
2QH�RI� WKH�PRVW�HIIHFWLYH� WHFKQLTXHV� IRU
OHDUQLQJ� IRUHLJQ�ODQJXDJH� YRFDEXODU\� LV
WKH��NH\ZRUG��WHFKQLTXH��$WNLQVRQ��������
7KLV� WHFKQLTXH� FRPSULVHV� WZR� VWHSV�� ��� D
YHUEDO� VWHS�� LQYROYLQJ� VHOHFWLRQ� RI� DQ� /�
ZRUG� �WKH�NH\ZRUG�� WKDW� LV� IDPLOLDU� WR� WKH
VXEMHFW��DV�FRQFUHWH�DV�SRVVLEOH��DQG�ZLWK�D
VRXQG�DV� VLPLODU� DV�SRVVLEOH� WR� WKDW�RI� WKH
/��ZRUG��DQG����D�YLVXDO�VWHS��LQ�ZKLFK�WKH
NH\ZRUG� LV� YLVXDOO\� UHODWHG� WR� WKH� WDUJHW
ZRUG� �L�H��� WKH� /�� HTXLYDOHQW� RI� WKH� /�
ZRUG��� (YRFDWLRQ� RI� WKH� NH\ZRUG� DQG� WKH
FRUUHVSRQGLQJ� LQWHUDFWLYH� LPDJH� KHOSV� WKH
VXEMHFW�WR�UHFDOO�WKH�WDUJHW�ZRUG��)RU�H[DP�
SOH�� /�� �/DWLQ�� ZRUG� DUFDQXP�� /�
�(QJOLVK�� NH\ZRUG� DUN�� /�� WDUJHW� ZRUG
VHFUHW��LPDJH�UHODWLQJ�DUN�DQG�VHFUHW�
7KH�NH\ZRUG� WHFKQLTXH�KDV�EHHQ�ZLGHO\

XVHG��VLQFH��LWV��LQLWLDO��GHVFULSWLRQ���LQ�YLHZ
RI� LWV� HIIHFWLYHQHVV� IRU� IRUHLJQ�ODQJXDJH

OHDUQLQJ� �IRU� UHYLHZV� VHH� H�J��� %ULJKDP�
%ULJKDP�� ������ 3UHVVOH\�� /HYLQ��'HODQH\�
������ 3UHVVOH\�� /HYLQ�� 0F'DQLHO�� ������
1HYHUWKHOHVV��D�QXPEHU�RI�LPSRUWDQW�TXHV�
WLRQV� UHPDLQ� WR� EH� UHVROYHG�� IRU� H[DPSOH�
VKRXOG�NH\ZRUGV�EH�VXSSOLHG�E\�WKH�WHDFK�
HU�� RU� JHQHUDWHG� E\� WKH� VXEMHFWV� WKHP�
VHOYHV"
6RPH� VWXGLHV�� VXFK� DV�+DOO��:LOVRQ�� DQG

3DWWHUVRQ� ������� DQG�.LQJ�6HDUV��0HUFHU�
DQG� 6LQGHODU� ������� REWDLQHG� EHWWHU� UHFDOO
ZKHQ� NH\ZRUGV� ZHUH� VXSSOLHG� E\� WKH� LQ�
YHVWLJDWRUV�WKDQ�ZKHQ�WKH\�ZHUH�JHQHUDWHG
E\� WKH� VXEMHFWV�� 7KH� YLHZ� WKDW� VXSSOLHG
NH\ZRUGV�DUH�PRUH�HIIHFWLYH� WKDQ�VXEMHFW�
JHQHUDWHG�NH\ZRUGV�KDV�EHHQ�VXSSRUWHG�E\
PDQ\�DXWKRUV��5DXJK�DQG�$WNLQVRQ�������
VWDWH� WKDW� VXSSOLHG� NH\ZRUGV� DUH� PRUH
HIIHFWLYH� HVSHFLDOO\�ZKHQ� VXEMHFWV� DUH� QRW
IDPLOLDU�ZLWK�WKH�SKRQHWLFV�RI�/���7KRPDV
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$OIUHGR�&$0326���$QJHOHV�$025���0DUÎD�$QJHOHV�*21=¢/(=�

��'HSDUWPHQW�RI�%DVLF�3V\FKRORJ\��8QLYHUVLW\�RI�6DQWLDJR�GH�&RPSRVWHOD
������6DQWLDJR�GH�&RPSRVWHOD��6SDLQ

(�PDLO��SVFDPSRV#XVF�HV
��8QLYHUVLW\�RI�$�&RUXÓD

$EVWUDFW��,Q�FRQYHQWLRQDO�NH\ZRUG�PQHPRWHFKQLFV�IRU�IRUHLJQ�ODQJXDJH�YRFDEXODU\�OHDUQLQJ��WKH
NH\ZRUGV�PD\�EH�HLWKHU�VXSSOLHG�E\�WKH�WHDFKHU�H[SHULPHQWHU��RU�JHQHUDWHG�E\�WKH�OHDUQHUV�WKHP�
VHOYHV��(DFK�DSSURDFK�KDV�SDUWLFXODU�DGYDQWDJHV�DQG�GLVDGYDQWDJHV��:H�KDYH� UHFHQWO\�SURSRVHG
DQ� DOWHUQDWLYH� �K\EULG�� DSSURDFK� �WKH� SHHU�JHQHUDWHG�NH\ZRUG�PHWKRG��� LQ�ZKLFK� NH\ZRUGV� DUH
JHQHUDWHG� SUHYLRXVO\� E\� VXEMHFWV� RI� VLPLODU� VRFLRGHPRJUDSKLF� FKDUDFWHULVWLFV� WR� WKH� LQWHQGHG
OHDUQHUV��+HUH�ZH�UHSRUW�DQ�H[SHULPHQWDO� VWXG\� LQ�ZKLFK�ZH�FRPSDUHG� WKH�HIILFDF\�RI�D�FRQWURO
PHWKRG� �WKH� VXEMHFW
V� KDELWXDO� PHWKRG��� WKH� H[SHULPHQWHU�JHQHUDWHG� NH\ZRUG� PHWKRG� DQG� WKH
SHHU�JHQHUDWHG� NH\ZRUG� PHWKRG� IRU� OHDUQLQJ� IRUHLJQ�ODQJXDJH� ZRUGV� ZLWK� KLJK� RU� ORZ� LPDJH
YDOXH��,Q�ERWK�NH\ZRUG�PHWKRGV��VXEMHFWV�ZHUH�VKRZQ�GUDZLQJV�UHSUHVHQWLQJ�DQ�LPDJLQHG�DVVRFL�
DWLRQ�EHWZHHQ�WKH�NH\ZRUG�DQG�WKH�WDUJHW��%RWK�NH\ZRUG�PHWKRGV�ZHUH�VLJQLILFDQWO\�PRUH�HIIHF�
WLYH�WKDQ�WKH�FRQWURO�PHWKRG�IRU�LPPHGLDWH�UHFDOO�RI�KLJK��DQG�ORZ�LPDJH�YDOXH�ZRUGV��7KH�SHHU�
JHQHUDWHG�NH\ZRUG�PHWKRG�ZDV�VLJQLILFDQWO\�PRUH�HIIHFWLYH�WKDQ�ERWK�WKH�FRQWURO�PHWKRG�DQG�WKH
H[SHULPHQWHU�JHQHUDWHG�NH\ZRUG�PHWKRG�IRU�LPPHGLDWH�UHFDOO�RI�ORZ�LPDJH�YDOXH�ZRUGV�
.H\�ZRUGV��LPDJHU\��PQHPRQLF��NH\ZRUG



