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5HJDUGLQJ ILJXUHV LQ SK\VLFV H[HUFLVHV�
$ IXWLOH HQGHDYRXU

.DUO 3DOP
NDOOH�SDOP#JPDLO�FRP

$ FRPPRQ PHWKRG IRU DLGLQJ VWXGHQWV LQ VROYLQJ SK\VLFV H[HU�
FLVHV� LV WR DGG DQ LPDJH� 7KDW LPDJHV WRJHWKHU ZLWK WH[W
DUH EHWWHU IRU OHDUQLQJ WKDQ WH[W DORQH LV FDOOHG WKH PXOWLPH�
GLD HIIHFW� ,W LV DFKLHYHG WKURXJK LQWHJUDWLRQ RI WH[WXDO DQG
SLFWRULDO LQIRUPDWLRQ� %DVHG RQ WKLV� LW FDQ EH K\SRWKHVL]HG
WKDW VROYLQJ D SK\VLFV H[HUFLVH VKRXOG EH HDVLHU ZLWK DQ LP�
DJH� 8VLQJ DFWXDO H[HUFLVHV DQG WKHLU FRUUHVSRQGLQJ LPDJHV
IURP 6ZHGLVK WH[WERRNV LQ SK\VLFV� D ZLWKLQ�VXEMHFWV H[SHUL�
PHQW ZDV GHVLJQHG� ,W ZDV WKHQ SHUIRUPHG E\ VHYHQW\ XSSHU
VHFRQGDU\ VFKRRO VWXGHQWV�

7KH VWXG\ VHDUFKHG IRU PXOWLPHGLD HIIHFWV ZLWK FRQWURO LP�
DJHV DQG XVHG H\H WUDFNLQJ WR H[DPLQH LQWHJUDWLRQ RI LQIRUPD�
WLRQ� ,QWHJUDWLRQ RI LQIRUPDWLRQ ZDV RSHUDWLRQDOLVHG DV DWWHQ�
WLRQDO VKLIWV EHWZHHQ LPDJH DQG WH[W� 7KH UHVXOWV VKRZ WKDW QR
PXOWLPHGLD HIIHFW RFFXUUHG DQG WKDW DWWHQWLRQDO VKLIWV LQ IDFW
FRUUHODWHG QHJDWLYHO\ ZLWK WKH SURSRUWLRQ RI FRUUHFW DQVZHUV
IURP VWXGHQWV� 7KHVH UHVXOWV TXHVWLRQ D ORQJ�KHOG EHOLHI DPRQJ
WHDFKHUV DQG HGXFDWRUV DERXW WKH EHQHILFLDO HIIHFW RI LPDJHV LQ
H[HUFLVHV�

� ,QWURGXFWLRQ

$OO 6ZHGLVK WH[WERRNV LQ SK\VLFV DUH ULFK LQ LPDJHV� SXUSRUW�
LQJ WR VXSSRUW VWXGHQWV LQ VROYLQJ WKH H[HUFLVHV ZLWKLQ WKHUHE\
OHDUQLQJ WKH PDWHULDO� %XW GR WKH\" 7KHRULHV RI PXOWLPHGLD
OHDUQLQJ FODLP WKDW WKLV ZRUNV WKURXJK LQWHJUDWLRQ RI LQIRUPD�
WLRQ IURP WH[W DQG LPDJHV� 7KLV FODLP FDQ EH PHDVXUHG E\
PHDQV RI H\H WUDFNLQJ� 7KH DLP RI WKH VWXG\ LV WR FRQGXFW DQ
H\H WUDFNLQJ H[SHULPHQW LQ RUGHU WR WHVW ZKHWKHU LQWHJUDWLYH EH�
KDYLRXU RFFXUV DQG ZKHWKHU LQWHJUDWLRQ RI WH[W DQG LPDJHV DLG
VWXGHQWV LQ WKHLU VROXWLRQV�

7KH TXHVWLRQ RI ZKHWKHU 6ZHGLVK SK\VLFV WH[WERRNV DQG
WKHLU LPDJHV DUH RSWLPDO RU QRW LV DQ LPSRUWDQW RQH LQ OLJKW RI
WKH ODVW \HDUV
 GHFOLQH LQ WKH UHVXOWV RI 6ZHGLVK VWXGHQWV LQ LQWHU�
QDWLRQDO FRPSDULVRQV �2(&'� ����� 7,006� ������ 7KH LP�
SRUWDQFH RI VFLHQFH� WHFKQRORJ\ DQG PDWKHPDWLFV LQ RXU SRVW�
LQGXVWULDO VRFLHW\ FDQQRW EH RYHUVWDWHG� DQG WR EH VXFFHVVIXO LQ
WKHVH ILHOGV� WKH GLGDFWLFV RI SK\VLFV DQG WKH WH[WERRNV RI WKH
VXEMHFW PXVW EH DV HIIHFWLYH DV SRVVLEOH�

7KH IROORZLQJ LQWURGXFWLRQ ZLOO GHVFULEH WKH WKHRUHWLFDO
IUDPHZRUN �PXOWLPHGLD OHDUQLQJ� DQG WKH HPSLULFDO PHWKRG
�H\H WUDFNLQJ� RI WKH VWXG\� 7KLV ZLOO EH IROORZHG E\ VRPH
SUHYLRXV VWXGLHV LQ WKH ILHOG DQG WKH SUHGLFWLRQV RI WKLV VWXG\
EDVHG RQ WKDW� 7KH K\SRWKHVHV LV WKDW E\ LQWHJUDWLQJ LPDJHV
DQG WH[W� VWXGHQWV ZLOO EH EHWWHU DW VROYLQJ H[HUFLVHV� 7KHUH�
DIWHU WKH GHVLJQ RI WKH H[SHULPHQW WR VWXG\ WKH K\SRWKHVLV ZLOO
EH GLVFXVVHG LQ GHWDLO� IROORZHG E\ D PHWKRG GHVFULSWLRQ� WKH
UHVXOWV RI WKH VWXG\ �WKDW WKH K\SRWKHVLV ZHUH QRW WKH FDVH� DQG
ILQDOO\ DQ LQWHUSUHWDWLRQ RI WKLV�

0XOWLPHGLD OHDUQLQJ

7KH FHQWUDO WKHRU\ IRU WKLV UHVHDUFK LV PXOWLPHGLD OHDUQLQJ
�00/�� :KDW LV PHDQW E\ 00/ LV JHQHUDOO\ WKH GLVSOD\ RI
ERWK SLFWRULDO DQG YHUEDO VWLPXOL ZLWK WKH LQWHQW RI VRPHRQH
OHDUQLQJ VRPHWKLQJ �0D\HU� ������ /HDUQLQJ IURP LPDJHV
PLJKW EH DV ROG DV FDYH SDLQWLQJV �7YHUVN\� ����� DQG GHSHQG�
LQJ RQ \RXU GHILQLWLRQV� 00/ LQ SK\VLFV DQG PDWKHPDWLFV FDQ
EH WUDFHG EDFN DV IDU DV (XFOLGV (OHPHQWD� ZKLFK LV ULFK LQ ILJ�
XUHV �+HDWK� ������ $OVR� WHFKQLFDO LOOXVWUDWLRQV WR DLG WKH XQ�
GHUVWDQGLQJ RI VFLHQWLILF WH[W KDV EHHQ FRPPRQ VLQFH WKH UH�
QDLVVDQFH DQG )HUJXVRQ ������ FODLPV WKDW WKH\ ZHUH RQH RI
WKH PRVW LPSRUWDQW FDXVHV RI WKH WHFKQRORJLFDO DGYDQFHV EH�
WZHHQ WKH ��WK DQG ��WK FHQWXULHV� +RZHYHU� VHULRXV UHVHDUFK
LQ WKH VXEMHFW RI 00/ DQG SK\VLFV EHJDQ LQ WKH WZHQWLHWK FHQ�
WXU\ �)HUJXVRQ� ������

,QIRUPDWLRQ LQ SULQWHG PDWHULDO FRPHV LQ WZR IRUPV�
SLFWRULDO DQG YHUEDO� ZLWK GLIIHUHQW DGYDQWDJHV� 7H[W LV
JHQHUDOO\ FRQVLGHUHG EHVW IRU DEVWUDFW UHDVRQLQJ �6FKQRW]�
������ ZKHUHDV LPDJHV DUH EHWWHU DW FRQYH\LQJ VWUXFWXUHV
�H�J� -RKQVRQ�/DLUG� ����� +HJDUW\� ����� HYHQ DW YHU\
VKRUW SUHVHQWDWLRQ WLPHV �(LWHO� 6FKHLWHU� 6FK�OHU� 1\VWU|P 	
+ROPNYLVW� ������ $OVR� UHDOLVWLF LPDJHV PDNH SHRSOH WKLQN
DERXW FRQFUHWH REMHFWV� ZKHUHDV VFKHPDWLF YLVXDOLVDWLRQV JLYH
DIIRUGDQFHV WR DEVWUDFW WKLQNLQJ DQG V\PEROLF LQWHUSUHWDWLRQV
�6FKZDUW]� ������ ,Q FXUUHQW 6ZHGLVK XSSHU VHFRQGDU\ VFKRRO
WH[WERRNV� WKH LPDJHV WKDW DFFRPSDQ\ WKH H[HUFLVHV DUH LQ IDFW
RI WKH ODWWHU NLQG� VR WKH\ VKRXOG DFWXDOO\ DLG WKLQNLQJ� DF�
FRUGLQJ WR 6FKZDUW] ������� 6DGO\� /RZH ������ IRXQG WKDW
VWXGHQWV JHQHUDOO\ GLVFRYHU WKDW ZKLFK LV SHUFHSWXDOO\ VDOLHQW
DERXW DQ LPDJH� UDWKHU WKDQ WKDW ZKLFK LV FRQFHSWXDOO\ UHOHYDQW�

+RZHYHU� FRPELQLQJ WKH WH[W DQG LPDJHV GRHV JLYH ULVH WR
00/� 6HYHUDO WKLQJV DUH NQRZQ DERXW 00/� VXFK WKDW OHDUQ�
LQJ LV EHWWHU ZLWK SLFWXUHV DQG WH[W WKDQ ZLWK RQO\ WH[W� DQG WKDW
LPDJHV DQG UHOHYDQW ZRUGV�WH[W VKRXOG EH VSDWLDOO\ DQG WHP�
SRUDOO\ FORVH �0D\HU� ������ 7KH WZR PDLQ WKHRULHV IRU H[�
SODLQLQJ 00/ �(LWHO HW DO�� ����� DUH WKH &RJQLWLYH 7KHRU\
RI 0XOWLPHGLD /HDUQLQJ �&70/� DQG WKH ,QWHJUDWLYH PRGHO RI
7H[W DQG 3LFWXUH &RPSUHKHQVLRQ �,73&�� 7KH &70/ PRGHO
SURSRVHV WKDW DQ 00 PHVVDJH �ZRUGV DQG LPDJHV� LV UHJLV�
WHUHG E\ RXU VHQVHV �H\HV DQG HDUV�� SURFHVVHG LQ RXU ZRUNLQJ
PHPRU\ DQG ILQDOO\ LQWHJUDWHG ZLWK SULRU NQRZOHGJH IURP RXU
ORQJ�WHUP PHPRU\� 7KLV LV EDVHG RQ WKUHH DVVXPSWLRQV DERXW
KXPDQ FRJQLWLRQ� 7KHVH DUH WKDW ZH KDYH D GXDO FKDQQHO LQ�
SXW�� D OLPLWHG FRJQLWLYH FDSDFLW\ DQG WKDW SURFHVVLQJ RI LQIRU�
PDWLRQ LV DFWLYH� 7KH ILUVW DVVXPSWLRQ LV VXSSRUWHG E\ PDQ\
VRXUFHV �0D\HU� ������ IRU H[DPSOH E\ %DGGHOH\ ������ DQG
WKDW ZRUNLQJPHPRU\ LV OLPLWHG LV DOVR ZHOO HVWDEOLVKHG �0LOOHU�
����� %DGGHOH\� ������ 7KH ODVW DVVXPSWLRQ� WKDW NQRZOHGJH
LV FRQVWUXFWLYLVWLFDOO\ RUJDQLVHG� PHDQV WKDW VHQVRU\ GDWD PXVW

�7KHUH DUH GLIIHUHQW YLHZV RQ ZKHWKHU WKHVH WZR FKDQQHO VKRXOG EH GLYLGHG
E\ VHQVRU\ PRGDOLW\ �%DGGHOH\� ����� RU PRGH RI SUHVHQWDWLRQ �3DLYLR� ������



EH PDGH VHQVH RI E\ WKH EUDLQ DQG LV WKXV QHYHU �SXUH� VHQVRU\
LQIRUPDWLRQ�

7KHVH WKUHH DVVXPSWLRQV WRJHWKHU DUH DFFRUGLQJ WR 0D\HU
������ VXIILFLHQW WR H[SODLQ ZK\ D PXOWLPHGLD PHVVDJH LV VX�
SHULRU WR D VLQJOH PHGLD PHVVDJH IRU OHDUQLQJ� ZLWK UHVSHFW WR
ERWK UHWHQWLRQ DQG WUDQVIHU� 7KH DUJXPHQW LV WKDW VLQFH SUR�
FHVVLQJ LV OLPLWHG �DVVXPSWLRQ WZR� EXW PXVW EH SHUIRUPHG WR
DFTXLUH NQRZOHGJH �DVVXPSWLRQ WKUHH� ZH FDQ HDVH SURFHVVLQJ
GHPDQGV E\ XVLQJ RXU WZR FKDQQHOV �DVVXPSWLRQ RQH��

7KH VHFRQG PDMRU WKHRU\ RI 00/� ,73&� FODLPV WKDW WKHUH
LV D IODZ LQ WKH &70/ �6FKQRW]� ������ :KHUH WKH &70/ SUR�
SRVHV WKDW WKH LQIRUPDWLRQ IURP HDFK RI WKH GXDO FKDQQHOV LV
HYHQWXDOO\ LQWHJUDWHG ZLWK SULRU NQRZOHGJH LQWR D ILQDO PHQWDO
PRGHO� 6FKQRW] ������ VD\V WKDW WKLV LV LPSUREDEOH� 7KH UHD�
VRQ IRU WKLV� DFFRUGLQJ WR 6FKQRW]� LV WKDW WH[W DQG LPDJHV XVH
GLIIHUHQW VLJQ V\VWHPV� :KHUH WH[W LV GHVFULSWLYH� LPDJHV DUH
GHSLFWLYH DQG WKXV WKH\ PXVW DOVR EH UHSUHVHQWHG GLIIHUHQWO\
LQ RXU PLQG� 7KH ILQDO VWDJHV LQ ,73& DUH SURSRVLWLRQDO UHS�
UHVHQWDWLRQV IRU WH[W DQG PHQWDO PRGHOV IRU LPDJHV� $OWKRXJK
WKH\ DUH QRW FRPELQHG� WKHUH LV LQWHUDFWLRQ GXH WR DQDORJLFDO UH�
ODWLRQV DQG VWUXFWXUDO FRUUHVSRQGHQFH DQG WKLV LQWHUDFWLRQ FDQ
DLG OHDUQLQJ DQG XQGHUVWDQGLQJ� 7KH YLHZ RI 00 LQIRUPDWLRQ
LQ ,73& FRXOG WKXV EH VHHQ DV FRPSOHPHQWDU\ UDWKHU WKDQ LQWH�
JUDWLYH �6FKQRW]� ������

7KHVH WKHRULHV KDYH EHHQ WHVWHG LQ PDQ\ VWXGLHV DQG LW LV
ZHOO HVWDEOLVKHG WKDW LPDJHV LQ FRQMXQFWLRQ ZLWK WH[W JLYH EHW�
WHU OHDUQLQJ RXWFRPHV WKDQ MXVW WH[W �0D\HU� ������ 7KLV LV
FDOOHG WKH PXOWLPHGLD SULQFLSOH� $PRQJ WKH PDQ\ UHVXOWV RI
00/ UHVHDUFK WKHUH DUH D IHZ WKDW DUH RI UHOHYDQFH IRU WKLV
VWXG\�

)LUVWO\� VHYHUDO VWXGLHV VKRZ WKDW WH[W LV DWWHQGHG WR PRUH
WKDQ LPDJHV �H�J� /LX 	 &KXDQJ� ����� +\|Ql� ������ 7KHUH
DUH DOVR VHYHUDO VWXGLHV VKRZLQJ WKDW OHDUQHUV DWWHQG WR WH[W EH�
IRUH LPDJHV �+\|Ql� ������ +RZHYHU� 2]FHOLN� .DUDNXV� .XU�
VXQ DQG &DJLOWD\ ������ IRXQG WKDW SDUWLFLSDQWV ILUVW ORRN DW
LPDJHV DQG WKHQ DW WKH WH[W� +RZHYHU� LW VKRXOG EH QRWHG WKDW
WKHLU LPDJHV ZHUH YHU\ ODUJH LQ FRPSDULVRQ WR WKH WH[W DQG DOVR
SODFHG RQ WRS RI WKH VFUHHQ�

0DQ\ RI WKH VWXGLHV RQ 00/� LQFOXGLQJ WKLV RQH� XVH H\H
PRYHPHQWV DV DPHDVXUH DQG DFFRUGLQJO\ WKLV ZLOO EH GHVFULEHG
EHIRUH JRLQJ LQWR GHWDLO UHJDUGLQJ WKH 00/ VWXGLHV�

(\H PRYHPHQWV

$ ZD\ WR VWXG\ WKLQNLQJ LV WKURXJK H\H WUDFNLQJ �(7�� ZKLFK
PHDQV PHDVXULQJ WKH PRYHPHQWV RI WKH H\H �+ROPTYLVW HW DO��
������ :KHQ WKH KHDG DQG ZKDW ZH DUH ORRNLQJ DW DUH LQ D IL[HG
SRVLWLRQ� WKH H\H KDV WZR PDLQ EHKDYLRXUV� IL[DWLRQV DQG VDF�
FDGHV� $ IL[DWLRQ LV ZKHQ WKH H\H LV VWLOO� ZDWFKLQJ VRPHWKLQJ�
7KHQ OLJKW HQWHUV WKH H\H DQG JHWV SURFHVVHG ILUVW WKRXJK WKH
ODWHUDO JHQLFXODWH QXFOHXV� WKHQ LQWR WKH YLVXDO FRUWH[ DQG IXU�
WKHU LQWR WKH GRUVDO DQG YHQWUDO VWUHDPV �*D]]DQLJD� ,YU\� 	
0DQJXQ� ������ )URP WKHUH RQ� WKH LQIRUPDWLRQ DOVR UHDFKHV
RWKHU SDUWV RI WKH EUDLQ DQG LV LQ WKLV ZD\ SURFHVVHG LQWR ZKDW
ZH H[SHULHQFH DV YLVLRQ� +RZHYHU� HYHQ WKRXJK RXU ILHOG RI
YLVLRQ LV ODUJH� WKH DUHD LQ ZKLFK ZH VHH VKDUSO\ LV YHU\ VPDOO�
VR WKH H\H PXVW FRQVWDQWO\ PRYH WR QHZ IL[DWLRQV� 7KLV LV GRQH
WKURXJK VDFFDGHV� ZKLFK DUH YHU\ IDVW PRYHPHQWV RI WKH H\H�
7KH\ DUH LQ IDFW WKH IDVWHVW PXVFOH PRYHPHQWV KXPDQV FDQ SHU�
IRUP �+ROPTYLVW HW DO�� ������ 'XULQJ VDFFDGHV� QR LQIRUPD�
WLRQ KLWWLQJ WKH UHWLQD LV SURFHVVHG LQ WKH EUDLQ DQG ZH DUH YLUWX�
DOO\ EOLQG LQ WKH SURFHVV� 6LQFH QRQH RI WKH LQIRUPDWLRQ GXULQJ
VDFFDGHV LV SURFHVVHG� ZH DUH QRW DZDUH WKDW ZH DUH LQ IDFW GR�

LQJ WKLV� $OVR� WKHUH LV D IXQFWLRQDO GLIIHUHQFH EHWZHHQ VKRUW
DQG ORQJ IL[DWLRQV� $ VKRUW IL[DWLRQ RQO\ DVVXUHV WKDW ZKDW \RX
VHH LV PDLQWDLQHG LQ ZRUNLQJ PHPRU\� XQOLNH ORQJ IL[DWLRQV
ZKLFK DUH WKH RQO\ SRVVLELOLW\ IRU GHHSHU SURFHVVLQJ �%DOODUG�
+D\KRH� 3RRN� 5DR� ������ 7KLV� KRZHYHU� ZLOO QRW EH YLVLEOH
LQ WKLV VWXG\ DV RQO\ DYHUDJH IL[DWLRQ GXUDWLRQV ZLOO EH VWXGLHG�

$V ZH FDQ RQO\ WDNH LQ LQIRUPDWLRQ GXULQJ IL[DWLRQV DQG
DOVR PXVW FKDQJH WKHP FRQVWDQWO\� ZKHUH ZH DUH ORRNLQJ FDQ EH
UHJDUGHG DV ZKDW ZH DUH WKLQNLQJ DERXW �5D\QHU� ����� ������
7KLV LGHD DERXW WKH FRQQHFWLRQ RI ORFDWLRQ RI JD]H DQG IRFXV
RI WKRXJKW LV FDOOHG WKH PLQG�H\H K\SRWKHVLV �-XVW 	 &DUSHQ�
WHU� ����� DQG LV XELTXLWRXV LQ PRGHUQ H\H WUDFNLQJ UHVHDUFK
�5D\QHU� ������ +RZHYHU� (7 FDQQRW PHDVXUH ZKHWKHU D SDU�
WLFLSDQW XQGHUVWDQGV VRPHWKLQJ� RQO\ ZKHUH KH RU VKH LV ORRN�
LQJ �+\|Ql� ������ (7 LV QHYHUWKHOHVV D JRRG PHDVXUH IRU
OHDUQLQJ H[SHULPHQWV� VLQFH LW JLYHV DQ RQOLQH PHDVXUH RI ZKDW
LV KDSSHQLQJ ZLWK WKH DGYDQWDJH RI QRW LQWURGXFLQJ H[WUD WDVNV
IRU WKH SDUWLFLSDQWV �+\|Ql� ������ +\|Ql
V VROXWLRQ WR DFFHVV�
LQJ PRUH FRPSOH[ DVSHFWV VXFK DV XQGHUVWDQGLQJ LV WR FRPSOH�
PHQW (7 ZLWK RIIOLQH PHDVXUHV�

$Q LPSRUWDQW HIIHFW RI SULRU NQRZOHGJH LQ (7 LV WKDW VFKRRO
FKLOGUHQ ZKR KDYH OHVV RI WKLV� VHHP WR KDYH OHVV XVH RI LPDJHV
�+DQQXV 	 +\|Ql� ������ +DQQXV DQG +\|Ql
V H[SODQDWLRQ
IRU WKLV LV WKDW LQWHJUDWLRQ RI LQIRUPDWLRQ LV D FRJQLWLYHO\ FRP�
SOLFDWHG SURFHVV WKDW WKHVH FKLOGUHQ KDYH OHVV DFFHVV WR� 0RUH
NQRZOHGJH GRHV DOVR LPSURYH DELOLW\ WR ILQG WDVN�UHOHYDQW LQ�
IRUPDWLRQ �&DQKDP 	 +HJDUW\� ������ SHUKDSV OHDGLQJ WR HDVH
LQ XVLQJ LPDJHV� +RZHYHU� ZKHQ VSDWLDO LQIRUPDWLRQ LV FRQ�
YH\HG LQ WKH WH[W� KLJK DELOLW\ VWXGHQWV GR QRW DWWHQG WR FRQ�
QHFWHG LPDJHV DV WKH\ PDQDJH WR YLVXDOLVH D PHQWDO PRGHO
ZLWKRXW WKH LPDJH �+HJDUW\� &DUSHQWHU 	 -XVW� ������ 2]FHOLN�
$UVODQ�$OL DQG &DJLOWD\ ������ KDYH VKRZHG WKDW ZLWK LQFUHDV�
LQJ SULRU NQRZOHGJH� SDUWLFLSDQWV KDYH VKRUWHU IL[DWLRQ GXUD�
WLRQV RQ WKH WDVN�UHOHYDQW LQIRUPDWLRQ� )XUWKHUPRUH� LQ WKHLU
UHYLHZ9DQ*RJ DQG 6FKHLWHU ������ IRXQG WKDW YLVXDO DWWHQWLRQ
WR WDVN�UHOHYDQW GHWDLOV LV VWURQJO\ FRUUHODWHG ZLWK NQRZOHGJH
DERXW WKH WDVN� EXW DOVR WKDW WKHVH GHWDLOV DUH IL[DWHG IDVWHU�

5HWXUQLQJ WR IL[DWLRQV� WKHUH LV D ULVN WKDW SDUWLFLSDQWV ZHUH
VWDULQJ EODQNO\ DW WKH VFUHHQ RU RXWVLGH ZKHQ SHUIRUPLQJ PHQ�
WDO DULWKPHWLF� ZKLOH KDYLQJ ORQJ IL[DWLRQV EXW QRW DFWXDOO\
WKLQNLQJ DERXW ZKDW WKH\ DUH ORRNLQJ DW �(SHOERLP 	 6XSSHV�
����� .QREOLFK� 2KOVVRQ 	 5DQH\� ������ 7KLV PLJKW EHFRPH
D SUREOHP DV QRW RQO\ DUH IL[DWLRQV ORQJHU ZKHQ ZH WU\ WR XQ�
GHUVWDQG VRPHWKLQJ� EXW ZH DOVR VSHQG PRUH WLPH LQ JHQHUDO
ORRNLQJ DW DVSHFWV RI SUREOHPV WKDW DUH KDUGHU WR XQGHUVWDQG
�-XVW 	 &DUSHQWHU� ������

6WXGLHV RI PXOWLPHGLD OHDUQLQJ ZLWK H\H WUDFNLQJ

7R VWDUW ZLWK� 0D\HU ������ LQ KLV UHYLHZ SRLQWV RXW WKDW DOO
VWXGLHV WKDW VKRZ DQ HIIHFW RQ OHDUQLQJ E\ WUHDWPHQW DOVR VKRZ
DQ HIIHFW RQ H\H PRYHPHQW EHKDYLRXU� +RZHYHU� WKH SUREOHP
ZLWK WKH UHVHDUFK EHLQJ PDGH LQ WKH ILHOG RI 00/ ZLWK (7 VR
IDU LV WZRIROG DQG FRQFHUQV HFRORJLFDO YDOLGLW\ DQG WKH WUDQV�
IHUDELOLW\ IURP LQVWUXFWLRQDO UHDGLQJ WR H[HUFLVH VROYLQJ� 7KHVH
WZR SUREOHPV ZLOO EH GLVFXVVHG LQ GHWDLO EHORZ� 5HJDUGLQJ WKH
ILUVW SUREOHP� VWXGLHV ZLWK 00/ PRVWO\ UHO\ RQ H[SHULPHQWV
ZKHUH ZKDW WKH SDUWLFLSDQWV VKRXOG OHDUQ LV D FRPSOH[ V\VWHP
VXFK DV D KHDUW �6FKHLWHU 	 (LWHO� ������ D PHWHRURORJLF V\VWHP
�&DQKDP	+HJDUW\� ������ D SXPS �0D\HU� ������ RU D SXOOH\
V\VWHP �+HJDUW\ 	 -XVW� ����� (LWHO HW DO�� ������ ,Q FRPSOH[
V\VWHPV WKHUH LV JHQHUDOO\ D VWUXFWXUH WKDW LV HVVHQWLDO WR XQGHU�
VWDQGLQJ WKH V\VWHP� 7KHVH NLQGV RI VWUXFWXUHV DUH ZHOO NQRZQ

�



)LJXUH �� ([DPSOH RI GHVLJQ IURP SK\VLFV WH[WERRN +HXUHND UHJDUG�
LQJ H[HUFLVHV DQG WKHLU LPDJHV�

WR EH PXFK HDVLHU WR XQGHUVWDQG YLD DQ LPDJH �+HJDUW\� ������
7KHUH LV D WUDGH�RII UHODWLRQ KHUH EHWZHHQ HFRORJLFDO YDOLGLW\
DQG FOHDU H[SHULPHQWDO UHVXOWV� ZKHUH PRVW H[SHULPHQWV VR IDU
KDYH EHHQ LQ WKH VDIH UHDOP RI KLJK LQWHUQDO YDOLGLW\�

7KHUH DUH� KRZHYHU� VRPH H[DPSOHV RI QDWXUDOLVWLF H\H
WUDFNLQJ 00/ VWXGLHV �ZKLFK DOO KDSSHQ WR EH DERXW VFLHQFH�
VXFK DV :LOOLDPVRQ� +HJDUW\� 'HVORQJFKDPSV� :LOOLDPVRQ
,,,� DQG 6KXOW] ������� ZKR LQYHVWLJDWHG VWXGHQWV
 JD]H DW WZR
FKHPLFDO PRGHOV DQG ZKLFK RI WKHP HOLFLWHG WKH PRVW FRUUHFW
DQVZHUV� $OVR WKHUH LV <DQJ� &KDQJ� &KLHQ� &KLHQ DQG 7VHQJ
������ ZKR REVHUYHG VWXGHQWV ORRNLQJ DW 3RZHU 3RLQW SUHVHQWD�
WLRQV LQ JHRORJ\� $QRWKHU H[DPSOH LV WKH VWXG\ E\ +DQQXV DQG
+\|Ql ������ DERXW DFWXDOO\ ORRNLQJ DW WH[WERRNV� 7KH HIIHFW
VL]HV RI WKHLU VWXG\ DUH VPDOO� EXW VWLOO +\|Ql ������ FODLPHG
WKDW QRW PXFK (7 UHVHDUFK KDG EHHQ GRQH RQ WH[WERRNV� PDN�
LQJ WKHLU VWXG\ UHOHYDQW QHYHUWKHOHVV� 7KH\ PDGH D QXPEHU
RI SRLQWV VXFK DV LPDJHV RQO\ DLGLQJ WKH XQGHUVWDQGLQJ RI WKH
WH[W WKDW ZDV UHODWHG WR WKH LPDJH �DOVR /HYLH DQG /HQW]� �����
DQG WKDW FKLOGUHQ PXVW GHFLGH ZKLFK LPDJHV RQ WKH SDJH WR DW�
WHQG WR� 7KLV UHODWHV WR WKH VHFRQG SUREOHP RI 00/ DQG (7
DV WKHVH DUH H[DPSOHV RI SRLQWV YHU\ UHOHYDQW WR UHDGLQJ WH[W
EXW QRW WR H[HUFLVHV� $OVR� WKH SODFHPHQW RI WH[W LQ UHODWLRQ
WR LPDJHV LV YLWDO IRU DFKLHYLQJ DQ 00 HIIHFW� GHVFULEHG E\
WKH VSDWLDO FRQWLJXLW\ SULQFLSOH �0D\HU� ������ 7KLV SULQFLSOH
VWDWHV WKDW FORVHU SUR[LPLW\ EHWZHHQ WH[W DQG LPDJHV LQFUHDVHV
WKH 00 HIIHFW DQG KDV EHHQ H[KLELWHG LQ VHYHUDO VWXGLHV �H�J�
+ROVDQRYD� ������ +RZHYHU� WKH WH[W RI DQ H[HUFLVH LV RIWHQ
YHU\ VKRUW DQG WKXV DOO RI LW LV PRUH RU OHVV UHODWHG WR WKH LP�
DJH� 7KH H[HUFLVHV DQG WKHLU FRUUHVSRQGLQJ LPDJHV LQ 6ZHGLVK
SK\VLFV WH[WERRNV DUH GHVLJQHG LQ D PDQQHU WKDW PDNHV LW HDV\
WR XQGHUVWDQG ZKLFK LPDJH LV FRQQHFWHG WR ZKLFK WH[W� 7KLV
FDQ EH GRQH ZLWK SODFHPHQW� DV FDQ EH VHHQ LQ ILJXUH �� RU ZLWK
WKLQ OLQHV EHWZHHQ H[HUFLVHV�

5HWXUQLQJ WR WUDQVIHUDELOLW\ IURP LQVWUXFWLRQDO UHDGLQJ WR
H[HUFLVH VROYLQJ� WKH FXUUHQW UHVHDUFK LQ WKH ILHOG PDLQO\ UH�
YROYHV DURXQG OHDUQLQJ LQ WKH FRQWH[W RI DWWHQGLQJ WR D PXO�
WLPRGDO PHGLD� ([HUFLVHV DUH D TXDOLWDWLYHO\ GLIIHUHQW PDWWHU�
:KHQ UHDGLQJ D WH[W \RX DUH WU\LQJ WR JUDVS WKH LQIRUPDWLRQ
LQ IURQW RI \RX LQ DQ HYLGHQW OHDUQLQJ VLWXDWLRQ� ,W LV SRVVL�
EOH WR PDNH D SUH�WHVW DQG SRVW�WHVW HYDOXDWLRQ DQG FRPSDUH
SHUIRUPDQFH�NQRZOHGJH IRU GLIIHUHQW H[SHULPHQWDO FRQGLWLRQV�

7KLV FDQ EH FRQWUDVWHG WR DQ H[DPLQDWLRQ� ZKHUH QR OHDUQLQJ LV
H[SHFWHG WR RFFXU� PDNLQJ D SUH� DQG SRVW�WHVW UDWKHU PHDQ�
LQJOHVV �H[FOXGLQJ IRUPDWLYH DVVHVVPHQW DV GHWDLOHG E\ +DWWLH
DQG 7LPSHUOH\ �������� ([HUFLVHV KRZHYHU� DUH VRPHZKHUH EH�
WZHHQ D OHDUQLQJ VLWXDWLRQ DQG DQ H[DPLQDWLRQ� 7KDW PDNHV LW
SUREOHPDWLF WR HTXDWH OHDUQLQJ IURP UHDGLQJ LQVWUXFWLRQDO WH[W
ZLWK VROYLQJ H[HUFLVHV� ,W LV DOVR KDUG WR LQYHVWLJDWH OHDUQLQJ
H[HUFLVHV E\ PDNLQJ SUH� DQG SRVW�WHVWV WR WKH H[HUFLVHV� EH�
FDXVH WKH H[HUFLVHV WKHPVHOYHV DUH WHVWV OHDGLQJ WR D UHFXUVLRQ
RI HYDOXDWLRQ� VLQFH WKH SUH� DQG SRVW�WHVW DUH DOVR H[HUFLVHV DQG
PLJKW EH SDUW RI WKH OHDUQLQJ�

9HU\ IHZ VWXGLHV KDYH EHHQ PDGH LQ WKH ILHOG RI (7 DQG
H[HUFLVH VROYLQJ �1\VWU|P 	 gJUHQ� ����� DQG WKH\ IRXQG QR
HIIHFW RQ VWXGHQW SHUIRUPDQFH E\ DGGLQJ SLFWXUHV� 7KLV LV SHU�
SOH[LQJ VLQFH WKHUH LV WDFLW NQRZOHGJH DPRQJ ERWK WHDFKHUV
DQG ZULWHUV RI WH[WERRNV WKDW LPDJHV DUH RI JUHDW DLG� 7KH H[�
SHULPHQW DERYH ZDV SHUIRUPHG ZLWK XQLYHUVLW\ VWXGHQWV� EXW
WKHUH KDYH DOVR EHHQ H[SHULPHQWV ZLWK XSSHU VHFRQGDU\ VFKRRO
VWXGHQWV� EXW WKLV VWXG\ GLG QRW UHYHDO DQ\ FOHDU UHVXOWV FRQ�
FHUQLQJ WKH HIIHFW RI DGGLQJ LPDJHV WR D SUREOHP HLWKHU �1\V�
WU|P� ������

7KH FXUUHQW VWXG\ LV LQVSLUHG E\ DQ H[SHULPHQW E\ 1\VWU|P
������ EXW ZLWK DQ DWWHPSW WR FLUFXPYHQW WZR SUREOHPV LQ WKDW
H[SHULPHQW� 7KH ILUVW SUREOHP ZDV WKH FKRLFH RI H[HUFLVHV DQG
LPDJHV� 7KHVH ZHUH FKRVHQ E\ WKH WHDFKHU RI WKH VWXGHQWV�
ZLWKRXW VXIILFLHQW PHWKRGRORJLFDO RU WKHRUHWLFDO GHOLEHUDWLRQV�
2QH RI WKH ILYH H[HUFLVHV KDG FHLOLQJ HIIHFWV DQG DQRWKHU KDG
IORRU HIIHFWV� 7KH VHFRQG SUREOHP ZDV WKDW WKH FRQWURO FRQGL�
WLRQ ZDV QR LPDJH DW DOO� 7KLV PDNHV LW KDUG WR FRPSDUH WZR
FRQGLWLRQV ZKHUH WKH ILUVW KDV WZR DUHDV RI LQWHUHVW �$2,� �H[�
HUFLVH DQG DQVZHU DOWHUQDWLYHV� DQG WKH RWKHU KDV WKUHH �H[HU�
FLVH� LPDJH DQG DQVZHU DOWHUQDWLYHV�� )XUWKHUPRUH� WKH UHVXOWV
ZHUH KDUG WR HYDOXDWH� VLQFH QR RQH REYLRXVO\ ORRNHG DW WKH
ILHOG ZKHUH WKHUH ZDV QR LPDJH�

7KHUH LV� KRZHYHU� VRPH UHVHDUFK RQ (7 DQG SUREOHP VROY�
LQJ LQ JHQHUDO� ZKLFK PLJKW EH DSSOLFDEOH WR H[HUFLVH VROYLQJ�
(SHOERLP DQG 6XSSHV ������ IRXQG WKDW H[SHUWV XWLOLVH LPDJHV
GLIIHUHQWO\ WKDQ QRYLFHV� ,W LV RSHQ IRU GLVFXVVLRQ ZKHWKHU XS�
SHU VHFRQGDU\ VFKRRO VWXGHQWV VKRXOG EH FDOOHG H[SHUWV LQ WKLV
FRQWH[W RU QRW� 6RPH UHVHDUFK LQ (7 DQG SUREOHP VROYLQJ
IRXQG WKDW DIIHFWLQJ DWWHQWLRQ DOVR DIIHFWV WKLQNLQJ �*UDQW 	
6SLYH\� ������

+\SRWKHVHV

7ZR PDMRU SUHGLFWLRQV FDQ EH PDGH EDVHG RQ WKH WKHRULHV
DERYH� ,I WKH UHVXOWV RI SUHYLRXV 00/ H[SHULPHQWV FDQ EH
WUDQVIHUUHG WR H[HUFLVH VROYLQJ� RQH FDQ H[SHFW WKDW D SRVLWLYH
FRUUHODWLRQ ZLOO EH IRXQG EHWZHHQ LPDJH FRQGLWLRQ �PHDQLQJ�
IXO DQG FRQWURO� DQG WKH SURSRUWLRQ RI FRUUHFW DQVZHUV IRU HDFK
H[HUFLVH� )XUWKHUPRUH� LQ DFFRUGDQFH ZLWK -RKQVRQ DQG 0D\HU
������ DQG 0DVRQ� 7RUQDWRUD DQG 3OXFKLQR ������� D SRVLWLYH
FRUUHODWLRQ VKRXOG DOVR EH H[SHFWHG EHWZHHQ LQWHJUDWLRQ RI WH[W
DQG LPDJH �RSHUDWLRQDOLVHG DV QXPEHU RI DWWHQWLRQDO VKLIWV� H[�
SODLQHG EHORZ� DQG DJDLQ WKH SURSRUWLRQ RI FRUUHFW DQVZHUV�
7KLV LV� QDWXUDOO\� RQO\ UHOHYDQW IRU WKH LPDJHV LQ WKH H[SHUL�
PHQWDO FRQGLWLRQ�

6RPHPLQRU SUHGLFWLRQV FDQ DOVR EHPDGH EDVHG RQ WKH VLP�
LODULW\ RI WKLV VWXG\ WR RWKHU PXOWLPHGLD OHDUQLQJ DQG�RU H\H
WUDFNLQJ VWXGLHV �GHWDLOHG LQ WKH SUHYLRXV VHFWLRQ�� 7KH DYHUDJH
IL[DWLRQ GXUDWLRQ VKRXOG EH FORVH WR ���PV �VHH 5D\QHU� ������
7KH SURSRUWLRQ RI IL[DWLRQV RI UHOHYDQW DUHDV VKRXOG EH KLJKHU
IRU VWXGHQWV ZLWK EHWWHU JUDGHV�PRUH SULRU NQRZOHGJH �VHH 9DQ

�



*RJ 	 6FKHLWHU� ������ $OVR� WKH WLPH VSHQW RQ LPDJHV VKRXOG
KDYH D QHJDWLYH FRUUHODWLRQ ZLWK JUDGHV �VHH +DQQXV 	 +\|Ql�
������ )XUWKHUPRUH� WKH DYHUDJH IL[DWLRQ GXUDWLRQ VKRXOG EH
ORQJHU IRU LPDJHV WKDQ IRU WH[W �VHH 8QGHUZRRG� -HEEHWW� 	
5REHUWV� ���� DQG 6FKZRQNH� %HUWKROG� 	 5HQNO� ������

)LQDOO\� WKH W\SH RI LPDJH �GHWDLOHG LQ WKH VHFWLRQ EHORZ�
PD\ DIIHFW WKH H[SHULPHQW� 7KHUH DUH QR SUHGLFWLRQV IURP WKH�
RU\ DERXW WKLV� EXW LW PD\ EH D FRQIRXQGLQJ IDFWRU DQG ZLOO EH
DQDO\VHG IRU FRPSOHWHQHVV�

'HVLJQ RI VWLPXOL

7KH VWLPXOL ZLOO EH DGUHVVHG LQ WZR SDUWV� 7KH ILUVW LV DQ DU�
JXPHQW DERXW WKH FKRLFH RI H[HUFLVHV WR XVH DQG WKH SLORW IRU
VHOHFWLQJ WKHVH� 7KH VHFRQG LV D UHDVRQLQJ DERXW WKH GHVLJQ RI
FRQWURO LPDJHV�

7R HQVXUH HFRORJLFDO YDOLGLW\� WKH H[HUFLVHV LQ WKH VWLP�
XOL ZHUH FKRVHQ IURP WKH ILYH FXUUHQWO\ DYDLODEOH WH[WERRNV LQ
SK\VLFV IRU 6ZHGLVK XSSHU VHFRQGDU\ VFKRRO DFFRUGLQJ WR WKH
FXUUHQW FXUULFXOXP� *\�� �6NROYHUNHW� ������� $OO H[HUFLVHV
ZLWK LPDJHV ZHUH H[DPLQHG DFFRUGLQJ WR WKH IROORZLQJ WZR
FULWHULD� )LUVWO\� WKDW WKH H[HUFLVH FRXOG EH VROYHG ZLWKRXW WKH
LPDJH� 7KDW LV� WKH LPDJH ZRXOG QRW FRQWDLQ PRUH LQIRUPDWLRQ
WKDQ WKH WH[W� EXW RQO\ EH RI D GLIIHUHQW PRGDOLW\ �LPDJH YHUVXV
WH[W�� 6HFRQGO\� WKDW WKH\ VKRXOG EH VROYDEOH ZLWKRXW SHQ DQG
SDSHU� )RU PDQ\ H[HUFLVHV� D VOLJKW DOWHUDWLRQ RI WKH WH[W ZDV
PDGH� VXFK DV DGGLQJ WKDW D FLUFXLW ZDV LQ SDUDOOHO RU D QXPEHU
WKDW ZDV QHFHVVDU\ WR VROYH WKH H[HUFLVH WKDW ZDV RQO\ LQFOXGHG
LQ WKH LPDJH� 7KLV ZDV LQIRUPDWLRQ WKDW ZDV HDVLO\ UHFRJQLVHG
LQ WKH H[HUFLVH LPDJH� EXW PDGH WKH H[HUFLVH LPSRVVLEOH ZLWK�
RXW LW� $ IHZ DOUHDG\ KDG PXOWLSOH FKRLFH DQVZHUV� EXW IRU WKH
PDMRULW\ DQVZHUV ZHUH DGGHG� 4XHVWLRQV ZLWK DULWKPHWLF KDG
WKHLU QXPEHUV VLPSOLILHG VR WKH\ FRXOG EH VROYHG ZLWK PHQWDO
DULWKPHWLF� 1XPEHUV ZHUH FKRVHQ VR WKDW WKH\ JDYH QR FOXH
DERXW ZKDW RSHUDWLRQ ZDV WR EH SHUIRUPHG�� &RQFHSWXDO TXHV�
WLRQV ZHUH JLYHQ IDOVH DOWHUQDWLYHV LQ DFFRUGDQFH ZLWK FRPPRQ
PLVFRQFHSWLRQV LQ SK\VLFV�

)URP H[HUFLVHV FKRVHQ DFFRUGLQJ WR WKH SDUDJUDSK DERYH�
�� ZHUH VHOHFWHG IRU D VWLPXOXV SLORW VWXG\� 7KH VWLPXOXV SLORW
VWXG\ ZDV PDGH LQ IRXU GLIIHUHQW YHUVLRQV� 7ZR KDG WKH HYHQ�
QXPEHUHG H[HUFLVHV ZLWK FRQWURO LPDJHV DQG WKH RWKHU WZR KDG
FRQWURO LPDJHV IRU WKH RGG�QXPEHUHG H[HUFLVHV� 7KH WZR SDLUV
ZHUH YDULHG DPRQJ WKHP ZLWK VRPH H[HUFLVHV XVLQJ DOWHUQDWH
ZRUGLQJV RU GLIILFXOW\� 2XW RI WKH �� H[HUFLVHV LQ WKH VWLPXOXV
SLORW� �� ZHUH LQ WZR YHUVLRQV RI GLIIHUHQW GLIILFXOW\ RU GLIIHU�
HQW ZRUGLQJ� 7KH PDLQ SXUSRVH ZLWK WKH VWLPXOXV SLORW ZDV WR
ILQG H[HUFLVHV ZLWK DQ DSSURSULDWH VROXWLRQ UDWH� 7KLV ZDV GRQH
WR DYRLG FHLOLQJ RU IORRU HIIHFWV� $OO TXHVWLRQV KDG ILYH DOWHUQD�
WLYHV� VR RQH FRXOG H[SHFW WKH SURSRUWLRQ RI FRUUHFW DQVZHUV WR
EH LQ WKH LQWHUYDO ���� WR ���� ZLWK ��� FRQILGHQFH LI VLPSO\
JXHVVLQJ�

7KH VWLPXOXV SLORW ZDV SHUIRUPHG RQ �� XSSHU VHFRQGDU\
VFKRRO VWXGHQWV �IHPDOHV� 1 = ��� IURP VRXWKHUQ 6ZHGHQ� 7KH
JUDGHV� LQ EDVLF SK\VLFV �)\VLN �� RI WKH VWXGHQWV �0 = ��.��
6' = �.�� ZHUH TXLWH D ORW KLJKHU WKDQ WKH WKH DYHUDJH JUDGH
RI WKLV FRXUVH �0 = ��.�� 6' = �.�� LQ 6ZHGHQ �+HQULN 6XQG�

�7KH\ DUH� (UJR SXEOLVKHG E\ /LEHU� ,PSXOV E\ *OHHUXSV� +HXUHND� E\
1DWXU RFK NXOWXU DQG 2UELW E\ =HQLWK OlURPHGHO�

�,I D PDWK H[HUFLVH KDV QXPEHUV QRW FDUHIXOO\ FKRVHQ� VWXGHQWV PD\ VROYH
WKHP ZLWKRXW DFWXDOO\ UHDGLQJ WKH H[HUFLVH� 6XFK DQ H[DPSOH ZRXOG EH XVLQJ
WKH QXPEHUV � DQG �� WRJHWKHU LQ D WH[W� JLYLQJ VWURQJ DIIRUGDQFHV WR DQVZHU
ZLWK ��

�7KH 6ZHGLVK JUDGLQJ V\VWHP UDQJHV IURP � WR �� DQG LV H[SODLQHG XQGHU
WKH VHFWLRQ PHDVXUHV�

VWU|P� 6NROYHUNHW �7KH 6ZHGLVK 1DWLRQDO $JHQF\ IRU (GXFD�
WLRQ�� SHUVRQDO FRPPXQLFDWLRQ� 0DUFK ��� ������ 7KXV� LW ZDV
PRUH LPSRUWDQW WKDW WKH H[HUFLVHV ZHUH VXIILFLHQWO\ HDV\� WKDQ
VXIILFLHQWO\ KDUG� 7KH UHVXOW FDQ EH VHHQ LQ WDEOH �� $OPRVW DOO
TXHVWLRQV ZHUH DQVZHUHG ������ ,W WRRN WKH VWXGHQWV DERXW DQ
KRXU WR DQVZHU DOO TXHVWLRQV� VR LW FDQ EH HVWLPDWHG WKDW HDFK
H[HUFLVH WRRN RQ DYHUDJH RQH PLQXWH WR VROYH� 6HYHQ RI WKH H[�
HUFLVHV HOLFLWHG PDQ\ TXHVWLRQV IURP WKH VWXGHQWV DQG�RU FRQ�
WDLQHG DPELJXLWLHV DQG ZHUH UHPRYHG� 7KH UHPDLQLQJ H[HU�
FLVHV ZHUH ILQDOO\ H[DPLQHG E\ D 3K' VWXGHQW LQ SK\VLFV IRU
HUURUV�

7KH VWLPXOXV SLORW ZDV SHUIRUPHG ZLWKRXW H\H WUDFNLQJ DQG
ZLWK SHQ DQG SDSHU LQVWHDG RI RQ�VFUHHQ� 2QH FRXOG DUJXH WKDW
WKLV ZRXOG DIIHFW WKH GDWD� +RZHYHU� LQ D UHYLHZ 0D\HU ������
ILQGV WKDW WKHUH DUH QR GLIIHUHQFHV LQ OHDUQLQJ EHWZHHQ GLIIHUHQW
PHGLD� DV ORQJ DV WKH LQIRUPDWLRQ LV WKH VDPH�

$OO H[HUFLVHV IURP WKH SLORW WKDW KDG D SHUFHQWDJH RI FRUUHFW
DQVZHUV EHWZHHQ ��� WR ���ZHUH LQFOXGHG LQ WKH H[SHULPHQW�
7KH ORZHU OLPLW ZDV GHWHUPLQHG VR WKDW WKH QXPEHU RI H[HUFLVHV
ZRXOG EH ��� 7KLV QXPEHU ZDV FKRVHQ WR DYRLG IDWLJXH DQGZDV
EDVHG RQ WKH WLPH LW WRRN WR VROYH WKH SUREOHPV LQ WKH VWLPXOXV
SLORW� ,W LV SRVVLEOH WR DUJXH WKDW FHLOLQJ HIIHFWV FRXOG EH H[�
SHFWHG IURP VRPH RI WKH HDVLHU H[HUFLVHV� +RZHYHU� VLQFH WKH
SLORW VWXGHQWV KDG VXFK KLJK JUDGHV FRPSDUHG WR WKH PHDQ LQ
6ZHGHQ� WKLV FDQ EH LJQRUHG� )RU H[HUFLVHV ZLWK GLIIHUHQW YHU�
VLRQV� WKH YHUVLRQ FORVHVW WR ��� FRUUHFW DQVZHUV ZDV LQFOXGHG�
1R DQDO\VLV ZDV GRQH RQ ZKHWKHU LPDJHV DIIHFWHG VROXWLRQ SUR�
SRUWLRQV� DV WKLV FRXOG OHDG WR VHOHFWLRQ ELDV�

(YHQ WKRXJK WKH LPDJHV LQ WKH VWXG\ ZHUH DOO IURP 6ZHGLVK
WH[WERRNV� WKHUH ZHUH VWLOO VRPH GLIIHUHQFHV EHWZHHQ WKHP� ,Q
WKHLU WH[W 'LDJUDPV LQ WKH FRPSUHKHQVLRQ RI VFLHQWLILF WH[WV
+HJDUW\ HW DO� ������ GHILQH D VFKHPD IRU FODVVLI\LQJ ILJXUHV
�RU DV WKH\ FDOO WKHP GLDJUDPV� LQ VFLHQWLILF WH[WV� 7KH\ GLI�
IHUHQWLDWH EHWZHHQ LFRQLF GLDJUDPV� VFKHPDWLF GLDJUDPV DQG
FKDUWV DQG JUDSKV� 7KH ILUVW NLQG RI LPDJH LV RQH WKDW UHIHUV
WR VRPHWKLQJ FRQFUHWH DQG ZKHUH VWUXFWXUDO SURSHUWLHV RI WKH
UHIHUHQW FDQ EH PDSSHG RQWR WKH LPDJH� 6SDWLDO UHODWLRQV LQ WKH
ILJXUH VKRXOG EH LVRPRUSKLF WR WKH UHIHUHQW
V VSDWLDO UHODWLRQV�
,Q WKH VWXG\ WKHUH ZHUH �� ILJXUHV RI WKLV NLQG DQG DQ H[DPSOH
FDQ EH VHHQ LQ ILJXUH �� +HJDUW\ HW DO� ������ IRXQG LQ WKHLU
VXUYH\ RI WH[WERRNV LQ SK\VLFV� ELRORJ\ DQG SV\FKRORJ\ WKDW
WKLV ZDV WKH PRVW FRPPRQ W\SH RI LPDJH� $ VFKHPDWLF GLD�
JUDP LV GHILQHG DV RQH WKDW UHIHUV WR DEVWUDFW FRQFHSWV DQG WKDW
UHOLHV RQ FRQYHQWLRQV IRU GHSLFWLQJ ERWK FRPSRQHQWV DQG VWUXF�
WXUH� ([DPSOHV RI WKLV FRXOG EH D 9HQQ GLDJUDP� D IORZFKDUW
RU D FLUFXLW GLDJUDP� 7KHUH ZDV D WRWDO RI � VFKHPDWLF ILJXUHV
LQ WKH VWXG\� /DVWO\� WKH GLDJUDP W\SH FKDUWV DQG JUDSKV DUH
LPDJHV WKDW SUHVHQW TXDQWLWDWLYH LQIRUPDWLRQ VXFK DV D PDS� D
FRRUGLQDWH V\VWHP RU PRVW JUDSKV� 7KLV ODVW W\SH KDG RQO\ �
H[DPSOHV LQ WKH H[SHULPHQW�

7KHUH DUH PDQ\ FRQVLGHUDWLRQV WR EH PDGH ZLWK UHJDUGV WR

7DEOH �� 'LIILFXOW\ OHYHO RI H[HUFLVHV LQ WKH VWLPXOXV SLORW� 7KLV LV
RSHUDWLRQDOLVHG DV GLVWULEXWLRQ RI H[HUFLVHV DFFRUGLQJ WR ZKDW SURSRU�
WLRQ RI VWXGHQWV DQVZHUHG FRUUHFWO\� 7KXV �� RI WKH H[HUFLVHV KDG D
SURSRUWLRQ RI FRUUHFW DQVZHUV EHWZHHQ � DQG ����

5DQJH ��� ([HUFLVHV ���
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����� ��
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)LJXUH �� $ ILJXUH XVHG LQ WKH VWXG\ DQG DQ H[DPSOH RI D LFRQLF GLD�
JUDP�ILJXUH DFFRUGLQJ WR WKH VFKHPD RI +HJDUW\ HW DO� �������

WKH FRQWURO FRQGLWLRQ� ,W LV SUREOHPDWLF IRU DQ H\H WUDFNLQJ
VWXG\ WR KDYH WKH FRQWURO ZLWKRXW DQ\ LPDJH� DV PHQWLRQHG SUH�
YLRXVO\� 7KH FRQWURO LPDJH PXVW JLYH DOPRVW WKH VDPH VWLPXOL
WR WKH SDUWLFLSDQW DV WKH H[SHULPHQWDO LPDJH� H[FHSW WKDW LW GRHV
QRW FRQWDLQ WKH H[HUFLVH�UHOHYDQW LQIRUPDWLRQ� 6LQFH WKH FRQ�
WURO LPDJH FDQQRW VLPXOWDQHRXVO\ JLYH OLWHUDOO\ WKH VDPH VWLP�
XOL DQG QRW FRQWDLQ WKH VDPH LQIRUPDWLRQ� VRPH VDFULILFHV PXVW
EH PDGH�

)RU WKH LPDJH WKHUH DUH VHYHUDO DVSHFWV WR FRQVLGHU� UHOD�
WLRQ WR WDVN� VDOLHQF\� DEVWUDFWLRQ OHYHO� DIIRUGDQFHV�DQFKRULQJ�
GLVWUDFWLRQ DQG EULJKWQHVV� ,Q WXUQ� KRZ PXFK WKH LPDJH LV UH�
ODWHG WR WKH WDVN PLJKW LQIOXHQFH KRZ ZHOO WKH WDVN LV VROYHG�
)RU H[DPSOH� LI WKH WDVN LV DERXW D FLUFXLW GLDJUDP� D SKRWR RI D
EDWWHU\ PLJKW JLYH VRPH LQVSLUDWLRQ� FRPSDUHG WR D SKRWR RI DQ
DSSOH� 6DOLHQF\ ZLOO DOVR DIIHFW WKH SDUWLFLSDQWV� $Q LPDJH RI D
SHUVRQ RU D VHW RI H\HV VWURQJO\ LQIOXHQFHV SHRSOH
V EHKDYLRXU
�(UQHVW�-RQHV� 1HWWOH 	 %DWHVRQ� ����� DQG DWWUDFWV WKHLU JD]H
�+ROPTYLVW HW DO�� ������ VR WKH FRQWURO LPDJH VKRXOG QRW GH�
SLFW SHRSOH� XQOHVV WKH H[SHULPHQWDO RQH DOVR GRHV� 1H[W� DV
PHQWLRQHG SUHYLRXVO\� WKH OHYHO RI UHDOLVP RU DEVWUDFWLRQ PLJKW
LQIOXHQFH KRZ WKH SDUWLFLSDQWV VROYH WKH H[HUFLVH� ,W LV WKXV
XQVXLWDEOH WR FRQWUDVW D FLUFXLW GLDJUDP ZLWK D SKRWRJUDSK LQ
JHQHUDO�

$QRWKHU DVSHFW RI WKH LPDJHV LV WKH WZR SKHQRPHQD RI DI�
IRUGDQFHV �1RUPDQ� ����� DQG DQFKRULQJ �7YHUVN\ 	 .DKQH�
PDQ� ������ $IIRUGDQFHV DUH WKH PDQQHUV LQ ZKLFK WKH SURS�
HUWLHV RI DQ REMHFW LQIOXHQFH GHFLVLRQV� DQG DQFKRULQJ UHIHUV WR
WKH SURSHQVLW\ RI SHRSOH� DIWHU KDYLQJ EHHQ SUHVHQWHG ZLWK D
�PHDQLQJOHVV� QXPEHU� WR PDNH HVWLPDWHV EDVHG RQ WKDW QXP�
EHU� %RWK WKHVH SKHQRPHQD FRXOG LQIOXHQFH WKH DQVZHU RI WKH
VXEMHFW� VR WKDW LI WKH FRQWURO LPDJH FRQWDLQV WKUHH GLVWLQFW RE�
MHFWV DQG WKH WKH TXHVWLRQ LV QXPHULFDO� WKH DQVZHUV PLJKW JUDY�
LWDWH WRZDUGV WKH QXPEHU WKUHH� $ SRVVLELOLW\ IRU WKH FRQWURO
LPDJH LV WR WDNH WKH RULJLQDO DQG PDNH VRPH DOWHUDWLRQV VR WKDW
LW QR ORQJHU DLGV WKH VROXWLRQ� )RU D FLUFXLW GLDJUDP H[HUFLVH
DERXW VRPH UHVLVWDQFHV LQ VHULHV� WKH FRQWURO LPDJH PLJKW VKRZ
WKH VDPH GLDJUDP� EXW ZLWK WKH EDWWHULHV LQ SDUDOOHO� 7KLV� KRZ�
HYHU� PD\ DWWUDFW D ORW RI IL[DWLRQV GXH WR FRQIXVLRQ DQG WKLV GLV�
WUDFWLRQ PLJKW DOVR PDNH SDUWLFLSDQWV VROYH WKH H[HUFLVH ZRUVH
WKDQ ZLWKRXW DQ LPDJH DQG LV WKHUHIRUH QRW VXLWDEOH� )LQDOO\�
WKH EULJKWQHVV RI WKH LPDJHV VKRXOG RSWLPDOO\ EH UHODWLYHO\
HTXDO IRU SXUSRVHV RI WKH H\H WUDFNLQJ TXDOLW\ �+ROPTYLVW HW DO��
������ 7R VXP XS� VLQFH HYHQ IXQGDPHQWDO IHDWXUHV OLNH VKDSH
DQG FXUYDWXUH DIIHFW DWWHQWLRQ �:ROIH� 	 +RURZLW]� ������ WKH
FRQWURO LPDJHV VKRXOG LGHDOO\ FRQWDLQ LGHQWLFDO JUDSKLFDO HOH�
PHQWV FRPSDUHG WR WKH H[SHULPHQWDO RQHV� EXW DUUDQJHG LQ D
QRQ�PHDQLQJIXO PDQQHU�

$V PHQWLRQHG DERYH� WKHUH DUH QXPHURXV IDFWRUV WR FRQ�

VLGHU IRU WKH FRQWURO LPDJHV DQG PDQ\ RI WKHVH DUH LQ FRQWUD�
GLFWLRQ WR HDFK RWKHU RU DW OHDVW LQFRPSDWLEOH� 6LQFH WKH SDUWLF�
LSDQWV ZHUH JLYHQ D YHU\ FOHDU WDVN� LW LV UHDVRQDEOH WR DVVXPH
WKDW WRS�GRZQ IDFWRUV ZHUH PRUH LPSRUWDQW WKDQ ERWWRP�XS IDF�
WRUV� 7KH IRUPHU DUH NQRZOHGJH�GULYHQ DVSHFWV RI DWWHQWLRQ�
VXFK DV ZKHQ ZH DUH VHDUFKLQJ IRU VRPHWKLQJ� ZKHUHDV WKH ODW�
WHU LV VHQVRU\�GULYHQ DWWHQWLRQ �&RUEHWWD 	 6KXOPDQ� ������
%\ WKLV UHDVRQLQJ LW ZDV GHHPHG PRUH LPSRUWDQW WKDW WKH FRQ�
WURO LPDJHV ZHUH VLPLODU LQ WHUPV RI WKHPH DQG OHYHO RI DEVWUDF�
WLRQ DQG GHWDLO� UDWKHU WKDQ EHLQJ VLPLODU LQ WHUPV RI EULJKWQHVV�
QXPEHU RI OLQHV� HW FHWHUD� 6RPH FDVHV FDQ EH VHHQ LQ ILJXUH ��
$V DQ H[DPSOH� WKH ORZHU SDLU RI LPDJHV LQ ILJXUH � ZDV IURP
DQ H[HUFLVH WHOOLQJ WKH VWXGHQW DERXW WZR EDOORQV UHSHOOLQJ HDFK
RWKHU DVNLQJ WKHP DERXW WKH SRVVLEOH HOHFWULFDO FKDUJH RI WKHP��
(YHQ LI WKH LPDJH RI WKH EDOORQV ZDV QRW QHFHVVDU\ WR VROYH
WKH H[HUFLVH� LW UHPDLQV KHOSIXO LI WKH SDUWLFLSDQW KDV IRUJRWWHQ
ZKLFK PHDQV ZKLFK� RI WKH WZR ZRUGV UHSHO DQG DWWUDFW�

'HVLJQ RI H[SHULPHQW

7R LQYHVWLJDWH WKH K\SRWKHVHV DERYH� D ZLWKLQ�VXEMHFW H[SHUL�
PHQW ZDV GHVLJQHG� 7KH H[SHULPHQW FRQVLVWHG RI D QXPEHU RI
SK\VLFV H[HUFLVHV ZLWK WKH LQGHSHQGHQW YDULDEOH EHLQJ ZKHWKHU
WKH H[HUFLVH ZDV DFFRPSDQLHG E\ DQ LPDJH RU QRW� 7KLV ZDV
UDQGRPLVHG IRU HDFK H[HUFLVH� 7KXV� HDFK SDUWLFLSDQW VROYHG
SUREOHPV ZLWK DQG ZLWKRXW LPDJHV� 7KH\ FKRVH WKHLU DQVZHU
LQ PXOWLSOH FKRLFH IRUPDW DQG ZHUH H\H WUDFNHG LQ WKH SURFHVV�

7KH ZLWKLQ�VXEMHFW GHVLJQ ZDV FKRVHQ EHFDXVH WKH HIIHFW
ZDV HVWLPDWHG WR EH VPDOO DQG VR WKDW WKH QXPEHU RI SDUWLFLSDQWV
ZRXOG QRW EH D SUREOHP� $OVR WKH GLIIHUHQFH EHWZHHQ VWXGHQWV
ZDV DVVXPHG WR EH ODUJH� ,I D EHWZHHQ�VXEMHFW GHVLJQ KDG EHHQ
XVHG� VRPH VWXGHQWV ZRXOG RQO\ KDYH VHHQ FRQWURO LPDJHV DQG
WKLV ZRXOG KDYH OHG WR WKHP HYHQWXDOO\ LJQRULQJ WKH LPDJHV
�6FKHLWHU 	 (LWHO� ������ 7KLV ZDV DOVR RQH RI WKH UHDVRQV WKDW
WKH RUGHU RI FRQGLWLRQV ZDV UDQGRPLVHG�

7KH DOORFDWLRQ RI FRQGLWLRQV IRU HDFK H[HUFLVH ZDV SHU�
IRUPHG DV D UDQGRPLVDWLRQ IRU WKLV ILUVW KDOI RI WKH SDUWLFLSDQWV�
7KH RWKHU KDOI WKHQ JRW D EDODQFHG YHUVLRQ ZLWK LQYHUVH FRQGL�

�7KH\ PXVW ERWK EH RI WKH VDPH FKDUJH�

)LJXUH �� )RXU H[DPSOHV RI RULJLQDO LPDJH �OHIW� DQG WKHLU FRUUH�
VSRQGLQJ FRQWURO LPDJH �ULJKW��

�



)LJXUH �� ([DPSOH VFUHHQ IURP SLORW VWXG\�

WLRQV� 7KLV HQVXUHG WKDW HDFK H[HUFLVH UHFHLYHG DQ HTXDO QXP�
EHU RI SDUWLFLSDQWV LQ HDFK FRQGLWLRQ� 7KH RUGHU LQ ZLWK HDFK
H[HUFLVH ZDV SUHVHQWHG ZDV DOVR UDQGRPLVHG� $ FRXQWHUEDO�
DQFH FRXOG KDYH EHHQ PDGH� EXW ZDV QHLWKHU GHHPHG QHFHVVDU\
GXH WR QR H[SHFWHG RUGHU HIIHFWV QRU SUDFWLFDO GXH WR WKH ODUJH
QXPEHU RI H[HUFLVHV�

6LQFH WKH RQO\ H\H WUDFNLQJ GDWD WKDW ZDV LQWHUHVWLQJ ZDV
WKH RQH SHUIRUPHG GXULQJ WKH SURFHVV RI VROYLQJ WKH SUREOHPV�
WKH H[SHULPHQW ZDV GHVLJQHG WR EH VHOI�SDFHG� 2WKHUZLVH� IL[�
DWLRQV DQG DWWHQWLRQDO VKLIWLQJ ZRXOG KDYH EHHQ FROOHFWHG DOVR
ZKHQ WKH VWXGHQWV ZHUH ILQLVKHGZLWK HDFK SUREOHP DQGZDLWLQJ
IRU WKH WLPHU WR HQG� 7KLV FRXOG DOVR SRWHQWLDOO\ FDXVH GLVUXS�
WLRQV RI WKH H[SHULPHQW GXH WR UHVWOHVVQHVV RI WKH SDUWLFLSDQWV�
$ VHOI�SDFHG H[SHULPHQW DOVR JLYHV WKH SDUWLFLSDQWV WKH SRVVL�
ELOLW\ WR LQYHVWLJDWH WKH LPDJH WKRURXJKO\� (LWHO HW DO� ������
IRXQG WKDW VKRUW JODQFHV DW DQ LPDJH RQO\ FRQYH\HG WKH JHQ�
HUDO VWUXFWXUH RI WKH LPDJH DQG WKDW PRUH WLPH ZDV UHTXLUHG WR
XQGHUVWDQG GHWDLOV�

+RZHYHU� 6FKPLGW�:HLJDQG� .RKQHUW� DQG *ORZDOOD
������ FODLP WKDW WKH HIIHFW RI PXOWLPHGLD OHDUQLQJ PRVWO\ H[�
LVWV GXH WR WLPH FRQVWUDLQWV DQG WKDW WKH VORZ UHDGLQJ VSHHG LV
RQH RI WKH UHDVRQV IRU DQ 00 HIIHFW� 7KLV LV VXSSRUWHG E\ D
PHWD�DQDO\VLV E\ *LQQV ������� LQ ZKLFK KH IRXQG WKDW 00
HIIHFWV DUH GLPLQLVKHG RU GLVDSSHDU ZKHQ WKH 00 FRQWHQW LV
SUHVHQWHG VHOI�SDFHG UDWKHU WKDQ V\VWHP�SDFHG�

$ FRPPRQ PHWKRG ZKHQ DVNLQJ PXOWLSOH FKRLFH TXHVWLRQV
LV WR DVN WKH SDUWLFLSDQWV WR MXGJH WKHLU FHUWDLQW\ DQG UHPRYH
WKRVH ZKR DUH JXHVVLQJ� L�H� UDWH WKHLU FHUWDLQW\ WR ]HUR �(LWHO HW
DO�� ������ +RZHYHU� VWXGHQWV DUH JHQHUDOO\ EDG DW HVWLPDWLQJ
WKHLU FRQILGHQFH DQG WKHUH DUH DOVR JHQGHU GLIIHUHQFHV LQ WKHVH
HVWLPDWLRQV �H�J� /XQGHEHUJ� )R[� 	 3XQFFRKDL� ������ 7ZR
IXUWKHU DGYDQWDJHV RI QRW DVNLQJ IRU FRQILGHQFH LV OHVVHQLQJ WKH
FRJQLWLYH GHPDQGV DQG VKRUWHQLQJ WKH H[SHULPHQW� 7KH SURE�
OHP RI JXHVVLQJ ZDV LQVWHDG GHDOW ZLWK E\ XVLQJ D KLJK ORZHU
WKUHVKROG RQ KRZ PDQ\ DQVZHUHG FRUUHFWO\ LQ WKH VWLPXOXV SL�
ORW�

7R WHVW WKH H[SHULPHQW� D SLORW ZDV SHUIRUPHG ZLWK ILYH
SDUWLFLSDQWV DQG WZR H[HUFLVHV� 7KH H[HUFLVHV DQG DVVRFLDWHG
LPDJHV ZHUH QRW IURP SK\VLFV WH[WERRNV� EXW FRQVWUXFWHG E\
WKH DXWKRU� 7KHVH ZHUH SUHVHQWHG ZLWK WZR FRQGLWLRQ ZKLFK
ZHUH UDQGRPLVHG VR WKDW HYHU\RQH UHFHLYHG RQH H[HUFLVH ZLWK
D PHDQLQJIXO LPDJH DQG RQH ZLWKRXW� $Q H[DPSOH FDQ EH VHHQ
LQ ILJXUH ��

7KH SDUWLFLSDQWV DQVZHUHG E\ PRXVH� 7KH H[SHULPHQWDO
LPDJHV HYRNHG DOPRVW WZLFH DV PDQ\ DWWHQWLRQDO VKLIWV� DO�
WKRXJK QRW DW D OHYHO RI VWDWLVWLFDO VLJQLILFDQFH� $ ��VDPSOH
WHVW IRU HTXDOLW\ RI SURSRUWLRQV ZLWK FRQWLQXLW\ FRUUHFWLRQ JDYH
;� = �.��� GI = �� S = �.��� $ SRZHU DQDO\VLV LQ WKH IRUP RI
D WZR�VDPSOH FRPSDULVRQ RI SURSRUWLRQV JDYH WKDW IRU UHJXODU

DOSKD DQG ��� LQ SRZHU� ��� SHUVRQV ZRXOG KDYH EHHQ QHHGHG
LQ HDFK JURXS� +RZHYHU� DFFRUGLQJ WR WKH VDPH VWDWLVWLFDO WHVWV�
WKH FRQWURO JURXS VSHQW VLJQLILFDQWO\ PRUH WLPH RQ WKH LPDJHV�
EXW WR SURYH WKLV ZLWK SRZHU DFFRUGLQJ WR WKH RQH PHQWLRQHG
DERYH� ��� SDUWLFLSDQWV ZRXOG KDYH EHHQ QHHGHG� $ SRZHU
OHYHO RI ��� LV LQ DQ\ FDVH UDUH WR DFKLHYH LQ D EHKDYLRXUDO H[�
SHULPHQW�

7KHVH UHVXOWV VKRXOG QRW EH RYHULQWHUSUHWHG� DV WKH SDUWLFL�
SDQWV LQ WKH SLORW ZHUH QHLWKHU SK\VLFV VWXGHQWV QRU LQ WKH FRU�
UHFW DJH UDQJH� %HVLGHV� RQO\ RQH SHUVRQ PDQDJHG WR VROYH RQH
RI WKH WZR H[HUFLVHV� 7KH SLORW PHUHO\ HPSKDVLVHG WKDW H[HU�
FLVHV QHHG WR EH FKRVHQ YHU\ GHOLEHUDWHO\ DQG WKDW DSSURSULDWH
SDUWLFLSDQWV DUH QHFHVVDU\�

0HDVXUHV

7R VWDUW ZLWK� WKH VWXGHQWV ZHUH DVNHG DERXW WKHLU JHQGHU� DQG
JUDGH LQ EDVLF SK\VLFV� ,Q 6ZHGHQ JUDGHV DUH JLYHQ DV $� %� &�
' RU ( DV SDVVLQJ JUDGHV DQG ) DV IDLOLQJ� 7KHVH DUH WUDQVODWHG
LQWR WKH QXPEHUV �� �$�� ���� �%�� �� �&�� ���� �'�� �� �(�
DQG � �)� ZKHQ FDOFXODWLQJ WKH JUDGH DYHUDJH IRU WKH GLSORPD
�6NROYHUNHW� ������ 7KHVH QXPEHUV ZLOO EH XVHG WR PHDVXUH
JUDGHV� )URP WKH H[SHULPHQW� WKH SURSRUWLRQ RI FRUUHFW DQ�
VZHUV ZHUH UHJLVWHUHG� 7KLV ZLOO KHUHDIWHU EH UHIHUUHG WR DV
SHUIRUPDQFH� DV LW LV D YDOXH RI KRZ ZHOO WKH SDUWLFLSDQWV SHU�
IRUPHG ZLWK UHJDUGV WR WKH H[HUFLVHV�

7KHUH DUH PDQ\ SRVVLEOH PHDVXUHV WR WDNH IURP WKH H\H�
WUDFNHU� ,Q D UHYLHZ E\ 0D\HU ������� LQYHVWLJDWLQJ OHDUQLQJ
ZLWK JUDSKLFV� DOO UHVHDUFKHUV XVHG WKH WLPH ORRNLQJ DW UHOH�
YDQW DUHDV DV WKHLU PDLQ PHDVXUH� 7KDW ZLOO WKXV EH XVHG LQ
WKLV VWXG\ DV ZHOO� *D]H GXUDWLRQ RQ DQ LPDJH FDQ EH LQWHU�
SUHWHG DV KRZ PXFK WKH LPDJH ZDV SURFHVVHG� 5D\QHU ������
UHSRUWV WKDW ORQJHU IL[DWLRQ GXUDWLRQV DUH DOVR D VLJQ RI PRUH
GHWDLOHG SURFHVVLQJ �DOVR 2]FHOLN HW DO�� ������ 5HJDUGLQJ
PHDVXUHV� 5D\QHU ������ IXUWKHUPRUH FODLPV WKDW QXPEHU RI
IL[DWLRQV� IL[DWLRQ GXUDWLRQ� GXUDWLRQ WLPH DQG VFDQ SDWKV DUH
DOO JHQHUDOO\ UHOHYDQW ZKHQ VWXG\LQJ OHDUQLQJ� )URP VHYHUDO
(7�00/ VWXGLHV LW LV NQRZQ WKDW IL[DWLRQV RQ LPDJHV DUH JHQ�
HUDOO\ ORQJHU WKDQ RQ WH[W �8QGHUZRRG� -HEEHWW� 	 5REHUWV�
����� 6FKZRQNH� %HUWKROG� 	 5HQNO� ������

$QRWKHU PHDVXUH WR FDSWXUH SURFHVVLQJ RI LPDJHV LV LQWH�
JUDWLYH VDFFDGHV� +ROVDQRYD� +ROPEHUJ DQG +ROPTYLVW ������
S� ����� GHILQH DQ LQWHJUDWLYH VDFFDGH DV �WUDQVLWLRQV EHWZHHQ
VHPDQWLFDOO\ UHODWHG SLHFHV RI YHUEDO DQG SLFWRULDO LQIRUPD�
WLRQ� LQGLFDWLQJ WKH SURFHVV RI UHDGHUV
 FRQVWUXFWLRQ RI UHIHU�
HQWLDO FRQQHFWLRQV EHWZHHQ WH[W DQG LOOXVWUDWLRQ�� ,QWHJUDWLYH
VDFFDGHV PD\ EH D VLJQ WKDW \RX DUH LQWHJUDWLQJ WKH LQIRUPD�
WLRQ �+ROVDQRYD� ����� -RKQVRQ 	 0D\HU� ����� 0DVRQ HW DO��
����� RU WKDW \RX DUH KDYLQJ WURXEOH FRPELQLQJ WKH LQIRUPD�
WLRQ �+ROVDQRYD� ������ )XUWKHUPRUH� 6FKZRQNH HW DO�� ������
IRXQG WKDW WKLV EHKDYLRXU LQFUHDVHV ZKHQ SDUWLFLSDQWV DUH SHU�
IRUPLQJ ZRUVH� 7KLV H[SHULPHQW FRXOG WHVW KRZ WKLV DFWXDOO\ LV
FRUUHODWHG ZLWK SHUIRUPDQFH�

7KLV SKHQRPHQRQ RI DOWHUQDWLQJ EHWZHHQ WH[W DQG LPDJH
KDV VHYHUDO QDPHV� EXW LV RIWHQ UHIHUUHG WR DV DWWHQWLRQDO VSOLW�
WLQJ �GH .RQLQJ� 7DEEHUV� 5LNHUV� 	 3DDV� ����� 6FKPLGW�
:HLJDQG HW DO�� ������ +RZHYHU� +\|Ql ������ DUJXHV WKDW
WKLV WHUPLQRORJ\ LV XQIRUWXQDWH DV LW LPSOLHV GXDO SURFHVVLQJ�
ZKLOH RXU DWWHQWLRQ LV LQ IDFW VHULDO DQG VXJJHVWV WKH WHUP DW�
WHQWLRQDO VKLIWLQJ� ZKLFK ZLOO EH XVHG WKURXJKRXW WKLV WH[W� 7KH
UHDVRQ IRU QRW XVLQJ LQWHJUDWLYH VDFFDGHV LV WKDW WKLV WHUP VSHF�

�$ WKLUG RSWLRQ� �2WKHU�, GRQ
W ZDQW WR DQVZHU� ZDV DGGHG� EXW VHOHFWHG E\
QR RQH�

�



LILHV WKH VHPDQWLF FRQWHQW WKDW ZDV VDFFDGHG EHWZHHQ� DQG WKH
H[DFW SRLQW LQ WKH FRQWHQW ZKHUH VDFFDGHV RFFXU ZLOO QRW EH
PHDVXUHG� $QRWKHU� OHVV FRPPRQ� QDPH IRU WKLV SKHQRPHQRQ
LV LQWHU�]RQH VFDQQLQJ �<DQJ HW DO�� ������

&RQFHUQLQJ WKH (7 GDWD TXDOLW\� 5D\QHU ������ LQ KLV UH�
YLHZ UHSRUWV D PHDQ IL[DWLRQ GXUDWLRQ RI DERXW ��� PV� ZKLFK
VKRXOG DOVR EH DFKLHYHG KHUH� +ROPTYLVW� 1\VWU|P� DQG 0XO�
YH\ ������ VXJJHVW D VHW RI PHDVXUHV WR UHSRUW (7 GDWD TXDO�
LW\ DQG KHUH D VXEVHW RI WKHVH PHDVXUHV ZHUH XVHG� PHDQ DQG
VWDQGDUG GHYLDWLRQ RI WKH FDOLEUDWLRQ� 0RUH PHDVXUHV ZHUH QRW
GHHPHG QHFHVVDU\ GXH WR WKH VL]H RI WKH $2,V DQG WKH ODFN RI
GHWDLOHG DQDO\VLV� VXFK DV ZKHUH VLQJXODU IL[DWLRQV IHOO�

(WKLFDO FRQVLGHUDWLRQV�

7KH VWXGHQWV ZKR WRRN SDUW ZHUH DOO RYHU �� DQG WKXV DOO RI DJH
WR FRQVHQW WR SDUWLFLSDWH LQ WKH H[SHULPHQW� $IWHU WKH H[SHU�
LPHQW� FRQVHQW IRUPV ZHUH JLYHQ WR DOO SDUWLFLSDQWV DQG WKH\
ZHUH LQIRUPHG DERXW DOO GHWDLOV DQG KDG WKH SRVVLELOLW\ WR DVN
TXHVWLRQV� 1R SDUWLFLSDQW ZDV HVWLPDWHG WR KDYH EHHQ KDUPHG�
6LQFH WKH\ ZHUH DOO VWXG\LQJ SK\VLFV DW XSSHU VHFRQGDU\ VFKRRO
OHYHO� WKH\ PLJKW HYHQ KDYH EHQHILWWHG IURP WKH H[SHULPHQW�
7KLV LV EHFDXVH WKH\ ZHUH VROYLQJ SK\VLFV H[HUFLVHV DQG PLJKW
KDYH OHDUQW VRPHWKLQJ IURP VROYLQJ WKHP RU DW OHDVW EHLQJ VXE�
PHUVHG LQ SK\VLFV IRU D ZKLOH�

� 0HWKRG

7KH H[SHULPHQW FRQVLVWHG RI �� SK\VLFV H[HUFLVHV ZLWK WZR GLI�
IHUHQW FRQGLWLRQV� DQ LPDJH IURP WKH DFWXDO WH[WERRN H[HUFLVH
RU D FRQWURO LPDJH� $SDUW IURP WKH LPDJH� HDFK H[HUFLVH FRQ�
WDLQHG D WH[W SUHVHQWLQJ WKH SUREOHP DQG ILYH DQVZHU DOWHUQD�
WLYHV�

3DUWLFLSDQWV DQG GHVLJQ

,Q WKH ILQDO H[SHULPHQW �� VXEMHFWV ��� IHPDOHV� WRRN SDUW�
7KH\ ZHUH DOO WKLUG \HDU VWXGHQWV �DJHV �� WR ��� RI 6ZHGLVK
XSSHU VHFRQGDU\ VFKRRO ZLWK QRUPDO RU FRUUHFWHG�WR�QRUPDO YL�
VLRQ� )XUWKHUPRUH� WKH\ ZHUH DOO HQUROOHG LQ WKH QDWXUDO VFL�
HQFH SURJUDP �1 = ��� RU WHFKQRORJLFDO SURJUDP �1 = ���
DQG ZHUH WKXV VWXG\LQJ SK\VLFV RU KDG EHHQ VWXG\LQJ SK\VLFV�
7ZR VFKRROV LQ VRXWKHUQ 6ZHGHQ ZHUH FKRVHQ ZLWK D QRQ�
SUREDELOLVWLF VDPSOLQJ PHWKRG RI FRQYHQLHQFH�

)RU HDFK WDVN� VWXGHQWV ZHUH JLYHQ WKH H[HUFLVH� DQ LPDJH
�FRQWURO RU WUHDWPHQW� DQG ILYH DQVZHU DOWHUQDWLYHV� $IWHU GH�
FLGLQJ RQ DQ DQVZHU� WKH\ SUHVVHG WKH VSDFH EXWWRQ DQG DJDLQ
ZHUH SURPSWHG ZLWK WKH DQVZHUV DQG RQO\ WKH DQVZHUV� 7KH\
WKHQ FKRVH ZKDW WKH\ EHOLHYHG WR EH FRUUHFW� (\H WUDFNLQJ ZDV
SHUIRUPHG GXULQJ WKH ILUVW RI WKHVH WZR SKDVHV IRU HDFK WDVN�
$Q H[DPSOH RI D VFUHHQ VKRW FDQ EH VHHQ LQ ILJXUH �� ,W VKRXOG
DOVR EH SRLQWHG RXW WKDW QR VWLPXOL ZHUH SODFHG QHDU WKH FRU�
QHUV� VLQFH FDOLEUDWLRQ QRUPDOO\ LV ZRUVH WKHUH �+ROPTYLVW HW
DO�� ������

6LQFH WKH H[SHULPHQW ZDV SHUIRUPHG LQ D ODERUDWRU\ ZLWK D
JURXS VHWXS RI �� FRPSXWHUV DQG H\H WUDFNHUV� FHUWDLQ DVSHFWV
KDG WR EH FRQVLGHUHG� %HFDXVH WKH H[SHULPHQW ZDV VHOI�SDFHG�
VWXGHQWV PLJKW JHW ERUHG ZKHQ ILQLVKHG DQG GLVWXUE WKHLU SHHUV�
7R DYRLG WKLV� D VLOHQW PRYLH ZDV DGGHG DW WKH HQG RI WKH H[SHU�
LPHQW WR HQWHUWDLQ WKHP ZKLOH ZDLWLQJ� 3RVW�WHVW ERUHGRP DQG
GLVWXUEDQFH GLG QRW EHFRPH DQ LVVXH�

)LJXUH �� ([DPSOH RI H[HUFLVH�

0DWHULDOV DQG DSSDUDWXV

7KH H[SHULPHQW ZDV SHUIRUPHG LQ WKH VR�FDOOHG 'LJLWDO FODVV�
URRP RI WKH +XPDQLWLHV ODE LQ /XQG 8QLYHUVLW\� ZKLFK FDQ EH
VHHQ LQ ILJXUH �� 7KH H\H�WUDFNHUV XVHG ZHUH 60, 5('�P� VHW
WR D VDPSOLQJ UDWH RI ��� +]� 7KH H\HV ZHUH PHDVXUHG DV D
ELQRFXODU DYHUDJH� 7KH SUHVHQWDWLRQ RI VWLPXOL ZDV PDGH ZLWK
60, ([SHULPHQW &HQWHU� 'HWHFWLRQ RI IL[DWLRQV ZDV PDGH ZLWK
WKH GHIDXOW VHWWLQJV RI %H*D]H ���� 7KH VFUHHQ VL]H ZDV ���
ZLWK D UHVROXWLRQ RI ����×���� SL[HOV�

$V SUHYLRXVO\ PHQWLRQHG� WKH VWLPXOL ZHUH SK\VLFV H[HU�
FLVHV� DOO FRQWDLQLQJ D WH[W� DQ LPDJH DQG ILYH DQVZHU DOWHU�
QDWLYHV� 7KH WH[WV DQG LPDJHV ZHUH IURP 6ZHGLVK WH[WERRNV
LQ EDVLF SK\VLFV IRU XSSHU VHFRQGDU\ VFKRRO� 7KH DQVZHU DO�
WHUQDWLYHV ZHUH LQ D IHZ FDVHV IURP WKH WH[WERRN� EXW PRVWO\
FRQVWUXFWHG IRU WKLV H[SHULPHQW�

3URFHGXUH

7KH H[SHULPHQW ZDV SHUIRUPHG LQ ILYH VHVVLRQV ZLWK JURXSV
RI ��� ��� ��� �� DQG �� SDUWLFLSDQWV� 7KH LQIRUPDWLRQ EHIRUH
WKH VHVVLRQ WR WKH VWXGHQWV ZDV� LQ DGGLWLRQ WR HWKLFDO FRQFHUQV
DQG FRQVHQW� D IDOVH IDFH YDOLGLW\ RI WKH H[SHULPHQW DV WR EH
DERXW SK\VLFV DQG PHQWDO DULWKPHWLF� 7KLV ZDV DOVR VWDWHG DV
WKH UHDVRQ ZK\ WKH\ ZHUH QRW DOORZHG WR XVH SHQ DQG SDSHU�
,W LV LPSRUWDQW LQ (7 UHVHDUFK WR JLYH D IDOVH IDFH YDOLGLW\ WKDW
LGHDOO\ GRHV QRW GLUHFW JD]H DV LQVWUXFWLRQ LV NQRZQ WR DIIHFW
H\H EHKDYLRXU �<DUEXV� ������ 7KH SDUWLFLSDQWV ZHUH GHEULHIHG
DIWHU WKH H[SHULPHQW� DQG LQ SRVW�WHVW JURXS LQWHUYLHZV RQO\ D
KDQGIXO RI VWXGHQWV LGHQWLILHG WKDW WKH H[SHULPHQW KDG LQ IDFW
VRPHWKLQJ WR GR ZLWK LPDJHV� )LQDOO\� WKH WUXH SXUSRVH ZDV
UHYHDOHG DQG FRQVHQW RQFH DJDLQ VRXJKW�

)LJXUH �� 7KH GLJLWDO FODVVURRP RI WKH KXPDQLWLHV ODE LQ /XQG�

�



)LJXUH �� 7KH WKUHH DUHDV RI LQWHUHVW RI HDFK WDVN LQ WKH H[SHULPHQW�

7KH FDOLEUDWLRQ RI WKH H\H WUDFNHU ZDV SHUIRUPHG DV D ILYH�
SRLQW FDOLEUDWLRQ ZLWK D IRXU�SRLQW YDOLGDWLRQ� 3DUWLFLSDQWV
ZHUH UHFDOLEUDWHG LI WKH GHYLDWLRQ RQ HLWKHU H\H ZDV PRUH WKDQ
�○� ,I DIWHU WKUHH DWWHPSWV� WKH FDOLEUDWLRQ VWLOO GLG QRW UHDFK
WKLV WKUHVKROG� WKH EHVW FDOLEUDWLRQ ZDV FKRVHQ DQG WKH\ VWLOO
SDUWLFLSDWHG� )RU WKH VL]HV RI WKH DUHDV RI LQWHUHVW XVHG LQ WKH
H[SHULPHQW� WKLV OHYHO RI TXDOLW\ ZDV VXIILFLHQW�

'DWD DQDO\VLV

6RPH H[FOXVLRQV ZHUH PDGH IURP WKH GDWD� 'DWD HUURUV RF�
FXUUHG IRU VHYHUDO TXHVWLRQV IRU RQH SDUWLFLSDQW� UHVXOWLQJ LQ
PXOWLSOH SUREOHPV DQG WKH HYHQWXDO H[FOXVLRQ RI WKDW SDUWLF�
LSDQW� 2QH SDUWLFLSDQW WRRN D EDWKURRP EUHDN LQ WKH PLGGOH
RI WKH H[SHULPHQW DQG WKH TXHVWLRQ WKDW ZDV RSHQ GXULQJ WKH
EUHDN ZDV H[FOXGHG� $QRWKHU SDUWLFLSDQW OHIW LQ WKH PLGGOH RI
WKH H[SHULPHQW DQG WKH ODVW TXHVWLRQ RSHQ ZDV H[FOXGHG� 7KH
UHPDLQLQJ GDWD IRU WKDW SDUWLFLSDQW ZDV VWLOO LQFOXGHG� )LQDOO\�
RQH SDUWLFLSDQW ZDQWHG WR GLVFXVV WZR TXHVWLRQV ZLWK WKH H[�
SHULPHQW OHDGHU GXULQJ WKH H[SHULPHQW� 7KHVH WDONV ZHUH TXLWH
EULHI� EXW VXIILFLHQWO\ GLVUXSWLQJ WR JUDQW H[FOXVLRQ RI WKHVH WZR
TXHVWLRQV�

%H*D]H GHOLYHUHG GDWD LQ VHYHUDO IRUPDWV ZKLFK ZHUH
PHUJHG ZLWK VRPH S\WKRQ VFULSWV� 7KH UHVXOWLQJ ILOH ZDV LP�
SRUWHG LQ 5 ZKHUH WKH VWDWLVWLFDO DQDO\VLV ZDV PDGH� )RU LQYHV�
WLJDWLRQV RI FRUUHODWLRQV� D OLQHDU PRGHO ZDV ILW DQG WKH YDOXH
RI WKH VORSH ZDV FDOFXODWHG� $V D PHDVXUH RI FHUWDLQW\� D ���
FRQILGHQFH LQWHUYDO ZDV DGGHG DV ZHOO DV S�YDOXHV� )RU GLIIHU�
HQFHV EHWZHHQ WZR JURXSV� W�WHVWV ZHUH XVHG DQG IRU PXOWLSOH
JURXSV DQ $129$ZLWK SRVW KRF�WHVWV ZDV SHUIRUPHG� 7KH DO�
SKD OHYHO XVHG ZDV ����� $OVR� JHQHUDOL]HG OLQHDU PL[HG PRGHO
�*/00� RI WKH ELQRPLDO IDPLO\ ZHUH XVHG� )LWWLQJ ZDV SHU�
IRUPHG ZLWK WKH JOPHU IXQFWLRQ IURP WKH OPH� SDFNDJH �%DWHV�
0DHFKOHU� %RONHU� 	 :DONHU� ����� DQG FRQILGHQFH LQWHUYDOV
FDOFXODWHG IRU WKHVH ZLWK WKH 0&0&JOPP SDFNDJH �+DGILHOG�
������

7KHUH ZDV DOVR VRPH DQDO\VLV GRQH RQ $2, OHYHO� VXFK DV
WLPH VSHQW RQ LPDJHV� )RU WKLV DQDO\VLV� WKH $2,V ZHUH RI WKH
VL]H DFFRUGLQJ WR ILJXUH ��

� 5HVXOWV
$IWHU VRPH GDWD DQDO\VLV PHDVXUHV ZHUH FDOFXODWHG� )LUVW LV
VRPH TXDOLW\ PHDVXUHV H[DPLQLQJ WKH UHOLDELOLW\ RI WKH H[SHUL�
PHQW� 7KHUHDIWHU FRPHV WKH H[SHULPHQWDO UHVXOWV� GHWDLOLQJ WKH
WZR PDLQ ILQGLQJV� 7KH ILUVW RQH LV WKDW JLYLQJ D PHDQLQJIXO
LPDJH WR SDUWLFLSDQWV KDV QR HIIHFW RQ SURSRUWLRQ RI FRUUHFW DQ�
VZHUV DQG WKH VHFRQG LV WKDW PRUH DWWHQWLRQDO VKLIWV LQ SDUWLFL�
SDQWV EHLQJ FRUUHODWHG ZLWK D OHVV GHJUHH RI FRUUHFW DQVZHUV�

)LJXUH �� 3ORW RI JHQHUDOLVHG OLQHDU PRGHO RI SUREDELOLW\ RI FRUUHFW
DQVZHU DV D IXQFWLRQ RI JUDGH LQ EDVLF SK\VLFV IRU DOO SDUWLFLSDQWV �1 =
���� 7KH JUH\ DUHD GHQRWHV FRQILGHQFH LQWHUYDO RI WKH OLQH�

4XDOLW\ PHDVXUHV

7KH PHDQ FDOLEUDWLRQ HUURU RI WKH SDUWLFLSDQWV ZDV IRU ERWK [�
DQG \�D[LV �.�○ �6' = �.�○�� 7KH PHDQ OHYHO RI WUDFNLQJ ZDV
��� �6' = ���� PHGLDQ ��%�� 7KH PHDQ JUDGH RI WKH VWX�
GHQWV LQ EDVLF SK\VLFV ZHUH ��.� �6' = �.��� )RU (7 PHDVXUHV�
WKH DYHUDJH IL[DWLRQ GXUDWLRQ IRU DOO SDUWLFLSDQWV DQG DOO H[HU�
FLVHV ZDV ��� PV �6' = �� PV�� $OVR� WKH DYHUDJH IL[DWLRQ
GXUDWLRQ IRU LPDJHV �0 = ��� PV� 6' = ��� PV� FRPSDUHG
WR WH[W �0 = ��� PV� 6' = �� PV� ZDV JUHDWHU LQ WKH H[SHUL�
PHQWDO FRQGWLWLRQ� $FFRUGLQJ WR D RQH�VDPSOH W�WHVW� WKLV GLI�
IHUHQFH ZDV VLJQLILFDQW �W������ ��� S < .����� ,Q FRQWUDVW� WKH
FRQWURO JURXS KDG VKRUWHU DYHUDJH IL[DWLRQ GXUDWLRQV RQ LPDJHV
�0 = ��� PV� 6' = ��� PV� WKDQ WKRVH RQ WH[W �0 = ��� PV�
6' = ��PV�� 7KLV GLIIHUHQFH ZDV DOVR VLJQLILFDQW �W������ ���
S < .�����

7KH SHUIRUPDQFH RI WKH VWXGHQWV LQ WKH WHVW FRPSDUHG WR
WKHLU JUDGHV LQ EDVLF SK\VLFV FDQ EH VHHQ LQ ILJXUH �� $ ELQR�
PLDO */00 ZLWK UDQGRP LQWHUFHSWV IRU HDFK SDUWLFLSDQW DQG
HDFK TXHVWLRQ VXJJHVWV WKDW WKH HIIHFW RI SK\VLFV JUDGH RQ SHU�
IRUPDQFH LV KLJKO\ VLJQLILFDQW �OLNHOLKRRG UDWLR WHVW� / = ��.��
GI = �� S < .����� 7KH FRHIILFLHQW RQ JUDGH LQ WKH PRGHO ZDV
���� PHDQLQJ WKDW HDFK JUDGH LQFUHDVH ���� SRLQWV� LV HTXDO WR
LQFUHDVHG RGGV RI JLYLQJ D FRUUHFW DQVZHU E\ �����

([SHULPHQWDO PHDVXUHV

7KH JHQHUDO GLIIHUHQFH LQ SHUIRUPDQFH EHWZHHQ WKH H[SHULPHQ�
WDO LPDJH DQG WKH FRQWURO LPDJH FDQ EH VHHQ LQ ILJXUH �� 7KH
GLIIHUHQFH LQ SURSRUWLRQV RI FRUUHFW DQVZHUV IRU WKH WZR JURXSV
ZDV ���� ����&, >−�� �@�� $ RQH VDPSOH W�WHVW JDYH QR VLJQLI�
LFDQW GLIIHUHQFH EHWZHHQ WKH FRQGLWLRQV �W����  ����� S = .����
$ ELQRPLDO */00 ZLWK UDQGRP LQWHUFHSWV IRU HDFK SDUWLFL�
SDQW DQG HDFK TXHVWLRQ� ZLWK FRQGLWLRQ DQG LPDJH W\SH DGGHG
WR WKH PRGHO VWLOO JDYH QR VLJQLILFDQW GLIIHUHQFHV �OLNHOLKRRG
UDWLR WHVW IRU FRQGLWLRQ� / = �.�� GI = �� S > .� DQG LPDJH W\SH�
/ = �.��� GI = �� S > .���

$ IXQFWLRQ RI SURSRUWLRQ RI FRUUHFW DQVZHUV LQ UHODWLRQ WR
DWWHQWLRQDO VKLIWV FDQ EH VHHQ LQ ILJXUH �� �IRU H[SHULPHQWDO
LPDJHV RQO\�� 7KLV SURSRUWLRQ VLJQLILFDQWO\ GHFUHDVHG ZLWK D
SHUFHQWDJH RI �� IRU HDFK GRXEOLQJ RI DWWHQWLRQDO VKLIWV ����
&, >���� ��@� S = �.����� 7KLV FDQ DOVR EH DYHUDJHG RYHU WLPH�

�&DOFXODWHG DV H�.��∗�.� = �.���

�



)LJXUH �� %R[SORW RI SURSRUWLRQ RI FRUUHFW DQVZHUV E\ FRQGLWLRQ IRU
DOO H[HUFLVHV �1 = ���� $ VOLJKW MLWWHU RI WKH SRLQWV ZDV DGGHG LQ WKH [
GLUHFWLRQ IRU YLVLELOLW\�

UHVXOWLQJ LQ D GHFUHDVHG HIIHFW ZLWK OHVV VLJQLILFDQFH� /RRNLQJ
DW WKH SURSRUWLRQ RI FRUUHFW DQVZHUV LQ UHODWLRQ WR DWWHQWLRQDO
VKLIWV IRU WKH FRQWURO FRQGLWLRQ� WKH HIIHFW LV VLPLODU EXW OHVV
�� SHUFHQWDJH SRLQWV� DQG QRW VLJQLILFDQW ���� &, >−�.�� ��@�
S > .���� )RU DWWHQWLRQDO VKLIWV D RQH�ZD\ EHWZHHQ VXEMHFWV
$129$ >)(�,��) = �.��� S = .��@ UHYHDOHG D VLJQLILFDQW HI�
IHFW RI LPDJH W\SH� 3RVW KRF FRPSDULVRQV XVLQJ WKH 7XNH\+6'
WHVW LQGLFDWHG D VLJQLILFDQW GLIIHUHQFH RQO\ EHWZHHQ LFRQLF DQG
VFKHPDWLF ILJXUHV DW S = .��� 7KHUH ZDV QR VLJQLILFDQW GLI�
IHUHQFH EHWZHHQ LPDJH NLQGV LQ DYHUDJH IL[DWLRQ GXUDWLRQ RQ
LPDJHV�

7KHUH ZDV DOVR D FRUUHODWLRQ EHWZHHQ JUDGH DQG SURSRU�
WLRQ RI IL[DWLRQV RQ DQ\ RI WKH UHOHYDQW $2,V� )RU WKH H[SHUL�
PHQWDO FRQGLWLRQ WKLV ZDV WH[W� LPDJH DQG DQVZHUV DQG IRU WKH
FRQWURO RQO\ WH[W DQG DQVZHUV� 7KLV SURSRUWLRQ LQFUHDVHG E\
��� SHUFHQWDJH SRLQWV IRU HDFK LQFUHDVH LQ JUDGH ���� &, >����
���@� S < .����� 7KH SURSRUWLRQ RI WLPH VSHQW RQ WKH LPDJH LQ
WKH H[SHULPHQWDO FRQGLWLRQ KRZHYHU� GHFUHDVHG ZLWK LQFUHDV�
LQJ JUDGH ZLWK ���� SHUFHQWDJH SRLQWV ���� &, >����� ����@�
S < .�����

$ 3RLVVRQ */00 PRGHO ZDV ILW WR H[SORUH WKH HIIHFW RI
WRWDO WLPH VSHQW RQ HDFK H[HUFLVH DQG WKH QXPEHU RI DWWHQWLRQDO
VKLIWV� 7KH QXPEHU RI DWWHQWLRQDO VKLIWV ZDV FRQVLVWHQWO\ KLJKHU
LQ WKH H[SHULPHQWDO FRQGLWLRQ FRPSDUHG WR FRQWURO FRQGLWLRQ
�/ = ����� GI = �� S < .����� LQGLFDWLQJ WKDW PHDQLQJIXO LPDJHV
ZHUH LQGHHG LQWHJUDWHG ZLWK WKH WH[W� )XUWKHUPRUH� WKH QXPEHU
RI DWWHQWLRQDO VKLIWV LQFUHDVHG DV D IXQFWLRQ RI WRWDO WLPH LQ ERWK
FRQGLWLRQV� EXW PRUH UDSLGO\ ZKHQ WKH LPDJH ZDV UHOHYDQW WR
WKH WDVN� 7KLV LQWHUDFWLRQ EHWZHHQ FRQGLWLRQ DQG ORRNLQJ WLPH
ZDV KLJKO\ VLJQLILFDQW �/ = ��� GI = �� S < .���� VHH ILJXUH ����

5HJDUGLQJ VSHHG YHUVXV DFFXUDF\ IRU VROYLQJ WKH H[HUFLVHV�
WKHUH DUH WZR SRVVLEOH DQDO\VHV� RQ H[HUFLVH OHYHO RU RQ SDU�
WLFLSDQW OHYHO� )RU H[HUFLVHV HDFK H[WUD VHFRQG VSHQW VROYLQJ
LW PHDQW WKH SURSRUWLRQ RI FRUUHFW DQVZHUV FKDQJHG E\ −�.�
SHUFHQWDJH SRLQWV IRU ERWK H[SHULPHQWDO DQG FRQWURO FRQGLWLRQ�
)RU WKH H[SHULPHQWDO FRQGLWLRQ� WKLV ZDV QRW VLJQLILFDQW ����
&, >−�.�� ����@� S = .���� EXW LW ZDV IRU FRQWURO FRQGLWLRQ ����
&, >−�.���� ������@� S = .���� 2Q WKH SDUWLFLSDQW OHYHO� DQ H[WUD
VHFRQG VSHQW RQ WKH H[HUFLVH LQ WKH H[SHULPHQWDO FRQGLWLRQ FRU�
UHVSRQGHG WR D ��� SHUFHQWDJH SRLQW LQFUHDVH LQ SURSRUWLRQ RI
FRUUHFW DQVZHUV ���� &, >����� ���@� S = .���� )RU WKH FRQWURO
FRQGLWLRQ� WKH LQFUHDVH ZDV RI VLPLODU VL]H� ���� EXW QRW VLJQLIL�
FDQW ���� &, >−�.��� ���@� S = .���� 7KLV FDQ EH VHHQ LQ ILJXUH
���

)LJXUH ��� 6FDWWHUSORW RI SURSRUWLRQ RI FRUUHFW DQVZHUV DV D IXQFWLRQ
RI QXPEHU DWWHQWLRQDO VKLIWV IRU DOO H[HUFLVHV ZLWK WKH H[SHULPHQWDO
FRQGLWLRQ �1 = ���� $WWHQWLRQDO VKLIWV ZHUH ORJ� WUDQVIRUPHG� $ OLQH
KDV EHHQ ILWWHG IRU WKH GDWD� DQG WKH JUH\ DUHD GHQRWHV VWDQGDUG HUURU
RI WKH OLQH�

)LJXUH ��� 3ORW RI D JHQHUDOLVHG OLQHDU PRGHO RI QXPEHU RI DWWHQWLRQDO
VKLIWV DV D IXQFWLRQ RI WRWDO WLPH VSHQW RQ WKH H[HUFLVH� 7KH JUH\ DUHD
GHQRWHV FUHGLELOLW\ LQWHUYDO RI WKH OLQH�

)LJXUH ��� 6FDWWHUSORW RI SURSRUWLRQ RI FRUUHFW DQVZHUV IRU DOO SDUWLF�
LSDQWV DV D IXQFWLRQ RI DYHUDJH WRWDO IL[DWLRQ WLPH IRU ERWK FRQGLWLRQV
�1 = �� ⋅ ��� 7KH EODFN GRWV DQG OLQH UHSUHVHQWV WKH H[SHULPHQWDO FRQ�
GLWLRQ DQG WKH JUH\ RQHV UHSUHVHQW WKH FRQWURO�

�



� 'LVFXVVLRQ

7KHPXOWLPHGLD HIIHFW LV D ZHOO�UHVHDUFKHG SKHQRPHQRQ ZKLFK
LPSOLHV WKDW LPDJHV LQ FRQMXQFWLRQ ZLWK WH[W LQFUHDVH OHDUQLQJ
FRPSDUHG WR RQO\ WH[W� ,W KDV PDLQO\ EHHQ UHVHDUFKHG LQ WKH
FRQWH[W RI UHDGLQJ� EXW WDFLW NQRZOHGJH DPRQJ WHDFKHUV LV WKDW
LW VKRXOG ZRUN IRU H[HUFLVH VROYLQJ DV ZHOO� 7KH DVVXPSWLRQ
WKDW LPDJHV DLG WKH VROYLQJ RI H[HUFLVHV ZDV RSHUDWLRQDOLVHG
DV WZR K\SRWKHVHV� )LUVW� WKDW D SRVLWLYH FRUUHODWLRQ ZLOO EH
IRXQG EHWZHHQ LPDJH FRQGLWLRQ DQG WKH SURSRUWLRQ RI FRUUHFW
DQVZHUV IRU HDFK H[HUFLVH� 6HFRQG� WKDW D SRVLWLYH FRUUHODWLRQ
VKRXOG DOVR EH H[SHFWHG EHWZHHQ LQWHJUDWLRQ RI WH[W DQG LPDJH
DQG WKH SURSRUWLRQ RI FRUUHFW DQVZHUV� 7KHVH ZHUH WHVWHG LQ
DQ H[SHULPHQW ZLWK XSSHU VHFRQGDU\ VFKRRO VWXGHQWV ZKR KDG
WDNHQ EDVLF SK\VLFV� 7KH\ DQVZHUHG PXOWLSOH FKRLFH TXHVWLRQV
IURP WH[WERRNV LQ EDVLF SK\VLFV ZLWK HLWKHU DPHDQLQJIXO LPDJH
RU D FRQWURO LPDJH�

%HIRUH ORRNLQJ DW WKH UHVXOWV� WKH YDOLGLW\ DQG UHOLDELOLW\ RI
WKH H[SHULPHQW ZLOO EH GLVFXVVHG� &DOLEUDWLRQ FDQ EH FRQVLG�
HUHG VXFFHVVIXO UHJDUGLQJ GHYLDWLRQ DV GHVFULEHG LQ WKH UHVXOWV
VHFWLRQ� 7KH OHYHO RI WUDFNLQJ ZDV DOVR JRRG DQG WKH KLJK VWDQ�
GDUG GHYLDWLRQ RI WUDFNLQJ OHYHO ZDV PDLQO\ GXH WR RQH SDUWLF�
LSDQW� 7KH DYHUDJH IL[DWLRQ GXUDWLRQ LV FORVH WR ZKDW 5D\QHU
������ UHSRUWV LQ KLV UHYLHZ� ZKLFK FDQ EH VHHQ DV DQ LQGLFD�
WLRQ WKDW WKH (7 GDWD LV W\SLFDO� $V H[SHFWHG IURP WKH VWXG\
E\ +DQQXV DQG +\|Ql ������� VWXGHQWV ZLWK OHVV SULRU NQRZO�
HGJH �RSHUDWLRQDOLVHG DV JUDGH LQ EDVLF SK\VLFV� DOVR XVHG WKH
LPDJHV OHVV� 7KLV LV� KRZHYHU� VRPHZKDW LQ FRQIOLFW ZLWK WKH
UHVXOWV E\ +HJDUW\ HW DO� ������ FODLPLQJ WKDW KLJK DELOLW\ VWX�
GHQWV �DJDLQ RSHUDWLRQDOLVHG DV JUDGH LQ EDVLF SK\VLFV� GR QRW
XVH LPDJHV LI WKH\ DUH LQIRUPDWLYH EXW UHGXQGDQW LQ UHODWLRQ
WR WKH WH[W� 3HUKDSV WKLV RSHUDWLRQDOLVDWLRQ GRHV QRW KROG RU
WKH H[WHQW RI XVLQJ DQ LPDJH PLJKW QRW EH SURSRUWLRQDO WR KRZ
PXFK LW LV IL[DWHG� )LQDOO\� UHJDUGLQJ SULRU NQRZOHGJH� 9DJ
*RJ DQG 6FKHLWHU
V ������ UHVXOWV WKDW EHWWHU SULRU NQRZOHGJH
OHDGV WR PRUH ORRNLQJ DW WDVN�UHOHYDQW LQIRUPDWLRQ ZDV FRQ�
ILUPHG� 6LQFH WKH WDVN�UHOHYDQW LQIRUPDWLRQ LQ WKLV H[SHULPHQW
ZDV PRUH RU OHVV DOO WKH LQIRUPDWLRQ �LQ WKH H[SHULPHQWDO FRQ�
GLWLRQ�� LW LV DQ RSHQ TXHVWLRQ ZKDW VWXGHQWV ZLWK OHVV SULRU
NQRZOHGJH ZHUH WKLQNLQJ ZKHQ ORRNLQJ DW WKH JUH\ VSDFH RU
RXWVLGH WKH VFUHHQ�

)URP WKH UHVXOWV LW ZDV DOVR HYLGHQW WKDW WKH KLJKHU WKH
JUDGH� WKH EHWWHU WKH VWXGHQWV SHUIRUPHG LQ WKH H[SHULPHQW�
7KLV LV D JRRG LQGLFDWLRQ RI YDOLGLW\� ZLWK UHVSHFW WR WKH H[�
SHULPHQW
V UHVHPEODQFH WR DFWXDO SK\VLFV H[HUFLVHV LQ VFKRRO�
,W LV DOVR DQ LQGLFDWRU WKDW NQRZOHGJH RI SK\VLFV LV PRUH LP�
SRUWDQW WKDQ FKDQFH IRU GHWHUPLQLQJ SHUIRUPDQFH� 7KH SK\VLFV
JUDGHV RI WKH VWXGHQWV ZHUH DOVR FORVH WR WKH QDWLRQDO DYHUDJH�
ZKLFK VKRXOG PDNH WKH UHVXOWV JHQHUDOLVDEOH LQ WKDW UHVSHFW�
$V H[SHFWHG IURP SUHYLRXV VWXGLHV �8QGHUZRRG HW DO�� �����
6FKZRQNH HW DO�� ������ DYHUDJH IL[DWLRQ GXUDWLRQ ZDV ORQJHU
IRU LPDJHV WKDQ WH[W� 7KH JHQHUDO H[SODQDWLRQ LV WKDW LW LV OHVV
FRJQLWLYHO\ GHPDQGLQJ WR LGHQWLI\ ZRUGV� FRPSDUHG WR LPDJHV�
+RZHYHU� WKLV ZDV RQO\ LQ WKH H[SHULPHQWDO FRQGLWLRQ� 7KDW
WKLV ZDV QRW WKH FDVH LQ WKH FRQWURO FRQGLWLRQ LV SUHVXPDEO\ GXH
WR SDUWLFLSDQWV TXLFNO\ GLVUHJDUGLQJ WKH LPDJH DV PHDQLQJOHVV
DQG WKHQ QRW VSHQGLQJ DQ\ ORQJ IL[DWLRQV RQ LW�

5HJDUGLQJ WKH PDLQ K\SRWKHVHV� WKH JHQHUDO GLIIHUHQFH LQ
SHUIRUPDQFH EHWZHHQ WKH H[SHULPHQWDO LPDJH DQG WKH FRQWURO
LPDJH ZDV QRW VLJQLILFDQW� 0D\HU ������ FODLPV WKDW IHZ RU QR
UHVXOWV IURP WUHDWPHQW DUH VHHQ LQ 00/ VWXGLHV XVLQJ PXOWLSOH
FKRLFH DQG WKDW WKLV VKRXOG EH UHSODFHG E\ RSHQ�HQGHG TXHV�
WLRQ� +RZHYHU� WKLV OLPLWV WKH QXPEHU RI TXHVWLRQV \RX FDQ

DVN �IRU SUDFWLFDO UHDVRQV� DQG WKHUH DUH DOVR VHYHUDO FRXQWHU�
H[DPSOHV WR WKLV� VXFK DV :LOOLDPVRQ HW DO� ������� 7VDL� +RX�
/DL DQG <DQJ ������ DQG /LQGQHU� (LWHO� 7KRPD� 'DOHKIWH�
,KPH� DQG .|OOHU ������� 7KDW LPDJHV GLG QRW LQFUHDVH WKH SUR�
SRUWLRQ RI FRUUHFW DQVZHUV LV LQ OLQH ZLWK 1\VWU|P DQG gJUHQ
������� \HW VWLOO SX]]OLQJ LQ OLJKW RI PXOWLPHGLD WKHRULHV DQG
WDFLW NQRZOHGJH RI WHDFKHUV� %RWK *LQQV ������ DQG 6FKPLGW�
:HLJDQG HW DO� ������ FODLP WKH 00 HIIHFWV GLVDSSHDU ZKHQ
H[SHULPHQWV DUH VHOI�SDFHG� ,I WKLV LV WKH FDVH� DQG WKH H[SODQD�
WLRQ IRU ODFN RI HIIHFW LQ WKLV VWXG\� RQH FDQ DVN ZKHWKHU WKHUH
LV DQ\ SRLQW LQ PXOWLPHGLD OHDUQLQJ DW DOO� 6ROYLQJ SUREOHPV LV
VHOGRP GRQH XQGHU WKH VKRUW WLPH FRQVWUDLQWV� DV LQ IRU H[DPSOH
(LWHO HW DO� ������� HLWKHU LQ VFKRRO RU LQ UHDO OLIH�

$ TXHVWLRQ UHJDUGLQJ WKH ODFN RI PXOWLPHGLD HIIHFW LV
ZKHWKHU WKH VWXGHQWV XQGHUVWRRG WKDW WKHUH ZDV QR LQIRUPDWLRQ
WR EH JDLQHG IURP WKH FRQWURO LPDJHV� 6LQFH WKH DYHUDJH IL[D�
WLRQ GXUDWLRQ ZDV FRQVLGHUDEO\ ORZHU RQ LPDJHV LQ WKH FRQWURO
FRQGLWLRQ� LW LV UHDVRQDEOH WR DVVXPH WKDW WKH SDUWLFLSDQWV XQ�
GHUVWRRG WKLV DQG WKRXJKW OHVV DERXW WKHP� $V D SDUHQWKHVLV� D
IHZ RI WKH LPDJHV GLG H[KLELW VWURQJ PXOWLPHGLD HIIHFWV� EXW QR
DQDO\VLV ZDV PDGH RQ LQGLYLGXDO H[HUFLVH OHYHO� 7KLV FRXOG EH
D VXEMHFW IRU D IXWXUH VWXG\�

2QH UHDVRQ IRU WKH ODFN RI HIIHFW PLJKW EH WKDW GHVSLWH XVLQJ
QDWXUDOLVWLF VWLPXOL� WKH VWXG\ GHYLDWHG IURP D QRUPDO FODVV�
URRP H[SHULHQFH LQ FHUWDLQ DVSHFWV� 6WXGHQWV QRUPDOO\ UHDG
IURP D ERRN DQG QRW D VFUHHQ� EXW DV 0D\HU ������ FRQFOXGHV
WKLV VKRXOG QRW KDYH DQ HIIHFW� +RZHYHU� VWXGHQWV GR QRUPDOO\
ZULWH GRZQ WKHLU DQVZHUV E\ SHQ DQG� PRUH LPSRUWDQWO\� DUH DO�
ORZHG WR WDNH QRWHV� 3HUKDSV WKHUH LV VRPHWKLQJ LQ WKH SK\VLFDO
DFW RI ZULWLQJ D VROXWLRQ RU GUDZLQJ \RXU RZQ LPDJH WKDW LQWHU�
DFWV ZLWK WKH H[HUFLVH DQG LWV LPDJH LQ D PDQQHU RI HPERGLHG
DQG VLWXDWHG FRJQLWLRQ �H�J� .LUVK 	 0DJOLR� ������ $ IXWXUH
VWXG\ VKRXOG H[DPLQH KRZ VWXGHQWV XWLOLVH WKHLU VHOI�GUDZQ ILJ�
XUHV DQG LPDJHV DQG SHUKDSV WKLV LV ZKHUH WKH PXOWLPHGLD HI�
IHFW FDQ EH IRXQG�

$QRWKHU H[SODQDWLRQ LV WKDW WKHUHPLJKW EH D VSHHG�DFFXUDF\
WUDGH�RII� 7KH UHVXOWV GR VKRZ WKDW WKLV HIIHFW H[LVWV IRU WKH
DQDO\VLV OHYHO RI H[HUFLVHV� EXW WKDW RQO\ PHDQV WKDW HDV\ H[HU�
FLVHV DUH VROYHG IDVWHU� +RZHYHU� DQDO\VLV RQ SDUWLFLSDQW OHYHO
GHPRQVWUDWHV WKDW VSHQGLQJ PRUH WLPH RQ DQ H[HUFLVH GLG OHDG
WR LQFUHDVHG VROXWLRQ UDWHV� EXW RQO\ IRU WKH H[SHULPHQWDO FRQ�
GLWLRQ� 7KLV FRXOG EH LQWHUSUHWHG DV LPDJHV EHLQJ KHOSIXO LQ
WKH FRQWH[W RI ORQJHU WKRXJKW SURFHVVHV� 7KDW LV� ZKHQ VWX�
GHQWV WDNH WKH WLPH WR UHDOO\ WU\ WR ILJXUH RXW D KDUG SUREOHP� DQ
LPDJH PLJKW EH KHOSIXO� +RZHYHU� WKLV LV VOLJKWO\ VSHFXODWLYH
DQG UHTXLUHV PRUH UHVHDUFK� 7KDW UHVHDUFK VKRXOG LQYHVWLJDWH
WKH UHODWLRQVKLS EHWZHHQ PXOWLPHGLD HIIHFWV DQG YDULDWLRQV RI
WLPHG YHUVXV VHOI�SDFHG VHWXSV� ,I WKH PXOWLPHGLD HIIHFW LV RQO\
DQ HIIHFW RI OLPLWHG WLPH� WKHQ LW LV QRW YHU\ LQWHUHVWLQJ WR LQYHV�
WLJDWH� (LWKHU WHDFKHUV DQG PXOWLPHGLD UHVHDUFKHUV DUH ZURQJ
RU WKHUH PLJKW EH VRPH RWKHU� \HW XQNQRZQ HIIHFW RI LPDJHV�

7KH K\SRWKHVLV EDVHG RQ WKH WZR H[SHULPHQWDO VWXGLHV RI
DWWHQWLRQDO VKLIWLQJ DQG OHDUQLQJ �-RKQVRQ 	0D\HU� ����� 0D�
VRQ HW DO�� ����� ZDV WKDW D SRVLWLYH FRUUHODWLRQ VKRXOG EH IRXQG
EHWZHHQ DWWHQWLRQDO VKLIWV DQG WKH SURSRUWLRQ RI FRUUHFW DQ�
VZHUV IRU DOO H[HUFLVHV� +RZHYHU� WKH UHVXOWV RI WKH FXUUHQW
VWXG\ VKRZ WKH RSSRVLWH� 7KH FRUUHODWLRQ ZDV QHJDWLYH DQG
WKHUH ZDV QR FRUUHODWLRQ DW DOO IRU WKH FRQWURO FRQGLWLRQ� %RWK LQ
WKH H[SHULPHQW E\ 0DVRQ HW DO� ������ DQG WKH RQH E\ -RKQVRQ
DQG 0D\HU ������� DWWHQWLRQDO VKLIWLQJ ZDV UHODWHG WR OHDUQLQJ
SHUIRUPDQFH DQG QRW WR SUREOHP VROYLQJ� 7KXV WKHVH FRQIOLFW�
LQJ UHVXOWV FDQ EH VHHQ DV DQ DUJXPHQW WKDW WKH UHVXOWV RI 00/
ZLWK UHJDUGV WR OHDUQLQJ FDQQRW EH JHQHUDOLVHG WR SUREOHP VROY�

��



LQJ�
,QWHUHVWLQJO\� WKH H[HUFLVHV LQ WKH H[SHULPHQWDO FRQGLWLRQ

HOLFLWHGPRUH DWWHQWLRQDO VKLIWV SHU WLPH� WKDQ LQ WKH FRQWURO FRQ�
GLWLRQ� (YLGHQWO\� D UHOHYDQW LPDJH GRHV PDNH VWXGHQWV ORRN
EDFN DQG IRUWK WR D JUHDWHU H[WHQW� ,W LV SRVVLEOH WR DUJXH WKDW
WKH QXPEHU RI DWWHQWLRQDO VKLIWV VKRXOG EH DYHUDJHG RYHU WLPH�
EXW WKLV LV SUREDEO\ QRW D JRRG LGHD� 7KLV ZRXOG JLYH WKH UDWH
RI DWWHQWLRQDO VKLIWV DQG WKHUH DUH QR SUHGLFWLRQV IURP WKH OLW�
HUDWXUH KRZ WKH VSHHG RI VKLIWLQJ ZRXOG DIIHFW SHUIRUPDQFH�
:KHWKHU KXPDQV RVFLOODWH TXLFNO\ RU VORZO\ EHWZHHQ LQIRUPD�
WLRQ LQ GLIIHUHQW IRUPV DQG WKH FRQVHTXHQFHV RI WKLV EHKDYLRXU
IRU OHDUQLQJ DQG�RU SUREOHP VROYLQJ LV QRW ZLWKLQ WKH VFRSH RI
WKLV WKHVLV� EXW FRXOG EH D VXJJHVWLRQ IRU D QHZ WRSLF RI LQYHV�
WLJDWLRQ�

$QRWKHU LQWHUSUHWDWLRQ FRXOG EH WKDW LQFUHDVLQJ QXPEHUV RI
DWWHQWLRQDO VKLIWV DUH LQ IDFW QRW D VLJQ RI LQWHJUDWLRQ RI LQIRUPD�
WLRQ� EXW UDWKHU� DV WKH FRQMHFWXUH E\ +ROVDQRYD ������ VWDWHV�
D VLJQ RI WURXEOH LQWHJUDWLQJ WKH SLFWRULDO DQG YHUEDO LQIRUPD�
WLRQ� ,I IDFHG ZLWK D SUREOHP RQH FDQQRW VROYH� LW LV UHDVRQDEOH
WKDW WKH JD]H ZDQGHUV EDFN DQG IRUWK EHWZHHQ WKH LQIRUPDWLRQ
WKDW LV DYDLODEOH� 7KLV ZDV DOVR VXSSRUWHG E\ 6FKZRQNH HW DO�
������ DV VWDWHG LQ WKH LQWURGXFWLRQ�

2QH FRQVLGHUDWLRQ WKDW PLJKW VXSSRUW WKH LGHD WKDW KLJK DW�
WHQWLRQDO VKLIWLQJ LV LQ IDFW D VLJQ RI WURXEOH ZLWK LQWHJUDWLQJ
LQIRUPDWLRQ LV WKH IDFW WKDW DWWHQWLRQDO VKLIWV ZHUH VLJQLILFDQWO\
KLJKHU IRU VFKHPDWLF ILJXUHV FRPSDUHG WR LFRQLF RQHV� 7KLV
PLJKW EH EHFDXVH VFKHPDWLF ILJXUHV UHTXLUH DQ LQWHUSUHWDWLRQ
ZKDW WKH\ PHDQ EHIRUH WKH\ FDQ EH XWLOLVHG� $OVR� WKDW DYHU�
DJH IL[DWLRQ GXUDWLRQ RQ LPDJHV KDG QR VLJQLILFDQW GLIIHUHQFHV
EDVHG RQ LPDJH W\SH� VXSSRUWV WKDW WKH GLIIHUHQFHV EHWZHHQ
WKHVH LPDJH W\SHV LV LQ GLIILFXOW\ RI LQWHJUDWLRQ ZLWK WH[W� UDWKHU
WKDQ GLIILFXOW\ PHUHO\ WR XQGHUVWDQG LQ JHQHUDO�

7KH OHYHO RI DWWHQWLRQDO VKLIWLQJ LQ WKH FRQWURO FRQGLWLRQ LV
SUHVXPDEO\ DIIHFWHG E\ WKH FKRLFH RI FRQWURO LPDJHV� 7KHVH
FRXOG KDYH EHHQ LPSURYHG E\ DGRSWLQJ WKHP PRUH WR WKH H[�
SHULPHQWDO LPDJHV LQ WHUPV RI ERWWRP�XS IHDWXUHV� DQG QRW RQO\
WRS�GRZQ IHDWXUHV DV LQ WKH FXUUHQW VWXG\�

,I LPDJHV LQ SK\VLFV H[HUFLVHV GR QRW DLG LQ VROYLQJ WKHP�
ZKDW DUH WKH FRQVHTXHQFHV RI WKDW" 0RUHRYHU� WKH LPDJHV XVHG
KHUH ZHUH VSHFLILFDOO\ GHVLJQHG E\ WKH DXWKRUV RI WKH WH[WERRNV
WR EH KHOSIXO� 7KHUH LV DQ RQJRLQJ GLVFXVVLRQ DERXW ZKHWKHU
RU QRW WHDFKHUV VKRXOG WUDLQ VWXGHQWV LQ KRZ WR XVH ILJXUHV
DQG RWKHU UHSUHVHQWDWLRQV �$LQVZRUWK� ������ 6FKZRQNH HW DO�
������ SRLQW RXW WKDW NQRZOHGJH DERXW XVLQJ LPDJHV LQ RQH GR�
PDLQ GRHV QRW IROORZ DXWRPDWLFDOO\ IURP JHQHUDO NQRZOHGJH
LQ WKDW GRPDLQ� +HQFH 6FKZRQNH HW DO� ������ DUH RI WKH RSLQ�
LRQ WKDW WKLV VKRXOG EH WDXJKW� 7KLV VHQWLPHQW LV DOVR VKDUHG E\
+DQQXV DQG +\|Ql ������� ZKR IRXQG WKDW ZKHQ VWXGHQWV DUH
WROG WR ORRN DW LPDJHV� WKH\ GR VR WR DQ ODUJHU H[WHQW DQG SHU�
IRUP EHWWHU� +RZHYHU� LI LPDJHV GR QRW DLG LQ H[HUFLVH VROYLQJ�
WKHUH LV QR SRLQW LQ WHDFKLQJ VWXGHQWV WR ORRN PRUH DW WKHP� $V
LW VWDQGV ULJKW QRZ� WKHUH LV \HW D VWXG\ WR EH SXEOLVKHG WKDW
VKRZV WKDW LPDJHV DFWXDOO\ DLG LQ H[HUFLVH VROYLQJ�

� $FNQRZOHGJHPHQWV
)LUVW , ZRXOG OLNH WR WKDQN P\ VXSHUYLVRUV -DQD +ROVDQRYD DQG
0DUFXV 1\VWU|P IRU LQVLJKWIXO TXHVWLRQV DQG FRQWLQXHG VXS�
SRUW� , ZRXOG DOVR OLNH WR WKDQN WKH HQWLUH FRJQLWLYH VFLHQFH
FODVV RI 
�� �HVSHFLDOO\ 7URQG 7M¡VWKHLP� $QGUH\ $QLNLQ� /XG�
YLJ /RQGRV� $PDQGD %MHUQHVWHGW DQG 0DUWLQ /LQJRQEODG� IRU
FRPPHQWV� GLVFXVVLRQ DQG SURRIUHDGLQJ� $OVR� , ZRXOG OLNH
WR WKDQN 0DQXHO 2OLYD DQG 5DVPXV %nnWK IRU KHOS ZLWK WKH

GLJLWDO FODVVURRP DQG VWDWLVWLFV� UHVSHFWLYHO\� )XUWKHUPRUH� ,
ZRXOG OLNH WR WKDQN $QQLND :DOOLQ DQG &KULVWLDQ %DONHQLXV
IURP WKH FRJQLWLYH VFLHQFH GHSDUWPHQW IRU PLVFHOODQHRXV KHOS�
, DOVR WKDQN WKH +XPDQLWLHV /DE LQ /XQG IRU LWV JHQHURXV ORDQ
RI HTXLSPHQW� )LQDOO\� , ZRXOG OLNH WR WKDQN .HUVWLQ :ROI IRU
VXSSRUW� FRPPHQWV� GLVFXVVLRQV� SUDFWLFDO KHOS ZLWK WKH H[SHU�
LPHQW DQG PXFK PRUH�

5HIHUHQFHV
$LQVZRUWK� 6� ������� 'H)7� $ FRQFHSWXDO IUDPHZRUN IRU

FRQVLGHULQJ OHDUQLQJ ZLWK PXOWLSOH UHSUHVHQWDWLRQV� /HDUQ�
LQJ DQG ,QVWUXFWLRQ� ������ ��������

%DGGHOH\� $� ������� :RUNLQJ PHPRU\� 6FLHQFH� ����������
��������

%DOODUG� '� +�� +D\KRH� 0� 0�� 3RRN� 3� .�� 	 5DR� 5� 3�
������� 'HLFWLF FRGHV IRU WKH HPERGLPHQW RI FRJQLWLRQ�
%HKDYLRUDO DQG %UDLQ 6FLHQFHV� ������� ��������

%DWHV� '�� 0DHFKOHU� 0�� %RONHU� %�� 	 :DONHU� 6�� �������
OPH�� /LQHDU PL[HG�HIIHFWV PRGHOV XVLQJ (LJHQ DQG
6�� 5 SDFNDJH YHUVLRQ ������ KWWS���&5$1�5�SURMHFW�RUJ�
SDFNDJH OPH�

&DQKDP� 0�� 	 +HJDUW\� 0� ������� (IIHFWV RI NQRZOHGJH DQG
GLVSOD\ GHVLJQ RQ FRPSUHKHQVLRQ RI FRPSOH[ JUDSKLFV�
/HDUQLQJ DQG ,QVWUXFWLRQ� ������ ��������

&RUEHWWD� 0�� 	 6KXOPDQ� *� /� ������� &RQWURO RI JRDO�
GLUHFWHG DQG VWLPXOXV�GULYHQ DWWHQWLRQ LQ WKH EUDLQ� 1DWXUH
5HYLHZV 1HXURVFLHQFH� ����� ��������

'H .RQLQJ� %� %�� 7DEEHUV� +� .�� 5LNHUV� 5� 0�� 	 3DDV� )�
������� $WWHQWLRQ JXLGDQFH LQ OHDUQLQJ IURP D FRPSOH[
DQLPDWLRQ� 6HHLQJ LV XQGHUVWDQGLQJ" /HDUQLQJ DQG
,QVWUXFWLRQ� ������ ��������

(LWHO� $�� 6FKHLWHU� .�� 6FK�OHU� $�� 1\VWU|P� 0�� 	+ROPTYLVW�
.� ������� +RZ D SLFWXUH IDFLOLWDWHV WKH SURFHVV RI OHDUQLQJ
IURP WH[W� (YLGHQFH IRU VFDIIROGLQJ� /HDUQLQJ DQG
,QVWUXFWLRQ� ��� ������

(SHOERLP� -�� 	 6XSSHV� 3� ������� $ PRGHO RI H\H PRYHPHQWV
DQG YLVXDO ZRUNLQJPHPRU\ GXULQJ SUREOHP VROYLQJ LQ JHR�
PHWU\� 9LVLRQ 5HVHDUFK� ������� ����������

(UQHVW�-RQHV� 0�� 1HWWOH� '�� 	 %DWHVRQ� 0� ������� (IIHFWV RI
H\H LPDJHV RQ HYHU\GD\ FRRSHUDWLYH EHKDYLRU� D ILHOG
H[SHULPHQW� (YROXWLRQ DQG +XPDQ %HKDYLRU� ������
��������

)HUJXVRQ� (� 6� ������� 7KH PLQG
V H\H� 1RQYHUEDO WKRXJKW LQ
WHFKQRORJ\� 6FLHQFH� ���������� ��������

*D]]DQLJD� 0� 6�� ,YU\� 5� %�� 	 0DQJXQ� *� 5� �������
&RJQLWLYH QHXURVFLHQFH� WKH ELRORJ\ RI WKH PLQG� 1HZ
<RUN� :� :� 1RUWRQ 	 FRPSDQ\�

*LQQV� 3� ������� 0HWD�DQDO\VLV RI WKH PRGDOLW\ HIIHFW�
/HDUQLQJ DQG ,QVWUXFWLRQ� ������ ��������

*UDQW� (� 5�� 	 6SLYH\� 0� -� ������� (\H PRYHPHQWV
DQG SUREOHP VROYLQJ JXLGLQJ DWWHQWLRQ JXLGHV WKRXJKW�
3V\FKRORJLFDO 6FLHQFH� ������ ��������

+DGILHOG� -� '� ������� 0&0& 0HWKRGV IRU 0XOWL�5HVSRQVH
*HQHUDOL]HG /LQHDU 0L[HG 0RGHOV� 7KH 0&0&JOPP
5 3DFNDJH� -RXUQDO RI 6WDWLVWLFDO 6RIWZDUH ������ �����

+DQQXV� 0�� 	 +\|Ql� -� ������� 8WLOL]DWLRQ RI LOOXVWUDWLRQV
GXULQJ OHDUQLQJ RI VFLHQFH WH[WERRN SDVVDJHV DPRQJ ORZ�
DQG KLJK�DELOLW\ FKLOGUHQ� &RQWHPSRUDU\ (GXFDWLRQDO
3V\FKRORJ\� ������ �������

+DWWLH� -�� 	 7LPSHUOH\� +� ������� 7KH SRZHU RI IHHGEDFN�
5HYLHZ RI (GXFDWLRQDO 5HVHDUFK� ������ �������

+HDWK� 7� /� �(G��� ������� 7KH WKLUWHHQ ERRNV RI (XFOLG
V

��



(OHPHQWV� &RXULHU &RUSRUDWLRQ�
+HJDUW\� 0� ������� 7KH FRJQLWLYH VFLHQFH RI YLVXDO�VSDWLDO

GLVSOD\V� LPSOLFDWLRQV IRU GHVLJQ� 7RSLFV LQ &RJQLWLYH
6FLHQFH� ����� ��������

+HJDUW\� 0�� &DUSHQWHU� 3� $�� 	 -XVW� 0� $� ������� 'LD�
JUDPV LQ WKH FRPSUHKHQVLRQ RI VFLHQWLILF WH[W� ,Q 5� %DUU�
0� /� .DPLO� 3� %� 0RVHQWKDO� 	 3� '� 3HDUVRQ �(GV���
+DQGERRN RI UHDGLQJ UHVHDUFK� 9RO� � �SS� ���������
1HZ <RUN� /RQJPDQ�

+HJDUW\� 0�� 	 -XVW� 0� $� ������� &RQVWUXFWLQJ PHQWDO
PRGHOV RI PDFKLQHV IURP WH[W DQG GLDJUDPV� -RXUQDO RI
0HPRU\ DQG /DQJXDJH� ������ ��������

+ROPTYLVW� .�� 1\VWU|P� 0�� $QGHUVVRQ� 5�� 'HZKXUVW� 5��
-DURG]ND� +�� 	 9DQ GH :HLMHU� -� ������� (\H WUDFNLQJ�
$ FRPSUHKHQVLYH JXLGH WR PHWKRGV DQG PHDVXUHV� 2[IRUG
8QLYHUVLW\ 3UHVV�

+ROPTYLVW� .�� 1\VWU|P� 0�� 	 0XOYH\� )� ������ 0DUFK��
(\H WUDFNHU GDWD TXDOLW\� ZKDW LW LV DQG KRZ WR PHDVXUH LW�
,Q 3URFHHGLQJV RI WKH V\PSRVLXP RQ H\H WUDFNLQJ UHVHDUFK
DQG DSSOLFDWLRQV �SS� ������� $&0�

+ROVDQRYD� -�� +ROPEHUJ� 1�� 	 +ROPTYLVW� .� �������
5HDGLQJ LQIRUPDWLRQ JUDSKLFV� 7KH UROH RI VSDWLDO FRQWL�
JXLW\ DQG GXDO DWWHQWLRQDO JXLGDQFH� $SSOLHG &RJQLWLYH
3V\FKRORJ\� ������ ����������

+ROVDQRYD� -� ������� 5HFHSWLRQ RI PXOWLPRGDOLW\� $SSO\LQJ
H\H WUDFNLQJ PHWKRGRORJ\ LQ PXOWLPRGDO UHVHDUFK� ,Q
&DUH\ -HZLWW �(G�� 5RXWOHGJH +DQGERRN RI 0XOWLPRGDO
$QDO\VLV� �SS� ��������� /RQGRQ� 5RXWOHGJH

+\|Ql� -� ������� 7KH XVH RI H\H PRYHPHQWV LQ WKH VWXG\ RI
PXOWLPHGLD OHDUQLQJ� /HDUQLQJ DQG ,QVWUXFWLRQ� ������ ����
����

-RKQVRQ�/DLUG� 3� 1� ������� 0HQWDO PRGHOV LQ FRJQLWLYH
VFLHQFH� &RJQLWLYH 6FLHQFH� ����� �������

-RKQVRQ� &� ,�� 	 0D\HU� 5� (� ������� $Q H\H PRYHPHQW
DQDO\VLV RI WKH VSDWLDO FRQWLJXLW\ HIIHFW LQ PXOWLPHGLD
OHDUQLQJ� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� $SSOLHG�
������ ����

-XVW� 0� $�� 	 &DUSHQWHU� 3� $� ������� $ WKHRU\ RI UHDGLQJ�
IURP H\H IL[DWLRQV WR FRPSUHKHQVLRQ� 3V\FKRORJLFDO
5HYLHZ� ������ ����

.LUVK� '� 	 0DJOLR� 3� ������� 2Q GLVWLQJXLVKLQJ HSLVWHPLF
IURP SUDJPDWLF DFWLRQ� &RJQLWLYH VFLHQFH� ��� ��������

.QREOLFK� *�� 2KOVVRQ� 6�� 	 5DQH\� *� (� ������� $Q H\H
PRYHPHQW VWXG\ RI LQVLJKW SUREOHP VROYLQJ� 0HPRU\ 	
&RJQLWLRQ� ������ ����������

/HYLH� :� +�� 	 /HQW]� 5� ������� (IIHFWV RI WH[W LOOXVWUDWLRQV�
$ UHYLHZ RI UHVHDUFK� (&7-� ������ ��������

/LQGQHU� 0� $�� (LWHO� $�� 7KRPD� *� %�� 'DOHKHIWH� ,�0�� ,KPH�
-� 0�� 	 .|OOHU� 2� ������� 7UDFNLQJ WKH GHFLVLRQ�PDNLQJ
SURFHVV LQ PXOWLSOH�FKRLFH DVVHVVPHQW� HYLGHQFH IURP H\H
PRYHPHQWV� $SSOLHG &RJQLWLYH 3V\FKRORJ\� ������ ����
����

/LX� +� &�� 	 &KXDQJ� +� +� ������� $Q H[DPLQDWLRQ RI FRJ�
QLWLYH SURFHVVLQJ RI PXOWLPHGLD LQIRUPDWLRQ EDVHG RQ
YLHZHUV
 H\H PRYHPHQWV� ,QWHUDFWLYH /HDUQLQJ (QYLURQ�
PHQWV� ������ ��������

/RZH� 5� .� ������� ([WUDFWLQJ LQIRUPDWLRQ IURP DQ DQLPDWLRQ
GXULQJ FRPSOH[ YLVXDO OHDUQLQJ� (XURSHDQ -RXUQDO RI 3V\�
FKRORJ\ RI (GXFDWLRQ ������ ��������

/XQGHEHUJ� 0� $�� )R[� 3� :�� 	 3XQFFRKDL� -� ������� +LJKO\
FRQILGHQW EXW ZURQJ� JHQGHU GLIIHUHQFHV DQG VLPLODULWLHV LQ
FRQILGHQFH MXGJPHQWV� -RXUQDO RI (GXFDWLRQDO 3V\FK�
RORJ\� ������ ����

0DVRQ� /�� 7RUQDWRUD� 0� &�� 	 3OXFKLQR� 3� ������� 'R
IRXUWK JUDGHUV LQWHJUDWH WH[W DQG SLFWXUH LQ SURFHVVLQJ
DQG OHDUQLQJ IURP DQ LOOXVWUDWHG VFLHQFH WH[W" (YLGHQFH
IURP H\H�PRYHPHQW SDWWHUQV� &RPSXWHUV 	 (GXFDWLRQ�
������ �������

0D\HU� 5� (� ������� 0XOWLPHGLD OHDUQLQJ� $UH ZH DVNLQJ WKH
ULJKW TXHVWLRQV" (GXFDWLRQDO 3V\FKRORJLVW� ������ �����

0D\HU� 5� (� ������� 0XOWLPHGLD OHDUQLQJ� 1HZ <RUN�
&DPEULGJH 8QLYHUVLW\ 3UHVV�

0D\HU� 5� (� ������� 8QLTXH FRQWULEXWLRQV RI H\H�WUDFNLQJ
UHVHDUFK WR WKH VWXG\ RI OHDUQLQJ ZLWK JUDSKLFV� /HDUQLQJ
DQG ,QVWUXFWLRQ� ������ ��������

1RUPDQ� '� $� ������� 7KH GHVLJQ RI HYHU\GD\ WKLQJV� 1HZ
<RUN� %DVLF ERRNV�

0LOOHU� *� $� ������� 7KHPDJLFDO QXPEHU VHYHQ� SOXV RU PLQXV
WZR� VRPH OLPLWV RQ RXU FDSDFLW\ IRU SURFHVVLQJ LQIRUP�
DWLRQ� 3V\FKRORJLFDO 5HYLHZ� ������ ���

1\VWU|P� 0� ������ 0DUFK ��� (\H�PRYHPHQWV DQG OHDUQLQJ�
)URP YHFWRU FDOFXOXV WR G\VOH[LD� 6HPLQDU SUHVHQWHG DW
7KLQNLQJ LQ 7LPH� &RJQLWLRQ� &RPPXQLFDWLRQ DQG
/HDUQLQJ� /XQG�

1\VWU|P� 0�� 	gJUHQ� 0� ������� +RZ LOOXVWUDWLRQV LQIOXHQFH
SHUIRUPDQFH DQG H\H PRYHPHQW EHKDYLRXU ZKHQ VROYLQJ
SUREOHPV LQ YHFWRU FDOFXOXV� ,Q /7+V ��H 3HGDJRJLVND
,QVSLUDWLRQVNRQIHUHQV�

2(&' ������� 3,6$ ���� 7HFKQLFDO 5HSRUW� 2(&' SXE�
OLVKLQJ�

2]FHOLN� (�� $UVODQ�$UL� ,�� 	 &DJLOWD\� .� ������� :K\ GRHV
VLJQDOLQJ HQKDQFH PXOWLPHGLD OHDUQLQJ" (YLGHQFH IURP
H\H PRYHPHQWV� &RPSXWHUV LQ +XPDQ %HKDYLRU� ������
��������

2]FHOLN� (�� .DUDNXV� 7�� .XUVXQ� (�� 	 &DJLOWD\� .� �������
$Q H\H�WUDFNLQJ VWXG\ RI KRZ FRORU FRGLQJ DIIHFWV PXOWL�
PHGLD OHDUQLQJ� &RPSXWHUV 	 (GXFDWLRQ� ������ ��������

3DLYLR� $� ������� 'XDO FRGLQJ WKHRU\� UHWURVSHFW DQG FXUUHQW
VWDWXV� &DQDGLDQ -RXUQDO RI 3V\FKRORJ\�5HYXH &DQDG�
LHQQH GH 3V\FKRORJLH� ������ ����

5D\QHU� .� ������� (\H PRYHPHQWV LQ UHDGLQJ DQG LQIRUPDWLRQ
SURFHVVLQJ� 3V\FKRORJLFDO %XOOHWLQ� ������ ����

5D\QHU� .� ������� (\H PRYHPHQWV LQ UHDGLQJ DQG LQIRUPDWLRQ
SURFHVVLQJ� �� \HDUV RI UHVHDUFK� 3V\FKRORJLFDO %XOOHWLQ�
������� ����

6FKHLWHU� .�� 	 (LWHO� $� ������� 6LJQDOV IRVWHU PXOWLPHGLD
OHDUQLQJ E\ VXSSRUWLQJ LQWHJUDWLRQ RI KLJKOLJKWHG WH[W DQG
GLDJUDP HOHPHQWV� /HDUQLQJ DQG ,QVWUXFWLRQ� ��� ������

6FKPLGW�:HLJDQG� )�� .RKQHUW� $�� 	 *ORZDOOD� 8� �������
$ FORVHU ORRN DW VSOLW YLVXDO DWWHQWLRQ LQ V\VWHP�DQG VHOI�
SDFHG LQVWUXFWLRQ LQ PXOWLPHGLD OHDUQLQJ� /HDUQLQJ DQG
,QVWUXFWLRQ� ������ ��������

6FKQRW]� :� ������� &RPPHQWDU\� 7RZDUGV DQ LQWHJUDWHG
YLHZ RI OHDUQLQJ IURP WH[W DQG YLVXDO GLVSOD\V� (GXFDWLRQDO
3V\FKRORJ\ 5HYLHZ� ������ ��������

6FKZDUW]� '� /� ������� 5HDVRQLQJ DERXW WKH UHIHUHQW RI D
SLFWXUH YHUVXV UHDVRQLQJ DERXW WKH SLFWXUH DV WKH UHIHUHQW�
$Q HIIHFW RI YLVXDO UHDOLVP� 0HPRU\ 	 &RJQLWLRQ� ������
��������

6FKZRQNH� 5�� %HUWKROG� .�� 	 5HQNO� $� ������� +RZ PXOWL�
SOH H[WHUQDO UHSUHVHQWDWLRQV DUH XVHG DQG KRZ WKH\ FDQ EH
PDGH PRUH XVHIXO� $SSOLHG &RJQLWLYH 3V\FKRORJ\� ������
����������

6NROYHUNHW ������� *\PQDVLHVNROD ����� 6NROYHUNHW�
7,066 ������� ,QWHUQDWLRQDO VFLHQFH UHSRUW� ILQGLQJV IURP

,($
V WUHQGV�

��



7VDL� 0� -�� +RX� +� 7�� /DL� 0� /�� /LX� :� <�� 	 <DQJ� )� <�
������� 9LVXDO DWWHQWLRQ IRU VROYLQJ PXOWLSOH�FKRLFH
VFLHQFH SUREOHP� $Q H\H�WUDFNLQJ DQDO\VLV� &RPSXWHUV 	
(GXFDWLRQ� ������ ��������

7YHUVN\� $�� 	 .DKQHPDQ� '� ������� -XGJPHQW XQGHU
XQFHUWDLQW\� +HXULVWLFV DQG ELDVHV� 6FLHQFH� ����������
����������

7YHUVN\� %� ������� 6SDWLDO VFKHPDV LQ GHSLFWLRQV� ,Q *DWWLV�
0� �(G�� 6SDWLDO VFKHPDV DQG DEVWUDFW WKRXJKW
�SS� �������� /RQGRQ� 0,7 3UHVV�

8QGHUZRRG� *�� -HEEHWW� /�� 	 5REHUWV� .� ������� ,Q�
VSHFWLQJ SLFWXUHV IRU LQIRUPDWLRQ WR YHULI\ D VHQWHQFH� (\H
PRYHPHQWV LQ JHQHUDO HQFRGLQJ DQG LQ IRFXVHG VHDUFK�
4XDUWHUO\ -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\ 6HFWLRQ $�
������ ��������

9DQ *RJ� 7�� 	 6FKHLWHU� .� ������� (\H WUDFNLQJ DV D WRRO WR
VWXG\ DQG HQKDQFH PXOWLPHGLD OHDUQLQJ� /HDUQLQJ DQG
,QVWUXFWLRQ� ������ ������

:LOOLDPVRQ� 9�0�� +HJDUW\� 0�� 'HVORQJFKDPSV� *�� :LOOLDP�
VRQ ,,,� .� &�� 	 6KXOW]� 0� -� ������� ,GHQWLI\LQJ VWXGHQW
XVH RI EDOO�DQG�VWLFN LPDJHV YHUVXV HOHFWURVWDWLF SRWHQWLDO
PDS LPDJHV YLD H\H WUDFNLQJ� -RXUQDO RI &KHPLFDO
(GXFDWLRQ� ������ ��������

:ROIH� -� 0�� 	 +RURZLW]� 7� 6� ������� :KDW DWWULEXWHV JXLGH
WKH GHSOR\PHQW RI YLVXDO DWWHQWLRQ DQG KRZ GR WKH\ GR LW"
1DWXUH 5HYLHZV 1HXURVFLHQFH� ����� ��������

<DQJ� )� <�� &KDQJ� &� <�� &KLHQ� :� 5�� &KLHQ� <� 7�� 	 7VHQJ�
<� +� ������� 7UDFNLQJ OHDUQHUV
 YLVXDO DWWHQWLRQ GXULQJ D
PXOWLPHGLD SUHVHQWDWLRQ LQ D UHDO FODVVURRP� &RPSXWHUV 	
(GXFDWLRQ� ��� ��������

<DUEXV� $� /� ������� (\H PRYHPHQWV DQG YLVLRQ �%� +DLJK�
WUDQV��� 1HZ <RUN� 3OHQXP 3UHVV�

��


