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$FNQRZOHGJHPHQWV�

'LH�YRUOLHJHQGH�$UEHLW�LVW�LQ�PHLQHU�'RNWRUDQGHQ]HLW�DP�0D[�3ODQFN�,QVWLWXW�I�U�.RJQLWLRQV��

XQG�1HXURZLVVHQVFKDIWHQ�HQWVWDQGHQ��GDV�PLU�HLQHQ�KHUYRUUDJHQGHQ�XQWHUVW�W]HQGHQ�5DKPHQ�

I�U�GLH�8PVHW]XQJ�GHUVHOEHQ�JHERWHQ�KDW��$Q�GLHVHU�6WHOOH�P|FKWH�LFK�PLFK�EHL�DOOHQ�3HUVRQHQ�

DXIV�KHU]OLFKVWH�EHGDQNHQ��GLH�]XP�*HOLQJHQ�GHU�'RNWRUDUEHLW�EHLJHWUDJHQ�KDEHQ��

%HL�)UDX�3URI��'U��$QJHOD�)ULHGHULFL�EHGDQNH�LFK�PLFK�I�U�GLH�KHUYRUUDJHQGH�%HWUHXXQJ��GLH�

DXVJH]HLFKQHWHQ� $UEHLWVP|JOLFKNHLWHQ� XQG� GDV� VWHWH� 9HUWUDXHQ�� GDV� PLU� HQWJHJHQJHEUDFKW�

ZXUGH��'DU�EHU�KLQDXV�GDQNH�LFK�)UDX�3URI��'U��$QJHOD�)ULHGHULFL�XQG�)UDX�3URI��'U��,VDEHOO�

:DUWHQEXUJHU�I�U�GLH�%HUHLWVFKDIW�GHU�%HJXWDFKWXQJ�GLHVHU�$UEHLW���

*U|�WH�'DQNEDUNHLW�P|FKWH� LFK�'U��5HJLQH�2EHUHFNHU�DXVVSUHFKHQ��GLH�PLFK�YRQ�$QIDQJ�DQ�

EHGLQJXQJVORV� DXIJHQRPPHQ�XQG�XQWHUVW�W]W� KDW��6LH� KDW�PLU� VRZRKO� DXI� IDFKOLFKHU�DOV� DXFK�

DXI�RUJDQLVDWRULVFKHU�(EHQH�VHKU�YLHO�EHLJHEUDFKW��GDEHL�PLFK�DQKDOWHQG�EHVWlUNW�XQG�LQ�MHGHU�

6LWXDWLRQ�DXFK�QRFK�PLW�HLQHP�:LW]�DXIJHKHLWHUW��

'HU�%HUOLQ�6FKRRO�RI�0LQG�DQG�%UDLQ�GDQNH�LFK�I�U�GLH�$XIQDKPH�LQ�GLH�*UDGXDWH�6FKRRO�XQG�

I�U�GLH�H[]HOOHQWHQ�.XUVH��GLH�PLU�HLQH�KHUYRUUDJHQGH�*UXQGODJH�LQ�GHQ�1HXURZLVVHQVFKDIWHQ�

HUP|JOLFKW� KDEHQ�� 0HLQHQ� .RPPLOLWRQHQ� GRUW� JLOW� PHLQ� 'DQN� I�U� ]DKOUHLFKH� DQUHJHQGH�

'LVNXVVLRQHQ��,QVEHVRQGHUH�0DUHLNH�%D\HU�P|FKWH�LFK�I�U�,KUH�)UHXQGVFKDIW�GDQNHQ��

'HQ�.ROOHJHQ�DP�03,�JLOW�PHLQ�'DQN�I�U�GLH�HLQ]LJDUWLJH�8QWHUVW�W]XQJ�LQ�DOOHQ�%HUHLFKHQ�±�

$QGUHD�*DVW�6DQGPDQQ�XQG�.HUVWLQ�)ODNH�I�U�GLH�HUVWNODVVLJH�$QIHUWLJXQJ�YRQ�$EELOGXQJHQ��

&KULVWLQD� 5�JHQ�� 7LQD� 5DGWNH�� ,VDEHOO� 3ODXWK�� .HUVWLQ� 6WUHORZ�0RUJHQVWHUQ� XQG� &RQQ\�

6FKPLGW�I�U�GLH�+LOIH�EHL�GHU�(UKHEXQJ�GHU�((*�'DWHQ��(V�VHL�DQ�GLHVHU�6WHOOH�XQWHUVWULFKHQ��

ZLH�VHKU�LFK�&KULVWLQD�5�JHQ�YHUEXQGHQ�ELQ��GHUHQ�$UEHLW�I�U�PLFK�YRQ�XQVFKlW]EDUHP�:HUW�

LVW���

$QQH� 0HO]HU� GDQNH� LFK� VHKU� KHU]OLFK� I�U� ,KUH� 8QWHUVW�W]XQJ� LQ� GHU� HUVWHQ� 3KDVH� GHU�

(\HWUDFNHUHUKHEXQJHQ��%HVRQGHUV�&ODXGLD�0lQQHO��'DQD�0DULQRV�XQG�DOOHQ�0lGHOV�DXV�GHP�

/LQGHQKRI�ELQ�LFK�I�U�GLH�]DKOORVHQ�6WXQGHQ�GHU�IDFKOLFKHQ�XQG�SULYDWHQ�8QWHUVW�W]XQJ�lX�HUVW�

GDQNEDU��

%HL�5\DQ�:HOG]LXV�XQG�(ULF�-RQHV�EHGDQNH�LFK�PLFK�I�U�GDV�JHGXOGLJH�.RUUHNWXUOHVHQ��

�

1LFKW� LQ� :RUWH� ]X� IDVVHQ� LVW� PHLQH� 'DQNEDUNHLW� JHJHQ�EHU� PHLQHU� )DPLOLH� XQG� PHLQHQ�

)UHXQGHQ�I�U�LKUH�EHGLQJXQJVORVH�8QWHUVW�W]XQJ�XQG�LKU�YRUEHKDOWORVHV�9HUWUDXHQ��ZHOFKH�PLU�

GLH�.UDIW�JHEHQ��PHLQHQ�:HJ�]X�YHUIROJHQ��
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3UHIDFH�

5HJDUGLQJ�WKH�FRXUVH�DQG�PHFKDQLVPV�RI�ODQJXDJH�DFTXLVLWLRQ��VWLOO�YDULRXV�SX]]OLQJ�TXHVWLRQV�

UHPDLQ�WRGD\��0DQ\�LQVLJKWV�DOUHDG\�H[LVW�ZLWK�FRQFHUQ�WR� WKH�GHYHORSPHQW�SURFHHGLQJ�IURP�

WKH�DWWXQHPHQW� WR�VSHFLILF�SKRQHPHV�DQG�WKH�VHJPHQWDWLRQ�RI� WKH�VSHHFK�VWUHDP�LQ� LQIDQWV� WR�

WKH�DFTXLVLWLRQ�RI�WKH�ILUVW�ZRUGV�DQG�IXUWKHU�RQ�WR�WKH�DFTXLVLWLRQ�RI�V\QWDFWLF�UXOHV�LQ�WRGGOHUV��

<HW�� GLIIHUHQW� DVSHFWV� RI� WKH� DFTXLVLWLRQDO� FKDUDFWHULVWLFV� DQG� RI� WKH� WLPH� FRXUVH� IRU� FHUWDLQ�

OLQJXLVWLF� VWUXFWXUHV� DQG� IXQFWLRQV� UHPDLQ� GHEDWDEOH�� 7KH� XQGHUO\LQJ� SULQFLSOHV� DQG�� LQ�

SDUWLFXODU�� WKH� XQGHUO\LQJ� GHYHORSLQJ� QHXUDO� SURFHVVLQJ� V\VWHP� IRU� WKH� GLIIHUHQW� IDFHWV� RI�

ODQJXDJH�DFTXLVLWLRQ�JDLQHG�PRUH�DQG�PRUH�VFLHQWLILF�LQWHUHVW�LQ�UHFHQW�GHFDGHV��

2QH�SDUWLFXODU�LVVXH�LQ�WKH�FRQWH[W�RI�V\QWD[�DFTXLVLWLRQ�LV�KRZ�FKLOGUHQ�GHWHUPLQH�WKH�UHODWLRQ�

EHWZHHQ�SDUWLFLSDQWV�LQ�D�VHQWHQFH�RU�XWWHUDQFH�DQG�ZKLFK�VWUDWHJLHV�WKH\�HPSOR\�LQ�WKLV�UHJDUG��

,Q�HYHU\�VLPSOH�WUDQVLWLYH�FODXVH��WKH\�PXVW�ILQG�RXW�ZKR�LV�GRLQJ�ZKDW�WR�ZKRP��L�H���ZKR�DFWV�

LQ�WKH�VFHQH�DQG�ZKR�UHFHLYHV�WKH�DFWLRQ��,Q�*HUPDQ��ZRUG�RUGHU�RIWHQ�LQGLFDWHV�SDUWLFLSDQWV¶�

UHODWLRQ� EXW� FDVH� PDUNLQJ� SURYLGHV� WKH� PRVW� LQIRUPDWLYH� FXH� IRU� LW�� 7KH� FXUUHQW� VWXG\�

LQYHVWLJDWHV� WKH� PHFKDQLVPV� XQGHUO\LQJ� FKLOGUHQ¶V� DFTXLVLWLRQ� RI� WKH� FXHV� QHFHVVDU\� IRU�

VHQWHQFH� LQWHUSUHWDWLRQ� DQG� FRQWULEXWHV� WR� WKH� XQGHUVWDQGLQJ� RI� GHYHORSLQJ� DUJXPHQW�

H[SHFWDWLRQV�� ,W� DOVR� H[DPLQHV�� IRU� WKH� PRVW� SDUW�� WKH� FKDUDFWHULVWLFV� RI� RQ�OLQH� V\QWDFWLF�

SURFHVVLQJ�DQG�WKHLU�QHXURSK\VLRORJLFDO�EDVLV�LQ�WKLV�UHVSHFW���

7R� WKLV� HQG�� QRW� RQO\� D� EHKDYLRUDO�PHWKRG� EXW� DOVR� DQ� H\H� WUDFNLQJ� SDUDGLJP� DQG� WKH� (53�

PHWKRG�ZLOO� EH� HPSOR\HG� IRU� WKH� ILUVW� WLPH� LQ� FKLOGUHQ� EHWZHHQ� WKUHH� DQG� VL[� \HDUV� RI� DJH��

7KHVH� PHWKRGV� DOORZ� IRU� WKH� ILUVW� WLPH� WR� LQYHVWLJDWH� ERWK�� WKH� RQ�OLQH� WLPH� VHTXHQFH� RI�

VHQWHQFH� LQWHUSUHWDWLRQ� DV� ZHOO� DV� WKH� UHSUHVHQWDWLRQDO� QDWXUH� RI� DUJXPHQW� VWUXFWXUHV� LQ�

SUHVFKRROHUV���

3DUW�,�RI�WKH�FXUUHQW�ERRN��SURYLGHV�DQ�LQWURGXFWLRQ�LQWR�WKH�WRSLF�RI�V\QWD[��FRPSULVLQJ�ERWK�

OLQJXLVWLF� WKHRU\�DQG�HPSLULFDO�HYLGHQFH�� ,Q�&KDSWHU���� WKH� OHYHOV�RI�V\QWDFWLF�GHVFULSWLRQ�DUH�

LQWURGXFHG�ZLWK�VSHFLILF�HPSKDVLV�RQ�WKH�UHDOL]DWLRQ�RI�KLHUDUFKLFDO�GHSHQGHQFLHV�EHWZHHQ�WKH�

DUJXPHQWV� LQ� D� VHQWHQFH�� ,Q� &KDSWHU� ��� D� VXPPDU\� RI� EHKDYLRUDO� DQG� QHXURSK\VLRORJLFDO�

HYLGHQFH�FRQFHUQLQJ�V\QWDFWLF�SURFHVVLQJ�LQ�DGXOWV�LV�LQFRUSRUDWHG�LQWR�QHXURFRJQLWLYH�PRGHOV�

RI� ODQJXDJH� FRPSUHKHQVLRQ��&KDSWHU���GLVFXVVHV�EHKDYLRUDO� DQG�QHXURSK\VLRORJLFDO� UHVHDUFK�

RQ� WKH� GHYHORSPHQW� RI� V\QWDFWLF� SURFHVVLQJ� LQ� FKLOGUHQ�� ZKLFK� LV� HPEHGGHG� LQ� D� PRGHO� RI�

DFTXLVLWLRQ�� 3DUW� ,,� FRQVLVWV� RI� D� IRUPXODWLRQ� RI� WKH� UHVHDUFK� TXHVWLRQ� �&KDSWHU� ���� DQG� DQ�

H[SODQDWLRQ�RI� WKH�H[SHULPHQWDO�PHWKRGV�LQ�WKH�SUHVHQW�H[SHULPHQWV��&KDSWHU����� ,W�FRQWLQXHV�

�������������������������������������������������
��6HFWLRQV�RI�WKH�LQWURGXFWLRQ��WKH�GLVFXVVLRQ�DQG�HVSHFLDOO\�RI�6WXG\�,,�UHJDUGLQJ�WKH�SURFHVVLQJ�RI�DUJXPHQW�
YLRODWLRQV�LQ�FKLOGUHQ�KDYH�EHHQ�SXEOLVKHG�LQ�6FKLSNH��)ULHGHULFL��DQG�2EHUHFNHU���������6HFWLRQV�RI�WKH�
LQWURGXFWLRQ��WKH�GLVFXVVLRQ�DQG�HVSHFLDOO\�RI�6WXG\�,�DQG�,,�FRQFHUQLQJ�WKH�SURFHVVLQJ�RI�REMHFW�LQLWLDO�
VWUXFWXUHV�DUH�LQ�SUHVV���6FKLSNH��.QROO��)ULHGHULFL��	�2EHUHFNHU��LQ�SUHVV���
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ZLWK�6WXG\�,�LQYHVWLJDWLQJ�WKH�SURFHVVLQJ�RI�GLIIHUHQW�DUJXPHQW�VWUXFWXUHV�LQ�DGXOWV��&KDSWHU����

DQG�ZLWK� 6WXG\� ,,� H[DPLQLQJ� WKH� SURFHVVLQJ� RI� WKH� VDPH� VWUXFWXUHV� LQ� SUHVFKRROHUV� DW� WKUHH�

GLIIHUHQW�DJHV��&KDSWHU�����(YHQWXDOO\��LQ�3DUW�,,,��WKHUH�LV�D�GLVFXVVLRQ�RI�WKH�SUHVHQW�ILQGLQJV�

IRU� DGXOWV� DQG� FKLOGUHQ� DQG� DQ� HYDOXDWLYH� FRPSDULVRQ� RI� WKH� GLIIHUHQW� PHWKRGV� HPSOR\HG�

WKURXJKRXW�WKH�ZKROH�VWXG\��&KDSWHU�����7KH�ERRN�FORVHV�ZLWK�IXWXUH�SHUVSHFWLYHV��&KDSWHU����

DQG�D�FRQFOXVLRQ��&KDSWHU�������
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I Introduction 
�

7KH� NH\� WR� VHQWHQFH� FRPSUHKHQVLRQ� OLHV� LQ� XQGHUVWDQGLQJ� WKH� UHODWLRQV� EHWZHHQ� VHQWHQWLDO�

DUJXPHQWV�� ,Q� VLPSOH� WUDQVLWLYH� VWUXFWXUHV� XQGHUVWDQGLQJ� who is doing what to whom� LV�

HVVHQWLDO� DV� LW� DOORZV� WKH� FRUUHFW� LQWHUSUHWDWLRQ� RI� D� VHQWHQFH¶V� PHDQLQJ�� )RU� LQVWDQFH�� LQ� D�

VHQWHQFH�VXFK�DV�³WKH�PDQ�VKRRWV�WKH�SROLFHPDQ�´�LW�PDNHV�D�JUHDW�GLIIHUHQFH�ZKHWKHU�WKH�PDQ�

VKRRWV�WKH�SROLFHPDQ�RU�WKH�SROLFHPDQ�VKRRWV�WKH�PDQ��:KLOH�WKH�IDFWRU�ZRUG�RUGHU�PDNHV�WKH�

LQWHUSUHWDWLRQ�RI�WKH�SUHVHQW�H[DPSOH�TXLWH�HDV\��LW�FDQ�EH�PRUH�GLIILFXOW�LQ�RWKHU�ODQJXDJHV��,Q�

FDVH�PDUNHG� ODQJXDJHV� OLNH� *HUPDQ�� RQH� SURSRVLWLRQ� FDQ� EH� H[SUHVVHG� LQ� VLPSOH� WUDQVLWLYH�

VWUXFWXUHV� LQ� WZR� GLIIHUHQW� ZD\V� ZLWKRXW� FKDQJLQJ� LWV� PHDQLQJ�� DQ� REMHFW�LQLWLDO� RU� VXEMHFW�

LQLWLDO�FRQVWUXFWLRQ��:KHWKHU�WKH�ILUVW�DUJXPHQW�LQ�D�WUDQVLWLYH�VHQWHQFH�IXQFWLRQV�DV�D�VXEMHFW�RU�

DQ�REMHFW�GHSHQGV�RQ�LWV�FDVH�PDUNLQJ��&RQVLGHU�WKH�IROORZLQJ�*HUPDQ�H[DPSOHV���

�

��D�� 'HU�0DQQ�HUVFKLH�W�GHQ�3ROL]LVWHQ���

>WKH�PDQ@120�VKRRWV�>WKH�SROLFHPDQ@$&&�

µ7KH�PDQ�VKRRWV�WKH�SROLFHPDQ�¶�

��E�� 'HQ�3ROL]LVWHQ�HUVFKLH�W�GHU�0DQQ��

>WKH�SROLFHPDQ@$&&�VKRRWV�>WKH�PDQ@120�

µ7KH�PDQ�VKRRWV�WKH�SROLFHPDQ�¶�

�

7KH�QRQ�DPELJXRXV�FDVH�PDUNLQJ�QRW�RQO\�DOOXGHV�WR�WKH�JUDPPDWLFDO�IXQFWLRQ�RI�D�FRQVWLWXHQW�

EXW�DOVR�WR�LWV�WKHPDWLF�UROH�LQ�WKLV�FRQWH[W��7KH�QRPLQDWLYH�FDVH�GHVLJQDWHV�µGHU�0DQQ¶�LQ���D��

DQG���E��DV� WKH�VXEMHFW�DQG��FUXFLDOO\��DV� WKH�DFWRU� �$JHQW�� LQ� WKH�VFHQH��7KH� DFFXVDWLYH�FDVH�

PDUNV� µGHQ� 3ROL]LVWHQ¶� LQ� ��D�� DQG� ��E�� DV� WKH� REMHFW�� (YHQ� PRUH� LPSRUWDQW�� ZLWKLQ� WKH�

UHODWLRQVKLS�RI�who is doing what to whom��LW�DOORZV�WKH�SURFHVVLQJ�V\VWHP�WR�GHGXFH�WKDW�WKH�

SROLFHPDQ�LV�WKH�SDUWLFLSDQW�EHLQJ�VKRW�DQG�WKXV�WKH�3DWLHQW�LQ�WKLV�SURSRVLWLRQ��0RVW�QRWDEO\��

ZRUG�RUGHU�FDUULHV�QR�LQIRUPDWLRQ�LQ�WKLV�LQVWDQFH��7KH�PHDQLQJV�RI���D��DQG���E��DUH�LGHQWLFDO�

LUUHVSHFWLYH�RI�WKH�SDUWLFXODU�ZRUG�RUGHU�±�SUDJPDWLF�DQG�FRQWH[WXDO�IDFWRUV�DUH�QRW�WDNHQ�LQWR�

DFFRXQW�DW�WKLV�SRLQW��:LWKRXW�GRXEW��ZRUG�RUGHU�DQG�DQLPDF\�GLIIHUHQFHV�FDQ�DOVR�IXQFWLRQ�DV�

FXHV� IRU� LGHQWLI\LQJ� DUJXPHQW� UHODWLRQV� DQG� HVWDEOLVKLQJ� WKHPDWLF� KLHUDUFKLFDO� RUGHULQJ� RI�

SURSRVLWLRQV�LQ�*HUPDQ��ZKLFK�ZLOO�EH�DGGUHVVHG�ODWHU��

�
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1 Linguistic Foundation 
)RU� WKH� SXUSRVH� RI� SURYLGLQJ� D� OLQJXLVWLF� EDVLV� IRU� WKH� IDFWV� VNHWFKHG� DERYH�� WKH� IROORZLQJ�

FKDSWHUV�ZLOO�H[SODLQ�WKH�GLIIHUHQW�OHYHOV�RI�GHVFULSWLRQ�LQ�PRUH�GHWDLO��7KH\�ZLOO�DOVR�VHUYH�DV�

DQ� H[SODQDWLRQ� RI� WKH� QRPHQFODWXUH� RSHUDWHG� ZLWK� WKURXJKRXW� WKH� UHPDLQLQJ� ERRN�� $V�

LOOXVWUDWHG� DERYH�� OLQJXLVWV� UHIHU� WR� WKH� VDPH�DUJXPHQW� LQ�D� VHQWHQFH�RU� FODXVH�ZLWK�GLIIHUHQW�

WHUPV�WKDW�HPSKDVL]H�GLIIHUHQW�YLHZV�RI�LW��7KH�OHYHO�RI�WKH�V\QWDFWLF�IXQFWLRQ�RI�WKH�DUJXPHQW�

RU� WKH� OHYHO�RI� WKH� WKHPDWLF� UROH�RI� WKH�DUJXPHQW�ZLWK� WKH� ODWWHU�VWUHVVLQJ� WKH� UDWKHU�VHPDQWLF�

UHODWLRQV� EHWZHHQ� DQ� DUJXPHQW� DQG� WKH� YHUE��7KH� WKHPDWLF� UROH� RU� V\QWDFWLF� IXQFWLRQ� FDQ� EH�

UHDOL]HG� RU� VLJQDOHG� GHSHQGLQJ� RQ� WKH� ODQJXDJH� H[DPLQHG�� E\� FDVH�PDUNLQJ� RQ� WKH�

PRUSKRORJLFDO�OHYHO��E\�ZRUG�RUGHU�RQ�WKH�V\QWDFWLF�OHYHO��DQG�DGGLWLRQDOO\�E\�DQLPDF\�RQ�WKH�

VHPDQWLF�OHYHO��

7KH�IROORZLQJ�FKDSWHUV�ZLOO�FODULI\�ILUVW�WKH�V\QWDFWLF�IXQFWLRQV�RI�DUJXPHQWV��WKHQ�WKH�WKHPDWLF�

UROHV� RI� DUJXPHQWV�� DQG� IXUWKHUPRUH� WKHLU� UHDOL]DWLRQV� E\� FDVH�PDUNLQJ�� ZRUG� RUGHU�� DQG�

DQLPDF\��

�

1.1 Syntactic Functions  
7KH� WUDGLWLRQDO� QRWLRQ� RI� V\QWDFWLF� IXQFWLRQV� DV� VXEMHFW�� REMHFW�� SUHGLFDWH�� DQG� DGYHUE� LV� D�

ZLGHO\� XVHG� FRQFHSW� DOWKRXJK� D� SUHFLVH� GHILQLWLRQ� RI� WKHVH� IXQFWLRQV� ZDV� QHYHU� FRPSOHWHO\�

DFKLHYHG��$V�'�UVFKHLG� ������� SRLQWV� RXW� IRU� H[DPSOH�� WHVWV� IRU� LGHQWLI\LQJ� D� VXEMHFW� IDLO� WR�

DSSO\� WR� DOO� VXEMHFWV� DQG� QRW� DOO� FULWHULD� VWDWHG� IRU� VXEMHFWV� DUH� DSSOLFDEOH� LQ� DOO� FDVHV��

1HYHUWKHOHVV�� DV� DQ� RSHUDWLRQDO� ODQJXDJH� DQG� DQ� DLG� WR� GHVFULEH� JUDPPDWLFDO� UHODWLRQV�� WKH�

WUDGLWLRQDO� WHUPV� IRU� V\QWDFWLF� IXQFWLRQV� DUH� VWLOO� HPSOR\HG� E\� QXPHURXV� JUDPPDWLFDO�

DSSURDFKHV� DV�� IRU� H[DPSOH�� YDOHQFH� JUDPPDU�� XVDJH�EDVHG� DSSURDFKHV�� DQG� JHQHUDWLYH�

JUDPPDU��7KH\�ZLOO� DOVR�EH�XVHG� LQ� WKLV�ERRN�DQG�KHQFH�D�EULHI� H[SODQDWLRQ�RI� WKH�FRQFHSWV�

ZLOO�IROORZ��KRZHYHU��LW�FDQ�RQO\�EH�DQ�DSSUR[LPDWLRQ�RI�WKHVH��DV�FOHDU�GHILQLWLRQV�GR�QRW�\HW�

H[LVW��5DWKHU��WKH�SURWRW\SLFDO�IHDWXUHV�RI�WKH�V\QWDFWLF�FDWHJRULHV�ZLOO�EH�VSHOOHG�RXW��%HFDXVH�LW�

ZLOO�QRW�RFFXU�DV�D�WRSLF�RI�WKLV�ZRUN��DGYHUEV�ZLOO�QRW�EH�IXUWKHU�H[SODLQHG�KHUH��

7KH� V\QWDFWLF� IXQFWLRQ�RI� D� subject LV� LQGHSHQGHQW� RI� LWV� UHDOL]DWLRQ�E\� D� SDUWLFXODU� V\QWDFWLF�

FDWHJRU\��)RU�LQVWDQFH��D�VXEMHFW�FDQ�RFFXU�DV�D�SURQRXQ��H�J���³+H�VOHHSV�´���RU�D�QRXQ�SKUDVH�

�13�� �H�J��� ³7KH� PDQ� VOHHSV�´��� RU� DV� DQ� LQILQLWLYH� SKUDVH� �H�J��� ³7R� ZDNH� XS� ZDV� QRW� DQ�

RSWLRQ�´���RU�DV�D�FODXVH��H�J���³7KDW�KH�ZLOO�EH�DVOHHS�ZDV�WDNHQ�IRU�JUDQWHG�´���1HYHUWKHOHVV��

IURP�D�IRUPDO�SRLQW�RI�YLHZ��LW�LV�SURWRW\SLFDOO\�PRVW�RIWHQ�UHDOL]HG�DV�DQ�13�LQ�WKH�QRPLQDWLYH�

FDVH��IRU�D�GLVFXVVLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�FRQFHSWV�RI�VXEMHFW�DQG�QRPLQDWLYH��FI��

5HLV���������,Q�DGGLWLRQ��DV�WKH�VXEMHFW��LW�DOVR�UHTXLUHV�DJUHHPHQW�ZLWK�WKH�SUHGLFDWH�LQ�SHUVRQ�
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DQG�QXPEHU��/�KU���������,Q�VRPH�ODQJXDJHV��H�J��+HEUHZ��LW�DOVR�DJUHHV�ZLWK�WKH�SUHGLFDWH�LQ�

JHQGHU� �'HXWVFK�� %HQWLQ��	�.DW]�� ������� )URP� D� SUDJPDWLF� SHUVSHFWLYH�� WKH� VXEMHFW� XVXDOO\�

FRQVWLWXWHV� WKH� WRSLF� RI� D� SURSRVLWLRQ�� WKH� RQH�ZKLFK� LV� WDONHG� DERXW�� DQG� LQ� WKH�PDMRULW\� RI�

RFFXUUHQFHV�� LW� FDQ� EH� DVNHG� IRU� WKH� VXEMHFW� E\� ³ZKR� RU� ZKDW´� DV� D� WHVW� IRU� WKH� V\QWDFWLF�

IXQFWLRQ��'�UVFKHLG����������

7KH�V\QWDFWLF�IXQFWLRQ�RI�DQ�object�FDQ�DOVR�EH�UHDOL]HG�E\�D�SURQRXQ�RU�13��H�J���³+H�NLVVHV�

KHU�WKH�ZRPDQ�´���RU�DV�D�FODXVH��H�J���³:H�NQRZ�WKDW�KH�NLVVHV�KHU�´���RU�DV�DQ�LQILQLWLYH��H�J���

³+H�GHFLGHG�WR�NLVV�KHU�´���7UDGLWLRQDO�JUDPPDU�GLVWLQJXLVKHV�EHWZHHQ�GLUHFW��H�J���³+H�JLYHV�

KHU� D�NLVV�´�� DQG� LQGLUHFW� �H�J��� ³+H�JLYHV�KHU� D�NLVV�´��REMHFWV� �(LVHQEHUJ���������7KH�GLUHFW�

REMHFW��ZKLFK�UHSUHVHQWV�WKH�W\SH�RI�REMHFW�WKDW�WKH�IROORZLQJ�UHVHDUFK�LV�H[DPLQLQJ��DVVRFLDWHV�

SURWRW\SLFDOO\�ZLWK� WKH� IRUPDO�FULWHULRQ�RI�EHDULQJ�DFFXVDWLYH�FDVH�PDUNLQJ�DQG� WKH�V\QWDFWLF�

FULWHULRQ�RI�EHFRPLQJ�WKH�VXEMHFW�LQ�D�WUDQVLWLYH�SDVVLYH�VHQWHQFH��H�J���³+H�NLVVHV�WKH�ZRPDQ�´�

�³7KH�ZRPDQ�LV�NLVVHG�E\�KLP�´���3UDJPDWLFDOO\�VHHQ��WKH�GLUHFW�REMHFW�FRQVWLWXWHV�WKH�WDUJHW�

SRLQW�RI�WKH�DFWLRQ�H[SUHVVHG�E\�WKH�SUHGLFDWH��'�UVFKHLG���������

7KH� V\QWDFWLF� IXQFWLRQ� RI� D� predicate� FDQ� RQO\� SURWRW\SLFDOO\� EH� UHDOL]HG� E\� WKH� V\QWDFWLF�

FDWHJRU\�RI�D�YHUE��DW� OHDVW� IURP�D� WUDGLWLRQDO�YLHZSRLQW� �(LVHQEHUJ��������/�KU�������� �H�J���

³+H� NLVVHV� KHU�´��� LQ� JHQHUDWLYH� JUDPPDU�� LQ� FRQWUDVW�� WKH� SUHGLFDWH� XVXDOO\� HTXDOV� D� YHUEDO�

SKUDVH�WKDW�LV�FRPSRVHG�E\�WKH�YHUE�DQG�WKH�QRQ�YHUEDO�SKUDVHV�WKDW�DUH�GHSHQGHQW�RI�WKH�YHUE�

�&KRPVN\�� ������� 7KH� SUHGLFDWH� VHPDQWLFDOO\� GHVLJQDWHV� DQ� DFWLRQ�� SURFHVV�� RU� FRQGLWLRQ�

UHODWHG�WR�WKH�VXEMHFW�DQG�IRUPDOO\�DJUHHV�ZLWK�LW��'�UVFKHLG���������

�

)URP�D�VHPDQWLF�SRLQW�RI�YLHZ��WKH�VXEMHFW�LV�JHQHUDOO\�DVVRFLDWHG�ZLWK�WDNLQJ�WKH�UROH�RI�WKH�

$JHQW��.HHQDQ���������+RZHYHU��DV�WKH�DXWKRU�HPSKDVL]HV��WKLV�LV�PDLQO\�RQO\�WUXH�IRU�DFWLYH�

WUDQVLWLYH�VHQWHQFHV��+HQFH��LQ�WKH�H[DPSOH�DERYH�³WKH�ZRPDQ�LV�NLVVHG�E\�KLP�´�WKH�VXEMHFW�

FOHDUO\�GRHV�QRW�HTXDO�WKH�$JHQW�EXW�WKH�3DWLHQW�LQ�WKLV�FDVH�RI�D�SDVVLYH�VWUXFWXUH��0RUHRYHU��

WKLV�LVVXH�DSSOLHV�DOVR�WR�LQWUDQVLWLYH�VWUXFWXUHV�LQ�ZKLFK�WKH�VXEMHFW�GRHV�QRW�RFFXU�DV�WKH�$JHQW�

�FI�� ³7KH� HDUWKTXDNH� KDSSHQV�´�� EXW� UDWKHU� DV� WKH� 3DWLHQW�� 1HYHUWKHOHVV� LV� WKH� GLUHFW� REMHFW�

SURWRW\SLFDOO\� FRUUHODWHG� ZLWK� WKH� UROH� RI� WKH� 3DWLHQW� �'�UVFKHLG�� ������� 7KH� SURWRW\SHV� RI�

$JHQWV� DQG�3DWLHQWV�ZLOO� EH� IXUWKHU� FODULILHG� LQ� WKH� QH[W� VXEFKDSWHU� DV�ZHOO� DV� WKH� WKHRU\� RI�

WKHPDWLF�UROHV�LQ�JHQHUDO��

�

1.2 Thematic Roles and Relations  
7KHPDWLF� UROHV� IXQFWLRQ� WR� FRQQHFW� VHPDQWLFV� ZLWK� V\QWD[�� DQG� PRUH� VSHFLILFDOO\�� WR� PDS�

VHPDQWLFV� RQWR� DUJXPHQWV� EHDULQJ� V\QWDFWLF� IXQFWLRQV�� 7KHVH� WKHPDWLF� UROHV� VHUYH� DV�
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JHQHUDOL]DWLRQV�RYHU�FODVVHV�RI�GLIIHUHQW�YHUEV�DQG� WKHLU�PHDQLQJV�DQG�QRW�RQO\� IRU�RQH�YHUE�

PHDQLQJ��)RU� LQVWDQFH�� LQ� WKH�H[DPSOH�³WKH�PDQ�NLVVHV� WKH�ZRPDQ´�� WKH� UROH�RI� WKH�kisser LV�

DVVLJQHG�WR�WKH�PDQ�DQG�WKH�UROH�RI�WKH�RQH�EHLQJ�NLVVHG�WR�WKH�ZRPDQ��

7KHPDWLF� UROHV�� LQ� WXUQ�� SHUPLW� WR� JHQHUDOL]H� WKHVH� UROHV� WR� WKH� $JHQW� RU� WKH� 3DWLHQW��

UHVSHFWLYHO\��RYHU�D�FODVV�RI�WUDQVLWLYH�YHUEV�VKDULQJ�WKH�VDPH�WKHPDWLF�DQG�V\QWDFWLF�SURSHUWLHV��

UHJDUGOHVV�RI�WKH�LQWULQVLF�SDUWLFXODU�YHUE�PHDQLQJ��+DHJHPDQQ���������%H\RQG�WKHVH�FRQFHSWV�

RI� WKHPDWLF� UROHV�� ZKLFK� DUH� VWLOO�PDQ\� DQG� HDFK� GHVFULELQJ� VHSDUDWH� WKHPDWLF� SURSHUWLHV� RI�

DUJXPHQWV� �H�J��� WKH�PDQ� LV� EHLQJ� DVVLJQHG� WR� WKH� UROH� RI� WKH�$JHQW� LQ� ³WKH�PDQ� NLVVHV� WKH�

ZRPDQ�´�EXW�WR�WKH�UROH�RI�WKH�Experiencer�LQ�³WKH�PDQ�OLNHV�WKH�ZRPDQ´��*ULPVKDZ����������

generalized thematic roles�RU�SURWRW\SHV�RI�WKHPDWLF�UROHV�KDYH�EHHQ�LQWURGXFHG�E\�D�QXPEHU�

RI�VFKRODUV��'RZW\��������)ROH\�	�9DQ�9DOLQ��������.LEULN��������3ULPXV��������9DQ�9DOLQ��

������9DQ�9DOLQ�	�/D�3ROOD���������

7KHVH�SURWRW\SHV�PDNH�D�IXUWKHU�DEVWUDFWLRQ�RI� WKHPDWLF�UROHV� WR�Proto-Roles�SRVVLEOH��:KLOH�

'RZW\��������DVVXPHV�RQO\�WZR�3URWR�5ROHV��3URWR�$JHQW�DQG�3URWR�3DWLHQW���3ULPXV��������

GHVFULEHV� WKUHH� 3URWR�5ROHV�� 3URWR�$JHQW�� 3URWR�3DWLHQW�� DQG� 3URWR�5HFLSLHQW�� 7KHVH� 3URWR�

5ROHV�DUH�GHILQHG�RQ�WKH�EDVLV�RI�the number of Proto-Role entailments of each argument of a 

verb� LQ�WKH�FDVH�RI�'RZW\���������DQG�E\�a number of entailments of Proto-Role relations LQ�

WKH�FDVH�RI�3ULPXV� ��������7KXV��3URWR�5ROHV�DUH� VHWV�RI� HQWDLOPHQWV�RI� D� FODVV�RI�SURSHUWLHV�

WKDW�DUJXPHQWV�FDQ�EHDU�LQ�UHODWLRQ�WR�HDFK�RWKHU�RU�WR�D�SUHGLFDWH��7KH�ZRUG�Proto��H[SUHVVHV�

WKH�IDFW�WKDW�QRW�WKH�HQWLUH�VHW�RI�HQWDLOPHQWV�QHHGV�WR�PDWFK�DQ�DUJXPHQW�LQ�RUGHU�WR�UHSUHVHQW�D�

PHPEHU�RI�D�FHUWDLQ�3URWR�5ROH��1H[W�� WKH� WKUHH�3URWR�5ROHV�GLIIHUHQWLDWHG�E\�3ULPXV� �������

ZLOO�EH�EULHIO\�H[SOLFDWHG�VLQFH�KHU�FKDUDFWHUL]DWLRQ�SUHVHQWV�WKH�DGYDQWDJH�RI�GHILQLQJ�3URWR�

5ROHV� RQ� WKH� EDVLV� RI� UHODWLRQV� EHWZHHQ� WKRVH�� DQ� DSSURDFK� ZKLFK� LV� DOVR� WDNHQ� E\� D�

QHXURFRJQLWLYH� PRGHO� RI� ODQJXDJH� SURFHVVLQJ�� WKH� extended Argument Dependency Model�

�H$'0���%RUQNHVVHO�	�6FKOHVHZVN\������D���

�

$�Proto-Agent�LV�D�VHW�RI�HQWDLOPHQWV�RI�WKH�FRQWURO�UHODWLRQ�ZKR�FDXVHV�WKH�HYHQW�H[SUHVVHG�E\�

WKH�SUHGLFDWH��,Q�DGGLWLRQ��3ULPXV��������DVVXPHV�WKDW�DQ�LGHDO�3URWR�$JHQW�DFWV�GHOLEHUDWHO\��

PRYHV��DQG�LV�DQLPDWH�ZLWK�moves�UHSUHVHQWLQJ�WKDW�WKH�SURWRW\SLFDO�FRQWURO�LQFOXGHV�D�IRUP�RI�

SK\VLFDO�DFWLYLW\�E\�WKH�3URWR�$JHQW���

$� Proto-Patient� LV� D� VHW� RI� HQWDLOPHQWV� RI� EDVLF� UHODWLRQV� WKDW� HQWLUHO\� LQYROYH� WKHPDWLF�

GHSHQGHQF\� RQ� DQRWKHU� DUJXPHQW�� H�J��� WKH� 3URWR�3DWLHQW� LV� H[SHULHQFLQJ� D� VWLPXOXV�� RU� LV�

SRVVHVVHG� E\� D� SRVVHVVRU�� RU� LV� FDXVDOO\� DIIHFWHG� E\� D� FDXVLQJ� SDUWLFLSDQW�� +HQFH�� 3ULPXV�

������� DVVXPHV� WKDW� WKH� 3URWR�$JHQW� DQG� WKH� 3URWR�3DWLHQW� DUH� QRW� GLIIHUHQW� LQ� WKHLU� EDVLF�

WKHPDWLF�UHODWLRQV�EXW�LQ�WKHLU�GHSHQGHQFLHV�WR�HDFK�RWKHU��
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$�Proto-Recipient� WDNHV�D�PLGGOH�SRVLWLRQ�EHWZHHQ� WKH�3URWR�$JHQW�DQG� WKH�3URWR�3DWLHQW�DV�

GHSHQGLQJ�RQ�WKH�3URWR�$JHQW��EXW�DW�WKH�VDPH�WLPH�KDV�RWKHU�SRVVLEOH�DUJXPHQWV�GHSHQGHQW�RQ�

LW��

�

,Q� FRQVHTXHQFH�� WKH� UHODWLRQV� EHWZHHQ� WKH� WKUHH� GLIIHUHQW� 3URWR�5ROHV� DUH� FDSWXUHG� LQ� D�

WKHPDWLF�KLHUDUFK\��3ULPXV���������IRU�VLPLODU�KLHUDUFKLHV��FRPSDUH�DOVR�%UHVQDQ�	�.DQHUYD��

������ *LYyQ�� ������ *ULPVKDZ�� ������ -DFNHQGRII�� ������� ZKLFK� LQFOXGHV� WKDW� WKH� 3URWR�

5HFLSLHQW�GHSHQGV�WKHPDWLFDOO\�RQ�WKH�3URWR�$JHQW�DQG�WKH�3URWR�3DWLHQW�GHSHQGV�WKHPDWLFDOO\�

RQ�WKH�3URWR�$JHQW�DQG�WKH�3URWR�5HFLSLHQW��,W�LV�DOVR�FUXFLDO�WR�QRWH�WKDW�WKH�RFFXUUHQFH�RI�D�

3URWR�3DWLHQW� SUHVXSSRVHV� WKH� RFFXUUHQFH� RI� D� 3URWR�5HFLSLHQW� RU� D� 3URWR�$JHQW�� ,Q� WKLV�

XQLYHUVDO�KLHUDUFK\��WKH�3URWR�$JHQW�LV�UDQNHG�KLJKHVW��FI��H[DPSOH�������

�

7KHPDWLF�+LHUDUFK\����

3URWR�$JHQW�!�3URWR�5HFLSLHQW�!�3URWR�3DWLHQW�

�

)RU�WKH�UHDVRQ�WKDW�WKH�WKHPDWLF�KLHUDUFK\�LV�FODLPHG�WR�EH�D�VHPDQWLF�SURSHUW\�DQG�XQLYHUVDO��LW�

IROORZV�WKDW�LW�LV�FRPSOHWHO\�LQGHSHQGHQW�RI�V\QWDFWLF�VWUXFWXUHV���

�

)RU�DOO�WKHPDWLF�UROHV��WKH�WKHRU\�RI�WKH�Theta Criterion IRUPXODWHG�E\�&KRPVN\��������DV�SDUW�

RI� WKH� *RYHUQPHQW�%LQGLQJ�7KHRU\� KROGV� WKDW� HDFK� WKHPDWLF� UROH� LQGLFDWHG� E\� D� UHVSHFWLYH�

FDVH� VKRXOG� RQO\� EH� DVVLJQHG� RQFH� �VHH� DOVR� +DHJHPDQQ�� ������� $� RQH�WR�RQH� PDSSLQJ� RI�

WKHPDWLF� UROHV� WR� V\QWDFWLF� DUJXPHQWV� LPSOLHV��PRUHRYHU�� WKDW�HYHU\�DUJXPHQW�FDQ�RQO\�FDUU\�

RQH� WKHPDWLF� UROH�� DQG�� YLFH� YHUVD�� WKDW� HYHU\� WKHPDWLF� UROH� FDQ� RQO\� EH� DVVLJQHG� WR� RQH�

DUJXPHQW��$OVR�DV�D�FRQVHTXHQFH��HYHU\�DUJXPHQW�QHHGV�WR�EH�ILOOHG�ZLWK�D�WKHPDWLF�UROH�DQG�

FDQQRW�VWDQG�ZLWKRXW�RQH���

�

1.3 Morphosyntactic Realizations: Case-marking and Word Order 
+RZ� LV� WKH� RQH�WR�RQH�PDSSLQJ� �VHH� DERYH�� RI� WKHPDWLF� UROHV� WR� DUJXPHQWV� UHDOL]HG� LQ� WKH�

FRQFUHWH� FDVH� RI� *HUPDQ"� $OWKRXJK� WKH� SUHGLFDWH� GHWHUPLQHV� WKH� WKHPDWLF� SURSHUWLHV� RI�

DUJXPHQWV� DQG� WKH� QXPEHU� RI� DUJXPHQWV� WR� EH� ILOOHG�� LQ� PDQ\� FDVHV� WKH� FRPSOHWH� VHW� RI�

HQWDLOPHQWV�FDQQRW�EH�REWDLQHG�IURP�WKH�SUHGLFDWH�LQ�RQOLQH�ODQJXDJH�SURFHVVLQJ��)RU�H[DPSOH��

LQ� *HUPDQ� VXERUGLQDWH� FODXVHV�� WKH� YHUE� WDNHV� D� ILQDO� SRVLWLRQ� DQG� WKXV� SURYLGHV� WKHPDWLF�

LQIRUPDWLRQ�RQO\�DW�WKH�YHU\�HQG�RI�WKH�VHQWHQFH��0RUHRYHU��JLYHQ�WKDW�ZRUG�RUGHU�LV�UHODWLYHO\�

�������������������������������������������������
��:KHUHE\�$�!�%�GHVLJQDWHV�$�EHLQJ�UDQNHG�WKHPDWLFDOO\�KLJKHU�WKDQ�%��
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IUHH� LQ� *HUPDQ�� WKHPDWLF� UROHV� RI� DUJXPHQWV� KDYH� WR� EH� XQDPELJXRXVO\� DVVLJQHG� E\� RWKHU�

PHDQV��&RQVHTXHQWO\�� LQIRUPDWLRQ�DERXW� WKHPDWLF� UHODWLRQVKLSV� LV�SURYLGHG�E\� WKH�DUJXPHQWV�

WKHPVHOYHV�LQGHSHQGHQWO\�RI�DQG�LQ�DGGLWLRQ�WR�WKH�SUHGLFDWH��3ULPXV��������GHVFULEHV�PDLQO\�

WZR�PHDQV�RI�IXQFWLRQDO�OLQJXLVWLF�LQIRUPDWLRQ�HQFRGLQJ�WKHPDWLF�UHODWLRQVKLSV�LQ�DUJXPHQWV��

PRUSKRORJLFDO�FRGLQJ��L�H���PRUSKRORJLFDO�FDVH�PDUNLQJ�LQ�WKH�LQVWDQFH�RI�*HUPDQ��DQG�EDVLF�

ZRUG�RUGHU��,Q�KHU�WKHRU\��PRUSKRORJLFDO�FRGLQJ�UHIOHFWV�WKH�QXPEHU�RI�3URWR�5ROH�HQWDLOPHQWV�

FRQJUXHQW�ZLWK�D�VSHFLILF�DUJXPHQW��:RUG�RUGHU��KRZHYHU��IROORZV�IURP�WKHPDWLF�UHODWLRQVKLSV�

RU� GHSHQGHQFLHV� EHWZHHQ� DUJXPHQWV�� 7KH� WZR� IXQFWLRQDO� DVSHFWV� RI� OLQJXLVWLF� LQIRUPDWLRQ��

FDVH�PDUNLQJ��DQG�ZRUG�RUGHU�ZLOO�EH�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�VXFFHVVLRQ��

�

&DVH�PDUNLQJ� DQG� WKHPDWLF� UHODWLRQV� DUH� FORVHO\� OLQNHG� LQ� WKH�Principle of Morphosyntactic 

Expression of Thematic Information E\�3ULPXV� ��������7KH�QXPEHU�RI�3URWR�$JHQW� UHODWLRQV�

DFFXPXODWHG�E\�D�FHUWDLQ�DUJXPHQW�FRUUHODWHV�ZLWK�WKH�OLNHOLKRRG�RI�EHDULQJ�WKH�PRVW�XQPDUNHG�

FDVH� LQ� D� SDUWLFXODU� ODQJXDJH�� 2Q� WKH� RWKHU� KDQG�� WKH� PRUH� 3URWR�3DWLHQW� GHSHQGHQFLHV� DQ�

DUJXPHQW�DFFXPXODWHV��WKH�PRUH�OLNHO\�LW�ZLOO�WDNH�WKH�VHFRQG�PRVW�XQPDUNHG�FDVH���

7ZR� IDFWRUV� GHWHUPLQH� D� FDVH� KLHUDUFK\� IRU� D� JLYHQ� ODQJXDJH�� 7KH� FRPSOH[LW\� RI�

PRUSKRSKRQRORJLFDO� UHDOL]DWLRQV� RI� FDVHV� DV� ZHOO� DV� WKH� VXEFDWHJRUL]DWLRQ� EHKDYLRU� RI�

SUHGLFDWHV� FRQWURO� WKH� PDUNHGQHVV� RI� D� JLYHQ� FDVH�� 7KH� PRUH� YHUEV� FKRRVH� D� FHUWDLQ� FDVH�

PDUNHU� IRU� DUJXPHQWV�� WKH� OHVV� PDUNHG� LV� WKLV� SDUWLFXODU� FDVH�� ,Q� DGGLWLRQ�� WKH� OHVV� WKH�

FRPSOH[LW\�RI�WKH�PRUSKRSKRQRORJLFDO�UHDOL]DWLRQ�RI�WKH�FDVH��LQ�WXUQ��WKH�OHVV�PDUNHG�LW�LV��VHH�

DOVR�(LVHQEHUJ���������7KH�IROORZLQJ�FDVH�KLHUDUFK\�UHVXOWV���

�

&DVH�+LHUDUFK\��3ULPXV���������

QRPLQDWLYH�DEVROXWLYH�!�DFFXVDWLYH�HUJDWLYH�!�GDWLYH�!�RWKHU�REOLTXH�FDVHV�

�

*LYHQ�WKDW�*HUPDQ�LV�D�QRPLQDWLYH�DFFXVDWLYH�ODQJXDJH��LW�IROORZV�WKDW�WKH�3URWR�$JHQW�ZLOO�EH�

PDUNHG� E\� WKH� QRPLQDWLYH� DQG� WKH� 3URWR�3DWLHQW� E\� WKH� DFFXVDWLYH� LQ� D� VLPSOH� WUDQVLWLYH�

FRQVWUXFWLRQ��7KLV�FDVH�PDUNLQJ�RI�3URWR�5ROHV� LQ�VXFK�D� WUDQVLWLYH� UHODWLRQ�HQVXUHV�PD[LPDO�

GLVWLQFWQHVV� EHWZHHQ� WKH� WZR� JLYHQ� DUJXPHQWV� �&RPULH�� ������+RSSHU�	�7KRPSVRQ�� �������

$FFRUGLQJ�WR�3ULPXV���������WKH�FDVH�WKDW�LV�KLJKHVW�UDQNHG�GHWHUPLQHV�YHUE�DJUHHPHQW��WKXV��

LQ�*HUPDQ��LW�LV�DOZD\V�WKH�QRPLQDWLYH�PDUNHG�DUJXPHQW�WKDW�DJUHHV�ZLWK�WKH�YHUE�HYHQ�LI�WKLV�

DUJXPHQW� GRHV� QRW� EHDU� WKH� KLJKHVW� WKHPDWLF� UROH� DV� LW� KDSSHQV� LQ� FRQVWUXFWLRQV� LQFOXGLQJ� D�

GDWLYH�H[SHULHQFHU�YHUE��$V�D�FRQVHTXHQFH��V\QWDFWLF�DJUHHPHQW�LV�LQGHSHQGHQW�RI�WKH�WKHPDWLF�

VWDWXV�RI�DUJXPHQWV�DQG�GRHV�QRW�VHUYH�DV�D�UHOLDEOH�FXH�IRU�WKH�GHWHUPLQDWLRQ�RI�WKHPDWLF�UROHV��

,Q�FRQWUDVW��FDVH�PDUNLQJ�DSSHDUV�WR�EH�D�YHU\�LQIRUPDWLYH�FXH�LQ�WHUPV�RI�WKH�WKHPDWLF�VWDWXV�
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RI�DQ�DUJXPHQW��:KLOH�WKH�QRPLQDWLYH�PDUNLQJ�LV�FRPSDWLEOH�ZLWK�WKH�3URWR�$JHQW�DV�ZHOO�DV�

ZLWK� WKHPDWLFDOO\� GHSHQGHQW� DUJXPHQWV�� WKH� DFFXVDWLYH� LV� RQO\� FRPSDWLEOH� ZLWK� WKH� 3URWR�

3DWLHQW� VWDWXV�� 7KHVH� FRQVLGHUDWLRQV� UHVXOW� LQ� WKH� YLHZ� WKDW� WKHPDWLF� LQIRUPDWLRQ� FDQ� EH�

H[WUDFWHG�E\� VFUXWLQL]LQJ� WKH�FDVH�PDUNLQJ�RI� DQ�DUJXPHQW� LQ�*HUPDQ��+RZHYHU��QRPLQDWLYH�

DQG� DFFXVDWLYH� FDVH�PDUNLQJ� RI� QRXQV� LV� SDUWO\� DPELJXRXV� LQ�*HUPDQ� DQG� WKHUHIRUH� QRW� DQ�

DYDLODEOH� LQIRUPDWLRQ� LQ� FHUWDLQ� LQVWDQFHV�� 6SHFLILFDOO\�� RQO\� PDVFXOLQH� QRXQV� DUH�

XQDPELJXRXVO\�FDVH�PDUNHG� IRU�QRPLQDWLYH�DQG�DFFXVDWLYH�ZKLOH� IHPLQLQH�DQG�QHXWHU�QRXQV�

FDUU\�WKH�VDPH��KHQFH�DPELJXRXV��FDVH�PDUNLQJ�LQ�WKH�QRPLQDWLYH�DQG�DFFXVDWLYH�LQ�*HUPDQ��

UHVSHFWLYHO\���

�

:RUG� RUGHU�� LQ� FRQWUDVW� WR� FDVH�PDUNLQJ�� LV� D� IXQFWLRQ� RI� WKHPDWLF� UHODWLRQV� LQ� 3ULPXV¶�

Principle of Structural Expression of Thematic Dependencies��3ULPXV���������$UJXPHQW�$�LV�

VWUXFWXUDOO\� VXSHULRU� WR� DUJXPHQW� %� LI� WKH� ODWWHU� LV� WKHPDWLFDOO\� GHSHQGHQW� RQ� WKH� IRUPHU��

6WUXFWXUDO�VXSHULRULW\��LQ�WXUQ��VXUIDFHV�DV�SUHFHGHQFH�RI�$�EHIRUH�%�LQ�OLQHDU�ZRUG�RUGHU�DQG�RU�

LV� DGGLWLRQDOO\� GHILQHG� LQ� WHUPV� RI� F�FRPPDQGPHQW�� RI� WKH� WKHPDWLFDOO\� KLJKHU�UDQNLQJ�

DUJXPHQW� RYHU� WKH� ORZHU�UDQNLQJ� DUJXPHQW�� $V� D� FRQVHTXHQFH� RI� WKLV� SULQFLSOH�� FHUWDLQ�

FDQRQLFDO� ZRUG� RUGHUV� RFFXU� LQ� D� JLYHQ� ODQJXDJH�� &DQRQLFDO� RU� XQPDUNHG� ZRUG� RUGHU� LV�

FKDUDFWHUL]HG�DV�WKH�VWUXFWXUH�RI�D�VHQWHQFH�WKDW�VSHDNHUV�IUHHO\�FKRRVH�LQ�D�QHXWUDO�FRQWH[W��DV�

IRU�H[DPSOH�LQ�DQVZHULQJ�WKH�TXHVWLRQ�³:KDW�KDSSHQHG"´��6LZLHUVND���������

7KH� QRPLQDWLYH�DFFXVDWLYH� ZRUG� RUGHU� FRQVWLWXWHV� WKH� FDQRQLFDO� ZRUG� RUGHU� IRU� D� VLPSOH�

WUDQVLWLYH� UHODWLRQ� LQ� *HUPDQ�� VLQFH� QRPLQDWLYH� PDUNHG� DUJXPHQWV� DUH� QHYHU� RXWUDQNHG� E\�

DFFXVDWLYH�PDUNHG�DUJXPHQWV���+HQFH��DFFRUGLQJ�WR�)DQVHORZ��������DQG�:XQGHUOLFK���������

HYHU\�WRSLFDOL]DWLRQ��L�H���DQ�DFFXVDWLYH�LQLWLDO�RU�REMHFW�LQLWLDO�VHQWHQFH��LQ�*HUPDQ�UHSUHVHQWV�

D�PDUNHG��QRQ�FDQRQLFDO��DQG�GHULYHG�ZRUG�RUGHU����

�

7KH� WKLUG�SRVVLEOH� UHDOL]DWLRQ� DQG�PDSSLQJ� RI� WKHPDWLF� UROHV�� QDPHO\� animacy��ZLOO� RQO\� EH�

EULHIO\� VXPPDUL]HG�� VLQFH� LW� ZLOO� QRW� EH� D� IXUWKHU� WRSLF� RI� WKH�ZRUN� DW� KDQG�� $V�PHQWLRQHG�

DERYH��ZKHQ�GHVFULELQJ�WKH�3URWR�$JHQW��LW�LV�ZLGHO\�DVVXPHG�WKDW�WKH�3URWR�$JHQW�LV�DQLPDWH��

DQG�� LQ�FRQVWUDVW�� WKDW�WKH�3URWR�3DWLHQW� LV�LQDQLPDWH� �&RPULH��������'RZW\��������+RSSHU�	�

7KRPSVRQ�� ������ /DQJDFNHU�� ������� +RZHYHU�� EHFDXVH� DQLPDF\� FRQVWLWXWHV� DQ� LQKHUHQW�

�������������������������������������������������
��,Q�SDUWLFXODU��LW�LV�GHILQHG�DV�DV\PPHWULF�F�FRPPDQG��ZKLFK�LV�WUXH�IRU�DQ�DUJXPHQW�$�F�FRPPDQGLQJ�%��LI�
DQG�RQO\�LI�����$�GRHV�QRW�GRPLQDWH�%�DQG�%�GRHV�QRW�GRPLQDWH�$��DQG�����WKH�ILUVW�EUDQFKLQJ�QRGH�
GRPLQDWLQJ�$�DOVR�GRPLQDWHV�%��$V\PPHWU\�LQ�WKH�F�FRPPDQGV�RFFXUV�LI�$�F�FRPPDQGV�%�DQG�%�GRHV�QRW�
F�FRPPDQG�$��+DHJHPDQQ���������
��2QH�H[FHSWLRQ�PLJKW�EH�DFFXVDWLYH�REMHFW�H[SHULHQFHU�YHUEV��%XW�IRU�HYHQ�WKRVH��KRZHYHU��WKH�SRVVLELOLW\�WR�
DVFULEH�$JHQW�DWWULEXWHV�WR�WKH�QRPLQDWLYH�DUJXPHQW�ZDV�SURYHQ��%RUQNHVVHO��������)DQVHORZ��������
6FKHHSHUV��+HPIRUWK��	�.RQLHF]Q\����������
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SURSHUW\�RI�DQ�HQWLW\�DQG�FDQQRW�EH�PDQLSXODWHG�E\�WKH�VSHDNHU�DV�FDVH�PDUNLQJ�RU�ZRUG�RUGHU��

LW� FDQQRW� EH� HVWDEOLVKHG� DV� D� YHU\� UHOLDEOH� RU� RIWHQ� DYDLODEOH� IHDWXUH� RU� FXH� IRU� LGHQWLI\LQJ�

WKHPDWLF�UROHV��

1.4 Interim Summary 
7KLV�FKDSWHU�DLPHG�WR�H[SODLQ�GLIIHUHQW�OHYHOV�RI�GHVFULSWLRQ�LQ�OLQJXLVWLF�WKHRU\�DERXW�V\QWDFWLF�

DUJXPHQWV� DQG� WKHLU� UHDOL]DWLRQ� LQ� *HUPDQ� LQ� PRUH� GHWDLO�� 7KH� WUDGLWLRQDO� QRWLRQ� RI� WKH�

V\QWDFWLF�IXQFWLRQV�VXEMHFW��REMHFW��DQG�SUHGLFDWH�ZHUH�RXWOLQHG�DV�ZHOO�DV�WKH�WKHRUHWLFDO�YLHZ�

RI�WKHLU�VHPDQWLF�UHODWLRQV�DV�WKHPDWLF� UROHV�ZHUH�FODULILHG��,W�ZDV�VKRZQ�WKDW�DUJXPHQWV�RI�D�

VHQWHQFH�DUH�WKHPDWLFDOO\�KLHUDUFKLFDOO\�RUGHUHG�WR�FRQYH\�WKH�GHSHQGHQFLHV�RI�SDUWLFLSDQWV�LQ�

DQ�HYHQW��$OVR�HVVHQWLDO�IRU�WKH�SXUSRVH�RI�WKH�FXUUHQW�WKHVLV��WKH�WKHWD�FULWHULRQ�ZDV�LQWURGXFHG�

VWDWLQJ�WKDW�HDFK�WKHPDWLF�UROH�LQGLFDWHG�E\�D�UHVSHFWLYH�FDVH�FDQ�RQO\�EH�DVVLJQHG�RQFH��7KLV�

RQH�WR�RQH�PDSSLQJ�LV�PDLQO\�UHDOL]HG�E\�WKH�OLQJXLVWLF�LQIRUPDWLRQ�RI�FDVH�PDUNLQJ�DQG�ZRUG�

RUGHU��)URP�WKH�FDVH�KLHUDUFK\�DQG�VWUXFWXUDO�SULQFLSOHV�RI�ZRUG�RUGHU��D�SURWRW\SLFDO�VLPSOH�

WUDQVLWLYH�*HUPDQ�FRQVWUXFWLRQ�UHVXOWV��ZKLFK�LQFOXGHV�D�QRPLQDWLYH�PDUNHG�DJHQW�IROORZHG�E\�

WKH�YHUE� IROORZHG�E\�DQ�DFFXVDWLYH�PDUNHG�SDWLHQW��$V�D�FRQVHTXHQFH�� WRSLFDOL]HG�RU�REMHFW�

LQLWLDO�VWUXFWXUHV�DOZD\V�UHSUHVHQW�D�PDUNHG�DQG�QRQ�FDQRQLFDO�OLQJXLVWLF�LQVWDQFH��,PSRUWDQWO\�

LQ� WKLV� FRQWH[W�� WKHPDWLF� LQIRUPDWLRQ� FDQ� EH� GHULYHG� IURP� FDVH�PDUNLQJ� RI� DQ� DUJXPHQW�

³ZLWKRXW� QHFHVVDULO\� KDYLQJ� WR� PDNH� UHIHUHQFH� WR� WKH� V\QWDFWLF� VWUXFWXUH� RI� D� VHQWHQFH´�

�%RUQNHVVHO����������

7KH�IROORZLQJ�FKDSWHU�ZLOO�SURYLGH�DQ�RYHUYLHZ�RQ�VWXGLHV�FRQFHUQLQJ�WKH�SURFHVVLQJ�RI�FDVH�

PDUNLQJ��ZRUG�RUGHU��DQG�WKHPDWLF�UROHV�LQ�DGXOWV��ZKLFK�OHG�WR�YDULRXV�QHXURFRJQLWLYH�PRGHOV�

RI�V\QWDFWLF�SURFHVVLQJ��
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2 The Goal to be Achieved: Syntactic Processing in Adults 
,Q�RUGHU� WR�HVWDEOLVK�D�FRPPRQ�JURXQG�RI� D� V\QWDFWLF�SURFHVVLQJ�PRGHO� WKDW� FKLOGUHQ� VKRXOG�

HYHQWXDOO\� UHDFK�� WKH� IROORZLQJ� FKDSWHU� DGGUHVVHV� WKH� EHKDYLRUDO�� QHXURSV\FKRORJLFDO�� DQG�

QHXURSK\VLRORJLFDO�EDVHV�RI�FDVH�PDUNLQJ��WKHPDWLF�UROHV��ZRUG�RUGHU��DQG�DUJXPHQW�VWUXFWXUH�

SURFHVVLQJ�LQ�DGXOWV��,W�ILUVW�JLYHV�VSHFLDO�DWWHQWLRQ�WR�HYLGHQFH�DULVLQJ�IURP�VWXGLHV�FRQFHUQLQJ�

QRQ�SURWRW\SLFDO�ZRUG�RUGHU�DQG�WKRVH�HPSOR\LQJ�YLRODWLRQ�SDUDGLJPV�UHJDUGLQJ�FDVH�PDUNLQJ�

DV� WKHVH� WZR� VXEILHOGV� DUH� IRFXVHG� E\� WKH� FXUUHQW� UHVHDUFK�� *LYHQ� WKDW� WKH� PHWKRG� RI�

HOHFWURHQFHSKDORJUDSK\� �((*��HYHQW� UHODWHG� EUDLQ� SRWHQWLDOV� �(53V�� ZDV� FKRVHQ� IRU� D� ODUJH�

ERG\�RI�WKH�FXUUHQW�UHVHDUFK��VWXGLHV�UHODWLQJ�WR�WKH�WHPSRUDO�UHVROXWLRQ�RI�V\QWDFWLF�SURFHVVHV�

EXLOG�WKH�IRFXV�UDWKHU�WKDQ�WKRVH�GHDOLQJ�ZLWK�WKH�VSDWLDO�UHVROXWLRQ�RI�WKHVH�SURFHVVHV��QDPHO\�

IXQFWLRQDO�PDJQHWLF� UHVRQDQFH� LPDJLQJ� �I05,��� 7R� WKLV� HQG�� WKH� FKDSWHU� FRPPHQFHV�ZLWK� D�

VKRUW� RYHUYLHZ� RI� WKH� PRVW� LPSRUWDQW� (53� FRPSRQHQWV� ZHOO� HVWDEOLVKHG� LQ� FRQWH[W� RI� WKH�

QHXURSV\FKRORJLFDO�VFLHQFH�GXULQJ�WKH�SDVW�GHFDGHV���

6HFRQG�� WZR� PRGHOV� RI� WKH� XQGHUO\LQJ� FRJQLWLYH� SURFHVVLQJ� PHFKDQLVPV� WKDW� KDYH� EHHQ�

IRUPXODWHG�RQ� WKH�EDVLV� RI� WKH� UHVHDUFK� LQ� WKH� ILHOG�RI� FRJQLWLYH�QHXURVFLHQFH� DUH�GHVFULEHG��

)ULHGHULFL��������SRVWXODWHG�WKH�1HXURFRJQLWLYH�0RGHO�RI�$XGLWRU\�6HQWHQFH�&RPSUHKHQVLRQ�

DQG� %RUQNHVVHO� DQG� 6FKOHVHZVN\� �����D��� HIIHFWLYHO\� DV� DQ� H[WHQVLRQ� RI� WKH� IRUPHU�PRGHO��

IRUPXODWHG�WKH�H[WHQGHG�$UJXPHQW�'HSHQGHQF\�0RGHO��

��

2.1 Behavioral and Neurophysiological Evidence  
7KH�PHWKRG�RI�HOHFWURHQFHSKDORJUDSK\�UHFRUGV�FKDQJHV�RI�YROWDJH�DW�WKH�VXUIDFH�RI�WKH�VFDOS�

RYHU� WLPH� IRU� WKH� SXUSRVH� RI� PHDVXULQJ� WKH� H[DFW� WHPSRUDO� UHVROXWLRQ� RI� RQJRLQJ� FRJQLWLYH�

SURFHVVHV� LQ� WKH� EUDLQ�� *LYHQ� WKDW� ODQJXDJH� SURFHVVLQJ� UHTXLUHV� DQDO\VLV� DQG� LQWHJUDWLRQ� RI�

QXPHURXV�DQG�YDULRXV�OLQJXLVWLF�DVSHFWV�ZLWKLQ�DQ�HVSHFLDOO\�VKRUW�SHULRG�RI�WLPH��WKLV�KLJKO\�

WLPH�VHQVLWLYH�RQOLQH�PHDVXUHPHQW�LV�ZHOO�VXLWHG�WR�LQYHVWLJDWH�OLQJXLVWLF�SURFHVVHV�LQ�WKH�EUDLQ��

5HVXOWLQJ�IURP�PDQ\��PDLQO\�DGXOW��(53�VWXGLHV��GLIIHUHQW�SURFHVVLQJ�DVSHFWV�RI�VSHHFK�FRXOG�

EH� GLVFULPLQDWHG� E\� GLIIHUHQW� (53� FRPSRQHQWV�� 3URFHVVLQJ� RI� GLIIHUHQW� OHYHOV� RI� OLQJXLVWLF�

LQIRUPDWLRQ�KDYH�EHHQ�LGHQWLILHG�FRQFHUQLQJ�ORZ�OHYHO�DFRXVWLF�SURFHVVLQJ��1��3��FRPSOH[���

SKRQHWLF� DQG� SKRQRORJLFDO� SURFHVVLQJ� �PLVPDWFK� QHJDWLYLW\� �001���� SURVRGLF� SURFHVVLQJ�

�ULJKW� DQWHULRU� QHJDWLYLW\� �5$1��FORVXUH� SRVLWLYH� VKLIW� �&36���� DQG��PRVW� LPSRUWDQWO\� IRU� WKH�

FXUUHQW� UHVHDUFK�� FRQFHUQLQJ� PRUSKRORJLFDO� SURFHVVLQJ� �HDUO\� OHIW� DQWHULRU� QHJDWLYLW\�OHIW�

DQWHULRU�QHJDWLYLW\��(�/$1����VHPDQWLF�SURFHVVLQJ��1������DQG�V\QWDFWLF�SURFHVVLQJ��3������,Q�
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WKH� IROORZLQJ� SDUDJUDSKV�� WKH� ODWWHU� WKUHH� (53� FRPSRQHQWV� DUH� EULHIO\� SUHVHQWHG� DQG�

VXPPDUL]HG���

7KH�/$1�GHVLJQDWHV�D�QHJDWLYLW\� LQ� WKH�(53�DW���������PV�SRVW�VWLPXOXV�RQVHW�DW�SULPDULO\�

OHIW�DQWHULRU�HOHFWURGHV��IRU�DQ�RYHUYLHZ��VHH�)ULHGHULFL��������*XQWHU��)ULHGHULFL��	�6FKULHIHUV��

������� ,W� RFFXUV� LQ� UHVSRQVH� WR� PRUSKRV\QWDFWLF� YLRODWLRQV�� IRU� LQVWDQFH� DV� D� UHDFWLRQ� WR� D�

PLVPDWFK� EHWZHHQ� SUHVHQWHG� DQG� VWRUHG� PRUSKRORJLFDO� IRUPV� �.URWW�� %DD\HQ�� 	� +DJRRUW��

�������WR�VXEMHFW�YHUE�DJUHHPHQW�YLRODWLRQV��2VWHUKRXW�	�0REOH\���������YHUE�WHQVH�YLRODWLRQV�

�2VWHUKRXW�	�1LFRO���������JHQGHU�YLRODWLRQV��*XQWHU�HW�DO����������RU�FDVH�YLRODWLRQV��&RXOVRQ��

.LQJ�� 	� .XWDV�� ������� 0RUHRYHU�� WKH� /$1� ZDV� DOVR� REVHUYHG� LQ� WKH� SURFHVVLQJ� RI� YHUE�

DUJXPHQW� YLRODWLRQV� �5|VOHU�� )ULHGHULFL�� 3�W]��	�+DKQH�� �������$OVR�� IURP� HDUO\� RQ� LQ� (53�

UHVHDUFK�� WKH� /$1� LV� GLVFXVVHG� LQ� FRQMXQFWLRQ� ZLWK� ZRUNLQJ� PHPRU\� SURFHVVLQJ� ORDGV�

�.OXHQGHU�	�.XWDV���������

7KH� /$1� FRXOG� EH� VKRZQ� LQ� QXPHURXV� ODQJXDJHV� DV� (QJOLVK�� 'XWFK�� ,WDOLDQ�� 6SDQLVK�� DQG�

*HUPDQ�� EXW� DSSHDUV� WR� GHSHQG� LQ� LWV� RFFXUUHQFH� RQ� WKH� GHJUHH� WR�ZKLFK� D� FHUWDLQ� ODQJXDJH�

PDNHV�XVH�RI�PRUSKRORJLFDO�FXHV�IRU�HQFRGLQJ�V\QWDFWLF�UHODWLRQV� �)ULHGHULFL�	�:HLVVHQERUQ��

�������$V�D�FRQVHTXHQFH��LW�ZDV�DOVR�GHVFULEHG�DV�DQ�LQGH[�RI�V\QWDFWLF�UHODWLRQDO�SURFHVVLQJ�

PHFKDQLVPV�WKDW�DUH�HPSOR\HG�IRU�WKHPDWLF�UROH�DVVLJQPHQW��)ULHGHULFL����������

��

7KH�(53�FRPSRQHQW�1����RFFXUV�LQ�FHQWUR�SDULHWDO�UHJLRQV�DV�D�QHJDWLYLW\�DW�DURXQG�����PV�

�UDQJHV�IURP���������PV��SRVW�VWLPXOXV�RQVHW��7KH�1����KDV�EHHQ�WKRURXJKO\�LQYHVWLJDWHG�DQG�

LV�NQRZQ�WR�VLJQDO�OH[LFDO�VHPDQWLF�SURFHVVLQJ�DW�WKH�ZRUG�OHYHO��+ROFRPE�	�1HYLOOH��������DV�

ZHOO� DV� DW� WKH� VHQWHQFH� OHYHO� �.XWDV� 	�+LOO\DUG�� ������ ������� 7KH� FRPSRQHQW� LV� UHODWHG� WR�

H[SHFWDWLRQV� HOLFLWHG� E\� WKH� VHPDQWLF� FRQWH[W�� 7KH� PRUH� H[SHFWHG�� IDPLOLDU�� RU� PDWFKLQJ� D�

VWLPXOXV�HYHQW�LV��WKH�OHVV�SURQRXQFHG��RU�LQ�RWKHU�ZRUGV��WKH�PRUH�UHGXFHG�WKH�1����DQG�WKXV�

WKH� VHPDQWLF� LQWHJUDWLRQ�HIIRUWV� �+ROFRPE���������7KLV�PHFKDQLVP��FDOOHG� VHPDQWLF�SULPLQJ��

ZDV�HPSOR\HG�WR�VWXG\�WKH�1����LQ�YDULRXV�H[SHULPHQWV���

$�VHPDQWLF�YLRODWLRQ�SDUDGLJP�DOVR�VKRZV�1����UHVSRQVHV�LQ�VWXGLHV�RQ�VHQWHQFH�SURFHVVLQJ��

DV� IRU� LQVWDQFH� IRU� VHQWHQFHV� LQFOXGLQJ� VHPDQWLFDOO\� XQH[SHFWHG� HQGLQJV� YHUVXV� VHPDQWLFDOO\�

H[SHFWHG�HQGLQJV��)ULHGHULFL��3IHLIHU��	�+DKQH��������+DKQH�	�)ULHGHULFL���������,Q�DGGLWLRQ�

WR� WKHVH� OH[LFDO�VHPDQWLF�SURFHVVHV�� WKH�1����KDV�DOVR�EHHQ� UHSRUWHG�DV�D� UHVSRQVH� VLJQDOLQJ�

UHDQDO\VLV� SURFHVVHV� RQ� WKH� VHQWHQWLDO� OHYHO� DV� IRU� H[DPSOH� LQ� QRQ�SUHIHUUHG� GLVDPELJXDWLRQ�

WRZDUGV�GDWLYH�LQLWLDO�LQWHUSUHWDWLRQV��%RUQNHVVHO��0F(OUHH��6FKOHVHZVN\��	�)ULHGHULFL���������

7KXV��WKH�1����GRHV�QRW�RQO\�UHIOHFW�OH[LFDO�VHPDQWLF�SURFHVVHV�EXW�DOVR�FHUWDLQ�DVSHFWV�RI�WKH�

SURFHVVLQJ�RI�JUDPPDWLFDO�DQG�WKHUHE\�WKHPDWLF�UHODWLRQV���

�
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7KH�3����RFFXUV�DV�D� FHQWUR�SDULHWDO�SRVLWLYLW\�EHWZHHQ����������PV�SRVW�VWLPXOXV�RQVHW� LQ�

WKH�(53�� ,W�ZDV� ILUVW� REVHUYHG�E\�2VWHUKRXW� DQG�+ROFRPE� ������� LQ� UHVSRQVH� WR� D� V\QWDFWLF�

DQRPDO\�� ,W� ZDV� GHVFULEHG� DV� D� V\QWDFWLF� SRVLWLYH� VKLIW� �636�� E\� +DJRRUW�� %URZQ�� DQG�

*URRWKXVHQ���������2IWHQ��WKH�(�/$1�LV�IROORZHG�E\�D�3����LQ�UHVSRQVH�WR�V\QWDFWLF�YLRODWLRQV�

LQ�D�ELSKDVLF�SDWWHUQ��)ULHGHULFL�HW�DO���������+DKQH�	�)ULHGHULFL��������2VWHUKRXW�	�0REOH\��

������� ,Q� OLJKW� RI� WKHVH� ILQGLQJV�� LW� LV� DVVXPHG� WKDW�� DIWHU� LQLWLDO� GHWHFWLRQ�RI� V\QWDFWLF� HUURUV�

�(�/$1��� WKH�3����UHIOHFWV�FRQWUROOHG�SURFHVVHV�RI�V\QWDFWLF� UHDQDO\VLV�DQG�UHSDLU��7KH�3����

FRXOG�EH�HOLFLWHG�LQ�UHVSRQVH�WR�SKUDVH�VWUXFWXUH�YLRODWLRQV��)ULHGHULFL��+DKQH��	�0HFNOLQJHU��

������+DKQH��(FNVWHLQ��	�)ULHGHULFL��������+DKQH�	�)ULHGHULFL���������VXEMDFHQF\�YLRODWLRQV�

�1HYLOOH�� 1LFRO�� %UDVV�� )RUVWHU�� 	� *DUUHWW�� ������� FRQJUXHQFH� YLRODWLRQV� �)ULHGHULFL� HW� DO���

�������YHUE�WHQVH�YLRODWLRQV��*XQWHU��6WRZH��	�0XOGHU���������DQG�YLRODWLRQV�RI�YHUE�DUJXPHQW�

VWUXFWXUHV�DQG�FDVH�PDUNLQJ��)ULHGHULFL�	�)ULVFK�����������

7KH� 3���� FRPSRQHQW� ZDV� QRW� RQO\� VKRZQ� LQ� UHVSRQVH� WR� V\QWDFWLF� YLRODWLRQV�� EXW� DOVR� LQ�

UHVSRQVH� WR� JDUGHQ�SDWK� VHQWHQFHV� RU� V\QWDFWLFDOO\� FRPSOH[� VWUXFWXUHV�ZKLFK� GHPDQG� D� KLJK�

GHJUHH� RI� V\QWDFWLF� LQWHJUDWLRQ�UHDQDO\VLV�UHSDLU� SURFHVVHV� �)ULHGHULFL� HW� DO��� ������ )ULVFK��

6FKOHVHZVN\�� 6DGG\�� 	� $OSHUPDQQ�� ������ +DJRRUW� HW� DO��� ������ .DDQ�� +DUULV�� *LEVRQ�� 	�

+ROFRPE��������2VWHUKRXW�	�+ROFRPE��������2VWHUKRXW��+ROFRPE��	�6ZLQQH\���������

2Q�WKH�EDVLV�RI�WKHVH�YDULRXV�ILQGLQJV��LW�LV�DVVXPHG�WKDW�WKH�3����FRQVWLWXWHV�D�KHWHURJHQHRXV�

(53� FRPSRQHQW� WKDW� UHIOHFWV� GLIIHUHQW� SURFHVVLQJ� PHFKDQLVPV� RI� V\QWDFWLF� LQIRUPDWLRQ��

)ULHGHULFL��HW�DO���������ZHUH�DEOH�WR�GHPRQVWUDWH�GLIIHUHQW�GLVWULEXWLRQV�IRU�WKH�UHDQDO\VLV�3����

�IURQWR�FHQWUDO��DQG�WKH�UHSDLU�3�����FHQWUR�SDULHWDO���

,Q� DGGLWLRQ�� WKH� 3���� KDV� DOVR� EHHQ� GLVFXVVHG� LQ� UHODWLRQ� WR� WKH� LQWHUDFWLRQ� RI� V\QWDFWLF� DQG�

VHPDQWLF� SURFHVVHV� �*XQWHU� HW� DO��� ������ .XSHUEHUJ�� &DSODQ�� 6LWQLNRYD�� (GG\�� 	� +ROFRPE��

������ .XSHUEHUJ�� 6LWQLNRYD�� &DSODQ�� 	� +ROFRPE�� ������� 0RUHRYHU�� PRUH� UHFHQW� VWXGLHV�

UHSRUWHG� D� 3���� LQ� UHVSRQVH� WR� VHPDQWLF� YLRODWLRQV� RQ� WKH� VHQWHQFH� OHYHO� �+RHNV�� 6WRZH��	�

'RHGHQV��������.LP�	�2VWHUKRXW��������.RON��&KZLOOD��YDQ�+HUWHQ��	�2RU��������.XSHUEHUJ��

.UHKHU�� 6LWQLNRYD�� &DSODQ�� 	� +ROFRPE�� ������ WKDW� TXHVWLRQ� WKH� H[FOXVLYHO\� V\QWDFWLF�

LQWHUSUHWDWLRQ�RI�WKH�3�����([SODQDWLRQV�RI�WKHVH�semantic P600V�DOO�VKDUH�WKH�LQYROYHPHQW�RI�

WKHPDWLF� SURFHVVHV� ZKLFK� ZHUH� LQWHJUDWHG� LQWR� WKH� H$'0� �VHH� EHORZ�� �%RUQNHVVHO�

6FKOHVHZVN\�	�6FKOHVHZVN\���������

�

������3URFHVVLQJ�RI�1RQ�&DQRQLFDO�6WUXFWXUHV�LQ�$GXOWV�
$� ODUJH� ERG\� RI� OLWHUDWXUH� H[LVWV� FRQFHUQLQJ� WKH� LQWHUSUHWDWLRQ� DQG� SURFHVVLQJ� RI� QRQ�

SURWRW\SLFDO� ZRUG� RUGHU� DQG� LQ� SDUWLFXODU� RI� WRSLFDOL]HG� REMHFWV� LQ� *HUPDQ� DGXOWV�� )RU� WKH�



��7KH�*RDO�WR�EH�$FKLHYHG��6\QWDFWLF�3URFHVVLQJ�LQ�$GXOWV�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�
���

�

SURFHVVLQJ� RI� REMHFW�LQLWLDO� VHQWHQFHV�� DGXOWV� GR� QRW� VKRZ� DQ\� SUREOHPV� LQ� FRPSUHKHQVLRQ��

0RUHRYHU�� DGXOWV� ZHUH� VKRZQ� WR� GHPRQVWUDWH� QR� GLIIHUHQFHV� LQ� (53V� DW� WKH� ILUVW� �13��� RU�

VHFRQG� QRPLQDO� SKUDVH� �13���ZKHQ� SURFHVVLQJ� WRSLFDOL]HG� REMHFWV� LQ� XQDPELJXRXV�*HUPDQ�

PDLQ� FODXVHV� �FI�� H[DPSOH� �D�E�� FRPSDUHG� WR� FDQRQLFDO�ZRUG� RUGHU�� VXJJHVWLQJ� WKHUH� DUH� QR�

DGGLWLRQDO�SURFHVVLQJ�FRVWV� IRU� WKH�QRQ�FDQRQLFDO�RUGHU� �)ULVFK�HW� DO��� �������$� IXUWKHU� VWXG\�

UHSOLFDWHG�WKLV�UHVXOW�LQ�JHQHUDO��DOWKRXJK�D�PLQRU�HIIHFW�DW�13��LQ�WKH�IRUP�RI�D�PRUH�SRVLWLYH�

JRLQJ� ZDYH� ZDV� IRXQG� DW� RQH� HOHFWURGH� SRVLWLRQ� IRU� WKH� REMHFW�LQLWLDO� VWUXFWXUH� �)ULVFK� 	�

6FKOHVHZVN\�� ������� 7KH� DXWKRUV� LQWHUSUHWHG� WKLV� VPDOO� HIIHFW� DV� D� SUHIHUHQFH� IRU� D� VXEMHFW�

LQLWLDO� ZRUG� RUGHU� LQ� *HUPDQ� �VHH� EHORZ��� 1RQHWKHOHVV�� LW� LV� DVVXPHG� WKDW� REMHFW�LQLWLDO�

FRQVWUXFWLRQV�LQ�VLPSOH�WUDQVLWLYH�PDLQ�FODXVHV�LQ�*HUPDQ�GR�QRW�OHDG�WR�UHDQDO\VLV�HIIRUWV�LQ�

DGXOWV��7KLV�ZDV�DOVR�VKRZQ�LQ�D�UHDGLQJ�VWXG\�E\�6FKOHVHZVN\�HW�DO�����������

2WKHU� VWXGLHV� H[DPLQLQJ� WRSLFDOL]DWLRQ� LQ� VXERUGLQDWH� FODXVHV� �%RUQNHVVHO�� 6FKOHVHZVN\�� 	�

)ULHGHULFL�� ����D�� RU� DPELJXRXV� VHQWHQFHV� �VHH� H[DPSOH� ����� �)ULVFK� HW� DO��� ������� KRZHYHU��

UHSRUW�YDULRXV�UHDQDO\VLV�FRVWV�IRU�REMHFW�LQLWLDO�VWUXFWXUHV�LQ�DGXOWV��

�

���� µ'LH�'HWHNWLYLQ�KDWWH�GHU�.RPPLVVDU�JHVHKHQ�XQG«¶�

>WKH�GHWHFWLYH@)(0�$0%�KDG�>WKH�SROLFHPDQ@0$6&�68%�VHHQ�DQG«�

µ7KH�SROLFHPDQ�KDG�VHHQ�WKH�GHWHFWLYH�DQG«¶�

�

,Q�VFUDPEOHG�*HUPDQ�VHQWHQFHV� �L�H��� LQ�QRQ�FDQRQLFDO�VHQWHQFHV� LQFOXGLQJ� WKH� UHOHYDQW�QRXQ�

SKUDVHV� LQ�PLGGOH�SRVLWLRQ���D� OHIW�DQWHULRU�QHJDWLYLW\��/$1���ZKLFK�LV�XVXDOO\�VHHQ�WR�UHIOHFW�

PRUSKRV\QWDFWLF� SURFHVVHV�� ZDV� IRXQG� IRU� QRQ�SURQRPLQDO� REMHFW� SKUDVHV� LQ� QRQ�FDQRQLFDO�

SRVLWLRQ� �5|VOHU��3HFKPDQQ��6WUHE��5|GHU��	�+HQQLJKDXVHQ��������6FKOHVHZVN\��%RUQNHVVHO��

	�)ULVFK���������$OVR��0DW]NH��0DL��1DJHU��5�VVHOHU��DQG�0�QWH� ��������UHSRUWHG�D�/$1�DW�

ERWK� 13�� DQG� 13�� LQ� UHVSRQVH� WR� QRQ�FDQRQLFDO� XQDPELJXRXV� VHQWHQFHV� XVLQJ� PDVFXOLQH�

QRXQV�� ,Q� %DVTXH�296� VWUXFWXUHV�� DOVR� D� /$1�ZDV� IRXQG� DW� VHQWHQFH� LQLWLDO� SRVLWLRQ�ZKHQ�

FRPSDUHG�WR�692�VHQWHQFHV� �=DZLV]HZVNL�	�)ULHGHULFL���������)RU�VFUDPEOHG�VHQWHQFHV�� WKH�

VR�FDOOHG� scrambling negativity� KDV� EHHQ� REVHUYHG� IRU� DFFXVDWLYH�PDUNHG� LQLWLDO� DUJXPHQWV�

RFFXUULQJ� PRVWO\� FHQWUDOO\� GLVWULEXWHG� DW� �������� PV� SRVW�VWLPXOXV� RQVHW� �%RUQNHVVHO� 	�

6FKOHVHZVN\������E��%RUQNHVVHO��6FKOHVHZVN\��	�)ULHGHULFL��������6FKOHVHZVN\��%RUQNHVVHO��

HW�DO�����������

�

7KXV�� DOWKRXJK� WKHUH� VHHP� WR� EH� QR� DGGLWLRQDO� SURFHVVLQJ� FRVWV� LQ� YHU\� VLPSOH� REMHFW�LQLWLDO�

VWUXFWXUHV�� LQ� OLJKW� RI� WKH� ILQGLQJV� DERYH� DQG� DOVR� FRQFHUQLQJ� DPELJXRXV� RU� JDUGHQ�SDWK�

VHQWHQFHV��VHYHUDO�UHVHDUFKHUV�DVVXPH�D�VXEMHFW�LQLWLDO�SUHIHUHQFH�IRU�*HUPDQ�VSHDNHUV� �%HLP�
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*UDEHQ�� 6DGG\�� 6FKOHVHZVN\�� 	� .XUWKV�� ������ )ULHGHULFL� 	�0HFNOLQJHU�� ������0HFNOLQJHU��

6FKULHIHUV�� 6WHLQKDXHU�� 	� )ULHGHULFL�� ������� 7KLV� VXEMHFW�LQLWLDO� SUHIHUHQFH� FRXOG� DOVR� EH�

HYLGHQFHG� LQ� D� UHDGLQJ� VWXG\� FRQFHUQLQJ� HPEHGGHG� FODXVHV� �%DGHU�	�0HQJ�� ������� LQ� RWKHU�

EHKDYLRUDO� VWXGLHV� UHJDUGLQJ�PDLQ� FODXVHV� �+HPIRUWK�� ������ 6FKHHSHUV� HW� DO��� ������� DQG� LQ�

RWKHU�*HUPDQLF�ODQJXDJHV�DV�'XWFK��)UD]LHU��������.DDQ���������������(YHQ�IRU�SVHXGR�ZRUG�

VHQWHQFHV�FRQWDLQLQJ�FDVH�PDUNHG�IXQFWLRQDO�HOHPHQWV�WKH�VDPH�HIIHFW�ZDV�IRXQG��5|GHU�HW�DO���

�������

7KLV� VXEMHFW� ILUVW� SUHIHUHQFH�PLJKW� QRW� EH� GXH� WR� VWDWLVWLFDOO\� JLYHQ� IDFWRUV� LQ�*HUPDQ� �H�J���

PRVW�*HUPDQ�VHQWHQFHV�DUH�XWWHUHG�LQ�D�VXEMHFW�YHUE�REMHFW�>692@�RUGHU��EXW�WR�SUHGLFWLRQV�WKH�

ODQJXDJH� SDUVHU� PDNHV� IRU� VWUXFWXUDO� SURSHUWLHV� RI� VHQWHQFHV� �%RUQNHVVHO�� 6FKOHVHZVN\�� 	�

)ULHGHULFL�� ����E���+HQFH�� D� SURWRW\SLFDO�ZRUG� RUGHU� LV� H[SHFWHG�ZKHQ� SURFHVVLQJ� WUDQVLWLYH�

VHQWHQFHV��$V�D�FRQVHTXHQFH��QRW�WKH�IUHTXHQF\�RI�D�VWUXFWXUH�LV�UHVSRQVLEOH�IRU�LWV�FDQRQLFLW\�

EXW� WKH� SURWRW\SLFDOLW\� RI� WKH� RUGHU� WKHPDWLF� UROHV� DUH� DUUDQJHG� LQ�� L�H��� 3URWR�$JHQW� EHIRUH�

3URWR�3DWLHQW��)HUUHLUD���������VHH�+\|Ql�DQG�+XMDQHQ��������IRU�WKH�RSSRVLWH�SHUVSHFWLYH���

�
$V� PHQWLRQHG� SUHYLRXVO\�� DQLPDF\� LQIRUPDWLRQ� DOVR� IXQFWLRQV� DV� D� FXH� IRU� WKHPDWLF�

KLHUDUFKLFDO� RUGHULQJ� LQ� *HUPDQ� �)ULVFK� 	� 6FKOHVHZVN\�� ������ ������ .XSHUEHUJ�� ������

.XSHUEHUJ�HW�DO���������6FKOHVHZVN\�	�%RUQNHVVHO���������������)RU�H[DPSOH��LI�WKH�ILUVW�QRXQ�

SKUDVH�LV�SURFHVVHG�DV�DQ�REMHFW��GXH�WR�DFFXVDWLYH�FDVH�PDUNLQJ���LW�LV�H[SHFWHG�WKDW�WKH�VHFRQG�

QRXQ� SKUDVH�ZLOO� EH� DQ� DQLPDWH� VXEMHFW� �GXH� WR� WKH� SULQFLSOH� RI� WKH� WKHWD� FULWHULRQ� WKDW� HDFK�

WKHPDWLF�UROH�FDQ�RQO\�EH�DVVLJQHG�RQFH�LQ�D�VHQWHQFH�DQG�WKH�SURWRW\SLFDOLW\�RI�WKH�WKHPDWLF�

UROHV��� 7KH� SURWRW\SLFDO� DFWRU� LV� SUHVXPHG� WR� EH� DQLPDWH� DQG� WKH� SURWRW\SLFDO� SDWLHQW� WR� EH�

LQDQLPDWH��,I�WKLV�QRXQ�SKUDVH�KDSSHQV�WR�EH�LQDQLPDWH��DQ�1����UHVXOWV�DV�WKHVH�FRQVWUDLQWV�DUH�

QRW� PHW� �+DXSW�� 6FKOHVHZVN\�� 5RHKP�� )ULHGHULFL�� 	� %RUQNHVVHO�� ������ 6FKOHVHZVN\� 	�

%RUQNHVVHO���������6FKOHVHZVN\�DQG�%RUQNHVVHO��������FRXOG�DOVR�VKRZ�WKDW�WKH�PHFKDQLVPV�

RI�UHDQDO\VLV�GLIIHU�GHSHQGHQW�RQ�WKH�DUJXPHQW�VWUXFWXUH�SUHVHQWHG��6WUXFWXUHV�LQFOXGLQJ�GDWLYH�

YHUEV�HOLFLWHG�DQ�1����ZKHQ�SURWRW\SLFDO�DQLPDF\�FRQVWUDLQWV�ZHUH�YLRODWHG�ZKLOH�DFFXVDWLYH�

VWUXFWXUHV�HYRNHG�D�3������

�

7KH� ELJ� SLFWXUH� RI� SURFHVVLQJ� WRSLFDOL]HG� REMHFWV� RU� DPELJXRXV� VWUXFWXUHV� LQ� WKLV� UHJDUG� LQ�

DGXOWV� PLJKW� FHUWDLQO\� EH� HYHQ� PRUH� PXOWLOD\HUHG� ZKHQ� LW� FRPHV� WR� LQGLYLGXDO� RU� FURVV�

OLQJXLVWLF� GLIIHUHQFHV�� 7ZR� VWXGLHV� �%RUQNHVVHO�� )LHEDFK�� 	� )ULHGHULFL�� ������ &OLIWRQ� HW� DO���

������IRFXVHG�RQ�LQGLYLGXDO�GLIIHUHQFHV�RI�SURFHVVLQJ�DPELJXRXV�VWUXFWXUHV�LQ�KLJK�VSDQ�DQG�

ORZ�VSDQ� UHDGHUV��7KH� IRUPHU�EXW� QRW� WKH� ODWWHU� IRXQG�GLIIHUHQFHV�EHWZHHQ� WKRVH� WZR�JURXSV�

DUJXLQJ� WKDW� ZRUNLQJ� PHPRU\� FDSDFLWLHV� LQIOXHQFH� VHQWHQFH�SURFHVVLQJ� PHFKDQLVPV� DQG��
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PRUHRYHU��WKDW�ORZ�VSDQ�UHDGHUV�KDYH�GLIILFXOWLHV�WR�LQKLELW�QRQ�SUHIHUUHG�UHDGLQJV��%RUQNHVVHO�

HW� DO�� �%RUQNHVVHO�6FKOHVHZVN\� HW� DO��� ������ DOVR� REVHUYHG� FURVV�OLQJXLVWLF� GLIIHUHQFHV� LQ�

SURFHVVLQJ�semantic reversal anomalies��VHH�H[DPSOH������WKDW�WKH\�DFFRXQWHG�WR�GLIIHUHQFHV�LQ�

IRUP�WR�PHDQLQJ� PDSSLQJ� EHWZHHQ�� H�J��� *HUPDQ�� 7XUNLVK�� DQG� 0DQGDULQ� &KLQHVH�� 7KHVH�

FURVV�OLQJXLVWLF�SURFHVVLQJ�GLIIHUHQFHV�ZHUH�H[SODLQHG�LQ�WHUPV�RI�WKH�H$'0��VHH�EHORZ�����

�

���� «GDVV�6FKDOWHU�7HFKQLNHU�EHGLHQHQ�

� «WKDW�VZLWFKHV�WHFKQLFLDQV�RSHUDWH�

� µ«WKDW�WHFKQLFLDQV�RSHUDWH�VZLWFKHV¶�

�

,Q� DGGLWLRQ�� HYLGHQFH� IURP� LPSDLUHG� ODQJXDJH� SURFHVVLQJ� LQ� DSKDVLF� SDWLHQWV� �EURFD�DSKDVLD��

GHPRQVWUDWHV� WKDW�� LQ� DQ� H\H� WUDFNHU� H[SHULPHQW�� SDWLHQWV� GLVSOD\HG� RQO\�PLOG� LPSDLUPHQW� LQ�

LQWHUSUHWLQJ� VXEMHFW�LQLWLDO� VWUXFWXUHV� ZKLOH� REMHFW�LQLWLDO� VWUXFWXUHV� FDXVHG� PRUH� VHYHUH�

GLIILFXOWLHV� �+DQQH�� 6HNHULQD�� 9DVLVKWK�� %XUFKHUW�� 	� GH� %OHVHU�� ������� 7KH� UHVXOWV� ZHUH�

LQWHUSUHWHG� DV� UHGXFHG� V\QWDFWLF� UHDQDO\VLV� DELOLWLHV� LQ� DJUDPPDWLVP�� �3OHDVH�� DOVR� FRPSDUH�

:DUWHQEXUJHU��+HHNHUHQ��%XUFKHUW��'H�%OHVHU��	�9LOOULQJHU��������:DUWHQEXUJHU�HW�DO�����������

�

������3URFHVVLQJ�RI�6\QWDFWLF�9LRODWLRQV�LQ�$GXOWV�
%HVLGHV� LQYHVWLJDWLQJ� DGXOW� V\QWDFWLF� SURFHVVLQJ� E\� SUHVHQWLQJ� QRQ�FDQRQLFDO�� FRPSOH[�� RU�

DPELJXRXV��EXW�VWLOO�FRUUHFW��VWUXFWXUHV��YLRODWLRQ�SDUDGLJPV�DUH�HPSOR\HG�LQ�QXPHURXV�VWXGLHV�

UHJDUGLQJ�WKH�VDPH�WRSLF��7KH�UDWLRQDOH�EHKLQG�WKLV�LV�WKDW�VXE�SURFHVVHV�ZLWKLQ�V\QWDFWLF�RQOLQH�

FRPSUHKHQVLRQ�FDQ�EH�GLIIHUHQWLDWHG�E\�YLRODWLRQ�SDUDGLJPV��$�JLYHQ�V\QWDFWLF�YLRODWLRQ�ZLOO�

FDXVH�D�GLVUXSWLRQ�RI�WKH�RQJRLQJ�V\QWDFWLF�DQDO\VLV�DW�LWV�OHYHO�DQG�SRLQW�RI�RFFXUUHQFH�DQG�ZLOO�

KHQFH� GLVFORVH� SDUWLFXODU� VWHSV� LQ� ODQJXDJH� SURFHVVLQJ��7KXV�� LQYHVWLJDWLRQV� RI� FDVH�PDUNLQJ�

YLRODWLRQV� HVSHFLDOO\�� DOOXGH� QRW� RQO\� WR� WKH� SURFHVVLQJ� RI� FDVH�PDUNLQJ� DQG� WKHPDWLF� UROH�

IXQFWLRQV�EXW�DOVR�JLYH�LQVLJKWV� LQWR� WKH�DQWLFLSDWLRQ�WKH� ODQJXDJH�V\VWHP�EXLOGV�XS�DW�FHUWDLQ�

VHQWHQFH�SRVLWLRQV��

�,Q�SDUWLFXODU��HOHFWURSK\VLRORJLFDO�VWXGLHV� WKDW�XVHG�VXFK�D�YLRODWLRQ�SDUDGLJP�KDYH�SURYLGHG�

FUXFLDO� LQIRUPDWLRQ� DERXW� DUJXPHQW� DVVLJQPHQW� DQG� DUJXPHQW� H[SHFWDWLRQV� LQ� WKH� DGXOW�

SURFHVVLQJ�V\VWHP��)ULVFK�	�6FKOHVHZVN\���������:KHQ�DUJXPHQWV�LQ�D�WUDQVLWLYH�FRQVWUXFWLRQ�

DUH�PDUNHG�LQ�WKH�LGHQWLFDO�FDVH��H�J���H[DPSOHV���D�E���LQ�*HUPDQ�DQG�FDQQRW�EH�KLHUDUFKLFDOO\�

RUGHUHG� EDVHG� RQ� DQLPDF\� LQIRUPDWLRQ�� )ULVFK�	� 6FKOHVHZVN\� ������� GHPRQVWUDWHG� WKDW� WKH�

ODQJXDJH�V\VWHP�QHYHUWKHOHVV�WULHV�WR�UHVROYH�WKLV�FRQIOLFW��$GXOWV�ZHUH�WHVWHG�LQ�DQ�(53�VWXG\�

ZLWK�GRXEOH�QRPLQDWLYH���D��RU�GRXEOH�DFFXVDWLYH���E��FRQVWUXFWLRQV��
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��D�� :HOFKHU�.RPPLVVDU�OREWH�GHU�'HWHNWLY�LP�%DKQKRI"�

>ZKLFK�LQVSHFWRU@120�FRPPHQGHG�>WKH�GHWHFWLYH@120�LQ�WKH�UDLOZD\�VWDWLRQ�

��E�� :HOFKHQ�.RPPLVVDU�OREWH�GHQ�'HWHNWLY�LP�%DKQKRI"�

>ZKLFK�LQVSHFWRU@$&&�FRPPHQGHG�>WKH�GHWHFWLYH@$&&�LQ�WKH�UDLOZD\�VWDWLRQ�

�

%RWK�FRQGLWLRQV�\LHOGHG�WR�D�ELSKDVLF�1����3����(53�SDWWHUQ��7KH�1����ZDV�LQWHUSUHWHG�DV�D�

UHVXOW�RI�WKHPDWLF�LQWHJUDWLRQ�GLIILFXOWLHV�RI�WKH�VHFRQG�FDVH�PDUNHG�QRXQ�SKUDVH��13��DQG�WKH�

3���� DV� D� UHVSRQVH� WR� WKH� V\QWDFWLF� LOO�IRUPHGQHVV�� ,QWHUHVWLQJO\�� LQ� WKH� GRXEOH� DFFXVDWLYH�

FRQGLWLRQ���E���WKH�1����ZDV�PRUH�SURQRXQFHG�WKDQ�LQ�WKH�GRXEOH�QRPLQDWLYH�FRQGLWLRQ���D��

LQGLFDWLQJ�WKH�IRUPHU�WR�EH�DSSHDULQJ�PRUH�VDOLHQW�WR�DGXOWV��$FFRUGLQJO\��LQ�D�VWXG\�HPSOR\LQJ�

D� VSHHGHG� JUDPPDWLFDOLW\� WDVN� �6FKOHVHZVN\�� )DQVHORZ��	� )ULVFK�� ������ GRXEOH� QRPLQDWLYH�

FRQVWUXFWLRQV� ZHUH� MXGJHG� DV� PRUH� JUDPPDWLFDO� WKDQ� GRXEOH� DFFXVDWLYH� FRQVWUXFWLRQV� ZKLOH�

UHTXLULQJ� PRUH� WLPH� IRU� WKH� MXGJPHQW� SURFHGXUH�� 7KLV� VXSSRUWV� WKH� YLHZ� WKDW� LQ� DGXOWV� WKH�

DFFXVDWLYH�YLRODWLRQ�LV�PRUH�REYLRXV�LQ�WKH�FRXUVH�RI�VHQWHQFH�SURFHVVLQJ�WKDQ�WKH�QRPLQDWLYH�

YLRODWLRQ�� +RZHYHU�� ZKHQ� WKH� VHFRQG� DUJXPHQW� ZDV� UHSODFHG� E\� D� SURQRXQ� LQ� RWKHUZLVH�

LGHQWLFDO� VHQWHQFHV�� WKHVH� GLIIHUHQFHV� LQ� WKH� JUDPPDWLFDOLW\� MXGJPHQWV� GLVDSSHDUHG�� 7KHVH�

UHVXOWV�DUH�H[SODLQHG�LQ�WHUPV�RI�WKH�FUXFLDO�HOHPHQW¶V�VDOLHQF\�VLQFH�SURQRXQV�DUH�FRQVLGHUHG�

PRUH�VDOLHQW�WKDQ�GHWHUPLQHU�SKUDVHV��)URP�WKHLU�EHKDYLRUDO�VWXG\��WKH�DXWKRUV�FRQFOXGH�WKDW�LW�

LV� WKH� SDUVHU¶V� DQDO\VLV� RQ� WKH� VHFRQG�13� WKDW� FDXVHV� WKH� HIIHFWV� IRU� WKH� GRXEOH� QRPLQDWLYH�

VHQWHQFHV��6FKOHVHZVN\��)DQVHORZ��HW�DO����������7KXV��WKH�SURFHVVLQJ�RI�WKHVH�YLRODWLRQV�DW�WKH�

VHFRQG�13� LV�H[SHFWDWLRQ�GULYHQ��$V�PHQWLRQHG�DERYH�� LW� LV�RIWHQ�DVVXPHG� WKDW� WKH� ODQJXDJH�

V\VWHP�PDNHV�SUHGLFWLRQV�IRU�VWUXFWXUDO�SURSHUWLHV�RI�D�VHQWHQFH��%RUQNHVVHO�HW�DO�������E��DQG�

H[SHFWV� D� SURWRW\SLFDO�� L�H�� VXEMHFW�ILUVW�� VWUXFWXUH�ZKHQ� FRQIURQWHG�ZLWK� WUDQVLWLYH� VHQWHQFHV�

�%HLP�*UDEHQ�HW�DO���������)ULHGHULFL�	�0HFNOLQJHU��������0HFNOLQJHU�HW�DO����������,Q�WKH�WHVW�

VHQWHQFH���D���WKH�VXEMHFW�ILUVW�K\SRWKHVLV�LV�PHW�E\�WKH�ILUVW�13�EHLQJ�ILOOHG�E\�D�QRPLQDWLYH�

PDUNHG�$JHQW�DQG�WKHQ�IXUWKHU�VXSSRUWHG�E\�WKH�YHUE��&RQVHTXHQWO\��WKH�VHFRQG�13�LV�UHDGLO\�

RYHUORRNHG�LQ�GRXEOH�QRPLQDWLYH�YLRODWLRQV��%\�PHDQV�RI�WKHVH�SURFHVVLQJ�PHFKDQLVPV��TXLFN�

DQG� HDUO\� VHPDQWLF� LQWHUSUHWDWLRQV�PLJKW� EH� SRVVLEOH� �6FKOHVHZVN\�� )DQVHORZ�� HW� DO��� �������

7KH�SURFHVVLQJ�RI�VHQWHQFH���E��LV�GLIIHUHQW�DV�WKH�LQLWLDO�13�LV�PDUNHG�LQ�WKH�DFFXVDWLYH�FDVH��

ZKLFK�LV�DOUHDG\�DW�WKLV�SRLQW�LQ�FRQIOLFW�ZLWK�WKH�VXEMHFW�ILUVW�K\SRWKHVLV��

�

7KH�VDPH�YLRODWLRQV�DV�LQ�����HOLFLWHG�RQO\�D�3����ZKHQ�WKH�FRQIOLFW�FRXOG�EH�UHVROYHG�RQ�EDVLV�

RI� DQ� DQLPDF\� KLHUDUFK\�� L�H��� ZKHQ� RQH� DUJXPHQW� ZDV� DQLPDWH� DQG� RQH� ZDV� LQDQLPDWH��

VWUHQJWKHQLQJ�WKH�YLHZ�RQ�WKH�1����VLJQDOLQJ�GLIILFXOWLHV�LQ�WKHPDWLF�KLHUDUFKLFDOO\�RUGHULQJ�LQ�
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WKHVH�DUJXPHQW�YLRODWLRQV� �)ULVFK�	�6FKOHVHZVN\���������&RPSDUH�DOVR� WKH�RFFXUUHQFH�RI�DQ�

1����LQ�UHVSRQVH�WR�VHPDQWLF�WKHPDWLF�YLRODWLRQV�LQ�.RV�HW�DO����������%RUQNHVVHO��������FRXOG�

IXUWKHUPRUH� VKRZ� WKDW� FRQWH[W� LQIRUPDWLRQ� RU� JHQHUDO� ZRUOG� NQRZOHGJH� GRHV� QRW� VXSSRUW�

WKHPDWLF�KLHUDUFKLFDOO\�RUGHULQJ�LQ�FDVH�RI�FRQIOLFWLQJ�VLWXDWLRQV���

7KH� VDPH� ELSKDVLF� 1����3���� SDWWHUQ� ZDV� DOVR� REVHUYHG� IRU� -DSDQHVH� VSHDNHUV� �0XHOOHU��

+LURWDQL�� 	� )ULHGHULFL�� ������ SURFHVVLQJ� VHQWHQFHV� LQFOXGLQJ� WZR� LGHQWLFDO� FDVH�PDUNHG�

DUJXPHQWV��$OVR��VHPDQWLF�PLVPDWFKHV�RI�DGMHFWLYH�DQG�QRXQV�DQG�YHUEV�DQG�QRXQV�HOLFLWHG�WKH�

VDPH� (53� SDWWHUQ� �=KDQJ�� -LDQJ�� 6DDOEDFK�� 	� =KRX�� ������� ,Q� DGGLWLRQ�� YLRODWLRQV� RI� WKH�

QXPEHU�RI�DUJXPHQWV�\LHOG�WR�WKH�VDPH�1����3����UHVSRQVH�LQ�*HUPDQ�VSHDNHUV��)ULHGHULFL�	�

)ULVFK��������DV�ZHOO�DV�VWUXFWXUHV�ZKLFK�YLRODWHG�WKH�V\QWDFWLF�DQG�WKHPDWLF�UHVWULFWLRQV�RI�D�

YHUE�DUJXPHQW�VWUXFWXUH��H[DPSOH�����)ULVFK��+DKQH��	�)ULHGHULFL����������

�

���� 'HU�*DUWHQ�ZXUGH�DP�JHDUEHLWHW�XQG«�

WKH�JDUGHQ�ZDV�RQ�WKH�ZRUNHG�DQG«�

�

7KH�FRPELQDWLRQ�RI�QXPEHU�DQG�FDVH�YLRODWLRQV�OHG�WR�D�/$1�1����3����SDWWHUQ��ZKLOH�RQO\�

QXPEHU�DJUHHPHQW�YLRODWLRQV�XVXDOO\�SURGXFH�D�/$1�3����HIIHFW�LQ�*HUPDQ�VSHDNHUV��5RHKP��

%RUQNHVVHO��+DLGHU��	�6FKOHVHZVN\���������7KHVH�ILQGLQJV�SLFWXUH�WKH�YHU\�GLVWLQFW�VWHSV�LQ�WKH�

GRPDLQ�RI�V\QWD[�IRU�WKH�WLPHO\�VHTXHQFH�RI�ODQJXDJH�SURFHVVLQJ��+RZHYHU��ERWK�WKH�VHPDQWLF�

WKHPDWLF�DV�ZHOO� DV� WKH� V\QWDFWLF�SURFHVVLQJ� VWHS�FDQ�EH�PDQLSXODWHG� WR�D�FHUWDLQ�H[WHQW��)RU�

LQVWDQFH��,VHO�DQG�6KHQ��������ZHUH�DEOH�WR�EORFN�DQ�1����HIIHFW�E\�D�JUDPPDWLFDOLW\�WDVN�DQG�

D�3����UHVXOWHG�LQ�UHVSRQVH�WR�VHPDQWLFDOO\�LQFRQJUXHQW�FRQGLWLRQV�LQVWHDG��

�

,Q�FRQWUDVW�WR�WKH�ELSKDVLF�1����3����SDWWHUQ�REVHUYHG�LQ�UHVSRQVH�WR�FDVH�PDUNLQJ�YLRODWLRQV�

LQ�*HUPDQ��D�/$1�3����SDWWHUQ�ZDV�IRXQG�LQ�DGXOWV�SURFHVVLQJ�FDVH�YLRODWLRQV�RQ�SURQRXQV�LQ�

(QJOLVK� �H�J���7KH�SODQH� WRRN�ZH� WR�SDUDGLVH� DQG�EDFN��� �&RXOVRQ� HW� DO��� �������$�ELSKDVLF�

/$1�3����SDWWHUQ�ZDV�DOVR�REVHUYHG�DV�D� UHVXOW�RI�JHQGHU�DJUHHPHQW�HUURUV�EHWZHHQ�QRXQV��

GHWHUPLQHUV�� DQG� DGMHFWLYHV� �2
5RXUNH� 	� 9DQ� 3HWWHQ�� ������� ,Q� RWKHU� (QJOLVK� VWXGLHV��

YLRODWLRQV� RI� VXEMHFW�YHUE� DJUHHPHQW� �.XWDV� 	� +LOO\DUG�� ������ RU� YHUE� WHQVH� YLRODWLRQV�

�2VWHUKRXW�	�1LFRO��������GLG�QRW�HOLFLW�D�/$1�WKDW�LV�XVXDOO\�DVVRFLDWHG�ZLWK�PRUSKRV\QWDFWLF�

SURFHVVHV��)LHEDFK��6FKOHVHZVN\��	�)ULHGHULFL��������)ULHGHULFL���������+HQFH��)ULHGHULFL�DQG�

:HLVVHQERUQ��������DUJXH�WKDW�WKH�PRUH�D�FHUWDLQ�ODQJXDJH�UHOLHV�RQ�PRUSKRV\QWDFWLF�PDUNLQJ�

WKH�PRUH� OLNHO\� D�/$1�RFFXUV� LQ�H[SHULPHQWV� LQ� WKH� UHVSHFWLYH� ODQJXDJH��$FFRUGLQJO\�� HYHQ�

SURQRXQ�FDVH�YLRODWLRQV�GR�QRW�DOZD\V�HOLFLW�D�/$1��DV�)UHQ]HO��6FKOHVHZVN\��DQG�%RUQNHVVHO�
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6FKOHVHZVN\� ������� SURYHG� D� 1����ODWH� SRVLWLYLW\� SDWWHUQ� GHSHQGLQJ� RQ� DQLPDF\� DQG� YHUE�

LQGXFHG�DJUHHPHQW���

�

2.2 Neurocognitive Models  
7ZR�PRGHOV�RI� ODQJXDJH�SURFHVVLQJ� WKDW�DUH�EDVHG�RQ� WKH� VWXGLHV�FLWHG�DERYH�DQG�QXPHURXV�

RWKHU� HOHFWURSK\VLRORJLFDO�� IXQFWLRQDO� LPDJLQJ�� DQG� SDWLHQW� VWXGLHV�ZLOO� EH� EULHIO\� LQWURGXFHG�

DQG�VXPPDUL]HG�LQ�WKH�IROORZLQJ�FKDSWHU��,Q�WKH�GLVFXVVLRQ�RI�WKH�SUHVHQW�VWXG\��WKH�UHVXOWV�ZLOO�

EH� LQWHUSUHWHG� RQ� WKH� EDVLV� RI� WKHVH� WZR� PRGHOV�� WKH� Neurocognitive Model of Auditory 

Sentence Comprehension �)ULHGHULFL��������������)ULHGHULFL�	�.RW]��������DQG� WKH�H[WHQGHG�

Argument Dependency Model��%RUQNHVVHO�	�6FKOHVHZVN\������D����

The Neurocognitive Model of Auditory Sentence Comprehension� �)ULHGHULFL�� ������ ������ LQ�

SUHVV��DVVXPHV�WKUHH�SKDVHV�IRU�VHQWHQFH�FRPSUHKHQVLRQ�DIWHU�DQ�LQLWLDO�SKDVH���WKDW�LQFOXGHV�

LQLWLDO� DFRXVWLF� DQG� SKRQRORJLFDO� DQDO\VLV� RI� DXGLWRU\� LQSXW� ������PV� DIWHU� VHQWHQFH� RQVHW���

(DFK�RI�WKH�WKUHH�SKDVHV�DUH�DVVRFLDWHG�ZLWK�SDUWLFXODU�(53�FRPSRQHQWV��VHH�)LJXUH�����

3KDVH�����KDV�WKH�IXQFWLRQ�RI�V\QWDFWLF�VWUXFWXUH�EXLOGLQJ��L�H���SKUDVH�VWUXFWXUH�EXLOGLQJ��WDNLQJ�

SODFH�EHWZHHQ���������PV�DIWHU�VHQWHQFH�RQVHW��,Q�3KDVH������WKH�V\VWHP�LGHQWLILHV�ZRUG�IRUPV�

DQG�DVVLJQV�ZRUGV� WR�WKHLU�V\QWDFWLF�FDWHJRULHV�IRU�IXUWKHU� LQWHJUDWLRQ�LQWR� WKH�JLYHQ�V\QWDFWLF�

VWUXFWXUH��,I�D�PLVPDWFK�EHWZHHQ�WKH�V\QWDFWLF�FDWHJRU\�RI�D�ZRUG�DQG� WKH�H[SHFWDWLRQV�EDVHG�

RQ� LWV� SUHFHGLQJ�ZRUG� RFFXUV�� DQ� (/$1� UHVXOWV�� 7KH� (/$1� DQG� WKH� SURFHVVHV� FRQFRPLWDQW�

ZLWK�LW�DUH�SUHVXPHG�WR�EH�KLJKO\�DXWRPDWLF��)ULHGHULFL�HW�DO���������+DKQH�	�)ULHGHULFL��������

/DX��6WURXG��3OHVFK��	�3KLOOLSV��������1HYLOOH�HW�DO����������

3KDVH� ���� ��������� PV� DIWHU� VHQWHQFH� RQVHW�� HQFRPSDVVHV� WZR� LQGHSHQGHQW� DQG� SDUDOOHO�

SDWKZD\V�� 7KH� OH[LFDO� LQIRUPDWLRQ� RI� WKH� LQLWLDO� SURFHVVHG�ZRUG� LV� UHWULHYHG� LQ� D� IXQFWLRQDO�

�V\QWDFWLF��DQG�LQ�DQ�LQWHUSUHWDWLYH��VHPDQWLF��ZD\��+HQFH��PRUSKRV\QWDFWLF�DV�ZHOO�DV�OH[LFDO�

IHDWXUHV� DUH� DQDO\]HG� DQG� LQWHJUDWHG�� PRVW� OLNHO\� LQ� SDUDOOHO�� LQWR� WKH� VHPDQWLF�WKHPDWLF�

VWUXFWXUH� RI� WKH� VHQWHQFH� IRU� HDFK� ZRUG�� UHVSHFWLYHO\� �H�J��� WKHPDWLF� UROHV� DUH� DVVLJQHG� E\�

OLQNLQJ� WKH� UHODWLRQV�EHWZHHQ�D�YHUE�DQG�LWV�DUJXPHQWV���/H[LFDO�VHPDQWLF�YLRODWLRQV�HOLFLW�DQ�

1����DW�WKLV�VWDJH��+RZHYHU��LQ�WKLV�SKDVH�D�/$1�UHIOHFWV�PRUSKRV\QWDFWLF�YLRODWLRQV��

3KDVH���������������PV�DIWHU�VHQWHQFH�RQVHW��LV�UHVSRQVLEOH�IRU�V\QWDFWLF�LQWHJUDWLRQ�SURFHVVHV�

LQFOXGLQJ�SURFHVVHV�RI� V\QWDFWLF� UHDQDO\VLV� DQG�RU� UHSDLU�� ,Q� WKH�FDVH�RI� D�PLVPDWFK�EHWZHHQ�

GLIIHUHQW� NLQGV� RI� LQIRUPDWLRQ�� D� 3���� LV� HOLFLWHG�� ,PSRUWDQWO\�� SKUDVH�VWUXFWXUH� EXLOGLQJ�

SURFHVVHV�RI�3KDVH�����DUH�VHHQ�LQGHSHQGHQW�RI�VHPDQWLF�SURFHVVLQJ��

�

�
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)LJXUH����7KH�1HXURFRJQLWLYH�0RGHO�RI�$XGLWRU\�6HQWHQFH�&RPSUHKHQVLRQ��(YHU\�SURFHVVLQJ�SKDVH�LV�
UHODWHG�WR�SDUWLFXODU�(53�FRPSRQHQWV��)LJXUH�IURP�)ULHGHULFL���������
�

�

+RZHYHU��RWKHU�V\QWDFWLF�LQIRUPDWLRQ��DV�LQ�3KDVH�����DQG������LV�WDNHQ�WR�G\QDPLFDOO\�LQWHUDFW�

ZLWK�VHPDQWLF�SURFHVVLQJ��)RU�LQVWDQFH��VHPDQWLF�DQG�VWUXFWXUDO�LQIRUPDWLRQ�UHWULHYHG�LQ�3KDVH�

����DUH�PDSSHG�RQWR�HDFK�RWKHU�LQ�3KDVH������D�SURFHVV�WKDW�PLJKW�UHTXLUH�UHSDLU�RI��H�J���QRQ�

JUDPPDWLFDO�VHQWHQFHV�RU�UHDQDO\VLV�RI��H�J���QRQ�FDQRQLFDO�VWUXFWXUHV��,Q�FRQWUDVW�WR�WKH�KLJKO\�

DXWRPDWLF�LQLWLDO�SKDVH��SURFHVVHV�RI�3KDVH�����HVWDEOLVKHG�LQ�WKH�FXUUHQW�PRGHO�FRPH�WR�SDVV�LQ�

D�FRQWUROOHG�PDQQHU���

7KH� Dynamic Dual-Pathway Model� H[WHQGHG� WKH� Neurocognitive Model of Language 

Comprehension� LQFRUSRUDWLQJ�SURVRGLF� �VXSUDVHJPHQWDO�� LQIRUPDWLRQ�DV�D�VHFRQG�SDWKZD\� WR�

WKH�ILUVW�VHJPHQWDO�SDWKZD\�GHVFULEHG�DERYH� �)ULHGHULFL�	�$OWHU���������7KHVH�WZR�SDWKZD\V�

LQWHUDFW�G\QDPLFDOO\�GHSHQGLQJ�RQ�WKH�OLQJXLVWLF�LQSXW�DQG�LWV�SDUWLFXODU�IHDWXUHV��IRU�HYLGHQFH�

RQ�WKHVH�WZR�SDWKZD\V�LQ�FKLOGUHQ��SOHDVH�FRPSDUH�:DUWHQEXUJHU�HW�DO�����������

�
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The extended Argument Dependency Model��H$'0��E\�%RUQNHVVHO�DQG�6FKOHVHZVN\������D��

EXLOGV� RQ� WKH�SURFHVVLQJ�PRGHO� �)ULHGHULFL�� ������GHVFULEHG�DERYH� DQG� WKXV� DOVR�DWWHPSWV� WR�

GHVFULEH� VHPDQWLF� DQG� V\QWDFWLF� SURFHVVHV� RQ� QHXURSK\VLRORJLFDO� DQG� QHXURDQDWRPLFDO�

JURXQGV��7KH�PRGHO�DOVR�DVVXPHV�WKUHH�SURFHVVLQJ�SKDVHV�ZKLOH�3KDVH���LV�VXEGLYLGHG�LQWR�WZR�

SKDVHV��3KDVH��D�DQG��E��VHH�)LJXUH�����

,Q� 3KDVH� ����� SKUDVH� VWUXFWXUH� LV� DOVR� SURFHVVHG� ZLWK� WKH� VSHFLILFDWLRQ� RI� DQ� DFWLYDWLRQ� RI� D�

IRUPDO� SKUDVH�VWUXFWXUH� WHPSODWH� �7(03/$7(� $&7,9$7,21��� ,Q� 3KDVH� ��D�� UHOHYDQW�

IHDWXUHV�RI�WKH�QRXQ�SKUDVHV�DV�ZHOO�DV�RI�WKH�YHUE�DUH�H[WUDFWHG�ZKLOH�DQ�DUJXPHQW�SURPLQHQFH�

KLHUDUFK\�� EDVHG� RQ� WKH� PRUSKRORJLFDO� DQG� SRVLWLRQDO� IHDWXUHV�� LV� HVWDEOLVKHG� IRU� WKH� QRXQ�

SKUDVHV��7KH�FRPSXWDWLRQ�RI�WKHVH�WDNHV�SODFH�LQ�WKH�VXEVHTXHQW�3KDVH� ��E��LQ�ZKLFK�WKH�VWHS�

&20387(� 3520,1(1&(� LV� LQLWLDWHG� DQG� KHQFH� WKHPDWLF� UROHV� DUH� DVVLJQHG� WR� WKH� JLYHQ�

DUJXPHQWV��7KH�DVVLJQPHQW�RI�WKHPDWLF�UROHV�LV�FRPSXWHG�RQ�EDVLV�RI�FDVH�PDUNLQJ��DQLPDF\��

GHILQLWHQHVV�DQG�SRVLWLRQ�RI�DUJXPHQWV�DQG�FDQ�EH�H[HFXWHG�ZLWKRXW�WKH�LQIRUPDWLRQ�SURYLGHG�

E\�WKH�YHUE��

�
)LJXUH� ��� 7KH� WKH� H[WHQGHG�$UJXPHQW� 'HSHQGHQF\�0RGHO� �)LJXUH� IURP�%RUQNHVVHO�	� 6FKOHVHZVN\��
����D��
�

,Q�DGGLWLRQ��WKH�IRUPDO�DJUHHPHQW�EHWZHHQ�WKH�DUJXPHQWV�DQG�WKH�YHUE�LV�HVWDEOLVKHG�RQ�EDVLV�

RI�WKH�SURPLQHQFH�LQIRUPDWLRQ�LQ�WKH�VWHS�$66,*1�����$*57��,Q�SDUDOOHO��RU�PRUH�VSHFLILFDOO\�

DW�WKH�SRVLWLRQ�RI�WKH�YHUE��DQG�VWLOO�LQ�3KDVH���E���KRZHYHU��WKH�ORJLFDO�VWUXFWXUH�RI�WKH�YHUE�LV�

H[WUDFWHG� DQG� OLQNHG� ZLWK� WKH� DUJXPHQW�EDVHG� SURPLQHQFH� LQIRUPDWLRQ� �&20387(�

/,1.,1*��E\�DVVLJQLQJ�WKH�KLHUDUFKLFDOO\�RUGHUHG�DUJXPHQW�WR�D�SRVLWLRQ�ZLWKLQ�WKLV�ORJLFDO�RU�

VHPDQWLF� VWUXFWXUH�� 7KH� *(1(5$/,=('� 0$33,1*� RFFXUV� LQ� WKH� IROORZLQJ� 3KDVH� ���� LQ�

ZKLFK� LQWHUSUHWDWLRQ� LV�PRGLILHG� DFFRUGLQJ� WR� IUHTXHQF\��ZRUOG� NQRZOHGJH�� SODXVLELOLW\�� DQG�

WDVN�GHPDQGV�DQG�QHFHVVDU\�UHSDLU�VWHSV�DUH�WDNHQ��
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)RU�*HUPDQ��%RUQNHVVHO�DQG�6FKOHVHZVN\� �����D�� LPSRUWDQWO\�DVVXPH�LQ�3KDVH���D�� WKDW� WKH�

SDUVHU� HLWKHU� XVHV� PRUSKRORJLFDO� RU� SRVLWLRQDO� IHDWXUHV� IRU� WKH� HVWDEOLVKPHQW� RI� V\QWDFWLF�

GHSHQGHQFLHV��,I�FDVH� LQIRUPDWLRQ��L�H���PRUSKRORJLFDO�LQIRUPDWLRQ�� LV�DPELJXRXV�� WKH�V\VWHP�

UHOLHV�RQ�ZRUG�RUGHU��L�H���SRVLWLRQDO�LQIRUPDWLRQ���,I��KRZHYHU��DUJXPHQWV�DUH�XQDPELJXRXVO\�

FDVH�PDUNHG�� ZRUG� RUGHU� LQIRUPDWLRQ� LV� FRPSOHWHO\� RYHUULGGHQ�� %RUQNHVVHO� �������

GLVWLQJXLVKHV� EHWZHHQ� SULPDU\� SURPLQHQFH� LQIRUPDWLRQ� DV� FDVH�PDUNLQJ� �H�J��� FUXFLDO� IRU�

*HUPDQ��DQG�ZRUG�RUGHU��H�J���FUXFLDO�IRU�(QJOLVK��DQG�VHFRQGDU\�SURPLQHQFH�LQIRUPDWLRQ�DV�

DQLPDF\�DQG�GHILQLWHQHVV��7KLV�SURFHVV�RI�IRUP�WR�PHDQLQJ�PDSSLQJ�YDULHV�FURVV�OLQJXLVWLFDOO\�

�%RUQNHVVHO�6FKOHVHZVN\� HW� DO��� ������ DQG� FRQVHTXHQWO\� HOLFLWV� GLIIHUHQW� (53� UHVSRQVHV� LQ�

GLIIHUHQW� ODQJXDJHV��)RU�DOO� ODQJXDJHV�� WKH�WKHWD�FULWHULRQ�VWLOO�KROGV�WKDW� WKH�IRUP�WR�PHDQLQJ�

PDSSLQJ�KDV�WR�WDNH�SODFH�XQGHU�WKH�SULQFLSOH�WKDW�WKHUH�FDQ�RQO\�EH�D�RQH�WR�RQH�PDSSLQJ�RI�

WKHPDWLF�UROHV�WR�DUJXPHQWV��%RUQNHVVHO����������

7KH� H$'0� GLIIHUV� IURP� WKH� Neurocognitive Model of Language Comprehension� LQ� WKDW� LW�

UHGXFHV�WKH�UROH�RI�WKH�V\QWD[�RQO\�WR�SKDVH�����ZKLOH�WKH�HVWDEOLVKPHQW�RI�WKHPDWLF�KLHUDUFKLHV�

LQ� SKDVH� ���� LV� JXLGHG� E\� RWKHU� SULQFLSOHV� DQG� LQIRUPDWLRQ� WKDQ� V\QWD[� LQ� SDUWLFXODU�

�%RUQNHVVHO�6FKOHVHZVN\�	�6FKOHVHZVN\����������

�

2.3 Interim Summary 
7KH� SUHVHQW� FKDSWHU¶V� JRDO� ZDV� WR� GHVFULEH� WKH� WHPSRUDO� FKDUDFWHULVWLFV� RI� WKH� EUDLQ�

PHFKDQLVPV� XQGHUO\LQJ� WKH� SURFHVVLQJ� RI� FDVH�PDUNLQJ�� WKHPDWLF� UROHV�� ZRUG� RUGHU�� DQG�

DUJXPHQW� VWUXFWXUH� LQ� DGXOWV�� 7KH� (53� FRPSRQHQWV� DVVRFLDWHG� ZLWK� PRUSKRV\QWDFWLF�

SURFHVVLQJ� �/$1��� VHPDQWLF� SURFHVVLQJ� �1������ DQG� V\QWDFWLF� SURFHVVLQJ� �3����� KDYH� EHHQ�

VKRUWO\� LQWURGXFHG�� (OHFWURSK\VLRORJLFDO� DQG� EHKDYLRUDO� UHVHDUFK� RQ� QRQ�FDQRQLFDO� PDLQ�

FODXVHV��L�H���REMHFW�LQLWLDO�VWUXFWXUHV��KDV�UHYHDOHG�QR�DGGLWLRQDO�SURFHVVLQJ�FRVWV��+RZHYHU��LQ�

UHVSRQVH� WR� PRUH� FRPSOH[� QRQ�FDQRQLFDO� VWUXFWXUHV� DV� VXERUGLQDWH� FODXVHV�� DPELJXRXV�� RU�

JDUGHQ�SDWK�VHQWHQFHV��D�/$1�RU�VFUDPEOLQJ�QHJDWLYLW\�ZDV�RIWHQ�REVHUYHG��ZKLFK�OHG�WR� WKH�

DVVXPSWLRQ� RI� D� VXEMHFW�ILUVW� SUHIHUHQFH� LQ� DGXOWV�� :KHQ� SURFHVVLQJ� FDVH� DQG� DUJXPHQW�

YLRODWLRQV� LQ� *HUPDQ�� D� ELSKDVLF� 1����3���� SDWWHUQ� RFFXUV� LQGLFDWLQJ� WKHPDWLF� LQWHJUDWLRQ�

GLIILFXOWLHV�DQG�D�UHVSRQVH�WR�V\QWDFWLF�LOO�IRUPHGQHVV��7KH�UHVXOWV�RI�HOHFWURSK\VLRORJLFDO�DQG�

EUDLQ� LPDJLQJ� VWXGLHV� RQ� V\QWDFWLF� SURFHVVLQJ� LQ� DGXOWV� KDYH� EHHQ� LQWHJUDWHG� LQ� WKH�

Neurocognitive Model of Auditory Sentence Comprehension �)ULHGHULFL�� ������ DQG� WKH�

extended Argument Dependency Model� �%RUQNHVVHO� 	� 6FKOHVHZVN\�� ����D��� 7KH� IROORZLQJ�

FKDSWHU�ZLOO�SURYLGH�D�VXPPDU\�RI�EHKDYLRUDO�DQG�HOHFWURSK\VLRORJLFDO�UHVHDUFK�WKDW�KDV�JLYHQ�

LQVLJKWV�LQWR�WKH�GHYHORSPHQW�RI�V\QWDFWLF�SURFHVVLQJ�LQ�FKLOGUHQ�XQWLO�WKH�SUHVHQW��
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3 The Development of Syntactic Processing 
,Q� WKH�SURFHVV�RI� ODQJXDJH�DFTXLVLWLRQ��FKLOGUHQ�KDYH� WR�DWWXQH� WR� WKH� VSHFLILF�SKRQHPHV�DQG�

VWUHVV� SDWWHUQ� RI� WKHLU� QDWLYH� ODQJXDJH�� VHJPHQW�ZRUGV� IURP� WKH� RQJRLQJ� VSHHFK� VWUHDP� DQG�

PDS� WKHP� RQWR� WKHLU� UHVSHFWLYH� PHDQLQJV�� DFTXLUH� WKH� JUDPPDWLFDO� FRPELQDWRULDO� UXOHV� IRU�

WKHVH�ZRUGV��DQG�OHDUQ�WKH�SUDJPDWLF�FRQYHQWLRQV�DV�KRZ�WR�XVH�WKHVH�VHQWHQFHV�LQ�WKH�VSHFLILF�

FXOWXUH��$W�DURXQG����PRQWKV�RI� DJH�� LQIDQWV� VWDUW� WR�SURGXFH� WKHLU� ILUVW�ZRUGV�DQG�DERXW� VL[�

PRQWKV�ODWHU�WKH\�EHJLQ�WR�FRPELQH�WZR�ZRUGV�LQWR�DQ�XWWHUDQFH��%HWZHHQ�WZR�DQG�WZR�DQG�D�

KDOI�� WRGGOHUV� VWDUW� WR� XWWHU� PRUH� FRPSOH[� FRQVWUXFWLRQV� LQFOXGLQJ� WKUHH� RU� PRUH� ZRUGV��

$IWHUZDUGV��WKH�HODERUDWLRQ�RI�V\QWDFWLF�VWUXFWXUHV�WDNHV�SODFH�DV��IRU�LQVWDQFH��UHODWLYH�FODXVHV�

RU� LQYHUVLRQ��/DQJXDJH�DFTXLVLWLRQ��KRZHYHU�� LV� D� ORQJ�SURFHVV� WKDW�PLJKW�QRW�EH�FRPSOHWHO\�

DFFRPSOLVKHG� LQ� *HUPDQ� XQWLO� WKH� DJH� RI� ��� �.ODQQ�'HOLXV�� ������� $OWKRXJK� WKH� FRXUVH� RI�

ODQJXDJH� DFTXLVLWLRQ� KDV� EHHQ� GHVFULEHG� LQ� GHWDLO� VLQFH� WKH� EHJLQQLQJ� RI� WKH� ��WK� FHQWXU\�

�&ODUN�� ������ .ODQQ�'HOLXV�� ������ 6WHUQ� 	� 6WHUQ�� ������ 6]DJXQ�� ������� PDQ\� SX]]OLQJ�

TXHVWLRQV�VWLOO�UHPDLQ��)RU�LQVWDQFH��RQH�TXHVWLRQ�LV�SRVHG�LQ�WKH�FXUUHQW�ZRUN�DV�WR�ZKHQ�DQG�

KRZ� FKLOGUHQ� DVVLJQ� WKHPDWLF� UROHV� WR� DUJXPHQWV� EDVHG� RQ� FDVH�PDUNLQJ� LQIRUPDWLRQ� LQ�

*HUPDQ�� 7KH� NQRZOHGJH� JDWKHUHG� LQ� WKLV� UHVSHFW� RQ� EHKDYLRUDO� DQG� QHXURSK\VLRORJLFDO�

JURXQGV�ZLOO�EH�VXPPDUL]HG�LQ�WKH�IROORZLQJ�VHFWLRQV��)XUWKHUPRUH��D�WKHRUHWLFDO�PRGHO�IRU�WKH�

DFTXLVLWLRQ�RI�V\QWDFWLF�DQG�JUDPPDWLFDO�VWUXFWXUHV�ZLOO�EH�LQWURGXFHG��QDPHO\�WKH�competition 

model�SURSRVHG�E\�%DWHV�DQG�0DF:KLQQH\���������������

�

3.1 Behavioral and Neurophysiological Evidence 
$V�VKRZQ� LQ� WKH� ILUVW�FKDSWHU��D�SUHUHTXLVLWH�RI� WKH�DELOLW\� WR�PDS� OLQJXLVWLF�IRUPV�RQWR� WKHLU�

WKHPDWLF�UROH�IXQFWLRQV�OLHV�LQ�WKH�NQRZOHGJH�RI�FDVH�PDUNLQJ�DQG�ZRUG�RUGHU�UHJXODULWLHV�RI�D�

FHUWDLQ� ODQJXDJH��:KLOH�*HUPDQ� FKLOGUHQ�KDYH� DOUHDG\� DFTXLUHG� WKH�SURWRW\SLFDO�ZRUG�RUGHU�

UXOHV� RI�*HUPDQ� DW� WKH� DJH� RI� WZR� DQG� D� KDOI� �&ODKVHQ�� ������.ODQQ�'HOLXV�� ������ 6]DJXQ��

������� WKH�DFTXLVLWLRQ�RI� WKH�IRUPV�RI�FDVH�PDUNLQJ�DQG�LWV�IXQFWLRQV�UHTXLUHV�D�PXFK�ORQJHU�

WLPH���

5HJDUGLQJ�WKH�DFTXLVLWLRQ�RI�WKH�IRUP�RI�WKH�DFFXVDWLYH�FDVH�PDUNLQJ��6WHUQ�DQG�6WHUQ��������

REVHUYHG�WKH�SURGXFWLRQ�RI�LW�RQ�GHWHUPLQHUV�VWDUWLQJ�DW�WKH�DJH�RI�WZR�DQG�D�KDOI�LQ�WKHLU�GLDU\�

VWXG\�� ZKLOH� &ODKVHQ� ������� UHSRUWV� WKH� VDPH� IURP� D� WZLQ� VWXG\�� EXW� RQO\� DIWHU� WKH� WKLUG�

ELUWKGD\��,Q�FRQWUDVW��6]DJXQ¶V��������DQDO\VLV�RI�D�FRUSXV�VWXG\�IRXQG�HYLGHQFH�IRU�DFFXVDWLYH�

FDVH�PDUNLQJ�SURGXFHG�DOUHDG\�E\�WZR�\HDU�ROGV��+RZHYHU�� WKH�HUURU�UDWH� LQ� WKH�XVDJH�RI� WKH�

DFFXVDWLYH�IRUP�ZDV�VWLOO�PXFK�KLJKHU�WKDQ�WKH�RQH�IRU�WKH�QRPLQDWLYH�DW�WKH�DJH�RI�WKUHH�\HDUV�
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HLJKW�PRQWKV�� $FFRUGLQJ� WR� &ODKVHQ� �������� 7UDF\� ������� GHVFULEHV� IRXU� SKDVHV� RI� WKH�

DFTXLVLWLRQ�RI�FDVH�PRUSKRORJ\��'XULQJ�3KDVH�����QR�FDVH�PDUNHUV�DUH�SURGXFHG��LQ�3KDVH�����

WKH� QRPLQDWLYH� IRUP� DSSHDUV�� ZKLOH� LQ� 3KDVH� ���� D� µELQDU\� V\VWHP¶� RI� QRPLQDWLYH� DQG�

DFFXVDWLYH� FDVH� IRUPV� HPHUJHV� LQFOXGLQJ� RYHUJHQHUDOL]DWLRQV� RI� WKH� DFFXVDWLYH� WR� GDWLYH��

ZKLFK��LQ�WXUQ��RFFXUV�LQ�3KDVH�������

7KH� DFTXLVLWLRQ� RI� WKH� GHFOLQDWLRQ� V\VWHP� LV� LQIOXHQFHG� E\� D� VHW� RI� IDFWRUV��:KLOH� V\QWDFWLF�

FDWHJRULHV� PLJKW� DGYDQFH� WKH� SURFHVV� �&ODKVHQ�� ������ 7UDF\�� ������� SHUFHSWXDO� VDOLHQF\��

GLVWULEXWLRQDO�DQG�FRQFHSWXDO�IDFWRUV�DOVR�PLJKW�SOD\�D�UROH��6]DJXQ���������&RQFHSWXDOO\��WKH�

PRUH� XQDPELJXRXV� D� IRUP�PHDQLQJ� PDSSLQJ� RI� D� SDUWLFXODU� UHODWLRQ� LV�� WKH� IDVWHU� WKH�

DFTXLVLWLRQ� LPSURYHV� �VHH� DOVR�EHORZ��%DWHV�	�0DF:KLQQH\�� ������ ������� 3HUFHSWXDOO\�� WKH�

GHILQLWH� DUWLFOH� µGHQ¶� LQ� WKH� DFFXVDWLYH� LV� YHU\� VDOLHQW� DQG�PLJKW� WKXV� DSSHDU� ILUVW� LQ�*HUPDQ�

�7UDF\����������

7KH� ILQDO� GLVHQWDQJOLQJ� RI� ZRUG�RUGHU� DQG� FDVH�PDUNLQJ� RFFXUV� DV� RQH� RI� WKH� ODVW� VWHSV� LQ�

FKLOGUHQ¶V� GHYHORSPHQW� RI� WKH� FDVH� V\VWHP� DFFRUGLQJ� WR� 7UDF\� �������� VKH� FRQFOXGHV��

³«FKLOGUHQ�OHDUQLQJ�*HUPDQ�PD\�VWLOO�UHO\�RQ�ZRUG�RUGHU�VWUDWHJLHV�LQ�SHUFHSWLRQ�DQG�LJQRUH�

LQIOHFWLRQV�� HYHQ� DW� WLPHV�ZKHQ� WKHLU� RZQ� SURGXFWLRQV� VKRZ� FRUUHFW� DVVLJQPHQW� RI� FDVHV�� DW�

OHDVW� IRU� QRPLQDWLYH� DQG� DFFXVDWLYH� LQ� YDULDEOH� SRVLWLRQV´� �7UDF\�� ������ S�� ����� %HKDYLRUDO�

HYLGHQFH�IRU�WKH�TXHVWLRQ�RI�ZKDW�DJH�FKLOGUHQ�KDYH�GLVHQWDQJOHG�ZRUG�RUGHU�DQG�FDVH�PDUNLQJ�

DQG� IXUWKHUPRUH� DUH� DEOH� WR� XVH� WKH� ODWWHU� IRU� FRUUHFW� IRUP�PHDQLQJ�PDSSLQJ� RQWR� WKHPDWLF�

UROHV�LQ�UHFHSWLRQ�ZLOO�EH�SUHVHQWHG�QH[W��

�

,Q�DQ�DFWLQJ�RXW�WDVN��'LWWPDU�HW�DO�������D��WHVWHG�*HUPDQ�FKLOGUHQ�DW�WKH�DJH�RI�WZR��ILYH��DQG�

VHYHQ��)RU�WZR�\HDU�ROGV��ERWK�ZRUG�RUGHU�DQG�FDVH�PDUNLQJ�FXHV�ZHUH�QHFHVVDU\�WR�FRUUHFWO\�

PLPLF�WKH�DFWLRQ�HQFRGHG�LQ�D�WHVW�VHQWHQFH��)LYH�\HDU�ROGV�ZHUH�DEOH�WR�XVH�WKH�ZRUG�RUGHU�FXH�

DORQH��EXW�QRW�FDVH�PDUNLQJ�DORQH��,QWHUHVWLQJO\��RQO\�VHYHQ�\HDU�ROGV�ZHUH�HYHQWXDOO\�DEOH�WR�

DVVLJQ�FRUUHFW�WKHPDWLF�UROHV�WR�FRQVWLWXHQWV�LQ�D�WUDQVLWLYH�VHQWHQFH�EDVHG�RQ�WKH�FDVH�PDUNLQJ�

FXH�DORQH���

7KH�GHYHORSPHQW�RI�WKH�VHQVLWLYLW\�WR�WKH�ZRUG�RUGHU�DQG�FDVH�PDUNLQJ�FXH�EHWZHHQ����PRQWKV�

DQG� ILYH� \HDUV� RI� DJH� ZDV� GHVFULEHG� DW� FORVHU� DJH� LQWHUYDOV� LQ� VHYHUDO� RWKHU� VWXGLHV�� ,Q� D�

SUHIHUHQWLDO� ORRNLQJ� WDVN�� ���PRQWK�ROGV� ZHUH� DEOH� WR� FRUUHFWO\� LQWHUSUHW� *HUPDQ� WUDQVLWLYH�

VHQWHQFHV�LQFOXGLQJ�WKH�FRDOLWLRQ�RI�ZRUG�RUGHU�DQG�FDVH�PDUNLQJ�FXHV��EXW�RQO\�DIWHU�V\QWDFWLF�

WUDLQLQJ��'LWWPDU��$EERW�6PLWK��/LHYHQ��	�7RPDVHOOR������E���7KLV�VWXG\�UHSOLFDWHG�ILQGLQJV�

IRXQG� LQ� (QJOLVK� FKLOGUHQ� EHIRUH� �*HUWQHU�� )LVKHU�� 	� (LVHQJDUW�� ������� )XUWKHUPRUH�� &KDQ��

/LHYHQ�	�7RPDVHOOR� �������VKRZHG�DQ� LQFUHDVH� LQ�UHOLDQFH�RQ� WKH�ZRUG�RUGHU�FXH� IURP�WZR�

DQG�D�KDOI�WR�WKUHH�DQG�D�KDOI�WR�IRXU�DQG�D�KDOI��ZLWK�WKH�ODWWHU�DJH�JURXS�GLVSOD\LQJ�WKH�KLJKHVW�
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XVH� RI� ZRUG� RUGHU� DQG� WKH� \RXQJHVW� DJH� JURXS� XQGHUVWDQGLQJ� RQO\� SURWRW\SLFDO� WUDQVLWLYH�

VHQWHQFHV�ZLWK�D�FRDOLWLRQ�RI�WKH�DQLPDF\�DQG�ZRUG�RUGHU�FXH��6WDUWLQJ�DW�WKH�DJH�RI�ILYH��WKHUH�

VHHPV� WR�EH�PRUH�DWWHQGDQFH� WR� WKH�FDVH�PDUNLQJ�FXH� �/LQGQHU��������0LOOV��������6FKDQHU�

:ROOHV��������DV�0LOOV� ������� IRXQG�D�EORFNLQJ�RI� WKH�ZRUG�RUGHU�VWUDWHJ\� IRU�XQDPELJXRXV�

DFFXVDWLYH�PDUNHUV� LQ� WKH� LQLWLDO� SRVLWLRQ� DW� WKLV� DJH�� 7KH� RYHUDOO� UHVXOWV� E\� /LQGQHU� �������

RXWOLQH� WKH�GHYHORSPHQW� LQ� WKH�ZD\� WKDW� FKLOGUHQ� VWDUW�ZLWK� OH[LFDO� VHPDQWLFV� �L�H��� DQLPDF\���

WKHQ�SURFHHG�WR�JUDPPDWLFDO�FXHV��DV�WKH�QRPLQDWLYH�FDVH��RU�DJUHHPHQW�ZLWK�WKH�XVDJH�RI�WKH�

ODWWHU�RFFXUULQJ�DW�ILYH�\HDUV��$�VLPLODU�UHVXOW�ZDV�UHSRUWHG�IRU�*HUPDQ�FKLOGUHQ�DJHG�ILYH�DQG�D�

KDOI�ZKR�LQWHUSUHWHG�REMHFW�LQLWLDO�VWUXFWXUHV�XS�WR�����FRUUHFWO\��:DWHUPH\HU����������

�7KHVH�ILQGLQJV�FRQWUDGLFW�WKH�VWXG\�E\�'LWWPDU�HW�DO�������D��DV�LW�ZDV�QRW�XQWLO�FKLOGUHQ�ZHUH�

��\HDUV�RI�DJH�WKDW�WKH\�ZHUH�DEOH�WR�FRUUHFWO\�XVH�WKH�FDVH�PDUNLQJ�FXH��)XWXUH�VWXGLHV�PXVW�

FODULI\�WKH�SLFWXUH�DQG�UHYHDO�XQGHU�ZKLFK�FRQGLWLRQV�FKLOGUHQ�DUH�VHQVLWLYH�WR�ZKLFK�FXHV�IRU�

VHQWHQFH� LQWHUSUHWDWLRQ� GXULQJ� GHYHORSPHQW�� )XUWKHUPRUH�� DQRWKHU� GLVFUHSDQF\� ZDV� VKRZQ�

EHWZHHQ�GLIIHUHQW�EHKDYLRUDO�PHWKRGV�WKDW�KDYH�EHHQ�HPSOR\HG��:KLOH�SURGXFWLRQ�DQG�DFW�RXW�

VWXGLHV�VKRZHG�RQO\�NQRZOHGJH�RI�D�FDQRQLFDO�WUDQVLWLYH�FRQVWUXFWLRQ�EHJLQQLQJ�DW�WKH�DJH�RI�

WKUHH�� SUHIHUHQWLDO� ORRNLQJ� VWXGLHV� VXJJHVW� WKH� VDPH� DOUHDG\� IRU� WZR�\HDU�ROGV� RU� HYHQ� ���

PRQWK�ROGV�� $SSDUHQWO\�� WKHVH� WZR� WDVNV� PHDVXUH� FKLOGUHQ¶V� V\QWDFWLF� NQRZOHGJH� LQ� YHU\�

GLIIHUHQW�ZD\V���

$QRWKHU�IDFWRU�WKDW�HQKDQFHV�WKH�XQGHUVWDQGLQJ�RI�WUDQVLWLYH�FRQVWUXFWLRQ�FRXOG�EH�SURYHG�LQ�D�

VWXG\� LQFOXGLQJ� SURVRG\� DV� D� FXH� IRU� LQWHUSUHWDWLRQ�� &KLOGUHQ� DJHG� ILYH� LQGHQWLILHG� WKHPDWLF�

UROHV� EHWWHU� LI� WKH� QRQ�FDQRQLFDO� REMHFW�LQLWLDO� VWUXFWXUH� ZDV� DFFRPSDQLHG� ZLWK� D� W\SLFDO�

LQWRQDWLRQ�SDWWHUQ��*U�QORK��/LHYHQ��	�7RPDVHOOR����������

�

&URVV�OLQJXLVWLF�UHVHDUFK�KDV�SURYLGHG�HYLGHQFH�WKDW�FKLOGUHQ�DUH�VHQVLWLYH�WR�WKH�FXHV�UHOHYDQW�

IRU�WKHPDWLF�UROH�LQWHUSUHWDWLRQ�DW�GLIIHUHQW�DJHV�GHSHQGLQJ�RQ�WKHLU�UHVSHFWLYH�QDWLYH�ODQJXDJH��

5HJDUGLQJ� (QJOLVK�� RQH�WKLUG� RI� DOO� WKUHH�\HDU�ROGV� SURGXFH� WUDQVLWLYH� FRQVWUXFWLRQV�

�7RPDVHOOR���������&RQFHUQLQJ�UHFHSWLRQ��(QJOLVK�WZR�\HDU�ROG�FKLOGUHQ�DUH�VKRZQ�WR�EH�DEOH�

WR�DOUHDG\�PDNH�XVH�RI� WKH�YHU\� UHOLDEOH�ZRUG�RUGHU�FXH� IRU� WKH� ODQJXDJH� LQ�D� IRUFHG�FKRLFH�

SDUDGLJP� �'LWWPDU�� $EERW�6PLWK�� /LHYHQ��	� 7RPDVHOOR�� LQ� SUHVV�� 1REOH�� 5RZODQG��	� 3LQH��

�������+RZHYHU��HPSOR\LQJ�DQ�DFWLQJ�RXW�SDUDGLJP�� LW�ZDV�GHPRQVWUDWHG�WKDW�FKLOGUHQ�XQGHU�

WKH� DJH� RI� ��ZHUH� QRW� DEOH� WR� XQGHUVWDQG� DJHQWV� DQG� SDWLHQWV� LQ� VHQWHQFHV�ZLWK� QRYHO� YHUEV�

EDVHG�RQ� WKH�ZRUG�RUGHU�FXH� DORQH� �$NKWDU�	�7RPDVHOOR�� �������*LYHQ� WKDW� WKH� ODWWHU� VWXG\�

XVHG� D� GLIIHUHQW� SDUDGLJP�� LW� LV� RQFH� PRUH� HPSKDVL]HG� WKDW� GLIIHUHQW� EHKDYLRUDO� PHWKRGV�

GHOLYHU�YHU\�GLIIHUHQW�UHVXOWV���
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,Q�IXUWKHU�FURVV�OLQJXLVWLF�HYLGHQFH�ZLWK�WKH�DFWLQJ�RXW�WDVN��LW�ZDV�HYLGHQW�WKDW�FKLOGUHQ�UHO\�RQ�

WKH�FDVH�PDUNLQJ�FXH� LQ�7XUNLVK�DW� WKH�DJH�RI� WZR� �GXH� WR� WKH�YHU\�KLJK�FXH�YDOLGLW\� LQ� WKDW�

ODQJXDJH�� VHH� EHORZ��� +XQJDULDQ� FKLOGUHQ� DW� WKH� DJH� RI� WKUHH�\HDUV� RQH�PRQWK� DQG� 6HUER�

&URDWLDQ� FKLOGUHQ� DW� WKH� DJH� RI� IRXU�\HDUV� WZR�PRQWKV� �%DWHV� HW� DO��� ������ 6ORELQ�	�%HYHU��

�������,Q�FRQWUDVW��,WDOLDQ�FKLOGUHQ�UHO\�PRVW�RIWHQ�RQ�WKH�DQLPDF\�FXH��%DWHV�HW�DO������������

�
$�NH\�FRQVLGHUDWLRQ�LV�WKH�QHXUDO�XQGHUSLQQLQJV�RI�WKH�SURFHVVLQJ�RI�FDVH�PDUNLQJ�IXQFWLRQV��

WKHPDWLF�UROHV�DQG�DUJXPHQW�H[SHFWDWLRQV�LQ�FKLOGUHQ��(OHFWURSK\VLRORJLFDO�PHWKRGV�PLJKW�EH�

DEOH�WR�HOXFLGDWH�WKH�TXHVWLRQ�RI�ZKLFK�FXHV�DUH�UHFRJQL]HG�DQG�HPSOR\HG�E\�FKLOGUHQ�DW�ZKDW�

DJH�DQG�ZKLFK�GHYHORSPHQWDO�VWHSV�DUH�IROORZHG��

6LQFH� WKH� FUXFLDO� (53� FRPSRQHQWV� REVHUYHG� LQ� WKH� DGXOW� VWXGLHV� RQ� V\QWDFWLF�WKHPDWLF�

SURFHVVLQJ�LQ�*HUPDQ�DUH�WKH�/$1��WKH�1�����DQG�3����WKH�OLWHUDWXUH�RQ�WKH�GHYHORSPHQW�RI�

WKHVH�FRPSRQHQWV�ZLOO�EH�EULHIO\�UHYLHZHG��7KH�IROORZLQJ�(53�HIIHFWV�KDYH�EHHQ�LGHQWLILHG�VR�

IDU�LQ�HDUO\�FKLOGKRRG��

,Q� UHDFWLRQ� WR� VHPDQWLFDOO\� DQRPDORXV� VHQWHQFHV�� WZR� VWXGLHV� �+DKQH�HW� DO��� ������+ROFRPE��

&RIIH\��	�1HYLOOH��������KDYH�UHSRUWHG�WKH�RFFXUUHQFH�RI�DQ�1����LQ�ILYH��DQG�VL[�\HDU�ROGV��

UHVSHFWLYHO\�� $QRWKHU� VWXG\� UHSRUWHG� VHYHUDO� QHJDWLYLWLHV� WKDW� ZHUH� DSSDUHQW� RYHU� DQWHULRU�

UHJLRQV�RI�WKH�VFDOS�LQ�FKLOGUHQ�DJHG�WKUHH��DQG�IRXU�\HDUV�IRU�VHPDQWLFDOO\�LQFRQJUXRXV�ZRUGV�

DW�WKH�VHQWHQFH�OHYHO��H�J���0\�XQFOH�ZLOO�EORZ�WKH�PRYLH��� �6LOYD�3HUH\UD��5LYHUD�*D[LROD��	�

.XKO���������:KLOH�IRXU�\HDU�ROGV�GLVSOD\HG�WZR�QHJDWLYLWLHV��DW�����PV�DQG�EHWZHHQ���������

PV�� WKUHH�\HDU�ROGV� H[KLELWHG� WKUHH� QHJDWLYLWLHV� �DW� ��������PV�� ��������PV�� DQG� ���������

PV���7KH�DXWKRUV��6LOYD�3HUH\UD��5LYHUD�*D[LROD��HW�DO���������LQWHUSUHWHG�WKH�ILUVW�QHJDWLYLW\�DV�

VLPLODU�WR�WKH�DGXOW�OLNH�1����DQG�WKH�ODWH�QHJDWLYLWLHV�DV�VLJQDOLQJ�D�SURFHVV�WKDW�WKH\�ODEHOHG�

DV� µVHQWHQFH� FORVXUH¶�� ,Q� D� VHFRQG� VWXG\� HPSOR\LQJ� WKH� VDPH� SDUDGLJP� �6LOYD�3HUH\UD��

.ODUPDQ��/LQ��	�.XKO������������PRQWK�ROG�LQIDQWV�DOVR�VKRZHG�D�QHJDWLYLW\�SHDNLQJ�DURXQG�

����PV�WKDW�ZDV�WDNHQ�DV�DQ�1�����)ULHGULFK�DQG�)ULHGHULFL��������ZHUH�DEOH�WR�UHSRUW�VLPLODU�

UHVXOWV� LQ� ���� DQG� ���PRQWK�ROGV� IRU� VHQWHQFHV� LQ�ZKLFK� WKH� VHPDQWLFV� RI� DQ� REMHFW� GLG� QRW�

PDWFK�WKH�DQWHFHGHQW�YHUE��H�J���7KH�FDW�GULQNV�WKH�EDOO�������PRQWK�ROGV�ZHUH�IRXQG�WR�GLVSOD\�

WZR� QHJDWLYLWLHV� �IURP� �������� PV� DQG� ��������� PV�� DQG� ���PRQWK�ROGV� RQH� ORQJ�ODVWLQJ�

QHJDWLYLW\� IURP� ��������� PV�� 7KXV�� QHJDWLYLWLHV� DV� D� SUHFXUVRU� WR� WKH� DGXOW�OLNH� 1���� IRU�

VHPDQWLF� LQFRQJUXHQFH� DW� WKH� VHQWHQFH�OHYHO� VWDUW� YHU\� HDUO\� LQ� LQIDQF\� DQG� DUH� UHIOHFWHG� DV�

QHJDWLYLWLHV�WKDW�GLIIHU�LQ�ODWHQF\�WKURXJKRXW�FKLOG�GHYHORSPHQW��7KH�V\QWD[�UHODWHG�1����KDV�

QRW�EHHQ�LQYHVWLJDWHG�LQ�FKLOGUHQ�XQWLO�WRGD\��

5HJDUGLQJ� V\QWDFWLF� YLRODWLRQV�� 6LOYD�3HUH\UD� HW� DO�� ������� UHSRUWHG� D� EURDGO\� GLVWULEXWHG�

SRVLWLYLW\� LQ� WKUHH�� DQG� IRXU�\HDU�ROGV� LQ� UHVSRQVH� WR� PRUSKRV\QWDFWLF� YLRODWLRQV� �H�J��� 0\�
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XQFOH�ZLOO�ZDWFKLQJ�WKH�PRYLH����$�/$1�WKDW�ZRXOG�KDYH�EHHQ�H[SHFWHG�DFFRUGLQJ�WR�DGXOWV¶�

(53V�GLG�QRW�DSSHDU�LQ�WKHVH�WZR�JURXSV�RU�LQ����PRQWK�ROGV��6LOYD�3HUH\UD��.ODUPDQ��HW�DO���

�������+RZHYHU��IRU�WKH�SURFHVVLQJ�RI�SKUDVH�VWUXFWXUH�YLRODWLRQV��DQ�(/$1�DQG�D�3����ZHUH�

SUHVHQW� LQ� ���PRQWK�ROGV� �2EHUHFNHU�� )ULHGULFK�� 	� )ULHGHULFL�� ������� 7KH� (/$1�� ZKLFK� LV�

WDNHQ�WR�UHIOHFW�DXWRPDWLF�SKUDVH�VWUXFWXUH�EXLOGLQJ�SURFHVVHV��)ULHGHULFL���������FRXOG�QRW�EH�

IRXQG�LQ����PRQWK�ROGV�XVLQJ�WKH�VDPH�VWLPXOL��DOWKRXJK�D�3�����ZKLFK�LV�WDNHQ�WR�UHIOHFW�PRUH�

FRQWUROOHG�SURFHVVHV��ZDV�VKRZQ�LQ�WKLV�DJH�JURXS��2EHUHFNHU�	�)ULHGHULFL���������,Q�FRQWUDVW��

IRU� YLRODWHG� SDVVLYH� VHQWHQFHV� WKH� (/$1� RFFXUV� RQO\� YHU\� ODWH� LQ� GHYHORSPHQW�� +DKQH��

(FNVWHLQ�� DQG� )ULHGHULFL� ������� UHSRUWHG� QR� QHJDWLYLW\� LQ� VL[�\HDU�ROGV� DQG� D� EURDGO\�

GLVWULEXWHG�QHJDWLYLW\�LQ�VHYHQ�\HDU�ROGV�ZKHQ�SURFHVVLQJ�WKHVH�YLRODWLRQV��VHH�H[DPSOH�����

�

���� 'LH�*DQV�ZXUGH�LP�JHI�WWHUW��

� 7KH�JRRVH�ZDV�LQ�WKH�IHG��

�

2QO\� ���\HDU�ROGV� GHPRQVWUDWHG� DQ� (/$1�OLNH� HIIHFW� LQ� WKLV� VWXG\�� 6LPLODU� UHVXOWV� RI� WKH�

GHYHORSPHQW� RI� OHIW� DQWHULRU� QHJDWLYLWLHV� ZHUH� DOVR� VKRZQ� IRU� WKH� /$1� �/�FN�� +DKQH�� 	�

&ODKVHQ���������,Q�UHVSRQVH�WR�VHQWHQFHV�LQFOXGLQJ�YLRODWLRQV�RI�WKH�*HUPDQ�SOXUDO�LQIOHFWLRQ��

VHYHQ�\HDU�ROGV�GLVSOD\HG�D�EURDGO\�GLVWULEXWHG�QHJDWLYLW\��ZKLFK�UHGXFHG�JUDGXDOO\�WR�IURQWDO�

HOHFWURGHV� DQG� UHVHPEOHG� D� /$1� HYHQWXDOO\� LQ� FKLOGUHQ� DW� WKH� DJH� RI� ��� DQG� D� KDOI�� ,Q�

VXPPDU\�� FRQFHUQLQJ� (53� FRPSRQHQWV� DVVRFLDWHG� ZLWK� V\QWDFWLF� DQG� PRUSKRV\QWDFWLF�

SURFHVVLQJ��WKH�3����PLJKW�EH�GHWHFWHG�HDUOLHU�LQ�FKLOGUHQ�WKDQ�WKH�(/$1�ZKLFK��LQ�WXUQ��PLJKW�

EH�GHWHFWHG�HDUOLHU�WKDQ�WKH�/$1��

�

7R� GDWH�� WKHUH� DUH� YHU\� IHZ� (53� VWXGLHV� VSHFLILFDOO\� RQ� WKH� SURFHVVLQJ� RI� REMHFW�LQLWLDO�

VWUXFWXUHV� LQ� FKLOGUHQ��7HVWLQJ� WKUHH�\HDU�ROGV��0DKOVWHGW� ������� IRXQG� D� SRVLWLYLW\� ���������

PV��WLPH�ORFNHG�WR�13��IRU�REMHFW�LQLWLDO�FRPSDUHG�WR�VXEMHFW�LQLWLDO�VWUXFWXUHV�DQG�D�ELSKDVLF�

HDUO\� SRVLWLYLW\� ���������PV�� DQG� ODWH� QHJDWLYLW\� ����������PV�� WLPH� ORFNHG� WR�13���7KHVH�

ILQGLQJV�ZHUH� LQWHUSUHWHG� DV� DQ� LQGLFDWLRQ� IRU� D� VXEMHFW�LQLWLDO� SUHIHUHQFH� LQ� WKUHH�\HDU�ROGV��

+RZHYHU��LQ�WKLV�H[SHULPHQW��WKH�SURFHVVLQJ�RI�FDVH�PDUNLQJ�ZDV�QRW�GLUHFWO\�WHVWHG��EXW�ZDV�

FURVVHG�DQG�SDUWO\�FRQIRXQGHG�ZLWK�DQLPDF\�FXHV��&KLOGUHQ�DW�WKH�DJH�RI�HLJKW�ZKR�ZHUH�DOVR�

WHVWHG�ZLWK� REMHFW�LQLWLDO� VWUXFWXUHV� LQ� DQ� (53� H[SHULPHQW� �/HXFNHIHOG�� ������ SURFHVVHG� WKH�

XQDPELJXRXVO\�FDVH�PDUNHG�QRQ�FDQRQLFDO� VHQWHQFHV� LQ�D� VLPLODU�ZD\� WR�DGXOWV�� VKRZLQJ�QR�

DGGLWLRQDO� SURFHVVLQJ� FRVWV�� 5HJDUGLQJ� WKH� SURFHVVLQJ� RI� GLIIHUHQW� DUJXPHQW� VWUXFWXUHV��

DPELJXRXV�REMHFW�LQLWLDO�VHQWHQFHV�HOLFLWHG�DQ�DGXOW�OLNH�ELSKDVLF�1����3����SDWWHUQ�LQ�HLJKW�

\HDU�ROGV��/HXFNHIHOG����������
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3.2 A Theoretical Account on the Development of Syntax Acquisition 
,Q� WKH� SUHVHQW� FKDSWHU�� D� WKHRUHWLFDO� PRGHO� RI� V\QWD[� DFTXLVLWLRQ� ZLOO� EH� LQWURGXFHG�� 0RUH�

VSHFLILF��LW�ZLOO�IRFXV�RQ�D�WKHRUHWLFDO�DFFRXQW�RI�WKH�FRXUVH�RI�GHYHORSPHQW�RXWOLQHG�DERYH�IRU�

ZRUG� RUGHU�� FDVH�PDUNLQJ� IXQFWLRQV�� DQG� DVVLJQPHQW� RI� WKHPDWLF� UROHV� LQ� FKLOGUHQ�� 7KH�

Competition Model� E\� %DWHV�	�0DF:KLQQH\� ������� ������ZLOO� DOVR� GHOLYHU� D� FRQFHSW� WKDW�

DWWHPSWV� WR�H[SODLQ� WKH�UHODWLYHO\� ODWH�DFTXLVLWLRQ�RI� WKH�DFFXVDWLYH� IXQFWLRQ�IRU� WKHPDWLF� UROH�

DVVLJQPHQW�LQ�*HUPDQ�FKLOGUHQ��

7KH�&RPSHWLWLRQ�0RGHO�IRFXVHV�RQ�VHQWHQFH�FRPSUHKHQVLRQ�DQG�SURYLGHV�DOVR�D�PRGHO�IRU�WKH�

GHYHORSPHQW� RI� FKLOGUHQ¶V� LQWHUSUHWDWLRQDO� V\QWDFWLF� VWUDWHJLHV� �%DWHV�	�0DF:KLQQH\�� ������

������%DWHV�HW�DO���������0DF:KLQQH\��%DWHV��	�.OLHJO���������$FFRUGLQJ�WR�WKH�PRGHO¶V�EDVLF�

DVVXPSWLRQ��OLQJXLVWLF�FXHV�DUH�RSHUDWHG�RQ�LQ�D�SUREDELOLVWLF�PDQQHU�E\�WKH�V\VWHP�WR�SURFHVV�

VHQWHQWLDO�UHODWLRQVKLSV��7KH�SUREDELOLW\�LV�GHILQHG�E\�WKH�IXQFWLRQ�RI�µFXH�YDOLGLW\�¶�ZKLFK�LV��LQ�

WXUQ�� GHWHUPLQHG� E\� WKH� FRPELQDWLRQ� RI� µFXH� DYDLODELOLW\¶� DQG� µFXH� UHOLDELOLW\¶�� )RU� LQVWDQFH��

FXHV�VXFK�DV�FDVH�PDUNLQJ��ZRUG�RUGHU��RU�YHUE�DJUHHPHQW�FDQ�EH�HPSOR\HG�WR�DVVLJQ�WKHPDWLF�

UROHV�LQ�VHQWHQWLDO�UHODWLRQVKLSV��7KH�PRUH�RIWHQ�D�SDUWLFXODU�FXH�LV�DYDLODEOH���H�J���RYHUW�FDVH�

PDUNLQJ��� WKH� KLJKHU� WKH� YDOXH� RI� WKH� µFXH� DYDLODELOLW\¶�� ,Q� SDUDOOHO�� WKH� OHVV� DPELJXRXV� D�

SDUWLFXODU�FXH��H�J���WKH�IHPLQLQH�GHWHUPLQHU�µGLH¶�FDQ�EH�QRPLQDWLYH�RU�DFFXVDWLYH�FDVH�LQ�WKH�

VLQJXODU���WKH�KLJKHU�WKH�µFXH�UHOLDELOLW\¶���

7KH�PRGHO��%DWHV�	�0DF:KLQQH\��������������SRVLWV�WKDW��LQ�*HUPDQ��WKH�PRVW�UHOLDEOH�FXH�LV�

FDVH�PDUNLQJ�� EXW� LWV� FXH� DYDLODELOLW\� LV� ORZ� VLQFH�RQO\�PDVFXOLQH� QRXQV� DUH� XQDPELJXRXVO\�

PDUNHG��7KH�ZRUG� RUGHU� FXH�� KRZHYHU�� LV� KLJKO\� DYDLODEOH�� DV� DUJXPHQWV� DOZD\V� KDYH� WR� EH�

VHTXHQWLDOO\� RUGHUHG�� EXW� LV� QRW� DOZD\V� UHOLDEOH�� %HFDXVH� *HUPDQ� KDV� D� YHU\� IOH[LEOH� ZRUG�

RUGHU�� WKH�DJHQW�GRHV�QRW�DOZD\V�VWDQG�LQ� WKH�LQLWLDO�SRVLWLRQ��(DFK�OLQJXLVWLF�FXH�FDQ�WKXV�EH�

DVVLJQHG�D�VSHFLILF�YDOXH�RI�YDOLGLW\��'XH�WR�LWV�ORZ�DYDLODELOLW\��WKH�FDVH�PDUNLQJ�FXH�KDV�ORZ�

FXH�YDOLGLW\�LQ�*HUPDQ��/LQGQHU��������KDV�FDOFXODWHG�WKH�FXH�YDOLGLWLHV�IRU�WKH�SRVVLEOH�FXHV�

RI� WKHPDWLF� UROH� DVVLJQPHQW� LQ� *HUPDQ� ZLWK� WKH� IROORZLQJ� UHVXOWV�� :RUG� RUGHU� FXH�� �������

DQLPDF\�FRQWUDVW�FXH���������FDVH�PDUNLQJ�FXH���������VXEMHFW�YHUE�DJUHHPHQW�FXH����������

$GXOWV�ZLOO� UHO\�RQ� WKH�FXH�FDUU\LQJ� WKH�KLJKHVW�GHJUHH� IRU�VHQWHQFH� LQWHUSUHWDWLRQ��6LQFH�QRW�

HYHU\� FXH� LV� DOZD\V� DYDLODEOH� LQ� D� FHUWDLQ� FRQWH[W�� DGXOWV� ZLOO�� KRZHYHU�� DOVR� DWWXQH� YHU\�

IOH[LEOH� WR� OHVV�YDOLG�FXHV��$V� WKH�QDPH�RI� WKH�PRGHO� LPSOLHV�� WKHPDWLF� UROH�DVVLJQPHQW�ZLOO�

UHVXOW� IURP� D� G\QDPLF� FRPSHWLWLRQ� EHWZHHQ� WKH� GLIIHUHQW� FXHV� WKDW� DUH� VLPXOWDQHRXVO\�

DFWLYDWHG�� 7KH� FRPSHWLWLRQ�� WKXV�� SURGXFHV� D� ZLQQLQJ� LQWHUSUHWDWLRQ� EDVHG� RQ� WKH� VR�FDOOHG�

µUHODWLYH�FXH�VWUHQJWK¶�RI�WKH�FXHV�LQ�D�SDUWLFXODU�FRQWH[W��%DWHV�	�0DF:KLQQH\���������

&KLOGUHQ�PLJKW�ILUVW�DFTXLUH�FXHV�ZLWK�WKH�KLJKHVW�YDOLGLW\�DQG�WKXV�ZRUG�RUGHU�FXHV�LQ�*HUPDQ��

7KH�DFTXLVLWLRQ�RI�WKH�FDVH�PDUNLQJ�FXH�ZLOO�RQO\�RFFXU�ODWHU�PDLQO\�IRU�WKH�UHDVRQ�RI�LWV�ORZ�
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DYDLODELOLW\�YDOXH�LQ�WKH�LQSXW��,Q�WKH�FRXUVH�RI�ODQJXDJH�DFTXLVLWLRQ��KRZHYHU��WKH�FKLOG�KDV�WR�

OHDUQ� WKDW� FDVH�PDUNLQJ� SUHVHQWV� D� PXFK� PRUH� UHOLDEOH� FXH� WKDQ� ZRUG� RUGHU�� DOWKRXJK� LW� LV�

VRPHWLPHV�DPELJXRXV��+HQFH��WKH�LQLWLDO�DGYDQWDJH�RI�WKH�KLJK�DYDLODELOLW\�RI�WKH�ZRUG�RUGHU�

FXH�KDV�WR�VXERUGLQDWH�WR�WKH�KLJKHU�UHOLDELOLW\�RI�PRUSKRORJLFDO�FDVH�PDUNLQJ��0DF:KLQQH\��

/HLQEDFK��7DUDEDQ��	�0F'RQDOG����������

&XH�YDOXHV�RI�DYDLODELOLW\��UHOLDELOLW\��DQG�FRQVHTXHQWO\�YDOLGLW\�YDU\�ZLGHO\�DFURVV�ODQJXDJHV��

7KHVH� GLIIHUHQW� YDOXHV�� IROORZLQJ� WKH� FRPSHWLWLRQ�PRGHO�� FURVV�OLQJXLVWLFDOO\� DFFRXQW� IRU� WKH�

GLIIHUHQW�DJHV�DW�ZKLFK�SDUWLFXODU�FXHV�DUH�XVHG�E\�FKLOGUHQ�DQG�DW�ZKLFK�WKH�LQWHUSUHWDWLRQ�RI�

WKHPDWLF�UROH�UHODWLRQVKLSV�LV�PDVWHUHG��,Q�7XUNLVK��IRU�LQVWDQFH��WKH�FDVH�FXH�FDUULHV�YHU\�KLJK�

FXH�YDOLGLW\�DV� LW� LV�ERWK�RI�KLJK�DYDLODELOLW\�DQG�KLJK�UHOLDELOLW\��7KHVH�FRQVLGHUDWLRQV�PDWFK�

SHUIHFWO\�WKH�EHKDYLRUDO�ILQGLQJV�IRU�7XUNLVK�FKLOGUHQ�UHSRUWHG�DERYH�WKDW�WKH\�DOUHDG\�UHO\�RQ�

WKH�FDVH�PDUNLQJ�FXH�DW�WKH�DJH�RI�WZR��%DWHV�HW�DO�����������

0RUHRYHU��LI�DOO�FXHV�DUH�DYDLODEOH�LQ�FRDOLWLRQ�IRU�D�FKLOG�DQG�IRUP��IRU�LQVWDQFH��D�SURWRW\SLFDO�

*HUPDQ� VHQWHQFH�� WKLV� PLJKW� EH� WKH� HDVLHVW� VLWXDWLRQ� IRU� FKLOGUHQ� �FRDOLWLRQV�DV�SURWRW\SHV�

PRGHO���%DWHV�	�0DF:KLQQH\����������

 

3.3 Interim Summary 
7KH�SUHVHQW�FKDSWHU¶V�DLP�ZDV�WR�JLYH�DQ�RYHUYLHZ�RI�WKH�V\QWDFWLF�GHYHORSPHQW�LQ�ODQJXDJH�

DFTXLVLWLRQ�ZLWK�VSHFLDO�UHJDUG�WR�WKH�DFTXLVLWLRQ�RI�OLQJXLVWLF�LQIRUPDWLRQ�DV�ZRUG�RUGHU�UXOHV�

DQG�FDVH�PDUNLQJ�IRU�WKHPDWLF�UROH�DVVLJQPHQW��&KLOGUHQ�VWDUW�WR�SURGXFH�WKH�DFFXVDWLYH�FDVH�

PDUNLQJ� QHFHVVDU\� IRU� PDUNLQJ� SDWLHQW� UROHV� LQ� WUDQVLWLYH� VWUXFWXUHV� EHWZHHQ� WZR� DQG� WKUHH�

\HDUV�RI�DJH��%HKDYLRUDO�HYLGHQFH��DOWKRXJK�UHSRUWLQJ�KHWHURJHQHRXV�UHVXOWV��SRLQWV�WRZDUGV�WKH�

ILQGLQJ� WKDW�FKLOGUHQ�VWDUW� WR�EH�DEOH� WR�XVH� WKLV�FDVH�PDUNLQJ�IRU� WKHPDWLF� UROH� LQWHUSUHWDWLRQ�

EHWZHHQ� ILYH� DQG� VHYHQ� \HDUV� RI� DJH�� 1HXUDO� FRUUHODWHV� RI� WKHVH� VWXGLHV� KDYH� VR� IDU� EHHQ�

VSDUVHO\�UHSRUWHG��+RZHYHU��LW�LV�NQRZQ�WKDW�WKH�3����FRXOG�EH�IRXQG�LQ�FKLOGUHQ�PXFK�HDUOLHU�

�DW����PRQWKV��WKDQ�WKH�(/$1��DW����PRQWKV��WKDQ�WKH�/$1��RQO\�IRXQG�DW�WKH�DJH�RI�VHYHQ���

$�WKHRUHWLFDO�DFFRXQW�RI�V\QWDFWLF�DFTXLVLWLRQ��WKH�Competition Model��%DWHV�	�0DF:KLQQH\��

�������������SUHGLFWV�EDVHG�RQ�FXH�YDOXHV�DVVLJQHG�WR�LQWHUSUHWDWLRQDO�FXHV�IRU�WKHPDWLF�UROHV�

DV��IRU�H[DPSOH��FDVH�PDUNLQJ�WKDW�*HUPDQ�FKLOGUHQ�PLJKW�ILUVW�UHO\�RQ�WKH�ZRUG�RUGHU�FXH�DQG�

ZLOO�RQO\�ODWHU�DFTXLUH�WKH�FDVH�PDUNLQJ�FXH��7KHVH�SUHGLFWLRQV�ILW�WKH�GDWD�JDLQHG�LQ�EHKDYLRUDO�

UHVHDUFK����
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II Empirical Investigations 
�

4 Research Questions 
$V� SURSRVHG� E\� WKH� FRPSHWLWLRQ� PRGHO� �%DWHV� 	� 0DF:KLQQH\�� ������ ������� WKH� XVDJH� RI�

GLIIHUHQW�FXHV� IRU� WKHPDWLF� UROH�DVVLJQPHQW� LQ� ODQJXDJH�FRPSUHKHQVLRQ�SOD\�D�FUXFLDO� UROH�DW�

GLIIHUHQW�VWDJHV�RI� ODQJXDJH�DFTXLVLWLRQ��$V�RXWOLQHG�LQ�&KDSWHU���� LW� LV�HVVHQWLDO�IRU�VHQWHQFH�

FRPSUHKHQVLRQ� WR� XQGHUVWDQG� µZKR� LV� GRLQJ�ZKDW� WR�ZKRP¶� DQG� KHQFH� WR� DVVLJQ� SDUWLFLSDQW�

UROHV� WR� WKH�SDUWLFXODU� DUJXPHQWV� LQ�D�FODXVH��9DULRXV�PRUSKRORJLFDO� UHDOL]DWLRQV�H[LVW� LQ� WKH�

*HUPDQ�ODQJXDJH�EDVHG�RQ�ZKLFK�RI�WKH�WKHPDWLF�UROHV�RI�$JHQWV�DQG�3DWLHQW�FDQ�EH�DVVLJQHG��

:KLOH�WKH�SURWRW\SLFDO�ZRUG�RUGHU�LQ�VLPSOH�WUDQVLWLYH�*HUPDQ�VHQWHQFHV�SRVLWLRQV�WKH�$JHQWV�

ILUVW�IROORZHG�E\�WKH�YHUE�IROORZHG�E\�WKH�3DWLHQW��LW�FDQ�VWLOO�YDU\��7KH�UHDVRQ�IRU�WKLV�LV�WKDW�

FDVH�PDUNLQJ�VLJQDOV�DW�OHDVW�IRU�PDVFXOLQH�QRXQV�XQDPELJXRXVO\�WKH�QRPLQDWLYH�RU�DFFXVDWLYH�

ZKLFK�DUH�SURWRW\SLFDOO\�DVVRFLDWHG�ZLWK�WKH�$JHQW�RU�3DWLHQW�UROH��UHVSHFWLYHO\��,Q�WKLV�UHJDUG��

WKH� DFTXLVLWLRQ� RI� WKH� IXQFWLRQV� RI� FDVH� PDUNLQJ� IRU� WKHPDWLF� UROH� DVVLJQPHQW� VHHPV� WR� EH�

SDUWLFXODUO\� UHOHYDQW� IRU� V\QWD[� DFTXLVLWLRQ�� $V� RXWOLQHG� LQ� &KDSWHU� ��� UHVXOWV� RI� EHKDYLRUDO�

PHWKRGV� GLIIHU� DV� WR�ZKHQ�*HUPDQ� FKLOGUHQ�PDNH� XVH� RI� ZKLFK�PRUSKRORJLFDO� FXHV� GXULQJ�

ODQJXDJH� GHYHORSPHQW�� )RU� WKLV� UHDVRQ�� IXUWKHU� VWXGLHV� DUH� UHTXLUHG� WKDW� LQYHVWLJDWH� WKH�

PHFKDQLVPV�XQGHUO\LQJ�FKLOGUHQ¶V�DFTXLVLWLRQ�RI�WKH�FXHV�QHFHVVDU\�IRU�VHQWHQFH�LQWHUSUHWDWLRQ��

*LYHQ� WKDW� WKLV� HYLGHQFH� LV� DOVR� DW� YDULDQFH� GXH� WR�PHWKRGRORJLFDO� GLIIHUHQFHV�� WZR� GLVWLQFW�

EHKDYLRUDO� PHWKRGV� ZLOO� EH� HPSOR\HG�� 7KH� behavioral study� RI� VHQWHQFH�SLFWXUH� PDWFKLQJ�

H[DPLQHV�RIIOLQH�WKH�DELOLW\�RI�FKLOGUHQ�WR�PDWFK�VXEMHFW�LQLWLDO�DQG�REMHFW�LQLWLDO�VHQWHQFHV�WKDW�

DUH�XQDPELJXRXVO\�FDVH�PDUNHG�WR�PDWFKLQJ�SLFWXUHV��+HQFH��WKHLU�DELOLW\�WR�LQWHUSUHW�WKH�QRQ�

SURWRW\SLFDO� ZRUG� RUGHU� RI� REMHFW�LQLWLDO� FODXVHV� EDVHG� RQ� WKH� FDVH�PDUNLQJ� FXH� ZLOO� EH�

LQYHVWLJDWHG��7KH�VDPH�DELOLW\�ZLWK� WKH�H[DFW�VDPH�VHQWHQFHV�DQG�SLFWXUHV�ZLOO�EH�VWXGLHG�E\�

WKH� eye tracker study�� 3UHIHUHQWLDO� ORRNLQJ� VWXGLHV� KDYH� UHSRUWHG� HDUOLHU� DELOLWLHV� LQ� FKLOGUHQ�

UHJDUGLQJ� VHQWHQFH� LQWHUSUHWDWLRQ� WKDQ� EHKDYLRUDO�PHWKRGV� DV� DFWLQJ� RXW� ������� 7KXV�� WKH� H\H�

WUDFNHU� VWXG\� DLPV� WR� GHOLYHU� FRQYHUJLQJ� HYLGHQFH� IRU� WKLV� PHWKRGRORJLFDO� TXHVWLRQ� DQG�

IXUWKHUPRUH�DLPV�WR�JDLQ�IXUWKHU�LQVLJKWV�LQWR�WKH�VHQVLWLYLW\�WR�WKH�GLIIHUHQW�PRUSKRORJLFDO�FXHV�

E\� DQDO\]LQJ� WKH� WLPHO\� VHTXHQFH� RI� JD]H� EHKDYLRU� LQ� FKLOGUHQ�� ,Q� FRQWUDVW� WR� EHKDYLRUDO�

VWXGLHV��WKH�(53�PHWKRG�DOORZV�VFUXWLQL]LQJ�RQOLQH�VWLPXOXV�SURFHVVLQJ��6\QWDFWLF�SURFHVVLQJ�

LV�UHIOHFWHG�E\�WKH�(53�FRPSRQHQWV�/$1��3����DQG�SDUWO\�1�����������ERP study I H[DPLQHV�

WKH� QHXURSK\VLRORJLFDO� EDVLV� RI� QRQ�SURWRW\SLFDO� VHQWHQFHV� LQ� *HUPDQ� E\� FRPSDULQJ� WKH�

SURFHVVLQJ�RI�VXEMHFW�LQLWLDO�YHUVXV�REMHFW�LQLWLDO�FODXVHV�LQ�FKLOGUHQ��
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)XUWKHUPRUH��DV�LQWURGXFHG�LQ�&KDSWHU����WKH�WKHWD�FULWHULRQ�KROGV�WKDW�HYHU\�WKHPDWLF�UROH�FDQ�

RQO\�EH�DVVLJQHG�RQFH�LQ�D�VLQJOH�VHQWHQFH��7KH�GHYHORSPHQW�IRU�WKLV�UXOH�LQ�FKLOGUHQ�ZLOO�EH�

WHVWHG�LQ�ERP study II��,W�DLPV�WR�LQYHVWLJDWH�WKH�QHXURSK\VLRORJLFDO�EDVLV�DQG�WLPHO\�VHTXHQFH�

RI� SURFHVVLQJ� FDVH�PDUNLQJ� YLRODWLRQV� LQ� FKLOGUHQ� DV� ZHOO� DV� WKHLU� UHSDLU� PHFKDQLVPV� IRU�

WKHPDWLF� KLHUDUFKLFDOO\� RUGHULQJ� DV� YLVLEOH� LQ� WKH� (53V�� $V� GLVFXVVHG� LQ� &KDSWHU� �������

HVSHFLDOO\�YLRODWLRQ�SDUDGLJPV�DUH�VXLWDEOH�IRU�UHYHDOLQJ�VXE�SURFHVVHV�ZLWKLQ�V\QWDFWLF�RQOLQH�

FRPSUHKHQVLRQ�� 7R� WKLV� HQG�� WKH� SURFHVVLQJ� RI� GRXEOH�QRPLQDWLYH� DQG� GRXEOH�DFFXVDWLYH�

FRQVWUXFWLRQV�ZLOO�EH�DVVHVVHG�LQ�FRPSDULVRQ�WR�WKHLU�FRUUHFW�FRXQWHUSDUWV��

*LYHQ�WKDW�IRU�DOO�UHVHDUFK�TXHVWLRQV�WKH�GHYHORSPHQW�RI�WKH�V\QWDFWLF�DELOLWLHV�LQ�FKLOGUHQ�ZLOO�

EH� LQYHVWLJDWHG�� DOO� VWXGLHV�KDYH�EHHQ�FRQGXFWHG�ZLWK� WKUHH�DJH�JURXSV�� WKUHH�\HDU�ROGV������

\HDU�ROGV��DQG�VL[�\HDU�ROGV��%HFDXVH�FKLOGUHQ�VWDUW�WR�SURGXFH�WKH�DFFXVDWLYH�FDVH�PDUNLQJ�DW�

WKH�DJH�RI� WKUHH�RU� VKRUWO\�EHIRUH� ������� WKH�DELOLW\� WR�DVVLJQ�D� IXQFWLRQ� WR� WKLV� FDVH�EHFRPHV�

SDUWLFXODUO\�UHOHYDQW�VWDUWLQJ�DW�WKDW�DJH��)XUWKHU�GHYHORSPHQW�IURP�WKLV�DJH�RQ�ZLOO�EH�GHSLFWHG�

E\�����\HDU�ROGV�DQG�VL[�\HDU�ROGV�ZKLOH�LW�LV�NQRZQ�WKDW�EHJLQQLQJ�DW�DURXQG�WKH�DJH�RI�ILYH��

FKLOGUHQ�VWDUW�WR�XVH�WKH�FDVH�PDUNLQJ�FXH�PRUH�FRQVLVWHQWO\���

$OO�VWXGLHV�KDYH�EHHQ�DGGLWLRQDOO\�FRQGXFWHG�ZLWK�DGXOWV�ZKRVH�UHVXOWV�ZLOO�VHUYH�DV�D�UHOLDEOH�

FRPSDULVRQ�WR�WKH�FKLOGUHQ¶V�GDWD��

7KH� VSHFLILF� K\SRWKHVHV� IRU� WKHVH� H[SHULPHQWV� IRU� DGXOWV� DQG� FKLOGUHQ�ZLOO� EH� IRUPXODWHG� LQ�

&KDSWHU���DQG�&KDSWHU���LQ�WKH�FRQWH[W�RI�WKH�UHVSHFWLYH�H[SHULPHQWV���

�
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5 General Methods 
7KH�EHKDYLRUDO��(53��DQG�H\H�WUDFNHU�H[SHULPHQWV�DV�ZHOO�DV�WKHLU�DQDO\VHV�ZHUH�DOO�FRQGXFWHG��

DV� IDU� DV� SRVVLEOH�� LQ� D� VWDQGDUGL]HG�PDQQHU�ZLWK� WKH� VDPH� SURFHGXUHV�� 7KH� FXUUHQW� FKDSWHU�

VHUYHV�DV�DQ�RYHUYLHZ�RI�DOO�WKH�H[SHULPHQWV�FDUULHG�RXW�DQG�WKH�JHQHUDO�PHWKRGV�HPSOR\HG��,Q�

WKH� UHVSHFWLYH� PHWKRG� VHFWLRQV� RI� WKH� GLIIHUHQW� DJH� JURXSV�� SDUWLFXODU� LQIRUPDWLRQ� LV� JLYHQ�

ZKHQ�QHFHVVDU\���

�

5.1 Experimental Design and Material 
)RU�DOO�H[SHULPHQWV�����WHVW�VHQWHQFHV�ZHUH�FUHDWHG�����ZLWK�VXEMHFW�LQLWLDO�ZRUG�RUGHU�DQG����

ZLWK� REMHFW�LQLWLDO� ZRUG� RUGHU�� $OO� QRXQV� XVHG� ZHUH� RI� PDVFXOLQH� JHQGHU�� EHORQJLQJ� WR� WKH�

VWURQJ�GHFOLQDWLRQ�W\SH��DQG�ZHUH�DQLPDWH��,W� LV�RQO\� LQ�PDVFXOLQH�QRXQV�WKDW�QRPLQDWLYH�DQG�

DFFXVDWLYH�FDQ�EH�XQDPELJXRXVO\�FDVH�PDUNHG�LQ�*HUPDQ�DQG�RQO\�WKH�GHWHUPLQHU�SUHFHGLQJ�

WKH�QRXQ�LQGLFDWHV�WKH�FDVH�LQ�VWURQJ�QRXQV��,Q�WKLV�ZD\��DOO�QRPLQDO�FRQVWLWXHQWV�LQ�D�VHQWHQFH�

ZHUH� XQDPELJXRXVO\� PDUNHG� IRU� DFFXVDWLYH� RU� QRPLQDWLYH� DW� WKH� GHWHUPLQHU� �VHH 7DEOH� ����

1RXQV�DQG� WKHLU� FRPELQLQJ� WUDQVLWLYH�YHUEV�ZHUH�FKRVHQ�DIWHU� D�SUHWHVW�ZLWK����FKLOGUHQ� ����

WKUHH�\HDU�ROGV�� ��� ILYH�\HDU�ROGV�� ��� VL[�\HDU�ROGV�� WR� HQVXUH� WKDW� DOO� SUHVFKRROHUV� NQHZ� WKH�

UHOHYDQW�ZRUGV�DQG�QDPHG�HYHU\�DFWRU�DQG�WKH�DFWLRQ�RQ�WKH�SLFWXUHV�FRQVLVWHQWO\��)RU�GHWDLOV�RI�

WKLV� SUHWHVW� DQG� DQ� RYHUYLHZ� RI� WKH� UHVXOWLQJ� ILQDO� PDWHULDO�� SOHDVH� VHH� $SSHQGL[� $� DQG� %��

UHVSHFWLYHO\��)RU�WKH�WHVW�VHQWHQFHV��VL[�QRXQV�DQG�VL[�YHUEV�UHVXOWHG���

1RXQV��,JHO��KHGJHKRJ���+XQG��GRJ���7LJHU��WLJHU���9RJHO��ELUG���.lIHU��EHHWOH���)URVFK��IURJ��

9HUEV��]LHKHQ��WR�SXOO���N�VVHQ��WR�NLVV���ZDVFKHQ��WR�ZDVK���PDOHQ��WR�SDLQW���WUDJHQ��WR�FDUU\���

NlPPHQ��WR�FRPE���

7DEOH� ��� 6WLPXOXV� H[DPSOHV� IRU� WKH� VXEMHFW�LQLWLDO� DQG� WKH� REMHFW�LQLWLDO� FRQGLWLRQ�� XVHG� LQ� WKH�
EHKDYLRUDO��(53��DQG�H\H�WUDFNLQJ�H[SHULPHQWV���
�

���6XEMHFW�LQLWLDO�

����'HU�7LJHU�N�VVW�GHQ�)URVFK���

����>WKH�WLJHU@120�NLVVHV�>WKH�IURJ@$&&�

����µ7KH�WLJHU�NLVVHV�WKH�IURJ�¶�

���2EMHFW�LQLWLDO�

����'HQ�)URVFK�N�VVW�GHU�7LJHU��

����>WKH�IURJ@$&&�NLVVHV�>WKH�WLJHU@120�

����µ7KH�WLJHU�NLVVHV�WKH�IURJ�¶�
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(YHU\�DQLPDO�RFFXUUHG�HTXDOO\�RIWHQ�DV�$JHQW��3DWLHQW��DQG�LQ�LQWHUDFWLRQ�ZLWK�RWKHU�DQLPDOV�DV�

ZHOO� DV� LQ� DQ�13��RU�13��SRVLWLRQ��)URP�D� VHPDQWLF� SRLQW� RI� YLHZ�� DOO�$JHQWV� FRQVLVWHG�RI�

LGHDO�$JHQW�5ROHV� LQ� WHUPV� RI� 3ULPXV� ������� DV� WKH\�PHW� WKH� FULWHULD� RI� DFWLQJ� GHOLEHUDWHO\��

LQYROYLQJ�D�SK\VLFDO�DFWLRQ�DQG�EHLQJ�DQLPDWH��

7KH� FRUUHVSRQGLQJ� SLFWXUHV�ZHUH� FUHDWHG� XVLQJ�$GREH� LOOXVWUDWRU� DQG� VKRZHG� WKH� UHVSHFWLYH�

WZR�DQLPDOV�HQJDJLQJ�LQ� WKH�UHVSHFWLYH�DFWLRQ��$QLPDOV�ZHUH�FRQWUROOHG�IRU�VL]H�DQG�SRVLWLRQ�

ZLWKLQ� WKH�SLFWXUH� IUDPH�� WKH� LOOXVWUDWLRQ�RI� WKH�DFWLRQ�SHUIRUPHG�E\�RQH�RI� WZR�DQLPDOV�ZDV�

FRXQWHUEDODQFHG�LQ�RUGHU�WR�VKRZ�WKH�DJHQW�WR�WKH�ULJKW�RU�WR�WKH�OHIW�RI�WKH�SDWLHQW�LQ�DQ�HTXDO�

QXPEHU�RI�FDVHV���

)RU� WKH� EHKDYLRUDO� H[SHULPHQW�� HDFK� SLFWXUH� FDUG� WKHQ� FRQWDLQHG� WZR� SLFWXUHV� LQ�

FRXQWHUEDODQFHG� RUGHU� DOLJQHG� RQ� WKH� KRUL]RQWDO� D[LV�� WKH� FRUUHVSRQGLQJ� SLFWXUH� WR� WKH�

UHVSHFWLYH�WHVW�VHQWHQFH�DQG�WKH�SLFWXUH�ZLWK�UHYHUVHG�$JHQW�DQG�3DWLHQW��)RU�H[DPSOHV�RI�WKH�

SLFWXUH�PDWHULDO��SOHDVH�VHH�$SSHQGL[�%���

)RU� WKH� H\H�WUDFNLQJ� H[SHULPHQW�� WKH� LGHQWLFDO� VHQWHQFH� DQG� SLFWXUH� PDWHULDO� DV� LQ� WKH�

EHKDYLRUDO� H[SHULPHQW�ZDV�XVHG� �VHH�$SSHQGL[�%���3LFWXUHV�ZHUH�SUHVHQWHG�RQ� D� VFUHHQ� DQG�

DXGLWRU\�VHQWHQFHV�DVVHPEOHG�WR�D�PRYLH�JHQHUDWHG�ZLWK�D�ILOP�VRIWZDUH��(GLXV�E\�&DQRSXV���

5HJDUGLQJ�WKH�UHFRUGLQJ�DQG�VSOLFLQJ�SURFHGXUH�RI�WKH�DXGLWRU\�VWLPXOL�VHH�EHORZ�DV�D�VXEVHW�RI�

WKH�PDWHULDO�FUHDWHG�IRU�WKH�(53�H[SHULPHQW�ZDV�XWLOL]HG���

)RU�WKH�(53�H[SHULPHQW��WKH�VDPH�VHQWHQFHV�DV�LQ�WKH�EHKDYLRUDO�H[SHULPHQW�ZHUH�XVHG��,Q�

DGGLWLRQ�� VWLPXOL�ZHUH� H[SDQGHG�ZLWK� VL[� DGGLWLRQDO� WUDQVLWLYH� YHUEV�� VFKLHEHQ� �WR� SXVK���

NUDW]HQ� �WR� VFUDWFK��� VFKODJHQ� �WR� KLW��� IDQJHQ� �WR� FDWFK��� EHL�HQ� �WR� ELWH��� DQG� WUHWHQ� �WR�

NLFN���7KLV�UHVXOWHG�LQ�D�WRWDO�RI����WHVW�VHQWHQFHV�DQG�WKXV�D�ODUJHU�QXPEHU�RI�WULDOV�IRU�WKH�

(53�H[SHULPHQW� ���� LQ� WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ����� LQ� WKH�REMHFW�LQLWLDO�FRQGLWLRQ���$�

YLRODWLRQ� SDUDGLJP� ZDV� DOVR� SUHVHQWHG� ZLWKLQ� WKH� (53� H[SHULPHQW� FRQWDLQLQJ� GRXEOH�

QRPLQDWLYH� RU� GRXEOH� DFFXVDWLYH� VHQWHQFHV�� 7KH� VWUXFWXUHV� HPSOR\HG� YLRODWHG� WKH� WKHWD�

FULWHULRQ�LQ�RUGHU�WR�LQYHVWLJDWH�DUJXPHQW�H[SHFWDWLRQV�DQG�UHSDLU�PHFKDQLVPV�IRU�WKHPDWLF�

KLHUDUFKLHV� RQ� D� QHXURSK\VLRORJLFDO� EDVLV�� 7KH� YLRODWLRQV� FRQWDLQHG� LGHQWLFDO� YHUEV� DQG�

QRXQV�DV�WKH�FRUUHFW�VHQWHQFHV�WKDW�ZHUH�VLPSO\�YLRODWHG�LQ�WKHVH�IRUPHU�WZR�FRQGLWLRQV�����

GRXEOH�QRPLQDWLYH�DQG����GRXEOH�DFFXVDWLYH�FRQVWUXFWLRQV�UHVXOWHG��VHH�7DEOH�����$OO� WHVW�

VHQWHQFHV�DUH�LQFOXGHG�LQ�$SSHQGL[�%��

�

�

�

�
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7DEOH����6WLPXOXV�H[DPSOHV�IRU�WKH�GRXEOH�QRPLQDWLYH�DQG�WKH�GRXEOH�DFFXVDWLYH�FRQGLWLRQ��XVHG�LQ�WKH�
(53�H[SHULPHQW���
�

���'RXEOH�QRPLQDWLYH�

����'HU�7LJHU�N�VVW�GHU�)URVFK���

����>WKH�WLJHU@120�NLVVHV�>WKH�IURJ@120�

���'RXEOH�DFFXVDWLYH�

����'HQ�7LJHU�N�VVW�GHQ�)URVFK��

����>WKH�WLJHU@$&&�NLVVHV�>WKH�IURJ@$&&�

��

)RU� WKH� SXUSRVH� RI� DXGLWRU\� VWLPXOL� SUHVHQWDWLRQ�� WKH� FRUUHFW� VHQWHQFHV� �VXEMHFW�LQLWLDO� DQG�

REMHFW�LQLWLDO�PDWHULDO��ZHUH�UHFRUGHG��$�WUDLQHG�IHPDOH�VSHDNHU�SURGXFHG�WKH�JLYHQ�VHQWHQFHV�

LQ� D� VRXQGSURRI� FKDPEHU� VSHDNLQJ� WKH� PDWHULDO� LQ� D� PLOGO\� FKLOG�GLUHFWHG� PDQQHU�� $IWHU�

UHFRUGLQJ�� VHQWHQFHV�ZHUH�GLJLWL]HG� ������N+]���ELW� VDPSOLQJ� UDWH��PRQR��DQG�QRUPDOL]HG� LQ�

DPSOLWXGH� WR� ����� 7KH� ODVW� QRXQ� SKUDVH�ZDV� FURVV�VSOLFHG� DIWHUZDUGV� WR� FUHDWH� WKH� YLRODWHG�

VHQWHQFHV� DQG� WR� UHWDLQ� QDWXUDO� SURVRG\� DW� WKH� VHQWHQFHV¶� ILQDO� SRVLWLRQ�� )RU� DVVXULQJ�

FRPSDUDELOLW\�� WKH�FRUUHFW� VHQWHQFHV�ZHUH� OLNHZLVH�FURVV�VSOLFHG��7KH�H\H�WUDFNHU�H[SHULPHQW�

HPSOR\HG� D� VXEVHW� RI� WKHVH� FRUUHFW� VWLPXOL� �)RU� DFRXVWLF� DQDO\VHV� RI� WKH� DXGLWRU\� PDWHULDO��

SOHDVH�VHH�$SSHQGL[�&��  

�

5.2 Participants 

������$GXOWV�
$OO�DGXOW�SDUWLFLSDQWV�ZHUH�PRQROLQJXDO�*HUPDQ�QDWLYH�VSHDNHUV�DQG�ULJKW�KDQGHG��DV�DVVHVVHG�

E\�D�*HUPDQ�YHUVLRQ�RI� WKH�(GLQEXUJK�+DQGHGQHVV� ,QYHQWRU\� �2OGILHOG�������.�7KH� UHVHDUFK�

ZDV� DSSURYHG� E\� WKH� HWKLFV� FRPPLWWHH� RI� WKH� 8QLYHUVLW\� /HLS]LJ� 1R� KHDULQJ� GHILFLWV� RU�

QHXURORJLFDO�SUREOHPV�ZHUH�NQRZQ�IRU�WKHVH�VXEMHFWV��7KHUH�ZHUH�WKUHH�JURXSV�RI�DGXOWV��2QH�

JURXS� UHFHLYHG� WKH� (53� H[SHULPHQW�� RQH� JURXS� WKH� H\H�WUDFNLQJ� H[SHULPHQW�� DQG� RQH� WKH�

EHKDYLRUDO�WHVWLQJ��7KH�H\H�WUDFNLQJ�SDUWLFLSDQWV�ZHUH�UHFUXLWHG�LQ�%HUOLQ�IURP�WKH�GDWDEDVH�RI�

WKH� %DE\/DE� %HUOLQ�� )RU� WKH� EHKDYLRUDO� DQG� ((*�WHVWLQJ�� DGXOWV� ZHUH� UHFUXLWHG� IURP� WKH�

GDWDEDVH� RI� WKH�0D[� 3ODQFN� ,QVWLWXWH� IRU� +XPDQ� &RJQLWLYH� DQG� %UDLQ� 6FLHQFHV� LQ� /HLS]LJ��

*HUPDQ\���

�
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������&KLOGUHQ�
7RGGOHUV�DQG�SUHVFKRRO�FKLOGUHQ�ZHUH� UHFUXLWHG� IURP�NLQGHUJDUWHQV�DQG�IURP�WKH�GDWDEDVH�RI�

WKH� %DE\/DE�%HUOLQ�� 7KH� UHVHDUFK�ZDV� DSSURYHG� E\� WKH� HWKLFV� FRPPLWWHH� RI� WKH�8QLYHUVLW\�

/HLS]LJ��$OO�SDUWLFLSDQWV�ZHUH�KHDOWK\��PRQROLQJXDO�*HUPDQ�FKLOGUHQ�ZLWKRXW�DQ\�KHDULQJ�RU�

QHXURORJLFDO�SUREOHPV��7KH\�ZHUH�DOO�ERUQ�DW�IXOO�WHUP�DIWHU�QR�XQXVXDO�FLUFXPVWDQFHV�GXULQJ�

SUHJQDQF\�RI�WKHLU�PRWKHUV��3ULRU�WR�SDUWLFLSDWLRQ��LQIRUPHG�SDUHQWDO�FRQVHQW�ZDV�DWWDLQHG�IRU�

HYHU\�FKLOG��$OO�DJH�JURXSV�ZHUH�WHVWHG�ZLWKLQ�DQ�DJH�UDQJH�RI�SOXV�PLQXV�WZR�PRQWKV��7KHUH�

ZHUH� WZR�JURXSV�RI� FKLOGUHQ�� �2QH�JURXS�ZDV� WHVWHG� LQ� WKH�(53�H[SHULPHQW�� DQG�RQH�JURXS�

UHFHLYHG� WKH�H\H�WUDFNHU�H[SHULPHQW��%RWK�JURXSV�ZHUH�DVVHVVHG�ZLWK� WKH�EHKDYLRUDO� WHVW�DQG�

WKH�ODQJXDJH�GHYHORSPHQW�WHVW��752*�'����

�

5.3 Behavioral Method: Sentence-picture Matching 
)RU�WKH�EHKDYLRUDO�H[SHULPHQW��FKLOGUHQ�VDW�WRJHWKHU�DW�D�WDEOH�ZLWK�WKH�H[SHULPHQWHU�DQG�ZHUH�

ILUVW� IDPLOLDUL]HG� ZLWK� WKH� DQLPDO� SLFWXUHV� DQG� ZHUH� DVNHG� WR� QDPH� HDFK� DQLPDO� VHSDUDWHO\��

1H[W��WKH�WDVN�ZDV�LQWURGXFHG��³1RZ��,�DP�JRLQJ�WR�VKRZ�\RX�D�SLFWXUH�FDUG�ZLWK�WZR�SLFWXUHV�

RQ�LW��,�DP�JRLQJ�WR�WHOO�\RX�ZKLFK�SLFWXUH�\RX�FDQ�ILQG�IRU�PH´��7KHQ�WKH�ILUVW�SLFWXUH�FDUG�ZDV�

SUHVHQWHG�RQ�WKH�WDEOH��6KRUWO\�DIWHU��WKH�H[SHULPHQWHU�WROG�WKH�WRGGOHU��³6KRZ�PH�«´�IROORZHG�

E\� WKH� WHVW� VHQWHQFH��'XULQJ� WKLV�SURFHGXUH�� WKH�H[SHULPHQWHU�DOZD\V� ORRNHG� WR� WKH�FKLOG�DQG�

QHYHU� WR� WKH�SLFWXUH�FDUGV��7KH�H[SHULPHQWHU� UHSHDWHG�HDFK� WHVW� VHQWHQFH�D�PD[LPXP�RI� WZR�

WLPHV��$IWHU�WKH�FKLOG�LGHQWLILHG�RQH�SLFWXUH�DV�WKH�FRUUHVSRQGLQJ�RQH�E\�SRLQWLQJ��WKH�DQVZHU�

ZDV�QRWHG��7KH�SURWRFRO�RI� WKH�FKLOG¶V� UHDFWLRQV�GLG�QRW� LQFOXGH�VHFRQG�DQVZHUV� WR� WKH�VDPH�

WHVW�VHQWHQFH��7KHUH�ZHUH�WKUHH�SRVVLEOH�UHVSRQVHV������7KH�FKLOG�SRLQWHG�WR�WKH�OHIW�SLFWXUH������

WR� WKH� ULJKW� SLFWXUH�� RU� ���� WR� QR� SLFWXUH� DW� DOO�� $GXOWV� ZHUH� WHVWHG� ZLWK� WKH� H[DFW� VDPH�

SURFHGXUH��7KH�ZKROH�EHKDYLRUDO�WHVW�RI����WULDOV�WRRN�DSSUR[LPDWHO\����PLQXWHV��

7KH�RUGHU�RI�WHVW�VHQWHQFHV�ZDV�SVHXGR�UDQGRPL]HG�LQ�WKH�ZD\�WKDW�QHLWKHU�WKH�VDPH�FRQGLWLRQ�

�REMHFW�LQLWLDO�VXEMHFW�LQLWLDO��QRU�WKH�FRUUHFW�SRVLWLRQ�RI�WKH�SLFWXUHV��OHIW�ULJKW��ZHUH�UHSHDWHG�

PRUH�WKDQ�WKUHH�WLPHV�LQ�D�URZ��,Q�DGGLWLRQ��WKH�VDPH�DFWLRQ�LQ�ZKLFK�WKH�DFWRUV�HQJDJHG��L�H���

WKH� YHUE� XVHG�� UHRFFXUUHG� QR� PRUH� WKDQ� WZR� WLPHV� GLUHFWO\� DIWHU� HDFK� RWKHU�� )RXU� VHWV� RI�

SVHXGR�UDQGRPL]DWLRQ�UHVXOWHG�DQG�ZHUH�GLVWULEXWHG�UDQGRPO\�DPRQJVW�DOO�SDUWLFLSDQWV��

�

5.4 Eye Tracking 
$OO� FKLOGUHQ� VDW� LQ�D� FDU� VDIHW\� VHDW� �&KLFFR��1HSWXQ�� SODFHG� LQ� IURQW� RI� WKH� H\H� WUDFNHU� LQ�D�

YLHZLQJ�GLVWDQFH�RI� DSSUR[LPDWHO\���FP��&RQFHUQLQJ� WKH�\RXQJHVW� DJH�JURXS�� SDUHQWV� VWRRG�

EHKLQG� WKHLU� FKLOG�ZKLOH�ZHDULQJ� VXQJODVVHV� WR� SUHYHQW� LQWHUIHUHQFHV� RI� WKHLU� H\HV� DQG�ZHUH�
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LQVWUXFWHG� QRW� WR� LQWHUDFW�ZLWK� WKHLU� FKLOG��7KH� H[SHULPHQWHU� FRQWUROOHG� WKH� H[SHULPHQW� YLD� D�

VHFRQG� FRPSXWHU� VLWWLQJ� LQ� D� GLIIHUHQW� SDUW� RI� WKH� URRP� QRW� YLVLEOH� WR� WKH� FKLOG� RU� SDUHQW��

&KLOGUHQ� ZHUH� LQVWUXFWHG�� ³MXVW� WR� ZDWFK� 79´� LQ� RUGHU� WR� PHDVXUH� DXWRPDWLF� DQG� WDVN�

LQGHSHQGHQW�EHKDYLRU��$�7RELL�7����QHDU�LQIUDUHG�UHPRWH�H\H�WUDFNHU�UHFRUGHG�WKH�SDUWLFLSDQW¶V�

JD]H��7KLV�GHYLFH�LV�LQWHJUDWHG�LQWR�D����LQFK�7)7�PRQLWRU�ZLWK�QR�DSSDUHQW�WUDFNLQJ�GHYLFHV��,W�

DFFRXQWV�IRU�IUHHGRP�RI�KHDG�PRYHPHQWV�RI����[����[����FP��%HIRUH�UHFRUGLQJ�WKH�JD]H��D���

SRLQW�LQIDQW�FDOLEUDWLRQ�ZDV�FDUULHG�RXW�WKDW�VKRZHG�D�EOXH�DQG�ZKLWH�EDOO�ZKLFK�H[SDQGHG�DQG�

FRQWUDFWHG�DW�UHJXODU�LQWHUYDOV��H[WHQGHG�GLDPHWHU������YLVXDO�GHJUHHV���$�VRXQG�DFFRPSDQLHG�

WKH�DSSHDUDQFH�RI�WKH�EDOO�LQ�RUGHU�WR�DWWUDFW�HYHQ�JUHDWHU�DWWHQWLRQ��$IWHU�VXFFHVVIXO�FDOLEUDWLRQ��

WKH�H[SHULPHQW�VWDUWHG�DQG�WKH�JD]H�ZDV�UHFRUGHG�DW�D�VDPSOLQJ�UDWH�RI����+]��

,Q�HDFK� WULDO� �VHH�7DEOH�����ERWK�SLFWXUHV� �FRUUHVSRQGLQJ�DQG�QRQ�FRUUHVSRQGLQJ�� VKRZHG� IRU�

QLQH�VHFRQGV��WKH�ZKROH�OHQJWK�RI�WKH�WULDO��$IWHU�WKUHH�VHFRQGV��WKH�VRXQG��VHQWHQFH�GXUDWLRQ�

EHWZHHQ�����������PV��SOD\HG�ZKLFK�DOORZHG�IRU�DW�OHDVW�WKUHH�PRUH�VHFRQGV�RI�H\H�WUDFNLQJ�

DIWHU�SDUWLFLSDQWV�KDG�OLVWHQHG�WR�WKH�WHVW�VHQWHQFH��7KH�LQWHU�VWLPXOXV�LQWHUYDO��GXULQJ�ZKLFK�WKH�

VFUHHQ�ZDV�EODFN�� ODVWHG� IRU� WZR� VHFRQGV��7KH� WRWDO� GXUDWLRQ�RI� WKH� H[SHULPHQW� LQFOXGLQJ����

WULDOV�DPRXQWHG�WR�����PLQXWHV� 
�
7DEOH����([DPSOH�RI�WKH�FRXUVH�RI�RQH�WULDO�LQ�WKH�H\H�WUDFNHU�H[SHULPHQW�
�
�

��
7KH� SLFWXUHV� LQ� HDFK� WULDO� ZHUH� DOLJQHG� RQ� WKH� KRUL]RQWDO� D[LV� DQG� YHUWLFDOO\� ORFDWHG� DW� WKH�

FHQWHU� RI� WKH� VFUHHQ� �IRU� DQ� H[DPSOH�� VHH� $SSHQGL[� %��� WKH� UHVROXWLRQ� RI� WKH� VFUHHQ� ZDV�

����[�����

7KH�SURFHGXUH�RI�SVHXGR�UDQGRPL]DWLRQ�HTXDOHG�WKH�RQH�RI�WKH�EHKDYLRUDO�WHVW��

�

5.5 From EEG to ERP 
7R� UHFRUG� HOHFWULFDO� EUDLQ� DFWLYLW\�� WKH�PHWKRG� RI� HOHFWURHQFHSKDORJUDSK\� �((*�� LV� XWLOL]HG��

(OHFWURGHV� DWWDFKHG� WR� WKH� VFDOS�PHDVXUH� WKH� YROWDJH� FKDQJHV� UHVXOWLQJ� IURP� WKH� GLIIHUHQFHV�

EHWZHHQ�UHFRUGLQJ�HOHFWURGH�DQG�UHIHUHQFH�HOHFWURGH�SRWHQWLDOV��7KH�FXUUHQW� LV�D�FRQVHTXHQFH�

3LFWXUH��IRU���VHFRQGV�����������������������������������������������������������������������������

6RXQG��PD[��IRU���VHFRQGV�
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RI� ODUJH� V\QFKURQRXVO\� DFWLYH� SRSXODWLRQV� RI� QHXURQV� �PDLQO\� S\UDPLGDO� FHOOV�� LQ� WKH�

QHRFRUWH[��ZKLFK�SURGXFH� WKH�H[WUDFHOOXODU� IORZ�RI�HOHFWULFDO�DFWLYLW\�GXH� WR�GLSROHV�EHWZHHQ�

WKHLU�UHVSHFWLYH�VRPDV�DQG�GHQGULWHV��

�

�
�
)LJXUH����)URP�((*�WR�(53��7KH�DYHUDJLQJ�SURFHGXUH�RI�DQ�((*�WKDW�UHVXOWV�LQ�DQ�H[HPSODU\�(53�
ZDYHIRUP��,PSRUWDQWO\��E\�FRQYHQWLRQ��QHJDWLYLW\�LV�SORWWHG�XSZDUGV��
�

,I� WKHVH�YROWDJH�FKDQJHV�DUH� WLPH�ORFNHG� WR�D�JLYHQ�VWLPXOXV� �VHH�)LJXUH�����DQ�HYHQW�UHODWHG�

EUDLQ�SRWHQWLDO��(53��FDQ�EH�H[WUDFWHG��,Q�FRPSDULVRQ�WR�WKH�YROWDJH�FKDQJHV�RI�DQ�((*�����

����9���WKRVH�RI�DQ�(53�DUH�UHODWLYHO\�VPDOO��PD[LPDOO\�����9��5HJDQ���������+HQFH��D�ODUJH�

QXPEHU�RI�VWLPXOL�RI�HDFK�UHVSHFWLYH�W\SH�DUH�QHHGHG�LQ�RUGHU�WR�REWDLQ�WKH�(53�VLJQDO�RXW�RI�

WKH�QRLVH�RI�WKH�((*��%\�PHDQV�RI�DYHUDJLQJ�WKH�((*�DFURVV�DOO�HYHQWV�RI�RQH�VWLPXOXV�W\SH��

QRLVH� LV� UHGXFHG� DQG� YROWDJH� FKDQJHV� QRW� UHODWHG� WR� WKH� SURFHVVLQJ� RI� WKH� VWLPXOXV� DUH�

HOLPLQDWHG�� (YHQWXDOO\�� JUDQG�DYHUDJHV� RYHU� DOO� SDUWLFLSDQWV� DUH� FRPSXWHG� WR� IXUWKHU� JDLQ� D�

EHWWHU� VLJQDO�WR�QRLVH� UDWLR� DQG� WR� GHFUHDVH� LQWHU�LQGLYLGXDO� GLIIHUHQFHV�� *HQHUDOO\�� (53�

FRPSRQHQWV� DUH� FKDUDFWHUL]HG� E\� WKHLU� SRODULW\� �QHJDWLYH� RU� SRVLWLYH� UHODWLYH� WR� DQRWKHU�

H[SHULPHQWDO�FRQGLWLRQ���WKHLU�ODWHQF\��WHPSRUDO�FKDUDFWHULVWLFV�UHODWLYH�WR�VWLPXOXV�RQVHW���WKHLU�

WRSRJUDSK\� �VSDWLDO� GLVWULEXWLRQ� RYHU� WKH� VFDOS��� DQG� WKHLU� IXQFWLRQDO� VLJQLILFDQFH� �VSHFLILF�

HOLFLWDWLRQ�XQGHU�FHUWDLQ�H[SHULPHQWDO�PDQLSXODWLRQV���5XJJ�	�&ROHV�����������

�

7KH� ((*V� LQ� WKH� SUHVHQW� VWXGLHV� ZHUH� FRQWLQXRXVO\� UHFRUGHG� IURP� VLOYHU�VLOYHU� FKORULGH�

HOHFWURGHV�DW�VLWHV�)���)���)=��)���)���)&���)&���7���&���&=��&���3���&3���&3���7���3���3=��

3��� 3��� 2��� 2��� $��� DQG� $�� �DFFRUGLQJ� WR� WKH� ������ ,QWHUQDWLRQDO� 6\VWHP� RI� (OHFWURGH�
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3ODFHPHQW���VHH�)LJXUH�����7KH�HOHFWURGHV�ZHUH�VHFXUHG�LQ�DQ�HODVWLF�HOHFWURGH�FDS��(DV\�&DS��

)DON�0LQRZ��� ,Q� DGGLWLRQ�� DQ�(2*�ZDV� UHFRUGHG� IURP� WZR�HOHFWURGHV� DW� WKH� RXWHU� FDQWKL� RI�

ERWK� H\HV� �KRUL]RQWDO� (2*�� DQG� IURP� VLQJOH� HOHFWURGHV� RQ� WKH� LQIUDRUELWDO� DQG� VXSUDRUELWDO�

ULGJHV�RI�WKH�ULJKW�H\H��YHUWLFDO�(2*���7KH�UHFRUGLQJV�ZHUH�UHIHUHQFHG�WR�&=��DQG�DQ�DGGLWLRQDO�

HOHFWURGH�VHUYHG�DV�FRPPRQ�JURXQG��SODFHG�DW�)3��IRU�FKLOGUHQ�DQG�RQ�WKH�VWHUQXP�IRU�DGXOWV���

)RU�FKLOGUHQ��HOHFWURGH�LPSHGDQFHV�ZHUH�NHSW�EHORZ���Nȍ�LQ�PRVW�FDVHV��DW�OHDVW�EHORZ���Nȍ���

DQG�LQ�DOO�FDVHV�IRU�DGXOWV��LW�ZDV�EHORZ��Nȍ��((*�GDWD�ZHUH�GLJLWL]HG�RQ�OLQH�DW�D�UDWH�RI�����

+]�DQG�VWRUHG�RQ�D�KDUG�GULYH�IRU�IXUWKHU�DQDO\VHV��

�

�
�
)LJXUH� ���(OHFWURGH�SODFHPHQW� RI� WKH� LQWHUQDWLRQDO� ������6\VWHP��*UD\� HOHFWURGH�SRVLWLRQV�PDUN� WKH�
SRVLWLRQV�XVHG�LQ�WKH�SUHVHQW�ZRUN��
�

'XULQJ� WKH�((*�H[SHULPHQWV�� FKLOGUHQ� VDW� RQ� WKHLU� SDUHQW¶V� ODS� LQ� D�FRPIRUWDEOH� FKDLU� LQ� DQ�

HOHFWULFDOO\�VKLHOGHG�DQG�VRXQG�DWWHQXDWHG�((*�FDELQ��3DUHQWV�ZHUH�LQVWUXFWHG�WR�VLW�VWLOO�DQG�WR�

UHPDLQ� VLOHQW�� 6WLPXOL� ZHUH� SUHVHQWHG� YLD� D� ORXGVSHDNHU�� FKLOGUHQ� OLVWHQHG� SDVVLYHO\� WR� WKH�

VHQWHQFHV�ZKLOH�ZDWFKLQJ�DQ�XQGHPDQGLQJ�YLGHR�ZLWKRXW�VRXQG��ILUH�LQ�D�ILUHSODFH���7KH�YLGHR�

ZDV� LQWHQGHG� WR� SUHYHQW� H[WUHPH� H\H� PRYHPHQWV� DQG� ERUHGRP�� 7KH� ZKROH� H[SHULPHQWDO�

VHVVLRQ�ZDV� GLYLGHG� LQWR� WZR� EORFNV�� HDFK� FRQWDLQLQJ� ��� VHQWHQFHV� LQ� D� SVHXGR�UDQGRPL]HG�

RUGHU��(DFK�EORFN�ODVWHG�DERXW�����PLQXWHV��$�EUHDN�ZDV�LQFOXGHG�EHWZHHQ�EORFNV�LI�QHFHVVDU\��

%HWZHHQ�HDFK�VHQWHQFH������������PV�RI�OHQJWK���WKHUH�ZDV�DQ�LQWHU�VWLPXOXV�LQWHUYDO�RI������

PV�� ,Q� WRWDO�� RQH� FRPSOHWH� H[SHULPHQWDO� VHVVLRQ� WRRN� DURXQG� QLQH� PLQXWHV�� 3VHXGR�
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UDQGRPL]DWLRQ� HQVXUHG� WKDW� QR�PRUH� WKDQ� WKUHH� VWUXFWXUDO� HTXDO� VHQWHQFHV� RU�PRUH� WKDQ� WZR�

HTXDO� YHUEV� IROORZHG� LQ� VHTXHQFH�� (LJKW� VHWV� RI� SVHXGR�UDQGRPL]HG� VWLPXOL� UHVXOWHG��$GXOWV�

ZHUH�WHVWHG�LQ�WKH�((*�LQ�WKH�VDPH�ZD\��

�

5.6 Language Testing: TROG-D 
$IWHU�WKH�EHKDYLRUDO�WHVW��FKLOGUHQ�SDUWLFLSDWHG�LQ�D�ODQJXDJH�GHYHORSPHQW�WHVW��$OO�DJH�JURXSV�

�WKUHH�� ����� DQG� VL[�\HDUV�� SHUIRUPHG� WKH� 752*�' �)R[�� ������� ZKLFK� LV� VWDQGDUGL]HG� IRU�

WKUHH�� WR� WHQ�\HDU�ROGV�� 7KH� WHVW� HPSOR\V� D� VHQWHQFH�SLFWXUH�PDWFKLQJ� WDVN� DQG� DVVHVVHV� WKH�

UHFHSWLYH� JUDPPDWLFDO� GHYHORSPHQW� RI� FKLOGUHQ��$OO� FKLOGUHQ� LQFOXGHG� LQ� RXU� EHKDYLRUDO� DQG�

(53�VDPSOHV�ZHUH�QRUPDOO\�OLQJXLVWLFDOO\�GHYHORSHG�DFFRUGLQJ�WR�WKH�VWDQGDUGL]HG�W�YDOXHV�RI�

WKH�752*�'��L�H���SHUIRUPHG�DERYH�D�W�YDOXH�RI������

%HKDYLRUDO� WHVWV� DQG� WKH� ((*� H[SHULPHQW� RU� H\H�WUDFNLQJ� H[SHULPHQW�� UHVSHFWLYHO\�� ZHUH�

FRXQWHUEDODQFHG�� ZLWK� KDOI� WKH� FKLOGUHQ� ILUVW� WHVWHG� EHKDYLRUDOO\� DQG� WKHQ� LQ� WKH� ((*�H\H�

WUDFNLQJ�H[SHULPHQW��DQG�KDOI�WKH�FKLOGUHQ�WHVWHG�LQ�WKH�RSSRVLWH�RUGHU��

�

5.7 Data Processing and Analysis 
,Q�RUGHU�WR�DQDO\]H�the behavioral experiment��HYHU\�DQVZHU��FRUUHFW�LQFRUUHFW�QR�DQVZHU��SHU�

WULDO�DQG�FKLOG�ZDV�WUDQVODWHG�LQWR�D�QXPEHU�FRGH�DQG�HQWHUHG�LQWR�6366��%HVLGHV�GHVFULSWLYH�

VWDWLVWLFV�� DQDO\VLV� RI� WKH� FRUUHFW� LGHQWLILFDWLRQ� RI� WKH� FRUUHVSRQGLQJ� SLFWXUH� LQ� WKH� VHQWHQFH�

SLFWXUH�PDWFKLQJ�WDVN�LQ�UHODWLRQ�WR�FKDQFH�OHYHO�������ZDV�SHUIRUPHG�E\�D�RQH�VDPSOH�W�WHVW�

SHU� FRQGLWLRQ� �VXEMHFW�LQLWLDO�REMHFW�LQLWLDO��� 7KH� GHYHORSPHQW� DFURVV� DJH� JURXSV� RI� FRUUHFW�

UHVSRQVHV�WR�WKH�VXEMHFW�LQLWLDO�DQG�REMHFW�LQLWLDO�FRQGLWLRQ��UHVSHFWLYHO\��ZDV�FDOFXODWHG�E\�D�W�

WHVW�IRU�LQGHSHQGHQW�VDPSOHV��

�

The eye tracking�GDWD�SURYLGHV�LQIRUPDWLRQ�DERXW�WKH�SRVLWLRQ�RI�WKH�OHIW�DQG�ULJKW�H\H�RQ�WKH�[��

DQG�\�D[LV�RI�WKH�VFUHHQ�LQ�HDFK�FDVH�DW�HYHU\�JLYHQ�UHFRUGHG�SRLQW�LQ�WLPH�RYHU�WKH�FRXUVH�RI�

WKH� H[SHULPHQW� �VDPSOLQJ� UDWH� DW� ��� +]�� LQ� D� WH[W� ILOH�� 7KHVH� GDWD� ZHUH� WUDQVIHUUHG� LQWR�

VSUHDGVKHHWV��([FHO��IRU�HYHU\�VLQJOH�SDUWLFLSDQW�DQG�IXUWKHU�DQDO\]HG�ZLWK�D�0DWODE�VFULSW��7KH�

SURJUDP�FRPSXWHG�WKH�DYHUDJH�RI�ERWK�H\HV��,Q�FDVHV�RI�GDWD�ZLWK�RQH�H\H�PLVVLQJ�DW�D�FHUWDLQ�

SRLQW� LQ� WLPH� WKH�GDWD�RI� WKH�RWKHU�H\H�� UHVSHFWLYHO\��ZDV�VROHO\� WDNHQ�DV� IL[DWLRQ�SRLQW��7ZR�

DUHDV�RI�LQWHUHVW��$2,��ZHUH�GHILQHG�FRPSULVLQJ�WKH�WZR�SLFWXUHV�LQ�UHFWDQJOHV�ZLWK�WKH�RXWHU�

OLPLWV�H[DFWO\�ERUGHULQJ�WKH�EODFN�VXUURXQGLQJ�RI�HDFK�SLFWXUH��IRU�DQ�H[DPSOH�VHH�$SSHQGL[�

%���$YHUDJHV�ZHUH�FRPSXWHG�IRU�IL[DWLRQ�GXUDWLRQV� WR� WKH�FRUUHFW�SLFWXUH�IRU�HDFK�SDUWLFLSDQW�

DQG�FRQGLWLRQ�LQ�UHODWLRQ�WR�13��RQVHW��XQWLO�YHUE�RIIVHW�����V�RI�OHQJWK��DQG�WR�13��RQVHW�����V�
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RI�OHQJWK���7ULDOV�ZHUH�FRQVLGHUHG�YDOLG�LI�SDUWLFLSDQWV�IL[DWHG�HYHU\�SLFWXUH�DW�OHDVW�IRU�����PV��

3DUWLFLSDQWV� UHYHDOLQJ�D�SUHIHUHQFH� WR� ORRN� WR�HLWKHU�VLGH�RI� WKH�VFUHHQ�RYHU� WKH�FRXUVH�RI� WKH�

H[SHULPHQW�ZHUH�H[FOXGHG�JLYHQ� WKDW� WKH\� IL[DWHG� WKH� OHIW�RU� ULJKW�SLFWXUH� IRU�PRUH� WKDQ�ILYH�

FRQVHFXWLYH�WULDOV��$�PLQLPXP�RI�VL[�WULDOV�SHU�FKLOG�ZDV�HYHQWXDOO\�QHFHVVDU\�WR�HQWHU�WKH�ILQDO�

VDPSOH��$GGLWLRQDOO\��DYHUDJHV�RI� IL[DWLRQ�GXUDWLRQ�ZHUH�FDOFXODWHG�IRU�VOLGLQJ�WLPH�ZLQGRZV�

RI�����PV�RYHU�WKH�ZKROH�FRXUVH�RI�WKH�H[SHULPHQW��WULDO�FRXUVH�DQDO\VLV��IRU�HDFK�SDUWLFLSDQW�

DQG� FRQGLWLRQ�� ,Q� WXUQ�� IRU� HDFK� SDUWLFLSDQW� DQG� FRQGLWLRQ� SHU� ���� PV�� WKH� FULWHULRQ� RI� D�

PLQLPXP�RI�VL[�WULDOV�KDG�WR�EH�PHW��'XH�WR�DQ�LQVXIILFLHQW�QXPEHU�RI�WULDOV��WKH�ILUVW�����PV�RI�

HYHU\� WULDO� FRXUVH�ZHUH� H[FOXGHG� IURP� IXUWKHU� DQDO\VLV��0RUHRYHU�� WKH� DQDO\VLV� RI� ILUVW� ORRN�

ODWHQFLHV�DIWHU�13��DQG�13��RQVHW� UHVXOWHG�LQ� WRR� IHZ� WULDOV�SHU�SDUWLFLSDQW�DQG�FRXOG�QRW�EH�

IXUWKHU�SXUVXHG��*LYHQ�WKDW�ILUVW�ORRN�ODWHQFLHV�FRXOG�RQO\�EH�FDOFXODWHG�LI�D�SDUWLFLSDQW�FKDQJHG�

JD]H�IURP�WKH�LQFRUUHFW�WR�WKH�FRUUHFW�SLFWXUH��WRR�IHZ�WULDOV�HYHQ�UHVXOWHG�WR�EHJLQ�ZLWK�WKH�ILUVW�

ORRN�ODWHQF\�DQDO\VLV���

6WDWLVWLFDO� DQDO\VLV� RI� JD]H� GXUDWLRQ� DIWHU� 13�� DQG� 13�� RQVHW�� UHVSHFWLYHO\�� WR� WKH� FRUUHFW�

FRUUHVSRQGLQJ�SLFWXUH�LQ�UHODWLRQ�WR�FKDQFH�OHYHO�������ZDV�SHUIRUPHG�E\�D�RQH�VDPSOH�W�WHVW�

SHU� FRQGLWLRQ� �VXEMHFW�LQLWLDO�REMHFW�LQLWLDO��� 7KH� GHYHORSPHQW� DFURVV� DJH� JURXSV� RI� WKH� JD]H�

GXUDWLRQ�WR�WKH�FRUUHFW�FRUUHVSRQGLQJ�SLFWXUH�IRU�ERWK�FRQGLWLRQV�ZDV�FDOFXODWHG�E\�D�W�WHVW�IRU�

LQGHSHQGHQW�VDPSOHV��

,QLWLDO� VWDWLVWLFDO� WULDO� FRXUVH� DQDO\VLV�ZDV� FRPSXWHG�E\� D� WZR�ZD\�$129$�ZLWK� WKH� IDFWRUV�

Condition��VXEMHFW�LQLWLDO�DQG�REMHFW�LQLWLDO��DQG�Time window�����WLPH�ZLQGRZV��HDFK�����PV�

RI�OHQJWK��ZLWK�DJH�VHUYLQJ�DV�D�FRYDULDWH��$V�D�QH[W�VWHS��D�WZR�ZD\�$129$�ZLWK�WKH�VDPH�

IDFWRUV�ZDV� FDOFXODWHG� IRU� HYHU\� DJH� JURXS� VHSDUDWHO\�� 6LJQLILFDQW� LQWHUDFWLRQV� LQYROYLQJ� WKH�

IDFWRU�Condition�ZHUH�IXUWKHU�DQDO\]HG�IRU�HDFK�WLPH�ZLQGRZ�XVLQJ�D�RQH�ZD\�$129$�ZLWK�

Condition� DV� IDFWRU��%HVLGHV�� GLIIHUHQFHV� EHWZHHQ� WZR� DJH� JURXSV�ZHUH� FDOFXODWHG� IRU� HYHU\�

WLPH�ZLQGRZ� VHSDUDWHO\� HPSOR\LQJ� D� W�WHVW� IRU� LQGHSHQGHQW� VDPSOHV��$GGLWLRQDOO\�� IRU� HYHU\�

VLQJOH�FRQGLWLRQ�LQ�HYHU\�VLQJOH� WLPH�ZLQGRZ�� WKH�JD]H�GXUDWLRQ�WR� WKH�FRUUHFW�FRUUHVSRQGLQJ�

SLFWXUH�LQ�UHODWLRQ�WR�FKDQFH�OHYHO�������ZDV�SHUIRUPHG�E\�D�RQH�VDPSOH�W�WHVW���

�

Analysis of ERP data��2II�OLQH�� WKH�((*�GDWD�ZHUH� SURFHVVHG� XVLQJ� WKH�((3������� VRIWZDUH�

SDFNDJH��0D[�3ODQFN�,QVWLWXWH�IRU�+XPDQ�&RJQLWLYH�DQG�%UDLQ�6FLHQFHV��/HLS]LJ��*HUPDQ\���

7KH�GDWD�ZDV�LQLWLDOO\�DOJHEUDLFDOO\�UH�UHIHUHQFHG�WR�WKH�DYHUDJH�RI�ERWK�PDVWRLGV��$���$����7R�

UHPRYH�YHU\�VORZ�GULIWV�DQG�PXVFOH�DUWLIDFWV�IURP�WKH�((*��D�GLJLWDO�EDQG�SDVV�ILOWHU�UDQJLQJ�

IURP�����WR����+]�����G%�FXWRII�IUHTXHQFLHV�RI������DQG�������+]��ZDV�DSSOLHG��7LPH�VHJPHQWV�

RI�����PV��WKH�VWLPXOXV�GXUDWLRQ�IURP�VHQWHQFH�RQVHW�WR�WKH�RQVHW�RI�WKH�VHFRQG�QRXQ�SKUDVH��

UHODWLYH� WR� WKH�RQVHW� RI� WKH� ILUVW� QRXQ�SKUDVH�� DQG� WLPH� VHJPHQWV� RI� �����PV�� UHODWLYH� WR� WKH�
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RQVHW�RI�WKH�VHFRQG�QRXQ�SKUDVH��ZHUH�H[WUDFWHG�IURP�WKH�FRQWLQXRXV�((*�VLJQDO�DQG�DGMXVWHG�

WR�D�SUH�VWLPXOXV�EDVHOLQH�RI�����PV��UHVSHFWLYHO\��

,Q�WRGGOHUV��((*�UHVSRQVHV�H[FHHGLQJ�DQ�6'�RI����ȝ9�DQG�DGXOWV¶�UHVSRQVHV�H[FHHGLQJ�DQ�6'�

RI� ��� ȝ9� LQ� D� VOLGLQJ�ZLQGRZ� RI� ����PV� ZHUH� FRQVLGHUHG� LQYDOLG� DQG�ZHUH� H[FOXGHG�� 7KH�

UHPDLQLQJ�WULDOV�ZHUH�VHSDUDWHO\�DYHUDJHG�IRU�HDFK�FRQGLWLRQ��VXEMHFW�LQLWLDO���REMHFW�LQLWLDO��DQG�

HDFK�VXEMHFW��$W�OHDVW�HLJKW�DUWLIDFW�IUHH�WULDOV�IRU�FKLOGUHQ�DQG����IRU�DGXOWV�ZHUH�UHTXLUHG�SHU�

FRQGLWLRQ�IRU�DQ�LQGLYLGXDO�DYHUDJH�WR�HQWHU�WKH�ILQDO�VDPSOH���

6WDWLVWLFDO� DQDO\VHV� ZHUH� SHUIRUPHG� VHSDUDWHO\� IRU� PHDQ� DPSOLWXGHV� RQ� PLGOLQH� DQG� ODWHUDO�

HOHFWURGH�VLWHV��)RU�PLGOLQH�VLWHV��)=��&=��DQG�3=���D�WZR�ZD\�$129$�ZDV�FRPSXWHG�ZLWK�WKH�

IDFWRUV�Condition��VXEMHFW�LQLWLDO�DQG�REMHFW�LQLWLDO�RU�VXEMHFW�LQLWLDO�DQG�GRXEOH�QRPLQDWLYH�RU�

REMHFW�LQLWLDO�DQG�GRXEOH�DFFXVDWLYH�� DQG�Region� �DQWHULRU�� FHQWUDO�� DQG�SRVWHULRU���)RU� ODWHUDO�

VLWHV�� D� WKUHH�ZD\�$129$�ZDV� SHUIRUPHG�ZLWK� WKH� IDFWRUV�Condition��Site� �)��� )��� )��� )���

)&��� )&��� 7��� &��� &��� 3��� &3��� &3��� 7��� 3��� 3��� 3��� 2���2���� DQG�Hemisphere� �OHIW� DQG�

ULJKW���6LJQLILFDQW� LQWHUDFWLRQV� LQYROYLQJ� WKH� IDFWRU�Condition�ZHUH� IXUWKHU� DQDO\]HG� IRU� HDFK�

Site/Region�XVLQJ�D�RQH�ZD\�$129$�ZLWK�Condition�DV�IDFWRU��$OO�$129$V�ZHUH�FDOFXODWHG�

IRU� PHDQ� DPSOLWXGHV� LQ� GHILQHG� WLPH� ZLQGRZV� �7:V�� �VHH� WKH� 5HVXOWV� VHFWLRQ��� WKH�

*UHHQKRXVH�*HLVVHU� FRUUHFWLRQ� �*UHHQKRXVH� 	� *HLVVHU�� ������ ZDV� DSSOLHG� ZKHQ� WKHUH� ZDV�

PRUH� WKDQ� RQH� GHJUHH� RI� IUHHGRP� LQ� WKH� QXPHUDWRU� WR� DFFRXQW� IRU� SRWHQWLDO� YLRODWLRQV� RI�

VSKHULFLW\��

6WDWLVWLFDO�DQDO\VLV�RI�WKH�(53�GDWD�ZDV�SHUIRUPHG�UHODWLYH�WR�WKH�RQVHW�RI�WKH�ILUVW�QRXQ�SKUDVH�

�13���DQG�WR�WKH�RQVHW�RI�WKH�VHFRQG�QRXQ�SKUDVH��13����,QLWLDO�$129$V�ZHUH�SHUIRUPHG�IRU�

HLJKW�GLIIHUHQW�7:V�UHODWLYH�WR�WKH�13��RQVHW��7:�����������PV���7:�����������PV���7:��

���������PV���7:�� ���������PV���7:�� ���������PV���7:�� ���������PV���7:�� ���������

PV��� DQG�7:�� ���������PV�� DQG� IRU� VL[WHHQ� GLIIHUHQW�7:V� UHODWLYH� WR� WKH�13�� RQVHW��7:��

���������PV���7:�� ���������PV���7:�� ���������PV���7:�� ���������PV���7:�� ���������

PV���7:�����������PV���7:�����������PV���7:�����������PV���7:������������PV���7:���

����������� PV��� 7:��� ����������� PV��� 7:��� ����������� PV��� 7:��� ����������� PV���

7:��������������PV���7:����������������DQG�7:��������������PV����

�
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6 Study I: Adults 
$V�D� VWDUWLQJ�SRLQW� RI� WKH� FXUUHQW� UHVHDUFK�� VWXG\� ,� DLPHG� WR� LQYHVWLJDWH� V\QWDFWLF� SURFHVVLQJ�

PHFKDQLVPV�LQ�DGXOWV��7KH�GDWD�FROOHFWHG�LQ�WKLV�VWXG\�FRPSDUHG�ZLWK�WKH�WRGGOHU�DQG�SUHVFKRRO�

FKLOGUHQ�GDWD�LQ�UHVSRQVH�WR�LGHQWLFDO�VWLPXOXV�PDWHULDO�ZLOO�VHUYH�WR�JLYH�GHWDLOHG�LQVLJKWV�LQWR�

GHYHORSPHQWDO�FKDQJHV�UHJDUGLQJ�V\QWDFWLF�DQG�WKHPDWLF�SURFHVVLQJ��+HQFH��WKH�VDPH�PHWKRGV��

VWLPXOL��DQG�WHVWLQJ�SURFHGXUHV�ZHUH�HPSOR\HG�IRU�DGXOWV�DV�IRU�DOO�JURXSV�RI�FKLOGUHQ�LQ�RUGHU�

WR� DVVXUH� PD[LPDO� SRVVLEOH� FRPSDULVRQ� RI� WKH� EHKDYLRUDO�� QHXURSV\FKRORJLFDO� DV� ZHOO� DV�

QHXURSK\VLRORJLFDO�PHFKDQLVPV��

6SHFLILFDOO\��LQ�H[SHULPHQW����WKH�PHWKRG�RI�ORRNLQJ�ZKLOH�OLVWHQLQJ�ZLWK�WKH�H\H�WUDFNHU�ZDV�

XVHG�� 7R� LQYHVWLJDWH� ZRUG� RUGHU� SURFHVVLQJ� DQG� FRUUHFW� WKHPDWLF� UROH� DVVLJQPHQW� EDVHG� RQ�

FDVH�PDUNLQJ��WKH�UHVSRQVH�WR�VXEMHFW�LQLWLDO�YHUVXV�REMHFW�LQLWLDO�VWUXFWXUHV�LQ�VLPSOH�WUDQVLWLYH�

*HUPDQ�PDLQ� FODXVHV� WKDW�ZHUH�XQDPELJXRXV�ZDV� WHVWHG��$GXOWV� OLVWHQHG� WR� VHQWHQFHV�ZKLOH�

WZR� SLFWXUHV�� RQH�ZLWK� FRUUHFW� $JHQW� DQG� 3DWLHQW� DQG� RQH�ZLWK� UHYHUVHG� DFWRUV¶� UROHV�� ZHUH�

GLVSOD\HG� VLPXOWDQHRXVO\�� ,Q� WKH� VDPH� OLQH�� DGXOWV� OLVWHQHG� WR� WKH� VDPH� NLQG� RI� VHQWHQFHV�

LQFOXGLQJ� REMHFW�LQLWLDO� DQG� VXEMHFW�LQLWLDO� VWUXFWXUHV� LQ� (53�([SHULPHQW� ,� ZKLOH� WKHLU� ((*V�

ZHUH�UHFRUGHG��%DVHG�RQ�SUHYLRXV�UHVHDUFK��)ULVFK�	�6FKOHVHZVN\��������)ULVFK�HW�DO���������

6FKOHVHZVN\� HW� DO��� ������ LW� ZDV� K\SRWKHVL]HG� WKDW� DGXOWV� GR� QRW� VKRZ� DQ\� SURFHVVLQJ�

GLIIHUHQFHV� EHWZHHQ� WKH� WZR� FRQGLWLRQV� LQ� WKHLU� (53V� RU� WKHLU� ORRNLQJ� EHKDYLRU�� 6LQFH� FDVH�

PDUNLQJ�DOUHDG\�XQDPELJXRXVO\�LQGLFDWHV�WKH�3DWLHQW�DW�13��LQ�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��LW�

ZDV�IXUWKHUPRUH�DVVXPHG�WKDW�DGXOWV¶�JD]H�VKRXOG�VKLIW�VKRUWO\�DIWHU�13��WR�WKH�FRUUHFW�SLFWXUH�

LQ�WKH�H\H�WUDFNLQJ�H[SHULPHQW��+RZHYHU��WR�WKH�DXWKRU¶V�NQRZOHGJH��RQO\�RQH�VWXG\�HPSOR\HG�

D�FRPSDUDEOH�SDUDGLJP�IRU�DGXOWV�VR�IDU�ZKLFK�REVHUYHG�JD]H�VKLIW�WR�WKH�FRUUHFW�SLFWXUH�RQO\�DW�

WKH�SRLQW�RI�13���+DQQH�HW�DO����������

&KLOGUHQ�DGGLWLRQDOO\�UHFHLYHG�D�EHKDYLRUDO�H[SHULPHQW�WHVWLQJ�WKH�LQWHUSUHWDWLRQ�RI�ZRUG�RUGHU�

�L�H���VXEMHFW�LQLWLDO�DQG�REMHFW�LQLWLDO�FRQVWUXFWLRQV���7KH�VDPH�H[SHULPHQW�ZDV�FDUULHG�RXW�ZLWK�

DGXOWV� LQ� WKH� FRXUVH� RI� D� GLIIHUHQW� VWXG\� �.QROO�� %UDXHU�� 	� )ULHGHULFL�� ������ SOHDVH�� DOVR�

FRPSDUH�.QROO��2EOHVHU��6FKLSNH��)ULHGHULFL��	�%UDXHU�� LQ�SUHVV��DQG�QRW� LQ� WKH�SUHVHQW�RQH��

7KHVH� UHVXOWV� ZLOO� EH� EULHIO\� VXPPDUL]HG� LQ� WKH� GLVFXVVLRQ� IRU� IXUWKHU� FRPSDULVRQ� ZLWK� WKH�

FKLOGUHQ¶V�UHVXOWV��

7R�IXUWKHU�H[DPLQH�QRW�RQO\�ZRUG�RUGHU�SURFHVVLQJ�EXW�DOVR� WKHPDWLF�KLHUDUFKLFDOO\�RUGHULQJ�

DQG� DUJXPHQW� H[SHFWDWLRQ� PHFKDQLVPV�� (53�([SHULPHQW� ,,� H[SORLWHG� D� FDVH� YLRODWLRQ�

SDUDGLJP��+HUH��WKH�DLP�ZDV�DOVR�WR�UHSOLFDWH�WKH�VWXG\�E\�)ULVFK�DQG�6FKOHVHZVN\��������DQG�

WKXV�GRXEOH�QRPLQDWLYH�YLRODWLRQV�DV�ZHOO�DV�GRXEOH�DFFXVDWLYH�YLRODWLRQV�ZHUH�SUHVHQWHG��L�H���

WKH� WZR� DUJXPHQWV� RI� D� VLPSOH� WUDQVLWLYH� FRQVWUXFWLRQ�ZHUH� LGHQWLFDOO\� FDVH�PDUNHG� LQ� ERWK�
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FRQGLWLRQV��� ,Q� WKH� VDPH� H[SHULPHQW�� VXEMHFW�LQLWLDO� DQG� REMHFW�LQLWLDO� VWUXFWXUHV� ZHUH� DOVR�

LQFOXGHG�� 7KH� SURFHVVLQJ� RI� WKH� LQFRUUHFW� FRQGLWLRQV� ZDV� VXEVHTXHQWO\� FRPSDUHG� WR� WKHLU�

FRUUHFW�FRXQWHUSDUWV��$�ELSKDVLF�1����3����UHVSRQVH�WR�ERWK�YLRODWLRQV�ZDV�H[SHFWHG�VLJQDOLQJ�

WKHPDWLF�DQG�V\QWDFWLF�LQWHJUDWLRQ�GLIILFXOWLHV��)ULVFK�	�6FKOHVHZVN\���������

�

6.1 Eye-tracking Data 

������0HWKRGV�

6.1.1.1 Subjects 
���DGXOWV�����IHPDOH��SDUWLFLSDWHG�LQ�WKH�H\H�WUDFNLQJ�VWXG\��QR�SDUWLFLSDQW�KDG�WR�EH�H[FOXGHG�

IURP�IXUWKHU�DQDO\VLV���

�

 6.1.1.2 Stimuli 
$GXOWV�ZHUH�SUHVHQWHG�ZLWK�DXGLWRU\�VWLPXOXV�PDWHULDO�LQFOXGLQJ�VHQWHQFHV�FRQVWUXFWHG�LQ� WKH�

VXEMHFW�ILUVW�DQG�REMHFW�ILUVW�VWUXFWXUH�ZKLOH�WZR�SLFWXUHV�SHU�WULDO�ZHUH�SUHVHQWHG�RQ�D�VFUHHQ��

RQH�GHSLFWLQJ�WKH�FRUUHVSRQGLQJ�WKHPDWLF�UROHV�DQG�WKH�RWKHU�RQH�VKRZLQJ�UHYHUVHG�$FWRU�DQG�

3DWLHQW�UROHV��VHH ����([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO���7KH�SDUWLFLSDQWV�OLVWHQHG�SDVVLYHO\�WR�

WKH�VWLPXOL�� WKHUH�ZDV�QR�WDVN� LQWURGXFHG� LQ�RUGHU� WR� UHWDLQ�FRPSDUDELOLW\�ZLWK� WKH�FKLOGUHQ¶V�

H\H�WUDFNLQJ�H[SHULPHQWV��

�

 6.1.1.3 Data analysis 
7KH�PHDQ�QXPEHU�RI�WULDOV�IRU�WKH�DQDO\VLV�RI�ERWK�WLPH�ZLQGRZV��EHJLQQLQJ�DW�13��DQG�13���

DPRXQWHG� WR���� WULDOV� DQG�GLG�QRW� GLIIHU� EHWZHHQ� FRQGLWLRQV��7KH� DYHUDJHG�PHDQ�QXPEHU�RI�

WULDOV� DFURVV� DOO� WLPH� ZLQGRZV� LQFOXGHG� LQ� WKH� WULDO� FRXUVH� DQDO\VLV� UHVXOWHG� LQ� ����� IRU� DOO�

FRQGLWLRQV��

$V�H[SODLQHG�LQ�GHWDLO�LQ�6HFWLRQ������IL[DWLRQ�GXUDWLRQV�WR�WKH�SLFWXUH�WKDW�FRUUHVSRQGHG�ZLWK�

WKH�DXGLWRU\�VWLPXOXV�SUHVHQWHG�ZHUH�DYHUDJHG�DQG�DQDO\]HG�DFFRUGLQJ�WR�13��RQVHW��XQWLO�YHUE�

RIIVHW�����V�RI�OHQJWK���WR�13��RQVHW���V�RI�OHQJWK��DQG�LQ�VOLGLQJ�ZLQGRZV�RI�����PV�DFURVV�WKH�

ZKROH� WULDO� �WULDO� FRXUVH� DQDO\VLV���:LWKLQ� WKHVH� GLIIHUHQW� DQDO\VHV�� HYHU\� FRQGLWLRQ� �VXEMHFW�

ILUVW�REMHFW�ILUVW��ZDV�VWDWLVWLFDOO\�DQDO\]HG�LQ�UHODWLRQ�WR�FKDQFH�OHYHO��������,Q�DGGLWLRQ��WULDO�

FRXUVH� VWDWLVWLFV� ZHUH� FRPSXWHG� HPSOR\LQJ� WZR�ZD\� $129$V� ZLWK� FRQGLWLRQ� �VXEMHFW�

ILUVW�REMHFW�ILUVW��DQG�WLPH�ZLQGRZ�����WLPH�ZLQGRZV��HDFK�����PV�LQ�OHQJWK��DV�IDFWRUV��

�
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������5HVXOWV�
13��

$GXOWV�SHUIRUPHG�DERYH�FKDQFH�OHYHO�LQ�ERWK�FRQGLWLRQV�FRQFHUQLQJ�FRUUHFW�JD]H�GXUDWLRQV�WR�

WKH� FRUUHVSRQGLQJ� SLFWXUH� LQ� D� ���V� WLPH�ZLQGRZ� UHODWLYH� WR�13�� RQVHW� ZLWK� ������� LQ� WKH�

VXEMHFW�ILUVW�FRQGLWLRQ��W����� ��������S���������DQG��������LQ�WKH�REMHFW�ILUVW�FRQGLWLRQ��W�����

 ��������S����������)L[DWLRQ�GXUDWLRQV�GLG�QRW�GLIIHU�EHWZHHQ�FRQGLWLRQV� LQ� WKLV�DQDO\VLV�DV�D�

SDLUHG�W�WHVW�FRQILUPHG��W����� ��������S�!���������

�

13��

5HJDUGLQJ�WKH�DQDO\VLV�LQ�D��V�WLPH�ZLQGRZ�UHODWLYH�WR�13��RQVHW��DGXOWV¶�JD]H�GXUDWLRQV�WR�WKH�

FRUUHVSRQGLQJ�SLFWXUH�UHYHDOHG�DERYH�FKDQFH�OHYHO�UHVXOWV�IRU�ERWK�FRQGLWLRQV��VHH�)LJXUH�����,Q�

WKH�VXEMHFW�ILUVW�FRQGLWLRQ��FRUUHFW�IL[DWLRQ�GXUDWLRQV�DPRXQWHG�WR���������W����� ���������S���

�������DQG�LQ�WKH�REMHFW�ILUVW�FRQGLWLRQ�WR���������W����� ��������S�����������$�SDLUHG�W�WHVW��

KRZHYHU�� UHVXOWHG� LQ� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� WZR� FRQGLWLRQV� �W�����  � ������� S� ��

��������

�

�
)LJXUH����$GXOWV��$YHUDJHV�RI� WKH�FRUUHFW� IL[DWLRQ�GXUDWLRQ�SHU�FRQGLWLRQ� LQ�D��� VHFRQG�WLPH�ZLQGRZ�
EHJLQQLQJ�DW�13�� 
�

7ULDO�&RXUVH�$QDO\VLV�

$Q� LQFUHDVH� LQ� FRUUHFW� IL[DWLRQ� GXUDWLRQV� LQ� ERWK� FRQGLWLRQV�� VXEMHFW�ILUVW� DQG� REMHFW�ILUVW�� LV�

FOHDUO\� YLVLEOH� RYHU� WKH� FRXUVH� RI� WKH� WULDO� LQ� DGXOWV� �VHH� )LJXUH� ���� +RZHYHU�� D� WZR�ZD\�

$129$� DQDO\VLV� IRXQG� QHLWKHU� D� PDLQ� HIIHFW� RI� FRQGLWLRQ� QRU� VLJQLILFDQW� LQWHUDFWLRQV� RI�

FRQGLWLRQ� DQG� WLPH� ZLQGRZV�� +HQFH�� QR� IXUWKHU� RQH�ZD\� $129$V� ZHUH� FDOFXODWHG� DQG�

FRQVHTXHQWO\��QR�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�FRQGLWLRQV�FDQ�EH�VWDWHG���
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7KH�RQH�VDPSOH� W�WHVW� IRU� HYHU\� WLPH�ZLQGRZ�RI� ����PV� UHYHDOHG�YHU\� VLPLODU� RXWFRPHV� IRU�

ERWK�FRQGLWLRQV��6SHFLILFDOO\��JD]H�GXUDWLRQV�LQ�ERWK�FRQGLWLRQV�UHVXOWHG�LQ�DERYH�FKDQFH�OHYHO�

ILQGLQJV�VWDUWLQJ�DW�WLPH�ZLQGRZ����XQWLO�WKH�HQG�RI�WKH�WULDO��QDPHO\�WLPH�ZLQGRZ������VXEMHFW�

ILUVW�FRQGLWLRQ�� W����� �EHWZHHQ�������DQG���������S� �EHWZHHQ�������DQG��������REMHFW�ILUVW�

FRQGLWLRQ��W����� �EHWZHHQ�������DQG���������S� �EHWZHHQ������DQG��������IRU�H[DFW�YDOXHV�LQ�

WKH�UHVSHFWLYH�7:V��SOHDVH�VHH�$SSHQGL[�'���+HQFH��ZKLOH�QR�FRQGLWLRQ�GLIIHUHQFHV�FRXOG�EH�

FRQILUPHG��DGXOWV�SHUIRUP�EHWZHHQ�����������PV�UHODWLYH�WR�WULDO�RQVHW�DERYH�FKDQFH�LQ�ERWK�

FRQGLWLRQV�LPSO\LQJ�DQ�LQFUHDVH�RI�FRUUHFW�IL[DWLRQ�GXUDWLRQV�ULJKW�DIWHU�13��RIIVHW��

�

�
)LJXUH����$GXOWV��$YHUDJHV�RI�WKH�FRUUHFW�IL[DWLRQ�GXUDWLRQ�SHU�FRQGLWLRQ�RYHU�WKH�FRXUVH�RI�D�WULDO�LQ�
����PV�ZLQGRZV�VWDUWLQJ������PV�DIWHU�WULDO�RQVHW��
�

������,QWHULP�6XPPDU\��(\H�WUDFNLQJ�'DWD�
,Q� VXP�� DGXOWV� SHUIRUPHG� DERYH� FKDQFH� LQ� ERWK� FRQGLWLRQV�� VXEMHFW�ILUVW� DQG� REMHFW�ILUVW��

DOUHDG\� LQ� WKH����V� WLPH�ZLQGRZ�UHODWLYH� WR�13��RQVHW�ZLWK� LQFUHDVLQJ� UHVXOWV� LQ� WKH��V� WLPH�

ZLQGRZ�UHODWLYH� WR�13��RQVHW��$V�YLVLEOH� LQ� WKH� WULDO�FRXUVH�DQDO\VLV�� WKH\� IL[DWHG�WKH�SLFWXUH�

WKDW�PDWFKHG� WKH� DXGLWRU\� VWLPXOXV� VLJQLILFDQWO\� DERYH� FKDQFH�OHYHO� VWDUWLQJ� ULJKW� DIWHU� 13��

RIIVHW�XQWLO�WKH�HQG�RI�WKH�WULDO��7KLV�ZDV�WUXH�IRU�ERWK�FRQGLWLRQV��ZKLFK�GLG�QRW�GLIIHU��7KHVH�

UHVXOWV� LPSO\� WKDW� DGXOWV� VKRZ� WKH� VDPH� UHVSRQVH� WR� WKH� REMHFW�ILUVW� DV� WR� WKH� VXEMHFW�ILUVW�

VHQWHQFHV� LQ� WKH� H\H� WUDFNHU� UHYHDOLQJ� HIIRUWOHVV� DQG� DFFXUDWH� SURFHVVLQJ� RI� XQDPELJXRXVO\�

FDVH�PDUNHG�REMHFW�LQLWLDO�VHQWHQFHV��

�

�
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6.2 ERP-data I: Processing of Object-First Structures 

������0HWKRGV�

 6.2.1.1 Subjects 
7KH�QXPEHU�RI�DGXOWV�WHVWHG�LQ�(53�H[SHULPHQW�,�DPRXQWHG�WR��������IHPDOH���7KH\�ZHUH�DJHG�

EHWZHHQ����DQG����� ,Q�RUGHU� WR�JXDUDQWHH�HTXDO� FRQGLWLRQV� IRU� DGXOWV� DQG�FKLOGUHQ�� WKH�DGXOW�

JURXS� OLVWHQHG� SDVVLYHO\� WR� WKH� VHQWHQFHV� LQ� WKH� (53� H[SHULPHQW� DV� ZHOO�� 7KLV� PDGH� WKH�

H[SHULPHQW�OHVV�GHPDQGLQJ�WKDQ�H[SHULPHQWV�UHTXLULQJ�D�WDVN�DQG�OHG�WR�KLJK�DUWLIDFW�UDWHV�LQ�

���DGXOWV� LQ� WKH�13��DQDO\VLV��7KHVH�ZHUH�H[FOXGHG�IURP�IXUWKHU�DQDO\VLV��7KH�ILQDO�DQDO\VLV�

LQYROYHG��IRU�13��13���UHVSHFWLYHO\��������SDUWLFLSDQWV��������IHPDOH���

�

 6.2.1.2 Stimuli 
$GXOWV�OLVWHQHG�SDVVLYHO\�WR�VWLPXOL�PDWHULDO�LQFOXGLQJ�VXEMHFW�ILUVW�DQG�REMHFW�ILUVW�VHQWHQFHV�

�VHH ����([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO���

�

 6.2.1.3 Data analysis 
7KH�UHVXOWLQJ�PHDQ�QXPEHU�RI�DYHUDJHG�WULDOV�DFURVV�DGXOW�SDUWLFLSDQWV�ZDV�������IRU�13��DQG�

13���UHVSHFWLYHO\��7KHVH�QXPEHUV�GLG�QRW�GLIIHU�EHWZHHQ�FRQGLWLRQV��

6WDWLVWLFDO� DQDO\VHV� ZHUH� SHUIRUPHG� VHSDUDWHO\� IRU� PHDQ� DPSOLWXGHV� RQ� PLGOLQH� DQG� ODWHUDO�

HOHFWURGH�VLWHV��)RU�PLGOLQH�VLWHV��)=��&=��DQG�3=���D�WZR�ZD\�$129$�ZDV�FRPSXWHG�ZLWK�WKH�

IDFWRUV� Condition� �VXEMHFW�LQLWLDO� DQG� REMHFW�LQLWLDO�� DQG� Region� �DQWHULRU�� FHQWUDO�� DQG�

SRVWHULRU���)RU� ODWHUDO� VLWHV�� D� WKUHH�ZD\�$129$�ZDV�SHUIRUPHG�ZLWK� WKH� IDFWRUV�Condition��

Site� �)��� )��� )��� )��� )&��� )&��� 7��� &��� &��� 3��� &3��� &3��� 7��� 3��� 3��� 3��� 2���2���� DQG�

Hemisphere� �OHIW� DQG� ULJKW��� 6LJQLILFDQW� LQWHUDFWLRQV� LQYROYLQJ� WKH� IDFWRU� Condition� ZHUH�

IXUWKHU�DQDO\]HG�IRU�HDFK�Site�Region�XVLQJ�D�RQH�ZD\�$129$�ZLWK�Condition�DV�D�IDFWRU��

�

������5HVXOWV�
13��

,Q� DGXOWV�� WKH� SURFHVVLQJ� RI� WKH� ILUVW� QRPLQDO� SKUDVH� DW� VHQWHQFH� RQVHW� LQ� WKH� REMHFW�LQLWLDO�

VWUXFWXUH�LV�UHIOHFWHG�E\�D�PRUH�QHJDWLYH�ZDYH�FRPSDUHG�WR�WKH�VXEMHFW�LQLWLDO�VWUXFWXUH��)LJXUH�

���OHIW�SDQHO���7KH�LQWHUDFWLRQ�FRQGLWLRQ�DQG�VLWH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�LQ�7:���)��������

 � ������� S� �� ������ DW� ODWHUDO� VLWHV�� DV� ZDV� WKH� LQWHUDFWLRQ� FRQGLWLRQ� DQG� UHJLRQ� DW� PLGOLQH�

�)������� ��������S����������EXW�FRXOG�EH�SURYHQ�RQO\�DW�RQH�VLQJOH�HOHFWURGH��)����)������� �
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�������S��� �������$�PDLQ�HIIHFW�RI�FRQGLWLRQ�ZDV�DSSDUHQW� IRU�7:��DW� ODWHUDO� VLWHV� �)������ �

������� S� �� ������ DQG� IRU� 7:�� DW� PLGOLQH� �)�������  � ������� S� �� ������� ,Q� VKRUW�� WKH� (53V�

UHYHDOHG�SURFHVVLQJ�GLIIHUHQFHV�DW�13��EHWZHHQ�WKH�REMHFW�LQLWLDO�DQG�VXEMHFW�LQLWLDO�FRQGLWLRQ�

VKRZQ�E\�D�QHJDWLYH�VKLIW�EHWZHHQ���������PV�RYHU�IURQWR�FHQWUDO�EUDLQ�UHJLRQV�DV�UHDFWLRQ�WR�

WKH�REMHFW�LQLWLDO�VHQWHQFHV��

�

13��

(53V� �)LJXUH� ��� ULJKW� SDQHO�� GLVSOD\� YHU\� VPDOO� GLIIHUHQFHV� LQ� UHVSRQVH� WR� REMHFW�LQLWLDO�

FRPSDUHG�WR�VXEMHFW�LQLWLDO�VWUXFWXUHV�UHODWLYH�WR�13��RQVHW�LQ�DGXOWV��+HQFH��VWDWLVWLFDO�DQDO\VLV�

UHYHDOHG� QR� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� WZR� FRQGLWLRQV�� +RZHYHU�� LQ� 7:��� DQ�

LQWHUDFWLRQ� RI� FRQGLWLRQ� DQG� KHPLVSKHUH� �)�������  � ������� S� �� ������ DQG� RI� FRQGLWLRQ� DQG�

UHJLRQ�DW�PLGOLQH��)������� ��������S���������RFFXUUHG��,Q�7:���DQG�7:����DQ�LQWHUDFWLRQ�RI�

FRQGLWLRQ�DQG�UHJLRQ�DW�PLGOLQH��)������� ��������S��������DQG�)������� ��������S���������DQG�

DGGLWLRQDOO\� LQ� 7:���� RI� FRQGLWLRQ� DQG� HOHFWURGH� VLWHV� �)��������  � ������� S� �� ������ ZDV�

REVHUYHG��EXW�IXUWKHU�DQDO\VHV�UHYHDOHG�QR�VLJQLILFDQW�GLIIHUHQFHV�DW�LQGLYLGXDO�HOHFWURGH�VLWHV�

RU�LQ�GLIIHUHQW�WLPH�ZLQGRZ�VFDOHV��

�

�
)LJXUH� ��� *UDQG�DYHUDJH� (53V� RI� DGXOWV� IRU� VHOHFWHG� HOHFWURGHV�� REMHFW�LQLWLDO� YHUVXV� VXEMHFW�LQLWLDO��
UHODWLYH�WR�WKH�RQVHW�RI�13���OHIW�SDQHO����13���ULJKW�SDQHO���7KH�VXEMHFW�LQLWLDO�FRQGLWLRQ��VROLG�OLQH��LV�
SORWWHG�DJDLQVW�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��GRWWHG�OLQH���1HJDWLYH�YROWDJH�LV�SORWWHG�XSZDUGV� 
�

������,QWHULP�6XPPDU\��(53�GDWD�,�
7KH� DGXOWV¶� (53V� LQ� UHVSRQVH� WR� WKH� REMHFW�LQLWLDO� FRQGLWLRQ� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO�

FRQGLWLRQ�UHYHDO�DQ�DGGLWLRQDO�SURFHVVLQJ�HIIRUW�DW�13�� LQ� IRUP�RI�D� IURQWR�FHQWUDO�QHJDWLYLW\�

IRU�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��)ROORZLQJ�WKH�SURFHVVLQJ�RI�WKH�REMHFW�QRXQ�LQ�LQLWLDO�SRVLWLRQ��
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SURFHVVLQJ�RI�WKH�UHVW�RI�WKH�VHQWHQFH�LV�HIIRUWOHVV�DV�LQGLFDWHG�E\�WKH�DEVHQFH�RI�DQ\�HIIHFW�DW�

13��IRU�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��

�

6.3 ERP-Data II: Processing of Argument Violations 

������0HWKRGV�

 6.3.1.1 Subjects 
7KH� VDPH� QXPEHU� RI� DGXOWV� DV� IRU� WKH� (53�([SHULPHQW� ,� ZHUH� WHVWHG� ���� SDUWLFLSDQWV�� ���

IHPDOH���7KH\�ZHUH�DJHG�EHWZHHQ����DQG�����$V�DOUHDG\�GHVFULEHG� IRU� WKH� VXEMHFWV� LQ�(53�

([SHULPHQW�,��WKH�DGXOW�JURXS�OLVWHQHG�SDVVLYHO\�WR�WKH�VHQWHQFHV�LQ�WKH�H[SHULPHQW��7KLV�PDGH�

WKH�H[SHULPHQW�OHVV�GHPDQGLQJ�WKDQ�H[SHULPHQWV�UHTXLULQJ�D�WDVN�DQG�OHG�WR�KLJK�DUWLIDFW�UDWHV�

LQ� ��� DGXOWV� LQ� WKH� DQDO\VLV�� 7KHVH� ZHUH� H[FOXGHG� IURP� IXUWKHU� DQDO\VLV�� 7KH� ILQDO� DQDO\VLV�

LQYROYHG����SDUWLFLSDQWV�����IHPDOH���

�

 6.3.1.2 Stimuli 
$GXOWV� OLVWHQHG� SDVVLYHO\� WR� WKH� VWLPXOXV� PDWHULDO� WKDW� FRQWDLQHG� VXEMHFW�ILUVW�� GRXEOH�

QRPLQDWLYH�� REMHFW�ILUVW� DQG� GRXEOH�DFFXVDWLYH� VWUXFWXUHV� �VHH� ���� ([SHULPHQWDO� 'HVLJQ� DQG�

0DWHULDO���

�

 6.3.1.3 Data Analysis 
7KH�UHVXOWLQJ�PHDQ�QXPEHU�RI� DYHUDJHG� WULDOV�DFURVV�SDUWLFLSDQWV�DFFRXQWHG� IRU���� LQ�DGXOWV��

7KHVH� QXPEHUV� GLG� QRW� GLIIHU� EHWZHHQ� FRQGLWLRQV�� 7KH� VDPH� VWDWLVWLFDO� DQDO\VLV� DV� LQ� (53�

([SHULPHQW�,�ZDV�FRQGXFWHG��

(53� UHVSRQVHV� WR� WKH� VXEMHFW�LQLWLDO�DQG�GRXEOH�QRPLQDWLYH�FRQGLWLRQ�DQG�DOVR� WR� WKH�REMHFW�

LQLWLDO�DQG�GRXEOH�DFFXVDWLYH�FRQGLWLRQ�ZHUH�RQO\�FRPSDUHG�DW�13���*LYHQ�WKDW�VXEMHFW�LQLWLDO�

DQG�GRXEOH�QRPLQDWLYH�VWUXFWXUHV�FRQVLVW�HTXDOO\�RI�DQ�13��LQ�WKH�QRPLQDWLYH�FDVH��LW�VHHPHG�

SODXVLEOH�WR�FRPSDUH�WKHVH�VWUXFWXUHV�RQO\�DW�13���7KH�VDPH�LV� WUXH�IRU� WKH�REMHFW�LQLWLDO�DQG�

GRXEOH�DFFXVDWLYH�FRQGLWLRQ�WKDW�ERWK�VWDUW�ZLWK�DQ�LQLWLDO�13�LQ�WKH�DFFXVDWLYH�FDVH��,Q�RUGHU�WR�

NHHS�WKH�SUHFRQGLWLRQ�RI�DQ�HTXDO�VHQWHQFH�EHJLQQLQJ�FRQVWDQW��FRPSDULVRQV�DFURVV�WKHVH�WZR�

SDLULQJV�ZHUH�DEDQGRQHG�DQG�QRW�FRQVLGHUHG�PHDQLQJIXO��

*LYHQ�WKDW� WKH�(53�([SHULPHQWV�ZHUH�GHVLJQHG�IRU�SUHVFKRROHUV�� WKH\�FRQVHTXHQWO\� ODFNHG�D�

WDVN�DQG�ZHUH�YHU\�ORZ�GHPDQGLQJ�IRU�DGXOWV��$V�D�FRQVHTXHQFH��DGXOWV�ZHUH�ERUHG�DQG�RIWHQ�

HYHQ�GURZV\�GXULQJ� WKH�H[SHULPHQW��ZKLFK�UHVXOWHG� LQ�KLJK�DUWLIDFW� UDWHV�DQG��GXH� WR�D� ORW�RI�
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DOSKD�ZDYHV��YHU\�QRLV\�RYHUDOO�GDWD��)RU� WKLV� UHDVRQ��VWDWLVWLFDO�DQDO\VLV�HPHUJHG� WR�EH�YHU\�

GLIILFXOW��7R�JLYH�DQ�RYHUYLHZ�RI�WKH�VWDWLVWLFDO�WHQGHQFLHV�IRXQG��S�YDOXHV�RI������ZLOO�DOVR�EH�

UHSRUWHG�LQ�(53�([SHULPHQW�,,��

�

������5HVXOWV�
([SHULPHQW�,��'RXEOH�1RPLQDWLYH�9LRODWLRQ�

9LVXDO�LQVSHFWLRQ�RI�DGXOWV¶�(53�GDWD�LQ�UHVSRQVH�WR�WKH�GRXEOH�QRPLQDWLYH�YLRODWLRQ�FRPSDUHG�

WR� WKH�VXEMHFW�LQLWLDO� VWUXFWXUH�VXJJHVWHG�DQ�HDUO\�QHJDWLYLW\�RYHU� IURQWR�FHQWUDO� UHJLRQV�DQG�D�

ODWHU� FHQWUR�SDULHWDO� SRVLWLYLW\� �VHH� )LJXUH� ���� ,Q� DFFRUGDQFH� ZLWK� WKLV� LPSUHVVLRQ�� VWDWLVWLFDO�

DQDO\VLV� UHYHDOHG� D� VLJQLILFDQW� LQWHUDFWLRQ� RI� FRQGLWLRQ� DQG� KHPLVSKHUH� LQ� 7:�� �)�������  �

��������S����������6XEVHTXHQW�VLQJOH�HOHFWURGH�DQDO\VLV��KRZHYHU��ZDV�PDLQO\�RQO\�PDUJLQDOO\�

SURYHQ� VLJQLILFDQW� RYHU� IURQWDO�� FHQWUDO� DQG� OHIW� WHPSRUDO� EUDLQ� UHJLRQV� �VHH� 7DEOH� ��� XSSHU�

SDQHO��� 7KH� SRVLWLYLW\� ZDV� FRQILUPHG� VLJQLILFDQW� E\� DQ� LQWHUDFWLRQ� RI�Condition� DQG� Site� LQ�

7:���)�������� ��������S����������Condition�PDLQ�HIIHFWV�RI�VLQJOH�HOHFWURGHV��LQ�WXUQ��FRXOG�

PDLQO\� RQO\� EH� PDUJLQDOO\� DWWHVWHG� RYHU� D� ULJKW� FHQWUR�SDULHWDO� UHJLRQ� �VHH� 7DEOH� ��� ORZHU�

SDQHO����,Q�VXP��VWDWLVWLFDO�DQDO\VLV�UHYHDOHG�WKH�WHQGHQF\�RI�D�IURQWR�FHQWUDO�QHJDWLYLW\�EHWZHHQ�

��������PV�DQG�D�FHQWUR�SDULHWDO�SRVLWLYLW\�EHWZHHQ���������PV���

�
7DEOH� ���&RQGLWLRQ�0DLQ�(IIHFWV� RI� DGXOWV¶�(53V� LQ�GLIIHUHQW�7:V�� GRXEOH� QRPLQDWLYH� FRPSDUHG� WR�
VXEMHFW�LQLWLDO� VHQWHQFHV�� OLVWHG� HOHFWURGHV� UHIOHFW� WKH�GLVWULEXWLRQ�RI� WKH�QHJDWLYLW\� �XSSHU�SDQHO�� DQG�
WKH�SRVLWLYLW\��ORZHU�SDQHO����
�

7:��PV�� )������� (OHFWURGH�6LWH�

����������� ������������ 7���)���)���)&���)���&��

������������ ������������ &3���3��

S���������HOHFWURGHV�QRW�PDUNHG�E\�DQ�DVWHULVN�DUH�PDUJLQDOO\�VLJQLILFDQW�RQ�WKH�OHYHO�S���������

�

�

�������������������������������������������������
��$GGLWLRQDOO\��LQ�7:����DQ�LQWHUDFWLRQ�RI�Condition�DQG�Hemisphere�ZDV�DOVR�REVHUYHG��)������� ��������S�
���������+RZHYHU��VLQFH�QR�VLJQLILFDQW�RU�PDUJLQDOO\�VLJQLILFDQW�GLIIHUHQFHV�DW�VLQJOH�HOHFWURGH�VLWHV�FRXOG�EH�
GHWHFWHG��WKLV�HIIHFW�ZDV�GLVUHJDUGHG��
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)LJXUH� ���*UDQG� DYHUDJH�(53V� UHODWLYH� WR�13�� RQVHW� IRU� VXEMHFW�LQLWLDO� �VROLG� OLQH�� VHQWHQFHV� YHUVXV�
GRXEOH�QRPLQDWLYH��GRWWHG�OLQH��FRQVWUXFWLRQV�IRU�DGXOWV��(53V�WR�WKH�GRXEOH�QRPLQDWLYH�YLRODWLRQ�VKRZ�
D�IURQWDO�QHJDWLYH�VKLIW�DQG�D�SDULHWDO�SRVLWLYH�VKLIW��
�

�

([SHULPHQW�,,��'RXEOH�DFFXVDWLYH�YLRODWLRQ�

7KH�(53�UHVSRQVH�WR�WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�FRPSDUHG�WR�WKH�REMHFW�LQLWLDO�FRQGLWLRQ�

LQ�DGXOWV�DSSHDUHG�WR�GLVSOD\�DOVR�DQ�HDUO\�QHJDWLYLW\�DQG�D�ODWH�SRVLWLYLW\�DV�DVVHVVHG�E\�YLVXDO�

LQVSHFWLRQ� �VHH� )LJXUH� ���� 7KH� QHJDWLYLW\�ZDV� SURYHQ� VWDWLVWLFDOO\� VLJQLILFDQW� LQ� 7:�� E\� DQ�

LQWHUDFWLRQ�RI�Condition�DQG�Site�DW�ODWHUDO�VLWHV��)�������� ��������S���������DQG�RI�Condition 

DQG� Region DW� PLGOLQH� �)�������  � ������� S� �� ������� 6XEVHTXHQW� VLQJOH� HOHFWURGH� DQDO\VLV��

DSSHDUHG� WR� EH� VLJQLILFDQW� DW� RQO\� RQH� VLQJOH� HOHFWURGH�� QDPHO\� DW� )�� �)�������  � ������� S� ��

�������,Q�WKH�IROORZLQJ�7:���DOVR�VLJQLILFDQW�LQWHUDFWLRQ�RI�Condition�DQG�Site DW�ODWHUDO�VLWHV�

�)�������� �������� S��������� DQG�RI�Condition� DQG�Region� DW�PLGOLQH� �)������� �������� S���

������ RFFXUUHG�� $QDO\VLV� RI� FRQGLWLRQ� PDLQ� HIIHFWV� LQ� VLQJOH� HOHFWURGHV� SURYHG� VLJQLILFDQW�

WHQGHQFLHV�DW�)���)������� ��������S���������DQG�&���)������� ��������S����������

,Q�7:���WKH�VWDWLVWLFDO�DQDO\VLV�UHYHDOHG�VLJQLILFDQFH�LQ�DQ�LQWHUDFWLRQ�RI�Condition�DQG�Region�

DW�PLGOLQH��)������� ��������S����������6XEVHTXHQW�VLQJOH�HOHFWURGH�DQDO\VLV��LQ�WXUQ��FRQILUPHG�

D�PDUJLQDOO\�VLJQLILFDQW�FRQGLWLRQ�PDLQ�HIIHFW�DW�3=��)������� ��������S����������

,Q�VXP��VWDWLVWLFDO�DQDO\VLV�UHYHDOHG�WKH�WHQGHQF\�RI�D�IURQWDO�QHJDWLYLW\�EHWZHHQ���������PV�

DQG�D�SDULHWDO�SRVLWLYLW\�EHWZHHQ���������PV��

�
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)LJXUH� ��� *UDQG� DYHUDJH� (53V� UHODWLYH� WR� 13�� RQVHW� IRU� REMHFW�LQLWLDO� �VROLG� OLQH�� VHQWHQFHV� YHUVXV�
GRXEOH�DFFXVDWLYH��GRWWHG�OLQH��FRQVWUXFWLRQV�IRU�DGXOWV��(53V�WR�WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�VKRZ�
D�IURQWDO�QHJDWLYH�VKLIW�DQG�D�SDULHWDO�SRVLWLYH�VKLIW��
�

������,QWHULP�6XPPDU\��(53�GDWD�,,�
,Q� VXP�� ERWK�� WKH� GRXEOH�QRPLQDWLYH� YLRODWLRQ� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO� FRQGLWLRQ� DQG�

DOVR� WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�FRPSDUHG� WR� WKH�REMHFW�LQLWLDO�FRQGLWLRQ� LQ�(53�VWXG\� ,,�

HOLFLWHG� D� IURQWR�IURQWR�FHQWUDO� HDUO\� QHJDWLYLW\� DQG� D� ODWHU� FHQWUR�SDULHWDO�SDULHWDO� SRVLWLYLW\��

7KHVH� HIIHFWV� LQGLFDWH� D� ELSKDVLF� /$1�3���� SDWWHUQ� LQ� UHVSRQVH� WR� ERWK� FDVH�PDUNLQJ�

YLRODWLRQV� UHYHDOLQJ� FRUUHFW� DUJXPHQW� H[SHFWDWLRQV� LQ� DGXOWV�� DOWKRXJK� VWDWLVWLFDO� UHVXOWV�

UHYHDOHG�UDWKHU�JHQHUDO�WHQGHQFLHV�RI�WKH�REVHUYHG�SDWWHUQ��

�

6.4 Summary and Interim Discussion 
7KH� PDLQ� SXUSRVH� RI� WKH� SUHVHQW� VWXG\� LQ� DGXOWV� ZDV� WR� DWWDLQ� UHVXOWV� IRU� DOO� H[SHULPHQWV�

FRQGXFWHG� LQ� FKLOGUHQ� IRU� D� UHOLDEOH� DQG� GLUHFW� FRPSDULVRQ� EHWZHHQ� FKLOGUHQ� DQG� DGXOWV�

UHJDUGLQJ�WKH�SURFHVVLQJ�RI�ZRUG�RUGHU��FDVH�PDUNLQJ��WKHPDWLF�UROH�DVVLJQPHQW��DQG�DUJXPHQW�

H[SHFWDWLRQV���

)RU� WKH�EHKDYLRUDO� WHVW�HPSOR\HG�LQ�FKLOGUHQ��D�VWXG\�ZDV�FRQGXFWHG�LQ�DGXOWV�ZLWK� WKH�H[DFW�

VWLPXOL�DQG�SDUDGLJP�XVHG�LQ�FKLOGUHQ�LQ�WKH�EHKDYLRUDO�H[SHULPHQWV�UHSRUWHG�KHUH��.QROO�HW�DO���

����������DGXOWV�ZHUH�WHVWHG�LQ�D�VHQWHQFH�SLFWXUH�PDWFKLQJ�WDVN��VHH�����%HKDYLRUDO�0HWKRG��

6HQWHQFH�SLFWXUH�0DWFKLQJ���,Q�WKH�VXEMHFW�ILUVW�FRQGLWLRQ��DGXOWV�LGHQWLILHG�WKH�FRUUHFW�SLFWXUH�
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LQ��������RI�WKH�WULDOV�DQG��������LQ�WKH�REMHFW�ILUVW�FRQGLWLRQ��7KXV��DGXOWV�DUH�SHUIHFWO\�DEOH�

WR� LGHQWLI\� WKH� FRUUHVSRQGLQJ� SLFWXUH� LQ� ERWK� FRQGLWLRQV� LQ� WKH� SUHVHQW� EHKDYLRUDO� SDUDGLJP�

VKRZLQJ�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�FRQGLWLRQV�DQG�WKXV�UHYHDOLQJ�QR�VXEMHFW�

ILUVW�SUHIHUHQFH�LQ�WKLV�UHJDUG��DV�VWDWHG�LQ�%HLP�*UDEHQ�HW�DO���������)ULHGHULFL�	�0HFNOLQJHU��

������0HFNOLQJHU�HW�DO�����������

,Q�WKH�H\H�WUDFNLQJ�H[SHULPHQW��DGXOWV�SHUIRUPHG�DERYH�FKDQFH�LQ�ERWK�FRQGLWLRQV��VXEMHFW�ILUVW�

DQG�REMHFW�ILUVW��DOUHDG\�LQ�WKH����V�WLPH�ZLQGRZ�UHODWLYH�WR�13��RQVHW�ZLWK�LQFUHDVLQJ�UHVXOWV�

LQ�WKH��V�WLPH�ZLQGRZ�UHODWLYH�WR�13��RQVHW��7KH�WULDO�FRXUVH�DQDO\VLV�LQ�VOLGLQJ�WLPH�ZLQGRZV�

RI� ����PV� RYHU� WKH�ZKROH� WULDO� GHSLFWHG� WKH� WLPH� VHTXHQFH� RI� FRUUHFW� JD]H� GXUDWLRQV� WR� WKH�

FRUUHVSRQGLQJ� SLFWXUH� LQ� PRUH� GHWDLO�� $GXOWV� IL[DWHG� WKH� SLFWXUH� WKDW� PDWFKHG� WKH� DXGLWRU\�

VWLPXOXV� VLJQLILFDQWO\� DERYH� FKDQFH�OHYHO� VWDUWLQJ� ULJKW� DIWHU�13�� RIIVHW� XQWLO� WKH� HQG� RI� WKH�

WULDO��7KLV�ZDV� WUXH� IRU�ERWK�FRQGLWLRQV��ZKLFK�GLG�QRW�GLIIHU��7KHVH� UHVXOWV� LPSO\� WKDW� DGXOWV�

VKRZ�WKH�VDPH� UHVSRQVH�WR� WKH�REMHFW�ILUVW�DV� WR� WKH�VXEMHFW�ILUVW� VHQWHQFHV� LQ� WKH�H\H� WUDFNHU�

UHYHDOLQJ�QR�DGGLWLRQDO�SURFHVVLQJ�FRVWV�WKDW�FRXOG�KDYH�EHHQ�GHWHFWHG�LQ�OHVV�DFFXUDWH�IL[DWLRQ�

GXUDWLRQV�RU�D� ODWHU�RQVHW� LQ�FRUUHFW�JD]H�GXUDWLRQV� LQ� WKH�REMHFW�ILUVW�FRQGLWLRQ��)XUWKHUPRUH��

WKH�WULDO�FRXUVH�DQDO\VLV�LOOXVWUDWHV�DGGLWLRQDOO\�WKDW�DGXOWV�FRQFOXGH�DV�WR�ZKR�LV�WKH�DJHQW�DQG�

ZKR� LV� WKH�SDWLHQW� LQ� WKH� UHVSHFWLYH� VHQWHQFH�DOUHDG\�DIWHU�XQDPELJXRXVO\�FDVH�PDUNHG�13���

7KLV�UHVXOW�FRQWUDGLFWV�+DQQH�HW�DO���������ZKR�IRXQG�FRUUHFW�JD]H�VKLIW�LQ�D�VLPLODU�SDUDGLJP�

RQO\�DW�WKH�SRLQW�RI�13����

,Q�(53�H[SHULPHQW� ,�� D�QHJDWLYH�(53� UHVSRQVH� IRU� WKH�SURFHVVLQJ�RI� FDVH�PDUNHG�REMHFWV� LQ�

LQLWLDO� VHQWHQFH� SRVLWLRQ� FRPSDUHG� WR� VXEMHFW�LQLWLDO� VHQWHQFHV�ZDV� REVHUYHG� IRU� DGXOWV�� ZKR�

GHPRQVWUDWHG� QR� GLIIHUHQFHV� EHWZHHQ� WKHVH� WZR� FRQGLWLRQV� LQ� WKH� EHKDYLRUDO� RU� H\H� WUDFNLQJ�

H[SHULPHQWV�� 7KLV� ILQGLQJ� LV� QHYHUWKHOHVV� LQ� OLQH� ZLWK� RWKHU� (53� VWXGLHV� FRPSDULQJ� FDVH�

PDUNHG�REMHFW�LQLWLDO�ZLWK�VXEMHFW�LQLWLDO�VWUXFWXUHV�LQ�*HUPDQ��0DW]NH�HW�DO���������5|VOHU�HW�

DO���������6FKOHVHZVN\��%RUQNHVVHO��HW�DO����������ZKLFK�LQWHUSUHWHG�WKLV�QHJDWLYLW\�DV�D�/$1�

DQG�DVVLJQHG�LW�WR�HLWKHU�PRUSKRV\QWDFWLF�SURFHVVHV�RU�HQKDQFHG�ZRUNLQJ�PHPRU\�ORDG��'XH�WR�

WKH�XVH�RI�FRUUHFW�VWUXFWXUHV�LQ�WKH�SUHVHQW�H[SHULPHQW��WKH�QHJDWLYLW\�REVHUYHG�LQ�UHODWLRQ�WR�WKH�

WRSLFDOL]HG� REMHFW� FDQQRW� EH� VHHQ� DV� D� UHDFWLRQ� WR� D� PRUSKRV\QWDFWLF� YLRODWLRQ� �XVXDOO\�

H[SUHVVHG�LQ�D�/$1��RU�D�UHDFWLRQ�WR�VHPDQWLF�XQH[SHFWHGQHVV�RU�YLRODWLRQ��XVXDOO\�H[SUHVVHG�

LQ� DQ� 1������ 7KHUHIRUH�� WKH� SUHVHQW� QHJDWLYLW\� VKRXOG� UDWKHU� EH� DWWULEXWHG� WR� SDUVLQJ�

PHFKDQLVPV�WKDW�FRPSXWH�WKH�ILUVW�QRXQ�DV�D�VXEMHFW� �'H�9LQFHQ]L��������������PHDQLQJ�WKDW�

WKH�SDUVHU�H[SHFWV�D�QRPLQDWLYH�DW�13���DQG�WKH�SURFHVVLQJ�RI� WKH�DFFXVDWLYH� LQ� WKLV�SRVLWLRQ�

OHDGV� WR� D�QHJDWLYLW\��7KLV� LV� D� YHU\� VLPLODU� SURFHVV� DV�%RUQNHVVHO� DQG�6FKOHVHZVN\� �����D��

IRXQG� IRU� WKH� H[SHFWDWLRQ�GULYHQ�SURFHVVLQJ�RI� VFUDPEOHG� VWUXFWXUHV� LQ�PLGGOH�ILHOG� VHQWHQFH�

SRVLWLRQ��0RUHRYHU��VLQFH�WKH�QHJDWLYLW\�WR�WRSLFDOL]HG�REMHFW�QRXQ�SKUDVHV�GRHV�QRW�PDWFK�WKH�
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WRSRJUDSK\� RI� HLWKHU� WKH� /$1� QRU� WKH� 1����� WKLV� QHJDWLYLW\� FRXOG� EH� FDOOHG� µWRSLFDOL]DWLRQ�

QHJDWLYLW\¶� DFFRUGLQJ� WR� WKH� µVFUDPEOLQJ� QHJDWLYLW\¶� DV� GHVFULEHG� LQ� %RUQNHVVHO� DQG�

6FKOHVHZVN\������D���7KXV��WKH�IURQWR�FHQWUDOO\�GLVWULEXWHG�QHJDWLYLW\�IRU�13��LQ�DGXOWV�VKRXOG�

EH�YLHZHG�DV�D�µWRSLFDOL]DWLRQ�QHJDWLYLW\¶��)ROORZLQJ�WKH�SURFHVVLQJ�RI�WKH�REMHFW�QRXQ�LQ�LQLWLDO�

SRVLWLRQ��SURFHVVLQJ�RI�WKH�UHVW�RI�WKH�VHQWHQFH�LV�HIIRUWOHVV�DV�LQGLFDWHG�E\�WKH�DEVHQFH�RI�DQ\�

HIIHFW�DW�13���7KLV�FDQ�EH�WDNHQ�DV�IXUWKHU�HYLGHQFH�RI�WKH�RIWHQ�FLWHG�VXEMHFW�ILUVW�SUHIHUHQFH�

LQ� *HUPDQ� VSHDNHUV� �%HLP� *UDEHQ� HW� DO��� ������ )ULHGHULFL� 	� 0HFNOLQJHU�� ������ )ULVFK� 	�

6FKOHVHZVN\��������0HFNOLQJHU�HW�DO����������ZKLFK��KRZHYHU�� LV�QRW�YLVLEOH� LQ�EHKDYLRUDO�RU�

SK\VLRORJLFDO�DGXOW�UHVSRQVHV�LQ�WKH�SUHVHQW�VWXG\��7KXV��WKH�DGGLWLRQDO�HIIRUW�LQ�SURFHVVLQJ�WKH�

WRSLFDOL]HG�REMHFW�VKRZQ�LQ�WKH�(53�H[SHULPHQW�,�QHLWKHU�HTXDOV�QRU�KDV�FRQVHTXHQFHV�LQ�OHVV�

DFFXUDWH�RU�GHOD\HG�UHVSRQVHV�LQ�WKH�EHKDYLRUDO�RU�H\H�WUDFNLQJ�H[SHULPHQWV��

,Q�(53�([SHULPHQW� ,,��D�ELSKDVLF�/$1�3����SDWWHUQ� LQ� UHVSRQVH� WR�ERWK��GRXEOH�QRPLQDWLYH�

DQG� GRXEOH� DFFXVDWLYH� YLRODWLRQV� FRPSDUHG� WR� WKHLU� FRUUHFW� FRXQWHUSDUWV� �VXEMHFW�LQLWLDO� DQG�

REMHFW�LQLWLDO� FRQVWUXFWLRQV�� UHVSHFWLYHO\�� UHVXOWHG�� 6WDWLVWLFDO� UHVXOWV� UHYHDOHG� UDWKHU� JHQHUDO�

WHQGHQFLHV�RI�WKH�REVHUYHG�SDWWHUQ��7KH�DEVHQFH�RI�PRUH�SURQRXQFHG�(53�HIIHFWV�PLJKW�EH�GXH�

WR� WKH� DEVHQFH� RI� D� WDVN� DQG� FKLOG�GLUHFWHG� VSHHFK� HPSOR\HG� LQ� WKH� H[SHULPHQW�ZKLFK� RIWHQ�

SURGXFHV�ERUHGRP�DQG�GLVWUDFWHG�OLVWHQLQJ�EHKDYLRU�LQ�DGXOWV���

7KH� ELSKDVLF� 1����3���� UHVSRQVH� WR� GRXEOH� FDVH� YLRODWLRQ� UHSRUWHG� E\� )ULVFK� DQG�

6FKOHVHZVN\��������FRXOG�QRW�EH�UHSOLFDWHG�LQ�WKH�SUHVHQW�VWXG\��:KLOH�WKH�3����RFFXUUHG�LQ�

ERWK�H[SHULPHQWV�DQG�LV�WDNHQ�WR�LQGLFDWH�D�UHVSRQVH�WR�WKH�RYHUDOO�V\QWDFWLF�LOO�IRUPHGQHVV�RI�

WKH�FRQVWUXFWLRQ��DGXOWV�GLVSOD\HG�DQ�1����LQ�WKH�IRUPHU�DQG�D�/$1�LQ�WKH�ODWWHU�VWXG\��+HQFH��

WKH�SUHVHQW�UHVXOWV�LQGLFDWH�DQ�HUURU�GHWHFWLQJ�RQ�WKH�PRUSKRV\QWDFWLF�OHYHO�UDWKHU�WKDQ�RQ�WKH�

VHPDQWLF�WKHPDWLF�OHYHO�IRU�GRXEOH�FDVH�YLRODWLRQV��)XUWKHUPRUH��WKH\�UHSOLFDWH�WKH�ILQGLQJV�RQ�

GRXEOH� FDVH� YLRODWLRQ� LQ� (QJOLVK� �&RXOVRQ� HW� DO��� ������� 7KHVH� UHVXOWV� DUH� LQ� OLQH� ZLWK� WKH�

DVVXPSWLRQ�RI�)ULHGHULFL�DQG�:HL�HQERUQ��������WKDW�LQ�ODQJXDJHV�ZLWK�D�ULFK�FDVH�V\VWHP�DV�

*HUPDQ�WKH�/$1�RFFXUV�PRUH�RIWHQ�LQ�UHVSRQVH�WR�PRUSKRV\QWDFWLF�YLRODWLRQV��7KH�GLIIHUHQFH�

ZLWK�WKH�VWXG\�WKDW�UHSRUWHG�DQ�1�����)ULVFK�	�6FKOHVHZVN\��������FRXOG�EH�DWWULEXWDEOH�WR�WKH�

SUHVHQFH�RI�D�WDVN�LQ�WKH�ODWWHU��KHQFH�WKH�DWWHPSW�WR�WKHPDWLFDOO\�KLHUDUFKLFDOO\�RUGHU�WKH�WZR�

DUJXPHQWV�PLJKW�RQO\�WDNH�SODFH�ZKHQ�DGXOWV�DUH�FDOOHG�XSRQ�LW�DQG�WKHLU�DWWHQWLRQ�LV�GUDZQ�WR�

WKH�LQWHUSUHWDWLRQ�RI�WKH�VHQWHQFHV���

�

6.5 Interim Conclusion 
$GXOWV� GLVSOD\HG� QHLWKHU� DGGLWLRQDO� SURFHVVLQJ� FRVWV� IRU� REMHFW�LQLWLDO� VHQWHQFHV� FRPSDUHG� WR�

VXEMHFW�LQLWLDO�VHQWHQFHV�LQ�WKH�EHKDYLRUDO�DQG�H\H�WUDFNLQJ�H[SHULPHQW�QRU�DW�13��LQ�WKH�(53�
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([SHULPHQW� ,�� +RZHYHU�� D� µWRSLFDOL]DWLRQ� QHJDWLYLW\¶� RFFXUUHG� DW� 13�� LQ� WKH� VDPH� (53�

([SHULPHQW�SRLQWLQJ�WRZDUGV�VXEMHFW�LQLWLDO�SUHIHUHQFHV�LQ�DGXOWV��5HJDUGLQJ�WKH�SURFHVVLQJ�RI�

GRXEOH�FDVH�YLRODWLRQV�LQ�(53�([SHULPHQW�,,��WKHPDWLF�KLHUDUFKLFDOO\�RUGHULQJ�LQGLFDWHG�E\�DQ�

1����FRXOG�QRW�EH�FRQILUPHG��5DWKHU�� D�ELSKDVLF�/$1�3����SDWWHUQ�ZDV�REVHUYHG� VLJQDOLQJ�

SURFHVVLQJ�RQ�WKH�PRUSKRV\QWDFWLF�DQG�WKH�V\QWDFWLF�OHYHO���

�
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7 Study II: Children  
,Q�6WXG\�,,��WKH�GHYHORSPHQWDO�VWHSV�WDNHQ�LQ�ODQJXDJH�DFTXLVLWLRQ�EHWZHHQ�WKH�DJH�RI�WKUHH�DQG�

VL[�\HDUV�WRZDUGV�WKH�SUHYLRXVO\�GHVFULEHG�DGXOW�SURFHVVLQJ�PHFKDQLVPV�DQG�VHTXHQFHV�ZLOO�EH�

LQYHVWLJDWHG�� 5HJDUGLQJ� WKHPDWLF� UROH� DVVLJQPHQW�� LW� LV� RI� SDUWLFXODU� LQWHUHVW�� DW� ZKLFK� DJH�

FKLOGUHQ�DUH�VHQVLWLYH�WR�ZKLFK�PRUSKRV\QWDFWLF�FXHV��(VSHFLDOO\��WKH�SRLQW�RI�FRPPHQFHPHQW�

LQ� ODQJXDJH�GHYHORSPHQW�RI�VHQVLWLYLW\� WR� WKH�PRVW�UHOLDEOH�FXH�LQ�*HUPDQ��QDPHO\� WKH�FDVH�

PDUNLQJ� FXH�� ZLOO� EH� LQ� IRFXV�� 0RUHRYHU�� WKH� UHSDLU� PHFKDQLVPV� IRU� WKHPDWLF� KLHUDUFKLFDO�

RUGHULQJ�WKDW�ZLOO�JLYH� LQIRUPDWLRQ�DERXW� WKH�GHYHORSPHQW�RI� WKH�DELOLW\� WR�DELGH�WR� WKH� WKHWD�

FULWHULRQ�LQ�FKLOGUHQ�DJHG�WKUHH�������DQG�VL[�\HDUV�ZLOO�EH�OLNHZLVH�VWXGLHG���

7KH�VDPH�VWXGLHV��SURFHGXUHV��DQG�WHVWLQJ�PDWHULDO�DV�LQ�DGXOWV�ZLOO�EH�DSSOLHG�IRU�DOO�JURXSV�RI�

FKLOGUHQ��7KH�EHKDYLRUDO�VHQWHQFH�SLFWXUH�PDWFKLQJ�H[SHULPHQW�RQO\�VKRUWO\�UHSRUWHG�IRU�DGXOWV�

ZDV�DOVR�FRQGXFWHG�ZLWK�DOO�SUHVFKRROHUV��

7KH�FRPSHWLWLRQ�PRGHO�DVVXPHV�WKDW�LI�DOO�FXHV�IRU�WKHPDWLF�UROH�DVVLJQPHQW�DSSHDU�LQ�FRDOLWLRQ�

DQG�EXLOG�D�SURWRW\SLFDO�VWUXFWXUH��FKLOGUHQ�ZLOO�EH�DEOH�WR�LQWHUSUHW�DQG�SURFHVV�WKHVH�LQVWDQFHV�

WKH� HDVLHVW� �%DWHV�	�0DF:KLQQH\�� ������� ,Q� WKH� SUHVHQW� VWXG\�� WKH� VXEMHFW�LQLWLDO� FRQGLWLRQ�

FRQWDLQV�VHQWHQFHV�WKDW�PHHW�H[DFWO\�WKLV�FULWHULRQ�LQ�H[KLELWLQJ�VXEMHFW�YHUE�REMHFW�ZRUG�RUGHU�

DFFRPSDQLHG� E\� RYHUWO\� XQDPELJXRXVO\� FDVH�PDUNHG� QRXQ� SKUDVHV� IRU� QRPLQDWLYH� DQG�

DFFXVDWLYH��,W�IROORZV�WKDW�WKH�LQWHUSUHWDWLRQ�RI�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ�ZLOO�UHSUHVHQW�PXFK�

OHVV� SURFHVVLQJ� HIIRUW� IRU� FKLOGUHQ� IURP� WKH� \RXQJHVW� DJH� JURXS� RQ� WKDQ� WKH� REMHFW�LQLWLDO�

FRQGLWLRQ��,Q�DGGLWLRQ��DFFRUGLQJ�WR�WKH�PRGHO��LW�LV�SUHGLFWHG�WKDW�WKH�XVDJH�RI�WKH�ZRUG�RUGHU�

FXH�ZLOO�RFFXU� LQ� ODQJXDJH�DFTXLVLWLRQ�EHIRUH�WKH�XVDJH�RI� WKH�FDVH�PDUNLQJ�FXH�IRU� WKHPDWLF�

UROH�DVVLJQPHQW�LQ�*HUPDQ��0DF:KLQQH\�HW�DO����������&KDSWHU�������

&RPPHQVXUDWH� WR� WKHVH� WKHRUHWLFDO�DVVXPSWLRQV�DQG�SUHYLRXV�EHKDYLRUDO� VWXGLHV� �VHH�EHORZ���

WKH� GHYHORSPHQW� RI� WKH� FXH�XVDJH� DQG� WKH� LQWHUSUHWDWLRQDO� DFFXUDF\� RI� WKH� WZR� FRQGLWLRQV�

UHIOHFWHG� LQ� WKH� SUHVHQW� EHKDYLRUDO� VWXG\� LV� K\SRWKHVL]HG� LQ� WKH� IROORZLQJ� ZD\�� )URP� WKH�

\RXQJHVW�DJH�JURXS�RQ��VXEMHFW�LQLWLDO�VHQWHQFHV�ZLOO�EH�LQWHUSUHWHG�PRUH�DFFXUDWH�WKDQ�REMHFW�

LQLWLDO�VHQWHQFHV�ZKLOH�WKH�DFFXUDF\�ZLOO�LQFUHDVH�RYHU�DJH�DQG�UHDFK�DGXOW�OHYHO�LQ���\HDU�ROGV��

6LQFH�WKH�PRGHO�IXUWKHUPRUH�SUHGLFWV�WKH�XVDJH�RI�WKH�ZRUG�RUGHU�FXH�LQ�\RXQJHU�DJH�JURXSV��LW�

VHHPV� SODXVLEOH� WR� K\SRWKHVL]H� D� V\VWHPDWLF� PLVLQWHUSUHWDWLRQ� RI� REMHFW�LQLWLDO� VHQWHQFHV� LQ�

WKUHH�\HDU�ROGV�E\�DVVLJQLQJ�WKH�$JHQW�UROH�WR�WKH�ILUVW�DUJXPHQW�LQ�WKH�VHQWHQFH��7KLV�VWUDWHJ\�

ZLOO�OHDG�WR�EHORZ�FKDQFH�RXWFRPH�LQ�WKH�REMHFW�LQLWLDO�FRQGLWLRQ�LQ�WKUHH�\HDU�ROGV��7KH�VDPH�

LV� WUXH� IRU� ����\HDU�ROGV� DV� &KDQ�� /LHYHQ�� DQG� 7RPDVHOOR� ������� GHPRQVWUDWHG� WKH� KLJKHVW�

ZRUG�RUGHU� FXH�XVDJH� DW� WKDW� DJH��)RU� WKH� VXEVHTXHQW� GHYHORSPHQW�� FRQWUDGLFWRU\� UHVXOWV� DUH�

IRXQG� LQ� VHYHUDO� VWXGLHV� �&KDSWHU� ����� WKDW� HLWKHU� FKLOGUHQ� VWDUW� WR� XVH� WKH� FDVH�PDUNLQJ� FXH�
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ORQJ� EHIRUH� WKHLU� VL[WK� ELUWKGD\� �/LQGQHU�� ������ 0LOOV�� ������ 6FKDQHU�:ROOHV�� ������

:DWHUPH\HU��������RU�ORQJ�DIWHU�LW��'LWWPDU�HW�DO�������D���,W�UHPDLQV�WR�EH�VHHQ�ZKLFK�ILQGLQJV�

FDQ�EH�FRQILUPHG� LQ� WKH�SUHVHQW� VWXG\�DQG�ZKHWKHU� VL[�\HDU�ROG�FKLOGUHQ�ZLOO�SHUIRUP�DERYH�

FKDQFH�LQ�WKH�LQWHUSUHWDWLRQ�RI�QRQ�FDQRQLFDO�VHQWHQFHV���

,Q�JHQHUDO��WKH�VDPH�K\SRWKHVHV�KROG�IRU�WKH�FRUUHFW�JD]H�GXUDWLRQ�WR�WKH�FRUUHVSRQGLQJ�SLFWXUH�

LQ� WKH�H\H�WUDFNLQJ�VWXG\��,W� LV�DGGLWLRQDOO\�K\SRWKHVL]HG�WKDW�DWWXQHPHQW� WR�WKH�FDVH�PDUNLQJ�

FXH� DQG� KHQFH� ORQJHU� IL[DWLRQ� GXUDWLRQV� WR� WKH� FRUUHVSRQGLQJ� REMHFW�LQLWLDO� SLFWXUH�PLJKW� EH�

VKRZQ�DW�DQ�HDUOLHU�DJH�WKDQ�LQ�WKH�EHKDYLRUDO�SDUDGLJP�LQ�WKLV�VWXG\��SOHDVH��FRPSDUH�*HUWQHU�

HW�DO�����������

3UHYLRXV� HYLGHQFH� RQ� WKH� SURFHVVLQJ� RI� REMHFW�LQLWLDO� VWUXFWXUHV� LQ� FKLOGUHQ� KDV� RQO\� EHHQ�

REWDLQHG�IRU�WKUHH��DQG�HLJKW�\HDU�ROG�FKLOGUHQ��0DKOVWHGW��������IRXQG�D�SRVLWLYLW\�WR�13��DQG�

D�ELSKDVLF�HDUO\�SRVLWLYLW\���ODWH�QHJDWLYLW\�IRU�WKH�(53�WLPH�ORFNHG�WR�13��IRU�WKH�SURFHVVLQJ�

RI�REMHFW�LQLWLDO�FRPSDUHG�WR�VXEMHFW�LQLWLDO�VWUXFWXUHV�LQ�FKLOGUHQ�DW�WKH�DJH�RI�WKUHH��7KH�VDPH�

HIIHFWV�DUH�H[SHFWHG�LQ� WKH�FXUUHQW�VWXG\�IRU� WKUHH�\HDU�ROGV��KRZHYHU�� WKH�K\SRWKHVLV�ZLOO�EH�

WUHDWHG� ZLWK� VRPH� FDXWLRQ� DV� 0DKOVWHGW� ������� DOVR� LQFOXGHG� DQLPDF\� DV� D� YDULDEOH� LQ� KHU�

VWLPXOL�� ZKLFK� ZLOO� EH� H[FOXGHG� LQ� WKH� FXUUHQW�� +HQFH�� WKH� VHQVLWLYLW\� WR� REMHFWV� LQ� LQLWLDO�

SRVLWLRQV�PLJKW�EH�VKRZQ�LQ�(53V�DW�WKDW�DJH��EXW�WKH�EHKDYLRUDO�FRPSHWHQFH�WR�LQWHUSUHW�WKHVH�

VWUXFWXUHV�VKRXOG�EH�HYLGHQFHG�RQO\�ODWHU�LQ�GHYHORSPHQW��$V�IRU�WKH�UHVXOWV�IRU�����\HDU�ROGV�LQ�

(53�VWXG\�,��LW�LV�K\SRWKHVL]HG�WKDW�FKLOGUHQ�DW�WKLV�DJH�PLJKW�HLWKHU�VKRZ�D�VLPLODU�VHQVLWLYLW\�

WR�REMHFW�LQLWLDO�VWUXFWXUHV�DV�WKUHH�\HDU�ROGV��RU�WKDW�WKH�FKDQJH�WR�UHOLDQFH�RQ�WKH�FDVH�PDUNLQJ�

FXH�FDQ�EH� VKRZQ� LQ�(53V� HDUOLHU�� ,Q� WKH� ODWWHU� FDVH�� WKH\� VKRXOG�QRW� GLVSOD\� DQ\� DGGLWLRQDO�

HIIRUW� WR� SURFHVV� REMHFW�LQLWLDO� FRPSDUHG� WR� VXEMHFW�LQLWLDO� VWUXFWXUHV� DV� DGXOWV� ±� D� K\SRWKHVLV�

WKDW�KROGV�GHILQLWHO\�IRU�FKLOGUHQ�DW�WKH�DJH�RI�VL[�LQ�WKLV�VWXG\��

&RQFHUQLQJ�(53�VWXG\�,,��)ULVFK�DQG�6FKOHVHZVN\��������KDYH�VKRZQ�D�ELSKDVLF�1����3����

UHVSRQVH� WR� FDVH�PDUNLQJ� YLRODWLRQV��$V� RXWOLQHG� LQ�&KDSWHU� ����� WKH�1����RQ� WKH� VHQWHQWLDO�

OHYHO�ZDV�DOUHDG\�GHWHFWHG�LQ����PRQWK�ROGV��)ULHGULFK�	�)ULHGHULFL��������DQG�WKH�3����LQ����

PRQWK�ROGV��2EHUHFNHU�	�)ULHGHULFL���������7KHUHIRUH��WKH�DGXOW�OLNH�SDWWHUQ�PLJKW�DOUHDG\�EH�

DEOH� WR� EH� VKRZQ� LQ� WKUHH�\HDU�ROGV� LQ� WKH� SUHVHQW� FDVH�PDUNLQJ� YLRODWLRQ� VWXG\�� +RZHYHU��

VLQFH�WKH�DFFXVDWLYH�IXQFWLRQ�LV�RQO\�DFTXLUHG�ODWHU��WKH�1����3����UHVSRQVH�PLJKW�RFFXU�ODWHU�

IRU�WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�WKDQ�IRU�WKH�GRXEOH�QRPLQDWLYH�YLRODWLRQ��,Q�SDUWLFXODU��IRU�

WKH� UHDVRQ� WKDW�����\HDU�ROGV�KDYH�QRW�\HW� HVWDEOLVKHG� IXOO� WKHPDWLF�GHSHQGHQFLHV� �'LWWPDU�HW�

DO�������D���WKUHH��DQG�����\HDU�ROGV�PLJKW�RQO\�H[KLELW�D�3����IRU�V\QWDFWLF�HUURU�GHWHFWLRQ�LQ�

UHVSRQVH� WR� WKLV� FRQGLWLRQ� ZKLOH� VL[�\HDUV�ROG� ZLOO� VKRZ� WKH� DGXOW�OLNH� ELSKDVLF� 1����3����

SDWWHUQ�
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7.1 Three-Year-Olds 
7KH�SURGXFWLRQ�RI�WKH�DFFXVDWLYH�FDVH�PDUNLQJ�FRPPHQFHV�DW�WKH�DJH�RI�WKUHH�DV�H[SODLQHG�LQ�

IXUWKHU�GHWDLO�LQ�&KDSWHU������$V�WKH�DFTXLVLWLRQ�RI�WKH�DFFXVDWLYH�IRUP�RQO\�VWDUWV�DW�WKLV�DJH��LW�

VHHPV�SODXVLEOH� WR� WHVW� WKUHH�\HDU�ROG�FKLOGUHQ� UHJDUGLQJ� WKH�SURFHVVLQJ�DQG� LQWHUSUHWDWLRQ�RI�

DUJXPHQWV�LQ�VLPSOH�WUDQVLWLYH�VWUXFWXUHV�DV�WKH�\RXQJHVW�DJH�JURXS�RI�WKH�FXUUHQW�LQYHVWLJDWLRQ���

�

������%HKDYLRUDO�'DWD�

7.1.1.1 Methods 

����������6XEMHFWV�
2XW�RI�DOO�FKLOGUHQ�WHVWHG�����WKUHH�\HDU�ROGV�����IHPDOH��LQ�WKH�EHKDYLRUDO�H[SHULPHQW��WKH�GDWD�

RI� IRXU� ZHUH� H[FOXGHG� EHFDXVH� FKLOGUHQ� GLG� QRW� ILQLVK� WKH� WHVW� RU� GLG� QRW� GLVSOD\� DJH�

DSSURSULDWH� ODQJXDJH� GHYHORSPHQW� LQ� WKH� 752*�'� �)R[�� ������� 7KH� ILQDO� VDPSOH� RI� WKH�

EHKDYLRUDO�H[SHULPHQW�FRQVLVWHG�RI����WKUHH�\HDU�ROGV�����IHPDOH���

�

� � ����������6WLPXOL�
7RGGOHUV�ZHUH�SUHVHQWHG�ZLWK�VXEMHFW�ILUVW�DQG�REMHFW�ILUVW�VHQWHQFHV�WKDW�WKH\�KDG�WR�PDWFK�WR�

FRUUHVSRQGLQJ�SLFWXUHV��VHH�6HFWLRQ�����([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO���,Q�HDFK�WULDO��WKH\�

KDG�WR�FKRRVH�WKH�FRUUHFW�SLFWXUH�RXW�RI�WZR�VKRZQ��

�

� � ����������'DWD�$QDO\VLV�
$V�H[SODLQHG�LQ�GHWDLO� LQ�6HFWLRQ�����'DWD�3URFHVVLQJ�DQG�$QDO\VLV��FRUUHFW� LGHQWLILFDWLRQV�RI�

WKH� FRUUHVSRQGLQJ� SLFWXUH� SHU� FRQGLWLRQ� ZHUH� DYHUDJHG� DQG� VWDWLVWLFDOO\� DQDO\]HG� DJDLQVW�

FKDQFH�OHYHO��������

��

 7.1.1.2 Results 
7KUHH�\HDU�ROG�FKLOGUHQ�SHUIRUPHG�DERYH�FKDQFH�LQ� WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ�ZLWK��������

FRUUHFW�LGHQWLILFDWLRQ�RI�WKH�FRUUHVSRQGLQJ�SLFWXUH��W����� ��������S�����������,Q�FRQWUDVW��WKUHH�

\HDU�ROGV� SHUIRUPHG� VLJQLILFDQWO\� EHORZ� FKDQFH� LQ� WKH� REMHFW�LQLWLDO� FRQGLWLRQ� ZLWK� �������

FRUUHFW�LGHQWLILFDWLRQ�RI�WKH�PDWFKLQJ�SLFWXUH��W����� ���������S����������VHH�)LJXUH������

�

�

�
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)LJXUH�����7KUHH�\HDU�ROGV��5HVXOWV�RI� WKH�EHKDYLRUDO� WDVN� WR� LGHQWLI\�ZKLFK�SLFWXUH�FRUUHVSRQGHG� WR�
HDFK�VHQWHQFH��
�

7.1.1.3 Interim Summary: Behavioral data 
,Q�VXP����\HDU�ROGV�SRLQWHG�V\VWHPDWLFDOO\�WR�WKH�FRUUHFW�SLFWXUH�LQ�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ��

,Q�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��KRZHYHU��WKH\�LGHQWLILHG�V\VWHPDWLFDOO\�WKH�LQFRUUHFW�SLFWXUH��

�

������(\H�7UDFNLQJ�'DWD�

 7.1.2.1. Methods 

� � ����������6XEMHFWV�
,Q�WKH�JURXS�RI�WKUHH�\HDU�ROGV���������IHPDOH��FKLOGUHQ�ZHUH�WHVWHG��'XH�WR�HLWKHU�IX]]LQHVV��DQ�

LQVXIILFLHQW�WULDO�QXPEHU��D�FOHDU�ORRNLQJ�SUHIHUHQFH�IRU�RQH�VLGH�RI�WKH�VFUHHQ��VHH�6HFWLRQ�����

'DWD�3URFHVVLQJ�DQG�$QDO\VLV���RU�D�VXEVWDQGDUG�SHUIRUPDQFH�LQ�WKH�752*�'��)R[���������VHH�

6HFWLRQ�����/DQJXDJH�7HVWLQJ��752*�'���WKH�GDWD�RI�VL[�FKLOGUHQ�KDG�WR�EH�H[FOXGHG�IURP�WKH�

DQDO\VLV�RI�JD]H�GXUDWLRQ�IURP�13��13��RQVHW�UHVXOWLQJ�LQ��������IHPDOH��WKUHH�\HDU�ROGV�IRU�

WKHVH�VDPSOHV��5HJDUGLQJ�WKH�WULDO�FRXUVH�DQDO\VLV��DQ�DGGLWLRQDO�WKUHH�FKLOGUHQ�GLG�QRW�HQWHU�WKH�

ILQDO�VDPSOH�EHFDXVH�RI�DQ�LQVXIILFLHQW�QXPEHU�RI�WULDOV�LQ�RQH�RU�PRUH�RI�WKH����WLPH�ZLQGRZV�

�HDFK�����PV�RI�OHQJWK���7KXV���������IHPDOH��FKLOGUHQ�ZHUH�DQDO\]HG�LQ�WKH�ILQDO�VDPSOH�RI�WKH�

WULDO�FRXUVH��

� � ����������6WLPXOL�
&KLOGUHQ� OLVWHQHG� WR� VHQWHQFHV�FRQVWUXFWHG� LQ� WKH� VXEMHFW�ILUVW� DQG�REMHFW�ILUVW� VWUXFWXUH�ZKLOH�

WZR� SLFWXUHV� SHU� WULDO�ZHUH� SUHVHQWHG� RQ� D� VFUHHQ�� RQH� GHSLFWLQJ� WKH� FRUUHVSRQGLQJ� WKHPDWLF�
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UROHV�DQG�WKH�RWKHU�RQH�VKRZLQJ�UHYHUVHG�DFWRU�DQG�SDWLHQW�UROHV��VHH�6HFWLRQ�����([SHULPHQWDO�

'HVLJQ�DQG�0DWHULDO���

�

� � ����������'DWD�$QDO\VLV�
7KH�PHDQ�QXPEHU�RI�WULDOV�IRU�WKH�DQDO\VLV�RI�ERWK�WLPH�ZLQGRZV��EHJLQQLQJ�DW�13��DQG�13���

UHVSHFWLYHO\��DPRXQWHG�WR����WULDOV�DQG�GLG�QRW�GLIIHU�EHWZHHQ�FRQGLWLRQV��7KH�DYHUDJHG�PHDQ�

QXPEHU�RI�WULDOV�DFURVV�DOO�WLPH�ZLQGRZV�LQFOXGHG�LQ�WKH�WULDO�FRXUVH�DQDO\VLV�UHVXOWHG�LQ������

IRU�DOO�FRQGLWLRQV��

$V�H[SODLQHG�LQ�GHWDLO� LQ�6HFWLRQ ����'DWD�3URFHVVLQJ�DQG�$QDO\VLV� IL[DWLRQ�GXUDWLRQV� WR� WKH�

SLFWXUH� WKDW� FRUUHVSRQGHG�ZLWK� WKH� DXGLWRU\� VWLPXOXV� SUHVHQWHG�ZHUH� DYHUDJHG� DQG� DQDO\]HG�

DFFRUGLQJ�WR�13��RQVHW��XQWLO�YHUE�RIIVHW�����V�RI� OHQJWK��� WR�13��RQVHW���V�RI� OHQJWK��DQG�LQ�

VOLGLQJ�ZLQGRZV�RI�����PV�DFURVV�WKH�ZKROH�WULDO��WULDO�FRXUVH�DQDO\VLV���:LWKLQ�WKHVH�GLIIHUHQW�

DQDO\VHV�� HYHU\� FRQGLWLRQ� �VXEMHFW�ILUVW�REMHFW�ILUVW�� ZDV� VWDWLVWLFDOO\� DQDO\]HG� LQ� UHODWLRQ� WR�

FKDQFH�OHYHO� ������� ,Q� DGGLWLRQ�� WULDO�FRXUVH� VWDWLVWLFV� ZHUH� FRPSXWHG� HPSOR\LQJ� WZR�ZD\�

$129$V�ZLWK�FRQGLWLRQ��VXEMHFW�ILUVW�REMHFW�ILUVW��DQG�WLPH�ZLQGRZ�����WLPH�ZLQGRZV��HDFK�

����PV�RI�OHQJWK��DV�IDFWRUV� 

�

7.1.2.2 Results 
13��

5HJDUGLQJ�WKH�JD]H�GXUDWLRQ�IURP�13��RQVHW�XQWLO�YHUE�RIIVHW�����V���WKUHH�\HDU�ROGV�SHUIRUPHG�

RQ�FKDQFH�OHYHO�ZLWK��������IL[DWLRQ�GXUDWLRQ�WR�WKH�FRUUHVSRQGLQJ�SLFWXUH�LQ�WKH�VXEMHFW�ILUVW�

FRQGLWLRQ� �W�����  � �������� S� !� ������� ,Q� WKH� REMHFW�ILUVW� FRQGLWLRQ�� LQ� WXUQ�� SHUIRUPDQFH�ZDV�

VKRZQ� RQ� FKDQFH� OHYHO� ZLWK� IL[DWLRQ� GXUDWLRQ� WR� WKH� FRUUHFW� SLFWXUH� DFFRXQWLQJ� IRU� �������

�W����� ���������S�!���������

�

13��

6LPLODU� WR� WKH� UHVXOWV� UHJDUGLQJ�JD]H�GXUDWLRQ� IURP�13��RQVHW�� WKUHH�\HDU�ROGV�SHUIRUPHG�RQ�

FKDQFH�OHYHO�LQ�ERWK�FRQGLWLRQV��VXEMHFW�ILUVW�REMHFW�ILUVW��FRQVLGHULQJ�WKH�WLPH�ZLQGRZ�RI�WZR�

VHFRQGV�DIWHU�13��RQVHW��VHH�)LJXUH������,Q�WKH�VXEMHFW�ILUVW�FRQGLWLRQ��IL[DWLRQ�GXUDWLRQ�WR�WKH�

FRUUHVSRQGLQJ� SLFWXUH� DPRXQWHG� WR� ������� �W�����  � ������� S� !� ������� LQ� WKH� REMHFW�ILUVW�

FRQGLWLRQ��IL[DWLRQ�GXUDWLRQ�WR� WKH�FRUUHFW�SLFWXUH�DFFRXQWHG�IRU���������W����� � � ��������S�!�

���������
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)LJXUH� ����7KUHH�\HDU�ROGV��$YHUDJHV�RI� WKH� FRUUHFW� IL[DWLRQ�GXUDWLRQ�SHU� FRQGLWLRQ� LQ� D� WZR� VHFRQG�
WLPH�ZLQGRZ�EHJLQQLQJ�DW�13���
�

7ULDO�&RXUVH�$QDO\VLV�

$V�H[SHFWHG�IURP�YLVXDO�LQVSHFWLRQ�RI�WKH�WULDO�FRXUVH�DQDO\VLV�RI�FRUUHFW�IL[DWLRQV�ZLWKLQ�����

PV�WLPH�ZLQGRZV��VHH�)LJXUH������QHLWKHU�D�PDLQ�HIIHFW�FRQGLWLRQ�QRU�LQWHUDFWLRQV�LQYROYLQJ�WKH�

IDFWRU� FRQGLWLRQ� ZHUH� IRXQG� LQ� WKH� VWDWLVWLFDO� DQDO\VLV� HPSOR\LQJ� D� WZR�ZD\� $129$��

&RQVHTXHQWO\��QR�IXUWKHU�RQH�ZD\�$129$V�ZLWK�WKH�IDFWRU�FRQGLWLRQ�FRXOG�EH�FDOFXODWHG���

7KH�RQH�VDPSOH�W�WHVW�UHYHDOHG�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�UHODWLRQ�WR�FKDQFH�OHYHO�������IRU�

HLWKHU�RI�WKH�WZR�FRQGLWLRQV�VXEMHFW�ILUVW�DQG�REMHFW�ILUVW��$V�RQH�H[FHSWLRQ��LQ�WKH�VXEMHFW�ILUVW�

FRQGLWLRQ�� IL[DWLRQ�GXUDWLRQ� WR� WKH� FRUUHVSRQGLQJ� SLFWXUH� LQ� WKH� WLPH�ZLQGRZ�EHWZHHQ������

�����PV� DIWHU� WULDO� RQVHW� UHYHDOHG� VLJQLILFDQW� RXWFRPH� EHORZ� FKDQFH� DPRXQWLQJ� WR� ��������

�W����� ���������S�����������

�

�
)LJXUH�����7KUHH�\HDU�ROGV��$YHUDJHV�RI�WKH�FRUUHFW�IL[DWLRQ�GXUDWLRQ�SHU�FRQGLWLRQ�RYHU�WKH�FRXUVH�RI�
D�WULDO�LQ�����PV�ZLQGRZV��
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7.1.2.3 Interim Summary: Eye-tracking data 
,Q� WKH� WLPH� ZLQGRZ� VWDUWLQJ� DW� 13��� VWDUWLQJ� DW� 13��� DQG� PDLQO\� DOVR� LQ� WKH� WULDO� FRXUVH�

DQDO\VLV��FKLOGUHQ¶V�IL[DWLRQ�GXUDWLRQV�DW�WKH�DJH�RI�WKUHH�GHPRQVWUDWHG�SHUIRUPDQFH�RQ�FKDQFH�

OHYHO�LQ�WKH�REMHFW�LQLWLDO�DQG�LQ�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ��7KLV�PHDQV��WKH�H\H�WUDFNLQJ�GDWD�

UHYHDOHG�QR�SURFHVVLQJ�GLIIHUHQFHV�EHWZHHQ�WKH�FRQGLWLRQV�LQ�WKUHH�\HDU�ROGV��DQG��IXUWKHUPRUH��

QR�V\VWHPDWLF�JD]H�GXUDWLRQV�WR�WKH�FRUUHFW�RU�LQFRUUHFW�SLFWXUH�LQ�HLWKHU�FRQGLWLRQ��

�

������(53�'DWD�,��3URFHVVLQJ�RI�2EMHFW�)LUVW�6WUXFWXUHV�

7.1.3.1. Methods 

� � ����������6XEMHFWV�
7KH�GDWD�RI�DSSUR[LPDWHO\�RQH�TXDUWHU�RI�DOO�FKLOGUHQ�WHVWHG�����WKUHH�\HDU�ROGV�����IHPDOH��LQ�

WKH� ((*� H[SHULPHQW� ZHUH� H[FOXGHG� EHFDXVH� WKH\� FRQWDLQHG� GLVSURSRUWLRQDWH� QXPEHUV� RI�

DUWLIDFWV�FDXVHG�E\�H[DJJHUDWHG�PRYHPHQW�DQG�RU�SHUVSLUDWLRQ��VNLQ�SRWHQWLDOV��RU� WKH�VXEMHFW�

GLG� QRW� GLVSOD\� DJH�DSSURSULDWH� ODQJXDJH� GHYHORSPHQW� LQ� WKH� WHVW� IRU� UHFHSWLRQ� RI� JUDPPDU��

�752*�'���)R[���������VHH�6HFWLRQ�����/DQJXDJH�7HVWLQJ��752*�'���7KH�ILQDO�VDPSOH�RI�WKH�

((*� H[SHULPHQW� FRQVLVWHG� �IRU� 13��13��� UHVSHFWLYHO\�� RI� ������ WKUHH�\HDU�ROGV� �������

IHPDOH��� 6XEMHFW� QXPEHUV� GLIIHUHG� IRU� 13��13�� DQDO\VLV� EHFDXVH� SURFHVVLQJ� SURFHGXUHV�

FRQFHUQLQJ� UHMHFWLRQ� RI� WULDOV� ZHUH� NHSW� FRQVWDQW� DFURVV� DOO� DQDO\VHV� �VHH� 6HFWLRQ� ���� 'DWD�

3URFHVVLQJ�DQG�$QDO\VLV�� 

�

� � ����������6WLPXOL�
7RGGOHUV�ZHUH�SUHVHQWHG�ZLWK�DXGLWRU\�VWLPXOXV�PDWHULDO�LQFOXGLQJ�VHQWHQFHV�RI�WKH�VXEMHFW�

ILUVW�DQG�REMHFW�ILUVW�VWUXFWXUH��VHH�6HFWLRQ�����([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO���

�

� � ����������'DWD�$QDO\VLV�
7KH�UHVXOWLQJ�PHDQ�QXPEHU�RI�DYHUDJHG�WULDOV�DFURVV�VXEMHFWV��ERWK�IRU�13��DQG�13���ZDV����

LQ�WKUHH�\HDU�ROGV��7KHVH�QXPEHUV�GLG�QRW�GLIIHU�EHWZHHQ�FRQGLWLRQV��

6WDWLVWLFDO� DQDO\VHV� ZHUH� SHUIRUPHG� VHSDUDWHO\� IRU� PHDQ� DPSOLWXGHV� RQ� PLGOLQH� DQG� ODWHUDO�

HOHFWURGH�VLWHV��)RU�PLGOLQH�VLWHV��)=��&=��DQG�3=���D�WZR�ZD\�$129$�ZDV�FRPSXWHG�ZLWK�WKH�

IDFWRUV� Condition� �VXEMHFW�LQLWLDO� DQG� REMHFW�LQLWLDO�� DQG� Region� �DQWHULRU�� FHQWUDO�� DQG�

SRVWHULRU���)RU� ODWHUDO� VLWHV�� D� WKUHH�ZD\�$129$�ZDV�SHUIRUPHG�ZLWK� WKH� IDFWRUV�Condition��

Site� �)��� )��� )��� )��� )&��� )&��� 7��� &��� &��� 3��� &3��� &3��� 7��� 3��� 3��� 3��� 2���2���� DQG�
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Hemisphere� �OHIW� DQG� ULJKW��� 6LJQLILFDQW� LQWHUDFWLRQV� LQYROYLQJ� WKH� IDFWRU� Condition� ZHUH�

IXUWKHU�DQDO\]HG�IRU�HDFK�Site�Region�XVLQJ�D�RQH�ZD\�$129$�ZLWK�Condition�DV�IDFWRU��

 7.1.3.2 Results 
13��

,Q� WKH� \RXQJHVW� DJH� JURXS�� WKH� VWDWLVWLFDO� DQDO\VLV� UHYHDOHG� D� PDLQ� HIIHFW� IRU� Condition� DW�

PLGOLQH� LQ� 7:�� IRU� WKH� REMHFW�LQLWLDO� FRQGLWLRQ� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO�Condition� DW�

VHQWHQFH�RQVHW��)������� ��������S����������,Q�7:V���DQG����VHYHUDO�LQWHUDFWLRQV�ZHUH�IRXQG��,Q�

7:��� DQ� LQWHUDFWLRQ� RI� Condition� DQG� Hemisphere� �)��������  � ������� S� �� ������ DQG� DQ�

LQWHUDFWLRQ�RI�Condition��Hemisphere�DQG�Site��)�������� ��������S���������ZHUH�SUHVHQW��ZLWK�

WKH�ODWWHU�FRQWLQXLQJ�LQ�7:���)�������� ��������S����������6HSDUDWH�DQDO\VHV�RI�VLQJOH�HOHFWURGH�

VLWHV� LQ� 7:�� UHYHDOHG� VLJQLILFDQW� FRQGLWLRQ� HIIHFWV� GLVWULEXWHG� RYHU� IURQWDO�� FHQWUDO�� DQG�

WHPSRUDO�EUDLQ�UHJLRQV��7DEOH�����,Q�VXP��WKUHH�\HDU�ROGV�UHDFW�WR�WKH�REMHFW�LQLWLDO�FRQGLWLRQ�DW�

VHQWHQFH� RQVHW� ZLWK� SRVLWLYLW\� DW� DQ� HDUO\� ��������� PV�� DQG� D� ODWHU� ODWHQF\� ��������� PV��

�)LJXUH�����OHIW�SDQHO���

�
7DEOH����&RQGLWLRQ�0DLQ�(IIHFWV�RI�7KUHH�\HDU�ROGV¶�(53V�LQ�'LIIHUHQW�7:V�5HODWLYH�WR�13��2QVHW�
�

7:��PV�� )������� (OHFWURGH�6LWH�

����������� ������������ )&���)���)���&���7��

����������� ������ )��

S��������

�

13��

$W� WKH� RQVHW� RI� 13��� VWDWLVWLFDO� DQDO\VLV� FRQILUPHG� WKDW� WKH� SURFHVVLQJ� RI� REMHFW�LQLWLDO�

VWUXFWXUHV�LV�UHIOHFWHG�E\�QHJDWLYLW\�LQ�WKUHH�\HDU�ROGV�FRPSDUHG�WR�WKHLU�SURFHVVLQJ�RI�VXEMHFW�

LQLWLDO�VWUXFWXUHV��)LJXUH�����ULJKW�SDQHO��� ,Q�7:���DQ�LQWHUDFWLRQ�EHWZHHQ�Condition�DQG�Site�

RFFXUUHG��)�������� ��������S����������EXW�ZDV�QRW�VLJQLILFDQW�DW�VLQJOH�HOHFWURGH�DQDO\VHV��,Q�

7:��� DQ� LQWHUDFWLRQ� RI�Condition� DQG�Hemisphere�ZDV� SUHVHQW� �)�������  � ������� S� �� �������

7KLV� LQWHUDFWLRQ� FRQWLQXHG� LQ� 7:�� �)�������  � ������� S� �� ������� ,Q� 7:��� DQ� LQWHUDFWLRQ� RI�

FRQGLWLRQ�DQG�HOHFWURGH�VLWHV�ZDV�IRXQG��)�������� ��������S����������2QH�ZD\�$129$V�IRU�

VLQJOH�HOHFWURGH�VLWHV�GHPRQVWUDWHG�VLJQLILFDQW�FRQGLWLRQ�HIIHFWV�IRU�WKLV�QHJDWLYLW\�RYHU�D�ULJKW�

ODWHUDOL]HG�EUDLQ� UHJLRQ�� EXW� QRW� RYHU� WKH� OHIW� KHPLVSKHUH� �7DEOH�����1R� HIIHFW�ZDV� IRXQG�RQ�

PLGOLQH� HOHFWURGHV�� ,Q� VXP�� WKUHH�\HDU�ROGV¶� UHVSRQVH� LQ� SURFHVVLQJ� REMHFW�LQLWLDO� VWUXFWXUHV�

GLVSOD\V�D�QHJDWLYLW\�EHWZHHQ���������PV�RYHU�WKH�ULJKW�KHPLVSKHUH��

�
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7DEOH����&RQGLWLRQ�0DLQ�(IIHFWV�RI�WKUHH�\HDU�ROGV¶�(53V�LQ�'LIIHUHQW�7:V�5HODWLYH�WR�13��2QVHW�
�

7:��PV�� )������� (OHFWURGH�6LWH�

����������� ������������ &S���3��

����������� ������ )&��

����S��������

�

�

 
)LJXUH�����*UDQG�DYHUDJH�(53V�RI�WKUHH�\HDU�ROGV�IRU�VHOHFWHG�HOHFWURGHV��REMHFW�LQLWLDO�YHUVXV�VXEMHFW�
LQLWLDO��UHODWLYH�WR�WKH�RQVHW�RI�13���OHIW�SDQHO����13���ULJKW�SDQHO���7KH�VXEMHFW�LQLWLDO�FRQGLWLRQ��VROLG�
OLQH��LV�SORWWHG�DJDLQVW�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��GRWWHG�OLQH���1HJDWLYH�YROWDJH�LV�SORWWHG�XSZDUGV��
�

7.1.3.3 Interim Summary: ERP-data I 
,Q�VXP��WKUHH�\HDU�ROGV¶�(53V�LQ�UHVSRQVH�WR�WKH�REMHFW�LQLWLDO�FRPSDUHG�WR�WKH�VXEMHFW�LQLWLDO�

FRQGLWLRQ�GLVSOD\HG�DQ�HDUO\�DQG�D�ODWH�SRVLWLYLW\�DW�13��RQVHW�DQG�D�QHJDWLYLW\�EHWZHHQ�����

����PV�DW�13��RQVHW��7KLV�LQGLFDWHV�D�VHQVLWLYLW\�WR�WKH�REMHFW�LQLWLDO�VWUXFWXUH�DW�ERWK�SRVLWLRQV�

LQ�WKH�VHQWHQFH�LQ�FKLOGUHQ�DW�WKH�DJH�RI�������

�

������(53�'DWD�,,��3URFHVVLQJ�RI�$UJXPHQW�9LRODWLRQV�

7.1.4.1. Methods 

� � ����������6XEMHFWV�
7KH�GDWD�RI�DSSUR[LPDWHO\�RQH�TXDUWHU RI�DOO�FKLOGUHQ�WHVWHG�����WKUHH�\HDU�ROGV�����IHPDOH��LQ�

WKH� ((*� H[SHULPHQW� ZHUH� H[FOXGHG� EHFDXVH� WKH\� FRQWDLQHG� GLVSURSRUWLRQDWH� QXPEHUV� RI�

DUWLIDFWV�FDXVHG�E\�H[DJJHUDWHG�PRYHPHQW�DQG�RU�SHUVSLUDWLRQ��VNLQ�SRWHQWLDOV��RU� WKH�VXEMHFW�

GLG� QRW� GLVSOD\� DJH�DSSURSULDWH� ODQJXDJH� GHYHORSPHQW� LQ� WKH� WHVW� IRU� UHFHSWLRQ� RI� JUDPPDU��
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�752*�'���)R[���������VHH�6HFWLRQ�����/DQJXDJH�7HVWLQJ��752*�'���7KH�ILQDO�VDPSOH�RI�WKH�

((*�H[SHULPHQW�FRQVLVWHG�RI����WKUHH�\HDU�ROGV�����IHPDOH���

����������6WLPXOL�
7RGGOHUV�ZHUH� SUHVHQWHG�ZLWK� DXGLWRU\� VWLPXOXV�PDWHULDO� LQFOXGLQJ� VHQWHQFHV� RI� WKH� VXEMHFW�

ILUVW�� REMHFW�ILUVW�� GRXEOH�QRPLQDWLYH�� DQG� GRXEOH�DFFXVDWLYH� VWUXFWXUH� �VHH� 6HFWLRQ� ����

([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO���

����������'DWD�$QDO\VLV�
7KH�PHDQ�QXPEHU�RI�DYHUDJHG�WULDOV�DFURVV�VXEMHFWV�DPRXQWHG�WR����LQ�WKUHH�\HDU�ROG�WRGGOHUV��

7KHVH�QXPEHUV�GLG�QRW�GLIIHU�EHWZHHQ�FRQGLWLRQV��

6HSDUDWHO\�� VWDWLVWLFDO� DQDO\VHV� ZHUH� FDOFXODWHG� IRU� PHDQ� DPSOLWXGHV� RQ� PLGOLQH� DQG� ODWHUDO�

HOHFWURGH�VLWHV��)RU�PLGOLQH�VLWHV��)=��&=��DQG�3=���D�WZR�ZD\�$129$�ZDV�FRPSXWHG�ZLWK�WKH�

IDFWRUV�Condition��VXEMHFW�LQLWLDO�DQG�GRXEOH�QRPLQDWLYH�LQ�H[SHULPHQW���DQG�REMHFW�LQLWLDO�DQG�

GRXEOH� DFFXVDWLYH� LQ� H[SHULPHQW� ��� DQG�Region� �DQWHULRU�� FHQWUDO�� DQG� SRVWHULRU��� )RU� ODWHUDO�

VLWHV�� D� WKUHH�ZD\�$129$�ZDV� SHUIRUPHG�ZLWK� WKH� IDFWRUV�Condition��Site� �)��� )��� )��� )���

)&��� )&��� 7��� &��� &��� 3��� &3��� &3��� 7��� 3��� 3��� 3��� 2���2���� DQG�Hemisphere� �OHIW� DQG�

ULJKW���6LJQLILFDQW� LQWHUDFWLRQV� LQYROYLQJ� WKH� IDFWRU�Condition�ZHUH� IXUWKHU� DQDO\]HG� IRU� HDFK�

Site�Region�XVLQJ�D�RQH�ZD\�$129$�ZLWK�Condition�DV�IDFWRU���

*LYHQ� WKDW� VXEMHFW�LQLWLDO� DQG�GRXEOH�QRPLQDWLYH� VWUXFWXUHV� FRQVLVW� HTXDOO\�RI� DQ�13�� LQ� WKH�

QRPLQDWLYH��LW�VHHPHG�SODXVLEOH�WR�FRPSDUH�WKHVH�VWUXFWXUHV�RQO\�DW�13���7KH�VDPH�LV�WUXH�IRU�

WKH� REMHFW�LQLWLDO� DQG� GRXEOH� DFFXVDWLYH� FRQGLWLRQ� WKDW� ERWK� VWDUW� ZLWK� DQ� LQLWLDO� 13� LQ� WKH�

DFFXVDWLYH�� ,Q� RUGHU� WR� NHHS� WKH� SUHFRQGLWLRQ� RI� DQ� HTXDO� VHQWHQFH� EHJLQQLQJ� FRQVWDQW��

FRPSDULVRQV� DFURVV� WKHVH� WZR� SDLULQJV� ZHUH� DEDQGRQHG� DQG� IXUWKHUPRUH� QRW� FRQVLGHUHG�

PHDQLQJIXO���

7.1.4.2 Results 
([SHULPHQW����'RXEOH�1RPLQDWLYH�9LRODWLRQ�
$V� YLVLEOH� LQ� )LJXUH� ���� WKUHH�\HDU�ROGV� UHIOHFW� WKH� SURFHVVLQJ� RI� WKH� GRXEOH� QRPLQDWLYH�

FRQVWUXFWLRQ� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO� FRQVWUXFWLRQ� E\� DQ� HDUO\� QHJDWLYLW\� DQG� D� ODWH�

SRVLWLYLW\�� ,Q�7:��� WKH� LQWHUDFWLRQ� FRQGLWLRQ� DQG� VLWH�ZDV�PDUJLQDOO\� VWDWLVWLFDOO\� VLJQLILFDQW�

�)�������� ��������S� ���������6WDWLVWLFDO�DQDO\VLV�UHYHDOHG�VLJQLILFDQFHV�LQ�WKH�WZR�VXEVHTXHQW�

7:V���DQG���DOVR�IRU�WKH�LQWHUDFWLRQ�Condition�DQG�Site��)�������� ��������S���������)�������� �

�������S���������UHVSHFWLYHO\����6HSDUDWH�DQDO\VHV�RI�VLQJOH�HOHFWURGH�VLWHV�UHYHDOHG�VLJQLILFDQW�

�������������������������������������������������
��$GGLWLRQDOO\��LQ�7:���DQ�LQWHUDFWLRQ�RI�FRQGLWLRQ�DQG�UHJLRQ�DW�PLGOLQH�ZDV�DOVR�REVHUYHG��)������� ��������
S����������+RZHYHU��VLQFH�QR�VLJQLILFDQW�GLIIHUHQFHV�DW�VLQJOH�HOHFWURGH�VLWHV�FRXOG�EH�GHWHFWHG��WKLV�HIIHFW�ZDV�
GLVUHJDUGHG���
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FRQGLWLRQ� HIIHFWV� IRU� WKH� QHJDWLYLW\� RYHU� IURQWR�FHQWUDO� EUDLQ� UHJLRQV� RI� WKH� OHIW� DQG� ULJKW�

KHPLVSKHUH��VHH�7DEOH�����7KH�REVHUYHG�SRVLWLYLW\�FRXOG�EH�SURYHQ�VLJQLILFDQW�LQ�7:���E\�D�

FRQGLWLRQ�PDLQ�HIIHFW�DW�PLGOLQH��)������� ��������S���������DQG�LQ�7:���DOVR�E\�D�FRQGLWLRQ�

PDLQ�HIIHFW�DW�PLGOLQH� �)������� ��������S����������$GGLWLRQDOO\�� LQ�7:����D�FRQGLWLRQ�PDLQ�

HIIHFW� DW� ODWHUDO� VLWHV� ZDV� PDUJLQDOO\� VLJQLILFDQW� �)�������  � ������� S�  � �������� ,Q� VXP�� D�

QHJDWLYLW\� ZDV� REVHUYHG� IURP� �������� PV� DW� IURQWR�FHQWUDO� EUDLQ� UHJLRQV� DQG� D� SRVLWLYLW\�

EHWZHHQ�����������PV�DQG�����������PV�IRU�WKH�SURFHVVLQJ�RI�GRXEOH�QRPLQDWLYH�VWUXFWXUHV�

FRPSDUHG�WR�VXEMHFW�LQLWLDO�VWUXFWXUHV��

�
7DEOH� ��� &RQGLWLRQ� 0DLQ� (IIHFWV� RI� 7KUHH�\HDU�ROGV¶� (53V� LQ� 'LIIHUHQW� 7:V�� GRXEOH� QRPLQDWLYH�
FRPSDUHG�WR�VXEMHFW�LQLWLDO�VHQWHQFHV��OLVWHG�HOHFWURGHV�UHIOHFW�WKH�GLVWULEXWLRQ�RI�WKH�QHJDWLYLW\���
�

7:��PV�� )������� (OHFWURGH�6LWH�

����������� ������������ )&���)��

������������ ������������� )���)���)&���)��

������������ ������������� )���)&���)��

S���������S���������S��������  
�

�
)LJXUH�����*UDQG�DYHUDJH�(53V�UHODWLYH� WR�13��RQVHW� IRU� VXEMHFW�LQLWLDO� �VROLG� OLQH�� VHQWHQFHV�YHUVXV�
GRXEOH�QRPLQDWLYH��GRWWHG�OLQH��FRQVWUXFWLRQV�IRU���\HDU�ROGV��(53V�WR�WKH�GRXEOH�QRPLQDWLYH�YLRODWLRQ�
VKRZ�D�IURQWDO�QHJDWLYH�VKLIW�DQG�D�SDULHWDO�SRVLWLYH�VKLIW��
�

�

�
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([SHULPHQW����'RXEOH�$FFXVDWLYH�9LRODWLRQ�
7KUHH�\HDU�ROGV¶� (53V� GLVSOD\HG� DQ� HDUO\� SRVLWLYLW\� UHJDUGLQJ� WKH� SURFHVVLQJ� RI� WKH� GRXEOH�

DFFXVDWLYH�FRPSDUHG�WR�WKH�REMHFW�LQLWLDO�VWUXFWXUH��VHH�)LJXUH������,Q�7:���WKH�LQWHUDFWLRQ�RI�

Condition��Hemisphere��DQG�Site�ZDV�IRXQG�WR�EH�PDUJLQDOO\�VLJQLILFDQW��)�������� ��������S� �

�������� 6XEVHTXHQW� DQDO\VLV� RI� VLQJOH� VLWH� HOHFWURGHV� DWWHVWHG� VLJQLILFDQFH� DW� )�� �)�������  �

�������S���������DQG�)&���)������� ��������S����������,Q�7:���WKHUH�ZDV�IRXQG�D�PDLQ�HIIHFW�RI�

Condition��)������� ��������S����������ZKLFK�ZDV�RQO\�PDUJLQDOO\�VLJQLILFDQW�LQ�7:���)�������

 ��������S� ���������$JDLQ��LQ�7:���WKH�PDLQ�HIIHFW�RI�FRQGLWLRQ�ZDV�SURYHQ�VLJQLILFDQW��ERWK�

DW� ODWHUDO� VLWHV� �)�������  � ������� S� �� ������ DQG� DW� PLGOLQH� �)�������  � ������� S� �� �������� ,Q�

DGGLWLRQ��DW�D�ODWHU�SRLQW�LQ�WLPH��LQ�7:���ZH�REVHUYHG�D�VLJQLILFDQW�LQWHUDFWLRQ�RI�Condition�

DQG�Hemisphere��)������� ��������S����������ZKLFK�ZDV�VLJQLILFDQW�LQ�WKH�IROORZLQJ�VLQJOH�VLWH�

DQDO\VLV� DW� RQO\� RQH� HOHFWURGH�� QDPHO\� 3�� �)�������  � ������� S� �� ������� ,Q� VXP�� VWDWLVWLFDO�

DQDO\VLV�GHPRQVWUDWHG�DQ�HDUO\��PHUHO\�IURQWR�FHQWUDO�GLVWULEXWHG��SRVLWLYLW\�LQ�UHVSRQVH�WR�WKH�

GRXEOH�DFFXVDWLYH�FRPSDUHG�WR� WKH�REMHFW�LQLWLDO�VHQWHQFHV� LQ� WKUHH�\HDU�ROGV� WKDW� ODVWHG�IURP�

��������PV��

�

�
)LJXUH� ����*UDQG� DYHUDJH�(53V� UHODWLYH� WR�13�� RQVHW� IRU� REMHFW�LQLWLDO� �VROLG� OLQH�� VHQWHQFHV� YHUVXV�
GRXEOH�DFFXVDWLYH��GRWWHG� OLQH��FRQVWUXFWLRQV�IRU���\HDU�ROGV��(53V�WR�WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�
VKRZ�D�IURQWR�FHQWUDO�SRVLWLYH�VKLIW���

�������������������������������������������������
��$GGLWLRQDOO\��LQ�7:���DQ�LQWHUDFWLRQ�RI�Condition��Hemisphere��DQG�Site�ZDV�DOVR�REVHUYHG��)�������� �
�������S����������+RZHYHU��VLQFH�QR�VLJQLILFDQW�GLIIHUHQFHV�DW�VLQJOH�HOHFWURGH�VLWHV�FRXOG�EH�GHWHFWHG��WKLV�
HIIHFW�ZDV�GLVUHJDUGHG���
�
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7.1.4.3 Interim Summary: ERP-data II 
,Q�WKH�GRXEOH�QRPLQDWLYH�FRQGLWLRQ�FRPSDUHG�WR�WKH�VXEMHFW�LQLWLDO�VWUXFWXUHV�LQ�(53�6WXG\�,,��

WKUHH�\HDU�ROGV�VKRZHG�DQ�DGXOW�OLNH�UHVSRQVH�E\�D�QHJDWLYLW\�SRVLWLYLW\�SDWWHUQ��7KXV��DOUHDG\�

FKLOGUHQ�DW� WKH�DJH�RI�����GLVSOD\�FRUUHFW�DUJXPHQW�H[SHFWDWLRQV� IRU�VXEMHFW�LQLWLDO� VWUXFWXUHV��

+RZHYHU��LQ�WKH�GRXEOH�DFFXVDWLYH�FRQGLWLRQ�FRPSDUHG�WR�WKH�REMHFW�LQLWLDO�VWUXFWXUHV��DQ�HDUO\�

SRVLWLYLW\�RFFXUUHG�LQ�WKUHH�\HDU�ROGV¶�(53V�LQGLFDWLQJ�DQ�LPPDWXUH�YLRODWLRQ�GHWHFWLRQ�DW�WKDW�

DJH��

�

������6XPPDU\�DQG�,QWHULP�'LVFXVVLRQ�
7KH�REMHFWLYH�RI�WKH�EHKDYLRUDO�DQG�H\H�WUDFNLQJ�VWXG\��DV�ZHOO�DV�RI�WKH�(53�6WXG\�,��ZDV�WR�

LQYHVWLJDWH�WKH�SURFHVVLQJ�RI�REMHFW�LQLWLDO�VWUXFWXUHV�LQ�WKUHH�\HDU�ROGV��0RUH�VSHFLILFDOO\��WKH�

VWXG\�VRXJKW�WR�H[DPLQH�ZKLFK�OLQJXLVWLF�FXHV�FKLOGUHQ�DW�WKDW�DJH�GUDZ�RQ�GXULQJ�SURFHVVLQJ�

DQG� LQWHUSUHWDWLRQ� RI� VHQWHQFHV� RI� WKLV� W\SH�� :KLOH� WKH� (53�VWXG\� PDLQO\� VFUXWLQL]HV� WKH�

SURFHVVLQJ�DVSHFW�RQ�D�QHXURSK\VLRORJLFDO�OHYHO��WKH�EHKDYLRUDO�H[SHULPHQW�VKHGV�PRUH�OLJKW�RQ�

WKH� LQWHUSUHWDWLRQDO� VWUDWHJLHV� WKDW� DUH� XVHG��(YHQWXDOO\�� WKH� H\H�WUDFNHU� VWXG\� FRPELQHV�ERWK�

DVSHFWV� LQ� FDSWXULQJ� H\H�PRYHPHQWV� DV� D� SK\VLRORJLFDO� GLPHQVLRQ� RI� SURFHVVLQJ� RQ� WKH� RQH�

KDQG��DQG�PRQLWRULQJ�UHDO�WLPH�LQWHUSUHWDWLRQDO�EHKDYLRU�E\�OLQNLQJ�VDFFDGHV�WR�WKH�VWLPXOL�RI�

WKH�H[SHULPHQW�RQ�WKH�RWKHU�KDQG���

$V�RQH� IXUWKHU� FKDUDFWHULVWLF�RI� V\QWDFWLF�WKHPDWLF�SURFHVVLQJ�� WKH�(53�6WXG\� ,,� LQYHVWLJDWHG�

DUJXPHQW�H[SHFWDWLRQV�E\�PHDQV�RI�D�YLRODWLRQ�SDUDGLJP��LQ�ZKLFK�D�GRXEOH�QRPLQDWLYH�DQG�D�

GRXEOH�DFFXVDWLYH�FRQGLWLRQ�ZHUH�SUHVHQWHG��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�H[DPLQH�ZKHWKHU�

WKUHH�\HDU�ROG� FKLOGUHQ� GHWHFW� WKHVH� YLRODWLRQV� DQG� RQ� ZKLFK� OLQJXLVWLF� OHYHO� �H�J���

PRUSKRORJLFDO�V\QWDFWLF�VHPDQWLF��DV�DQ�LQGLFDWLRQ�RI�HVWDEOLVKHG�DUJXPHQW�DQG�WKHPDWLF�UROH�

H[SHFWDWLRQ���

7KH�DJH�JURXS�RI�WKUHH�\HDU�ROGV��ZKR�DUH�WKH�\RXQJHVW�FKLOGUHQ�ZKR�SURGXFH�DFFXVDWLYH�FDVH�

PDUNLQJ�LQ� WKH�FRXUVH�RI�*HUPDQ�ODQJXDJH�DFTXLVLWLRQ� �&ODKVHQ��������6]DJXQ���������������

VHHPHG�PRVW�VXLWDEOH�LQ�RUGHU�WR�VWDUW�WKHVH�LQYHVWLJDWLRQV�GHVFULEHG�DERYH���

�

%HKDYLRUDOO\�� WKUHH�\HDU�ROGV� SHUIRUPHG� VLJQLILFDQWO\� DERYH� FKDQFH� LQ� WKH� VXEMHFW�LQLWLDO�

FRQGLWLRQ� DQG� VLJQLILFDQWO\� EHORZ� FKDQFH� LQ� WKH� REMHFW�LQLWLDO� FRQGLWLRQ�� 7KLV� SDWWHUQ� SRLQWV�

WRZDUGV� D� FOHDU� VXEMHFW�ILUVW� ZRUG� RUGHU� VWUDWHJ\� �&KDQ� HW� DO��� ������� :KLOH� FDVH� PDUNLQJ�

FRQVWLWXWHV�WKH�PRVW�UHOLDEOH�FXH�LQ�*HUPDQ��WKH�ZRUG�RUGHU�FXH�FDUULHV�WKH�KLJKHVW�DYDLODELOLW\�

�%DWHV�	�0DF:KLQQH\���������������0RUHRYHU��DV�WKH�PDMRULW\�RI�FKLOGUHQ¶V�LQSXW�LV�XWWHUHG�LQ�

DQ�692�VWUXFWXUH��LW�LV�YHU\�SODXVLEOH�WKDW�FKLOGUHQ�ILUVW�UHO\�RQ�WKH�ZRUG�RUGHU�FXH��'LWWPDU�HW�
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DO�������D���7KXV��WKH�EHKDYLRUDO�VWUDWHJ\�PLJKW�EH�WKDW�WKH�ILUVW�13�LQ�D�FODXVH�LV�LQWHUSUHWHG�DV�

WKH� VXEMHFW� DQG� FRQVHTXHQWO\� DV� WKH� DJHQW� RI� WKH� DFWLRQ� UHJDUGOHVV� RI� LWV� FDVH�PDUNLQJ��7KLV�

DSSURDFK� ZRXOG� OHDG� H[DFWO\� WR� WKH� UHVXOWV� REVHUYHG� LQ� WKH� FXUUHQW� EHKDYLRUDO� VWXG\�� ,I� WKH�

VXEMHFW�LQLWLDO� VWUXFWXUH� LV� LQWHUSUHWHG� HPSOR\LQJ� WKH�ZRUG�RUGHU� VWUDWHJ\�� WKH�RXWFRPH� LQ� WKH�

H[SHULPHQWDO� UHVXOWV� ZLOO� EH� DERYH�FKDQFH� SHUIRUPDQFH�� DQG� LI�� LQ� WXUQ�� WKH� REMHFW�LQLWLDO�

VWUXFWXUH�LV�DOVR�LQWHUSUHWHG�XVLQJ�WKH�ZRUG�RUGHU�VWUDWHJ\�LQ�WKH�PDMRULW\�RI�WLPHV��UHVXOWV�ZLOO�

EH�EHORZ�FKDQFH��+HQFH��DOWKRXJK�WKUHH�\HDU�ROGV�KDYH�DFTXLUHG�WKH�IRUPV�RI�DFFXVDWLYH�FDVH�

PDUNLQJ��WKH\�GR�QRW�XVH�FDVH�PDUNLQJ�DV�DQ�LQWHUSUHWDWLRQDO�FXH�IRU�WKHPDWLF�UROH�DWWULEXWLRQ��

5DWKHU�� WKH\� VWDUW� WR� XVH� D� ZRUG� RUGHU� VWUDWHJ\� DV� WKH� EHKDYLRUDO� UHVXOWV� DWWHVWHG�� $OWKRXJK�

VWDWLVWLFV�SURYH�WKH�XVDJH�RI�WKLV�FXH��WRGGOHUV�GR�QRW�\HW�SURFHHG�LQ�D�FRQVLVWHQW�PDQQHU�LQ�WKLV�

UHJDUG��EHFDXVH�RWKHUZLVH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�FRQGLWLRQV�ZRXOG�EH�HYHQ�JUHDWHU���

�

,Q�WKH�H\H�WUDFNLQJ�H[SHULPHQW��FKLOGUHQ¶V�IL[DWLRQ�GXUDWLRQV�DW�WKH�DJH�RI�WKUHH�GHPRQVWUDWHG�

SHUIRUPDQFH�RQ�FKDQFH�OHYHO�LQ�DOO�WKUHH�DQDO\VHV��LQ�WKH�WLPH�ZLQGRZ�VWDUWLQJ�DW�13���LQ�WKH�

WLPH�ZLQGRZ�VWDUWLQJ�DW�13���DQG�PDLQO\�DOVR�LQ�WKH�WULDO�FRXUVH�DQDO\VLV��7KH�TXHVWLRQ�DULVHV��

ZK\� WKH� VXEMHFW�ILUVW� FRQGLWLRQ� UHVXOWHG� LQ� DERYH�FKDQFH� SHUIRUPDQFH� DQG� WKH� REMHFW�ILUVW�

FRQGLWLRQ�LQ�EHORZ�FKDQFH�SHUIRUPDQFH�LQ�WKH�EHKDYLRUDO�GDWD�EXW�QRW�LQ�WKH�H\H�WUDFNHU�GDWD" 

3UHVXPDEO\��WKH�H\H�WUDFNHU�UHVSRQVH�LV�PXFK�PRUH�DXWRPDWLF�DQG�GRHV�QRW�GHSLFW�FRQWUROOHG�

OLQJXLVWLF� SURFHVVHV�� ,I�� KRZHYHU�� WKUHH�\HDU�ROGV� DUH� IRUFHG� WR� FKRRVH� WKH� DJHQW� DV� LQ� WKH�

EHKDYLRUDO�WDVN��WKH\�UHO\�PDLQO\�RQ�WKH�ZRUG�RUGHU�FXH��$V�D�FRQVHTXHQFH��WKH�WZR�GLIIHUHQW�

PHWKRGV� PLJKW� LOOXVWUDWH� GLIIHUHQW� SURFHVVHV� WKDW� WKH\� FDOO� IRUWK� DW� WKH� VDPH� WLPH� �VHH� ����

0HWKRGRORJLFDO�FRPSDULVRQ����

,W� LV� QRW� WKH� FDVH�� KRZHYHU�� WKDW� WKUHH�\HDU�ROGV� DUH� FRPSOHWHO\� LQVHQVLWLYH� WR� FDVH�PDUNLQJ�

LQIRUPDWLRQ��DV�LQGLFDWHG�E\�WKH�(53V�RI�(53�6WXG\�,��7KH\�VKRZHG�DQ�HIIHFW�DW�ERWK�13��DQG�

13��IRU�WKH�REMHFW�LQLWLDO�FRPSDUHG�WR�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ��QDPHO\�DQ�HDUO\�DQG�D�ODWH�

SRVLWLYLW\�DW�13��DQG�QHJDWLYLW\�DW�13���7KHVH�UHVXOWV�DUH�SDUWO\�LQ�OLQH�ZLWK�0DKOVWHGW� ��������

ZKR�DOVR�IRXQG�D�SRVLWLYLW\�DW�13��EXW�D�SRVLWLYLW\�DQG�QHJDWLYLW\�DW�13���+HU�WHVWLQJ�PDWHULDO��

KRZHYHU�� LQFOXGHG� DQLPDF\� DV� D� GHSHQGHQW� YDULDEOH� DQG�KHQFH�PLJKW� KDYH� LQGXFHG�GLIIHUHQW�

(53�HIIHFWV��DV�RQH�PRUH�FXH�ZDV�DYDLODEOH�IRU�WKH�WRGGOHUV���

7HQWDWLYHO\� LQWHUSUHWLQJ� WKH� ILQGLQJV� LQ� WKUHH�\HDU�ROGV� IXQFWLRQDOO\��RQH�PLJKW�VSHFXODWH� WKDW�

WKUHH�\HDU�ROGV� SURFHVV� WKH� DFFXVDWLYH� PDUNLQJ� LQ� VHQWHQFH� LQLWLDO� SRVLWLRQ� DV� D�

PRUSKRV\QWDFWLF�YLRODWLRQ��7KLV� LV�EDVHG�RQ�WKH�IDFW� WKDW� WKDW�6LOYD�3HUH\UD�HW�DO�� �������DOVR�

UHSRUWHG� DQ� HDUO\� DQG� D� ODWH� SRVLWLYLW\� LQ� UHVSRQVH� WR�PRUSKRV\QWDFWLF� YLRODWLRQV� DW� WKLV� DJH��

&RQFOXGLQJ� IURP� WKH� (53� GDWD�� RQH� FDQ� LQIHU� WKDW� WKUHH�\HDU�ROGV� GLVWLQJXLVK� EHWZHHQ�
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DFFXVDWLYH� DQG� QRPLQDWLYH� FDVH� PDUNLQJ� LQ� WUDQVLWLYH� VHQWHQFHV�� EXW� WKH� EHKDYLRUDO� GDWD�

GHPRQVWUDWH�WKDW�WKLV�LQIRUPDWLRQ�LV�QRW�XVHG�WR�LQWHUSUHW�WKHVH�WUDQVLWLYH�VHQWHQFHV���

�

,Q�WKH�GRXEOH�QRPLQDWLYH�FRQGLWLRQ�FRPSDUHG�WR�WKH�VXEMHFW�LQLWLDO�VWUXFWXUHV�LQ�(53�6WXG\�,,��

WKUHH�\HDU�ROGV�VKRZHG�DQ�DGXOW�OLNH�UHVSRQVH�E\�D�QHJDWLYLW\�SRVLWLYLW\�SDWWHUQ��7KH�SRVLWLYLW\�

HTXDOV� WKH� 3���� LQ� DGXOWV� DQG� LQGLFDWHV� V\QWDFWLF� LQWHJUDWLRQ� GLIILFXOWLHV� DQG� WKH� DWWHPSW� WR�

UHSDLU� WKH� VHFRQG� QRPLQDWLYH� DOUHDG\� LQ� FKLOGUHQ� DW� DQ� DJH� RI� WKUHH� \HDUV� �)ULHGHULFL�� ������

2EHUHFNHU�	�)ULHGHULFL��������2EHUHFNHU�HW�DO����������7KH�QHJDWLYLW\��GLVWULEXWHG�RYHU�IURQWDO�

EUDLQ� UHJLRQV�� DSSHDUV� EHWZHHQ� ��������PV� LQ� WKUHH�\HDU�ROGV�� 7KH� (53� FRPSRQHQW� RI� WKH�

/$1�� GLVWULEXWHG� RYHU� OHIW� IURQWDO� EUDLQ� UHJLRQV�� LV� XVXDOO\� IRXQG� DW� DQ� HDUOLHU� WLPH�ZLQGRZ�

�EHWZHHQ� �������� PV�� DV� D� UHDFWLRQ� WR� PRUSKRV\QWDFWLF� YLRODWLRQV� �)LHEDFK� HW� DO��� ������

)ULHGHULFL���������,W�LV�NQRZQ��KRZHYHU��WKDW�(53�FRPSRQHQWV�RFFXU�ZLWK�D�GHOD\HG�ODWHQF\�LQ�

FKLOGUHQ��)ULHGHULFL�	�2EHUHFNHU���������$OWKRXJK�WKH�QHJDWLYLW\�LQ�WKH�SUHVHQW�VWXG\�LV�QRW�DV�

IRFDO�� EXW�PRUH� EURDGO\� GLVWULEXWHG� RYHU� IURQWDO� EUDLQ� UHJLRQV� WKDQ� WKH� /$1� XVXDOO\� LV�� WKLV�

HIIHFW� LV� DOVR� IXQFWLRQDOO\� FRQVLVWHQW�ZLWK� WKH� WHVW�PDWHULDO� EHFDXVH� LW� RFFXUV� LQ� UHODWLRQ� WR� D�

PRUSKRV\QWDFWLF�YLRODWLRQ��,QWHUHVWLQJO\��LQ�WKH�SUHVHQW�VWXG\��WKH�/$1�FRXOG�EH�VKRZQ�DOUHDG\�

LQ� WKUHH�\HDU�ROGV�� 8QWLO� WRGD\�� WKH� /$1� ZDV� QRW� IRXQG� DW� WKDW� DJH� LQ� UHVSRQVH� WR�

PRUSKRV\QWDFWLF�YLRODWLRQV��6LOYD�3HUH\UD��5LYHUD�*D[LROD��HW�DO����������

+HQFH�� IRU� WKH� 692� DUJXPHQW� RUGHU�� FRUUHFW� DQG� HVWDEOLVKHG� DUJXPHQW� H[SHFWDQFLHV� DOUHDG\�

H[LVW�LQ�WKUHH�\HDU�ROGV��DV�HYLGHQW�LQ�WKH�DWWHPSW�WR�UHSDLU�WKH�VHFRQG�QRPLQDWLYH��LQGLFDWHG�E\�

WKH�3�����DQG� WKH�QRWLRQ�RI� D�PRUSKRORJLFDO�YLRODWLRQ� �DV� LQGLFDWHG�E\� WKH�/$1�� &HUWDLQO\��

WKLV� H[SHFWDWLRQ� LV� FORVHO\� FRQQHFWHG� ZLWK� WKH� ZRUG�RUGHU� VWUDWHJ\�� +RZHYHU�� EH\RQG� WKLV�

LQWHUSUHWDWLRQDO� VWUDWHJ\�� D� FOHDU� H[SHFWDWLRQ� RI� DQ� DFFXVDWLYH� DW� 13�� LV� DSSDUHQW� EHFDXVH�

RWKHUZLVH�WKH�UHSDLU�PHFKDQLVP�LQGLFDWHG�E\�WKH�3����FRPSRQHQW�ZRXOG�QRW�EH�SUHVHQW��

,Q�WKH�GRXEOH�DFFXVDWLYH�FRQGLWLRQ�FRPSDUHG�WR�WKH�REMHFW�LQLWLDO�VWUXFWXUH�LQ�(53�6WXG\�,,��DQ�

HDUO\�SRVLWLYLW\����������PV��RFFXUUHG��,Q�OLQH�ZLWK�6LOYD�3HUH\UD�HW�DO����������LW�LV�SODXVLEOH�

WR� LQWHUSUHW� WKH� SRVLWLYLW\� LQ� WKUHH�\HDU�ROGV� DV� D� UHVSRQVH� WR�PRUSKRV\QWDFWLF� YLRODWLRQV� DQG�

WKHUHIRUH� DV� D� SUHFXUVRU� WR� WKH� /$1� WKDW� LV� IRXQG� LQ� DGXOWV� ZKHQ� FRQIURQWHG� ZLWK�

PRUSKRV\QWDFWLF�YLRODWLRQV��*LYHQ�WKDW�WKUHH�\HDU�ROGV¶�(53V�GLG�VKRZ�D�/$1�IRU�WKH�GRXEOH�

QRPLQDWLYH� FRQGLWLRQ� LQ� WKH� SUHVHQW� VWXG\�� LW� IROORZV� WKDW� WKH� GRXEOH� DFFXVDWLYH� FRQGLWLRQ�

UHSUHVHQWV�KLJKHU�SURFHVVLQJ�GLIILFXOWLHV�DW�WKDW�DJH��+HQFH��FHUWDLQ�(53�FRPSRQHQWV�DUH�IRXQG�

LQ�FKLOGUHQ�GHSHQGLQJ�RQ�WKH�GLIILFXOW\�RI�WKH�SUHVHQWHG�FRQVWUXFWLRQV��IRU�LQVWDQFH��WKH�(/$1�

FRXOG�DOUHDG\�EH�VKRZQ� LQ����PRQWK�ROGV� LQ� UHVSRQVH� WR�SKUDVH�VWUXFWXUH�YLRODWLRQV� LQ�DFWLYH�

VHQWHQFHV� �2EHUHFNHU� HW� DO��� ������� ,Q� FRQWUDVW�� WKH� VDPH� YLRODWLRQV� SUHVHQWHG� LQ� SDVVLYH�

VWUXFWXUHV�GLG�QRW�GHOLYHU�DQ�(/$1�LQ� FKLOGUHQ�XQWLO� WKH�DJH�RI���\HDUV� �+DKQH�HW�DO����������
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,QVWHDG� RI� WKH� PRUSKRV\QWDFWLF� YLRODWLRQ� GHWHFWLRQ� WKDW� SURGXFHV� D� /$1� LQ� DGXOWV�� WKH�

SURFHVVLQJ�RI�WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�LV�WKXV�QRW�\HW�DV�PDWXUH�LQ�WKUHH�\HDU�ROGV��7KH�

\RXQJHVW� DJH� JURXS� DOVR� VKRZV� QR� DWWHPSW� RI� V\QWDFWLF� LQWHJUDWLRQ� RU� UHSDLU� DQG� QR�

H[SHFWDQFLHV�RI�WKH�VSHFLILF�QRPLQDWLYH�DUJXPHQW�LQ�WKLV�FDVH� $V�LW�LV�DOVR�GHPRQVWUDWHG�LQ�WKH�

H[SHULPHQWV� SUHVHQWLQJ� REMHFW�LQLWLDO� VWUXFWXUHV�� DQ� 692� DUJXPHQW� RUGHU� LV� H[SHFWHG� DW� WKDW�

DJH��1HYHUWKHOHVV��D�VHFRQG�DFFXVDWLYH�DUJXPHQW�LQ�VLPSOH�WUDQVLWLYH�VWUXFWXUHV�LV�SHUFHLYHG�DV�

D�PRUSKRORJLFDO�YLRODWLRQ�LQ�WKUHH�\HDU�ROGV��

�

������,QWHULP�&RQFOXVLRQ�
,Q�FRQFOXVLRQ��WKUHH�\HDU�ROGV�GLVWLQJXLVK�EHWZHHQ�DFFXVDWLYH�DQG�QRPLQDWLYH�FDVH�PDUNLQJ�DV�

DSSDUHQW�LQ�GLVWLQFW�SURFHVVLQJ�SDWWHUQV�LQ�(53�6WXG\�,��+RZHYHU��WKH\�DUH�QRW�VHQVLWLYH�WR�WKH�

FDVH� PDUNLQJ� IRU� WKH� LQWHUSUHWDWLRQ� RI� DJHQWV� DQG� SDWLHQWV� UROHV� LQ� WUDQVLWLYH� VWUXFWXUHV� DV�

GHPRQVWUDWHG�LQ�WKH�H\H�WUDFNHU�H[SHULPHQW��UDWKHU��WKH\�XVH�D�ZRUG�RUGHU�VWUDWHJ\�DV�SURYHQ�E\�

WKH�EHKDYLRUDO�VWXG\��7KH�ZRUG�RUGHU�VWUDWHJ\�JRHV�EH\RQG� LQWHUSUHWLQJ�WKH�13��DV� WKH�DJHQW�

GHVSLWH�WKH�FDVH�PDUNLQJ��VLQFH�LW�ZDV�VKRZQ�LQ�(53�6WXG\�,,�WKDW�DUJXPHQW�H[SHFWDWLRQV�ZLWK�

UHJDUG� WR� WKH� 13�� IRU� WKH� 692� RUGHU� REYLRXVO\� DOUHDG\� H[LVW� LQ� WKUHH�\HDU�ROGV��
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7.2 4;6-Year-Olds 
5HJDUGLQJ�WKH�LQWHUSUHWDWLRQDO�VWUDWHJLHV�RI�WUDQVLWLYH�VHQWHQFHV��DQ�LQFUHDVH�LQ�UHOLDQFH�RQ�ZRUG�

RUGHU�IURP�����WR�����WR�����ZDV�VKRZQ�E\�&KDQ�HW�DO���������LQ�D�EHKDYLRUDO�SDUDGLJP�ZLWK�WKH�

ODWWHU�DJH�JURXS�GLVSOD\LQJ�WKH�KLJKHVW�XVH�RI�ZRUG�RUGHU��$W� WKH�DJH�RI� ILYH��VHYHUDO�DXWKRUV�

IRXQG� HYLGHQFH� IRU� PRUH� DWWHQGDQFH� WR� WKH� FDVH�PDUNLQJ� FXH� �/LQGQHU�� ������ 0LOOV�� ������

6FKDQHU�:ROOHV�������� LQ�SUHVFKRROHUV��7KHVH� ILQGLQJV�FRQWUDGLFW� WKH�VWXG\�E\�'LWWPDU�HW�DO��

�����D��DV�LW�ZDV�QRW�XQWLO�FKLOGUHQ�ZHUH�VHYHQ�\HDUV�RI�DJH�WKDW�WKH\�ZHUH�DEOH�WR�FRUUHFWO\�XVH�

WKH�FDVH�PDUNLQJ�FXH��)XUWKHU�HYLGHQFH�LV�QHFHVVDU\�WR�FODULI\�DW�ZKLFK�DJH�FKLOGUHQ�UHO\�RQ�WKH�

ZRUG�RUGHU�DQG�FDVH�PDUNLQJ�FXH��UHVSHFWLYHO\��7R�WKLV�HQG������\HDU�ROG�SUHVFKRROHUV�DUH�WKH�

PRVW�VXLWDEOH�DJH�JURXS�WR�FODULI\�WKLV�GHEDWH��*LYHQ�SUHYLRXV�VWXGLHV��VHH�DERYH���WKH�DJH�RI�

����UHSUHVHQWV�WKH�\RXQJHVW�DJH�JURXS�LQ�ZKLFK�D�FKDQJH�IURP�UHOLDQFH�RQ�ZRUG�RUGHU�FXHV�WR�

FDVH�PDUNLQJ�FXHV�PLJKW�EH�H[SHFWHG��

�

������%HKDYLRUDO�'DWD�

7.2.1.1 Methods 

� � ����������6XEMHFWV�
7KH�GDWD�RI�WZR�FKLOGUHQ�WHVWHG�LQ�WKH�EHKDYLRUDO�H[SHULPHQW�ZHUH�H[FOXGHG�EHFDXVH�WKH\�GLG�

QRW� GLVSOD\� DJH�DSSURSULDWH� ODQJXDJH� GHYHORSPHQW� LQ� WKH� 752*�'� �)R[�� ������� 7KH� ILQDO�

VDPSOH�RI�WKH�EHKDYLRUDO�H[SHULPHQW�FRQVLVWHG�RI��������\HDU�ROGV�����IHPDOH���

�

����������6WLPXOL�
3UHVFKRROHUV� ZHUH� SUHVHQWHG� ZLWK� VXEMHFW�ILUVW� DQG� REMHFW�ILUVW� VHQWHQFHV�� 7KH� WDVN� ZDV� WR�

PDWFK� WKHVH� VHQWHQFHV� WR� FRUUHVSRQGLQJ� SLFWXUHV� �VHH� 6HFWLRQ� ���� ([SHULPHQWDO� 'HVLJQ� DQG�

0DWHULDO��ZKLOH�WZR��RQH�FRUUHFW��RQH�LQFRUUHFW��ZHUH�VKRZQ�DW�WKH�VDPH�WLPH��

�

����������'DWD�$QDO\VLV�
$V�H[SODLQHG�LQ�GHWDLO� LQ�6HFWLRQ�����'DWD�3URFHVVLQJ�DQG�$QDO\VLV��FRUUHFW� LGHQWLILFDWLRQV�RI�

WKH� FRUUHVSRQGLQJ� SLFWXUH� SHU� FRQGLWLRQ� ZHUH� DYHUDJHG� DQG� VWDWLVWLFDOO\� DQDO\]HG� DJDLQVW�

FKDQFH� OHYHO� �������'HYHORSPHQWDO� GLIIHUHQFHV� RI� ����\HDU�ROGV� FRPSDUHG� WR� WKH�EHKDYLRUDO�

GDWD� RI� WKUHH�\HDU�ROGV� DOUHDG\� SUHVHQWHG� LQ� WKLV� VWXG\� ZHUH� FRPSXWHG� ZLWK� D� W�WHVW� IRU�

LQGHSHQGHQW�VDPSOHV��

�
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7.2.1.2 Results 
,Q�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ������\HDU�ROGV�GLVSOD\HG�DERYH�FKDQFH�SHUIRUPDQFH�LGHQWLI\LQJ�

WKH�FRUUHVSRQGLQJ�SLFWXUH�LQ��������RI�WKH�WULDOV�FRUUHFWO\��W����� ���������S�����������,Q�WKH�

REMHFW�LQLWLDO�FRQGLWLRQ��KRZHYHU��WKH�VDPH�DJH�JURXS�VKRZHG�DQ�RXWFRPH�RQ�FKDQFH�OHYHO�DV�

WKH\�GHPRQVWUDWHG� WKH� LGHQWLILFDWLRQ�RI� WKH� FRUUHFW� SLFWXUH� LQ� �������RI� WKH� H[SHULPHQW� �VHH�

)LJXUH����� 

)URP�D�GHYHORSPHQWDO�SHUVSHFWLYH��FRUUHFW�UHVSRQVHV�WR�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ�LQFUHDVHG�

IURP��������WR��������VLJQLILFDQWO\�EHWZHHQ�WKH�DJH�RI�����DQG�WKUHH�\HDUV�RI�DJH��W���������

 � �������� S� �� �������� 6LJQLILFDQW� LPSURYHPHQW� EHWZHHQ� WKHVH� WZR� DJH� JURXSV� LQ� WKH� REMHFW�

LQLWLDO�FRQGLWLRQ�ZDV�QRW�HYLGHQW��

�

�
)LJXUH���������\HDU�ROGV��5HVXOWV�RI�WKH�EHKDYLRUDO�WDVN�WR�LGHQWLI\�ZKLFK�SLFWXUH�FRUUHVSRQGHG�WR�HDFK�
VHQWHQFH��
�

7.2.1.3 Interim Summary: Behavioral data 
,Q�VXP������\HDU�ROGV�V\VWHPDWLFDOO\�LGHQWLILHG�WKH�FRUUHVSRQGLQJ�SLFWXUH�LQ�WKH�VXEMHFW�LQLWLDO�

FRQGLWLRQ�FRUUHFWO\�DQG�DOVR�VLJQLILFDQWO\�PRUH�IUHTXHQWO\� WKDQ�WKUHH�\HDU�ROGV��,Q� WKH�REMHFW�

LQLWLDO�FRQGLWLRQ��KRZHYHU������\HDU�ROGV�QHLWKHU�SRLQWHG�V\VWHPDWLFDOO\�WR�WKH�FRUUHFW�QRU�WR�WKH�

LQFRUUHFW�SLFWXUH��

�

�

�

�
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������(\H�7UDFNLQJ�'DWD�

 7.2.2.1 Methods 

����������6XEMHFWV�
�������IHPDOH��FKLOGUHQ�DW�WKH�DJH�RI�����\HDUV�ZHUH�WHVWHG��'XH�WR�DQ�LQVXIILFLHQW�WULDO�QXPEHU�

RU� D� FOHDU� ORRNLQJ� SUHIHUHQFH� IRU� RQH� VLGH� RI� WKH� VFUHHQ� �6HFWLRQ� ���� 'DWD� 3URFHVVLQJ� DQG�

$QDO\VLV���WKH�GDWD�RI�WKUHH�FKLOGUHQ�KDG�WR�EH�H[FOXGHG�IURP�WKH�DQDO\VLV�RI�JD]H�GXUDWLRQ�IURP�

13��13�� RQVHW� UHVXOWLQJ� LQ� ��� ���� IHPDOH�� ����\HDU�ROGV� IRU� WKHVH� VDPSOHV�� 2QH� DGGLWLRQDO�

FKLOG�FRXOG�QRW�EH� LQFOXGHG� LQ� WKH� WULDO�FRXUVH�DQDO\VLV�EHFDXVH�RI� DQ� LQVXIILFLHQW�QXPEHU�RI�

WULDOV�LQ�VHYHUDO�RI�WKH����WLPH�ZLQGRZV��HDFK�����PV�RI�OHQJWK���&RQVHTXHQWO\���������IHPDOH��

FKLOGUHQ�HQWHUHG�WKH�ILQDO�DQDO\VLV�RI�WKH�WULDO�FRXUVH��

�

����������6WLPXOL�
&KLOGUHQ� OLVWHQHG� WR� VHQWHQFHV�FRQVWUXFWHG� LQ� WKH� VXEMHFW�ILUVW� DQG�REMHFW�ILUVW� VWUXFWXUH�ZKLOH�

WZR� SLFWXUHV� SHU� WULDO�ZHUH� SUHVHQWHG� RQ� D� VFUHHQ�� RQH� GHSLFWLQJ� WKH� FRUUHVSRQGLQJ� WKHPDWLF�

UROHV� DQG� WKH� RWKHU� RQH� VKRZLQJ� UHYHUVHG� DFWRU� DQG� SDWLHQW� UROHV� �6HFWLRQ� ���� ([SHULPHQWDO�

'HVLJQ�DQG�0DWHULDO���

�

����������'DWD�$QDO\VLV�
7KH�PHDQ�QXPEHU�RI������WULDOV�HQWHUHG�WKH�DQDO\VLV�RI�ERWK�WLPH�ZLQGRZV��EHJLQQLQJ�DW�13��

DQG� 13��� UHVSHFWLYHO\�� 7KHVH� QXPEHUV� GLG� QRW� GLIIHU� VLJQLILFDQWO\� EHWZHHQ� FRQGLWLRQV�� 7KH�

DYHUDJHG�PHDQ�QXPEHU�RI� WULDOV�DFURVV�DOO� WLPH�ZLQGRZV�LQFOXGHG�LQ�WKH� WULDO�FRXUVH�DQDO\VLV�

UHVXOWHG�LQ�������

$V�H[SODLQHG�LQ�GHWDLO�LQ�6HFWLRQ ����([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO��IL[DWLRQ�GXUDWLRQV�WR�

WKH�SLFWXUH�WKDW�FRUUHVSRQGHG�ZLWK�WKH�DXGLWRU\�VWLPXOXV�SUHVHQWHG�ZHUH�DYHUDJHG�DQG�DQDO\]HG�

DFFRUGLQJ�WR�13��RQVHW��XQWLO�YHUE�RIIVHW�����V�RI� OHQJWK��� WR�13��RQVHW���V�RI� OHQJWK��DQG�LQ�

VOLGLQJ�ZLQGRZV�RI�����PV�DFURVV�WKH�ZKROH�WULDO��WULDO�FRXUVH�DQDO\VLV���:LWKLQ�WKHVH�GLIIHUHQW�

DQDO\VHV�� HYHU\� FRQGLWLRQ� �VXEMHFW�ILUVW�REMHFW�ILUVW�� ZDV� VWDWLVWLFDOO\� DQDO\]HG� LQ� UHODWLRQ� WR�

FKDQFH�OHYHO� ������� ,Q� DGGLWLRQ�� WULDO�FRXUVH� VWDWLVWLFV� ZHUH� FRPSXWHG� HPSOR\LQJ� WZR�ZD\�

$129$V�ZLWK�FRQGLWLRQ��VXEMHFW�ILUVW�REMHFW�ILUVW��DQG�WLPH�ZLQGRZ�����WLPH�ZLQGRZV��HDFK�

����PV�RI� OHQJWK��DV� IDFWRUV��'LIIHUHQFHV�EHWZHHQ�WKH�H\H� WUDFNHU�GDWD�RI� WKH� WKUHH�\HDU�ROGV�

DOUHDG\�SUHVHQWHG�DQG�����\HDU�ROGV�ZHUH�FDOFXODWHG�ZLWK�W�WHVWV�IRU�LQGHSHQGHQW�VDPSOHV��

�
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7.2.2.2 Results 
13��

����\HDU�ROGV� FRUUHFW� IL[DWLRQ� GXUDWLRQ� WR� WKH� FRUUHVSRQGLQJ� SLFWXUH� LQ� UHODWLRQ� WR�13�� RQVHW�

XQWLO�YHUE�RIIVHW�����V��DFFRXQWHG�IRU��������LQ�WKH�VXEMHFW�ILUVW�FRQGLWLRQ�DQG��������LQ�WKH�

REMHFW�ILUVW� FRQGLWLRQ��+HQFH� SUHVFKRROHUV� DW� WKH� DJH� RI� ���� DFWHG� XSRQ� FKDQFH�OHYHO� LQ� ERWK�

FRQGLWLRQV��W����� ��������S�!������IRU�WKH�VXEMHFW�ILUVW�FRQGLWLRQ�DQG�W����� ���������S�!������

IRU�WKH�REMHFW�ILUVW�FRQGLWLRQ���&RQVHTXHQWO\��SHUIRUPDQFHV�RI�WKUHH��DQG�����\HDU�ROGV�GLG�QRW�

GLIIHU�ZLWK�UHJDUG�WR�13��RQVHW�VLQFH�WRGGOHUV�DW�WKH�DJH�RI�WKUHH�DOVR�SUHVHQWHG�DQ�RXWFRPH�RQ�

FKDQFH�OHYHO� LQ�ERWK�FRQGLWLRQV� �VXEMHFW�ILUVW� FRQGLWLRQ�� W����� � ��������S�!�������REMHFW�ILUVW�

FRQGLWLRQ��W����� ���������S�!��������

�

13��

7KH�UHVXOWV�RI�����\HDU�ROGV¶�VXPPHG�JD]H�GXUDWLRQ�WR�WKH�FRUUHVSRQGLQJ�SLFWXUH�LQ�UHODWLRQ�WR�

13����V�WLPH�ZLQGRZ��DFFRXQWHG�IRU��������LQ�WKH�VXEMHFW�ILUVW�FRQGLWLRQ�DQG�IRU��������LQ�

WKH� REMHFW�ILUVW� FRQGLWLRQ� �VHH� )LJXUH� ����� 6WDWLVWLFDO� DQDO\VLV� UHYHDOHG� VLJQLILFDQFH� DERYH�

FKDQFH�IRU�WKH�VXEMHFW�ILUVW�FRQGLWLRQ��W����� ��������S����������ZKLOH�QR�VLJQLILFDQW�GLIIHUHQFH�

IURP�FKDQFH�ZDV�IRXQG�LQ�WKH�REMHFW�ILUVW�FRQGLWLRQ��W����� ���������S�!��������6XEVHTXHQWO\��

WKH� WZR�FRQGLWLRQV�GLIIHUHG�VLJQLILFDQWO\� LQ�����\HDU�ROGV�DV�VKRZQ� LQ�D�SDLUHG� W�WHVW� �W����� �

�������S�����������6WDWLVWLFDO�FRPSDULVRQ�EHWZHHQ�WKH�WRGGOHUV�DW�WKH�DJH�RI�WKUHH�LQ�WKLV�VWXG\�

ZLWK� ����\HDU�ROGV� GHOLYHUHG�PDUJLQDOO\� VLJQLILFDQW� GLIIHUHQFHV� IRU� WKH� VXEMHFW�ILUVW� FRQGLWLRQ�

�W����� ����������S� ���������EXW�QR�VLJQLILFDQW�GLIIHUHQFHV�IRU�WKH�REMHFW�ILUVW�FRQGLWLRQ��W����� �

�������S�!��������,Q�VXP��SUHVFKRROHUV�DW�WKH�DJH�RI�����\HDUV�UHYHDOHG�VLJQLILFDQW�UHVXOWV�DERYH�

FKDQFH� LQ� WKH� VXEMHFW�ILUVW� FRQGLWLRQ� LQ� UHODWLRQ� WR� 13�� RQVHW� DQG� VLJQLILFDQWO\� LQFUHDVHG�

SHUIRUPDQFH�LQ�FRPSDULVRQ�WR�WKUHH�\HDU�ROGV�LQ�WKH�VDPH�FRQGLWLRQ���

�
)LJXUH���������\HDU�ROGV��$YHUDJHV�RI�WKH�FRUUHFW�IL[DWLRQ�GXUDWLRQ�SHU�FRQGLWLRQ�LQ�D�WZR�VHFRQGV�WLPH�
ZLQGRZ�EHJLQQLQJ�DW�13���
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7ULDO�&RXUVH�$QDO\VLV�

6WDWLVWLFDO� DQDO\VLV� RI� IL[DWLRQ� GXUDWLRQV� WR� WKH� FRUUHVSRQGLQJ� SLFWXUHV� RYHU� WKH� WULDO� FRXUVH�

ZLWKLQ�7:V�RI�����PV��VHH�)LJXUH�����GHOLYHUHG�D�FRQGLWLRQ�PDLQ�HIIHFW��)������� ���������S���

������ DQG� D� WLPH�ZLQGRZ�PDLQ� HIIHFW� �)����������  � ������� S� �� �������1R� LQWHUDFWLRQV�ZHUH�

IRXQG�DQG�KHQFH�QR�IXUWKHU�RQH�ZD\�$129$V�ZHUH�FRPSXWHG���

2QH�VDPSOH� W�WHVWV�� FDOFXODWHG� VHSDUDWHO\� IRU� HYHU\� 7:�� UHYHDOHG� VLJQLILFDQW� RXWFRPH� DERYH�

FKDQFH� LQ� WKH� VXEMHFW�ILUVW� FRQGLWLRQ� EHWZHHQ� ���������� PV�� DQG� EHWZHHQ� ���������� PV�

UHODWLYH�WR�WULDO�RQVHW��VHH�7DEOH�����,Q�WKH�REMHFW�ILUVW�FRQGLWLRQ��VLJQLILFDQW�IL[DWLRQ�GXUDWLRQV�

EHORZ� FKDQFH�ZHUH� IRXQG� LQ� WKH� VWDWLVWLFDO� DQDO\VLV� EHWZHHQ� ����������PV�� UHODWLYH� WR� WULDO�

RQVHW��VHH�7DEOH�����

�
7DEOH� ��� 6LJQLILFDQW� W�YDOXHV� �RQH�VDPSOH� W�WHVW� FDOFXODWHG� DJDLQVW� FKDQFH�OHYHO�� RI� ����\HDU�ROGV¶�
IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH�VXEMHFW�ILUVW�FRQGLWLRQ�
�

7:��PV�� W����� S�YDOXH�
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7DEOH� ��� 6LJQLILFDQW� W�YDOXHV� �RQH�VDPSOH� W�WHVW� FDOFXODWHG� DJDLQVW� FKDQFH�OHYHO� RI� ����� RI� ����\HDU�
ROGV¶�IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH�REMHFW�ILUVW�FRQGLWLRQ�
�

7:��PV�� W����� S�YDOXH�
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�
)LJXUH���������\HDU�ROGV��$YHUDJHV�RI�WKH�FRUUHFW�IL[DWLRQ�GXUDWLRQ�SHU�FRQGLWLRQ�RYHU�WKH�FRXUVH�RI�D�
WULDO�LQ�����PV�ZLQGRZV��
�

7.2.2.3 Interim Summary: Eye-tracking data 
,Q� VXP�� FKLOGUHQ� DW� WKH� DJH� RI� ���� \HDUV� IL[DWHG� WKH� FRUUHVSRQGLQJ� REMHFW�LQLWLDO� SLFWXUH�

VLJQLILFDQWO\� EHORZ� FKDQFH� LQ� DQ� ���� PV� ORQJ� WLPH� ZLQGRZ� ULJKW� DIWHU� 13�� RQVHW� DQG� WKH�

VXEMHFW�LQLWLDO�SLFWXUH�VLJQLILFDQWO\�DERYH�FKDQFH� ULJKW�DIWHU�13��RIIVHW�DV�HYLGHQW� LQ� WKH� WULDO�

FRXUVH� DQDO\VLV�� &RQVHTXHQWO\�� UHVXOWV� RQ� IL[DWLRQ� GXUDWLRQV� LQ� WKH� WLPH� ZLQGRZ� DIWHU� 13��

RQVHW�ZHUH�RQ�FKDQFH�OHYHO�LQ�ERWK�FRQGLWLRQV�DV�WKH\�RQO\�VWDUWHG�WR�VKLIW�JD]H�DIWHU�13��RQVHW��

7KXV�� LQ� WKH� WLPH� ZLQGRZ� DIWHU� 13�� RQVHW�� VXPPHG� JD]H� GXUDWLRQ� UHYHDOHG� DERYH�FKDQFH�

RXWFRPH�LQ�WKH�VXEMHFW�ILUVW�FRQGLWLRQ��EXW�RQ�FKDQFH�OHYHO�UHVXOWV�LQ�WKH�REMHFW�ILUVW�FRQGLWLRQ��

7KHVH�UHVXOWV�VKRZ�V\VWHPDWLF�FRUUHFW�JD]H�VKLIW�LQ�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ�DQG�V\VWHPDWLF�

LQFRUUHFW�JD]H�VKLIW�LQ�WKH�REMHFW�LQLWLDO�FRQGLWLRQ�DW�WKH�DJH�RI������

�
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������(53�'DWD�,��3URFHVVLQJ�RI�2EMHFW�)LUVW�6WUXFWXUHV�

7.2.3.1. Methods 

� � ����������6XEMHFWV�
,Q� WKH� ((*� H[SHULPHQW�� ��� ���� IHPDOH�� FKLOGUHQ� DW� WKH� DJH� RI� ����ZHUH� WHVWHG�� 7KH� GDWD� RI�

DSSUR[LPDWHO\� RQH�TXDUWHU� RI� DOO� FKLOGUHQ� ZHUH� H[FOXGHG� EHFDXVH� WKH\� HLWKHU� FRQWDLQHG�

GLVSURSRUWLRQDWH� QXPEHUV� RI� DUWLIDFWV� FDXVHG� E\� H[DJJHUDWHG� PRYHPHQW� DQG�RU� SHUVSLUDWLRQ�

�VNLQ� SRWHQWLDOV��� GLG� QRW� ILQLVK� WKH� H[SHULPHQW�� RU� GLG� QRW� VKRZ� DJH�DSSURSULDWH� ODQJXDJH�

GHYHORSPHQW� DFFRUGLQJ� WR� WKH� 752*�'� �)R[�� ������ �VHH� 6HFWLRQ� ���� /DQJXDJH� 7HVWLQJ��

752*�'���7KH�ILQDO�VDPSOH�RI�WKH�((*�H[SHULPHQW�FRQVLVWHG�RI��IRU�13��13���UHVSHFWLYHO\��

����������\HDU�ROGV��������IHPDOH���6XEMHFW�QXPEHUV�GLIIHUHG�IRU�13��13��EHFDXVH�SURFHVVLQJ�

SURFHGXUHV�FRQFHUQLQJ�UHMHFWLRQ�RI�WULDOV�ZHUH�NHSW�FRQVWDQW�DFURVV�DOO�DQDO\VHV��VHH�6HFWLRQ�����

'DWD�3URFHVVLQJ�DQG�$QDO\VLV���

�

� � ����������6WLPXOL�
3UHVFKRROHUV�OLVWHQHG�WR�DXGLWRU\�VWLPXOXV�PDWHULDO�LQFOXGLQJ�VHQWHQFHV�RI�WKH�VXEMHFW�ILUVW�DQG�

REMHFW�ILUVW�VWUXFWXUH��VHH�6HFWLRQ�����([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO���

�

����������'DWD�$QDO\VLV�
,Q�����\HDU�ROGV�� WKH� UHVXOWLQJ�PHDQ�QXPEHU�RI� DYHUDJHG� WULDOV� DFURVV�SDUWLFLSDQWV�ZDV�������

IRU�13��DQG�13���UHVSHFWLYHO\��7KHVH�QXPEHUV�GLG�QRW�GLIIHU�EHWZHHQ�FRQGLWLRQV��

6WDWLVWLFDO� DQDO\VHV� ZHUH� SHUIRUPHG� VHSDUDWHO\� IRU� PHDQ� DPSOLWXGHV� RQ� PLGOLQH� DQG� ODWHUDO�

HOHFWURGH�VLWHV��)RU�PLGOLQH�VLWHV��)=��&=��DQG�3=���D�WZR�ZD\�$129$�ZDV�FRPSXWHG�ZLWK�WKH�

IDFWRUV� Condition� �VXEMHFW�LQLWLDO� DQG� REMHFW�LQLWLDO�� DQG� Region� �DQWHULRU�� FHQWUDO�� DQG�

SRVWHULRU���)RU� ODWHUDO� VLWHV�� D� WKUHH�ZD\�$129$�ZDV�SHUIRUPHG�ZLWK� WKH� IDFWRUV�Condition��

Site� �)��� )��� )��� )��� )&��� )&��� 7��� &��� &��� 3��� &3��� &3��� 7��� 3��� 3��� 3��� 2���2���� DQG�

Hemisphere� �OHIW� DQG� ULJKW��� 6LJQLILFDQW� LQWHUDFWLRQV� LQYROYLQJ� WKH� IDFWRU� Condition� ZHUH�

IXUWKHU�DQDO\]HG�IRU�HDFK�Site�Region�XVLQJ�D�RQH�ZD\�$129$�ZLWK�Condition�DV�IDFWRU��

�

7.2.3.2 Results 
13��

,Q� ����\HDU�ROGV�� YLVXDO� LQVSHFWLRQV� VXJJHVWHG� D� QHJDWLYLW\� IRU� WKH� REMHFW�LQLWLDO� FRQGLWLRQ� DW�

VHQWHQFH�RQVHW��)LJXUH�����OHIW�SDQHO���+RZHYHU��VWDWLVWLFDO�DQDO\VLV�GLG�QRW�FRQILUP�WKLV��DV�QR�

PDLQ�HIIHFWV�RI�FRQGLWLRQ�ZHUH�VLJQLILFDQW��$W�ODWHUDO�VLWHV��DQ�LQWHUDFWLRQ�RI�FRQGLWLRQ�DQG�VLWH�
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ZDV�IRXQG��7:���)�������� ��������S���������7:���)�������� ��������S����������/LNHZLVH��WKH�

VDPH� LQWHUDFWLRQ�ZDV� SUHVHQW� DW�PLGOLQH� �7:��� )�������  � ������� S� �� ������ 7:��� )�������  �

�������S����������)XUWKHU�DQDO\VHV��KRZHYHU�� UHYHDOHG�QR�VLJQLILFDQW�GLIIHUHQFHV�RI� WKH� IDFWRU�

FRQGLWLRQ� DW� VLQJOH� HOHFWURGH� VLWHV��+HQFH�� FRQFHUQLQJ� FKLOGUHQ� DW� WKH� DJH� RI� ����� SURFHVVLQJ�

GLIIHUHQFHV�EHWZHHQ�REMHFW�LQLWLDO�DQG�VXEMHFW�LQLWLDO� VWUXFWXUHV�FDQQRW�EH�DIILUPHG�DW� WKH� ILUVW�

QRPLQDO�SKUDVH��

�

13��

(53� UHVSRQVHV� LQ�����\HDU�ROGV�DSSHDUHG� WR� VKRZ�D� VOLJKWO\� ODWH�SRVLWLYH� VKLIW� LQ� OHIW�FHQWUR�

ODWHUDO� UHJLRQV� LQ� UHVSRQVH� WR� WKH�REMHFW�LQLWLDO� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO� FRQGLWLRQ�DIWHU�

YLVXDO� LQVSHFWLRQ� �)LJXUH� ���� ULJKW� SDQHO��� 6WDWLVWLFDO� DQDO\VLV�� KRZHYHU�� GHPRQVWUDWHG� WKDW� D�

PDLQ�HIIHFW�IRU�FRQGLWLRQ�ZDV�RQO\�VLJQLILFDQW�LQ�7:���IRU�ODWHUDO�VLWHV��)������� ��������S���

������DQG�DW�PLGOLQH��)������� ��������S�����������

7KXV�� ����\HDU�ROGV� VKRZ� D� ODWH� FHQWUR�SDULHWDO� SRVLWLYLW\� ZKHQ� SURFHVVLQJ� REMHFW�LQLWLDO�

VWUXFWXUHV�RQO\�IRU�D�VLQJOH�7:���

�

�
)LJXUH�����*UDQG�DYHUDJH�(53V�RI�����\HDU�ROGV�IRU�VHOHFWHG�HOHFWURGHV��REMHFW�LQLWLDO�YHUVXV�VXEMHFW�
LQLWLDO��UHODWLYH�WR�WKH�RQVHW�RI�13���OHIW�SDQHO����13���ULJKW�SDQHO���7KH�VXEMHFW�LQLWLDO�FRQGLWLRQ��VROLG�
OLQH��LV�SORWWHG�DJDLQVW�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��GRWWHG�OLQH���1HJDWLYH�YROWDJH�LV�SORWWHG�XSZDUGV��
�

7.2.3.3 Interim Summary: ERP-data I 
(53�GDWD�RI�WKH�REMHFW�LQLWLDO�FRPSDUHG�WR�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ�UHYHDOHG�QR�SURFHVVLQJ�

GLIIHUHQFHV�DW�13��RQVHW�LQ�����\HDU�ROGV��ZKLOH�D�ZHDNO\�SURQRXQFHG�3����RFFXUUHG�DW�13��

RQVHW�� 7KHVH� UHVXOWV� LQGLFDWH� WKDW� FKLOGUHQ� DW� WKH� DJH� RI� ���� GR� QRW� GHWHFW� FDVH�PDUNLQJ�

GLIIHUHQFHV�DW�13��EXW�DW�13��LQ�WKH�REMHFW�ILUVW�VHQWHQFHV��

�
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������(53�'DWD�,,��3URFHVVLQJ�RI�$UJXPHQW�9LRODWLRQV�

7.2.4.1. Methods 

� � ����������6XEMHFWV�
$V�LQ�WKH�SUHYLRXV�UHSRUWHG�(53�'DWD�,���������IHPDOH������\HDU�ROGV�SDUWLFLSDWHG�LQ�WKH�((*�

H[SHULPHQW�� 'XH� WR� QXPHURXV� DUWLIDFWV�� PDLQO\� IRU� PRYHPHQW� UHDVRQV�� RU� GXH� WR� DJH�

LQDSSURSULDWH� SHUIRUPDQFH� LQ� WKH� 752*�'� �)R[�� ������ �VHH� 6HFWLRQ� ���� /DQJXDJH� 7HVWLQJ��

752*�'��� WKH�GDWD�RI�DSSUR[LPDWHO\�RQH�TXDUWHU�RI�DOO�FKLOGUHQ�WHVWHG�KDG�WR�EH�UHMHFWHG��,Q�

WKH�HQG��WKH�VDPSOH�RI�WKH�(53�'DWD�,,�FRPSULVHG��������\HDU�ROGV�����IHPDOH����

�

����������6WLPXOL�
3UHVFKRROHUV� ZHUH� SUHVHQWHG� ZLWK� DXGLWRU\� VWLPXOXV� PDWHULDO� LQFOXGLQJ� VHQWHQFHV� RI� WKH�

VXEMHFW�ILUVW��REMHFW�ILUVW��GRXEOH�QRPLQDWLYH��DQG�GRXEOH�DFFXVDWLYH�VWUXFWXUH��VHH�6HFWLRQ�����

([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO���

�

����������'DWD�$QDO\VLV�
7KH�UHVXOWLQJ�PHDQ�QXPEHU�RI�DYHUDJHG�WULDOV�DFURVV�SDUWLFLSDQWV�DFFRXQWHG�IRU����LQ�����\HDU�

ROGV��7KHVH�QXPEHUV�GLG�QRW�GLIIHU�EHWZHHQ�FRQGLWLRQV��

6WDWLVWLFDO�DQDO\VHV�IRU�PHDQ�DPSOLWXGHV�RQ�PLGOLQH�DQG�ODWHUDO�HOHFWURGH�VLWHV�ZHUH�FRPSXWHG�

VHSDUDWHO\��)RU�PLGOLQH� VLWHV� �)=��&=��DQG�3=��� D� WZR�ZD\�$129$�ZDV�FDOFXODWHG�ZLWK� WKH�

IDFWRUV�Condition��VXEMHFW�LQLWLDO�DQG�GRXEOH�QRPLQDWLYH�LQ�H[SHULPHQW���DQG�REMHFW�LQLWLDO�DQG�

GRXEOH� DFFXVDWLYH� LQ� H[SHULPHQW� ��� DQG�Region� �DQWHULRU�� FHQWUDO�� DQG� SRVWHULRU��� )RU� ODWHUDO�

VLWHV�� D� WKUHH�ZD\�$129$�ZDV�SHUIRUPHG�ZLWK� WKH� IDFWRUV�Condition�� 6LWH� �)��� )��� )��� )���

)&��� )&��� 7��� &��� &��� 3��� &3��� &3��� 7��� 3��� 3��� 3��� 2���2���� DQG�Hemisphere� �OHIW� DQG�

ULJKW���6LJQLILFDQW� LQWHUDFWLRQV� LQYROYLQJ� WKH� IDFWRU�Condition�ZHUH� IXUWKHU� DQDO\]HG� IRU� HDFK�

Site�Region�HPSOR\LQJ�D�RQH�ZD\�$129$�ZLWK�Condition�DV�IDFWRU���

$V�DOUHDG\�H[SODLQHG� LQ�6HFWLRQ� ����������'DWD�$QDO\VLV�� UHJDUGLQJ� WKH�DQDO\VLV�RI� WKH� WKUHH�

\HDU�ROGV¶�GDWD��(53�UHVSRQVHV�WR�WKH�VXEMHFW�LQLWLDO�DQG�GRXEOH�QRPLQDWLYH�FRQGLWLRQ�DQG�DOVR�

WR�WKH�REMHFW�LQLWLDO�DQG�GRXEOH�DFFXVDWLYH�FRQGLWLRQ�ZHUH�RQO\�FRPSDUHG�DW�13����

�

�

�

�

�
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7.2.4.2 Results 
([SHULPHQW����'RXEOH�1RPLQDWLYH�9LRODWLRQ�

6LPLODU� WR� WKUHH�\HDU�ROGV¶� SURFHVVLQJ� SDWWHUQV�� YLVXDO� LQVSHFWLRQ� RI� WKH� ����\HDU�ROGV¶� (53V�

�VHH� )LJXUH� ���� VXJJHVWV� DQ� HDUO\� QHJDWLYLW\� DQG� D� ODWH� SRVLWLYLW\� LQ� UHVSRQVH� WR� WKH� GRXEOH�

QRPLQDWLYH� YLRODWLRQ�� 6WDWLVWLFDO� DQDO\VLV� DWWHVWHG� WKLV� LPSUHVVLRQ� DQG� UHYHDOHG� D� VLJQLILFDQW�

FRQGLWLRQ�PDLQ�HIIHFW�LQ�7:���)������� ��������S����������DORQJ�ZLWK�D�VLJQLILFDQW�LQWHUDFWLRQ�

RI�FRQGLWLRQ�DQG�VLWH��)�������� ��������S����������,Q�WKH�VXEVHTXHQW�7:V���DQG����WKH�WKUHH�

ZD\�LQWHUDFWLRQ�Condition��Hemisphere��DQG�Site�ZDV�SURYHQ�VLJQLILFDQW��)�������� ��������S���

������)�������� ��������S����������6HSDUDWH�DQDO\VHV�RI�VLQJOH�HOHFWURGH�VLWHV�LQ�7:V�������DQG���

UHYHDOHG�VLJQLILFDQW�FRQGLWLRQ�HIIHFWV�GLVWULEXWHG�RYHU�IURQWDO�DQG�FHQWUDO�EUDLQ�UHJLRQV �7DEOH�

����XSSHU�SDQHO�� 

7KH�SRVLWLYLW\�ZDV�FRQILUPHG�E\�D�FRQGLWLRQ�PDLQ�HIIHFW�DW�PLGOLQH�LQ�7:����)������� ��������

S���������DQG�7:����)������� ��������S����������DQG�DOVR�E\�D�PDUJLQDOO\�VLJQLILFDQW�FRQGLWLRQ�

PDLQ�HIIHFW�DW�ODWHUDO�VLWHV�LQ�7:����)������� ��������S� ���������,Q�DGGLWLRQ��DQ�LQWHUDFWLRQ�RI�

Condition�DQG�Site�ZDV�VLJQLILFDQW�LQ�7:����)�������� ��������S����������VHH�7DEOH�����ORZHU�

SDQHO���

2QH� HIIHFW� WKDW�ZDV� XQH[SHFWHG� UHYHDOHG� VLJQLILFDQFH� LQ� 7:�� LQ� D� FRQGLWLRQ�PDLQ� HIIHFW� DW�

ODWHUDO�VLWHV��)������� ��������S����������

7R� VXPPDUL]H�� D� IURQWR�FHQWUDO� QHJDWLYLW\�EHWZHHQ���������PV� DQG�D�SRVLWLYLW\�EHWZHHQ�

���������� PV� DQG� ���������� PV� UHODWLYH� WR� 13�� RQVHW� ZDV� SURYHQ� IRU� ����\HDU�ROGV�

SURFHVVLQJ� WKH� GRXEOH� QRPLQDWLYH� YLRODWLRQ� LQ� FRPSDULVRQ� WR� WKH� FRUUHFW� VHQWHQFH�� 7KH�

DGGLWLRQDO�HIIHFW�LQ�7:��ZLOO�EH�GLVFXVVHG�EHORZ��

�
7DEOH� ���� &RQGLWLRQ� 0DLQ� (IIHFWV� RI� ����\HDU�ROGV¶� (53V� LQ� 'LIIHUHQW� 7:V�� GRXEOH� QRPLQDWLYH�
FRPSDUHG�WR�VXEMHFW�LQLWLDO�VHQWHQFHV��WKH�XSSHU�SDQHO�UHIOHFWV�WKH�GLVWULEXWLRQ�RI�WKH�QHJDWLYLW\�DQG�WKH�
ORZHU�SDQHO�WKH�GLVWULEXWLRQ�RI�WKH�SRVLWLYLW\��VHSDUDWHG�E\�WKH�GRWWHG�OLQH���
�

7:��PV�� )������� (OHFWURGH�6LWH�

������������ ������������� )&���)���)���&��

������������� ������ )��

������������� ������ )��

�������������� ������ )��

���������� � S���������S���������S��������  

�
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)LJXUH�����*UDQG�DYHUDJH�(53V�UHODWLYH� WR�13��RQVHW� IRU� VXEMHFW�LQLWLDO� �VROLG� OLQH�� VHQWHQFHV�YHUVXV�
GRXEOH�QRPLQDWLYH� �GRWWHG� OLQH�� FRQVWUXFWLRQV� IRU� ����\HDU�ROGV�� (53V� WR� WKH� GRXEOH�� QRPLQDWLYH�
YLRODWLRQ�VKRZ�D�IURQWDO�QHJDWLYH�VKLIW�DQG�D�SDULHWDO�SRVLWLYH�VKLIW��
�

([SHULPHQW����'RXEOH�$FFXVDWLYH�9LRODWLRQ�

9LVXDO� LQVSHFWLRQ�RI� WKH�(53V� LQ�����\HDU�ROGV� LQGLFDWHG�D� IRFDO�QHJDWLYLW\� LQ� OHIW�ODWHUDOL]HG�

FHQWUR�SDULHWDO�EUDLQ�UHJLRQV�IRU�WKH�SURFHVVLQJ�RI�GRXEOH�DFFXVDWLYH�FRPSDUHG�WR�REMHFW�LQLWLDO�

FRQVWUXFWLRQV� �VHH�)LJXUH� �����$FFRUGLQJO\�� VWDWLVWLFDO� DQDO\VLV� DWWHVWHG�PDUJLQDO� VLJQLILFDQFH�

IRU�WKH�LQWHUDFWLRQ�RI�Condition�DQG�Hemisphere�LQ�7:��DQG�����)������� ��������S� ��������

)�������  � ������� S�  � ��������$QDO\VLV� RI� VLQJOH� VLWH� HOHFWURGHV� LQ� WKHVH� WZR�7:V� FRQILUPHG�

VLJQLILFDQW�UHVXOWV�DW�3��LQ�7:���)������� ��������S����������LQ�7:���DW�3���)������� ��������S�

���������DQG�DW�3���)������� ��������S����������,Q�7:����WKH�DQDO\VLV�UHVXOWHG�LQ�D�VLJQLILFDQW�

RXWFRPH� DOVR� IRU� WKH� LQWHUDFWLRQ� RI�Condition� DQG�Hemisphere� �)�������  � ������� S� �� �������

ZKLFK�ZDV�IRXQG�LQ�VXEVHTXHQW�DQDO\VLV�VLJQLILFDQW�DW�VLQJOH�HOHFWURGHV�3���)������� ��������S�

��������DQG�3�� �)������� ��������S���������� ,Q� VXP�� WKH�SURFHVVLQJ�RI� WKH�GRXEOH�DFFXVDWLYH�

YLRODWLRQ� FRPSDUHG� WR� WKH� REMHFW�LQLWLDO� VHQWHQFH� LV� UHIOHFWHG� DV� D� OHIW�ODWHUDOL]HG� SDULHWDO�

QHJDWLYLW\�IURP����������PV�LQ�����\HDU�ROGV��

�
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)LJXUH� ����*UDQG� DYHUDJH�(53V� UHODWLYH� WR�13�� RQVHW� IRU� REMHFW�LQLWLDO� �VROLG� OLQH�� VHQWHQFHV� YHUVXV�
GRXEOH�DFFXVDWLYH��GRWWHG�OLQH��FRQVWUXFWLRQV�IRU�����\HDU�ROGV��(53V�WR�WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�
UHYHDO�D�QHJDWLYH�VKLIW�VWDUWLQJ�DW����PV��
�

7.2.4.3 Interim Summary: ERP-data II 
,Q�WKH�GRXEOH�QRPLQDWLYH�FRQGLWLRQ�FRPSDUHG�WR�WKH�VXEMHFW�LQLWLDO�VWUXFWXUHV�LQ�(53�6WXG\�,,��

����\HDU�ROGV�VKRZHG��DV�DOUHDG\�VHHQ�LQ�DGXOWV�DQG�DOVR�LQ�WKUHH�\HDU�ROGV��DQ�HDUO\�QHJDWLYLW\�

DQG�D�ODWH�SRVLWLYLW\�LQGLFDWLQJ�FRUUHFW�DUJXPHQW�H[SHFWDWLRQV�IRU�WKH�VXEMHFW�LQLWLDO�VWUXFWXUH��,Q�

DGGLWLRQ�� DQ� HDUO\� SRVLWLYLW\� RFFXUUHG� WKDW� ZLOO� EH� DGGUHVVHG� ODWHU�� ,Q� WKH� GRXEOH� DFFXVDWLYH�

FRQGLWLRQ�FRPSDUHG�WR�WKH�REMHFW�LQLWLDO�VWUXFWXUHV��D�QHJDWLYLW\�EHWZHHQ����������PV�UHVXOWHG�

VXJJHVWLQJ�WKHPDWLF�YLRODWLRQ�GHWHFWLRQ�LQ�FKLOGUHQ�DW�WKH�DJH�RI������

�

������6XPPDU\�DQG�,QWHULP�'LVFXVVLRQ� �
7KH� VWXG\� FRQFHUQLQJ� ����\HDU�ROGV� VHUYHG� WKH� DLP� WR� LQYHVWLJDWH� WKH� GHYHORSPHQW� RI� WKH�

VHQVLWLYLW\�WR�OLQJXLVWLF�FXHV�UHJDUGLQJ�V\QWDFWLF�WKHPDWLF�LQWHUSUHWDWLRQV�LQ�SUHVFKRROHUV��:KLOH�

PXFK� UHVHDUFK� EHLQJ� FRQGXFWHG� ZLWK� EHKDYLRUDO� SDUDGLJPV� �/LQGQHU�� ������ 0LOOV�� ������

6FKDQHU�:ROOHV��������SRLQW�LQWR�WKH�GLUHFWLRQ�WKDW�FKLOGUHQ�VWDUW�WR�XVH�WKH�FDVH�PDUNLQJ�FXH�

IRU� WKH� LQWHUSUHWDWLRQ� RI� WRSLFDOL]HG� REMHFWV� VKRUWO\� EHIRUH� WKHLU� ILIWK� ELUWKGD\�� HYHQ� WKHVH�

ILQGLQJ�DUH�VWLOO�XQGHU�GLVFXVVLRQ��'LWWPDU�HW�DO�� �����D��VWDWHG��EDVHG�RQ�D�EHKDYLRUDO�DFWLQJ�

RXW�SDUDGLJP��WKDW�FKLOGUHQ�GR�QRW�XVH�WKH�FDVH�PDUNLQJ�FXH�XQWLO�WKHLU�VHYHQWK�ELUWKGD\��

7KH�FXUUHQW�EHKDYLRUDO�VHQWHQFH�SLFWXUH�PDWFKLQJ�WDVN�ZDV�WR�IXQFWLRQ�DV�IXUWKHU�HYLGHQFH�RQ�

WKH�GHEDWH�RXWOLQHG�DERYH��0RUH�LPSRUWDQW��WKH�H\H�WUDFNHU�DQG�(53�([SHULPHQW�,�SURYLGH�ILUVW�
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UHVXOWV� XVLQJ� WKHVH�PHWKRGV� WR� WKLV� HQG� DV� WR� WKLV� SRLQW� RQO\� EHKDYLRUDO�PHWKRGV� KDYH� EHHQ�

HPSOR\HG��&RQFHUQLQJ�WKH�LQWHUSUHWDWLRQ�RI�REMHFW�ILUVW�VWUXFWXUHV��VDFFDGHV�UHFRUGHG�LQ�WKH�H\H�

WUDFNHU� H[SHULPHQW� RIIHU� DWWDLQLQJ� D� GHHSHU� XQGHUVWDQGLQJ� RI� WKH� LQWHUDFWLRQ� EHWZHHQ�

SK\VLRORJLFDO�SURFHVVHV�DQG�WKH�EHKDYLRUDO�UHVXOWV�REVHUYHG��)XUWKHUPRUH��WKH�(53�([SHULPHQW�

,�WKDW�H[DPLQHV�WKH�QHXURSK\VLRORJLFDO�DVSHFWV�RI�WKH�SURFHVVLQJ�RI�REMHFW�ILUVW�VHQWHQFHV�VHHNV�

WR�UHYHDO�XQGHUO\LQJ�PHFKDQLVPV�LQ�WKH�EUDLQ�OHDGLQJ�WR�WKH�EHKDYLRU�GHWHFWHG�LQ�FKLOGUHQ�DW�����

\HDUV�� ,W� LV� UHDVRQDEOH� WR� K\SRWKHVL]H� WKDW� (53�HIIHFWV� LQGLFDWLQJ� WKH� VHQVLWLYLW\� WR� FDVH�

PDUNLQJ�FXHV�SUHFHGH�WKH�EHKDYLRUDO�LQWHUSUHWDWLRQDO�FRPSHWHQFH�RI�REMHFW�LQLWLDO�VWUXFWXUHV����

%H\RQG�WKDW��(53��([SHULPHQW�,,�VFUXWLQL]HV�DUJXPHQW�H[SHFWDWLRQV� LQ�����\HDU�ROGV�GUDZLQJ�

RQ�D�SDUDGLJP�WKDW�YLRODWHV�FDVH�PDUNLQJV�RI�QRXQ�SKUDVHV�LQ�D�V\VWHPDWLF�PDQQHU��7KLV�VWXG\�

PDNHV�LW�SRVVLEOH�WR�LQWHJUDWH�WKH�UHVXOWV�RI�WKH�EHKDYLRUDO��H\H�WUDFNLQJ��DQG�(53�([SHULPHQW�,�

LQWR� WKH�EURDGHU�FRQWH[W�RI� HVWDEOLVKHG�DUJXPHQW� VWUXFWXUHV�DQG�H[SHFWDWLRQV� LQ�SUHVFKRROHUV��

*LYHQ� WKDW� WKUHH�\HDU�ROG� WRGGOHUV� GHPRQVWUDWHG� VWDEOH� DUJXPHQW� H[SHFWDWLRQV� RQO\� IRU� WKH�

692�VHQWHQFH�VWUXFWXUHV������\HDU�ROGV�PLJKW�DOUHDG\�KDYH�VSHFLILF�H[SHFWDWLRQV�UHJDUGLQJ�DQ�

296�VWUXFWXUH�LI�WKH\�LQGHHG�KDYH�VWDUWHG�WR�EH�VHQVLWLYH�WR�WKH�FDVH�PDUNLQJ�FXH�����

�

,Q�WKH�EHKDYLRUDO�VWXG\��FKLOGUHQ�DW�WKH�DJH�RI�����SHUIRUPHG�DW�FKDQFH�OHYHO�LQ�WKH�REMHFW�LQLWLDO�

FRQGLWLRQ� ZKLOH� WKH\� SHUIRUPHG� DERYH� FKDQFH� LQ� WKH� VXEMHFW�LQLWLDO� FRQGLWLRQ�� *LYHQ� WKH�

EHKDYLRUDO� UHVXOW� LQ� WKH�REMHFW�ILUVW��FRQFOXGLQJ�D�ZRUG�RUGHU�VWUDWHJ\�DV� LQ� WKUHH�\HDU�ROGV� LV�

QRW�SRVVLEOH��)URP�WKHVH�ILQGLQJV��LW�LV�RQO\�IHDVLEOH�WR�GHGXFW�QHLWKHU�D�VWURQJ�UHOLDQFH�RQ�WKH�

ZRUG�RUGHU� FXH� QRU� RQ� WKH� FDVH�PDUNLQJ� FXH� LQ� ����\HDU�ROGV� VLQFH� LQ� WKH� IRUPHU� FDVH�

SHUIRUPDQFH�ZRXOG�UHVXOW�LQ�D�EHORZ�FKDQFH�RXWFRPH�ZKLOH�LQ�DQ�DERYH�FKDQFH�RXWFRPH�LQ�WKH�

ODWWHU���

0RUH�VHQVLWLYLW\� WR� WKH�ZRUG�RUGHU�FXH�WKDQ�YLVLEOH� LQ�WKH�EHKDYLRUDO� WHVW�ZDV�UHYHDOHG�LQ� WKH�

H\H� WUDFNHU� VWXG\� LQ� ����\HDU�ROG� SUHVFKRROHUV�� JHQHUDOO\� VSHDNLQJ�� WKH\� SHUIRUPHG� EHORZ�

FKDQFH� LQ� WKH� REMHFW�ILUVW� FRQGLWLRQ�ZKLOH� DERYH� FKDQFH� LQ� WKH� VXEMHFW�ILUVW� FRQGLWLRQ��0RUH�

VSHFLILFDOO\��IL[DWLRQ�GXUDWLRQV�GHPRQVWUDWHG�UHVXOWV�RQ�FKDQFH�OHYHO�UHODWLYH�WR�13��RQVHW��LQ�

UHODWLRQ�WR�13��RQVHW��KRZHYHU��VXPPHG�JD]H�GXUDWLRQ�UHYHDOHG�DERYH�FKDQFH�RXWFRPH�LQ�WKH�

VXEMHFW�ILUVW� FRQGLWLRQ�ZKLOH� UHVSRQVHV� WR� WKH�REMHFW�ILUVW� FRQGLWLRQ� UHPDLQHG�DW�FKDQFH�OHYHO��

7KH�PRUH�GHWDLOHG�WULDO�FRXUVH�DQDO\VLV�PDGH�PRUH�IDFHWV�RI�����\HDU�ROGV¶�IL[DWLRQV�YLVLEOH�DQG�

H[SRVHG�UHVXOWV�EHORZ�FKDQFH�LQ�WKH�REMHFW�ILUVW�FRQGLWLRQ�DW�DQ�HDUO\�WLPH�ZLQGRZ�ULJKW�DIWHU�

13��RQVHW� DQG� UHVXOWV� DERYH�FKDQFH� LQ� WKH� VXEMHFW�ILUVW� FRQGLWLRQ�DW� WZR� ODWHU� WLPH�ZLQGRZV�

ULJKW� DIWHU� 13�� RIIVHW� ����������� PV� DQG� ���������� PV� UHODWLYH� WR� WULDO� RQVHW��� 7KXV��

UHIOHFWLQJ�DXWRPDWLF�SURFHVVHV��FKLOGUHQ�UHOLHG�RQ�WKH�ZRUG�RUGHU�FXH�LQ�WKH�H\H�WUDFNHU�VWXG\��
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+RZHYHU�� WKH� EHKDYLRUDO� WHVW�� PLUURULQJ� PRUH� FRQWUROOHG� SURFHVVHV�� GLG� QRW� DFFRXQW� IRU� WKH�

VDPH�SDWWHUQ��VHH�DERYH����

$V�D�FRQVHTXHQFH�RI�WKH�EHKDYLRUDO�DQG�H\H�WUDFNLQJ�VWXG\��HYLGHQFH�DOOXGHV�WR�D�ZRUG�RUGHU�

VWUDWHJ\�LQ�����\HDU�ROGV�UHJDUGLQJ�WKH�LQWHUSUHWDWLRQ�RI�REMHFW�ILUVW�VWUXFWXUHV��QR�HYLGHQFH�ZDV�

IRXQG�IRU�VHQVLWLYLW\�WR�WKH�FDVH�PDUNLQJ�FXH�LQ�WKHVH�H[SHULPHQWV���

&RQFHUQLQJ�FKLOGUHQ¶V�UHVSRQVHV�LQ�WKH�(53�([SHULPHQW�,��QR�GLIIHUHQFHV�LQ�WKH�SURFHVVLQJ�RI�

WKH�WZR�FRQGLWLRQV�DW�13��EXW�D�VOLJKW�3����DW�13��ZHUH�IRXQG��6LQFH�SUHVFKRROHUV�DW�WKH�DJH�

RI� ���� GR� QRW� VKRZ� GLIIHUHQFHV� LQ� (53�ZDYHV� DW� 13��� LW� LV� SODXVLEOH� WR� FRQFOXGH� WKDW� WKH\�

HPSOR\�D�ZRUG�RUGHU�VWUDWHJ\�� WDNLQJ� WKH� ILUVW�QRXQ�SKUDVH� LQ�ERWK�VHQWHQFH�VWUXFWXUHV�DV� WKH�

DJHQW� UHJDUGOHVV�RI� WKH�FDVH�PDUNLQJ��DV�VKRZQ� LQ�&KDQ�HW�DO�� ���������+RZHYHU��FKLOGUHQ�DW�

WKLV� DJH� VWDUW� WR� GHWHFW� FDVH�PDUNLQJ� GLIIHUHQFHV� DW� 13�� DQG� PRUHRYHU� WU\� WR� IXQFWLRQDOO\�

LQWHUSUHW� WKHVH�� DV� VXJJHVWHG�E\� WKH� HPHUJHQFH�RI� D� ODWH� SRVLWLYLW\� LQ� UHVSRQVH� WR� WKH�REMHFW�

LQLWLDO�FRPSDUHG�WR�WKH�VXEMHFW�LQLWLDO�VHQWHQFHV��7KLV�SRVLWLYLW\�LV�LQWHUSUHWHG�DV�D�3�����ZKLFK�

ZDV�SUHYLRXVO\�UHSRUWHG�LQ�WZR�\HDU�ROGV��2EHUHFNHU�HW�DO����������,Q�DGXOWV��D�3����LV�HOLFLWHG�

E\� QRQ�SUHIHUUHG� V\QWDFWLF� VWUXFWXUHV� OLNH� E\� JDUGHQ�SDWK� VHQWHQFHV� UHIOHFWLQJ� LQFUHDVHG�

SURFHVVLQJ�GHPDQGV��+DJRRUW�HW�DO���������2VWHUKRXW�	�+ROFRPE���������,Q�DGGLWLRQ��WKH�3�����

DV� D� UHVSRQVH� WR�ZHOO�IRUPHG� VHQWHQFHV�� ZDV� RIWHQ� LQWHUSUHWHG� DV� D� V\QWDFWLF� UHDQDO\VLV� FRVW�

�6FKOHVHZVN\�	�%RUQNHVVHO���������D�UHDQDO\VLV�RI�SKUDVH�VWUXFWXUH� �%RUQNHVVHO��0F(OUHH��HW�

DO����������RU�ORFDO�LQWHJUDWLRQ�SURFHVVHV�LQ�V\QWDFWLF�FRPSOH[�VWUXFWXUHV��)LHEDFK�HW�DO����������

0RUH�VSHFLILFDOO\��LQ�D�VWXG\�UHJDUGLQJ�DPELJXRXV�VHQWHQFHV�WKDW�ZHUH�GLVDPELJXDWHG�WRZDUGV�

DQ� REMHFW�LQLWLDO� VWUXFWXUH�� )ULVFK� HW� DO�� ������� IRXQG� D� 3���� LQ� DGXOWV�� +HQFH�� DOWKRXJK� WKH�

3���� FRPSRQHQW� LV� RQO\� ZHDNO\� SURQRXQFHG� LQ� ����\HDU�ROGV�� LW� PD\� EH� LQWHUSUHWHG� DV� D�

EHJLQQLQJ� RI� D� FOHDU� FDVH�PDUNLQJ� VHQVLWLYLW\� DQG� D� UHIOHFWLRQ� RI� V\QWDFWLF� LQWHJUDWLRQ�

SURFHVVHV��

�

,Q� (53�([SHULPHQW� ,,�� ����\HDU�ROGV� GLVSOD\HG� DQ� HDUO\� QHJDWLYLW\� DQG� D� ODWH� SRVLWLYLW\� LQ�

UHVSRQVH� WR� WKH� GRXEOH�QRPLQDWLYH� YLRODWLRQ� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO� FRQGLWLRQ�� 7KH�

QHJDWLYLW\�� GLVWULEXWHG� RYHU� IURQWDO� EUDLQ� UHJLRQV�� DSSHDUHG� EHWZHHQ� �������� PV�� 7KH� (53�

FRPSRQHQW�RI�WKH�/$1��GLVWULEXWHG�RYHU�OHIW�IURQWDO�EUDLQ�UHJLRQV��LV�XVXDOO\�IRXQG�DW�WKLV�WLPH�

ZLQGRZ� �EHWZHHQ� � ��������PV�� DV� D� UHDFWLRQ� WR�PRUSKRV\QWDFWLF� YLRODWLRQV� �)LHEDFK� HW� DO���

������)ULHGHULFL���������$OWKRXJK�WKH�QHJDWLYLW\�LQ�WKH�SUHVHQW�VWXG\�LV�QRW�DV�IRFDO�EXW�PRUH�

EURDGO\�GLVWULEXWHG�RYHU�IURQWDO�EUDLQ�UHJLRQV�WKDQ�WKH�/$1�XVXDOO\�LV��WKLV�HIIHFW�QHYHUWKHOHVV�

HPHUJHV�DW�WKH�H[DFW�WLPH�ZLQGRZ�RI�WKH�/$1�DQG�LV�DOVR�IXQFWLRQDOO\�FRQVLVWHQW�ZLWK�WKH�WHVW�

PDWHULDO� EHFDXVH� LW� RFFXUV� LQ� UHODWLRQ� WR� D� PRUSKRV\QWDFWLF� YLRODWLRQ�� +HQFH�� IRU� WKH� 692�

DUJXPHQW�RUGHU��HVWDEOLVKHG�DUJXPHQW�H[SHFWDQFLHV�H[LVW� LQ�����\HDU�ROGV�DV�ZHOO�DV� LQ� WKUHH�
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\HDU�ROGV��DV�FDQ�EH�OHDUQHG�IURP�WKH�DWWHPSW�WR�UHSDLU�WKH�VHFRQG�QRPLQDWLYH��LQGLFDWHG�E\�WKH�

3�����DQG�WKH�QRWLRQ�RI�D�PRUSKRORJLFDO�YLRODWLRQ��DV�LQGLFDWHG�E\�WKH�/$1���

,Q�DGGLWLRQ�WR�WKH�/$1�3����SDWWHUQ��(53V�LQ�����\HDU�ROGV�VKRZHG�DQ�HDUO\�SRVLWLYLW\������

����PV�� IRU� WKH�GRXEOH�QRPLQDWLYH�FRPSDUHG� WR� WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ��$�VLPLODU�HDUO\�

SRVLWLYLW\� ZDV� IRXQG� LQ� GLIIHUHQW� FRQWH[WV� DV� SKRQRORJLFDO� SURFHVVLQJ�� SKUDVH�VWUXFWXUH�

YLRODWLRQV��DQG�V\QWDFWLF�YLRODWLRQV�LQ�VHYHUDO�VWXGLHV�GHDOLQJ�ZLWK�ODQJXDJH�SURFHVVLQJ��0LOOV�

	� 6KHHKDQ�� ������ 2EHUHFNHU� HW� DO��� ������ 6LOYD�3HUH\UD�� .ODUPDQ�� HW� DO��� ������ SRLQWLQJ�

WRZDUGV� DGGLWLRQDO� DQG� LQFUHDVHG� DWWHQWLRQ�PHFKDQLVPV� WKDW�PLJKW� EH� LQYROYHG� LQ� FKLOGUHQ¶V�

ODQJXDJH�SURFHVVLQJ��0LOOV�	�6KHHKDQ���������

,Q�FRQWUDVW� WR� WKH�GRXEOH�QRPLQDWLYH�FRQGLWLRQ�� WKH�GRXEOH�DFFXVDWLYH�FRQGLWLRQ�FRPSDUHG� WR�

WKH� REMHFW�LQLWLDO� VWUXFWXUHV� HOLFLWHG� GLIIHUHQW� (53� UHVXOWV� IRU� ����\HDU�ROGV�� $� QHJDWLYLW\�

EHWZHHQ����������PV�ZDV�REVHUYHG��

:KLOH�FKLOGUHQ�DW�WKH�DJH�RI�WKUHH�GHWHFW�D�PRUSKRV\QWDFWLF�YLRODWLRQ�LQ�WKH�GRXEOH�DFFXVDWLYH�

FRQGLWLRQ�EXW�GR�QHLWKHU�WKHPDWLFDOO\�RU�V\QWDFWLFDOO\�UHSDLU�LW��FKLOGUHQ�DW�WKH�DJH�RI�����VWDUW�WR�

EH� DEOH� WR� HVWDEOLVK� WKHPDWLF� GHSHQGHQFLHV� JLYHQ� WKH� VWUXFWXUHV� LQYHVWLJDWHG�� 7KH� OHIW�

ODWHUDOL]HG� SRVWHULRU� QHJDWLYLW\� FDQ� EH�� FRQVLGHUHG� LWV� GLVWULEXWLRQ�� LQWHUSUHWHG� DV� DQ�1���� DV�

+ROFRPE� HW� DO�� ������� FRQYLQFLQJO\� GHPRQVWUDWHG� WKDW� WKH� 1���� KDV� GHOD\HG� ODWHQFLHV� LQ�

FKLOGKRRG� GHFUHDVLQJ� ZLWK� DJH�� ����\HDU�ROGV� KDYH� WKXV� EHJXQ� WR� DFTXLUH� WKH� IXQFWLRQDO�

FKDUDFWHULVWLFV� RI� WKH� DFFXVDWLYH� FDVH� PDUNLQJ� DQG� UHSDLU� SURFHVVHV� UHJDUGLQJ� WKHPDWLF�

GHSHQGHQFLHV� FRPH� LQWR� SOD\� DW� WKDW� DJH�� $� FOHDU� DUJXPHQW� H[SHFWDWLRQ� UHJDUGLQJ� WKH� 296�

RUGHU�FDQQRW�EH�VWDWHG�VLQFH�QR�3����ZDV�HYLGHQW��+HQFH��WKH�SUHVFKRROHUV�SRVVHVV�D�WKHPDWLF�

H[SHFWDQF\�DQG�LQWHUSUHWDWLRQ�RI�WKHVH�VWUXFWXUHV�DQG�GR�QRW�\HW�KDYH�WKH�UHVRXUFHV�WR�UHSDLU�WKH�

VHQWHQFH�V\QWDFWLFDOO\�RU�WR�GHWHFW�WKH�V\QWDFWLF�LOO�IRUPHGQHVV����

�

������,QWHULP�&RQFOXVLRQ�
,Q�VXP��FKLOGUHQ�����\HDUV�RI�DJH�DUH�LQ�D�WUDQVLWRU\�VWDWH�EHWZHHQ�WKH�VHQVLWLYLW\�WR�WKH�ZRUG�

RUGHU�FXH�DQG�WKH�FDVH�PDUNLQJ�FXH�IRU�WKH�LQWHUSUHWDWLRQ�RI�REMHFW�ILUVW�VWUXFWXUHV��:KLOH�WKH\�

FOHDUO\�VKLIW�WKHLU�DWWHQWLRQ�WR�WKH�ZRUG�RUGHU�FXH�LQ�WKH�H\H�WUDFNHU�H[SHULPHQW��WKH�(53�6WXG\�

,� SRLQWV� WRZDUGV� WKH� EHJLQQLQJ� RI� V\QWDFWLF� LQWHJUDWLRQ� DQG� WKXV� WKH� VHQVLWLYLW\� WR� WKH� FDVH�

PDUNLQJ�FXH�DW�13���$�GHYHORSPHQW�EH\RQG�DQ�H[FOXVLYH�692�H[SHFWDWLRQ�EHFDPH�YLVLEOH�LQ�

(53�6WXG\�,,��+HUH��UHVXOWV�RI�WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�GHPRQVWUDWHG�QRW�RQO\�YLRODWLRQ�

GHWHFWLRQ��EXW�DOVR�WKHPDWLF�SURFHVVHV�WR�EH�LQYROYHG���
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7.3 Six-Year-Olds 
7KH�PDLQ� VWHSV� LQ�*HUPDQ� ODQJXDJH� DQG�JUDPPDU�DFTXLVLWLRQ� DUH� DFFRPSOLVKHG� LQ�QRUPDOO\�

GHYHORSHG� VL[�\HDU�ROGV� �6]DJXQ�� ������� 7KXV�� WKH� K\SRWKHVLV� IROORZV� WKDW� VL[�\HDU�ROG�

FKLOGUHQ�DUH�DEOH� WR�FRUUHFWO\� LQWHUSUHW�REMHFW�LQLWLDO�VHQWHQFHV�DQG�KDYH�HVWDEOLVKHG�DUJXPHQW�

H[SHFWDQFLHV� UHJDUGLQJ� VLPSOH� WUDQVLWLYH� VWUXFWXUHV�� 0RUH� VSHFLILFDOO\�� WKH� XVH� RI� WKH� FDVH�

PDUNLQJ�FXH�IRU�FRUUHFW�WKHPDWLF�UROH�DVVLJQPHQW�LV�VXUPLVHG�WR�EH�DFTXLUHG��  

,Q�DQ�DFWLQJ�RXW�WDVN��'LWWPDU�HW�DO�������D��WHVWHG�*HUPDQ�FKLOGUHQ�DW�WKH�DJH�RI�WZR��ILYH��DQG�

VHYHQ��)LYH�\HDU�ROGV�ZHUH�DEOH�WR�XVH�WKH�ZRUG�RUGHU�FXH�DORQH��EXW�QRW�FDVH�PDUNLQJ��6HYHQ�

\HDU�ROGV�ZHUH�HYHQWXDOO\�DEOH� WR�DVVLJQ�FRUUHFW� WKHPDWLF� UROHV� WR�FRQVWLWXHQWV� LQ�D� WUDQVLWLYH�

VHQWHQFH�EDVHG�RQ�WKH�FDVH�PDUNLQJ�FXH�DORQH��

+RZHYHU��VWDUWLQJ�DW�WKH�DJH�RI�ILYH��WKHUH�VHHPV�WR�EH�PRUH�DWWHQWLRQ�WR�WKH�FDVH�PDUNLQJ�FXH�

�/LQGQHU��������0LOOV��������6FKDQHU�:ROOHV��������DV�0LOOV� ������� IRXQG�D�EORFNLQJ�RI� WKH�

ZRUG�RUGHU�VWUDWHJ\�IRU�XQDPELJXRXV�DFFXVDWLYH�PDUNHUV�LQ�LQLWLDO�SRVLWLRQ�DW�WKLV�DJH��7KHVH�

ILQGLQJV�FRQWUDGLFW�WKH�VWXG\�E\�'LWWPDU�HW�DO�� �����D��DV�LW�ZDV�QRW�XQWLO�FKLOGUHQ�ZHUH�VHYHQ�

\HDUV�RI�DJH�WKDW�WKH\�ZHUH�DEOH�WR�FRUUHFWO\�XVH�WKH�FDVH�PDUNLQJ�FXH��+HQFH��WKH�SUHVHQW�VWXG\�

RI� VL[�\HDU�ROGV� DLPV� WR� FODULI\� WKH�TXHVWLRQ�ZKHWKHU� WKHVH�FKLOGUHQ� DOUHDG\�PDNH�XVH�RI� WKH�

FDVH�PDUNLQJ� FXH� DQG� XQGHU�ZKLFK� FRQGLWLRQV� WKH\� DUH� VHQVLWLYH� WR�ZKLFK� FXHV� IRU� VHQWHQFH�

LQWHUSUHWDWLRQ��

�

������%HKDYLRUDO�'DWD�

7.3.1.1 Methods 

� � ����������6XEMHFWV�
,Q� WKH�EHKDYLRUDO�H[SHULPHQW�����FKLOGUHQ�����IHPDOH��DW� WKH�DJH�RI�VL[�ZHUH� WHVWHG��7KUHH�RI�

WKHP�ZHUH�H[FOXGHG�EHFDXVH�WKH\�GLG�QRW�GLVSOD\�DJH�DSSURSULDWH�ODQJXDJH�GHYHORSPHQW�LQ�WKH�

752*�'��)R[���������7KH�ILQDO�VDPSOH�RI�WKH�EHKDYLRUDO�H[SHULPHQW�FRQVLVWHG�RI����VL[�\HDU�

ROGV�����IHPDOH���

�

����������6WLPXOL�
6L[�\HDU�ROGV� ZHUH� SUHVHQWHG� ZLWK� VXEMHFW�ILUVW� DQG� REMHFW�ILUVW� VHQWHQFHV� WKDW� WKH\� KDG� WR�

PDWFK�WR�FRUUHVSRQGLQJ�SLFWXUHV��VHH�6HFWLRQ�����([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO���,Q�HDFK�

WULDO��WZR�SLFWXUHV�ZHUH�VKRZQ�RQH�RI�ZKLFK�GHSLFWLQJ�WKH�FRUUHFW�DJHQW�DQG�SDWLHQW�UROHV�DQG�

WKH�RWKHU�RQH�UHYHUVHG�WKHPDWLF�UROHV��

�
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����������'DWD�DQDO\VLV�
$V�H[SODLQHG�LQ�GHWDLO� LQ�6HFWLRQ�����'DWD�3URFHVVLQJ�DQG�$QDO\VLV��FRUUHFW� LGHQWLILFDWLRQV�RI�

WKH�FRUUHVSRQGLQJ�SLFWXUH�LQ�HDFK�WULDO�SHU�FRQGLWLRQ�ZHUH�DYHUDJHG�DQG�DIWHUZDUGV�VWDWLVWLFDOO\�

DQDO\]HG�DJDLQVW�FKDQFH�OHYHO��������&RPSDULVRQV�EHWZHHQ�����\HDU�ROGV¶�EHKDYLRUDO�GDWD�DQG�

VL[�\HDU�ROGV¶�GDWD�ZHUH�FDOFXODWHG�ZLWK�D�W�WHVW�IRU�LQGHSHQGHQW�VDPSOHV��

�

7.3.1.2 Results 
6L[�\HDU�ROG�FKLOGUHQ�SHUIRUPHG�DERYH�FKDQFH�LQ�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ����������W����� �

��������S�����������,Q�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��KRZHYHU��WKH�GDWD�RI�WKH�VDPH�DJH�JURXS�GLG�

VWLOO� QRW� UHVXOW� LQ� D� VLJQLILFDQW� RXWFRPH�DERYH� FKDQFH� ��������� W�����  � ������� S� !� ����� �VHH�

)LJXUH������

)URP�D�GHYHORSPHQWDO�SHUVSHFWLYH��FRUUHFW�UHVSRQVHV�WR�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ�LQFUHDVHG�

VLJQLILFDQWO\�EHWZHHQ������DQG�VL[�\HDU�ROGV��ZKLFK�ZDV�FRQILUPHG�E\�D�W�WHVW�IRU�LQGHSHQGHQW�

VDPSOHV������YV��VL[��W��������� ���������S����������6LJQLILFDQW�LPSURYHPHQW�EHWZHHQ�WKHVH�WZR�

DJH� JURXSV� LQ� WKH� REMHFW�LQLWLDO� FRQGLWLRQ�ZDV� QRW� HYLGHQW��+RZHYHU�� LQ� WKLV� FRQGLWLRQ�� WKHUH�

ZDV� D� VLJQLILFDQW� GLIIHUHQFH� LQ�SHUIRUPDQFH�EHWZHHQ� WKUHH�\HDU�ROGV� DQG� VL[�\HDU�ROGV� �WKUHH�

YV��VL[��W��������� ���������S����������

�

�
�

)LJXUH�����6L[�\HDU�ROGV��5HVXOWV�RI�WKH�EHKDYLRUDO�WDVN�WR�LGHQWLI\�ZKLFK�SLFWXUH�FRUUHVSRQGHG�WR�HDFK�
VHQWHQFH��
�

7.3.1.3 Interim Summary: Behavioral data 
,Q�WKH�EHKDYLRUDO�H[SHULPHQW��VL[�\HDU�ROGV�LGHQWLILHG�WKH�FRUUHVSRQGLQJ�SLFWXUH�LQ�WKH�VXEMHFW�

LQLWLDO� FRQGLWLRQ� V\VWHPDWLFDOO\� FRUUHFW� DQG� FORVH� WR� SHUIHFW�� ,Q� WKH� REMHFW�LQLWLDO� FRQGLWLRQ��
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KRZHYHU��WKH\�QHLWKHU�SRLQWHG�V\VWHPDWLFDOO\�WR�WKH�FRUUHFW� QRU�LQFRUUHFW�SLFWXUH��DV�DOVR�VHHQ�

IRU�����\HDU�ROGV��

�

������(\H�7UDFNLQJ�'DWD�

7.3.2.1 Methods 

����������6XEMHFWV�
$W� WKH� DJH� RI� VL[� \HDUV�� ��� ���� IHPDOH�� FKLOGUHQ� ZHUH� WHVWHG�� 'XH� WR� QRW� DJH�DSSURSULDWH�

SHUIRUPDQFH� LQ� WKH� ODQJXDJH� WHVW� �752*�'�� �)R[�� �������� DQ� LQVXIILFLHQW� WULDO� QXPEHU� RU� D�

FOHDU�ORRNLQJ�SUHIHUHQFH�IRU�RQH�VLGH�RI�WKH�VFUHHQ��VHH�����'DWD�3URFHVVLQJ�DQG�$QDO\VLV���WKH�

GDWD�RI�VHYHQ�FKLOGUHQ�KDG�WR�EH�H[FOXGHG�IURP�WKH�DQDO\VLV�RI�JD]H�GXUDWLRQ�IURP�13��13��

RQVHW�DQG�IURP�WKH�WULDO�FRXUVH�DQDO\VLV��UHVSHFWLYHO\��UHVXOWLQJ�LQ��������IHPDOH��VL[�\HDU�ROGV�

IRU�DOO�WKUHH�VDPSOHV���

�

����������6WLPXOL��
7ZR� SLFWXUHV� SHU� WULDO� ZHUH� SUHVHQWHG� RQ� D� VFUHHQ�� $W� WKH� VDPH� WLPH�� FKLOGUHQ� OLVWHQHG� WR�

VHQWHQFHV� FRQVWUXFWHG� LQ� WKH� VXEMHFW�ILUVW� DQG� REMHFW�ILUVW� VWUXFWXUH��2QH� SLFWXUH� GHSLFWHG� WKH�

FRUUHVSRQGLQJ�WKHPDWLF�UROHV�RI�WKH�DXGLWRU\�VWLPXOL�DQG�WKH�RWKHU�RQH�VKRZHG�UHYHUVHG�DFWRU�

DQG�SDWLHQW�UROHV��VHH�6HFWLRQ�����([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO���

�

����������'DWD�$QDO\VLV�
7KH�DQDO\VLV�RI�ERWK�WLPH�ZLQGRZV��EHJLQQLQJ�DW�13��DQG�13���UHVSHFWLYHO\��LQFOXGHG�D�PHDQ�

QXPEHU� RI� ����� WULDOV�� 7KHVH� QXPEHUV� GLG� QRW� GLIIHU� VLJQLILFDQWO\� EHWZHHQ� FRQGLWLRQV�� 7KH�

DYHUDJHG�PHDQ�QXPEHU�RI� WULDOV�DFURVV�DOO� WLPH�ZLQGRZV�LQFOXGHG�LQ�WKH� WULDO�FRXUVH�DQDO\VLV�

UHVXOWHG�LQ��������

&RUUHVSRQGLQJ�IL[DWLRQ�GXUDWLRQV�WR�WKH�PDWFKLQJ�SLFWXUH�ZLWK�WKH�DXGLWRU\�VWLPXOXV�SUHVHQWHG�

ZHUH�DYHUDJHG�DQG�DQDO\]HG�DFFRUGLQJ�WR�13��RQVHW��XQWLO�YHUE�RIIVHW�����V�RI�OHQJWK���WR�13��

RQVHW� ��V� RI� OHQJWK�� DQG� LQ� VOLGLQJ� ZLQGRZV� RI� ���� PV� DFURVV� WKH� ZKROH� WULDO� �WULDO� FRXUVH�

DQDO\VLV���VHH�6HFWLRQ�����'DWD�3URFHVVLQJ�DQG�$QDO\VLV���(YHU\�FRQGLWLRQ��VXEMHFW�ILUVW�REMHFW�

ILUVW�� ZDV� VWDWLVWLFDOO\� DQDO\]HG� LQ� UHODWLRQ� WR� FKDQFH�OHYHO� ������ IRU� DOO� WKUHH� DQDO\VHV�� ,Q�

DGGLWLRQ�� WULDO�FRXUVH� VWDWLVWLFV�ZHUH� FRPSXWHG� HPSOR\LQJ� WZR�ZD\�$129$V�ZLWK� FRQGLWLRQ�

�VXEMHFW�ILUVW�REMHFW�ILUVW�� DQG� WLPH� ZLQGRZ� ���� WLPH� ZLQGRZV�� HDFK� ���� PV� RI� OHQJWK�� DV�

IDFWRUV�� 7�WHVWV� IRU� LQGHSHQGHQW� VDPSOHV�ZHUH� XVHG� WR� FRPSXWH� GLIIHUHQFHV� EHWZHHQ� WKH� H\H�

WUDFNHU�GDWD�RI�WKH�����\HDU�ROGV�DOUHDG\�SUHVHQWHG�DQG�VL[�\HDU�ROGV��
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7.3.2.2 Results 
13��

6L[�\HDU�ROGV� FRUUHFW� IL[DWLRQ� GXUDWLRQ� WR� WKH� FRUUHVSRQGLQJ� SLFWXUH� LQ� UHODWLRQ� WR�13�� RQVHW�

XQWLO�YHUE�RIIVHW� ����V�� DPRXQWHG� WR��������LQ� WKH� VXEMHFW�ILUVW� FRQGLWLRQ�DQG�������� LQ� WKH�

REMHFW�ILUVW�FRQGLWLRQ��2QH�VDPSOH�W�WHVWV�DJDLQVW�����GLG�QRW�UHYHDO�DQ\�VLJQLILFDQW�GLIIHUHQFH�

IURP�FKDQFH�LQ�WKH�VXEMHFW�ILUVW�FRQGLWLRQ��W����� ���������S�!��������KRZHYHU��IRU�WKH�REMHFW�

ILUVW�FRQGLWLRQ�VLJQLILFDQW�GLIIHUHQFH�EHORZ�FKDQFH�ZDV�IRXQG��W����� ���������S����������7�WHVWV�

IRU� LQGHSHQGHQW� VDPSOHV� UHYHDOHG� QR� GLIIHUHQFHV� EHWZHHQ� ����� DQG� VL[�\HDU�ROGV� IRU� IL[DWLRQ�

GXUDWLRQV� IURP� 13�� RQVHW� �VXEMHFW�ILUVW� FRQGLWLRQ�� W�����  � ������� S� !� ������ REMHFW�ILUVW�

FRQGLWLRQ��W��������� ��������S�!�������� 

�

13��

7KH�UHVXOWV�RI�VL[�\HDU�ROGV¶�VXPPHG�JD]H�GXUDWLRQ�WR�WKH�FRUUHVSRQGLQJ�SLFWXUH�LQ�UHODWLRQ�WR�

13����V�WLPH�ZLQGRZ��DPRXQWHG�WR��������LQ�WKH�VXEMHFW�ILUVW�FRQGLWLRQ�DQG�IRU��������LQ�WKH�

REMHFW�ILUVW� FRQGLWLRQ� �VHH� )LJXUH� �����6WDWLVWLFDO� DQDO\VLV� UHYHDOHG� VLJQLILFDQW� ILQGLQJV� DERYH�

FKDQFH� LQ� ERWK� FRQGLWLRQV� �W�����  � ������� S� �� ������ IRU� WKH� VXEMHFW�ILUVW� FRQGLWLRQ�� W�����  �

������� S� �� ����� IRU� WKH� REMHFW�ILUVW� FRQGLWLRQ��� ,Q� DGGLWLRQ�� WKH� WZR� FRQGLWLRQV� GLIIHUHG�

VLJQLILFDQWO\�LQ�VL[�\HDU�ROGV�DV�UHYHDOHG�E\�D�SDLUHG�W�WHVW��W����� ��������S�����������6WDWLVWLFDO�

FRPSDULVRQ� EHWZHHQ� SUHVFKRROHUV� DW� WKH� DJH� RI� ����� DQG� VL[�\HDU�ROGV� GHOLYHUHG�� LQ� WXUQ��

VLJQLILFDQW� GLIIHUHQFHV� LQ� ERWK� FRQGLWLRQV� �W�����  � �������� S� �� ����� IRU� WKH� VXEMHFW�ILUVW�

FRQGLWLRQ��W����� ���������S��������IRU�WKH�REMHFW�ILUVW�FRQGLWLRQ���

,Q�VXP��VL[�\HDU�ROG�FKLOGUHQ¶V�IL[DWLRQ�GXUDWLRQ�DIWHU�13��RQVHW�UHYHDOHG�DERYH�FKDQFH�UHVXOWV�

LQ�WKH�VXEMHFW�ILUVW�DV�ZHOO�DV�LQ�WKH�REMHFW�ILUVW�FRQGLWLRQ��ZKLFK�ERWK�LQFUHDVHG�VLJQLILFDQWO\�LQ�

FRPSDULVRQ�WR�����\HDU�ROGV��

�

�
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)LJXUH�����6L[�\HDU�ROGV��$YHUDJHV�RI�WKH�FRUUHFW�IL[DWLRQ�GXUDWLRQ�SHU�FRQGLWLRQ�LQ�D�WZR�VHFRQGV�WLPH�
ZLQGRZ�EHJLQQLQJ�DW�13���
�

7ULDO�&RXUVH�$QDO\VLV�

6WDWLVWLFDO� DQDO\VLV� RI� IL[DWLRQ� GXUDWLRQV� WR� WKH� FRUUHVSRQGLQJ� SLFWXUHV� RYHU� WKH� WULDO� FRXUVH�

ZLWKLQ�7:V�RI� ����PV� �VHH� )LJXUH� ���� GHOLYHUHG� D� WLPH�ZLQGRZ�PDLQ� HIIHFW� �)����������  �

�������S����������DQG�DQ�LQWHUDFWLRQ�FRQGLWLRQ�[�WLPH�ZLQGRZ��)����������� ��������S�����������

6XEVHTXHQW� RQH�ZD\� $129$V� UHYHDOHG� D� FRQGLWLRQ� PDLQ� HIIHFW� IRU� WKH� FRQWLQXRXV� WLPH�

ZLQGRZV�EHWZHHQ�����������PV�UHODWLYH�WR�WULDO�RQVHW��VHH�7DEOH�������

�
7DEOH�����6LJQLILFDQW�FRQGLWLRQ�PDLQ�HIIHFWV�LQ�VL[�\HDU�ROGV¶�WULDO�FRXUVH�DQDO\VLV�FDOFXODWHG�IRU�����PV�
WLPH�ZLQGRZV��

7:��PV�� )������� S�YDOXH�
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�

2QH�VDPSOH� W�WHVWV�� FDOFXODWHG� VHSDUDWHO\� IRU� HYHU\� 7:�� UHYHDOHG� VLJQLILFDQW� RXWFRPH� DERYH�

FKDQFH� LQ� WKH� VXEMHFW�ILUVW� FRQGLWLRQ� EHWZHHQ� ���������� PV�� DQG� EHWZHHQ� ���������� PV�

UHODWLYH�WR�WULDO�RQVHW��VHH�7DEOH������,Q�WKH�REMHFW�ILUVW�FRQGLWLRQ��VLJQLILFDQW�IL[DWLRQ�GXUDWLRQV�

DERYH�FKDQFH�ZHUH�IRXQG�DOVR�LQ�WKH�VWDWLVWLFDO�DQDO\VLV�EHWZHHQ�����������PV��UHODWLYH�WR�WULDO�

RQVHW��VHH�7DEOH�������

�



����6L[�<HDU�2OGV�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�
�

�
���

7DEOH� ���� 6LJQLILFDQW� W�YDOXHV� �RQH�VDPSOH� W�WHVW� FDOFXODWHG� DJDLQVW� FKDQFH�OHYHO�� RI� VL[�\HDU�ROGV¶�
IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH�VXEMHFW�ILUVW�FRQGLWLRQ�
�

7:��PV�� W����� S�YDOXH�
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7DEOH� ���� 6LJQLILFDQW� W�YDOXHV� �RQH�VDPSOH� W�WHVW� FDOFXODWHG� DJDLQVW� FKDQFH�OHYHO� RI� ����� RI� VL[�\HDU�
ROGV¶�IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH�REMHFW�ILUVW�FRQGLWLRQ�
�

7:��PV�� W����� S�YDOXH�
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)LJXUH�����6L[�\HDU�ROGV��$YHUDJHV�RI�WKH�FRUUHFW�IL[DWLRQ�GXUDWLRQ�SHU�FRQGLWLRQ�RYHU�WKH�FRXUVH�RI�D�
WULDO�LQ�����PV�ZLQGRZV��
�

7.3.2.3 Interim Summary: Eye-tracking data 
)RU�VL[�\HDU�ROGV��WKH�DQDO\VLV�RI�IL[DWLRQ�GXUDWLRQV�LQ�WKH�����V�WLPH�ZLQGRZ�DW�13��VKRZHG�

UHVXOWV�DW�FKDQFH�OHYHO�LQ�ERWK�FRQGLWLRQV�DV�LQ�DOO�\RXQJHU�DJH�JURXSV�DV�ZHOO��2Q�WKH�FRQWUDU\��

DW�13���DQDO\VLV�UHYHDOHG�RXWFRPHV�DERYH�FKDQFH�LQ�WKH�VXEMHFW�LQLWLDO�DQG�LQ�WKH�REMHFW�LQLWLDO�
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FRQGLWLRQ�� ,Q� WKH� WULDO� FRXUVH� DQDO\VLV�� UHVXOWV� H[SRVHG� DERYH� FKDQFH� JD]H� GXUDWLRQV� VWDUWLQJ�

VKRUWO\�DIWHU�13��RQVHW��DW������PV�UHODWLYH�WR�WULDO�RQVHW��LQ�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ��ZKLOH�

WKLV�HIIHFW�RQO\�VWDUWHG�RQH�VHFRQG�DIWHU�VHQWHQFH�RIIVHW�LQ�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��QDPHO\�

DW������PV�UHODWLYH�WR�WULDO�RQVHW��

,Q�VXP����\HDU�ROGV�DUH�VHQVLWLYH�WR�WKH�FDVH�PDUNLQJ�DQG�LQWHUSUHW�WKH�REMHFW�LQLWLDO�VHQWHQFHV�

FRUUHFWO\�EXW� VWLOO� QHHG� D� VLJQLILFDQWO\� ORQJHU� SURFHVVLQJ� WLPH� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO�

VWUXFWXUHV��

�

������(53�'DWD�,��3URFHVVLQJ�RI�2EMHFW�)LUVW�6WUXFWXUHV�

7.3.3.1. Methods 

� � ����������6XEMHFWV�
7KH�GDWD�RI� DSSUR[LPDWHO\�RQH�TXDUWHU�RI� DOO� FKLOGUHQ� WHVWHG� LQ� WKH�((*�H[SHULPHQW� ���� VL[�

\HDU�ROGV�� ��� IHPDOH�� ZHUH� H[FOXGHG� EHFDXVH� WKH\� FRQWDLQHG� GLVSURSRUWLRQDWH� QXPEHUV� RI�

DUWLIDFWV�FDXVHG�E\�H[DJJHUDWHG�PRYHPHQW�DQG�RU�SHUVSLUDWLRQ��VNLQ�SRWHQWLDOV��RU� WKH�VXEMHFW�

GLG� QRW� GLVSOD\� DJH�DSSURSULDWH� ODQJXDJH� GHYHORSPHQW� LQ� WKH� WHVW� IRU� UHFHSWLRQ� RI� JUDPPDU��

�752*�'���)R[���������VHH�6HFWLRQ�����/DQJXDJH�7HVWLQJ��752*�'���7KH�ILQDO�VDPSOH�RI�WKH�

((*�H[SHULPHQW�FRQVLVWHG� �IRU�13��13��� UHVSHFWLYHO\��RI�������VL[�\HDU�ROGV� ������IHPDOH���

6XEMHFW�QXPEHUV�GLIIHUHG�IRU�13��13��EHFDXVH�SURFHVVLQJ�SURFHGXUHV�FRQFHUQLQJ�UHMHFWLRQ�RI�

WULDOV�ZHUH�NHSW�FRQVWDQW�DFURVV�DOO�DQDO\VHV��VHH�6HFWLRQ�����'DWD�3URFHVVLQJ�DQG�$QDO\VLV���

�

����������6WLPXOL�
6L[�\HDU�ROGV� ZHUH� SUHVHQWHG� ZLWK� DXGLWRU\� VWLPXOXV� PDWHULDO� FRQWDLQLQJ� VXEMHFW�ILUVW� DQG�

REMHFW�ILUVW�VHQWHQFHV��VHH�6HFWLRQ�����([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO���

�

����������'DWD�$QDO\VLV�
7KH� UHVXOWLQJ�PHDQ�QXPEHU�RI� DYHUDJHG� WULDOV� DFURVV� VL[�\HDU�ROG�SDUWLFLSDQWV�ZDV������� IRU�

13��DQG�13���UHVSHFWLYHO\��7KHVH�QXPEHUV�GLG�QRW�GLIIHU�EHWZHHQ�FRQGLWLRQV��

6WDWLVWLFDO� DQDO\VHV� ZHUH� SHUIRUPHG� VHSDUDWHO\� IRU� PHDQ� DPSOLWXGHV� RQ� PLGOLQH� DQG� ODWHUDO�

HOHFWURGH�VLWHV��)RU�PLGOLQH�VLWHV��)=��&=��DQG�3=���D� WZR�ZD\�$129$�ZDV�FDOFXODWHG�ZLWK�

WKH� IDFWRUV� Condition� �VXEMHFW�LQLWLDO� DQG� REMHFW�LQLWLDO�� DQG� Region� �DQWHULRU�� FHQWUDO�� DQG�

SRVWHULRU��� )RU� ODWHUDO� VLWHV�� D� WKUHH�ZD\�$129$�ZDV� FRPSXWHG�ZLWK� WKH� IDFWRUV�Condition��

Site� �)��� )��� )��� )��� )&��� )&��� 7��� &��� &��� 3��� &3��� &3��� 7��� 3��� 3��� 3��� 2���2���� DQG�
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Hemisphere� �OHIW� DQG� ULJKW��� 6LJQLILFDQW� LQWHUDFWLRQV� LQYROYLQJ� WKH� IDFWRU� Condition� ZHUH�

IXUWKHU�DQDO\]HG�IRU�HDFK�Site�Region�XVLQJ�D�RQH�ZD\�$129$�ZLWK�Condition�DV�IDFWRU��

�

7.3.3.2 Results 
13��

$�VLPLODU�QHJDWLYLW\�DV� LQ� WKH�DGXOWV¶�UHVSRQVH�WR�WKH�REMHFW�LQLWLDO�FRQGLWLRQ�FRPSDUHG�WR� WKH�

VXEMHFW�LQLWLDO�FRQGLWLRQ�ZDV�REVHUYHG�LQ�VL[�\HDU�ROGV�RYHU�IURQWR�FHQWUDO�EUDLQ�UHJLRQV��)LJXUH�

����OHIW�SDQHO���6WDWLVWLFDO�DQDO\VLV�VKRZHG�D�PDLQ�HIIHFW�IRU�FRQGLWLRQ�LQ�7:��ERWK�IRU�ODWHUDO�

VLWHV��)������� ��������S���������DQG�IRU�PLGOLQH��)������� ��������S����������

�

13��

,Q� WKH� ROGHVW� DJH� JURXS� WHVWHG�� (53� UHVSRQVHV� WR� REMHFW�LQLWLDO� VWUXFWXUHV� LQ� FRPSDULVRQ� WR�

VXEMHFW�LQLWLDO�VWUXFWXUHV�VKRZHG�D�YHU\�EURDGO\�GLVWULEXWHG�SRVLWLYH�ZDYH��ZKLFK�ZDV�DSSDUHQW�

ERWK�DW�DQ�HDUO\�VWDUWLQJ�SRLQW�DQG� WKHQ�DJDLQ�DW� ODWHU� WLPH�ZLQGRZV��)LJXUH����� ULJKW�SDQHO���

$FFRUGLQJO\�� $129$V� VKRZHG� D� VLJQLILFDQW� HIIHFW� IRU� WKH� IDFWRU� Condition� DW� ODWHUDO� VLWHV�

�7:���)�������� ���������S��������7:���)������� ��������S���������7:���)������� ��������S���

������7:���)������� ��������S��������� �7:���)������� ���������S���������7:����)������� �

�������� S� �� ������� 7:���� )�������  � �������� S� �� ������ 7:���� )�������  � �������� S� �� ������

7:����)������� ���������S���������7:����)������� ��������S���������7:����)������� ���������

S���������7:���� )������� �������� S����������$� VLJQLILFDQW� HIIHFW� IRU� WKH� IDFWRU� FRQGLWLRQ� DW�

PLGOLQH�ZDV�DOVR�IRXQG��7:���)������� ��������S���������7:����)������� ��������S���������

7:����)������� ��������S���������7:����)������� ��������S���������7:����)������� ��������S�

��������7:����)������� ��������S���������7:����)������� ���������S����������$Q�LQWHUDFWLRQ�RI�

Condition��Hemisphere�DQG�HOHFWURGH�Site�RFFXUUHG�LQ�7:���DOWKRXJK�QR�VLJQLILFDQW�GLIIHUHQFHV�

DW� VLQJOH� HOHFWURGH� VLWHV� FRXOG� EH� GHWHFWHG��$Q� LQWHUDFWLRQ� EHWZHHQ�Condition� DQG�Region� DW�

PLGOLQH� ZDV� DOVR� IRXQG� LQ� 7:�� �)�������  � ������� S� �� ������� ZKLFK� ZDV� VLJQLILFDQW� LQ� DQ�

DQDO\VLV� RI� VLQJOH� FHQWUDO� HOHFWURGHV� DW� )=� �)�������  � ������� S� �� ������� ,Q� DGGLWLRQ�� DQ�

LQWHUDFWLRQ�RI�Condition�DQG�HOHFWURGH�Sites�ZDV�DOVR�SUHVHQW�LQ�7:����)�������� ��������S���

�������7:����)�������� ��������S����������DQG�7:����)�������� ��������S�����������6HSDUDWH�

DQDO\VHV� RI� VLQJOH� HOHFWURGH� VLWHV� UHYHDOHG� VLJQLILFDQW� FRQGLWLRQ� HIIHFWV� IRU� WKH� SRVLWLYLW\��

EURDGO\� GLVWULEXWHG� RYHU� IURQWDO�� FHQWUDO� DQG� WHPSRUDO� EUDLQ� UHJLRQV� �7DEOH� ����� ,Q� VXP�� WKH�

VWDWLVWLFDO� DQDO\VHV� GHPRQVWUDWHG� SURFHVVLQJ� GLIIHUHQFHV� EHWZHHQ� REMHFW�LQLWLDO� VWUXFWXUHV� DQG�

VXEMHFW�LQLWLDO� VWUXFWXUHV� LQ� VL[�\HDU�ROGV� WKDW� ZHUH� HYLGHQW� LQ� D� ORQJ�ODVWLQJ� DQG� EURDGO\�

GLVWULEXWHG�SRVLWLYH�VKLIW�LQ�UHVSRQVH�WR�REMHFW�LQLWLDO�VHQWHQFHV��
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)LJXUH�����*UDQG�DYHUDJH�(53V�RI� VL[�\HDU�ROGV� IRU� VHOHFWHG�HOHFWURGHV��REMHFW�LQLWLDO�YHUVXV� VXEMHFW�
LQLWLDO��UHODWLYH�WR�WKH�RQVHW�RI�13���OHIW�SDQHO����13���ULJKW�SDQHO���7KH�VXEMHFW�LQLWLDO�FRQGLWLRQ��VROLG�
OLQH��LV�SORWWHG�DJDLQVW�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��GRWWHG�OLQH���1HJDWLYH�YROWDJH�LV�SORWWHG�XSZDUGV��
�

�
7DEOH�����&RQGLWLRQ�0DLQ�(IIHFWV�RI���\HDU�ROGV¶�(53V�LQ�'LIIHUHQW�7:V�5HODWLYH�WR�13��2QVHW�
�
7:��PV�� )������� (OHFWURGH�6LWH�

��������������� ������������� )��� )��� )&��� )&��� )��� )�� 7���

&���&3���&���7��

��������������� ������������� )��� )��� )&��� )&��� )��� )��� 7��

&���&3���&���7��

��������������� ������������� )��� )��� )&��� )&��� )��� )��� 7��� &���

&3���&���7��

S���������S���������S��������  
 

7.3.3.3 Interim Summary: ERP-data I 
(53�GDWD�RI�WKH�VL[�\HDU�ROGV�UHYHDOHG�WKH�VDPH�SURFHVVLQJ�GLIIHUHQFHV�DV�LQ�DGXOWV�DW�13��IRU�

WKH� REMHFW�LQLWLDO� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO� FRQGLWLRQ�� QDPHO\� DQ� HDUO\� IURQWR�FHQWUDO�

QHJDWLYLW\��+RZHYHU��WKH�UHVW�RI�WKH�VHQWHQFH�LV�QRW�HTXDOO\�HIIRUWOHVVO\�SURFHVVHG�DV�LQ�DGXOWV�

UHYHDOLQJ�D�EURDGO\�GLVWULEXWHG�SRVLWLYLW\�DW�13��RQVHW�IRU�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��

�

�

�

�
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������(53�'DWD�,,��3URFHVVLQJ�RI�$UJXPHQW�9LRODWLRQV�

7.3.4.1 Methods 

� � ����������6XEMHFWV�
7KH�GDWD�RI�DSSUR[LPDWHO\�RQH�TXDUWHU�RI�DOO�FKLOGUHQ�WHVWHG�����VL[�\HDU�ROGV�����IHPDOH��LQ�WKH�

((*�H[SHULPHQW�ZHUH�H[FOXGHG�EHFDXVH�WKH\�FRQWDLQHG�GLVSURSRUWLRQDWH�QXPEHUV�RI�DUWLIDFWV�

FDXVHG�E\�H[DJJHUDWHG�PRYHPHQW�DQG�RU�SHUVSLUDWLRQ� �VNLQ�SRWHQWLDOV��RU� WKH� VXEMHFW�GLG�QRW�

GLVSOD\�DJH�DSSURSULDWH�ODQJXDJH�GHYHORSPHQW�LQ�WKH�WHVW�IRU�UHFHSWLRQ�RI�JUDPPDU���752*�'��

�)R[�� ������ �VHH� 6HFWLRQ� ���� /DQJXDJH� 7HVWLQJ�� 752*�'��� 7KH� ILQDO� VDPSOH� RI� WKH� ((*�

H[SHULPHQW�FRQVLVWHG�RI����VL[�\HDU�ROGV�����IHPDOH���

�

����������6WLPXOL�
,Q� WKH� (53�([SHULPHQW� ,,�� VL[�\HDU�ROGV� OLVWHQHG� WR� DXGLWRU\� VWLPXOXV� PDWHULDO� FRQWDLQLQJ�

VXEMHFW�ILUVW��REMHFW�ILUVW��GRXEOH�QRPLQDWLYH��DQG�GRXEOH�DFFXVDWLYH�VWUXFWXUHV��VHH�6HFWLRQ�����

([SHULPHQWDO�'HVLJQ�DQG�0DWHULDO����

�

����������'DWD�$QDO\VLV�
7KH�UHVXOWLQJ�PHDQ�QXPEHU�RI�DYHUDJHG�WULDOV�DFURVV�SDUWLFLSDQWV�DFFRXQWHG�IRU����LQ�VL[�\HDU�

ROGV��7KHVH�QXPEHUV�GLG�QRW�GLIIHU�EHWZHHQ�FRQGLWLRQV��

6WDWLVWLFDO�DQDO\VHV�IRU�PHDQ�DPSOLWXGHV�RQ�PLGOLQH�DQG�ODWHUDO�HOHFWURGH�VLWHV�ZHUH�FRPSXWHG�

VHSDUDWHO\��)RU�PLGOLQH� VLWHV� �)=��&=��DQG�3=��� D� WZR�ZD\�$129$�ZDV�FDOFXODWHG�ZLWK� WKH�

IDFWRUV�Condition��VXEMHFW�LQLWLDO�DQG�GRXEOH�QRPLQDWLYH�LQ�H[SHULPHQW���DQG�REMHFW�LQLWLDO�DQG�

GRXEOH� DFFXVDWLYH� LQ� H[SHULPHQW� ��� DQG�Region� �DQWHULRU�� FHQWUDO�� DQG� SRVWHULRU��� )RU� ODWHUDO�

VLWHV�� D� WKUHH�ZD\�$129$�ZDV� SHUIRUPHG�ZLWK� WKH� IDFWRUV�Condition��Site� �)��� )��� )��� )���

)&��� )&��� 7��� &��� &��� 3��� &3��� &3��� 7��� 3��� 3��� 3��� 2���2���� DQG�Hemisphere� �OHIW� DQG�

ULJKW���6LJQLILFDQW� LQWHUDFWLRQV� LQYROYLQJ� WKH� IDFWRU�Condition�ZHUH� IXUWKHU� DQDO\]HG� IRU� HDFK�

Site�Region�HPSOR\LQJ�D�RQH�ZD\�$129$�ZLWK�Condition�DV�IDFWRU���

$V�DOUHDG\�H[SODLQHG� LQ�6HFWLRQ� ����������'DWD�$QDO\VLV�� UHJDUGLQJ� WKH�DQDO\VLV�RI� WKH� WKUHH�

\HDU�ROGV¶�GDWD��(53�UHVSRQVHV�WR�WKH�VXEMHFW�LQLWLDO�DQG�GRXEOH�QRPLQDWLYH�FRQGLWLRQ�DQG�DOVR�

WR�WKH�REMHFW�LQLWLDO�DQG�GRXEOH�DFFXVDWLYH�FRQGLWLRQ�ZHUH�RQO\�FRPSDUHG�DW�13���

�

�

�

�
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7.3.4.2 Results 

([SHULPHQW����'RXEOH�1RPLQDWLYH�9LRODWLRQ�

9HU\�VLPLODU�WR�WKH�WZR�\RXQJHU�DJH�JURXSV��VL[�\HDU�ROGV¶�(53V�LQGLFDWHG�DQ�HDUO\�QHJDWLYLW\�

DQG�D�ODWH�SRVLWLYLW\�DV�WKH�EUDLQ�UHVSRQVH�WR�WKH�GRXEOH�QRPLQDWLYH�FRQVWUXFWLRQV�FRPSDUHG�WR�

WKH� VXEMHFW�LQLWLDO� VHQWHQFHV� �VHH� )LJXUH� ����� 7KH� QHJDWLYLW\� ZDV� SURYHQ� RQO\� PDUJLQDOO\�

VLJQLILFDQW�LQ�7:��DV�D�PDLQ�HIIHFW�RI�FRQGLWLRQ�DW�PLGOLQH��)������� ��������S� ���������7KH�

SRVLWLYLW\� ZDV� VWDWLVWLFDOO\� FRQILUPHG� E\� D� FRQGLWLRQ� PDLQ� HIIHFW� DW� ODWHUDO� VLWHV� LQ� 7:���

�)������� ��������S����������DQG�E\�D�VLJQLILFDQW�FRQGLWLRQ�[� UHJLRQ� LQWHUDFWLRQ�DW�PLGOLQH� LQ�

7:����)������� ��������S���������WKDW�UHDFKHG�VLJQLILFDQFH�DW�3=�LQ�D�VLQJOH�HOHFWURGH�DQDO\VLV�

�)������� ��������S����������0RUHRYHU�� LQ�7:����DQ�LQWHUDFWLRQ�RI�FRQGLWLRQ�DQG�KHPLVSKHUH�

UHYHDOHG�VLJQLILFDQFH��)������� ��������S����������ZKLFK�ZDV�IXUWKHU�REVHUYHG�VLJQLILFDQW�DW�)��

LQ�D�VXEVHTXHQW�RQH�ZD\�$129$��)������� ��������S����������

+HQFH��VL[�\HDU�ROGV�VKRZHG�DQ�HDUO\�QHJDWLYLW\����������PV��DQG�D�ODWH�SRVLWLYLW\������������

PV�����������PV��IRU�WKH�SURFHVVLQJ�RI�WKH�GRXEOH�QRPLQDWLYH�WKDW�ZDV�PRVW�SURQRXQFHG�DW�D�

SDULHWDO�DQG�D�IURQWDO�HOHFWURGH���

�

�

)LJXUH�����*UDQG�DYHUDJH�(53V�UHODWLYH�WR�13��RQVHW�IRU�VXEMHFW�LQLWLDO��VROLG�OLQH��VHQWHQFHV�YHUVXV�
GRXEOH�QRPLQDWLYH��GRWWHG�OLQH��FRQVWUXFWLRQV���\HDU�ROGV��(53V�WR�WKH�GRXEOH�QRPLQDWLYH�YLRODWLRQ�
VKRZ�D�IURQWDO�QHJDWLYH�VKLIW�DQG�D�SDULHWDO�SRVLWLYH�VKLIW��
�
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([SHULPHQW����'RXEOH�$FFXVDWLYH�9LRODWLRQ�

6L[�\HDU�ROGV¶� (53V� VXJJHVWHG� WZR� QHJDWLYLWLHV� WR� UHIOHFW� WKH� SURFHVVLQJ� RI� WKH� GRXEOH�

DFFXVDWLYH�FRQVWUXFWLRQ�FRPSDUHG�WR�WKH�REMHFW�LQLWLDO�RQH��VHH�)LJXUH������,Q�7:���FRQGLWLRQ�

PDLQ�HIIHFWV��ERWK�DW�ODWHUDO�VLWHV�DV�ZHOO�DV�DW�PLGOLQH�ZHUH�IRXQG�WR�EH�VLJQLILFDQW��)������� �

������� S� �� ������ DQG� )�������  � ������� S� �� ������ UHVSHFWLYHO\��� ,Q� WKH� VXEVHTXHQW� 7:��� D�

FRQGLWLRQ�PDLQ�HIIHFW�ZDV�DOVR�DWWHVWHG�VLJQLILFDQW�DW�ODWHUDO�VLWHV��)������� ��������S����������

7KHQ�DJDLQ��LQ�7:���DQG�7:����D�FRQGLWLRQ�PDLQ�HIIHFW�DOVR�UHVXOWHG�DW�ODWHUDO�VLWHV�UHIOHFWLQJ�

WKH�VHFRQG�QHJDWLYLW\��)������� ��������S���������DQG�)������� ��������S���������UHVSHFWLYHO\���

,Q�VXP��VL[�\HDU�ROGV�SURFHVV�WKH�GRXEOH�DFFXVDWLYH�ZLWK�D�QHJDWLYLW\�EHWZHHQ���������PV�DQG�

D�VHFRQG�QHJDWLYLW\�EHWZHHQ�����������PV�����������PV��

�

�
)LJXUH� ����*UDQG� DYHUDJH�(53V� UHODWLYH� WR�13�� RQVHW� IRU� REMHFW�LQLWLDO� �VROLG� OLQH�� VHQWHQFHV� YHUVXV�
GRXEOH�DFFXVDWLYH��GRWWHG�OLQH��FRQVWUXFWLRQV�IRU���\HDU�ROGV��(53V�GLVSOD\�WZR�QHJDWLYH�VKLIWV�SHDNLQJ�
DW����PV�DQG�DURXQG�����PV��
�

7.3.4.3 Interim Summary: ERP-data II 

$V�ERWK�\RXQJHU�DJH�JURXSV��VL[�\HDU�ROGV�VKRZ�FRUUHFW�DUJXPHQW�H[SHFWDWLRQ�IRU�WKH�VXEMHFW�

LQLWLDO� VWUXFWXUHV� E\� DOVR� UHYHDOLQJ� DQ� HDUO\� QHJDWLYLW\� DQG� D� ODWH� SRVLWLYLW\� LQ� WKHLU� (53�

UHVSRQVH� WR� WKH�GRXEOH�QRPLQDWLYH�YLRODWLRQ�FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO� FRQGLWLRQ�� ,Q� WKH�

GRXEOH�DFFXVDWLYH� FRPSDUHG� WR� WKH� REMHFW�LQLWLDO� FRQGLWLRQ�� KRZHYHU�� VL[�\HDU�ROGV� GR� QRW�

GHPRQVWUDWH� DQ� DGXOW�OLNH� SDWWHUQ�� ,QVWHDG�� WZR� QHJDWLYLWLHV� ���������PV� DQG� ����������PV�

DIWHU�13��RQVHW��RFFXUUHG�VXJJHVWLQJ�WKHPDWLF�V\QWDFWLF�UHSDLU�VWUDWHJLHV��
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������6XPPDU\�DQG�,QWHULP�'LVFXVVLRQ�
)ROORZLQJ� LQVLJKWV� LQWR� JUDPPDU� DFTXLVLWLRQ� �.ODQQ�'HOLXV�� ������ 6]DJXQ�� ������� PDLQ�

DFTXLVLWLRQ�VWHSV�VKRXOG�LQ�JHQHUDO�EH�DFFRPSOLVKHG�LQ�QRUPDOO\�GHYHORSHG�*HUPDQ�VL[�\HDU�

ROGV��+HQFH��WKH�LQLWLDO�K\SRWKHVLV�IRU�WKH�VWXG\�LQ�VL[�\HDU�ROGV�VWDWHV�WKDW�FKLOGUHQ�DW�WKLV�DJH�

DUH�DEOH�WR�FRUUHFWO\�LQWHUSUHW�REMHFW�LQLWLDO�VHQWHQFHV�DQG�KDYH�HVWDEOLVKHG�DGXOW�OLNH�DUJXPHQW�

H[SHFWDQFLHV�UHJDUGLQJ�VLPSOH�WUDQVLWLYH�VWUXFWXUHV��,Q�VSHFLILF��IXQFWLRQDO�FKDUDFWHULVWLFV�RI�WKH�

QRPLQDWLYH�DQG�DFFXVDWLYH�VKRXOG�EH�DFTXLUHG��1RW�RQO\�VKRXOG�WKH�FKLOGUHQ�EH�VHQVLWLYH�WR�WKH�

FDVH�PDUNLQJ� FXH� IRU� WKH� LQWHUSUHWDWLRQ� RI� WRSLFDOL]HG� REMHFWV� EXW� VKRXOG� DOVR� EH� DEOH� WR�

FRUUHFWO\� DVVLJQ� WKHPDWLF� UROHV� DQG� LQWHJUDWH� ERWK� DUJXPHQWV� LQWR� WKH� WUDQVLWLYH� VHQWHQFH�

VWUXFWXUH�UHJDUGOHVV�RI�WKHLU�ZRUG�RUGHU���

+RZHYHU��'LWWPDU�HW�DO�������D��UHSRUWHG�LQ�D�EHKDYLRUDO�VWXG\�WKDW�RQO\�FKLOGUHQ�DW�WKH�DJH�RI�

VHYHQ� ZHUH� HYHQWXDOO\� DEOH� WR� DVVLJQ� FRUUHFW� WKHPDWLF� UROHV� WR� FRQVWLWXHQWV� LQ� D� WUDQVLWLYH�

VHQWHQFH� EDVHG� RQ� WKH� FDVH�PDUNLQJ� FXH� DORQH�� 7KLV� ILQGLQJ� VWDQGV� LQ� FRQWUDVW� WR� RWKHU�

EHKDYLRUDO�VWXGLHV�ZKLFK�IRXQG�PRUH�DWWHQGDQFH�WR�WKH�FDVH�PDUNLQJ�FXH�VWDUWLQJ�DW�WKH�DJH�RI�

ILYH� �/LQGQHU�� ������0LOOV�� ������6FKDQHU�:ROOHV���������7KH�SUHVHQW� VWXG\�RI� VL[�\HDU�ROGV�

DLPV�WR�FODULI\�WKH�TXHVWLRQ�ZKHWKHU�WKHVH�FKLOGUHQ�DOUHDG\�PDNH�XVH�RI�WKH�FDVH�PDUNLQJ�FXH�

DQG� XQGHU� ZKLFK� FRQGLWLRQV� WKH\� DUH� DWWHQWLYH� WR� ZKLFK� FXHV� IRU� VHQWHQFH� LQWHUSUHWDWLRQ��

(PSOR\LQJ�QRW�RQO\�D�EHKDYLRUDO�VHQWHQFH�SLFWXUH�PDWFKLQJ�SDUDGLJP�EXW�DOVR�WKH�H\H�WUDFNHU�

DQG�WKH�(53�PHWKRG�ZLOO�SURYLGH�PRUH�LQVLJKWV�LQWR�WKH�SURFHVVLQJ�PHFKDQLVPV�WKDW�FRPH�LQWR�

SOD\� DW� WKLV� DJH�� 6LQFH� VL[�\HDU�ROG� SUHVFKRROHUV� DUH� DOUHDG\� YHU\� DZDUH� RI� WHVWV� DQG�

DVVHVVPHQWV��WKH�H\H�WUDFNLQJ�H[SHULPHQW�DWWHPSWV�WR�UHYHDO�SK\VLRORJLFDO�SURFHVVHV�WKDW�PLUURU�

PRUH� DXWRPDWLF� EHKDYLRU� ZLWKRXW� PHWD�OLQJXLVWLF� PHFKDQLVPV� LQYROYHG�� ,Q� DGGLWLRQ�� (53�

([SHULPHQW� ,� DLPV� WR� UHYHDO� WKH� QHXURSK\VLRORJLF� SURFHVVLQJ� XQGHUSLQQLQJV� RI� REMHFW�LQLWLDO�

VHQWHQFHV�ZKLOH�(53�([SHULPHQW� ,,� VHHNV� WR�XQFRYHU� WKH�K\SRWKHVL]HG� HVWDEOLVKHG� DUJXPHQW�

H[SHFWDQFLHV�LQ�VL[�\HDU�ROGV�XVLQJ�D�YLRODWLRQ�SDUDGLJP���

 

,Q�WKH�EHKDYLRUDO�WHVW��WKH�K\SRWKHVLV�WKDW�FKLOGUHQ�DW�WKH�DJH�RI�VL[�ZLOO�EH�DEOH�WR�XVH�WKH�FDVH�

PDUNLQJ� FXH� IRU� VHQWHQFH� LQWHUSUHWDWLRQ� FRXOG� QRW� EH� DIILUPHG�� 7KH� SUHVFKRROHUV� GLG� QRW�

SHUIRUP� DERYH� FKDQFH� LQ� WKH� REMHFW�LQLWLDO� FRQGLWLRQ� DOWKRXJK� WKH\� LPSURYHG� VLJQLILFDQWO\�

FRPSDUHG� WR� WKUHH�\HDU�ROGV�� ,Q� WKH� VXEMHFW�LQLWLDO� FRQGLWLRQ� WKH�RXWFRPH�ZDV� DERYH� FKDQFH�

OHYHO� DQG� VLJQLILFDQWO\� LQFUHDVHG� FRPSDUHG� WR� ����\HDU�ROGV�� &RQVLGHULQJ� WKH� FKDQFH�OHYHO�

SHUIRUPDQFH�LQ�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��LW�LV�QRW�SRVVLEOH�WR�FRQFOXGH�ZKLFK�FXHV�RU�LI�DQ\�

VL[�\HDU�ROGV�XWLOL]H�IRU�WKHPDWLF�UROH�DVVLJQPHQW�LQ�WKLV�FDVH�  

+RZHYHU��LQ�WKH�H\H�WUDFNHU�VWXG\��WKH�VDPH�DJH�JURXS�SHUIRUPHG��JHQHUDOO\�VSHDNLQJ��DERYH�

FKDQFH�LQ�WKH�REMHFW�ILUVW�FRQGLWLRQ��1HYHUWKHOHVV��WKH�DQDO\VLV�DW�13��VKRZHG�UHVXOWV�DW�FKDQFH�
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OHYHO�LQ�ERWK�FRQGLWLRQV�DV�LQ�DOO�\RXQJHU�DJH�JURXSV�DV�ZHOO��2Q�WKH�FRQWUDU\��DW�13���DQDO\VLV�

UHYHDOHG�RXWFRPHV�DERYH�FKDQFH�LQ�WKH�VXEMHFW�LQLWLDO�DQG�LQ�WKH�REMHFW�LQLWLDO�FRQGLWLRQ�ZKLFK�

LV�LQ�OLQH�ZLWK�WKH�K\SRWKHVLV�WKDW�VL[�\HDU�ROGV�DUH�VHQVLWLYH�WR�WKH�FDVH�PDUNLQJ�FXH�DOWKRXJK�

JD]H�GXUDWLRQ� WR� WKH� FRUUHVSRQGLQJ�SLFWXUHV� VWLOO� GLIIHU� VLJQLILFDQWO\�EHWZHHQ� FRQGLWLRQV��7KH�

WULDO� FRXUVH� DQDO\VLV� SURYLGHV� PRUH� GHWDLOHG� LQVLJKWV� LQWR� WKH� WLPHO\� VHTXHQFH� WKH� IL[DWLRQ�

GXUDWLRQV� LQ� WKH� H[SHULPHQW�� :KLOH� LQ� WKH� VXEMHFW�LQLWLDO� FRQGLWLRQ�� UHVXOWV� H[SRVHG� DERYH�

FKDQFH�JD]H�GXUDWLRQV�VWDUWLQJ�VKRUWO\�DIWHU�13��RQVHW��DW������PV�UHODWLYH�WR�WULDO�RQVHW���LQ�WKH�

REMHFW�LQLWLDO�FRQGLWLRQ��WKLV�HIIHFW�RQO\�VWDUWV�RQH�VHFRQG�DIWHU�VHQWHQFH�RIIVHW��QDPHO\�DW������

PV�UHODWLYH�WR�WULDO�RQVHW��+HQFH��GLIIHUHQFHV�LQ�WKH�JD]H�GXUDWLRQ�DQDO\VLV�DW�13��LQ�D��V�WLPH�

ZLQGRZ� EHWZHHQ� WKH� WZR� FRQGLWLRQV� UHVXOWV� IURP� GLIIHULQJ� RQVHWV� RI� WKH� DERYH�FKDQFH�

SHUIRUPDQFH��UHVSHFWLYHO\��7KHVH�GLIIHUHQW�RQVHWV��HDUO\�IRU�VXEMHFW�ILUVW�VHQWHQFHV�DQG�ODWH�IRU�

REMHFW�ILUVW� VHQWHQFHV�� LQ� WXUQ�� UHYHDO� YDVW� GLYHUJHQW� SURFHVVLQJ� WLPLQJV� EHWZHHQ� WKH� WZR�

FRQGLWLRQV���

(53�SDWWHUQV�WR�WKH�REMHFW�LQLWLDO�VHQWHQFHV�DW�13��H[KLELWHG�D�¶WRSLFDOL]DWLRQ�QHJDWLYLW\¶�RYHU�

IURQWR�FHQWUDO� EUDLQ� UHJLRQV� VLPLODU� WR� DGXOWV�� ZKLFK�� KRZHYHU�� ZDV� QRW� DV� SURORQJHG� DV� LQ�

DGXOWV�EXW�SHDNHG�DW�WKH�VDPH�ODWHQF\��QDPHO\�DW�����PV��7KXV��DW�VHQWHQFH�RQVHW��VL[�\HDU�ROGV�

SURFHVV� REMHFW�LQLWLDO� VWUXFWXUHV� LQ� WKH� VDPH� PDQQHU� DV� DGXOWV�� ,Q� FRQWUDVW�� WKH� UHVW� RI� WKH�

VHQWHQFH�GRHV�QRW�VHHP�WR�EH�DV�HTXDOO\�HIIRUWOHVVO\�SURFHVVHG�DV�LQ�DGXOWV�VLQFH�VL[�\HDU�ROGV�

GLVSOD\�D� ORQJ�ODVWLQJ�DQG�EURDGO\�GLVWULEXWHG�SRVLWLYLW\�DW� WKH�RQVHW�RI�13���$V� LQ�����\HDU�

ROGV�� WKLV� SRVLWLYLW\� LV� LQWHUSUHWHG� DV� D� 3����� ZKLFK� LV� PXFK� PRUH� SURQRXQFHG� WKDQ� LQ� WKH�

\RXQJHU� DJH� JURXS�� $V� VKRZQ� LQ� VHYHUDO� VWXGLHV� UHJDUGLQJ� V\QWDFWLF� SURFHVVLQJ� LQ� DGXOWV�

�+DJRRUW�HW�DO���������2VWHUKRXW�	�+ROFRPE��������� WKH�3����SRLQWV� WR� LQFUHDVHG�SURFHVVLQJ�

GHPDQGV�� V\QWDFWLF� UHDQDO\VLV� FRVWV� RU� ORFDO� LQWHJUDWLRQ� SURFHVVHV� LQ� V\QWDFWLF� FRPSOH[�

VWUXFWXUHV��)LHEDFK�HW�DO����������0RUH�VSHFLILFDOO\��LQ�D�VWXG\�UHJDUGLQJ�DPELJXRXV�VHQWHQFHV�

WKDW�ZHUH�GLVDPELJXDWHG�WRZDUGV�DQ�REMHFW�LQLWLDO�VWUXFWXUH��)ULVFK�HW�DO�� �������IRXQG�D�3����

LQ�DGXOWV� +HQFH��VL[�\HDU�ROGV�DUH�DEOH�WR�SURFHVV�WKH�LQLWLDO�FDVH�PDUNLQJ�DW�VHQWHQFH�RQVHW�LQ�

DQ�DGXOW�OLNH�PDQQHU�EXW�VKRZ�GLIILFXOWLHV�LQ�WKH�SURFHVV�RI�V\QWDFWLFDOO\�LQWHJUDWLQJ�WKH�VHFRQG�

QRXQ�SKUDVH�DQG�XOWLPDWHO\�DVVLJQLQJ�FRUUHFW�WKHPDWLF�UROHV�IRU�WKH�REMHFW�LQLWLDO�FRQVWUXFWLRQ�

HYHQ� LQ�XQDPELJXRXV�VHQWHQFHV� 7KXV��VL[�\HDU�ROGV�DUH�VHQVLWLYH� WR� WKH�FDVH�PDUNLQJ�FXH�DV�

UHIOHFWHG�LQ�WKH�(53�DQG�H\H�WUDFNHU�UHVXOWV��EXW�VWLOO�KDYH�GLIILFXOWLHV�LQ��FRQWUROOHG��WKHPDWLF�

UROH�DVVLJQPHQW�DV�YLVLEOH�LQ�WKH�EHKDYLRUDO�UHVXOWV�DQG�WKH�UHODWLYHO\�ODWH�H\H�WUDFNHU�UHVSRQVH��

7KHVH� VSHFLILF� LQWHJUDWLRQ� SUREOHPV� DW� 13�� PLJKW� YHU\� ZHOO� EH� WKH� UHDVRQ� IRU� SRRU�

SHUIRUPDQFH� LQ� LQWHUSUHWLQJ� WRSLFDOL]HG� REMHFWV� EHKDYLRUDOO\� LQ� ZKLFK� H[WUD� PHWD�OLQJXLVWLF�

SURFHVVHV�PLJKW�EH�DGGLWLRQDOO\�LQYROYHG��0RUHRYHU��WKH�H\H�WUDFNHU�UHVSRQVH�WR�WKH�REMHFW�ILUVW�

FRQGLWLRQ�LV�ODWHU�WKDQ�WKH�VXEMHFW�ILUVW��ZKLFK�LV�LQ�OLQH�ZLWK�WKH�HQKDQFHG�HIIRUW��3�����VKRZQ�
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DW�13��LQ�WKH�(53V��+RZHYHU��WKH�QHJDWLYLW\�DW�13��LV�QRW�UHIOHFWHG�LQ�D�UHVSHFWLYH�HIIHFW�LQ�WKH�

H\H�WUDFNHU�UHVXOWV��&RQVHTXHQWO\��VL[�\HDU�ROGV�VHHP�WR�QRW�EH�DEOH�WR�WDNH�DGYDQWDJH�RI�WKHVH�

DXWRPDWLF�SURFHVVLQJ�PHFKDQLVPV�VKRZQ�LQ�WKH�(53�([SHULPHQW�,�DW�VHQWHQFH�RQVHW���

 

,Q�(53�([SHULPHQW�,,��VL[�\HDU�ROGV�SURFHVVHG�WKH�GRXEOH�QRPLQDWLYH� LQ� WKH�VDPH�ZD\�DV�DOO�

WKH�\RXQJHU�DJH�JURXSV�UHYHDOLQJ�D�QHJDWLYLW\�SRVLWLYLW\�SDWWHUQ��ZKLFK��LQ�WXUQ��LV�LQWHUSUHWHG�

DV�D�/$1�3����SDWWHUQ��,W�UHIOHFWV�HVWDEOLVKHG�DUJXPHQW�H[SHFWDQFLHV�IRU�WKH�692�ZRUG�RUGHU�

LQ�VL[�\HDU�ROGV�DQG�WKH�QRWLRQ�RI�PRUSKRORJLFDO�YLRODWLRQV (VHH�6HFWLRQV�������DQG�������IRU�D�

GLVFXVVLRQ�RI�WKUHH��DQG�����\HDU�ROGV). 

