

%t o mcG(e,.ss':o,« / class
ostiede e (mean o
c:% X | Aem, L://S.

Once an estomake E (\( | Az y L=2)
CLU‘CLLQal}QO., we. Alxe c:\’% czgﬁ Qi ,wtvm'cdnr
o EY

E;\(\{‘ A.—:ct y L—"’L‘g \

"

A

EXY =«

ll

A
n 1

_Summana: . (P wuﬂ«twa rLclq,Qrzg e V\NM\MA e::;; A “_

. Stndand i zaki o rec,-\;,{,reg —— A/ L.

—

N Facamedyic |P QA \/\bm‘ra % stordandizakdon ace
f.ﬁtozc:hsz fo dx (- -'ﬂ,\,u_a can on@a ;:r«.cﬁre,o_, cw.omlo‘!bkcﬂ%
pitlar (05 ahom wow- paeomelie o (L) sotus P Faxm\e;w\r-‘c_
MMN;% 36, (P e \,\W% 2 shndardi2aon g Bo‘_ﬁ
(e . Model misl:)ed ~eadion ol iModie some  biaa .




x@ev\sﬂ‘h\ng‘ OOQCL;{I'OACUQ Q_‘:(cl/\aw?\eab]’&(g L«JI'{'@\
i”ﬂf&f‘f‘t{hﬂ\- Y K

Unde- Hre &SSU(W‘)JQCOG YY1 A | L, /A‘@“ I \
AUCONSNC M2yl ANeN
B(A=1]L=1) =R (A=1|Lp Y¥®) 7 A
= a'"(o(o oy Lt o, YT ) ()
N
CahwaJ\' “_4' ‘P@v:& MOAPJ U im ola:‘a e Y7 s net olo&@muk :
However ) e can wt& Re lownm additional
momphen E(YT-N) - pla )

/

& [E \ro = l-E Y'a _ (%Ia\ f—Z (Lﬂ_\'j\\+€f\ua'_\
e Y - Y - F>lP\+ € , EE=o.
he E—KF@&S?@A N Y- A can be ased o reconsivuct

{fe @A{'@;Eackv& Y wnder assumrjt‘or» QOF

- Per/%fm & %fnat ceardh over P s Hod e
cecngNuded Y )Asz\A a 2ero X, me_%c.iew’c

n (0) -

v Remadl<: COr\Abe:c}n G() can be relaxed /weulcemept /a-enc’.-
- aka Shruchura
(ol X2l {»o mludo -Q_@'Zd‘-‘ V\;mcbﬁ‘er‘s P Raiilied

must be zeo .

| ° . & wlsl {5 r«[\*-
g—f('- [= (Ya'\( l L—): F;ja-i- FLOLL/\;[@L( 5

w\n‘\c\/\ can M"}\Arr\ be WSed ’Ibcaz“}e\er (,UQJ'@\ (Q) ’f’o re.cove
e o L@ec} citbn  cachh  shvechum {L: 2},




CI = ORSERVATIONAL STUDIES

Tn tondional randomized saxlpe,r}meﬂh/ we showed <P€/\
'Jrf?\a)c |
A = 2 wla ) P(L=)P(A=a |[L=2)
xW(Y‘\IL Q A= a)

To derive His -&Xffzbiion , we voede uee 55 the % nwma.

o) CONSISTENCY T A=, Hon Y= Y&
PNtz A= o\)_.F(Y L=l A=a)

b) CoNDITIONAL EXCHAN GEABILITY Y LA |L
POT=tl L) = TV L= A=a)

Q) PoSITWiImy P (Aza |L=4) >0 YR |R(=0)

- | e
sine w (4, )=V /pasq ) 120)
l:) MC»L C,) on arQ_ Reg%ﬂﬁA ’\"O an
ed o ao [ENORASILITY IDEN TVWEIABILITY condihions .
(wea\c R S’Woag ) '—\mua o\ 106 rlezslcbvx

Cince (el E@LC‘SC’(Q_

Need w MCWMB e*b" ern%%ch:‘e "

(Yo, YD) LAl L
POSQ/\\C):LLUY\ p. 3 ’Qul:;{n (‘qy%\)

=2y -T'; M‘ Se O\OS@‘UO-{):G’YA.Q Q‘a.:‘zx ol 'tg "J(mdm ea’\+ \I\QOL leZam
ﬂ:mclm\ : aSS‘iaﬂeA om(llh'or\a&ﬁxa on Mmeaaured CQ!&»Cm“'M L /




e need Hheoe ‘Bﬂ?ﬁ_ T)\'ore,\bla o ‘ew\a\ @
L_-> e becme 5&55un\PJDL"cm and & s aur esponsabl bl
—‘.0 AN ’{\o cilnd VA ,Q_lx‘l“ev\-l’ "w\&a, Wheld / ’breai’_ (:loau’\‘

N con c\l‘l\Q\zL,Q % d«ma\ea'-d]%lj(z :
T a fandomized zx‘peﬁmm-\'/ '\(a\._L A ) and
(mmswab\e, ) X&C‘\Aﬁ@& A Can Rank of aw balame d in
e A ec»‘hv\ev& amc|_ Corivol oarpLL This xo\lows %rcm e
"%LCJF ‘W\cﬁ“ e two &Jo PQPAQahm& one. Cefre centbise
Savn\oi&o cag fre u{fw& on en
@acﬁ‘ica%, cl.m L,, Ll/“' ‘{'e.mg(puau“a:}.m\\,} O
i shecpcaun of L Cordhition on A=0 ad A=l

i - \\ . A
S\r\mu /QOOIZ OJQ}IC"— » 4\@\\‘ Sb@rﬂ“) 4o Q‘&'\r\ en“’

//\/<'\
]Li

The. same ?oleoa cxﬂ;l-a W\ L Cm-b-O(VLQ F@domiz.eo\

expesment .

D Tt i Lx,::zc:b,c\ \Da 0{6-&7%%\ ‘\6\.:».+ L s unbalmacl
b@“"f\l&f\ —}B\e CM\\’o\ andl ‘I'e\e_ ’h’éc&ie_ck W—OULFJ)

Since Y-m—j— A | L.
N

//\ -
L

2—) (-\);"'eq,n E&c/\n S’sh”:f\'lun L: 'Ql o&l O‘\‘Q\Qr (M€®Mux6\e )




2}2&’\\&(65 ’2 mub‘} be lc:a‘amted- @

Th ma\/\ Aulvar.xgohoﬁ L:«Q,
lot e dihviloutien C histo am\

i T

dé anclfier messaad /%zdw& z ;

Ccmchtm%d on A - &

4\

L
( L

—_— 2

Cmﬁbb’\a@u on L=d ol ;‘}e\er _%m‘}\f&s 2= wat be
. / _
LXA—[&M\‘.&&L - \(mJ_ A 'L fe l/\.cU& .
I&? e I/\T-&\‘Dc&mms de net &x])erq);ae ,‘Hi«lq oo nda cakiien
far YL AL

However ..
\ ‘jOk Md—m+ be aljk o U@'I%? 48zain Ya.c:\\" e
Since o rv‘cua net heve collected 46 e c]\_mad dedn
N He ek ¥ %ia:hﬂzs s unlimted = camet be
bd\auojﬁl/a, n ffﬂ&bjﬁ&.
N Some _ﬁﬁoc‘wej are net meaaiedyfa

(én c&\s: ons -
D Expet lenccn ledge o aceded -
2) We can &os, QB il in mokien ek codictiona L )
zXc\r\m\{ame] eLJra broak dpwn ) ot coz can newer be %»QLH
SWe e L\O\AL = f“LS\CUa tzslk .




\ fos‘\“‘:t\/i“' 7 '
Ih o ra"‘Cj_O“'\q' 16_0\ ix‘x@\mevﬂ‘J JFD e ’}e. "\'eua CLU'Q.."‘C\ta,Q_
cosonl affet P(Y'=0) - P(Y°=1) wwing
ﬁ)(\(;\ ‘ A:i) - ﬁD(\(:; \ \ A:O)I wzﬂ&&”{b(@”gd’

csa'[?l. W LDO'I'B\ +e\e— "Y?Cd' ment X ‘\‘B\e COA#‘?I TOLLIOS .

The. same id e aqﬁg\"w in ondlGenal mndomi zed
e Zme,n’h . In or'o\e.f“ +‘D .'ZSWQ ‘\’e\‘L Cw”&”c&aya Couua ,Q
ec*"w\e, /&Mwﬁca Scuwo,e mm’r be. (‘l‘c."\ amo%h /
wnﬁm Bacu N M&:fmjﬁbn a.jac\r\ e Ao OG( D‘.LFS e
W\cc{‘e\ew\pc\%c ’Wd-a Sg “'Y‘af\s()_a.bma ‘\’Q/ws A5 ‘1”6\@.’(:
VL st Plz) >0 = PAza\l=4t) >0
5\ 'H/\s?— P}S\)ﬂuljﬁa al Som ATV /wm[a‘ﬁm ?j
Let )4: {O} | ’} (E‘\(\ara '\*cepc‘rmear\’c)
X = {O, lk (b\nama %oﬁur& 3
L)z {LEL | PlL=4) >0 .
g2 P(Azall=L)>e}
When Fo.‘i]’hv?% L\p\A_{)) ﬁ)(o) —_-_,al) _
When P"‘“h""*z) does not hold | L(o) #£C1) .

Reall Hre [loretz -"ﬂ\om\osom eswmecer ( p- )

iz e) T-elld)

/ & E{w(A,L)P\YB - ‘%E{w (P\,Q(I-A)Y}
e(0)=P(A=1 (=) Kow |
%(a/@) = / ﬂj(pf:a\ IL: Q)




(e mmfw"re— aext E{w(-t‘\,t JAY } and E‘{LO(P\/L)("A)Y\%@
when Fosfr}i\rib holdo 2 obes nof hold -

E{w(AVAY} = 2 Z 7 _wilgay

4E{0,)§ a€ A Q)
/ X(\D(L:f/ A:a/\(:\zj\

H\e Su_‘) crk

%(L,X,Y) - 7. w(,QOP=L A=l Y=1)
| QERO)

+€(m& V&w\SL\ . 2 E(\(:ll L:ﬂ/ A:\) P(L:f)

;@r %:g and az0O (h RELCTY

Sone as s 6 T Z [E(Yl‘:—]/ L:‘Q)
ReL)
- B(Y=) =2, LELM)
REL |
- 2 B(Y=, L= 2| Lefy) PLECD)

A REL
LT ( s e B

. PLeLn) PNz | Lecm)
/
oA s?m}laxpga -%’r = {w(A/L)(p—f; ) \(} .
= In Smemf& y, ‘H?\E, Horwijr—z_—rhom?saf\ esbimedor s an aﬂsr %‘f

P(LeLN) P(Y 1| Leco))
— PULELE) P(Y =1 | L el

? I?(Yj:i) -—'_\’\)(YO:I§ anless aé)(o):- X (1) ::.K”,
1 e unless He ‘;)os'} \‘iu\’f\a a_sauw‘\o bo lolds .




N Gonsistenc, 5
T Asa JAben Yo=Y
T
T::(st note Hrad Hie deakment A=a nust be wekl
ch)\@ﬂif?\ ( e% n b«FQLL\menJra,Q MQA/ e &xFeximan Jrev’*
har contwol eé’ e eadment | i musk be adminisfered
Bs Soie m‘(} bo AL l)m{lcir)a/\"sy
N ol ok 1w medical  gwdis
N less ok in \Diollroicad\g 2sololl semua -
L'In chs shdisa, Yoee mouy be &:@emﬁ- versions og
He wc:ua o Neatmment i nistered. -
et ¢ = version og o Neatment
(We collet / oanadipe. deservakioy ame wated con el
Mémk Bof recived =+ vemions a% PNreodment a .
Then the oc.r\s“-,ﬁ?u\ua FOF:J% holds Fm;,glc; Po
%)“ou-“;;\cg) (,mw]o‘hbn holdo

Ig%::ax/“l'e\eiﬂ Y]::YL'(R/F N e

?o’reﬂ{ al Outeome OO LLCL+€0L ot~ uersion
| /\ 5 O% -“Yﬁa+men'¥ "N
ITn O'l‘exef’ wora\S} Y‘lmlr - Y;a’r, Vr/r’_
Lo b s apumed Hod all versions wg e Areationent o
F@MQ_J&Z e ool ef¥eck .