DQG�:DQJ� ������� IRXQG� EHWWHU� VKRUW�WHUP
UHFDOO� ZLWK� VXSSOLHG� NH\ZRUGV� WKDQ
VXEMHFW�JHQHUDWHG� NH\ZRUGV�� +LJEHH
������� VXJJHVWHG� WKDW� VXSSOLHG� NH\ZRUGV
DUH�PRUH�HIIHFWLYH�IRU�QRYLFH�OHDUQHUV��EXW
QRW� QHFHVVDULO\� IRU� PRUH� DGYDQFHG� OHDUQ�
HUV�
7KH� YLHZ� WKDW� NH\ZRUGV� VKRXOG� EH� VXS�

SOLHG� LV� VXSSRUWHG� E\� D� QXPEHU� RI� DUJX�
PHQWV�� )LUVW�� NH\ZRUG� JHQHUDWLRQ� LV� WLPH�
FRQVXPLQJ� DQG� GLIILFXOW�� VR� WKDW� PDQ\
VFKRRO�DJH��FKLOGUHQ��DUH��QRW��DEOH�WR�JHQ�
HUDWH� NH\ZRUGV� HIIHFWLYHO\� �/HYLQ�� 3UHV�
VOH\��0F&RUPLFN��0LOOHU��6KULEHUJ��������
6HFRQG���WLPH��VSHQW��JHQHUDWLQJ��NH\ZRUGV
LV� OLNHO\� WR� EH� WLPH� QRW� VSHQW� OHDUQLQJ
�:LOOHUPDQ��0HUYLQ�� ������� 7KLUG�� VXSSO\
RI� NH\ZRUGV� HQVXUHV� WKDW� WKH� OHDUQHU� ZLOO
XVH� WKH� NH\ZRUG� WHFKQLTXH�� ZKHUHDV� LI
VXEMHFWV�DUH�UHTXLUHG�WR�JHQHUDWH�NH\ZRUGV
WKHPVHOYHV� WKHUH� LV� QR� JXDUDQWHH� WKDW� WKLV
WHFKQLTXH� ZLOO� DFWXDOO\� EH� XVHG� �7URXWW�
(UYLQ��������
7KH�YLHZ�WKDW�NH\ZRUGV�VKRXOG�EH�JHQHU�

DWHG�E\�WKH�OHDUQHUV�WKHPVHOYHV�KDV�JHQHU�
DOO\� QRW� EHHQ� VXSSRUWHG� LQ� H[SHULPHQWDO
VWXGLHV��+DOO��������+DOO�HW�DO���������7KR�
PDV�� :DQJ�� ������ :DQG�� 7KRPDV�� 2XHO�
OHWH�� ������� DQG� DXWKRUV� IDYRULQJ� WKLV
DSSURDFK� KDYH� ODUJHO\� FLWHG� WKHRUHWLFDO
DUJXPHQWV��1RWDEO\�� WKH� ODWWHU� WZR� VWXGLHV
DUJXH� WKDW� VXEMHFW�JHQHUDWHG� NH\ZRUGV
PD\�EH�PRUH�HIIHFWLYH�EHFDXVH�WKH\�FDQ�EH
H[SHFWHG� WR� DYRLG� FRQIOLFW� EHWZHHQ� WKH
WHDFKHU
V� DQG� WKH� VWXGHQWV
�PRGHV�RI� FRG�
LQJ�
:H�KDYH�UHFHQWO\�GHYHORSHG�DQ�DSSURDFK

ZKLFK�DLPV�WR�FRPELQH�WKH�EHVW�DVSHFWV�RI
ERWK� VWUDWHJLHV� IRU� NH\ZRUG� JHQHUDWLRQ
�&DPSRV��$PRU��*RQ]ÂOH]��������&DPSRV�
*RQ]ÂOH]��$PRU�� ������� ,Q� WKLV� DSSURDFK�
NH\ZRUGV� DUH� JHQHUDWHG� E\� SHHUV� RI� WKH
LQWHQGHG� VXEMHFWV�� RI� WKH� VDPH� DJH� DQG
GHPRJUDSKLF� FKDUDFWHULVWLFV�� ,Q� RXU� ILUVW
VWXG\��&DPSRV�HW�DO���������ZH�XVHG�WKUHH

JURXSV�� WKH� ILUVW� JURXS� OHDUQW� WKH� WUDQVOD�
WLRQ�RI�D� OLVW�RI�/DWLQ�ZRUGV�XVLQJ�H[SHUL�
PHQWHU�VXSSOLHG� NH\ZRUGV�� WKH� VHFRQG
VXEMHFW�JHQHUDWHG� NH\ZRUGV�� DQG� WKH� WKLUG
SHHU�JHQHUDWHG� NH\ZRUGV�� :H� IRXQG� WKDW
VXEMHFWV� XVLQJ� SHHU�JHQHUDWHG� NH\ZRUGV
VKRZHG� VLJQLILFDQWO\� EHWWHU� VKRUW�� DQG
ORQJ�WHUP� UHFDOO� WKDQ� VXEMHFWV� LQ� WKH�RWKHU
WZR�JURXSV�
$QRWKHU�XQUHVROYHG�TXHVWLRQ�DERXW�PQH�

PRWHFKQLFV� LQ�JHQHUDO�� DQG�NH\ZRUG�PQH�
PRWHFKQLFV� LQ� SDUWLFXODU�� LV� ZKHWKHU� WKHVH
VWUDWHJLHV� DUH� HIIHFWLYH� IRU� OHDUQLQJ�ZRUGV
ZLWK� ORZ� LPDJH� YDOXH�� .DVSHU� DQG� *ODVV
������� DQG� -RKQVRQ�� $GDPV� DQG� %UXQLQJ
������� VXJJHVWHG� WKDW� NH\ZRUG� PQHPR�
WHFKQLFV� DUH� QRW� HIIHFWLYH� IRU� ZRUGV� ZLWK
ORZ� LPDJH� YDOXH�� RWKHU� DXWKRUV�� VXFK� DV
0DVWURSLHUL��6FUXJJV��DQG�)XON��������DQG
7URXWW�(UYLQ� ������� KDYH� UHSRUWHG� WKDW
NH\ZRUG� PQHPRWHFKQLFV� DUH� PRUH� HIIHF�
WLYH� WKDQ� RWKHU� VWUDWHJLHV�� UHJDUGOHVV� RI
LPDJH� YDOXH�� 3DLYLR� ������� DQG� )RWK
������� VWDWH� WKDW� EDVLFDOO\� YLVXDO� PQHPR�
WHFKQLF� VWUDWHJLHV� DUH� PRUH� HIIHFWLYH� IRU
ZRUGV� ZLWK� KLJK�LPDJH� YDOXH� WKDQ� IRU
ZRUGV�ZLWK�ORZ�LPDJHG�YDOXH�
%\�GHILQLWLRQ��LW�LV�GLIILFXOW�WR�IRUP�PHQ�

WDO�LPDJHV�RI�ZRUGV�ZLWK�ORZ�LPDJH�YDOXH�
,W� KDV� WKXV� EHHQ� VXJJHVWHG� WKDW� UHFDOO� RI
ZRUGV� ZLWK� ORZ� LPDJH� YDOXH� PD\� EH� LP�
SURYHG� E\� WKH� XVH� RI� V\PEROLF� UHODWLRQV
�+LJEHH�� ������ 6FUXJJV�� 0DVWURSLHUL�
�������WKXV�IRU�H[DPSOH��LI�WKH�WDUJHW�ZRUG
LV�MXVWLFH��WKH�VXEMHFW�PLJKW�LPDJLQH�D�SDLU
RI�VFDOHV��RU� LI� WKH� WDUJHW�ZRUG� LV�UHOLJLRQ�
WKH�VXEMHFW�PLJKW�LPDJLQH�D�FKXUFK�
2QH�PHWKRG�IRU�KHOSLQJ�VXEMHFWV�WR�IRUP

PHQWDO� LPDJHV� �ZKHWKHU� RI� ZRUGV� ZLWK
KLJK�LPDJH�YDOXH�RU�ZRUGV�ZLWK�ORZ�LPDJH
YDOXH�� LV� WR� SUHVHQW� GUDZLQJV� UHSUHVHQWLQJ
WKH�PHDQLQJ�RI�WKH�ZRUGV��IRU�UHYLHZV��VHH
'HQLV��������3DLYLR���������6HYHUDO�VWXGLHV
KDYH� IRXQG� WKDW� LQ� NH\ZRUG� PQHPRWHFK�
QLFV�EHWWHU�UHVXOWV�DUH�REWDLQHG�LI�ZRUGV�DUH
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DFFRPSDQLHG�E\�GUDZLQJV��&DUQH\��/HYLQ�
������ :RRG�� 3UHVVOH\�� 7XUQXUH�� :DOWRQ�
������
,Q� WKH� SUHVHQW� VWXG\�� FRQWLQXLQJ� LQ� WKH

OLQH� RI� RXU� SUHYLRXV� UHVHDUFK�� ZH� SHU�
IRUPHG� H[SHULPHQWV� WR� FRPSDUH� WKUHH� DS�
SURDFKHV� IRU� IRUHLJQ�ODQJXDJH� YRFDEXODU\
OHDUQLQJ�� WKH� H[SHULPHQWHU�JHQHUDWHG�NH\�
ZRUG�PHWKRG�� WKH�SHHU�JHQHUDWHG�NH\ZRUG
PHWKRG�� DQG� D� FRQWURO� PHWKRG� �VXEMHFW
V
KDELWXDO� PHWKRG��� %RWK� KLJK�� DQG� ORZ�
LPDJH�YDOXH� ZRUGV� ZHUH� XVHG�� DQG� UHFDOO
ZDV� DVVHVVHG� LPPHGLDWHO\� DQG� DIWHU� RQH
ZHHN��8QOLNH� LQ�RXU�SUHYLRXV�VWXG\�RI� WKH
SHHU�JHQHUDWHG�NH\ZRUG� PHWKRG�� VXEMHFWV
LQ�ERWK�NH\ZRUG�JURXSV�ZHUH�SUHVHQWHG�QRW
RQO\� ZLWK� WKH� NH\ZRUG� EXW� DOVR� ZLWK� D
GUDZLQJ�UHSUHVHQWLQJ�DQ�LPDJH�DVVRFLDWLQJ
NH\ZRUG�DQG�WDUJHW�ZRUG�

0(7+2'
3DUWLFLSDQWV
7KH�VDPSOH�FRPSULVHG�����VXEMHFWV�����

ZRPHQ�� ���� PHQ��� DJHG� ��� �� ��� \HDUV
�PHDQ� ����� \HDUV��� 6XEMHFWV� ZHUH� IURP
YDULRXV�SXEOLF� VFKRROV� ��VW�RU��QG�\HDU�RI
(GXFDFLÔQ�6HFXQGDULD�2EOLJDWRULD��
0DWHULDOV
$� WRWDO� RI� ��� 6SDQLVK� ZRUGV� ���� ZLWK

KLJK� LPDJH�YDOXH�����ZLWK� ORZ�LPDJH�YDO�
XH��ZHUH� VHOHFWHG� UDQGRPO\� IURP� WKH� OLVWV
SXEOLVKHG� E\� 9DOOH� �������� 7KH� KLJK�
LPDJH�YDOXH�ZRUGV� DOO� KDG� UDWLQJV� !� ����
LQ� 9DOOH
V� OLVWLQJ�� ZKLOH� WKH� ORZ�LPDJH�
YDOXH�ZRUGV�DOO�KDG�UDWLQJV���������6XEVH�
TXHQWO\�� DQ� LQGHSHQGHQW� /DWLQ� H[SHUW� �QRW
LQYROYHG� LQ� WKH� UHVHDUFK�� WUDQVODWHG� WKH
VHOHFWHG� ZRUGV� WR� /DWLQ�� &RJQDWHV� �L�H��
ZRUGV� ZLWK� VLPLODU� SURQXQFLDWLRQ� DQG�RU
VSHOOLQJ�LQ�WKH�WZR�ODQJXDJHV��ZHUH�HOLPL�
QDWHG�

([SHULPHQWHU�VXSSOLHG� NH\ZRUGV� ZHUH
JHQHUDWHG� E\� WKH� DXWKRUV� IRU� HDFK� /DWLQ
ZRUG��SURQXQFLDWLRQ�DV�VLPLODU�DV�SRVVLEOH
WR�WKH�/DWLQ�ZRUG��SUHIHUDEO\�ZLWK�WKH�VDPH
ILUVW� V\OODEOH�� DV� FRQFUHWH� DV� SRVVLEOH��� ,Q
HDFK� FDVH��ZH� DOVR� VHOHFWHG� DQ� DVVRFLDWLYH
LPDJH� UHODWLQJ� WKH�NH\ZRUG�DQG� WKH� WDUJHW
ZRUG� �L�H��� WKH� 6SDQLVK� WUDQVODWLRQ� RI� WKH
/DWLQ�ZRUG��
3HHU�JHQHUDWHG�NH\ZRUGV�ZHUH�JHQHUDWHG

E\� D� JURXS� RI� ��� VXEMHFWV� IURP� WKH� VDPH
VFKRROV� DQG� VFKRROLQJ� \HDUV� DV� WKH� H[SHU�
LPHQWDO�VXEMHFWV��IRU�HDFK�/DWLQ�ZRUG��HDFK
VXEMHFW� ZDV� DVNHG� WR� LGHQWLI\� D� 6SDQLVK
NH\ZRUG� ZLWK� SURQXQFLDWLRQ� DV� VLPLODU� DV
SRVVLEOH� WR� WKH�/DWLQ�ZRUG�� DQG� WR�ZULWH� D
VHQWHQFH� GHVFULELQJ� DQ� DVVRFLDWLYH� LPDJH
UHODWLQJ� WKH� NH\ZRUG� DQG� WKH� WDUJHW�ZRUG�
)RU� HDFK�ZRUG��ZH� WKHQ� VHOHFWHG� WKH�PRVW
IUHTXHQW�NH\ZRUG�DQG�PRVW�IUHTXHQW�DVVR�
FLDWLYH�LPDJH�
,Q� ERWK� NH\ZRUG� JHQHUDWLRQ� SURFHGXUHV�

ZRUGV�ZLWK�D�NH\ZRUG�VLPLODU�WR�NH\ZRUGV
DOUHDG\�VHOHFWHG�ZHUH�HOLPLQDWHG��)URP�WKH
UHPDLQLQJ� ZRUGV�� ��� ZRUGV� ZHUH� WKHQ
VHOHFWHG� IRU� HDFK� OLVW� �H[SHULPHQWHU�
VXSSOLHG�RU�SHHU�JHQHUDWHG�NH\ZRUGV��KLJK
RU� ORZ� LPDJH� YDOXH���'UDZLQJV�ZHUH� WKHQ
FUHDWHG� IRU� WKH� WRWDO� RI� ��� H[SHULPHQWHU�
JHQHUDWHG� NH\ZRUGV�LPDJHV� DQG� WKH� WRWDO
RI� ��� SHHU�JHQHUDWHG� NH\ZRUGV�LPDJHV
�)LJXUH� ���� $OO� ILQDO� ZRUG� OLVWV� ZHUH� UDQ�
GRPO\�RUGHUHG�
3URFHGXUH
7KH�H[SHULPHQWDO�VXEMHFWV�ZHUH�UDQGRPO\

GLYLGHG� LQWR� WKUHH� JURXSV�� ZKR� ZHUH� UH�
TXLUHG��WR��OHDUQ��WKH��6SDQLVK��WUDQVODWLRQV
RI� �WKH� ���� �/DWLQ� �ZRUGV� ���� �E\� �WKHLU�KD�
ELWXDO� PHWKRG� �FRQWURO� JURXS��� ��� E\� WKH
NH\ZRUG� PHWKRG� XVLQJ� H[SHULPHQWHU�
JHQHUDWHG�NH\ZRUGV��RU����E\�WKH�NH\ZRUG
PHWKRG�XVLQJ�SHHU�JHQHUDWHG�NH\ZRUGV��,Q
DOO� WKUHH� JURXSV� HDFK� /DWLQ� ZRUG� DQG� LWV
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6SDQLVK�WUDQVODWLRQ��DQG�ZKHUH�DSSURSULDWH
WKH� NH\ZRUG��ZHUH� SUHVHQWHG�ZLWK� D� VOLGH
SURMHFWRU� ���� VHF� HDFK� ZRUG��� (DFK� VOLGH
DOVR� VKRZHG� D� GUDZLQJ� UHSUHVHQWLQJ� WKH
PHDQLQJ�RI�WKH�WDUJHW�ZRUG��FRQWURO�JURXS�
RU� WKH� LPDJH� DVVRFLDWLQJ� NH\ZRUG� DQG
WDUJHW�ZRUG��NH\ZRUG�JURXSV���'XULQJ�WKLV
���VHF� SHULRG�� WKH� UHVHDUFKHU� WZLFH� UHDG
RXW�DORXG�WKH�ZRUGV�RQ�WKH�VOLGH��WKH�/DWLQ
ZRUG�� LWV� 6SDQLVK� WUDQVODWLRQ�� DQG� ZKHUH
DSSURSULDWH� WKH�NH\ZRUG�DQG�D�GHVFULSWLRQ
RI� WKH� DVVRFLDWLYH� LPDJH��� 6XEMHFWV� LQ� WKH
NH\ZRUG�JURXSV�ZHUH�SUHYLRXVO\�LQVWUXFWHG
WR�FUHDWH�DQ�LQWHUDFWLYH�PHQWDO�LPDJH�XVLQJ
WKH�GUDZLQJ�RQ�WKH�VOLGH��DQG�WR�XVH�WKLV�DV
DQ�DLG�WR�OHDUQLQJ�WKH�/DWLQ�ZRUG��$OO�VXE�
MHFWV� ZHUH� SUHVHQWHG� ZLWK� �� WULDO� ZRUGV
EHIRUH�WKH�WUXH�OLVWV�ZHUH�SUHVHQWHG�
$V� QRWHG�� VXEMHFWV� LQ� WKH� FRQWURO� JURXS

ZHUH�LQVWUXFWHG�WR�XVH�WKHLU�KDELWXDO�PHWK�
RG� IRU� ZRUG� OHDUQLQJ�� 7KLV� LV� FRPPRQ
SUDFWLFH� LQ� VWXGLHV� RI� WKLV� W\SH� �VHH� H�J��
0F*LYHUQ�� /HYLQ�� ������ 3UHVVOH\�� /HYLQ�
������3UHVVOH\��/HYLQ��0LOOHU��������&DP�
SRV�HW�DO����������DQG�LV�MXVWLILDEOH�EHFDXVH

LW� VHHPV� UHDVRQDEOH� WR� DVVXPH� WKDW� IHZ�RU
QR�VXEMHFWV�ZLOO�XVH�WKH�NH\ZRUG�PHWKRG�
$IWHU� SUHVHQWDWLRQ� RI� WKH� ZRUG� OLVW�� DOO

VXEMHFWV� UHFHLYHG� D� VKHHW� OLVWLQJ� WKH� /DWLQ
ZRUGV��DQG�ZHUH�DVNHG� WR�ZULWH� WKH�FRUUH�
VSRQGLQJ� 6SDQLVK� ZRUG� EHVLGH� HDFK� RQH�
XVLQJ� WKH� VSHFLILHG� UHFDOO� VWUDWHJ\�� 2QH
ZHHN�ODWHU��DQG�ZLWKRXW�SULRU�ZDUQLQJ��WKH
VXEMHFWV� DJDLQ� UHFHLYHG� WKH� OLVW� RI� /DWLQ
ZRUGV�� DQG�ZHUH� DJDLQ� DVNHG� WR� UHFDOO� WKH
6SDQLVK� ZRUGV�� $OO� SURFHGXUHV� ZHUH� SHU�
IRUPHG� LQ�QRUPDO� FODVVHV�� DQG�DOO� VXEMHFWV
WRRN�SDUW�YROXQWDULO\�

5(68/76
:H��ILUVW��DQDO\]HG��WKH��HIIHFWV��RI��OHDUQ�

LQJ��VWUDWHJ\��DQG��WLPH�WR�UHFDOO��RQ��UHFDOO
RI� KLJK�LPDJH�YDOXH� ZRUGV�� 7R� WKLV� HQG�
ZH� SHUIRUPHG� D� PL[HG�IDFWRU� DQDO\VLV� RI
YDULDQFH� �$129$���ZLWK� IDFWRUV� OHDUQLQJ
VWUDWHJ\� ���OHYHOV�� DQG� WLPH�WR�UHFDOO� ��
OHYHOV����0HDQ��UHFDOOV���L�H����PHDQ��QXPEHU
RI� ZRUGV� UHFDOOHG� SHU� OLVW�� PD[LPXP� ���
DUH� � OLVWHG� �IRU� �HDFK� �JURXS� �LQ� �7DEOH� � ��

��� 678',$�36<&+2/2*,&$�������������

)LJXUH����$Q�H[DPSOH�RI�DQ�LQWHUDFWLYH�GUDZLQJ



/HDUQLQJ� � VWUDWHJ\� �VLJQLILFDQWO\� LQIOX�
HQFHG��UHFDOO��RI��KLJK�LPDJH�YDOXH��ZRUGV�
)���������� ��������S��� ������DV�GLG� WLPH�
WR�UHFDOO�� )� ���� �����  � �������� S� �� �����
DQG� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH� WZR� YDUL�
DEOHV��)� ��������� ��������S��� ������/HDVW
VLJQLILFDQW� GLIIHUHQFHV� �/6'�� WHVWV� LQGL�
FDWHG�WKDW�UHFDOO�LQ�WKH�WZR�NH\ZRUG�JURXSV
ZDV�VLJQLILFDQWO\�EHWWHU�WKDQ�LQ�WKH�FRQWURO
JURXS��S�������LQ�ERWK�FDVHV��
7R� DVVHVV� WKH� HIIHFW� RI� OHDUQLQJ� VWUDWHJ\

RQ� LPPHGLDWH� UHFDOO� RI� KLJK�LPDJH� YDOXH
ZRUGV�� ZH� XVHG� D� VLQJOH�IDFWRU� $129$�
ZKLFK� LQGLFDWHG� WKDW� OHDUQLQJ� VWUDWHJ\�KDG
D��VLJQLILFDQW��HIIHFW���)������������ ��������
S������������/6'��WHVWV��LQGLFDWHG��WKDW�UHFDOO
LQ��WKH��WZR��NH\ZRUG��JURXSV��ZDV��VLJQLIL�
FDQWO\� �EHWWHU� �WKDQ� �LQ� �WKH� �FRQWURO� �JURXS
�S�������LQ�ERWK�FDVHV���7KHUH�ZDV�QR�VLJ�
QLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� NH\ZRUG
JURXSV�� $� FRUUHVSRQGLQJ� VLQJOH�IDFWRU
$129$� ZLWK� RQH�ZHHN� UHFDOO� DV� GHSHQ�

GHQW� �YDULDEOH� �LQGLFDWHG� �WKDW� � OHDUQLQJ
VWUDWHJ\� �KDG� �QR� �VLJQLILFDQW� �HIIHFW� � RQ
RQH�ZHHN� UHFDOO� RI� KLJK�LPDJH�YDOXH
ZRUGV�
:H� QH[W� LQYHVWLJDWHG� WKH� LQIOXHQFH� RI

OHDUQLQJ� VWUDWHJ\� DQG� WLPH�WR�UHFDOO� RQ
UHFDOO� RI� ORZ�LPDJH�YDOXH� ZRUGV�� $JDLQ�
ZH� SHUIRUPHG� D� PL[HG�IDFWRU� DQDO\VLV� RI
YDULDQFH���$129$����ZLWK��IDFWRUV� � OHDUQ�
LQJ��VWUDWHJ\�����OHYHOV���DQG��WLPH�WR�UHFDOO
���OHYHOV���0HDQ�UHFDOOV�DUH�OLVWHG�IRU�HDFK
JURXS�LQ�7DEOH����/HDUQLQJ�VWUDWHJ\�VLJQLIL�
FDQWO\� LQIOXHQFHG� UHFDOO� RI� ORZ�LPDJH�
YDOXH��ZRUGV���)����������� ���������S��������
DV��GLG��WLPH�WR�UHFDOO���)����������� ��������
S� �� ������ DQG� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH
WZR�YDULDEOHV��)��������� ��������S��������
/6'�WHVWV�LQGLFDWHG�WKDW�UHFDOO�LQ�WKH�SHHU�
JHQHUDWHG�NH\ZRUG�JURXS�ZDV�VLJQLILFDQWO\
EHWWHU��WKDQ��LQ��WKH��FRQWURO��JURXS��DQG��LQ
WKH�H[SHULPHQWHU�JHQHUDWHG�NH\ZRUG�JURXS
�S�������LQ�ERWK�FDVHV��

678',$�36<&+2/2*,&$������������� ���

7DEOH����0HDQ�LPPHGLDWH�DQG�RQH�ZHHN�UHFDOO��QR��RI�ZRUGV��PD[LPXP�����RI�KLJK�
LPDJH�YDOXH� ZRUGV� LQ� HDFK� RI� WKH� H[SHULPHQWDO� JURXSV�� 6WDQGDUG� GHYLDWLRQV� DUH� DOVR
VKRZQ

,PPHGLDWH�UHFDOO 2QH�ZHHN�UHFDOO 2YHUDOO�UHFDOO
0 6' 0 6' 0 6'

+DELWXDO ����� ����� ����� ����� ����� �����
([SHULPHQWHU�JHQHUDWHG�NH\ZRUG ����� ����� ����� ����� ����� �����
3HHU�JHQHUDWHG�NH\ZRUG ����� ����� ����� ����� ����� �����

7DEOH����0HDQ� LPPHGLDWH�DQG�RQH�ZHHN�UHFDOO� �QR��RI�ZRUGV��PD[LPXP�����RI� ORZ�
LPDJH�YDOXH� ZRUGV� LQ� HDFK� RI� WKH� H[SHULPHQWDO� JURXSV�� 6WDQGDUG� GHYLDWLRQV� DUH� DOVR
VKRZQ

,PPHGLDWH�UHFDOO 2QH�ZHHN�UHFDOO 2YHUDOO�UHFDOO
0 6' 0 6' 0 6'

+DELWXDO ����� ����� ����� ����� ����� �����
([SHULPHQWHU�JHQHUDWHG�NH\ZRUG ����� ����� ����� ����� ����� �����
3HHU�JHQHUDWHG�NH\ZRUG ����� ����� ����� ����� ����� �����



6LQJOH�IDFWRU�$129$�WR�DVVHVV�WKH�HIIHFW
RI�OHDUQLQJ�VWUDWHJ\�RQ�LPPHGLDWH�UHFDOO�RI
ORZ�LPDJH� YDOXH� ZRUGV� LQGLFDWHG� WKDW
OHDUQLQJ��VWUDWHJ\��KDG��D��VLJQLILFDQW�HIIHFW�
)� ���� �����  � ������ S� �� ������ /6'� WHVWV
LQGLFDWHG� WKDW� UHFDOO� LQ� WKH� SHHU�JHQHUDWHG
NH\ZRUG� JURXS� ZDV� VLJQLILFDQWO\� EHWWHU
WKDQ� LQ� WKH� FRQWURO� JURXS� DQG� LQ� WKH
H[SHULPHQWHU�JHQHUDWHG� NH\ZRUG� JURXS� �S
�� ���� LQ� ERWK� FDVHV��� 6LQJOH�IDFWRU� $12�
9$�WR�DVVHVV�WKH�HIIHFW�RI�OHDUQLQJ�VWUDWHJ\
RQ� RQH�ZHHN� UHFDOO� RI� ORZ�LPDJH�YDOXH
ZRUGV� LQGLFDWHG� WKDW� OHDUQLQJ� VWUDWHJ\�KDG
QR�VLJQLILFDQW�HIIHFW�

',6&866,21
7KH�SUHVHQW� UHVXOWV� LQGLFDWH� WKDW� OHDUQLQJ

VWUDWHJ\� LQIOXHQFHG� LPPHGLDWH� UHFDOO� RI
KLJK�LPDJH�YDOXH� ZRUGV�� ZLWK� VXEMHFWV
ZKR�XVHG�NH\ZRUG�PHWKRGV�VKRZLQJ�EHWWHU
UHFDOO�WKDQ�VXEMHFWV�ZKR�XVHG�WKHLU�KDELWXDO
PHWKRG��7KLV� UHVXOW� LV� LQ� OLQH�ZLWK�QXPHU�
RXV�SUHYLRXV�VWXGLHV�ZKLFK�KDYH�VXSSRUWHG
WKH� HIILFDF\� RI� NH\ZRUG� PHWKRGV� �IRU� UH�
YLHZV��VHH�%ULJKDP��%ULJKDP��������3UHV�
VOH\�HW�DO���������3UHVVOH\�HW�DO���������� ,Q
RQH� SUHYLRXV� VWXG\� �&DPSRV�� *RQ]ÂOH]�
$PRU�� LQ� SUHVV���ZH� GLG� QRW� ILQG� DQ\� VLJ�
QLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� FRQWURO
JURXS�DQG�WKH�NH\ZRUG�JURXS��,Q�WKLV�VWXG\
VXEMHFWV� ZHUH� DOORZHG� WR� DOORFDWH� WKHLU
OHDUQLQJ�WLPH�DV�WKH\�ZLVKHG�DQG�ZHUH�QRW
JLYHQ�DQ\�VLJQLILFDQW�WUDLQLQJ�LQ�XVH�RI�WKH
NH\ZRUG� PHWKRG�� ERWK� FRQGLWLRQV� KDYH
EHHQ� UHSRUWHG� WR�DIIHFW� WKH�HIILFDF\�RI� WKH
NH\ZRUG�PHWKRG�� ,Q� WKH� SUHVHQW� VWXG\�ZH
GLG� QRW� GHWHFW� DQ\� GLIIHUHQFH� LQ� UHFDOO� RI
KLJK�LPDJH�YDOXH� ZRUGV� EHWZHHQ� WKH
JURXS� XVLQJ� H[SHULPHQWHU�JHQHUDWHG� NH\�
ZRUGV�DQG� WKH�JURXS�XVLQJ�SHHU�JHQHUDWHG
NH\ZRUGV�
$OWKRXJK� WKH� VXEMHFWV� XVLQJ� NH\ZRUG

PHWKRGV� VKRZHG�PDUNHGO\� EHWWHU� LPPHGL�
DWH�UHFDOO�WKDQ�VXEMHFWV�XVLQJ�WKHLU�KDELWXDO

PHWKRG��QR�VXFK�GLIIHUHQFH�ZDV�GHWHFWHG�LQ
RQH�ZHHN� UHFDOO��6HYHUDO� UHVHDUFKHUV� �+DOO
HW�DO���������-RKQVRQ�HW�DO���������7KRPDV�
:DQJ��������:DQJ��7KRPDV��������:DQJ�
7KRPDV�� ,Q]DQD�� 3ULPLFHULR�� ������ :DQJ
HW� DO��� ������ KDYH� IRXQG� WKDW� NH\ZRUG
PQHPRWHFKQLFV�DUH�QRW�HIIHFWLYH� IRU� ORQJ�
WHUP�UHFDOO�
,Q�DGGLWLRQ��ZH�GLG�QRW�GHWHFW�DQ\�VLJQLIL�

FDQW� GLIIHUHQFH� LQ� UHFDOO� RI� KLJK�LPDJH�
YDOXH� ZRUGV� EHWZHHQ� WKH� H[SHULPHQWHU�
JHQHUDWHG� DQG� SHHU�JHQHUDWHG� NH\ZRUG
JURXSV�� %\� FRQWUDVW�� LQ� D� SUHYLRXV� VWXG\
�&DPSRV� HW� DO��� ������ZH� IRXQG� WKDW� ERWK
LPPHGLDWH� DQG� RQH�ZHHN� UHFDOO� ZHUH� LP�
SURYHG� E\� XVLQJ� SHHU�JHQHUDWHG� NH\ZRUGV
UDWKHU� WKDQ� H[SHULPHQWHU�JHQHUDWHG� NH\�
ZRUGV�� 7KH� PDLQ� GLIIHUHQFH� EHWZHHQ� WKH
SUHVHQW� VWXG\� DQG� WKLV� SUHYLRXV� VWXG\� LV
WKDW� LQ� WKH� SUHVHQW� VWXG\� VXEMHFWV� ZHUH
JLYHQ� GUDZLQJV� UHSUHVHQWLQJ� WKH� LPDJH
DVVRFLDWLQJ�NH\ZRUG�ZLWK�WDUJHW�ZRUG��WKLV
SUREDEO\�LPSURYHG�UHFDOO�DQG�PLWLJDWHG�WKH
SXWDWLYH� SRVLWLYH� HIIHFW� RI� SHHU�JHQHUDWHG
NH\ZRUGV�DQG�LPDJHV�
$V� QRWHG� DERYH�� DFFRUGLQJ� WR� VRPH� DX�

WKRUV��-RKQVRQ�HW�DO���������.DVSHU��*ODVV�
������ RQH� RI� WKH� SULQFLSDO� OLPLWDWLRQV� RI
PQHPRWHFKQLFV�LQ�JHQHUDO��DQG�RI�NH\ZRUG
OLPLWDWLRQV�LQ�SDUWLFXODU��LV�LWV�ORZ�HIILFDF\
IRU� OHDUQLQJ�ZRUGV�ZLWK� ORZ� LPDJH� YDOXH�
+RZHYHU�� LQ� WKH� SUHVHQW� VWXG\� ZH� IRXQG
WKDW� LPPHGLDWH� UHFDOO� RI� ORZ�LPDJH�YDOXH
ZRUGV�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�WKH�SHHU�
JHQHUDWHG� NH\ZRUGV� JURXS� WKDQ� LQ� HLWKHU
WKH� FRQWURO� JURXS� RU� WKH� H[SHULPHQWHU�
JHQHUDWHG� NH\ZRUGV� JURXS�� 7KLV� VXJJHVWV
WKDW� WKH� SHHU�JHQHUDWHG� NH\ZRUG� PHWKRG
PD\�EH�RI�SDUWLFXODU�YDOXH�IRU� ORZ�LPDJH�
YDOXH�ZRUGV�
,Q� FRQFOXVLRQ�� WKH� UHVXOWV� RI� WKLV� DQG

SUHYLRXV� VWXGLHV� LQGLFDWH� WKDW� WKH� SHHU�
JHQHUDWHG� NH\ZRUG� PHWKRG� LV� LQ� PDQ\
OHDUQLQJ�FRQWH[WV�PRUH�HIIHFWLYH�WKDQ�FRQ�
YHQWLRQDO�NH\ZRUG�PHWKRGV��)XWXUH�VWXGLHV

��� 678',$�36<&+2/2*,&$�������������



ZLOO�DOORZ�XV�WR�LGHQWLI\�PRUH�FOHDUO\�WKRVH
FRQWH[WV� LQ�ZKLFK� WKH�SHHU�JHQHUDWHG�NH\�
ZRUG�PHWKRG�LV�PRVW�HIIHFWLYH�
5HFHLYHG�0D\���������

5()(5(1&(6
$7.,1621�� 5�&��� ������ 0QHPRWHFKQLFV� LQ

VHFRQG�ODQJXDJH� OHDUQLQJ�� $PHULFDQ� 3V\FKRORJLVW�
������������
%5,*+$0�� )�-��� %5,*+$0��0�0��� ������8VLQJ

PQHPRQLF�NH\ZRUGV�LQ�JHQHUDO�PXVLF�FODVVHV��0XVLF
KLVWRU\� � PHHWV� �FRJQLWLYH� �SV\FKRORJ\�� �-RXUQDO� � RI
5HVHDUFK� DQG� 'HYHORSPHQW� LQ� (GXFDWLRQ�� ���
��������
&$0326�� $��� $025�� $��� *21=¢/(=�� 0�$��

������3UHVHQWDWLRQ�RI�NH\ZRUGV�E\�PHDQV�RI�LQWHUDF�
WLYH� GUDZLQJV�� 6SDQLVK� -RXUQDO� RI� 3V\FKRORJ\�� ��
��������
&$0326�� $��� *21=¢/(=�� 0�$��� $025�� $��

������ 'LIIHUHQW� VWUDWHJLHV� IRU� NH\ZRUG� JHQHUDWLRQ�
0DQXVFULSW�VXEPLWWHG�IRU�SXEOLFDWLRQ�
&$0326��$���*21=¢/(=��0�$���$025��$��� LQ

SUHVV��/LPLWDWLRQV�RI�WKH�PQHPRQLF�NH\ZRUG�PHWKRG�
-RXUQDO�RI�*HQHUDO�3V\FKRORJ\�
&$51(<��5�1���/(9,1�� -�5��� ������)DGLQJ�PQH�

PRQLF�PHPRULHV��+HUH
V� ORRNLQJ�DQHZ��DJDLQ��&RQ�
WHPSRUDU\�(GXFDWLRQDO�3V\FKRORJ\��������������
'(1,6�� 0��� ������ /HV� LPDJHV� PHQWDOHV�� 3DULV�

3UHVVHV�8QLYHUVLWDLUHV�GH�)UDQFH�
)27+��'�/���������0QHPRQLF�WHFKQLTXH�HIIHFWLYH�

QHVV� DV� D� IXQFWLRQ� RI� ZRUG� DEVWUDFWQHVV� DQG� PHGL�
DWLRQ� LQVWUXFWLRQV�� -RXUQDO� RI� 9HUEDO� /HDUQLQJ� DQG
9HUEDO�%HKDYLRU��������������
+$//�� -�:��� ������2Q� WKH� XWLOLW\� RI� WKH� NH\ZRUG

PQHPRQLF� IRU� YRFDEXODU\� OHDUQLQJ�� -RXUQDO� RI
(GXFDWLRQDO�3V\FKRORJ\��������������
+$//�� -�:���:,/621��.�3��� 3$77(5621��5�-��

������0QHPRWHFKQLFV��6RPH�OLPLWDWLRQV�RI�WKH�PQH�
PRQLF�NH\ZRUG�PHWKRG�IRU�WKH�VWXG\�RI�IRUHLJQ�ODQ�
JXDJH� YRFDEXODU\�� -RXUQDO� RI� (GXFDWLRQDO
3V\FKRORJ\��������������
+,*%((�� .�/��� ������ <RXU� PHPRU\�� 1HZ� <RUN�

3DUDJRQ�+RXVH�
+,*%((�� .�/��� ������ 1RYLFHV�� DSSUHQWLFHV� DQG

PQHPRQLVWLFV��$FTXLULQJ�H[SHUWLVH�ZLWK�WKH�SKRQHWLF
PQHPRQLF�� $SSOLHG� &RJQLWLYH� 3V\FKRORJ\�� ���
��������
-2+1621�� &�:��� $'$06�� 0��� %581,1*�� 5��

������ .H\ZRUGV� DQG� YRFDEXODU\� DFTXLVLWLRQ�� 6RPH
ZRUGV� RI� FDXWLRQ� DERXW�ZRUGV� RI� DVVLVWDQFH��(GXFD�
WLRQDO� &RPPXQLFDWLRQ� DQG� 7HFKQRORJ\� -RXUQDO�� ���
��������

.$63(5�� /�)��� */$66�� $�/��� ������ 7KH� UROH� RI
WKH� NH\ZRUG� PHWKRG� LQ� WKH� DFTXLVLWLRQ� RI� 6SDQLVK
QRXQV��+XPDQ�/HDUQLQJ�������������
.,1*�6($56�� 0�(��� 0(5&(5�� &�'��� 6,1'(�

/$5�� 3�7��� ������ 7RZDUG� LQGHSHQGHQFH� ZLWK� NH\�
ZRUG�PQHPRQLFV��$�VWUDWHJ\�IRU�VFLHQFH�YRFDEXODU\
LQVWUXFWLRQ�� 5HPHGLDO� DQG� 6SHFLDO� (GXFDWLRQ�� ���
������
/(9,1�� -�5��� 35(66/(<�� 0��� 0F&250,&.�

&�%��� � 0,//(5�� �*�(��� �6+5,%(5*�� �/�.��� � �����
$VVHVVLQJ� WKH� FODVVURRP� SRWHQWLDO� RI� WKH� NH\ZRUG
PHWKRG�� -RXUQDO� RI� (GXFDWLRQDO� 3V\FKRORJ\�� ���
��������
0$67523,(5,�� 0�$��� 6&58**6�� 7�(��� )8/.�

%�-�0��� ������� �7HDFKLQJ� �DEVWUDFW� �YRFDEXODU\� �ZLWK
WKH� �NH\ZRUG��PHWKRG�� �(IIHFW� �RQ� �UHFDOO� �DQG��FRP�
SUHKHQVLRQ�� -RXUQDO� RI� /HDUQLQJ� 'HVDELOLWLHV�� ���
������
0F*,9(51�� � -�(��� �/(9,1�� �-�5��� ������� � 7KH

NH\ZRUG��PHWKRG��DQG��FKLOGUHQ
V��YRFDEXODU\��OHDUQ�
LQJ�� � �$Q� ��LQWHUDFWLRQ� ��ZLWK� ��YRFDEXODU\� � � NQRZO�
HGJH�� &RQWHPSRUDU\� �(GXFDWLRQDO� �3V\FKRORJ\�� ���
������
3$,9,2��$��� ������ ,PDJHU\� DQG� YHUEDO� SURFHVVHV�

+LOOVGDOH��1-��/DZUHQFH�(UOEDXP�
35(66/(<��0���/(9,1��-�5���������7KH�NH\ZRUG

PHWKRG�DQG�UHFDOO�RI�YRFDEXODU\�ZRUGV� IURP�GHILQL�
WLRQV�� -RXUQDO� RI� ([SHULPHQWDO� 3V\FKRORJ\�� +XPDQ
/HDUQLQJ�DQG�0HPRU\�����������
35(66/(<��0��� /(9,1�� -�5��� '(/$1(<�� +�'��

������ 7KH� PQHPRQLF� NH\ZRUG� PHWKRG�� 5HYLHZ� RI
(GXFDWLRQDO�5HVHDUFK������������
35(66/(<��0���/(9,1��-�5���0F'$1,(/��0�$��

������ 5HPHPEHULQJ� YHUVXV� LQIHUULQJ� ZKDW� D� ZRUG
PHDQV�� 0QHPRQLF� DQG� FRQWH[WXDO� DSSURDFKHV�� ,Q�
0�*��0F.HRZQ��0�(�� &XUWLV� �(GV���� 7KH� QDWXUH� RI
YRFDEXODU\� LQVWUXFWLRQ� �SS�� ����������+LOOVGDOH��1-�
(UOEDXP�
35(66/(<�� 0��� /(9,1�� -�5��� 0,//(5�� *�(��

������+RZ�GRHV�WKH�NH\ZRUG�PHWKRG�DIIHFW�YRFDEX�
ODU\� FRPSUHKHQVLRQ� DQG� XVDJH"� 5HDGLQJ� 5HVHDUFK
4XDUWHUO\��������������
5$8*+��0�5���$7.,1621��5�&��� ������$�PQH�

PRQLF�PHWKRG�IRU�WKH�OHDUQLQJ�RI�D�VHFRQG�ODQJXDJH
YRFDEXODU\�� -RXUQDO� RI� (GXFDWLRQDO� 3V\FKRORJ\�� ���
�����
6&58**6�� 7�(��� 0$67523,(5,�� 0�$��� �����

5HFRQVWUXFWLYH� HODERUDWLRQV�� $� PRGHO� IRU� FRQWHQW
DUHD� OHDUQLQJ��$PHULFDQ�(GXFDWLRQDO�5HVHDUFK� -RXU�
QDO��������������
7+20$6��0�+���:$1*��$�<���������/HDUQLQJ�E\

WKH�NH\ZRUG�PQHPRQLF��/RRNLQJ�IRU�ORQJ�WHUP�EHQH�
ILWV��-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\��$SSOLHG����
��������
752877�(59,1�� (�'��� ������ $SSOLFDWLRQ� RI

NH\ZRUG�PQHPRQLFV� WR� OHDUQLQJ� WHUPLQRORJ\� LQ� WKH

678',$�36<&+2/2*,&$������������� ���



FROOHJH� FODVVURRP�� -RXUQDO� RI� ([SHULPHQWDO� (GXFD�
WLRQ������������
9$//(�� )��� ������ 1RUPDV� GH� LPDJLQDELOLGDG�

2YLHGR��6SDLQ��8QLYHUVLW\�RI�2YLHGR�
:$1*�� $�<���7+20$6�� 0�+��� ������ (IIHFW� RI

NH\ZRUG�RQ�ORQJ�WHUP�UHWHQWLRQ��+HOS�RU�KLQGUDQFH"
-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\��������������
:$1*�� $�<��� 7+20$6��0�+��� ,1=$1$�� &�0��

35,0,&(5,2��/�-���������/RQJ�WHUP�UHWHQWLRQ�XQGHU
FRQGLWLRQV� RI� LQWHQWLRQDO� OHDUQLQJ� DQG� WKH� NH\ZRUG
PQHPRQLF��%XOOHWLQ�RI�WKH�3V\FKRQRPLF�6RFLHW\�����
��������

:$1*�� $�<��� 7+20$6�� 0�+��� 28(//(77(�
-�$��� ������ .H\ZRUG� PQHPRQLF� DQG� UHWHQWLRQ� RI
VHFRQG�ODQJXDJH� YRFDEXODU\� ZRUGV�� -RXUQDO� RI
(GXFDWLRQDO�3V\FKRORJ\��������������
:,//(50$1�� %��� 0(/9,1�� %��� ������ 5HVHUYD�

WLRQV�DERXW�WKH�NH\ZRUG�PQHPRQLF��&DQDGLDQ�0RG�
HUQ�/DQJXDJH�5HYLHZ��������������
:22'�� (��� 35(66/(<�� 0��� 785185(�� -�(��

:$/721�� 5��� ������ (QULFKLQJ� FKLOGUHQ
V� UHFDOO� RI
SLFWXUH�GLFWLRQDU\� GHILQLWLRQV�ZLWK� LQWHUURJDWLRQ� DQG
HODERUDWHG�SLFWXUHV��(GXFDWLRQDO�&RPPXQLFDWLRQ�DQG
7HFKQRORJ\�-RXUQDO������������

��� 678',$�36<&+2/2*,&$�������������

.5(6%$�$.2�3202&1¢�675$7ª*,$�
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$��&D�P�S�R�V���$��$�P�R�U���0��$��*�R�Q�]�Â�O�H�V

6ÛKUQ�� � 3UL� XÉHQÎ� VD� VORYÎÉLHN� FXG]LHKR� MD]\ND� VD� EH�QH� Y\X�ÎYD� PQHPRWHFKQLND� SRPRFRX
N�ÛÉRYÞFK�VORY��NWRUÊ�SRQÛNQH�XÉLWH��H[SHULPHQWÂWRU��DOHER�VL� LFK��LDN�QÂMGH�VÂP��2ED�SUÎVWXS\
PDMÛ� VYRMH� YÞKRG\� L� QHYÞKRG\��1HGÂYQR� VPH� QDYUKOL� DOWHUQDWÎYQ\� �K\EULGQÞ�� SUÎVWXS� �PHWÔGX
JHQHURYDQLD�N�ÛÉRYÞFK�VORY�URYHVQÎNPL���7ÂWR�PHWÔGD�VSRÉÎYD�Y�WRP���H�N�ÛÉRYÊ�VORYÂ��YRSUHG
JHQHURYDOL� MHGQRWOLYFL� V� URYQDNÞPL� VRFLRGHPRJUDILFNÞPL� FKDUDNWHULVWLNDPL�� DNR� PDMÛ� �LDFL
FLH�RYHM�VNXSLQ\��9�{WÛGLL�SRURYQÂYDPH�HIHNWÎYQRV~�XÉHQLD�VD�FXG]RMD]\ÉQÞFK�VORYÎÉLHN�V�Y\VR�
NRX� D� QÎ]NRX� REUD]RYRX� KRGQRWRX� SRPRFRX� NRQWUROQHM� PHWÔG\� �PHWÔG\�� DNRX� VD� MHGQRWOLYHF
]Y\NQH� XÉL~��� PHWÔG\� JHQHURYDQLD� N�ÛÉRYÞFK� VORY� H[SHULPHQWÂWRURP� D� PHWÔG\� JHQHURYDQLD
N�ÛÉRYÞFK�VORY�URYHVQÎNPL��9�RERFK�SUÎSDGRFK�XÉHQLD�VD�SRPRFRX�N�ÛÉRYÞFK�VORY�VPH�XNÂ]DOL
MHGQRWOLYFRP� NUHVE\� ]REUD]XMÛFH� DVRFLÂFLX� PHG]L� N�ÛÉRYÞP� VORYRP� D� MHKR� ]REUD]HQÎP�� 2EH
PHWÔG\�SRPRFRX�N�ÛÉRYÞFK�VORY�EROL�SUL�RNDP�LWHM�UHSURGXNFLL�VORY�V�Y\VRNRX�D�QÎ]NRX�REUD]R�
YRX�KRGQRWRX�HIHNWÎYQHM{LH�Y�SRURYQDQÎ�V�NRQWUROQRX�PHWÔGRX��0HWÔGD�JHQHURYDQLD�N�ÛÉRYÞFK
VORY�URYHVQÎNPL�EROD�VLJQLILNDQWQH�HIHNWÎYQHM{LD�QH��NRQWUROQÂ�PHWÔGD�L�PHWÔGD�JHQHURYDQLD�VORY
H[SHULPHQWÂWRURP�SUL�RNDP�LWHM�UHSURGXNFLL�VORY�V�QÎ]NRX�REUD]RYRX�KRGQRWRX��


