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6XSSRVH FRPSHWHQW HFRQRPLVWV REWDLQ FRPPRQ LQIRUPDWLRQ RQ EXVLQHVV IRUHFDVWV� DQG

LQFRPSHWHQW HFRQRPLVWV REWDLQ LQGHSHQGHQW LQIRUPDWLRQ� ,I QR RQH NQRZV ZKR LV DEOH�

\RXQJ HFRQRPLVWV PLPLF RWKHUV EHFDXVH D IRUHFDVW GLIIHUHQW IURP RWKHUV LQGLFDWHV

LQDELOLW\ ZKHQ LW SURYHV ZURQJ� $Q ROGHU HFRQRPLVW� KRZHYHU� FDQ LQIHU KLV DELOLW\ IURP

SDVW LQIRUPDWLRQ� 7KRVH ZKR JRW XVHIXO LQIRUPDWLRQ VWRS KHUGLQJ WR VLJQDO WKHLU DELOLW\

ZKHQ HFRQRPLVWV DUH KHWHURJHQHRXV� $OO HFRQRPLVWV KHUG WRJHWKHU ZKHQ HFRQRPLVWV DUH

KRPRJHQRXV DQG WKH PHULW IURP VLJQDOLQJ LV VPDOO� 7KH HPSLULFDO UHVXOW VXJJHVWV WKDW

-DSDQHVH HFRQRPLVWV DUH PRUH KRPRJHQRXV WKDQ $PHULFDQ�
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�� ,QWURGXFWLRQ

3HRSOH SRLQW RXW ¨KHUG EHKDYLRU© DV D QRWDEOH IHDWXUH RI -DSDQHVH ZRUNHUV� 7KH\ VD\ WKDW

-DSDQHVH ZRUNHUV ODFN RULJLQDOLW\ DQG DOZD\V PLPLF FROOHDJXHV RU ZRUNHUV RI RWKHU

ILUPV� 7KLV SDSHU DQDO\]HV ZKHWKHU -DSDQHVH ZRUNHUV UHDOO\ KHUG WRJHWKHU XVLQJ

PDFURHFRQRPLF IRUHFDVW GDWD RI -DSDQHVH HFRQRPLVWV� ,W LV WKH ILUVW HPSLULFDO VWXG\ RQ

KHUG EHKDYLRU LQ -DSDQ�

6FKDUIVWHLQ DQG 6WHLQ ������ VXJJHVW WKDW DQ HFRQRPLVW PD\ KHUG WR NHHS KLV

UHSXWDWLRQ�� 6XSSRVH HFRQRPLVWV ZLWK KLJK DELOLW\ REWDLQ FRPPRQ LQIRUPDWLRQ RQ

EXVLQHVV IRUHFDVWV� DQG HFRQRPLVWV ZLWK ORZ DELOLW\ REWDLQ LQGHSHQGHQW LQIRUPDWLRQ� � ,I

QR RQH NQRZV ZKR LV DEOH� HFRQRPLVWV DUH HYDOXDWHG E\ WKHLU IRUHFDVWV� 7KHQ WKH\ KDYH

DQ LQFHQWLYH WR LPLWDWH HDFK RWKHU VLQFH D IRUHFDVW GLIIHUHQW IURP RWKHUV LQGLFDWHV

LQDELOLW\ ZKHQ LW SURYHV ZURQJ�

7KLV DUJXPHQW ILWV ZHOO ZLWK D \RXQJ HFRQRPLVW VLQFH KH KDV QR ZD\ WR SURYH KLV

DELOLW\� $Q ROG HFRQRPLVW� KRZHYHU� PD\ VWRS KHUGLQJ ZKHQ IRUHFDVWV DUH PDGH

UHSHDWHGO\� 6LQFH DQ HFRQRPLVW JUDGXDOO\ XQGHUVWDQGV WKH YDOXH RI KLV LQIRUPDWLRQ� KH

KDV DQ LQFHQWLYH WR PDNH IRUHFDVWV EDVHG RQ KLV LQIRUPDWLRQ RQO\ LI LW ZDV YDOXDEOH LQ

WKH SDVW� 7KHUHIRUH DQ ROGHU HFRQRPLVW FDQ VLJQDO KLV DELOLW\ E\ IROORZLQJ KLV RZQ

LQIRUPDWLRQ�

:KHQ HFRQRPLVWV DUH KHWHURJHQHRXV� WKH EHQHILW IURP VLJQDOLQJ LV ODUJH�

$FFRUGLQJO\� WKHUH H[LVWV D VHSDUDWLQJ HTXLOLEULXP LQ ZKLFK RQO\ WKRVH ZKR JRW XVHIXO

LQIRUPDWLRQ LQ WKH SDVW VWRS KHUGLQJ� 7KHQ IRUHFDVWV WHQG WR EH PRUH GLVSHUVHG DV

HFRQRPLVWV JURZ ROGHU� � :KHQ HFRQRPLVWV DUH KRPRJHQHRXV� RQ WKH RWKHU KDQG� ROG

HFRQRPLVWV FRQWLQXH KHUGLQJ VLQFH WKH PHULW IURP VLJQDOLQJ LV VPDOO�

7KH ODWWHU KDOI RI WKLV SDSHU LQYHVWLJDWHV WKH UHODWLRQ EHWZHHQ HFRQRPLVWV© DJH DQG
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GHJUHH RI KHUGLQJ� ,W XVHV WKH IRUHFDVW GDWD RI -DSDQHVH HFRQRPLVWV RQ -DSDQHVH UHDO