CTLT EFFECT MoDiF(ATION

i

We are wleested here in Hhe Cwmcba caoa U‘Wol: aboot

&\,\QSQ/JFS % lDO PJVQJ?}*D

MVé{O\&ubx 1AACajD-rSQL(,UUV\ dn Enliie-

‘o wito "\MO ‘s,\)o F_waicm_s (e
MNUL Vs me@) FD

We be in+?_l‘£_§‘+£al 1N

com
PO=) = PO =1)
wi ¥

All IP(\(\:'I \V:l)

h&dz V=0 / A\ \f\C\lV\C‘MCLL\ *P(\(O £ \ V :-' )
here. hawe sk

e.whra | QoutLOr\ =
i V= e(Y'=1 | V=0)

— (P(\(o:i (V:O)

:%g YV is o MoDiFIER of e ;;%)ad—eg Aon Y
L:u\nea’\ ‘W\Q owefar?j& ca,uoaﬁ Qe_rk a& A on \( VALY AL oSS
leello er% Y.

/t/ﬂm o LDL o m,L.th \\Lajl\f& \ort wot  addtiose
ek Wgémkm \""& V.

To idenli K/&h j{gec)f m.ocku%\mhm o &."N’c&k&%\a& aﬂa&pfp\o

B nedhual wm& oo.o




s Ta an RCT »

2) For caddn shan I 2sbimat e the awerc comank_
: i o %,
a%ﬁed- P (Y :yP:_c_—\?(Y -——l/?,:bw
\P(\(:\ l PY’:\D — \’P(\(:i | A=0) .
| V4

\/':\r —E 0

o T oo pondiionad  randomized .&‘;(PE’I]MQVTL‘ ,

A

z) e standand i 20580 /HD waia\/\&\cb, wnden e
iXo\/\a«%mbﬁﬁta cmuwPhOn YL AL

Kem&k_‘s e No cdaims ane lozu&\a rNMLQ a,LDOuJC He ca.u.oa«Q_
me chani Ems . The  vaula ke VY Moy be a
SWRR O GATE  effedt Wu)%ef wWle e
CAUSAL zﬁgwk W@/%‘e—r s unlenown |

. a&fa‘\r{i cal. re,]:resen“b«tbn (olr-:g(uef\w_ between L ,
, and m«mag;lszbbeo. Lo )

\‘ﬂAi‘(Oé(ﬂ\re_
A ?f / Cauoall »j&zd’ on Y
’\@ ' I\-\&Is Qink 2xisk when

Cmv\%ow\ciina OCOALS
e I£ V' modXies ‘|’P/\e_ o og ‘\f&o\'mew'l" A on
K. odcome. | Hen e anerigp. cananl z,%eat
oill difBler Lohw ,F;?A\a'cm ik %leem@& V.

(..9 cl\,ua;tfon % TRANSPORTARBILITY o Carvoal




INJened acno sy PoPkﬂo.h’ons 3

o {:D],g)g ecent EO(MS ci adya stments
\ ’ L) S‘;‘Ycz:ﬁ ‘cab:on |
Lo standoadanaifion [ 1P coes \nb‘m‘a‘,
LS mcdd/\’ina.
e ceview / inheduce. / (ompoae ‘H)/\%Q {’E\r& e n clx.xu; nexkt
Su.ﬁbbnz we ohseve L, = :{(L;/ AL‘/\(Q BCjL-V\ p whhece

xadn (L0, A XC) LAY Le-o,\'%

Nt anit / (?é{ ?): ‘\
i) STRATIFICATION spiits the data into two Yw\ai)gf*eobbns J
o.ccorolbr\ra "(‘04&_& sheda. =0 and L=1 .
Wit 2ach shatum L=£ oomf.,.iz
R(Y=1|A=a, L=2)
Cru-f\:-]_s%e;u-\(,?\) l’{;a = (P(Yq:\ \A:O& ) L-;L)

Uwndlor l"t’\a’. g Sy = E (\(Q:—' \ \ I—:’ L \

| .

ASUMP\AEN T

Cond I;'TL@‘NLC_ C(; d \CiV‘"‘Ca Qﬂhgb‘&:ha \(G—L P‘ ‘ L :Q‘
Under Hhese Mo codificons
P(Y=1 |L=2) - B(Y =1 (L=2)

o |? (Y: ) \ A:\l L:E) ““P (\f: \ \ A 7—0/ L:.ﬁ)

N One. aweraog cavnal 2n'wm e e &%ch*um
. =
(S L,D.’Y\‘Fuk(ok :

(%enex&fwa L,ue,“ o Wwon -ebincu% L )




b) STANDARDIZAToN [ 1P WEIERTIN G .
Acl.('\\,\s\- %:nr L M‘on?\a e tecm Lo dekec Lol
on peog- 6. |
Ander Toler\%)%ﬁahi t‘] condibng , Hwse Prod-.cla o
whimbe of Ho ATE | BOY'=1) - POY°=1)

Onty one J?--\t-"“ﬂ-i”ﬂ—/‘ %or foe oatie Tgfﬁa’mq

(:,1: B&Yah%catbm / one Far shvechunn ) .

X Q@vmks :(]) el o\;%@f\g and risk @bo 'ge( oo
enlie (a»ﬁabaf\imw%\e CONURX M%%Mi
ﬂf@bﬂcb{u\??w%k ek i 2adn dvadum |
peof= S BOYZ1) B (Y7 =1) |
- = {iP(\(":an:Jz) — PO 1 =0 w,
ra k

ez wy=PU=)z0 ; Zuy =1

y  POY=1) S {ﬂ\("ﬁ'\.';@ %
— =z — ¥We
PCy=1)y A | POT= IL=2)

o, = P(Y 1 |lze)P=e 3>/ o , Soy=l
PCY°=1) .
&M‘ktm L;,Q mt;&Q{-
LSt

Qm‘l‘w‘e, POPAaQD.t}/_Wl

o




(bm Q&).,I L & net an 2 bk meditier Hen ol |
&%ﬂ’&a@ camnal _g?%fﬁg ( (A "&M\i/\ ,Qacﬁ/\ Nehum + g
e entite Fp‘)cgahm QUIE,Q,\ ace. &C‘U\OJL

@——D._{\D L)

Then P(Y %201 ) L=2) = '\’P(\('“;D) ardh e
reylk /%:uou )%ann Ho ,o.xfreﬂrﬁm on fn%z 19 .

. ﬂ L 1S an &%d—' mocli%?e,r/ -\'exm -\&e a,@uc}e ca,wy-»Q

ok ol bwu{%wﬂt %ﬁp
L

¢) MATCHIN & . ‘ ) |
The. doa ic + ralcn\am,e_ e d[s’\\ﬁ‘aﬁm a'g “’B\QUCL,L.La_kec\_

L cotfum Hre Awo OGmuFS (’h) m\@a_ Hhem compa«&b&)

" &*ﬂrﬂﬁ Pt we ke e unleoted (f\:o) 06\’c>u(:) an
He FL,%IBVL(_Z cbfrauio . Then | %}’ﬂao@/\ indiws dmall
A=0 wi¥ L=2R , Fic;k one. /mc;:}c.\r\ + Wl on indiu duald
i Azl il He same [ =2

66 () and @af!&,

mp arao le ( Some.

My Povdad. Godibional
Bk ]'_)c;rvu_\c(btbﬂ ﬁﬂcif\m%ea—ki -Qiﬁd \roldo

o A o Hhe oﬁGwQ Poimﬂabon
| S nli=-€
mocched tndied. dungllo hf ’ ) THen




nconditiona 0 ex c[f\ona.ecdo\ Q{_‘ba Lo\do i%)r @ 2 @ “ @
Sine the ceference populakion w Ao, a diect
Camfndso,!\ d (? He Aweo (golaﬁeah‘om‘ O} X @ (,}Sio. \do o
ostmade of B (Y'= 1 | Azo) - P (Y°=1 | A=0)
-E(Y-Y° | A=)
= ;\TNT
ﬁ\vexa%e ’;rt:zcd‘maf\‘f on '}‘ﬁe%fajﬂzA

The eratdvimg @ bz cade \oa ooq\’wtwvia e group A=
0 . Tur
o» 4’5@ rﬂ%@@ﬂu’— X 001)/“ \a be\/\fc,\/\ CopR we tha}ﬂ

He ATT=FE(Y'-NY° [ A=1) .

X Rewmk CATT and ATNT ﬁaclu.bm e (/OYVA‘\?J&G)’I %
ﬂuav\ﬁﬂoiﬂa Like ﬁ:'(\(q:l l A:a/) a;éa/, I’F can
be done under Hhe uaual consy g+ev\(_,a R torduiLonal 2xcl .
a;mwfﬁbm ~ |
!P(\(O‘:|lf\:a’): QZ (P(\(Q:I \ A:O’Li/(,:ﬁ) (\D(Li)alpf:ﬁl’)

(,u\s}.ﬂ'emuox C — 2[?(\(&31 [ A =a, L=4£) F(L;ﬂl A=d )
i L2

UL LS Y= | hea, 1) POt (A

L A
Can l’DZ (,ii‘.'Y\i.’;L,ui?(‘&{ 7J 2D dledes - 2




CL = GRAPHICAL REPRESENTATION OF CAWSAL EFFECTS

A Stucheal Camsal Model (SCM) ze:(?‘g )
tonsisk og a collection OS A (X, .., Xa)
S i Xi=L-(Pa: &) /
a&anmen\f A-—\,h a‘}/ s 7,
wiere Pa()‘ < {X,/U} X4 } ore Ao Tnfeniﬁo.g Xaf
X a 5@‘m+ A sdvilouion \Pg over e noige vauladhley
8: (Q’I -~~~ gal_ \ ,(uno\oiew‘ul,)

, Ex: Condibined RCT

X, =L / ‘Pa‘ = &
Xe=A T, = {(_}

,\ A E{f@c‘l‘fad _éCUDQJ}_ :erraf\'\ (ibf\ 63
with Droda % 3 Qo\%«ﬂ
[TC%Q:\’E\E[ Lu“l'\%\ S}N\AQ\\K‘CLQ J?.o'ug._tcms X| '::?\ (Pa‘ ) 2)

&:i&— CPG{Z/ ‘Ez_)
XS :j‘lb(%%/ gs)/
- conchtfudes & camam@ DA éqj /;\
Lﬂ‘! i"\'::? e C \WZA v AL %:
The s«\wuch,m.e u‘u\o\.b\bﬁ \i\f\L; 4‘{?«\,::_- DA {,, +o < dof X
SLLQ-’J M ’\—\YY\Q_ %}W 5 b\_‘,i;{;’LL_llr'\ 73 8 I’”JT_J—; A,; J , S HL—
/ff B ——3 te ie.- forwﬂuz % -‘.#\YLLs:J‘{\.,i-:e,, & it .

o diredk camsa] iﬁ‘?ﬁcf‘: .




\I NO Leg_ = & Vvaq a\ca\& cannot Cava | Ly ,d%,er @
direc or {'B(Oua\f\ anctber var dole. W ¢ .
Ny &nc{lﬁ”oﬂa@% on 3 clirrac/\‘ cavaes ( Pck) , o vaolakfo

™ A%m denk

'l‘f\a, Courx X~

o'g_ any Nrer vasadde ;%» which T is net

\\
A\ - \
= |
J N\ /
s 1 \“7—:—’/
7l 7‘_ /]
j\\'h ‘{\-’\"\. LA L‘- W ‘- - N = d
\ 7 VIV lﬂ. WIELH QOO el
\ . T

U The jowet i ron (e
over g‘;_ (,‘2,/ ?SB Nl a
ot disviloudion P= Py over
e vekee X = (X,/ Xz/ Xy )

s DAGs = Bteainl O):l’wﬂm .

This DA ) ra?:aeseﬂ)zddbn Ao2s nol U\O.h.ka‘a_% wmclude e

uwziﬂr%\ﬁ\;a_ @mlrzr%\t,\'uaﬂ vaw oLBl@A on e cGru_leP,\ . e

Dink batween Y and (YO/ \(') remom 4l dden .

) ” Q

7 [ - 4
N N EAANCT)
INVOAL € !

PR ' &
j\.\/ fk‘-‘_.'\r;.‘\r"r I ~£

§44 ; lelDd \3 UNZL o~ rc \"\-‘\ Cﬂ-l. 1= e.j'en”ﬁtéf
M- JLX.ID“(—H‘ infudle C.@ﬂ'\‘@\,g%c_}ua—qo (E Lﬂ/\e Fr

( _S:ivxﬂe, (gcdorl Em*’eme«hbn Qr‘. A Sl é{)/ wo ﬂe><+
| c\n,fhar-

Howafer} He DA 6 @rxz:m%mhih can indude P?J@nkal orteormey




?(DU\AQCL e m‘l’e,rde_nz_ : CVua Vot abfo Xd“ an Fhe :Dﬂié -

Coun l:;e, nervened on X sk Lo fa,\tiaaia& volue 7(.’&“.

