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RXR 1t�KTH2 pBbm�HBx�iBQMb i?�i T2QTH2 +QMbmK2 iQ K�F2 b2Mb2 Q7 p�`BQmb
bQ+B�HHv `2H2p�Mi T?2MQK2M�X G27i, h?2 pBbm�HBx�iBQM /2b+`B#2b i?2
mM2KTHQvK2Mi `�i2 Qp2` iBK2 (j9)- `B;?i, h?2 pBbm�HBx�iBQM /2TB+ib �
TQHH `2bmHi 7`QK i?2 kyRe T`2bB/2MiB�H 2H2+iBQM (Rk3)X X X X X X X X X X X R

RXk 1t�KTH2 pBbm�HBx�iBQMb i?�i T2QTH2 +QMbmK2 iQ K�F2 b2Mb2 Q7 i?2B`
T2`bQM�H bi�imbX G27i, h?2 pBbm�HBx�iBQM b?Qrb � +`2/Bi b+Q`2 U6`QK
JBMi BPa �TTHB+�iBQMV- `B;?i, h?2 pBbm�HBx�iBQM /2TB+ib � T`2/B+i2/
K2Mbi`m�H +v+H2 7Q` � T2`bQM U6`QK >2�Hi? BPa �TTHB+�iBQMVX X X X X X k

RXj � /2TB+iBQM Q7 ?Qr A 2MpBbBQM iQ KQ/2H pBbm�HBx�iBQM BMi2`T`2i�iBQM
T`Q+2bb �b � #2HB27 mT/�iBM; T`Q+2bbX U�V S2QTH2 rBHH #`BM; i?2B` T`BQ`
#2HB27b- U#V BM BMi2`T`2iBM; pBbm�HBx�iBQMbX h?2M U+V i?2v rBHH mT/�i2
i?2B` #2HB27b #�b2/ QM i?2 BMi2`T`2i�iBQMX X X X X X X X X X X X X X X X X j

jXR h?2 bim/v BMi2`7�+2 7Q` 2tT2`BK2Mi�H pBbm�H +QM/BiBQMbX X X X X X X X X R3
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jXj h?2 Q`B;BM�H /�i�b2ib mb2/ BM i?2 T`2HBKBM�`v bm`p2vX X X X X X X X X X kj
jX9 � T�B` Q7 pBbm�HBx�iBQMb rBi? i?2 /�i� QKBii2/X S�`iB+BT�Mib r2`2

�bF2/ iQ +?QQb2 r?B+? /�i�b2i Bb KQ`2 7�KBHB�` #�b2/ QM H�#2HbX X X X k9
jX8 1t�KTH2 Q7 � T`2/B+iBQM BMi2`7�+2X X X X X X X X X X X X X X X X X X X X X k8
jXe Pp2`pB2r Q7 i?2 bim/v T`Q+2/m`2X A7 T�`iB+BT�Mib r2`2 MQi �bF2/ iQ

T`2/B+i- i?2v r2`2 �bF2/ iQ `2ivT2 � ;2M2`�H i2ti QM 2H2+iBQMbX A7
T�`iB+BT�Mib r2`2 MQi �bF iQ ;2M2`�i2 b2H7@2tTH�M�iBQMb- i?2v 2t�KBM2/
2Bi?2` i?2 /�i� Q` 722/#�+F /2T2M/BM; QM i?2 +QM/BiBQMX X X X X X X X k3

jXd 1biBK�i2/ }t2/ 2z2+i +Q2{+B2Mib 7`QK �M�HvxBM; �#bQHmi2 2``Q`b 7Q`
U�V pBbm�H �M/ U#V i2ti +QM/BiBQMb 7Q` i?2 pQiBM; `2bmHi /�i�b2iX h?2
2``Q` #�`b BM/B+�i2 N8W +QM}/2M+2 BMi2`p�HbX AMi2`p�Hb i?�i /Q MQi
BM+Hm/2 BM+Hm/2 x2`Q BKTHv i?�i r2 +�M #2 `2�bQM�#Hv bm`2 i?�i bQK2
2z2+i 2tBbibX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR

jX3 1biBK�i2/ }t2/ 2z2+i +Q2{+B2Mib 7`QK �M�HvxBM; �#bQHmi2 2``Q`b 7Q`
pBbm�H +QM/BiBQMb U�V 7Q` i?2 b+B2MiB}+ 2tT2`BK2Mi /�i�b2i- �M/ U#V i?2
7�bi 7QQ/ +�HQ`B2b /�i�b2iX X X X X X X X X X X X X X X X X X X X X X X X X j3
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9XR .Bbi`B#miBQMb Q7 `2bB/m�Hb UQ#b2`p2/ @ T`2/B+i2/V 7Q` T�`iB+BT�MibǶ TQb@
i2`BQ`bǶ K2�Mb �M/ bi�M/�`/ /2pB�iBQMb �M/ i?2 K2�Mb �M/ bi�M/�`/
/2pB�iBQMb Q7 i?2 MQ`K�iBp2 TQbi2`BQ`bX X X X X X X X X X X X X X X X X X 9N

9Xk .Bbi`B#miBQMb Q7 `2bB/m�Hb UQ#b2`p2/ @ T`2/B+i2/V 7Q` T�`iB+BT�MibǶ TQb@
i2`BQ`bǶ K2�Mb �M/ bi�M/�`/ /2pB�iBQMb �M/ i?2 K2�Mb �M/ bi�M/�`/
/2pB�iBQMb Q7 i?2 MQ`K�iBp2 TQbi2`BQ`bX X X X X X X X X X X X X X X X X X 8k

9Xj .Bbi`B#miBQMb Q7 `2bB/m�Hb UQ#b2`p2/ @ T`2/B+i2/V 7Q` T�`iB+BT�MibǶ TQb@
i2`BQ`bǶ K2�Mb �M/ bi�M/�`/ /2pB�iBQMb �M/ i?2 K2�Mb �M/ bi�M/�`/
/2pB�iBQMb Q7 i?2 MQ`K�iBp2 TQbi2`BQ`bX X X X X X X X X X X X X X X X X X 8e

9X9 1t�KTH2 BHHmbi`�iBQMb Q7 i?`22 /Bz2`2Mi ivT2b Q7 i?2 mT/�i2X S`QTQ`@
iBQMb Q7 T�`iB+BT�Mib r?Qb2 TQbi2`BQ` /Bbi`B#miBQMb U/Qii2/ HBM2V BKTHv
Qp2`r2B;?iBM; Q7 i?2 KQ/2 Q7 i?2 Q#b2`p2/ /�i�- `2�bQM�#H2 �HB;MK2Mi
rBi? i?2 MQ`K�iBp2 TQbi2`BQ`- �M/ Qp2`r2B;?iBM; Q7 i?2 KQ/2 Q7 i?2
T`BQ` /Bbi`B#miBQMbX �M �//BiBQM�H R3W Q7 T�`iB+BT�Mib UMQi b?QrMV
T`QpB/2/ TQbi2`BQ` #2HB27b i?�i r2`2 7m`i?2` i?�M i?2 T`BQ` 7`QK i?2
Q#b2`p2/ /�i�X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8d

9X8 � /2TB+iBQM Q7 ?Qr HQ; EG. p�`B2/ #v /Bz2`2Mi K2�Mb �M/ bi�M/�`/
/2pB�iBQM U�/�Ti2/ 7`QK (dd)VX X X X X X X X X X X X X X X X X X X X X X 83

9Xe 1HB+Bi�iBQM i�`;2i �M/ BMi2`7�+2X q2 /2p2HQT2/ irQ b�KTH2@#�b2/ i2+?@
MB[m2b U�V- �M/ mb2/ �M BMi2`p�H i2+?MB[m2 (R8j) U#V �M/ � ;`�T?B+�H
ǳ#�HHb �M/ #BMbǴ i2+?MB[m2 (ek) U+V 7`QK i?2 HBi2`�im`2X X X X X X X X X 8N

9Xd h?2 /�i� T`2b2Mi�iBQMb 7Q` aR U�V �M/ ak U�- #VX X X X X X X X X X X X X ek
9X3 h?2 2z2+i Q7 b�KTH2 bBx2 QM MQ`K�iBp2 TQbi2`BQ`b ;Bp2M i?2 b�K2 T`BQ`

�M/ Q#b2`p2/ KQ/2X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej
9XN .Bbi`B#miBQMb Q7 `2bB/m�Hb UQ#b2`p2/@T`2/B+i2/V 7Q` T�`iB+BT�MibǶ TQb@

i2`BQ`bǶ K2�Mb �M/ bi�M/�`/ /2pB�iBQMb �M/ i?2 K2�Mb �M/ bi�M/�`/
/2pB�iBQMb Q7 MQ`K�iBp2 TQbi2`BQ`bX X X X X X X X X X X X X X X X X X X X ed

9XRy "QQibi`�TT2/ N8W +QM}/2M+2 BMi2`p�Hb 7Q` �;;`2;�i2 EG.bX X X X X X e3
9XRR �M BHHmbi`�iBQM Q7 ?Qr QM2Ƕb T2`+2Bp2/ b�KTH2 bBx2 Bb +�H+mH�i2/X 6B`bi-

r2 �bbmK2 i?�i RV i?2 mb2` /B/ � T2`72+i "�v2bB�M mT/�i2 #v i`2�iBM;
i?2B` TQbi2`BQ` �b MQ`K�iBp2 TQbi2`BQ` �M/ kV i?2 mb2` rQmH/ T2`+2Bp2
i?2 /�i� �i 7�+2 p�Hm2X h?2M r2 `2p2`b2@+�H+mH�i2 ?Qr i?2v T2`+2Bp2/
i?2 Q#b2`p2/ /�i�X h?Bb +�M #2 i?Qm;?i Q7 �b i?2 bBx2 Q7 i?2 2[mBp�H2Mi
`�M/QK b�KTH2 i?�i � T2`72+i "�v2bB�M rQmH/ M22/ iQ b22 iQ �``Bp2
�i i?2B` QrM TQbi2`BQ` /Bbi`B#miBQMX X X X X X X X X X X X X X X X X X X eN

9XRk S2`+2Bp2/ b�KTH2 bBx2 �b BKTHB2/ #v T�`iB+BT�MibǶ T`BQ` �M/ TQbi2`BQ`
/Bbi`B#miBQMbX S�`iB+BT�Mib T2`+2Bp2/ bBKBH�` b�KTH2 bBx2b #2ir22M irQ
p2`v /Bz2`2Mi bBx2/ /�i�b2ibX X X X X X X X X X X X X X X X X X X X X X X X dy
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9XRj h?2 2t�KTH2 7`�K2b 7`QK i?2 >PSb Ui2+? /�i�b2iVX X X X X X X X X X X dR

9XR9 h�#H2 Q7 aim/v k +QM/BiBQMbX X X X X X X X X X X X X X X X X X X X X X X X dk

9XR8 SQbi2`BQ` K2�M 2biBK�i2b Q7 2z2+ib rBi? N8W +QM}/2M+2 BMi2`p�Hb 7`QK
� KQ/2H `2;`2bbBM; i?2 K2�M 2z2+i QM BM/BpB/m�H HQ; EG. QM r?2i?2`
mM+2`i�BMiv pBbm�HBx�iBQM r�b b?QrM- r?2i?2` T`BQ` 2HB+Bi�iBQM r�b
T`QKTi2/ �M/ r?B+? /�i�b2i r�b T`2b2Mi2/X GQr2` p�Hm2b BM/B+�i2 �
;`2�i2` 2z2+i iQr�`/ HQr2`BM; HQ; EG.X X X X X X X X X X X X X X X X X d9

9XRe S2`+2Bp2/ b�KTH2 bBx2 7Q` i?2 i2+? �M/ i?2 2H/2`Hv /�i�b2ibX h?2
mM+2`i�BMiv pBbm�HBx�iBQM ?2HTb T�`iB+BT�Mib KQ`2 �++m`�i2Hv T2`+2Bp2/
b�KTH2 bBx2 BM i?2 #Qi? /�i�b2ibX X X X X X X X X X X X X X X X X X X X X d8

9XRd U�V � pBbm�HBx�iBQM /2TB+ib i?2 `2H�iBQMb?BT #2ir22M i?2 b+Q`2 ;�T 7Q`
K�i? �M/ 1M;HBb? #v ;2M/2` �M/ i?2 BM+QK2 H2p2H Q7 b+?QQH /Bbi`B+ib-
T`2b2Mi2/ #v i?2 L2r uQ`F hBK2b- U#V �M BMi2`7�+2 7Q` 2HB+BiBM; pB2r@
2`bǶ T`BQ` #2HB27b i?�i T`Q;`2bbBp2Hv T`QKTib � pB2r2` iQ T`QpB/2 KQp2
iQ � ?B;?2` `2bQHmiBQM T`2/B+iBQM B7 i?2v 722H +QK7Q`i�#H2 /QBM; bQX X X 3y

9XR3 h?2 ;`�T?B+�H b�KTH2 2HB+Bi�iBQM BMi2`7�+2X h?2 pB2r2` +�M /`�; �
+Hmbi2` U2�+? +Q``2bTQM/b iQ J�i? �M/ 1M;HBb? `2bT2+iBp2HvV iQ i?2
+�Mp�b iQ b2i Bib BMi2`+2Ti Q7 i?2 +Hmbi2` #v /`�;;BM; i?2 +Hmbi2` �M/
Bib bHQT2 #v K�MBTmH�iBM; � bHB/2` i?�i �TT2�`b r?2M i?2 pB2r2` `B;?i@
+HB+FbX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3j

8XR lbBM; "�v2bB�M BM72`2M+2 iQ T2`bQM�HBx2 ?Qr /�i� Bb b?QrM iQ BKT`Qp2
#2HB27 mT/�iBM;X U�V, h?2 pB2r2` ?QH/b T`BQ` #2HB27b �#Qmi � T�`�K@
2i2` θ bm+? �b � /Bb2�b2 `�i2 BM i?2 TQTmH�iBQM- r?B+? �`2 2HB+Bi2/ BM
i?2 7Q`K Q7 � T`Q#�#BHBiv /Bbi`B#miBQMX U#RV, h?2 mb2` Bb T`2b2Mi2/
rBi? �M Q#b2`p2/ /�i�b2i Y 2biBK�iBM; i?2 `�i2- r?B+? +QMp2vb BM@
7Q`K�iBQM �#Qmi i?2 HBF2HB?QQ/ 7mM+iBQM p(Y |θ)X U#kV, h?2 Q#b2`p2/
/�i� Bb �++QKT�MB2/ #v T2`bQM�HBx2/ BM7Q`K�iBQM BM i?2 7Q`K Q7 �M
mM+2`i�BMiv �M�HQ;v Q` pBbm�HBx�iBQM Q7 "�v2bB�M TQbi2`BQ` T`2/B+iBQMb
/2`Bp2/ 7`QK i?2B` T`BQ` #2HB27b �M/ � MQ`K�iBp2 "�v2bB�M KQ/2HX U+V,
h?2 ;Q�H Q7 "�v2bB�M T2`bQM�HBx�iBQM Bb iQ #`BM; i?2 mb2`Ƕb mT/�i2/
#2HB27b UBX2X- TQbi2`BQ` #2HB27b �#Qmi i?2 T`Q#�#BHBiv Q7 θ ;Bp2M Y V +HQb2`
iQ U/V, i?2 TQbi2`BQ` #2HB27b T`2b+`B#2/ #v "�v2bB�M BM72`2M+2X U2V, AM
Qm` 2tT2`BK2Mi- r2 2HB+Bi TQbi2`BQ` #2HB27b �M/ mb2 i?2 /2pB�iBQM #2@
ir22M i?2b2 #2HB27b �M/ i?2 MQ`K�iBp2 #2HB27b iQ 2p�Hm�i2 i?2 "�v2bB�M
T2`bQM�HBx�iBQMbX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 33

8Xk h?2 bim/v +QM/BiBQMb �M/ /�i�b2ibX X X X X X X X X X X X X X X X X X X Ny

p



8Xj AHHmbi`�iBQM Q7 ?Qr MQ`K�iBp2 TQbi2`BQ` #2HB27b U/�b?2/V �`2 BM~m2M+2/
#v i?2 b�KTH2 bBx2 Q7 i?2 Q#b2`p2/ /�i� U`2T`2b2Mi2/ #v i?2 HBF2HB?QQ/
BM ;`�vV ;Bp2M � T`BQ` /Bbi`B#miBQM UbQHB/VX �bbmKBM; � `2H�iBp2Hv r2�F
T`BQ`- r?2M i?2 b�KTH2 bBx2 Bb bK�HH- i?2 MQ`K�iBp2 TQbi2`BQ` /Bbi`B@
#miBQM Bb HQ+�i2/ #2ir22M i?2 HBF2HB?QQ/ �M/ i?2 T`BQ`X �bbmKBM;
i?2 b�K2 T`BQ` �M/ � H�`;2 b�KTH2 Q#b2`p2/ /�i�b2i- i?2 MQ`K�iBp2
TQbi2`BQ` /Bbi`B#miBQM Bb M2�`Hv B/2MiB+�H iQ i?2 HBF2HB?QQ/ 7mM+iBQMX X NR

8X9 h?2 2HB+Bi�iBQM BMi2`7�+2X 6B`bi- i?2 T�`iB+BT�Mi 2Mi2`b � TQBMi 2biBK�i2
UiQTV- i?2M i?2v bT2+B7v ?Qr +2`i�BM i?2v �`2 �#Qmi i?2B` 2biBK�i2 #v
/`�;;BM; 2Bi?2` 2M/ Q7 i?2 BMi2`p�H U#QiiQKVX q?2M i?2 T�`iB+BT�Mi
BMi2`�+ib rBi? 2Bi?2` ?�M/H2- i?2 Qi?2` ?�M/H2 mT/�i2b iQ �++QKKQ@
/�i2 i?2 mT/�i2/ "2i� /Bbi`B#miBQMX X X X X X X X X X X X X X X X X X X N9

8X8 *QM/BiBQMb BM Qm` 2tT2`BK2Mi- BM+Hm/BM; pBbm�HBxBM; Q#b2`p2/ /�i� �b �
TQBMi 2biBK�i2 rBi? b�KTH2 bBx2- mbBM; � ?B;? T`Q#�#BHBiv BMi2`p�H rBi?
b?�/BM; iQ pBbm�HBx2 mM+2`i�BMiv BM i?2 Q#b2`p2/ /�i� QMHv- T`QpB/BM;
�M mM+2`i�BMiv �M�HQ;v #�b2/ QM i?2 T�`iB+BT�MiǶb T`BQ`- �M/ T`QpB/BM;
� T`2/B+i2/ TQbi2`BQ` pBbm�HBx�iBQM #�b2/ QM i?2 mb2`Ƕb T`BQ`X X X X X Ne

8Xe *�i2;Q`Bx�iBQM Q7 i?2 HQ+�iBQM Q7 T�`iB+BT�MibǶ mT/�i2b `2H�iBp2 iQ i?2
T`2/B+iBQMb Q7 MQ`K�iBp2 "�v2bB�M BM72`2M+2 7Q` i?�i T�`iB+BT�MiX 1�+?
T�`iB+BT�Mi r�b +�i2;Q`Bx2/ �++Q`/BM; iQ i?2 `2H�iBQMb?BT #2ir22M i?2
K2�M Q7 i?2B` TQbi2`BQ` /Bbi`B#miBQM `2H�iBp2 iQ i?�i Q7 i?2B` T`BQ`
/Bbi`B#miBQM- i?2 MQ`K�iBp2 TQbi2`BQ` /Bbi`B#miBQM- �M/ i?2 HBF2HB?QQ/
7mM+iBQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N3

8Xd *�i2;Q`Bx�iBQM Q7 i?2 p�`B�M+2 Q7 T�`iB+BT�MibǶ mT/�i2b `2H�iBp2 iQ i?2
T`2/B+iBQMb Q7 MQ`K�iBp2 "�v2bB�M BM72`2M+2 7Q` i?�i T�`iB+BT�MiX 1�+?
T�`iB+BT�Mi r�b +�i2;Q`Bx2/ �++Q`/BM; iQ i?2 `2H�iBQMb?BT #2ir22M i?2
p�`B�M+2 Q7 i?2B` TQbi2`BQ` /Bbi`B#miBQM `2H�iBp2 iQ i?2 MQ`K�iBp2 TQb@
i2`BQ` /Bbi`B#miBQMX X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryy

8X3 SQbi2`BQ` 2biBK�i2b Q7 #B�b UK2�M 2``Q`V Q7 HQ; EG. rBi? N8W +`2/B@
#H2 BMi2`p�H #v +QM/BiBQMX _2bmHib 7Q` i?2 /2K2MiB� /�i�b2ib �`2 T`2@
b2Mi2/ BM i?2 iQT `Qr- �M/ 7Q` i?2 �#Q`iBQM /�i�b2ib BM i?2 #QiiQK
`QrX �MMQi�iBQMb /2b+`B#2 2z2+ib `2H�iBp2 iQ pBbm�HBxBM; mM+2`i�BMiv
BM Q#b2`p2/ /�i� UlM+2`i�BMiv oBbVX X X X X X X X X X X X X X X X X X X X Ryj

8XN SQbi2`BQ` 2biBK�i2b Q7 /BbT2`bBQM Ubi�M/�`/ /2pB�iBQMV Q7 HQ; EG.
rBi? N8W +`2/B#H2 BMi2`p�H #v +QM/BiBQMX _2bmHib 7Q` i?2 /2K2MiB�
/�i�b2ib �`2 T`2b2Mi2/ BM i?2 iQT `Qr- �M/ 7Q` i?2 �#Q`iBQM /�i�b2ib
BM i?2 #QiiQK `QrX �MMQi�iBQMb /2b+`B#2 2z2+ib `2H�iBp2 iQ pBbm�HBxBM;
mM+2`i�BMiv BM Q#b2`p2/ /�i� UlM+2`i�BMiv oBbVX X X X X X X X X X X X X Ry9

pB



8XRy S`Q+2bb mb2/ iQ +�H+mH�i2 �;;`2;�i2 T`BQ` �M/ TQbi2`BQ` #2HB27b �M/
i?2 +Q``2bTQM/BM; MQ`K�iBp2 TQbi2`BQ` 7Q` 2�+? /�i�b2i �M/ +QM/B@
iBQM UR@jVX 1HB+Bi�iBQM +QM/BiBQMb vB2H/2/ � HQr2` p�Hm2 +QKT�`2/ iQ
LQ 1HB+Bi�iBQM +QM/BiBQM �+`Qbb �HH 7Qm` /�i�b2ib U9V- bm;;2biBM; i?�i
2HB+BiBM; T`BQ` #2HB27b �HQM2 K�v BKT`Qp2 BM72`2M+2X X X X X X X X X X X RyN

eXR S2QTH2 Q7i2M bi�`i i?2 2tTHQ`�iBQM #v HQQFBM; �i � mMBp�`B�i2 +?�`i
i?�i /2b+`B#2b bBM;H2 p�`B�#H2 (NR)X h?2M KQp2 QM iQ 2t�KBM2 KQ`2
+QKTH2t QM2 �b i?2 �M�HvbBb T`Q;`2bb2b iQ mM/2`bi�M/ KQ`2 +QKTH2t
`2H�iBQMb?BT #2ir22M i?2 p�`B�#H2bX X X X X X X X X X X X X X X X X X X X RkR

eXk �M 2t�KTH2 b+2M�`BQ r?2`2 �M 2tT2`i +�M K�F2 � T`Q72bbBQM�H /2+BbBQM
#�b2/ QM i?2 KQ/2HǶb T`2/B+iBQM �M/ i?2B` #2HB27b �b �M 2tT2`iX h?2
BMi2`7�+2 +�M 2tTHB+BiHv pBbm�HBx2 �M/ /2b+`B#2 ?Qr i?2B` 2tT2`iBb2 �M/
i?2 M2r 2pB/2M+2 UBX2X- KQ/2HǶb T`2/B+iBQMV +�M #2 K2`;2/ `�iBQM�HHv
iQ BM7Q`K i?2 mb2` iQ K�F2 KQ`2 HQ;B+�H +?QB+2X X X X X X X X X X X X X Rkj

pBB



�*ELPqG1.:J1Lha

6B`bi �M/ 7Q`2KQbi- A rQmH/ HBF2 iQ i?�MF Kv �/pBbQ` C2bbB+� >mHHK�MX a?2 ?�b

?2HT2/ K2 ;`Qr BM K�Mv r�vb Qp2` i?2 T�bi }p2 v2�`bX a?2 ?�b i�m;?i K2 MQi QMHv

?Qr iQ /2}M2 � T`Q#H2K- ?Qr iQ �TT`Q�+? Bi- ?Qr iQ bQHp2 Bi- #mi �HbQ i?2 BKTQ`i�M+2

Q7 +`2�iBpBiv �M/ T2`bBbi2M+2 BM /QBM; `2b2�`+?X a?2 2HBKBM�i2/ K�Mv T?vbB+�H �M/

2KQiBQM�H Q#bi�+H2b bQ i?�i A +QmH/ 7Q+mb QM Kv `2b2�`+?- �M/ b?2 r�b �Hr�vb i?2`2

7Q` K2 r?2M2p2` A M22/ ?2`X A +�MǶi 2tT`2bb 2MQm;? ?Qr ;`�i27mH A �K iQ ?�p2 ?2`

�b Kv �/pBbQ`X a?2 Bb Kv i`m2 `QH2 KQ/2HX

A rQmH/ �HbQ r�Mi iQ i?�MF i?2 K2MiQ`b A K2i �i lq- �M/ /m`BM; Kv BMi2`Mb?BTbX

A r�Mi iQ i?�MF �Kv EQ 7Q` ;2M2`QmbHv b?�`BM; BMbB;?ib �M/ B/2�b �#Qmi `2b2�`+?

�M/ i2�+?BM; 7`QK v2�`b �M/ v2�`b Q7 ?2` 2tT2`B2M+2X h?�MFb iQ C2z >22` 7Q` +QM@

bBbi2MiHv �bFBM; 2bb2MiB�H [m2biBQMb �#Qmi Kv rQ`FX h?�MFb iQ C2pBM q2bi 7Q` #2BM;

� +QMiBMmQmb bQm`+2 Q7 2M+Qm`�;2K2MiX h?�MFb iQ E�i?�`BM� _2BM2+F2 7Q` T`QpB/BM;

r�`K bmTTQ`i �M/ #2BM; �p�BH�#H2 7Q` +?�i �M/ +Qz22X h?�MFb iQ 1vi�M �/�` 7Q`

#2BM; �M �K�xBM; �+�/2KB+ ;`�M/7�i?2`X h?�MFb iQ JB`� .QMi+?2p� 7Q` b?�`BM; ?2`

QTiBKBbK �M/ 2Mi?mbB�bK 7Q` `2b2�`+?X h?�MFb iQ L�i?�HB2 _B+?2 7Q` +QMpBM+BM; K2

iQ #2HB2p2 i?�i B7 A Tm`bm2 r?�i A HQp2 iQ /Q- Bi rBHH 2p2Mim�HHv T�v QzX h?�MFb iQ

"QM;b?BM G22 7Q` BMbTB`BM; K2 iQ #2 #`�p2 HBF2 ?2`X h?�MFb iQ C�F2 >QzK�M �M/

.�M :QH/bi2BM 7Q` H2iiBM; K2 2tT2`B2M+2 r?�i i?2 mHiBK�i2Hv QTiBK�H +QHH�#Q`�iBQM

rQmH/ HQQF HBF25

J�Mv i?�MFb iQ Kv H�# K�i2b �M/ +Q?Q`ib- r?Q A b?�`2/ � MmK2`Qmb �KQmMi Q7

iBK2 BM i?2 H�bi 72r v2�`bX A rQmH/ HBF2 iQ i?�MF �H2t E�H2- G�pB �mH+F- �MMmbF�

wQHvQKB- �M/ �MMB2 u�M 7Q` i�FBM; i?2 iBK2 iQ bBi /QrM rBi? K2- HBbi2MBM; iQ K2-

?�pBM; +Qz22 rBi? K2- �M/ #2BM; ?�TTv �M/ 7`mbi`�i2/ rBi? K2X

pBBB



h?�MFb iQ Kv T�`2Mib- #`Qi?2`- �M/ 2ti2M/2/ 7�KBHv 7Q` 2M+Qm`�;BM; K2 iQ

Tm`bm2 r?�i2p2` A /`2�K Q7X A rQmH/MǶi ;2i i?`Qm;? i?Bb DQm`M2v rBi?Qmi i?2KX

G�bi #mi MQi H2�bi- i?�MFb iQ S2/`Q- Kv mFmH2H2 #m//v- r?Q K�F2b K2 72�`H2bb

BM 2tTHQ`BM; i?2 mMFMQrMX A rBHH #2 7Q`2p2` ;`�i27mH 7Q` vQm` mM+QM/BiBQM�H i`mbi BM

K2X

Bt



.1.A*�hAPL

hQ Kv T�`2Mib- 7Q` i?2B` #QmM/H2bb HQp2 �M/ bmTTQ`i

t



R

*?�Ti2` R

ALh_P.l*hAPL

�b bQ+B2iv #2+QK2b BM+`2�bBM;Hv /�i�@/`Bp2M- T2QTH2 2M+QmMi2` 2biBK�i2b �M/

KQ/2H T`2/B+iBQMb `2H�i2/ iQ p�`BQmb �bT2+ib Q7 i?2B` HB72 QM � /�BHv #�bBbX 6Q` 2t�K@

TH2- T2QTH2 `2;mH�`Hv 2M+QmMi2` �M mM2KTHQvK2Mi `2TQ`i U6B;X RXR H27iV i?�i bB;M�Hb

i?2 T�+2 Q7 DQ# ;`Qri? Q` TQHH `2bmHib iQ T`2/B+i �M 2H2+iBQM Qmi+QK2 U6B;X RXR `B;?iVX

2014    2015        2016       2017      2018        2019  

6%

4%

2%

)LJXUH ���� ([DPSOH YLVXDOL]DWLRQV WKDW SHRSOH FRQVXPH WRPDNH VHQVH RI YDULRXV VRFLDOO\ UHO�

HYDQW SKHQRPHQD� /HIW� 7KH YLVXDOL]DWLRQ GHVFULEHV WKH XQHPSOR\PHQW UDWH RYHU WLPH >��@�

ULJKW� 7KH YLVXDOL]DWLRQ GHSLFWV D SROO UHVXOW IURP WKH ���� SUHVLGHQWLDO HOHFWLRQ >���@�

AM �//BiBQM iQ mM/2`bi�M/BM; bQ+B�HHv `2H2p�Mi T?2MQK2M�- T2QTH2 +QMbmK2 T2`@

bQM�H /�i� iQ mM/2`bi�M/ i?2B` QrM bi�imb �M/ K�F2 #2ii2` /2+BbBQMbX 6Q` 2t�KTH2-

T2QTH2 K�F2 b2Mb2 Q7 i?2B` +`2/Bi bi�M/BM; #v HQQFBM; �i � b+Q`2 +�H+mH�i2/ 7`QK

� KQ/2H U6B;X RXk H27iV- �M/ bQK2 T2QTH2 K�F2 ?2�Hi?@`2H�i2/ /2+BbBQMb #�b2/ QM

T`2/B+i2/ K2Mbi`m�H +v+H2b U6B;X RXk `B;?iVX

h?2b2 2biBK�i2b �`2 Q7i2M pBbm�HBx2/ iQ BM7Q`K pB2r2`b #v 2M;�;BM; rBi? i?2K BM

r�vb i?�i i2ti �HQM2 +�MMQiX 6Q` 2t�KTH2- pBbm�HBx�iBQMb �B/ i?2 b2Mb2@K�FBM; T`Q@



k
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PREDICTED PERIOD DAY

)LJXUH ���� ([DPSOH YLVXDOL]DWLRQV WKDW SHRSOH FRQVXPH WR PDNH VHQVH RI WKHLU SHUVRQDO VWD�

WXV� /HIW� 7KH YLVXDOL]DWLRQ VKRZV D FUHGLW VFRUH �)URP0LQW L26 DSSOLFDWLRQ�� ULJKW� 7KH YLVX�

DOL]DWLRQ GHSLFWV D SUHGLFWHGPHQVWUXDO F\FOH IRU D SHUVRQ �)URP+HDOWK L26 DSSOLFDWLRQ��

+2bb #v 7`22BM; mT +Q;MBiBp2 `2bQm`+2b (k8- Nj)- BKT`Qp2 +QKT`2?2MbBQM �M/ `2i2MiBQM

Q7 BM7Q`K�iBQM (kd- 9R- 3y- R8R)- Q` T`QpB/BM; +QKKQM ;`QmM/ �M/ `2�bQMBM; �`iB7�+ib

7�+BHBi�iBM; +QKKmMB+�iBQM �M/ +QHH�#Q`�iBQM (R9y- R9d)X AM �//BiBQM iQ bi�iB+ pB2rb

�B/BM; T2QTH2Ƕb +Q;MBiBQM- BMi2`�+iBpBiv BM+Hm/BM; }Hi2`BM;- i`�Mb7Q`K�iBQM- �M/ pB2r

M�pB;�iBQM 2M�#H2 mb2`@/`Bp2M [m2`vBM; Q7 i?2 /�i�X

oBbm�HBx�iBQM `2b2�`+? ?�b +QMi`B#mi2/ BM K�Mv r�vb iQ i?2 T`2p�H2Mi mb2 Q7

pBbm�HBx�iBQMb BM +QKKmMB+�iBQM �M/ �M�HvbBb b2iiBM;bX *QMbi`m+iBM; pBbm�HBx�iBQM

T`BM+BTH2b i?`Qm;? 2KTB`B+�H bim/B2b �M/ #mBH/BM; iQQHb i?�i QT2`�iBQM�HBx2 i?2b2

T`BM+BTH2b ?�p2 #22M � +Q`2 T�`i Q7 pBbm�HBx�iBQM `2b2�`+?X 6Q` 2t�KTH2- T2QTH2

KB;?i #2 7�KBHB�` rBi? i?2 /Bb+Qm`�;2K2Mi Q7 mbBM; i?2 `�BM#Qr +QHQ` b+?2K2 bBM+2

Bi Bb MQi 2z2+iBp2 BM pBbm�HBxBM; [m�MiBi�iBp2 /�i�X _2b2�`+?2`b /2KQMbi`�i2 i?�i

T2QTH2 /Q MQi T2`+2Bp2 ?m2 �b M�im`�HHv Q`/2`2/c i?mb- i?2 `�BM#Qr +QHQ` b+?2K2

H2�/b iQ 2``Q` r?2M T2QTH2 /2+Q/2 /�i� 7`QK pBbm�HBx�iBQMb Q` +QKT�`2 irQ 2ti`�+i2/

p�Hm2b BM � pBbm�HBx�iBQM (ky)X �b �M 2t�KTH2 Q7 KQ`2 +QKT`2?2MbBp2 ;mB/2HBM2b BM

+QMbi`m+iBM; pBbm�HBx�iBQMb- � S`2b2Mi�iBQM hQQH U�Sh (Ryy)V- r?B+? Bb +`2�i2/ #v

bvMi?2bBxBM; `2bmHib 7`QK b2p2`�H bim/B2b- T`QpB/2b � `2+QKK2M/�iBQM 7Q` r?B+? pBbm�H

2M+Q/BM;b U2X;X- �`2�- ?m2V iQ mb2 r?2M � mb2` bT2+B}2b BMTmi /�i� ivT2 U2X;X- Q`/BM�H-

[m�MiBi�iBp2VX h?2 iQQH mb2b irQ +`Bi2`B� U2tT`2bbBp2M2bb �M/ 2z2+iBp2M2bbV iQ `�MF

/Bz2`2Mi pBbm�H 2M+Q/BM;b 7Q` 2�+? /�i� ivT2X 1z2+iBp2M2bb +`Bi2`B� /2b+`B#2 iQ r?�i



j

2ti2Mi � pBbm�HBx�iBQM 2tT`2bb �HH �bT2+ib Q7 i?2 /�i�- #mi QMHv i?2 �bT2+ib Q7 i?2

/�i�X 1z2+iBp2M2bb +`Bi2`B� /2b+`B#2 iQ r?�i 2ti2Mi � pBbm�HBx�iBQM bmTTQ`i 2z2+iBp2

T2`+2TiBQM U2X;X- 7�bif�++m`�i2 /�i� /2+Q/BM;V Q7 i?2 pBbm�HBx�iBQMX

_2~2+iBM; QM r?�i pBbm�HBx�iBQM `2b2�`+? ?�b �+?B2p2/- i?2 T`2/QKBM�Mi T�`�/B;K

Q7 /2bB;MBM; �M/ 2p�Hm�iBM; pBbm�HBx�iBQMb KQbiHv 7Q+mb QM ?Qr iQ T`2b2Mi i?2 /�i�

�++m`�i2Hv #v KBMBKBxBM; +Q;MBiBp2 �M/ T2`+2Tim�H 2``Q`b (Ryy- k9- jk- R98)X S2`?�Tb

�b � `2bmHi Q7 i?Bb 2KT?�bBb- i?2 2p�Hm�iBQM K2i`B+b Q7 `2b2�`+? 7Q+mb QM ?Qr Km+? �

pBbm�HBx�iBQM bmTTQ`ib �++m`�i2 �M/ 7�bi `2�/BM; Q7 /�i�- ?Qr r2HH T2QTH2 +�M Dm/;2

i?2 K�;MBim/2 #2ir22M irQ pBbm�H +QKTQM2Mib- �M/ ?Qr � pBbm�HBx�iBQM +�M bmTTQ`i

� bT2+B}+ T`2@/2}M2/ i�bFX h?2 BKTHB+Bi �bbmKTiBQM Q7 i?Bb T�`�/B;K Bb i?�i 7�+iQ`b

Qi?2` i?�M Bib T`2b2Mi�iBQM- bm+? �b i?2 mb2`Ƕb #2HB27b Q` +QMi2ti- /QMǶi bB;MB}+�MiHv

BM~m2M+2 ?Qr i?2v BMi2`T`2i i?2 pBbm�HBx�iBQMbX

?

?

(a) (b) (c)

)LJXUH���� $GHSLFWLRQRIKRZ ,HQYLVLRQ WRPRGHO YLVXDOL]DWLRQ LQWHUSUHWDWLRQSURFHVVDVDEH�

OLHI XSGDWLQJ SURFHVV� �D� 3HRSOHZLOO EULQJ WKHLU SULRU EHOLHIV� �E� LQ LQWHUSUHWLQJ YLVXDOL]DWLRQV�

7KHQ �F� WKH\ ZLOO XSGDWH WKHLU EHOLHIV EDVHG RQ WKH LQWHUSUHWDWLRQ�

>Qr2p2`- 2pB/2M+2 7`QK +Q;MBiBp2 b+B2M+2 �M/ #2?�pBQ`�H 2+QMQKB+b BM/B+�i2b

i?�i ?Qr QM2 BMi2`T`2ib M2r BM7Q`K�iBQM Bb BM~m2M+2/ #v QM2Ƕb #2HB27b- MQi Dmbi ?Qr

Bi Bb T`2b2Mi2/X hQ +QMi2tim�HBx2 ?Qr r2 +QmH/ i?BMF Q7 i?2 BM~m2M+2 Q7 #2HB27b BM

pBbm�HBx�iBQM BMi2`T`2i�iBQM- BK�;BM2 � pBbm�HBx�iBQM mb2` #2HB2p2b i?�i i?2 K2/B�M

?Qmb2 T`B+2 BM � +Biv rBHH ;Q /QrM BM i?2 M2ti irQ v2�`bX AK�;BM2 i?2`2 Bb �MQi?2`
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mb2` r?Q #2HB2p2b i?�i i?2 K2/B�M ?Qmb2 T`B+2 rBHH ;Q mT U6B;X RXj�VX h?2M i?2v

2M+QmMi2` i?2 pBbm�HBx2/ KQ/2HǶb T`2/B+iBQM- r?B+? BM/B+�i2b i?2 K2/B�M ?Qmb2 T`B+2

rBHH ;Q mT U6B;X RXj#VX qQmH/MǶi r2 2tT2+i i?2B` T`BQ` #2HB27b iQ BM~m2M+2 ?Qr i?2v

BMi2`T`2i pBbm�HBx�iBQMb\ 6Q` 2t�KTH2- i?2 mb2` r?Qb2 T`BQ` #2HB27b +QM~B+i rBi? i?2

/�i� KB;?i #2 KQ`2 mM+2`i�BM �7i2` b22BM; i?2 /�i�X h?2B` }M�H #2HB27b rQmH/ �TT2�`

iQ #2HB2p2 � rB/2 `�M;2 Q7 p�Hm2b UBX2X- i?2 T2`+2Mi�;2 +?�M;2b BM ?Qmb2 T`B+2bV �b

i?2 mb2` #2+QK2b KQ`2 mM+2`i�BM �#Qmi i?2 ?Qmb2 T`B+2X q?2`2�b i?2 mb2` r?Qb2

T`BQ` #2HB27b `2b2K#H2/ i?2 /�i� KB;?i #2+QK2 KQ`2 +QM}/2Mi rBi? i?2B` #2HB27bX

h?2M i?2B` }M�H #2HB27b rQmH/ �TT2�` iQ #2HB2p2 � `2H�iBp2Hv bK�HH `�M;2 Q7 p�Hm2b

�b i?2v #2+QK2 KQ`2 +2`i�BM �#Qmi i?2 T?2MQK2MQMX Ai Bb �HbQ 2tT2+i2/ i?�i i?2B`

}M�H #2HB27b �`2 /Bz2`2Mi 7`QK 2�+? Qi?2`- �M/ TQi2MiB�HHv /Bz2`2Mi 7`QK i?2 /�i�

U6B; RXj+VX

� +QMp2MiBQM�H 7`�K2rQ`F i?�i 7Q+mb2b QM �++m`�i2 /2HBp2`v Q7 i?2 mM/2`HvBM;

/�i� rQmH/ MQi #2 bm{+B2Mi iQ Q#b2`p2 i?2 �+im�H BKT�+i i?�i i?2 pBbm�HBx�iBQM ?�b

QM i?2 mb2`bX q?BH2 i?2 B/2� Q7 2tTQbBM; BMi2`�+iBp2 72�im`2b iQ bmTTQ`i i�bF@/`Bp2M

[m2`B2b Bb 7mM/�K2Mi�H iQ BMi2`�+iBp2 pBbm�HBx�iBQMb- i?2`2 ?�p2 #22M 72r �ii2KTib

iQ /B`2+iHv BM+Q`TQ`�i2 � mb2`Ƕb #2HB27b BMiQ i?2B` BMi2`�+iBQMbX AM i?2 /Bbb2`i�iBQM- A

T`QTQb2 �M �Hi2`M�iBp2 7`�K2rQ`F iQ mM/2`bi�M/ pBbm�HBx�iBQM BMi2`�+iBQMb #v i�FBM;

BMiQ �++QmMi mb2`bǶ #2HB27bX

RXR �TT`Q�+?, _2@i?BMFBM; oBbm�HBx�iBQM AMi2`�+iBQM �b � "2HB27 lT/�i@
BM; S`Q+2bb

S2QTH2 +QMbmK2 pBbm�HBx�iBQMb iQ mM/2`bi�M/ i?2 mM/2`HvBM; T?2MQK2MQM �M/ 7Q`K

#2HB27b �#Qmi i?2 i`m2 bi�i2 Q7 i?2 rQ`H/- r?B+? /�i� T`QtB2b 7Q`X h?2`27Q`2 /2bB;MBM;

�M/ 2p�Hm�iBM; pBbm�HBx�iBQMb BM HB;?i Q7 ?Qr pBbm�HBx�iBQM BKT�+ib T2QTH2Ƕb #2HB27b

rBHH #2 +`BiB+�H iQ #2ii2` bmTTQ`i T2QTH2Ƕb pBbm�HBx�iBQM BMi2`�+iBQMX

hQ #mBH/ 7`�K2rQ`Fb i?�i bvbi2K�iB+�HHv i�F2b BMiQ �++QmMi pBbm�HBx�iBQM mb2`bǶ

#2HB27b- A �//`2bb � 72r `2H2p�Mi `2b2�`+? [m2biBQMbX
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RXRXR _ZR, q?�i �`2 i?2 `2[mB`2K2Mib iQ /2bB;M #2HB27 2HB+Bi�iBQM i2+?MB[m2b iQ

BMi2;`�i2 QM2bǶ #2HB27b BMiQ pBbm�HBx�iBQM BMi2`�+iBQM\

�b � }`bi bi2T BM +QMbB/2`BM; QM2Ƕb #2HB27b BM i?2 +QMi2ti Q7 pBbm�HBx�iBQM BMi2`�+iBQM-

A M22/ iQ 2HB+Bi T2QTH2Ƕb #2HB27bX �b T2QTH2 Q7i2M bi`m;;H2 rBi? `2�bQM rBi? /�i� �M/

i?2 �bbQ+B�i2/ mM+2`i�BMiv- /2bB;MBM; 2HB+Bi�iBQM i2+?MB[m2b rBi?Qmi +QM7mbBM; T2QTH2

+�M #2 +?�HH2M;BM;X Jv +QHH�#Q`�iQ`b �M/ A �BK iQ /2bB;M � i2+?MB[m2 i?�i bmTTQ`ib

2�bv �M/ M�im`�H BMi2`�+iBQM iQ HQr2` i?2 #�` 7Q` mb2`b iQ �`iB+mH�i2 i?2B` #2HB27bX

q2 �HbQ �BK iQ /2p2HQT i2+?MB[m2b i?�i i?2 2HB+Bi2/ #2HB27b �`2 +QKT�iB#H2 rBi? i?2

mM/2`HvBM; pBbm�HBx2/ /�i� U2X;X- MmK2`B+�H #2HB27bV bQ i?�i i?2 #2HB27b +�M #2 /B`2+iHv

b?QrM rBi? i?2 pBbm�HBx2/ /�i� Q` mb2/ �b � T`BQ` r?2M r2 K�i?2K�iB+�HHv KQ/2H

i?2B` BMi2`�+iBQMX

q2 bi�`i #v /2bB;MBM; � i2+?MB[m2 i?�i 2HB+Bib � TQBMi@2biBK�i2 Q7 mb2`bǶ #2HB27b

mbBM; ;`�T?B+�H �M/ BMi2`�+iBp2 r�vbX q2 i?2M 7m`i?2` /2p2HQT BMi2`7�+2b iQ `2�HBbiB@

+�HHv `2T`2b2Mi mb2`bǶ #2HB27b- BM+Hm/BM; ?Qr mM+2`i�BM i?2v �`2 rBi? i?2B` #2HB27bX q2

/2pBb2 � i2+?MB[m2 i?�i �HHQrb mb iQ 2HB+Bi QM2Ƕb #2HB27b �M/ Bib mM+2`i�BMiv rBi?Qmi

T`QKTiBM; i?2K iQ i?BMF �#Qmi T`Q#�#BHBivX

qBi? +�`27mHHv /2bB;M2/ i2+?MB[m2b- r2 rQmH/ HBF2 iQ 2p�Hm�i2 i?2 2z2+i Q7 #2HB27

2HB+Bi�iBQM BM pBbm�HBx�iBQM BMi2`�+iBQM- KQ/2H i?2B` #2HB27 mT/�iBM; T`Q+2bb- �M/ H2�`M

�#Qmi ?Qr i?2v `2�bQM rBi? mM+2`i�BMivX

h?`Qm;? /2bB;MBM; i2+?MB[m2b- i?2 /Bbb2`i�iBQM +QMi`B#mi2b iQ BMi2`�+iBp2 BMi2`@

7�+2b iQ 2HB+Bi T2QTH2Ƕb #2HB27b i?�i �HHQr pBbm�HBx�iBQM /2bB;M2`b iQ BM+Q`TQ`�i2 T2Q@

TH2Ƕb #2HB27b BMiQ pBbm�HBx�iBQM BMi2`�+iBQMbX

RXRXk _Zk, q?�i Bb i?2 2z2+i Q7 2HB+BiBM; T`BQ` #2HB27b QM ?Qr Km+? T2QTH2 2M;�;2

rBi? /�i�\

AMi2`p2MBM; T2QTH2Ƕb BMi2`�+iBQM #v T`QKTiBM; i?2K iQ �`iB+mH�i2 i?2B` #2HB27b K�v

?�p2 bQK2 mM2tT2+i2/ 2z2+iX h?mb r2 2p�Hm�i2 i?2 2z2+i Q7 i?2 /2bB;M2/ 2HB+Bi�iBQM

i2+?MB[m2b i?`Qm;? +QMi`QHH2/ bim/v BM �K�xQM J2+?�MB+�H hm`FX q?BH2 bQK2 7Q`K
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Q7 #2HB27 2HB+Bi�iBQM- bm+? �b i?2 L2r uQ`F hBK2bǶb uQm .`�r Ai b2`B2b- ?�b #22M

mb2/ BM T`�+iB+2 iQ ?2HT 2M;�;2 mb2`b- i?2 2z2+i ?�b MQi #22M 2KTB`B+�HHv 2p�Hm�i2/X

q2 +QM/m+i +QMi`QHH2/ 2tT2`BK2Mib iQ /2KQMbi`�i2 i?�i 2HB+BiBM; T`BQ` #2HB27b #27Q`2

b22BM; /�i� ?�p2 TQbBiBp2 BKT�+ib QM mb2`bǶ �#BHBiv iQ `2+�HH /�i�X

q2 �HbQ i2bi r?2i?2` i?2 2HB+Bi�iBQM �+i Bib2H7 +�M BKT`Qp2 mM+2`i�BMiv +QKT`2@

?2MbBQM- �b i?2 i2+?MB[m2 K�v ?2HT mb2`b iQ #2 KQ`2 �ii2MiBp2 iQ /�i� �M/ i?2

mM+2`i�BMiv �bbQ+B�i2/ rBi? BiX q2 b?Qr i?2 2HB+Bi�iBQM T`Q+2bb +�M #2M2}i mb2`b iQ

;mB/2 i?2K iQ mT/�i2 i?2B` #2HB27b `�iBQM�HHv UBX2X- K�i+? rBi? "�v2bB�M bi�M/�`/V

TQi2MiB�HHv #v +QKT`2?2M/BM; i?2 mM+2`i�BMiv Q7 /�i� #2ii2`X

"v +QM/m+iBM; i?2b2 2tT2`BK2Mib- i?2 /Bbb2`i�iBQM +QMi`B#mi2b iQ 2KTB`B+�H }M/@

BM;b i?�i T`QpB/2b +QMi2tib r?2M �M/ ?Qr 2HB+Bi�iBQM #2HB27b #2M2}i mb2`b iQ 7m`i?2`

BM7Q`K pBbm�HBx�iBQM BMi2`�+iBQM /2bB;MX

RXRXj _Zj, q?�i KQ/2Hb b?QmH/ r2 mb2 iQ mM/2`bi�M/ pBbm�HBx�iBQM BMi2`T`2i�iBQM

BM HB;?i Q7 � mb2`Ƕb T`BQ` #2HB27b- /�i�- �M/ i?2B` }M�H #2HB27b\

q?BH2 ?B;?@H2p2H i?2Q`B2b BM ;`�T? +QKT`2?2MbBQM �M/ pBbm�HBx�iBQM �+FMQrH2/;2

i?2 BM~m2M+2 Q7 T`BQ` #2HB27b BM pBbm�HBx�iBQM BMi2`T`2i�iBQMb (RRe- Rj3)- i?2v Q7i2M

bi�v BM i?2 i?2Q`2iB+�H bT�+2X q2 T`QTQb2 "�v2bB�M 7`�K2rQ`Fb i?�i �++QKKQ/�i2

QM2Ƕb #2HB27b BM /2bB;MBM; �M/ 2p�Hm�iBM; pBbm�HBx�iBQMb BM T`�+iB+2X q2 �TTHv i?2

7`�K2rQ`Fb iQ KQ/2H T�`iB+BT�MibǶ /�i� +QHH2+i2/ 7`QK 2tT2`BK2Mib �M/ `2TQ`i i?2

Q#b2`p�iBQMb `2;�`/BM; T2QTH2Ƕb #2HB27 mT/�iBM;X q2 T`QTQb2 [m�MiB}+�iBQMb mbBM;

i?2 "�v2bB�M 7`�K2rQ`Fb i?�i T`QpB/2 BMbB;?ib QM ?Qr T2QTH2 BMi2`T`2i /�i�X

h?2 T`QTQb2/ KQ/2HBM; �TT`Q�+? T`QpB/2b � T`QKBbBM; bi2T iQ mM/2`bi�M/BM; i?2

BM~m2M+2 Q7 pBbm�HBx�iBQM QM T2QTH2Ƕb #2HB27 +?�M;2bX "v �TTHvBM; � bBKTH2 "�v2bB�M

KQ/2H iQ pBbm�HBx�iBQM b+2M�`BQb- i?2 /Bbb2`i�iBQM +QMi`B#mi2b iQ K2i?Q/QHQ;v iQ Q#@

b2`p2 ?Qr T2QTH2 mT/�i2 i?2B` #2HB27b �M/ iQ /2}M2 �M/ [m�MiB7v #B�b BM pBbm�HBx�iBQM

BMi2`T`2i�iBQMX
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RXRX9 _Z9, *�M r2 BMi2`p2M2 BM T2QTH2Ƕb #2HB27 mT/�iBM; T`Q+2bb iQ BKT`Qp2 mb2`bǶ

/�i� +QKT`2?2MbBQM\

PM+2 r2 mM/2`bi�M/ ?Qr T2QTH2 #`BM; i?2B` T`BQ` #2HB27b BM BMi2`T`2iBM; /�i�- T2`@

bQM�HBxBM; pBbm�HBx�iBQMb +�M ?2HT BKT`Qp2 T2QTH2Ƕb `2�bQMBM; #v KBiB;�iBM; #B�b BM

#2HB27 mT/�iBM;X q2 T`QTQb2 �M/ 2p�Hm�i2 "�v2bB�M /�i� T2`bQM�HBx�iBQMb �BKBM; �i

BKT`QpBM; mM+2`i�BMiv +QKT`2?2MbBQM �M/ `�iBQM�H #2HB27 mT/�iBM;X h?`Qm;? � +QM@

i`QHH2/ 2tT2`BK2Mi- i?2 /Bbb2`i�iBQM +QMi`B#mi2b iQ 2KTB`B+�H }M/BM;b i?�i /2KQM@

bi`�i2b i?2 2z2+iBp2M2bb Q7 i?Qb2 T2`bQM�HBx�iBQMb r?2M /�i� �`2 p�`B2/ BM b�KTH2

bBx2b �M/ +QMi`Qp2`bB�HBivX

RXk .Bbb2`i�iBQM PmiHBM2 �M/ 6BM/BM;b

h?Bb /Bbb2`i�iBQM BMi`Q/m+2b i?`22 `2b2�`+? T`QD2+ib i?�i �//`2bb i?2 �#Qp2 [m2biBQMbX

*?�Ti2` k T`2b2Mib `2H�i2/ rQ`F �`QmM/ i?2 `QH2 Q7 #2HB27b BM BMi2`T`2iBM; /�i�-

Dm/;K2Mi �M/ /2+BbBQM@K�FBM; mM/2` mM+2`i�BMiv- �M/ "�v2bB�M KQ/2HBM; �M/ +Q;@

MBiBQMX

*?�Ti2` j 7Q+mb2b QM /2bB;MBM; �M/ 2p�Hm�iBM; i2+?MB[m2b i?�i T`QKTi � mb2` iQ

`2~2+i QM i?2B` T`BQ` #2HB27b r?BH2 BMi2`�+iBM; rBi? pBbm�HBx�iBQMbX AMbTB`2/ #v i?2Q`B2b

BM *Q;MBiBp2 �M/ 1/m+�iBQM Sbv+?QHQ;v- A BMi`Q/m+2 � ;`�T?B+�HHv@#�b2/ i2+?MB[m2

7Q` 2HB+BiBM; �M/ BM+Q`TQ`�iBM; � mb2`Ƕb T`BQ` #2HB27b �#Qmi /�i� BMiQ pBbm�HBx�iBQM

BMi2`�+iBQMX A T`2b2Mi i?2 `2bmHi 7`QK � +QMi`QHH2/ bim/v iQ 2p�Hm�i2 i?2 2{+�+v Q7 i?Bb

i2+?MB[m2 BM `2+�HHBM; i?2 /�i�- � +QKKQM K2�bm`2 Q7 +QKT`2?2MbBQM BM 1/m+�iBQM

Sbv+?QHQ;vX h?2 bim/v b?Qrb i?�i T�`iB+BT�Mib r?Q �`2 T`QKTi2/ iQ `2~2+i QM i?2B`

T`BQ` #2HB27b #v T`2/B+iBM; �M/ b2H7@2tTH�BMBM; /�i� QmiT2`7Q`K � +QMi`QH ;`QmT BM

i?2 �#BHBiv iQ `2+�HH i?2 /�i�X h?2b2 2z2+ib T2`bBbi r?2M T�`iB+BT�Mib ?�p2 KQ/2`�i2

Q` HBiiH2 T`BQ` #2HB27b QM i?2 /�i�b2ibX A /Bb+mbb ?Qr i?2 2z2+ib /Bz2` #�b2/ QM i2ti

p2`bmb pBbm�H T`2b2Mi�iBQMb Q7 /�i�X A +QM+Hm/2 i?2 +?�Ti2` #v +?�`�+i2`BxBM; i?2

/2bB;M bT�+2 Q7 ;`�T?B+�H 2HB+Bi�iBQM �M/ 722/#�+F i2+?MB[m2b �M/ /2b+`B#2 /2bB;M

`2+QKK2M/�iBQMbX
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*?�Ti2` 9 /2KQMbi`�i2b ?Qr 7Q`K�HBxBM; pBbm�HBx�iBQM BMi2`T`2i�iBQM �b � #2@

HB27 mT/�iBM; T`Q+2bb +QmH/ BM7Q`K i?2 /2bB;M �M/ 2p�Hm�iBQM Q7 pBbm�HBx�iBQMbX h?2

+?�Ti2` /2KQMbi`�i2b � "�v2bB�M +Q;MBiBp2 KQ/2H 7Q` mM/2`bi�M/BM; ?Qr T2QTH2 BM@

i2`T`2i pBbm�HBx�iBQMb BM HB;?i Q7 T`BQ` #2HB27b �M/ b?Qr ?Qr i?Bb KQ/2H T`QpB/2b �

;mB/2 7Q` BKT`QpBM; pBbm�HBx�iBQM 2p�Hm�iBQMX h?2 }`bi bim/v b?Qrb ?Qr �TTHvBM;

� "�v2bB�M +Q;MBiBQM KQ/2H iQ � bBKTH2 pBbm�HBx�iBQM b+2M�`BQ BM/B+�i2b i?�i T2Q@

TH2Ƕb Dm/;K2Mib �`2 +QMbBbi2Mi rBi? � ?vTQi?2bBb i?�i i?2v �`2 K�FBM; �TT`QtBK�i2

"�v2bB�M BM72`2M+2X h?2 b2+QM/ bim/v 2p�Hm�i2b ?Qr b2MbBiBp2 Qm` Q#b2`p�iBQMb Q7

"�v2bB�M #2?�pBQ` �`2 iQ /Bz2`2Mi i2+?MB[m2b 7Q` 2HB+BiBM; T2QTH2Ƕb bm#D2+iBp2 /Bb@

i`B#miBQMb- �M/ iQ /Bz2`2Mi /�i�b2ibX h?2 bim/B2b b?Qr i?�i T2QTH2 /QMǶi #2?�p2

+QMbBbi2MiHv rBi? "�v2bB�M T`2/B+iBQMb 7Q` H�`;2 b�KTH2 bBx2 /�i�b2ib- �M/ i?Bb /B7@

72`2M+2 +�MMQi #2 2tTH�BM2/ #v 2HB+Bi�iBQM i2+?MB[m2bX h?2 }M�H bim/v b?Qrb ?Qr

MQ`K�iBp2 "�v2bB�M BM72`2M+2 +�M #2 mb2/ �b �M 2p�Hm�iBQM 7`�K2rQ`F 7Q` pBbm�HBx�@

iBQMb- BM+Hm/BM; mM+2`i�BMivX

*?�Ti2` 8 /2KQMbi`�i2b i?2 mb2 Q7 � "�v2bB�M 7`�K2rQ`F iQ ;mB/2 KQ`2 `�iBQ@

M�H #2HB27 mT/�iBM; #v T2`bQM�HBxBM; i?2 pBbm�H T`2b2Mi�iBQM Q7 Q#b2`p2/ /�i� mbBM;

BM7Q`K�iBQM +QMi�BM2/ BM � mb2`Ƕb T`BQ` #2HB27bX A BMi`Q/m+2 i?2 /2bB;M Q7 � T2`@

bQM�HBx2/ mM+2`i�BMiv �M�HQ;v i?�i MmK2`B+�HHv `2H�i2b mM+2`i�BMiv BM Q#b2`p2/ /�i�

iQ i?2 mb2`Ƕb bm#D2+iBp2 mM+2`i�BMiv- �M/ � T2`bQM�HBx2/ TQbi2`BQ` pBbm�HBx�iBQM i?�i

T`2b+`B#2b ?Qr � mb2` b?QmH/ mT/�i2 i?2B` #2HB27b ;Bp2M i?2B` T`BQ` #2HB27b �M/ i?2

Q#b2`p2/ /�i�X h?2 bim/v b?Qrb i?�i r?2M � M2rHv Q#b2`p2/ /�i� b�KTH2 Bb `2H�@

iBp2Hv bK�HH- #Qi? T2`bQM�HBx�iBQMb `2HB�#Hv BKT`Qp2 T2QTH2Ƕb "�v2bB�M mT/�iBM; QM

�p2`�;2 +QKT�`2/ iQ i?2 +m``2Mi #2bi T`�+iB+2 Q7 pBbm�HBxBM; mM+2`i�BMiv BM i?2 Q#@

b2`p2/ /�i�X 6Q` H�`;2 /�i� b�KTH2b- r?2`2 T2QTH2Ƕb mT/�i2/ #2HB27b i2M/ iQ /2pB�i2

KQ`2 bi`QM;Hv 7`QK i?2 T`2b+`BTiBQMb Q7 � "�v2bB�M KQ/2H- i?2 bim/v b?Qrb 2pB/2M+2

i?�i i?2 2z2+iBp2M2bb Q7 "�v2bB�M T2`bQM�HBx�iBQM K�v /2T2M/ QM T2QTH2Ƕb T`Q+HBp@

Biv iQr�`/ i`mbiBM; i?2 bQm`+2 Q7 i?2 /�i�X A BMi`Q/m+2 i?2 /Bb+mbbBQM Q7 ?Qr i?2

`2bmHib T`QpB/2 BMbB;?i BMiQ BM/BpB/m�H T`Q+2bb2b Q7 #2HB27 mT/�iBM; �M/ bm#D2+iBp2



N

mM+2`i�BMiv- �M/ ?Qr mM/2`bi�M/BM; i?2b2 �bT2+ib Q7 BMi2`T`2i�iBQM T�p2b i?2 r�v

7Q` KQ`2 bQT?BbiB+�i2/ BMi2`�+iBp2 pBbm�HBx�iBQMb 7Q` �M�HvbBb �M/ +QKKmMB+�iBQMX

*?�Ti2` e bmKK�`Bx2b i?2 +QMi`B#miBQM �M/ }M/BM;b Q7 i?Bb /Bbb2`i�iBQM �M/

BMi`Q/m+2b 7mim`2 /B`2+iBQMb `2H�i2/ iQ #2HB27@/`Bp2M /�i� BMi2`�+iBQMX
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*?�Ti2` k

_1G�h1. qP_E

q2 �BK iQ #mBH/ � 7`�K2rQ`F i?�i i�F2 BMiQ �++QmMi mb2`bǶ #2HB27b BM /2bB;MBM; �M/

2p�Hm�iBM; pBbm�HBx�iBQMX q2 `2pB2r T`BQ` rQ`F BM Tbv+?QHQ;v- 2/m+�iBQM- #2?�pBQ`�H

2+QMQKB+b �M/ Qi?2` `2H2p�Mi }2H/b iQ /2p2HQT i?2 7`�K2rQ`F 7Q` KQ/2HBM; �M/

mM/2`bi�M/BM; #2HB27 mT/�iBM; T`Q+2bb Q7 pBbm�HBx�iBQM mb2`b- �M/ 7Q` +QMbi`m+iBM;

/2bB;M BKTHB+�iBQMbX

kXR JQ/2HBM; oBbm�HBx�iBQM AMi2`�+iBQM

JQbi r2HH@FMQrM bim/B2b Q7 BM7Q`K�iBQM pBbm�HBx�iBQM ?�p2 7Q+mb2/ QM ?Qr +QKT`2@

?2MbBQM �`Bb2b 7`QK � ǳ#QiiQK@mTǴ T2`+2TiBQM, bTQMi�M2Qmb pBbm�H T`Q+2bbBM; Q7

72�im`2b BMpQHpBM; #QmM/�`v /2i2+iBQM- 72�im`2 BMi2;`�iBQM- +QHQ` pBbBQM- �M/ :2bi�Hi

T2`+2TiBQM- �KQM; Qi?2` K2+?�MBbKb (jk- R98)X PM i?2 Qi?2` ?�M/- +Q;MBiBp2 Tbv@

+?QHQ;Bbib T`QTQb2/ 2�`Hv KQ/2Hb Q7 pBbm�HBx�iBQM BMi2`T`2i�iBQM- BKTHvBM; i?�i ǳiQT

/QrMǴ 7�+iQ`b `2H�iBM; iQ � mb2`Ƕb BM7Q`K�iBQM M22/b- T`BQ` FMQrH2/;2- �M/ ;`�T?

