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$Q� LPSRUWDQW� VLGH� HIIHFW� RI� XVLQJ� UHFRPPHQGHU� V\VWHPV� LV� D�
SKHQRPHQRQ� FDOOHG� ³FKRLFH� RYHUORDG´�� WKH� QHJDWLYH� IHHOLQJ�
LQFXUUHG�E\� WKH� LQFUHDVHG�GLIILFXOW\� WR� FKRRVH� IURP� ODUJH� VHWV�RI�
KLJK�TXDOLW\� UHFRPPHQGDWLRQV��&KRLFH�RYHUORDG�KDV�WUDGLWLRQDOO\�
EHHQ�UHODWHG�WR� WKH�VL]H�RI� WKH�LWHP�VHW��EXW�UHFHQW�ZRUN�VXJJHVWV�
WKDW�WKH�GLYHUVLW\�RI�WKH�LWHP�VHW�LV�DQ�LPSRUWDQW�PRGHUDWRU��8VLQJ�
WKH� ODWHQW� IHDWXUHV� RI� D� PDWUL[� IDFWRUL]DWLRQ� DOJRULWKP�� ZH� ZHUH�
DEOH�WR�PDQLSXODWH�WKH�GLYHUVLW\�RI�WKH�LWHPV��ZKLOH�FRQWUROOLQJ�WKH�
RYHUDOO� DWWUDFWLYHQHVV� RI� WKH� OLVW� RI� UHFRPPHQGDWLRQV�� ,Q� D� XVHU�
VWXG\�� SDUWLFLSDQWV� HYDOXDWHG� SHUVRQDOL]HG� LWHP� OLVWV� �YDU\LQJ� LQ�
OHYHO� RI� GLYHUVLW\�� RQ� SHUFHLYHG� GLYHUVLW\� DQG�DWWUDFWLYHQHVV�� DQG�
WKHLU� H[SHULHQFHG� FKRLFH� GLIILFXOW\� DQG� WUDGHRII� GLIILFXOW\�� 7KH�
UHVXOWV�VXJJHVW�WKDW�GLYHUVLI\LQJ�WKH�UHFRPPHQGDWLRQV�PLJKW�EH�DQ�
HIIHFWLYH� ZD\� WR� UHGXFH� FKRLFH� RYHUORDG�� DV� SHUFHLYHG� GLYHUVLW\�
DQG� DWWUDFWLYHQHVV� LQFUHDVH� ZLWK� LWHP� VHW� GLYHUVLW\�� VXEVHTXHQWO\�
UHVXOWLQJ� LQ� SDUWLFLSDQWV� H[SHULHQFLQJ� OHVV� WUDGHRII� GLIILFXOW\� DQG�
FKRLFH�GLIILFXOW\��

&DWHJRULHV�DQG�6XEMHFW�'HVFULSWRUV�
+����� >0RGHOV� DQG� SULQFLSOHV@�� 8VHU�0DFKLQH� 6\VWHPV� VRIWZDUH�
SV\FKRORJ\��+�����>,QIRUPDWLRQ�6\VWHPV�$SSOLFDWLRQV@��7\SHV�RI�
6\VWHPV�GHFLVLRQ� VXSSRUW�� +����� >,QIRUPDWLRQ� ,QWHUIDFHV� DQG�
3UHVHQWDWLRQ@�� 8VHU� ,QWHUIDFHV�HYDOXDWLRQ� �� PHWKRGRORJ\��
LQWHUDFWLRQ�VW\OHV��XVHU�FHQWHUHG�GHVLJQ�

*HQHUDO�7HUPV�
$OJRULWKPV��([SHULPHQWDWLRQ��+XPDQ�)DFWRUV��7KHRU\�

.H\ZRUGV�
&KRLFH�2YHUORDG��'LYHUVLILFDWLRQ��8VHU�FHQWULF�HYDOXDWLRQ�

�

��� ,1752'8&7,21�
5HFRPPHQGHU� V\VWHPV� VXSSRUW� XVHUV� LQ� FRQWHQW� GLVFRYHU\� DQG�
H[SORUDWLRQ� E\� SURYLGLQJ� LWHPV� WKDW� PDWFK� WKHLU� SHUVRQDO�
SUHIHUHQFHV�� %DVHG� RQ� SUHIHUHQFH� LQIRUPDWLRQ� �H�J�� WKH� XVHU
V�
UDWLQJV�RI�NQRZQ�LWHPV��RU�SDVW�SXUFKDVHV��D�UHFRPPHQGHU�V\VWHP�
SUHGLFWV� ZKLFK� LWHPV� WKH� XVHU� ZLOO� OLNH�� 7KH� RXWSXW� RI� D� W\SLFDO�
UHFRPPHQGHU� V\VWHP� LV� D� UDQNHG� OLVW� RI� LWHPV� ZLWK� WKH� KLJKHVW�
SUHGLFWHG�UDWLQJV��3URYLGHG�WKDW�WKHVH�SUHGLFWLRQV�DUH�DFFXUDWH��WKH�
SHUVRQDOL]HG� UHFRPPHQGDWLRQV� DUH� KLJKO\� DWWUDFWLYH�� 7KHUH� LV�
KRZHYHU�D�GRZQVLGH�WR�DWWUDFWLYH�UHFRPPHQGDWLRQV��SV\FKRORJLFDO�

UHVHDUFK�RQ�FKRLFH�RYHUORDG�VXJJHVWV�WKDW�FKRRVLQJ�DQ�LWHP�IURP�
VXFK� D� VHW� PLJKW� EH� D� GLIILFXOW� WDVN�� 3UHYLRXV� UHVHDUFK� >�@� KDV�
VKRZQ� WKDW� ORQJHU� OLVWV� RI� DWWUDFWLYH� SHUVRQDOL]HG�
UHFRPPHQGDWLRQV�FDQ�UHVXOW�LQ�FKRLFH�GLIILFXOW\�DQG�VXEVHTXHQWO\�
LQ� FKRLFH� RYHUORDG�� ,Q� WKLV� SDSHU� ZH� ZLOO� LQYHVWLJDWH� WR� ZKDW�
H[WHQG� WKH� GLIILFXOW\� RI� FKRRVLQJ� IURP� WKH� OLVW� LV� UHODWHG� WR� WKH�
GLYHUVLW\�RI� WKH�LWHPV��ZKLOH�NHHSLQJ�WKH�RYHUDOO�DWWUDFWLYHQHVV�RI�
WKH�VHW�FRQVWDQW��2XU�UHVXOWV�ZLOO�VKRZ�WKDW�XVHUV�OLNH�LWHP�VHWV�WKDW�
DUH�GLYHUVLILHG�DQG�H[SHULHQFH�OHVV�FKRLFH�GLIILFXOW\�LQ�WKHVH�VHWV��
ZKLFK�VXJJHVWV�WKDW�GLYHUVLILFDWLRQ�PLJKW�EH�HIIHFWLYH�LQ�UHGXFLQJ�
FKRLFH�RYHUORDG��

��� 5(/$7('�:25.�
���� &KRLFH�RYHUORDG�
&KRLFH� RYHUORDG� >��� ��@� UHIHUV� WR� WKH� GLIILFXOW\� GHFLVLRQ� PDNHUV�
H[SHULHQFH�ZKHQ�FKRRVLQJ� IURP�D� ODUJH� VHW�RI�JRRG�DOWHUQDWLYHV��
&KRLFH�RYHUORDG�KDV�RULJLQDOO\�EHHQ�UHODWHG�WR�WKH�VL]H�RI�WKH�LWHP�
VHW��ZKLFK�FUHDWHV� WZR�RSSRVLQJ�HIIHFWV��2Q�RQH�KDQG��ODUJHU�VHWV�
DUH�PRUH�DWWUDFWLYH�DV� WKH\�SRWHQWLDOO\�SURYLGH�PRUH�EHQHILWV� IRU�
WKH�GHFLVLRQ�PDNHU��EXW�DW�WKH�VDPH�WLPH�ODUJHU�VHWV�KDYH�LQFUHDVHG�
RSSRUWXQLW\�FRVWV�VXFK�DV�FRPSDULVRQ�FRVWV��SRWHQWLDO�UHJUHW�RI�QRW�
FKRRVLQJ�WKH�EHVW�RSWLRQ��DQG�LQFUHDVHG�H[SHFWDWLRQV�ZKLFK�PLJKW�
QRW�EH�PHW�E\�WKH�ODUJH�VHW�>������@���
$V�WKHVH�RSSRUWXQLW\�FRVWV�WHQG�WR�LQFUHDVH�IDVWHU�WKDQ�WKH�EHQHILWV�
DVVRFLDWHG�ZLWK�ODUJHU�VHWV��GHFLVLRQ�PDNHUV�XVXDOO\�ILQG�LW�HDVLHU�
WR� FKRRVH� IURP� D� VPDOOHU� VHW�� DQG� DUH� RIWHQ� PRUH� VDWLVILHG� ZLWK�
WKHLU� DFWXDO� FKRLFH� ZKHQ� FKRRVLQJ� IURP� D� VPDOOHU� VHW�� )RU�
H[DPSOH��LQ�WKH�RULJLQDO�VWXG\�E\� ,\HQJDU�DQG�/HSSHU�>�@�YLVLWRUV�
RI� D� VXSHUPDUNHW� ZKHUH� PRUH� DWWUDFWHG� WRZDUGV� D� WDVWLQJ� ERRWK�
WKDW�GLVSOD\HG����W\SHV�RI�MDP��UDWKHU�WKDQ���W\SHV��+RZHYHU��RQO\�
��� RI� SHRSOH�ZKR� YLVLWHG� WKH�ERRWK�ZLWK� WKH� ODUJH� VHW� RI� LWHPV�
ERXJKW� MDP��ZKHUHDV� ���� RI� WKH� YLVLWRUV� RI� WKH� VPDOO� VHW� ERRWK�
ERXJKW� MDP� �DQG� UHSRUWHG� WR� EH� PRUH� VDWLVILHG� ZLWK� WKHLU�
SXUFKDVH���2WKHU�UHVHDUFKHUV�KDYH�VKRZQ�VLPLODU�HIIHFWV�IRU�RWKHU�
FRQVXPHU�SURGXFWV�VXFK�DV�JLIW�ER[HV�>��@�DQG�FRIIHH�>��@���
&KRLFH�RYHUORDG�HIIHFWV�FDQ�DOVR�RFFXU� LQ�LWHP�OLVWV�JHQHUDWHG�E\�
UHFRPPHQGHU� V\VWHPV�� %ROOHQ� HW� DO�� >�@� SHUIRUPHG� D� XVHU� VWXG\�
ZLWK�D�PDWUL[�IDFWRUL]DWLRQ�PRYLH�UHFRPPHQGHU��7KH\�XVHG�WKUHH�
FRQGLWLRQV��D�VPDOO�WRS���OLVW��D�ODUJH�KLJK�TXDOLW\�WRS����OLVW�DQG�D�
ODUJH� ORZHU� TXDOLW\� ��� LWHP� OLVW�� FRPSRVHG� RI� WKH� WRS��� SOXV� ���
LWHPV�ZLWK�ORZHU�UDQNHG�PRYLHV��8VHUV�H[SHULHQFHG� VLJQLILFDQWO\�
PRUH�FKRLFH�GLIILFXOW\�ZKHQ�SUHVHQWHG�ZLWK�WKH�KLJK�TXDOLW\� WRS�
��� LWHP� OLVW�� FRPSDUHG� WR� WKH� RWKHU� WZR� OLVWV�� 7KLV� LQFUHDVHG�
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GLIILFXOW\� FRXQWHUDFWHG� WKH� LQFUHDVHG� DWWUDFWLYHQHVV� RI� WKH� ODUJHU�
VHW�� VKRZLQJ� WKDW� LQ� WKH� HQG�� FKRLFH� VDWLVIDFWLRQ� LQ� DOO� WKUHH� OLVW�
FRQGLWLRQV� ZDV� DERXW� WKH� VDPH�� ,Q� RWKHU� ZRUGV�� DOWKRXJK� XVHUV�
IRXQG� WKH� ORQJ�KLJK�TXDOLW\� OLVW�PRUH�DWWUDFWLYH�� WKH\�HQJDJHG� LQ�
LQFUHDVHG�HIIRUW�ZKHQ�HYDOXDWLQJ�LWV� LWHPV��FRPSDUHG�WR�WKH�RWKHU�
WZR�OLVWV��%HKDYLRUDO�GDWD�FRUURERUDWHG�WKHVH�ILQGLQJV��

���� )DFWRUV�XQGHUO\LQJ�FKRLFH�RYHUORDG�
:LWKLQ�WKH�SV\FKRORJLFDO� OLWHUDWXUH�WKHUH� LV�D� VWURQJ�GHEDWH�DV� WR�
KRZ� RPQLSUHVHQW� WKH� FKRLFH� RYHUORDG� SKHQRPHQRQ� LV�� $� UHFHQW�
PHWD�DQDO\VLV�E\�6FKHLEHKHQQH�HW�DO��>��@�DFURVV����VWXGLHV�VKRZV�
WKDW� WKH� RYHUDOO� HIIHFW� VL]H� LV� ]HUR�� VKRZLQJ� WKDW� LQ� VRPH� FDVHV�
ORQJHU� LWHPV� OLVWV� DUH� GHWULPHQWDO� DQG� LQ� VRPH� FDVHV� EHQHILFLDO��
6HYHUDO�SUHFRQGLWLRQV�DUH�LGHQWLILHG�DV�SRWHQWLDO�FDXVHV�IRU�FKRLFH�
RYHUORDG�� $� ODUJHU� FKRLFH� VHW� PLJKW� RQO\� UHVXOW� LQ� GHFUHDVHG�
VDWLVIDFWLRQ�DQG�LQFUHDVHG�FKRLFH�GHIHUUDO�ZKHQ�WKHUH�DUH�QR�VWURQJ�
SULRU� SUHIHUHQFHV� RU� GRPLQDQW� RSWLRQV� LQ� WKH� LWHP� VHW� >��� ��@��
,QGHHG�� 6FKHLEHKHQQH� HW� DO�� VKRZ� LQ� WKHLU� PHWD�DQDO\VLV� WKDW�
H[SHUWLVH� DQG�SULRU�SUHIHUHQFHV� UHGXFH�FKRLFH� RYHUORDG�� VKRZLQJ�
WKDW� LW� LV� PRVW� OLNHO\� WR� RFFXU� IRU� VHWV� LQ� ZKLFK� WKHUH� LV� OLWWOH�
YDULDELOLW\� LQ� WKH� DWWUDFWLYHQHVV� RI� WKH� LQGLYLGXDO� LWHPV� DQG� LQ�
ZKLFK� QR� VSHFLILF� LWHPV� VWDQG� RXW� �L�H��� WKH� LWHPV� DOO� ILW� WKH�
SUHIHUHQFHV� RI� WKH� GHFLVLRQ� PDNHU� HTXDOO\� ZHOO��� ,Q� WKH�
SV\FKRORJLFDO�DQG�PDUNHWLQJ�OLWHUDWXUH��WKH�FKRLFH�RYHUORDG�HIIHFW�
LV� PRVWO\� VWXGLHG� XVLQJ� LWHP� VHWV� WKDW� DUH� QRW� SHUVRQDOL]HG� DQG�
WKHUHIRUH� FRQWDLQ� D� ZLGH� YDULHW\� RI� GLIIHUHQW� LWHPV� WKDW� GR� QRW�
QHFHVVDULO\� OLH� LQ� D� SHUVRQ
V� ILHOG� RI� LQWHUHVW�� 5HFRPPHQGHU�
V\VWHPV��RQ�WKH�RWKHU�KDQG��SURYLGH�OLVWV�WKDW�DUH�RSWLPL]HG�IRU�WKH�
GHFLVLRQ�PDNHU�� )RU� VXFK� VHWV� WKH� SUHFRQGLWLRQV� IRU� FKRLFH�
RYHUORDG� DUH� HDVLO\� PHW�� DV� UHFRPPHQGDWLRQ� OLVWV� FRQWDLQ� PDQ\��
KLJKO\�DWWUDFWLYH�LWHPV��QRQH�RI�ZKLFK�DUH�FOHDUO\�GRPLQDWLQJ��7KLV�
VXJJHVWV��LQ�OLQH�ZLWK�%ROOHQ�HW�DO��>�@��WKDW�FKRLFH�RYHUORDG�PLJKW�
EH� DQ� LPSRUWDQW� �DQG� XQGHVLUDEOH�� VLGH� HIIHFW� RI� SHUVRQDOL]HG�
UHFRPPHQGHU�V\VWHPV���
6FKHLEHKHQQH�HW�DO��>��@�VXJJHVW�WKDW�WKHUH�DUH�VHYHUDO�PRGHUDWRUV�
QRW� LQFOXGHG�LQ�WKHLU�PHWD�DQDO\VLV� WKDW�PLJKW� LQIOXHQFH�WKH�OHYHO�
RI�FKRLFH�RYHUORDG�DQG�WKDW�UHTXLUH�PRUH�UHVHDUFK��:H�ZLOO�IRFXV�
SUHGRPLQDQWO\� RQ� PRGHUDWRUV� UHODWHG� WR� WKH� FRPSRVLWLRQ� DQG�
SHUFHSWLRQ� RI� WKH� LWHP� VHW�� DV� WKHVH� DUH� PRGHUDWRUV� WKDW� FDQ� EH�
LQYHVWLJDWHG� HIIHFWLYHO\� E\� PDQLSXODWLQJ� WKH� RXWSXW� RI� D�
UHFRPPHQGHU�V\VWHP��
7ZR�LPSRUWDQW�PRGHUDWRUV�UHODWHG�WR�WKH�FRPSRVLWLRQ�RI�WKH�LWHP�
VHW�DUH�UHFRJQL]HG�E\�6FKHLEHKHQQH�HW�DO��>��@��WKH�FDWHJRUL]DWLRQ�
RI�WKH�OLVW�DQG�WKH�GLYHUVLW\�RI�WKH�OLVW��7KH�ILUVW�PRGHUDWRU�VXJJHVWV�
WKDW�LI�LWHPV�DUH�FDWHJRUL]HG��FRJQLWLYH�HIIRUW�LV�UHGXFHG��UHVXOWLQJ�
LQ� OHVV� FKRLFH� RYHUORDG� DQG� KLJKHU� VDWLVIDFWLRQ� >��@��
&DWHJRUL]DWLRQ�RI�UHFRPPHQGDWLRQV�LQ�D�UHFRPPHQGHU�V\VWHP�KDV�
EHHQ� VKRZQ� WR� LQFUHDVH� XVHU� VDWLVIDFWLRQ�� HIIHFWLYHQHVV� DQG�
FRQILGHQFH� >�@�� 7KRXJK� LW� KDV� QRW� \HW� EHHQ� HVWDEOLVKHG� LI�
FDWHJRUL]DWLRQ� FDQ� DOVR� UHGXFH� FKRLFH� RYHUORDG� LQ� UHFRPPHQGHU�
V\VWHPV�� ZH� ZLOO� IRFXV� RQ� WKH� VHFRQG� PRGHUDWRU� RI� FKRLFH�
RYHUORDG� WKDW� KDV� EHHQ� SDUW� RI� RQJRLQJ� UHVHDUFK� LQ� ERWK�
UHFRPPHQGHU�V\VWHPV�DQG�SV\FKRORJ\��LWHP�VHW�GLYHUVLW\���

���� 7KH�UROH�RI�LWHP�VHW�GLYHUVLW\�
6FKHLEHKHQQH�HW�DO��>��@�LQGLFDWH�WKDW�LWHP�VHW�GLYHUVLW\�LV�DQRWKHU�
LPSRUWDQW� PRGHUDWRU� RI� FKRLFH� RYHUORDG�� 7KH\� DUJXH� WKDW� XQWLO�
QRZ� GLYHUVLW\� KDV� QRW� EHHQ� SUHFLVHO\� FRQWUROOHG� LQ� VWXGLHV� RI�
FKRLFH� RYHUORDG�� DQG� WKDW� WKH� ODFN� RI� FRQWURO� RYHU� WKLV� YDULDEOH�
PLJKW�EH�RQH� UHDVRQ�ZK\� VWXGLHV�RQ�FKRLFH� RYHUORDG� VKRZ�VXFK�
YRODWLOH� UHVXOWV��7KH�EHQHILW� RI�XVLQJ� UHFRPPHQGHU� DOJRULWKPV�LV�
WKDW� WKHVH�GR�DOORZ�XV�WR�FRQWURO� LWHP�DWWUDFWLYHQHVV�DQG�LWHP�VHW�
GLYHUVLW\� DW� WKH� VDPH� WLPH�� RIIHULQJ� D� SUHFLVH� FRQWURO� RI� WKH�

FRPSRVLWLRQ�RI� WKH�LWHP�VHW��%XW�WR�XQGHUVWDQG�EHWWHU�WKH�UHODWLRQ�
EHWZHHQ�GLYHUVLW\�DQG�FKRLFH�GLIILFXOW\��ZH�ZLOO�ILUVW�GLVFXVV�VRPH�
RI� WKH� H[LVWLQJ� OLWHUDWXUH� WKDW� KDV� LQYHVWLJDWHG� WKH� GLIIHUHQFHV� LQ�
FKRLFH�GLIILFXOW\�EHWZHHQ�XQLIRUP�DQG�GLYHUVH�LWHP�VHWV��
5HXWVNDMD�HW�DO��>��@�IRXQG�WKDW�WKH�PRUH�XQLIRUP�DQ�LWHP�VHW�JHWV��
WKH�PRUH�GLIILFXOW� LW� EHFRPHV� WR�PDNH�D� FKRLFH��)DVROR�HW� DO�� >�@�
VWXGLHG�UHDO�ZRUOG�DVVRUWPHQWV�DQG�VKRZHG�WKDW�DV� WKH�QXPEHU�RI�
LWHPV� LQ� D� VHW� LQFUHDVH�� WKH� GLIIHUHQFHV� EHWZHHQ� WKH� RSWLRQV�
GHFUHDVH�� 6SHFLILFDOO\�� GLIIHUHQFHV� EHWZHHQ� WKH� UHOHYDQW� DWWULEXWH�
YDOXHV� EHFRPH� VPDOOHU� DQG� WKH� GHQVLW\� RI� WKH� VHW� LQFUHDVHV��
'HQVLW\�LV�WKH�GLVWDQFH��PHDVXUHG�RQH�SURGXFW�DWWULEXWH�DW�D�WLPH��
EHWZHHQ� RQH� SURGXFW� DQG� LWV� FORVHVW� QHLJKERU� �H�J��� WKH� LQWHU�
SURGXFW� GLVWDQFH� LV� ODUJHU� IRU� WKH� DWWULEXWH� ÄGXUDWLRQெ� ZKHQ� WKH�
PRYLHV�LQ�WKH�OLVW�DUH���������DQG�����PLQXWHV�ORQJ��WKDQ�IRU�D�OLVW�
RI� PRYLHV� WKDW� DUH� ���� ��� DQG� ���� PLQXWHV� ORQJ��� $V� GHQVLW\�
LQFUHDVHV�WKH�GLIIHUHQFHV�EHWZHHQ�SURGXFWV�GHFUHDVH��L�H��WKH�LWHPV�
LQ� D�KLJK� GHQVLW\� VHW� DUH� PRUH� XQLIRUP��ZKHUHDV� LWHPV� LQ� D� ORZ�
GHQVLW\�VHW�DUH�PRUH�GLYHUVH����
)DVROR� HW� DO�� >�@� DUJXH� WKDW� LQ� XQLIRUP� VHWV��ZLWK� DWWULEXWH� OHYHOV�
FORVH� WR� RQH�DQRWKHU�� LW� LV�KDUG�WR�GHFLGH�ZKLFK�RSWLRQ� LV�EHWWHU��
8VHUV� RI� W\SLFDO� UHFRPPHQGHU� V\VWHPV��ZKHUH� LWHP� VHWV� FRQWDLQ�
PDQ\� LWHPV� WKDW�DUH�KLJKO\� VLPLODU��PLJKW� WKHUHIRUH� H[SHULHQFH� D�
ODUJH�DPRXQW�RI�FKRLFH� GLIILFXOW\�� DV� WKH\�PD\� ILQG� LW� GLIILFXOW� WR�
MXVWLI\�RQH�GHFLVLRQ�RYHU�DQRWKHU��3HRSOH�SUHIHU�WR�PDNH�GHFLVLRQV�
WKH\� FDQ� HDVLO\� MXVWLI\� >��@�� HVSHFLDOO\� ZKHQ� LWHP� VHWV� EHFRPH�
ODUJHU� >��@�� 7KHUHIRUH�� SHRSOH� PD\� SUHIHU� GLYHUVLILHG� LWHP� VHWV�
RYHU� XQLIRUP� LWHP� VHWV�� DV� LWHPV� IURP� GLYHUVLILHG� OLVWV� SURYLGH�
FOHDU�UHDVRQV�WR�EH�FKRVHQ��
+RZHYHU�� WKHUH� LV� DQRWKHU� VLGH� RI� GLYHUVLILHG� VHWV�� ZKLFK� KDV�
UHFHLYHG� OLWWOH� GLVFXVVLRQ� LQ� WKH� OLWHUDWXUH� FRQFHUQLQJ� FKRLFH�
RYHUORDG��$V�RSWLRQV�EHFRPH�PRUH�GLYHUVH��WKH\�PLJKW�HQFRPSDVV�
GLIILFXOW�WUDGHRIIV�WKDW�JHQHUDWH�FRQIOLFWV�WKDW�UHTXLUH�D�ORW�RI�HIIRUW�
WR� UHVROYH�� DV� RQH� DOZD\V� QHHGV� WR� VDFULILFH� VRPHWKLQJ� ZKHQ�
FKRRVLQJ� RQH� LWHP� RYHU� DQRWKHU�� 6FKROWHQ� DQG� 6KHUPDQ� >��@�
SURSRVH� D� GRXEOH� PHGLDWLRQ� PRGHO�� ZKLFK� VKRZV� D� 8�VKDSHG�
UHODWLRQ�EHWZHHQ�WKH�VL]H�RI�WKH�WUDGHRIIV�LQ�D�VHW�DQG�WKH�DPRXQW�
RI�FRQIOLFW�WKDW�LV�JHQHUDWHG�E\�WKH�VHW��7KH\�VXJJHVW�WKDW�ERWK�YHU\�
XQLIRUP�DQG�YHU\�GLYHUVH� VHWV�PLJKW�EH�GLIILFXOW� WR� FKRRVH� IURP��
FRPSDUHG�WR� VHWV�RI� DYHUDJH�GLYHUVLW\��&KRRVLQJ� IURP�D�XQLIRUP�
FKRLFH�VHW��FRPSDUHG�WR�D�GLYHUVLILHG�FKRLFH�VHW��LV�KDUGHU�EHFDXVH�
RQH� ODFNV� FRPSHOOLQJ� UHDVRQV� WR� SLFN� DQ\� RSWLRQ�� +RZHYHU�� WKH�
WUDGHRIIV� RQH� KDV� WR�PDNH�DUH� VPDOOHU��ZKLFK�PDNHV� LW� HDVLHU� WR�
FKRRVH� EHFDXVH� QR� JUHDW� VDFULILFHV� QHHG� WR� EH� LQFXUUHG��
&RQYHUVHO\��PDNLQJ�D�FKRLFH�IURP�D�GLYHUVH�FKRLFH�VHW��FRPSDUHG�
WR�D�XQLIRUP�FKRLFH�VHW��LV�HDVLHU�EHFDXVH�EHWWHU�DUJXPHQWV�FDQ�EH�
PDGH� IRU� D� FHUWDLQ� RSWLRQ�� +RZHYHU�� WKH� WUDGHRIIV� DUH� ODUJHU��
ZKLFK� PDNHV� LW� PRUH� GLIILFXOW� WR� PDNH� WKH� GHFLVLRQ�� EHFDXVH�
JUHDWHU�VDFULILFHV�QHHG�WR�EH�LQFXUUHG���
*LYHQ� WKH� IDFW� WKDW� UHFRPPHQGHU� V\VWHPV� DUH� SURQH� WR� LQGXFH�
FKRLFH� RYHUORDG� DQG� WKDW� UHVHDUFKHUV� LQ� SV\FKRORJ\� GR� QRW� \HW�
DJUHH�ZKHWKHU�LQFUHDVHG�GLYHUVLW\�OHDGV�WR�PRUH�RU�OHVV�GLIILFXOW\��
WKHUH�LV�D�QHHG�WR�VWXG\�WKH�HIIHFW�RI� LWHP�VHW�GLYHUVLW\�RQ�FKRLFH�
GLIILFXOW\� DQG� WUDGHRII� GLIILFXOW\� LQ� JUHDWHU� GHWDLO�� ,Q� WKH� SUHVHQW�
VWXG\�� ZH� HPSOR\� D� GLYHUVLILFDWLRQ� DOJRULWKP� WKDW� DOORZV� XV� WR�
WLJKWO\�FRQWURO�WKH�GLYHUVLW\�RI�WKH�UHFRPPHQGHG�LWHP�VHW��WKHUHE\�
DOORZLQJ�XV� WR� LQYHVWLJDWH�KRZ�GLIIHUHQW� OHYHOV�RI�GLYHUVLILFDWLRQ�
LQIOXHQFH� WKH� XVHUெV� SHUFHSWLRQ� DQG� H[SHULHQFHV� �LQ� WHUPV� RI�
WUDGHRII�GLIILFXOW\� DQG� FKRLFH�GLIILFXOW\��RI� WKH� LWHP�VHW�� )RU� WKLV�
SXUSRVH�� ZH� FKRVH� D� UHFRPPHQGHU� XVLQJ� D� PDWUL[� IDFWRUL]DWLRQ�
DOJRULWKP��DV�WKH�ODWHQW�IHDWXUHV�XVHG�E\�WKHVH�DOJRULWKPV�SURYLGH�
LGHDO�PHDQV�WR�FRQWURO�GLYHUVLW\�DQG�WUDGHRIIV��
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���� 0DWUL[�IDFWRUL]DWLRQ�DQG�WUDGHRIIV��
0DWUL[�IDFWRUL]DWLRQ�DOJRULWKPV�WU\�WR�H[SUHVV�PRYLHV�DQG�XVHUV�LQ�
WHUPV�RI�YHFWRUV�RQ�D�VHW�RI�ODWHQW�IHDWXUHV��)HDWXUHV�DUH�H[WUDFWHG�
LQ�VXFK�D�ZD\�WKDW�WKH�UHODWLYH�SRVLWLRQV�RI�DQ�LWHP�XVHU�SDLU�FDQ�
EH�XVHG�WR�SUHGLFW�WKH�UDWLQJ�IRU�WKH�XVHU�RQ�WKDW�LWHP�DV�DFFXUDWHO\�
DV�SRVVLEOH��7KH�UHFRPPHQGDWLRQV�SURYLGHG�DUH� WKRVH�LWHPV�ZLWK�
KLJKHVW�SUHGLFWHG�UDWLQJ�IRU�WKH�XVHU���
.RUHQ�� %HOO� DQG� 9ROLQVN\� >��@� FODLP� WKDW� WKH� YHFWRUV� LQ� PDWUL[�
IDFWRUL]DWLRQ� PRGHO� ³PHDVXUH� WKH� H[WHQW� WR� ZKLFK� WKH� LWHP�
SRVVHVVHV� WKRVH� >IHDWXUHV@�� SRVLWLYH� RU� QHJDWLYH´�� DQG� WKDW� WKHVH�
IHDWXUHV� UHODWH� WR� UHDO�ZRUOG� FRQFHSWV�� IRU� H[DPSOH� Ä*HDUHG�
WRZDUGV�PDOHV�IHPDOHVெ�DQG�Ä(VFDSLVW�6HULRXVெ��7KLV� LV�VLPLODU� WR�
KRZ� FKRLFH� VHWV� DUH� GHVFULEHG� LQ� 0XOWL�DWWULEXWH� XWLOLW\� WKHRU\�
�0$87��XVHG�LQ�WKH�SV\FKRORJ\�RI�MXGJPHQW�DQG�GHFLVLRQ�PDNLQJ�
>�@�� 0$87� GHVFULEHV� FKRLFH� RSWLRQV� RQ� D� VHW� RI� FRPPRQ�
GLPHQVLRQV� �DWWULEXWHV�� H�J��� KDUG� GLVN� VSDFH�� SURFHVVRU� VSHHG� RU�
EDWWHU\� OLIH� IRU� D� QRWHERRN��� DQG� DVVXPHV� WKDW� RQHெV� SUHIHUHQFHV�
FDQ� EH� GHVFULEHG� E\� D� VHULHV� RI�ZHLJKWV� WKDW� GHQRWH� WKH� UHODWLYH�
LPSRUWDQFH�RI�WKHVH�DWWULEXWHV�WR�D�GHFLVLRQ�PDNHU���
*LYHQ� WKH� VLPLODULW\�EHWZHHQ� DWWULEXWHV�DQG�WKH� ODWHQW� IHDWXUHV� LQ�
PDWUL[�IDFWRUL]DWLRQ��WKH�ODWHQW�IHDWXUH�VSDFH�FRXOG�EH�XVHG�WR�YDU\�
WKH� GLYHUVLW\� RI� UHFRPPHQGDWLRQ� OLVWV�� 7KH� ODWHQW� IHDWXUH� VSDFH�
DOORZV� XV� WR� VHOHFW� VXEVHWV� RI� UHFRPPHQGDWLRQV� ZLWK� D� VSHFLILF�
GHQVLW\� �L�H�� D� VSHFLILF� GLVWULEXWLRQ� DFURVV� WKH� ODWHQW� IHDWXUHV���
ZKLOH� NHHSLQJ� LWV� RYHUDOO� DWWUDFWLYHQHVV� �LQ� WHUPV� RI� SUHGLFWHG�
UDWLQJV�� FRQVWDQW�� $UJXDEO\�� WKLV� GLYHUVLW\� PDQLSXODWLRQ� GLUHFWO\�
DIIHFWV�XQGHUO\LQJ�SV\FKRORJLFDO� FRQFHSWV� UHVSRQVLEOH� IRU� FKRLFH�
GLIILFXOW\�DQG�WUDGHRII�GLIILFXOW\�DQG�WKHUHIRUH�LV�PRUH�HIIHFWLYH�LQ�
KHOSLQJ� XV� XQGHUVWDQG� FKRLFH� RYHUORDG� WKDQ� RWKHU� GLYHUVLW\�
PDQLSXODWLRQV� WKDW� DUH� RIWHQ� EDVHG� RQ� H[WHUQDO� LQIRUPDWLRQ�� )RU�
H[DPSOH�� =LHJOHU� HW� DO�� >��@� LQYHVWLJDWHG� WKDW� GLYHUVLILFDWLRQ� E\�
XVLQJ� D� VXEVHW� RI� WKH� 7RS���� UHFRPPHQGDWLRQV� DQG�GLYHUVLI\LQJ�
WKLV� VXEVHW� LQ� WHUPV� RI� ,QWUD�/LVW� 6LPLODULW\� EDVHG� RQ� D� VHSDUDWH��
H[WHUQDO�RQWRORJ\���

��� (;3(5,0(17��
���� *RDO�DQG�K\SRWKHVHV�
7KH�SUHVHQW�VWXG\�DLPV�WR�LQYHVWLJDWH�KRZ�GLYHUVLILFDWLRQ�RI�D�OLVW�
RI� UHFRPPHQGHG� LWHPV� DIIHFWV� WKH� SHUFHLYHG� GLYHUVLW\� DQG�
SHUFHLYHG� DWWUDFWLYHQHVV� RI� WKH� OLVW�� DQG� KRZ� WKHVH� IDFWRUV�
VXEVHTXHQWO\�DIIHFW�WUDGHRII�GLIILFXOW\�DQG�FKRLFH�GLIILFXOW\��8VLQJ�
D� GLYHUVLILFDWLRQ� DOJRULWKP� RQ� WKH� ODWHQW� IHDWXUHV� RI� D� PDWUL[�
IDFWRUL]DWLRQ� DOJRULWKP�� ZH� YDU\� WKH� GHQVLW\� RI� WKH� OLVW� RI�
UHFRPPHQGDWLRQV�ZKLOH�NHHSLQJ� WKH�RYHUDOO� DWWUDFWLYHQHVV�RI� WKH�
OLVW� �LQ� WHUPV� RI� WKH� SUHGLFWHG� UDWLQJV�� FRQVWDQW�� %\� XVLQJ� WKUHH�
OHYHOV� RI� GLYHUVLILFDWLRQ� ZH� LQYHVWLJDWH� ZKHWKHU� WKH� UHODWLRQ�
EHWZHHQ�GLYHUVLW\�DQG�GLIILFXOW\�LV�OLQHDU��KLJKHU�GLYHUVLW\�DOZD\V�
VLPSOLILHV� FKRRVLQJ� DV� LW� LV� HDVLHU� WR� ILQG� UHDVRQV� WR� FKRRVH� RQH�
RYHU� DQRWKHU�� WKH� SUHGRPLQDQW� YLHZ� LQ� WKH� OLWHUDWXUH� RQ� FKRLFH�
RYHUORDG��RU�8�VKDSHG��GLYHUVLW\�RQO\�KHOSV�WR�D�FHUWDLQ�OHYHO��EXW�
D�KLJK�GLYHUVLW\�PLJKW�UHVXOW�LQ�ODUJH�WUDGHRIIV�EHWZHHQ�LWHPV�WKDW�
DUH� HIIRUWIXO� WR� UHVROYH� DQG� WKDW�PLJKW� IRU� VRPH� SHRSOH� UHVXOW� LQ�
WRR�KLJK�VDFULILFHV��DV�VXJJHVWHG�E\�6FKROWHQ�DQG�6KHUPDQ� >��@���
7R�DFFXUDWHO\�PHDVXUH�WKH�UROH�RI�GLYHUVLW\��ZH�HPSOR\�D�ZLWKLQ�
VXEMHFW� GHVLJQ� LQ� ZKLFK� HDFK� SDUWLFLSDQW� LV� SUHVHQWHG�
�VHTXHQWLDOO\�� ZLWK� D� ORZ�� PHGLXP� DQG� KLJK� GLYHUVLW\� OLVW�� 7R�
SUHYHQW� SRVVLEOH� RUGHU� HIIHFWV�� WKH� RUGHU� RI� WKHVH� OLVWV� LV�
UDQGRPL]HG�RYHU�SDUWLFLSDQWV���
%HWZHHQ�VXEMHFWV�ZH�DOVR�YDU\�WKH�QXPEHU�RI�LWHPV�LQ�WKH�OLVW�RQ���
OHYHOV� ���� ���� ���� ��� RU� ����� DV� WKH� OLWHUDWXUH� VXJJHVWV� WKDW�
GLYHUVLILFDWLRQ� PLJKW� KDYH� D� VWURQJHU� LPSDFW� IRU� ODUJHU� OLVWV��
+RZHYHU�� JLYHQ� WKDW� UHFRPPHQGHUV� RXWSXW� SHUVRQDOL]HG� DQG�

KLJKO\� DWWUDFWLYH�VHWV�RI� LWHPV��ZH�PLJKW� ILQG� WKDW� HYHQ� IRU�VKRUW�
OLVWV��GLYHUVLILFDWLRQ�KDV�D�VWURQJ�LPSDFW�RQ�H[SHULHQFHG�GLIILFXOW\��
7R�PHDVXUH� WKH� VXEMHFWLYH� SHUFHSWLRQV� DQG� H[SHULHQFHV� RI� WKHVH�
UHFRPPHQGDWLRQV� DIWHU� WKH� SUHVHQWDWLRQ� RI� HDFK� OLVW�� ZH� HPSOR\�
WKH� XVHU�FHQWULF� IUDPHZRUN� IRU� XVHU� H[SHULHQFH� RI� UHFRPPHQGHU�
V\VWHPV� DV� GHVFULEHG� LQ� .QLMQHQEXUJ� HW� DO� >��@�� %DVHG� RQ� WKLV�
IUDPHZRUN� ZH� H[SHFW� WKDW� WKH� HIIHFW� RI� GLYHUVLILFDWLRQ� RI� WKH�
UHFRPPHQGHU�RXWSXW�RQ� VXEMHFWLYH�H[SHULHQFH�ZLWK� WKH�OLVW��KRZ�
GLIILFXOW� LV� LW� WR� PDNH� WUDGHRIIV� DQG� FKRRVH� IURP� WKH� OLVW�� LV�
PHGLDWHG� E\� VXEMHFWLYH� SHUFHSWLRQV� RI� WKH� GLYHUVLW\� DQG�
DWWUDFWLYHQHVV� RI� WKH� OLVW�� ,Q� SDUWLFXODU�� ZH� H[SHFW� WKDW� LWHP� OLVWV�
WKDW�DUH�PRUH�GLYHUVH��L�H���KDYH�D�ORZHU�GHQVLW\�RQ�WKH�DWWULEXWHV��
DUH� SHUFHLYHG� DV� PRUH� YDULHG� DQG� SRWHQWLDOO\� DOVR� DV� PRUH�
DWWUDFWLYH�� DQG� WKDW� WKHVH� WZR� IDFWRUV� DIIHFW� WKH� H[SHULHQFH� RI�
WUDGHRII�GLIILFXOW\�DQG�FKRLFH�GLIILFXOW\���

���� 0DQLSXODWLQJ�GLYHUVLW\�LQ�D�PDWUL[�
IDFWRUL]DWLRQ�PRGHO�
2XU� VWXG\� XVHV� D� ���GLPHQVLRQDO� SUHGLFWLRQ�PRGHO�� 7KH� JRDO� RI�
RXU� GLYHUVLILFDWLRQ� DOJRULWKP� LV� WR� JHQHUDWH� WKUHH� OLVWV� RI�PRYLHV�
WKDW�DUH�DERXW�HTXDOO\�DWWUDFWLYH��EXW�WKDW�GLIIHU�LQ�KRZ�PXFK�WKH\�
YDU\�RQ�WKH�ODWHQW�IHDWXUHV�RI�WKH�DOJRULWKP��2XU�GLYHUVLILFDWLRQ�LV�
SHUIRUPHG�RQ�WKH�SHUVRQDOL]HG�WRS�����RI�WKH�UDQNHG�RXWSXW�RI�WKH�
UHFRPPHQGHU� DOJRULWKP�� ,Q� D� SULRU� VWXG\� WKLV� QXPEHU� ZDV�
HVWDEOLVKHG� WR� DOORZ� IRU� D� ODUJH� HQRXJK� UDQJH� LQ� SRWHQWLDO�
GLYHUVLILFDWLRQ�ZKLOH� DW� WKH� VDPH� WLPH� QRW� GLIIHULQJ� WRR�PXFK� LQ�
DWWUDFWLYHQHVV�� WKH� GLIIHUHQFH� EHWZHHQ� WKH� KLJKHVW� DQG� ORZHVW�
SUHGLFWHG�UDWLQJV�LQ�D�W\SLFDO�WRS�����OLVW�IRU�WKLV�SUHGLFWLRQ�PRGHO�
LV������RQ�D� ILYH�SRLQW� VFDOH��ZKLFK� LV�QRW�PXFK�KLJKHU� WKDQ�WKH�
PHDQ�DEVROXWH�HUURU�LQ�WKH�SUHGLFWLRQV�RI�WKH�SUHGLFWLRQ�PRGHO�ZH�
XVHG��
)RU� HYHU\� SDUWLFLSDQW� WKUHH� GLIIHUHQW� VHWV� RI� 1� PRYLHV� ZHUH�
H[WUDFWHG� IURP� WKHVH� WRS� ���� UHFRPPHQGDWLRQV�� 7KH� ORZ�
GLYHUVLILFDWLRQ� VHW� FRQVLVWHG� RI� WKH� 1� PRYLHV� FORVHVW� WR� WKH�
FHQWURLG�RI� WKH� WRS�����UHFRPPHQGDWLRQV��VHH�)LJXUH�����)RU� WKH�
KLJK�GLYHUVLILFDWLRQ��D�JUHHG\�DOJRULWKP�ZDV�XVHG�WR�VHOHFW�WKH�VHW�
RI�1�PRYLHV�ZLWK�WKH�KLJKHVW�LQWHU�LWHP�GLVWDQFHV��XVLQJ�FLW\�EORFN�
GLVWDQFH��� 7KH� DOJRULWKP� VWDUWHG� ZLWK� WKH� PRYLH� FORVHVW� WR� WKH�
FHQWURLG�� 7KH� GLVWDQFH� WR� HDFK� RI� WKH� UHPDLQLQJ� PRYLHV� ZDV�
FDOFXODWHG�DQG�WKH�RQH�ZLWK�WKH�KLJKHVW�GLVWDQFH�ZDV�DGGHG�WR�WKH�
UHFRPPHQGDWLRQ�OLVW��)RU�WKH�QH[W�VWHSV��WKH�GLVWDQFHV�EHWZHHQ�DOO�
LWHPV� LQ� WKH� UHFRPPHQGDWLRQ� OLVW� DQG� DOO� UHPDLQLQJ� LWHPV� ZHUH�

)LJXUH� ��� 6FKHPDWLF� UHSUHVHQWDWLRQ� �VLPSOLILHG� LQ� WZR�
GLPHQVLRQV��RI�RXU�LWHP�GLYHUVLILFDWLRQ�LQ�WKH�WRS�����VHW�
�
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FDOFXODWHG�DQG�WKH�LWHP�ZLWK�WKH�PD[LPXP�GLVWDQFH�ZDV�DGGHG�WR�
WKH� UHFRPPHQGDWLRQ� OLVW�� XQWLO� WKH� UHTXLUHG� QXPEHU� RI�
UHFRPPHQGDWLRQV�ZDV� UHDFKHG�� ,QLWLDO� DQDO\VHV� RQ� WKH� XVHG� GDWD�
VHW�VXJJHVWHG�WKDW�D�ERXQGDU\�DURXQG�����ZRXOG�UHVXOW�LQ�PRYLHV�
ZLWK� D� PHGLXP� GHQVLW\�� VR� WR� GHULYH� D� VHW� ZLWK� PHGLXP�
GLYHUVLILFDWLRQ� OHYHO�� WKH�VDPH�JUHHG\�DOJRULWKP�ZDV�XVHG��EXW� LW�
ZDV�UHVWULFWHG�WR�WKH�����PRYLHV�FORVHVW�WR�WKH�FHQWURLG�LQVWHDG�RI�
XVLQJ�WKH�HQWLUH�VHW���

���� 6\VWHP�
)RU� WKH� VWXG\� D�PRYLH� UHFRPPHQGHU�ZDV� GHYHORSHG� EDVHG� RQ� D�
ZHE�LQWHUIDFH� XVHG� SUHYLRXVO\� LQ� WKH�0\0HGLD�SURMHFW��� XVLQJ� D�
0DWUL[� )DFWRUL]DWLRQ� DOJRULWKP� IRU� WKH� FDOFXODWLRQ� RI� WKH�
UHFRPPHQGDWLRQV�� 7KH� GDWDVHW� XVHG� IRU� WKH� H[SHULPHQW� ZDV� WKH�
��0�0RYLH/HQV� GDWDVHW��� ,Q� RUGHU� WR� PD[LPL]H� WKH� SUREDELOLW\�
WKDW�XVHUV�NQHZ�VRPH�RI�WKH�PRYLHV�SUHVHQWHG�LQ�WKH�LQLWLDO�UDWLQJ�
WDVN�� PRYLHV� IURP� EHIRUH� ����� DQG� WKHLU� FRUUHVSRQGLQJ� UDWLQJV�
ZHUH� UHPRYHG� IURP� WKH�GDWDVHW�� UHVXOWLQJ� LQ� D� VHW� RI� ����PLOOLRQ�
UDWLQJV�E\�������XVHUV�RQ������PRYLHV��:H�IXUWKHU�HQULFKHG�WKH�
0RYLH/HQV� GDWDVHW� ZLWK� D� VKRUW� V\QRSVLV�� FDVW�� GLUHFWRU� DQG� D�
WKXPEQDLO� LPDJH� RI� WKH� PRYLH� FRYHU� WDNHQ� IURP� WKH� ,QWHUQHW�
0RYLH� 'DWDEDVH�� 7KH� 0DWUL[� )DFWRUL]DWLRQ� DOJRULWKP� XVHG� ���
ODWHQW�IHDWXUHV��D�PD[LPXP�LWHUDWLRQ�FRXQW�RI������D�UHJXODUL]DWLRQ�
FRQVWDQW� RI� ������� DQG� D� OHDUQLQJ� UDWH� RI� ������ 8VLQJ� D� ��IROG�
FURVV�YDOLGDWLRQ�RQ�WKH�XVHG�GDWDVHW��WKLV�VSHFLILF�FRPELQDWLRQ�RI�
GDWD�DQG�DOJRULWKP�UHVXOWHG�LQ�DQ�506(�RI�������DQG�DQ�0$(�RI�
�������ZKLFK�LV�XS�WR�VWDQGDUGV��$Q�RYHUYLHZ�RI�PHWULFV�LV�JLYHQ�
E\�>�@��

���� 'HVLJQ�DQG�SURFHGXUH�
7KH� VWXG\� FRQVLVWHG� RI� WKUHH� SDUWV�� ,Q� WKH� ILUVW� SDUW�� SDUWLFLSDQWV�
DQVZHUHG� D� VHW� RI� TXHVWLRQV� WR� PHDVXUH� D� QXPEHU� RI� LQGLYLGXDO�
FKDUDFWHULVWLFV�� ,Q� WKHLU� PHWD�DQDO\VLV�� 6FKHLEHKHQQH� HW� DO�� >��@�
VKRZ� WKDW� WKH� FKDUDFWHULVWLFV� H[SHUWLVH� DQG� SULRU� SUHIHUHQFH� DUH�
LPSRUWDQW� PRGHUDWRUV� RI� FKRLFH� RYHUORDG�� 7KHUHIRUH�� ZH�
FRQVWUXFWHG�D�VHW�RI�LWHPV�WR�PHDVXUH�PRYLH�H[SHUWLVH�DQG�VWUHQJWK�
RI� SUHIHUHQFHV�� :H� DOVR� PHDVXUHG� PD[LPL]LQJ� WHQGHQF\� RI� RXU�
SDUWLFLSDQWV�� XVLQJ� WKH� VKRUW� ��LWHP� YHUVLRQ� >��@� RI� WKH�
PD[LPL]DWLRQ� TXHVWLRQQDLUH� E\� 6FKZDU]� >��@�� 6FKZDU]� GHILQHV�
SHRSOH� ZKR� DOZD\V� WU\� WR� PDNH� WKH� EHVW� SRVVLEOH� FKRLFH� DV�
PD[LPL]HUV��DQG�SHRSOH�ZKR�DLP�IRU�³JRRG�HQRXJK´�DV�VDWLVILFHUV��
0D[LPL]HUV� FRQVLGHU� PRUH� RSWLRQV� ZKHUHDV� VDWLVILFHUV� VWRS�
ORRNLQJ�ZKHQ�WKH\�KDYH�IRXQG�DQ�LWHP�WKDW�PHHWV�WKHLU�VWDQGDUGV��
7KHUHIRUH� WKH� VHDUFK� FRVWV� RI� PD[LPL]HUV� DUH� KLJKHU� DQG�
FRQVHTXHQWO\� LW� LV� VXJJHVWHG� WKDW� WKH\� DUH�PRUH� SURQH� WR� FKRLFH�
RYHUORDG���
$IWHU� WKHVH� TXHVWLRQV�� WKH� VHFRQG� SDUW� RI� WKH� VWXG\� ZDV� XVHG� WR�
JDWKHU� UDWLQJ� LQIRUPDWLRQ� IURP� WKH� SDUWLFLSDQW� WR� EH� DEOH� WR�
FDOFXODWH� DQG� SURYLGH� SHUVRQDOL]HG� UHFRPPHQGDWLRQV�� ,Q� WKLV�
SKDVH� WKH� SDUWLFLSDQWV� ZHUH� DVNHG� WR� UDWH� D� WRWDO� RI� WHQ� PRYLHV��
7KH\�ZHUH�SUHVHQWHG�ZLWK�WHQ�UDQGRPO\�VHOHFWHG�PRYLHV�DW�D�WLPH��
ZLWK� WKH� LQVWUXFWLRQ� WR� UDWH� RQO\� WKH� PRYLHV� WKH\� ZHUH� IDPLOLDU�
ZLWK� �UDWLQJV� ZHUH� HQWHUHG� RQ� D� VFDOH� IURP� �� WR� �� VWDUV��� $IWHU�
LQVSHFWLQJ� DQG� �SRVVLEO\�� UDWLQJ� VRPH� RI� WKH� WHQ�PRYLHV� VKRZQ��
XVHUV�FRXOG�JHW�D�QHZ�OLVW�RI�PRYLHV�E\�SUHVVLQJ�D�EXWWRQ��:KHQ�
WKH�SDUWLFLSDQW�KDG�HQWHUHG�WHQ�RU�PRUH�UDWLQJV�LQ�WRWDO��WKH\�ZRXOG�
EH�JXLGHG�WR�WKH�WKLUG�SDUW��
,Q�WKH�WKLUG�SDUW�WKH�SDUWLFLSDQW�VHTXHQWLDOO\�UHFHLYHG�WKUHH�WLPHV�D�
OLVW� ZLWK� UHFRPPHQGDWLRQV�� HDFK� WLPH� ZLWK� D� GLIIHUHQW� OHYHO� RI�

�������������������������������������������������������������
��6HH�KWWS���ZZZ�P\PHGLDSURMHFW�RUJ��
���7KH�0RYLH/HQV�GDWDVHW�LV�DYDLODEOH�DW�KWWS���JURXSOHQV�RUJ��

GLYHUVLILFDWLRQ� �WKH� RUGHU� RI� GLYHUVLILFDWLRQ� OHYHOV� ZDV�
UDQGRPL]HG��� 'HSHQGLQJ� RQ� WKH� FRQGLWLRQ�� WKH� SDUWLFLSDQW� ZDV�
VKRZQ�D�UDQN�RUGHUHG�OLVW�RI�EHWZHHQ���DQG����PRYLHV��OLVW�OHQJWK�
ZDV�PDQLSXODWHG�EHWZHHQ� VXEMHFWV�� UHSUHVHQWHG�E\�D�PRYLH� WLWOH��
7KH� SUHGLFWHG� UDWLQJ� �LQ� VWDUV� DQG� RQH� SRLQW� GHFLPDO� YDOXH��ZDV�
VKRZQ�QH[W�WR�WKH�WLWOH��,I�WKH�SDUWLFLSDQW�KRYHUHG�RYHU�RQH�RI�WKH�
WLWOHV��DGGLWLRQDO�LQIRUPDWLRQ�DSSHDUHG�LQ�D�VHSDUDWH�SUHYLHZ�SDQHO��
7KLV�DGGLWLRQDO�LQIRUPDWLRQ�FRQVLVWHG�RI�WKH�PRYLH�FRYHU��WKH�WLWOH�
RI� WKH�PRYLH��D�V\QRSVLV�� WKH�QDPH�RI� WKH�GLUHFWRU�V��DQG�SDUW�RI�
WKH� FDVW�� %HIRUH� PRYLQJ� WR� WKH� QH[W� OLVW�� SDUWLFLSDQWV� ZHUH�
SUHVHQWHG� ZLWK� D� VKRUW� TXHVWLRQQDLUH� RI� ��� LWHPV�� PHDVXULQJ�
FKRLFH� GLIILFXOW\�� WUDGHRII� GLIILFXOW\�� SHUFHLYHG� GLYHUVLW\� DQG�
SHUFHLYHG� DWWUDFWLYHQHVV� RI� WKH� SUHVHQWHG� OLVW�� 3DUWLFLSDQWV� WKXV�
DQVZHUHG�WKHVH�TXHVWLRQV�DERXW�HDFK�RI�WKH�WKUHH�OLVWV��

���� 3DUWLFLSDQWV�
3DUWLFLSDQWV� IRU� WKLV� VWXG\� ZHUH� JDWKHUHG� XVLQJ� DQ� RQOLQH�
SDUWLFLSDQW� GDWDEDVH��3DUWLFLSDQWV�ZHUH� FRPSHQVDWHG�ZLWK��� HXUR�
�DERXW���86�GROODUV�� IRU�SDUWLFLSDWLQJ�����SDUWLFLSDQWV� FRPSOHWHG�
WKH� VWXG\� �PHDQ� DJH�� ����� \HDUV�� VG ������ ��� IHPDOHV� DQG� ���
PDOHV����

��� 5(68/76�
���� 0HDVXUHV��
7KH� LWHPV� LQ� WKH� TXHVWLRQQDLUHV� ZHUH� ILUVW� VXEPLWWHG� WR� DQ�
H[SORUDWRU\� IDFWRU� DQDO\VLV� �()$�� WR� GHWHUPLQH� ZKHWKHU� WKHLU�
FRYDULDQFHV� QDWXUDOO\� UHSURGXFHG� WKH� SUHGLFWHG� FRQVWUXFWV�� 7KH�
()$�XVHG�UHSHDWHG�RUGLQDO�GHSHQGHQW�YDULDEOHV��D�ZHLJKWHG�OHDVW�
VTXDUHV�HVWLPDWRU�DQG�*HRPLQ�URWDWLRQ��$IWHU�GHOHWLQJ�LWHPV�ZLWK�
ORZ�FRPPXQDOLWLHV�RU�KLJK�FURVV�ORDGLQJV�� WKH�DQDO\VLV�SURGXFHG�
ILYH�FRUUHODWHG�IDFWRUV�ZLWK�D�JRRG�PRGHO�ILW��Ȥ������ ��������S���
������ &),�  � ������ 7/,�  � ������ 506($�  � �������� D� JRRG� IDFWRU�
GHILQLWLRQ� �ORZHVW� UHOHYDQW� ORDGLQJ�� ������ KLJKHVW� LUUHOHYDQW�
ORDGLQJ�� ������ DQG� D� JRRG� GLVFULPLQDQW� YDOLGLW\� �KLJKHVW� IDFWRU�
FRUUHODWLRQ�� ������� 7KHVH� DUH� WKH� UHVXOWLQJ� ILYH� IDFWRUV� DQG� WKHLU�
XQGHUO\LQJ�LWHPV���

 3HUFHLYHG�UHFRPPHQGDWLRQ�GLYHUVLW\����LWHPV���
 7KH�OLVW�RI�PRYLHV�ZDV�YDULHG��
 $OO�WKH�PRYLHV�ZHUH�VLPLODU�WR�HDFK�RWKHU��
 0RVW�PRYLHV�ZHUH�IURP�WKH�VDPH�JHQUH���
 0DQ\�RI�WKH�PRYLHV�LQ�WKH�OLVW�GLIIHUHG�IURP�RWKHU�PRYLHV�
LQ�WKH�OLVW��

 7KH�PRYLHV�GLIIHUHG�D�ORW�IURP�HDFK�RWKHU�RQ�GLIIHUHQW�
DVSHFWV��

 3HUFHLYHG�UHFRPPHQGDWLRQ�DWWUDFWLYHQHVV����LWHPV���
 ,�ZRXOG�JLYH�WKH�UHFRPPHQGHG�PRYLHV�D�KLJK�UDWLQJ��
 7KH�OLVW�RI�PRYLHV�VKRZHG�WRR�PDQ\�EDG�LWHPV��
 7KH�OLVW�RI�PRYLHV�ZDV�DWWUDFWLYH��
 ,�GLGQெW�OLNH�DQ\�RI�WKH�UHFRPPHQGHG�LWHPV��
 7KH�OLVW�RI�UHFRPPHQGDWLRQV�PDWFKHG�P\�SUHIHUHQFHV��

 �6WUHQJWK�RI�SUHIHUHQFH����LWHPV���
 ,�KDYH�FOHDUO\�GHILQHG�SUHIHUHQFHV�FRQFHUQLQJ�PRYLHV���
 ,�NQRZ�ZKDW�NLQG�RI�PRYLHV�,�OLNH��
 0RVW�RI�WKH�WLPH�,�OHW�VRPHRQH�HOVH�SLFN�D�PRYLH�IRU�PH��
�

�������������������������������������������������������������
��%DVHG�RQ�H[WHQVLYH�VLPXODWLRQV��+X�DQG�%HQWOHU�>�@�SURSRVH�FXW�
RII�YDOXHV�IRU�WKHVH�ILW�LQGLFHV�WR�EH��&),�!������7/,�!������DQG�
506($��������
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 0RYLH�H[SHUWLVH����LWHPV���
 ,�DP�D�PRYLH�ORYHU���
 &RPSDUHG�WR�P\�SHHUV�,�ZDWFK�D�ORW�RI�PRYLHV���
 &RPSDUHG�WR�P\�SHHUV�,�DP�DQ�H[SHUW�RQ�PRYLHV���
 ,�RQO\�NQRZ�D�IHZ�PRYLHV��

 0D[LPL]LQJ�WHQGHQF\����LWHPV���
 1R�PDWWHU�ZKDW�,�GR��,�KDYH�WKH�KLJKHVW�VWDQGDUGV�IRU�
P\VHOI��

 ,�QHYHU�VHWWOH�IRU�WKH�VHFRQG�EHVW��
�

7ZR�DGGLWLRQDO�LWHPV�ZHUH�VHOHFWHG�DV�LQGLFDWRUV��

 &KRLFH�GLIILFXOW\��³,�ZRXOG�ILQG�LW�GLIILFXOW�WR�FKRRVH�D�PRYLH�
IURP�WKLV�OLVW´��

 7UDGHRII�GLIILFXOW\��³,�KDG�WR�SXW�D�ORW�RI�HIIRUW�LQWR�
FRPSDULQJ�WKH�GLIIHUHQW�DVSHFWV�RI�WKH�PRYLHV´��

1LQH�DGGLWLRQDO� LWHPV� IDLOHG�WR� FRQWULEXWH� WR� D� VLQJOH� IDFWRU�� DQG�
ZHUH�WKHUHIRUH�GHOHWHG�IURP�WKH�DQDO\VLV���

���� 0DQLSXODWLRQ�FKHFNV�
:H� FRPSDUHG� WKH� UHVXOWLQJ� GLYHUVLW\�� SUHGLFWHG� UDWLQJV� DQG�
YDULDQFH� RI� WKH� SUHGLFWHG� UDWLQJV� LQ� RXU� GDWD� WR� FKHFN� RXU�
GLYHUVLILFDWLRQ� DOJRULWKP�� $V� FDQ� EH� VHHQ� LQ� 7DEOH� ��� RXU�
GLYHUVLILFDWLRQ�DOJRULWKP�LQGHHG�LQFUHDVHV�WKH�DYHUDJH�UDQJH�RI�WKH�
VFRUHV�RQ�WKH����PDWUL[�IDFWRUL]DWLRQ�IHDWXUHV��FDOFXODWHG�WKURXJK�
(TXDWLRQ�����D�SUR[\�RI�WKH�OHYHO�RI�DWWULEXWH�GLYHUVLW\���

� 𝐴𝐹𝑆𝑅 =  ∑ ( ) ( )  � ����

�
7DEOH����'LYHUVLW\�DQG�SUHGLFWHG�UDWLQJV�RI�WKH�SUHVHQWHG�LWHPV�

LQ�RXU�VWXG\�

GLYHUVLW\�
�

$YHUDJH�
IHDWXUH�VFRUH�
UDQJH��$)65��
PHDQ��6(��

3UHGLFWHG�
UDWLQJ�

PHDQ��6(��

6'�SUHGLFWHG�
UDWLQJ�

PHDQ��6(��
/RZ� �������������� �������������� ��������������

0HGLXP� �������������� �������������� ��������������
+LJK� �������������� �������������� ��������������

$W� WKH�VDPH�WLPH�WKH�SUHGLFWHG�UDWLQJV�GR�QRW�GLIIHU�EHWZHHQ�WKH�
WKUHH� OHYHOV� RI� GLYHUVLILFDWLRQ� VKRZLQJ� WKDW� ZH� PDQLSXODWHG�
GLYHUVLW\� LQGHSHQGHQW� RI� �SUHGLFWHG�� DWWUDFWLYHQHVV�� 7KH� VWDQGDUG�
GHYLDWLRQ� RI� WKH� SUHGLFWHG� UDWLQJV� IRU� WKH� WKUHH� VHW� GRHV� LQFUHDVH�
VOLJKWO\�ZLWK�LQFUHDVLQJ�GLYHUVLW\���

���� 6(0�0RGHO�
7KH� VXEMHFWLYH� FRQVWUXFWV� IURP� WKH� ()$� ZHUH� RUJDQL]HG� LQWR� D�
SDWK� PRGHO� XVLQJ� D� FRQILUPDWRU\� VWUXFWXUDO� HTXDWLRQ� PRGHOLQJ�
�6(0��DSSURDFK�ZLWK�UHSHDWHG�RUGLQDO�GHSHQGHQW�YDULDEOHV�DQG�D�
ZHLJKWHG� OHDVW� VTXDUHV� HVWLPDWRU�� ,Q� WKH� UHVXOWLQJ� PRGHO�� WKH�
VXEMHFWLYH�FRQVWUXFWV�DUH�VWUXFWXUDOO\�UHODWHG�WR�HDFK�RWKHU�DQG�WR�
WKH� FRQGLWLRQV� �OLVW� OHQJWK� DQG� GLYHUVLILFDWLRQ� OHYHO��� 7KH� PRGHO�
ZDV� FRQVWUXFWHG� EDVHG� RQ� WKH� XVHU�FHQWULF� IUDPHZRUN� IRU� XVHU�
H[SHULHQFH�RI�UHFRPPHQGHU�V\VWHPV�GHVFULEHG�LQ�.QLMQHQEXUJ�HW�
DO�� >��@��,Q� WKH�ILQDO�PRGHO�� WKH�PD[LPL]HU�VFDOH�GLG�QRW�UHODWH�WR�
DQ\�RWKHU�YDULDEOH��DQG�ZDV�WKHUHIRUH�UHPRYHG�IURP�WKH�DQDO\VLV��
7KH�PDQLSXODWLRQ�³OLVW� OHQJWK´��ZKHWKHU�SDUWLFLSDQWV�ZHUH�VKRZQ�
��� ���� ���� ��� RU� ��� UHFRPPHQGDWLRQV�� DOVR� GLG� QRW� KDYH� D�
VLJQLILFDQW� LQIOXHQFH� RQ� WKH� RWKHU� YDULDEOHV�� 7KH� UHVXOWV� DUH�
WKHUHIRUH�FROODSVHG�RYHU�WKHVH�FRQGLWLRQV��:H�DOVR�GLG�QRW�REVHUYH�
DQ\�HIIHFW�RI�WKH�RUGHU�LQ�ZKLFK�WKH�WKUHH�OLVWV�ZHUH�SUHVHQWHG���
7KH�ILQDO�PRGHO�KDG�D�JRRG�PRGHO�ILW��Ȥ������� ��������S���������
&),�  � ������7/,� � ������506($� � ������� )LJXUH��� GLVSOD\V� WKH�
HIIHFWV� IRXQG� LQ� WKLV�PRGHO��)DFWRU� VFRUHV� LQ� WKH� ILQDO�PRGHO� DUH�
VWDQGDUGL]HG�� WKH� QXPEHUV� RQ� WKH� DUURZV� �$�� %�� GHQRWH� WKH�
HVWLPDWHG�PHDQ�GLIIHUHQFH�LQ�%��PHDVXUHG�LQ�VWDQGDUG�GHYLDWLRQV��
EHWZHHQ�SDUWLFLSDQWV�WKDW�GLIIHU�RQH�VWDQGDUG�GHYLDWLRQ�LQ�$��7KH�
QXPEHU�LQ�SDUHQWKHVHV�GHQRWHV�WKH�VWDQGDUG�HUURU�RI�WKLV�HVWLPDWH��
DQG� WKH� S�YDOXH�EHORZ� WKHVH� WZR� QXPEHUV� GHQRWHV� WKH� VWDWLVWLFDO�
VLJQLILFDQFH�RI�WKH�HIIHFW��$V�SHU�FRQYHQWLRQ��RQO\�HIIHFWV�ZLWK�S���
���� DUH� LQFOXGHG� LQ� WKH� PRGHO�� 7KH� PHGLXP� DQG� KLJK�
GLYHUVLILFDWLRQ�FRQGLWLRQV�DUH�FRPSDUHG�WR�WKH�ORZ�GLYHUVLILFDWLRQ�
EDVHOLQH� FRQGLWLRQ�� QXPEHUV� RQ� WKH� DUURZV� RULJLQDWLQJ� LQ� WKH�
FRQGLWLRQV� GHQRWH� WKH� PHDQ� GLIIHUHQFHV� EHWZHHQ� SDUWLFLSDQWV� LQ�
PHGLXP� RU�KLJK� GLYHUVLILFDWLRQ� FRQGLWLRQ� DQG�SDUWLFLSDQWV� LQ� WKH�
ORZ�GLYHUVLILFDWLRQ�FRQGLWLRQ��
7R�EHWWHU�XQGHUVWDQG�WKH�HIIHFWV��ZH�SORWWHG�WKH�PDUJLQDO�PHDQV�RI�
WKH� VXEMHFWLYH� FRQVWUXFWV� LQ� WKH� PLG� DQG� KLJK� GLYHUVLILFDWLRQ�
FRQGLWLRQ�UHODWLYH�WR�ORZ�GLYHUVLILFDWLRQ�FRQGLWLRQ�LQ�)LJXUH����2XU�
GLYHUVLILFDWLRQ� DOJRULWKP� VLJQLILFDQWO\� DIIHFWV� WKH� SHUFHLYHG�
GLYHUVLW\� LQ� OLQHDU� IDVKLRQ��ZLWK�PHGLXP�DQG�KLJK�GLYHUVLILFDWLRQ�
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)LJXUH����/HIW�VLGH��PDUJLQDO�PHDQV�RI�SHUFHLYHG�DWWUDFWLYHQHVV�GLYHUVLW\�VFRUHV�IRU�PLG�DQG�KLJK�
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UHVXOWLQJ� LQ� VLJQLILFDQWO\�KLJKHU�SHUFHLYHG�GLYHUVLW\� WKDQ� WKH� ORZ�
GLYHUVLILFDWLRQ�FRQGLWLRQ��+LJKHU�SHUFHLYHG�GLYHUVLW\�VXEVHTXHQWO\�
LQFUHDVHV� WKH� SHUFHLYHG� DWWUDFWLYHQHVV� RI� WKH� UHFRPPHQGDWLRQV��
7KH� PHGLXP� GLYHUVLILFDWLRQ� FRQGLWLRQ� DOVR� KDV� D� GLUHFW� SRVLWLYH�
HIIHFW� RQ� DWWUDFWLYHQHVV�� PDNLQJ� PHGLXP� GLYHUVLILFDWLRQ� DV�
DWWUDFWLYH� DV� WKH� KLJK� GLYHUVLILFDWLRQ� �DQG� ERWK� DUH� VLJQLILFDQWO\�
PRUH� DWWUDFWLYH� WKDQ� ORZ� GLYHUVLILFDWLRQ�� VHH� )LJXUH� ���� 7KHUH� LV�
DOVR� D� GLUHFW� HIIHFW� RI� H[SHUWLVH�� D� SHUVRQDO� FKDUDFWHULVWLF�� RQ�
DWWUDFWLYHQHVV�� VKRZLQJ� WKDW� H[SHUW� SDUWLFLSDQWV� UHSRUW� KLJKHU�
DWWUDFWLYHQHVV�UDWLQJV��
,Q�WHUPV�RI�WUDGHRII�GLIILFXOW\��ZH�REVHUYH�WKDW�WKLV�LV�VLJQLILFDQWO\�
�DQG�QHJDWLYHO\�� LQIOXHQFHG�E\�WKH�KLJK�GLYHUVLILFDWLRQ�FRQGLWLRQ��
DV� ZHOO� DV� D� PDLQ� HIIHFW� RI� VWUHQJWK� RI� SUHIHUHQFHV�� 6R� SHRSOH�
H[SHULHQFH�OHVV�WUDGHRIIV�ZLWK�YHU\�KLJK�GLYHUVLILFDWLRQ�DQG�LI�WKHLU�
VHOI�UHSRUWHG�VWUHQJWK�RI�SUHIHUHQFH�LV�KLJKHU��WKH\�DOVR�H[SHULHQFH�
OHVV�WUDGHRII�GLIILFXOW\��7KH�QHJDWLYH�HIIHFW�RI�GLYHUVLILFDWLRQ�JRHV�
DJDLQVW�WKH�H[SHFWDWLRQ�WKDW�KLJKHU�GLYHUVLILFDWLRQ�OHDGV�WR�RSWLRQV�
WKDW�HQFRPSDVV�ODUJHU�WUDGHRIIV�EHWZHHQ�WKH�DWWULEXWHV��3RWHQWLDOO\�
WKH� KLJK� GLYHUVLILFDWLRQ� GRHV� QRW� JHQHUDWH� LWHPV� WKDW� HQFRPSDVV�
DSSDUHQW�WUDGHRIIV�LQ�WKH�VSHFLILF�GRPDLQ�RI�PRYLHV���
$OO� WKHVH� FRQVWUXFWV� WRJHWKHU� LQIOXHQFH� WKH� FKRLFH� GLIILFXOW\�
H[SHULHQFHG� E\� WKH� XVHU�� ZKLFK� JRHV� XS� ZLWK� LQFUHDVHG� WUDGHRII�
GLIILFXOW\�� EXW� JRHV� GRZQ� ZLWK� LQFUHDVHG� GLYHUVLW\� DQG�
DWWUDFWLYHQHVV�� 7KH�QHW� UHVXOW� RI� RXU� GLYHUVLILFDWLRQ�PDQLSXODWLRQ�
RQ�FKRLFH�GLIILFXOW\�LV�QHJDWLYH��WKH�KLJKHU�WKH�GLYHUVLW\�RI�WKH�VHW��
WKH� PRUH� DWWUDFWLYH� DQG� GLYHUVH�� DQG� WKH� OHVV� GLIILFXOW� LW� LV� WR�
FKRRVH�IURP�WKH�VHW��WKH�PDUJLQDO�HIIHFWV�LQ�)LJXUH���VXJJHVW�WKDW�
FKRLFH� GLIILFXOW\� GHFUHDVHV� DOPRVW� OLQHDUO\� ZLWK� GLYHUVLILFDWLRQ�
OHYHO���
2XU� WZR� H[SHULHQFH� FRQVWUXFWV�� WUDGHRII� DQG� FKRLFH� GLIILFXOW\��
VXJJHVW� WKDW� GLIILFXOW\� ZLWKLQ� WKLV� GRPDLQ� DQG� IRU� WKLV�
UHFRPPHQGHU�V\VWHP�LV�FDXVHG�SUHGRPLQDQWO\�E\�ODFN�RI�GLYHUVLW\�
LQ� WKH�LWHP�VHW��SUREDEO\�EHFDXVH� WKH�LWHPV�DUH�WRR�VLPLODU�WR� WKH�
XVHU�EH�DEOH�WR�PDNH�XS�KHU�PLQG�DQG�ILQG�DQ�RSWLRQ�WKDW�LV�HDV\�WR�
MXVWLI\��:H� GR� QRW� ILQG� DQ\� HYLGHQFH� IRU� WKH� WUDGHRII� GLIILFXOW\�
UHODWHG� WR� FRQIOLFWLQJ� SUHIHUHQFHV�� ZKLFK� DFFRUGLQJ� WR� 6FKROWHQ�
DQG�6KHUPDQ�>��@�PD\�RFFXU�ZKHQ�LWHPV�EHFRPH�WRR�GLYHUVH�DQG�
WUDGHRIIV�EHFRPH�GLIILFXOW�WR�UHVROYH���

��� &RQFOXVLRQ�DQG�'LVFXVVLRQ�
7KLV� SDSHU� VKRZV� KRZ� FKRLFH� GLIILFXOW\� DQG� WUDGHRII� GLIILFXOW\�
DVVRFLDWHG�ZLWK� D� OLVW� RI� UHFRPPHQGDWLRQV� DUH� LQIOXHQFHG� E\� WKH�
GLYHUVLW\� RI� WKH� OLVW� RQ� WKH� XQGHUO\LQJ� ODWHQW� IHDWXUHV�� %\�
LQFUHDVLQJ� WKH� GLYHUVLW\� RI� WKH� LWHPV� RQ� WKHVH� XQGHUO\LQJ�
GLPHQVLRQV��ZH�LQFUHDVH�WKH�SHUFHLYHG�GLYHUVLW\�DQG�DWWUDFWLYHQHVV�
RI� WKH� VHW�� DQG� VXEVHTXHQWO\� UHGXFH� FKRLFH� GLIILFXOW\�� 2XU� QHW�
UHVXOW�WKXV�LV�QRW�D�8�VKDSHG�UHODWLRQ�EHWZHHQ�GLYHUVLW\�DQG�FKRLFH�
GLIILFXOW\��EXW�UDWKHU�D�VLPSOH�OLQHDU�GRZQZDUG�WUHQG���
:H� DOVR� GR� QRW� REVHUYH� DQ� HIIHFW� RI� LWHP� VL]H� RQ� WKH� SHUFHLYHG�
GLYHUVLW\� RU� WKH� H[SHULHQFHG� GLIILFXOW\�� 7KRXJK� LQWXLWLYHO\�� RQH�
ZRXOG�H[SHFW�VXFK�DQ�HIIHFW��ZH�GLG�QRW�REVHUYH�ODUJH�YDULDWLRQV�
DFURVV� WKH� GLIIHUHQW� OHQJWKV�� *LYHQ� WKDW� RXU� GLYHUVLILFDWLRQ�
DOJRULWKP� ILQGV� LWHPV� WKDW� DUH� PD[LPDOO\� VSDFHG� RXW� IURP� HDFK�
RWKHU� RQ� WKH� ODWHQW� IHDWXUHV� ZLWKLQ� WKH� VHW� RI� HTXDOO\� DWWUDFWLYH�
RSWLRQV�� WKLV� PLJKW� EH� QRW� YHU\� VXUSULVLQJ�� ZKHQ� DOO� LWHPV� DUH�
JRRG�� GLYHUVLILFDWLRQ� KHOSV� IRU� ERWK� VPDOO� DQG� ODUJH� VHWV�� :H�
ZRXOG�WKXV�H[SHFW�WKH�HIIHFW�RI�GLYHUVLILFDWLRQ�WR�EH�URXJKO\�HTXDO�
IRU�GLIIHUHQW� OLVW� OHQJWKV��0RUHRYHU��DV�WKH���GLIIHUHQW�OLVW�OHQJWKV�
ZHUH�PDQLSXODWHG�EHWZHHQ� VXEMHFWV��ZH�KDYH� OLPLWHG� VWDWLVWLFDOO\�
SRZHU�WR�GHWHFW�VXFK�VPDOO�GLIIHUHQFHV��
:H�PD\� KDYH� IRXQG� D� ODFN� RI� DQ� HIIHFW� RI� LWHP� VL]H� RQ� FKRLFH�
GLIILFXOW\� �ZKLFK� GHYLDWHV� IURP� SUHYLRXV� VWXGLHV� RI� FKRLFH�
RYHUORDG��EHFDXVH�ZH�GLG�QRW�DVN�RXU�SDUWLFLSDQWV�WR�DFWXDOO\�PDNH�
D�FKRLFH�IURP�WKH�LWHP�VHWV��,Q�WKH�FXUUHQW�VWXG\�ZH�H[SOLFLWO\�GLG�
QRW� LQYHVWLJDWH� FKRLFH� RYHUORDG� LQ� WKH� FODVVLFDO� VHQVH� �VKRZLQJ�
WKDW� SHRSOH� GHIHU� FKRLFH� RU� DUH� OHVV� VDWLVILHG� ZLWK� WKHLU� FKRVHQ�
RSWLRQ� DIWHUZDUGV�� EXW� WULHG� WR� LQYHVWLJDWH� ILUVW� ZKHWKHU�
GLYHUVLI\LQJ�RQ�WKH�XQGHUO\LQJ�ODWHQW�IHDWXUHV�RI�WKH�UHFRPPHQGHU�
DOJRULWKP� FRXOG� LQIOXHQFH� WKH� SHUFHLYHG� GLYHUVLW\�� DWWUDFWLYHQHVV�
DQG� GLIILFXOW\�� ,Q� D� IROORZ�XS� VWXG\�� ZH� SODQ� WR� XVH� WKLV�
GLYHUVLILFDWLRQ�WR�IXUWKHU� LQYHVWLJDWH� LI�PDQLSXODWLQJ�WKH�GLYHUVLW\�
�FRPELQHG�ZLWK� LWHP�VHW�VL]H��ZLOO� LQIOXHQFH�FKRLFH�RYHUORDG�� ,Q�
WKDW�VWXG\�ZH�ZLOO�H[SOLFLWO\�DVN�SHRSOH�WR�FKRRVH�DQ�LWHP�IURP�WKH�
OLVW� RI� UHFRPPHQGDWLRQV� DQG�DOVR�PHDVXUH�WKHLU�VDWLVIDFWLRQ�ZLWK�
WKH�FKRVHQ�LWHP��DV�LQ�%ROOHQ�HW�DO��>�@����
2XU� UHVXOWV� VHHP� WR� FRUURERUDWH� WKH� LGHD� WKDW� ODWHQW� IHDWXUHV� LQ�
PDWUL[� IDFWRUL]DWLRQ� DOJRULWKPV� KDYH� SV\FKRORJLFDO� PHDQLQJ�� DV�
ZDV�VXJJHVWHG�EHIRUH� >��@��2WKHUV� >�����@� DOUHDG\� VXJJHVWHG�WKDW�
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