L—ZX|:— {CEI) “ L ><I ICSB
A - X, = (LI éa) ln+erdem‘|1 A X _’2
- XS;%(P‘/L/%\ Y“ 3 ’gs &L 25)
i-'\- -ff—:,._,. ""1» 1\f\d?u»—t\.{‘c wée
T iﬁuﬂ& d Xt # 1‘}L e
\JJ\.L\_‘C (5 l\’? thHLLLpr’L \{
the Shachal G LJ |
_ﬂne interrention moc %.QA\
d@\\n‘f distvibdion ovel
CX'] le Xg )
,Peape, s do C,QLQCLL-'QLLS
\ “do (Aza)
Jonk dishibdion P= 1R, Totewediion di siviloutzon
( ,f_-;,‘!q ser \W\V& J Vic i@&;«:; \r Pc:\o (A=)
f ol de B g e o i)
\ N2 . X ]_w,.»._;g«-h'; Y h )
« Revour K = some invariants
S/ e i‘l:—’Q
<“DU' 2) = Py (pe cL)(L k )
_ Pc 17,
POY=1 [ A=a, L=t )= T, 3(\( =a,

—’\r\em_, W\\J&"’l(h"\"j con. e uyed Jho e coves M@X‘Uiﬁi CCLLLM/Q

dReds -

). =P (Yol Aza, U'=20)
ﬂDJo(Am\,(\{/;\ |) % Jo(i’fra) / :

((UI'\M’LUQ wanb)




e —

-2 (Y| Asa, L20) @s)

do(ﬁ’a)(ﬁta L= «Q)

= | —p )
S ‘4-_-
3 0 ‘ £iq ANICL WS I}

ﬁ U,t’ft, \

— Z ‘P(Y:\ lP(:;CL/ L= ,Q) F(Lzﬁ)

&—H?\c STHN DAR Dj Z AT e Q)(F\e.sm .

> The Hechmiqon seen befixe. e o et
N ch1wcL€cha X A‘SSumFbmS if_:osgbu % /,
Cméﬁj'“ e‘:nua X (;mcLuJCLcw,uQ Zxc,iz\cm eoJo ‘e;:t& must ah&
W\“?/‘ffé%'eat ma DAGs -

L PvSi"WMl\a = amow’ R(om L 4o A is net determinisPc

(L tonsistency, = aurows At Y corresFm&o to a
S.Si C W‘Y\\au( o)
po bl\é_ l«vm'p-l“&ét ol \ank

W\Jre-(\f&/\

Ls cond - oxcdn = see nexc c;\«a-‘;t&’ &

— e

I'

"3

» We 2 covesed. -\'B\o. cwefu?,o. cauoal ,L%Qﬁck AN A ?swllé'el
W\Oeﬁ where. < _ ( O-C(wgan* o Si‘amécuauamt&n
Yor ,Qxamlo'e hows ahadd o “Le Koo .Qxf\mﬁm
above. whon the SCM /EOO‘C& somel*&ma ke

To annwer ‘\*Q).m fT).M{CJM we
wdpe -

muot S

Cond T wdf& okdements

in DAGs %}(’ Save S\rvy:lz s (e ides '\}\Kv), Do Hem .




M IﬂA@F&V\CLE.ﬂ(_Q_ R é)ra’: <. @

- Ols eV Ve ¢
fﬂtﬂe oo chserved
’ hode 1S Adangenred

F(:x,ta,%) P(x\%)? %)ﬂ)(%)
— A X and Y \«\cLaPemJev& ?

‘P(’X/ué> = % P('x_l%) 19(\6}%)?(’2:) ?\j |2) = _F(xl%)?[a)%)
£ P (X)P(aﬁ i‘vx%&qaﬂ{
iX'?Z\(lQS 'X_L\rl%

We 'ma Haok 2 Llecks Hhe PH—B\ lhon X anel Y

J E_x‘”’ﬁfl?’ i

e e

-lﬁ?(x/cal%) P(xal%)i)(?lx)f(x)
— Ae X and Y\\Aef)evdcmt 7
10('7(,‘3) EF(%l%)’o(%lx)f(x) P(rx/a\%)_ f /ﬁ; 2)
pG

(5 ) TD( | ) = (x\%) ( )%)
+ ‘;(x) F(%;e% in %gv\m& F e
| XLY | & | x4 Y12

2 blods Hhe Py&% W X2 Y.




x Example 5
| ®\ © v & s

F(X,)//%): f(x)P(y)?(%ly/~a )
_— Arf. X Aancl Y \};\ée-f)e,&mcle_yr” ? e

‘ p(X)p(x ) p(2(%y)
PO = S pOpIp@ i) plyyin) LT

_ , ( ‘/,
PO Py # plxi)p(yl?)
| X2 Y1 X ALX|2Z
- We ey Hok 2 s & wollider

Z Llocks Hee po K. betieeen X andd Y

&N 2 s hil oJra\\\ or l’\eaob‘l‘v‘w wrt 'H)/o.k F\mw\

s leads o fo e ,[‘fo“m{?\a g\@%\r‘(\bbw

oﬂ?__‘_&‘g d'waﬂ
A Fo\w\ s llocked ba & 2k % nodos 2 'i%g
G)“ﬂwe,l:nw\ conkeind o han of wodes A —m B = C
orau%rk A B = (C sdf Hok Hhe middie wede B
s wn 2 (B ondibioned o)
@) The P:)C"B\ cntis o collidor A — B «—C audh ok
"’E\& cdlisonnede B is not m 2 y andk no desendent
a& 2k n Z.

\ I@ 2 blecks e:Jer«a ,oa%\ Lebueon hno nedeq X 2\\(l




CTe XA A7

Undoerved = X and ¥ oxe C‘—W \Qa{P\j

o I8 XL XY |7

o ¥k K A—Sefwwte_at [o% {c} _

Cgr\J.LJUComLQ "mclef%clw %}r“ Yhese Pree \cul\dﬂ;wa \olcc_.ks
o a”m o o Tdenkidl, ol sk

w2 noed $o COr\rJUZtCow on (-;; ackdm,gxs v ordea o
@tha / '?ale-jctt% fhe a,/ueuuy, Cauod sv%{ci' 65 Aar Y.

P T = L. ) ; P i p
N . L-;\-"'."_ AL LN EVE;‘_/J.-'.;C‘ N T{ﬁ A AN ‘h, Norg }}; L “. A
|

Y < — - \

| \ S i 0 : i e i 0 T r ; "
/ e L.L,- oo ok AMN %:fv\.,-f’ DL"LH’J\ / fﬁ_\\ -;JL \{ /
| 4 & P
/ /

~ ¥ #=] = 7N -
= o { rd
while ALY |L
Pt Nl e - -
:\“ f il 2 = ;{"'_,“\_‘ZL‘(‘ L 1S L—i,:‘,ihf‘__':‘j{;_l\

i q \\I.- - - §
= / A el I ang tflr'\(;'!‘!:' JAL’ .'."\-_T(C’ ’ Q.IN:

;""\jf"/\_," :'rf\ Y -l';:-;'\ /a L - v (R Jl! s al > (Lo s

[P :\1 A= !‘.. Tl BV 4 \ k\_ (-— m"—_') ? I\’ g( i ‘IJ'U\,.' ) -\’,.r’ i I."\"‘;- { 'i-ﬂL‘—"‘ ;‘.‘,"V nL
() /

() v Ko Ry N e Y

Yovryada WL um '\E\» O VL ) N2y

P :\ / 4 - )

r‘-_"l—\,, -
N ST AOA AL Ao

B & collider amd € o descendent cg B o Xard Y

23‘8 VCLLL\Q,HZQQ v O :DP\'C‘)

CbﬂckL’G:om%a on A bleddes e Pm}& XoBe ADY .
1A thl.OLl_-tLb’\} B COL C,o\\\cla,r) 2R dML»QV\AeJ/\i_ C r(’,maun




We o have he fodls to anower Hhe M&”‘ o e @
bottom o? j)@ae 25 s
=~ lhere awe & 700\#% fo conm dor -

>
/@@ Ae X b2 >V )

N > Ac L &Y —— —_ (")
| : Ac L & 2-Y (i)
Ae X - LY o (w)
We see from O Hok L 2 o collidec e set {L}
doss wot block Hose Foujrh
However, 3 L, % § blecks all 4he & patho
Mse JLZ§ad { (2 X] 7

(A);L %o,t L>out\/. jro . o Qe oxtensives
where. we  disavp  vauieuws 4\6‘% o& b

mv\f\d’e, P a,v’uaaﬁ coupa 5@2& .

We  sos -Hio‘i %}Q A A Ag&wmaiua ‘O“CL:» ch/\eewo,u&P

PINY'2) -P(Y°=1) = PN [ A=
_Y\)(\(:l \ H:C;)

w\z\fc\v\ WS dnden o fack 0& 2% C‘/\CVV\TU(E r&\%/

We_ vl conGider

N orfounding Cdue do commeon camsa )

\ &e.it::c;b,b«/\%:ﬁas (:oond oN LOMM Bt ,Q‘:E{?ecﬁf'& )
N Meaaement £vey .

‘_P(:auemhm'ca o o




CI = CONFOUN:DH\} 6

JTasK = esfimade Hhe  caueal ,Qﬁ)e_& om Ao YV

DA G =
4 e In ”H/HS (’/L\p\fpjl’e,(‘ (N2 AL,
lﬂ+€rﬁ}’€0{ N 7"&68"7(\/(/\@}“;‘@

ol e R
@i/ }-® Dg eatment % cudeome.

Com”‘d‘ // e— Assvre her difrere are neo

MS' / COMMan gffzds

¢ Examples
s (wnmeasured ) othe roscleresis

[Mu%eé' g&f cholesteol

ON A V\hcx“
u:\'enes iO N Eud La-

(@eSUVAT

' Y b[ooA
~@ > heatt Addseant %3
iy s&y’o\(@_

5 c.J/r L&% (mere Liele fresu.,\_oec\ 1o wdividu

& ctadn cmﬁfuaxﬁ
5 Social %cw;\\sa

S oi%cx,x@&(’_ / S rnol:w'lca_




&

—""'T\ne,oro,{y\ ( backdoor Crli'er'fon.) :
A st 03 nodes L S@’Uﬁ?—ﬁ? e back dosr oiteriom
relkive o A — Y k?f
(f,) no nede in L is & A_,roe,mc:{ewf c;'j,) A ;
(mo omnmon cm.w) k
@ L Llocks @b’efa Pc,er\ betweon A and Y Hhat
tontain an oo unto A

Ig a Sek Dé) nodoe L satas —!’ex—a bacjéclocr oﬁ;f’&ia

"P(\(|:'> — P(Yo:l) y u\re\efe.
PLYTn) = = P(Y=y|l=2, A=) P (L-

K &= CL“ backcf,cor' \Dcxwu\\ !Def\’w Qe A and Y one
d- se;f)(ua}ecl Ll.a frhe ek 05' nodeq L

x Sketch UX prooﬁ / infuitien -
E xpeession (%) (= quices condiboonal 2% cbm«gﬁab}ﬁita
\(Q-I—AlL /S@e—(:l’l-faéé Gy (Q-ma.t\r\y"'b P{O\JZ, -"B\g\,t

e ————
- S ————————

)

er—"‘
- |
()

L Sc&‘l{SfeiflS e mﬁbma\g PO
backdoor o terion j ' = | =
- %’ A holds Y2LA |L

& ﬁo“aus gron Hre %’o\\ou.ﬁ% Eo.mma. =
Lo = " The &é\\owﬁa sbdements ane u{—\.z.iualen‘lr:

]D(‘A) = T ]O(X&' l F&&)




X &l:;() E,m_ CJ—be,f)CLm.}G.A =5 Wil Xof | L
() Local Markos Profe,d}a

Ech vauphfle G m}tcl,eigeaf\&ev\/{: 66 Wy o —do Welenh'
o()l\fe\n ( k ":o,\e,(\\'s . i

= Tntervening on the obfch;{)ku & remoumng all ntemin
arrows wio A does net He  dishvilodion
% (A/\l/) A L/wlxa-W\er A-zo o do (A=a) .

=) Coavond). z:ﬁ?zi can be idontiled = covw_]:z&e-ol fran’\
cbsevrvatonal co~dilional f?ro[oa.lc{a lihes vie fhe 6& ckeloor

Romnuka (%)

¢ @en/\ark The eciulvaeemoe,

-

L sodisfres Hhe . ond. exchangeabi X
bacldeooi cr?'feﬁm/%r A-Y = holds Y&i\aA | L }Ga {

If\,ol As wnder e s d bl a,@ouw?ahbﬂ cg gw%&%&nw

@f&&%!ms
XLWX&“OU’Q A"’SEJF L)U« L é XCJ—X&“ I

\ Reyerse A}Lrg Jiton @6’ P (Bfﬁ\oa\ Madcou
(Drotxﬂ\é ( -’roP o-(() pegje )
A nce Ck&&u.\’v\(:)jub’\ sinte under Ma«\(cx) + Fﬂ*'\'@‘,iu\ﬂ% / €
L’\CLU.Q o~ I-—l (i elm\io.m baLwew Sbu‘kem&'\k QJQCU)r € \r\A 7
P‘ O\Q:ﬁox \“\6 U\Ig%ﬁ\@.}ﬁbﬂ& ((_3 em%\es GLLU)(/J O\IS (;odena,)




. EX = AS&OMQ ‘w\a,\‘ E is MCLL\COJ X Faiwg.g L‘Jrk = )
k DA G |
Recover ol DA 4s mfﬂ\-ﬁU& ot e How»m\ca
mﬁ)lglﬁa st bg cordutiional c{z\é.]oce shdemenTs .