HBi2`�+v �z2+i ?Qr pBbm�HBx2/ /�i� Bb BMi2`T`2i2/- 7Q` 2t�KTH2- #v ;mB/BM; �ii2M@

iBQM (N9- Rkd)X aim/B2b BM ;`�T? +QKT`2?2MbBQM T`QpB/2 2pB/2M+2 Q7 bm+? iQT@/QrM

2z2+ib (kj- RRe- R89- RR8)X AMbTB`2/ #v i?2 2pB/2M+2 Q7 iQT@/QrM 2z2+ib- i?2 /Bbb2`@

i�iBQM BMp2biB;�i2b i?2 TQbbB#BHBiv Q7 BM+Q`TQ`�iBM; #2HB27b BM mM/2`bi�M/BM; pBbm�H@

Bx�iBQM BMi2`T`2i�iBQMX

a2p2`�H KQ/2Hb �`2 T`QTQb2/ iQ bT2+B}+�HHv 2tTH�BM ?Qr � T2`bQMǶb bi�i2 Q7 FMQrH@

2/;2f#2HB27b +?�M;2b Qp2` iBK2 �b i?2v BMi2`�+i rBi? pBbm�HBx�iBQMbX � +QM+2Tim�H

KQ/2H +`2�i2/ #v o�M qBDF (RjN) /2b+`B#2b i?�i i?2 mb2` ;�BMb FMQrH2/;2 #v 2t@

�KBMBM; i?2 BK�;2 U2X;X- pBbm�HBx�iBQMV- �M/ i?2 �KQmMi Q7 FMQrH2/;2 i?�i i?2 mb2`

;�BMb Bb BM~m2M+2/ #v i?2 mb2`Ƕb T2`+2Tim�H �M/ +Q;MBiBp2 +?�`�+i2`BbiB+bX o�M qBDF
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MQi2b i?�i i?2 FMQrH2/;2 ;�BM2/ 7`QK � pBbm�HBx�iBQM rBHH /2T2M/ QM i?2 T`BQ` bi�i2

Q7 FMQrH2/;2 i?�i � mb2` #`BM;b BM (RjN)X aBKBH�`Hv- K�Mv Qi?2`b T`QTQb2 KQ/2Hb iQ

�TTHv BM bT2+B}+ +QMi2tib- bm+? �b pBbm�H �M�HviB+ b+2M�`BQ (Rke- R99- 8y- 8R- Rk8)-

Q` bT2+B}+ mb2` ;`QmTb (Nd)X 6Q` 2t�KTH2- a�+?� 2i �HX (Rke) T`QTQb2 � FMQrH2/;2

;2M2`�iBQM KQ/2H 7Q` pBbm�H �M�HviB+b r?2`2 �M �M�Hvbi ;Q2b i?`Qm;? 2tTHQ`�iBQM- p2`@

B}+�iBQM- �M/ FMQrH2/;2 ;2M2`�iBQM HQQTbX aBKBH�`Hv- 62/2`B+Q 2i �HX bm;;2bi � KQ/2H

/2b+`B#BM; i?2 T`Q+2bb Q7 FMQrH2/;2 ;2M2`�iBQM- +QMp2`bBQM- �M/ 2tTHQBi�iBQM rBi?

i?2 2KT?�bBb QM i?2 `QH2 Q7 T`BQ` FMQrH2/;2 BM i?2 [m�HBiv �M�HviB+�H Qmi+QK2 (8R)X

>Qr2p2`- i?2b2 KQ/2Hb Q7i2M HB2 BM i?2Q`2iB+�H bT�+2X h?2 /Bbb2`i�iBQM �BKb iQ 7Q`@

K�HBx2 i?2 KQ/2H Q7 pBbm�HBx�iBQM BMi2`�+iBQM #v +QHH2+iBM; �M/ �M�HvxBM; 2KTB`B+�H

/�i� iQ T`QpB/2 T`�+iB+�H BKTHB+�iBQMb 7Q` pBbm�HBx�iBQM /2bB;MX

kXk _QH2 Q7 AMi2`M�H _2T`2b2Mi�iBQMb

a2p2`�H rQ`Fb /2KQMbi`�i2 i?�i BMi2`M�H `2T`2b2Mi�iBQMb Q7 `2H2p�Mi FMQrH2/;2 i?�i

QM2 �H`2�/v TQbb2bb2b Q7i2M TH�v � +`BiB+�H `QH2 BM `2�bQMBM; rBi? �M 2ti2`M�H bi�iB+

Q` BMi2`�+iBp2 pBbm�HBx�iBQM (eN- Ne- NN- Rj9)X 6Q` 2t�KTH2- bi�iB+ pBbm�HBx�iBQM Q7

T`Q+2bb2b- r?B+? `2[mB`2 i?2 mb2 Q7 BMi2`M�H `2T`2b2Mi�iBQMb iQ BMi2`T`2i- Q7i2M Qmi@

T2`7Q`Kb �MBK�iBQMb (eN)X J�v2` 2i �HX (Ryj) +QKT�`2/ r2HH@/2bB;M2/ �MBK�iBQMb iQ

r2HH@/2bB;M2/ i2tib �M/ /B�;`�Kb 7Q` i2�+?BM;- }M/BM; i?�i T2`7Q`K�M+2 QM `2i2MiBQM

�M/ i`�Mb72` i2bib r�b #2ii2` �KQM; i?2 bi�iB+ K2/B� ;`QmT i?�i `2HB2/ QM BMi2`M�H

`2T`2b2Mi�iBQMb iQ mM/2`bi�M/ ?Qr +QM+2Tib `2H�i2/X

aBKBH�`Hv- >2;�`iv 2i �HX (dR) 7QmM/ i?�i pB2r2`b r?Q BMBiB�HHv 2M;�;2/ BM K2Mi�H

�MBK�iBQM Q7 � b2i Q7 bi�iB+ pB2rb- i?2M mb2/ �M 2ti2`M�H �MBK�i2/ pBbm�HBx�iBQM-

mM/2`biQQ/ i?2 +QMi2Mi #2ii2` i?�M i?Qb2 r?Q mb2/ QMHv i?2 �MBK�i2/ pBbm�HBx�iBQMX

h?2 �mi?Q`b T`QTQb2 i?�i i?2 K2Mi�H �MBK�iBQM 2t2`+Bb2 BM/m+2/ i?2 pB2r2`b iQ �`@

iB+mH�i2 i?2B` BMimBiBQMb �#Qmi i?2 T`Q+2bbX �b � `2bmHi- r?2M � T�`iB+BT�Mi H�i2`

pB2r2/ i?2 2ti2`M�H pBbm�HBx�iBQM- i?2v +QmH/ +QKT�`2 i?2 irQ `2T`2b2Mi�iBQMb �M/

MQi2 T�`ib Q7 i?2 T`Q+2bb r?2`2 i?2v ?�/ H�+F2/ bm{+B2Mi T`BQ` FMQrH2/;2X h?2
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BKTHB+�iBQM Q7 i?2b2 }M/BM;b Bb i?�i BMi2`�+iBp2 BM7Q`K�iBQM pBbm�HBx�iBQMb +QmH/ #2

KQ`2 2z2+iBp2 B7 BM7Q`K2/ #v BMi2`M�H `2T`2b2Mi�iBQMb 7Q` � ;Bp2M /�i� /QK�BM +Bi2@

?2;�`ivkyy9X >Qr2p2`- BMi2`M�H `2T`2b2Mi�iBQMb �`2 `�`2Hv 2tTHB+BiHv +QMbB/2`2/ BM

pBbm�HBx�iBQM `2b2�`+? �M/ /2p2HQTK2MiX q?BH2 GBm 2i �HX T`QpB/2 i?2Q`2iB+�H 2t@

TH�M�iBQMb Q7 i?2 BMi2`�+iBQMb #2ir22M BMi2`M�H `2T`2b2Mi�iBQMb �M/ pBbm�HBx�iBQMb-

bT2+B}+ iQ BM7Q`K�iBQM pBbm�HBx�iBQM +QMi2ti (NN)- i?2 pBbm�HBx�iBQM +QKKmMBiv H�+Fb

T`�+iB+�H K2i?Q/b iQ BM+Q`TQ`�i2 QM2Ƕb BMi2`M�H `2T`2b2Mi�iBQMb BMiQ pBbm�HBx�iBQM

BMi2`�+iBQM iQ ;�BM i?2 #2M2}i Q7 mbBM; BiX

Pi?2` bim/B2b bm;;2bi i?�i 2ti2`M�HBxBM; QM2Ƕb BMi2`M�H `2T`2b2Mi�iBQMb H2�/b iQ

#2ii2` mM/2`bi�M/BM; Q7 pBbm�HBx2/ BM7Q`K�iBQM (9y- dk- RRR- Rjy)X 6Q` 2t�KTH2-

ai2`M 2i �HX (Rjy) 7QmM/ i?�i BM/BpB/m�Hb r?Q ?�/ iQ +QMbi`m+i � HBM2 ;`�T? Q7 T`2@

b2Mi2/ biQ+F /�i� r2`2 KQ`2 �++m`�i2 QM i`�Mb72` [m2biBQMb BMpQHpBM; � M2r T`Q#H2K

rBi? � bBKBH�` bi`m+im`2 i?�M T�`iB+BT�Mib r?Q T�bbBp2Hv pB2r2/ � +?�`i Q7 i?2 /�i�X

*QMbi`m+iBM; 2ti2`M�H `2T`2b2Mi�iBQMb Bb #2HB2p2/ iQ ?2HT BM/BpB/m�Hb iQ i`�MbH�i2

BM7Q`K�iBQM #2ir22M /Bz2`2Mi `2T`2b2Mi�iBQMb- `2bmHiBM; BM � KQ`2 Mm�M+2/ mM/2`@

bi�M/BM; Q7 i?2 +QM+2Tib (9k- Rjy)X

�M BMi2`2biBM; i?2Q`v BM 2/m+�iBQM M�K2/ ǳa2H7@2tTH�M�iBQMǴ 2p�Hm�i2b i?2 2z2+i

Q7 2tTHB+Bi 2ti2`M�HBx�iBQMb BM H2�`MBM;X a2H7@2tTH�BMBM; BM7Q`K�iBQM iQ QM2b2H7 Bb �

+QMbi`m+iBp2 ǳK2i�@+Q;MBiBp2Ǵ H2�`MBM; �+iBpBiv BM r?B+? � T2`bQM �+iBp2Hv `2~2+ib QM

i?2 K2+?�MBbK #2?BM/ � ;Bp2M T?2MQK2MQM (jy)X a2H7@2tTH�BMBM; ?�b #22M 2HB+Bi2/

#v ?�pBM; H2�`M2`b 2tTH�BM i?2 K2�MBM; Q7 b2Mi2M+2b (kN- jy- jR)- Q` /B�;`�Kb (9)-

�b i?2v bim/v � i�`;2i /QK�BMX q?2M [m�HBiv b2H7@2tTH�M�iBQMb �`2 ;2M2`�i2/- bm+?

�b bi�i2K2Mib i?�i HBMF +QM+2Tib 7`QK i?2 i2ti mbBM; i�+Bi FMQrH2/;2 Q` �ii2KTi

iQ }HH BM ;�Tb i?`Qm;? BM72`2M+2b (kN)- +QKT`2?2MbBQM i2M/b iQ #2 #2ii2` i?�M rBi?@

Qmi b2H7@2tTH�M�iBQM (kN- jy- jR)X � K2Mi�H KQ/2H `2T�B` ?vTQi?2bBb Bb T`QTQb2/ iQ

/2b+`B#2 i?2 #2M2}ib Q7 b2H7@2tTH�BMBM;, #v ;2M2`�iBM; BM72`2M+2b iQ }HH BM KBbbBM;

BM7Q`K�iBQM- BMi2;`�iBM; M2r BM7Q`K�iBQM rBi? T`BQ` FMQrH2/;2- �M/ KQMBiQ`BM; �M/

`2T�B`BM; 7�mHiv FMQrH2/;2- H2�`M2`b r?Q b2H7@2tTH�BM /2p2HQT KQ`2 �++m`�i2 BMi2`M�H
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`2T`2b2Mi�iBQMb Q7 � +QM+2Ti (kN)X AM i?Bb ?vTQi?2bBb- Bi Bb �bbmK2/ i?�i H2�`M2`b

2M;�;2 KQ`2 rBi? i?2 T`Q+2bb B7 i?2v B/2MiB7v i?2 /Bb+`2T�M+v #2ir22M i?2B` K2M@

i�H KQ/2H �M/ i?2 T`2b2Mi2/ BM7Q`K�iBQM (kN)X q?BH2 bim/2Mib r?Q bTQMi�M2QmbHv

;2M2`�i2 b2H7@2tTH�M�iBQMb T2`7Q`K #2ii2` (jy- 8k- RRd- RkR- Rkk)- KQbi H2�`M2`b i2M/

MQi iQ M�im`�HHv b2H7@2tTH�BM (Re- Rk9)X >Qr2p2`- 2p2M bBKTH2 T`QKTib (jR- Re- Rk9)

?�p2 #22M 7QmM/ iQ #2 2z2+iBp2 �i i`B;;2`BM; i?2 b2H7@2tTH�M�iBQM T`Q+2bb (jR)X Pi?2`

bim/B2b ?�p2 b?QrM i?�i BKK2/B�i2 722/#�+F QM i?2 �++m`�+v Q7 b2H7@2tTH�M�iBQMb

+�M T`2p2Mi r`QM; BM72`2M+2b BM i?2 2tTH�M�iBQM T`Q+2bb (jd- d- k3)X

kXj Cm/;K2Mi �M/ .2+BbBQM@K�FBM; mM/2` lM+2`i�BMiv

kXjXR lM/2`bi�M/BM; "B�b BM Cm/;K2Mi mM/2` lM+2`i�BMiv

Ai Bb � r2HH@/Q+mK2Mi2/ +?�HH2M;2 i?�i T2QTH2 Q7i2M bi`m;;H2 iQ BM+Q`TQ`�i2 mM+2`i�BM

BM7Q`K�iBQM iQ K�F2 Dm/;K2MibX hQ H2�`M ?Qr #2HB27 mT/�iBM; T`Q+2bb Bb BM~m2M+2/

#v T2QTH2Ƕb �#BHBiv iQ T`Q+2bb mM+2`i�BM BM7Q`K�iBQM- r2 bm`p2v `2b2�`+? BM Dm/;K2Mi

�M/ /2+BbBQM@K�FBM;- bT2+B}+�HHv- i?Qb2 /2KQMbi`�i2 ?Qr ?mK�M Dm/;K2Mib mM/2`

mM+2`i�BMiv +�M /Bp2`;2 7`QK bi�iBbiB+�H �++QmMibX 6Q` 2t�KTH2- #2HB27 BM i?2 H�r

Q7 bK�HH MmK#2`b /2b+`B#2b ?Qr K�Mv T2QTH2 �`2 iQQ +QM}/2Mi BM i?2 `2T`2b2Mi�@

iBp2M2bb Q7 bK�HH b�KTH2b (Rjd)- r?BH2 MQM@#2HB27 BM i?2 H�r Q7 H�`;2 MmK#2`b `272`b

iQ ?Qr K�Mv T2QTH2 �`2 MQi �b +QM}/2Mi �b i?2v b?QmH/ #2 BM 2biBK�i2b #�b2/ QM

H�`;2 b�KTH2b (R8)X q?2M �bF2/ iQ T`QpB/2 i?2B` bm#D2+iBp2 T`Q#�#BHBiv Q7 i?2 i`mi?

Q7 bi�i2K2Mib Q` i?2 p�Hm2b Q7 � K2�bm`�#H2 [m�MiBiv- T2QTH2 Q7i2M /BbTH�v Qp2`+QM@

}/2M+2 (88- Rjd) Q` BMi2`T`2i mM+2`i�BM BM7Q`K�iBQM BM � r�v i?�i Bb +QMbBbi2Mi rBi?

i?2B` 2tBbiBM; #2HB27b (9e)X

kXjXk amTTQ`iBM; Cm/;K2Mi mM/2` lM+2`i�BMiv rBi? oBbm�HBx�iBQMb

hQ T`2b2Mi i?2 mM+2`i�BMiv 7Q` /2+BbBQM K�FBM;- pBbm�HBx�iBQM `2b2�`+? �`QmM/ mM@

+2`i�BMiv +QKKmMB+�iBQM ?�b T`QTQb2/ K�Mv i2+?MB[m2b 7Q` pBbm�HHv `2T`2b2MiBM;

[m�MiB}2/ mM+2`i�BMiv iQ BKT`Qp2 Dm/;K2Mib Q` /2+BbBQMb (R9- 9j- 93- RR3- R93- R9N)X
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_2b2�`+?2`b ?�p2 T`QTQb2/ �M/ 2p�Hm�i2/ pBbm�HBx�iBQMb BMi2M/2/ iQ #2 �++2bbB#H2

iQ MQM@2tT2`i pB2r2`b- BM+Hm/BM; 7`2[m2M+v `2T`2b2Mi�iBQMb Q7 T`Q#�#BHBiv pBbm�HBx�@

iBQMb (8j- dN- 38- 3e- j3- jN)X aQK2 i2+?MB[m2b- bm+? �b pBbm�HBx�iBQMb Q7 T`Q#�#BHBiv

/2MbBiv 7mM+iBQMb U2X;X- pBQHBM Q` ;`�/B2Mi THQib (j3)V �M/ 7`2[m2M+v@#�b2/ `2T`2@

b2Mi�iBQMb Q7 T`Q#�#BHBiv HBF2 ?vTQi?2iB+�H Qmi+QK2 THQib �M/ [m�MiBH2 /Qi THQib

(8j- dj- dN- 38- 3e) ?�p2 #22M 7QmM/ iQ BKT`Qp2 mM+2`i�BMiv +QKT`2?2MbBQM Qp2`

KQ`2 +QMp2MiBQM�H /BbTH�vb HBF2 2``Q` #�`b �KQM; H�v �m/B2M+2bX h?2 /Bbb2`i�iBQM

Qz2`b 2pB/2M+2 QM ?Qr i?2b2 mM+2`i�BMiv pBbm�HBx�iBQMb +�M ?2HT T2QTH2Ƕb #2HB27 mT@

/�iBM;- �M/ 7m`i?2` T`QTQb2b T2`bQM�HBx2/ BMi2`p2MiBQMb iQ BKT`Qp2 #2HB27 mT/�iBM;X

lMiBH `2+2MiHv- ?Qr2p2`- `2b2�`+? QM i?2 `QH2 Q7 pBbm�HBx�iBQMb BM T`QKQiBM; "�v2bB�M

`2�bQMBM; r�b HBKBi2/ iQ bim/vBM; ?Qr pBbm�HBx�iBQMb Q7 +H�bbB+ /Bb+`2i2 "�v2bB�M `2�@

bQMBM; T`Q#H2Kb HBF2 i?2 K�KKQ;`�T?v T`Q#H2K (RyN- RR9- 83- Rje- RRj- ey- j8- je)X

_�i?2` i?�M �++QmMiBM; 7Q` [m�MiB}�#H2 mM+2`i�BMiv- `2+2Mi rQ`F #v J+*m`/v 2i

�HX (Ry9) bm;;2bib i?�i BKTHB+Bi 2``Q`b `2T`2b2Mi ?Qr mb2`b ǳK2Mi�HHv �/DmbiǴ /�i�@

/`Bp2M 2biBK�i2b BM BMi2`T`2i�iBQM- v2i +�MMQi #2 K�i?2K�iB+�HHv �++QmMi2/ 7Q` ;Bp2M

i?2 bm#D2+iBp2 M�im`2 Q7 i?2b2 #2HB27bX hQ �++QKKQ/�i2 7�+iQ`b i?�i BKTHB+BiHv BKT�+i

T2QTH2Ƕb #2HB27b- r2 p�`v i?2 mM/2`HvBM; +?�`�+i2`BbiB+b Q7 /�i�b2ib r?2M r2 i2bi Qm`

KQ/2HBM; �TT`Q�+? �M/ T2`bQM�HBx2/ T`2b2Mi�iBQMb iQ Q#b2`p2 i?2 BM~m2M+2 Q7 i?2

7�+iQ`b QM #2HB27 mT/�iBM;X 6Q` 2t�KTH2- r2 p�`v i?2 +QMi`Qp2`bB�HBiv Q7 i?2 iQTB+

�M/ `2TQ`i }M/BM;b QM ?Qr i?2 7�+iQ` BM~m2M+2 T2QTH2Ƕb #2HB27 mT/�iBM;X

kX9 "�v2bB�M *Q;MBiBQM

AM +Q;MBiBp2 b+B2M+2- "�v2bB�M bi�iBbiB+b ?�b T`Qp2M iQ #2 � TQr2`7mH iQQH 7Q` KQ/@

2HBM; ?mK�M +Q;MBiBQM (e9- Rjj)X AM � "�v2bB�M 7`�K2rQ`F- BM/BpB/m�H +Q;MBiBQM Bb

KQ/2H2/ �b "�v2bB�M BM72`2M+2, �M BM/BpB/m�H Bb b�B/ iQ ?�p2 BKTHB+Bi #2HB27b �#Qmi

i?2 rQ`H/ UǳT`BQ`bǴVc r?2M i?2 BM/BpB/m�H Q#b2`p2b M2r /�i�- i?2B` T`BQ` Bb ǳmT/�i2/Ǵ

iQ T`Q/m+2 � M2r b2i Q7 #2HB27b r?B+? �++QmMi 7Q` i?2 Q#b2`p2/ /�i� Ui?Bb M2r b2i Q7

#2HB27b Bb `272``2/ iQ �b i?2 ǳTQbi2`BQ`ǴVX h?2 T`BQ` Bb 7Q`K�HBx2/ �b � T`Q#�#BHBiv /Bb@
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i`B#miBQM �M/ "�v2bǶ `mH2 Bb mb2/ iQ Q#i�BM i?2 TQbi2`BQ` 7`QK i?2 T`BQ` /Bbi`B#miBQM

�M/ i?2 HBF2HB?QQ/ 7mM+iBQM i?�i i?2 Q#b2`p2/ /�i� Bb /2`Bp2/ 7`QKX

h?Bb �TT`Q�+? ?�b #22M mb2/ iQ KQ/2H K�Mv �bT2+ib Q7 ?mK�M +Q;MBiBQM �i

p�`BQmb H2p2Hb Q7 +QKTH2tBiv- bm+? �b Q#D2+i T2`+2TiBQM (3d)- +�mb�H `2�bQMBM; (RjR)-

�M/ FMQrH2/;2 ;2M2`�HBx�iBQM (Rjk)X

:`B{i?b �M/ h2M2M#�mK (ee) +QKT�`2/ T2QTH2Ƕb T`2/B+iBQMb 7Q` � MmK#2` Q7

2p2`v/�v [m�MiBiB2b iQ i?2 T`2/B+iBQMb K�/2 #v � KQ/2H i?�i mb2/ i?2 2KTB`B+�H

/Bbi`B#miBQM �b � T`BQ` U2X;X- 7Q` ?mK�M HB72bT�Mb i?2v mb2/ � KQ/2H rBi? � T`BQ`

+�H+mH�i2/ 7`QK ?BbiQ`B+�H ?mK�M HB72bT�M /�i�VX h?2 bim/v 7QmM/ i?�i BM �;;`2;�i2-

T2QTH2Ƕb Dm/;K2Mib +HQb2Hv `2b2K#H2/ i?2 MQ`K�iBp2 "�v2bB�M TQbi2`BQ`X

J�i?2K�iB+�H Tbv+?QHQ;Bbib ?�p2 b?QrM ?Qr "�v2bB�M KQ/2Hb Q7 +Q;MBiBQM ?2HT

2tTH�BM � `�M;2 Q7 T2`+2Tim�H �M/ +Q;MBiBp2 T?2MQK2M�- bm+? �b BM72``BM; +�mb�H `2H�@

iBQMb?BTb Q` H2�`MBM; +�i2;Q`B2b U2X;X- (e9- Rjj- 3d- RjR- Rjk)VX 6Q` 2t�KTH2- :`B{i?b

�M/ h2M2M#�mK (ee) /2KQMbi`�i2 i?�i i?2 �;;`2;�i2 TQbi2`BQ` #2HB27 /Bbi`B#miBQM

�+`Qbb T2QTH2 �TT`QtBK�i2b i?2 MQ`K�iBp2 "�v2bB�M TQbi2`BQ` Qp2` p�`BQmb ǳ2p2`v@

/�v [m�MiBiB2bǴ bm+? �b +�F2 #�FBM; iBK2b �M/ ?mK�M HB72bT�MbX

kX9XR �TT`QtBK�i2 AM72`2M+2 �M/ a�KTHBM; "2?�pBQ`

q?BH2 "�v2bB�M KQ/2Hb Q7 +Q;MBiBQM ?�p2 b22M rB/2 �TTHB+�iBQMb- i?2 B/2� i?�i ?m@

K�M +Q;MBiBQM Bb �++m`�i2Hv /2b+`B#2/ �b "�v2bB�M BM72`2M+2 Bb BM+QMbBbi2Mi rBi?

T`2pBQmb BM~m2MiB�H }M/BM;b BM +Q;MBiBp2 Tbv+?QHQ;v 7`QK �mi?Q`b bm+? �b hp2`bFv

�M/ E�?M2K�M (k)X hp2`bFv �M/ E�?M2K�M 7QmM/ 2pB/2M+2 i?�i ?mK�Mb Q7i2M mb2

bBKTH2 ?2m`BbiB+b BM i?2B` /2+BbBQMb- �M/ i?�i i?2b2 ?2m`BbiB+b H2�/ iQ bm#@QTiBK�H

Dm/;K2MibX JQ`2 `2+2Mi `2b2�`+? BM/B+�i2b i?�i ?2m`BbiB+b �`2 �/�TiBp2 �M/ Q7i2M

H2�/ iQ �++m`�i2 Dm/;K2Mib U2X;X- (eR)VX � `2+2MiHv T`QTQb2/ 2tTH�M�iBQM- r?B+? `2+@

QM+BH2b i?2 b22KBM;Hv QTTQbBM; }M/BM;b #2ir22M "�v2bB�M KQ/2Hb Q7 +Q;MBiBQM �M/

i?2 B/2� i?�i ?2m`BbiB+b H2�/ iQ MQM@QTiBK�H Dm/;K2Mib- Bb KQiBp�i2/ #v "�v2bB�M

+Q;MBiBQM (e8), r?�i B7 ?mK�M +Q;MBiBQM Bb MQi 2t�+i "�v2bB�M BM72`2M+2- #mi BMbi2�/



Re

Bb �TT`QtBK�i2 "�v2bB�M BM72`2M+2\ PM2 bm+? �TT`Q�+? T`QTQb2b i?�i r?BH2 T2QTH2

?�p2 � T`BQ` T`Q#�#BHBiv /Bbi`B#miBQM i?�i 2M+Q/2b i?2B` #2HB27b- i?2v /Q MQi 7Q`K

Dm/;K2Mib mbBM; i?2 2MiB`2 /Bbi`B#miBQM �i QM+2 (R9j)X AMbi2�/- i?2v i�F2 � bK�HH

MmK#2` Q7 b�KTH2b 7`QK i?2 /Bbi`B#miBQM- �M/ `2�bQM rBi? i?2b2 b�KTH2b BMbi2�/ Q7

i?2 7mHH /Bbi`B#miBQM Ur2 r?B+? `272` iQ �b b�KTH2@#�b2/ "�v2bB�MVX "2BM; � b�KTH2@

#�b2/ "�v2bB�M +�M H2�/ iQ bm#@QTiBK�H BM/BpB/m�H BM72`2M+2b- #mi BM �;;`2;�i2- Bi

+�M T`Q/m+2 `2bmHib p2`v bBKBH�` iQ 2t�+i "�v2bB�M BM72`2M+2X A7 �M BM/BpB/m�HǶb

7mHH BMi2`M�H /Bbi`B#miBQM Bb MQi `2�/BHv �p�BH�#H2 iQ �`iB+mH�i2- 2HB+Bi�iBQM i2+?MB[m2b

i?�i r2 /2bB;M b?QmH/ �++QKKQ/�i2 BiX AM i?Bb /Bbb2`i�iBQM- r2 T`2b2Mi �M/ 2p�Hm@

�i2 � b�KTH2@#�b2/ 2HB+Bi�iBQM i2+?MB[m2 iQ `2/m+2 2HB+Bi�iBQM MQBb2- BMbTB`2/ #v i?2

b�KTH2@#�b2/ "�v2bB�M ?vTQi?2bBbX

kX9Xk �TTHB+�iBQM iQ .�i� oBbm�HBx�iBQM

_2+2Mi rQ`F #v qm 2i �HX (R8k) 2tTHQ`2/ i?2 �TTHB+�iBQM Q7 i?2 "�v2bB�M 7`�K2rQ`F

iQ 2t�KBM2 ?Qr T2QTH2 mT/�i2 i?2B` #2HB27b r?2M pB2rBM; pBbm�HBx2/ /�i�X >Qr2p2`-

qm 2i �HX T`QKTi2/ T�`iB+BT�Mib iQ BMi2`M�HBx2 � T`QpB/2/ T`BQ`- b?Qr i?2K i?2

Q#b2`p2/ /�i�- �M/ i?2M �bF 7Q` i?2B` TQbi2`BQ` #2HB27bX lbBM; � }t2/ T`BQ` Bb MQi

B/2�H BM +�b2b r?2`2 T�`iB+BT�MibǶ T`2@2tBbiBM; #2HB27b �#Qmi � T?2MQK2MQM rBHH BK@

T�+i i?2B` mHiBK�i2 #2HB27bX h?Bb /Bbb2`i�iBQM /2KQMbi`�i2b ?Qr iQ 2HB+Bi �M/ KQ/2H

T�`iB+BT�MibǶ T2`bQM�HBx2/ T`BQ` #2HB27b 7Q` � KQ`2 `2�HBbiB+ �TTHB+�iBQM Q7 "�v2bB�M

BM72`2M+2- BM+Hm/BM; T`QTQbBM; �M/ 2p�Hm�iBM; KmHiBTH2 2HB+Bi�iBQM i2+?MB[m2bX
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P6 .�h�

hQ KQ/2H T2QTH2Ƕb #2HB27b- BMi2`7�+2b i?�i +�M +QHH2+i T2QTH2Ƕb #2HB27b �`2 M22/2/X

"27Q`2 r2 /Bp2 BMiQ KQ/2HBM; pBbm�HBx�iBQM +Q;MBiBQM- i?Bb +?�Ti2` BMi`Q/m+2b 2HB+@

Bi�iBQM i2+?MB[m2b i?�i +�M #2 BMi2;`�i2/ BMiQ pBbm�HBx�iBQM BMi2`�+iBQM U_2b2�`+?

Zm2biBQM RV �M/ 2p�Hm�i2 TQi2MiB�H 2z2+ib Q7 2HB+Bi�iBQM r?BH2 T2QTH2 �`2 BMi2`�+iBM;

rBi? pBbm�HBx�iBQMb U_2b2�`+? Zm2biBQM kVX

jXR AM+Q`TQ`�iBM; S`BQ` "2HB27b BMiQ oBbm�HBx�iBQM AMi2`�+iBQM

JQbi pBbm�HBx�iBQMb /Q MQi T`QpB/2 r�vb 7Q` mb2`b iQ 2tTHB+BiHv BM+Q`TQ`�i2 i?2B` BM@

i2`M�H `2T`2b2Mi�iBQMbX h?2 `2+2Mi L2r uQ`F hBK2b BMi2`�+iBp2 pBbm�HBx�iBQM ǳuQm

.`�r AiǴ (8) Bb � `�`2 2t+2TiBQM i?�i �ii2KTib iQ T`QKTi `2~2+iBQM #v 2M�#HBM; �

mb2` iQ 2tTHB+BiHv BM+Q`TQ`�i2 i?2B` T`BQ` #2HB27bX h?2 BMi2`�+iBp2 pBbm�HBx�iBQM �bFb

pB2r2`b iQ /`�r i?2B` 2tT2+i�iBQM Q7 i?2 /�i� #27Q`2 T`2b2MiBM; i?2 Q#b2`p2/ /�i�

�HQM;bB/2 i?2B` T`2/B+iBQMbX hQ T`QKTi `2~2+iBQM QM i?2 /Bz2`2M+2- i?2 BMi2`7�+2 T`Q@

pB/2b 722/#�+F #�b2/ QM i?2 �++m`�+v Q7 � mb2`Ƕb 2tT2+i�iBQMX >Qr2p2`- Bi `2K�BMb

mMFMQrM r?2i?2` i?2 `2~2+iBQM QM T`BQ` #2HB27b BM/m+2/ #v bm+? pBbm�HBx�iBQMb +�M

TQbBiBp2Hv BKT�+i `2+�HH �M/ +QKT`2?2MbBQM Q7 /�i�- Q` ?Qr iQ /2bB;M bm+? pBbm�H@

Bx�iBQMb 7Q` K�tBK�H #2M2}iX

q2 2tT�M/ QM T`BQ` rQ`F rBi? }p2 +QMi`B#miBQMb, q2 +QMi`B#mi2 � b2i Q7 MQp2H

2HB+Bi�iBQM i2+?MB[m2b 7Q` 2HB+BiBM; mb2`bǶ T`BQ` #2HB27b BM pBbm�HBx�iBQM BMi2`�+iBQMX

h?2b2 BM+Hm/2 � ;`�T?B+�H T`2/B+iBQM i2+?MB[m2 7Q` 2HB+BiBM; mb2`bǶ T`2/B+iBQMb Q7

/�i�- � 722/#�+F i2+?MB[m2 7Q` T`2b2MiBM; T2`bQM�HBx2/ 722/#�+F QM i?2 ;�T #2ir22M

T`2/B+iBQMb �M/ Q#b2`p2/ /�i�- �M/ � b2H7@2tTH�M�iBQM T`QKTi iQ 2tTHB+BiHv �bF T�`@
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iB+BT�Mib 7Q` b2H7@2tTH�M�iBQMb- r?B+? ?�p2 #22M 7QmM/ iQ BKT`Qp2 H2�`MBM; 7`QK i2tib

�M/ /B�;`�Kb (9- jy- jR- kN)- �KQM; Qi?2`bX

q2 +QMi`B#mi2 � +QMi`QHH2/ 2tT2`BK2Mi iQ i2bi i?2 2z2+i Q7 i?2b2 i2+?MB[m2b QM

`2+�HH �M/ +QKT`2?2MbBQM Q7 /�i�X q2 }M/ i?�i T`QKTiBM; T�`iB+BT�Mib iQ }`bi

T`2/B+i /�i�- Q` iQ b2H7@2tTH�BM T`2b2Mi2/ /�i�- Q` iQ /Q #Qi?- BKT`Qp2b /�i� `2+�HH

�M/ +QKT`2?2MbBQMX

"v 7m`i?2` +QMi`B#miBM; `2THB+�iBQMb Q7 Qm` +QMi`QHH2/ bim/v rBi? /�i�b2ib i?�i

/Bz2` BM 7�KBHB�`Biv- r2 }M/ i?�i i?2b2 i2+?MB[m2b BKT`Qp2 `2+�HH 7Q` /�i�b2ib 7Q`

r?B+? T�`iB+BT�Mib ?�p2 KQ/2`�i2 Q` HBiiH2 T`BQ` #2HB27bX

q2 �HbQ 2p�Hm�i2 ?Qr i?2 BKT�+i Q7 i?2 i2+?MB[m2b /Bz2`b #�b2/ QM r?2i?2`

i?2 BM7Q`K�iBQM Bb T`2b2Mi2/ mbBM; i2ti Q` BM7Q`K�iBQM pBbm�HBx�iBQMX q2 }M/ i?�i

i?2 pBbm�HBx�iBQM +QM/BiBQMb #2M2}i 7`QK T`2/B+iBM; i?2 /�i� �M/ pB2rBM; i?2 ;�T

#2ir22M i?2B` T`2/B+iBQM �M/ i?2 Q#b2`p2/ /�i� r?2`2�b i?2 i2ti +QM/BiBQMb /Q MQiX

6BM�HHv- r2 +QMi`B#mi2 � +?�`�+i2`Bx�iBQM Q7 i?2 /2bB;M bT�+2 Q7 /�i� T`2/B+iBQM

�M/ 722/#�+F i2+?MB[m2b 7Q` BM7Q`K�iBQM pBbm�HBx�iBQM �M/ T`QpB/2 T`�+iB+�H /2bB;M

`2+QKK2M/�iBQMbX

)LJXUH ���� 7KH VWXG\ LQWHUIDFH IRU H[SHULPHQWDO YLVXDO FRQGLWLRQV�



RN

jXRXR 6Q`KmH�iBM; aim/v *QM/BiBQMb �M/ >vTQi?2b2b

"�b2/ QM i?2 T`2pBQmb `2b2�`+? BM Tbv+?QHQ;v �M/ 2/m+�iBQM- r2 /2pBb2 �M/ 2p�Hm�i2

b2p2`�H 2HB+Bi�iBQM i2+?MB[m2b 7Q` BM7Q`K�iBQM pBbm�HBx�iBQM rBi? �bbQ+B�i2/ ?vTQi?2@

b2bX

aim/v *QM/BiBQMb, 1HB+Bi�iBQM h2+?MB[m2b

Pm` i2+?MB[m2b �`2 #�b2/ QM i?`22 MQM@Kmim�HHv 2t+HmbBp2 K2+?�MBbKb 7Q` 2HB+BiBM;

`2~2+iBQM QM T`BQ` #2HB27b �M/ Bib `2H�iBQMb?BT iQ T`2b2Mi2/ /�i� BM � pBbm�HBx�iBQMX

RX S`QKTiBM; � mb2` iQ ;2M2`�i2 b2H7@2tTH�M�iBQMb Q7 i?2 Q#b2`p2/

/�i�, AM � /B;Bi�H b2iiBM;- T`QKTiBM; � mb2` iQ ivT2 BM b2Mi2M+2b 2tTH�BMBM; i?2 /�i�

Bb �M 2tTHB+Bi r�v iQ 2HB+Bi b2H7@2tTH�M�iBQMb (3)X

kX S`QKTiBM; � mb2` iQ T`2/B+i i?2 /�i� #27Q`2 b22BM; Bi, �bFBM; � mb2`

iQ T`2/B+i i?2 /�i� ?�b irQ �/p�Mi�;2b 7Q` T`QKTiBM; `2~2+iBQM QM T`BQ` #2HB27b, URV

S`BQ` rQ`F b?Qr2/ i?�i �bFBM; � mb2` iQ �+iBp2Hv +QMbi`m+i �M 2ti2`M�H `2T`2b2Mi�iBQM

Q7 i?2B` T`BQ` #2HB27b �#Qmi /�i� `2bmHib BM � /22T2` mM/2`bi�M/BM; Q7 i?2 K2�MBM;

Q7 � /�i�b2i �M/ Bib pBbm�H `2T`2b2Mi�iBQM (9k- Rjy)X S`2/B+iBM; K�v �HbQ i`B;;2`

b2H7@2tTH�M�iBQM (9k)X

UkV "v �bFBM; i?2 mb2` iQ T`QpB/2 T`2/B+iBQMb Q7 i?2 /�i�- �M BMi2`7�+2 +�M i?2M

pBbm�HBx2 i?2 ;�T #2ir22M i?2 mb2`Ƕb 2tT2+i�iBQMb �M/ i?2 Q#b2`p2/ /�i�X _2pB2rBM;

i?2 ;�T K�v BKTHB+BiHv T`QKTi b2H7@`2;mH�i2/ H2�`MBM;- BM r?B+? i?2 mb2` #2+QK2b

KQiBp�i2/ iQ ;2M2`�i2 BM72`2M+2b iQ `2T�B` i?2B` #2HB27b (Ry3)X

jX S`QpB/BM; i?2 mb2` rBi? 722/#�+F QM i?2B` T`2/B+iBQM, S`QpB/BM;

/B`2+i 722/#�+F QM i?2 ;�T #2ir22M i?2 mb2`Ƕb T`BQ` #2HB27b �M/ i?2 Q#b2`p2/ /�i�

K�v BM+`2�b2 i?2 HBF2HB?QQ/ i?�i � mb2` rBHH `2+Q;MBx2 i?2 ;�T �M/ ;2M2`�i2 BM72`2M+2b

iQ `2T�B` i?2B` #2HB27b (jd- d- k3)X

lbBM; i?2b2 i?`22 K2+?�MBbKb- r2 /2bB;M2/ 7Qm` 2HB+Bi�iBQM i2+?MB[m2b �M/ QM2

#�b2HBM2 +QM/BiBQMX h?2 Q#b2`p2/ /�i� Bb T`2b2Mi2/ mbBM; pBbm�HBx�iBQM BM i?2 pBbm�H

+QM/BiBQMb- �M/ mbBM; i2ti BM i?2 i2ti +QM/BiBQMX,



ky

Ç LQM2 U#�b2HBM2V, h?2 mb2` Bb T`QKTi2/ bBKTHv iQ 2t�KBM2 i?2 Q#b2`p2/ /�i�

U6B;X jXRU�VVX

Ç 1tTH�BM@PMHv, h?2 mb2` Bb T`QKTi2/ iQ ivT2 b2H7@2tTH�M�iBQMb BM � i2ti #Qt

�b b?2 pB2rb i?2 Q#b2`p2/ /�i� U6B;X jXRU#VVX

Ç S`2/B+i@1tTH�BM, h?2 mb2` Bb b?QrM i?2 Q#b2`p2/ /�i�- #mi rBi? bQK2 Q7 i?2

/�i� QKBii2/X h?2 mb2` Bb T`QKTi2/ iQ T`2/B+i i?2 QKBii2/ /�i�X �7i2` i?2B`

T`2/B+iBQM- i?2 mb2` Bb b?QrM i?2 Q#b2`p2/ /�i� �;�BMbi i?2B` T`2/B+iBQMX a?2 Bb

T`QKTi2/ iQ ivT2 BM b2H7@2tTH�M�iBQMb �#Qmi i?2 ;�T #2ir22M i?2B` T`2/B+iBQM

�M/ i?2 Q#b2`p2/ /�i� BM � i2ti #Qt U6B;X jXRU+VVX

Ç S`2/B+i@PMHv,h?2 mb2` Bb b?QrM i?2 Q#b2`p2/ /�i�- #mi rBi? bQK2 Q7 i?2 /�i�

QKBii2/X h?2 mb2` Bb T`QKTi2/ iQ T`2/B+i i?2 QKBii2/ /�i�X �7i2` i?2B` T`2/B+@

iBQM- i?2 mb2` Bb b?QrM i?2 Q#b2`p2/ /�i� �;�BMbi i?2B` T`2/B+iBQM U6B;X jXRU/VVX

Ç S`2/B+i@622/#�+F, h?2 mb2` Bb b?QrM i?2 Q#b2`p2/ /�i�- #mi rBi? bQK2 Q7

i?2 /�i� QKBii2/X h?2 mb2` Bb T`QKTi2/ iQ T`2/B+i i?2 QKBii2/ /�i�X �7i2`

i?2B` T`2/B+iBQM- i?2 mb2` Bb b?QrM i?2 Q#b2`p2/ /�i� �;�BMbi i?2B` T`2/B+iBQMX

h2tim�H �M/ pBbm�H 722/#�+F �`2 T`2b2Mi2/ iQ �MMQi�i2 i?2 /Bz2`2M+2 #2ir22M

i?2B` T`2/B+iBQM �M/ i?2 Q#b2`p2/ /�i� iQ /`�r i?2B` �ii2MiBQM iQ i?2 ;�T

U6B;X jXRU2VVX

>vTQi?2b2b

aBM+2 2tTHB+BiHv T`QKTiBM; b2H7@2tTH�M�iBQMb BKT`Qp2b +QKT`2?2MbBQM Q7 BM7Q`K�iBQM

BM i2tib �M/ /B�;`�Kb (9- jR- jy- kN)- r2 2tT2+i � bBKBH�` #2M2}+B�H 2z2+i 7Q` /�i� BM

pBbm�HBx�iBQMb,

>R, S�`iB+BT�Mib BM i?2 1tTH�BM@PMHv +QM/BiBQMb rBHH `2+�HH /�i� KQ`2 �++m`�i2Hv

i?�M T�`iB+BT�Mib BM i?2 LQM2 +QM/BiBQM 7Q` pBbm�H �M/ i2ti KQ/�HBiB2bX

"�b2/ QM i?2 BKTHB+Bi T`QKTiBM; iQr�`/ `2~2+iBQM #v T`2/B+iBM;- r2 2tT2+i i?�i,



kR

>k, S�`iB+BT�Mib BM i?2 T`2/B+i +QM/BiBQMb US`2/B+i@1tTH�BM- S`2/B+i@622/#�+F-

S`2/B+i@PMHvV rBHH `2+�HH /�i� KQ`2 �++m`�i2Hv i?�M T�`iB+BT�Mib BM i?2 LQM2 +QM/B@

iBQM 7Q` pBbm�H �M/ i2ti KQ/�HBiB2bX

q?BH2 `2pB2rBM; i?2B` T`2/B+iBQMb �M/ i?2 Q#b2`p2/ /�i�- T�`iB+BT�Mib BM i?2 i2ti

+QM/BiBQMb Kmbi �+iBp2Hv b22F �M/ BM72` i?2 ;�T �b QTTQb2/ iQ i?2 pBbm�H +QM/BiBQMb

r?2`2 i?2 ;�T Bb pBbm�HHv �p�BH�#H2 (9)X q2 i?2`27Q`2 2tT2+i i?�i 2z2+ib Q7 T`2/B+i@

BM; rBHH #2 H2bb T`QMQmM+2/ BM i?2 i2ti +QM/BiBQMb +QKT�`2/ iQ i?2 pBbm�HBx�iBQM

+QM/BiBQMb,

>j, h?2 2z2+ib Q7 T`2/B+iBM; mbBM; i2ti US`2/B+i@1tTH�BM@h2ti- S`2/B+i@PMHv@

h2tiV QM `2+�HH rBHH #2 bK�HH2` i?�M i?2 2z2+ib Q7 T`2/B+iBM; mbBM; pBbm�HBx�iBQMbX

jXk S`2HBKBM�`v am`p2v, *?QB+2 Q7 .�i�b2ib

hQ b2H2+i � /�i�b2i 7Q` Qm` K�BM bim/v- r2 +QM/m+i2/ � T`2HBKBM�`v bm`p2v QM �K�@

xQMǶb J2+?�MB+�H hm`F U�JhVX q2 bQm;?i � /�i�b2i rBi? T`QT2`iB2b �K2M�#H2 iQ

Qm` 2HB+Bi�iBQM i2+?MB[m2bX A7 � mb2` Bb 2ti`2K2Hv 7�KBHB�` rBi? � /�i�b2i- T`2/B+iBQM

Q` 2tTH�M�iBQM K�v MQi Qz2` #2M2}ib Qp2` i?2B` T`BQ` #2HB27bX A7 � /�i�b2i Bb iQQ mM7�@

KBHB�`- Bi K�v #2 iQQ /B{+mHi 7Q` � mb2` iQ K�F2 T`2/B+iBQMb �#Qmi BiX �//BiBQM�HHv-

Qm` BMi2`2bi BM +QKT�`BM; i2+?MB[m2b �+`Qbb pBbm�HBx�iBQM �M/ i2ti KQ/�HBiB2b Bb #2bi

bmTTQ`i2/ #v � /�i�b2i i?�i BM+Hm/2b #Qi? � ?B;?2` H2p2H `2H�iBQM�H bi`m+im`2 UBX2X-

i`2M/b- r?B+? pBbm�HBx�iBQMb �`2 Q7i2M #2bi �i /2TB+iBM;V �b r2HH �b BM/BpB/m�H /�i�

TQBMib- r?B+? +�M #2 `2K2K#2`2/ rBi? ;`2�i2` MmK2`B+�H �++m`�+v 7`QK i2ti (3R)X

"v [m�MiBi�iBp2Hv K2�bm`BM; i?2 7�KBHB�`Biv Q7 KmHiBTH2 /�i�b2ib- i?2 T`2HBKBM�`v

bm`p2v �HbQ 2M�#H2b mb iQ H�i2` i2bi i?2 `Q#mbiM2bb Q7 Qm` `2bmHib �+`Qbb /�i�b2ib Q7

p�`vBM; 7�KBHB�`BivX

q2 b2H2+i2/ /�i�b2ib rBi? � `�M;2 Q7 iQTB+b 7`QK i?2 `2bmHib Q7 � b+B2MiB}+ 2tT2`@

BK2Mi iQ i?2 �p2`�;2 bK�`i T?QM2 T`B+2 7`QK /Bz2`2Mi K�Mm7�+im`2`b U6B;X jXjVX

h?2 /�i�b2ib ?�/ i?2 b�K2 7Q`K�i- +QMbBbiBM; Q7 irQ +�i2;Q`B+�H /BK2MbBQMb �M/

QM2 +QMiBMmQmb K2�bm`2- `2bmHiBM; BM bBt iQi�H /�i� TQBMib U6B;X jXkVX h?Bb 7Q`K�i
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)LJXUH ����0XOWLYDULDWH GDWD IRUPDW WR DOORZ YDOXH DQG WUHQG HVWLPDWLRQ�

Bb +QKKQMHv mb2/ BM i?2 bQ+B�H �M/ T?vbB+�H b+B2M+2b (ke) �M/ �HHQrb mb iQ 2p�Hm�i2

?Qr r2HH T2QTH2 Q#b2`p2 �M/ `2+�HH i?2 ?B;?2` H2p2H T�ii2`Mb U2X;X- i`2M/ HBM2bV �b r2HH

�b ?Qr r2HH T2QTH2 Q#b2`p2 �M/ `2+�HH BM/BpB/m�H /�i� TQBMibX q2 7Q`KmH�i2/ i?`22

K2�bm`2b i?�i �TT`QtBK�i2 T`BQ` 7�KBHB�`Biv rBi? 2�+? /�i�b2i,

S2`+2Bp2/ 7�KBHB�`Biv, >Qr 7�KBHB�` T�`iB+BT�Mib T2`+2Bp2 i?2Kb2Hp2b iQ #2

rBi? i?2 /�i� �7i2` b22BM; � b?Q`i /2b+`BTiBQM �M/ � pBbm�HBx�iBQM rBi? H�#2H2/ �t2b

#mi rBi?Qmi /�i� TQBMibX

o�Hm2 7�KBHB�`Biv, h?2 �#bQHmi2 2``Q` Q7 T�`iB+BT�MibǶ T`2/B+iBQMb 7Q` 2�+? /�i�

TQBMiX q2 +�H+mH�i2/ i?2 �#bQHmi2 /Bz2`2M+2 #2ir22M i?2 T�`iB+BT�MiǶb T`2/B+iBQM Q7

2�+? /�i� TQBMi �M/ i?2 Q#b2`p2/ /�i�X q2 MQ`K�HBx2/ i?2 p�Hm2b #v /BpB/BM; #v

i?2 K�tBKmK p�Hm2 QM i?2 y@�tBb iQ �HHQr 7Q` +QKT�`BbQM Q7 i?2 p�Hm2 7�KBHB�`Biv

�+`Qbb i?2 /�i�b2ibX

h`2M/ 7�KBHB�`Biv,

h?2 /Bz2`2M+2 #2ir22M T�`iB+BT�MibǶ T`2/B+i2/ bHQT2b �M/ i?2 i`m2 bHQT2b 7Q` 2�+?

HBM2 BM i?2 pBbm�HBx�iBQMX q2 +�H+mH�i2/ i?2 �#bQHmi2 /Bz2`2M+2 #2ir22M � T�`iB+B@

T�MiǶb bHQT2 �M/ i?2 i`m2 bHQT2 7Q` 2�+? Q7 i?2 i?`22 ;`QmTb BM 2�+? /�i�b2iX

jXkXR S`Q+2/m`2

h?2 bm`p2v +QMbBbi2/ Q7 irQ T�`ibX AM i?2 }`bi T�`i- r2 2t�KBM2/ T2`+2Bp2/ 7�KBHB�`Biv

#v T`2b2MiBM; T�`iB+BT�Mib rBi? R8 pBbm�HBx�iBQM@T�B`b U`2bmHiBM; 7`QK i?2 T�B`rBb2



kj

)LJXUH ���� 7KH RULJLQDO GDWDVHWV XVHG LQ WKH SUHOLPLQDU\ VXUYH\�

+QK#BM�iBQMb Q7 i?2 bBt /�i�b2ibV- QM2 �i � iBK2 BM � `�M/QKBx2/ Q`/2` U6B;X jX9VX

h?2 pBbm�HBx�iBQMb /B/ MQi `2p2�H �Mv /�i�c BMbi2�/- T�`iB+BT�Mib QMHv b�r H�#2H2/

�t2b rBi? � b?Q`i /2b+`BTiBQM Q7 2�+? /�i�b2iX S�`iB+BT�Mib r2`2 �bF2/ iQ b2H2+i i?2

/�i�b2i i?�i i?2v r2`2 KQ`2 7�KBHB�` rBi? mbBM; � `�/BQ #miiQMX �7i2` r�i+?BM; �

b?Q`i imiQ`B�H pB/2Q QM ?Qr iQ 2Mi2` � /�i� TQBMi BM � +?�`i- T�`iB+BT�Mib r2`2 �bF2/

iQ T`2/B+i i?2 p�Hm2b Q7 �HH bBt /�i� TQBMib 7Q` 2�+? Q7 i?2 bBt /�i�b2ib U6B;X jX8VX 1�+?

/�i�b2i �TT2�`2/ QM � b2T�`�i2 b+`22M BM `�M/QKBx2/ Q`/2`X 1�+? b+`22M T`2b2Mi2/

�M 2KTiv +?�`i �`2� rBi? H�#2HbX h?`22 #miiQMb �TT2�`2/ iQ i?2 `B;?i Q7 i?2 +?�`i

H�#2H2/ rBi? 2�+? Q7 i?2 i?`22 ;`QmTb 7Q` i?�i /�i�b2i U2X;X- 7`2M+? 7`B2b- +QF2- b?�F2VX

h?2 `�M;2 Q7 i?2 y@�tBb Q7 i?2 pBbm�HBx�iBQMb r�b b2i iQ (y- RXk K�tn/�i�np�Hm2)X

hQ BMTmi � T`2/B+iBQM- T�`iB+BT�Mib b2H2+i2/ � ;`QmT #v +HB+FBM; i?2 #miiQM 7Q` i?�i

;`QmT- i?2M +HB+F2/ i?2 +?�`i �`2� iQ b2i i?2 TQbBiBQM Q7 i?2 irQ /�i� TQBMib 7Q` i?�i
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)LJXUH ���� $ SDLU RI YLVXDOL]DWLRQV ZLWK WKH GDWD RPLWWHG� 3DUWLFLSDQWV ZHUH DVNHG WR FKRRVH

ZKLFK GDWDVHW LV PRUH IDPLOLDU EDVHG RQ ODEHOV�

;`QmTX S�`iB+BT�Mib +QmH/ /`�; i?2 +B`+H2b iQ �/Dmbi i?2B` T`2/B+iBQM 7Q` 2�+? ;`QmTX

jXkXk _2bmHib

q2 `2+`mBi2/ Ryy rQ`F2`b 7`QK �JhX hQ +�H+mH�i2 i?2 T2`+2Bp2/ 7�KBHB�`Biv Q7 2�+?

/�i�b2i- r2 bmKK2/ i?2 MmK#2` Q7 pQi2b T2` /�i�b2i 7`QK i?2 }`bi T�`i Q7 i?2 bim/vX

h�#H2 jXR b?Qrb i?2 `�MFBM; Q7 i?2 /�i�b2ib #v i?2b2 i?`22 K2�bm`2bX q?BH2 T2`@

+2Bp2/ 7�KBHB�`Biv �M/ p�Hm2 7�KBHB�`Biv �`2 ?B;?Hv +Q``2H�i2/ UaT2�`K�MǶb ρ = .84-

p < .001V- T2`+2Bp2/ 7�KBHB�`Biv �M/ i`2M/ 7�KBHB�`Biv �`2 KQ`2 r2�FHv +Q``2H�i2/

UaT2�`K�MǶb ρ = .42- p < .001VX q2 b22 2pB/2M+2 Q7 i?Bb BM i?2 /�i�b2i QM K2/B�M

?Qmb2 T`B+2b- r?2`2 T�`iB+BT�MibǶ T2`+2Bp2/ 7�KBHB�`Biv Bb `2H�iBp2Hv HQr U`�MF 8V-

#mi i?2v /Q r2HH QM i?2 T`2/B+iBQM i�bFb U`�MF R 7Q` T`2/B+iBM; i`2M/VX q2 bmbT2+i

i?�i p�`BQmb 7�+iQ`b KB;?i +QMi`B#mi2 iQ � /Bz2`2M+2 #2ir22M T2`+2Bp2/ 7�KBHB�`Biv

�M/ T`2/B+iBQM �++m`�+vX AM �//BiBQM iQ ?�pBM; T`BQ` #2HB27b bT2+B}+ iQ i?2 /�i�b2i-

?2m`BbiB+b K�v �HHQr T�`iB+BT�Mib iQ ;m2bb `2�bQM�#Hv �++m`�i2Hv #2+�mb2 i?2v ?�p2

bQK2 #2HB27b Q7 i?2 /QK�BMX AM T�`iB+mH�`- /QK�BM bT2+B}+ #2HB27b U2X;X- i?2 �p2`�;2
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)LJXUH ���� ([DPSOH RI D SUHGLFWLRQ LQWHUIDFH�

T`B+2 Q7 ?Qmb2b Bb +?2�T2` BM *QHQ`�/Q i?�M i?Qb2 BM L2r uQ`FV- �M/ /QK�BM ;2M@

2`�H #2HB27b U2X;X- T`B+2b i2M/ iQ ;Q mT Qp2` iBK2V K�v �HHQr T�`iB+BT�Mib iQ K�F2

`2�bQM�#H2 ;m2bb2b 2p2M r?2M i?2v 722H i?2v ?�p2 HBiiH2 2tT2`iBb2 QM � iQTB+X

q2 �;;`2;�i2/ i?2 i?`22 7�KBHB�`Biv `�MFBM;b �M/ bQ`i2/ i?2 /�i�b2ib #v i?2

�;;`2;�i2/ 7�KBHB�`Biv Ui?2 Q`/2` Q7 i?2 h�#H2 jXRVX

6Q` Qm` K�BM bim/v- r2 +?Qb2 i?2 *QHQ`�/Q pQiBM; `2bmHib /�i�- bBM+2 i?Bb /�i�b2i

r�b M2Bi?2` +H2�`Hv 7�KBHB�` MQ` mM7�KBHB�` iQ T�`iB+BT�MibX hQ 2Mbm`2 i?�i `2+�HHBM;

i?2 /�i� Bb bm{+B2MiHv +?�HH2M;BM; BM Qm` K�BM bim/v- r2 BM+Hm/2/ irQ pBbm�HBx�iBQMb

Q7 pQiBM; `2bmHib- 7Q` *QMM2+iB+mi �M/ *QHQ`�/QX q2 mb2/ i?2 KQ`2 7�KBHB�` 7�bi 7QQ/

+�HQ`B2 +QMi2Mi /�i�b2i �M/ i?2 KQ`2 mM7�KBHB�` T`2@/B�#2iB+ 2tT2`BK2Mi /�i�b2i iQ

H�i2` +?2+F i?2 `Q#mbiM2bb Q7 `2bmHib 7`QK Qm` K�BM bim/v BM T�`iB�H `2THB+�iBQMbX

jXj aim/v .2bB;M

jXjXR aim/v P#D2+iBp2b �M/ 1tT2`BK2Mi�H *QM/BiBQMb

hQ mM/2`bi�M/ ?Qr /Bz2`2Mi i2+?MB[m2b 7Q` 2HB+BiBM; T`BQ` #2HB27b rBi? pBbm�HBx�@

iBQM BKT�+i /�i� `2+�HH �M/ +QKT`2?2MbBQM- r2 /2bB;M2/ � #2ir22M@bm#D2+ib 7�+@

iQ`B�H bim/vX S�`iB+BT�Mib r2`2 �bbB;M2/ iQ � #�b2HBM2 +QM/BiBQM ULQM2V Q` QM2



ke

7DEOH ���� 7KUHH IDPLOLDULW\ PHDVXUHV IRU WKH VL[ GDWDVHWV� 7KH RUGHU RI URZV LQ WKH WDEOH LV

E\ WKHPHDQ UDQN DFURVV WKH WKUHHPHDVXUHV� 7KHQXPEHU LQGLFDWHV WKH UDQNLQJ RI WKH GDWDVHW

ZLWK WKHDFWXDOPHDVXUH LQSDUHQWKHVHV� 3HUFHLYHG IDPLOLDULW\ YRWHV DUHRXWRI��� ����ZRUN�

HUV 
 �PD[LPXP YRWHV SHU GDWDVHW��

S2`+2Bp2/

6�KBHB�`Biv

o�Hm2

6�KBHB�`Biv

h`2M/

6�KBHB�`Biv

6�bi 6QQ/ *�HQ`B2 *QMi2Mi R Uj93V R UyXR9V k UyXRRV

aK�`iT?QM2 S`B+2 k UjRkV k UyXR8V j UyXRjV

J2/B�M >Qmb2 S`B+2 8 UR33V j UyXR3V R UyXRyV

oQiBM; _2bmHi j UkNdV 9 UyXkRV 9 UyXkyV

L�iBQM�H "m/;2i 9 Uk3jV 8 UyXkeV 8 UyXk8V

S`2@/B�#2iB+ 1tT2`BK2Mi e UdkV e UyXk3V e UyXjeV

Q7 7Qm` 2HB+Bi�iBQM i2+?MB[m2b, 1tTH�BM@PMHv- S`2/B+i@1tTH�BM- S`2/B+i@PMHv-

S`2/B+i@622/#�+FX

�//BiBQM�HHv- iQ #2ii2` mM/2`bi�M/ i?2 2z2+ib Q7 i?2 2HB+Bi�iBQM i2+?MB[m2b rBi? �

pBbm�HBx�iBQM- r2 p�`B2/ r?2i?2` � T�`iB+BT�Mi BMi2`�+ib rBi? U�M/ K�F2b T`2/B+iBQMb

�#QmiV i?2 /�i� mbBM; i2ti Q` pBbm�HBx�iBQM Uh2ti Q` oBbVX

q2 +`Qbb2/ i?2 2HB+Bi�iBQM i2+?MB[m2b rBi? KQ/�HBiv- rBi? i?2 2t+2TiBQM Q7 S`2/B+i@

622/#�+F- `2bmHiBM; BM N TQbbB#H2 +QM/BiBQMb, LQM2@oBb- 1tTH�M�iBQM@PMHv@oBb- S`2/B+i@

1tTH�BM@oBb- S`2/B+i@PMHv@oBb- S`2/B+i@622/#�+F@oBb- LQM2@h2ti- 1tTH�M�iBQM@PMHv@

h2ti- S`2/B+i@PMHv@h2ti- S`2/B+i@1tTH�BM@h2tiX q2 2t+Hm/2/ � S`2/B+i@622/#�+F

i2ti KQ/�HBiv i`2�iK2Mi /m2 iQ i?2 /B{+mHiv Q7 ;2M2`�iBM; T2`bQM�HBx2/ 722/#�+F

#�b2/ QM 7`227Q`K i2ti T`2/B+iBQMbX



kd

jXjXk S�`iB+BT�Mib

� T`QbT2+iBp2 TQr2` �M�HvbBb r�b T2`7Q`K2/ 7Q` b�KTH2 bBx2 /2i2`KBM�iBQM #�b2/ QM

i?2 2z2+i bBx2 �M/ bi�M/�`/ 2``Q` Q7 2�+? i2+?MB[m2 �M/ KQ/�HBiv BM TBHQib mbBM; �

KBt2/ 2z2+ib KQ/2HX q2 �+?B2p2/ yX3 TQr2` mM/2` α = 0.05 rBi? 9k T�`iB+BT�Mib

T2` +QM/BiBQMX q2 i?2M `2+`mBi2/ jd3 T�`iB+BT�Mib U9k T2` +QM/BiBQMV 7`QK �Jh-

`2r�`/BM; i?2B` T�`iB+BT�iBQM rBi? 0RX8yX

jXjXj S`Q+2/m`2

6B;X jXe b?Qrb �M Qp2`pB2r Q7 i?2 bim/v T`Q+2/m`2X h?2 bim/v bi�`i2/ rBi? �M BM@

i`Q/m+iBQM U6B;X jXeURVV- BM r?B+? r2 2tTH�BM2/ i?2 /�i� /QK�BM �b i?2 T2`+2Mi�;2

Q7 pQi2`b Q7 /Bz2`2Mi 2i?MB+BiB2b U>BbT�MB+- q?Bi2- "H�+FV r?Q pQi2/ _2Tm#HB+�M BM

i?2 kyy3 T`2bB/2MiB�H 2H2+iBQM- 7Q` b2p2`�H BM+QK2 #`�+F2ib �M/ bi�i2bX hQ 2HBKBM�i2

TQbbB#H2 /B{+mHiB2b rBi? i?2 BMi2`�+iBp2 M�im`2 Q7 /�i� 2Mi`v- T�`iB+BT�Mib BM i?2

pBbm�H +QM/BiBQMb r�i+?2/ � imiQ`B�H pB/2Q iQ H2�`M ?Qr iQ b2i �M/ �/Dmbi � p�Hm2

BM �M `2H�i2/ HBM2 +?�`iX PM i?2 M2ti T�;2- T�`iB+BT�Mib BM i?2 T`2/B+iBQM +QM/B@

iBQMb US`2/B+i@1tTH�BM- S`2/B+i@622/#�+F- �M/ S`2/B+i@PMHvV r2`2 �bF2/ iQ T`2/B+i

i?2 pQiBM; T2`+2Mi�;2b 7Q` QM2 `�M/QKHv b2H2+i2/ 2i?MB+ ;`QmT �+`Qbb irQ BM+QK2

H2p2Hb 7Q` 2�+? bi�i2 U*QHQ`�/Q- *QMM2+iB+miV BM `�M/QKBx2/ Q`/2`X hQ 2Mbm`2 i?�i

T�`iB+BT�Mib BMi2`�+i2/ iQ � bBKBH�` /2;`22 �+`Qbb i`2�iK2Mib- T�`iB+BT�Mib r?Q r2`2

MQi T`QKTi2/ iQ T`2/B+i r2`2 �bF2/ iQ `2ivT2 � T�`�;`�T? �#Qmi 2H2+iBQMb BM i?2

lXaX U1tTH�BM@PMHv �M/ LQM2 +QM/BiBQMV U6B;X jXeUkVVX

PM i?2 M2ti T�;2- �HH T�`iB+BT�Mib 2t�KBM2/ i?2 Q#b2`p2/ /�i� U6B;X jXeUjVV- rBi?

T`QKTib �M/ 722/#�+F p�`vBM; #v +QM/BiBQMX S�`iB+BT�Mib BM i?2 LQM2 +QM/BiBQMb

r2`2 �bF2/ iQ 2t�KBM2 i?2 Q#b2`p2/ /�i� b2p2`�H iBK2b U6B;X jXRU�VVX

S�`iB+BT�Mib BM i?2 1tTH�BM@PMHv +QM/BiBQMb r2`2 �bF2/ iQ ;2M2`�i2 �M/ ivT2 BM �

72r b2Mi2M+2b Q7 2tTH�M�iBQMb iQ ?2HT i?2Kb2Hp2b mM/2`bi�M/ i?2 /�i� U6B;X jXRU#VVX

S�`iB+BT�Mib BM i?2 S`2/B+i +QM/BiBQMb b�r i?2B` T`2/B+iBQMb BM � HB;?i2` +QHQ`

�;�BMbi i?2 Q#b2`p2/ /�i� BM i?2 pBbm�H +QM/BiBQMbX AM i?2 i2ti +QM/BiBQMb- i?2



k3

)LJXUH ���� 2YHUYLHZ RI WKH VWXG\ SURFHGXUH� ,I SDUWLFLSDQWV ZHUH QRW DVNHG WR SUHGLFW� WKH\

ZHUH DVNHG WR UHW\SH D JHQHUDO WH[W RQ HOHFWLRQV� ,I SDUWLFLSDQWVZHUH QRW DVN WR JHQHUDWH VHOI�

H[SODQDWLRQV� WKH\ H[DPLQHG HLWKHU WKH GDWD RU IHHGEDFN GHSHQGLQJ RQ WKH FRQGLWLRQ�

i2tim�H T`2/B+iBQMb i?�i i?2 T�`iB+BT�Mi K�/2 r2`2 b?QrM rBi? i?2 Q#b2`p2/ /�i�

T`2b2Mi2/ BM i2tiX

S�`iB+BT�Mib BM i?2 S`2/B+i@1tTH�BM +QM/BiBQMb r2`2 �bF2/ iQ b2H7@2tTH�BM i?2

/Bz2`2M+2 #2ir22M i?2B` T`2/B+iBQM �M/ i?2 Q#b2`p2/ /�i� U6B;X jXRU+VVX

h?Qb2 BM i?2 S`2/B+i@622/#�+F +QM/BiBQM b�r �++m`�+v 722/#�+F #�b2/ QM i?2B`

T`2/B+i2/ p�Hm2b U6B;X jXRU2VVX 622/#�+F +QMi�BM2/ RV i?2 /B`2+iBQM�HBiv Q7 i?2 T�`@

iB+BT�MiǶb 2``Q` U2X;X- ǳuQm` T`2/B+iBQM Qp2`2biBK�i2/ i?2 T2`+2Mi�;2 Q7 >BbT�MB+

pQi2`bXǴV- kV p2`#�H bi�i2K2Mib i?�i `2Bi2`�i2/ i?2 T�`iB+BT�MiǶb T`2/B+iBQM �M/ i?2

Q#b2`p2/ /�i� U2X;X- ǳuQm ;m2bb2/ eeW- #mi i?2 i`m2 �Mbr2` Bb kjWǴV- �M/ jV +QKT�`@

�iBp2 BM7Q`K�iBQM i?�i BM/B+�i2/ ?B;?@H2p2H T�ii2`Mb U2X;X- >B;?2` TQ`iBQMb Q7 r?Bi2

pQi2`b pQi2 7Q` CQ?M J+*�BM i?2M ?BbT�MB+ pQi2`bXV- B7 i?2 T�`iB+BT�Mi pBQH�i2/ i?2

T�ii2`M U2X;X- ǳh?2 T2`+2Mi�;2 Q7 >BbT�MB+ pQi2`b r�b HQr2` i?�M i?Qb2 Q7 q?Bi2

pQi2`bǴVX

S�`iB+BT�Mib BM i?2 S`2/B+i@PMHv +QM/BiBQM r2`2 �bF2/ iQ 2t�KBM2 i?2B` T`2/B+@

iBQMb �M/ i?2 Q#b2`p2/ /�i� b2p2`�H iBK2b U6B;X jXRU/VVX



kN

�b � /Bbi`�+iQ` i�bF- �HH T�`iB+BT�Mib i?2M +QKTH2i2/ �b K�Mv [m2biBQMb QM �

Ry [m2biBQM /B;Bi�H T�T2` 7QH/BM; i2bi �b i?2v +QmH/ BM i?`22 KBMmi2b (9N)X h?2 i�bF

�HbQ b2`p2/ iQ ;�i?2` BM7Q`K�iBQM QM T�`iB+BT�Mib bT�iB�H pBbm�HBx�iBQM �#BHBiB2b- r?B+?