JURZWK UDWH LQ ¦0RQWKO\ 6WDWLVWLFV �7RNHL *HSSR�§� 7KH GHSHQGHQW YDULDEOH LV WKH GHJUHH

RI KHUGLQJ� ZKLFK LV GHILQHG DV WKH GLVWDQFH EHWZHHQ D IRUHFDVW RI DQ HFRQRPLVW DQG WKH

IRUHFDVW DYHUDJH H[FOXGLQJ KLP� 7KH LQGHSHQGHQW YDULDEOHV DUH ¨DJH© RI WKH HFRQRPLVW

�WKH \HDUV ZKLOH KH VWDUWV IRUHFDVWLQJ�� LQGLYLGXDO GXPPLHV� DQG WKH DYHUDJH GLVWDQFH

EHWZHHQ KLP DQG WKH IRUHFDVW DYHUDJH H[FOXGLQJ KLP �7KLV YDULDEOH LV DGGHG WR

HOLPLQDWH VSHFLILF IDFWRUV RI HDFK \HDU�� 7KHQ WKH FRHIILFLHQW RI ¨DJH© LV IRXQG WR EH

VPDOO DQG VWDWLVWLFDOO\ LQVLJQLILFDQW� ,W VXJJHVWV WKDW -DSDQHVH HFRQRPLVWV FRQWLQXH

KHUGLQJ DV WKH\ JURZ ROGHU�

/DPRQW ������ PDNHV WKH VDPH UHJUHVVLRQ XVLQJ $PHULFDQ GDWD� DQG REWDLQV WKH

UHVXOW WKDW ROGHU HFRQRPLVWV VWRS KHUGLQJ� � &RPSDUHG ZLWK WKH LPSOLFDWLRQ RI RXU PRGHO�

WKHVH UHVXOWV VXJJHVW WKDW -DSDQHVH HFRQRPLVWV DUH PRUH KRPRJHQRXV WKDQ $PHULFDQ�

7KLV SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � SURYLGHV WKH PRGHO LQ ZKLFK WZR

HFRQRPLVWV IRUHFDVW EXVLQHVV IOXFWXDWLRQ DFURVV WZR SHULRGV� 6HFWLRQ � DQDO\]HV WKH

HTXLOLEULXP� 6HFWLRQ � H[SODLQV GDWD DQG UHSRUWV WKH HVWLPDWHG UHVXOW� 6HFWLRQ �

FRQFOXGHV WKLV SDSHU� $OO SURRIV RI SURSRVLWLRQV DUH VXPPDUL]HG LQ WKH $SSHQGL[�

�� 7KH 0RGHO

:H PRGLI\ WKH PRGHO RI 6FKDUIVWHLQ DQG 6WHLQ ������� 7KH VWUXFWXUH RI WKLV PRGHO LV

FRPPRQ NQRZOHGJH WR DOO SOD\HUV� 7KHUH DUH WZR ULVN�QHXWUDO HFRQRPLVWV� $ DQG %� ZKR

SUHGLFW WKH WUHQG RI WKH HFRQRP\ WKURXJK WZR SHULRGV� ,Q HDFK SHULRG� WKH\ FROOHFW

LQIRUPDWLRQ LQGHSHQGHQWO\ DQG UHSRUW ZKHWKHU WKH HFRQRP\ ZLOO KDYH DQ XSZDUG

WHQGHQF\ �X� RU LW ZLOO WDNH D GRZQZDUG WXUQ �G�� 7KH SULRU SUREDELOLW\ RI ERRP LV

DVVXPHG WR EH ��� LQ HDFK SHULRG� DQG WKHUH LV QR FRUUHODWLRQ EHWZHHQ EXVLQHVV
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FRQGLWLRQV RI SHULRG � DQG �� (DFK RI $ DQG % PD\ RU PD\ QRW EH D JRRG IRUHFDVWHU� EXW

QR RQH �LQFOXGLQJ KLPVHOI� NQRZV ZKR LV D JRRG IRUHFDVWHU� 7KH PDUNHW UHYLVHV WKH

HYDOXDWLRQ RI HDFK HFRQRPLVW EDVHG RQ ILWQHVV RI KLV IRUHFDVW� DQG HDFK HFRQRPLVW WULHV

WR REWDLQ D KLJKHU HYDOXDWLRQ�

$W WKH EHJLQQLQJ RI SHULRG �� WKH DELOLW\ RI $ DQG % DUH LQGHSHQGHQWO\ GHWHUPLQHG�

7KH SULRU SUREDELOLW\ WKDW HFRQRPLVW L LV DEOH LV θ �WKH SUREDELOLW\ WKDW KH LV QRW DEOH LV

θ−� �� 1R RQH NQRZV ZKR LV DEOH�

$W GDWH � LQ SHULRG �� $ DQG % UHFHLYHV D VLJQDO { }
����
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PDUNHW DW WKH ODVW GD\ RI SHULRG � WKDW HFRQRPLVW L LV DEOH� 7KHQ� VLQFH WKH IRUHFDVW RI

