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%U\DQ�'� .RHUQHU � (IIHFWV�RI�$QDO\WLF�3UDFWLFH�6WUDWHJLHV�RQ�
8QGHUJUDGXDWH�:LQG�DQG�6WULQJ�,QVWUXPHQWDOLVWV¶�
3HUIRUPDQFH�$FKLHYHPHQW�DQG�6HOI�5HSRUWHG�
3UDFWLFH�(IILFLHQF\��$Q�([SORUDWRU\�6WXG\

5\DQ�$��)LVKHU �� $�'HVFULSWLRQ�RI�6LJKW�VLQJLQJ�3UDFWLFHV�LQ�
/HVO\Q�-DFNV $UNDQVDV�6HFRQGDU\�&KRUDO�3URJUDPV

1DQF\�/��6XPPLWW

0LFKDHO�:��+XGVRQ �� .±���0XVLF�(GXFDWRUV¶�8VH�RI�7HFKQRORJ\�
0DUWLQD�9DVLO DQG�6RFLDO�0HGLD�3ODWIRUPV�DV�7RROV�IRU�

&RPPXQLFDWLRQ�ZLWK�6WXGHQWV�DQG�3DUHQWV

0,66285,�678'(17�$%675$&76

-XVWLQ�$��'RVV �� 3HUFHLYHG�6WUHVV�$PRQJ�3XEOLF�6FKRRO�0XVLF�
(GXFDWRUV��6WUHVV�2YHU�7LPH��'HPRJUDSKLF�
'LIIHUHQFHV��&RPPRQ�6HOI�,GHQWLILHG�)DFWRUV�RI�
6WUHVV��DQG�5HODWLRQVKLSV�%HWZHHQ�'HPRJUDSKLF�
'LIIHUHQFHV�DQG�(PHUJHQW�6WUHVV�7KHPHV

3KLOLS�%��(GHOPDQ �� &RRSHUDWLQJ�0XVLF�7HDFKHUV¶�2SLQLRQV�5HJDUGLQJ�
WKH�,PSRUWDQFH�RI�6HOHFWHG�7UDLWV�DV�3UHGLFWRUV�RI�
6XFFHVVIXO�6WXGHQW�7HDFKLQJ�([SHULHQFHV�

6WHSKHQ�&��(XEDQNV �� 7KH�,QIOXHQFH�RI�%DQGV�RI�$PHULFD�RQ�2QH�+LJK�
6FKRRO�0DUFKLQJ�%DQG��$ 6LQJOH�&DVH�6WXG\



.HQQHWK�&��-HIIV �� 5HDO�7LPH�9LGHR�0HQWRULQJ�,QYHVWLJDWLQJ�
6\QFKURQRXV�9LGHR�7HFKQRORJ\�DV�D 0HQWRULQJ�
7RRO�IRU�1HZ�0XVLF�7HDFKHUV�LQ�5XUDO�6FKRRO�
'LVWULFWV

���� 0LVVRXUL�0XVLF�(GXFDWRUV�$VVRFLDWLRQ�
6WDWH�&RQIHUHQFH�5HVHDUFK�3RVWHU�3UHVHQWDWLRQV

)DFXOW\�5HVHDUFK ��

*UDGXDWH�'HJUHH�5HVHDUFK ��

6WXGHQW�3URMHFWV ��

�����0LVVRXUL�0XVLF�(GXFDWRUV�$VVRFLDWLRQ�
6WDWH�&RQIHUHQFH�5HVHDUFK�3RVWHU�3UHVHQWDWLRQV

)DFXOW\�5HVHDUFK ��

*UDGXDWH�'HJUHH�5HVHDUFK ��

6WXGHQW�3URMHFWV ��

���� 0LVVRXUL�0XVLF�(GXFDWRUV�$VVRFLDWLRQ�
6WDWH�&RQIHUHQFH�5HVHDUFK�3RVWHU�3UHVHQWDWLRQV

&DOO�IRU�3DSHUV ��



0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ��1R����������������
������ 0LVVRXUL�0XVLF�(GXFDWRUV¶ $VVRFLDWLRQ

(IIHFWV�RI�$QDO\WLF�3UDFWLFH�6WUDWHJLHV�RQ�8QGHUJUDGXDWH�
:LQG�DQG�6WULQJ�,QVWUXPHQWDOLVWV¶�3HUIRUPDQFH�
$FKLHYHPHQW�DQG�6HOI�5HSRUWHG�3UDFWLFH�(IILFLHQF\��
$Q�([SORUDWRU\�6WXG\

%U\DQ�'� .RHUQHU
8QLYHUVLW\�RI�&RORUDGR�%RXOGHU

,�LQYHVWLJDWHG�WKH�HIIHFWV�RI�DQDO\WLF�SUDFWLFH�WUDLQLQJ�RQ�XQGHUJUDGXDWH�ZLQG�DQG�
VWULQJ� PXVLF� PDMRUV¶� �1�  � ���� FRPELQHG� DFURVV� WZR� SKDVHV�� SHUIRUPDQFH�
DFKLHYHPHQW�DQG�VHOI�UHSRUWHG�SUDFWLFH�HIILFLHQF\�� �3DUWLFLSDQWV�ZHUH�UDQGRPO\�
DVVLJQHG�WR�HLWKHU�D�WUHDWPHQW�JURXS�WKDW�UHFHLYHG�LQVWUXFWLRQ�RQ�DQDO\WLF�SUDFWLFH�
VWUDWHJLHV�RU�D�FRPSDULVRQ�JURXS�WKDW�XVHG�RQO\�UHSHWLWLRQ���)ROORZLQJ�D�UHFRUGHG�
SUHWHVW�� SDUWLFLSDQWV� LQGLYLGXDOO\� SUDFWLFHG� WKUHH� DVVLJQHG� HWXGHV� �WKUHH� ���
PLQXWH�SUDFWLFH�VHVVLRQV�SHU�HWXGH��RQH�HWXGH�SHU�ZHHN��XVLQJ�DVVLJQHG�SUDFWLFH�
VWUDWHJLHV� IRU�D� WKUHH�ZHHN�SHULRG�� �([SHUW�HYDOXDWRUV�UDWHG�SDUWLFLSDQW�SUHWHVW�
DQG� SRVWWHVW� UHFRUGLQJV� XVLQJ� DQ� DGDSWDWLRQ� RI� 0LNV]D¶V� ������� 2EMHFWLYH�
3HUIRUPDQFH�6FDOH���6HOI�UHSRUWHG�SUDFWLFH�HIILFLHQF\�UDWLQJV�ZHUH�VLJQLILFDQWO\�
GLIIHUHQW� EHWZHHQ�JURXSV�� VXJJHVWLQJ�DQDO\WLF� VWUDWHJLHV�PD\� LQFUHDVH�SUDFWLFH�
HIILFLHQF\�� � +RZHYHU�� DIWHU� WKH� WKUHH�ZHHN� SHULRG�� WKHUH� ZHUH� QR� VLJQLILFDQW�
GLIIHUHQFHV� LQ� SHUIRUPDQFH� DFKLHYHPHQW� EHWZHHQ� JURXSV� RU� DFURVV� WLPH���
)UHTXHQWO\�UHSRUWHG�DQDO\WLF�SUDFWLFH VWUDWHJLHV�LQFOXGHG�VWRSSLQJ�WR�IL[�HUURUV��
UHSHDWLQJ�VPDOO�VHFWLRQV��DQG�DOWHULQJ�WKH�WHPSR�

BBBBBBBBBB

7KH�LPSRUWDQFH�RI�SUDFWLFH�RQ�PXVLFLDQV¶�WHFKQLFDO�DQG�PXVLFDO�GHYHORSPHQW�
FDQQRW�EH�RYHUVWDWHG��/HKPDQQ��6ORERGD��	 :RRG\����������$OWKRXJK�HQVHPEOH�
UHKHDUVDOV� DQG� SULYDWH� OHVVRQV� FDQ� H[SDQG� VWXGHQWV¶� XQGHUVWDQGLQJV� DQG� VNLOOV��
LQGLYLGXDO�SUDFWLFH�LV�WKH�SURFHVV�E\�ZKLFK�PXVLFLDQV�UHILQH�WKHLU�PDVWHU\�RI�VXFK�
FRQFHSWV�DQG�WHFKQLTXHV���$V�VXFK��PXVLF�SUDFWLFH�KDV�EHHQ�WKH�WRSLF�RI�QXPHURXV�
LQYHVWLJDWLRQV� GXULQJ� WKH� SDVW� WZHQW\� \HDUV�� � ,Q� DQ� HIIRUW� WR� GHWHUPLQH� KRZ�
PXVLFLDQV� PDVWHU� WKHLU� FUDIW�� UHVHDUFKHUV� KDYH� H[SORUHG� WKH� DPRXQW� RI� WLPH�
PXVLFLDQV�SUDFWLFH���'HOLEHUDWH�SUDFWLFH�KDV�EHHQ�IRXQG�WR�EH�D�EHWWHU�SUHGLFWRU�RI�
SHUIRUPDQFH�DFKLHYHPHQW�WKDQ�WDOHQW��(ULFVVRQ��.UDPSH��	�7HVFK�5RPHU��������
/HKPDQQ�	�(ULFVVRQ��������2¶1HLOO���������DQG�OHYHOV�RI�H[SHUWLVH�DUH�DFTXLUHG�
WKURXJK�KRXUV�RI�GHOLEHUDWH�SUDFWLFH��/HKPDQQ�	�(ULFVVRQ����������+RZHYHU��WKH�
DPRXQW� RI� SUDFWLFH� GRHV� QRW� QHFHVVDULO\� SUHGLFW� SHUIRUPDQFH� VXFFHVV� �0LNV]D��
������������5RKZHU�	�3RON����������5DWKHU��WKH�XVH�RI�VSHFLILF�SUDFWLFH�VWUDWHJLHV�
PD\�EH�PRUH�HIIHFWLYH�DW�SUHGLFWLQJ�SHUIRUPDQFH�TXDOLW\�WKDQ�WLPH�DORQH��'XNH��
6LPPRQV�� 	� &DVK�� ������ 0F3KHUVRQ�� ����� :LOOLDPRQ� 	� 9DOHQWLQH�� �������
SDUWLFXODUO\�ZKHQ�PXVLFLDQV�SUDFWLFH�XWLOL]LQJ�DQ�DQDO\WLF�DSSURDFK��'XNH�HW�DO���



� 0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ

������0F3KHUVRQ�� ������0LNV]D�� ������5RKZHU�	�3RON�� ������� � ([DPSOHV� RI�
WKHVH�VSHFLILF�SUDFWLFH�VWUDWHJLHV�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQ�

'HVFULSWLYH�6WXGLHV�RI�,QVWUXPHQWDOLVWV¶�3UDFWLFH�6WUDWHJLHV�E\�([SHULHQFH�/HYHO

0LGGOH�6FKRRO�DQG�6HFRQGDU\�6WXGHQWV��'XULQJ�SUDFWLFH�VHVVLRQV��PLGGOH�
VFKRRO�LQVWUXPHQWDOLVWV�KDYH�EHHQ�VKRZQ�WR�IUHTXHQWO\�DOWHU�WKH�WHPSR��$XVWLQ�	�
%HUJ��������0LNV]D��3ULFKDUG��	�6RUER��������5RKZHU�	�3RON���������EXW�WHPSR�
PDQLSXODWLRQ� GLG� QRW� H[HUW� D� VWDWLVWLFDOO\� VLJQLILFDQW� HIIHFW� RQ� WKH� SHUIRUPDQFH�
DFKLHYHPHQW�RI�KLJK�VFKRRO� LQVWUXPHQWDOLVWV� �+HQOH\���������6KRUW� UHSHWLWLRQ� LV�
DOVR�D�FRPPRQ�SUDFWLFH�EHKDYLRU�XVHG E\�ERWK�PLGGOH�VFKRRO�VWXGHQWV��$XVWLQ�	�
%HUJ��������0LNV]D�HW�DO���������DQG�KLJK�VFKRRO�LQVWUXPHQWDOLVWV��0LNV]D����������
6LPLODUO\��DGGLWLYH��L�H���PHDVXUH�E\�PHDVXUH��SUDFWLFH�VWUDWHJLHV�KDYH�EHHQ�QRWHG�
LQ�PLGGOH�VFKRRO�VWXGHQWV¶�SUDFWLFH��$XVWLQ�	�%HUJ����������

$OWKRXJK� UHSHWLWLRQ� KDV� EHHQ� DQ� REVHUYHG� FRPSRQHQW� RI� \RXQJ�
LQVWUXPHQWDOLVWV¶�SUDFWLFH��H�J���$XVWLQ�	�%HUJ��������GD�&RVWV��������0LNV]D�HW�
DO���������3LWWV�HW�DO����������FODLPV�WR�LWV�HIIHFWLYHQHVV�KDYH�EHHQ�FRQWUDGLFWRU\���
)RU� H[DPSOH�� GD� &RVWD� ������� QRWHG� WKDW� \RXQJ� LQVWUXPHQWDO� PXVLF� VWXGHQWV�
EHOLHYHG�WKHLU�SUDFWLFH�ZDV�PRUH�HQMR\DEOH�DQG�HIIHFWLYH�ZKHQ�WKH\�FRXOG�FKRRVH�
IURP�D� OLVW�RI�SURYLGHG�SUDFWLFH�VWUDWHJLHV� UDWKHU� WKDQ�UHSHDWHGO\�SHUIRUPLQJ�DQ�
HWXGH�� � 6LPLODUO\�� RQH� FDVH� VWXG\� SDUWLFLSDQW� REVHUYHG� E\� 3LWWV� DQG� FROOHDJXHV�
������� DFWXDOO\� UHJUHVVHG� LQ� SHUIRUPDQFH� DFKLHYHPHQW� ZKHQ� VKH� FRQWLQXRXVO\�
UHSHDWHG�D�SDUWLFXODU�PHORG\���,Q�IDFW��LQ�WKHLU�UHYLHZ�RI�+DOODP¶V��������ZRUN�RQ�
QRYLFH�PXVLFLDQV¶�SUDFWLFH�� WKH�DXWKRUV�QRWHG� WKDW�³UHSHWLWLRQ�� WKRXJK�� LV�QRW� LQ�
LWVHOI�D�VXIILFLHQW�RU�QHFHVVDU\�FRQGLWLRQ�IRU�FRQWLQXLQJ�GHYHORSPHQW��UHTXLULQJ�D�
GLUHFWLRQ� DQG� SXUSRVH� LI� LW� LV� WR� DGGUHVV� WKH� VSHFLILF� SUREOHPV� WKDW� IDFH�
LQVWUXPHQWDO�OHDUQHUV�DW�GLIIHUHQW�VWDJHV´��S�������

$IWHU�REVHUYLQJ�PLGGOH� VFKRRO� VWXGHQWV��5RKZHU�DQG�3RON� �������JURXSHG�
LQVWUXPHQWDOLVWV� LQWR� RQH� RI� IRXU� FDWHJRULHV� RQ� WKH� EDVLV� RI� FRPPRQ� SUDFWLFH�
WHFKQLTXH�� KROLVWLF�� QRQFRUUHFWLYH�� ZKR� GLG� QRW� VWRS� IRU� HUURUV� GXULQJ�
SHUIRUPDQFHV�� KROLVWLF�� FRUUHFWLYH�� ZKR� VWRSSHG� RQO\� ZKHQ HUURUV� RFFXUUHG��
DQDO\WLF��UHDFWLYH��ZKR�VWRSSHG�WR�UHPHGLDWH��DQG�DQDO\WLF��SURDFWLYH��ZKR�PRYHG�
WR�YDULRXV�DUHDV�ZLWKLQ�WKH�PXVLF�WR�IL[�HUURUV���7KH�VWXGHQWV�ZKR�DSSOLHG�DQDO\WLF�
VWUDWHJLHV�WR�WKHLU�SUDFWLFH�VLJQLILFDQWO\�LPSURYHG�WKHLU�SHUIRUPDQFHV�DFURVV�WLPH���
5RKZHU�DQG�3RON�DOVR�IRXQG� WKDW� WKRVH�ZKR�DSSOLHG�DQDO\WLF�VWUDWHJLHV� WR� WKHLU�
SUDFWLFH� �DV� RSSRVHG� WR� KROLVWLF� VWUDWHJLHV�� VLJQLILFDQWO\� LPSURYHG� WKHLU�
SHUIRUPDQFH�DFURVV�WLPH���

&ROOHJH�,QVWUXPHQWDOLVWV��7KH�SUDFWLFH�EHKDYLRUV�RI�FROOHJH�LQVWUXPHQWDOLVWV�
KDYH� LQFOXGHG� LQYHVWLJDWLRQV� RQ� VWULQJ�SOD\HUV �.LP��������6LNHV�� �������ZLQG�
LQVWUXPHQWDOLVWV��0LNV]D��������5RVHQWKDO��:LOVRQ��(YDQV��	�*UHHQZDOW��������
5RVV�� ������� D� FRPELQDWLRQ� RI� ZLQG� DQG� VWULQJV� SOD\HUV� �6PLWK�� ������� DQG�
NH\ERDUGLVWV� �&RIIPDQ�� ������ 'RQDOG�� ������� 6XFK� VWXGLHV� PD\� EH� RI� JUHDW�
LPSRUWDQFH� EHFDXVH� D�PDMRULW\� RI� VXUYH\HG� XQGHUJUDGXDWH� DQG� JUDGXDWH�PXVLF�
PDMRUV� UHSRUWHG� WKDW� WKHLU� DSSOLHG� VWXGLR� LQVWUXFWRUV� GLG� QRW� GLVFXVV� SUDFWLFH�
VWUDWHJLHV�GXULQJ�OHVVRQV��.RVWND����������0LNV]D��������V\VWHPDWLFDOO\�REVHUYHG�
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WKH�SUDFWLFH�VHVVLRQV�RI�FROOHJH�PXVLF�HGXFDWLRQ�DQG�PXVLF�SHUIRUPDQFH�PDMRUV���
6LJQLILFDQW�UHODWLRQVKLSV�ZHUH�IRXQG�EHWZHHQ�SHUIRUPDQFH�DFKLHYHPHQW�DQG�WKUHH�
SUDFWLFH�EHKDYLRUV��L�H���UHSHDW�VHFWLRQ��ZKROH�SDUW�ZKROH� YDU\LQJ�WKH�SLWFK���WKHVH�
EHKDYLRUV�KDYH�DOVR�EHHQ�REVHUYHG�LQ�VHFRQGDU\�LQVWUXPHQWDOLVWV��0LNV]D��������
0LNV]D�HW�DO�����������6PLWK��������IRXQG�WKDW�FROOHJH�PXVLF�PDMRUV�UHSRUWHG�XVLQJ�
WKH�SUDFWLFH�VWUDWHJLHV�UHSHDWLQJ�VPDOO�VHFWLRQV��WHPSR�PDQLSXODWLRQ��PDUNLQJ�WKH�
PXVLF�� DQG� FRXQWLQJ� GLIILFXOW� UK\WKPV� DORXG²EHKDYLRUV� QRWHG� LQ� VHFRQGDU\�
VWXGHQWV¶� SUDFWLFH�� $OWKRXJK� GHVFULSWLYH� VWXGLHV� RI� FROOHJH�PXVLFLDQV¶� SUDFWLFH�
KDYH OHG�WR�JUHDWHU�XQGHUVWDQGLQJ�RI�SUDFWLFH��LQYHVWLJDWLRQV�RQ�WKH�HIIHFWLYHQHVV�
RI�SUDFWLFH�VWUDWHJLHV�VWLOO�VHHP�ZDUUDQWHG�

([SHULPHQWDO�6WXGLHV�RQ�3UDFWLFH�6WUDWHJLHV

)HZ�UHVHDUFKHUV�KDYH�XWLOL]HG�H[SHULPHQWDO�GHVLJQV�WR�H[SORUH�WKH�HIIHFWV�RI�
VSHFLILF� SUDFWLFH� EHKDYLRUV� RQ� FROOHJLDWH�PXVLFLDQV¶� SHUIRUPDQFH� DFKLHYHPHQW���
7R�DFFRPSOLVK�WKLV��UHVHDUFKHUV�KDYH�SODFHG�FROOHJLDWH�PXVLFLDQV�LQ�FRPSDULVRQ�
JURXSV�H[SORULQJ�GLIIHUHQFHV�EHWZHHQ�WZR��'RQDOG���������IRXU��&RIIPDQ��������
6LNHV���������RU�ILYH��5RVHQWKDO�HW�DO���������SUDFWLFH�FRQGLWLRQV���7KHVH�SUDFWLFH�
FRQGLWLRQV��KRZHYHU��KDYH�YDULHG�JUHDWO\���6LOHQW�DQDO\VLV��L�H���PHQWDO�SUDFWLFH��RI�
ZULWWHQ� PXVLF� FDQ� LPSURYH� UK\WKPLF� DFFXUDF\� EXW� PD\� QRW� LQFUHDVH� PHORGLF�
DFFXUDF\��SKUDVLQJ��RU�DUWLFXODWLRQ��5RVHQWKDO�HW�DO�����������&RPELQLQJ�SK\VLFDO�
DQG� PHQWDO� SUDFWLFH� PD\� EH� MXVW� DV� HIIHFWLYH DV� XVLQJ� RQO\� SK\VLFDO� SUDFWLFH�
VWUDWHJLHV��&RIIPDQ����������$GGLWLRQDOO\��IUHH�SUDFWLFH��L�H���WKH�SURFHVV�RI�XVLQJ�
DQ\�NQRZQ�SUDFWLFH�VWUDWHJLHV��PD\�EH�MXVW�DV�HIIHFWLYH�DV�XVLQJ�VLOHQW�DQDO\VLV��
VLQJLQJ�� OLVWHQLQJ� WR� PRGHOV�� DOWHULQJ� WKH� WHPSR�� DQG� KROLVWLF� RU� VPDOO� VHFWLRQ�
UHSHWLWLRQ��5RVHQWKDO�HW�DO���������6LNHV����������

'RQDOG��������UDQGRPO\�DVVLJQHG����LQWHUPHGLDWH�DQG�DGYDQFHG�FROOHJLDWH�
SLDQLVWV� WR� RQH� RI� WZR� GLIIHUHQW� SUDFWLFH� JURXSV�� ,QFUHPHQWDO� 7HPSR� ,QFUHDVH��
RU� ,7,�� DQG� WKH� $OWHUQDWLQJ� 7HPSR� SURFHGXUH�� RU� $7�� 5HVXOWV� LQGLFDWHG� WKDW�
SDUWLFLSDQWV�LQ�WKH�$7�JURXS�QHHGHG�VLJQLILFDQWO\�IHZHU�WULDOV�WR�UHDFK�WKH�WDUJHW�
SHUIRUPDQFH�OHYHO�WKDQ�WKH�SDUWLFLSDQWV�XVLQJ�WKH�,7,�SURFHGXUHV��VXJJHVWLQJ�WKDW�
DOWHUQDWLQJ�WKH�WHPSR�FDQ�LPSURYH�SLDQLVWV¶�SHUIRUPDQFHV���7KHVH�ILQGLQJV�GLIIHU�
IURP�WKRVH�RI�RWKHU�LQYHVWLJDWRUV��H�J���$XVWLQ�	�%HUJ��������0LNV]D�HW�DO���������
5RZHU�	�3RON�� ������ZKR KDYH� VXJJHVWHG� WHPSR�PDQLSXODWLRQ� FDQ� VHUYH� DV� D�
YLDEOH�SUDFWLFH�VWUDWHJ\���3HUKDSV�WKLV�LV�GXH�WR�GLIIHUHQFHV�LQ DJH�RU�EHWZHHQ�WKH�
SUDFWLFH�DSSURDFKHV�RI�ZLQG�LQVWUXPHQWDOLVWV�DQG�SLDQLVWV�

7R� FRPSDUH� FRPPRQ� SUDFWLFH� VWUDWHJLHV� DQG� WKHLU� HIIHFWV� RQ� SHUIRUPDQFH�
DFKLHYHPHQW�� 6LNHV� ������� FUHDWHG� D� SUHWHVW�SRVWWHVW� H[SHULPHQWDO� GHVLJQ� WKDW
SODFHG����XQLYHUVLW\�QRQ�PDMRU�VWULQJ�SOD\HUV�LQ�RQH�RI�IRXU�UDQGRPO\�DVVLJQHG�
JURXSV�� IUHH� SUDFWLFH� �L�H��� XVLQJ� DQ\� NQRZQ� SUDFWLFH� VWUDWHJLHV��� DOWHULQJ� WKH�
WHPSR�� UHSHDWLQJ� VPDOO� VHFWLRQV�� DQG� SOD\LQJ� WKH� H[FHUSW� PXOWLSOH� WLPHV���
)ROORZLQJ� RQH� ���PLQXWH� SUDFWLFH� VHVVLRQ�� DOO� RI� WKH� SHUIRUPDQFH� VWUDWHJLHV�
UHVXOWHG�LQ�VLJQLILFDQWO\�LPSURYHG�SHUIRUPDQFH�DFKLHYHPHQW���7KLV�LV�SHUKDSV�D�
VXUSULVLQJ� ILQGLQJ�� DV� ERWK� GHVFULSWLYH� DQG� H[SHULPHQWDO� LQYHVWLJDWRUV� KDYH�
VXJJHVWHG�WKDW�DQDO\WLF�RU�GHOLEHUDWH�SUDFWLFH�VWUDWHJLHV�PD\�LPSURYH�PXVLFLDQV¶�
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SHUIRUPDQFHV�PRUH�WKDQ�RWKHUV��'XNH�HW�DO�� ������(ULFVVRQ��������(ULFVVRQ�HW�DO���
������0F3KHUVRQ��������0LNV]D��������5RKZHU�	�3RON����������3DUWLFLSDQWV¶�IUHH�
SUDFWLFH� EHKDYLRUV�� ZKLFK� ZHUH� QRW� H[DPLQHG�� FRXOG� KDYH� LQFOXGHG� VWUDWHJLHV�
XWLOL]HG�E\� WKH�RWKHU�FRPSDULVRQ�JURXSV� �L�H��� DOWHULQJ� WKH� WHPSR�� VPDOO� VHFWLRQ�
UHSHWLWLRQ��KROLVWLF�UHSHWLWLRQ���WKXV�GLVWRUWLQJ�WKH�GDWD���$OWKRXJK�WKH�HIIHFWLYHQHVV�
RI�GLIIHUHQW�SUDFWLFH�DSSURDFKHV�LV�YDULHG��UHVHDUFKHUV�WHQG�WR�DJUHH�WKDW�SUDFWLFH�
LV�DQ�DFWLYH�FRJQLWLYH�SURFHVV�

7KH�5ROH�RI�6HOI�5HJXODWLRQ�LQ�0XVLF�3UDFWLFH

6HOI�UHJXODWLRQ�LV�D�SV\FKRORJLFDO�FRQVWUXFW� WKDW�KDV�EHHQ�DSSOLHG�WR�UHFHQW�
PXVLF� SUDFWLFH� LQYHVWLJDWLRQV� �H�J���.LP�� ������0LNV]D�� ������� � 6HOI�UHJXODWHG
OHDUQLQJ��RU�VHOI�UHJXODWLRQ��FDQ�RFFXU�ZKHQ�PXVLFLDQV�EHFRPH�³PHWDFRJQLWLYHO\��
PRWLYDWLRQDOO\� DQG� EHKDYLRUDOO\� DFWLYH� LQ� WKHLU� RZQ� OHDUQLQJ� SURFHVV´�
�=LPPHUPDQ��������S��������:LWKLQ�PXVLF�SUDFWLFH��FRPSRQHQWV�RI�VHOI�UHJXODWLRQ�
LQFOXGH�JRDO�VHOHFWLRQ�DQG�SODQQLQJ��.LP��������0LNV]D���������VHOI�HYDOXDWLRQ�
�+HZLWW���������������DQG�FRQFHQWUDWLRQ�DQG�UHIOHFWLRQ��0LNV]D��������

6HOI�UHJXODWLRQ�� D� WKHRU\� WKDW� HQFRPSDVVHV� VHOI�HYDOXDWLRQ�� FDQ� VHUYH� DV� D�
IUDPHZRUN� IRU� XQGHUVWDQGLQJ� ZK\� SUDFWLFLQJ� ZLWK� SXUSRVHIXO� DQG� VSHFLILF�
VWUDWHJLHV�PLJKW�\LHOG�EHQHILWV�IRU�GHYHORSLQJ�PXVLFLDQV���7KLV�LV�GHPRQVWUDWHG�E\�
5RKZHU�DQG�3RON���������ZKR�IRXQG�WKDW�PLGGOH�VFKRRO�PXVLFLDQV�ZKR�DSSOLHG�
DQDO\WLF�SUDFWLFH�VWUDWHJLHV²D�SUDFWLFH�DSSURDFK�WKDW�LQYROYHV�LGHQWLI\LQJ�VSHFLILF�
HUURUV�DQG�DSSO\LQJ�UHPHGLDO�WHFKQLTXHV²ZHUH�PRUH�HIIHFWLYH�WKDQ�WKHLU�KROLVWLF�
SHHUV��ZKR�UDUHO\�VWRSSHG�RU�VHW�JRDOV�� 3UDFWLFHUV�ZLWK�JUHDWHU�VHOI�UHJXODWLRQ�KDYH�
EHHQ�VKRZQ�WR�LPSOHPHQW�D�YDULHW\�RI�SUDFWLFH�VWUDWHJLHV��0LNV]D�HW�DO�����������
6LPLODUO\��0LNV]D��������IRXQG�WKDW�FROOHJLDWH�PXVLFLDQV�ZKR�UHFHLYHG�LQVWUXFWLRQ�
RQ�ERWK�SUDFWLFH�VWUDWHJLHV�DQG�VHOI�UHJXODWLRQ�SHUIRUPHG�VLJQLILFDQWO\�EHWWHU�DIWHU�
SUDFWLFH�� %\� DSSO\LQJ� WKH� VHOI�UHJXODWLRQ� IUDPHZRUN� ZKHQ� H[SORULQJ� SUDFWLFH��
UHVHDUFKHUV�JDLQ�D�PRUH�WKRURXJK�XQGHUVWDQGLQJ�RI�ZK\�DQG�KRZ�SUDFWLFLQJ�FDQ�
EHQHILW�PXVLFLDQV���$GGLWLRQDOO\��DQ�LQYHVWLJDWLRQ�RQ�FROOHJH�LQVWUXPHQWDOLVWV¶�XVH�
RI� VHOI�UHJXODWLRQ� FRPSRQHQWV� �L�H��� JRDO� VHWWLQJ�� SODQQLQJ�� VHOI�HYDOXDWLRQ��
UHIOHFWLRQ��DQG�VSHFLILF�DQDO\WLF�SUDFWLFH�EHKDYLRUV�FRXOG� IXUWKHU� LOOXPLQDWH� WKH�
HIIHFWV�RI�VXFK�VWUDWHJLHV�RQ�PXVLF�SHUIRUPDQFH�DFKLHYHPHQW�

3XUSRVH

,Q�SULRU� LQYHVWLJDWLRQV�� UHVHDUFKHUV� KDYH�GHVFULEHG�ERWK�SUDFWLFH�EHKDYLRUV�
DQG� VHOI�UHJXODWLRQ� WKHRU\�� DQG� WKHLU� SRWHQWLDO� HIIHFWV� RQ� SHUIRUPDQFH�
DFKLHYHPHQW�� EXW� WKH� HIIHFWLYHQHVV� RI� D� PXOWL�ZHHN� DQDO\WLF� SUDFWLFH� VWUDWHJ\�
LQWHUYHQWLRQ� RQ� SHUIRUPDQFH� DFKLHYHPHQW� KDV� QRW� EHHQ� H[SORUHG�� 5HVHDUFK�
LQYROYLQJ� XQGHUJUDGXDWH� PXVLF� PDMRUV� PD\� KHOS� WR� LGHQWLI\� FRPPRQ� SUDFWLFH�
KDELWV�DQG�GHWHUPLQH�ZKHWKHU�OHDUQLQJ�QHZ�RU�UHILQLQJ H[LVWLQJ�SUDFWLFH�VWUDWHJLHV�
PD\� UHVXOW� LQ� JUHDWHU� SUDFWLFH� HIILFLHQF\�� � )XUWKHUPRUH�� XQGHUJUDGXDWH� PXVLF�
PDMRUV�W\SLFDOO\�DUH�HQUROOHG�LQ PDQ\�FRXUVHV�DQG�KDYH�QXPHURXV�H[WUD�FXUULFXODU�
REOLJDWLRQV�DQG�PD\�EHQHILW�IURP�OHDUQLQJ�HIILFLHQW�SUDFWLFH�VWUDWHJLHV�
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7KH� SXUSRVH� RI� WKLV� H[SORUDWRU\� VWXG\� ZDV� WR� LQYHVWLJDWH� WKH� HIIHFWV� RI�
PXOWLSOH�ZHHN� DQDO\WLF� SUDFWLFH� WUDLQLQJ� RQ� IUHVKPHQ�� VRSKRPRUH�� DQG� MXQLRU�
EUDVV��ZRRGZLQG��DQG�VWULQJV�PXVLF�PDMRUV¶�SHUIRUPDQFH�DFKLHYHPHQW�DQG�VHOI�
UHSRUWHG� SUDFWLFH� HIILFLHQF\�� � 5HVHDUFK� TXHVWLRQV� LQFOXGHG�� �D�� 'RHV� SUDFWLFH�
VWUDWHJ\�PHWKRG��DQDO\WLF��UHSHWLWLYH��KDYH�D�VLJQLILFDQW�HIIHFW�RQ�XQGHUJUDGXDWH�
LQVWUXPHQWDOLVWV¶� SHUIRUPDQFH� DFKLHYHPHQW"� �E��'RHV� SUDFWLFH� VWUDWHJ\�PHWKRG�
�DQDO\WLF��UHSHWLWLYH��KDYH�D�VLJQLILFDQW�HIIHFW�RQ�XQGHUJUDGXDWH�LQVWUXPHQWDOLVWV¶�
VHOI�UHSRUWHG� SUDFWLFH� HIILFLHQF\"� �F�� :KLFK� DQDO\WLF� SUDFWLFH� VWUDWHJLHV� GLG�
XQGHUJUDGXDWH� LQVWUXPHQWDOLVWV� LQ� WKH� WUHDWPHQW� JURXS� �DQDO\WLF� SUDFWLFH�� PRVW�
FRPPRQO\�HPSOR\"

0HWKRG

7KH�SUHVHQW�VWXG\�FRQVLVWHG�RI�WZR�VHSDUDWH�GDWD�FROOHFWLRQ�SKDVHV��3KDVH�2QH�
�Q� ����)DOO�������DQG�3KDVH�7ZR��Q� ����6SULQJ���������3URFHGXUHV�ZHUH�LGHQWLFDO�
IRU� ERWK� SKDVHV� H[FHSW� IRU� WKH� PXVLF� FKRVHQ� IRU� ERWK� WKH� SUHWHVW�SRVWWHVW�
SHUIRUPDQFHV�DQG�WKH�ZHHNO\�SUDFWLFH�HWXGHV�

3KDVH�2QH

9ROXQWHHU�SDUWLFLSDQWV� LQ�3KDVH�2QH� �Q� ����)DOO������� LQFOXGHG� IUHVKPDQ�
�Q� �����VRSKRPRUH��Q� �����DQG�MXQLRU��Q� ����ZLQG�LQVWUXPHQWDOLVWV�PDMRULQJ�LQ�
PXVLF� DW� D� ODUJH�SXEOLF� UHVHDUFK�XQLYHUVLW\ LQ� WKH�5RFN\�0RXQWDLQ� UHJLRQ��$Q�
DGGLWLRQDO�VL[�SDUWLFLSDQWV�EHJDQ�WKH�3KDVH�2QH�LPSOHPHQWDWLRQ�RI�WKH�VWXG\�EXW�
ZLWKGUHZ�SULRU�WR�WKH�HQG�RI�GDWD�FROOHFWLRQ��WKHVH�SDUWLFLSDQWV�ZHUH�H[FOXGHG�IURP�
GDWD�DQDO\VLV���7KH�VSHFLILF�LQVWUXPHQWV�SOD\HG�E\�3KDVH�2QH�3DUWLFLSDQWV�LQFOXGHG�
RERH��Q� �����FODULQHW��Q� �����DOWR�VD[RSKRQH��Q� �����DQG�EDVV�WURPERQH��Q� �����
3DUWLFLSDQWV�ZHUH�EHWZHHQ����DQG����\HDUV�RI�DJH��0� �������6'� �������

7ZR� W\SHV� RI� SUDFWLFH� FRQGLWLRQV� ZHUH� FRPSDUHG�� UHSHWLWLYH� SUDFWLFH�
�FRPSDULVRQ� JURXS��� D� SUDFWLFH� DSSURDFK� WKDW� KDV� EHHQ� IRXQG� WR� EH� LQHIIHFWLYH�
�H�J���GD�&RVWD��������3LWWV��'DYLGVRQ��	�0F3KHUVRQ���������DQG�DQDO\WLF�SUDFWLFH�
�WUHDWPHQW�JURXS���ZKLFK�LV�GHILQHG�DV�³>EUHDNLQJ@�WKH�H[HUFLVH�GRZQ��HLWKHU�E\�
VWRSSLQJ�DW� D�GLIILFXOW� VHFWLRQ�DQG�DSSO\LQJ� UHPHGLDO� WHFKQLTXHV�RU� VSHFLILFDOO\�
SLQSRLQWLQJ�D�GLIILFXOW�VHFWLRQ�IRU�SUDFWLFH�DIWHU�>DQ@�LQLWLDO�EDVHOLQH�SHUIRUPDQFH´�
�5RKZHU�	�3RON��������S��������$IWHU�DQ�LQIRUPDWLRQDO�PHHWLQJ�DQG�WKH�FROOHFWLRQ�
RI� ,QVWLWXWLRQDO� 5HYLHZ� %RDUG� IRUPV�� SDUWLFLSDQWV� ZHUH� UDQGRPO\� DVVLJQHG� WR�
HLWKHU�WKH�FRPSDULVRQ�JURXS��Q� ����RU�WUHDWPHQW�JURXS��Q� ����

3KDVH�7ZR

7KH�3KDVH�7ZR�YHUVLRQ�RI�WKLV�VWXG\�LQFOXGHG�D�QHZ�SUHWHVW�SRVWWHVW�PHORG\�
�WR� KHOS� DYRLG� D� FHLOLQJ� HIIHFW��� GLIIHUHQW�ZHHNO\� SUDFWLFH� HWXGHV�� D� WKUHH�ZHHN�
GDWD�FROOHFWLRQ�WLPHOLQH�WKDW�RFFXUUHG�HDUOLHU�LQ�WKH�VHPHVWHU��L�H���PLG�)HEUXDU\�
DQG� HDUO\� 0DUFK� ������� DQG� WKH� LQFOXVLRQ� RI� VWULQJ� LQVWUXPHQWDOLVWV�� 7KHVH�
PRGLILFDWLRQV�ZHUH�DSSOLHG�LQ�DQWLFLSDWLRQ�RI�HOLFLWLQJ�JUHDWHU�SDUWLFLSDWLRQ�ZKLOH�
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DOVR�UHVXOWLQJ�LQ�ORZHU�SDUWLFLSDQW�GURSRXW�RYHU�WLPH��$OO�RWKHU�SURFHGXUHV�ZHUH�
LGHQWLFDO�WR�WKRVH�XWLOL]HG�LQ�3KDVH�2QH���

9ROXQWHHU�SDUWLFLSDQWV�LQ�3KDVH�7ZR��Q� ����6SULQJ�������LQFOXGHG�IUHVKPHQ�
�Q� �����VRSKRPRUH��Q� �����DQG�MXQLRU��Q� ���LQVWUXPHQWDO�PXVLF�PDMRUV��7KH�
SDUWLFLSDQWV¶�LQVWUXPHQWV�LQFOXGHG�FODULQHW��Q� �����DOWR�VD[RSKRQH��Q� �����WUXPSHW�
�Q� �����YLROLQ��Q� �����DQG�YLROD��Q� ������3DUWLFLSDQW�DJHV�UDQJHG�IURP����WR����
\HDUV��0� ��������6'  ���������$Q�DGGLWLRQDO�IRXU�SDUWLFLSDQWV�EHJDQ�3KDVH�7ZR�
EXW�ZLWKGUHZ�SULRU�WR�WKH�FRQFOXVLRQ�RI�GDWD�FROOHFWLRQ��DV�ZLWK�3KDVH�2QH��WKHVH�
SDUWLFLSDQWV� ZHUH� QRW� LQFOXGHG� LQ� WKH� ILQDO� DQDO\VLV�� $IWHU� WKH� LQIRUPDWLRQDO�
PHHWLQJ�� SDUWLFLSDQWV� ZHUH� UDQGRPO\� DVVLJQHG WR� HLWKHU� WKH� FRPSDULVRQ� JURXS�
�Q� ����RU�WR�WKH�WUHDWPHQW�JURXS��Q� �����

7ZR� SDUWLFLSDQWV� ZHUH� LQ� ERWK� LPSOHPHQWDWLRQV� RI� WKH� VWXG\� �L�H��� LQ� ERWK�
3KDVH� 2QH� DQG� 3KDVH� 7ZR��� EXW� WKURXJK� UDQGRPL]DWLRQ� ZHUH� SODFHG� LQ� WKH�
RSSRVLWH�JURXS�IRU�3KDVH�7ZR����7KHVH�WZR�SDUWLFLSDQWV�ZHUH�H[SOLFLWO\�LQVWUXFWHG�
WR� FRPSOHWH� DOO� 3KDVH� 7ZR� SURFHGXUHV� DV� SURYLGHG²LQ� FRQWUDVW� WR� KRZ� WKH\�
SDUWLFLSDWHG�GXULQJ�3KDVH�2QH���

3UHWHVW�3HUIRUPDQFHV

3ULRU� WR� LPSOHPHQWDWLRQ� RI� WKH� WUHDWPHQW� DQG� FRPSDULVRQ� FRQGLWLRQV�� DOO�
SDUWLFLSDQWV� FRPSOHWHG� D� SUHWHVW� UHFRUGLQJ�� ZKLFK� ZDV� XVHG� WR� HYDOXDWH�
SDUWLFLSDQWV¶ SHUIRUPDQFH�DFKLHYHPHQW���7R�DFFRPSOLVK�WKLV�GXULQJ�3KDVH�2QH��DOO�
SDUWLFLSDQWV�ZHUH�UHFRUGHG�SHUIRUPLQJ�(WXGH����IURP�WKH�:DWNLQV�)DUQXP��������
3HUIRUPDQFH� 6FDOH� )RUP� $� ERRN�� 7KLV� ���PHDVXUH� HWXGH�� ZULWWHQ� LQ� FRQFHUW�
%�IODW��FRQVLVWV�RI�DQ�DUSHJJLDWHG�PHORG\�EDVHG�RQ�WRQLF��FRQWUDVWLQJ�SKUDVHV�DQG�
G\QDPLFV��DQ�LGLRPDWLF�UDQJH��DQG�D�IDVW�WHPSR��00� ��������3DUWLFLSDQWV�LQ�3KDVH�
7ZR�ZHUH� UHFRUGHG�SHUIRUPLQJ�(WXGH���� IURP� WKH�'HYHORS�6LJKWUHDGLQJ�ERRN�
�'XIUHVQH��������DV�WKHLU�SUHWHVW���)ROORZLQJ�DQDO\VLV�RI�WKH�3KDVH�2QH�GDWD��WKH�
SUHVHQFH� RI� D� FHLOLQJ� HIIHFW� LQ� SUHWHVW�SRVWWHVW� VFRUHV� VHHPHG� OLNHO\�� WR� KHOS�
SUHYHQW�VFDOH�DWWHQXDWLRQ�GXULQJ�3KDVH�7ZR��D�PRUH�FKDOOHQJLQJ�SUHWHVW�SRVWWHVW�
PHORG\�ZDV�VHOHFWHG�� �7KLV����PHDVXUH�PHORG\�LV� LQ�WKH�NH\�RI�$�DQG�IHDWXUHV�
UK\WKPLF�V\QFRSDWLRQ�DQG�FRQWUDVW��FKURPDWLFLVP��DQG�D�ZLGH�WHVVLWXUD��

6LPLODU�WR�WKH�SURFHGXUHV�XVHG�E\�0LNV]D���������SDUWLFLSDQWV�ZHUH�HVFRUWHG�
WR�D�SUDFWLFH�URRP��SURYLGHG�ZLWK�D�FRS\�RI�WKH�UHVSHFWLYH�SUHWHVW�HWXGH��DQG�WKHQ�
LQVWUXFWHG� WR� VLOHQWO\� UHYLHZ� �ZLWKRXW� VLQJLQJ� RU� ILQJHULQJ�� WKH� PXVLF� IRU� RQH�
PLQXWH���)ROORZLQJ�WKLV��SDUWLFLSDQWV�KDG�WZR�PLQXWHV�WR�SUDFWLFH�WKH�SHUIRUPDQFH�
HWXGH� LQ� DQ\� PDQQHU� WKH\� GHVLUHG�� 7KH� UHVHDUFKHU� WKHQ� UH�HQWHUHG� WKH� URRP��
SURYLGHG� D� VWDUWLQJ� WHPSR�� WXUQHG� RII� WKH� PHWURQRPH�� VWDUWHG� WKH� =RRP� +�1�
UHFRUGLQJ�GHYLFH�� DQG�H[LWHG� WKH� URRP��$IWHU� WKH� UHFRUGLQJ�ZDV�FRPSOHWHG�� WKH�
UHVHDUFKHU�UH�HQWHUHG�WKH�SUDFWLFH�URRP�DQG�FROOHFWHG�WKH�PXVLF��

:HHNO\�3UDFWLFH�6HVVLRQV

7KH�SURFHGXUHV�XVHG�LQ�WKLV�LQYHVWLJDWLRQ�ZHUH�VLPLODU�WR�WKRVH�HPSOR\HG�LQ�
D� SUHYLRXV� VWXG\� LQYHVWLJDWLQJ� KLJK� VFKRRO� EDQG� VWXGHQWV¶� SUDFWLFH� EHKDYLRUV�
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�0LNV]D����������3DUWLFLSDQWV�LQGHSHQGHQWO\�SUDFWLFHG�DVVLJQHG�HWXGHV�GXULQJ����
PLQXWH�SUDFWLFH�VHVVLRQ�VHJPHQWV�WKUHH�WLPHV�SHU�ZHHN��IRU�WKUHH�ZHHNV��QLQH�WRWDO�
SUDFWLFH� VHVVLRQV��� 7KLV� OHQJWK� RI� WLPH� IRU� WKH� SUDFWLFH� VHVVLRQ� VHJPHQWV� ZDV�
FKRVHQ�EDVHG�RQ�H[SHULPHQWDO�FRQGLWLRQV�XWLOL]HG�LQ�H[LVWLQJ�VWXGLHV�DQG�GXH�WR�
SUDFWLFDO� FRQFHUQV� �L�H��� WR� PLQLPL]H� D� FRPPLWPHQW� EXUGHQ� IRU� SDUWLFLSDQWV����
3UHYLRXV�H[SHULPHQWDO�LQYHVWLJDWLRQV�KDYH�XVHG�FRQWUROOHG�SUDFWLFH�VHVVLRQV�WKDW�
ODVWHG� IHZHU� WKDQ� ���PLQXWHV� �H�J���&RIIPDQ�� ������+HQOH\�� ������� H[DFWO\� ���
PLQXWHV� �6LNHV�� ������� ��� PLQXWHV� �0LNV]D�� ������� DQG� ��� PLQXWHV� �0LNV]D��
��������$OWKRXJK�LW�KDV�SUHYLRXVO\�EHHQ�VXJJHVWHG�WKDW�D�ORQJHU�SUDFWLFH�WLPLQJ�
PHWULF� PD\� IRVWHU� JUHDWHU� SHUIRUPDQFH� DFKLHYHPHQW� �0LNV]D�� ������� RWKHUV�
FRQWHQG�WKDW�IDFWRUV�RWKHU�WKDQ�WLPH�PD\�DLG�SHUIRUPDQFH��H�J���'XNH�HW�DO���������
6LNHV�� ������� � 6HFRQGO\�� HDFK� ZHHNO\� SUDFWLFH� HWXGH� ODVWHG� QR� PRUH� WKDQ� ���
VHFRQGV��ZKLFK�DOORZHG�IRU�DQ�DQWLFLSDWHG���WR����UHSHWLWLRQV�E\�FRPSDULVRQ�JURXS�
SDUWLFLSDQWV���6LQFH�SDUWLFLSDQWV�LQ�WKH�FRPSDULVRQ�JURXS�ZHUH�LQVWUXFWHG�WR�VLPSO\�
UHSHDW�HDFK�ZHHNO\�HWXGH�LQ�LWV�HQWLUHW\��VHOHFWLQJ�D�VKRUWHU�HWXGH�HQVXUHG�PXOWLSOH�
UHSHWLWLRQV�ZRXOG�RFFXU�ZLWKLQ�RQH����PLQXWH�VHVVLRQ��

7KH�HWXGHV��RQH�HWXGH�SHU�ZHHN��ZHUH�WKH�VDPH�IRU�DOO�SDUWLFLSDQWV��UHJDUGOHVV�
RI� JURXS� DVVLJQPHQW�� � 3KDVH� 2QH� 3DUWLFLSDQWV� �Q  � ��� SUDFWLFHG� HWXGHV� IURP�
:DWNLQV�)DUQXP�)RUP�$��(WXGH�� GXULQJ�:HHN����(WXGH����GXULQJ�:HHN����DQG�
(WXGH� ��� GXULQJ�:HHN� ��� � 7KHVH� HWXGHV� ZHUH� VSHFLILFDOO\� FKRVHQ� GXH� WR� WKHLU�
SURJUHVVLYH�GLIILFXOW\��:DWNLQV��������:DWNLQV�	�)DUQXP��������DQG�WKHLU�VLPLODU�
FRPSRVLWLRQDO� DWWULEXWHV� WR� WKH� SUHWHVW�SRVWWHVW� PHORG\�� � 6LPLODUO\�� 3KDVH� 7ZR�
3DUWLFLSDQWV� �Q�  � ��� SUDFWLFHG� 'XIUHVQH¶V ������� (WXGH� ��� GXULQJ� :HHN� ���
(WXGH����GXULQJ�:HHN����DQG�(WXGH���GXULQJ�:HHN���� �$�SDQHO�RI�QLQH�H[SHUW�
HYDOXDWRUV�DQDO\]HG�WKH�HWXGHV�WR�GHWHUPLQH� WKHLU�DSSURSULDWHQHVV�IRU�FROOHJLDWH�
PXVLFLDQV� �L�H��� IDFH� YDOLGLW\��� WKHQ� UDQNHG� DOO� HWXGHV� LQ� RUGHU� RI� GLIILFXOW\��
$Q� LQWUDFODVV� FRUUHODWLRQ� FRHIILFLHQW� LQGLFDWHG� WKDW� WKH� H[SHUW� HYDOXDWRUV¶� UDQN�
RUGHUV�H[KLELWHG�YHU\�KLJK�OHYHOV�RI�DJUHHPHQW������LQ�3KDVH�2QH�� ����LQ�3KDVH�
7ZR���FRQILUPLQJ�P\� WKLQNLQJ� WKDW� WKH�HWXGHV� LQFUHDVHG� LQ�GLIILFXOW\�DQG�ZHUH�
DSSURSULDWH�IRU�SDUWLFLSDQWV�

3UDFWLFH�SURFHGXUHV� 'XULQJ�HDFK�SUDFWLFH�VHVVLRQ�VHJPHQW�IRU�ERWK�SKDVHV��
SDUWLFLSDQWV� LQ� WKH� FRPSDULVRQ� JURXS� ZHUH� LQVWUXFWHG� WR� HQJDJH� LQ� ³UHSHWLWLYH�
SUDFWLFH�´� ZKLFK� UHTXLUHG� WKH� PXVLFLDQV� WR� SOD\� WKH� HWXGH� VHYHUDO� WLPHV� LQ� LWV�
HQWLUHW\�� ZLWKRXW� VWRSSLQJ� WR� FRUUHFW� HUURUV�� 7KRVH� LQ� WKH� DQDO\WLF� SUDFWLFH�
WUHDWPHQW�JURXS�UHFHLYHG�ZHHNO\�LQVWUXFWLRQV�DQG�PDWHULDOV�YLD�HPDLO���7R�JXLGH�
WUHDWPHQW�JURXS�SDUWLFLSDQWV¶�DQDO\WLF�SUDFWLFH��,�FUHDWHG�DQG�SURYLGHG�SDUWLFLSDQWV�
ZLWK�WKH�3UDFWLFH�7RRO�.LW��D�GRFXPHQW�WKDW�FRQWDLQHG�D�OLVW�RI�VSHFLILF�DQDO\WLF�
SUDFWLFH�VWUDWHJLHV�EDVHG�XSRQ�SUDFWLFH�KDELWV�IRXQG�LQ�SUHYLRXV�UHVHDUFK�VWXGLHV�
�H�J��� $XVWLQ�	�%HUJ�� ������0LNV]D�� ������ ������0LNV]D� HW� DO��� ������ 6PLWK��
��������7KLV�UHVRXUFH�JXLGHG�WKH�WUHDWPHQW�JURXS�SDUWLFLSDQWV�RQ�KRZ�WR�YLVXDOO\�
LGHQWLI\� SUREOHPDWLF� DUHDV� ZLWKLQ� WKH� DVVLJQHG� HWXGHV�� DV� ZHOO� DV� GHWHUPLQLQJ�
ZKLFK�VWUDWHJ\�WR�DSSO\ WR�WKHLU�SUDFWLFH���7KH�3UDFWLFH�7RRO�.LW�ZDV�SURYLGHG�WR�
WUHDWPHQW�JURXS�SDUWLFLSDQWV�DW�WKH�EHJLQQLQJ�RI�:HHNV�������DQG����$GGLWLRQDOO\��
,�SURYLGHG�WUHDWPHQW�JURXS�SDUWLFLSDQWV�ZLWK�DQ�LQVWUXFWLRQDO�<RX7XEH�YLGHR�DW�
WKH�VWDUW�RI�:HHN�����7KLV�EULHI�YLGHR�UHLQIRUFHG�KRZ�WR�XVH�WKH�3UDFWLFH�7RRO�.LW�
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E\�SURYLGLQJ�YLVXDO�H[DPSOHV�DQG�YHUEDO�H[SODQDWLRQV��$IWHU�HDFK�SUDFWLFH�VHVVLRQ�
VHJPHQW� �QLQH� WRWDO� IRU�HDFK�SKDVH��� WUHDWPHQW�JURXS�SDUWLFLSDQWV�FRPSOHWHG�DQ�
RQOLQH�3UDFWLFH�6XPPDU\�)RUP���7KURXJK�WKLV�IRUP��WUHDWPHQW�JURXS�SDUWLFLSDQWV�
DOVR� LQGLFDWHG� WKH� W\SHV� RI� DQDO\WLF� SUDFWLFH� VWUDWHJLHV� WKH\� XVHG� GXULQJ� HDFK�
SUDFWLFH�VHVVLRQ�VHJPHQW���

)ROORZLQJ�HDFK����PLQXWH�SUDFWLFH�VHVVLRQ�VHJPHQW�RQ�WKH�DVVLJQHG�SUDFWLFH�
HWXGHV�� DOO� SDUWLFLSDQWV� FRPSOHWHG� DQ� RQOLQH� 3URMHFW� 3UDFWLFH� /RJ� DQG�
4XHVWLRQQDLUH�� ZKLFK� FROOHFWHG� SDUWLFLSDQWV¶� VHOI�UHSRUWHG� SUDFWLFH� HIILFLHQF\�
UDWLQJV�DIWHU�HDFK�SURMHFW�SUDFWLFH�VHVVLRQ�VHJPHQW���7KLV�DOVR�VHUYHG�DV�D�YHUDFLW\�
FKHFN����3UDFWLFH�HIILFLHQF\�UHIHUV�WR�SUDFWLFLQJ�LQ�D�PDQQHU�WKDW�PLQLPL]HV�ZDVWHG�
WLPH� DQG�RU� HIIRUW�� 7KLV� ���SRLQW� PHDVXUH�� DGDSWHG� IURP� 0LNV]D¶V� �������
%DFNJURXQG�6XUYH\��DOORZHG SDUWLFLSDQWV�WR�UDWH�HDFK�VHVVLRQ¶V�SUDFWLFH�HIILFLHQF\�
XVLQJ�D�VFDOH�UDQJLQJ�IURP�H[WUHPHO\�LQHIILFLHQW ����WR�H[WUHPHO\�HIILFLHQW �����

3RVWWHVW�3HUIRUPDQFHV

8SRQ� FRPSOHWLRQ� RI� WKH� WKUHH�ZHHN� WUHDWPHQW� DQG� FRPSDULVRQ� SHULRG�� DOO�
SDUWLFLSDQWV�DJDLQ�SHUIRUPHG�WKH�VDPH�SUHWHVW�HWXGH��DV�D�SRVWWHVW��WR�DVVHVV�WKH�
HIIHFW�RI�SUDFWLFH�DSSURDFK�RQ�SHUIRUPDQFH�DFKLHYHPHQW�

3HUIRUPDQFH�$FKLHYHPHQW�(YDOXDWLRQV

3ULRU�WR�HYDOXDWLQJ�WKH�3KDVH�2QH�UHFRUGLQJV��WKUHH�H[SHUW�LQVWUXPHQWDO�PXVLF�
HGXFDWRUV��ZLWK�DQ�DYHUDJH�ZLQG�EDQG�WHDFKLQJ�H[SHULHQFH�RI������\HDUV��PHW�ZLWK�
WKH� UHVHDUFKHU� IRU D� ���PLQXWH� WUDLQLQJ� VHVVLRQ�� 'XULQJ� WKLV� VHVVLRQ�� WKHVH�
HYDOXDWRUV�OHDUQHG�WKH�236�VFRULQJ�SURFHGXUHV��SUDFWLFHG�HYDOXDWLQJ�E\�XVLQJ�IRXU�
PRFN�UHFRUGLQJV DQG�ZHUH�DVNHG�LI�WKH\�KDG�DQ\�UHPDLQLQJ�TXHVWLRQV��$Q�DYHUDJH�
PHDVXUH�LQWUDFODVV�FRUUHODWLRQ�FRHIILFLHQW�LQGLFDWHG�DQ�LQWHU�UDWHU�UHOLDELOLW\�UDWLQJ�
RI� ���� DIWHU� IRXU� WUDLQLQJ� UHFRUGLQJ� HYDOXDWLRQV�� UHIOHFWLQJ FRQILGHQFH� LQ�
SURFHHGLQJ�ZLWK�WKH�3KDVH�2QH�UHFRUGLQJ�HYDOXDWLRQV�

7KH� H[SHUW� HGXFDWRUV� ODWHU� LQGHSHQGHQWO\� VFRUHG� SUHWHVW� DQG� SRVWWHVW�
SHUIRUPDQFH� UHFRUGLQJV� XVLQJ� SURFHGXUHV� IURP� 0LNV]D¶V� ������� REMHFWLYH�
SHUIRUPDQFH� VFDOH� �236��� D� SHUIRUPDQFH DFKLHYHPHQW� PHDVXUH� DGDSWHG� IURP�
WKH� :DWNLQV�)DUQXP� 3HUIRUPDQFH� 6FDOH� �:)36�� :DWNLQV� 	� )DUQXP�� �������
7KH�236�VFRULQJ�SURFHGXUHV�FRQVLVW�RI�FRXQWLQJ�WKH�IUHTXHQF\�RI�SLWFK��UK\WKPLF��
DUWLFXODWLRQ��DQG�G\QDPLF�HUURUV�IRU�HDFK�EHDW��UDWKHU�WKDQ�HDFK�PHDVXUH��ZKLFK�LV�
XVHG�IRU�WKH�:)36��WR�VFRUH�WKH�REMHFWLYH�DVSHFWV�RI�WKH�PXVLF���7KH�PD[LPXP�
SRVVLEOH�VFRUH�IRU�(WXGH�����3KDVH�2QH��ZDV�����DQG�ZDV����IRU�(WXGH�����3KDVH�
7ZR���PLQLPXP�VFRUHV�RI���ZHUH�SRVVLEOH�IRU�ERWK�HWXGHV�

7R�SUHYHQW�RUGHU�HIIHFWV�DVVRFLDWHG�ZLWK�HYDOXDWLRQ�IDWLJXH�DQG�SUHVHQWDWLRQ�
ELDV�� WKH� H[SHUW� HYDOXDWRUV�ZHUH� VHQW� D�ZHEVLWH� K\SHUOLQN� �ZZZ�TXDOWULFV�FRP��
FRQWDLQLQJ�D�UDQGRPL]HG�SUHVHQWDWLRQ�RUGHU�RI�WKH�SUHWHVW�DQG�SRVWWHVW�UHFRUGLQJV���
7KH� SUHVHQWDWLRQ� RUGHU� ZDV� VXFK� WKDW� WKHUH ZHUH� QR� LQVWDQFHV� RI� FRQVHFXWLYH�
SHUIRUPDQFHV�E\�WKH�VDPH�SDUWLFLSDQW���7KH�H[SHUW�HYDOXDWRUV�ZHUH�EOLQG�WR�RUGHU�
RI� SHUIRUPDQFH� �L�H��� SUHWHVW� RU� SRVWWHVW�� DQG� H[SHULPHQWDO� FRQGLWLRQ�� :KHQ�
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OLVWHQLQJ�WR�UHFRUGLQJV��HDFK�MXGJH�LQGHSHQGHQWO\�VFRUHG�SHUIRUPDQFHV�E\�XVLQJ�D�
GU\� HUDVH� PDUNHU� WR� LQGLFDWH� LQFRUUHFW� EHDWV� RQ� D� ODPLQDWHG� FRS\� RI� WKH�
SHUIRUPDQFH�HWXGH�� �(YDOXDWRUV�ZHUH�LQVWUXFWHG�WR�VXEWUDFW� WKH�QXPEHU�RI�EHDWV�
ZLWK� HUURUV� IURP� WKH�PD[LPXP� VFRUH� RI� WKH� HWXGH� DQG� WKHQ� HQWHU� WKDW� QXPEHU�
RQOLQH�

7R� GHWHUPLQH� LQWHU�UDWHU� UHOLDELOLW\� IRU� WKH� WKUHH� H[SHUW� MXGJHV¶� 3KDVH�2QH�
SUHWHVW�DQG�SRVWWHVW�UDWLQJV��DQ�DYHUDJH�PHDVXUH�LQWUDFODVV�FRUUHODWLRQ�FRHIILFLHQW�
ZDV�FDOFXODWHG�� �,QWHU�UDWHU�UHOLDELOLW\� IRU�WKH� WKUHH�MXGJHV�ZDV� ,  ������ �,W�ZDV�
GHWHUPLQHG�WKDW�-XGJH���ZDV�QRW�DV�FRQVLVWHQW�LQ�KLV�3KDVH�2QH�HYDOXDWLRQV�DV�WKH�
RWKHU�WZR�MXGJHV��WKXV��-XGJH��¶V�UDWLQJV�ZHUH�H[FOXGHG�IURP�VXEVHTXHQW�DQDO\VHV���
7KH� LQWHU�UDWHU� UHOLDELOLW\� IRU� WKH� WZR� UHPDLQLQJ� MXGJHV� UHVXOWHG� LQ� D� UHOLDELOLW\�
FRHIILFLHQW� RI� ,  � �����ZKLFK� LQGLFDWHG� D� KLJK� OHYHO� RI� DJUHHPHQW�� �)ROORZLQJ�
DQRWKHU� WUDLQLQJ� VHVVLRQ�� WKHVH� VDPH� WZR� MXGJHV� HYDOXDWHG� DOO� 3KDVH� 7ZR�
UHFRUGLQJV�UHVXOWLQJ�LQ�DQ�LQWHU�UDWHU�UHOLDELOLW\�FRHIILFLHQW�RI� ,  ������7RWDO�UDWLQJV�
ZHUH� DYHUDJHG� IRU� WKH� WZR� HYDOXDWRUV� WR� FDOFXODWH� D� FRPSRVLWH� VFRUH� IRU� HDFK�
SDUWLFLSDQW�

5HVXOWV

%HFDXVH�WKH�VDPSOH�VL]HV�ZHUH�VPDOO�LQ�ERWK�SKDVHV��Q  ���LQ�3KDVH�2QH��DQG�
Q  ���LQ�3KDVH�7ZR���QRQSDUDPHWULF�VWDWLVWLFDO�WHVWV�ZHUH�XVHG�IRU�GDWD�DQDO\VLV���
$�:LOFR[RQ� VLJQHG�UDQN� WHVW� VKRZHG� WKDW DIWHU� WKH� WKUHH�ZHHN� VWXG\� GXUDWLRQ��
3KDVH�2QH�3DUWLFLSDQWV�GLG�QRW�GHPRQVWUDWH�D�VWDWLVWLFDOO\� VLJQLILFDQW�FKDQJH� LQ�
SHUIRUPDQFH�DFKLHYHPHQW�UDWLQJV�DFURVV�WLPH��=� �������S� ������ ,Q�IDFW��IRXU�RI�
WKH� VL[�3KDVH�2QH�3DUWLFLSDQWV� UHFHLYHG� ORZHU�SRVWWHVW UDWLQJV� WKDQ� WKHLU� LQLWLDO�
SUHWHVW� UDWLQJV�� 0HGLDQ� SUHWHVW� DQG� SRVWWHVW� UDWLQJV� ZHUH� ������ DQG� �����
UHVSHFWLYHO\�� 6LPLODUO\�� D�:LOFR[RQ� VLJQHG�UDQN� WHVW� UHYHDOHG� WKDW� 3KDVH� 7ZR�
3DUWLFLSDQWV�DOVR�GLG�QRW�GHPRQVWUDWH�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�WKHLU�
SHUIRUPDQFH�DFKLHYHPHQW�UDWLQJV��=� ��������S� �������GHVSLWH�D�PHGLDQ�SUHWHVW�
VFRUH�RI����DQG�D�PHGLDQ�SRVWWHVW�VFRUH�RI����

7DEOH ��0HDQ�SUHWHVW�DQG�SRVWWHVW�SHUIRUPDQFH�DFKLHYHPHQW�UDWLQJV�E\�FRQGLWLRQ�IRU�3KDVH�
2QH�DQG�7ZR�

7UHDWPHQW�*URXS &RPSDULVRQ�*URXS

3KDVH�2QH �1� ��� Q� �� Q� ��

�VFRUH�RXW�RI����� 0 6' 0 6'

3UHWHVW ��� ���� ����� ���
3RVWWHVW ������ ���� ����� ����
&KDQJH�LQ�6FRUH ����� ����

3KDVH�7ZR �1� ��� Q� �� Q� ��

�VFRUH�RXW�RI���� 0 6' 0 6'

3UHWHVW ����� ���� ���� ����
3RVWWHVW ����� ��� ���� ����
&KDQJH�LQ�6FRUHV ���� �
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0DQQ�:KLWQH\�8�WHVWV�ZHUH�FRQGXFWHG�WR�FRPSDUH�WKH�FKDQJHV�LQ�SUHWHVW�WR�
SRVWWHVW�SHUIRUPDQFH�DFKLHYHPHQW�UDWLQJV�E\�FRQGLWLRQ���7R�FDOFXODWH�WKH�FKDQJH�
VFRUH��,�VXEWUDFWHG�WKH�DYHUDJH�SRVWWHVW�VFRUH��DV�GHWHUPLQHG�E\�-XGJHV���DQG����
IURP�WKH�DYHUDJH�SUHWHVW�VFRUH��&KDQJH�VFRUH�PHGLDQV�IRU�WKH�3KDVH�2QH�WUHDWPHQW�
DQG�FRPSDULVRQ�JURXSV�ZHUH������DQG�����UHVSHFWLYHO\��DQG�ZHUH���DQG���IRU�WKH�
UHVSHFWLYH�3KDVH�7ZR�WUHDWPHQW�DQG�FRPSDULVRQ�JURXSV����0HGLDQV�DUH�UHSRUWHG�
KHUH� EHFDXVH� WKLV� SDUWLFXODU� WHVW� FRPSDUHV� WKH� GLIIHUHQFHV� RI� PHGLDQ� YDOXHV�
EHWZHHQ�JURXSV��QRW�WKH�JURXS�PHDQV����5HVXOWV�UHYHDOHG�QR�VLJQLILFDQW�GLIIHUHQFH�
EHWZHHQ�WKH�3KDVH�2QH�WUHDWPHQW�JURXS��PHDQ�UDQN� �������DQG�WKH�FRPSDULVRQ�
JURXS� �PHDQ� UDQN� �����8  ����S� � ����� �7KH� UHVXOWV�RI� WKH�3KDVH�7ZR�0DQQ�
:KLWQH\�8� WHVW� DOVR� UHYHDOHG� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� WUHDWPHQW�
JURXS� �PHDQ� UDQN� ������� DQG� WKH� FRPSDULVRQ�JURXS� �PHDQ� UDQN� �����8� ����
S� �������7DEOH���VKRZV�PHDQ�WUHDWPHQW�JURXS�DQG�FRPSDULVRQ�JURXS�SUHWHVW�DQG�
SRVWWHVW�SHUIRUPDQFH�DFKLHYHPHQW�UDWLQJV�

)ROORZLQJ�HDFK�SURMHFW�SUDFWLFH�VHVVLRQ�VHJPHQW��DOO�SDUWLFLSDQWV�FRPSOHWHG�
WKH�3URMHFW�3UDFWLFH�/RJ�DQG�4XHVWLRQQDLUH� WR� LQGLFDWH� WKHLU�SHUFHLYHG�SUDFWLFH�
HIILFLHQF\���7KLV����SRLQW�PHDVXUH�ZDV�DQFKRUHG�E\�H[WUHPHO\�LQHIILFLHQW�����DQG�
H[WUHPHO\� HIILFLHQW� ������ � ,Q� )LJXUH� ��� PHDQ� VHOI�UHSRUWHG� SUDFWLFH� HIILFLHQF\�
UDWLQJV�IRU�HDFK�ZHHN��DYHUDJH�IRU�WKUHH�SUDFWLFH�VHJPHQWV�SHU�ZHHN��DUH�GHSLFWHG�
IRU� ERWK�3KDVH�2QH� DQG�3KDVH�7ZR�� �7R� FRPSDUH� WKH� JUDQG�PHDQ�RI� WKH� VHOI�
UHSRUWHG�SUDFWLFH�HIILFLHQF\�UDWLQJV�E\�FRQGLWLRQ�W\SH�IRU�ERWK�SKDVHV��WZR�0DQQ�
:KLWQH\�8�WHVWV�ZHUH�FRQGXFWHG��5HVXOWV�UHYHDOHG�WKDW�3KDVH 2QH�3DUWLFLSDQWV¶�
RYHUDOO� SUDFWLFH� HIILFLHQF\� UDWLQJV� ZHUH� QRW� VLJQLILFDQWO\� GLIIHUHQW� EHWZHHQ� WKH�
WUHDWPHQW�JURXS��PHDQ�UDQN� �������DQG�WKH�FRQWURO�JURXS��PHDQ�UDQN� ��������
8� ����S� �������([DPLQDWLRQ�RI�ZHHNO\�SUDFWLFH�HIILFLHQF\�UDWLQJV�E\�FRQGLWLRQ�
W\SH��XVLQJ�0DQQ�:KLWQH\�8�WHVWV�ZLWK�D�%RQIHUURQL�FRUUHFWLRQ�RI�S��������GXH�
WR�PXOWLSOH�FRPSDULVRQV��UHYHDOHG�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�IRU�:HHN�
���8� ����S� �������:HHN����8� ����S� �������RU�:HHN����8� ����S� ������

)LJXUH��� 0HDQ�VHOI�UHSRUWHG�SUDFWLFH�HIILFLHQF\�UDWLQJV�DFURVV�WLPH��E\�ZHHN��IRU�3KDVHV�
2QH�DQG�7ZR���1RWH���� �H[WUHPHO\�LQHIILFLHQW����� �H[WUHPHO\�HIILFLHQW�

ϳ͘ϳϴ ϳ͘ϰϰ ϳ͘ϰϰ

ϲ͘Ϯϱ ϲ͘ϱϬ
ϲ͘ϴϯ

ϰ͘ϯϯ
ϱ͘ϬϬ

ϰ͘ϲϳ

Ϯ͘ϴϳ Ϯ͘ϳϯ Ϯ͘ϲϳ

�
�
�
�
�
�
�
�
�
��

:HHN���0HDQ :HHN���0HDQ :HHN���0HDQ

0HDQ�6HOI�5HSRUWHG�3UDFWLFH�(IILFLHQF\�5DWLQJV�E\�:HHN

3KDVH���$QDO\WLF 3KDVH���$QDO\WLF
3KDVH���5HSHWLWLYH 3KDVH���5HSHWLWLYH
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8QOLNH�WKH�UHVXOWV�RI�WKH�3KDVH�2QH�DQDO\VLV��SDUWLFLSDQWV�LQ�3KDVH�7ZR�KDG
VWDWLVWLFDOO\�VLJQLILFDQW�RYHUDOO�SUDFWLFH�HIILFLHQF\�UDWLQJV�EHWZHHQ�WKH�WUHDWPHQW�
JURXS��PHDQ�UDQN� ����DQG�WKH�FRQWURO�JURXS��PHDQ�UDQN� �������8� ����S� ��������
$OWKRXJK� WKH� S�YDOXH� ZDV� QRW� OHVV� WKDQ� ����� LW� HTXDOHG� ����� DQG� ZDV� GHHPHG�
VXIILFLHQW� LQ� UHMHFWLQJ� WKH�QXOO� K\SRWKHVLV� �3ULYLWHUD�� ������� �$GGLWLRQDO�0DQQ�
:KLWQH\� 8� �ZLWK� D� %RQIHUURQL� FRUUHFWLRQ�� WHVWV� H[DPLQHG� WKH� WKUHH� ZHHNO\�
HIILFLHQF\� UDWLQJV� E\� FRQGLWLRQ� W\SH�� EXW� WKHUH� ZHUH� QR� VWDWLVWLFDOO\� VLJQLILFDQW�
GLIIHUHQFHV�IRU�:HHN����8� ����S� �������:HHN����8� ����S� �������RU�IRU�:HHN���
�8� ����S� ������

)ROORZLQJ� HDFK� SUDFWLFH� VHVVLRQ� VHJPHQW�� WUHDWPHQW� SDUWLFLSDQWV� ZHUH�
SURYLGHG�D�OLVW�RI�HLJKW�SUDFWLFH�VWUDWHJLHV�DQG�DVNHG�WR�LQGLFDWH�DOO�VWUDWHJLHV�WKH\�
XVHG�ZLWKLQ�WKH�VHVVLRQ���$QDO\VLV�RI�WKH�IUHTXHQF\�RI�DQDO\WLF�SUDFWLFH�VWUDWHJLHV�
XVHG�E\�WUHDWPHQW�JURXS�SDUWLFLSDQWV�LQ�ERWK�SKDVHV�VXJJHVWV�VLPLODULW\�EHWZHHQ�
SKDVHV� DPRQJ� WKH�PRVW� FRPPRQO\� HPSOR\HG VWUDWHJLHV�� � 3KDVH�2QH� WUHDWPHQW�
SDUWLFLSDQWV��Q� ����VHOI�UHSRUWHG�XVLQJ�WKH�HLJKW�SUDFWLFH�VWUDWHJLHV������LQVWDQFHV��
�0� ������SHU�VHVVLRQ��GXULQJ�WKH�QLQH�SURMHFW�SUDFWLFH�VHJPHQW�VHVVLRQV��ZKLOH�
3KDVH�7ZR� WUHDWPHQW�SDUWLFLSDQWV� �Q� ���� VHOI�UHSRUWHG�XVLQJ� WKH�HLJKW�SUDFWLFH�
VWUDWHJLHV������LQVWDQFHV���0� ������SHU�VHVVLRQ����,Q�ERWK�3KDVH�2QH�DQG�3KDVH�
7ZR�� WKH�PRVW� FRPPRQO\� UHSRUWHG�SUDFWLFH� VWUDWHJLHV� LQFOXGHG� VWRSSLQJ� WR� IL[�
HUURUV�ZKLOH�SOD\LQJ��UHSHDWLQJ�VPDOO�VHFWLRQV��DQG�SOD\LQJ�VORZO\�DQG�JUDGXDOO\�
VSHHGLQJ�XS���7DEOH���VKRZV�WUHDWPHQW�SDUWLFLSDQWV¶�VHOI�UHSRUWHG�SUDFWLFH�VWUDWHJ\�
XVDJH�DFURVV�DOO�VHVVLRQV���'XULQJ�ERWK�SKDVHV��WUHDWPHQW�SDUWLFLSDQWV�UHSRUWHG�DQ�
LQFUHDVH� RI� SUDFWLFH� VWUDWHJ\� XVDJH� GXULQJ� :HHNV� �� DQG� �� RQ� WKH� ³UHSHDWLQJ�
LQGLYLGXDO�PHDVXUHV�PXOWLSOH� WLPHV´� SUDFWLFH� VWUDWHJ\�� � 7KH� XVDJH� RI� WKH� RWKHU�
SUDFWLFH�VWUDWHJLHV�UHPDLQHG�UHODWLYHO\�VWDEOH�DFURVV�WKH�WKUHH�ZHHNV�

7DEOH �� 7UHDWPHQW�SDUWLFLSDQWV¶�WRWDO�VHOI�UHSRUWHG�SUDFWLFH�VWUDWHJLHV�DFURVV�QLQH�VHVVLRQV�

$QDO\WLF�3UDFWLFH�6WUDWHJ\ 3KDVH�2QH
�Q� ���

3KDVH�7ZR
�Q� ���

6WRSSHG�WR�IL[�HUURUV�DV�,�SOD\HG�WKURXJK�WKH�H[HUFLVH �� ������� �� �������
5HSHDWHG�VPDOO�FKXQNV�VHFWLRQV��VHYHUDO�PHDVXUHV� �� ������� �� �������
3OD\HG�VORZO\�DQG�WKHQ�JUDGXDOO\�VSHG�WKH�WHPSR�XS �� ������� �� �������
5HSHDWHG�LQGLYLGXDO�PHDVXUHV�PXOWLSOH�WLPHV �� ������� �� ������
6LOHQW�VWXG\ �� ������ �� �����
3V\FKRPRWRU��ILQJHULQJ��SUDFWLFH �� ������� �� ����
&KDQJHG�WKH�UK\WKPV �� ������� �� ����
&KDQJHG�WKH�DUWLFXODWLRQV � ������ �� ������
7RWDOV ��� ���

'LVFXVVLRQ

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�DQDO\WLF�SUDFWLFH�
WUDLQLQJ�RQ�XQGHUJUDGXDWH�LQVWUXPHQWDO�PXVLF�PDMRUV¶�SHUIRUPDQFH�DFKLHYHPHQW�
DQG�VHOI�UHSRUWHG�SUDFWLFH�HIILFLHQF\���+RZHYHU��GXH�WR�WKH�VPDOO�VDPSOH�VL]HV�LQ�
ERWK� SKDVHV�� WKHVH� UHVXOWV� VKRXOG� EH� LQWHUSUHWHG� FDXWLRXVO\�� � 3DUWLFLSDQWV� ZKR�
UHFHLYHG� WUDLQLQJ�RQ�VSHFLILF� DQDO\WLF�SUDFWLFH� VWUDWHJLHV�GLG�QRW�SHUIRUP�EHWWHU�
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WKDQ�SDUWLFLSDQWV�ZKR�SUDFWLFHG�RQO\�ZLWK�UHSHWLWLRQ���3UHWHVW�WR�SRVWWHVW�FKDQJHV�
LQ� UDWLQJV�ZHUH�QRW� VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�JURXSV�� �7KLV� ILQGLQJ�DOLJQV�
ZLWK�SUHYLRXV�H[SHULPHQWDO� LQYHVWLJDWLRQV� VKRZLQJ�HTXDO� JDLQV� LQ�SHUIRUPDQFH�
DFKLHYHPHQW��UHJDUGOHVV�RI�SUDFWLFH�FRQGLWLRQ��H�J���5RVHQWKDO�HW�DO���������6LNHV��
������

3HUIRUPDQFH�$FKLHYHPHQW

%H\RQG� WKH� IDFW� WKDW� WKHUH� ZDV� QR� EHWZHHQ�JURXS� GLIIHUHQFH�� PHDQ�
SHUIRUPDQFH�DFKLHYHPHQW�UDWLQJV�FKDQJHG�OLWWOH�ZLWKLQ�HDFK�JURXS�GXULQJ�3KDVH�
2QH��IRXU�SDUWLFLSDQWV�DFWXDOO\�VFRUHG�ORZHU�RQ�WKH�SRVWWHVW���7KHVH�UHVXOWV�PD\�
UHIOHFW� WKH� IDFW� WKDW� WKUHH� ZHHNV� �QLQH� SUDFWLFH� VHVVLRQV�� VLPSO\� GLG� QRW� DOORZ�
HQRXJK�WLPH�IRU�WKH�DQDO\WLF�SUDFWLFH�WUDLQLQJ�WR�WDNH�HIIHFW��RU�WKH�WLPLQJ�RI�WKH�
VWXG\� �3KDVH�2QH� SUHFHGHG�7KDQNVJLYLQJ� GXULQJ� WKH� )DOO� ����� VHPHVWHU��PD\�
KDYH�LQKLELWHG�WKH�DSSOLFDWLRQ�RI�DQDO\WLF�SUDFWLFH�VWUDWHJLHV�E\�WUHDWPHQW�JURXS�
SDUWLFLSDQWV���$�FHLOLQJ�HIIHFW�FRXOG�DOVR�KDYH�EHHQ�SUHVHQW�LQ�3KDVH�2QH��DV�PHDQ�
SUHWHVW� SHUIRUPDQFH� DFKLHYHPHQW� UDWLQJV� ZHUH� ������ DQG� ���� �RXW� RI� ����� IRU�
ERWK� WKH� FRPSDULVRQ� DQG� WUHDWPHQW� JURXSV�� UHVSHFWLYHO\�� 3UHWHVW� UDWLQJV� WKDW�
UHSUHVHQWHG� ���� DQG� ���� RI� WKH� PD[LPXP� SHUIRUPDQFH� DFKLHYHPHQW� YDOXHV�
FRXOG� KDYH� SUHYHQWHG� WUHDWPHQW� JURXS� SDUWLFLSDQWV� IURP� UHDOL]LQJ� PHDQLQJIXO�
JDLQV�� WKHUHE\� FRQIRXQGLQJ� VWDWLVWLFDO� FRPSDULVRQV�� :KLOH� WKLV� IRUP� RI� VFDOH�
DWWHQXDWLRQ� ZDV� XQDQWLFLSDWHG�� LW� FRXOG� QRQHWKHOHVV� KDYH� LPSDFWHG� WKH� VWXG\¶V�
LQWHUQDO�YDOLGLW\��

)ROORZLQJ�WKH�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�RI�WKH�3KDVH�2QH�GDWD��,�FRQFOXGHG�
WKDW�D�QHZ�SUHWHVW�SRVWWHVW�HWXGH��L�H���WR�DYRLG�SRVVLEOH�VFDOH�DWWHQXDWLRQ��DQG�D�
PRUH�YLDEOH�WLPHOLQH��L�H���QRW�EHIRUH�D�EUHDN�IURP FODVVHV��ZHUH�ERWK�QHFHVVDU\��
8QIRUWXQDWHO\�� RQO\� QLQH� SDUWLFLSDQWV� YROXQWHHUHG� IRU� WKH� 3KDVH� 7ZR�
LPSOHPHQWDWLRQ�RI�WKH�VWXG\��DQG�DQ�DGGLWLRQDO�IRXU�EHJDQ�EXW�ODWHU�ZLWKGUHZ�WKHLU�
SDUWLFLSDWLRQ�� WKXV�SUHYHQWLQJ�GDWD�QRUPDOLW\�DQG�SRSXODWLRQ�UHSUHVHQWDWLYHQHVV��
)XWXUH� H[SHULPHQWDO� LQYHVWLJDWLRQV� RQ� DQDO\WLF� SUDFWLFH� VWUDWHJLHV� LQ� FROOHJH�
LQVWUXPHQWDOLVWV� ZRXOG� EHQHILW� IURP� D� ODUJHU� VDPSOH� VL]H�� ZKLFK� FRXOG� EH�
DFFRPSOLVKHG�WKURXJK�SURPRWLRQ�E\�HQVHPEOH�GLUHFWRUV�DQG�DSSOLHG SURIHVVRUV�

,Q�DOLJQPHQW�ZLWK�WKH�UHVXOWV�RI�3KDVH�2QH��WKH�PHDQ�FKDQJHV�LQ�SHUIRUPDQFH�
DFKLHYHPHQW� GXULQJ� 3KDVH� 7ZR� ZHUH� QRW� VLJQLILFDQWO\� GLIIHUHQW� EHWZHHQ� WKH�
DQDO\WLF� DQG� FRPSDULVRQ� JURXSV�� 8QOLNH� 3KDVH� 2QH�� LQ� ZKLFK� WKH� JURXS�
SHUIRUPDQFH�DFKLHYHPHQW�VFRUHV�GHFUHDVHG�IURP�SUHWHVW�WR�SRVWWHVW��ERWK�JURXSV�
LQ� 3KDVH� 7ZR� KDG� ODUJHU� SRVWWHVW� VFRUHV�� EXW� WKHVH� JDLQV� ZHUH� QRW� VLJQLILFDQW���
,QWHUHVWLQJO\�� WKH�3KDVH�7ZR�FRPSDULVRQ�JURXS�SDUWLFLSDQWV� KDG� D� ODUJHU�PHDQ�
FKDQJH�LQ�VFRUH�������HYHQ�WKRXJK�WKH�WUHDWPHQW�JURXS�SDUWLFLSDQWV�UHFHLYHG�WKH�
SUDFWLFH�LQWHUYHQWLRQ���3DUWLFLSDQWV�ZHUH�QRW�REVHUYHG�ZKLOH�SUDFWLFLQJ��KRZHYHU��
VR�WKH�GHJUHH�WR�ZKLFK�WKH\�DGKHUHG�WR�DVVLJQHG�SUDFWLFH�DSSURDFKHV�LV�XQNQRZQ���
,Q� IXWXUH� LQYHVWLJDWLRQV�� UHVHDUFKHUV� PD\� ZLVK� WR� YLGHRWDSH� RU� REVHUYH�
SDUWLFLSDQWV¶�SUDFWLFH�VHVVLRQV�WR�FRQILUP�SUDFWLFH�JURXS�LQWHJULW\�



1R���������� ��

3UDFWLFH�(IILFLHQF\

,� DOVR� H[DPLQHG� GLIIHUHQFHV� LQ� VHOI�UHSRUWHG� SUDFWLFH� HIILFLHQF\� UDWLQJV���
$OWKRXJK�WKHUH�ZHUH�QR�RYHUDOO�GLIIHUHQFHV�IRU�SUDFWLFH�HIILFLHQF\�DV�UHSRUWHG�E\�
3KDVH�2QH�3DUWLFLSDQWV�� WKHUH�ZDV�D� VWDWLVWLFDOO\� VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�
3KDVH� 7ZR� WUHDWPHQW� DQG� FRQWURO� SDUWLFLSDQWV¶� HIILFLHQF\� UDWLQJV�� )ROORZ�XS�
DQDO\VLV�RI�3KDVH�7ZR�GDWD��KRZHYHU��GLG�QRW�UHYHDO�DQ\�JURXS�GLIIHUHQFHV�IRU�DQ\�
RI�WKH�ZHHNV���7KLV�PD\�VXJJHVW�WKDW�WKH�SUDFWLFH�HIILFLHQF\�VHOI�UHSRUWV�ZHUH�QRW�
GHSHQGDEOH���3DUWLFLSDQWV�ZHUH�QRW�SURYLGHG�D�GHILQLWLRQ�RI�³HIILFLHQF\´��UDWKHU��
WKH\�ZHUH�DVNHG�WR�³SURYLGH�DQ�DVVHVVPHQW�RI�\RXU�SUDFWLFH�HIILFLHQF\´�EHWZHHQ�
���KLJKO\�LQHIILFLHQW� DQG�����KLJKO\�HIILFLHQW����5HSHWLWLYH�SUDFWLFH��L�H���WKH�FRQWURO�
JURXS�FRQGLWLRQ��PD\�KDYH�EHHQ�SHUFHLYHG�DV�³HIILFLHQW´�LI�LPSURYHPHQWV�ZHUH�
JDLQHG�GXULQJ�SUDFWLFH�VHVVLRQV��WKXV�SUHVHQWLQJ�D�SRWHQWLDO�FRQIRXQGLQJ�YDULDEOH���
,W�LV�SRVVLEOH�WKDW�DW�OHDVW�VRPH�RI�WKH�UHSHWLWLRQ�HPSOR\HG�E\�WKH�FRPSDULVRQ�JURXS�
SDUWLFLSDQWV� �L�H��� UHSHDWHGO\� SOD\LQJ� HWXGHV� LQ� WKHLU� HQWLUHW\�� ZDV� RI� D� VLPLODU�
QDWXUH�WR�WKH�XVH�RI�UHSHWLWLRQ�E\�WKH�DQDO\WLF�WUHDWPHQW�JURXS��L�H���UHSHDWLQJ�VPDOO�
VHFWLRQV�RU�LQGLYLGXDO�PHDVXUHV����%HFDXVH�,�ZDV�FRQFHUQHG�WKDW�XVLQJ�IUHH�SUDFWLFH�
DV� D� FRQWURO� PD\� KDYH� DOORZHG� SDUWLFLSDQWV� WR� XVH� SUHYLRXVO\�NQRZQ� DQDO\WLF�
SUDFWLFH�VWUDWHJLHV�LQ�WKHLU�ZHHNO\�SURMHFW�SUDFWLFH�VHVVLRQV��,�OLPLWHG�WKHLU�SUDFWLFH�
DSSURDFK�WR�UHSHWLWLRQ����$V�QRWHG�DERYH��SDUWLFLSDQWV¶�SUDFWLFH�VHVVLRQV�ZHUH�QRW�
REVHUYHG� RU� YLGHRWDSHG�� WKHUHE\� OLPLWLQJ� LQWHJULW\��� $GGLWLRQDOO\�� SUDFWLFH�
HIILFLHQF\�UHSRUWV�ZLWK�JUHDWHU�YDOLGLW\�FRQWURO�FRXOG�KDYH�EHHQ�SRVVLEOH�ZLWK�D�
PRUH�DGHTXDWH�GHILQLWLRQ�RI�HIILFLHQF\�RU�E\�DVNLQJ�SDUWLFLSDQWV� WR� UHSRUW� WKHLU�
SHUFHLYHG�HIILFLHQF\�

)UHTXHQF\�RI�$QDO\WLF�3UDFWLFH�6WUDWHJLHV

$QRWKHU�SXUSRVH�RI�WKLV�LQYHVWLJDWLRQ�ZDV�WR�H[SORUH�WKH�IUHTXHQF\�RI�VSHFLILF�
DQDO\WLF�SUDFWLFH�VWUDWHJLHV�LPSOHPHQWHG�HDFK�ZHHN�DV�VHOI�UHSRUWHG�E\�WKH�3KDVH�
2QH��Q  ����DQG�3KDVH�7ZR��Q  ����WUHDWPHQW�JURXS�SDUWLFLSDQWV� 7KH�IROORZLQJ�
VWUDWHJLHV� �LQ� RUGHU� RI� KLJKHVW� RYHUDOO� IUHTXHQF\�� ZHUH� DSSOLHG� PRVW� E\� WKH�
WUHDWPHQW� SDUWLFLSDQWV�� VWRSSLQJ� WR� IL[� HUURUV� ZKLOH� SOD\LQJ�� UHSHDWLQJ� VPDOO�
VHFWLRQV��DOWHULQJ�WKH�WHPSR��UHSHDWLQJ�LQGLYLGXDO�PHDVXUHV��VLOHQWO\�VWXG\LQJ�WKH�
PXVLF�� SV\FKRPRWRU� �ILQJHULQJ�� SUDFWLFH�� FKDQJLQJ� UK\WKPV�� DQG� FKDQJLQJ�
DUWLFXODWLRQV�� � %DVHG� RQ� WKH� IUHTXHQFLHV� RI� VHOI�UHSRUWHG� VWUDWHJ\� XVDJH�� WKH�
WUHDWPHQW�SDUWLFLSDQWV�LQ�WKH�SUHVHQW�VWXG\�PLJKW EH�FRQVLGHUHG�DQDO\WLF��UHDFWLYH�
SUDFWLFHUV� �5RKZHU� 	� 3RON�� ������� DV� SURDFWLYH� VWUDWHJLHV� ZHUH� XVHG� OHVV�
IUHTXHQWO\�� � 1RQHWKHOHVV�� LQIRUPDWLRQ� ZDV� FROOHFWHG� RQO\� RQ� ZKLFK� W\SHV� RI�
DQDO\WLF�VWUDWHJLHV�ZHUH�XVHG�ZKLOH�SUDFWLFLQJ��QRW�KRZ�RIWHQ�HDFK�VWUDWHJ\�ZDV�
DSSOLHG�GXULQJ�SUDFWLFH�VHVVLRQV��)XWXUH�LQYHVWLJDWLRQV�FRXOG�GHVFULSWLYHO\�H[SORUH�
�H�J���WKURXJK�YLGHRWDSH�DQDO\VLV��KRZ�IUHTXHQWO\�FROOHJH�LQVWUXPHQWDOLVWV�XWLOL]H�
WKHVH�W\SHV�RI�SUDFWLFH�VWUDWHJLHV�

7UHDWPHQW� JURXS� SDUWLFLSDQWV�ZHUH� DVVXPHG� WR� HQDFW� VHOI�FRQWURO� DQG� VHOI�
DZDUHQHVV� �L�H��� VHOI�UHJXODWLRQ��0F3KHUVRQ�	�=LPPHUPDQ�� ������ GXULQJ� WKHLU�
SURMHFW�SUDFWLFH�VHVVLRQV�DQG��WKHUHIRUH��XVH�WKH�SURYLGHG�DQDO\WLF�VWUDWHJLHV�GXULQJ�
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WKHLU�SUDFWLFH�VHVVLRQV���'HVSLWH�WKLV�DVVXPSWLRQ��WKH�UHVXOWV�RI�WKH�SUHVHQW�VWXG\�
GR�QRW�DIILUP�WKH�SUHVHQFH�RI�VHOI�UHJXODWLRQ�GXULQJ�SUDFWLFH���7KH�3UDFWLFH�7RRO�
.LW�DQG�LQVWUXFWLRQDO�YLGHR�SURPSWHG�WUHDWPHQW�JURXS�SDUWLFLSDQWV�WR�EHJLQ�WKHLU�
VHVVLRQV�E\��D��YLVXDOO\�GHWHUPLQLQJ�WKH�PRVW�GLIILFXOW�VHFWLRQV�RI�WKH�HWXGH��DQG�
�E��GHFLGLQJ�³ZKLFK�RI�WKHVH�>DQDO\WLF@�VWUDWHJLHV�\RX�ZLOO�DSSO\�WR�\RXU�SUDFWLFH�
WR� DFFRPSOLVK� \RXU� JRDOV�´� 3DUWLFLSDQWV� PD\� KDYH� JHQHUDWHG� JRDOV� DIWHU�
H[DPLQDWLRQ� RI� WKH� HWXGH�� EXW� WKLV� DVVXPSWLRQ� FDQQRW� EH� FRQILUPHG�� )XWXUH�
UHVHDUFKHUV� FRXOG� H[SORUH� WKH� SUHVHQFH� RI� VHOI�UHJXODWHG� SUDFWLFH� EHKDYLRUV� E\�
XWLOL]LQJ� VHOI�UHSRUW� PHDVXUHV� �0LNV]D�� ������� $GGLWLRQDOO\�� UHVHDUFKHUV� FRXOG�
TXDOLWDWLYHO\�H[DPLQH�PXVLFLDQV¶�SUDFWLFH�GLDULHV��H�J���.LP��������RU�XVH�PL[HG�
PHWKRGV�WHFKQLTXHV�WR�H[SORUH�SHUFHLYHG SUDFWLFH�EHKDYLRU�XVDJH�DQG�IUHTXHQF\�
ZLWK�WKRVH�WKDW�DUH�REVHUYHG���$�PRUH�QRYHO�GDWD�FROOHFWLRQ�DSSURDFK�PLJKW�FRQVLVW�
RI�XWLOL]LQJ�D�VPDUWSKRQH�WR�FROOHFW�SUDFWLFH�VHVVLRQ�YLGHR�ZKLOH�DOVR�SHULRGLFDOO\�
SURPSWLQJ�SDUWLFLSDQWV�WR�HLWKHU�LPSOHPHQW�D�VSHFLILF�SUDFWLFH�VWUDWHJ\�RU�WR�GLUHFW�
SDUWLFLSDQWV�WR�HQJDJH�LQ�HOHPHQWV�RI�VHOI�UHJXODWLRQ���6XFK�SURFHGXUHV�PD\�DOORZ�
IRU�D�JUHDWHU�XQGHUVWDQGLQJ�RI�VHOI�UHJXODWLRQ�DQG�SUDFWLFH�

0XVLF� HGXFDWRUV� DQG� UHVHDUFKHUV� VKRXOG� LQWHUSUHW� WKH� ILQGLQJV� RI� WKLV�
H[SORUDWRU\�H[SHULPHQWDO�LQYHVWLJDWLRQ�ZLWK�FDXWLRQ��SDUWLFXODUO\�GXH�WR�WKH�VPDOO�
VDPSOH� VL]HV�� � ,Q� WKLV� VWXG\�� WKH� FROOHJLDWH�PXVLFLDQ� SDUWLFLSDQWV�� UHJDUGOHVV� RI�
FRPSDULVRQ� JURXS� DQG� SUHGRPLQDQW� SUDFWLFH� DSSURDFK�� GLG� QRW� GHPRQVWUDWH�
VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�LQ�SHUIRUPDQFH�DFKLHYHPHQW�UDWLQJV���$OWKRXJK�
WKLV�ILQGLQJ�KDV�SUHYLRXVO\�EHHQ�UHSRUWHG��5RVHQWKDO�HW�DO���������6LNHV���������
RWKHU� HPSLULFDO� DQG� GHVFULSWLYH� ILQGLQJV KDYH� LQGLFDWHG� WKDW� PXVLFLDQV� ZKR�
HPSOR\�DQDO\WLF�SUDFWLFH�VWUDWHJLHV FDQ�LPSURYH�PRUH�WKDQ�WKRVH�ZKR�GLG�QRW�XVH�
VXFK� VWUDWHJLHV� �'XNH� HW� DO��� ������ 0F3KHUVRQ�� ������ 0LNV]D�� ������ 5RKZHU�
	�3RON�� ������� �3HUKDSV� WKHVH� FRQIOLFWLQJ� ILQGLQJV� DUH� D� UHVXOW� RI� LQWHUYHQWLRQ�
GXUDWLRQ�� )RU� H[DPSOH�� 5RVHQWKDO� HW�� DO�� ������� LQVWUXFWHG� WKHLU� FROOHJH� ZLQG�
LQVWUXPHQWDOLVW� SDUWLFLSDQWV� WR� SUDFWLFH� WKH� DVVLJQHG� HWXGH� XVLQJ� WKHLU� DVVLJQHG�
VWUDWHJ\�GXULQJ�D�RQH�WLPH����PLQXWH�VHVVLRQ���6LPLODUO\��6LNHV��������UHTXLUHG�KLV�
FROOHJH�RUFKHVWUD�PXVLF�QRQ�PDMRUV�WR�SUDFWLFH�DQ�HWXGH�XVLQJ�RQO\�WKHLU�DVVLJQHG�
SUDFWLFH� DSSURDFK� IRU� RQH� ���PLQXWH� VHVVLRQ�� *LYHQ� WKHVH� FRQIOLFWLQJ� ILQGLQJV�
UHJDUGLQJ� SUDFWLFH� VWUDWHJLHV� DQG� WKHLU� SRWHQWLDO� HIIHFWV� RQ� SHUIRUPDQFH�
DFKLHYHPHQW�� PRUH� UHVHDUFK� VHHPV� QHFHVVDU\�� SDUWLFXODUO\� LQ� H[DPLQLQJ�
SHUIRUPDQFH� JDLQV� DIWHU� ERWK� VKRUW� DQG� ORQJ�WHUP� LQWHUYHQWLRQV�� � 5HVHDUFKHUV�
HQJDJLQJ�LQ�D�VLPLODU�LQYHVWLJDWLRQ�PD\�DOVR�EHQHILW�IURP�VHOHFWLQJ�SHUIRUPDQFH�
DFKLHYHPHQW�HWXGHV��L�H���SUHWHVW��SRVWWHVW��WKDW�ZLOO�PLQLPL]H�DQ\�VFDOH�DWWHQXDWLRQ�
LVVXHV���/HDUQLQJ�KRZ�SUDFWLFH�FDQ EHVW�DLG�PXVLFLDQV�LQ�IXUWKHU�GHYHORSLQJ�WKHLU�
WHFKQLTXH�DQG�DUWLVWU\�UHPDLQV�DQ�DUHD�RI�SHGDJRJLFDO�DQG�VFKRODUO\�LPSRUWDQFH�

5HIHUHQFHV

$XVWLQ�� -�� 5��� 	� %HUJ�� 0�� +�� �������� ([SORULQJ� PXVLF� SUDFWLFH� DPRQJ� VL[WK�JUDGH�
EDQG� DQG� RUFKHVWUD� VWXGHQWV�� 3V\FKRORJ\� RI� 0XVLF�� ���� ���±�����
GRL�������������������������



1R���������� ��

&RIIPDQ�� '�� '�� �������� (IIHFWV� RI� PHQWDO� SUDFWLFH�� SK\VLFDO� SUDFWLFH�� DQG� NQRZOHGJH�
RI� UHVXOWV� RQ� SLDQR� SHUIRUPDQFH�� -RXUQDO� RI� 5HVHDUFK� LQ� 0XVLF� (GXFDWLRQ�� ����
���±�����GRL����������������

GD� &RVWD�� '�� �������� $Q� LQYHVWLJDWLRQ� LQWR� LQVWUXPHQWDO� SXSLOV¶� DWWLWXGHV� WR� YDULHG��
VWUXFWXUHG�SUDFWLFH��7ZR�PHWKRGV�RI�DSSURDFK��%ULWLVK�-RXUQDO�RI�0XVLF�(GXFDWLRQ��
���������±���

'RQDOG��/��6����������7KH�RUJDQL]DWLRQ�RI�UHKHDUVDO�WHPSRV�DQG�HIILFLHQF\�RI�PRWRU�VNLOO�
DFTXLVLWLRQ� LQ�SLDQR�SHUIRUPDQFH �'RFWRUDO�GLVVHUWDWLRQ���5HWULHYHG� IURP�3UR4XHVW�
'LVVHUWDWLRQV�	�7KHVHV�$	,�������������

'XIUHVQH��*�� ��������'HYHORS�VLJKW� UHDGLQJ��5��9RLVLQ� �(G����1HZ�<RUN��1<��&��&ROLQ�
3XEOLFDWLRQV��

'XNH�� 5�� $��� 6LPPRQV�� $�� /��� 	� &DVK�� &�� '�� �������� ,W
V� QRW� KRZ� PXFK�� ,W
V� KRZ��
&KDUDFWHULVWLFV�RI�SUDFWLFH�EHKDYLRU�DQG�UHWHQWLRQ�RI�SHUIRUPDQFH�VNLOOV��-RXUQDO�RI�
5HVHDUFK�LQ�0XVLF�(GXFDWLRQ���������±�����GRL�������������������������

(ULFVVRQ��.��$�� ��������'HOLEHUDWH� SUDFWLFH� DQG� WKH� DFTXLVLWLRQ� RI� H[SHUW� SHUIRUPDQFH��
$Q�RYHUYLHZ��,Q�+��-RUJHQVHQ�	�$��&��/HKPDQQ��(GV����'RHV�SUDFWLFH�PDNH�SHUIHFW"�
&XUUHQW�WKHRU\�DQG�UHVHDUFK�RQ�LQVWUXPHQWDO�PXVLF�SUDFWLFH �SS���������2VOR��1RUJHV�
0XVLNNKRJVNROH��

(ULFVVRQ��.��$���.UDPSH��5��7���	�7HVFK�5RPHU��&����������7KH�UROH�RI�GHOLEHUDWH�SUDFWLFH�
LQ� WKH� DFTXLVLWLRQ� RI� H[SHUW� SHUIRUPDQFH�� 3V\FKRORJLFDO� 5HYLHZ�� �����
���±���� '2,�������������������;����������

+DOODP�� 6�� �������� ,QVWUXPHQWDO� WHDFKLQJ�� $� SUDFWLFDO� JXLGH WR� EHWWHU� WHDFKLQJ� DQG�
OHDUQLQJ��/RQGRQ��(QJODQG��+HLQHPDQQ�

+HQOH\��3��7����������(IIHFWV�RI�PRGHOLQJ�DQG�WHPSR�SDWWHUQV�DV�SUDFWLFH�WHFKQLTXHV�RQ�WKH�
SHUIRUPDQFH�RI�KLJK�VFKRRO�LQVWUXPHQWDOLVWV��-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ��
�������±�����GRL����������������

+HZLWW��0��3����������7KH�HIIHFWV�RI�PRGHOLQJ��VHOI�HYDOXDWLRQ��DQG�VHOI�OLVWHQLQJ�RQ�MXQLRU�
KLJK�LQVWUXPHQWDOLVWV
�PXVLF�SHUIRUPDQFH�DQG�SUDFWLFH�DWWLWXGH��-RXUQDO�RI�5HVHDUFK�
LQ�0XVLF�(GXFDWLRQ���������±�����GRL����������������

+HZLWW��0��3����������7KH�LPSDFW�RI�VHOI�HYDOXDWLRQ�LQVWUXFWLRQ�RQ�VHOI�HYDOXDWLRQ��PXVLF�
SHUIRUPDQFH��DQG�VHOI�HYDOXDWLRQ�DFFXUDF\��-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ��
�����±����GRL��������������������������

.LP��6��-����������$�FROOHFWLYH�FDVH�VWXG\�RI�VHOI�UHJXODWHG�OHDUQLQJ�LQ�LQVWUXPHQWDO�SUDFWLFH�
RI� FROOHJH� PXVLF� PDMRUV� �'RFWRUDO� 'LVVHUWDWLRQ��� 5HWULHYHG� IURP� 3UR4XHVW�
'LVVHUWDWLRQV�	 7KHVHV�GDWDEDVH�����������

.RVWND��0��-����������3UDFWLFH�H[SHFWDWLRQV�DQG�DWWLWXGHV��$�VXUYH\�RI�FROOHJH�OHYHO�PXVLF�
WHDFKHUV DQG� VWXGHQWV�� -RXUQDO� RI� 5HVHDUFK� LQ� 0XVLF� (GXFDWLRQ�� ���� ���±����
GRL�����������������

/HKPDQQ��$��&���	�(ULFVVRQ��.��$����������5HVHDUFK�RQ�H[SHUW�SHUIRUPDQFH�DQG�GHOLEHUDWH�
SUDFWLFH�� ,PSOLFDWLRQV� IRU� WKH� HGXFDWLRQ�RI� DPDWHXU�PXVLFLDQV� DQG�PXVLF� VWXGHQWV��
3V\FKRPXVLFRORJ\��������±��� GRL����������K�������

/HKPDQQ�� $�� &��� 6ORERGD�� -�� $��� 	�:RRG\�� 5�� +�� ��������3V\FKRORJ\� IRU� PXVLFLDQV��
8QGHUVWDQGLQJ�DQG�DFTXLULQJ�WKH�VNLOOV��1HZ�<RUN��1<��2[IRUG�8QLYHUVLW\�3UHVV�

0F3KHUVRQ��*��(����������)URP�FKLOG�WR�PXVLFLDQ��6NLOO�GHYHORSPHQW�GXULQJ�WKH�EHJLQQLQJ�
VWDJHV� RI� OHDUQLQJ� DQ� LQVWUXPHQW�� 3V\FKRORJ\� RI� 0XVLF�� ���� �±����
GRL�������������������������

0LNV]D��3����������7KH�HIIHFW�RI�PHQWDO�SUDFWLFH�RQ�WKH�SHUIRUPDQFH�DFKLHYHPHQW�RI�KLJK�
VFKRRO�WURPERQLVWV��&RQWULEXWLRQV�WR�0XVLF�(GXFDWLRQ��������±���



�� 0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ

0LNV]D��3����������5HODWLRQVKLSV�DPRQJ�LPSXOVLYHQHVV��ORFXV�RI�FRQWURO��VH[��DQG�PXVLF�
SUDFWLFH�� -RXUQDO� RI� 5HVHDUFK� LQ� 0XVLF� (GXFDWLRQ�� ���� ���±����� GRL���������
������������������

0LNV]D��3����������5HODWLRQVKLSV�DPRQJ�LPSXOVLYLW\��DFKLHYHPHQW�JRDO�PRWLYDWLRQ��SUDFWLFH�
EHKDYLRU�� DQG� WKH� SHUIRUPDQFH� DFKLHYHPHQW� RI� KLJK� VFKRRO� ZLQG� SOD\HUV
�8QSXEOLVKHG�GRFWRUDO�GLVVHUWDWLRQ���,QGLDQD�8QLYHUVLW\��%ORRPLQJWRQ��,1�

0LNV]D��3����������7KH�GHYHORSPHQW�RI�D�PHDVXUH�RI�VHOI�UHJXODWHG�SUDFWLFH�EHKDYLRU�IRU�
EHJLQQLQJ� DQG� LQWHUPHGLDWH� LQVWUXPHQWDO� PXVLF� VWXGHQWV�� -RXUQDO� RI� 5HVHDUFK� LQ�
0XVLF�(GXFDWLRQ���������±�����GRL��������������������������

0LNV]D�� 3�� �������� 7KH� HIIHFW� RI� VHOI�UHJXODWLRQ� LQVWUXFWLRQ� RQ� WKH� SHUIRUPDQFH�
DFKLHYHPHQW�� PXVLFDO� VHOI�HIILFDF\�� DQG� SUDFWLFLQJ� RI� DGYDQFHG� ZLQG� SOD\HUV��
3V\FKRORJ\�RI�0XVLF������������������GRL�������������������������

0LNV]D��3���3ULFKDUG��6���	�6RUER��'����������$Q�REVHUYDWLRQDO�VWXG\�RI�LQWHUPHGLDWH�EDQG�
VWXGHQWV
�VHOI�UHJXODWHG�SUDFWLFH�EHKDYLRUV��-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ��
�������±�����GRL�������������������������

2¶1HLOO�� 6�� $�� �������� 7KH� UROH� RI� SUDFWLFH� LQ� FKLOGUHQ¶V� HDUO\� PXVLFDO� SHUIRUPDQFH�
DFKLHYHPHQW��,Q�+��-RUJHQVRQ��	�$��&��/HKPDQQ��(GV����'RHV�SUDFWLFH�PDNH�SHUIHFW"�
&XUUHQW� WKHRU\� DQG� UHVHDUFK� RQ� LQVWUXPHQWDO� PXVLF� SUDFWLFH �SS�� ��±����� 2VOR��
1RUJHV�PXLNNKRJVNROH�

3LWWV��6���'DYLGVRQ��-���	�0F3KHUVRQ��*����������'HYHORSLQJ�HIIHFWLYH�SUDFWLFH�VWUDWHJLHV��
&DVH�VWXGLHV�RI�WKUHH�\RXQJ�LQVWUXPHQWDOLVWV��0XVLF (GXFDWLRQ�5HVHDUFK�������±���

3ULYLWHUD��*��-����������(VVHQWLDO�VWDWLVWLFV�IRU�WKH�EHKDYLRUDO�VFLHQFHV��7KRXVDQG�2DNV��&$��
6DJH�

4XDOWULFV�/DEV��,QF����������KWWS���ZZZ�TXDOULFV�FRP��3URYR��87��4XDOWULFV�/DEV��,QF�
5RKZHU��'���	�3RON��-����������3UDFWLFH EHKDYLRUV�RI�HLJKWK�JUDGH�LQVWUXPHQWDO�PXVLFLDQV��

-RXUQDO� RI� 5HVHDUFK� LQ� 0XVLF� (GXFDWLRQ�� ���� ���±����� GRL� ��������
������������������

5RVHQWKDO��5��.���:LOVRQ��0��� (YDQV��0���	�*UHHQZDOW�� /�� ��������(IIHFWV� RI� GLIIHUHQW�
SUDFWLFH�FRQGLWLRQV�RQ�DGYDQFHG�LQVWUXPHQWDOLVWV¶�SHUIRUPDQFH�DFFXUDF\��-RXUQDO�RI�
5HVHDUFK�LQ�0XVLF�(GXFDWLRQ���������±�����GRL����������������

5RVV��6��/����������7KH�HIIHFWLYHQHVV�RI�PHQWDO�SUDFWLFH�LQ�LPSURYLQJ�WKH�SHUIRUPDQFH�RI�
FROOHJH� WURPERQLQVWV�� -RXUQDO� RI� 5HVHDUFK� LQ� 0XVLF� (GXFDWLRQ�� ���� ���±�����
GRL����������������

6LNHV��3��/����������7KH�HIIHFWV�RI�VSHFLILF�SUDFWLFH�VWUDWHJ\�XVH�RQ�XQLYHUVLW\�VWULQJ�SOD\HUV
�
SHUIRUPDQFH�� -RXUQDO� RI� 5HVHDUFK� LQ�0XVLF�(GXFDWLRQ������ ���±����� GRL���������
����������������

6PLWK��%��3����������*RDO�RULHQWDWLRQ��LPSOLFLW�WKHRU\�RI�DELOLW\��DQG�FROOHJLDWH�LQVWUXPHQWDO�
SUDFWLFH��3V\FKRORJ\�RI�0XVLF�����������±����GRL��������������������������

6WLYHUV��-��'����������$�UHOLDELOLW\�DQG�YDOLGLW\�VWXG\�RI�WKH�:DWNLQV�)DUQXP�SHUIRUPDQFH�
VFDOH���'RFWRUDO�'LVVHUWDWLRQ��8QLYHUVLW\�RI�,OOLQRLV�DW�8UEDQD�&KDPSDLJQ�� 3UR4XHVW�
'LVVHUWDWLRQV�DQG�7KHVHV���$FFHVVLRQ�2UGHU�1R����������

:DWNLQV��-��*����������2EMHFWLYH�PHDVXUHPHQW�RI�LQVWUXPHQWDO�SHUIRUPDQFH��1HZ�<RUN��
7HDFKHUV�&ROOHJH�%XUHDX�RI�3XEOLFDWLRQV��&ROXPELD�8QLYHUVLW\�

:DWNLQV��-��*���	�)DUQXP��6��(����������7KH�:DWNLQV�)DUQXP�3HUIRUPDQFH�6FDOH��)RUP�$��
0LOZDXNHH��:,��+DO�/HRQDUG�

:LOOLDPRQ�� $��� 	� 9DOHQWLQH�� (�� �������� 4XDQWLW\� DQG� TXDOLW\� RI� PXVLFDO� SUDFWLFH� DV�
SUHGLFWRUV�RI�SHUIRUPDQFH�TXDOLW\��%ULWLVK�-RXUQDO�RI�3V\FKRORJ\���������±���� GRL��
�����������������������

=LPPHUPDQ�� %�� -�� �������� %HFRPLQJ� D� VHOI�UHJXODWHG� OHDUQHU�� :KLFK� DUH� WKH� NH\�
VXESURFHVVHV"�&RQWHPSRUDU\�(GXFDWLRQDO�3V\FKRORJ\���������±����



0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ��1R�����������������
������ 0LVVRXUL�0XVLF�(GXFDWRUV¶ $VVRFLDWLRQ

$�'HVFULSWLRQ�RI�6LJKW�VLQJLQJ�3UDFWLFHV�LQ�$UNDQVDV�
6HFRQGDU\�&KRUDO�3URJUDPV

5\DQ�$��)LVKHU�DQG�1DQF\�/��6XPPLWW�
8QLYHUVLW\�RI�0HPSKLV

/HVO\Q�-DFNV�
.DW\�(OHPHQWDU\�6FKRRO

6LJKW�VLQJLQJ�FRQWLQXHV�WR�EH�DQ�HVVHQWLDO�VNLOO�XVHG�LQ�WKH�FKRUDO�HGXFDWLRQ�VHWWLQJ�
DV� HYLGHQFHG� E\� WKH� LQFOXVLRQ� RI� UHDGLQJ� QRWDWLRQ� LQ� WKH� RULJLQDO� 1DWLRQDO�
6WDQGDUGV�IRU�0XVLF�(GXFDWLRQ��������DQG�WKH�QHZ�1DWLRQDO�&RUH�$UWV�6WDQGDUGV�
���������7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHVFULEH�FXUUHQW�VLJKW�UHDGLQJ�SUDFWLFHV�
RI�PLGGOH�VFKRRO��MXQLRU�KLJK��DQG�KLJK�VFKRRO�FKRUDO GLUHFWRUV�FXUUHQWO\�WHDFKLQJ�
LQ� XUEDQ�� VXEXUEDQ�� DQG� UXUDO� GLVWULFWV� LQ� $UNDQVDV�� 3DUWLFLSDQWV� �1 �����
FRPSOHWHG�D�VXUYH\�WKURXJK�6XUYH\0RQNH\��ZKLFK�LQYHVWLJDWHG�WKH�SDUWLFLSDQWV¶�
VFKRRO�GHPRJUDSKLFV��WKH�DPRXQW�RI�WLPH�VSHQW�HDFK�GD\�LQ�VLJKW�VLQJLQJ��DQG�WKH�
PHWKRGV�XVHG� WR� WHDFK� VWXGHQWV� WR� VLJKW�VLQJ��)LQGLQJV� UHYHDOHG� WKDW� ������RI�
FKRLU�GLUHFWRUV�KDG�VWXGHQWV�XVH�PRYHDEOH�GR�VROIHJH�WR�VLJKW�VLQJ�DQG�����XVHG�
WKH� QXPEHU� V\VWHP� ZKLOH� VLJKW�VLQJLQJ�� 7KH� PRVW� IUHTXHQWO\� UHSRUWHG� UK\WKP�
UHDGLQJ�V\VWHP�XVHG�E\�SDUWLFLSDQWV�ZDV�WUDGLWLRQDO�EHDW�EDVHG�FRXQWLQJ����������
7KH�PDMRULW\�RI�SDUWLFLSDQWV�UHSRUWHG�VSHQGLQJ�����GD\V�D�ZHHN�VLJKW�VLQJLQJ��7KH�
PHDQ�SHUFHQWDJH�RI�FODVV�WLPH�VSHQW�VLJKW�VLQJLQJ�SHU�UHKHDUVDO�ZDV���������6'�
 �������
BBBBBBBBBB

6LJKW�VLQJLQJ� LV� DQ� LPSRUWDQW� VNLOO� WKDW� VKRXOG� EH� GHYHORSHG� LQ� WKH� FKRUDO�
FODVVURRP� DV� HYLGHQFHG� E\� LWV� LQFOXVLRQ� LQ� WKH� 1DWLRQDO� 6WDQGDUGV� IRU� 0XVLF�
(GXFDWLRQ� �0(1&�� ������ DQG�1DWLRQDO� &RUH�$UWV� 6WDQGDUGV� �1&&$6�� �������
0DQ\�VWDWH�FKRUDO�IHVWLYDOV�DOVR�LQFOXGH�JURXS�VLJKW�VLQJLQJ�DV�SDUW�RI�DGMXGLFDWHG�
FRPSHWLWLRQV� �1RUULV�� ������� +HQU\� ������� GHILQHG� VLJKW�UHDGLQJ� DV� ³«WKH�
VLQJLQJ�RI�SLWFKHV�LQGLFDWHG�E\�QRWDWLRQ�XSRQ�LQLWLDO�SUHVHQWDWLRQ´��S�������

1XPHURXV� UHVHDUFKHUV� KDYH� H[SORUHG� PHDQV� RI� LPSDFWLQJ� VLJKW�UHDGLQJ�
DFFXUDF\��WKH�HIIHFW�RI�SLDQR�RU�RWKHU�LQVWUXPHQWDO�OHVVRQV��$OH[DQGHU�	�+HQU\��
������+HQU\��������+HQU\�	�'HPRUHVW��������.LOOLDQ�	�+HQU\���������FXUUHQW�
SUDFWLFHV�LQ�VSHFLILF�VWDWHV�RU�UHJLRQV�RI�WKH�FRXQWU\��*RVV��������-RKQVRQ��������
.XHKQ�� ������ .XHKQH�� ������0F&OXQJ�� ������ 3RWWV�� ������� DQG� WKH� HIIHFW� RI�
YDULRXV�VLJKW�VLQJLQJ�V\VWHPV��.XHKQH��������0F&OXQJ���������+RZHYHU��UHVXOWV�
UHSRUWLQJ�WKH�LPSDFW�RI�VLJKW�VLQJLQJ�V\VWHPV�RQ�VLJKW�UHDGLQJ�DFKLHYHPHQW�KDYH�
EHHQ�LQFRQFOXVLYH�

7R�GHYHORS�VLJKW�VLQJLQJ�VNLOOV�LQ�FKRUDO�VWXGHQWV��HGXFDWRUV�FDQ�FKRRVH�IURP�
DPRQJ�VHYHUDO�VLJKW�VLQJLQJ�V\OODEOH�V\VWHPV��VXFK�DV�PRYHDEOH�GR VROIHJH��IL[HG�
GR�VROIHJH��QXPEHUV��RU�QHXWUDO�V\OODEOHV��.LOOLDQ�	�+HQU\���������0RGHUQ�VROIHJH�



�� 0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ

V\VWHPV�FRQVLVW�RI�VHYHQ�V\OODEOHV�LQ�WKH�VFDOH�WKDW�DOORZ�IRU�DFFLGHQWDOV�E\�VLPSO\�
FKDQJLQJ�WKH�YRZHO�VRXQG�RI�WKH�V\OODEOH��ZLWKLQ�WKH�QXPEHU�V\VWHP��VRPH�DUJXH�
WKHUH� LV� QR� HDV\� ZD\� WR� GHVLJQDWH� FKURPDWLF� QRWHV� �%URZQ�� ������ 7DJJDUW� 	�
7DJJDUW���������+RZHYHU��VRPH�VFKRODUV�KDYH�GHYHORSHG�QXPEHU�V\OODEOHV��H�J���
VD\[�ZRXOG�GHQRWH�D�UDLVHG�VL[��DVVRFLDWHG�ZLWK�FKURPDWLF�SLWFKHV��6KRUW���������
,Q�D�PRYHDEOH�GR VROIHJH�RU�QXPEHU�V\VWHP��WKH�WRQLF�QRWH�RI�D�VFDOH�LV�GHVLJQDWHG�
ZLWK�WKH�V\OODEOH�GR RU�QXPEHU����DQG�LQ�D�IL[HG�GR V\VWHP��GR LV�DOZD\V�WKH�QRWH�
³&´� UHJDUGOHVV� RI� WKH� NH\� VLJQDWXUH� �'HPRUHVW� 	�0D\�� ������� 7KRXJK� VRPH�
HGXFDWRUV�SUHIHU�WKH�VROIHJH�V\VWHP�EHFDXVH�LW�XVHV�PRQRV\OODELF�SKRQHPHV��SXUH�
YRZHOV��DQG�KDV�QR�HQGLQJ�FRQVRQDQWV��6PLWK� ������7DJJDUW�	�7DJJDUW���������
WKH�QXPEHU�V\VWHP�KDV�WKH�EHQHILW�RI�HPSKDVL]LQJ�VFDOH�GHJUHHV��%URZQ��������
7DJJDUW�	�7DJJDUW���������7KH�XVH�RI�KDQG�PRYHPHQWV�WR�KHOS�WHDFK�VLJKW�VLQJLQJ�
LV�SUHVHQW�WRGD\�LQ�WKH�&XUZHQ�KDQG�VLJQV��0DUWLQ���������6RPH�FKRUDO�GLUHFWRUV�
KDYH�VWXGHQWV�VLJKW�VLQJ�RQ�D�QHXWUDO�V\OODEOH��H�J���³ODK´��³ORR´���,Q�WKH�QHXWUDO�
V\OODEOH�VLJKW�VLQJLQJ�PHWKRG��QR�VSHFLILF�V\OODEOH�LV�DVVLJQHG�WR�GLIIHUHQW�SLWFKHV��
KRZHYHU��&DVVLG\��������IRXQG� WKH�XVH�RI�QHXWUDO�V\OODEOHV� WR�EH� OHVV�HIIHFWLYH�
WKDQ�WKH�XVH�RI�VROIHJH��

(DFK�VLJKW�VLQJLQJ�PHWKRG�KDV�GLIIHUHQW�VWUHQJWKV�DQG�ZHDNQHVVHV��PDNLQJ�LW�
GLIILFXOW�WR�VD\�WKDW�DQ\�RQH�PHWKRG�LV�FRQFOXVLYHO\�EHWWHU�WKDQ�DQRWKHU��0F&OXQJ��
������� &DVVLG\� ������� IRXQG� WKDW� ZKHQ� HOHPHQWDU\� HGXFDWLRQ� XQGHUJUDGXDWH�
VWXGHQWV� ZRUNHG� WR� LPSURYH� WKHLU� VLJKW�VLQJLQJ� XVLQJ� VROPL]DWLRQ� PHWKRGV�
�VROIHJH�� VROIHJH� SOXV�&XUZHQ� KDQG� VLJQV�� OHWWHU� QDPHV�� DQG� QHXWUDO� V\OODEOHV���
WKHUH� ZDV� LPSURYHPHQW� EHWZHHQ� SUH� DQG� SRVW�WHVW� VLJKW�VLQJLQJ� DFFXUDF\��
5HVHDUFK�ILQGLQJV�LQGLFDWH�WKDW��UHJDUGOHVV�RI�WKH�V\VWHP�XVHG��VHFRQGDU\�VWXGHQWV�
ZHUH�PRVW�VXFFHVVIXO�LQ�VLJKW�VLQJLQJ�ZKHQ�RQH�PHWKRG�ZDV�WDXJKW�FRQVLVWHQWO\�
�.XHKQH��������

5K\WKP� UHDGLQJ� LV� DQ� LPSRUWDQW� FRPSRQHQW� RI� VLJKW�UHDGLQJ� WKDW� UHTXLUHV�
GHYHORSPHQW� �%R\OH�� ������ (OOLRW�� ������� 0F3KHUVRQ� ������� IRXQG� WKDW� WKH
PDMRULW\� RI� EHJLQQLQJ� LQVWUXPHQWDO� VWXGHQWV¶� VLJKW�UHDGLQJ� HUURUV� WHQGHG� WR� EH�
UK\WKPLF�LQ�QDWXUH��6LPLODUO\��+HQU\��������IRXQG�FKRUDO�VWXGHQWV��ZKHQ�VLJKW�
VLQJLQJ��WHQGHG�WR�VDFULILFH�UK\WKPLF�DFFXUDF\�ZKHQ�IDFHG�ZLWK�D�WRQDO�FKDOOHQJH��
ZKLFK�PD\�LQGLFDWH�WKDW�FKRUDO�GLUHFWRUV�IRFXV�PRUH�RQ�WRQDO�UDWKHU�WKDQ�UK\WKP�
LQVWUXFWLRQ��0XVLF�HGXFDWRUV�XVH�YDULRXV�UK\WKPLF�V\OODEOH�V\VWHPV�WR�DLG�LQ�VLJKW�
UHDGLQJ� SHUIRUPDQFH�� &KHYp� �.RGiO\�� UK\WKP� V\OODEOHV�� WUDGLWLRQDO� EHDW�EDVHG�
FRXQWLQJ�� )URVHWK�*RUGRQ� V\OODEOHV�� DQG� ZRUG� V\OODEOHV� DV� XVHG� LQ� 2UII�
6FKXOZHUN��7KHUH�LV�VFDQW�UHVHDUFK�RQ�WKH�XVH�RI�UK\WKP�V\OODEOHV�LQ�WKH�FKRUDO�
FODVVURRP�

'XH� WR� WKH� LPSRUWDQFH� RI� LQFOXGLQJ� VLJKW�VLQJLQJ� LQVWUXFWLRQ� LQ� FKRUDO�
UHKHDUVDOV��LW�PD\�SURYH�LQVWUXFWLYH�WR�H[DPLQH�PXVLF�HGXFDWRUV¶�FRPPRQ�VLJKW�
VLQJLQJ� LQVWUXFWLRQ� SUDFWLFHV�� $XUDO� WKHRU\� SURIHVVRUV�� PHWKRGV� WHDFKHUV�� DQG�
PXVLF�SURIHVVLRQDO� GHYHORSPHQW�ZRUNVKRSV� LPSDFW� FKRUDO� HGXFDWRUV¶� SUHIHUUHG�
VLJKWUHDGLQJ�PHWKRG��.XHKQH��������.XHKQH���������,Q�IDFW��)OR\G�DQG�%UDGOH\�
�������IRXQG�WKDW�SURIHVVLRQDO�GHYHORSPHQW�KDG�D�JUHDWHU�LPSDFW�RQ��������RI�
FKRUDO�HGXFDWRUV¶�FKRLFH�RI�VLJKW�VLQJLQJ�PHWKRGV�WKDQ�PXVLF�HGXFDWLRQ�PHWKRGV�
FODVVHV�RU�PXVLF�WKHRU\�FODVVHV��$�VXUYH\�RI�$UL]RQD�FKRUDO�HGXFDWRUV�LQGLFDWHG�
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WKDW� FROOHJH� FODVVHV� GLG� QRW� DGHTXDWHO\� SUHSDUH� WKHP� WR� WHDFK� VLJKW�VLQJLQJ�
�)DUHQJD���������.XHKQH��������IRXQG�WKDW�FKRUDO�WHDFKHUV�LQ�DW�ULVN�VFKRROV�ZHUH�
PRUH�OLNHO\�WR�FRQVLGHU�WKHLU�DXUDO�WKHRU\�SURIHVVRUV�WR�EH�PRUH�LQIOXHQWLDO�WKDQ�
FKRUDO� WHDFKHUV� LQ� VFKRROV� QRW� DW� ULVN��.XHKQH� ������� UHSRUWHG� WKDW� �������RI�
FKRUDO�HGXFDWRUV�LQ�)ORULGD�SUDFWLFHG�VLJKW�VLQJLQJ�HYHU\�UHKHDUVDO��DOWKRXJK�IRU�
����RI�FKRUDO�HGXFDWRUV��WKH�SXUSRVH�RI�VLJKW�VLQJLQJ�LQVWUXFWLRQ�ZDV�SULPDULO\�
IRU� FRQWHVW� SUHSDUDWLRQ�� $GGLWLRQDOO\�� ������� RI� WKRVH� GLUHFWRUV� WDXJKW� VLJKW�
VLQJLQJ� WR� DOO� RI� WKHLU� FKRLUV�� QRW� MXVW� KLJK� VFKRRO� VWXGHQWV� �.XHKQH�� �������
.XHKQH¶V� UHVXOWV� DUH� FRQJUXHQW� ZLWK�'HPRUHVW¶V� ILQGLQJV� WKDW� FKRUDO� GLUHFWRUV�
WHDFK� VLJKW�VLQJLQJ� WR� DOO� JUDGH� OHYHOV� RI� FKRUDO� HQVHPEOHV� �'HPRUHVW�� �������
)DUHQJD� ������� IRXQG� WKDW� ���� RI� UHVSRQGHQWV� WR� D� VXUYH\� RI� $UL]RQD� FKRUDO�
HGXFDWRUV¶�VLJKW�VLQJLQJ�SUDFWLFHV�WDXJKW�VLJKW�VLQJLQJ�IRXU�RU�ILYH�GD\V�D�ZHHN��
UHVSRQGHQWV¶�PHDQ�QXPEHU�RI�UHKHDUVDOV�LQ�ZKLFK�VLJKW�VLQJLQJ�ZDV�WDXJKW�HDFK�
ZHHN�ZDV�������7KH�PHDQ�QXPEHU�RI�PLQXWHV�SHU�ZHHN�$UL]RQD�FKRUDO�HGXFDWRUV�
UHSRUWHG�GHYRWLQJ�WR�VLJKW�VLQJLQJ�ZDV�������PLQXWHV��)DUHQJD��������

5HVHDUFK� ILQGLQJV� KDYH� DOVR� VKRZQ� WKDW� WKH� SHUFHQWDJH� RI� FODVV� WLPH� WKDW�
FKRUDO�HGXFDWRUV�GHYRWH�WR�VLJKW�VLQJLQJ�SHU�GD\�YDULHV��0D\��������DQG�6PLWK�
�������IRXQG�WKDW�PRVW�RI�WKHLU�SDUWLFLSDQWV�VSHQW������PLQXWHV�SHU�UHKHDUVDO�RQ�
VLJKW�VLQJLQJ��ZKHUHDV�'HPRUHVW��������LQGLFDWHG�WKDW�SDUWLFLSDQWV�VSHQW�RYHU���
PLQXWHV�VLJKW�VLQJLQJ�SHU�UHKHDUVDO��'DQLHOV��������DQG�)OR\G�DQG�%UDGOH\��������
ERWK�IRXQG�SDUWLFLSDQWV�VSHQW�RYHU�����RI�WKHLU�UHKHDUVDO� WLPH�RQ�VLJKW�VLQJLQJ�
DFWLYLWLHV�� .XHKQH� ������� UHSRUWHG� WKDW� ������� RI� WKH� ���� FKRUDO� HGXFDWRU�
SDUWLFLSDQWV� IURP� )ORULGD� VSHQW� ����� PLQXWHV� RQ� VLJKWUHDGLQJ�� ������� VSHQW�
������ PLQXWHV�� DQG� ������� VSHQW� ������ PLQXWHV�� %UHQGHOO� ������� GLVFRYHUHG�
FKRUDO�GLUHFWRUV�VSHQW�DQ�DYHUDJH�RI��������RI�FODVV�WLPH�RQ�VLJKW�VLQJLQJ�

6HYHUDO�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�WKH�VLJKW�VLQJLQJ�PHWKRGV�SUHIHUUHG�
E\� FKRUDO� GLUHFWRUV� RI� YDULRXV� VWDWHV� DQG� UHJLRQV��$�PDMRULW\�RI�)ORULGD� FKRUDO�
HGXFDWRUV� SDUWLFLSDWLQJ� LQ� D� VXUYH\�RI� VLJKW�VLQJLQJ�SUDFWLFHV� VWURQJO\�EHOLHYHG�
WKDW�WKH�PRYHDEOH�GR VLJKW�VLQJLQJ�V\VWHP�VKRXOG�EH�XVHG�DQG�WKDW�&XUZHQ�KDQG�
VLJQV�DUH�YDOXDEOH�LQ�WHDFKLQJ�VLJKW�VLQJLQJ��.XHKQH���������.XHKQH��������IRXQG�
WKDW�RQH�WKLUG�RI�WKH�����)ORULGD�FKRUDO�HGXFDWRUV�VXUYH\HG�WHQGHG�WR�XVH�.RGiO\�
WHDFKLQJ�WHFKQLTXHV��6XUYH\�ILQGLQJV�RI�WZHQW\�IRXU�H[SHULHQFHG�.HQWXFN\�FKRUDO�
HGXFDWRUV�LQGLFDWHG�WKDW�����RI�UHVSRQGHQWV�SUHIHUUHG�PRYHDEOH�GR��������XVHG�
QXPEHUV�� ������ FRPELQHG� PRYHDEOH� GR DQG� QXPEHUV�� DQG� ������� XVHG� D�
FRPELQDWLRQ�RI�PRYHDEOH�GR��QXPEHUV��DQG�OHWWHU�QDPHV��)OR\G�	�%UDGOH\���������
$SSUR[LPDWHO\� ����RI�7H[DV� FKRUDO� HGXFDWRUV� SDUWLFLSDWLQJ� LQ� D� VLJKW�VLQJLQJ�
VXUYH\� XVHG� PRYHDEOH� GR�� ������ XVHG� QXPEHUV�� DQG� ������ XVHG� IL[HG� GR
�0D\�� �������)DUHQJD� ������� DOVR� IRXQG� WKDW� ����RI� VXUYH\HG�$UL]RQD� FKRUDO�
HGXFDWRUV�UHSRUWHG�XVLQJ�PRYHDEOH��2I�UHVSRQGHQWV�XVLQJ�PRYHDEOH�GR������XVHG�
OD�EDVHG�PLQRU� DQG�����XVHG�GR�EDVHG�PLQRU��)DUHQJD���������0F&OXQJ��������
VWXGLHG� WKH� SUHIHUUHG� VLJKW�VLQJLQJ� PHWKRG� XWLOL]HG� E\� FKRUDO� HGXFDWRUV� LQ� VL[�
VRXWKHDVWHUQ� VWDWHV� �LQFOXGLQJ�$UNDQVDV���7KH� UHVXOWV� LQGLFDWHG� WKDW�����RI� WKH�
UHVSRQGHQWV�XVHG�WKH�QXPEHU�V\VWHP������XVHG�PRYHDEOH�GR������XVHG�QHXWUDO�
V\OODEOHV�� ��� XVHG� IL[HG� GR�� DQG� ��� XVHG� D� GLIIHUHQW� VLJKW�VLQJLQJ� PHWKRG��
,VRODWLQJ�WKH�SUDFWLFHV�RI�FKRUDO�HGXFDWRUV�LQ�$UNDQVDV������RI�WKH�SDUWLFLSDQWV�
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UHSRUWHG�XVLQJ�QXPEHUV�����XVHG�PRYHDEOH�GR�����XVHG�QHXWUDO� V\OODEOHV�����
XVHG IL[HG� GR�� DQG� ��� XVHG� D� GLIIHUHQW� V\VWHP� �0F&OXQJ�� ������� +RZHYHU��
0F&OXQJ¶V�VDPSOH�ZDV�GUDZQ�IURP�VWXGHQWV�ZKR�ZHUH�SDUWLFLSDWLQJ�LQ�$OO�6WDWH�
FKRLUV�� 7KLV� VDPSOH�PD\� QRW� KDYH� SURYLGHG� DQ� DFFXUDWH� YLHZ� RI� VLJKW�VLQJLQJ�
PHWKRGV� XVHG� LQ� URXWLQH� VHWWLQJV� VLQFH� PDQ\� VFKRROV� KDYH� OLWWOH� RU� QR�
UHSUHVHQWDWLRQ�LQ�$OO�6WDWH�FKRUXVHV��$GGLWLRQDOO\��WKHUH�PD\�KDYH�EHHQ�FKDQJHV�
LQ�WKH�ZD\�WKDW�FKRUDO�HGXFDWRUV�DSSURDFK�VLJKW�VLQJLQJ�VLQFH�������7KH�SXUSRVH�
RI�WKLV�VWXG\�ZDV�WR�GHVFULEH�FXUUHQW�VLJKW�VLQJLQJ�SUDFWLFHV LQ�$UNDQVDV�VHFRQGDU\�
FKRUDO�SURJUDPV�

0HWKRG

6DPSOH

3DUWLFLSDQWV��1  ������ZHUH�FKRLU�GLUHFWRUV�RI�PLGGOH�VFKRRO�RU�MXQLRU�KLJK�
FKRLUV��Q  ������KLJK�VFKRRO�FKRLUV��Q  ������DQG�PLGGOH�VFKRRO�MXQLRU�KLJK�SOXV�
KLJK� VFKRRO� FKRLUV� �Q  � ���� FXUUHQWO\� WHDFKLQJ� LQ� XUEDQ� �Q�  � ����� VXEXUEDQ�
�Q� � ����� DQG� UXUDO� �Q� � ���� GLVWULFWV� LQ� $UNDQVDV�� ���� SDUWLFLSDQWV� EHJDQ� WKH�
VXUYH\��EXW���GLG�QRW�FRPSOHWH�WKH�IXOO�VXUYH\��*UDGH�OHYHOV�WDXJKW�UDQJHG�IURP�
VL[WK� JUDGH� WR� WZHOIWK� JUDGH�� 7KH� SDUWLFLSDQWV� KDG� DQ� DYHUDJH� RI� ������ \HDUV�
�6'  � ������� RI� WHDFKLQJ� H[SHULHQFH� DQG� UDQJHG� IURP� ILUVW� \HDU� WHDFKHUV� WR�
WHDFKHUV� ZLWK� ��� \HDUV� RI� H[SHULHQFH�� 7KH� OLVW� RI� WHDFKHU� HPDLO� DGGUHVVHV� ZDV�
UHWULHYHG�IURP�D�VWDWH�FKRUDO�GLUHFWRU�DVVRFLDWLRQ�GLUHFWRU\��2XW�RI�����HPDLOV�VHQW�
WR� FKRUDO� GLUHFWRUV� OLVWHG� LQ� WKH� GLUHFWRU\�� ���� FKRLU� GLUHFWRUV� UHVSRQGHG� WR� DOO�
TXHVWLRQV�LQ�WKH�VXUYH\������UHVSRQVH�UDWH���%HFDXVH�RI�WKH�ORZ�UHVSRQVH�UDWH��
ILQGLQJV�VKRXOG�QRW�EH�JHQHUDOL]HG�DQG�PD\�QRW�EH�D�WUXH�LQGLFDWLRQ�RI�WKH�VLJKW�
VLQJLQJ�SUDFWLFHV�RI�DOO�FKRLU�GLUHFWRUV�LQ�WKH�VWDWH��

3URFHGXUH

3DUWLFLSDQWV�ZHUH� VHQW� DQ� HPDLO� LQYLWDWLRQ� WR� SDUWLFLSDWH� LQ� DQ� ��� TXHVWLRQ�
RQOLQH�VXUYH\�YLD�6XUYH\0RQNH\��$IWHU�WKUHH�ZHHNV��D�VHFRQG�HPDLO�ZDV�VHQW�WR�
WKH�SDUWLFLSDQWV�ZKR�KDG�QRW�\HW�UHVSRQGHG�WR�UHPLQG�WKHP�RI�WKH�VXUYH\��$�ILQDO�
QRWLFH�ZDV�VHQW�DIWHU�DQ�DGGLWLRQDO�WKUHH�ZHHNV��DVNLQJ�SDUWLFLSDQWV�ZKR�VWLOO�KDG�
QRW�UHVSRQGHG�WR�GR�VR�E\�WKH�HQG�RI�WKH�IROORZLQJ�ZHHN��

7KH� VXUYH\� LQFOXGHG� GHPRJUDSKLF� TXHVWLRQV� VXFK� DV� JUDGHV� WDXJKW DQG�
QXPEHU� RI� \HDUV� RI� WHDFKLQJ� H[SHULHQFH�� 7KH� VHFRQG� VHW� RI� TXHVWLRQV� DVNHG�
SDUWLFLSDQWV�KRZ�PXFK�WLPH�WKH\�GHYRWHG�WR�VLJKW�VLQJLQJ�LQ�HDFK�FODVV��DQG�WKH�
PHWKRGV� WKDW� WKH\� W\SLFDOO\� XVHG�� 4XHVWLRQV� ZHUH� DVNHG� DERXW� UK\WKPLF� �H�J���
WUDGLWLRQDO� EHDW�EDVHG�� &KHYp� PHWKRG�� *RUGRQ� PHWKRG�� DQG� PHORGLF� UHDGLQJ�
V\VWHPV��L�H���VROIHJH�V\OODEOHV��QXPEHUV�IRU�SLWFKHV��RU�XVLQJ�QHXWUDO�V\OODEOHV���
5HVSRQGHQWV� FRXOG� VHOHFW� IURP�YDULRXV� FKRLFHV� RU� HQWHU� ³RWKHU´� LQ�ZKLFK� WKH\�
FRXOG�W\SH�LQ�WKH�XQOLVWHG�PHWKRG�WKH\�XVHG��7HDFKHUV�ZHUH�DOVR�DVNHG�WR�W\SH�DQ\�
DGGLWLRQDO�FRPPHQWV�WKH\�ZLVKHG�WR�PDNH�DERXW�WHDFKLQJ�VLJKW�VLQJLQJ��
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'DWD�$QDO\VLV

7KH�GDWD�ZHUH�FRPSLOHG�EDVHG�RQ�WKH�UHVSRQVHV�WR�WKH�VXUYH\��7KH�PHDQ�DQG�
VWDQGDUG�GHYLDWLRQ�ZDV�FDOFXODWHG�IRU� WKH�GD\V�VSHQW� WHDFKLQJ�VLJKW�VLQJLQJ�SHU�
ZHHN�� 3HUFHQWDJHV� ZHUH� FDOFXODWHG� IRU� VLJKW�VLQJLQJ� PHWKRG�� WKH� XVH� RI� KDQG�
VLJQV�� DQG� UK\WKP� UHDGLQJ� PHWKRG� XVHG�� &RQWHQW� DQDO\VLV� ZDV� XVHG� WR� FRGH�
UHVSRQVHV� RI� WKH� RSHQ�HQGHG� SURPSW� LQ� ZKLFK� SDUWLFLSDQWV� FRXOG� W\SH� LQ� WKHLU�
FRPPHQWV�UHJDUGLQJ�VLJKW�VLQJLQJ�LQ�FKRLU��VLPLODU�WR�WKH�SURFHVV�XVHG�E\�6LOYH\�
DQG�)LVKHU���������7KH�FRPPHQWV�ZHUH�JURXSHG�LQWR�VL[�FDWHJRULHV�EDVHG�RQ�WKH�
FRQWHQW�RI�WKH�FRPPHQWV��VLJKW�VLQJLQJ�LPSRUWDQFH��VLJKW�VLQJLQJ�PDWHULDOV��VLJKW�
VLQJLQJ� V\VWHP�� FRPSHWLWLRQ�� SURIHVVLRQDO� GHYHORSPHQW�� DQG� PLVFHOODQHRXV��
7ZR�RI� WKH� UHVHDUFKHUV� LQGHSHQGHQWO\� FRGHG� WKH� UHVSRQVHV� WR� HQVXUH� DFFXUDF\��
\LHOGLQJ�����DJUHHPHQW�

5HVXOWV

5HVSRQVHV� WR� WKH�TXHVWLRQ�³+RZ�PDQ\�GD\V�D�ZHHN�GR�\RX� W\SLFDOO\�KDYH�
\RXU�FKRLU�VWXGHQWV�VLJKW�VLQJ"´�UHYHDOHG�WKDW�������RI�WHDFKHUV�LQFOXGHG�VLJKW�
VLQJLQJ�DFWLYLWLHV���GD\V�D�ZHHN����������GD\V�D�ZHHN����������GD\V�D�ZHHN��
��������GD\V�D�ZHHN��DQG��������GD\�D�ZHHN��2Q�DYHUDJH��SDUWLFLSDQWV�UHSRUWHG�
VSHQGLQJ� ������� �6'  � ������ RI� UHKHDUVDO� WLPH� RQ� VLJKW�VLQJLQJ� SHU� GD\��
5HVSRQVHV� UDQJHG� IURP� �� ± ���� RI� UHKHDUVDO� WLPH� GHYRWHG� WR� VLJKW�VLQJLQJ�
DFWLYLWLHV�� $V� )LJXUH� �� VKRZV�� SDUWLFLSDQWV� UHSRUWHG� VSHQGLQJ� WKH� IROORZLQJ�
SHUFHQWDJH�RI�UHKHDUVDO�WLPH�RQ�VLJKW�VLQJLQJ�������������RI�UHVSRQGHQWV������
���������RI�UHVSRQGHQWV��������������RI�UHVSRQGHQWV���DQG�PRUH�WKDQ���������
RI�UHVSRQGHQWV���0RUH�WKDQ�����RI�SDUWLFLSDQWV�UHSRUWHG�VSHQGLQJ�����RU�JUHDWHU�
RI� FODVV� WLPH� RQ� VLJKW�VLQJLQJ� DFWLYLWLHV�� � $SSUR[LPDWHO\� ���� RI� SDUWLFLSDQWV�
UHSRUWHG�VSHQGLQJ�EHWZHHQ�������RI�UHKHDUVDO�RQ�VLJKW�VLQJLQJ�DFWLYLWLHV�

)LJXUH�����6HOI�UHSRUWHG�SHUFHQW�RI�UHKHDUVDO�WLPH�VSHQW�RQ�VLJKW�VLQJLQJ�
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5HKHDUVDO�7LPH�6SHQW�RQ�6LJKW�VLQJLQJ�E\�5HVSRQGHQWV

3HUFHQW�RI�5HKHDUVDO
7LPH�6SHQW�RQ�6LJKW�
VLQJLQJ�E\�$UNDQVDV
&KRUDO�(GXFDWRUV
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,Q�UHVSRQVH�WR�ZKLFK�WRQDO�V\VWHP�SDUWLFLSDQWV�KDG�VWXGHQWV�XVH�ZKHQ�VLJKW�
VLQJLQJ��PRUH� WKDQ�����UHSRUWHG� WKH�XVH�RI�PRYHDEOH�GR��$SSUR[LPDWHO\�����
UHSRUWHG�XVLQJ�QXPEHUV�����IL[HG�GR�����QHXWUDO�V\OODEOH��DQG����XVHG�WZR�RU�
PRUH�V\VWHPV��SULPDULO\�PRYHDEOH�GR DQG�QXPEHUV���2I�WKRVH�ZKR�UHSRUWHG�XVLQJ�
IL[HG�RU�PRYHDEOH�GR������UHSRUWHG�LQFOXGLQJ�&XUZHQ�KDQG�VLJQV�

7KH�PRVW�IUHTXHQWO\�UHSRUWHG�UK\WKP�UHDGLQJ�V\VWHP�XVHG�E\�SDUWLFLSDQWV�ZDV�
WUDGLWLRQDO� EHDW�EDVHG� FRXQWLQJ� ��������� $SSUR[LPDWHO\� ���� RI� SDUWLFLSDQWV�
UHSRUWHG�XVLQJ�&KHYp��.RGiO\��UK\WKP�V\OODEOHV�DQG����XVHG�QR�FRXQWLQJ�V\VWHP��
)RXUWHHQ�SDUWLFLSDQWV�VHOHFWHG�³RWKHU´�ZLWK�WKH�PDMRULW\�RI�UHVSRQVHV�UHIHUHQFLQJ�
WKH�XVH�RI�PXOWLSOH�V\VWHPV��L�H���VWDUWLQJ�ZLWK�&KHYp�V\OODEOHV�ZLWK�PLGGOH�VFKRRO�
VWXGHQWV�DQG�VKLIWLQJ� WR� WUDGLWLRQDO�EHDW�EDVHG�FRXQWLQJ��RU� UK\WKP�V\VWHPV�QRW�
SURYLGHG� DV� RSWLRQV� �H�J��� (DVWPDQ� 6FKRRO� V\VWHP�� -RKQVWRQH� V\VWHP�� RU�
PRGLILFDWLRQV�RI�WUDGLWLRQDO�EHDW�EDVHG�FRXQWLQJ���2QH�UHVSRQGHQW�UHSRUWHG�XVLQJ�
³GRZQ��XS´�LQ�SODFH�RI�QXPEHUV�

3DUWLFLSDQWV�ZHUH�DOORZHG�WR�ZULWH�FRPPHQWV�DERXW�WHDFKLQJ�VLJKW�VLQJLQJ�DW�
WKH�HQG�RI�WKH�VXUYH\��DQG����RI�WKH�SDUWLFLSDQWV�UHVSRQGHG��7KHVH�FRPPHQWV�ZHUH�
DQDO\]HG�DQG�JURXSHG�LQWR�VL[�FDWHJRULHV�EDVHG�RQ�WKH�FRQWHQW�RI�WKH�FRPPHQWV��
VLJKW�VLQJLQJ� LPSRUWDQFH�� VLJKW�VLQJLQJ� PDWHULDOV�� VLJKW�VLQJLQJ� V\VWHP��
FRPSHWLWLRQ�� SURIHVVLRQDO� GHYHORSPHQW�� DQG� PLVFHOODQHRXV�� 6L[WHHQ� RI� WKH�
UHVSRQGHQWV¶�FRPPHQWV�UHIHUHQFHG�WKH�LPSRUWDQFH�RI�LQFRUSRUDWLQJ�VLJKW�VLQJLQJ�
LQWR� WKHLU� OHVVRQV�RQ�D� UHJXODU�EDVLV��2QH�RI� WKH�UHVSRQGHQWV�ZURWH� WKDW�³6LJKW�
UHDGLQJ�LV�YHU\�LPSRUWDQW�LQ�WUDLQLQJ�FKLOGUHQ�WR�VLQJ��6ROIHJH�UHTXLUHV�WKH�VWXGHQW�
WR� OLVWHQ�� OHDUQ� LQWHUYDOV�� DQG� KHOSV� WKH� VLQJHU� WR� WXQH�PRUH� DFFXUDWHO\�� 6WURQJ�
VLJKW�UHDGHUV� PDNH� IRU� VWURQJHU� FKRLUV�´� $QRWKHU� WHDFKHU� LQGLFDWHG� WKDW� ³«WR�
WHDFK� VLJKW�UHDGLQJ� LV� WR� JURZ� D� PXVLFLDQ�� $Q\WKLQJ� HOVH� LV� URWH� WHDFKLQJ�´�
1LQH� UHVSRQGHQWV� GLVFXVVHG� WKH� W\SHV�RI�PDWHULDOV� DQG� UHVRXUFHV� WKH\�XVHG� IRU�
WHDFKLQJ�VLJKW�VLQJLQJ��)RU�H[DPSOH��VRPH�UHVSRQGHQWV�FRPSRVHG�WKHLU�RZQ�VLJKW�
VLQJLQJ�PDWHULDOV��RU�XVHG�K\PQV��2QH�RI�WKHVH�WHDFKHUV�ZURWH��³,�ZRXOG�OLNH�WR�
KDYH�SUDFWLFH�VLJKW�UHDGLQJ�SLHFHV��SULRU�&3$�>&KRUDO�3HUIRUPDQFH�$VVHVVPHQW@�
SLHFHV��WR�XVH�ZLWK�P\�FKRLUV��NLQG�RI�OLNH��UHOHDVHG�LWHPV��IRU�VLJKW�UHDGLQJ�«��
,W� LV� WKH� IHDU� RI� WKH� XQNQRZQ� WKDW� JHWV� WR� ERWK� PH� DQG� P\� VWXGHQWV�´� 6HYHQ�
UHVSRQGHQWV¶� FRPPHQWV� IRFXVHG� RQ� WKH� VLJKW�VLQJLQJ� V\VWHP� WKH\� XVHG�� 2QH�
UHVSRQGHQW�ZURWH��³3LFN�D�SODQ�DQG�VWD\�ZLWK�LW�VR�WKDW�WKH�VWXGHQWV�H[SHFW�WR�GR�LW�
HYHU\�GD\�´�7ZR�UHVSRQGHQWV�DUWLFXODWHG�WKH�QHHG�IRU�SURIHVVLRQDO�GHYHORSPHQW�
LQ� VLJKW�VLQJLQJ��ZKHWKHU� IRU� WKHPVHOYHV�RU� IRU�QHZ� WHDFKHUV� LQ� WKH�SURIHVVLRQ��
7ZR�UHVSRQGHQWV�PHQWLRQHG�WKDW�WKH\�RQO\�VLJKW�VLQJ�WR�SUHSDUH�WKHLU�VWXGHQWV�IRU�
UHJLRQDO�DQG�VWDWH�FRPSHWLWLRQV�LQ�WKH�VSULQJ�VHPHVWHU��

,Q� DGGLWLRQ� WR� WKH� UHVSRQVHV� WKDW� DSSHDUHG� PXOWLSOH� WLPHV�� WKHUH� ZHUH� VL[�
PLVFHOODQHRXV�FRPPHQWV� UHJDUGLQJ� WKH�QDWXUH�RI� WHDFKLQJ�VLJKW�VLQJLQJ� LQ�YHU\�
GLIIHUHQW� VFKRROV��2QH� SDUWLFLSDQW�ZURWH� ³,� RQO\� KDYH� RQH� VWXGHQW� LQ�P\� FKRLU�
FODVV��6KH�KDV�VRPH�LVVXHV ZLWK�DXWKRULW\��(YHU\�WLPH�,�WU\�WR�GR�VLJKW�UHDGLQJ�ZLWK�
KHU�� VKH� VKXWV� GRZQ� �VKH� ZRQ
W� VLQJ� WKH� UHVW� RI� WKH� FODVV�� ZRQ
W� WDON�� RU� GR�
DQ\WKLQJ�«´� DQG� UHTXHVWHG� DGYLFH� IRU� WKH� VLWXDWLRQ�� 7KH� LPSDFW� RI� WHDFKHUV¶�
H[SHULHQFHV� DV� \RXQJ� FKRUDO� VWXGHQWV� ZDV� PHQWLRQHG�� ³,� GLGQ
W� VLJKW� UHDG�
ZLWK� VROIHGJH� �VLF�� ZKHQ� ,� ZDV� JURZLQJ� XS����ZH� OHDUQHG� WKH� DFWXDO� QRWHV�´�
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2QH�UHVSRQGHQW�ZURWH�DERXW�KRZ�GLIILFXOW�LW�ZDV�WR�DFFRPSOLVK�DOO�RI�WKH�WKLQJV�LQ�
UHKHDUVDOV�EHFDXVH�RI�VKRUWHQHG�FODVV�WLPHV�GXH�WR�WKH�LQWURGXFWLRQ�RI�&RPPRQ�
&RUH�6WDWH�6WDQGDUGV��

'LVFXVVLRQ

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHVFULEH�WKH�FXUUHQW�VLJKW�VLQJLQJ�SUDFWLFHV�
RI�VHFRQGDU\�FKRUDO�GLUHFWRUV�LQ�$UNDQVDV��:H�IRXQG�WKDW�PRYHDEOH�GR ZDV�WKH�
PRVW�SUHYDOHQW� WRQDO�V\VWHP�XVHG�E\�$UNDQVDV�FKRUDO�GLUHFWRUV� �������0RVW�RI�
WKRVH�SDUWLFLSDQWV�DOVR�XVHG�&XUZHQ�KDQG�VLJQV�ZKHQ�VLJKW�VLQJLQJ��7KLV�UHVXOW�
DOLJQV�ZLWK�'HPRUHVW��������ZKR�IRXQG�����RI�FKRUDO�GLUHFWRUV�WKURXJKRXW�WKH�
8�6��XVHG�PRYHDEOH�GR DQG�����XVHG�QXPEHUV��6WDWHV�LQ�ZKLFK�FKRUDO�GLUHFWRUV�
SUHGRPLQDQWO\� XVHG� PRYHDEOH� GR LQFOXGHG� )ORULGD� �.XHKQH�� ������� .HQWXFN\�
�)OR\G�	�%UDGOH\���������/RXLVLDQD��0F&OXQJ���������DQG�7H[DV��0D\���������
,Q�FRQWUDVW��FKRUDO�GLUHFWRUV�SUHGRPLQDQWO\�XVHG�WKH�QXPEHU�V\VWHP�LQ�$ODEDPD��
$UNDQVDV��DQG�*HRUJLD��0F&OXQJ��������

0F&OXQJ��������IRXQG�WKDW�����RI�WKH�FKRUDO�SDUWLFLSDQWV�LQ�$UNDQVDV�XVHG�
WKH�QXPEHU�V\VWHP��ZKHUHDV�UHVXOWV�IURP�WKH�FXUUHQW�VWXG\�IRXQG�PRYHDEOH�GR WR�
EH�WKH�PRVW�IUHTXHQWO\�XVHG�V\VWHP��,W�VKRXOG�EH�QRWHG�WKDW�0F&OXQJ�VXUYH\HG�
VWXGHQWV�LQ�WKH�$UNDQVDV�$OO�6WDWH�FKRLUV��ZKHUHDV�RXU�VXUYH\�UHVSRQGHQWV�ZHUH�
FKRLU� GLUHFWRUV�� 7KLV� UHVXOW� UDLVHV� WKH� IROORZLQJ� TXHVWLRQ� ³:KDW� PD\� KDYH�
FRQWULEXWHG� WR� D� SRVVLEOH� VKLIW� LQ� WKH� PHWKRG� RI� VLJKW�VLQJLQJ� LQVWUXFWLRQ� LQ�
$UNDQVDV�FKRLUV"´�9HU\�OLWWOH�LV�NQRZQ�DERXW�WKH�SUROLIHUDWLRQ�RI�WKH�WRQDO�QXPEHU�
V\VWHP�DQG�LWV�UHSRUWHG�GHFOLQH�LQ�$UNDQVDV�FKRUDO�SURJUDPV��:KLOH�LW�LV�HDV\�WR�
ILQG�LQIRUPDWLRQ�DERXW�WKH�RULJLQV�RI�VROIHJH��0DUN���������UHVHDUFK UHJDUGLQJ�WKH�
GHULYDWLRQ�DQG�SUROLIHUDWLRQ�RI�WKH�WRQDO�QXPEHU�V\VWHP�LV�OLPLWHG��)XWXUH�UHVHDUFK�
PLJKW�EH�QHFHVVDU\�WR�H[DPLQH�WKH�KLVWRU\�RI�WKH�WRQDO�QXPEHU�V\VWHP�DQG�KRZ�LW�
JDLQHG� SRSXODULW\� LQ� $UNDQVDV� DQG� RWKHU� VRXWKHUQ� VWDWHV� WKDW� XVHG� WKH� QXPEHU�
V\VWHP�DW�RQH�WLPH��6LPLODUO\��UHVHDUFK�PD\�EH�QHHGHG�WR�H[DPLQH�ZK\�PRUH�FKRLU�
GLUHFWRUV� DUH� DGRSWLQJ� WKH� XVH�RI� VROIHJH��$OWKRXJK� UHVHDUFK� ILQGLQJV� KDYH� QRW�
FOHDUO\�VKRZQ�VLJQLILFDQW�EHQHILWV�RI�RQH�SDUWLFXODU�V\VWHP�RYHU�DQRWKHU��.XHKQH��
������0F&OXQJ���������PDQ\�GLUHFWRUV�DUH�FXUUHQWO\�FKRRVLQJ�WR�XVH�PRYHDEOH�
GR��

5HVXOWV� IURP� WKLV� VWXG\� DOVR� UHYHDOHG� WKDW� WKH� PDMRULW\� RI� FKRLU� GLUHFWRUV�
VXUYH\HG�KDYH�WKHLU�VWXGHQWV�XVH�WKH�WUDGLWLRQDO�EHDW�EDVHG�V\VWHP�WR�VLJKW�UHDG�
UK\WKPV�� 7KRXJK� OLWWOH� UHVHDUFK� KDV� EHHQ� IRXQG� WKDW� VSHFLILFDOO\� LQYHVWLJDWHV�
UK\WKP�V\VWHPV�XVHG�LQ�FKRUDO�FODVVURRPV��VRPH�PXVLF�WKHRU\�WH[WERRNV�XVHG�E\�
VHFRQGDU\�PXVLF�HGXFDWRUV�WR�HQKDQFH�VWXGHQWV¶�PXVLF�OLWHUDF\�VNLOOV�LQFRUSRUDWH�
WKH� WUDGLWLRQDO� EHDW�EDVHG� V\VWHP� �H�J��� 6XUPDQL�� 6XUPDQL�� 	� 0DQXV�� �������
&RQYHUVHO\�� VHYHUDO� HOHPHQWDU\� PXVLF� PHWKRG� ERRNV� SURPRWH� RWKHU� UK\WKP�
V\VWHPV� VXFK� DV� &KHYp� RU� *RUGRQ� V\OODEOHV� �H�J��� &DPSEHOO� 	� 6FRWW�.DVVQHU��
������� 6HYHUDO� SDUWLFLSDQWV� LQ� WKLV� VWXG\� UHSRUWHG� WKH� XVH� RI� PXOWLSOH� UK\WKP�
V\VWHPV�� VKLIWLQJ� IURP� RQH� V\VWHP� �W\SLFDOO\� &KHYp� V\VWHP�� WR� WKH� EHDW�EDVHG�
V\VWHP� LQ� WKH� PLGGOH� VFKRRO� FKRUDO� VHWWLQJ��0RUH� UHVHDUFK� PD\� EH� QHHGHG� WR�
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H[DPLQH�WKH�LPSDFW�WKLV�VKLIW�LQ�UK\WKP�UHDGLQJ�V\VWHPV�PD\�KDYH�RQ�WKH�PXVLFDO�
GHYHORSPHQW�RI�\RXQJ�FKRUDO�VWXGHQWV�

7KRXJK�PDQ\�FKRUDO�GLUHFWRUV�DUH�LQ�DJUHHPHQW�WKDW�VLJKW�VLQJLQJ�VKRXOG�EH�
LQFRUSRUDWHG�LQ�D�FKRUDO�UHKHDUVDO��WKHUH�DSSHDUV�WR�EH�ZLGH�GLVSDULW\�LQ�IUHTXHQF\�
DQG� OHQJWK� RI� VLJKW�VLQJLQJ� DFWLYLWLHV� ZLWKLQ� WKH� UHKHDUVDO� DV� UHSRUWHG� E\� WKLV�
VDPSOH��ZKLFK LV�FRQJUXHQW�ZLWK�SDVW�UHVHDUFK�ILQGLQJV��'HPRUHVW��������)OR\G�
	�%UDGOH\��������.XHKQH��������0D\��������0F&OXQJ���������5HVXOWV�IURP�WKLV�
VWXG\�UHYHDOHG�WKDW�PRUH�WKDQ�����RI�SDUWLFLSDQWV�W\SLFDOO\�LQFOXGHG�VLJKW�VLQJLQJ�
DFWLYLWLHV�LQ�WKHLU�UHKHDUVDO�����GD\V�D�ZHHN��ZKLFK�DOLJQV�ZLWK�WKH�UHVXOWV�IURP�D�
VXUYH\�RI�)ORULGD�PLGGOH�VFKRRO�FKRUDO�GLUHFWRUV� �.XHKQH���������6XUSULVLQJO\��
PRUH�WKDQ�����GHYRWHG�RQO\�����GD\V�D�ZHHN�WR�VLJKW�VLQJLQJ�DFWLYLWLHV��,W�FRXOG�
EH�WKDW�PDQ\�FKRLU�GLUHFWRUV�PHHW�RQO\�����GD\V�D�ZHHN�GXH�WR�EORFN�VFKHGXOLQJ��
ZKLFK�FRXOG�DFFRXQW�IRU�WKH�GLVFUHSDQF\��

5HVSRQGHQWV�GLIIHUHG�JUHDWO\�LQ�WKHLU�UHVSRQVHV�WR�WKH�SHUFHQWDJH�RI�WLPH�WKH\�
GHYRWHG� WR� VLJKW�VLQJLQJ� DFWLYLWLHV� LQ� HDFK� UHKHDUVDO�� 5HVSRQVHV� UDQJHG� IURP�
��± ����RI�FODVV�WLPH VSHQW�VLJKW�VLQJLQJ��ZLWK�FKRLU�GLUHFWRUV�VSHQGLQJ�D�PHDQ�
SHUFHQWDJH�RI��������VLJKW�VLQJLQJ��7KLV�UHVXOW�DOLJQV�ZLWK�'DQLHOV���������)OR\G�
DQG�%UDGOH\���������.XHKQH���������0D\���������DQG�6PLWK���������EXW�LV�VOLJKWO\�
OHVV� WKDQ�'HPRUHVW� ��������ZKR� UHSRUWHG� UHVSRQGHQWV� VSHQGLQJ� DSSUR[LPDWHO\�
���� RI� FODVV� WLPH� LQ� VLJKW�VLQJLQJ�� 0RUH� WKDQ� ���� RI� RXU� SDUWLFLSDQWV� VSHQW�
JUHDWHU�WKDQ�����RI�FODVV�WLPH�VLJKW�VLQJLQJ��6RPH�SDUWLFLSDQWV�GHYRWHG�RYHU�KDOI�
RI�HDFK�FKRUDO�UHKHDUVDO�WR�VLJKW�VLQJLQJ��5HVHDUFK�WKDW�H[DPLQHV�WKH�UHODWLRQVKLS�
EHWZHHQ�WLPH�VSHQW�VLJKW�VLQJLQJ�DQG�VLJKW�VLQJLQJ�DFFXUDF\�PD\�EHWWHU�LQIRUP�
PXVLF�HGXFDWRUV�DV�WR�KRZ�PXFK�WLPH�VKRXOG�EH�GHYRWHG�WR�VLJKW�VLQJLQJ�LQ�WKH�
FKRUDO�FODVVURRP��

%DVHG�RQ� WKH�FRPPHQWV�SDUWLFLSDQWV� VKDUHG�DW� WKH�HQG�RI WKH�VXUYH\�� WKHUH�
FRQWLQXH�WR�EH�PL[HG�RSLQLRQV�RQ�WKH�SXUSRVH�DQG�XVHIXOQHVV�RI�VLJKW�VLQJLQJ�LQ�
FKRUDO� HQVHPEOHV� �1RUULV�� ������� $V� VHYHUDO� RI� WKH� SDUWLFLSDQWV¶� FRPPHQWV�
LQGLFDWHG��PDQ\� FKRLU� GLUHFWRUV� VWLOO� SHUFHLYH� WKH�GHYHORSPHQW� RI� VLJKW�VLQJLQJ�
VNLOOV�WR�SULPDULO\�EH�XVHG�IRU�DVVHVVPHQW�DW�FRPSHWLWLRQ�RU�IHVWLYDO�HYHQ�WKRXJK�
'HPRUHVW� ������� IRXQG� LQGLYLGXDO� VLJKW�VLQJLQJ� DVVHVVPHQW� DQG� IHHGEDFN�
LPSURYHG�VLJKW�VLQJLQJ�SHUIRUPDQFH���

:H�IRXQG�WKDW�D�VKLIW�PD\�KDYH�RFFXUUHG�LQ�WKH�SUHIHUUHG�WRQDO�VLJKW�VLQJLQJ�
V\VWHP�XVHG�LQ�$UNDQVDV�RYHU�WKH�SDVW����\HDUV��$�PDMRULW\�RI�RXU�UHVSRQGHQWV�
UHSRUWHG� XVLQJ�PRYHDEOH�GR DQG� WKH� FRXQW�EDVHG� QXPEHU� V\VWHP� IRU� UK\WKPLF�
UHDGLQJ��7KRXJK�PRVW�SDUWLFLSDQWV�UHJXODUO\�GHYRWHG�FODVV�WLPH�WR�VLJKW�VLQJLQJ��
WKH�DPRXQW�RI�WLPH�DQG�SXUSRVH�IRU�VLJKW�VLQJLQJ�YDULHV��6XUYH\�UHVXOWV�IURP�WKLV�
VWXG\� RI� FXUUHQW� VLJKW�VLQJLQJ� LQVWUXFWLRQDO� SUDFWLFHV� VHHPV� WR� VKRZ� WKDW�
VLJKW�VLQJLQJ� LV� DQ� LPSRUWDQW� FRPSRQHQW� RI� VHFRQGDU\� FKRUDO� SURJUDPV� LQ�
$UNDQVDV�DQG�WKDW�PDQ\�FKRLU�GLUHFWRUV�EHOLHYH�LQ�WKH�YDOXH�DQG�GHYHORSPHQW�RI�
FKRULVWHUV¶� PXVLF� OLWHUDF\�� $V� VHYHUDO� UHVSRQGHQWV� FRPPHQWHG� LQ� RXU� VXUYH\��
VLJKW�VLQJLQJ�LV�DQ�LPSRUWDQW�VNLOO�WKDW�VKRXOG�EH�GHYHORSHG�LQ�FKRUDO�HQVHPEOHV��
&KRLU�GLUHFWRUV�DUH�HQFRXUDJHG� WR�XWLOL]H�D� WRQDO�DQG�UK\WKP UHDGLQJ�V\VWHP� LQ�
RUGHU�WR�DLG�LQ�WKH�GHYHORSPHQW�RI�WKHLU�VWXGHQWV¶�PXVLF�UHDGLQJ�VNLOOV��7KRXJK�LW�
UHPDLQV�XQFOHDU�KRZ�PXFK�WLPH�GHYRWHG�WR�VLJKW�VLQJLQJ�GHYHORSPHQW�LV�RSWLPDO��
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ZH�UHFRPPHQG�WKDW�FKRLU�GLUHFWRUV�GHYRWH�D�SRUWLRQ�RI�HYHU\�UHKHDUVDO�WR�PXVLF�
OLWHUDF\�GHYHORSPHQW�VR�WKDW�WKHVH�GHYHORSLQJ�VNLOOV�DUH�VKDUSHQHG�FRQVLVWHQWO\�

5HIHUHQFHV

$OH[DQGHU��0��/���	�+HQU\��0��/����������7KH�GHYHORSPHQW�RI�D�VWULQJ�VLJKW�UHDGLQJ�SLWFK�
VNLOO�KLHUDUFK\��-RXUQDO�RI�5HVHDUFK�,Q�0XVLF�(GXFDWLRQ�������������� GRL����������
����������������

%URZQ��$��0�� �������� /HWWHUV�� V\OODEOHV�� QXPEHUV�� LQWHUYDOV��0XVLF� (GXFDWRUV� -RXUQDO�
�����������������������GRL�����������������

%R\OH�� -�� ������� 7KH� HIIHFW� RI� SUHVFULEHG� UK\WKPLFDO�PRYHPHQWV�RQ� WKH� DELOLW\� WR� UHDG�
PXVLF�DW�VLJKW� -RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ�������������� GRL� ��������
�������

%R\OH�� -��� 	� /XFDV�� .�� ������� 7KH� HIIHFW� RI� FRQWH[W� RQ� VLJKW�VLQJLQJ� %XOOHWLQ� RI� WKH�
&RXQFLO�IRU�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ������������

&DPSEHOO��3��6���	�6FRWW�.DVVQHU��&����������0XVLF�LQ�FKLOGKRRG��)URP�SUHVFKRRO�WKURXJK�
WKH�HOHPHQWDU\�JUDGHV ��WK (G����%RVWRQ��6FKLUPHU�&HQJDJH�/HDUQLQJ�

&DVVLG\��-��:����������(IIHFWV�RI�YDULRXV�VLJKWVLQJLQJ�VWUDWHJLHV�RQ�QRQPXVLF�PDMRUV¶�SLWFK�
DFFXUDF\�� -RXUQDO� RI� 5HVHDUFK� LQ� 0XVLF� (GXFDWLRQ�� ���� ��������� GRL� ��������
�������

'DQLHOV�� 5�� '�� �������� 6LJKW�UHDGLQJ� LQVWUXFWLRQ� LQ� WKH� FKRUDO� UHKHDUVDO�� 8SGDWH��
$SSOLFDWLRQV�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ��������������

'HPRUHVW��6��0����������,PSURYLQJ�VLJKW�VLQJLQJ�SHUIRUPDQFH�LQ�WKH�FKRUDO�HQVHPEOH��7KH�
HIIHFW�RI� LQGLYLGXDO� WHVWLQJ��-RXUQDO�RI�5HVHDUFK� LQ�0XVLF�(GXFDWLRQ���������������
GRL�����������������

'HPRUHVW��6��0����������&KRUDO�VLJKW�VLQJLQJ�SUDFWLFHV��5HYLVLWLQJ�D�ZHE�EDVHG�VXUYH\��
,QWHUQDWLRQDO�-RXUQDO�RI�5HVHDUFK�LQ�&KRUDO�6LQJLQJ�������������

'HPRUHVW��6��0���	�0D\��:��9����������6LJKW�VLQJLQJ�LQVWUXFWLRQ�LQ�WKH�FKRUDO�HQVHPEOH�
)DFWRUV�UHODWHG�WR�LQGLYLGXDO�SHUIRUPDQFH��-RXUQDO�RI�5HVHDUFK�LQ�0XVLF (GXFDWLRQ��
�������������GRL�����������������

(OOLRWW��&��$��������� 7KH�UHODWLRQVKLSV�DPRQJ�LQVWUXPHQWDO�VLJKW�UHDGLQJ�DELOLW\�DQG�VHYHQ�
VHOHFWHG�SUHGLFWRU�YDULDEOHV� -RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ����������� GRL��
���������������

)DUHQJD��-��������� $UL]RQD�KLJK�VFKRRO�FKRUDO�HGXFDWRUV
�DWWLWXGHV�WRZDUG�WKH�WHDFKLQJ�RI�
JURXS� VLJKW� VLQJLQJ� DQG� SUHIHUHQFHV� IRU� LQVWUXFWLRQDO� SUDFWLFHV �'RFWRUDO�
GLVVHUWDWLRQ���$YDLODEOH� IURP�3UR4XHVW�'LVVHUWDWLRQV�	�7KHVHV�*OREDO�� �2UGHU�1R��
��������

)OR\G��(���	�%UDGOH\��.��'����������7HDFKLQJ�VWUDWHJLHV�UHODWHG�WR�VXFFHVVIXO�VLJKW�VLQJLQJ�
LQ�.HQWXFN\�FKRUDO�HQVHPEOHV��8SGDWH��$SSOLFDWLRQV�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ��
��������������GRL������������������������������

*RUGRQ��(��������� /HDUQLQJ�VHTXHQFHV�LQ�PXVLF� &KLFDJR��,/� *,$�3XEOLFDWLRQV�
*RVV��'��$����������6LJKW�VLQJLQJ�DVVHVVPHQW��$�VWXG\�RI�FXUUHQW�EHOLHIV�DQG�SUDFWLFHV�RI�

*HRUJLD�PLGGOH�DQG�KLJK�VFKRRO�FKRUDO�GLUHFWRUV �'RFWRUDO�GLVVHUWDWLRQ���5HWULHYHG�
IURP�3UR4XHVW�'LVVHUWDWLRQ�DQG�7KHVHV���80,�1R����������

+HQU\��0�� ��������7KH�GHYHORSPHQW�RI� D� YRFDO� VLJKW�UHDGLQJ� LQYHQWRU\��%XOOHWLQ�RI� WKH�
&RXQFLO�IRU�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ������ ������

+HQU\�� 0�� ������� 7KH� HIIHFW� RI� SLWFK� DQG� UK\WKP� GLIILFXOW\� RQ� YRFDO� VLJKW�UHDGLQJ�
SHUIRUPDQFH�� -RXUQDO� RI� 5HVHDUFK� LQ� 0XVLF� (GXFDWLRQ�� ���� ������ GRL� ��������
����������������



�� 0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ

+HQU\��0��� 	�'HPRUHVW�� 6�� ������� ,QGLYLGXDO� VLJKW�VLQJLQJ� DFKLHYHPHQW� LQ� VXFFHVVIXO�
FKRUDO�HQVHPEOHV��8SGDWH� $SSOLFDWLRQV�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ����� �����GRL��
��������������������������

-RKQVRQ��*��%����������$�GHVFULSWLYH�VWXG\�RI�WKH�SLWFK�UHDGLQJ�PHWKRGV�DQG�WKH�DPRXQW�RI�
WLPH�XWLOL]HG�WR�WHDFK�VLJKW�VLQJLQJ�E\�KLJK�VFKRRO�FKRUDO�WHDFKHUV�LQ�WKH�QRUWK�FHQWUDO�
UHJLRQ� RI� WKH� $PHULFDQ� &KRUDO� 'LUHFWRUV� $VVRFLDWLRQ �'RFWRUDO� GLVVHUWDWLRQ���
5HWULHYHG�IURP�3UR4XHVW�'LVVHUWDWLRQV�DQG�7KHVHV���80,�1R����������

.LOOLDQ�� -�� 1��� 	� +HQU\�� 0�� /�� �������� $� FRPSDULVRQ� RI� VXFFHVVIXO� DQG� XQVXFFHVVIXO
VWUDWHJLHV� LQ� LQGLYLGXDO� VLJKW�VLQJLQJ� SUHSDUDWLRQ� DQG� SHUIRUPDQFH�� -RXUQDO� RI
5HVHDUFK�LQ�0XVLF�(GXFDWLRQ�������������GRL���������������������������

.XHKQH��-��0��������� $�VXUYH\�RI�VLJKW��VLQJLQJ�LQVWUXFWLRQDO�SUDFWLFHV�LQ�)ORULGD�PLGGOH�
VFKRRO� FKRUDO� SURJUDPV �'RFWRUDO� GLVVHUWDWLRQ��� 5HWULHYHG� IURP� 3UR4XHVW�
'LVVHUWDWLRQV�	�7KHVHV�*OREDO���2UGHU�1R����������

.XHKQH��-��0����������$�VXUYH\�RI�VLJKW�VLQJLQJ�LQVWUXFWLRQDO�SUDFWLFHV�LQ�)ORULGD�PLGGOH�
VFKRRO�FKRUDO�SURJUDPV��-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ���������������GRL��
��������������������������

.XHKQH�� -�� 0�� �������� 6LJKW�VLQJLQJ�� 7HQ� \HDUV� RI� SXEOLVKHG� UHVHDUFK� 83'$7(�
$SSOLFDWLRQV� RI� 5HVHDUFK� LQ� 0XVLF� (GXFDWLRQ�� ��� ������ GRL� ��������
����������������

.\PH��*��+����������$Q�H[SHULPHQW�LQ�WHDFKLQJ�FKLOGUHQ�WR�UHDG�PXVLF�ZLWK�VKDSH�QRWHV�
-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ����������GRL�����������������

0DUN��0��/����������$�FRQFLVH�KLVWRU\�RI�$PHULFDQ�PXVLF�HGXFDWLRQ��/DQKDP��0'� 5RZDQ�
	�/LWWOHILHOG�(GXFDWLRQ�

0DUWLQ��%��$����������(IIHFWV�RI�KDQG�VLJQV��V\OODEOHV��DQG�OHWWHUV�RQ�ILUVW�JUDGH�DFTXLVLWLRQ
RI�WRQDO�VNLOOV��-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ���������������GRL����������
�������

0D\�� -��$�� ��������$�GHVFULSWLRQ�RI� FXUUHQW� SUDFWLFHV� LQ� WKH� WHDFKLQJ�RI� FKRUDO�PHORG\�
UHDGLQJ�LQ�WKH�KLJK�VFKRROV�RI�7H[DV �'RFWRUDO�GLVVHUWDWLRQ���5HWULHYHG�IURP�3URTXHVW�
'LVVHUWDWLRQV�DQG�7KHVHV���80,�1R����������

0(1&����������7KH�VFKRRO�PXVLF�SURJUDP��$�QHZ�YLVLRQ� 5HVWRQ��9$��$XWKRU�
0F&OXQJ��$��&����������6LJKW�VLQJLQJ�V\VWHPV��&XUUHQW�SUDFWLFH�DQG�VXUYH\�RI�$OO�6WDWH�

FKRULVWHUV��8SGDWH��$SSOLFDWLRQV�RI� 5HVHDUFK� LQ�0XVLF�(GXFDWLRQ�� ������� ���� GRL��
��������������������������

0F&OXQJ�� $�� &�� �������� 6LJKW�VLQJLQJ� VFRUHV� RI� KLJK� VFKRRO� FKRULVWHUV� ZLWK� H[WHQVLYH�
WUDLQLQJ�LQ�PRYHDEOH�VROIHJH�V\OODEOHV�DQG�&XUZHQ�KDQG�VLJQV��-RXUQDO�RI�5HVHDUFK�
LQ�0XVLF�(GXFDWLRQ���������������GRL��������������������������

0F3KHUVRQ�� *�� (�� ������� )DFWRUV� DQG� DELOLWLHV� LQIOXHQFLQJ� VLJKW�UHDGLQJ� VNLOOV� LQ�
PXVLF� -RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ�������������� GRL�����������������

1DWLRQDO�&RDOLWLRQ�IRU�&RUH�$UWV�6WDQGDUGV���������1DWLRQDO�FRUH�DUWV�VWDQGDUGV��5HWULHYHG�
IURP�KWWS���QDWLRQDODUWVVWDQGDUGV�RUJ

1RUULV��&��(����������$�QDWLRQZLGH�RYHUYLHZ�RI�VLJKW�VLQJLQJ�UHTXLUHPHQWV�RI�ODUJH�JURXS
FKRUDO� IHVWLYDOV��-RXUQDO�RI�5HVHDUFK� LQ�0XVLF�(GXFDWLRQ�������������GRL����������
�������

3RWWV��6��'����������&KRUDO�VLJKW�VLQJLQJ�LQVWUXFWLRQ��$Q�DXUDO�EDVHG HQVHPEOH�PHWKRG�IRU�
GHYHORSLQJ� LQGLYLGXDO� VLJKW�UHDGLQJ� VNLOOV� FRPSDUHG� WR� D� QRQ�DXUDO� EDVHG� VLJKW�
VLQJLQJ�PHWKRG �'RFWRUDO�GLVVHUWDWLRQ���5HWULHYHG� IURP�3UR4XHVW�'LVVHUWDWLRQV�DQG�
7KHVHV���80,�1R�����������

6LOYH\��%��$���	 )LVKHU��5��$����������7KH�HIIHFW�RI�FRQGXFWLQJ�SODQH�RQ�EDQG�DQG�FKRUDO�
PXVLFLDQV¶�SHUFHSWLRQV�RI�FRQGXFWRU�DQG�HQVHPEOH�H[SUHVVLYLW\��-RXUQDO�RI�5HVHDUFK�
LQ�0XVLF�(GXFDWLRQ�������������



1R���������� ��

6KRUW�� 0�� '��� -U�� �������� 7KH� GHYHORSPHQW� DQG� DSSOLFDWLRQ� RI� D� KDUPRQLF� PHWKRG� IRU�
WHDFKLQJ� VLJKW�VLQJLQJ� LQ� D� KLJK� VFKRRO� FKRUDO� PXVLF� FODVV �8QSXEOLVKHG� PDVWHUV�
WKHVLV���)ORULGD�6WDWH�8QLYHUVLW\��7DOODKDVVHH��)/�

6PLWK�� 7�� $�� �������� $� FRPSDULVRQ� RI� SHGDJRJLFDO� UHVRXUFHV� LQ� VROPL]DWLRQ� V\VWHPV��
-RXUQDO�RI�0XVLF�7KHRU\�3HGDJRJ\�������������

6XUPDQL��$���6XUPDQL��.��)���DQG�0DQXV��0����������$OIUHG¶V HVVHQWLDOV�RI�PXVLF�WKHRU\��
%RRN����9DQ�1X\V��&$��$OIUHG�

7DJJDUW�� &�� &��� 	� 7DJJDUW�� %�� )�� �������� 6LJKWVLQJLQJ� V\VWHPV�� D� VXUYH\� RI� $PHULFDQ�
FROOHJHV�DQG�XQLYHUVLWLHV��6RXWKHDVWHUQ�-RXUQDO�RI�0XVLF�(GXFDWLRQ�������������



0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ��1R�����������������
������ 0LVVRXUL�0XVLF�(GXFDWRUV¶ $VVRFLDWLRQ

.±���0XVLF�(GXFDWRUV¶�8VH�RI�7HFKQRORJ\�DQG�6RFLDO�
0HGLD�3ODWIRUPV�DV�7RROV�IRU�&RPPXQLFDWLRQ�ZLWK�
6WXGHQWV�DQG�3DUHQWV

0LFKDHO�:��+XGVRQ�DQG�0DUWLQD�9DVLO
8QLYHUVLW\�RI�.HQWXFN\

7KH� SXUSRVH� RI� WKLV� VWXG\� ZDV� WR� LQYHVWLJDWH� .±��� PXVLF� HGXFDWRUV¶� XVH� RI�
WHFKQRORJ\�DQG�VRFLDO�PHGLD�SODWIRUPV�WR�FRPPXQLFDWH�ZLWK�VWXGHQWV�DQG�SDUHQWV�
DERXW� WKHLU� VFKRRO� PXVLF� SURJUDPV�� 7KUHH� UHVHDUFK� TXHVWLRQV� JXLGHG� WKLV�
LQYHVWLJDWLRQ������+RZ�GR�.±���PXVLF�HGXFDWRUV�FRPPXQLFDWH�DQG�GLVVHPLQDWH�
LQIRUPDWLRQ�WKDW�SHUWDLQV�VSHFLILFDOO\�WR�WKHLU�VFKRRO�PXVLF�SURJUDP�ZLWK�VWXGHQWV�
DQG� SDUHQWV� RXWVLGH� RI� WKH� FODVVURRP"� ����:KDW� WHFKQRORJ\� DQG� VRFLDO� PHGLD�
SODWIRUPV�GR�.±���PXVLF�HGXFDWRUV�XVH�WR�FRPPXQLFDWH�ZLWK�VWXGHQWV�DQG�SDUHQWV�
RXWVLGH�RI�WKH�FODVVURRP"�����,I�.±���PXVLF�HGXFDWRUV�XVH�VRFLDO�PHGLD�SODWIRUPV�
IRU�FRPPXQLFDWLRQ��ZK\�GR�WKH\�FRPPXQLFDWH�ZLWK�VWXGHQWV�DQG�SDUHQWV�LQ�WKLV�
ZD\"�$�UHVHDUFKHU�GHVLJQHG����LWHP�TXHVWLRQQDLUH�ZDV�GLVWULEXWHG�WR�PHPEHUV�
RI�D� VWDWH�PXVLF�DVVRFLDWLRQ�HPDLO� OLVWVHUY��5HVSRQGHQWV� �1� ������ZHUH�.±���
FHUWLILHG� PXVLF� WHDFKHUV� ZKR� VSHFLDOL]HG� LQ� JHQHUDO� PXVLF�� EDQG�� FKRLU�� DQG�
RUFKHVWUD�IURP�D�ODUJH�VRXWKHDVWHUQ�VWDWH��5HVXOWV�LQGLFDWHG�WKDW�PXVLF�WHDFKHUV�
SUHIHUUHG� HPDLO� DQG� WKH� VRFLDO� PHGLD� SODWIRUP� )DFHERRN� DV� D� PHDQV� RI�
FRPPXQLFDWLRQ�ZLWK�ERWK�VWXGHQWV�DQG�SDUHQWV��5HVSRQGHQWV�LQGLFDWHG�WKDW�VRFLDO�
PHGLD� SODWIRUPV� DOORZHG� WKHP� WR� GLVVHPLQDWH� LQIRUPDWLRQ� TXLFNO\� DQG� HDVLO\��
,PSOLFDWLRQV�IRU�IXUWKHU�UHVHDUFK�DUH�DOVR�GLVFXVVHG�
BBBBBBBBBB

,QWURGXFWLRQ

2YHU�WKH�SDVW�ILIWHHQ�\HDUV��WHFKQRORJLFDO�SODWIRUPV�XVHG�IRU�FRPPXQLFDWLRQ�
KDYH� FKDQJHG� GUDPDWLFDOO\� DQG� DUH� HYHU�HYROYLQJ� �'X%UDYDF�� �������:LWK� WKH�
LQYHQWLRQ� RI� WKH� VPDUWSKRQH�� QXPHURXV�PRELOH� DSSV� KDYH� EHHQ� GHYHORSHG� DQG�
WKHLU� XVH� KDV� JURZQ� H[SRQHQWLDOO\� RYHU� D� VKRUW� SHULRG�RI� WLPH� �$QWKHV�� �������
7KHUH�KDV�EHHQ�D�VLPLODU�UDSLG�GHYHORSPHQW�RI�VRFLDO�PHGLD�SODWIRUPV��ZLWK�RYHU�
����ELOOLRQ�XVHUV�ZRUOGZLGH�DV�RI�'HFHPEHU�������YDQ�'LMFN���������6RFLDO�PHGLD�
KDV�LQIOXHQFHG�KRZ�SHRSOH�FRQGXFW�EXVLQHVV��+HQGULFNV��������DQG�FRPPXQLFDWH�
�7DUGDQLFR���������+RZ�DQG�ZK\�SHRSOH�FRPPXQLFDWH�KDV�FKDQJHG�VXEVWDQWLDOO\�
�'X%UDYDF���������

7HDFKHUV�DUH�LQFUHDVLQJO\�WXUQLQJ�WR�³VRFLDO�PHGLD�DV�D�SODWIRUP�DQG�D�WRRO�
IRU�PHHWLQJ� HGXFDWLRQDO� REMHFWLYHV´� �7XWHQ��:HWVFK��	�0XQR]�� ������ S�� ������
7HDFKHUV�ZKR�XVH�VRFLDO�PHGLD�WR�FRQQHFW�ZLWK�VWXGHQWV�YLHZ�LW�PRUH�IDYRUDEO\�
WKDQ�WHDFKHUV�ZKR�GR�QRW��DQG�VWXGHQWV�ZKR�FRQQHFW�ZLWK�WKHLU�WHDFKHUV�YLD�VRFLDO�
PHGLD� IHHO� FORVHU� WR� WKHLU� WHDFKHUV� WKDQ� VWXGHQWV�ZKR�GR�QRW� �)RUNRVK�%DUXFK��
+HUVKNRYLW]��	�$QJ���������3DUHQW�WHDFKHU�FRPPXQLFDWLRQV�KDYH�DOVR�HYROYHG�



1R���������� ��

IURP�HPDLO� WR� WH[WLQJ�RU� VRFLDO�PHGLD�GXH� WR�QHZ�FRPPXQLFDWLRQ� WHFKQRORJLHV�
�7KRPSVRQ��0D]HU��	�*UDG\��������

)RU�PXVLF� WHDFKHUV��FRPPXQLFDWLRQ� LV�HVVHQWLDO��0XVLF� WHDFKHUV�ZRUN�ZLWK�
VWXGHQWV�IURP�WKH�HQWLUH�VFKRRO��8QOLNH�RWKHU�³VSHFLDOV´�WHDFKHUV�DW�WKH�HOHPHQWDU\�
OHYHO� �H�J��� J\P�� DUW�� FRPSXWHU�� OLEUDULDQV���PXVLF� WHDFKHUV� KDYH� UHKHDUVDOV� DQG�
SHUIRUPDQFHV� WKDW� PXVW� EH� FRRUGLQDWHG� EHWZHHQ� FROOHDJXHV�� DGPLQLVWUDWRUV��
SDUHQWV��DQG�VWXGHQWV��6LPLODU�WR�FRDFKHV�DQG�DFWLYLW\�VSRQVRUV�DW�WKH�VHFRQGDU\�
OHYHO��PXVLF�WHDFKHUV�DUH�VRPH�RI�WKH�PRVW�KLJKO\�YLVLEOH�WHDFKHUV�LQ�WKH�VFKRRO�
GLVWULFW�� WKHUHIRUH�� HIIHFWLYH� FRPPXQLFDWLRQ� VNLOOV� DUH� HVVHQWLDO�� 8QGHUVWDQGLQJ�
KRZ� PXVLF� WHDFKHUV� FRPPXQLFDWH� ZLWK� SDUHQWV� DQG� VWXGHQWV�� DQG� KRZ� WKDW�
FRPPXQLFDWLRQ�PD\�EH�HYROYLQJ��LV�D�QHZ�DUHD�RI�UHVHDUFK�WR�EH�H[SORUHG�

/LWHUDWXUH�5HYLHZ

5HVHDUFKHUV�KDYH�LQYHVWLJDWHG�WKH�UROH�RI�WHFKQRORJ\�LQ�HGXFDWLRQ�LQ�D�YDULHW\�
RI�ZD\V�RYHU�WKH�SDVW�WZHQW\�\HDUV��(UWPHU�	�2WWHQEUHLW�/HIWZLFK��������+DUULV��
0LVKUD��	�.RHKOHU��������0XPWD]��������5RSS��������9DQQDWWD�	�1DQF\��������
:LOOLV��3ULFH��0F1HLO��5RELQ��	�:LOOLV��������:RRGURZ���������,Q�WKH�ODWH�����V��
UHVHDUFKHUV�LQYHVWLJDWHG�D�YDULHW\�RI�WRSLFV���D��KRZ�WHFKQRORJ\�LV�XVHG��WKH�XVH�
DQG� HYDOXDWLRQ� RI� HGXFDWLRQDO� VRIWZDUH�� WHOHFRPPXQLFDWLRQV� V\VWHPV� DQG�
VHUYLFHV� PXOWLPHGLD�SRUWIROLRV��QHZ�PHGLD��FRPSXWHU�VLPXODWLRQV��� �E�� WHDFKHU�
HGXFDWLRQ� DQG� SURIHVVLRQDO� GHYHORSPHQW� �SUHVHUYLFH�� LQVHUYLFH�� DQG� JUDGXDWH�
WHDFKHU� HGXFDWLRQ�� SUHVHUYLFH� DQG� LQVHUYLFH� WUDLQLQJ� LVVXHV�� GLYHUVLW\� DQG�
LQWHUQDWLRQDO� SHUVSHFWLYHV�� WKH� HGXFDWLRQDO� FRPSXWLQJ� FRXUVH�� HGXFDWLRQDO�
OHDGHUVKLS�� IDFXOW\� GHYHORSPHQW�� LQVWUXFWLRQDO� GHVLJQ�� GLVWDQFH� HGXFDWLRQ���
�F�� LQWHJUDWLRQ� LQWR� VSHFLILF� VXEMHFW� DUHDV� �UHDGLQJ�� ODQJXDJH� DUWV� DQG� OLWHUDF\��
PDWKHPDWLFV��WHFKQRORJ\�DSSOLFDWLRQV�LQ�UHVHDUFK��VFLHQFH��VRFLDO�VWXGLHV����G��XVH�
LQ�VSHFLILF�FRQWH[WV�VLWXDWLRQV��WHFKQRORJ\�DVVLVWHG�LQVWUXFWLRQ�IRU�VSHFLDO�QHHGV�
VWXGHQWV�� WHFKQRORJ\� GLIIXVLRQ� LQ� HOHPHQWDU\�� VHFRQGDU\� DQG� SRVWVHFRQGDU\�
LQVWLWXWLRQV��JUDGXDWH��SUHVHUYLFH��LQVHUYLFH� DQG�IDFXOW\�XVH�RI�WHOHFRPPXQLFDWLRQV��
DQG�WHFKQRORJ\�XVH ZLWK�\RXQJ�FKLOGUHQ���DQG��H��HGXFDWLRQDO�WKHRU\��5RSS��������
:LOOLV� HW� DO��� ������:RRGURZ�� ������� 0RUH� UHFHQWO\�� UHVHDUFKHUV� LQYHVWLJDWHG�
IDFWRUV� WKDW� LQIOXHQFH� WHFKQRORJ\� LQWHJUDWLRQ�� VXJJHVWLQJ� WKDW� VXFFHVVIXO�
WHFKQRORJ\�LQWHJUDWLRQ�PXVW�EHJLQ�ZLWK�D�FRQVLGHUDWLRQ�RI�WKH�HGXFDWLRQDO�FRQWH[W��
WHDFKHUV¶�NQRZOHGJH�DQG�DWWLWXGHV��SURIHVVLRQDO�GHYHORSPHQW��DQG�WKH�VXSSRUW�RI�
VFKRROV�DQG�SROLF\�PDNHUV��(UWPHU�	�2WWHQEUHLW�/HIWZLFK��������+DUULV��0LVKUD��
	�.RHKOHU��������0XPWD]��������9DQQDWWD�	�1DQF\��������

,Q� PXVLF� HGXFDWLRQ�� UHVHDUFKHUV� KDYH� PRVWO\� LQYHVWLJDWHG� .���� VWXGHQWV¶�
WHFKQRORJ\�DVVLVWHG�FRPSRVLWLRQV��$LU\�	�3DUU��������0F'DQLHO��������0HOORU��
������1LOVVRQ�	�)RONVWHDG��������:DUG���������7KH�PHGLD�WKURXJK�ZKLFK�PXVLF�
WHDFKHUV�FRPPXQLFDWH�KDV�FKDQJHG�GUDVWLFDOO\�RYHU�WKH�SDVW�ILIWHHQ�\HDUV��PXVLF�
WHDFKHUV¶�XVH�RI�WKH�,QWHUQHW�WR�FRPPXQLFDWH�ZLWK�RWKHUV�KDV�LQFUHDVHG�RYHU�WLPH�
DQG�FKDQJHG�DORQJ�ZLWK�WHFKQRORJLFDO�LQQRYDWLRQV��%DXHU��������������%DXHU�	�
0RHKOH��������%UHZHU�DQG�5LFNHOV���������%DXHU¶V��������VWXG\�ZDV�RQH�RI�WKH�
HDUOLHVW� WR� H[DPLQH� PXVLF� WHDFKHUV¶� XVH� RI� WKH� ,QWHUQHW� IRU� FRPPXQLFDWLRQ��



�� 0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ

5HVSRQGHQWV�ZHUH�VSHFLILFDOO\�DVNHG�DERXW�WKHLU�XVH�RI�,QWHUQHW�UHVRXUFHV�VXFK�DV�
HPDLO��WHOQHW��ILOH�WUDQVIHU�SURWRFRO �)73���HPDLO�EDVHG�GLVFXVVLRQ�OLVWV��OLVWVHUYV���
QHZVJURXSV�� JRSKHU�� DQG� WKH� :RUOG� :LGH� :HE� ZKHQ� FRPPXQLFDWLQJ� ZLWK�
DGPLQLVWUDWRUV� DQG� FROOHDJXHV�� IRU� WHDFKLQJ� VWXGHQWV�� FRQGXFWLQJ� UHVHDUFK� DQG�
DGYRFDF\�� DQG� SDUWLFLSDWLQJ� LQ� SURIHVVLRQDO� GHYHORSPHQW�� 5HVXOWV� VKRZHG� WKDW�
WHDFKHUV�UHJXODUO\�XVHG�HPDLO��WKH�:RUOG�:LGH�:HE��DQG�OLVWVHUYV�WR�FRPPXQLFDWH�
SULYDWHO\�DQG�SXEOLFO\�ZLWK�FROOHDJXHV��PXVLF�HGXFDWRUV��DQG�PXVLFLDQV��DQG� WR�
QHWZRUN�ZLWK�RWKHU�PXVLF�HGXFDWRUV��5HVHDUFKHUV�KDYH�DUJXHG�WKDW�WHFKQRORJ\�DQG�
PHGLD�ZLOO�WUDQVIRUP�PXVLF�HGXFDWLRQ�LQ�WKH���VW�FHQWXU\��%XUQDUG������� 6DYDJH��
������7KLEHDXOW���������0XVLF�WHDFKHUV�UDUHO\�XVHG�WKH�,QWHUQHW�WR�FRPPXQLFDWH�
SULYDWHO\�ZLWK�SDUHQWV�DQG�VWXGHQWV��WR�HQJDJH�LQ�SXEOLF�GLVFXVVLRQV�ZLWK�VWXGHQWV��
RU�WR�VKDUH�LQIRUPDWLRQ�DERXW�WKHLU�PXVLF�SURJUDPV��

0XVLF� WHDFKHUV¶� XVH�RI� WKH� ,QWHUQHW� IRU�FRPPXQLFDWLRQ�TXLFNO\�HYROYHG�DV�
WKH\� LQFUHDVLQJO\� ORJJHG� RQOLQH� WR� FROODERUDWH� DQG� KDYH� GLVFXVVLRQV� ZLWK�
FROOHDJXHV� LQ� DQ� DWWHPSW� WR� LPSURYH� LQVWUXFWLRQDO� SUDFWLFHV� �%DXHU�	�0RHKOH��
�������,Q�D������VWXG\��%DXHU�DQG�0RHKOH�H[DPLQHG�DQ�RQOLQH�GLVFXVVLRQ�IRUXP�
IRU�PXVLF� WHDFKHUV� IRU� WKH�DFDGHPLF�\HDU�RI�����±������5HVXOWV� LQGLFDWHG� WKDW�
ZKLOH�WKH�IRUXP�IDFLOLWDWHG�VRPH�GLVFXVVLRQV��VXFK�DV�WKH�VHOHFWLRQ�RI�UHSHUWRLUH��
LW�GLG�QRW�ZRUN�DV�ZHOO�IRU�RWKHU�GLVFXVVLRQV��VXFK�DV�GHYHORSLQJ�LPSURYLVDWLRQDO�
VNLOOV��7KH�UHVHDUFKHUV�VXJJHVWHG�WKDW�FHUWDLQ�WRSLFV�PLJKW�EH�EHWWHU�GLVFXVVHG�LQ�
IDFH�WR�IDFH�FRQYHUVDWLRQV��6LPLODUO\��%UHZHU�DQG�5LFNHOV��������H[DPLQHG�PXVLF�
WHDFKHUV¶�LQWHUDFWLRQV RQ�D�VRFLDO�PHGLD�SODWIRUP��WKH�)DFHERRN�%DQG�'LUHFWRUV�
*URXS�� 7KH\� GLVFRYHUHG� WKDW� WKH� PRVW� FRPPRQ� WRSLF� RI� GLVFXVVLRQ� ZDV� WKH�
ORFDWLRQ�DQG�VHOHFWLRQ�RI�UHSHUWRLUH��DQG�WKDW�WKH�SODWIRUP�ZDV�HIIHFWLYH�LQ�DVVLVWLQJ�
WHDFKHUV�WR�IRUP�D�FRPPXQLW\�RI�SUDFWLFH ZLWK�HDFK�RWKHU��%DXHU��������IXUWKHU�
VXJJHVWHG�WKDW�WHDFKHUV�JR�EH\RQG�GLVFXVVLRQ�IRUXPV�DQG�XVH�WHFKQRORJ\�DVVLVWHG�
3HUVRQDO� /HDUQLQJ� 1HWZRUNV� �3/1�� �H�J��� DQ� 566� UHDGHU� FRQQHFWHG� WR� ZLNLV��
EORJV�QHZV��SRGFDVWV��DQG�IRONVRQRPLHV��WR�OHDUQ��FRPPXQLFDWH��DQG�FROODERUDWH�
ZLWK�FROOHDJXHV��3/1V�DUH�D�FROOHFWLRQ�RI�GLYHUVH��UHDGLO\�DFFHVVLEOH�UHVRXUFHV�WKDW�
FRPH�IURP�H[SHUWV��SHHU�UHYLHZHG�VRXUFHV��DQG�ZHE�SDJHV�

$V� VRFLDO� PHGLD� SODWIRUPV� JDLQHG� SURPLQHQFH� IURP� ����±�����
�*LHEHOKDXVHQ�� ������ DQG� FRQWLQXHG� WR� JURZ�� UHVHDUFKHUV� XUJHG� WHDFKHUV� WR�
FRQVLGHU� VRFLDO� PHGLD� SODWIRUPV� IRU� LQVWUXFWLRQDO� SXUSRVHV�� $OEHUW� ������� DQG�
*LHEHOKDXVHQ��������UHFRPPHQGHG�WKDW�PXVLF�WHDFKHUV�XVH�VRFLDO�PHGLD�WR�IRUP�
FRPPXQLWLHV� RI� SUDFWLFH� ZLWK� VWXGHQWV� XVLQJ� VRFLDO� PHGLD� SODWIRUPV VXFK� DV�
)DFHERRN��(GPRGR��*RRJOH�&ODVVURRP��<RX7XEH��3LQWHUHVW��DQG�7ZLWWHU�� $OEHUW�
�������VXJJHVWHG�WKDW�VRFLDO�QHWZRUNV�FDQ�IDFLOLWDWH�OHDUQLQJ�H[SHULHQFHV�WKDW�PD\�
QRW�KDSSHQ� LQ�D� IDFH�WR�IDFH� FODVVURRP�DQG�FDQ�SURYLGH�D�SODWIRUP� IRU� VKDULQJ�
UHVRXUFHV RXWVLGH�RI�WKH�FODVVURRP�DQG�VXSSRUW�DFWLYLWLHV�WKDW�ZRXOG�EH�WRR�WLPH�
FRQVXPLQJ� WR� FRPSOHWH� LQ� VFKRRO�� *LHEHOKDXVHQ� ������� UHFRPPHQGHG� WKDW�
WHDFKHUV�XVH�VRFLDO�PHGLD�WR�FRPPXQLFDWH�ZLWK�VWXGHQWV��SDUHQWV��DQG�RWKHUV�ZKR�
DUH�GHYRWHG�WR�WKH�PXVLF�SURJUDP��VXJJHVWLQJ�WKDW�)DFHERRN�SDJHV�DUH�SDUWLFXODUO\�
XVHIXO� IRU� FRPPXQLFDWLQJ� EHFDXVH� DQ\RQH� FDQ� UHFHLYH� LQIRUPDWLRQ� E\� VLPSO\�
³OLNLQJ´�D�SDJH��
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$OWKRXJK�$OEHUW��������DQG�*LHEHOKDXVHQ��������VXJJHVWHG�WKDW�)DFHERRN�LV�
KHOSIXO� IRU� WHDFKHUV� LQ� FRPPXQLFDWLQJ� ZLWK VWXGHQWV�� +HZ¶V� ������� ILQGLQJV�
LQGLFDWHG�WKDW�LW�KDV�OLWWOH�HGXFDWLRQDO�YDOXH�IRU�WKH�VWXGHQWV��,Q�D�PHWD�DQDO\VLV�RI�
UHVHDUFK�VWXGLHV�RQ�VWXGHQWV¶�XVH�RI�)DFHERRN��+HZ�GLVFRYHUHG�WKDW�VWXGHQWV�XVH�
)DFHERRN�PDLQO\�WR�NHHS�LQ�WRXFK�ZLWK�NQRZQ�LQGLYLGXDOV�UDWKHU�WKDQ�IRU�OHDUQLQJ��
$QRWKHU�FKDOOHQJH�WR�XVLQJ�VRFLDO�PHGLD�IRU�FRPPXQLFDWLRQ�LQ�HGXFDWLRQ�LV�WKDW�
VWXGHQWV� PD\� RSHQ� WKHPVHOYHV� XS� WR� LQYDVLRQ� RI� SULYDF\� LVVXHV�� VXFK� DV� GDWD�
PLQLQJ�DQG�WKH�UHOHDVH�RI�LQIRUPDWLRQ�WR�WKLUG�SDUWLHV�EHFDXVH�WKH\�WHQG�WR GLVFORVH�
PRUH�SHUVRQDO� LQIRUPDWLRQ�DERXW� WKHPVHOYHV�RQ�)DFHERRN� �$OEHUW��������+HZ��
�������2WKHU�FKDOOHQJHV�LQFOXGH�F\EHUEXOO\LQJ�DQG�WKH�XVH�RI�WHFKQRORJ\�ZLWKRXW�
HGXFDWLRQDO�RXWFRPHV�LQ�PLQG��$OEHUW��������

7KHVH�VWXGLHV�UHYHDO�WKDW�PXVLF�WHDFKHUV¶�XVH�RI�WKH�,QWHUQHW�WR�FRPPXQLFDWH�
ZLWK�RWKHUV�KDV�ULVHQ�VLQFH������DQG�WKDW�PXVLF�WHDFKHUV�KDYH�LQFUHDVLQJO\�WXUQHG�
WR�WKH�XVH�RI�WKH�,QWHUQHW�WR�FUHDWH�SHUVRQDO�OHDUQLQJ�QHWZRUNV��3/1V��LQ�DGGLWLRQ�
WR� FRPPXQLWLHV� RI� SUDFWLFH� ZLWK� FROOHDJXHV� �%DXHU�� ������ %UHZHU� 	� 5LFNHOV��
�������5HVHDUFKHUV�KDYH�DGYRFDWHG�IRU�WKH�XVH�RI�VRFLDO�PHGLD�IRU�FRPPXQLFDWLRQ�
DPRQJVW�PXVLF�WHDFKHUV��SDUHQWV��DQG�VWXGHQWV��LQFOXGLQJ�WKH�XVH�RI�)DFHERRN�IRU�
SURPRWLQJ� PXVLF� SURJUDPV� LQ� SDUWLFXODU� �$OEHUW�� ������ *LHEHOKDXVHQ�� �������
+RZHYHU�� IHZ� VWXGLHV� KDYH� H[DPLQHG� KRZ� PXVLF� WHDFKHUV� FRPPXQLFDWH� ZLWK�
VWXGHQWV�RU�SDUHQWV��RU�ZK\�PXVLF�WHDFKHUV�FKRRVH�WKHLU�PHDQV�RI�FRPPXQLFDWLRQ��
7KH� VXJJHVWLRQV� WKDW� UHVHDUFKHUV� KDYH� PDGH� IRU� XVLQJ� VRFLDO� PHGLD� DUH� QR�
JXDUDQWHH� WKDW�PXVLF� WHDFKHUV�DUH�DFWXDOO\�DGRSWLQJ� WKHVH�SUDFWLFHV�� 7KHUHIRUH��
WKHUH�LV�D�QHHG�WR�H[DPLQH�LI�DQG�KRZ�PXVLF�WHDFKHUV�FRPPXQLFDWH�ZLWK�VWXGHQWV�
DQG�SDUHQWV�WKURXJK�WHFKQRORJ\�DQG�VRFLDO�PHGLD�DQG�ZK\�WKH\�FRPPXQLFDWH�LQ�
WKLV�ZD\�

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�.±���PXVLF�HGXFDWRUV¶�XVH�RI�
WHFKQRORJ\�DQG�VRFLDO�PHGLD�SODWIRUPV�WR�FRPPXQLFDWH�ZLWK�VWXGHQWV�DQG�SDUHQWV�
DERXW�WKHLU�VFKRRO�PXVLF�SURJUDPV��7KH�SUHVHQW�VWXG\�ZDV�JXLGHG�E\�WKH�IROORZLQJ�
WKUHH�UHVHDUFK�TXHVWLRQV�

��� +RZ� GR� .±��� PXVLF� HGXFDWRUV� FRPPXQLFDWH� DQG� GLVVHPLQDWH�
LQIRUPDWLRQ�WKDW�SHUWDLQV�VSHFLILFDOO\�WR�WKHLU�VFKRRO�PXVLF�SURJUDP�
WR�VWXGHQWV�DQG�SDUHQWV�RXWVLGH�RI�WKH�FODVVURRP"

��� :KDW� WHFKQRORJ\� DQG� VRFLDO� PHGLD� SODWIRUPV� GR� .±��� PXVLF�
HGXFDWRUV�XVH�WR�FRPPXQLFDWH�ZLWK�VWXGHQWV�DQG�SDUHQWV�RXWVLGH�RI�
WKH�FODVVURRP"

��� ,I� .±��� PXVLF� HGXFDWRUV� XVH� VRFLDO� PHGLD� SODWIRUPV� IRU�
FRPPXQLFDWLRQ�� ZK\� GR� WKH\� FRPPXQLFDWH� ZLWK� VWXGHQWV� DQG�
SDUHQWV�LQ�WKLV�ZD\"

0HWKRG

7KLV�GHVFULSWLYH�VWXG\�XVHG�D�VXUYH\�PHWKRGRORJ\�ZLWK�ERWK�TXDQWLWDWLYH�GDWD�
DQG�RSHQ�HQGHG UHVSRQVH�RSSRUWXQLWLHV��,5%�DSSURYDO�ZDV�JUDQWHG�E\�WKH�DXWKRUV¶�
KRPH�LQVWLWXWLRQ�
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6XUYH\�,QVWUXPHQW

$� ���LWHP� TXHVWLRQ� VXUYH\� ZDV� FUHDWHG� E\� WKH� UHVHDUFKHUV�� 7KH� VXUYH\�
LQFOXGHG�TXHVWLRQV�DERXW�PXVLF�WHDFKHUV¶�XVH�RI�WHFKQRORJ\�DQG�VRFLDO�PHGLD�DV�D�
FRPPXQLFDWLRQ� WRRO� ZLWK� VWXGHQWV� DQG� SDUHQWV� �VHH� )LJXUH� ���� 'HPRJUDSKLF�
LQIRUPDWLRQ�SHUWDLQLQJ�WR�WKH�UHVSRQGHQWV¶�DUHDV�RI�WHDFKLQJ�VSHFLDOL]DWLRQ��JUDGH�
OHYHO�RI�VWXGHQWV��DQG�\HDUV�RI�WHDFKLQJ�H[SHULHQFH�ZDV�DOVR�FROOHFWHG��

3ULRU�WR�GLVWULEXWLRQ�RI�WKH�VXUYH\��D�SLORW�VXUYH\�ZDV�GLVWULEXWHG�DQG�UHWXUQHG�
ZLWKLQ� D� WZR�ZHHN� WLPH� IUDPH��7KH� VXUYH\�ZDV� VHQW� WR�.±���PXVLF� HGXFDWRUV�
�1  �����IURP�D�PHGLXP�VL]HG�VFKRRO�GLVWULFW� LQ�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV�
UHSUHVHQWLQJ� JHQHUDO� PXVLF�� EDQG�� FKRLU�� DQG� RUFKHVWUD�� 5HVSRQGHQWV� SURYLGHG�
SRVLWLYH�IHHGEDFN�RQ�WKH�SLORW�VXUYH\�DQG�GLG�QRW�UHSRUW�DQ\�LVVXHV�UHJDUGLQJ�WKH
FODULW\�RI�WKH�TXHVWLRQV��

4���:KDW�OHYHO�RI�VWXGHQWV�GR�\RX�WHDFK"��6HOHFW�DOO�WKDW�DSSO\�
(OHPHQWDU\�.��
0LGGOH�6FKRRO����
+LJK�6FKRRO�����
.���
2WKHU��3OHDVH�,QGLFDWH�

4���+RZ�PDQ\�\HDUV�KDYH�\RX�EHHQ�WHDFKLQJ"

4���:KDW�LV�\RXU�DUHD�RI�VSHFLDOL]DWLRQ"��&KHFN�DOO�WKDW�DSSO\�
*HQHUDO�0XVLF
&KRUDO
%DQG
2UFKHVWUD
2WKHU��3OHDVH�,QGLFDWH�

4���'RHV�\RXU�VFKRRO�RU�GLVWULFW�SURYLGH�\RX�ZLWK�D�FRPSXWHU"
4���'RHV�\RXU�VFKRRO�RU�GLVWULFW�SURYLGH�\RX�ZLWK�DFFHVV�WR�WKH�LQWHUQHW"
4���+RZ�RIWHQ�GR�\RX�XVH�D�FRPSXWHU"
4���+RZ�RIWHQ�GR�\RX�XVH�HPDLO"
4���+RZ�RIWHQ�GR�\RX�XVH�VRFLDO�PHGLD"
4���:KLFK�VRFLDO�PHGLD�SODWIRUP�DUH�\RX�PRVW�DFWLYH�RQ"
4����3OHDVH�UDQN�LQ�RUGHU�\RXU�SUHIHUHQFH�IRU�FRPPXQLFDWLQJ�JHQHUDO�LQIRUPDWLRQ�DERXW�
\RXU�VFKRRO�PXVLF�SURJUDP�ZLWK�\RXU�VWXGHQWV�DQG�SDUHQWV�
4����'RHV�\RXU�VFKRRO�PXVLF�SURJUDP�XVH�VRFLDO�PHGLD�WR�FRPPXQLFDWH�LQIRUPDWLRQ�WR�
VWXGHQW�DQG�SDUHQWV"
4����:KDW�W\SH�RI�VRFLDO�PHGLD�SODWIRUP�GR�\RX�XVH�WR�FRPPXQLFDWH�LQIRUPDWLRQ�WR�
VWXGHQWV�DQG�SDUHQWV�DERXW�\RXU�VFKRRO�PXVLF�SURJUDP"��6HOHFW�DOO�WKDW�DSSO\�

)DFHERRN�
7ZLWWHU
2WKHU��3OHDVH�,QGLFDWH�
,�GR�QRW�XVH�VRFLDO�PHGLD�DV�D�FRPPXQLFDWLRQ�WRRO�ZLWK�P\�VWXGHQWV�DQG�SDUHQWV
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4����,I�\RX�XVH�)DFHERRN�WR�FRPPXQLFDWH�LQIRUPDWLRQ�WR�VWXGHQWV�DQG�SDUHQWV�DERXW�
\RXU�VFKRRO�PXVLF�SURJUDP��ZKR�LV�WKH�DGPLQLVWUDWRU�RI�WKH�SDJH"��6HOHFW�DOO�WKDW�DSSO\�

<RX��WKH�WHDFKHU
$QRWKHU�WHDFKHU�LQ�\RXU�VFKRRO
3DUHQW�RI�WKH�SURJUDP
6WXGHQW�RI�WKH�SURJUDP
6FKRRO�DGPLQLVWUDWRU

4����,I�\RX�XVH�7ZLWWHU�WR�FRPPXQLFDWH�LQIRUPDWLRQ�WR�VWXGHQWV�DQG�SDUHQWV�DERXW�\RXU�
VFKRRO�PXVLF�SURJUDP��ZKR�LV�WKH�DGPLQLVWUDWRU�RI�WKH�DFFRXQW"��6HOHFW�DOO�WKDW�DSSO\�

<RX��WKH�WHDFKHU
$QRWKHU�WHDFKHU�LQ�\RXU�VFKRRO
3DUHQW�RI�WKH�SURJUDP
6WXGHQW�RI�WKH�SURJUDP
6FKRRO�DGPLQLVWUDWRU

4����3OHDVH�UDQN�LQ�RUGHU�WKH�UHVSRQVH�EHORZ�WKDW�EHVW�GHVFULEHV�ZK\�\RX�XVH�VRFLDO�
PHGLD�DV�D�FRPPXQLFDWLRQ�WRRO�ZLWK�VWXGHQWV�DQG�SDUHQWV�
4���� 3OHDVH� EULHIO\� GHVFULEH� \RXU� H[SHULHQFH� ZLWK� XVLQJ� VRFLDO�PHGLD� DV� D� WRRO� IRU�
FRPPXQLFDWLQJ�LQIRUPDWLRQ�ZLWK�VWXGHQWV�DQG�SDUHQWV�RI�\RXU�VFKRRO�PXVLF�SURJUDP�
)LJXUH��� 6XUYH\�TXHVWLRQV�

3URFHGXUHV

7KH� UHVHDUFKHUV� UHTXHVWHG� SHUPLVVLRQ� IURP� RXU� VWDWH� PXVLF� HGXFDWRUV�
DVVRFLDWLRQ� WR� GLVWULEXWH� WKH� VXUYH\� YLD� WKH� VWDWH� DVVRFLDWLRQ¶V� HPDLO� OLVWVHUY��
3HUPLVVLRQ� ZDV� JUDQWHG� DQG� WKH� VXUYH\� ZDV� GLVWULEXWHG� WR� ������ .±���PXVLF�
HGXFDWRUV�VSHFLDOL]LQJ�LQ�JHQHUDO PXVLF��FKRUDO��EDQG��DQG�RUFKHVWUD��7KH�VXUYH\�
ZDV�PDGH�DYDLODEOH�WR�WKH�UHVSRQGHQWV�IRU�D�WZR�ZHHN�WLPH�SHULRG�ZLWK�DQ�HPDLO�
UHPLQGHU�VHQW�DIWHU�WKH�ILUVW�ZHHN��$Q�DGGLWLRQDO�UHPLQGHU�HPDLO�ZDV�VHQW�WZR�GD\V�
SULRU�WR�WKH�FORVH�RI�WKH�VXUYH\��$W�WKH�FORVH RI�WKH�VXUYH\��D�WRWDO�RI�����FRPSOHWHG�
VXUYH\V�ZHUH�UHWXUQHG��ZKLFK�\LHOGHG�D������UHVSRQVH�UDWH��

5HVXOWV

'HPRJUDSKLF�,QIRUPDWLRQ

5HVSRQGHQWV��1� ������LQ�WKLV�VWXG\�ZHUH�.±���PXVLF�HGXFDWRUV�LQ�WKH�SXEOLF�
VFKRROV�RI�D�ODUJH�VWDWH�LQ�WKH�VRXWKHDVWHUQ 8QLWHG�6WDWHV��������PLGGOH�VFKRRO��
������ KLJK� VFKRRO�� ������ HOHPHQWDU\�� ����� ³RWKHU´�� DQG� ����� .±�����
5HVSRQGHQWV�ZHUH�DVNHG�WR�LQGLFDWH�DOO�JUDGH�OHYHOV�WKDW�WKH\�WDXJKW EHFDXVH�PDQ\�
PXVLF� HGXFDWRUV� VHUYH� DV� LWLQHUDQW� WHDFKHUV� DW� YDULRXV� JUDGH� OHYHOV�� HVSHFLDOO\�
ZLWKLQ�VPDOO�VFKRRO�GLVWULFWV�DQG�UXUDO�DUHDV��WKLV�NLQG�RI�UHSRUWLQJ�UHVXOWHG�LQ�D�
WRWDO�VWDWLVWLF�KLJKHU�WKDQ�������)RU�WKLV�LQYHVWLJDWLRQ��.����PXVLF�HGXFDWRUV�ZHUH�
GHILQHG� DV� VWDWH�FHUWLILHG� SUDFWLWLRQHUV� ZKR� WDXJKW� JHQHUDO�HOHPHQWDU\� PXVLF��
EDQG��FKRLU��DQG�RUFKHVWUD��0RVW� UHVSRQGHQWV� WDXJKW� IRU�RYHU����\HDUV��ZLWK�DQ�
HTXDO�QXPEHU�RI�UHVSRQGHQWV�WHDFKLQJ�IRU�����\HDUV�DQG�������\HDUV��������IRU�
����\HDUV��������IRU�����\HDUV��������IRU�������\HDUV��������IRU������\HDUV��DQG�
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������IRU�������\HDUV���)RU�DUHDV�RI�WHDFKLQJ�VSHFLDOL]DWLRQ��PRVW�VSHFLDOL]HG�LQ�
EDQG��JHQHUDO�PXVLF��RU�FKRLU��������EDQG��������JHQHUDO�PXVLF��������FKRUXV��
������RUFKHVWUD�������³RWKHU�´�VXFK�DV�JXLWDU�DQG�SLDQR��

)LQGLQJV

,Q� UHJDUG� WR� VFKRRO� GLVWULFWV� VXSSO\LQJ� WHFKQRORJ\�� ������ RI� WHDFKHUV�
UHVSRQGHG�WKDW�WKH\�ZHUH�VXSSOLHG�D�FRPSXWHU�E\�WKHLU�VFKRRO�GLVWULFW�DQG������
LQGLFDWHG�WKDW�WKH\�ZHUH�QRW�VXSSOLHG�D�FRPSXWHU��:KHQ�DVNHG�DERXW�ZKHWKHU�WKH�
UHVSRQGHQWV�KDG�DFFHVV�WR�WKH�,QWHUQHW�IURP�WKHLU�VFKRRO�GLVWULFW��������LQGLFDWHG�
WKDW�WKH\�ZHUH�SURYLGHG�,QWHUQHW�DFFHVV�DQG�����ZHUH�QRW��$OO�RI�WKH�UHVSRQGHQWV�
�������UHSRUWHG�WKDW�WKH\�XVHG�D�FRPSXWHU�DQG�HPDLO�RQ�D�GDLO\�EDVLV��:KHQ�DVNHG�
KRZ�RIWHQ� WKH\�DFFHVVHG�VRFLDO�PHGLD��������RI� WKH�UHVSRQGHQWV� LQGLFDWHG� WKDW�
WKH\�DFFHVVHG�VRPH� IRUP�RI� VRFLDO�PHGLD�RQ�D�GDLO\�EDVLV�������ZHHNO\�������
QHYHU�� ������ UDUHO\�� DQG� ����� PRQWKO\�� ������ RI� UHVSRQGHQWV� UHSRUWHG� XVLQJ�
)DFHERRN��ZKLOH������XVHG�7ZLWWHU��

0XVLF� WHDFKHUV� ZHUH� DOVR� DVNHG WR� UDQN� WKHLU� VHYHQ PHWKRGV� RI�
FRPPXQLFDWLRQ� IRU� GLVVHPLQDWLQJ� LQIRUPDWLRQ� DERXW� WKHLU� PXVLF� SURJUDPV�
��� EHLQJ� PRVW� SUHIHUUHG� DQG� � EHLQJ� OHDVW� SUHIHUUHG��� 0RVW� PXVLF� WHDFKHUV�
SUHIHUUHG� WKH� XVH� RI� HPDLO� �0�  � ������ 6'�  � ������� D� OHWWHU� KRPH� �0� � ������
6'�  � ������� D� ZHEVLWH� �0�  � ������ 6'�  � ������� DQG� VRFLDO� PHGLD� �0� � ������
6'� ��������6HH�7DEOH���IRU�FRPSOHWH�UHVXOWV�

7DEOH� ��� 0XVLF� 7HDFKHUV¶� 5DQNLQJ� RI� 3UHIHUUHG� 0HWKRGV� RI� &RPPXQLFDWLRQ� WR�
'LVVHPLQDWH�,QIRUPDWLRQ�DERXW�7KHLU�0XVLF�3URJUDPV��
&RPPXQLFDWLRQ�0HWKRG 0 6'
����(PDLO� ��� ���
����/HWWHU�+RPH� ��� ���
����:HEVLWH� � ���
����6RFLDO�0HGLD� ��� ���
����$SSV� ��� ���
����3KRQH�&DOO� ��� ���
����)DFH�WR�)DFH�0HHWLQJ� ��� ���

1RWH���� �PRVW�SUHIHUUHG���� �OHDVW�SUHIHUUHG�

0DQ\�UHVSRQGHQWV�XVHG�VRFLDO�PHGLD�ZKHQ�FRPPXQLFDWLQJ�ZLWK�VWXGHQWV�DQG�
SDUHQWV����������2QO\�������UHSRUWHG�WKDW�WKH\�GR�QRW�XVH�VRFLDO�PHGLD�DV�D�WRRO�
IRU�FRPPXQLFDWLRQ�DQG�YHU\� IHZ�PXVLF� WHDFKHUV�KDYH�VWULFW�SROLFLHV� IRUELGGLQJ�
WKH�XVH�RI�VRFLDO�PHGLD�LQ�WKHLU�VFKRROV��������

5HVSRQGHQWV�ZHUH�DVNHG�WR�LQGLFDWH�DOO�DSSOLFDEOH�VRFLDO�PHGLD�SODWIRUPV�WKH\�
XVHG� WR� FRPPXQLFDWH� ZLWK� VWXGHQWV� DQG� SDUHQWV�� )DFHERRN� ZDV� VHOHFWHG� E\� D�
PDMRULW\� RI� UHVSRQGHQWV� �������� ZLWK� 7ZLWWHU� �������� DQG� RWKHU� SODWIRUPV�
��������� 2WKHU� SODWIRUPV LQFOXGHG� WKH� VFKRRO� QHZVOHWWHU�� *RRJOH� FODVVURRP��
5HPLQG�� DQG� &KDUPV�� 5HVSRQGHQWV� DOVR� LQGLFDWHG� WKDW� WKH\� GLG� QRW� XVH� VRFLDO�
PHGLD�DV�D�FRPPXQLFDWLRQ�WRRO�ZLWK�VWXGHQWV�DQG�SDUHQWV���������
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7KH�QH[W�VXUYH\�TXHVWLRQV�DVNHG�PXVLF�WHDFKHUV�DERXW�WKHLU�DGPLQLVWUDWLRQ�RI�
)DFHERRN� DQG� 7ZLWWHU� IRU� FRPPXQLFDWLRQ�� )RU� PXVLF� WHDFKHUV� ZKR� XVHG�
)DFHERRN������UHSRUWHG�WKDW�WKH\�ZHUH�WKH�VROH�DGPLQLVWUDWRUV�RI�WKH�SDJH��������
KDG� D�SDUHQW� DGPLQLVWUDWRU� DQG������� OHIW� LW� WR� WKHLU� VFKRRO��)RU� D�PLQRULW\�RI�
UHVSRQGHQWV��HLWKHU�DQRWKHU�WHDFKHU��������RU�D�VWXGHQW��������DGPLQLVWHUHG WKH�
SDJH��)RU�7ZLWWHU��D�PDMRULW\�RI�WHDFKHUV�DGPLQLVWHUHG�WKH�DFFRXQW����������)HZ�
SDUHQWV�� DGPLQLVWUDWRUV�� RWKHU� WHDFKHUV�� RU� VWXGHQWV� DGPLQLVWHUHG� WKH� DFFRXQW�
�������������������DQG�������UHVSHFWLYHO\��

0XVLF�WHDFKHUV�ZHUH�DVNHG�WR�UDQN�WKH�UHDVRQV�IRU XVLQJ�VRFLDO�PHGLD�DV�D�WRRO�
IRU�FRPPXQLFDWLRQ�ZLWK�VWXGHQWV�DQG�SDUHQWV��IURP�D�VFDOH�RI��±�����EHLQJ�WKH�ILUVW�
UHDVRQ�DQG���EHLQJ�WKH�ODVW�UHDVRQ��0RVW�WHDFKHUV�UHSRUWHG�WKDW�WKH\�XVHG�VRFLDO�
PHGLD�EHFDXVH� LW� DOORZHG� WKHP� WR�GLVVHPLQDWH� LQIRUPDWLRQ�TXLFNO\� �0� �������
6'� ��������SHRSOH�ZHUH�PRUH�ZLOOLQJ� WR�XVH� VRFLDO�PHGLD� WR� OHDUQ�DERXW� WKHLU�
PXVLF�SURJUDP��0� �������6'� ��������DQG�LW�ZDV�HDVLHU�WR�GLVVHPLQDWH�LQIRUPDWLRQ�
�0� �������6'� ��������DQG�³RWKHU´��0� �������6'� �������

)LQDOO\�� UHVSRQGHQWV� ZHUH� DVNHG� WR� GHVFULEH� WKHLU� H[SHULHQFHV� ZLWK� XVLQJ�
VRFLDO� PHGLD� DV� D� WRRO� IRU� FRPPXQLFDWLRQ�� $OWKRXJK� ���� PXVLF� WHDFKHUV�
FRPSOHWHG�WKH�VXUYH\�IRU�WKLV�VWXG\��RQO\�����FRPSOHWHG�WKH�RSHQ�HQGHG�VXUYH\�
UHVSRQVHV��7KH�FRQWHQW�RI�WKH�GHVFULSWLYH�UHVSRQVHV�ZDV�DQDO\]HG�XVLQJ�&UHVZHOO¶V�
������� GDWD� DQDO\VLV� VSLUDO � WKH� WZR� UHVHDUFKHUV� UHDG� WKURXJK� WKH� WH[W�� PDGH�
PDUJLQ� QRWHV�� DQG� IRUPHG� LQLWLDO� FRGHV�� WKHQ� UHDG� WKURXJK� WKH� WH[W� DJDLQ� WR�
HVWDEOLVK�EURDGHU�WKHPHV�WKDW�HPHUJHG�IURP�WKH�GDWD��5HOLDELOLW\�ZDV�LPSURYHG
ZLWK�ERWK�UHVHDUFKHUV�DQDO\]LQJ� WKH�GDWD� LQGHSHQGHQWO\��FRPSDULQJ�FRGHV�� WKHQ�
FRPLQJ� WR� DJUHHPHQW� WKDW� WKH� GDWD� UHYHDOHG� IRXU� WKHPHV�� �D�� W\SHV� RI�
FRPPXQLFDWLRQ�XVHG� �WUDGLWLRQDO� YHUVXV� QHZ�� �E� UHDVRQV�ZK\� VRFLDO�PHGLD� LV�
XVHG�IRU�FRPPXQLFDWLRQ���F��WKH NLQG�RI�LQIRUPDWLRQ�WKDW�LV�GLVVHPLQDWHG�WKURXJK�
VRFLDO�PHGLD��DQG��G��SUREOHPV�XVLQJ�VRFLDO�PHGLD�IRU�FRPPXQLFDWLRQ�

7HDFKHUV� UHIHUUHG� WR� IRXU� NLQGV�RI� FRPPXQLFDWLRQ� WKDW�PD\�EH� FRQVLGHUHG�
WUDGLWLRQDO EHFDXVH WKHVH�IRUPV�RI�FRPPXQLFDWLRQ�ZHUH�XVHG�SULRU�WR�WKH�ULVH�RI�
VRFLDO� PHGLD� �����±������� HPDLO�� OHWWHUV� KRPH�� SKRQH� FDOOV�� DQG� IDFH�WR�IDFH�
FRPPXQLFDWLRQ��(PDLO�ZDV�PHQWLRQHG�PRVW�IUHTXHQWO\ �Q  ������ZLWK�OHWWHUV�KRPH�
�Q  �����SKRQH�FDOOV��Q� �����DQG�IDFH�WR�IDFH�FRPPXQLFDWLRQ��Q� ����PHQWLRQHG�
OHVV�IUHTXHQWO\�� 1HZHU�PRGHV�RI�FRPPXQLFDWLRQ�LQFOXGHG�,QWHUQHW��VRFLDO�PHGLD��
DQG� WH[WLQJ� SODWIRUPV�� ,QWHUQHW� SODWIRUPV� LQFOXGHG� WKH� VFKRRO�PXVLF� SURJUDP�
ZHEVLWH� �Q�  � ���� EORJV� �Q�  � ���� (GPRGR� �Q�  � ���� *RRJOH� FODVVURRP� �Q�  � ����
3HULVFRSH��Q� �����DQG�6FKRRORJ\ �Q� �����6RFLDO�PHGLD�SODWIRUPV�ZHUH�)DFHERRN�
SDJHV�DQG�JURXSV��Q� ������7ZLWWHU��Q� �����,QVWDJUDP��Q� ����DQG�YDULRXV�DSSV��Q�
 �����7H[WLQJ�ZDV�GRQH�YLD�WKH�PRELOH�DSSOLFDWLRQ�5HPLQG��Q� �����RU�D�FHOO�SKRQH�
�Q� �����

2XW�RI� WKH�VRFLDO�PHGLD�SODWIRUPV�GLVFXVVHG��)DFHERRN�ZDV�UHIHUHQFHG� WKH�
PRVW��ZLWK����UHVSRQGHQWV�GHVFULELQJ� WKHLU�XVH�RI� LW��2I� WKH����ZKR�UHIHUHQFHG�
)DFHERRN��DERXW�KDOI��Q� �����GHVFULEHG�KRZ�WKH\�XVHG�LW��PRVW�XVHG�HLWKHU�WKH�
VFKRRO¶V�)DFHERRN�SDJH��D�SDJH�WKH\�FUHDWHG�VSHFLILFDOO\�IRU�WKHLU�PXVLF�SURJUDP��
RU� D� FORVHG� JURXS� IRU� WKHLU� PXVLF� SURJUDP� �Q�  � ����� 2WKHUV� XVHG� )DFHERRN�
0HVVHQJHU�WR�FRPPXQLFDWH�ZLWK�SDUHQWV�DQG�VWXGHQWV��Q� �����DQG�RQO\�WZR�XVHG�
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WKHLU�SHUVRQDO�)DFHERRN�SDJH�WR�FRPPXQLFDWH��2YHUDOO��PXVLF�WHDFKHUV�SUHIHUUHG�
XVLQJ�QHZHU�PRGHV�RI�FRPPXQLFDWLRQ��H�J���,QWHUQHW�SODWIRUPV��WH[WLQJ��DQG�VRFLDO�
PHGLD���WKHVH�QHZHU�PRGHV�RI�FRPPXQLFDWLRQ�ZHUH�GLVFXVVHG�����WLPHV��ZKHUHDV�
WUDGLWLRQDO�PRGHV�RI�FRPPXQLFDWLRQ�ZHUH�RQO\�PHQWLRQHG����WLPHV�

6RFLDO�PHGLD�ZDV�XVHG�IRU�FRPPXQLFDWLRQ�EHFDXVH�LW�ZDV�IDVW��Q� ������HDV\�
WR� XVH� �Q�  � ����� UHDFKHG� D� ODUJH� DPRXQW� RI� SHRSOH� �Q�  � ���� EXLOW� FRPPXQLW\�
�Q� �����UHOLDEOH��Q� �����UHLQIRUFHG�RWKHU�PHDQV�RI�FRPPXQLFDWLRQ��Q� �����DQG�
ZDV�³D�ZD\�WR�VSUHDG�IXQ�DQG�FKHHU´��Q� �����5HVSRQGHQWV�PHQWLRQHG�WKDW�SDUHQWV�
DQG� VWXGHQWV� UHVSRQGHG� IDVWHU� WR� VRFLDO�PHGLD� WKDQ� HPDLO� DQG� RWKHU� WUDGLWLRQDO�
PRGHV� RI� FRPPXQLFDWLRQ�� 2QH� UHVSRQGHQW� ZURWH� WKDW� ³6WXGHQWV� JHW� WKH�
LQIRUPDWLRQ�PXFK�TXLFNHU�ZKHQ� VHQW� WKURXJK� VRFLDO�PHGLD� DQG� ,� KDYH� D�EHWWHU�
UHVSRQVH�IURP�WKDW�´�6RPH�UHVSRQGHQWV�PHQWLRQHG�WKDW�WKH\�OLNHG�EHLQJ�DEOH�WR�
UHVSRQG�WR�TXHVWLRQV�TXLFNO\�WKURXJK�VRFLDO�PHGLD�DQG�KDYH�QRWLFHG�WKDW�SDUHQWV�
ZHUH�PRUH�LQYROYHG��)RU�H[DPSOH��³,�KDYH�VHHQ�DQ�LQFUHDVH�LQ�SDUHQW�LQYROYHPHQW�
LQ�P\� ERRVWHU� RUJDQL]DWLRQ� VLQFH� LPSOHPHQWLQJ� WKH� XVH� RI� VRFLDO�PHGLD�´�2QH�
SDUWLFLSDQW�HQMR\HG�EHLQJ�DEOH�WR�HGLW�WKH�LQIRUPDWLRQ�WKDW�ZDV�EHLQJ�GLVVHPLQDWHG�

7KH�IDFW�WKDW�PRVW�SHRSOH�DUH�RQ�WKHLU�VRFLDO�PHGLD�SDJH�DQ�DYHUDJH�RI���
WLPHV�D�GD\��QRW�RQO\�FDQ�,�JHW�LQIRUPDWLRQ�RXW�TXLFNO\��EXW�VKRXOG�WKDW�
LQIRUPDWLRQ�QHHG�WR�EH�HGLWHG�RU�PRGLILHG��LW�FDQ�KDSSHQ�DOPRVW�LQVWDQWO\��
:LVK�,�KDG�KDG�LW�ZKHQ�,�ZDV�ZDLWLQJ�IRU�KRXUV�IRU�SDUHQWV�WR�SLFN�XS�
NLGV�DW�VFKRRO�ZKHQ�ZH�ZHUH�GHOD\HG�DW�D�FRQWHVW�RU�VRPH�XQIRUVHHQ�>VLF@�
GHOD\��&RPPXQLFDWLRQ�LV�VR�PXFK�HDVLHU�QRZ�WKDQ�LQ�WKH���¶V�
0XVLF� WHDFKHUV� FRPPXQLFDWHG� LQIRUPDWLRQ� DERXW� WKHLU� PXVLF� SURJUDPV� WR�

VWXGHQWV�� SDUHQWV�� DQG�RWKHUV� LQYROYHG� LQ� WKH�PXVLF�SURJUDP��7KH\� XVHG� VRFLDO�
PHGLD� WR� VHQG� UHPLQGHUV� �H�J��� DERXW� GHDGOLQHV�� OHVVRQV��PXVLFDO� HYHQWV� LQ� WKH�
FRPPXQLW\��DQG�WKH�PXVLF�SURJUDP¶V�SHUIRUPDQFHV���DGYHUWLVHG�HYHQWV��SURPRWHG�
WKHLU�PXVLF� SURJUDPV�� UDLVHG�PRQH\�� VKDUHG� YLGHRV� DQG� SLFWXUHV�� GLVVHPLQDWHG�
VFKHGXOHV�� IDFLOLWDWHG� SXEOLF� UHODWLRQV�� SRVWHG� DVVLJQPHQWV�� VKDUHG� HGXFDWLRQDO
PDWHULDOV��DUWLFOHV�DQG�OLVWHQLQJ�VDPSOHV���VKDUHG�IRUPV��VKDUHG�LQIRUPDWLRQ�DERXW�
WULSV�� LQFUHDVHG� SDUHQW� LQYROYHPHQW�� HGXFDWHG� WKH� VFKRRO� FRPPXQLW\� DERXW� WKH�
PXVLF�SURJUDP��VHQW�RXW�VFKHGXOHV��FRQFHUW�GDWHV��GHDGOLQHV��DQG�JHQHUDO�UHVRXUFH�
LQIRUPDWLRQ�� DQG� HQFRXUDJHG� DQG� EXLOW� XS� WKH� VWXGHQWV� LQ� WKH� PXVLF� SURJUDP�
�D�WRWDO�RI����UHVSRQVHV���7HDFKHUV�DOVR�XVHG�VRFLDO�PHGLD�WR�UHVSRQG�WR�VWXGHQW�
DQG�SDUHQW�TXHVWLRQV��Q� �����JDLQ�IHHGEDFN�RQ�WKHLU�PXVLF�SURJUDPV��Q� �����DQG�
UHLQIRUFH�RWKHU�PHDQV�RI�FRPPXQLFDWLRQ��Q� ����

$OWKRXJK� WKHUH� ZHUH� PDQ\� SRVLWLYH� UHVSRQVHV� WR� XVLQJ� VRFLDO� PHGLD��
UHVSRQGHQWV�UDLVHG�FRQFHUQV�DQG�SUREOHPV�ZLWK�XVLQJ�VRFLDO�PHGLD�DV�D�WRRO�IRU�
FRPPXQLFDWLRQ� ZLWK� SDUHQWV� DQG� VWXGHQWV�� 5HVSRQGHQWV� GLVFXVVHG� HTXDOO\� WKH�
SUREOHP�ZLWK�VWXGHQWV�DQG�SDUHQWV�QRW�KDYLQJ�DFFHVV�WR�VRFLDO�PHGLD�RXWVLGH�RI�
VFKRRO��Q� �����DQG�VFKRRO�SROLFLHV�DJDLQVW�RU�GLVFRXUDJLQJ�WKH�XVH�RI�VRFLDO�PHGLD�
LQ�VFKRRO��Q� ������6RPH�SDUHQWV�VLPSO\�GLG�QRW�KDYH�RU�GLG�QRW�ZDQW�VRFLDO�PHGLD�
DFFRXQWV�� ZKLOH� RWKHUV� OLYHG� LQ� SRYHUW\� DQG� KDG� QR� DFFHVV� WR� WKH� ,QWHUQHW� RU�
VPDUWSKRQHV��2QH�UHVSRQGHQW�ZURWH�³7KLV�LV�D�KLJK�SRYHUW\�VFKRRO��1RW�DOO�SDUHQWV�
KDYH�DFFHVV� WR� LQWHUQHW�VRFLDO�PHGLD�´�5HVSRQGHQWV�DOVR�PHQWLRQHG� LVVXHV�ZLWK�
SULYDF\��ERWK�WKHLU�RZQ�DQG�VWXGHQWV¶��Q� �����$V RQH�SDUWLFLSDQW�VKDUHG��
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,�SUHIHU�WR�NHHS�P\�VRFLDO�PHGLD�SULYDWH��,�GRQ¶W�OLNH�XVLQJ�LW�IRU�VFKRRO��
0\�VFKRRO�GRHV�XVH�LW��%XW�,�IHHO�LW�PL[HV�SHUVRQDO�ZLWK�SULYDWH�OLYHV��,�
IHHO�SUHVVXUH� WR�EH�³IULHQGV´�ZLWK�P\�DGPLQLVWUDWRU�DQG�FROOHDJXHV�RQ�
VRFLDO�PHGLD�ZKLFK�WKHQ�FDXVHV�VWUHVV�WR�PH��,¶G�UDWKHU�KDYH�P\�VRFLDO�
PHGLD�WR�P\VHOI�DQG�XVH�PRUH�WUDGLWLRQDO�ZD\V�WR�FRPPXQLFDWH��,�KDYH�D�
SHUVRQDO�SROLF\�WR�QRW�³IULHQG´�DQ\�RI�P\�VWXGHQW¶V�SDUHQWV�EXW�,�IHHO�,¶P�
WKH�RQO\�RQH�ZKR�KDV�WKDW�SROLF\��$�ORW�RI�WHDFKHUV�DUH�IULHQGV�ZLWK�WKHLU�
VWXGHQW
V�SDUHQWV�ZKLFK�,�WKLQN�LV�LQDSSURSULDWH�
6WXGHQW� SULYDF\� FRQFHUQV� LQFOXGHG� UHDO� QDPHV� EHLQJ� VKDUHG�� SKRWRV� DQG�

YLGHRV�VKDUHG�ZLWKRXW�SHUPLVVLRQ��DQG�VWXGHQWV�XQGHU�WKH�DJH�RI����XVLQJ�VRFLDO�
PHGLD�WR�FRPPXQLFDWH��2QH�SDUWLFLSDQW�ZURWH��

7KH�UHDVRQ�,�GR�QRW�XVH�)DFHERRN�LV�WKDW�,�SUHIHU�WR�JLYH�P\�SDUHQWV�ORWV�
RI�YLGHRV�DQG�SLFWXUHV�IURP�PXVLF�FODVV��8VLQJ�)%�ZLOO�QRW�ZRUN�EHFDXVH�
WKHUH�LV�QR�ZD\�WR�DSSURYH�DOO�RI�WKH�UHTXHVWV�DQG�,�SUHIHU�PRUH�SULYDF\�
IRU�P\�VWXGHQWV��,�WKLQN�WKDW�PDQ\�SDUHQWV�ZRXOG�ZDQW�WR�EH�DEOH�WR�JLYH�
PH� SHUPLVVLRQ� WR� SXW� WKHLU� FKLOG
V� LPDJH� RQ� )%� DQG� LW� LV� WRR� WLPH�
FRQVXPLQJ�
6HYHUDO�UHVSRQGHQWV�KLJKOLJKWHG�FKDQJHV�LQ�VWXGHQWV¶�XVH�RI�VSHFLILF�VRFLDO�

PHGLD�SODWIRUPV��)LYH�UHVSRQGHQWV�PHQWLRQHG�KRZ�IHZHU�VWXGHQWV�XVH�)DFHERRN��
SHUKDSV�EHFDXVH�WKHUH�LV�DQ�RYHUDOO�GHFOLQH�LQ�WKH�XVH�RI�)DFHERRN�LQ�UHODWLRQVKLS�
WR�RWKHU�VRFLDO�PHGLD�SODWIRUPV�VXFK�DV�3LQWHUHVW�DQG�7XPEOU��DFFRUGLQJ� WR� WKH�
*OREDO�:HE�,QGH[��2OVRQ���������)RU�WKUHH�WHDFKHUV��IDVW�FKDQJHV�LQ�WHFKQRORJ\�
PDGH�LW�KDUG�IRU�WKHP�WR�NHHS�XS�WR�GDWH�RQ�QHZ�VRFLDO�PHGLD�SODWIRUPV��$V�RQH�
SDUWLFLSDQW�VKDUHG��³>,W¶V@�KDUG�WR�VWD\�FXUUHQW�´�)LQDOO\��RQH�SDUWLFLSDQW�PHQWLRQHG�
WKDW�NHHSLQJ�XS�ZLWK�VRFLDO�PHGLD�ZDV�WRR�WLPH�FRQVXPLQJ��ZKLOH�WZR�GHVFULEHG�
KRZ� SDUHQWV� XVHG� VRFLDO�PHGLD� WR� FRPSODLQ� DERXW� WKH�PXVLF� SURJUDP� RU� XVHG�
LQIRUPDWLRQ�IRXQG�RQ�)DFHERRN�DJDLQVW�D�WHDFKHU�

'LVFXVVLRQ

7KH� ILQGLQJV� RI� WKLV� VWXG\� UHYHDOHG� WKDW� PXVLF� WHDFKHUV� XVHG� D� PL[� RI�
WUDGLWLRQDO�PRGHV�RI�FRPPXQLFDWLRQ��H�J���OHWWHUV�KRPH��SKRQH�FDOOV��IDFH�WR�IDFH�
FRQYHUVDWLRQ�� DQG� HPDLOV�� DQG� QHZHU� PRGHV� RI� FRPPXQLFDWLRQ� �H�J��� ,QWHUQHW�
SODWIRUPV�� WH[WLQJ�� DQG� VRFLDO� PHGLD��� 2XU� ILQGLQJV VXJJHVW� WKDW� WHDFKHUV� ZLOO�
FRQWLQXH�XVLQJ�PRUH�,QWHUQHW�EDVHG�FRPPXQLFDWLRQ�WKDQ�LQ�WKH�SDVW��%DXHU��������
������%UHZHU�	�5LFNHOV���������5HVSRQGHQWV¶�SURPLQHQW�XVH�RI�)DFHERRN�LQ�RXU�
VWXG\�DOLJQHG�ZLWK� WKH� ILQGLQJV�RI�%UHZHU�DQG�5LFNHOV� ��������ZKR�VWDWHG� WKDW�
WKHUH�DSSHDUHG�WR�EH�DQ�LQFUHDVH�LQ�WKH�XVH�RI�)DFHERRN�IRU�GLVFXVVLRQV�

0DQ\� WHDFKHUV� LQ� WKLV� VWXG\� XVHG� VRFLDO� PHGLD� WR� FRPPXQLFDWH�� ZLWK�
)DFHERRN�DQG�7ZLWWHU�EHLQJ�XVHG�PRVW�IUHTXHQWO\��7KLV�VXSSRUWV�VXJJHVWLRQV�WKDW�
WHDFKHUV� XVH� VRFLDO� PHGLD� IRU� FRPPXQLFDWLRQ�� SDUWLFXODUO\� )DFHERRN� �$OEHUW��
������*LHEHOKDXVHQ���������7KH�PDMRULW\�RI�WHDFKHUV�ZHUH�DGPLQLVWUDWRUV�RI�WKHLU�
)DFHERRN�DQG�7ZLWWHU�SDJHV��7KLV�KDV�LPSOLFDWLRQV�IRU�PXVLF�WHDFKHU�HGXFDWLRQ��
DV�WKHUH�DUH�D�P\ULDG�RI�SULYDF\�FRQFHUQV�DQG�LVVXHV�WKDW�PD\�DULVH�IURP�XVLQJ�
)DFHERRN�DV�D�WRRO�IRU�FRPPXQLFDWLRQ�ZLWK�SDUHQWV�DQG�VWXGHQWV��
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7HDFKHUV�LQ�WKLV�VWXG\�EURXJKW�WR�OLJKW�YDOLG�FRQFHUQV�DERXW�SULYDF\�DQG�VRFLDO�
PHGLD�� 'DWD� PLQLQJ� DQG� WKH� RYHU�VKDULQJ� RI� SULYDWH� LQIRUPDWLRQ� FDQ� FDXVH�
SUREOHPV� LQ� WHUPV�RI� EODFNPDLO�� KDUDVVPHQW�� DQG� WKH�YLRODWLRQ�RI� WUDQVSDUHQF\�
ODZV��)XUWKHU��WHDFKHUV�ZKR�VKDUH�WKHLU�SULYDWH�FHOOXODU�SKRQH�QXPEHUV�UXQ�WKH�ULVN�
RI� SRWHQWLDO� LQDSSURSULDWH� FRPPXQLFDWLRQ� ZLWK� PLQRUV�� SHUKDSV� ULVNLQJ� WKHLU�
FDUHHUV�DQG�SURIHVVLRQDO�VWDWXV��6FKRRO�GLVWULFW�SROLFLHV�FRQFHUQLQJ�WHFKQRORJ\�DQG�
VRFLDO�PHGLD�VHHP�WR�EH�TXLWH�PL[HG��

7HDFKHUV�ZKR�XVHG�VRFLDO�PHGLD�WR�FRPPXQLFDWH�GLG�VR�EHFDXVH�LW�DOORZHG�
WKHP�WR�GLVVHPLQDWH� LQIRUPDWLRQ�TXLFNO\�DQG�HDVLO\�DQG� WKH\� IRXQG� WKDW�SHRSOH�
ZHUH� PRUH� ZLOOLQJ� WR� XVH� VRFLDO� PHGLD� WR� OHDUQ� DERXW� WKHLU� PXVLF� SURJUDP��
7KH� EHQHILWV� RI� XVLQJ� VRFLDO� PHGLD WR� FRPPXQLFDWH� DUH� QRW� SUDFWLFDO� IRU� DOO�
WHDFKHUV� 6RPH�WHDFKHUV�ZRUN�LQ�GLVWULFWV�ZKHUH�SDUHQWV�KDYH�OLWWOH�WR�QR�DFFHVV�WR�
WKH� ,QWHUQHW�� DQG� WKHUHIRUH� FDQQRW� XVH� ,QWHUQHW� SODWIRUPV� DQG� VRFLDO� PHGLD� WR�
FRPPXQLFDWH��

/LPLWDWLRQV�RI�7KLV�6WXG\

7KHUH�ZHUH VHYHUDO� OLPLWDWLRQV� WR� WKLV� VWXG\��5HVXOWV� RI� WKH� VWXG\�PXVW� EH�
LQWHUSUHWHG�ZLWK�FDXWLRQ�EHFDXVH�WKH�UHVSRQVH�UDWH�ZDV�ORZ���������,W�LV�SRVVLEOH�
WKDW� WKH� UHVSRQVH� UDWH�ZDV� ORZ�EHFDXVH�PXVLF� WHDFKHUV� KDYH�D�YHU\�GHPDQGLQJ�
WHDFKLQJ� VFKHGXOH� DQG� DUH� FRQWLQXRXVO\� LQXQGDWHG� ZLWK� HPDLOV� WKURXJKRXW� WKH�
VFKRRO�GD\��5HVSRQGLQJ�WR�WKH�VXUYH\�PD\�KDYH�QRW�EHHQ�D�SULRULW\��+RZHYHU��WKH�
UHVXOWV�RI�WKLV�VWXG\�GR�SURYLGH�LPSRUWDQW�LQIRUPDWLRQ�WR�LQIRUP�IXWXUH�UHVHDUFKHUV�
RQ� KRZ� VRPH� PXVLF� WHDFKHUV� FRPPXQLFDWH� ZLWK� DGPLQLVWUDWLRQ�� SDUHQWV�� DQG�
VWXGHQWV��'XH�WR�WKH�VFRSH�RI�WKH�SUHVHQW�VWXG\�DQG�WKH�ORZ�UHVSRQVH�UDWH��ZH�ZHUH�
XQDEOH� WR� DJJUHJDWH� WKH� GDWD� WR� GHWHUPLQH� LI� WKH� XVH� RI� VRFLDO� PHGLD� IRU�
FRPPXQLFDWLRQ�GLIIHUHG�DPRQJ�GLIIHUHQW�OHYHOV�RI�WHDFKLQJ��HOHPHQWDU\��PLGGOH��
KLJK�VFKRRO���RU�\HDUV�RI�WHDFKLQJ�H[SHULHQFH��,W�ZRXOG�EH�LQWHUHVWLQJ�WR�LQYHVWLJDWH�
WKH� FURVV�VHFWLRQ�RI� WKHVH� YDULDEOHV� WR�GHWHUPLQH� KRZ� WKH\� LQWHUDFW�ZLWK�PXVLF�
WHDFKHUV¶�PHWKRGV�RI�FRPPXQLFDWLRQ��3UHYLRXV� UHVHDUFK�E\�&KDUQHVV�DQG�%RRW�
������� KDV� VKRZQ� WKDW� ROGHU� DGXOWV� DUH� OHVV� FRPIRUWDEOH� XVLQJ� DGYDQFHG�
WHFKQRORJ\� IRU� FRPPXQLFDWLRQ� DV� WHFKQRORJ\� DGYDQFHV� DW� VXFK� D� UDSLG� SDFH��
,W�ZRXOG� EH� LQWHUHVWLQJ� WR� LQYHVWLJDWH�ZKHWKHU� WKRVH�ZKR� KDYH�PRUH� DGYDQFHG�
\HDUV�RI�H[SHULHQFH�LQ�WKH�ILHOG�DUH�PRUH�DYHUVH�WR�XVLQJ�VRFLDO�PHGLD�SODWIRUPV�
DV�FRPPXQLFDWLRQ�WRROV�WKDQ�WHDFKHUV�ZKR�DUH�QHZ�WR�WKH�ILHOG��

,PSOLFDWLRQV�DQG�)XWXUH�5HVHDUFK

8QGHUVWDQGLQJ�WKH�EHQHILWV�DQG�GUDZEDFNV�RI�VRFLDO�PHGLD�SODWIRUPV�DV�WRROV�
IRU� FRPPXQLFDWLRQ� PD\� KHOS� LQ�VHUYLFH� DQG� SUH�VHUYLFH� PXVLF� WHDFKHUV� PDNH�
EHWWHU� GHFLVLRQV� DERXW� ZKLFK� FRPPXQLFDWLRQ� WRROV� DUH� EHVW� IRU� WKHLU� FXUUHQW�
WHDFKLQJ�FRQWH[WV��,W�LV�LPSRUWDQW�WR�FRQVLGHU�WKH�VRFLR�HFRQRPLF�VWDWXV��6(6��RI�
VWXGHQWV�DQG�SDUHQWV�LQ�RUGHU�WR�GHWHUPLQH�LI�HOHFWURQLF�FRPPXQLFDWLRQ�LV�SRVVLEOH��
DV�PRVW�VWXGHQWV�ZLWK�ORZ�6(6�EDFNJURXQGV�DUH�OHVV�OLNHO\�WR�KDYH�FRPSXWHU�DQG�
,QWHUQHW� DFFHVV� DW� KRPH� �9HNLUL�� ������� ,I� 6(6� LV� QRW� DQ� LVVXH�� WHDFKHUV� PXVW�
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FRQVLGHU�WKH�SRWHQWLDO�EHQHILWV�WR�XVLQJ�VRFLDO�PHGLD�SODWIRUPV�IRU�FRPPXQLFDWLRQ�
�VSHHG� DQG� HDVH�� YHUVXV� WKH� SRWHQWLDO� GUDZEDFNV� �SULYDF\� LVVXHV� DQG� DEXVLYH�
EHKDYLRU���

7HDFKHUV� VKDUHG� D� YDULHW\� RI� VRFLDO� PHGLD� SODWIRUPV� WKH\� XVHG� IRU�
FRPPXQLFDWLRQ� DQG� GHVFULEHG� KRZ� DQG� ZK\� WKH\� XVHG� WKHP�� 6KDULQJ� WKLV�
NQRZOHGJH�PD\�KHOS�LQ�VHUYLFH�PXVLF�WHDFKHUV�DGMXVW�WR�FKDQJHV�LQ�WHFKQRORJ\��
ZKLOH� KHOSLQJ� HTXLS� SUH�VHUYLFH� WHDFKHUV�ZLWK� LGHDV� DQG� WRROV� WR� FRPPXQLFDWH�
HIILFLHQWO\�ZLWK�SDUHQWV�DQG�VWXGHQWV�ZKHQ�WKH\�HQWHU�WKH�ILHOG��7HDFKHUV�LQ�WKLV�
VWXG\�QHYHU� LQGLFDWHG� WKDW�SURIHVVLRQDO�GHYHORSPHQW�RSSRUWXQLWLHV� KHOSHG� WKHP�
JDLQ�WRROV�IRU�FRPPXQLFDWLQJ�YLD�VRFLDO�PHGLD��)XUWKHU�UHVHDUFK�RQ�KRZ�WHDFKHUV�
OHDUQ�WR�XVH�VRFLDO�PHGLD�SODWIRUPV�IRU�FRPPXQLFDWLRQ�DQG�ZKHWKHU�WHDFKHUV�DUH�
JDLQLQJ� XVHIXO� LQIRUPDWLRQ� DERXW� WHFKQRORJLFDO� WRROV� IRU� FRPPXQLFDWLRQ� IURP
SURIHVVLRQDO�GHYHORSPHQW�RSSRUWXQLWLHV�LV�QHHGHG�

,Q� WKH� SUHVHQW� VWXG\�� WHDFKHUV� UDUHO\� UHSRUWHG� XVLQJ� IDFH�WR�IDFH�
FRPPXQLFDWLRQ��7KLV�PD\�EH�EHFDXVH� WHDFKHUV� UHO\�RQ� HPDLO� DQG� VRFLDO�PHGLD�
SODWIRUPV� WR� DYRLG� GLUHFW� FRQIURQWDWLRQV� ZLWK� SDUHQWV� DQG� VWXGHQWV�� ,W� LV� DOVR�
SRVVLEOH� WKDW� WHDFKHUV� UDUHO\� XVH� IDFH�WR�IDFH� FRPPXQLFDWLRQ� EHFDXVH� RI� WLPH�
FRQVWUDLQWV��)XUWKHU�UHVHDUFK�LQWR�ZK\�WHDFKHUV�XVH��RU�GR�QRW�XVH��RWKHU�IRUPV�RI�
FRPPXQLFDWLRQ�LV�ZDUUDQWHG�

)LQDOO\��WKH�OLPLWDWLRQV�RI�WKLV�VWXG\�SUHYHQWHG�UHVHDUFKHUV�IURP�GHWHUPLQLQJ�
LI� WHDFKHUV� FRPPXQLFDWH� GLIIHUHQWO\� DFFRUGLQJ� WR� DJH�� JUDGH� OHYHO�� RU� DUHD� RI�
WHDFKLQJ�� $JJUHJDWLQJ� GDWD� DFFRUGLQJ� WR� WKHVH� DUHDV� PD\� UHYHDO� LQWHUHVWLQJ�
ILQGLQJV�� )RU� H[DPSOH�� WHDFKHUV� PD\� FRPPXQLFDWH� GLIIHUHQWO\� ZLWK ODUJH�
HQVHPEOHV�WKDQ�IRU�JHQHUDO�PXVLF�SURJUDPV��DQG�IRU�GLIIHUHQW�UHDVRQV��$GGLWLRQDO�
GDWD� FROOHFWLRQ� LQ� IXWXUH� VWXGLHV� FRXOG� UHYHDO� LQWHUHVWLQJ� ILQGLQJV� LQ� WKH�
JHQHUDWLRQDO� GLIIHUHQFH� LQ� WHFKQRORJ\� SUHIHUHQFH� DQG� XVDJH� EDVHG� RQ� \HDUV� RI�
WHDFKLQJ��7KLV�PD\� KDYH� LPSOLFDWLRQV� IRU� SUHSDULQJ�SUH�VHUYLFH�PXVLF� WHDFKHUV�
DQG�KHOSLQJ�LQ�VHUYLFH�PXVLF�WHDFKHUV�FRPPXQLFDWH�PRUH�HIIHFWLYHO\��WKXV�DGGLQJ�
PRUH�FXUUHQW�DQG�UHOHYDQW�FRQWHQW�WR�PXVLF�HGXFDWLRQ�PHWKRGV�FRXUVHV�LQ�PXVLF�
WHDFKHU�SURIHVVLRQDO�GHYHORSPHQW�DQG�SUH�VHUYLFH�SUHSDUDWLRQ�FRXUVHV��

5HIHUHQFHV

$OEHUW��'��-��������� 6RFLDO�PHGLD�LQ�PXVLF�HGXFDWLRQ��([WHQGLQJ�OHDUQLQJ�WR�ZKHUH�VWXGHQWV
³OLYH�´�0XVLF�(GXFDWRUV�-RXUQDO������������±����GRL�������������������������

$LU\��6���	�3DUU��-��0����������0,',��PXVLF�DQG�PH��6WXGHQWV¶�SHUVSHFWLYHV�RQ�FRPSRVLQJ�
ZLWK�0,',��0XVLF�(GXFDWLRQ�5HVHDUFK��������������

$QWKHV��*����������,QYDVLRQ�RI�WKH�PRELOH�DSSV��&RPPXQLFDWLRQV�RI�WKH�$&0�����������±
���

%DXHU��:��,����������0XVLF�HGXFDWRUV�DQG�WKH�,QWHUQHW��&RQWULEXWLRQV�WR�0XVLF�(GXFDWLRQ��
���������±���

%DXHU�� :�� ,�� �������� <RXU� SHUVRQDO� OHDUQLQJ� QHWZRUN�� 3URIHVVLRQDO� GHYHORSPHQW� RQ�
GHPDQG��0XVLF�(GXFDWRUV�-RXUQDO�����������±�� GRL�������������������������

%DXHU��%���	�0RHKOH��0��5� ��������$�FRQWHQW�DQDO\VLV�RI�WKH�0(1&�'LVFXVVLRQ�IRUXPV�
%XOOHWLQ�RI�WKH�&RXQFLO�IRU�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ���������±����
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%UHZHU��:��'���	�5LFNHOV��'��$����������$�FRQWHQW�DQDO\VLV�RI�VRFLDO�PHGLD�LQWHUDFWLRQV�LQ�
WKH�)DFHERRN�%DQG�'LUHFWRUV�*URXS��%XOOHWLQ�RI�WKH�&RXQFLO�IRU�5HVHDUFK�LQ�0XVLF�
(GXFDWLRQ��������±���

%XUQDUG�� 3�� �������� 5HIUDPLQJ� FUHDWLYLW\� DQG� WHFKQRORJ\�� 3URPRWLQJ� FKDQJH� LQ� PXVLF�
HGXFDWLRQ��-RXUQDO�RI�0XVLF��7HFKQRORJ\�	�(GXFDWLRQ����������±����

&KDUQHVV�� 1��� 	� %RRW��:�� 5�� �������� $JLQJ� DQG� LQIRUPDWLRQ� WHFKQRORJ\� XVH��&XUUHQW�
'LUHFWLRQV LQ� 3V\FKRORJLFDO� 6FLHQFH�� ������� ���±����� GRL���������M������
����������������[

&UHVZHOO�� -��:�� ��������4XDOLWDWLYH� LQTXLU\�DQG� UHVHDUFK�GHVLJQ��&KRRVLQJ�DPRQJ� ILYH�
DSSURDFKHV���UG�HG����7KRXVDQG�2DNV��&$��6DJH�3XEOLFDWLRQV��,QF��

'X%UDYDF��6����������'LJLWDO�GHVWLQ\��+RZ�WKH�QHZ�DJH�RI�GDWD�ZLOO�WUDQVIRUP�WKH�ZD\�ZH�
ZRUN��OLYH��DQG�FRPPXQLFDWH��:DVKLQJWRQ��'&��5HJQHU\�3XEOLVKLQJ�

(UWPHU�� 3�� $��� 	�2WWHQEUHLW�/HIWZLFK�� $�� 7�� ������� 7HDFKHU� WHFKQRORJ\� FKDQJH�� +RZ�
NQRZOHGJH�� FRQILGHQFH�� EHOLHIV�� DQG� FXOWXUH� LQWHUVHFW�� -RXUQDO� RI� ,QIRUPDWLRQ�
7HFKQRORJ\�IRU�7HDFKHU�(GXFDWLRQ������������±����

)RUNRVK�%DUXFK��$���+HUVKNRYLW]��$���	�$QJ��5��3����������7HDFKHU�VWXGHQW�UHODWLRQVKLSV�
DQG� 616�PHGLDWHG� FRPPXQLFDWLRQ�� 3HUFHSWLRQV� RI� ERWK� UROH�SOD\HUV�
,QWHUGLVFLSOLQDU\�-RXUQDO�RI�H�6NLOOV�DQG�/LIHORQJ�/HDUQLQJ����� ���±����

*LHEHOKDXVHQ�� 5�� �������� :KDW� WKH� WHFK� LV� JRLQJ� RQ"� 6RFLDO� PHGLD� DQG� \RXU� PXVLF�
FODVVURRP��*HQHUDO�0XVLF�7RGD\�����������±����GRL�������������������������

+DUULV��-���0LVKUD��3���	�.RHKOHU��0����������7HDFKHUV¶�WHFKQRORJLFDO�SHGDJRJLFDO�FRQWHQW�
NQRZOHGJH� DQG� OHDUQLQJ� DFWLYLW\� W\SHV�� &XUULFXOXP�EDVHG� WHFKQRORJ\� LQWHJUDWLRQ�
UHIUDPHG��-RXUQDO�RI�5HVHDUFK�RQ�7HFKQRORJ\�LQ�(GXFDWLRQ������������±����

+HQGULFNV��'���������)HEUXDU\����� ��ZD\V�VRFLDO�PHGLD�LV�GULYLQJ�D�EXVLQHVV�UHYROXWLRQ�
)RUEHV�(QWUHSUHQHXUV� 5HWULHYHG� IURP� KWWS���ZZZ�IRUEHV�FRP�VLWHV�GUHZKHQGULFNV�
�������������ZD\V�VRFLDO�PHGLD�LV�GULYLQJ�D�EXVLQHVV�UHYROXWLRQ������������F�

+HZ�� .�� )�� �������� 6WXGHQWV¶� DQG� WHDFKHUV¶� XVH� RI� )DFHERRN�� &RPSXWHUV� LQ� +XPDQ�
%HKDYLRU������������±�����GRL���������M�FKE������������

0F'DQLHO��:��/����������6HTXHQFLQJ�LQ�WKH�SXEOLF�VFKRRO��$�PRGHO�FXUULFXOXP�XWLOL]LQJ
FRPSXWHU� WHFKQRORJ\� WR� IDFLOLWDWH� VWXGHQW� FRPSRVLWLRQ �'RFWRUDO� GLVVHUWDWLRQ���
$YDLODEOH IURP�3UR4XHVW�'LVVHUWDWLRQV�DQG�7KHVHV�GDWDEDVH���$$7����������

0HOORU�� /�� �������� &UHDWLYLW\�� RULJLQDOLW\�� LGHQWLW\�� ,QYHVWLJDWLQJ� FRPSXWHU�EDVHG�
FRPSRVLWLRQ�LQ�WKH�VHFRQGDU\�VFKRRO��0XVLF�(GXFDWLRQ�5HVHDUFK� ���������������

0XPWD]��6�� ��������)DFWRUV� DIIHFWLQJ� WHDFKHUV¶� XVH�RI� LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQV�
WHFKQRORJ\��$�UHYLHZ�RI�WKH�OLWHUDWXUH��-RXUQDO�RI�,QIRUPDWLRQ�7HFKQRORJ\�IRU�7HDFKHU�
(GXFDWLRQ�����������±����

1LOVVRQ��%���	�)RONHVWDG��*����������&KLOGUHQ¶V�SUDFWLFH�RI�FRPSXWHU�EDVHG�FRPSRVLWLRQ�
0XVLF�(GXFDWLRQ�5HVHDUFK��������������

2OVRQ��3�� �������-DQXDU\������)DFHERRN�ZDV� WKH�RQH�QHWZRUN�SHRSOH�XVHG� OHVV� LQ�������
)RUEHV��7HFK��5HWULHYHG�IURP�KWWS���ZZZ�IRUEHV�FRP�VLWHV�SDUP\ROVRQ�������������
IDFHERRN�DFWLYH�XVHUV�GHFOLQH����FED��D���E

5RSS��0��0����������([SORULQJ�LQGLYLGXDO�FKDUDFWHULVWLFV�DVVRFLDWHG�ZLWK�OHDUQLQJ�WR�XVH�
FRPSXWHUV� LQ�SUHVHUYLFH� WHDFKHU�SUHSDUDWLRQ��-RXUQDO�RI�5HVHDUFK�RQ�&RPSXWLQJ�LQ�
(GXFDWLRQ�������� ���±����

6DYDJH��-����������:RUNLQJ�WRZDUGV�D�WKHRU\�IRU�PXVLF�WHFKQRORJLHV�LQ�WKH�FODVVURRP��+RZ�
SXSLOV�HQJDJH�ZLWK�DQG�RUJDQL]H� VRXQGV�ZLWK�QHZ� WHFKQRORJLHV��%ULWLVK�-RXUQDO�RI�
0XVLF�(GXFDWLRQ�����������������

7DUGDQLFR��6���������$SULO������,V�VRFLDO�PHGLD�VDERWDJLQJ�UHDO�FRPPXQLFDWLRQ"�)RUEHV��
/HDGHUVKLS��5HWULHYHG�IURP�KWWS���ZZZ�IRUEHV�FRP�VLWHV�VXVDQWDUGDQLFR�������������
LV�VRFLDO�PHGLD�VDERWDJLQJ�UHDO�FRPPXQLFDWLRQ����GGG�EH�IG�
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7KLEHDXOW��0��'����������0HGLD�DV�DQ�LQYLWDWLRQ�WR�UHWKLQN�PXVLF�HGXFDWLRQ��*HQHUDO�0XVLF�
7RGD\�����������±��� GRL��������������������������

7KRPSVRQ��&���0D]HU��-��3���	�*UDG\��(��)����������7KH�FKDQJLQJ�QDWXUH�RI�SDUHQW�WHDFKHU�
FRPPXQLFDWLRQ��0RGH�VHOHFWLRQ�LQ� WKH�VPDUWSKRQH�HUD��&RPPXQLFDWLRQ�(GXFDWLRQ��
����������±����

7XWHQ��7���:HWVFK��/���	�0XQR]��&����������&RQYHUVDWLRQ�EH\RQG�WKH�FODVVURRP��6RFLDO�
PHGLD�DQG�PDUNHWLQJ�HGXFDWLRQ��,Q�'��5��'HHWHU�6FKPHO]��(G����3URFHHGLQJV�RI�WKH�
�����$FDGHP\�RI�0DUNHWLQJ�6FLHQFH��$06��$QQXDO�&RQIHUHQFH��S�������

YDQ�'LMFN��-����������7KH�FXOWXUH�RI�FRQQHFWLYLW\��$�FULWLFDO�KLVWRU\�RI�VRFLDO�PHGLD��1HZ�
<RUN��1<��2[IRUG�8QLYHUVLW\�3UHVV�

9DQQDWWD�� 5�� $��� 	�1DQF\�� )�� �������� 7HDFKHU� GLVSRVLWLRQV� DV� SUHGLFWRUV� RI� FODVVURRP�
WHFKQRORJ\�XVH��-RXUQDO�RI�5HVHDUFK�RQ�7HFKQRORJ\�LQ�(GXFDWLRQ������������±����

9HNLUL��,����������6RFLRHFRQRPLF�GLIIHUHQFHV�LQ�HOHPHQWDU\�VWXGHQWV¶�,&7�EHOLHIV�DQG�RXW�
RI�VFKRRO�H[SHULHQFHV��&RPSXWHUV�	�(GXFDWLRQ������������±�����

:DUG��&�� -�� ��������0XVLFDO�H[SORUDWLRQ�XVLQJ� ,&7� LQ� WKH�PLGGOH�DQG�VHFRQGDU\�VFKRRO�
FODVVURRP��,QWHUQDWLRQDO�-RXUQDO�RI�0XVLF�(GXFDWLRQ������������±���� GRL����������
����������������

:LOOLV�� -��� 3ULFH�� -�� '��� 0F1HLO�� 6��� 5RELQ�� %��� 	� :LOOLV�� '�� $�� �(GV���� ������� $SULO���
7HFKQRORJ\� DQG� WHDFKHU� HGXFDWLRQ� DQQXDO�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�
&RQIHUHQFH�RI�WKH�6RFLHW\�IRU�,QIRUPDWLRQ�7HFKQRORJ\�DQG�7HDFKHU�(GXFDWLRQ��6,7(��
�2UODQGR��)/��$SULO��±���������9ROV�,�DQG�,,��

:RRGURZ��-��(��-����������7KH�LQIOXHQFH�RI�SURJUDPPLQJ�WUDLQLQJ�RQ�WKH�FRPSXWHU�OLWHUDF\�
DQG�DWWLWXGHV�RI�SUHVHUYLFH�WHDFKHUV��-RXUQDO�RI�5HVHDUFK�RQ�&RPSXWLQJ�LQ�(GXFDWLRQ��
����������±����
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3HUFHLYHG�6WUHVV�$PRQJ�3XEOLF�6FKRRO�0XVLF�(GXFDWRUV��6WUHVV�2YHU�
7LPH�� 'HPRJUDSKLF� 'LIIHUHQFHV�� &RPPRQ� 6HOI�,GHQWLILHG� )DFWRUV� RI�
6WUHVV�� DQG� 5HODWLRQVKLSV� %HWZHHQ� 'HPRJUDSKLF� 'LIIHUHQFHV� DQG�
(PHUJHQW�6WUHVV�7KHPHV

-XVWLQ $��'RVV
8QLYHUVLW\�RI�0LVVRXUL�.DQVDV�&LW\
0D\ ����
&RPPLWWHH�&KDLUSHUVRQ��'U��-RVHSK�3DULVL

'LVVHUWDWLRQ $EVWUDFW�

7HDFKLQJ�IUHTXHQWO\�KDV�EHHQ�LGHQWLILHG�DV�D�VWUHVVIXO�RFFXSDWLRQ��ZDUUDQWLQJ�
QXPHURXV�VWXGLHV�RI�WHDFKHU�EXUQRXW��DWWULWLRQ��DQG�VWUHVV� /HYHOV�RI�SURIHVVLRQDO�
EXUQRXW�DQG�DWWULWLRQ�DPRQJ�HGXFDWRUV�KDYH�EHHQ�VKRZQ�WR�FRUUHODWH�ZLWK�JHQHUDO�
OHYHOV� RI� VWUHVV� DFURVV� DOO� DVSHFWV� RI� OLIH�� $V� UDWHV� RI� VXFK� LVVXHV� FRQWLQXH� WR�
IXQFWLRQ�DV�D�VRXUFH�RI�FRQFHUQ�ZLWKLQ�WKH�SURIHVVLRQ��HIIRUWV�WR�KHOS�HGXFDWRUV�
PDQDJH� VWUHVV� DQG� PDLQWDLQ� EDODQFH� DUH� RI� FULWLFDO� LPSRUWDQFH�� $GGLWLRQDOO\��
PXVLF�HGXFDWRUV�WHQG�WR�IDFH�XQLTXH�RFFXSDWLRQDO�VWUHVVRUV�ZKHQ�FRPSDUHG�ZLWK�
WHDFKHUV� LQ�RWKHU�FRQWHQW�DUHDV��8VLQJ�&RKHQ�DQG�:LOOLDPVRQ¶V� ����������LWHP�
3HUFHLYHG�6WUHVV�6FDOH��366���FRPELQHG�ZLWK�RSHQ�HQGHG�TXHVWLRQV�EDVHG�RQ�WKH�
366��WKLV�PL[HG�PHWKRG�VWXG\�ZDV�GHVLJQHG�WR�WUDFN�PXVLF�HGXFDWRUV¶�SHUFHLYHG�
VWUHVV�DFURVV�D� WKUHH�PRQWK�SHULRG�� LGHQWLI\�VLJQLILFDQW�GLIIHUHQFHV� LQ�SHUFHLYHG�
VWUHVV�DV�D�IXQFWLRQ�RI�VHOHFWHG GHPRJUDSKLF�IDFWRUV��DQG�H[SORUH�HPHUJHQW�WKHPHV�
RI�LQFUHDVHG�DQG�HDVHG�VWUHVV��$GGLWLRQDOO\��UHODWLRQVKLSV�EHWZHHQ�HPHUJHQW�VWUHVV�
WKHPHV� DQG� VLJQLILFDQW� GLIIHUHQFHV� LQ� RYHUDOO� SHUFHLYHG� VWUHVV� EDVHG� RQ�
GHPRJUDSKLF�IDFWRUV�ZHUH�H[DPLQHG��3DUWLFLSDQWV��1� ������FRQVLVWHG�RI�FXUUHQW�
.����SXEOLF�VFKRRO�PXVLF�HGXFDWRUV�LQ�WKH�8QLWHG�6WDWHV�ZKR�ZHUH�HPSOR\HG�RQ�
DW� OHDVW� D� KDOI�WLPH� EDVLV�� $� VHULHV� RI� WKUHH� DQRQ\PRXV� RQOLQH� VXUYH\V��
DGPLQLVWHUHG�DW�RQH�PRQWK�LQWHUYDOV�DFURVV�WKUHH�FRQVHFXWLYH�PRQWKV�GXULQJ�D�IDOO�
DFDGHPLF� WHUP�� VHUYHG� DV� WKH� GDWD� FROOHFWLRQ� LQVWUXPHQWV�� 5HVXOWV� VKRZHG� WKDW�
RYHUDOO�366�VFRUHV�GHFUHDVHG�VLJQLILFDQWO\�DFURVV�WKUHH�PRQWKV�RI�GDWD�FROOHFWLRQ��
6LJQLILFDQW� GLIIHUHQFHV� LQ� 366� VFRUHV� ZHUH� IRXQG� UHODWLYH� WR� SDUWLFLSDQW� DJH��
SDUHQWKRRG�VWDWXV��JUDGH�VFKRRO�OHYHOV�WDXJKW��DQG�\HDUV�RI�WHDFKLQJ�H[SHULHQFH��
$GGLWLRQDOO\��GLIIHUHQFHV�LQ�366�VFRUHV�FORVHO\�DSSURDFKHG�VLJQLILFDQFH�EDVHG�RQ�
SDUWLFLSDQW�JHQGHU��(PHUJHQW�WKHPHV�RI�LQFUHDVHG�DQG�HDVHG�VWUHVV�ZHUH�LGHQWLILHG�
ZLWKLQ�������SDUWLFLSDQW�UHVSRQVHV�WR�RSHQ�HQGHG�TXHVWLRQV��(DFK�UHVSRQVH�ZDV�
FRGHG� XVLQJ� D� WZR�SDUW�� UHVHDUFKHU�GHYHORSHG� TXDOLWDWLYH� FRGHERRN� GHYHORSHG�
GXULQJ� WKH� GDWD� LQWHUSUHWDWLRQ� SURFHVV�� &RPSDULVRQV� ZHUH� PDGH� EHWZHHQ�
VLJQLILFDQWO\� GLIIHUHQW� GHPRJUDSKLF� IDFWRUV� DQG� HPHUJHQW� VWUHVV� WKHPHV�� DQG�
UHVXOWV�ZHUH�FRPSDUHG�WR�UHODWHG�UHVHDUFK�VWXGLHV��6XJJHVWLRQV�IRU�IXWXUH�UHVHDUFK�
DUH� LQFOXGHG�� ,PSOLFDWLRQV� IRU� FXUUHQW� .���� SXEOLF� VFKRRO� PXVLF� WHDFKHUV��
SUHVHUYLFH� PXVLF� WHDFKHUV�� DGPLQLVWUDWRUV�� FRRSHUDWLQJ� PHQWRU� WHDFKHUV�� DQG�
PXVLF WHDFKHU�WUDLQHUV�DQG�WUDLQLQJ�SURJUDPV�DUH�GLVFXVVHG�
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&RRSHUDWLQJ� 0XVLF� 7HDFKHUV¶� 2SLQLRQV� 5HJDUGLQJ� WKH� ,PSRUWDQFH� RI�
6HOHFWHG� 7UDLWV� DV� 3UHGLFWRUV� RI� 6XFFHVVIXO� 6WXGHQW� 7HDFKLQJ�
([SHULHQFHV

3KLOLS�%��(GHOPDQ
8QLYHUVLW\�RI�0LVVRXUL�.DQVDV�&LW\
0D\ ����
&RPPLWWHH�&KDLUSHUVRQ��'U��&KDUOHV�5RELQVRQ

'LVVHUWDWLRQ�$EVWUDFW�

7KH�SXUSRVH�RI� WKH� VWXG\�ZDV� WR�GHWHUPLQH� WKH�SHUFHSWLRQV�RI�FRRSHUDWLQJ�
PHQWRU�WHDFKHUV�UHJDUGLQJ�WKH�LPSRUWDQFH�RI�FHUWDLQ�WHDFKHU�WUDLWV�DV�SUHGLFWRUV�RI�
D� VXFFHVVIXO� VWXGHQW� WHDFKLQJ H[SHULHQFH��7KH� GDWD� FROOHFWLRQ� WRRO� XVHG� LQ� WKLV�
VWXG\� ZDV� DQ� RQOLQH� VXUYH\� ZKLFK� SDUWLFLSDQWV� FRXOG� FRPSOHWH� RQOLQH� LQ�
DSSUR[LPDWHO\� ������ PLQXWHV�� 7KH� HQWLUH� VXUYH\� LQFOXGHG� ��� WRWDO� TXHVWLRQV��
KRZHYHU��SDUWLFLSDQWV�ZHUH�SUHVHQWHG�ZLWK����TXHVWLRQV�WR�DQVZHU�EDVHG�RQ�WKHLU�
UHVSRQVHV�WR�SUHYLRXV�TXHVWLRQV��7KH����TXHVWLRQV�LQFOXGHG�D�FRQVHQW�VWDWHPHQW��
��� IRXU�SRLQW� /LNHUW�W\SH� VFDOH� UHVSRQVHV�� WKUHH� PXOWLSOH�VHOHFWLRQ� TXHVWLRQV��
WKUHH�RSHQ�HQGHG�UHVSRQVHV�� DQG�VHYHQ�GHPRJUDSKLF�TXHVWLRQV��7KH�SRSXODWLRQ
WDUJHWHG� IRU� WKLV� VWXG\� ZDV� FRRSHUDWLQJ� PHQWRU� WHDFKHUV� IRU� SUHVHUYLFH� PXVLF�
HGXFDWLRQ� PDMRUV� WKURXJKRXW� WKH� 8QLWHG� 6WDWHV�� 5HFUXLWPHQW� PHWKRGV� IRU� WKLV�
VWXG\� LQFOXGHG� D� FRPELQDWLRQ� RI� VQRZEDOO� VDPSOLQJ� DQG� DQ� HPDLO� VROLFLWLQJ�
SDUWLFLSDWLRQ�WKDW�ZDV�VHQW�QDWLRQ�ZLGH�WR�PXVLF�HGXFDWRUV�DFURVV�WKH�8QLWHG�6WDWHV�
WKURXJK�WKH�1DWLRQDO�$VVRFLDWLRQ�IRU�0XVLF�(GXFDWLRQ��1$I0(���7KH�VQRZEDOO�
VDPSOLQJ�PHWKRG� UHVXOWHG� LQ� DSSUR[LPDWHO\� ���� SDUWLFLSDQWV� DQG� WKH� UHVW�ZHUH�
UHFUXLWHG�WKURXJK�WKH�VROLFLWDWLRQ�VHQW�HPDLO�E\1$I0(��6XUYH\V�IURP�SDUWLFLSDQWV�
ZKR� HLWKHU� GLG� QRW� FRPSOHWH� WKH� VXUYH\� IXOO\�� RU�ZKR� GLG�QRW� ILW� WKH� LQFOXVLRQ�
FULWHULD�ZHUH�GLVFDUGHG��UHVXOWLQJ�LQ�D�WRWDO�RI�����VXUYH\V�DQDO\]HG�IRU�WKLV�VWXG\��
$� FRPELQDWLRQ� RI� GHVFULSWLYH� DQG� LQIHUHQWLDO� VWDWLVWLFV� ZDV� XVHG� WR� DQDO\]H�
SDUWLFLSDQW�GDWD��'HVFULSWLYH�GDWD�ZHUH�XWLOL]HG�WR�FRQVWUXFW�UDQNHG�OLVWV�RI�WHDFKHU�
WUDLWV�EDVHG�RQ�WKH�PHDQ�LPSRUWDQFH�UDWLQJV�RI�HDFK�UHVSRQGHQW�JURXS��,QIHUHQWLDO�
VWDWLVWLFV�XVHG� LQ� WKLV�VWXG\� LQFOXGHG�$QDO\VLV�RI�9DULDQFH� �$129$��WHVWV�DQG�
SRVW�KRF� SURWHFWHG� W�WHVWV�� &RRSHUDWLQJ� WHDFKHUV� DVVLJQHG� KLJKHVW� LPSRUWDQFH�
UDWLQJV�WR�WKH�IROORZLQJ�WHDFKHU�WUDLWV��GHPRQVWUDWLQJ�DSSURSULDWH�VRFLDO�EHKDYLRU��
VWUHVV�PDQDJHPHQW��IRVWHULQJ�DSSURSULDWH�VWXGHQW�EHKDYLRU��HVWDEOLVKLQJ�D�SRVLWLYH�
UDSSRUW�ZLWK�RWKHUV��DQG�HQWKXVLDVP��&RPSDULVRQV�DPRQJ�EDQG��RUFKHVWUD��FKRUDO�
DQG�JHQHUDO�PXVLF�WHDFKHUV�\LHOGHG�WKH�PRVW�YDULDELOLW\�ZKHQ�H[DPLQLQJ�WHDFKHU�
WUDLWV� DV� RUGHUHG� OLVWV� EDVHG� RQ� WKH� PHDQ� UDWLQJV� RI� FRRSHUDWLQJ� WHDFKHUV�� $OO�
SDUWLFLSDQW�JURXSV�UDWHG�SHUVRQDO�WUDLWV�DV�PRVW�LPSRUWDQW��IROORZHG�E\�WHDFKLQJ�
WUDLWV��WKHQ�PXVLFDO�WUDLWV��&RQWHQW�DQDO\VHV�RI�RSHQ�HQGHG�TXHVWLRQV�UHYHDOHG�WKDW�
QR�WHDFKHU�WUDLWV�KDG�D�XQLYHUVDO�PHDQLQJ�RU�GHVFULSWLRQ�DPRQJ�SDUWLFLSDQWV�LQ�WKLV�
VWXG\�



�� 0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ

7KH�,QIOXHQFH�RI�%DQGV�RI�$PHULFD�RQ 2QH�+LJK�6FKRRO�0DUFKLQJ�%DQG��
$ 6LQJOH�&DVH�6WXG\

6WHSKHQ�&��(XEDQNV
8QLYHUVLW\�RI�0LVVRXUL
0D\�����
&RPPLWWHH�&KDLUSHUVRQ��'U��%ULDQ�6LOYH\

'LVVHUWDWLRQ $EVWUDFW�

7KH� SXUSRVH� RI� WKLV� UHVHDUFK� VWXG\� ZDV� WR� H[DPLQH� WKH� LQIOXHQFH� RI�
SDUWLFLSDWLRQ�LQ�%DQGV�RI�$PHULFD�FRPSHWLWLRQV��KHUHDIWHU�UHIHUUHG�WR�DV�%2$��RQ�
RQH� FHQWUDO�0LVVRXUL� KLJK� VFKRRO� PDUFKLQJ� EDQG� SURJUDP�� ,� FKRVH� WR� VWXG\� D�
0LVVRXUL� KLJK� VFKRRO� PDUFKLQJ� EDQG� WKDW� KDG� EHHQ� LQYROYHG� ZLWK� %2$� IRU� D�
PLQLPXP�RI�ILYH�\HDUV��3DUWLFLSDQWV�LQ�WKLV�VWXG\�ZHUH�PDUFKLQJ�EDQG�PHPEHUV�
SOXV�VWDII�RI�WKH�&DPGHQWRQ�+LJK�6FKRRO�PDUFKLQJ�EDQG��1� �����

0\�JRDO�ZDV�WR�SURGXFH�D�VWXG\�WKDW�ZDV�GHVFULSWLYH�RI�WKH�LQIOXHQFH��LI�DQ\��
WKDW�SDUWLFLSDWLRQ� LQ�%2$�KDG�RQ� WKH�&DPGHQWRQ�+LJK�6FKRRO�PDUFKLQJ�EDQG��
,�VRXJKW�WR�GLVFRYHU�WKLV�WKURXJK�REVHUYDWLRQV�RI�WKHLU�UHKHDUVDOV�DQG�SHUIRUPDQFHV�
DW�WKHLU�PDUFKLQJ�EDQG�FRQWHVWV��,�FKRVH�WR�FRQGXFW�D�TXDOLWDWLYH��VLQJOH�FDVH�VWXG\��
'DWD�ZHUH�FROOHFWHG�WKURXJK�VWUXFWXUHG�DQG�RSHQ�HQGHG�LQWHUYLHZV��REVHUYDWLRQV��
ILHOG�QRWHV��DQG�P\�SDUWLFLSDQW�UHVHDUFKHU�MRXUQDO�

7R�GDWH��WKHUH�KDV�EHHQ�OLPLWHG�UHVHDUFK�RQ�%2$�SDUWLFLSDWLRQ�E\�KLJK�VFKRRO�
PDUFKLQJ� EDQGV�� %2$� FODLPV� WR� EH� WKH� ODUJHVW� DQG� PRVW� SUHVWLJLRXV� QDWLRQDO�
PDUFKLQJ� FRPSHWLWLRQ� DYDLODEOH� WR� KLJK� VFKRRO� PDUFKLQJ� EDQGV� LQ� WKH� 8QLWHG�
6WDWHV��%2$�KDV�JURZQ�QDWLRQDOO\�IURP�HLJKW�FRQWHVWV�LQ������WR����FRQWHVWV�LQ�
������:KHQ�%2$�H[SDQGHG�LQ������WR�LQFOXGH�WKH�6W��/RXLV��0LVVRXUL�UHJLRQDO�
FKDPSLRQVKLS��RQO\� ILYH�0LVVRXUL�EDQGV�SDUWLFLSDWHG� LQ� WKH�HYHQW��7KH�QXPEHU�
KDG�JURZQ�LQ������WR�LQFOXGH����0LVVRXUL�EDQGV�

'XULQJ�P\�UHVHDUFK��,�DVVXPHG�WKH�UROH�RI�DQ�DFWLYH�SDUWLFLSDQW�DQG�REVHUYHG�
WKH�EDQG¶V�PXVLF�DQG�PDUFKLQJ�GULOO�SUHSDUDWLRQ��DQG�DWWHQGHG�WKHLU�FRPSHWLWLRQV�
LQ�RUGHU�WR�REVHUYH�WKHLU�%2$�SHUIRUPDQFHV��0\ UHVHDUFK�TXHVWLRQV�IRFXVHG�RQ�
WKH�IROORZLQJ�DUHDV���D�� WKH�NH\�PRWLYDWRUV�IRU�D�KLJK�VFKRRO�PDUFKLQJ�EDQG�WR�
SDUWLFLSDWH� LQ� %2$�� �E�� KRZ� %2$� LQIOXHQFHV� WKH� SUDFWLFHV� RI� D� KLJK� VFKRRO�
PDUFKLQJ� EDQG�� DQG� �F�� ZKDW� EDUULHUV� D� UXUDO�PDUFKLQJ� EDQG� IDFHV� LQ� RUGHU� WR�
SDUWLFLSDWH�LQ�%2$��

7KURXJK�P\�LQYHVWLJDWLRQ��,�GLVFRYHUHG�WKDW�WKHUH�ZHUH�VHYHUDO�PRWLYDWRUV�IRU�
WKH�&DPGHQWRQ�+LJK�6FKRRO�PDUFKLQJ�EDQG�VWDII�WR�HOHFW�WR�SDUWLFLSDWH�LQ�%2$��
7KH� VWDQGDUG�RI� H[FHOOHQFH� WKDW� H[LVWV� DW�%2$�PDUFKLQJ� FRQWHVWV� LV� FRQVLVWHQW�
IURP�VWDWH�WR�VWDWH��DQG�SURYLGHV�WKH�VWDII�DQG�VWXGHQWV�ZLWK�DQ�DGMXGLFDWLRQ�UXEULF�
WKDW�VHUYHV�DV�D�JXLGH�IRU�WKHP�WR�UHKHDUVH�DQG�SHUIRUP�DW�D�KLJKHU�PXVLFDO�OHYHO��
3DUWLFLSDWLRQ� LQ�%2$� KDV� OHG� WKH� VWDII� WR� FKDQJH� WKH� GHVLJQ� SUDFWLFHV� RI� WKHLU�
PDUFKLQJ� VKRZ� GHVLJQ�� ,Q� DGGLWLRQ� WR� WKH� SODQQLQJ� RI� WKH� VKRZ�� WKH� VWDII� KDV�
LPSURYHG�WKHLU�WHDFKLQJ�SURFHVV��7KLV��LQ�WXUQ��KDV�DIIHFWHG�WKH�VWXGHQWV¶�DWWLWXGH�
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DQG�DSSURDFK�WRZDUG�WKHLU�UHKHDUVDOV��7KH\�KDYH�DQ�LQFUHDVHG�ZRUN�HWKLF�DQG�IHHO�
UHVSRQVLEOH�IRU�HDFK�RWKHU���$OO�RI�WKHVH�IDFWRUV�H[LVW�GHVSLWH�FHUWDLQ�REVWDFOHV�WKH�
EDQG�IDFHV��LQFOXGLQJ�OLPLWHG�UHVRXUFHV�DQG�DQ�LQFUHDVHG�FRVW�IDFWRU�

2WKHU� KLJK� VFKRRO� EDQG� GLUHFWRUV� ZKR� DUH� FRQVLGHULQJ� %2$� SDUWLFLSDWLRQ�
PLJKW�FRQVLGHU�WKH�&DPGHQWRQ�+LJK�6FKRRO�PDUFKLQJ�EDQG�SURJUDP�DV�D�PRGHO��
%\� ORRNLQJ� LQWR� WKH� UHDVRQV�ZK\�&DPGHQWRQ� FKRVH� WR�SDUWLFLSDWH� LQ�%2$�DQG�
VRPH�RI�WKH�UHVXOWDQW� LQIOXHQFHV��GLUHFWRUV�PLJKW�EH�DEOH�WR�DSSO\�WKHP�WR�WKHLU�
RZQ�VFKRRO�PDUFKLQJ�EDQG�SURJUDPV�



�� 0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ

5HDO� 7LPH� 9LGHR� 0HQWRULQJ� ,QYHVWLJDWLQJ� 6\QFKURQRXV� 9LGHR�
7HFKQRORJ\�DV�D�0HQWRULQJ�7RRO�IRU�1HZ�0XVLF�7HDFKHUV�LQ�5XUDO�6FKRRO�
'LVWULFWV�

.HQQHWK�&��-HIIV
8QLYHUVLW\�RI�0LVVRXUL
0D\�����
&RPPLWWHH�&KDLUSHUVRQ��'U��:HQG\�6LPV

'LVVHUWDWLRQ�$EVWUDFW�

7KH SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�LI�FRPSXWHU�EDVHG�UHDO�WLPH�YLGHR�
PHQWRULQJ��590��LV�D�SRVVLEOH�WRRO�IRU�HIIHFWLYH�PHQWRULQJ�RI�PXVLF�WHDFKHUV�LQ�
VPDOO� RU� JHRJUDSKLFDOO\� LVRODWHG� VFKRRO� GLVWULFWV�� (DFK� \HDU� D� QXPEHU� RI� QHZ�
WHDFKHUV� OHDYH� WKH� FODVVURRP�� � 7R� VXSSRUW� QHZ� WHDFKHUV� DQG� KHOS� WKHP� EH�
VXFFHVVIXO�� QHZ� WHDFKHU� PHQWRULQJ� SURJUDPV� KDYH� EHHQ� LPSOHPHQWHG� LQ� PDQ\�
VWDWHV�DQG�VFKRRO�GLVWULFWV��5HVHDUFK�KDV�VKRZQ�WKDW�JRRG�PHQWRULQJ�SURJUDPV�DUH�
HIIHFWLYH� LQ� UHGXFLQJ� QHZ� WHDFKHU� DWWULWLRQ�� 2QH� FKDUDFWHULVWLF� RI� VXFFHVVIXO�
PHQWRULQJ�SURJUDPV�LV�DQ�DSSURSULDWH�PDWFK�EHWZHHQ�D�PDVWHU�WHDFKHU��PHQWRU��
DQG�EHJLQQLQJ�WHDFKHU��PHQWHH����,Q�VPDOO�RU�LVRODWHG�VFKRRO�GLVWULFWV��ZKHUH�WKHUH�
PD\�EH�RQO\�RQH�PXVLF�WHDFKHU��WKHUH�LV�QR�RQH�ZKR�VKDUHV�WKH�XQLTXH�H[SHULHQFHV�
RI� WKH� PXVLF� FODVVURRP� WR� VHUYH� DV� WKH� PHQWRU�� � 7KH� JURZWK� RI� ,QWHUQHW�
DFFHVVLELOLW\� LQ� SXEOLF� VFKRROV� KDV� EURDGHQHG� WKH� VFRSH� RI� WKH� WUDGLWLRQDO�
PHQWRU�PHQWHH� PRGHO�� E\� SHUPLWWLQJ� PHQWRULQJ� WR� RFFXU� E\� D� WHDFKHU� ZLWK�
DSSURSULDWH�H[SHULHQFHV�EXW�LQ�D�GLIIHUHQW�SK\VLFDO�ORFDWLRQ�

7KLV�FDVH� VWXG\�H[DPLQHG� WKH�PHQWRULQJ�H[FKDQJHV�RI� WZR�PHQWRU�PHQWHH�
SDLUV�ZKR�ZHUH�UHPRWHO\�ORFDWHG�DQG�RQO\�FRPPXQLFDWHG�WKURXJK�WKH�XVH�RI�WKH�
RQOLQH� DQG� UHDO�WLPH� YLGHR�DXGLR� VRIWZDUH� SURJUDP�� 6N\SH�� ,QIRUPDWLRQ� ZDV�
FROOHFWHG�GXULQJ�WKH�QHZ�WHDFKHUV¶�ILUVW�VHPHVWHU�RI�WKH�VFKRRO�\HDU��DQG�FRPSULVHG�
LQGLYLGXDO�LQWHUYLHZV�DQG�YLGHR�UHFRUGLQJV�RI�DOO�RQOLQH�PHQWRULQJ�VHVVLRQV�

$QDO\VLV�RI�WKH�590�LQWHUDFWLRQV�UHYHDOHG�WKDW�GLVFXVVLRQV�UHODWHG�WR���RI����
FKDOOHQJHV�IDFHG�E\ QHZ�WHDFKHUV��ZKLFK�KDG�EHHQ�LGHQWLILHG�LQ�SUHYLRXV�UHVHDUFK��
ZHUH� SUHVHQW� LQ� WKH� FRQYHUVDWLRQV� RI� WKH� PHQWRU� SDLUV�� 7KH� WLPH� VSHQW� RQ� WKH�
VSHFLILF� LVVXHV�YDULHG�EHWZHHQ� WKH� WZR�FDVHV��EXW�ERWK�VSHQW� WKH�PRVW� WLPH�DQG�
JUHDWHVW� QXPEHU�RI� LQWHUDFWLRQV� LQ� FRQYHUVDWLRQV� UHODWHG� WR�(PRWLRQDO�6XSSRUW���
7KH� SDUWLFLSDQWV� UHDFWHG� SRVLWLYHO\� WR� WKLV� W\SH� RI� PHQWRULQJ� H[DPSOH�� 7KH�
ILQGLQJV�LQGLFDWH�WKDW�590�FDQ�EH�DQ�HIIHFWLYH�WRRO�IRU�SURYLGLQJ�PHQWRULQJ�WR�
QHZ�PXVLF�WHDFKHUV�LQ�VPDOO�RU�JHRJUDSKLFDOO\�LVRODWHG�VFKRRO�GLVWULFWV�
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0LVVRXUL�0XVLF�(GXFDWRUV�$VVRFLDWLRQ�6WDWH�&RQIHUHQFH
5HVHDUFK�3RVWHU�3UHVHQWDWLRQV
-DQXDU\�����
2VDJH�%HDFK��02

)DFXOW\�5HVHDUFK

$Q�([DPLQDWLRQ�RI�8QLYHUVLW\�&RQGXFWLQJ�)DFXOW\�0HPEHUV¶ 6FRUH�6WXG\�$WWLWXGHV�DQG�
3UDFWLFHV

%ULDQ�6LOYH\��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD��*UHJ�6SULQJHU��8QLYHUVLW\�RI�
6RXWK�&DUROLQD��	�6WHSKHQ�&��(XEDQNV��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD

5HODWLRQVKLSV�%HWZHHQ�0LQGIXOQHVV�'LVSRVLWLRQ��3HUIHFWLRQLVP��$Q[LHW\��DQG�6HOI�
5HSRUWHG�0HGLWDWLRQ�3UDFWLFH�DPRQJ�&ROOHJLDWH�/HYHO�0XVLFLDQV

)UDQN�0��'LD]��8QLYHUVLW\�RI�0LVVRXUL�.DQVDV�&LW\

7KH�,PSDFW�RI�,QVWUXPHQWDO�0XVLF�,QVWUXFWLRQ�RQ�WKH�$FDGHPLF�$FKLHYHPHQW�RI�6WXGHQWV
0DWWKHZ�/��)UHGHULFNVRQ��*UDQG�&HQWHU�$UWV�$FDGHP\

$�&RQWHQW�$QDO\VLV�RI�WKH�%HDWOHV 0XVLF����������
5REHUW�*URHQH��8QLYHUVLW\�RI�0LVVRXUL�.DQVDV�&LW\

5HVSRQVHV�RI�0XVLF�(GXFDWRUV�WR�7HDFKHU�3UHSDUDWLRQ�5HJXODWLRQV
'DQLHO�6��+HOOPDQ��0LVVRXUL�6WDWH�8QLYHUVLW\

5HDO�0HQ�6LQJ��8QGHUVWDQGLQJ�0DOH�6HOI�HIILFDF\�DQG�WKH�&KRLFH�WR�3DUWLFLSDWH�LQ�
9RFDO�0XVLF

$QGUHZ�+RPEXUJ��0LVVRXUL�6WDWH�8QLYHUVLW\�	�0DUN�/XFDV��%HWKDQ\�&ROOHJH��.6

6XFFHVVIXO�5HVHDUFK�&ROODERUDWLRQ�ZLWK�,QWHUQHW %DVHG�7RROV
$QGUHZ�3DQH\��8QLYHUVLW\ RI�0LVVLVVLSSL

6WDWH�RI�0LVVRXUL�0XVLF�(GXFDWLRQ��$�3URILOH�RI�3XEOLF�.����0XVLF�(GXFDWLRQ�LQ�
0LVVRXUL

-RFHO\Q�6WHYHQV�3UHQGHUJDVW��7UXPDQ�6WDWH�8QLYHUVLW\

$QDO\VLV�RI�3XEOLFDWLRQ�'HFLVLRQV�IRU -RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ
0DQXVFULSWV �����������

:HQG\�/��6LPV��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD��-DFNLH�/RUGR��&HQWUDO�
0HWKRGLVW�8QLYHUVLW\�	�&ROXPELD�&ROOHJH��	�&\QWKLD�:��3KHOSV��8QLYHUVLW\�RI�
0LVVRXUL�&ROXPELD



�� 0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ

*UDGXDWH�'HJUHH�5HVHDUFK

)RVWHULQJ�0XVLFDO�DQG�3HUVRQDO�$JHQF\�LQ�%HJLQQLQJ�&RQGXFWRUV
'DQLHO�$EUDKDPV��8QLYHUVLW\�RI�$UNDQVDV�)D\HWWHYLOOH��GRFWRUDO�GLVVHUWDWLRQ��
2DNODQG�8QLYHUVLW\��5RFKHVWHU��0,�

&KDUDFWHULVWLFV�DQG�$FFHVVLELOLW\�RI�/RDQHU�3URJUDPV�8VHG�E\�0LVVRXUL�6WULQJ�7HDFKHUV
-XOLDQD�0��*HRUJLDGHV��PDVWHU¶V�WKHVLV��0LVVRXUL�6WDWH�8QLYHUVLW\�

'HYHORSLQJ�([SHUWLVH�LQ�0XVLF���$Q�,QYHVWLJDWLRQ�RI�'HOLEHUDWH�3OD\��'HOLEHUDWH�3UDFWLFH�
DQG�WKH�'HYHORSPHQWDO�0RGHO�RI�6SRUW�3DUWLFLSDWLRQ

-DFNLH�/RUGR��&HQWUDO�0HWKRGLVW�8QLYHUVLW\�	 &ROXPELD�&ROOHJH��GRFWRUDO�
GLVVHUWDWLRQ��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD��

3XSSHWU\�DV�DQ�(IIHFWLYH�7HDFKLQJ�7RRO�LQ�WKH�(OHPHQWDU\�0XVLF�&ODVVURRP
(OLVDEHWK�5��6FKRHQHFNH��PDVWHU¶V�WKHVLV��0LVVRXUL�6WDWH�8QLYHUVLW\�

$Q�([DPLQDWLRQ�RI�0XVLF�(GXFDWLRQ�0DMRUV¶�3HUFHSWLRQV�RI�/HVVRQ�3ODQQLQJ
$DURQ�7��:DFNHU��GRFWRUDO�GLVVHUWDWLRQ��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD�

6WXGHQW�3URMHFWV�

)UHTXHQFLHV�DQG�'XUDWLRQV�RI�'LIIHUHQW�0RGHOLQJ�7HFKQLTXHV�RI�7KUHH�0LGGOH�6FKRRO�
%DQG�'LUHFWRUV��$Q�([SORUDWRU\�6WXG\

'��-��&XOS��-U���8QLYHUVLW\�RI�0LVVLVVLSSL

+RZ�&RPSHWLWLRQ�6KDSHV�WKH�,GHQWLW\�RI�3UH�6HUYLFH�&KRUDO�7HDFKHUV��$�3LORW�6WXG\
/DXUD�.LWFKHO��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD

7KH�L3DG�DV�D�0XVLFDO�,QVWUXPHQW�LQ�&RPPXQLW\�0XVLF�&RQWH[WV
-RQDWKDQ�.ODGGHU��8QLYHUVLW\�RI�6RXWK�)ORULGD

$�6WXG\�RQ�WKH�8WLOL]DWLRQ�RI�&RORU�$FFHQW�0DUNV�LQ�0XVLF�1RWDWLRQ�$PRQJ�+LJK�6FKRRO�
:LQG�3OD\HUV

(ULF�0DORQH��8QLYHUVLW\�RI�0LVVLVVLSSL

'HYHORSLQJ�(PRWLRQDO�,QWHOOLJHQFH�LQ�8QGHUJUDGXDWH�0XVLF�(GXFDWLRQ�0DMRUV��$Q�
([SORUDWRU\�6WXG\ 8VLQJ�%UDGEHUU\�DQG�*UHDYHV¶��������(PRWLRQDO�,QWHOOLJHQFH����

(PLO\�-��0F*LQQLV��8QLYHUVLW\�RI�0LVVRXUL�.DQVDV�&LW\

7KH�(IIHFWV�RI�<HDUV�LQ�%DQG�2Q�0XVLF�3UHIHUHQFH
%HQQ\�5DWOLII��8QLYHUVLW\�RI�0LVVLVVLSSL

$�+LVWRU\�RI�WKH�1DXYRR�%UDVV�%DQG
6WHSKHQ�&��(XEDQNV��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD

,QIRUPDO�/HDUQLQJ�DQG�0XVLF�3HUIRUPDQFH��+RZ�'RHV�WKH�8QWUDLQHG�0XVLFLDQ�/HDUQ"
.HYLQ�/��7KDUS��8QLYHUVLW\�RI�0LVVLVVLSSL
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0LVVRXUL�0XVLF�(GXFDWRUV�$VVRFLDWLRQ�6WDWH�&RQIHUHQFH
5HVHDUFK�3RVWHU�3UHVHQWDWLRQV
-DQXDU\�����
2VDJH�%HDFK��02

)DFXOW\�5HVHDUFK

&ODVVURRP�0DQDJHPHQW�LQ�0XVLF�(GXFDWLRQ
-DPHV�/��%\R��8QLYHUVLW\�RI�/RXLVLDQD��	�:HQG\�/�6LPV��8QLYHUVLW\�RI�
0LVVRXUL�&ROXPELD

7UDGLWLRQ��&DPDUDGHULH��5HVSHFW��3DVVLRQ��DQG�3HUIRUPDQFH��7KH�,PSDFW�RI�&RPPXQLW\�
%DQGV�RQ�,WDOLDQ�DQG�$PHULFDQ�0XVLFLDQV

'HERUDK�&RQIUHGR��7HPSOH�8QLYHUVLW\��-RVHSK�3DULVL�	�-XVWLQ�'RVV��8QLYHUVLW\�RI�
0LVVRXUL�.DQVDV�&LW\

$�6HOHFWHG�&RQWHQW�$QDO\VLV�RI�WKH�0XVLF�RI�-RKQ�'HQYHU����������
5REHUW�*URHQH��8QLYHUVLW\�RI�0LVVRXUL�.DQVDV�&LW\

6WXGHQW�7HDFKLQJ�3ROLFLHV�DQG�3UDFWLFHV�LQ�WKH�8QLWHG�6WDWHV
'DQLHO�+HOOPDQ��0LVVRXUL�6WDWH�8QLYHUVLW\��'DOH�%D]DQ��$P\�)UDVHU��
3ROO\�<XNHYLFK��8QLYHUVLW\�RI�1HEUDVND

7HDFKLQJ�6HFRQGDU\�*HQHUDO�0XVLF��$�0XOWLSOH�&DVH�6WXG\
-RFHO\Q�6WHYHQV�3UHQGHUJDVW� 7UXPDQ�6WDWH�8QLYHUVLW\

(IIHFWV�RI�3UH�7XQLQJ�9RFDOL]DWLRQ�%HKDYLRUV�RQ�WKH�7XQLQJ�$FFXUDF\�RI�&ROOHJH�
,QVWUXPHQWDOLVWV

%ULDQ�$�6LOYH\��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD

*UDGXDWH�'HJUHH�5HVHDUFK

([SHUWLVH�'HYHORSPHQW�LQ�0XVLFLDQV��7KH�5ROHV�RI�'HOLEHUDWH 3OD\�DQG�'HOLEHUDWH�
3UDFWLFH

-DFNLH�/RUGR��&RWWH\�&ROOHJH��GRFWRUDO�GLVVHUWDWLRQ��8QLYHUVLW\�RI�
0LVVRXUL�&ROXPELD��

,PSDFW�RI�D�0XVLF�3URJUDP�RQ�6WXGHQWV¶�6WDQGDUGL]HG�7HVW�6FRUHV
-RDQ�0XUUD\��3KHOSV�&RXQW\�5����'UXU\�8QLYHUVLW\��GRFWRUDO�GLVVHUWDWLRQ�
:DOGHQ�8QLYHUVLW\�

7KH�,QIOXHQFH�RI�%DQGV�RI�$PHULFD�RQ�2QH�+LJK�6FKRRO�0DUFKLQJ�%DQG��$�6LQJOH�&DVH�
6WXG\

6WHSKHQ�&��(XEDQNV��8QLYHUVLW\�RI�1HYDGD��5HQR��GRFWRUDO�GLVVHUWDWLRQ��
8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD�

7KH�(IIHFWLYHQHVV�RI�WKH�&KDQJLQJ�(GXFDWLRQ�7KURXJK�WKH�$UWV�3URIHVVLRQDO�'HYHORSPHQW�
&RXUVH�IRU�$UWV�6SHFLDOLVWV

*D\OD�'��.RELDOND��1RUWKZHVW�0LVVRXUL�6WDWH�8QLYHUVLW\��GRFWRUDO�GLVVHUWDWLRQ��
6KHQHQGRDK�8QLYHUVLW\�



�� 0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ

(IIHFWV�RI�.QRZOHGJH�7\SH�RQ�3HUFHSWLRQV�RI�1RYLFHV¶�5HKHDUVDO�(IIHFWLYHQHVV��$Q�
([SORUDWRU\�6WXG\

$DURQ�7��:DFNHU��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD��GRFWRUDO�GLVVHUWDWLRQ��
8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD��

6WXGHQW�3URMHFWV�

,QWHUYLHZV�RQ�WKH�5HVHJUHJDWLRQ�RI�+LJK�6FKRRO�&KRUDO�0XVLF�3URJUDPV�LQ�WKH�-DFNVRQ�
3XEOLF�6FKRRO�'LVWULFW

$ORQD�$OH[DQGHU��8QLYHUVLW\�RI�0LVVLVVLSSL

7KH�(IIHFW�RI�/LVWHQLQJ�0DSV�RI�9DULRXV�0RGDOLWLHV�RQ�1RQ�0XVLF�0DMRU¶V�$ELOLW\�WR�
,QWHUSUHW�6RXQG

$OLFLD�&DQWHUEXU\��8QLYHUVLW\�RI�0LVVLVVLSSL

7KH�,PSDFW�RI�$XGLR��9LVXDO��DQG�$XGLRYLVXDO�,QIRUPDWLRQ�RQ�WKH 3HUFHSWLRQ�RI�0DUFKLQJ�
%DQGV¶�$WWLUH

%\URQ�&KDWPDQ��8QLYHUVLW\�RI�0LVVLVVLSSL

7KH�(IIHFWV�RI�&KRULVWHUV¶�6FRUH�6WXG\�RQ�5HKHDUVDO�(QJDJHPHQW�DQG�0XVLFDO�3UHIHUHQFH�
/��%UXFH�-RQHV��7KH�/LWWOH�5RFN�+LJK�6FKRRO�<HDUV������������

%ULFH�(YDQV��8QLYHUVLW\�RI 0LVVLVVLSSL

'RHV�WKH�6FRULQJ�5XEULF�$IIHFW�WKH�6FRUH�RI�WKH�&RPSHWLQJ�6KRZ�&KRLU"
&KULVWRSKHU�.LQGOH��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD

(IIHFWV�RI�3HUIRUPDQFH�)RUPDWV��0HPRUL]HG�DQG�1RQ�0HPRUL]HG��DQG�*HQGHU�RQ�3LDQR�
6WXGHQWV¶�6WDJH�3HUIRUPDQFH�$Q[LHW\

/L /L��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD

&RPSDULQJ�7HDFKLQJ�0HWKRGV�WR�0HDVXUH�&KLOGUHQ¶V�6LQJLQJ�$FFXUDF\
-R\�0DUWLQ��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD

2QH�WR�2QH�'HYLFHV�LQ�8QLYHUVLW\�*URXS�3LDQR��(IIHFW�RI�,QWHUDFWLYH�DQG�6WDWLF�
7HFKQRORJ\�RQ�6WXGHQW�3HUFHSWLRQV�RI�0RWLYDWLRQ�DQG�$FKLHYHPHQW

5DFKHO�'��0HQVFKHU��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD�

%HIRUH�WKH�6LQJLQJ���7KH�-RXUQH\�RI�DQ�$UWLVWLF�'LUHFWRU
&\QWKLD�:��3KHOSV��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD

7KH�(IIHFWV�RI�9LGHR�DQG�$UWLFOH�0HGLDWLRQV�RQ�3UHVHUYLFH &RQGXFWRUV¶�3DFLQJ�%HOLHIV
%UDGOH\�-��5HJLHU��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD

7KH�(IIHFWV�RI�7HDFKHU�*HQGHU�RQ�8QGHUJUDGXDWH�0XVLF�(GXFDWLRQ�6WXGHQWV¶�3HUFHSWLRQV�
RI�7HDFKHU�$SSURSULDWHQHVV

-DUHG�5��6PLWK��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD
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&DOO�IRU�3DSHUV
���� 0LVVRXUL�0XVLF�(GXFDWRUV�$VVRFLDWLRQ�
6WDWH�&RQIHUHQFH�5HVHDUFK�3RVWHU�3UHVHQWDWLRQV

0LVVRXUL� KDV� RQH� RI� WKH� PRVW� VXFFHVVIXO� UHVHDUFK� VHVVLRQV� RI� DQ\� VWDWH�
FRQIHUHQFH��7KH�SRVWHU�IRUPDW�DOORZV�IRU�D�QXPEHU�RI�UHVHDUFKHUV�WR�SUHVHQW�WKHLU�
ZRUN�LQ�DQ�LQIRUPDO�VHWWLQJ��ZKHUH�SDUWLFLSDQWV�FDQ�HQJDJH�LQ�FRQYHUVDWLRQ�ZLWK�
WKH�UHVHDUFKHU��5HVHDUFKHUV�ZKRVH�UHSRUWV�DUH�FKRVHQ�IRU�SUHVHQWDWLRQ�ZLOO�SUHSDUH�
D�SRVWHU�GHVFULELQJ�WKHLU�UHVHDUFK�DQG�EH�DYDLODEOH�GXULQJ�WKH�SUHVHQWDWLRQ�VHVVLRQ�
WR� GLVFXVV� WKHLU� ZRUN�� 3DUWLFLSDQWV� ZLOO� EULQJ� ��� FRSLHV� RI� WKHLU� DEVWUDFW� IRU�
GLVWULEXWLRQ�DW� WKH�VHVVLRQ��DQG�UHVSRQG�WR�LQTXLULHV�DERXW�WKHLU�ZRUN�WKDW�FRXOG�
LQFOXGH�UHTXHVWV�IRU�WKH�FRPSOHWH�SDSHU��RU�LQIRUPDWLRQ�DERXW�KRZ�WR�REWDLQ�LW�LQ�
WKH�FDVH�RI�WKHVHV�DQG�GLVVHUWDWLRQV�

7KRVH�ZKR�ZLVK�WR�VXEPLW�D�UHSRUW�IRU�FRQVLGHUDWLRQ�VKRXOG�FRPSO\�ZLWK�WKH�
IROORZLQJ�JXLGHOLQHV�

�� 7KHUH� ZLOO� EH� WKUHH� NLQGV� RI� UHVHDUFK� DFFHSWHG� IRU� SUHVHQWDWLRQ�� D��
FRPSOHWHG�PDVWHU¶V�WKHVHV�RU�GRFWRUDO�GLVVHUWDWLRQV��E��UHSRUWV�RI�RULJLQDO�UHVHDUFK�
VWXGLHV��DQG�F��VWXGHQW�QRQ�GHJUHH�SURMHFWV��

��� D�� 7R� VXEPLW� FRPSOHWHG� PDVWHU¶V� RU� GRFWRUDO� UHVHDUFK�� LW� RQO\� LV�
QHFHVVDU\�WR�VXEPLW�D�FRS\�RI�WKH�DEVWUDFW��D�FRS\�RI�WKH�GRFXPHQW¶V�WLWOH�SDJH��
DQG�D�FRS\�RI�WKH�VLJQDWXUH�SDJH�ZKLFK�LQGLFDWHV WKDW�WKH�SDSHU�ZDV�DFFHSWHG�LQ�
SDUWLDO� IXOILOOPHQW� RI� GHJUHH� UHTXLUHPHQWV�� 7KH� QDPH� RI� WKH� GHJUHH�JUDQWLQJ�
LQVWLWXWLRQ� VKRXOG� DSSHDU� RQ� RQH� RI� WKHVH� SDJHV�� RU�PXVW� EH� LQFOXGHG�ZLWK� WKH�
VXEPLVVLRQ�� DV� ZHOO� DV� WKH� DXWKRU¶V� IXOO� QDPH� DQG� H�PDLO�� ,I� DOO� RI� WKH� DERYH�
PHQWLRQHG� LWHPV� DUH� LQFOXGHG�� WKH� FRPSOHWHG� WKHVLV� RU� GLVVHUWDWLRQ� ZLOO� EH�
JXDUDQWHHG� DFFHSWDQFH� IRU� SUHVHQWDWLRQ�� 7KHVH� PD\� EH� VHQW� E\� H�PDLO� WR� WKH�
DGGUHVV�RQ�WKH�QH[W�SDJH�

E��7R�VXEPLW�D�UHSRUW�RI�DQ�RULJLQDO�UHVHDUFK�SURMHFW��H�PDLO�D�FRS\�RI�WKH�
FRPSOHWH�SDSHU�� LQFOXGLQJ�DQ�DEVWUDFW�� LQ�:RUG�GRFXPHQW� IRUPDW�� 7KH�SURMHFW�
VKRXOG� GHPRQVWUDWH� VRXQG� UHVHDUFK� SUDFWLFHV� DQG� ZULWLQJ� VW\OH� DQG� VKRXOG� EH�
FRPSOHWH��6PDOO�VFDOH�VWXGLHV��LQFOXGLQJ�DFWLRQ�UHVHDUFK��DUH�DSSURSULDWH�IRU�WKLV�
IRUXP��7KH�DXWKRU¶V�QDPH��DGGUHVV��H�PDLO��DQG�FXUUHQW�VFKRRO�DIILOLDWLRQ�VKRXOG�
DSSHDU�RQO\�RQ�D�VHSDUDWH�SDJH�ILOH�IURP�WKH�DEVWUDFW�DQG�RU�PDQXVFULSW��

F�� 6WXGHQWV� PD\� SUHVHQW� QRQ�GHJUHH� SURMHFWV� WKDW� DUH� VXEPLWWHG� E\�
IDFXOW\� DW�0LVVRXUL� FROOHJHV� DQG�8QLYHUVLWLHV��)DFXOW\�PHPEHUV� VKRXOG� FRQWDFW�
:HQG\�6LPV�DW�WKH�DGGUHVV�EHORZ�IRU�IXUWKHU�LQIRUPDWLRQ�

�� 3DSHUV� SUHVHQWHG� DW� FRQIHUHQFHV� RWKHU� WKDQ� SUHYLRXV� 00($� VWDWH�
FRQIHUHQFHV�ZLOO�EH�SHUPLWWHG�DV�ORQJ�DV�WKLV�LV�FOHDUO\�LQGLFDWHG�LQ�D�VWDWHPHQW�
LQFOXGHG�ZLWK�WKH�VXEPLVVLRQ��



�� 0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ

�� $XWKRUV�ZLOO�EH�DSSULVHG�RI�WKH�UHVXOWV�RI�WKH�VHOHFWLRQ�SURFHVV�E\�H�PDLO��
$�KDUG�FRS\�RI�DFFHSWDQFH�OHWWHUV�ZLOO�EH�SURYLGHG�XSRQ�UHTXHVW�

�� 6XEPLVVLRQV�PXVW�DUULYH�DW� WKH�DGGUHVV�EHORZ�E\�'HFHPEHU�����������
$XWKRUV�ZLOO�UHFHLYH�QRWLILFDWLRQ�RI�DFFHSWDQFH�E\�WKH�HQG�RI�'HFHPEHU��$GGUHVV�
VXEPLVVLRQV��RU�TXHVWLRQV��WR��

:HQG\�6LPV��8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD
6LPV:#PLVVRXUL�HGX

:H� ZLOO� ORRN� IRUZDUG� WR� D� ODUJH� QXPEHU� RI� VXEPLVVLRQV� DQG� WR� DQRWKHU�
LQWHUHVWLQJ�DQG�OLYHO\�UHVHDUFK�VHVVLRQ�



0LVVRXUL�-RXUQDO�RI�5HVHDUFK�LQ�0XVLF�(GXFDWLRQ

³7KH ROGHVW FRQWLQXRXVO\ SXEOLVKHG VWDWH MRXUQDO GHGLFDWHG WR
PXVLF HGXFDWLRQ UHVHDUFK�´

,1)250$7,21�72�&2175,%87256

7KH�0LVVRXUL�-RXUQDO�RI�0XVLF�(GXFDWLRQ LV�D�SXEOLFDWLRQ�GHYRWHG�WR�WKH�QHHGV�
DQG� LQWHUHVWV� RI� WKH� VFKRRO� DQG� FROOHJH�PXVLF� WHDFKHUV� RI�0LVVRXUL� DQG� RI� WKH�
QDWLRQ��7KH�HGLWRULDO�FRPPLWWHH�RI�WKH�MRXUQDO�HQFRXUDJHV�VXEPLVVLRQV�RI�RULJLQDO�
UHVHDUFK� SHUWLQHQW� WR� LQVWUXFWLRQ� LQ� PXVLF� RI� D� SKLORVRSKLFDO�� KLVWRULFDO��
TXDQWLWDWLYH�RU�TXDOLWDWLYH�QDWXUH��,Q�DGGLWLRQ��UHYLHZV�RI�OLWHUDWXUH�WKDW�LQFOXGH�D�
UDWLRQDOH�SXUSRVH��DV�ZHOO�DV�FRQFOXVLRQV�DQG�RU�LPSOLFDWLRQV�IRU�UHVHDUFK�DQG�RU�
SUDFWLFH��DQG�VXJJHVWLRQV�IRU�IXWXUH�UHVHDUFK��ZLOO�EH�FRQVLGHUHG��

6XEPLVVLRQ�3URFHGXUHV� $XWKRUV�DUH�LQYLWHG�WR�VXEPLW�DQ�DEVWUDFW�RI�����± ����
ZRUGV� DQG� PDQXVFULSW� LQ� D� VLQJOH� �GRF� DWWDFKPHQW� WR� WKH� HGLWRU� YLD�
VLOYH\ED#PLVVRXUL�HGX��$XWKRUV�DUH�UHTXHVWHG�WR�UHPRYH�DOO�LGHQWLI\LQJ�SHUVRQDO�
GDWD� IURP� VXEPLWWHG� DUWLFOHV�� 0DQXVFULSWV� VXEPLWWHG� IRU� UHYLHZ� PXVW� QRW� EH�
SUHYLRXVO\�SXEOLVKHG�RU�XQGHU�FRQVLGHUDWLRQ�IRU�SXEOLFDWLRQ�HOVHZKHUH�

6W\OH�0DQXVFULSWV�VKRXOG�FRQIRUP�WR�WKH�PRVW�UHFHQW�VW\OH�UHTXLUHPHQWV�VHW�IRUWK�
LQ� WKH� 3XEOLFDWLRQ� 0DQXDO� RI� WKH� $PHULFDQ� 3V\FKRORJLFDO� $VVRFLDWLRQ �$3$��
6L[WK� HGLWLRQ���$XWKRUV� RI� QRQ�TXDQWLWDWLYH� SDSHUV�PD\� DOWHUQDWLYHO\� FKRRVH� WR�
DGKHUH�WR�7KH�&KLFDJR�0DQXDO�RI�6W\OH��RU�$�0DQXDO�IRU�:ULWHUV�RI�7HUP�3DSHUV��
7KHVHV��DQG�'LVVHUWDWLRQV �.��/��7XUDELDQ���6W\OHV�VKRXOG�QRW�EH�PL[HG�ZLWKLQ�WKH�
VXEPLVVLRQ��7KH�WH[W�VKRXOG�EH�GRXEOH�VSDFHG�DQG�XVH�D����SRLQW�IRQW��$OO�ILJXUHV�
DQG�WDEOHV�VKRXOG�EH�VXEPLWWHG�FDPHUD�UHDG\�ZLWKLQ�WKH�PDQXVFULSW�DQG�GHVLJQHG�
VR�WKDW�WKH\�ZLOO�ILW�ZLWK�WKH�SDJH�VSDFH�RI�WKH�MRXUQDO��DSSUR[LPDWHO\�����LQFKHV�
ZLGH� E\� ���� LQFKHV� KLJK�� DQG� XVH� DQ� ��SRLQW� RU� ODUJHU� IRQW� VL]H�� � 7R� DVVXUH�
DQRQ\PLW\� GXULQJ� WKH� UHYLHZ� SURFHVV�� QR� LGHQWLI\LQJ� LQIRUPDWLRQ� VKRXOG� EH�
LQFOXGHG�LQ�WKH�VXEPLVVLRQ�

5HYLHZ�3URFHGXUHV� 7KUHH�HGLWRULDO�FRPPLWWHH�PHPEHUV�UHYLHZ�VXEPLVVLRQV�LQ�D�
EOLQG�UHYLHZ�SURFHVV��$XWKRUV�ZLOO�QRUPDOO\�EH�QRWLILHG�RI�WKH�VWDWXV�RI�WKH�UHYLHZ�
ZLWKLQ� WZR� PRQWKV�� 7KH� HGLWRULDO� FRPPLWWHH� DGKHUHV� WR� WKH� 5HVHDUFK�
3XEOLFDWLRQ�3UHVHQWDWLRQ�&RGH�RI�(WKLFV�RI�WKH�0XVLF�(GXFDWLRQ�5HVHDUFK�&RXQFLO�
RI�1$I0(��1DWLRQDO�$VVRFLDWLRQ�IRU�0XVLF�(GXFDWLRQ�DQG�WKH�1DWLRQDO�5HVHDUFK�
&RPPLWWHH�RI�WKH�$PHULFDQ�0XVLF�7KHUDS\�$VVRFLDWLRQ�



KWWSV���PPHD�QHW�PLVVRXUL�MRXUQDO�RI�UHVHDUFK�LQ�PXVLF�HGXFDWLRQ

0�����-�����5�����0�����(

7KH�ROGHVW�FRQWLQXRXVO\�SXEOLVKHG�VWDWH�MRXUQDO
GHGLFDWHG�WR�PXVLF�HGXFDWLRQ�UHVHDUFK