?�p2 #22M b?QrM iQ +Q``2H�i2 rBi? 2z2+iBp2 mb2 Q7 BMi2`M�H `2T`2b2Mi�iBQMb (dR- eN- dy)-

U6B;X jXeU9VVX

�7i2` +QKTH2iBM; i?2 T�T2` 7QH/BM; i2bi- T�`iB+BT�Mib BM �HH +QM/BiBQMb r2`2 �bF2/

iQ `2+�HH i?2 T2`+2Mi�;2 Q7 pQi2`b Q7 /Bz2`2Mi 2i?MB+BiB2b U6B;X jXeU8VVX _2+�HH BMi2`@

7�+2b 7Q` 2�+? bi�i2 r2`2 T`QpB/2/ QM b2T�`�i2 T�;2b �M/ T`2b2Mi2/ BM `2p2`b2 Q`/2`

7`QK i?�i BM r?B+? i?2 /�i� r�b 2t�KBM2/X S�`iB+BT�Mib mb2/ �M BMi2`7�+2 i?�i

K�i+?2/ i?2 KQ/�HBiv #v r?B+? i?2v pB2r2/ i?2 /�i� Ui2ti Q` pBbm�HBx�iBQMVX

S�`iB+BT�Mib r2`2 �bF2/ iQ `2bTQM/ iQ /2KQ;`�T?B+ [m2biBQMb- BM+Hm/BM; �;2-

2/m+�iBQM H2p2H- ;2M/2`- �M/ 2i?MB+Biv- �M/ r2`2 �bF2/ �#Qmi i?2B` 2tT2`B2M+2 rBi?

pBbm�HBx�iBQMbX

jX9 _2bmHib

jX9XR .�i� S`2HBKBM�`B2b

h?2 �p2`�;2 iBK2 iQ +QKTH2i2 i?2 2tT2`BK2Mi r�b RNX9 KBMmi2b Ua.43X9V- rBi? MQ

/Bz2`2M+2b BM `2bTQMb2 iBK2 �+`Qbb i?2 +QM/BiBQMb UF(4) = 1.073, p= .37VX h?2`2 r2`2

MQ bB;MB}+�Mi /Bz2`2M+2b #2ir22M T�`iB+BT�MibǶ /2KQ;`�T?B+ `2bTQMb2b Q` `2H2p�Mi

2tT2`B2M+2 �+`Qbb i?2 +QM/BiBQMbX q2 2t+Hm/2/ j T�`iB+BT�Mib i?�i /B/ MQi bT2+B7v

T`2/B+iBQMb BM i?2 i2ti +QM/BiBQMb- �M/ k T�`iB+BT�Mib r?Q T�`iB+BT�i2/ KmHiBTH2

iBK2bX

jX9Xk �M�HvbBb �TT`Q�+?

q2 mb2/ irQ KBt2/ 2z2+ib KQ/2Hb BKTH2K2Mi2/ BM _Ƕb HK29 T�+F�;2 iQ 2p�Hm�i2 >R-

>k- �M/ >jX q2 mb2/ i?2 MQ`K�H �TT`QtBK�iBQM iQ +�H+mH�i2 T@p�Hm2b Q7 }t2/ 2z2+ib

mbBM; i@b+Q`2b T`Q/m+2/ #v HK29X



jy

.2T2M/2Mi o�`B�#H2b

q2 +QMbB/2`2/ irQ ivT2b Q7 2``Q` BM/B+�iBM; ?Qr r2HH T�`iB+BT�Mib +QmH/ `2+�HH i?2

Q#b2`p2/ /�i�X h?2 �++m`�+v BM `2+�HHBM; BM/BpB/m�H /�i� TQBMib r�b K2�bm`2/ mb@

BM; i?2 �#bQHmi2 2``Q`- BX2X- i?2 �#bQHmi2 /Bz2`2M+2 #2ir22M i?2 `2+�HH2/ p�Hm2 �M/

i?2 Q#b2`p2/ p�Hm2X hQ K2�bm`2 �++m`�+v BM `2+�HHBM; i?2 ?B;?2` H2p2H bi`m+im`2 Q7

/�i�b2ib U2X;X- i`2M/b rBi?BM 2�+? ;`QmTV- r2 +�H+mH�i2/ i?2 i`2M/ 2``Q`- BX2X- i?2 �#@

bQHmi2 /Bz2`2M+2 #2ir22M i?2 `2+�HH2/ �M/ i?2 �+im�H bHQT2 Q7 2�+? HBM2 Ub2i Q7 p�Hm2b

7Q` �M 2i?MB+BivV BM i?2 pBbm�HBx�iBQMX

JQ/2H aT2+B}+�iBQM

AM 2�+? KBt2/ 2z2+ib KQ/2H- r2 BM+Hm/2/ i?2 7Qm` 2HB+Bi�iBQM i2+?MB[m2b U1tTH�BM@

PMHv- S`2/B+i@1tTH�BM- S`2/B+i@PMHv- �M/ S`2/B+i@622/#�+FV- KQ/�HBiv- �M/ i?2 BM@

i2`�+iBQM i2`Kb #2ir22M KQ/�HBiv �M/ i?2 i2+?MB[m2b �b }t2/ 2z2+ib- rBi? i?2 +QM@

i`QHf#�b2HBM2 +QM/BiBQM �b i?2 QKBii2/ `272`2M+2 +QM/BiBQMX q2 BM+Hm/2/ i?2 T�`iB+B@

T�Mi B/ �M/ i?2 2i?MB+Biv ;`QmT U2X;X- >BbT�MB+- 2i+XV �b `�M/QK 2z2+ibX h?2 bT�iB�H

�#BHBiv b+Q`2- +�H+mH�i2/ �b i?2 MmK#2` Q7 +Q``2+i �Mbr2`b Qmi Q7 Ry QM i?2 T�T2` 7QH/@

BM; i�bF- r�b BM+Hm/2/ �b � }t2/ 2z2+iX q2 +2Mi2`2/ i?2 bT�iB�H �#BHBiv b+Q`2 #v Bib

K2�M bQ i?�i }t2/ 2z2+ib /2b+`B#2 � T�`iB+BT�Mi Q7 �p2`�;2 bT�iB�H �#BHBivX 6Q` 2�bB2`

BMi2`T`2i�iBQM- r2 `2TQ`i i?2 BMi2`+2Tib 7Q` 2�+? 2HB+Bi�iBQM i2+?MB[m2 b2T�`�i2Hv 7Q`

pBbm�H p2`bmb i2ti rBi? N8W +QM}/2M+2 BMi2`p�HbX *Q2{+B2Mib �`2 2tT`2bb2/ BM i2`Kb

Q7 i?2 �+im�H mMBib mb2/ BM i?2 /�i�b2ib UBX2X- T2`+2Mi�;2VX

jX9Xj *Q`2 _2bmHib

oBbm�H *QM/BiBQMb

�#bQHmi2 1``Q`, S�`iB+BT�Mib r?Q mb2/ QM2 Q7 i?2 7Qm` 2HB+Bi�iBQM i2+?MB[m2b `2@

+�HH2/ BM/BpB/m�H /�i� TQBMib KQ`2 �++m`�i2Hv i?�M i?Qb2 BM i?2 LQM2@oBb +QM/BiBQM

U6B;X jXdU�VVX S`Q+22/BM; #v K�;MBim/2 Q7 2z2+i- i?2 S`2/B+i@1tTH�BM@oBb +QM/BiBQM



jR

)LJXUH ���� (VWLPDWHG Ć[HG HIIHFW FRHIĆFLHQWV IURP DQDO\]LQJ DEVROXWH HUURUV IRU �D� YLVXDO

DQG �E� WH[W FRQGLWLRQV IRU WKH YRWLQJ UHVXOW GDWDVHW� 7KH HUURU EDUV LQGLFDWH ��� FRQĆGHQFH

LQWHUYDOV� ,QWHUYDOV WKDW GR QRW LQFOXGH LQFOXGH ]HUR LPSO\ WKDWZH FDQ EH UHDVRQDEO\ VXUH WKDW

VRPH HIIHFW H[LVWV�

?�/ i?2 HQr2bi �#bQHmi2 2``Q` `2H�iBp2 iQ i?2 LQM2@oBb +QM/BiBQM #v @9Xy3 UBX2X- T�`iB+@

BT�Mib BM i?2 S`2/B+i@1tTH�BM@oBb +QM/BiBQM r2`2- QM �Mv ;Bp2M `2+�HH2/ TQBMi Qmi Q7

i?2 Rk iQi�H- KQ`2 �++m`�i2 �i `2+�HHBM; i?2 pQiBM; T2`+2Mi�;2 #v 9Xy3W Qmi Q7 RyyW

+QKT�`2/ iQ i?2 i?Qb2 BM i?2 LQM2@oBb +QM/BiBQM, t =−4.02, p < .0001V h?2 S`2/B+i@

622/#�+F@oBb +QM/BiBQM ?�/ i?2 M2ti HQr2bi 2z2+i U@jX89c t = −3.49, p < .001V- 7QH@

HQr2/ #v i?2 1tTH�BM@PMHv@oBb +QM/BiBQM U@jX8kc t = −3.47, p < .0001V- �M/ i?2

S`2/B+i@PMHv@oBb +QM/BiBQM U@kXjyc t = −2.25, p < .05VX >2M+2- BMi2`�+iBp2 2HB+Bi�@

iBQM �TT2�`b iQ #2 `2HB�#H2 r�v iQ BKT`Qp2 �#bQHmi2 `2+�HH Q7 /�i� T`2b2Mi2/ i?`Qm;?

pBbm�HBx�iBQMb- 2p2M rBi? p�`B�iBQMb BM ?Qr T`BQ` #2HB27b Bb 2HB+Bi2/X

S�`iB+BT�MibǶ b+Q`2b QM i?2 bT�iB�H �#BHBiv i2bi �HbQ T`2/B+i2/ � HQr2` �#bQHmi2

2``Q`- �b r2 rQmH/ T`2/B+i 7`QK T`BQ` rQ`F BM/B+�iBM; i?2 `2H�iBQMb?BT #2ir22M bT�@

iB�H pBbm�HBx�iBQM �#BHBiv �M/ pBbm�HBx�iBQM +QKT`2?2MbBQM (dR- eN- dy)X qBi? 2�+?

�//BiBQM�H +Q``2+i �Mbr2` BM i?2 T�T2` 7QH/BM; i�bF- T�`iB+BT�MibǶ 2tT2+i2/ �#bQHmi2



jk

`2+�HH 2``Q` /2+`2�b2/ #v yX99 Ut =−3.63, p < .001VX

q2 Q#b2`p2/ MQ /Bz2`2M+2 BM �#bQHmi2 2``Q` #2ir22M i?2 7Qm` 2HB+Bi�iBQM i2+?@

MB[m2bX

h`2M/ 1``Q`, PMHv T�`iB+BT�Mib BM i?2 S`2/B+i@1tTH�BM@oBb �M/ i?2 S`2/B+i@

622/#�+F@oBb +QM/BiBQMb ?�/ � HQr2` i`2M/ 2``Q` +QKT�`2/ iQ i?2 LQM2@oBb +QM/B@

iBQMX aT2+B}+�HHv- #2BM; BM i?2 S`2/B+i@1tTH�BM@oBb +QM/BiBQM HQr2`2/ 2``Q`b #v @kXye

`2H�iBp2 iQ i?2 LQM2@oBb +QM/BiBQM Ut = −2.07, p < .05V- r?BH2 #2BM; BM i?2 S`2/B+i@

622/#�+F@oBb +QM/BiBQM HQr2`2/ 2``Q`b #v @kXdN `2H�iBp2 iQ i?2 LQM2@oBb +QM/BiBQM

Ut =−2.80, p< .05VX q2 Q#b2`p2/ MQ 2z2+i Q7 i?2 bT�iB�H �#BHBiv b+Q`2 QM T�`iB+BT�MibǶ

i`2M/ 2``Q`b Ut =−0.53, p = .596VX

*QKT�`BM; 1z2+ib Q7 h2+?MB[m2b, oBbm�H pb h2ti

�#bQHmi2 1``Q`, Pp2`�HH- r2 Q#b2`p2/ jXde T2`+2Mi�;2 TQBMib UjeWV KQ`2 2``Q`b

QM �p2`�;2 T2` `2+�HH2/ p�Hm2 �KQM; pBbm�H +QM/BiBQMb +QKT�`2/ iQ i2tiX h?Bb �HB;Mb

rBi? T`BQ` `2b2�`+? BM/B+�iBM; i?�i i2ti Bb #2ii2` 7Q` 2t�+i p�Hm2 `2i2MiBQM i?�M

pBbm�HBx�iBQM (3R)X

AM +QKT�`BM; i?2 �#bQHmi2 2``Q` #2ir22M i?2 i2ti +QM/BiBQMb- i?2 1tTH�BM@PMHv@

h2ti +QM/BiBQM r�b i?2 QMHv +QM/BiBQM i?�i H2/ iQ HQr2` �#bQHmi2 2``Q`b i?�M i?2

LQM2@h2ti +QM/BiBQM- #v �M �p2`�;2 Q7 @kXyy Ut = −2.07, p < .05VX q2 Q#b2`p2/ MQ

2z2+i 7`QK i?2 S`2/B+i@1tTH�BM �M/ i?2 S`2/B+i@PMHv i2+?MB[m2b BM i?2 i2ti KQ/�H@

Biv +QM/BiBQMb r?2M r2 +QKT�`2/ i?2K iQ i?2 LQM2@h2ti +QM/BiBQM U6B;X jXdU#VVX

h2ti T`2b2Mi�iBQMb K�v MQi T`QpB/2 i?2 b�K2 ivT2 Q7 M�im`�H bmTTQ`i 7Q` T`QKTiBM;

BKTHB+Bi `2~2+iBQM �M/ +Q``2+iBQM Q7 QM2Ƕb T`BQ` #2HB27b +QKT�`2/ iQ pBbm�HBx�iBQMbX

S�`iB+BT�Mib rBi? ?B;?2` bT�iB�H �#BHBiv b+Q`2b �;�BM ?�/ � HQr2` �#bQHmi2 2``Q`

QM `2+�HH #v yXjR Ut =−2.04, p < .05VX

h`2M/ 1``Q`, Pp2`�HH- r2 /B/ MQi Q#b2`p2 /Bz2`2M+2b BM �p2`�;2 i`2M/ 2``Q`b

#2ir22M pBbm�H +QM/BiBQMb �M/ i2ti +QM/BiBQMbX AM +QKT�`BM; i?2 i`2M/ 2``Q` #2ir22M

i?2 i2ti +QM/BiBQMb- r2 7QmM/ MQ 2z2+i Q7 �Mv Q7 i?2 2HB+Bi�iBQM i2+?MB[m2b UBX2X-
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1tTH�BM@PMHv@h2ti- S`2/B+i@1tTH�BM@h2ti- Q` S`2/B+i@PMHv@h2tiV +QKT�`2/ iQ i?2

LQM2@h2ti +QM/BiBQMX q2 b�r MQ �TT�`2Mi /2+`2�b2 BM i`2M/ 2``Q` 7`QK bT�iB�H

�#BHBiv Ut =−1.30, p = .193VX

h?2 1z2+i Q7 S`BQ`, �M+?Q`BM; BM i?2 S`2/B+iBQM *QM/BiBQMb

S�`iB+BT�Mib BM i?2 S`2/B+i@PMHv@oBb- S`2/B+i@1tTH�BM@oBb- �M/ S`2/B+i@622/#�+F@

oBb +QM/BiBQMb K�v ?�p2 � i2M/2M+v iQ `2+�HH �bT2+ib Q7 i?2B` QrM T`2/B+iBQM /m2 iQ

i?2 /2HB#2`�i2 �ii2MiBQM `2[mB`2/ iQ ;2M2`�i2 i?2 T`2/B+iBQMX q2 Q#b2`p2/ � r2�F

TQbBiBp2 +Q``2H�iBQM #2ir22M i?2 p�Hm2b i?�i T�`iB+BT�Mib T`2/B+i2/ �M/ i?2 p�Hm2b

i?�i i?2v `2+�HH2/ U6B; jXk- R2 = 0.176- BMi2`+2Ti=−1.28- slope = 0.18V �//BiBQM�HHv-

r2 7QmM/ i?�i 7Q` d8XNW Q7 i?2 /�i� TQBMib 7`QK T�`iB+BT�Mib r?Q r2`2 �bF2/ iQ

T`2/B+i- i?2B` `2+�HH2/ p�Hm2 b?Qr2/ � #B�b BM i?2 b�K2 /B`2+iBQM �b i?2B` T`2/B+i2/

p�Hm2, B7 i?2v mM/2`2biBK�i2/ i?2 p�Hm2 BM i?2 T`2/B+iBQM T?�b2- i?2v i2M/2/ iQ

mM/2`2biBK�i2 i?2 p�Hm2 BM i?2 `2+�HH T?`�b2X h?2 b�K2 T�ii2`M +QmH/ #2 Q#b2`p2/

r?2M i?2v Qp2`2biBK�i2/X >2M+2- � bHB;?i �M+?Q`BM; 2z2+i �TT2�`b iQ #2 T`2b2MiX

Zm�MiBiv �M/ Zm�HBiv Q7 a2H7@1tTH�M�iBQMb

h?2 [m�MiBiv �M/ [m�HBiv Q7 b2H7@2tTH�M�iBQMb ?�p2 #22M b?QrM iQ �z2+i +QKT`2?2M@

bBQM BM T`BQ` rQ`F (jR- Rkj)X q2 �M�Hvx2/ i?2 +Q``2H�iBQM #2ir22M b2H7@2tTH�M�iBQM

[m�MiBiv �M/ [m�HBiv �M/ `2+�HH T2`7Q`K�M+2 7Q` T�`iB+BT�Mib BM i?2 1tTH�BM@PMHv

+QM/BiBQMX �b � T`Qtv Q7 [m�MiBiv r2 +QmMi2/ 2�+? b2Mi2M+2 �b � b2H7@2tTH�M�iBQM

UK2�M,jXk- `�M;2, R@dVX q2 i�HHB2/ i?2 iQi�H MmK#2` Q7 b2H7@2tTH�M�iBQMb ;2M2`�i2/

#v � T�`iB+BT�Mi �M/ `2;`2bb2/ i?2 �p2`�;2 `2+�HH 2``Q` K�/2 #v i?2 T�`iB+BT�Mi

QM i?2 bmKX q2 Q#b2`p2/ MQ 2z2+i Q7 i?2 MmK#2` Q7 2tTH�M�iBQMb QM `2+�HH 2``Q`

U6B; jXj- R2 = 0.001,F = 0.39, p < .533VX

hQ K2�bm`2 i?2 [m�HBiv Q7 2�+? b2H7@2tTH�M�iBQM- r2 /2pBb2/ +`Bi2`B� BM7Q`K2/ #v

*?BǶb �TT`Q�+? iQ /BbiBM;mBb? ?B;? �M/ HQr [m�HBiv 2tTH�M�iBQMb (kN)X q2 /Bz2`2MiB@

�i2/ #2ir22M irQ 7�+iQ`b i?�i +?�`�+i2`Bx2 i?2 [m�HBiv Q7 b2H7@2tTH�M�iBQMb, i?2 H2p2H
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JQ/2H, HKU`2+�HH;�T ∼ ;m2bb;�T V

_2bB/m�Hb

JBM RZ J2/B�M jZ J�t

@j9Xj8 @8X9y yX9j 8XRy jkXR8

*Q2{+B2Mib 1biBK�i2 ai/X 1``Q` i p�Hm2 S`U =%i% V

AMi2`+2Ti @RXk3 yX9d @kXd8 yXyyeyN   

;m2bb;�T yXR3 yXyk RyXj8 Ik2@Re    

JmHiBTH2 _@b[m�`2/, yXRd83- �/Dmbi2/ _@b[m�`2/, yXRd9k

6@bi�iBbiB+, RydXR QM R �M/ 8yk .6- T@p�Hm2, IkXk2@Re

7DEOH ���� 7KH YLVXDOL]DWLRQ DQG WKH UHVXOW RI WKH DQFKRU HIIHFW DQDO\VLV� 7KH UHVXOW VKRZV D

ZHDN DQFKRULQJ HIIHFW�
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JQ/2H, HKU`2+�HH:�T ∼O Q7 a2H7@1tTH�M�iBQMV

_2bB/m�Hb

JBM RZ J2/B�M jZ J�t

@eX3j @jXed @RXRd R-9e ReXNy

*Q2{+B2Mib 1biBK�i2 ai/X 1``Q` i p�Hm2 S`U =%i% V

AMi2`+2Ti RyX9d kX9N 9Xky yXyyyR9    

O Q7 a2H7@1tTH�M�iBQM @yXkj yXde @yXjR yXdeR

JmHiBTH2 _@b[m�`2/, yXyykjjN- �/Dmbi2/ _@b[m�`2/, @yXykke

6@bi�iBbiB+, yXyNjdd QM R �M/ 9y .6- T@p�Hm2, yXdeR

7DEOH ���� 7KH FRUUHODWLRQ DQDO\VLV EHWZHHQ WKH TXDQWLW\ DQG WKH TXDOLW\ RI VHOI�H[SODQDWLRQV�

7KHPRGHO VKRZV QR HIIHFW�
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Q7 T`BQ` #2HB27b BMpQHp2/ BM BM72`2M+2 UBM72`2M+2 rBi? T`BQ` #2HB27b- BM72`2M+2 rBi? MQ

T`BQ` #2HB27b- MQ BM72`2M+2V- �M/ i?2 H2p2H Q7 /2i�BH Q7 i?2 BM72`2M+2 U?B;?- HQrVX

AM72`2M+2 rBi?Qmi T`BQ` #2HB27b- >B;? /2i�BH, ǳ:2M2`�HHv- T2QTH2 rBi? BM@

+QK2b Qp2` d8F r2`2 H2bb HBF2Hv iQ pQi2 7Q` CQ?M J+*�BM BM kyy3X "H�+Fb r?Q K�/2

Qp2` d8F r2`2 bHB;?iHv KQ`2 HBF2Hv iQ pQi2 7Q` ?BK- #mi Bi r�b � p2`v bK�HH BM+`2�b2

iQ jW K2�MBM; MQi K�Mv #H�+Fb pQi2/ 7Q` J+*�BM BM �Mv BM+QK2 +�i2;Q`vXǴ

AM72`2M+2 rBi?Qmi T`BQ` #2HB27b- GQr /2i�BH, ǳJ�DQ`Biv Q7 T2QTH2 MQ K�ii2`

2i?MB+Biv pQi2/ 7Q` i?2 .2KQ+`�ib �M/ MQi _2Tm#HB+�MbXǴ

AM72`2M+2 rBi? T`BQ` #2HB27b- >B;? /2i�BH, ǳh?2`2 r�b � bHB;?i BM+`2�b2 BM

i?2 q?Bi2 pQiBM; TQTmH�iBQM rBi? i?2 ?B;?2` BM+QK2 #`�+F2i- A +QmH/ �bbmK2 i?�i

i?Bb Bb /m2 iQ J+*�BMǶb TQHB+B2b r?B+? #2M2}i i?2 r2�Hi?B2`X Ǵ

AM72`2M+2 rBi? T`BQ` #2HB27b- GQr /2i�BH,ǳS2QTH2 �`2 KQ`2 +QMb2`p�iBp2 BM

*QHQ`�/QXǴ

LQ BM72`2M+2, ǳ1�+? +QHQ`2/ HBM2 Bb � /Bz2`2Mi `�+2X 1�+? TQBMi Bb � /Bz2`2Mi

BM+QK2 #`�+F2iXǴ

hrQ `2b2�`+?2`b +Q/2/ i?2 b2i Q7 9k 2tTH�M�iBQMb UCohenȐ kappa = 1VX q2 +QM@

/m+i2/ � irQ r�v 7�+iQ` �M�HvbBb QM i?2 �p2`�;2 �#bQHmi2 2``Q` �M/ i?2 i`2M/ 2``Q`-

#mi Q#b2`p2/ MQ 2z2+i Q7 2Bi?2` [m�MiBiv Q` [m�HBiv QM 7�+iQ`bX Ai K�v #2 i?�i i?2

/Bz2`2M+2 #2ir22M T�`iB+BT�MibǶ b2H7@2tTH�M�iBQM [m�HBiv r�b bK�HH2` Qp2`�HH i?�M BM

2/m+�iBQM�H bim/B2b Q7 bTQMi�M2Qmb b2H7@2tTH�M�iBQM- T2`?�Tb /m2 iQ i?2 BM+2MiBp2b

iQ rQ`F [mB+FHv QM �JhX

jX9X9 _2THB+�iBQM QM GQr �M/ >B;? 6�KBHB�`Biv .�i�b2ib

q2 +QM/m+i2/ irQ �//BiBQM�H T�`iB�H `2THB+�iBQMb Q7 Qm` bim/v iQ 2p�Hm�i2 i?2 2z2+i

Q7 2HB+Bi�iBQM i2+?MB[m2b QM /�i�b2ib i?�i Qm` T`2HBKBM�`v bm`p2v B/2MiB}2/ �b KQ`2

�M/ H2bb 7�KBHB�` QM �p2`�;2X q2 `2THB+�i2/ �HH pBbm�H +QM/BiBQMbX
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GQr 6�KBHB�`Biv .�i�b2i, a+B2MiB}+ 1tT2`BK2Mi _2bmHib

q2 +`2�i2/ irQ pBbm�HBx�iBQMb /2TB+iBM; `2bmHib 7`QK � b+B2MiB}+ 2tT2`BK2Mi QM i?2

#HQQ/ ;Hm+Qb2 H2p2H Q7 p�`BQmb ;`QmTb Q7 KB+2 �7i2` �MiB#Q/v BMD2+iBQM (ed)X 1�+?

pBbm�HBx�iBQM /Bz2`2MiB�i2/ irQ �KQmMib Q7 iBK2 bBM+2 BMD2+iBQM Uy �M/ jyKBMb- �M/

ey �M/ RkyKBMbVX 1�+? pBbm�HBx�iBQM BM+Hm/2/ HBM2b 7Q` i?`22 ;`QmTb UG2�M- k>Ry-

�M/ +QMi`QHV bBKBH�` iQ i?2 i?`22 ;`QmTb Q7 >BbT�MB+b- q?Bi2- �M/ "H�+F pQi2`b BM

i?2 K�BM bim/vX >2M+2- i?2 irQ pBbm�HBx�iBQMb `2THB+�i2/ i?2 bi`m+im`2 Q7 i?2 pQiBM;

`2bmHib /�i� �+`Qbb irQ bi�i2bX

�#bQHmi2 1``Q`, q2 Q#b2`p2/ � bBKBH�` T�ii2`M Q7 2z2+ib Q7 i?2 i2+?MB[m2b

QM /2+`2�bBM; �#bQHmi2 2``Q` �b 7Q` i?2 pQiBM; `2bmHi /�i�- rBi? i?2 2t+2TiBQM Q7

i?2 S`2/B+i@PMHv@oBb +QM/BiBQMb U6B;X jX3U�VVX h?2 1tTH�BM@PMHv@oBb +QM/BiBQM ?�/

HQr2` 2``Q`b #v RXd3 Ut = −3.75, p < .001V- �M/ i?2 S`2/B+i@1tTH�BM@oBb +QM/BiBQMb

?�/ HQr2` 2``Q`b i?�M i?2 LQM2 +QM/BiBQM #v RXkd Ut =−2.62, p < .01VX h?2 S`2/B+i@

622/#�+F@oBb +QM/BiBQM ?�/ HQr2` 2``Q`b i?�M i?2 LQM2 +QM/BiBQM #v RXjR Ut =

−2.69, p < .01VX S`2/B+i@PMHv@oBb +QM/BiBQM ?�/ MQ 2z2+i +QKT�`2/ iQ i?2 LQM2

+QM/BiBQM Ut =−1.43, p = .152VX

q2 Q#b2`p2/ MQ /Bz2`2M+2 BM `2+�HH T2`7Q`K�M+2 #2ir22M i?2 1tTH�BM@PMHv@oBb-

i?2 S`2/B+i@1tTH�BM@oBb- �M/ i?2 S`2/B+i@622/#�+F@oBb +QM/BiBQMX

h`2M/ 1``Q`, q2 �HbQ Q#b2`p2/ MQ 2z2+ib Q7 i?2 2HB+Bi�iBQM i2+?MB[m2b QM /2@

+`2�bBM; i`2M/ 2``Q` +QKT�`2/ iQ i?2 LQM2 +QM/BiBQMX

>B;? 6�KBHB�`Biv .�i�b2i, *�HQ`B2 *QMi2Mi Q7 6�bi 6QQ/

q2 +`2�i2/ irQ pBbm�HBx�iBQMb mbBM; /�i� QM i?2 +�HQ`B2 +QMi2Mi Q7 i?`22 7�bi 7QQ/b

UJBHFb?�F2- *QF2- 6`2M+? 7`B2bV 7Q` irQ b2`pBM; bBx2b UbK�HH- H�`;2V �i J+.QM�H/Ƕb

�M/ "m`;2` EBM;X

�#bQHmi2 �M/ h`2M/ 1``Q`, _2bmHib Q7 i?2 KBt2/ 2z2+i KQ/2H 7Q` �#bQHmi2

2``Q` U6B;X jX3U#VV �M/ i`2M/ 2``Q` BM/B+�i2 MQ /Bz2`2M+2b #2ir22M �Mv +QM/BiBQMb

7Q` i?2 7�bi 7QQ/ /�i�b2iX
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)LJXUH ���� (VWLPDWHG Ć[HG HIIHFW FRHIĆFLHQWV IURP DQDO\]LQJ DEVROXWH HUURUV IRU YLVXDO FRQ�

GLWLRQV �D� IRU WKH VFLHQWLĆF H[SHULPHQW GDWDVHW� DQG �E� WKH IDVW IRRG FDORULHV GDWDVHW�

q2 +QM+Hm/2 7`QK i?2b2 �//BiBQM�H T�`iB�H `2THB+�iBQMb i?�i T`2/B+iBQM- r?2M

+QK#BM2/ rBi? �//BiBQM�H K2+?�MBbKb HBF2 2tTHB+Bi b2H7@2tTH�M�iBQM Q` 722/#�+F- +�M

H2�/ iQ HQr2` �#bQHmi2 2``Q` 2p2M 7Q` p2`v mM7�KBHB�` /�i� r?2`2 T`2/B+iBQM KB;?i #2

/B{+mHiX S2`?�Tb #2+�mb2 i?2 /�i� r�b �H`2�/v iQQ 7�KBHB�`- r2 b�r MQ `2THB+�iBQM

Q7 2z2+ib 7Q` �Mv 2HB+Bi�iBQM i2+?MB[m2 QM i?2 ?B;? 7�KBHB�`Biv /�i�b2iX

jX8 .Bb+mbbBQM

jX8XR h?2 2z2+i Q7 _2~2+iBM; QM S`BQ` "2HB27b

Pm` `2bmHib bm;;2bi i?2 T`QKBb2 Q7 BM+Q`TQ`�iBM; K2+?�MBbKb 7Q` 2HB+BiBM; T`BQ` #2HB27b

BM pBbm�HBx�iBQMX

6B`bi- Qm` rQ`F 2ti2M/b T`BQ` rQ`F QM b2H7@2tTH�M�iBQM #v b?QrBM; i?�i T`QKTiBM;

mb2`b iQ b2H7@2tTH�BM BM7Q`K�iBQM pBbm�HBx�iBQMb +�M BKT`Qp2 i?2B` �#BHBiv iQ `2+�HH

bT2+B}+ /�i� TQBMib H�i2`X

�//BiBQM�HHv- Qm` rQ`F Bb i?2 }`bi iQ b?Qr i?�i BM+Q`TQ`�iBM; T`2/B+iBQM i�bFb- �b
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BM Qm` S`2/B+i@1tTH�BM@oBb- S`2/B+i@PMHv@oBb- S`2/B+i@622/#�+F@oBb �HbQ BKT`Qp2b

mb2`bǶ �#BHBiv iQ `2+�HH bT2+B}+ /�i�X q2 ?vTQi?2bBx2 i?�i T`2/B+iBM; 7Q+mb2b � mb2`Ƕb

�ii2MiBQM QM i?2B` T`BQ` #2HB27b- K�FBM; i?2K KQ`2 HBF2Hv iQ �ii2M/ iQ i?2 ;�T #2@

ir22M i?2B` T`BQ` #2HB27b �M/ i?2 Q#b2`p2/ /�i� r?2M Bi �TT2�`bX q2 2tT2+i2/ i?�i

T`2/B+iBM; rQmH/ #2 H2bb 2z2+iBp2 BM i?2 i2ti KQ/�HBiv i?�M BM i?2 pBbm�H KQ/�HBivX

AM 7�+i- r2 /B/ MQi Q#b2`p2 �M 2z2+i Q7 �Mv Q7 i?2 T`2/B+iBQM i2+?MB[m2b QM BKT`QpBM;

`2+�HH BM i?2 i2ti +QM/BiBQMbX h?Bb K�v #2 #2+�mb2 T�`iB+BT�Mib BM i?2 pBbm�H +QM/B@

iBQMb �`2 b?QrM i?2 ;�T BM � pBbm�H 7Q`K- `2/m+BM; i?2 /2HB#2`�iBp2 2zQ`i `2[mB`2/ iQ

T`Q+2bb i?2 ;�T BM � i2ti 7Q`K�iX lbBM; � pBbm�HBx�iBQM Q7 i?2 ;�T Bb HBF2Hv iQ 7`22 mT

T�`iB+BT�MibǶ +Q;MBiBp2 `2bQm`+2b BM +QMi`�bi iQ i2ti- bQ i?�i i?2v +�M 7Q+mb QM KQ`2

K2�MBM;7mH �+iBpBiB2b (RkN) bm+? �b mT/�iBM; �M/ `2T�B`BM; i?2B` K2Mi�H KQ/2HX

1t+2Ti 7Q` i?2 S`2/B+i@PMHv@oBb +QM/BiBQMb- r2 r2`2 �#H2 iQ `2THB+�i2 i?2 2z2+i Q7

i?2 2HB+Bi�iBQM i2+?MB[m2b 7Q` /2+`2�bBM; �#bQHmi2 2``Q` rBi? � H2bb 7�KBHB�` /�i�b2i-

i?2 b+B2MiB}+ 2tT2`BK2Mi `2bmHibX h?2b2 `2bmHib bm;;2bi i?�i T`BQ` #2HB27b �#Qmi �

/�i�b2i Bb MQi M2+2bb�`BHv `2[mB`2/ 7Q` � mb2` iQ #2M2}i 7`QK T`2/B+iBQM- 2tTH�M�iBQM-

�M/ 722/#�+F i2+?MB[m2bX h?2 7�+i i?�i r2 r2`2 MQi �#H2 iQ `2THB+�i2 i?2 2z2+ib BM

i?2 S`2/B+i@PMHv +QM/BiBQM K�v BM/B+�i2 i?�i r?2M 7�KBHB�`Biv Bb HQr2`- � mb2` M22/b

�//BiBQM�H `2BM7Q`+2K2Mi iQ `2+Q;MBx2 i?2 ;�T- bm+? �b #2BM; T`QKTi2/ iQ 2tTH�BM Q`

#2BM; ;Bp2M pBbm�H 722/#�+F QM i?2 ;�TX

q2 +QmH/ MQi `2THB+�i2 i?2 2z2+ib Q7 i?2 2HB+Bi�iBQM i2+?MB[m2b QM i?2 ?B;? T`BQ`

7�KBHB�`Biv /�i�b2i- i?2 +�HQ`B2 +QMi2Mi Q7 7�bi 7QQ/X PM2 TQbbB#H2 `2�bQM i?�i r2

/B/ MQi b22 �M 2z2+i ?2`2 Bb i?�i T�`iB+BT�Mib r2`2 �H`2�/v `2H�iBp2Hv �++m`�i2 BM

2biBK�iBM; i?2 p�Hm2b- bm+? i?�i i?2 BMBiB�H ǵ;�TǶ Bb iQQ bK�HH iQ b22 Km+? TQbBiBp2

BKT�+i 7`QK i?2 2HB+Bi�iBQM i2+?MB[m2bX

q2 Q#b2`p2/ i?�i i?2 S`2/B+i@622/#�+F@oBb �M/ S`2/B+i@1tTH�BM@oBb i2+?MB[m2b

/2+`2�b2/ i?2 i`2M/ 2``Q` BM `2+�HHBM; i?2 pBbm�HBx2/ i`2M/b 7Q` i?2 pQiBM; `2bmHib /�i�X

>Qr2p2`- r2 /B/ MQi b22 bBKBH�` BKT`Qp2K2Mib Q7 i`2M/ 2``Q`b rBi? 2Bi?2` Q7 i?2 Qi?2`

/�i�b2ibX o�`vBM; ;`�T?B+�H +QKTH2tBiv K�v #2 QM2 `2�bQM 7Q` i?Bb /Bb+`2T�M+v, BM
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i?2 pQiBM; `2bmHib /�i�- irQ Q7 i?2 HBM2b BMi2`b2+i Ui?mb �//BM; +QKTH2tBivV- r?2`2�b

BM i?2 Qi?2` irQ /�i�b2ib �HH i?`22 HBM2b ?�p2 bBKBH�`- MQM@BMi2`b2+iBM; i`2M/bX

q2 #2HB2p2 i?�i T`QKTiBM; T`2/B+iBQMb �M/ T`QpB/BM; 722/#�+F- r?B+? r2 7QmM/ iQ

`2/m+2 #Qi? i?2 �#bQHmi2 �M/ `2H�iBp2 `2+�HH 2``Q`- rQmH/ rQ`F r2HH r?2M T`2b2MiBM;

pBbm�HBx�iBQMb BM T`�+iB+2X *QKT�`2/ iQ 2tTHB+BiHv T`QKTiBM; � mb2` iQ T`QpB/2 b2H7@

2tTH�M�iBQMb- }`bi T`QKTiBM; � mb2` iQ K�F2 T`2/B+iBQMb Bb HBF2Hv iQ 2M;�;2 � mb2`Ƕb

+m`BQbBivX PM+2 i?2 mb2` ?�b ǳBMp2bi2/Ǵ �ii2MiBQM #v T`2/B+iBM;- i?2v K�v #2 KQ`2

QT2M iQ 722/#�+F i?�i +�M 7m`i?2` /B`2+i i?2B` �ii2MiBQM iQ M22/2/ �/DmbiK2Mib BM

i?2B` T`BQ` #2HB27bX

h?Qm;? r2 �bF2/ T�`iB+BT�Mib BM i?2 T`2/B+i +QM/BiBQMb iQ T`2/B+i QMHv b2H2+i

/�i� TQBMib- r2 Q#b2`p2/ � /2+`2�b2 BM `2+�HH 2``Q` �+`Qbb �HH /�i� TQBMibX AM i?2

S`2/B+i@1tTH�BM@oBb +QM/BiBQMb- r2 b22 2pB/2M+2 i?�i T�`iB+BT�Mib �`2 ;2M2`�iBM; 2t@

TH�M�iBQMb �bbQ+B�i2/ rBi? �HH i?`22 2i?MB+ ;`QmTb /2bTBi2 #2BM; T`QKTi2/ iQ 2tTH�BM

QMHv i?2 /Bz2`2M+2 #2ir22M i?2 T`2/B+i2/ ;`QmT �M/ Q#b2`p2/ /�i�X 6Q` 2t�KTH2-

T�`iB+BT�Mib r`Qi2 BM i?2 +QKK2Mib,

ǳA `2�HHv Qp2`2biBK�i2/ i?2 MmK#2`b Q7 #H�+F T2QTH2X A 2tT2+i2/ KQ`2 Q7

i?2K iQ pQi2 i?�M i?2 >BbT�MB+bXǴ

ǳA K�v ?�p2 mM/2`2biBK�i2/ i?2 TQTmH�iBQM Q7 >BbT�MB+b U�M/ "H�+FbV BM

*QHQ`�/QX A �bbmK2/ #Qi? r2`2 KBMQ`BiB2b r?Q ?2H/ HB#2`�H pB2rTQBMib-

bBM+2 i`�/BiBQM�HHv KBMQ`BiB2b i2M/ iQ T`272` .2KQ+`�iB+ +�M/B/�i2bXǴ

h?Bb bm;;2bib i?�i � /2bB;M2` M22/ MQi `2[mB`2 � mb2` iQ T`2/B+i 2p2`v /�i� TQBMi

BM i?2 pBbm�HBx�iBQM iQ 2M;�;2 mb2`b rBi? i?2 2MiB`2 /�i�b2iX

jX8Xk .2bB;M aT�+2 7Q` :`�T?B+�H S`2/B+iBQM �M/ 622/#�+F

Pm` bim/v b?Qrb i?2 #2M2}ib Q7 2HB+BiBM; mb2`bǶ T`BQ` #2HB27b- bm+? �b i?2B` 2tT2+@

i�iBQMb Q7 /�i�- �M/ T`QKTiBM; i?2K iQ `2~2+i QM ?Qr i?2B` #2HB27b `2H�i2b iQ i?2
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h�bF .2i�BH h�bF
J�MBTmH�iBQM

*QKTQM2Mi
1M+Q/BM; SQbbB#H2 AMi2`�+iBQM

S`2/B+i

*QMiBMmQmb

UZm�MiBi�iBp2V

o�`B�#H2

S`2/B+i

.�i� o�Hm2

J�`F U#�`V "�` +?�`i
.`�; mT � #�`

iQ b2i ?2B;?i

J�`F UHBM2V GBM2 +?�`i .`�r � HBM2

J�`F �ii`B#mi2

U+QHQ` Q7 �`2�bV
J�T U+?Q`QTH2i?V

"`mb? QM +QHQ`

Qp2` �M �`2�

S`2/B+i

*�i2;Q`B+�H

o�`B�#H2

S`2/B+i

*�i2;Q`B+�H

J2K#2`b?BT

J�`F �ii`B#mi2

U+QHQ` Q7 �`2�bV

�`2� +?�`i
"`mb? QM +QHQ`

Qp2` �M �`2�

SB2 +?�`i
"`mb? QM +QHQ`

Qp2` � b2+iQ`

S`2/B+i

.�i� ai`m+im`2

�M/ JQ/2H

S`2/B+i *Q``2H�iBQM

J�`F UHBM2V

a+�ii2` THQi .`�r � `2;`2bbBQM HBM2

GBM2 +?�`i .`�r � HBM2

S`2/B+i *Hmbi2`
a+�ii2` THQi .`�r � +QMiQm`

.`�; �M/ /`QT 2H2K2Mi

iQ i?2 +Hmbi2`

.2M/`Q;`�K

S`2/B+i

*QMM2+iBpBiv
LQ/2@HBMF /B�;`�K .`�r �M 2/;2

S`2/B+i

*QM}/2M+2

AMi2`p�H

"Qt THQi
.`�r � HBM2 iQ K�`F

+QM}/2M+2 BMi2`p�H

7DEOH ���� 3RVVLEOH WDVNV�

/�i�X >Qr2p2`- i?2 /2bB;M bT�+2 7Q` �TTHvBM; ;`�T?B+�H T`2/B+iBQM �M/ 722/#�+F i2+?@

MB[m2b iQ BM7Q`K�iBQM pBbm�HBx�iBQM `2K�BMb `2H�iBp2Hv mM2tTHQ`2/X AM i?2 7QHHQrBM;-

r2 +?�`�+i2`Bx2 F2v +QMbB/2`�iBQMb BM �TTHvBM; i?2b2 i2+?MB[m2b iQ pBbm�HBx�iBQMbX

q2 BM7Q`K2/ Qm` 2H�#Q`�iBQM Q7 i?2 /2bB;M bT�+2 i?`Qm;? b2p2`�H 7Q`Kb Q7 2p@

B/2M+2, Q#b2`p�iBQMb 7`QK Qm` bim/B2bc 2t�KTH2b BM i?2 K2/B�- T`BK�`BHv 7`QK i?2

L2r uQ`F hBK2b (8)c �M/ Qm` QrM /2p2HQTK2Mi Q7 T`QiQivT2b �TTHvBM; i?2 i2+?MB[m2b

iQ pBbm�HBx�iBQMb HBF2 #�` +?�`ib �M/ HBM2 +?�`ibX

"�b2/ QM i?2b2 2tT2`B2M+2b- r2 /Bz2`2MiB�i2 i?`22 +QMbB/2`�iBQMb i?�i BM~m2M+2

i?2 2z2+iBp2M2bb Q7 ;`�T?B+�H T`2/B+iBQM �M/ 722/#�+F �TTHB+�iBQMb, i?2 T`2/B+iBQM
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i�bF �M/ ;`�T?B+�H 2HB+Bi�iBQM i2+?MB[m2 U7Q` r?�i i�bFb �M/ BM r?�i r�vb +�M i?2 mb2`

2tT`2bb i?2B` T`BQ` #2HB27b\V- i?2 +QMi2tim�HBx�iBQM K2+?�MBbK U?Qr /Q2b i?2 BMi2`7�+2

T`QpB/2 +Hm2b iQ +QMbi`�BM i?2 mb2`Ƕb T`2/B+iBQM\V- �M/ i?2 722/#�+F i2+?MB[m2 U?Qr

/Q2b i?2 BMi2`7�+2 /`�r i?2 mb2`Ƕb �ii2MiBQM iQ i?2 ;�T #2ir22M i?2B` T`2/B+iBQMb �M/

i?2 Q#b2`p2/ /�i�\VX

S`2/B+iBQM h�bF �M/ 1HB+Bi�iBQM h2+?MB[m2

� }`bi [m2biBQM BM /2bB;MBM; � pBbm�HBx�iBQM i?�i 2HB+Bib T`2/B+iBQMb Bb ǳq?�i b?QmH/

i?2 mb2` T`2/B+i\ǴX � pBbm�HBx�iBQM +�M 2HB+Bi p�Hm2 T`2/B+iBQMb 7Q` [m�MiBi�iBp2 Q`

MQKBM�H U+�i2;Q`B+�HV p�`B�#H2b- Q` i?2 Qmi+QK2 Q7 � KQ/2H Q` �M�HvbBbX

.B`2+i K�MBTmH�iBQM Bb � M�im`�H r�v iQ BKTH2K2Mi i?2 }`bi QM2- p�Hm2 T`2/B+iBQMX

6Q` 2t�KTH2- � mb2` KB;?i +HB+F iQ �// � K�`F- Q` /`�; � K�`F 7`QK �M �tBb iQ b2i

Q` mT/�i2 Bib TQbBiBQM BM � k. THQi HBF2 � b+�ii2` THQiX Pi?2` K�`Fb `2[mB`2 /Bz2`2Mi

BMi2`�+iBQMb, � mb2` KB;?i /`�; � #�` iQ b2i Bib ?2B;?i Q` +HB+F iQ TQbBiBQM i?2 iQT Q7

i?2 #�` BM � #�` +?�`i- �M/ mb2 � bKQQi? /`�;;BM; QT2`�iBQMb iQ TQbBiBQM � HBM2 BM �

HBM2 +?�`iX

.�i� 2M+Q/2/ BM i?2 pBbm�H �ii`B#mi2b Q7 K�`Fb- bm+? �b +QHQ` Q` b?�T2 K�v

�HbQ #2 T`2/B+i2/X 6Q` 2t�KTH2- MQKBM�H /�i� U+�i2;Q`B2bV KB;?i #2 2M+Q/2/ #v

i?2 +QHQ` ?m2 Q7 K�`Fb BM � b+�ii2` THQiX S`2/B+iBM; +�i2;Q`B+�H K2K#2`b?BT +�M #2

BMbi`mK2Mi2/ rBi? BMi2`�+iBQMb HBF2 #`mb?BM;X 6Q` 2t�KTH2- bQK2 TQBMib K�v `2K�BM

mM+QHQ`2/ BM � b+�ii2` THQi r?2`2 +QHQ` 2M+Q/2b i?2 +�i2;Q`B+�H K2K#2`b?BT Q7 /�i�X

h?2 /2bB;M2` +�M ?�p2 � mb2` b2H2+i � +QHQ` 7`QK �M BMi2`�+iBp2 H2;2M/- �M/ /`�;

�+`Qbb TQBMib iQ �bbB;M i?�i +�i2;Q`vX

AM h?2 L2r uQ`F hBK2bǶ 2HB+Bi�iBQM Q7 mb2`bǶ T`2/B+iBQMb 7Q` i?2 kyR9 b2M�i2

2H2+iBQM- � mb2` r�b �#H2 iQ +v+H2 i?`Qm;? /Bz2`2Mi #BMM2/ T`Q#�#BHBiv H2p2Hb 7Q` i?2

pQiBM; T2`+2Mi�;2 7Q` 2�+? T�`iv #v `2T2�i2/Hv +HB+FBM; QM � bi�i2 BM i?2 K�T (3k)X

aBKBH�` iQ +�i2;Q`B+�H K2K#2`b?BT- i?2 /2bB;M2` Q7 � pBbm�HBx�iBQM K�v �bF �

mb2` iQ T`2/B+i +Hmbi2`b BM � b+�ii2`THQi Q` M2irQ`F /B�;`�KX 6Q` 2t�KTH2- ;Bp2M
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�M BMi2`�+iBp2 M2irQ`F /B�;`�K- i?2 mb2` +�M /`�r � +QMiQm` �`QmM/ i?2 MQ/2b Q`

mb2 #`mb?BM; BMi2`�+iBQMb bBKBH�` iQ i?Qb2 /2b+`B#2/ 7Q` +�i2;Q`B+�H K2K#2`b?BT iQ

/2bB;M�i2 +Hmbi2`b Q7 `2H�i2/ MQ/2bX S`2/B+iBM; +QMM2+iBpBiv +QmH/ �HbQ #2 �TTHB2/ iQ

bmTTQ`i 2/;2 T`2/B+iBQM BM � M2irQ`F /B�;`�KX

�Hi2`M�iBp2Hv- i?2 /2bB;M2` +�M �bF i?2 mb2` iQ pBbm�HBx2 i?2B` 2tT2+i�iBQMb 7Q`

i?2 Qmi+QK2 Q7 KQ`2 +QKTH2t �M�Hvb2b �TTHB2/ iQ `�r /�i�X 6Q` 2t�KTH2- ;`�T?B+�H

T`2/B+iBQM i2+?MB[m2b +QmH/ #2 mb2/ iQ 2HB+Bi T`2/B+iBQMb QM KmHiBp�`B�i2 +Q``2H�iBQMb-

mM+2`i�BMiv- Q` Qi?2` `2bmHib �ii�BM2/ i?`Qm;? bi�iBbiB+�H KQ/2HBM;X 6Q` 2t�KTH2- i?2

L2r uQ`F hBK2b ǵuQm .`�r AiǶ BMi2`�+iBp2 T`QKTib i?2 mb2` iQ T`2/B+i � `2;`2bbBQM

HBM2 `2T`2b2MiBM; i?2 `2H�iBQMb?BT #2ir22M T�`2MibǶ BM+QK2 T2`+2MiBH2 �M/ T2`+2Mi

Q7 +?BH/`2M r?Q �ii2M/2/ +QHH2;2 (8)X hQ 7�+BHBi�i2 mM/2`bi�M/BM; Q7 mM+2`i�BMiv BM

/�i�- � mb2` KB;?i #2 T`QKTi2/ iQ T`2/B+i � +QM}/2M+2 BMi2`p�H Q` `2;BQM ;Bp2M �

k. T`2b2Mi�iBQM Q7 #�`b- TQBMib- Q` HBM2b /2MQiBM; b�KTH2 bi�iBbiB+bX

_2;�`/H2bb Q7 r?�i Bb T`2/B+i2/- i?2 /B`2+iM2bb Q7 i?2 T`2/B+iBQM BMi2`�+iBQM �M/

/2;`22b Q7 7`22/QK T`QpB/2/ iQ i?2 mb2` #v i?2 BMi2`7�+2 �`2 BKTQ`i�Mi /2bB;M +QM@

bB/2`�iBQMbX 6`227Q`K BMi2`�+iBQMb +�M #2 mb2/ iQ �HHQr i?2 mb2` ;`2�i2` ~2tB#BHBiv

BM /`�rBM;- bm+? �b T`QpB/BM; � ?B;? /2;`22 Q7 `2bQHmiBQM UBX2X- bT�+2 Q7 TQbbB#H2 }ibV

iQ mb2`b /`�rBM; `2;`2bbBQM HBM2b BM k. pBbm�HBx�iBQMbX JQ`2 +QMbi`�BM2/ 7Q`Kb Q7

BMi2`�+iBQM +�M #2 `2�HBx2/ i?`Qm;? bM�TTBM; 7mM+iBQMb U2X;X- bM�TTBM; � T`2/B+i2/

`2;`2bbBQM HBM2 iQ i?2 M2�`2bi ;`B/ TQBMiVX aBKBH�`Hv- � /2bB;M2` K�v +?QQb2 iQ QMHv

�HHQr i?2 mb2` iQ K�MBTmH�i2 +2`i�BM T�`�K2i2`b Q7 +QKTQM2Mib U2X;X- /`�; � +m`p2

Q` bHB/2` iQ +?�M;2 HBM2 +m`p�im`2- /`�; i?2 2/;2 Q7 � +B`+H2 iQ BM+`2�b2 bBx2 r?BH2

K�BMi�BMBM; b?�T2VX q?BH2 KQ`2 +QMbi`�BM2/ BMi2`�+iBQMb K�v b2`p2 iQ `2/m+2 2`@

`Q` �M/ 7Q+mb mb2`Ƕb �ii2MiBQM QM F2v T�`�K2i2`b U2X;X- bHQT2 Q` K�;MBim/2 �HQM2V-

i?2v �`2 HBF2Hv iQ �// �#bi`�+iBQMX Pm` QrM 2tT2`BK2Mi�iBQM rBi? BMi2`�+iBp2 T`QiQ@

ivT2b bm;;2bi i?�i K�Mv mb2`b 2MDQv i?2 MQp2Hiv Q7 mbBM; �M BMi2`�+iBp2 pBbm�HBx�iBQM

BMi2`7�+2 iQ /`�r rBi? 72r +QMbi`�BMibX
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*QMi2tim�HBx�iBQM J2+?�MBbK

*QMi2tim�HBx�iBQM K2+?�MBbKb +�M #2 mb2/ iQ ;mB/2 i?2 mb2`Ƕb T`2/B+iBQM �b i?2v

7Q`K � ;m2bbX 6Q` 2t�KTH2- i?2 �KQmMi Q7 2zQ`i `2[mB`2/ 7Q` i?2 mb2` iQ K�F2 �

;m2bb +�M /Bz2` #�b2/ QM i?2 MmK#2` Q7 `272`2M+2 K�`Fb U2X;X- /Qib- #�`b- HBM2bV

i?�i i?2 pBbm�HBx�iBQM BMBiB�HHv T`2b2MibX AM Qm` bim/v- r2 T`2b2Mi2/ irQ Q7 i?2 i?`22

2i?MB+ ;`QmTb #v /27�mHi- r?B+? T`QpB/2/ +m2b iQ ;mB/2 mb2`bǶ T`2/B+iBQMb Q7 i?2

`2K�BMBM; ;`QmTX >Qr Km+? /�i� iQ `2p2�H i?`Qm;? `272`2M+2 K�`Fb +�M #2 /2+B/2/

#�b2/ QM ?Qr 7�KBHB�` mb2`b �`2 2tT2+i2/ iQ #2 rBi? i?2 /�i�b2i UH2bb 7�KBHB�`4KQ`2

`272`2M+2 K�`FbVX P`- i?2 `272`2M+2 K�`Fb +�M #2 b2H2+i2/ /vM�KB+�HHv i?`Qm;?

T2`bQM�HBx�iBQMX 6Q` 2t�KTH2- 7Q` /�i�b2ib i?�i /2TB+i `2;BQM�H /�i�- B/2MiB7vBM; �M/

BMBiB�HHv T`2b2MiBM; K�`Fb /2TB+iBM; i?2 mb2`Ƕb `2;BQM #�b2/ QM i?2B` AS �//`2bb K�v

BM+`2�b2 2M;�;2K2Mi r?BH2 T`QpB/BM; mb27mH +QMi2ti 7Q` i?2 mb2`X

S`2/B+iBQM ?BMib T`QpB/2 KQ`2 /B`2+i ;mB/�M+2- 2Bi?2` i?`Qm;? i2ti Q` pBbm�H �M@

MQi�iBQM- QM r?2`2 � mb2`Ƕb T`2/B+iBQM b?QmH/ #2 K�/2- ?2HTBM; 2/m+�i2 mb2`b �#Qmi

i?2 K2�MBM; Q7 i?2 2M+Q/BM;bX

�b i?2 L2r uQ`F hBK2bǶ pBbm�HBx�iBQM ǳuQm .`�r BiǴ (8) /2KQMbi`�i2b- QM2 Q`

KQ`2 /�i� TQBMib +�M #2 T`2b2Mi2/ �b � ?BMi i?�i i?2 mb2`Ƕb T`2/B+iBQM HBM2 b?QmH/

T�bb i?`Qm;?X

.2bB;M2`b b?QmH/ +QMbB/2` i?2 b+�H2 Q7 i?2 x �M/ y@�t2b BM k. +?�`ibX AM TBHQiBM;

Qm` T`2HBKBM�`v bim/v 7Q` +?QQbBM; � /�i�b2i- r2 Q#b2`p2/ i?�i mb2`bǶ T`2/B+iBQMb

r2`2 [mBi2 b2MbBiBp2 iQ i?2 �tBb `�M;2X q?2M r2 T`2b2Mi2/ i?2 7mHH y@RyyW T2`+2Mi�;2

`�M;2 7Q` T2`+2Mi�;2 p�`B�#H2b U2X;X- i?2 T2`+2Mi�;2 Q7 i?2 lXa M�iBQM�H #m/;2i Q7

?2�Hi? +�`2V- mb2`bǶ 2biBK�i2b b?Qr2/ � #B�b iQr�`/ i?2 +2Mi2` BM i?2 THQiiBM; `�M;2X

h?Bb 2z2+i r�b H2bb2M2/ r?2M r2 i`BKK2/ i?2 �tBb `�M;2 #�b2/ QM i?2 K�tBKmK

p�Hm2 Q7 i?2 /�i�b2i- bm;;2biBM; i?�i mb2`b BKTHB+BiHv pB2r i?2 �tBb `�M;2 �b � +Hm2

iQ i?2 /�i� b+�H2X
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622/#�+F h2+?MB[m2

�7i2` � mb2` /`�rb i?2B` T`2/B+iBQM- 722/#�+F QM ?Qr i?2 mb2`Ƕb T`2/B+iBQM +QKT�`2b

iQ i?2 Q#b2`p2/ /�i� +�M ?2HT T`QKTi `2~2+iBQM QM T`BQ` #2HB27bX

6Q` 2t�KTH2- T2`bQM�HBx2/ 722/#�+F +�M T`QpB/2 BM7Q`K�iBQM QM i?2 �++m`�+v Q7 �

T`2/B+iBQM- �b r2 T`QpB/2/ BM Qm` bim/vX 622/#�+F K�v i�F2 i?2 7Q`K Q7 �;;`2;�i2/-

[m�MiB}2/ �++m`�+v BM7Q`K�iBQM U2X;X- ǳPp2`�HH- vQm r2`2 3yW `B;?i BM ;m2bbBM; i?2

�KQmMi Q7 *P2 2KBbbBQM BM lXaǴV Q` BM7Q`K�iBQM QM i?2 /B`2+iBQM�HBiv Q7 #B�b2b

U2X;X- ǳuQm Qp2`@2biBK�i2/ i?2 Qp2`�HH i`2M/XǴVX 622/#�+F K�v �HbQ Q++m` �i � KQ`2

;`�MmH�` H2p2H- 2M+Qm`�;BM; i?2 mb2` iQ �/Dmbi i?2B` 2tT2+i�iBQMb Q7 BM/BpB/m�H /�i�

TQBMib, ǳuQm` ;m2bb QM v2�` kyyR r�b e TQBMib Qzc � HBiiH2 ?B;?2` �M/ vQm rQmH/ #2

+Q``2+iXǴ

�b mb2`bǶ T`2/B+iBQMb �`2 +QHH2+i2/- bQ+B�H 722/#�+F K�v b2`p2 iQ 7m`i?2` 2M;�;2

mb2`b iQ i?BMF �#Qmi i?2 /�i� �M/ i?2B` QrM 2tT2+i�iBQMbX >Qr2p2`- bQ+B�H 722/#�+F

K�v �HbQ Qp2`b?�/Qr mb2`Ƕb QrM BMi2`T`2i�iBQMbc ?2M+2 bQ+B�H 722/#�+F KB;?i #2

rBi??2H/ mMiBH �7i2` i?2 mb2` ?�b T`QpB/2/ i?2B` QrM T`2/B+iBQM (de) h?2 BMi2`7�+2

+�M T`QKTi bQ+B�H +QKT�`BbQMb #v pBbm�HBxBM; Qi?2` mb2`bǶ T`2/B+iBQMb �HQM;bB/2 i?2

mb2`ǶbX

:2M2`�H /2bB;M +QMbB/2`�iBQMb �z2+iBM; 722/#�+F BM+Hm/2 ?Qr bT2+B}+ �M/ BM r?�i

KQ/�HBiv 722/#�+F Bb T`2b2Mi2/ U2X;X- pBbm�H- i2ti- 2i+XVX "�b2/ QM Qm` bim/v }M/BM;

i?�i i2tim�H T`2b2Mi�iBQMb �`2 H2bb 2z2+iBp2 7Q` /`�rBM; �ii2MiBQM iQ i?2 ;�T- r2

2t+2Ti pBbm�H 722/#�+F Q` � +QK#BM�iBQM Q7 pBbm�H �M/ i2ti 722/#�+F iQ #2 KQ`2

TQr2`7mHX �MBK�iBM; 722/#�+F- bm+? �b #v /vM�KB+�HHv KQpBM; K�`Fb �//2/ #v i?2

mb2` iQ i?2B` i`m2 TQbBiBQMb- Q` �//BM; i2tim�H 722/#�+F iQ T`2/B+iBQM 2``Q`b TQBMi #v

TQBMi- K�v #2 T�`iB+mH�`Hv 2z2+iBp2 7Q` /`�rBM; � mb2`Ƕb �ii2MiBQM iQ i?2 ;�TX

jXe amKK�`v

h?Bb +?�Ti2` BMi`Q/m+2b i?2 BMi2`7�+2b iQ T`QKTi T2QTH2Ƕb `2~2+iBQM QM i?2B` T`BQ`

#2HB27b- i?2 2p�Hm�iBQM Q7 i?2 2z2+ib Q7 i?2 BMi2`7�+2b QM /�i� `2+�HH- �M/ i?2 BMp2b@



9e

iB;�i2/ K2+?�MBbKb #2?BM/ i?2 2z2+ibX h?2 BMp2biB;�iBQM T`QpB/2b FMQrH2/;2 QM

?Qr pBbm�HBx�iBQM /2bB;M2`b �M/ `2b2�`+?2`b +QmH/ 2HB+Bi T2QTH2Ƕb #2HB27b rBi?Qmi ?�p@

BM; M2;�iBp2 BKT�+ib QM T2QTH2 r?2M i?2v BMi2`�+i rBi? pBbm�HBx�iBQMbX AM i?2 M2ti

+?�Ti2`- A rBHH BMi`Q/m+2 ?Qr iQ 2ti2M/ i?2 �TT`Q�+? iQ 2HB+Bi T`Q#�#BHBbiB+ #2HB27b

�M/ KQ/2H T2QTH2Ƕb #2HB27b rBi? � "�v2bB�M 7`�K2rQ`F mbBM; 2HB+Bi2/ #2HB27bX
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*?�Ti2` 9

� "�u1aA�L *P:LAhAPL �SS_P�*> hP AJS_Po1 .�h�
oAal�GAw�hAPL

*?�Ti2` j /2KQMbi`�i2b ?Qr T2QTH2Ƕb #2HB27b +QmH/ #2 2HB+Bi2/ BM � M�im`�H r�v

7`QK mb2`b iQ BMi2;`�i2 BMiQ pBbm�HBx�iBQM BMi2`�+iBQMX h?2 bim/B2b b?Qr i?�i i?2 �+i

Q7 i?2 2ti2`M�HBx�iBQM #2M2}ib mb2`b iQ `2K2K#2` /�i� #2ii2`- TQbbB#Hv #v b22BM; i?2

;�T #2ir22M i?2B` T`BQ` #2HB27b �M/ i?2 �+im�H /�i�X

qBi? i?�i mM/2`bi�M/BM;- i?Bb +?�Ti2` BMi`Q/m+2b r�vb iQ 2HB+Bi T2QTH2Ƕb T`Q#@

�#BHBbiB+ #2HB27b iQ KQ/2H i?2B` pBbm�HBx�iBQM BMi2`�+iBQM U_2b2�`+? Zm2biBQM RVX �b

QTTQb2 iQ 2HB+BiBM; QMHv i?2 ǳHQ+�iBQMǴ Q7 i?2 #2HB27b �b KQ/2H2/ BM +?�Ti2` j- �M

BM/BpB/m�HǶb mM+2`i�BMiv Q7 i?2B` #2HB27b Bb 2HB+Bi2/ i?Bb iBK2X A BMi`Q/m+2 � /2KQM@

bi`�iBQM Q7 ?Qr r2 +QmH/ �TTHv "�v2bB�M KQ/2Hb mbBM; i?2 2HB+Bi2/ #2HB27b iQ mM/2`@

bi�M/ pBbm�HBx�iBQM BMi2`T`2i�iBQMb U_2b2�`+? Zm2biBQM jVX A T`2b2Mi r?�i r2 H2�`M

�#Qmi mb2`bǶ /�i� BMi2`T`2i�iBQM T`Q+2bb #v KQ/2HBM; pBbm�HBx�iBQM BMi2`T`2i�iBQM �b

"�v2bB�M BM72`2M+2- �M/ ?Qr i?2 �TT`Q�+? +�M b?�T2 ?Qr r2 /2bB;M �M/ 2p�Hm�i2

pBbm�HBx�iBQMbX h?Bb +?�Ti2` �HbQ T`QpB/2b �M �M�HvbBb i?�i b?Qrb i?2 2z2+i Q7 T`BQ`

2HB+Bi�iBQM U_2b2�`+? Zm2biBQM kVX

9XR oBbm�HBx�iBQMb �b J2/B� iQ AM7Q`K "2HB27 *?�M;2

PTTQbBM; � ǳ/�i�@QMHvǴ pB2r Q7 pBbm�HBx�iBQM- KQ/2Hb Q7 ;`�T?B+�H +QKT`2?2MbBQM

7`QK Tbv+?QHQ;Bbib ?�p2 /2b+`B#2/ ?Qr iQT@/QrM BM~m2M+2b- BM+Hm/BM; T`BQ` #2HB27b

�M/ 2tT2`iBb2- BM~m2M+2 r?�i � T2`bQM �ii2M/b iQ (ke)X aim/B2b /2KQMbi`�i2 ?Qr

T`BQ` FMQrH2/;2 +�M H2�/ iQ Qi?2` ǳ/QrMbi`2�KǴ 2z2+ib QM pBbm�HBx�iBQM `2H�i2/

Qmi+QK2b- bm+? �b ?Qr 2z2+iBp2 �M BMi2`�+iBp2 pBbm�HBx�iBQM Bb 7Q` /Bz2`2Mi mb2`b (eN)X

h?2 T`2pBQmb +?�Ti2` /2KQMbi`�i2b ?Qr 2HB+BiBM; T2QTH2Ƕb #2HB27b �#Qmi /�i� /B`2+iHv
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i?`Qm;? i?2 BMi2`7�+2 +�M TQbBiBp2Hv BKT�+i /�i� `2+�HH �M/ T`QKTi +`BiB+�H i?BMFBM;

�#Qmi /�i�X >Qr2p2`- `2b2�`+? BM /�i� pBbm�HBx�iBQM ?�b v2i iQ /2p2HQT /2b+`BTiBp2

Q` MQ`K�iBp2 +Q;MBiBp2 KQ/2Hb 7Q` T`2/B+iBM; �M/ 2p�Hm�iBM; ?Qr T2QTH2 mT/�i2 i?2

T`BQ` #2HB27b i?2v #`BM; mTQM pB2rBM; /�i�X

PmibB/2 Q7 pBbm�HBx�iBQM `2b2�`+?- Tbv+?QHQ;Bbib ?�p2 /2p2HQT2/ i?2b2 ivT2b Q7

KQ/2Hb Q7 ?Qr T2QTH2 mT/�i2 i?2B` #2HB27b Q` QTBMBQMb �#Qmi /�i� Q` � T`QTQbB@

iBQM- ;Bp2M BM7Q`K�iBQM �#Qmi i?2B` T`BQ` #2HB27b (e9- Rjj)X "�v2bB�M KQ/2Hb Q7 +Q;@

MBiBQM +QKT�`2 ?mK�M +Q;MBiBQM- r?B+? Bb �bbmK2/ iQ /`�r QM T`BQ` #2HB27b- iQ

� MQ`K�iBp2 bi�M/�`/ 7Q` `�iBQM�H BM/m+iBQM 7`QK MQBbv 2pB/2M+2 (ee)X "v +QK@

#BMBM; F2v +QKTQM2Mib Q7 "�v2bB�M bi�iBbiB+běBM+Hm/BM; � HBF2HB?QQ/ 7mM+iBQM /2@

b+`B#BM; i?2 T`Q#�#BHBiv Q7 i?2 /�i� ;Bp2M bQK2 �bbmK2/ /Bbi`B#miBQM- � /2b+`BTiBQM

Q7 i?2 T`BQ` T`Q#�#BHBiv Q7 /Bz2`2Mi p�Hm2b- �M/ H�rb Q7 +QM/BiBQM�H T`Q#�#BHBivě

"�v2bB�M +Q;MBiBp2 KQ/2HBM; +�M /2b+`B#2 ?Qr T2QTH2 mT/�i2 i?2B` #2HB27b ;Bp2M /�i�X

"�v2bB�M KQ/2Hb ?�p2 T`QpB/2/ 2tTH�M�iQ`v �++QmMib Q7 ?Qr T2QTH2 K�F2 p�`BQmb

`2�H@rQ`H/ T2`+2Tim�H Dm/;K2Mib- ?B;?2` +Q;MBiBp2 BM72`2M+2b- �M/ H2�`M �M/ `2�bQM

BM/m+iBp2Hv (Rjk- e9- N3- Rjj)X "�v2bB�M +Q;MBiBp2 KQ/2Hb +�M �HbQ T`2b+`B#2 r?�i

mT/�i2/ #2HB27b �`2 KQbi +QMbBbi2Mi rBi? QM2Ƕb T`BQ` #2HB27b �M/ i?2 /�i�- T`QpB/BM;

� MQ`K�iBp2 7`�K2rQ`F 7Q` 2p�Hm�iBM; BMi2`�+iBQMb rBi? /�i� T`2b2Mi�iBQMbX

q2 K�F2 b2p2`�H +QMi`B#miBQMb BM i?Bb +?�Ti2`X 6B`bi- r2 /2KQMbi`�i2 � "�v2bB�M

+Q;MBiBp2 KQ/2H 7Q` �bb2bbBM; ?Qr T2QTH2 BMi2`T`2i /�i� T`2b2Mi�iBQMb HBF2 bBKTH2

pBbm�HBx�iBQMbX AM +QMi`�bi iQ Qi?2` 7`�K2rQ`Fb 7Q` bim/vBM; pBbm�HBx�iBQM mb2- �

"�v2bB�M +Q;MBiBp2 KQ/2H +�M #2 mb2/ iQ 2t�KBM2 ?Qr T2QTH2 +?�M;2 i?2B` #2HB27b BM

`2bTQMb2 iQ T`2b2Mi2/ /�i�X

.2THQvBM; i?2 KQ/2H r2 /2p2HQT- r2 +?�`�+i2`Bx2 i?2 2ti2Mi iQ r?B+? i?2 #2@

HB27 mT/�iBM; Q7 mb2`b Q7 � bBKTH2 pBbm�HBx�iBQM Q7 bm`p2v `2bmHib `2b2K#H2b "�v2bB�M

BM72`2M+2 USBHQiVX q2 }M/ 2pB/2M+2 i?�i QM �p2`�;2 T2QTH2 mT/�i2 i?2B` #2HB27b `�@

iBQM�HHv- #mi BM/BpB/m�Hb Q7i2M /2pB�i2 7`QK 2tT2+i�iBQMb Q7 `�iBQM�H #2HB27 mT/�iBM;X

h?2b2 }M/BM;b ?QH/ �+`Qbb KmHiBTH2 /�i�b2ib �M/ T`BQ` 2HB+Bi�iBQM K2i?Q/b Uaim/v
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RVX q2 }M/ i?�i T2QTH2 /2pB�i2 +QMbB/2`�#Hv KQ`2 7`QK i?2 T`2/B+iBQMb Q7 "�v2bB�M

BM72`2M+2 2p2M BM �;;`2;�i2 r?2M T`2b2Mi2/ rBi? /�i�b2ib Q7 � p2`v H�`;2 b�KTH2 bBx2X

6BM�HHv- r2 /2KQMbi`�i2 ?Qr � "�v2bB�M +Q;MBiBp2 KQ/2H +�M #2 mb2/ iQ 2p�Hm�i2

/�i� T`2b2Mi�iBQMb Uaim/v kVX q2 b?Qr ?Qr >vTQi?2iB+�H Pmi+QK2 SHQib U>PSbV-

�MBK�i2/ THQib i?�i b?Qr mM+2`i�BMiv pB� /`�rb 7`QK � /Bbi`B#miBQM- BKT`Qp2 /2pB�@

iBQM 7`QK MQ`K�iBp2 "�v2bB�M `2bTQMb2b `2H�iBp2 iQ MQi T`2b2MiBM; 2``Q` BM7Q`K�iBQMX

p (θ) p(Y|θ)

