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$EVWUDFW

/LWWOH LV NQRZQ DERXW KRZ LQIRUPDWLRQ WR WKH OHIW RI IL[DWLRQ LPSDFWV UHDGLQJ� :H

FRPSDUHG WKH VL]HV RI WKH OHIWZDUG VSDQ IRU UHDGLQJ�PDWFKHG GHDI DQG KHDULQJ DGXOWV �Q  ���

XVLQJ D JD]H�FRQWLQJHQW PRYLQJ ZLQGRZ SDUDGLJP ZLWK ZLQGRZV RI �� �� �� ��� DQG ��

FKDUDFWHUV WR WKH OHIW� DV ZHOO DV D QR ZLQGRZ FRQGLWLRQ� $QDO\VLV RI UHDGLQJ UDWHV LQGLFDWHG WKDW

GHDI UHDGHUV KDG D OHIWZDUG VSDQ RI �� FKDUDFWHUV� FRPSDUHG WR � FKDUDFWHUV IRU KHDULQJ UHDGHUV�

DQG WKH VL]H RI WKH VSDQ ZDV SRVLWLYHO\ UHODWHG WR UHDGLQJ FRPSUHKHQVLRQ DELOLW\ IRU GHDI EXW QRW

KHDULQJ UHDGHUV� 7KHVH ILQGLQJV VXJJHVW WKDW GHDI UHDGHUV PD\ HQJDJH LQ FRQWLQXHG ZRUG

SURFHVVLQJ RI LQIRUPDWLRQ REWDLQHG WR WKH OHIW RI IL[DWLRQ� PDNLQJ UHDGLQJ PRUH HIILFLHQW� DQG

VKRZLQJ D TXDOLWDWLYHO\ GLIIHUHQW UHDGLQJ SURFHVV WKDQ KHDULQJ UHDGHUV�

.H\ZRUGV� SHUFHSWXDO VSDQ� ZRUG LGHQWLILFDWLRQ VSDQ� GHDI UHDGHUV� H\H PRYHPHQWV�
UHDGLQJ
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,W KDV EHHQ DVVXPHG WKDW UHDGHUV ODUJHO\ LJQRUH LQIRUPDWLRQ WR WKH OHIW RI IL[DWLRQ DQG

IRFXV LQVWHDG RQ WH[W WKDW KDV \HW WR EH UHDG�� 7KHUHIRUH� WKH YDVW DPRXQW RI SDVW UHVHDUFK KDV

LQYHVWLJDWHG WKH VSDWLDO H[WHQW RI UHDGHUV¶ DWWHQWLRQ WR ULJKWZDUG LQIRUPDWLRQ �L�H�� WKH VL]H RI WKH

ULJKWZDUG UHDGLQJ VSDQ��� DQG FRQFOXGHV WKDW D ODUJHU ULJKWZDUG VSDQ LV DVVRFLDWHG ZLWK HIILFLHQW

UHDGLQJ� /LWWOH LV NQRZQ DERXW ZKHWKHU DWWHQGLQJ WR DOUHDG\ UHDG LQIRUPDWLRQ �L�H�� ZLWKLQ WKH

OHIWZDUG VSDQ� PLJKW DOVR DOORZ IRU PRUH HIILFLHQW UHDGLQJ� ,QIRUPDWLRQ WR WKH OHIW RI IL[DWLRQ

FRXOG EH XVHIXO IRU LQFRUSRUDWLQJ ZKDW KDV EHHQ UHDG LQWR WKH UHDGHU¶V XQGHUVWDQGLQJ RI WKH WH[W

DQG DOORZ UHDGHUV WR PRYH HIILFLHQWO\ WKURXJK WKH WH[W E\ QRW QHHGLQJ WR PDNH EDFNZDUG H\H

PRYHPHQWV �L�H�� UHJUHVVLRQV� LQ RUGHU WR UH�SURFHVV RU FRQWLQXH WR SURFHVV SUHYLRXVO\ VHHQ WH[W�

7KH H[WHQW RI UHDGLQJ VSDQV LV VWXGLHG ZLWK WKH JD]H�FRQWLQJHQW PRYLQJ ZLQGRZ

SDUDGLJP� LQ ZKLFK OHWWHUV RXWVLGH RI D ³ZLQGRZ´ DUH PDVNHG �0F&RQNLH 	 5D\QHU� ����� 6HH

)LJXUH �$�� 5HDGLQJ UDWHV LQ HDFK FRQGLWLRQ DUH FRPSDUHG WR GHWHUPLQH WKH VSDQ VL]H ± WKH

VPDOOHVW ZLQGRZ LQ ZKLFK UHDGLQJ GRHV QRW VLJQLILFDQWO\ GLIIHU IURP QRUPDO UHDGLQJ �RU WKH

ODUJHVW ZLQGRZ ZLWK D VLJQLILFDQW LPSURYHPHQW IURP WKH QH[W VPDOOHVW ZLQGRZ� VHH )LJXUH �%��

%HFDXVH UHDGLQJ LV QRW GLVUXSWHG E\ WKH UHPDLQLQJ LQIRUPDWLRQ RXWVLGH WKH ZLQGRZ EHLQJ

PDVNHG� LW LV DVVXPHG WKDW WKDW LQIRUPDWLRQ ZRXOG QRW KDYH EHHQ XVHG E\ WKH UHDGHU DQ\ZD\�

� 7KHUH DUH PDQ\ WHUPV WR UHIHU WR WKH VSDQV �H�J�� SHUFHSWXDO VSDQ� DWWHQWLRQDO VSDQ� ZRUG LGHQWLILFDWLRQ VSDQ� VSDQ RI
HIIHFWLYH YLVLRQ� HWF��� +HUH ZH XVH JHQHUDO WHUPV �H�J�� UHDGLQJ VSDQ RU VSDQ� WR UHIHU WR WKH JHQHUDO FRQFHSW DQG
WRXFK RQ WKH GLVWLQFWLRQ EHWZHHQ WKHVH VSDQV DQG WKH VSHFLILF RQH WHVWHG KHUH LQ WKH FXUUHQW VWXG\ VHFWLRQ�

� 7KH FXUUHQW VWXG\ LQYHVWLJDWHV (QJOLVK� ZKLFK LV UHDG IURP OHIW�WR�ULJKW� 7KHUHIRUH� ZH XVH WKH FRQFHSW RI ³OHIW RI
IL[DWLRQ´ WR UHIHU WR WH[W WKDW KDV DOUHDG\ EHHQ UHDG RU VNLSSHG DQG ³ULJKW RI IL[DWLRQ´ WR UHIHU WR LQFRPLQJ WH[W�
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)LJXUH ��

([DPSOH RI WKH 0RYLQJ :LQGRZ 3DUDGLJP �3DQHO $� DQG 5HODWLRQVKLS %HWZHHQ WKH

:LQGRZ 6L]H DQG 5HDGLQJ 5DWH �3DQHO %� DGDSWHG IURP 0F&RQNLH DQG 5D\QHU �������

$OWKRXJK LW LV WDNHQ DV D IDFW WKDW ULJKWZDUG VSDQ H[WHQGV �� FKDUDFWHUV WR WKH ULJKW DQG �

FKDUDFWHUV WR WKH OHIW ZKHQ UHDGLQJ (QJOLVK �0F&RQNLH 	 5D\QHU� ����� 0F&RQNLH 	 5D\QHU�

����� 8QGHUZRRG 	 0F&RQNLH� ����� VHH 5D\QHU� ������ WKH VL]HV RI WKHVH VSDQV DUH QRW

XQLIRUP DFURVV LQGLYLGXDOV� )RU H[DPSOH� WKH ULJKWZDUG VSDQ LV UHODWHG WR UHDGLQJ DELOLW\� LWV

H[WHQW LQFUHDVHV ZLWK UHDGLQJ VSHHG �5D\QHU� 6ODWWHU\� 	 %pODQJHU� ������ LQFUHDVLQJ DJH RU \HDU

LQ VFKRRO �5D\QHU� ����� 6SHUOLFK HW DO�� ����� 6SHUOLFK HW DO�� ����� 0HL[QHU HW DO�� ������ DQG

HYHQ ZLWK LQFUHDVLQJ UHDGLQJ VNLOO DPRQJ FROOHJH�DJHG UHDGHUV �&KRL HW DO�� ����� 9HOGUH 	

$QGUHZV� ������ $JDLQ� OHVV LV NQRZQ DERXW KRZ WKH H[WHQW RI WKH OHIWZDUG VSDQ LV UHODWHG WR

UHDGLQJ VNLOO� +RZHYHU� D VWXG\ E\ 9HOGUH HW DO� ������ H[DPLQHG WKH OHIWZDUG VSDQ RI ROGHU

UHDGHUV �0DJH  ���� \HDUV�� DQG FRPSDUHG WKDW WR WKH SDWWHUQ WKH\ KDG REVHUYHG LQ \RXQJHU

FROOHJH�DJHG DGXOWV �0DJH  ���� \HDUV� LQ D SULRU VWXG\ �9HOGUH 	 $QGUHZV� ������ 7KH ROGHU

DGXOWV VKRZHG UHDGLQJ UDWH EHQHILWV ZKHQ WKH YLVLEOH ZLQGRZ H[WHQGHG XS WR � FKDUDFWHUV WR WKH

OHIW� ZKHUHDV WKH OHIWZDUG VSDQ IRU WKH \RXQJHU DGXOWV WHVWHG E\ 9HOGUH DQG $QGUHZV ������ ZDV

RQO\ � FKDUDFWHUV� 7KH\ DOVR IRXQG D UHGXFHG H[WHQW RI WKH ULJKWZDUG VSDQ IRU ROGHU FRPSDUHG WR

\RXQJHU UHDGHUV� VXJJHVWLQJ WKDW WKH GLIIHUHQFH LQ WKH OHIWZDUG VSDQ ZDV D VKLIW LQ WKH V\PPHWU\

RI WKH GLVWULEXWLRQ RI WKH VSDQ� UDWKHU WKDQ D ELODWHUDO HQKDQFHPHQW LQ WKH VSDQV�
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9HOGUH HW DO� ������ VXJJHVWHG WKDW WKH ROGHU UHDGHUV¶ ODUJHU VSDQ ZDV GXH WR WKHLU XVH RI