RWKHU HFRQRPLVW LV XVHIXO LQ HYDOXDWLRQ�

( )
����

�ÅÅ UK
LL θ=θ LI ( ) �3U

��
>UK �

( )
���

�Å ,K
Lθ= LI ( ) �3U

��
=$$

U5 � DQG

( )( )%$L
,UK
����

��Åθ= LI ( ) �3U
��

>$$
U5 DQG ( ) �3U

��
=UK �

(DFK HFRQRPLVW REWDLQV XWLOLW\ IURP KLJKHU HYDOXDWLRQ� )RU VLPSOLFLW\� WKH XWLOLW\ RI

HFRQRPLVW L LQ SHULRG �� L
9

�
� LV DVVXPHG WR EH

LL
9

��

Åθ= � �

$W GDWH � LQ SHULRG �� HDFK HFRQRPLVW UHFHLYHV D VLJQDO { }
����

�GX6V
L =∈ � $W GDWH

�� $ UHSRUWV ( )
������

�� 6VVKU5
$$$$ ∈= � $W GDWH �� % REVHUYHV $

5
�

DQG UHSRUWV

( )
�������

��� 6VV5KU5
%%$%% ∈= � :H PDNH WKH VDPH DVVXPSWLRQV DERXW WKH VLJQDOV DV WKDW LQ

SHULRG �� 'HILQH ( )%$
UUU
���

�≡ � 7KHQ WKH XSGDWHG HYDOXDWLRQ RI WKH PDUNHW� L

��

Åθ � LV

( )$$$$
UU5K
��������

���ÅÅ θ=θ LI ( ) ( ) �3U3U
����

>$$
U5UK �

( )$%$$$
U,U5K
�������

����Åθ= LI ( ) ( ) �3U3U
����

>$$$$

U5U5 DQG ( ) �3U
��

=UK �

$

�

Åθ= RWKHUZLVH�

( )
���������

����ÅÅ UU55K
%$%% θ=θ LI ( ) ( ) ��3U3U

�����
>U55UK

%$ �

%

�

Åθ= RWKHUZLVH�

$W WKH ODVW GD\ RI SHULRG �� WKH WUXH VWDWH RI WKH HFRQRP\�
��

6R ∈ � LV UHYHDOHG�

'HILQH ( )
�����

��� R55KK
%$≡ � 7KHQ WKH PDUNHW HYDOXDWLRQ RI L EHFRPHV

( )
�����

��ÅÅ UUK
LL θ=θ LI ( ) ( ) �3U3U

����
>UKUK �



�

( )
����

��Å ,,K
Lθ= LI ( ) �3U

��
=$$

U5 �

( )
����

��Å ,UK
Lθ= LI ( ) �3U

��
>UK DQG ( ) �3U

��
=$$

U5 �

( ) ( )( )%$%$L
PU,UK

������
����Åθ= LI ( ) ( ) �3U3U

����
>$$$$

U5U5 � ( ) �3U
��

=UK � DQG %$
55

��
= �

( ) ( )( )%$%$L
,U,UK
������

����Åθ= LI ( ) ( ) �3U3U
����

>$$$$
U5U5 � ( ) �3U

��
=UK � DQG %$

55
��

≠ �

( )( )
�����

���Å ,,UK
%$Lθ= LI ( ) �3U

��
>$$

U5 � ( ) �3U
��

=UK � DQG ( ) �3U
��

=$$

U5 �

( )( )%$L
PUUK

�����
���Åθ= LI ( )

��
3U UK ( ) �3U

��
>$$

U5 � ( ) �3U
��

=UK � DQG %$
55

��
= �

( )( )%$L
,UUK
�����

���Åθ= LI ( )
��

3U UK ( ) �3U
��

>$$

U5 � ( ) �3U
��

=UK � DQG %$
55

��
≠

IURP VHTXHQWLDO UDWLRQDOLW\� 7KH XWLOLW\ RI HFRQRPLVW L LQ SHULRG � LV LL
9

��

Åθ= � /HW

( )
��������

����� RVVRVV
%$%$LL θ=θ

( )%$%$L
RVV

������
��� θθθ=

EH WKH REMHFWLYH SUREDELOLW\ DW WKH ODVW GD\ RI SHULRG � WKDW HFRQRPLVW L LV DEOH�

7KH GLVFRXQW UDWH LV VXSSRVHG WR EH XQLW\ IRU VLPSOLFLW\� 6LQFH HDFK HFRQRPLVW LV

ULVN�QHXWUDO� KH PD[LPL]HV WKH H[SHFWDWLRQ RI ≡Π L LL

��

ÅÅ θ+θ � +H PD[LPL]HV WKH

SUREDELOLW\ WR EH FRUUHFW LQ FDVH RI D WLH� � :H DGRSW D SXUH VWUDWHJ\ VHTXHQWLDO

HTXLOLEULXP DV WKH HTXLOLEULXP FRQFHSW�

�� 7KH HTXLOLEULXP

7KHUH DUH WZR HTXLOLEULD� D SRROLQJ HTXLOLEULXP DQG D VHSDUDWLQJ RQH� LQ WKLV JDPH� ,Q

HLWKHU HTXLOLEULXP� HFRQRPLVW $ UHSRUWV ZKDW KLV LQIRUPDWLRQ VXJJHVWV LQ ERWK SHULRGV�

DQG HFRQRPLVW % PLPLFV $ LQ SHULRG �� 7KH RQO\ GLIIHUHQFH EHWZHHQ WKH WZR HTXLOLEULD

LV %©V VWUDWHJ\ LQ SHULRG �� % DOZD\V PLPLFV $ LQ WKH SRROLQJ HTXLOLEULXP� % UHOLHV RQ KLV



�
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≠ � /HPPD � VKRZV WKDW % DOZD\V PLPLFV