(b) Observed data (Likelihood)

Belief 
updating

(a) User’s prior beliefs

(c) User’s 
posterior beliefs

p(θ|Y) =
p(Y|θ) x p(θ)

p(Y)

(d) Normative posterior 
beliefs

)LJXUH ���� 'LVWULEXWLRQV RI UHVLGXDOV �REVHUYHG � SUHGLFWHG� IRU SDUWLFLSDQWVè SRVWHULRUVè

PHDQV DQG VWDQGDUG GHYLDWLRQV DQG WKHPHDQV DQG VWDQGDUG GHYLDWLRQV RI WKH QRUPDWLYH SRV�

WHULRUV�

9Xk oBbm�HBx�iBQM AMi2`T`2i�iBQM �b "�v2bB�M AM72`2M+2

"27Q`2 BMi`Q/m+BM; Qm` bim/B2b- r2 rBHH r�HF vQm i?`Qm;? �M 2t�KTH2 b+2M�`BQ i?�i

BHHmbi`�i2b ?Qr r2 2MpBbBQM "�v2bB�M 7`�K2rQ`F +�M #2 �TTHB2/ BM pBbm�HBx�iBQM BMi2`@

T`2i�iBQMX AK�;BM2 � mb2` rBHH #2 T`2b2Mi2/ rBi? � pBbm�HBx2/ 2biBK�i2 Q7 � T�`�K2i2`

θ X �b �M 2t�KTH2- BK�;BM2 i?�i i?2 T�`�K2i2` Bb i?2 T`QTQ`iBQM Q7 `2bB/2Mib Q7 lXaX

�bbBbi2/ HBpBM; +2Mi2`b r?Q ?�p2 �Hx?2BK2`ǶbX "27Q`2 i?2 mb2` pB2rb Q#b2`p2/ /�i�-

i?2v �`iB+mH�i2 i?2B` T`BQ` #2HB27bX h?2 mb2` bT2+B}2b � T`BQ` #v �bbB;MBM; T`Q#�#BHBiv

Qp2` TH�mbB#H2 p�Hm2b Q7 θ mbBM; � ;`�T?B+�H Q` i2ti@#�b2/ BMi2`7�+2 U6B; 9XR�VX

AM "�v2bB�M BM72`2M+2- #2HB27b i�F2 i?2 7Q`K Q7 � T`Q#�#BHBiv /Bbi`B#miBQMX 6Q`

� T`QTQ`iBQM T�`�K2i2` θ - � "2i� /Bbi`B#miBQM Bb i?2 �TT`QT`B�i2 /Bbi`B#miBQM iQ

+�Tim`2 #2HB27bX hrQ T�`�K2i2`b bm{+B2MiHv /2}M2 � mMB[m2 "2i� /Bbi`B#miBQM,
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Beta(α,β )X q2 +�M i?BMF Q7 α − 1 �b i?2 MmK#2` Q7 bm++2bb7mH 2p2Mib U2X;X- i?2

MmK#2` Q7 `2bB/2Mib BM �bbBbi2/ HBpBM; +2Mi2`b r?Q ?�p2 �Hx?2BK2`ǶbV- �M/ β − 1

`272`b iQ i?2 MmK#2` Q7 mMbm++2bb7mH 2p2Mib U2X;X- i?2 MmK#2` Q7 `2bB/2Mib BM �bbBbi2/

HBpBM; +2Mi2`b r?Q /QMǶi ?�p2 �Hx?2BK2`ǶbVX

AK�;BM2 � mb2` r?Q ;m2bb2b i?�i �TT`QtBK�i2Hv RyW `2bB/2Mib BM �bbBbi2/ HBpBM;

+2Mi2`b ?�p2 �Hx?2BK2`Ƕb- #mi rBi? `2H�iBp2Hv ?B;? mM+2`i�BMivX �bbmK2 i?�i i?2 BM@

7Q`K�iBQM i?2B` #2HB27b BKTHv Bb 2[mBp�H2Mi iQ ?�pBM; Q#b2`p2/ � b�KTH2 Q7 Ry �bbBbi2/

HBpBM; +2Mi2` `2bB/2Mib- QM2 Q7 r?B+? ?�/ /2K2MiB�X h?2B` T`BQ` #2HB27b �`2 +�Tim`2/

#v i?2 /Bbi`B#miBQM Beta(2,10)X h?2 bmK i?2 bm++2bb7mH 2p2Mib �M/ i?2 7�BHm`2 2p2Mib

UBX2X- RyV `2T`2b2Mib i?2 �KQmMi Q7 BM7Q`K�iBQM UQ` +QMp2`b2Hv mM+2`i�BMivV +QMi�BM2/

BM i?2 mb2`Ƕb T`BQ` /Bbi`B#miBQMX

AK�;BM2 i?�i i?2 mb2` Bb M2ti T`2b2Mi2/ rBi? � pBbm�HBx�iBQM Q7 �M 2biBK�i2 +�T@

im`2/ #v Q#b2`p2/ /�i� U6B; 9XR U#VV- bm+? �b i?2 T`QTQ`iBQM Q7 �bbBbi2/ HBpBM; +2Mi2`

`2bB/2Mib rBi? /2K2MiB� �++Q`/BM; iQ `2+Q`/b 7Q` � +?�BM Q7 +2Mi2`b rBi? HQ+�iBQMb

�+`Qbb i?2 +QmMi`vX Pmi Q7 R-yyy `2bB/2Mib Q7 i?2b2 +?�BMb- 9ky ?�p2 /2K2MiB�X q2

KQ/2H i?2 /�i� ;2M2`�iBM; T`Q+2bb �b � #BMQKB�H T`Q+2bb BM r?B+? �Mv BM/BpB/m�H

BM/2T2M/2MiHv ?�b i?2 /Bb2�b2 rBi? � +2`i�BM UB/2MiB+�HV T`Q#�#BHBiv θ X q2 `2T`2@

b2Mi i?2 Q#b2`p2/ /�i� �b � HBF2HB?QQ/ 7mM+iBQM +�Tim`BM; i?2 T`Q#�#BHBiv Q7 /Bz2`2Mi

p�Hm2b Q7 θ ;Bp2M i?2 Q#b2`p2/ /�i�X h?2 HBF2HB?QQ/ 2M+Q/2b i?2 `2H�iBp2 MmK#2`

Q7 r�vb i?�i /Bz2`2Mi p�Hm2b Q7 θ +QmH/ T`Q/m+2 i?2 Q#b2`p2/ T`QTQ`iBQM ;Bp2M Qm`

�bbmKTiBQMb �#Qmi i?2 /�i� ;2M2`�iBM; T`Q+2bb �M/ i?2 bBx2 Q7 i?2 Q#b2`p2/ b�KTH2X

h?2 HBF2HB?QQ/ 7mM+iBQM 7Q` � `2TQ`i2/ T`QTQ`iBQM- 9kW- 7`QK � iQi�H b�KTH2 Q7 R-yyy

`2bB/2Mib +�M #2 `2T`2b2Mi2/ #v Binomial(1000,0.42)- BKTHvBM; �M 2tT2+i2/ 9ky bm+@

+2bb7mH 2p2Mib �M/ 83y 7�BHm`2 2p2Mib #mi rBi? bQK2 mM+2`i�BMiv /m2 iQ b�KTHBM;

2``Q`X

#o f successesposterior = #o f successesprior +#o f successesdata

#o f f ailuresposterior = #o f f ailuresprior +#o f f ailuresdata

U9XRV
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AM � "�v2bB�M 7`�K2rQ`F- ǳ`�iBQM�HǴ #2HB27 mT/�iBM; Bb T`2b+`B#2/ #v i?2 MQ`@

K�iBp2 TQbi2`BQ` /Bbi`B#miBQM U6B; 9XR/VX h?Bb /Bbi`B#miBQM Bb +�H+mH�i2/ #v mbBM;

"�v2b `mH2 iQ mT/�i2 i?2 T`Q#�#BHBiv Q7 θ BM i?2 T`BQ` rBi? i?2 BM7Q`K�iBQM �#Qmi

θ BKTHB2/ #v i?2 HBF2HB?QQ/ 7mM+iBQMX 1[m�iBQM 9XR `2bmHib 7`QK mbBM; "�v2b `mH2

iQ 2biBK�i2 i?2 MmK#2` Q7 bm++2bb7mH 2p2Mib �M/ i?2 7�BHm`2 2p2Mib BM i?2 TQbi2`BQ`

#2HB27b �b � 7mM+iBQM Q7 i?2 2biBK�i2b BKTHB2/ #v i?2 Q#b2`p2/ /�i� �M/ T`BQ`X h?2

MmK#2` Q7 bm++2bb7mH �M/ 7�BHm`2 2p2Mib BM i?2 TQbi2`BQ` #2HB27b Bb 2[mBp�H2Mi iQ �

"2i� /Bbi`B#miBQM, Beta(422,590)X AMimBiBp2Hv- mM/2` "�v2bB�M BM72`2M+2 i?2 mb2`Ƕb

#2HB27 /Bbi`B#miBQM �7i2` 2M+QmMi2`BM; i?2 Q#b2`p2/ /�i� b?B7ib T`QTQ`iBQM�HHv iQ i?2

�KQmMi Q7 BM7Q`K�iBQM +QMi�BM2/ BM i?2 irQ /Bbi`B#miBQMbX

9Xj .2p2HQTBM; _2b2�`+? Zm2biBQMb �M/ :Q�Hb

S`BQ` #2HB27b +H2�`Hv TH�v � `QH2 BM /�i� BMi2`T`2i�iBQMX >Qr2p2`- #2HB27 mT/�iBM;

Bb `�`2Hv 7Q`K�HHv KQ/2H2/ BM `2b2�`+? `2H�i2/ iQ /�i� T`2b2Mi�iBQM �M/ pBbm�HBx�@

iBQMX aim/B2b Q7 "�v2bB�M +Q;MBiBQM bm;;2bi i?�i "�v2bB�M BM72`2M+2 +�M #2 mb2/ iQ

+?�`�+i2`Bx2 K�Mv �bT2+ib Q7 H2�`MBM; �M/ +Q;MBiBQMX q2 �TTHv � "�v2bB�M +Q;MB@

iBp2 KQ/2HBM; �TT`Q�+? iQ � bBKTH2 /�i� BMi2`T`2i�iBQM i�bF iQ mM/2`bi�M/ r?2`2

T2QTH2 �HB;M rBi?- �M/ /2pB�i2 7`QK- MQ`K�iBp2 "�v2bB�M BM72`2M+2 BM/BpB/m�HHv �M/

BM �;;`2;�i2X q?BH2 i?2 +QKTmi�iBQM�H +QKTH2tBiv Q7 "�v2bB�M BM72`2M+2 K�F2b Bi

/Qm#i7mH i?�i +Q;MBiBQM mb2b 2t�+i BM72`2M+2 (39)- BM i?2 +QMi2ti Q7 BMi2`T`2iBM; T`2@

b2Mi2/ /�i� BM 2p2`v/�v b2iiBM;b Ubm+? �b BM /�i� DQm`M�HBbKV r2 rQmH/ 2tT2+i mM/2`

"�v2bB�M �bbmKTiBQMb iQ b22 i?�i T2QTH2 URV �`2 +�T�#H2 Q7 T`QpB/BM; T`BQ`b /2b+`B#@

BM; i?2 mM+2`i�BMiv BM i?2B` #2HB27b �#Qmi � T�`�K2i2`- �M/ UkV mT/�i2 i?2b2 #2HB27b

iQ BM+Q`TQ`�i2 Q#b2`p2/ /�i�X Pm` rQ`F b?2/b HB;?i QM i?2 /2;`22 iQ r?B+? i?2b2

�bbmKTiBQMb ?QH/ 7Q` � bBKTH2 /�i� BMi2`T`2i�iBQM i�bFX

AM +QMi`�bi iQ T`BQ` rQ`F BM "�v2bB�M +Q;MBiBQM i?�i �pQB/b Q#i�BMBM; T`BQ`b /B@

`2+iHv 7`QK T2QTH2 (ee- R8k)- r2 /2bB;M �M/ �TTHv � T�`�/B;K BM r?B+? r2 2HB+Bi

T2QTH2Ƕb T`BQ` �M/ TQbi2`BQ` #2HB27b �#Qmi i?2 T`Q#�#BHBiv i?�i � T�`�K2i2` i�F2b p�`@
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)LJXUH ���� 'LVWULEXWLRQV RI UHVLGXDOV �REVHUYHG � SUHGLFWHG� IRU SDUWLFLSDQWVè SRVWHULRUVè

PHDQV DQG VWDQGDUG GHYLDWLRQV DQG WKHPHDQV DQG VWDQGDUG GHYLDWLRQV RI WKH QRUPDWLYH SRV�

WHULRUV�

BQmb p�Hm2b USBHQi- aim/B2b R- kVX h?Qm;? Bi Bb +QKKQMHv �`;m2/ i?�i T2QTH2 ?�p2

/B{+mHiB2b `2�bQMBM; �#Qmi T`Q#�#BHBiv- i?2 MQiBQM i?�i T2QTH2 �`2 +�T�#H2 Q7 K�BM@

i�BMBM; bm#D2+iBp2 T`Q#�#BHBiB2b Bb r2HH@2bi�#HBb?2/ BM /2+BbBQM i?2Q`v- +QM;`m2Mi rBi?

+�MQMB+�H rQ`F BM Dm/;K2Mi �M/ /2+BbBQM K�FBM; HBF2 i?�i Q7 hp2`bFv �M/ E�?M2@

K�M (k)- �M/ bmTTQ`i2/ #v � #Q/v Q7 rQ`F BM 2+QMQKB+b QM bm#D2+iBp2 T`Q#�#BHBiv

2HB+Bi�iBQM- BM+Hm/BM; 7`QK H�vT2QTH2 Ub22 (RyR) 7Q` � `2pB2rX >�pBM; Q#i�BM2/ T`BQ`

#2HB27b- r2 }i � /Bbi`B#miBQM iQ i?2K i?2M mb2 "�v2bǶ `mH2 iQ +QKTmi2 i?2 MQ`K�iBp2

TQbi2`BQ` /Bbi`B#miBQM 7Q` 2�+? T2`bQM- i?2 TQbi2`BQ` /Bbi`B#miBQM i?�i Bb 2tT2+i2/

B7 i?2 T2`bQM Bb � T2`72+i "�v2bB�M �;2Mi ;Bp2M i?2 Q#b2`p2/ /�i� �M/ i?2B` T`BQ`

/Bbi`B#miBQMX

AM � }`bi bim/v- r2 +QKT�`2 i?2 /Bbi`B#miBQM }i iQ i?2 TQbi2`BQ` #2HB27b r2 2HB+Bi2/

7`QK 2�+? T2`bQM iQ i?2 MQ`K�iBp2 TQbi2`BQ` #2HB27b +QKTmi2/ mbBM; i?�i T2`bQMǶb

T`BQ` "�v2bB�M bQHmiBQMb U6B;X 9Xk iQT `QrVX q2 �HbQ +QKT�`2 T2QTH2Ƕb �;;`2;�i2

TQbi2`BQ` /Bbi`B#miBQM UBX2X i?2 TQbi2`BQ` /Bbi`B#miBQMb `2T`2b2MiBM; i?2 �;;`2;�i2 Q7

�HH T2QTH2Ƕb TQbi2`BQ` /Bbi`B#miBQMbV iQ i?2 MQ`K�iBp2 �;;`2;�i2 TQbi2`BQ` /Bbi`B#m@

iBQM UBX2X- i?2 MQ`K�iBp2 TQbi2`BQ` /Bbi`B#miBQM +�H+mH�i2/ mbBM; � T`BQ` /Bbi`B#miBQM

`2T`2b2MiBM; i?2 �;;`2;�i2 Q7 �HH T2QTH2Ƕb T`BQ` /Bbi`B#miBQMbV U6B;X 9Xk #QiiQK `QrVX
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�HB;MK2Mi #2ir22M T2QTH2Ƕb `2bTQMb2b �M/ i?2 MQ`K�iBp2 "�v2bB�M bQHmiBQM �i i?Bb

�;;`2;�i2 H2p2H K�v bm;;2bi i?�i T2QTH2 �`2 ǳb�KTH2@#�b2/ "�v2bB�MbǴ (R9j) T2`@

7Q`KBM; �TT`QtBK�i2Hv BM72`2M+2X

S`BQ` rQ`F BM pBbm�HBx�iBQM �M/ Dm/;K2Mi �M/ /2+BbBQM K�FBM; bm;;2bib i?�i

/Bz2`2Mi bm#D2+iBp2 T`Q#�#BHBiv 2HB+Bi�iBQM i2+?MB[m2b +�M T`Q/m+2 p�`vBM; `2bmHib-

T2`?�Tb #2+�mb2 bQK2 i2+?MB[m2b Ubm+? �b 7`2[m2M+v 7`�KBM;bV #2ii2` �HB;M rBi?

T2QTH2Ƕb BMi2`M�H `2T`2b2Mi�iBQMb Q7 mM+2`i�BMiv (ek- d3- RRk)X AM � b2+QM/ bim/v- r2

�bb2bb ?Qr b2MbBiBp2 T2QTH2Ƕb `2bTQMb2b �`2 iQ /Bz2`2Mi 2HB+Bi�iBQM K2i?Q/b- r?B+?

p�`v BM i?2 BMTmi 7Q`K�i 7Q` #2HB27b i?2v mb2 UBX2X- +QMiBMmQmb T`Q#�#BHBiv p2`bmb

/Bb+`2i2 b�KTH2bVX

AM � b2+QM/ bim/v- r2 b?Qr ?Qr � "�v2bB�M +Q;MBiBp2 KQ/2H +�M #2 mb2/ iQ �bb2bb

i?2 2z2+iBp2M2bb Q7 /2bB;M +?�M;2bX PM2 �bT2+i Q7 pBbm�HBx�iBQM /2bB;M i?�i Bb HBF2Hv

iQ #2 `2H2p�Mi iQ ?Qr T2QTH2 mT/�i2 #2HB27b Bb i?2 T`2b2Mi�iBQM Q7 mM+2`i�BMivX A7

T2QTH2 b22 i?2 Q#b2`p2/ /�i� �b KQ`2 +2`i�BM i?�M Bi Bb U2X;X- `2~2+iBM; #2HB27 BM i?2

H�r Q7 bK�HH MmK#2`b (Rjd)V- i?2B` TQbi2`BQ` Dm/;K2Mib K�v `2~2+i Qp2`r2B;?iBM;

Q7 i?2 Q#b2`p2/ /�i� �M/ mM/2`r2B;?iBM; Q7 i?2B` T`BQ`X PM i?2 Qi?2` ?�M/- B7

T2QTH2 b22 i?2 /�i� �b H2bb +2`i�BM i?�i Bi Bb U2X;X- MQM@#2HB27 BM i?2 H�r Q7 H�`;2

MmK#2`b (R8)V- i?2B` TQbi2`BQ` Dm/;K2Mib K�v `2~2+i mM/2`r2B;?iBM; Q7 i?2 Q#b2`p2/

/�i� �M/ Qp2`r2B;?iBM; Q7 i?2B` T`BQ`X hQ /2KQMbi`�i2 ?Qr � "�v2bB�M +Q;MBiBp2

KQ/2H +�M bmTTQ`i pBbm�HBx�iBQM /2bB;M /2+BbBQMb- r2 +QKT�`2 i?2 `2bmHib Q7 "�v2bB�M

KQ/2HBM; �+`Qbb � /27�mHi bi�iB+ pBbm�HBx�iBQM ivTB+�H Q7 i?Qb2 7QmM/ BM i?2 K2/B� �M/

�M �MBK�i2/ ?vTQi?2iB+�H Qmi+QK2 THQi U>PS (dN)V mM+2`i�BMiv pBbm�HBx�iBQMX

9X9 SBHQi, .2p2HQTBM; � "�v2bB�M JQ/2H Q7 .�i� AMi2`T`2i�iBQM

q2 /2KQMbi`�i2 � "�v2bB�M KQ/2H Q7 +Q;MBiBQM 7Q` �bb2bbBM; pBbm�HBx�iBQM BMi2`@

T`2i�iBQMX q2 2p�Hm�i2 i?2 2ti2Mi iQ r?B+? BM/BpB/m�HbǶ Dm/;K2Mib �`2 +QMbBbi2Mi

rBi? ǳ7mHHvǴ "�v2bB�M BM72`2M+2 #v �bb2bbBM; ?Qr +HQb2Hv i?2B` BM/BpB/m�H TQbi2`BQ`

/Bbi`B#miBQMb �HB;M rBi? i?2 MQ`K�iBp2 TQbi2`BQ` /Bbi`B#miBQM +�H+mH�i2/ ;Bp2M i?2B`
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T`BQ`X a2+QM/Hv- r2 �HbQ +QMbB/2` r?2i?2` T2QTH2Ƕb Dm/;K2Mib KB;?i BMbi2�/ #2 +QM@

bBbi2Mi rBi? r?�i ?�b #22M i2`K2/ ǳb�KTH2@#�b2/Ǵ "�v2bB�M BM72`2M+2 U� 7Q`K Q7

�TT`QtBK�i2 "�v2bB�M BM72`2M+2V #v 2p�Hm�iBM; ?Qr +HQb2Hv i?2 �;;`2;�i2 TQbi2`BQ`

/Bbi`B#miBQM �HB;Mb rBi? i?2 MQ`K�iBp2 �;;`2;�i2 TQbi2`BQ` /Bbi`B#miBQMX

9X9XR aim/v .2bB;M

q2 `2+`mBi2/ 8y T�`iB+BT�Mib rBi? N8W Q` �#Qp2 �TT`Qp�H `�iBM; 7`QK �K�xQM J2@

+?�MB+�H hm`F- `2r�`/BM; i?2B` T�`iB+BT�iBQM rBi? 0RXyX h?2 �p2`�;2 +QKTH2iBQM iBK2

r�b dXj KBMmi2b Ua.48XkVX

.�i�b2i �M/ S`2b2Mi�iBQM

6Q` Qm` bim/B2b r2 bQm;?i � bBKTH2 /�i�b2i i?�i rQmH/ MQM2i?2H2bb #2 `2T`2b2Mi�@

iBp2 Q7 i?Qb2 b?QrM BM i?2 K2/B� Q` Tm#HB+ 7�+BM; `2TQ`ibX q2 b2H2+i2/ � /�i�b2i

rBi? � bBM;H2 p�`B�#H2 r?B+? `2T`2b2Mib � T`QTQ`iBQMX h?2 /�i�b2i /2b+`B#2b bm`p2v

`2bmHib BMi2M/2/ iQ K2�bm`2 �iiBim/2b iQr�`/b K2Mi�H ?2�Hi? BM i?2 i2+? rQ`FTH�+2

UL4d9dV (R)X q2 +?Qb2 QM2 [m2biBQM 7`QK i?2 bm`p2v ǳ?Qr Q7i2M /Q vQm 722H i?�i

K2Mi�H ?2�Hi? �z2+ib vQm` rQ`F\Ǵ iQ 7Q`KmH�i2 Qm` T`QTQ`iBQM T�`�K2i2`, ǳi?2 T`Q@

TQ`iBQM Q7 rQK2M BM i?2 i2+? BM/mbi`v r?Q 722H i?�i K2Mi�H ?2�Hi? �z2+ib i?2B` rQ`F

Q7i2MXǴ hQ T`2b2Mi i?2 Q#b2`p2/ T`QTQ`iBQM iQ T�`iB+BT�Mib BM Qm` bim/v- r2 +`2�i2/

�M ǳBM7Q@;`�T?B+Ǵ bivH2 pBbm�HBx�iBQM U6B;X 9Xd U�VV r?B+? b?Qrb i?Bb T`QTQ`iBQM mbBM;

� ;`B/ 7Q`K�i +QKKQMHv mb2/ BM i?2 K2/B� iQ T`2b2Mi T`QTQ`iBQMb U2X;X- (e- 3j- Ryk)VX

S`BQ` �M/ SQbi2`BQ` 1HB+Bi�iBQM

hQ 2HB+Bi T�`iB+BT�MibǶ T`BQ` �M/ TQbi2`BQ` /Bbi`B#miBQMb- r2 mb2/ � i2+?MB[m2 i?�i

�bFb T�`iB+BT�Mib �#Qmi irQ T`QT2`iB2b Q7 i?2B` BMi2`M�H /Bbi`B#miBQM, i?2 KQbi T`Q#@

�#H2 p�Hm2 Q7 i?2 T�`�K2i2` UKQ/2 UKVV �M/ i?2B` bm#D2+iBp2 T`Q#�#BHBiv U6B;X 9XeU#VV

i?�i i?2 T�`�K2i2` 7�HHb BMiQ i?2 BMi2`p�H �`QmM/ i?2 KQ/2 U(m−0.25m,m+0.25m)VX

S`BQ` `2b2�`+? BM T`Q#�#BHBiv 2HB+Bi�iBQM 7Q` T`QTQ`iBQMb BM/B+�i2b i?�i i?Bb i2+?MB[m2
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Bb H2bb b2MbBiBp2 iQ BKT`2+BbBQM i?�i K�v �`Bb2 r?2M QM2 2ti2`M�HBx2b � bm#D2+iBp2 /Bb@

i`B#miBQM +QKT�`2/ iQ � T2`+2MiBH2 �TT`Q�+? �M/ �Hi2`M�iBp2 HQ+�iBQM THmb BMi2`p�H

BKTH2K2Mi�iBQMb (R8j)X � #2M2}i Q7 i?Bb �TT`Q�+? Bb i?�i 2biBK�i2b Q7 "2i� /Bbi`B@

#miBQM T�`�K2i2`b +�M #2 �M�HviB+�HHv +QKTmi2/ 7`QK T�`iB+BT�MibǶ �Mbr2`b (8e)X

9X9Xk _2bmHib

6BiiBM; AM/BpB/m�H _2bTQMb2b

q2 }`bi +QMp2`i2/ T�`iB+BT�MibǶ 2HB+Bi2/ T`BQ` �M/ TQbi2`BQ` #2HB27b iQ "2i� /Bbi`B#m@

iBQMb mbBM; �M QTiBKBx�iBQM �TT`Q�+? bm;;2bi2/ BM T`2pBQmb rQ`F (RRk)X h?2 �TT`Q�+?

}M/b �M QTiBK�H "2i� /Bbi`B#miBQM T�`�K2i2`Bx2/ #v α �M/ β r?B+? KBMBKBx2b i?2

bmK Q7 irQ i2`Kb, URV i?2 b[m�`2 /Bz2`2M+2 #2ir22M i?2 T�`iB+BT�MibǶ KQ/2 �M/

i?2 2biBK�i2/ KQ/2 Q7 i?2 "2i� /Bbi`B#miBQM �M/ UkV i?2 b[m�`2 /Bz2`2M+2 #2ir22M

i?2 T`Q#�#BHBiv i?�i 2�+? T�`iB+BT�Mi �bbQ+B�i2/ rBi? i?2 BMi2`p�H �M/ i?2 2biBK�i2/

T`Q#�#BHBiv Q7 i?2 BMi2`p�H BM i?2 /Bbi`B#miBQMX

6BiiBM; �;;`2;�i2 _2bTQMb2b

hQ Q#i�BM T�`�K2i2`b 7Q` i?2 �;;`2;�i2/ T`BQ`fTQbi2`BQ` /Bbi`B#miBQMb Uα�;; �M/

β�;;V- r2 �p2`�;2/ T�`iB+BT�MibǶ αb �M/ β b `2bT2+iBp2Hv 7`QK i?2 BM/BpB/m�H T`BQ`fTQbi2`BQ`

/Bbi`B#miBQMb, α�;; = (αR + ...+αL)/N,β�;; = (βR + ...+ βL)/N UN = # Q7 T�`iB+B@

T�MibVX

*�H+mH�iBM; LQ`K�iBp2 SQbi2`BQ`b

q2 +�M +�H+mH�i2 � T�`iB+BT�MiǶb MQ`K�iBp2 TQbi2`BQ` #v mbBM; α �M/ β 2biBK�i2b 7`QK

i?2B` T`BQ` /Bbi`B#miBQM +QK#BM2/ rBi? i?2 MmK#2` Q7 bm++2bb2b U2X;X- i?2 MmK#2` Q7

rQK2M r?Q b�B/ i?2B` K2Mi�H ?2�Hi? �z2+ib i?2B` rQ`F Q7i2MV �M/ 7�BHm`2b U2X;X- i?2

MmK#2` Q7 rQK2M r?Q b�B/ i?2B` K2Mi�H ?2�Hi? �z2+ib i?2B` rQ`F MQi Q7i2MV BM i?2

Q#b2`p2/ /�i� U1[X 9XkVX h?2 α �M/ β 7Q` i?2 �;;`2;�i2/ MQ`K�iBp2 TQbi2`BQ` �`2
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+�H+mH�i2/ BM i?2 b�K2 K�MM2` mbBM; i?2 �;;`2;�i2/ T`BQ` α �M/ β 2biBK�i2bX

αMQ`K�iBp2 TQbi2`BQ` = #successes+αT`BQ`

βMQ`K�iBp2 TQbi2`BQ` = # f ailures+βT`BQ`
U9XkV

q2 2p�Hm�i2 i?2 /2;`22 iQ r?B+? BM/BpB/m�H �M/ �;;`2;�i2 TQbi2`BQ` /Bbi`B#m@

iBQMb `2b2K#H2 i?2 MQ`K�iBp2 "�v2bB�M TQbi2`BQ` /Bbi`B#miBQMb #v THQiiBM; `2bB/m@

�Hb UQ#b2`p2/ @ T`2/B+i2/V r?2M T`2/B+iBM; i?2 K2�Mb �M/ bi�M/�`/ /2pB�iBQMb Q7

T�`iB+BT�MibǶ TQbi2`BQ` /Bbi`B#miBQMb mbBM; MQ`K�iBp2 "�v2bB�M BM72`2M+2 U6B;X 9XjVX

� /Bbi`B#miBQM Q7 `2bB/m�Hb i?�i Bb HQQb2Hv +2Mi2`2/ �`QmM/ x2`Q bm;;2bib ǳMQBbvǴ

"�v2bB�M BM72`2M+2- r?2`2 2�+? BM/BpB/m�H K�v /2pB�i2 7`QK i?2 MQ`K�iBp2 TQbi2`BQ`

/m2 iQ �TT`QtBK�i2 BM72`2M+2 #mi BM �;;`2;�i2- i?2 Q#b2`p2/ TQbi2`BQ` `2b2K#H2b i?2

MQ`K�iBp2 TQbi2`BQ`X _2bB/m�Hb 7Q` K2�Mb �`2 `Qm;?Hv +2Mi2`2/ �`QmM/ x2`Q- rBi?

N8W Q7 i?2 p�Hm2b 7�HHBM; #2ir22M @yXRe �M/ yX83VX � bK�HH MmK#2` Q7 T�`iB+BT�Mib

T`QpB/2/ TQbi2`BQ` /Bbi`B#miBQMb rBi? K2�Mb i?�i r2`2 +QMbB/2`�#Hv ;`2�i2` i?�M T`2@

/B+i2/ UBX2X- #2HB2p2/ i?�i i?2 i`m2 T`QTQ`iBQM Q7 rQK2M BM i2+? r?Q 722H i?�i K2Mi�H

?2�Hi? �z2+ib i?2B` rQ`F Q7i2M r�b Km+? H�`;2` i?�M T`2/B+i2/ 7`QK i?2 T`BQ` �M/

i?2 Q#b2`p2/ /�i�VX

-0.5 0.0 0.5 -0.5 0.0 0.5

25

0

Mean differences Stdev differences

)LJXUH ���� 'LVWULEXWLRQV RI UHVLGXDOV �REVHUYHG � SUHGLFWHG� IRU SDUWLFLSDQWVè SRVWHULRUVè

PHDQV DQG VWDQGDUG GHYLDWLRQV DQG WKHPHDQV DQG VWDQGDUG GHYLDWLRQV RI WKH QRUPDWLYH SRV�

WHULRUV�

_2bB/m�Hb 7Q` bi�M/�`/ /2pB�iBQM �`2 �HbQ `Qm;?Hv /Bbi`B#mi2/ �`QmM/ x2`Q- #mi

b?Qr i?�i T�`iB+BT�Mib r2`2 #B�b2/ QM �p2`�;2 iQ T`Q/m+2 TQbi2`BQ` /Bbi`B#miBQMb
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rBi? ;`2�i2` p�`B�M+2 i?�M i?2 MQ`K�iBp2 TQbi2`BQ`X h?Bb bm;;2bib � i2M/2M+v �KQM;

T�`iB+BT�Mib iQ T`QpB/2 TQbi2`BQ` #2HB27b BM/B+�iBM; KQ`2 mM+2`i�BMiv i?�M Bb `�iBQM�H

;Bp2M i?2 Q#b2`p2/ /�i� �M/ i?2 BM7Q`K�iBQM +QMi�BM2/ BM i?2B` T`BQ`X

6QHHQrBM; i?Bb Q#b2`p�iBQM- r2 �M�Hvx2/ r?2`2 2�+? T�`iB+BT�MiǶb TQbi2`BQ` /Bb@

i`B#miBQM r�b HQ+�i2/ `2H�iBp2 iQ i?2 MQ`K�iBp2 TQbi2`BQ` /Bbi`B#miBQM U6B;X 9X9VX q2

7QmM/ i?�i 99W Q7 T�`iB+BT�Mib Ukk Qmi Q7 8yV Qp2`r2B;?i2/ i?2 KQ/2 Q7 i?2 Q#@

b2`p2/ /�i� UBX2X- i?2B` TQbi2`BQ` /Bbi`B#miBQMb �`2 +HQb2` iQ i?2 Q#b2`p2/ /�i� i?�M

i?2v b?QmH/ #2V- r?BH2 j9W Q7 T�`iB+BT�Mib URd Qmi Q7 8yV Qp2`r2B;?i2/ i?2 KQ/2

Q7 i?2B` T`BQ` /Bbi`B#miBQM- �M/ R3W Q7 i?2 T�`iB+BT�Mib UN Qmi Q7 8yV T`QpB/2/ TQb@

i2`BQ` #2HB27b i?�i KQp2/ 7m`i?2` i?�M i?2 T`BQ` 7`QK i?2 Q#b2`p2/ /�i�X PMHv irQ

T�`iB+BT�Mib U9WV r2`2 rBi?BM ±1% `�M;2 Q7 i?2 KQ/2 Q7 i?2B` MQ`K�iBp2 TQbi2`BQ`bX

(a) Overweight data: 44.0%

Prior
Observed data
Normative posterior
Posterior

(b) Close to normative: 4.0% (c) Overweight prior: 34.0%

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

)LJXUH ���� ([DPSOH LOOXVWUDWLRQV RI WKUHH GLIIHUHQW W\SHV RI WKH XSGDWH� 3URSRUWLRQV RI SDU�

WLFLSDQWV ZKRVH SRVWHULRU GLVWULEXWLRQV �GRWWHG OLQH� LPSO\ RYHUZHLJKWLQJ RI WKH PRGH RI WKH

REVHUYHG GDWD� UHDVRQDEOH DOLJQPHQW ZLWK WKH QRUPDWLYH SRVWHULRU� DQG RYHUZHLJKWLQJ RI WKH

PRGH RI WKH SULRU GLVWULEXWLRQV� $Q DGGLWLRQDO ��� RI SDUWLFLSDQWV �QRW VKRZQ� SURYLGHG SRV�

WHULRU EHOLHIV WKDW ZHUH IXUWKHU WKDQ WKH SULRU IURP WKH REVHUYHG GDWD�

S2` Qm` T`2@`2;Bbi`�iBQM r2 `2TQ`i HQ; EG /Bp2`;2M+2 UEG.V (N8) #2ir22M MQ`@

K�iBp2 �M/ Q#b2`p2/ TQbi2`BQ`bX EG. Bb �M BM7Q`K�iBQM i?2Q`2iB+ K2�bm`2 Q7 i?2

/Bz2`2M+2 #2ir22M irQ T`Q#�#BHBiv /Bbi`B#miBQMbX 1t�KBMBM; HQ; EG. �i i?2 BM/B@

pB/m�H �M/ �;;`2;�i2 H2p2Hb �HB;M2/ rBi? Qm` Q#b2`p�iBQM 7`QK i?2 `2bB/m�H THQib, 72r

BM/BpB/m�Hb �+i ǳ7mHHv "�v2bB�MǴ- #mi BM �;;`2;�i2 i?2 `2bTQMb2b �`2 +HQb2 iQ MQ`K�@

iBp2 T`2/B+iBQMbX h?2 K2�M HQ; EG. 7Q` � T�`iB+BT�Mi �i i?2 BM/BpB/m�H H2p2H r�b

yX8k Ua.4RXR3c jXjR BM MQM@HQ; i2`KbVX
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)LJXUH ���� $ GHSLFWLRQ RI KRZ ORJ ./' YDULHG E\ GLIIHUHQW PHDQV DQG VWDQGDUG GHYLDWLRQ

�DGDSWHG IURP >��@��

LQ`K�iBp2 #2?�pBQ` Bb `2T`2b2Mi2/ #v � bK�HH2` HQ; EG. �M/ MQM@HQ; EG. +HQb2

iQ yX h?2 �;;`2;�i2 HQ; EG. r�b @kXR3 UMQM@HQ; EG.4yXRRV- r?B+? �HB;Mb rBi?

T`2pBQmb rQ`F i?�i /2KQMbi`�i2b T2QTH2Ƕb +QHH2+iBp2 `2�bQMBM; Bb KQ`2 +QMbBbi2Mi

rBi? "�v2bB�M QTiBK�H #2?�pBQ`b 2p2M r?2M BM/BpB/m�Hb /Q MQi M2+2bb�`BHv �+i �b �

7mHHv "�v2bB�M �;2Mi (ee)X

9X8 aR, 1HB+Bi�iBQM h2+?MB[m2b �M/ .�i�b2i

Pm` TBHQi bim/v mb2/ �M 2HB+Bi�iBQM i2+?MB[m2 7`QK i?2 HBi2`�im`2 r?B+? r�b /2@

bB;M2/ 7Q` }iiBM; "2i� /Bbi`B#miBQMb iQ T�`iB+BT�MibǶ `2bTQMb2b mbBM; � MmK2`B+�H

bQHmiBQM (8e)X q?BH2 i?2 i2+?MB[m2 ?�b #22M b?QrM iQ #2 KQ`2 `Q#mbi iQ BKT`2+BbBQM

BM i?2 2HB+Bi�iBQM T`Q+2bb i?�M b2p2`�H Qi?2` i2+?MB[m2b (R8j)- Bi Bb TQbbB#H2 i?�i i?2

2pB/2M+2 7Q` �TT`QtBK�i2 Q` ǳb�KTH2@#�b2/Ǵ "�v2bB�M BM72`2M+2 i?�i r2 Q#b2`p2/

r�b �M �`iB7�+i Q7 i?2 2HB+Bi�iBQM i2+?MB[m2X 6Q` BMbi�M+2- #v �bFBM; 7Q` � KQ/2

p�Hm2- Bi Bb TQbbB#H2 i?�i i?2 i2+?MB[m2 T`QKTi2/ T2QTH2 iQ +QMbB/2` QMHv � bBM;H2

b�KTH2X q2 �`2 BMi2`2bi2/ BM 2p�Hm�iBM; ?Qr `Q#mbi Qm` `2bmHi BM Qm` TBHQi bim/v Bb

iQ +?�M;2b BM i?2 /�i�b2i i?�i Bb T`2b2Mi2/X AM � T`2@`2;Bbi2`2/ bim/v-R r2 i?2`27Q`2

R?iiT,ff�bT`2/B+i2/XQ`;f#HBM/XT?T\t49#7N+B

http://aspredicted.org/blind.php?x=4bf9ci
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2p�Hm�i2 i?`22 �//BiBQM�H 2HB+Bi�iBQM i2+?MB[m2b �M/ BMi`Q/m+2 � M2r /�i�b2iX h?2

2HB+Bi�iBQM i2+?MB[m2b p�`v BM i?2 /2;`22 iQ r?B+? i?2v �bF � T�`iB+BT�Mi iQ T`QpB/2 �

7mHH /Bbi`B#miBQM p2`bmb � bK�HH b2i Q7 b�KTH2bX "v K�MBTmH�iBM; #Qi? `2T`2b2Mi�iBQM

Q7 mM+2`i�BMiv �M/ i?2 /�i�b2i- r2 �BK iQ ;�BM � #2ii2` b2Mb2 Q7 ?Qr `Q#mbi Qm`

Q#b2`p�iBQM Q7 �TT`QtBK�i2 "�v2bB�M BM72`2M+2 BbX

9X8XR .2p2HQTBM; 1HB+Bi�iBQM h2+?MB[m2b �M/ *QM/BiBQMb

q2 �`2 BMi2`2bi2/ BM +QKT�`BM; � b2i Q7 BMi2`7�+2b r?B+? p�`v BM i?2 7Q`K�i i?2v mb2

iQ 2HB+Bi T�`iB+BT�MibǶ `2bTQMb2bX q2 /2b+`B#2 irQ b�KTH2@#�b2/ i2+?MB[m2b Q7 Qm`

QrM /2bB;M- �b r2HH �b irQ 2HB+Bi�iBQM i2+?MB[m2b 7`QK i?2 HBi2`�im`2X q?BH2 Qm` /�i�

BMi2`T`2i�iBQM i�bF `2[mB`2b 2HB+BiBM; � "2i� /Bbi`B#miBQM bT2+B}+�HHv- r2 2tT2+i i?�i

i?2 i2+?MB[m2b r2 2p�Hm�i2 rBHH ;2M2`�HBx2 #2ir22M "2i� /Bbi`B#miBQMb- 7Q` 2t�KTH2

iQ bvKK2i`B+ /Bbi`B#miBQMb HBF2 :�mbbB�MbX

(a) Sample-based (b) Sample + partial distribution (c) Graphical distribution
A few samples that a person has in 

mind and their subjective confidence
in each sample.

The mode of the distribution that a 
person has in mind and their subjective 
probability associated with a provided 

interval around the mode.

The number of balls (representing 
their subjective probability) for each bin 

that ranges from 0 to the maximum 
value of the distribution.

Please guess the proportion of women in the tech industry who feel that mental health affects their work often.

You can make your 
prediction in the form of a 
percentage: Each of the 
100 icons below represent 
one hypothetical women 
working in tech.

This is your first prediction.

You can make your 
prediction in the form of a 
percentage: the number 
out of 100 women who you 
think feel that mental health 
affects their work often.

This is your first prediction.

Graphical Text

How confident are you that 
your guess for the 
proportion is accurate, on 
a scale from 0 to 100?

How confident are you that 
your guess for the 
proportion is accurate, on 
a scale from 0 to 100?

Guess:                    24   %

Please use the +/- keys to show how confident you are 
in the proportion of the woman who said mental health 
interferes with their work 'often' fell into each range 
(e.g., 0~10%, 10%~20% ... 90%~100%). You should 
use up all 100 balls.

You have 10 balls left to distribute. 
Click and hold the buttons to indicate your level of 

confidence in each range.

24   %

You guessed that 24% of women in the tech industry in 
the US feel that mental health interferes with their work 
often. To help us understand your prediction better, 
please answer the question below.

What do you think is the chance (0% ~ 100%) that the 
proportion of the woman who said mental health 
interferes their work often fell into the range (green 
bar) between 18% and 30%?

70   %

Elicitation 
target

Interface

20 20

)LJXUH ���� (OLFLWDWLRQ WDUJHW DQG LQWHUIDFH� :H GHYHORSHG WZR VDPSOH�EDVHG WHFKQLTXHV �D��

DQGXVHGDQ LQWHUYDO WHFKQLTXH >���@ �E� DQGDJUDSKLFDO êEDOOV DQGELQVë WHFKQLTXH >��@ �F� IURP

WKH OLWHUDWXUH�



ey

a�KTH2@#�b2/ 1HB+Bi�iBQM

1pB/2M+2 7`QK `2b2�`+? QM `2�bQMBM; rBi? mM+2`i�BMiv U2X;X- QM +H�bbB+�H "�v2bB�M

`2�bQMBM; i�bFb (ey)V �M/ mM+2`i�BMiv pBbm�HBx�iBQM (89- dN- d3- 38- 3e) BM/B+�i2b i?�i

T2QTH2 �`2 Q7i2M #2ii2` �i i?BMFBM; �#Qmi mM+2`i�BMiv r?2M Bi Bb 7`�K2/ �b 7`2[m2M+v

`�i?2` i?�M T`Q#�#BHBivX PM2 r�v iQ 2HB+Bi mM+2`i�BMiv Bb iQ �bF T2QTH2 iQ T`QpB/2

QM2 b�KTH2 �i � iBK2 mMiBH i?2v ?�p2 2t?�mbi2/ i?2B` BMi2`M�H `2T`2b2Mi�iBQMX AK�;@

BM2 � T2`bQM T`QpB/2b i?2B` 2tT2+i�iBQMb 7Q` i?2 T`QTQ`iBQM Q7 rQK2M BM i2+? r?Q

2tT2`B2M+2 K2Mi�H Bbbm2b Q7i2MX a2p2`�H TQbbB#H2 T`QTQ`iBQMb b22K b�HB2Mi iQ i?2K-

BM+Hm/BM; kyW �M/ jjWX q2 /2pBb2 � b�KTH2@#�b2/ 2HB+Bi�iBQM K2i?Q/ i?�i �bFb �

T2`bQM iQ �`iB+mH�i2 � bK�HH b2i Q7 b�KTH2b U2X;X- 8V- QM2 �i � iBK2 U6B;X 9XeU�VVX

1p2M B7 T2QTH2 }M/ Bi 2�bv iQ `2�bQM BM i?2 7Q`K Q7 b�KTH2b- r2 KB;?i biBHH 2tT2+i

i?�i i?2v T2`+2Bp2 bQK2 b�KTH2b �b KQ`2 HBF2HvX � b�KTH2@#�b2/ 2HB+Bi�iBQM i2+?@

MB[m2 rQmH/ MQi T`2p2Mi � T2`bQM 7`QK T`QpB/BM; i?2 b�K2 b�KTH2 KmHiBTH2 iBK2b-

T`QTQ`iBQM�H iQ Bib 2tT2+i2/ T`Q#�#BHBiv UBX2X- `2b�KTHBM; rBi? `2TH�+2K2MiV (R3)X

>Qr2p2`- �`iB+mH�iBM; i?2 b�K2 b�KTH2 KmHiBTH2 iBK2b +�M #2 i2/BQmbX 6Q` 2�+?

b�KTH2 � T2`bQM T`QpB/2b- Qm` i2+?MB[m2 �bFb 7Q` � +Q``2bTQM/BM; Dm/;K2Mi �#Qmi

i?2 b�HB2M+2 Q7 i?2 b�KTH2 BM i?2 7Q`K Q7 bm#D2+iBp2 +QM}/2M+2X lbBM; i?Bb i2+?MB[m2-

i?2 ?vTQi?2iB+�H T2`bQM rBi? irQ b�KTH2b Q7 kyW �M/ jjW KB;?i T`QpB/2 kyW �b

� }`bi 2biBK�i2 rBi? � ?B;?2` +QM}/2M+2 U2X;X- dy QM � b+�H2 Q7 y iQ RyyV- �M/ jjW

�b � b2+QM/ 2biBK�i2 rBi? � HQr2` +QM}/2M+2 U2X;X- jyVX AM T`�+iB+2- i?2 +QM}/2M+2

p�Hm2b /Q MQi M22/ iQ bmK iQ Ryy �b i?2v +�M #2 MQ`K�HBx2/ T`BQ` iQ mbBM; i?2K iQ

}i i?2 `2bTQMb2b iQ � /Bbi`B#miBQMX

q2 +`2�i2/ irQ p2`bBQMb Q7 Qm` b�KTH2@#�b2/ 2HB+Bi�iBQM i2+?MB[m2X � ;`�T?B+�H

b�KTH2@#�b2/ 2HB+Bi�iBQM BMi2`7�+2 U6B;X 9Xe U�V H27iV �HHQrb T�`iB+BT�Mib iQ T`Q@

pB/2 � T`2/B+i2/ p�Hm2 UBX2X- b�KTH2V #v +HB+FBM; B+QMb BM �M B+QM �``�vX h?Bb BMi2`7�+2

Bb M2�`Hv B/2MiB+�H iQ i?2 pBbm�H 7Q`K�i mb2/ iQ T`2b2Mi i?2 Q#b2`p2/ /�i�X >Qr2p2`-

i?2 B+QM �``�v BM i?2 2HB+Bi�iBQM BMi2`7�+2 T`2b2Mib Ryy +B`+H2b iQ BKTHv 2HB+Bi�iBQM BM

T�`�K2i2` bT�+2 `�i?2` i?�M R83 T2QTH2 B+QMb �b BM i?2 pBbm�HBx�iBQM Q7 i?2 Q#b2`p2/
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/�i�X �M �M�HQ;Qmb i2ti b�KTH2@#�b2/ 2HB+Bi�iBQM BMi2`7�+2 U6B;X 9Xe U�V `B;?iV

�HHQrb T�`iB+BT�Mib iQ T`QpB/2 � T`2/B+i2/ p�Hm2 #v 2Mi2`BM; MmK#2` BM � i2ti #QtX

�b � T�`iB+BT�Mi T`QpB/2b i?2B` b�KTH2b- 2�+? T`BQ` b�KTH2 Bb �TT2M/2/ iQ i?2 #Qi@

iQK Q7 i?2 BMi2`7�+2 bQ i?�i T�`iB+BT�Mib +�M `2pB2r i?2B` b�KTH2b �M/ +Q``2bTQM/BM;

+QM}/2M+2 p�Hm2b #27Q`2 bm#KBiiBM; i?2 `2bTQMb2X

:`�T?B+�H .Bbi`B#miBQM 1HB+Bi�iBQM

hQ +QM/m+i � "�v2bB�M �M�HvbBb BM K�Mv /QK�BMb U2X;X- +HBMB+�H i`B�Hb- K2i2Q`QHQ;v-

2i+XV- �M�Hvbib T`Q#2 /QK�BM 2tT2`ib 7Q` mM+2`i�BMiv 2biBK�i2b- i?2M mb2 i?2b2 iQ

+QMbi`m+i � T`BQ` /Bbi`B#miBQM (RRk)X h?Bb �TT`Q�+? ;2M2`�HHv �bbmK2b i?�i T2QTH2

rBi? /QK�BM FMQrH2/;2 TQbb2bb � `2H�iBp2Hv +QKTH2i2 BMi2`M�H `2T`2b2Mi�iBQM Q7 i?2

mM+2`i�BMiv BM � T�`�K2i2`X _2b2�`+? BM/B+�i2b i?�i � ;`�T?B+�H BMi2`7�+2 i?�i 2M@

�#H2b +QMbi`m+iBM; � /Bbi`B#miBQM pB� TH�+BM; Ryy ?vTQi?2iB+�H Qmi+QK2b Uǳ#�HHbǴ- Q`

+B`+H2b `2T`2b2MiBM; ?vTQi?2iB+�H Qmi+QK2bV BM KmHiBTH2 `�M;2b Uǳ#BMbǴV �HHQrb T2Q@

TH2 iQ �`iB+mH�i2 � /Bbi`B#miBQM i?�i i?2v ?�p2 #22M T`2b2Mi2/ rBi? KQ`2 �++m`�i2Hv

i?�M � K2i?Q/ i?�i �bFb 7Q` [m�MiBH2b Q7 i?2 /Bbi`B#miBQM (ek)X q2 BKTH2K2Mi2/ �

;`�T?B+�H ǳ#�HHb �M/ #BMbǴ 2HB+Bi�iBQM BMi2`7�+2 U6B;X 9XeU+VVX S�`iB+BT�Mib �`2

T`QKTi2/ iQ �// 2t�+iHv Ryy #�HHb BM #BMb i?�i bT�M #2ir22M yW iQ RyyW BM BM+`2@

K2Mib Q7 8W iQ 2tT`2bb i?2 /Bbi`B#miBQM i?2v ?�p2 BM KBM/X _2H�iBp2 iQ i?2 i2ti �M/

;`�T?B+�H b�KTH2@#�b2/ i2+?MB[m2b r2 /2p2HQT2/- i?2 ;`�T?B+�H #�HHb �M/ #BMb BMi2`@

7�+2 2M+Qm`�;2b � T2`bQM iQ +QMbB/2` i?2B` 2MiB`2 bm#D2+iBp2 T`Q#�#BHBiv /Bbi`B#miBQM

�i QM+2X

a�KTH2 Y S�`iB�H .Bbi`B#miBQM 1HB+Bi�iBQM

h?2 BMi2`p�H i2+?MB[m2 r2 mb2/ BM Qm` TBHQi bim/v +�M #2 +QMbB/2`2/ � ?v#`B/ �T@

T`Q�+? #2ir22M �TT`Q�+?2b i?�i 2KT?�bBx2 bK�HH b2ib Q7 b�KTH2b �M/ i?Qb2 i?�i

2KT?�bBx2 � 7mHH /Bbi`B#miBQM U6B;X 9XeU#VVX h?2 KQ/2 i?�i � T�`iB+BT�Mi T`QpB/2b

+�M #2 i?Qm;?i Q7 �b i?2 KQbi b�HB2Mi b�KTH2 BM i?2B` T`BQ`bX h?2 bm#D2+iBp2 T`Q#@
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�#BHBiv i?�i � T�`iB+BT�Mi T`QpB/2b Bb �M�HQ;Qmb iQ i?2 T`Q#�#BHBiv K�bb Q7 � T�`iB�H

/Bbi`B#miBQMX

�b BM Qm` TBHQi bim/v- T�`iB+BT�Mib �`2 }`bi T`QKTi2/ iQ T`QpB/2 � T`2/B+iBQM UmVX

S�`iB+BT�Mib �`2 i?2M �bF2/ iQ T`QpB/2 i?2 bm#D2+iBp2 T`Q#�#BHBiv UspV i?�i i?2 i`m2

T`QTQ`iBQM 7�HHb BMiQ i?2 `�M;2 +�H+mH�i2/ #�b2/ QM i?2 KQ/2 p�Hm2 i?�i i?2v 2Mi2`2/

U(m−m∗0.25,m+m∗0.25)VX

: female respondents  who said “often"
: female respondents who said “not often”

: who have Alzheimer's disease
: who have no Alzheimer's disease

(a) (b)

17% of female response said “often”                   42% of residents have Alzheimer's

Each icon represents 600 residents.

)LJXUH ���� 7KH GDWD SUHVHQWDWLRQV IRU 6� �D� DQG 6� �D� E��

9X8Xk aim/v .2bB;M

.�i�b2i �M/ S`2b2Mi�iBQM,

q2 `2mb2 i?2 b�K2 T`QTQ`iBQM /�i�b2i mb2/ BM Qm` TBHQi bim/v UK2Mi�H ?2�Hi? Qmi@

+QK2b �KQM; rQK2M BM i?2 i2+? BM/mbi`vV �M/ i?2 b�K2 B+QM �``�v pBbm�HBx�iBQMX

>Qr2p2`- r2 �`2 �HbQ BMi2`2bi2/ BM mM/2`bi�M/BM; ?Qr `Q#mbi Qm` }M/BM;b �`2 iQ

+?�M;2b BM i?2 M�im`2 Q7 i?2 Q#b2`p2/ /�i�X aT2+B}+�HHv- i?2 b�KTH2 bBx2 Q7 i?2 Q#@

b2`p2/ /�i� /B`2+iHv BM~m2M+2b ?Qr +HQb2Hv i?2 MQ`K�iBp2 TQbi2`BQ` Bb 2tT2+i2/ iQ

�HB;M rBi? i?2 /�i�X AMimBiBp2Hv- �b i?2 b�KTH2 bBx2 Q7 i?2 Q#b2`p2/ /�i� BM+`2�b2b-

i?2 BKT�+i Q7 i?2 T`BQ` /Bbi`B#miBQM QM i?2 MQ`K�iBp2 TQbi2`BQ` Bb `2/m+2/X qBi? �

p2`v H�`;2 b�KTH2- i?2 MQ`K�iBp2 TQbi2`BQ` rBHH #2 pB`im�HHv BM/BbiBM;mBb?�#H2 7`QK

i?2 /�i� 2p2M rBi? � `2�bQM�#Hv +QM+2Mi`�i2/ T`BQ` /Bbi`B#miBQM U6B;X 9X3VX
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Prior Observed 
data

Normative
posterior

(a) N=30 (b) N=3000
Observed 

dataNormative
posterior

Prior

)LJXUH ���� 7KH HIIHFW RI VDPSOH VL]H RQ QRUPDWLYH SRVWHULRUV JLYHQ WKH VDPH SULRU DQG RE�

VHUYHGPRGH�

q2 i?2`27Q`2 +?Qb2 QM2 �//BiBQM�H H�`;2 b�KTH2 /�i�b2i i?�i ?�b #22M pBbm�HBx2/

BM i?2 L2r uQ`F hBK2b mbBM; B+QM@bivH2 pBbm�HBx�iBQMb (Rd)X h?Bb /�i�b2i /2TB+ib i?2

`2bmHib Q7 � bim/v Q7 +?`QMB+ ?2�Hi? +QM/BiBQMb �KQM; �bbBbi2/ HBpBM; +2Mi2` `2bB/2Mib

BM i?2 lXaX UL4d8y-yyyVX q2 +?Qb2 QM2 ivT2 Q7 +?`QMB+ ?2�Hi? +QM/BiBQM U�Hx?2BK2`Ƕb

/Bb2�b2 Q` �MQi?2` 7Q`K Q7 /2K2MiB�V iQ 7Q`KmH�i2 Qm` i�`;2i T`QTQ`iBQMX q2 �bF2/

T�`iB+BT�Mib iQ `2�bQM �#Qmi ǳi?2 T`QTQ`iBQM Q7 `2bB/2Mib r?Q ?�p2 �Hx?2BK2`Ƕb

/Bb2�b2 Q` �MQi?2` 7Q`K Q7 /2K2MiB�Ǵ BM i?2 i�bFX q2 +`2�i2/ � pBbm�HBx�iBQM U6B;X 9Xd

U#VV i?�i b?Qrb i?Bb T`QTQ`iBQM BM � bBKBH�` B+QM �``�v 7Q`K�i iQ i?�i mb2/ 7Q` i?2

K2Mi�H ?2�Hi? BM i2+? /�i�b2iX "2+�mb2 Q7 i?2 bBx2 Q7 i?2 b�KTH2- r2 i2HH T�`iB+BT�Mib

i?�i 2�+? B+QM `2T`2b2Mib eyy `2bB/2Mib Q7 �bbBbi2/ HBpBM; +2Mi2`bX

S`Q+2/m`2

q2 mb2/ i?2 b�K2 T`Q+2/m`2 �b BM Qm` TBHQi bim/v U2HB+BiBM; T`BQ`b- T`2b2MiBM; Q#@

b2`p2/ /�i�- 2HB+BiBM; TQbi2`BQ`bVX >Qr2p2`- BM aim/v k r2 `�M/QKHv �bbB;M2/ T�`@

iB+BT�Mib iQ QM2 Q7 i?2 7Qm` 2HB+Bi�iBQM +QM/BiBQMb- �M/ QM2 Q7 i?2 irQ /�i�b2ibX PM

i?2 H�bi T�;2 Q7 i?2 2tT2`BK2Mi- r2 �bF2/ � T`2@`2;Bbi2`2/ �ii2MiBQM@+?2+F [m2biBQM

�#Qmi i?2 MmK2`B+ `�M;2 BM r?B+? i?2 Q#b2`p2/ T`QTQ`iBQM 72HH iQ 2t+Hm/2 T�`iB+@

BT�Mib r?Q K�v MQi ?�p2 T�B/ �ii2MiBQM iQ i?2 Q#b2`p2/ /�i�X S�`iB+BT�Mib r2`2

�bF2/ iQ +?QQb2 �M �Mbr2` �KQM; i?`22 `�M;2b UyW@jyW- jyW@eyW- eyW@RyyWVX
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S�`iB+BT�Mib

"�b2/ QM � T`QbT2+iBp2 TQr2` �M�HvbBb +QM/m+i2/ QM TBHQi /�i� rBi? � /2bB`2/ TQr2`

Q7 �i H2�bi yX3 �bbmKBM; α4yXy8- r2 `2+`mBi2/ 3yy rQ`F2`b rBi? �M �TT`Qp�H `�iBM; Q7

N3W Q` KQ`2 U9yy T2` /�i�b2i- kyy T2` 2HB+Bi�iBQM +QM/BiBQMV BM i?2 lXa 7`QK �K�xQM

J2+?�MB+�H hm`FX q2 /Bb�HHQr2/ rQ`F2`b r?Q iQQF T�`i BM Qm` TBHQi bim/vX q2

2t+Hm/2/ T�`iB+BT�Mib r?Q /B/ MQi `2bTQM/ +Q``2+iHv iQ Qm` �ii2MiBQM +?2+F [m2biBQM

7`QK i?2 `2bmHiX q2 TQbi2/ i?2 i�bF iQ �Jh mMiBH 3yy T�`iB+BT�Mib r?Q +Q``2+iHv

�Mbr2`2/ i?2 �ii2MiBQM +?2+F [m2biBQM r2`2 `2+`mBi2/X S�`iB+BT�Mib `2+2Bp2/ 0RXy �b

� `2r�`/X h?2 �p2`�;2 +QKTH2i2 iBK2 r�b 9X3 KBMmi2b Ua.4jXj8VX

9X8Xj _2bmHib

.�i� S`2HBKBM�`B2b

6Q` 2�+? i2+?MB[m2- r2 �BK2/ iQ mb2 i?2 bBKTH2 �M/ KQbi /B`2+i i2+?MB[m2 iQ }i �

"2i� /Bbi`B#miBQM- bQ �b iQ KBMBKBx2 MQBb2 +QMi`B#mi2/ #v i?2 }iiBM; T`Q+2bbX 6Q`

b�KTH2@#�b2/ 2HB+Bi�iBQM +QM/BiBQMb- r2 mb2/ i?2 J2i?Q/ Q7 JQK2Mib (e3) iQ 2biB@

K�i2 /Bbi`B#miBQM T�`�K2i2`b UBX2X- �HT?� �M/ #2i�V mbBM; b�KTH2b T`QpB/2/ #v 2�+?

