
�

�

�

�

%(1(),76�$1'�/,0,7$7,216�

2)�/$5*(�6&$/(�,17(51$7,21$/�

&203$5$7,9(�$&+,(9(0(17�678',(6�

�

7+(�&$6(�2)�,($
6�7,066�678'<�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
.ODDV�7M��%RV�

�
�



'2&725$/ &200,77((�

�

&KDLUPDQ�� 3URI��GU��-XOHV�3LHWHUV�■�8QLYHUVLW\�RI�7ZHQWH�

�

6XSHUYLVRUV�� 3URI��GU��7MHHUG�3ORPS�■�8QLYHUVLW\�RI�7ZHQWH�

� 3URI��GU��-DDS�6FKHHUHQV�■8QLYHUVLW\�RI�7ZHQWH�

� 'U��:LOPDG�.XLSHU�■8QLYHUVLW\�RI�7ZHQWH�

�

0HPEHUV�� 3URI��GU��-DQ�YDQ�GHQ�$NNHU�■�8QLYHUVLW\�RI�7ZHQWH�

� 3URI��GU��.HUVW�%RHUVPD�■�8QLYHUVLW\�RI�8WUHFKW�

� 3URI��GU��5RHO�%RVNHU�■�8QLYHUVLW\�RI�7ZHQWH�

� 3URI��GU��-DQ�YDQ�'DPPH�■�8QLYHUVLW\�RI�/HXYHQ�

� 'U��+DQV�:DJHPDNHU�■�([HFXWLYH�GLUHFWRU�,($�

�

�

�

�

�

�

�

�

&,3�*(*(9(16�.21,1./,-.(�%,%/,27+((.��'(1�+$$*�

�

%RV��.ODDV�7M��

�

%HQHILWV�DQG�OLPLWDWLRQV�RI�ODUJH�VFDOH�LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV��7KH�

FDVH�RI�,($
V�7,066�VWXG\�

7KHVLV�8QLYHUVLW\�RI�7ZHQWH��(QVFKHGH�²�:LWK�UHIV��²�:LWK�'XWFK�VXPPDU\�

,6%1����������������

�

/D\RXW��6DQGUD�6FKHOH�

3UHVV��3ULQW3DUWQHUV�,SVNDPS���(QVFKHGH�

�

��&RS\ULJKW��������.ODDV�7M��%RV��

�

$OO�ULJKWV�UHVHUYHG��1R�SDUW�RI�WKLV�ERRN�PD\�EH�SURGXFHG�LQ�DQ\�IRUP��E\�SULQW��SKRWRFRS\��PLFURILOP��RU�

DQ\�RWKHU�PHDQV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�IURP�WKH�DXWKRU��



%(1(),76�$1'�/,0,7$7,216�

2)�/$5*(�6&$/(�,17(51$7,21$/�

&203$5$7,9(�$&+,(9(0(17�678',(6�

�

7+(�&$6(�2)�,($
6�7,066�678'<�

�

�

�

352()6&+5,)7�

�

�

WHU�YHUNULMJLQJ�YDQ�

GH�JUDDG�YDQ�GRFWRU�DDQ�GH�8QLYHUVLWHLW�7ZHQWH��

RS�JH]DJ�YDQ�GH�UHFWRU�PDJQLILFXV��

SURI��GU��)�$��YDQ�9XJKW��

YROJHQV�EHVOXLW�YDQ�KHW�&ROOHJH�YRRU�3URPRWLHV�

LQ�KHW�RSHQEDDU�WH�YHUGHGLJHQ�

RS����MXQL������RP�������XXU�

�

�

�

�

GRRU�

�

�

.ODDV�7MDNRE�%RV�

�

JHERUHQ�RS����IHEUXDUL������

WH�*URQLQJHQ�



3URPRWRUHQ�� � 3URI��GU��7M��3ORPS�

� � 3URI��GU��-��6FKHHUHQV�

�

�

$VVLVWHQW�SURPRWRU��GU��:�$�-�0��.XLSHU�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



 

 

�

�

�



 

 

�
NAWOORD 
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/LHYH�+HQQ\��ZHHW�MH�QRJ�NHUVW������RS�&XUDoDR��=HH��VWUDQG��UXLVHQGH�SDOPHQ�HQ�

HHQ�RYHUGHQNVWRHO���/DDW�LN�GH�HLQGVSULQW�LQ]HWWHQ�YRRU�GDW�SURHIVFKULIW��KHE�LN�WRHQ�

JH]HJG��+HW�LGHH�YRRU�KHW�RQGHU]RHNVWUDMHFW�GDW�QDDU�HHQ�SURHIVFKULIW�PRHVW�OHLGHQ�

NZDP�YRRUW�XLW�HHQ�UHLV�QDDU�6LJWXQD�LQ�=ZHGHQ��'DDU�NZDPHQ�GH�1RUGLF�FRXQWULHV�

SOXV� 
WKH� 'XWFK� UHSUHVHQWDWLYH
� ELMHHQ� RP� RYHU� YHUEHWHULQJHQ� YDQ� GUDIW� 7,066�

YUDJHQOLMVWHQ� WH�GLVFXVVLsUHQ��(U�]RXGHQ�QRJ�YHOH� UHL]HQ�YROJHQ��1DDU�9DQFRXYHU��

:DVKLQJWRQ� '&�� 5RPH�� 3UDDJ�� 3DULMV�� 3RUWRUR]� HQ� JD� ]R�PDDU� GRRU�� ,QGHUGDDG�

7,066�LV�HHQ�ZHUHOGZLMG�SURMHFW��'H�VDPHQZHUNLQJ�PHW�FROOHJD�1DWLRQDO�5HVHDUFK�

&R�RUGLQDWRUV� HQ� GH� LQWHUQDWLRQDOH� SURMHFWOHLGLQJ� LQ� %RVWRQ� ZDUHQ� HQ� ]LMQ� HUJ�

ZDDUGHYRO��+HW�ZHUN�YRRU�KHW�SURHIVFKULIW�KHHIW�HU�VRPV�GRRU�VWLO�JHOHJHQ��PDDU�WHQ�

VORWWH� NRQ� LN� ELM� GH� UHIOHFWLH� RS�ZDDU�KHW�SURHIVFKULIW� QX� HLJHQOLMN�RS�QHHU�PRHVW�

NRPHQ��RRN�SURILWHUHQ�YDQ�GH�GDJHOLMNVH�7,066�ZHUN]DDPKHGHQ��

'H�SODQQLQJ�WXVVHQ�MDQXDUL�HQ�DSULO������OLHS�JHVPHHUG��+HQQ\��WKXLV�KLHOS�MLM�PH�GH�

SODQQLQJ�WH�KDOHQ��2RN�MLM�KHEW�KHW�WRW�KHW�HLQG�WRH�YROJHKRXGHQ��,N�NDQ�MH�GDDUYRRU�

RS�YHOH�PDQLHUHQ�EHGDQNHQ��:DQQHHU�]XOOHQ�ZH�ZHHU�QDDU�HHQ�H[RWLVFK�RRUG�JDDQ��

ZLH�ZHHW�ZDW�HU�GDQ�YRRU�VQRGH�SODQQHQ�WH�YRRUVFKLMQ�NRPHQ��DOV�]H�PDDU�QLHWV�PHW�

ZHUN�KHEEHQ�WH�PDNHQ���

0DDU� ZHHW� MH�� RS� KHW� ZHUN� ZHUG� LN� RRN� HUJ� JHKROSHQ�� +HW� GDJHOLMNVH�

FRQWUDFWRQGHU]RHN� PHW� ]LMQ� YDVWH� RSOHYHULQJV� GDWD� PRFKW� QLHW� OLMGHQ� RQGHU� PLMQ�

EHPRHLHQLV�PHW�KHW�SURHIVFKULIW��'DW�LV�QLHW�JHEHXUG��RPGDW�LN�HHQ�XQLHNH�ZHUNUHODWLH�

KHE�PHW�0DUWLQD�0HHOLVVHQ��0DUWLQD��]RQGHU�MRXZ�RQGHUVWHXQLQJ�ZDV�KHW�PDQXVFULSW�

ZHOOLFKW�QRRLW�DIJHNRPHQ��,N�KHE�MH�DO�YDDN�JH]HJG�GDW�LN�MH�NULWLHN�RS�PLMQ�FRQFHSW�

KRRIGVWXNNHQ�QLHW�NRQ�PLVVHQ��(Q�GDW� MH�YHHO�YDQ�KHW�ZHUN�RS�GH�KXLGLJH�7,066�

�����VWXGLHV�XLW�PLMQ�KDQGHQ�QDP��YUDDJW�RP�HHQ�WHJHQSUHVWDWLH��,N�KRRS�MRX�QHW�]R�

JRHG�WH�NXQQHQ�KHOSHQ�PHW�MRXZ�SURHIVFKULIW�DOV�MH�PLM�KHEW�JHKROSHQ��

�



 

 

+HQQ\��MH�NHQW�GLH�DQGHUH�SDUDQLPI�WRFK�RRN"�'DW�LV�0DUMROHLQ�'UHQW��]LM�OXQFKW�YDDN�

PHW�PLM�HQ�GDQ�KHEEHQ�ZH�KHW�RYHU�GDW�H[WUD�ZHUN�ZDW�SURHIVFKULIW�KHHW��0DUMROHLQ��

EHGDQNW�YRRU�MH�JURWH�EHWURNNHQKHLG�HQ�VXFFHV�PHW�KHW�VFKULMYHQ�YDQ�MRXZ�SURHYH��

0LMQ�SURPRWRUHQ�KHWHQ�SURIHVVRU�7MHHUG�3ORPS�HQ�SURIHVVRU�-DDS�6FKHHUHQV��=LM�

KHEEHQ�PLM�YRRU]LHQ�YDQ�VWLPXOHUHQGH�DGYLH]HQ�HQ�LGHHsQ�RS�PRPHQWHQ�GDW�LN�GLH�

QRGLJ� KDG�� %RYHQGLHQ� KHEEHQ� ]H� FRQFHSW�YHUVLHV� YDQ� KRRIGVWXNNHQ� YDQ�

FRPPHQWDDU� YRRU]LHQ� ZDDUPHH� LN� WRW� GHILQLWLHYH� WHNVWHQ� EHQ� JHNRPHQ�� +HUHQ��

KDUWHOLMN�GDQN�YRRU�GH�UXVWLJH�ZLM]H�YDQ�EHJHOHLGHQ��:LOPDG�.XLSHU�GLH�RSWUDG�DOV�

DVVLVWHQW�SURPRWRU�� EHGDQN� LN� YRRU� ]LMQ� NULWLVFKH� RSPHUNLQJHQ� ELM� HQ� VXJJHVWLHV�

RYHU�FRQFHSW�WHNVWHQ��

&KDUOHV�0DWWKLMVVHQ�KHHIW�GH�PXOWLOHYHO�DQDO\VHV�XLWJHYRHUG�HQ�GH�UHVXOWDWHQ�PHW�PLM�

EHVSURNHQ��5RHO�%RVNHU�ZDV�KLHUELM�YDQ�JURWH�ZDDUGH��&KDUOHV�HQ�5RHO��EHGDQNW��

'H� DIGHOLQJ� &XUULFXOXPWHFKQRORJLH� YDQ� GH� IDFXOWHLW� 7RHJHSDVWH� 2QGHUZLMVNXQGH�

YDQ�GH�8QLYHUVLWHLW�7ZHQWH�EHGDQN�LN�YRRU�KHW�EHVFKLNEDDU�VWHOOHQ�YDQ�IDFLOLWHLWHQ�LQ�

GH�ODDWVWH�PDDQGHQ�YDQ�GH�SURHIVFKULIWDFWLYLWHLWHQ��

'H� ILJXUHQ�� WDEHOOHQ�HQ�GH�JHKHOH� OD\�RXW�YDQ�KHW�SURHIVFKULIW�]LHQ�HU�XLW�]RDOV�]H�

HUXLW� ]LHQ�� RPGDW� 6DQGUD� 6FKHOH� ]LFK� GDDUPHH� RS� HHQ� QDXZNHXULJH�PDQLHU� KHHIW�

EH]LJJHKRXGHQ��6DQGUD��KHW�PDDNW�YRRU�MRX�QLHW�XLW�RI�LN�QX�PHW�ppQ�ILJXXU�RI�PHW�

��� SDJLQD
V� WHNVW� DDQ� NRP� ]HWWHQ�� -H� PDDNW� HU� LQ� NRUWH� WLMG� HHQ� JHKHHO� YDQ�� (UJ�

EHGDQNW�HQ�LN�KRRS�QRJ�ODQJ�PHW�MH�DDQ�RQGHU]RHNVRSGUDFKWHQ�WH�NXQQHQ�ZHUNHQ��

'H�KRRIGWHNVW�LV�LQ�KHW�(QJHOV�JHVFKUHYHQ��.DUHQ�%RJDUG�*LYYLQ�XLW�/RV�$QJHOHV�

KHHIW� YDQ�PLMQ�(QJHOV� RS� HHQ� YRRUWUHIIHOLMNH�ZLM]H� EHWHU� (QJHOV� JHPDDNW��.DUHQ�

WKDQNV��,N�KRRS�QRJ�ODQJHU�PHW�MH�VDPHQ�WH�ZHUNHQ�LQ�KHW�NDGHU�YDQ�GH�7,066�5�

9LGHR�6WXG\��

=RX�LN�QLHPDQG�YHUJHWHQ�]LMQ"�9DVW�ZHO��PDDU�QLHW�PLMQ�QDDVWH�IDPLOLH�GLH�PLM�RRN�

VWHXQGH�DOV�KHW�PRHVW��DO�ZDV�KHW�DOOHHQ�PDDU�GRRU�HU�MXLVW�QLHW�RYHU�WH�SUDWHQ��HQ�PLM�

HHQ�ERHNMH�WHU��RQW�VSDQQLQJ�WH�JHYHQ���(Q�GH�(FKRHV�YDQ�3LQN�)OR\G�ZRUGHQ�RRN�

EHGDQNW�YRRU�GH�LQVSLUDWLH��

0DDU�QX�KHW�LV�PRRL�JHZHHVW��'H�WHNVWHQ�]LMQ�JHUHHG�HQ�LN�ZHQV�GDW�RS�EDVLV�YDQ�GH�

YROJHQGH�KRRIGVWXNNHQ�LQ�GH�WRHNRPVW�QRJ�PHHU�JHEUXLN�NDQ�ZRUGHQ�JHPDDNW�YDQ�

UHVXOWDWHQ�YDQ�LQWHUQDWLRQDDO�YHUJHOLMNHQG�RQGHU]RHN�LQ�EHODQJULMNH�VFKRROYDNNHQ��

�
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� PDWKHPDWLFV� DFKLHYHPHQW�

VFRUHV� H[SODLQHG� DW� VWXGHQW� DQG� FODVVURRP� OHYHO� LQ� IXOO\�

XQFRQGLWLRQDO���OHYHO�PRGHO�DQG�ILQDO�OHYHO���PRGHO�RI�PRGHO���

DQG� PRGHO� �D� �ZLWKRXW� GXPP\� YDULDEOHV� IRU� FRXQWULHV�� DQG�

PRGHO����ZLWK�GXPP\�YDULDEOHV�IRU�FRXQWULHV���SRROHG�GDWD�VHW� ����

�



 

Y

*/266$5<�

),06� )LUVW�,QWHUQDWLRQDO�0DWKHPDWLFV�6WXG\�

),66� )LUVW�,QWHUQDWLRQDO�6FLHQFH�6WXG\�

,($� ,QWHUQDWLRQDO� DVVRFLDWLRQ� IRU� WKH� (YDOXDWLRQ� RI� HGXFDWLRQDO�

$FKLHYHPHQW�

,1(6� ,QGLFDWRU�LQ�(GXFDWLRQ�6WXG\�

,6&�7,066� ,QWHUQDWLRQDO�6WXG\�&HQWHU�7,066�

/,1&$6� /DUJH�VFDOH�,QWHUQDWLRQDO�&RPSDUDWLYH�$FKLHYHPHQW�6WXGLHV�LQ�

HGXFDWLRQ�

/9� /DWHQW�9DULDEOH�

09� 0DQLIHVW�9DULDEOH�

2(&'� 2UJDQL]DWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW�

6,06� 6HFRQG�,QWHUQDWLRQDO�0DWKHPDWLFV�6WXG\�

6,66� 6HFRQG�,QWHUQDWLRQDO�6FLHQFH�6WXG\�

7,066� 7KLUG�,QWHUQDWLRQDO�0DWKHPDWLFV�DQG�6FLHQFH�6WXG\�

81(6&2� 8QLWHG�1DWLRQV�(GXFDWLRQDO�6FLHQWLILF�DQG�&XOWXUDO�2UJDQL]DWLRQ�

�

�

�

�
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INTRODUCTION 
�

/DUJH�VFDOH� ,QWHUQDWLRQDO� &RPSDUDWLYH� $FKLHYHPHQW� 6WXGLHV� LQ� HGXFDWLRQ�

�/,1&$6��KDYH�EHHQ�FRQGXFWHG�RQ�D�UHJXODU�EDVLV�VLQFH�WKH�����V��7KH�PDLQ�JRDO�

RI� WKHVH� VWXGLHV� LV� WR� SURYLGH� SROLF\PDNHUV�� HGXFDWRUV�� HGXFDWLRQDO� UHVHDUFKHUV�� DQG�

RWKHU� SHRSOH� LQWHUHVWHG� LQ� HGXFDWLRQ� ZLWK� LQIRUPDWLRQ� UHJDUGLQJ� VLPLODULWLHV� DQG�

GLIIHUHQFHV�DFURVV�V\VWHPV��6WDNHKROGHUV�RI�HGXFDWLRQ�V\VWHPV�FDQ�XVH�WKLV�LQIRUPDWLRQ�

WR�JDLQ�LQVLJKW�LQWR�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�WKHLU�RZQ�HGXFDWLRQ�V\VWHP��

7KH� EHQHILWV� DQG� OLPLWDWLRQV� RI� ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� DFKLHYHPHQW�

VWXGLHV� DUH� WKH� FHQWUDO� WKHPH� RI� WKLV� WKHVLV�� ,W� WKLV� FKDSWHU�� WKH� XVHIXOQHVV� RI�

LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV� LQ�HGXFDWLRQ� LV�GLVFXVVHG� LQ�WKH� OLJKW�RI� WKHLU�PDLQ�

JRDOV�DQG�IXQFWLRQV��������,Q�WKH�QH[W�VHFWLRQ�WKH�SXUSRVH�RI�WKLV�WKHVLV�LV�LOOXPLQDWHG��

7KH� 7KLUG� ,QWHUQDWLRQDO�0DWKHPDWLFV� DQG� 6FLHQFH� 6WXG\� �7,066�� LV� VWXGLHG� LQ�

GHSWK�IURP�WKH�SHUVSHFWLYH�RI�RQH�VSHFLILHG�IXQFWLRQ�RI�/,1&$6��XQGHUVWDQGLQJ�FURVV�

QDWLRQDO�GLIIHUHQFHV�LQ�VWXGHQW�DFKLHYHPHQW��������,Q�VHFWLRQ�����WKH�SUREOHP�VWDWHPHQW�

DQG� WKH� UHVHDUFK� TXHVWLRQV� RI� WKLV� WKHVLV� DUH� IRUPXODWHG�� 7KH� FKDSWHU� HQGV� ZLWK� D�

GHVFULSWLRQ�RI�WKH�VWUXFWXUH�RI�WKH�WKHVLV��������

���� ,17(51$7,21$/ &203$5,6216 ,1 ('8&$7,21�

6\VWHPDWLF� PRQLWRULQJ� RI� VFKRRO� V\VWHPV� DQG� WKH� SXEOLFDWLRQ� RI� DFFRXQWDELOLW\�

UHSRUWV� DW� D� QDWLRQDO� OHYHO� KDYH� H[LVWHG� IRU� GHFDGHV��0DQ\� FRXQWULHV� DURXQG� WKH�

ZRUOG�HYDOXDWH�WKHLU�HGXFDWLRQDO�V\VWHP�RQ�D�UHJXODU�EDVLV�WR�LPSURYH�WKH�TXDOLW\�RI�

WKHLU� HGXFDWLRQ��:LWKLQ�FRXQWULHV�� VWXGHQW� DFKLHYHPHQW� DQG�HGXFDWLRQDO�SURFHVVHV�

DUH�VWXGLHG�LQ�GLIIHUHQW�VXEMHFWV�LQ�ERWK�SULPDU\�DQG�VHFRQGDU\�HGXFDWLRQ��

&
+
$
3
7
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�
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7KH�8QLWHG�6WDWHV
�1DWLRQDO�$VVHVVPHQW�RI�(GXFDWLRQDO�3URJUHVV��1$(3���VWDUWHG�

LQ� WKH� ����V�� ZDV� D� SLRQHHU� LQ� QDWLRQDO� SHULRGLF� HGXFDWLRQDO� HYDOXDWLRQ� VWXGLHV�

�%HDWRQ�� ������� )URP� WKH� ����V� RQ�� VHYHUDO� QDWLRQDO� VXUYH\V� ZHUH� RUJDQL]HG�

SHULRGLFDOO\�LQ�(QJODQG�WR�PRQLWRU�VWXGHQWV
�DFKLHYHPHQW�LQ�FRUH�VXEMHFWV��VHH�IRU�

H[DPSOH��1HZWRQ��$GDPV��HW�DO����������6LQFH�������LQ�WKH�1HWKHUODQGV�WKH�1DWLRQDO�

,QVWLWXWH� IRU� (GXFDWLRQDO� 0HDVXUHPHQW� �&,72�� KDV� EHHQ� FRQGXFWHG� DVVHVVPHQW�

VWXGLHV� LQ�GLIIHUHQW� VXEMHFWV� LQ�SULPDU\�DQG� ORZHU�VHFRQGDU\�HGXFDWLRQ�HYHU\�IRXU�

\HDUV��H�J��%RNKRYH��9DQ�GHU�6FKRRW�	�(JJHQ���������

%HVLGHV� SHULRGLF� PRQLWRULQJ� RI� WKH� HGXFDWLRQDO� V\VWHP� DW� WKH� 
QDWLRQDO
� OHYHO�� DQ�

LQFUHDVLQJ� QXPEHU� RI� FRXQWULHV� KDYH� EHFRPH� LQWHUHVWHG� LQ� PDNLQJ� FRPSDULVRQV�

EHWZHHQ� WKHLU� RZQ� HGXFDWLRQDO� V\VWHP� DQG� WKH� V\VWHPV� RI� RWKHU� FRXQWULHV�� 7KH�

LQFUHDVLQJ� JOREDOL]DWLRQ�RI� WKH�ZRUOG�HFRQRPLHV�PLJKW�EH�RQH�RI� WKH� UHDVRQV� IRU�

WKLV�GHYHORSPHQW��+RZVRQ���������

�

7KH� ,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� WKH� (YDOXDWLRQ� RI� (GXFDWLRQDO� $FKLHYHPHQW�

�,($��� WKH�2UJDQL]DWLRQ� IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW� �2(&'���

WKH� :RUOG� %DQN�� DQG� WKH� 8QLWHG� 1DWLRQV� (GXFDWLRQDO� 6FLHQWLILF� DQG� &XOWXUDO�

2UJDQL]DWLRQ� �81(6&2�� DUH� IRXU� RUJDQL]DWLRQV� WKDW� VXSSRUW� DQG� RUJDQL]H�

LQWHUQDWLRQDO� FRPSDUDWLYH� HGXFDWLRQDO� UHVHDUFK��&RPSDUDWLYH� HGXFDWLRQDO� UHVHDUFK�

KDV�EHHQ�GHILQHG�E\�3RVWOHWKZDLWH��������S��[YLL����6WULFWO\�VSHDNLQJ��WR�
FRPSDUH
�PHDQV�

WR� H[DPLQH� WZR� RU� PRUH� HQWLWLHV� E\� SXWWLQJ� WKHP� VLGH� E\� VLGH� DQG� ORRNLQJ� IRU� VLPLODULWLHV� DQG�

GLIIHUHQFHV�EHWZHHQ�RU�DPRQJ� WKHP�� ,Q� WKH� ILHOG�RI� HGXFDWLRQ�� WKLV� FDQ�DSSO\�ERWK� WR� FRPSDULVRQV�

EHWZHHQ� DQG� FRPSDULVRQV� ZLWKLQ� V\VWHPV� RI� HGXFDWLRQ��� 7KLV� GHILQLWLRQ� DSSOLHV� WR� PDQ\�

VWXGLHV�VXSSRUWHG�RU�FRQGXFWHG�E\�81(6&2��WKH�:RUOG�%DQN��2(&'��DQG�,($��

7KH� LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV� LQ�HGXFDWLRQ�UHOHYDQW� WR� WKLV� WKHVLV�FRQFHUQ�

ODUJH�VFDOH� DFKLHYHPHQW� VWXGLHV�� LQFOXGLQJ� WKRVH�RQ�DOO� IRUPV�RI� IRUPDO� HGXFDWLRQ�

IURP�SUHVFKRRO�WKURXJK�VHFRQGDU\�HGXFDWLRQ��ZLWK�DQ�HPSKDVLV�RQ�ORZHU�VHFRQGDU\�

HGXFDWLRQ���

/DUJH�VFDOH�LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV�LQ�HGXFDWLRQ��GHQRWHG�DV�


/,1&$6
�LQ�WKH�UHPDLQGHU�RI�WKLV�WKHVLV��DUH�GHILQHG�DV�VWXGLHV�LQ�ZKLFK�ERWK�DFKLHYHPHQW�

RI�D�FHUWDLQ�DJH�JUDGH�JURXS�LQ�RQH�RU�PRUH�VXEMHFWV�LV�FRPSDUHG�DFURVV�HGXFDWLRQ�V\VWHPV�DQG�HIIHFWV�

RI�FRQWH[WXDO�IDFWRUV�DW�V\VWHP��VFKRRO��FODVVURRP��DQG�VWXGHQW�OHYHO�RQ�DFKLHYHPHQW�DUH�VWXGLHG��

,QWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV� LQ� HGXFDWLRQ� WKDW� GR� QRW� IRFXV� RQ� VWXGHQW�

DFKLHYHPHQW� LQ� D� VFKRRO� KDYH� DOVR� EHHQ� FRQGXFWHG�� $Q� H[DPSOH� RI� WKH� ODWWHU� LV�

,($
V�6HFRQG�,QIRUPDWLRQ�7HFKQRORJ\�LQ�(GXFDWLRQ�6WXG\��6,7(6��ZKLFK�DLPHG�DW�



 

,QWURGXFWLRQ �

WKH� GHVFULSWLRQ� RI� WKH� LPSOHPHQWDWLRQ� DQG� XVH� RI� LQIRUPDWLRQ� WHFKQRORJ\� LQ�

SULPDU\�DQG�VHFRQGDU\�HGXFDWLRQ��3HOJUXP�	�$QGHUVRQ���������6WXGLHV�FDWHJRUL]HG�

DV�LQWHUQDWLRQDO�VWXGLHV��DQG�QRW�DV�LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV��GR�QRW�FRPSDUH�

FRXQWULHV�EXW�DUH�LQWHQGHG�WR�GHVFULEH��DQDO\]H��RU�PDNH�SURSRVDOV�IRU�D�SDUWLFXODU�

DVSHFW�RI�HGXFDWLRQ�LQ�D�FRXQWU\�RWKHU�WKDQ�WKH�DXWKRU
V�RZQ��.DLVHU���������

�

&RXQWULHV� PD\� KDYH� YDULRXV� UHDVRQV� WR� SDUWLFLSDWH� LQ� LQWHUQDWLRQDO� FRPSDUDWLYH�

VWXGLHV� �5RELWDLOOH�� ������� &RPSDUDWLYH� VWXGLHV� PD\� SURYLGH� FRXQWULHV� ZLWK� WKH�

RSSRUWXQLW\�WR�H[DPLQH�WKHLU�RZQ�LPSOLFLW�WKHRULHV��H�J���DERXW�KRZ�FKLOGUHQ�OHDUQ�

PDWKHPDWLFV���YDOXHV�DQG�SUDFWLFHV��$�YDULHW\�RI�WHDFKLQJ�SUDFWLFHV��FXUULFXOXP�JRDOV�

DQG� VWUXFWXUHV�� VFKRRO� RUJDQL]DWLRQDO� SDWWHUQV�� DQG� RWKHU� DUUDQJHPHQWV� IRU�

HGXFDWLRQ�FDQ�EH�VWXGLHG�WKDW�PLJKW�QRW�EH�SRVVLEOH�ZLWKLQ� LQ�D�VLQJOH�FRXQWU\�RU�

HGXFDWLRQ�V\VWHP��

$QRWKHU� UHDVRQ�PD\�EH� WKDW� VHWWLQJ� UHDOLVWLF� VWDQGDUGV�DQG�PRQLWRULQJ�VXFFHVV�RI�

WKHLU� HGXFDWLRQDO� V\VWHP� FDQ� EH� IDFLOLWDWHG� IRU� FRXQWULHV� E\� XVLQJ� WKH� UHVXOWV� RI�

FRPSDUDWLYH� VWXGLHV� FRPSOHPHQWDULO\� WR� WKH� UHVXOWV� RI� WKHLU� QDWLRQDO� HYDOXDWLRQ�

VWXGLHV��7KXV��FRPSDUDWLYH�UHVXOWV�FDQ�VHUYH�DV�D�EDVHOLQH�IRU�WKH�HYDOXDWLRQ�RI�WKH�

TXDOLW\�RI�HGXFDWLRQ�ZLWKLQ�FRXQWULHV��

�

,Q� JHQHUDO�� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV� KDYH� WZR� SXUSRVHV��'HVFULSWLYH� VWXGLHV�

GHVFULEH� FUXFLDO� DVSHFWV� RI� HGXFDWLRQDO� SUDFWLFHV� DQG� RXWFRPHV� VHSDUDWHO\�� $Q�

H[DPSOH�RI�D�GHVFULSWLYH�VWXG\�LV�D�SHULRGLFDO�VWXG\�RUJDQL]HG�E\�WKH�2UJDQL]DWLRQ�IRU�

(FRQRPLF� &R�RSHUDWLRQ� DQG� 'HYHORSPHQW� �2(&'��� 7KLV� VWXG\� LV� FDOOHG� WKH�

,QGLFDWRU� LQ�(GXFDWLRQ�6WXG\��,1(6��DQG�LV�FRQGXFWHG�DW�D�SUHGHWHUPLQHG�LQWHUYDO��

7KH� ,1(6� VWXG\� UHVXOWV� LQ� SHULRGLF� SXEOLFDWLRQV� FDOOHG� 
(GXFDWLRQ� DW� D� *ODQFH
�

�2(&'�� ������ ����D�� ������ ������� )RU� WKHVH� SXEOLFDWLRQV�� 2(&'� LV� XVLQJ� GDWD�

FROOHFWHG� LQ� RWKHU� VWXGLHV� OLNH� VXUYH\V� FRQGXFWHG� XQGHU� WKH� DXVSLFHV� RI� ,($��

([SODQDWRU\� VWXGLHV� DUH� GHVLJQHG� WR� VWXG\� WKH� UHODWLRQVKLS� EHWZHHQ� HGXFDWLRQDO�

SUDFWLFHV� DQG� RXWFRPHV�� ,Q� H[SODQDWRU\� VWXGLHV�� GHVFULSWLYH� UHVXOWV� DUH� SURYLGHG�

ILUVW�� )RU� H[DPSOH�� WKH� UHODWLRQVKLS� FDQ� EH� H[DPLQHG� EHWZHHQ� FKDUDFWHULVWLFV� RI�

LQVWUXFWLRQDO� SUDFWLFHV� DQG� DFKLHYHPHQW� LQ� PDWKHPDWLFV� WR� ILQG� H[SODQDWLRQV� IRU�

GLIIHUHQFHV� LQ� PDWKHPDWLFV� DFKLHYHPHQW� OHYHOV� DFURVV� FRXQWULHV�� ,Q� WKH� ,($
V�

6HFRQG� ,QWHUQDWLRQDO� 0DWKHPDWLFV� 6WXG\� �6,06�� FRXQWULHV� FRXOG� SDUWLFLSDWH� LQ� D�

ORQJLWXGLQDO�YHUVLRQ�ZKLFK�SURYLGHG�WKHP�WKH�RSSRUWXQLW\�WR�ILQG�H[SODQDWLRQV�IRU�

FURVV�QDWLRQDO�GLIIHUHQFHV�LQ�DFKLHYHPHQW�OHYHO��6,06�LV�UHYLHZHG�LQ�FKDSWHU����



 

� &KDSWHU �

'LIIHUHQW� WDUJHW� JURXSV� XVH� WKH� RXWFRPHV� RI� FRPSDUDWLYH� VWXGLHV�� SROLF\PDNHUV��

HGXFDWLRQDO�VSHFLDOLVWV��HGXFDWRUV��DQG�VFLHQWLILF�UHVHDUFKHUV��6RPH�RI�WKHP�PLJKW�EH�

PRUH�LQWHUHVWHG�LQ�UHVXOWV�DW�WKH�GHVFULSWLYH�OHYHO��RWKHUV�ZRXOG�SUHIHU�H[SODQDWLRQV�

RI�WKH�GHVFULSWLYH�VWDWLVWLFV��

�

0DQ\� TXHVWLRQV� DULVH� IURP� ORRNLQJ� DW� WKH� UHVXOWV� RI� LQWHUQDWLRQDO� FRPSDUDWLYH�

DFKLHYHPHQW�VWXGLHV�LQ�HGXFDWLRQ��,I�WKH�UHVXOWV�DUH�VWDWHG�LQ�WHUPV�RI�WKH�QXPEHU�RI�

FRXQWULHV�WKDW�RXWSHUIRUP�WKHLU�RZQ��XVHUV�RI�WKH�GDWD�RIWHQ�DVN�IRU�H[SODQDWLRQV��

3RVVLEOH�TXHVWLRQV� DUH��:K\� DUH�ZH�RXWSHUIRUPLQJ� WKHVH� FRXQWULHV� DQG�QRW�RWKHU�

FRXQWULHV"� ,V� LW�� IRU� H[DPSOH�� EHFDXVH� RXU� VWXGHQWV� DUH� GLIIHUHQW�� RU� EHFDXVH� WKH�

LQVWUXFWLRQDO�SUDFWLFH�LQ�RXU�FRXQWU\�LV�RQ�DYHUDJH�GLIIHUHQW�IURP�RWKHU�FRXQWULHV"��

'R�IDFWRUV�WKDW�PDWWHU�ZLWKLQ�RQH�HGXFDWLRQ�V\VWHP�DOVR�PDWWHU�LQ�RWKHU�V\VWHPV"��

DQG�:KLFK�IDFWRUV�FDQ�EH�FRQVLGHUHG�DV�XQLYHUVDOO\�LPSRUWDQW��LQ�PDQ\�HGXFDWLRQ�

V\VWHPV�DURXQG�WKH�ZRUOG�RU�LQ�RQH�UHJLRQ�RI�WKH�ZRUOG�"�

7R�DGGUHVV�VXFK�NLQG�RI�LPSRUWDQW�TXHVWLRQV��D�JUHDW�GHDO�RI�EDFNJURXQG�GDWD�PXVW�

EH�FROOHFWHG�LQ�DGGLWLRQ�WR�DFKLHYHPHQW�GDWD��%DFNJURXQG�IDFWRUV�FDQ�EH�IRXQG�DW�

IRXU�OHYHOV�RI�DQ�HGXFDWLRQ�V\VWHP��WKH�ZD\�HGXFDWLRQ�LV�RUJDQL]HG�ZLWKLQ�D�FRXQWU\�

�V\VWHP�FRXQWU\� OHYHO��� DQG� ZLWKLQ� VFKRROV� �VFKRRO� OHYHO��� WKH� TXDOLW\� RI� WKH�

LQVWUXFWLRQDO� SUDFWLFHV� ZLWKLQ� WKH� FODVVURRP� �FODVVURRP� OHYHO��� DQG� VWXGHQWV
�

FKDUDFWHULVWLFV��VWXGHQW�OHYHO���$W�HDFK�RI�WKHVH�IRXU�OHYHOV�RI�DQ�HGXFDWLRQ�V\VWHP��

YDULDEOHV�FDQ�EH�VWXGLHG�ZKLFK�FDQ�FRQWULEXWH�WR�WKH�H[SODQDWLRQ�RI�GLIIHUHQFHV�LQ�

DFKLHYHPHQW� LQ� VFKRRO� VXEMHFWV� DFURVV� FRXQWULHV��7ZR�H[DPSOHV�RI�TXHVWLRQV� WKDW�

FDQ�EH�VWXGLHG�DUH��:KDW� WRSLFV�DUH� WDXJKW�ZLWKLQ�D�FRXQWU\"� �V\VWHP�OHYHO���'RHV�

WHDFKHUV
� EHKDYLRU� LQ� WKH� FODVVURRP� HQKDQFH� VWXGHQWV
� DFKLHYHPHQW� UHVXOWV"�

�FODVVURRP� OHYHO���7KH� IDFWRUV� FODVVLILHG� DW� GLIIHUHQW� OHYHOV�PD\� LQWHUDFW�ZLWK� HDFK�

RWKHU�� 7KHUHIRUH�� LW� LV� QHFHVVDU\� WKDW� VWXGHQW��� FODVVURRP��� VFKRRO�VSHFLILF�� DQG�

FRXQWU\�VSHFLILF� IDFWRUV� DUH� VWXGLHG� VLPXOWDQHRXVO\� DV�SUHGLFWRUV�RI� FURVV�QDWLRQDO�

GLIIHUHQFHV� LQ� DFKLHYHPHQW�� $Q� H[DPSOH� RI� D� TXHVWLRQ� WKDW� UHIHUV� WR� VXFK�

LQWHUDFWLRQV�LV��:KDW�NLQGV�RI�WHDFKLQJ�DFWLYLWLHV�HQKDQFH�VWXGHQW�DFKLHYHPHQW�JLYHQ�

SDUWLFXODU�VWXGHQWV�FKDUDFWHULVWLFV"�

7KH�LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV�FRQGXFWHG�E\�,($�DUH�H[DPSOHV�

RI� /,1&$6�� ,($� VWXGLHV� FDQ� EH� FKDUDFWHUL]HG� DV�PXOWL�SXUSRVH� VWXGLHV� DLPHG� DW�

SURYLGLQJ�ERWK�GHVFULSWLRQV�DQG�H[SODQDWLRQV��3ORPS���������,Q�PRVW�,($�VWXGLHV��

ERWK� DFKLHYHPHQW� GDWD� RQ� D� FRUH� VXEMHFW� DQG� FRQWH[WXDO�EDFNJURXQG� GDWD� DUH�

FROOHFWHG�� &RQWH[WXDO� GDWD� DUH� PHDVXUHG� DW� GLIIHUHQW� HGXFDWLRQDO� OHYHOV� DQG� DUH�



 

,QWURGXFWLRQ �

VXSSRVHG� WR� EH� UHODWHG� WR� VWXGHQW� DFKLHYHPHQW�� $� PDMRU� DLP� RI� DQDO\VHV� RQ�

FRQWH[WXDO�HGXFDWLRQDO�GDWD�LV�WR�LGHQWLI\�IDFWRUV�WKDW�LQIOXHQFH�VWXGHQW�DFKLHYHPHQW��

2QFH� IDFWRUV� KDYH� EHHQ� LGHQWLILHG� ZKLFK� DUH� VXSSRVHG� WR� LQIOXHQFH� HGXFDWLRQDO�

RXWFRPHV��SRVVLEOH�ZD\V�WR�LPSURYH�HGXFDWLRQ�FDQ�EH�SURSRVHG��

�

,Q�WKH�UHPDLQGHU�RI�WKLV�WKHVLV�WKH�WHUP�HGXFDWLRQ�V\VWHP�LV�XVHG�DV�D�V\QRQ\P�RI�


FRXQWU\�
�EHFDXVH�FHUWDLQ�PHPEHUV�RI�,($�DUH�SDUW�RI�D�FRXQWU\�EXW�RSHUDWH�IURP�

DQ�HGXFDWLRQDO�SHUVSHFWLYH�LQGHSHQGHQWO\�IURP�WKH�RWKHU�SDUW�V��RI�WKH�FRXQWU\��$Q�

H[DPSOH�LV�%HOJLXP�ZLWK�LWV�WZR�HGXFDWLRQ�V\VWHPV��%HOJLXP�)ODQGHUV�DQG�%HOJLXP�

)UHQFK��%RWK�V\VWHPV�SDUWLFLSDWH�LQ�LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV�LQ�HGXFDWLRQ��

<HW��IRU�WKH�VDNH�RI�YDULDELOLW\�DQG�FRQYHQLHQFH�WKH�WHUPV�
QDWLRQ
�DQG�
FRXQWU\
�DUH�

XVHG�LQWHUFKDQJHDEO\�ZLWK�HGXFDWLRQ�V\VWHP��

�

7KH� QH[W� VHFWLRQ� GHVFULEHV� WKH� JHQHUDO� JRDOV� DQG� IXQFWLRQV� RI� ODUJH�VFDOH�

LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV�LQ�HGXFDWLRQ�FRQGXFWHG�E\�,($��LQ�ZKLFK�VWXGHQW�

DFKLHYHPHQW�LQ�D�FRUH�VXEMHFW�LV�PHDVXUHG��

���� /$5*(�6&$/( ,17(51$7,21$/ &203$5$7,9( $&+,(9(0(17

678',(6��*(1(5$/ *2$/6 $1' )81&7,216�

7KH� ,($� ZDV� WKH� ILUVW� LQWHUQDWLRQDO� RUJDQL]DWLRQ� WKDW� FRQGXFWHG� LQWHUQDWLRQDO�

FRPSDUDWLYH� VWXGLHV� LQ� ZKLFK� VWXGHQW� DFKLHYHPHQW� ZDV� PHDVXUHG� E\� WKH� VDPH�

VWDQGDUGL]HG�REMHFWLYH�FRJQLWLYH�WHVWV�LQ�PRUH�WKDQ�RQH�HGXFDWLRQ�V\VWHP��7KH�,($�

ZDV� IRXQGHG� LQ� ����� DV� DQ� LQGHSHQGHQW�� QRQ�JRYHUQPHQWDO�� LQWHUQDWLRQDO� FR�

RSHUDWLYH�RI�UHVHDUFK�FHQWHUV�RI�GLIIHUHQW�HGXFDWLRQ�V\VWHPV��$Q\�V\VWHP�PD\�MRLQ�

,($�DQG�FXUUHQWO\�,($�KDV�PRUH�WKDQ����PHPEHUV��

6LQFH� LWV� HVWDEOLVKPHQW�� ,($� KDV� EHHQ� SULPDULO\� LQWHUHVWHG� LQ� LQWHUQDWLRQDO�

FRPSDUDWLYH�VWXGLHV�IURP�D�UHVHDUFK�SHUVSHFWLYH��7KH�IRXQGHUV�RI�,($�UHJDUGHG�WKH�

ZRUOG� DV� D� ODERUDWRU\� LQ�ZKLFK� WKH�GLIIHUHQFHV�EHWZHHQ� HGXFDWLRQ� V\VWHPV�ZRXOG�

SURYLGH�WKH�RSSRUWXQLW\�WR�H[DPLQH�WKH�LPSDFW�RI�GLIIHUHQW�YDULDEOHV�RQ�HGXFDWLRQDO�

RXWFRPHV�� ,Q�PRVW� RI� WKH� VWXGLHV�� 
HGXFDWLRQDO� RXWFRPHV
� ZDV� RSHUDWLRQDOL]HG� LQ�

WHUPV� RI� VWXGHQW� DFKLHYHPHQW�� ,($� HPSKDVL]HV� WKDW� WKHLU� VWXGLHV� VKRXOG� QRW� EH�

LQWHUSUHWHG� DV� DQ� LQWHUQDWLRQDO� UDFH� WR� GHWHUPLQH� D� ZLQQHU�� ,QVWHDG�� ,($� VWXGLHV�

VKRXOG� EH� FRQVLGHUHG� DV� RSSRUWXQLWLHV� WR� H[SORUH� WKH� GLYHUVLW\� RI� SROLWLFDO��

HFRQRPLF��FXOWXUDO��DQG�HGXFDWLRQDO�FRQWH[WV�RI�SDUWLFLSDWLQJ�V\VWHPV��$FKLHYHPHQW�
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LQ�FRUH�VXEMHFWV�LV�VWXGLHG�DJDLQVW�D�ZLGH�EDFNJURXQG�RI�VFKRRO��FODVVURRP��VWXGHQW��

DQG�VRFLHWDO� IDFWRUV��LQ�RUGHU� WR�XVH� WKH�ZRUOG�DV�DQ�HGXFDWLRQDO� ODERUDWRU\�VR�DV� WR� LQVWUXFW�

SROLF\PDNHUV�DW�DOO�OHYHOV�DERXW�DOWHUQDWLYHV�LQ�HGXFDWLRQDO�RUJDQL]DWLRQ�DQG�SUDFWLFH���5RELWDLOOH�

	�*DUGHQ��������S��9���:LWKLQ�WKLV�FRQWH[W��,($�FRQVLGHUV�DV�LWV�PLVVLRQ�WR�FRQGXFW�

FRPSDUDWLYH� VWXGLHV� IRFXVLQJ� RQ� HGXFDWLRQDO� SROLFLHV� DQG� SUDFWLFHV� LQ� RUGHU� WR�

HQKDQFH�OHDUQLQJ�ZLWKLQ�DQG�DFURVV�HGXFDWLRQ�V\VWHPV��3ORPS���������

6LQFH� WKH� ����V��SROLF\PDNHUV�KDYH�EHFRPH� LQFUHDVLQJO\� LQWHUHVWHG� LQ� HGXFDWLRQDO�

LQGLFDWRUV�� UHJDUGOHVV�RI� WKHLU� LQWHUUHODWLRQVKLSV��&RQVHTXHQWO\�� ,($�WULHG� WR�VHUYH�

WKHVH� LQWHUHVWV�� )RU� H[DPSOH�� WKH�2(&'� LQFOXGHG� DFKLHYHPHQW� LQGLFDWRUV� ZKLFK�

ZHUH�PHDVXUHG�LQ�,($�VWXGLHV��LQ�LWV�SHULRGLFDO�SXEOLFDWLRQ�
(GXFDWLRQ�DW�D�*ODQFH
�

�2(&'���������������

*HQHUDO�JRDOV�

/,1&$6�KDYH�GLIIHUHQW�JRDOV� DQG� IXQFWLRQV�� ,Q�RUGHU� WR� UHIOHFW�RQ� WKH� UHVXOWV�RI�

VXFK�VWXGLHV� WKH�JRDOV�DQG�IXQFWLRQV�PXVW�EH�H[SOLFLW��7KH�JRDOV�DQG�IXQFWLRQV�RI�

/DUJH�VFDOH�DFKLHYHPHQW�VWXGLHV�FRQGXFWHG�E\�,($�DUH�GLVFXVVHG�E\�3RVWOHWKZDLWH�

�������DQG�3ORPS���������

7KH� ,($� UHFRJQL]HV� WZR�PDLQ�� JHQHUDO� JRDOV� RI� LWV� DFKLHYHPHQW� VWXGLHV� �3ORPS��

�������

�L�� WR�SURYLGH�SROLF\PDNHUV�DQG�HGXFDWLRQDO�SUDFWLWLRQHUV�ZLWK� LQIRUPDWLRQ�DERXW�

WKH�TXDOLW\�RI�WKHLU�HGXFDWLRQ�V\VWHP�LQ�UHODWLRQ�WR�RWKHU�UHOHYDQW�V\VWHPV��WKH�

ILUVW�VWHS�WRZDUG�OHDUQLQJ�IURP�RWKHU�V\VWHPV�LV�WR� LGHQWLI\�ZKDW� LV�KDSSHQLQJ�

ZLWKLQ�WKHP��

�LL�� WR� DVVLVW� LQ� XQGHUVWDQGLQJ� WKH� UHDVRQV� IRU� REVHUYHG� GLIIHUHQFHV� EHWZHHQ�

HGXFDWLRQ�V\VWHPV��

(DFK� RI� WKH� DERYH� JRDOV� UHTXLUHV� LWV� RZQ� NLQG� RI� FRPSDULVRQ�� 7KH� ILUVW� DVNV�

SULPDULO\� IRU� LQWHUQDWLRQDO� FRPSDULVRQV� �� DW� D� GHVFULSWLYH� OHYHO� �� RI� HIIHFWV� RI�

HGXFDWLRQ� LQ� WHUPV�RI� WRWDO� WHVW� DQG� VXE�WHVW� VFRUHV�RQ� LQWHUQDWLRQDO� DFKLHYHPHQW�

WHVWV�� 'LIIHUHQFHV� LQ� PHDQ� WHVW� VFRUHV� DQG� LQ� WKH� GLVWULEXWLRQ� RI� WKH� WHVW� VFRUHV�

DFURVV� V\VWHPV� FDQ� VHUYH� DV� LQGLFDWRUV� IRU� WKH� TXDOLW\� RI� HGXFDWLRQ� V\VWHPV��

$FKLHYHPHQW�GDWD�LV�QRW�WKH�RQO\�NLQG�RI�LQIRUPDWLRQ�QHFHVVDU\�WR�DFFRPSOLVK�WKH�

ILUVW� JRDO�� 7R� LGHQWLI\� 
ZKDW� LV� KDSSHQLQJ� HOVHZKHUH
� D� GHVFULSWLRQ� RI� LQGLFDWRUV�

UHIHUULQJ� WR�HGXFDWLRQDO� LQSXWV��FRQGLWLRQV�DQG�SURFHVVHV�DW�GLIIHUHQW� OHYHOV� LQ� WKH�

VFKRRO��VWXGHQW��FODVVURRP�WHDFKHU��DQG�VFKRRO��LV�QHHGHG�DV�ZHOO��
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7KH�VHFRQG�JRDO�UHIHUV�WR�H[SODQDWLRQV�RI�GHVFULEHG�GLIIHUHQFHV�DFURVV�QDWLRQV��7KLV�

JRDO� FDQ� EH� GHDOW� ZLWK� E\� DQDO\]LQJ� IDFWRUV� RI� HGXFDWLRQDO� SURFHVVHV� DQG� WKHLU�

UHODWLRQVKLSV�ZLWK�DFKLHYHPHQW�LQ�DQ�LQWHUQDWLRQDO�FRPSDUDWLYH�FRQWH[W��$Q�H[DPSOH�

RI�VXFK�D�IDFWRU�LV�
FXUULFXOXP
��WKH�GLIIHUHQFH�EHWZHHQ�ZKDW�VKRXOG�EH�WDXJKW�LQ�D�

SDUWLFXODU� JUDGH� �LQWHQGHG� FXUULFXOXP�� DQG� ZKDW� LV� DFWXDOO\� EHLQJ� WDXJKW� LQ� WKDW�

JUDGH��LPSOHPHQWHG�FXUULFXOXP��FRXOG�EH�LQYHVWLJDWHG��

7KH� FRPSDUDWLYH� DQDO\VLV� QHFHVVDU\� WR� DFKLHYH� WKH� WZR� JHQHUDO� JRDOV� FDQ� DOVR� EH�

FRQGXFWHG�DW�QDWLRQDO�OHYHO��ZLWKLQ�DQ�HGXFDWLRQDO�V\VWHP��E\�FRPSDULQJ�GDWD�IURP�

GLIIHUHQW�VFKRROV�E\�DELOLW\�WUDFN��OLNH�LQ�WKH�1HWKHUODQGV��RU�E\�JHRJUDSKLFDO�UHJLRQ�

�OLNH�SURYLQFHV�LQ�&DQDGD���

*LYHQ� WKH�GLIIHUHQW�NLQGV�RI�GDWD� DYDLODEOH� LQ�/,1&$6�� VSHFLILF� IXQFWLRQV�FDQ�EH�

IRUPXODWHG� ZKLFK� VWUHVV� WKH� LPSRUWDQFH� RI� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV�� LQ�

SDUWLFXODU�WKH�VWXGLHV�FRQGXFWHG�XQGHU�WKH�DXVSLFHV�RI�,($��

)XQFWLRQV�

:LWKLQ�WKH�IUDPHZRUN�RI�LWV�PLVVLRQ�DQG�JRDOV��,($�VWXGLHV�PD\�VHUYH�D�QXPEHU�RI�

IXQFWLRQV�IRU�QDWLRQDO�DQG�LQWHUQDWLRQDO�HGXFDWLRQDO�SROLF\PDNHUV��SUDFWLWLRQHUV�DQG�

UHVHDUFKHUV��3ORPS��������DQG�3RVWOHWKZDLWH��������������QDPHG�ILYH�PDMRU�VSHFLILF�

IXQFWLRQV� RI� ,($
V� LQWHUQDWLRQDO� FRPSDUDWLYH� DFKLHYHPHQW� VWXGLHV�� GHVFULSWLRQ��

EHQFKPDUNLQJ��PRQLWRULQJ� WKH�TXDOLW\�RI� HGXFDWLRQ��XQGHUVWDQGLQJ�RI� UHDVRQV� IRU�

REVHUYHG�GLIIHUHQFHV��DQG�FURVV�QDWLRQDO�UHVHDUFK��

�

'HVFULSWLRQ�

7KLV� IXQFWLRQ� UHIHUV� WR� GHVFULELQJ� VLPLODULWLHV� DQG� GLIIHUHQFHV� LQ� HGXFDWLRQDO�

SKHQRPHQD�EHWZHHQ�V\VWHPV�RI�HGXFDWLRQ��7KH�VWDWXV�RI�DQ�HGXFDWLRQ�V\VWHP�LQ�DQ�

LQWHUQDWLRQDO�FRPSDUDWLYH�FRQWH[W�FDQ�EH�GHVFULEHG�RQ�WKH�EDVLV�RI�WDEOHV�LQ�ZKLFK�

RXWFRPHV�RI�DQ�DFKLHYHPHQW�WHVW�LQ�D�QXPEHU�RI�FRXQWULHV�DUH�UDQNHG��$GGLWLRQDOO\��

WDEOHV� FDQ� EH� SUHVHQWHG� ZLWK� GHVFULSWLYHV� RI� LQGLYLGXDO� EDFNJURXQG� IDFWRUV�

FRQVLGHUHG�GHWHUPLQDQWV�RI�QDWLRQDO�DFKLHYHPHQW��3ROLF\PDNHUV�PD\�FRQVLGHU�WKHVH�

WDEOHV� DV� D� VWDUWLQJ� SRLQW� IRU� DQ� H[DPLQDWLRQ�RI� WKHLU� RZQ� HGXFDWLRQDO� V\VWHP��7KH�

H[DPLQDWLRQ�FDQ�VKRZ�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�RQH�HGXFDWLRQ�V\VWHP�FRPSDUHG�

WR�RWKHU�V\VWHPV�LQ�WHUPV�RI�DFKLHYHPHQW�UHVXOWV��DQG�EDFNJURXQG�YDULDEOHV�VXFK�DV�

VWXGHQWV
� DWWLWXGH� WRZDUGV� VFKRRO� DQG� SDUWLFXODU� VXEMHFWV�� DQG� IHDWXUHV� RI� WKH�

LQVWUXFWLRQDO�SUDFWLFHV�DQG�VFKRRO�RUJDQL]DWLRQ��$IWHU�VWXG\LQJ�WKH�UHVXOWV�LQ�JUHDWHU�
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GHSWK�� SROLF\PDNHUV� FDQ� IRUPXODWH� QHZ� SROLFLHV� UHJDUGLQJ� WHDFKHU� HGXFDWLRQ�

SURJUDPV�RU� WKH� FXUULFXODU� FRQWHQWV� RI� WKH� VXEMHFW�V�� WKDW� KDYH� EHHQ� LQYHVWLJDWHG�

�3RVWOHWKZDLWH���������

�

%HQFKPDUNLQJ�

(GXFDWLRQ� V\VWHPV� FDQ� FRPSDUH� WKHLU� RZQ� DFKLHYHPHQW� OHYHO� RQ� DQ� LQWHUQDWLRQDO�

WHVW� ZLWK� WKH� OHYHO� LQ� RWKHU� V\VWHPV��'LIIHUHQFHV� ZLWK� RWKHU� V\VWHPV� �SRVLWLYH� RU�

QHJDWLYH�� FDQ� OHDG� LQYHVWLJDWRUV� WR� VWXG\� GLIIHUHQFHV� ZLWK� WKH� VDPH� V\VWHP��

,QYHVWLJDWRUV� PD\� VWXG\� VXFK� YDULDEOHV� DV� FXUULFXODU� PDWHULDOV�� LQVWUXFWLRQDO�

SURFHVVHV�� VFKRRO�YDULDEOHV� �H�J��� LQVWUXFWLRQDO� OHDGHUVKLS�RI� WKH�SULQFLSDO��� WHDFKHU�

WUDLQLQJ��DQG�LQ�VHUYLFH�WUDLQLQJ��%\�HVWLPDWLQJ�WKH�UHODWLYH�HIIHFWV�RI�WKHVH�YDULDEOHV�

RQ�RXWFRPHV��WKH�TXHVWLRQ�
ZKDW�DIIHFWV�ZKDW
�FDQ�EH�LQYHVWLJDWHG�ERWK�ZLWKLQ�DQG�

EHWZHHQ�HGXFDWLRQ�V\VWHPV��6LPLODULWLHV�LQ�GHWHUPLQDQWV�DPRQJ�V\VWHPV�PD\�OHDG�WR�

JHQHUDOL]DWLRQV�DFURVV�V\VWHPV�DERXW�WKH�HIIHFW�RI�SDUWLFXODU�VWXGHQW��FODVV�WHDFKHU��

DQG� VFKRRO� YDULDEOHV�� )XUWKHU� GDWD� DQDO\VHV� PD\� UHVXOW� LQ� UHFRPPHQGDWLRQV� IRU�

HGXFDWLRQDO� FKDQJH�� ,Q� D� IXWXUH� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXG\�� DQ� HGXFDWLRQ�

V\VWHP�FDQ�FRPSDUH�LWV�RZQ�DFKLHYHPHQW�UHVXOWV�ZLWK�WKH�VDPH�V\VWHPV�WR�ILQG�RXW�

ZKHWKHU�WKH�GLIIHUHQFHV�KDYH�FKDQJHG��

�

0RQLWRULQJ�WKH�TXDOLW\�RI�HGXFDWLRQ�

,I�D�F\FOH�RI�UHJXODU�DVVHVVPHQWV�LQ�FHUWDLQ�VXEMHFW�DUHDV�LV�FRQGXFWHG��DQ�HGXFDWLRQ�

V\VWHP� FDQ� PRQLWRU� WKH� DFKLHYHPHQW� OHYHO� ZLWKLQ� DQ� LQWHUQDWLRQDO� SHUVSHFWLYH��

7,066�5HSHDW� LV� DQ� H[DPSOH� RI� DQ� ,($� VWXG\� WKDW� GHOLYHUHG� WUHQG� GDWD� DV� WKH�

7,066� WHVW� ZDV� DGPLQLVWHUHG� LQ� ���������� DQG� WKH� 7,066�5HSHDW� WHVW�� D�

UHSOLFDWLRQ� VWXG\�� LQ������������7KH� WUHQG�VWXG\�ZLOO�EH�FRQWLQXHG�DV�D� IRXU�\HDU�

SHULRGLF�VWXG\��7KH�QH[W�GDWD�FROOHFWLRQ�LV�SODQQHG�IRU�������

�

8QGHUVWDQGLQJ�RI�UHDVRQV�IRU�REVHUYHG�GLIIHUHQFHV�

5HODWHG�WR�WKH�VHFRQG�JHQHUDO�JRDO�RI�,($�VWXGLHV�PHQWLRQHG�DERYH��SROLF\PDNHUV�

PLJKW� ZDQW� WR� XQGHUVWDQG� WKH� VLPLODULWLHV� DQG� GLIIHUHQFHV� EHWZHHQ� RU� ZLWKLQ�

HGXFDWLRQ� V\VWHPV� IURP� WKH� SHUVSHFWLYH� RI� QDWLRQDO� SROLF\�PDNLQJ��7KLV� IXQFWLRQ�

JRHV� RQH� VWHS� IXUWKHU� WKDQ� MXVW� FROOHFWLQJ� GDWD� IRU� PRQLWRULQJ� SXUSRVHV��

8QGHUVWDQGLQJ�VLPLODULWLHV�DVNV�IRU�WKH�LGHQWLILFDWLRQ�RI�JHQHUDO�SULQFLSOHV�FRQFHUQLQJ�

HGXFDWLRQDO�HIIHFWV��7R�EH�DEOH�WR�UHYHDO�D�SRVVLEOH�SDWWHUQ�RI�UHODWLRQVKLSV�EHWZHHQ�

YDULDEOHV� ZLWKLQ� DQ� HGXFDWLRQDO� V\VWHP� DQG� DQ� RXWFRPH� YDULDEOH� �IRU� H[DPSOH�
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DFKLHYHPHQW�LQ�PDWKHPDWLFV��D�PRGHO�PXVW�EH�SRVWXODWHG��,Q�VXFK�D�PRGHO��FHUWDLQ�

YDULDEOHV�PXVW�EH�KHOG�FRQVWDQW�EHIRUH�H[DPLQLQJ�WKH�UHODWLRQVKLSV�EHWZHHQ�RWKHU�

YDULDEOHV� DQG� WKH� RXWFRPHV�� 7KH� UHVXOWLQJ� UHODWLRQVKLS� LV� RIWHQ� HVWLPDWHG� E\� D�

UHJUHVVLRQ� FRHIILFLHQW�� 3RWHQWLDOO\�� IDFWRUV� FDQ� EH� WUDFHG�ZKLFK� DUH� HIIHFWLYH� LQ� DOO�

V\VWHPV�XQGHU� LQYHVWLJDWLRQ� �FDOOHG�JHQHUDO�SULQFLSOHV��RU� LQ�RQH�RU�D� IHZ�V\VWHPV�

�HGXFDWLRQ� V\VWHP� VSHFLILF� HIIHFWV��� )RU� LQVWDQFH�� LQ� ,($
V� 6,06� WKH� GDWD� RI� WKH�

8QLWHG� 6WDWHV� ZHUH� FRPSDUHG� ZLWK� GDWD� RI� RWKHU� FRXQWULHV� UHVXOWLQJ� LQ� SRVVLEOH�

H[SODQDWLRQV� RI� WKH� UHODWLYHO\� ORZ� DFKLHYHPHQW� OHYHO� LQ�PDWKHPDWLFV� IRXQG� LQ� WKH�

8�6��GXULQJ�WKH�6,06�GDWD�FROOHFWLRQ�LQ�������0F.QLJKW�HW�DO����������

�

&URVV�QDWLRQDO�UHVHDUFK�

,($� VWXGLHV� UHVXOW� LQ� HQRUPRXV� GDWDEDVHV�� 7KHVH� GDWDEDVHV� FDQ� VHUYH� WR� DQVZHU�

PRUH� H[SORUDWRU\� DQG� LQ�GHSWK� TXHVWLRQV� IURP� D� FRPSDUDWLYH� SHUVSHFWLYH� DFURVV�

PDQ\� SDUWLFLSDWLQJ� V\VWHPV�� 5HVXOWV� RI� FURVV�QDWLRQDO� UHVHDUFK� FRQFHUQ� QRW�

QHFHVVDULO\� WKH� FRPSDULVRQ�EHWZHHQ�RQH� SDUWLFXODU� FRXQWU\� DQG� D� JURXS�RI�RWKHU�

FRXQWULHV�� 7ZR� H[DPSOHV� RI� FURVV�QDWLRQDO� UHVHDUFK� EDVHG� RQ� ,($� GDWDEDVHV� DUH�

SDUWLFXODUO\�UHOHYDQW�WR�WKH�SUHVHQW�GLVFXVVLRQ��3RVWOHWKZDLWH�DQG�5RVV��������WULHG�

WR� H[SODLQ� GLIIHUHQFHV� EHWZHHQ� ORZ� DQG� KLJK� DFKLHYLQJ� FRXQWULHV� RQ� WKH� ,($�

5HDGLQJ� /LWHUDF\� WHVW� �GDWD� FROOHFWLRQ� LQ� ����������� E\� LGHQWLI\LQJ� LQGLFDWRUV� DW�

VFKRRO�� FODVVURRP�DQG� VWXGHQW� OHYHO��.HHYHV� ������� UHYLHZHG� WKH�RXWFRPHV�RI� DOO�

,($�VWXGLHV�FRQGXFWHG�EHIRUH�������VXPPDUL]HG�WHQ�NH\�ILQGLQJV��DQG�SUHVHQWHG�D�

GLVFXVVLRQ�RI�LPSOLFDWLRQV�IRU�HGXFDWLRQDO�SODQQLQJ�E\�SROLF\PDNHUV��

�

,Q�WKLV�WKHVLV�WKH�
XQGHUVWDQGLQJ
�IXQFWLRQ�RI�,($�VWXGLHV�LV�H[DPLQHG��7KH�SXUSRVH�

RI�WKH�VWXG\�LV�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ��

���� 385326( 2) 7+( 678'<�

,($�VWXG\�UHVXOWV�KDYH�RIWHQ�EHHQ�XVHG�UDWKHU�XQFULWLFDOO\�E\�SROLF\PDNHUV��7KLV�KDV�

EHHQ� SDUWLFXODUO\� VR� ZKHQ� OLVWV� RI� HGXFDWLRQ� V\VWHPV� UDQNHG� RQ� WKH� PHDQ�

DFKLHYHPHQW�VFRUH�ZHUH�SUHVHQWHG�ZLWK� OLWWOH�LQIRUPDWLRQ�DERXW�FRQWH[WXDO�IDFWRUV�

�.DLVHU���������7KH�GHWHUPLQDWLRQ�RI�WKH�UHODWLYH�SRVLWLRQ�RI�RQH
V�HGXFDWLRQ�V\VWHP�

LQ�UHODWLRQ�WR�RWKHU�V\VWHPV�KDV�VRPH�LQWULQVLF�YDOXH��3ROLF\PDNHUV�FDQ�GHYHORS�DQ�

XQGHUVWDQGLQJ� RI� WKHLU� RZQ� V\VWHP� DQG� WKH\� FDQ� WU\� WR� GHWHFW� VWURQJ� DQG� ZHDN�

IHDWXUHV�RI� WKH�DFKLHYHPHQW� UHVXOWV�RI� WKHLU�RZQ�VWXGHQW�SRSXODWLRQ�FRPSDUHG� WR�
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RWKHU� QDWLRQV� �IXQFWLRQ� �� GHVFULEHG� DERYH��� ,Q� RUGHU� WR� EHWWHU� XQGHUVWDQG� VXFK�

VWUHQJWKV� DQG� ZHDNQHVVHV�� LQIRUPDWLRQ� DERXW� WKH� FRQWH[W� RU� EDFNJURXQG� IDFWRUV�

ZLWKLQ�HDFK�V\VWHP�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�DV�ZHOO��,Q�IDFW��XQGHUVWDQGLQJ�WKH�

UHODWLRQVKLSV� EHWZHHQ� DFKLHYHPHQW� DQG� DOO� SRVVLEOH� IDFWRUV� WKDW� PD\� LQIOXHQFH�

DFKLHYHPHQW� LV�FUXFLDO� IRU�FRPSDULVRQV�ERWK�ZLWKLQ�DQG�DFURVV�HGXFDWLRQ�V\VWHPV�

�IXQFWLRQ�����7KH�LQWHUQDWLRQDO�GDWD�VHWV�FROOHFWHG�LQ�WZR�,($�VWXGLHV�FRQGXFWHG�LQ�

WKH�����V��WKH�)LUVW�,QWHUQDWLRQDO�0DWKHPDWLFV�6WXG\��),06��DQG�WKH�����V��6,06��

ZHUH� DQDO\]HG� WR� ILQG� H[SODQDWLRQV� IRU� FURVV�QDWLRQDO� GLIIHUHQFHV� LQ�PDWKHPDWLFV�

DFKLHYHPHQW��,Q�FKDSWHU���VRPH�UHVXOWV�RI�WKHVH�DQDO\VHV�DUH�GLVFXVVHG��7KH�JHQHUDO�

FRQFOXVLRQ� DERXW� WKHVH� UHVXOWV� LV� WKDW� LW� LV� YHU\� KDUG� WR� ILQG� H[SODQDWLRQV� IRU�

GLIIHUHQFHV� LQ� DFKLHYHPHQW� OHYHO� DFURVV� QDWLRQV�� ),06� DQG� 6,06� VKRZHG� KRZ�

GLIILFXOW� LW� LV�WR�DFKLHYH�WKLV�IXQFWLRQ��%RWK�VWXGLHV�DUH�SUHGHFHVVRUV�RI�RQH�RI�WKH�

PRVW�LPSRUWDQW�DQG�DPELWLRXV�,($�VWXGLHV��WKH�7KLUG�,QWHUQDWLRQDO�0DWKHPDWLFV�DQG�

6FLHQFH� 6WXG\� �7,066��� 7,066� LV� DQ� H[DPSOH� RI� D� ODUJH�VFDOH� LQWHUQDWLRQDO�

FRPSDUDWLYH�DFKLHYHPHQW�VWXG\�ZLWK�KLJK�H[SODQDWRU\�DPELWLRQV�DQG�LWV�WZR�PDLQ�

IXQFWLRQV� DUH� 
GHVFULSWLRQ
� DQG� 
XQGHUVWDQGLQJ�
� DV� ZDV� IRUPXODWHG� E\� 5RELWDLOOH�

�������S�������GHVFULELQJ�WKH�VWDWXV�RI�HGXFDWLRQ�V\VWHPV�LQ�WHUPV�RI�RXWFRPHV�RI�WKH�LQWHUQDWLRQDO�

PDWKHPDWLFV�WHVW�DQG�LQGLYLGXDO�EDFNJURXQG�YDULDEOHV��DQG��XQGHUVWDQGLQJ�RI�UHDVRQV�IRU�REVHUYHG�

GLIIHUHQFHV�DQG�VLPLODULWLHV���

7KH� SXUSRVH� RI� WKLV� WKHVLV� LV� WR� GHWHUPLQH� WR� ZKDW� H[WHQW� WKH� 
XQGHUVWDQGLQJ
�

IXQFWLRQ�ZDV�DFFRPSOLVKHG�E\�7,066��7KH�ILUVW�LQWHUQDWLRQDO�UHVXOWV�RI�7,066�GDWD�

DQDO\VHV�ZHUH�SXEOLVKHG�E\�%HDWRQ��0XOOLV��HW�DO�� �������DQG�%HDWRQ��0DUWLQ��HW�DO��

�������� ,Q� WKHVH� UHSRUWV�� GHVFULSWLYH� DFKLHYHPHQW� UHVXOWV� ZHUH� GRPLQDQW�� ,Q�

DGGLWLRQ�� IUHTXHQFLHV� DQG� GHVFULSWLYHV� RI� EDFNJURXQG� GDWD� WKDW�ZHUH� FROOHFWHG� E\�

PHDQV�RI�TXHVWLRQQDLUHV��VWXGHQWV�DQG�WHDFKHUV��ZHUH�SUHVHQWHG��

7KH�EDFNJURXQG�LQIRUPDWLRQ�FROOHFWHG�LQ�7,066�KDV�QRW�\HW�EHHQ�XVHG�LQWHQVLYHO\�

WR�XQGHUVWDQG�VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�VWXGHQW�DFKLHYHPHQW�DFURVV�FRXQWULHV��

)HZ�UHSRUWV�DUH�NQRZQ�LQ�ZKLFK�UHVHDUFKHUV�DWWHPSW�WR�ILQG�H[SODQDWLRQV�IRU�FURVV�

QDWLRQDO�GLIIHUHQFHV�LQ�VWXGHQWV
�DFKLHYHPHQW�OHYHO�LQ�PDWKHPDWLFV�RU�VFLHQFH��H�J���

0DUWLQ��0XOOLV��*UHJRU\��HW�DO���������:RVVPDQQ��������=X]RYVN\�	�$LWNLQ��������

%RV�	�.XLSHU���������:KDW�SRVVLEOH�UHDVRQV�FRXOG�EH�JLYHQ�IRU�WKLV�REVHUYDWLRQ"�,V�

WKHUH�PD\EH�D�ZDQW�RI�ILQDQFLDO�UHVRXUFHV�RU�DUH�WKH�FROOHFWHG�GDWD�DQG�WKH�DSSOLHG�

GDWD� FROOHFWLRQ� PHWKRGV� SRVVLEOH� UHDVRQV� IRU� WKH� OLWWOH� H[SODQDWRU\� UHSRUWV� RQ�

7,066"� ,Q� WKLV� WKHVLV� WKH� SRVVLELOLWLHV� 7,066� GDWD� VHWV� RIIHU� WR� ILQG� VXFK�

H[SODQDWLRQV�DUH�VWXGLHG�LQ�JUHDWHU�GHSWK��



 