$ LQ SHULRG � LI WKHUH H[LVWV DQ HTXLOLEULXP �6HH WKH $SSHQGL[ IRU WKH SURRI��

/HPPD ��

6XSSRVH
$
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W
,= IRU DQ\ ���=W � 7KHQ % FKRRVHV
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= LQ HTXLOLEULXP�

1H[W ZH FRQVLGHU WKH VXEJDPH DIWHU
$% 55
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= � 3URSRVLWLRQ � VKRZV WKDW� LI S LV

VPDOO RU θ LV ODUJH� WKHUH H[LVWV D SRROLQJ HTXLOLEULXP LQ ZKLFK % DOZD\V PLPLFV $ LQ

SHULRG ��

3URSRVLWLRQ ��

6XSSRVH
$
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)LJXUH � VKRZV WKHVH FRQGLWLRQV JUDSKLFDOO\� 7KH SUREDELOLW\ WKDW
$5
�
SURYHV ULJKW

LV LQFUHDVLQJ LQ θ �
%V
�

LV QRW DFFXUDWH HQRXJK HYHQ LI
��
RV % = ZKHQ S LV VPDOO�

7KHUHIRUH WKH PHULW WR IROORZ
%V
�
LV VPDOO ZKHQ θ LV ODUJH RU S LV VPDOO�

1H[W ZH FRQVLGHU ZKHWKHU WKHUH LV DQ HTXLOLEULXP LQ ZKLFK % PDNHV KLV IRUHFDVW

EDVHG RQ KLV RZQ LQIRUPDWLRQ� /HPPD � VKRZV WKDW WKHUH LV QR HTXLOLEULXP LQ ZKLFK %

DOZD\V UHSRUWV ZKDW KLV LQIRUPDWLRQ VXJJHVWV LQ SHULRG �� 7KH UHDVRQ LV % KDV DQ

LQFHQWLYH WR PLPLF $ LQ SHULRG � ZKHQ KLV LQIRUPDWLRQ SURYHV ZURQJ LQ SHULRG ��

/HPPD ��

6XSSRVH
$

W

$

W
,U = IRU DQ\ W� 7KHQ %% ,U

��
= FDQQRW EH SDUW RI DQ HTXLOLEULXP�

%HFDXVH RI WKH VDPH UHDVRQ DV /HPPD ��
��

XU% = DQG WKH UHYHUVH RI
%% ,U
��

=

FDQQRW EH SDUW RI DQ HTXLOLEULXP� +HQFH RQO\ WZR EHKDYLRUDO VWUDWHJLHV RI % LQ SHULRG �

DUH FDQGLGDWHV IRU DQ HTXLOLEULXP VWUDWHJ\� 2QH VWUDWHJ\ FRUUHVSRQGV WR 3URSRVLWLRQ �� LQ

ZKLFK % FRQWLQXHV PLPLFNLQJ $� ,Q WKH RWKHU VWUDWHJ\� % IROORZV KLV LQIRUPDWLRQ LQ

SHULRG � LI DQG RQO\ LI LW ZDV FRUUHFW LQ SHULRG �� 3URSRVLWLRQ � VKRZV WKDW WKLV VWUDWHJ\ LV

DQ HTXLOLEULXP RI WKH VXEJDPH DIWHU
$% 55
��

= IRU VRPH ( )θ�S �

3URSRVLWLRQ ��

6XSSRVH
$
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)LJXUH � VKRZV WKH VHW RI ( )θ�S XQGHU ZKLFK WKH DERYH HTXLOLEULXP H[LVWV� 6LQFH %

KDV RQO\ WZR RSWLRQV �UHSRUWLQJ WKH VDPH IRUHFDVW DV $ RU UHSRUWLQJ WKH RSSRVLWH RI $��

WKLV VHSDUDWLQJ HTXLOLEULXP GRHV QRW H[LVW LI KLV LQFHQWLYH WR IROORZ
%
V
�
LV WRR VPDOO RU

WRR ODUJH� 7KLV LV WKH UHDVRQ ZK\ WKH VHW RI ( )θ�S XQGHU ZKLFK WKH VHSDUDWLQJ

HTXLOLEULXP H[LVWV LV YHU\ VPDOO� � /HW XV LQYHVWLJDWH KRZ ( )θ�S DIIHFWV %©V LQFHQWLYH�

6XSSRVH % PLPLFV $ LQ ERWK SHULRGV� 7KHQ WKH PDUNHW FDQQRW XSGDWH %©V

HYDOXDWLRQ IURP θ �WKH H[ DQWH SUREDELOLW\ WKDW % LV DEOH�� ,I θ LV ODUJH� % GRHV QRW GDUH

WR VWRS KHUGLQJ LQ SHULRG � EHFDXVH KH FDQ HDUQ HQRXJK XWLOLW\ E\ PLPLFNLQJ $ DQG WKH

SUREDELOLW\ WKDW
$

5
�
SURYHV ULJKW LV KLJK� ,I θ LV VPDOO� %©V XWLOLW\ LV ORZ DV ORQJ DV KH

PLPLFV $� +HQFH KH PDNHV D IRUHFDVW GLIIHUHQW IURP
$

5
�

LQ SHULRG � HYHQ LI
��
RV

% ≠ �

7KHUHIRUH θ PXVW WDNH PLGGOH YDOXHV IRU WKH VHSDUDWLQJ HTXLOLEULXP WR H[LVW�

,I S LV VPDOO�
%
V
�

LV QRW VR DFFXUDWH HYHQ LI
��
RV

% = � 7KXV % GRHV QRW KDYH DQ

LQFHQWLYH WR IROORZ LW� ,I S LV ODUJH� RQ WKH RWKHU KDQG� % IROORZV
%
V
�

HYHQ LI
��
RV

% ≠

EHFDXVH WKH PHULW RI EHLQJ UHJDUGHG DV DEOH LV ODUJH� &RQVHTXHQWO\ S PXVW DOVR WDNH

PLGGOH YDOXHV�

��� 7ZR W\SHV RI HTXLOLEULD

7KH DUJXPHQW LQ WKH ODVW VHFWLRQ DVVXPHV WKDW $ DOZD\V IROORZV KLV LQIRUPDWLRQ� 7KLV

VHFWLRQ FRQVLGHUV $©V LQFHQWLYH DQG VKRZV WKDW KH DOZD\V IROORZV KLV RZQ LQIRUPDWLRQ LQ

HTXLOLEULXP� +HQFH WKHUH DUH WZR HTXLOLEULD LQ WKLV JDPH� 3URSRVLWLRQ � VKRZV WKH

SRROLQJ HTXLOLEULXP LQ ZKLFK % PLPLFV $ LQ ERWK SHULRGV� 3URSRVLWLRQ � VKRZV WKH

VHSDUDWLQJ HTXLOLEULXP LQ ZKLFK % IROORZV KLV LQIRUPDWLRQ LI DQG RQO\ LI LW SURYHG ULJKW

LQ SHULRG � �/HPPD � DQG /HPPD � VKRZV WKDW WKHUH LV QR RWKHU HTXLOLEULXP�� :H XVH

/HPPD � WR SURYH WKHP�
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7KHUH H[LVWV WKH VHSDUDWLQJ HTXLOLEULXP LGHQWLILHG LQ 3URSRVLWLRQ � LI ( )θ�S OLHV LQ

WKH VKDGHG DUHD RI )LJXUH �� 7KHVH SURSRVLWLRQV GHPRQVWUDWH WKDW WKHUH DUH WZR HTXLOLEULD

LQ WKLV JDPH GHSHQGLQJ RQ WKH YDOXH RI S �WKH SUREDELOLW\ WKDW DQ DEOH HFRQRPLVW REWDLQV

FRUUHFW LQIRUPDWLRQ� DQG θ �H[ DQWH SUREDELOLW\ WKDW DQ HFRQRPLVW LV DEOH�� % PDNHV WKH

VDPH IRUHFDVW DV $ LQ SHULRG � LQ HLWKHU HTXLOLEULXP� 7KH UHDVRQ LV WKDW WKH DFFXUDF\ RI

$5
�

DQG
%V
�

LV WKH VDPH IRU % LQ SHULRG � ZKHQ
$% 5V
��

≠ DQG WKDW KH REWDLQV KLJKHU

XWLOLW\ ZKHQ ERWK HFRQRPLVWV PDNH WKH VDPH IRUHFDVW JLYHQ WKH ILWQHVV RI KLV IRUHFDVW�
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3URSRVLWLRQ � VKRZV WKDW % DOZD\V PDNHV WKH VDPH IRUHFDVW DV $ LQ SHULRG � ZKHQ