ODWH FRQILUPDWRU\ SURFHVVHV ± YHULI\LQJ WKHLU FRPSUHKHQVLRQ RI ZKDW WKH\ KDG DOUHDG\ UHDG E\

DWWHQGLQJ WR WH[W WR WKH OHIW RI WKHLU IL[DWLRQ� UDWKHU WKDQ PDNLQJ UHJUHVVLRQV� ,Q IDFW� WKH\ IRXQG

WKDW DV WKH OHIWZDUG ZLQGRZ VL]H LQFUHDVHG� ERWK ROGHU DQG \RXQJHU UHDGHUV PDGH IHZHU

UHJUHVVLRQV� VXJJHVWLQJ WKDW WKLV LQFUHDVHG DWWHQWLRQ WR OHIWZDUG LQIRUPDWLRQ PD\ DOORZ IRU

SURFHVVHV WKDW UHGXFH WKH QHHG IRU UHJUHVVLRQV� +RZHYHU� DOWKRXJK WKH ROGHU DGXOWV KDG D ODUJHU

OHIWZDUG VSDQ� WKH\ DOVR UHDG PRUH VORZO\ DQG PDGH PRUH UHJUHVVLRQV RYHUDOO� FRQWUDGLFWLQJ WKH

FODLP WKDW WKH OHIWZDUG VSDQ PD\ EH UHODWHG WR UHDGLQJ HIILFLHQF\� )XUWKHUPRUH� WKHUH ZDV QR

UHODWLRQVKLS EHWZHHQ UHDGLQJ SURILFLHQF\ DQG OHIWZDUG VSDQ VL]H IRU HLWKHU WKH \RXQJHU RU ROGHU

UHDGHUV� HYHQ WKRXJK UHDGLQJ SURILFLHQF\ ZDV SRVLWLYHO\ DVVRFLDWHG ZLWK ULJKWZDUG VSDQ VL]H IRU

ERWK JURXSV �9HOGUH 	 $QGUHZV� ����� 9HOGUH HW DO�� ������ 7KXV� DOWKRXJK OHIWZDUG LQIRUPDWLRQ

LV XVHG WR PDNH UHDGLQJ PRUH HIILFLHQW E\ UHGXFLQJ WKH QHHG IRU UHJUHVVLRQV� WKLV FKDUDFWHULVWLF

PD\ QRW QHFHVVDULO\ EH D KDOOPDUN RI VNLOOHG UHDGLQJ IRU KHDULQJ SHRSOH� 5DWKHU� LW PD\ EH D

VWUDWHJLF DGDSWDWLRQ WR FRJQLWLYH GHPDQGV RQ WKH UHDGLQJ V\VWHP DVVRFLDWHG ZLWK DJLQJ �5D\QHU HW

DO�� ������ &OHDUO\� PRUH LQYHVWLJDWLRQ LQWR WKH H[WHQW RI WKH OHIWZDUG VSDQ LV QHHGHG� DQG

FRPSDULVRQV EHWZHHQ JURXSV ZKR DUH NQRZQ WR GLIIHU LQ WKH ULJKWZDUG UHDGLQJ VSDQ PD\ EH

SDUWLFXODUO\ UHYHDOLQJ� 2QH VXFK JURXS LV GHDI UHDGHUV� ZKR KDYH EHHQ IRXQG WR KDYH D ODUJHU

ULJKWZDUG VSDQ WKDQ WKHLU KHDULQJ FRXQWHUSDUWV ZKR DUH PDWFKHG RQ UHDGLQJ DELOLW\ �%pODQJHU HW

DO�� ����� ������

'HDI SHRSOH QDYLJDWH WKH ZRUOG E\ XVLQJ YLVXDO LQIRUPDWLRQ �.XQW]H HW DO�� ������ DQG

GHDI LQGLYLGXDOV DUH EHWWHU DW SHUFHLYLQJ YLVXDO LQIRUPDWLRQ LQ ERWK GLUHFWLRQV LQ WKH SHULSKHU\

�%DYDOLHU HW DO�� ����� &KHQ HW DO�� ����� ����� '\H� ����� '\H HW DO�� ����� ����� /RUH 	 6RQJ�

����� 1HYLOOH 	 /DZVRQ� ����� 3DUDVQLV 	 6DPDU� ����� 3URNVFK 	 %DYHOLHU� ����� 6H\PRXU HW
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DO�� ����� 6ODGHQ HW DO�� ����� 6WHYHQV 	 1HYLOOH� ������ 'HDI VLJQHUV DOVR KDYH D GLIIHUHQW

OLQJXLVWLF H[SHULHQFH EHFDXVH RI WKHLU XVH RI VLJQ ODQJXDJH� ZKHQ YLHZLQJ DQG FRPSUHKHQGLQJ

VLJQV� WKH IDFH RI WKH VLJQHU LV PRVWO\ NHSW LQ FHQWUDO YLVLRQ� ZKLOH WKH VLJQV PD\ RFFXU DQ\ZKHUH

ZLWKLQ WKH VLJQLQJ VSDFH� LQFOXGLQJ DERYH WKH KHDG RU GRZQ LQ IURQW RI WKH FKHVW �%RVZRUWK HW DO��

����� (PPRUH\ HW DO�� ����� 6WROO 	 '\H� ������ )OXHQW VLJQHUV DUH WKHUHIRUH SUDFWLFHG DW

H[WUDFWLQJ OH[LFDO LQIRUPDWLRQ IURP RXWVLGH RI FHQWUDO IL[DWLRQ� (LWKHU RU ERWK RI WKHVH IDFWRUV

PD\ LQIOXHQFH WKHLU VSDQ VL]H DQG OHDG WKHP WR XWLOL]H LQIRUPDWLRQ GLIIHUHQWO\ LQ WKHLU UHDGLQJ

SURFHVV� 5HVHDUFK ZLWK GHDI UHDGHUV PD\ EH SDUWLFXODUO\ LQVLJKWIXO IRU LQYHVWLJDWLQJ WKH OHIWZDUG

VSDQ� DV PRVW VLJQV LQ $PHULFDQ 6LJQ /DQJXDJH �$6/� DUH SHUIRUPHG ZLWK WKH GRPLQDQW KDQG�

ZKLFK IRU WKH PDMRULW\ RI SHRSOH LV WKH ULJKW KDQG� VR VLJQHUV DUH H[SHULHQFHG LQ H[WUDFWLQJ OH[LFDO

LQIRUPDWLRQ WR WKH OHIW RI FHQWUDO IL[DWLRQ� ,W LV SRVVLEOH WKDW GHDI VLJQHUV PD\ EH PRUH DGHSW DW

H[WUDFWLQJ OH[LFDO LQIRUPDWLRQ WR WKH OHIW RI IL[DWLRQ GXULQJ UHDGLQJ� ZKLFK PD\ PDNH WKHLU

UHDGLQJ SURFHVV PRUH HIILFLHQW�

3UHYLRXV UHVHDUFK KDV UHSRUWHG ODUJHU ULJKWZDUG VSDQV IRU GHDI VLJQHUV ZKR DUH VNLOOHG

UHDGHUV� ERWK FKLOGUHQ �%pODQJHU HW DO�� ����� DQG DGXOWV �%pODQJHU HW DO�� ������ FRPSDUHG WR

WKHLU UHDGLQJ�OHYHO PDWFKHG KHDULQJ FRXQWHUSDUWV� 7KH ULJKWZDUG VSDQV H[WHQG XS WR �� FKDUDFWHUV

IRU VNLOOHG GHDI DGXOW UHDGHUV DQG XS WR �� FKDUDFWHUV WR WKH ULJKW IRU VNLOOHG GHDI FKLOG UHDGHUV� DQ

DGGLWLRQDO � FKDUDFWHUV UHODWLYH WR HDFK JURXSV¶ UHDGLQJ�OHYHO PDWFKHG KHDULQJ SHHUV� 7KH

ULJKWZDUG VSDQV RI OHVV VNLOOHG GHDI UHDGHUV LQ ERWK DJH JURXSV ZHUH VPDOOHU WKDQ WKH VNLOOHG GHDI

UHDGHUV DQG HTXLYDOHQW WR WKH VNLOOHG KHDULQJ UHDGHUV �%pODQJHU HW DO�� ����� ������ 7R H[SODLQ WKH

HQKDQFHG VSDQV RI WKH VNLOOHG�UHDGHU GHDI VLJQHUV� %pODQJHU DQG 5D\QHU ������ SURSRVHG WKH

ZRUG SURFHVVLQJ HIILFLHQF\ K\SRWKHVLV� ZKLFK VWDWHV WKDW GHDI UHDGHUV DUH PRUH HIILFLHQW DW

H[WUDFWLQJ OLQJXLVWLF LQIRUPDWLRQ IURP YLVXDO LQSXW ZLWKLQ RQH IL[DWLRQDO SDXVH� 7KH\ DUJXHG WKDW
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WKLV LQFUHDVHG HIILFLHQF\ QRW RQO\ H[SODLQV WKHLU LQFUHDVHG VSDQ VL]HV� EXW DOVR OHDGV VNLOOHG GHDI

UHDGHUV WR UHDG IDVWHU E\ VNLSSLQJ ZRUGV PRUH RIWHQ DQG PDNLQJ VKRUWHU IL[DWLRQV� IHZHU

UHJUHVVLRQV� DQG ORQJHU IRUZDUG VDFFDGHV �%pODQJHU HW DO�� ����� ����� 7UD[OHU HW DO�� ������

ZKLFK DUH FKDUDFWHULVWLFV RI VNLOOHG UHDGHUV �5D\QHU� ������ %HFDXVH GHDI UHDGHUV WHQG WR PDNH

IHZHU UHJUHVVLRQV RYHUDOO �%pODQJHU HW DO�� ����� ����� %pODQJHU 	 5D\QHU� ������ WKH\ PD\ DOVR

HQJDJH LQ WKH ODWH FRQILUPDWRU\ SURFHVVHV GHVFULEHG E\ 9HOGUH HW DO� ������ E\ DWWHQGLQJ WR

LQIRUPDWLRQ WR WKH OHIW RI IL[DWLRQ LQVWHDG RI PDNLQJ UHJUHVVLRQV� ,I GHDI UHDGHUV VKRZ DQ

HQKDQFHG YLVXDO ILHOG RQ ERWK VLGHV GXULQJ UHDGLQJ� DV KDV EHHQ IRXQG LQ QRQ�OLQJXLVWLF WDVNV� WKLV

ZRXOG VXJJHVW WKDW WKH\ KDYH D TXDOLWDWLYHO\ GLIIHUHQW UHDGLQJ SURFHVV WKDQ KHDULQJ UHDGHUV� DV

WKHLU VSDQ VL]H ZRXOG EH JUHDWHU LQ ERWK GLUHFWLRQV DQG SHUKDSV QHDUO\ V\PPHWULFDO� UDWKHU WKDQ

WKH KLJKO\ DV\PPHWULF VSDQ REVHUYHG LQ KHDULQJ UHDGHUV�

7R GDWH� RQO\ RQH VWXG\ KDV H[DPLQHG WKH OHIWZDUG VSDQ RI GHDI UHDGHUV� /LX HW DO� ������

VWXGLHG GHDI VLJQHUV UHDGLQJ &KLQHVH ZKR ZHUH PDWFKHG RQ DJH RU UHDGLQJ DELOLW\ ZLWK WKHLU

KHDULQJ SHHUV� 8VLQJ WKH JD]H�FRQWLQJHQW PRYLQJ ZLQGRZ SDUDGLJP� LQ ZKLFK ERWK WKH OHIW DQG

ULJKW ZLQGRZV ZHUH PDQLSXODWHG� WKH\ IRXQG WKDW WKH VSDQV RI GHDI UHDGHUV H[WHQGHG IDUWKHU WR

ERWK WKH ULJKW DQG WKH OHIW� +RZHYHU� WKH\ GLG QRW VHSDUDWHO\ DQDO\]H WKH OHIWZDUG DQG ULJKWZDUG

VSDQV� PDNLQJ LW GLIILFXOW WR PDNH LQIHUHQFHV DERXW WKH OHIWZDUG VSDQ RQ LWV RZQ� :KLOH WKLV VWXG\

VXJJHVWV WKDW WKH OHIWZDUG VSDQ RI GHDI UHDGHUV LV ODUJHU WKDQ WKDW RI KHDULQJ UHDGHUV� WKH ILQGLQJV

QHHG WR EH UHSOLFDWHG DQG LQYHVWLJDWHG GLUHFWO\ DV WKHVH UHVXOWV PD\ QRW JHQHUDOL]H WR UHDGLQJ

DOSKDEHWLF VFULSWV�

&XUUHQW 6WXG\

+HUH ZH LQYHVWLJDWH WKH VL]H RI WKH OHIWZDUG VSDQ WR GHWHUPLQH KRZ OLQJXLVWLF LQIRUPDWLRQ

IURP DOUHDG\ UHDG SDUWV RI WKH WH[W LV XVHG� DQG ZH FRPSDUH WKH VL]H RI WKH VSDQ EHWZHHQ GHDI
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VLJQHUV DQG KHDULQJ QRQ�VLJQHUV WR GHWHUPLQH ZKHWKHU WKH OHIWZDUG VSDQ LV DGDSWDEOH WR XQLTXH

YLVXDO DQG OLQJXLVWLF H[SHULHQFHV� :H PDQLSXODWHG WKH VL]H RI WKH OHIWZDUG VSDQ E\ PDVNLQJ WKH

OHWWHUV RXWVLGH RI D YLVLEOH ZLQGRZ� DQG ZH PHDVXUHG UHDGLQJ UDWH� VDFFDGH OHQJWK� UHJUHVVLRQ

UDWH� DQG IL[DWLRQ GXUDWLRQ� :H FRPSDUHG WKHVH PHDVXUHV DFURVV ZLQGRZ VL]HV DQG HVWLPDWHG WKH

VL]H RI WKH OHIWZDUG VSDQ DV WKH ZLQGRZ VL]H DW ZKLFK SDUWLFLSDQWV GLG QRW LPSURYH LQ UHDGLQJ UDWH

LI D ODUJHU ZLQGRZ ZDV SURYLGHG� $V LQ 9HOGUH HW DO� ������� ZH WHVW WKH OHIWZDUG ZRUG

LGHQWLILFDWLRQ VSDQ �L�H�� PDVN RQO\ WKH OHWWHUV DQG QRW WKH VSDFHV� WR GHWHUPLQH ZKHWKHU UHDGHUV

FRQWLQXH WR DWWHQG WR SDVW WH[W LQ RUGHU WR SHUIRUP OLQJXLVWLF SURFHVVLQJ� UDWKHU WKDQ WR IDFLOLWDWH

WKH WDUJHWLQJ RI UHJUHVVLRQV LQ WKH FDVH WKDW UH�UHDGLQJ LV QHFHVVDU\��

:H K\SRWKHVL]HG WKDW GHDI UHDGHUV ZRXOG VKRZ D ODUJHU OHIWZDUG VSDQ WKDQ KHDULQJ

UHDGHUV LI GHDIQHVV DQG�RU XVH RI D VLJQ ODQJXDJH HQKDQFHV WKHLU DELOLW\ WR SURFHVV LQIRUPDWLRQ WR

WKH OHIW RI IL[DWLRQ �L�H�� SUHYLRXVO\ UHDG WH[W�� 6XFK D ILQGLQJ ZRXOG VXSSRUW WKH SUHPLVH WKDW GHDI

UHDGHUV HQJDJH LQ ODWH FRQILUPDWRU\ SURFHVVHV WR PDNH WKH UHDGLQJ SURFHVV PRUH HIILFLHQW� ,I VR�

WKHQ ZH SUHGLFW WKDW WKH\ ZRXOG DOVR PDNH IHZHU UHJUHVVLRQV WKDQ KHDULQJ UHDGHUV� SDUWLFXODUO\ LQ

FRQGLWLRQV ZLWK D ODUJHU OHIWZDUG ZLQGRZ VL]H� ,I� KRZHYHU� QR GLIIHUHQFH LV IRXQG EHWZHHQ WKH

OHIWZDUG VSDQ VL]H RI GHDI DQG KHDULQJ UHDGHUV� WKLV ZRXOG VXJJHVW WKDW D� GHDI UHDGHUV� VLPLODUO\

WR KHDULQJ UHDGHUV� KDYH DQ DV\PPHWULFDO VSDQ DQG UHO\ PRVWO\ RQ ULJKWZDUG LQIRUPDWLRQ WR

LQIRUP WKHLU UHDGLQJ SURFHVV DQG E� FKDQJHV LQ YLVXDO DWWHQWLRQ GXH WR GHDIQHVV DQG�RU VLJQ

ODQJXDJH H[SHULHQFHV RQO\ LPSDFW WKH ULJKWZDUG UHDGLQJ VSDQ�

0HWKRG

3DUWLFLSDQWV

Ä 3DVW VWXGLHV RQ GHDI UHDGHUV �%pODQJHU HW DO�� ����� ����� XVHG D PDQLSXODWLRQ LQ ZKLFK ERWK WKH OHWWHUV LQ ZRUGV
DQG WKH VSDFHV EHWZHHQ ZRUGV ZHUH PDVNHG RXWVLGH RI WKH YLVLEOH ZLQGRZ� FRQIODWLQJ HIIHFWV UHODWHG WR UHDGHUV
SHUFHLYLQJ WKH YLVXR�VSDWLDO OD\RXW RI WKH WH[W �L�H�� WKH SHUFHSWXDO VSDQ� DQG WKH RUWKRJUDSKLF LQIRUPDWLRQ XVHG WR
DFWLYDWH ZRUG PHDQLQJV �L�H�� WKH ZRUG LGHQWLILFDWLRQ VSDQ� 5D\QHU� ������
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:H FROOHFWHG GDWD IURP �� SDUWLFLSDQWV� EXW EHFDXVH ZH ZHUH FRQFHUQHG ZLWK PDWFKLQJ

WKH WZR JURXSV RQ UHDGLQJ DELOLW\� DJH� DQG HGXFDWLRQ� WKH ILQDO GDWDVHW XVHG LQ WKH DQDO\VLV

UHSRUWHG EHORZ FRQWDLQHG �� SDUWLFLSDQWV� FRQVLVWLQJ RI �� KHDULQJ QRQ�VLJQHUV UHFUXLWHG IURP WKH

7DPSD� )/ DUHD DQG �� GHDI VLJQHUV UHFUXLWHG IURP WKH 6DQ 'LHJR� &$ DQG $XVWLQ� 7; 'HDI

FRPPXQLWLHV� 7KH GHDI SDUWLFLSDQWV ZHUH SUHOLQJXDOO\ DQG SURIRXQGO\ GHDI �G% ORVV RI ��G% RU

JUHDWHU�� XVHG $6/ DV D SULPDU\ PHDQV RI FRPPXQLFDWLRQ� DQG ZHUH H[SRVHG WR $6/ EHIRUH DJH

HLJKW� 7KH KHDULQJ SDUWLFLSDQWV ZHUH QDWLYH (QJOLVK VSHDNHUV� KDG QRUPDO KHDULQJ� DQG KDG OLWWOH

WR QR NQRZOHGJH RI $6/� $OO SDUWLFLSDQWV ZHUH EHWZHHQ WKH DJHV RI �� DQG ��� KDG QRUPDO RU

FRUUHFWHG WR QRUPDO H\HVLJKW� ZHUH SURILFLHQW (QJOLVK UHDGHUV� DQG KDG QR KLVWRU\ RI UHDGLQJ RU

FRJQLWLYH LPSDLUPHQWV� 3DUWLFLSDQWV ZHUH DVVHVVHG RQ WKHLU UHDGLQJ FRPSUHKHQVLRQ DELOLW\ YLD WKH

3HDERG\ ,QGLYLGXDO $FKLHYHPHQW 7HVW�5HYLVHG �3,$7�5� 'XQQ 	 0DUNZDUGW� ������ LQ ZKLFK

WKH\ UHDG VLQJOH VHQWHQFHV DQG PDWFKHG LWV PHDQLQJ WR RQH RI IRXU SLFWXUHV�� 7KH VFRUHV RQ WKLV

DVVHVVPHQW ZHUH XVHG WR PDWFK KHDULQJ DQG GHDI SDUWLFLSDQWV RQ UHDGLQJ FRPSUHKHQVLRQ �7DEOH ��

DQG LQ WKH DQDO\VLV RI WKH UHODWLRQVKLS EHWZHHQ VSDQ VL]H DQG UHDGLQJ DELOLW\� 3DUWLFLSDQWV ZHUH

FRPSHQVDWHG HLWKHU ZLWK ��� SHU KDOI KRXU RI SDUWLFLSDWLRQ RU FRXUVH FUHGLW�

Å 7KH 3,$7�5 LV D ����LWHP WHVW RI LQFUHDVLQJ GLIILFXOW\� DQG ZH VWDUWHG DW LWHP �� EHFDXVH ZH ZHUH WHVWLQJ DGXOWV�
,WHPV ZHUH VFRUHG XS XQWLO WKH SDUWLFLSDQW PDGH ILYH HUURUV DFURVV VHYHQ LWHPV� DW ZKLFK SRLQW WKH ODVW LQFRUUHFW LWHP
ZDV FRXQWHG DV WKH FHLOLQJ LWHP� DQG WKH QXPEHU RI FRUUHFW DQVZHUV SULRU WR WKLV LWHP ZHUH FRXQWHG DV WKH ILQDO VFRUH�
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7DEOH ��

3DUWLFLSDQW 'HPRJUDSKLF ,QIRUPDWLRQ

+HDULQJ 'HDI S�YDOXH
3,$7�5 VFRUH ����� ������� ����� ������� ����
<HDUV LQ &ROOHJH ���� ������ ���� ������ ����
$JH ����� ������� ����� ������ ����
$FFXUDF\ �SHUFHQW� ����� ������ ����� ������ ����
1RWH� 7KLV WDEOH VKRZV WKH PHDQ �ZLWK VWDQGDUG GHYLDWLRQ LQ SDUHQWKHVLV� IRU GHPRJUDSKLF
LQIRUPDWLRQ� 3,$7� 5 VFRUHV� DQG DFFXUDF\ RQ FRPSUHKHQVLRQ TXHVWLRQV RI HDFK JURXS DV ZHOO DV
WKH S�YDOXH RI WKH LQGHSHQGHQW WZR�VDPSOH W�WHVW FRPSDULQJ WKH WZR JURXSV�

3RZHU $QDO\VLV

3UHYLRXV VWXGLHV ZLWK VLPLODU PDQLSXODWLRQV KDYH IRXQG VLJQLILFDQW HIIHFWV ZLWK �� VNLOOHG

GHDI DQG �� KHDULQJ SDUWLFLSDQWV ZLWK �� LWHPV SHU ZLQGRZ FRQGLWLRQ �%pODQJHU HW DO� ����� DQG

�� KHDULQJ DQG �� GHDI SDUWLFLSDQWV ZLWK �� LWHPV SHU ZLQGRZ FRQGLWLRQ �/LX HW DO� ������ VR ZH

DLPHG WR WHVW �� SDUWLFLSDQWV LQ HDFK JURXS ZLWK �� LWHPV SHU ZLQGRZ FRQGLWLRQ� $ VHQVLWLYLW\

DQDO\VLV ZDV FRQGXFWHG XVLQJ WKH 3$1*($ DQDO\VLV WRRO �:HVWIDOO� ����� ZLWK D GHVLJQ WKDW

LQFOXGHG WZR UDQGRP IDFWRUV �SDUWLFLSDQWV DQG VHQWHQFHV� DQG WZR IL[HG IDFWRUV �SDUWLFLSDQW JURXS

DQG ZLQGRZ VL]H� ZLWK WKH SDUWLFLSDQW IDFWRU QHVWHG LQ WKH SDUWLFLSDQW JURXS IDFWRU DQG WKH

VHQWHQFH IDFWRU QHVWHG LQ WKH ZLQGRZ VL]H IDFWRU� %DVHG RQ D VDPSOH VL]H RI �� SDUWLFLSDQWV ���

KHDULQJ DQG �� GHDI� DQG �� VHQWHQFHV SHU FRQGLWLRQ� ZH HVWLPDWHG WKDW WKH PLQLPXP HIIHFW VL]H

�&RKHQ¶V G� WKDW ZH FRXOG REVHUYH IRU WKH LQWHUDFWLRQ EHWZHHQ SDUWLFLSDQW JURXS DQG ZLQGRZ VL]H

LV ���� ZLWK SRZHU HTXDO WR �����

0DWHULDOV DQG 'HVLJQ

7KLV H[SHULPHQW XVHG D � �SDUWLFLSDQW JURXS� ; � �ZLQGRZ VL]H� PL[HG IDFWRULDO GHVLJQ�

:LQGRZV ZHUH HLWKHU SUHVHQWHG QRUPDOO\ �L�H�� WKH IXOO� QR PDVN FRQGLWLRQ�� RU ZLWK D PRYLQJ

ZLQGRZ� LQ ZKLFK � FKDUDFWHUV ZHUH YLVLEOH WR WKH ULJKW RI WKH UHDGHU¶V IL[DWLRQ� DQG HLWKHU �� �� ��

��� RU �� FKDUDFWHUV WR WKH OHIW ZHUH YLVLEOH��RXWVLGH RI WKLV ZLQGRZ� OHWWHUV ZHUH PDVNHG ZLWK
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³[´V� EXW VSDFHV UHPDLQHG LQWDFW� $ WRWDO RI ��� VHQWHQFHV ZHUH UHDG DV D SDUW RI WKLV VWXG\� ZLWK

�� VHQWHQFHV LQ HDFK RI WKH VL[ FRQGLWLRQV� DV ZHOO DV D SUDFWLFH VHQWHQFH DW WKH EHJLQQLQJ RI WKH

H[SHULPHQW�� 6HQWHQFHV ZHUH REWDLQHG DQG DGDSWHG IURP WZR VWXGLHV� 6FKRWWHU HW DO� ������ Q  

��� DQG 3OXPPHU HW DO� ������ Q  ��� RU RWKHUZLVH ZULWWHQ E\ PHPEHUV RI WKH ODE FRQGXFWLQJ WKH

VWXG\ �Q  ���� 6HQWHQFHV LQ DOO FRQGLWLRQV ZHUH PDWFKHG RQ DYHUDJH ZRUG IUHTXHQF\� DYHUDJH

ZRUG OHQJWK� UHDGLQJ OHYHO� VHQWHQFH OHQJWK� DQG FRPSOH[LW\ �VHH 7DEOH � IRU PRUH GHWDLOV���

7DEOH ��

'HVFULSWLYH 6WDWLVWLFV �0HDQ ZLWK 6WDQGDUG 'HYLDWLRQ LQ 3DUHQWKHVLV� IRU WKH /H[LFDO

&KDUDFWHULVWLFV RI 6HQWHQFHV LQ (DFK &RQGLWLRQ

0HDVXUH )XOO /� /� /� /�� /��
$YHUDJH ZRUG )UHTXHQF\
�+$/� RFFXUUHQFHV�� 0LO�
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$YHUDJH ZRUG )UHTXHQF\
�6XEWLWOH� RFFXUUHQFHV�0LO�

�����
������

�����
������

�����
������

�����
������

�����
������

�����
������

$YHUDJH ZRUG )UHTXHQF\
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7RWDO 1XPEHU RI &ODXVHV ���
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1RWH� 0HDVXUHV RI IUHTXHQF\ DQG ZRUG OHQJWK ZHUH GHWHUPLQHG XVLQJ WKH (QJOLVK /H[LFRQ
3URMHFW �%DORWD HW DO�� ������ UHDGLQJ OHYHO ZDV GHWHUPLQHG XVLQJ WKH ,1. 5HDGLQJ /HYHO &KHFNHU
�,1. &R�� Q�G��� DQG PHDVXUHV UHODWHG WR V\QWDFWLF FRPSOH[LW\ ZHUH GHWHUPLQHG XVLQJ WKH
+DL\DQJ $L :HE�EDVHG /� 6\QWDFWLF &RPSOH[LW\ $QDO\]HU �/X 	 $L� ������

Æ 7KLV VWXG\ ZDV UXQ DV D SDUW RI D ODUJHU VWXG\� DQG WKH IXOO WDVN LQFOXGHG D WRWDO RI ��� VHQWHQFHV�
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(TXLSPHQW

(\H PRYHPHQWV ZHUH WUDFNHG XVLQJ DQ 65 5HVHDUFK (\HOLQN ����SOXV H\H WUDFNHU LQ

GHVNWRS VHWXS ����� +]�� DQG VWLPXOL ZHUH SUHVHQWHG RQ DQ /&' PRQLWRU DW D YLHZLQJ GLVWDQFH RI

�� FP� $ FKLQ DQG KHDGUHVW ZHUH XVHG WR PLQLPL]H KHDG PRYHPHQWV� 9LHZLQJ ZDV ELQRFXODU� EXW

H\H PRYHPHQWV IURP RQO\ WKH ULJKW H\H ZHUH UHFRUGHG� 3DUWLFLSDQWV XVHG D UHVSRQVH SDG WR

LQGLFDWH ZKHQ WKH\ ILQLVKHG UHDGLQJ WKH VHQWHQFH DQG WR UHVSRQG WR FRPSUHKHQVLRQ TXHVWLRQV�

3URFHGXUH

3ULRU WR WKH H[SHULPHQWDO VHVVLRQ� SDUWLFLSDQWV JDYH WKHLU FRQVHQW WR SDUWLFLSDWH LQ WKH

VWXG\� 7KH\ DOVR FRPSOHWHG WKH 3,$7�5 UHDGLQJ DVVHVVPHQW DQG D GHPRJUDSKLFV TXHVWLRQQDLUH

FRQWDLQLQJ LQIRUPDWLRQ DERXW DJH� JHQGHU� UDFH� HWKQLFLW\� HGXFDWLRQ� RFFXSDWLRQ� DQG NQRZOHGJH

RI ODQJXDJHV RWKHU WKDQ (QJOLVK� 'HDI SDUWLFLSDQWV DQVZHUHG DGGLWLRQDO TXHVWLRQV DERXW WKHLU

KHDULQJ OHYHO� DJH RI $6/ H[SRVXUH� DQG $6/ XVDJH� &RPPXQLFDWLRQ ZLWK WKH GHDI SDUWLFLSDQWV

ZDV LQ $6/� 2QFH SDUWLFLSDQWV DUULYHG� WKH\ ZDWFKHG DQ LQVWUXFWLRQ YLGHR �LQ HLWKHU $6/ RU

VSRNHQ (QJOLVK� GHVFULELQJ WKH WDVN� (\H WUDFNHU FDOLEUDWLRQ ZDV WKHQ SHUIRUPHG ZLWK D

WKUHH�SRLQW PRGHO XQWLO FDOLEUDWLRQ HUURU DW HDFK SRLQW ZDV XQGHU ��� GHJUHHV RI YLVXDO

DQJOH��'XULQJ WKH H[SHULPHQW� WKH VHQWHQFHV ZHUH SUHVHQWHG RQ WKH VFUHHQ LQ &RXULHU 1HZ �� SW�

IRQW LQ EODFN� SUHVHQWHG RQ D JUD\ EDFNJURXQG VR WKDW HDFK FKDUDFWHU VXEWHQGHG ���� GHJUHHV RI

YLVXDO DQJOH� 3DUWLFLSDQWV ILUVW UHDG VHQWHQFHV UHODWHG WR D ODUJHU VWXG\ WKDW ZHUH QRW DQDO\]HG IRU

WKLV SURMHFW�� WKHQ D EORFN RI VHQWHQFHV ZLWK QR PDVN� IROORZHG E\ D SUDFWLFH VHQWHQFH IRU WKLV

VWXG\� WKHQ WKH H[SHULPHQWDO VHQWHQFHV� (DFK VHQWHQFH ZDV VKRZQ RQO\ RQFH DQG FRQGLWLRQV ZHUH

EORFNHG VXFK WKDW ZLQGRZ VL]H LQFUHDVHG ZLWK HDFK EORFN� :LWKLQ WKHVH EORFNV� WKH RUGHU RI

Ç 7KH ODUJHU SURMHFW LQYHVWLJDWHV WKH ULJKWZDUG SHUFHSWXDO DQG ZRUG LGHQWLILFDWLRQ VSDQV� 3DUWLFLSDQWV UHDG VHQWHQFHV
WKDW KDG D SHUFHSWXDO VSDQ PDQLSXODWLRQ �L�H�� VSDFHV EXW QRW OHWWHUV ZHUH PDVNHG�� VHQWHQFHV WKDW KDG D ZRUG
LGHQWLILFDWLRQ VSDQ PDQLSXODWLRQ �L�H�� OHWWHUV EXW QRW VSDFHV ZHUH PDVNHG�� DV ZHOO DV VHQWHQFHV ZLWKRXW D ZLQGRZ
PDQLSXODWLRQ�
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SUHVHQWDWLRQ RI WKH VHQWHQFHV ZDV UDQGRPL]HG IRU HDFK SDUWLFLSDQW� <HV�QR FRPSUHKHQVLRQ