@ XL2Z COR SR g @) X LY
<X/Y;%) X L] £
l N 1wl
\L \\ X1w | 2, Y
\ MNiwl| &, X
| . 2% \ J
@ % X ® |

Q j ) O
& Se

Encede Hhe —| ¥ : CZJE
same. aek of \ @ iy

d-sepaakigd DOAGs
are. called Mackoo Equluc.xﬁeml? ;

o R‘QW\é = TThe backdoor aiterion hao a aice VISMO.Q-
Nansddaien wsvn é"\mb\e, - E\’)O—\al T - devrestion 9\@de

(SNI ) ) 0 ‘m(j.ucLﬁ cw:\{‘&(gacﬁ\\mk a» nwodedy
CeT%e ?«uloh re,jﬂ-&avx@v{% cm‘k%:@lc}ud wddo & creoted

&

lﬂa e _Siv\_@’C fn}er\remj(]bn-

Ex: o.r:@‘mal DA G L
(ho conten rchual / \i
M‘gz;d(»l@ﬁ\ A —Y




Swi G @
- L

/N

A\ — Y& cwmlca,%ac;haﬁ nokkicn dunce e
aukcome Yaiable Y.a a doacendenk

o A

 ue wrervene on A and dOC'Pr:a_)

IR, ’h;oo MF(L\DJ:& wodea

. @ inherts all wodea comung cuk Jﬂt
A WA ’W/\Q ongana DA

¢ A m\'\er \ mdm W\oOWwV\

f inte A i e o céw\a_\ DA
T s re,Pnest\E-cb«o Peo beckdoor 'QS’CH)A A s—] — Y'*

mAfsﬂ‘xbu}-@oL L%L = Y“J_AH_ =

To Summan ze Here ace ’\Wo cam@ c,g me,%ewé\o "fD
(onsSider on -Hz«e, P(ese,n\_e eé) con ados L ¢

QL) M(’-‘\'ewots C &Ci MUY\% (,Cf\clkt\@\daQ R¥ c,\r\cwaeabx e,nta
. G- metHods ( (P u@%\n’bvwa / S“\‘ZV\O[ bk dcoc )
\) S%Ya’&/%ca,hon Laxpl M&m / ma+ clmm?r

@) HE’J’E\DFJ‘O o (ﬁclq,ffv‘?%_ cond - .QKC,[’\CW\(ac"cLb_l‘eL%

f %&’"+ — deor oriterion

= NS -‘Yumem’*‘a.' vcxriaUef
/( \-.s d’iﬂiguﬂeﬂcef —n— Nﬁg{aremce (D)
e WNodmee Haese next -




" F\f’onjrf CLOO("' C\fk\"Fef';on- @
L oan adterndbive to e back-door witerion .
a ‘)\6 Yool o ew an addionall VCU'C“/b\ﬂ Z
preetid
mﬂgal?a}’u e z?%zd‘ A an Y 2. foat J)aaf%ef;g

unmeanriied. cawes oo eitbher A o Y

—— wnneaure A (canmot be M\é““‘jﬁ‘k /%f \,

() Sine A& U Ye— Z i blocked ‘oa Y
o collider

A ad Z awe mde ent

= ﬁj (2: — FFD 2: ‘ P\:a_\
> Py 2720 = T2

(bv:} Since Z é— A&~ UL = \f s blocked Gt Of ‘E\}
'Hi\e_ lOac\Lotoor Oxﬁ‘\'ex?on re,\aubt&e. o 2> Y

o\ﬂjheﬁ f N
- - - - —a) Y (A=4
Mo (aony 15y = 2 B(=y | 2=2,A ) P(A=
“The law ""‘g hodel \Dro\m)cﬁm\&
N( - —_ = 2= )
PAAA:@W’BB 12,2 Fdom:a,)(\( g7 :
— P | -': - F =
%Zklm:ff( yl2=2)B | (222)
I
- @C&:a) Y=y )

Sine. S = i(%!u/ NY) o

[




)

(N )

=
A -
2 - (A, N5 )

Y (u/.Z/NYB

inT . l;yolo IPQL-(PY:a \(. )

—

X0 3o p Xo

KA

€ xpression L and W anc ook
pression. of Uhond Ny sachory
wheter we do (2 :_%) o CoSe e

Z = i(m/ N%): %)'\’e\;ﬂ haa o u:a%b.wmu_m\(
> PLip(Ey12=20=F

N}
(%

Ney)= & (
<L%ﬁ:43(W¥J63 é& §30(2:1)

A= Q((Mu)
A = g(u/ Ny )
’Z:_-L’—

Y = R0, N

idnijao E&C}:%B(')

L2y S =y )

\(: \br ) ﬁQ\O(P‘:a )(%:%)

(¢ )
Frent—door fomaloc

(s 3

TP( \(&:%) = FJO(A:@L)(Y:?X

- 2_ ‘P(%:Zl A:aﬁ
T

Z, (P(\(:‘gl =% M’)
¢ xﬂP(ﬁ:d)




The backdoor witedion s wet neemonn o dent:
causl é%%ad's : ié e ,%mjrc:loor wlerion s sakisPed , e
also have i &eﬁt&-%ag\‘e;b‘a . Hawever j e %@f&b@r critesion
(h@@? a 8‘\.«\%{,@{} critesion . This MM&‘QQ% Loody g Fo e
%”owv&a c]\uas‘([on ) ﬁ Can e dentt cawnal _oduate,

oo e DA § Smﬁ'&%zs. nedher e bockdoor nor the

%m%‘olfaor criterion ?

N Ir\ o“‘& er w sral s J WS ‘Wx\&r& o~ en Qn«.Q s‘;ow due
"'0 .E_‘K‘:T 283 i‘ﬂ'}'ﬁv’u“@ntﬁOr\ F(O\OCJ&‘ L Ges Q\O (¥ }L)( \(: ‘6,3

e onles cbtermbiona prebo. P(Yout ] Xex, .. )?
LL&N\a onQ,L(\j obos Conal. Fr\o POY \_&\ RK=x, )

/P@Lu’lfs cﬂ.o-ca.em&m czg"\uexs \‘f/\a and wer Jb *\'RM O‘u-e-étof\ .
—T\/\& éo’ C&-QCLLQU«O {::»rpu: cle.A ’\*OoQ,o \‘o ?clen‘ﬂ%a CCU.LQ(L»Q &%ged's
u.\ua\a a/:&)a Hhe stvodture eg e canpal TQ_FQ\

o NOﬁhbq N | G'
é\ = CmSaQ T&FPA N
6\}2_ = %r&\:)\n ot woe cfj— ‘.%\ wJe J(a,\z_e 6 e c
Gk Yemcug CLH Inuomuua ANTEuLSS 3
e X . 6

G, = oraphHak we gk P e fake §
X Z‘:ﬁf rermase all ﬁ'%@éf% ;w\cbu _ G X
fgv:m X
GY?.:: caraf\/\ Kot e C}jr 1g e take Q/
and_cenmove all mocmv}cﬁ gckcbm @ G‘

e X and remeouz

cotgpng. sdqes from 2 R—




TM ~ QU\\(’_S cg Qlo_, CClleLQu_,o

@&/\e_ﬁ:kj Q{.LQL. (pearﬁ)

S‘W\Piﬁad Rule
© QLLQ& 1 = CLO‘\(L\(-!\

Pfa\i"u’) P(ylw
Y, z| W

O—@e@

‘%{.\\_. i\lx/g_ ,\_._; C

66 /a\e_\e,b;rica an.

O\QSE‘,( chb‘on

Pacot W) = P i)
i 'YJ_ Z | X,W

(7 '-_

We need to onsider 7G /\Y ingecd
(? C7 nee. we ace intesested 11

ene \,l 2ecl
\ P GCY= Qaloées’ i LOMmwn
by \ FealioN dO("L)
L ‘ s t‘t fo X mush be removed - 3
s e Alse {X=x} is cbserved R
J&m condilione A on |
e Qu&e, 7 = @(C\/\Cm %U\?‘% o\:&arua,blcy\ < o‘uo’b:or\
f)elo("t luo) = P(\a 2, W) [Dda(x)(ta w) = P (%l‘%}u)
n - YL 2| xw
dn cypa\er (,,J&—CLSI W blocks all f?‘_
\cdso ) W2t Y
b‘lc— % i Pﬁt‘—e : f{m w A e eﬁe,;:;_x.lj;ié- a*’1:. cu;\(\ul?\f“-_
W i / x)\)‘ !\‘ il \Jw)-' .}:T
o LYW = onesalor |
G Gy
o Q&.«Q& ?} = &CKAU\}\"a / AQIQJUCJ\% An &thf\
PCLO(%)(?S) - P(%) @) Ppaylgle) - \D(”o‘\w)
[ Y_L . B 1 4 K
) 6, J _Lé 2 |w

Z(w)




where. Z2(W) denactey e gk

Bg wodea of 2 thed are nct
avxcza’\nfg & a;\\-a,vuOoLQ O(f W

© Pyl 9127 Biols!
do ()
B Y.Lq 2| X,w

K 2w)

; Thm 5')\’)41'\%_;38" \,2( ?(:LC';, ﬁ\ Z\JF, - \\

l The. de - I!calmgus TS CD(Y\P-QQ_:“Q_ _

/\Ir\ O'I‘B\Li’warfiS/ cmxb den tloable clu\cme can e
de duced N M % by o do— cel alig
The 2 cules o s_L,E%Uten—} o derive all iclenﬁ%o)ole_
carsal ¢ eo\‘s ;
( o8 4 ODS s anstrockine. — 'iclex\b%cdtﬁm can o
coteined ™ Fp%(\om?wﬁ ‘bﬁme_)

o Rerades Al fo ahoe > abart non—pasamedric denttficatier
The o colodn fells us Tg 2 Can ?c\&ﬁi«% canani
Z%ZU\S ll5‘\;ﬁ6 &V\% 4‘8\@ S’\Y uc,f\urg D'g "{%‘Q (_CLMa,Q 06\73"7@\
Under  addotonad FoAaw\e:\Y Yl a&suwaCQﬂs/ oNe. can (recover
Mmore- cansel JL@EO{'S )

i . ‘ i i ~ L
~ (-% (N ;S)P(-u u‘r’\(i.'ﬂ’a'ﬂ Ve !"._‘si-*fi/\\ If) .65




Ex 3)@( valion A ont v
A ru\e:gog ié\&%doquj &ﬁmew} NW\?

G@f@%@

plylde) = Z by (9,2) (Law of Tokl Prele)

= Z‘Ddo(& -'((%

3
Ruke 2
Fdo(a)kub\%) ""Jl)

?“_LA

\i

JEESEESEEHE

¢ //,,
. i ‘ ' é?.f : //’

(. 3— o
) §‘1ﬁi@3uﬁ)!P@¢m)
Q_’:\ ( L_%__LEL__JW\ o

@,H@ & - i T—;& “I:)) t\PG’: o)) ML &A | #

G . 2
. G

——— e

Pol:(:t)(“?r) hj&’( 3(“5 "Qn- 05(1 (“3 ( ‘ |

/ﬁ%\w‘ pe ALz |

— L‘ | CS? .2_ :\




® fns&YaW\eml&) AT alolezs , @
/. Wed n economity Jeu’a og‘}&/\

L +jD;CCL| < }\Aab.b,m L

@—w\_—;®

S— Z 'ES ;.."LCL‘O’\ ay an 1IN Humew}n} \/&L;CJJ{C’. e

To MQV\‘H "F’ﬁﬂe C(Lu,oa.—Q g@ed‘ o‘S f\ on \f.) we_ ‘l\a})h‘a”,a_
rY\CL\Le, ‘%«(‘ ‘2 ﬂ&SumFt\bn on -‘!’B\Q S‘}‘fucj\«trau[ .Qc{udt.‘a’)g.
t_E_X % Lm@r S&YuC‘IWal .Qciuoib‘m& (@n‘hnuoua ame,)

A= Pz + yu+ N
Y=o A + U+ Ny

,y@x\’_' &I Sine I
B £, y Yo of(R2)+ |(y+ 8 U
@“‘—3@__7@) \ | & Np

+N\‘»

)
new nNovSe_
| \/M&HQ
we can make ase s(f Hhe_ s | |
lneas amodel

%Hwﬁva 1)(9Ced;wr€..
@L) R&W‘@m Aon Z 2 cad’ an unbiaged ua@‘tumcd‘e/ﬁ 053 @ :

(b) &n\};d'e, Hre ? ted veabueo T%%
© fzﬁﬂgﬂ’m Y ar Hhe Yilted valies /‘Fs% 2 g&j’@m
wnoiaped Lstirake X o(/‘ Hhe caunl J’f%ck‘ %ﬁ Aor Y.