HFRQRPLVWV DUH KRPRJHQHRXV� L�H� ZKHQ S LV VPDOO RU θ LV ODUJH� 3URSRVLWLRQ � VKRZV

WKDW % IROORZV KLV LQIRUPDWLRQ LQ SHULRG � LI DQG RQO\ LI
��

RV % = ZKHQ S DQG θ WDNH

PRGHUDWH YDOXHV� 7KHRUHP � VXPPDUL]HV WKHVH UHVXOWV�

7KHRUHP ��

% FRQWLQXHV KHUGLQJ LQ ERWK SHULRGV LI WKH HFRQRPLVWV DUH KRPRJHQHRXV� % VWRSV

KHUGLQJ LQ SHULRG � LI
��

RV % = DQG WKH HFRQRPLVWV DUH KHWHURJHQHRXV�

�� 'DWD DQG UHVXOWV

7R\R .HL]DL ,QF� SXEOLVKHV IRUHFDVWV RI DERXW �� -DSDQHVH HFRQRPLVWV LQ WKH -DQXDU\ RU

)HEUXDU\ LVVXH RI ¦0RQWKO\ 6WDWLVWLFV �7RNHL *HSSR�§ HYHU\ \HDU IURP ����� :H XVH WKH

IRUHFDVWV RI WKH -DSDQHVH UHDO *'3 JURZWK UDWH IRU WKH QH[W ILVFDO \HDU IURP ���� WR

����� �� 6LQFH ZH H[FOXGH DOO HFRQRPLVWV ZKR SDUWLFLSDWH LQ OHVV WKDQ ILYH VXUYH\V� WKH

VDPSOH FRQWDLQV �� HFRQRPLVWV� 7RWDO QXPEHU RI IRUHFDVWV LV ���� DQG WKH DYHUDJH

QXPEHU RI REVHUYDWLRQV SHU HFRQRPLVW LV ���� �7DEOH � VKRZV VXPPDU\ VWDWLVWLFV��

/HW
W

L
I EH WKH IRUHFDVW RI LQGLYLGXDO L LQ \HDU W� DQG W

L
I− EH WKH IRUHFDVW DYHUDJH

H[FOXGLQJ LQGLYLGXDO L �)LJXUH � VKRZV WKH GLVWULEXWLRQ RI
W

L
I �� 7KHQ

W

L

W

L

W

L
II\ −−≡ �

WKH IRUHFDVW GHYLDWLRQ� LQGLFDWHV WKH GHJUHH RI L©V KHUGLQJ LQ \HDU W� �� )RU LQVWDQFH�

VPDOOHU
W

L
\ LPSOLHV WKDW LQGLYLGXDO L PDNHV D IRUHFDVW VLPLODU WR RWKHUV LQ \HDU W� :H XVH

W

L
\ DV WKH GHSHQGHQW YDULDEOH RI RXU UHJUHVVLRQ� ,WV DYHUDJH LV ������ � SRLQWV� DQG LWV

VWDQGDUG GHYLDWLRQ LV ������� SRLQWV �)LJXUH � VKRZV LWV GLVWULEXWLRQ��

/HW XV GHILQH
W

L
DJH DV WKH \HDUV DW W ZKLOH LQGLYLGXDO L SDUWLFLSDWHV LQ WKH VXUYH\�
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:H XVH
W

L
DJH DV DQ LQGHSHQGHQW YDULDEOH WR LQYHVWLJDWH WKH HIIHFW RI DJLQJ RQ KHUG

EHKDYLRU� :H DGG
W

L
\− � WKH DYHUDJH RI

W

L
\ H[FOXGLQJ HFRQRPLVW L� DV DQ LQGHSHQGHQW

YDULDEOH WR HOLPLQDWH VSHFLILF IDFWRUV LQ HDFK \HDU� 6LQFH ODUJHU
W

L
\− PHDQV WKDW IRUHFDVWV

RI RWKHU HFRQRPLVWV DUH PRUH GLVSHUVHG LQ \HDU W� ZH H[SHFW WKDW WKH FRHIILFLHQW RI
W

L
\− LV

SRVLWLYH� �� :H DOVR DGG LQGLYLGXDO GXPPLHV
L

G WR HOLPLQDWH LQGLYLGXDO IDFWRUV�

7KH UHJUHVVLRQ LV DV IROORZV� ��

∑β+β+β= −
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W

L\

W

LD
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G\DJH\ � ���

7KH SRVLWLYH FRHIILFLHQW
Dβ LQGLFDWHV WKDW HFRQRPLVWV VWRS KHUGLQJ DV WKH\ JURZ ROGHU�

,QVLJQLILFDQW
Dβ � RQ WKH RWKHU KDQG� LQGLFDWHV WKDW ROG HFRQRPLVWV GR QRW FKDQJH WKHLU

EHKDYLRU� $FFRUGLQJ WR WKH DQDO\VLV RI 6HFWLRQ ��
Dβ LV SRVLWLYH LI WKH SUREDELOLW\ WKDW

DQ DEOH HFRQRPLVW REWDLQV DFFXUDWH LQIRUPDWLRQ LV KLJK RU WKH VKDUH RI DEOH HFRQRPLVWV

LV VPDOO�
Dβ LV LQVLJQLILFDQW LI HFRQRPLVWV DUH KRPRJHQHRXV�

7KH UHVXOW RI WKH UHJUHVVLRQ ��� LV VXPPDUL]HG LQ 7DEOH � �WKH FRHIILFLHQWV RI

LQGLYLGXDO GXPPLHV DUH QRW UHSRUWHG�� 7KH SDUHQWKHVHV LQGLFDWH WKH W�YDOXHV XVLQJ WKH

FRQVLVWHQW FRYDULDQFH RI :KLWH ������� 7KH OHIW DQG WKH PLGGOH FROXPQV LQ 7DEOH � VKRZ

RXU HVWLPDWHV RI WKH IL[HG HIIHFW PRGHO ��� DQG WKH UDQGRP HIIHFW PRGHO� 6LQFH ZH

REWDLQ DOPRVW WKH VDPH HVWLPDWHV LQ ERWK PRGHOV� ZH FRQFHQWUDWH RQ WKH IL[HG HIIHFW

PRGHO� 7KH FRHIILFLHQW RI
W

L
DJH �

Dβ � LV �������� ,W VXJJHVWV WKDW DJLQJ WHQ \HDUV ZLGHQV

WKH GLVWDQFH EHWZHHQ KLV IRUHFDVW DQG WKH PDUNHW©V DYHUDJH E\ �������SWV� 7KH

FRHIILFLHQW LV PXFK VPDOOHU WKDQ WKH DYHUDJH RI
W

L
\ ������SWV�� DQG LWV W�YDOXH LV QRW

VLJQLILFDQW� 7KLV GHPRQVWUDWHV WKDW -DSDQHVH HFRQRPLVWV FRQWLQXH KHUGLQJ DV WKH\

EHFRPH ROGHU�
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7KH ULJKW FROXPQ LQ 7DEOH � VKRZV WKH HVWLPDWLRQ RI ��� LQ /DPRQW ������� ,W XVHV