6L[�\HDU�ROGV� UHYHDO� D� PRUH� FRPSOH[� (53� SDWWHUQ� ZKHQ� SURFHVVLQJ� WKH� GRXEOH� DFFXVDWLYH�

YLRODWLRQ�VXJJHVWLQJ�VWUXFWXUDO�WKHPDWLF�V\QWDFWLF�SURFHVVHV�WR�EH�LQYROYHG���7KH\�VKRZHG�WZR�

QHJDWLYLWLHV�� RQH� EHWZHHQ� �������� PV� DQG� RQH� EHWZHHQ� ���������� PV� LQ� UHVSRQVH� WR� WKH�

DFFXVDWLYH� YLRODWLRQ� FRPSDUHG� WR� WKH� FRUUHFW� WUDQVLWLYH� FRQVWUXFWLRQ� 7KH� ILUVW� FDQ� EH� FOHDUO\�

LQWHUSUHWHG�DV�DQ�1�����LW�DSSHDUV�LQ�WKH�H[DFW�WLPH�ZLQGRZ�DV�IRXQG�IRU�VL[�\HDU�ROGV��+DKQH�

HW�DO��������� 7KH�1����LQ�UHVSRQVH�WR�WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�GHPRQVWUDWHV� WKHPDWLF�

LQWHJUDWLRQ� GLIILFXOWLHV� VLPLODU� WR� WKH� SURFHVVLQJ� RI� WKH� ����\HDU�ROGV� LQ� WKLV� H[SHULPHQW��7KH�

VHFRQG� HIIHFW�� D� ODWH� QHJDWLYLW\� �����������PV���ZDV� DOVR� HYLGHQW� LQ� UHVSRQVH� WR� WKH� GRXEOH�

DFFXVDWLYH� FRPSDUHG� WR� WKH� REMHFW� LQLWLDO� FRQGLWLRQ�� ZKLFK�� LQ� OLQH� ZLWK� 6LOYD�3HUH\UD� HW� DO��

��������FDQ�EH�VHHQ�DV�DQ�LPPDWXUH�µVHQWHQFH�FORVXUH¶�SURFHVVLQJ�VWHS��&RQVHTXHQWO\��D�UHSDLU�

SURFHVV� UHJDUGLQJ� WKH�RYHUDOO� V\QWDFWLF�ZHOOIRUPHGQHVV�VLJQDOHG�E\�D�3���� LV�VWLOO�PLVVLQJ� LQ�

VL[�\HDU�ROGV��7KH�ODWH�QHJDWLYLW\�FRXOG�EH�UHOXFWDQWO\�LQWHUSUHWHG�DV�D�SUHFXUVRU�WR�WKDW��+HQFH��

DOWKRXJK� SUHVFKRROHUV� DW� WKH� DJH� RI� VL[� VWLOO� GR� QRW� VKRZ� D� FOHDUO\� HVWDEOLVKHG� DUJXPHQW�

H[SHFWDWLRQ� IRU� 296� VWUXFWXUHV�� D� GHYHORSPHQW� IURP� RQO\� WKHPDWLF� H[SHFWDWLRQV� WR� DOVR�

V\QWDFWLF�H[SHFWDWLRQV�LV�YLVLEOH��

�

������,QWHULP�&RQFOXVLRQ�
,Q�VXP��VL[�\HDU�ROGV�VKRZ�VHQVLWLYLW\�WR�WKH�FDVH�PDUNLQJ�FXH�IRU�WKH�LQWHUSUHWDWLRQ�RI�REMHFW�

LQLWLDO� VWUXFWXUHV� DV� HYLGHQW� LQ� WKH� H\H� WUDFNHU� DQG�(53�([SHULPHQW� ,��<HW�� WKH\� VWLOO� GLVSOD\�

GLIILFXOWLHV� LQ� WKHPDWLF� UROH� DVVLJQPHQW��7KH�SUHVHQW�(53� UHVXOWV� LQGLFDWH� WKDW� DOWKRXJK� WKH\�

UHDFW� WR� REMHFW�LQLWLDO� QRXQ� SKUDVHV� LQ� D� VLPLODU� ZD\� WR� DGXOWV�� XQOLNH� DGXOWV�� WKH\� VWLOO� KDYH�

SUREOHPV�ZKHQ� LW� FRPHV� WR� LQWHJUDWLQJ� WKH� VHFRQG�QRXQ�SKUDVHV� IRU� LQWHUSUHWDWLRQ��7KH�(53�

GDWD� WKXV�EXLOG�RQ� WKH�EHKDYLRUDO�GDWD� IURP� WKH� VWXG\�E\�'LWWPDU�HW� DO�� �����D��DQG�DUH�DOVR�

FRPSOHPHQWHG� E\� WKH� EHKDYLRUDO� GDWD� IURP� WKH� SUHVHQW� VWXG\�� $Q� DUJXPHQW� H[SHFWDWLRQ� IRU�
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296� VWUXFWXUHV� EHFRPHV� YLVLEOH� WKDW� JRHV� EH\RQG� WKHPDWLF� H[SHFWDWLRQV� EXW� UHSUHVHQWV��

DOWKRXJK�VWLOO�LPPDWXUH��D�GHYHORSPHQW�WRZDUGV�V\QWDFWLF�H[SHFWDWLRQV��

�
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III Discussion and Conclusion 
�

7KH� PDLQ� REMHFWLYH� RI� WKH� SUHVHQW� ZRUN� LV� D� FRQWULEXWLRQ� WR� WKH� XQGHUVWDQGLQJ� RI� WKH�

GHYHORSPHQW�RI�WKHPDWLF�UROH�DVVLJQPHQW�PHFKDQLVPV�DQG�DUJXPHQW�H[SHFWDWLRQV�LQ�SUHVFKRRO�

FKLOGUHQ��([SHULPHQWV�ZHUH�FRQGXFWHG�ZLWK�FKLOGUHQ�DW� WKH�DJH�RI�����������DQG�����\HDUV�� ,Q�

SDUWLFXODU�� E\� SUHVHQWLQJ� XQDPELJXRXVO\� FDVH�PDUNHG� REMHFW�LQLWLDO� VWUXFWXUHV� FRPSDUHG� WR�

VXEMHFW�LQLWLDO� VWUXFWXUHV�� WKH� DELOLW\� LQ� FKLOGUHQ� WR� DVVLJQ� SDUWLFLSDQW� UROHV� RQ� EDVLV� RI� FDVH�

PDUNLQJ�FXHV�ZDV�LQYHVWLJDWHG��%DVHG�RQ�WKH�FRPSHWLWLRQ�PRGHO��%DWHV�	�0DF:KLQQH\��������

������� LW� ZDV� K\SRWKHVL]HG� WKDW� FKLOGUHQ� SURFHHG� IURP� WKH� XVDJH� RI� WKH� ZRUG�RUGHU� FXH�

�VXEMHFW�ILUVW� VWUDWHJ\�� WR� RQO\� ODWHU� XVLQJ� WKH�PRVW� UHOLDEOH�*HUPDQ� FXH� IRU�PDVFXOLQH�13V��

QDPHO\�FDVH�PDUNLQJ���

7KH�DFTXLVLWLRQ�RI�FDVH�PDUNLQJ�DQG�WKH�GHYHORSPHQWDO�VWHSV�WDNHQ�LQ�LQWHUSUHWLQJ�KLHUDUFKLFDO�

RUGHUHG� VWUXFWXUHV�� LQ� SDUWLFXODU� WRSLFDOL]HG� REMHFWV�� DUH� VWXGLHG� RQ� GLIIHUHQW� EHKDYLRUDO� DQG�

SURFHVVLQJ�OHYHOV�E\�PHDQV�RI�GLIIHUHQW�PHWKRGV��7KH�SDUDGLJP�RI�VHQWHQFH�SLFWXUH�PDWFKLQJ�

H[DPLQHV� WKH�EHKDYLRUDO�FRPSHWHQFH�RI�FKLOGUHQ�WR� LQWHUSUHW� WKHVH�VWUXFWXUHV�E\�LGHQWLI\LQJ�D�

FRUUHVSRQGLQJ�SLFWXUH�WR�D�WHVW�VHQWHQFH��7KXV��FKLOGUHQ�KDG�QRW�RQO\�WR�SURFHVV�DQG�XQGHUVWDQG�

D� FHUWDLQ� OLQJXLVWLF� LQSXW� EXW� DOVR� WUDQVODWH� WKHLU� FRPSUHKHQVLRQ� LQWR� DQ� DFWLRQ�

PHWDOLQJXLVWLFDOO\� E\� SRLQWLQJ� WR� D� PDWFKLQJ� SLFWXUH�� 7KH� VHFRQG� PHWKRG�� WKH� H\H� WUDFNHU�

PHWKRG�� HPSOR\HG� WKH� SDUDGLJP� RI� ORRNLQJ�ZKLOH�OLVWHQLQJ� �SUHIHUHQWLDO� ORRNLQJ��� +HUH�� WKH�

RQOLQH� FRPSUHKHQVLRQ� RI� WRSLFDOL]HG� REMHFWV� LV� PHDVXUHG� ZLWK� D� WLPH�VHQVLWLYH� PHWKRG� WKDW�

H[FOXGHV�PHWDOLQJXLVWLF�IDFWRUV��/DVW��WKH�QHXUDO�FRUUHODWHV�RI�WKH�RQOLQH�SURFHVVLQJ�RI�REMHFW�

LQLWLDO�YHUVXV�VXEMHFW�LQLWLDO�VHQWHQFHV�DUH�DQDO\]HG�LQ�WKH�(53�VWXG\�,���

0RUHRYHU��WKH�UHSDLU�PHFKDQLVPV�IRU�WKHPDWLF�KLHUDUFKL]LQJ�DQG�DUJXPHQW�H[SHFWDWLRQV�SUHVHQW�

LQ�FKLOGUHQ�DW�WKH�UHVSHFWLYH�DJHV�DUH�LQYHVWLJDWHG�LQ�(53�VWXG\�,,�ZKLFK�HPSOR\HG�D�YLRODWLRQ�

SDUDGLJP�� 7KH� SURFHVVLQJ� RI� GRXEOH�QRPLQDWLYH� FRQVWUXFWLRQV� FRPSDUHG� WR� VXEMHFW�LQLWLDO�

VWUXFWXUHV� DQG� GRXEOH�DFFXVDWLYH� FRQVWUXFWLRQV� FRPSDUHG� WR� REMHFW�LQLWLDO� VWUXFWXUHV� DUH�

HYDOXDWHG�WR�JDLQ�IXUWKHU�LQVLJKWV�UHJDUGLQJ�WKH�GHYHORSPHQW�RI�WKH�DELOLW\�WR�DELGH�WR�WKH�WKHWD�

FULWHULRQ�LQ�SUHVFKRRO�FKLOGUHQ��

)RU� DQ� H[DFW� FRPSDULVRQ� RI� DGXOW� EHKDYLRU�� JD]H� EHKDYLRU� DQG� QHXUDO� FRUUHODWHV� LQ� WKH�

UHVSHFWLYH�H[SHULPHQWV�GHVFULEHG�DERYH��WKH�VDPH�VWXGLHV�DUH�OLNHZLVH�FRQGXFWHG�ZLWK�DGXOWV��
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8 General discussion: Investigations of the Development of 
Syntactic Processing 
7KH� IROORZLQJ� GLVFXVVLRQ� ILUVW� GHVFULEHV� DQG�GLVFXVVHV� WKH� DGXOWV¶� UHVXOWV� DV� D�PRGHO� IRU� WKH�

LQWHUSUHWDWLRQ�RI�WKH�FKLOGUHQ¶V�GDWD��7KH�UHVXOWV�DUH�LQWHUSUHWHG�RQ�EDVLV�RI�WKH�1HXURFRJQLWLYH�

0RGHO� RI�$XGLWRU\� 6HQWHQFH�&RPSUHKHQVLRQ� �)ULHGHULFL�� ������ DQG� WKH� H$'0� �%RUQNHVVHO��

�������6HFRQG�� LW� LOOXVWUDWHV� WKH�GHYHORSPHQWDO�SLFWXUH� WKDW�EHFRPHV�HYLGHQW� LQ� WKH� WKUHH�DJH�

JURXSV�UHJDUGLQJ�WKH�LQWHUSUHWDWLRQ�DQG�SURFHVVLQJ�RI�REMHFW�LQLWLDO�VWUXFWXUHV��7KH�VHQVLWLYLW\�WR�

GLIIHUHQW�PRUSKRV\QWDFWLF�FXHV�LQ�WKH�GLIIHUHQW�JURXSV�LV�GLVFXVVHG��7KLUG��WKH�GHYHORSPHQW�RI�

UHSDLU�PHFKDQLVP�IRU�WKHPDWLF�KLHUDUFKL]LQJ�DV�DSSDUHQW�IURP�WKH�SUHVHQW�VWXG\�LV�VXPPDUL]HG�

DQG� LQWHUSUHWHG�� )RU� DQ� RYHUYLHZ� RI� WKH�PDLQ� ILQGLQJV� DQG� FRQFOXVLRQV� IRU� DOO� H[SHULPHQWV��

SOHDVH�VHH�7DEOH�����,Q�VXEFKDSWHU������FRQFOXVLRQV�SRVVLEOH�GUDZQ�ZKHQ�FRQWUDVWLQJ�WKH�WKUHH�

GLIIHUHQW�PHWKRGV� HPSOR\HG� LQ� WKH� SUHVHQW�ZRUN� DUH� H[SODLQHG��/DVW�� IXWXUH�SHUVSHFWLYHV� DUH�

SURYLGHG� WR� VSHFLI\�RSHQ�TXHVWLRQV�DQG�DVSHFWV� UHJDUGLQJ� WKH�GHYHORSPHQW�RI� WKH�SURFHVVLQJ�

DQG�LQWHUSUHWDWLRQ�RI�WKH�VWXGLHG�OLQJXLVWLF�VWUXFWXUHV�LQ�FKLOGUHQ��
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7DEOH�����2YHUYLHZ�RI�PDLQ�ILQGLQJV�DQG�FRQFOXVLRQV�IRU�DOO�DJH�JURXSV�DQG�H[SHULPHQWV�RI�WKH�SUHVHQW�
ZRUN�
�
� ��\HDU�ROGV� ����\HDU�ROGV� ��\HDU�ROGV� $GXOWV�
� � � � �
%HKDYLRUDO�H[SHULPHQW�
3HUIRUPDQFH�LQ�FRUUHFW�
LQWHUSUHWDWLRQ�RI�REMHFW�
LQLWLDO�VWUXFWXUHV�
�

�
EHORZ�
FKDQFH�OHYHO�

�
RQ��
FKDQFH�OHYHO�

�
RQ��
FKDQFH�OHYHO�

�
DERYH��
FKDQFH�OHYHO��
FORVH�WR�SHUIHFW��

ĺsensitivity 
to word-
order cue�

� � ĺcorrect 
thematic role 
assignment 

(\H�WUDFNHU�H[SHULPHQW�
)L[DWLRQ�GXUDWLRQV�LQ�WKH�
REMHFW�LQLWLDO�FRQGLWLRQ�
DFURVV�WKH�FRXUVH�RI�D�
WULDO�
�

�
RQ��
FKDQFH�OHYHO�

�
EHORZ��
FKDQFH�OHYHO�

�
DERYH��
FKDQFH�OHYHO�

�
DERYH��
FKDQFH�OHYHO���
FORVH�WR�SHUIHFW�

� ĺsensitivity 
WR word-order 
cue�

ĺsensitivity to 
case-marking 
cue�

ĺcorrect 
thematic role 
assignment�

(53�VWXG\�,�
13��
2EMHFW�LQLWLDO�YV��VXEMHFW�
LQLWLDO�
�
�
13��
2EMHFW�LQLWLDO�YV��VXEMHFW�
LQLWLDO�
�
�

�
�
(DUO\�DQG�
ODWH�
SRVLWLYLW\�
�
�
1HJDWLYLW\�

�
�
1RQH�
�
�
�
�
3����

�
�
7RSLFDOL]DWLRQ�
QHJDWLYLW\�
�
�
�
3����

�
�
7RSLFDOL]DWLRQ�
QHJDWLYLW\�
�
�
�
1RQH�

ĺsensitivity 
to the two 
different 
structures�

ĺtransition 
between 
sensitivity to 
word-order 
and case-
marking cue�

ĺsensitivity to 
case-marking 
cue�

ĺprocessing 
effort at NP1, 
effortless 
thematic role 
assignment 

(53�VWXG\�,,�
'RXEOH�QRPLQDWLYH�
YLRODWLRQ�
�
�
�

�
/$1�3����
�

�
/$1�3����
�

�
/$1�3����
�

�
/$1�3����
�

ĺ�Correct argument expectations for subject-initial structures, 
theta criterion is established in all age-groups�
�

�
'RXEOH�DFFXVDWLYH�
YLRODWLRQ�

�
(DUO\�
SRVLWLYLW\�

�
1����

�
1����/DWH�
QHJDWLYLW\�
�

�
/$1�3����

ĺerror 
detection 
�

ĺthematic 
repair 
strategies 

ĺthematic / 
syntactic 
repair 
strategies 

ĺcorrect 
argument 
expectations 

�
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8.1  Discussion  of  Adults’  Syntactic Processing 
6HYHUDO� VWXGLHV�RQ� ODQJXDJH�SURFHVVLQJ� LQ�DGXOWV� VKRZ� WKH�PHUHO\�HIIRUWOHVV�DELOLW\� WR�DVVLJQ�

WKHPDWLF� UROHV� WR� XQDPELJXRXVO\� FDVH�PDUNHG� DUJXPHQWV� LQ� VLPSOH� WUDQVLWLYH� PDLQ� FODXVHV�

UHJDUGOHVV�WKH�JLYHQ�ZRUG�RUGHU��)ULVFK�	�6FKOHVHZVN\��������)ULVFK�HW�DO���������6FKOHVHZVN\�

HW� DO��� ������� +RZHYHU�� ZKHQ� LW� FRPHV� WR� WKH� SURFHVVLQJ� RI� PRUH� FRPSOH[� QRQ�FDQRQLFDO�

VWUXFWXUHV�� DV� IRU� LQVWDQFH� VFUDPEOHG� *HUPDQ� FODXVHV�� HOHFWURSK\VLRORJLFDO� VWXGLHV� IRXQG� D�

/$1��5|VOHU�HW�DO���������6FKOHVHZVN\��%RUQNHVVHO��HW�DO���������RU�D�VFUDPEOLQJ�QHJDWLYLW\�LQ�

UHVSRQVH� WR� REMHFW�LQLWLDO� DUJXPHQWV� �%RUQNHVVHO� 	� 6FKOHVHZVN\�� ����E�� %RUQNHVVHO� HW� DO���

������� ,W� LV� DUJXHG� WKDW� DGXOWV� H[SHFW� D� SURWRW\SLFDO� DUJXPHQW� VWUXFWXUH�� LQ� SDUWLFXODU� D�

SURWRW\SLFDO�ZRUG�RUGHU�WKDW�OHDGV�WR�D�VXEMHFW�ILUVW�SUHIHUHQFH�LQ�*HUPDQ�VSHDNHUV��%RUQNHVVHO�

HW�DO�������E��)HUUHLUD���������7KHVH�H[SHFWDQFLHV�FDXVH� WKH�/$1�RU�VFUDPEOLQJ�QHJDWLYLW\� LQ�

QRQ�FDQRQLFDO� FRPSOH[� VWUXFWXUHV�� ,Q� WKH� QHXURFRJQLWLYH� PRGHO� RI� DXGLWRU\� VHQWHQFH�

FRPSUHKHQVLRQ��WKHVH�SURFHVVHV�DUH�DVVLJQHG�WR�SKDVH���RI�ODQJXDJH�FRPSUHKHQVLRQ�LQ�ZKLFK�

PRUSKRV\QWDFWLF� DV�ZHOO� DV� WKHPDWLF� UROHV� DVVLJQPHQW� DUH� FRPSXWHG� �)ULHGHULFL�� ������� ,Q� D�

VLPLODU�PDQQHU��WKH�H$'0�SRVLWLRQV�WKH�VFUDPEOLQJ�QHJDWLYLW\�LQ�SKDVH��E�RI�WKH�&20387(�

3520,1(1&(� VWHS� LQ� ZKLFK� WKHPDWLF� UROHV� DUH� DVVLJQHG� WR� WKH� DUJXPHQWV� RQ� EDVLV� RI�

PRUSKRV\QWDFWLF�LQIRUPDWLRQ��%RUQNHVVHO�	�6FKOHVHZVN\������D����

&RQIURQWHG�ZLWK�FDVH�PDUNLQJ�YLRODWLRQV��HVSHFLDOO\�ZLWK�LGHQWLFDOO\�FDVH�PDUNHG�DUJXPHQWV�LQ�

D� WUDQVLWLYH� FRQVWUXFWLRQV�� *HUPDQ� DGXOWV� GLVSOD\HG� D� ELSKDVLF� 1����3���� SDWWHUQ� DW� 13��

SURFHVVLQJ�LQ�(53V��)ULVFK�	�6FKOHVHZVN\���������,Q�DFFRUGDQFH�ZLWK�WKH�H$'0��WKH�1����LV�

LQWHUSUHWHG� DV� VLJQDOLQJ� SUREOHPV� RI� WKHPDWLF� KLHUDUFKL]LQJ� DV� D� FRQVHTXHQFH� RI� WKH�

&20387(� 3520,1(1&(� VWHS� WKDW� HOLFLWV� D� SURPLQHQFH�PLVPDWFK� EDVHG� RQ� WKH� SUHYLRXV�

SURPLQHQFH� LQIRUPDWLRQ� E\� WKH� FDVH�PDUNLQJ� DW� 13��� 7KH� 3����� RU� QDPHG� µODWH� SRVLWLYLW\¶�

ZLWKLQ�WKH�H$'0��LV�D�UHVSRQVH�WR�WKH�RYHUDOO�ZHOO�IRUPHGQHVV�RI�WKH�VHQWHQFH�LQ�VWHS���RI�WKH�

PRGHO��,Q�(QJOLVK��&RXOVRQ�HW�DO���������DQG�)LQQLVK��)ULVFK��6FKOHVHZVN\��	�:HJHQHU���������

WKH� VDPH� YLRODWLRQV� HOLFLWHG� D� /$1�3���� SDWWHUQ� LQVWHDG�� ,Q� WKH� H$'0�� %RUQNHVVHO� DQG�

6FKOHVHZVN\� �����D�� DVVLJQHG� WKH� /$1� LQ� WKHVH� VWXGLHV� WR� D� VWUXFWXUDO� PLVPDWFK� IRU� WKH�

ODQJXDJH� SDUVHU� LQ� WKH� VWHS� RI� $66,*1� ���� $*57� IRU� WKH� DUJXPHQWV�� 6LQFH� LQ� (QJOLVK�� DV�

RSSRVHG� WR� *HUPDQ�� PRUSKRORJLFDO� FDVH� FDUULHV� OLWWOH� PHDQLQJ�� RQO\� WKH� SRVLWLRQ� RI� D�

QRPLQDWLYH�DW�13��HOLFLWV�WKH�PLVPDWFK��

�

,Q� WKH�SUHVHQW� DGXOW� VWXG\�� WKH�EHKDYLRUDO� UHVXOWV� E\�.QROO� ������� DV�ZHOO� DV� WKH� H\H� WUDFNHU�

UHVXOWV�FRQILUP� WKH�HIIRUWOHVV�DQG�DFFXUDWH�SURFHVVLQJ�RI�XQDPELJXRXVO\�FDVH�PDUNHG�REMHFW�

LQLWLDO�VHQWHQFHV��&RUUHFW�LGHQWLILFDWLRQ�RI�WKH�FRUUHVSRQGLQJ�SLFWXUH�LV�DOPRVW�SHUIHFW�LQ�DGXOWV�

DQG� GRHV� QRW� GLIIHU� EHWZHHQ� WKH� FRQGLWLRQV� VXEMHFW�LQLWLDO� DQG� REMHFW�LQLWLDO� VHQWHQFHV�� 7KH�
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VDPH�LV�WUXH�IRU�WKH�IL[DWLRQ�GXUDWLRQ�WR�WKH�PDWFKLQJ�SLFWXUH�LQ�WKH�WZR�FRQGLWLRQV��0RUHRYHU��

JLYHQ�WKDW�JD]H�VKLIW�WR�WKH�FRUUHVSRQGLQJ�SLFWXUHV�WDNHV�SODFH�ULJKW�DIWHU�13��RIIVHW�DV�YLVLEOH�

LQ�WKH�WULDO�FRXUVH�H\H�WUDFNLQJ�GDWD�IRU�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ�DV�ZHOO�DV�WKH�REMHFW�LQLWLDO�

FRQGLWLRQ��LW�LV�HYLGHQW�WKDW�WKHPDWLF�UROH�DVVLJQPHQW�LV�DFFRPSOLVKHG�DOUHDG\�DIWHU�FRPSXWLQJ�

13�� LQ� DGXOWV� DQG� GRHV� QRW� XQGHUJR� DQ\� UHYLVLRQ� SURFHVVHV� DW� 13��� +RZHYHU�� WKH�

QHXURSK\VLRORJLFDO�XQGHUSLQQLQJV�RI�WKHVH�UHVXOWV�UHYHDO�DQ�DGGLWLRQDO�HIIRUW�DW�13��LQ�IRUP�RI�

D� WRSLFDOL]DWLRQ� QHJDWLYLW\� IRU� WKH� REMHFW�LQLWLDO� FRQGLWLRQ� �VHH� FKDSWHU� ���� IRU� GLVFXVVLRQ� RQ�

WKHVH� UHVXOWV���7KLV� LQGLFDWHV�D� UHIOHFWLRQ�RI� WKH�RIWHQ� VWDWHG� VXEMHFW�ILUVW�SUHIHUHQFH� LQ�DGXOWV�

�%HLP�*UDEHQ� HW� DO��� ������ )ULHGHULFL�	�0HFNOLQJHU�� ������0HFNOLQJHU� HW� DO��� �������$W� WKH�

VXEVHTXHQW�13���QR�DGGLWLRQDO�HIIRUW�LV�YLVLEOH�ZKHQ�FRPSDULQJ�WKH�(53�UHVSRQVHV�RI�REMHFW�

LQLWLDO� DQG� VXEMHFW�LQLWLDO� SURFHVVLQJ�� +HQFH�� WKH� SURFHVVLQJ� HIIRUW� DW� 13�� IRU� REMHFW�LQLWLDO�

FODXVHV�LV�GXH�WR�WKH�VXEMHFW�ILUVW�SUHIHUHQFH�LQ�DGXOWV�DQG�FDQ�EH�DFFRXQWHG�WR�WKH�&20387(�

3520,1(1&(�VWHS�LQ�3KDVH��E�RI� WKH�H$'0��%RUQNHVVHO�	�6FKOHVHZVN\������D�� OHDGV� WR�

QHLWKHU�DQ\�DGGLWLRQDO�SURFHVVLQJ�HIIRUWV�DW�13��QRU�WR�GHOD\HG�RU�UHYLVLRQDO�JD]H�VKLIWV�LQ�WKH�

H\H� WUDFNLQJ� H[SHULPHQW�� ,Q� RWKHU� ZRUGV�� DGXOWV� KDYH� WR� UHYLVH� WKHLU� DVVXPHG� GHIDXOW�

H[SHFWDWLRQ�RI�D�SURWRW\SLFDO�WUDQVLWLYH�VHQWHQFH�DOUHDG\�ZKHQ�HQFRXQWHULQJ�WKH�ILUVW�ZRUG��WKH�

GHWHUPLQHU� µGHQ¶�� ZKLFK� LV� UHIOHFWHG� E\� D� WRSLFDOL]DWLRQ� QHJDWLYLW\�� $V� D� FRQVHTXHQFH�� WKH�

SURFHVVLQJ�RI�WKH�UHVW�RI�WKH�VHQWHQFH�LV�XQGHPDQGLQJ�IRU�WKH�V\VWHP�DQG�DGGLWLRQDO�HIIRUW�LV�QRW�

HYHQ�UHIOHFWHG�LQ�RQOLQH�JD]H�PHDVXUHPHQWV���

6XUSULVLQJO\�� WKH� GRXEOH�QRPLQDWLYH� YLRODWLRQ� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO� FRQGLWLRQ� DQG�

DOVR� WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�FRPSDUHG� WR� WKH�REMHFW�LQLWLDO�FRQGLWLRQ� LQ�(53�VWXG\� ,,�

HOLFLWHG� D� ELSKDVLF� /$1�3���� SDWWHUQ� LQVWHDG� RI� D� 1����3���� SDWWHUQ� DV� LQ� )ULVFK� DQG�

6FKOHVHZVN\� �������� 7KH� 3���� LV� LQWHUSUHWHG� DV� D� UHVSRQVH� WR� WKH� RYHUDOO� V\QWDFWLF� ZHOO�

IRUPHGQHVV�RI�WKH�VHQWHQFH�DQG�DV�D�SURFHVV�SRVLWLRQHG�LQ�3KDVH���RI�WKH�H$'0��7KH�/$1�LQ�

WKH�SUHVHQW�VWXG\�LV�FURVVOLQJXLVWLFDOO\�LQ�OLQH�ZLWK�UHVXOWV�IURP�(QJOLVK��&RXOVRQ�HW�DO���������

DQG�)LQQLVK��)ULVFK�HW�DO���������DQG�LV�ORFDWHG�DW�WKH�VWHS�RI�$66,*1�����$*57�LQ�3KDVH��E�RI�

WKH�H$'0��$V�HYLGHQW�IURP�(53�VWXG\�,�DQG�WKH�H\H�WUDFNLQJ�H[SHULPHQW�RQ�WKH�SURFHVVLQJ�RI�

REMHFW�LQLWLDO� VHQWHQFHV�� WKH� FRPSXWDWLRQ� RI� SURPLQHQFH� LV� DOUHDG\� FRPSOHWHG� DW� 13�� LQ� WKH�

WHVWHG�VWLPXOL��+HQFH��V\QWDFWLF�LQWHJUDWLRQ�RI�13���UHJDUGOHVV�RI�DQ�DFFXVDWLYH�RU�QRPLQDWLYH�

PDUNHG�DUJXPHQW�� LV�DFFRPSOLVKHG�DOUHDG\�DW� WKH�SRLQW�RI� WKH�YHUE��7KHUHIRUH��DW�13�� LQ� WKH�

SUHVHQW�YLRODWLRQ�SDUDGLJP��RQO\�WKH�SRVLWLRQ�RI�WKH�LGHQWLFDO�FDVH�PDUNHG�DUJXPHQW�LQGXFHV�D�

PLVPDWFK� DW� WKH� VWHS� $66,*1� ���� $*57� VLJQDOOHG� E\� D� /$1� DV� LQ� (QJOLVK� DQG� )LQQLVK�

�FRPSDUH�IRU�D�VLPLODU�DUJXPHQWDWLRQ�RQ�WKH�VHPDQWLF�OHYHO��.LP�	�6LNRV���������7KH�TXHVWLRQ�

UHPDLQV� ZK\� WKLV� PHFKDQLVP� LV� QRW� SUHVHQW� IRU� VLPLODU� VWLPXOL�� DOWKRXJK� FRQWDLQLQJ� ZK�

TXHVWLRQV�LQVWHDG�RI�GHFODUDWLYH�PDLQ�FODXVHV��LQ�WKH�VWXG\�E\�)ULVFK�DQG�6FKOHVHZVN\���������
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$Q�LPSRUWDQW�UHDVRQ�FDQ�EH�DWWULEXWHG�WR�WKH�GLIIHUHQFH�LQ�WDVNV�EHWZHHQ�WKH�WZR�H[SHULPHQWV��

)ULVFK� DQG� 6FKOHVHZVN\� SHUIRUPHG� ERWK�� DQ� DFFHSWDELOLW\� MXGJHPHQW� WDVN� DV� ZHOO� DV� DQ�

DGGLWLRQDO� SUREH� GHWHFWLRQ� WDVN�� 7KH� ODWWHU� VRXJKW� WR�PDNH� FHUWDLQ� WKDW� SDUWLFLSDQWV� QRW� RQO\�

SURFHVVHG� WKH� LQWHUURJDWLYH� ZRUGV¶� DQG� GHILQLWH� GHWHUPLQHUV¶� LQIOHFWLRQV� EXW� DOVR� WKH� OH[LFDO�

ZRUGV�LQ�WKH�VHQWHQFHV��*LYHQ�WKDW�LQ�WKH�SUHVHQW�VWXG\�QR�WDVN�LV�LQWURGXFHG�IRU�WKH�UHDVRQV�RI�

FRPSDUDELOLW\�ZLWK�WKH�FKLOGUHQ¶V�VWXGLHV��LW�LV�D�OLNHO\�DVVXPSWLRQ�WKDW�DGXOWV�RQO\�SURFHVV�WKH�

FDVH� PDUNLQJ� RQ� WKH� GHWHUPLQHU� LQ� WKH� SUHVHQWHG� VWLPXOL� ZLWKRXW� SD\LQJ� DWWHQWLRQ� WR� WKH�

VHPDQWLFV� ZKLFK� OHG� WR� WKH� FRPSXWLQJ� VWHSV� VXUPLVHG� DERYH�� $GGLWLRQDOO\� LQ� D� GLIIHUHQW�

VHPDQWLF� YLRODWLRQ� SDUDGLJP�� ,VHO� DQG� 6KHQ� ������� GHPRQVWUDWHG� DOVR� WKH� DOWHUDWLRQ� RI� (53�

UHVSRQVHV� FDXVHG� E\� SDUWLFXODU� WDVN� GHPDQGV� �DOVR� FRPSDUH� %RUQNHVVHO�6FKOHVHZVN\� 	�

6FKOHVHZVN\��������0XHOOHU��2EHUHFNHU��	�)ULHGHULFL���������

�

8.2 Discussion of Children’s  Syntactic  Processing 
&KDSWHU� ������ LOOXVWUDWHV� WKH� GHYHORSPHQWDO� SLFWXUH� WKDW� EHFRPHV� HYLGHQW� LQ� WKH� WKUHH� DJH�

JURXSV�UHJDUGLQJ�WKH�LQWHUSUHWDWLRQ�DQG�SURFHVVLQJ�RI�REMHFW�LQLWLDO�VWUXFWXUHV��7KH�VHQVLWLYLW\�WR�

GLIIHUHQW�PRUSKRV\QWDFWLF�FXHV�LQ�WKH�GLIIHUHQW�JURXSV�LV�GLVFXVVHG��1H[W��LQ�&KDSWHU��������WKH�

GHYHORSPHQW� RI� UHSDLU� PHFKDQLVP� IRU� WKHPDWLF� KLHUDUFKL]LQJ� DV� DSSDUHQW� IURP� WKH� SUHVHQW�

VWXG\�LV�VXPPDUL]HG�DQG�LQWHUSUHWHG��7DEOH����LOOXVWUDWHV�WKH�PDLQ�ILQGLQJV�DQG�FRQFOXVLRQV�IRU�

DOO�DJH�JURXSV�DQG�H[SHULPHQWV�RI�WKH�SUHVHQW�ZRUN��

�

������3URFHVVLQJ�DQG�,QWHUSUHWLQJ�2EMHFW�,QLWLDO�6HQWHQFHV�
7KH� SUHVHQW� VWXG\� LQYHVWLJDWHV� IRU� WKH� ILUVW� WLPH� WKH� QHXURSK\VLRORJLFDO� XQGHUSLQQLQJV� RI�

SURFHVVLQJ�WRSLFDOL]HG�REMHFW�QRXQ�SKUDVHV�E\�PHDVXULQJ�WKH�DVVRFLDWHG�(53V�LQ�FKLOGUHQ�DW�WKH�

DJH�RI� ����� ����� DQG������ ,Q� DGGLWLRQ�� WKH�RQOLQH�FRPSUHKHQVLRQ�E\� D� ORRNLQJ�ZKLOH�OLVWHQLQJ�

SDUDGLJP�LQ�WKH�H\H�WUDFNHU�LV�WHVWHG�DV�ZHOO�DV�WKH�EHKDYLRUDO�DELOLW\�WR�FRUUHFWO\�LQWHUSUHW�WKHVH�

VHQWHQFHV�E\�D�VHQWHQFH�SLFWXUH�PDWFKLQJ�WDVN��&UXFLDOO\��WKH�FXHV�WR�VHQWHQFH�XQGHUVWDQGLQJ�LQ�

WKH� REMHFW�LQLWLDO� VWUXFWXUHV� FRPSHWH� LQ� WKH� WHVWHG� VWLPXOL� DV� SXW� IRUZDUG� E\� %DWHV� DQG�

0DF:KLQQH\� �������� 7KHUHIRUH�� WKHVH� SUHVHQW� H[SHULPHQWV� FRQVWLWXWH� DQ� H[FHOOHQW� WRRO� WR�

GLVHQWDQJOH� WKH� VHQVLWLYLW\� WR� WKH� ZRUG�RUGHU� FXH� DQG� WKH� FDVH�PDUNLQJ� FXH� LQ� ODQJXDJH�

GHYHORSPHQW���

)URP� D� GHYHORSPHQWDO� SHUVSHFWLYH�� LQ� WKH� EHKDYLRUDO� VWXG\�� WKH� DELOLW\� WR� FRUUHFWO\� LQWHUSUHW�

VXEMHFW�LQLWLDO� VHQWHQFHV� LQFUHDVHG�RYHU� DOO� WKUHH� DJH�JURXSV�ZLWK���\HDU�ROGV� UHDFKLQJ� DGXOW�

OHYHO� DFFXUDF\�� $OUHDG\� ��\HDU�ROGV� SHUIRUPHG� DERYH� FKDQFH� LQ� WKLV� FRQGLWLRQ� ZKLFK� RQFH�

PRUH� FRQILUPV� WKH� FRDOLWLRQV�DV�SURWRW\SHV�PRGHO� E\� %DWHV� DQG�0DF:KLQQH\� �������ZKLFK�
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VXJJHVWV� WKDW� LI� DOO� FXHV� IRU� WKHPDWLF� UROH� DVVLJQPHQW� DUH� DYDLODEOH� LQ� FRDOLWLRQ�� WKLV� LV� WKH�

HDVLHVW� LQWHUSUHWDWLRQDO� VLWXDWLRQ� IRU� FKLOGUHQ�� 7KHUHIRUH�� DERYH�FKDQFH� RXWFRPH� FRXOG� EH�

DOUHDG\�IRXQG�LQ�WKH�\RXQJHVW�DJH�JURXS�LQ�WKH�SUHVHQW�VWXG\��

$OWKRXJK�EHKDYLRUDO�SHUIRUPDQFH� LQ� WKH�REMHFW�LQLWLDO� FRQGLWLRQ�DOVR� LQFUHDVHV�RYHU�DJH�������

DQG�QRW�HYHQ���\HDU�ROGV�VKRZHG�DERYH�FKDQFH�RXWFRPH��7KH���\HDU�ROGV�GLVSOD\�VLJQLILFDQW�

EHORZ�FKDQFH�DFFXUDF\�LQ�WKH�EHKDYLRUDO�WDVN�ZKLFK�SRLQWV�WRZDUGV�D�VXEMHFW�ILUVW�VWUDWHJ\�DQG�

WKH�XVDJH�RI� WKH�ZRUG�RUGHU�FXH�DOVR�GLVFXVVHG� LQ�FKDSWHU��������$W� OHDVW� WKH� WHQGHQF\� WR� WKH�

ZRUG�RUGHU� FXH� EHFRPHV� HYLGHQW� LQ� WKLV� UHVXOW� HYHQ� ZKHQ� LW� LV� QRW� DSSOLHG� LQ� D� FRQVLVWHQW�

PDQQHU� LQ� WKH� VHQWHQFH�SLFWXUH� PDWFKLQJ� WDVN� LQ� ��\HDU�ROGV� DV� WKH� GLIIHUHQFH� EHWZHHQ� WKH�

VXEMHFW�LQLWLDO�DQG�REMHFW�LQLWLDO�ZRXOG�EH�HYHQ�JUHDWHU� LQ� WKLV�FDVH��7KH�EHKDYLRUDO� UHVXOWV�RI�

WKH������DQG���\HDU�ROGV�DUH�QRW�DV�HDV\�WR�LQWHUSUHW��EXW�ZLOO�EHFRPH�PRUH�FRPSUHKHQVLEOH�LQ�

WKH�FRQWH[W�RI�WKH�DGGLWLRQDO�PHDVXUH��H\H�WUDFNLQJ�DQG�(53V��

�

7KH� GHYHORSPHQW� EHWZHHQ� ��� DQG� ��\HDU�ROGV� LQ� WKH� IL[DWLRQ� GXUDWLRQV� WR� WKH� FRUUHVSRQGLQJ�

SLFWXUH� LQ� WKH� H\H�WUDFNHU� H[SHULPHQW� PDGH�� WR� VRPH� H[WHQW�� GLIIHUHQW� SURFHVVHV� LQ� RQOLQH�

FRPSUHKHQVLRQ�YLVLEOH��7KH���\HDU�ROGV¶�UHVXOWV��LQ�FRQWUDVW�WR�WKH�EHKDYLRUDO�H[SHULPHQW��VWD\�

RYHU� WKH� ZKROH� FRXUVH� RI� D� WULDO� LQ� ERWK� FRQGLWLRQV� RQ� FKDQFH� OHYHO� DQG� GR� QRW� UHYHDO� DQ\�

WHQGHQF\� WR� WKH� ZRUG�RUGHU� FXH�� &KLOGUHQ� DW� WKH� DJH� RI� ���� \HDUV�� KRZHYHU�� GR� GLVSOD\�

VHQVLWLYLW\� WR� WKH� ZRUG�RUGHU� FXH� E\� IL[DWLQJ� WKH� FRUUHVSRQGLQJ� REMHFW�LQLWLDO� SLFWXUH�

VLJQLILFDQWO\�EHORZ�FKDQFH�LQ�D����PV�ORQJ�WLPH�ZLQGRZ�ULJKW�DIWHU�13��RQVHW�DQG�WKH�VXEMHFW�

LQLWLDO�SLFWXUH�VLJQLILFDQWO\�DERYH�FKDQFH�ULJKW�DIWHU�13��RIIVHW��3X]]OLQJO\��WKH�FRQVLVWHQW�JD]H�

VKLIW� WR� WKH� FRUUHFW� SLFWXUH� RFFXUUHG�PXFK� ODWHU� �DSSUR[LPDWHO\� RQH� VHFRQG�� LQ� WKH� VXEMHFW�

LQLWLDO�WKDQ�WR�WKH�LQFRUUHFW�SLFWXUH�LQ�WKH�REMHFW�LQLWLDO�FRQGLWLRQ�DOWKRXJK�WKH�ODWWHU�LV�VXUPLVHG�

PRUH�GLIILFXOW�WR�LQWHUSUHW�WKDQ�WKH�IRUPHU��2QH�SRVVLEOH�H[SODQDWLRQ�OLHV�LQ�WKH�DVVXPSWLRQ�WKDW�

WKH� QRPLQDWLYH� PLJKW� EH� PRUH� VDOLHQW� WR� WKLV� DJH�JURXS� WKDQ� WKH� DFFXVDWLYH� FDVH� PDUNLQJ��

+HQFH�� FKLOGUHQ� HQFRXQWHU� D� QRPLQDWLYH�FDVH�PDUNHG�GHWHUPLQHU�DW�13��RQVHW� LQ� WKH�REMHFW�

LQLWLDO�FRQGLWLRQ�DQG�DXWRPDWLFDOO\�SURFHVV� LW� IDVWHU� WKDQ�WKH�DFFXVDWLYH�PDUNHG�GHWHUPLQHU� LQ�

WKH�VXEMHFW�LQLWLDO�VHQWHQFH�DW�13����

)XUWKHU� GHYHORSPHQW� LQ� IL[DWLRQ� GXUDWLRQV� EHFRPH� HYLGHQW� LQ� ��\HDU�ROGV¶� UHVXOWV� ZKR� DUH�

FOHDUO\� VHQVLWLYH� WR� WKH� FDVH�PDUNLQJ� FXH�� 7ULDO� FRXUVH� DQDO\VLV� UHYHDOHG� DERYH�FKDQFH�

SHUIRUPDQFH�LQ�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ�ULJKW�DIWHU�13��RQVHW�DQG�RQH�VHFRQG�DIWHU�VHQWHQFH�

RIIVHW�LQ�WKH�REMHFW�LQLWLDO�FRQGLWLRQ��+HUH��LW�EHFRPHV�REYLRXV�WKDW�WKH�SDWWHUQ�RI�WKH�RUGHU�RI�

FRQVLVWHQW�JD]H�VKLIW�RI�WKH�WZR�FRQGLWLRQV�GUDPDWLFDOO\�FKDQJHV�EHWZHHQ�����DQG�����\HDUV�RI�

DJH�ZKLFK�OHDGV�WRZDUGV�GLIIHUHQW�LQWHUSUHWDWLRQDO�VWUDWHJLHV�LQ�RQOLQH�FRPSUHKHQVLRQ�LQ�WKHVH�

WZR� DJH�JURXSV�� :KLOH� ����\HDU�ROGV� LQWHUSUHW� WKH� REMHFW�LQLWLDO� VHQWHQFHV� RQ� EDVLV� RI� WKH�
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GHWHUPLQHU�DW�13��RQVHW�LQ�WKH�PDMRULW\�RI�FDVHV�LQFRUUHFW��L�H��DSSO\�D�VXEMHFW�ILUVW�VWUDWHJ\�DQG�

GR� QRW� SD\� DWWHQWLRQ� WR� WKH� FDVH�PDUNLQJ� DW� WKDW� SRLQW�� ��\HDU�ROGV� DUH� VHQVLWLYH� WR� WKH� FDVH�

PDUNLQJ�DQG�LQWHUSUHW�WKH�REMHFW�LQLWLDO�VHQWHQFHV�FRUUHFWO\�EXW�VWLOO�QHHG�D�VLJQLILFDQWO\�ORQJHU�

SURFHVVLQJ� WLPH� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO� VWUXFWXUHV�� ,QWHUHVWLQJO\�� QHLWKHU� DJH�JURXS�

VKRZV�LQFUHDVH�LQ�FRUUHFW�IL[DWLRQV�DIWHU�13���DV�HYLGHQW�LQ�FRPSDUDWLYH�DGXOW¶V�UHVXOWV��+HQFH��

��\HDU�ROGV�KDYH�QRW�\HW�UHDFKHG�DGXOW�RQOLQH�FRPSUHKHQVLRQ�DELOLWLHV�LQ�EHLQJ�VHQVLWLYH�WR�WKH�

FDVH�PDUNLQJ�DW�13��WR�DVVLJQ�WKHPDWLF�UROHV�WR�WKH�DUJXPHQWV�DQG�EHLQJ�DOUHDG\�DEOH�WR�IL[DWH�

WKH� FRUUHFW� FRUUHVSRQGLQJ� SLFWXUH� DW� WKDW� SRLQW� RI� WKH� VHQWHQFH��0RUHRYHU�� DW�13��� WKH\� VWLOO�

GLIIHU�LQ�WKHLU�UHDFWLRQV�WR�WKH�WZR�FRQGLWLRQV�ZKLFK�LV�QRW�HYHQ�HYLGHQW�DW�13��LQ�DGXOWV��

�

7KH�GHYHORSPHQW�LQ�WKH�(53�SDWWHUQV�LQ�UHVSRQVH�WR�WKH�REMHFW�LQLWLDO�FRPSDUHG�WR�WKH�VXEMHFW�

LQLWLDO�FRQGLWLRQ�FRQILUPV�WKH�K\SRWKHVLV�RI�QHXURSK\VLRORJLFDO�VHQVLWLYLW\�WR�FHUWDLQ�OLQJXLVWLF�

FXHV� LV� HYLGHQFHG� HDUOLHU� WKDQ� WKH� EHKDYLRUDO� FRPSHWHQFH� WR� LQWHUSUHW� WKHVH� VWUXFWXUHV�� ,Q� ��

\HDU�ROGV�� DQ� HDUO\� DQG� D� ODWH� SRVLWLYLW\� DUH� VKRZQ� IRU� WKH� SURFHVVLQJ� RI� WKH� REMHFW�LQLWLDO�

VHQWHQFHV� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO� VHQWHQFHV� DW� 13���$FFRUGLQJ� WR� 6LOYD�3HUH\UD� DQG�

FROOHDJXHV���������ZKR�IRXQG�WKH�VDPH�SDWWHUQ��LW�ZDV�SUHYLRXVO\�GLVFXVVHG�WKDW�WKLV�DJH�JURXS�

PLJKW� SURFHVV� WKH� DFFXVDWLYH� PDUNLQJ� DV� D� PRUSKRV\QWDFWLF� YLRODWLRQ� LQ� VHQWHQFH� LQLWLDO�

SRVLWLRQ��(YHQ�PRUH�WHQWDWLYHO\��WKH�QHJDWLYLW\�WKDW�RFFXUUHG��������PV�SRVW�13��RQVHW�PLJKW�

UHIOHFW� XQGHUO\LQJ� VHPDQWLF� LQWHUSUHWDWLRQDO� GLIILFXOWLHV� DV� WKH�1����ZDV� RIWHQ� VKRZQ� DW� WKLV�

WLPH�ZLQGRZ�LQ�\RXQJ�FKLOGUHQ��)ULHGULFK�	�)ULHGHULFL��������6LOYD�3HUH\UD��.ODUPDQ��HW�DO���

������6LOYD�3HUH\UD��5LYHUD�*D[LROD��HW�DO����������6SHFXODWLYHO\����\HDU�ROGV�PLJKW�H[SHFW�DQ�

LQDQLPDWH�QRXQ�VLQFH�WKH�SURWRW\SLFDO�WUDQVLWLYH�VWUXFWXUH�VHWV�DQ�LQDQLPDWH�DFFXVDWLYH�PDUNHG�

DUJXPHQW�DW�WKH�SRVLWLRQ�RI�13���'RZW\����������

,Q�IXUWKHU�GHYHORSPHQW������\HDU�ROGV�SURFHVV�ERWK�FRQGLWLRQV�LQ�WKH�VDPH�PDQQHU�DW�13���7KH�

DEVHQFH� RI� DQ\� SURFHVVLQJ� GLIIHUHQFHV� DW� VHQWHQFH� LQLWLDO� SRVLWLRQ� VXJJHVWV� D� VXEMHFW�ILUVW�

VWUDWHJ\� IRU� WKH�REMHFW�LQLWLDO� VHQWHQFHV�DOVR�VKRZQ� LQ� WKH�H\H�WUDFNLQJ�H[SHULPHQW�EXW�QRW� LQ�

WKH�EHKDYLRUDO�H[SHULPHQW��$W�13���KRZHYHU������\HDU�ROGV�UHIOHFW�WKH�SURFHVVLQJ�RI�WKH�REMHFW�

LQLWLDO� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO� FRQGLWLRQ� E\� D� ZHDNO\� SURQRXQFHG� 3���� LQGLFDWLQJ�

V\QWDFWLF� LQWHJUDWLRQ� GLIILFXOWLHV�� DQG� KHQFH�� WKH� EHJLQQLQJ� RI� WKH� VHQVLWLYLW\� WR� WKH� FDVH�

PDUNLQJ� FXH��7KH� DQDO\VLV� RI� WKH� (53V� LQ� WKLV� DJH�JURXS� VXJJHVWV� KLJK� YDULDQFH� LQ� WKH�GDWD�

�FKDSWHU�����������7KHUHIRUH��DGGLWLRQDO�DQDO\VHV�ZHUH�FRQGXFWHG�DQG�WKH�GDWD�ZDV�GLYLGHG�LQWR�

WZR� JURXSV� EDVHG� RQ� D� PHGLDQ� VSOLW� DFFRUGLQJ� WR� LQGLYLGXDO� SHUIRUPDQFHV� LQ� WKH� 752*�'�

�)R[���������*RRG�SHUIRUPHUV�VKRZ�D�VLJQLILFDQWO\�ORQJHU�ODVWLQJ�DQG�SURQRXQFHG�3����DW�13��

WKDQ�SRRU�SHUIRUPHUV�LQ�ZKLFK�D�3����FRXOG�KDUGO\�EH�SURYHQ��VHH�$SSHQGL[�(���7KLV�SDWWHUQ�

VWUHVVHV�WKH�LPSUHVVLRQ�WKDW�FKLOGUHQ�DW�WKH�DJH�RI�����DUH�LQ�D�WUDQVLWRU\�VWDWH�LQ�FXH�VHQVLWLYLW\�
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IRU�VHQWHQFH�LQWHUSUHWDWLRQ�DQG��GHSHQGLQJ�RQ�LQGLYLGXDO�ODQJXDJH�GHYHORSPHQW��D�VXEJURXS�LV�

DOUHDG\�VHQVLWLYH�WR�WKH�FDVH�PDUNLQJ�FXH�DW�WKDW�DJH���

&RQVHTXHQWO\����\HDU�ROGV¶�(53V�FOHDUO\�PDNH�WKH�VHQVLWLYLW\�WR�WKH�FDVH�PDUNLQJ�FXH�HYLGHQW�

DW�WKDW�DJH��7KH�VDPH�WRSLFDOL]DWLRQ�QHJDWLYLW\�DV�LQ�DGXOWV�RFFXUV�DW�13��ZKHQ�SURFHVVLQJ�WKH�

REMHFW�LQLWLDO� FRPSDUHG� WR� WKH� VXEMHFW�LQLWLDO� VHQWHQFHV�� +RZHYHU�� LQ� FRQWUDVW� WR� DGXOWV��

DGGLWLRQDO� SURFHVVLQJ� FRVWV� DSSHDU� DW� 13�� LQ� IRUP� RI� D� ORQJ�ODVWLQJ� DQG� SURQRXQFHG� 3�����

ZKLFK�UHIOHFWV�V\QWDFWLF�LQWHJUDWLRQ�GLIILFXOWLHV��7KHVH�LQWHJUDWLRQ�GLIILFXOWLHV�H[SODLQ�YHU\�ZHOO�

WKH� GHOD\� LQ� WKH� FRQVLVWHQW� JD]H� VKLIW� WR� WKH� FRUUHVSRQGLQJ� REMHFW�LQLWLDO� SLFWXUH� LQ� WKH� H\H�

WUDFNHU�H[SHULPHQW��

�

7DNHQ� WRJHWKHU�� D� GHYHORSPHQWDO� FRQWLQXXP� LQ� LQWHUSUHWDWLRQDO� VWUDWHJLHV�� VHQVLWLYLW\� WR� DQG�

IXQFWLRQDO� XVH� RI� ZRUG� RUGHU� DQG� FDVH�PDUNLQJ� LQIRUPDWLRQ� HPHUJHV� LQ� WKH� SUHVHQW� GDWD�

FRPSDULQJ�REMHFW�LQLWLDO�DQG�VXEMHFW�LQLWLDO�VHQWHQFHV�LQ�D�EHKDYLRUDO�SDUDGLJP��DQ�H\H�WUDFNLQJ�

SDUDGLJP�� DQG� DQ� (53� VWXG\�� )LUVW�� ��\HDU�ROGV� PHUHO\� GHWHFW� GLIIHUHQFHV� EHWZHHQ� WKH�

VWUXFWXUHV� DQG� EHJLQ� WR� XVH� D�ZRUG�RUGHU� VWUDWHJ\� DV� SURSRVHG� LQ� WKH� FRPSHWLWLRQ�PRGHO� E\�

%DWHV� DQG� 0DF:KLQQH\� ������� ������� &KLOGUHQ� ���� \HDUV� RI� DJH� DUH� LQ� D� WUDQVLWRU\� VWDWH�

LQGLFDWHG�E\�WKHLU�VWDUWLQJ�VHQVLWLYLW\�WR�WKH�FDVH�PDUNLQJ�FXH�IRU�WKHPDWLF�UROH�DVVLJQPHQW�DV�

LGHQWLILHG�E\�'LWWPDU�DQG� FROOHDJXHV� �����D�� LQ� FKLOGUHQ�DW� WKH� DJH�RI� �����7KLV� REVHUYDWLRQ�

FRQWUDGLFWV� WKH� VWXG\�E\�&KDQ� DQG� FROOHDJXHV� �������ZKR�SRVWXODWH� WKH�KLJKHVW� XVDJH�RI� WKH�

ZRUG�RUGHU�FXH�DW� WKH�DJH�RI������)XUWKHUPRUH����\HDU�ROGV� DUH� VHQVLWLYH� WR� WKH�FDVH�PDUNLQJ�

FXH��DV�SRVWXODWHG�IRU���\HDU�ROGV�LQ�/LQGQHU��������6FKDQHU�:ROOHV��������EXW�DUH�VWLOO�QRW�\HW�

SHUIHFW�LQ�WKHPDWLF�UROH�DVVLJQPHQW��7KH�SUHVHQW�(53�UHVXOWV�LQGLFDWH�WKDW�DOWKRXJK�WKH\�UHDFW�

WR�REMHFW�LQLWLDO�QRXQ�SKUDVHV�LQ�D�VLPLODU�ZD\�WR�DGXOWV��XQOLNH�DGXOWV��WKH\�VWLOO�KDYH�SUREOHPV�

LQWHJUDWLQJ� WKH� VHFRQG� QRXQ� SKUDVHV� IRU� LQWHUSUHWDWLRQ�� 7KH� (53� GDWD� WKXV� EXLOG� RQ� WKH�

EHKDYLRUDO�GDWD�IURP�WKH�VWXG\�E\�'LWWPDU�HW�DO�� �����D��DQG�DOVR�FRPSOHPHQW�WKH�EHKDYLRUDO�

DQG�H\H�WUDFNLQJ�GDWD�IURP�WKH�SUHVHQW�VWXG\��7KH�GHYHORSPHQW�RI�FXH�VHQVLWLYLW\�EHWZHHQ������

DQG�����\HDU�ROG�FKLOGUHQ� IRXQG� LQ� WKH�SUHVHQW� VWXGLHV� VXEVWDQWLDWHV� WKH�DVVXPSWLRQ�RI�7UDF\�

�������WKDW�WKH�GLVHQWDQJOLQJ�RI�ZRUG�RUGHU�DQG�FDVH�PDUNLQJ�RFFXUV�DV�RQH�RI�WKH�ODVW�VWHSV�LQ�

*HUPDQ�FKLOGUHQ¶V�ODQJXDJH�DFTXLVLWLRQ��

�

������7KHWD�5ROH�$VVLJQPHQW�DQG�7KHPDWLF�+LHUDUFKL]DWLRQ�
7KH�VHFRQG�REMHFWLYH�RI�WKLV�FXUUHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�DUJXPHQW�H[SHFWDWLRQV�DQG�UHSDLU�

PHFKDQLVPV� IRU� WKHPDWLF� KLHUDUFKL]LQJ� RQ� D� VHQWHQWLDO� OHYHO� LQ� SUHVFKRRO� FKLOGUHQ� E\�

HPSOR\LQJ�D�YLRODWLRQ�SDUDGLJP�WR�UHYHDO�SURFHVVLQJ�VWUDWHJLHV�UHODWHG�WR�WKH�H[LVWLQJ�V\QWDFWLF�
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WKHPDWLF�LQWHUSUHWDWLRQV�RI�DUJXPHQWV��(53V�RI����������DQG���\HDU�ROGV�ZHUH�PHDVXUHG�ZKHQ�

OLVWHQLQJ� WR� HLWKHU� GRXEOH�QRPLQDWLYH� RU� GRXEOH�DFFXVDWLYH� FRQVWUXFWLRQV� FRPSDUHG� WR� WKHLU�

FRUUHFW�FRXQWHUSDUWV��L�H��VXEMHFW�LQLWLDO�RU�REMHFW�LQLWLDO��UHVSHFWLYHO\����

$V�SUHYLRXVO\�GLVFXVVHG��DGXOWV�GLVSOD\HG�D�ELSKDVLF�/$1�3����SDWWHUQ�ZKHQ�SURFHVVLQJ�ERWK��

WKH� GRXEOH�QRPLQDWLYH� DV�ZHOO� DV� WKH� GRXEOH�DFFXVDWLYH� YLRODWLRQ�� ,Q� WKH� GRXEOH� QRPLQDWLYH�

FRQGLWLRQ�FRPSDUHG�WR�WKH�VXEMHFW�LQLWLDO�VWUXFWXUHV�LQ�WKH�SUHVHQW�FKLOGUHQ¶V�VWXG\��DOO�WKUHH�DJH�

JURXSV� VKRZHG� DQ� DGXOW�OLNH� UHVSRQVH� E\� D� QHJDWLYLW\�SRVLWLYLW\� SDWWHUQ�� 7KH� SRVLWLYLW\� LV�

LQWHUSUHWHG�DV�D�3����DV� LQ�DGXOWV� LQGLFDWLQJ�D�UHVSRQVH�WR� WKH�RYHUDOO�ZHOO�IRUPHGQHVV�RI� WKH�

VHQWHQFH�� DV� ZHOO� DV� V\QWDFWLF� LQWHJUDWLRQ� GLIILFXOWLHV� DQG� WKH� DWWHPSW� WR� UHSDLU� WKH� VHFRQG�

QRPLQDWLYH� DOUHDG\� LQ� FKLOGUHQ� DW� DQ� DJH� RI� �� \HDUV��7KH� QHJDWLYLW\�� GLVWULEXWHG� RYHU� IURQWDO�

EUDLQ�UHJLRQV��DSSHDUV�EHWZHHQ��������PV�LQ���\HDU�ROGV��EHWZHHQ��������PV�LQ�����\HDU�ROGV�

DQG�EHWZHHQ��������PV� LQ���\HDU�ROGV� DQG�ZDV�SUHYLRXVO\� LQWHUSUHWHG� DV�D�/$1� LQ� DOO� DJH�

JURXSV��,QWHUHVWLQJO\��WKH�/$1�FRXOG�EH�GHWHFWHG�IRU�WKH�ILUVW�WLPH�LQ�FKLOGUHQ�DV�\RXQJ�DV�����

\HDUV��7ZR�RWKHU�VWXGLHV� WHVWLQJ�FKLOGUHQ�DURXQG�WKDW�DJH�IRXQG�SRVLWLYLWLHV�LQVWHDG�RI�D�/$1�

�6LOYD�3HUH\UD��.ODUPDQ��HW�DO���������6LOYD�3HUH\UD��5LYHUD�*D[LROD��HW�DO����������)RU�DOO�DJH�

JURXSV� WHVWHG� LQ� WKH�SUHVHQW� VWXG\�� LW� LV� WKXV� VXPPDUL]HG� WKDW� FRUUHFW� DUJXPHQW� H[SHFWDQFLHV�

H[LVW� IRU� WKH� 692� RUGHU� DQG� WKDW� WKH� YLRODWLRQ� DW� 13�� LV� UHIOHFWHG� E\� WKH� VDPH�

QHXURSK\VLRORJLFDO��DGXOW�OLNH�SDWWHUQ�LQ�DOO�DJH�JURXSV��7KH�UHVXOWV�LQGLFDWH�WKH�7KHWD�&ULWHULRQ�

DV�D�EDVLF�SULQFLSOH� LQ� WKHPDWLF� UROH�DVVLJQPHQW� LV�DOUHDG\�HVWDEOLVKHG�E\� WKH�DJH�RI���\HDUV��

0RUHRYHU��DV�LQ�DGXOWV�DQG�DFFRUGLQJ�WR�WKH�H$'0��LQ�WKH�SURWRW\SLFDO�ZRUG�RUGHU��FKLOGUHQ�DV�

\RXQJ� DV� ���� \HDUV� PLJKW� KDYH� DOUHDG\� FRPSOHWHO\� V\QWDFWLFDOO\� LQWHJUDWHG� WKH� 13�� DQG�

FRQVHTXHQWO\�DW�13��D�/$1�RFFXUV�LQGLFDWLQJ�D�PLVPDWFK�LQ�WKH�$66,*1�����$*57��VWHS��

:KLOH� WKLV�PHFKDQLVP�ZDV�SURYHQ�IRU�DGXOWV� LQ�ERWK�FRQGLWLRQV��GRXEOH�QRPLQDWLYH�DQG�DOVR�

GRXEOH�DFFXVDWLYH�� WKLV�SLFWXUH�RQO\�HPHUJHV� LQ�FKLOGUHQ� IRU� WKH�GRXEOH�QRPLQDWLYH�YLRODWLRQ��

7KH� SURFHVVLQJ� RI� WKH� GRXEOH�DFFXVDWLYH� YLRODWLRQ�� LQ� FRQWUDVW�� LV� UHIOHFWHG�E\� GLIIHUHQW�(53�

HIIHFWV�LQ�WKH�GLIIHUHQW�DJH�JURXSV�RI�SUHVFKRRO�FKLOGUHQ���

7KH�GRXEOH�DFFXVDWLYH�FRQGLWLRQ�ZKHQ�FRPSDUHG�WR�WKH�REMHFW�LQLWLDO�VWUXFWXUHV�PDNHV�D�FOHDU�

GHYHORSPHQW� YLVLEOH�� ,Q� ��\HDU�ROGV�� DQ� HDUO\� SRVLWLYLW\� ��������PV�� RFFXUUHG�� LQ� ����\HDU�

ROGV�� D� QHJDWLYLW\� EHWZHHQ� ��������PV� LV� REVHUYHG�� ��\HDU�ROGV� VKRZ� WZR� QHJDWLYLWLHV�� D�

QHJDWLYLW\� EHWZHHQ� �������PV� DQG� RQH� EHWZHHQ� ���������PV� LQ� UHVSRQVH� WR� WKH� DFFXVDWLYH�

YLRODWLRQ�FRPSDUHG�WR�WKH�FRUUHFW�WUDQVLWLYH�FRQVWUXFWLRQ��7KHVH�UHVXOWV�HPSKDVL]H��ILUVW�RI�DOO��

WKDW�IRU�WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�WKH�SURFHVVLQJ�VWUDWHJLHV�VWLOO�YDU\�WR�D�JUHDW�H[WHQW�LQ�

WKH�GHYHORSPHQW�WKURXJKRXW�FKLOGKRRG��

(YLGHQWO\�� GLIIHUHQW� LQWHUSUHWDWLRQDO� VWUDWHJLHV� DQG� DUJXPHQW� H[SHFWDQFLHV� HPHUJHG� LQ� DOO�

FKLOGUHQ� EHWZHHQ� WKH� QRPLQDWLYH� YLRODWLRQ� DQG� WKH� DFFXVDWLYH� YLRODWLRQ�� 6FKOHVHZVN\� DQG�
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FROOHDJXHV� ������� DUJXHG� WKDW� TXLFN� DQG� HDUO\� VHPDQWLF� LQWHUSUHWDWLRQ� PLJKW� EH� SRVVLEOH� LQ�

DGXOWV� E\� PHDQV� RI� D� VXEMHFW�ILUVW� SURFHVVLQJ� PHFKDQLVP�� 7KLV� DVVHUWLRQ� LV� DSSOLFDEOH� LQ�

SUHVFKRRO�FKLOGUHQ�IRU� WKH�GRXEOH�QRPLQDWLYH�ZKLFK�FKLOGUHQ�DUH�DEOH�WR�UHSDLU�DOUHDG\�DW� WKH�

DJH�RI������7KH�GRXEOH�DFFXVDWLYH�FDQQRW�EH�LQWHUSUHWHG�TXLFNO\�RU�QRU�UHSDLUHG�RQ�EDVLV�RI�WKH�

VXEMHFW�ILUVW�VWUDWHJ\��(YLGHQW�LV�WKH�IROORZLQJ�GHYHORSPHQW����\HDU�ROGV�SURFHVV�WKH�DFFXVDWLYH�

YLRODWLRQ�DV�D�PRUSKRV\QWDFWLF�YLRODWLRQ�DV�SUHYLRXVO\�GLVFXVVHG��FKDSWHU��������DQG�GLVSOD\�DQ�

HDUO\�SRVLWLYLW\�DV�DQ�LPPDWXUH�SUHFXUVRU�WR�WKH�/$1��6LQFH���\HDU�ROGV¶�(53V�VKRZ�D�/$1�

OLNH�HIIHFW� IRU� WKH�GRXEOH�QRPLQDWLYH�FRQGLWLRQ� GHGXFLQJ� WKDW� WKH�DFFXVDWLYH�YLRODWLRQ�FDXVHV�

KLJKHU� SURFHVVLQJ� GLIILFXOWLHV� DW� WKDW� DJH�� ,Q� VXEVHTXHQW� GHYHORSPHQW�� ����\HDU�ROGV� VWDUW� WR�

UHSDLU� WKH� YLRODWLRQ� E\� WKHPDWLF� LQWHUSUHWDWLRQV� DV� WKH� QHJDWLYLW\� LV� LQWHUSUHWHG� DV� DQ� 1����

�FKDSWHU���������)XUWKHUPRUH����\HDU�ROGV�UHIOHFWHG�WKH�GRXEOH�DFFXVDWLYH�YLRODWLRQ�DOVR�E\�DQ�

1���� DQG� WKXV� DOVR� LQGLFDWH� WKHPDWLF� LQWHJUDWLRQ� GLIILFXOWLHV�� ,Q� DGGLWLRQ�� WKH� ODWH� QHJDWLYLW\�

WKDW�ZDV�DOVR�SUHVHQW�LQ���\HDU�ROGV�LV�LQWHUSUHWHG�DV�DQ�LPPDWXUH�µVHQWHQFH�FORVXUH¶�SURFHVVLQJ�

VWHS� �6LOYD�3HUH\UD�� 5LYHUD�*D[LROD�� HW� DO��� ������ �FKDSWHU� �������� ,Q� SDUDOOHO� WR� ��\HDU�ROGV¶�

(53V�ZKLFK� H[KLELWHG� DQ� LPPDWXUH� /$1� LQ� UHVSRQVH� WR� WKH� GRXEOH�DFFXVDWLYH� YLRODWLRQ�� ��

\HDU�ROGV� GLVSOD\� DOVR� D� SUHFXUVRU� WR� DQ� (53� FRPSRQHQW�� QDPHO\� WKH� 3����� LQ� WKH� VDPH�

FRQGLWLRQ��7KLV�HTXLYDOHQFH�XQGHUOLQHV�RQFH�PRUH�WKH�LQFUHDVHG�SURFHVVLQJ�GHPDQGV�SURGXFHG�

E\� WKH� GRXEOH�DFFXVDWLYH� YLRODWLRQ� LQ� SUHVFKRROHUV� �DOVR� FRPSDUH� 6HLGO��+ROOLFK��	� -XVF]\N��

�������7KHVH� UHVXOWV� GHPRQVWUDWH� WKDW� SURFHVVLQJ� GLIIHUHQFHV� RI� GRXEOH� DFFXVDWLYH� YLRODWLRQV�

VWLOO� H[LVW� DW� WKH� DJH� RI� ���� EHWZHHQ� FKLOGUHQ� DQG� DGXOWV� LQGLFDWLQJ� WKDW� WKH� IXQFWLRQ� RI� WKH�

DFFXVDWLYH�FDVH�LV�QRW�\HW�IXOO\�DFTXLUHG�DQG�DUJXPHQW�H[SHFWDWLRQV�IRU�296�VWUXFWXUHV�DUH�QRW�

FRPSOHWHO\� HVWDEOLVKHG� DW� WKDW� DJH�� 7KHVH� ILQGLQJV� DOVR� GHOLYHU� FRQYHUJLQJ� HYLGHQFH� IRU� WKH�

UHDVRQLQJ�GHGXFWHG�IURP�WKH�UHVXOWV�RI�WKH�SURFHVVLQJ�RI�REMHFW�LQLWLDO�VHQWHQFHV�HYHQ���\HDU�

ROGV�QRW�\HW�FRPSOHWHO\�V\QWDFWLFDOO\�LQWHJUDWHG�13���EHFDXVH�RWKHUZLVH�WKH\�ZRXOG�VKRZ�FOHDU�

DUJXPHQW� H[SHFWDWLRQV� IRU� WKH� 296� VWUXFWXUH�� &RQVHTXHQWO\�� WKH� 7KHWD� &ULWHULRQ� LV� RQO\�

HVWDEOLVKHG�IRU�WKH�QRPLQDWLYH�FDVH�PDUNLQJ�EXW�QRW�IRU�WKH�DFFXVDWLYH�FDVH�PDUNLQJ�LQ�DOO�DJH�

JURXSV��

�

,Q�FRQWUDVW�WR�DGXOWV��)ULVFK�	�6FKOHVHZVN\���������WKH�QRPLQDWLYH�YLRODWLRQ�VHHPV�WR�EH�PRUH�

VDOLHQW��L�H��PRUH�SUHYDOHQW��IRU�FKLOGUHQ�WKDQ�WKH�DFFXVDWLYH�YLRODWLRQ��VLQFH�WKH�GHWHFWLRQ�RI�WKH�

GRXEOH�QRPLQDWLYH�YLRODWLRQ�LV�PXFK�HDVLHU�IRU�WKHP�DQG�HOLFLWV�PRUH�PDWXUH�(53�UHVSRQVHV��

7KH� GHWHFWLRQ� RI� WKH� GRXEOH� DFFXVDWLYH� YLRODWLRQ� PLJKW� EH� KLQGHUHG� E\� DQ� HYHQ� VWURQJHU�

VXEMHFW�ILUVW� K\SRWKHVLV� LQ� FKLOGUHQ� WKDQ� LQ� DGXOWV�� 7KH� VXEMHFW�LQLWLDO� VWUXFWXUH� VHHPV� WR� EH�

XQGHUVWRRG�DV�WKH�GHIDXOW�RU�SURWRW\SH�E\�SUHVFKRRO�FKLOGUHQ�DV�WKH\�H[KLELW�JUHDW�SUREOHPV�WR�

LQWHUSUHW� REMHFW�LQLWLDO� VWUXFWXUHV�� 0RUHRYHU�� HYLGHQFH� VXJJHVWV� IRU� D� PDMRULW\� RI� 692�
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FRPSDUHG�WR�296�VWUXFWXUHV�LQ�WKH�LQSXW��'LWWPDU�HW�DO�������D��DQG�IRU�REMHFW�LQLWLDO�VWUXFWXUHV�

LQ�JHQHUDO��7DERU��-XOLDQR��	�7DQHQKDXV���������

&KLOGUHQ�PLJKW�QRW�EH�DEOH�WR�LQKLELW�RU�UHYLVH�WKHLU�VXEMHFW�ILUVW�VWUDWHJ\��DQG�WKHUHIRUH��PLJKW�

EH�QRW�DEOH�WR�LQWHUSUHW�WKH�GRXEOH�DFFXVDWLYH�RQ�V\QWDFWLF�JURXQGV� WKDW�LV�QHFHVVDU\�IRU�WKHVH�

LQWHUSUHWDWLRQDO� DQG� UHSDLU� SURFHVVHV��7KXV�� WKH\� HQFRXQWHU� DQ� DFFXVDWLYH� DW�13�� DQG� FDQQRW�

FRPSOHWHO\� LQKLELW� WKHLU� VXEMHFW�ILUVW� VWUDWHJ\�� 7KHQ� LQ� WKH� QH[W� VWHS�� 13��� PDUNHG� LQ� WKH�

DFFXVDWLYH��PHHWV�DJDLQ�WKH�VXEMHFW�ILUVW�VWUDWHJ\��&RQVHTXHQWO\��WKH�DFFXVDWLYH�YLRODWLRQ�GRHV�

QRW� VWLFN� RXW� DW� 13�� DV� PXFK� DV� WKH� GRXEOH� QRPLQDWLYH�� 7KHUH� LV� PXFK� HYLGHQFH� IRU� WKH�

LQDELOLW\�RI� LQKLELWRU\�FRQWURO� LQ�FKLOGUHQ�FRUUHODWHG�ZLWK�DQ� LPPDWXUH�GRUVRODWHUDO�SUHIURQWDO�

FRUWH[��'/3)&���0DWXUDWLRQ�RI�WKH�'/3)&�FRUUHODWHV�ZLWK�KLJKHU�SHUIRUPDQFHV�LQ�QXPHURXV�

WDVNV��H�J��FDUG�VRUWLQJ�WDVNV��IDOVH�EHOLHI�WDVN��JR�QR�JR�WDVNV��WKDW�UHTXLUH�LQKLELWRU\�FRQWURO�LQ�

FKLOGUHQ�HVSHFLDOO\�EHWZHHQ�����\HDUV�RI�DJH��EXW�VWLOO�SURFHHGV�DSSUR[LPDWHO\�XQWLO�WKH�DJH�RI�

����+HQFH��WKH�JHQHUDO�RQJRLQJ�PDWXUDWLRQ�RI�'/3)&�LQ����WR���\HDU�ROGV��IRU�PRUH�HYLGHQFH��

SOHDVH�VHH�0RULJXFKL�	�+LUDNL��LQ�SUHVV��PD\�EH�D�UHDVRQ�IRU�WKH�YHU\�VSHFLILF�WDVN�WR�LQKLELW�D�

VXEMHFW�ILUVW� VWUDWHJ\� IRU� DUJXPHQW� H[SHFWDQFLHV� LQ� *HUPDQ� �'LDPRQG�� ������ 0RULJXFKL� 	�

+LUDNL��LQ�SUHVV���

%HVLGHV� WKH� LPPDWXUH�'/3)&� LQ� FKLOGUHQ�� WKHUH�PLJKW� EH�PRUH� XQGHUO\LQJ� QHXURDQDWRPLFDO�

UHDVRQV�IRU���\HDU�ROG�FKLOGUHQ�QRW�EHLQJ�FRPSOHWHO\�DEOH�WR�SURFHVV�REMHFW�LQLWLDO�VHQWHQFHV�RU�

GRXEOH�DFFXVDWLYH�YLRODWLRQV�LQ�DQ�DGXOW�OLNH�PDQQHU��(YLGHQFH�IRXQG�WKDW�WKH�GRUVDO�SDWKZD\�

FRQQHFWLQJ� %URFD¶V� DUHD� DQG� WKH� SRVWHULRU� VXSHULRU� WHPSRUDO� J\UXV� �S67*�� LV� QRW� \HW� IXOO\�

GHYHORSHG�LQ���\HDU�ROGV��%UDXHU��$QZDQGHU��	�)ULHGHULFL���������7KH� LQWHUSOD\�EHWZHHQ� WKH�

OHIW�LQIHULRU�IURQWDO�J\UXV��,)*��DQG�WKH�OHIW�S67*�KDV�EHHQ�DUJXHG�WR�EH�FUXFLDO�IRU�V\QWDFWLF�

VHPDQWLF� LQWHJUDWLRQ� ZLWK� WKH� ,)*� EHLQJ� PDLQO\� LQYROYHG� LQ� WKH� SURFHVVLQJ� RI� KLHUDUFKLFDO�

VWUXFWXUHV�DQG�WKH�S67*�LQ�ELQGLQJ�WKH�YHUE�DQG�LWV�DUJXPHQWV��)ULHGHULFL��LQ�SUHVV���7KH�GRUVDO�

SDWKZD\�EHWZHHQ� WKHVH� WZR� UHJLRQV� UXQV�YLD� WKH�DUFXDWH� IDVFLFXOXV�DQG� VXSHULRU� ORQJLWXGLQDO�

IDVFLFXOXV�� $FFRUGLQJ� WR� %UDXHU� DQG� FROOHDJXHV� ������� WKLV� SDWKZD\� LV� QRW� FRPSOHWHO\�

P\HOLQDWHG�LQ�FKLOGUHQ�DW�WKH�DJH�RI�����ZKLFK�FRXOG�OHDG�WR�SURFHVVLQJ�GLIILFXOWLHV�RI�WKH�WHVWHG�

VWUXFWXUHV�LQ�WKH�SUHVHQW�ZRUN��

5HVXOWV� RQ� IXQFWLRQDO� FRQQHFWLYLW\� LQ� FKLOGUHQ¶V� EUDLQV� FRPSOHPHQW� WKH� SLFWXUH� RI� WKH�

XQGHUO\LQJ�EUDLQ�GHYHORSPHQW�IRU�SURFHVVLQJ�FRPSOH[�V\QWD[��,W�LV�NQRZQ�IRU�DGXOWV��WKDW�WKH�

ODQJXDJH� QHWZRUN� VKRZV� VWURQJ� SURMHFWLRQV� EHWZHHQ� IURQWDO� DQG� WHPSRUDO� UHJLRQV� LQ� WKH� OHIW�

KHPLVSKHUH� �/RKPDQQ�HW� DO��� �������:KLOH� WKLV� LQWUDKHPLVSKHULF� IXQFWLRQDO�QHWZRUN� VHHPV�D�

QHFHVVDU\�SUHUHTXLVLWH�IRU�FRPSOH[�OLQJXLVWLF�SURFHVVHV��FKLOGUHQ�DW�WKH�DJH�RI�����DUH�IRXQG�WR�

GLVSOD\�D�VWURQJHU� LQWHUKHPLVSKHULF� IXQFWLRQDO�FRQQHFWLYLW\�EHWZHHQ� WHPSRUDO� UHJLRQV� LQVWHDG�

�)ULHGHULFL��%UDXHU��	�/RKPDQQ�����������
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,Q� VXP�� FRQYHUJLQJ� HYLGHQFH� VKRZV� WKDW� WKH� QHXURDQDWRPLFDO�� QHXURSK\VLRORJLFDO� DQG�

IXQFWLRQDO�EUDLQ�VWUXFWXUHV�RI�WKH�ODQJXDJH�V\VWHP�DUH�VWLOO�LQ�WKH�SURFHVV�RI�PDWXUDWLRQ�DW�ODWH�

SUHVFKRRO�DJH�LQ�FKLOGUHQ�ZKLFK�FRUUHODWHV�ZLWK�WKH�EHKDYLRUDO��H\H�WUDFNLQJ��DQG�(53�UHVXOWV�

RQ�SURFHVVLQJ�QRQ�FDQRQLFDO�VWUXFWXUHV�DV�ZHOO�DV�(53�UHVXOWV�RQ�FDVH�YLRODWLRQV�LQ�WKH�SUHVHQW�

ZRUN��

�

8.3 Methodological Comparison of Developmental Markers: From the 
Brain to the Eye to Behavior 
:KHQ�FRQWUDVWLQJ�WKH�WKUHH�GLIIHUHQW�PHWKRGV�HPSOR\HG�LQ�WKH�SUHVHQW�ZRUN��LW�LV�REYLRXV�WKDW�

GLIIHUHQW� ILQGLQJV� UHVXOWHG�ZLWKLQ�HDFK�DJH�JURXS�GHSHQGLQJ�RQ� WKH�PHWKRGRORJLFDO�DSSURDFK�

DSSOLHG��IRU�DQ�RYHUYLHZ��SOHDVH�VHH�7DEOH�����,Q�WKH�SUHVHQW�FKDSWHU��WKHVH�GLIIHUHQFHV�ZLOO�EH�

KLJKOLJKWHG��*LYHQ� WKDW� WKH� FRPSDULVRQ�EHWZHHQ� SURFHVVLQJ�RI� WKH� VXEMHFW�LQLWLDO� DQG�REMHFW�

LQLWLDO� FRQGLWLRQ� LV� VFUXWLQL]HG� XVLQJ� DOO� WKUHH� PHWKRGV� �L�H�� WKH� EHKDYLRUDO� PHWKRG�� WKH� H\H�

WUDFNLQJ� PHWKRG�� DQG� WKH� (53� PHWKRG��� FRQFOXVLRQV� DUH� SULPDULO\� GUDZQ� IURP� WKHVH� WKUHH�

GLIIHUHQW�H[SHULPHQWV�UDWKHU�WKDQ�IURP�WKH�(53�VWXG\�LQYHVWLJDWLQJ�WKH�SURFHVVLQJ�RI�V\QWDFWLF�

YLRODWLRQV��&UXFLDOO\��LW�LV�GLVFXVVHG�ZKLFK�FRQVLGHUDWLRQV�DQG�LQVLJKWV�FDQ�EH�GHGXFHG�IURP�WKH�

FRPSDULVRQ�RI�WKH�GLIIHUHQW�UHVXOWV�IRU�WKH�GLIIHUHQW�PHWKRGV��:KLFK�FRJQLWLYH�SURFHVVHV�GR�WKH�

YDULRXV�PHWKRGV�GHSLFW��ZKDW�PD\�EH�H[SHFWHG�IURP�HPSOR\LQJ�D�FHUWDLQ�PHWKRG��DQG�ZKDW�DUH�

WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�HDFK�RI� WKHP"�:KLOH�WKH�FRQFOXVLRQV� WKDW�FDQ�EH�GUDZQ�

IURP� WKH�SUHVHQW�(53� UHVXOWV� LQ� WKLV� UHJDUG�DQG� LQ�FRPSDULVRQ� WR� WKH�RWKHU� WZR�PHWKRGV�DUH�

ODUJHO\�REYLRXV��WKH�UHODWLRQ�EHWZHHQ�WKH�EHKDYLRUDO�DQG�H\H�WUDFNLQJ�PHWKRG�LV�PRUH�SX]]OLQJ�

DQG�HVSHFLDOO\�LQWHUHVWLQJ�LQ�OLJKW�RI�WKH�FXUUHQW�ILQGLQJV��

�
7DEOH� ���� � 2YHUYLHZ� RI� WKH� GLIIHUHQW� UHVXOWV� GHSHQGLQJ� RQ� WKH� PHWKRGRORJLFDO� DSSURDFK� DSSOLHG�
UHJDUGLQJ�WKH�SURFHVVLQJ�RI�REMHFW�LQLWLDO�VHQWHQFHV�
�
� ��\HDU�ROGV� ����\HDU�ROGV� ��\HDU�ROGV� $GXOWV�
%HKDYLRUDO�
H[SHULPHQW�

�� ���� ���� ��

(\H�WUDFNHU�
H[SHULPHQW�

���� �� �� ��

(53�VWXG\�,�
13��
�
13��

(DUO\�ODWH�
3RV��

�
¡�

�
7RSLF��1HJ��

�
7RSLF��1HJ��

�
1HJ��

�
3����

�
3����

�
¡�

�
%HORZ� FKDQFH� OHYHO� ����� RQ� FKDQFH� OHYHO� ������� RU� DERYH� FKDQFH� OHYHO� ���� SHUIRUPDQFH�IL[DWLRQ�
GXUDWLRQV�DUH�LQGLFDWHG�IRU�WKH�EHKDYLRUDO�DQG�H\H�WUDFNHU�H[SHULPHQW�FRQFHUQLQJ�WKH�REMHFW�LQLWLDO�
FRQGLWLRQ��
�
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)RU� WKUHH�\HDU�ROGV�� WKH� EHKDYLRUDO� PHWKRG� UHYHDOV� ODUJH� GLIIHUHQFHV� EHWZHHQ� WKH� FRUUHFW�

LQWHUSUHWDWLRQ�RI�VXEMHFW�LQLWLDO�DQG�REMHFW�LQLWLDO�VWUXFWXUHV�ZKLFK�DUH�LQWHUSUHWHG�DV�H[SRVLQJ�D�

VXEMHFW�ILUVW�VWUDWHJ\�DW�WKDW�DJH��,Q�FRQWUDVW��WKH\�SHUIRUPHG�FRPSOHWHO\�RQ�FKDQFH�OHYHO�LQ�WKH�

H\H�WUDFNHU�H[SHULPHQW�LQ�ERWK�FRQGLWLRQV��7KH�(53�PHWKRG��LQ�WXUQ��VKRZHG�WKH�VHQVLWLYLW\�WR�

WKH�WRSLFDOL]HG�REMHFWV�LQ�GLIIHULQJ�(53�ZDYHV�EHWZHHQ�WKH�WZR�WHVWHG�VWUXFWXUHV��

,Q�����\HDU�ROGV��WKH�VHQWHQFH�SLFWXUH�PDWFKLQJ�WDVN�SURGXFHG�ILQGLQJV�RQ�FKDQFH�OHYHO�IRU�WKH�

REMHFW�LQLWLDO� FRQGLWLRQ��ZKLOH� WKH� H\H� WUDFNHU� UHVXOWV� GHPRQVWUDWH� EHORZ�FKDQFH�RXWFRPH� IRU�

WKH� VDPH�FRQGLWLRQ��7KH� ODWWHU�� DV� IRU� WKUHH�\HDU�ROGV� LQ� WKH�EHKDYLRUDO� SDUDGLJP�� VXJJHVWV� D�

VLJQ�RI�WKH�VHQVLWLYLW\�WR�WKH�ZRUG�RUGHU�FXH��,Q�FRQWUDVW��WKH�(53�PHWKRG�LOOXVWUDWHG�SURFHVVLQJ�

GLIIHUHQFHV�EHWZHHQ�WKH�WZR�FRQGLWLRQV�WLPH�ORFNHG�WR�13��SRLQWLQJ�WRZDUGV�WKH�VHQVLWLYLW\�WR�

WKH�FDVH�PDUNLQJ�FXH��

,Q�VL[�\HDU�ROGV��WKH�EHKDYLRUDO�PHWKRG�VKRZHG�DOVR��DV�LQ�����\HDU�ROGV��FRUUHFW�LQWHUSUHWDWLRQ�

RI� WKH� REMHFW�LQLWLDO� VWUXFWXUHV� RQ� FKDQFH� OHYHO�� 2Q� WKH� FRQWUDU\�� WKH� H\H� WUDFNHU� UHVXOWV�

GLVSOD\HG�DERYH�FKDQFH� IL[DWLRQ�GXUDWLRQV� IRU� WKH�VDPH�FRQGLWLRQ�LQ�VL[�\HDU�ROGV��DQG��PRVW�

LPSRUWDQWO\�� ODUJH� WLPH� GLIIHUHQFHV� EHWZHHQ� IL[DWLRQV� LQ� WKH� WZR� FRQGLWLRQV�� 7KH� FRUUHFW�

IL[DWLRQV�IRU�WKH�REMHFW�LQLWLDO�VHQWHQFHV�VWDUW�PXFK�ODWHU��QDPHO\�RQH�VHFRQG�ODWHU��WKDQ�IRU�WKH�

VXEMHFW�LQLWLDO� VHQWHQFHV�� 5HJDUGOHVV� WKHVH� GLIIHUHQFHV� LQ� WLPLQJ�� WKH� H\H� WUDFNHU� PHWKRG�

UHYHDOHG�WKH�VHQVLWLYLW\�WR�WKH�FDVH�PDUNLQJ�FXH�LQ�VL[�\HDU�ROGV��7KH�VDPH�LV�WUXH�IRU�WKH�(53�

UHVXOWV�LQ�WKDW�DJH�JURXS���

$GXOWV¶�EHKDYLRUDO�DQG�H\H�WUDFNLQJ�UHVXOWV�VKRZ�FORVH�WR�SHUIHFW�DELOLW\�WR�FRUUHFWO\�LQWHUSUHW�

REMHFW�LQLWLDO� VHQWHQFHV� DQG� QR� GLIIHUHQFHV� WR� WKH� VXEMHFW�LQLWLDO� VHQWHQFHV�� 7KH� (53V� LQ�

UHVSRQVH�WR�WKH�IRUPHU�FRQGLWLRQ�LQ�FRPSDULVRQ�WR�WKH�ODWWHU��KRZHYHU��VKRZHG�H[WUD�SURFHVVLQJ�

FRVWV�DW�WKH�VHQWHQFH�RQVHW��

�

)URP�WKH�EULHI�HYDOXDWLRQ�RI�WKH�RXWFRPHV�RI�WKH�WKUHH�PHWKRGV�WHVWLQJ�WKH�VDPH�VWUXFWXUHV�LQ�

HDFK� DJH� JURXS�� VXEVWDQWLDO� GLIIHUHQFHV� EHWZHHQ� WKH� UHVSHFWLYH� UHVXOWV� RI� WKHVH� PHWKRGV��

EHFRPH� HYLGHQW� WKDW� OHG� WR� GLIIHUHQW� LQWHUSUHWDWLRQV�� LQ� WXUQ�� ,Q� SDUWLFXODU�� RXWFRPH� RI� WKH�

EHKDYLRUDO�DQG�H\H� WUDFNLQJ�H[SHULPHQWV�GLIIHU� VXUSULVLQJO\�ZLWKLQ�HDFK�DJH�JURXS� WR�D� ODUJH�

H[WHQW��7KHUHIRUH�� WKH�TXHVWLRQ�DULVHV�ZKLFK�XQGHUO\LQJ�SURFHVVHV� WKHVH� WZR�PHWKRGV�H[DFWO\�

GHSLFW���

)RU�WKH�H\H�WUDFNLQJ�PHWKRG��the linking hypothesis�ZDV�IRUPXODWHG��FI��$OORSHQQD��0DJQXVRQ��

	� 7DQHQKDXV�� ������ 7DQHQKDXV� 	� 7UXHVZHOO�� ������� ,W� VWDWHV� IRU� WKH� OLQN� EHWZHHQ� H\H�

PRYHPHQWV�DQG�OLQJXLVWLF�LQSXW�WKDW�WKH�DFWLYDWLRQ�E\�D�FHUWDLQ�ZRUG�RU�SURSRVLWLRQ�GHWHUPLQHV�

WKH�SUREDELOLW\�IRU�DWWHQWLRQDO�DQG�XOWLPDWHO\�VDFFDGLF�VKLIW�WR�IL[DWH�WKH�FRUUHVSRQGLQJ�SLFWXUH��
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+\SRWKHWLFDOO\��WKH�VDPH�SUREDELOLW\�LV�WUXH�IRU�D�VHQWHQFH�SLFWXUH�PDWFKLQJ�WDVN��+RZHYHU��QRW�

RQO\�LQ�WKH�SUHVHQW�VWXG\�EXW�LQ�QXPHURXV�PRUH��DV\PPHWULHV�EHWZHHQ�WKH�WZR�PHWKRGV�KDYH�

EHHQ� IRXQG� �%UDQGW�.REHOH� 	� +|KOH�� ������ *HUWQHU� HW� DO��� ������ +|KOH�� %HUJHU�� 0�OOHU��

6FKPLW]��	�:HLVVHQERUQ��������6HNHULQD��6WURPVZRUOG��	�+HVWYLN���������(VSHFLDOO\��HDUOLHU�

DELOLWLHV�DUH�REVHUYHG�LQ�H\H�WUDFNLQJ�SDUDGLJPV�WKDQ�LQ�SLFWXUH�VHOHFWLRQ�WDVNV��%UDQGW�.REHOH�

DQG�+|KOH� ������� KDYH� SXW� IRUZDUG� WZR� H[SODQDWRU\� DUJXPHQWV� IRU� WKLV� SKHQRPHQRQ�� )LUVW��

JHQHUDO�WDVN�GHPDQGV�PLJKW�EH�KLJKHU�LQ�SLFWXUH�VHOHFWLRQ�DV�FKLOGUHQ�KDYH�WR�NHHS�OLQJXLVWLF�

DQG�YLVXDO�LQIRUPDWLRQ�LQ�SDUDOOHO�LQ�PHPRU\��PDNH�D�GHFLVLRQ�DQG�ILQDOO\�KDYH�WR�SRLQW�WR�RQH�

SLFWXUH��3UHIHUHQWLDO�ORRNLQJ��LQ�FRQWUDVW��PLJKW�PLUURU�PRUH�DXWRPDWLF�UHVSRQVHV�WKDW�DUH�QRW�DV�

XQGHU�FRQVFLRXV�FRQWURO�DV�SLFWXUH�VHOHFWLRQ�DFWLRQV��IRU�DQ�RYHUYLHZ��FRPSDUH�5D\QHU���������

7KH� FKDUDFWHULVWLF� GLIIHUHQFH�� FRQVLVWV� LQ� WKH� IRUPHU� PHWKRG� QRW� UHTXLULQJ� D� FKRLFH� RI� WKH�

FKLOGUHQ���

7KH� VHFRQG� H[SODQDWLRQ�� IROORZLQJ� 7UXHVZHOO� DQG� *OHLWPDQ� �������� VXJJHVWV� WKDW� GLIIHUHQW�

SKDVHV�RI�WKH�LQWHUSUHWDWLRQDO�SURFHVV�DUH�GHSLFWHG�E\�WKH�WZR�GLIIHUHQW�PHWKRGV��7KH�RII�OLQH�

EHKDYLRUDO�PHWKRG�PLJKW�UHIOHFW�D�ODWHU�SKDVH�WKDQ�WKH�RQ�OLQH�H\H�WUDFNHU�PHWKRG��$W�WKLV�ODWHU�

VWDJH��KHXULVWLFV��JXHVVLQJ�DQG�LQWHUSUHWDWLRQDO�VWUDWHJLHV�PLJKW�FRPH�LQWR�SOD\�ZKHUHDV�WKH�RQ�

OLQH�PHDVXUHPHQW� JLYHV� D� SLFWXUH� RI� WKH�PHUHO\� SXUH� VWUXFWXUDO� DQDO\VLV� RI� D� VHQWHQFH� E\� D�

SDUWLFLSDQW��%UDQGW�.REHOH�	�+|KOH���������

:KLOH� WKH� UHODWLRQ� EHWZHHQ� H\H� WUDFNLQJ� DQG� EHKDYLRUDO� UHVXOWV� DUH� GHEDWDEOH�� LW� LV� ZHOO�

HVWDEOLVKHG�WKDW�(53�UHVXOWV�GHOLYHU�PHDVXUHPHQWV�RI�WKH�XQGHUO\LQJ�QHXURQDO�PHFKDQLVPV�LQ�D�

KLJKO\� WHPSRUDO� UHVROXWLRQ�� ,Q� WKLV� UHJDUG�� FHUWDLQ� SURFHVVLQJ� DELOLWLHV� FDQ� EH� GHWHFWHG� LQ�

FKLOGUHQ�EHIRUH�RYHUW�EHKDYLRUDO�UHVSRQVHV�EHFRPH�DSSDUHQW��IRU�DQ�RYHUYLHZ��SOHDVH�FRPSDUH�

0lQQHO�	�)ULHGHULFL����������

�

,Q�OLJKW�RI�WKHVH�WKHRUHWLFDO�FRQVLGHUDWLRQV��WKH�SUHVHQW�GLVSDULWLHV�EHWZHHQ�WKH�ILQGLQJV�RI�WKH�

GLIIHUHQW�PHWKRGV�VNHWFKHG�DERYH�DUH�YHU\�ZHOO�H[SODLQDEOH��$V�H[SOLFLWO\�IRUPXODWHG�IRU�WKUHH�

\HDU�ROGV� LQ� %UDQGW�.REHOH� DQG� +|KOH� �������� WKH� GLVWLQFWLRQ� EHWZHHQ� WKH� GHSLFWLRQ� RI�

GLIIHUHQW�SURFHVVLQJ�VWDJHV�LQ�H\H�WUDFNHU�DQG�SLFWXUH�VHOHFWLRQ�WDVNV�DSSOLHV�DOVR�WR�WKH�SUHVHQW�

UHVXOWV�LQ�WKUHH�\HDU�ROGV��:KLOH�WKLV�DJH�JURXS�PLJKW�QRW�EH�DEOH�WR�SURFHVV�WKH�VWUXFWXUHV�RQ�

OLQH� RQ� SXUH� V\QWDFWLF� JURXQGV� DV� VKRZQ� LQ� WKH� H\H� WUDFNHU� H[SHULPHQW�� DQ� LQWHUSUHWDWLRQDO�

VWUDWHJ\� FOHDUO\� LV� VKRZQ� LQ� WKH� EHKDYLRUDO� H[SHULPHQW�� QDPHO\� WKH� VXEMHFW�ILUVW� VWUDWHJ\��

+RZHYHU�� WKH� VHQVLWLYLW\� WR� WKH� GLIIHUHQW� V\QWDFWLF� VWUXFWXUHV� IRXQG� LQ� WKH� (53�H[SHULPHQW�

SUHFHGHV�WKH�VHQVLWLYLW\�REVHUYHG�LQ�WKH�RQ�OLQH�UHVXOWV�RI�WKH�H\H�WUDFNHU�H[SHULPHQW��7KXV��DV�

K\SRWKHVL]HG� HDUOLHU�� WKH� (53� PHWKRG� PLJKW� GHWHFW� SURFHVVLQJ� GLIIHUHQFHV� EHIRUH� WKH� H\H�

WUDFNLQJ� PHWKRG� DQG� RYHUW� EHKDYLRUDO� UHVSRQVHV� PLJKW� EH� VKRZQ� WKH� ODWHVW� UHJDUGLQJ� WKHVH�
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WKUHH�PHWKRGV��$W�OHDVW�DW�WKH�DJH�RI������DGGLWLRQDO�LQWHUSUHWDWLRQDO�VWUDWHJLHV�PLJKW�HPHUJH�LQ�

WKH�VHQWHQFH�SLFWXUH�PDWFKLQJ�WDVN��

,Q� ����� DQG� VL[�\HDU�ROGV� WKHVH� KHXULVWLF� VWUDWHJLHV� ZHUH� QRW� HYLGHQW� LQ� WKH� EHKDYLRUDO� WDVN��

+RZHYHU�� WKH� JHQHUDO� VHQVLWLYLW\� RI� WKH� GLIIHUHQW� PHWKRGV� WR� GLIIHUHQW� SURFHVVLQJ� VWDJHV�

PDQLIHVWV�DOVR�LQ�WKHVH�WZR�DJH�JURXSV��)RU�����\HDU�ROGV��(53V�VKRZHG�DOUHDG\�WKH�SURFHVVLQJ�

RI� FDVH�PDUNLQJ� ZKLOH� WKH� H\H� WUDFNLQJ� UHVXOWV� UHYHDO� WKH� VHQVLWLYLW\� WR� WKH� ZRUG� RUGHU�

LQIRUPDWLRQ�IRU�RQ�OLQH�V\QWDFWLF�LQWHUSUHWDWLRQ��)RU�VL[�\HDU�ROGV��ERWK��(53�DQG�H\H�WUDFNLQJ�

ILQGLQJV� GLVSOD\� WKH� SURFHVVLQJ� RI� FDVH� PDUNLQJ�� ,Q� DGGLWLRQ�� WKH� WLPH� FRXUVH� RI� IL[DWLRQ�

GXUDWLRQ� WR� WKH� FRUUHVSRQGLQJ�REMHFW�LQLWLDO�SLFWXUH� VKLIWHG� WR�DERYH�FKDQFH� OHYHO� RQH� VHFRQG�

DIWHU�VHQWHQFH�RIIVHW��6SHFXODWLYHO\��WKHVH�VXUSULVLQJO\�ORQJ�SURFHVVLQJ�WLPH�VHTXHQFHV�DSSDUHQW�

LQ� WKH�JD]H�VKLIW�DW� WKH�DJH�RI�VL[��PLJKW�DFFRXQW�IRU� WKH�FKDQFH�OHYHO�RXWFRPH�LQ� WKH�REMHFW�

LQLWLDO� FRQGLWLRQ� RI� WKH� EHKDYLRUDO� PHWKRG� WKDW� VKDGRZV� RU� VKRUWHQV� WKHVH� SURFHVVHV� E\� WKH�

SUHVVXUH�WR�SRLQW�WR�D�SLFWXUH���

,Q�DGXOWV�� WKH�H\H�WUDFNHU�H[SHULPHQW�UHYHDOV� LQFUHPHQWDO�LQWHUSUHWDWLRQ�DOUHDG\�DW�13��LQ� WKH�

VXEMHFW�LQLWLDO�DV�ZHOO�DV� LQ� WKH�REMHFW�LQLWLDO�FRQGLWLRQ�DV�VKRZQ�EHIRUH� LQ�RWKHU�H\H�WUDFNLQJ�

H[SHULPHQWV��7UXHVZHOO��6HNHULQD��+LOO��	�/RJULS���������,QWHUHVWLQJO\��WKH�(53V�LQ�WKLV�UHJDUG�

GLVSOD\� H[WUD� SURFHVVLQJ� FRVWV� IRU� WKH� REMHFW�LQLWLDO� FRQGLWLRQ� LQ� IRUP� RI� D� WRSLFDOL]DWLRQ�

QHJDWLYLW\��7KH� VDPH�QHJDWLYLW\�ZDV�SUHVHQW� LQ� VL[�\HDU�ROGV¶�(53V� WKDW� DSSDUHQWO\� SUHFHGHV�

WKH�DELOLW\�WR�XVH�WKH�LQIRUPDWLRQ�DW�13��IRU�LQFUHPHQWDO�LQWHUSUHWDWLRQ��

�

,Q� VXP�� WKH� WKUHH� GLIIHUHQW�PHWKRGV� HDFK� GHSLFW� GLIIHUHQW� SURFHVVLQJ� SKDVHV��:KLOH� WKH�(53�

PHWKRG�PDNHV�XQGHUO\LQJ�QHXURQDO�PHFKDQLVPV�YLVLEOH�ZKLFK�SUHFHGH�WKH�RQ�OLQH�DFWLYDWLRQ�RI�

JD]H� VKLIWV� IRU� IL[DWLRQ� LQ� H\H�WUDFNHU�PHDVXUHPHQWV�� ,Q� RYHUW� EHKDYLRUDO� UHVSRQVHV�� LQ� WXUQ��

PHWDOLQJXLVWLF�DQG�KHXULVWLF�VWUDWHJLHV�PLJKW�FRPH�DGGLWLRQDOO\�LQWR�SOD\��DW�OHDVW�LQ�WRGGOHUV��

�
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9 Future Perspectives 
*LYHQ�WKDW�WKH�SUHVHQW�VWXG\�IRFXVHV�ODUJHO\�RQ�WKH�GHYHORSPHQW�RI�PRUSKRV\QWDFWLF�FXH�XVDJH�

DQG� FXH�VHQVLWLYLW\� IRU� WUDQVLWLYH� VHQWHQFH� LQWHUSUHWDWLRQ� DQG� SURFHVVLQJ�� IXUWKHU� VWXGLHV� DUH�

UHTXLUHG� WR� FODULI\� WKH� UROH� RI� RWKHU� FXHV� LQ� WKLV� UHVSHFW�� 6HPDQWLF� DVSHFWV� IRU� WKHPDWLF� UROH�

DVVLJQPHQW�DQG�WKHPDWLF�KLHUDUFKLFDO�RUGHULQJ�ZHUH�QRW�WDNHQ�LQWR�DFFRXQW�LQ�WKH�FXUUHQW�WKHVLV��

DOWKRXJK� LW� LV�NQRZQ� WKDW� DGXOWV�XVH�� IRU� LQVWDQFH��DQLPDF\�DV�D�FXH� LQ� WKLV� UHJDUG� �)ULVFK�	�

6FKOHVHZVN\�� ������ ������ .XSHUEHUJ�� ������ .XSHUEHUJ� HW� DO��� ������ 6FKOHVHZVN\� 	�

%RUQNHVVHO�� ������ ������� 6LQFH� WKH� SURWRW\SLFDO� DFWRU� LV� SUHVXPHG� WR� EH� DQLPDWH� DQG� WKH�

SURWRW\SLFDO�SDWLHQW�WR�EH�LQDQLPDWH��HVSHFLDOO\�WRGGOHUV�PLJKW�UHO\�RQ�WKH�DQLPDF\�FXH�RU�RQ�D�

FRDOLWLRQ� RI� DOO� SURWRW\SLFDO� FXHV� LQFOXGLQJ� DQLPDF\� LQIRUPDWLRQ� �%DWHV� HW� DO��� ������

0DF:KLQQH\� HW� DO��� ������� ,Q�SUHYLRXV�EHKDYLRUDO� VWXGLHV�� HYLGHQFH�ZDV� IRXQG� IRU� WKH�PDLQ�

XVDJH�RI�WKH�DQLPDF\�LQ�FKLOGUHQ�DJHG�EHWZHHQ�WZR�DQG�WKUHH�\HDUV��&KDQ�HW�DO���������/LQGQHU��

�������)XWXUH�VWXGLHV�DUH�QHFHVVDU\�WR�JDLQ�PRUH�NQRZOHGJH�DERXW�WKH�GHYHORSPHQW�DERXW�WKLV�

VSHFLILF� FXH� GXULQJ� ODQJXDJH� DFTXLVLWLRQ� DQG�� PRUH� SDUWLFXODUO\�� WKH� XQGHUO\LQJ� QHXUDO�

PHFKDQLVPV� DVVRFLDWHG� ZLWK� LW�� 2Q� DQRWKHU� VHPDQWLF� QRWH�� RQH� VKRUWFRPLQJ� RI� WKH� VWLPXOL�

HPSOR\HG�LQ� WKH�SUHVHQW�H[SHULPHQWV�PLJKW�H[LVW�LQ�DV\PPHWULHV� LQ� WKH�SURWRW\SLFDOLW\�RI� WKH�

$FWRUV�� 6XSSRVHGO\�� LW� LV� SRVVLEOH� WKDW�� IRU� H[DPSOH�� D� EHHWOH� PLJKW� QRW� EH� FRQVLGHUHG� DV�

SURWRW\SLFDO� IRU� DQ� $FWRU� DV� D� WLJHU�� EHFDXVH� LW� GRHV� QRW� PHHW� WKH� SURWRW\SLFDO� GHILQLWLRQ�

�3ULPXV�� ������ RI� SHUIRUPLQJ� DV� PDQ\� SK\VLFDO� DFWLYLWLHV� DV� D� WLJHU�� )XUWKHU� VWXGLHV� VKRXOG�

FODULI\� LI� WKHVH� FRQVLGHUDWLRQV� DERXW� JHQHUDO� ZRUOG� NQRZOHGJH� SOD\� DQ� LPSRUWDQW� UROH� LQ�

FKLOGUHQ¶V�VHQWHQFH�LQWHUSUHWDWLRQV��

7KH�FRQWH[WXDO�IDFWRUV�FRQVWLWXWH�D�VHFRQG�DVSHFW�RI�WRSLFDOL]DWLRQV�SUHYLRXVO\�H[FOXGHG�LQ�WKH�

SUHVHQW� VWXGLHV��7KH� QRQFDQRQLFDO� REMHFW�LQLWLDO� VWUXFWXUH� UDUHO\� RFFXUV� LQ� LVRODWLRQ� EXW� PRUH�

RIWHQ�LQ�FRQWH[W�VHUYLQJ�WKH�SUDJPDWLF�IXQFWLRQ�RI�IRFXV�ZLWKLQ� WKH�LQIRUPDWLRQ�VWUXFWXUH�RI�D�

WH[W�RU�GLVFRXUVH� �:HVNRWW���������)RU�DGXOWV�� H[SHULPHQWDO� DQG�QHXURSK\VLRORJLFDO� HYLGHQFH�

FRQILUPHG� WKDW� FRQWH[WXDO� IDFWRUV� IDFLOLWDWH� VHQWHQFH� SURFHVVLQJ� DQG� WKH� SURFHVVLQJ� RI� QRQ�

FDQRQLFDO� VWUXFWXUHV� �%RUQNHVVHO� HW� DO��� ������+DXSW� HW� DO��� ������+HQGULNV�� %DQJD�� YDQ�5LM��

&DQQL]]DUUR�� 	� +RHNV�� LQ� SUHVV�� .DLVHU� 	� 7UXHVZHOO�� ������ 7UD[OHU� 	� 7RROH\�� ������� )RU�

SUHVFKRROHUV�� FRQWH[W� PLJKW� SURYLGH� DQ� HYHQ� VWURQJHU� LQIRUPDWLRQDO� UHVRXUFH� IRU� VHQWHQFH�

LQWHUSUHWDWLRQ� DV� WKH\� KDYH� QRW� \HW� IXOO\� HVWDEOLVKHG� WKH� JUDPPDWLFDO� V\VWHP�RI� WKHLU�PRWKHU�

WRQJXH�� )LUVW� HYLGHQFH� SRLQWV� WRZDUGV� WKLV� GLUHFWLRQ� �%UDQGW�� .LGG�� /LHYHQ�� 	� 7RPDVHOOR��

�������0RUHRYHU��IRFXV�LQIRUPDWLRQ�LQWHUDFWV�KLJKO\�ZLWK�SURVRG\�LQIRUPDWLRQ�DV��IRU�LQVWDQFH��

SLWFK�DFFHQW��5HFHQWO\��WKH�IDFLOLWDWLRQ�HIIHFW�RI�SURVRG\�DQG�FRQWH[W�FRXOG�EH�VKRZQ�IRU�DGXOWV�

�:DQJ��%DVWLDDQVHQ��<DQJ��	�+DJRRUW��������DV�ZHOO� DV� IRU� FKLOGUHQ� �*U�QORK�HW�DO��� �������
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0RUH� VWXGLHV� DUH� UHTXLUHG� WR� DUWLFXODWH� WKH� LQIRUPDWLYH� YDOXH� RI� SURVRG\� DQG� FRQWH[W� LQ�

V\QWDFWLF�SURFHVVLQJ�GXULQJ�ODQJXDJH�DFTXLVLWLRQ��

�

10 Conclusion 
7KH�SUHVHQW�WKHVLV�DLPV�WR�SURYLGH�EHWWHU�XQGHUVWDQGLQJ�RI�PRUSKRV\QWDFWLF�FXH�XVDJH�DQG�FXH�

VHQVLWLYLW\�IRU�VHQWHQFH�LQWHUSUHWDWLRQ�DQG�WKH�PHFKDQLVPV�RI�V\QWDFWLF�UHSDLU�GXULQJ�ODQJXDJH�

DFTXLVLWLRQ�LQ�SUHVFKRRO�FKLOGUHQ�DJHG�WKUHH�WR�VL[�\HDUV��)RU�WKH�ILUVW�WLPH��WKH�FXUUHQW�VWXGLHV�

H[DPLQH�WKH�QHXUDO�FRUUHODWHV�RI�WKHVH�SURFHVVHV�E\�PHDQV�RI�(53V�DQG�WKH�RQ�OLQH�SURFHVVLQJ�

E\�PHDQV�RI�DQ�H\H�WUDFNHU��

7KH�UHVXOWV�SURYLGH�HYLGHQFH�IRU�HDUO\�VHQVLWLYLW\�WR�QRQFDQRQLFDO�V\QWDFWLF�VWUXFWXUHV�DQG�WKH�

XVDJH�RI�WKH�ZRUG�RUGHU�FXH�LQ���\HDU�ROGV��&KLOGUHQ�����\HDUV�RI�DJH�DUH�LQ�D�WUDQVLWRU\�VWDWH�

EHWZHHQ� WKH� VHQVLWLYLW\� WR� WKH� ZRUG�RUGHU� FXH� DQG� WKH� FDVH�PDUNLQJ� FXH� ZKLOH� ��\HDU�ROGV�

HPSOR\�WKH�FDVH�PDUNLQJ�FXH�V\VWHPDWLFDOO\�� WKRXJK�WKH\�DUH�VWLOO�QRW�\HW�SHUIHFW� LQ� WKHPDWLF�

UROH�DVVLJQPHQW��

7KH� QHXURSK\VLRORJ\� XQGHUO\LQJ� V\QWDFWLF� UHSDLU� VWUDWHJLHV� HOXFLGDWHV�� IXUWKHUPRUH�� WKH�

IXQFWLRQ�RI� WKH�QRPLQDWLYH�DQG� WKH� VXEMHFW�LQLWLDO�DUJXPHQW� VWUXFWXUH�DQG� WKH�SULQFLSOH� WKDW�D�

FDVH�RQO\�EH�DVVLJQHG�RQFH� LQ�D�VHQWHQFH� �7KHWD�&ULWHULRQ��DUH�DOUHDG\�HVWDEOLVKHG�LQ���\HDU�

ROGV��5HSDLU�6WUDWHJLHV�IRU�D�PRUH�FRPSOH[�GRXEOH�DFFXVDWLYH�YLRODWLRQ�VKLIW�LQ�WKUHH���������DQG�

VL[�\HDU�ROGV� IURP� HUURU� GHWHFWLRQ�� WR� WKHPDWLF�� DQG� VXEVHTXHQWO\�� WR� V\QWDFWLF�WKHPDWLF�

VWUDWHJLHV��7KH� IDFW� WKDW�� LQ� WKLV� FDVH��DGXOW�OLNH�PHFKDQLVPV�RI� V\QWDFWLF� UHSDLU�DQG�DGHTXDWH�

DUJXPHQW�H[SHFWDQFLHV�GR�VWLOO�QRW�H[LVW�DW�WKH�DJH�RI�����SRLQWV�WRZDUGV�WKH�LQDELOLW\�WR�LQKLELW�

D�VXEMHFW�ILUVW�VWUDWHJ\�LQ�SUHVFKRRO�FKLOGUHQ��

�
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7DEOH����&RQGLWLRQ�0DLQ�(IIHFWV�RI�WKUHH�\HDU�ROGV¶�(53V�LQ�'LIIHUHQW�7:V�5HODWLYH�WR�
13��2QVHW�������������������������������������������������������������������������������������������������������������������������������� 
7DEOH����&RQGLWLRQ�0DLQ�(IIHFWV�RI�7KUHH�\HDU�ROGV¶�(53V�LQ�'LIIHUHQW�7:V��GRXEOH�
QRPLQDWLYH�FRPSDUHG�WR�VXEMHFW�LQLWLDO�VHQWHQFHV��OLVWHG�HOHFWURGHV�UHIOHFW�WKH�GLVWULEXWLRQ�
RI�WKH�QHJDWLYLW\����������������������������������������������������������������������������������������������������������������������� 
7DEOH����6LJQLILFDQW�W�YDOXHV��RQH�VDPSOH�W�WHVW�FDOFXODWHG�DJDLQVW�FKDQFH�OHYHO��RI�����
\HDU�ROGV¶�IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH��
VXEMHFW�ILUVW�FRQGLWLRQ�������������������������������������������������������������������������������������������������������������� 
7DEOH����6LJQLILFDQW�W�YDOXHV��RQH�VDPSOH�W�WHVW�FDOFXODWHG�DJDLQVW�FKDQFH�OHYHO�RI�������
RI�����\HDU�ROGV¶�IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH�
REMHFW�ILUVW�FRQGLWLRQ��������������������������������������������������������������������������������������������������������������� 
7DEOH�����&RQGLWLRQ�0DLQ�(IIHFWV�RI�����\HDU�ROGV¶�(53V�LQ�'LIIHUHQW�7:V��GRXEOH�
QRPLQDWLYH�FRPSDUHG�WR�VXEMHFW�LQLWLDO�VHQWHQFHV��WKH�XSSHU�SDQHO�UHIOHFWV�WKH�GLVWULEXWLRQ�
RI�WKH�QHJDWLYLW\�DQG�WKH�ORZHU�SDQHO�WKH�GLVWULEXWLRQ�RI�WKH�SRVLWLYLW\��VHSDUDWHG�E\�WKH�
GRWWHG�OLQH�������������������������������������������������������������������������������������������������������������������������������� 
7DEOH�����6LJQLILFDQW�FRQGLWLRQ�PDLQ�HIIHFWV�LQ�VL[�\HDU�ROGV¶�WULDO�FRXUVH�DQDO\VLV�
FDOFXODWHG�IRU�����PV�WLPH�ZLQGRZV��������������������������������������������������������������������������������������� 
7DEOH�����6LJQLILFDQW�W�YDOXHV��RQH�VDPSOH�W�WHVW�FDOFXODWHG�DJDLQVW�FKDQFH�OHYHO��RI�VL[�
\HDU�ROGV¶�IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH��
VXEMHFW�ILUVW�FRQGLWLRQ�������������������������������������������������������������������������������������������������������������� 
7DEOH�����6LJQLILFDQW�W�YDOXHV��RQH�VDPSOH�W�WHVW�FDOFXODWHG�DJDLQVW�FKDQFH�OHYHO�RI�������
RI�VL[�\HDU�ROGV¶�IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH�
REMHFW�ILUVW�FRQGLWLRQ��������������������������������������������������������������������������������������������������������������� 
7DEOH�����&RQGLWLRQ�0DLQ�(IIHFWV�RI���\HDU�ROGV¶�(53V�LQ�'LIIHUHQW�7:V�5HODWLYH�WR��
13��2QVHW�������������������������������������������������������������������������������������������������������������������������������� 
7DEOH�����2YHUYLHZ�RI�PDLQ�ILQGLQJV�DQG�FRQFOXVLRQV�IRU�DOO�DJH�JURXSV�DQG��
H[SHULPHQWV�RI�WKH�SUHVHQW�ZRUN��������������������������������������������������������������������������������������������� 
7DEOH������2YHUYLHZ�RI�WKH�GLIIHUHQW�UHVXOWV�GHSHQGLQJ�RQ�WKH�PHWKRGRORJLFDO�DSSURDFK�
DSSOLHG�UHJDUGLQJ�WKH�SURFHVVLQJ�RI�REMHFW�LQLWLDO�VHQWHQFHV�������������������������������������������������� 
7DEOH�����3HUFHQWDJHV�RI�XQDPELJXRXV�LGHQWLILFDWLRQV�RI�WKH�SLFWXUHV�YLVXDOL]LQJ�WKH�VL[�
DQLPDOV�LQ�WKH�SUHWHVW�������������������������������������������������������������������������������������������������������������� 
7DEOH�����3HUFHQWDJHV�RI�XQDPELJXRXV�LGHQWLILFDWLRQV�RI�WKH�SLFWXUHV�YLVXDOL]LQJ�WKH�WHQ�
YHUEV�LQ�WKH�SUHWHVW������������������������������������������������������������������������������������������������������������������ 
7DEOH�����([HPSODU\�SKUDVHV�IRU�DFRXVWLF�DQDO\VHV��������������������������������������������������������������� 
7DEOH�����6LJQLILFDQW�W�YDOXHV��RQH�VDPSOH�W�WHVW�FDOFXODWHG�DJDLQVW�FKDQFH�OHYHO�RI��
�����RI�DGXOWV¶�IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH�
VXEMHFW�ILUVW�FRQGLWLRQ������������������������������������������������������������������������������������������������������������� 
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7DEOH�����6LJQLILFDQW�W�YDOXHV��RQH�VDPSOH�W�WHVW�FDOFXODWHG�DJDLQVW�FKDQFH�OHYHO�RI��
�����RI�DGXOWV¶�IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH�
REMHFW�ILUVW�FRQGLWLRQ�������������������������������������������������������������������������������������������������������������� 
�
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Appendices  
�

a) Pretest of the stimulus material  
�
,QWURGXFWLRQ�

,Q� RUGHU� WR� FUHDWH� WKH� VWLPXOXV� PDWHULDO� RI� WKH� EHKDYLRUDO� H[SHULPHQW�� FOHDUQHVV� DQG� QRQ�

DPELJXLW\�RI� WKH�SLFWXUHV� IRU� FKLOGUHQ� LQ� WKH� UHOHYDQW� DJH�JURXSV�KDG� WR�EH� DVVXUHG��)RU� WKLV�

SXUSRVH��D�PDWHULDO�SUHWHVW�ZDV�FRQGXFWHG���

0HWKRG�

Participants�������\HDU�ROGV���������\HDU�ROGV��DQG������\HDU�ROGV�ZHUH�WHVWHG��7KH�DJH�UDQJH�

ZDV�NHSW�ZLWKLQ�������PRQWKV��2I�WKHVH����SDUWLFLSDQWV�����IHPDOH�,���KDG�WR�EH�H[FOXGHG�GXH�WR�

IX]]LQHVV� RU� EHFDXVH� WKH\� GLG� QRW� ILQLVK� WKH� WHVW�� DV� D� FRQVHTXHQFH� ��� ���� IHPDOH�� FKLOGUHQ�

HQWHUHG�WKH�ILQDO�VDPSOH��$OO�FKLOGUHQ�ZHUH�QRUPDOO\�GHYHORSHG�DQG�PRQROLQJXDO�*HUPDQ��

Material����SLFWXUH�FDUGV�LOOXVWUDWLQJ�WKH�GLIIHUHQW�DQLPDOV�ZHUH�FUHDWHG��,JHO��KHGJHKRJ���+XQG�

�GRJ���7LJHU� �WLJHU���9RJHO� �ELUG���.lIHU� �EHHWOH���)URVFK� �IURJ��� ,Q�DGGLWLRQ�����SLFWXUH�FDUGV�

VKRZLQJ� WKHVH�DQLPDOV� LQ����GLIIHUHQW� LQWHUDFWLRQV�ZLWK�RWKHU�DQLPDOV�ZHUH�JHQHUDWHG�VR� WKDW�

HDFK�YHUE�WHVWHG�ZDV�GLVSOD\HG�WZLFH�WR�WKH�SDUWLFLSDQWV��7KH����YHUEV�DQG�WKHLU�FRUUHVSRQGLQJ�

YLVXDO� UHDOL]DWLRQ� WKDW�ZHUH� HYDOXDWHG�� ]LHKHQ� �WR� SXOO��� N�VVHQ� �WR� NLVV���ZDVFKHQ� �WR�ZDVK���

PDOHQ� �WR�SDLQW��� WUDJHQ� �WR�FDUU\���NlPPHQ� �WR�FRPE��� VFKLHEHQ� �WR�SXVK��� VFKODJHQ� �WR�KLW���

IDQJHQ��WR�FDWFK���DQG�WUHWHQ��WR�NLFN���

Procedure.� 7KH� H[SHULPHQWHU� SUHVHQWHG� WKH� �� DQLPDO� FDUGV�� RQH� DW� D� WLPH�� WR� WKH� FKLOG� DQG�

DVNHG� LW� WR� QDPH� WKH� DQLPDO�� $QVZHUV�ZHUH� QRWHG� GRZQ�� ,I� WKH� UHVSRQVH� GLG� QRW�PDWFK� WKH�

LQWHQGHG�DQLPDO��WKH�H[SHULPHQWHU�DVNHG�WKH�FKLOG��³&RXOG�\RX�DOVR�VD\�³;´��H�J��³WLJHU´��IRU�

WKLV�SLFWXUH"´�7KH�\HV�QR�DQVZHU�RI� WKH�FKLOG�ZDV�DOVR�PDUNHG�RQ�D� WHVW�VKHHW��6LPLODUO\�� WKH�

YHUE�FDUGV�ZHUH�HYDOXDWHG��+HUH�� WKH�FKLOGUHQ¶V� WDVN�ZDV� WR�QDPH� WKH�DFWLRQ� WKH� WZR�DQLPDOV�

HQJDJHG� LQ�� ,I� WKH�FKRVHQ�YHUE� IRU� WKH�GHVFULSWLRQ�GLG�QRW�PDWFK� WKH� LQWHQGHG�RQH�� LQ� WXUQ�� D�

VHFRQG�LQTXLU\�ZDV�SRVHG���

Analysis�� (YHU\� WHVW� LWHP� �DQLPDOV� DQG� YHUEV�� IRU� HYHU\� FKLOG� ZDV� FRGHG� DFFRUGLQJ� WR� WKH�

UHVSHFWLYH�DQVZHU��LQWHQGHG�GHVFULSWLRQ��³\HV´�LQ�VHFRQG�LQTXLU\��³QR´�LQ�VHFRQG�LQTXLU\���,Q�D�

VHFRQG� VWHS�� LQWHQGHG� GHVFULSWLRQ� DV� ZHOO� DV� D� ³\HV´�DQVZHU� LQ� WKH� VHFRQG� LQTXLU\� ZHUH�

VXEVXPHG�XQGHU�WKH�FRGH���DQG�WKH�³QR´�DQVZHU�ZDV�FRGHG�E\����$YHUDJHV�DFURVV�DOO�FKLOGUHQ�

RI�HYHU\�LWHP�ZHUH�FDOFXODWHG�DQG�FRQYHUWHG�LQWR�SHUFHQWDJHV�� 

�

�
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5HVXOWV�

&RQFHUQLQJ�WKH�SLFWXUHV�GHSLFWLQJ�WKH�DQLPDOV��DOO�RI�WKHP�ZHUH�FOHDUO\�LGHQWLILHG�LQ�DW�OHDVW����

��RI�DOO�FKLOGUHQ��VHH�7DEOH�������

�
7DEOH�����3HUFHQWDJHV�RI�XQDPELJXRXV�LGHQWLILFDWLRQV�RI�WKH�SLFWXUHV�YLVXDOL]LQJ�WKH�VL[�DQLPDOV�LQ�WKH�
SUHWHVW���
�
� &OHDU�LGHQWLILFDWLRQ�RI�WKH�

SLFWXUH�LQ�SHUFHQWDJH��1 ����

6WDQGDUG�HUURU�LQ�SHUFHQWDJH�

,JHO��KHGJHKRJ�� �������� �������

9RJHO��ELUG�� ��������� �������

7LJHU��WLJHU�� �������� �������

+XQG��GRJ�� �������� �������

.lIHU��EHDWOH�� ��������� �������

)URVFK��IURJ�� �������� �������

�

$V�D�FRQVHTXHQFH��DOO�DQLPDOV�ZHUH�LQFOXGHG�LQ�WKH�ILQDO�WHVW�PDWHULDO�ZKLOH�WKH�SLFWXUH�RI�WKH�

GRJ�ZDV�VOLJKWO\�PRGLILHG��

5HJDUGLQJ� WKH� FOHDUQHVV� RI� WKH����GLIIHUHQW� GHSLFWHG� DFWLRQV� WKDW� WKH�DQLPDOV� HQJDJHG� LQ�� DOO�

YHUEV�EXW�RQH�ZHUH�XQDPELJXRXVO\�LGHQWLILHG�LQ�DW�OHDVW������RI�DOO�FKLOGUHQ��VHH�7DEOH�������

�
7DEOH�����3HUFHQWDJHV�RI�XQDPELJXRXV� LGHQWLILFDWLRQV�RI� WKH�SLFWXUHV�YLVXDOL]LQJ� WKH� WHQ�YHUEV� LQ� WKH�
SUHWHVW����
�
� &OHDU�LGHQWLILFDWLRQ�RI�WKH�

SLFWXUH�LQ�SHUFHQWDJH��1 ����

6WDQGDUG�HUURU�LQ�SHUFHQWDJH�

VFKODJHQ��WR�KLW�� �������� ��������

N�VVHQ��WR�NLVV�� ��������� ��������

ZDVFKHQ��WR�ZDVK�� ��������� ��������

PDOHQ��WR�SDLQW�� ���������� ��������

VFKLHEHQ��WR�SXVK�� ��������� ��������

WUDJHQ��WR�FDUU\�� ��������� ��������

NlPPHQ��WR�FRPE�� ��������� �������

]LHKHQ��WR�SXOO�� �������� �������

IDQJHQ��WR�FDWFK�� �������� �������

WUHWHQ��WR�NLFN�� �������� �������

�
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$FFRUGLQJ�WR�WKH�UHVXOWV��WKH�VL[�FOHDUHVW�SLFWXUHV�LOOXVWUDWLQJ���GLIIHUHQW�YHUEV�ZHUH�FKRVHQ�IRU�

WKH�ILQDO�EHKDYLRUDO�WHVW�PDWHULDO��PDOHQ��WR�SDLQW���NlPPHQ��WR�FRPE���WUDJHQ��WR�FDUU\���]LHKHQ�

�WR�SXOO���N�VVHQ��WR�NLVV���DQG�ZDVFKHQ��WR�ZDVK����ZKLOH� WKH�SLFWXUH�RI� WKH�DFWLRQ�³WR�ZDVK´�

ZDV�VOLJKWO\�PRGLILHG�LQ�DJUHHPHQW�ZLWK�FRPPHQWV�RI�WKH�WHVWHG�FKLOGUHQ��
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b) Stimulus material 
List of the behavioral and eye-tracking test sentences 

��D� 'HU�.lIHU�WUlJW�GHQ�)URVFK��
�

��E� 'HQ�)URVFK�WUlJW�GHU�.lIHU��
�

��F� 'HU�)URVFK�WUlJW�GHQ�.lIHU��
�

��G� 'HQ�.lIHU�WUlJW�GHU�)URVFK��
�

�

��D� 'HU�9RJHO�NlPPW�GHQ�+XQG��
�

�

��E� 'HQ�+XQG�NlPPW�GHU�9RJHO��
�

�

��F� 'HU�+XQG�NlPPW�GHQ�9RJHO��
�

�

��G� 'HQ�9RJHO�NlPPW�GHU�+XQG��
�

�

��D� 'HU�7LJHU�]LHKW�GHQ�,JHO��
�

�

��E� 'HQ�,JHO�]LHKW�GHU�7LJHU��
�

�

��F� 'HU�,JHO�]LHKW�GHQ�7LJHU��
�

�

��G� 'HQ�7LJHU�]LHKW�GHU�,JHO��
�

�

��D� 'HU�7LJHU�N�VVW�GHQ�)URVFK��
�

�

��E� 'HQ�)URVFK�N�VVW�GHU�7LJHU��
�

�

��F� 'HU�)URVFK�N�VVW�GHQ�7LJHU��
�

�

��G� 'HQ�7LJHU�N�VVW�GHU�)URVFK��
��

�

��D� 'HU�.lIHU�ZlVFKW�GHQ�+XQG��
�

�

��E� 'HQ�+XQG�ZlVFKW�GHU�.lIHU��
�

�

��F� 'HU�+XQG�ZlVFKW�GHQ�.lIHU��
�

�

��G� 'HQ�.lIHU�ZlVFKW�GHU�+XQG��
�

�

��D� 'HU�,JHO�PDOW�GHQ�9RJHO��
�

�

��E� 'HQ�9RJHO�PDOW�GHU�,JHO��
�

�

��F� 'HU�9RJHO�PDOW�GHQ�,JHO��
�

�

��G� 'HQ�,JHO�PDOW�GHU�9RJHO�� �
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Picture examples for every depicted action in the behavioral and eye-tracking experiments 
as shown on the picture cards 

 
 
Kämmen – to comb 
 

 
 
 
Küssen - to kiss 

 

 
 
 

Malen - to paint 
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Tragen - to carry 
 

 
 
 

Waschen - to wash 
 

 
 
 

Ziehen - to pull 
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Screenshot, picture example as shown on the screen in the eye-tracking experiment 
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List of the ERP test sentences 
 

�
��D� 'HU�.lIHU�WUlJW�GHQ�)URVFK��

�
�

��D� 'HU�)URVFK�WUlJW�GHQ�.lIHU��
�

�

��D� 'HU�9RJHO�NlPPW�GHQ�+XQG��
�

�

��D� 'HU�+XQG�NlPPW�GHQ�9RJHO��
�

�

��D� 'HU�7LJHU�]LHKW�GHQ�,JHO��
�

�

��D� 'HU�,JHO�]LHKW�GHQ�7LJHU��
�

�

��D� 'HU�7LJHU�N�VVW�GHQ�)URVFK��
�

�

��D� 'HU�)URVFK�N�VVW�GHQ�7LJHU��
�

�

��D� 'HU�.lIHU�ZlVFKW�GHQ�+XQG��
�

�

��D� 'HU�+XQG�ZlVFKW�GHQ�.lIHU��
�

�

��D� 'HU�,JHO�PDOW�GHQ�9RJHO��
�

�

��D� 'HU�9RJHO�PDOW�GHQ�,JHO��
�

�

��D� 'HU�.lIHU�NUDW]W�GHQ�9RJHO��
�

�

��D� 'HU�9RJHO�NUDW]W�GHQ�.lIHU��
�

�

��D� 'HU�,JHO�VFKOlJW�GHQ�.lIHU��
�

�

��D� 'HU�.lIHU�VFKOlJW�GHQ�,JHO��
�

�

��D� 'HU�)URVFK�VFKLHEW�GHQ�,JHO��
�

�

��D� 'HU�,JHO�VFKLHEW�GHQ�)URVFK��
�

�

��D� 'HU�+XQG�IlQJW�GHQ�)URVFK��
�

�

��D� 'HU�)URVFK�IlQJW�GHQ�+XQG��
�

�

��D� 'HU�7LJHU�EHL�W�GHQ�+XQG��
�

�

��D� 'HU�+XQG�EHL�W�GHQ�7LJHU��
�

�

��D� 'HU�9RJHO�WULWW�GHQ�7LJHU��
�

�

��D� 'HU�7LJHU�WULWW�GHQ�9RJHO��
�

�

��E� 'HQ�)URVFK�WUlJW�GHU�.lIHU�� �
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��E� 'HQ�.lIHU�WUlJW�GHU�)URVFK��

�
�

��E� 'HQ�+XQG�NlPPW�GHU�9RJHO��
�

�

��E� 'HQ�9RJHO�NlPPW�GHU�+XQG��
�

�

��E� 'HQ�,JHO�]LHKW�GHU�7LJHU��
�

�

��E� 'HQ�7LJHU�]LHKW�GHU�,JHO��
�

�

��E� 'HQ�)URVFK�N�VVW�GHU�7LJHU��
�

�

��E� 'HQ�7LJHU�N�VVW�GHU�)URVFK��
��

�

��E� 'HQ�+XQG�ZlVFKW�GHU�.lIHU��
�

�

��E� 'HQ�.lIHU�ZlVFKW�GHU�+XQG��
�

�

��E� 'HQ�9RJHO�PDOW�GHU�,JHO��
�

�

��E� 'HQ�,JHO�PDOW�GHU�9RJHO��
�

�

��E� 'HQ�9RJHO�NUDW]W�GHU�.lIHU��
�

�

��E� 'HQ�.lIHU�NUDW]W�GHU�9RJHO��
�

�

��E� 'HQ�.lIHU�VFKOlJW�GHU�,JHO��
�

�

��E� 'HQ�,JHO�VFKOlJW�GHU�.lIHU��
�

�

��E� 'HQ�,JHO�VFKLHEW�GHU�)URVFK��
�

�

��E� 'HQ�)URVFK�VFKLHEW�GHU�,JHO��
�

�

��E� 'HQ�)URVFK�IlQJW�GHU�+XQG��
�

�

��E� 'HQ�+XQG�IlQJW�GHU�)URVFK��
�

�

��E� 'HQ�+XQG�EHL�W�GHU�7LJHU��
�

�

��E� 'HQ�7LJHU�EHL�W�GHU�+XQG��
�

�

��E� 'HQ�7LJHU�WULWW�GHU�9RJHO��
�

�

��E� 'HQ�9RJHO�WULWW�GHU�7LJHU��
�

�

��F� 'HU�.lIHU�WUlJW�GHU�)URVFK��
�

�

��F� 'HU�)URVFK�WUlJW�GHU�.lIHU��
�

�

��F� 'HU�9RJHO�NlPPW�GHU�+XQG�� �
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�
��F� 'HU�+XQG�NlPPW�GHU�9RJHO��

�
�

��F� 'HU�7LJHU�]LHKW�GHU�,JHO��
�

�

��F� 'HU�,JHO�]LHKW�GHU�7LJHU��
�

�

��F� 'HU�7LJHU�N�VVW�GHU�)URVFK��
�

�

��F� 'HU�)URVFK�N�VVW�GHU�7LJHU��
�

�

��F� 'HU�.lIHU�ZlVFKW�GHU�+XQG��
�

�

��F� 'HU�+XQG�ZlVFKW�GHU�.lIHU��
�

�

��F� 'HU�,JHO�PDOW�GHU�9RJHO��
�

�

��F� 'HU�9RJHO�PDOW�GHU�,JHO��
�

�

��F� 'HU�.lIHU�NUDW]W�GHU�9RJHO��
�

�

��F� 'HU�9RJHO�NUDW]W�GHU�.lIHU��
�

�

��F� 'HU�,JHO�VFKOlJW�GHU�.lIHU��
�

�

��F� 'HU�.lIHU�VFKOlJW�GHU�,JHO��
�

�

��F� 'HU�)URVFK�VFKLHEW�GHU�,JHO��
�

�

��F� 'HU�,JHO�VFKLHEW�GHU�)URVFK��
�

�

��F� 'HU�+XQG�IlQJW�GHU�)URVFK��
�

�

��F� 'HU�)URVFK�IlQJW�GHU�+XQG��
�

�

��F� 'HU�7LJHU�EHL�W�GHU�+XQG��
�

�

��F� 'HU�+XQG�EHL�W�GHU�7LJHU��
�

�

��F� 'HU�9RJHO�WULWW�GHU�7LJHU��
�

�

��F� 'HU�7LJHU�WULWW�GHU�9RJHO��
�

�

��G� 'HQ�)URVFK�WUlJW�GHQ�.lIHU��
�

�

��G� 'HQ�.lIHU�WUlJW�GHQ�)URVFK��
�

�

��G� 'HQ�+XQG�NlPPW�GHQ�9RJHO��
�

�

��G� 'HQ�9RJHO�NlPPW�GHQ�+XQG��
�

�

��G� 'HQ�,JHO�]LHKW�GHQ�7LJHU�� �
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�
��G� 'HQ�7LJHU�]LHKW�GHQ�,JHO��

�
�

��G� 'HQ�)URVFK�N�VVW�GHQ�7LJHU��
�

�

��G� 'HQ�7LJHU�N�VVW�GHQ�)URVFK��
��

�

��G� 'HQ�+XQG�ZlVFKW�GHQ�.lIHU��
�

�

��G� 'HQ�.lIHU�ZlVFKW�GHQ�+XQG��
�

�

��G� 'HQ�9RJHO�PDOW�GHQ�,JHO��
�

�

��G� 'HQ�,JHO�PDOW�GHQ�9RJHO��
�

�

��G� 'HQ�9RJHO�NUDW]W�GHQ�.lIHU��
�

�

��G� 'HQ�.lIHU�NUDW]W�GHQ�9RJHO��
�

�

��G� 'HQ�.lIHU�VFKOlJW�GHQ�,JHO��
�

�

��G� 'HQ�,JHO�VFKOlJW�GHQ�.lIHU��
�

�

��G� 'HQ�,JHO�VFKLHEW�GHQ�)URVFK��
�

�

��G� 'HQ�)URVFK�VFKLHEW�GHQ�,JHO��
�

�

��G� 'HQ�)URVFK�IlQJW�GHQ�+XQG��
�

�

��G� 'HQ�+XQG�IlQJW�GHQ�)URVFK��
�

�

��G� 'HQ�+XQG�EHL�W�GHQ�7LJHU��
�

�

��G� 'HQ�7LJHU�EHL�W�GHQ�+XQG��
�

�

��G� 'HQ�7LJHU�WULWW�GHQ�9RJHO��
�

�

��G� 'HQ�9RJHO�WULWW�GHQ�7LJHU��
�

�
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c) Acoustic analyses 
�

7KH�DXGLWRU\�VWLPXOXV�PDWHULDO�XVHG�LQ�WKH�(53�H[SHULPHQWV�ZDV�DFRXVWLFDOO\�DQDO\]HG�IRU�WKH�

SDUDPHWHUV�GXUDWLRQ��SLWFK��DQG�LQWHQVLW\��$GREH�$XGLWLRQ������3UDDW����������$�VXEVHW�RI�WKHVH�

VWLPXOL�ZDV�DOVR�HPSOR\HG� LQ� WKH�H\H� WUDFNHU�H[SHULPHQWV��6LQFH�WKH�DQDO\VHV� WKURXJKRXW� WKH�

ZKROH�ERRN�HQFRPSDVVHG� LQ�SDUWLFXODU�13��DQG�13��� WKHVH� VHQWHQWLDO�FRQVWLWXHQWV�ZHUH�DOVR�

IRFXVHG�DV�UHJLRQV�RI�LQWHUHVW�LQ�DFRXVWLF�DQDO\VHV��VHH�7DEOH������

�
7DEOH�����([HPSODU\�SKUDVHV�IRU�DFRXVWLF�DQDO\VHV�
�

13�� � 13��

'HQ�,JHO� ]LHKW� GHU�7LJHU��

�

7KH�PHDQ�duration�RI�DOO�VHQWHQFHV�DFFRXQWHG�IRU������PV��6'� �����PV��DQG�GLG�QRW�GLIIHU�

EHWZHHQ� FRQGLWLRQV�� )RU� WKH� VWDWLVWLFDO� DQDO\VLV� RI� 13�� DQG� 13��� RQO\� WKH� VHQWHQFHV� RI� WKH�

VXEMHFW�LQLWLDO� DQG� REMHFW�LQLWLDO� FRQGLWLRQV�ZHUH� LQFOXGHG� EHFDXVH� ILUVW�13V� DQG� VHFRQG�13V�

ZHUH� LGHQWLFDO� WR� WKRVH� LQ� WKH� GRXEOH�QRPLQDWLYH� DQG� GRXEOH�DFFXVDWLYH� FRQGLWLRQ� ZLWK� WKH�

VHFRQG�13V�RQO\�FURVV�VSOLFHG��7KH�PHDQ�GXUDWLRQ�RI�13��DPRXQWHG�WR�����PV��6'� ����PV��

DQG�GLG�QRW�GLIIHU�EHWZHHQ�FRQGLWLRQV��+RZHYHU��WKH�PHDQ�GXUDWLRQ�RI�13�������PV��6'� ����

PV��ZDV�VLJQLILFDQWO\�ORQJHU�IRU�WKH�DFFXVDWLYH�FDVH�PDUNHG�13���PHDQ�OHQJWK�����PV��6'� �

���PV��WKDQ�IRU�WKH�QRPLQDWLYH�PDUNHG�13���PHDQ�OHQJWK�����PV��6'� ����PV��DV�D�W�WHVW�IRU�

XQSDLUHG�VDPSOHV�UHYHDOHG��W����� ���������S����������([DFWO\�WKHVH�DUWLFXODWRU\�GLIIHUHQFHV�LQ�

QDWXUDO� VSHHFK� EHWZHHQ� DFFXVDWLYH� DQG� QRPLQDWLYH� FDVH�PDUNLQJ� LQ� LQLWLDO� VHQWHQFH�FODXVH�

SRVLWLRQ�KDYH�DOVR�EHHQ�IRXQG�EHIRUH��/HXFNHIHOG��������0DKOVWHGW����������

�

)RU�WKH�SDUDPHWHU�pitch�RI�WKH�I��FRQWRXU��WKH�WLPH�RQVHW��WLPH�PLQLPXP��WLPH�PD[LPXP��WLPH�

RIIVHW��SLWFK�RQVHW��LQ�+]���SLWFK�PLQLPXP��LQ�+]���SLWFK�PD[LPXP��LQ�+]���DQG�SLWFK�RIIVHW��LQ�

+]�� ZHUH� FDOFXODWHG� VHSDUDWHO\� IRU� ERWK� QRXQ� SKUDVHV�� )RU� VWDWLVWLFDO� GLIIHUHQFH� HYDOXDWLRQ�

EHWZHHQ� WKH�FRQGLWLRQV� VXEMHFW�LQLWLDO�DQG�REMHFW�LQLWLDO��XQSDLUHG� W�WHVWV�ZHUH�FDOFXODWHG��)RU�

13���QR�VLJQLILFDQW�VWDWLVWLFDO�GLIIHUHQFHV�IRU�HDFK�YDOXH�UHVXOWHG��7KXV��WKH�VHFRQG�QRXQ�SKUDVH�

GLG�QRW�GLIIHU�LQ�LWV�SLWFK�FRQWRXU�EHWZHHQ�FRQGLWLRQV��$V�IRU�WKH�SDUDPHWHU�GXUDWLRQ��KRZHYHU��

VLJQLILFDQW� VWDWLVWLFDO� GLIIHUHQFHV� RFFXUUHG� IRU� 13�� LQ� WKH� WLPH� RQVHW� RI� SLWFK� �W���������  � �

�������S����������DOWKRXJK�PHDQ�WLPH�RQVHW�ZDV�RQO\���PV�HDUOLHU�LQ�WKH�VXEMHFW�LQLWLDO�����PV��

6'�  � �� PV�� WKDQ� LQ� WKH� REMHFW�LQLWLDO� FRQGLWLRQ� ���� PV�� 6'�  � �� PV��� $OVR� IRU� 13��� WKH�

GLIIHUHQFH�EHWZHHQ� WKH� WLPH�PLQLPD� UHDFKHG� VLJQLILFDQFH� �W����� � �������� S���������ZLWK� DQ�
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HDUOLHU�WLPH�PLQLPXP�LQ�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ������PV��6'� ����PV��WKDQ�LQ�WKH�REMHFW�

LQLWLDO�FRQGLWLRQ������PV��6'� ����PV���7KH�RQO\�GLIIHUHQFH�IRU�SLWFK�UHYHDOHG�VLJQLILFDQFH�IRU�

SLWFK�RQVHW��W��������� ��������S����������ZLWK�D����+]�KLJKHU�SLWFK�IRU�WKH�QRPLQDWLYH�FDVH�

PDUNHG�GHWHUPLQHU������+]��6'� ����+]��WKDQ�IRU�WKH�DFFXVDWLYH�FDVH�PDUNHG�GHWHUPLQHU������

+]��6'� ���+]���+RZHYHU��WKH�DVVXPHG�WKUHVKROG�IRU�WKH�SHUFHSWLRQ�RI�GLIIHUHQFHV�LQ�SLWFK�OLHV�

DW�DSSUR[������RI� WKH�PHDQ�SLWFK� �5LHWYHOG�	�*XVVHQKRYHQ�������� W
+DUW��&ROOLHU��	�&RKHQ��

�������KHQFH�DW�DSSUR[�����+]� LQ� WKH�SUHVHQW�VWLPXOL��+HQFH�� WKH�FXUUHQW�GLIIHUHQFHV� LQ�SLWFK�

RQVHW�DUH�PRVW�OLNHO\�QRW�SHUFHLYHG�E\�WKH�SDUWLFLSDQWV���

�

)RU� WKH� SDUDPHWHU� intensity�� WKH� WLPH� RQVHW�� WLPH� PLQLPXP�� WLPH� PD[LPXP�� WLPH� RIIVHW��

LQWHQVLW\�RQVHW��LQ�G%���LQWHQVLW\�PLQLPXP��LQ�G%���LQWHQVLW\�PD[LPXP��LQ�G%���DQG�LQWHQVLW\�

RIIVHW��LQ�G%��ZHUH�FDOFXODWHG�VHSDUDWHO\�IRU�ERWK�QRXQ�SKUDVHV��)RU�13���LQ�WXUQ��QR�VLJQLILFDQW�

VWDWLVWLFDO�GLIIHUHQFHV�IRU�HDFK�YDOXH�UHVXOWHG��)RU�13���VLJQLILFDQW�GLIIHUHQFHV�UHVXOWHG� LQ� WKH�

WLPH�RQVHW� �W����� �������� S���������� DOWKRXJK�PHDQ� WLPH�RQVHW�ZDV�RQO\���PV�HDUOLHU� LQ� WKH�

REMHFW�LQLWLDO�����PV��6'� ���PV��WKDQ�LQ�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ�����PV��6'� ���PV���$OVR��

WKH�WLPH�RIIVHW�GLIIHUHG�DW�13��VLJQLILFDQWO\�EHWZHHQ�FRQGLWLRQV��W����� ���������S���������ZLWK�

DQ�HDUOLHU�WLPH�RIIVHW�RI�LQWHQVLW\�LQ�WKH�VXEMHFW�LQLWLDO�FRQGLWLRQ������PV��6'� ����PV��WKDQ�LQ�

WKH�REMHFW�LQLWLDO�FRQGLWLRQ������PV��6'� ����PV����

�
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d) Supplemental Statistics 
 

Eye-tracker data in adults, trial course analysis: 
�
7DEOH� ���� 6LJQLILFDQW� W�YDOXHV� �RQH�VDPSOH� W�WHVW� FDOFXODWHG� DJDLQVW� FKDQFH�OHYHO� RI� ����� RI� DGXOWV¶�
IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH�VXEMHFW�ILUVW�FRQGLWLRQ�
�

7:��PV�� W����� S�YDOXH�
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7DEOH� ���� 6LJQLILFDQW� W�YDOXHV� �RQH�VDPSOH� W�WHVW� FDOFXODWHG� DJDLQVW� FKDQFH�OHYHO� RI� ����� RI� DGXOWV¶�
IL[DWLRQ�GXUDWLRQV�LQ�GLIIHUHQW�7:V�RI�WKH�WULDO�FRXUVH�DQDO\VLV�LQ�WKH�REMHFW�ILUVW�FRQGLWLRQ�
�

7:��PV�� W����� S�YDOXH�
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e) Analysis of 4;6-year-olds’  subgroups 
�
)RU� IXUWKHU� H[SORUDWLYH� DQDO\VLV�� WKH� JURXS� RI� ����\HDU�ROGV�ZDV� GLYLGHG� LQWR� WZR� VXEJURXSV�

EDVHG�RQ�WKHLU�LQGLYLGXDO�SHUIRUPDQFH�LQ�WKH�752*�'��)R[��������HPSOR\LQJ�D�PHGLDQ�VSOLW��

7KH�PHDQ�W�YDOXH� LQ� WKH� WHVW�RI�SRRU�SHUIRUPHUV�DFFRXQWHG�IRU��������RI�JRRG�SHUIRUPHUV�IRU�

�������7KH�DQDO\VHV�VKRXOG�EH�XQGHUVWRRG�DV�H[SORUDWLYH�RQHV��EHFDXVH�VDPSOH�VL]HV�DUH�VPDOO�

DQG��FRQVHTXHQWO\��GDWD�GLVSOD\�D�ORZ�VLJQDO�WR�QRLVH�UDWLR���

 

�
�
)LJXUH�����*UDQG�DYHUDJH�(53V�UHODWLYH� WR�13��RQVHW� IRU� VXEMHFW�LQLWLDO� �VROLG� OLQH�� VHQWHQFHV�YHUVXV�
REMHFW�LQLWLDO��GRWWHG�OLQH��FRQVWUXFWLRQV�IRU�SRRU�ODQJXDJH�SHUIRUPHUV��DV�DVVHVVHG�E\�WKH�752*�'��LQ�
����\HDU�ROGV��1� ������
�
�
$V�YLVLEOH�LQ�)LJXUH�����(53V�RI�WKH�UHODWLYHO\�SRRUHU�ODQJXDJH�SHUIRUPHUV�LQ�WKH�JURXS�RI�����

\HDU�ROGV�KDUGO\�VKRZ�DQ\�SURFHVVLQJ�GLIIHUHQFH�EHWZHHQ�WKH�VXEMHFW�LQLWLDO�DQG�REMHFW�LQLWLDO�

FRQGLWLRQ�WLPH�ORFNHG�WR�13��RQVHW��$FFRUGLQJO\��VWDWLVWLFDO�DQDO\VLV�RQO\�UHYHDOHG�D�FRQGLWLRQ�

PDLQ� HIIHFW� DW� ODWHUDO� VLWHV� LQ� 7:��� ����������� PV��� )�������  � ������� S� �� ������� DQG� D�

WHQGHQF\�IRU�D�FRQGLWLRQ�PDLQ�HIIHFW�DW�PLGOLQH�LQ�WKH�VDPH�7:����)������� ��������S� ��������

+HQFH��RQO\�WKH�WUHQG�IRU�D�SRVLWLYLW\�LQ�UHVSRQVH�WR�WKH�REMHFW�LQLWLDO�FRPSDUHG�WR�WKH�VXEMHFW�

LQLWLDO�FRQGLWLRQ�FRXOG�EH�SURYHQ� LQ� WKH�VXEJURXS�RI�SRRUHU� ODQJXDJH�SHUIRUPHUV� LQ�����\HDU�

ROGV���

�
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)LJXUH�����*UDQG�DYHUDJH�(53V�UHODWLYH� WR�13��RQVHW� IRU� VXEMHFW�LQLWLDO� �VROLG� OLQH�� VHQWHQFHV�YHUVXV�
REMHFW�LQLWLDO��GRWWHG�OLQH��FRQVWUXFWLRQV�IRU�JRRG�ODQJXDJH�SHUIRUPHUV��DV�DVVHVVHG�E\�WKH�752*�'��LQ�
����\HDU�ROGV��1� ������
�

,Q�WKH�VXEJURXS�RI�JRRG�ODQJXDJH�SHUIRUPHUV�LQ�����\HDU�ROGV��YLVXDO�LQVSHFWLRQV�VXJJHVWHG�D�

PXFK� PRUH� SURQRXQFHG� SRVLWLYLW\� IRU� WKH� REMHFW�LQLWLDO� FRQGLWLRQ� FRPSDUHG� WR� WKH� VXEMHFW�

LQLWLDO� FRQGLWLRQ� DW�13�� RQVHW� �)LJXUH� ����� 6WDWLVWLFDO� DQDO\VLV� FRQILUPHG� WKLV� LPSUHVVLRQ�� ,Q�

7:���D�WHQGHQF\�IRU�D�FRQGLWLRQ�PDLQ�HIIHFW�DW�PLGOLQH�RFFXUUHG��)������� ���������S� ��������

,Q� WKH�VXEVHTXHQW�7:���� WKH�FRQGLWLRQ�PDLQ�HIIHFW�DW�PLGOLQH�SURYHG�VLJQLILFDQFH��)������� �

������� S� �� ������ DQG� WKH� FRQGLWLRQ� PDLQ� HIIHFW� DW� ODWHUDO� VLWHV� ZDV� PDUJLQDOO\� VLJQLILFDQW��

)������� ��������S� ��������)XUWKHUPRUH�� LQ� WKH� IROORZLQJ�7:����VWDWLVWLFDO�DQDO\VLV�VKRZHG�

DOVR�D�FRQGLWLRQ�PDLQ�HIIHFW�DW�PLGOLQH��)������� ��������S���������DQG�PDUJLQDO� VLJQLILFDQFH�

IRU�FRQGLWLRQ�DW� ODWHUDO�VLWHV��)������� ��������S� ���������,Q�DGGLWLRQ��LQ�7:����D�VLJQLILFDQW�

LQWHUDFWLRQ�RI�FRQGLWLRQ�DQG�VLWHV�RFFXUUHG��)������� ��������S���������EXW�VXEVHTXHQW�DQDO\VLV�

SURYHG� QR�PDLQ� HIIHFWV� DW� VLQJOH� HOHFWURGH� VLWHV��� ,Q� VXP�� JRRG� ODQJXDJH� SHUIRUPHUV� LQ� ����

\HDU�ROGV� VKRZHG� D�PXFK�PRUH� SURQRXQFHG� SRVLWLYLW\� ����������PV� SRVW�13�� RQVHW�� � WKDQ�

SRRU� ODQJXDJH� SHUIRUPHUV� FRPSDULQJ� WKH� SURFHVVLQJ� RI� REMHFW�LQLWLDO� WR� VXEMHFW�LQLWLDO�

VHQWHQFHV��

��





1 Anja Hahne
 Charakteristika syntaktischer und semantischer 

Prozesse bei der auditiv Sprachverarbeitung: 
Evidenz aus ereigniskorrelierten Potentialstu-
dien

2 Ricarda Schubotz
 Erinnern kurzer Zeitdauern: Behaviorale und 

neurophysiologische Korrelate einer Arbeitsge-
dächtnisfunktion

3 Volker Bosch
 Das Halten von Information im Arbeitsge-

dächtnis: Dissoziationen langsamer corticaler 
Potentiale

4 Jorge Jovicich
 An investigation of the use of Gradient- and 

Spin-Echo (GRASE) imaging for functional MRI 
of the human brain

5 Rosemary C. Dymond
 Spatial Speci�city and Temporal Accuracy in 

Functional Magnetic Resonance Investigations

6 Stefan Zysset
 Eine experimentalpsychologische Studie zu Ge-

dächtnisabrufprozessen unter Verwendung der 
funktionellen Magnetresonanztomographie

7 Ulrich Hartmann
 Ein mechanisches Finite-Elemente-Modell des 

menschlichen Kopfes

8 Bertram Opitz
 Funktionelle Neuroanatomie der Verarbeitung 

einfacher und komplexer akustischer Reize: 
Integration haemodynamischer und elektro-
physiologischer Maße

9 Gisela Müller-Plath
 Formale Modellierung visueller Suchstrategien 

mit Anwendungen bei der Lokalisation von 
Hirnfunktionen und in der Diagnostik von 
Aufmerksamkeitsstörungen

10 Thomas Jacobsen
 Characteristics of processing morphological 

structural and inherent case in language 
comprehension

11 Stefan Kölsch
 Brain and Music
 A contribution to the investigation of central 

auditory processing with a new electrophysio-
logical approach

12 Stefan Frisch
 Verb-Argument-Struktur, Kasus und thema-

tische Interpretation beim Sprachverstehen

13  Markus Ullsperger
 The role of retrieval inhibition in directed 

forgetting – an event-related brain potential 
analysis

14  Martin Koch
 Measurement of the Self-Di�usion Tensor of 

Water in the Human Brain

15  Axel Hutt
 Methoden zur Untersuchung der Dynamik 

raumzeitlicher Signale

16  Frithjof Kruggel
 Detektion und Quanti�zierung von Hirnaktivi-

tät mit der funktionellen Magnetresonanzto-
mographie

  
17  Anja Dove
 Lokalisierung an internen Kontrollprozessen 

beteiligter Hirngebiete mithilfe des Aufgaben-
wechselparadigmas und der ereigniskorreli-
erten funktionellen Magnetresonanztomogra-
phie

18  Karsten Steinhauer
 Hirnphysiologische Korrelate prosodischer 

Satzverarbeitung bei gesprochener und 
geschriebener Sprache

19 Silke Urban
 Verbinformationen im Satzverstehen

20 Katja Werheid
 Implizites Sequenzlernen bei Morbus Parkinson

21  Doreen Nessler
 Is it Memory or Illusion? Electrophysiological 

Characteristics of True and False Recognition

22  Christoph Herrmann
 Die Bedeutung von 40-Hz-Oszillationen für 

kognitive Prozesse

23  Christian Fiebach
 Working Memory and Syntax during Sentence 

Processing. 
 A neurocognitive investigation with event-rela-

ted brain potentials and functional magnetic 
resonance imaging

24  Grit Hein
 Lokalisation von Doppelaufgabende�ziten 

bei gesunden älteren Personen und neurolo-
gischen Patienten

25  Monica de Filippis
 Die visuelle Verarbeitung unbeachteter Wörter. 

Ein elektrophysiologischer Ansatz

26  Ulrich Müller
 Die katecholaminerge Modulation präfrontaler 

kognitiver Funktionen beim Menschen

27  Kristina Uhl
 Kontrollfunktion des Arbeitsgedächtnisses über 

interferierende Information

28  Ina Bornkessel
 The Argument Dependency Model: A Neuroco-

gnitive Approach to Incremental Interpretation

MPI Series in Human Cognitive and Brain Sciences:



  29  Sonja Lattner
 Neurophysiologische Untersuchungen zur 

auditorischen Verarbeitung von Stimminforma-
tionen

30  Christin Grünewald
 Die Rolle motorischer Schemata bei der 

Objektrepräsentation: Untersuchungen mit 
funktioneller Magnetresonanztomographie

31  Annett Schirmer
 Emotional Speech Perception: Electrophysiolo-

gical Insights into the Processing of Emotional 
Prosody and Word Valence in Men and Women

32  André J. Szameitat
 Die Funktionalität des lateral-präfrontalen Cor-

tex für die Verarbeitung von Doppelaufgaben

33 Susanne Wagner
 Verbales Arbeitsgedächtnis und die Verarbeitung 

ambiger Wörter in Wort- und Satzkontexten

34  Sophie Manthey
 Hirn und Handlung: Untersuchung der 

Handlungsrepräsentation im ventralen prä-
motorischen Cortex mit Hilfe der funktionellen 
Magnet-Resonanz-Tomographie

35  Stefan Heim
 Towards a Common Neural Network Model of 

Language Production and Comprehension: fMRI 
Evidence for the Processing of Phonological and 
Syntactic Information in Single Words

  
36  Claudia Friedrich
 Prosody and spoken word recognition: Behavio-

ral and ERP correlates

37  Ulrike Lex
 Sprachlateralisierung bei Rechts- und Linkshän-

dern mit funktioneller Magnetresonanztomo-
graphie

38  Thomas Arnold
 Computergestützte Befundung klinischer Elekt-

roenzephalogramme

39 Carsten H. Wolters
 In�uence of Tissue Conductivity Inhomogeneity 

and Anisotropy on EEG/MEG based Source 
Localization in the Human Brain

40  Ansgar Hantsch
 Fisch oder Karpfen? Lexikale Aktivierung von Be-

nennungsalternative bei der Objektbenennung

41  Peggy Bungert
 Zentralnervöse Verarbeitung akustischer Infor-

mationen
 Signalidenti�kation, Signallateralisation und 

zeitgebundene Informationsverarbeitung bei 
Patienten mit erworbenen Hirnschädigungen

42  Daniel Senkowski
 Neuronal correlates of selective attention: An 

investigation of electro-physiological brain 
responses in the EEG and MEG

43  Gert Wollny 
 Analysis of Changes in Temporal Series of 

Medical Images

44  Angelika Wolf
 Sprachverstehen mit Cochlea-Implantat: EKP-

Studien mit postlingual ertaubten erwachse-
nen CI-Trägern

45  Kirsten G. Volz
 Brain correlates of uncertain decisions: Types 

and degrees of uncertainty

46  Hagen Huttner
 Magnetresonanztomographische Untersu-

chungen über die anatomische Variabilität des 
Frontallappens des menschlichen Großhirns

47  Dirk Köster
 Morphology and Spoken Word Comprehen-

sion: Electrophysiological Investigations of 
Internal Compound Structure

48  Claudia A. Hruska
 Ein�üsse kontextueller und prosodischer Infor-

mationen in der auditorischen Satzverarbei-
tung: Untersuchungen mit ereigniskorrelierten 
Hirnpotentialen

49  Hannes Ruge
 Eine Analyse des raum-zeitlichen Musters neu-

ronaler Aktivierung im Aufgabenwechselpara-
digma zur Untersuchung handlungssteuernder 
Prozesse

50  Ricarda I. Schubotz
 Human premotor cortex: Beyond motor perfor-

mance

51  Clemens von Zerssen
 Bewusstes Erinnern und falsches Wiedererken-

nen: Eine funktionelle MRT Studie neuroanato-
mischer Gedächtniskorrelate

52  Christiane Weber
 Rhythm is gonna get you.
 Electrophysiological markers of rhythmic 

processing in infants with and without risk for 
Speci�c Language Impairment (SLI)

53  Marc Schönwiesner
 Functional Mapping of Basic Acoustic Parame-

ters in the Human Central Auditory System

54  Katja Fiehler
 Temporospatial characteristics of error correc-

tion

55  Britta Stolterfoht
 Processing Word Order Variations and Ellipses: 

The Interplay of Syntax and Information Struc-
ture during Sentence Comprehension

56  Claudia Danielmeier 
 Neuronale Grundlagen der Interferenz zwi-

schen Handlung und visueller Wahrnehmung



57  Margret Hund-Georgiadis 
 Die Organisation von Sprache und ihre Reor-

ganisation bei ausgewählten, neurologischen 
Erkrankungen gemessen mit funktioneller 
Magnetresonanztomographie – Ein�üsse von 
Händigkeit, Läsion, Performanz und Perfusion

58  Jutta L. Mueller 
 Mechanisms of auditory sentence compre-

hension in �rst and second language: An 
electrophysiological miniature grammar study

59  Franziska Biedermann
 Auditorische Diskriminationsleistungen nach 

unilateralen Läsionen im Di- und Telenzepha-
lon

60 Shirley-Ann Rüschemeyer
 The Processing of Lexical Semantic and 

Syntactic Information in Spoken Sentences: 
Neuroimaging and Behavioral Studies of 
Native and Non-Native Speakers

61 Kerstin Leuckefeld 
 The Development of Argument Processing 

Mechanisms in German.
 An Electrophysiological Investigation with 

School-Aged Children and Adults

62 Axel Christian Kühn
 Bestimmung der Lateralisierung von Sprach-

prozessen unter besondere Berücksichtigung 
des temporalen Cortex, gemessen mit fMRT

63 Ann Pannekamp
 Prosodische Informationsverarbeitung bei 

normalsprachlichem und deviantem Satzma-
terial: Untersuchungen mit ereigniskorrelierten 
Hirnpotentialen

64 Jan Derrfuß
 Functional specialization in the lateral frontal 

cortex: The role of the inferior frontal junction in 
cognitive control

65 Andrea Mona Philipp
 The cognitive representation of tasks – Explo-

ring the role of response modalities using the 
task-switching paradigm

66 Ulrike Toepel
 Contrastive Topic and Focus Information in 

Discourse – Prosodic Realisation and Electro-
physiological Brain Correlates

67  Karsten Müller 
 Die Anwendung von Spektral- und Wavelet-

analyse zur Untersuchung der Dynamik von 
BOLD-Zeitreihen verschiedener Hirnareale

68 Sonja A.Kotz
 The role of the basal ganglia in auditory 

language processing: Evidence from ERP lesion 
studies and functional neuroimaging

69 Sonja Rossi
 The role of pro�ciency in syntactic second lan-

guage processing: Evidence from event-related 
brain potentials in German and Italian

70 Birte U. Forstmann
 Behavioral and neural correlates of endoge-

nous control processes in task switching

71 Silke Paulmann
 Electrophysiological Evidence on the Processing 

of Emotional Prosody: Insights from Healthy 
and Patient Populations

72 Matthias L. Schroeter 
 Enlightening the Brain – Optical Imaging in 

Cognitive Neuroscience

73 Julia Reinholz
 Interhemispheric interaction in object- and 

word-related visual areas

74 Evelyn C. Ferstl
 The Functional Neuroanatomy of Text Compre-

hension

75  Miriam Gade
 Aufgabeninhibition als Mechanismus der 

Kon�iktreduktion zwischen Aufgabenrepräsen-
tationen

76 Juliane Hofmann
 Phonological, Morphological, and Semantic 

Aspects of Grammatical Gender Processing in 
German

77 Petra Augurzky
 Attaching Relative Clauses in German – The 

Role of Implicit and Explicit Prosody in Sentence 
Processing

78 Uta Wolfensteller
 Habituelle und arbiträre sensomotorische 

Verknüpfungen im lateralen prämotorischen 
Kortex des Menschen

79 Päivi Sivonen
 Event-related brain activation in speech per-

ception: From sensory to cognitive processes

80 Yun Nan
 Music phrase structure perception: the neural 

basis, the e�ects of acculturation and musical 
training

81 Katrin Schulze
 Neural Correlates of Working Memory for 

Verbal and Tonal Stimuli in Nonmusicians and 
Musicians With and Without Absolute Pitch

82 Korinna Eckstein
 Interaktion von Syntax und Prosodie beim 

Sprachverstehen: Untersuchungen anhand 
ereigniskorrelierter Hirnpotentiale

83 Florian Th. Siebörger
 Funktionelle Neuroanatomie des Textverste-

hens: Kohärenzbildung bei Witzen und anderen 
ungewöhnlichen Texten



84 Diana Böttger
 Aktivität im Gamma-Frequenzbereich des 

EEG: Ein�uss demographischer Faktoren und 
kognitiver Korrelate

85 Jörg Bahlmann
 Neural correlates of the processing of linear and 

hierarchical arti�cial grammar rules: Electro-
physiological and neuroimaging studies

86 Jan Zwickel
 Speci�c Interference E�ects Between Temporal-

ly Overlapping Action and Perception

87 Markus Ullsperger
 Functional Neuroanatomy of Performance 

Monitoring: fMRI, ERP, and Patient Studies

88 Susanne Dietrich
 Vom Brüllen zum Wort – MRT-Studien zur 

kognitiven Verarbeitung emotionaler Vokalisa-
tionen

89 Maren Schmidt-Kassow
 What‘s Beat got to do with ist? The In�uence 

of Meter on Syntactic Processing: ERP Evidence 
from Healthy and Patient populations

90 Monika Lück
 Die Verarbeitung morphologisch komplexer 

Wörter bei Kindern im Schulalter: Neurophysio-
logische Korrelate der Entwicklung

91 Diana P. Szameitat
 Perzeption und akustische Eigenschaften von  

Emotionen in menschlichem Lachen

92 Beate Sabisch
 Mechanisms of auditory sentence compre-

hension in children with speci�c language 
impairment and children with developmental 
dyslexia: A neurophysiological investigation

93 Regine Oberecker
 Grammatikverarbeitung im Kindesalter: EKP-

Studien zum auditorischen Satzverstehen
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