T�`iB+BT�MiX h?Bb K2i?Q/ T`QpB/2b �M 2biBK�i2 mbBM; i?2 K2�M Q7 i?2 b�KTH2b i?�i

T�`iB+BT�Mib T`QpB/2/ Ux̄V �M/ i?2 p�`B�M+2 Q7 i?2 b�KTH2b Uv̄V iQ +�H+mH�i2 #2i� T�@

`�K2i2`b, α = x̄( x̄(1−x̄)
v̄ − 1),β = (1− x̄)( x̄(1−x̄)

v̄ − 1)X aBM+2 r2 �bF2/ T�`iB+BT�Mib iQ

T`QpB/2 i?2B` bm#D2+iBp2 +QM}/2M+2 rBi? 2�+? b�KTH2- r2 +�H+mH�i2/ r2B;?i2/ x̄ #v

KmHiBTHvBM; i?2 p�Hm2 Q7 2�+? b�KTH2 #v i?2 +Q``2bTQM/BM; +QM}/2M+2 p�Hm2X h?Bb

�TT`Q�+? /Q2b MQi T`QpB/2 � mMB[m2 bQHmiBQM r?2M i?2 T�`iB+BT�Mi T`QpB/2b i?2 b�K2

p�Hm2b }p2 iBK2b Q` y +QM}/2M+2 7Q` �HH b�KTH2bX AM i?Bb +�b2- r2 ;�p2 i?2 T�`iB+BT�Mi

�M mMBM7Q`K�iBp2 mMB7Q`K T`BQ` Uα = 1,β = 1VX 89 Qmi Q7 9yy URjX8WV T�`iB+BT�Mib

T`QpB/2/ `2bTQMb2b `2[mB`BM; i?Bb �/DmbiK2MiX

�M �Hi2`M�iBp2 r�v Q7 }iiBM; i?2b2 T�`iB+BT�MibǶ `2bTQMb2b Bb iQ BMbi2�/ �bbmK2

� bK�HH #mi p�`vBM; +QM}/2M+2 MmK#2` 7Q` 2�+? `2bTQMb2 �M/ mb2 i?2 J2i?Q/ Q7

JQK2Mib iQ }i � "2i� /Bbi`B#miBQMX 6Q` 2t�KTH2- B7 i?2 T�`iB+BT�Mib T`QpB/2 Ǵ8yǴ
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}p2 iBK2b (8y-8y-8y-8y-8y)- r2 +�M �Hi2` i?2 `2bTQMb2 iQ (8y @ Uk  aV- 8y @ a- 8y- 8y

Y a- 8y Y Uk  aV)X q2 +QM/m+i2/ � b2MbBiBpBiv �M�HvbBb iQ �bb2bb ?Qr �;;`2;�i2

�M/ BM/BpB/m�H HQ; EG. +?�M;2b �b a Bb p�`B2/X q2 Q#b2`p2/ i?�i BM/BpB/m�H H2p2H

HQ; EG. Bb `2H�iBp2Hv bi�#H2 UBX2X- `�M;2b 7`QK yXyN iQ RX83 �b a p�`B2b 7`QK yXyyR iQ

yXy8VX >Qr2p2`- �;;`2;�i2 H2p2H HQ; EG. p�`B2/ �+`Qbb � rB/2` `�M;2 7`QK @kX99 iQ

eX89j- bm;;2biBM; i?�i Bi K�v #2 rQ`i? i`vBM; iQ +QHH2+i BM7Q`K�iBQM i?�i rQmH/ ?2HT

/Bb�K#B;m�i2 bm+? +�b2b- Q` B/2MiB7vBM; �M 2HB+Bi�iBQM K2i?Q/ i?�i /Q2b MQi `2Hv QM

b2T�`�i2 r2B;?iBM;b 7Q` 2�+? b�KTH2X

�M2+/Qi�HHv- r2 MQi2 i?�i i?2 T2`+2Mi�;2 Q7 ǳ/2pB�MiǴ `2bTQMb2b �HB;Mb rBi? r?�i

S`2H2+ ?�b /2b+`B#2/ �b i?2 ivTB+�H T2`+2Mi�;2 Q7 MQMb2MbB+�H `2bTQMb2b Q#i�BM2/

i?`Qm;? i?2 mb2 Q7 i?2 "�v2bB�M h`mi? a2`mK K2+?�MBbK (RRN)X 6Q` i?2 ;`�T?B+�H

/Bbi`B#miBQM +QM/BiBQM- r2 �HbQ mb2/ i?2 J2i?Q/ Q7 JQK2Mib �TT`Q�+? #v +QMbB/2`BM;

2�+? #�HH �b � b�KTH2 FMQrM rBi?BM � 8W Ui?2 #BM rB/i?VX 6Q` i?2 b�KTH2 �M/ T�`iB�H

/Bbi`B#miBQM +QM/BiBQM- r2 mb2/ i?2 b�K2 QTiBKBx�iBQM �TT`Q�+? r2 mb2/ BM Qm` TBHQi

bim/vX

_2bB/m�H �M�HvbBb �M/ GQ; EG.

hQ �bb2bb i?2 2z2+i Q7 2HB+Bi�iBQM i2+?MB[m2 QM BM/BpB/m�H@H2p2H �HB;MK2Mi rBi? i?2

MQ`K�iBp2 "�v2bB�M bQHmiBQM- r2 �;�BM THQi `2bB/m�Hb #2ir22M MQ`K�iBp2 UT`2/B+i2/V

K2�Mb �M/ bi�M/�`/ /2pB�iBQMb 7Q` 2�+? T�`iB+BT�Mi �M/ Q#b2`p2/ K2�Mb �M/ bi�M@

/�`/ /2pB�iBQMb U6B;X 9XNVX 6Q` i?2 i2+? /�i�b2i UL4R83V mb2/ BM aim/v k- r2 Q#@

b2`p2/ � bBKBH�` T�ii2`M �b BM Qm` TBHQi bim/v- rBi? 2``Q`b `Qm;?Hv 2[m�HHv /Bbi`B#mi2/

�#Qmi x2`Q 7Q` K2�Mb- �M/ �`QmM/ x2`Q #mi rBi? � bHB;?i #B�b iQr�`/ i?2 �KQmMi Q7

p�`B�M+2 BM T`BQ`b UBX2X- Qp2`2biBK�iBM; p�`B�M+2 BM i?2 /�i�VX

6Q` i?2 2H/2`Hv /�i�b2i UL4d8y-yyyV- `2bB/m�Hb 7Q` K2�Mb �`2 �;�BM `Qm;?Hv bvK@

K2i`B+ �#Qmi x2`Q- #mi `2bB/m�Hb 7Q` bi�M/�`/ /2pB�iBQMb �`2 M2�`Hv 2MiB`2Hv iQ i?2

`B;?i Q7 x2`QX h?Bb bm;;2bib � bi`QM; i2M/2M+v 7Q` T�`iB+BT�Mib iQ #2 KQ`2 mM+2`@

i�BM �#Qmi i?2 i`m2 T`QTQ`iBQM i?�M i?2v b?QmH/ `�iBQM�HHv #2- ;Bp2M i?2 bBx2 Q7 i?2
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Q#b2`p2/ /�i�b2iX

q2 b22 bQK2 bK�HH /Bz2`2M+2b BM `2bB/m�H /Bbi`B#miBQMb #2ir22M i2+?MB[m2bX 6Q`

2t�KTH2- i?Qb2 mbBM; i?2 ;`�T?B+�H #�HHb �M/ #BMb BMi2`7�+2 U6B;X 9XN 7Qm`i? +QH@

mKMV �TT2�` iQ #2 bHB;?iHv KQ`2 +QMbBbi2Mi UBX2X- KQ`2 +QM+2Mi`�i2/ /Bbi`B#miBQMV

�M/ bHB;?iHv H2bb HBF2Hv iQ #2 #B�b2/ BM i?2B` 2biBK�i2b Q7 bi�M/�`/ /2pB�iBQM Q7 i?2

2H/2`Hv /�i�b2i U6B;X 9XN #QiiQK `QrVX q2 +QmMi2/ i?2 T�`iB+BT�Mib r?Qb2 `2bTQMb2b

bT�MM2/ KQ`2 i?�M i?`22 #BMb- rBi? i?2 MmK#2` Q7 #�HHb QM 2Bi?2` bB/2 Q7 i?2 +2Mi2`

#BM /Bz2`BM; #v H2bb i?�M irQ #�HHbX RRy Qmi Q7 kyy T�`iB+BT�Mib BM i?Bb +QM/BiBQM

�ii2KTi2/ iQ +`2�i2 � bvKK2i`B+ /Bbi`B#miBQM �+`Qbb KQ`2 i?�M i?`22 #BMb UiQi�HBM;

� R8W `�M;2V 7Q` i?2B` TQbi2`BQ` /Bbi`B#miBQMX S`BQ` rQ`F QM ;`�T?B+�H 2HB+Bi�iBQM ?�b

T`QTQb2/ i?�i i?2 �t2b `�M;2b Q7 �M 2HB+Bi�iBQM BMi2`7�+2 K�v BKTHB+BiHv BM~m2M+2 i?2

T`2/B+iBQMb i?�i T2QTH2 ǳ/`�rǴ (d3)X AM i?2 +�b2 Q7 i?2 ;`�T?B+�H /Bbi`B#miBQM BMi2`@

7�+2- Bi Bb TQbbB#H2 i?�i T�`iB+BT�Mib `2HB2/ QM � ?2m`BbiB+ bm;;2biBM; i?�i /Bbi`B#miBQMb

b?QmH/ #2 `Qm;?Hv +2Mi2`2/ �M/ bT�M KQ`2 i?�M QM2 #BMX h?2 bK�HH /Bz2`2M+2b BM

i2+?MB[m2b- ?Qr2p2`- �`2 7�` H2bb T`QMQmM+2/ i?�i i?2 KQ`2 Q#pBQmb /Bz2`2M+2b #2@

ir22M T�`iB+BT�MibǶ `2bB/m�Hb 7Q` bi�M/�`/ /2pB�iBQM 7Q` i?2 UH�`;2V 2H/2`Hv /�i�b2i

p2`bmb i?2 UbK�HHV i2+? /�i�b2iX

S2` Qm` T`2@`2;Bbi`�iBQM r2 +QMbi`m+i2/ #QQibi`�TT2/ N8W +QM}/2M+2 BMi2`p�Hb

7Q` i?2 K2�M BM/BpB/m�H HQ; EG. #2ir22M T�`iB+BT�MibǶ TQbi2`BQ`b �M/ i?2 MQ`K�iBp2

TQbi2`BQ`bX q2 7QmM/ i?�i QM �p2`�;2- i?2 K2�M HQ; EG.b 7`QK �HH +QM/BiBQMb r2`2

H�`;2` i?�M r2 rQmH/ 2tT2+i B7 T�`iB+BT�Mib �`2 ǳ7mHHv "�v2bB�MǴ �i �M BM/BpB/m�H

H2p2H- 7m`i?2` �HB;MBM; rBi? r?�i r2 b22 BM 6B;X 9XNX �+`Qbb #Qi? /�i�b2ib- r2 b�r

MQ +QMbBbi2Mi 2z2+ib Q7 i?2 2HB+Bi�iBQM i2+?MB[m2b QM �HB;MK2Mi #2ir22M T�`iB+BT�MibǶ

TQbi2`BQ`b �M/ i?2 MQ`K�iBp2 TQbi2`BQ`b �b K2�bm`2/ #v HQ; EG.X

hQ /Bb�K#B;m�i2 r?2i?2` i?2 /Bz2`2M+2 #2ir22M i?2 i2+? /�i�b2i �M/ i?2 2H/2`Hv

/�i�b2i Bb /m2 iQ i?2 /Bz2`2Mi /QK�BMb Q7 i?2 /�i� Q` i?2 /Bz2`2Mi b�KTH2 bBx2b-

r2 BMi`Q/m+2/ �//BiBQM�H /�i�b2ib #v K�MBTmH�iBM; b�KTH2 bBx2X q2 `2`�M i?2 bim/v

rBi? i?2 b�KTH2 bBx2b brBi+?2/ 7Q` i?2 irQ /�i�b2ib Ui2+? /�i�b2i L4dky-yyy- 2H/2`Hv
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Mean

Stdev

Text sample-based Sample + partial 
distribution

Graphical
sample-based

Graphical 
distribution

Mean

Stdev
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Elderly dataset (N=750,000)

Tech dataset (N=158)

)LJXUH ���� 'LVWULEXWLRQV RI UHVLGXDOV �REVHUYHG�SUHGLFWHG� IRU SDUWLFLSDQWVè SRVWHULRUVè

PHDQV DQG VWDQGDUG GHYLDWLRQV DQG WKHPHDQV DQG VWDQGDUG GHYLDWLRQV RI QRUPDWLYH SRVWHUL�

RUV�

/�i�b2i L4R8yVX q2 Q#b2`p2/ i?2 b�K2 T�ii2`M Q7 `2bmHib BM `2bB/m�H THQib- r?2`2

2HB+Bi�iBQM i2+?MB[m2b /B/ MQi �TT2�` iQ `2HB�#Hv BKT�+i BM/BpB/m�HǶb `2bB/m�Hb BM

K2�Mb Q` bi�M/�`/ /2pB�iBQMb- #mi i?2 H�`;2` b�KTH2 bBx2 /�i�b2ib H2/ iQ `2bB/m�H

bi�M/�`/ /2pB�iBQMb i?�i r2`2 bi`QM;Hv #B�b2/ iQr�`/ ;`2�iHv Qp2`2biBK�iBM; i?2

�KQmMi Q7 mM+2`i�BMiv QM2 b?QmH/ ?�p2 ;Bp2M i?2B` T`BQ` �M/ i?2 Q#b2`p2/ /�i�X

AM Qi?2` rQ`/b T�`iB+BT�Mib /B/ MQi r2B;?i i?2 p�Hm2 Q7 BM7Q`K�iBQM +�Tim`2/ #v

i?2 Q#b2`p2/ 2H/2`Hv /�i�b2i �b Km+? �b i?2v b?QmH/- ;Bp2M Bib H�`;2 b�KTH2 bBx2

UL4d8y-yyyVX q2 �;�BM +QM}`K2/ i?2b2 `2bmHib #v 2t�KBMBM; HQ; EG.X q2 bT2+mH�i2

i?�i i?2 /2pB�iBQM Bb +�mb2/ #v � r2HH@/Q+mK2Mi2/ i2M/2M+v �KQM; T2QTH2 iQ b?Qr

BMb2MbBiBpBiv iQ b�KTH2 bBx2 �M/ Bib `2H�iBQMb?BT iQ p�`B�M+2 Ub�KTHBM; 2``Q`V (k)-

�M/ BM T�`iB+mH�` iQ #2 BMb2MbBiBpBiv iQ H�`;2 b�KTH2b- Q` 2t?B#Bi ǳMQM@#2HB27 BM i?2

H�r Q7 H�`;2 MmK#2`bǴ (R8)X S`BQ` `2b2�`+? ?�b /2KQMbi`�i2/ i?�i r?2M T`2b2Mi2/



e3

rBi? p2`v H�`;2 b�KTH2b- 2tT2`BK2Mi�H bm#D2+ib �TT2�` iQ K�F2 BM72`2M+2b 7`QKǳ�

b�KTH2 Q7 }t2/ bBx2Ǵ (R8)X h?2 T`QTQb2/ 7Q`KmH�iBQM /2b+`B#2b ?Qr � MQM#2HB2p2` BM

H�`;2 MmK#2`b K�F2 �M BM72`2M+2 7`QK � /Bbi`B#miBQM rBi? i?2 }t2/ b�KTH2 bBx2 �M/

?B;?HB;?i i?2 /BbiBM+iBQM 7`QK � T2`bQM r?Q T`Q+2bb2b BM7Q`K�iBQM BM � "�v2bB�M r�v

#v BM+Q`TQ`�iBM; i?2 b�KTH2 bBx2X

Aggregate log KLD

Tech
dataset

N=158

Elderly
dataset
N=750,000

Elderly
dataset

N=150

Tech
dataset
N=720,000

-3 -1-2 0 1 2
Text sample-based
Sample + partial distribution
Graphical sample-based
Graphical distribution

)LJXUH ����� %RRWVWUDSSHG ��� FRQĆGHQFH LQWHUYDOV IRU DJJUHJDWH ./'V�

q2 2t�KBM2/ i?2 �;;`2;�i2 H2p2H HQ; EG. `2bmHib iQ +QM}`K r?�i i?2 `2bB/m�H

THQib bm;;2bi2/ `2;�`/BM; �TT`QtBK�i2 "�v2bB�M BM72`2M+2 7Q` i?2 bK�HH2` b�KTH2

/�i�b2ib #mi MQi 7Q` i?2 H�`;2` b�KTH2 /�i�b2ibX q2 7QmM/ i?�i r?BH2 T�`iB+BT�MibǶ

`2bTQMb2b r2`2 +QMbBbi2Mi rBi? �M �TT`QtBK�i2 Q` b�KTH2@#�b2/ "�v2bB�M ?vTQi?2bBb

7Q` i?2 bK�HH b�KTH2 bBx2 /�i�b2ib- r2 /QMǶi b22 �M�HQ;Qmb 2pB/2M+2 i?�i T�`iB+BT�Mib

�+i �b b�KTH2@#�b2/ "�v2bB�Mb 7Q` i?2 H�`;2 b�KTH2 /�i�b2ib U6B;X 9XRyU�- #VVX
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Update
Prior

Posterior

?

Size of the random sample a user
would need to see to arrive at the 
same posterior given the prior
(⍺posterior + βposterior) – (⍺prior + βprior )

)LJXUH ����� $Q LOOXVWUDWLRQ RI KRZRQHèV SHUFHLYHG VDPSOH VL]H LV FDOFXODWHG� )LUVW� ZH DVVXPH

WKDW �� WKH XVHU GLG D SHUIHFW %D\HVLDQ XSGDWH E\ WUHDWLQJ WKHLU SRVWHULRU DV QRUPDWLYH SRV�

WHULRU DQG �� WKH XVHU ZRXOG SHUFHLYH WKH GDWD DW IDFH YDOXH� 7KHQ ZH UHYHUVH�FDOFXODWH KRZ

WKH\SHUFHLYHG WKHREVHUYHGGDWD� 7KLV FDQ EH WKRXJKW RI DV WKH VL]H RI WKH HTXLYDOHQW UDQGRP

VDPSOH WKDW DSHUIHFW%D\HVLDQZRXOGQHHG WR VHH WR DUULYH DW WKHLU RZQSRVWHULRU GLVWULEXWLRQ�

S2`+2Bp2/ a�KTH2 aBx2

PM2 #2M2}i Q7 Q#i�BMBM; /Bbi`B#miBQMb `�i?2` i?�M Dmbi 2tT2+i2/ p�Hm2b U2X;X- (3N- Ny)V

Bb i?�i r2 +�M BMi2`T`2i i?2 T�`�K2i2`b Q7 i?2 }ii2/ "2i� /Bbi`B#miBQMb iQ ;�BM BM@

bB;?i BMiQ ?Qr T�`iB+BT�Mib T2`+2Bp2/ i?2 /�i�X 6Q` � "2i� /Bbi`B#miBQM- i?2 irQ

T�`�K2i2`b α �M/ β �`2 �bbQ+B�i2/ rBi? i?2 b�KTH2 bBx2 i?�i i?2 /Bbi`B#miBQM `2T@

`2b2MibX α bi�M/b 7Q` i?2 MmK#2` Q7 bm++2bb7mH i`B�Hb- �M/ β bi�M/b 7Q` i?2 MmK#2`

Q7 7�BH2/ i`B�HbX "v i`2�iBM; i?2 T�`iB+BT�MibǶ TQbi2`BQ`b �b MQ`K�iBp2 TQbi2`BQ`b �M/

mbBM; i?2 2HB+Bi2/ T`BQ`b- r2 `2p2`b2@+�H+mH�i2/ i?2 T2`+2Bp2/ Q#b2`p2/ /�i� /Bbi`B@

#miBQM UαT2`+2Bp2/ /�i� �M/ βT2`+2Bp2/ /�i�V 7Q` 2�+? T�`iB+BT�Mi UBM Qi?2` rQ`/b- i?2

+QmMib BM i?2 2[mBp�H2Mi `�M/QK b�KTH2 i?�i � "�v2bB�M rQmH/ ?�p2 M22/2/ iQ T2`@

+2Bp2 iQ �``Bp2 �i i?�i TQbi2`BQ`V- i?2M bmKK2/ i?2b2 irQ T�`�K2i2`b 7Q` b�KTH2 bBx2

U6B;X 9XRRVX �M �M�HQ;Qmb K2i`B+ ?�b #22M mb2/ iQ ;�BM BMbB;?i BMiQ ?Qr rQK2M mT@

/�i2 i?2B` #2HB27b �#Qmi i?2 2z2+iBp2M2bb Q7 +QMi`�+2TiBp2b (98)X 6B;m`2 9XRk b?Qrb

?Qr i?2 T2`+2Bp2/ b�KTH2 bBx2 Q7 i?2 Q#b2`p2/ /�i� r�b `Qm;?Hv i?2 b�K2 �+`Qbb

2HB+Bi�iBQM i2+?MB[m2b �M/ /�i�b2ibX h?2 K2�M T2`+2Bp2/ b�KTH2 bBx2 �+`Qbb �HH i2+?@



dy

MB[m2b 7Q` i?2 i2+? /�i�b2i UL4R83V r�b kRkX9d UK2/B�M49RXR9V r?2`2�b i?2 K2�M

T2`+2Bp2/ b�KTH2 bBx2 Q7 2H/2`Hv /�i�b2i UL4d8y-yyyV r�b j8NX83 UK2/B�M48RX8RV-

/2bTBi2 i?2 2MQ`KQmb �+im�H /Bz2`2M+2 BM i?2 b�KTH2 bBx2b Q7 i?2 Q#b2`p2/ /�i�X UR83

pbX d8y-yyyVX

Tech dataset Elderly dataset

Pe
rc

ei
ve

d 
sa

m
pl

e 
siz

e

Text sample-based
Sample + partial distribution
Graphical sample-based
Graphical distribution

*the dashed line is the mean
of the condition

N=158 N=750,0002000

1000

0

)LJXUH ����� 3HUFHLYHG VDPSOH VL]H DV LPSOLHG E\ SDUWLFLSDQWVè SULRU DQG SRVWHULRU GLVWULEX�

WLRQV� 3DUWLFLSDQWV SHUFHLYHG VLPLODU VDPSOH VL]HV EHWZHHQ WZR YHU\ GLIIHUHQW VL]HG GDWDVHWV�

9Xe ak, lM+2`i�BMiv oBbm�HBx�iBQM �M/ S`BQ` 1HB+Bi�iBQM

q2 im`M MQr iQ b?QrBM; ?Qr � "�v2bB�M �TT`Q�+? +�M #2 mb2/ iQ 2p�Hm�i2 ?Qr r2HH

/Bz2`2Mi pBbm�HBx�iBQM �Hi2`M�iBp2b 2M+Qm`�;2 MQ`K�iBp2 BMi2`T`2i�iBQMbX hQ i2bi ?Qr

r2HH i?2 MQ`K�iBp2 "�v2bB�M �TT`Q�+? +�M /Bz2`2MiB�i2 mM+2`i�BMiv +QKT`2?2MbBQM

�M/ /2KQMbi`�i2 Bib mb2 7Q` 2p�Hm�iBQM- r2 /2bB;M2/ � bim/v BM r?B+? bQK2 T�`@

iB+BT�Mib �`2 b?QrM pBbm�HBx�iBQMb Q7 mM+2`i�BMiv �M/ Qi?2`b �`2 MQiX oBbm�HBxBM;

mM+2`i�BMiv Bb � M�im`�H r�v iQ i`v iQ ?2HT T2QTH2 Qp2`+QK2 BMb2MbBiBpBiv iQ b�KTH2

bBx2 Uaim/v RV #v T`QpB/BM; � KQ`2 /B`2+i- pBbm�H r�v 7Q` i?2K iQ �b+2`i�BM ?Qr

Km+? i?2v b?QmH/ r2B;? i?2 Q#b2`p2/ /�i� `2H�iBp2 iQ i?2B` T`BQ` #2HB27b BM 7Q`Km@

H�iBM; TQbi2`BQ` #2HB27bX h?`Qm;? � T`2@`2;Bbi2`2/k bim/v- r2 /2KQMbi`�i2 ?Qr mbBM;

i?2 "�v2bB�M 7`�K2rQ`F �HHQrb mb iQ [m�MiBi�iBp2Hv B/2MiB7v i?�i �M mM+2`i�BMiv pB@

bm�HBx�iBQM Bb � #2ii2` /2bB;M +?QB+2 iQ `2/m+2 BMb2MbBiBpBiv iQ H�`;2 b�KTH2 bBx2b-

+QKT�`2/ iQ � pBbm�HBx�iBQM rBi?Qmi mM+2`i�BMiv `2T`2b2Mi�iBQMX

k?iiT,ff�bT`2/B+i2/XQ`;f#HBM/XT?T\t49Ne`BN

http://aspredicted.org/blind.php?x=496ri9
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9XeXR 1HB+Bi�iBQM h2+?MB[m2 �M/ .�i�b2i

hQ 2p�Hm�i2 Qm` [m2biBQMb- r2 mb2/ i?2 i2+? /�i�b2i UL4R83V �M/ i?2 2H/2`Hv /�i�b2i

UL4d8y-yyyV i?�i r2 mb2/ BM aim/v R U6B;X 9XdVX q2 mb2/ i?2 i2ti b�KTH2@#�b2/

i2+?MB[m2 7`QK aim/v RX

q2 mb2/ >vTQi?2iB+�H Pmi+QK2 SHQib U>PSbV (dN) �b Qm` +?QB+2 Q7 mM+2`i�BMiv pB@

bm�HBx�iBQM- bBM+2 >PSb `2T`2b2Mi � `2H�iBp2Hv ǳbi`QM;Ǵ UBX2X- ?�`/ iQ B;MQ`2V `2T`2b2M@

i�iBQM Q7 mM+2`i�BMiv i?�i ?�b #22M 2KTB`B+�HHv b?QrM iQ BKT`Qp2 mM+2`i�BMiv +QK@

T`2?2MbBQM �KQM; mMi`�BM2/ T�`iB+BT�Mib Qp2` +QKKQM bi�iB+ 2[mBp�H2Mib (dN- 38)X

>PSb +QMp2v mM+2`i�BMiv #v �MBK�iBM; b2i Qmi+QK2b `�M/QKHv /`�rM 7`QK � i�`;2i

/Bbi`B#miBQMX hQ +`2�i2 >PSb 7Q` 2�+? /�i�b2i- r2 +QMbi`m+i2/ � #BMQKB�H /Bbi`B#m@

iBQM mbBM; T�`�K2i2`b Q7 i?2 /�i�b2i U2X;X- β (n = 158, p = 0.17) 7Q` i?2 i2+? /�i�b2iV-

i?2M b�KTH2/ KmHiBTH2 ?vTQi?2iB+�H KQ/2b 7`QK i?2 /Bbi`B#miBQM iQ T`2b2Mi �b ?vTQ@

i?2iB+�H Qmi+QK2b- mbBM; � 7`�K2 `�i2 Q7 9yyKb �b bm;;2bi2/ #v T`BQ` rQ`F (dN- 38)

U6B;X 9XRjVX

18.4% of female respondents 
would say mental health 
affects their work often

13.9% of female respondents 
would say mental health 
affects their work often

20.3% of female respondents 
would say mental health 
affects their work often

)LJXUH ����� 7KH H[DPSOH IUDPHV IURP WKH +23V �WHFK GDWDVHW��

9XeXk *QM/BiBQMb �M/ S�`iB+BT�Mib

AM �//BiBQM iQ K�MBTmH�iBM; r?2i?2` Q` MQi T�`iB+BT�Mib pB2r2/ i?2 mM+2`i�BMiv

pBbm�HBx�iBQM- r2 `�M/QKHv �bbB;M2/ T�`iB+BT�Mib iQ 2Bi?2` � T`BQ` 2HB+Bi�iBQM Q` �

MQ@T`BQ`@2HB+Bi�iBQM +QM/BiBQMX S`BQ` bim/v b?Qrb i?�i T�`iB+BT�Mib r2`2 bHB;?iHv

�M+?Q`2/ #v i?2B` 2HB+Bi2/ T`BQ`b r?2M i?2v `2+�HH2/ i?2 Q#b2`p2/ /�i� (33)X q2

i?2`27Q`2 rBb? iQ 2t�KBM2 i?2 2z2+i Q7 T`BQ` 2HB+Bi�iBQM QM TQbi2`BQ` #2HB27bX qBi?
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irQ BMi2`p2MiBQMb UmM+2`i�BMiv pBbm�HBx�iBQM- T`BQ` 2HB+Bi�iBQMV- r2 �``Bp2/ �i 7Qm`

bim/v +QM/BiBQMb U6B;X 9XR9VX S�`iB+BT�Mib BM i?2 1HB+Bi�iBQM@lM+2`i�BMiv +QM@

/BiBQM r2`2 T`QKTi2/ iQ 2ti2`M�HBx2 i?2B` T`BQ`b #27Q`2 b22BM; i?2 Q#b2`p2/ /�i�-

i?2M iQ 2t�KBM2 i?2 Q#b2`p2/ /�i� �b >PSbX S�`iB+BT�Mib BM i?2 1HB+Bi�iBQM@LQ

mM+2`i�BMiv +QM/BiBQM r2`2 T`QKTi2/ iQ 2ti2`M�HBx2 i?2B` T`BQ`b #27Q`2 b22BM; i?2

Q#b2`p2/ /�i�- i?2M iQ 2t�KBM2 i?2 Q#b2`p2/ /�i� �b � bi�iB+ B+QM �``�v �b BM Qm`

TBHQi bim/v �M/ aim/v RX S�`iB+BT�Mib BM i?2 LQ 2HB+Bi�iBQM@lM+2`i�BMiv +QM@

/BiBQM r2`2 �bF2/ iQ 2t�KBM2 i?2 Q#b2`p2/ /�i� T`2b2Mi2/ rBi? >PSb #mi r2`2

MQi T`QKTi2/ iQ 2ti2`M�HBx2 i?2B` T`BQ` #2HB27b #27Q`2?�M/X G�biHv- T�`iB+BT�Mib BM

i?2 LQ 2HB+Bi�iBQM@LQ mM+2`i�BMiv +QM/BiBQM r2`2 �bF2/ iQ 2t�KBM2 i?2 bi�iB+

Q#b2`p2/ /�i� rBi?Qmi #2BM; T`QKTi2/ iQ 2ti2`M�HBx2 i?2B` T`BQ` #2HB27b #27Q`2?�M/X

S�`iB+BT�Mib BM �HH +QM/BiBQMb mb2/ i?2 i2ti b�KTH2/@#�b2/ 2HB+Bi�iBQM BMi2`7�+2 iQ

T`QpB/2 i?2B` TQbi2`BQ` #2HB27b �7i2` 2t�KBMBM; i?2 Q#b2`p2/ /�i�X

(a) Uncertainty visualization
Yes No

(b) Prior
Elicitation

Y
e
s

Elicitation-
Uncertainty

Elicitation-
No uncertainty
(from Study 2)

N
o

No Elicitation-
Uncertainty

No Elicitation-
No uncertainty 

(c) Dataset

Tech dataset
(N=158)

Elderly dataset
(N=750,000)

)LJXUH ����� 7DEOH RI 6WXG\ � FRQGLWLRQV�

h?2 1HB+Bi�iBQM@LQ mM+2`i�BMiv +QM/BiBQM `2bTQMb2b +QMbBbi2/ Q7 T�`iB+BT�MibǶ `2@

bTQMb2b 7`QK i?2 i2ti b�KTH2@#�b2/ +QM/BiBQMb 7`QK aim/v R U`2bTQMb2b 7`QK � iQi�H

Q7 kyy T�`iB+BT�Mib- Ryy T2` /�i�b2iVX 6Q` i?2 `2K�BMBM; +QM/BiBQMb- r2 `2+`mBi2/

�M �//BiBQM�H eyy T�`iB+BT�Mib URyy T2` +QM/BiBQM- � iQi�H Q7 jyy T2` /�i�b2iV BM i?2

lXa 7`QK �JhX q2 /Bb�HHQr2/ rQ`F2`b r?Q iQQF T�`i BM Qm` TBHQi Q` aim/v RX q2

2t+Hm/2/ T�`iB+BT�Mib r?Q /B/ MQi `2bTQM/ +Q``2+iHv iQ Qm` �ii2MiBQM +?2+F [m2b@

iBQMX q2 TQbi2/ i?2 i�bF iQ �Jh mMiBH eyy T�`iB+BT�Mib r?Q +Q``2+iHv �Mbr2`2/ i?2
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�ii2MiBQM +?2+F [m2biBQMb r2`2 `2+`mBi2/X S�`iB+BT�Mib `2+2Bp2/ 0RXy �b � `2r�`/X

9XeXj �M�HvbBb �TT`Q�+?

S2` Qm` T`2@`2;Bbi`�iBQM r2 mb2/ � "�v2bB�M HBM2�` `2;`2bbBQM BKTH2K2Mi2/ BM _Ƕb

`2i?BMFBM; T�+F�;2 iQ 2p�Hm�i2 i?2 2z2+i Q7 T`BQ` 2HB+Bi�iBQM �M/ mM+2`i�BMiv pBbm@

�HBx�iBQM mbBM; � bBM;H2 K2�bm`2 UHQ; EG.VX q2 2t�KBM2/ `2bB/m�H THQib 7Q` K2�M

�M/ p�`B�M+2 Q7 T�`iB+BT�MibǶ TQbi2`BQ` /Bbi`B#miBQMb 7Q` �HH +QM/BiBQMb iQ +QM}`K Qm`

KQ/2H BMi2`T`2i�iBQMb #2HQrX

hQ +QKTmi2 i?2 MQ`K�iBp2 TQbi2`BQ` 7Q` LQ@2HB+Bi�iBQM +QM/BiBQMb- r2 mb2/ i?2 �;@

;`2;�i2 T`BQ`b 7`QK T�`iB+BT�Mib BM i?2 i2ti b�KTH2@#�b2/ +QM/BiBQM BM aim/v R Uh2+?

/�i�b2i, α = 10.79,β = 18.99- 1H/2`Hv /�i�b2i,α = 31.25,β = 39.59VX q2 bT2+B}2/ �

KQ/2H iQ `2;`2bb i?2 K2�M 2z2+i BM BM/BpB/m�H HQ; EG. QM /mKKv p�`B�#H2b BM/B@

+�iBM; r?2i?2` mM+2`i�BMiv pBbm�HBx�iBQM r�b b?QrM- r?2i?2` T`BQ` 2HB+Bi�iBQM r�b

T`QKTi2/ �M/ r?B+? /�i�b2i r�b T`2b2Mi2/ Ui2+? pbX 2H/2`HvVX q2 bT2+B}2/ B/2MiB+�H

r2�FHv `2;mH�`BxBM; :�mbbB�M T`BQ`b 7Q` K2�M 2z2+ib Uµ, y- σ , RV �M/ ?�H7@*�m+?v

T`BQ`b U*�m+?v /Bbi`B#miBQMb /2}M2/ Qp2` TQbBiBp2 `2�H MmK#2`bV 7Q` b+�H2 T�`�K2i2`b

Uµ, y- σ , RVX h?2 i?B+F i�BH2/ *�m+?v /Bbi`B#miBQM i2M/b iQ #2 bHB;?iHv T`272`�#H2 iQ

:�mbbB�M /Bbi`B#miBQMb �b � r2�FHv `2;mH�`BxBM; T`BQ` 7Q` bi�M/�`/ /2pB�iBQMb (Rye)X

q2 �HbQ BM+Hm/2/ i?2 UK2�M@+2Mi2`2/V iBK2 i?�i i?2 T�`iB+BT�Mi bT2Mi iQ 2t�KBM2

i?2 Q#b2`p2/ /�i� �b � +Qp�`B�i2X q2 T`2b2Mi TQbi2`BQ` K2�M 2biBK�i2b Q7 2z2+ib

rBi? N8W +QM}/2M+2 BMi2`p�HbX

9XeX9 _2bmHib

J2�M +QKTH2iBQM iBK2 r�b jX3 KBM Ua.,kX9V 7Q` LQ@2HB+Bi�iBQM �M/ 9Xd Ua.,jXkV 7Q`

1HB+Bi�iBQM +QM/BiBQMbX
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AKT�+ib QM AM/BpB/m�HbǶ lT/�i2/ "2HB27b

6B;m`2 9XR8 b?Qrb i?2 TQbi2`BQ` K2�M 2biBK�i2b 7Q` 2z2+ib QM HQ; EG.X S`BQ` 2HB+B@

i�iBQM ?�/ MQ `2HB�#H2 2z2+i QM i?2 HQ; EG. Q7 BM/BpB/m�HbǶ TQbi2`BQ` #2HB27b `2H�iBp2

iQ i?2 MQ`K�iBp2 "�v2bB�M TQbi2`BQ`b UK2�M,@yXy9- N8W *A,(@yXR8-yXR)VX GQ; EG.

`2HB�#Hv BKT`Qp2/ r?2M T�`iB+BT�Mib r2`2 2tTQb2/ iQ mM+2`i�BMiv pBbm�HBx�iBQM- rBi?

HQ; EG.b `2H�iBp2 iQ i?2 MQ`K�iBp2 TQbi2`BQ`b 7Q` i?Qb2 r?Q pB2r2/ >PSb #2BM;

QM �p2`�;2 HQr2` #v @yXR8 UN8W *A,(@yXkN-@yXy9)VX "2BM; �bbB;M2/ iQ pB2r i?2 H�`;2

b�KTH2 bBx2 /�i�b2i UBX2X- 2H/2`Hv /�i�b2iV biBHH ?�/ � p2`v H�`;2 BKT�+i QM `2bmHib �i

i?2 BM/BpB/m�H H2p2H- rBi? i?2 �p2`�;2 HQ; EG. 7Q` i?Qb2 r?Q pB2r2/ i?2 H�`;2 b�KTH2

/�i�b2i #2BM; QM �p2`�;2 RX89 HQ; EG. mMBib H�`;2` i?�M i?Qb2 7Q` i?2 bK�HH b�KTH2

bBx2 /�i�b2i UN8W *A,(RX9k-RXed)VX aT2M/BM; KQ`2 iBK2 2t�KBMBM; i?2 Q#b2`p2/ /�i�

`2/m+2/ HQ; EG. #mi MQi `2HB�#Hv UK2�M4@yXyd- N8W *A,(@yXR9-yXyR)VX

)LJXUH ����� 3RVWHULRUPHDQ HVWLPDWHV RI HIIHFWVZLWK ���FRQĆGHQFH LQWHUYDOV IURPDPRGHO

UHJUHVVLQJ WKH PHDQ HIIHFW RQ LQGLYLGXDO ORJ ./' RQ ZKHWKHU XQFHUWDLQW\ YLVXDOL]DWLRQ ZDV

VKRZQ� ZKHWKHU SULRU HOLFLWDWLRQZDV SURPSWHG DQGZKLFK GDWDVHWZDV SUHVHQWHG� /RZHU YDO�

XHV LQGLFDWH D JUHDWHU HIIHFW WRZDUG ORZHULQJ ORJ ./'�

S2`+2Bp2/ a�KTH2 aBx2

1p2M i?Qm;? T�`iB+BT�Mib �bbB;M2/ iQ 2t�KBM2 i?2 H�`;2 b�KTH2 bBx2 /�i�b2i ?�/ ?B;?

HQ; EG.b `2H�iBp2 iQ i?2 bK�HH b�KTH2 bBx2 /�i�b2i- pB2rBM; >PSb /B/ BKT�+i ?Qr �+@

+m`�i2Hv i?2v T2`+2Bp2/ i?2 b�KTH2 bBx2 Q7 i?2 Q#b2`p2/ /�i�X 6B;m`2 9XRe b?Qrb ?Qr

i?2 T`2/B+i2/ T2`+2Bp2/ b�KTH2 bBx2 Q7 i?2 Q#b2`p2/ /�i� #�b2/ QM i?2 /�i�b2i �M/
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r?2i?2` mM+2`i�BMiv U>PSbV r�b T`2b2Mi2/X 6Q` i?2 i2+? /�i�b2i UL4R83V- r?BH2

i?2 K2�Mb Q7 i?2 LQ mM+2`i�BMiv �M/ lM+2`i�BMiv +QM/BiBQMb r2`2 bBKBH�` UjkeXy pbX

jkdXjV- i?2 K2/B�M r�b Km+? +HQb2` iQ i?2 �+im�H b�KTH2 bBx2 Q7 i?2 /�i�b2i 7Q` i?2

lM+2`i�BMiv +QM/BiBQMb UK2/B�M T2`+2Bp2/, ReeXjV i?�M i?2 LQ mM+2`i�BMiv +QM/B@

iBQMb UK2/B�M T2`+2Bp2/, NdXkVX 6Q` i?2 2H/2`Hv /�i�b2i UL4d8y-yyyV- #Qi? i?2 K2�M

�M/ K2/B�M Q7 i?2 lM+2`i�BMiv +QM/BiBQMb r2`2 +HQb2` iQ i?2 i`m2 Q#b2`p2/ b�KTH2

bBx2 UK2�M T2`+2Bp2/, ey-ke3XN- K2/B�M T2`+2Bp2/, dj9XyV i?�M i?2 LQ mM+2`i�BMiv

+QM/BiBQMb UK2�M T2`+2Bp2/, 3yNX89- K2/B�M T2`+2Bp2/, kReXRVX h?2b2 `2bmHib bm;@

;2bi i?�i T`2b2MiBM; mM+2`i�BMiv BM7Q`K�iBQM `2/m+2/ T�`iB+BT�MibǶ /2pB�iBQM 7`QK

MQ`K�iBp2 "�v2bB�M BM72`2M+2b- �H#2Bi KQ`2 7Q` bQK2 T�`iB+BT�Mib i?�M Qi?2`bX

)LJXUH ����� 3HUFHLYHG VDPSOH VL]H IRU WKH WHFK DQG WKH HOGHUO\ GDWDVHWV� 7KH XQFHUWDLQW\

YLVXDOL]DWLRQ KHOSV SDUWLFLSDQWV PRUH DFFXUDWHO\ SHUFHLYHG VDPSOH VL]H LQ WKH ERWK GDWDVHWV�

9XeX8 "�v2bB�M AM72`2M+2 �b 1p�Hm�iBQM J2i`B+

lbBM; � "�v2bB�M BM72`2M+2 �TT`Q�+?- r2 p�HB/�i2/ i?2 2z2+iBp2M2bb Q7 �MBK�i2/ mM@

+2`i�BMiv pBbm�HBx�iBQM iQ ?2HT T�`iB+BT�MibǶ mT/�i2 i?2B` #2HB27b BM � r�v i?�i KQ`2

+HQb2Hv `2b2K#H2/ MQ`K�iBp2 "�v2bB�M BM72`2M+2X *�H+mH�iBM; � T`Qtv 7Q` ǳT2`+2Bp2/

b�KTH2 bBx2Ǵ ?2HT2/ 2tTH�BM i?2 2z2+i Q7 mM+2`i�BMiv pBbm�HBx�iBQMX q2 T`QTQb2 i?�i

pBbm�HBx�iBQM /2bB;M2`b HBF2 DQm`M�HBbib Q` T`Q72bbBQM�H b+B2M+2 +QKKmMB+�iQ`b +QmH/

�/QTi � "�v2bB�M �TT`Q�+? iQ B/2MiB7v pBbm�HBx�iBQMb i?�i #2ii2` bmTTQ`i mM+2`i�BMiv



de

+QKKmMB+�iBQM �M/ ;�BM /22T2` BMbB;?i BMiQ r?�i BM7Q`K�iBQM mb2`b �TT2�` iQ 2t@

i`�+i 7`QK T`2b2Mi2/ /�i�X

9Xd .Bb+mbbBQM

h?`Qm;? i?`22 bim/B2b- r2 /2KQMbi`�i2/ ?Qr � "�v2bB�M +Q;MBiBp2 KQ/2HBM; �T@

T`Q�+? +�M #2 mb2/ iQ BMi2`T`2i �M/ 2p�Hm�i2 ?Qr T2QTH2 mT/�i2 i?2B` #2HB27b �7@

i2` #2BM; 2tTQb2/ iQ � /�i� T`2b2Mi�iBQMX qBi? bQK2 +�p2�ib- Qm` `2bmHib bm;;2bi

i?�i BM � M�im`�HBbiB+ b+2M�`BQ r?2`2BM T2QTH2 #`BM; T`BQ` #2HB27b- BM/BpB/m�HbǶ BM@

i2`T`2i�iBQM Q7 pBbm�HBx2/ /�i� +�M #2 T`Q/m+iBp2Hv pB2r2/ �b � "�v2bB�M T`Q+2bbX

Pm` 2tT2`BK2Mib b?Qr2/ i?�i QM �p2`�;2- T2QTH2Ƕb `2bTQMb2b r2`2 +QMbBbi2Mi rBi?

� b�KTH2@#�b2/ "�v2bB�M �++QmMi r?2M 2t�KBMBM; bK�HH b�KTH2 bBx2 /�i�b2ibX PM

�p2`�;2- T2QTH2Ƕb `2bTQMb2b /2pB�i2/ 7`QK "�v2bB�M `2�bQMBM; r?2M T`2b2Mi2/ rBi?

H�`;2 b�KTH2 bBx2 /�i�b2ib- �HB;MBM; rBi? T`BQ` 2pB/2M+2 Q7 � ǳMQM@#2HB27 BM i?2 H�r

Q7 H�`;2 MmK#2`bǴ (R8)X aQK2 `2b2�`+? BM #2?�pBQ`�H 2+QMQKB+b �ii2KTib iQ +?�`�+@

i2`Bx2 i?Bb #B�b BM bvMi?2iB+�HHv /2bB;M2/ b2iiBM; (R8- RR- N)- bm+? �b i?2 #B�b �`Qmb2b

r?2M � T2`bQM T`2/B+ib r?2`2 � +QHQ`2/ #�HH Bb /`�rM 7`QK r?2M irQ #Qt2b rBi? �

/Bz2`2Mi KBt Q7 +QHQ`2/ #�HHb �`2 ;Bp2M (N)X 6mim`2 rQ`F KB;?i i2bi � H�`;2` `�M;2 Q7

b�KTH2 bBx2b rBi? � `2�HBbiB+ b2iiBM; iQ 7m`i?2` +?�`�+i2`Bx2 i?Bb #B�bX Ai Bb �HbQ rQ`i?

BMp2biB;�iBM; i?2 /2;`22 iQ r?B+? mbBM; bBM;H2 B+QMb iQ `2T`2b2Mi KmHiBTH2b Q7 T2QTH2-

bm+? �b i?Qb2 mb2/ BM i?2 L2r uQ`F hBK2b pBbm�HBx�iBQM mTQM r?B+? r2 #�b2/ Qm`

H�`;2 b�KTH2 pBbm�HBx�iBQM UaRV- +QMi`B#mi2b iQ i?2 BMb2MbBiBpBiv r2 Q#b2`p2/ iQ H�`;2

b�KTH2 bBx2X

9XdXR JQ/2H �bbmKTiBQMb

Pm` bBKTH2 KQ/2H Q7 "�v2bB�M +Q;MBiBQM K�F2b b2p2`�H �bbmKTiBQMbX q2 /Bb+mbb

i?2b2 �bbmKTiBQMb BM HB;?i Q7 TQbbB#H2 7Q`Kb i?�i T`BQ` #2HB27b �M/ �bb2bbK2Mib Q7 i?2

p�Hm2 Q7 /�i� K�v i�F2X



dd

q?�i 7Q`K /Q pB2r2`bǶ T`BQ` #2HB27b i�F2\

PM2 TQi2MiB�H +`BiB[m2 Q7 mbBM; "�v2bB�M +Q;MBiBQM 7Q` /2bB;MBM; Q` 2p�Hm�iBM; pBbm�H@

Bx�iBQMb KB;?i #2 i?�i Bi Bb mM`2�HBbiB+ iQ 2tT2+i H�v pBbm�HBx�iBQM pB2r2`b iQ TQbb2bb

K2�MBM;7mH T`BQ` #2HB27b �#Qmi T?2MQK2M� i?�i i2M/ iQ #2 T`2b2Mi2/ iQ i?2 Tm#HB+

BM QmiH2ib HBF2 /�i� DQm`M�HBbKX Pm` KQ/2H K�F2b i?2 7QHHQrBM; �bbmKTiBQMb �#Qmi

� pB2r2`Ƕb T`BQ` #2HB27b,

RX oB2r2`b ?�p2 T`BQ` #2HB27b �#Qmi T�`�K2i2`b 2biBK�i2/ #v /�i�X

kX "2HB27b i�F2 i?2 7Q`K Q7 � T`Q#�#BHBiv /Bbi`B#miBQM U"2i� /Bbi`B#miBQMVX

_2b2�`+? BM T`Q#�#BHBiv 2HB+Bi�iBQM 7`QK 2tT2`ib ?�b `�Bb2/ i?2 [m2biBQM Q7 r?2i?2`

2HB+Bi2/ bm#D2+iBp2 /Bbi`B#miBQMb +�M BM 7�+i #2 BMi2`T`2i2/ �b i?2 bm#D2+iǶb � T`BQ`B

#2HB27b Q` r?2i?2` BMbi2�/ i?2v `2T`2b2Mi �M �`iB7�+i Q7 i?2 2HB+Bi�iBQM BMi2`7�+2 (RRk)X

_2+2Mi `2b2�`+? BM [m�Mi�K +Q;MBiBQM- r?B+? �ii2KTib iQ T`QpB/2 7Q`K�HBbKb i?�i

+�M 2tTH�BM T�`�/Qt2b bQK2iBK2b Q#b2`p2/ BM #2?�pBQ`�H 2tT2`BK2Mib- K�v �HbQ

#2 mb27mH 7Q` mM/2`bi�M/BM; ?Qr 2HB+Bi�iBQM BMi2`72`2b rBi? M�im`�H `2�bQMBM; T`Q@

+2bb2b (j- kk)X q2 bmbT2+i i?�i i?2 T`BQ`b �M/ TQbi2`BQ`b r2 2HB+Bi2/ BM Qm` bim/B2b

�`2 BM~m2M+2/ #v #Qi?X q?BH2 Bi rQmH/ #2 BKTQbbB#H2 iQ /2}MBi2Hv �Mbr2` i?Bb [m2b@

iBQM- mM/2`bi�M/BM; i?2 2ti2Mi iQ r?B+? 2HB+Bi2/ #2HB27b �`2 b2MbBiBp2 iQ i?2 2HB+Bi�iBQM

K2i?Q/ ?�b BKTHB+�iBQMb 7Q` T`BQ` �M/ TQbi2`BQ` 2HB+Bi�iBQM �b � ;2M2`�H i2+?MB[m2

iQ #2 mb2/ #v pBbm�HBx�iBQM +`2�iQ`b iQ 2p�Hm�i2 /2bB;Mb- Q` BM ǳ?mK�M@BM@i?2@HQQTǴ

/�i� �M�HvbBb �TTHB+�iBQMb i?�i KB;?i 2HB+Bi T`BQ`b BM Q`/2` iQ +QK#BM2 i?2K rBi?

Q#b2`p2/ /�i� iQ K�F2 T`2/B+iBQMbX

PM i?2 QM2 ?�M/- B7 T2QTH2 /B/ MQi TQbb2bb T`BQ`b Q` r2`2 MQi �#H2 iQ �`iB+mH�i2

i?2K- r2 KB;?i 2tT2+i i?�i rBi? i?2 b�KTH2@#�b2/ 2HB+Bi�iBQM i2+?MB[m2b- r?B+? `2@

[mB`2/ T`QpB/BM; b�KTH2b rBi? +QM}/2M+2- r2 rQmH/ b22 � MmK#2` Q7 mMB/2MiB}�#H2

/Bbi`B#miBQMb /m2 iQ �HH x2`Q +QM}/2M+2 p�Hm2b- Q` MQ p�`B�iBQM BM i?2 b�KTH2 p�Hm2b-

7Q` 2t�KTH2X >Qr2p2`- Qp2` 38W Q7 T�`iB+BT�Mib r?Q mb2/ b�KTH2@#�b2/ i2+?MB[m2b

T`QpB/2/ p�HB/ T`Q#�#BHBiv /Bbi`B#miBQMbX �+`Qbb �HH 2HB+Bi�iBQM i2+?MB[m2b r2 �HbQ b�r
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i?�i i?2b2 /Bbi`B#miBQMb ?�/ T`2/B+iBp2 TQr2` 7Q` TQbi2`BQ` #2HB27bX � "�v2bB�M KQ/2H

+QMbi`m+i2/ rBi? T2`bQM�H T`BQ`b �+?B2p2/ � #2ii2` }i UmbBM; q�i�M�#2@�F�BF2 AM7Q`@

K�iBQM *`Bi2`BQM Uq�A*V (R9e- 8N)V i?�M /B/ � KQ/2H +QMbi`m+i2/ rBi? i?2 �;;`2;�i2

T`BQ`b Q` �bbmKBM; � mMB7Q`K T`BQ` Uq�A* 4 kjR8Xd- jR8NX3- jR8NX3- `2bT2+iBp2HvVX

>Qr2p2`- QM i?2 Qi?2` ?�M/- r2 +�M BK�;BM2 b+2M�`BQb i?�i KB;?i `2bmHi BM �K#B@

;mBiv BM 2HB+Bi2/ /Bbi`B#miBQMbX 6Q` 2t�KTH2- +QMbB/2` � pB2r2` rBi? HBiiH2 2tT2`B2M+2

rBi? i?2 i2+? BM/mbi`v- r?Qb2 BMimBiBp2 #2HB27b �`2 r2HH /2b+`B#2/ #v � 72r Kmim�HHv

2t+HmbBp2 TQbbB#BHBiB2bX h?2v #2HB2p2 i?�i i?2 TQTmH�iBQM T�`�K2i2` KB;?i #2 M2�`

RyW- #�b2/ QM i?2B` �r�`2M2bb i?�i `Qm;?Hv RyW Q7 rQK2M BM i?2 lXaX �i H�`;2 2t@

T2`B2M+2 /2T`2bbBQM �M/ i?2B` �bbmKTiBQM i?�i rQ`FBM; BM i?2 i2+? BM/mbi`v Bb MQi

HBF2Hv iQ bB;MB}+�MiHv +?�M;2 i?�i T`QTQ`iBQMX >Qr2p2`- i?2v +�M �HbQ BK�;BM2 � b+2@

M�`BQ BM r?B+? i?2 i2+? +QKT�MB2b i?�i i?2 bm`p2v2/ rQK2M rQ`F �i Qp2`@`2T`2b2Mib

� KBMQ`Biv Q7 i2+? +QKT�MB2b i?�i /Q T`�+iB+2 ;2M/2` #B�b i?�i i?2 pB2r2` Bb �r�`2 Q7

#�b2/ QM K2/B� `2TQ`ibX �bbmKBM; i?Bb H�ii2` b+2M�`BQ- i?2v BK�;BM2 i?2 T`QTQ`iBQM

rQmH/ #2 ;`2�i2` i?�M RyW- T2`?�Tb �b ?B;? �b 9yWX q?�i bQ`ib Q7 `2bTQMb2b KB;?i

i?Bb pB2r2` T`QpB/2 ;Bp2M � HQ+�iBQM THmb BMi2`p�H 2HB+Bi�iBQM i2+?MB[m2\ qQmH/ i?2v

BMi2`TQH�i2 Qp2` i?2 irQ TQbbB#H2 T`QTQ`iBQMb iQ �``Bp2 �i � KQ/�H 2biBK�i2- 2p2M B7

i?2v T2`+2Bp2/ i?2 irQ TQbbB#H2 b+2M�`BQb iQ #2 Kmim�HHv 2t+HmbBp2\ qQmH/ i?2v `2@

TQ`i QM QMHv i?2 ?B;?2` T`Q#�#BHBiv b+2M�`BQ\ _2b2�`+? BM �;;`2;�iBQM Q7 T`Q#�#BHBiv

/Bbi`B#miBQMb T`QpB/2b bQK2 2pB/2M+2 Q7 ?Qr T2QTH2 BMimBiBp2Hv +QK#BM2 T`Q#�#BHBiv

/Bbi`B#miBQMb bm+? �b #v mbBM; r2B;?i2/ �p2`�;2b Q7 /Bbi`B#miBQMb (ej)X h?2 TQbbB#BHBiv

i?�i T`BQ` #2HB27b i�F2 i?Bb 7Q`K Bb ?Qr2p2` �+FMQrH2/;2/ BM � MmK#2` Q7 b2iiBM;b-

7`QK +H�bbB+�H /2+BbBQM i?2Q`v (R9R) iQ [m�MimK +Q;MBiBQM (kk- Rj8) iQ T`QQ7b Q7 ;m�`@

�Mi22b Q7 "�v2bB�M h`mi? a2`mK (Rky)X

�MQi?2` TQbbB#BHBiv Bb i?�i T2QTH2 ?�p2 p�HB/ T`BQ` #2HB27b `2H�i2/ iQ � T�`�K2i2`

T`2b2Mi2/ BM � /�i� pBbm�HBx�iBQM- #mi i?�i 2HB+Bi�iBQM BMi2`7�+2b HBF2 i?Qb2 mb2/ BM

Qm` bim/v �bbmK2 � ;`2�i2` H2p2H Q7 T`2+BbBQM Q` ǳ`2bQHmiBQMǴ iQ i?2b2 #2HB27b i?�M Bb

`2�HBbiB+X 6Q` 2t�KTH2- T2`?�Tb BM Qm` T`QTQ`iBQM 2t�KTH2b- K�Mv pB2r2`b �`2 QMHv



dN

+�T�#H2 Q7 2tT`2bbBM; r?2i?2` i?2 i`m2 T`QTQ`iBQM Bb �#Qp2 Q` #2HQr bQK2 i?`2b?QH/

T2`+2Mi�;2- bm+? �b �#Qp2 Q` #2HQr i?2 #�b2 `�i2 7Q` rQK2M 7�+BM; K2Mi�H ?2�Hi?

Bbbm2bX AM � b+2M�`BQ r?2`2 i?2 T�`�K2i2` Q7 BMi2`2bi Bb � i`2M/ Qp2` iBK2 UBX2X- bHQT2V-

pB2r2`b K�v ?�p2 � b2Mb2 Q7 r?2i?2` i?2 bHQT2 Bb TQbBiBp2 Q` M2;�iBp2- #mi MQi i?2

�#BHBiv iQ T`2+Bb2Hv bT2+B7v � bHQT2 p�Hm2 iQ i?2 M2�`2bi i2Mi? Q7 � /B;Bi- Q` 2p2M iQ

i?2 M2�`2bi BMi2;2`X

*QMbB/2` i?2 pBbm�HBx�iBQM b?QrM BM 6B;m`2 9XRdU�V T`2b2Mi2/ #v i?2 L2r uQ`F

hBK2b iBiH2/ ǵq?2`2 "Qvb PmiT2`7Q`K :B`Hb BM J�i?, _B+?- q?Bi2 �M/ am#m`#�M

.Bbi`B+ibXǴX h?Bb pBbm�HBx�iBQM TQ`i`�vb i?2 `2H�iBQMb?BT #2ir22M i?2 ;2M/2` T2`7Q`@

K�M+2 ;�T BM J�i? �M/ 1M;HBb? b+Q`2b 7Q` i?B`/ i?`Qm;? 2B;?i? ;`�/2`bǶ �M/ 7�KBHv

BM+QK2X h?Bb /�i� r�b +QHH2+i2/ 7`QK M2�`Hv �HH lXa b+?QQH /Bbi`B+ibX 6Q` bBKTHB+Biv-

BK�;BM2 r2 rQmH/ HBF2 iQ 2HB+Bi � pB2r2`Ƕb bm#D2+iBp2 /Bbi`B#miBQM QM i?2 i`2M/ BM

K�i? b+Q`2bX q2 +�M b2T�`�i2Hv 2HB+Bi i?2 BMi2`+2Ti Q7 K�i? b+Q`2b UBX2X- QM �p2`�;2-

r?B+? ;2M/2` T2`7Q`Kb #2ii2` BM J�i? �M/ #v ?Qr Km+?V �M/ i?2 bHQT2 UBX2X- ?Qr

/Q2b i?2 ;2M/2` ;�T rQ`b2M Q` ;2i #2ii2` �b i?2 �p2`�;2 7�KBHv BM+QK2 BM i?2 /Bb@

i`B+i BM+`2�b2bVX 6Q` i?2 BMi2`+2Ti- Bi Bb 2�bv iQ BK�;BM2 i?�i bQK2 pB2r2`b- bm+? �b

i?Qb2 rBi? T`BQ` 2tT2`B2M+2 rBi? T`BK�`v b+?QQH 2/m+�iBQM Qmi+QK2b- KB;?i TQbb2bb

#2HB27b �#Qmi ?Qr Km+? #2ii2` � ;Bp2M ;2M/2` T2`7Q`Kb- r?2`2�b bQK2 Qi?2` pB2r2`b

K�v QMHv 722H +QM}/2Mi ;m2bbBM; r?B+? ;2M/2` ?�b i?2 �/p�Mi�;2X q2 +�M /2p2HQT

�M/ i2bi ;`�T?B+�H T`BQ` 2HB+Bi�iBQM BMi2`7�+2b i?�i p�`v BM i?2 `2bQHmiBQM �i r?B+?

i?2v 2HB+Bi #2HB27bX 6Q` 2t�KTH2- BM �M �ii2KTi iQ +�Tim`2 /Bz2`2M+2b BM ?Qr +QM@

}/2Mi BM/BpB/m�Hb �`2 BM T`QpB/BM; #2HB27b- r2 �`2 /2pBbBM; �M BMi2`7�+2 i?�i bi�`ib

#v T`QKTiBM; � pB2r2` 7Q` HQr2` `2bQHmiBQM T`2/B+iBQMb QMHv U2X;X- .Q vQm i?BMF i?�i

;B`Hb /Q #2ii2` �i K�i? QM �p2`�;2\ Q` "Qvb\ Q` �#Qmi i?2 b�K2\V #mi ;`�/m�HHv

�HHQrb i?2K iQ T`Q;`2bb iQ ?B;?2`@`2bQHmiBQM [m2biBQMb B7 i?2v 2tT`2bb �M BMi2`2bi BM

/QBM; bQ U2X;- .Q vQm i?BMF i?�i ;B`Hb /Q #2ii2` #v y@yX8 ;`�/2 Q` yX8@RXy ;`�/2\V

U6B;X 9XRdU#VVX
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)LJXUH ����� �D� $ YLVXDOL]DWLRQ GHSLFWV WKH UHODWLRQVKLS EHWZHHQ WKH VFRUH JDS IRU PDWK DQG

(QJOLVK E\ JHQGHU DQG WKH LQFRPH OHYHO RI VFKRRO GLVWULFWV� SUHVHQWHG E\ WKH 1HZ<RUN 7LPHV�

�E� DQ LQWHUIDFH IRU HOLFLWLQJ YLHZHUVè SULRU EHOLHIV WKDW SURJUHVVLYHO\ SURPSWV D YLHZHU WR SUR�

YLGHPRYH WR D KLJKHU UHVROXWLRQ SUHGLFWLRQ LI WKH\ IHHO FRPIRUWDEOH GRLQJ VR�

>Qr /Q pB2r2`b T2`+2Bp2 i?2 p�Hm2 Q7 /�i�\

Pm` KQ/2H �HbQ TH�+2b b2p2`�H �bbmKTiBQMb QM pB2r2`bǶ �bb2bbK2Mib Q7 i?2 BM7Q`K�iBQM

p�Hm2 Q7 i?2 /�i� r2 T`2b2Mi2/,

RX .�i� �`2 i�F2M �i ǳ7�+2 p�Hm2-Ǵ bm+? i?�i b�KTH2 bBx2 Bb i?2 T`BK�`v BM/B+�iQ`

Q7 i?2 BM7Q`K�iBQM p�Hm2 Q7 � /�i�b2iX

kX oB2r2`b ?�/ MQi T`2pBQmbHv 2M+QmMi2`2/ i?2 T�`iB+mH�` /�i� r2 T`2b2Mi2/ i?2K

rBi?X

� TQbbB#BHBiv i?�i Bb `mH2/ Qmi #v i?2 }`bi �bbmKTiBQM �#Qp2 Bb i?�i T2QTH2 T2`@

+2Bp2 � /Bbi`B#miBQM Qp2` i?2 +`2/B#BHBiv Q` i`mbirQ`i?BM2bb Q7 /Bz2`2Mi /�i� bQm`+2bX

lM/2` bm+? � TQbbB#BHBiv- Bi KB;?i #2 `�iBQM�H iQ mT/�i2 QM2Ƕb #2HB27b bB;MB}+�MiHv

H2bb i?�M T`2/B+i2/ #v MQ`K�iBp2 "�v2bB�M BM72`2M+2X q?BH2 r2 #2HB2p2 i?�i 2p2M �

bBKTH2 KQ/2H Q7 "�v2bB�M BM72`2M+2 +�M #2 ?B;?Hv p�Hm�#H2 7Q` mM/2`bi�M/BM; r?�i

7�+iQ`b �z2+i #2HB27 mT/�iBM; 7`QK /�i� T`2b2Mi�iBQMb- r2 �`2 �HbQ 2tT2`BK2MiBM;



3R

rBi? ?B2`�`+?B+�H "�v2bB�M KQ/2Hb i?�i �HHQr 7Q` i?2 7�+i i?�i pB2r2`b K�v ?�p2

?vT2`T`BQ`b i?�i bT2+B7v i?2 2ti2Mi iQ r?B+? i?2v i`mbi � ;Bp2M BM7Q`K�iBQM bQm`+2X

q?BH2 i?2 T`2b2Mi2/ KQ/2H �++QmMib 7Q` T`BQ` #2HB27b `2;�`/BM; i?2 /�i�Ƕb iQTB+- bm+?

� ?B2`�`+?B+�H KQ/2H rQmH/ �++QmMi 7Q` pB2r2`bǶ T`BQ` #2HB27b �#Qmi i?2 /�i�Ƕb bQm`+2X

qBb/QK Q7 *`Qr/b pbX �TT`QtBK�i2 AM72`2M+2

q2 �ii`B#mi2 Qm` Q#b2`p�iBQM Q7 MQM@`�iBQM�H BM/BpB/m�Hb �M/ `�iBQM�H �;;`2;�i2/

#2?�pBQ` iQ �TT`QtBK�i2 BM72`2M+2 �b /2b+`B#2/ #v omH 2iX �H (R9j)X AM i?Bb pB2r- i?2

�TT`QtBK�iBQM T`Q+2bb BMi`Q/m+2b 2``Q`b BMiQ BM/BpB/m�H Dm/;K2Mib- #mi i?2b2 2``Q`b

�`2 �p2`�;2/ Qmi BM i?2 �;;`2;�i2 �M�HvbBb- vB2H/BM; MQ`K�iBp2 Dm/;K2MibX

>Qr2p2`- i?2 r2HH@FMQrM rBb/QK Q7 +`Qr/b 2z2+i (8d) +QmH/ �HbQ 2tTH�BM i?Bb

/Bb+`2T�M+v #2ir22M BM/BpB/m�H �M/ �;;`2;�i2 #2?�pBQ`X AM i?Bb pB2r- 2``Q`b BM BM/B@

pB/m�H Dm/;K2Mi �`2 BMi`Q/m+2/ #v BM/BpB/m�H #B�b2b `�i?2` i?�M �M �TT`QtBK�iBQM

T`Q+2bb- �M/ i?2 `�iBQM�H �;;`2;�i2 Bb Q#i�BM2/ r?2M i?Qb2 #B�b2b �`2 �p2`�;2/ Qmi

�+`Qbb � /Bp2`b2 TQTmH�iBQMX

q2 ?�p2 �/QTi2/ i?2 b�KTHBM; 2tTH�M�iBQM /m2 iQ 2tBbiBM; 2pB/2M+2 i?�i ?mK�M

+Q;MBiBQM miBHBx2b b�KTHBM; BM �i H2�bi bQK2 +�b2b (RN- N3- kR)- #mi MQi2 i?�i Qm`

T`QTQb2/ K2i?Q/ Q7 +QKT�`BM; 2HB+Bi2/ T`BQ`b iQ TQbi2`BQ`b Bb +QKT�iB#H2 rBi? 2Bi?2`

b+2M�`BQX

_2@lb2 Q7 a�KTH2b

h?2 MQiBQM i?�i BM/BpB/m�Hb `2Hv QM � b�KTHBM; T`Q+2bb 7Q` �TT`QtBK�i2 BM72`2M+2

BMi`Q/m+2b QM2 �//BiBQM�H �bbmKTiBQM BMiQ Qm` bim/B2b, /m`BM; i?2 T`BQ`@2HB+Bi�iBQM

TQ`iBQM Q7 2�+? i`B�H- i?2 T�`iB+BT�Mi T`Q/m+2b � b2i Q7 b�KTH2b 7`QK i?2B` T`BQ`X q2

�bbmK2 i?�i i?2 T�`iB+BT�Mi rBHH `2@mb2 i?2b2 b�KTH2b r?2M mT/�iBM; i?2B` #2HB27b

�7i2` Q#b2`pBM; i?2 pBbm�HBx�iBQMX A7 i?2 T�`iB+BT�Mi r2`2 iQ i�F2 M2r b�KTH2b BMbi2�/-

i?2M r2 +QmH/ MQi +QKT�`2 i?2B` TQbi2`BQ` iQ i?2 2HB+Bi2/ T`BQ`X >Qr2p2`- r2 #2HB2p2

i?Bb Bb � `2�bQM�#H2 �bbmKTiBQM iQ K�F2 �b Qi?2`b ?�p2 7QmM/ 2pB/2M+2 7Q` i?2 `2@mb2
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Q7 b�KTH2b /m`BM; #2?�pBQ`�H i�bFb (d9- R9k)X

9XdXk :2M2`�HBxBM; a�KTH2 "�b2/ 1HB+Bi�iBQM

Pm` rQ`F r�b MQi /2bB;M2/ iQ B/2MiB7v � bBM;H2- QTiBK�H i2+?MB[m2 7Q` 2HB+BiBM; �M

mMi`�BM2/ pBbm�HBx�iBQM pB2r2`Ƕb bm#D2+iBp2 mM+2`i�BMiv �#Qmi � T`QTQ`iBQMX qBi?

i?2 2t+2TiBQM Q7 i?2 ;`�T?B+�H ǳ#�HHb@�M/@#BMbǴ BMi2`7�+2- r?B+? i2M/2/ iQ T`Q/m+2

TQbi2`BQ` #2HB27b i?�i /2pB�i2/ bHB;?iHv KQ`2 7`QK i?2 MQ`K�iBp2 bQHmiBQM- i?2 i2+?@

MB[m2b r2`2 /B{+mHi iQ /BbiBM;mBb?X >Qr2p2` r2 bmbT2+i i?�i 7Q` KQ`2 +QKTH2t

/�i�b2ib �M/ pBbm�H `2T`2b2Mi�iBQMb- i?2 ;`�T?B+�H b�KTH2@#�b2/ i2+?MB[m2 Bb HBF2Hv

iQ ?�p2 �/p�Mi�;2b /m2 iQ Bib ~2tB#BHBivX AK�;BM2 Q#b2`p2/ /�i� pBbm�HBx2/ �b � HBM2

+?�`iX � ;`�T?B+�H b�KTH2@#�b2/ i2+?MB[m2 rBHH �HHQr T2QTH2 iQ bBKTHv /`�r KQ`2

HBM2b iQ `2T`2b2Mi i?2B` T`BQ` /Bbi`B#miBQM- r?BH2 Qi?2` i2+?MB[m2b rQmH/ #2 KQ`2

+mK#2`bQK2 U2X;X- 2HB+BiBM; BMi2`+2TibfbHQT2bVX

6Q` 2t�KTH2- r2 ?�p2 �TTHB2/ i?2 ;`�T?B+�H b�KTH2 2HB+Bi�iBQM �TT`Q�+? iQ 2p�H@

m�i2 BMi2`T`2i�iBQMb Q7 i?2 �7Q`2K2MiBQM2/ L2r uQ`F hBK2b :`�T?B+b .2T�`iK2Mi

pBbm�HBx�iBQM- ǵq?2`2 "Qvb PmiT2`7Q`K :B`Hb BM J�i?, _B+?- q?Bi2 �M/ am#m`#�M

.Bbi`B+ib-Ǵ /2TB+iBM; i?2 `2H�iBQMb?BT #2ir22M i?2 ;2M/2` T2`7Q`K�M+2 ;�T BM J�i?

�M/ 1M;HBb? b+Q`2b 7Q` i?B`/ i?`Qm;? 2B;?i? ;`�/2`bǶ �M/ i?2 �p2`�;2 7�KBHv BM+QK2

Q7 � b+?QQH /Bbi`B+iX q2 /2bB;M2/ i?2 ;`�T?B+�H T`BQ` 2HB+Bi�iBQM BMi2`7�+2 iQ b2T@

�`�i2Hv 2HB+Bi � pB2r2`Ƕb T`BQ` QM i?2 BMi2`+2Ti 7Q` 2�+? b+?QQH bm#D2+i U?Qr Km+?