WKH GDWD RI $PHULFDQ HFRQRPLVWV LQ ¦%XVLQHVV :HHN§ IURP ���� WR ����� 7KH

FRHIILFLHQW RI
W

L
DJH ������� LV DERXW WKUHH WLPHV WKDW RI -DSDQHVH� DQG W�YDOXH LV

VLJQLILFDQW� 1DPHO\� DQ ROG HFRQRPLVW LQ $PHULFD PDNHV D PRUH LQGHSHQGHQW IRUHFDVW

WKDQ WKDW RI D \RXQJ HFRQRPLVW� 7DEOH � LQGLFDWHV WKDW -DSDQHVH HFRQRPLVWV DUH PRUH

KRPRJHQRXV WKDQ $PHULFDQ�

1H[W ZH FKDQJH WKH LQGHSHQGHQW YDULDEOH IURP
W

L
DJH WR

W

L
WLPH � ZKLFK LV WKH

FXPXODWLYH QXPEHU RI IRUHFDVWV HFRQRPLVW L UHSRUWV XS WR \HDU W� 7DEOH � VKRZV WKH

UHVXOW� ZKLFK LV DOPRVW WKH VDPH DV 7DEOH �� :H REWDLQ WKH VDPH UHVXOW ZKHQ ZH XVH

W

L

W

L
\\ −− DV WKH GHSHQGHQW YDULDEOH DQG ZKHQ ZH XVH ORJDULWKP RI

W

L
\ DQG

W

L
\− � :H DOVR

UXQ WKH UHJUHVVLRQ XVLQJ WKH IRUHFDVW GDWD RQ WKH RQJRLQJ ILVFDO \HDUV� EXW WKH UHVXOW GRHV

QRW FKDQJH �7DEOH ���

�� &RQFOXGLQJ 5HPDUNV

6XSSRVH HFRQRPLVWV FROOHFW LQIRUPDWLRQ DQG UHSRUW IRUHFDVWV LQGHSHQGHQWO\� 1R RQH

NQRZV WKH DELOLW\ RI HDFK HFRQRPLVW� EXW FRPSHWHQW HFRQRPLVWV REWDLQ FRPPRQ

LQIRUPDWLRQ� 7KHQ DQ HFRQRPLVW KDV DQ LQFHQWLYH WR PLPLF RWKHUV EHFDXVH FRPSHWHQW

HFRQRPLVWV UHSRUW WKH VDPH IRUHFDVW EDVHG RQ FRPPRQ LQIRUPDWLRQ� 7KLV LQFHQWLYH OHDGV

D \RXQJ HFRQRPLVW WR KHUG VLQFH KH NQRZV QRWKLQJ DERXW KLV DELOLW\�

$Q ROG HFRQRPLVW� KRZHYHU� REWDLQV SULYDWH LQIRUPDWLRQ DERXW KLV DELOLW\ E\

PDNLQJ IRUHFDVWV UHSHDWHGO\� 7KLV FDXVHV KLP WR VLJQDO KLV DELOLW\ E\ IROORZLQJ KLV RZQ

LQIRUPDWLRQ ZKHQ WKH PHULW IURP LW LV ODUJH� QDPHO\ ZKHQ WKHUH DUH IHZ FRPSHWHQW

HFRQRPLVWV RU ZKHQ WKH GLIIHUHQFH RI IRUHFDVWLQJ DELOLW\ EHWZHHQ WKH FRPSHWHQW
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HFRQRPLVW DQG WKH LQFRPSHWHQW RQH LV ODUJH� 2Q WKH RWKHU KDQG� DQ ROG HFRQRPLVW

