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0DWLQJ�FRPSHWLWLRQ�DPRQJ�FRQVSHFLILF�PDOHV�LV�FRPPRQ�

SDUWLFXODUO\�ZKHQ� WKH� DYHUDJH� UDWLR� RI� IHUWLOH� IHPDOHV� WR

VH[XDOO\�DFWLYH�PDOHV�DW�DQ\�JLYHQ�WLPH�ZLWKLQ�D�SRSXODWLRQ

�RSHUDWLRQDO�VH[�UDWLR��RU�265��(POHQ�DQG�2ULQJ�������

LV� PDOH�ELDVHG�� $� PDOH�ELDVHG� 265� FDQ� LQFUHDVH� WKH

HIIHFWV� RI� GLIIHUHQFHV� LQ� FRPSHWLWLYH� DELOLW\� �FRQWHVWDQW

DV\PPHWU\�� DPRQJ�PDOHV� �0D\QDUG�6PLWK� DQG�3DUNHU�

�������,Q�DPSKLELDQV��ODUJH�PDOHV�FDQ�RIWHQ�RXW�FRPSHWH

VPDOO� PDOHV� �+RXFN�� ������ 0DWKLV�� ������ 3DUN� HW� DO��

�������,Q�SDUWLFXODU��ODUJH�PDOHV�DUH�JHQHUDOO\�VXSHULRU�LQ

ILJKWLQJ� DQG� LQ� VXFFHVVIXOO\� JXDUGLQJ� D� IHPDOH� GXULQJ

FRXUWVKLS�� 6PDOO� PDOHV� PD\� WU\� WR� FLUFXPYHQW� ORZ

FRPSHWLWLYH�DELOLW\�E\�DYRLGLQJ�GLUHFW�FRQWHVWV�ZLWK� ODUJH

PDOHV� �:LOWHQPXWK��������

&KHPRVHQVRU\� FXHV� SOD\� D� FULWLFDO� UROH� LQ�PDOH�PDOH

FRPSHWLWLRQ� DV� ZHOO� DV� LQ� FRXUWVKLS� DQG� PDWLQJ� LQ

VDODPDQGHUV� �+DOOLGD\��������$UQROG�� ������.LNX\DPD

HW�DO���������5ROOPDQQ�HW�DO����������'LIIHUHQWLDO�UHVSRQVHV

WR�SKHURPRQHV�RU�RWKHU�FKHPLFDO�FXHV�WKDW�IXQFWLRQ�DW�D

GLVWDQFH�� EHIRUH� GLUHFW� FRQWDFW�� PD\� EH� XVHG� E\� VPDOO

PDOHV�WR�FRPSHQVDWH�IRU�WKHLU�UHGXFHG�DELOLW\�WR�FRPSHWH

GLUHFWO\�ZLWK� ODUJH�PDOHV��6XFK�FRPSHQVDWLRQ�KDV�EHHQ

LPSOLFDWHG�LQ�VWXGLHV�RI�UHVSRQVHV�WR�FKHPLFDO�FXHV�IURP

GLIIHUHQW�VL]HG�PDOH� WHUUHVWULDO� UHG�EDFNHG�VDODPDQGHUV�

3OHWKRGRQ� FLQHUHXV� �0DWKLV�� ������0DWKLV� DQG�6LPRQV�

������� 0DOH� WHUULWRULDO� LQWUXGHUV� DUH� DJJUHVVLYH� ZKHQ

H[SRVHG�WR�FKHPLFDO�FXHV�IURP�VLPLODU�VL]HG�LQGLYLGXDOV�

EXW� DUH� PRUH� VXEPLVVLYH� ZKHQ� H[SRVHG� WR� FKHPLFDO

FXHV� IURP� LQGLYLGXDOV� WKDW� DUH� ODUJHU� WKDQ� WKHPVHOYHV�

UHGXFLQJ�WKH�SUREDELOLW\�RI�DV\PPHWULF�FRQWHVWV��0DWKLV�

�������*LYHQ� WKH� IUHTXHQF\� RI� DV\PPHWULF� FRQWHVWV� IRU

PDWLQJ� RSSRUWXQLWLHV� �+RXFN�� ������ *UHHQ�� ������ 3DUN

DQG�3DUN��������� LW� VHHPV�SODXVLEOH� WKDW�FKHPLFDO�FXHV

PD\�EH�XVHG�E\�VRPH�PDOHV�WR�UHGXFH�GLUHFW�FRPSHWLWLRQ

ZLWK�RWKHU�PDOHV��

7KH� UHG�VSRWWHG� QHZW��1RWRSKWKDOPXV� YLULGHVFHQV�� LV

DQ� LGHDO� VSHFLHV� LQ� ZKLFK� WR� LQYHVWLJDWH� WKH� SRVVLELOLW\

WKDW�GLIIHUHQWLDO�UHVSRQVHV�WR�FKHPLFDO�FXHV�DUH�XVHG�WR

FRPSHQVDWH� IRU� ORZ� FRPSHWLWLYH� DELOLW\� EHIRUH� GLUHFW

FRQWDFW� RFFXUV�� 0DOH� QHZWV� XVH� FKHPLFDO� FXHV� IURP

IHPDOHV� WR� ORFDWH� DQG� VHOHFW� SRWHQWLDO� PDWHV� �9HUUHOO�

������ 3DUN� DQG� 3DUN�� ������� 'XULQJ�PDOH�PDOH�PDWLQJ

FRPSHWLWLRQ�� FRPSHWLWLYH� DELOLW\� DPRQJ� PDOHV� LV� PDLQO\

GHSHQGHQW�RQ�ERG\�VL]H��9HUUHOO���������DOWKRXJK�IHPDOHV

GR�QRW�VKRZ�VL]H�EDVHG�SUHIHUHQFHV�IRU�PDOHV��*DERU

HW�DO����������,Q�WKH�ODERUDWRU\��ODUJH�PDOHV�KDYH�KLJKHU

PDWLQJ� VXFFHVV� ZKHQ� ODUJH� DQG� VPDOO� PDOHV� DUH

VLPXOWDQHRXVO\� SUHVHQWHG� ZLWK� D� IHPDOH� �9HUUHOO�� �����

*DERU� HW� DO��� ������� 1HYHUWKHOHVV�� LQ� WKH� ILHOG�� PDOH

VXFFHVV�LQ�FRXUWLQJ�RU�HQJDJLQJ�LQ�DPSOH[XV�ZLWK�IHPDOHV

LV� QRW� DVVRFLDWHG� ZLWK� ERG\� VL]H� �0DVVH\�� ������

VXJJHVWLQJ�WKDW�VPDOO�PDOHV�PD\�XVH�RWKHU�VWUDWHJLHV�WR

FRPSHQVDWH�IRU�ORZ�FRPSHWLWLYH�DELOLW\��:H�K\SRWKHVL]HG

WKDW�VPDOO�PDOHV�PD\�JDLQ�HDUOLHU�DFFHVV�WR� IHPDOHV�E\

.H\�:RUGV�

$PSKLELDQ

6DODPDQGHU

%RG\�VL]H

&RQWHVWDQW�DV\PPHWU\

2OIDFWLRQ

3KHURPRQH

0DOH�UHG�VSRWWHG�QHZWV��1RWRSKWKDOPXV�YLULGHVFHQV��XVH�FKHPLFDO�FXHV�WR�ORFDWH

DQG�VHOHFW�SRWHQWLDO�PDWHV��7R�LQYHVWLJDWH�ZKHWKHU�ODUJH�DQG�VPDOO�PDOHV�UHVSRQG

GLIIHUHQWLDOO\�WR�FKHPLFDO�FXHV�IURP�FRQVSHFLILFV��ZH�FRQGXFWHG�D�VHULHV�RI�WZR�

FKRLFH�<�PD]H�WHVWV�ZLWK�RGRUDQW�VWLPXOL�IURP�WZR�ODUJH�IHPDOHV��/)�/)���RQH�ODUJH

YHUVXV� RQH� VPDOO� IHPDOH� �/)�6)��� DQG� RQH� ODUJH� IHPDOH� SODFHG�ZLWK� IRXU�PDOHV

YHUVXV� RQH� VPDOO� IHPDOH� �/)��0�6)��� :H� IRXQG� WKDW� PDOHV� UHVSRQGHG� PRUH

UDSLGO\�LQ�D�/)�/)�FKRLFH�VLWXDWLRQ�WKDQ�LQ�WKRVH�LQYROYLQJ�/)�6)�RU�/)��0�6)��,Q

DGGLWLRQ�� VPDOO� PDOHV� FKRVH�PRUH� TXLFNO\� WKDQ� GLG� ODUJH�PDOHV�� 7KHVH� UHVXOWV

VXJJHVW� WKDW� ERWK� ERG\� VL]H� DQG� RGRUDQW� FRQWH[W� DIIHFW� WKH� VSHHG� RI� RGRUDQW

UHVSRQVHV��%\�UHVSRQGLQJ�GLIIHUHQWLDOO\�WR�FRQVSHFLILF�FKHPLFDO�FXHV��VPDOO�PDOHV

PD\� DUULYH� HDUOLHU� DW� D� FRXUWLQJ� DUHD�� LQFUHDVLQJ� WKHLU� FKDQFHV� RI� VXFFHVVIXOO\

JXDUGLQJ�DQG�PDWLQJ�ZLWK�D�IHPDOH�

7R�ZKRP�FRUUHVSRQGHQFH�VKRXOG�EH�DGGUHVVHG�

7HO� ��������������� )D[� ��������������

(�PDLO� SDUNGD#NDQJZRQ�DF�NU
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UHVSRQGLQJ� PRUH� UDSLGO\� WKDQ� ODUJH� PDOHV� WR� FKHPLFDO

FXHV� IURP� IHPDOHV�

7R� LQYHVWLJDWH� ZKHWKHU� ODUJH� DQG� VPDOO� PDOH� UHG�

VSRWWHG� QHZWV� VKRZ� GLIIHUHQW� UHVSRQVHV� WR� FKHPLFDO

VWLPXOL� IURP�PDOHV�DQG� IHPDOHV��ZH�FRQGXFWHG�D�VHULHV

RI� WZR�FKRLFH� WHVWV� XVLQJ� D� <�PD]H�� 6SHFLILFDOO\�� ZH

WHVWHG� ZKHWKHU� ���� ODUJH� DQG� VPDOO� PDOHV� GLIIHU� ZLWK

UHVSHFW�WR�WKH�VSHHG�RI�WKHLU�UHVSRQVH�WR�FKHPLFDO�VWLPXOL

IURP� FRQVSHFLILFV� DQG� ���� GLIIHUHQW� RGRUDQW� VWLPXOL

GLIIHUHQWLDOO\�DIIHFW� WKH�VSHHG�RI� UHVSRQVHV� LQ� ODUJH�DQG

VPDOO�PDOHV�

0DWHULDOV�DQG�0HWKRGV

$QLPDOV

(DVWHUQ�UHG�VSRWWHG�QHZWV��1��YLULGHVFHQV�YLULGHVFHQV��LQ

EUHHGLQJ� FRQGLWLRQ� ZHUH� SXUFKDVHG� IURP� D� OLFHQVHG

VXSSOLHU��&KDUOHV�6XOOLYDQ�&R���1DVKYLOOH��71���8SRQ�DUULYDO

DW�WKH�ODERUDWRU\��PDOHV�DQG�IHPDOHV�ZHUH�NHSW�LQ�VHSDUDWH

DTXDULD� ���� FP� OHQJWK×��� FP� ZLGWK×��� FP� KHLJKW�
FRQWDLQLQJ�DSSUR[LPDWHO\����OLWHUV�RI�DJHG�WDS�ZDWHU�DW�D

GHQVLW\�RI�QR�PRUH� WKDQ���� LQGLYLGXDOV�SHU� WDQN��+DOI�RI

WKH�ZDWHU�ZDV�FKDQJHG�ZHHNO\��:DWHU�WHPSHUDWXUH�ZDV

NHSW� EHWZHHQ� �����R&� DQG� WKH� DQLPDOV� ZHUH� NHSW� RQ� D

VFKHGXOH�RI����K� OLJKW����K�GDUN�ZLWK� OLJKWV�RQ�DW�����

K� WR� PLPLF� WKH� VSULQJ� EUHHGLQJ� VHDVRQ�� +LGLQJ� SODFHV

ZHUH� SURYLGHG� LQ� WKH� IRUP�RI� IORDWLQJ� SDSHU� WRZHOV� DQG

SLHFHV�RI�EURNHQ�SRWWHU\�WKDW�ZHUH�SODFHG�RQ�WKH�ERWWRP

RI� WKH�DTXDULD��$QLPDOV�ZHUH� IHG� OLYH�7XELIH[�ZRUPV�DG

OLELWXP�

$OO� PDOHV� XVHG� LQ� WKH� VWXG\� ZHUH� LQ� IXOO� EUHHGLQJ

FRQGLWLRQ�� DV� HYLGHQFHG� E\� VZROOHQ� FORDFDH�� IXOO\

GHYHORSHG� WDLOILQV�� DQG� FDOORVLWLHV� RQ� WKH� KLQG� OHJV

�3HWUDQND���������7KH����ODUJHVW�DQG����VPDOOHVW�PDOHV

ZHUH� VHOHFWHG� IURP� D� SRRO� RI� PRUH� WKDQ� ����PDOHV� WR

VHUYH� DV� WHVW� VXEMHFWV�� 7KH� VQRXW�YHQW� OHQJWK� �69/�

GLVWDQFH�IURP�WKH�WLS�RI�WKH�VQRXW�WR�WKH�SRVWHULRU�RI�WKH

FORDFDH��RI����PDOHV�UDQGRPO\�VHOHFWHG�IURP�HDFK�SRRO

ZDV�PHDVXUHG� DQG� FRPSDUHG� WR� YHULI\� WKDW� DQLPDOV� LQ

WKH�WZR�JURXSV�ZHUH�RI�GLIIHUHQW�VL]HV��0HDQ�6'�IRU�WKH

69/�RI�ODUJH�PDOHV�ZDV�����������PP��UDQJH������−����
PP��� DQG� WKDW� RI� WKH� VPDOO� PDOHV� ZDV� ����������PP

�UDQJH�� ����−����� PP��� 7KLV� GLIIHUHQFH� LV� VWDWLVWLFDOO\
VLJQLILFDQW� �W ������ GI ���� 3�������� *LYHQ� WKDW� D� ILHOG

VWXG\� GHPRQVWUDWHG� WKDW� WKH� PHDQ� 69/� RI� PDOH� UHG�

VSRWWHG�QHZWV�IURP�ILYH�GLIIHUHQW�SRSXODWLRQV�UDQJHG�IURP

�����WR������PP��ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI�DSSUR[LPDWHO\