. cf)l,@eremce -i'nhA;%?reﬂce (CDCD) _

R.eca” - under Hhe cmcom/?)mclﬂ&;nm Ww\otm (Yin )1 A )
we  can r\clem’i% He ATE = P(Y’:\> - P(Y"O_.:O

<\(‘j\f‘)m (- P21 A=)

“P(Y°=1 | A=)
CD(\&]S‘.'\‘@V\.
Laﬂ C = “)(\(:l l{\:\)
_P (Y=ol h=0)

To rewver He ATT we on%, nead. o apume. Hhak
J
\(O_LA swne
ATT = POY'r [ A1) = P(Y <t ] A=1)
_ POY = A=) - R(YC = | A=0O)
cP(Y =t [ A=)= P(Y =1 | A=o)

ATE & (Y7, Y')LA
CATT & N° LA

e ——, — - - L ———

 (When Nedment and eutcome ane cealoondad loa Ll we. need
LXN s+e-f>s fo recover e ATE 2 ATT. Tn addition P
wl(\ew ')lﬁxé %W@ L»\nmewpaclj uxz Cc:wnto/” wye e
backdcor critesion - * Ae\j ofment " can be moda i g a

ot —door o terion o ‘ ‘ ||'"Ca£)‘e,/ o o Yo preoerc c’fam
MSJYUW\QMELI V'cm‘c/tua. Al @rfm’b&}eq | we mo,a 2 conr He
ATT (3% Fo%emkall\ét%ﬁa ATE) providad pre- raefment
W\fcwl,tcem&ak ane  auar Lakbe ) avk uandey &S}m; ldx\ / r;z((;(jmar/(




W\CJ@’OQ ndence Mu,n/)o{:tm an Hhe Areatment vanable

v 'I‘B\é’, PQ"@A‘I’\@, Ou.+Comeés
O P

Ld' T = ’l‘)m:z indl cechor é{ Fe,f-//"'m(j/ EQ/J{: }

\( (.'C) = Fa‘,'ey\tux Ou:,'(,omg_ undea 'Mmfmem}: o
aJ: tme T .

We ae intecested in zmawfa e ATT

,'AT'T:E(Y( H [A_,\) I

rl__~
We wll see Lok DD i« commen \,Q,QA o f(lexbui
MT i Ll)\’ ao\G\JLlema.,Q M’*W“T:toﬂs ‘}E\Q_ A_TE_ Can qk,

lJe«L%z:{ an wsell .
7/\,@ make ‘f’e\e. 2 Howumra c‘LSSumPt'Cﬁg )

() @\Sijjrenua VT, Aza o Y(T)= Yo

@)”Pamllel Nend : (Re " ihsents g DD )
l\((u)_\f(o) L A

i ch\oaw, A Hhe f*mobd&m& YL A assmf)f_
% tntonkundedness s abest e A»%ixemw .

-y

aqr E(YTM =Y (o) | A=)
_E(YC() - Yo (o ) A=o)

@) WO — pre,—'%*moc‘fmew{' ﬁgﬁevk
E(NY'()-Y() | Ac1)=0

A
mgua,\‘% OK/ wnless ]Dﬂ\enk amr\ovavjrﬂ e #eodwm&vd: .




Aol A=t ] s
| ’ ?\( (1
Y (1) - g
-0 A // A-T”f
’ -7 | ) i e A Lo
X (0)0’,‘— UNE ) YQ@//T YD
) L,_ \# J’ /f-?\-
X" (o) . T
, ] : ) f f
T=0 T2 \ // =0 =1
\{
%)

iy [| Aead - C{SSU“\{%"L(&)

Not oll ﬁucmjr{ Kes ave dowroed ¢ we m% Soserse
L YT (o) and Y'°|C\) in 'W\? Frovp Azo
L Y' (o) ad \( O in Hhe cafowf:- A=1.
( selid lines )
= We imme ik vimalize Hod the Pmaﬂileﬂ Arend
OLSmka'o’) allow us o fa\ewlﬁ% ‘Hi@ ATT . TIn

)
’Qf i, ATT = E{ YD) =" H‘:]>
l‘{m lo 3 E(Y(‘)'\“OHF":)
(l) Y G) L,

o formal f)rpag = ATT-= E( \(i(l)-—\(-o(l) | A<) )




CEYD) A —E(Yo LAY @
| A

i) 5 lE(‘\{:(o) | Bt )
+ E(YT) | A=o )
- E(Y (o) | A=o)

{p!_:(\f"(\) [A=)) - \IE(\(O(O) | Pt:\)ﬁ'
B0 1A=e) -{E (Y7(e) L h=o) §

= FE(Y'o) | A=) @)
S E(Y'D) oY 1 A=)
CE (Y Yo () | A=c )
- ECYO) = Y A=) )@
SE (YD) = Y(©) VAz=c) @

]

x Remark - The ATNT = E( N'() - Yo(l) | P\::OB can
lxi&emhjéeot (@f}[&tuﬁ% aSjumFﬁm (W) andl (ifi) w}}@\

Qi)'

YN -Y'e) L A Cpaallel deend )
e

--,________.__,_.-‘

OV Y ! Im&’]@ﬁfl 03 YD
f

W) E(Y'(e) -Y(e) | A_—;o) =0 (no me%r. z?%zct)
3 : ; -
Under () (i)', @), eve ok ek
ATNT= EIYO) =X(e) | A=)

7 _ED)-Y(e) | A=o)
Some WESS—;@V\/ ao 5&;@“6




‘F\TV\&“&%/ uncler (:‘)/ (1‘!-)/ (i )) () j/ (iii) I/ @
AE = E(Y()-Y (o) | A1)
“E(Y0) =Y(®) | h=o)

Sine_

ATE = ATTx P(R=1) + ARNTx P(A=c) .
\

Same. JZ)(TDF&SS ! on

o Vimally | under (Y G, Givy (1) and (.”.‘;)’) Al
cfua;ka eSS OAL 5amrne>!v{ cal

O
v /C? ol J LG meama
V%  ATNT=zATE # | ATT=ATVE
_ ({) - - I
7
P
/ C’(/
of
' } i ¢
T=0 T=) Toes T= )




CI = SELECTION BiAaS

’I:l/\i,n w?eaaurmsj +he j:k&w\ .jS}%z < og A an \(/ Se,'ec't."om
hicS arses when conditionng on .  commeon ,e_;gg,zc\‘
botbn A Y : 4

| lead g 4o con f\dw:(x} A:laus’f %:,r variable s
so\%s%v\n% $re “back ko criterion

3 FO‘\’e 1‘\\& -.8[ ‘.ZC/\AS "\) S&leLt&Q’\ b as .
Cv@ Ci\SOLLS& efe tj)(oa_c_c:h_u@_,_ﬁ %eﬂ&’aﬂ,L&un% /
xd.ml‘w\oL 'I’E\(’_ L)CLC)CAoor CA %é,r e

{‘0 OKJL)N\’ %r sele cteon 13 as .

A = %\,c kA Jc.-x.:» \emem"‘ mﬁkéﬁ

- Cau’CllOLQ_ A %;’::;Lt&’\ a \.N\
2 l‘&-‘\' 2 g (2 £
o ]3 -

indlicades Hat S = Aem—al@\ bz(%(“é_ et Can Ma—

. ,
Cc(\gi;técﬂeck N Lb—n\& st sele cts ‘*“M*M u&c sruiw 2
wnl?

Note et witbhert 2 WCHa v\&\.\o\»m% Ko sam
F(DCQSS Hre szuoba/ ASSAMING  Caate c.U'\A_QA G IQCTJ

owld Lok Qike @—@ ;—.3;*?6\&*:.096 s doliviaws
Yo seledoion Lo =) ‘/\T\ﬁ\n\:g\n\f e fm)ggr\'aﬁte_ Yo incllucdla
7N b\,ocke 4/ ,Qm,od.;.l\la “}'6\& Samf;‘im% Froc_ecﬁurg,




Az as before
Z = deadln before bir¥a
S - ’garp,-.»\lvu) 6(‘3r'§4a§ .

Se,lecbon il temodns (,M\/\&A Mh@\,(y‘a, on o dﬂoc&f\e\,eﬁ-" og
o ommon Caune 2 og bt A and Y. B

_‘_g “H)Ac SOMFQLM% Proces.s oo c;onrle:\' rcm&:m & wou,\d\ B-Q—
tV\C‘\&Pe‘\O(ent OYX \ o‘}&&r‘ \/a,ua)bLeA m "}6\?— m%m Cna drrow)
(,omwm} n or ouk @6, S ) . When gamf,te,a are collected

Pf&,%al’enb-&&.a, "H;A& Ca%o.,Q z%%ac)r mus)r ba re Cou.ere A oA
P(X=x | S=1) instend of P (X =x)

\ \‘hf? SN CCx l; selec !ui ‘\\Llﬂ\ \&\ =t »r\}
s X=(%X,,-., %Xa)

— P ~ i
LE= " * a ) = VA ‘CJ”)lL\ £\_p' PEGU'\JV\-C‘\ v J’i—(ﬁ\rxﬂi,_

kD/’\ (—'i / ‘nrl i.’){‘,a,'..{,‘ké;ﬂz,% A cauncl \i/ )

Ex: HIV &’i\&CL%_ A - a.v\"H (&'\\(ou\ rck_\ ATW@ In'\u\(_z_
\( = 3"’ 7-«"::11‘ OledA'e\
L = CU.( L’\j\/w level o (r Emmwbo&/tﬁxz,ssimy

P’@Seﬂ(,e o1 X m;ighy\g (‘%ua‘- ng
CDG coun loss

b wieeel IOac( . plasma

S = ﬂ(l!’\cllvld}&d,l Cemadn n e shade )
Tndiv: duals wita U=1 e pote /QL\Q-Q)a bo be consered
(S:O) due Jm Kre .Sever.\d 05 e diseaye, - Trdiv: doanalg




reCond b\:% Yre Areatment g more ﬁ\‘dﬂa +‘7 &’bP

ouk: clu,e, Ao e FraS@nCﬁ () I/\eauﬁ 3\‘0{& ’ gc)"S .

The. coumsal &%d’ e:g A o~ Y a\,\%ﬁf& KE—W,\ e Sam{)&ﬁ%’

SE::;SS/ resvicked to ndividoeals wol c:\(oﬁfw% ok Gg e i
. OHi\er SZKGKMP‘@S ‘ 0\0 Lo L\:\\f& &&‘ét-b:o'\ \)?cns un %a%l\gwuﬁ%
] :

coses ¢

B—D
/

ek '13 \/eS/ s tere & ’oroc_e_Cl.u,l“e_
o correct /GLO\(S\»S+ %r ot/

X Remcu«-\(. = S@ 'ea’:bn -bfas eccCals in o\o&eruahb\aﬁ A‘}\th-u
Ray\C’JC)V\\ZCLb-})f‘ o‘\'.rz_c:\'s CLM"— ancwng bu‘j mo+
— coleckin e oYt ey

no &e'ecb.é/\ l::a?a& = SCkvv\r\?A% ‘)(DCQSS a_:\‘ FCLV\C)O(Y\
L e cm%unolln%_ = Jr\’ecchmenJr alecabion ot mndon




&)msrzﬂuenws og selediion bias e werse Hhan cu Ha
W;%)) “Ma- = we are not 2ven wie fo recover conditiowld
Probalox liles (Y= Y | A =c) %‘”‘ e Aatmuk
ollecdted under seledion bias P(X = x | &= \)/ P
olone. intervesbon Fo‘:nﬁlf“\"@& Y wa>; F(\(:B ld.o(ﬁ:aﬁ)

/K'ﬂm's is well understvod inhuikiveXy - Lol N
o\crj.\o'\l‘\’\\‘&S we re,lo)hao\ ""‘o 'R/\& 5\%1 AEN og
M ‘. . | 0
‘eve,m‘\’swm s 8 Fo]:wecutwn- Tohen some Wchv. dunala
e p,,(emad 2 Hreir aracter es m A nek be
F e‘are, Se_n'taj&"u‘ﬂ, og He m&&a Fo]:uﬁc ‘o .

F‘;’HO‘-*)“‘R ."i:%&-re,im\a;;\m J Ty et X '?’gcg&; (__2(__; \ [4{ ) y e GOndl Okef

3 Ioro\olem_s e %
("\‘) S"—eectbﬂ UJ;‘I'B\QUF‘_ i)(‘\'err\a_\ QXC:\_"'Z’\

dodoser ~ P (X =% 1 S= 1
R Under cohich condBiens is P Y= \a, lf\:a) f—éC,QJQ_[szBle r

(lo) S&[écbﬁon wita exteraal clcdv\
dotaset ~ P(X=x |S=1) + ubiawd samples P(T=t)

¥r Te R
@_.‘ Under which conditions s P(\(:La_l A=) recoverable 7
(c) Sg_,le,c,hm N CCU/U)CLQ xR e e
dodaset ~ P (X =x 1S=1) + anbiaxd sanples P(T=t)
re™

Q: Undher obich cmdibins 13 P ("= 4 ) = P (Yo ) oo (R

rzcwam\o\e /?




- E—XamF\a | —3@

S
CSnee YL S ( A P (P(\(::\%\ A:&/SI—\) .
" 3

PY=y A= ) no
| \ / L,/lu ;-._-"1‘&'_\?1'”*(‘*‘51‘
PO = u@ - \ 0
2 No need fo cesort P addifiona) dota exdemal to e
biased shudy to recover condibional efeds (2 camoal
Z ec/\'S)_

X gX&mPle 2 - @——3@ Yfﬁ S|A se (%) is not
| é "I’n,ua " caemem,\ k

Tn ,%Lc}/ we show next
Pk no matter how w\a.w.eY so\m‘:les (Al Y) S::l) oAl
deawn  ~ (P( f\:a/ Y:‘a | S=1 ) g B how
SO‘F\A-\S’RC&‘\ZA Ko efmodion tedant que- AD y e estimoter
j;%; “D(\( :\6 ' A=o) il never con\fe,r%e_, o Bt Avue
vodse .

Consider ) and T sucdw Hak

o L B Y , (f\ }—-.) @ ( i‘:_i;{\
N lP‘ is mixd\\ol& cua‘%« éi = ®¢ 1 | -:\}\-%}“‘ \
S \!,f A ~.\{ )

N P, s mex\-‘,’Ua wib GZ.C 61 _

TR, WO
(Samplng, aX
| N

™N

T_ ’L A Ci‘_);'ﬂr \j




TasK = Gasheud P, and By sude Kok @

(P\(A:a/\(;a\g:lvr: (Pl(f\:a)\(:%\ S:l)

—H.:P\EA,\ P \6';')-]-'..—_",-(.. [aral ‘g't\é ‘():f-'v};t’_[-k \-E_\L‘q\'a.,}iﬁ:;

\QA' %{w\f\-{c,‘/\.
P (=g 1 Aze) # Po(Y=y | Aza)

&T‘r\& C&sa\.\mi)h”ms zm\ae_cla\eol on Hhe camnal, modek
are not adfidek to axprzss CondulGlona
(:Jro‘oajd:.\"'l'\‘& in terms eg -‘(P/\,z sty ‘\\Ou_biof\ OV s
celeded. bias -

ka:]’ P‘-.(ck) tajs')z(ﬁ;(‘f\:a)\(lta)g:ﬁs‘) =1 2 .

J /
P compablele i 6,

AR . =-')F.(C\}xa}&):Fj(s\xg)‘g,((ala)fsl(a)
. i, — G

23 Py la,y,8) = pa 3) py qladp(a)

.. 4 A “‘/a' o \ i e e
e need b Aﬁﬁrahé; -aﬂe\n,g;%d'::(a) all Hacee

- . = .".. ' ."‘l - -L‘»w % g ’ ~ = 1
hﬁ imy Sco é L-g-.;‘.' “iluui. :c-\-‘JL- LL\.-U-t . KD

r :“ / A
“J;\y;lf:.-'—ﬁ.\-/kg'l r l'(_{l,_ i

.‘(0\/ IS:\): 2_(&, \S:)): (a/ )
A A
-&/\,Jér(,ect lﬂa ou *‘ablr( A/Y_L S in é'l

Take P‘(a) =Pz () = &ma%aa Cu‘\o:’\nnra y AN

!(Jiv?clbna (,k” membeﬁs lo«a P‘: ‘F:,_ 7/’?@\(1&
P‘k%\ C\}S:l) = Fz(v&\a,)ssl) - ‘32((6[&\




Thaus

' o B . Pl(\%/d)S:')
Palyla) = pilyla, S=1) - PRy

P (S=1 1y ) p lyla)pkt
P (S211e) p ks
P(S II%)‘D,(%M)

‘O (S= l\‘a)a)fa k@laﬂ—f P (S= )]l-«a,a)
xlDU (}Ia)

p(*'h o A= P‘ (S:| ’La) ,(J | Rt
» P - F' LS=| ' Iﬂa) / L = \% are oS '

: ‘-«'::g‘-'\m L
- P (La ) = Py lay =1,
\{}
i U O — Dl — : O Ly (2 e
Pz((\jl ) = O(Jr‘% #:2"'9,(&31 3/ o\u,\rckﬁ

.
Defrilien :  5- RECOVERABILITY

The dishibuion P(X=g | R=a) issaid o be
< —recovernble Yom Hhe selectien biased dada ig,

W Ao st budions P and ¥ MPOL\\\Q[@ il Yo DA 6,
P ( X=x \S:) P (X=x1S:1) s

P, (\(.,u(}\ﬁ._m) = Fz_(\{ %( A= a)




¥ €, xwp/e 3 %_S_)—;@

P('\(:B l A :a} (S V\pt S'F-ECOJQFOJQIQ (OD(‘&“CU‘@_‘%T@;‘Y\
.&Camr)le 2_) _

=

§ ] -« f > —_ 7y F =,
f< - - '- = T < 7 [ | (. / . s |
’r%mfﬂ \L:"'\ J.-”_;;' E 1A TES A Fp A N L. '-'1 =, ‘\. f,r,-.m— ‘] T,{

F(Y:”d | Aza) ic S-recovecsble ﬁfm s DA G
G
=>4 | K -

'[\\ S&k%td‘ieﬂuais inme djate

(), Ne.(,e—gsijy\a s Tediovs © need o show Pt ;%( L0
DAGs in which SEY | A e can conddradk’ a
Cw,n+erﬂxml]:)ia SL\MMB eeme-/rl'on YP(_X =X ]g: ')

X dTSOfOCQ,QMEA‘t o :a [ f\_:CL) :

We ‘[\AW\ our aﬂev\tfm Po He aune. uo\/xere. :ax'{’ema«Q oddibrmoﬂ
measemerds o availokble ok tHhe P_Qf)ﬁahon Dol (2—3.
%om censo dake)
Lb’ﬂm& ole%vf\t‘m oj S-cecaveraod i needs Yo e mo&,%mea{
to account f%r axteral dode -
SL,L' ¢ w2 c;o”e,c‘;‘"
PP | | |
o date ander selecion bias P (M zm | S=1)
— xternad date PL(T =t)

tohere M < {X,F)X&S = C{X'/‘”/z{d}




| e dishviloion P(Y=g |A=a) i sad bo &)
be s-recoverable Kfa\n seleckion bias -Jg. %{w\%
Ao probo diskib B and 5 compebible widts £ Dp g,
PM=m |S=)=P,(M=nm |S=1) >
PT=t)=R(T=t)>o0
5 PY=ylA=a) = Pa(Yoy [Aca)  m

We ideah condiEons wndler which <-re WM'&%
P (M= y | Aza) = ? ‘P(\{:b@ 222 [A=a)

7\
F;f Some \/MQ)O\Q.S 2 ‘{'f/\o* Arr mea.au.ueci Lv)fe,
in the b.ase_ol Shmlﬁ cortbr Ac‘w\\( and o e

- 2. P(Ye) 222, Aca) P22 | A<a)

o el Z P(Yey 1222, A=a, S=1)
S LI ¢« P(222 | A=a)

iiiii

e

This term  can Jae ,ZAM‘NL‘JRGL s Hm\:@ A %cm
%om S@‘E(J:L:Du'\ L);MEA data Jo.sd’.e,rr\o\g écd:c?g
| g_X‘. _ e _3_1_\( l A 2 Se we Can recover J\—B\E_
| g Cordh . P(o‘aox. P(Y= A [ A=a) Using Hee

e_xrressa on OLLxN <




‘S““W\d = Mrere T8 o 2ok 2 Kot b measued @
in Hhe biased S}\ML?T *b%e:“’ner wi I { ALY } and aff
He Popegub‘aq Losel awiltn A sk ok S_LY\ %/ A ,
Ko (Y- La |A=a) 15 S—recwzrable and
P=glA=a)= Z P(X=y | 222, A=, S=1)
* « P(Z=2 | A=a)

-

- RQCoueanox Cauncl L%U\'S (\3(\(0&: )
3 Y —

Ncb’l'lof\ % .2* = % ge)r o% \/a-rfa.&)\{i.&“ = 2+U 2:-
2% containg all nen- descen d(emjtjei‘ }:\
2= — " ———  descendlents aéz
X C&SQI g {\J:: OO:’\%U"\G“V‘Q, (2“_ ol ¢ )
‘P(Y‘*:*?j) - P (Y=g | do(A=a)) ) ne
= Pyl Aze) o Seripanding),
= Z (P(\(:\al A:&\ \P(E’: %’)
N R ] 2 ' i
X 2741 |
t‘f *};s}

P(\(:\a l Rze, ‘2-:%’)
L {
il SLYIAZ g I\

(\D(\(:xa ‘ P‘:&/ 2—:%—/ S?—l)

P(X %) ? P (=g | A=a, =2, S=21) P(22)

N E)(P’]ZSS:OO obfamed anden S_L\(”\” A,%-—(E S"WCQ’J-)

4 Mﬁbﬁoﬁg& &SSV'W\PHO/\ 2_‘4_\( | A } +€\Q (Dﬂ‘CQ




+D PG—’B ,%YV\.O ix+€rna_Q measaremenk % L)O’;e\

A and %c&%\e_ﬁf on Lovel (Cm\(!aw_ the
wed b\tm% (aa (=7 ) nsted dl e{g P(2=z2 A= CL))

o Ex (confinued ) 66 Z LY A
SLY A

POy ) = % P Y=y LA=a,222,S2) P(2=2 [A=o)
%% X P(%:’%) &

_ Gose I = oenere cane

(Y=o | do(Aza) )

@4/?‘@ + 5 Pl [hoe 2ah P
’\ \,’ ,1’:“%‘e?;"a g L-%.Q"’x,;\.i,'_,t{_.."‘ti;;

* 9 §

= R 21 )
+_ 4
& ﬁD(Y \alP\ =g, =)

2*3_7 x(P(%Jr 2" e )

. (.%IAOL/"%"*‘FZ_I#%)
fb(ouobaoL 2 -LYl)4,2+

= P(X=9 | A=a, Z=2)
. P (N=y | A=a; 252, S=1)
povided SLY | A, Z




P(Y=y | do(A=e) o
= 2 P(Y:»(),l A:CL/"}:%/ S:l) P(2=2).

/\ ’L{Vuiéf Cb) 2+ 10100\43 OL“ L)C Ll’-dOC"‘ u.‘}'eu) %)(Cfn A JN)Y
@Y 2 LY | A 2T
@) S LY | A2
"»U‘) 2 U A Y ~ seleckion ]oiCLS—iol.
These. 4 conduiiions are called &e‘«echb\»]oaclaﬂar criterion
X ‘I’E\e ,Qm[’n?_ss?om c-i.‘ocx'e- *‘;ﬁ-e Sa)@cbbq_baclcglcgr (AAAUS'}men%‘

X Eema/»k = The selection- backdcor cxo(d‘uxf” neAT cornade
o la Hhe l:ncka[ocx | %rrm,&m dedued un Hhe preseni {ﬂ
om,%uxchm . Note l/\,owwer Kook we an ogoLdu&Lunc‘

= %+U 27, where 27 (ontans dosendeds %
A wl,\ic,‘r\ UsaLs %AO cldem T louxck@)oer cokecion

There are no cnadidiions . The reasen o ot He
bockdeor eriferion is o m«@icﬁeﬂf condition | There s
2xter coom o aoL(\‘)qu %’ doncondents under addilionat
assLAm)o(l‘oqg) and s Ao .Qxad'%_ ook e selednion —
lbackdoor aiterion Ts.