TXHVWLRQV ZHUH SUHVHQWHG DIWHU ��� RI WULDOV�

5HVXOWV

)LUVW� DOO SUDFWLFH WULDOV ZHUH UHPRYHG� )L[DWLRQV WKDW ZHUH LQWHUUXSWHG E\ WKH SDUWLFLSDQW

SUHVVLQJ WKH EXWWRQ WR HQG WKH WULDO ZHUH H[FOXGHG� )L[DWLRQV JUHDWHU WKDQ ��PV ZHUH FRPELQHG

ZLWK WKH DGMDFHQW IL[DWLRQ �ZLWKLQ RQH FKDUDFWHU VSDFH�� DQG LI QRW ZLWKLQ RQH FKDUDFWHU VSDFH�

WKH\ ZHUH H[FOXGHG� )L[DWLRQV JUHDWHU WKDQ ���PV ZHUH DOVR H[FOXGHG� 7ULDOV ZLWK IHZHU WKDQ �

IL[DWLRQV RU PRUH WKDQ �� IL[DWLRQV ZHUH H[FOXGHG IURP WKH DQDO\VLV� 3DUWLFLSDQWV ZLWK IHZHU WKDQ

�� XVDEOH WULDOV SHU FRQGLWLRQ �KHDULQJ Q  �� RU WKRVH ZKR KDG DQ DFFXUDF\ RI OHVV WKDQ ��� RQ

WKH FRPSUHKHQVLRQ TXHVWLRQV �GHDI Q  �� ZHUH DOVR H[FOXGHG� $IWHU H[FOXVLRQV� D WRWDO RI �� GHDI

DQG �� KHDULQJ SDUWLFLSDQWV ZHUH LQFOXGHG� ZLWK D WRWDO RI ����� WULDOV IRU GHDI SDUWLFLSDQWV

������� RI WRWDO� DQG ����� WULDOV IRU KHDULQJ SDUWLFLSDQWV ������� RI WRWDO����

:H FDOFXODWHG IRXU GHSHQGHQW YDULDEOHV RQ HDFK WULDO�� 5HDGLQJ UDWH �L�H�� ZRUGV SHU

PLQXWH� ZSP� ZDV PHDVXUHG DV WKH QXPEHU RI ZRUGV LQ WKH VHQWHQFH GLYLGHG E\ WKH VHQWHQFH

UHDGLQJ WLPH �L�H�� WKH QXPEHU RI PLOOLVHFRQGV EHWZHHQ ZKHQ WKH VHQWHQFH ZDV ILUVW SUHVHQWHG

XQWLO WKH SDUWLFLSDQW SUHVVHG WKH EXWWRQ LQGLFDWLQJ WKH\ KDG ILQLVKHG UHDGLQJ�� ZKLFK ZDV GLYLGHG

E\ ������ �L�H�� WKH QXPEHU RI PLOOLVHFRQGV LQ D PLQXWH���3HUFHQW UHJUHVVLRQV ZHUH PHDVXUHG DV

WKH SHUFHQWDJH RI WKH IL[DWLRQV RQ D JLYHQ WULDO WKDW ZHUH ORFDWHG RQ D ZRUG IXUWKHU WR WKH OHIW WKDQ

WKH IL[DWLRQ LPPHGLDWHO\ SUHFHGLQJ LW� )RU WKH FDOFXODWLRQ RI WKLV YDULDEOH� IL[DWLRQV SUHFHGLQJ D

EOLQN WKDW EHJDQ D VDFFDGH ZHUH H[FOXGHG� DV ZHUH IL[DWLRQV DIWHU D EOLQN WKDW HQGHG D VDFFDGH�

)RUZDUG VDFFDGH OHQJWK ZDV PHDVXUHG DV WKH QXPEHU RI FKDUDFWHUV EHWZHHQ RQH IL[DWLRQ DQG WKH

LPPHGLDWHO\ SUHFHGLQJ IL[DWLRQ� VR ORQJ DV WKH SUHFHGLQJ IL[DWLRQ ZDV IXUWKHU WR WKH OHIW WKDQ WKH

FXUUHQW RQH� )L[DWLRQV ZLWK EOLQNV ZHUH H[FOXGHG IRU WKLV YDULDEOH LQ WKH VDPH PDQQHU DV ZKHQ
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FDOFXODWLQJ SHUFHQW UHJUHVVLRQV��$YHUDJH IL[DWLRQ GXUDWLRQ ZDV PHDVXUHG DV WKH DYHUDJH GXUDWLRQ

�LQ PV� RI DOO WKH IL[DWLRQV LQFOXGHG RQ D WULDO� H[FOXGLQJ IL[DWLRQV LPPHGLDWHO\ EHIRUH DQG

LPPHGLDWHO\ DIWHU D EOLQN�

7R DQDO\]H WKH GDWD� ZH XVHG �JHQHUDOL]HG� OLQHDU PL[HG HIIHFWV UHJUHVVLRQ PRGHOV XVLQJ

WKH OPHU�� IXQFWLRQ IRU OLQHDU PRGHOV RI UHDGLQJ UDWH DQG IL[DWLRQ GXUDWLRQV DQG WKH JOPHU��

IXQFWLRQ ZLWK WKH IDPLO\ VHW WR 3RLVVRQ IRU SHUFHQW UHJUHVVLRQV DQG VDFFDGH OHQJWK� IURP WKH OPH�

SDFNDJH �%DWHV HW DO�� ����� ZLWKLQ WKH 5 (QYLURQPHQW IRU 6WDWLVWLFDO &RPSXWLQJ �5 &RUH 7HDP�

������ 7R LQYHVWLJDWH WKH HIIHFWV RI WKH ZLQGRZ PDQLSXODWLRQ �VHH 7DEOH � IRU UHVXOWV�� WKH IL[HG

HIIHFWV LQFOXGHG SDUWLFLSDQW JURXS� � FRQWUDVWV IRU WKH GLIIHUHQFHV EHWZHHQ ZLQGRZ VL]HV� DQG WKH

LQWHUDFWLRQV EHWZHHQ WKHVH FRPSDULVRQV DQG SDUWLFLSDQW JURXS� DQG WKH UDQGRP HIIHFWV LQFOXGHG

DQ LQWHUFHSW DQG VORSH RI ZLQGRZ VL]H IRU SDUWLFLSDQW �IRU DOO GHSHQGHQW YDULDEOHV� DQG DQ

LQWHUFHSW IRU VHQWHQFH IRU DOO GHSHQGHQW YDULDEOHV �DQG VORSH RI SDUWLFLSDQW JURXS IRU SHUFHQW

UHJUHVVLRQV DQG IL[DWLRQ GXUDWLRQ�� 3DUWLFLSDQW JURXS ZDV HQWHUHG ZLWK D WUHDWPHQW FRQWUDVW VR WKDW

WKH EDVHOLQH ZDV WKH KHDULQJ JURXS �FRGHG DV ��� DQG WKH GHDI JURXS �FRGHG DV �� ZDV FRPSDUHG

WR LW� 7KH ZLQGRZ VL]H IDFWRU ZDV HQWHUHG ZLWK VXFFHVVLYH GLIIHUHQFH FRQWUDVWV VR WKDW WKH EDVHOLQH

ZDV WKH DYHUDJH DFURVV DOO FRQGLWLRQV DQG HDFK FRQWUDVW WHVWHG WKH GLIIHUHQFH EHWZHHQ HDFK

FRQVHFXWLYH ZLQGRZ VL]H �L�H�� � YV� �� � YV� �� �� YV� �� �� YV� ���� 7KXV� WKH WHVWV IRU WKH PDLQ

HIIHFWV RI ZLQGRZ VL]H DUH IRU WKH KHDULQJ JURXS RQO\� DQG WKH LQWHUDFWLRQ WHVWV ZKHWKHU WKH HIIHFWV

IRU D JLYHQ FRQWUDVW DUH ODUJHU IRU WKH GHDI JURXS FRPSDUHG WR WKH KHDULQJ JURXS� ,Q RUGHU WR WHVW

IRU WKH PDLQ HIIHFWV RI ZLQGRZ VL]H FRQWUDVWV LQ WKH GHDI JURXS� DQRWKHU VHW RI DQDO\VHV ZHUH

SHUIRUPHG IRU MXVW WKH GHDI SDUWLFLSDQWV �VHH 7DEOH � IRU UHVXOWV�� ZLWK � VXFFHVVLYH GLIIHUHQFHV

FRQWUDVWV IRU ZLQGRZ VL]H DV WKH IL[HG HIIHFWV� DQG UDQGRP HIIHFWV IRU SDUWLFLSDQW �LQWHUFHSW DQG

È 7KH YDULDEOH RI VDFFDGH OHQJWK� LQ FKDUDFWHUV� ZDV URXQGHG WR WKH QHDUHVW LQWHJHU IRU WKLV DQDO\VLV�
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VORSH IRU ZLQGRZ VL]H� DQG VHQWHQFH �LQWHUFHSW RQO\���7KH JURXS GLIIHUHQFHV LQ WKH IXOO FRQGLWLRQ

ZHUH DQDO\]HG VHSDUDWHO\ �VHH EHORZ��

5HDGLQJ UDWH

,Q WKH IXOO PRGHO� WKH PHDQ UHDGLQJ UDWH RI WKH KHDULQJ JURXS VLJQLILFDQWO\ LQFUHDVHG IURP

� FKDUDFWHU WR WKH OHIW WR � FKDUDFWHUV WR WKH OHIW� EXW WKHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV IRU DQ\

RI WKH ODUJHU ZLQGRZ VL]H FRPSDULVRQV� LQGLFDWLQJ WKDW WKH OHIWZDUG VSDQ IRU KHDULQJ UHDGHUV

H[WHQGV XS WR � FKDUDFWHUV� 7KHUH ZDV QR VLJQLILFDQW PDLQ HIIHFW RI JURXS� VXJJHVWLQJ WKDW WKH

DYHUDJH UHDGLQJ UDWH DFURVV FRQGLWLRQV GLG QRW GLIIHU EHWZHHQ JURXSV� 1RQH RI WKH LQWHUDFWLRQV

ZHUH VWDWLVWLFDOO\ VLJQLILFDQW� +RZHYHU� WKH GLIIHUHQFH EHWZHHQ WKH � FKDUDFWHU DQG �� FKDUDFWHU

FRQGLWLRQV ZDV VLJQLILFDQW IRU WKH GHDI JURXS �DV ZDV WKH GLIIHUHQFH EHWZHHQ WKH � DQG �

FRQGLWLRQ� LQ WKH VXEVHW DQDO\VLV WKDW RQO\ LQFOXGHG WKHVH SDUWLFLSDQWV �7DEOH ��� LQGLFDWLQJ GHDI

UHDGHUV KDYH D ZRUG LGHQWLILFDWLRQ VSDQ H[WHQGLQJ XS WR �� FKDUDFWHUV WR WKH OHIW �)LJXUH ���

)LJXUH ��

5HDGLQJ 5DWHV �ZRUGV SHU PLQXWH� RI 'HDI DQG +HDULQJ *URXSV DW (DFK :LQGRZ 6L]H
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7DEOH ��
5HVXOWV RI /LQHDU 0L[HG (IIHFWV 0RGHOV IRU WKH +HDULQJ *URXS DQG WKH ,QWHUDFWLRQ %HWZHHQ WKH 7ZR *URXSV

1RWH� 6LJQLILFDQW HIIHFWV DUH VKRZQ LQ EROGIDFH�

7DEOH ��
5HVXOWV RI /LQHDU 0L[HG (IIHFWV 0RGHOV IRU WKH 'HDI *URXS

1RWH� 6LJQLILFDQW HIIHFWV DUH VKRZQ LQ EROGIDFH�
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3HUFHQW 5HJUHVVLRQV