,QWURGXFWLRQ ��

7KH�XWLOLW\�RI�WKH�EDFNJURXQG�LQIRUPDWLRQ�LV�VWXGLHG�ZLWKLQ�WKH�SHUVSHFWLYH�RI�WKH�


XQGHUVWDQGLQJ
� IXQFWLRQ� RI� 7,066�� ,Q� SDUWLFXODU�� WKH� FRQFHSWXDO� IUDPHZRUN� RI�

7,066�DQG�LWV�LQVWUXPHQWDWLRQ�DQG�GHVLJQ�DUH�WKH�IRFXV�RI�WKH�VWXG\��$V�IDU�DV�WKH�

LQVWUXPHQWDWLRQ� LV� FRQFHUQHG�� WKH� GHYHORSPHQW� DQG� XWLOLW\� RI� WKH� EDFNJURXQG�

TXHVWLRQQDLUHV� DUH� LQYHVWLJDWHG�� ,Q� /,1&$6� VXFK� DV� 7,066�� LQWHUQDWLRQDO�

DFKLHYHPHQW� WHVWV�DUH�GHYHORSHG�WR�PHDVXUH�VWXGHQWV
�NQRZOHGJH�DQG�VNLOOV�RI�WKH�

VXEMHFW�XQGHU�LQYHVWLJDWLRQ��7KH�GHYHORSPHQW�SURFHVV�RI�VXFK�WHVWV�LV�DQ�LQWHQVLYH�

HQGHDYRU��ZKLFK�LV�LWVHOI�ZRUWK�D�VWXG\��+RZHYHU��LQ�WKLV�WKHVLV�WKH�FRPSRVLWLRQ�RI�

WKH� 7,066� DFKLHYHPHQW� WHVW� LV� QRW� GLVFXVVHG�� 7KH� GHYHORSPHQW�� LQWHUQDWLRQDO�

UHOLDELOLW\� DQG� YDOLGLW\� DQG� WKH� UHVXOWV� RI� WKH� 7,066� DFKLHYHPHQW� WHVW� KDYH� EHHQ�

VWXGLHG� DQG� GLVFXVVHG� E\� %HDWRQ�� 0XOOLV� HW� DO�� �������� .XLSHU�� %RV� DQG� 3ORPS�

��������$IUDVVD�DQG�.HHYHV��������DQG�RWKHUV�DQG�DSSHDUHG�WR�EH�DGHTXDWH��

5HIOHFWLRQ� XSRQ� WKH� 7,066� UHVXOWV� ZLOO� SURYLGH� LQVLJKW� LQ� WKH� H[WHQW� WR� ZKLFK�

7,066�IXOILOOHG�LWV�H[SODQDWRU\�DPELWLRQV�DQG�LQ�OHVVRQV�WKDW�FRXOG�EH�OHDUQHG��7KH�

XOWLPDWH� DLP� DQG� WKH� VFLHQWLILF� LQWHUHVW� LV� WR� IRUPXODWH� UHFRPPHQGDWLRQV� IRU� WKH�

GHVLJQ� DQG� FRPSRQHQWV� RI� IXWXUH� VWXGLHV� LQ� ZKLFK� DFKLHYHPHQW� UHVXOWV� DQG�

LQIOXHQFLQJ�IDFWRUV�LQ�GLIIHUHQW�HGXFDWLRQ�V\VWHPV�DUH�FRPSDUHG�ZLWK�HDFK�RWKHU�WR�

VHUYH�H[SODQDWRU\�JRDOV��

�

,Q�WKH�QH[W�VHFWLRQ�WKH�SUREOHP�VWDWHPHQW�DQG�WKH�UHVHDUFK�TXHVWLRQV�DUH�IRUPXODWHG��

���� 352%/(0 67$7(0(17 $1' 5(6($5&+ 48(67,216�

7KH�GRPLQDQFH�RI�GHVFULSWLYH�UHSRUWV�DERXW�7,066�LQ�WKH�ILUVW�\HDUV�DIWHU�WKH�VWXG\�

ZDV�FRPSOHWHG�� OHDGV�RQH�WR�VXVSHFW�WKDW�WKH�GDWD�VHWV�RI�WKLV�VWXG\�KDYH�QRW�RIWHQ�

EHHQ�XVHG�WR�ILQG�H[SODQDWLRQV�IRU�FURVV�QDWLRQDO�GLIIHUHQFHV�LQ�DFKLHYHPHQW�UHVXOWV��

*LYHQ�WKH�UHVXOWV�RI�LWV�WZR�SUHGHFHVVRUV��WKH�TXHVWLRQ�FDQ�EH�UDLVHG�DV�WR�ZKDW�H[WHQW�

7,066�GDWD�RIIHU�UHVHDUFKHUV�RSSRUWXQLWLHV�WR�H[DPLQH�FURVV�QDWLRQDO�VLPLODULWLHV�DQG�

GLIIHUHQFHV� LQ� UHODWLRQVKLSV� EHWZHHQ� DFKLHYHPHQW� LQ� PDWKHPDWLFV� DQG� EDFNJURXQG�

IDFWRUV�DW�VHYHUDO�HGXFDWLRQ�OHYHOV��VWXGHQW��FODVVURRP�DQG�VFKRRO���7KLV�LV�WKH�JHQHUDO�

SUREOHP�DGGUHVVHG�LQ�WKLV�WKHVLV�DQG�FDQ�EH�IRUPXODWHG�LQ�WKH�IROORZLQJ�VWDWHPHQW��

�



 

�� &KDSWHU �

7R� ZKDW� H[WHQW� GRHV� 7,066� PHHW� LWV� SUHGHILQHG� IXQFWLRQ� RI� XQGHUVWDQGLQJ� FURVV�

QDWLRQDO�VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�VWXGHQWV
�PDWKHPDWLFV�DFKLHYHPHQW�OHYHO�UHODWHG�

WR� EDFNJURXQG� IDFWRUV�� DQG� KRZ� FDQ� IXWXUH� VWXGLHV� EH� LPSURYHG� WR� RSWLPL]H� WKHLU�

UHVXOWV�LQ�IDYRU�RI�WKHLU�
XQGHUVWDQGLQJ
�IXQFWLRQ"�

�

,Q�7,066��HGXFDWLRQ�LQ�PDWKHPDWLFV�DQG�VFLHQFH�LQ�WKUHH�SRSXODWLRQV�ZHUH�VWXGLHG�

LQ�PDQ\�HGXFDWLRQ�V\VWHPV�DURXQG�WKH�ZRUOG��VHH�FKDSWHU�����+RZHYHU��LQ�WKLV�WKHVLV�

WKH�7,066�REMHFWLYHV� DUH� OLPLWHG� WR�PDWKHPDWLFV� HGXFDWLRQ� LQ�JUDGH��� �\HDU���RI�

ORZHU� VHFRQGDU\� HGXFDWLRQ�� PRVW� RI� WKH� VWXGHQWV� DUH� ���\HDUV� ROG�� LQ� WKUHH�

HGXFDWLRQ�V\VWHPV��WKH�1HWKHUODQGV�DQG�WZR�RWKHU�6WDWH�PHPEHUV�RI�WKH�(XURSHDQ�

&RPPXQLW\�� 
QHLJKERULQJ
� %HOJLXP� )ODQGHUV� DQG� *HUPDQ\�� 7KH� VXEMHFW�

PDWKHPDWLFV�LV�PRUH�XQLYRFDO�DFURVV�WKH�WKUHH�QHLJKERULQJ�FRXQWULHV�WKDQ�VFLHQFH��

*UDGH���LV�WKH�PDLQ�JUDGH�RI�WKH�VHFRQG�SRSXODWLRQ�VWXGLHG�LQ�7,066���

7KH�SUREOHP�VWDWHPHQW�FDQ�EH�WUDQVODWHG�LQWR�WZR�UHVHDUFK�TXHVWLRQV��7KH�ILUVW�SDUW�

RI� WKH� SUREOHP� VWDWHPHQW� UHTXLUHV� DQ� H[DPLQDWLRQ� RI� UHODWLRQVKLSV� EHWZHHQ�

YDULDQFHV�LQ�VWXGHQWV
�RYHUDOO�VFRUHV�RQ�WKH�7,066�PDWKHPDWLFV�WHVW�DQG�YDULDQFHV�

LQ�VFRUHV�RQ�EDFNJURXQG�YDULDEOHV��7KH�ILUVW�UHVHDUFK�TXHVWLRQ�LV��

�

,�� 7R� ZKDW� H[WHQW� FDQ� YDULDELOLW\� LQ� WKH� RYHUDOO� 7,066�PDWKHPDWLFV� WHVW� VFRUHV� IRU� JUDGH� ��

ZLWKLQ� WKH�1HWKHUODQGV��%HOJLXP�)ODQGHUV�DQG�*HUPDQ\�EH�H[SODLQHG�E\�YDULDELOLW\� LQ�WKH�

VFRUHV�RQ�YDULDEOHV�DW�VWXGHQW�DQG�FODVVURRP�VFKRRO�OHYHO�DQG�WR�ZKDW�H[WHQW�DUH�WKHVH�RXWFRPHV�

JHQHUDOL]DEOH�DFURVV�WKHVH�WKUHH�(XURSHDQ�HGXFDWLRQDO�V\VWHPV"�

�

7R�EH�DEOH�WR�DQVZHU�UHVHDUFK�TXHVWLRQ�,��UHODWLRQDO�GDWD�DQDO\VHV�ZHUH�FDUULHG�RXW�LQ�

DQ� H[SORUDWRU\� ZD\�� 7KLV� NLQG� RI� GDWD� DQDO\VLV� DGGUHVVHV� WKH� IXQFWLRQ� RI�


XQGHUVWDQGLQJ�RI�UHDVRQV�IRU�REVHUYHG�GLIIHUHQFHV�
�,Q�FKDSWHU���WKH�UHVXOWV�RI�WKH�

H[SORUDWRU\�DQDO\VHV�DUH�GLVFXVVHG��

1RWZLWKVWDQGLQJ�WKH�SRWHQWLDO�IRU�WKH�7,066�GDWD�VHWV�WR�FRPSDUH�FRXQWULHV��RQH�

LPSRUWDQW�TXHVWLRQ�LV�ZKDW�OHVVRQV�FDQ�EH�OHDUQHG�IURP�7,066��2QFH�WKH�DQVZHUV�

WR�TXHVWLRQ�,�DUH�DYDLODEOH��WKH�FRQFHSWXDO�IRXQGDWLRQ�DQG�LQVWUXPHQWDWLRQ��DQG�WKH�

GHVLJQ�RI�7,066�DUH�UHIOHFWHG�XSRQ��VHH�FKDSWHU�����:KDW�FDQ�EH�FRQFOXGHG�DERXW�

WKH� H[WHQW� WR�ZKLFK�7,066� IXOILOOHG� WKH� IXQFWLRQ�RI�XQGHUVWDQGLQJ�FURVV�QDWLRQDO�

VLPLODULWLHV� DQG� GLIIHUHQFHV� LQ� EDFNJURXQG� IDFWRUV� UHODWHG� WR� PDWKHPDWLFV�

DFKLHYHPHQW�DQG�ZKDW�UHFRPPHQGDWLRQV�FDQ�EH�PDGH"�



 

,QWURGXFWLRQ ��

7KLV�UHVXOWV�LQ�WKH�VHFRQG�UHVHDUFK�TXHVWLRQ�IRU�WKLV�WKHVLV��

�

,,�� :KDW� FDQ�EH� OHDUQHG� IURP� WKH� FDVH�RI� ,($
V�7,066� IRU� IXWXUH� LQWHUQDWLRQDO� FRPSDUDWLYH�

DFKLHYHPHQW� VWXGLHV� LQ� HGXFDWLRQ� UHJDUGLQJ� WKH� FRQFHSWXDO� IRXQGDWLRQ�� LQVWUXPHQWDWLRQ� DQG�

GHVLJQ� LQ� YLHZ� RI� WKHLU� SRVVLELOLWLHV� WR� XQFRYHU� IDFWRUV� UHODWHG� WR� GLIIHUHQW� RXWFRPHV� DFURVV�

HGXFDWLRQDO�V\VWHPV�RQ�DQ�LQWHUQDWLRQDO�VWXGHQW�DFKLHYHPHQW�WHVW"�

�

$V�WKH�ILUVW�UHVHDUFK�TXHVWLRQ�FRQFHUQV�D�FRQFUHWH�H[DPSOH�RI�WKH�UHVXOWV�RI�7,066�

LQ� DQ� LQWHUQDWLRQDO� FRPSDUDWLYH� FRQWH[W�� WKH� VHFRQG� RQH� FRQFHUQV� WKH� IHDVLEOH�

LPSURYHPHQWV�RI�/,1&$6�PRUH�JHQHUDOO\��5HVHDUFK�TXHVWLRQ�,,�FDQ�EH�ORFDWHG�DW�D�

PHWD�OHYHO��,Q�ZKDW�ZD\�FDQ�IXWXUH�/,1&$6�EH�LPSURYHG�WR�SURYLGH�SROLF\PDNHUV��

HGXFDWRUV�� UHVHDUFKHUV� DQG� RWKHUV� ZLWK� EHWWHU� RSSRUWXQLWLHV� WR� ILQG� PHDQLQJIXO�

UHDVRQV�IRU�VLPLODULWLHV�DQG�GLIIHUHQFHV�WKH\�PLJKW�VHH�LQ�WKH�
LQWHUQDWLRQDO
�PLUURU��

EHWZHHQ�WKHLU�RZQ�FRXQWU\�DQG�RWKHUV"�7KH�LQYHVWLJDWLRQ�RI�UHVHDUFK�TXHVWLRQ�,,�LV�

PDLQO\� EDVHG� RQ� D� UHIOHFWLRQ� RQ� WKH� UHVXOWV� RI� WKH� WKUHH�FRXQWU\� FRPSDULVRQ�

FRQGXFWHG�E\�PHDQV�RI�DQDO\VLV�RI�7,066�GDWD��0RUH�JHQHUDOO\��WKH�DSSURSULDWHQHVV�

RI� WKUHH� PDLQ� FRPSRQHQWV� RI� ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV�� WKH�

FRQFHSWXDO�IRXQGDWLRQ��WKH�LQVWUXPHQWDWLRQ��DQG�WKH�GHVLJQ�LV�UHIOHFWHG�XSRQ�LQ�WKH�

OLJKW�WKH�JRDOV�DQG�IXQFWLRQV�RI�/,1&$6��7KH�WKUHH�FRPSRQHQWV�DUH�GHVFULEHG�LQ�

FKDSWHU����,Q�FKDSWHU���UHVHDUFK�TXHVWLRQ�,,�LV�HODERUDWHG�IXUWKHU��

���� 6758&785( 2) 7+( 7+(6,6�

,Q� FKDSWHU� ��� WKH� VWUXFWXUH� RI� WZR� SUHGHFHVVRUV� RI�7,066�� ),06� DQG� 6,06�� DUH�

SUHVHQWHG� LQ� WHUPV�RI�WKHLU�JRDOV��FRQFHSWXDO�IRXQGDWLRQ��WKH� LQVWUXPHQWDWLRQ�DQG�

GHVLJQ�DQG�WKH�XWLOLW\�RI�WKH�UHVXOWV�IURP�WKH�SHUVSHFWLYH�RI�WKH�JRDOV��7KH�VWUXFWXUH�

RI�7,066� LV� GHVFULEHG�PRUH� JHQHUDOO\� LQ� FKDSWHU� ��� ,Q� FKDSWHU� ��� WKH� FRQFHSWXDO�

IUDPHZRUN� LV� UHYLHZHG� UHVXOWLQJ� LQ� DGGLWLRQDO� UHYLHZV�RI� LQVWUXFWLRQDO� DQG� VFKRRO�

HIIHFWLYHQHVV�PRGHOV��7KLV�FKDSWHU�HQGV�ZLWK�DQ�RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN�

WKDW�LV�XVHG�LQ�WKH�ILUVW�VWHS�IURP�WKH�GDWD�DQDO\VLV�SODQ�WR�DGGUHVV�WKH�ILUVW�UHVHDUFK�

TXHVWLRQ��,Q�WKLV�VWHS��UHSRUWHG�LQ�FKDSWHU����VHWV�RI�LWHPV�DUH�H[SORUHG�WKDW�FDQ�EH�

UHJDUGHG� DV� RSHUDWLRQDOL]DWLRQV� RI� FRQWH[WXDO� IDFWRUV� DW� VWXGHQW� DQG� WHDFKHU� OHYHO�

WKDW�DUH�VXSSRVHG�WR�EH�SRWHQWLDOO\�HIIHFWLYH�RQ�VWXGHQW�DFKLHYHPHQW��



 

�� &KDSWHU �

$OVR�LQ�FKDSWHU����ILQDO�UHVXOWV�DUH�GHVFULEHG�RI�H[SORUDWRU\�SDWK�DQDO\VLV�RQ�7,066�

GDWD� WKDW� ZDV� IRFXVHG� RQ� IDFWRUV� DIIHFWLQJ� DFKLHYHPHQW� LQ� PDWKHPDWLFV� LQ� WKH�

1HWKHUODQGV�� %HOJLXP�)ODQGHUV� DQG�*HUPDQ\��$V� D� IROORZ�XS� RI� WKH� H[SORUDWRU\�

SDWK�DQDO\VLV��PXOWLOHYHO�DQDO\VLV�ZDV�DSSOLHG��,Q�WKH�ODWWHU��WKH�KLHUDUFKLFDO�VWUXFWXUH�

RI�WKH�VWXG\�GHVLJQ�FRXOG�EH�WDNHQ�LQWR�DFFRXQW��,Q�WKH�PXOWLOHYHO�DQDO\VLV��YDULDEOHV�

ZHUH�LQFOXGHG�ZKLFK�LQ�WKH�XQLGLPHQVLRQDO�SDWK�DQDO\VLV�WXUQHG�RXW�WR�KDYH�GLUHFW�

RU�LQGLUHFW�UHODWLRQVKLS�ZLWK�WKH�GHSHQGHQW�YDULDEOH�
DFKLHYHPHQW�LQ�PDWKHPDWLFV�
�

,Q� FKDSWHU� ��� WKH� EHQHILWV� DQG� OLPLWDWLRQV� RI� WKH� FRQFHSWXDO� IRXQGDWLRQ�� WKH�

LQVWUXPHQWDWLRQ�DQG�GHVLJQ�RI�7,066�DUH�GLVFXVVHG��7KH�EHQHILWV�DQG�OLPLWDWLRQV�RI�

7,066� DUH� FRQVLGHUHG� LQ� JUHDWHU� GHSWK� LQ� OLJKW� RI� WKH� SUHGHILQHG� IXQFWLRQ� RI�


XQGHUVWDQGLQJ�
� 6XEVHTXHQWO\�� JHQHUDO� UHIOHFWLRQV� DQG� UHFRPPHQGDWLRQV� DUH�JLYHQ�

DLPLQJ�DW�DQ�DSSURSULDWH�FRQFHSWXDO�IUDPHZRUN�DQG�LQVWUXPHQWDWLRQ�DQG�GHVLJQ�IRU�

IXWXUH�LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV�LQ�HGXFDWLRQ��

�

�

�

�



�

IEA'S TIMSS AND ITS 

PREDECESSORS 
�

(DFK� LQWHUQDWLRQDO� FRPSDUDWLYH�VWXG\�FDQ�OHDUQ�IURP�LWV�SUHGHFHVVRUV��$V�WKH�7KLUG�

,QWHUQDWLRQDO�0DWKHPDWLFV�DQG�6FLHQFH�6WXG\��7,066��LV�FHQWUDO�LQ�WKLV�WKHVLV��WZR�

RI�LWV�SUHGHFHVVRUV�DUH�UHYLHZHG�LQ�WKLV�FKDSWHU��7KHVH�VWXGLHV�ZHUH�FRQGXFWHG�XQGHU�WKH�

DXVSLFHV� RI� WKH� ,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� WKH� (YDOXDWLRQ� RI� (GXFDWLRQDO�

$FKLHYHPHQW��,($��LQ�WKH�SHULRG�EHWZHHQ������DQG������DQG�PDWKHPDWLFV�ZDV�WKH�

LQYHVWLJDWHG�FRUH�VXEMHFW��,Q�SDUWLFXODU��WKH�H[WHQW�WR�ZKLFK�WKH�UHVXOWV�RI�WKHVH�VWXGLHV�

DUH� DGHTXDWH� WR� DFFRPSOLVK� WKH� VWXGLHV
� IXQFWLRQ� RI� 
XQGHUVWDQGLQJ
� FURVV�QDWLRQDO�

VLPLODULWLHV� DQG� GLIIHUHQFHV� LQ� EDFNJURXQG� IDFWRUV� UHODWHG� WR� VWXGHQWV
� PDWKHPDWLFV�

DFKLHYHPHQW�OHYHO��LV�RI�LQWHUHVW��7KH�UHYLHZV�DUH�JXLGHG�E\�D�JHQHUDO�VWXG\�IUDPHZRUN�

IRU� /DUJH�VFDOH� ,QWHUQDWLRQDO� &RPSDUDWLYH� $FKLHYHPHQW� 6WXGLHV� LQ� HGXFDWLRQ�

�/,1&$6�� ZLWK� WKH� FRPSRQHQWV�� JHQHUDO� JRDOV� DQG� IXQFWLRQV� RI� WKH� VWXG\�� WKH�

FRQFHSWXDO� IUDPHZRUN�� WKH� GHVLJQ� DQG� LQVWUXPHQWDWLRQ�� DQG� WKH� XWLOLW\� RI� WKH� VWXG\�

UHVXOWV��������7KH�FULWLFLVP�7,066
�SUHGHFHVVRUV�UHFHLYHG�IURP�LQWHUQDO�DQG�H[WHUQDO�

VRXUFHV�LV�GHVFULEHG�DV�ZHOO��

7KH� )LUVW� ,QWHUQDWLRQDO� 0DWKHPDWLFV� 6WXG\� �),06�� LV� GHVFULEHG� LQ� ���� DQG� WKH�

6HFRQG� ,QWHUQDWLRQDO� 0DWKHPDWLFV� 6WXG\� �6,06�� LQ� ����� 7KH� EHQHILWV� DQG�

OLPLWDWLRQV�RI�ERWK�VWXGLHV�DUH�VXPPDUL]HG�IURP�ZKLFK�WKH�IRXQGHUV�RI�7,066�FRXOG�

OHDUQ��������)LQDOO\��EDVLF�FRPSRQHQWV�RI�WKH�JHQHUDO�VWXG\�IUDPHZRUN�IRU�7,066�DUH�

GHVFULEHG�LQ������

&
+
$
3
7
(
5
�
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���� &20321(176 2) $ *(1(5$/ 678'< )5$0(:25. )25 /,1&$6�

7KH�7KLUG�,QWHUQDWLRQDO�0DWKHPDWLFV�DQG�6FLHQFH�6WXG\��7,066��ZDV�SUHFHGHG�E\�

WKH� )LUVW� DQG� 6HFRQG� 0DWKHPDWLFV� 6WXGLHV� �),06� DQG� 6,06��� 7KH� ODWWHU� DUH�

UHYLHZHG� LQ� ���� DQG������$OO� RI� WKHVH� VWXGLHV�ZHUH�RUJDQL]HG�E\� WKH� ,QWHUQDWLRQDO�

$VVRFLDWLRQ�IRU�WKH�(YDOXDWLRQ�RI�(GXFDWLRQDO�$FKLHYHPHQW��,($���7KH�UHYLHZV�DUH�

ZULWWHQ� DORQJ� FRPSRQHQWV� RI� D� JHQHUDO� VWXG\� IUDPHZRUN� IRU� /DUJH�VFDOH�

,QWHUQDWLRQDO�&RPSDUDWLYH�$FKLHYHPHQW�6WXGLHV��/,1&$6��SUHVHQWHG�LQ�)LJXUH������

7KH� IUDPHZRUN� VKRZV� GLIIHUHQW� FRPSRQHQWV� WKDW� DUH� XVXDOO\� LQFOXGHG� LQ� VXFK�

VWXGLHV�DQG�WKH�ZD\�WKH\�DUH�DVVXPHG�WR�EH�LQWHUUHODWHG��5RVLHU���������
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)LJXUH�����

&RPSRQHQWV�RI�D�JHQHUDO�VWXG\�IUDPHZRUN�IRU�/,1&$6�

(
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$
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1

&RQFHSWXDO )UDPHZRUN

� LGHQWLILFDWLRQ RI LQWHUQDWLRQDO
FRPSDUDWLYH IDFWRUV

,QVWUXPHQWDWLRQ

� DFKLHYHPHQW WHVWV
� W\SH RI EDFNJURXQG LQVWUXPHQWV

�H�J� REVHUYDWLRQV� LQWHUYLHZV�
ZULWWHQ TXHVWLRQQDLUHV�

� GRFXPHQW DQDO\VLV

6WXG\ 'HVLJQ

� SRSXODWLRQ GHILQLWLRQ
� PHWKRGV GDWD FROOHFWLRQ
� VDPSOLQJ
� QXPEHU RI PHDVXUHPHQWV

'DWD $QDO\VLV

� GHVFULSWLYH
� LQIHUHQWLDO�H[SODQDWRU\

ZLWKLQ FRXQWULHV
EHWZHHQ FRXQWULHV 

0DLQ 5HVHDUFK 4XHVWLRQV

� UHODWHG UHVHDUFK TXHVWLRQV

*HQHUDO *RDOV DQG )XQFWLRQV

8WLOLW\ RI 5HVXOWV

� E\ SROLF\PDNHUV� HGXFDWRUV� WHDFKHU WUDLQHUV� HGXFDWLRQDO UHVHDUFKHUV



,($
V 7,066 DQG LWV SUHGHFHVVRUV ��

7KH�JHQHUDO�JRDOV�DQG�IXQFWLRQV�RI�D�/,1&$6�DUH�ORFDWHG�DW�WKH�WRS�RI�)LJXUH������3RVVLEOH�

JRDOV�DQG�IXQFWLRQV�RI�,($�VWXGLHV�ZHUH�GHVFULEHG�LQ������7KH�IRUPXODWLRQ�RI�WKH�PDLQ�

UHVHDUFK� TXHVWLRQV� RI� D� /,1&$6� DUH� EDVHG� RQ� WKHVH� JRDOV� DQG� IXQFWLRQV� DQG� RQ� WKH�

FRQFUHWH�TXHULHV�RI�WKH�VWXG\��$�/,1&$6�LV�RUJDQL]HG�SULPDULO\�DURXQG�WKH�TXHVWLRQV�

WKDW� WKH�IXQGHUV� �XVXDOO\�JRYHUQPHQWV��RI�WKH�VWXG\�ZDQW�DQVZHUHG��)RU� LQVWDQFH��D�

JRYHUQPHQW� LV� LQWHUHVWHG� LQ� WKH�H[WHQW� WR�ZKLFK� LWV�HGXFDWLRQ�V\VWHP�FRPSDUH�ZLWK�

RWKHU�V\VWHPV�ZLWK�UHJDUG�WR�VWXGHQWV
�DFKLHYHPHQW�OHYHO�LQ�FRUH�VXEMHFWV�DQG�LW�PLJKW�

EH�LQWHUHVWHG�LQ�WKH�HGXFDWLRQDO�IDFWRUV�DVVRFLDWHG�ZLWK�DFKLHYHPHQW��

7R� DFFRPSOLVK� SUHGHILQHG� JRDOV�� LQWHUQDWLRQDO� FRPSDUDWLYH� UHVHDUFK� TXHVWLRQV�

VKRXOG� EH� IRUPXODWHG� DV� FRQFUHWHO\� DV� SRVVLEOH� DQG� WKH� FROOHFWHG� GDWD� VKRXOG� EH�

LQWHUQDWLRQDOO\� FRPSDUDEOH�� UHOLDEOH�� DQG� YDOLG� �0DUWLQ� HW� DO�� ������� 7KH� FURVV�

QDWLRQDO�FRPSDUDELOLW\�RI�WKH�GDWD�FROOHFWHG�LQ�/,1&$6�LV�HQKDQFHG�LI�WKH�FRQFHSWXDO�

IUDPHZRUN� DQG� LQVWUXPHQWDWLRQ� DQG� WKH� VWXG\� GHVLJQ� DUH� DSSOLFDEOH� WR� DOO� SDUWLFLSDWLQJ�

HGXFDWLRQ�V\VWHPV��0RUH�WKDQ�LQ�QDWLRQDO�VWXGLHV��WKHVH�WZR�FRPSRQHQWV��VKDGHG�LQ�

)LJXUH������DUH�HVVHQWLDO�LQ�LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV�ZLWK�SDUWLFLSDQWV�IURP�

DURXQG� WKH� ZRUOG�� 7KH� GHYHORSPHQW� RI� D� FRQFHSWXDO� IUDPHZRUN�� D� VHW� RI�

LQVWUXPHQWV�DQG�WKH�VWXG\�GHVLJQ�VKRXOG�IDFLOLWDWH�WKH�LGHQWLILFDWLRQ�RI�SRVVLEOH�NH\�

IDFWRUV��FRQFHSWV��LQ�HDFK�FRXQWU\�WKDW�DIIHFW�DFKLHYHPHQW��

�

7KH� FRQFHSWXDO� IUDPHZRUN� VKRXOG� EH� DSSURSULDWH� IRU� VWXG\LQJ� HGXFDWLRQ�ZLWKLQ� DQG�

DFURVV� WKH� SDUWLFLSDWLQJ� V\VWHPV�� ,Q� QDWLRQDO� VWXGLHV�� WKH� GHILQLWLRQ� DQG�

RSHUDWLRQDOL]DWLRQ�RI� UHOLDEOH� DQG�YDOLG� NH\� FRQFHSWV� LV� DOUHDG\� D�GLIILFXOW� WDVN�� ,Q�

/,1&$6�WKLV�WDVN�LV�HYHQ�PRUH�FRPSOLFDWHG�EHFDXVH�WKH�GHILQLWLRQV�VKRXOG�EH�YDOLG�

IRU� DOO� SDUWLFLSDWLQJ� FRXQWULHV�� 1H[W�� LQGLFDWRUV� DUH� WR� EH� GHYHORSHG� LQ� WHUPV� RI�

YDULDEOHV� DQG� IXUWKHU� LQ� WHUPV� RI� TXHVWLRQV� WKDW� ZLOO� EH� LQFOXGHG� LQ� VXUYH\�

LQVWUXPHQWV��3RVWOHWKZDLWH���������)RU�H[DPSOH��LV�LW�SRVVLEOH�WR�IRUPXODWH�TXHVWLRQV�

IRU� VWXGHQWV� DERXW� WKHLU� RSLQLRQV� RI� JRLQJ� WR� VFKRRO� LQ� SULPDU\� DQG� VHFRQGDU\�

HGXFDWLRQ�LQ�PDQ\�FRXQWULHV�DURXQG�WKH�ZRUOG�LQ�DQ�XQDPELJXRXV�ZD\"�4XHULHV�OLNH�

WKLV� QHHG� DQ� DIILUPDWLYH� DQVZHU� LQ� RUGHU� WR� LQFOXGH� VWXGHQW� RSLQLRQV� DV� YDOLG�

YDULDEOHV� LQ� DQ� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXG\�� )XUWKHUPRUH�� LQ� WKH� FRQFHSWXDO�

IUDPHZRUN� WKH�K\SRWKHVL]HG� LQWHUUHODWLRQVKLSV�EHWZHHQ� �FOXVWHUV�RI��NH\�FRQFHSWV�

PXVW�EH�PDGH�FOHDU��3UHIHUDEO\�� VXFK� LQWHUUHODWLRQVKLSV�PXVW�EH� WKHRU\�EDVHG�DQG�

ILQGLQJV� RI� SUHYLRXV� VWXGLHV� UHODWHG� WR� WKH�PDLQ� WRSLF� RI� WKH� UHVHDUFK� TXHVWLRQV��

+RZHYHU��LW�PLJKW�EH�TXHVWLRQHG�ZKHWKHU�DQ\�WKHRU\�LV�DYDLODEOH�DERXW�LQWHUQDWLRQDO�

FRPSDULVRQV�LQ�HGXFDWLRQ��3RVWOHWKZDLWH���������
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7KH� QH[W� VWHS� LQ� GHVLJQLQJ� D� /,1&$6� LV� WKH� FKRLFH� RI� WKH� W\SH� RI� LQVWUXPHQWDWLRQ��

,QWHUQDWLRQDO�FRQWHQW�YDOLGLW\�LV�D�JRDO�RI�WKH�GHYHORSPHQWDO�SURFHVV�RI�LQVWUXPHQWV�

DSSOLHG� LQ�/,1&$6��7KH�UHOLDELOLW\�DQG�YDOLGLW\�RI� LQWHUQDWLRQDO�GDWD�FDQ�EH�SDUWO\�

GHSHQGHQW�RQ�WKH�NLQG�RI�LQVWUXPHQWV�XVHG�WR�FROOHFW�WKH�GDWD��,Q�ODUJH�VFDOH�VWXGLHV��

ZULWWHQ�TXHVWLRQQDLUHV�DUH�PRVW�GHVLUDEOH�IURP�WKH�SHUVSHFWLYH�RI�WLPH�DQG�PRQH\��

+RZHYHU��PRUH� WLPH�FRQVXPLQJ� DQG�PRUH� H[SHQVLYH�PHWKRGV� RI� GDWD� FROOHFWLRQ�

VXFK� DV� FODVVURRP� REVHUYDWLRQV�� LQWHUYLHZV�� DQG� YLGHRWDSHV� FDQ� HQKDQFH�

LQWHUQDWLRQDO� UHOLDELOLW\� DQG� YDOLGDWLRQ� RI� WKH� GDWD�� 6WXGHQWV
� DFKLHYHPHQW� LV� RIWHQ�

PHDVXUHG�E\�PHDQV�RI�LQWHUQDWLRQDO�DFKLHYHPHQW�WHVWV��VRPHWLPHV�YLD�D�SHUIRUPDQFH�

WHVW���'RFXPHQW�DQDO\VLV�LV�D�PHWKRG�WR�FROOHFW�GDWD�DW�WKH�V\VWHP�OHYHO��IRU�H[DPSOH�

DERXW�QDWLRQDO�FXUULFXOD�DQG�WKH�VWUXFWXUH�RI�WKH�HGXFDWLRQDO�V\VWHP��

7KH� FKRLFH� RI� WKH� W\SH� RI� LQVWUXPHQWV� LV� SDUWO\� UHODWHG� WR� WKH� VWXG\� GHVLJQ�� ,Q�

SULQFLSOH�� WZR� GHVLJQV� FDQ� EH� DSSOLHG� WR� DFFRPSOLVK� WKH� 
GHVFULSWLRQ
� DQG�


XQGHUVWDQGLQJ
�IXQFWLRQ�RI�/,1&$6��D�GHVFULSWLYH��TXDOLWDWLYH�DQG�RU�TXDQWLWDWLYH��

RU�D�PRUH�LQIHUHQWLDO�H[SODQDWRU\��PDLQO\�TXDQWLWDWLYH��UHVHDUFK�GHVLJQ��7KH�FKRLFH�

RI�WKH�NLQG�RI�VWXG\�GHVLJQ�²�TXDQWLWDWLYH��TXDOLWDWLYH�RU�D�FRPELQDWLRQ�²�GHWHUPLQHV�

WKH�LQVWUXPHQWDWLRQ�W\SHV�WKDW�ZLOO�EH�XVHG�LQ�WKH�VWXG\��

�

7KH�FKRLFHV�RI�WKH�GHVLJQ��WKH�LQVWUXPHQWDWLRQ�DQG�WKH�WHFKQLTXHV�WR�DQDO\]H�WKH�GDWD�DUH�

LQWHUUHODWHG��(DFK�FKRLFH�SURYLGHV�WKH�UHVHDUFKHU�ZLWK�FHUWDLQ�SRVVLELOLWLHV�WR�DQVZHU�

FRPSOH[�FRPSDUDWLYH�UHVHDUFK�TXHVWLRQV��<HW��HDFK�VHOHFWHG�GHVLJQ�DQG�GHYHORSHG�

LQVWUXPHQWDWLRQ�RI�D�/,1&$6�VHW�OLPLWV�IRU�WKH�VWDWLVWLFDO�DQDO\VLV�WHFKQLTXHV�WKDW�FDQ�

EH�DSSOLHG��,Q�WKH�SDUWLFLSDWLQJ�HGXFDWLRQ�V\VWHPV�GDWD�DUH�XVXDOO\�FROOHFWHG�WR�VWXG\�

WKH�LQIOXHQFH�RI�RQH�IDFWRU�RQ�DQRWKHU�IDFWRU�DQG�ILQDOO\�RQ�HGXFDWLRQDO�DFKLHYHPHQW�

LQ�D�FHUWDLQ�VXEMHFW��7KH�VHOHFWLRQ�RI�DSSURSULDWH�WHFKQLTXHV�RI�VWDWLVWLFDO�DQDO\VLV�LV�

HVVHQWLDO� IRU� UHYHDOLQJ� WKH� UHODWLYH� HIIHFWV� RI� IDFWRUV� SRVWXODWHG� DV� LQIOXHQFLQJ� D�

SDUWLFXODU�RXWFRPH��,Q�JHQHUDO��WKH�PDMRULW\�RI�WHFKQLTXHV�IRU�DQDO\]LQJ�TXDQWLWDWLYH�

GDWD� DYDLODEOH� IRU� WKH� VRFLDO� VFLHQFHV� UHVXOW� LQ� WKH� HVWLPDWLRQ� RI� FRHIILFLHQWV��

&RHIILFLHQWV�LQGLFDWH�WKH�VWUHQJWK�RI�WKH�HIIHFW�RI�RQH�IDFWRU�RQ�RWKHU�IDFWRUV��UHODWLYH�

WR�WKH�VWUHQJWK�RI�WKH�HIIHFW�RI�RWKHU�IDFWRUV��([DPSOHV�RI�VXFK�VWDWLVWLFDO�WHFKQLTXHV�

DUH�XQLGLPHQVLRQDO�SDWK�DQDO\VLV�DQG�KLHUDUFKLFDO�OLQHDU�PRGHOLQJ��

8WLOLW\�RI�UHVXOWV�

3RWHQWLDO�XVHUV�RI�/,1&$6�UHVXOWV��SROLF\PDNHUV��HGXFDWRUV�DQG�RWKHU�HGXFDWLRQDO�

VSHFLDOLVWV�� ZRXOG� OLNH� WR� UHFHLYH� UHFRPPHQGDWLRQV� IRU� LPSURYLQJ� HGXFDWLRQ� LI�



,($
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QHHGHG�� 3UHIHUDEO\�� VXFK� LQGLFDWLRQV� DUH� EDVHG� RQ� UHODWLRQVKLSV� EHWZHHQ�

DFKLHYHPHQW�VFRUHV�DQG�VWXGHQW��FODVVURRP�DQG�VFKRRO�IDFWRUV��

5HVXOWV�RI�SUHYLRXV�LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV�KDYH�EHHQ�XVHG�LQ�

PDQ\�GLIIHUHQW�ZD\V��)RU�LQVWDQFH��UHVXOWV�IURP�6,06�ZHUH�GLUHFWO\�XVHG�WR�UHIRUP�

FXUULFXOD�� +XQJDU\� DQG� 6ZHGHQ� DUH� WZR� H[DPSOHV� RI� FRXQWULHV� ZKLFK� KDYH� XVHG�

UHVXOWV� LQ� WKLV�ZD\� �:ROI�� ������� ,Q�RWKHU� FRXQWULHV�� WKH�FXUULFXOXP�ZDV�PRGLILHG�

DIWHU�WKH�UHVXOWV�RI�D�/,1&$6�ZHUH�SUHVHQWHG�VR�WKDW�FHUWDLQ�JURXSV�RI�VWXGHQWV��IRU�

LQVWDQFH��ORZHU�DFKLHYLQJ�VWXGHQWV��DUH�EHWWHU�VHUYHG�E\�WKH�HGXFDWLRQDO�V\VWHP��6XFK�

FXUULFXOXP�UHIRUPV�RU�PRGLILFDWLRQV�DUH�SRVVLEOH�LQ�FHQWUDOL]HG�V\VWHPV��

�

,Q�GHFHQWUDOL]HG�FRXQWULHV�OLNH�WKH�1HWKHUODQGV�RU�*HUPDQ\��/,1&$6�GR�QRW�KDYH�

VXFK� LPSDFW� DQG� FKDQJHV� FDQQRW� EH� LPSOHPHQWHG� LQ� WKH� VKRUW� WHUP�� ,Q� WKHVH�

HGXFDWLRQ�V\VWHPV��VFKRROV�IXQFWLRQ�UDWKHU�DXWRQRPRXVO\�DQG�WKH�XVH�RI�UHVXOWV�RI�

/,1&$6�GHSHQGV�PRUH�RQ�WKH�OHYHO�RI�FRQFUHWHQHVV�E\�ZKLFK�WKH�UHVHDUFKHUV�DUH�

DEOH�WR�SUHVHQW�WKH�UHVXOWV��

(YDOXDWLRQ��EHQHILWV�DQG�OLPLWDWLRQV�RI�/,1&$6�

7KH�EHQHILWV�DQG�OLPLWDWLRQV�RI�/,1&$6�PD\�EH�HYDOXDWHG�LQ�WKH�OLJKW�RI�WKHLU�JRDOV��

IXQFWLRQV�� DQG� UHVHDUFK� TXHVWLRQV��*LYHQ� WKH� FRPSOLFDWHG� QDWXUH� RI� LQWHUQDWLRQDO�

FRPSDUDWLYH�VWXGLHV��DQ�LPSRUWDQW�TXHVWLRQ�LV�WR�ZKDW�H[WHQW�UHVHDUFKHUV�VXFFHHG�LQ�

VDWLVI\LQJ�XVHUV�RI�/,1&$6�UHVXOWV��E\�SRLQWLQJ�RXW�ZKLFK�NH\�IDFWRUV�DFFRXQW�IRU�

FURVV�QDWLRQDO� VLPLODULWLHV� DQG� GLIIHUHQFHV� LQ� DFKLHYHPHQW� VFRUHV��2Q� WKH�EDVLV�RI�

WKH�UHVXOWV�RI�VXFK�HYDOXDWLRQV��LW�LV�SRVVLEOH�WR�UHFRPPHQG�LPSURYHPHQWV�WR�FUXFLDO�

FRPSRQHQWV�RI�WKH�VWXG\�IUDPHZRUN�RI�IXWXUH�/,1&$6��7KH�UHFRPPHQGDWLRQV�FDQ�

LQFOXGH� PDNLQJ� WKH� EHQHILWV� RI� WKH� /,1&$6� H[SOLFLW� DQG� SURYLGLQJ� JXLGHOLQHV��

IRU�WKH�GHYHORSPHQW�RI�DQ�DSSURSULDWH�FRQFHSWXDO�IUDPHZRUN�DQG�LQVWUXPHQWDWLRQ��

DQG�GHVLJQ��

/LNHZLVH��WKH�/,1&$6�WKDW�LV�FHQWUDO�LQ�WKLV�WKHVLV��7,066��FRXOG�KDYH�OHDUQHG�IURP�

WZR�RI�LWV�WZR�SUHGHFHVVRUV��,Q�WKH�QH[W�WZR�VHFWLRQV�),06�DQG�6,06�DUH�UHYLHZHG��

7KH� )LUVW� DQG� 6HFRQG� ,QWHUQDWLRQDO� 6FLHQFH� 6WXGLHV� �),66� DQG� 6,66�� DUH� DOVR�

SUHGHFHVVRUV�RI�7,066��&RPEHU�	�.HHYHV��������3RVWOHWKZDLWH�	�:LOH\���������$V�

LQ�WKLV�WKHVLV�LQIOXHQFLQJ�IDFWRUV�RQ�PDWKHPDWLFV�DFKLHYHPHQW�LV�VWXGLHG��PHUHO\�),06�

DQG� 6,06� DUH� UHYLHZHG�� ,Q� WKH� UHYLHZV�� IRXU� FRPSRQHQWV� RI� WKH� JHQHUDO� VWXG\�

IUDPHZRUN� IRU�/,1&$6�SUHVHQWHG� LQ�)LJXUH�����DUH�GLVFXVVHG�� 
JHQHUDO�JRDOV�DQG�

IXQFWLRQV�
� 
FRQFHSWXDO� IUDPHZRUN�
� 
LQVWUXPHQWDWLRQ� DQG� WKH� VWXG\� GHVLJQ�
� DQG�
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XWLOLW\�RI�UHVXOWV�
�,Q�DGGLWLRQ��DWWHQWLRQ�LV�SDLG�WR�FULWLFLVP�WKH�VWXGLHV�UHFHLYHG�DIWHU�

WKHLU�LQWHUQDWLRQDO�UHSRUWV�ZHUH�UHOHDVHG��

���� ),567 ,17(51$7,21$/0$7+(0$7,&6 678'< �),06��

2QH�RI� WKH� ILUVW� LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV�FRQGXFWHG�XQGHU� WKH�DXVSLFHV�RI�

WKH� ,($�� WRRN� SODFH� LQ� WKH�PLG�����V� �+XVpQ�� ������:LHJHUVPD�	�*URHQ�� �������

7KLV�VWXG\�LV�FDOOHG�WKH�)LUVW�,QWHUQDWLRQDO�0DWKHPDWLFV�6WXG\��),06���7KH�QXPEHU�RI�

SDUWLFLSDWLQJ� HGXFDWLRQ� V\VWHPV� ZDV� ��� �LQFOXGLQJ� $XVWUDOLD�� %HOJLXP� )ODQGHUV��

(QJODQG��,VUDHO��-DSDQ��WKH�1HWKHUODQGV��DQG�8QLWHG�6WDWHV���

*HQHUDO�JRDO�DQG�IXQFWLRQ�

),06�ZDV�RQH�RI�WKH�ILUVW�VWXGLHV�RUJDQL]HG�E\�,($��7KH�JHQHUDO�JRDO�RI�),06�ZDV�WR�

VWXG\� WKH� IHDVLELOLW\� RI� LQYHVWLJDWLQJ� VFKRROV� DQG� VFKRROLQJ� LQ� GLIIHUHQW� HGXFDWLRQ�

V\VWHPV�LQ�D�FRPSDUDWLYH�ZD\��7KH�PDLQ�REMHFWLYHV�ZHUH�WR�H[DPLQH�GLIIHUHQFHV�DFURVV�

HGXFDWLRQDO� V\VWHPV� DQG� WKH� UHODWLRQVKLSV� EHWZHHQ� GLIIHUHQFHV� LQ� DFKLHYHPHQW� DQG�

VWXGHQWV
� LQWHUHVWV� DQG�DWWLWXGHV��7R� VRPH�H[WHQW� WKHVH�REMHFWLYHV�FDQ�EH� UHJDUGHG�DV�

H[SUHVVLRQV�RI�WKH�
GHVFULSWLRQ
�DQG�
XQGHUVWDQGLQJ
�IXQFWLRQV�PHQWLRQHG�LQ�VHFWLRQ������

0DWKHPDWLFV� DFKLHYHPHQW� VHUYHG� DV� D� VXUURJDWH� PHDVXUH� RI� WKH� RXWFRPHV� RI�

VFKRROLQJ��2UJDQL]HUV� FKRVH�PDWKHPDWLFV� DFKLHYHPHQW� DV� WKH� HGXFDWLRQDO� RXWSXW�

PHDVXUH� DV� D�PDWWHU�RI�FRQYHQLHQFH� �7UDYHUV�	�:HLQ]ZHLJ���������7KH\�EHOLHYHG�

WKDW� LW�ZRXOG�EH�HDVLHU� WR�PDNH� LQWHUQDWLRQDO�FRPSDULVRQV� LQ�PDWKHPDWLFV�WKDQ�LQ�

DQ\�RWKHU�DUHD��

'HVLJQ�DQG�LQVWUXPHQWDWLRQ�

,Q�),06��WZR�SRSXODWLRQV�ZHUH�WHVWHG�����\HDUV�ROGV�DQG�VWXGHQWV�LQ�WKH�ILQDO�\HDU�

RI�VHFRQGDU\�HGXFDWLRQ��7KH�PDMRULW\�RI�WKH����SDUWLFLSDWLQJ�FRXQWULHV�WRRN�SDUW�LQ�

WKH� ILUVW� SRSXODWLRQ� RQO\�� 1R� FRQFHSWXDO� IUDPHZRUN� LV� NQRZQ� WKDW� JXLGHG� WKH�

GHYHORSPHQW� RI� ),06� TXDQWLWDWLYH� VWXG\� GHVLJQ� DQG� LQVWUXPHQWV�� 7KH� VHW� RI�

LQVWUXPHQWV� FRQVLVWHG� RI� DQ� LQWHUQDWLRQDO�PDWKHPDWLFV� DFKLHYHPHQW� WHVW� DQG� IRXU�

EDFNJURXQG� TXHVWLRQQDLUHV�� D� VWXGHQW�� D� WHDFKHU�� D� VFKRRO� SULQFLSDO� DQG� D�

TXHVWLRQQDLUH� DERXW� V\VWHP� FKDUDFWHULVWLFV�� ,Q� DOO� TXHVWLRQQDLUHV�� PDQ\� TXHVWLRQV�

UHIHUUHG� WR� VWXGHQWV
� LQWHUHVWV� DQG� DWWLWXGHV�� 1HLWKHU� FRQWH[WXDO� FODVVURRP� QRU�

VFKRRO�GDWD�ZHUH�FROOHFWHG��
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8WLOLW\�RI�WKH�UHVXOWV�

$V�),06�ZDV�RQH�RI�WKH�ILUVW�/,1&$6�RQ�PDWKHPDWLFV��WKH�GDWD�FRXOG�VHUYH�DV�D�

EDVHOLQH� IRU� LQWHUQDWLRQDO� FRPSDULVRQV�� ),06� LV� UHJDUGHG� DV� DQ� H[SHULPHQW� LQ�

LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV� WKDW�SURYLGHG�XVHIXO�GHVFULSWLYH� LQIRUPDWLRQ�RQ�

PDWKHPDWLFV�DFKLHYHPHQW��7KH�VWDWH²RI²WKH²DUW�RI�PDWKHPDWLFV�HGXFDWLRQ�UHIOHFWHG�

LQ� WKH� ),06� UHVXOWV� ZLWKLQ� DQ� HGXFDWLRQ� V\VWHP�� FRXOG� QRW� EH� FRPSDUHG� ZLWK�

RXWFRPHV� RI� SUHYLRXV� VWXGLHV�� ,W� ZDV� WKH� ILUVW� WLPH� DFKLHYHPHQW� UHVXOWV� RI� HDFK�

V\VWHP�FRXOG�EH�FRPSDUHG�ZLWK�WKH�UHVXOWV�RI�WKH�RWKHU�SDUWLFLSDWLQJ�V\VWHPV��

�

7KH�PDLQ�UHVXOWV�RI�),06�FRQVLVWHG�RI�OLVWV��UDQNLQJ�FRXQWULHV�RQ�WKH�EDVLV�RI�WKH�

PHDQ�DFKLHYHPHQW�WHVW�VFRUH��7KH�UHVXOWV�ZHUH�LQWHUSUHWHG�LQ�WHUPV�RI�
RQ�DYHUDJH�

FRXQWU\�$�SHUIRUPHG�EHWWHU�RQ�WKH�LQWHUQDWLRQDO�PDWKHPDWLFV�DFKLHYHPHQW�WHVW�WKDQ�

FRXQWU\�%�
�

,W�FDQ�EH�VWDWHG�WKDW�),06�ZDV�D�KXJH�DQG�LQQRYDWLYH�XQGHUWDNLQJ�LQ�WKH�PLG�VL[WLHV��

+RZVRQ��������UHIOHFWHG�RQ�WKH�YDOXH�RI�),06�E\�VWDWLQJ�WKDW�LW�SURYLGHG�JXLGDQFH�

RQ�ZKDW�ZRUNHG�LQ�HGXFDWLRQ�DQG�RQ�ZKDW�UHTXLUHG�UHWKRXJKW��),06�ZDV�XVHG�DV�D�

VWDUWLQJ� SRLQW� LQ� WKH� GHYHORSPHQW� RI� LQWHUQDWLRQDO� FRPSDULVRQV� LQ� HGXFDWLRQ��

5HSUHVHQWDWLYHV� RI� WKH� ��� SDUWLFLSDWLQJ� HGXFDWLRQ� V\VWHPV� FRXOG� XVH� WKH�

DFKLHYHPHQW�UHVXOWV�RI�),06�WR�IRUPXODWH�TXHVWLRQV�DERXW�UHDVRQV�IRU�GLIIHUHQFHV�

EHWZHHQ�WKH�UHVXOWV�RI�WKHLU�RZQ�VWXGHQWV�DQG�VWXGHQWV
�UHVXOWV�LQ�RWKHU�V\VWHPV��

&ULWLFLVP�

7KHUH� ZDV� DOVR� FULWLFLVP� RI� ),06�� )LUVW�� LW� EHFDPH� FOHDU� WKDW� D� UDQNHG� OLVW� RI�

FRXQWULHV�PHDQV� OLWWOH�ZLWKRXW�NQRZOHGJH�DERXW� WKH�FRQWH[W� LQ�ZKLFK�VFKRROLQJ�LV�

WDNLQJ� SODFH� �:LHJHUVPD� 	� *URHQ�� ������� ,QIRUPDWLRQ� ZDV� QHHGHG� DERXW� WKH�

QDWLRQDO� DQG� WKH� VFKRRO� FRQWH[W� �LQFOXGLQJ� WKH� FXUULFXODU� FRQWH[W�� DQG� DERXW�

WHDFKHUV�DQG�VWXGHQWV�WR�HQKDQFH�LQWHUSUHWDWLRQ�RI�WKH�WHVW�UHVXOWV�LQ�DQ�LQWHUQDWLRQDO�

FRPSDUDWLYH�SHUVSHFWLYH��7KH�JRDO�WR�UHODWH�DFKLHYHPHQW�GDWD�WR�VWXGHQWV
�LQWHUHVWV�

DQG�DWWLWXGHV�LQ�RUGHU�WR�XQGHUVWDQG�VRPH�RI�WKH�GLIIHUHQFHV�LQ�DFKLHYHPHQW�VFRUHV�

DFURVV�QDWLRQV�ZDV�QRW�UHDFKHG��7KLV�PLJKW�KDYH�EHHQ�FDXVHG�E\�WKH�IDFW�WKDW�WKH�

GHVLJQ�DQG�WKH�LQVWUXPHQWDWLRQ�RI�),06�ZHUH�QRW�YHU\�ZHOO�GHILQHG��6HFRQG��GHVSLWH�

WKH�H[FOXVLYH�JRDO�RI�),06�WR�UHODWH�DFKLHYHPHQW�WR�VWXGHQWV
�LQWHUHVWV�DQG�DWWLWXGH��

WKH�FROOHFWHG�VWXGHQW�EDFNJURXQG�LQIRUPDWLRQ�ZDV�KDUGO\�PHQWLRQHG�LQ�WKH�UHSRUWV��

)LQDOO\�� RQH� RI� WKH� PDLQ� TXHVWLRQV� WKDW� ZDV� UDLVHG� ZDV� WKH� FRPSRVLWLRQ� RI� WKH�
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DFKLHYHPHQW� WHVW�� 7KH�PDWFK�ZLWK� WKH� FRQWHQWV� RI� D� V\VWHP
V� FXUULFXOXP�ZDV� IDU�

IURP� LGHDO�� 7KH� LWHP� EDQN� XVHG� WR� FRPSRVH� WKH� ),06� DFKLHYHPHQW� WHVW� ZDV�

FULWLFL]HG� IRU� QRW� IDLUO\� UHIOHFWLQJ� WKH� GLIIHUHQW� FXUULFXOD� LQ� WKH� SDUWLFLSDWLQJ�

HGXFDWLRQ�V\VWHPV��+RZVRQ���������%HVLGHV��FXUULFXODU�DVSHFWV�ZHUH�PLVVLQJ�LQ�WKH�

IRUPXODWLRQ� RI� FRPSDUDWLYH� UHVXOWV� �)UHXGHQWKDO�� �������$QRWKHU� FULWLFLVP� RI� WKH�

WHVW�ZDV�WKDW�LW�FRQVLVWHG�RQO\�RI�PXOWLSOH�FKRLFH�LWHPV��(GXFDWLRQDO�RXWSXW�FRXOG�EH�

PHDVXUHG�ZLWK�WKH�WHVW��EXW�WKH�UHOLDELOLW\�DQG�YDOLGLW\�RI�WKH�),06�WHVW�ZHUH�RSHQ�WR�

TXHVWLRQ��5RELWDLOOH�	�7UDYHUV���������

���� 6(&21' ,17(51$7,21$/0$7+(0$7,&6 678'< �6,06��

7KH� VHFRQG� SUHGHFHVVRU� RI� 7,066� UHYLHZHG� KHUH�� LV� ,($
V� 6HFRQG� ,QWHUQDWLRQDO�

0DWKHPDWLFV�6WXG\��6,06���([SHULHQFHV�IURP�),06�ZHUH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�

SUHSDUDWLRQ�SKDVH�RI�6,06��ZKLFK�EHJDQ� LQ�������7KH�6,06�GDWD�FROOHFWLRQ�WRRN�

SODFH�LQ�WKH�SHULRG�EHWZHHQ������DQG�������7KH�QXPEHU�RI�SDUWLFLSDWLQJ�HGXFDWLRQ�

V\VWHPV�LQFUHDVHG�IURP����WR�����

*HQHUDO�JRDOV�DQG�IXQFWLRQV�

7KH�JRDOV�RI�6,06�ZHUH�PXFK�PRUH�DPELWLRXV�WKDQ�WKH�JRDOV�RI�),06��7KH�RYHUDOO�JRDO�

RI� 6,06� ZDV� WR� SURGXFH� DQ� LQWHUQDWLRQDO� SRUWUDLW� RI� WKH� WHDFKLQJ� DQG� OHDUQLQJ� RI�

PDWKHPDWLFV� ZLWK� D� SDUWLFXODU� IRFXV� RQ� ZKDW� DFWXDOO\� WUDQVSLUHV� LQ� PDWKHPDWLFV�

FODVVURRPV� DURXQG� WKH�ZRUOG� �5RELWDLOOH�	�*DUGHQ�� ������� ,Q�6,06�� WKH�YDULHWLHV�RI�

FXUULFXOD��LQVWUXFWLRQDO�SUDFWLFHV��DQG�VWXGHQW�RXWFRPHV��ERWK�FRJQLWLYH�DQG�DWWLWXGLQDO��

ZHUH�VWXGLHG��7KH�IRXQGHUV�RI�6,06�SODQQHG�WR�SURYLGH�SDUWLFLSDWLQJ�HGXFDWLRQ�V\VWHPV�

ZLWK�D�PLUURU�RI�WKHLU�RZQ�PDWKHPDWLFV�FXUULFXOXP�LQ�D�FURVV�QDWLRQDO�SHUVSHFWLYH��7KLV�

UHIHUV�WR�WKH�
GHVFULSWLRQ
�IXQFWLRQ�RI�/,1&$6�SUHVHQWHG�LQ�FKDSWHU����

,W� ZDV� DVVXPHG� WKDW� NQRZOHGJH� DERXW� LQVWUXFWLRQDO� SUDFWLFHV� LQ� UHODWLRQ� WR� WKH�

RXWSXW� IDFWRU� �OHYHO� RI�PDWKHPDWLFV� DFKLHYHPHQW�� LQ� HDFK� FRXQWU\�ZRXOG� SUHYHQW�

VLPSOLVWLF� UDQNLQJ� OLVWV��7KH� FRPSOH[LW\� RI� LQFOXGLQJ� LQSXW� DQG�SURFHVV� IDFWRUV� LQ�

6,06�ZDV�FOHDU�IURP�WKH�EHJLQQLQJ��<HW��E\�GRLQJ�VR�WKH�6,06�UHVXOWV�ZRXOG�DIIRUG�

HDFK� V\VWHP� DQ� RSSRUWXQLW\� WR� EHWWHU� XQGHUVWDQG� WKH� UHODWLYH� VWUHQJWKV� DQG�

VKRUWFRPLQJV�RI�LWV�RZQ�PDWKHPDWLFV�HGXFDWLRQ��7UDYHUV��*DUGHQ�	�5RVLHU���������

7KLV�UHIHUV�WR�D�FHUWDLQ�H[WHQW�WR�WKH�
XQGHUVWDQGLQJ
�IXQFWLRQ�RI�/,1&$6��

6,06�DWWHPSWHG�WR��VHDUFK�IRU�LQIRUPDWLRQ�DERXW�ZKDW�PDWKHPDWLFV�LV�LQWHQGHG�WR�EH�WDXJKW��

ZKDW�PDWKHPDWLFV� LV�DFWXDOO\� WDXJKW��KRZ� WKDW�PDWKHPDWLFV� LV� WDXJKW��DQG�ZKDW�PDWKHPDWLFV� LV�
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OHDUQHG� E\� WKRVH� WDXJKW�� �7UDYHUV�� HW� DO��� ������ S�� ���� 7KH� FRQFHSWXDO� IUDPHZRUN� IRU�

6,06�ILWV�LQWR�WKLV�SURSRVHG�IXQFWLRQ��VHH�EHORZ���7KH�SODQ�ZDV�WR�KDYH�VLJQLILFDQW�

LQSXW�RI�WKH�PDWKHPDWLFV�HGXFDWLRQ�FRPPXQLW\�DW�HYHU\�VWDJH�RI�WKH�SURMHFW��

&RQFHSWXDO�IUDPHZRUN�

6,06�ZDV�SODQQHG�DV�DQ�LQ�GHSWK�VWXG\�RI�WKH�PDWKHPDWLFV�FXUULFXOXP��7KH�IRFXV�

RI�6,06�ZDV�WKH�DWWDLQHG�FXUULFXOXP�DJDLQVW�WKH�EDFNJURXQG�RI�FODVVURRP�SUDFWLFHV��

+HQFH��WKH�WKHRUHWLFDO�IUDPHZRUN�RI�WKH�VWXG\�FRQVLVWHG�RI�WKUHH�FXUULFXOXP�OHYHOV��

WKH�LQWHQGHG�FXUULFXOXP��WKH�LPSOHPHQWHG�FXUULFXOXP��DQG�WKH�DWWDLQHG�FXUULFXOXP�

�7UDYHUV� HW� DO��� ������� ,Q�PDQ\�FRXQWULHV�� WKH�FXUULFXOXP� LV�SUHVFULEHG� LQ�QDWLRQDO�

FXUULFXOXP� JXLGHV� DQG� SUHVHQWHG� LQ� DSSURYHG� WH[WERRNV�� 7KLV� LV� UHJDUGHG� DV� WKH�

LQWHQGHG�FXUULFXOXP��7HDFKHUV�DUH�H[SHFWHG�WR�WUDQVODWH�WKHVH�JXLGHV�DQG�WH[WERRNV�

LQWR� DFWXDO� FODVVURRP� LQVWUXFWLRQ�� WKH� LPSOHPHQWHG� FXUULFXOXP�� 7KH� WKLUG�

FXUULFXOXP� OHYHO�� WKH� DWWDLQHG� FXUULFXOXP�� LV� GHILQHG� DV� WKH� VWXGHQW� RXWFRPHV� RI�

HGXFDWLRQ��8QGHUVWDQGLQJ� WKH� UHODWLRQVKLS�EHWZHHQ� WKH� WKUHH� OHYHOV� LV�QHFHVVDU\� LI�

WKH�6,06�JRDO�LV�WR�EH�DFFRPSOLVKHG��

([DPSOHV� RI� LPSRUWDQW� TXHVWLRQV� LQ� 6,06� DERXW� WKH� UHODWLRQV� EHWZHHQ� WKH� WKUHH�

FXUULFXOXP� OHYHOV� DUH�� +RZ� PXFK� DQG� ZKDW� KDYH� VWXGHQWV� OHDUQHG� IURP� WKH�

PDWHULDOV�SUHVHQWHG�DQG�LQVWUXFWHG�LQ�WKH�FODVVURRP"��LV�WKHUH�D�GLVFUHSDQF\�EHWZHHQ�

DWWDLQHG�DQG�LPSOHPHQWHG�FXUULFXOXP"��DQG�+RZ�ZHOO�GR�WKH�WHDFKHUV�WUDQVODWH�ZKDW�

KDV� EHHQ� PDQGDWHG� DW� QDWLRQDO� RU� V\VWHP� OHYHO"� �PDWFK� EHWZHHQ� LQWHQGHG� DQG�

LPSOHPHQWHG�FXUULFXOXP���7KLV� 
WKUHH�FXUULFXOXP�OHYHO�FRQFHSWXDO� IUDPHZRUN
�ZDV�

DGRSWHG�DQG�GHYHORSHG�IXUWKHU�E\�7,066�DQG�LV�GHVFULEHG�LQ�PRUH�GHWDLO�LQ������

'HVLJQ��

7ZR�SRSXODWLRQV�ZHUH�VWXGLHG�LQ�6,06��DOO�VWXGHQWV�LQ�WKH�JUDGH�ZKHUH�WKH�PDMRULW\�

ZDV����\HDUV�ROG�E\�WKH�PLGGOH�RI�WKH�VFKRRO�\HDU��SRSXODWLRQ�$��DQG�DOO�VWXGHQWV�LQ�

WKHLU� ODVW�\HDU�RI� VHFRQGDU\�VFKRRO�ZKR�DUH�VWXG\LQJ�PDWKHPDWLFV�DV�D�VXEVWDQWLDO�

SDUW� RI� WKHLU� DFDGHPLF� SURJUDP� �SRSXODWLRQ�%�� VWXGHQWV�RI�GLIIHUHQW� DJHV���7KHVH�

WZR�SRSXODWLRQV�ZHUH�URXJKO\�FRPSDUDEOH�WR�WKH�RQHV�WKDW�ZHUH�VWXGLHG�LQ�),06��

7KH� VHFRQG�SRSXODWLRQ�GLIIHUHG�DFURVV�SDUWLFLSDWLQJ�FRXQWULHV��$V�D�FRQVHTXHQFH��

WKH�LQWHUSUHWDWLRQ�RI�WKH�FRXQWULHV
�DFKLHYHPHQW�UHVXOWV�ZDV�GLIILFXOW��

7KH� LQWHUQDWLRQDO� SRUWUDLW� IRU� ZKLFK� 6,06� VWURYH� KDG� WR� EH� EDVHG� RQ� D� FURVV�

VHFWLRQDO� GDWD� VHW�RI����HGXFDWLRQ� V\VWHPV� IURP�DOO�RYHU� WKH�ZRUOG�� UDQJLQJ� IURP�
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KLJKO\�GHYHORSHG�LQGXVWULDOL]HG�FRXQWULHV�WR�GHYHORSLQJ�FRXQWULHV��*LYHQ�WKLV�UDQJH��

SDLQWLQJ�WKH�LQWHUQDWLRQDO�SRUWUDLW�ZDV�IDU�IURP�VLPSOH��7R�SXUVXH�WKH�JHQHUDO�JRDO�

RI�6,06�IXUWKHU��D�VHFRQG�YHUVLRQ�RI�WKH�VWXG\�GHVLJQ�ZDV�GHYHORSHG��D�ORQJLWXGLQDO�

VWXG\�ZLWK���RXW�RI�WKH����SDUWLFLSDWLQJ�V\VWHPV���

,Q� WKH� ORQJLWXGLQDO� YHUVLRQ�� SUHWHVWV� ZHUH� DGPLQLVWHUHG� DW� WKH� EHJLQQLQJ� RI� WKH�

VFKRRO�\HDU�DQG�SRVW�WHVWV�DW�WKH�HQG�RI�LW��)URP�WKH�WZR�WHVW�VFRUHV�D�JDLQ�VFRUH�ZDV�

FRPSXWHG�� ,Q� IDFW�� WKLV� JDLQ� VFRUH� FDQ� EH� VHHQ� DV� WKH� GHSHQGHQW� YDULDEOH� RI� WKH�

VWXG\��7KH�SUHWHVW�SRVWWHVW�GHVLJQ�PDGH�LW�SRVVLEOH�WR� LQYHVWLJDWH�JURZWK� LQ�VWXGHQW�

DFKLHYHPHQW� �ZKDW� DQG�KRZ�PXFK�GLG� WKH\� OHDUQ�ZLWKLQ�RQH� VFKRRO�\HDU��DQG� LWV�

OLQNV�ZLWK�WHDFKLQJ�SUDFWLFHV��7KH�SUHWHVW�SRVWWHVW�GHVLJQ�SURYLGHG�6,06�UHVHDUFKHUV�

RSSRUWXQLWLHV�WR�DGGUHVV�WKH�TXHVWLRQ���:KDW�WHDFKLQJ�SUDFWLFHV�DUH�XWLOL]HG�LQ�WKH�

PDWKHPDWLFV� FODVVURRPV� RI� WKH� YDULRXV� V\VWHPV� DQG� WR� ZKDW� H[WHQW� FDQ� WKHVH�

FODVVURRP�SURFHVVHV�H[SODLQ�GLIIHUHQFHV�LQ�VWXGHQW�DFKLHYHPHQW"��7KLV�LV�D�UHVHDUFK�

TXHVWLRQ�PDQ\�SROLF\PDNHUV�ZRXOG� OLNH� WR�KDYH�DQVZHUHG� IRU� WKHLU� FRXQWU\� LQ� DQ�

LQWHUQDWLRQDO� SHUVSHFWLYH�� 7KH� SUHWHVW�SRVWWHVW� GHVLJQ� RIIHUHG� SRVVLELOLWLHV� IRU�

LVRODWLQJ� WKH� LQIOXHQFH� RI� FXUUHQW� \HDU� LQVWUXFWLRQ� RQ� VWXGHQW� SHUIRUPDQFH� IURP�

SULRU� OHDUQLQJ� DQG� PDWKHPDWLFDO� DELOLW\�� ,Q� WKH� FURVV�VHFWLRQDO� GHVLJQ� RQO\� WKH�

FXUUHQW�VWDWXV�RI�HGXFDWLRQ�V\VWHP�FRXOG�EH�VWXGLHG��

,QVWUXPHQWDWLRQ�

7KH� DWWDLQHG� FXUULFXOXP� ZDV� GHWHUPLQHG� E\� DQ� LQWHUQDWLRQDO� PDWKHPDWLFV�

DFKLHYHPHQW�WHVW��)UHXGHQWKDO��������FULWLFL]HG�),06�EHFDXVH�WKH�EDQN�RI�WHVW�LWHPV�

GLG� QRW� DGHTXDWHO\� UHIOHFW� WKH� GLIIHUHQW� FXUULFXOD� IROORZHG� LQ� WKH� SDUWLFLSDWLQJ�

FRXQWULHV�� 6,06� VWURYH� IRU� D� EHWWHU� ILW� EHWZHHQ� WKH� LWHP� EDQNV� DQG� WKH� QDWLRQDO�

FXUULFXOD��7KH�FRQVWUXFWLRQ�RI�WKH�LQWHUQDWLRQDO�WHVW�ZDV�DQ�LQWHQVLYH�SURFHVV�DQG�D�

MRLQW� DFWLYLW\� EHWZHHQ� WKH� VWXG\� FHQWHUV� RI� WKH� SDUWLFLSDWLQJ� HGXFDWLRQ� V\VWHPV��

1DWLRQDO�VWXG\�FHQWHUV�FRQGXFWHG�SUHOLPLQDU\�VXUYH\V�WR�FROOHFW�GDWD�RI�WKH�LQWHQGHG�

QDWLRQDO�PDWKHPDWLFV�FXUULFXOXP��7KH�QDWLRQDO�GDWD�VHWV�ZHUH�DQDO\]HG�WR�FRQVWUXFW�

D� FRQWHQW�EHKDYLRU�JULG� �7UDYHUV� HW�DO����������7KH�FRQWHQW�GLPHQVLRQ�RI� WKH�JULG�

UHIHUV�WR�GLIIHUHQW�VWUDQGV��H�J���DULWKPHWLF��GHVFULSWLYH�VWDWLVWLFV�DQG�PHDVXUHPHQW��

ZKLFK�ZHUH�IXUWKHU�VXEGLYLGHG�DQG�UHILQHG��7KH�EHKDYLRU�GLPHQVLRQ�RI�WKH�WHVW�JULG�

UHIHUV� WR� IRXU� FRJQLWLYH� EHKDYLRU� FDWHJRULHV�� FRPSXWDWLRQ�� FRPSUHKHQVLRQ��

DSSOLFDWLRQ��DQG�DQDO\VLV���

3DUWLFLSDQWV� RI� WKH� SUHOLPLQDU\� VXUYH\V� LQ� WKH� FRXQWULHV� ZHUH� DVNHG� WR� SURYLGH�

H[DPSOHV�RI�KRZ�WKH\� LQWHUSUHWHG�WKH�FRQWHQW�EHKDYLRU�FRPELQDWLRQV��7KH\�ZHUH�
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DOVR�DVNHG�WR�SURYLGH�LWHPV�ILWWLQJ�LQ�HDFK�FHOO�RI�WKH�JULG��(DFK�FRXQWU\�KDG�DOVR�WKH�

RSSRUWXQLW\�WR�VSHFLI\�WKH�OHYHO�RI�LPSRUWDQFH�RI�HDFK�FHOO��7KH�ILQDO�UHVXOW�RI�WKHVH�

VXUYH\V�FRQVLVWHG�RI�D�WRSRJUDSK\�RI�WKH�LQWHUQDWLRQDO�FXUULFXOXP�LQ�WKH�IRUP�RI�WKH�

FRQWHQW�FRJQLWLYH� EHKDYLRU� JULG�� ZLWK� FHOOV� PDUNHG� 
YHU\� LPSRUWDQW� IRU� PRVW�

FRXQWULHV�
� 
LPSRUWDQW� IRU� PRVW� FRXQWULHV�
� 
LPSRUWDQW� IRU� VRPH� FRXQWULHV�
� DQG�


XQLPSRUWDQW�IRU�PRVW�FRXQWULHV�
�7KH�JULG�IRUPHG�D�VROLG�EDVLV�IRU�WKH�VHOHFWLRQ�RI�

LWHPV�IRU�WKH�LQWHUQDWLRQDO�PDWKHPDWLFV�DFKLHYHPHQW�WHVW��

�

$QRWKHU�FULWLFLVP�RQ�),06�ZDV�QRW�WDNHQ�LQWR�DFFRXQW�LQ�WKH�SUHSDUDWLRQ�VWDJH�RI�

6,06��WKH�IRUPDW�RI�WKH�WHVW�LWHPV�ZDV�RQO\�PXOWLSOH�FKRLFH�LQ�),06�DV�MXVW�ZHOO�DV�

LW�ZDV�LQ�6,06��6WXGHQW
V�NQRZOHGJH�RI�PDWKHPDWLFV�FDQ�EH�PHDVXUHG�E\�PHDQV�RI�

PXOWLSOH�FKRLFH� LWHPV��7KH� IUHH� UHVSRQVH� IRUPDW�FRXOG�SURYLGH�PRUH� LQVLJKW� WKDQ�

PXOWLSOH�FKRLFH�IRUPDW�LQ�WKH�ZD\�VWXGHQWV�LQWHUSUHW�WH[W�RU�GLDJUDPV�WR�GHVFULEH�RU�

H[SODLQ� SURFHGXUHV�� SURFHVVHV�� RU� PDWKHPDWLFV� FRQFHSWV� �%HDWRQ�� 0XOOLV�� HW� DO���

������� )UHH� UHVSRQVH� LWHPV� UHTXLUH� VWXGHQWV� WR� FRQVWUXFW� WKHLU� RZQ� DQVZHUV��

+RZHYHU��WKH�VFRULQJ�RI�IUHH�UHVSRQVH�LWHPV�LV�YHU\�ODERU�LQWHQVLYH��DQG�FRVWV�D�ORW�

RI�PRQH\���7KHUHIRUH��D�PL[�RI�IUHH�UHVSRQVH�DQG�PXOWLSOH�FKRLFH�LWHPV�LV�GHVLUDEOH�

IRU�DQ�LQWHUQDWLRQDO�DFKLHYHPHQW�WHVW��

$�WKRURXJK�FRYHUDJH�RI�WKH�FXUULFXOXP�DFURVV�FRXQWULHV�ZDV�PRUH�SRVVLEOH�LQ�6,06�

WKDQ� LQ�),06��EHFDXVH�6,06�XVHG�WZLFH�DV�PDQ\�LWHPV�WKDQ�),06��+RZHYHU��WKH�

6,06�DFKLHYHPHQW�WHVW�VWLOO�FRQWDLQHG�DQ�LQVXIILFLHQW�QXPEHU�RI�LWHPV�WR�SURYLGH�D�

IXOO�FRYHUDJH�RI�WKH�FXUULFXOD�DFURVV�FRXQWULHV��

$W�WKH�OHYHO�RI�WKH�LQWHQGHG�FXUULFXOXP��WKH�QDWLRQDO�FHQWHUV�ZHUH�DVNHG�WR�FRPSOHWH�

D�TXHVWLRQQDLUH�FRQWDLQLQJ�V\VWHP�OHYHO�EDFNJURXQG�LQIRUPDWLRQ�� LQFOXGLQJ�UDWLQJV�

RI�WKH�DSSURSULDWHQHVV�RI�HDFK�WHVW�LWHP�HPSOR\HG�LQ�WKH�VWXG\�IRU�VWXGHQWV�LQ�WKDW�

V\VWHP�� ,Q�6,06�SXEOLFDWLRQV� WKLV� LV�FDOOHG� 
,QWHQGHG�&RYHUDJH
�GDWD� �5RELWDLOOH�	�

*DUGHQ���������

�

,Q�RUGHU�WR�FROOHFW�GDWD�DW�WKH� LPSOHPHQWHG�FXUULFXOXP�OHYHO�LQ�6,06��D�YDULHW\�RI�

EDFNJURXQG� TXHVWLRQQDLUHV� ZHUH� GHYHORSHG�� 7KH� TXHVWLRQQDLUHV� FRQWDLQHG�

EDFNJURXQG�TXHVWLRQV�DQG�ZHUH�GLUHFWHG�WR�VFKRRO�SULQFLSDOV��WHDFKHUV�DQG�VWXGHQWV�

�7UDYHUV�HW�DO����������7KHVH�LQVWUXPHQWV�ZHUH�DGPLQLVWHUHG�ZLWKLQ�ERWK�WKH�FURVV�

VHFWLRQDO�DQG�WKH�ORQJLWXGLQDO�YHUVLRQ�RI�WKH�VWXG\��7KH�VFKRRO�SULQFLSDO�FRPSOHWHG�

WKH�VFKRRO�TXHVWLRQQDLUH�FRQFHUQLQJ�JHQHUDO�FKDUDFWHULVWLFV�RI�WKH�VFKRRO��WHDFKHUV��

WKH� PDWKHPDWLFV� FXUULFXOXP� DQG� WKH� VFKRRO� DQG� GHSDUWPHQWDO� SROLFLHV� DLPHG� DW�
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PDWKHPDWLFV� LQVWUXFWLRQ�� 7HDFKHUV� ZHUH� DVNHG� WR� ILOO� LQ� D� TXHVWLRQQDLUH� ZLWK�

EDFNJURXQG� TXHVWLRQV� DERXW� WKHLU� WHDFKLQJ� H[SHULHQFH�� WUDLQLQJ�� TXDOLILFDWLRQV��

EHOLHIV��DQG�DWWLWXGHV��7KH�WHDFKHUV�ZHUH�DOVR�DVNHG��LQ�ERWK�GHVLJQ�YHUVLRQV��WR�UDWH�

ZKHWKHU�WKH�FRQWHQW�QHHGHG�WR�UHVSRQG�WR�HDFK�LWHP�RQ�WKH�DFKLHYHPHQW�WHVWV�KDG�

EHHQ�WDXJKW�SUHYLRXV�WR�WKH�DGPLQLVWUDWLRQ�RI�WKH�6,06�WHVW��,Q�6,06�SXEOLFDWLRQV�

WKLV� LV� UHIHUUHG� WR� DV� 
,PSOHPHQWHG� &RYHUDJH
� �5RELWDLOOH� 	�*DUGHQ�� ������� ,W� LV�

FDOOHG� 
2SSRUWXQLW\�WR�/HDUQ
� �27/�� LQ� RWKHU� ,($� VWXGLHV� �VHH� IRU� H[DPSOH�� GH�

+DDQ����������

�

,Q� WKH�SUHWHVW�SRVWWHVW� VWXG\��PDWKHPDWLFV� WHDFKHUV�RI� WKH� WHVWHG�FODVVHV� ILOOHG�RXW�

H[WUD� TXHVWLRQQDLUHV� FRQWDLQLQJ� TXHVWLRQV� UHJDUGLQJ� FODVVURRP� SURFHVVHV�� 7KHVH�

TXHVWLRQV�GHDOW�PDLQO\�ZLWK�WKUHH�WRSLFV��7UDYHUV���������WKH�ZD\�WHDFKHUV�KDQGOHG�

VXEMHFW� PDWWHU� GXULQJ� WKH� \HDU�� IHDWXUHV� RI� WKH� RUJDQL]DWLRQ� RI� WKH� LQVWUXFWLRQDO�

SUDFWLFH�E\�WKH�WHDFKHU��DQG�WKH�EHOLHIV�RI�WKH�WHDFKHU�DERXW�HIIHFWLYH�WHDFKLQJ��2QH�

RI�WKH�WHDFKHU�TXHVWLRQQDLUHV�FRQWDLQHG�TXHVWLRQV�WR�DVVHVV�ZKDW�WHDFKLQJ�PHWKRGV�

ZRXOG�EH�XWLOL]HG�GXULQJ�WKH�VFKRRO�\HDU�LQ�WKH�WHDFKLQJ�RI�D�VHOHFWLRQ�RI�WRSLFV��7KH�

WRSLFV�ZHUH�VHOHFWHG�IURP�WKH�FRQWHQW�EHKDYLRU�WHVW�JULG��

7KH� VWXGHQWV� FRPSOHWHG� D� TXHVWLRQQDLUH� ZLWK� TXHVWLRQV� DERXW� WKHLU� SHUVRQDO�

EDFNJURXQG��H�J��SDUHQWV
�HGXFDWLRQDO�OHYHO�DQG�RFFXSDWLRQ���RXW�RI�VFKRRO�VXSSRUW�

�ERWK�IURP�WKHLU� IDPLOLHV�DQG� LQ�WKH�IRUP�RI�H[WUD�WXLWLRQ��DQG�WKHLU�DWWLWXGHV�DQG�

EHOLHIV� DERXW� PDWKHPDWLFV� LQ� WHUPV� RI� LPSRUWDQFH�� OLNLQJ�� DQG� GLIILFXOW\�� 7KH�


,PSOHPHQWHG�&RYHUDJH
�TXHVWLRQV�IURP�WKH�WHDFKHU�TXHVWLRQQDLUH�ZHUH�DOVR�DVNHG�

RI�VWXGHQWV��

8WLOLW\�RI�UHVXOWV�

7KH� 6,06� UHVXOWV� FRQVLVWHG� RI� WKUHH� SDUWV�� WKH� DFKLHYHPHQW� WHVW� UHVXOWV�� WKH�

GHVFULSWLYH�UHVXOWV�RI�WKH�TXHVWLRQQDLUH��DQG�WKH�UHVXOWV�RI�WKH�DQDO\VLV�RI�UHODWLRQV�

EHWZHHQ�DFKLHYHPHQW�DQG�VWXGHQW��FODVVURRP��DQG�VFKRRO�EDFNJURXQG�IDFWRUV��ERWK�

LQ� WKH� FURVV�VHFWLRQDO� DQG� WKH� SUHWHVW�SRVWWHVW� GHVLJQ��� (DFK� SDUW� RI� WKH� UHVXOWV�

UHFHLYHG�VRPH�²�SRVLWLYH�DQG�QHJDWLYH�²�FULWLFLVP��

$IWHU� WKH� FULWLFLVP� ),06� UHFHLYHG�� WKH� UHVHDUFKHUV� LQ� FKDUJH� RI� 6,06�ZHUH� YHU\�

FDUHIXO� WR� SUHYHQW� D� VLPSOH� OLVW� RI� FRXQWULHV� UDQNHG� E\� VWXGHQW� DFKLHYHPHQW� LQ�

PDWKHPDWLFV�DV�WKH�PDLQ�UHVXOW�RI�WKH�VWXG\��,Q�WKUHH�6,06�UHSRUWV��%XUVWHLQ��������

5RELWDLOOH� 	� *DUGHQ�� ������ 7UDYHUV� 	� :HVWEXU\�� ������ WKH� UHVSRQVHV� WR� WKH�

DFKLHYHPHQW� WHVW� DQG� TXHVWLRQQDLUHV� FROOHFWHG� LQ� WKH� FURVV�VHFWLRQDO� GHVLJQ� ZHUH�



,($
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SUHVHQWHG�DW�D�GHVFULSWLYH�OHYHO��$FKLHYHPHQW�UHVXOWV�ZHUH�SUHVHQWHG�LQ�WKH�IRUP�RI�

UDQNHG� OLVWV�RI� FRXQWULHV��+RZHYHU��PDQ\� VFKRRO�� FODVVURRP�WHDFKHU�� DQG� VWXGHQW�

YDULDEOHV� ZHUH� UHSRUWHG� DV� ZHOO�� )RU� H[DPSOH�� WHDFKHU� SUDFWLFHV� ZHUH� SUHVHQWHG�

SDUWO\�LQ�WHUPV�RI�WKH�PRVW�FRPPRQ�DSSURDFK�LQ�HDFK�FRXQWU\�DQG�DFURVV�FRXQWULHV�

�H�J���
FKDON�DQG�WDON�
�ZKROH�FODVV�LQVWUXFWLRQ��DQG�D�KHDY\�UHOLDQFH�RQ�WKH�WH[WERRN���

&ODVV� VL]H� LV� DQRWKHU� H[DPSOH� RI� D� FODVVURRP� YDULDEOH� WKDW�ZDV�PHDVXUHG�� ,Q� WKH�

UHSRUW�� IRU� HDFK� FRXQWU\� WKH� UHODWLRQ�EHWZHHQ� WKLV�YDULDEOH� DQG�DFKLHYHPHQW� OHYHO�

ZDV�GHVFULEHG� LQ� WHUPV�RI��VRPH� FRXQWULHV�ZLWK� UHODWLYHO\� ODUJH� FODVV� VL]HV�SHUIRUPHG�DW� WKH�

KLJKHVW�OHYHO��+RQJ�.RQJ�IRU�H[DPSOH���7UDYHUV�	�:HLQ]ZHLJ��������S�������6XFK�UHODWLRQV�

ZHUH� SUHVHQWHG� ZLWKRXW� DQ\� FRUUHODWLRQ� FRHIILFLHQW� RU� DQRWKHU� PHDVXUH� IRU� WKH�

UHODWLRQVKLS�XQGHU�LQYHVWLJDWLRQ��

:LWK�UHJDUG�WR�WKH�DSSUDLVDOV�RI�WKH�DSSURSULDWHQHVV�RI�WKH�DFKLHYHPHQW�WHVW��LW�ZDV�

FRQFOXGHG� WKDW� WKH� VWXGHQWV
� DQG� WHDFKHUV
� UHVSRQVHV� WR� WKH�2SSRUWXQLW\�WR�OHDUQ�

TXHVWLRQV� PDWFKHG� TXLWH� ZHOO� �5RELWDLOOH� 	�*DUGHQ�� ������� 7HDFKHUV� DJUHHG� WKDW�

PRVW�RI�WKH�LWHPV�LQ�WKH�SRSXODWLRQ�$�DFKLHYHPHQW�WHVWV�FRQFHUQHG�WRSLFV�WKDW�ZHUH�

SDUW�RI�WKH�FXUULFXOXP��7KXV��WKH�FRQWHQW�RI�WKH�PDWKHPDWLFV�LWHPV�ZDV�DSSURSULDWH�

IRU�PRVW�RI�WKH�FRXQWULHV��ZKLFK�PHDQV�WKDW�WKH�PDMRULW\�RI�WKH�LWHPV�ZDV�UDWHG�DV�

SDUW�RI�WKH�LPSOHPHQWHG�FXUULFXOXP�RI�PRVW�RI�WKH�FRXQWULHV��

2QH�RI�WKH�UHODWLRQV�GHVFULEHG�EHWZHHQ�WKH�FRXQWU\�PHDQ�VFRUH�RQ�WKH�PDWKHPDWLFV�

WHVW� DQG� VWXGHQWV
� DWWLWXGHV� WRZDUG�PDWKHPDWLFV��ZDV� WKH� WRS�SHUIRUPDQFH�RQ� WKH�

LQWHUQDWLRQDO� WHVW� RI� -DSDQHVH� VWXGHQWV� DQG� WKHLU� QHJDWLYH� RSLQLRQ� DERXW� WKH�

DWWUDFWLYHQHVV�DQG�GLIILFXOW\�RI�WKH�VXEMHFW��

�

)RU� VRPH� FRXQWULHV� LW� LV� NQRZQ� WKDW� JRYHUQPHQWV� VWDUWHG� WR� FKDQJH� WKH�

PDWKHPDWLFV� HGXFDWLRQ� LQ� VRPH� ZD\� DIWHU� WKH� 6,06� UHVXOWV� EHFDPH� SXEOLF�� )RU�

H[DPSOH�� LQ� 6ZHGHQ� WKH� UHVXOWV� RI� WKH� VWXG\� OHG� WR� D� KXJH� LQ�VHUYLFH� WUDLQLQJ�

SURJUDP�IRU�PDWKHPDWLFV�WHDFKHUV��,Q�WKH�8QLWHG�6WDWHV�WKH�6,06�UHVXOWV�IRUPHG�DQ�

LPSRUWDQW� LPSXOVH�WR�VHW�VWDQGDUGV�IRU�PDWKHPDWLFV�ZKLFK�ZHUH�GHYHORSHG�E\�WKH�

1DWLRQDO�&RXQFLO�RQ�WKH�7HDFKLQJ�RI�0DWKHPDWLFV��3ODQV�ZHUH�GHYHORSHG�WKHUH�WR�

PRQLWRU�WKH�VWDWXV�DQG�SURJUHVV�RI�PDWKHPDWLFV�WHDFKLQJ�DQG�OHDUQLQJ�WKURXJK�WKH�

GLIIXVLRQ�RI�LWV�UHVXOWV�DQG�LWV�PHWKRGRORJ\�LQWR�QDWLRQDO�DQG�VWDWH�OHYHO�HGXFDWLRQDO�

DVVHVVPHQW� DQG� LQGLFDWRU� HIIRUWV�� ,Q� 1HZ� =HDODQG� 6,06� UHVXOWV� LQIOXHQFHG� DQ�

RQJRLQJ� FXUULFXOXP� UHYLVLRQ�RI�PDWKHPDWLFV� DQG� WKH� GHYHORSPHQW� RI� SUHWHVWV�E\�

WRSLF�DUHD�VR�WHDFKHUV�ZRXOG�KDYH�D�EHWWHU�YLHZ�RI�ZKDW�VWXGHQWV�NQHZ�FRPLQJ�LQWR�

WKHLU�FODVVURRPV��.LIHU�	�%XUVWHLQ���������
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&ULWLFLVP�

&ULWLFLVP�RQ�6,06�ZDV�GLUHFWHG�WR�WKUHH�WRSLFV��WKH�FURVV�QDWLRQDO�FRPSDUDELOLW\�RI�

VFRUHV� RQ� EDFNJURXQG� YDULDEOHV� DQG� WKH� DFKLHYHPHQW� WHVW�� WKH� SUHWHVW�SRVWWHVW�

GHVLJQ��DQG�WKH�H[SODQDWRU\�SRZHU�RI�WKH�UHVXOWV��

�

&URVV�QDWLRQDO�FRPSDUDELOLW\�RI�EDFNJURXQG�YDULDEOHV�

,Q� 6,06� ²� GLIIHUHQW� IURP� ),06� ²� RQH� RI� WKH� JRDOV� ZDV� WKH� H[SOLFDWLRQ� DQG�

HVWLPDWLRQ� RI� D� FDXVDO� PRGHO� XQGHUO\LQJ� DFDGHPLF� DFKLHYHPHQW� LQ� GLIIHUHQW�

FRXQWULHV�� $V� VWDWHG�� EDFNJURXQG� IDFWRUV� ZHUH� PHDVXUHG� E\� PHDQV� RI� ZULWWHQ�

TXHVWLRQQDLUHV� DW� GLIIHUHQW� HGXFDWLRQDO� OHYHOV�� VWXGHQW�� FODVVURRP�� VFKRRO� DQG�RU�

HGXFDWLRQ� V\VWHP�� 6FKPLGW� DQG� .LIHU� ������� WULHG� WR� ILQG� UHODWLRQVKLSV� EHWZHHQ�

DFKLHYHPHQW� DQG� FKDUDFWHULVWLFV� RI� VWXGHQWV�� WHDFKHUV�� FODVVURRPV�� DQG� VFKRROV��

7KH\�DSSOLHG�FRPSDUDEOH�FODVVLFDO�OHDVW�VTXDUHV�UHJUHVVLRQ�DQDO\VHV�IRU�HDFK�V\VWHP��

%HFDXVH�RI�WKH�KLHUDUFKLFDO�QDWXUH�RI�WKH�GDWD�VHWV�PXOWLVWDJH�UHJUHVVLRQ�SURFHGXUHV�

ZHUH�HPSOR\HG�WR�H[DPLQH�WKH�MRLQW�FRQWULEXWLRQ�RI�DOO�FKDUDFWHULVWLFV�WR�DFDGHPLF�

DFKLHYHPHQW�� (DFK� DQDO\VLV� ZDV� D� UHSOLFDWH�� 7KH� UHVXOWV� ZHUH� LQWHUSUHWHG� LQ� WZR�

ZD\V��)LUVW��WKH�H[WHQW�WR�ZKLFK�WKH�UHODWLRQVKLSV�ZHUH�JHQHUDOL]DEOH�DFURVV�V\VWHPV�

DQG� VHFRQG�� WKH� H[WHQW� WR� ZKLFK� ILQGLQJV� ZHUH� XQLTXH� ZLWKLQ� D� V\VWHP�� 7KH�

UHVHDUFKHUV�VWUHVVHG�WKDW�WKHVH�DQDO\VLV�ZHUH�IDU�IURP�FRPSOHWH���LW�UHSUHVHQWV�OLWWOH�PRUH�

WKDQ�D� ILUVW�SDVV�RYHU� WKH�GDWD�� �7UDYHUV�HW�DO��������S������7KH�QXPEHU�RI�VWDWLVWLFDOO\�

VLJQLILFDQW� UHJUHVVLRQ� FRHIILFLHQWV� LQGLFDWLQJ� UHODWLRQVKLSV�EHWZHHQ� VWXGHQW� IDFWRUV�

DQG� DFKLHYHPHQW� VFRUHV�� DQG� EHWZHHQ� FODVVURRP� DQG� VFKRRO� IDFWRUV� DQG�

DFKLHYHPHQW� VFRUHV� IRU� LQGXVWULDOL]HG� FRXQWULHV� UDQJHG� IURP� �� LQ� (QJODQG� DQG�

:DOHV�WR����LQ�)LQODQG��6FKPLGW�DQG�.LIHU��������VXJJHVWHG�D�IHZ�UHDVRQV�IRU�WKHVH�

VXEVWDQWLDO�GLIIHUHQFHV�DFURVV�FRXQWULHV���

)LUVW��WKH\�PHQWLRQ��WKH�TXDOLW\�RI�WKH�GDWD�DQG�WKH�H[WHQW�WR�ZKLFK�YDULDEOHV��WKRXJK�ODEHOHG�

WKH�VDPH��GR�QRW�PHDQ�H[DFWO\�WKH�VDPH�WKLQJV�LQ�GLIIHUHQW�V\VWHPV���6FKPLGW�	�.LIHU��������S��

������ $FFRUGLQJ� WR� WKH� DXWKRUV� WKH� PRVW� LPSRUWDQW� LVVXH� WKDW� FDQ� H[SODLQ� WKH�

GLIIHUHQFHV�LV�WKH�GLIIHUHQFH�LQ�FRQWH[W�LQ�ZKLFK�VFKRROV�DQG�WHDFKHUV�RSHUDWH��6XFK�

GLIIHUHQFHV�FDQ�DFFRXQW�IRU�GLVSDULWLHV�LQ�WKH�ZD\�IDFWRUV�DUH�VWDWLVWLFDOO\�UHODWHG�WR�

DFKLHYHPHQW� OHYHOV�� )DFWRUV� ZKLFK� VHHPHG� WR� EH� DSSURSULDWH� IRU� RQH� HGXFDWLRQ�

V\VWHP�ZLWK�WKHLU�RZQ�FRQWH[W�GR�QRW�RSHUDWH�LQ�WKH�VDPH�ZD\�LQ�RWKHU�V\VWHPV�ZLWK�

RWKHU�FRQWH[WV��&RPSDULVRQV�EHWZHHQ�GHYHORSLQJ�DQG�GHYHORSHG�FRXQWULHV�VKRZHG�

ELJ�GLIIHUHQFHV�DFURVV� V\VWHPV�DV�ZHOO��)RU� LQVWDQFH�� LQ� WKH�1LJHULDQ�GDWD� VHW�RQO\�

WZR�UHJUHVVLRQV�FRHIILFLHQWV�WXUQHG�RXW�WR�EH�VLJQLILFDQW���
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6HFRQG�� 6FKPLGW� DQG� .LIHU� ������� VKRZHG� IDU� PRUH� VLJQLILFDQW� IDFWRUV� DW� WKH�

VWXGHQW�OHYHO�WKDQ�DW�WKH�VFKRRO�DQG�FODVVURRP�OHYHO��7KH�DXWKRUV�PHQWLRQHG�VRPH�

PHWKRGRORJLFDO� UHDVRQV� IRU� WKLV� GLVFUHSDQF\�� )RU� H[DPSOH�� WKH� VDPSOH� VL]H� IRU�

VWXGHQWV�ZDV� ODUJHU� WKDQ�IRU�VFKRROV�DQG�FODVVURRPV�DQG�WKH�FRQFHSWXDOL]DWLRQ�RI�

WKH�VWXGHQW�IDFWRUV�ZDV�EHWWHU�WKDQ�WKRVH�RI�WKH�VFKRRO�DQG�FODVVURRP��7KH�VWXGHQW�

IDFWRUV�KDYH�VKRZQ�WR�EH�VWDEOH�SUHGLFWRUV�LQ�SUHYLRXV�VWXGLHV�DQG�WKH�VFKRRO�DQG�

FODVVURRP� IDFWRUV� KDYH� QRW�� ,Q� 6,06� IDFWRUV�ZHUH� RSHUDWLRQDOL]HG� DW� VFKRRO� DQG�

FODVVURRP� OHYHO� DV� VWDWXV� YDULDEOHV� LQVWHDG� RI� SURFHVV� YDULDEOHV�� 2EVHUYDWLRQV� RI�

FODVVURRPV�RU� VFKRROV�ZHUH�QRW� LQFOXGHG� LQ�6,06��2EVHUYDWLRQ�PLJKW�EH� D�PRUH�

DSSURSULDWH�PHWKRG� WR� FROOHFW� SURFHVV� GDWD�� EXW� LV� UHODWLYHO\� H[SHQVLYH� IRU�PDQ\�

SDUWLFLSDWLQJ�HGXFDWLRQ�V\VWHPV��

�

,W� FDQ� EH� DUJXHG� WKDW� WKH� DSSOLFDWLRQ� RI� PXOWL�OHYHO� WHFKQLTXHV� LQVWHDG� RI� WKH�

PXOWLVWDJH�UHJUHVVLRQ�SURFHGXUHV�FRXOG�KDYH�GHOLYHUHG�PRUH�GHVLUDEOH�UHVXOWV�IURP�

6,06��2WKHU�UHVHDUFKHUV�DSSOLHG�PXOWLOHYHO�WHFKQLTXHV�WR�DQDO\]H�WKH�6,06�GDWD�VHWV�

IURP�WKH�FURVV�VHFWLRQDO�GHVLJQ�WR�ILQG�JHQHUDOL]DWLRQV�DFURVV�HGXFDWLRQ�V\VWHPV�RI�

LQVWUXFWLRQDO�DQG�VFKRRO�HIIHFWLYHQHVV�LQGLFDWRUV��6FKHHUHQV��9HUPHXOHQ�	�3HOJUXP��

������� 7KH\� IRXQG� WKDW� RQO\� WZR� SRWHQWLDOO\� HIIHFWLYH� IDFWRUV� WXUQHG� RXW� WR� KDYH�

FOHDU�DQG�FRQVLVWHQW��DFURVV�FRXQWULHV��SRVLWLYH�HIIHFWV�RQ�DFKLHYHPHQW��RSSRUWXQLW\�

WR� OHDUQ� �WHVW� LWHPV�FRYHUHG� LQ�PDWKHPDWLFV� OHVVRQV�� LQ���RXW�RI����FRXQWULHV�DQG�

WHDFKHU�H[SHFWDWLRQV��HVWLPDWH�E\�WKH�WHDFKHU�RI�WKH�QXPEHU�RI�VWXGHQWV�ZKR�EHORQJ�

WR�WKH�WRS�EDQG�LQ�PDWKHPDWLFV��LQ����RXW�RI����FRXQWULHV��

6FKHHUHQV� DQG� %RVNHU� ������� ZDUQHG� IRU� D� FRQWDPLQDWLRQ� HIIHFW� ZLWK� WKH�

DFKLHYHPHQW� PHDVXUH� �WKH� LQWHUQDWLRQDO� ,($� PDWKHPDWLFV� WHVW�� VLQFH� WKH�

RSHUDWLRQDOL]DWLRQ�RI�WKH�WZR�HIIHFWLYH�IDFWRUV�LV�VWURQJO\�UHODWHG�WR�WKH�FRQWHQWV�RI�

WKH� WHVW�� ,Q� D� OLPLWHG� QXPEHU� RI� FRXQWULHV� D� IHZ� RWKHU� IDFWRUV�ZHUH� LGHQWLILHG� DV�

DIIHFWLQJ�DFKLHYHPHQW��6FKHHUHQV�HW�DO���������FODVV�VL]H��SRVLWLYH�HIIHFW���KRPHZRUN��

WHDFKHU�H[SHULHQFH�� WLPH�VSHQW�RQ�WHDFKLQJ��DQG�WLPH�VSHQW�RQ�NHHSLQJ�RUGHU��WKH�

ODWWHU�KDG�D�QHJDWLYH�HIIHFW���

&ULWLFV� DOVR� IRFXVHG� RQ� EDFNJURXQG� IDFWRUV�ZKLFK�ZHUH� QRW� LQFOXGHG� LQ� WKH� 6,06�

TXHVWLRQQDLUHV��+RZVRQ� ������� HPSKDVL]HG� WKH� LPSRUWDQFH� RI� LQFOXGLQJ� IDFWRUV� DW�

FRXQWU\�OHYHO�VXFK�DV�UHVRXUFHV��QDWLRQDO�LQYHVWPHQW�ILJXUHV�H�J���IRU�WHDFKHUV�DQG�IRU�

FODVVURRP�PDWHULDOV�DQG�HTXLSPHQW��DQG�WKH�VWDWXV�HGXFDWLRQ�KDV�LQ�D�FRXQWU\��KRZ�

LPSRUWDQW� HGXFDWLRQ� LV� IRU�SHRSOH��ZKDW� WKH� VWDWXV� LV�RI� WKH� WHDFKHU
V� MRE���+H�DOVR�

SOHDGV� IRU� VWXGHQW� IDFWRUV� OLNH� PRWLYDWLRQ�� SHUFHQWDJH� RI� KRXUV� VSHQW� DW� VFKRRO�

GHYRWHG�WR�KRPHZRUN��DQG�RSWLQJ�IRU�PDWKHPDWLFV�RU�SK\VLFV�DW�WKH�XQLYHUVLW\�OHYHO��
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)XUWKHUPRUH��5RELWDLOOH�DQG�*DUGHQ��������PHQWLRQ�WKH�WUDQVODWLRQ�SURFHVV��(DFK�

LQVWUXPHQW� KDG� WR� EH� WUDQVODWHG� IURP�(QJOLVK� LQWR� WKH� FRXQWU\
V� ODQJXDJH��ZKLFK�

FRXOG� ²� GHVSLWH� RI� WKH� H[HFXWLRQ� RI� TXDOLW\� FRQWURO� SURFHGXUHV� VXFK� DV� EDFN�

WUDQVODWLRQ� ²� FDXVH� SUREOHPV� LQ� WKH� XQGHUVWDQGLQJ� RI� VRPH� TXHVWLRQV�� 7KH\�

HPSKDVL]HG� WKDW� WKH� FRPSDUDELOLW\� RI� YDULDEOHV� GHSHQGV� RQ� WKH� ZD\� WKH\� ZHUH�

WUDQVODWHG�DQG�PHDVXUHG�LQWHUQDWLRQDOO\�DQG�RQ�WKH�LPSRUWDQFH�WKH�YDULDEOHV�KDYH�LQ�

HDFK�HGXFDWLRQ�V\VWHP��

�

*HQHUDOO\��RSSRUWXQLWLHV�UHVHDUFKHUV� LQ�WKH�GLIIHUHQW�FRXQWULHV�KDYH�WR�PHDVXUH�DOO�

NLQGV� RI� YDULDEOHV� DUH� ERWK� YDULRXV� DQG� OLPLWHG�� 7LPH� FRQVWUDLQWV� DUH� LPSRUWDQW��

ILOOLQJ� RXW� D� TXHVWLRQQDLUH� VKRXOG� QRW� WDNH�PRUH� WKDQ� DERXW� RQH� KRXU�� RWKHUZLVH�

UHVSRQGHQWV� DUH� QRW�ZLOOLQJ� WR� FRPSOHWH� LW� VHULRXVO\��*LYHQ� VXFK� FRQVWUDLQWV�� WKH�

QXPEHU�RI�GDWD�FROOHFWLRQV�DQG�WKH�QXPEHU�RI�YDULDEOHV�WKDW�FDQ�EH�RSHUDWLRQDOL]HG�

LQ�D�TXHVWLRQQDLUH�LV�DOVR�OLPLWHG���

�

$FKLHYHPHQW�WHVW�

7KH� DFKLHYHPHQW� WHVW� GHYHORSHG� DQG� DGPLQLVWHUHG� LQ� 6,06�ZDV� FULWLFL]HG� E\� WKH�

VWXG\� GLUHFWRUV� �5RELWDLOOH�	�*DUGHQ�� ������ DQG�RWKHU� UHVHDUFKHUV��7KH� H[WHQW� WR�

ZKLFK�WKH�DFKLHYHPHQW�ZDV�
HTXDOO\�XQIDLU
�IRU�DOO�SDUWLFLSDWLQJ�V\VWHPV�ZDV�QRW�VHHQ�

DV� RSWLPDO�� ,Q� VRPH� FRXQWULHV� WKH� ILW� EHWZHHQ� WKH� WHVW� DQG� WKH� LQWHQGHG� DQG�

LPSOHPHQWHG�FXUULFXOXP�PLJKW�KDYH�EHHQ�EHWWHU�WKDQ�LQ�RWKHUV��$V�ORQJ�DV�DQ\�RQH�

FRXQWU\� LV� FRQYLQFHG� WKDW� WKH� WHVW� LV� DV� XQIDLU� IRU� WKHLU� RZQ� VWXGHQWV� DV� LW� LV� IRU�

VWXGHQWV� LQ�DOO�RWKHU�SDUWLFLSDWLQJ�FRXQWULHV�� WKH� WHVW�VKRXOG�EH�GHYHORSHG�IXUWKHU��

+RZHYHU��WKH�UHVXOWV�RI�WKH�RSSRUWXQLW\�WR�OHDUQ��27/��DQDO\VLV�LQGLFDWHG�WKDW�WKH�

6,06�DFKLHYHPHQW�WHVW�ZDV�UDWKHU�UREXVW�DFURVV�FRXQWULHV��

�

2SSRUWXQLW\�WR�OHDUQ��27/��LV�DQ�LPSRUWDQW�PHDVXUH�IRU�LQWHUSUHWLQJ�DFKLHYHPHQW�

UHVXOWV� DFURVV� FRXQWULHV� SURSHUO\�� ,Q� 6,06�� WKH�27/� GDWD�ZHUH� XVHG� WR� VHOHFW� VR�

FDOOHG� 
V\VWHP� VSHFLILF� LWHPV
� WKRVH� LWHPV� RI� ZKLFK� DW� OHDVW� ���� RI� WKH� WHDFKHUV�

MXGJHG�WKH\�DUH�DSSURSULDWH�IRU�WKHLU�VWXGHQWV��7KH�UHVXOWV�SHU�HGXFDWLRQ�V\VWHP�RQ�

WKH�GLIIHUHQW� VHWV�RI� V\VWHP� VSHFLILF� LWHPV�ZHUH�PRUH�RU� OHVV� FRPSDUDEOH� WR�HDFK�

RWKHU��+HQFH��WKH�UHODWLYH�SRVLWLRQ�RI�D�V\VWHP�LQ�WKH�OLVW�RI�WKH�HLJKW�SDUWLFLSDWLQJ�

V\VWHPV�LQ�WKH�ORQJLWXGLQDO�GHVLJQ�ZDV�QRW�DIIHFWHG�E\�WKH�LWHP�VHW�WKDW�ZDV�FKRVHQ�

DV�WKH�DFKLHYHPHQW�PHDVXUH�RI�FRPSDULVRQ��%XUVWHLQ���������

�
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&URVV�VHFWLRQDO�YHUVXV�SUHWHVW�SRVWWHVW�GHVLJQ�

0DQ\� LQWHUQDWLRQDO� VWXGLHV� DUH� FURVV�VHFWLRQDO�� ZKLFK� OLPLWV� WKH� SRVVLELOLWLHV� IRU�

FDXVDO�PRGHOLQJ��7KH�HQWU\�OHYHO�NQRZOHGJH�RI�VWXGHQWV�KDV�QRW�EHHQ�PHDVXUHG�LQ�

PDQ\�FURVV�VHFWLRQDO� VWXGLHV��7KHUHIRUH�� WKH�FXUUHQW� VWDWXV� LQ�DFKLHYHPHQW�FDQ�EH�

VWXGLHG��EXW�JURZWK�FDQQRW��,Q�WKHVH�VWXGLHV�LW�LV�QRW�SRVVLEOH�WR�HVWLPDWH�HIIHFWV�WKDW�

DUH� DWWULEXWDEOH� WR� WHDFKHU� RU� FODVVURRP� FKDUDFWHULVWLFV� IURP� WKH� HGXFDWLRQDO�

H[SHULHQFH� LQ�WKH�JUDGHV�WKDW�DUH�EHLQJ�VWXGLHG��6XFK�HIIHFWV�DUH�FRQIRXQGHG�ZLWK�

DJJUHJDWHG� VWXGHQW� FKDUDFWHULVWLFV� ZKLFK� DUH� WKHPVHOYHV� UHODWHG� WR� SULRU�

DFKLHYHPHQW��6FKPLGW�	�.LIHU���������

7KH�GHSHQGHQFH�RI� WKH� UHODWLRQVKLSV�EHWZHHQ�SUHGLFWRUV�RQ� WKH�NLQG�RI�GHVLJQ�²�

ZLWK�RU�ZLWKRXW�D�SUHWHVW�²�LV�VWUHVVHG�E\�6FKPLGW�DQG�.LIHU���������,I�UHODWLRQVKLSV�

DUH� HVWLPDWHG� LQ� D� FURVV�VHFWLRQDO� GHVLJQ�� WKH�PHDQLQJ� FDQ� EH� GLIIHUHQW� IURP� WKH�

HVWLPDWLRQV�LQ�D�SUHWHVW�SRVWWHVW�GHVLJQ��$W�WKH�VDPH�WLPH��WKH�VHW�RI�YDULDEOHV�ZKLFK�

SRWHQWLDOO\� LQIOXHQFH� WKH� RXWSXW� YDULDEOH� �HLWKHU� D� VWDWXV� DFKLHYHPHQW� VFRUH� RU� D�

JURZWK�VFRUH��FDQ�EH�GLIIHUHQW��

5HVXOWV� RI� WKH� WZR� GHVLJQ� YHUVLRQV� DSSOLHG� LQ� 6,06� VKRZHG� DGYDQWDJHV� RI� WKH�

LQFOXVLRQ� RI� D� SUHWHVW� DQG� D� TXHVWLRQQDLUH� ZLWK� SURFHVV� YDULDEOHV� �6FKPLGW� 	�

%XUVWHLQ���������$QDO\VHV�ZHUH�FRQGXFWHG�RQ�WKH�GDWD�VHWV�RI�DOO�HLJKW�SDUWLFLSDWLQJ�

HGXFDWLRQ�V\VWHPV�LQ�WKH�ORQJLWXGLQDO�YHUVLRQ�RI�WKH�VWXG\�GHVLJQ��7KH�UHVHDUFKHUV�

UHSRUWHG� ELDV� RI� UHJUHVVLRQ� FRHIILFLHQWV� FDXVHG� E\� D� ODFN� RI� SUHWHVW� VFRUHV� LQ� WKH�

FURVV�VHFWLRQDO�GHVLJQ��2Q�DYHUDJH��LQ�HDFK�V\VWHP�WKH�OHYHO�RI�VWDWLVWLFDO�VLJQLILFDQFH�

FKDQJHG�IRU�PRUH�WKDQ�KDOI�RI�DOO�UHJUHVVLRQ�FRHIILFLHQWV�FDOFXODWHG�ZKHQ�WKH�SUHWHVW�

VFRUHV�ZHUH�LQFOXGHG�LQ�WKH�GDWD�DQDO\VLV��

�

([SODQDWRU\�SRZHU�RI�6,06�UHVXOWV�

7KH� ORQJLWXGLQDO� GHVLJQ� LQ� 6,06�SURYLGHG�PRUH� RSSRUWXQLWLHV� WKDQ� WKH�RQH�VKRW�

VWXG\� WR�GHVFULEH�GLIIHUHQFHV� DFURVV� HGXFDWLRQ� V\VWHPV� LQ�PDWKHPDWLFV� HGXFDWLRQ��

+RZHYHU��DYDLODEOH�UHVXOWV�RI�DQDO\VHV�RQ�6,06�GDWD�²�LQFOXGLQJ�WKH�SUHWHVW�UHVXOWV�²�

RIIHU� IHZ�SRVVLELOLWLHV� IRU� H[SODLQLQJ� WKH�GLIIHUHQFHV��7KXV��SROLF\PDNHUV�FRXOG�XVH�

6,06�UHVXOWV�DV�D�PLUURU��EXW�QRW�UHDOO\�DV�D�EDVLV�IRU�SODQQLQJ�WKH�LPSOHPHQWDWLRQ�

RI�FRQFUHWH�FKDQJHV�LQ�WKHLU�HGXFDWLRQDO�V\VWHP��

6FKPLGW� DQG� %XUVWHLQ� ������� VWUHVV� RQH� JHQHUDO� FRQVWUDLQW� RI� LQWHUQDWLRQDO�

FRPSDUDWLYH� DFKLHYHPHQW� VWXGLHV� LQ� HGXFDWLRQ�� &XOWXUDO� WUDGLWLRQV� DQG� VSHFLILF�

FRQWH[W� ZLWKLQ� V\VWHPV� SUHYHQW� UHVHDUFKHUV� IURP� SUHGLFWLQJ� ZKDW� ZLOO� KDSSHQ� LI�

VXFFHVVIXO� WHDFKHU� SUDFWLFHV� �DFFRUGLQJ� WR� 6,06� DQDO\VLV�� IURP� D� V\VWHP� ZLOO� EH�
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DGRSWHG�E\�DQRWKHU�V\VWHP��7KH�SROLWLFDO�FRQWH[W�DQG�WKH�FXUULFXOXP�FRQWH[W��EXW�

DOVR� WKH� LQGLYLGXDO� SHGDJRJLFDO� DQG� GLGDFWLFDO� EHOLHIV� RI� WHDFKHUV� DQG� VFKRRO�

SULQFLSDOV� FDQ�EH�YHU\�GLIIHUHQW�EHWZHHQ� V\VWHPV��0RUHRYHU�� VXFK�FRQWH[W� IDFWRUV�

DUH�KDUG�WR�GHILQH�DQG�WR�PHDVXUH�LQ�D�/,1&$6�DQG�HYHQ�LI�GDWD�RQ�WKHVH�IDFWRUV�

DUH�FROOHFWHG��WKH�IDFWRUV�DUH�KDUG�WR�FKDQJH�ZLWKLQ�DQ�HGXFDWLRQ�V\VWHP��

�

2QH�RI�WKH�LQWHUHVWLQJ�SRLQWV�LQ�GLVFXVVLQJ�SUHGHFHVVRUV�RI�7,066�LV�WKH�TXHVWLRQ�

�ZKDW� FRXOG� WKH� IRXQGHUV� RI� 7,066� OHDUQ� DIWHU� VWXG\LQJ� WKH� FULWLFLVP� IURP�

UHVHDUFKHUV��SROLF\PDNHUV��DQG�RWKHU�SHRSOH�ZKR�WULHG�WR�PDNH�XVH�RI�WKH�EHQHILWV�

RI�),06�DQG�6,06"��,Q�WKH�QH[W�VHFWLRQ�WKH�EHQHILWV�DQG�OLPLWDWLRQV�RI�),06�DQG�

6,06�DUH�VXPPDUL]HG��

���� :+$7 &28/'7,066�/($51 )520 ,76 35('(&(66256"�

)URP�WKH�UHYLHZV�RI�),06�DQG�6,06�D�SLFWXUH�FDQ�EH�GUDZQ�RI� WKH�EHQHILWV�DQG�

OLPLWDWLRQV� RI� WKHVH� WZR� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV� RQ� PDWKHPDWLFV�

DFKLHYHPHQW�IURP�ZKLFK�7,066�FRXOG�SURILW��

&RQVLGHULQJ�WKH�GHYHORSPHQW�RI�WKH�JRDOV�DQG�IXQFWLRQV�RI�,($�VWXGLHV�LQ�PDWKHPDWLFV�

VLQFH�����V��LW�FDQ�EH�VWDWHG�WKDW�WKH�JRDOV�KDYH�EHFRPH�PRUH�DQG�PRUH�DPELWLRXV��

,W�LV�FOHDU�WKDW�WKH�JHQHUDO�JRDO�RI�),06�DQG�6,06�ZDV�WR�PHDVXUH�DFKLHYHPHQW�LQ�

PDWKHPDWLFV��FURVV�QDWLRQDOO\��7KH�PRVW�LPSRUWDQW�UHVXOW�RI�),06�ZDV�D�UDQNHG�OLVW�

RI�SDUWLFLSDWLQJ�FRXQWULHV��7KH�GHVFULSWLRQ�RI�GLIIHUHQFHV�EHWZHHQ�FRXQWULHV�LQ�PHDQ�

DFKLHYHPHQW� VFRUHV� ZDV� GRPLQDQW�� $WWHPSWV� WR� XQGHUVWDQG� WKH� GLIIHUHQFHV� ZHUH�

KDUGO\� PDGH�� ),06� ZDV� SULPDULO\� DQ� LQYHVWLJDWLRQ� WR� FKHFN� WKH� IHDVLELOLW\� RI�

VWXG\LQJ�VFKRROV�DQG�VFKRROLQJ�FURVV�QDWLRQDOO\��

6,06� ZDV� GHVLJQHG� LQ� D� PRUH� VRSKLVWLFDWHG� ZD\� WKDQ� ),06�� 1HYHUWKHOHVV��

XQGHUVWDQGLQJ�GLIIHUHQFHV�LQ�PDWKHPDWLFV�DFKLHYHPHQW�DFURVV�HGXFDWLRQ�V\VWHPV�LQ�

WHUPV� RI� GLIIHUHQFHV� LQ� EDFNJURXQG� YDULDEOHV� ZDV� KDUGO\� SRVVLEOH� LQ� 6,06�� 7KH�

RYHUDOO� JRDO� RI� 6,06� IRFXVHG� VSHFLILFDOO\� RQ� HGXFDWLRQDO� SURFHVVHV� LQ� FODVVURRPV�

DURXQG�WKH�ZRUOG��,Q�6,06��QRW�RQO\�ZHUH�VWXGHQW�IHDWXUHV�PHDVXUHG��FKDUDFWHULVWLFV�

RI�FXUULFXOD��LQVWUXFWLRQDO�SUDFWLFHV��DQG�VFKRROV�ZHUH�VWXGLHG�DV�ZHOO��$OO�FRQFHSWV�

LQYHVWLJDWHG�FRXOG�EH�GHVFULEHG�LQ�D�FURVV�QDWLRQDO�SHUVSHFWLYH��

6,06�DWWHPSWHG�WR�DFFRPSOLVK�WKH�
XQGHUVWDQGLQJ
�IXQFWLRQ�E\�UHODWLQJ�LQVWUXFWLRQDO�

SUDFWLFHV� DQG� VWXGHQW� IHDWXUHV� WR� WKH� RXWSXW� IDFWRU� �OHYHO� RI� PDWKHPDWLFV��

�
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DFKLHYHPHQW�� LQ� HDFK� FRXQWU\�� +DYLQJ� FRQWH[W� GDWD� DYDLODEOH� IURP� GLIIHUHQW�

FXUULFXOXP�OHYHOV��WKH�LQWHQGHG��LPSOHPHQWHG��DQG�DWWDLQHG�FXUULFXOXP��UHVHDUFKHUV�

ZHUH� DEOH� WR� GHVFULEH� WKHVH� GDWD� VHWV�� 7KH� GDWD� VHWV� IURP� ERWK� D� FURVV�VHFWLRQDO�

�VWDWXV� DFKLHYHPHQW� WHVW�� DQG� D� ORQJLWXGLQDO� GHVLJQ� �SUHWHVW�SRVWWHVW�� IRXQG� IHZ�

H[SODQDWLRQV�� 6WXGHQW� IDFWRUV� VXFK� DV� 
DWWLWXGH� WRZDUGV� VFKRRO
� DQG� 
KRPHZRUN�

HIIRUW
�ZHUH�IRXQG�WR�KDYH�H[SODQDWRU\�SRZHU�IRU�GLIIHUHQFHV�LQ�DFKLHYHPHQW�ZLWKLQ�

FRXQWULHV��<HW��LQ�FURVV�FRXQWU\�FRPSDULVRQV�WKH�H[SODQDWRU\�SRZHU�RI�WHDFKHU�DQG�

FODVVURRP� IDFWRUV� LV� RI� PRUH� LQWHUHVW� WR� SRWHQWLDO� XVHUV� RI� WKH� VWXG\� UHVXOWV��

5HODWLRQDO� DQDO\VLV�RQ�6,06�GDWD� VHWV�� LQFOXGLQJ�VWXGHQW�� WHDFKHU�� DQG�VFKRRO�GDWD�

GLG�QRW�UHYHDO�PHDQLQJIXO�WHDFKHU�RU�VFKRRO�IDFWRUV��5RELWDLOOH�	�*DUGHQ���������

�

6HYHUDO�UHDVRQV�FDQ�EH�SRVHG�IRU�WKLV�IDLOXUH�IURP�ZKLFK�7,066�FRXOG�OHDUQ��)LUVW��

,($�VWXGLHV�KDYH�EHFRPH�PRUH�FRPSOLFDWHG�EHFDXVH� WKH�QXPEHU�RI�SDUWLFLSDWLQJ�

HGXFDWLRQ�V\VWHPV�IURP�GLIIHUHQW�FRQWLQHQWV�KDYH�EHHQ�LQFUHDVHG�VLQFH�WKH�����V��

,Q�),06�����FRXQWULHV�IURP�IRXU�FRQWLQHQWV��(XURSH��1RUWKHUQ�$PHULFD��$XVWUDOLD��

DQG�$VLD��SDUWLFLSDWHG�DQG�LQ�6,06��WKH�QXPEHU�RI�SDUWLFLSDWLQJ�FRXQWULHV�ZDV����

IURP�IRXU�FRQWLQHQWV��(XURSH��1RUWKHUQ�$PHULFD��$VLD�DQG�$IULFD���6WXGLHV�ZLWK�VR�

PDQ\�GLIIHUHQW�FRXQWULHV�KDYH�WR�WDNH�LQWR�DFFRXQW�PDQ\�JHRJUDSKLFDO�DQG�FXOWXUDO�

GLIIHUHQFHV��ZKLOH�WKH�LQWHUQDWLRQDO�UHVHDUFK�TXHVWLRQV��GHVLJQ��DQG�LQVWUXPHQWDWLRQ�

ZHUH�XQLIRUP�IRU�DOO�FRXQWULHV��7KLV�LV�D�WRXJK�FKDOOHQJH��DQG�LW�UHTXLUHV�WKDW�WKHUH�

EH�D�VWURQJ�FRQFHSWXDO�IRXQGDWLRQ�IRU�WKH�UHVHDUFK�TXHVWLRQV�DQG�WKH�LQVWUXPHQWV��

$�VWURQJ�FRQFHSWXDO�IRXQGDWLRQ�LQFOXGHV�D�EDVLV�WR�VHOHFW�FRQFHSWV�WKDW�SRWHQWLDOO\�

LQIOXHQFH�VWXGHQW�DFKLHYHPHQW�ZLWKLQ�DQG�DFURVV�QDWLRQV��

6HFRQG�� WKH� GHYHORSPHQW� SURFHVV� RI� WKH� EDFNJURXQG� LQVWUXPHQWV� �ZULWWHQ�

TXHVWLRQQDLUHV��FDQ�EH�VHHQ�DV�D� OLPLWDWLRQ�RI�6,06�� ,Q�6,06�� WKH�SURFHVV�RI� WHVW�

GHYHORSPHQW� ZDV� PXFK� PRUH� VRSKLVWLFDWHG� WKDQ� WKH� SURFHVV� RI� TXHVWLRQQDLUH�

FRQVWUXFWLRQ�� ,Q� 6,06�� WKH� WKUHH� FXUULFXOXP� OHYHO� IUDPHZRUN� ZDV� GHYHORSHG��

1HYHUWKHOHVV�� WKH�FRQFHSWV
�GHILQLWLRQ�DQG�GDWD�DERXW� WKHLU� LQWHUQDWLRQDO� UHOLDELOLW\�

DQG�YDOLGLW\�DUH�QRW�YHU\�ZHOO�GRFXPHQWHG��

5RELWDLOOH� DQG� *DUGHQ� ������� FODLPHG� LQ� WKHLU� UHIOHFWLRQ� RQ� 6,06� WKDW� V\VWHP�

IHDWXUHV� OLPLW� LQWHUQDWLRQDO� FRPSDULVRQV�� 7KH� LQWULQVLF� GLIIHUHQFH� DPRQJ�

SDUWLFLSDWLQJ� V\VWHPV�ZLWK� UHJDUG� WR� WKHLU� V\VWHP�FKDUDFWHULVWLFV� �IRU� H[DPSOH�� WKH�

H[LVWHQFH�RI�D�QDWLRQDO�FXUULFXOXP��ZKLFK�VRPH�FRXQWULHV�KDYH�EXW�RWKHUV�GR�QRW��

PLJKW�EH�D�IDFWRU�WRR�ELJ�WR�RYHUFRPH�LQ�IXWXUH�VWXGLHV��

�



 

�� &KDSWHU �

:LWK� UHJDUG� WR� WKH� DQDO\VLV� RI� 6,06�GDWD��QRZDGD\V� WKH� DSSOLFDWLRQ�RI�PXOWLOHYHO�

WHFKQLTXHV�FDQ�EH�UHFRPPHQGHG��DV�WKH�FROOHFWHG�GDWD�KDG�D�KLHUDUFKLFDO�VWUXFWXUH��

+LHUDUFKLFDO� OLQHDU� PRGHOV� FDQ� EH� HVWLPDWHG� E\� PHDQV� RI� VWDWLVWLFDO� WHFKQLTXHV��

$JDLQ�� WKH� FRQFHSWXDO� IRXQGDWLRQ�RI� WKH� VWXG\� QHHGV� WR� EH� FOHDU� �ZKLFK�ZDV� QRW�

FRPSOHWHO\�WKH�FDVH�LQ�6,06��DQG�LV�FUXFLDO�WR�DFKLHYLQJ�PHDQLQJIXO�UHVXOWV��

�

7KH� JRDOV� DQG� IXQFWLRQV�SUHGHILQHG� IRU� WKH�7KLUG� ,QWHUQDWLRQDO�0DWKHPDWLFV� DQG�

6FLHQFH�6WXG\��7,066��ZHUH�HYHQ�PRUH�DPELWLRXV�WKDQ�WKH�RQHV�RI�6,06��

,Q� WKH� QH[W� VHFWLRQ� WKH� GHVLJQ� RI� 7,066� LV� GHVFULEHG� LQ� WHUPV� RI� WKH� EDVLF�

FRPSRQHQWV�IURP�WKH�JHQHUDO�VWXG\�IUDPHZRUN��

���� *2$/6 $1' '(6,*1 2)7,066�

,Q� WKLV� WKHVLV�� WKH� EHQHILWV� DQG� OLPLWDWLRQV� RI� 7,066� DUH� FHQWUDO�� ,Q� WKLV� VHFWLRQ��

WKUHH� FRPSRQHQWV� RI� WKH� JHQHUDO� VWXG\� IUDPHZRUN� DUH� GHVFULEHG� IRU�7,066�� WKH�

JHQHUDO� JRDOV� DQG� IXQFWLRQV�� WKH� JHQHUDO� LQWHUQDWLRQDO� UHVHDUFK�TXHVWLRQV�� DQG� WKH�

GHVLJQ� DQG� LQVWUXPHQWDWLRQ�� 7KH� RWKHU� FRPSRQHQWV� RI� WKH� VWXG\� IUDPHZRUN� RI�

7,066�DUH�HODERUDWHG�LQ�WKH�QH[W�FKDSWHUV��7KH�SODQQLQJ�SKDVH�RI�7,066�VWDUWHG�LQ�

������7KH�GDWD�FROOHFWLRQ�WRRN�SODFH�LQ������������7KH�QXPEHU�RI����SDUWLFLSDWLQJ�

HGXFDWLRQ�V\VWHPV�ZDV�KLJKHU�WKDQ�HYHU��

*HQHUDO�JRDOV�DQG�IXQFWLRQV�

7KH�JRDOV�RI�6,06�ZHUH�PXFK�PRUH�DPELWLRXV�WKDQ�WKH�JRDOV�RI�),06��6XEVHTXHQWO\��

,($� IRUPXODWHG� IRU�7,066� JRDOV� WKDW�ZHUH�PRUH� DPELWLRXV� WKDQ� WKH�6,06
� JRDOV��

7KH�XOWLPDWH�JRDO�RI�7,066�ZDV��WR�LVRODWH�WKH�IDFWRUV�GLUHFWO\�UHODWLQJ�WR�VWXGHQW�OHDUQLQJ�WKDW�

FDQ� EH� PDQLSXODWHG� WKURXJK� SROLF\� FKDQJHV� LQ�� IRU� H[DPSOH�� FXUULFXODU� HPSKDVLV�� DOORFDWLRQ� RI�

UHVRXUFHV��RU�LQVWUXFWLRQDO�SUDFWLFHV���0DUWLQ�	�.HOO\��������SS�����������

7KH� ILUVW� IXQFWLRQ�RI�7,066� UHIOHFWV� WKH� 
GHVFULSWLRQ
� IXQFWLRQ�PHQWLRQHG� LQ� �����

7KH�GDWD�FROOHFWHG�LQ�7,066�ZDV�GHVFULEHG�LQ�WHUPV�RI�IUHTXHQF\�IHDWXUHV�VXFK�DV�

FRXQWU\� PHDQV� DQG� VWDQGDUG� HUURU�� )RU� LQVWDQFH�� WKH� PDWKHPDWLFV� DFKLHYHPHQW�

UHVXOWV�ZHUH� UHSRUWHG� LQ� FRXQWU\� WDEOHV� �%HDWRQ��0XOOLV�� HW� DO��� �������%DFNJURXQG�

GDWD�FROOHFWHG�DW�VWXGHQW��FODVVURRP��DQG�VFKRRO�OHYHO�ZDV�UHSRUWHG�LQ�WKH�IRUP�RI�

FRXQWU\�WDEOHV�DV�ZHOO��0RVW�WDEOHV�FDQ�EH�VWXGLHG�E\�SROLF\PDNHUV�WR�FRPSDUH�WKH�

UHVXOWV�RI�WKHLU�RZQ�FRXQWU\�ZLWK�WKH�UHVXOWV�RI�RWKHU�FRXQWULHV��



,($
V 7,066 DQG LWV SUHGHFHVVRUV ��

7KHVH�FRPSDULVRQV�ZHUH�D�VWDUWLQJ�SRLQW�IRU�DWWHPSWV�WR�XQGHUVWDQG�GLIIHUHQFHV�DQG�

VLPLODULWLHV�EHWZHHQ�RQH
V�RZQ�FRXQWU\�DQG�RWKHU�FRXQWULHV�ZKLFK�UHIHUV�WR�IXQFWLRQ���


XQGHUVWDQGLQJ� RI� UHDVRQV� IRU� REVHUYHG� GLIIHUHQFHV
� �VHH� ������ 7KH� 7,066� VWXG\�

GLUHFWRUV�ZDQWHG�WR�XQFRYHU�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�DQG�ZLWKLQ�HGXFDWLRQ�

V\VWHPV��2QFH�VLPLODULWLHV�DQG�GLIIHUHQFHV� LQ�HGXFDWLRQDO� IDFWRUV�DFURVV�QDWLRQV�KDG�

EHHQ�LGHQWLILHG��UHVHDUFKHUV�FRXOG�DWWHPSW�WR�UHYHDO�SRVVLEOH�SDWWHUQV�RI�UHODWLRQVKLSV�

EHWZHHQ�WKHVH�IDFWRUV��3DWWHUQV�ZKLFK�DUH�EDVHG�RQ�SRVWXODWHG�WKHRUHWLFDO�PRGHOV�FDQ�

EH�XVHG�WR�XQGHUVWDQG�WKH�LGHQWLILHG�GLIIHUHQFHV�DQG�VLPLODULWLHV��

�

7KH�DPELWLRQV�RI�7,066�DUH�DOVR�UHIOHFWHG�LQ�VRPH�LQQRYDWLYH�DVSHFWV��&RPSDUHG�

WR�LWV�SUHGHFHVVRUV��WKH�ILUVW�LQQRYDWLRQ�7,066�RIIHUHG�ZDV�WKH�GHSHQGHQW�YDULDEOH�

RI� WKH�VWXG\��7ZR�VXEMHFWV��PDWKHPDWLFV�DQG� VFLHQFH�� LQVWHDG�RI�RQH�ZHUH� WKH�PDLQ�

REMHFWLYHV� LQ� WKH�VWXG\��%RWK�VXEMHFWV�KDYH�EHHQ�DVVHVVHG�E\�PHDQV�RI�RQH� 
SDSHU�

DQG�SHQFLO
�DFKLHYHPHQW�WHVW�WR�WKH�VDPH�VWXGHQW�VDPSOH��)RU�WKH�ILUVW�WLPH�LQ�,($�

VWXGLHV��D�SHUIRUPDQFH�WHVW�ZDV�DGPLQLVWHUHG�LQ�7,066��9RV��������%RV��.XLSHU�	�

3ORPS��������+DUPRQ��6PLWK��HW�DO����������$�VXE�VDPSOH�RI�WKH�VFKRROV�DQG�JUDGH���

VWXGHQWV�SDUWLFLSDWLQJ� LQ�WKH�7,066�DFKLHYHPHQW�WHVW�ZDV�VHOHFWHG�WR�FRPSOHWH�DQ�

LQWHUQDWLRQDO�PDWKHPDWLFV� DQG� VFLHQFH�SHUIRUPDQFH� WHVW��3HUIRUPDQFH� DVVHVVPHQW�

UHIHUV�WR�WKH�XVH�RI�SUDFWLFDO�WDVNV�LQYROYLQJ�LQVWUXPHQWV�DQG�HTXLSPHQW��3UHYLRXVO\��

VFLHQFH�ZDV�VWXGLHG�VHSDUDWHO\�LQ�WKH�����V�LQ�,($
V�),66��&RPEHU�	�.HHYHV��������

DQG�LQ�WKH�����V�LQ�,($
V�6,66��3RVWOHWKZDLWH�	�:LOH\���������

$�VHFRQG�LQQRYDWLYH�DVSHFW�RI�7,066�²�IURP�WKH�GHVLJQ�SHUVSHFWLYH�RI�/,1&$6�²�

ZDV� WKDW� WZR� SDUDOOHO� SURMHFWV� ZHUH� FRQGXFWHG�PRUH� RU� OHVV� DW� WKH� VDPH� WLPH� DV�

7,066�� LQ�VRPH�RI�WKH�SDUWLFLSDWLQJ�FRXQWULHV��)LUVW��WKH�FXUULFXOXP�DQG�WH[WERRN�

DQDO\VLV�ZDV�FRQGXFWHG�LQ�PDQ\�RI�WKH�FRXQWULHV��6FKPLGW��0F.QLJKW��HW�DO����������

6HFRQG��WKH�7,066�9LGHR�6WXG\�ZDV�FDUULHG�RXW�LQ�WKUHH�RI�WKH�7,066�FRXQWULHV��

WKH�8QLWHG�6WDWHV��*HUPDQ\�� DQG� -DSDQ� �6WLJOHU��*RQ]DOHV� HW� DO����������7KH� ODWWHU�

ZDV�D�QDWLRQDO�RSWLRQ�RI�WKH�SDUWLFLSDWLRQ�RI�WKH�8QLWHG�6WDWHV�LQ�7,066��

7KH�LQFOXVLRQ�RI�D�WKLUG�SRSXODWLRQ����\HDU�ROGV��ZDV�WKH�WKLUG�LQQRYDWLRQ�RI�7,066��

*HQHUDO�LQWHUQDWLRQDO�UHVHDUFK�TXHVWLRQV�

7KH� IRXU� JHQHUDO� LQWHUQDWLRQDO� UHVHDUFK� TXHVWLRQV� RI� 7,066�ZHUH� IRUPXODWHG� E\�

5RELWDLOOH�DQG�0D[ZHOO���������7KH�TXHVWLRQV�UHIHU�WR�WKH�WKUHH�FXUULFXOXP�OHYHOV�RI�

WKH� FRQFHSWXDO� IUDPHZRUN� GHYHORSHG� LQ� WKH� 6,06� VWXG\� �VHH� ����� ZKLFK� ZDV�

DGRSWHG�E\�7,066��



 

�� &KDSWHU �

��� ,QWHQGHG� FXUULFXOXP�� +RZ� GR� FRXQWULHV� YDU\� LQ� WKH� LQWHQGHG� JRDOV� IRU�

PDWKHPDWLFV� DQG� VFLHQFH�� DQG� ZKDW� FKDUDFWHULVWLFV� RI� HGXFDWLRQDO� V\VWHPV��

VFKRROV��DQG�VWXGHQWV�LQIOXHQFH�WKH�GHYHORSPHQW�RI�WKRVH�JRDOV"�

��� ,PSOHPHQWHG�FXUULFXOXP��:KDW�RSSRUWXQLWLHV�DUH�SURYLGHG�IRU�VWXGHQWV�WR�OHDUQ�

PDWKHPDWLFV� DQG� VFLHQFH�� KRZ� GR� LQVWUXFWLRQDO� SUDFWLFHV� LQ� PDWKHPDWLFV� DQG�

VFLHQFH�YDU\�DPRQJ�QDWLRQV��DQG�ZKDW�IDFWRUV�LQIOXHQFH�WKHVH�YDULDWLRQV"�

��� $WWDLQHG� FXUULFXOXP��:KDW�PDWKHPDWLFV� DQG� VFLHQFH� FRQFHSWV�� SURFHVVHV�� DQG�

DWWLWXGHV� KDYH� VWXGHQWV� OHDUQHG�� DQG� ZKDW� IDFWRUV� DUH� OLQNHG� WR� VWXGHQWV
�

RSSRUWXQLW\�WR�OHDUQ"�

��� 5HODWLRQVKLSV�EHWZHHQ� FXUULFXOD� DQG� VRFLDO� DQG�HGXFDWLRQDO� FRQWH[WV��+RZ�DUH�

WKH�LQWHQGHG��WKH�LPSOHPHQWHG��DQG�WKH�DWWDLQHG�FXUULFXOXP�UHODWHG�ZLWK�UHVSHFW�

WR� WKH�FRQWH[WV�RI� HGXFDWLRQ�� WKH�DUUDQJHPHQWV� IRU� WHDFKLQJ�DQG� OHDUQLQJ��DQG�

WKH�RXWFRPHV�RI�WKH�HGXFDWLRQDO�SURFHVV"�

�

7KH� ILUVW� WKUHH� TXHVWLRQV� FDQ� EH� DGGUHVVHG� E\� GHVFULELQJ� VFRUHV� RQ� WKH� GLIIHUHQW�

YDULDEOHV� LQ� HDFK� FRXQWU\�� 7KH� GHVFULSWLRQ� IXQFWLRQ� LV� VHUYHG� E\� DQVZHULQJ� WKHVH�

TXHVWLRQV�� $GGUHVVLQJ� WKH� IRXUWK� TXHVWLRQ� FDQ� UHVXOW� LQ� LQIRUPDWLRQ� QHHGHG� WR�

XQGHUVWDQG� VLPLODULWLHV� DQG� GLIIHUHQFHV� DFURVV� FRXQWULHV� ZLWK� UHJDUG� WR� WKH� YDULRXV�

DVSHFWV�ORFDWHG�DW�WKH�WKUHH�FXUULFXOXP�OHYHOV��

'HVLJQ�DQG�LQVWUXPHQWDWLRQ�

7KH�GHVLJQ�RI�WKH�VWXG\�FDQ�EH�FKDUDFWHUL]HG�DV�FURVV�VHFWLRQDO��)URP�WKH�H[SHULHQFHV�

ZLWK�WKH�WZR�GHVLJQ�YHUVLRQV�LQ�6,06��D�FKRLFH�IRU�WKH�SUHWHVW�SRVWWHVW�GHVLJQ�ZRXOG�

KDYH�PDGH�PRUH�VHQVH�DQG�ZDV�GHOLEHUDWHG��+RZHYHU��WKH�ILQDQFLDO�FRVWV�RI�WKLV�GHVLJQ�

ZHUH�WRR�JUHDW�IRU�PRVW�RI�WKH�HGXFDWLRQ�V\VWHPV�LQWHUHVWHG�LQ�SDUWLFLSDWLQJ�LQ�7,066��

�

7KUHH�VWXGHQW�SRSXODWLRQV�ZHUH�LQYHVWLJDWHG���

��SRSXODWLRQ���FRQVLVWHG�RI� WKH� WZR�DGMDFHQW�JUDGHV�ZLWK� WKH�PDMRULW\�RI� WKH���

\HDUV�ROG�VWXGHQWV��JUDGH���DQG���LQ�PRVW�FRXQWULHV���

��SRSXODWLRQ���FRQVLVWLQJ�RI�WKH�WZR�DGMDFHQW�JUDGHV�ZLWK�WKH�PDMRULW\�RI�WKH����

\HDUV�ROG�VWXGHQWV��JUDGH���DQG���LQ�PRVW�FRXQWULHV���

��SRSXODWLRQ� �� FRQVLVWLQJ� RI� VWXGHQWV� LQ� WKH� ODVW� \HDU� RI� VHFRQGDU\� VFKRRO��

UHJDUGOHVV�RI�WKH�W\SH�RI�SURJUDP�LQ�ZKLFK�WKH\�ZHUH�HQUROOHG��

�



,($
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7KH�GDWD�FROOHFWLRQ� LQ�DOO�SRSXODWLRQV�ZDV�FDUULHG�RXW� LQ� WKH�HLJKWK�PRQWK�RI� WKH�

VFKRRO�\HDU������������,Q�FRXQWULHV�LQ�WKH�6RXWKHUQ�+HPLVSKHUH�WKH�HLJKWK�PRQWK�

ZDV�2FWREHU������DQG�LQ�WKH�1RUWKHUQ�+HPLVSKHUH�LW�ZDV�$SULO�������

'DWD�ZHUH�FROOHFWHG�IURP�VWXGHQWV��WHDFKHUV��DQG�VFKRRO�SULQFLSDOV��'DWD�FROOHFWHG�

DW�FRXQWU\�OHYHO�ZHUH�UHJDUGHG�DV�QHFHVVDU\�WR�DFFRPSOLVK�WKH�JRDOV�RI�WKH�VWXG\��,Q�

RUGHU�WR�FROOHFW�GDWD�DW�DOO�OHYHOV��D�WZR�VWDJH�VDPSOH�ZDV�GUDZQ��D�VDPSOH�RI�VFKRROV�

RXW� RI� WKH� SRSXODWLRQ� RI� VFKRROV� DQG� D� VDPSOH� RI� RQH� LQWDFW� FODVVURRP� RI� HDFK�

JUDGH��ORZHU�DQG�XSSHU��LQ�HDFK�SDUWLFLSDWLQJ�VFKRRO��$V�SDUW�RI�WKH�VHFRQG�VWDJH��

WKH� WHDFKHUV� RI� HDFK� RI� WKH� 7,066� VXEMHFWV� �PDWKHPDWLFV� DQG� VFLHQFH�� IURP� WKH�

FODVVURRP�LQYROYHG�LQ�WKH�VWXG\�ZHUH�VHOHFWHG��

�

,Q�7,066��DQ�LQWHUQDWLRQDO�PDWKHPDWLFV�DQG�VFLHQFH�DFKLHYHPHQW�WHVW�DQG�D�VHW�RI�

EDFNJURXQG�TXHVWLRQQDLUHV�ZHUH�GHYHORSHG��,Q�WKH�GHYHORSPHQW�RI�WKH�LQVWUXPHQWV��

WKH� 7,066� VWXG\� GLUHFWRUV� WULHG� WR� PHHW� WKH� FULWLFLVP� 6,06� UHVXOWV� UHFHLYHG�

�+RZVRQ���������

$V� RSSRVHG� WR� WKH� 6,06� WHVW�� RSHQ�HQGHG� LWHPV� ZHUH� LQFOXGHG� LQ� DGGLWLRQ� WR�

PXOWLSOH�FKRLFH� LWHPV�� 7KH� ZULWWHQ� WHVW� ZDV� VXSSOHPHQWHG� E\� D� SHUIRUPDQFH�

DVVHVVPHQW� WHVW�PHQWLRQHG� DERYH��7KLV� VXEVWDQWLDO� DGGLWLRQ� WR� WKH�6,06� WHVW�ZDV�

GHYHORSHG� E\� WKH� ,QWHUQDWLRQDO� $VVHVVPHQW� RI� (GXFDWLRQDO� 3URJUHVV� �,$(3��

)R[PDQ��������DQG�WKH�,QWHUQDWLRQDO�6WXG\�&HQWHU�RI�7,066��+DUPRQ��6PLWK��HW�

DO���������LQ�WKH�SHULRG�EHWZHHQ�WKH�HQG�RI�6,06�DQG�WKH�VWDUW�RI�7,066��

7KH� LQWHUQDWLRQDO� ZULWWHQ� PDWKHPDWLFV� WHVW� FRQVLVWHG� RI� ���� PDWKHPDWLFV� LWHPV��

GLVWULEXWHG�DFURVV�VXE�VFDOHV�FDOOHG�����)UDFWLRQV�DQG�QXPEHU�VHQVH������*HRPHWU\��

����$OJHEUD������'DWD�UHSUHVHQWDWLRQ��DQDO\VLV�	�SUREDELOLW\�� ����0HDVXUHPHQW��DQG�

����3URSRUWLRQDOLW\��$�WHVW�URWDWLRQ�GHVLJQ�ZDV�XVHG�WR�FROOHFW�WKH�VWXGHQW�WHVW�GDWD�

�$GDPV�	�*RQ]DOHV���������7KLV�FRQVLVWHG� LQ�JLYLQJ�HDFK�VWXGHQW�D�FRUH�VHW�RI���

PDWK� LWHPV� DQG� D� URWDWLRQ� FRQVLVWLQJ� RI� D� FHUWDLQ� QXPEHU� RI� LWHPV� EHORQJLQJ� WR�

HYHU\�VXE�WHVW���

�

,Q�DGGLWLRQ��EDFNJURXQG�TXHVWLRQQDLUHV�IRU�VWXGHQWV��WHDFKHUV�DQG�VFKRRO�SULQFLSDOV�

ZHUH� GHYHORSHG� WR� FROOHFW� GDWD� DERXW� IDFWRUV� WKDW� SRWHQWLDOO\� LQIOXHQFH� VWXGHQW�

DFKLHYHPHQW� LQ� PDWKHPDWLFV� DQG� VFLHQFH�� 7DVNIRUFHV� ZHUH� DVNHG� WR� GHYHORS�

FRQFHSWXDO�IUDPHZRUNV�IRU�WKH�GLIIHUHQW�HGXFDWLRQDO�OHYHOV�IDFWRUV�DUH�ORFDWHG��)URP�

H[SHULHQFHV�LQ�6,06�LW�ZDV�FRQFOXGHG�WKDW�D�FRQFHSWXDO�IUDPHZRUN�ZDV�QHHGHG�WR�

VHOHFW� UHOHYDQW� IDFWRUV�� ,Q� FKDSWHU� ��� WKH� FRQFHSWXDO� IUDPHZRUN� IRU� 7,066� LV�

GLVFXVVHG��
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7KH� VWXGHQWV� ILOOHG� RXW� D� VWXGHQW�EDFNJURXQG�TXHVWLRQQDLUH�ZLWK�TXHVWLRQV� DERXW�

WKHPVHOYHV�DQG�WKHLU�SHUFHSWLRQ�RI�DQG�DWWLWXGH�WRZDUGV�VFKRRO�PDWWHUV��7KH�RWKHU�

EDFNJURXQG� TXHVWLRQQDLUHV� FRQWDLQHG� PDQ\� TXHVWLRQV� DQG� ZHUH� ILOOHG� RXW� E\�

PDWKHPDWLFV�DQG�VFLHQFH�WHDFKHUV�RI�WKH�WHVWHG�FODVVHV��WHDFKHU�TXHVWLRQQDLUHV��DQG�

E\�VFKRRO�SULQFLSDOV��VFKRRO�TXHVWLRQQDLUH���4XHVWLRQV�DVNHG�WR�WKH�WHDFKHUV�UHIHU�WR�

WKHLU�EDFNJURXQG�DQG�WR�DVSHFWV�RI� WKHLU� LQVWUXFWLRQDO�SUDFWLFH�VXFK�DV�KRPHZRUN�

IHDWXUHV��JURXSLQJ�SURFHGXUHV��DQG�XVH�RI�VWXGHQWV
�HYDOXDWLRQ�UHVXOWV��([DPSOHV�RI�

WRSLFV�DVNHG� WR�VFKRRO�SULQFLSDOV�DUH� 
VFKRRO� VL]H
�� DQG� 
WLPH�VSHQW�RQ�HGXFDWLRQDO�

OHDGHUVKLS�WDVNV
��

$W�FRXQWU\� OHYHO��GDWD�ZDV�FROOHFWHG�E\�PHDQV�RI�SDUWLFLSDWLRQ�TXHVWLRQQDLUHV��)RU�

WKH�SXUSRVH�RI� D�SDUWLFLSDWLRQ�TXHVWLRQQDLUH�� WKH�1DWLRQDO�7,066�&HQWHU� LQ� HDFK�

FRXQWU\� FROOHFWHG� GDWD� RI� SRSXODWLRQ� FKDUDFWHULVWLFV�� WHDFKHU� WUDLQLQJ� ILJXUHV�� DQG�

HFRQRPLFDO� LQGLFDWRUV�� 1DWLRQDO� LQIRUPDWLRQ� RQ� FRQWH[WV� RI� PDWKHPDWLFV� DQG�

VFLHQFH�HGXFDWLRQ�ZDV�SXEOLVKHG�LQ�DQ�HQF\FORSHGLD��5RELWDLOOH���������

�

,Q�)LJXUH�����WKH�FRPSRQHQWV�RI�WKH�JHQHUDO�VWXG\�IUDPHZRUN�SUHVHQWHG�LQ�WKH�ILUVW�

VHFWLRQ�RI�WKLV�FKDSWHU�LV�FRPSOHWHG�IRU�7,066��7KH�SDUWLFXODU�LVVXHV�RI�7,066�WKDW�

DUH�VWXGLHG�LQ�WKLV�WKHVLV�DUH�ZULWWHQ�LQ�EROG��

�

7KH� FRPSRQHQWV� RI� 7,066� DUH� VWXGLHG� LQ� WKH� UHPDLQLQJ� FKDSWHUV� RI� WKLV� WKHVLV��

VWDUWLQJ� ZLWK� WKH� FRQFHSWXDO� IRXQGDWLRQ� LQ� FKDSWHU� ��� ,Q� FKDSWHU� ��� UHVXOWV� RI�

VHFRQGDU\�GDWD�DQDO\VHV�RQ�PDWKHPDWLFV�GDWD��JUDGH����IURP�WKUHH�HGXFDWLRQ�V\VWHPV�

²�WKH�1HWKHUODQGV��%HOJLXP�)ODQGHUV�DQG�*HUPDQ\�²�DUH�SUHVHQWHG��)LQDOO\��WKH�XWLOLW\�

RI�WKHVH�7,066�UHVXOWV�DQG�WKH�EHQHILWV�DQG�OLPLWDWLRQV�RI�DOO�7,066�FRPSRQHQWV�DUH�

UHIOHFWHG�XSRQ�IURP�WKH�SHUVSHFWLYH�RI�WKH�7,066
�JRDOV��FKDSWHU�����

�

7KH�7,066�VWXG\�ZDV�UHSHDWHG�LQ������ZLWK�UHVSHFW�WR�WKH�XSSHU�JUDGH�RI�SRSXODWLRQ�

��� 7KH�PDLQ� DLP� RI� WKLV� UHSHDW� VWXG\�ZDV� WR�PHDVXUH� FKDQJH� LQ�PDWKHPDWLFV� DQG�

VFLHQFH�DFKLHYHPHQW�EHWZHHQ������DQG�������7KH�VDPH�LQVWUXPHQWV�ZHUH�XVHG�DV�LQ�

������0XOOLV��0DUWLQ�HW�DO��������0DUWLQ��0XOOLV�HW�DO����������7KLV�UHSHDW�VWXG\�VHUYHG�

IXQFWLRQ���GHVFULEHG�LQ������
PRQLWRULQJ�WKH�TXDOLW\�RI�HGXFDWLRQ�
�

,Q�������WKH�,($�IRUPXODWHG�SODQV�IRU�D�ORQJ�WHUP����\HDU�SHULRGLF�WUHQG�VWXG\�RQ�

PDWKHPDWLFV�DQG�VFLHQFH�LQ�WKH�XSSHU�JUDGH�RI�SRSXODWLRQ���DQG����$V�D�UHVXOW��IURP�

�����RQ��
7,066
�VWDQGV�IRU�7UHQGV�LQ�,QWHUQDWLRQDO�0DWKHPDWLFV�DQG�6FLHQFH�6WXG\���
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7KH�JHQHUDO�VWXG\�IUDPHZRUN�RI�WKH�FDVH�RI�,($
V�7,066��WKH�SDUWLFXODU�LVVXHV�VWXGLHG�LQ�

WKLV�WKHVLV�DUH�ZULWWHQ�LQ�EROG��

�

(YHU\� IRXU� \HDUV�� 7,066� ZLOO� EH� RUJDQL]HG� WR� FROOHFW� WUHQG � GDWD�� 7KH� ILUVW� GDWD�

FROOHFWLRQ� LQ� WKH� WZR� WUHQG�SRSXODWLRQV�� JUDGH��� �SULPDU\�HGXFDWLRQ�� DQG�JUDGH���

�VHFRQGDU\� HGXFDWLRQ���ZLOO� WDNH�SODFH� LQ�1RYHPEHU� ����� �6RXWKHUQ�+HPLVSKHUH��

DQG�0D\� ����� �1RUWKHUQ�+HPLVSKHUH��� %HFDXVH� RI� WKHVH� FKDQJHV�� WKH� ILUVW� GDW D�

FROOHFWLRQ�RI�7,066�LQ������LV�UHIHUUHG�WR�DV�7,066 ������DQG�WKH�UHSHDW�LQ������DV�

7,066�������,Q�WKLV�WKHVLV��WKH�XSSHU�JUDGH��JUDGH����RI�SRSXODWLRQ���IURP�7,066 �

�����LV�FHQWUDO��)RU�WKH�VDNH�RI�FRQYHQLHQFH��WKLV�VWXG\�LV�UHIHUUHG�WR�DV�7,066� �
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5HVHDUFK 4XHVWLRQV

� UHODWLRQVKLSV EHWZHHQ
VWXGHQW DFKLHYHPHQW DQG
EDFNJURXQG IDFWRUV

,QVWUXPHQWDWLRQ

� DFKLHYHPHQW WHVWV
� EDFNJURXQG TXHVWLRQQDLUHV
� GRFXPHQW DQDO\VLV

6WXG\ 'HVLJQ

� SRSXODWLRQV JUDGH �� JUDGH �� ILQDO
\HDUV VHFRQGDU\ HGXFDWLRQ

� PHWKRGV� ODUJH VFDOH VXUYH\
� VDPSOLQJ
� RQH PRPHQW RI PHDVXUHPHQW

'DWD $QDO\VLV

� GHVFULSWLYH
� LQIHUHQWLDO�H[SODQDWRU\

ZLWKLQ FRXQWULHV
EHWZHHQ FRXQWULHV

�5HVHDUFK TXHVWLRQ � RI WKLV
WKHVLV� 

8WLOLW\ RI 5HVXOWV

� E\ SROLF\PDNHUV� HGXFDWRUV� WHDFKHU WUDLQHUV� HGXFDWLRQDO UHVHDUFKHUV
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*HQHUDO *RDOV DQG )XQFWLRQV

�� 'HVFULELQJ �� 8QGHUVWDQGLQJ VLPLODULWLHV DQG GLIIHUHQFHV

&RQFHSWXDO IUDPHZRUN

,($
V 7KUHH FXUULFXOXP IUDPHZRUN
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DEVELOPMENT OF AN ORGANIZING 

CONCEPTUAL FRAMEWORK  
�

2QH�RI�WKH�LPSRUWDQW�SUHGHILQHG�IXQFWLRQV�RI�7,066�LV�
XQGHUVWDQGLQJ�GLIIHUHQFHV�LQ�

VWXGHQWV
�DFKLHYHPHQW�UHVXOWV�DFURVV�HGXFDWLRQ�V\VWHPV�
�7KH�ILUVW�UHVHDUFK�TXHVWLRQ�RI�

WKLV�WKHVLV�FRQFHUQV�WKH�FRPSDULVRQ�RI�EDFNJURXQG�IDFWRUV�PHDVXUHG�LQ�7,066�WKDW�FDQ�

H[SODLQ� GLIIHUHQFHV� LQ� WKH� RYHUDOO� VFRUHV� RQ� WKH� LQWHUQDWLRQDO�PDWKHPDWLFV� WHVW� DFURVV�

WKUHH�HGXFDWLRQ�V\VWHPV��WKH�1HWKHUODQGV��%HOJLXP�)ODQGHUV��DQG�*HUPDQ\��������

7R�DGGUHVV�WKLV�TXHVWLRQ��D�FRQFHSWXDO�IUDPHZRUN�LV�QHHGHG�LQ�ZKLFK�WKH�IDFWRUV�WKDW�

PLJKW� DIIHFW� PDWKHPDWLFV� DFKLHYHPHQW� DUH� FODVVLILHG�� 7KH� FRQFHSWXDO� IUDPHZRUN� IRU�

7,066�ZDV�UHYLHZHG�DFFRUGLQJ�WR�WKH�IRXU�FULWHULD�IRUPXODWHG�LQ������7KH�UHVXOWV�RI�

WKLV�UHYLHZ�LQGLFDWHG�VWUHQJWKV�DQG�VKRUWFRPLQJV�RI�WKH�7,066�FRQFHSWXDO�IUDPHZRUN��

7KH� WZR� GLPHQVLRQV� RQ� ZKLFK� WKH� IUDPHZRUN� LV� EDVHG� ²� HGXFDWLRQDO� OHYHOV� DQG�

FXUULFXODU�FRQWHQWV��LQFOXGLQJ�FRQWH[W�DQG�DQWHFHGHQWV��²�DUH�VHHQ�DV�VWUHQJWKV��

+RZHYHU��IDFWRUV�FODVVLILHG�ZLWKLQ�WKH�7,066�IUDPHZRUN�DUH�QRW�YHU\�ZHOO�GHILQHG�DQG�

WKHLU� WKHRUHWLFDO� DQG� HPSLULFDO� EDVLV� LV� QRW� FOHDU��7KHUHIRUH�� SRWHQWLDOO\� HIIHFWLYHQHVV�

HQKDQFLQJ� IDFWRUV� ZHUH� GHULYHG� IURP� UHYLHZ� VWXGLHV� RQ� LQVWUXFWLRQDO� DQG� VFKRRO�

HIIHFWLYHQHVV� DQG� LQFOXGHG� LQ� WKH� EDVLF� 7,066� IUDPHZRUN� �������$V� D� UHVXOW�� DQ�

RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN�ZDV�IRUPXODWHG�WR�JXLGH�WKH�H[SORUDWLRQ�RI�SRWHQWLDOO\�

HIIHFWLYH�IDFWRUV�UHSUHVHQWHG�LQ�WKH�7,066�EDFNJURXQG�TXHVWLRQQDLUHV��������

&
+
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���� 5(6($5&+ 48(67,21 ,�$1' 5(/$7(' 48(67,216�

,Q� FKDSWHU� ��� ILYH� IXQFWLRQV� RI� ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� DFKLHYHPHQW�

VWXGLHV�LQ�HGXFDWLRQ��/,1&$6��ZHUH�GHVFULEHG��2QH�RXW�RI�WKHVH�ILYH�IXQFWLRQV�LV�SDUW�

RI�WKH�VFRSH�RI�WKLV�WKHVLV��XQGHUVWDQGLQJ�FURVV�QDWLRQDO�VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�

EDFNJURXQG�IDFWRUV�UHODWHG�WR�VWXGHQW�DFKLHYHPHQW�PHDVXUHG�LQ�7,066��

,Q�FKDSWHU����WKH�XWLOLW\�RI�UHVXOWV�RI�WKH�SUHGHFHVVRUV�RI�7,066�²�),06�DQG�6,06���

ZDV� GLVFXVVHG� LQ� WKH� OLJKW� RI� WKLV� IXQFWLRQ�� 7KH� WZR� SULQFLSDO� SDUWV� RI� WKH�

LQVWUXPHQWDWLRQ� XVHG� WR� DGGUHVV� WKH� JRDO� RI� ,($� VWXGLHV� DUH� WKH� LQWHUQDWLRQDO�

DFKLHYHPHQW� WHVWV� DQG� WKH� EDFNJURXQG� TXHVWLRQQDLUHV�� 7KH� UHYLHZV� LQ� FKDSWHU� ��

FRQFOXGHG�WKDW�IRU�WKH�VXFFHVVLYH�,($�VWXGLHV�RQ�PDWKHPDWLFV�DFKLHYHPHQW�²�GHVSLWH�

WKH�LPSURYHPHQW�RI�WKH�LQWHUQDWLRQDO�DFKLHYHPHQW�WHVW���LW�ZRXOG�EH�YHU\�GLIILFXOW�WR�

IXOILOO�WKH�DPELWLRQ�RI�XQGHUVWDQGLQJ�GLIIHUHQFHV�DFURVV�HGXFDWLRQ�V\VWHPV��

7KH�DPELWLRQV�RI�7,066�WKRXJK��ZHUH�HYHQ�JUHDWHU�WKDQ�WKRVH�RI�LWV�SUHGHFHVVRUV��

7,066
� PRVW� DPELWLRXV� UHVHDUFK� TXHVWLRQ� ²� DVLGH� IURP� WKH� UHVHDUFK� TXHVWLRQV�

SULPDULO\� DLPHG� DW� LQWHUQDWLRQDO� FRPSDUDWLYH� GHVFULSWLYH� LQIRUPDWLRQ� ²� ZDV�

IRUPXODWHG� IURP� WKH�SHUVSHFWLYH�RI� WKH� 
XQGHUVWDQGLQJ
� IXQFWLRQ� �VHH� DOVR� VHFWLRQ�

�������+RZ�DUH�WKH�LQWHQGHG��WKH�LPSOHPHQWHG��DQG�WKH�DWWDLQHG�FXUULFXOXP�UHODWHG�ZLWK�UHVSHFW�WR�

WKH� FRQWH[WV� RI� HGXFDWLRQ�� WKH� DUUDQJHPHQWV� IRU� WHDFKLQJ� DQG� OHDUQLQJ�� DQG� WKH� RXWFRPHV� RI� WKH�

HGXFDWLRQDO�SURFHVV"���5RELWDLOOH�	�0D[ZHOO��������S������

7KH�FRUH�FRPSRQHQWV�RI�,($
V�WKUHH�FXUULFXOXP�OHYHO�FRQFHSWXDO�IUDPHZRUN�FDQ�EH�

VHHQ�LQ�WKLV�TXHVWLRQ��VHH�������7KH�DXWKRUV�DVVXPHG�WKDW�YDULRXV�IDFWRUV�DW�WKH�WKUHH�

FXUULFXOXP�OHYHOV�ZHUH�VWXGLHG�LQ�7,066��7KH�XOWLPDWH�DPELWLRQ�RI�7,066�ZDV��WR�

DOORZ� UHVHDUFKHUV� WR� DSSO\� WKHRULHV� DERXW� FRQWH[WXDO� IDFWRUV� WKDW� FRQWULEXWH� WR� DFKLHYHPHQW�

VLPXOWDQHRXVO\�WR�V\VWHPV�RI�GLYHUVH�FRQWH[WV���5RELWDLOOH�	�0D[ZHOO��������S������

$V�ZDV�QRWHG�LQ�FKDSWHU����WKH�7,066�DFKLHYHPHQW�WHVW�ZLOO�QRW�EH�DQDO\]HG�LQ�WKLV�

WKHVLV�� ,Q� WKLV� WKHVLV�� WKH�7,066�EDFNJURXQG�TXHVWLRQQDLUHV�DUH�VWXGLHG� LQ�JUHDWHU�

GHSWK�WR�GHWHUPLQH�WKH�H[WHQW� WR�ZKLFK�DQDO\VLV�RI� WKH�GDWD�SURYLGHV� LQIRUPDWLRQ�

UHJDUGLQJ�GLIIHUHQFHV�LQ�DFKLHYHPHQW�UHVXOWV�DFURVV�QDWLRQV��7KH�7,066�GDWD�VHWV�RI�

WKH�1HWKHUODQGV�DQG�WZR�RI�LWV�QHLJKERU�HGXFDWLRQ�V\VWHPV��%HOJLXP�)ODQGHUV�DQG�

*HUPDQ\�� ZHUH� FRPSDUHG�� 7KLV� LQYHVWLJDWLRQ� ZDV� FRQGXFWHG� WR� DGGUHVV� WKH� ILUVW�

UHVHDUFK�TXHVWLRQ�RI�WKLV�WKHVLV�IRUPXODWHG�LQ�FKDSWHU����

�

,�� 7R�ZKDW�H[WHQW�FDQ�YDULDELOLW\�LQ�WKH�RYHUDOO�7,066�PDWKHPDWLFV�WHVW�VFRUHV�IRU�JUDGH���ZLWKLQ�

WKH�1HWKHUODQGV��%HOJLXP�)ODQGHUV��DQG�*HUPDQ\�EH�H[SODLQHG�E\�YDULDELOLW\�LQ�WKH�VFRUHV�RQ�

YDULDEOHV� DW� VWXGHQW� DQG� FODVVURRP�VFKRRO� OHYHO� DQG� WR� ZKDW� H[WHQW� DUH� WKHVH� RXWFRPHV�

JHQHUDOL]DEOH�DFURVV�WKHVH�WKUHH�(XURSHDQ�HGXFDWLRQDO�V\VWHPV"�



'HYHORSPHQW RI DQ RUJDQL]LQJ FRQFHSWXDO IUDPHZRUN ��

7KH�FDWHJRUL]DWLRQ�� VHOHFWLRQ�� DQG�PHDVXUHPHQW�RI�FUXFLDO�EDFNJURXQG�IDFWRUV�DUH�

LPSRUWDQW� VWHSV� LQ� XQGHUVWDQGLQJ� FRXQWU\� GLIIHUHQFHV� LQ� DFKLHYHPHQW� UHVXOWV��

&UXFLDO� EDFNJURXQG� IDFWRUV� DUH� IDFWRUV� WKDW� SRWHQWLDOO\� LQIOXHQFH� DFKLHYHPHQW� LQ�

PDWKHPDWLFV�DQG�DUH�FKDQJHDEOH�E\�SROLF\PDNHUV��

�

5HODWHG�TXHVWLRQV�WR�UHVHDUFK�TXHVWLRQ�,�DUH��

,D�� :KLFK� IDFWRUV�PHDVXUHG� LQ�7,066�DW� VWXGHQW�DQG�FODVVURRP�VFKRRO� OHYHO�DUH�

DVVRFLDWHG�ZLWK�PDWKHPDWLFV�DFKLHYHPHQW�LQ�ORZHU�VHFRQGDU\�HGXFDWLRQ�LQ�WKH�

1HWKHUODQGV��%HOJLXP�)ODQGHUV��DQG�*HUPDQ\"�

,E�� :KDW�FDQ�EH�OHDUQHG�IURP�VLPLODULWLHV�DQG�GLIIHUHQFHV�DFURVV�WKH�WKUHH�HGXFDWLRQ�

V\VWHPV� XQGHU� UHYLHZ�� ZLWK� UHVSHFW� WR� RXWFRPHV� RI� VWXGHQW� DQG� FODVVURRP��

VFKRRO�IDFWRUV�WKDW�ZHUH�SUHGLFWRUV�RI�DFKLHYHPHQW�LQ�PDWKHPDWLFV"�

�

7KH�DQVZHUV�WR�TXHVWLRQV�,D�DQG�,E�VHUYH�WKH�
XQGHUVWDQGLQJ
�IXQFWLRQ�IRUPXODWHG�LQ�

FKDSWHU� ��� 3DUWLFXODUO\�� VWXGHQWV
� DWWLWXGHV� DQG� VWXGHQWV
� EDFNJURXQG� IDFWRUV� DQG�

IDFWRUV�DW�FODVVURRP�DQG�VFKRRO�OHYHO�DUH�FRPSDUHG��,Q�RUGHU�WR�DGGUHVV�TXHVWLRQ�,E��

WKH�LQWHUUHODWLRQVKLSV�EHWZHHQ�VWXGHQW��FODVVURRP��DQG�VFKRRO�IDFWRUV�DUH�H[SORUHG�

IXUWKHU�LQ�UHODWLRQ�WR�PDWKHPDWLFV�DFKLHYHPHQW���

�

(GXFDWLRQ�V\VWHPV�FDQ�GLIIHU�RQ�D�QXPEHU�RI�IDFWRUV�WKDW�FDQ�SDUWLDOO\�H[SODLQ�WKH�

GLIIHUHQFHV�LQ�WKH�PHDQ�DFKLHYHPHQW�VFRUHV�DFURVV�V\VWHPV��&RQVLGHU��IRU�LQVWDQFH��

D�SRVVLEOH�GLIIHUHQFH�EHWZHHQ�HGXFDWLRQ�V\VWHPV�$�DQG�%�LQ�WKH�ZD\�KRPHZRUN�LV�

WUHDWHG� GXULQJ� D� UHJXODU�PDWKHPDWLFV� OHVVRQ��+HUH�� WKH� H[DPSOH� LV� VLPSOLILHG� EXW�

VXSSRVH��LQ�HGXFDWLRQ�V\VWHP�$�PRVW�WHDFKHUV�UHYLHZ�FRPSOHWHG�KRPHZRUN�DW�WKH�

EHJLQQLQJ� RI� PRVW� OHVVRQV� DQG� LQ� V\VWHP� %� KRPHZRUN� LV� UHYLHZHG� UDUHO\� E\�

WHDFKHUV�� )XUWKHU�� WKH� PHDQ� DFKLHYHPHQW� LQ� PDWKHPDWLFV� HGXFDWLRQ� V\VWHP� $� LV�

VLJQLILFDQWO\�KLJKHU�WKDQ�LQ�V\VWHP�%�DQG�WUHDWPHQW�RI�KRPHZRUN�ZDV�D�SUHGLFWRU�RI�

DFKLHYHPHQW� LQ� HDFK� V\VWHP� �GLUHFWHG� SRVLWLYHO\� LQ� V\VWHP� $� DQG� QHJDWLYHO\� LQ�

V\VWHP� %��� 7KHVH� GLIIHUHQFHV� FDQ� EH� D� VWDUWLQJ� SRLQW� IRU� SROLF\PDNHUV� DQG�

HGXFDWLRQDO�SUDFWLWLRQHUV�LQ�HGXFDWLRQ�V\VWHP�%�WR�FKDQJH�HGXFDWLRQ�LQ�WKHLU�V\VWHP�

DW�WKH�FODVVURRP�OHYHO��2I�FRXUVH��LQ�UHDOLW\�WKH�VLWXDWLRQ�ZLOO�EH�PRUH�FRPSOLFDWHG��

DV�PRUH� EDFNJURXQG� IDFWRUV�PLJKW� EH� LQYROYHG� DQG� WKH� LQIOXHQFH� RI� D� IDFWRU� RQ�

DFKLHYHPHQW�PLJKW�QRW�EH�GLUHFW��

,Q� ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV�� FRPSDULVRQV� EHWZHHQ� HGXFDWLRQ�

V\VWHPV� UHO\�PDLQO\�RQ�PHDQV� DQG�YDULDQFHV�RI�GLVWULEXWLRQV�RI� VFDOH� VFRUHV�ERWK�



�� &KDSWHU �

ZLWKLQ�DQG�DFURVV�V\VWHPV��,Q�WKH�H[DPSOH��WKH�PHDQ�VFRUH�
WUHDWPHQW�RI�KRPHZRUN
�

RI�HDFK�V\VWHP�FDQ�EH� WDNHQ�DV� WKH�EDVLV� IRU� WKH�FRPSDULVRQ�DFURVV�V\VWHPV�ZLWK�

UHVSHFW� WR� WKH� UHODWLRQVKLS� EHWZHHQ� DFKLHYHPHQW� VFRUHV� DQG� WKH� WUHDWPHQW� RI�

KRPHZRUN��

6LPLODUO\��LQ�DQDO\]LQJ�WKH�7,066�GDWD�VHWV�LW�LV�QHFHVVDU\�WKDW�VFRUHV�RQ�IDFWRUV�WKDW�

SRWHQWLDOO\� DIIHFW� PDWKHPDWLFV� DFKLHYHPHQW� DUH� DYDLODEOH�� 3RWHQWLDOO\� HIIHFWLYH�

IDFWRUV� QHHG� ILUVW� WR� EH� LGHQWLILHG�� 7KHUHIRUH�� WKH� FRQFHSWXDO� IRXQGDWLRQ� RI� WKH�

7,066� EDFNJURXQG� TXHVWLRQQDLUHV� LV� UHYLHZHG�� 7KH� UHYLHZ� RI� WKH� FRQFHSWXDO�

IUDPHZRUN�IRU�7,066�SURYLGHV�LQVLJKW�LQ�����WKH�DSSURSULDWHQHVV�RI�WKH�IUDPHZRUN�

WR�DGGUHVV�UHVHDUFK�TXHVWLRQ�,��DQG�����WKH�H[WHQW�WR�ZKLFK�WKH�RSHUDWLRQDOL]DWLRQ�RI�

WKH� IUDPHZRUN� FDQ� EH� XVHG� DV� D� JXLGH� WR� ILQG� SRWHQWLDOO\� HIIHFWLYH� IDFWRUV� LQ�

PDWKHPDWLFV�DFKLHYHPHQW�DFURVV�HGXFDWLRQ�V\VWHPV��3UHIHUDEO\��WKH�FRUUHVSRQGHQFH�

EHWZHHQ� WKH� FRQFHSWXDO� IUDPHZRUN� IRU� 7,066� DQG� WKH� 7,066� EDFNJURXQG�

TXHVWLRQQDLUHV�FRQWDLQV�FRQFUHWH�RSHUDWLRQDOL]DWLRQV�RI�NH\�IDFWRUV�DW�ERWK�VWXGHQW��

FODVVURRP��DQG�VFKRRO�OHYHO��

7KH�ILQDO�UHVXOWV�RI�WKLV�UHYLHZ�DUH�XVHG�DV�D�JXLGH�IRU�WKH�FRPSDULVRQV�RI�WKH�GDWD�

VHWV� RI� WKH� WKUHH� HGXFDWLRQ� V\VWHPV�� 7KH� UHVXOWV� RI� WKH� FRPSDUDWLYH� H[SORUDWLRQV�

SURYLGH�DQVZHUV�WR�UHVHDUFK�TXHVWLRQ�,�DQG�DUH�UHSRUWHG�LQ�FKDSWHU����

���� &5,7(5,$ )25 $1 $335235,$7( &21&(378$/ )5$0(:25.�

,Q�WKH�/,1&$6�XQGHU�UHYLHZ��WKH�IRFXV�LV�RQ�SUHGLFWRUV�RI�VWXGHQW�DFKLHYHPHQW�LQ�

PDWKHPDWLFV�� 8VXDOO\�� DFKLHYHPHQW� LV� PHDVXUHG� E\� PHDQV� RI� FXUULFXOXP�GULYHQ�

DFKLHYHPHQW�WHVWV��7KH�WHVW�UHVXOWV�LQGLFDWH�WKH�H[WHQW�WR�ZKLFK�VWXGHQWV�ZLWKLQ�WKH�

SDUWLFLSDWLQJ� FRXQWULHV� DWWDLQHG� WKH� FXUULFXOXP� WKDW� ZDV� WDXJKW�� 7R� EH� DEOH� WR�

XQGHUVWDQG�GLIIHUHQFHV�LQ�DFKLHYHPHQW�ZLWKLQ�DQG�DFURVV�FRXQWULHV��LW�LV�QHFHVVDU\�WR�

KDYH� LQIRUPDWLRQ� DYDLODEOH�RQ�JURXSV�RI�EDFNJURXQG� IDFWRUV� WKDW� DUH� UHJDUGHG�DV�

SRWHQWLDOO\�DIIHFWLQJ�VWXGHQW�DFKLHYHPHQW��

7KH�LGHQWLILFDWLRQ�RI�SRWHQWLDOO\�HIIHFWLYH�EDFNJURXQG�IDFWRUV�LQ�7,066�VKRXOG�EH�

JXLGHG�E\�WKH�FRQFHSWXDO�IUDPHZRUN�IRU�WKLV�VWXG\��)RXU�FULWHULD�ZHUH�SUHGHILQHG�WR�

MXGJH�WKH�DSSURSULDWHQHVV�RI�WKH�FRQFHSWXDO�IUDPHZRUN�IRU�7,066�LQ�WKLV�UHVSHFW��

%DVLFDOO\�� WKH� FULWHULD� DUH� GHULYHG� IURP� WKH� WHFKQLFDO� VWDQGDUGV� IRU� ,($� VWXGLHV�

IRUPXODWHG�E\�0DUWLQ��5XVW� DQG�$GDPV� ��������+RZHYHU�� WKH� WHFKQLFDO� VWDQGDUGV�

IRU� ,($�VWXGLHV� IRFXV�RQ�DFKLHYHPHQW� WHVWV��6WDQGDUGV� IRU�GHYHORSLQJ�FRQFHSWXDO�

PRGHOV�DQG�EDFNJURXQG�TXHVWLRQQDLUHV�DUH�GHVFULEHG�EULHIO\�E\�0DUWLQ�HW�DO����������



'HYHORSPHQW RI DQ RUJDQL]LQJ FRQFHSWXDO IUDPHZRUN ��

7KH�ILUVW�FULWHULRQ�IRU�HYDOXDWLQJ�WKH�IUDPHZRUN�GHDOV�ZLWK�WKH�VHOHFWLRQ�SURFHVV�RI�

LPSRUWDQW�IDFWRUV�JLYHQ�WKH�SDUWLFXODU�UHVHDUFK�TXHVWLRQV�RI�WKLV�VWXG\��

��� 7KH� FRQFHSWXDO� IUDPHZRUN� FDQ� EH� XVHG� DV� D� WRRO� IRU� FODVVLILFDWLRQ� RU�

FDWHJRUL]DWLRQ�RI�WKH�NH\�IDFWRUV�VHOHFWHG�DV�EHLQJ�FUXFLDO�WR�H[SODLQ�YDULDELOLW\�LQ�

VWXGHQWV
�DFKLHYHPHQW��

)DFWRUV� FDQ� EH� FODVVLILHG� DW� GLIIHUHQW� GLPHQVLRQV� RI� D� IUDPHZRUN�� /HYHOV� RI�

HGXFDWLRQ� �L�H��� WKH�V\VWHP��FRXQWU\�� OHYHO��DQG�WKH�VFKRRO��FODVVURRP��DQG�VWXGHQW�

OHYHOV�� DUH� FRQVLGHUHG� WR� EH� RQH� GLPHQVLRQ� IRU� D� FRQFHSWXDO� IUDPHZRUN�� 2WKHU�

H[DPSOHV�RI�GLPHQVLRQV�DUH�LQSXW�SURFHVV�RXWSXW�DQG�FRQWHQW�OHYHOV�RI�D�FXUULFXOXP�

�LQFOXGLQJ�WKH�OHYHOV�RI�LQWHQGHG��LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP���

,I� WKH� IUDPHZRUN�PHHWV� WKH� ILUVW� FULWHULRQ�� LW� FDQ� EH� VWXGLHG� IXUWKHU��7KH� VHFRQG�

FULWHULRQ� WR� MXGJH� WKH� DSSURSULDWHQHVV� RI� WKH� FRQFHSWXDO� IUDPHZRUN� UHIHUV� WR� WKH�

H[WHQW� WR� ZKLFK� LW� GHSLFWV� WKH� FOXVWHUV� RI� IDFWRUV� DQG� WKHLU� LQWHUUHODWLRQVKLSV� RQ�

ZKLFK�7,066�LV�IRFXVHG��0XQFN���������7KH�FODVVLILFDWLRQ�RI�IDFWRUV�VKRXOG�LQFOXGH�

FRQFUHWH� GHILQLWLRQV� RI� WKH� IDFWRUV�� VR� WKDW� WKH� IDFWRUV� FDQ� EH� RSHUDWLRQDOL]HG� ,W�

PXVW�DOVR�EH�SRVVLEOH�WKDW�SRWHQWLDO�UHODWLRQVKLSV�EHWZHHQ�FOXVWHUV�RI�WKHVH�IDFWRUV�

FDQ�EH�GHULYHG�IURP�WKH�FRQFHSWXDO�IUDPHZRUN��7KH�VHFRQG�DQG�WKLUG�FULWHULRQ�DUH�

IRUPXODWHG�DV�IROORZV��

��� 7KH� RSHUDWLRQDOL]DWLRQ� RI� WKH� FRQFHSWXDO� IUDPHZRUN� LQFOXGHV� FRQFUHWH�

GHILQLWLRQV�RI�WKH�NH\�IDFWRUV��

��� 7KH� IUDPHZRUN� FDQ� EH� XVHG� WR� IRUPXODWH� FOHDU� DVVXPSWLRQV� DERXW� WKH�

UHODWLRQVKLSV�EHWZHHQ�WKH�FDWHJRUL]HG�FOXVWHUV�RI�NH\�IDFWRUV��

,I� WKH� WKUHH� FULWHULD� DUH�PHW�� WKH� VWXG\� IUDPHZRUN� FDQ�EH�XVHG� DV� D�EDVLV� IRU� WKH�

GHYHORSPHQW�RI�D�PHDVXUHPHQW�PRGHO�IRU�DFKLHYHPHQW�VWXGLHV��0XQFN���������

�

,Q�DGGLWLRQ�WR�WKH�WKUHH�JHQHUDO�FULWHULD��RQH�H[WUD�FULWHULRQ�LV�IRUPXODWHG�EHFDXVH�RI�

WKH� LQWHUQDWLRQDO�FRPSDUDWLYH�SXUSRVHV�RI�7,066��$V�VWDWHG��WKH�FRPSDULVRQ�EHWZHHQ�

HGXFDWLRQ� V\VWHPV� DLPV� DW� XQGHUVWDQGLQJ� FURVV�QDWLRQDO� GLIIHUHQFHV� LQ� VWXGHQW�

DFKLHYHPHQW� IRU� ZKLFK� EDFNJURXQG� GDWD� LV� QHHGHG�� 7KXV�� WKH� LQWHUQDWLRQDO�

FRPSDUDELOLW\�RI� WKH�EDFNJURXQG�IDFWRUV� LV� LPSRUWDQW��7KH�FRQFHSWXDO� IUDPHZRUN�

VKRXOG�GR� MXVWLFH� WR� WKH�GLIIHUHQFHV�DQG�VLPLODULWLHV�RI�FRXQWULHV�SDUWLFLSDWLQJ� LQ�D�

VWXG\��7KHUHIRUH�WKH�IUDPHZRUN�VKRXOG�EH�EDVHG�RQ�HPSLULFDO�VWXGLHV�FRQGXFWHG�LQ�

GLIIHUHQW� FRXQWULHV� ORFDWHG� RQ� VHYHUDO� FRQWLQHQWV��$OVR�� WKH� VWXGLHV� RQ�ZKLFK� WKH�

IUDPHZRUN� IRU� 7,066� LV� EDVHG� VKRXOG� KDYH� D� FRPPRQ� WKHPH� DVVRFLDWHG� ZLWK�


IDFWRUV�LQIOXHQFLQJ�VWXGHQW�OHDUQLQJ�RI�D�FRUH�VXEMHFW�VXFK�DV�PDWKHPDWLFV�
�



�� &KDSWHU �

7KH� IRXUWK� FULWHULRQ� WR� MXGJH� WKH� DSSURSULDWHQHVV�RI� D� FRQFHSWXDO� IUDPHZRUN� IRU�

7,066�LV��

��� 7KH� WKHRUHWLFDO�EDVLV�RI� WKH� IUDPHZRUN� LV�DLPHG�DW� IDFWRUV� LQIOXHQFLQJ�VWXGHQW�

OHDUQLQJ�RI�PDWKHPDWLFV��DQG�IRXQGHG�LQ�D�VXEVWDQWLDO�ERG\�RI�HPSLULFDO�VWXGLHV�

FRQGXFWHG�LQ�FRXQWULHV�DURXQG�WKH�ZRUOG��

�

,Q�WKH�QH[W�VHFWLRQ��WKH�WZR�FRQFHSWXDO�IUDPHZRUNV�IRU�WKH�7,066�VWXG\�IRXQG�LQ�WKH�

OLWHUDWXUH�DUH�GLVFXVVHG�DJDLQVW�WKH�EDFNJURXQG�RI�WKH�IRXU�FULWHULD�IRUPXODWHG�DERYH��

���� $335235,$7(1(66 2)7,066�&21&(378$/ )5$0(:25.6�

,Q� WKH� OLWHUDWXUH�� WZR� IUDPHZRUNV� ZHUH� IRXQG� ODEHOHG� DV� 
7,066� FRQFHSWXDO�

IUDPHZRUN
� DQG� ERWK� RI� WKHP� ZHUH� SXEOLVKHG� LQ� ������ 7KH� ILUVW� SXEOLFDWLRQ� LQ�

ZKLFK�D�FRQFHSWXDO�IUDPHZRUN�IRU�7,066�ZDV�GHVFULEHG�LV�WKH�7,066�PRQRJUDSK�

�� �5RELWDLOOH�	�0D[ZHOO�� ������ DQG� WKH� IUDPHZRUN� LV� FDOOHG� 
WKH� WKUHH�FXUULFXOXP�

OHYHO�IUDPHZRUN
�7KH�VHFRQG�SXEOLFDWLRQ�LV�D�FRQWULEXWLRQ�IURP�6FKPLGW�DQG�&RJDQ�

������� WR� WKH� ILUVW� 7HFKQLFDO� 9ROXPH� RI� 7,066� �0DUWLQ� 	� .HOO\�� ������� 7KH�

IUDPHZRUN� WKH\� GHYHORSHG� LV� FDOOHG� 
WKH� HGXFDWLRQDO� H[SHULHQFH� RSSRUWXQLW\�

IUDPHZRUN�
�%RWK�IUDPHZRUNV�DUH�GHVFULEHG�EHORZ��

7KH�WKUHH�FXUULFXOXP�OHYHO�IUDPHZRUN�IRU�7,066�

,($
V� ),06� UHVXOWHG�PDLQO\� LQ� D�PDWKHPDWLFV� DFKLHYHPHQW� UDQNHG� OLVW� RI� WKH� ���

SDUWLFLSDWLQJ�FRXQWULHV� �VHH�������7KH�),06� ILQGLQJV� FRXOG�QRW�EH�XVHG� WR�GUDZ�D�

SLFWXUH�RI�VFKRROLQJ� LQ� WKH�GLIIHUHQW�FRXQWULHV��2QH�RI�WKH�FULWLFDO� LVVXHV�RI�),06�

ZDV� WKH� PLVVLQJ� OLQN� EHWZHHQ� WKH� DFKLHYHPHQW� WHVW� DQG� WKH� FXUULFXOXP� LQ� WKH�

FRXQWULHV��7KH�QH[W�,($�VWXGLHV�DWWHPSWHG�WR�ILOO�LQ�WKLV�RPLVVLRQ�E\�GHYHORSLQJ�D�

FRQFHSWXDO�IUDPHZRUN�LQ�ZKLFK�
FXUULFXOXP
�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�IDFWRUV��

�

7KH� FRQFHSWXDO� IUDPHZRUN� RI� WKH� VHFRQG� ,($� VWXG\� RQ� PDWKHPDWLFV� �6HFRQG�

,QWHUQDWLRQDO� 0DWKHPDWLFV� 6WXG\� �� 6,06�� VHH� ����� ZDV� FXUULFXOXP�EDVHG� DQG�

LQFRUSRUDWHG�WKUHH�FXUULFXOXP�OHYHOV��7UDYHUV�	�:HVWEXU\���������7KH�LQWHQGHG��WKH�

LPSOHPHQWHG��DQG�WKH�DWWDLQHG�FXUULFXOD�ZHUH�DGRSWHG�IRU�7,066�DV�WKH�EHVW�PHDQV�

RI�GLVFXVVLQJ�GLIIHUHQW�YLHZV�RI�FXUULFXOD�DQG�DGGUHVVLQJ�WKH�FRQWH[WV�RI�HGXFDWLRQ�

�5RELWDLOOH�	�0D[ZHOO�� �������7KH�7,066�IUDPHZRUN�GHVFULEHG�E\�5RELWDLOOH�DQG�

0D[ZHOO��������LV�VKRZQ�LQ�)LJXUH������



'HYHORSPHQW RI DQ RUJDQL]LQJ FRQFHSWXDO IUDPHZRUN ��

�

�

 
 
 
 
 
 
 
 
6RXUFH� 5RELWDLOOH 	 0D[ZHOO� ����� S���

)LJXUH�����

&RQFHSWXDO�IUDPHZRUN�IRU�7,066��WKH�WKUHH�FXUULFXOXP�IUDPHZRUN�

�

7KLV�FRQFHSWXDO�IUDPHZRUN�IRU�7,066�ZDV�EDVHG�QRW�RQO\�RQ�WKH�WKUHH�FXUULFXOXP�

IUDPHZRUN�GHYHORSHG�LQ�6,06��EXW�DOVR�RQ�WKH�ZRUN�RI�6KDYHOVRQ�RQ�HGXFDWLRQDO�

LQGLFDWRUV� �6KDYHOVRQ�� 0F'RQQHOO�� 2DNHV� 	� &DUH\�� ������� ,Q� WKH� PRGHO� RI�

6KDYHOVRQ� HW� DO�� WKH� FRPSOH[� LQWHUDFWLRQV� RI� WHDFKLQJ� DQG� OHDUQLQJ� DUH�

FRQFHSWXDOL]HG�E\�PHDQV�RI�WKH�LGHQWLILFDWLRQ�RI�LQSXW��SURFHVV��DQG�RXWSXW�IDFWRUV��

,Q� 7,066�� WKH� LQSXW�SURFHVV�RXWSXW� GLPHQVLRQV� DUH� QRW� OLWHUDOO\� XVHG�� 7,066�

VSHDNV�RI�FRQWH[WV�DQG�LQVWLWXWLRQDO�DUUDQJHPHQWV�LQVWHDG�RI�SURFHVVHV�DQG�LQSXWV��

7KH�FRQWHQWV�RI�WKH�WKUHH�FXUULFXOXP�OHYHOV�DUH�UHJDUGHG�DV�RXWSXWV� �

7KH�IUDPHZRUN�VKRZQ�LQ�)LJXUH�� ���LV�YHU\�VLPSOH��,W�VKRZV�RQO\�WKH�WKUHH�OHYHOV�RI�

FXUULFXOXP�FRQWHQW�DQG�IRU�HDFK�OHYHO�LW�VKRZV�RQH�JHQHUDO�ODEHO�RI�FRQWH[W�IDFWRUV�

�JHQHUDO�VRFLDO�DQG�HGXFDWLRQDO�FRQWH[WV��ORFDO��FRPPXQLW\�DQG�VFKRRO�FRQWH[WV��DQG�

SHUVRQDO�EDFNJURXQG���7KH�GHVFULSWLRQ�RI� WKLV� IUDPHZRUN� LV�YHU\� O LPLWHG��)DFWRUV�

DUH�PHQWLRQHG��EXW�QRW�GHILQHG��)XUWKHUPRUH��WKH�ERXQGDULHV�EHWZHHQ�WKH�GLIIHUHQW�

FRPSRQHQWV�ZLWKLQ�WKH�IUDPHZRUN�DUH�QRW�FOHDU��EHFDXVH�RI�WKH�JHQHUDO�ODEHOLQJ�RI�

WKH�FRQWH[WXDO�IDFWRUV��$FFRUGLQJ�WR�WKH�GHYHORSHUV�RI�WKLV�IUDPHZRUN��WKLV� PLJKW�

QRW�EH�QHFHVVDU\��5RELWDLOOH�	�0D[ZHOO���������)RU�WKHP�WKH�LPSRUWDQW�SRLQW�LV�WKDW�

�S������WKH�YDULDEOHV�RI�WKUHH�GLIIHUHQW�NLQGV�RI�FRQWHQW�QHHG�WR�EH�FRQVLGHUHG�LQ�WKH�OLJKW�RI�WKUHH�

GLIIHUHQW� VRFLHWDO� FRQWH[WV�� 7KH� FRQWHQW� DQG� LQVWLWXWLRQDO� DUUDQJHPHQWV� RI� WKH� LQWHQGHG�� WKH�

LPSOHPHQWHG�� DQG� WKH� DWWDLQHG� FXUULFXOD�� WRJHWKHU� ZLWK� IHDWXUHV� RI� WKH� VRFLHW\� DW� ODUJH�� WKH� ORFDO�

FRPPXQLW\��DQG�WKH�VWXGHQW
V�RZQ�FRQWH[W�FRQVWLWXWH�DQ�DSSURSULDWH�GHVFULSWLRQ�RI�WKH�HGXFDWLRQDO�

HQYLURQPHQW����+RZHYHU��EHFDXVH�RI�LWV�VLPSOLFLW\�WKH�IUDPHZRUN�GRHV�QRW�PHHW�DQ\�

*HQHUDO 6RFLDO

DQG (GXFDWLRQDO

&RQWH[WV

,QWHQGHG
&XUULFXOXP

,PSOHPHQWHG
&XUULFXOXP�

$WWDLQHG
&XUULFXOXP

3HUVRQDO %DFNJURXQG

/RFDO�

&RPPXQLW\�

DQG 6FKRRO

&RQWH[WV
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RI� WKH� FULWHULD� IRUPXODWHG� LQ� �����7KH� IUDPHZRUN� LQ�)LJXUH�����ZDV�EDVHG�RQ� WKH�

,($�UHVHDUFK�IUDPHZRUN�GHYHORSHG�LQ�6,06��7KH�ODWWHU�KDV�EHHQ�GHVFULEHG�LQ�GHWDLO�

E\�7UDYHUV�	�:HVWEXU\��������*LYHQ�WKH�GHWDLO��WKH�,($�UHVHDUFK�IUDPHZRUN�PLJKW�

EH�PRUH� DSSURSULDWH� WKDQ� WKH�7,066� IUDPHZRUN� WR� DGGUHVV� UHVHDUFK� TXHVWLRQ� ,��

7KH�,($�UHVHDUFK�IUDPHZRUN�LV�SUHVHQWHG�LQ�)LJXUH�����DQG�D�UHYLHZ�IROORZV��

�

0DLQ�FKDUDFWHULVWLFV�

7KH�WKUHH�FXUULFXOXP�OHYHOV�RI�WKH�7,066�FRQFHSWXDO�IUDPHZRUN�LQ�)LJXUH�����DUH�

FHQWUDO�LQ�WKH�,($�UHVHDUFK�IUDPHZRUN��7KH�WKUHH�OHYHOV�FDQ�EH�GHVFULEHG�LQ�WHUPV�

RI�WKUHH�EURDG�VHWV�RI�FXUULFXODU�YDULDEOHV��FRQWHQW��FRQWH[WV��DQG�DQWHFHGHQWV��7KH�

FXUULFXODU� FRQWHQW� DW�HDFK�RI� WKH� WKUHH� OHYHOV� LV� VXSSRVHG� WR�EH� LQIOXHQFHG�E\� WKH�

FRQWH[W� LQ� ZKLFK� LW� RFFXUV� DQG� WKH� FRQWH[WV� WKHPVHOYHV� DUH� VXSSRVHG� WR� EH�

GHWHUPLQHG�E\�D�QXPEHU�RI�DQWHFHGHQW�FRQGLWLRQV��7UDYHUV�	�:HVWEXU\���������

,Q� )LJXUH� ���� WKH� WKUHH� FXUULFXODU� GLPHQVLRQV� FDQ� EH� VHHQ� IURP� OHIW� WR� ULJKW�� WKH�

FXUULFXODU�DQWHFHGHQWV��WKH�FXUULFXODU�FRQWH[WV��DQG�WKH�WKUHH�FXUULFXODU�FRQWHQW�OHYHOV��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

6RXUFH� 7UDYHUV 	 :HVWEXU\� ����� S��

)LJXUH�����

$Q�,($�UHVHDUFK�IUDPHZRUN�

6\VWHP
IHDWXUHV DQG
FRQGLWLRQV

,QVWLWXWLRQDO
VHWWLQJV

,QWHQGHG

&RPPXQLW\�
VFKRRO DQG
WHDFKHU

FKDUDFWHULVWLFV

6FKRRO DQG
FODVVURRP

FRQGLWLRQV DQG
SURFHVVHV

,PSOHPHQWHG

6WXGHQW
EDFNJURXQG
FKDUDFWHULVWLFV

6WXGHQW
EHKDYLRUV

$WWDLQHG

6\VWHP

6FKRRO RU
FODVVURRP

6WXGHQW

&XUULFXODU
DQWHFHGHQWV

&XUULFXODU
FRQWH[WV

&XUULFXODU
FRQWHQW

/HYHO
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$W�WKH�IDU�ULJKW�VLGH�RI�WKH�PRGHO�WKH�HGXFDWLRQDO�OHYHOV�DW�ZKLFK�GDWD�DUH�FROOHFWHG�

DUH�LQFOXGHG��WKH�V\VWHP�RU�FRXQWU\�OHYHO��WKH�VFKRRO�RU�FODVVURRP�OHYHO��FRPELQHG���

DQG�WKH�VWXGHQW� OHYHO��7KH�GHVFULSWLRQ�RI� WKH�IUDPHZRUN�VWDUWV�ZLWK�WKH� 
FRQWHQWV
�

SDUW��DV�WKLV�SDUW�LV�ZKDW�LV�FRPPRQ�WR�ERWK�IUDPHZRUNV��VHH�)LJXUH�����DQG�������

�

&XUULFXODU�FRQWHQW�

7KH�VHW�RI�FXUULFXODU�YDULDEOHV�FRQVLVWV�RI�WKH�LQWHQGHG��LPSOHPHQWHG��DQG�DWWDLQHG�

FRQWHQW�� 7KH� FXUULFXOXP� RI� FRUH� VXEMHFWV� VXFK� DV� PDWKHPDWLFV� DQG� VFLHQFH� LQ� D�

VFKRRO�V\VWHP�WDNHV�RQ�GLIIHUHQW�HPERGLPHQWV�DW�HDFK�RI�WKH�WKUHH�FRQWHQW�OHYHOV��

7KH� LQWHQGHG� FXUULFXOXP� LV�GHILQHG�DV� 
D�VWDWHPHQW�RI�D�VRFLHW\
V�JRDOV� IRU� WHDFKLQJ�

DQG�OHDUQLQJ
�DQG�FDQ�EH�UHJDUGHG�DV�WKH�SODQQHG�FXUULFXOXP�IRU�D�SDUWLFXODU�VXEMHFW�

�7UDYHUV�	�:HVWEXU\���������$W�V\VWHP�RU�FRXQWU\�OHYHO�LW�LV�LPSRUWDQW�WR�NQRZ�WR�

ZKDW� H[WHQW� WKH� LQWHQGHG� FXUULFXOXP� LV� YDOLG� IRU� WKH� HQWLUH� FRXQWU\�� ,Q� FRXQWULHV�

ZLWK� D� ORZHU� GHJUHH� RI� FHQWUDOL]DWLRQ� WKH� UHVSRQVLELOLW\� IRU� FXUULFXOXP� GHVLJQ��

GHYHORSPHQW��DQG�LQLWLDWLYH�LV�PRUH�LQ�WKH�KDQGV�RI�VWDWHV��UHJLRQV��RU�ORFDO�GLVWULFWV��

7KH� LQWHQGHG�FXUULFXOXP�IRU�D� VWDWH�RU�UHJLRQ� LV� WKH�RQH�WKDW�FRXQWV�RQO\�IRU� WKH�

VFKRROV�ZLWKLQ�WKDW�VWDWH�RU�UHJLRQ��

1DWLRQDO�DXWKRULWLHV�WUDQVPLW�WKH�LQWHQGHG�FXUULFXOXP�WR�WKH�VFKRROV��7KH�LQWHQGHG�

FXUULFXOXP�LV�UHIOHFWHG�LQ�FXUULFXOXP�GRFXPHQWV�VXFK�DV�JRDO�VWDWHPHQWV��SUHVFULEHG�

WH[WERRNV��V\OODEL�DQG�RWKHU�HGXFDWLRQDO�UHVRXUFHV��H�J���LQIRUPDWLRQ�FRPPXQLFDWLRQ�

WHFKQRORJ\� WRROV� DQG� ODERUDWRU\� HTXLSPHQW��� DQG� H[DPLQDWLRQV� �5RELWDLOOH� 	�

0D[ZHOO���������7KH�FRQWHQWV�RI�WKH�LQWHQGHG�FXUULFXOXP�FDQ�EH�VWXGLHG�WKURXJK�DQ�

DQDO\VLV� RI� LWV� FXUULFXOXP� JXLGHV�� RIILFLDO� SROLF\� VWDWHPHQWV�� DQG� UHJXODWLRQV� �H�J���

LGHQWLILFDWLRQV� RI� PDQGDWRU\� DQG� RSWLRQDO� FRXUVHV�� DQG� WKH� GHILQLWLRQ� RI� WKH�

GLYHUVLW\�RI�VFKRRO�SURJUDPV���

�

7KH� VHFRQG� OHYHO�RI�FXUULFXODU�FRQWHQW�FRQFHUQV� WKH� LPSOHPHQWHG� FXUULFXOXP�DQG� LV�

UHJDUGHG� DV� WKH� LQWHQGHG� FXUULFXOXP� DV� LQWHUSUHWHG� DQG� WUDQVODWHG� E\� WHDFKHUV�

DFFRUGLQJ� WR� WKHLU� H[SHULHQFH� DQG�EHOLHIV� IRU�SDUWLFXODU� FODVVHV�� ,W� LV� WKDW�ZKLFK� LV�

DFWXDOO\� WDXJKW��2EYLRXVO\�� WKH�FODVVURRP� LV�FHQWUDO� WR� WKH�HGXFDWLRQDO�SURFHVV��,Q�

WKH� FODVVURRP�� VWXGHQWV� DUH� LQWURGXFHG� WR� WKH� VXEMHFWV� DQG� WKH� WHDFKHU� KDV� WKH�

UHVSRQVLELOLW\�IRU�ERWK�WUDQVPLWWLQJ�WKH�NQRZOHGJH�WR�VWXGHQWV�DQG�HQDEOLQJ�WKHP�WR�

DFTXLUH� DSSURSULDWH� VNLOOV�� 2QH� RI� WKH� PRVW� LPSRUWDQW� IDFWRUV� LQ� LQWHUQDWLRQDO�

FRPSDUDWLYH� DFKLHYHPHQW� VWXGLHV� LV� 
RSSRUWXQLW\�WR�OHDUQ
�ZKLFK�PHDVXUHV�ZKDW� LV�

DFWXDOO\�WDXJKW��GH�+DDQ���������7KH�RSSRUWXQLW\�WR�OHDUQ�FRQFHSW�LV�GHILQHG�DV�WKH�
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H[WHQW� WR� ZKLFK� WKH� VXEMHFW� FRQWHQWV� ²� QHHGHG� WR� FRPSOHWH� HDFK� RI� WKH� LWHPV�

LQFOXGHG� LQ� DQ� �LQWHUQDWLRQDO�� DFKLHYHPHQW� WHVW� ²� KDV� EHHQ� FRYHUHG� �7UDYHUV� 	�

:HVWEXU\���������7KH�LPSOHPHQWHG�FXUULFXOXP�FDQ�EH�UHVWULFWHG�WR�WKH�VFKRRO�\HDU�

E\�WKH�HQG�RI�ZKLFK�WKH� LQWHUQDWLRQDO�DFKLHYHPHQW�WHVW� LV�DGPLQLVWHUHG��EXW� LW�FDQ�

DOVR�UHIHU�WR�WKH�VFKRRO�\HDUV�SULRU�WR�WKH�\HDU�RI�WHVWLQJ���

�

7KH�DWWDLQHG� FXUULFXOXP�FDQ�EH�GHVFULEHG� LQ� WHUPV�RI�ZKDW� VWXGHQWV�KDYH� OHDUQHG��

LQFOXGLQJ�WKHLU�DWWLWXGHV�WRZDUGV�VFKRRO�DQG�WRZDUGV�WKH�SDUWLFXODU�VXEMHFW�V��XQGHU�

LQYHVWLJDWLRQ��7KH�NQRZOHGJH�DQG�VNLOOV�RI�D�FHUWDLQ�VXEMHFW�DQG�DWWLWXGHV� WRZDUGV�

WKDW�VXEMHFW��DUH�XVXDOO\�WKH�GHSHQGHQW�YDULDEOHV�RI�SULPDU\�LQWHUHVW�LQ�LQWHUQDWLRQDO�

FRPSDUDWLYH�VWXGLHV��

7KH� LQFOXVLRQ� RI� WKH� WKUHH� FXUULFXODU� FRQWHQW� OHYHOV� DOORZV� UHVHDUFKHUV� WR� DQDO\]H�

SRVVLEOH�H[SODQDWLRQV�IRU�WKH�VWXGHQW�RXWFRPHV�LQ�WKH�SDUWLFLSDWLQJ�FRXQWULHV��,W�LV�

DVVXPHG� WKDW� WR� D� FHUWDLQ� H[WHQW�� GLIIHUHQFHV� ERWK� LQ� FXUULFXODU� LQWHQWLRQV� DQG� LQ�

ZKDW� LV� DFWXDOO\� WDXJKW� LQ� WKH� FODVVURRP� FDQ� DFFRXQW� IRU� GLIIHUHQFHV� LQ� VWXGHQW�

UHVXOWV�ZLWKLQ�DQG�DFURVV�QDWLRQV��

�

&XUULFXODU�FRQWH[WV�DQG�DQWHFHGHQWV�

7UDYHUV� DQG� :HVWEXU\� ������� DGGHG� D� FRQWH[WXDO� GLPHQVLRQ� WR� WKH� FRQWHQW�

IUDPHZRUN�EHFDXVH� WKH\�ZDQWHG� WR� WDNH� LQWR� DFFRXQW�QRW�RQO\� FXUULFXODU� FRQWHQW�

YDULDEOHV� EXW� DOVR� FRQWH[WXDO� IDFWRUV� LQ� ILQGLQJ� H[SODQDWLRQV� IRU� GLIIHUHQFHV� LQ�

VWXGHQW�RXWFRPHV��$W� HDFK�FXUULFXODU� FRQWHQW� OHYHO�RI� WKH�PRGHO� D� VHW�RI� FRQWH[W�

YDULDEOHV�FDQ�EH�FODVVLILHG��

7KH� FRQWH[WXDO� YDULDEOHV� DW� WKH� OHYHO� RI� WKH� LQWHQGHG� FXUULFXOXP� DUH� FDOOHG�

LQVWLWXWLRQDO� VHWWLQJV�� $Q� H[DPSOH� RI� VXFK� D� YDULDEOH� LV� WKH� H[LVWHQFH� RI� FHQWUDO�

H[DPLQDWLRQV��LQGHSHQGHQW�IURP�LQGLYLGXDO�VFKRROV�LQ�DQ�HGXFDWLRQ�V\VWHP���$W�WKH�

VHFRQG� FRQWHQW� OHYHO� RI� WKH� PRGHO� ²� LPSOHPHQWHG� FXUULFXOXP� ²� VFKRRO� DQG�

FODVVURRP�FRQGLWLRQV�DQG�SURFHVVHV�GHWHUPLQH�WKH�FXUULFXODU�FRQWH[W��$W�WKH�OHYHO�RI�

WKH�FRQWH[W�RI�WKH�LPSOHPHQWHG�FXUULFXOXP��IHDWXUHV�RI�WKH�LQVWUXFWLRQDO�SUDFWLFHV��

VXFK� DV� WKH�ZD\� WHDFKHUV� VWUXFWXUH� WKHLU� OHVVRQV� DQG� WKH� W\SH� RI� DVVHVVPHQW� WKH\�

DSSO\��FDQ�EH�FODVVLILHG��

7KH� FXUULFXODU� FRQWH[W� RI� WKH� WKLUG� OHYHO� RI� WKH� FXUULFXOXP� PRGHO� FRQVLVWV� RI�

YDULDEOHV� GHILQHG� DV� 
VWXGHQW� EHKDYLRUV�
� ([DPSOHV� RI� VWXGHQW� EHKDYLRU� YDULDEOHV�

LQFOXGH� SHUFHLYHG� OLPLWDWLRQV� UHODWHG� WR� GLVUXSWLYH� VWXGHQW� EHKDYLRU� DQG� VWXGHQWV
�

SHUFHSWLRQV�RI�WKH�FODVV�FOLPDWH��
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7KH� DQWHFHGHQW� GLPHQVLRQ� RI� WKH� WKUHH� FXUULFXOXP� PRGHO� FRQWDLQV� EDFNJURXQG�

IDFWRUV�� 7KH� DQWHFHGHQWV� FDQ� EH� VHHQ� DV� QRQ�FKDQJHDEOH� IDFWRUV� �V\VWHP� IHDWXUHV�

DQG�EDFNJURXQG�FKDUDFWHULVWLFV�RI�VFKRROV��WHDFKHUV��DQG�VWXGHQWV��ZKLFK�FDQ�DIIHFW�

FRQWH[WXDO�IDFWRUV��ZKLFK�DUH�SRWHQWLDOO\�FKDQJHDEOH��

%DFNJURXQG� IDFWRUV� FODVVLILHG� DW� WKH� LQWHQGHG� FXUULFXOXP� OHYHO� LQFOXGH� V\VWHP�

IHDWXUHV� VXFK� DV� WKH� ZHDOWK� RI� WKH� VRFLHW\�� ZKLFK� PD\� DIIHFW� WKH� UHWHQWLRQ� RI�

VWXGHQWV�ZLWKLQ�HGXFDWLRQ��7UDYHUV�	�:HVWEXU\���������

$W� WKH� LPSOHPHQWHG� FXUULFXOXP� OHYHO�� FRPPXQLW\� FKDUDFWHULVWLFV� �H�J��� GHJUHH� RI�

XUEDQL]DWLRQ�RI� WKH� DUHD�ZKHUH� WKH� VFKRRO� LV� ORFDWHG��� VFKRRO� FKDUDFWHULVWLFV� �H�J���

VFKRRO� VL]H� DQG�SHUFHQWDJH� RI� IXOO�WLPH� WHDFKHUV�� DQG� WHDFKHU� FKDUDFWHULVWLFV� �H�J���

SURIHVVLRQDO� TXDOLILFDWLRQV� DQG� H[SHULHQFH�� DJH�� DQG� JHQGHU�� DUH� UHJDUGHG� DV�

DQWHFHGHQWV��

$W�WKH�WKLUG�OHYHO�RI�WKH�PRGHO�²�WKH�DWWDLQHG�FXUULFXOXP�OHYHO�²�VWXGHQW�EDFNJURXQG�

IDFWRUV�DUH�FODVVLILHG�DV�DQWHFHGHQWV��7UDYHUV�	�:HVWEXU\��������S����GHVFULEHG�WKLV�VHW�

RI�YDULDEOHV�DV��WKH�FKDUDFWHULVWLFV�ZKLFK�WKH�VWXGHQWV�EULQJ�WR�WKH�FODVV���6WXGHQW�EDFNJURXQG�

FKDUDFWHULVWLFV��ZKLFK�FDQ�EH�FODVVLILHG�DW�WKH�OHYHO�RI�WKH�DWWDLQHG�FXUULFXOXP�DQG�FRXOG�

QRW�EH�LQIOXHQFHG�E\�VFKRROV��DUH�WKH�HGXFDWLRQDO�DQG�VRFLR�HFRQRPLF�EDFNJURXQG�RI�

WKH�VWXGHQW
V�IDPLO\��7KHVH�IDFWRUV�DUH�H[DPSOHV�RI�
JLYHQ
�DQWHFHGHQWV��

�

$SSURSULDWHQHVV�

&RQVLGHULQJ� ,($
V� WKUHH�FXUULFXOXP� OHYHO� IUDPHZRUN�SUHVHQWHG� LQ�)LJXUH����� DQG�

WKH�SUHVHQWDWLRQ�RI�WKH�IDFWRUV��ZKLFK�FDQ�EH�FODVVLILHG�DW�WKH�GLIIHUHQW�OHYHOV��VRPH�

UHPDUNV� FDQ� EH� PDGH� ZLWK� UHJDUG� WR� WKH� DSSURSULDWHQHVV� RI� WKH� IUDPHZRUN� WR�

DGGUHVV�UHVHDUFK�TXHVWLRQ�,��

,GHDOO\��LW�VKRXOG�EH�SRVVLEOH�WR�DVVLJQ�IDFWRUV�WR�RQH�RI�WKH�FOXVWHUV�RI�IDFWRUV�ZKLFK�

DUH� LQFOXGHG� LQ� WKH� IUDPHZRUN�� 7KH� IDFWRUV� VKRXOG� EH� GHILQHG� FRQFUHWHO\� DQG� LW�

VKRXOG�EH�SRVVLEOH�WR�GHULYH�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�FOXVWHUV�RI�IDFWRUV�IURP�

WKH�IUDPHZRUN��VHH�WKH�WKUHH�FULWHULD�LQ�������

�

&ULWHULRQ����7RRO�IRU�WKH�FODVVLILFDWLRQ�RI�IDFWRUV��

,Q�SULQFLSOH��WKH�IUDPHZRUN�FDQ�EH�XVHG�WR�FODVVLI\�PDQ\�LPSRUWDQW�IDFWRUV�QHHGHG�

WR� DQVZHU� LQWHUQDWLRQDO� FRPSDUDWLYH� UHVHDUFK� TXHVWLRQV� LQ� D� GHVFULSWLYH� ZD\��

1HYHUWKHOHVV�� WKH�ERXQGDULHV�EHWZHHQ�WKH�GLIIHUHQW�FOXVWHUV�ZLWKLQ�WKH�IUDPHZRUN�

DUH� QRW� YHU\� VWULFW�� )RU� H[DPSOH�� IDFWRUV� VXFK� DV� FODVVURRP� FOLPDWH�� EHORQJLQJ� WR�

FODVVURRP�FRQGLWLRQV� ORFDWHG�DW� WKH� LPSOHPHQWHG� OHYHO�� FRXOG� DOVR�EH� DVVLJQHG� WR�

VWXGHQW�EHKDYLRUV�ORFDWHG�DW�WKH�DWWDLQHG�FXUULFXOXP��
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&ULWHULRQ����&RQFUHWH�GHILQLWLRQV�RI�NH\�IDFWRUV��

%RWK�FRQFUHWH�GHILQLWLRQV�RI�WKH�IDFWRUV�DQG�UHOLDEOH�DQG�YDOLG�RSHUDWLRQDOL]DWLRQV�RI�

WKH�IDFWRUV�LQ�WKH�IRUP�RI�VFDOHV�DUH�QHHGHG��+RZHYHU��QR�SXEOLF�GRFXPHQWV�FRXOG�

EH�IRXQG�LQ�ZKLFK�WKH�IDFWRUV�FODVVLILHG�DW�HDFK�OHYHO�RI�WKH�WKUHH�FXUULFXOXP�OHYHO�

IUDPHZRUN��ZHUH�GHILQHG�FRQFUHWHO\��1RU�FRXOG�GRFXPHQWV�EH�IRXQG�ZLWK�FRPSOHWH�

GHVFULSWLRQV� RI� WKH� FRUUHVSRQGHQFH� EHWZHHQ� WKH� FODVVLILHG� IDFWRUV� DQG� WKHLU�

RSHUDWLRQDOL]DWLRQV�LQ�WKH�7,066�EDFNJURXQG�LQVWUXPHQWV��

�

&ULWHULRQ����%DVLV�IRU�DVVXPSWLRQV�DERXW�UHODWLRQVKLSV�EHWZHHQ�FOXVWHUV�RI�NH\�IDFWRUV��

,W� VHHPV� WKDW� WKH� GLVWLQFWLRQ� EHWZHHQ� WKH� WKUHH� FXUULFXODU� FRQWHQW� OHYHOV� LV� YHU\�

XVHIXO� LQ� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV�� 'LIIHUHQFHV� DFURVV� FRXQWULHV� FDQ� EH�

IRXQG�DQG�GHVFULEHG�DW�HDFK�RI�WKH�WKUHH�OHYHOV��7KH�WKUHH�FXUULFXODU�FRQWHQW�OHYHOV�

FDQ�EH�GHVFULEHG�ERWK�VHSDUDWHO\�DQG�LQ�UHODWLRQ�WR�HDFK�RWKHU�DV�ZDV�GRQH�LQ�,($
V�

6,06� �7UDYHUV�	�:HVWEXU\�� ������� 7KH� WKUHH� FXUULFXOXP� OHYHO� IUDPHZRUN� VHHPV�

DSSURSULDWH� WR� IRUPXODWH� DVVXPSWLRQV� DERXW� UHODWLRQVKLSV�EHWZHHQ� WKH�FOXVWHUV�RI�

IDFWRUV�� ,Q� 6,06�� WKH� GHVFULSWLRQ�RI� WKH� RXWFRPHV� SHU� FXUULFXODU� FRQWHQW� LQ� HDFK�

SDUWLFLSDWLQJ�FRXQWU\�ZDV�IROORZHG�E\�WKH�GHVFULSWLRQ�RI� WKH�UHODWLRQVKLS�EHWZHHQ�

WKH�LQWHQGHG�DQG�WKH�LPSOHPHQWHG�FXUULFXOXP��)RU�LQVWDQFH��FRXQWULHV�ZHUH�UDQNHG�

RQ�WKH�EDVLV�RI�WKH�FRUUHVSRQGHQFH�RI�WKH�GHVFULEHG�OHYHO�RI�WKH�LQWHQGHG�DQG�WKH�

LPSOHPHQWHG�FXUULFXOXP��7UDYHUV�	�:HVWEXU\���������

7KH�UHODWLRQVKLS�EHWZHHQ�WKH�DWWDLQHG�FXUULFXOXP�OHYHO�DQG�HLWKHU�RI�WKH�RWKHU�WZR�

FXUULFXODU� FRQWHQWV�ZDV� QRW� DQDO\]HG� LQ� 6,06��5HVXOWV�RI� WKH� DWWDLQHG� FXUULFXOXP�

OHYHO� ZHUH� SUHVHQWHG� LQ� WKH� IRUP� RI� SDWWHUQV� RI� DWWLWXGHV� DQG� DFKLHYHPHQW�� 7KH�

GHVFULSWLRQ� RI� WKHVH� SDWWHUQV� LQFOXGHG� LQIRUPDWLRQ� RQ� EDFNJURXQGV� RI� VFKRROV��

WHDFKHUV�� DQG�VWXGHQWV�ZLWKRXW�H[SOLFLWO\�SD\LQJ�DWWHQWLRQ� WR� WKH� LQWHQGHG�DQG�WKH�

LPSOHPHQWHG�FXUULFXOXP��5RELWDLOOH�	�*DUGHQ���������

�

&ULWHULRQ� ��� 6XEVWDQWLDO� WKHRUHWLFDO� EDVLV�� IRXQGHG� LQ� HPSLULFDO� VWXGLHV� DVVRFLDWHG�

ZLWK�RQH�WKHPH�DQG�FRQGXFWHG�LQ�HGXFDWLRQ�V\VWHPV�DURXQG�WKH�ZRUOG��

&ULWHULRQ��� LV� QRW�SHUIHFWO\�PHW�E\� ,($
V� UHVHDUFK� IUDPHZRUN��7KH� WKHRUHWLFDO� DQG�

HPSLULFDO�IRXQGDWLRQ�RI�WKH�FOXVWHUV�RI�IDFWRUV�LV�QRW�FOHDU�IURP�WKH�GHVFULSWLRQ�RI�WKH�

IUDPHZRUN� LQ� WKH� OLWHUDWXUH� �7UDYHUV�	�:HVWEXU\�� ������� )HZ� HPSLULFDO� UHVXOWV� DUH�

PHQWLRQHG�DV�EDVHV�IRU�LQFOXVLRQ�RI�FOXVWHUV�RU�LQGLYLGXDO�IDFWRUV�LQ�WKH�IUDPHZRUN��
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7KH�(GXFDWLRQDO�([SHULHQFH�2SSRUWXQLW\�FRQFHSWXDO�IUDPHZRUN�IRU�7,066�

7KH� VHFRQG� FRQFHSWXDO� IUDPHZRUN� IRU� 7,066� IRXQG� LQ� WKH� OLWHUDWXUH� ZDV� DOVR�

HODERUDWHG�IURP�WKH�WKUHH�FXUULFXOXP�OHYHO�PRGHO�RI�6,06��7KH�HODERUDWLRQ�UHVXOWHG�

LQ� WKH� 7,066� FRQFHSWXDO� IUDPHZRUN� FDOOHG� 
7KH� HGXFDWLRQDO� H[SHULHQFH�

RSSRUWXQLW\
� �6FKPLGW�	�&RJDQ�� ������� ,Q�7,066�� WKH� IUDPHZRUN�ZDV� XVHG� DV� D�

VWDUWLQJ� SRLQW� DQG� DV� D� JXLGH� LQ� GHYHORSLQJ� WKH� EDFNJURXQG� �RU� FRQWH[W��

TXHVWLRQQDLUHV�IRU�VWXGHQWV�� WHDFKHUV��DQG�VFKRRO�SULQFLSDOV��7KH�LQWHQWLRQ�ZDV��WR�

DVVHVV��WKURXJK�FRQWH[W�TXHVWLRQQDLUHV��WKH�IDFWRUV�DW�WKH�V\VWHP��VFKRRO��WHDFKHU��DQG�VWXGHQW�OHYHO�

WKDW� DUH� OLNHO\� WR� LQIOXHQFH� VWXGHQWV
� OHDUQLQJ� RI� PDWKHPDWLFV� DQG� WKH� VFLHQFHV�� �6FKPLGW� 	�

&RJDQ��������S��������

�

0DLQ�FKDUDFWHULVWLFV�

,Q� WKH� GHYHORSPHQWDO� SURFHVV� RI� 
WKH� HGXFDWLRQDO� H[SHULHQFH� RSSRUWXQLW\
�

IUDPHZRUN��WKUHH�VHSDUDWH�IUDPHZRUNV�²�RQH�IUDPHZRUN�IRU�VFKRRO�IDFWRUV��RQH�IRU�

FODVVURRP� IDFWRUV�� DQG�RQH� IRU� VWXGHQW� IDFWRUV��ZHUH� ILUVW� GHYHORSHG� �6FKPLGW�	�

&RJDQ�� ������� (DFK� IUDPHZRUN� FRQVLVWHG� RI� D� OLVW� RI� IDFWRUV� GUDZQ� IURP� WKH�

OLWHUDWXUH�� 7KH� UHODWLRQVKLSV� EHWZHHQ� FOXVWHUV� RI� IDFWRUV� ZHUH� LQFOXGHG� LQ� WKH�

VHSDUDWH�PRGHOV�� ,Q� WKH� ILQDO� FRQFHSWXDO� IUDPHZRUN�� DV� VKRZQ� LQ�)LJXUH� ����� WKH�

WKUHH�IUDPHZRUNV�ZHUH�LQWHJUDWHG��

�

7KLV� 7,066� IUDPHZRUN� LQFOXGHV� IRXU� OHYHOV� RI� HGXFDWLRQ� ²� V\VWHP�� VFKRRO��

FODVVURRP�DQG�VWXGHQW�²�DQG�LQFRUSRUDWHV�WKH�WKUHH�FXUULFXODU�FRQWHQW� OHYHOV��7KH�

ODWWHU�DUH�PRUH�RU� OHVV�XVHG�DV� WKH�VHFRQG�GLPHQVLRQ�RI�WKH�IUDPHZRUN��7KH�IRXU�

OHYHOV�RI�HGXFDWLRQ�DUH�ORFDWHG�KRUL]RQWDOO\�DQG�WKH�FXUULFXODU�OHYHOV�YHUWLFDOO\��7KH�

WKUHH�FXUULFXODU�OHYHOV�DUH�ODEHOHG�E\�PHDQV�RI�IRXU�TXHVWLRQV��

��:KDW�DUH�VWXGHQWV�H[SHFWHG�WR�OHDUQ"��,QWHQGHG�FXUULFXOXP���

��:KR�GHOLYHUV�WKH�LQVWUXFWLRQ"��,PSOHPHQWHG�FXUULFXOXP���

��+RZ�LV�LQVWUXFWLRQ�RUJDQL]HG"��,PSOHPHQWHG�FXUULFXOXP���

��:KDW�KDYH�VWXGHQWV�OHDUQHG"��$WWDLQHG�FXUULFXOXP���

7KH� ILUVW� WKUHH� TXHVWLRQV� UHIHU� WR� IDFWRUV� DW� DOO� HGXFDWLRQDO� OHYHOV� H[FHSW� VWXGHQW�

OHYHO��2QO\�WKH�IRXUWK�TXHVWLRQ�UHIHUV�WR�IDFWRUV�DW�VWXGHQW�OHYHO��WHVW�RXWFRPHV�DQG�

SXSLO� FKDUDFWHULVWLFV��$V� FDQ� EH� VHHQ� LQ�)LJXUH� ����� WKH� OHYHO� RI� WKH� LPSOHPHQWHG�

FXUULFXOXP�LV�SKUDVHG�E\�PHDQV�RI�WZR�TXHVWLRQV�UHIHUULQJ�WR�IDFWRUV�UHODWHG�WR�WKH�

WHDFKHU��DQG�WR� LQVWUXFWLRQDO�SUDFWLFHV�DQG�WKHLU�FRQGLWLRQDO�FRPSRQHQWV�DW�VFKRRO�

DQG�V\VWHP�OHYHO��
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6RXUFH� 6FKPLGW 	 &RJDQ� ����� S����

)LJXUH�����

7,066�FRQFHSWXDO�IUDPHZRUN��WKH�HGXFDWLRQDO�H[SHULHQFH�RSSRUWXQLW\�

�

7KH� K\SRWKHVL]HG� LQWHUUHODWLRQVKLSV� EHWZHHQ� VHYHUDO� FOXVWHUV� RI� IDFWRUV� DUH�

GHPRQVWUDWHG�E\�DUURZV��$UURZV�DUH�GUDZQ�EHWZHHQ�FOXVWHUV�RI�IDFWRUV�DW�WKH�VDPH �

�

1DWLRQDO�
UHJLRQDO

FXUULFXOXP
JRDOV

,QWHQGHG
FXUULFXOXP

6FKRRO JRDOV

7HDFKHUV

OHDUQLQJ JRDOV

,PSOHPHQWHG
FXUULFXOXP

2IILFLDO
WHDFKHU

FHUWLILFDWLRQ
TXDOLILFDWLRQV

7HDFKHU VRFLDO
RUJDQL]DWLRQ

	
HQYLURQPHQW

6FKRRO FRXUVH
RIIHULQJV DQG
RWKHU UROHV DQG

IXQFWLRQV

�LQFOXGLQJ
FRPPXQLW\
UHODWLRQV DQG
UHVRXUFHV�

7,066 WHVW
RXWFRPHV

$WWDLQHG
FXUULFXOXP

6\VWHP

6FKRRO

&ODVV�
URRP

6WXGHQW

,QVWUXFWLRQDO
DFWLYLWLHV

,PSOHPHQWHG
FXUULFXOXP

7HDFKHU
FKDUDFWHULVWLFV

�� %DFNJURXQG
�� 6XEMHFW�

PDWWHU
RULHQWDWLRQ

�� 3HGDJRJLF
EHOLHIV

�� 6WDWXV DQG
LQFHQWLYHV

3XSLO
FKDUDFWHULVWLFV

�� %DFNJURXQG
�� +RXVHKROG

HFRQRPLF
FDSLWDO

�� +RXVHKROG
FXOWXUDO
FDSLWDO

�� $WWLWXGHV
�� $FWLYLWLHV
�� ([SHFWDWLRQV

6\VWHP
FKDUDFWHULVWLFV

�� 7UDFNLQJ
�� *UDGH OHYHOV
�� &RQWHQW

GHFLVLRQV
�� 5HODWHG

FKDUDFWH�
ULVWLFV
�QDWLRQDO 
ZHDOWK�

:KDW DUH VWXGHQWV
H[SHFWHG WR OHDUQ"

:KR GHOLYHUV WKH

LQVWUXFWLRQ"

+RZ LV LQVWUXFWLRQ

RUJDQL]HG"

:KDW KDYH

VWXGHQWV OHDUQHG"
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HGXFDWLRQDO� OHYHO� DV� ZHOO� DV� EHWZHHQ� FOXVWHUV� DW� GLIIHUHQW� HGXFDWLRQDO� OHYHOV�� )RU�

H[DPSOH�� DW� FODVVURRP� OHYHO�� WHDFKHU� FKDUDFWHULVWLFV� DUH� VXSSRVHG� WR� EH� UHODWHG� WR�

WHDFKHUV
� OHDUQLQJ�JRDOV�DQG� WR� LQVWUXFWLRQDO�DFWLYLWLHV��7KH� OLQNV�DVVXPHG�EHWZHHQ�

QDWLRQDO�FXUULFXOXP�JRDOV��VFKRROV�JRDOV��DQG�WHDFKHUV
� OHDUQLQJ�JRDOV�DUH�H[DPSOHV�

RI� OLQNV� EHWZHHQ� FOXVWHUV� RI� IDFWRUV� ORFDWHG� DW� GLIIHUHQW� HGXFDWLRQDO� OHYHOV��2WKHU�

UHODWLRQVKLSV� DUH� DVVXPHG� WR� EH� PXWXDO� �H�J��� 
LQWHQGHG� FXUULFXOXP
� DQG� 
RIILFLDO�

WHDFKHU� FHUWLILFDWLRQ� TXDOLILFDWLRQV
��� 7KH� LPSOLFDWLRQV� RI� UHFLSURFDO� UHODWLRQVKLSV�

ZHUH�QRW�PDGH�H[SOLFLW�E\�WKH�IUDPHZRUN
V�GHYHORSHUV��

�

$SSURSULDWHQHVV�

7KH�DSSURSULDWHQHVV�RI�WKH�
HGXFDWLRQDO�H[SHULHQFH�RSSRUWXQLW\
�IUDPHZRUN�FDQ�EH�

MXGJHG�E\�DSSO\LQJ�WKH�IRXU�FULWHULD�IRUPXODWHG�LQ������

�

&ULWHULRQ����7RRO�IRU�WKH�FODVVLILFDWLRQ�RI�IDFWRUV��

9DULRXV�FOXVWHUV�RI�IDFWRUV��ZKLFK�VKRXOG�EH�LQYHVWLJDWHG�LQ�7,066��FDQ�EH�GHULYHG�

IURP�WKH�IUDPHZRUN��:LWKLQ�HDFK�FOXVWHU�D�QXPEHU�RI�IDFWRUV�FDQ�EH�GLVWLQJXLVKHG��

7KH�WHDFKHU�DQG�VWXGHQW�FKDUDFWHULVWLFV�DUH�LQFOXGHG�H[SOLFLWO\�LQ�WKH�IUDPHZRUN���

7KH� FODVVLILFDWLRQ� RI� VRPH� RI� WKH� IDFWRUV� KRZHYHU�� LV� VRPHZKDW� DPELJXRXV�� )RU�

H[DPSOH��
LPSOHPHQWHG�FXUULFXOXP
�LV�ORFDWHG�LQ�WZR�FOXVWHUV�DW�WKH�FODVVURRP�OHYHO�

�
WHDFKHUV
� OHDUQLQJ� JRDOV
� DQG� 
LQVWUXFWLRQDO� DFWLYLWLHV
��� ZKLFK� DUH� DVVXPHG� WR� EH�

LQWHUUHODWHG�� ,Q� WKH� IUDPHZRUN� 
JRDOV
� DUH� QRW� GLVWLQJXLVKHG� IURP� 
DFWLYLWLHV�
�%RWK�

IDFWRUV� WRJHWKHU� DUH� UHJDUGHG� DV� WKH� LPSOHPHQWHG� FXUULFXOXP� DQG� SURYLGH� WKH�

FRQFHSWXDO� DQG�SUDFWLFDO� OLQN�EHWZHHQ�YDULRXV� DVSHFWV�RI� WKH� LQWHQGHG�FXUULFXOXP�

DQG�ZKDW�LV�DWWDLQHG�E\�VWXGHQWV��6FKPLGW���������7KH�ODFN�RI�FRQFHSWXDO�GLVWLQFWLRQ�

EHWZHHQ� WKHVH� WZR� IDFWRUV�� HVSHFLDOO\� JLYHQ� WKDW� WKH� WZR� FOXVWHUV� DUH� ORFDWHG� LQ�

GLIIHUHQW� FROXPQV� LQ� WKH� IUDPHZRUN�� PDNHV� WKH� IUDPHZRUN� FRPSOH[� DQG� OHVV�

DSSURSULDWH�DV�D�WRRO�IRU�FODVVLILFDWLRQ�RI�NH\�IDFWRUV���

,I�LPSOHPHQWHG�FXUULFXOXP�ZRXOG�KDYH�EHHQ�VHSDUDWHG�LQ�WZR�OHYHOV�WKH�GLVWLQFWLRQ�

ZRXOG�KDYH�EHHQ�FOHDUHU��7KH�WZR�OHYHOV�DUH�WKH�LQVWLWXWLRQDO�DQG�LQVWUXFWLRQDO�OHYHO�

�.OHLQ�� ������� 
7HDFKHU
V� OHDUQLQJ� JRDOV
� VHHPV� PRUH� D� IDFWRU� EHORQJLQJ� WR� WKH�

LQVWLWXWLRQDO�FXUULFXOXP�OHYHO��7KH�ODWWHU�LV�GHILQHG�DV�FXUULFXOXP�GHYHORSPHQW�DW�WKH�

LQGLYLGXDO�VFKRRO�VLWH��.OHLQ��������*RRGODG���������
,QVWUXFWLRQDO�DFWLYLWLHV
�FDQ�EH�

ORFDWHG�DW�WKH�LQVWUXFWLRQDO�OHYHO��7KLV�OHYHO�LV�FRPSRVHG�RI�WHDFKHUV�GHFLVLRQ�PDNLQJ�

DERXW�FXUULFXOXP�SODQQLQJ��



�� &KDSWHU �

&ULWHULRQ����&RQFUHWH�GHILQLWLRQV�RI�NH\�IDFWRUV��

7KH�QH[W�VWHS�LQ�GHVLJQLQJ�WKH�7,066�EDFNJURXQG�TXHVWLRQQDLUHV�FRQVLVWHG�RI�WKH�

IRUPXODWLRQ�RI� FRQFUHWH� GHILQLWLRQV� DQG�RSHUDWLRQDOL]DWLRQV�RI� WKH� IDFWRUV�� ,Q� WKH�

OLWHUDWXUH� DERXW�7,066�� IHZ�GRFXPHQWV�FRXOG�EH� IRXQG� WKDW�SURYLGH� LQIRUPDWLRQ�

DERXW� GHILQLWLRQV� DQG� RSHUDWLRQDOL]DWLRQV� RI� WKH� IDFWRUV�� ,Q� D� 7,066� SURMHFW�

GRFXPHQW�SUHSDUHG�E\�6FKPLGW���������ZKLFK�ZDV�QRW�SXEOLVKHG�EXW�RQO\�XVHG�DV�D�

ZRUNLQJ� GRFXPHQW�� DWWHPSWV� ZHUH�PDGH� WR� GHILQH� DQG� WR� RSHUDWLRQDOL]H� IDFWRUV��

)DFWRUV� OLVWHG� LQ� WKH� GRFXPHQW� DUH� GHVFULEHG� LQ� WHUPV� RI� 
GDWD� FROOHFWLRQ�
�


SURVSHFWLYH�DQDO\VHV�
� DQG� 
LQGLFHV�GHYHORSPHQW�
�7KHVH�FDWHJRULHV�DUH� UHTXLUHG�WR�

JHW�DQ�RYHUYLHZ�RI�WKH�FRUUHVSRQGHQFH�EHWZHHQ�WKH�IDFWRUV�DQG�WKH�GDWD�FROOHFWHG�

E\�PHDQV�RI�WKH�7,066�EDFNJURXQG�TXHVWLRQQDLUHV��+RZHYHU��QRW�DOO�RI�WKH�IDFWRUV�

PHQWLRQHG� LQ� )LJXUH� ���� FRXOG� EH� IRXQG� LQ� WKLV� GRFXPHQW�� ,Q� DGGLWLRQ�� WKH�

GHYHORSPHQW�RI�LQGLFHV�IRU�HDFK�IDFWRU�ZDV�SURSRVHG�E\�PDNLQJ�UHIHUHQFHV�WR�WKH�

LWHPV� IURP� WKH� 7,066� EDFNJURXQG� TXHVWLRQQDLUHV�� <HW�� WKH� FRUUHVSRQGHQFH�

EHWZHHQ�WKH�VHWV�RI�LWHPV�LQ�WKH�TXHVWLRQQDLUHV�DQG�WKH�IDFWRUV�ZKLFK�ZHUH�FODVVLILHG�

LQ� WKH� 7,066� IUDPHZRUN� FRXOG� QRW� EH� GHWHUPLQHG� SUHFLVHO\� LQ� WKH� GRFXPHQW�

�6FKPLGW�� ������� 7KLV� LV� D� FRQVHTXHQFH� RI� WKH� IDFW� WKDW� WKH� LWHPV� RI� WKH�

TXHVWLRQQDLUHV�LQFOXGHG�LQ�6FKPLGW
V�GRFXPHQW�ZHUH�SUHOLPLQDU\��7KH�LWHPV�DUH�QRW�

H[DFWO\�WKH�VDPH�DV�WKH�RQHV�RI�WKH�ILQDO�EDFNJURXQG�TXHVWLRQQDLUHV�XVHG�LQ�7,066��

7KH�PDMRULW\�RI�WKH�IDFWRUV�LQFOXGHG�LQ�WKH�IUDPHZRUN�DUH�GHVFULEHG�DQG�GHILQHG�LQ�

JHQHUDO�WHUPV�DQG�WKHUHIRUH�WKH�IUDPHZRUN�PHHWV�WKH�VHFRQG�FULWHULRQ�RQO\�WR�VRPH�

GHJUHH��

�

&ULWHULRQ����%DVLV�IRU�DVVXPSWLRQV�DERXW�UHODWLRQVKLSV�EHWZHHQ�FOXVWHUV�RI�NH\�IDFWRUV��

8QOLNH�WKH�,($�UHVHDUFK�IUDPHZRUN��VHH�)LJXUH�������LQ�WKH�HGXFDWLRQDO�H[SHULHQFH�

RSSRUWXQLW\� IUDPHZRUN�� WKH� VFKRRO� DQG� FODVVURRP� OHYHO� DUH�QR� ORQJHU� FRPELQHG��

)URP�D�WKHRUHWLFDO�SHUVSHFWLYH�LW�LV�UHOHYDQW�WR�VHSDUDWH�WKHVH�WZR�OHYHOV��6HSDUDWLRQ�

PDNHV� FRQFOXVLRQV� SRVVLEOH� DERXW� IDFWRUV� ORFDWHG� DW� VFKRRO� OHYHO� WKDW� LQIOXHQFH�

IDFWRUV� DW� FODVVURRP� OHYHO�� $VVXPSWLRQV� DERXW� VXFK� UHODWLRQVKLSV� FDQ� EH� EHWWHU�

IRUPXODWHG�ZKHQ�WKH�GLVWLQFWLRQ�EHWZHHQ�VFKRRO�DQG�FODVVURRP�OHYHO�LV�PDGH�FOHDU�

LQ�WKH�JHQHUDO�FRQFHSWXDO�IUDPHZRUN��

+RZHYHU�� WKH� HGXFDWLRQDO� H[SHULHQFH� RSSRUWXQLW\� IUDPHZRUN� FRQWDLQV� VHYHUDO�

FRPSOLFDWHG� UHODWLRQVKLSV�� ,Q� WKH�ZRUNLQJ�GRFXPHQW�SUHSDUHG�E\�6FKPLGW� ��������

RQO\�VRPH�RI�WKH�DUURZV�EHWZHHQ�FOXVWHUV�RI�NH\�IDFWRUV�DUH�GHVFULEHG��$V�VWDWHG�LQ��

�



'HYHORSPHQW RI DQ RUJDQL]LQJ FRQFHSWXDO IUDPHZRUN ��

WKH� H[DPSOH� XQGHU� FULWHULRQ� ��� WKH� IUDPHZRUN� LQFOXGHV� DQ� H[WHQVLYH� QXPEHU� RI�

�UHFLSURFDO�� DUURZV� DQG� WKLV� PDNHV� WKH� IUDPHZRUN� FRPSOLFDWHG� DQG� GLIILFXOW� WR�

XQGHUVWDQG��

2Q�WKH�RWKHU�KDQG��VRPH�DUURZV�DUH�PLVVLQJ��7DNH�IRU�H[DPSOH��WKH�FOXVWHU�
WHDFKHU�

VRFLDO� RUJDQL]DWLRQ� DQG� HQYLURQPHQW�
� ZKLFK� KDV� RQO\� D� OLQN� ZLWK� 
WHDFKHU�

FKDUDFWHULVWLFV�
� ,Q� 6FKPLGW
V� GRFXPHQW� �������� QR� LQIRUPDWLRQ� LV� SURYLGHG� DERXW�

SRVVLEOH� UHODWLRQVKLSV� EHWZHHQ� 
WHDFKHU� VRFLDO� RUJDQL]DWLRQ� 	� HQYLURQPHQW
� DQG�


LQVWUXFWLRQDO� DFWLYLWLHV�
� 6XFK� D� UHODWLRQVKLS� FDQ� EH� DVVXPHG� EHFDXVH� RI� WKHLU�

SRVVLEOH� OLQNV�� 7KH� ZD\� WHDFKHUV� ZRUN� WRJHWKHU� ZLWK� HDFK� RWKHU� LQ� WKHLU� VXEMHFW�

GHSDUWPHQW�PLJKW�LQIOXHQFH�WKHLU�LQVWUXFWLRQDO�DFWLYLWLHV��

)LQDOO\�� GHVFULSWLRQV� RI� WKH� DVVXPHG� UHODWLRQVKLSV�XQGHUO\LQJ�PDQ\�RI� WKH� DUURZV�

FDQQRW�EH� IRXQG� LQ� WKH� DFFRPSDQ\LQJ� OLWHUDWXUH��+HQFH�� WKH� IUDPHZRUN�GRHV�QRW�

PHHW�FULWHULRQ����

�

&ULWHULRQ� ��� 6XEVWDQWLDO� WKHRUHWLFDO� EDVLV�� IRXQGHG� LQ� HPSLULFDO� VWXGLHV� DVVRFLDWHG�

ZLWK�RQH�WKHPH�DQG�FRQGXFWHG�LQ�HGXFDWLRQ�V\VWHPV�DURXQG�WKH�ZRUOG��

7KH�QDPH�RI�WKH�IUDPHZRUN�DQG�WKH�LQWURGXFWRU\�WH[W�IURP�6FKPLGW��������DERXW�

WKH�IUDPHZRUN�UHIHUV�WR�RQH�WRSLF��
OHDUQLQJ�RSSRUWXQLWLHV�
�+RZHYHU��IURP�WKH�OLWWOH�

GRFXPHQWDWLRQ� DYDLODEOH�� LW� LV� QRW� PDGH� FOHDU� ZKHWKHU� WKH� VWXGLHV� WR� ZKLFK�

UHIHUHQFHV�ZHUH�PDGH��DUH�DLPHG�DW�RQH�SDUWLFXODU�WRSLF�DVVRFLDWHG�ZLWK�WKH�WKHPH�


IDFWRUV�LQIOXHQFLQJ�VWXGHQW�OHDUQLQJ�RI�PDWKHPDWLFV�
�

7KH� UHIHUHQFHV�PDGH� LQ�6FKPLGW
V�ZRUNLQJ�GRFXPHQW� FRPH�HLWKHU� IURP�GLIIHUHQW�

VWXGLHV� FRQGXFWHG� LQ� RQH� FRXQWU\� RU� DUH� PLVVLQJ�� ,W� VHHPV� DV� WKRXJK� UHVXOWV� RI�

VHSDUDWH� VWXGLHV�� ZKLFK� HDFK� LQYHVWLJDWHG� RQO\� D� VPDOO� QXPEHU� RI� IDFWRUV�� ZHUH�

FRPELQHG��)RU� H[DPSOH�� XQGHU� 
ZKR�GHOLYHUV� WKH� LQVWUXFWLRQ"
� WKH�FOXVWHU� 
WHDFKHU�

VRFLDO� RUJDQL]DWLRQ� DQG� HQYLURQPHQW
� ZDV� LQFOXGHG� DW� WKH� OHYHO� RI� WKH� VFKRRO� E\�

UHIHUULQJ�WR�D�VWXG\�FRQGXFWHG�LQ�WKH�8QLWHG�6WDWHV�LQ�ZKLFK��WKH�DOORFDWLRQ�RI�WHDFKHU�

WLPH��L�H��� WKH�SURSRUWLRQ�RI�SURIHVVLRQDO�WLPH�VSHQW�GXULQJ�D�VFKRRO�GD\�LQ�SODQQLQJ�DQG�WHDFKLQJ�

PDWKHPDWLFV�RU�VFLHQFH���DQG�WKH�DPRXQW�RI�FURVV�JUDGH�OHYHO�WHDFKLQJ�ZDV�UHJDUGHG�DV�LPSRUWDQW��

�6FKPLGW�	�&RJDQ��������S��������6RPH�RI�WKH�RWKHU�FOXVWHUV�ZHUH�GHVFULEHG�LQ�WKH�

VDPH�ZD\�E\� UHIHUULQJ� WR� UHVXOWV� IURP�VHSDUDWH�VWXGLHV�FRQGXFWHG� LQ�RQH�FRXQWU\��

WKH�8QLWHG�6WDWHV��

7KH� FRPSOLFDWHG� LQWHUUHODWLRQVKLSV� EHWZHHQ� WKH� FOXVWHUV� RI� IDFWRUV� �FULWHULRQ� ���

PLJKW�DOVR�EH�D�UHVXOW�RI�WKH�IDFW�WKDW�UHIHUHQFHV�ZHUH�PDGH�IURP�GLIIHUHQW�VWXGLHV��

�
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ZKLFK�KDG�QR�VXEVWDQWLDO�FRPPRQ�WKHRUHWLFDO�EDVLV��7KH�ODFN�RI�D�FOHDU�WKHRUHWLFDO�

IRXQGDWLRQ� RI� WKH� IUDPHZRUN� DQG� WKH� XQLODWHUDO� EDVLV� RI� WKH� FOXVWHUV� LQFOXGHG�

�HPSLULFDO�VWXGLHV�FRQGXFWHG�LQ�WKH�8QLWHG�6WDWHV�RQO\��MXVWLILHV�WKH�FRQFOXVLRQ�WKDW�

WKH�IUDPHZRUN�GRHV�QRW�PHHW�FULWHULRQ����

�

,Q� VXPPDU\�� WKH� 
HGXFDWLRQDO� H[SHULHQFH� RSSRUWXQLW\
� IUDPHZRUN� GRHV� QRW� IXOO\�

PHHW� WKUHH�RXW�RI� WKH� IRXU�FULWHULD��$V�D�FRQVHTXHQFH�� WKH� IUDPHZRUN� LV� UHJDUGHG�

OHVV� DSSURSULDWH� DV� D� WRRO� IRU� FODVVLILFDWLRQ� RI� NH\� IDFWRUV�� ,W� LV� QRW� IRXQGHG� LQ� D�

VXEVWDQWLDO� WKHRU\� RQ� HGXFDWLRQDO� RSSRUWXQLWLHV� VXSSRUWHG� E\� UHVXOWV� RI� HPSLULFDO�

VWXGLHV�FRQGXFWHG�LQ�VHYHUDO�FRXQWULHV�DURXQG�WKH�ZRUOG��7KHUHIRUH��LW�LV�GLIILFXOW�WR�

IRUPXODWH� DVVXPSWLRQV� DERXW� UHODWLRQVKLSV� EHWZHHQ� FOXVWHUV� RI� IDFWRUV�� 7KH� RQO\�

FULWHULRQ� WKH� IUDPHZRUN� PHHWV� VRPHZKDW� LV� WKDW� WKH� IDFWRUV� LQFOXGHG� LQ� WKH�

IUDPHZRUN�DUH�GHVFULEHG��+RZHYHU��WKHVH�GHVFULSWLRQV�DUH�UDWKHU�JHQHUDO�DV�WKH\�DUH�

QRW�FODVVLILHG�RQ�WKH�EDVLV�RI�D�VXEVWDQWLDO�WKHRU\�DQG�HPSLULFDO�HYLGHQFH��

�

,Q�FRQFOXVLRQ��,($
V�UHVHDUFK�IUDPHZRUN��)LJXUH������LV�UHJDUGHG�DV�DQ�DSSURSULDWH�

WRRO� IRU� WKH� FODVVLILFDWLRQ�RI�SRWHQWLDOO\� HIIHFWLYH� IDFWRUV�RQ� VWXGHQW� DFKLHYHPHQW��

7KLV�IUDPHZRUN��ZLWK�LWV�FXUULFXODU�DQG�HGXFDWLRQDO�OHYHO�GLPHQVLRQV��LV�WDNHQ�DV�WKH�

EDVLF�IUDPH�IRU�WKH�FRQFHSWXDO�IUDPHZRUN�WKDW�ZLOO�EH�XVHG�DV�WKH�JXLGH�WR�DGGUHVV�

UHVHDUFK�TXHVWLRQ�,��7KH�OLVWV�RI�IDFWRUV�FODVVLILHG�LQ�HDFK�RI�WKH�FOXVWHUV�FRXOG�QRW�

EH� OLWHUDOO\� GHULYHG� IURP� WKH� 7,066� IUDPHZRUNV� EHFDXVH� RI� WKH� UHDVRQV� JLYHQ�

DERYH��,QVWHDG��WKH�FOXVWHUV�RI�IDFWRUV�GLVWLQJXLVKHG�LQ�WKLV�EDVLF�IUDPHZRUN�ZLOO�EH�

ILOOHG� LQ� ZLWK� SRWHQWLDOO\� HIIHFWLYH� IDFWRUV� GHULYHG� IURP� HGXFDWLRQDO� HIIHFWLYHQHVV�

UHVHDUFK��7KH�UHDVRQ�IRU�WKLV�LV�H[SODLQHG�EHORZ��

,Q�WKH�QH[W�VHFWLRQV�WKH�EDVLF�IUDPHZRUN�DQG�WKH�FRQWHQWV�RI�WKH�FOXVWHUV�RI�IDFWRUV�

DUH�SUHVHQWHG��

���� $1 25*$1,=,1* &21&(378$/ )5$0(:25. )25 7+,6 678'<�

,Q�SULQFLSOH��,($
V�UHVHDUFK�IUDPHZRUN��)LJXUH������FRXOG�EH�XVHG�DV�D�EDVLF�JXLGH�

IRU�WKH�H[SORUDWLRQ�RI�SRWHQWLDOO\�HIIHFWLYH�IDFWRUV�RQ�PDWKHPDWLFV�DFKLHYHPHQW�LQ�

GLIIHUHQW� HGXFDWLRQ� V\VWHPV� �UHVHDUFK� TXHVWLRQ� ,��� *LYHQ� WKH� GHILFLHQFLHV� RI� WKH�

7,066�FRQFHSWXDO�IUDPHZRUN��
HGXFDWLRQDO�H[SHULHQFH�RSSRUWXQLW\�
�LW�LV�FRQVLGHUHG�

LQDSSURSULDWH�IRU�WKLV�SXUSRVH��

�
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2QH� RI� WKH� VWUHQJWKV� RI� ,($
V� WKUHH� FXUULFXOXP� OHYHO� UHVHDUFK� IUDPHZRUN� LV� WKH�

FHQWUDO� SRVLWLRQ� RI� WKH� FXUULFXOXP�� ZKLFK� KDV� WKUHH� HPERGLPHQWV�� 7R� LQWHUSUHW�

GLIIHUHQFHV� LQ� VWXGHQW� DFKLHYHPHQW� DFURVV� QDWLRQV�� LQIRUPDWLRQ� LV� QHHGHG� DERXW�

GLIIHUHQFHV� LQ� WKH�FRQWHQW�RI� WKH� LQWHQGHG�� LPSOHPHQWHG��DQG�DWWDLQHG�FXUULFXOXP�

�ZKLFK�LQFOXGHV�DFKLHYHPHQW���,Q�WKH�IUDPHZRUN��WKH�WKUHH�FXUULFXODU�FRQWHQW�OHYHOV�

DUH�UHJDUGHG�DV�RXWSXW�OHYHOV�JLYHQ�WKHLU�DQWHFHGHQWV�DQG�FRQWH[WV��

7KH� GLVWLQFWLRQ� EHWZHHQ� FXUULFXODU� FRQWHQW� DQG� LWV� LQIOXHQFLQJ� FRQWH[W� DQG�

DQWHFHGHQWV� LV� XVHIXO�� &XUULFXODU� DQWHFHGHQWV� DUH� UHJDUGHG� DV� LQSXW� IDFWRUV� WKDW�

FDQQRW� EH� FKDQJHG� E\� SROLF\PDNHUV� RU� DQ\� RWKHU� JURXS� RI� SURIHVVLRQDOV� LQ�

HGXFDWLRQ�� &XUULFXODU� FRQWH[W� IDFWRUV� DUH� WKRVH� WKDW� FDQ� EH� VHHQ� DV� SURFHVV� RU�

LQWHUPHGLDWH�IDFWRUV�EHWZHHQ�FXUULFXODU�DQWHFHGHQWV�DQG�FXUULFXODU�FRQWHQW�IDFWRUV��

7KH� GLVWLQFWLRQ� EHWZHHQ� WKH� OHYHOV� RI� HGXFDWLRQ� LQ� ,($
V� UHVHDUFK� IUDPHZRUN� LV�

XVHIXO�DV�ZHOO��\HW�WKH�FRPELQHG�FODVVURRP�DQG�VFKRRO�OHYHO�VKRXOG�EH�VHSDUDWHG�LQ�

WZR� OHYHOV��7KH� LPSOHPHQWHG�FXUULFXOXP�FRQWHQW� DW� VFKRRO� OHYHO� LV�GLIIHUHQW� IURP�

WKH�FXUULFXOXP�FRQWHQW�DW�FODVVURRP�OHYHO��$W�VFKRRO�OHYHO��WKH�FXUULFXOXP�FRQWHQW�LV�

FDOOHG� 
LQVWLWXWLRQDO
� FXUULFXOXP�� DQG� DW� FODVVURRP� OHYHO� LW� LV� FDOOHG� 
LQVWUXFWLRQDO
�

FXUULFXOXP�� 7KH� LQVWLWXWLRQDO� OHYHO� LV� GHILQHG� DV� WKH� FXUULFXOXP� SODQQLQJ� DW� WKH�

LQGLYLGXDO� VFKRRO� VLWH��7KH� LQVWUXFWLRQDO� OHYHO� LV� FRPSRVHG�RI�ZKDW� WKH�FODVVURRP�

WHDFKHU�GHFLGHV�LQ�KLV�RU�KHU�SODQQLQJ�DERXW�FXUULFXOXP��.OHLQ���������

�

7KH� FRQFHSWXDO� IUDPHZRUN� IRU� DGGUHVVLQJ� UHVHDUFK� TXHVWLRQ� ,� RI� WKLV� VWXG\� LV�

DGDSWHG� IURP� ,($
V� UHVHDUFK� IUDPHZRUN� DQG� LV� FDOOHG� DQ� RUJDQL]LQJ� FRQFHSWXDO�

IUDPHZRUN��VHH�)LJXUH�������7KH�DGGLWLRQ�
RUJDQL]LQJ
�LQGLFDWHV�WKH�HPSKDVLV�RI�WKH�

IUDPHZRUN�DV�D�FODVVLILFDWLRQ�WRRO��7KH�IUDPHZRUN�LV�SULPDULO\�PHDQW�DQG�XVHG�DV�DQ�

RUJDQL]HU� RI� WKHRUHWLFDO� DQG� HPSLULFDO� UHOHYDQW� IDFWRUV� WKDW� SRWHQWLDOO\� LQIOXHQFH�

VWXGHQW�DFKLHYHPHQW��

&OXVWHUV�RI�IDFWRUV�

7KH�RUJDQL]LQJ�IUDPHZRUN�LQFOXGHV�WKH�FXUULFXODU�GLPHQVLRQ��DQWHFHGHQWV��FRQWH[WV��

DQG�FRQWHQW��DV�ZHOO�DV�WKH�IRXU�OHYHOV�RI�HGXFDWLRQ��,Q�FRQWUDVW�WR�,($
V�UHVHDUFK�

IUDPHZRUN��VFKRRO�DQG�FODVVURRP�OHYHO�ZHUH�VHSDUDWHG���

�
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)LJXUH�����

$Q�RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN�IRU�UHVHDUFK�TXHVWLRQ�,�

�

7KH�OLVW�RI�FOXVWHUV�RI�IDFWRUV�DW�WKH�IRXU�OHYHOV�RI�HGXFDWLRQ�ZLWKLQ�HDFK�FXUULFXODU�

GLPHQVLRQ�ORRNV�DV�IROORZV��

�

6\VWHP�FRXQWU\�OHYHO�

��6\VWHP�IHDWXUHV�DQG�FRQGLWLRQV��FXUULFXODU�DQWHFHGHQWV��

��,QVWLWXWLRQDO�VHWWLQJV��FXUULFXODU�FRQWH[W��

��&RQWHQW�RI�WKH�LQWHQGHG�FXUULFXOXP�

�

6\VWHP

6FKRRO

&ODVVURRP

&XUULFXODU
DQWHFHGHQWV

&XUULFXODU
FRQWH[W

&XUULFXODU
FRQWHQW

/HYHO RI
HGXFDWLRQ

6WXGHQW

6\VWHP
IHDWXUHV DQG
FRQGLWLRQV

,QVWLWXWLRQDO
VHWWLQJV

6FKRRO
EDFNJURXQG
FKDUDFWHULVWLFV

6FKRRO
FRQGLWLRQV

DQG
SURFHVVHV

7HDFKHU
EDFNJURXQG
FKDUDFWHULVWLFV

6WXGHQW
EDFNJURXQG
FKDUDFWHULVWLFV

6WXGHQW
V
EHKDYLRUV
0RWLYDWLRQ

$WWDLQHG

&ODVVURRP
FRQGLWLRQV

DQG SURFHVVHV

,QWHQGHG

,QVWLWXWLRQDO

,QVWUXFWLRQDO
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6FKRRO�OHYHO�

��6FKRRO�EDFNJURXQG�FKDUDFWHULVWLFV��FXUULFXODU�DQWHFHGHQWV��

��6FKRRO�FRQGLWLRQV�DQG�SURFHVVHV��FXUULFXODU�FRQWH[W��

��&RQWHQW�RI�WKH�LQVWLWXWLRQDO�FXUULFXOXP�

�

&ODVVURRP�OHYHO�

��7HDFKHU�EDFNJURXQG�FKDUDFWHULVWLFV��FXUULFXODU�DQWHFHGHQWV��

��7HDFKLQJ�FRQGLWLRQV�DQG�SUDFWLFHV��FXUULFXODU�FRQWH[W��

��&RQWHQW�RI�WKH�LQVWUXFWLRQDO�FXUULFXOXP�

�

6WXGHQW�OHYHO�

��6WXGHQW�EDFNJURXQG�IDFWRUV��FXUULFXODU�DQWHFHGHQWV��

��6WXGHQW�EHKDYLRU�DQG�PRWLYDWLRQ��FXUULFXODU�FRQWH[W��

��&RQWHQW�RI�WKH�DWWDLQHG�FXUULFXOXP�

�

,Q� D� SDSHU� RI� WKH� ,QWHUQDWLRQDO� $FDGHP\� RI� (GXFDWLRQ�� ILYH� EURDG� JURXSLQJV� RI�

H[SODQDWRU\� IDFWRUV� DUH� PHQWLRQHG� ZKLFK� DUH� LPSRUWDQW� LQ� RWKHU� LQWHUQDWLRQDO�

VWXGLHV� �%HDWRQ�� 3RVWOHWKZDLWH� HW� DO��� ������� VWXGHQW� KRPH� EDFNJURXQG� IDFWRUV��

VWXGHQW�PRWLYDWLRQ�� WHDFKHU� �EDFNJURXQG�� FKDUDFWHULVWLFV�� WHDFKLQJ� FRQGLWLRQV� DQG�

SUDFWLFHV��VFKRRO�FKDUDFWHULVWLFV��7KHVH�ILYH�JURXSLQJV�DUH�UHIOHFWHG�LQ�WKH�RUJDQL]LQJ�

FRQFHSWXDO�IUDPHZRUN�SUHVHQWHG�LQ�)LJXUH������

�

7KH�7,066�GDWD�H[SORUDWLRQV�DUH�JXLGHG�E\�FOXVWHUV�RI�IDFWRUV�DW�WKH�IRXU�OHYHOV�RI�

HGXFDWLRQ��VHH�FKDSWHU�����,Q�WKH�H[SORUDWLRQ�RI�WKH�7,066�GDWD��WKH�OLVW�RI�IDFWRUV�

ZLOO�EH�GLYLGHG�LQWR�WZR�JURXSV��IDFWRUV�WKDW�FDQ�EH�PDQLSXODWHG�E\�SROLF\PDNHUV��

WHDFKHUV�� RU� RWKHUV� DQG� IDFWRUV� WKDW� FDQQRW� EH�PDQLSXODWHG�� 7KH� QRQ�FKDQJHDEOH�

IDFWRUV� DUH� ORFDWHG� DW� WKH� FXUULFXODU� DQWHFHGHQW� OHYHO�� WKH� FKDQJHDEOH� RQHV� DW� WKH�

FXUULFXODU�FRQWH[W�DQG�FRQWHQW�OHYHO��7KH�FKDQJHDEOH�IDFWRUV�DUH�RI�PRUH�LQWHUHVW�WR�

SURIHVVLRQDOV� MXVW� PHQWLRQHG� ZKR� ZRXOG� OLNH� WR� EHQHILW� IURP� WKH� UHVXOWV� RI�

LQWHUQDWLRQDO� FRPSDUDWLYH� UHVHDUFK� LQ� HGXFDWLRQ�� 7KDW� LV�� WKH� SURIHVVLRQDOV� ZKR�

ZRXOG�OLNH�WR�OHDUQ�IURP�RWKHU�HGXFDWLRQ�V\VWHPV�LQ�RUGHU�WR�LPSURYH�WKHLU�RZQ��,I�

WKH�GLIIHUHQFHV�LQ�HGXFDWLRQDO�RXWFRPHV�DFURVV�QDWLRQV�FDQ�EH�H[SODLQHG�PDLQO\�E\�

WKH� QRQ�FKDQJHDEOH� IDFWRUV�� WKH� SURIHVVLRQDOV� ZLOO� QRW� EH� DEOH� WR� LPSURYH� WKHLU�

HGXFDWLRQ�EDVHG�RQ�VXFK�VWXG\�UHVXOWV��
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$VVXPHG�UHODWLRQVKLSV�

,Q� WKLV� VWXG\�� WKH� IUDPHZRUN� LV� QRW� SULPDULO\� PHDQW� WR� EH� D� WRRO� WR� JHQHUDWH�

DVVXPSWLRQV� DERXW� UHODWLRQVKLSV� EHWZHHQ� IDFWRUV� ZLWKLQ� DQG� DFURVV� FOXVWHUV� RI�

IDFWRUV�� +RZHYHU�� WKH� RUJDQL]LQJ� IUDPHZRUN� LQFOXGHV� DVVXPHG� UHODWLRQVKLSV�

EHWZHHQ� FOXVWHUV� RI� IDFWRUV� DQG� WDNHV� LQWR� DFFRXQW� WKH� UHYLHZ� RI� ,($
V� UHVHDUFK�

IUDPHZRUN��$VVXPHG� UHODWLRQVKLSV� FRQFHUQ� DOO� FOXVWHUV� RI� IDFWRUV� DW� DOO� FXUULFXODU�

GLPHQVLRQV�DQG�DOO�HGXFDWLRQDO�OHYHOV��

7KH�WKUHH�OHYHOV�RI�FXUULFXOXP�FRQWHQW�IRXQG�ZLWKLQ�WKH�PRGHO�DUH�DVVXPHG�WR�EH�

UHODWHG��0RUHRYHU�� WKH�FRQWHQW� OHYHOV� DUH� VXSSRVHG� WR�EH� LQIOXHQFHG�E\�FXUULFXODU�

FRQWH[WV�DQG�DQWHFHGHQWV��

7KH� LQWHQGHG� FXUULFXOXP� LV� ORFDWHG� DW� WKH� V\VWHP� OHYHO� DQG� FDQ�EH� LQIOXHQFHG�E\�

LQVWLWXWLRQDO� VHWWLQJV� DQG� IHDWXUHV� DQG� FRQGLWLRQV� RI� WKH� HGXFDWLRQ� V\VWHP�� 7KH�

LPSOHPHQWHG� FXUULFXOXP� ORFDWHG� DW� VFKRRO� OHYHO� �VFKRRO� JRDOV� IRU� FRUH� VXEMHFWV�

ZULWWHQ� LQ�GRFXPHQWV�� LV� VXSSRVHG� WR�EH�GLUHFWO\� UHODWHG� WR� VFKRRO�SURFHVVHV� DQG�

FRQGLWLRQV� DQG� LQGLUHFWO\� WR� VFKRRO� EDFNJURXQG� FKDUDFWHULVWLFV�� 7KH� FXUULFXOXP�

FRQWHQW�ZKLFK�LV�DFWXDOO\�WDXJKW��LPSOHPHQWHG�FXUULFXOXP��LV� ORFDWHG�DW�FODVVURRP�

OHYHO�� 7HDFKHU� EDFNJURXQG� FKDUDFWHULVWLFV� DUH� FODVVLILHG� DV� DQWHFHGHQWV� WKDW� DUH�

VXSSRVHG�WR�LQIOXHQFH�FODVVURRP�FRQGLWLRQV�DQG�SURFHVVHV��7KH�DWWDLQHG�FXUULFXOXP�

FRQWHQW�LV�ORFDWHG�DW�WKH�VWXGHQW�OHYHO�DQG�WKLV�FRQWHQW�LV�DVVXPHG�WR�EH�LQIOXHQFHG�

E\�WKH�FXUULFXODU�FRQWH[W�IDFWRUV��VWXGHQW
V�EHKDYLRUV�DQG�VWXGHQWV
�PRWLYDWLRQ���7KH�

ODWWHU�DUH�DVVXPHG�WR�EH�LQIOXHQFHG�E\�VWXGHQW�EDFNJURXQG�FKDUDFWHULVWLFV��

7KH� FOXVWHUV� RI� FXUULFXODU� FRQWH[W� IDFWRUV� DUH� DVVXPHG� WR� EH� LQWHUUHODWHG� DV� ZHOO��

,QVWLWXWLRQDO�VHWWLQJV�DUH�UHODWHG�WR�VFKRRO�FRQGLWLRQV�DQG�SURFHVVHV��ZKLFK�DUH�LQ�WXUQ�

UHODWHG�WR�FODVVURRP�FRQGLWLRQV�DQG�SURFHVVHV��&ODVVURRP�FRQGLWLRQV�DQG�SURFHVVHV�

DUH� DVVXPHG� WR� EH� UHODWHG� WR� VWXGHQWV
� EHKDYLRUV� DQG� WR� WKH� DWWDLQHG� FXUULFXOXP��

&XUULFXODU� DQWHFHGHQWV� DW� WKH� V\VWHP� OHYHO� DUH� DVVXPHG� WR� EH� UHODWHG� WR� VFKRRO�

EDFNJURXQG�FKDUDFWHULVWLFV��5HODWLRQVKLSV�EHWZHHQ�VFKRRO�EDFNJURXQG�FKDUDFWHULVWLFV�

DQG�WHDFKHU�RU�VWXGHQW�EDFNJURXQG�FKDUDFWHULVWLFV�FRXOG�DOVR�EH�DVVXPHG��

7KHRUHWLFDO�DQG�HPSLULFDO�IRXQGDWLRQ�DQG�GHILQLWLRQ�RI�IDFWRUV�

$V� VWDWHG�� WKH� WKHRUHWLFDO� DQG� HPSLULFDO� EDVLV� IRU� WKH� IDFWRUV� LQFOXGHG�ZLWKLQ� WKH�

FOXVWHUV�UHPDLQHG�XQFOHDU�IURP�WKH� OLWHUDWXUH� �FULWHULRQ�����)DFWRUV� LQFOXGHG� LQ�WKH�

IUDPHZRUN� DUH� ODEHOHG� RQO\�� D� FOHDU� GHILQLWLRQ� LV�PLVVLQJ� �FULWHULRQ� ����7KHVH� WZR�

VKRUWFRPLQJV� RI� ,($
V� IUDPHZRUN� DUH� RYHUFRPH� E\� DGGLWLRQDOO\� XVLQJ� UHVXOWV� RI�

HGXFDWLRQDO�HIIHFWLYHQHVV�VWXGLHV��
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5HVHDUFK� RQ� HGXFDWLRQDO� HIIHFWLYHQHVV� DWWHPSWV� WR� LGHQWLI\� IDFWRUV� WKDW� 
ZRUN
� LQ�

HGXFDWLRQ� HLWKHU� DW� FODVVURRP� �LQVWUXFWLRQDO�� RU� DW� VFKRRO� OHYHO�� 6WXGLHV� LQ� PDQ\�

FRXQWULHV�DURXQG�WKH�ZRUOG�KDYH�EHHQ�FDUULHG�RXW�WR�LGHQWLI\�LQIOXHQFLQJ�IDFWRUV�RQ�

VWXGHQW� DFKLHYHPHQW��0DQ\�RI� WKHVH� VWXGLHV�ZHUH� UHYLHZHG��7KHVH� UHYLHZ� VWXGLHV�

UHVXOWHG� LQ�PRGHOV� RI� LQVWUXFWLRQDO� HIIHFWLYHQHVV� �&UHHPHUV�� ������ DQG�PRGHOV�RI�

VFKRRO�HIIHFWLYHQHVV��6FKHHUHQV��������6FKHHUHQV�	�%RVNHU���������

7KH� WKHRUHWLFDO� DQG� HPSLULFDO� EDVLV� RI� WKH� FOXVWHUV� RI� IDFWRUV� LQ� HGXFDWLRQDO�

HIIHFWLYHQHVV�PRGHOV�LV�PRUH�SURIRXQG�DQG�PRUH�LQWHUQDWLRQDOO\�RULHQWHG�WKDQ�WKH�

RQHV� IURP� ,($
V� UHVHDUFK� IUDPHZRUN� DQG� WKH� 7,066� IUDPHZRUN�� $OVR�� WKH�

SURYLGHG� GHILQLWLRQV� RI� IDFWRUV� DUH� PRUH� FRQFUHWH� WKDQ� WKH� IDFWRU� GHILQLWLRQV� LQ�

,($
V�UHVHDUFK�IUDPHZRUN�DQG�FDQ�EH�XVHG�WR�RSHUDWLRQDOL]H�WKH�IDFWRUV�LQ�WHUPV�RI�

TXHVWLRQQDLUH� LWHPV�� )RU� WKHVH� WZR� UHDVRQV�� OLVWV� RI� IDFWRUV� FODVVLILHG� DQG�GHILQHG�

ZLWKLQ�HGXFDWLRQDO�HIIHFWLYHQHVV�PRGHOV�DUH�XVHG�WR�ILOO�LQ�WKH�RUJDQL]LQJ�FRQFHSWXDO�

IUDPHZRUN�IRU�WKLV�VWXG\��

�

7KH�QH[W�VHFWLRQ�GHVFULEHV�VWXGHQW��FODVVURRP��VFKRRO��DQG�V\VWHP�IDFWRUV�WKDW�ZHUH�

GHULYHG�IURP�D�FRPSUHKHQVLYH�PRGHO�RI�HGXFDWLRQDO�HIIHFWLYHQHVV��&UHHPHUV��������

DQG� DQ� LQWHJUDWHG� PRGHO� RI� VFKRRO� HIIHFWLYHQHVV� �6FKHHUHQV�� ������ 6FKHHUHQV� 	�

%RVNHU���������

���� 327(17,$//< ,1)/8(1&,1* )$&7256 '(5,9(' )520

,16758&7,21$/ $1' 6&+22/ ())(&7,9(1(66 02'(/6�

,($
V�WKUHH�FXUULFXOXP�PRGHO� LV�IRXQGHG�RQ�WKH�DVVXPHG�UHODWLRQV�EHWZHHQ�WKUHH�

EURDG� VHWV� RI� FXUULFXODU� IDFWRUV� �FXUULFXODU� FRQWHQW� DQG� WKHLU� FRQWH[WV� DQG�

DQWHFHGHQWV���,Q�WKH�OLWHUDWXUH�RQ�HGXFDWLRQDO�UHVHDUFK��WZR�RWKHU�FRQFHSWXDO�PRGHOV�

WDNH� OHYHOV� RI� HGXFDWLRQ� LQWR� DFFRXQW�� WKH� HGXFDWLRQDO� HIIHFWLYHQHVV� PRGHO� DQG�

VFKRRO�HIIHFWLYHQHVV�PRGHO��

7KH�EDVLF�DVVXPSWLRQ�RI�HIIHFWLYHQHVV�PRGHOV�LV�WKDW�WKH�KLJKHU�OHYHOV�LQ�WKH�PRGHO�

SURYLGH�WKH�FRQGLWLRQV�IRU�ZKDW�KDSSHQV�DW�WKH�ORZHU�OHYHOV��&UHHPHUV��������S������

VWDWHG�WKDW���«��IDFWRUV�DW�WKH�KLJKHU�OHYHOV�FRQWULEXWH�WR�WKH�RXWFRPHV�RU�DUH�FRQGLWLRQDO�IRU�ZKDW�

KDSSHQV�DW�WKH�ORZHU�OHYHOV��7KLV�PHDQV�WKDW�QRW�MXVW�RQH�OHYHO�LQGXFHV�UHVXOWV��EXW�D�FRPELQDWLRQ�RI�

OHYHOV��� )URP� WKLV�PXOWLOHYHO� SHUVSHFWLYH�� GLIIHUHQFHV� LQ� DFKLHYHPHQW� UHVXOWV� DFURVV�

FRXQWULHV��LQFOXGLQJ�IDFWRUV�DW�IRXU�OHYHOV�RI�HGXFDWLRQ��FDQ�EH�VWXGLHG��
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6FKRRO�HIIHFWLYHQHVV�UHVHDUFK�DQG�LQVWUXFWLRQDO�HIIHFWLYHQHVV�UHVHDUFK�DUH�LQWHJUDWHG�

LQ� HGXFDWLRQDO� HIIHFWLYHQHVV� UHVHDUFK�� ,Q� DOO� NLQGV� RI� HGXFDWLRQDO� HIIHFWLYHQHVV�

UHVHDUFK��RXWSXWV��RXWFRPHV�RI�VFKRROLQJ��DUH�DVVRFLDWHG�ZLWK�DQWHFHGHQW�FRQGLWLRQV�

�LQSXWV��SURFHVVHV��RU�FRQWH[WV���6FKHHUHQV��������FDOOV�WKLV�D�EDVLF�V\VWHP�PRGHO�RI�

VFKRROLQJ�IXQFWLRQLQJ��

5HYLHZV�RI�HGXFDWLRQDO�HIIHFWLYHQHVV�VWXGLHV�UHVXOWHG�LQ�D�FRPSUHKHQVLYH�PRGHO�RI�

HGXFDWLRQDO� HIIHFWLYHQHVV� �&UHHPHUV�� ������ DQG� LQ� DQ� LQWHJUDWHG�PRGHO� RI� VFKRRO�

HIIHFWLYHQHVV� �6FKHHUHQV�� ������ 6FKHHUHQV� 	� %RVNHU�� ������� $V� VWDWHG� LQ� WKH�

SUHYLRXV� VHFWLRQ�� WKHVH� PRGHOV� KDYH� WZR� DGYDQWDJHV� RYHU� ,($
V� UHVHDUFK�

IUDPHZRUN��)LUVW��WKH�IDFWRUV�LQFOXGHG�LQ�WKH�PRGHOV�DUH�FRQVLGHUHG�WR�EH�SRWHQWLDOO\�

HIIHFWLYH�RQ�VWXGHQW�DFKLHYHPHQW�DQG�WKHLU�WKHRUHWLFDO�DQG�HPSLULFDO�EDVLV�DUH�PRUH�

SURIRXQG� DQG� PRUH� LQWHUQDWLRQDOO\� RULHQWHG� �VWXGLHV� ZHUH� FRQGXFWHG� LQ� PDQ\�

FRXQWULHV�DURXQG�WKH�ZRUOG��WKDQ�DUH�WKH�RQHV�IURP�WKH�,($�IUDPHZRUN��0DQ\�RI�

WKHVH�VWXGLHV�ZHUH� UHYLHZHG��6HFRQG�� WKH�GHILQLWLRQV�RI�IDFWRUV�DUH�PRUH�FRQFUHWH�

WKDQ�WKH�IDFWRU�GHILQLWLRQV�LQ�,($
V�UHVHDUFK�IUDPHZRUN��

7KH�PDLQ�FOXVWHUV�RI�IDFWRUV�LQFOXGHG�LQ�WKH�RUJDQL]LQJ�IUDPHZRUN��)LJXUH������KDYH�

EHHQ� ILOOHG� LQ�E\� OLVWV�RI� IDFWRUV�GHULYHG� IURP�PRGHOV�RI� LQVWUXFWLRQDO� DQG� VFKRRO�

HIIHFWLYHQHVV��

)DFWRUV�IURP�D�PRGHO�RI�LQVWUXFWLRQDO�HIIHFWLYHQHVV�

7KH�UHVHDUFK�TXHVWLRQV�DGGUHVVHG�E\�WKH�LQVWUXFWLRQDO�HIIHFWLYHQHVV�UHVHDUFK�IRFXV�

RQ� WKH� FODVVURRP� OHYHO��7KH�PDLQ� IDFWRUV� LQYROYHG� LQ� WKHVH� VWXGLHV� DUH� ORFDWHG�DW�

FODVVURRP�� WHDFKHU�� DQG� VWXGHQW� OHYHO� �&UHHPHUV�� ������ DQG� WKH�PDLQ� WRSLF� LV� WKH�

LPSURYHPHQW�RI� HGXFDWLRQDO�RXWSXW� LQ� WHUPV�RI� VWXGHQW�DFKLHYHPHQW�DQG�VWXGHQW�

DWWLWXGH�WRZDUGV�OHDUQLQJ��,W�LV�REYLRXV�WKDW�WKH�NH\�FRQFHSW�LQ�VWXGLHV�IRFXVLQJ�RQ�

LQVWUXFWLRQDO�HIIHFWLYHQHVV�LV�LQVWUXFWLRQ��&UHHPHUV��������WULHG�WR�DQVZHU�TXHVWLRQV�

FRQFHUQLQJ�WKLV�FRQFHSW��:KDW�LV�LQVWUXFWLRQ"�+RZ�FDQ�LQVWUXFWLRQ�LQIOXHQFH�VWXGHQW�

SHUIRUPDQFH"�+H�UHYLHZHG�UHVXOWV�RI�PDQ\�HPSLULFDO�VWXGLHV�WKDW�ZHUH�FRQGXFWHG�LQ�

8QLWHG�6WDWHV�DQG�LQ�RWKHU�LQGXVWULDOL]HG�FRXQWULHV��H�J��8QLWHG�.LQJGRP��*HUPDQ\��

WKH� 1HWKHUODQGV��� +H� DOVR� XVHG� UHVXOWV� RI� UHYLHZ� VWXGLHV�� 7KH�PDLQ� JRDO� ZDV� WR�

GHYHORS� D� WKHRUHWLFDO� IUDPHZRUN� WKDW� DOORZV� VWXGLHV� DLPHG� DW� LPSURYLQJ� VWXGHQW�

SHUIRUPDQFHV�WR�EH�JLYHQ�DQ�DSSURSULDWH�FODVVLILFDWLRQ��&UHHPHUV���������

�

7KH� LGHQWLILFDWLRQ�RI�NH\�IDFWRUV�DW�DOO�HGXFDWLRQDO� OHYHOV��SDUWLFXODUO\�DW�FODVVURRP�

DQG� VWXGHQW� OHYHO�� DQG� WKH� FODVVLILFDWLRQ� RI� WKRVH� IDFWRUV� LV� VHHQ� DV� D� YHU\� XVHIXO�
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ILOOLQJ� LQ� ,($
V� UHVHDUFK� IUDPHZRUN�� $V� VWDWHG�� FURVV�QDWLRQDO� FRPSDULVRQV� RI�

DFKLHYHPHQW�UHVXOWV�DUH�PDGH�E\�PDQ\�QDWLRQV�EHFDXVH�WKH\�ZDQW�WR�OHDUQ�ZKDW�WKH�

EHQHILWV�DQG�ZHDNQHVVHV�DUH�RI�WKHLU�RZQ�HGXFDWLRQDO�V\VWHP��0DQ\�QDWLRQV�ZDQW�WR�

LPSURYH�VWXGHQW�SHUIRUPDQFHV�DQG�DUH�ORRNLQJ�IRU�ZD\V�WR�DFFRPSOLVK�WKLV��,Q�WKLV�

UHVSHFW��
ZD\V
�VKRXOG�EH�UHDG�DV�
FKDQJLQJ�IDFWRUV�WKDW�DUH�FKDQJHDEOH�
�

&UHHPHUV
�PRGHO��&UHHPHUV��������FDQ�EH�VHHQ�DV�DQ�H[WHQVLRQ�DQG�UHILQHPHQW�RI�

(GPRQGV
� ILYH�IDFWRU�PRGHO�RI�����VWURQJ�HGXFDWLRQDO� OHDGHUVKLS������HPSKDVLV�RQ�

EDVLF� VNLOOV� DFKLHYHPHQW�� ���� VDIH� DQG� RUGHUO\� FOLPDWH�� ���� KLJK� H[SHFWDWLRQV� RI�

VWXGHQWV
�DFKLHYHPHQW��DQG�����IUHTXHQW�HYDOXDWLRQ�RI�VWXGHQWV
�SURJUHVV��(GPRQGV��

�������)LJXUH�����SUHVHQWV�WKH�EDVLF�FRQFHSWXDO�IUDPHZRUN�IURP�&UHHPHUV���������

7KH� IUDPHZRUN� RI� WKH� PRGHO� ZDV� EDVHG� RQ� &DUUROO
V� PRGHO� RI� VFKRRO� OHDUQLQJ�

�&DUUROO���������������

�
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� �
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6RXUFH� &UHHPHUV� ����

)LJXUH�����

%DVLF�FRQFHSWXDO�IUDPHZRUN�RI�VFKRRO�OHDUQLQJ�

6FKRRO
FKDUDFWHULVWLFV

7HDFKHU EDFNJURXQG
FKDUDFWHULVWLFV

,QVWUXFWLRQ
FODVVURRP

27/�HIIHFWLYH
OHDUQLQJ WLPH

6WXGHQWV
DFKLHYHPHQW

6WXGHQWV
PRWLYDWLRQ
SHUVHYHUDQFH

6WXGHQW
EDFNJURXQG
FKDUDFWHULVWLFV

6RFLHW\ DW ODUJH
DQG

ORFDO FRPPXQLW\ 
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&DUUROO
V�PRGHO�LV�WKHRUHWLFDO��DQG�LQFOXGHV�GHWHUPLQDQWV�RI�OHDUQLQJ�LQ�VFKRRO��7KH�

HVVHQWLDO�IDFWRUV�LQ�&DUUROO
V�PRGHO�DUH�WLPH�IRU�OHDUQLQJ�DQG�TXDOLW\�RI�LQVWUXFWLRQ��

DQG�WKH�DSWLWXGH�RI�VWXGHQWV��$V�D�UHVXOW�RI�KLV�UHYLHZ��&UHHPHUV��������SUHVHQWHG�D�

FRPSUHKHQVLYH�PRGHO�RI�HGXFDWLRQDO�HIIHFWLYHQHVV�ZLWK�WKUHH�HVVHQWLDO�FRPSRQHQWV��

7KH� PRGHO� FRQVLVWV� RI� IRXU� HGXFDWLRQDO� OHYHOV�� VWXGHQW�� FODVVURRP�� VFKRRO�� DQG�

FRQWH[W��FRXQWU\��OHYHO��VHH�)LJXUH�������7KH�WKUHH�HVVHQWLDO�FRPSRQHQWV�DUH�TXDOLW\��

WLPH��DQG�RSSRUWXQLW\��&UHHPHUV�LQFOXGHG�IRU�HDFK�OHYHO�D�OLVW�RI�SRWHQWLDOO\�HIIHFWLYH�

IDFWRUV� UHODWHG� WR� WKHVH� NH\� FKDUDFWHULVWLFV�� EDVHG� RQ� WKHRUHWLFDO� QRWLRQV� DQG�

HPSLULFDO�HYLGHQFH��

�

&ODVVURRP��WHDFKHU�DQG�VWXGHQW�IDFWRUV�

$W�WKH�FODVVURRP�OHYHO�� WKH�DYDLODELOLW\�RI� WLPH�DQG�RSSRUWXQLW\� LV�HPSKDVL]HG��$W�

WKH� VWXGHQW� OHYHO�� WKH� WLPH� XVHG� DQG� RSSRUWXQLW\� WR� OHDUQ� DUH� PHDQW�� &UHHPHUV�

������� GLVWLQJXLVKHG� WKUHH�PDLQ� FRPSRQHQWV�ZLWKLQ� 
TXDOLW\� RI� LQVWUXFWLRQ
� DW� WKH�

FODVVURRP� OHYHO�� FXUULFXODU� PDWHULDOV�� JURXSLQJ� SURFHGXUHV�� DQG� WHDFKHU� EHKDYLRU��

&UHHPHUV� SUHVHQWHG� DQ� LQWHJUDWLRQ� RI� VHSDUDWH� FKDUDFWHULVWLFV� RI� WKH� WKUHH� PDLQ�

FRPSRQHQWV�DW�FODVVURRP�OHYHO��DQG�LQFOXGHG�WKHLU�HPSLULFDO�HYLGHQFH��,QVWUXFWLRQDO�

HIIHFWLYHQHVV� LV� HQKDQFHG� E\� LQWHJUDWLRQV� RI� FKDUDFWHULVWLFV� RI� FXUULFXOD�� JURXSLQJ�

SURFHGXUHV��DQG�WHDFKHU�EHKDYLRU��)RU�H[DPSOH��FXUULFXOD�DUH�LQWHUSUHWHG�E\�WHDFKHUV�

DQG� WKH� FKRLFH� RI� JURXSLQJ� SURFHGXUHV� UHTXLUHV� VXLWDEOH� FXUULFXOXP� PDWHULDO�

�&UHHPHUV���������

)RU� HDFK� FRPSRQHQW�� VHYHUDO� FKDUDFWHULVWLFV� DQG� FRPELQDWLRQV� RI� FKDUDFWHULVWLFV�

ZKLFK�FRXOG�EH�HIIHFWLYH�DUH�GLVWLQJXLVKHG��,VRODWHG�LQVWUXFWLRQDO�FKDUDFWHULVWLFV�DUH�

QRW�HIIHFWLYH�ZLWKRXW� WDNLQJ� LQWR�DFFRXQW�RWKHU�FKDUDFWHULVWLFV��)URP�D� WKHRUHWLFDO�

SRLQW� RI� YLHZ�� RQH� FDQ� VD\� WKDW� WKH� FKDUDFWHULVWLFV� ZKLFK� FRQVWLWXWH� TXDOLW\� RI�

LQVWUXFWLRQ�DUH�UHODWHG�WR�WKH�WLPH�DQG�WKH�RSSRUWXQLWLHV�IRU�OHDUQLQJ�RIIHUHG�WR�WKH�

VWXGHQWV��

�
7KH� H[WHQW� RI� HPSLULFDO� HYLGHQFH� GLIIHUV� EHWZHHQ� WKH� WKUHH� FRPSRQHQWV�� )RU�

LQVWDQFH��WKH�H[SOLFLW�HIIHFWLYHQHVV�RI�FXUULFXODU�PDWHULDOV�LV�GLIILFXOW�WR�LQYHVWLJDWH�LQ�

HGXFDWLRQDO� SUDFWLFH� EHFDXVH� WKH� FRQWULEXWLRQ� RI� FXUULFXODU�PDWHULDOV� FDQ� RQO\� EH�

VWXGLHG� WRJHWKHU�ZLWK� WHDFKHU�EHKDYLRU��7KHUHIRUH�� WKH�HPSLULFDO� HYLGHQFH� IRU� WKH�

LPSRUWDQFH� RI� FXUULFXODU� PDWHULDOV� LV� RQO\� PRGHUDWH�� ,Q� FRQWUDVW�� WKH� HPSLULFDO�

HYLGHQFH� RI� WKH� HIIHFWV� RI� JURXSLQJ� SURFHGXUHV� DQG� WHDFKHU� EHKDYLRU� LV� VWURQJ�

�&UHHPHUV���������
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6RXUFH� &UHHPHUV� ����� S� ���

)LJXUH�����

$�FRPSUHKHQVLYH�PRGHO�RI�HGXFDWLRQDO�HIIHFWLYHQHVV�

)RUPDO &ULWHULD IRU
/HYHOV &RPSRQHQWV�FKDUDFWHULVWLFV RI TXDOLW\� WLPH DQG RSSRUWXQLW\ FULWHULD HIIHFWLYHQHVV

&RQWH[W

6FKRRO

&ODVV�

URRP

6WXGHQW

4XDOLW\ � SROLF\ IRFXVLQJ RQ HIIHFWLYHQHVV
� LQGLFDWRU V\VWHP�SROLF\ RQ HYDOXDWLRQ�QDWLRQDO
WHVWLQJ V\VWHP

� WUDLQLQJ DQG VXSSRUW V\VWHP
� IXQGLQJ EDVHG RQ RXWFRPHV

7LPH � QDWLRQDO JXLGHOLQHV IRU WLPH VFKHGXOHV
� VXSHUYLVLRQ RI WLPH VFKHGXOHV

2SSRUWXQLW\ � QDWLRQDO JXLGHOLQHV IRU FXUULFXOXP

4XDOLW\ �

 UXOHV DQG DJUHHPHQWV DERXW FODVVURRP LQVWUXFWLRQ
�HGXFDWLRQDO� � HYDOXDWLRQ SROLF\�HYDOXDWLRQ V\VWHP
4XDOLW\ � SROLF\ RQ LQWHUYLVLRQ� VXSHUYLVLRQ� SURIHVVLRQDOL]DWLRQ
�RUJDQL]DWLRQDO� � VFKRRO FXOWXUH LQFOXGLQJ HIIHFWLYHQHVV
7LPH � WLPH VFKHGXOH

� UXOHV DQG DJUHHPHQWV DERXW WLPH XVH
� RUGHUO\ DQG TXLHW DWPRVSKHUH

2SSRUWXQLW\ � VFKRRO FXUULFXOXP
� FRQVHQVXV DERXW PLVVLRQ
� UXOHV DQG DJUHHPHQWV DERXW KRZ WR LPSOHPHQW WKH
VFKRRO FXUULFXOXP

4XDOLW\ RI LQVWUXFWLRQ � H[SOLFLWQHVV DQG RUGHULQJ RI JRDOV DQG FRQWHQW
FXUULFXOXP � VWUXFWXUH DQG FODULW\ RI FRQWHQW

� DGYDQFH RUJDQL]HUV
� HYDOXDWLRQ
� IHHGEDFN
� FRUUHFWLYH LQVWUXFWLRQ

*URXSLQJ SURFHGXUH � PDVWHU\ OHDUQLQJ
� DELOLW\ JURXSLQJ
� FRRSHUDWLYH OHDUQLQJ
KLJKO\ GHSHQGHQW RQ
� GLIIHUHQWLDWHG PDWHULDO
� HYDOXDWLRQ
� IHHGEDFN
� FRUUHFWLYH LQVWUXFWLRQ

7HDFKHU EHKDYLRXU �

 PDQDJHPHQW�RUGHUO\ DQG TXLHW DWPRVSKHUH
� KRPHZRUN
� KLJK H[SHFWDWLRQV
� FOHDU JRDO VHWWLQJ
� UHVWULFWHG VHW RI JRDOV
� HPSKDVLV RQ EDVLF VNLOOV

 � HPSKDVLV RQ FRJQLWLYH OHDUQLQJ DQG WUDQVIHU
� VWUXFWXULQJ WKH FRQWHQW
� RUGHULQJ RI JRDOV DQG FRQWHQW
� DGYDQFH RUJDQL]HUV
� SULRU NQRZOHGJH

� FODULW\ RI SUHVHQWDWLRQ
� TXHVWLRQLQJ
� LPPHGLDWH H[HUFLVHV
� HYDOXDWLRQ
� IHHGEDFN
� FRUUHFWLYH LQVWUXFWLRQ

&RQVLVWHQF\

&RQVWDQF\

&RQWURO

&RQVLVWHQF\

&RKHVLRQ

&RQVWDQF\

&RQWURO

&RQVLVWHQF\

7LPH IRU OHDUQLQJ
2SSRUWXQLW\ WR OHDUQ

7LPH RQ WDVN
2SSRUWXQLWLHV XVHG

0RWLYDWLRQ

$SWLWXGHV
6RFLDO EDFNJURXQG

%DVLF VNLOOV
+LJKHU�RUGHU VNLOOV
0HWDFRJQLWLYH VNLOOV



�� &KDSWHU �

7KH�OLVW�RI�FKDUDFWHULVWLFV�RI�WKH�WKUHH�FRPSRQHQWV�&UHHPHUV��������FRPSRVHG�RQ�

WKH�EDVLV�RI�KLV�UHYLHZ�VWXG\�LV�DGRSWHG�DQG�LQFOXGHG�LQ�WKH�RUJDQL]LQJ�FRQFHSWXDO�

IUDPHZRUN� DW� WKH� OHYHO� RI� WKH� FODVVURRP� DQG� FXUULFXODU� FRQWH[WV�� FODVVURRP�

FRQGLWLRQV�DQG�SURFHVVHV��,Q�)LJXUH������WKH�DGRSWHG�FRPSRQHQWV�DQG�FKDUDFWHULVWLFV�

DUH�VKDGHG��7KH�FKDUDFWHULVWLFV�RI�WKH�WKUHH�FODVVURRP�FRPSRQHQWV�DUH�GHILQHG�E\�

&UHHPHUV���������7KH�OLVW�RI�FODVVURRP�IDFWRUV�DGRSWHG�DW�WKH�GLIIHUHQW�OHYHOV�RI�WKH�

FXUULFXOXP�GLPHQVLRQ�RI�WKH�RUJDQL]LQJ�IUDPHZRUN�LV�DV�IROORZV��

�

&XUULFXODU�DQWHFHGHQWV�

7HDFKHU�EDFNJURXQG�FKDUDFWHULVWLFV��VHH�)LJXUH������JHQGHU��DJH��WHDFKLQJ�H[SHULHQFH���

�

&XUULFXODU�FRQWH[W�

&ODVV�VL]H��

&XUULFXODU�PDWHULDOV��
■ H[SOLFLWQHVV�DQG�WKH�RUGHULQJ�RI�JRDOV�DQG�FRQWHQW�
■ VWUXFWXUH�DQG�FODULW\�RI�FRQWHQW�
■ DGYDQFH�RUJDQL]HUV��

*URXSLQJ�SURFHGXUHV��
■ PDVWHU\�OHDUQLQJ�
■ DELOLW\�JURXSLQJ�
■ FRRSHUDWLYH�OHDUQLQJ��

7HDFKHU�EHKDYLRU��
■ 7HDFKLQJ�VW\OH�
■ 0DQDJHPHQW�DQG�RUGHUO\�DQG�TXLHW�DWPRVSKHUH�
■ +RPHZRUN�
■ +LJK�H[SHFWDWLRQV�
■ &OHDU�JRDO�VHWWLQJ�
■ 6WUXFWXULQJ�WKH�FRQWHQW�
■ &ODULW\�RI�SUHVHQWDWLRQ�
■ 4XHVWLRQLQJ�
■ ,PPHGLDWH�H[HUFLVH�DIWHU�SUHVHQWDWLRQ�RI�QHZ�FRQWHQW�
■ (YDOXDWLRQ��IHHGEDFN�DQG�FRUUHFWLYH�LQVWUXFWLRQ��

�

&XUULFXOXP�FRQWHQW�

2SSRUWXQLW\�WR�OHDUQ��LQVWUXFWLRQDO�FXUULFXOXP�FRQWHQW��



'HYHORSPHQW RI DQ RUJDQL]LQJ FRQFHSWXDO IUDPHZRUN ��

$W� WKH� VWXGHQW� OHYHO�� &UHHPHUV� UHFRJQL]HG� IRXU�PDLQ� IDFWRUV� LQ� KLV�PRGHO�� 7KHVH�

IDFWRUV�DUH�LQFOXGHG�LQ�WKH�RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN��VWXGHQWV
�DSWLWXGH�DQG�

VRFLDO� EDFNJURXQG� DUH� VWXGHQW� EDFNJURXQG� IDFWRUV� �FXUULFXODU� DQWHFHGHQWV�� DQG�

VWXGHQWV
�PRWLYDWLRQ� DQG� 
WLPH�RQ� WDVN� DQG�RSSRUWXQLWLHV� XVHG
� DUH� ORFDWHG� DW� WKH�

FXUULFXODU�FRQWH[W�OHYHO��

,Q� WKLV� VWXG\�� WKH� DWWDLQHG� FXUULFXOXP� FRQWHQW� LV� VWXGHQW
V� DFKLHYHPHQW� LQ�

PDWKHPDWLFV��

�

6FKRRO�DQG�V\VWHP�IDFWRUV�

&UHHPHUV
�PRGHO�SURYLGHV�IDFWRUV�DW�WKH�VFKRRO�DQG�V\VWHP�OHYHO�DV�ZHOO��+H�GHILQHG�

DOO� VFKRRO�DQG�V\VWHP� OHYHO� IDFWRUV� LQ�KLV�PRGHO�DV�FRQGLWLRQV�IRU�FODVVURRP�OHYHO�

IDFWRUV��7KXV��LQ�KLV�PRGHO�RQO\�WKRVH�VFKRRO�DQG�V\VWHP�OHYHO�IDFWRUV�ZHUH�VHOHFWHG�

WKDW� DUH� FRQGLWLRQDO� IRU� DQG� GLUHFWO\� UHODWHG� WR� TXDOLW\� RI� LQVWUXFWLRQ� WLPH� RU�

RSSRUWXQLW\�WR�OHDUQ��&UHHPHUV���������

�

$W�WKH�VFKRRO�OHYHO��WKH�IROORZLQJ�IDFWRUV�ZHUH�LGHQWLILHG�ZKLFK�ZHUH�LQFOXGHG�LQ�WKH�

RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN��

�

&XUULFXODU�DQWHFHGHQWV�

6FKRRO�FXOWXUH��LQFOXGLQJ�HIIHFWLYHQHVV�

�

&XUULFXODU�FRQWH[W�

5XOHV�DQG�DJUHHPHQWV�DERXW�FODVVURRP�LQVWUXFWLRQ�

(YDOXDWLRQ�SROLF\�HYDOXDWLRQ�V\VWHP�

3ROLF\�RQ�VXSHUYLVLRQ�

3URIHVVLRQDOL]DWLRQ�

7LPH�VFKHGXOH�

5XOHV�DQG�DJUHHPHQWV�DERXW�WLPH�XVH�

2UGHUO\�DQG�TXLHW�DWPRVSKHUH�

5XOHV�DQG�DJUHHPHQWV�DERXW�KRZ�WR�LPSOHPHQW�WKH�VFKRRO�FXUULFXOXP��

�

&XUULFXOXP�FRQWHQW�

&RQWHQW�RI�VFKRRO�FXUULFXOXP��LQVWLWXWLRQDO�FXUULFXOXP���



�� &KDSWHU �

,Q� WKH� RUJDQL]LQJ� IUDPHZRUN� WKH� IROORZLQJ� V\VWHP� OHYHO� IDFWRUV� DUH� GHULYHG� IURP�

&UHHPHUV
�PRGHO��

�

&XUULFXODU�DQWHFHGHQWV�

5HVRXUFHV��IXQGLQJ�

7UDLQLQJ�DQG�VXSSRUW�V\VWHPV�

1DWLRQDO�JXLGHOLQHV�IRU�WLPH�VFKHGXOHV��

�

&XUULFXODU�FRQWH[W�

3ROLF\�IRFXVLQJ�RQ�HIIHFWLYHQHVV�

3ROLF\�RQ�HYDOXDWLRQ�QDWLRQDO�WHVWLQJ�V\VWHP��

�

&XUULFXODU�FRQWHQW�

1DWLRQDO�JXLGHOLQHV�IRU�FXUULFXOXP��

�

1H[W� WR� LQVWUXFWLRQDO� HIIHFWLYHQHVV� PRGHO�� DQ� LQWHJUDWHG� PRGHO� RI� VFKRRO�

HIIHFWLYHQHVV� ZDV� VWXGLHG� WR� DGG� WKH� OLVW� RI� VFKRRO� DQG� V\VWHP� IDFWRUV� LQ� WKH�

FRQFHSWXDO�IUDPHZRUN�XQGHU�FRQVWUXFWLRQ�LQ�WKLV�FKDSWHU��

6FKRRO�DQG�V\VWHP�IDFWRUV�IURP�DQ�LQWHJUDWHG�PRGHO�RI�VFKRRO�HIIHFWLYHQHVV��

6FKHHUHQV� �������GHYHORSHG�DQ� LQWHJUDWHG�PRGHO�RI�VFKRRO�HIIHFWLYHQHVV��ZKLFK�LV�

SUHVHQWHG�LQ�)LJXUH������7KH�PRGHO�LV�EDVHG�RQ�WKH�IRXU�OHYHOV�RI�HGXFDWLRQ�DQG�WKH�

LQSXW�SURFHVV�FRQWH[W�RXWSXW�GLPHQVLRQ���

�

6HYHUDO�DSSURDFKHV�WR�HGXFDWLRQDO�HIIHFWLYHQHVV�ZHUH�LQWHJUDWHG�LQ�WKLV�PRGHO�ZLWK�D�

IRFXV� RQ� VFKRRO� HIIHFWLYHQHVV�� $� 
UHYLHZ� RI� UHYLHZV
� RQ� VFKRRO� HIIHFWLYHQHVV�

UHVHDUFK� UHVXOWHG� LQ� WKH� VHOHFWLRQ� RI� YDULDEOHV�� 7KH� HPSLULFDO� HYLGHQFH� RI� WKH�

YDULDEOHV�LV�GRFXPHQWHG�E\�6FKHHUHQV��������DQG�6FKHHUHQV�DQG�%RVNHU���������

6FKHHUHQV� ������� S���� FRQFOXGHG� RQ� WKH� EDVLV� RI� D� UHYLHZ� RI� UHFHQW� VWXGLHV� LQ�

GLIIHUHQW�FRXQWULHV�WKDW��JUDGXDOO\�VFKRRO�HIIHFWLYHQHVV�UHVHDUFK�KDV�OHDG�WR�WKH�GHYHORSPHQW�RI�

FDXVDO�PRGHOV� LQ�ZKLFK� VSHFLILF� FKDUDFWHULVWLFV�RI� VFKRRO�RUJDQL]DWLRQ�RU� LQVWUXFWLRQ�DUH� UHODWHG� WR�

HDFK� RWKHU� DQG� WKH� HIIHFW� FULWHULRQ��� +H� HPSKDVL]HG� WKH� XQFHUWDLQW\� RI� WKH�

XQLGLPHQVLRQDOLW\�RI� VFKRRO� HIIHFWV� IRXQG� LQ� VWXGLHV� LQYROYLQJ� MXVW� D� IHZ�VXEMHFW�

PDWWHU� DUHDV�� VXE�V\VWHPV� RI� WKH� VFKRRO�� DQG� RQH� SRLQW� LQ� WLPH�ZKHQ� HIIHFWV� DUH�

PHDVXUHG��



'HYHORSPHQW RI DQ RUJDQL]LQJ FRQFHSWXDO IUDPHZRUN ��

�

 
 