Nrfh& ‘/‘ﬁa)l' ‘\('e\ﬂ- Sefec)ﬁbq- L»ackotocr or'{{‘e,dm A0 A n@\:den""
cerd fiion )f‘o ecover He canand & | as 'i”usdrad&ck N
~|LB\_Q m’zxf ZXaim, le .




o EX = HIV sfuaba_ @
(i )——‘—3 Ne confoundin ., = ¢
FFak&%_ :3’2- N

@) SLY A, Z sine
: s B
S&"@é—u——j\( v~
b)) 2 LY (A swe
Z S & //@—-—-ﬁ Y L
2 U— Y >
= Cm&ibim (ILB oé ‘]’E«Q S@‘etbbf\——bckClédOO:‘ Cﬁ+€ﬁ©m a.i[&
% l/voloL HDWQ.UQ,J‘} 2 can  dosue ‘\&6 Somne.
aoléuﬂ'men‘} %xmwla {(cm scradchy y imki.r\% JevyY: sgi
osHernative Inclalsa«(lenw shvuchee é'm&%\ﬂ\\% —X@m Hhe
- 2 P(X=g ) 22, A=a) P(Z=2 | A=e)
Zz L i

B ( o
Sie. 2 L A - N P(Z2=2)

prdl

e =3

~

>&— [ ——.y 2% G AR
]

-
e : f e ~ { -
— X — A — X=cellider

& &— |
Sivee.

| SiX (A/% &‘ = %i [P(\(:(?I l %:%} A:a/ S:f) F[%:%)
i)




X ﬁm%k : SL’J ecbion - 'L)ac:katoor ad'éuﬁ'mem" andk @
2XC [«amS:Za 6, %

ASSWUJ‘% Horek —Hﬁ\e, -S@'eﬁhﬁﬁ—bcmkaw@-f oiterion Bwuc.)
l?(\(q:‘a) = %- E(\{: ?5 l A:a/%:2/ g:l>\’\>(%:%\

. Z (E(\(=H, A:ml 2:%, STJB P(%:z)
ro E(A;c\,’iza/ S:I)

(

) %Z ?(A:qlg:l |%:%) (E(\(I%/ Al

—Z;i/

=

/

2- l \
3 WA= |72:=7) B(S=1]|222, Aow)

3 i .
M%Gls’h %{‘ Cm/%xv\ Koy c:b_ caciéu s %r selection biao

-2 _‘)‘3(‘1/%) *h (1/%) ‘E(-—-d’dnt - )
g e—hee =
=4 Udc-(d./ 'z)
-"-_'-)an\/\ OLD_S@FJaLtCov"vAFZCb:LLQA o weig,@\:t ’UJ(_( ﬁ\b‘j?[)
(A 20, Yo, Sc=1)

P (—— ()ah+~

ED\J@ W\O«a consider as well stabi |T2ed we,C%H‘S
®(a,2) = @ (a,2) CJS‘(Q,%\) rbere.
w (a, ) R [P(P\:Q)/F (Aza |2=2) (]Dfﬁc\/ |
W (‘a)%) L= P(S:ll/*:at) / P (<=1 \A:a} 2=z 3 ]

% .
“The. nuen eader must e mcléPémLe,\k e'& Z




The. medied H’T~ s buomator oir Hhe ATE s Lhuned
L?S %Pm% e (huated ) Linear modol

Y| A/S:' = an,-r F;iA + € wf\aa waawreot LS
o,lplnm(ll\ / wﬁe@ 2oy obserakiion (A y 2 N y Si= 1) receded
welglt w"(AC,E;)«

E(amf"/)] <=0

=\

P\,O S’;\ e — :)r\\\a Ol(."\-i\e.-’\jc;t,ib.«\_s'

- s .
A=\ = — ollectec

S o

/\
2=\ /Ow
. A=\ /’/%:/2//

S;\ \

Toben infecested n Ja;t;mi,:r\a P ™ siY . om mich
reallocate all Weas wilh Azo Ao the lbmwbw R
["fﬁ\ofr'é " db‘q ._.,3/ 0 (a’%) ) = ceallocate  waers ot
Sz to He brndh S= [_Hf\&(jo‘o 0% wa, z) )
The QWQF;;LAQ w’u\@s ce | [ PCA=al2=7) and
[ PS> | Asa, 222, cespects ela. (s2e ,Q%l;m@ pHI8

(A:.jrt'\ o Len&'orm% )




CLT = MEASUREMEN T BJAS

. The main ntribabion of Hus dnpter is fo o duce e
Tokeak - To - Treak (ITT) LS;%& wndor f"“‘t}”@ c@,yfa,am
o Neatment as,sT%n menk

Z = tceatment allocation € {01}

) =) .
CZJ—_‘B@K—.@@ A = “—fﬁcd'!ﬂ\eﬂ"' S"?L','V\S 6 '{0) l j

i,
4 \
W

(/ b

(W) - oxtcome € YO (‘1
o \( | ! T

/'t L = a,Aﬂi"-"‘v.«':l‘..L.}g%’%:‘a:"\ L’;@"},‘!‘\'{;L,.?al_-‘cle"',g :

Th o RCT widn owa“a[ oom-r\'I ane | the et ment

ass :ﬁqm&«t X u\?\:le,);emtem‘* @% g corfoondar (h, so ok
P(Y*" _ D= BOr=r | 2=1)
Tp (Y o) = R(X=1) 2=0).

ED(QUC.S@Q).E) Hro __‘__ ntenk — 123 “Teeat ? I'T—T) .

JThe notalion Y 777 shinde %r Y undew e mtewvention
b (2=2) Smilaly, we docke AT ad AT He
t‘)o“'(?m Ral ootcomes o% A wndon He }mlemembbns%:' l
do (Z=1) and o (20D o Hak A=ZA +(F2)A

 Tn addibion , ce Whodie YT ad YT 4o doacte
Y wder e infervention do(A=1) amd & (A-0).




@

Then, = AYYT L (1-A) Y4

e e (2./A-;,
individual 7 .

\(L) %r eada

X IQema/\.k The DA 6 @——)O im)ollce«’é assumes

-}Ee, ,(’,Xc[/l}t&. on Pf‘ nc,upfe 5 Ne c:llrzc:" AoOLS gr
50‘\5; GL&‘ "'&a Wer ﬂ@nerzzl Lenano

1ok
ExX= Oﬁ@ poodir ABe wivarensia

o Jrﬁ’\e ass ell ‘{Yecutmewf MNIC ’n+ /Jécm( ‘f(O
§/L\cm s u?ﬂ o behavior cy&a&hoba,
IDCLLb-O..)()M’k l«aw\«a an offect on the

caome .

2 - A 0{6 rée o o\db\erenw_ ’(\7 'f‘gxe aSS ¢ 34/\@0{ ‘l“f?cd)’hén"f
A — \( : 2@()‘“ g, 4&& ‘ﬁ'za:}'me«u(:
- - Y Cmcwrea\f' sz-)/vwora—l cL\an«aR .

\1 J\, q'w e L Jﬁad / 'Daa"/‘fi‘m o CL,“-L (‘,‘{éi ".["-fff'\g'{ !\)CJ—
| - .




Tn “{6‘2 ?em@f&,’ cane , we neadk o i der
outcomea \l/afq,- , O&é“[@}l. wnder He
2 € {0 |

deoble Hervention do(222) 2 b (A=)
2/ Z OL; Seve

V=AZY" + (-A
o AIEREYY P u TAXIERYY

J‘,'e vx',\\a
F(‘

(/\)!/uavx "’P\e LX cLMTon Fr'i nulF[e L«,o \oLg (no arrow f’om ‘2"'0 Y ) /
\( LL“:.D/ =0 _ Y a=o ; F=1| _ Y o. =0

\( {L;i/ T=c 3 _\‘/Cx;? p = _ \( > 8—H

dind Ys%]ol?;%es o Y= A \(a:i +(P—A) Y a:.a/

as fQé’ujﬁQA . ﬁ

ASSUW\F‘L\DA 1 AE;O ~ Eb(ﬂo)
A= ~ B (M) 0 allocaed to
L / conbrel e probato

1£ o»“oc;u{‘.rzoq "\*o (eco e “‘E\Q ‘{Tpod‘wi'f“
'\Vea:"menjfl Hhe Frokn‘{ﬁo s Mo
recive. ‘f‘ﬁ\Q/’L(Qcii'?Y\em’f' 5 Tls .

—Tl/\e, ’ILOJlal /39 F«la{}.‘aq Cain i& ]Damtuttbqe:— ;n‘)ko (}' TOULIOI /
IQMeA Qﬂ"‘E\eLFVZLleL:J-(F AT ard AT .




Never .
= Takefs GMV)I e

[ DeXeers A\MQA

=0
A=

Tokers

A.SSUW\?)_JU\:Q\ 2 = Ne =0
S,Jo'“l ecks n He condvel cﬁ(wr W\ st ke 40e Aoatonent
&= A?::G =0 a.s.

Uinder OKSSU{V\EFtb,’) 2 j Hhe )DoFAﬁab.m AD ,009@,& behveen never
akes x comp oy

Neer Takes = {w€ 2 | A¥'(s) =0 §
COW\/@@C&(.& = {w cs2 | AU w) = | } .

o QMMW’B y uV\M aSS'umFJCme" l and Z} au\ci aw\o(ﬂf ‘{‘B\&

axelinsion Fr; no:_\ole_ y

AEZ‘ ~ ED(“.)
A =2 AT

s

nalivi ol.L.o.,Q T
[ -]

(2, A = )




Note Hadt uwier Ko intervention do (2= O) and
c[o ( 27—'—! )/

° wlf\eﬂ/\ CJO(ﬁ Z ':O)l ‘he\é—lm A = AE;{J = O (.QSSQ-.'V\PJCL‘C)’) 2-)/
W

anik Y?o\( ~
o When we d?,o(%:(), fhen A = Az':’/ and.
2 = A= =1\ A= O
N AT G (- AT YO

T - E(\(i":l_— \{2—:@ )
B

[‘TT _ .E(Y-OL:!__ YOL:-O ’ /'\%:J:') ‘.B('A%:I:|\

|

—— R R———

N/
Heeadment L%ﬂ:ci OdP He =n, = FfOFD“bm
ﬁo”‘ﬁ@@' < Dﬁ cem)oet}ar’s .
aka e |

Local Average Treadmenk Effed (LATE)

o Hhe éowfliw—ér Camonl i:—@%og CCACE)

o Rewarke: When M=l Hhon TT= E(Y - ¥*)
_ ATE .




X ﬁeﬂr\a\/’k Tcle 1'5%@»{104 Oiﬁ te LATE under @

rY[,Of\,O‘('OV\IO\-% ( r’l Ny X rl\ A a(J )
TT- E(Y[Z2=1) —£(Y|2=0)
w(E<A2i\\’CLI+([_» ,). OL..O!-’Z'_()

_E ( A%:i \(Ck‘/i + (l— A%:rD\(a.,-o l %:_—o)
CASSU’HI!\%\ - J_(A / \( \(4—4)
s [EL( A%—f __A%,—O )(\(Q ‘__ a,o)_)
- E (e ( AT-AT ) R(AT A
fE(—" — | "= =De("— —-|)

W‘!’&OU% 4’&&/‘ (L&Sum (lmg ; woe- YN OOwJ‘\fJC+ r@\ocx
on ( A%%M X ZJA L 415: TT
|522f29 (/\T&»{a-}& LW&QL%(J‘%AQ’\ Y s > .
/"!OWW/ a,sso'nma A% I -l:—o (mmolﬁomuca )

He seond 'Ifrm in the /QH_S \/amalﬂeA aind
lr_r__{. _ E(\(CLZI-— Yc&;o ( A :?é A%:O> E(A%-;/(_—T&A%;o)
N

%Fa.\&bm modke %ﬁ*cé ers  Unden o

,DO(Z\. evy /,L_GU-QJLQI' ASS UM fﬁuo'\ ‘Hia}— — O/ 2 (Lo e
A AN CCMFE{:C“S 40 wﬂ q ; 3
a) ufu, r (:L""f; nT :'-'La.f-\,:.ch?:f

Ex: 2€{o1§ Aéll(&%%ntim) Y- F+I3A+Z




Re - a(rancau;% -}B\e termns y
— O =] o=c | =1 =0 E(Y\%ZI)—E(\f|};O)
- A A =
EOCT 7 ) AT A7) POy A=)
;\
This 7 fhe (ATE 2. B ATE 7\
coitlin cmplizrs - Undec ol
Mﬂo“'ﬂf\lc‘f‘@f& e — \,\o.ue. \\M*‘e\:,t Olkgfircﬂlha.}w —
P(A"Ze A7)
{ 3’ «{_A =0, A = l} /
s U’Q\;Ut\ o \:rz_
B {Cﬂv\f)&a’s F&-Qmesszcl ik
221 L "
A (-F(P\’:o)"\)(lﬁ\ :()
| _S__ﬁ — ' sinee Hee aw no
. of 1 ““f Cov\]ohers- ! c/{e/%{m
& | | /‘ x ] | |- P( A=l l%;o\
Hl = i — -P(p=0 | 2=1)
s Rk \ /,”‘ﬁ \ = F(R:' \%1\)
PLA =6 ) PO ) =P R \2';.0)
-E(AIZ=1) -E(A2Z=)
Summof?j: | ‘ A
O S MM
- CE(AZ=)-E(AlZ9)
X Nen prameivc deiicdion of e CATE undn
MO}O/\;J@L a&sum?o s .




1/\]8\61/\ "’e\@ﬂz v’u) FOVLJCLCJ& CC{Y\P&Q.V\LQ o {\(,?O[_erenf- a&h‘anm{;ﬂ—t
Weo vaidble 2 ¥ alled an (NSTRUMENT . TH
S&&CS%&S =5 leua Toro‘oedliao:
@ Z has @ canank f%@t on A (relevonce)
W) Z has o causal ﬁ%zd:m\(wa
%@3 med ke 196 A ( excusion ceshe c‘lm}
() Thae avw we [oaL’coQ,ear W‘J’a@ ,
Z to T (l\{\SﬁYumaﬂlra_\ qv\(,anf%w\cl.eo(nm) e

PZ.QIOUb p e ﬁ;]&Ul&l’l{’A Ao A\on— fpcuqme*\f\c_ J?.KI)reSS\cn

cy% He CKTE . Tt Auns oot ok fhew ae wo
P:uamé—JMc, %PFQSS@/\S ;’%r e A_FE she. Kae

%@& % A on N M%U'\OLQCL loa_ UL‘
= Wil insteament vwa.b%m we st make  aum ths

C\l()ou'" He f‘a/\WY‘L'\V‘C- %ﬁm | \Aenf\ camnal ,o,ﬁgi(,bg

\\&”FD"::C\L ‘eLbES Can be Juc]o(se/m,ec( aY
u\otd&fd OlQ5e U Obdlare.kb\-&é)
dﬁor acL()u;)ﬁ‘r\e + “%‘cfv’} nga-e«r

Oé\aguéﬁheyvtv

: Eil B"\\ﬁ(}{\a Uy\ear A/'%'é'{o) \ }’
Y=0A+xWU § = ATE




£(Y|221) - €0 |2:0)
o e(SA+au[221) - E(SAT AU [20)
- § E(n2=0) —E (Al 2=20)]
+o [ E(W)z=) - e(Ul2=9) )

\_.___—-—-—_'__\,

=) Snee WL £
5 S=nre. ENIZ=1) - E(\rl_%,-_—o)
E(N2=1) - E(A [2=0)

= Some K)(ECQBS'TQA o Be (NTE unclea
W\OV\D‘{"DNCJ:'(T@ _

ExZ: Corbrncss (inear AzelR
(ersider instead Gos (N 2) = E(YD) —E£(Y) @)
=€ (SAS AW)2
_E(sAal) g2

- §3 Ep) - EmEDT
+ o { E(W2) — Eu LE%)}
=& ws (h7Z) -+O<W)
s (2 | =C
T s (A2) B

X Qﬂ%&kk‘- '1/\5)2\&'\ Mrere 7 o weak. amocation \96}\/\%'\ A ok
%j e Aanominators E(N | 2= [) —E (ﬁ l%;o) 2 (or (AI%)

oz doxe to O iflabing Yo numemder = TT [ potenta
)
,QOf ;_zx{:eoslue_ b‘r%m? F{ Lol




Pl CI - PROPENSITY S(ORES

'we\em L salixNies AW\?_ bcxc_\aotoor (,;(‘+ enen (-_‘;—: cond t bu:na_e
LXc\Aavxo()ecLLi &J@a) o ek (Y i ).J_ A | L e ma‘}
"\NOV\c{e,r 16) "{' 1S necexd ’{b cc.ml,»\zon on '\e\a w?/w(),e,
Vc’-c“or L y @Feuioveba wne (._ s !mﬁ\/‘ M%na&a—g.

Rosenbawm 2 Robin (1983 chaved ot o is mua(i
o onditcon on C(Ah=1|L). The qua.ﬁh*\&

elL) = P (= | L) s c@mmonﬁca ceXomed v an e
EROPEMSZ iTY ;S_CO\QE (ﬂ)s"mce_ & re—‘:)re_.sen‘h e Pro‘:engﬂ\a_
( Fra)c»olo?&%) og racduﬁxa '*]’exe, ’Veec" menk oaiwew L .

Thm (Y \()_LA\L > (Y YL A e )

_(305) : Ta e s N\ID?_ sd'}\\\a wstrece @G?/

4—&@ osTow %ram L to A S W\Lb“e/kw ‘i‘ff\é, \aolo 'QA..SJUKC.
Qohonseu‘) behoeon L aV\OL A e “D(H | JL )/?er
4 lOH\LU’a "\(ch'fhev\k V&Lﬂ(}Jc‘:’, U\TEULL,Q m ‘&f_c&d?j\,& +8w_, PS -

Maa. %(m&-% we /&»&m"fexmk ( * \(‘) 3 A ‘ e (L)
‘Q_ﬁS\/bObu\N\% ‘Hi\c\k (E(A—l [ /e((,)) dees ek
lef)ev\akoﬂ Ya (/\Taeﬂa a=0 o a= | :




‘E(P\:\ l\( eiU) r(P\ \\( eCL)) @

= FE]'E{A [ Y%, e/z{)/ Ly ]'Y“/e(uj

AV :&l’a((ja on Aw’\f\-&‘\{ui% %N/x
N E[E{P‘ l \\/q/ L % ( Ya} e(L)—]

il

r{Mngm YLt
P(A= \It_) e (L)

" EL-@(L) |y e,CL):,
= ellL)

N {V\O‘é_‘t‘re/\oleri'l‘ 03 \{’q i |
é!\’a \mca”u -F&Ls means Fhok 2 (L) s o wmeé’ajﬁf
? +ae, eﬂ;ﬁd: A Lon B
c -
p & "

And ce see ek Al L l e (L) 49 Rardomization ostudh

T P.S bolances e beloances meaaured 2
(DUt b eon {he freateA -ﬁ/ anmeasired  €o e
2 the wdvedzd . | = Lo ‘org,%rruk

over PSJ




'C_:S_c:l e can avidu:st ;%r e,(L) N {D{auﬂ_ cae L . @

;GIQ&mark ; balanu;?u Scores
R osenbaum 2 Rubw (1493) tidvoduced Hhe
(,o./\ce,‘:;]' oa? X foa[amcu;\} Score 'o(L )
DeX+ b(L) is « lo::kl N U
_g ) S /J’D .a 8 Jeoce
l Al L | b
N e PS s Hre s?mFleﬂ‘ ;aXaw\joi& e?f A~
L:nlamwﬁc(v) Juore .

The ed e Swwg, (2

Ty AL | b
@

e (L) = é’(lo(ﬂ ) f%;r Soeme %(AV\CbU‘C""\ £

EX b(L) =L s e ?(\\'\eﬂ' L&\awwﬁé Seore
o bu,) —e(l) o Jre\a coar§est .

Pfﬁsﬁ @ &.ﬂp&z_ 3 ¢k, e(L) -_—,g(L:(L))
e wort o show ok ALL Tb(L).
Tt is 5@&3@ to shaw Hak
E(A L)) = e (L)
Gnce e(W) = ECA L)
_E(A L LD )

This wedd fhen m\f{ _Hf\ak
E(AILQ)) = IE?P\ Ji i L (LY )
te. Ao L | LCLY .




EC®I b)) - E(E(AL) L)) ®
. E(E(A\L W) | b))
«?
neld  aver u?jv é
= E ( P\ [0))
Q“P&& Ole\er l\au\A
E(e (V) [b(n)) = E(§Cm) b))
écBCLB ) = e (L) |
se Hak ECA | L) ) = e (LY indeod .

U] Seppmetak LLA | bCL) .

By codtmdickion, suppose ek 3L, & b
e (R )+ e(l,)

bt b(e) = b(2,)

By Ole,/%nbpq
E(A \IL 2 ) + B(h= ) 1=2,)
[E(A:IIL;JQ,/ b (L) =be2)) u
B (A=t |z, b= L(2))
= LAALBW Mm&vmughm, -

P(QPQ/\M‘IW SJIEL{\DLaAdL?_ahm P(Adu&t %F e,(L) nf\S"?a.oL
J
,)% L.
Z EC('H\ A-a eCL)*-—-e) '\?(e(t):e)
(\(‘S c}\lsc QJW/)




., ,Pro]oen&_e Jr\Q{ Na;j[c\mi% .
R&C’o..“ -ch\é{' tra ckﬁ\% cebolancey, Hhe digdviloon o}
He vavcble L within He fwe Toufs ; ZD:z]:wemol,w?a on
gww ‘Hr)\ﬂ- et (,MC 1S ,%xm ech He ﬁ\*QvJOC
g 78 prpermed, ‘%) 7

: (
intecest s e ATT or ATNT ( tee ‘3.20

”):; PLQL\h‘O“\ %Y Hf\ A-::_ £

mactched TndVi dunala ot Ha
" fhe same vl a(—f L wm
T polelalia S e Areaded cpovp -
&l refuence T f)
VS {i In Hus ase Ve 2sbmate

(). 3 ) ;
bquL k-—] +E\& ATT:E(YL\(G ’A“—il)

Tnstead OS O\O:i'cl/\th% bowsed on L, we ’Y‘C‘a medd ch baged
on e (L)

CoatT= E(Y (A=) - ECYC ll*—-—\\DCtvM@%
- ECY A=) —E(f° A=)

2ast Q\a T"\M@a\ tount er%ad\,:/ﬁ_’\‘erm
[ N | ‘ | 0 ./\:3

=i /\ﬁ
i = f—m\ iv\crlu’ﬁclua;Q, ’\.M’B\E,rz \(L i< An .&S‘ i ]
2 'FE\Q_ I')orﬁv\h;x_ﬁ OU"\‘L_.Q-Y\Q

rl‘Y\C\lU;dLLO-Q{
I~ g = oum
.Y‘: = _IVIE- Z \(‘R /
ke,

where K cortazns He K ddosest {r\p\{bu?clucn‘s\m
the conve| Foup based an Hain e (L) valine .




mn -"’E\Q ’h’.QCL}r -QA .ouF
. _ i (L) = ¢ Td‘iu?dw_o\
1S A (A (sW) =5) liam_ b of
0o l;‘ﬁ _ individwals vin L Peaded
_ S e hE A (s =) e
ﬂos ==
o\ired‘wm ULION ‘W\e ‘{\NO cﬁroudo_l SVALD J(Exe.
PS ae msjr ;{:é some rv_Lm,Qcmw.A‘(c) e
c«ngcur\ders L 5
ﬂas — Z
1=

Qj{fvmlfea( TRV 3

& S*Y&"iﬁCab‘c:n .

X\ ﬁ:£+e,r' me,«iN'\% Re PS e (L) J “f’e\{, _Sam?’e 0§
divided inte  shade [ blecks  sudh ot oo tom
vachh L:aloc,k, Hhe PS uﬁwxmtcu% constank -
Grsidec T infecvals (bia) béj . We delne

{ <(L)= J 'ig ,QQ%{ e (L) } €Qo->|) lo&j

[— e (L)

Rudsin (2ot )
ATT

1

E(Y -\ A=)

- ECE(\(;_\(o\ A=l s | A=)
1

| ATT(sW)
- [E ( BT TLECLY ) b =¥

- = ATT(sD ECSCL):S)R:Q
. — T

4
// ~ num‘oer og U\'r\d‘\u'mckud-ﬁﬁ

A ( A= ‘k) {U.(SCL() =S ) = 4 s nliers o
Aeatiment Mocatins 5 oo o HNetumy <

@)




X Sﬁmmarg oé? ])a’dl L

’Ih'%eru'}‘ed " idemi')'gaw‘,a' ‘{’6\& CamaJZ @_%JDVZO{’ 0{? A on Y
ATe = PN 21) = P(Y*=° - 1)

O\)a nf\ou,é &L‘do l:e !\'\‘}6(25"&60{ oA '}‘B«Q. MZMX(}L CCLM:A.O L@@d_
am@.x%j'}” o Aeated wdV duako

ATT = BV T =0 A=) RO o) (A=)

| N
#)
- i \'\’_/'”
Under oo |
o;:zr? y congdor
Instead e
T (TJ-S‘b)
o Hhe

LATE/CACE (,.62)

|

In Iiréx\ev\ce_ cg cenfeunders p M(Suﬂ‘
Vie- 4‘3\& loackciow coutlo

P(Y'%y 1A= ) (pé/2r)
= Z @Yoy | Aza, DL m:,\/
e

[ L Llocks all lo:xclaal,ccr FMLBQ

| In Frejeﬂce_ o—} seledTen B‘Ta-q)
Ca,uQA_Q 3_@20\& fv\cua erf&CGJEE‘iA

I oot o wT(‘Eua* externad datx .

a4 Gohen external datr av avalob)e )

and. when the deduion %3 bk doer

crtecion s sodhebied ( PS4,

E(\(“:u& [A=1)
=Z B(Ney | A=a ) ,S=1)
‘a- s 7*
= xﬂb(@ | A= )