1RQH RI WKH FRPSDULVRQV EHWZHHQ ZLQGRZ VL]HV ZHUH VLJQLILFDQW IRU SHUFHQW UHJUHVVLRQV

IRU WKH KHDULQJ JURXS� DOWKRXJK WKHUH ZDV D GRZQZDUG WUHQG LQ WKH QXPEHU RI UHJUHVVLRQV DV

ZLQGRZ VL]H LQFUHDVHG� 7KHUH ZDV DOVR QR VLJQLILFDQW PDLQ HIIHFW RI JURXS��$OWKRXJK WKH

LQWHUDFWLRQV EHWZHHQ JURXS DQG HDFK ZLQGRZ VL]H FRPSDULVRQ ZHUH QRW VLJQLILFDQW� WKHUH ZDV D

VLJQLILFDQW GHFUHDVH LQ SHUFHQW UHJUHVVLRQV IURP WKH � FKDUDFWHU WR WKH � FKDUDFWHU FRQGLWLRQ LQ WKH

DQDO\VLV IRU WKH GHDI UHDGHUV DORQH� 1R RWKHU FKDQJHV LQ SHUFHQW UHJUHVVLRQV EHWZHHQ ZLQGRZ

VL]HV ZHUH VLJQLILFDQW�

6DFFDGH /HQJWK

7KH KHDULQJ UHDGHUV VKRZHG QR VLJQLILFDQW GLIIHUHQFHV LQ VDFFDGH OHQJWK DFURVV DQ\

ZLQGRZV� 7KHUH ZDV QR VLJQLILFDQW PDLQ HIIHFW RI JURXS� 1R LQWHUDFWLRQV EHWZHHQ JURXS DQG

ZLQGRZ VL]H ZHUH VLJQLILFDQW� +RZHYHU� WKH GHDI JURXS VKRZHG VPDOO� LQFUHPHQWDO LQFUHDVHV LQ

VDFFDGH OHQJWK DW HDFK VXFFHVVLYH ZLQGRZ VL]H� ,Q WKH DQDO\VLV IRU WKH GHDI UHDGHUV DORQH� WKHUH

ZDV D VLJQLILFDQW LQFUHDVH LQ VDFFDGH OHQJWK ZKHQ WKH ZLQGRZ VL]H LQFUHDVHG IURP � FKDUDFWHU WR

� FKDUDFWHUV DQG DJDLQ IURP � FKDUDFWHUV WR �� FKDUDFWHUV�

)L[DWLRQ 'XUDWLRQ

)RU WKH DQDO\VLV RI IL[DWLRQ GXUDWLRQ� ERWK KHDULQJ DQG GHDI SDUWLFLSDQWV VKRZHG D

VLJQLILFDQW GHFUHDVH LQ IL[DWLRQ GXUDWLRQ ZKHQ WKH ZLQGRZ VL]H ZDV LQFUHDVHG IURP � FKDUDFWHU WR

� FKDUDFWHUV� EXW QR RWKHU ZLQGRZ VL]H FRPSDULVRQV RU LQWHUDFWLRQV ZHUH VLJQLILFDQW�
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)LJXUH ��

5HVXOWV RI WKH 3HUFHQW 5HJUHVVLRQV �3DQHO $�� 6DFFDGH /HQJWK �3DQHO %�� DQG 0HDQ )L[DWLRQ 'XUDWLRQ �3DQHO &� RI 'HDI DQG
+HDULQJ *URXSV DW (DFK :LQGRZ 6L]H
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)XOO &RQGLWLRQ �QRUPDO UHDGLQJ�

7KH IXOO ZLQGRZ FRQGLWLRQ ZDV QRW LQFOXGHG LQ WKH DQDO\VHV GHVFULEHG DERYH EHFDXVH WKH

ULJKWZDUG H[WHQW RI WKH YLVLEOH WH[W DOVR GLIIHUHG IURP WKH RWKHU FRQGLWLRQV� 7R DQDO\]H WKH JURXS

GLIIHUHQFHV IRU WKH IXOO �QRUPDO UHDGLQJ� FRQGLWLRQ� ZH XVHG �JHQHUDOL]HG� OLQHDU PL[HG HIIHFWV

UHJUHVVLRQ PRGHOV GHILQHG DV DERYH� EXW XVLQJ RQO\ WKH IXOO ZLQGRZ VL]H FRQGLWLRQ DQG ZLWK

JURXS DV WKH RQO\ IL[HG HIIHFW� DQG UDQGRP HIIHFWV IRU WKH LQWHUFHSW IRU SDUWLFLSDQW �IRU DOO

GHSHQGHQW YDULDEOHV� DQG WKH LQWHUFHSW DQG VORSH RI JURXS IRU VHQWHQFH �IRU SHUFHQW UHJUHVVLRQV��

$OWKRXJK QRQH RI WKH FRPSDULVRQV ZHUH VWDWLVWLFDOO\ VLJQLILFDQW� WKH HIIHFWV WUHQGHG DV ZH

H[SHFWHG� ZLWK GHDI VLJQHUV UHDGLQJ PRUH HIILFLHQWO\ WKDQ WKHLU KHDULQJ FRXQWHUSDUWV �%pODQJHU 	

5D\QHU� ����� %pODQJHU HW DO�� ����� ������ &RPSDUHG WR KHDULQJ UHDGHUV� GHDI VLJQHUV KDG IDVWHU

UHDGLQJ UDWHV �0GHDI  ���� 6'GHDI  ���� 0KHDULQJ  ���� 6'KHDULQJ  ��� E  ������ 6(  ������ W  

����� S  ������ PDGH IHZHU UHJUHVVLRQV �0GHDI  ����� 6'GHDI  ����� 0KHDULQJ  ����� 6'KHDULQJ  

���� E  ������ 6(  ����� ]  ������ S  ������ ORQJHU IRUZDUG VDFFDGHV �0GHDI  ������ 6'GHDI  

����� 0KHDULQJ  ������ 6'KHDULQJ  ����� E  ����� 6(  ����� ]  ����� S  ����� DQG VKRUWHU

IL[DWLRQV �0GHDI  ���� 6'GHDI  ��� 0KHDULQJ  ���� 6'KHDULQJ  ��� E  ������ 6(  ����� W  ������ S

 ������

7KH 5HODWLRQVKLS EHWZHHQ 6SDQ 6L]H DQG 5HDGLQJ &RPSUHKHQVLRQ

7R H[DPLQH WKH UHODWLRQVKLS EHWZHHQ OHIWZDUG VSDQ VL]H DQG UHDGLQJ DELOLW\� ZH SHUIRUPHG

D OLQHDU UHJUHVVLRQ WR SUHGLFW OHIWZDUG VSDQ VL]H EDVHG RQ JURXS� 3,$7 VFRUH� DQG WKHLU LQWHUDFWLRQ�

*URXS ZDV HQWHUHG DV D WUHDWPHQW FRQWUDVW ZLWK WKH KHDULQJ JURXS DV WKH EDVHOLQH DQG 3,$7 VFRUH

ZDV HQWHUHG DV WKH ]�VFRUH YDOXH IRU WKH SDUWLFLSDQW¶V UHVSHFWLYH JURXS� :LWK WKLV PRGHO VWUXFWXUH�

WKH LQWHUFHSW UHSUHVHQWV WKH VSDQ VL]H HVWLPDWH IRU D KHDULQJ UHDGHU ZLWK DQ DYHUDJH 3,$7 VFRUH�

DQG WKH HIIHFW RI JURXS UHSUHVHQWV WKH GLIIHUHQFH LQ VSDQ VL]H EHWZHHQ DYHUDJH UHDGHUV LQ HDFK
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JURXS� 7KH HIIHFW RI 3,$7 VFRUH UHSUHVHQWV WKH LQFUHDVH LQ VSDQ VL]H IRU HYHU\ LQFUHDVH LQ RQH

3,$7 ]�VFRUH IRU WKH KHDULQJ JURXS� DQG WKH LQWHUDFWLRQ UHSUHVHQWV WKH GLIIHUHQFH LQ WKH VORSH RI

WKH UHODWLRQVKLS EHWZHHQ 3,$7 DQG VSDQ VL]H IRU WKH GHDI JURXS FRPSDUHG WR WKH KHDULQJ JURXS�

�7R HVWLPDWH WKH OHIWZDUG VSDQ VL]H IRU HDFK SDUWLFLSDQW� ZH ILUVW SHUIRUPHG D QRQOLQHDU

PL[HG HIIHFWV UHJUHVVLRQ DQDO\VLV XVLQJ WKH QOPH�� IXQFWLRQ IURP WKH QOPH SDFNDJH �/LQGVWURP 	

%DWHV� ����� ZLWK ZLQGRZ VL]H DV WKH SUHGLFWRU YDULDEOH DQG UHDGLQJ UDWH DV WKH RXWFRPH YDULDEOH�

7KLV DQDO\VLV ZDV XVHG WR ILW DQ DV\PSWRWLF FXUYH WR HDFK SDUWLFLSDQW¶V GDWD DQG WR GHULYH

DV\PSWRWH DQG OLQHDU UDWH RI FKDQJH �OUF� YDOXHV �6SHUOLFK HW DO�� ������ )URP WKHVH YDOXHV� ZH

HVWLPDWHG WKH ZLQGRZ VL]H DW ZKLFK WKH SDUWLFLSDQW¶V UHDGLQJ UDWH ZRXOG UHDFK ��� RI WKHLU

DV\PSWRWH� ZKLFK GRHV QRW QHFHVVDULO\ PDS RQ WR D WHVWHG ZLQGRZ VL]H��

)RU WKH OLQHDU UHJUHVVLRQ SUHGLFWLQJ VSDQ VL]H EDVHG RQ 3,$7 VFRUH DQG JURXS� WKH HIIHFW

RI JURXS ZDV VLJQLILFDQW� VKRZLQJ WKDW WKH GHDI JURXS KDG D ODUJHU VSDQ VL]H� 7KH LQWHUDFWLRQ

EHWZHHQ JURXS DQG 3,$7 VFRUH ZDV DOVR VLJQLILFDQW VXFK WKDW IRU GHDI UHDGHUV� D KLJKHU 3,$7

VFRUH ZDV FRUUHODWHG ZLWK D ODUJHU OHIWZDUG VSDQ� EXW WKHUH ZDV QR VLJQLILFDQW UHODWLRQVKLS IRU

KHDULQJ UHDGHUV� DQG WKH HVWLPDWH ZDV HYHQ VOLJKWO\ QHJDWLYH �L�H�� KLJKHU 3,$7 VFRUHV ZHUH

DVVRFLDWHG ZLWK VPDOOHU OHIWZDUG VSDQV� VHH )LJXUH �� 7DEOH ����
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)LJXUH ��

7KH 5HODWLRQVKLS %HWZHHQ 3DUWLFLSDQWV¶ 3,$7 6FRUH DQG (VWLPDWHG 6SDQ 6L]H

7DEOH ��

5HVXOWV RI WKH /LQHDU 5HJUHVVLRQ 3UHGLFWLQJ 6SDQ 6L]H DV D )XQFWLRQ RI *URXS� 5HDGLQJ

&RPSUHKHQVLRQ 6FRUH� DQG WKHLU ,QWHUDFWLRQ�

(VW� 6( W S
�,QWHUFHSW� ���� ���� ����� � �����
*URXS �+HDULQJ YV� 'HDI� ���� ���� ���� �����
3,$7 =�6FRUH ����� ���� ����� �����
*URXS [ 3,$7 ���� ���� ���� �����
1RWH� 6LJQLILFDQW HIIHFWV DUH VKRZQ LQ EROGIDFH�

'LVFXVVLRQ

7KH SXUSRVH RI WKLV VWXG\ ZDV WR LQYHVWLJDWH KRZ LQIRUPDWLRQ WR WKH OHIW RI IL[DWLRQ PD\

EH XVHG LQ UHDGLQJ E\ FRPSDULQJ WKH VL]H RI WKH OHIWZDUG VSDQV RI GHDI DQG KHDULQJ UHDGHUV� DQG
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H[SORULQJ WKH UHODWLRQVKLS EHWZHHQ UHDGLQJ DELOLW\ DQG OHIWZDUG VSDQ VL]H� :H IRXQG WKDW GHDI

UHDGHUV KDG D ODUJHU OHIWZDUG VSDQ WKDQ KHDULQJ UHDGHUV ZKR ZHUH PDWFKHG RQ UHDGLQJ DELOLW\�

6SHFLILFDOO\� GHDI UHDGHUV KDG DQ HVWLPDWHG VSDQ VL]H RI XS WR �� FKDUDFWHUV WR WKH OHIW� ZKHUHDV

IRU KHDULQJ UHDGHUV WKH VSDQ H[WHQGHG RQO\ XS WR � FKDUDFWHUV� 7KLV UHVXOW UHSOLFDWHV DQG H[WHQGV

WKH LQFUHDVHG OHIWZDUG VSDQ IRXQG IRU GHDI UHDGHUV RI &KLQHVH �/XL HW DO�� ����� WR DQ DOSKDEHWLF

VFULSW� %HFDXVH WKH DYHUDJH ZRUG OHQJWK LQ (QJOLVK LV DERXW � FKDUDFWHUV �%DORWD HW DO�� ������ WKLV

UHVXOW VXJJHVWV WKDW GHDI UHDGHUV DFWLYHO\ SURFHVV QHDUO\ DQ DGGLWLRQDO IXOO ZRUG WR WKH OHIW DV

FRPSDUHG WR KHDULQJ UHDGHUV��7KH ILQGLQJ WKDW GHDI UHDGHUV KDG D ODUJHU OHIWZDUG VSDQ WKDQ

KHDULQJ UHDGHUV VXJJHVWV WKDW WKH\ UHDG LQ D IXQGDPHQWDOO\ GLIIHUHQW ZD\� PDNLQJ XVH RI

LQIRUPDWLRQ WKDW KHDULQJ UHDGHUV WHQG WR ODUJHO\ LJQRUH�

:H DOVR IRXQG D SRVLWLYH UHODWLRQVKLS EHWZHHQ UHDGLQJ FRPSUHKHQVLRQ DELOLW\ DQG VSDQ

VL]H IRU GHDI UHDGHUV� ZKHUHDV WKHUH ZDV QR VLJQLILFDQW UHODWLRQVKLS �DQG HYHQ D QXPHULFDOO\

QHJDWLYH UHODWLRQVKLS� EHWZHHQ WKHVH YDULDEOHV IRU KHDULQJ UHDGHUV� 7KLV ILQGLQJ VXJJHVWV WKDW

GHDI UHDGHUV DUH DEOH WR XVH OHIWZDUG LQIRUPDWLRQ WR LPSURYH WKHLU UHDGLQJ SHUIRUPDQFH DQG LV

FRQVLVWHQW ZLWK SUHYLRXV OLWHUDWXUH VKRZLQJ WKDW KLJKHU VNLOOHG UHDGHUV KDYH ODUJHU ULJKWZDUG

VSDQV �%pODQJHU HW DO�� ����� &KRL HW DO�� ����� 0HL[QHU HW DO�� ����� 5D\QHU� ����� 6SHUOLFK HW

DO�� ����� ����� 9HOGUH 	 $QGUHZV� ������ ,Q FRQWUDVW� LQFUHDVHG DFFHVV WR OHIWZDUG LQIRUPDWLRQ

ZDV QRW D VLJQ RI EHWWHU UHDGLQJ DELOLW\ IRU KHDULQJ UHDGHUV �VHH DOVR 9HOGUH 	 $QGUHZV� �����

9HOGUH HW DO�� ����� DQG PD\ HYHQ UHIOHFW DQ LQHIILFLHQW UHDGLQJ SURFHVV� SRVVLEO\ DV D VWUDWHJLF

UHVSRQVH WR WKH H[SHULPHQWDO PDQLSXODWLRQ� 7KHVH GLIIHUHQW SDWWHUQV VWUHQJWKHQ WKH K\SRWKHVLV

WKDW VNLOOHG GHDI UHDGHUV XVH D TXDOLWDWLYHO\ GLIIHUHQW UHDGLQJ SURFHVV WKDQ KHDULQJ UHDGHUV�

,W VKRXOG EH QRWHG WKDW WKH VSDQ HVWLPDWHV FDOFXODWHG IRU LQGLYLGXDO SDUWLFLSDQWV DUH

VPDOOHU WKDQ WKH JURXS HVWLPDWHV GHWHUPLQHG IURP WKH PDLQ DQDO\VLV� $OWKRXJK ZH IROORZHG D
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SURFHGXUH XVLQJ QRQ�OLQHDU PL[HG�HIIHFWV UHJUHVVLRQV YLD WKH QOPH SDFNDJH UHSRUWHG HOVHZKHUH

�6SHUOLFK HW DO�� ����� ����� 0HL[QHU HW DO�� ������ WKHVH PHWKRGV DUH UHODWLYHO\ QHZ ZLWK UHVSHFW

WR UHDGLQJ VSDQ UHVHDUFK DQG KDYH QHYHU EHHQ DSSOLHG WR VWXG\ WKH OHIWZDUG VSDQ� $Q DGYDQWDJH

RI WKH QOPH DSSURDFK LV WKDW LW DOORZV IRU DQ HVWLPDWH RI D VSDQ VL]H WKDW QHHG QRW FRLQFLGH ZLWK D

WHVWHG ZLQGRZ VL]H FRQGLWLRQ� DOORZLQJ IRU D PRUH ILQH�JUDLQHG HVWLPDWH WKDW PD\ DOORZ IRU PRUH

SUHFLVLRQ LQ DQ LQGLYLGXDO GLIIHUHQFHV DQDO\VLV� +RZHYHU� WKH ZD\ WKH QOPH DSSURDFK ZRUNV LV WR

ILW DQ DV\PSWRWLF FXUYH WR WKH FRQGLWLRQ PHDQ GDWD IRU HDFK SDUWLFLSDQW� DQG ZLWK RQO\ �

FRQGLWLRQV WR XVH IRU WKLV HVWLPDWH WKH FXUYH ILWWLQJ DOJRULWKP PD\ EH VXVFHSWLEOH WR DQ RXWOLHU IRU

DQ\ RI WKHVH LQGLYLGXDO PHDQV� 7KHUHIRUH� DOWKRXJK WKH GDWD IURP WKH SDUWLFLSDQW�OHYHO DQDO\VLV

DUH EURDGO\ FRQVLVWHQW ZLWK RXU JURXS OHYHO DQDO\VLV �L�H�� WKDW GHDI UHDGHUV KDYH D VLJQLILFDQWO\

ODUJHU OHIWZDUG VSDQ WKDQ KHDULQJ UHDGHUV�� PRUH ZRUN LV QHHGHG WR GHWHUPLQH WKH PRVW

DSSURSULDWH ZD\ WR FDOFXODWH WKH OHIWZDUG VSDQ VL]H IRU LQGLYLGXDO SDUWLFLSDQWV�

$V GLVFXVVHG LQ WKH LQWURGXFWLRQ� LQFUHDVHG HIILFLHQF\ RI GHDI UHDGHUV KDV EHHQ WKHRUL]HG

WR EH GXH WR GHDI UHDGHUV EHLQJ PRUH HIILFLHQW DW H[WUDFWLQJ OLQJXLVWLF LQIRUPDWLRQ IURP YLVXDO

LQSXW ZLWKLQ RQH IL[DWLRQDO SDXVH �L�H�� WKH ZRUG SURFHVVLQJ HIILFLHQF\ K\SRWKHVLV� %pODQJHU 	

5D\QHU� ������ 7KLV K\SRWKHVLV KDV EHHQ XVHG WR H[SODLQ GHDI UHDGHU¶V IDVWHU RYHUDOO UDWHV� VKRUWHU

IL[DWLRQ GXUDWLRQV� KLJKHU VNLSSLQJ UDWHV� ORZHU UHJUHVVLRQ UDWHV� DQG ODUJHU ULJKWZDUG VSDQ� 2XU

GDWD H[WHQG WKLV K\SRWKHVLV DQG VXJJHVW WKDW LW PD\ DOVR H[SODLQ WKHLU ODUJHU OHIWZDUG VSDQ� LI GHDI

UHDGHUV QRW RQO\ H[WUDFW LQIRUPDWLRQ PRUH HIILFLHQWO\ IURP FHQWUDO YLVLRQ DQG WR WKH ULJKW RI

IL[DWLRQ� EXW DOVR XVH OHIWZDUG LQIRUPDWLRQ WR FRQWLQXH SURFHVVLQJ DQG LQWHJUDWLQJ ZRUG�OHYHO

LQIRUPDWLRQ LQWR WKHLU XQGHUVWDQGLQJ RI WKH WH[W�

:H GLG QRW ILQG VLJQLILFDQW GLIIHUHQFHV EHWZHHQ JURXSV LQ WKH IXOO FRQGLWLRQ �VHH DOVR /LX

HW DO�� ������ EXW WKH SDWWHUQV ZHUH VLPLODU WR ZKDW ZDV IRXQG LQ SUHYLRXV VWXGLHV RQ (QJOLVK
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UHDGLQJ� IDVWHU UHDGLQJ� IHZHU UHJUHVVLRQV� ORQJHU VDFFDGHV� DQG VKRUWHU IL[DWLRQV IRU GHDI UHDGHUV

�%pODQJHU 	 5D\QHU� ����� %pODQJHU HW DO�� ����� ������

:LWK UHVSHFW WR WKH LQIOXHQFH RI ZLQGRZ VL]H RQ WKH ILQH JUDLQHG UHDGLQJ PHDVXUHV� WKH

ODUJHVW HIIHFW ZH REVHUYHG IRU ERWK JURXSV ZDV D VHYHUH LPSDLUPHQW WR UHDGLQJ ZKHQ RQO\ �

FKDUDFWHU ZDV DYDLODEOH WR WKH OHIW RI IL[DWLRQ� ZKLFK UHVXOWHG LQ PXFK VORZHU UHDGLQJ UDWHV DQG

ORQJHU IL[DWLRQ GXUDWLRQV �)LJXUHV � DQG �&�� $ ZLQGRZ VL]H RI � FKDUDFWHU ZRXOG RIWHQ LQFOXGH

WKH FXUUHQWO\ IL[DWHG ZRUG� DQG WKLV OLNHO\ LPSDFWHG WKH VSHHG RI UHFRJQL]LQJ WKH IL[DWHG ZRUG�

,QWHUHVWLQJO\� GHDI UHDGHUV H[KLELWHG D VLJQLILFDQW LQFUHDVH LQ IRUZDUG VDFFDGH OHQJWK ZKHQ WKH

ZLQGRZ VL]H ZDV LQFUHDVHG IURP � WR � OHIWZDUG FKDUDFWHUV DQG IURP � WR �� FKDUDFWHUV

�PLUURULQJ WKH SDWWHUQ LQ UHDGLQJ UDWH�� ZKHUHDV WKH VDFFDGH OHQJWK RI KHDULQJ UHDGHUV ZDV

XQDIIHFWHG �)LJXUH �%�� %HFDXVH WKH OH[LFDO LQIRUPDWLRQ WR WKH OHIW RI IL[DWLRQ DSSHDUV WR KDYH QR

EHDULQJ RQ WKH VDFFDGH OHQJWK RI KHDULQJ UHDGHUV� WKH\ GR QRW XVH WKLV LQIRUPDWLRQ LQ VDFFDGH

SODQQLQJ� ,QVWHDG� WKH\ PD\ H[FOXVLYHO\ XVH ULJKWZDUG LQIRUPDWLRQ �ZKLFK ZDV QRW PDQLSXODWHG

LQ WKLV SDUDGLJP�� DV LQFUHDVHV LQ ULJKWZDUG VSDQ VL]H DUH DVVRFLDWHG ZLWK LQFUHDVHG VDFFDGH

OHQJWK �&KRL HW DO�� ����� %pODQJHU HW DO�� ����� 9HOGUH HW DO�� ������ ,Q FRQWUDVW� GHDI UHDGHUV

DSSHDU WR XVH OH[LFDO LQIRUPDWLRQ WR WKH OHIW RI IL[DWLRQ� VXFK WKDW ZKHQ PRUH LQIRUPDWLRQ LV

DYDLODEOH� WKH\ SODQ D VDFFDGH IDUWKHU LQWR WKH WH[W� 'HDI UHDGHUV DOVR GHFUHDVHG WKHLU UHJUHVVLRQ

UDWH ZKHQ WKH OHIWZDUG ZLQGRZ VL]H LQFUHDVHG IURP � WR � FKDUDFWHUV� LQ FRQWUDVW WR KHDULQJ

UHDGHUV� 7KLV SDWWHUQ VXJJHVWV WKDW ZKHQ PRUH LQIRUPDWLRQ EHFRPHV DYDLODEOH WR WKH OHIW RI

IL[DWLRQ� GHDI UHDGHUV DUH PRUH OLNHO\ WR HQJDJH LQ ODWH FRQILUPDWRU\ SURFHVVHV �9HOGUH HW DO��

����� RU FRQWLQXHG ZRUG LGHQWLILFDWLRQ� DOORZLQJ IRU D UHGXFWLRQ LQ UHJUHVVLRQV�

,W LV QRW FOHDU ZKHWKHU GHDI UHDGHUV¶ ODUJHU OHIWZDUG VSDQ LV GXH WR GHDIQHVV� $6/ XVH� RU

ERWK� 7R WHDVH WKHVH DSDUW� IXWXUH VWXGLHV VKRXOG FRPSDUH GHDI VLJQHUV� GHDI QRQ�VLJQHUV� KHDULQJ
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VLJQHUV� DQG KHDULQJ QRQ�VLJQHUV� ,I WKH HIIHFWV UHSRUWHG KHUH DUH D FRQVHTXHQFH RI GHDIQHVV� ZH

ZRXOG VHH D ODUJHU OHIWZDUG VSDQ IRU GHDI UHDGHUV �VLJQHUV DQG QRQ�VLJQHUV� EXW QRW KHDULQJ

UHDGHUV �VLJQHUV RU QRQ�VLJQHUV�� ,Q FRQWUDVW� LI WKHVH HIIHFWV DUH GXH WR $6/ H[SHULHQFH� ZH

ZRXOG VHH ODUJHU OHIWZDUG VSDQV IRU GHDI DQG KHDULQJ VLJQHUV� EXW QRW IRU GHDI DQG KHDULQJ

QRQ�VLJQHUV� ,I WKH LQFUHDVHG OHIWZDUG VSDQ UHVXOWV IURP D FRPELQDWLRQ RI GHDIQHVV DQG $6/

H[SHULHQFH� WKHQ ZH ZRXOG VHH D JUDGHG SDWWHUQ ZKHUHE\ GHDI VLJQHUV KDYH WKH ODUJHVW OHIWZDUG

VSDQ� KHDULQJ QRQ�VLJQHUV KDYH WKH VPDOOHVW OHIWZDUG VSDQ� DQG KHDULQJ VLJQHUV DQG GHDI

QRQ�VLJQHUV DUH LQ EHWZHHQ WKRVH JURXSV� ,W LV SRVVLEOH WKDW HIIHFWV PLJKW EH PRUH OLNHO\ WR EH GXH

WR $6/ H[SHULHQFH EHFDXVH RI WKH LQKHUHQW XVH RI WKH OHIWZDUG YLVXDO ILHOG LQ VLJQ ODQJXDJH

FRPSUHKHQVLRQ DQG WKH QHHG WR H[WUDFW OH[LFDO LQIRUPDWLRQ IURP WKLV DUHD� EXW HPSLULFDO GDWD LV

QHFHVVDU\ WR GHWHUPLQH WKLV��

2YHUDOO RXU UHVXOWV VXJJHVW WKDW� ZKLOH UHDGLQJ� GHDI DGXOWV DWWHQG WR D JUHDWHU DPRXQW RI

LQIRUPDWLRQ WKDW KDV DOUHDG\ EHHQ SURFHVVHG �L�H�� WR WKH OHIW RI IL[DWLRQ�� ZKLFK ZH WKHRUL]H KHOSV

WKHP WR UHDG IDVWHU� SODQ ORQJHU IRUZDUG VDFFDGHV� DQG LQWHJUDWH ZRUGV LQWR WKH VHQWHQFH ZLWKRXW

QHHGLQJ WR PDNH UHJUHVVLRQV� ,Q FRQWUDVW� KHDULQJ UHDGHUV GR QRW WDNH DGYDQWDJH RI OHIWZDUG

OH[LFDO LQIRUPDWLRQ ZKHQ UHDGLQJ� LQVWHDG WKH\ PXVW FOHDU XS DPELJXLWLHV E\ EUHDNLQJ XS WKH IORZ

RI WKHLU UHDGLQJ WR UHJUHVV EDFN LQWR WKH WH[W� 7RJHWKHU ZLWK WKH ILQGLQJ WKDW GHDI UHDGHUV KDYH

ODUJHU ULJKWZDUG VSDQV �%pODQJHU HW DO�� ����� ������ RXU UHVXOWV VXJJHVW WKDW GHDI UHDGHUV WDNH LQ

LQIRUPDWLRQ IDUWKHU IURP IL[DWLRQ WKDQ KHDULQJ UHDGHUV LQ ERWK GLUHFWLRQV� 7KHUHIRUH� LQIRUPDWLRQ

WKDW KDV DOUHDG\ EHHQ UHDG� ZKLFK ZDV SUHYLRXVO\ DVVXPHG WR EH XQLPSRUWDQW IRU KHDULQJ UHDGHUV�

PD\ EH DQ LPSRUWDQW IDFHW RI UHDGLQJ IRU GHDI VLJQLQJ LQGLYLGXDOV� &RQVHTXHQWO\� GHDI VLJQHUV¶

H[SHULHQFHV RXWVLGH RI WH[W UHDGLQJ� HLWKHU FRPPXQLFDWLQJ WKURXJK VLJQ RU QDYLJDWLQJ WKH ZRUOG
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YLVXDOO\� FDQ LPSDFW KRZ ZULWWHQ ODQJXDJH LV SURFHVVHG� :H FRQFOXGH WKDW GHDI UHDGHUV H[KLELW D

TXDOLWDWLYHO\ GLIIHUHQW DQG PRUH HIILFLHQW UHDGLQJ SURFHVV WKDQ VNLOO�PDWFKHG KHDULQJ UHDGHUV�
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6SHUOLFK� $�� 0HL[QHU� -�� 	 /DXEURFN� -� ������� 'HYHORSPHQW RI WKH SHUFHSWXDO VSDQ LQ UHDGLQJ�

$ ORQJLWXGLQDO VWXG\� -RXUQDO RI H[SHULPHQWDO FKLOG SV\FKRORJ\� ���� ��������

KWWSV���GRL�RUJ���������M�MHFS������������

6WHYHQV� &�� 	 1HYLOOH� +� ������� 1HXURSODVWLFLW\ DV D GRXEOH�HGJHG VZRUG� 'HDI HQKDQFHPHQWV

DQG G\VOH[LF GHILFLWV LQ PRWLRQ SURFHVVLQJ� -RXUQDO RI FRJQLWLYH QHXURVFLHQFH� ������

�������� KWWSV���GRL�RUJ���������MRFQ��������������

6WROO� &�� 	 '\H� 0� :� *� ������� 6LJQ ODQJXDJH H[SHULHQFH UHGLVWULEXWHV DWWHQWLRQDO UHVRXUFHV

WR WKH LQIHULRU YLVXDO ILHOG� &RJQLWLRQ� ���� �������

KWWSV���GRL�RUJ���������M�FRJQLWLRQ������������

7UD[OHU� 0�� %DQK� 7�� &UDIW� 0�� :LQVOHU� .�� %URWKHUV� 7�� +RYHUVWHQ� /�� 3LxDU 3�� 	 &RULQD� '�

������� :RUG VNLSSLQJ LQ GHDI DQG KHDULQJ ELOLQJXDOV� &RJQLWLYH FRQWURO RYHU H\H

PRYHPHQWV UHPDLQV ZLWK LQFUHDVHG SHUFHSWXDO VSDQ� $SSOLHG 3V\FKROLQJXLVWLFV� ������

�������� KWWSV���GRL�RUJ���������6�����������������

8QGHUZRRG� 1� 5�� 	 0F&RQNLH� *� :� ������� 3HUFHSWXDO VSDQ IRU OHWWHU GLVWLQFWLRQV GXULQJ

UHDGLQJ� 5HDGLQJ 5HVHDUFK 4XDUWHUO\� �������� KWWSV���GRL�RUJ���������������

9HOGUH� $�� 	 $QGUHZV� 6� ������� /H[LFDO TXDOLW\ DQG H\H PRYHPHQWV� ,QGLYLGXDO GLIIHUHQFHV LQ

WKH SHUFHSWXDO VSDQ RI VNLOOHG DGXOW UHDGHUV� 4XDUWHUO\ -RXUQDO RI ([SHULPHQWDO

3V\FKRORJ\� ��� ���±���� KWWS���G[�GRL�RUJ�����������������������������

9HOGUH� $�� :RQJ� 5� 	 $QGUHZV� 6� ������ 5HDGLQJ SURILFLHQF\ SUHGLFWV WKH H[WHQW RI WKH ULJKW�

EXW QRW OHIW� SHUFHSWXDO VSDQ LQ ROGHU UHDGHUV� $WWHQWLRQ� 3HUFHSWLRQ� 	 3V\FKRSK\VLFV� ���

��±��� KWWSV���GRL�RUJ���������V����������������[
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