#2ii2` Q` rQ`b2 QM �p2`�;2 i?2v i?BMF ;B`Hb �`2 i?�M #Qvb �i i?�i bm#D2+iV- �M/ i?2B`

T`BQ` QM i?2 bHQT2 7Q` 2�+? b+?QQH bm#D2+i U?Qr Km+? i?2v i?BMF b+Q`2 /Bz2`2M+2b

7Q` i?�i bm#D2+i �`2 BKT�+i2/ #v i?2 �p2`�;2 7�KBHv BM+QK2 Q7 � b+?QQH /Bbi`B+iVX

h?2 pB2r2` Bb r�HF2/ i?`Qm;? i?2 +`2�iBQM Q7 b2p2`�H KQ+F pBbm�HBx�iBQMb Ub�KTH2bV

BM r?B+? i?2v }`bi TQbBiBQM � TQBMi +HQm/ 7Q` 2�+? bm#D2+i UJ�i? �M/ 1M;HBb?V #v

/`�;;BM; i?2 +HQm/ Q7 TQBMib- i?2 bHQT2 Q7 r?B+? Bb BMBiB�HBx2/ iQ y- iQ � v@TQbBiBQM QM

i?2 ;`�T?X PM+2 i?2v ?�p2 bT2+B}2/ i?2 BMi2`+2Ti 7Q` � b�KTH2- i?2v �`2 T`QKTi2/ iQ

�/Dmbi i?2 bHQT2 mbBM; � bHB/2`X U6B;X 9XR3VX h?2 b�KTH2@#�b2/ 2HB+Bi�iBQM i2+?MB[m2
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K�F2b Bi 72�bB#H2 iQ +QHH2+i pB2r2`bǶ bm#D2+iBp2 /Bbi`B#miBQMb #2vQM/ mMBp�`B�i2 /�i�-

�b i?2 2HB+Bi�iBQM BMi2`7�+2 +�M #2 /2bB;M2/ iQ `2THB+�i2 i?2 7Q`K�i Q7 i?2 Q`B;BM�H pB@

bm�HBx�iBQM rBi? KmHiBTH2 T`QKTibX q2 MQi2 i?�i BM i?Bb T�`iB+mH�` BMbi�MiB�iBQM- i?2

T`BQ` i?�i Bb 2HB+Bi2/ Bb +QM/BiBQM�H QM T`QpB/BM; i?2 pB2r2` rBi? BM7Q`K�iBQM �#Qmi

i?2 BM+QK2 /Bbi`B#miBQMX q2 #2HB2p2 i?�i 7Q` "�v2bB�M K2i?Q/b iQ #2 �/QTi2/ BM i?2

/2bB;M �M/ 2p�Hm�iBQM Q7 /�i� T`2b2Mi�iBQMb HBF2 pBbm�HBx�iBQMb- Bi rBHH #2 BKTQ`i�Mi

iQ T`QpB/2 ;mB/�M+2 iQ �mi?Q`b QM ?Qr iQ /2i2`KBM2 r?�i i?2 `2H2p�Mi T`BQ` Bb 7Q`

� ;Bp2M /�i� T`2b2Mi�iBQM �M/ ?Qr iQ �TTHv ;`�T?B+�H b�KTH2 #�b2/ 2HB+Bi�iBQM iQ

Q#i�BM BiX

)LJXUH ����� 7KH JUDSKLFDO VDPSOH HOLFLWDWLRQ LQWHUIDFH� 7KH YLHZHU FDQ GUDJ D FOXVWHU �HDFK

FRUUHVSRQGV WR0DWK DQG (QJOLVK UHVSHFWLYHO\� WR WKH FDQYDV WR VHW LWV LQWHUFHSW RI WKH FOXVWHU

E\ GUDJJLQJ WKH FOXVWHU DQG LWV VORSH E\ PDQLSXODWLQJ D VOLGHU WKDW DSSHDUV ZKHQ WKH YLHZHU

ULJKW�FOLFNV�

Pm` /2KQMbi`�iBQMb BMpQHp2/ T`2b2MiBM; � T`QTQ`iBQM bi�iBbiB+X >Qr2p2` 2p2M i?Bb

bBKTH2 b+2M�`BQ `2[mB`2/ `2~2+iBM; QM i?2 #2bi r�v iQ 7`�K2 i?2 2HB+Bi�iBQM Q7 � T`BQ`X

q2 +?Qb2 iQ 2HB+Bi T`BQ` �M/ TQbi2`BQ` /Bbi`B#miBQMb /B`2+iHvX h?2b2 /Bbi`B#miBQMb �`2

/2}M2/ Qp2` T�`�K2i2` p�Hm2b UBX2X- BM KQ/2H bT�+2VX q2 +?Qb2 iQ +?�M;2 i?2 B+QMb BM

i?2 B+QM �``�v 7Q`K�i r2 mb2/ 7Q` 2HB+Bi�iBQM �M/ T`2b2Mi�iBQM iQ +B`+H2b- `�i?2` i?�M
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?mK�M B+QMb- iQ #2ii2` �HB;M rBi? i?2 MQiBQM Q7 2HB+BiBM; � TQTmH�iBQM T`QTQ`iBQMX

�Hi2`M�iBp2Hv- r2 +QmH/ ?�p2 2HB+Bi2/ i?2 T`BQ` �M/ TQbi2`BQ` T`2/B+iBp2 /Bbi`B#miBQMb

#v �bFBM; T�`iB+BT�Mib iQ i?BMF �#Qmi i?2 bT2+B}+ p�Hm2 U2X;X- MmK#2` Q7 rQK2MV

;Bp2M bQK2 b�KTH2 bBx2X

9X3 amKK�`v

h?2 `2bmHib 7`QK i?2 bim/B2b /2KQMbi`�i2 i?2 TQi2MiB�H 7Q` mbBM; "�v2bB�M +Q;MBiBp2

KQ/2HBM; iQ mM/2`bi�M/ ?Qr /�i� T`2b2Mi�iBQMb HBF2 pBbm�HBx�iBQMb b?�T2 #2HB27bX

h?Bb +?�Ti2` /2KQMbi`�i2b � T�i? iQr�`/ #2ii2` �HB;MBM; bim/B2b Q7 /�i� BMi2`T`2i�@

iBQM rBi? i?2 mM/2MB�#H2 2z2+ib Q7 T`BQ` #2HB27b �M/ T`QpB/2b � p�Hm�#H2 7`�K2rQ`F

7Q` 2p�Hm�iBM; M2r T`2b2Mi�iBQM K2i?Q/bX AM i?2 M2ti +?�Ti2`- A T`2b2Mi ?Qr i?2

7`�K2rQ`F +�M #2 �TTHB2/ iQ #2ii2` bmTTQ`i T2QTH2Ƕb mM+2`i�BMiv +QKT`2?2MbBQM #v

T2`bQM�HBxBM; /�i� T`2b2Mi�iBQMb #�b2/ QM �M BM/BpB/m�HǶb T`BQ` /Bbi`B#miBQMX
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*?�Ti2` 8

"�u1aA�L S1_aPL�GAw�hAPL P6 oAal�GAw1. .�h�

AM +?�Ti2` j �M/ +?�Ti2` 9- A BMi`Q/m+2 i?2 2tTHQ`�iBQM Q7 i2+?MB[m2b iQ 2HB+Bi T2Q@

TH2Ƕb #2HB27b- i?2 2z2+i Q7 i?2 2HB+Bi�iBQM- �M/ i?2 K2i?Q/b iQ �TTHv "�v2bB�M KQ/2Hb

iQ BKT`Qp2 mM/2`bi�M/BM; Q7 pBbm�HBx�iBQM BMi2`�+iBQMbX h?2 bim/v b?Qrb i?�i i?2

2HB+Bi�iBQM �+i Bib2H7 +�M BKT`Qp2 T2QTH2Ƕb #2HB27 mT/�iBM;X AM �TTHvBM; "�v2bB�M BM@

72`2M+2 BM pBbm�HBx�iBQM BMi2`T`2i�iBQM b+2M�`BQ- i?2 bim/v `2bmHi T`QpB/2b 2pB/2M+2

i?�i T2QTH2 mM/2`p�Hm2 i?2 H�`;2 b�KTH2 /�i� 2p2M r?2M HQQFBM; �i �;;`2;�i2 H2p2H

bi�iBbiB+bX AM i?Bb +?�Ti2`- A BMi`Q/m+2 i?2 BMp2biB;�iBQM T2`bQM�HBx2 /�i� T`2b2Mi�@

iBQMb #�b2/ QM �M BM/BpB/m�HǶb T`BQ` #2HB27b U_2b2�`+? Zm2biBQM 9V iQ KBiB;�i2 bQK2

Q7 i?2 T`Q#H2Kb Q#b2`p2/ BM i?2 T`2pBQmb +?�Ti2`X

8XR 6�+BHBi�iBM; "�v2bB�M lT/�i2 BM oBbm�HBx�iBQM AMi2`T`2i�iBQM

AK�;BM2 pB2rBM; � pBbm�HBx�iBQM Q7 TQHH `2bmHib /2b+`B#BM; bmTTQ`i 7Q` b2p2`�H TQHBiB+�H

+�M/B/�i2b �KQM; T`QbT2+iBp2 pQi2`b 2�`Hv BM �M 2H2+iBQM +v+H2X h?2 /�i� BM/B+�i2b

i?�i +�M/B/�i2 � ?�b � RyW +?�M+2 Q7 rBMMBM;- #�b2/ QM `2bTQMb2b 7`QK �`QmM/ eyy

T2QTH2- rBi? i?2 +?�M+2 Q7 rBMMBM; 7�HHBM; #2ir22M 3W �M/ RjW rBi? ?B;? +QM}@

/2M+2 U2X;X- N8WVX AK�;BM2 i?�i T`BQ` iQ pB2rBM; i?Bb M2r `2bmHi- vQm 2M+QmMi2`2/

i?2 `2bmHib Q7 � bBKBH�` TQHH r?B+? 2biBK�i2/ bmTTQ`i 7Q` +�M/B/�i2 � �i kyW Yf@

kX8W- #�b2/ QM `2bTQMb2b 7`QK �`QmM/ Ryyy T2QTH2X q?�i b?QmH/ vQm #2HB2p2 �7i2`

2M+QmMi2`BM; i?2 b2+QM/ TQHH\

�bbmKBM; i?�i vQm ?�p2 MQ `2�bQM iQ /Bbi`mbi 2Bi?2` TQHH- vQm b?QmH/ mT/�i2 vQm`

#2HB27b T`QTQ`iBQM�H iQ i?2 �KQmMi Q7 M2r BM7Q`K�iBQM i?�i i?2 b2+QM/ TQHH T`QpB/2b

Qp2` i?2 }`biX "�v2bB�M BM72`2M+2 7Q`K�HBx2b i?Bb BMimBiBQM #v T`2b+`B#BM; i?2 mb2 Q7

"�v2b `mH2 UBX2X- p(θ |Y ) = p(Y |θ)·p(θ)
P(Y ) V iQ +�H+mH�i2 i?2 TQbi2`BQ` #2HB27b i?�i QM2 b?QmH/
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�``Bp2 �i B7 QM2 mT/�i2b i?2B` #2HB27b �++Q`/BM; iQ H�rb Q7 +QM/BiBQM�H T`Q#�#BHBivX AM

i?Bb +�b2- vQm` #2bi 2biBK�i2 Q7 bmTTQ`i 7Q` +�M/B/�i2 � �7i2` i?2 b2+QM/ TQHH b?QmH/

#2 �`QmM/ ReW- rBi? � ?B;? T`Q#�#BHBiv Q7 7�HHBM; rBi?BM �#Qmi kW Q7 i?�i p�Hm2X

qBi?BM � "�v2bB�M K�i?2K�iB+�H 7`�K2rQ`F- r2 +�M `2�bQM �#Qmi ǳ`�iBQM�HǴ

TQbi2`BQ` #2HB27b pB� bBKTH2 MmK2`B+ BMimBiBQMbX "2+�mb2 i?2`2 Bb MQ `2�bQM iQ /Bbi`mbi

2Bi?2` TQHH- BM7Q`K�iBp2M2bb Bb /B`2+iHv +�Tim`2/ #v 2�+? TQHHǶb b�KTH2 bBx2- bm+? i?�i

i?2 `�iBQ Q7 i?2 BM7Q`K�iBp2M2bb Q7 i?2 b2+QM/ TQHH iQ iQ i?2 }`bi Bb j iQ 8X

q2 b?Qr ?Qr "�v2bB�M BM72`2M+2 +�M #2 mb2/ iQ BKT`Qp2 pBbm�HBx�iBQM mb2`bǶ

`2�bQMBM; mM/2` mM+2`i�BMivX Pm` }`bi +QMi`B#miBQM Bb iQ T`QTQb2 irQ "�v2bB�M

T2`bQM�HBx�iBQM i2+?MB[m2b i?�i mb2 i?2 K�i?2K�iB+�H BMimBiBQMb Q7 "�v2bB�M i?2Q`v

iQ ;mB/2 � mb2`Ƕb #2HB27 7Q`K�iBQM T`Q+2bb �b i?2v BMi2`�+i rBi? pBbm�HBx2/ /�i�X

"Qi? i2+?MB[m2b i`2�i i?2 mb2`Ƕb bm#D2+iBp2 mM+2`i�BMiv �#Qmi � T�`�K2i2` p�Hm2

#27Q`2 b22BM; M2rHv Q#b2`p2/ /�i� UBX2X- i?2B` T`BQ` /Bbi`B#miBQMV �b � `272`2M+2 TQBMi

�;�BMbi r?B+? i?2 mM+2`i�BMiv BM i?2 Q#b2`p2/ /�i� +�M #2 +QKT�`2/ U6B;X 8XR#kVX �

T2`bQM�HBx2/ mM+2`i�BMiv �M�HQ;v `2H�i2b mM+2`i�BMiv BM Q#b2`p2/ /�i� iQ mM+2`i�BMiv

BM i?2 mb2`Ƕb T`BQ`X � T2`bQM�HBx2/ TQbi2`BQ` pBbm�HBx�iBQM /2TB+ib i?2 TQbi2`BQ` #2HB27b

T`2/B+i2/ #v "�v2bB�M BM72`2M+2 ;Bp2M i?2 mb2`Ƕb T`BQ` #2HB27bX

.Q2b "�v2bB�M T2`bQM�HBx�iBQM rQ`F\ q2 T`2b2Mi � T`2`2;Bbi2`2/ 2tT2`BK2Mi

rBi? 9-3yy T�`iB+BT�Mib iQ BMp2biB;�i2 ?Qr "�v2bB�M mM+2`i�BMiv �M�HQ;B2b �M/ TQb@

i2`BQ` pBbm�HBx�iBQMb �z2+i #2HB27 mT/�iBM; `2H�iBp2 iQ MQM@T2`bQM�HBx2/ mM+2`i�BMiv

pBbm�HBx�iBQMbX Pm` 2tT2`BK2Mi +QKT�`2b i?2 /2pB�iBQM #2ir22M � T2`bQMǶb `2TQ`i2/

#2HB27b �M/ i?2 MQ`K�iBp2 "�v2bB�M TQbi2`BQ` /Bbi`B#miBQM r?2M i?2v mb2 T2`bQM�H@

Bx2/ "�v2bB�M T2`bQM�HBx�iBQMb p2`bmb KQ`2 +QMp2MiBQM�H `2T`2b2Mi�iBQMb Q7 mM+2`i�BM

/�i� HBF2 � T`Q#�#BHBiv@b?�/2/ BMi2`p�HX

Pm` `2bmHib bm;;2bi i?2 T`QKBb2 Q7 � "�v2bB�M �TT`Q�+? iQ pBbm�HBx�iBQM BMi2`�+@

iBQMX 6Q` bK�HH /�i�b2ib UL4R83V- #Qi? 7Q`Kb Q7 T2`bQM�HBx�iBQM #`BM; i?2 �p2`�;2

mb2`Ƕb #2HB27 mT/�iBM; +HQb2` iQ MQ`K�iBp2 "�v2bB�M BM72`2M+2X _2+2Mi rQ`F BM #2?�p@

BQ`�H 2+QMQKB+b �M/ #2vQM/ (N- R8) bm;;2bib i?�i T2QTH2 i2M/ iQ BM+`2�bBM;Hv /Bb+QmMi
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i?2 BM7Q`K�iBp2M2bb Q7 /�i� �b b�KTH2 bBx2 ;`QrbX >Qr2p2`- KQbi Q7 i?2b2 2tT2`B@

K2Mib ?�p2 +QM/m+i2/ rBi? bvMi?2iB+�HHv /2bB;M2/ biBKmHB U2X;X- +QBM ~BTV BMbi2�/ Q7

mbBM; `2�H@rQ`H/ biBKmHBX Pm` bim/v BM +?�Ti2` 9- �M/ i?Bb +?�Ti2` b?Qr i?�i bBKBH�`

#B�b Bb BM/m+2/ rBi? `2�HBbiB+ biBKmHBX

q2 }M/ i?�i 7Q` H�`;2 b�KTH2b r?2`2 i?2 iQTB+ Q7 i?2 /�i� Bb T2`+2Bp2/ �b `2H�@

iBp2Hv mM+QMi2MiBQmb U2X;X- /2K2MiB� `�i2b �KQM; i?2 2H/2`HvV- pB2rBM; � T2`bQM�H@

Bx2/ TQbi2`BQ` pBbm�HBx�iBQM BKT`Qp2b "�v2bB�M mT/�iBM;X >Qr2p2`- r?2M i?2 iQTB+

Q7 i?2 /�i� H2�/b T�`iB+BT�Mib iQ bmbT2+i Bi r�b K�MBTmH�i2/ U2X;X- H�i2@i2`K �#Q`iBQM

pB2rbV- "�v2bB�M T2`bQM�HBx�iBQM /Q2b MQi BKT`Qp2 `2�bQMBM; Qp2` pBbm�HBxBM; mM+2`@

i�BMiv BM i?2 /�i�- bm;;2biBM; i?�i T2QTH2 K�v /2pB�i2 7`QK � "�v2bB�M bi�M/�`/ BM

T�`i �b � 7mM+iBQM Q7 ?Qr i?2v T2`+2Bp2 i?2 +`2/B#BHBiv Q7 /�i�X

JQ`2Qp2`- #v +QMi`QHHBM; 7Q` i?2 �+i Q7 T`BQ` 2HB+Bi�iBQM BM Qm` bim/v- r2 2biBK�i2

i?2 2z2+i Q7 �`iB+mH�iBM; � T`BQ` �b � K2�Mb Q7 T`QKTiBM; #2ii2` #2HB27 mT/�iBM;

`2H�iBp2 iQ � "�v2bB�M bi�M/�`/X q2 }M/ bQK2 2pB/2M+2 i?�i bBKTHv 2HB+BiBM; �

T`BQ` 7`QK � mb2` +�M 2M+Qm`�;2 KQ`2 "�v2bB�M mT/�iBM; �b 2pB/2M+2/ #v T2QTH2Ƕb

mT/�iBM; BM �;;`2;�i2 #2BM; +HQb2` iQ MQ`K�iBp2 "�v2bB�M mT/�iBM; #�b2/ QM T`BQ`

2HB+Bi�iBQM �HQM2X

hQ;2i?2` Qm` `2bmHib /2KQMbi`�i2 i?�i T`BQ` 2HB+Bi�iBQM �M/ T2`bQM�HBx2/ "�v2bB�M

�TT`Q�+?2b +�M ?2HT mMi`�BM2/ pBbm�HBx�iBQM mb2`b #2ii2` mT/�i2 i?2B` #2HB27b i?�M

i?2 +m``2Mi #2bi T`�+iB+2 Q7 pBbm�HBxBM; mM+2`i�BMiv BM Q#b2`p2/ /�i�X q2 +QM+Hm/2

#v /Bb+mbbBM; i?2 BKTHB+�iBQMb Q7 Qm` `2bmHib 7Q` i?2 T`2b2Mi�iBQM �M/ �M�HvbBb Q7

/�i�X

8Xk JQiBp�iBM; "�v2bB�M S2`bQM�HBx�iBQM

q2 /2bB;M "�v2bB�M T2`bQM�HBx�iBQMb i?�i T`QKQi2 `�iBQM�H #2HB27 mT/�iBM; #v 2t@

THQBiBM; i?2 `QH2 Q7 mb2`bǶ T`BQ`b BM "�v2bB�M mT/�iBM;X



33

p (θ)

Evaluate

(d) Discrepancy

Personalized Uncertainty Analogy Personalized posterior visualization 
The survey data has about 2 times more 
information than your prior beliefs. In 

other words, your prior beliefs 
are 2 times more uncertain than the 

survey data. 

(b1) Visualized data 
(representing likelihood)

p(Y|θ)

14% 16% 18%

8% 10% 13%

Elicit

(b2) Bayesian personalization

17.5% 20% 22.5%

Belief 
updating

(a) User’s prior beliefs

10% 12% 14%

Elicit

(c) User’s posterior beliefs

(e) Bayesian normative posterior beliefs

p(θ|Y) =
p(Y|θ) x p(θ)

p(Y)

Predicting what you should 
believe now 

)LJXUH ���� 8VLQJ %D\HVLDQ LQIHUHQFH WR SHUVRQDOL]H KRZ GDWD LV VKRZQ WR LPSURYH EHOLHI XS�

GDWLQJ� �D�� 7KH YLHZHU KROGV SULRU EHOLHIV DERXW D SDUDPHWHU θ VXFK DV D GLVHDVH UDWH LQ WKH

SRSXODWLRQ� ZKLFK DUH HOLFLWHG LQ WKH IRUP RI D SUREDELOLW\ GLVWULEXWLRQ� �E��� 7KH XVHU LV SUH�

VHQWHGZLWK DQ REVHUYHG GDWDVHWY HVWLPDWLQJ WKH UDWH� ZKLFK FRQYH\V LQIRUPDWLRQ DERXW WKH

OLNHOLKRRG IXQFWLRQ p(Y |θ)� �E��� 7KH REVHUYHG GDWD LV DFFRPSDQLHG E\ SHUVRQDOL]HG LQIRUPD�

WLRQ LQ WKH IRUP RI DQ XQFHUWDLQW\ DQDORJ\ RU YLVXDOL]DWLRQ RI %D\HVLDQ SRVWHULRU SUHGLFWLRQV

GHULYHG IURP WKHLU SULRU EHOLHIV DQG D QRUPDWLYH %D\HVLDQ PRGHO� �F�� 7KH JRDO RI %D\HVLDQ

SHUVRQDOL]DWLRQ LV WR EULQJ WKH XVHUèV XSGDWHG EHOLHIV �L�H�� SRVWHULRU EHOLHIV DERXW WKH SURED�

ELOLW\ RI θ JLYHQ Y � FORVHU WR �G�� WKH SRVWHULRU EHOLHIV SUHVFULEHG E\ %D\HVLDQ LQIHUHQFH� �H��

,Q RXU H[SHULPHQW� ZH HOLFLW SRVWHULRU EHOLHIV DQG XVH WKH GHYLDWLRQ EHWZHHQ WKHVH EHOLHIV DQG

WKH QRUPDWLYH EHOLHIV WR HYDOXDWH WKH %D\HVLDQ SHUVRQDOL]DWLRQV�

8XkXR .2bB;MBM; "�v2bB�M S2`bQM�HBx�iBQMb

lbBM; i?2 �#Qp2 BMimBiBQM �M/ +QM+2Tim�HBx�iBQM- r2 T`QTQb2 irQ "�v2bB�M T2`bQM@

�HBx�iBQMb i?�i 2tTHQBi i?2 mb2`Ƕb T`BQ` #2HB27bX � T2`bQM�HBx2/ mM+2`i�BMiv �M�HQ;v

`2H�i2b mM+2`i�BMiv BM Q#b2`p2/ /�i� iQ mM+2`i�BMiv BM i?2 mb2`Ƕb T`BQ`- �M/ � T2`@

bQM�HBx2/ TQbi2`BQ` pBbm�HBx�iBQM /2TB+ib i?2 TQbi2`BQ` #2HB27b T`2/B+i2/ #v "�v2bB�M

BM72`2M+2- ;Bp2M i?2 mb2`Ƕb T`BQ` #2HB27bX

S2`bQM�HBx2/ lM+2`i�BMiv �M�HQ;v

h?2 mb2`Ƕb T`BQ` /Bbi`B#miBQM +�Tim`2b i?2B` mM+2`i�BMiv �#Qmi i?2 T�`�K2i2` p�Hm2

#27Q`2 b22BM; i?2 Q#b2`p2/ /�i�X q2 +�M i`2�i i?Bb ǳbm#D2+iBp2Ǵ mM+2`i�BMiv �b �

T2`bQM�HHv K2�MBM;7mH `272`2M+2 �;�BMbi r?B+? mM+2`i�BMiv BM i?2 Q#b2`p2/ /�i� +�M

#2 +QKT�`2/X AK�;BM2 vQm �`2 T`2b2Mi2/ rBi? � pBbm�HBx�iBQM �M/ i2ti i2HHBM; vQm

?Qr Km+? BM7Q`K�iBQM i?2 pBbm�HBx2/ /�i� +QMi�BMb `2H�iBp2 iQ ?Qr BM7Q`K2/ vQm
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r2`2 �#Qmi i?2 iQTB+ �H`2�/v, ǳuQm` T`BQ` #2HB27b ?�p2 k iBK2b KQ`2 BM7Q`K�iBQM

i?�M i?2 /�i�XǴ hQ ;2M2`�i2 i?2 KmHiBTHB+�iBp2 7�+iQ`- r2 +QKT�`2 κ U� T`Qtv 7Q`

b�KTH2 bBx2 /2}M2/ �b α Y β V BM i?2 T`BQ` /Bbi`B#miBQM UκpriorV iQ i?2 b�KTH2 bBx2

Q7 i?2 Q#b2`p2/ /�i� UκdataVX hQ �pQB/ KmHiBTHB2`b H2bb i?�M QM2- r2 �Hr�vb +?Qb2

i?2 /Bbi`B#miBQM U"2i� +Q``2bTQM/BM; iQ HBF2HB?QQ/ Q` T�`iB+BT�MiǶb T`BQ`V 7Q` r?B+?

κ r�b HQr2` �b i?2 `272`2M+2 /Bbi`B#miBQMX 6Q` 2t�KTH2- B7 κdata Bb ;`2�i2` i?�M κprior-

r2 +�H+mH�i2/ i?2 KmHiBTHB2` �b κdata/κprior U2X;X- uQm` T`BQ` #2HB27b ?�p2 k iBK2b KQ`2

BM7Q`K�iBQM i?�M i?2 /�i�V- +�H+mH�iBM; i?2 KmHiBTHB2` �b κprior/κdata BM i?2 +�b2 r?2`2

κprior r�b ;`2�i2`X

S2`bQM�HBx2/ SQbi2`BQ` oBbm�HBx�iBQM

�M 2p2M KQ`2 /B`2+i r�v iQ ;mB/2 � mb2` iQr�`/ "�v2bB�M BM72`2M+2 Bb iQ T`2b2Mi

i?2K rBi? i?2 MQ`K�iBp2 #2HB27 /Bbi`B#miBQM +�H+mH�i2/ mbBM; i?2B` T`BQ` #2HB27b �M/

i?2 HBF2HB?QQ/X AK�;BM2 i?�i BM �//BiBQM iQ �M Q#b2`p2/ /�i�b2i- vQm �`2 T`2b2Mi2/

rBi? � pBbm�HBx�iBQM Q7 i?2 MQ`K�iBp2 TQbi2`BQ` +�H+mH�i2/ mbBM; vQm` T`BQ` /Bbi`B#m@

iBQM- �HQM; rBi? � #`B27 2tTH�M�iBQM Q7 ?Qr Bi r�b /2`Bp2/ UBX2X- #v +QK#BMBM; i?2

BM7Q`K�iBQM BM i?2B` T`BQ` #2HB27b rBi? i?�i BM i?2 Q#b2`p2/ /�i�VX

8Xj 1tT2`BK2Mi, "�v2bB�M S2`bQM�HBx�iBQMb

q2 /2bB;M2/ �M/ T`2`2;Bbi2`2/ � H�`;2 +`Qr/bQm`+2/ #2ir22M@bm#D2+ib 2tT2`BK2Mi iQ

BMp2biB;�i2 r?2i?2` T2`bQM�HBxBM; i?2 T`2b2Mi�iBQM Q7 pBbm�HBx2/ /�i� mbBM; "�v2bB�M

i?2Q`v +�M BKT`Qp2 ?Qr r2HH � mb2` mT/�i2b i?2B` #2HB27b BM HB;?i Q7 M2r /�i�X aT2+B7@

B+�HHv- Qm` 2tT2`BK2Mi 2p�Hm�i2b ?Qr T�`iB+BT�MibǶ #2HB27b +?�M;2 �b � `2bmHi Q7 i?2

"�v2bB�M T2`bQM�HBx�iBQMb +QKT�`2/ iQ KQ`2 +QMp2MiBQM�H /2TB+iBQMb Q7 T`QTQ`iBQM

2biBK�i2b �b KB;?i #2 b22M BM b+B2M+2- i?2 K2/B�- Q` ;Qp2`MK2MiX
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Prior elicitation Visualization Intervention 

Prior elicitation

Point Estimate

Uncertainty Visualization

Personalized Uncertainty Analogy

Personalized Posterior Visualization

No prior elicitation
Point Estimate

Uncertainty Visualization

Main study

Dementia dataset 
with small sample size
with large sample size

More trustworthy dataset 

Abortion dataset 
with small sample size
with large sample size

Less trustworthy dataset

Dataset Conditions

X

)LJXUH ���� 7KH VWXG\ FRQGLWLRQV DQG GDWDVHWV�

8XjXR aim/v *QM/BiBQMb �M/ _2b2�`+? Zm2biBQMb

q2 i2bi2/ 7Qm` �TT`Q�+?2b iQ +QMp2vBM; mM+2`i�BMiv �`QmM/ � T�`�K2i2` 2biBK�i2

U6B;X 8XkVX

• SQBMi 1biBK�i2, S�`iB+BT�Mib pB2r � TQBMi 2biBK�i2 Q7 i?2 Q#b2`p2/ T`QTQ`iBQM

rBi? i?2 bBx2 Q7 i?2 b�KTH2 BM i2tiX

• lM+2`i�BMiv oBbm�HBx�iBQM, S�`iB+BT�Mib pB2r � TQBMi 2biBK�i2 Q7 i?2 Q#b2`p2/

T`QTQ`iBQM �HQM; rBi? � T`Q#�#BHBiv /2MbBiv b?�/2/ BMi2`p�H BM r?B+? i?2 2biBK�i2

Bb 2tT2+i2/ iQ 7�HH rBi? ?B;? T`Q#�#BHBiv UN8WVX

• S2`bQM�HBx2/ lM+2`i�BMiv �M�HQ;v, S�`iB+BT�Mib pB2r i?2 mM+2`i�BMiv pBbm�H@

Bx�iBQM �HQM;bB/2 � T2`bQM�HBx2/ mM+2`i�BMiv �M�HQ;vX � #`B27 2tTH�M�iBQM Q7 ?Qr

i?2 �M�HQ;v r�b ;2M2`�i2/ U2X;X- ǳq2 /B`2+iHv +QKT�`2/ i?2 b�KTH2 bBx2 Q7 i?2

bim/v iQ i?2 b�KTH2 bBx2 BKTHB2/ #v vQm` T`BQ` #2HB27bXǴV Bb �HbQ T`2b2Mi2/X

• SQbi2`BQ` oBbm�HBx�iBQM, S�`iB+BT�Mib pB2r i?2 mM+2`i�BMiv pBbm�HBx�iBQM �HQM;@

bB/2 � pBbm�HBx�iBQM Q7 i?2 MQ`K�iBp2 TQbi2`BQ` /Bbi`B#miBQMX � #`B27 2tTH�M�iBQM

Q7 ?Qr i?2 TQbi2`BQ` r�b �``Bp2/ �i UBM+Hm/BM; �M �M�HQ;v 2tT`2bbBQM +QKT�`BM;

i?2 mM+2`i�BMiv BM i?2 T�`iB+BT�MiǶb T`BQ` #2HB27b iQ i?�i Q7 i?2 /�i� �b �#Qp2V Bb

T`2b2Mi2/X



NR

N=158 N=5028

Priors Priors

Normative 
posterior

Normative 
posterior

Likelihood
function

Likelihood
function

)LJXUH���� ,OOXVWUDWLRQRIKRZQRUPDWLYHSRVWHULRUEHOLHIV �GDVKHG� DUH LQćXHQFHGE\ WKHVDP�

SOH VL]H RI WKH REVHUYHG GDWD �UHSUHVHQWHG E\ WKH OLNHOLKRRG LQ JUD\� JLYHQ D SULRU GLVWULEXWLRQ

�VROLG�� $VVXPLQJ D UHODWLYHO\ ZHDN SULRU� ZKHQ WKH VDPSOH VL]H LV VPDOO� WKH QRUPDWLYH SRV�

WHULRU GLVWULEXWLRQ LV ORFDWHG EHWZHHQ WKH OLNHOLKRRG DQG WKH SULRU� $VVXPLQJ WKH VDPH SULRU

DQG D ODUJH VDPSOH REVHUYHG GDWDVHW� WKH QRUPDWLYH SRVWHULRU GLVWULEXWLRQ LV QHDUO\ LGHQWLFDO

WR WKH OLNHOLKRRG IXQFWLRQ�

_Q#mbiM2bb iQ o�`vBM; a�KTH2 aBx2

�b 6B;X 8Xj H27i b?Qrb- � r2�F T`BQ` #2HB27 /Bbi`B#miBQM biBHH ?�b � /2KQMbi`�#H2

BKT�+i QM i?2 MQ`K�iBp2 TQbi2`BQ` #2HB27b r?2M i?2 Q#b2`p2/ /�i� Bb `2H�iBp2Hv bK�HH

UL4R83VX 6Q` � H�`;2` b�KTH2 UL48ky3V i?2 MQ`K�iBp2 TQbi2`BQ` /Bbi`B#miBQM Bb

M2�`Hv B/2MiB+�H iQ i?2 Q#b2`p2/ /�i� U6B;X 8Xj `B;?iVX "v p�`vBM; b�KTH2 bBx2- r2

mb2 Qm` 2tT2`BK2Mi iQ BMp2biB;�i2 r?2i?2` � i2M/2M+v 7Q` T2QTH2Ƕb TQbi2`BQ` #2HB27b

iQ /2pB�i2 KQ`2 bm#bi�MiB�HHv 7`QK i?2 MQ`K�iBp2 TQbi2`BQ` /Bbi`B#miBQM 7Q` H�`;2

b�KTH2b 7QmM/ BM T`2pBQmb +?�Ti2` ?QH/b 7Q` Qm` T�`iB+BT�Mib �b r2HHX q2 +?Qb2 R83

�M/ 8-ky3 �b b�KTH2b BM i?2 HQr i?Qmb�M/b �`2 +QKKQM BM T`2b2Mi�iBQMb Q7 TQHH Q`

bm`p2v `2bmHib i?�i T2QTH2 2M+QmMi2` BM 2p2`v/�v HB72X

_Q#mbiM2bb iQ hQTB+ *QMi`Qp2`bv

"2bB/2b KBbmM/2`bi�M/BM; mM+2`i�BMiv- MQi i`mbiBM; i?�i � /�i�b2i Bb � 7�Bi?7mH /2@

TB+iBQM Q7 `2�HBiv Bb �MQi?2` TQbbB#H2 `2�bQM 7Q` i?2 /2pB�iBQM #2ir22M QM2Ƕb TQbi2`BQ`

#2HB27b �M/ i?2 MQ`K�iBp2 "�v2bB�M TQbi2`BQ`X

hQ BMp2biB;�i2 i?2 BKT�+i Q7 i?2 T2`+2Bp2/ ǳ+QMi`Qp2`bB�HM2bbǴ Q7 /�i� QM i?2
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2z2+ib Q7 "�v2bB�M T2`bQM�HBx�iBQM- r2 B/2MiB}2/ irQ /�i�b2ib i?�i p�`v BM ?Qr HBF2Hv

i?2v �`2 iQ #2 T2`+2Bp2/ �b ?�pBM; #22M K�MBTmH�i2/X q2 `2+`mBi2/ kyy J2+?�MB+�H

hm`F rQ`F2`b BM i?2 lXaX rBi? �TT`Qp�H `�iBM;b Q7 NdW �M/ �#Qp2X S�`iB+BT�Mib

pB2r2/ T�B`rBb2 +QK#BM�iBQMb Q7 bBt /�i�b2ib, i?2 T`QTQ`iBQM Q7 RV `2bB/2Mib Q7 lXaX

�bbBbi2/ HBpBM; +2Mi2`b `2bB/2Mib r?Q ?�p2 �Hx?2BK2`Ƕb Q` Qi?2` /2K2MiB�- kV +Q`M

T`Q/m+iBQM `2H�iBp2 iQ Qi?2` ;`�BM T`Q/m+iBQM BM i?2 lXa- jV T�iB2Mib BM i?2 lXa r?Q

KBbmb2 QTBQB/b T`2b+`B#2/ 7Q` +?`QMB+ T�BM- 9V 7Q`2B;M@#Q`M `2bB/2Mib BM i?2 lXaX- 8V

�/mHib BM i?2 lXa r?Q i?BMF i?B`/ i`BK2bi2` �#Q`iBQM b?QmH/ #2 BHH2;�H `2;�`/H2bb

Q7 +B`+mKbi�M+2b- �M/ eV �/mHib BM i?2 lXa r?Q bmTTQ`i i?2 /2�i? T2M�HivX AM �

}`bi b2bbBQM- QM 2�+? i`B�H i?2 T�`iB+BT�Mi b�r � T�B` Q7 /�i�b2i /2b+`BTiBQMb UBX2X- �

bmKK�`v Q7 i?2 p�`B�#H2V bB/2 #v bB/2X S�`iB+BT�Mib r2`2 �bF2/ iQ +?QQb2 QM2 /�i�b2i

i?�i ǳb22Kb KQ`2 HBF2Hv iQ #2 i�KT2`2/ rBi? Q` K�MBTmH�i2/ iQ T2`bm�/2Ǵ mbBM; �

`�/BQ #miiQMX S�`iB+BT�Mib pB2r2/ � iQi�H Q7 R8 T�B`b Ui`B�HbVX AM i?2 b2+QM/ b2bbBQM-

T�`iB+BT�Mib pB2r2/ i?2 b�K2 R8 T�B`b #mi r?2`2 i?2 Q`B;BM�H T`QTQ`iBQM 7`QK i?2

bQm`+2 Bb T`2b2Mi2/ rBi? � N8W ?B;?2bi /2MbBiv BMi2`p�H +�H+mH�i2/ #v 7Q` �M �bbmK2/

b�KTH2 bBx2 Q7 R83X q2 `�M/QKBx2/ i?2 Q`/2` Q7 T�B`b BM #Qi? b2bbBQMbX

q2 `�MF2/ i?2 /�i�b2ib #v T2`+2Bp2/ K�MBTmH�iBQM mbBM; i?2 bmK Q7 T�`iB+BT�MibǶ

pQi2b T2` /�i�b2iX h?2 T`QTQ`iBQM Q7 lXaX �bbBbi2/ HBpBM; +2Mi2`b `2bB/2Mib r?Q ?�p2

�Hx?2BK2`Ƕb Q#i�BM2/ i?2 72r2bi pQi2b �+`Qbb #Qi? [m2biBQMb- r?BH2 i?2 T`QTQ`iBQM Q7

�K2`B+�Mb r?Q #2HB2p2 HQM;@i2`K �#Q`iBQMb b?QmH/ #2 BHH2;�H mMBH�i2`�HHv Q#i�BM2/

i?2 KQbiX

AKT�+i Q7 S`BQ` 1HB+Bi�iBQM

Ai Bb TQbbB#H2 i?�i T`BQ` 2HB+Bi�iBQM Bib2H7 K�v �z2+i ?Qr ǳ"�v2bB�MǴ � T2`bQM �TT2�`b

iQ #2- 7Q` 2t�KTH2 B7 Bi 2M+Qm`�;2b i?2 mb2` iQ #2 KQ`2 b2MbBiBp2 iQ mM+2`i�BMiv BM

i?2 /�i�X q2 BM+Hm/2 irQ +QM/BiBQMb 7Q` r?B+? r2 /Q MQi 2HB+Bi T`BQ` #2HB27bĜLQ

1HB+Bi�iBQM@SQBMi 1biBK�i2 �M/ LQ 1HB+Bi�iBQM@lM+2`i�BMiv oBbm�HBx�iBQMĜ�M/ mb2

i?2K iQ 2p�Hm�i2 i?2 BKT�+i Q7 2HB+Bi�iBQM QM /2pB�iBQM 7`QK MQ`K�iBp2 "�v2bB�M
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#2HB27 mT/�iBM;X h?Qm;? BM/BpB/m�H@H2p2H mT/�iBM; rBi? �M/ rBi?Qmi 2HB+Bi�iBQM +�M@

MQi #2 /B`2+iHv +QKT�`2/ rBi?Qmi 2HB+BiBM; i?2 BM/BpB/m�HǶb T`BQ`- �M �;;`2;�i2@H2p2H

�M�HvbBb- BM r?B+? r2 �bbB;M LQ 1HB+Bi�iBQM +QM/BiBQMb � +QKKQM T`BQ` H2�`M2/ 7`QK

K�Mv T�`iB+BT�Mib- �HHQrb mb iQ Q#b2`p2 ?Qr 2HB+Bi�iBQM �TT2�`b iQ +?�M;2 mT/�iBM;

�i �M �;;`2;�i2 H2p2HX

8XjXk 1tT2`BK2Mi .2bB;M �M/ S`Q+2/m`2

q2 `�M Qm` 2tT2`BK2Mi �b � #2ir22M@bm#D2+ib bim/vX S�`iB+BT�Mib r2`2 `�M/QKHv

�bbB;M2/ iQ QM2 Q7 i?2 bBt 2HB+Bi�iBQM �M/ pBbm�HBx�iBQM +QM/BiBQMb �M/ QM2 Q7 7Qm`

/�i�b2ib UbK�HH Q` H�`;2 /2K2MiB� /�i�b2i Q` bK�HH Q` H�`;2 �#Q`iBQM /�i�V U6B;X 8XkVX

q2 T`2@`2;Bbi2`2/ Qm` +QM/BiBQMb- b�KTH2 bBx2b- �M/ �M�HvbBbRX �M BMi`Q/m+iQ`v T�;2

/2b+`B#2/ i?2 /2K2MiB� /�i�b2ib UQ`B;BM�HHv 7`QK i?2 lXaX L�iBQM�H *2Mi2` 7Q` >2�Hi?

ai�iBbiB+b (Rd)V �b ?�pBM; #22M +QHH2+i2/ #v � M�iBQM�H ?2�Hi? �;2M+v- �M/ i?2 �#Q`iBQM

/�i�b2ib UQ`B;BM�HHv 7`QK 6Ps L2rb (Rk)V �b ?�pBM; #22M +QHH2+i2/ #v � K2/B� QmiH2iX

S`BQ` "2HB27 1HB+Bi�iBQM

S�`iB+BT�Mib �bbB;M2/ iQ 2HB+Bi�iBQM +QM/BiBQMb }`bi T`QpB/2/ i?2B` T`BQ` #2HB27b U6B;X 8X9VX

q2 /2bB;M2/ �M BMi2`7�+2 i?�i T`QKTi2/ i?2 T�`iB+BT�Mi iQ 2Mi2` i?2B` #2bi 2biBK�i2

Q7 i?2 T�`�K2i2` Q7 BMi2`2bi U2X;X- i?2 T2`+2Mi�;2 Q7 �bbBbi2/@HBpBM; +2Mi2` `2bB/2Mib

BM i?2 la ?�p2 �Hx?2BK2`Ƕb Q` /2K2MiB�- 6B;X 8X9�V- 7QHHQrBM; T`BQ` `2b2�`+? BM T`Q@

TQ`iBQM T`BQ` 2HB+Bi�iBQM 7`QK 2tT2`ib (R8j)X � irQ@?�M/H2/ bHB/2` i?2M �TT2�`2/-

`2T`2b2MiBM; �M BMi2`p�H �`QmM/ i?2 p�Hm2 i?2v T`QpB/2/ �b i?2B` 2biBK�i2- rBi? 2M/@

TQBMib �i y �M/ RyyWX S�`iB+BT�Mib r2`2 �bF2/ iQ bT2+B7v � `�M;2 �`QmM/ i?2 p�Hm2

#v /`�;;BM; i?2 2M/ Q7 i?2 BMi2`p�H mMiBH Bib rB/i? �HB;M2/ rBi? ?Qr mM+2`i�BM i?2v

72Hi �#Qmi i?2 i`m2 T2`+2Mi�;2 U6B;X 8X9/VX S�`iB+BT�Mib r2`2 2tTHB+BiHv iQH/ i?�i

B7 i?2B` 2biBK�i2 `2T`2b2Mi2/ � i`mHv `�M/QK ;m2bb- i?2M i?2B` BMi2`p�H b?QmH/ bT�M

R?iiTb,ff�bT`2/B+i2/XQ`;f#HBM/XT?T\t4b[jtx3- ?iiTb,ff�bT`2/B+i2/XQ`;f#HBM/XT?T\t4
km+39K

https://aspredicted.org/blind.php?x=sq3xz8
https://aspredicted.org/blind.php?x=2uc84m
https://aspredicted.org/blind.php?x=2uc84m
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7`QK y iQ RyyWc Qi?2`rBb2 i?2v b?QmH/ �/Dmbi i?2 2M/b Q7 i?2 BMi2`p�H iQ K�F2 Bi

bK�HH2` U6B;X 8X9#VX q?2M i?2 T�`iB+BT�Mi BMi2`�+i2/ rBi? 2Bi?2` ?�M/H2- r2 mT/�i2/

i?2 +QM+2Mi`�iBQM T�`�K2i2` UκV #�b2/ QM i?2 ?�M/H2Ƕb p�Hm2 �M/ i?2 KQ/2- i?2M

+�H+mH�i2/ i?2 Qi?2` ?�M/H2Ƕb HQ+�iBQM iQ `2~2+i i?2 N8W BMi2`p�H Q7 i?2 M2r "2i�

/Bbi`B#miBQMX aT2+B}+�HHv- κ Bb BMp2`b2Hv T`QTQ`iBQM�H iQ i?2 rB/i? Q7 i?2 2HB+Bi2/

BMi2`p�HX h2ti �#Qp2 i?2 bHB/2` `2~2+i2/ i?2 bT2+B}2/ T`BQ` U2X;X- uQm i?BMF i?2 T2`@

+2Mi�;2 Bb �HKQbi +2`i�BMHv MQ H2bb i?�M R8W �M/ MQ KQ`2 i?�M jjW �M/ BiǶb KQbi

HBF2Hv �`QmM/ kjW- 6B;X 8X9+VX

Before we show you the study data, please tell us your best estimate of what 
percentage of assisted-living center residents in the US have Alzheimer's or 
dementia.
Tell us how sure you are about your prediction
Next, consider how uncertain you are about your estimate. Drag either gray end of the 
uncertainty range around the value that you just entered, until the uncertainty it displays 
aligns with how uncertain you are about the true percentage.
If you have no idea whether the estimate you made is more correct than any other 
value between 0 and 100%, the interval should span from 0 to 100%. Otherwise, you 
should adjust the ends of the interval to make it smaller.

You think the percentage is almost certainly no less than 15% and no more than 33% and it's most 
likely around 23%.

)LJXUH ���� 7KH HOLFLWDWLRQ LQWHUIDFH� )LUVW� WKH SDUWLFLSDQW HQWHUV D SRLQW HVWLPDWH �WRS�� WKHQ

WKH\ VSHFLI\ KRZ FHUWDLQ WKH\ DUH DERXW WKHLU HVWLPDWH E\ GUDJJLQJ HLWKHU HQG RI WKH LQWHU�

YDO �ERWWRP�� :KHQ WKH SDUWLFLSDQW LQWHUDFWV ZLWK HLWKHU KDQGOH� WKH RWKHU KDQGOH XSGDWHV WR

DFFRPPRGDWH WKH XSGDWHG %HWD GLVWULEXWLRQ�

S`2b2Mi�iBQM Q7 P#b2`p2/ .�i�

�7i2` T`BQ` 2HB+Bi�iBQM- �HH T�`iB+BT�Mib 2t�KBM2/ i?2 Q#b2`p2/ /�i�X hQ +`2�i2 i?2 pB@

bm�HBx�iBQM biBKmHB- r2 mb2/ i?2 T`QTQ`iBQMb 7`QK i?2 Q`B;BM�H bQm`+2 Q7 i?2 /�i�b2ib

U/2K2MiB� /�i�b2i, 9kW- �#Q`iBQM /�i�b2i, jdWV �M/ p�`B2/ i?2 b�KTH2 bBx2 i?�i �
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T�`iB+BT�Mi r�b �bbB;M2/ UbK�HH, R83- H�`;2,8ky3VX S�`iB+BT�Mib BM i?2 SQBMi 1biB@

K�i2 +QM/BiBQMb b�r i?2 TQBMi 2biBK�i2 Q7 i?2 T`QTQ`iBQM THQii2/ rBi? i?2 MmK#2`

Q7 bm++2bb2b �M/ b�KTH2 bBx2 BM i2ti QMHv U6B; 8X8�VX S�`iB+BT�Mib BM i?2 lM+2`@

i�BMiv oBbm�HBx�iBQM �M/ "�v2bB�M T2`bQM�HBx�iBQM +QM/BiBQMb b�r i?2 TQBMi 2biBK�i2

THQii2/ rBi? �M BMi2`p�H /2TB+iBM; i?2 HQr2` �M/ mTT2` #QmM/ Q7 i?2 +Q``2bTQM/BM;

"2i� /Bbi`B#miBQM 7Q` i?2 "BMQKB�H HBF2HB?QQ/ 7mM+iBQM- rBi? b?�/BM; T`QTQ`iBQM�H iQ

T`Q#�#BHBiv /2MbBiv U6B; 8X8#VX

S`2b2Mi�iBQM Q7 "�v2bB�M S2`bQM�HBx�iBQMb

�7i2` pB2rBM; i?2 Q#b2`p2/ /�i� �M/ T`BQ` pBbm�HBx�iBQM- T�`iB+BT�Mib BM i?2 T2`bQM@

�HBx�iBQM +QM/BiBQMb i?2M +HB+F2/ iQ 2t�KBM2 i?2 T2`bQM�HBx�iBQMb- r?B+? �TT2�`2/

#2HQr i?2 pBbm�HBx�iBQM Q7 i?2 Q#b2`p2/ /�i�X 6Q` T�`iB+BT�Mib BM i?2 �M�HQ;v +QM/B@

iBQM- r2 T`2b2Mi2/ �M �M�HQ;v BM i2ti U6B;X 8X8+VX 6Q` T�`iB+BT�Mib BM i?2 SQbi2`BQ`

oBbm�HBx�iBQM +QM/BiBQM- r2 T`2b2Mi2/ � pBbm�HBx�iBQM HBF2 Qm` mM+2`i�BMiv pBbm�HBx�@

iBQM Q7 i?2 Q#b2`p2/ /�i�- #mi r?2`2 i?2 /Bbi`B#miBQM b?QrM Bb i?2 "2i� /Bbi`B#miBQM

+Q``2bTQM/BM; iQ i?2 T`2/B+i2/ TQbi2`BQ` 7`QK Qm` "�v2bB�M KQ/2H U6B;X 8X8/VX

SQbi2`BQ` "2HB27 1HB+Bi�iBQM �M/ SQbi@h�bF Zm2biBQMb

�HH T�`iB+BT�Mib i?2M bm#KBii2/ i?2B` TQbi2`BQ` #2HB27b QM i?2 M2ti b+`22MX PM �

}M�H b+`22M- T�`iB+BT�Mib r2`2 �bF2/ /2KQ;`�T?B+ [m2biBQMb U;2M/2`- 2/m+�iBQM H2p2H-

�M/ �;2V- �M/ ?Qr HBF2Hv i?2v i?Qm;?i Bi r�b i?�i i?2 /�i� r�b K�MBTmH�i2/ QM �

}p2 TQBMi GBF2`i b+�H2 rBi? 2M/TQBMib H�#2H2/ LQi �i �HH HBF2Hv URV �M/ 1ti`2K2Hv

HBF2Hv U8VX h?2 }M�H b+`22M �bF2/ T�`iB+BT�Mib r?�i T`QTQ`iBQM +Q``2bTQM/2/ iQ i?2

Q#b2`p2/ /�i� i?2v ?�/ #22M b?QrM pB� KmHiBTH2 +?QB+2 U"2HQr jyW- #2ir22M jyW

iQ eyW- �#Qp2 eyWV �b � T`2`2;Bbi2`2/ 2t+HmbBQM +`Bi2`B� iQ }Hi2` T�`iB+BT�Mib r?Q

r2`2 MQi T�vBM; �ii2MiBQM 7`QK �M�HvbBbX
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(a) Point Estimate condition

(b) Uncertainty visualization only condition

(d) Personalized Posterior Visualization

How was this calculated?
We directly compared the sample size of the study by the national health agency to the sample size of the study implied by your prior beliefs. According to 
our computation, the study data has 2 times more information than your prior beliefs, so we weighted the study data 2 times more when we 
merged the two information. 

(c) Personalized Uncertainty Analogy condition

The study data has 2 times more information than your prior beliefs. In other words, your prior beliefs are 2 times more uncertain than the study 
data. This means you should take the study data 2 times more seriously than your prior beliefs.

How was this calculated?
We directly compared the sample size of the study by the national health agency to the sample size of the study implied by your prior beliefs. Your prior 
beliefs from the previous page implied a study with less participants than those of the study, so the data has 2 times more information than your 
prior beliefs.
This doesn’t mean that your prior beliefs don’t have some useful information. Both your beliefs and the study data suggest information about what the true 
value of the percentage of residents who had Alzheimer's or dementia.

)LJXUH ���� &RQGLWLRQV LQ RXU H[SHULPHQW� LQFOXGLQJ YLVXDOL]LQJ REVHUYHG GDWD DV D SRLQW HVWL�

PDWH ZLWK VDPSOH VL]H� XVLQJ D KLJK SUREDELOLW\ LQWHUYDO ZLWK VKDGLQJ WR YLVXDOL]H XQFHUWDLQW\

LQ WKH REVHUYHG GDWD RQO\� SURYLGLQJ DQ XQFHUWDLQW\ DQDORJ\ EDVHG RQ WKH SDUWLFLSDQWèV SULRU�

DQG SURYLGLQJ D SUHGLFWHG SRVWHULRU YLVXDOL]DWLRQ EDVHG RQ WKH XVHUèV SULRU�



Nd

S�`iB+BT�Mib

q2 `2+`mBi2/ T�`iB+BT�Mib QM �K�xQM J2+?�MB+�H hm`F- `2KQpBM; i?Qb2 r?Q 7�BH2/

i?2 T`2`2;Bbi2`2/ 2t+HmbBQM +`Bi2`B� [m2biBQM UiQi�H R3kV- �M/ `2+`mBiBM; KQ`2 mMiBH

2�+? +QM/BiBQM ?�/ kyy T�`iB+BT�Mib UiQi�H 9-3yyVX q2 K�/2 i?2 >Ah �p�BH�#H2 iQ

lXaX rQ`F2`b rBi? �M �TT`Qp�H `�iBM; Q7 NdW Q` KQ`2X h?2 >Ah +�``B2/ � `2r�`/

Q7 0yX3- r?B+? r2 +�H+mH�i2/ iQ 2Mbm`2 i?�i i?2 K�DQ`Biv Q7 rQ`F2`b rQmH/ `2+2Bp2

KBMBKmK r�;2 �++Q`/BM; iQ TBHQi bim/v +QKTH2iBQM iBK2bX

8X9 _2bmHib

8X9XR .�i� S`2HBKBM�`B2b

h?2 �p2`�;2 +QKTH2iBQM i�bF iBK2 r�b jXe KBM Ua., eXeVX q2 Q#b2`p2/ MQ `2HB�#H2

/Bz2`2M+2b BM T�`iB+BT�MibǶ /2KQ;`�T?B+b #2ir22M +QM/BiBQMbX

hQ �M�Hvx2 T�`iB+BT�MibǶ `2bTQMb2b- r2 }i i?2 2HB+Bi2/ #2HB27b iQ � "2i� /Bbi`B#m@

iBQMX q2 i`2�i i?2 2HB+Bi2/ TQBMi 2biBK�i2 �b i?2 KQ/2 Q7 � "2i� /Bbi`B#miBQM UωV

�M/ i?2 rB/i? Q7 i?2 BMi2`p�H �b i?2 +QM+2Mi`�iBQM T�`�K2i2` UκV iQ }i � /Bbi`B#miBQM

mbBM; QTiBKBx�iBQM �b bm;;2bi2/ #v T`BQ` rQ`F (R8j)X hQ +QKTmi2 2�+? T�`iB+BT�MiǶb

MQ`K�iBp2 TQbi2`BQ` /Bbi`B#miBQM- r2 mb2/ i?2 `2H�iBQMb?BT #2ir22M i?2 TQbi2`BQ`

"2i� T�`�K2i2`b �M/ i?Qb2 Q7 i?2 T`BQ` �M/ HBF2HB?QQ/ /2`BpBM; 7`QK "�v2bǶ `mH2 iQ

+�H+mH�i2 i?2 MQ`K�iBp2 "2i� TQbi2`BQ` /Bbi`B#miBQM U1[X 9XRVX

8X9Xk Pmi+QK2 J2�bm`2b

q2 i`2�i i?2 /2pB�iBQM #2ir22M i?2 T�`iB+BT�MiǶ �+im�H TQbi2`BQ` #2HB27b �M/ i?2

MQ`K�iBp2 TQbi2`BQ` #2HB27b �b � T`Qtv 7Q` ?Qr r2HH i?2 T�`iB+BT�Mi �TT2�`b iQ ?�p2

BMi2`T`2i2/ i?2 BM7Q`K�iBQM +QMi�BM2/ BM i?2 Q#b2`p2/ /�i� �M/ +QK#BM2/ i?2K rBi?

i?2B` FMQrH2/;2 i?2v �H`2�/v ?�/X q2 �M�Hvx2/ i?2 /2pB�iBQM BM irQ r�vbX 6B`bi-

iQ T`QpB/2 BMimBiBQM 7Q` ?Qr T�`iB+BT�Mib mT/�i2/ BM i2`Kb Q7 i?2 7�KBHB�` MQiBQMb

Q7 � /Bbi`B#miBQMǶb HQ+�iBQM �M/ p�`B�M+2- r2 +QKT�`2/ i?2 HQ+�iBQM UBX2X- K2�MV �M/
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i?2 p�`B�M+2 Q7 2�+? T�`iB+BT�MibǶ TQbi2`BQ` /Bbi`B#miBQM iQ i?Qb2 Q7 i?2 MQ`K�iBp2

TQbi2`BQ` /Bbi`B#miBQMX

a2+QM/- r2 T`2@`2;Bbi2`2/ �M �M�HvbBb mbBM; EG .Bp2`;2M+2 UEG.V iQ K2�bm`2

i?2 /Bz2`2M+2 #2ir22M � T�`iB+BT�MiǶb bi�i2/ TQbi2`BQ` #2HB27b �M/ i?2 MQ`K�iBp2

TQbi2`BQ` /Bbi`B#miBQM 7`QK Qm` "�v2bB�M KQ/2HbX EG. +�Tim`2b i?2 BM7Q`K�iBQM

HQbb r?2M `2T`2b2MiBM; � i�`;2i /Bbi`B#miBQM T rBi? � b2+QM/ /Bbi`B#miBQM [ (N8)X

8X9Xj Pp2`pB2r Q7 lT/�iBM; #v GQ+�iBQM pbX o�`B�M+2

q2 �M�Hvx2/ [m�HBi�iBp2 /Bz2`2M+2b BM ?Qr T�`iB+BT�Mib mT/�i2/ i?2B` #2HB27b �+`Qbb

/�i�b2ib �M/ pBbm�HBx�iBQM +QM/BiBQMbX

DataNormative

Updated away 
from data

Overweight 
prior

Near 
normative      

Overweight 
data

Overshoot 
data

Prior

Legend:

Point Estimate Uncertainty Visualization Analogy Posterior Visualization
(a) Dementia

(N=158)

(b) Dementia 
(N=5028)

(c) Abortion 
(N=158)

(d) Abortion 
(N=5028)

Location of Updated Belief Distribution by Condition

)LJXUH ���� &DWHJRUL]DWLRQ RI WKH ORFDWLRQ RI SDUWLFLSDQWVè XSGDWHV UHODWLYH WR WKH SUHGLFWLRQV

RI QRUPDWLYH %D\HVLDQ LQIHUHQFH IRU WKDW SDUWLFLSDQW� (DFK SDUWLFLSDQW ZDV FDWHJRUL]HG DF�

FRUGLQJ WR WKH UHODWLRQVKLS EHWZHHQ WKH PHDQ RI WKHLU SRVWHULRU GLVWULEXWLRQ UHODWLYH WR WKDW

RI WKHLU SULRU GLVWULEXWLRQ� WKH QRUPDWLYH SRVWHULRU GLVWULEXWLRQ� DQG WKH OLNHOLKRRG IXQFWLRQ�

GQ+�iBQM Q7 lT/�i2/ "2HB27 .Bbi`B#miBQM #v *QM/BiBQM

q2 +�i2;Q`Bx2 T�`iB+BT�Mib BMiQ }p2 ǳmT/�i2 ivT2bǴ #�b2/ QM i?2 HQ+�iBQM UBX2X- K2�MV

Q7 i?2B` TQbi2`BQ` /Bbi`B#miBQM `2H�iBp2 iQ i?2B` T`BQ` /Bbi`B#miBQM- i?2 MQ`K�iBp2

TQbi2`BQ` 7Q` i?�i T�`iB+BT�Mi- �M/ i?2 HBF2HB?QQ/ U6B;X 8XeVX h?2 H2;2M/ b?Qrb �
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?vTQi?2iB+�H T�`iB+BT�Mi 7Q` r?B+? i?2 K2�M Q7 i?2B` T`BQ` /Bbi`B#miBQM r�b bK�HH2`

i?�M i?�i Q7 i?2 HBF2HB?QQ/c Qm` �M�HvbBb �HbQ BM+Hm/2b i?2 QTTQbBi2 +�b2 UBX2X- i?2

K2�M Q7 i?2 T�`iB+BT�MiǶb T`BQ` r�b ;`2�i2` i?�M i?2 K2�M Q7 i?2 HBF2HB?QQ/VX "QiiQK,

1�+? T�`iB+BT�Mi r�b +�i2;Q`Bx2/ �++Q`/BM; iQ i?2 `2H�iBQMb?BT #2ir22M i?2 p�`B�M+2

Q7 i?2B` TQbi2`BQ` /Bbi`B#miBQM `2H�iBp2 iQ i?�i Q7 i?2 MQ`K�iBp2 TQbi2`BQ` /Bbi`B#miBQMX

q2 mb2 M2�` MQ`K�iBp2 r?2M i?2 HQ+�iBQM Q7 i?2 T�`iB+BT�MiǶb TQbi2`BQ` Bb rBi?BM

� `2H�iBp2Hv bK�HH rBM/Qr Q7 i?2 MQ`K�iBp2 TQbi2`BQ` U2X;X- Yf@ kWVX q2 mb2 Qp2`@

r2B;?i T`BQ` 7Q` +�b2b r?2`2 � T�`iB+BT�Mi Qp2`r2B;?i2/ i?2B` T`BQ` /Bbi`B#miBQM `2H�@

iBp2 iQ i?2 T`2/B+iBQMb Q7 MQ`K�iBp2 "�v2bB�M mT/�iBM;- �M/ Qp2`r2B;?i /�i� 7Q` +�b2b

r?2`2 i?2 T�`iB+BT�MiǶb TQbi2`BQ` 72HH #2ir22M i?2 T`BQ` �M/ HBF2HB?QQ/ #mi r�b +HQb2`

iQ i?2 HBF2HB?QQ/ i?�M T`2/B+i2/ #v MQ`K�iBp2 "�v2bB�M mT/�iBM;X q?BH2 KQbi T�`@

iB+BT�MibǶ TQbi2`BQ` /Bbi`B#miBQMb 72HH- �b r2 KB;?i 2tT2+i- bQK2r?2`2 #2ir22M i?2B`

T`BQ` /Bbi`B#miBQM �M/ i?2 HBF2HB?QQ/- r2 mb2 mT/�i2/ �r�v 7`QK /�i� 7Q` +�b2b r?2`2

T�`iB+BT�MiǶb TQbi2`BQ` KQp2/ BM �M QTTQbBi2 /B`2+iBQM 7`QK i?2 HBF2HB?QQ/ �b r2HH �b

i?2B` T`BQ`X q2 mb2 Qp2`b?QQi /�i� 7Q` +�b2b r?2`2 i?2 HQ+�iBQM Q7 i?2 T�`iB+BT�MiǶb

TQbi2`BQ` bm`T�bb2/ Q` ǳQp2`b?QiǴ i?2 Q#b2`p2/ /�i�X

6B;m`2 8Xe +?�`�+i2`Bx2b T�`iB+BT�MibǶ mT/�iBM; #2?�pBQ` #v /�i�b2i �M/ pBbm�H@

Bx�iBQM +QM/BiBQM �++Q`/BM; iQ i?2b2 +�i2;Q`B2bX Pp2`�HH- i?2 M2�` MQ`K�iBp2 ivT2

r�b i?2 KQbi 7`2[m2Mi �+`Qbb /�i�b2ib �M/ +QM/BiBQMb- bm;;2biBM; i?�i T2QTH2 �`2

�TT`QtBK�iBM; "�v2bB�M mT/�iBM; BM i2`Kb Q7 i?2 HQ+�iBQM Q7 i?2B` /Bbi`B#miBQMbX

S�`iB+BT�Mib BM i?2 SQBMi 1biBK�i2 +QM/BiBQMb U}`bi +QHmKM BM 6B;X 8XeV r2`2 i?2

H2�bi HBF2Hv iQ 7�HH BM i?2 M2�` MQ`K�iBp2 +�i2;Q`v- �M/ i?Qb2 BM i?2 SQbi2`BQ` oBbm@

�HBx�iBQM +QM/BiBQMb UH�bi +QHmKMV r2`2 i?2 KQbi HBF2Hv iQX

Pp2`r2B;?iBM; QM2Ƕb T`BQ` r�b- ?Qr2p2`- KQ`2 +QKKQM BM irQ +QM/BiBQMb, i?2

SQBMi 1biBK�i2 7Q` i?2 H�`;2 �#Q`iBQM /�i�b2i �M/ lM+2`i�BMiv oBbm�HBx�iBQM 7Q` i?2

bK�HH �#Q`iBQM /�i�b2iX h?2 ;`2�i2` i2M/2M+v �KQM; T�`iB+BT�Mib iQ T2`+2Bp2 i?2

�#Q`iBQM /�i�b2i �b ?�pBM; #22M K�MBTmH�i2/ K�v ?�p2 H2/ T�`iB+BT�Mib iQ �/?2`2

KQ`2 bi`QM;Hv iQ i?2B` T`BQ` #2HB27bX
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aBKBH�`Hv- r?2M +QKT�`BM; i?2 `�iBQ Q7 i?2 Qp2`r2B;?i T`BQ` ivT2 #2ir22M /2K2M@

iB� /�i�b2ib U`Qr � �M/ #V �M/ �#Q`iBQM /�i�b2i U`Qr + �M/ /V- KQ`2 T�`iB+BT�Mib

Qp2`r2B;?i2/ i?2B` T`BQ`b r?2M i?2v 2t�KBM2/ �#Q`iBQM /�i�b2ibX

6B;m`2 8Xe �HbQ BM/B+�i2b i?�i i?2 �M�HQ;v +QM/BiBQMb `2bmHi2/ BM i?2 ?B;?2bi `�iBQ

Q7 T2QTH2 r?Q Qp2`b?Qi i?2 HBF2HB?QQ/ �+`Qbb /�i�b2ibX h?2 p�bi K�DQ`Biv U`Qm;?Hv

N8WV Q7 Qm` T�`iB+BT�Mib ?�/ KQ`2 mM+2`i�BM T`BQ`b +QKT�`2/ iQ i?2 HBF2HB?QQ/- H2�/@

BM; iQ KmHiBTHB2`b ;`2�i2` i?�M QM2X Ai Bb TQbbB#H2 i?�i BKT`2+Bb2 K2Mi�H +�H+mH�iBQMb

H2/ �M�HQ;v T�`iB+BT�Mib iQ Qp2`+Q``2+iX

Legend:
Variance of posterior more than 50% 

smaller than variance of normative
10-50% smaller than 

variance of normative
Close to variance of 

normative
10-50% larger than 

variance of normative
More than 50% larger than 

variance of normative

Variance of Updated Belief Distribution by Condition

<=50% <10-50% close >10-50% >=50%

Point Estimate Uncertainty Visualization Analogy Posterior Visualization

(a) Dementia
(N=158)

(b) Dementia 
(N=5028)

(c) Abortion 
(N=158)

(d) Abortion 
(N=5028)

<=50% <10-50% close >10-50% >=50% <=50% <10-50% close >10-50% >=50% <=50% <10-50% close >10-50% >=50%

)LJXUH ���� &DWHJRUL]DWLRQ RI WKH YDULDQFH RI SDUWLFLSDQWVè XSGDWHV UHODWLYH WR WKH SUHGLFWLRQV

RI QRUPDWLYH %D\HVLDQ LQIHUHQFH IRU WKDW SDUWLFLSDQW� (DFK SDUWLFLSDQW ZDV FDWHJRUL]HG DF�

FRUGLQJ WR WKH UHODWLRQVKLS EHWZHHQ WKH YDULDQFH RI WKHLU SRVWHULRU GLVWULEXWLRQ UHODWLYH WR

WKH QRUPDWLYH SRVWHULRU GLVWULEXWLRQ�

o�`B�M+2 BM lT/�i2/ "2HB27b #v *QM/BiBQM

hQ +QMi2tim�HBx2 ?Qr i?2 �KQmMi Q7 mM+2`i�BMiv BKTHB2/ #v T�`iB+BT�MibǶ TQbi2`BQ`

#2HB27b +QKT�`2/ iQ i?2 �KQmMi T`2/B+i2/ #v MQ`K�iBp2 BM72`2M+2- r2 +�i2;Q`Bx2/

T�ii2`Mb BM p�`B�M+2 mT/�i2b U6B;X 8XdVX "2+�mb2 i?2 /2pB�iBQM BM 2HB+Bi2/ TQbi2`BQ`

p2`bmb MQ`K�iBp2 TQbi2`BQ` p�`B�M+2 r�b +QMbB/2`�#Hv H�`;2` i?�M i?�i 7Q` K2�Mb-

r2 +�i2;Q`Bx2/ T�`iB+BT�Mib �b +HQb2 iQ MQ`K�iBp2 B7 i?2 T�`iB+BT�MiǶb TQbi2`BQ` r�b
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rBi?BM RyW Q7 i?2 p�`B�M+2 Q7 i?2 MQ`K�iBp2 TQbi2`BQ`X q2 bBKBH�`Hv +�i2;Q`Bx2/

T�`iB+BT�Mib r?Qb2 TQbi2`BQ` p�`B�M+2 r�b KQ`2 i?�M 8yW bK�HH2` i?�M i?2 p�`B�M+2

Q7 i?2 MQ`K�iBp2 TQbi2`BQ`- �b r2HH �b Ry@8yW bK�HH2`- Ry@8yW H�`;2`- Q` KQ`2 i?�M

8yW H�`;2`X

*QKT�`BM; i?2 /Bbi`B#miBQM �+`Qbb +�i2;Q`B2b BM 6B;m`2 8Xd iQ i?�i BM 6B;m`2 8Xd-

Bi Bb +H2�` i?�i T�`iB+BT�MibǶ /2pB�iBQMb 7`QK MQ`K�iBp2 BM72`2M+2 �`2 /`Bp2M T`BK�`BHv

#v MQM@"�v2bB�M mT/�iBM; Q7 i?2 p�`B�M+2 Q7 i?2B` #2HB27bX �//BiBQM�HHv- BM +QMi`�bi

iQ i?2 `2bmHib QM HQ+�iBQM mT/�iBM;- r2 b22 MQ +H2�` �/p�Mi�;2b Q7 i?2 "�v2bB�M

T2`bQM�HBx�iBQMb BM `2/m+BM; 2``Q`b BM p�`B�M+2 mT/�iBM;X _2;�`/H2bb Q7 i?2 bT2@

+B}+ /�i�b2i- KQbi T�`iB+BT�Mib T`QpB/2/ TQbi2`BQ` #2HB27b i?2 p�`B�M+2 Q7 r?B+? r�b

RyW@8yW ?B;?2` i?�M i?2 p�`B�M+2 Q7 i?2 MQ`K�iBp2 TQbi2`BQ`X >2M+2- T�`iB+BT�Mib

`2K�BM2/ KQ`2 mM+2`i�BM �#Qmi i?2 T�`�K2i2` p�Hm2 i?�M i?2v b?QmH/ ?�p2 BM ;2M@

2`�HX SQbbB#H2 /`Bp2`b Q7 i?Bb T�ii2`M BM+Hm/2 mMKQ/2H2/ T`2/B+iQ`b U2X;X- � T2`bQMǶb

`2H�iBp2 i`mbi BM /�i� `2H�iBp2 iQ � "�v2bB�MV- 2``Q` BM 2HB+Bi�iBQM- Q` MQM@"�v2bB�M

mT/�iBM;X

o�`B�M+2 `2bmHib �;�BM bm;;2bi � /Bz2`2M+2 #2ir22M i?2 /2K2MiB� /�i�b2ib U`Qr

� �M/ #V �M/ i?2 �#Q`iBQM /�i�b2ib U`Qr + �M/ /VX aT2+B}+�HHv- �`QmM/ jyW Q7

T�`iB+BT�Mib �bbB;M2/ iQ 2t�KBM2 i?2 /2K2MiB� /�i�b2ib r2`2 KQ`2 +2`i�BM i?�M i?2

MQ`K�iBp2 TQbi2`BQ`X >Qr2p2`- 7Q` i?Qb2 r?Q b�r i?2 �#Q`iBQM /�i�b2ib- i?Bb MmK#2`

/`QTT2/ iQ H2bb i?�M R8W Q7 T�`iB+BT�MibX aBKBH�` iQ i?2 HQ+�iBQM `2bmHib- i?Bb K�v

bm;;2bi i?�i i?2 +QMi`Qp2`bB�H M�im`2 Q7 T2QTH2Ƕb p�Hm2b �`QmM/ �#Q`iBQM `B;?ib H2/

T�`iB+BT�Mib iQ /Bb+QmMi i?2 BM7Q`K�iBQM BM i?2 /�i�b2i �M/ K�BMi�BM KQ`2 mM+2`@

i�BMiv BM i?2B` #2HB27bX

8X9X9 S`2`2;Bbi2`2/ JQ/2Hb, lT/�iBM; #v GQ; EG.