����PP��&DHWDQR�DQG�/HFODLU���������DQ�DYHUDJH���PP

GLIIHUHQFH� LQ� WKH� 69/V� RI� RXU� ODUJH� DQG� VPDOO� PDOHV

VHHPV� WR� UHDVRQDEO\� UHIOHFW� WKH� YDULDELOLW\� LQ� ERG\� VL]H

IRXQG� LQ�QDWXUDO�SRSXODWLRQV��

$OO�H[SHULPHQWV�ZHUH�FRQGXFWHG�DFFRUGLQJ�WR�JXLGHOLQHV

HVWDEOLVKHG� E\� WKH� 8�6�� 3XEOLF� +HDOWK� 6HUYLFH� DQG

RYHUVHHQ�E\�WKH�0LFKLJDQ�6WDWH�8QLYHUVLW\�$OO�8QLYHUVLW\

&RPPLWWHH�RQ�$QLPDO�8VH�DQG�&DUH�

3UHIHUHQFH�WHVWV

7R� LQYHVWLJDWH� UHVSRQVHV� RI� PDOH� QHZWV� WR� FKHPLFDO

FXHV��ZH�SHUIRUPHG�SUHIHUHQFH�WHVWV�XVLQJ�D�<�PD]H��DV

GHVFULEHG�LQ�D�SUHYLRXV�VWXG\��3DUN�DQG�3URSSHU��������

,Q�VXFK�PD]HV��WKH�WHVW�DQLPDO�EHJLQV�WKH�WULDO�LQ�D�VWDUW

ER[����FP�ORQJ×����FP�ZLGH×��FP�KLJK��DW�WKH�ERWWRP
RI�WKH�VWHP�RI�WKH�³<´��6WLPXOL��LQ�WKLV�FDVH�RWKHU�QHZWV�

DUH� SODFHG� EHKLQG� D� SHUIRUDWHG� SODVWLF�PHVK� EDUULHU� DW

WKH�HQGV�RI�WKH�WZR�DUPV�RI�WKH�PD]H��7KH�<�PD]H�ZDV

FRQVWUXFWHG� RI� 3OH[LJODV�� DQG� HDFK� DUP� RI� WKH� PD]H

PHDVXUHG����FP� ORQJ×����FP�ZLGH×��FP�KLJK�
7KH�WZR�DUPV�RI�WKH�PD]H�ZHUH�FRQWLQXRXVO\� LQIXVHG

ZLWK�DJHG� WDS�ZDWHU�DW�D� IORZ� UDWH�RI����PO�PLQ� IURP�D

UHVHUYRLU�FRQWDLQLQJ�����PO�DJHG�WDS�ZDWHU��$W� WKLV� IORZ

UDWH��ZDWHU�IORZ�IURP�WKH�WZR�DUPV�UHPDLQHG�VHSDUDWH�WR

WKH� GUDLQ� DW� WKH� HQG� RI� WKH� <�PD]H�� QHYHUWKHOHVV�� WHVW

PDOHV� FRXOG� VDPSOH� WKH� ZDWHU� IURP� ERWK� DUPV� ZKLOH

EHKLQG� WKH� SHUIRUDWHG� VWDUWLQJ� JDWH�� $IWHU� HDFK� WULDO�

PD]HV�ZHUH�ZDVKHG�XVLQJ�DJHG�WDS�ZDWHU��$OO�H[SHULPHQWV

ZHUH�FRQGXFWHG�EHWZHHQ������DQG������K�

$IWHU� D� ��PLQ� DGDSWDWLRQ� SHULRG� EHKLQG� WKH� VWDUWLQJ

JDWH��WKH�JDWH�ZDV�VORZO\�UDLVHG��DOORZLQJ�WKH�WHVW�DQLPDO

WR�HQWHU�WKH�PD]H��7KUHH�WLPH�SDUDPHWHUV�ZHUH�PHDVXUHG

WR�HYDOXDWH� WKH�VSHHG�RI�RGRUDQW� UHVSRQVHV� WR�GLIIHUHQW

FKHPLFDO�VWLPXOL������7KH�ODWHQF\�WLPH�ZDV�GHILQHG�DV�WKH

WLPH� UHTXLUHG� IRU� D� WHVW�PDOH� WR� OHDYH� WKH� VWDUWLQJ� DUHD

RQFH�WKH�JDWH�ZDV�RSHQHG��PHDVXUHG�ZKHQ�WKH�WLS�RI�WKH

WDLO� FURVVHG� WKH� ERXQGDU\� RI� WKH� VWDUWLQJ� JDWH�� :H

PHDVXUHG� XVLQJ� WKH� WLS� RI� WKH� WDLO� LQVWHDG� RI� WKH� VQRXW

EHFDXVH�WHVW�PDOHV�ZLWKLQ� WKH�VWDUWLQJ�ER[�RIWHQ�PRYHG

WKHLU� VQRXWV� EDFN� DQG� IRUWK� DORQJ� WKH� VWDUW� OLQH�� LQ

FRQWUDVW�� ZKHQ� WHVW� PDOHV� EHJDQ� WR� PRYH� RXW� RI� WKH

VWDUWLQJ� DUHD�� WKH\� JHQHUDOO\�PRYHG� GLUHFWO\� WRZDUG� WKH

VRXUFH�� DQG� WKH� WDLO� WLS� FURVVHG� WKH� OLQH� RQFH�� 7KXV�

PHDVXULQJ� WKH� WLPH� XQWLO� WKH� WLS� RI� WKH� WDLO� FURVVHG� WKH

VWDUWLQJ� OLQH�SURYLGHG�WKH�PRVW�DFFXUDWH�PHDVXUH�RI� WKH

WLPH�UHTXLUHG�IRU�WKH�WHVW�PDOH�WR�OHDYH�WKH�VWDUWLQJ�DUHD�

$OWKRXJK� WKLV� PHDVXUH� RI� ODWHQF\� PD\� ELDV� WKH� GDWD

WRZDUG�UHFRUGLQJ�ORQJHU�ODWHQFLHV�IRU�ODUJHU�DQLPDOV��WKH

DYHUDJH�VL]H�GLIIHUHQFH�RI�OHVV�WKDQ���PP�EHWZHHQ�ODUJH

DQG� VPDOO� PDOHV� LV� SUREDEO\� QRW� VXIILFLHQW� WR� OHDG� WR

VLJQLILFDQW� ODWHQF\� GLIIHUHQFHV� EHWZHHQ� JURXSV�� (DFK

DQLPDO�ZDV�DOORZHG���PLQ� IRU� WKLV� UHVSRQVH��$Q�DQLPDO

WKDW� IDLOHG� WR� OHDYH� WKH� VWDUWLQJ� DUHD� ZLWKLQ� �� PLQ� ZDV

UHPRYHG� IURP� WKH�PD]H��DQG�GDWD� IRU� WKDW�DQLPDO�ZHUH

QRW� LQFOXGHG� LQ� WKH�DQDO\VLV� IRU�WKDW� WULDO�� ����7KH�FKRLFH

WLPH�ZDV�GHILQHG�DV� WKH� WLPH� UHTXLUHG� IRU� WKH� WLS�RI� WKH

VQRXW�RI�D� WHVW�PDOH� WR� WUDYHO�PRUH� WKDQ�KDOI� WKH� OHQJWK

RI�RQH�RI� WKH� WZR�DUPV�RI� WKH�<�PD]H�DIWHU� OHDYLQJ� WKH

VWDUWLQJ�DUHD��(DFK�DQLPDO�ZDV�DOORZHG����PLQ� IRU� WKLV

UHVSRQVH��$Q�DQLPDO�WKDW�IDLOHG�WR�PDNH�D�FKRLFH�ZLWKLQ

���PLQ�ZDV� UHPRYHG� IURP� WKH�PD]H�� DQG�ERWK� ODWHQF\

DQG�FKRLFH�WLPH�GDWD�IRU�WKDW�DQLPDO�ZHUH�QRW�LQFOXGHG�LQ

WKH�DQDO\VLV�� ����:H�DOVR�UHFRUGHG� WKH� WRWDO�PD]H� WLPH�

WKH�WRWDO�RI�WKH�ODWHQF\�DQG�FKRLFH�WLPHV��,Q�DGGLWLRQ��WKH
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DUP� RI� WKH� <�PD]H� FKRVHQ� E\� HDFK� WHVW� PDOH� ZDV

UHFRUGHG�� 1XPEHUV� RI� DQLPDOV� WHVWHG� DQG� RI� DQLPDOV

VXFFHVVIXOO\� OHDYLQJ� WKH� VWDUWLQJ� DUHD� DQG� PDNLQJ� D

FKRLFH�DUH�SURYLGHG� LQ�7DEOH���

7KH�RUGHU� LQ�ZKLFK�DQLPDOV� IURP� WKH� ODUJH�DQG�VPDOO

JURXSV� ZHUH� XVHG� LQ� <�PD]H� WULDOV� ZDV� GHFLGHG� E\

WRVVLQJ� D� FRLQ�� WKHUHIRUH�� VPDOO� GLIIHUHQFHV� RFFXUUHG� LQ

WKH�VDPSOH�VL]HV�RI�ODUJH�DQG�VPDOO�PDOHV�XVHG�LQ�HDFK

FKRLFH� WHVW� �VHH� 7DEOH� ���� (DFK� WHVW� DQLPDO� ZDV� JLYHQ

HDFK�FKRLFH� WHVW�RQO\�RQFH�

&KHPLFDO�VWLPXOL�XVHG

7KUHH� GLIIHUHQW� RGRUDQW� FKRLFH� WHVWV�ZHUH� SHUIRUPHG� LQ

<�PD]HV�� DQG� VXEMHFW� DQLPDOV� ZHUH� JLYHQ� WKUHH�GD\

UHVWLQJ� SHULRGV� EHWZHHQ� WKH� GLIIHUHQW� RGRUDQW� FKRLFH

WHVWV��,Q�WKH�ILUVW�WHVW��PDOHV�ZHUH�SUHVHQWHG�ZLWK�D�FKRLFH

EHWZHHQ� WZR� ODUJH� IHPDOHV� �WKH� ODUJH� IHPDOH� �� ODUJH

IHPDOH��/)�/)�WHVW���,Q�WKLV�WHVW��WKH�VWLPXOXV�DQLPDOV�ZHUH

��ODUJH�IHPDOHV��VHOHFWHG�IURP�D�SRRO�RI����ODUJH�IHPDOHV

DQG� VL]H�PDWFKHG� VXFK� WKDW� WKHUH�ZDV� OHVV� WKDQ� ���� J

GLIIHUHQFH�LQ�WKHLU�ERG\�PDVVHV��)RU�HDFK�WULDO��D�GLIIHUHQW

FRPELQDWLRQ�RI� WZR�VL]H�PDWFKHG� IHPDOHV�ZDV�VHOHFWHG

IURP�WKH�SRRO��2XU�SUHYLRXV�ZRUN�LQGLFDWHV�WKDW�PDOHV�GR

QRW� VKRZ� DQ\� SUHIHUHQFHV� ZKHQ� SUHVHQWHG� ZLWK� WZR

VLPLODUO\�VL]HG� IHPDOHV� �3DUN�DQG�3URSSHU��������

7KH�VHFRQG�FKRLFH� WHVW�ZDV� WKH� ODUJH� IHPDOH� �� VPDOO

IHPDOH��/)�6)��WHVW��)RU�WKLV�WHVW��JURXSV�RI����ODUJH�DQG

���VPDOO�IHPDOHV�ZHUH�XVHG�DV�SRROV�IURP�ZKLFK�VWLPXOXV

DQLPDOV�ZHUH�UDQGRPO\�VHOHFWHG�DW�WKH�EHJLQQLQJ�RI�HDFK

WULDO��)LYH�DQLPDOV�IURP�HDFK�SRRO�ZHUH�UDQGRPO\�VHOHFWHG

DQG�ZHLJKHG�� WKH�PHDQ�6'� IRU� WKH� ODUJH� IHPDOHV�ZDV

���� � ����� J� �UDQJH�� ����−����� J��� DQG� IRU� WKH� VPDOO
IHPDOHV�ZDV�����������J��UDQJH������−�����J���)RU�HDFK
WULDO��D�GLIIHUHQW�FRPELQDWLRQ�RI�IHPDOHV�ZDV�VHOHFWHG�IURP

