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.H\ZRUGV��DSKDVLD��DJUDPPDWLVP��UHKDELOLWDWLRQ��WUHDWPHQW�
,QGLYLGXDOV�ZLWK�DJUDPPDWLF�DSKDVLD�VKRZ�D�YDULHW\�RI�GHILFLWV�LQ�V\QWDFWLF�DELOLWLHV��7KH\�IDLO�WR�LQIOHFW�YHUEV�FRUUHFWO\��WKHLU�VSHHFK�ODFNV�ZHOO�IRUPHG�FRPSOH[�VHQWHQFHV�VXFK�DV�UHODWLYH� FODXVHV� DQG� VHQWHQWLDO� FRPSOHPHQWV�� DQG� WKH\� DYRLG�:K� TXHVWLRQV� RU� SURGXFH�WKHP�LQFRUUHFWO\�>���@��,Q�WKH�FXUUHQW�VWXG\�ZH�H[DPLQHG�ZKLFK�RI�WKHVH�DELOLWLHV�VKRXOG�EH� WUHDWHG� ILUVW�� EDVHG� RQ� D� V\QWDFWLF� DFFRXQW� IRU� WKH� DJUDPPDWLF� SURGXFWLRQ�� WKH� 7UHH�3UXQLQJ� +\SRWKHVLV� �73+��� DV� ZHOO� DV� RQ� QHZ� GDWD� UHJDUGLQJ� WKH� V\QWDFWLF�FKDUDFWHUL]DWLRQ�RI�GHJUHHV�RI�DJUDPPDWLF�VHYHULW\��
$FFRUGLQJ� WR� WKH� 73+� >���@�� WKH� XQGHUO\LQJ� GHILFLW� LQ� DJUDPPDWLVP� LV� WKH� LQDELOLW\� WR�EXLOG�WKH�V\QWDFWLF�WUHH�XS�WR�LWV�KLJKHVW�QRGH��ZKLFK�UHQGHUV�WKH�DJUDPPDWLF�WUHH�SUXQHG�IURP� D� FHUWDLQ� QRGH� DQG� XS�� 7KLV� FDXVHV� DQ� LPSDLUPHQW� LQ� WHQVH� LQIOHFWLRQ�� VHQWHQFH�HPEHGGLQJ�DQG�:K�TXHVWLRQV�WKDW�DOO�UHO\�RQ�KLJK�QRGHV�RI� WKH�WUHH��ZKLOH�DELOLWLHV� WKDWUHO\� RQ� ORZHU� QRGHV� VXFK� DV� VXEMHFW�YHUE� DJUHHPHQW� DQG� REMHFW� FDVH� PDUNLQJ� UHPDLQ�LQWDFW��&UXFLDOO\�� WKH�LPSDLUHG�V\QWDFWLF�DELOLWLHV�UHO\�RQ�WZR�GLIIHUHQW�KLJK�QRGHV�LQ� WKH�WUHH�� 7HQVH� LQIOHFWLRQ� UHVLGHV� LQ� WKH� WHQVH� SKUDVH� QRGH� �73��� DQG� HPEHGGLQJ� DQG� :K�TXHVWLRQV�UHVLGH�LQ�D�KLJKHU QRGH��WKH�FRPSOHPHQWL]HU�QRGH��&3���$FFRUGLQJ�WR�OLQJXLVWLF�WKHRULHV�>�@��ZKHQ�D�V\QWDFWLF�QRGH�LV�SUHVHQW�DQG�ZHOO�IRUPHG��DOO�QRGHV� EHORZ� LW� VKRXOG� EH� SUHVHQW� WRR�� ZKHUHDV� WKH� H[LVWHQFH� RI� D� ORZ� QRGH� GRHV� QRW�JXDUDQWHH� WKH� H[LVWHQFH� RI� KLJKHU� QRGHV�� 7KLV� FDQ� EH� VHHQ� FOLQLFDOO\� LQ� WKH� SDWWHUQV� RI�LPSDLUPHQW�RI�PLOG�DQG�VHYHUH�DJUDPPDWLF�SDWLHQWV��6HYHUH�DJUDPPDWLF�SDWLHQWV�VKRZ�D�SURIRXQG�GHILFLW�WKDW�LPSOLFDWHV�ERWK�ORZHU�DQG�KLJKHU�QRGHV��WHQVH�LQIOHFWLRQ�DV�ZHOO�DV�VXERUGLQDWLRQ� DQG�TXHVWLRQV� DUH� LPSDLUHG��� VR� WKHLU� WUHH� LV� SUXQHG� LQ� D� ORZ�QRGH��ZKLOH�PLOGHU�SDWLHQWV�DUH�LPSDLUHG�RQO\�LQ�WKH�KLJKHVW�QRGH��GHILFLW�LQ�HPEHGGLQJ�DQG�TXHVWLRQ�SURGXFWLRQ��ZLWK�UHODWLYHO\�LQWDFW�YHUE�LQIOHFWLRQ���+RZHYHU��QR�DJUDPPDWLF�SDWLHQW�VKRZV�DQ�LQWDFW�KLJK�QRGH�ZLWK�LPSDLUHG�ORZHU�QRGH�>�@�
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,I� WKH� SURMHFWLRQ� RI� WKH� KLJKHVW� QRGH� LQGHHG� HQWDLOV� WKH� SURMHFWLRQ� RI� ORZHU� QRGHV�� DQ�LQWHUHVWLQJ�GLUHFWLRQ� IRU� DJUDPPDWLF� WKHUDS\� IROORZV�� ,W� VXJJHVWV� WKDW� WUHDWLQJ� VWUXFWXUHV�WKDW� UHO\�RQ� WKH�KLJKHVW� QRGHV�ZLOO� UHVXOW� QRW� RQO\� LQ�EHWWHU� DFFHVV� WR� WKH�KLJKHVW� QRGHV�WKHPVHOYHV�EXW� LW�PLJKW�DOVR� UHVXOW� LQ�EHWWHU� DFFHVV� WR� ORZHU�QRGHV�� HYHQ�ZLWKRXW�GLUHFW�WUHDWPHQW� RI� WKHVH� ORZHU� QRGHV��2Q� WKH� RWKHU� KDQG�� WUHDWPHQW� RI� ORZ� QRGHV�ZRXOG� QRW�QHFHVVDULO\�KDYH�DQ�HIIHFW�RQ�KLJKHU�QRGHV��
7KLV� VWXG\� H[DPLQHG� WKH� HIILFLHQF\ RI� WUHDWLQJ� WKH� KLJKHU� DELOLW\� ILUVW�� :H� SURYLGHG�WUHDWPHQW� IRU� WKH�KLJKHVW�QRGH�E\�:K�TXHVWLRQ�SURGXFWLRQ� WKHUDS\��DQG� WHVWHG� V\QWDFWLF�DELOLWLHV�WKDW�DUH�UHODWHG�WR�ORZHU�QRGHV�RI�WKH�WUHH��VXFK�DV�VHQWHQFH�HPEHGGLQJ�DQG�WHQVH�LQIOHFWLRQ�
0HWKRG4XHVWLRQ�SURGXFWLRQ�ZDV�DVVHVVHG�EHIRUH�DQG�DIWHU�WUHDWPHQW�XVLQJ�DQ�HOLFLWDWLRQ�WHVW��,Q�DGGLWLRQ��YHUE�LQIOHFWLRQ��YHUE�UHWULHYDO�DQG�VHQWHQFH�HPEHGGLQJ�ZHUH�WHVWHG�EHIRUH�DQG�DIWHU� WUHDWPHQW� XVLQJ� D� VHW� RI� VWUXFWXUHG� WHVWV� WKDW� LQFOXGHG� FRPSOHWLRQ�� HOLFLWDWLRQ� DQG�UHSHWLWLRQ�WDVNV��DV�ZHOO�DV�SLFWXUH�GHVFULSWLRQ��7KH� :K�TXHVWLRQ SURGXFWLRQ� WUHDWPHQW� IRFXVHG� RQ� �� W\SHV� RI� TXHVWLRQV� �ZKR�� ZKDW��ZKHQ��DQG�ZKHUH���7KH�WUHDWPHQW�SURFHGXUH�EHJDQ�ZLWK�:K�PRUSKHPH�VHOHFWLRQ�WUDLQLQJ�³ZKR´� LV� XVHG� IRU� D� SHUVRQ�� ³ZKDW´� IRU� D� WKLQJ� HWF����7KH� QH[W� VWDJH�ZDV� EDVHG� RQ� DQ�DGDSWDWLRQ�WR�+HEUHZ�RI�WKH�V\QWDFWLF�WUHDWPHQW�PHWKRG�GHYHORSHG�E\�7KRPSVRQ��6KDSLUR�DQG�WKHLU�JURXS�>�����@��DQG�LQFOXGHG�WKHPDWLF�UROH�LGHQWLILFDWLRQ��IROORZHG�E\�WUDLQLQJ�RI�LQVHUWLRQ� DQG�PRYHPHQW� RI� WKH�:K�PRUSKHPH��'XULQJ� WKH� ��PRQWKV� RI� WUHDWPHQW� RQO\�TXHVWLRQ�SURGXFWLRQ�WUHDWPHQW�ZDV�JLYHQ��DQG�QR�RWKHU�V\QWDFWLF�DELOLW\�ZDV�WUHDWHG���
3DWLHQW51�ZDV�D����\HDUV�ROG�+HEUHZ�VSHDNLQJ�PDOH�ZKR�VXIIHUHG�OHIW�IURQWDO�&9$�ZLWK�LQIDUFW�LQ�WKH�DUHD�RI�WKH�OHIW�PLGGOH�FHUHEUDO�DUWHU\���\HDUV�SULRU�WR�WUHDWPHQW��'XULQJ�WKHVH�\HDUV�KH�ZDV� FRQVWDQWO\� WUHDWHG�� EXW� QHYHU�EHIRUH� WUHDWHG� IRU�TXHVWLRQ�SURGXFWLRQ��+LV� VSHHFK�ZDV� QRQ�IOXHQW� ZLWK� VKRUW�� PDLQO\� XQJUDPPDWLFDO� SKUDVHV�� OLPLWHG� XVH� RI� YHUEV�� DQG�DOPRVW�QR�FRUUHFW�XVH�RI�:K�TXHVWLRQV�DQG�HPEHGGHG�VWUXFWXUHV��51�ZDV�GLDJQRVHG�DV�%URFD¶V� DSKDVLF� ZLWK� DJUDPPDWLVP� E\� WKH� +HEUHZ� GLDJQRVWLF� EDWWHULHV� ,/$7� �,VUDHOL�/RHZHQVWHLQ�$SKDVLD�7HVW��>�@��DQG�%$)/$�>��@�
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5HVXOWV4XHVWLRQ�HOLFLWDWLRQ���)ROORZLQJ�WKH�WUHDWPHQW�SHULRG��WKH�SDWLHQW¶V�TXHVWLRQ�SURGXFWLRQ�LPSURYHG�FRQVLGHUDEO\��)URP� WKH� ORZ�EDVHOLQH�RI�������������FRUUHFW�:K�TXHVWLRQV� LQ�WKH�TXHVWLRQ�HOLFLWDWLRQ�WHVW�EHIRUH�WUHDWPHQW��WKH�SDWLHQW�LPSURYHG�WR���� FRUUHFW���������DIWHU�WUHDWPHQW��7KLV�GLIIHUHQFH�ZDV�VLJQLILFDQW�$� �������S����������
9HUE� LQIOHFWLRQ� � � 1RW� RQO\� TXHVWLRQ� SURGXFWLRQ� LPSURYHG� IROORZLQJ� WKH� TXHVWLRQ�SURGXFWLRQ� WUHDWPHQW�� &UXFLDOO\�� V\QWDFWLF� DELOLWLHV� WKDW� UHODWH� WR� ORZHU� QRGHV� LQ� WKH�V\QWDFWLF�WUHH�LPSURYHG�DV�ZHOO��7KH�FRUUHFW�SURGXFWLRQ�RI�WHQVH�LQIOHFWLRQ�LQFUHDVHG�IURP����� ��������� RQ� YHUE� FRPSOHWLRQ� WDVN� SULRU� WR� WUHDWPHQW�� WR� ���� FRUUHFW� ����������IROORZLQJ�WUHDWPHQW��7KLV�GLIIHUHQFH�ZDV�VLJQLILFDQW��$� ����S ��������
9HUE�UHWULHYDO����9HUE�UHWULHYDO�KDV�LPSURYHG�DV�ZHOO��3HUIRUPDQFH�LQ�D�YHUE�FRPSOHWLRQ�WHVW� ZKLFK� ZDV� RQO\� ���� �������� EHIRUH� WUHDWPHQW� KDV� LPSURYHG� WR� WKH� OHYHO� RI� ������������DIWHU�WUHDWPHQW��VLJQLILFDQW�GLIIHUHQFH�$� �������S���������,Q�SLFWXUH�GHVFULSWLRQ��WKH� QXPEHU� RI� YHUEV� UHWULHYHG� LQFUHDVHG� IURP� ��� WR� ��� YHUEV�� 7KLV�PLJKW LQGLFDWH� WKDW�YHUE� UHWULHYDO� LV�PRGXODWHG�� DPRQJ�RWKHU� IDFWRUV�� E\� WKH� DELOLW\� WR� SURMHFW� WKH� V\QWDFWLF�WUHH��VSHFLILFDOO\�WKH�LQIOHFWLRQ�QRGHV���$�VLPLODU�LPSURYHPHQW�LQ�YHUE�UHWULHYDO�IROORZLQJ�LPSURYHPHQW�LQ�YHUE�LQIOHFWLRQ�ZDV�UHSRUWHG�E\�:HLQULFK�HW�DO��>��@���
(PEHGGHG�VHQWHQFHV���6HQWHQFH�HPEHGGLQJ�UHODWHV�WR�D�QRGH�LQ�WKH�V\QWDFWLF�WUHH�ZKLFK�LV� SDUW� RI� WKH�KLJKHVW�PD[LPDO�SURMHFWLRQ�RI� WKH� WUHH�EXW� LV� ORFDWHG� ORZHU� WKDQ� WKH�:K�TXHVWLRQ�QRGH��,Q�WKLV�DELOLW\�WRR�D�VLJQLILFDQW�LPSURYHPHQW�ZDV�IRXQG��%HIRUH�WUHDWPHQW��WKH�SDWLHQW�FRXOG�QRW�SURGXFH�D�VLQJOH�UHODWLYH�FODXVH�LQ�D�UHODWLYH�FODXVH�HOLFLWDWLRQ�WDVN������� FRUUHFW��� +RZHYHU�� DIWHU� WUHDWPHQW� KH� LPSURYHG� VLJQLILFDQWO\�� SURGXFLQJ� ������UHODWLYH� FODXVHV� ���� IXOO� UHODWLYHV� DQG� �� VHPL�UHODWLYHV��� 7KLV� LPSURYHPHQW� ZDV�VLJQLILFDQW�� $� ������ S���������� ,Q� HPEHGGHG� FODXVH� UHSHWLWLRQ�� QR� VLJQLILFDQW�LPSURYHPHQW�ZDV�GHWHFWHG��
$OWKRXJK� WKHVH� DUH� RQO\� SUHOLPLQDU\� GDWD� IURP� RQH� SDWLHQW�� WKHVH� GDWD� VXJJHVW� WKDW�WUHDWPHQW�RI�D�KLJKHU�VWUXFWXUH�FDQ�LPSURYH�WKH�SURGXFWLRQ�RI� ORZHU�VWUXFWXUHV� SRVVLEO\�E\�HQKDQFLQJ�WKH�SURMHFWLRQ�RI� WKH�V\QWDFWLF� WUHH�XS�WR� WKH�KLJKHVW�QRGH��7KHVH�ILQGLQJV�DUH� LQ� OLQH�ZLWK� D� UHFHQW� VWXG\� E\� 7KRPSVRQ�� %DOODUG�� DQG� 6KDSLUR�� >��@�ZKR� UHSRUW� D�JHQHUDOL]DWLRQ�IURP�WUHDWPHQW�RI�D�PRUH�FRPSOH[�VWUXFWXUH�WR�D�OHVV�FRPSOH[�VWUXFWXUH��
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7R�FRQFOXGH��D�IUXLWIXO�LQWHUDFWLRQ�EHWZHHQ�V\QWDFWLF�WKHRU\�IRU�DJUDPPDWLF�SURGXFWLRQ��D�V\QWDFWLF� FKDUDFWHUL]DWLRQ� IRU� GHJUHHV� RI� VHYHULW\� DQG� FOLQLFDO� WKHUDS\� FRQVLGHUDWLRQV�\LHOGHG� D� SURPLVLQJ� GLUHFWLRQ� IRU� WUHDWPHQW� ZKLFK� LV� VRPHZKDW� FRXQWHULQWXLWLYH�� VWDUW�WUHDWPHQW� ZLWK� WKH� PRUH� FRPSOH[� VWUXFWXUHV�� DQG� DQ� LPSURYHPHQW� LQ� OHVV� FRPSOH[�VWUXFWXUHV�ZLOO�IROORZ���
5HIHUHQFHV>�@�0HQQ�/��2EOHU�/�� ,Q��/�0HQQ��	�/�2EOHU�� HGLWRUV��$JUDPPDWLF� DSKDVLD��$�FURVV �ODQJXDJH�QDUUDWLYH�VRXUFHERRN��3KLODGHOSKLD��-RKQ�%HQMDPLQ
V�3XEOLVKLQJ�&RPSDQ\�������>�@�*RRGJODVV�+���&KULVWLDQVHQ�-$��*DOODJKHU�5��&RPSDULVRQ�RI�PRUSKRORJ\�DQG�V\QWD[� LQ�IUHH�QDUUDWLYH�DQG�VWUXFWXUHG�WHVWV��IOXHQW�YV��QRQIOXHQW�DSKDVLFV��&RUWH[������������ �����>�@� 7KRPSVRQ� &.�� 6KDSLUR /3�� 7DLW�0(�� -DFREV� %-�� 	� 6FKQHLGHU� 6/�� 7UDLQLQJ�:K �TXHVWLRQ�SURGXFWLRQ� LQ�DJUDPPDWLF�DSKDVLD��DQDO\VLV�RI�DUJXPHQW�DQG�DGMXQFW�PRYHPHQW��%UDLQ�DQG�/DQJXDJH�����������������>�@� )ULHGPDQQ�1��*URG]LQVN\�<�� 7HQVH� DQG� DJUHHPHQW� LQ� DJUDPPDWLF� SURGXFWLRQ�� SUXQ LQJ� WKH�V\QWDFWLF�WUHH��%UDLQ�DQG�/DQJXDJH������������ �����>�@� )ULHGPDQQ� 1�� )XQFWLRQDO� FDWHJRULHV� LQ� DJUDPPDWLF� SURGXFWLRQ�� D� FURVV �OLQJXLVWLF� VWXG\��'RFWRUDO�GLVVHUWDWLRQ��7HO�$YLY�8QLYHUVLW\�������>�@� 5L]]L� /�� 6RPH� QRWHV� RQ� OLQJXLVWLF� WKHRU\� DQG� ODQJXD JH� GHYHORSPHQW�� 7KH� FDVH� RI� 5RRW�,QILQLWLYHV��/DQJXDJH�DFTXLVLWLRQ����������� �����>�@�7KRPSVRQ�&.��6KDSLUR�/3��5REHUWV�0��7UHDWPHQW�RI�VHQWHQFH�SURGXFWLRQ�GHILFLWV�LQ�DSKDVLD��$� OLQJXLVWLF� ± VSHFLILF� DSSURDFK� WR� :K�LQWHUURJDWLYH� WUDLQLQJ� DQG� JHQHUDOL]DWLRQ��$SKDVLRORJ\�����������������>�@� 7KRPSVRQ� &.�� 6KDSLUR� /3�� %DOODUG�.-�� -DFREV� %-�� 6FKQHLGHU� 66�� 7DLW�0(�� 7UDLQLQJ� DQG�JHQHUDOL]HG�SURGXFWLRQ�RI�:K� DQG�13�PRYHPHQW�VWUXFWXUHV�LQ�DJUDPPDWLF�DSKDVLD��-RXUQDO�RI�VSHHFK��ODQJXDJH��DQG�KHDULQJ�UHVHDUFK������� ����������>�@�6FKHFKWHU�,�� ,/$7� � ,VUDHOL�/RHZHQVWHLQ�$SKDVLD�7HVW��/RHZHQVWHLQ�+RVSLWDO��5HKDELOLWDWLRQ�&HQWHU�������>��@�)ULHGPDQQ��1��%$)/$� ± )ULHGPDQQ¶V�%DWWHU\�IRU�$JUDPPDWLVP��0V��7HO�$YLY�8QLYHUVLW\�������>��@�:HLQULFK�0��6KHOWRQ�-5��&R[�'0��0F&D OO�'��5HPHGLDWLQJ�SURGXFWLRQ�RI�WHQVH�PRUSKRORJ\�LPSURYHV�YHUE�UHWULHYDO�LQ�FKURQLF�DSKDVLD��%UDLQ�DQG�/DQJXDJH����������� ����>��@�7KRPSVRQ�&.��%DOODUG��.-��	�6KDSLUR��/3��7KH�UROH�RI�V\QWDFWLF�FRPSOH[LW\�LQ�WUDLQLQJ�:K �PRYHPHQW�VWUXFWXUHV�LQ�DJUDPPDWLF�DSKDVLD��RSWLPDO�RUGHU�IRU�SURPRWLQJ�JHQHUDOL]DWLRQ��-RXUQDO�RI�WKH�LQWHUQDWLRQDO�QHXURSV\FKRORJLFDOVRFLHW\������������������
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	Verb retrieval    Verb retrieval has improved as well. Performance in a verb completion test which was only 69% (44/64) before treatment has improved to the level of 92% (59/64) after treatment (significant difference ?2=11.18, p<0.001). In picture description, the number of verbs retrieved increased from 12 to 23 verbs. This might indicate that verb retrieval is modulated, among other factors, by the ability to project the syntactic tree, specifically the inflection nodes. (A similar improvement in verb retrieval following improvement in verb inflection was reported by Weinrich et al. [11].)