S2` Qm` T`2@`2;Bbi`�iBQM- r2 bT2+B}2/ 7Qm` "�v2bB�M HBM2�` `2;`2bbBQMb- QM2 7Q` 2�+?

/�i�b2i r2 T`2b2Mi2/ iQ T�`iB+BT�Mib U/2K2MiB� L4R83- /2K2MiB� L48ky3- �#Q`iBQM

L4R83- �#Q`iBQM L48ky3VX h?2b2 `2;`2bbBQMb 2biBK�i2 /Bz2`2M+2b BM i?2 /Bbi`B#m@
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iBQMb Q7 EG.- � bBM;mH�` K2�bm`2 Q7 /2pB�iBQM #2ir22M 2�+? T�`iB+BT�MiǶb mT/�iBM;

�M/ MQ`K�iBp2 "�v2bB�M mT/�iBM;- #v +QM/BiBQMX

kld ∼ /HMQ`K(µ,σ)

µ = µintcp +µpostnvis ∗PostVis

+ µanlg ∗Analogy+µpointnest ∗PointEst

log(σ) = σintcp +σpostnvis ∗PostVis

+ σanlg ∗Analogy+σpointnest ∗PointEst

µintcp,µpostnvis,µanlg,µpointnest ∼ dnorm(0,5),

σintcp,σpostnvis,σanlg,σpointnest ∼ dnorm(0,2.5)

1�+? KQ/2H +QMbBbi2/ Q7 irQ bm#KQ/2HbX h?2 }`bi bm#KQ/2H T`2/B+i2/ #B�b

UK2�M 2``Q`V BM HQ; EG.- +�Tim`BM; ?Qr +HQb2Hv T�`iB+BT�MibǶ `2bTQMb2 /Bbi`B#miBQMb

�HB;M2/ rBi? i?2 MQ`K�iBp2 "�v2bB�M T`2/B+iBQM #v +QM/BiBQMX q2 mb2 HQ; EG. BM

Qm` �M�HvbBb iQ `2/m+2 i?2 BKT�+ib Q7 QmiHB2`b r2 Q#b2`p2/ �+`Qbb +QM/BiBQMb QM Qm`

2biBK�i2b- �b EG. ;`Qrb `�TB/Hv �b i?2 irQ /Bbi`B#miBQMb /Bp2`;2 KQ`2X

h?2 b2+QM/ bm#KQ/2H `2;`2bb2/ /BbT2`bBQM Up�`B�M+2V BM HQ; EG. BM HQ; bT�+2

QM i?2 b�K2 p�`B�#H2b- +�Tim`BM; ?Qr Km+? p�`B�iBQM i?2`2 r�b #2ir22M T�`iB+BT�MibǶ

/2pB�iBQMb 7`QK MQ`K�iBp2 BM72`2M+2 BM � +QM/BiBQMX AM �//BiBQM iQ HQr2` #B�b- HQr2`

/BbT2`bBQM UBX2X- KQ`2 +QMbBbi2MiV 2biBK�i2b Q7 HQ; EG. K2�Mb � i2+?MB[m2 `2/m+2b

MQBb2X

q2 BKTH2K2Mi2/ 2�+? KQ/2H BM _Ƕb `2i?BMFBM; T�+F�;2 (Ry8)- mbBM; r2�FHv@

BM7Q`K2/ :�mbbB�M T`BQ` /Bbi`B#miBQMb +2Mi2`2/ �`QmM/ y 7Q` #B�b �M/ /BbT2`bBQMX

q2 mb2/ /mKKv p�`B�#H2b iQ BM/B+�i2 r?2i?2` i?2 T�`iB+BT�Mi r�b b?QrM �M mM+2`@

i�BMiv pBbm�HBx�iBQM- �M �M�HQ;v- Q` � TQbi2`BQ` pBbm�HBx�iBQMX

q2 `2TQ`i i?2 `2bmHi 7Q` 2�+? +QM/BiBQM �M/ /�i�b2i `2H�iBp2 iQ � T�`iB+BT�Mi BM i?2

lM+2`i�BMiv oBbm�HBx�iBQM +QM/BiBQM- �b pBbm�HBxBM; mM+2`i�BMiv Bb �`;m�#Hv i?2 #2bi

+?QB+2 � /2bB;M2` +QmH/ K�F2 QmibB/2 Q7 T2`bQM�HBx�iBQMX q2 T`QpB/2 +Q2{+B2Mib
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) D

em
en

tia
(N

=1
58

)

Point-Estimate

Uncertainty Vis

Analogy

Posterior Vis

0.00 [-0.04,  0.03]

Reference

0.00 [-0.04,  0.04]

-0.12 [-0.23, -0.01](b
) D

em
en

tia
(N

=5
20

8)

Point-Estimate

Uncertainty Vis

Analogy

Posterior Vis

0.03 [-0.11,  0.18]

Reference

-0.29 [-0.45, -0.14]

-0.36 [-0.56, -0.17](c
) A

bo
rt

io
n

(N
=1

58
)

Point-Estimate

Uncertainty Vis

Analogy

Posterior Vis

-0.02 [-0.10,  0.05]

Reference

-0.04 [-0.12,  0.06]

-0.08 [-0.20,  0.04](d
) A

bo
rt

io
n

(N
=5

20
8)

Analogy and 
Posterior Vis 
reduced bias

Posterior Vis 
reduced bias

Analogy and 
Posterior Vis 
reduced bias

Neither 
personalization 
reduced bias

)LJXUH ���� 3RVWHULRU HVWLPDWHV RI ELDV �PHDQ HUURU� RI ORJ ./'ZLWK ��� FUHGLEOH LQWHUYDO E\

FRQGLWLRQ� 5HVXOWV IRU WKH GHPHQWLD GDWDVHWV DUH SUHVHQWHG LQ WKH WRS URZ� DQG IRU WKH DERU�

WLRQ GDWDVHWV LQ WKH ERWWRP URZ� $QQRWDWLRQV GHVFULEH HIIHFWV UHODWLYH WR YLVXDOL]LQJ XQFHU�

WDLQW\ LQ REVHUYHG GDWD �8QFHUWDLQW\ 9LV��



Ry9

Posterior Estimates of 
Dispersion in Log KLD

Coefficients of 
Dispersion in Log KLD

Point-Estimate

Uncertainty Vis

Analogy

Posterior Vis

0.26 [0.12, 0.40]

Reference

-0.08 [-0.22, 0.06]

-0.38 [-0.52, 0.25](e
) D

em
en

tia
(N

=1
58

)

Point-Estimate

Uncertainty Vis

Analogy

Posterior Vis

0.30 [ 0.14,  0.44]

Reference

0.31 [ 0.17,  0.44]

1.58 [ 1.43,  1.73](f
) D

em
en

tia
(N

=5
20

8)

Point-Estimate

Uncertainty Vis

Analogy

Posterior Vis

-0.11 [-0.25,  0.01]

Reference

0.08 [-0.06,  0.21]

0.49 [ 0.37,  0.63](g
)A

bo
rt

io
n

(N
=1

58
)

Point-Estimate

Uncertainty Vis

Analogy

Posterior Vis

-0.56 [-0.69, -0.43]

Reference

-0.15 [-0.29,  0.00]

0.45 [ 0.31,  0.59](h
) A

bo
rt

io
n

(N
=5

20
8)

Posterior Vis 
decreased 
dispersion

All conditions 
increased 

dispersion

Posterior Vis 
increased 
dispersion

Point Estimate 
decreased 
dispersion

Posterior Vis 
increased 
dispersion 

)LJXUH ���� 3RVWHULRU HVWLPDWHV RI GLVSHUVLRQ �VWDQGDUG GHYLDWLRQ� RI ORJ ./'ZLWK ��� FUHGL�

EOH LQWHUYDO E\ FRQGLWLRQ� 5HVXOWV IRU WKH GHPHQWLD GDWDVHWV DUH SUHVHQWHG LQ WKH WRS URZ� DQG

IRU WKH DERUWLRQ GDWDVHWV LQ WKH ERWWRP URZ� $QQRWDWLRQV GHVFULEH HIIHFWV UHODWLYH WR YLVXDO�

L]LQJ XQFHUWDLQW\ LQ REVHUYHG GDWD �8QFHUWDLQW\ 9LV��



Ry8

7Q` #Qi? bm#KQ/2Hb BM 6B;m`2 8X3 �M/ 6B;m`2 8XN H27iX 6Q` `2�/2`b 7�KBHB�` rBi?

bi�iBbiB+�H bB;MB}+�M+2- r2 b�v i?�i � +QM/BiBQM ?�b � `2HB�#H2 2z2+i Qp2` mM+2`i�BMiv

pBbm�HBx�iBQM r?2M Bib N8W S2`+2MiBH2 AMi2`p�H USAV U`2TQ`i2/ BM i2tiV /Q2b MQi Qp2`H�T

rBi? y Ur?B+? rQmH/ BM/B+�i2 i?2 TQbbB#BHBiv Q7 MQ 2z2+iVX q2 pBbm�HBx2 TQbi2`BQ`

2biBK�i2b Q7 2tT2+i2/ #B�b �M/ /BbT2`bBQM BM HQ; EG. #v +QM/BiBQM U6B;X 8X3 �M/

6B;X 8XN- `B;?iVX

hQ 7m`i?2` +QMi2tim�HBx2 i?2 bBx2 Q7 i?2 2z2+ib BM #B�b �M/ /BbT2`bBQM- r2 �HbQ

`2TQ`i *Q?2MǶb / (jj) �M/ *QKKQM G�M;m�;2 1z2+i aBx2 U*G1a (Ryd)V- K2�bm`2b

Q7 bi�M/�`/Bx2/ 2z2+i bBx2- mbBM; Qm` KQ/2H `2bmHibX *Q?2MǶb / +�Tim`2b i?2 MmK@

#2` Q7 bi�M/�`/ /2pB�iBQMb #v r?B+? irQ K2�Mb /Bz2`- r?BH2 *G1a /2b+`B#2b r?�i

T2`+2Mi�;2 Q7 i?2 iBK2 � `�M/QKHv /`�rM b�KTH2 7`QK QM2 /Bbi`B#miBQM rQmH/ ?�p2

� ?B;?2` p�Hm2 i?�M � `�M/QKHv /`�rM b�KTH2 7`QK i?2 b2+QM/ /Bbi`B#miBQMX hQ

+�H+mH�i2 2z2+i bBx2 QM Qm` KQ/2H 2biBK�i2b- r2 }`bi +QMbi`m+i2/ �M �;;`2;�i2/ TQb@

i2`BQ` /Bbi`B#miBQM 7Q` 2�+? +QM/BiBQM- mbBM; i?2 #B�b TQbi2`BQ` 2biBK�i2b 7`QK i?2

#B�b bm#KQ/2H �M/ /BbT2`bBQM TQbi2`BQ` 2biBK�i2b 7`QK i?2 /BbT2`bBQM KQ/2HX q2

+QKTmi2 2z2+i bBx2 #v +QKT�`BM; i?2 /Bbi`B#miBQM Q7 i?2 T2`bQM�HBx�iBQM +QM/BiBQMb

rBi? i?�i Q7 i?2 lM+2`i�BMiv oBbm�HBx�iBQM +QM/BiBQMX

.2K2MiB� .�i�b2i

aK�HH b�KTH2 UL4R83V, _2H�iBp2 iQ i?2 lM+2`i�BMiv oBbm�HBx�iBQM +QM/BiBQM- #Qi?

"�v2bB�M T2`bQM�HBx�iBQMb `2HB�#Hv /2+`2�b2/ #B�b BM HQ; EG. #v bBKBH�` �KQmMib U@

yXRN- @yXRd `2bT2+iBp2Hvc 6B; 8X3�VX oB2rBM; � SQBMi 1biBK�i2 r�b MQi /BbiBM;mBb?�#H2

BM HQ; EG. +QKT�`2/ iQ pB2rBM; �M lM+2`i�BMiv oBbm�HBx�iBQMX

Pm` +?�`�+i2`Bx�iBQM Q7 mT/�iBM; #v HQ+�iBQM �M/ p�`B�M+2 Ua2+X 8X9XjV bm;;2bi2/

i?�i i?2 T2`bQM�HBx2/ SQbi2`BQ` oBbm�HBx�iBQM ?2HT2/ T�`iB+BT�Mib +Q``2+iHv mT/�i2

i?2 HQ+�iBQM Q7 i?2B` #2HB27bX >2M+2- i?2 #B�b `2/m+iBQM BM HQ; EG. K�v #2 /`Bp2M #v

#2ii2` HQ+�iBQM mT/�iBM; �KQM; SQbi2`BQ` oBbm�HBx�iBQM T�`iB+BT�MibX PM i?2 Qi?2`

?�M/- Qm` 2�`HB2` �M�HvbBb U6B;X 8Xe- 6B;X 8XdV BM/B+�i2b i?�i i?2 HQ+�iBQM mT/�iBM; Q7



Rye

T�`iB+BT�Mib BM i?2 �M�HQ;v +QM/BiBQM �M/ i?2 lM+2`i�BMiv oBbm�HBx�iBQM +QM/BiBQM

7Q` i?2 bK�HH /2K2MiB� /�i�b2i �`2 bBKBH�`X >2M+2 i?2 `2HB�#H2 BKT`Qp2K2Mi BM mT@

/�iBM; r2 Q#b2`p2 7Q` i?2 �M�HQ;v +QM/BiBQM K�v #2 /`Bp2M KQ`2 #v #2ii2` p�`B�M+2

mT/�i2b i?�M #2ii2` HQ+�iBQM mT/�iBM;X

Pm` /BbT2`bBQM bm#KQ/2H BM/B+�i2b i?�i i?2 SQbi2`BQ` oBbm�HBx�iBQM H2/ iQ KQ`2

+QMbBbi2Mi p�Hm2b Q7 HQ; EG. �KQM; T�`iB+BT�Mib +QKT�`2/ iQ lM+2`i�BMiv oBbm@

�HBx�iBQM- rBi? �M 2biBK�i2/ `2/m+iBQM BM /BbT2`bBQM Q7 yXjN U6B; 8XN2VX a22BM; �M

�M�HQ;v /B/ MQi MQiB+2�#Hv �z2+i /BbT2`bBQM +QKT�`2/ iQ i?2 lM+2`i�BMiv oBbm�H@

Bx�iBQMX >Qr2p2`- pB2rBM; � SQBMi 1biBK�i2 BM+`2�b2/ /BbT2`bBQM BM HQ; EG. `2H�iBp2

iQ lM+2`i�BMiv oBbm�HBx�iBQMX

*Q?2MǶb / 7Q` i?2 SQbi2`BQ` oBbm�HBx�iBQM r�b yXjj- 2[mBp�H2Mi iQ � *G1a Q7

8NWX >2M+2- � T�`iB+BT�Mi 7`QK SQbi2`BQ` oBbm�HBx�iBQM +QM/BiBQMb rBHH ?�p2 HQr2`

HQ; EG. i?�M � T�`iB+BT�Mi 7`QK i?2 lM+2`i�BMiv oBbm�HBx�iBQM +QM/BiBQM 8N Qmi Q7

Ryy iBK2b r?2M r2 `�M/QKHv b2H2+i � T�`iB+BT�Mi 7`QK 2�+? +QM/BiBQMX *Q?2MǶb /

7Q` i?2 �M�HQ;v T2`bQM�HBx�iBQM r�b yXkd- 2[mBp�H2Mi iQ � *G1a 8dWX

G�`;2 b�KTH2 UL48ky3V, _2H�iBp2 iQ i?2 lM+2`i�BMiv oBbm�HBx�iBQM +QM/BiBQM-

pB2rBM; � SQbi2`BQ` oBbm�HBx�iBQM `2HB�#Hv `2/m+2/ #B�b BM HQ; EG.- #mi pB2rBM; �M

�M�HQ;v Q` SQBMi 1biBK�i2 ?�/ MQ Q#b2`p�#H2 2z2+i U6B;X 8X3#VX

q?BH2 ?B;?Hv p�`B�Mi- i?2 /Bbi`B#miBQM Q7 #B�b BM HQ; EG. 7Q` i?2 SQbi2`BQ` oBbm@

�HBx�iBQM +QM/BiBQM /Q2b MQi Qp2`H�T rBi? i?2 /Bbi`B#miBQMb Q7 2tT2+i2/ #B�b 7Q` i?2

MQM@"�v2bB�M +QM/BiBQMb U6B;X 8X3# `B;?iVX >Qr2p2`- i?2 /Bbi`B#miBQM Q7 2tT2+i2/

#B�b 7Q` i?2 �M�HQ;v +QM/BiBQM Bb MQi /BbiBM;mBb?�#H2 7`QK i?2 SQBMi 1biBK�i2 �M/

lM+2`i�BMiv oBbm�HBx�iBQM +QM/BiBQMbX �;�BM- Qm` 2�`HB2` �M�HvbBb Q7 HQ+�iBQM �M/

p�`B�M+2 mT/�i2b U6B;X 8Xe- 6B;X 8XdV bm;;2bib i?�i T�`iB+BT�Mib BM i?2 SQbi2`BQ` oB@

bm�HBx�iBQM +QM/BiBQMb r2`2 #2ii2` �i mT/�iBM; i?2 HQ+�iBQM Q7 i?2B` TQbi2`BQ`X

�HH +QM/BiBQMb `2HB�#Hv BM+`2�b2/ /BbT2`bBQM BM HQ; EG. `2H�iBp2 iQ lM+2`i�BMiv

oBbm�HBx�iBQM U6B;X 8XN7V

*Q?2MǶb / 7Q` i?2 SQbi2`BQ` oBbm�HBx�iBQM r�b yXkR- 2[mBp�H2Mi iQ � *G1a Q7 8eWX



Ryd

�#Q`iBQM .�i�b2i

aK�HH b�KTH2 UL4R83V, aBKBH�` iQ i?2 bK�HH /2K2MiB� /�i�b2i- i?2 �M�HQ;v

�M/ SQbi2`BQ` oBbm�HBx�iBQM #Qi? `2HB�#Hv `2/m+2/ #B�b BM HQ; EG. `2H�iBp2 iQ i?2

lM+2`i�BMiv oBbm�HBx�iBQM U6B;X 8X3+V r?BH2 i?2 SQBMi 1biBK�i2 +QM/BiBQM r�b MQi

`2HB�#Hv /Bz2`2MiX

*QKT�`2/ iQ i?2 bK�HH b�KTH2 /2K2MiB� /�i�b2i- #2BM; BM i?2 SQbi2`BQ` pBbm�H@

Bx�iBQM +QM/BiBQM `2bmHi2/ BM ?B;?2` 2biBK�i2/ /BbT2`bBQM BM HQ; EG. U6B;X 8XN;VX

*Q?2MǶb / 7Q` i?2 �M�HQ;v �M/ SQbi2`BQ` oBbm�HBx�iBQM r2`2 yXj8 U*G1a 8NWVX

G�`;2 b�KTH2 UL48ky3V, AM +QMi`�bi iQ i?2 H�`;2 /2K2MiB� /�i�b2i- M2Bi?2`

i?2 SQbi2`BQ` oBbm�HBx�iBQM MQ` i?2 �M�HQ;v +QM/BiBQM `2HB�#Hv `2/m+2/ #B�b BM HQ;

EG. 7Q` i?2 H�`;2 �#Q`iBQM /�i�b2i U6B;X 8X3/VX � SQBMi 1biBK�i2 �HbQ /B/ MQi `2HB@

�#Hv /Bz2` 7`QK lM+2`i�BMiv oBbm�HBx�iBQMX q2 bmbT2+i i?�i �Mv 2z2+ib Q7 "�v2bB�M

T2`bQM�HBx�iBQM r2`2 iQQ bK�HH iQ Q#b2`p2 BM HB;?i Q7 i?2 `�i?2` H�`;2 /Bb+`2T�M+B2b

r2 Q#b2`p2/ #2ir22M T�`iB+BT�MibǶ TQbi2`BQ` #2HB27b �M/ i?2 T`2/B+iBQMb Q7 MQ`K�iBp2

"�v2bB�M BM72`2M+2 rBi? `2;�`/ iQ p�`B�M+2 U6B;X 8XdVX

q2 b22 bHB;?iHv /Bz2`2Mi T�ii2`Mb +QKT�`2/ iQ i?2 H�`;2 b�KTH2 /2K2MiB� /�i�b2i

r?2M Bi +QK2b iQ 2z2+ib QM /BbT2`bBQM BM HQ; EG.X oB2rBM; �M �M�HQ;v bHB;?iHv

/2+`2�b2/ /BbT2`bBQM BM HQ; EG. r?BH2 pB2rBM; � SQBMi 1biBK�i2 ?�/ � bi`QM;2`

/2+`2�bBM; 2z2+i U6B;X 8XN?VX

8X9X8 *QM+2Tim�H _2THB+�iBQM Q7 a�KTH2 aBx2 1z2+i

Pm` `2bmHib +QM+2Tim�HHv `2THB+�i2 � /Bz2`2M+2 BM ?Qr +HQb2Hv i?2 mT/�i2b Q7 mMi`�BM2/

T�`iB+BT�Mib `2b2K#H2 "�v2bB�M mT/�iBM; r?2M b?QrM � bK�HH p2`bmb � H�`;2 /�i�b2i

Q#b2`p2/ BM #2?�pBQ`�H 2+QMQKB+b (N- R8) �M/ r?�i r2 Q#b2`p2 BM Qm` QrM bim/v BM i?2

T`2pBQmb +?�Ti2`X q?BH2 T�`iB+BT�Mib �bbB;M2/ H�`;2 /�i�b2ib �TT2�` iQ mT/�i2 +HQb2`

iQ MQ`K�iBp2 "�v2bB�M BM72`2M+2 r?2M r2 HQQF �i HQ+�iBQM Q7 TQbi2`BQ` #2HB27b U2X;X-

+QKT�`2 `Qr � �M/ #- �M/ `Qr + �M/ / BM 6B; 8XeV- i?2 QTTQbBi2 Bb i`m2 r?2M r2 HQQF

�i i?2 p�`B�M+2 Q7 i?2B` TQbi2`BQ` #2HB27b- r?2`2 /2pB�iBQM 7`QK MQ`K�iBp2 "�v2bB�M



Ry3

BM72`2M+2 Bb bm#bi�MiB�HX h?2 �p2`�;2 #B�b BM HQ; EG. �+`Qbb T�`iB+BT�Mib r�b yXNy

UK2/B�M,yXNj- AZ_,yXkj- EG., RRXk9V 7Q` bK�HH /�i�b2ib- �M/ Km+? ?B;?2` 7Q` H�`;2

/�i�b2ib UK2�M, RXed- K2/B�M,RXe3- AZ_,yXy9- EG., 9NXdV- bBKBH�` iQ i?2 T`2pBQmb

+?�Ti2`Ƕb Q#b2`p�iBQMb 7Q` � bK�HH b�KTH2 UM4R83V �M/ Km+? H�`;2` UM4d8yFV b�KTH2X

h?Bb `2bmHi bm;;2bib i?�i pBbm�HBx�iBQM �mi?Q`b b?QmH/ mb2 "�v2bB�M T2`bQM�HBx�iBQM

Q` Qi?2` �TT`Q�+?2b iQ ?2HT mb2`b `2+Q;MBx2 i?2 BM7Q`K�iBp2M2bb Q7 H�`;2 b�KTH2bX

8X9Xe 1z2+i Q7 S`BQ` 1HB+Bi�iBQM

Pm` `2bmHib b?Qr i?�i +QM/BiBQM�H QM � mb2` bT2+B7vBM; i?2B` T`BQ`- SQbi2`BQ` oB@

bm�HBx�iBQM �M/ bQK2iBK2b lM+2`i�BMiv �M�HQ;v #2ii2` T`QKQi2 "�v2bB�M mT/�iBM;

i?�M bBKTHv pBbm�HBxBM; mM+2`i�BMiv BM i?2 Q#b2`p2/ /�i�X >Qr2p2`- ;Bp2M i?�i i?2

bi�imb [mQ BM KQbi BMi2`�+iBp2 pBbm�HBx�iBQM Bb MQi iQ 2HB+Bi � T`BQ`- QM2 KB;?i �bF

?Qr i?2 �+i Q7 T`BQ` 2HB+Bi�iBQM Bib2H7 BKT�+ib mT/�iBM;X .Q mb2`b #2+QK2 KQ`2 b2M@

bBiBp2 iQ mM+2`i�BMiv BM Q#b2`p2/ /�i� r?2M i?2v 2tTHB+BiHv +QMbB/2` i?2B` bm#D2+iBp2

mM+2`i�BMiv �#Qmi � T�`�K2i2` p�Hm2\

*QKT�`BM; �M BM/BpB/m�HǶb TQbi2`BQ` iQ � MQ`K�iBp2 TQbi2`BQ` rBi? �M/ rBi?Qmi

2HB+Bi�iBQM Bb MQi TQbbB#H2- �b rBi?Qmi � T`BQ` r2 rQmH/ ?�p2 MQ r�v Q7 +QKTmiBM; i?2

MQ`K�iBp2 TQbi2`BQ`X q2 BMbi2�/ mb2 �M �;;`2;�i2 �M�HvbBb �TT`Q�+? bBKBH�` iQ i?�i

mb2/ BM T`BQ` rQ`F QM "�v2bB�M +Q;MBiBQM (ee) �M/ iQ Qm` �TT`Q�+? iQ +QKTmiBM;

2z2+i bBx2 mbBM; *G1aX aT2+B}+�HHv- r2 +QKT�`2 T�`iB+BT�MibǶ HQ; EG. BM �;;`2;�i2

#2ir22M LQ 1HB+Bi�iBQM �M/ 1HB+Bi�iBQM +QM/BiBQMbX 6Q` 2�+? Q7 i?2 7Qm` /�i�b2ib- r2

+QMbi`m+i2/ � bBM;H2 �;;`2;�i2 T`BQ` /Bbi`B#miBQM #v }M/BM; i?2 K2/B�M p�Hm2 Q7 α

�M/ β `2bT2+iBp2Hv �+`Qbb �HH T�`iB+BT�Mib BM 1HB+Bi�iBQM +QM/BiBQMb U6B;X 8XRy URVVX

h?2M r2 +�H+mH�i2/ � +Q``2bTQM/BM; �;;`2;�i2 MQ`K�iBp2 TQbi2`BQ` /Bbi`B#miBQM mbBM;

i?2 �;;`2;�i2 T`BQ` /Bbi`B#miBQM U6B;X 8XRy UkVVX q2 +QMbi`m+i2/ i?2 �;;`2;�i2 TQb@

i2`BQ` /Bbi`B#miBQMb 7`QK 1HB+Bi�iBQM@lM+2`i�BMiv oBbm�HBx�iBQM- 1HB+Bi�iBQM@SQBMi 1b@

iBK�i2- LQ 2HB+Bi�iBQM@lM+2`i�BMiv oBbm�HBx�iBQM- �M/ LQ 2HB+Bi�iBQM@SQBMi 1biBK�i2

�M/ +QKT�`2/ i?2 /Bbi`B#miBQM rBi? i?2 �;;`2;�i2 MQ`K�iBp2 /Bbi`B#miBQM U6B;X 8XRy



RyN

)LJXUH ����� 3URFHVV XVHG WR FDOFXODWH DJJUHJDWH SULRU DQG SRVWHULRU EHOLHIV DQG WKH FRUUH�

VSRQGLQJ QRUPDWLYH SRVWHULRU IRU HDFK GDWDVHW DQG FRQGLWLRQ ������ (OLFLWDWLRQ FRQGLWLRQV

\LHOGHG D ORZHU YDOXH FRPSDUHG WR 1R (OLFLWDWLRQ FRQGLWLRQ DFURVV DOO IRXU GDWDVHWV ���� VXJ�

JHVWLQJ WKDW HOLFLWLQJ SULRU EHOLHIV DORQHPD\ LPSURYH LQIHUHQFH�
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UjVVX hQ +�H+mH�i2 i?2 �p2`�;2 2z2+i Q7 2HB+BiBM; � T`BQ`- r2 TQQH i?2 SQBMi 1biBK�i2

�M/ lM+2`i�BMiv oBbm�HBx�iBQM +QM/BiBQM `2bmHib #v /�i�b2i 7Q` KQ`2 TQr2`X

�+`Qbb i?2 #Q�`/- 2HB+Bi�iBQM +QM/BiBQMb vB2H/2/ HQr2` HQ; EG.- bm;;2biBM; T`BQ`

2HB+Bi�iBQM �HQM2 K�v BKT`Qp2 mT/�iBM; U6B;X 8XRy U9VVX

8X8 .Bb+mbbBQM

1p�Hm�iBM; mb2`bǶ BMi2`�+iBQMb rBi? /�i� �;�BMbi `�iBQM�H "�v2bB�M mT/�iBM; T�p2b

i?2 r�v 7Q` KQ`2 bQT?BbiB+�i2/ KQ/2Hb Q7 pBbm�HBx�iBQM BMi2`�+iBQMX q2 `2~2+i QM

i?2 i�F2�r�vb 7`QK Qm` `2bmHib �M/ BKTHB+�iBQMb Q7 "�v2bB�M 2p�Hm�iBQM �M/ T2`bQM@

�HBx�iBQM 7Q` pBbm�HBx�iBQMX

8X8XR "�v2bB�M S2`bQM�HBx�iBQM �b .2bB;M ai`�i2;v

Pm` `2bmHib bm;;2bi i?�i r?2M pBbm�HBx�iBQMb T`2b2Mi 2biBK�i2b #�b2/ QM bK�HH b�K@

TH2b 7Q` BM72`2M+2- "�v2bB�M T2`bQM�HBx�iBQM +�M ?2HT mMi`�BM2/ mb2`b mT/�i2 i?2B`

#2HB27b KQ`2 HBF2 "�v2bB�M �;2MibX Ai +�M �HbQ `2/m+2 ?2i2`Q;2M2Biv BM mT/�iBM;

#2?�pBQ` �+`Qbb � ;`QmT Q7 mb2`bX Pm` `2bmHib bm;;2bi i?�i �Mv `2/m+iBQM BM ?2i2`Q@

;2M2Biv 7`QK "�v2bB�M T2`bQM�HBx�iBQM Bb HBF2Hv iQ #2 ;`2�i2` BM b2iiBM;b r?2`2 i?2

�Hi2`M�iBp2 T`2b2Mi�iBQM Bb � TQBMi 2biBK�i2 rBi? b�KTH2 bBx2- r?B+? T`Q/m+2/ i?2

KQbi /BbT2`bBQM BM Qm` `2bmHib T2`?�Tb �b � `2bmHi Q7 mb2`b BM72``BM; /Bz2`2Mi H2p2Hb

Q7 mM+2`i�BMiv (d8)X

"�v2bB�M T2`bQM�HBx�iBQM ?�/ � bK�HH iQ KQ/2`�i2 #mi `2HB�#H2 2z2+i QM `2/m+@

BM; #B�b BM mT/�iBM; 7Q` bK�HH b�KTH2b- 2p2M r?2M /�i� r�b T2`+2Bp2/ �b KQ/2`�i2Hv

HBF2Hv iQ ?�p2 #22M K�MBTmH�i2/- rBi? � `�M/QKHv /`�rM mb2` Q7 � "�v2bB�M T2`bQM�H@

Bx�iBQM ?�pBM; �M 2biBK�i2/ 8kW @ 8NW T`Q#�#BHBiv Q7 mT/�iBM; #2ii2` i?�M bQK2QM2

r?Q QMHv pB2r2/ � pBbm�HBx�iBQM Q7 mM+2`i�BMiv BM i?2 Q#b2`p2/ /�i�X q?2M "�v2bB�M

T2`bQM�HBx�iBQMb r2`2 +QKT�`2/ iQ SQBMi 1biBK�i2b- r?B+? �`2 T2`?�Tb i?2 KQbi +QM@

p2MiBQM�H �TT`Q�+? iQ T`2b2MiBM; /�i�- "�v2bB�M T2`bQM�HBx�iBQMb r2`2 bHB;?iHv KQ`2

2z2+iBp2 U2biBK�i2/ *G1a 7`QK 88W iQ eRWVX lbBM; mb2`bǶ T`BQ` #2HB27b �b �M 2Mi`v
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TQBMi BMiQ +QKKmMB+�iBM; mM+2`i�BMiv pB� "�v2bB�M T2`bQM�HBx�iBQM K�v i?2`27Q`2 #2

?2HT7mH BM +QKKQM bK�HH b�KTH2 b+2M�`BQb HBF2 T`2b2Mi�iBQMb Q7 TQHH `2bmHib- r?2`2

T2QTH2Ƕb KBbBMi2`T`2i�iBQMb Q7 mM+2`i�BMiv BM /�i� Q7i2M ?�p2 BKTHB+�iBQMb 7Q` i?2B`

/2+BbBQMbX

h?2 #2M2}ib Q7 "�v2bB�M T2`bQM�HBx�iBQM 7Q` H�`;2 b�KTH2 b+2M�`BQb �`2 H2bb +H2�`@

+miX 6Q` i?2 /2K2MiB� /�i�b2i i?�i T�`iB+BT�Mib T2`+2Bp2/ �b H2bb HBF2Hv iQ #2 K�@

MBTmH�i2/- pBbm�HBxBM; � T`2/B+i2/ "�v2bB�M TQbi2`BQ` #2ii2` �HB;M2/ T�`iB+BT�MibǶ

TQbi2`BQ` #2HB27b QM �p2`�;2 rBi? "�v2bB�M BM72`2M+2X h?Bb 2z2+i- bBKBH�` iQ i?2 27@

72+ib Q7 SQbi2`BQ` oBbm�HBx�iBQM i?�i r2 Q#b2`p2/ 7Q` bK�HH /�i�b2ib- �TT2�`b iQ #2

/`Bp2M KQbiHv #v i?2 "�v2bB�M T2`bQM�HBx�iBQM ?2HTBM; T2QTH2 KQ`2 �++m`�i2Hv mT@

/�i2 i?2 HQ+�iBQM Q7 i?2B` #2HB27bX Ai Bb BKTQ`i�Mi iQ MQi2 i?�i r?BH2 `2HB�#H2- i?2

2z2+i Q7 SQbi2`BQ` oBbm�HBx�iBQM 7Q` i?2 H�`;2 /2K2MiB� /�i�b2i K�v #2 iQQ bK�HH

iQ #2 Q7 T`�+iB+�H bB;MB}+�M+2X 6Q` � H�`;2 /�i�b2i- bK�HH 2``Q`b BM ?Qr � T2`bQM

�;;`2;�i2/ i?2 2pB/2M+2 BM i?2B` T`BQ` �M/ i?2 HBF2HB?QQ/ +�M ?�p2 H�`;2 2z2+ib QM

i?2 /2pB�iBQM #2ir22M i?2B` TQbi2`BQ` #2HB27b �M/ i?2 MQ`K�iBp2 TQbi2`BQ`X

A7 QM2 Q7 irQ /Bbi`B#miBQMb Bb b?�`THv T2�F2/- r?B+? Bb i?2 +�b2 Q7 i?2 Q#b2`p2/

/�i� Q7 i?2 H�`;2 b�KTH2 /�i�b2ib- EG. rBHH vB2H/ � ?B;? p�Hm2 2p2M B7 i?2 irQ

/Bbi`B#miBQMb �`2 `2H�iBp2Hv +HQb2 BM i2`Kb Q7 HQ+�iBQMX

h?2 �M�HQ;v +QM/BiBQM /B/ MQi BKT`Qp2 BM72`2M+2 7Q` i?2 H�`;2 /2K2MiB� /�i�b2iX

Ai Bb TQbbB#H2 i?�i T2QTH2 bi`m;;H2/ iQ mb2 H�`;2 KmHiBTHB2`b iQ �``Bp2 �i i?2 MQ`K�iBp2

TQbi2`BQ` BKTHB2/ #v i?2 �M�HQ;v- �b H�`;2` MmK#2`b �`2 �bbQ+B�i2/ rBi? H2bb T`2+Bb2

K2Mi�H `2T`2b2Mi�iBQMb �M/ KQ`2 2``Q` BM K2Mi�H +�H+mH�iBQM (99)X h?2 K2/B�M KmH@

iBTHB2` i?�i T�`iB+BT�Mib BM i?2 �M�HQ;v +QM/BiBQMb b�r 7Q` bK�HH b�KTH2b UjV r�b

Km+? bK�HH2` i?�M i?2 K2/B�M Q7 i?Qb2 b22M 7Q` H�`;2 b�KTH2b UdkVX

6Q` i?2 �#Q`iBQM /�i�b2i- r?B+? T�`iB+BT�Mib `�i2/ �b bHB;?iHv KQ`2 HBF2Hv iQ

#2 bm#D2+i iQ K�MBTmH�iBQM- M2Bi?2` "�v2bB�M T2`bQM�HBx�iBQM BKT`Qp2/ BM72`2M+2bX

h?Bb K�v #2 /m2 iQ T�`iB+BT�Mib /Bb+QmMiBM; i?2 BM7Q`K�iBp2M2bb Q7 i?2 /�i� #�b2/

QM i?2B` T2`+2TiBQMb i?�i Bi KB;?i ?�p2 #22M K�MBTmH�i2/X q2 +QM/m+i2/ �M 2t@
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THQ`�iQ`v �M�Hvb2 iQ 2tTHQ`2 i?2 bi`2M;i? Q7 i?Bb �bbQ+B�iBQMX q2 �bb2bb2/ ?Qr r2HH

T�`iB+BT�MibǶ GBF2`i `�iBM;b UR@8V T`2/B+i2/ i?2B` /2pB�iBQM 7`QK MQ`K�iBp2 "�v2bB�M

BM72`2M+2 �b K2�bm`2/ #v EG.X q2 7QmM/ i?�i 7Q` i?2 H�`;2 �#Q`iBQM /�i�b2i- �

bi`QM;2` #2HB27 i?�i i?2 /�i� r�b K�MBTmH�i2/ T`2/B+i2/ � ?B;?2` EG.- �b 2pB/2M+2/

#v S2�`bQMǶb +Q``2H�iBQM +Q2{+B2Mi Q7 yXd8X 6Q` #Qi? i?2 /2K2MiB� �M/ �#Q`iBQM

bK�HH /�i�b2ib- i?2 `2H�iBQMb?BT r�b biBHH T`2b2Mi #mi MQi �b bi`QM;- `�M;BM; 7`QK

yX98 iQ yX8dX h?2 H�`;2 /2K2MiB� /�i�b2i ?�/ � bi`QM;Hv M2;�iBp2 S2�`bQMǶb +Q``2H�@

iBQM +Q2{+B2Mi Q7 @yXN9X >Qr2p2`- i?2 `�M;2 Q7 Q#b2`p2/ EG. 7Q` i?2 H�`;2 /2K2MiB�

/�i�b2i r�b +QMbB/2`�#Hv bK�HH2` i?�M 7Q` i?2 Qi?2`bX

S`BQ` 1HB+Bi�iBQM �b "2M2}+B�H

q?BH2 T`2b2MiBM; i?2 Q#b2`p2/ /�i� mbBM; b?�/BM; iQ b?Qr T`Q#�#BHBiv /2MbBiv HQr2`b

i?2 /BbT2`bBQM +QKT�`2/ iQ i?2 SQBMi@1biBK�i2 +QM/BiBQM- pBbm�HBxBM; mM+2`i�BMiv ?�b

MQ Q#b2`p�#H2 2z2+i QM K2�M 2``Q` BM HQ; EG. U#B�bVX

PM2 TQbbB#H2 2tTH�M�iBQM Bb i?�i BMi2`�+iBM; rBi? i?2 T`BQ` 2HB+Bi�iBQM BMi2`7�+2

#2ii2` T`2T�`2/ T�`iB+BT�Mib iQ `2�bQM �#Qmi mM+2`i�BMiv BM i?2 Q#b2`p2/ /�i�X Pm`

�;;`2;�i2 H2p2H �M�HvbBb bm;;2bib i?�i- r?2M T`BQ`b �M/ Q#b2`p2/ /�i� �`2 T`2b2Mi2/

mbBM; � +QKKQM- b?�/2/ BMi2`p�H `2T`2b2Mi�iBQM- T`BQ` 2HB+Bi�iBQM �HQM2 K�v BKT`Qp2

`2�bQMBM; �#Qmi mM+2`i�BMivX h?Bb `2bmHi- B7 +QM}`K2/ BM 7mim`2 +QKT�`BbQMb Q7

mM+2`i�BMiv +QKT`2?2MbBQM rBi? �M/ rBi?Qmi T`BQ` 2HB+Bi�iBQM- bm;;2bi `2b2�`+?2`b

�M/ �mi?Q`b +QMbB/2` 2HB+BiBM; bm#D2+iBp2 mM+2`i�BMiv �b �M �Hi2`M�iBp2 Q` +QKTH2K2Mi

iQ pBbm�HBxBM; mM+2`i�BMiv BM Q#b2`p2/ /�i�X

:2M2`�HBxBM; "�v2bB�M S2`bQM�HBx�iBQM

h?2 "�v2bB�M KQ/2Hb r2 2KTHQv2/ �`2 [mBi2 bBKTH2- �M/ i?2 �TT`Q�+? r2 mb2/ +�M

�HbQ #2 �TTHB2/ #2vQM/ "2i� /Bbi`B#miBQMbX 6Q` 2t�KTH2- B7 � :�mbbB�M UBX2X- LQ`K�HV

/Bbi`B#miBQM Bb �bbmK2/ iQ ;2M2`�i2 i?2 Q#b2`p2/ /�i� rBi? irQ T�`�K2i2`b Uµdata

�M/ σdataV- i?�M i?2 K2�M �M/ i?2 bi�M/�`/ /2pB�iBQM Q7 i?2 MQ`K�iBp2 TQbi2`BQ` �`2
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T`2b+`B#2/ #v µposterior =
µdata×σ2

prior+µprior×σ2
data

σ2
prior+σ2

data
- σposterior =

σ2
prior×σ2

data
σ2

prior+σ2
data

U+7X 1[X 9XRVX

>2`2- i?2 K2�M Q7 MQ`K�iBp2 TQbi2`BQ` Bb i?2 r2B;?i2/ �p2`�;2 #2ir22M i?2 K2�M

Q7 i?2 T`BQ` �M/ i?2 Q#b2`p2/ /�i� r2B;?i2/ #v i?2 �KQmMi Q7 BM7Q`K�iBQM BM 2�+?

/Bbi`B#miBQM UBX2X- BMp2`b2 p�`B�M+2 1/σ2VX h?2 bi�M/�`/ /2pB�iBQM Q7 i?2 TQbi2`BQ`

Bb i?2 bmK Q7 i?2 BM7Q`K�iBQM 7`QK i?2 T`BQ` �M/ i?2 Q#b2`p2/ /�i� UBX2X- 1/σ2
prior +

1/σ2
dataVX "�v2bB�M T2`bQM�HBx�iBQM +QmH/ #2 �TTHB2/ bBKBH�`Hv iQ Qm` �TTHB+�iBQM iQ

"2i� /Bbi`B#miBQMb- rBi? �TT`QT`B�i2 +?�M;2b iQ i?2 2HB+Bi�iBQM BMi2`7�+2 iQ 2HB+Bi

bm#D2+iBp2 :�mbbB�M /Bbi`B#miBQMb `�i?2` i?�M "2i�X

q2 #2HB2p2 i?�i i?2 TQi2MiB�H 7Q` "�v2bB�M T2`bQM�HBx�iBQM iQ #2 mb2/ �b � /2@

bB;M bi`�i2;v BM pBbm�HBx�iBQM@#�b2/ �M�HvbBb �M/ +QKKmMB+�iBQM b2iiBM;b 2ti2M/b 7�`

#2vQM/ i?2 /2KQMbi`�iBQM r2 T`2b2Mi2/ ?2`2X 6Q` 2t�KTH2- r?BH2 r2 mb2 �M BM/B@

pB/m�HǶb T`BQ` 7`QK � bBM;H2 #2HB27 mT/�i2 iQ /`Bp2 T2`bQM�HBx�iBQM- `2+2Mi rQ`F 7`QK

2+QMQKB+b bm;;2bib i?�i ?Qr � T2`bQM mT/�i2b i?2B` #2HB27b BM HB;?i Q7 M2r /�i� Bb �

bi�#H2 BM/BpB/m�H i`�Bi (Ry- RR- 9d- RRy)X S2`bQM�HBxBM; /�i� `2T`2b2Mi�iBQMb #�b2/ QM

�M BM/BpB/m�HǶb ǳmT/�i2 ivT2Ǵ U2X;X- i2M/2M+v iQ Qp2`r2B;?i pbX mM/2`r2B;?i i?2B`

T`BQ` Q` /�i�V K�v #2 #2M2}+B�H BM pBbm�H �M�HviB+b Q` +QKKmMB+�iBQM b2iiBM;bX

8X8Xk *?�`�+i2`BxBM; "2HB27 lT/�iBM; lbBM; h?2b2 _2bmHib

*QKT�`BM; Qm` �M�HvbBb Q7 HQ+�iBQM mT/�i2b iQ i?�i Q7 p�`B�M+2 mT/�i2b �b � r?QH2

Ua2+X 8X9XjV- Bi Bb +H2�` i?�i T2QTH2 �`2 Km+? #2ii2` �i T`QpB/BM; TQbi2`BQ`b #2HB27b

i?�i �`2 HQ+�i2/ UBX2X- ?�p2 � K2�M i?�i BbV �TT`QtBK�i2Hv M2�` i?2 HQ+�iBQM Q7 i?2

MQ`K�iBp2 "�v2bB�M TQbi2`BQ` #2HB27b i?�M i?2v �`2 �i T`QpB/BM; TQbi2`BQ` #2HB27b i?�i

�`2 �TT`QT`B�i2Hv +2`i�BMX q2 bmbT2+i i?�i BM/2T2M/2Mi Q7 i?2 b�KTH2 bBx2 Q7 i?2 /�i�

i?2v �`2 T`2b2Mi2/ rBi?- T2QTH2 K�v /Bp2`;2 7`QK "�v2bB�M@HBF2 BM72`2M+2 r?2M2p2`

i?2v T2`+2Bp2 � +QM~B+i #2ir22M i?2B` T`BQ` #2HB27b �M/ � T`2b2Mi2/ 2biBK�i2X 6Q`

2t�KTH2- i?2 bBKTH2 "�v2bB�M KQ/2H rQmH/ T`2b+`B#2 � TQbi2`BQ` KQ/2 `2T`2b2MiBM;

i?2 r2B;?i2/ �p2`�;2 Q7 i?2 irQ /Bbi`B#miBQMbǶ KQ/2b �M/ H2bb p�`B�M+2 i?�M 2Bi?2`

/Bbi`B#miBQMX >Qr2p2`- r2 bmbT2+i #�b2/ QM Qm` `2bmHib i?�i K�Mv T2QTH2 KB;?i
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#2?�p2 �TT`QtBK�i2Hv "�v2bB�M BM mT/�iBM; i?2 HQ+�iBQM Q7 i?2B` #2HB27b- #mi `2K�BM

+QMbB/2`�#Hv H2bb +2`i�BM i?�i i?2 BM7Q`K�iBQM@TQQHBM; "�v2bB�M rQmH/ /m2 iQ i?2

T2`+2Bp2/ +QM~B+i #2ir22M i?2B` T`BQ` #2HB27b �M/ i?2 /�i�X 6mim`2 rQ`F KB;?i �HbQ

2ti2M/ Qm` �TT`Q�+? iQ #2ii2` /2i2+i Qi?2` [m�HBi�iBp2Hv MQM@"�v2bB�M #2?�pBQ`b

T2QTH2 KB;?i 2t?B#Bi- HBF2 /2+B/BM; iQ `2D2+i 2Bi?2` i?2B` T`BQ` Q` i?2 Q#b2`p2/ /�i�

r?2M i?2v T2`+2Bp2 � +QM~B+i #2ir22M i?2 irQX

h?2 +?�`�+i2`Bx�iBQM Q7 #2HB27 mT/�iBM; i?�i 2K2`;2b 7`QK Qm` `2bmHib �HbQ T�BMib

� +H2�` TB+im`2 Q7 ?Qr T2QTH2 mM/2`mT/�i2 ;Bp2M H�`;2 b�KTH2bX h?Bb `2bmHi +Q``Q#@

Q`�i2b i?2 T`2pBQmb +?�Ti2`Ƕb }M/BM; i?�i T2QTH2Ƕb TQbi2`BQ` #2HB27b /2pB�i2 b?�`THv

7`QK i?2 2tT2+i�iBQMb Q7 "�v2bB�M BM72`2M+2 r?2M i?2v �`2 b?QrM H�`;2 b�KTH2b BM �

/�i� BMi2`T`2i�iBQM +QMi2ti- �M/ i?2 }M/BM;b Q7 KQ`2 �#bi`�+i #2?�pBQ`�H 2+QMQKB+

bim/B2b (N- R8)X

8X8Xj GBKBi�iBQMb

q2 K2�bm`2/ T�`iB+BT�MibǶ mM+2`i�BMiv +QKT`2?2MbBQM #v [m�MiB7vBM; ?Qr Km+?

i?2B` mT/�i2/ #2HB27b /2pB�i2/ 7`QK � MQ`K�iBp2 "�v2bB�M bi�M/�`/X �Hi2`M�iBp2

K2�bm`2b Q7 mM+2`i�BMiv +QKT`2?2MbBQM b?QmH/ #2 BMp2biB;�i2/ 7Q` +QKT�`BbQM BM

7mim`2 rQ`FX

"�v2bB�M T2`bQM�HBx�iBQMb ?�/ `2HB�#H2- #mi bK�HH 2z2+ib- BKT�+i2/ BM T�`i #v

?B;? p�`B�M+2 BM ?Qr T2QTH2 mT/�i2/ i?2B` #2HB27bX lbBM; � rBi?BM@bm#D2+i /2bB;M

+QmH/ T`QpB/2 #2ii2` 2biBK�i2b Q7 i?2 `2H�iBp2 BKT�+i Q7 T2`bQM�HBx2/ "�v2bB�M T2`@

bQM�HBx�iBQMb QM BM/BpB/m�HbX

"v 2tTHB+BiHv bm;;2biBM; iQ � mb2` ?Qr i?2v b?QmH/ mT/�i2 i?2B` #2HB27b BM HB;?i Q7

M2r /�i�- "�v2bB�M T2`bQM�HBx�iBQM TQb2b BMi2`2biBM; [m2biBQMb �#Qmi r?2M "�v2bB�M

BM72`2M+2 Bb i?2 KQbi �TT`QT`B�i2 MQ`K�iBp2 bi�M/�`/X 6Q` 2t�KTH2- mM/2` r?�i

+QM/BiBQMb b?QmH/ � mb2` r?Q Bb /Bbi`mbi7mH Q7 � /�i� bQm`+2 #2 ;mB/2/ iQ BMi2;`�i2

i?2 M2r BM7Q`K�iBQM BMiQ i?2B` T`BQ` #2HB27b\ q?BH2 i?Bb [m2biBQM Bb #2vQM/ i?2 b+QT2

Q7 Qm` rQ`F- r2 #2HB2p2 i?�i i?2`2 �`2 � MmK#2` Q7 +�b2b r?2`2 p�HB/ /�i� Bb `2D2+i2/
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B``�iBQM�HHv #v mb2`b- bm+? �b r?2M /Bbi`mbi BM i?2 bQm`+2 Q7 � K2/B� `2TQ`i U2X;X- �

*QMb2`p�iBp2 H2�MBM; Tm#HB+�iBQMV H2�/b � .2KQ+`�i iQ `2D2+i M2r BM7Q`K�iBQM i?�i

Bb BM 7�+i i`mbirQ`i?vX _2;�`/H2bb Q7 QM2Ƕb 2i?B+�H bi�M+2- BM �M 2`� r?2`2 �bbmKBM;

i?�i T2QTH2 rBHH b22 /�i� �b 7�+i Bb BM+`2�bBM;Hv mM`2�HBbiB+- � "�v2bB�M 7`�K2rQ`F

T`QpB/2b i?2 FBM/ Q7 TQr2`7mH iQQHb2i i?�i +�M �HHQr `2b2�`+?2`b iQ #2;BM �bFBM;

[m2biBQMb �#Qmi r?2M- ?Qr- �M/ ?Qr b?QmH/ T2QTH2 ǳHBbi2MǴ iQ M2r BM7Q`K�iBQMX

8Xe amKK�`v

AM i?Bb +?�Ti2`- A b?Qr2/ ?Qr T2`bQM�HBxBM; i?2 T`2b2Mi�iBQM Q7 pBbm�HBx2/ /�i� mbBM;

"�v2bB�M BM72`2M+2 +�M ?2HT H�vT2QTH2 mT/�i2 i?2B` #2HB27b BM r�vb i?�i �HB;M KQ`2

+HQb2Hv rBi? MQ`K�iBp2 "�v2bB�M BM72`2M+2X h?2 bim/v `2bmHi b?Qrb i?�i T`2b2MiBM;

� T2`bQM�HBx2/ lM+2`i�BMiv �M�HQ;v Q` SQbi2`BQ` oBbm�HBx�iBQM BKT`Qp2/ #2HB27 mT@

/�iBM; 7Q` T`QTQ`iBQM 2biBK�i2b +QKT�`2/ iQ ivTB+�H T`2b2Mi�iBQMb Q7 mM+2`i�BMiv 7Q`

bK�HH /�i�b2ib- �M/- BM bQK2 +�b2b- 7Q` H�`;2 /�i�b2ib 7Q` r?B+? T2QTH2 i2M/ iQ /2pB@

�i2 KQ`2 7`QK MQ`K�iBp2 BM72`2M+2X oBbm�HBxBM; mM+2`i�BMiv BM i?2 /�i� pB� � b?�/2/

BMi2`p�H /B/ MQi b?Qr +QKT�`�#H2 #2M2}ib Qp2` bBKTHv b?QrBM; � TQBMi 2biBK�i2X 6m`@

i?2`- �M �;;`2;�i2 H2p2H �M�HvbBb Q7 mT/�iBM; bm;;2bi2/ i?�i T`BQ` 2HB+Bi�iBQM �HQM2

K�v BKT`Qp2 "�v2bB�M `2�bQMBM;X
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*?�Ti2` e

alJJ�_u

�b QTTQb2/ iQ i?2 +QMp2MiBQM�H ǳ/�i� QMHvǴ pB2r Q7 pBbm�HBx�iBQM BMi2`�+iBQMb-

i?Bb /Bbb2`i�iBQM b?2/b HB;?i QM r�vb Q7 +QMbB/2`BM; T2QTH2Ƕb #2HB27b BM mM/2`bi�M/BM;

pBbm�HBx�iBQM BMi2`�+iBQMbX h?Bb /Bbb2`i�iBQM +QMi`B#mi2b M2r i2+?MB[m2b iQ 2HB+Bi

#2HB27b- � K2i?Q/QHQ;v iQ BMp2biB;�i2 pBbm�HBx�iBQM BMi2`�+iBQMb BM HB;?i Q7 #2HB27b �M/

2KTB`B+�H }M/BM;b i?�i /2KQMbi`�i2 i?2 TQbBiBp2 BKT�+i Q7 #2HB27@/`Bp2M �TT`Q�+? BM

pBbm�HBx�iBQM BMi2`�+iBQMbX

eXR amKK�`v Q7 6BM/BM;b

eXRXR _ZR, q?�i �`2 i?2 `2[mB`2K2Mib iQ /2bB;M #2HB27 2HB+Bi�iBQM i2+?MB[m2b iQ

BMi2;`�i2 QM2bǶ #2HB27b BMiQ pBbm�HBx�iBQM BMi2`�+iBQM\

q2 /2bB;M ;`�T?B+�H �M/ BMi2`�+iBp2 i2+?MB[m2b i?�i 2HB+Bi mb2`bǶ T`Q#�#BHBbiB+ �M/

MQM@T`Q#�#BHBbiB+ #2HB27bX AMbTB`2/ #v i?2Q`B2b BM *Q;MBiBp2 �M/ 1/m+�iBQM Sbv+?QH@

Q;v- r2 /2p2HQT � i2+?MB[m2 i?�i T`QKTib � mb2` iQ ;`�T?B+�HHv �`iB+mH�i2 i?2 MQM@

T`Q#�#BHBbiB+ #2HB27b- �M/ i?2M b?Qrb i?2 /�i� �HQM;bB/2 i?2B` T`2/B+iBQMbX q2 +?�`@

�+i2`Bx2 i?2 /2bB;M bT�+2 7Q` �TTHvBM; ;`�T?B+�H T`2/B+iBQMb BM p�`BQmb +?�`i ivT2bX

hQ 2HB+Bi T`Q#�#BHBbiB+ #2HB27b- r2 bm`p2v "�v2bB�M +Q;MBiBQM HBi2`�im`2X omH 2i �HX

/2KQMbi`�i2 i?�i T2QTH2 Q7i2M `2�+? �M QTiBK�H /2+BbBQM 7`QK p2`v 72r b�KTH2b (R9j)X

AMbTB`2/ #v i?2 ?vTQi?2bBb- r2 /2bB;M � i2+?MB[m2 i?�i T`QKTib � mb2` iQ `2bTQM/

rBi? � /Bb+`2i2 p�Hm2 KmHiBTH2 iBK2b U2X;X- j@8 iBK2bV �#Qmi � T�`�K2i2` U2X;X- r?�i

Bb i?2 T`QTQ`iBQM Q7 2H/2`Hv r?Q ?�b �Hx?2BK2`Ƕb BM i?2 lXa �bbBbi2/ HBpBM; +2Mi2`bVX

Pm` 2tTHQ`�iBQM Q7 ;`�T?B+�H 2HB+Bi�iBQM i2+?MB[m2b T�p2b i?2 r�v 7Q` bim/vBM;

T2QTH2Ƕb mT/�iBM; #2?�pBQ`b- 2bT2+B�HHv BM � b+2M�`BQ r?2`2 T2QTH2 �`2 BMi2`�+iBM;

rBi? /�i�X q?BH2 Qm` rQ`F Bb KQ/2H2/ QM � /�i� +QKKmMB+�iBQM +QMi2ti- i?2 i2+?@
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MB[m2b +�M #2 mb2/ BM �M�HvbBb �TTHB+�iBQMbX 6Q` 2t�KTH2- bBM+2 "�v2bB�M �M�HvbBb

`2[mB`2b �M�Hvbib iQ b2i � T`BQ` /Bbi`B#miBQM- Qm` i2+?MB[m2b +�M #2 mb2/ iQ 2HB+Bi T`BQ`

#2HB27b BM � "�v2bB�M �M�HvbBb b2iiBM; �M/ iQ HQr2` i?2 #�` 7Q` �`iB+mH�iBM; #2HB27b BM

� /Bbi`B#miBQM 7Q`K�iX

eXRXk _Zk, q?�i Bb i?2 2z2+i Q7 2HB+BiBM; T`BQ` #2HB27b QM ?Qr Km+? T2QTH2 T`Q+2bb

�M/ 2M;�;2 rBi? /�i�\

q2 2p�Hm�i2 Qm` i2+?MB[m2b rBi? b2p2`�H ;Q�Hb BM KBM/X _2;�`/BM; i?2 i2+?MB[m2b

BMi`Q/m+2/ BM +?�Ti2` j iQ 2HB+Bi MQM@T`Q#�#BHBbiB+ #2HB27b- r2 /2KQMbi`�i2 i?2 2{@

+�+v Q7 i2+?MB[m2b BM `2+�HHBM; i?2 /�i�- � +QKKQM K2�bm`2 Q7 +QKT`2?2MbBQM BM

2/m+�iBQM�H Tbv+?QHQ;vX h?2 bim/v b?Qrb i?�i 2ti2`M�HBxBM; �M/ 2t�KBMBM; T`BQ`

#2HB27b �HQM;bB/2 /�i� +�M BKT`Qp2 � pB2r2`Ƕb �#BHBiv iQ `2+�HH pBbm�HBx2/ /�i�X h?Bb

}M/BM; b?Qrb �M 2t+BiBM; TQbbB#BHBiv 7Q` pBbm�HBx�iBQM T`�+iBiBQM2`bX 6Q` 2t�KTH2- �

pBbm�HBx�iBQM /2bB;M2` +�M bBKTHv �bF T2QTH2 iQ ;`�T?B+�HHv bF2i+? i?2B` #2HB27b i?2M

b?Qr Bi �HQM;bB/2 i?2 /�i� iQ ?�p2 bQK2 TQbBiBp2 BKT�+i QM 2M;�;BM; i?2K 7m`i?2`

rBi? /�i�- r?2M i?2 /2bB;M2` 2tT2+ib /�i�b2i iQ #2 mM7�KBHB�` Q` KQ/2`�i2Hv 7�KBHB�`

iQ i?2B` `2�/2`bX

q2 2p�Hm�i2 i?2 2z2+i Q7 i?2 /Bz2`2Mi i2+?MB[m2b iQ 2HB+Bi T2QTH2Ƕb T`Q#�#BHBbiB+

#2HB27b QM bmTTQ`iBM; i?2B` #2HB27 mT/�iBM;X hQ bmKK�`Bx2 i?2 }M/BM;b- i?2 b�KTH2@

#�b2/ ;`�T?B+�H i2+?MB[m2 UrBi? i?2 bT2+B}+ }iiBM; T`Q+2bb r2 mb2/V +QKT�`2/ iQ

7mHH@/Bbi`B#miBQM �M/ T�`iB�H /Bbi`B#miBQM i2+?MB[m2b vB2H/ bHB;?iHv HQr2` �;;`2;�i2 /2@

pB�iBQM- r?B+? bm;;2bib i?2 b�KTH2@#�b2/ i2+?MB[m2 K�v 2KmH�i2 i?2 +HQb2bi T`Q+2bb

Q7 ?Qr T2QTH2 `2�bQM �#Qmi mM+2`i�BMivX aBM+2 i?2 2z2+i Q7 }iiBM; T`Q+2bb2b i?�i r2

mb2/ 7Q` 2�+? i2+?MB[m2 +�M #2 p�`B2/- 7QHHQr mT `2b2�`+? Bb M22/2/ iQ 7m`i?2` i2�b2

�T�`i i?2 2z2+i Q7 /Bz2`2Mi 2HB+Bi�iBQM �TT`Q�+?2b �M/ i?2 }iiBM; T`Q+2bb iQ K�F2

i?2 }M/BM;b `Q#mbiX

q?BH2 i?2 �/p�Mi�;2 r2 Q#b2`p2/ BbMǶi ?m;2- i?2 b�KTH2@#�b2/ i2+?MB[m2 Bb rQ`i?