HDFK� SRRO�� 3UHYLRXV� UHVXOWV� VXJJHVW� WKDW� PDOHV� IDFHG

ZLWK�FKRLFH�VLWXDWLRQV�FDQ�GLVFULPLQDWH�IHPDOH�VL]H�XVLQJ

FKHPLFDO� FXHV�� DQG� SUHIHU� FXHV� IURP� ODUJH� IHPDOHV� WR

WKRVH�IURP�VPDOO�IHPDOHV��9HUUHOO��������5RZODQG�HW�DO��

������

,Q� WKH� WKLUG� FKRLFH� WHVW�� PDOHV� ZHUH� SUHVHQWHG� ZLWK

VWLPXOL� IURP� RQH� ODUJH� IHPDOH� SODFHG� ZLWK� IRXU� PDOHV

YHUVXV�VWLPXOL�IURP�RQH�VPDOO�IHPDOH�DORQH��WKH�/)��0�

6)� WHVW��� /DUJH� DQG� VPDOO� IHPDOHV� ZHUH� VHOHFWHG� IURP

WKH� VDPH� SRROV� XVHG� LQ� WKH� VHFRQG� H[SHULPHQW�� ,Q

DGGLWLRQ����PDOHV�VHOHFWHG�IURP�D�SRRO�RI����ZHUH�DGGHG

WR� WKH� VLGH� DUP� FRQWDLQLQJ� WKH� ODUJH� IHPDOH�� )RU� HDFK

WULDO�� GLIIHUHQW� FRPELQDWLRQV� RI� ODUJH� DQG� VPDOO� IHPDOHV

DQG�IRXU�PDOHV�ZHUH�XVHG��%HIRUH�WKH�EHJLQQLQJ�RI�HDFK

WULDO�� WKH� ODUJH� IHPDOH� DQG� IRXU� PDOHV� ZHUH� DOORZHG� WR

LQWHUDFW�IRU���PLQ��,Q�WKLV�WHVW��VXEMHFWV�PD\�EH�IDFHG�ZLWK

D� FRPSOH[� FKRLFH� EHFDXVH� WKH\� DUH� VLPXOWDQHRXVO\

H[SRVHG�WR�FKHPLFDO�FXHV�IURP�SRWHQWLDO�FRPSHWLWRUV�DV

ZHOO�DV�IURP�ODUJH�DQG�VPDOO�IHPDOHV��VXEMHFWV�PD\�IDFH

FRPSHWLWLRQ� IURP� RWKHU� PDOHV� LI� WKH\� VHOHFW� WKH� ODUJH

IHPDOH� �3DUN�DQG�3URSSHU���������

,Q� DOO� FKRLFH� WHVWV�� VWLPXOXV� DQLPDOV� RU� JURXSV� ZHUH

DVVLJQHG� WR� D� VLGH� RI� WKH� <�PD]H� E\� WRVVLQJ� D� FRLQ�

6RPH�VWLPXOXV�DQLPDOV�ZHUH�XVHG�PRUH�WKDQ�RQFH��EXW

QRW� LQ�VXFFHVVLYH� WULDOV�

6WDWLVWLFDO�DQDO\VHV

)RU�VWDWLVWLFDO�DQDO\VHV��ZH� WUHDWHG�HDFK�H[SHULPHQW�DV

LQGHSHQGHQW� RI� WKH� RWKHUV�� DV� VXEMHFWV� ZHUH� GUDZQ� DW

UDQGRP� IURP�D� ODUJHU�SRRO� IRU�XVH� LQ�HDFK�H[SHULPHQW�

&KL�VTXDUH��χ���WHVWV�ZHUH�XVHG�WR�DQDO\]H�IUHTXHQF\

GDWD�� VXFK� DV� WKH� QXPEHU� RI� ODUJH� DQG� VPDOO� PDOHV

FRPSOHWLQJ� WKH� FKRLFH�� 'DWD� IURP� DQLPDOV� WKDW� GLG� QRW

FRPSOHWH� D� FKRLFH� ZHUH� QRW� LQFOXGHG� LQ� DQDO\VHV�� )RU

HDFK� WHVW�� GDWD� FRQFHUQLQJ� WKH� FKRLFHV�PDGH� E\� VPDOO

DQG� ODUJH�PDOHV�ZHUH�DQDO\]HG�XVLQJ�D�ELQRPLQDO� WHVW�

GLIIHUHQFHV� LQ� WKH� FKRLFHV� PDGH� E\� VPDOO� DQG� ODUJH

PDOHV�ZHUH�FRPSDUHG�XVLQJ�)LVKHU¶V�H[DFW� WHVW�

%HFDXVH�WKH�ODWHQF\��FKRLFH��DQG�WRWDO�PD]H�WLPH�GDWD

SDVVHG�D�QRUPDOLW\�WHVW��RQH�VDPSOH�.ROPRJRURY�6PLUQRY

7DEOH����6XPPDU\�RI�UHVXOWV�RI�FKRLFH�WHVWV

&KRLFH�WHVWV

/)���/) /)���6) /)��0���6)

6L]H�RI�VXEMHFW�PDOHV 6PDOO /DUJH 6PDOO /DUJH 6PDOO /DUJH

1XPEHU�RI�VXEMHFWV�WHVWHG �� �� �� �� �� ��

1XPEHU�OHDYLQJ�VWDUWLQJ�DUHD �� �� �� �� �� ��

1XPEHU�FRPSOHWLQJ�FKRLFH �� �� �� �� �� ��

2GRUDQW�VWLPXOXV�FKRVHQ /) ��
/) �

/) ��
/) �

/) ��
6) �

/) ��
6) �

/)��0 �
6) ��

/)��0 ��
6) ��

3�YDOXH��ELQRPLDO�WHVW ���� ���� ���� ���� ���� ����

3�YDOXH��)LVKHU¶V�H[DFW�WHVW ���� ���� ����

,Q�WKH�/)�/)�WHVW��RQH�ODUJH�IHPDOH�ZDV�SODFHG�DW�WKH�HQG�RI�HDFK�DUP�RI�D�<�PD]H�DV�RGRUDQW�VWLPXOXV��LQ�WKH�/)�6)�WHVW��D�ODUJH�IHPDOH�ZDV�SODFHG�DW�WKH�HQG
RI�RQH�DUP�DQG�D�VPDOO�IHPDOH�DW�WKH�HQG�RI�WKH�RWKHU�DV�RGRUDQW�VWLPXOXV��DQG�LQ�WKH�/)��0��6)�WHVW��RQH�ODUJH�IHPDOH�DQG�IRXU�PDOHV�ZHUH�SODFHG�DW�WKH�HQG
RI�RQH�DUP�DQG�D�VLQJOH�VPDOO�IHPDOH�ZDV�SODFHG�DW�WKH�HQG�RI�WKH�RWKHU�DV�RGRUDQW�VWLPXOXV��$�WZR�WDLOHG�ELQRPLDO�WHVW�ZDV�XVHG�WR�GHWHUPLQH�ZKHWKHU�RU�QRW
VPDOO�DQG�ODUJH�PDOHV�SUHIHU�RQH�RGRUDQW�VWLPXOXV�WR�WKH�RWKHU�ZLWKLQ�HDFK�FKRLFH�WHVW��7R�DQDO\]H�FKRLFH�GLIIHUHQFHV�EHWZHHQ�VPDOO�DQG�ODUJH�PDOHV��ZH�XVHG
)LVKHU¶V�H[DFW�WHVW�
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WHVW��3�!������DQG�D�WHVW�IRU�WKH�KRPRJHQHLW\�RI�YDULDQFH

�/HYHQH¶V�WHVW�RI�HTXDOLW\�RI�HUURU�YDULDQFH��3�!������DIWHU

D�QDWXUDO�ORJ��OQ��RU�VTXDUH�URRW�WUDQVIRUPDWLRQ��SDUDPHWULF

VWDWLVWLFDO�WHVWV�ZHUH�XVHG�WR�DQDO\]H�WKHVH�GDWD��$�WZR�

ZD\�DQDO\VLV�RI�YDULDQFH��$129$��ZDV�XVHG�WR�DQDO\]H

WKH� PDLQ� HIIHFWV� RI� ERG\� VL]H� �ODUJH� DQG� VPDOO�� DQG

RGRUDQW�WUHDWPHQWV��/)�/)��/)�6)��/)��0�6)���DV�ZHOO�DV

LQWHUDFWLRQ�HIIHFWV� IRU� WKH� ODWHQF\�DQG�FKRLFH� WLPH�GDWD�

7XNH\¶V�SRVW�KRF�WHVWV�ZHUH�WKHQ�XVHG�IRU�SDLUZLVH�WZR�

SRLQW�FRPSDULVRQV�ZKHQ�WKH�$129$V�LQGLFDWHG�VLJQLILFDQW

HIIHFWV�RI�GLIIHUHQW�RGRUDQWV�

%HFDXVH�WRWDO�PD]H�WLPH�GHSHQGV�RQ�WKH�ODWHQF\�DQG

FKRLFH� WLPHV��PDLQ� DQG� LQWHUDFWLRQ� HIIHFWV� RI� ERG\� VL]H

DQG�RGRUDQW�WUHDWPHQWV�ZHUH�DQDO\]HG�XVLQJ�D�WZR�ZD\

$129$� ZLWK� D� %RQIHUURQL� FRUUHFWLRQ�� 7KH� VWDWLVWLFDO

SURJUDP�6366��Y������ZDV�XVHG� IRU�DOO�DQDO\VHV�

5HVXOWV

7KH�SHUFHQWDJH�RI�VXEMHFWV�VXFFHVVIXOO\�PDNLQJ�D�FKRLFH

GLG�QRW�GLIIHU�DFURVV�FKRLFH�WHVWV��χ���3 �������������RI

VXEMHFWV�����DQLPDOV�RI����WKDW�LQLWLDWHG�D�WULDO��FRPSOHWHG

D�FKRLFH�LQ�WKH�/)�/)�WHVW������������RI�����LQ�WKH�/)�6)

WHVW��DQG�����������RI����� LQ�WKH�/)��0�6)�WHVW��/DUJH

)LJ�� ���0HDQV� DQG� VWDQGDUG� HUURUV� IRU� WLPHV� UHFRUGHG� LQ
GLIIHUHQW� FKRLFH� WHVWV�� ,Q� WKHVH� FKRLFH� WHVWV�� PDOH� UHG�
VSRWWHG� QHZWV�ZHUH� SUHVHQWHG�ZLWK� FKHPLFDO� VWLPXOL� IURP
WZR� ODUJH� IHPDOHV�� RQH� SODFHG� LQ� HDFK� VLGH� DUP� RI� D� <�
PD]H� �/)�/)��� IURP�RQH� ODUJH�DQG�RQH� VPDOO� IHPDOH� �/)�
6)���DQG�IURP�RQH�ODUJH�IHPDOH�SODFHG�ZLWK�IRXU�PDOHV�DQG
RQH� VPDOO� IHPDOH� DORQH� �/)��0�6)��� $�� /DWHQF\� WLPH� IRU
LQLWLDO� UHVSRQVH��%��&KRLFH� WLPH�� DQG�&�� 7RWDO�PD]H� WLPH�
WKH� WRWDO� RI� WKH� ODWHQF\� DQG� FKRLFH� WLPHV�� ZHUH� UHFRUGHG
IURP� VPDOO� �RSHQ� EDUV�� DQG� ODUJH� �ILOOHG� EDUV�� PDOHV�
2YHUDOO�� VPDOO�PDOHV� WUDYHUVH� WKH�PD]H� IDVWHU� WKDQ� ODUJH
PDOHV��1XPEHUV� LQGLFDWH� WKH�QXPEHU�RI�DQLPDOV� LQFOXGHG
LQ�HDFK�DQDO\VLV�
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PDOHV�GLVSOD\HG�D�VLJQLILFDQW�SUHIHUHQFH�IRU�RGRUDQWV�IURP

ODUJH� IHPDOHV� RYHU� RGRUDQWV� IURP� VPDOO� IHPDOHV� �WZR�

WDLOHG�ELQRPLDO�WHVW��3 �������EXW�VPDOO�PDOHV�GLG�QRW��3

 �������7KLV�GLIIHUHQFH�LQ�SUHIHUHQFH�EHWZHHQ�VPDOO�DQG

ODUJH�PDOHV�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��)LVKHU¶V�H[DFW

WHVW�� 3 ������� ,Q� RWKHU� FKRLFH� WHVWV�� QR� VLJQLILFDQW

SUHIHUHQFH�ZDV�GLVSOD\HG�E\�HLWKHU�VPDOO�RU�ODUJH�PDOHV

�7DEOH����

/DWHQF\�WLPH��)������ ������3�������DQG�WRWDO�PD]H�WLPH

�)������ ������3�������YDULHG�VLJQLILFDQWO\�ZLWK�ERWK�ERG\

VL]H�DQG�RGRUDQW�VWLPXOL��1R�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ

ERG\�VL]H�DQG�RGRUDQW�VWLPXOL�ZDV�REVHUYHG� IRU� ODWHQF\

WLPH� �)��� ��� ������3 ������ RU� WRWDO�PD]H� WLPH� �)��� ��� 

������3 �������$OWKRXJK�ODUJH�DQG�VPDOO�PDOHV�WHQGHG�WR

GLVSOD\�GLIIHUHQW� FKRLFH� WLPHV� LQ�/)�/)�H[SHULPHQW� �)LJ�

�%��� RYHUDOO�� FKRLFH� WLPH�GLG�QRW� YDU\�ZLWK�ERG\� VL]H�RU

DPRQJ�WHVWV��)������ ������3 �������VR�ZH�GLG�QRW�DQDO\]H

WKH�FKRLFH� WLPH�GDWD� IXUWKHU��

%RWK� ERG\� VL]H� �)��� ��� ������3 ������ DQG� RGRUDQW

VWLPXOL��)������ �������3�������HPHUJHG�DV�PDLQ�IDFWRUV

LQIOXHQFLQJ� ODWHQF\� WLPH�� WKH� WLPH� WR� OHDYH� WKH� VWDUWLQJ

DUHD�� $V� LOOXVWUDWHG� LQ� )LJ�� �$�� WKH� ODWHQF\� WLPH� ZDV

VKRUWHU� IRU� VPDOO�PDOHV� WKDQ� IRU� ODUJH�PDOHV��3RVW�KRF

WHVWV�LQGLFDWH�WKDW�WKH�ODWHQF\�WLPH�LQ�WKH�/)�/)�WHVW�ZDV

VLJQLILFDQWO\� VKRUWHU� WKDQ� LQ� WKH� /)�6)� DQG� /)��0�6)

WHVWV� �IRU�ERWK�FDVHV��3�������� WKH�GLIIHUHQFH� LQ� ODWHQF\

WLPHV� LQ� WKH� /)�6)� DQG� /)��0�6)� WHVWV� ZDV� QRW

VLJQLILFDQW� �3 ������

%RWK�PDOH�ERG\�VL]H��)������ ������3 ������DQG�RGRUDQW

VWLPXOL� �)��� ��� ������ 3������� VLJQLILFDQWO\� DIIHFWHG� WKH

WRWDO�PD]H�WLPH��)LJ���&�LOOXVWUDWHV�WKHVH�WUHQGV��LQ�ZKLFK

VPDOOHU�PDOHV�WHQGHG�WR�FRPSOHWH�WKH�PD]H�PRUH�UDSLGO\

WKDQ� GLG� ODUJH� PDOHV�� DQG� LQ� ZKLFK� WRWDO� PD]H� WLPH

WHQGHG� WR� LQFUHDVH� ZLWK� WKH� FRPSOH[LW\� RI� WKH� FKRLFH

SUHVHQWHG�� 3RVW�KRF� WHVWV� GHPRQVWUDWH� WKDW� WKH� WRWDO

PD]H�WLPH�LQ�WKH�/)�/)�WHVW�ZDV�VLJQLILFDQWO\�VKRUWHU�WKDQ

LQ� WKH� /)�6)� �3 ������ DQG� /)��0�6)� �3������� WHVWV�

EXW� WKDW� WKH�GLIIHUHQFH�EHWZHHQ� WKH�/)�6)�DQG�/)��0�

6)� WHVWV�ZDV�QRW�VLJQLILFDQW� �3 ������

'LVFXVVLRQ

5HVSRQVHV� WR�FKHPLFDO�FXHV� IURP�SRWHQWLDO�PDWHV�PD\

EH�DIIHFWHG�E\�ERWK�WKH�FRPSOH[LW\�RI�WKH�VWLPXOXV�DQG�E\

WKH� SRVVLELOLW\� RI� FRPSHWLWLRQ� ZLWKLQ� WKH� FRXUWLQJ� DUHD�

7KH�FRPSOH[LW\�RI�DQ�RGRUDQW�LV�GHWHUPLQHG�E\�WKH�QXPEHU

RI� PHDQLQJIXO� EOHQGV� WKDW� VXEMHFWV� SHUFHLYH� ZLWKLQ� WKH

VWLPXOXV� DQG� E\� WKH� QXPEHU� RI� GLIIHUHQW� RGRUDQW

FRPSRQHQWV� �-HOOLQHN� DQG� .|VWHU�� ������� ,Q� KXPDQV�

LQFUHDVLQJ� WKH� QXPEHU� RI� FRPSRQHQWV� LQ� D� VWLPXOXV

LQFUHDVHV� RYHUDOO� UHVSRQVH� WLPH� �/LYHUPRUH� DQG� /DLQJ�

������ ������� ,Q� RXU� VWXG\�� ZH� IRXQG� WKDW� ZLWK� WKH

SUHVHQWDWLRQ� RI� LQFUHDVLQJO\� FRPSOLFDWHG� FKRLFHV�� IURP

WKH� /)�/)� WHVW� WR� WKH� /)�6)� WHVW�� WKH� SUREDELOLW\� RI

VXFFHVVIXOO\�PDNLQJ�D�FKRLFH�ZLWKLQ� WKH����PLQ�DOORWWHG

GHFUHDVHG� IURP������� WR�������RI� WRWDO� WULDOV�� DQG� WKH

ODWHQF\� WLPH� DQG� WRWDO� PD]H� WLPH� RI� DQLPDOV�PDNLQJ� D

FKRLFH�VLJQLILFDQWO\� LQFUHDVHG�� ,Q�DGGLWLRQ��DGGLQJ�PDOH�

PDOH�FRPSHWLWLRQ�WR�WKH�/)�6)�WHVW�IXUWKHU�GHFUHDVHG�WKH

SUREDELOLW\� RI� VXFFHVVIXO� FKRLFH� IURP� ������ WR� ������

DOWKRXJK� WKH� ODWHQF\� DQG� WRWDO�PD]H� WLPH� LQ� WKH� /)�6)