FRQWLQXHV KHUGLQJ ZKHQ WKH PHULW IURP VLJQDOLQJ LV VPDOO� QDPHO\ ZKHQ HFRQRPLVWV DUH

KRPRJHQHRXV�

:H DQDO\]H -DSDQHVH GDWD EDVHG RQ WKLV DUJXPHQW� DQG REWDLQ WKH UHVXOW WKDW

-DSDQHVH HFRQRPLVWV FRQWLQXH PLPLFNLQJ RWKHUV DV WKH\ JURZ ROGHU� 7KLV UHVXOW SUHVHQWV

D VWULNLQJ FRQWUDVWV WR WKH $PHULFDQ UHVXOW� LQ ZKLFK DQ ROG HFRQRPLVW VWRSV KHUGLQJ�

2XU DUJXPHQW VXJJHVWV WKDW -DSDQHVH HFRQRPLVWV DUH PRUH KRPRJHQRXV WKDQ $PHULFDQ

HFRQRPLVWV�
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1RWHV

�� 7UXHPDQ ������� =ZLHEHO ������� DQG 3UHQGHUJDVW DQG 6WROH ������ DOVR SRLQW RXW

WKLV SRVVLELOLW\� %DQHUMHH ������ DQG %LNKFKDQGDQL� +LUVKOHLIHU� DQG :HOFK ������

DUJXH WKDW KHUGLQJ RFFXUV DV D UHVXOW ZKHQ SHRSOH XVH WKH LQIRUPDWLRQ REWDLQHG IURP

WKH GHFLVLRQV RI RWKHUV�

�� 7KLV DVVXPSWLRQ LPSOLHV WKDW FRPSHWHQW HFRQRPLVWV SD\ DWWHQWLRQ WR VLPLODU GDWD

VXFK DV XQHPSOR\PHQW UDWH� EXW WKDW LQFRPSHWHQW HFRQRPLVWV XVHV XQLQIRUPDWLYH

GDWD VXFK DV 1� <� <DQNHHV© SHUFHQWDJH RI YLFWRULHV�

�� 1R SXUH VWUDWHJ\ HTXLOLEULXP H[LVWV LI WKH GHJUHH RI KHWHURJHQHLW\ RI HFRQRPLVWV LV

WRR ODUJH� 7KH UHDVRQ LV WKRVH ZKR JRW XQLQIRUPDWLYH GDWD KDYH DQ LQFHQWLYH WR

FRQGXFW WKHPVHOYHV DV LI WKH\ JRW LQIRUPDWLYH GDWD�

�� /DVWHU� %HQQHWW� DQG *HRXP ������ DQDO\]H WKH UHODWLRQ EHWZHHQ IRUHFDVWV DQG WKH

PDUNHW HYDOXDWLRQ� 7KH\ REWDLQ WKH UHVXOW WKDW WKH HFRQRPLVWV ZKRVH ZDJHV DUH

FORVHO\ WLHG WR SXEOLFLW\ SURGXFH LQGHSHQGHQW IRUHFDVWV� .UDXV DQG 6WROO �������

/DNRQLVKRN� 6FKOHLIHU� DQG 9LVKQ\ ������� DQG (KUEHFN DQG :DOGPDQ ������

HPSLULFDOO\ VWXG\ KHUG EHKDYLRU LQ ILQDQFLDO PDUNHWV� =DUQRZLW] DQG %UDXQ ������

H[DPLQH DFFXUDF\ RI IRUHFDVWV�

�� $FFRUGLQJ WR 6FKDUIVWHLQ DQG 6WHLQ ������� WKLV DPRXQWV WR DVVXPH WKDW ¦WKHUH DUH

V\VWHPDWLFDOO\ XQSUHGLFWDEOH IDFWRUV DIIHFWLQJ WKH IXWXUH VWDWH WKDW QRERG\ FDQ NQRZ

DQ\WKLQJ DERXW§ �S������ 6HH DOVR QRWH ��

�� &KDPOH\ DQG *DOH ������� *XO DQG /XQGKROP ������� DQG =KDQJ ������

HQGRJHQL]H WKH RUGHU RI SOD\HUV© DFWLRQ�

�� 6XSSRVH WKDW DQ HPSOR\HU JDLQV %) + LI WKH IRUHFDVW RI KLV HPSOR\HH LV FRUUHFW

DQG WKDW KH JDLQV ) LI LW LV LQFRUUHFW� 7KHQ DQ HFRQRPLVW ZKRVH HYDOXDWLRQ LV θÅ

HDUQV ( )=θÅ: ( )( )���Å��� −θ++ S%) RQ FRQGLWLRQ WKDW WKH ODERU PDUNHW LV
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FRPSHWLWLYH� 6LQFH DQ HFRQRPLVW LV ULVN QHXWUDO� KLV XWLOLW\ LV D OLQHDU IXQFWLRQ RI

ZDJH� 1DPHO\� WKH XWLOLW\ LV D OLQHDU IXQFWLRQ RI θÅ �

�� :LWKRXW WKLV DVVXPSWLRQ� WKHUH DUH PDQ\ SHUYHUVH HTXLOLEULD� )RU H[DPSOH� WKH

UHYHUVH RI DQ HTXLOLEULXP VWUDWHJ\ LV DOVR DQ HTXLOLEULXP VWUDWHJ\�

�� ,I %©V VWUDWHJ\ VSDFH LV ULFKHU WKDQ WKDW LQ RXU PRGHO� KH FDQ PDNH D VXIILFLHQWO\

GLIIHUHQW IRUHFDVW IURP $©V RQH ZKHQ
��
RV % = � 7KXV WKHUH H[LVWV D VHSDUDWLQJ

HTXLOLEULXP LQ D EURDGHU UDQJH RI SDUDPHWHUV�

��� ¦0RQWKO\ 6WDWLVWLFV§ DOVR FRQWDLQV IRUHFDVWV IRU WKH RQJRLQJ ILVFDO \HDU IURP ����

WR ����� 8VLQJ WKLV GDWD GRHV QRW FKDQJH WKH UHVXOW �6HH 7DEOH ���

��� :H UHJDUG WKH PHDQ IRUHFDVW DV $

W
5 VLQFH DQ HFRQRPLVW UHIHUV WR WKH PDUNHW
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Figure 1: The conditions in which B mimics A in period 2.
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Figure 2: The conditions that B follows his own information in

period 2 if and only if it was correct in period 1.
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