2tTHQ`BM; bBM+2 Bi ?�b irQ MB+2 T`QT2`iB2b i?�i K�F2 Bi 2�bv iQ /2THQv BM `2�H@rQ`H/
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pBbm�HBx�iBQM BMi2`�+iBQMX 6B`bi- � mb2` /Q2bMǶi M22/ iQ �`iB+mH�i2 i?2B` `2bTQMb2b BM

� T`Q#�#BHBbiB+ K�MM2` #mi /B`2+iHv �`iB+mH�i2 i?2B` #2HB27b rBi? � 72r b�KTH2b rBi?

i?2 b�K2 mMBi �b /�i�X a2+QM/- BiǶb 2�bB2` i?�M Qi?2` i2+?MB[m2b iQ b+�H2 iQ KmHiBTH2

T�`�K2i2`bX

q2 �HbQ Q#b2`p2 i?�i i?2 2HB+Bi�iBQM �+i Bib2H7 +�M BKT`Qp2 T2QTH2Ƕb #2HB27 mT@

/�iBM;X AM +?�Ti2` 9- i?2 �M�HvbBb b?Qrb �M BKT`Qp2K2Mi BM �;;`2;�i2 H2p2H #2HB27

mT/�iBM; r?2M T�`iB+BT�Mib r2`2 T`QKTi2/ iQ �`iB+mH�i2 i?2B` #2HB27b #27Q`2 b22BM;

i?2 /�i�- r?2`2 i?2 BMi2`7�+2 K�i+?2/ rBi? i?2 `2T`2b2Mi�iBQM Q7 i?2 /�i�X q?BH2

i?2 }M/BM; K�MB72bib +QMbBbi2MiHv �+`Qbb /�i�b2ib �M/ b�KTH2 bBx2- i?2 �;;`2;�i2

K2�bm`2 b?Qrb i?2 #2M2}i BM � H2bb /B`2+i K�MM2`X 6mim`2 `2b2�`+? ?�b iQ /2bB;M

KQ`2 /B`2+i K2�bm`2b iQ Q#b2`p2 BM/BpB/m�H@H2p2H #2M2}ibX 6Q` 2t�KTH2- K2�bm`@

BM; i?2 T2`7Q`K�M+2 #2ir22M 2HB+Bi�iBQM +QM/BiBQMb �M/ MQM@2HB+Bi�iBQM +QM/BiBQMb QM

mM+2`i�BMiv +QKT`2?2MbBQM i�bFb U2X;X- ǳA7 vQm `2THB+�i2 i?Bb bim/v Ryy iBK2b- ?Qr

HBF2Hv Bb Bi i?�i i?2 Q#b2`p2/ /�i� rBHH 7�HH #2ir22M sW �M/ uWǴV +�M #2 QM2 r�v

iQ Q#b2`p2 i?2 2z2+i Q7 2HB+Bi�iBQM �i �M BM/BpB/m�H H2p2HX

eXRXj _Zj, q?�i KQ/2Hb b?QmH/ r2 mb2 iQ mM/2`bi�M/ pBbm�HBx�iBQM BMi2`T`2i�iBQM

BM HB;?i Q7 � mb2`Ƕb T`BQ` #2HB27b- /�i�- �M/ i?2B` }M�H #2HB27b\

A T`2b2Mi "�v2bB�M BM72`2M+2 �b � H2Mb iQ T`Q#2 T2QTH2Ƕb #2HB27 mT/�iBM; T`Q+2bb r?BH2

BMi2`�+iBM; rBi? pBbm�HBx�iBQMbX "v �M�HvxBM; i?2 /Bb+`2T�M+v #2ir22M i?2 mb2`Ƕb

mT/�i2/ #2HB27b �M/ i?2 MQ`K�iBp2 "�v2bB�M �Mbr2`- `2b2�`+?2`b +�M ;�BM � KQ`2

bvbi2K�iB+ mM/2`bi�M/BM; Q7 ?Qr � mb2` BMi2`T`2ib /�i�X 6Q` 2t�KTH2- i?2 bim/v

b?Qrb i?�i BM/BpB/m�HbǶ mT/�i2/ #2HB27b Q7i2M /2pB�i2/ b?�`THv 7`QK i?2 MQ`K�iBp2

"�v2bB�M �Mbr2`X h?Bb i2M/2M+v Bb 2t�+2`#�i2/ r?2M T�`iB+BT�Mib 2t�KBM2 � H�`;2

b�KTH2 /�i�b2iX h?2 }M/BM; BKTHB2b i?�i pBbm�HBx�iBQM /2bB;M2`b M22/ iQ +QMbB/2`

?Qr i?2v +�M ?2HT T2QTH2 `2+Q;MBxBM; i?2 �KQmMi Q7 BM7Q`K�iBQM � H�`;2 /�i�b2i

T`QpB/2bX

�MQi?2` BMi2`2biBM; }M/BM; Bb i?�i i?2 �;;`2;�i2 Q7 �HH BM/BpB/m�HbǶ #2HB27b r�b
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p2`v +HQb2 iQ i?2 MQ`K�iBp2 "�v2bB�M �Mbr2` r?2M i?2 /�i� +QMi�BMb � bK�HH MmK#2`

Q7 b�KTH2bX h?Bb }M/BM; �HB;Mb rBi? � T`QKBM2Mi bim/v BM *Q;MBiBp2 a+B2M+2 i?�i

b?Qrb i?�i T2QTH2 BM �;;`2;�i2 �TT2�` iQ #2 QTiBK�H "�v2bB�M r?2M T`2/B+iBM; /�BHv

[m�MiBiB2b U2X;X- iQi�H #�FBM; iBK2bV (ee)X

lbBM; i?2 "�v2bB�M 7`�K2rQ`F- r2 T`QTQb2 � [m�MiB}+�iBQM i?�i +�Tim`2b i?2

mb2`Ƕb ǴT2`+2Bp2/ mM+2`i�BMivǴ Q7 i?2 /�i� #v �bbmKBM; i?2 mb2`Ƕb }M�H #2HB27b r2`2

`�iBQM�HHv +QMbi`m+i2/ �++Q`/BM; iQ i?2 "�v2bB�M bi�M/�`/X h?Bb T`QTQb2/ [m�M@

iB}+�iBQM T`QpB/2b BMbB;?ib �#Qmi ?Qr T2QTH2 BMi2`T`2i �M/ T2`+2Bp2 i?2 mM+2`i�BMiv

�M/ i?2 �KQmMi Q7 BM7Q`K�iBQM BM i?2 Q#b2`p2/ /�i� +QKT�`2/ iQ � bBKTH2 2p�Hm�iBQM

K2i`B+- bm+? �b �++m`�+v BM `2�/BM; Qmi i?2 /�i�X q2 7m`i?2` /2KQMbi`�i2 i?2 p�HB/@

Biv Q7 i?2 T`QTQb2/ "�v2bB�M 7`�K2rQ`F �b �M 2p�Hm�iBp2 7`�K2rQ`FX A #2HB2p2 i?�i

i?2 r�v Q7 [m�MiB7vBM; i?2 T2`+2Bp2/ �KQmMi Q7 BM7Q`K�iBQM QT2Mb mT � M2r T`Q#H2K

bT�+2 #v T`QpB/BM; � M2r T2`bT2+iBp2 Q7 2p�Hm�iBM; pBbm�HBx�iBQM BMi2`T`2i�iBQMX 6Q`

2t�KTH2- i?2 [m�MiB}+�iBQM 2M�#H2b `2b2�`+?2`b iQ B/2MiB7v i?�i T�`iB+BT�MibǶ T2`@

+2Bp2/ b�KTH2 bBx2 Bb biBHH 7�` 7`QK i?2 �+im�H b�KTH2 bBx2 U`27X 9XeX9VX A +�M 2MpBbBQM

i?�i pBbm�HBx�iBQM /2bB;M2`b +�M 2tTHQ`2 KmHiBTH2 /2bB;M �Hi2`M�iBp2b iQ B/2MiB7v r?B+?

pBbm�HBx�iBQM bmTTQ`ib i?2 KQbi �++m`�i2 T2`+2TiBQM Q7 i?2 mM/2`HvBM; mM+2`i�BMiv

#v �TTHvBM; i?2 T`QTQb2/ [m�MiB}+�iBQMX

eXRX9 _Z9, *�M r2 BMi2`p2M2 BM T2QTH2Ƕb #2HB27 mT/�iBM; T`Q+2bb iQ BKT`Qp2 mb2`bǶ

/�i� +QKT`2?2MbBQM\

q2 2p�Hm�i2 "�v2bB�M T2`bQM�HBx�iBQMb iQ T`QKQi2 "�v2bB�M `2�bQMBM; #v +QKKmMB@

+�iBM; mM+2`i�BMiv `2H�i2/ iQ QM2Ƕb T`BQ` #2HB27bX q2 }M/ i?�i b22BM; � T2`bQM�HBx2/

lM+2`i�BMiv �M�HQ;v Q` SQbi2`BQ` oBbm�HBx�iBQM ?2HT #2HB27 mT/�iBM; +QKT�`2/ iQ

ivTB+�H T`2b2Mi�iBQMb Q7 mM+2`i�BMiv 7Q` bK�HH /�i�b2ib- �M/- BM bQK2 +�b2b- 7Q` H�`;2

/�i�b2ibX A +�M 2MpBbBQM i?�i pBbm�HBx�iBQM /2bB;M2`b +�M +`2�i2 p�`BQmb BMi2`p2MiBQMb

iQ T`QKQi2 #2ii2` `2�bQMBM; mbBM; T2QTH2Ƕb T`BQ` #2HB27bX 6Q` 2t�KTH2- i?2 /2bB;M2`

+�M ?B;?HB;?i i?2 T�`i r?2`2 i?2 mb2` ?�b bi`QM; #2HB27b #mi 7�` 7`QK `2�HBiv- �M/
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T`QpB/2 �//BiBQM�H +QMi2ti iQ T2`bm�/2 i?2 mb2`X

eXk 6mim`2 .B`2+iBQMb

h?`Qm;? KmHiBTH2 T`QD2+ib- A T`2b2Mi ?Qr #2HB27@/`Bp2M �TT`Q�+?2b +�M ?�p2 � TQbBiBp2

BKT�+i QM T2QTH2Ƕb /�i� �M/ mM+2`i�BMiv +QKT`2?2MbBQM �M/ `�iBQM�H #2HB27 mT/�iBM;X

6mim`2 rQ`F BM #2HB27@/`Bp2M /�i� BMi2`�+iBQM rBHH 7m`i?2` BMp2biB;�i2 K2i?Q/b i?�i

H2p2`�;2 T2QTH2Ƕb #2HB27b BM /2bB;MBM; pBbm�HBx�iBQM bvbi2Kb iQ 2M�#H2 2{+B2Mi /�i�

2tTHQ`�iBQM �M/ /2+BbBQM K�FBM; mM/2` mM+2`i�BMivX A H�vQmi � 72r /B`2+iBQMb r?2`2

A 2MpBbBQM i?2 #2HB27@/`Bp2M �TT`Q�+? rBHH #2 #2M2}+B�HX

eXkXR "2HB27@/`Bp2M pBbm�HBx�iBQM `2+QKK2M/2` bvbi2K

:Bp2M i?2 b?22` �KQmMi Q7 /�i� #2BM; +QHH2+i2/- Bi Bb +QKKQM 7Q` �M�Hvbib iQ /Q

�M 2tTHQ`�iQ`v pBbm�H �M�HvbBb Q7 H�`;2 /�i�b2ib rBi? i2Mb Q7 /Bz2`2Mi }2H/b Q` KQ`2X

h?Bb b+2M�`BQ +�M #2 bmTTQ`i2/ #v `2+QKK2M/2` bvbi2Kb iQ `2/m+2 i?2 #m`/2M Q7

+`2�iBM; pBbm�HBx�iBQMbX

q?2M i?2 �M�Hvbi +QM/m+ib /�i� �M�HvbBb- 2bT2+B�HHv 2tTHQ`�iQ`v /�i� �M�HvbBb-

i?2 �M�Hvbi Q7i2M mb2b pBbm�HBx�iBQM `2+QKK2M/2` bvbi2Kb i?�i bm;;2bi � b2`B2b Q7

�miQK�iB+�HHv +`2�i2/ pBbm�HBx�iBQMb iQ `2/m+2 i?2 #m`/2M Q7 +`2�iBM; KmHiBTH2 pBbm@

�HBx�iBQMbX

A rQmH/ HBF2 iQ #mBH/ � bvbi2K i?�i BM+Q`TQ`�i2b i?2 �M�HvbiǶb #2HB27b BM `2+QK@

K2M/BM; pBbm�HBx�iBQMb i?�i T`2p2Mi i?2 �M�HvbiǶb #B�b �M/ K�F2 i?2 b2Mb2@K�FBM;

T`Q+2bb 2{+B2MiX hQ +QMi2tim�HBx2 i?2 B/2�- BK�;BM2 �M �M�Hvbi r?Q r�Mib iQ 2tTHQ`2

� /�i�b2i �#Qmi /2KQ;`�T?B+b Q7 � KQpB2 �r�`/ MQKBM22- r?B+? +QMi�BMb KQ`2 i?�M

ky +QHmKMb BM+Hm/BM; ;2M/2`- 2i?MB+Biv- #B`i?TH�+2- #B`i? /�i2- �M/ r?2M i?2v r2`2

MQKBM�i2/ U6B; eXRVX

A7 i?2 �M�Hvbi rQmH/ HBF2 iQ 7mHHv mM/2`bi�M/ i?2 2MiB`2 T�ii2`Mb i?�i KB;?i 2tBbi

BM � /�i�b2i- i?2v K�v M22/ iQ ;Q i?`Qm;? KQ`2 i?�M i?Qmb�M/b Q7 pBbm�HBx�iBQMbX

h?2 bi�i2 Q7 i?2 �`i `2+QKK2M/2` bvbi2Kb rQmH/ ?2HT i?2 �M�Hvbi b�p2 i?2 +Q;MBiBp2
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Demographics of a Movie Award Nominee since 1928
20 columns including: Gender, Ethnicity, Birth place, Birth date, # of movies before 

nominated, Religion, …, Year of nomination, Movie, Award state.
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)LJXUH ���� 3HRSOH RIWHQ VWDUW WKH H[SORUDWLRQ E\ ORRNLQJ DW D XQLYDULDWH FKDUW WKDW GHVFULEHV

VLQJOH YDULDEOH >��@� 7KHQ PRYH RQ WR H[DPLQH PRUH FRPSOH[ RQH DV WKH DQDO\VLV SURJUHVVHV

WR XQGHUVWDQGPRUH FRPSOH[ UHODWLRQVKLS EHWZHHQ WKH YDULDEOHV�

+Qbi #v T`QpB/BM; `2+QKK2M/�iBQMb i?�i �`2 +HQb2Hv `2H�i2/ iQ r?�i i?2 �M�Hvbi Bb

HQQFBM; �i i?2 KQK2Mi (R8y)- BMbi2�/ Q7 bm;;2biBM; `�M/QK +?�`ibX �MQi?2` 2tBbiBM;

bvbi2K +�`27mHHv +m`�i2b i?2 Q`/2` Q7 i?2 pBbm�HBx�iBQMb iQ KBMBKBx2 i?2 #m`/2M Q7

`2�/BM; i?2K +QMb2[m2MiHv (Nk)X

PM2 `2K�BMBM; +?�HH2M;2 Bb i?�i i?2 �M�Hvbi biBHH ?�b iQ ;Q i?`Qm;? KmHiBTH2

+?�`ibX LQM2 Q7 i?2 2tBbiBM; �TT`Q�+?2b /B`2+iHv BM+Q`TQ`�i2 �M�Hvbi #2HB27b iQ K�F2

i?2 T`Q+2bb KQ`2 2{+B2Mi- �M/ H�+F +QMbB/2`�iBQMb Q7 T`2p2MiBM; ?mK�M #B�b bm+?

�b +QM}`K�iBQM #B�b i?�i i?2 �M�Hvbi K�v +QM}`K � bTm`BQmb T�ii2`M �b i?2 `2�H

T�ii2`M #2+�mb2 i?�i r�b r?�i i?2 �M�Hvbi #2HB2p2/X

A +�M 2MpBbBQM � pBbm�HBx�iBQM `2+QKK2M/�iBQM bvbi2K i?�i i�F2b BMiQ �++QmMi

i?2 �M�HvbiǶb #2HB27b iQ K�F2 i?2 T`Q+2bb KQ`2 2{+B2MiX A +�M #mBH/ � 72�im`2 i?�i

7Q+mb2b QM b?QrBM; T�ii2`Mb i?�i i?2 �M�Hvbi K�v MQi #2 �r�`2- Q` T�ii2`Mb �;�BMbi

i?2 �M�HvbiǶb 2tT2+i�iBQM iQ K�tBKBx2 i?2 BM7Q`K�iBQM ;�BM r?BH2 i?2v �`2 BMi2`�+iBM;

rBi? /�i�X �M 2t+BiBM; `2b2�`+? [m2biBQM rBHH #2 r?2M iQ 2HB+Bi i?2 �M�HvbiǶb #2HB27b

QM r?B+? T�`�K2i2` iQ KBMBKBx2 i?2 BMi2``mTiBQM Q7 i?2 mb2`Ƕb ~Qr #mi K�tBKBx2

i?2 BM7Q`K�iBQM ;�BM 7`QK i?2 mb2`Ƕb BMTmiX
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�MQi?2` mb27mH �TTHB+�iBQM rBHH #2 /2i2+iBM; #B�b �M/ bmTTQ`iBM; i?2 �M�Hvbi iQ

�pQB/ i?2K #v 2tTHB+BiHv 2HB+BiBM; i?2B` #2HB27bX 6Q` 2t�KTH2- A +�M 2HB+Bi #2HB27b QM �

72r T�`�K2i2`b }`bi- �M/ BM72` M2r #2HB27b QM Qi?2` T�`�K2i2`b 7`QK i?2 T`2@2HB+Bi2/

#2HB27bX q?2M i?2 �M�Hvbi Bb BMi2`�+iBM; rBi? � pBbm�HBx�iBQM i?�i i?2 bvbi2K /2i2+ib

iQ #2 bBKBH�` iQ i?2 �M�Hvbi #2HB27b- i?2 bvbi2K +�M �H2`i i?2K iQ +�`27mHHv 2t�KBM2

i?2 pBbm�HBx�iBQM iQ �pQB/ i?2 +?�M+2 iQ BMi`Q/m+2 +QM}`K�iBQM #B�bX

eXkXk amTTQ`iBM; ?mK�M@K�+?BM2 /2+BbBQM@K�FBM; T`Q+2bb rBi? #2HB27 2HB+Bi�iBQM �M/

pBbm�HBx�iBQMb

h?2 T2`7Q`K�M+2 Q7 � ?mK�M@�A i2�K Bb BM~m2M+2/ #v ?Qr r2HH i?2 ?mK�MǶb 2t@

T2+i�iBQM Q7 i?2 �A �HB;Mb rBi? Bib �+im�H +�T�#BHBiB2b (Rj)X >Qr2p2`- bmTTQ`iBM;

i?2 T`Q+2bb 7Q` ?mK�Mb iQ +QMbi`m+i �M �++m`�i2 K2Mi�H KQ/2H `2K�BMb mM2tTHQ`2/X

h?2 "�v2bB�M 7`�K2rQ`F �TTHB2/ iQ pBbm�HBx�iBQM BMi2`T`2i�iBQM Qz2`b � T`QKBbBM;

r�v iQ bmTTQ`i i?Bb T`Q+2bb #v bm`7�+BM; i?2 M2+2bb�`v +QKTQM2Mib iQ T2`7Q`K i?2

�HB;MK2Mi QT2`�iBQMX

AK�;BM2 � mb2` 2t�KBM2b � K2/B+�H BK�;2 rBi? � KQ/2HǶb T`2/B+iBQM Q7 ?Qr /B7@

72`2Mi `2;BQMb T`QpB/2 2pB/2M+2 7Q` i?2 /B�;MQbBbX h?2 mb2`- HBF2Hv iQ #2 � /Q+iQ`

r?Q ?�b i?2B` QrM #2HB27b- rBHH i`v iQ +QK#BM2 i?2 KQ/2HǶb T`2/B+iBQM �M/ i?2B` QrM

2tT2`iBb2 iQ K�F2 i?2 }M�H /2+BbBQMX A 2MpBbBQM � bvbi2K i?�i T`QKTib i?2 mb2`

iQ �`iB+mH�i2 i?2B` #2HB27b- +QK#BM2b i?2 #2HB27b rBi? i?2 KQ/2HǶb T`2/B+iBQM mbBM;

"�v2bB�M KQ/2Hb- �M/ pBbm�HBx2b i?2 }M�H #2HB27b rBi? � /2TB+iBQM Q7 ?Qr Bi Bb /2@

`Bp2/X "v K�FBM; i?2 #2HB27 mT/�iBM; T`Q+2bb 2tTHB+Bi �M/ pBbm�H- i?2 mb2` K�v QTi

7Q` i?2 #2ii2` `�iBQM�H +?QB+2 �b i?2 }M�H /2+BbBQMX h?2 bvbi2K +�M �HbQ ?2HT i?2

mb2` `2~2+i QM i?2 KQ/2HǶb +�T�#BHBiB2b �b r2HH �b i?2B` QrM #v 2t�KBMBM; i?2B` T`2@

pBQmb BMi2`�+iBQMbX AM �//BiBQM iQ BMi2`�+iBQM /2bB;M- i?2 miBHBiv Q7 i?Bb �TT`Q�+? �HbQ

/2T2M/b QM `2T`2b2Mi�iBQMb Q7 mM+2`i�BMiv i?�i #Qi? ?mK�Mb �M/ KQ/2Hb +�M mM/2`@

bi�M/X 6mim`2 `2b2�`+? rBHH BMp2biB;�i2 ?Qr iQ `2T`2b2Mi ?mK�M #2HB27b BM 7Q`K�ib

i?�i +�M #2 BM+Q`TQ`�i2/ BMiQ �M �A KQ/2H �M/ pB+2@p2`b�X
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Human’s
beliefs

+ =

Model’s 
prediction

Combined 
knowledge

)LJXUH ���� $Q H[DPSOH VFHQDULR ZKHUH DQ H[SHUW FDQ PDNH D SURIHVVLRQDO GHFLVLRQ EDVHG RQ

WKHPRGHOèV SUHGLFWLRQ DQG WKHLU EHOLHIV DV DQ H[SHUW� 7KH LQWHUIDFH FDQ H[SOLFLWO\ YLVXDOL]H DQG

GHVFULEH KRZ WKHLU H[SHUWLVH DQG WKH QHZ HYLGHQFH �L�H�� PRGHOèV SUHGLFWLRQ� FDQ EH PHUJHG

UDWLRQDOO\ WR LQIRUP WKH XVHU WRPDNHPRUH ORJLFDO FKRLFH�

eXj *HQbBM; _2K�`Fb

oBbm�HBx�iBQMb ?�p2 #2+QK2 2bb2MiB�H K2/B� 7Q` M�pB;�iBM; i?2 rQ`H/ �b KQ`2 /�i� Bb

;2M2`�i2/ iQ �TT`QtBK�i2 T?2MQK2M� �`QmM/ mbX AM Q`/2` iQ /2bB;M pBbm�HBx�iBQMb

i?�i �`2 K�tBK�HHv BM7Q`K�iBp2- Bi Bb +`BiB+�H iQ 7Q+mb MQi QMHv QM ?Qr r2HH � T2`bQM

rBHH /2+Q/2 i?2 BM7Q`K�iBQM- #mi �HbQ QM ?Qr Bi rBHH BM~m2M+2 i?2 T2`bQMǶb #2HB27b �M/

7m`i?2` BM7Q`K i?2B` /2+BbBQMX � #2HB27@/`Bp2M �TT`Q�+?- bm+? �b A ?�p2 /2KQMbi`�i2/-

+�M T`QpB/2 � `2�HBbiB+ T2`bT2+iBp2 QM mM/2`bi�M/BM; pBbm�HBx�iBQM BMi2`�+iBQMb �M/

/2bB;MBM; pBbm�HBx�iBQM bvbi2KbX
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"A"GAP:_�S>u

(R) PbKB K2Mi�H ?2�Hi? BM i2+? bm`p2v kyReX ?iiTb,ffrrrXF�;;H2X+QKfQbKBf
K2Mi�H@kyReWkyRRWkyR92�Hi?@BM@i2+?@kyRe- kyReX �++2bb2/, kyR3@y8@yRX

(k) hp2`bFv �X �M/ E�?M2K�M .X Cm/;K2Mi mM/2` mM+2`i�BMiv, >2m`BbiB+b �M/
#B�b2bX a+B2M+2- j9UkV,RRk9ĜĜRRjR- RNd9X

(j) .B2/2`BF �2`ibX Zm�MimK bi`m+im`2 BM +Q;MBiBQMX CQm`M�H Q7 J�i?2K�iB+�H
Sbv+?QHQ;v- 8jU8V,jR9Ĝj93- kyyNX

(9) a?��`QM �BMbrQ`i? �M/ �M/`2� h? GQBxQmX h?2 2z2+ib Q7 b2H7@2tTH�BMBM; r?2M
H2�`MBM; rBi? i2ti Q` /B�;`�KbX *Q;MBiBp2 a+B2M+2- kdU9V,eeNĜe3R- kyyjX

(8) :`2;Q` �Bb+?- �K�M/� *Qt- �M/ E2pBM Zm2�HvX uQm /`�r Bi, >Qr 7�KBHv
BM+QK2 T`2/B+ib +?BH/`2MǶb +QHH2;2 +?�M+2bX h?2 L2r uQ`F hBK2b- J�v k3-
kyR8- ?iiT,ffMviBXKbfR2x#mqu- kyR8X

(e) *?`Bb �H+�Mi�`� �M/ *?B[mB 1bi2#�MX kyRe 2H2+iBQM 2tBi TQHHbX h?2 q�b?@
BM;iQM SQbi- LQpX kN- kyRe- ?iiTb,ffrrrXr�b?BM;iQMTQbiX+QKf;`�T?B+bf
TQHBiB+bfkyRe@2H2+iBQMf2tBi@TQHHbfǲ kyReX

(d) oBM+2Mi �H2p2M �M/ E2MM2i? _ EQ2/BM;2`X �M 2z2+iBp2 K2i�+Q;MBiBp2 bi`�i@
2;v, G2�`MBM; #v /QBM; �M/ 2tTH�BMBM; rBi? � +QKTmi2`@#�b2/ +Q;MBiBp2 imiQ`X
*Q;MBiBp2 b+B2M+2- keUkV,R9dĜRdN- kyykX

(3) oBM+2Mi �H2p2M- P+i�p SQT2b+m- �M/ E2MM2i? _ EQ2/BM;2`X hQr�`/b imiQ`B�H
/B�HQ; iQ bmTTQ`i b2H7@2tTH�M�iBQM, �//BM; M�im`�H H�M;m�;2 mM/2`bi�M/BM; iQ
� +Q;MBiBp2 imiQ`X AM S`Q+22/BM;b Q7 �`iB}+B�H AMi2HHB;2M+2 BM 1/m+�iBQM- T�;2b
k9eĜk88X *Bi2b22`- kyyRX

(N) a�M/`Q �K#m2?H �M/ a?2M;rm GBX "2HB27 mT/�iBM; �M/ i?2 /2K�M/ 7Q` BM7Q`@
K�iBQMX :�K2b �M/ 1+QMQKB+ "2?�pBQ`- RyN,kRĜjN- kyR3X

(Ry) S�p2H �i�M�bQp- C2Mb qBiFQrbFB- GvH2 lM;�`- "�`#�`� J2HH2`b- �M/ S?BHBT
h2iHQ+FX aK�HH bi2Tb iQ �++m`�+v, AM+`2K2Mi�H #2HB27 mT/�i2`b �`2 #2ii2` 7Q`2@
+�bi2`bX P`;�MBx�iBQM�H "2?�pBQ` �M/ >mK�M .2+BbBQM S`Q+2bb2b- Rey,RNĜj8-
kykyX

https://www.kaggle.com/osmi/mental-2016%2011%2014ealth-in-tech-2016
https://www.kaggle.com/osmi/mental-2016%2011%2014ealth-in-tech-2016
%20https://www.washingtonpost.com/graphics/politics/2016-election/exit-polls/
%20https://www.washingtonpost.com/graphics/politics/2016-election/exit-polls/
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(RR) L2/ �m;2M#HB+F �M/ J�ii?2r _�#BMX "2HB27 KQp2K2Mi- mM+2`i�BMiv `2/m+iBQM-
�M/ `�iBQM�H mT/�iBM;X l* "2`F2H2v@>��b �M/ >�`p�`/ lMBp2`bBiv JBK2Q-
kyR3X

(Rk) oB+iQ`B� "�H�`�X 6Qt M2rb TQHH, oQi2`b bTHBi QM �#Q`iBQM- #mi K�DQ`Biv r�Mib
`Q2 pX r�/2 iQ 2M/m`2- kyRNX

(Rj) :�;�M "�Mb�H- "2bKB`� Lmb?B- 1+2 E�K�`- q�Hi2` a G�b2+FB- .�MB2H a q2H/-
�M/ 1`B+ >Q`pBixX "2vQM/ �++m`�+v, h?2 `QH2 Q7 K2Mi�H KQ/2Hb BM ?mK�M@
�B i2�K T2`7Q`K�M+2X AM S`Q+22/BM;b Q7 i?2 ���A *QM72`2M+2 QM >mK�M
*QKTmi�iBQM �M/ *`Qr/bQm`+BM;- pQHmK2 d- T�;2b kĜRR- kyRNX

(R9) Gm+v "�biBM- S2i2` 6 6Bb?2`- �M/ CQ qQQ/X oBbm�HBxBM; mM+2`i�BMiv BM KmHiB@
bT2+i`�H `2KQi2Hv b2Mb2/ BK�;2`vX *QKTmi2`b � :2Qb+B2M+2b- k3UjV,jjdĜj8y-
�T`BH kyykX

(R8) .�MB2H C "2MD�KBM- J�ii?2r _�#BM- �M/ *QHHBM _�vKQM/X � KQ/2H Q7 MQM#2@
HB27 BM i?2 H�r Q7 H�`;2 MmK#2`bX CQm`M�H Q7 i?2 1m`QT2�M 1+QMQKB+ �bbQ+B�iBQM-
R9UkV,8R8Ĝ899- kyReX

(Re) E�i2`BM2 "B2H�+xv+- S2i2` G SB`QHHB- �M/ �MM G "`QrMX h`�BMBM; BM b2H7@
2tTH�M�iBQM �M/ b2H7@`2;mH�iBQM bi`�i2;B2b, AMp2biB;�iBM; i?2 2z2+ib Q7 FMQrH@
2/;2 �+[mBbBiBQM �+iBpBiB2b QM T`Q#H2K bQHpBM;X *Q;MBiBQM �M/ BMbi`m+iBQM-
RjUkV,kkRĜk8k- RNN8X

(Rd) J�ii?2r "HQ+? �M/ >�MM�? 6�B`}2H/X 6Q` i?2 2H/2`Hv- /Bb2�b2b i?�i Qp2`H�TX
h?2 L2r uQ`F hBK2b- �T` R8- kyRj- kyRjX

(R3) 1HBx�#2i? "QM�rBix- ai2T?�MB2 .2MBbQM- �HBbQM :QTMBF- �M/ h?QK�b G :`B7@
}i?bX qBM@bi�v- HQb2@b�KTH2, � bBKTH2 b2[m2MiB�H �H;Q`Bi?K 7Q` �TT`QtBK�iBM;
#�v2bB�M BM72`2M+2X *Q;MBiBp2 Tbv+?QHQ;v- d9,j8Ĝe8- kyR9X

(RN) 1HBx�#2i? "QM�rBix- ai2T?�MB2 .2MBbQM- h?QK�b G :`B{i?b- �M/ �HBbQM :QT@
MBFX S`Q#�#BHBbiB+ KQ/2Hb- H2�`MBM; �H;Q`Bi?Kb- �M/ `2bTQMb2 p�`B�#BHBiv, a�K@
THBM; BM +Q;MBiBp2 /2p2HQTK2MiX h`2M/b BM +Q;MBiBp2 b+B2M+2b- R3URyV,9NdĜ8yy-
kyR9X

(ky) .�pB/ "Q`H�M/ �M/ _mbb2HH J h�vHQ` ABX _�BM#Qr +QHQ` K�T UbiBHHV +QMbB/2`2/
?�`K7mHX A111 +QKTmi2` ;`�T?B+b �M/ �TTHB+�iBQMb- kdUkV,R9ĜRd- kyydX
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(kR) .�pB/ "Qm`;BM- CQb?m� �##Qii- hQK :`B{i?b- E2pBM aKBi?- �M/ 1/ omHX
1KTB`B+�H 2pB/2M+2 7Q` K�`FQp +?�BM KQMi2 +�`HQ BM K2KQ`v b2�`+?X AM S`Q@
+22/BM;b Q7 i?2 �MMm�H J22iBM; Q7 i?2 *Q;MBiBp2 a+B2M+2 aQ+B2iv- pQHmK2 je-
kyR9X

(kk) C2`QK2 _ "mb2K2v2` �M/ S2i2` . "`mx�X Zm�MimK KQ/2Hb Q7 +Q;MBiBQM �M/
/2+BbBQMX *�K#`B/;2 lMBp2`bBiv S`2bb- kyRkX

(kj) J�ii *�M?�K �M/ J�`v >2;�`ivX 1z2+ib Q7 FMQrH2/;2 �M/ /BbTH�v /2bB;M QM
+QKT`2?2MbBQM Q7 +QKTH2t ;`�T?B+bX G2�`MBM; �M/ BMbi`m+iBQM- kyUkV,R88ĜRee-
kyRyX

(k9) aim�`i E *�`/ �M/ CQ+F J�+FBMH�vX h?2 bi`m+im`2 Q7 i?2 BM7Q`K�iBQM pBbm�H@
Bx�iBQM /2bB;M bT�+2X AM S`Q+22/BM;b Q7 oAwǶNd, oBbm�HBx�iBQM *QM72`2M+2- AM@
7Q`K�iBQM oBbm�HBx�iBQM avKTQbBmK �M/ S�`�HH2H _2M/2`BM; avKTQbBmK- T�;2b
NkĜNNX A111- RNNdX

(k8) aim�`i E *�`/- CQ+F . J�+FBMH�v- �M/ "2M a?M2B/2`K�MX _2�/BM;b BM BM7Q`@
K�iBQM pBbm�HBx�iBQM, mbBM; pBbBQM iQ i?BMFX JQ`;�M E�m7K�MM- RNNNX

(ke) S�i`B+B� � *�`T2Mi2` �M/ S`BiB a?�?X � KQ/2H Q7 i?2 T2`+2Tim�H �M/ +QM+2T@
im�H T`Q+2bb2b BM ;`�T? +QKT`2?2MbBQMX CQm`M�H Q7 1tT2`BK2Mi�H Sbv+?QHQ;v,
�TTHB2/- 9UkV,d8- RNN3X

(kd) u�M; *?2M- a+Qii "�`HQr2- �M/ CBM; u�M;X *HB+Fk�MMQi�i2, �miQK�i2/ BMbB;?i
2ti2`M�HBx�iBQM rBi? `B+? b2K�MiB+bX AM S`Q+22/BM;b Q7 i?2 A111 avKTQbBmK
QM oBbm�H �M�HviB+b a+B2M+2 �M/ h2+?MQHQ;v Uo�ahV- T�;2b R88ĜRekX A111-
kyRyX

(k3) �M/`2� *?2b?B`2- GBM/2M C "�HH- �M/ *L G2rBbX a2H7@2tTH�M�iBQM- 722/#�+F
�M/ i?2 /2p2HQTK2Mi Q7 �M�HQ;B+�H `2�bQMBM; bFBHHb, JB+`Q;2M2iB+ 2pB/2M+2 7Q` �
K2i�+Q;MBiBp2 T`Q+2bbBM; �++QmMiX AM S`Q+22/BM;b Q7 i?2 hr2Miv@a2+QM/ �MMm�H
*QM72`2M+2 Q7 i?2 *Q;MBiBp2 a+B2M+2 aQ+B2iv- 2/X ": "�`�- GX "�`b�HQm � JX
"m++B�`2HHB- T�;2b 9j8Ĝ9RX *Bi2b22`- kyy8X

(kN) JB+?2H2M2 h> *?BX a2H7@2tTH�BMBM; 2tTQbBiQ`v i2tib, h?2 /m�H T`Q+2bb2b Q7
;2M2`�iBM; BM72`2M+2b �M/ `2T�B`BM; K2Mi�H KQ/2HbX �/p�M+2b BM BMbi`m+iBQM�H
Tbv+?QHQ;v- 8,ReRĜkj3- kyyyX

(jy) JB+?2H2M2 h> *?B- JB`B�K "�bbQF- J�ii?2r q G2rBb- S2i2` _2BK�MM- �M/
_Q#2`i :H�b2`X a2H7@2tTH�M�iBQMb, >Qr bim/2Mib bim/v �M/ mb2 2t�KTH2b BM
H2�`MBM; iQ bQHp2 T`Q#H2KbX *Q;MBiBp2 b+B2M+2- RjUkV,R98ĜR3k- RN3NX



Rkd

(jR) JB+?2H2M2 h> *?B- LB+?QH�b G22mr- J2B@>mM; *?Bm- �M/ *?`BbiB�M G�@
o�M+?2`X 1HB+BiBM; b2H7@2tTH�M�iBQMb BKT`Qp2b mM/2`bi�M/BM;X *Q;MBiBp2 b+B@
2M+2- R3UjV,9jNĜ9dd- RNN9X

(jk) qBHHB�K a *H2p2H�M/ �M/ _Q#2`i J+:BHHX :`�T?B+�H T2`+2TiBQM, h?2Q`v- 2tT2`@
BK2Mi�iBQM- �M/ �TTHB+�iBQM iQ i?2 /2p2HQTK2Mi Q7 ;`�T?B+�H K2i?Q/bX CQm`M�H
Q7 i?2 �K2`B+�M bi�iBbiB+�H �bbQ+B�iBQM- dNUj3dV,8jRĜ889- a2Ti2K#2` RN39X

(jj) C�+Q# *Q?2MX ai�iBbiB+�H TQr2` �M�HvbBb 7Q` i?2 #2?�pBQ`�H b+B2M+2bX _QmiH2/;2-
kyRjX

(j9) S�i`B+B� *Q?2MX >B`BM; bHQr2/ BM b2Ti2K#2` �b mM2KTHQvK2Mi `�i2 72HH iQ �
8y@v2�` HQrX h?2 L2r uQ`F hBK2b- LQp R- kyRN- ?iiTb,ffMviBXKbfk�6S*[dǲ
kyRNX

(j8) qBHHB�K : *QH2 �M/ C�M2i 1 .�pB/bQMX :`�T?B+ `2T`2b2Mi�iBQM +�M H2�/ iQ
7�bi �M/ �++m`�i2 #�v2bB�M `2�bQMBM;X AM S`Q+22/BM;bX avKTQbBmK QM *QKTmi2`
�TTHB+�iBQMb BM J2/B+�H *�`2- T�;2b kkdĜkjRX �K2`B+�M J2/B+�H AM7Q`K�iB+b
�bbQ+B�iBQM- RN3NX

(je) qBHHB�K : *QH2 �M/ C�M2i 1 .�pB/bQMX :`�T?B+ `2T`2b2Mi�iBQM +�M H2�/ iQ
7�bi �M/ �++m`�i2 #�v2bB�M `2�bQMBM;X AM S`Q+22/BM;bX avKTQbBmK QM *QKTmi2`
�TTHB+�iBQMb BM J2/B+�H *�`2- pQHmK2 ky- T�;2b kkdĜkjRX �K2`B+�M J2/B+�H
AM7Q`K�iB+b �bbQ+B�iBQM- RN3NX

(jd) *`BbiBM� *QM�iB �M/ Em`i o�MH2?MX hQr�`/ +QKTmi2`@#�b2/ bmTTQ`i Q7 K2i�@
+Q;MBiBp2 bFBHHb, � +QKTmi�iBQM�H 7`�K2rQ`F iQ +Q�+? b2H7@2tTH�M�iBQMX AMi2`@
M�iBQM�H CQm`M�H Q7 �`iB}+B�H AMi2HHB;2M+2 BM 1/m+�iBQM UAC�A1.V- RR,j3NĜ9R8-
kyyyX

(j3) JB+?�2H *Q``2HH �M/ JB+?�2H :H2B+?2`X 1``Q` #�`b +QMbB/2`2/ ?�`K7mH, 1tTHQ`@
BM; �Hi2`M�i2 2M+Q/BM;b 7Q` K2�M �M/ 2``Q`X A111 i`�Mb�+iBQMb QM pBbm�HBx�iBQM
�M/ +QKTmi2` ;`�T?B+b- kyURkV,kR9kĜkR8R- .2+2K#2` kyR9X

(jN) JB+?�2H *Q``2HH- .QKBMBF JQ`Bix- �M/ C2z`2v >22`X o�Hm2@bmTT`2bbBM; mM+2`@
i�BMiv T�H2ii2bX AM S`Q+22/BM;b Q7 i?2 kyR3 *>A *QM72`2M+2 QM >mK�M 6�+iQ`b
BM *QKTmiBM; avbi2Kb- T�;2 e9kX �*J- kyR3X

(9y) G2/� *QbKB/2b �M/ CQ?M hQQ#vX �`2 ?mK�Mb ;QQ/ BMimBiBp2 bi�iBbiB+B�Mb �7@
i2` �HH\ `2i?BMFBM; bQK2 +QM+HmbBQMb 7`QK i?2 HBi2`�im`2 QM Dm/;K2Mi mM/2`
mM+2`i�BMivX +Q;MBiBQM- 83URV,RĜdj- RNNeX



Rk3

(9R) L2HbQM *Qr�MX �ii2MiBQM �M/ K2KQ`v, �M BMi2;`�i2/ 7`�K2rQ`FX Pt7Q`/
lMBp2`bBiv S`2bb- RNN3X

(9k) _B+?�`/ *QtX _2T`2b2Mi�iBQM +QMbi`m+iBQM- 2ti2`M�HBb2/ +Q;MBiBQM �M/ BM/B@
pB/m�H /Bz2`2M+2bX G2�`MBM; �M/ BMbi`m+iBQM- NU9V,j9jĜjej- RNNNX

(9j) h`2pQ` C .�pBb �M/ * S2i2` E2HH2`X JQ/2HHBM; �M/ pBbm�HBxBM; KmHiBTH2 bT�iB�H
mM+2`i�BMiB2bX *QKTmi2`b � :2Qb+B2M+2b- kjU9V,jNdĜ9y3- RNNdX

(99) ai�MBbH�b .2?�2M2X h?2 MmK#2` b2Mb2, >Qr i?2 KBM/ +`2�i2b K�i?2K�iB+bX
PlS la�- kyRRX

(98) �/2HBM2 .2H�p�M/2X J2�bm`BM; `2pBbBQMb iQ bm#D2+iBp2 2tT2+i�iBQMbX CQm`M�H
Q7 _BbF �M/ lM+2`i�BMiv- jeURV,9jĜ3k- kyy3X

(9e) L�i?�M 6 .B2+FK�MM- _Q#BM :`2;Q`v- 1HH2M S2i2`b- �M/ _Q#2`i >�`iK�MX
a22BM; r?�i vQm r�Mi iQ b22, >Qr BKT`2+Bb2 mM+2`i�BMiv `�M;2b 2M?�M+2 KQ@
iBp�i2/ `2�bQMBM;X _BbF �M�HvbBb- jdUjV,9dRĜ93e- kyRdX

(9d) C2z .QKBMBix �M/ *?�`H2b 6 J�MbFBX J2�bm`BM; �M/ BMi2`T`2iBM; 2tT2+i�iBQMb
Q7 2[mBiv `2im`MbX CQm`M�H Q7 �TTHB2/ 1+QMQK2i`B+b- keUjV,j8kĜjdy- kyRRX

(93) *?�`H2b _ 1?Hb+?H�2;2`- �b?iQM J a?Q`i`B/;2- �M/ JB+?�2H 6 :QQ/+?BH/X oB@
bm�HBxBM; bT�iB�H /�i� mM+2`i�BMiv mbBM; �MBK�iBQMX *QKTmi2`b � :2Qb+B2M+2b-
kjU9V,j3dĜjN8- RNNdX

(9N) _mi? " 1Fbi`QK- CQ?M q 6`2M+?- >�``v > >�`K�M- �M/ .B`�M .2`K2MX
J�Mm�H 7Q` FBi Q7 7�+iQ`@`272`2M+2/ +Q;MBiBp2 i2bibX S`BM+2iQM- LC, 1/m+�iBQM�H
i2biBM; b2`pB+2- RNdeX

(8y) S�QHQ 62/2`B+Q- �H#2`i �KQ`@�KQ`Ʀb- �M/ aBHpB� JBFb+?X � M2bi2/ rQ`F~Qr
KQ/2H 7Q` pBbm�H �M�HviB+b /2bB;M �M/ p�HB/�iBQMX AM S`Q+22/BM;b Q7 i?2 aBti?
qQ`Fb?QT QM "2vQM/ hBK2 �M/ 1``Q`b QM LQp2H 1p�Hm�iBQM J2i?Q/b 7Q` oB@
bm�HBx�iBQM- T�;2b Ry9ĜRRR- kyReX

(8R) S�QHQ 62/2`B+Q- J�`Fmb q�;M2`- �H2t�M/2` _BM/- �H#2`i �KQ`@�KQ`Ʀb- aBHpB�
JBFb+?- �M/ qQH7;�M; �B;M2`X h?2 `QH2 Q7 2tTHB+Bi FMQrH2/;2, � +QM+2Tim�H
KQ/2H Q7 FMQrH2/;2@�bbBbi2/ pBbm�H �M�HviB+bX kyRdX

(8k) JQMB+� :J 62`;mbQM@>2bbH2` �M/ hQM /2 CQM;X aim/vBM; T?vbB+b i2tib, .B7@
72`2M+2b BM bim/v T`Q+2bb2b #2ir22M ;QQ/ �M/ TQQ` T2`7Q`K2`bX *Q;MBiBQM �M/
AMbi`m+iBQM- dURV,9RĜ89- RNNyX



RkN

(8j) JB+?�2H 62`M�M/2b- GQ;�M q�HHb- a2�M JmMbQM- C2bbB+� >mHHK�M- �M/
J�ii?2r E�vX lM+2`i�BMiv /BbTH�vb mbBM; [m�MiBH2 /QiTHQib Q` +/7b BKT`Qp2
i`�MbBi /2+BbBQM@K�FBM;X AM S`Q+22/BM;b Q7 i?2 kyR3 *>A *QM72`2M+2 QM >mK�M
6�+iQ`b BM *QKTmiBM; avbi2Kb- T�;2 R99X �*J- kyR3X

(89) JB+?�2H 62`M�M/2b- GQ;�M q�HHb- a2�M JmMbQM- C2bbB+� >mHHK�M- �M/
J�ii?2r E�vX lM+2`i�BMiv /BbTH�vb mbBM; [m�MiBH2 /QiTHQib Q` +/7b BKT`Qp2
i`�MbBi /2+BbBQM@K�FBM;X AM S`Q+22/BM;b Q7 i?2 kyR3 *>A *QM72`2M+2 QM >mK�M
6�+iQ`b BM *QKTmiBM; avbi2Kb- T�;2 R99X �*J- kyR3X

(88) "�`m+? 6Bb+??Qz- .�MB2H E�?M2K�M- S�mH aHQpB+- �M/ �KQb hp2`bFvX 6Q` i?Qb2
+QM/2KM2/ iQ bim/v i?2 T�bi, >2m`BbiB+b �M/ #B�b2b BM ?BM/bB;?iX 6QmM/�iBQMb
Q7 +Q;MBiBp2 Tbv+?QHQ;v, *Q`2 `2�/BM;b- T�;2b ekRĜeje- kyykX

(8e) "2MM2ii G 6QtX � #�v2bB�M �TT`Q�+? iQ `2HB�#BHBiv �bb2bbK2MiX RNeeX

(8d) 6`�M+Bb :�HiQMX oQt TQTmHB Ui?2 rBb/QK Q7 +`Qr/bVX L�im`2- d8UdV,98yĜ98R-
RNydX

(83) _Q+BQ :�`+B�@_2i�K2`Q �M/ lH`B+? >Qz`�;2X oBbm�H `2T`2b2Mi�iBQM Q7 bi�iBb@
iB+�H BM7Q`K�iBQM BKT`Qp2b /B�;MQbiB+ BM72`2M+2b BM /Q+iQ`b �M/ i?2B` T�iB2MibX
aQ+B�H a+B2M+2 � J2/B+BM2- 3j,kdĜjj- kyRjX

(8N) �M/`2r :2HK�M- C2bbB+� >r�M;- �M/ �FB o2?i�`BX lM/2`bi�M/BM; T`2/B+iBp2
BM7Q`K�iBQM +`Bi2`B� 7Q` #�v2bB�M KQ/2HbX ai�iBbiB+b �M/ +QKTmiBM;- k9UeV,NNdĜ
RyRe- kyR9X

(ey) :2`/ :B;2`2Mx2` �M/ lH`B+? >Qz`�;2X >Qr iQ BKT`Qp2 #�v2bB�M `2�bQMBM; rBi?@
Qmi BMbi`m+iBQM, 7`2[m2M+v 7Q`K�ibX Sbv+?QHQ;B+�H `2pB2r- RykU9V,e39- RNN8X

(eR) .�MB2H : :QH/bi2BM �M/ :2`/ :B;2`2Mx2`X 6�bi �M/ 7`m;�H 7Q`2+�biBM;X AMi2`@
M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;- k8U9V,deyĜddk- kyyNX

(ek) .�MB2H : :QH/bi2BM �M/ .�pB/ _Qi?b+?BH/X G�v mM/2`bi�M/BM; Q7 T`Q#�#BHBiv
/Bbi`B#miBQMbX Cm/;K2Mi � .2+BbBQM J�FBM;- NURV,R- kyR9X

(ej) JB`B�K :`2Bb- h?Q`bi2M P?H2`- LB2Hb >2Mx2- �M/ �H#`2+?i a+?KB/iX AMp2b@
iB;�iBM; `2T`2b2Mi�iBQM �Hi2`M�iBp2b 7Q` +QKKmMB+�iBM; mM+2`i�BMiv iQ MQM@
2tT2`ibX AM A6AS *QM72`2M+2 QM >mK�M@*QKTmi2` AMi2`�+iBQM- T�;2b k8eĜkejX
aT`BM;2`- kyR8X

(e9) h?QK�b G :`B{i?b- *?�`H2b E2KT- �M/ CQb?m� " h2M2M#�mKX "�v2bB�M KQ/@
2Hb Q7 +Q;MBiBQMX kyy3X



Rjy

(e8) h?QK�b G :`B{i?b- 6�HF GB2/2`- �M/ LQ�? . :QQ/K�MX _�iBQM�H mb2 Q7
+Q;MBiBp2 `2bQm`+2b, G2p2Hb Q7 �M�HvbBb #2ir22M i?2 +QKTmi�iBQM�H �M/ i?2
�H;Q`Bi?KB+X hQTB+b BM *Q;MBiBp2 a+B2M+2- dUkV,kRdĜkkN- kyR8X

(ee) h?QK�b G :`B{i?b �M/ CQb?m� " h2M2M#�mKX PTiBK�H T`2/B+iBQMb BM 2p2`v/�v
+Q;MBiBQMX Sbv+?QHQ;B+�H b+B2M+2- RdUNV,dedĜddj- kyyeX

(ed) *�`QHBM� 1 >�;#2`;- �MMBF� J2?H2K- �MM2HB2 6�HF2p�HH- G�`b Jm?H- "�`#�`� *
6�K- >2M`BF P`ib i2`- SB2``2 a+QiM2v- .�MB2H Lv[pBbi- 1`BF a�KûM- GB Gm-
2i �HX h�`;2iBM; p2;7@# �b � MQp2H i`2�iK2Mi 7Q` BMbmHBM `2bBbi�M+2 �M/ ivT2 k
/B�#2i2bX L�im`2- 9NyUd9kyV,9keĜ9jy- kyRkX

(e3) G�`b S2i2` >�Mb2MX G�`;2 b�KTH2 T`QT2`iB2b Q7 ;2M2`�HBx2/ K2i?Q/ Q7 KQK2Mib
2biBK�iQ`bX 1+QMQK2i`B+�, CQm`M�H Q7 i?2 1+QMQK2i`B+ aQ+B2iv- T�;2b RykNĜ
Ry89- RN3kX

(eN) J�`v >2;�`ivX .B�;`�Kb BM i?2 KBM/ �M/ BM i?2 rQ`H/, _2H�iBQMb #2ir22M
BMi2`M�H �M/ 2ti2`M�H pBbm�HBx�iBQMbX AM .B�;`�KK�iB+ `2T`2b2Mi�iBQM �M/ BM@
72`2M+2- pQHmK2 3- T�;2b RĜRjX aT`BM;2`- kyy9X

(dy) J�`v >2;�`iv �M/ a�`�? E`BxX 1z2+ib Q7 FMQrH2/;2 �M/ bT�iB�H �#BHBiv QM
H2�`MBM; 7`QK �MBK�iBQMX G2�`MBM; rBi? �MBK�iBQM, _2b2�`+? BKTHB+�iBQMb 7Q`
/2bB;M- T�;2b jĜkN- kyy3X

(dR) J�`v >2;�`iv- a�`�? E`Bx- �M/ *?`BbiBM� *�i2X h?2 `QH2b Q7 K2Mi�H �MBK�iBQMb
�M/ 2ti2`M�H �MBK�iBQMb BM mM/2`bi�M/BM; K2+?�MB+�H bvbi2KbX *Q;MBiBQM �M/
BMbi`m+iBQM- kRU9V,kyNĜk9N- kyyjX

(dk) J�`v >2;�`iv �M/ E�i?`vM ai2BM?QzX AM/BpB/m�H /Bz2`2M+2b BM mb2 Q7 /B�@
;`�Kb �b 2ti2`M�H K2KQ`v BM K2+?�MB+�H `2�bQMBM;X G2�`MBM; �M/ AM/BpB/m�H
/Bz2`2M+2b- NURV,RNĜ9k- RNNdX

(dj) C�F2 JX >Q7K�M- .�MB2H :X :QH/bi2BM- �M/ C2bbB+� >mHHK�MX >Qr pBbm�HBxBM;
BM72`2MiB�H mM+2`i�BMiv +�M KBbH2�/ `2�/2`b �#Qmi i`2�iK2Mi 2z2+ib BM b+B2MiB}+
`2bmHibX AM S`Q+22/BM;b Q7 i?2 kyky *>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM
*QKTmiBM; avbi2KbX �*J- kykyX

(d9) E�i?H22M G >Qm`B?�M �M/ ��`QM a "2MD�KBMX aK�HH2` Bb #2ii2` Ur?2M b�KTHBM;
7`QK i?2 +`Qr/ rBi?BMV, GQr K2KQ`v@bT�M BM/BpB/m�Hb #2M2}i KQ`2 7`QK
KmHiBTH2 QTTQ`imMBiB2b 7Q` 2biBK�iBQMX CQm`M�H Q7 1tT2`BK2Mi�H Sbv+?QHQ;v,
G2�`MBM;- J2KQ`v- �M/ *Q;MBiBQM- jeU9V,Rye3- kyRyX



RjR

(d8) C2bbB+� >mHHK�MX q?v �mi?Q`b /QMǶi pBbm�HBx2 mM+2`i�BMivX A111 i`�Mb�+iBQMb
QM pBbm�HBx�iBQM �M/ +QKTmi2` ;`�T?B+b- k8URV,NyjĜNRj- C�Mm�`v kyRNX

(de) C2bbB+� >mHHK�M- 1vi�M �/�`- �M/ S`BiB a?�?X h?2 BKT�+i Q7 bQ+B�H BM7Q`K�iBQM
QM pBbm�H Dm/;K2MibX AM S`Q+22/BM;b Q7 i?2 aA:*>A *QM72`2M+2 QM >mK�M
6�+iQ`b BM *QKTmiBM; avbi2Kb- pQHmK2 Rd- T�;2b R9eRĜR9dyX �*J- A111-
kyRRX

(dd) C2bbB+� >mHHK�M- J�ii?2r E�v- u2�@a2mH EBK- �M/ a�K�M� a?`2bi?�X AK�;BM@
BM; `2THB+�iBQMb, :`�T?B+�H T`2/B+iBQM � /Bb+`2i2 pBbm�HBx�iBQMb BKT`Qp2 `2+�HH
� 2biBK�iBQM Q7 2z2+i mM+2`i�BMivX _2T`Q/m+2/ �b 6B;m`2 e- kyR3X

(d3) C2bbB+� >mHHK�M- u2�@a2mH EBK- 6`�M+Bb L;mv2M- G�m`2M aT22`b- �M/ J�@
M22b? �;`�r�H�X AKT`QpBM; +QKT`2?2MbBQM Q7 K2�bm`2K2Mib mbBM; +QM+`2i2
`2@2tT`2bbBQM bi`�i2;B2bX AM S`Q+22/BM;b Q7 i?2 kyR3 *>A *QM72`2M+2 QM >m@
K�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- T�;2 j9X �*J- kyR3X

(dN) C2bbB+� >mHHK�M- S�mH _2bMB+F- �M/ 1vi�M �/�`X >vTQi?2iB+�H Qmi+QK2 THQib
QmiT2`7Q`K 2``Q` #�`b �M/ pBQHBM THQib 7Q` BM72`2M+2b �#Qmi `2HB�#BHBiv Q7 p�`B@
�#H2 Q`/2`BM;X SHQa QM2- RyURRV,2yR9k999- kyR8X

(3y) 1/rBM >mi+?BMbX *Q;MBiBQM BM i?2 qBH/X JAh T`2bb- RNN8X

(3R) aB`FF� G C�`p2MT��X :`�T?B+ /BbTH�vb BM /2+BbBQM K�FBM; i?2 pBbm�H b�HB2M+2
2z2+iX CQm`M�H Q7 "2?�pBQ`�H .2+BbBQM J�FBM;- jU9V,k9dĜkek- RNNyX

(3k) qBHbQM �M/`2rb CQb? E�iw �M/ C2`2Kv "Qr2`bX 1H2+iBQMb kyR9, J�F2
vQm` QrM b2M�i2 7Q`2+�biX h?2 L2r uQ`F hBK2b- a2T k- kyR9-
?iiT,ffMviBXKbfRTH7Avpǲ kyR9X

(3j) *?`BbiQT?2` E�2b2`X � /�v BM i?2 HB72X h?2 q�HH ai`22i CQm`M�H- CmM2 k9- kyR8-
kyR8X

(39) .�MB2H E�?M2K�M �M/ S�i`B+F 1;�MX h?BMFBM;- 7�bi �M/ bHQr- pQHmK2 RX 6�``�`-
ai`�mb �M/ :B`Qmt L2r uQ`F- kyRRX

(38) �H2t E�H2- 6`�M+Bb L;mv2M- J�ii?2r E�v- �M/ C2bbB+� >mHHK�MX >vTQi?2iB+�H
Qmi+QK2 THQib ?2HT mMi`�BM2/ Q#b2`p2`b Dm/;2 i`2M/b BM �K#B;mQmb /�i�X A111
i`�Mb�+iBQMb QM pBbm�HBx�iBQM �M/ +QKTmi2` ;`�T?B+b- kyR3X



Rjk

(3e) J�ii?2r E�v- h�`� EQH�- C2bbB+� _ >mHHK�M- �M/ a2�M � JmMbQMX q?2M UBb?V
Bb Kv #mb\, lb2`@+2Mi2`2/ pBbm�HBx�iBQMb Q7 mM+2`i�BMiv BM 2p2`v/�v- KQ#BH2
T`2/B+iBp2 bvbi2KbX AM S`Q+22/BM;b Q7 i?2 kyRe *>A *QM72`2M+2 QM >mK�M
6�+iQ`b BM *QKTmiBM; avbi2Kb- T�;2b 8yNkĜ8RyjX �*J- kyReX

(3d) .�MB2H E2`bi2M �M/ �H�M umBHH2X "�v2bB�M KQ/2Hb Q7 Q#D2+i T2`+2TiBQMX *m``2Mi
QTBMBQM BM M2m`Q#BQHQ;v- RjUkV,R8yĜR83- kyyjX

(33) u2�@a2mH EBK- C2bbB+� >mHHK�M- �M/ J�M22b? �;`�r�H�X :2M2`�iBM; T2`bQM�H@
Bx2/ bT�iB�H �M�HQ;B2b 7Q` /Bbi�M+2b �M/ �`2�bX AM S`Q+22/BM;b Q7 i?2 kyRe *>A
*QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM; avbi2Kb- T�;2b j3Ĝ93X �*J-
kyReX

(3N) u2�@a2mH EBK- E�i?�`BM� _2BM2+F2- �M/ C2bbB+� >mHHK�MX 1tTH�BMBM; i?2 ;�T,
oBbm�HBxBM; QM2Ƕb T`2/B+iBQMb BKT`Qp2b `2+�HH �M/ +QKT`2?2MbBQM Q7 /�i�X AM
S`Q+22/BM;b Q7 i?2 kyRd *>A *QM72`2M+2 QM >mK�M 6�+iQ`b BM *QKTmiBM;
avbi2Kb- T�;2b Rjd8ĜRj3eX �*J- kyRdX

(Ny) u2�@a2mH EBK- E�i?�`BM� _2BM2+F2- �M/ C2bbB+� >mHHK�MX .�i� i?`Qm;? Qi?2`bǶ
2v2b, h?2 BKT�+i Q7 pBbm�HBxBM; Qi?2`bǶ 2tT2+i�iBQMb QM pBbm�HBx�iBQM BMi2`T`2@
i�iBQMX A111 i`�Mb�+iBQMb QM pBbm�HBx�iBQM �M/ +QKTmi2` ;`�T?B+b- k9URV,deyĜ
deN- kyR3X

(NR) u2�@a2mH EBK- L�i?�HB2 >2M`v _B+?2- "QM;b?BM G22- J�ii?2r "`2?K2`- JB+?2H
S�?m/- E2M >BM+FH2v- �M/ C2bbB+� >mHHK�MX AMFBM; vQm` BMbB;?ib, AMp2biB;�iBM;
/B;Bi�H 2ti2`M�HBx�iBQM #2?�pBQ`b /m`BM; /�i� �M�HvbBbX AM S`Q+22/BM;b Q7 i?2
kyRN �*J AMi2`�+iBp2 am`7�+2 �M/ aT�+2bX �*J- kyRNX

(Nk) uQmM;?QQM EBK- E�MBi qQM;bmT?�b�r�i- C2bbB+� >mHHK�M- �M/ C2z`2v >22`X
:`�T?b+�T2, � KQ/2H 7Q` �miQK�i2/ `2�bQMBM; �#Qmi pBbm�HBx�iBQM bBKBH�`Biv
�M/ b2[m2M+BM;X AM S`Q+22/BM;b Q7 i?2 kyRd *>A *QM72`2M+2 QM >mK�M 6�+iQ`b
BM *QKTmiBM; avbi2Kb- T�;2b kek3Ĝkej3X �*J- kyRdX

(Nj) .�pB/ EB`b?X h?BMFBM; rBi? 2ti2`M�H `2T`2b2Mi�iBQMbX �A � aQ+B2iv- k8U9V,99RĜ
989- kyRyX

(N9) ai2T?2M J EQbbHvMX lM/2`bi�M/BM; +?�`ib �M/ ;`�T?bX �TTHB2/ +Q;MBiBp2
Tbv+?QHQ;v- jUjV,R38Ĝkk8- RN3NX

(N8) aQHQKQM EmHH#�+F �M/ _B+?�`/ � G2B#H2`X PM BM7Q`K�iBQM �M/ bm{+B2M+vX h?2
�MM�Hb Q7 K�i?2K�iB+�H bi�iBbiB+b- kkURV,dNĜ3e- RN8RX



Rjj

(Ne) CBHH > G�`FBM �M/ >2`#2`i � aBKQMX q?v � /B�;`�K Bb UbQK2iBK2bV rQ`i? i2M
i?Qmb�M/ rQ`/bX *Q;MBiBp2 b+B2M+2- RRURV,e8ĜRyy- RN3dX

(Nd) "QM;b?BM G22- :`2; aKBi?- L�i?�HB2 >2M`v _B+?2- �Kv E�`HbQM- �M/ a?22H�;?
*�`T2M/�H2X aF2i+?BMbB;?i, L�im`�H /�i� 2tTHQ`�iBQM QM BMi2`�+iBp2 r?Bi2@
#Q�`/b H2p2`�;BM; T2M �M/ iQm+? BMi2`�+iBQMX AM S`Q+22/BM;b Q7 i?2 A111
S�+B}+ oBbm�HBx�iBQM avKTQbBmK US�+B}+oBbV- T�;2b RNNĜkyeX A111- kyR8X

(N3) ai2T?�M G2r�M/QrbFv- h?QK�b G :`B{i?b- �M/ JB+?�2H G E�HBb?X h?2 rBb@
/QK Q7 BM/BpB/m�Hb, 1tTHQ`BM; T2QTH2Ƕb FMQrH2/;2 �#Qmi 2p2`v/�v 2p2Mib mbBM;
Bi2`�i2/ H2�`MBM;X *Q;MBiBp2 b+B2M+2- jjUeV,NeNĜNN3- kyyNX

(NN) w?B+?2M; GBm �M/ CQ?M h ai�bFQX J2Mi�H KQ/2Hb- pBbm�H `2�bQMBM; �M/ BM@
i2`�+iBQM BM BM7Q`K�iBQM pBbm�HBx�iBQM, � iQT@/QrM T2`bT2+iBp2X oBbm�HBx�iBQM
�M/ *QKTmi2` :`�T?B+b- A111 h`�Mb�+iBQMb QM- ReUeV,NNNĜRyy3- kyRyX

(Ryy) CQ+F J�+FBMH�vX �miQK�iBM; i?2 /2bB;M Q7 ;`�T?B+�H T`2b2Mi�iBQMb Q7 `2H�iBQM�H
BM7Q`K�iBQMX �+K h`�Mb�+iBQMb PM :`�T?B+b UhQ;V- 8UkV,RRyĜR9R- �T`BH RN3eX

(RyR) *?�`H2b 6 J�MbFBX am`p2v K2�bm`2K2Mi Q7 T`Q#�#BHBbiB+ K�+`Q2+QMQKB+ 2tT2+@
i�iBQMb, T`Q;`2bb �M/ T`QKBb2X L"1_ J�+`Q2+QMQKB+b �MMm�H- jkURV,9RRĜ9dR-
kyR3X

(Ryk) "BHH J�`b?X �`2 r2 BM i?2 KB/bi Q7 � bBti? K�bb 2tiBM+iBQM\ h?2 L2r uQ`F
hBK2b- CmM2 R- kyRk- kyRkX

(Ryj) _B+?�`/ 1 J�v2`X *Q;MBiBp2 i?2Q`v Q7 KmHiBK2/B� H2�`MBM;X h?2 *�K#`B/;2
?�M/#QQF Q7 KmHiBK2/B� H2�`MBM;- 9j- kyR9X

(Ry9) LBM� J+*m`/v- CmHB2 :2`/2b- �M/ JB`B�? J2v2`X � 7`�K2rQ`F 7Q` 2ti2`M�HBxBM;
BKTHB+Bi 2``Q` mbBM; pBbm�HBx�iBQMX A111 i`�Mb�+iBQMb QM pBbm�HBx�iBQM �M/
+QKTmi2` ;`�T?B+b- k8URV,Nk8ĜNj8- kyR3X

(Ry8) _A*>�_. J*1G_1�h>X _1h>ALEAL: �L _ S�*E�:1 6P_ 6AhhAL:
�L. J�LASlG�hAL: "�u1aA�L JP.1Ga o1_aAPL RX8e- kyReX

(Rye) _B+?�`/ J+1H`2�i?X ai�iBbiB+�H _2i?BMFBM;, � "�v2bB�M *Qm`b2 rBi? 1t�KTH2b
BM _ �M/ ai�MX *_* S`2bb- kyR3X

(Ryd) E2MM2i? P J+:`�r �M/ aS qQM;X � +QKKQM H�M;m�;2 2z2+i bBx2 bi�iBbiB+X
Sbv+?QHQ;B+�H #mHH2iBM- RRRUkV,jeR- RNNkX



Rj9

(Ry3) .�MB2HH2 a J+L�K�`�- h2M�?� PǶ_2BHHv- JB+?�2H _Qr2- *?miBK� "QQMi?mK-
�M/ A" G2pBMbi2BMX Bbi�`i, � r2#@#�b2/ imiQ` i?�i i2�+?2b b2H7@2tTH�M�iBQM �M/
K2i�+Q;MBiBp2 `2�/BM; bi`�i2;B2bX _2�/BM; +QKT`2?2MbBQM bi`�i2;B2b, h?2Q`B2b-
BMi2`p2MiBQMb- �M/ i2+?MQHQ;B2b- T�;2b jNdĜ9kR- kyydX

(RyN) Gm�M� JB+�HH27- SB2``2 .`�;B+2pB+- �M/ C2�M@.�MB2H 62F2i2X �bb2bbBM; i?2 2z2+i
Q7 pBbm�HBx�iBQMb QM #�v2bB�M `2�bQMBM; i?`Qm;? +`Qr/bQm`+BM;X A111 h`�Mb@
�+iBQMb QM oBbm�HBx�iBQM �M/ *QKTmi2` :`�T?B+b- R3URkV,k8jeĜk898- kyRkX

(RRy) J�`Fmb J JQ2#Bmb- Jm`B2H LB2/2`H2- S�mH LB2?�mb- �M/ h�Mv� a _Qb2M#H�iX
J�M�;BM; b2H7@+QM}/2M+2, h?2Q`v �M/ 2tT2`BK2Mi�H 2pB/2M+2X h2+?MB+�H `2@
TQ`i- L�iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?- kyRRX

(RRR) >2/rB; J L�ii2` �M/ .B�MM2 * "2``vX 1z2+ib Q7 �+iBp2 BM7Q`K�iBQM T`Q+2bb@
BM; QM i?2 mM/2`bi�M/BM; Q7 `BbF BM7Q`K�iBQMX �TTHB2/ *Q;MBiBp2 Sbv+?QHQ;v-
RNURV,RkjĜRj8- kyy8X

(RRk) �Mi?QMv PǶ>�;�M- *�BiHBM 1 "m+F- �HB`2x� .�M2b?F?�?- C _B+?�`/ 1Bb2`-
S�mH > :�`i?r�Bi2- .�pB/ C C2MFBMbQM- C2`2Kv 1 P�FH2v- �M/ hBK _�FQrX
lM+2`i�BM Dm/;2K2Mib, 2HB+BiBM; 2tT2`ibǶ T`Q#�#BHBiB2bX CQ?M qBH2v � aQMb-
kyyeX

(RRj) �HpBii� PiiH2v- "HQbbQK J2i2pB2`- SE >�M- �M/ _2K+Q *?�M;X oBbm�HHv +QK@
KmMB+�iBM; #�v2bB�M bi�iBbiB+b iQ H�vT2`bQMbX AM h2+?MB+�H _2TQ`iX hm7ib lMB@
p2`bBiv- kyRkX

(RR9) �HpBii� PiiH2v- 1p�M J S2+F- G�M2 h >�``BbQM- .�MB2H �72`;�M- *�`QHBM2
wB2KFB2rB+x- >QHHv � h�vHQ`- S�mH EC >�M- �M/ _2K+Q *?�M;X AKT`QpBM;
#�v2bB�M `2�bQMBM;, h?2 2z2+ib Q7 T?`�bBM;- pBbm�HBx�iBQM- �M/ bT�iB�H �#BH@
BivX A111 i`�Mb�+iBQMb QM pBbm�HBx�iBQM �M/ +QKTmi2` ;`�T?B+b- kkURV,8kNĜ8j3-
kyR8X

(RR8) G�+2 J S�/BHH�- a�`�? > *`22K@_2;2?`- J�`v >2;�`iv- �M/ C2�MBM2 E ai2@
7�Mm++BX .2+BbBQM K�FBM; rBi? pBbm�HBx�iBQMb, � +Q;MBiBp2 7`�K2rQ`F �+`Qbb
/Bb+BTHBM2bX *Q;MBiBp2 `2b2�`+?, T`BM+BTH2b �M/ BKTHB+�iBQMb- jURV,kN- kyR3X

(RRe) ai2p2M SBMF2`X � i?2Q`v Q7 ;`�T? +QKT`2?2MbBQMX �`iB}+B�H BMi2HHB;2M+2 �M/
i?2 7mim`2 Q7 i2biBM;- T�;2b djĜRke- RNNyX

(RRd) S2i2` SB`QHHB �M/ J�`;�`2i _2+F2`X G2�`MBM; bi`�i2;B2b �M/ i`�Mb72` BM i?2
/QK�BM Q7 T`Q;`�KKBM;X *Q;MBiBQM �M/ BMbi`m+iBQM- RkUjV,kj8Ĝkd8- RNN9X



Rj8

(RR3) E`BbiBM SQii2`- JBF2 EB`#v- .QM;#BM sBm- �M/ *?`Bb _ CQ?MbQMX AMi2`�+iBp2
pBbm�HBx�iBQM Q7 T`Q#�#BHBiv �M/ +mKmH�iBp2 /2MbBiv 7mM+iBQMbX AMi2`M�iBQM�H
DQm`M�H 7Q` mM+2`i�BMiv [m�MiB}+�iBQM- kU9V,kkeĜk9N- kyRkX

(RRN) .`�x2M S`2H2+X 6BHi2`BM; bm`p2v `2bTQM/2Mib rBi? #�v2bB�M i`mi? b2`mK, �T@
THB+�iBQM iQ i?2 kyR3 mb ?Qmb2 2H2+iBQMbX S`2b2Mi�iBQM �i E2HHQ;; "mbBM2bb
a+?QQH LQ`i?r2bi2`M lMBp2`bBiv- �T`BH kyRNX

(Rky) .`�ʈ2M S`2H2+- > a2#�biB�M a2mM;- �M/ CQ?M J+*QvX � bQHmiBQM iQ i?2 bBM;H2@
[m2biBQM +`Qr/ rBb/QK T`Q#H2KX L�im`2- 89RUdej3V,8jk- kyRdX

(RkR) �H2t�M/2` _2MFHX G2�`MBM; 7`QK rQ`F2/@Qmi 2t�KTH2b, � bim/v QM BM/BpB/m�H
/Bz2`2M+2bX *Q;MBiBp2 b+B2M+2- kRURV,RĜkN- RNNdX

(Rkk) �H2t�M/2` _2MFH- _Q#BM ai�`F- >�Mb :`m#2`- �M/ >2BMx J�M/HX G2�`MBM;
7`QK rQ`F2/@Qmi 2t�KTH2b, h?2 2z2+ib Q7 2t�KTH2 p�`B�#BHBiv �M/ 2HB+Bi2/ b2H7@
2tTH�M�iBQMbX *QMi2KTQ`�`v 2/m+�iBQM�H Tbv+?QHQ;v- kjURV,NyĜRy3- RNN3X

(Rkj) J�`;m2`Bi2 _Qv �M/ JB+?2H2M2 h> *?BX h?2 b2H7@2tTH�M�iBQM T`BM+BTH2 BM
KmHiBK2/B� H2�`MBM;X h?2 *�K#`B/;2 ?�M/#QQF Q7 KmHiBK2/B� H2�`MBM;- T�;2b
kdRĜk3e- kyy8X

(Rk9) _ _v�MX a2H7@2tTH�M�iBQM �M/ �/�Ti�iBQMX Sbv+?QHQ;v- RNNeX

(Rk8) .QKBMBF a�+?�- >�MbB a2M�`�iM2- "mK *?mH ErQM- :2Qz`2v 1HHBb- �M/
.�MB2H � E2BKX h?2 `QH2 Q7 mM+2`i�BMiv- �r�`2M2bb- �M/ i`mbi BM pBbm�H �M�Hvi@
B+bX A111 i`�Mb�+iBQMb QM pBbm�HBx�iBQM �M/ +QKTmi2` ;`�T?B+b- kkURV,k9yĜk9N-
kyR8X

(Rke) .QKBMBF a�+?�- �M/`2�b aiQz2H- 6HQ`B�M aiQz2H- "mK *?mH ErQM- :2Qz`2v
1HHBb- �M/ .�MB2H � E2BKX EMQrH2/;2 ;2M2`�iBQM KQ/2H 7Q` pBbm�H �M�HviB+bX
A111 i`�Mb�+iBQMb QM pBbm�HBx�iBQM �M/ +QKTmi2` ;`�T?B+b- kyURkV,Rey9ĜReRj-
kyR9X

(Rkd) S`BiB a?�?- _B+?�`/ 1 J�v2`- �M/ J�`v >2;�`ivX :`�T?b �b �B/b iQ FMQrH2/;2
+QMbi`m+iBQM, aB;M�HBM; i2+?MB[m2b 7Q` ;mB/BM; i?2 T`Q+2bb Q7 ;`�T? +QKT`2@
?2MbBQMX CQm`M�H Q7 1/m+�iBQM�H Sbv+?QHQ;v- NRU9V,eNy- RNNNX

(Rk3) L�i2 aBHp2`X 6BM�H 2H2+iBQM mT/�i2, h?2`2Ƕb � rB/2 `�M;2 Q7 Qmi+QK2b-
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