FKRLFH� WHVW� ZDV� QRW� VLJQLILFDQWO\� GLIIHUHQW� WKDQ� LQ� WKH

/)��0�6)� WHVW�

/DUJH�DQG�VPDOO�PDOHV�PD\�XVH�GLIIHUHQW�VWUDWHJLHV�WR

UHVSRQG� WR� LQIRUPDWLRQ� LQ� FRQVSHFLILF� FKHPLFDO� FXHV�� ,Q

RXU�WHVWV��WKH�ODWHQF\�WLPH�IRU�VPDOO�PDOHV�ZDV�VLJQLILFDQWO\

VKRUWHU�WKDQ�WKDW�IRU�ODUJH�PDOHV��7KH�ODWHQF\�WR�UHVSRQG

WR�DQ�RGRUDQW�LV�GXH�WR�WKH�WLPH�UHTXLUHG�IRU�WKH�RGRUDQW

WR� UHDFK� GHWHFWLRQ� WKUHVKROG�� IRU� LGHQWLILFDWLRQ� RI� WKH

RGRUDQW�� DQG� IRU� VHOHFWLQJ� WKH� DSSURSULDWH� UHVSRQVH

�/LYHUPRUH� DQG� /DLQJ�� ������� :H� EHOLHYH� WKDW� WKH

DGDSWDWLRQ� SHULRG� RI� �� PLQ� EHKLQG� WKH� VWDUWLQJ� JDWH� LV

HQRXJK� WLPH� WR� DOORZ� IRU� WKUHVKROG� DQG� LGHQWLILFDWLRQ� RI

RGRUDQWV�LQ�WKH�VWLPXOL�SUHVHQWHG��EHFDXVH�ZH�IRXQG�WKDW

LQ� WULDOV� LQ�ZKLFK�QR�VWDUW�JDWH�ZDV�XVHG��PDOHV� OHIW� WKH

VWDUWLQJ�DUHD�ZLWKLQ���PLQ��3DUN�HW�DO���XQSXEOLVKHG�GDWD��

'LIIHUHQFHV� LQ� ODWHQF\� EHWZHHQ� ODUJH� DQG� VPDOO� PDOHV

PD\�WKHUHIRUH�EH�GXH�WR�GLIIHUHQFHV�LQ�WKH�WLPH�UHTXLUHG

WR� VHOHFW� DQ�DSSURSULDWH� UHVSRQVH��$OWKRXJK�ZH�FDQQRW

UXOH�RXW�WKH�SRVVLELOLW\�WKDW�ODUJH�DQG�VPDOO�PDOHV�GLIIHU�LQ

WKHLU�PRWLYDWLRQ�WR�LQLWLDWH�UHVSRQVHV��RXU�UHVXOWV�VXJJHVW

WKDW� VPDOO� PDOHV� UHVSRQG� UDSLGO\� WR� FKHPLFDO� FXHV�

)XUWKHUPRUH�� WKH� WRWDO� PD]H� WLPH� RI� VPDOO� PDOHV� WR

GLIIHUHQW� RGRUDQW� VWLPXOL� ZDV� DOVR� VLJQLILFDQWO\� VKRUWHU

WKDQ�WKDW�RI�ODUJH�PDOHV��LQGLFDWLQJ�WKDW�VPDOO�PDOHV�PRUH

UDSLGO\� FRPSOHWH� WKHLU� RGRUDQW� FKRLFHV�� ,Q� WKH� ILHOG�� WKH

FRQVHTXHQFHV� RI� WKHVH� UDSLG� RGRUDQW� UHVSRQVHV� FRXOG

EH� WKH� HDUOLHU� DUULYDO� DW� D� FRXUWLQJ� DUHD� RI� VPDOO�PDOHV

WKDQ�RI� ODUJH�PDOHV�

(DUO\�DUULYDO�RI�PDOHV�ZKR�KDYH�ORZ�FRPSHWLWLYH�DELOLW\

DW�FRXUWLQJ�DUHDV�RU�EUHHGLQJ�VLWHV�PD\�RFFXU�ZKHQ�WKH

LQIHULRU�PDOHV�SD\�ORZHU�FRVWV�RU�JDLQ�KLJKHU�EHQHILWV�IRU

DUULYLQJ�HDUO\�DV�FRPSDUHG�WR�DUULYLQJ�ODWHU��7KH�UHSURGXFWLYH

FRQVHTXHQFHV�RI�GLIIHUHQWLDO�DUULYDO�WLPH�DW�EUHHGLQJ�VLWHV

KDYH�EHHQ�VWXGLHG�LQ�PLJUDWRU\�ELUGV��0¡OOHU��������.RNNR�

������DQG�ILVKHV��&DQGROLQ�DQG�9RLJW���������)RU�H[DPSOH�

LQ� VWLFNOHEDFNV� �&DVWHURVWHXV� DFXOHDWXV��� LQIHULRU� VPDOO

PDOHV� WKDW� DUULYH� HDUO\� JDLQ� WKH� EHQHILW� RI� LQFUHDVHG

DFFHVV�WR�WHUULWRULHV��EXW�SD\�WKH�FRVW�RI�KLJKHU�SUHGDWLRQ

ULVN� �&DQGROLQ�DQG�9RLJW��������

,Q� RXU� VWXG\� ZH� IRXQG� WKDW� VPDOO� PDOHV� UDSLGO\

FRPSOHWHG� WKHLU� FKRLFH�� UHJDUGOHVV� RI� RGRUDQW� VWLPXOL�

VXJJHVWLQJ� WKDW� LQ� WKH� ILHOG� VPDOO� PDOHV� PD\� TXLFNO\

DUULYH� DW� DUHDV� LQ� ZKLFK� D� IHPDOH� LV� DORQH� RU� LQ� ZKLFK

FRXUWVKLS�EHWZHHQ�PDOHV�DQG�IHPDOHV�LV�SURJUHVVLQJ�EXW

KDV�QRW�EHHQ�FRPSOHWHG��)HPDOH� UHG�VSRWWHG�QHZWV�GR

QRW�VKRZ�SUHIHUHQFHV�IRU�ODUJHU�PDOHV��*DERU�HW�DO���������

6PDOO�PDOHV� FDQ�PDWH� VXFFHVVIXOO\�ZKHQ� QR� ULYDOV� DUH

SUHVHQW�� DQG� WKH� PDWLQJ� VXFFHVV� RI� PDOHV� WKDW� JXDUG

IHPDOHV�LV�RIWHQ�KLJKHU�WKDQ�WKDW�RI�ULYDOV��9HUUHOO��������

5HSODFHPHQW� RI� JXDUGLQJ� PDOHV� E\� VPDOOHU� RU� VLPLODU�

VL]HG� ULYDO� PDOHV� GRHV� QRW� RFFXU� LQ� ODERUDWRU\� WHVWV�



%RG\�6L]H�DQG�5HVSRQVH�WR�&KHPLFDO�&XHV

��

DOWKRXJK� ODUJH� PDOHV� FDQ� GLVSODFH� VPDOOHU� JXDUGLQJ

PDOHV� LQ� WKH�ILHOG��9HUUHOO���������7KHVH�UHVXOWV�VXJJHVW

WKDW� VPDOO� PDOHV� DUULYLQJ� HDUOLHU� WKDQ� ODUJH�PDOHV� PD\

KDYH�D�JUHDWHU�FKDQFH�RI�FRXUWLQJ�DQG�JXDUGLQJ�D�IHPDOH�

WKXV�FRPSHQVDWLQJ� IRU�DQ�DSSDUHQW�VL]H�GLVDGYDQWDJH� LQ

GLUHFW�PDOH�PDOH�FRPSHWLWLRQ��

,I�HDUOLHU�DUULYDO�DW�D�FRXUWLQJ�DUHD�UHVXOWV�LQ�LQFUHDVHG

RSSRUWXQLWLHV� IRU� D� VXFFHVVIXO� PDWLQJ�� ZK\� GR� ODUJH

PDOHV�QRW�DOVR�UDSLGO\�UHVSRQG�WR�IHPDOH�FKHPLFDO�FXHV"

7KHUH�DUH�VHYHUDO�SRVVLEOH�H[SODQDWLRQV��)LUVW��RXU�ILQGLQJ

WKDW� RQO\� ODUJH�PDOHV� FKRVH� ODUJH� IHPDOHV� VLJQLILFDQWO\

PRUH� WKDQ� VPDOO� IHPDOHV� VXJJHVWV� WKDW� DOWKRXJK� VPDOO

PDOHV�FKRRVH�PRUH�TXLFNO\��WKH\�PD\�SD\�WKH�FRVW�RI�DQ

LQFUHDVHG� UDWH�RI� HUURU� LQ� WKH� FKRLFHV�PDGH� �VHH�7DEOH

����7KH�VORZHU�FKRLFH�SURFHVV�LQ�ODUJH�PDOHV�PD\�UHVXOW

LQ� IHZHU� PLVWDNHV� LQ� HYDOXDWLQJ� D� IHPDOH¶V� IHFXQGLW\�

6HFRQG��ODUJH�PDOHV�FDQ�RXW�FRPSHWH�VPDOO�PDOHV�GXULQJ

PDOH�PDOH� LQWHUDFWLRQV� �9HUUHOO�� ������ ������� VR� ODUJH

PDOHV�DUULYLQJ� ODWHU�PD\�VWLOO�KDYH�RSSRUWXQLWLHV� WR�PDWH

ZLWK�IHPDOHV��7KLUG��ODWHU�DUULYLQJ�ODUJH�PDOHV�FDQ�UHSODFH

FRXUWLQJ�VPDOO�PDOHV�HQJDJHG�LQ�DPSOH[XV�ZLWK�D�IHPDOH

�9HUUHOO���������)LQDOO\��WKH�UHSURGXFWLYH�VXFFHVV�RI�FRXUWLQJ

�������DQG�VH[XDO� LQWHUIHULQJ�PDOHV� ������� LV� VLPLODU� LQ

WKH�ILHOG��0DVVH\���������7KHVH�UHVXOWV�VXJJHVW�WKDW�ODWHU�

DUULYLQJ�ODUJH�PDOHV�PD\�QRW�KDYH�UHGXFHG�SUREDELOLW\�RI

PDWLQJ�� EHFDXVH� ODUJH� PDOHV� FDQ� VXFFHVVIXOO\� RXW�

FRPSHWH�HDUOLHU�DUULYLQJ�VPDOO�PDOHV��7DNHQ�WRJHWKHU��WKH

RSWLPDO�DUULYDO� WLPH�RI�VPDOO� LQGLYLGXDOV�PD\�GHSHQG�RQ

WKHLU�FRPSHWLWLYH�DELOLW\� UHODWLYH� WR� ODUJH�PDOHV�DQG�DOVR

RQ� WKH� WDFWLFV� XVHG� E\� ODUJH� PDOHV� WR� FRQVHUYH� WKHLU

UHSURGXFWLYH� ILWQHVV� �3DUNHU�DQG�&RXUWQH\��������

6L]H�EDVHG�GLIIHUHQFHV�LQ�UHVSRQVHV�WR�FKHPLFDO�FXHV

RFFXU� LQ� RWKHU� VLWXDWLRQV�� ,Q� WHUUHVWULDO� VDODPDQGHUV� �3�

FLQHUHXV��� WHUULWRULDO� LQWUXGHUV� PRGXODWH� WKHLU� EHKDYLRU

EDVHG� RQ� WKH� SHUFHLYHG� VL]H� RI� WKH� WHUULWRULDO� UHVLGHQW�

UHGXFLQJ� GLUHFW� FRPSHWLWLRQ� �0DWKLV�� ������ 0DWKLV� DQG

6LPRQV�� ������� ,Q� DGGLWLRQ�� VL]HG�EDVHG� GLIIHUHQFHV� LQ

UHVSRQVHV�WR�FKHPLFDO�FXHV�KDYH�EHHQ�UHSRUWHG�LQ�VWXGLHV

RI�UHVSRQVHV�E\�DPSKLELDQV�DQG�ILVKHV�WR�FKHPLFDO�FXHV

IURP�SUHGDWRUV��,Q�VRPH�FDVHV��VPDOO�LQGLYLGXDOV�UHGXFH

WKHLU�DFWLYLW\�LQ�UHVSRQVH�WR�FKHPLFDO�FXHV�IURP�SUHGDWRUV�

ZKHUHDV� ODUJH� LQGLYLGXDOV� LQFUHDVH� WKHLU� DFWLYLW\� �(NO|Y�

������%URZQ�HW�DO���������0DWKLV�HW�DO����������3UHVXPDEO\

WKHVH� GLIIHUHQFHV� DUH� GXH� WR� VL]H�UHODWHG� DELOLWLHV� WR

HVFDSH�YHUVXV�GHIHQG�DJDLQVW�DWWDFNV� IURP�SUHGDWRUV�

,Q�FRQFOXVLRQ��RXU�GDWD�VXJJHVW�WKDW�WKH�FRPSOH[LW\�RI

RGRUDQWV�DIIHFW�WKH�VSHHG�RI�RGRUDQW�UHVSRQVHV�LQ�PDOH

QHZWV�� ,Q�DGGLWLRQ��VPDOO�PDOHV�UHVSRQG�PRUH�UDSLGO\�WR

RGRUDQWV�DQG� FRPSOHWH� WKHLU� FKRLFHV�PRUH�TXLFNO\� WKDQ

GR� ODUJH� PDOHV�� 7KH� HDUO\� DUULYDO� RI� VPDOO� PDOHV� DW� D

FRXUWLQJ�DUHD�ZKHUH�ULYDO�PDOHV�DUH�QRW�\HW�SUHVHQW�PD\

LQFUHDVH�WKHLU�FKDQFHV�RI�VXFFHVVIXO�PDWLQJ�E\�GHFUHDVLQJ

PDOH�PDOH�FRPSHWLWLRQ�DQG�LQFUHDVLQJ�SULRULW\�RI�DFFHVV

WR� IHPDOHV� E\� JXDUGLQJ�� ,Q� FRQWUDVW�� ODUJH� PDOHV� PD\

FKRRVH�PRUH�VORZO\�EXW�PD\�FKRRVH�PRUH�IHFXQG�PDWHV�

7KXV�� GLIIHUHQWLDO� UHVSRQVHV� WR� FKHPLFDO� FXHV� E\� ODUJH

DQG� VPDOO� PDOHV� EHIRUH� GLUHFW� LQGLYLGXDO� FRQWDFW� ZLWK

SURVSHFWLYH�PDWHV�DQG�ULYDOV�PD\�SOD\�D�VLJQLILFDQW�UROH

LQ�PDOH�PDOH�FRPSHWLWLRQ�IRU�PDWLQJ�LQ�UHG�VSRWWHG�QHZWV�

$FNQRZOHGJPHQWV

:H� WKDQN� )�� '\HU�� $�� 0DMFKU]DN�� 7��:DONHU�� DQG� -�� =LREUR� IRU

FRPPHQWV�RQ�WKH�PDQXVFULSW��:H�DUH�JUDWHIXO�IRU�ILQDQFLDO�VXSSRUW

IURP� WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ� �,%1����������

5HIHUHQFHV

$UQROG� 6-� ������� 6H[XDO� EHKDYLRU�� VH[XDO� LQWHUIHUHQFH�� DQG

VH[XDO� GHIHQVH� LQ� WKH� VDODPDQGHUV� $PE\VWRPD� PDFXODWXP�

$PE\VWRPD� WLJULQXP� DQG�3OHWKRGRQ� MRUGDQL�� =HLW� 7LHUSV\FKRO

������������

%URZQ� *(�� /HEODQF� 9-�� DQG� 3RUWHU� /(� ������� 2QWRJHQHWLF

FKDQJHV� LQ� WKH� UHVSRQVH� RI� ODUJHPRXWK� EDVV� �0LFURSWHUXV

VDOPRLGHV��&HQWUDUFKLGDH��3HUFLIRUPHV��WR�KHWHURVSHFLILF�DODUP

SKHURPRQHV��(WKRORJ\��������������

&DHWDQR� 0+� DQG� /HFODLU� 5� -U� ������� *URZWK� DQG� SRSXODWLRQ

VWUXFWXUH�RI� UHG�VSRWWHG�QHZWV��1RWRSKWKDOPXV�YLULGHVFHQV�� LQ

SHUPDQHQW� ODNHV� RI� WKH� /DXUHQWLDQ� VKLHOG�� 4XHEHF�� &RSHLD

��������������

&DQGROLQ�8� DQG� 9RLJW� +5� ������� 6L]H�GHSHQGHQW� VHOHFWLRQ� RQ

DUULYDO� WLPHV� LQ� VWLFNOHEDFNV�� ZK\� VPDOO� PDOHV� DUULYH� ILUVW�

(YROXWLRQ�������������

(NO|Y� 3� ������� &KHPLFDO� FXHV� IURP� PXOWLSOH� SUHGDWRU�SUH\

LQWHUDFWLRQV�LQGXFH�FKDQJHV�LQ�EHKDYLRU�DQG�JURZWK�RI�DQXUDQ

ODUYDH��2HFRORJLD��������������

(POHQ�67�DQG�2ULQJ�/:��������(FRORJ\��VH[XDO�VHOHFWLRQ��DQG

WKH�HYROXWLRQ�RI�PDWLQJ�V\VWHPV��6FLHQFH��������������

*DERU� &5�� .UHQ]� -'�� DQG� -DHJHU� 5*� ������� )HPDOH� FKRLFH�

PDOH� LQWHUIHUHQFH�� DQG� VSHUP� SUHFHGHQFH� LQ� WKH� UHG�VSRWWHG

QHZW��%HKDY�(FRO�������������

*UHHQ� $-� ������� /DUJH� PDOH� FUHVWV�� DQ� KRQHVW� LQGLFDWRU� RI

FRQGLWLRQ�� DUH� SUHIHUUHG� E\� IHPDOH� VPRRWK� QHZWV�� 7ULWXUXV

YXOJDULV��6DODPDQGULGDH��DW�WKH�VSHUPDWRSKRUH�WUDQVIHU�VWDJH�

$QLP�%HKDY�������������

+DOOLGD\�75��������$Q�REVHUYDWLRQDO�DQG�H[SHULPHQWDO�VWXG\�RI

WKH� VPRRWK� QHZW��7ULWXUXV� YXOJDULV� �8URGHOD�� 6DODPDQGULGDH��

$QLP�%HKDY�������������

+RXFN� /'� ������� 7KH� HIIHFW� RI� ERG\� VL]H� RQ� PDOH� FRXUWVKLS

VXFFHVV� LQ� D� SOHWKRGRQWLG� VDODPDQGHU��$QLP�%HKDY� ���� ����

����

-HOOLQHN�6-�DQG�.|VWHU�(3��������3HUFHLYHG�IUDJUDQFH�FRPSOH[LW\

DQG� LWV� UHODWLRQVKLS� WR� IDPLOLDULW\� DQG� SOHDVDQWQHVV�� ,,�� -� 6RF

&RVPHW�&KHP�����������

.LNX\DPD� 6�� 7R\RGD� )�� 2KPL\D� <�� 0DWVXGD� .�� 7DQDND� 6�� DQG

+D\DVKL� +� ������� 6RGHIULQ�� D� IHPDOH�DWWUDFWLQJ� SHSWLGH

SKHURPRQH� LQ�QHZW�FORDFDO�JODQGV��6FLHQFH����������������

.RNNR�+��������&RPSHWLWLRQ�IRU�HDUO\�DUULYDO� LQ�PLJUDWRU\�ELUGV�

-�$QLP�(FRO�������������

/LYHUPRUH�%$�DQG�/DLQJ�'*��������7KH�LQIOXHQFH�RI�WUDLQLQJ�DQG

SURIHVVLRQDO�H[SHULHQFH�RQ�WKH�SHUFHSWLRQ�RI�RGRU�PL[WXUHV��-

([S�3V\FKRO�+XPDQ�������������

/LYHUPRUH�%$�DQG�/DLQJ�'*� �������7KH� LQIOXHQFH�RI� FKHPLFDO

FRPSOH[LW\�RQ�WKH�SHUFHSWLRQ�RI�PXOWLFRPSRQHQW�RGRU�PL[WXUHV�

3HUFHSW�3V\FKRSK\V�������������

0DWKLV� $� ������� 7HUULWRULDO� VDODPDQGHUV� DVVHVV� VH[XDO� DQG

FRPSHWLWLYH� LQIRUPDWLRQ� XVLQJ� FKHPLFDO� VLJQDOV�� $QLP� %HKDY



.RUHDQ�-�%LRO�6FL���������������

��

������������

0DWKLV�$� �������/DUJH�PDOH�DGYDQWDJH� IRU�DFFHVV� WR� IHPDOHV�

HYLGHQFH�RI�PDOH�PDOH�FRPSHWLWLRQ�DQG� IHPDOH�GLVFULPLQDWLRQ

LQ�D� WHUULWRULDO�VDODPDQGHU��%HKDY�(FRO�6RFLRELRO�������������

0DWKLV�$�DQG�6LPRQV�55��������6L]H�GHSHQGHQW� UHVSRQVHV�RI

UHVLGHQW� PDOH� UHG�EDFNHG� VDODPDQGHUV� WR� FKHPLFDO� VWLPXOL

IURP�FRQVSHFLILFV��+HUSHWRORJLFD�������������

0DWKLV�$��0XUUD\�./�� DQG�+LFNPDQ�&5� �������'R� H[SHULHQFH

DQG� ERG\� VL]H� SOD\� D� UROH� LQ� UHVSRQVHV� RI� ODUYDO� ULQJHG

VDODPDQGHUV��$PE\VWRPD�DQQXODWXP�� WR�SUHGDWRU�NDLURPRQHV"

/DERUDWRU\�DQG� ILHOG�DVVD\V��(WKRORJ\��������������

0D\QDUG�6PLWK�-�DQG�3DUNHU�*$��������7KH�ORJLF�RI�DV\PPHWULF

FRQWHVWV��$QLP�%HKDY�������������

0DVVH\� $� ������� 6H[XDO� LQWHUDFWLRQV� LQ� UHG�VSRWWHG� QHZW

SRSXODWLRQV��$QLP�%HKDY�������������

0¡OOHU� $3� ������� 3KHQRW\SH�GHSHQGHQW� DUULYDO� WLPH� DQG� LWV

FRQVHTXHQFHV�LQ�D�PLJUDWRU\�ELUG��%HKDY�(FRO�6RFLRELRO���������

����

3DUN� 65�� 3DUN� '�� DQG� <DQJ� 6<� ������� &RXUWVKLS�� ILJKWLQJ

EHKDYLRUV�DQG�VH[XDO�GLPRUSKLVP�RI�WKH�VDODPDQGHU��+\QRELXV

OHHFKLL��.RU�-�=RRO�������������

3DUN� '� DQG� 3DUN� 65� ������� 0XOWLSOH� LQVHPLQDWLRQ� DQG

UHSURGXFWLYH�ELRORJ\�RI�+\QRELXV�OHHFKLL��-�+HUSHWRO�������������

3DUN� '� DQG� 3URSSHU� &5� ������� 5HSHOOHQW� IXQFWLRQ� RI� PDOH

SKHURPRQHV�LQ�WKH�UHG�VSRWWHG�QHZW��-�([S�=RRO��������������

3DUN�'� DQG� 3DUN� 65� �������2OIDFWRU\� UHVSRQVHV� RI�PDOH� DQG

IHPDOH�UHG�VSRWWHG�QHZWV�WR�VH[�SKHURPRQHV�IURP�WKH�RSSRVLWH

VH[��.RU�-�%LRO�6FL������������

3DUNHU�*$�DQG�&RXUWQH\�63��������6HDVRQDO�LQFLGHQFH��DGDSWLYH

YDULDWLRQ� LQ� WKH� WLPLQJ�RI� OLIH�KLVWRU\�VWDJHV��-�7KHRU�%LRO�����

��������

3HWUDQND� -:� ������� 6DODPDQGHUV� RI� WKH� 8QLWHG� 6WDWHV� DQG

&DQDGD��6PLWKVRQLDQ� ,QVWLWXWH�3UHVV��:DVKLQJWRQ��'&�

5ROOPDQQ�60��+RXFN�/'��DQG�)HOGKRII�5&��������3URWHLQDFHRXV

SKHURPRQH� DIIHFWLQJ� IHPDOH� UHFHSWLYLW\� LQ� D� WHUUHVWULDO

VDODPDQGHU��6FLHQFH����������������

5RZODQG�:-��5REE�&&��DQG�&RUWZULJKW�6$��������&KHPLFDOO\�

PHGLDWHG�PDWH�FKRLFH�LQ�UHG�VSRWWHG�QHZWV��GR�PDOHV�VHOHFW�RU

MXVW�GHWHFW� IHPDOHV"�$QLP�%HKDY�������������

9HUUHOO�3$��������7KH�VH[XDO�EHKDYLRU�RI� WKH�UHG�VSRWWHG�QHZW�

1RWRSKWKDOPXV�YLULGHVFHQV��$PSKLELD��8URGHOD��6DODPDQGULGDH��

$QLP�%HKDY���������������

9HUUHOO�3$��������0DOH�PDWH�FKRLFH�IRU�ODUJH��IHFXQG�IHPDOHV�LQ

WKH�UHG�VSRWWHG�QHZW��1RWRSKWKDOPXV�YLULGHVFHQV��KRZ� LV�VL]H

DVVHVVHG"�+HUSHWRORJLFD�������������

9HUUHOO�3$��������:UHVWOLQJ�LQ�WKH�UHG�VSRWWHG�QHZW��1RWRSKWKDOPXV

YLULGHVFHQV��� UHVRXUFH� YDOXH� DQG� FRQWHVWDQW� DV\PPHWU\

GHWHUPLQH�FRQWHVW�GXUDWLRQ�DQG�RXWFRPH��$QLP�%HKDY���������

����

:LOWHQPXWK� (%� ������� $JRQLVWLF� DQG� VHQVRU\� EHKDYLRU� RI� WKH

VDODPDQGHU�(QVDWLQD�HVFKVFKROW]L�GXULQJ�DV\PPHWULFDO�FRQWHVWV�

$QLP�%HKDY�������������

>5HFHLYHG�)HEUXDU\�����������DFFHSWHG�$SULO��������@