 
 
 
 
 
 
 
 
 
 
6RXUFH� 6FKHHUHQV� ���� 

)LJXUH�����

$Q�LQWHJUDWHG�PRGHO�RI�VFKRRO�HIIHFWLYHQHVV�

�

,QWHUQDWLRQDO�VWXGLHV�VXFK�DV�7,066�XVXDOO\�DUH�QRW�SODQQHG�DV�VFKRRO�HIIHFWLYHQHVV�

VWXGLHV��,Q�UHODWLRQ�WR�6FKHHUHQV
�ZDUQLQJ��WKH�FRPSDULVRQ�EHWZHHQ�FRXQWULHV�RQ�WKH�

EDVLV� RI� D� RQH�VKRW� DVVHVVPHQW� VKRXOG� EH� FDUULHG� RXW� ZLWK� JUHDW� FDUH� �VHH� DOVR�

FKDSWHU�����

6FKHHUHQV� DQG� %RVNHU� ������� FRQVLGHUHG� DQ� LQGLUHFW� LQIOXHQFH� RI� VFKRRO� OHYHO�

FKDUDFWHULVWLFV�YLD�FODVV� WHDFKLQJ�WHFKQLTXHV�RQ�VWXGHQW�DFKLHYHPHQW� �H�J���TXDOLW\�RI�

VFKRRO�FXUULFXOD���$�GLUHFW�LQIOXHQFH�RQ�V WXGHQW�DFKLHYHPHQW�LV�UHFRJQL]HG�IURP�RWKHU�

VFKRRO�FKDUDFWHULVWLFV��H�J���VFKRRO�FOLPDWH��DV�LQGLFDWHG�E\�DQ�RUGHUO\�DWPRVSKHUH�� �

2XWSXWV

6WXGHQW
DFKLHYHPHQW
DGMXVWHG IRU�
� SUHYLRXV

DFKLHYHPHQW
� LQWHOOLJHQFH
� 6(6

352&(66

&ODVVURRP OHYHO

� WLPH RQ WDVN �LQFOXGLQJ KRPHZRUN�
� VWUXFWXUHG WHDFKLQJ
� RSSRUWXQLW\ WR OHDUQ
� KLJK H[SHFWDWLRQV RI SXSLOV
 SURJUHVV
� GHJUHH RI HYDOXDWLRQ DQG PRQLWRULQJ RI

SXSLOV
 SURJUHVV
� UHLQIRUFHPHQW�

,QSXWV

� WHDFKHU
H[SHULHQFH

� SHU SXSLO
H[SHQGLWXUH

� SDUHQW
VXSSRUW�

&RQWH[W

� DFKLHYHPHQW VWLPXODQWV IURP KLJKHU DGPLQLVWUDWLYH OHYHOV
� GHYHORSPHQW RI HGXFDWLRQDO FRQVXPHULVP
� 
FRYDULDEOHV
� VXFK DV VFKRRO VL]H� VWXGHQW�ERG\ FRPSRVLWLRQ�

VFKRRO FDWHJRU\� XUEDQ�UXUDO

6FKRRO OHYHO

� GHJUHH RI DFKLHYHPHQW�RULHQWHG SROLF\
� HGXFDWLRQDO OHDGHUVKLS
� FRQVHQVXV� FRRSHUDWLYH SODQQLQJ RI WHDFKHUV
� TXDOLW\ RI VFKRRO FXUULFXOD LQ WHUPV RI

FRQWHQW FRYHUHG� DQG IRUPDO VWUXFWXUH
� RUGHUO\ DWPRVSKHUH
� HYDOXDWLYH SRWHQWLDO



�� &KDSWHU �

7KH� IDFWRUV� DW� WKH� VFKRRO� OHYHO� IRUP� WKH� FHQWUDO� FOXVWHU� RI� IDFWRUV� RI� 6FKHHUHQV
�

PRGHO�� GHJUHH� RI� DFKLHYHPHQW�RULHQWHG� SROLF\�� HGXFDWLRQDO� OHDGHUVKLS�� FRQVHQVXV��

FRRSHUDWLYH� SODQQLQJ� RI� WHDFKHUV�� TXDOLW\� RI� VFKRRO� FXUULFXOD� LQ� WHUPV� RI� FRQWHQW�

FRYHUHG�DQG� IRUPDO� VWUXFWXUH��RUGHUO\� DWPRVSKHUH� �VFKRRO� FOLPDWH�� DQG�HYDOXDWLYH�

SRWHQWLDO��&UHHPHUV��������LQFOXGHG�IRXU�RXW�RI�WKHVH�ILYH�IDFWRUV�IURP�6FKHHUHQV
�

PRGHO� LQ�KLV�PRGHO��(GXFDWLRQDO� OHDGHUVKLS� LV� DGGHG� WR� WKH� OLVW�RI�FXUULFXODU�FRQWH[W�

VFKRRO�IDFWRUV�IURP�WKH�RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN��

�

$W�WKH�V\VWHP�OHYHO��6FKHHUHQV
�PRGHO�SURYLGHV�D�OLVW�RI�
FRYDULDEOHV
�ZKLFK�LV�DGGHG�

WR�WKH� OLVW�FXUULFXODU�DQWHFHGHQWV�DW�VFKRRO� OHYHO� LQ�WKH�RUJDQL]LQJ�IUDPHZRUN��7KH�

FRYDULDEOHV� DUH� VFKRRO� VL]H�� VWXGHQW� ERG\� FRPSRVLWLRQ�� DQG� VFKRRO� FDWHJRU\� �DELOLW\� WUDFNV� RU�

ORFDWLRQ�RI�WKH�VFKRRO�LQ�XUEDQ�UXUDO�DUHD���

�

:LWK� WKH� DGGLWLRQV� IURP� 6FKHHUHQV
� PRGHO�� WKH� OLVWV� RI� SRWHQWLDOO\� HIIHFWLYHQHVV�

HQKDQFLQJ� IDFWRUV� DVVLJQHG� WR� WKH� FOXVWHUV� IURP� WKH� RUJDQL]LQJ� FRQFHSWXDO�

IUDPHZRUN� �)LJXUH� ����� DUH� FRQVLGHUHG� FRPSOHWH�� ,Q� )LJXUH� ����� WKH� RUJDQL]LQJ�

FRQFHSWXDO�IUDPHZRUN�LV�ILOOHG�LQ�ZLWK�IDFWRUV�OLVWHG�DERYH��

�

,Q�WKH�QH[W�FKDSWHU�WKH�FRPSOHWHG�RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN�LV�WDNHQ�DV�WKH�

VWDUWLQJ� SRLQW� IRU� WKH� DQDO\VLV� RI� WKH�7,066�GDWD� VHWV��$Q� LPSRUWDQW� TXHVWLRQ� LV��

ZKLFK�VHWV�RI�LWHPV�IRUP�VFDOHV�ZKLFK�FDQ�EH�UHJDUGHG�DV�DQ�RSHUDWLRQDOL]DWLRQ�RI�

SRWHQWLDOO\�HIIHFWLYH�IDFWRUV�RQ�VWXGHQW�DFKLHYHPHQW"�

$IWHU� WKH� RSHUDWLRQDOL]DWLRQ� RI� IDFWRUV�� LQWHUUHODWLRQVKLSV� RI� IDFWRUV� DUH� H[SORUHG��

3UHYLRXVO\��LW�ZDV�FRQFOXGHG�WKDW�,($
V�UHVHDUFK�IUDPHZRUN�LV�OLPLWHG�LQ�WKH�VHQVH�

WKDW�LW�SURYLGHV�DQ�RYHUYLHZ�RI�FOXVWHUV�RI�IDFWRUV�ZKLFK�SRWHQWLDOO\�DIIHFW�VWXGHQWV
�

DFKLHYHPHQW�LQ�D�FRUH�VXEMHFW�ZLWKRXW�SURYLGLQJ�FOXHV�IRU�WKH�LQWHUDFWLRQV�EHWZHHQ�

IDFWRUV�ZLWKLQ�DQG�EHWZHHQ�WKHVH�FOXVWHUV��$IWHU�WKH�PRGLILFDWLRQ�RI�,($
V�PRGHO��

UHVXOWLQJ� LQ� WKH� RUJDQL]LQJ� FRQFHSWXDO� IUDPHZRUN�� LW� LV� XQNQRZQ� ZKHWKHU� WKLV�

OLPLWDWLRQ�VWLOO�KROGV��

7KH� ILQDO� JRDO� RI� WKH� H[SORUDWRU\� DQDO\VLV� LV� WR� ILQG� PHDQLQJIXO� UHODWLRQVKLSV�

EHWZHHQ�EDFNJURXQG�IDFWRUV��DQG�RYHUDOO�DFKLHYHPHQW�LQ�PDWKHPDWLFV��



'HYHORSPHQW RI DQ RUJDQL]LQJ FRQFHSWXDO IUDPHZRUN ��
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)LJXUH�����

2UJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN�IRU�UHVHDUFK�TXHVWLRQ�,�ZLWK�IDFWRUV�

6\VWHP

6FKRRO

&ODVVURRP

&XUULFXODU
DQWHFHGHQWV

&XUULFXODU
FRQWH[W

&XUULFXODU
FRQWHQW

/HYHO RI
HGXFDWLRQ

6WXGHQW

6\VWHP IHDWXUHV DQG FRQGLWLRQV

5HVRXUFHV� IXQGLQJ
7UDLQLQJ DQG VXSSRUW V\VWHPV
1DWLRQDO JXLGHOLQHV IRU WLPH
VFKHGXOHV

,QVWLWXWLRQDO VHWWLQJV

3ROLF\ IRFXVLQJ RQ HIIHFWLYHQHVV
3ROLF\ RQ HYDOXDWLRQ� QDWLRQDO
WHVWLQJ V\VWHP

6FKRRO EDFNJURXQG FKDUDFWHULVWLFV

6FKRRO VL]H
6WXGHQW ERG\ FRPSRVLWLRQ
6FKRRO FDWHJRU\
6FKRRO FXOWXUH

6FKRRO FRQGLWLRQV DQG SURFHVVHV

5XOHV DQG DJUHHPHQWV DERXW
FODVVURRP LQVWUXFWLRQ
(YDOXDWLRQ SROLF\
3ROLF\ RQ VXSHUYLVLRQ
3URIHVVLRQDOLVDWLRQ
7LPH VFKHGXOH
5XOHV DQG DJUHHPHQWV DERXW WLPH
XVH
2UGHUO\ DQG TXLW DWPRVSKHUH
5XOHV DQG DJUHHPHQWV DERXW KRZ
WR LPSOHPHQW WKH VFKRRO
FXUULFXOXP
(GXFDWLRQDO OHDGHUVKLS

,QWHQGHG

1DWLRQDO JXLGHOLQHV IRU
FXUULFXOXP

,QVWLWXWLRQDO

6FKRRO FXUULFXOXP

7HDFKHU EDFNJURXQG FKDUDFWHULVWLFV

*HQGHU
$JH
<HDUV RI WHDFKLQJ H[SHULHQFH

6WXGHQW EDFNJURXQG FKDUDFWHULVWLFV

*HQGHU
$SWLWXGH
6RFLDO EDFNJURXQG

6WXGHQW
V EHKDYLRUV

0RWLYDWLRQ
7LPH RQ WDVN� RSSRUWXQLWLHV
XVHG

$WWDLQHG

6WXGHQW
V DFKLHYHPHQW LQ
PDWKHPDWLFV

,QVWUXFWLRQDO

2SSRUWXQLW\ WR OHDUQ

&ODVVURRP FRQGLWLRQV DQG SURFHVVHV

&ODVV VL]H
&XUULFXODU PDWHULDOV
� H[SOLFLWQHVV DQG WKH RUGHULQJ RI
JRDOV DQG FRQWHQW

� VWUXFWXUH DQG FODULW\ RI FRQWHQW
� DGYDQFH RUJDQL]HUV
*URXSLQJ SURFHGXUHV
� PDVWHU\ OHDUQLQJ
� DELOLW\ JURXSLQJ
� FRRSHUDWLYH OHDUQLQJ
7HDFKHU EHKDYLRU �H�J��
� +RPHZRUN
� (YDOXDWLRQ
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UNDERSTANDING CROSS-NATIONAL 

DIFFERENCES IN MATHEMATICS 

ACHIEVEMENT IN TIMSS 
�

,Q�WKLV�FKDSWHU��UHVXOWV�DUH�SUHVHQWHG�RI�H[SORUDWRU\�DQDO\VHV�RQ�7,066�GDWD�VHWV�IURP�WKH�

1HWKHUODQGV�DQG�WZR�RWKHU�(XURSHDQ�HGXFDWLRQ�V\VWHPV��%HOJLXP�)ODQGHUV�DQG�*HUPDQ\��

7KH� H[SORUDWLRQV� ZHUH� FRQGXFWHG� WR� LQYHVWLJDWH� WKH� 7,066� JRDO� RI� XQGHUVWDQGLQJ�

GLIIHUHQFHV� LQ� PDWKHPDWLFV� DFKLHYHPHQW� DFURVV� HGXFDWLRQ� V\VWHPV� E\� PHDQV� RI� FROOHFWHG�

EDFNJURXQG�GDWD��7KH�7,066�EDFNJURXQG�TXHVWLRQQDLUHV�DQG�WKH�EDFNJURXQG�GDWD�VHWV�

ZHUH�H[DPLQHG�FORVHO\�LQ�D�WKUHH�VWDJH�DQDO\VLV�SODQ���

)LUVW��WKH�RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN�GHYHORSHG�LQ�WKH�SUHYLRXV�FKDSWHU�ZDV�XVHG�DV�D�

JXLGH� IRU� WKH� LGHQWLILFDWLRQ� RI� SRVVLEOH� LQGLFDWRUV� RI� SRWHQWLDOO\� HIIHFWLYH� IDFWRUV� LQ� WKH�

7,066� EDFNJURXQG� TXHVWLRQQDLUHV�� 6HFRQG� DQG� WKLUG�� WKH� LQWHUUHODWLRQVKLSV� DFURVV� WKH�

LGHQWLILHG� LQGLFDWRUV� ZHUH� H[SORUHG� HPSLULFDOO\� ZLWKLQ� DQG� EHWZHHQ� WKH� WKUHH� HGXFDWLRQ�

V\VWHPV�E\�PHDQV�RI� WZR�FRQVHFXWLYH�VWHSV������XQLGLPHQVLRQDO�SDUWLDO� OHDVW�VTXDUHV�SDWK�

DQDO\VLV� �3/6�� WR� HVWLPDWH� D� SDWK� PRGHO� SHU� V\VWHP� LQFOXGLQJ� VWXGHQW� DQG� FODVVURRP�

YDULDEOHV�� DQG� ���� WKH� HVWLPDWLRQ� RI� KLHUDUFKLFDO� OLQHDU� PRGHOV� �+/0�� E\� PHDQV� RI�

PXOWLOHYHO�DQDO\VLV�RQ�WKH�VHSDUDWH�GDWD�VHWV�DQG�RQ�WKH�SRROHG�GDWD�VHW���

,Q� DOO� HGXFDWLRQ� V\VWHPV�� DJJUHJDWHG� VWXGHQW� YDULDEOHV� DW� WKH� FODVVURRP� OHYHO� VXFK� DV�

SDUHQWV
�HGXFDWLRQDO�EDFNJURXQG�DQG�VWXGHQWV
�DWWLWXGH�WRZDUGV�PDWKHPDWLFV�H[SODLQ�PRUH�

YDULDQFH� LQ�DFKLHYHPHQW�VFRUHV� WKDQ�LQGLYLGXDO�VWXGHQW�YDULDEOHV��7KH�PXOWLOHYHO�DQDO\VLV�

UHVXOWV�RQ�WKH�SRROHG�GDWD�VHW�VKRZ�DV�ZHOO�WKDW��DJJUHJDWHG��VWXGHQW�YDULDEOHV�FRQWULEXWH�

PRUH� WR� WKH� H[SODLQHG�YDULDQFH� LQ� VWXGHQW�DFKLHYHPHQW� VFRUHV� WKDQ�GR� FODVVURRP��VFKRRO��

YDULDEOHV�� 7KH� YHUWLFDO� RUJDQL]DWLRQ� RI� WKH� WKUHH� HGXFDWLRQ� V\VWHPV� LV� UHIOHFWHG� LQ� WKHVH�

UHVXOWV��0RUHRYHU��WKH�7,066�GDWD�FRQWDLQ�VFRUHV�RQ�VWXGHQW�DQG�FODVVURRP�YDULDEOHV�WKDW�

DUH�UHODWHG�GLIIHUHQWO\�WR�VWXGHQW�DFKLHYHPHQW�DFURVV�FRXQWULHV��

&
+
$
3
7
(
5
�

� 



�� &KDSWHU �

���� 7,066 0$7+(0$7,&6 $&+,(9(0(17 6&25(6 ,1 7+5(( ('8&$7,21

6<67(06�

,Q�FKDSWHU����WKH�PDLQ�JRDOV�DQG�IXQFWLRQV�RI�DFKLHYHPHQW�VWXGLHV�FRQGXFWHG�XQGHU�

WKH� DXVSLFHV� RI� WKH� ,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� WKH� (YDOXDWLRQ� RI� (GXFDWLRQDO�

$FKLHYHPHQW� �,($��ZHUH�GHVFULEHG��7ZR� LPSRUWDQW� IXQFWLRQV�RI� ,($�VWXGLHV�DUH�

GHVFULELQJ�DQG�XQGHUVWDQGLQJ�VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�VWXGHQW�DFKLHYHPHQW��,Q�

FKDSWHU� ��� WKH� XVH� RI� WKH� UHVXOWV� RI� WZR� SUHGHFHVVRUV� RI� WKH� 7KLUG� ,QWHUQDWLRQDO�

0DWKHPDWLFV� DQG� 6FLHQFH� 6WXG\� �7,066�� ZHUH� GLVFXVVHG� LQ� OLJKW� RI� WKHVH� WZR�

IXQFWLRQV�� ,W� ZDV� FRQFOXGHG� WKDW� IRU� VXFFHVVLYH� ,($� VWXGLHV� RQ� PDWKHPDWLFV�

DFKLHYHPHQW� LW� ZDV� YHU\� GLIILFXOW� WR� IXOILOO� WKH� DPELWLRQ� RI� XQGHUVWDQGLQJ� FURVV�

QDWLRQDO� GLIIHUHQFHV�� ,W� WXUQHG� RXW� WKDW� LQ� WKH� )LUVW� DQG� 6HFRQG� ,QWHUQDWLRQDO�

0DWKHPDWLFV�6WXG\�WKH�
GHVFULSWLRQ
�IXQFWLRQ�ZDV�DFFRPSOLVKHG�WR�D�JUHDWHU�H[WHQW�

WKDQ�WKH�
XQGHUVWDQGLQJ
�IXQFWLRQ��7KH�DPELWLRQ�RI�7,066�ZDV��WR�DOORZ�UHVHDUFKHUV�WR�

DSSO\�WKHRULHV�DERXW�FRQWH[WXDO�IDFWRUV�WKDW�FRQWULEXWH�WR�DFKLHYHPHQW�VLPXOWDQHRXVO\�WR�V\VWHPV�RI�

GLYHUVH� FRQWH[WV�� �5RELWDLOOH� 	� 0D[ZHOO�� ������ S������ :LWK� WKLV� DPELWLRQ�� 7,066�

HPSKDVL]HG� WKH� 
XQGHUVWDQGLQJ
� IXQFWLRQ�DV�ZHOO�� ,Q� WKLV� WKHVLV�� WKH�XQGHUVWDQGLQJ�

IXQFWLRQ� RI� 7,066� LV� H[DPLQHG� DV� UHIOHFWHG� LQ� UHVHDUFK� TXHVWLRQ� ,� DQG� LWV� WZR�

UHODWHG�UHVHDUFK�TXHVWLRQV� �H[SODLQHG� LQ�������7R�DGGUHVV� WKHVH�UHVHDUFK�TXHVWLRQV��

WKH� FDWHJRUL]DWLRQ�� VHOHFWLRQ�� DQG� PHDVXUHPHQW� RI� SRWHQWLDOO\� HIIHFWLYHQHVV�

HQKDQFLQJ�IDFWRUV�RQ�VWXGHQW�DFKLHYHPHQW�LV�LPSRUWDQW��6XFK�IDFWRUV�DUH�ORFDWHG�DW�

GLIIHUHQW� HGXFDWLRQ� OHYHOV�� V\VWHP�� VFKRRO�� FODVVURRP�� DQG� VWXGHQW�� ,Q� WKH� QH[W�

VHFWLRQV��EDFNJURXQG�IDFWRUV� LQGLFDWHG� LQ�7,066�SRSXODWLRQ����JUDGH����DQG�WKHLU�

XVHIXOQHVV� LQ� VHUYLQJ� WKH� 
XQGHUVWDQGLQJ
� IXQFWLRQ� DUH� LQYHVWLJDWHG�� 5HVXOWV� RI�

H[SORUDWRU\� DQDO\VLV�RQ�EDFNJURXQG�GDWD� FROOHFWHG� LQ� WKUHH�QHLJKERULQJ�V\VWHPV�DUH�

FRPSDUHG��%HOJLXP�)ODQGHUV��*HUPDQ\�DQG�WKH�1HWKHUODQGV��

�

7KH�GHVLJQ�RI�WKH�7,066�VWXG\�ZDV�H[SODLQHG�LQ������7KH�PDLQ�FRPSRQHQWV�RI�WKH�

GHVLJQ�RI�WKH�VWXG\�LQ�JUDGH����VHFRQG�\HDU�RI�ORZHU�VHFRQGDU\�HGXFDWLRQ�LQ�PRVW�

V\VWHPV��DUH�UHSHDWHG�KHUH��

'HVLJQ�RI�WKH�7,066�6WXG\�LQ�JUDGH���

,Q�HDFK�HGXFDWLRQ�V\VWHP�WKDW�SDUWLFLSDWHG�LQ�7,066��D�UDQGRP�VDPSOH�RI�VHFRQGDU\�

VFKRROV�ZDV�VHOHFWHG�DQG�ZLWKLQ�HDFK�VFKRRO�DQ�LQWDFW�JUDGH���FODVVURRP��WKH�7,066��

�



8QGHUVWDQGLQJ FURVV�QDWLRQDO GLIIHUHQFHV LQ PDWKHPDWLFV DFKLHYHPHQW ��

FODVV��WRRN�SDUW��$W�WKH�HQG�RI�WKH�VFKRRO�\HDU��������������WKH�LQWHUQDWLRQDO�7,066�

DFKLHYHPHQW� WHVW� �LQFOXGLQJ� WKH� PDWKHPDWLFV� WHVW�� DQG� WKH� VWXGHQW� EDFNJURXQG�

TXHVWLRQQDLUH�ZHUH�DGPLQLVWHUHG�WR�DOO�VWXGHQWV�RI�WKH�VHOHFWHG�LQWDFW�FODVVURRP��7KH�

PDWKHPDWLFV�WHDFKHU�RI�WKH�7,066�FRPSOHWHG�D�WHDFKHU�EDFNJURXQG�TXHVWLRQQDLUH�

DQG� WKH� VFKRRO
V� SULQFLSDO� FRPSOHWHG� WKH� VFKRRO� EDFNJURXQG� TXHVWLRQQDLUH�� $OO�

LQVWUXPHQWV�ZHUH�GHYHORSHG�XQGHU� WKH�DXVSLFHV�RI�,($�DQG�ZHUH�SURYLGHG�LQ�WKH�

(QJOLVK�ODQJXDJH�WR�DOO�SDUWLFLSDWLQJ�V\VWHPV��(DFK�V\VWHP�WUDQVODWHG�WKH�LQVWUXPHQWV�

LQWR�WKHLU�RZQ�ODQJXDJH�DFFRUGLQJ�WR�SUHVFULEHG�SURFHGXUHV��7KH�GDWD�FROOHFWLRQ�LQ�

WKH�VFKRROV�WRRN�SODFH�DFFRUGLQJ�WR�SUHVFULEHG�SURFHGXUHV�DV�ZHOO��7KH�XQLIRUPLW\�RI�

WKH� H[HFXWLRQ� RI� WKH� VWXG\� ZDV� FRQWUROOHG� E\� WKH� ,QWHUQDWLRQDO� 6WXG\� &HQWHU� RI�

7,066�ORFDWHG�DW�%RVWRQ�&ROOHJH��%RVWRQ��86���0RUH�LQIRUPDWLRQ�DERXW�WKH�GHVLJQ�

RI�WKH�7,066�6WXG\�FDQ�EH�IRXQG�LQ�0DUWLQ�DQG�.HOO\���������

7,066�PDWKHPDWLFV�DFKLHYHPHQW�VFRUHV�DQG�UHVHDUFK�JURXS�

$V�VWDWHG�LQ�FKDSWHU����WKH�SHUIRUPDQFH�RQ�WKH�7,066�PDWKHPDWLFV�DFKLHYHPHQW�WHVW�LV�

WDNHQ�DV� WKH�RSHUDWLRQDOL]DWLRQ�RI� WKH�YDULDEOH� 
PDWKHPDWLFV�DFKLHYHPHQW
�ZLWKRXW�

GLVFXVVLQJ�LWV�FRQFHSWXDO�DQG�FXUULFXODU�IRXQGDWLRQ��

7KH�WKUHH�V\VWHPV�XQGHU�LQYHVWLJDWLRQ�VFRUHG�GLIIHUHQWO\�RQ�WKH�7,066�PDWKHPDWLFV�

WHVW�� 7KH� ZHLJKWHG� PHDQV� RI� WKH� VWXGHQW� VFRUHV� RQ� WKH� LQWHUQDWLRQDO� 7,066�

PDWKHPDWLFV�WHVW�DUH�SUHVHQWHG�LQ�WKH�ILQDO�FROXPQV�RI�7DEOH������,Q�7,066��WKH�WRWDO�

VWXGHQW�ZHLJKW�LV�DSSOLHG�LQ�WKH�GDWD�VHWV�RI�WKH�VHSDUDWH�HGXFDWLRQ�V\VWHPV��7KH�VXP�

RI� WKHVH�ZHLJKWV�ZLWKLQ�D� VDPSOH�SHU�HGXFDWLRQ�V\VWHP�SURYLGHV�DQ�HVWLPDWH�RI� WKH�

VL]H�RI�WKH�SRSXODWLRQ�LQ�WKH�V\VWHP��*RQ]DOHV�DQG�6PLWK���������(DFK�SDUWLFLSDWLQJ�

VWXGHQW� IURP� JUDGH� �� LQ� HDFK� FRXQWU\� UHFHLYHG� DQ� LQWHUQDWLRQDO�PDWKHPDWLFV� VFRUH�

EDVHG�RQ�KLV�VFRUH�RQ�WKH�7,066�WHVW��7KH�VFRUHV�ZHUH�VWDQGDUGL]HG�ZLWK�D�PHDQ�RI�

���� DQG� D� VWDQGDUG� GHYLDWLRQ� RI� ���� �IRU�PRUH� LQIRUPDWLRQ� RQ� WKH� VFDOLQJ� RI� WKH�

VFRUHV�RQ� WKH� LWHPV�RI� WKH�7,066� WHVW�� VHH�$GDPV�DQG�*RQ]DOHV� ���������%HOJLXP�

)ODQGHUV� �PHDQ� DFKLHYHPHQW� VFRUH ����� SHUIRUPHG� VLJQLILFDQWO\� EHWWHU� �S������ RQ�

WKH�PDWKHPDWLFV�WHVW�WKDQ�GLG�WKH�1HWKHUODQGV��PHDQ�DFKLHYHPHQW�VFRUH ������DQG�

*HUPDQ\� �PHDQ�DFKLHYHPHQW�VFRUH �����SHUIRUPHG�VLJQLILFDQWO\� OHVV�ZHOO� WKDQ�GLG�

%HOJLXP� )ODQGHUV� DQG� WKH� 1HWKHUODQGV�� )RU� PRUH� LQIRUPDWLRQ� RQ� WKH� 7,066�

PDWKHPDWLFV�DFKLHYHPHQW� UHVXOWV�RI� WKH� WKUHH�V\VWHPV�� WKH� UHDGHU� LV� UHIHUUHG� WR� WKH�

LQWHUQDWLRQDO�UHSRUW�RQ�WKLV�WRSLF��%HDWRQ��0XOOLV�HW�DO����������



�� &KDSWHU �

7DEOH�����

&RPSRVLWLRQ� RI� UHVHDUFK� JURXS�� DQG�PHDQ� �V�H��� RI�7,066�PDWKHPDWLFV� ZHLJKWHG� WHVW� VFRUHV� LQ� JUDGH� ��

IURP�%HOJLXP�)ODQGHUV��*HUPDQ\��DQG�WKH�1HWKHUODQGV��6SULQJ������

�

0DWKHPDWLFV�DFKLHYHPHQW��

(GXFDWLRQ�V\VWHP�

1XPEHU�RI�

VWXGHQWV�

1XPEHU�RI�

WHDFKHUV�

�VFKRROV�� 0� V�H��

%HOJLXP�)ODQGHUV��%IO�� ����� � ���� ������ ���� ����

*HUPDQ\��*HU�� ����� � ��� ����� ���� ����

1HWKHUODQGV��1OG�� ����� � ��� ����� ���� ����

7RWDO�

�SRROHG�GDWDVHW�� ����� � ���� ������ ���� ����

1RWH� 0  PHDQ� V�H� VWDQGDUG HUURU � WKH FROXPQ 
VWXGHQWV
 FRQWDLQV WKH WRWDO QXPEHU RI

VWXGHQWV WKDW FRXOG EH OLQNHG WR WKH WHDFKHUV ZKR DUH SUHVHQWHG LQ WKH QH[W FROXPQ

�

)RU� WKH� WKUHH�HGXFDWLRQ�V\VWHPV��7DEOH�� ���DOVR� LQFOXGHV�WKH�QXPEHU�RI�VWXGHQWV��

PDWKHPDWLFV�WHDFKHUV��DQG�VFKRROV�LQFOXGHG�LQ�WKH�H[SORUDWRU\�DQDO\VHV��3HU�VFKRRO��

RQO\�RQH�LQWDFW�FODVVURRP�ZLWK�RQO\�RQH�PDWKHPDWLFV�WHDFKHU�WRRN�SDUW�LQ�WKH�VWXG\��

7KH� JURXS� RI� VWXGHQWV� LQYROYHG� LQ� WKH� DQDO\VHV� FRQVLVWV� RI� D OO� VWXGHQWV� ZKR�

FRPSOHWHG� ERWK� WKH� 7,066� DFKLHYHPHQW� WHVW� DQG� WKH� VWXGHQW� EDFNJURXQG�

TXHVWLRQQDLUH�DQG�ZKR�FRXOG�EH�OLQNHG�WR�WKH�PDWKHPDWLFV�WHDFKHU�ZKR�FRPSOHWHG�

WKH�PDWKHPDWLFV�WHDFKHU�TXHVWLRQQDLUH� �

�

7KH�DEEUHYLDWLRQV�RI�WKH�WKUHH�HGXFDWLRQ�V\VWHPV�XVH G�LQ�WKH�ILUVW�FROXPQ�RI�7DEOH�

���� DUH� XVHG� WKURXJKRXW� WKLV� WKHVLV� �%IO %HOJLXP� )ODQGHUV�� *HU *HUPDQ\��

1OG 1HWKHUODQGV���

���� 327(17,$//< ,1)/8(1&,1* )$&7256 ,1',&$7(' ,1 7,066�

,167580(176�

7R�DGGUHVV�UHVHDUFK�TXHVWLRQ�,��LW�LV�LPSRUWDQW�WR�LGHQWLI\�ZKLFK�ID FWRUV�PHDVXUHG�LQ�

7,066� SRWHQWLDOO\� LQIOXHQFH� IDFWRUV� RQ� PDWKHPDWLFV� DFKLHYHPHQW� LQ� WKH� WKUHH�

HGXFDWLRQ� V\VWHPV�� 3DUWLFXODUO\�� WKH� VHDUFK� LV� GLUHFWHG� WR� WKH� IDFWRUV� WKDW� FDQ� EH�

PDQLSXODWHG� E\� SROLF\PDNHUV� DQG� WHDFKHUV� LQ� RUGHU� WR� HQKDQFH� VWXGHQW�

DFKLHYHPHQW�� ,Q� FKDSWHU� ��� WKH� GHWHFWLYH� SURFHVV� VWDUWHG�ZLWK� D� FORVH� ORRN� DW� WKH�

FRQFHSWXDO� IRXQGDWLRQ� RI� WKH� 7,066� VWXG\�� 7KH� DSSURSULDWHQHVV� RI� WKH� 7,066�

FRQFHSWXDO� IUDPHZRUNV� NQRZQ� IURP� WKH� OLWHUDWXUH� ZDV� MXGJHG� DV� QRW� DGHTXDWH�



8QGHUVWDQGLQJ FURVV�QDWLRQDO GLIIHUHQFHV LQ PDWKHPDWLFV DFKLHYHPHQW ��

HQRXJK� WR� VHOHFW� DQG� RSHUDWLRQDOL]H� UHOHYDQW� EDFNJURXQG� IDFWRUV�� 7KHUHIRUH�� DQ�

RUJDQL]LQJ� FRQFHSWXDO� IUDPHZRUN�ZDV�GHYHORSHG� �VHH�)LJXUH������� ,($
V� UHVHDUFK�

IUDPHZRUN��ZLWK� LWV� FXUULFXODU� GLPHQVLRQV��ZDV� WDNHQ� DV� WKH�EDVLF� IUDPH� DQG� WKLV�

IUDPH�ZDV� ILOOHG� LQ�E\� IDFWRUV�GHULYHG� IURP� LQVWUXFWLRQDO�DQG�VFKRRO�HIIHFWLYHQHVV�

PRGHOV� �&UHHPHUV�� ������ 6FKHHUHQV�� ������ 6FKHHUHQV� 	� %RVNHU�� ������� ,Q�

HGXFDWLRQDO� HIIHFWLYHQHVV� VWXGLHV�� IDFWRUV� DW� WKH� IRXU� HGXFDWLRQ� OHYHOV� DUH� VWXGLHG�

ZKLFK� SRWHQWLDOO\� LQIOXHQFH� VWXGHQW� OHDUQLQJ�� 'HILQLWLRQV� RI� WKHVH� IDFWRUV� ZHUH�

DYDLODEOH��0RUHRYHU�� WKH� WKHRUHWLFDO� DQG�HPSLULFDO� IRXQGDWLRQ�RI� WKHVH� VWXGLHV� DUH�

FRQVLGHUHG�PRUH�VXEVWDQWLDO�DQG�PRUH�LQWHUQDWLRQDOO\�RULHQWHG�WKDQ�DUH�WKH�VWXGLHV�

RQ�ZKLFK�WKH�FRQFHSWXDO�IUDPHZRUNV�IRU�7,066�ZHUH�EXLOW��

�

7KH� IUDPHZRUN� LV� LGHQWLILHG� DV� 
RUJDQL]LQJ�
� EHFDXVH� LW� ZDV� SULPDULO\� XVHG� WR�

FDWHJRUL]H� WKHRUHWLFDOO\� DQG� HPSLULFDOO\� LPSRUWDQW� IDFWRUV� LQ� FOXVWHUV� ZKLFK� FDQ�

JXLGH� WKH� VHDUFK� IRU� RSHUDWLRQDOL]DWLRQV� RI� IDFWRUV�� 7KH� FOXVWHUV� ZHUH� RUJDQL]HG�

�FDWHJRUL]HG�� LQ� VXFK� D� ZD\� WKDW� DVVXPSWLRQV� DERXW� UHODWLRQVKLSV� EHWZHHQ� WKH�

FOXVWHUV� FDQ� EH� GHULYHG� IURP� WKHP�� 7KH� IUDPHZRUN� LV� QRW� PHDQW� WR� IRUPXODWH�

K\SRWKHVHV� DERXW� WKH� UHODWLRQVKLSV� RI� LQGLYLGXDO� IDFWRUV� ZLWKLQ� DQG� DFURVV� WKH�

FOXVWHUV��

3RVVLEOH�LQGLFDWRUV�LQ�7,066�LQVWUXPHQWV�

7KH� VWXGHQW�� WHDFKHU�� DQG� VFKRRO� EDFNJURXQG� TXHVWLRQQDLUHV� IURP� 7,066� ZHUH�

VFUXWLQL]HG� WR� LGHQWLI\� LWHPV�RU�VHWV�RI� LWHPV�ZKLFK��DV�UHJDUGV� WKH�FRQWHQW��FRXOG�

SRVVLEO\�EH�RSHUDWLRQDOL]DWLRQV�RI�IDFWRUV�FDWHJRUL]HG�LQ�WKH�RUJDQL]LQJ�FRQFHSWXDO�

IUDPHZRUN��7KH�UHVXOWV�RI�WKLV�DFWLYLW\�DUH�SUHVHQWHG�LQ�7DEOH�����LQ�WKH�IRUP�RI�WKH�

OLVW� RI� DOO� SRWHQWLDOO\� HIIHFWLYH� HGXFDWLRQDO� IDFWRUV� IURP� WKH� IUDPHZRUN� DQG� WKHLU�

SRVVLEOH� LQGLFDWRUV� DYDLODEOH� LQ�7,066� LQVWUXPHQWV�� ,QGLFDWRUV� DUH� VLQJOH� LWHPV�RU�

VHWV� RI� LWHPV� LQFOXGHG� LQ� RQH� RI� WKH�7,066� LQVWUXPHQWV��ZKLFK� FDQ�EH� H[SORUHG�

IXUWKHU�DV�RSHUDWLRQDOL]DWLRQV�RI�IDFWRUV��

�

7KH�IRUPDW�RI�WKH�OLVW�LV�LQ�DFFRUGDQFH�ZLWK�WKH�WZR�GLPHQVLRQV�RI�WKH�RUJDQL]LQJ�

IUDPHZRUN��FXUULFXODU�GLPHQVLRQ�DQG�OHYHO�RI�HGXFDWLRQ���)DFWRUV�DUH�LGHQWLILHG�E\�

OHWWHUV� UHIHUULQJ� WR� WKH� WZR� GLPHQVLRQV�� )RU� H[DPSOH�� FXUULFXODU� DQWHFHGHQWV� DW�

VWXGHQW� OHYHO� DUH� LGHQWLILHG� E\� �6$�� SOXV� D� VHTXHQFH� QXPEHU� DQG� FXUULFXODU�

FRQWH[WXDO�IDFWRUV�DW�VWXGHQW�OHYHO�DUH�LGHQWLILHG�E\��6&��SOXV�D�VHTXHQFH�QXPEHU��

�
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7DEOH�����
3RWHQWLDOO\� HIIHFWLYHQHVV� HQKDQFLQJ� HGXFDWLRQDO� IDFWRUV� DQG� WKHLU� SRVVLEOH� LQGLFDWRUV� DYDLODEOH� LQ�
7,066�LQVWUXPHQWV�
/HYHO RI
HGXFDWLRQ DQG
FXUULFXODU
GLPHQVLRQ )DFWRUV LQ RUJDQL]LQJ IUDPHZRUN �� ,QGLFDWRUV LQ 7,066 LQVWUXPHQWV ��

6WXGHQW

&XUULFXODU
$QWHFHGHQW

&XUULFXODU
&RQWH[W

&XUULFXODU
&RQWHQW

6$B� *HQGHU
6$B� $SWLWXGH
6$B� 6RFLDO EDFNJURXQG

6&B� 0RWLYDWLRQ

6&B� 7LPH RQ WDVN�RSSRUWXQLWLHV XVHG

62B� $WWDLQHG FXUULFXOXP �$FKLHYHPHQW LQ
PDWKHPDWLFV�

6WXGHQW
V VH[
� Q�L�
D� 2XW�RI�VFKRRO DFWLYLWLHV
E� 1XPEHU RI ERRNV LQ WKH KRPH
F� �(GXFDWLRQDO OHYHO PRWKHU DQG IDWKHU�

D� $WWLWXGH WRZDUGV PDWKHPDWLFV
E� 6XFFHVV DWWULEXWLRQ
F� )ULHQGV
 DFDGHPLF H[SHFWDWLRQ

D� 1XPEHU RI PLQXWHV PDWK�ZHHN
E� $PRXQW RI KRPHZRUN SHU GD\

7HVW VFRUH RQ HQWLUH LQWHUQDWLRQDO 7,066
PDWKHPDWLFV DFKLHYHPHQW WHVW

&ODVVURRP

&XUULFXODU
$QWHFHGHQW

&XUULFXODU
&RQWH[W

&$B� EDFNJURXQG FKDUDFWHULVWLFV

&&B� &ODVV VL]H

&&B� &XUULFXODU PDWHULDOV�
� H[SOLFLWQHVV DQG WKH RUGHULQJ RI
JRDOV DQG FRQWHQW

� VWUXFWXUH DQG FODULW\ RI FRQWHQW
� DGYDQFH RUJDQL]HUV

&&B� 0DWHULDO IRU HYDOXDWLRQ RI VWXGHQW
RXWFRPHV� IHHGEDFN DQG FRUUHFWLYH
LQVWUXFWLRQ

&&B� *URXSLQJ SURFHGXUHV�
� PDVWHU\ OHDUQLQJ
� DELOLW\ JURXSLQJ
� FRRSHUDWLYH OHDUQLQJ

7HDFKHU EHKDYLRU�

&&B� 7HDFKLQJ VW\OH

&&B� 0DQDJHPHQW DQG RUGHUO\ DQG TXLHW
DWPRVSKHUH

&&B� +RPHZRUN

D� 7HDFKHU
V JHQGHU
E� 7HDFKLQJ H[SHULHQFH LQ \HDUV
F� 7HDFKHU
V ZRUNORDG

1XPEHU RI VWXGHQWV LQ WHVWHG FODVV

7H[WERRNV XVHG IRU PDWKHPDWLFV

� Q�L�
� Q�L�
� Q�L�

$VVHVVPHQW IHDWXUHV �VWDQGDUGL]HG WHVW YV�
PRUH VXEMHFWLYH W\SHV RI DVVHVVPHQW�

� Q�L�
� Q�L�
)UHTXHQF\ RI 
ZRUNLQJ LQ SDLUV RU VPDOO
JURXSV


7HDFKHU
V WHDFKLQJ VW\OH DV SHUFHLYHG E\
VWXGHQWV

D� 3HUFHLYHG FODVV FOLPDWH �LV LW DQ RUGHUO\
DQG TXLHW DWPRVSKHUH�

E� 3HUFHLYHG VFKRRO FOLPDWH �VDIHW\�
F� /LPLWDWLRQV WR WHDFK WKH WHVWHG FODVV

UHODWHG WR VWXGHQW�UHVRXUFHV� SDUHQWDO
IHDWXUHV

D� )UHTXHQF\ RI KRPHZRUN
E� 7UHDWPHQW LQ QH[W OHVVRQ
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7DEOH�����
3RWHQWLDOO\� HIIHFWLYHQHVV� HQKDQFLQJ� HGXFDWLRQDO� IDFWRUV� DQG� WKHLU� SRVVLEOH� LQGLFDWRUV� DYDLODEOH� LQ�
7,066�LQVWUXPHQWV��FRQWLQXHG��

/HYHO RI
HGXFDWLRQ DQG
FXUULFXODU
GLPHQVLRQ )DFWRUV LQ RUJDQL]LQJ IUDPHZRUN �� ,QGLFDWRUV LQ 7,066 LQVWUXPHQWV ��

&ODVVURRP
&XUULFXODU

&RQWHQW
�FRQWLQXHG�

&XUULFXODU
&RQWHQW

&&B� +LJK H[SHFWDWLRQV
&&B� &OHDU JRDO VHWWLQJ
&&B�� 6WUXFWXULQJ WKH FRQWHQW
&&B�� &ODULW\ RI SUHVHQWDWLRQ
&&B�� 4XHVWLRQLQJ
&&B�� ,PPHGLDWH H[HUFLVH DIWHU SUHVHQWDWLRQ

RI QHZ FRQWHQW
&&B�� (YDOXDWLRQ� IHHGEDFN DQG FRUUHFWLYH

LQVWUXFWLRQ

&2B� ,PSOHPHQWHG FXUULFXOXP FRQWHQW

� Q�L�
� Q�L�
� Q�L�
� Q�L�
� Q�L�

� Q�L�

8VH RI DVVHVVPHQW UHVXOWV IRU GLIIHUHQW JRDOV

&RQWHQW FRYHUDJH PDWKHPDWLFV

6FKRRO
&XUULFXODU

$QWHFHGHQW

&XUULFXODU
&RQWH[W

&XUULFXODU
&RQWHQW

6F$B� 6FKRRO VL]H
6F$B� 6WXGHQW ERG\ FRPSRVLWLRQ
6F$B� 6FKRRO FDWHJRU\
6F$B� 6FKRRO FXOWXUH� LQFOXGLQJ HIIHFWLYHQHVV

6F&B� 5XOHV DQG DJUHHPHQWV DERXW FODVVURRP
LQVWUXFWLRQ

6F&B� (YDOXDWLRQ SROLF\�HYDOXDWLRQ V\VWHP
6F&B� 3ROLF\ RQ VXSHUYLVLRQ
6F&B� 3URIHVVLRQDOL]DWLRQ
6F&B� 7LPH VFKHGXOH
6F&B� 5XOHV DQG DJUHHPHQWV DERXW WLPH XVH
6F&B� 2UGHUO\ DQG TXLHW DWPRVSKHUH

6F&B� 5XOHV DQG DJUHHPHQWV DERXW KRZ WR
LPSOHPHQW WKH VFKRRO FXUULFXOXP

6F&B� (GXFDWLRQDO OHDGHUVKLS

6F2B� 6FKRRO FXUULFXOXP FRQWHQWV

7RWDO QXPEHU RI VWXGHQWV LQ WKH VFKRRO
3URSRUWLRQ RI JLUOV LQ VFKRRO
8UEDQ�UXUDO DUHD RI VFKRRO VLWH
■ Q�L�

■ Q�L
■ Q�L
&RRSHUDWLRQ DQG FROODERUDWLRQ
■ Q�L
7LPH VFKHGXOH PDWK� JUDGH �
■ Q�L�
6DIHW\ DV SHUFHLYHG E\ WKH VWXGHQW �VHH
&&B�E�

■ Q�L�
1XPEHU RI KRXUV SHU PRQWK SULQFLSDO
VSHQGV RQ HGXFDWLRQDO WDVNV

:ULWWHQ VFKRRO FXUULFXOXP PDWKHPDWLFV

&RXQWU\�6\VWHP
&XUULFXODU

$QWHFHGHQW

&XUULFXODU
&RQWH[W

&XUULFXODU
&RQWHQW

6\V$B� 5HVRXUFHV� IXQGLQJ
6\V$B� 7UDLQLQJ DQG VXSSRUW V\VWHPV
6\V$B� 1DWLRQDO JXLGHOLQHV IRU WLPH VFKHGXOHV

6\V&B� 3ROLF\ IRFXVLQJ RQ HIIHFWLYHQHVV
6\V&B� 3ROLF\ RQ HYDOXDWLRQ�QDWLRQDO WHVWLQJ

V\VWHP

6\V2B� QDWLRQDO JXLGHOLQHV IRU FXUULFXOXP �L�H��
LQWHQGHG FXUULFXOXP FRQWHQW�

■ Q�L�
■ Q�L�
■ Q�L�

■ Q�L�

■ Q�L�

&XUULFXOXP TXHVWLRQQDLUH

1RWH� �� 6$  VWXGHQW FXUULFXODU DQWHFHGHQW� 6&  VWXGHQW FXUULFXODU FRQWH[W� 62  VWXGHQW FXUULFXODU FRQWHQW�
&$  FODVVURRP FXUULFXODU DQWHFHGHQW� &&  FODVVURRP FXUULFXODU FRQWH[W� &2  FODVVURRP FXUULFXODU FRQWHQW�
6F$  VFKRRO FXUULFXODU DQWHFHGHQW� 6F&  VFKRRO FXUULFXODU FRQWH[W� 6F2 VFKRRO FXUULFXODU FRQWHQW�
6\V$  V\VWHP FXUULFXODU DQWHFHGHQW� 6\V&  V\VWHP FXUULFXODU FRQWH[W� 6\V2  V\VWHP FXUULFXODU FRQWHQW�

�� Q�L�  QR LQGLFDWRUV DYDLODEOH LQ 7,066 LQVWUXPHQWV



�� &KDSWHU �

7DEOH����� VKRZV�HDFK�RI� WKH�SRWHQWLDOO\� HIIHFWLYHQHVV� HQKDQFLQJ� IDFWRUV� IURP�WKH�

RUJDQL]LQJ� FRQFHSWXDO� IUDPHZRUN� ZKLFK�ZHUH� LQGLFDWHG� E\� �VHWV� RI�� LWHPV� LQ� WKH�

7,066�LQVWUXPHQWDWLRQ��)DFWRUV�IRU�ZKLFK�QR�LWHPV�FRXOG�EH�IRXQG�DUH�ODEHOHG�
Q�L�
�

�QR� LQGLFDWRUV� DYDLODEOH� LQ� WKH� 7,066� LQVWUXPHQWDWLRQ��� )RU� H[DPSOH�� DW� WKH�

FODVVURRP� OHYHO�� QR� LQGLFDWRUV� ZHUH� DYDLODEOH� LQ� 7,066� LQVWUXPHQWV� IRU� IDFWRUV�

DERXW� FKDUDFWHULVWLFV� RI� WKH� FXUULFXODU� PDWHULDOV� VXFK� DV� 
H[SOLFLWQHVV� DQG� WKH�

RUGHULQJ� RI� JRDOV� DQG� FRQWHQW�
� 
VWUXFWXUH� DQG� FODULW\� RI� FRQWHQW�
� 
XVH� RI� DGYDQFH�

RUJDQL]HUV�
� DQG� WHDFKHU� EHKDYLRU� �H�J��� KLJK� H[SHFWDWLRQV�� FOHDU� JRDO� VHWWLQJ��

VWUXFWXULQJ�WKH�FRQWHQW��FODULW\�RI�SUHVHQWDWLRQ��TXHVWLRQLQJ�DQG�LPPHGLDWH�H[HUFLVH�

DIWHU�SUHVHQWDWLRQ�RI�QHZ�FRQWHQW���)RU�D�IHZ�RWKHU�IDFWRUV��RQO\�SUR[\�LWHPV�FRXOG�

EH�IRXQG�LQ�WKH�7,066�LQVWUXPHQWV��

�

'HVFULSWLRQ�RI�H[SORUHG�LQGLFDWRUV�

7KH� H[SORUHG� LQGLFDWRUV� FDQ� EH� GHVFULEHG� LQ� YLHZ� RI� WKH� FRQFUHWH� LWHPV� RI� WKH�

7,066� EDFNJURXQG� TXHVWLRQQDLUHV�� ,Q� $SSHQGL[� $�� DQ� RYHUYLHZ� LV� SUHVHQWHG� RI�

HDFK�IDFWRU�DQG�WKH�7,066�TXHVWLRQQDLUH�LWHPV��

�

6WXGHQW
V�JHQGHU�

7KH� YDOXHV� RI� ER\V� DQG� JLUOV� ZHUH� UHVSHFWLYHO\� 
�
� DQG� 
��
� 7KXV�� D� SRVLWLYH� OLQN�

EHWZHHQ�
JHQGHU
�DQG�DQRWKHU�YDULDEOH�PHDQV�ER\V�
GR�EHWWHU
�RU�
PRUH
�WKDQ�JLUOV��

�

6RFLDO�EDFNJURXQG�

D�� 2XW�RI�VFKRRO�DFWLYLWLHV��

6WXGHQWV� FDQ� KDYH�PDQ\� RXW�RI�VFKRRO� DFWLYLWLHV�� VXFK� DV� ZRUNLQJ� DW� D� SDLG� MRE��

ZDWFKLQJ�79�RU�YLGHRV��DQG�UHDGLQJ�D�ERRN�IRU�HQMR\PHQW��7ZR�FRPSRVLWHV�UHIHU�WR�

WKLV�LQGLFDWRU�RI�WKH�
VWXGHQW
V�VRFLDO�EDFNJURXQG
��
■ MRE�UHODWHG�DFWLYLWLHV��ZRUNLQJ�DW�D�SDLG�MRE�DQG�GRLQJ�MREV�DW�KRPH��
■ OHLVXUH� WLPH� UHODWHG� DFWLYLWLHV�� EHLQJ� ZLWK� IULHQGV�� ZDWFKLQJ� 79� RU� YLGHRV� DQG�

SOD\LQJ�FRPSXWHU�JDPHV��

+LJK�VFRUHV�RQ�WKHVH�IDFWRUV�PHDQ�WKDW�WKH�VWXGHQW�VSHQGV�D�ORW�RI�WLPH�RQ�WKHP��

E�� 1XPEHU�RI�ERRNV�LQ�WKH�KRPH�

7KH� LQGLFDWRU� 
QXPEHU�RI�ERRNV� LQ�WKH�KRPH
�UHIOHFWV�WKH�HGXFDWLRQDO� OHYHO�RI�WKH�

KRPH�RI�WKH�VWXGHQW��7KLV�LV�D�SUR[\�LQGLFDWRU��,Q�WKH�7,066�VWXGHQW�TXHVWLRQQDLUH��

RWKHU�LWHPV�RI�VWXGHQW
V�KRPH�HGXFDWLRQDO�EDFNJURXQG�ZHUH�DYDLODEOH��
HGXFDWLRQDO�

OHYHO� RI�PRWKHU� DQG� IDWKHU�
�+RZHYHU�� LQ� DOO� FRXQWULHV� WKH� SHUFHQWDJH� RI�PLVVLQJ�
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YDOXHV� IRU� WKHVH� LWHPV� ZDV� WRR� KLJK� �PRUH� WKDQ� ����� WR� DOORZ� VRPH� NLQG� RI�

LPSXWDWLRQ�WR�UHSODFH�WKH�PLVVLQJ�YDOXHV��5XELQ���������

�

0RWLYDWLRQ�

D�� $WWLWXGH�WRZDUGV�PDWKHPDWLFV�

$� VWXGHQW
V� DWWLWXGH� WRZDUGV� PDWKHPDWLFV� FDQ� EH� UHJDUGHG� DV� D� SUHGLFWRU� IRU�

DFKLHYHPHQW�LQ�PDWKHPDWLFV�EXW�DOVR�DV�D�GHSHQGHQW�YDULDEOH��7KH�7,066�VWXGHQW�

TXHVWLRQQDLUH�FRQWDLQV����LWHPV�WKDW�SRWHQWLDOO\�UHIHU�WR�DWWLWXGH��$OO�YDULDEOHV�ZHUH�

UH�FRGHG�VXFK�WKDW�D�KLJK�VFRUH�PHDQV�D�SRVLWLYH�DWWLWXGH�WRZDUGV�PDWKHPDWLFV�DQG�

D� ORZ� VFRUH� PHDQV� D� QHJDWLYH� DWWLWXGH�� )LYH� PDQLIHVW� YDULDEOHV� UHIHU� WR� 
OLNLQJ�

PDWKHPDWLFV�
�DQG�WKH�RWKHU�ILYH�UHIHU�WR�
WKH�SHUFHLYHG�LPSRUWDQFH�RI�PDWKHPDWLFV�

IRU�KLV�KHU�VFKRRO�FDUHHU�DQG�IXWXUH�
�$Q�H[DPSOH�RI�D�
OLNLQJ
�LWHP�LV��,�QHHG�WR�GR�

ZHOO�LQ�PDWKHPDWLFV�WR�SOHDVH�P\VHOI��DQG�DQ�H[DPSOH�RI�DQ�
LPSRUWDQFH
�LWHP�LV��,�

QHHG� WR�GR�ZHOO� LQ�PDWKHPDWLFV� WR� JHW� WKH� MRE� ,�ZDQW���$�KLJK� VFRUH�RQ�DWWLWXGH�

PHDQV�WKH�VWXGHQW�OLNHV�PDWKHPDWLFV�DQG�WKLQNV�PDWKHPDWLFV�LV�LPSRUWDQW��

E�� 6XFFHVV�DWWULEXWLRQ�PDWKHPDWLFV�

6WXGHQWV�ZHUH�SUHVHQWHG�IRXU�TXDOLWLHV�DQG�DVNHG�WR�ZKDW�H[WHQW�WKH\�WKLQN�HDFK�LV�

UHTXLUHG� WR� GR�ZHOO� LQ�PDWKHPDWLFV�� ORWV� RI� QDWXUDO� WDOHQW�� WR� KDYH� JRRG� OXFN�� WR�

XQGHUWDNH� ORWV�RI�KDUG�ZRUN�VWXG\LQJ�DW�KRPH�DQG�WR�PHPRUL]H�WKH�WH[WERRNV�RU�

QRWHV�� 'DWD� DQDO\VLV� UHVXOWHG� LQ� WKH� VHOHFWLRQ� RI� RQO\� RQH� YDULDEOH� LQGLFDWLQJ� WKH�

H[WHQW� WR� ZKLFK� VXFFHVV� LQ� PDWKHPDWLFV� LV� ²� DFFRUGLQJ� WR� WKH� VWXGHQW� ²� D�

FRQVHTXHQFH� RI� ORWV� RI� KDUG� ZRUN� VWXG\LQJ� DW� KRPH�� 7KLV� YDULDEOH� VKRZHG� WKH�

KLJKHVW� FRUUHODWLRQ� ZLWK� PDWKHPDWLFV� DFKLHYHPHQW�� DQG� WKH� LQWHUQDO� FRQVLVWHQF\�

DFURVV� WKH� IRXU� LWHPV� ZDV� ORZ�� $OVR�� DV� UHJDUGV� WKH� FRQWHQWV�� WKH� RWKHU� WKUHH�

YDULDEOHV�ZHUH�OHVV�DSSURSULDWH��

F�� 0DWHUQDO�DFDGHPLF�H[SHFWDWLRQ�

7KLV� LQGLFDWRU� UHIOHFWV� WKH� VWXGHQW
V� SHUFHSWLRQ� RI� WKH� H[WHQW� WR� ZKLFK� KLV�KHU�

PRWKHU� WKRXJKW� LW� LPSRUWDQW� IRU� KLP�KHU� WR� GR� ZHOO� DW� VFKRRO� LQ� PDWKHPDWLFV��

VFLHQFH�� DQG� QDWLYH� ODQJXDJH�� $� KLJK� VFRUH� PHDQV� WKH� VWXGHQW� SHUFHLYHV� D� JUHDW�

SUHVVXUH�IURP�KLV�PRWKHU�WR�GR�ZHOO�DW�VFKRRO��

G�� )ULHQGV
�DFDGHPLF�H[SHFWDWLRQ�


)ULHQGV
� DFDGHPLF� H[SHFWDWLRQ
� KDV� HVVHQWLDOO\� WKH� VDPH� FRQWHQWV� DV� 
PDWHUQDO�

DFDGHPLF� H[SHFWDWLRQ�
� EXW� LW� LV� WKH� VWXGHQW
V� SHUFHSWLRQ� RI� WKH� DFDGHPLF�

H[SHFWDWLRQV�KLV�KHU�IULHQGV�KDYH�RI�WKHLU�RZQ�VFKRRO�FDUHHU��

�
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7LPH�RQ�WDVN�RSSRUWXQLWLHV�XVHG�

D�� 7RWDO�QXPEHU�RI�PLQXWHV�VSHQW�RQ�PDWKHPDWLFV�SHU�ZHHN�

7KH�WRWDO�QXPEHU�RI�PLQXWHV�PDWKHPDWLFV�LV�VFKHGXOHG�SHU�ZHHN�LV�FRQVLGHUHG�WR�EH�

DQ� LQGLFDWRU� RI� WKH� FRQFHSW� 
WLPH� RQ� WDVN�RSSRUWXQLWLHV� XVHG�
� ,W� LV� WKH� RQO\�

LQGLFDWRU�WKDW�UHIHUV�WR�OHDUQLQJ�WLPH��7KLV�LV�QRW�WKH�EHVW�LQGLFDWRU�IRU�
WLPH�RQ�WDVN�
�

EXW�D�EHWWHU�LQGLFDWRU�LV�QRW�DYDLODEOH�LQ�WKH�7,066�GDWD�VHW��

E�� $PRXQW�RI�KRPHZRUN�

7KH�PDWKHPDWLFV� WHDFKHU� ZDV� DVNHG� KRZ�PDQ\�PLQXWHV� KRPHZRUN� V�KH� XVXDOO\�

DVVLJQV� WR� VWXGHQWV��7KH� WHDFKHU�ZDV� DVNHG� WR�FRQVLGHU� WKH� WLPH� LW�ZRXOG� WDNH� DQ�

DYHUDJH�VWXGHQW�LQ�WKH�WHVWHG�FODVV�WR�FRPSOHWH�WKH�KRPHZRUN��

�

7HDFKHU�EDFNJURXQG�

D�� 7HDFKHU
V�JHQGHU�

7KH�YDOXHV�RI�PHQ�DQG�ZRPHQ�ZHUH� UHVSHFWLYHO\� 
�
� DQG� 
��
�7KXV��D�SRVLWLYH� OLQN�

EHWZHHQ�
WHDFKHU
V�JHQGHU
�DQG�DQRWKHU�YDULDEOH�PHDQV�PDOH�WHDFKHUV�
GR�EHWWHU
�RU�


PRUH
�WKDQ�IHPDOH�WHDFKHUV��

E�� 7HDFKLQJ�H[SHULHQFH�

7KH� H[SHULHQFH� D� WHDFKHU� KDV� FDQ� EH� VHHQ� DV� DQ� LQGLFDWRU� RI� WKH� SURIHVVLRQDO�

EDFNJURXQG��,Q�7,066��WHDFKLQJ�H[SHULHQFH�ZDV�H[SUHVVHG�E\�WKH�QXPEHU�RI�\HDUV�

WKH�WHDFKHU�KDG�EHHQ�WHDFKLQJ�E\�WKH�HQG�RI�WKH�VFKRRO�\HDU�LQ�ZKLFK�7,066�ZDV�

FRQGXFWHG��7KH�QXPEHU�RI�WHDFKLQJ�\HDUV�ZHUH�QRW�VHSDUDWHG�IRU�GLIIHUHQW�V\VWHPV�

RI�HGXFDWLRQ��SULPDU\��VHFRQGDU\�RU�WHUWLDU\���

F�� 7HDFKHU
V�ZRUNORDG�

$� WKLUG� LQGLFDWRU� RI� WKH� EDFNJURXQG� RI� WKH� PDWKHPDWLFV� WHDFKHUV� RI� WKH� WHVWHG�

FODVVHV� LV� WKHLU� ZRUNORDG� IRU� PDWKHPDWLFV�� :RUNORDG� ZDV� PHDVXUHG� DV� WKH�

SHUFHQWDJH�RI�WKH�WRWDO�QXPEHU�RI�DSSRLQWHG�OHVVRQV�SHU�ZHHN�WKDW�ZHUH�PDWK��7KH�

ORZHU�WKLV�SHUFHQWDJH�LV��WKH�PRUH�OHVVRQV�WKH�WHDFKHU�ZDV�DSSRLQWHG�IRU�D�VXEMHFW�

RWKHU�WKDQ�PDWKHPDWLFV�RU�IRU�DQRWKHU�WDVN�LQ�VFKRRO��

�

0DWHULDO�IRU�HYDOXDWLRQ�

7KH�WHDFKHU�FDQ�DSSO\�GLIIHUHQW�PDWHULDOV�LQ�DVVHVVLQJ�VWXGHQWV
�ZRUN��,Q�7,066��WKH�

WHDFKHU� ZDV� DVNHG� WR� LQGLFDWH� KRZ� PXFK� ZHLJKW� V�KH� JLYHV� GLIIHUHQW� W\SHV� RI�

DVVHVVPHQW� �H�J��� VWDQGDUGL]HG� WHVWV� SURGXFHG� RXWVLGH� WKH� VFKRRO�� WHDFKHU�PDGH�

WHVWV��DQG�REVHUYDWLRQV�RI�VWXGHQWV�LQ�WKH�FODVVURRP���7KH�VFRUH�RQ�WKLV�LQGLFDWRU�RI�


PDWHULDO�IRU�HYDOXDWLRQ
�ZDV�FDOFXODWHG�E\�VXEWUDFWLQJ�WKH�ZHLJKW�WKH�WHDFKHU�JLYHV�

VWDQGDUGL]HG� WHVWV� IURP� WKH� PHDQ� VFRUH� RI� WKH� ZHLJKW� WKH� WHDFKHU� JLYHV� QRQ�
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VWDQGDUGL]HG�WHVWV��,W�ZDV�H[SHFWHG�WKDW�VWXGHQWV�IURP�WKH�WHDFKHUV�ZKR�SUHIHU�WKH�

VWDQGDUGL]HG�WHVWV�DFKLHYHG�EHWWHU�RQ�WKH�7,066�WHVW�WKDQ�VWXGHQWV�IURP�WHDFKHUV�

ZKR�VWUHVVHG�WKH�QRQ�VWDQGDUGL]HG�W\SHV�RI�DVVHVVPHQW��1DWLRQDO�VWDQGDUGV�SURYLGH�

WHDFKHUV� D� PRUH� REMHFWLYH� LQVLJKW� LQ� WKHLU� VWXGHQWV
� SURJUHVV� WKDQ� GR� QRQ�

VWDQGDUGL]HG�WHVW�PHDQV��

�

&ODVV�VL]H�

7KH�FODVV�VL]H�LV�GHILQHG�DV�WKH�WRWDO�QXPEHU�RI�VWXGHQWV��JLUOV�DQG�ER\V��LQ�WKH�WHVWHG�

FODVV� RI� HDFK� VFKRRO� WKDW� SDUWLFLSDWHG� LQ� 7,066�� 7KH�PDWKHPDWLFV� WHDFKHU� RI� WKH�

WHVWHG� FODVVHV�SURYLGHG� WKHVH� ILJXUHV�� ,Q� WKH� LQWHUQDWLRQDO� OLWHUDWXUH� WKH�GLUHFWLRQ�RI�

WKH�UHODWLRQVKLS�EHWZHHQ�FODVV�VL]H�DQG�VWXGHQW�DFKLHYHPHQW�LV�GLVSXWHG��6RPH�VWXGLHV�

VKRZ�D�QHJDWLYH�UHODWLRQVKLS��VPDOO�FODVVHV�RXWSHUIRUP�ELJJHU�FODVVHV���6FXGGHU��������

DQG� RWKHU� VWXGLHV� D� SRVLWLYH� RQH� �5RELWDLOOH� DQG� *DUGHQ�� ������� $� FRPPRQ�

DVVXPSWLRQ� EHKLQG� WKHVH� FRQWUDGLFWLQJ� UHVXOWV� LV� WKDW� RWKHU� YDULDEOHV� SOD\� DQ�

LQWHUPHGLDWH�UROH�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�FODVV�VL]H�DQG�VWXGHQW�DFKLHYHPHQW��)RU�

H[DPSOH�� LQ� VHFRQGDU\�HGXFDWLRQ� LQ� WKH�1HWKHUODQGV�� WKH� DELOLW\� OHYHO�RI� WKH�FODVVHV�

GLIIHU�EHFDXVH�RI� WKH� WUDFNHG�V\VWHP��/RZHU�DELOLW\�VWXGHQWV�DUH�DVVLJQHG�WR�VPDOOHU�

FODVVHV�WKDQ�KLJKHU�DELOLW\�VWXGHQWV��,Q�WKLV�FDVH��WKH�LQWHUPHGLDWH�YDULDEOH�LV�
VWXGHQW
V�

DELOLW\�OHYHO�
�

�

*URXSLQJ�SURFHGXUHV��FRRSHUDWLYH�OHDUQLQJ��

7KH� H[WHQW� WR� ZKLFK� VWXGHQWV� ZRUN� LQ� SDLUV� RU� VPDOO� JURXSV� DFFRUGLQJ� WR� WKH�

PDWKHPDWLFV�WHDFKHU�RI�WKH�WHVWHG�FODVVHV�LV�WDNHQ�DV�WKH�PDQLIHVW�YDULDEOH�UHIOHFWLQJ�

FRRSHUDWLYH� OHDUQLQJ�� &RRSHUDWLYH� OHDUQLQJ� LV� UHJDUGHG� DV� D� SRWHQWLDOO\� HIIHFWLYH�

LQVWUXFWLRQDO�IRUPDW��

�

7HDFKLQJ�VW\OH��

6WXGHQW� RULHQWHG� WHDFKLQJ� VW\OH� LV� GHVFULEHG� DV� WKH� H[WHQW� WR�ZKLFK� WKH�PDWKHPDWLFV�

WHDFKHU�GLUHFWV�KLV�RU�KHU�WHDFKLQJ�WRZDUGV�WKH�QHHGV�RI�LQGLYLGXDO�VWXGHQWV��6PHHWV��

������� 7KH� LQGLFDWRU� IRU� WKLV� IDFWRU� DYDLODEOH� LQ� WKH� 7,066� GDWD� VHWV� LV� WKH�

SHUFHSWLRQ� RI� VWXGHQWV� RI� WKH� IUHTXHQF\� WHDFKHU� DFWLYLWLHV�� 7KH� YDULDEOHV� ZKLFK�

UHIOHFW� 
VWXGHQW� RULHQWHG� WHDFKLQJ� VW\OH
� WR� VRPH� H[WHQW� DUH�� VWXGHQWV� ZRUN� IURP�

ZRUNVKHHW�RQ�WKHLU�RZQ��VWXGHQWV�ZRUN�RQ�D�PDWKHPDWLFV�SURMHFW��VWXGHQWV�ZRUN�LQ�

SDLUV� RU� LQ� VPDOO� JURXSV�� VWXGHQWV� XVH� GDLO\� SUREOHPV�ZKHQ�SUREOHP�VROYLQJ�� WKH�

FODVV�GLVFXVVHV�SUDFWLFDO�SUREOHPV��DQG�VWXGHQWV�DUH�DVNHG�ZKDW�WKH\�NQRZ�UHODWHG�WR�

D�QHZ�WRSLF��DQG�VROYH�DQ�H[DPSOH�UHODWHG�WR�D�QHZ�WRSLF��
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0DQDJHPHQW�DQG�RUGHUO\�DQG�TXLHW�DWPRVSKHUH�

D�� 0DWKHPDWLFV�OHVVRQ�FOLPDWH�

,Q� 7,066�� WKH� LQGLFDWRU� 
PDWKHPDWLFV� OHVVRQ� FOLPDWH
� ZDV� RSHUDWLRQDOL]HG� E\� D�

VWXGHQW� SHUFHSWXDO� PHDVXUH�� 6WXGHQWV� ZHUH� DVNHG� DERXW� WKHLU� SHUFHSWLRQ� RI� WKH�

FOLPDWH� GXULQJ� PDWKHPDWLFV� OHVVRQV�� 7KUHH� LWHPV� UHIOHFW� WKLV� FRQFHSW�� 
VWXGHQWV�

RIWHQ�QHJOHFW�WKHLU�VFKRROZRUN
��VFRUHV�ZHUH�LQYHUWHG�WR�PHDQ�WKDW�
VWXGHQWV�GLG�QRW�

QHJOHFW�VFKRROZRUN�EXW�WRRN�LW�VHULRXVO\���
VWXGHQWV�DUH�RUGHUO\�DQG�TXLHW
��
VWXGHQWV�

GR�H[DFWO\�DV�WKH�WHDFKHU�VDLG�
�$�KLJK�VFRUH�PHDQV�WKH�VWXGHQW�SHUFHLYHG�DQ�RUGHUO\�

DQG� TXLHW� DWPRVSKHUH� GXULQJ� PDWKHPDWLFV� OHVVRQV�� ZKLFK� LV� VHHQ� DV� D� SRVLWLYH�

FRQWULEXWRU�WR�VWXGHQW
V�DFKLHYHPHQW��

E�� 3HUFHLYHG�VFKRRO�FOLPDWH�

7KLV�LQGLFDWRU�ZDV�PHDVXUHG�E\�PHDQV�RI�SHUFHSWLRQV�RI�WKH�VWXGHQW�DERXW�ZURQJ�

VWXGHQW� EHKDYLRU� DIIHFWLQJ� QRW� RQO\� KLPVHOI� EXW� DOVR� RWKHU� VWXGHQWV� �ERWK� WKRVH�

ZLWKLQ�WKHLU�RZQ�FODVVURRP�EXW�DOVR�IURP�RWKHU�FODVVURRPV��GXULQJ�WKH�ODVW�PRQWK��

VRPHWKLQJ�ZDV� VWROHQ� DQG� VRPHRQH�ZDV�KXUW��7KH� UDZ� IUHTXHQF\� VFRUHV�RI� WKHVH�

YDULDEOHV� ZHUH� FRGHG� IURP� KLJK� WR� ORZ�� +HQFH�� D� KLJK� VFRUH� PHDQV� WKH� VFKRRO�

FOLPDWH�ZDV� VDIH� DQG�D� ORZ�VFRUH�PHDQV� D�SRRU� DQG�XQVDIH� VFKRRO� FOLPDWH� LQ� WKH�

SHUFHSWLRQ�RI�WKH�VWXGHQW��

F�� 3HUFHLYHG�OLPLWDWLRQV�LQ�WHDFKLQJ�PDWKHPDWLFV�

7KH� 7,066�� PDWKHPDWLFV� WHDFKHU� TXHVWLRQQDLUH� FRQWDLQV� ��� LWHPV� DVNLQJ� WR� ZKDW�

H[WHQW�WKH�WHDFKHU�SHUFHLYHV�WKH�LWHP�DV�D�OLPLWDWLRQ�WR�WHDFK�WKH�WHVWHG�FODVV��7KH�LWHPV�

ZHUH�FDWHJRUL]HG�LQWR�WKUHH�JURXSV��(DFK�RI�WKHVH�JURXSV�UHIHUV�WR�GLIIHUHQW�NLQGV�RI�

OLPLWV��OLPLWV�KDYLQJ�WR�GR�ZLWK�UHVRXUFHV��OLPLWV�UHODWHG�WR�VWXGHQW�FKDUDFWHULVWLFV�DQG�

OLPLWV�UHODWHG�WR�SDUHQWDO�EHKDYLRU��)RU�HDFK�JURXS��DQ�H[DPSOH�LV�JLYHQ��

���� 6WXGHQW�OLPLWV�

$Q�H[DPSOH�RI�D� OLPLW� UHODWHG�WR�VWXGHQWV� LV� 
VWXGHQWV�FRPH�IURP�D�ZLGH�UDQJH�RI�

EDFNJURXQGV��H�J���HFRQRPLF��ODQJXDJH��
�

���� 5HVRXUFH�OLPLWV�

$Q�H[DPSOH�RI�OLPLWV�UHODWHG�WR��ODFN�RI��UHVRXUFHV�LV��WKH�WHDFKHU�ZDV�DVNHG�WR�JLYH�

KLV�RSLQLRQ�UHJDUGLQJ�WKH�H[WHQW�WR�ZKLFK�D�VKRUWDJH�RI�FRPSXWHU�KDUGZDUH�VHUYHV�

DV�D�OLPLWDWLRQ�WR�KLV�KHU�PDWKHPDWLFV�WHDFKLQJ��

���� 3DUHQWDO�OLPLWV�


3DUHQWV� XQLQWHUHVWHG� LQ� WKHLU� FKLOGUHQ
V� OHDUQLQJ�DQG�SURJUHVV
� LV� DQ�H[DPSOH�RI� D�

SRVVLEOH�OLPLW�D�WHDFKHU�FDQ�HQFRXQWHU�LQ�WHDFKLQJ�PDWKHPDWLFV��

�
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+RPHZRUN�

7KUHH� DVSHFWV�RI�KRPHZRUN�ZHUH� UHSUHVHQWHG� LQ� WKH�7,066�PDWKHPDWLFV� WHDFKHU�

TXHVWLRQQDLUH�� WKH�QXPEHU�RI�WLPHV�WKH�WHDFKHU�DVVLJQV�KRPHZRUN��WKH�DPRXQW�RI�

KRPHZRUN��DQG�WKH�WHDFKHU
V�WUHDWPHQW�RI�WKH�FRPSOHWHG�ZULWWHQ�KRPHZRUN�LQ�WKH�

QH[W�OHVVRQ��

D�� )UHTXHQF\�SHU�ZHHN��

7KH�QXPEHU�RI�WLPHV�SHU�ZHHN�WKH�WHDFKHU�DVVLJQV�PDWKHPDWLFV�KRPHZRUN�WR�WKH�

WHVWHG�FODVV�LV�UHJDUGHG�DV�DQ�LQGLFDWRU�RI�WKH�IDFWRU�
KRPHZRUN�
�

E�� $PRXQW�RI�KRPHZRUN�

7KH�DPRXQW�RI�KRPHZRUN�ZDV�DVVHVVHG�E\�KRZ�PDQ\�PLQXWHV�D�VWXGHQW�VSHQGV�RQ�

DYHUDJH�RQ�WKH�DVVLJQHG�KRPHZRUN��

F�� 7UHDWPHQW�RI�FRPSOHWHG�KRPHZRUN�GXULQJ�QH[W�OHVVRQ�

7KH�WHDFKHU�ZDV�DVNHG�KRZ�RIWHQ�KH�FRQGXFWHG�IRXU�SRVVLEOH�DFWLRQV�ZLWK�UHJDUG�WR�

WKH� FRPSOHWHG� ZULWWHQ� KRPHZRUN� RI� KLV� VWXGHQWV� GXULQJ� WKH� QH[W� OHVVRQ�� $Q�

H[DPSOH�RI�VXFK�DQ�DFWLRQ�LV�
JLYH�IHHGEDFN�RQ�KRPHZRUN�WR�ZKROH�FODVV�
�

�

(YDOXDWLRQ��IHHGEDFN��DQG�FRUUHFWLYH�LQVWUXFWLRQ�

2QH� DVSHFW� RI� WKH� FRQFHSW� 
(YDOXDWLRQ�� IHHGEDFN�� DQG� FRUUHFWLYH� LQVWUXFWLRQ
�ZDV�

LQGLFDWHG�LQ�WKH�7,066�WHDFKHU�GDWD�VHW�E\�D�FRPSRVLWH�VFRUH��7KLV�FRPSRVLWH�UHIHUV�

WR�VL[�GLIIHUHQW�JRDOV�RI�
XVH�RI�HYDOXDWLRQ�UHVXOWV�
�DQG�LWV�VXP�VFRUH�FRQVLVWV�RI�WKH�

IUHTXHQF\�HYDOXDWLRQ�LQIRUPDWLRQ�WKH�WHDFKHU�XVHG��RQ�DYHUDJH��IRU�HDFK�JRDO��7KH�

GLIIHUHQW�JRDOV�DUH��
■ SURYLGH�VWXGHQWV
�JUDGHV�RU�PDUNV��
■ SURYLGH�IHHGEDFN�WR�VWXGHQWV��
■ GLDJQRVH�VWXGHQWV
�OHDUQLQJ�SUREOHPV��
■ UHSRUW�WR�SDUHQWV��
■ DVVLJQ�VWXGHQWV�WR�GLIIHUHQW�SURJUDPV�RU�WUDFNV��
■ SODQ�IRU�IXWXUH�OHVVRQV��

$�KLJK�VFRUH�RQ�WKH�LQGLFDWRU�PHDQV�WKH�WHDFKHU�XVHV�DVVHVVPHQW�LQIRUPDWLRQ�RIWHQ��

ZKLFK�LV�VHHQ�DV�D�SRVLWLYH�FRQWULEXWRU�WR�DFKLHYHPHQW�UHVXOWV��

�

&RQWHQW�RI�WKH�LPSOHPHQWHG�FXUULFXOXP�

,Q� WKH� WKUHH� FXUULFXOXP� OHYHO� PRGHO� ,($� GHYHORSHG� VLQFH� WKH� 6,06� 6WXG\� �VHH�

DERYH�� WKH� FRQWHQW� RI� WKH� LPSOHPHQWHG� FXUULFXOXP� LV� RQH� RI� WKH� WKUHH� OHYHOV�� ,Q�

7,066��WKH�FRQWHQW�RI�WKH�LPSOHPHQWHG�FXUULFXOXP�DW�FODVVURRP�OHYHO��LQVWUXFWLRQDO�
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FXUULFXOXP� OHYHO�� ZDV� PHDVXUHG� E\� D� TXHVWLRQ� UHJDUGLQJ� WKH� FRYHUDJH� RI� VHYHUDO�

PDWKHPDWLFV� WRSLFV� �LQ� WRWDO� ��� PDLQ� WRSLFV� ZHUH� GLVWLQJXLVKHG��� ,I� WHDFKHUV�

DQVZHUHG� WKDW� D� WRSLF� ZDV� WDXJKW� LQ� WKH� FXUUHQW� VFKRRO� \HDU� DQG� EHIRUH� WKH�

DGPLQLVWUDWLRQ�RI�WKH�7,066�WHVW�RU�WKDW�LW�ZDV�WDXJKW�LQ�D�SUHYLRXV�\HDU��WKH�WRSLF�

ZDV�PDUNHG�DV�
FRYHUHG�EHIRUH�WKH�7,066�WHVW�ZDV�DGPLQLVWHUHG�
�7KH�SHUFHQWDJH�RI�

WKH����WRSLFV�PDUNHG�DV�FRYHUHG�ZDV�WDNHQ�DV�WKH�PHDVXUH�RI�
PDWKHPDWLFV�FRQWHQW�

FRYHUDJH�
� ,W� ZDV� H[SHFWHG� WKDW� WKH� KLJKHU� WKLV� FRQWHQW� FRYHUDJH� SHUFHQWDJH�� WKH�

EHWWHU�WKH�DFKLHYHPHQW�UHVXOWV�RI�WKH�VWXGHQWV��

�

6FKRRO�VL]H�DQG�VWXGHQW�ERG\�FRPSRVLWLRQ�

7KH� VFKRRO� TXHVWLRQQDLUH� FRQWDLQV� LWHPV� WR� FROOHFW� GDWD� RQ� WKH� WRWDO� QXPEHU� RI�

VWXGHQWV�LQ�VFKRRO�DQG�LQ�JUDGH����WKH�WDUJHW�JUDGH�RI�WKLV�VWXG\���)URP�WKHVH�LWHPV�

WKH�SURSRUWLRQ�RI�ER\V�LQ�VFKRRO�FDQ�EH�GHULYHG���

�

6FKRRO�FDWHJRU\�

7KH�VFKRRO�SULQFLSDO�ZDV�DVNHG�WR�LQGLFDWH�WKH�DUHD�WKH�VFKRRO�LV�ORFDWHG�LQ�WHUPV�RI�

OHYHO�RI�XUEDQL]DWLRQ��QXPEHU�RI�LQKDELWDQWV���6FKRROV�FRXOG�EH�DVVLJQHG�WR�D�JURXS�

ORFDWHG�LQ�D�UXUDO�DUHD�RU�WR�D�JURXS�ORFDWHG�LQ�DQ�XUEDQ�DUHD��

�

6FKRRO
V�SROLF\�RQ�VXSHUYLVLRQ�

4XHVWLRQV� ZHUH� DVNHG� WR� WKH� SULQFLSDO� DERXW� WKH� RSSRUWXQLW\� WHDFKHUV� KDYH� WR�

GLVFXVV�WKHLU�WHDFKLQJ�ZLWK�RWKHU�WHDFKHUV�ZLWKLQ�DQG�DFURVV�VXEMHFW�GHSDUWPHQWV��

�

6FKRRO
V�WLPH�VFKHGXOH�

)URP� WKH� VFKRRO� TXHVWLRQQDLUH� LW� LV� NQRZQ� KRZ� PDQ\� PLQXWHV� SHU� ZHHN�

PDWKHPDWLFV�ZDV�VFKHGXOHG�IRU�JUDGH����

�

3ULQFLSDO
V�HGXFDWLRQDO�OHDGHUVKLS�

7KH�SULQFLSDO�RI�VHFRQGDU\�VFKRROV�XVXDOO\�KDV�DGPLQLVWUDWLYH�DV�ZHOO�DV�HGXFDWLRQDO�

WDVNV��,Q�WKH�7,066�VFKRRO�TXHVWLRQQDLUH�D�OLVW�RI�ERWK�NLQG�RI�WDVNV�ZDV�LQFOXGHG��

7KH�SULQFLSDO�ZDV�DVNHG�WR�LQGLFDWH�IRU�HDFK�WDVN�WKH�DYHUDJH�QXPEHU�RI�KRXUV�SHU�

PRQWK��V�KH�VSHQGV�RQ�LW�RQ��

�
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6FKRRO�FXUULFXOXP�FRQWHQWV�

7KH� FRQWHQW� RI� LPSOHPHQWHG� PDWKHPDWLFV� FXUULFXOXP� DW� WKH� VFKRRO� OHYHO� �WKH�

LQVWLWXWLRQDO�FXUULFXOXP�OHYHO��LV�LQGLFDWHG�E\�WKH�DYDLODELOLW\�RI�GRFXPHQWV�DERXW�WKH�

JRDOV�DQG�WKH�FRQWHQW�RI�WKH�PDWKHPDWLFV�FXUULFXOXP�DQG�WKH�ZD\V�WKH�VFKRRO��L�H���

WKH�PDWKHPDWLFV�GHSDUWPHQW��LV�SODQQLQJ�WR�DFFRPSOLVK�WKH�FXUULFXOXP�JRDOV��7KH�

DYDLODELOLW\�RI�VXFK�D�GRFXPHQW�ZDV�DVNHG�DERXW�LQ�7,066��

�

7KH� SRWHQWLDOO\� HIIHFWLYHQHVV� HQKDQFLQJ� IDFWRUV� IRU� ZKLFK� QR� LQGLFDWRU� FRXOG� EH�

IRXQG� LQ� WKH� 7,066� LQVWUXPHQWV�� ZHUH� QHFHVVDULO\� QRW� LQFOXGHG� LQ� WKH� GDWD�

H[SORUDWLRQV�DQG�DUH�QRW�UHSRUWHG�KHUH��,Q�7DEOH������IDFWRUV�DW�VFKRRO�DQG�FRXQWU\�RU�

V\VWHP�OHYHO�DUH�SUHVHQWHG��LQFOXGLQJ�WKHLU�SRVVLEOH�LQGLFDWRUV�DYDLODEOH�LQ�RQH�RI�WKH�

7,066�LQVWUXPHQWV��+RZHYHU��QRQH�RI�WKH�VFKRRO�IDFWRUV�ZHUH�LQVHUWHG�LQ�WKH�GDWD�

DQDO\VHV��7KH�PRVW�LPSRUWDQW�UHDVRQ�IRU�WKLV�LV�WKDW�WKH�VFKRRO�TXHVWLRQQDLUH�GDWD�RI�

WKH�1HWKHUODQGV�FRQWDLQV� WRR�PXFK�PLVVLQJ�GDWD� �OHVV� WKDQ�����RI� WKH�SULQFLSDOV�

UHWXUQHG�WKH�VFKRRO�TXHVWLRQQDLUH����

�

$W� V\VWHP� OHYHO��RQO\�RQH� IDFWRU� LV� LQGLFDWHG�E\�7,066��QDWLRQDO� JXLGHOLQHV� IRU� WKH�

FXUULFXOXP�FRQWHQWV��7KH�JXLGHOLQHV�SURYLGH�LQVLJKW�LQWR�WKH�LQWHQGHG�FXUULFXOXP��7KH�

RWKHU�V\VWHP�IDFWRUV�OLVWHG�LQ�7DEOH�����ZHUH�QRW�LQGLFDWHG�LQ�7,066��EXW�LQIRUPDWLRQ�

RQ� WKHVH� IDFWRUV� FDQ� EH� IRXQG� LQ� GRFXPHQWV� DERXW� QDWLRQDO� HGXFDWLRQ� V\VWHPV��

1HYHUWKHOHVV�� V\VWHP� IDFWRUV� DUH� QRW� YDULDEOHV� ZLWKLQ� DQ� HGXFDWLRQ� V\VWHP� DQG�

WKHUHIRUH�WKH\�DUH�QRW�WDNHQ�LQWR�DFFRXQW�LQ�WKH�VXEVHTXHQW�H[SORUDWRU\�GDWD�DQDO\VLV��

�

,Q� WKLV� WKHVLV�� WKH�HPSKDVLV� LV�RQ�WKH�VWXGHQW�DQG�FODVVURRP�WHDFKHU�IDFWRUV��7KH�

IDFWRUV�DW�VWXGHQW�DQG�FODVVURRP�WHDFKHU�OHYHO�IRU�ZKLFK�LQGLFDWRUV�ZHUH�IRXQG�LQ�

7,066�DUH�H[SORUHG�IXUWKHU�LQ�WKUHH�VWDJHV��,Q�WKH�QH[W�VHFWLRQ��WKH�WKUHH�VWDJH�GDWD�

DQDO\VLV�SODQ�LV�H[SODLQHG��

���� 7+5((�67$*('$7$ $1$/<6,6 3/$1�

'DWD�DQDO\VLV�FRQGXFWHG�WR�DGGUHVV�UHVHDUFK�TXHVWLRQ�,�FRQVLVWHG�RI�WKUHH�VWDJHV��,Q�

WKH�ILUVW�VWDJH��WKH�GDWD�VHWV�ZHUH�H[SORUHG�WR�ILQG�VFDOHV�ZKLFK�FDQ�EH�UHJDUGHG�DV�

RSHUDWLRQDOL]DWLRQV� RI� IDFWRUV� OLVWHG� LQ� 7DEOH� ����� 7KH� UHVXOWV� DUH� H[SUHVVHG� LQ��

GLVWULEXWLRQV� RI� WKH� VFRUHV� RQ� WKH� H[SORUHG� FRPSRVLWHV� DQG� VLQJOHWRQV� DGGHG� E\�

WKHLU�VWDWLVWLFDO�UHOLDELOLW\��$OVR�LQ�WKLV�ILUVW�VWDJH��FRUUHODWLRQ�PDWULFHV�ZHUH�FDOFXODWHG�
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IRU�WKH�ELYDULDWH�FRUUHODWLRQV�RI�WKH�H[SORUHG�VFDOHV�DQG�PDWKHPDWLFV�DFKLHYHPHQW�

DQG�IRU�WKH�LQWHUFRUUHODWLRQV�RI�H[SORUHG�VFDOHV��,Q�VHFRQG�VWDJH��GLUHFW�DQG�LQGLUHFW�

UHODWLRQVKLSV� EHWZHHQ� EDFNJURXQG� YDULDEOHV� DQG� PDWKHPDWLFV� DFKLHYHPHQW� ZHUH�

H[SORUHG� E\�PHDQV� RI� H[SORUDWRU\� SDWK� DQDO\VLV� �XQLGLPHQVLRQDO���7KH� ILQDO� VWDJH�

FRQVLVWHG�RI�HVWLPDWLQJ�D�KLHUDUFKLFDO�OLQHDU�PRGHO�E\�PHDQV�RI�PXOWLOHYHO�DQDO\VLV�LQ�

ZKLFK� WKH� YDULDQFH� LQ� PDWKHPDWLFV� DFKLHYHPHQW� H[SODLQHG� E\� YDULDEOHV� DW� WKH�

VWXGHQW� OHYHO� FRXOG� EH� VHSDUDWHG� IURP� WKH� YDULDQFH� H[SODLQHG� E\� YDULDEOHV� DW� WKH�

FODVVURRP�OHYHO��

7KH�WKUHH�VWDJHV�RI�GDWD�DQDO\VLV�ZHUH�H[HFXWHG�RQ�ERWK�WKH�VHSDUDWH�GDWD�VHWV�RI�WKH�

WKUHH�HGXFDWLRQ�V\VWHPV�XQGHU�UHYLHZ�DQG�WKH�FRPELQHG��SRROHG��GDWD�VHWV�RI�WKHVH�

V\VWHPV��

,Q�WKLV�VHFWLRQ��WKH�WKUHH�VWDJHV�RI�GDWD�DQDO\VLV��LQFOXGLQJ�WKH�UHTXLUHPHQWV�RI�WKH�

GDWD� VHWV�� DUH�GHVFULEHG� LQ� JHQHUDO� WHUPV��7KH� UHDVRQV� IRU� FRQGXFWLQJ� WKHVH� WKUHH�

VWDJHV� DUH� H[SODLQHG� E\� SUHVHQWLQJ� WKH� SULQFLSOHV� RI� WKH� VHOHFWHG� WHFKQLTXHV� DQG�

VKRZLQJ� WKHLU� LQWHUUHODWLRQVKLSV�� ,Q� WKH� IROORZLQJ� VHFWLRQV�� WKH� RXWFRPHV�RI� HDFK�

VWDJH� DUH� SUHVHQWHG�� LQFOXGLQJ�PRUH� VSHFLILF� GHFLVLRQV�PDGH� RQ� WKH� EDVLV� RI� WKH�

FRQVHFXWLYH�UHVXOWV��

6WDJH�$��([SORULQJ�GDWD�VHWV�WR�ILQG�VFDOHV�

7KH�ILUVW�H[SORUDWLRQ�RI�WKH�GDWD�VHWV�ZDV�FDUULHG�RXW�WR�ILQG�VHWV�RI�LWHPV�DQG�VLQJOH�

LWHPV�ZKLFK�LQGLFDWH�WKH�IDFWRUV�OLVWHG�LQ�7DEOH������7KH�GHILQLWLRQ�RI�D�IDFWRU�ZDV�

WDNHQ�DV�D�VWDUWLQJ�SRLQW�DQG�ZDV�FRPSDUHG�ZLWK�WKH�FRQWHQWV�RI�WKH�LWHPV�IURP�D�

7,066�EDFNJURXQG�TXHVWLRQQDLUH��$�VHW�FRQVLVWLQJ�RI�PRUH�WKDQ�ILYH�LWHPV�ZDV�ILUVW�

DQDO\]HG� E\� PHDQV� RI� D� SULQFLSDO� FRPSRQHQW� DQDO\VLV�� 7KH� RXWFRPHV� RI� WKHVH�

DQDO\VHV�ZHUH�VWXGLHG�WR�LGHQWLI\�VXEVFDOHV�DQG�VFDOHV��7KH�UHVXOWLQJ��VXE�VFDOHV�IURP�

SULQFLSDO� FRPSRQHQWV� DQDO\VLV� ZKLFK� VHHPHG� WR� PDNH� VHQVH� IURP� D� FRQWHQWV�

SHUVSHFWLYH�ZHUH�DQDO\]HG�IXUWKHU�E\�FDOFXODWLQJ�WKH�UHOLDELOLW\�FRHIILFLHQW��&URQEDFK�

α��)RU�HDFK�VHW�RI�OHVV�WKDQ�ILYH�LWHPV�LGHQWLILHG�DV�DQ�RSHUDWLRQDOL]DWLRQ�RI�D�IDFWRU��
WKH�UHOLDELOLW\�FRHIILFLHQW�&URQEDFK�α�ZDV�FDOFXODWHG��
7KH�ORZHU�ERXQG�IRU�WKH�&URQEDFK�α�WR�NHHS�D�VFDOH�LQ�WKH�GDWD�DQDO\VLV�ZDV������LQ�
GDWD� VHWV� RI� DOO� HGXFDWLRQ� V\VWHPV��� 7KLV� OLPLW� LV� UDWKHU� ORZ�� +RZHYHU�� LI� LQ� WKH�

LQWHUQDWLRQDO�GDWD� VHW�RI�7,066��D� OLPLW�RI� ����RU�KLJKHU�ZDV�XVHG��XVXDO� OLPLWV� LQ�

QDWLRQDO�VXUYH\V���D�JUHDW�GHDO�RI�GDWD�ZRXOG�KDYH�EHHQ�GHOHWHG�IURP�WKH�H[SORUDWRU\�

GDWD�DQDO\VLV��VHH�7DEOH�������



8QGHUVWDQGLQJ FURVV�QDWLRQDO GLIIHUHQFHV LQ PDWKHPDWLFV DFKLHYHPHQW ��

$V�WKH�H[SORUDWRU\�FKDUDFWHU�RI�WKH�GDWD�DQDO\VLV�LV�VWUHVVHG�LQ�WKLV�WKHVLV�DQG�JLYHQ�

WKH�LQWHUQDWLRQDO�FKDUDFWHU�RI�WKH�7,066�LQVWUXPHQWV��ERXQGV�ORZHU�WKDQ�����ZHUH�

DOORZHG��3HOJUXP�	�$QGHUVRQ���������,Q�WKLV�VWXG\�WKH�VWDWLVWLFDO�UHOLDELOLW\�LWVHOI�RI�

H[SORUHG� VFDOHV� ZDV� UHYLHZHG� FULWLFDOO\� DIWHU� VWHS� %� DQG� &� RI� WKH� GDWD� DQDO\VLV��

DLPLQJ�DW�LPSURYHPHQWV�RI�WKH�TXHVWLRQQDLUHV��VHH�FKDSWHU�����

$GGLWLRQDOO\�� WKH� ZHLJKWHG� GHVFULSWLYHV� �PHDQ� DQG� VWDQGDUG� GHYLDWLRQ�� RI� WKH�

LGHQWLILHG� VLQJOHWRQV� DQG� FRPSRVLWH� YDULDEOHV� ZHUH� DQDO\]HG�� 7KH� GLIIHUHQFH�

EHWZHHQ� WKH�PHDQ� VFRUHV� RQ� WKH� FRPSRVLWH� YDULDEOHV� DFURVV� WKH� WKUHH� HGXFDWLRQ�

V\VWHPV�ZDV� H[DPLQHG� E\�PHDQV� RI�%RQIHUURQL
V� SDLU�ZLVH�PXOWLSOH� FRPSDULVRQV�

WHVW�EHWZHHQ�HDFK�SDLU�RI�FRXQWULHV�DW�DQ�DOSKD�OHYHO�RI�������

�

)LQDOO\�� LQ� VWHS�$� WKH�ELYDULDWH�3HDUVRQ�SURGXFW�PRPHQW�FRUUHODWLRQ�FRHIILFLHQW� U�

ZDV�FDOFXODWHG�EHWZHHQ�VFRUHV�RQ�WKH�H[SORUHG�VFDOHV�RI�WKH�IDFWRUV�DQG�WKH�VFRUHV�

RQ� WKH� LQWHUQDWLRQDO� 7,066� PDWKHPDWLFV� DFKLHYHPHQW� WHVW�� $OVR�� WKH� 3HDUVRQ�

SURGXFW�PRPHQW�FRUUHODWLRQ�FRHIILFLHQWV�ZHUH�FDOFXODWHG�IRU�WKH� LQWHUUHODWLRQVKLSV�

EHWZHHQ�DOO�VHOHFWHG�YDULDEOHV�DW�VWXGHQW�DQG�FODVVURRP�OHYHO��

6WDJH�%�DQG�&��H[SORULQJ�LQWHUUHODWLRQVKLSV�

6WDJH�$�FDQ�EH�VHHQ�DV�D�SUHSDUDWRU\�VWHS�IRU�VWDJHV�%�DQG�&��7KH�7,066�GDWD�ZHUH�

FROOHFWHG� DW� WKUHH� GLIIHUHQW� OHYHOV� RI� HGXFDWLRQ� �VWXGHQW�� FODVVURRP�VFKRRO�� DQG�

FRXQWU\�OHYHO���7KH�PRVW�DSSURSULDWH�WHFKQLTXHV�WR�DQDO\]H�WKH�GDWD�DUH�WKH�RQHV�LQ�

ZKLFK�WKLV�QHVWHG�GHVLJQ�RI�WKH�GDWD�VHWV�DUH�WDNHQ�LQWR�DFFRXQW��KLHUDUFKLFDO�OLQHDU�

PRGHOLQJ��+/0��WHFKQLTXHV���

7KH� PDMRU� DGYDQWDJH� RI� +/0� WHFKQLTXHV� �H�J��� PXOWLOHYHO� DQDO\VLV�� RYHU�

XQLGLPHQVLRQDO�RQHV�VXFK�DV�SDUWLDO�OHDVW�VTXDUHV�WHFKQLTXHV��3/6���LV�WKH�HVWLPDWLRQ�

RI� WKH� HIIHFWV� RI� YDULDEOHV� RQ� WKH� GHSHQGHQW� YDULDEOH� DW� RQH� OHYHO� �IRU� H[DPSOH�

VWXGHQW� OHYHO�� WDNLQJ� LQWR�DFFRXQW� DW� WKH� VDPH� WLPH� WKH�HIIHFW�RI�YDULDEOHV�RQ� WKH�

GHSHQGHQW�YDULDEOH�DW�DQRWKHU� OHYHO�RI�WKH�KLHUDUFKLFDO�GDWD�VWUXFWXUH��IRU�H[DPSOH�

FODVVURRP� OHYHO���0XOWLOHYHO� DQDO\VLV� UHVXOWV� LQ�EHWWHU� HVWLPDWLRQ�RI� WKH� DPRXQW�RI�

YDULDQFH� LQ� WKH�RXWSXW�YDULDEOH� WKDW�HDFK�YDULDEOH� LQ�WKH�PRGHO�FDQ�WLH��7KH�GLUHFW�

HIIHFWV� RI� HDFK� YDULDEOH� DW� HDFK� OHYHO� FDQ� EH� HVWLPDWHG�� DQG� GLUHFW� HIIHFWV� RI�

FODVVURRP�VFKRRO� YDULDEOHV� RQ� VWXGHQW� YDULDEOHV� FDQ� EH� HVWLPDWHG�� )XUWKHUPRUH��

LQGLUHFW�LQWHUDFWLRQ�HIIHFWV�RI�FODVVURRP�VFKRRO�YDULDEOHV�RQ�WKH�HIIHFW�RI�D�VWXGHQW�

YDULDEOH�RQ�PDWKHPDWLFV�DFKLHYHPHQW�FDQ�EH�VSHFLILHG��$Q�H[DPSOH�RI�WKH�ODWWHU�LV�

WKH�HIIHFW�RI�WKH�UHODWLYH�DPRXQW�RI�PDWKHPDWLFV�WRSLFV�D�WHDFKHU�KDV�FRYHUHG�LQ�KLV�
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OHVVRQV� �FODVVURRP� OHYHO� YDULDEOH�� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� VWXGHQW
V� DWWLWXGH�

WRZDUGV�PDWKHPDWLFV�DQG�PDWKHPDWLFV�DFKLHYHPHQW��

+RZHYHU�� +/0� WHFKQLTXHV� KDYH� OLPLWDWLRQV� WKDW� FDQ� EH� UHJDUGHG� DV� EHQHILWV� RI�

VLQJOH�OHYHO� SDWK� DQDO\VLV� WHFKQLTXHV�� 7KHUH� DUH� WZR� LPSRUWDQW� OLPLWDWLRQV�� ����

PXOWLOHYHO�WHFKQLTXHV�GR�QRW�SHUPLW�WKH�HVWLPDWLRQ�RI�VFRUHV�RQ�ODWHQW�YDULDEOHV��DQG�

����WKH\�GR�QRW�SHUPLW�WKH�PRGHOLQJ�RI�KLHUDUFKLFDO�FRYDULDQFH�VWUXFWXUHV��LQGLUHFW�

HIIHFWV�EHWZHHQ�YDULDEOHV���

7KH�PHDVXUHPHQW�PRGHO� LQ�+/0�UHTXLUHV�YDULDEOH�VFRUHV��ODWHQW�YDULDEOHV��ZKLFK�

FDQQRW�EH�HVWLPDWHG�E\�PHDQV�RI�+/0�WHFKQLTXHV��7KH�ILUVW�OLPLWDWLRQ�LPSOLHV�WKH�

FDOFXODWLRQ� RI� VFRUHV� RQ� WKH� ODWHQW� YDULDEOHV� RXWVLGH� WKH� +/0� WHFKQLTXH�� IRU�

H[DPSOH�E\�PHDQV�RI�SULQFLSDO�FRPSRQHQWV�DQDO\VLV��,Q�WKLV�VWXG\��WKH�VFRUHV�RQ�WKH�

PDMRULW\� RI� WKH� ODWHQW� YDULDEOHV� VHOHFWHG� DV� LQSXW� IRU�PRGHOLQJ� ODWHQW� YDULDEOHV�E\�

PHDQV�RI�+/0� WHFKQLTXHV�ZHUH� VXP� VFRUHV�RQ� FRPSRVLWHV� H[SORUHG� LQ� VWDJHV�$�

DQG�%�RI�WKH�GDWD�DQDO\VLV�SODQ��

7KH� VHFRQG� OLPLWDWLRQ� RI� +/0� FDQ� WHFKQLFDOO\� RQO\� EH� RYHUFRPH� WKURXJK�

VXEVHTXHQW� DQDO\VLV� E\� DSSO\LQJ� D� VWHSZLVH� SURFHGXUH� �/LHW]�� ������� ,QGHSHQGHQW�

+/0�UXQV�VKRXOG�EH�FRQGXFWHG�ZLWK�GLIIHUHQW�PHGLDWLQJ�YDULDEOHV��ZLWK�WKH�ZKROH�

PRGHO� VSHFLILHG� DV� WKH� RXWFRPH� YDULDEOH�� 7KH� UHVXOWV� RI� WKHVH� LQGHSHQGHQW� UXQV�

PXVW� EH� FRPSDUHG� ZLWK� HDFK� RWKHU� WR� GHWHUPLQH� KRZ� YDULDEOHV� DUH� LQWHUUHODWHG��

LQFOXGLQJ� LQGLUHFW� UHODWLRQVKLSV� ZLWK� WKH� RXWFRPH� PHDVXUH� �WKH� DFKLHYHPHQW�

YDULDEOH��� .RWWH� ������� LV� RQH� RI� WKH� IHZ� UHVHDUFKHUV� NQRZQ� ZKR� KDV� WULHG� WKLV�

SURFHGXUH�� +H� VKRZHG� WKDW� WKLV� SURFHGXUH� LV� IDU� IURP� LGHDO� DQG� YHU\� ODERULRXV��

5HFHQWO\�� D� VWXG\� ZDV� SXEOLVKHG� LQ� ZKLFK�PXOWLOHYHO� VWUXFWXUDO� HTXDWLRQV�PRGHOV�

ZHUH�H[SORUHG��&DXVDO�UHODWLRQVKLSV�ZHUH�WHVWHG�DPRQJ�YDULDEOHV�RQ�PRUH�WKDQ�RQH�

OHYHO��6KDODEL���������

�

%H\RQG� WKH� OLPLWDWLRQV� RI�+/0� WHFKQLTXHV�� WKHUH� LV� D�PRUH� GRPLQDQW� UHDVRQ� WR�

H[SORUH� WKH�7,066�GDWD� ILUVW�E\�PHDQV�RI� D� VLQJOH� OHYHO� WHFKQLTXH��7R�PRGHO� WKH�

7,066�GDWD�DW�PRUH�WKDQ�RQH�OHYHO��VRPH�WKHRUHWLFDO�EDVLV�PXVW�EH�DYDLODEOH��*ODVHU�

DQG�6WUDXVV���������,PSRUWDQW�GLUHFW�DQG�LQGLUHFW��PHGLDWHG��UHODWLRQVKLSV�EHWZHHQ�

VWXGHQW�DQG�FODVVURRP�VFKRRO�YDULDEOHV�VKRXOG�EH�NQRZQ�EHIRUH�D�PRUH�DGYDQFHG�

WHFKQLTXH�VXFK�DV�PXOWLOHYHO�DQDO\VLV��LV�DSSOLHG��

$V�VWDWHG�LQ�SUHYLRXV�VHFWLRQV��WKHUH�LV�OLWWOH�UHOHYDQW�UHVHDUFK�DYDLODEOH�WR�VHUYH�DV�D�

VRXQG�WKHRUHWLFDO�DQG�HPSLULFDO�EDVLV�IRU�WKH�VSHFLILFDWLRQ�RI�D�KLHUDUFKLFDO�PRGHO�RI�

VWXGHQW�� DQG� FODVVURRP�VFKRRO� YDULDEOHV� LQIOXHQFLQJ�PDWKHPDWLFV� DFKLHYHPHQW�RI�
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JUDGH���VWXGHQWV� LQ�GLIIHUHQW� FRXQWULHV��+HQFH�� WKH� LQWHUUHODWLRQVKLSV�EHWZHHQ�VWXGHQW�

DQG�FODVVURRP�VFKRRO�YDULDEOHV�KDG�WR�EH�H[SORUHG�LQ�VWDJH�%��7KLV�ZDV�GRQH�DW�WZR�

VHSDUDWH� OHYHOV�� DW� OHYHO��� LQWHUUHODWLRQVKLSV� EHWZHHQ� VWXGHQW� YDULDEOHV� KDYH� EHHQ�

H[SORUHG��7KH�OHYHO���DQDO\VHV�FRQFHUQHG�LQWHUUHODWLRQVKLSV�EHWZHHQ�FODVVURRP�DQG�

WHDFKHU� YDULDEOHV� FRPELQHG� ZLWK� WKH� VWXGHQW� GDWD� ZKLFK� ZHUH� DJJUHJDWHG� WR� WKH�

FODVVURRP� OHYHO��7KH�SDWK�DQDO\VLV� UHVXOWV�DW�ERWK� OHYHO���DQG� OHYHO���ZHUH�VWXGLHG�

IRU�LQFOXVLRQ�LQ�D�KLHUDUFKLFDO�OLQHDU�PRGHO��/LHW]��������%U\N�	�5DXGHQEXVK���������

6WDJH�%��3DUWLDO�/HDVW�6TXDUHV��3/6��SDWK�DQDO\VLV�

7KH�IDFWRUV�OLVWHG�LQ�7DEOH�����IRU�ZKLFK�LQGLFDWRUV�ZHUH�IRXQG�LQ�HLWKHU�WKH�VWXGHQW�

RU� WKH� WHDFKHU� TXHVWLRQQDLUH� RI� 7,066�� FDQ� KDYH� ERWK� D� GLUHFW� DQG� DQ� LQGLUHFW�

LQIOXHQFH��PHGLDWHG�E\�RWKHU�FRQFHSWV��RQ� WKH�GHSHQGHQW�YDULDEOH� 
SHUIRUPDQFH�RQ�

LQWHUQDWLRQDO�PDWKHPDWLFV� WHVW�
�$Q� DSSURSULDWH� WRRO� WR� XQFRYHU� GLUHFW� DQG� LQGLUHFW�

HIIHFWV�RI�GLIIHUHQW�VHWV�RI�YDULDEOHV�LV�SDWK�DQDO\VLV��&DPSEHOO���������,Q�JHQHUDO��SDWK�

DQDO\VLV� LV�DQ�RXWJURZWK�RI�UHJUHVVLRQ�DQDO\VLV��,W� LQYROYHV�GHWHUPLQLQJ�WKH�RUGHU�RI�

WKH�YDULDEOHV��LQGLFDWRUV�RI�FRQFHSWV��DQG�WKHLU�GLUHFWLRQ�LQ�D�K\SRWKHVL]HG�PRGHO��

%HFDXVH� GHFLVLRQV� FRQFHUQLQJ� LQVWUXPHQWV� DQG� DVVRFLDWHG� YDULDEOHV�ZHUH�PDGH� LQ�

7,066�EHIRUH� D�PRGHO�ZDV�GHYHORSHG�� WKH�SDWK�PRGHO�KDV�EHHQ�GHYHORSHG�SRVW�

KRF��&RQVHTXHQWO\��WKH�QDWXUH�RI�WKH�DQDO\VLV�PXVW�EH�VHHQ�DV�PRUH�H[SORUDWRU\�WKDQ�

FRQILUPDWRU\��,Q�WKH�7,066�GDWD�DQDO\VLV��WKH�3DUWLDO�/HDVW�6TXDUHV��3/6��DSSURDFK�

KDV� EHHQ� DSSOLHG�� 3/6� KDV� EHHQ� GHYHORSHG� HVSHFLDOO\� IRU� UHVHDUFK� VLWXDWLRQV� WKDW�

UHTXLUH�D�JUHDW�GHDO�RI�H[SORUDWRU\�DQDO\VHV� �VHH�IRU�H[DPSOH�/LHW]��������6HOOLQ�	�

.HHYHV�� ������ 6HOOLQ�� ����� DQG� ������ DQG� :ROG�� ������� 2WKHU� DSSURDFKHV� OLNH�

/,65(/��-|UHVNRJ�	�6|UERP��������DQG�$026��+R[���������RQ�WKH�RWKHU�KDQG��

ZHUH�GHVLJQHG�SULPDULO\�IRU�VLWXDWLRQV�WKDW�UHTXLUH�FRQILUPDWRU\�WHVWV�RI�WKHRUHWLFDOO\�

ZHOO�HVWDEOLVKHG�SDWK�PRGHOV���

�

3/6SDWK�SURJUDP�

7KH�ODWHVW�YHUVLRQ�RI�WKH�SURJUDP�
3/6SDWK
�ZDV�XVHG��3/6SDWK�YHUVLRQ�������6HOOLQ��

�������$SSO\LQJ�3/6�FRQVLVWV�RI�WZR�PDLQ�VWHSV��

�

��� (VWLPDWLRQ� RI� ODWHQW� YDULDEOHV� �/9V�� DW� VWXGHQW�FODVVURRP� OHYHO� DV� OLQHDU�

FRPSRVLWHV�RI�WKHLU�DVVRFLDWHG�PDQLIHVW�YDULDEOHV��09V��LWHPV�IURP�WKH�7,066�

TXHVWLRQQDLUHV��E\�PHDQV�RI�HLWKHU�SULQFLSDO�FRPSRQHQW�DQDO\VLV�RU�E\�PHDQV�RI�

UHJUHVVLRQ�DQDO\VLV��7KLV�LV�FDOOHG�WKH�RXWHU�3/6�PRGHO���
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��� (VWLPDWLRQ� RI� WKH� GLUHFWLRQ� DQG� VWUHQJWK� �SDWK� FRHIILFLHQWV�� RI� OLQNV� EHWZHHQ�

ODWHQW�YDULDEOHV��7KLV�HVWLPDWLRQ�LV�FRQGXFWHG�E\�PHDQV�RI�RUGLQDU\�OHDVW�VTXDUHV�

UHJUHVVLRQ� DSSOLHG� WR� HDFK� HTXDWLRQ� �HQGRJHQRXV� ODWHQW� YDULDEOHV�SUHGLFWHG�E\�

WZR� RU� PRUH� RWKHU� ODWHQW� YDULDEOHV�� VHSDUDWHO\� DQG� UHVXOWV� LQWR� WKH� HVWLPDWHG�

UHFXUVLYH�LQQHU�3/6�PRGHO��

�

,Q� VWHS� �� RI� 3/6SDWK�� FOXVWHULQJ� RI� PDQLIHVW� YDULDEOHV� �L�H��� LWHPV� IURP� WKH�

TXHVWLRQQDLUHV��VKRXOG�UHVXOW�LQ�WKH�HVWLPDWLRQ�RI�PHDQLQJIXO�ODWHQW�YDULDEOHV��RXWHU�

PRGHO��� 3RVWOHWKZDLWH� DQG� :LOH\� ������� VWUHVVHG� WKDW� FOXVWHULQJ� RI� LWHPV� VKRXOG�

UHIOHFW�PHDQLQJIXO�KRPRJHQHLW\�ZLWKLQ�FOXVWHUV��ERWK�FRQFHSWXDOO\�DQG�HPSLULFDOO\��

&RQFHSWXDOO\�PHDQV� WKH� ODWHQW� YDULDEOH�PXVW�PDNH� VHQVH� DQG�KDV� D�PHDQLQJ� LQ� WKH�

OLWHUDWXUH��HPSLULFDOO\�PHDQV�WKH�PDQLIHVW�YDULDEOHV�PXVW�KDYH�PHDQLQJIXO�ORDGLQJV�RQ�

RQH�IDFWRU�LQ�D�SULQFLSDO�FRPSRQHQW�DQDO\VLV��RU�PHDQLQJIXO�ZHLJKWV�LQ�D�UHJUHVVLRQ�

DQDO\VLV�� DQG� D� FRUUHODWLRQ� KLJKHU� WKDQ� ����� �DEVROXWH� YDOXH�� ZLWK� WKH� GHSHQGHQW�

YDULDEOH�� )RU� H[DPSOH�� FOXVWHULQJ� LWHPV�ZLWK� UHVSHFW� WR� VWXGHQW
V� DWWLWXGH� WRZDUGV�

PDWKHPDWLFV�FDQ�IRUP�D�ODWHQW�YDULDEOH�LI�WKH�PHDQLQJ�RI�HDFK�RI�WKHVH�LWHPV�FDQ�EH�

OLQNHG� WR� VWXGHQW
V� DWWLWXGH� �FRQFHSWXDO� KRPRJHQHLW\��� LI� WKH� ORDGLQJV� RI� HDFK� RI�

WKHVH� LWHPV� DUH� KLJK� HQRXJK�� DQG� LI� WKH� FRUUHODWLRQ� RI� WKH� VXP� VFRUH� RI� WKH�

LQGLYLGXDO�LWHP�VFRUHV�ZLWK�
PDWKHPDWLFV�DFKLHYHPHQW
�LV�KLJKHU�WKDQ�������HPSLULFDO�

KRPRJHQHLW\���

$Q�LPSRUWDQW�IHDWXUH�RI�H[SORUDWRU\�SDWK�DQDO\VLV�E\�PHDQV�RI�3/6SDWK�LV�WULPPLQJ�

WKH� UHVXOWV� LQ� RUGHU� WR� DFKLHYH� D� SDUVLPRQLRXV� SDWK�PRGHO� IRU� HDFK�RI� WKH� WKUHH�

HGXFDWLRQ� V\VWHPV��)LUVW�� WKH�RXWFRPHV�RI� WKH�RXWHU�3/6�PRGHO�ZHUH� WULPPHG� WR�

ILQDOL]H�WKH�RXWHU�PRGHO��7KHUHDIWHU��WKH�LQQHU�PRGHO�ZDV�WULPPHG��)RU�ERWK�
PRGHO�

WULPPLQJ
�VWHSV�3/6SDWK�SURYLGHV�LQGLFHV��

7KH� FULWHULD� IRU� NHHSLQJ� D�PDQLIHVW� YDULDEOH� LQ� WKH� RXWHU�PRGHO� KDYH� EHHQ� VHW� LQ�

DGYDQFH��,W�LV�DVVXPHG�WKDW�09V�ZLWK�ORZ��UHJUHVVLRQ��ZHLJKWV�RU��IDFWRU��ORDGLQJV�

KDUP� WKH� SUHGLFWLYH� SRZHU� RI� WKH� /9� �&DPSEHOO�� ������ .HHYHV�� ������� ,I�� SHU�

QDWLRQ�� WKH�DEVROXWH�YDOXH�RI�WKH�ZHLJKW�RI�DQ�09�ZDV� ORZHU�WKDQ������WKLV� LV�WKH�

LQZDUG�PRGH�LQ�3/6SDWK�LQ�ZKLFK�09V�IRUP�DQ�/9��RU�WKH�DEVROXWH�YDOXH�RI�WKH�

ORDGLQJ�ZDV�ORZHU�WKDQ������WKLV�LV�WKH�RXWZDUG�PRGH�LQ�3/6SDWK�LQ�ZKLFK�WKH�09V�

UHIOHFW� WKH�/9��� WKH�09�ZDV� UHPRYHG� IURP� WKH�PRGHO��6HOOLQ� DQG�.HHYHV� �������

VWDWHG�WKDW�LI�WKH�FRQWULEXWLQJ�09V�DUH�WKHRUHWLFDOO\�DQG�HPSLULFDOO\�KRPRJHQHRXV�

WKHQ�D�ORDGLQJ�RI�����ZRXOG�VHHP�DFFHSWDEOH��$�ORDGLQJ�RI�����LQGLFDWHV�WKDW�DQ�/9�

FRQWULEXWHV�����WR�H[SODLQLQJ�DQ�REVHUYHG�09��5HJDUGLQJ�WKH�ZHLJKWV��6HOOLQ�DQG�
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.HHYHV��������LQGLFDWHG�WKH�ORZHU�ERXQG�RI�����EHFDXVH�WKLV�YDOXH�PHDQV�WKDW�WKH�

09�FRQWULEXWHV�DSSUR[LPDWHO\����WR�WKH�H[SODQDWLRQ�RI�DQ�/9��%H\RQG�WKH�OLPLWV�

RI� ORDGLQJV�DQG�ZHLJKWV�DV�VHOHFWLRQ�FULWHULD� IRU�NHHSLQJ�09V� LQ� WKH�RXWHU�PRGHO��

3/6SDWK�SURYLGHV�WKUHH�RWKHU�VWDWLVWLFV�WR�MXGJH�WKH�DSSURSULDWHQHVV�RI�WKH�H[SORUHG�

RXWHU�SDWK�PRGHO��UHGXQGDQF\��WROHUDQFH��DQG�FRPPXQDOLW\��

&KHFNV� RQ� PXOWLFROOLQHDULW\� VKRXOG� EH� FDUULHG� RXW�� $OO� 09V� WKDW� DUH� VXSSRVHG� WR�

UHIOHFW��RXWZDUG��RU�IRUP�SURGXFH��LQZDUG��WKH�VDPH�/9�VKRXOG�LQWHUFRUUHODWH�KLJKO\��

,QWHUFRUUHODWLRQV�PXVW� EH� VWXGLHG� EHWZHHQ� DQ�09�DQG�/9V�RWKHU� WKDQ� WKH�RQH� WR�

ZKLFK�WKH�09�LV�DVVLJQHG��,I�LW�WXUQV�RXW�WKDW�DQ�09�FRUUHODWHV�KLJKO\�ZLWK�PRUH�WKDQ�

LWV�
RZQ
�/9��WKH�DOORFDWLRQ�RI�WKH�09�WR�DQRWKHU�/9�FDQ�EH�UHFRQVLGHUHG��$�PHDVXUH�

RI�PXOWLFROOLQHDULW\� LV� UHGXQGDQF\��5HGXQGDQF\� LV�GHILQHG�DV� WKH� VTXDUHG�FRUUHODWLRQV�

EHWZHHQ�D�SDUWLFXODU�09�DQG� WKH�VHW�RI�/9V� OLQNHG� LQGLUHFWO\� WKURXJK� LQQHU�PRGHO�

UHODWLRQVKLSV��$IUDVVD��������.RWWH��������6HOOLQ�	�.HHYHV���������

7KH�3/6�RXWSXW�RI�WKH�HVWLPDWLRQ�RI�WKH�RXWHU�PRGHO�FRQWDLQV�D�VHFRQG�PHDVXUH�RI�

PXOWLFROOLQHDULW\�� WROHUDQFH�� /RZ� WROHUDQFH� LQGLFDWHV� ORZ� LQWHUFRUUHODWLRQV� EHWZHHQ�

09V�WKDW�DUH�VXSSRVHG�WR�UHIOHFW�RU�IRUP�RQH�/9��)RU�HDFK�09��WKH�3/6�RXWSXW�RI�

WKH� RXWHU� PRGHO� SUHVHQWV� D� WROHUDQFH� YDOXH�� 7KLV� YDOXH� LV� WKH� VTXDUHG� PXOWLSOH�

FRUUHODWLRQ� RI� D� SDUWLFXODU�09�ZLWK� DOO� UHPDLQLQJ�09V� LQ� WKH� VHW�� 7KH\� SURYLGH�

LQIRUPDWLRQ� DERXW� SRVVLEOH�PXOWLFROOLQHDULW\�ZLWKLQ� D� EORFN� RI�09V� �D� SDWWHUQ� LQ�

3/6SDWK���,I�WKH�LQZDUG�PRGH�LV�DSSOLHG��PXOWLFROOLQHDULW\�ZLWKLQ�D�EORFN�RI�09V�LV�

LQGLFDWHG�E\�D�WROHUDQFH�YDOXH�KLJKHU�WKDQ������6HOOLQ���������

$�PHDVXUH�RI�WKH�H[SODLQHG�YDULDQFH�RI�D�SDUWLFXODU�09�ZLWK�UHVSHFW�WR�WKH�/9�LW�

UHIOHFWV� LV� FDOOHG� FRPPXQDOLW\�� &RPPXQDOLW\� LV� GHILQHG� DV� WKH� VTXDUHG� FRUUHODWLRQV�

EHWZHHQ� 09V� DQG� WKHLU� FRUUHVSRQGLQJ� /9� �6HOOLQ�� ������� 7KH� DYHUDJH� RI� WKH�

FRPPXQDOLWLHV�RI�DOO�09V�LQFOXGHG�LQ�WKH�RXWHU�PRGHO�LV�WDNHQ�DV�WKH�FULWHULRQ�IRU�

WKH�VWUHQJWK�RI�WKH�RXWHU�PRGHO��$IUDVVL��������)DON���������7KH�KLJKHU�WKLV�DYHUDJH��

WKH�EHWWHU�WKH�RXWHU�PRGHO�ILWV�WKH�GDWD��8VXDOO\��DQ�DYHUDJH�FRPPXQDOLW\�YDOXH�RI�

����LV�WDNHQ�DV�WKH�ORZHU�ERXQG��

�

$IWHU�ILQDOL]LQJ�WKH�RXWHU�3/6�PRGHO��WKH�LQQHU�3/6�PRGHO��LQ�ZKLFK�UHODWLRQVKLSV�

DUH� K\SRWKHVL]HG� EHWZHHQ� WKH� ODWHQW� YDULDEOHV�� LV� WULPPHG�� 7KH� LQQHU�PRGHO� LV� D�

UHFXUVLYH�RQH��HDFK�/9�GHSHQGV�RQO\�RQ�SUHYLRXV�RU�RQ�QR�ODWHQW�YDULDEOHV��

)RU� HQGRJHQRXV� ODWHQW� YDULDEOHV�� GLUHFW� HIIHFWV� DQG� LQGLUHFW� HIIHFWV� FDQ� EH�

GLVWLQJXLVKHG��7KH�VWUHQJWK�RI�ERWK�NLQG�RI�HIIHFWV�LV�LQGLFDWHG�E\�D�SDWK�FRHIILFLHQW�

EHWD��β���7KH�WRWDO�HIIHFW�LV�WKH�VXP�RI�WKH�GLUHFW�DQG�WKH�LQGLUHFW�SDWK�FRHIILFLHQWV�
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�HIIHFWV�� RI� ODWHQW� YDULDEOHV� RQ� DQRWKHU� ODWHQW� YDULDEOH�� 6HOOLQ� DQG� .HHYHV� �������

VXJJHVW� WKDW� DQ� DEVROXWH� YDOXH� RI� EHWD� FRHIILFLHQW� RI� ���� RU� KLJKHU� LV� WR� EH�

FRQVLGHUHG� VLJQLILFDQW� LQ� ODUJH� VDPSOHV� �Q� !� ����� OLNH� LQ� WKH� VWXGHQW� VDPSOHV� RI�

7,066��� %HIRUHKDQG�� WKH\� GHPDQG� D� VWURQJ� WKHRUHWLFDO� FDVH� IRU� LQFOXVLRQ� RI� D�

SDUWLFXODU�SDWK�LQ�D�PRGHO�WR�DFFHSW�WKH�YDOXH�RI�����DV�D�PLQLPXP�IRU�WKH�EHWD��)RU�

VPDOOHU�VDPSOHV��Q��������OLNH�WKH�FODVVURRP�VDPSOH�RI�7,066��WKH�DEVROXWH�YDOXH�

RI�EHWD�FRHIILFLHQW�VKRXOG�EH�����RU�KLJKHU��LQGLFDWLQJ�DSSUR[LPDWHO\����H[SODLQHG�

YDULDQFH�RI�DQ�HQGRJHQRXV�ODWHQW�YDULDEOH�LQ�D�PRGHO��6HOOLQ�	�.HHYHV���������

7KH� SURGXFW�PRPHQW� FRUUHODWLRQ�EHWZHHQ� DQ� HQGRJHQRXV� ODWHQW� YDULDEOH� DQG� WKH�

ODWHQW� YDULDEOHV� WKDW� KDYH� D� GLUHFW� UHODWLRQVKLS� ZLWK� LW�� LV� VKRZQ� LQ� WKH� 3/6SDWK�

RXWSXW� RI� WKH� LQQHU�PRGHO� HVWLPDWLRQ�� 7KHVH� LQWHUFRUUHODWLRQV� EHWZHHQ� WZR� /9V�

PXVW�EH�FRPSDUHG�ZLWK� WKH�EHWD� FRHIILFLHQW��7KH�EHWD�DQG�FRUUHODWLRQ�FRHIILFLHQW�

PXVW�EH�LQ�WKH�VDPH�GLUHFWLRQ�DQG�RI�WKH�VDPH�PDJQLWXGH��LI�QRW��D�VXSSUHVVRU�HIIHFW�

PLJKW� H[LVW� DV� D� UHVXOW� RI�PHDVXUHPHQW� HUURU� RU�PXOWLFROOLQHDULW\� �.HHYHV�� �������

&RQVHTXHQWO\��WKH�UHODWLRQVKLS�VKRXOG�JHQHUDOO\�EH�UHPRYHG�IURP�WKH�SDWK�PRGHO��

7KH�3/6�RXWSXW�RI� WKH�HVWLPDWLRQ�RI� WKH� LQQHU�PRGHO�DOVR�FRQWDLQV�D�PHDVXUH�RI�

PXOWLFROOLQHDULW\�RI�/9V�ZLWKLQ�EORFNV�RI�WKH�LQQHU�PRGHO��WKH�
WROHUDQFH
�LQGH[��7KLV�

YDOXH�LV�WKH�VTXDUHG�PXOWLSOH�FRUUHODWLRQ�EHWZHHQ�D�SUHGLFWRU�/9�ZLWK�DOO�UHPDLQLQJ�

/9V� LQ� WKH� VHW��0XOWLFROOLQHDULW\� LV� LQGLFDWHG� E\� WROHUDQFH� YDOXHV� KLJKHU� WKDQ� ����

�6HOOLQ���������

�

6WDWLVWLFDO�WHVW�RI�VLJQLILFDQFH�RI�WKH�3/6SDWK�UHVXOWV�

([SORULQJ�WKH�K\SRWKHVL]HG�SDWK�PRGHO�E\�PHDQV�RI�3/6SDWK�GRHV�QRW� LQFOXGH�D�

VWDWLVWLFDO�WHVW�RI�VLJQLILFDQFH�LQ�WHUPV�RI�JRRGQHVV�RI�ILW�PHDVXUHV��6XFK�PHDVXUHV�

DUH� DEVHQW� LQ�3/6SDWK�� ,QVWHDG�� 3/6SDWK� HPSOR\V� D� MDFNNQLILQJ�PHWKRG�ZKLFK� LV�

LQDSSURSULDWH� LI� WKH� GDWDVHW� FRQVLVWV� RI� PRUH� WKDQ� D� IHZ� KXQGUHG� FDVHV� �6HOOLQ��

�������-DFNNQLIH�SURFHGXUHV�DUH�SULPDULO\�DLPHG�DW�REWDLQLQJ�DSSURSULDWH�HVWLPDWHV�

RI� VWDQGDUG� HUURUV� DQG� UHTXLUHV� D� VLPSOH� UDQGRP� VDPSOH�� +RZHYHU�� 7,066�

GDWDEDVHV�DUH�QRW�IRXQGHG�RQ�VLPSOH�UDQGRP�VDPSOHV�EXW�RQ�FOXVWHU�VDPSOHV��,W�FDQ�

EH�VWDWHG�WKDW�WKH�VWXGHQW�VDPSOH� LV�QRW�D�VLPSOH�UDQGRP�VDPSOH��EXW�D�WZR�VWDJH�

VWUDWLILHG�FOXVWHU�VDPSOH��VFKRROV�DQG�LQWDFW�FODVVHV�ZLWKLQ�HDFK�VFKRRO��WKH�GDWD�KDYH�

D�QHVWHG�VWUXFWXUH���&RQVHTXHQWO\��WKH�MDFNNQLIH�SURFHGXUHV�LQFOXGHG�LQ�WKH�3/6SDWK�

SURJUDP�DUH�QRW�DSSURSULDWH��7KHQ��WKH�VWDWLVWLFDO�WHVW�RI�VLJQLILFDQFH�RI�WKH�3/6SDWK�

UHVXOWV�VKRXOG�EH�FRQGXFWHG�E\�PHDQV�RI�DQRWKHU�SURJUDP�RU�LW�FDQ�QRW�EH�GRQH�DW�

DOO��7KH�:HV9DU�PRGXOH� IRU� FRPSOH[� VDPSOHV� DYDLODEOH� LQ�6366�FRXOG�KDYH�EHHQ�
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XVHG��+RZHYHU��3/6SDWK�ZDV�RQO\� DSSOLHG� WR� H[SORUH� LQGLUHFW� DQG�GLUHFW� OLQNV�RI�

/9V�HVWLPDWHG�IURP�WKH�7,066�GDWD�VHWV��7KH�ILQDO�3/6SDWK�UHVXOWV�ZHUH�QRW�XVHG�

WR�IXOO\�DGGUHVV�UHVHDUFK�TXHVWLRQ�,��EXW�WR�ILQG�LQGLFDWLRQV�IRU�LQIOXHQFLQJ�YDULDEOHV�

DQG�WKHLU�LQWHUUHODWLRQVKLSV�ZKLFK�PDNH�VHQVH�DQG�FRXOG�EH�LQFOXGHG�LQ�PXOWL�OHYHO�

DQDO\VLV��7KH�ILQDO�DQVZHUV�WR�WKH�UHVHDUFK�TXHVWLRQ�DUH�IRUPXODWHG�RQ�WKH�EDVLV�RI�

WKH�PXOWL�OHYHO�DQDO\VLV�DQG�QRW�RQ�WKH�EDVLV�RI�WKH�H[SORUDWRU\�SDWK�DQDO\VLV��+HQFH��

WKH�SXUHO\�H[SORUDWRU\�FKDUDFWHU�RI�WKH�DSSOLFDWLRQ�RI�3/6SDWK�ZLWKLQ�WKH�WRWDO�GDWD�

DQDO\VLV�SODQ�ZDV�D�UHDVRQ�WR� MXGJH�WKH�3/6SDWK�UHVXOWV�ZLWKRXW�D�VWUDLJKWIRUZDUG�

VLJQLILFDQFH�PHDVXUH��%HVLGHV��QR��REMHFWLYH��VLJQLILFDQFH�PHDVXUHV�DUH�DYDLODEOH�LQ�

3/6SDWK��7KXV��D�FHUWDLQ�GHJUHH�RI�VXEMHFWLYLW\�LQ�MXGJLQJ�WKH�DSSURSULDWHQHVV�RI�WKH�

PRGHO�FDQQRW�EH�DYRLGHG��

)ROORZLQJ�/LHW]���������ZKR�DSSOLHG�3/6SDWK�LQWHQVLYHO\�RQ�,($�5HDGLQJ�/LWHUDF\�

GDWD�� WKH� GHWHUPLQDWLRQ� RI� SRVVLEOH� PLVVSHFLILFDWLRQ� RI� WKH� PRGHO� LV� OHIW� WR� WKH�

UHVHDUFKHU� UDWKHU� WKDQ�UHO\LQJ�RQ�WHVWV�RI�VWDWLVWLFDO�VLJQLILFDQFH��/LHW]� �������XVHG�

WKH� DYHUDJH� RI� WKH� 5� �H[SODLQHG� YDULDQFH�� RI� DOO� /9V� �LQFOXGLQJ� PDWKHPDWLFV�

DFKLHYHPHQW��LQ�WKH�PRGHO�DV�DQ�LQGLFDWLRQ�RI�WKH�ILW�RI�WKH�PRGHO�WR�WKH�GDWD�VHWV�

JLYHQ�� 7KH� DYHUDJH� PXOWLSOH� 5�� IRU� WKH� HQGRJHQRXV� YDULDEOHV� LQ� WKH� PRGHO� LV�

UHJDUGHG�DV�DQ�LQGLFDWLRQ�RI�WKH�SUHGLFWLYH�SRZHU�RU�VWUHQJWK�RI�WKH�LQQHU�DQG�RXWHU�

UHODWLRQVKLSV�DQG�WKHUHIRUH�LW�FDQ�EH�XVHG�IRU�WKH�HYDOXDWLRQ�RI�WKH�SDWK�PRGHO��VHH�

DOVR�$IUDVVL��������)DON���������

7KH�VL]H�RI�5� YDOXHV�IRU�HDFK�/9�LV�JLYHQ�LQ�3/6SDWK�RXWSXW�DQG�LQGLFDWHV�WKH�SDUW�

RI�WKH�YDULDQFH�RI�D�FRQVWUXFW�H[SODLQHG��UHSURGXFHG��ZKHQ�DOO�SUHFHGLQJ�/9V�DUH�

WDNHQ� LQWR� DFFRXQW�� 7KH� 5�� RI� WKH� RXWFRPH� YDULDEOH� �PDWKHPDWLFV� DFKLHYHPHQW��

LQGLFDWHV�ZKDW�SHUFHQWDJH�RI� WKH�YDULDQFH� LQ� WKH�RXWFRPH�YDULDEOH� LV�H[SODLQHG�RU�

UHSURGXFHG�E\�WKH�ODWHQW�YDULDEOHV��SUHGLFWRUV��LQ�WKH�PRGHO��

6WHS�&��0XOWLOHYHO�DQDO\VLV�

7KH�RXWFRPHV�RI� WKH�3/6SDWK�DUH�XVHG� WR� VSHFLI\� D�KLHUDUFKLFDO� OLQHDU�PRGHO� IRU�

HDFK�HGXFDWLRQ�V\VWHP��%XLOGLQJ�KLHUDUFKLFDO� OLQHDU�PRGHOV�E\�PHDQV�RI�PXOWLOHYHO�

DQDO\VLV� PXVW� EH� GRQH� FDUHIXOO\�� 7KH� PRGHOV� DUH� UHSUHVHQWDWLRQV� RI� FRPSOH[��

PXOWLYDULDWH�UHODWLRQVKLSV�RSHUDWLQJ�DW�GLIIHUHQW�OHYHOV�VLPXOWDQHRXVO\�ZLWK�GLIIHUHQW�

XQLWV�RI� DQDO\VLV�� 6HYHUDO�PXOWL�OHYHO� GDWD� DQDO\VLV� WHFKQLTXHV� DUH� DYDLODEOH�� ,Q� WKLV�

VWXG\�WKH�0/Q�SURJUDP��:RRGKRXVH��������ZDV�XVHG�WR�VSHFLI\�WZR�OHYHO�FRXQWU\�

PRGHOV��VWXGHQWV�DW�OHYHO���DQG�VFKRROV��FODVVURRPV��DW�OHYHO����,Q�7,066��VFKRROV�

DUH� FRLQFLGHG� ZLWK� FODVVURRPV� EHFDXVH� ZLWKLQ� HDFK� VHOHFWHG� VFKRRO� RQH� LQWDFW�
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FODVVURRP�ZDV�VHOHFWHG��7KH�QHVWLQJ�VWUXFWXUH�RI�WKH�7,066�GDWD�FDQ�EH�GHVFULEHG�

DV�VWXGHQWV�ZLWKLQ�FODVVHV��VFKRROV��DQG�WKH�YDULDELOLW\�LQ�VFRUHV�RQ�WKH�LQWHUQDWLRQDO�

7,066� PDWKHPDWLFV� DFKLHYHPHQW� WHVW� EHWZHHQ� VWXGHQWV� DQG� EHWZHHQ� FODVVHV�

�VFKRROV��LV�WR�EH�H[SODLQHG��

$� KLHUDUFKLFDO� UDQGRP� LQWHUFHSW� �HIIHFWV�� PRGHO� ZDV� VSHFLILHG� IRU� HDFK� FRXQWU\��

7KHUHDIWHU��D�KLHUDUFKLFDO� OLQHDU�PRGHO�ZDV�HVWLPDWHG�IRU�WKH�SRROHG�GDWD�VHW��7KH�

UHVXOWV�RI� WKH� ODWWHU�PRGHO� LQGLFDWH�ZKHWKHU� VWXGHQW�DQG�FODVVURRP�YDULDEOHV�KDYH�

GLIIHUHQW�HIIHFWV�LQ�WKH�WKUHH�V\VWHPV��

�

7KH�VSHFLILFDWLRQ�RI�WKH�PRGHO�VWDUWV�ZLWK�WKH�IXOO\�XQFRQGLWLRQDO�PRGHO��7KH�IXOO\�

XQFRQGLWLRQDO�PRGHO��ZLWK� WZR� OHYHOV� DQG�RQH�GHSHQGHQW�YDULDEOH�<�ZKLFK� LV� WKH�

VXP�RI�D�JHQHUDO�PHDQ��£�����D�UDQGRP�HIIHFW�DW�FODVVURRP�OHYHO��8�M���DQG�D�UDQGRP�

HIIHFW�DW�VWXGHQW�OHYHO��5LM��FDQ�EH�H[SUHVVHG�DV�IROORZV��6QLMGHUV�	�%RVNHU���������

�

<LM� �£����8�M��5LM

�

7KH� WHVW� VFRUH�RI� VWXGHQW� L� IURP� VFKRRO� M� LV� H[SUHVVHG�E\� 
<LM
� 7KLV�PRGHO� LV� DOVR�

FDOOHG�WKH�
HPSW\
�PRGHO��$Q�LPSRUWDQW�DVVXPSWLRQ�RI�XVLQJ�WKH�UDQGRP�FRHIILFLHQW�

PRGHO� LV� WKDW� WKH� UDQGRP� FRHIILFLHQWV�8�M DQG�5LM� DUH�QRUPDOO\�GLVWULEXWHG�ZLWK� D�

PHDQ� RI� 
�
� JLYHQ� WKH� YDOXHV� RI� WKH� H[SODQDWRU\� YDULDEOHV�� %RWK� FRHIILFLHQWV� DUH�

DVVXPHG�WR�EH�PXWXDOO\�LQGHSHQGHQW��DQG�WR�KDYH�YDULDQFHV�YDU�8�M�� �´����LQWHUFHSW�

YDULDQFH�� DQG� YDU� �5LM� � ³�� �EHWZHHQ� VWXGHQW� YDULDQFH��� 7KHVH� YDULDQFHV� DUH� LPSRUWDQW�

IHDWXUHV� LQ� PXOWLOHYHO� PRGHOLQJ� DQG� DUH� UDQGRP� HIIHFWV� ZKLFK� DUH� HTXDO� WR� WKH�

XQH[SODLQHG�YDULDELOLW\�RU�YDULDQFH��

�

7KH� HPSW\� PRGHO� SURYLGHV� SDUWLWLRQ� RI� WKH� YDULDELOLW\� LQ� WKH� GDWD� EHWZHHQ� WKH�

VWXGHQW�� DQG� FODVVURRP�OHYHO�� 7KH� WRWDO� YDULDQFH� RI� <� �VWXGHQWV� VFRUHV� RQ� WKH�

7,066�PDWKHPDWLFV� WHVW�� FDQ� EH� GHFRPSRVHG� DV� WKH� VXP�RI� WKH� OHYHO��� DQG� WKH�

OHYHO���YDULDQFHV��6QLMGHUV�	�%RVNHU���������

�

YDU��<LM�� �YDU�8�M ����YDU��5LM� �´�����³� �

�

)XUWKHU� VSHFLILFDWLRQ�RI� WKH�KLHUDUFKLFDO� OLQHDU�PRGHO� LV�DLPHG�DW�UHGXFWLRQ�RI� WKH�

UDQGRP�HIIHFWV��7KH�HPSW\�PRGHO�LV�IXUWKHU�VSHFLILHG�E\�DGGLQJ�RQH�YDULDEOH�DW�D��
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WLPH��VWDUWLQJ�ZLWK�OHYHO���YDULDEOHV��VWXGHQW�YDULDEOHV���)LUVW��YDULDEOHV�ZKLFK�DUH�OHVV�

RU�QRW�FKDQJHDEOH�E\�VFKRROV�RU�SROLF\PDNHUV�DUH� LQVHUWHG��7KLV�PHWKRG� LV�FDOOHG�

IRUZDUG� VWHSV�XSZDUG� IURP� OHYHO���PHWKRG� �6QLMGHUV�	�%RVNHU���������2QO\� LI� WKH�DGGHG�

YDULDEOH�VKRZHG�D�VLJQLILFDQW�HIIHFW�LW�ZDV�NHSW�LQ�WKH�PRGHO��1RQ�VLJQLILFDQW�HIIHFWV�

ZHUH� LPPHGLDWHO\� H[FOXGHG� IURP� WKH�PRGHO��)LUVW�� DQ� DWWHPSW� LV�PDGH� WR� H[SODLQ�

ZLWKLQ�JURXS� YDULDELOLW\�� 1H[W�� DQ� DWWHPSW� LV� PDGH� WR� H[SODLQ� EHWZHHQ�JURXS�

YDULDELOLW\��)LQDOO\��SRVVLEOH�LQWHUDFWLRQ�HIIHFWV�EHWZHHQ�OHYHO���DQG�OHYHO���YDULDEOHV�

ZHUH�LQFOXGHG�LQ�WKH�PRGHOV���

�

7KH� IRUPXOD� RI� WKH� H[WHQGHG� HPSW\� PRGHO� ZLWK� RQH� H[SODQDWRU\� YDULDEOH� IURP�

OHYHO����YDULDEOH�[��LV�ZULWWHQ�DV���

�

<LM� �£����£��[LM��8�M��5LM

�

9DULDEOHV�IURP�OHYHO���DUH�LQGLFDWHG�E\�]�DQG�FDQ�EH�LQVHUWHG�LQ�WKH�PRGHO���

�

<LM� �£����£��[LM��£��]LM���8�M��5LM

�

:LWK�UHJDUG�WR�LQWHUDFWLRQ�HIIHFWV��ZKHUHE\�D�OHYHO���YDULDEOH�LQIOXHQFHV�WKH�HIIHFW�RI�

D� OHYHO���SUHGLFWRU�RQ� WKH�RXWFRPH�YDULDEOH�� WKH� OHYHO���HIIHFW� VKRXOG�EH� UDQGRP��

+RZHYHU��WKLV�UXOH�FRXOG�QRW�EH�LQWHUSUHWHG�WRR�VWULFWO\��6QLMGHUV�	�%RVNHU���������

(YHQ�LI�HIIHFWV�RI�OHYHO���YDULDEOHV�DUH�IL[HG�ZLWKRXW�D�UDQGRP�HIIHFW��WKHUH�PLJKW�EH�

UHDVRQV� WR� H[SORUH� LQWHUDFWLRQ� HIIHFWV� IURP� OHYHO��� RQ� OHYHO��� YDULDEOHV�� 7KH�

LQWHUDFWLRQ�WHUP�LQ�WKH�IRUPXOD�LV�]M[LM��

�

<LM� �£����£ ��[LM��£��]LM��£��]M[LM��8�M��8�M�[LM��5LM

�

7HVW�RI�VLJQLILFDQFH�

7KH� IL[HG� HIIHFWV� ZHUH� WHVWHG� RQ� WKHLU� GLIIHUHQFH� IURP� ]HUR� �VLJQLILFDQW� HIIHFW�� E\�

PHDQV�RI� D� W�UDWLR� IRU� WKH�γ�FRHIILFLHQWV��ZKLFK�FDQ�EH� LQWHUSUHWHG�DV� VWDQGDUGL]HG�
SDWK� FRHIILFLHQWV�� 7KH� W�UDWLR� LV� GHILQHG� DV� WKH� SURSRUWLRQ� RI� WKH� HVWLPDWHG��

γ�FRHIILFLHQW�DQG�LWV�VWDQGDUG�HUURU��,Q�WKLV�H[SORUDWRU\�VWXG\��WZR�WDLOHG�WHVWV�ZHUH�
DSSOLHG��ZKLFK�PHDQV�WKDW�WKH�DEVROXWH�W�YDOXH�VKRXOG�EH�JUHDWHU�WKDQ�������ZLWK�D�S�

YDOXH�OHVV�WKDQ������WR�NHHS�WKH�FRUUHVSRQGLQJ�HIIHFW�LQ�WKH�DQDO\VLV��

�
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7KH� GHYLDQFH� WHVW� LV� XVHG� IRU� WHVWV� FRQFHUQLQJ� WKH� UDQGRP� SDUW� RI� KLHUDUFKLFDO� OLQHDU�

PRGHOV�� ,Q� WKLV� VWXG\�� WKH� SDUDPHWHUV� RI� WKH� PRGHOV� ZHUH� HVWLPDWHG� E\� WKH�

PD[LPXP� OLNHOLKRRG� PHWKRG�� 7KH� OLNHOLKRRG� FDQ� EH� WUDQVIRUPHG� LQWR� GHYLDQFH�

GHILQHG�DV�PLQXV�WZLFH�WKH�QDWXUDO�ORJDULWKP�RI�WKH�OLNHOLKRRG��6QLMGHUV�	�%RVNHU��

�������7KLV�GHYLDQFH� LV� VHHQ�DV�D�PHDVXUH�RI� ODFN�RI� ILW�EHWZHHQ�PRGHO�DQG�GDWD��

+RZHYHU��WKH�YDOXHV�RI�WKH�GHYLDQFH�FDQQRW�EH�LQWHUSUHWHG�GLUHFWO\��2QO\�GLIIHUHQFHV�LQ�

GHYLDQFH� YDOXHV� IRU� VHYHUDO�PRGHOV� ILWWHG� WR� WKH� VDPH� GDWD� VHW� SURYLGH� LQIRUPDWLRQ�

UHJDUGLQJ�WKH�PRGHO�ILW��7KH�GLIIHUHQFH�RI�WKH�GHYLDQFH�RI�WZR�PRGHOV�GHWHUPLQHV�

ZKHWKHU� WKH� VHFRQG�PRGHO� LV� DQ� LPSURYHPHQW� FRPSDUHG� WR� WKH� ILUVW�PRGHO��7KH�

GLIIHUHQFH� LQ� GHYLDQFH� FDQ� EH� XVHG� DV� D� WHVW� VWDWLVWLF� KDYLQJ� D� FKL�VTXDUHG�

GLVWULEXWLRQ�ZLWK�
QXPEHU�RI�SDUDPHWHUV�LQ�PRGHO���PLQXV�QXPEHU�RI�SDUDPHWHUV�LQ�

PRGHO��
�GHJUHHV�RI�IUHHGRP��6QLMGHUV�	�%RVNHU���������

,Q� WKLV� VWXG\�� WKH� GHYLDQFH� GLIIHUHQFH� LV� FDOFXODWHG� ���� EHWZHHQ� WKH� IXOO\�

XQFRQGLWLRQDO�PRGHO� �WKH�HPSW\�PRGHO��DQG�WKH�XQFRQGLWLRQDO� OHYHO���PRGHO� �WKH�

PRGHO� ZLWK� DOO� VHOHFWHG� VWXGHQW� OHYHO� YDULDEOHV� LQFOXGHG��� ���� EHWZHHQ� WKH�

XQFRQGLWLRQDO�OHYHO���PRGHO�DQG�WKH�PRGHO�ZLWK�DOO�VHOHFWHG�VWXGHQW�DQG�FODVVURRP�

YDULDEOHV�� DQG� ���� EHWZHHQ� WKH� PRGHO� ZLWK� DOO� VHOHFWHG� VWXGHQW� DQG� FODVVURRP�

YDULDEOHV�DQG�WKH�PRGHO�ZLWK�DOO�VHOHFWHG�YDULDEOHV�DQG�DOO�VHOHFWHG�LQWHUDFWLRQ�HIIHFWV�

EHWZHHQ�OHYHO���DQG�OHYHO���YDULDEOHV��

�

([SODLQHG�SURSRUWLRQ�RI�YDULDQFH�E\�D�WZR�OHYHO�PRGHO�

7KH� UHVXOWV� RI� WKH�0/Q� DQDO\VLV� SURYLGH� HVWLPDWHV� RI� WKH� SURSRUWLRQ�RI� YDULDQFH�

DVVRFLDWHG� ZLWK� HDFK� OHYHO�� WKH� ILQDO� HVWLPDWLRQ� RI� YDULDQFH� FRPSRQHQWV�� 7KH�

FRPSDULVRQ�RI�WKHVH�HVWLPDWHV�EHORQJLQJ�WR�D�SDUWLFXODU�PRGHO�ZLWK�ILJXUHV�RI�WKH�

IXOO\�XQFRQGLWLRQDO� PRGHO� FDQ� SURYLGH� DQ� LQGLFDWLRQ� RI� WKH� DPRXQW� RI� YDULDQFH�

H[SODLQHG�E\�WKH�SUHGLFWLQJ�YDULDEOHV�DW�HDFK�OHYHO��6QLMGHUV�	�%RVNHU���������

�

)RU� HDFK� OHYHO�� WKH�SURSRUWLRQ�RI� YDULDQFH�H[SODLQHG�E\�DGGLQJ� OHYHO���SUHGLFWRUV�

DQG� OHYHO��� SUHGLFWRUV� FDQ� EH� FDOFXODWHG� JLYHQ� WKH� HVWLPDWHV� UHJDUGLQJ� WKH�

SDUWLWLRQLQJ�RI�YDULDQFH�DW�WKH�WZR�OHYHOV�IURP�WKH�HPSW\�PRGHO�RU�WKH�IXOO\�XQFRQGLWLRQDO�

PRGHO�� ,Q� RWKHU� ZRUGV�� WKH� FDOFXODWLRQ� RI� WKH� SHUFHQWDJH� RI� WKH� YDULDQFH� WKDW� LV�

H[SODLQHG�E\�WKH�PRGHO�FDQ�EH�REWDLQHG�E\�FDOFXODWLQJ�WKH�SURSRUWLRQDO�UHGXFWLRQ�RI�

WKH�XQH[SODLQHG�YDULDQFH�IURP�WKH�IXOO\�XQFRQGLWLRQDO�PRGHO��

�
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,Q�WKLV�VWXG\��IRU�OHYHO���DQG�OHYHO����WKH�SURSRUWLRQ�RI�YDULDQFH�WKDW�LV�H[SODLQHG�E\�

WKH�PRGHO� ZDV� FDOFXODWHG� E\�PHDQV� RI� GLIIHUHQW� IRUPXODH�� 7KH� OHYHO��� H[SODLQHG�

SURSRUWLRQ�RI�YDULDQFH�LQ�WKH�LQGLYLGXDO�VFRUHV�RQ�WKH�RXWFRPH�YDULDEOH�LV�GHILQHG�

DV� WKH�PHDQ�VTXDUHG�SUHGLFWLRQ�HUURU��ZKLFK�HTXDOV� WKH�SURSRUWLRQDO� UHGXFWLRQ� LQ�

WKH�YDOXH�RI�´�����³� GXH�WR� LQFOXGLQJ�SUHGLFWRUV�LQ�WKH�PRGHO��6QLMGHUV�	�%RVNHU��

�������7KLV�FDQ�EH�H[SUHVVHG�LQ�D�IRUPXOD��

�

��²��³�ILQDO���´��ILQDO ��³�HPSW\���´��HPSW\����

�

LQ�ZKLFK� WKH� GHQRPLQDWRU� FRQWDLQV� WKH� VXP�RI� WKH� XQH[SODLQHG�EHWZHHQ� VWXGHQW�

YDULDQFH�DQG�WKH�XQH[SODLQHG�YDULDQFH�EHWZHHQ�VFKRROV�RI�WKH�HPSW\�PRGHO�DQG�WKH�

QXPHUDWRU�FRQWDLQV�WKLV�VXP�IRU�WKH�PRGHO�LQ�ZKLFK�RQH�RU�PRUH�SUHGLFWRUV�ZHUH�

LQFOXGHG��

�

7KH�OHYHO���H[SODLQHG�SURSRUWLRQ�RI�YDULDQFH�LV�GHILQHG�E\�6QLMGHUV�	�%RVNHU��������

DV�WKH�SURSRUWLRQDO�UHGXFWLRQ�LQ�PHDQ�VTXDUHG�SUHGLFWLRQ�HUURU��IRU�WKH�SUHGLFWLRQ�RI�

WKH� JURXS�PHDQ� <�M� IRU� D� UDQGRPO\� GUDZQ�� OHYHO�WZR� XQLW� M�� 7KH� OHYHO��� H[SODLQHG�

SURSRUWLRQ� RI� YDULDQFH� LV� HVWLPDWHG� DV� WKH� SURSRUWLRQDO� UHGXFWLRQ� LQ� WKH� YDOXH� RI��

³���Q��´����Q�LV�D�UHSUHVHQWDWLYH�YDOXH�RI�WKH�JURXS�VL]H��7KH�IRUPXOD�ORRNV�DV�IROORZV��

�

��²�>��³�ILQDO �Q���´��ILQDO����³�HPSW\ �Q���´��HPSW\�@��

5HTXLUHPHQWV�RI�WKH�GDWD�VHWV�

7KH�EDVLF�UHTXLUHPHQWV�IRU� WKH�GDWD�VHWV� WKDW�DUH�H[SORUHG� LQ�VWDJH�$�DUH�WKDW�WKH�

GDWD�GR�QRW�FRQWDLQ�DQ\�PLVVLQJ�YDOXH�DQG�WKDW�WKH�GDWD�LV�ZHLJKWHG��

�

0LVVLQJ�9DOXHV�

$V� WKH� 3/6SDWK� SURJUDP� �VHH� VWDJH� %�� GRHV� QRW� DOORZ� IRU�PLVVLQJ� YDOXHV� LQ� WKH�

GDWDEDVH��WKH�ILUVW�VWHS�LQ�WKH�SURFHGXUH�LV�WR�GHDO�ZLWK�WKH�FDVHV�WKDW�KDYH�PLVVLQJ�

YDOXHV�RQ�WKH�YDULDEOHV�LQFOXGHG�LQ�WKH�DQDO\VLV��7KH�FDVHV�ZLWK�D�PLVVLQJ�YDOXH�RQ�

WKH�GHSHQGHQW�YDULDEOH��WKH�PDWKHPDWLFV�VFRUH�RQ�WKH�LQWHUQDWLRQDO�7,066�WHVW�DUH�

UHPRYHG� IURP� WKH�GDWD� VHW��)XUWKHUPRUH�� WKHUH�ZHUH� VRPH�FDVHV� WKDW�KDG�D�YDOLG�

DQVZHU�RQ� WKH�GHSHQGHQW� YDULDEOH�� EXW�PLVVLQJ�YDOXHV�RQ� D�PDMRULW\�RI� WKH�RWKHU�

YDULDEOHV��7KHVH�FDVHV�ZHUH�UHPRYHG�DV�ZHOO���

�

A A

A A A A

A A

BB

A A A A
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)RU�VRPH�FDVHV��LPSXWDWLRQ�ZDV�DSSOLHG��WKH�PHDQ�RU�PHGLDQ�VFRUH�RI�DOO�WKH�FDVHV�

RQ� WKH� YDULDEOH� �RU� WKH� FODVV�PHDQ� RU� FODVV�PHGLDQ� RI� WKH� YDULDEOH�� ZDV� XVHG� WR�

UHSODFH� WKH� PLVVLQJ� YDOXH�V��� 7KH� VWDWLVWLFDO� DFFXUDF\� RI� DSSO\LQJ� DQ� LPSXWDWLRQ�

SURFHGXUH�FDQ�EH�GLVFXVVHG��DQG�WKH�GLIIHUHQW�W\SHV�RI�LPSXWDWLRQ�SRVVLEOH�DV�ZHOO���

+RZHYHU��WKLV�VLPSOH�SURFHGXUH�LV�MXVWLILDEOH�ZKHQ�WKH�QXPEHU�RI�FDVHV�WR�ZKLFK�LW�

ZDV� DSSOLHG� LV� QRW� YHU\� ODUJH�� ,Q� WKH� FDVH� RI� PRUH� WKDQ� ���� PLVVLQJ� YDOXHV�� D�

VROXWLRQ�LV�QRW�DYDLODEOH��([DPSOHV�RI�YDULDEOHV�ZLWK�PRUH�WKDQ�����PLVVLQJ�YDOXHV�

DUH�WKH�HGXFDWLRQDO�OHYHO�RI�PRWKHU�DQG�IDWKHU��ZKLFK�DUH�UHJDUGHG�DV�LQGLFDWRUV�RI�

WKH� VRFLDO� HFRQRPLF� EDFNJURXQG� RI� WKH� VWXGHQW� �VHH� SUHYLRXV� VHFWLRQ��� 6XFK�

YDULDEOHV�ZHUH�QRW�LQFOXGHG�LQ�IXUWKHU�DQDO\VHV��

�

:HLJKWV�

7KH� VWXGHQW� GDWD� VHWV� ZHUH� DQDO\]HG� DIWHU� ZHLJKWLQJ� WKH� GDWD�� ,Q� 7,066�� WZR�

ZHLJKWLQJ� YDULDEOHV�ZHUH� XVHG� LQ� WKHVH� DQDO\VHV�� WKH� WRWDO� VWXGHQW�ZHLJKW� DQG� WKH�

VHQDWH�ZHLJKW��*RQ]DOHV�	�6PLWK���������7KH�WRWDO�VWXGHQW�ZHLJKW�LV�DSSOLHG�LQ�WKH�

GDWD� VHWV� RI� WKH� VHSDUDWH� HGXFDWLRQ� V\VWHPV�� 7KH� VXP� RI� WKHVH� ZHLJKWV� ZLWKLQ� D�

VDPSOH�SHU�HGXFDWLRQ�V\VWHP�SURYLGHV�DQ�HVWLPDWH�RI�WKH�VL]H�RI�WKH�SRSXODWLRQ�LQ�

WKH� V\VWHP�� ,I� D� ZHLJKWHG� HVWLPDWH� RI� WKH�PHDQ� VFRUH� RQ� D� FHUWDLQ� YDULDEOH� �IRU�

H[DPSOH�VWXGHQW
V�KRPH�EDFNJURXQG�� LV�UHTXLUHG�IRU�WKH�WRWDO�SRSXODWLRQ�RI�WKUHH�

V\VWHPV�� LW� LV� GHVLUDEOH� WKDW� HDFK� V\VWHP� FRQWULEXWHV� HTXDOO\� WR� WKH� LQWHUQDWLRQDO�

HVWLPDWH��)RU�WKLV�SXUSRVH��WKH�VHQDWH�ZHLJKW�ZDV�GHYHORSHG�E\�7,066��*RQ]DOHV�

DQG�6PLWK���������7KH�VHQDWH�ZHLJKW�LV�SURSRUWLRQDO�WR�WKH�WRWDO�VWXGHQW�ZHLJKW�E\�

WKH� UDWLR� RI� ����� GLYLGHG� E\� WKH� VL]H� RI� WKH� SRSXODWLRQ�� 7KH� VXP� RI� WKH� VHQDWH�

ZHLJKWV�ZLWKLQ�HDFK�V\VWHP�LV�������

�

6WDQGDUGL]HG�GDWD�

,Q� LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV� OLNH�7,066��FRXQWU\�PRGHO�FRPSDULVRQ�LV�DQ�

LPSRUWDQW� DLP�� 7KHUHIRUH�� WKH� FKRLFH� EHWZHHQ� WKH� XVH� RI� VWDQGDUGL]HG� RU�PHWULF�

GDWD� LV� D� GLIILFXOW� RQH�� 0HWULF� FRHIILFLHQWV� FDQ� RQO\� EH� FRPSDUHG� DFURVV� PRGHOV�

�FRXQWULHV��DQG�VWDQGDUGL]HG�FRHIILFLHQWV�RQO\�ZLWKLQ�D�PRGHO��1HYHUWKHOHVV��LQ�WKLV�

VWXG\��VWDQGDUGL]HG�GDWD�ZHUH�HPSOR\HG��/LHW]��������S�������ZURWH�DERXW�WKLV�LVVXH�

WKDW��DQ�H[DPLQDWLRQ�RI�WKH�UHVXOWV�REWDLQHG�IURP�WKH�GLIIHUHQW�DQDO\VHV��L�H���VHSDUDWH�DQDO\VLV�

SHU�FRXQWU\��PLJKW�UHYHDO�VLPLODU�SDWWHUQV�RI�WKH�LQWHUUHODWLRQVKLSV�EHWZHHQ�WKH�GLIIHUHQW�YDULDEOHV�

LQ� WKH�PRGHOV��$OWKRXJK� VXFK� UHVXOWV� FRXOG�QRW�EH�XVHG� WR�SURYH� WKDW� WKH�REVHUYHG�SURFHVVHV�ZHUH��

�
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JHQHUDOL]DEOH�DFURVV�V\VWHPV��WKH\�ZRXOG�SURYLGH�DQ�LQGLFDWLRQ�RI�LQWHUHVWLQJ�UHODWLRQVKLSV�IRU�IXUWKHU�

LQYHVWLJDWLRQ���5HSRUWV�RQ�VHFRQGDU\�DQDO\VLV�RI�,($�GDWD��.HHYHV��������.RWWH��������

VKRZHG� FRQVLVWHQF\� RI� UHVXOWV� DFURVV� VDPSOHV� RQ� PHDQ� HIIHFW� VL]HV� DQG�

FRUUHVSRQGLQJ�VWDQGDUG�GHYLDWLRQV��7KHVH�UHVHDUFKHUV�FRQFOXGHG�WKDW�DOWKRXJK�WKH�

XVH�RI�VWDQGDUGL]HG�FRHIILFLHQWV�DFURVV�VDPSOHV�PLJKW�WKHRUHWLFDOO\�EH�LQDSSURSULDWH��

LW� PLJKW� SURYLGH� XVHIXO� DGGLWLRQDO� LQIRUPDWLRQ� ZKHQ� LQYHVWLJDWLQJ� SDWWHUQV� RI�

UHODWLRQVKLSV�DFURVV�HGXFDWLRQ�V\VWHPV��

�

$V�VWDWHG��LQ�WKLV�WKHVLV��WKH�JHQHUDO�SXUSRVH�RI�H[SORULQJ�SDWK�PRGHOV�E\�PHDQV�RI�

SDWK�DQDO\VLV�ZDV�WR�ILQG�LQGLFDWLRQV�RI�UHODWLRQVKLSV�EHWZHHQ�SRWHQWLDOO\�LQIOXHQFLQJ�

IDFWRUV�RQ�PDWKHPDWLFV�DFKLHYHPHQW��7KH�UHVXOWLQJ�SDWK�FRHIILFLHQWV�DUH�QRW�XVHG�WR�

GUDZ�ILQDO�FRQFOXVLRQV�DERXW�WKH�GLIIHUHQFHV�DFURVV�HGXFDWLRQ�V\VWHPV�ZLWK�UHJDUG�WR�

LQIOXHQFLQJ�IDFWRUV��,QVWHDG��WKH�LQGLFDWHG�UHODWLRQVKLSV�ZHUH�XVHG�DV�LQSXW�IRU�PXOWL�

OHYHO�DQDO\VLV��

�

,Q� VWDJH� %�� WKH� 7,066� GDWD� VHWV� ZHUH� H[SORUHG� ZLWKRXW� ZHLJKWLQJ� EHFDXVH� LQ�

3/6SDWK� QR�ZHLJKWLQJ� RSWLRQ� LV� DYDLODEOH��7KH� HVWLPDWLRQ�RI� D� KLHUDUFKLFDO� OLQHDU�

PRGHO� ZDV� FRQGXFWHG� RQ� WKH� VWDQGDUGL]HG� DQG� ZHLJKWHG� GDWD� VHWV�� 7KH� ZHLJKWV�

GHVFULEHG�DERYH�ZHUH�DSSOLHG��7KH�WRWDO�VWXGHQW�ZHLJKW�ZDV�DSSOLHG�LQ�WKH�GDWD�VHWV�

RI� WKH� VHSDUDWH� HGXFDWLRQ� V\VWHPV� DQG� WKH� VHQDWH� ZHLJKW� LQ� WKH� SRROHG� GDWD� VHW�

�*RQ]DOHV�	�6PLWK���������

���� 67$*( $��5(68/76 2) ),567 '$7$ (;3/25$7,216�

7KH� 7,066� VWXGHQW� DQG� WHDFKHU� GDWD� VHWV� RI� WKH� WKUHH� HGXFDWLRQ� V\VWHPV� ZHUH�

H[SORUHG�E\�DSSO\LQJ�GLIIHUHQW�WHFKQLTXHV�WR�ILQG�LQGLFDWRUV�RI�SRWHQWLDOO\�HIIHFWLYH�

HGXFDWLRQDO�IDFWRUV�IURP�WKH�RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN�OLVWHG�LQ�7DEOH������

,Q� 7DEOH� ����� WKH� RXWFRPHV� RI� WKH� ILUVW� GDWD� H[SORUDWLRQV� DUH� VKRZQ� IRU� HDFK�

LQGLFDWRU�OLVWHG�LQ�WKH�ILUVW�FROXPQ��

7KH�FRQWHQW�RI�HDFK�FROXPQ�RI�7DEOH�����ZLOO�EH�H[SODLQHG��LQFOXGLQJ�D�GLVFXVVLRQ�

DERXW�WKH�UHVXOWV�RI�WKH�UHOLDELOLW\�WHVWV�RI�WKH�H[SORUHG�LQGLFDWRUV��WKH�IUHTXHQFLHV�RI�

WKH�H[SORUHG� LQGLFDWRUV�DQG� WKH�ELYDULDWH�FRUUHODWLRQ�FRHIILFLHQWV�RI� WKH� LQGLFDWRUV�

ZLWK�PDWKHPDWLFV�DFKLHYHPHQW��



7DEOH ���

2XWFRPHV RI ILUVW H[SORUDWLRQV RQ 7,066 VWXGHQW DQG WHDFKHU TXHVWLRQQDLUH GDWD

6WDWLVWLFV SHU HGXFDWLRQDO V\VWHP DQG SRROHG GDWD VHW �ZHLJKWHG GDWD� ��

6WDQGDUGL]HG &URQEDFK DOSKD �� 0 �VG� 3HDUVRQ U ZLWK PDWK DFKLHYHPHQW ��

3RWHQWLDOO\ HIIHFWLYH

HGXFDWLRQDO IDFWRUV DQG

H[SORUHG LQGLFDWRUV LQ

7,066 GDWD VHWV

�QXPEHU RI LWHPV

DQG UDQJH RI VFDOH� %IO *HU 1OG

3RROHG

GDWD VHW %IO *HU 1OG

3RROHG

'DWD VHW %IO *HU 1OG

3RROHG

GDWD VHW

6$B� 6WXGHQW
V JHQGHU Q�D� Q�D� Q�D� Q�D� JLUO� ��� JLUO� ��� JLUO� ��� JLUO� ��� QV QV ��� QV

6$B� 6RFLDO EDFNJURXQG

D� 2XW�RI�VFKRRO DFWLYLWLHV

�� SDLG MREV

�� LWHPV� � � �� ��

�� OHLVXUH WLPH

�� LWHPV� � � �� ��

U ���

���

QV

���

U ���

���

U ���

���

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

� ���

� ���

� ���

� ���

� ���

� ���

� ���

� ���

E� QXPEHU RI ERRNV LQ

WKH KRPH

�� LWHP� � FDWHJRULHV� ��

Q�D� Q�D� Q�D Q�D ��� ����� ��� ����� ��� ����� ��� ����� ��� ��� ��� ���
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7DEOH ��� �FRQWLQXHG�

2XWFRPHV RI ILUVW H[SORUDWLRQV RI 7,066 VWXGHQW DQG WHDFKHU TXHVWLRQQDLUH GDWD

6WDWLVWLFV SHU HGXFDWLRQDO V\VWHP DQG SRROHG GDWD VHW �ZHLJKWHG GDWD� ��

6WDQGDUGL]HG &URQEDFK DOSKD �� 0 �VG� 3HDUVRQ U ZLWK PDWK DFKLHYHPHQW ��

3RWHQWLDOO\ HIIHFWLYH

HGXFDWLRQDO IDFWRUV DQG

H[SORUHG LQGLFDWRUV LQ

7,066 GDWD VHWV

�QXPEHU RI LWHPV

DQG UDQJH RI VFDOH� %IO *HU 1OG

3RROHG

GDWD VHW %IO *HU 1OG

3RROHG

GDWD VHW %IO *HU 1OG

3RROHG

GDWD VHW

6&B� 0RWLYDWLRQ

a. $WWLWXGH WRZDUGV PDWK

��� LWHPV� � � �� ��

LPSRUWDQFH �� LWHPV� ��

OLNH �� LWHPV� ��

���

���

���

���

���

���

���

���

���

���

���

���

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

���

���

���

���

QV

���

���

QV

���

���

���

���

b. 6XFFHVV DWWULEXWLRQ
�� LWHP� ORWV RI KRPH�

ZRUN� � � �� ��

��� ���� ���� ��� ��� ����� ��� ����� ��� ����� ��� ����� ��� ��� ��� ���

c. 0DWHUQDO DFDGHPLF

H[SHFWDWLRQ

�� LWHPV� � ² �� ��

��� ��� ��� ��� ��� ����� ��� ����� ��� ����� ��� ����� QV � ��� � ��� QV

d. )ULHQGV
 DFDGHPLF

H[SHFWDWLRQ

�� LWHPV� � ² �� ��

��� ��� ��� ��� ��� ����� ��� ����� ��� ����� ��� ����� QV � ��� � ��� QV

6&B� 7LPH RQ WDVN�

RSSRUWXQLWLHV XVHG

D� LQVWUXFWLRQDO WLPH

PDWKHPDWLFV LQ

PLQXWHV SHU ZHHN

�� LWHP� ��

Q�D� Q�D� Q�D� Q�D� ��� ���� ��� ���� ��� ���� ��� ���� ��� QV ��� ���

E� DPRXQW RI KRPHZRUN

SHU GD\

�� LWHP� � FDWHJRULHV� ��

Q�D� Q�D� Q�D� Q�D� ��� ����� ��� ����� ��� ����� ��� ����� QV ��� QV ���
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7DEOH ��� �FRQWLQXHG�

2XWFRPHV RI ILUVW H[SORUDWLRQV RI 7,066 VWXGHQW DQG WHDFKHU TXHVWLRQQDLUH GDWD

6WDWLVWLFV SHU HGXFDWLRQDO V\VWHP DQG SRROHG GDWD VHW �ZHLJKWHG GDWD� ��

6WDQGDUGL]HG &URQEDFK DOSKD �� 0 �VG� 3HDUVRQ U ZLWK PDWK DFKLHYHPHQW ��

3RWHQWLDOO\ HIIHFWLYH

HGXFDWLRQDO IDFWRUV DQG

H[SORUHG LQGLFDWRUV LQ

7,066 GDWD VHWV

�QXPEHU RI LWHPV

DQG UDQJH RI VFDOH� %IO *HU 1OG

3RROHG

GDWD VHW %IO *HU 1OG

3RROHG

GDWD VHW %IO *HU 1OG

3RROHG

GDWD VHW

&$B� 7HDFKHU EDFNJURXQG

D� 7HDFKHU
V JHQGHU Q�D Q�D Q�D Q�D IHPDOH�

���

IHPDOH�

���

IHPDOH�

���

IHPDOH�

���

QV QV � ��� � ���

E� 7HDFKLQJ H[SHULHQFH LQ

\HDUV �� Q�D� Q�D� Q�D Q�D� ���� ������ ���� ����� ���� ����� ���� ����� QV QV QV QV

F� 7HDFKHU
V ZRUN ORDG

3HUF� RI PDWK OHVVRQV

RI WRWDO QXPEHU RI

OHVVRQV SHU ZHHN ��

Q�D� Q�D� Q�D� Q�D� ���� ������ ���� ������ ���� ������ ���� ������ QV ��� ��� ���

&&B� &ODVV VL]H �� Q�D� Q�D� Q�D� Q�D� ���� ����� ���� ����� ���� ����� ���� ����� ��� ��� ��� ���

&&B� 0DWHULDO IRU HYDOXDWLRQ

�� LWHPV� � � �� ��

Q�D� Q�D� Q�D� Q�D� � ��� ����� � ��� ����� � ��� ����� � ��� ����� QV QV QV ���

&&B� *URXSLQJ SURFHGXUHV�

F� &RRSHUDWLYH OHDUQLQJ

�� LWHPV� � � �� ��

U ��� U ��� U ��� U ��� ��� ����� ��� ����� ��� ����� ��� ����� QV QV QV QV
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7DEOH ��� �FRQWLQXHG�

2XWFRPHV RI ILUVW H[SORUDWLRQV RI 7,066 VWXGHQW DQG WHDFKHU TXHVWLRQQDLUH GDWD

6WDWLVWLFV SHU HGXFDWLRQDO V\VWHP DQG SRROHG GDWD VHW �ZHLJKWHG GDWD� ��

6WDQGDUGL]HG &URQEDFK DOSKD �� 0 �VG� 3HDUVRQ U ZLWK PDWK DFKLHYHPHQW ��

3RWHQWLDOO\ HIIHFWLYH

HGXFDWLRQDO IDFWRUV DQG

H[SORUHG LQGLFDWRUV LQ

7,066 GDWD VHWV

�QXPEHU RI LWHPV

DQG UDQJH RI VFDOH� %IO *HU 1OG

3RROHG

GDWD VHW %IO *HU 1OG

3RROHG

GDWD VHW %IO *HU 1OG

3RROHG

GDWD VHW

&&B� 7HDFKLQJ VW\OH

VWXGHQW RULHQWHG

�� LWHPV� � � �� ��
��� ��� ��� ��� ��� ����� ��� ����� ��� ����� ��� ����� � ��� � ��� QV � ���

&&B� 0DQDJHPHQW DQG

RUGHUO\ DQG TXLHW DWPRVSKHUH�

D� &ODVV FOLPDWH

�� LWHPV� � � �� ��

��� ��� ��� ��� ��� ����� ��� ����� ��� ����� ��� ����� ��� QV �QV ���

E� 6DIHW\ DW VFKRRO

�� LWHPV� � � �� ��

��� ��� ��� ��� ��� ����� ��� ����� ��� ����� ��� ����� ��� ��� ��� ���

F� 3HUFHLYHG OLPLWV LQ

WHDFKLQJ PDWKHPDWLFV

�� 5HVRXUFH OLPLWV

�� LWHPV� � � �� ��

��� ��� ��� ��� ���� ����� ���� ����� ���� ����� ���� ����� QV QV QV ���

�� 6WXGHQW OLPLWV

�� LWHPV� � � �� ��

��� ��� ��� ��� ���� ����� ���� ����� ���� ����� ���� ����� ��� ��� ��� ���

�� 3DUHQWDO OLPLWV

�� LWHPV� � � �� ��

QV U ��� U ��� U ��� ���� ����� ���� ����� ���� ����� ���� ����� ��� QV QV QV
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7DEOH ��� �FRQWLQXHG�

2XWFRPHV RI ILUVW H[SORUDWLRQV RI 7,066 VWXGHQW DQG WHDFKHU TXHVWLRQQDLUH GDWD

6WDWLVWLFV SHU HGXFDWLRQDO V\VWHP DQG SRROHG GDWD VHW �ZHLJKWHG GDWD� ��

6WDQGDUGL]HG &URQEDFK DOSKD �� 0 �VG� 3HDUVRQ U ZLWK PDWK DFKLHYHPHQW ��

3RWHQWLDOO\ HIIHFWLYH

HGXFDWLRQDO IDFWRUV DQG

H[SORUHG LQGLFDWRUV LQ

7,066 GDWD VHWV

�QXPEHU RI LWHPV

DQG UDQJH RI VFDOH� %IO *HU 1OG

3RROHG

GDWD VHW %IO *HU 1OG

3RROHG

GDWD VHW %IO *HU 1OG

3RROHG

GDWD VHW

&&B� +RPHZRUN

D� IUHTXHQF\

�� LWHP� � FDWHJRULHV� ��

E� DPRXQW RI KRPHZRUN

�� LWHP� ���� ��

Q�D�

���

Q�D�

���

Q�D�

���

Q�D�

���

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

��� �����

QV

QV

���

QV

���

���

QV

QV

&&B�� (YDOXDWLRQ� IHHGEDFN

DQG FRUUHFWLYH LQVWUXFWLRQ

8VH RI HYDOXDWLRQ UHVXOWV

�� LWHPV� � � �� ��

��� ��� ��� ��� ��� ����� ��� ����� ��� ����� ��� ����� QV � ��� ��� QV

&2B� ,PSOHPHQWHG FXUULFXOXP

FRQWHQW

&RQWHQW FRYHUDJH

PDWKHPDWLFV ��� LWHPV� ��

��� ��� ��� ��� ���� ������ ���� ������ ���� ������ ���� ������ ��� QV ��� ���

1RWHV� �� QXPEHU RI VWXGHQWV� %HOJLXP )ODQGHUV �%IO�  ����� *HUPDQ\ �*HU�  ����� 1HWKHUODQGV �1OG�  ����� SRROHG GDWD VHW  ���� VWXGHQWV
�� Q�D  UHOLDELOLW\ FRHIILFLHQW QRW DSSOLFDEOH� QV  FRUUHODWLRQ FRHIILFLHQW QRQ�VLJQLILFDQW �S�����
�� GLIIHUHQFHV LQ PHDQ VFRUHV DFURVV WKH WKUHH V\VWHPV DUH VLJQLILFDQW �S�����
�� %IO ! 1OG DQG *HU 	 1OG  *HU �S�����
�� %IO DQG 1OG ! *HU 	 1OG  %IO �S�����
�� %IO ! 1OG 	 %IO  *HU 	 1OG  *HU �S�����
�� %IO � 1OG DQG *HU 	 1OG  *HU �S�����
�� %IO DQG *HU � 1OG 	 %IO  *HU �S�����
�� 1RQH RI WKH FURVV�QDWLRQDO GLIIHUHQFHV LQ PHDQ VFRUHV DUH VLJQLILFDQW �S�����
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8QGHUVWDQGLQJ FURVV�QDWLRQDO GLIIHUHQFHV LQ PDWKHPDWLFV DFKLHYHPHQW ���

6WDWLVWLFDO�UHOLDELOLW\�RI�WKH�VFDOHV�

7KH� VWDQGDUGL]HG� &URQEDFK� α� ZDV� XVHG� DV� WKH� PHDVXUH� IRU� WKH� SV\FKRPHWULF�
UHOLDELOLW\�RI�HDFK�LQGLFDWRU�RSHUDWLRQDOL]HG�LQ�7,066�E\�PRUH�WKDQ���LWHPV��LQ�FDVH�

RI��� LWHPV�D�3HDUVRQ�SURGXFW�PRPHQW�FRUUHODWLRQ�FRHIILFLHQW�U�ZDV�FDOFXODWHG���,Q�

7DEOH� ����� WKH� VWDQGDUGL]HG� UHOLDELOLW\� FRHIILFLHQWV� DUH� SUHVHQWHG� SHU� HGXFDWLRQ�

V\VWHP� DQG� IRU� WKH� SRROHG� GDWD� VHW��$V� FDQ� EH� VHHQ�� WKH� UHVXOWV� RI� WKH� UHOLDELOLW\�

DQDO\VLV� DUH� VDWLVIDFWRU\� IRU� VRPH� VHWV� RI� LWHPV� LQ� DOO� FRXQWULHV�� IRU� VRPH� VHWV� RI�

LWHPV� WKH� VWDQGDUGL]HG�&URQEDFK�α� GLIIHUV� DFURVV�QDWLRQV�� DQG� IRU�RWKHU� VHWV� WKH�
FRHIILFLHQWV�DUH�QRW�VDWLVI\LQJ�LQ�WZR�RU�DOO�WKUHH�GDWD�VHWV��

7KH�LQWHUQDO�FRQVLVWHQF\�RI�WKH�VFDOHV�RI�WKH�WKUHH�DWWLWXGH�LQGLFDWRUV�LV�VXIILFLHQW�LQ�

HDFK�RI�WKH�WKUHH�HGXFDWLRQ�V\VWHPV��VWDQGDUGL]HG�&URQEDFK�α�!�������7KH�VDPH�JRHV�
IRU� WKH�VFDOHV�RI�WKH�VWXGHQW��SHUFHSWXDO�� LQGLFDWRUV� 
PDWHUQDO�DFDGHPLF�H[SHFWDWLRQ
�

�VWDQGDUGL]HG� &URQEDFK� α� !� ������ 
IULHQGV
� DFDGHPLF� H[SHFWDWLRQ
� �VWDQGDUGL]HG�
&URQEDFK�α�!�������DQG�
FODVV�FOLPDWH
��VWDQGDUGL]HG�&URQEDFK�α�!�������
7KH� VFDOHV� DW� WKH� WHDFKHU� OHYHO� WKDW� VKRZHG� D� VXIILFLHQW� UHOLDELOLW\� FRHIILFLHQW� LQ� DOO�

FRXQWULHV�DUH�
PDWKHPDWLFV�FRQWHQW�FRYHUDJH
��VWDQGDUGL]HG�&URQEDFK�α�!�������
OLPLWV�
LQ� WHDFKLQJ� WKH� WHVWHG� FODVV� UHODWHG� WR� UHVRXUFHV
� �VWDQGDUGL]HG�&URQEDFK�α�!� ������

OLPLWV�UHODWHG�WR�VWXGHQW�FKDUDFWHULVWLFV
��VWDQGDUGL]HG�&URQEDFK�α�!�������DQG�
XVH�RI�
HYDOXDWLRQ�UHVXOWV
��VWDQGDUGL]HG�&URQEDFK�α�!�������
)RU� VRPH� LQGLFDWRUV�� WKH� UHOLDELOLW\� FRHIILFLHQW� &URQEDFK� α� GLIIHUV� VXEVWDQWLDOO\�
DFURVV� WKH� WKUHH�HGXFDWLRQ�V\VWHPV��7KH�UDQJH�RI�WKH�FRHIILFLHQWV�DFURVV�WKH�WKUHH�

V\VWHPV� LV� DW� OHDVW� ���� IRU� 
PDWHUQDO� DFDGHPLF� H[SHFWDWLRQ�
� 
IULHQGV
� DFDGHPLF�

H[SHFWDWLRQ
��LQ�HDFK�FRXQWU\�WKH�FRHIILFLHQW�RI�WKHVH�WZR�LQGLFDWRUV�ZDV�VXIILFLHQW���


VDIHW\� DW� VFKRRO� DV� SHUFHLYHG� E\� WKH� VWXGHQW�
� 
OLPLWV� WKH� WHDFKHU� H[SHULHQFHG� LQ�

WHDFKLQJ� PDWKHPDWLFV� UHODWHG� WR� VWXGHQW� FKDUDFWHULVWLFV�
� 
WUHDWPHQW� RI� FRPSOHWHG�

KRPHZRUN�LQ�QH[W�OHVVRQ�
�DQG�
WKH�IUHTXHQF\�HYDOXDWLRQ�UHVXOWV�DUH�XVHG�RQ�DYHUDJH�

IRU�VL[�GLIIHUHQW�JRDOV�
�

5DWKHU� ORZ� UHOLDELOLW\� FRHIILFLHQWV� �VWDQGDUGL]HG�&URQEDFK�α� ORZHU� WKDQ� �����ZHUH�
IRXQG�LQ���RU�DOO���RI�WKH�V\VWHPV�XQGHU�UHYLHZ�IRU�WZR�VWXGHQW�YDULDEOHV��
RXW�RI�

VFKRRO� DFWLYLWLHV� UHODWHG� WR� OHLVXUH� WLPH
� DQG� 
VWXGHQW�RULHQWHG� WHDFKLQJ� VW\OH� DV�

SHUFHLYHG�E\�WKH�VWXGHQW�
�DQG�IRU�WKH�FODVVURRP�YDULDEOH�
WUHDWPHQW�RI�KRPHZRUN�LQ�

QH[W�OHVVRQ
��



��� &KDSWHU �

%HFDXVH�RI�WKH�ORZ�LQWHUQDO�FRQVLVWHQFLHV�RI�WKHVH�VFDOHV��LW�LV�GRXEWIXO�ZKHWKHU�LW�LV�

ZRUWKZKLOH�WR�LQVHUW�WKHVH�LQGLFDWRUV�LQ�WKH�H[SORUDWRU\�SDWK�DQDO\VLV��+RZHYHU��WKH�

VHOHFWLRQ� RI� WKH� LQGLFDWRUV� IRU� WKH� 3/6� SDWK�PRGHOV� ZDV� QRW� EDVHG� RQO\� RQ� WKH�

UHOLDELOLW\�FRHIILFLHQW��7KH�PRVW� LPSRUWDQW�FULWHULRQ�IRU�VHOHFWLRQ�ZDV�WKH�ELYDULDWH�

FRUUHODWLRQ� FRHIILFLHQW� RI� WKH� LQGLFDWRU�ZLWK� WKH� GHSHQGHQW� YDULDEOH� 
PDWKHPDWLFV�

DFKLHYHPHQW
��VHH�EHORZ���

�

'HVFULSWLYHV�

,Q�7DEOH������WKH�ZHLJKWHG�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�RI�HDFK�H[SORUHG�LQGLFDWRU�

�YDULDEOH��DUH�SUHVHQWHG�SHU�V\VWHP�DQG�IRU�WKH�SRROHG�GDWD�VHW��7KH�UHVXOWV�RI�WKH�

WHVWV�RI�WKH�GLIIHUHQFHV�LQ�PHDQ�VFRUHV�DFURVV�WKH�WKUHH�V\VWHPV�DUH�DOVR�SUHVHQWHG�

�SDLU�ZLVH�FRPSDULVRQV�DQG�VLJQLILFDQFH�GHWHUPLQHG�E\�%RQIHUURQL�DGMXVWPHQW���7KH�

PHDQ�VFRUH�RQ�WKH�PDMRULW\�RI�YDULDEOHV�PHDVXUHG�DW�VWXGHQW�OHYHO�GLIIHU�DFURVV�DOO�

SDLUV�RI�FRXQWULHV��)RU�H[DPSOH��WKH�PHDQ�VFRUH�RI�RXW�RI�VFKRRO�DFWLYLWLHV�UHODWHG�WR�

OHLVXUH� WLPH� GLIIHUV� VLJQLILFDQWO\� �S��� ����� DFURVV�%HOJLXP�)ODQGHUV� DQG�*HUPDQ\�

DQG�WKH�1HWKHUODQGV�DQG�DFURVV�*HUPDQ\�DQG�WKH�1HWKHUODQGV��)RU�WZR�YDULDEOHV��

WKH�PHDQ�VFRUHV�GR�QRW�GLIIHU�DFURVV�DOO�SDLUV�RI�FRXQWULHV��
VXFFHVV�DWWULEXWLRQ
�DQG�


SHUFHLYHG�VDIHW\�DW�VFKRRO
��,Q�*HUPDQ\��WKH�PHDQ�VFRUH�RQ�WKHVH�WZR�YDULDEOHV�LV�

VLJQLILFDQWO\�ORZHU�WKDQ�LQ�%HOJLXP�)ODQGHUV�DQG�WKH�1HWKHUODQGV��7KH�ODWWHU�WZR�GR�

QRW�GLIIHU�RQ�WKH�DYHUDJH�VFRUH�IRU�WKH�WZR�YDULDEOHV��

6RPH�VLJQLILFDQW�GLIIHUHQFHV�DUH�PRUH�UHOHYDQW�WKDQ�RWKHUV��$�VLJQLILFDQW�GLIIHUHQFH�

RI�����LQ�PHDQ�VFRUH�RQ�D�IRXU�SRLQW�VFDOH�RQ�YDULDEOH�6$B�D��SDLG�MREV��EHWZHHQ�

*HUPDQ\� DQG� WKH�1HWKHUODQGV� LV� OHVV� UHOHYDQW� �\HW� VWDWLVWLFDOO\� VLJQLILFDQW�� WKDQ� D�

GLIIHUHQFH�RI������%HOJLXP�)ODQGHUV�DQG�*HUPDQ\��RQ�D�IRXU�SRLQW�VFDOH�RI�YDULDEOH�

6$B�E��OHLVXUH�WLPH�DFWLYLWLHV���

7KH� PHDQ� VFRUHV� RI� VRPH� RI� WKH� LQGLFDWRUV� RI� IDFWRUV� DW� FODVVURRP� OHYHO� GLIIHU�

VLJQLILFDQWO\�DFURVV�DOO�HGXFDWLRQ�V\VWHPV��H�J���WLPH�RQ�WDVN�DQG�WHDFKHU
V�ZRUNORDG���

)RU� RWKHU� YDULDEOHV�� WKH� PHDQ� VFRUH� GLIIHUV� DFURVV� FRXQWULHV�� ,Q� 7DEOH� ���� WKH�

YDULRXV�SDWWHUQV�RI�SDLU�ZLVH� FRXQWU\�GLIIHUHQFHV� LQ�PHDQ� VFRUHV� DUH� LQGLFDWHG�E\�

QRWHV�� )RU� LQVWDQFH�� WKH� PHDQ� VFRUH� RQ� 
DPRXQW� RI� KRPHZRUN
� LV� LQ� %HOJLXP�

)ODQGHUV� VLJQLILFDQWO\� KLJKHU� WKDQ� LQ� WKH� 1HWKHUODQGV� DQG� *HUPDQ\�� ZKLOH� WKH�

1HWKHUODQGV� DQG� *HUPDQ\� GR� QRW� GLIIHU� RQ� WKLV� YDULDEOH�� $QRWKHU� H[DPSOH� LV�


SHUFHLYHG� OLPLWDWLRQV� LQ� WHDFKLQJ� PDWKHPDWLFV� GXH� WR� VWXGHQW� IHDWXUHV
�� ,Q� WKH��

�
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1HWKHUODQGV�� WHDFKHUV� SHUFHLYH� RQ� DYHUDJH� OHVV� OLPLWDWLRQV� WKDQ� LQ� WKH� RWKHU� WZR�

FRXQWULHV�� 7KH� PHDQ� VFRUH� RQ� WKLV� YDULDEOH� GRHV� QRW� GLIIHU� VLJQLILFDQWO\� DFURVV�

%HOJLXP�)ODQGHUV�DQG�*HUPDQ\�

�

&RUUHODWLRQDO�DQDO\VLV�

7KH�GDWD�H[SORUDWLRQV�RI�VWDJH�$�ZHUH�ILQDOL]HG�E\�FRQVLGHULQJ�WKH�3HDUVRQ�SURGXFW�

PRPHQW�FRUUHODWLRQ�FRHIILFLHQWV�FDOFXODWHG�EHWZHHQ�WKH�YDULDEOHV�OLVWHG�LQ�7DEOH������

7KH� ELYDULDWH� FRUUHODWLRQV� RI� DOO� YDULDEOHV� ZLWK� PDWKHPDWLFV� DFKLHYHPHQW� ZHUH�

DQDO\]HG�ILUVW�WR�JDLQ� LQVLJKW� LQ�WKH�SRWHQWLDO�VWUHQJWKV�RI�GLUHFW�UHODWLRQVKLSV��1H[W��

WKH�LQWHUFRUUHODWLRQV�EHWZHHQ�DOO�YDULDEOHV�ZKLFK�VKRZHG�D�VLJQLILFDQW�FRUUHODWLRQ�ZLWK�

PDWKHPDWLFV�DFKLHYHPHQW�LQ�DW�OHDVW�WZR�RXW�RI�WKH�WKUHH�HGXFDWLRQ�V\VWHPV��S��������

ZHUH� FDOFXODWHG�� 7KH� LQWHUFRUUHODWLRQ� FRHIILFLHQWV� ZHUH� VWXGLHG� WR� VHOHFW� SRWHQWLDO�

LQGLUHFW� UHODWLRQVKLSV�EHWZHHQ�YDULDEOHV� DQG�PDWKHPDWLFV� DFKLHYHPHQW�ZKLFK�FRXOG�

EH�LQVHUWHG�LQ�WKH�3/6SDWK�PRGHO��VHH�VWDJH�%���

�

7KH� ELYDULDWH� FRUUHODWLRQ� FRHIILFLHQWV� EHWZHHQ� WKH� LGHQWLILHG� LQGLFDWRUV� �YDULDEOHV��

DQG� WKH� GHSHQGHQW� YDULDEOH� 
PDWKHPDWLFV� DFKLHYHPHQW
� DUH� SUHVHQWHG� LQ� WKH� ILQDO�

IRXU�FROXPQV�RI�7DEOH������7KH�PDMRULW\�RI�WKHVH�FRHIILFLHQWV�DUH�ORZHU�WKDQ�����LQ�

WKH�VHSDUDWH�HGXFDWLRQ�V\VWHPV�DQG�LQ�WKH�SRROHG�GDWD�VHW��9DULDEOHV�ZLWK�D�UHODWLYHO\�

KLJK�FRUUHODWLRQ�ZLWK�PDWKHPDWLFV�DFKLHYHPHQW��U�!������LQ�WZR�RU�WKUHH�FRXQWULHV�

DUH� 
QXPEHU� RI� ERRNV� DW� KRPH�
� 
WHDFKHU
V� ZRUNORDG�
� 
FODVV� VL]H�
� 
PDWKHPDWLFV�

FRQWHQW�FRYHUDJH�
� 
OLPLWV�LQ�WHDFKLQJ�UHODWHG�WR�VWXGHQW�FKDUDFWHULVWLFV�
�DQG�
XVH�RI�

HYDOXDWLRQ�UHVXOWV�
�

$V� VWDWHG�� WKH� SUREOHP� RI� WRR� PDQ\� PLVVLQJ� YDOXHV� IRU� WKH� PRVW� DSSURSULDWH�

LQGLFDWRU�RI� 
VWXGHQW
V�KRPH�HGXFDWLRQDO�EDFNJURXQG
�DYDLODEOH� LQ� WKH�7,066�GDWD�

VHW�²�WKH�HGXFDWLRQDO�OHYHO�RI�WKH�SDUHQWV�²�ZDV�JLYHQ�LQ�E\�UHSODFLQJ�WKLV�LQGLFDWRU�

ZLWK�D�SUR[\�LQGLFDWRU�� 
QXPEHU�RI�ERRNV� LQ�WKH�VWXGHQW
V�KRPH�
�7KH�PHDQLQJ�RI�

WKLV�LQGLFDWRU�LV�QRW�HTXDO�WR�
HGXFDWLRQDO�OHYHO�RI�WKH�SDUHQWV�
�EXW�D�EHWWHU�RQH�ZDV�

QRW�DYDLODEOH�LQ�WKH�GDWD�VHW��,Q�7DEOH������LW�FDQ�EH�VHHQ�WKDW�WKH�LQGLFDWRU�
QXPEHU�

RI�ERRNV
� FRUUHODWHV� UHODWLYHO\�KLJKO\�ZLWK� 
PDWKHPDWLFV� DFKLHYHPHQW
� LQ�*HUPDQ\��

�U�  � ����� WKH�1HWKHUODQGV� �U�  � ������ EXW� WKH� FRUUHODWLRQ� FRHIILFLHQW� LV�PRGHVW� LQ�

%HOJLXP�)ODQGHUV��U� �������

,QWHUFRUUHODWLRQV�EHWZHHQ�DOO�VHOHFWHG�YDULDEOHV�DW�VWXGHQW�DQG�FODVVURRP�OHYHOV�ZLWK�

_U�!����_�ZHUH�SRVHG�DV�LQGLUHFW�OLQNV�LQ�WKH�LQLWLDO�SDWK�PRGHO�LQ�VWDJH�%��%RV���������

�
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���� 67$*(%��5(68/76 2) (;3/25$725< 3$7+ $1$/<6,6 �3/63$7+��

7ZR�XQLGLPHQVLRQDO�SDWK�PRGHOV�ZHUH�H[SORUHG�E\�PHDQV�RI�3/6SDWK��RQH�DW�WKH�

VWXGHQW�OHYHO�DQG�RQH�DW�WKH�DJJUHJDWHG�FODVVURRP�OHYHO��7KH�ILUVW�PRGHO�GHSLFWV�WKH�

LQWHUUHODWLRQVKLS� RI� VWXGHQWV
� PDWKHPDWLFV� DFKLHYHPHQW� RXWFRPHV� DQG� VWXGHQW�

YDULDEOHV�� WKH� EHWZHHQ�VWXGHQW� PRGHO�� ,Q� WKH� VHFRQG� PRGHO�� VRPH� FODVVURRP�

YDULDEOHV� ZHUH� DGGHG� WR� WKH� VWXGHQW� PRGHO� DW� WKH� DJJUHJDWHG� OHYHO�� EHWZHHQ�

FODVVURRP�PRGHO�� %RWK�PRGHOV� ZHUH� H[SORUHG� VHSDUDWHO\� IRU� WKH� WKUHH� HGXFDWLRQ�

V\VWHPV� DQG� WKH� SRROHG� GDWD� VHW�� 7KH� ILQDO� EHWZHHQ�FODVVURRP� PRGHOV� DUH�

SUHVHQWHG�� 7KH� LQWHULP� UHVXOWV� RI� 3/6SDWK� DQDO\VHV�� LQFOXGLQJ� WKH� UHVXOWV� RI� WKH�

H[SORUDWLRQ�RI�WKH�VWXGHQW�SDWK�PRGHO��FDQ�EH�IRXQG�LQ�%RV���������

,Q�)LJXUH������WKH�ILQDO�UHFXUVLYH��EHWZHHQ�FODVVURRP�PRGHO�LV�SUHVHQWHG��ZKLFK�ZDV�

WHVWHG�IRU�DOO�HGXFDWLRQ�V\VWHPV��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

)LJXUH�����

)LQDO�UHFXUVLYH�EHWZHHQ�FODVVURRP�SDWK�PRGHO��LQFOXGLQJ�DJJUHJDWHG�VWXGHQW�YDULDEOHV��

�

,Q�3/6SDWK�WKH�SURSRUWLRQ�RI�ODWHQW�YDULDEOHV�DQG�QXPEHU�RI�FDVHV�VKRXOG�EH�HTXDO�

WR� �� �� ��� �&DPSEHOO�� ������ 6HOOLQ�� ������� ,Q� WKH� 'XWFK� GDWD� VHW� RI� PDWKHPDWLFV�

WHDFKHUV� LQ�JUDGH���� WKH�QXPEHU�RI�FDVHV� LV� OLPLWHG� WR�����7KLV�PHDQV�WKDW� IRU����

FODVVURRPV�� ERWK� WHDFKHU� DQG� VWXGHQW� GDWD� ZHUH� DYDLODEOH�� )RU� WKH� RWKHU� WZR�

2XW�RI�VFKRRO
DFWLYLWLHV

+RPH HGXFDWLRQDO
EDFNJURXQG �ERRNV�

6WXGHQW
V JHQGHU

6WXGHQW
V DWWLWXGH
WRZDUGV PDWKHPDWLFV

3HUFHLYHG VDIHW\ DW
VFKRRO

0DWKHPDWLFV
DFKLHYHPHQW

3HUFHLYHG VWXGHQW
RULHQWHG WHDFKLQJ VW\OH

/LPLWDWLRQV LQ
WHDFKLQJ� VWXGHQW

IHDWXUHV

7LPH RQ WDVN

&RQWHQW
FRYHUDJH
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HGXFDWLRQ�V\VWHPV��WKH�QXPEHU�RI�FODVVURRPV�LQ�WKH�GDWD�VHWV�DUH�����*HUPDQ\��DQG�

�����%HOJLXP�)ODQGHUV���&RQVHTXHQWO\��WKH�QXPEHU�RI�ODWHQW�YDULDEOHV�WR�EH�LQVHUWHG�

LQ� WKH� EHWZHHQ�FODVVURRP� PRGHO� FRXOG� QRW� H[FHHG� QLQH�� 7KH� ILQDO� EHWZHHQ�

FODVVURRP�PRGHO�FRQWDLQV�VL[�VWXGHQW�YDULDEOHV��DJJUHJDWHG�DW�FODVVURRP�OHYHO��DQG�

WKUHH�FODVVURRP�YDULDEOHV��,Q�IDFW��WKH�DJJUHJDWHG�VWXGHQW�YDULDEOHV�FDQ�EH�UHJDUGHG�

DV�FODVVURRP�FKDUDFWHULVWLFV��7KH�DJJUHJDWHG�VFRUHV�ZHUH�SHU�FODVVURRP�DVVLJQHG�WR�

HDFK� VWXGHQW� RI� WKDW� FODVVURRP�� ,Q� WKH� EHWZHHQ�FODVVURRP� PRGHO�� PDWKHPDWLFV�

DFKLHYHPHQW�LV�WKH�DJJUHJDWHG�VFRUH�SHU�FODVVURRP�RQ�WKH�7,066�PDWKHPDWLFV�WHVW��

7KH� DUURZV� LQ� WKH�PRGHO� VKRZ� WKH� UHODWLRQVKLSV� DFURVV� IDFWRUV� �ODWHQW� YDULDEOHV��

/9V��WKDW�ZHUH�H[SORUHG��,W� LV�DVVXPHG�WKDW�VRPH�RI�WKH�VWXGHQW�LQSXW�IDFWRUV�DUH�

LQWHUUHODWHG��)RU�H[DPSOH��
KRPH�HGXFDWLRQDO�EDFNJURXQG
��LQGLFDWHG�E\�QXPEHU�RI�

ERRNV� LQ�WKH�KRPH�� LV�DVVXPHG�WR�EH�UHODWHG�WR�
RXW�RI�VFKRRO�DFWLYLWLHV�UHODWHG�WR�

OHLVXUH�WLPH
�DQG�
VWXGHQW
V�JHQGHU
��SHUFHQWDJH�RI�JLUOV�LQ�WKH�FODVVURRP��LV�DVVXPHG�

WR� EH� UHODWHG� WR� ERWK� 
RXW�RI�VFKRRO� DFWLYLWLHV
� DQG� 
VWXGHQW
V� DWWLWXGH� WRZDUGV�

PDWKHPDWLFV
�� 
6WXGHQW
V� JHQGHU
� LV� WKH�RQO\� IDFWRU�ZKLFK� LV�QRW�GLUHFWO\� UHODWHG� WR�

PDWKHPDWLFV�DFKLHYHPHQW��LQGLFDWHG�E\�WKH�YHU\�ORZ�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�

WKHVH�WZR�YDULDEOHV�IRXQG�LQ�DOO�GDWD�VHWV��

%LYDULDWH�FRUUHODWLRQV�EHWZHHQ�FODVVURRP�YDULDEOHV�DQG�PDWKHPDWLFV�DFKLHYHPHQW�RI�

DW�OHDVW�U ����DQG�FRPPRQ�VHQVH�UDWLRQDOHV��ZHUH�WKH�IRXQGDWLRQV�IRU�WKH�VHOHFWLRQ�

RI�WKUHH�WHDFKHU�YDULDEOHV���

��7LPH�RQ�WDVN��RSSRUWXQLWLHV�XVHG��RSHUDWLRQDOL]HG�DV�WKH�WRWDO�QXPEHU�RI�PLQXWHV�

PDWKHPDWLFV�VFKHGXOHG�SHU�ZHHN��

��&RYHUDJH� RI� WKH�PDWKHPDWLFV� WRSLFV� WHVWHG� LQ� WKH� 7,066� WHVW� WR� WKH� VWXGHQWV�

EHIRUH�WKH�GDWH�RI�WHVW�DGPLQLVWUDWLRQ��

��3HUFHLYHG� OLPLWV� LQ� WHDFKLQJ� PDWKHPDWLFV� UHODWHG� WR� VWXGHQW� FKDUDFWHULVWLFV� DV�

SHUFHLYHG�E\�WKH�WHDFKHU��

7KHVH�WKUHH�/9V�DUH�WKRXJKW�WR�EH�GLUHFWO\�OLQNHG�WR�PDWKHPDWLFV�DFKLHYHPHQW��,Q�

DGGLWLRQ��WKH�HIIHFW�RI�
WLPH�RQ�WDVN
�RQ�DFKLHYHPHQW�LV�DOVR�WKRXJKW�WR�EH�LQGLUHFW��

7KH�LQWHUPHGLDWH�YDULDEOHV�DUH�
VWXGHQW
V�DWWLWXGH�WRZDUGV�PDWKHPDWLFV
�DQG�
FRQWHQW�

FRYHUDJH�
�7KH�WRWDO�HIIHFW�RI�
SHUFHLYHG�OLPLWV�LQ�WHDFKLQJ�UHODWHG�WR�VWXGHQW�IHDWXUHV
�

LV� DVVXPHG� WR� EH� FRPSRVHG� RI� DQ� LQGLUHFW� HIIHFW� DV� ZHOO�� +HUH� WKH� LQWHUPHGLDWH�

YDULDEOH�LV�WKH�
SHUFHLYHG�VWXGHQW�RULHQWHG�WHDFKLQJ�VW\OH
��,I�WKH�WHDFKHU�H[SHULHQFHV�

OLPLWDWLRQV� LQ�KLV�RU�KHU� WHDFKLQJ� UHODWHG� WR� VWXGHQW�EHKDYLRU�� �V�KH�PLJKW�EH� OHVV�

OLNHO\�WR�VWUXFWXUH�OHVVRQV�IURP�D�VWXGHQW�RULHQWHG�SRLQW�RI�YLHZ��,Q�WKHVH�FDVHV��WKH�

WHDFKHU�FHQWHUHG�VW\OH�ZRXOG�EH�PRUH�DSSURSULDWH��DFFRUGLQJ�WR�PDQ\�WHDFKHUV��



��� &KDSWHU �

7KH�RXWHU�EHWZHHQ�FODVVURRP�PRGHO�

7KH� UHVXOWV� RI� WKH� RXWHU� EHWZHHQ�FODVVURRP� PRGHO� IRU� WKH� VHSDUDWH� GDWD� VHWV� DUH�

UHODWLYHO\�VWUDLJKWIRUZDUG��7KH� ORDGLQJV�RI� WKH� WZR�PDQLIHVW�YDULDEOHV� �09V��ZKLFK�

UHIOHFW� WKH� /9� 
VWXGHQW
V� DWWLWXGH� WRZDUGV� PDWKHPDWLFV
� �DJJUHJDWHG� DW� FODVVURRP�

OHYHO��DUH�LQ�HDFK�GDWD�VHW�DERYH������VHH�$SSHQGL[�%��DQG�WKXV�VXIILFLHQW��7KH�RWKHU�

/9�ZKLFK�ZDV�HVWLPDWHG�WKURXJK�PRUH�WKDQ�RQH�09�LV�
WLPH�RQ�WDVN�
�,Q�WZR�GDWD�

VHWV�� WKH� ORDGLQJ� RI� HLWKHU� RQH� RI� WKHVH� WZR� LV� WRR� ORZ�� ,Q�%HOJLXP�)ODQGHUV� WKH�

ORDGLQJ�RI� 
DPRXQW�RI�KRPHZRUN�SHU� WLPH
� LV� ����DQG� LQ�*HUPDQ\� WKH� ORDGLQJ�RI�


QXPEHU�RI�PDWKHPDWLFV�PLQXWHV� VFKHGXOHG�SHU�ZHHN
� LV� ������ ,Q� WKH�QH[W� VWHS�RI�

3/6SDWK�DQDO\VHV��WKHVH�RXWFRPHV�ZHUH�WDNHQ�LQWR�DFFRXQW��,Q�DOO�FRXQWULHV�H[FHSW�

*HUPDQ\��
QXPEHU�RI�PDWKHPDWLFV�PLQXWHV�VFKHGXOHG�SHU�ZHHN
�ZDV�VHOHFWHG�DV�WKH�

09�IRU�
WLPH�RQ�WDVN�
�,Q�*HUPDQ\��
DPRXQW�RI�KRPHZRUN
�ZDV�VHOHFWHG�DV�WKH�09�

IRU�
WLPH�RQ�WDVN
��7KH�RWKHU�/9V�ZHUH�HVWLPDWHG�E\�RQH�09��XQLW\���

7KH� ILQDO� RXWHU� EHWZHHQ�FODVVURRP� PRGHO� PHW� DOO� FULWHULD� VHW� LQ� DGYDQFH�� 7KH�

SHUFHQWDJH�RI�H[SODLQHG�YDULDQFH�RI�RQH�/9�E\�DOO�09V�LQFOXGHG�LQ�WKH�HVWLPDWLRQ�

RI�WKDW�/9��FRPPXQDOLW\��LV�KLJK�HQRXJK�LQ�HDFK�GDWD�VHW��7KH�UHGXQGDQF\�LV�ORZ�

HQRXJK� IRU� HDFK�09� LQ� HDFK� FRXQWU\��PHDQLQJ� WKDW�PXOWLFROOLQHDULW\� EHWZHHQ� DQ�

09�DQG�WKH�/9V�WR�ZKLFK�WKH�09�LV�LQGLUHFWO\�OLQNHG�LV�ORZ��7KH�WROHUDQFH�LQGH[�LV�

QRW�KLJKHU�WKDQ�����IRU�DQ\�RI�WKH�09V�LQFOXGHG��7KLV�PHDQV�WKDW�LQ�QRQH�RI�WKH�

EORFNV�RI�09V�PXOWLFROOLQHDULW\�H[LVWV��

�

7KH�LQQHU�EHWZHHQ�FODVVURRP�PRGHO�

7KH� ILQDO� LQQHU�PRGHO� UHVXOWV� IRU� WKH� WKUHH�HGXFDWLRQ�V\VWHPV�DQG�IRU� WKH�SRROHG�

GDWD�VHW�DUH�SUHVHQWHG�LQ�7DEOH�����DQG�LQ�7DEOH������,Q�$SSHQGL[�&��)LJXUH�����LV�

FRPSOHWHG�ZLWK�SDWK�FRHIILFLHQWV�VKRZQ�LQ�7DEOH�����IRU�WKH�WKUHH�V\VWHPV�DQG�WKH�

SRROHG�GDWD�VHW��

,Q�7DEOH������WKH�GLUHFW�DQG�WRWDO�HIIHFWV�RI�WKH�/9V�RQ�PDWKHPDWLFV�DFKLHYHPHQW�

DUH�JLYHQ��7KH�VWUHQJWK�RI�WKH�HIIHFWV�GLIIHUV�DFURVV�QDWLRQV�SHU�/9��)RU� LQVWDQFH��

WKH�HIIHFW�RI�DYHUDJH�VWXGHQW
V�DWWLWXGH�WRZDUGV�PDWKHPDWLFV�LV�QRQ�H[LVWHQW�LQ�WKH�

1HWKHUODQGV� �SDWK� FRHIILFLHQW�¢� LV� ORZHU� WKDQ� ������PRGHUDWH� LQ�*HUPDQ\� �ZLWK� D�

QHJDWLYH�GLUHFWLRQ��¢� ������ DQG� VRPHZKDW� ODUJHU� LQ�%HOJLXP�)ODQGHUV� �¢� �������

7KH�QHJDWLYH�GLUHFWLRQ�RI�WKH�HIIHFW�RI�
DWWLWXGH
�LQ�*HUPDQ\�LQGLFDWHV�WKDW�WKH�PRUH�

SRVLWLYH� VWXGHQWV
� DWWLWXGH�ZLWKLQ� RQH� FODVVURRP� LV�� WKH� ORZHU� WKH� DYHUDJH�7,066�

PDWKHPDWLFV� WHVW� VFRUH� RI� WKH� FODVVURRP�� 7KH� RSSRVLWH� GLUHFWLRQ� RI� WKLV� HIIHFW�

ZRXOG�KDYH�EHHQ�H[SHFWHG�LQ�DOO�FRXQWULHV��
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$QRWKHU�H[DPSOH�RI�GLIIHUHQW�HIIHFW�VL]HV�DFURVV�FRXQWULHV�FRQFHUQV�WKH�/9�
KRPH�

HGXFDWLRQDO�EDFNJURXQG�
�,Q�*HUPDQ\�DQG�WKH�1HWKHUODQGV��WKH�HIIHFW�RI�WKLV�/9�RQ�

PDWKHPDWLFV� DFKLHYHPHQW� LV� PXFK� ODUJHU� �WRWDO� HIIHFW� ¢� !����� WKDQ� LQ� %HOJLXP�

)ODQGHUV��WRWDO�HIIHFW�¢� ������7KLV�GLIIHUHQFH�PLJKW�EH�FDXVHG�E\�WKH�GLIIHUHQW�ZD\V�

WKH�TXHVWLRQ� LQ� WKH� VWXGHQW�TXHVWLRQQDLUH�ZDV� LQWHUSUHWHG�E\� VWXGHQWV� LQ�%HOJLXP�

)ODQGHUV�DV�RSSRVHG�WR�WKH�VWXGHQWV�LQ�WKH�RWKHU�WZR�FRXQWULHV��

�

7DEOH�����

'LUHFW� HIIHFWV� �SDWK� FRHIILFLHQW�¢�� DQG� WRWDO� HIIHFWV� RQ�PDWKHPDWLFV� DFKLHYHPHQW� LQ� ILQDO�EHWZHHQ�FODVVURRP�

SDWK�PRGHO�

� 'LUHFW�HIIHFWV�WRWDO��GLUHFW���LQGLUHFW��HIIHFWV�

� 3RROHG�GDWD�VHW� %HOJLXP�)ODQGHUV� *HUPDQ\� 1HWKHUODQGV�

/DWHQW�9DULDEOH� 'LUHFW� 7RWDO� 'LUHFW� 7RWDO� 'LUHFW� 7RWDO� 'LUHFW� 7RWDO�

�  3HUFHQWDJH RI JLUOV

LQ FODVVURRP ���� � ��� ���� ��� ���� Q�V� ���� ���

�  2XW�RI�VFKRRO

OHLVXUH WLPH DFWLYLWLHV � ��� � ��� � ��� ���� Q�V� Q�V� � ��� � ���

�  1XPEHU RI ERRNV DW

KRPH ��� ��� ��� ��� ��� ��� ��� ���

�  6WXGHQW
V DWWLWXGH

WRZDUGV PDWKHPDWLFV Q�V� Q�V� ��� ��� � ��� ���� Q�V� Q�V�

� 7LPH RQ WDVN�

RSSRUWXQLWLHV XVHG ��� ��� Q�V� ��� Q�V� Q�V� ��� ���

� &RQWHQW FRYHUDJH

PDWKHPDWLFV ��� ��� ��� ��� Q�V� Q�V� ��� ���

�  /HYHO RI VWXGHQW

RULHQWHG WHDFKLQJ VW\OH

DV SHUFHLYHG E\ WKH

VWXGHQWV � ��� � ��� � ��� ���� Q�V� Q�V� Q�V� Q�V�

�  6DIHW\ DW VFKRRO DV

SHUFHLYHG E\ VWXGHQWV ��� ��� ��� ��� ��� ��� ��� ���

� /LPLWDWLRQV LQ

WHDFKLQJ FODVV UHODWHG

WR VWXGHQW EHKDYLRU ��� ��� Q�V� Q�V� ��� ��� Q�V� Q�V�

3HUFHQW YDULDQFH H[SODLQHG

LQ PDWKHPDWLFV DFKLHYHPHQW
���� ���� ���� ����

$YHUDJH SHUFHQW H[SODLQHG

YDULDQFH E\ PRGHO
���� ���� ���� ����

1RWHV�   DJJUHJDWHG VWXGHQW YDULDEOH� Q�V� QRQ�VLJQLILFDQW SDWK FRHIILFLHQW �¢ �����

�



��� &KDSWHU �

7KH�ILQDO�WZR�URZV�RI�7DEOH�����FRQWDLQ�LQIRUPDWLRQ�UHJDUGLQJ�WKH�ILW�RI�WKH�PRGHOV�

WR�WKH�GDWD�VHWV��DIWHU�/LHW]��������VHH�������7KH�ILQDO�PRGHOV�H[SODLQ�EHWZHHQ�������

�*HUPDQ\�� DQG� ������ �WKH� 1HWKHUODQGV�� RI� WKH� YDULDQFH� LQ� PDWKHPDWLFV�

DFKLHYHPHQW� VFRUHV�� ,Q� WKH� ILQDO� URZ� RI� 7DEOH� ����� DQ� LQGLFDWLRQ� LV� JLYHQ� RI� WKH�

SUHGLFWLYH� SRZHU� �VWUHQJWK�� RI� WKH� LQQHU� DQG� RXWHU� UHODWLRQVKLSV� LQ� WKH� EHWZHHQ�

VWXGHQW�PRGHO�� WKH� DYHUDJH�PXOWLSOH�5��� 7KH� DYHUDJH�PXOWLSOH�5�� GRHV� QRW� GLIIHU�

PXFK�DFURVV�WKH�PRGHOV��DV�LW�YDULHV�EHWZHHQ������DQG�������7KHVH�RXWFRPHV�FDQ�EH�

LQWHUSUHWHG�DV�D�UDWKHU�PRGHUDWH�PRGHO�ILW�WR�WKH�GDWD��

7KH�GLUHFW�HIIHFWV�RI�DJJUHJDWHG�VWXGHQW�DQG�FODVVURRP�/9V�RQ�HQGRJHQRXV�IDFWRUV�

LQ�WKH�ILQDO�EHWZHHQ�FODVVURRP�SDWK�PRGHO�DUH�SUHVHQWHG�LQ�7DEOH������

�

7DEOH�����

'LUHFW�HIIHFWV�RI�VWXGHQW�/9V�RQ�HQGRJHQRXV�IDFWRUV�LQ�ILQDO�EHWZHHQ�FODVVURRP�SDWK�PRGHO�SHU�GDWD�VHW�

� (IIHFWV�RQ�HQGRJHQRXV�ODWHQW�YDULDEOH��

(IIHFWV RI ,QIOXHQFLQJ

/DWHQW 9DULDEOH

6WXGHQWV


DWWLWXGH

3HUFHLYHG

VDIHW\

2XW�RI�

VFKRRO

DFWLYLWLHV

([SHU�

LHQFHG OLPLWV

LQ WHDFKLQJ

&RQWHQW

FRYHUDJH

PDWKHPDWLFV

6WXGHQW

RULHQWHG

WHDFKLQJ

VW\OH

 3HUFHQWDJH RI JLUOV LQ

FODVVURRP

���� 3RRO

���� %IO

���� *HU

���� 1OG

��� 3RRO

��� %IO

��� *HU

��� 1OG

���� 3RRO

���� %IO

���� *HU

���� 1OG

Q�D� Q�D� Q�D�

 +RPH HGXFDWLRQDO

EDFNJURXQG Q�D� Q�D�

���� 3RRO

���� %IO

���� *HU

���� 1OG

��� 3RRO

��� %IO

��� *HU

��� 1OG

Q�D� Q�D�

7LPH RQ WDVN�

RSSRUWXQLWLHV XVHG ��� %IO Q�D� Q�D� Q�D�

���� 3RRO

���� 1OG

Q�D�

 /HYHO RI VWXGHQW

RULHQWHG WHDFKLQJ VW\OH

DV SHUFHLYHG E\ WKH

VWXGHQWV

��� 3RRO

��� *HU

��� 1OG

Q�D� Q�D� Q�D� Q�D� Q�D�

/LPLWDWLRQV LQ WHDFKLQJ

FODVV UHODWHG WR VWXGHQW

IHDWXUHV

Q�D� Q�D� Q�D� Q�D� Q�D�

���� 3RRO

���� %IO

���� *HU

��� 1OG

1RWHV�   DJJUHJDWHG VWXGHQW YDULDEOH� ¢ !��� DUH SUHVHQWHG RQO\� Q�D�  QRW DSSOLFDEOH�

SRRO  SRROHG GDWD VHW� %IO  %HOJLXP )ODQGHUV� *HU  *HUPDQ\� 1OG  WKH 1HWKHUODQGV



8QGHUVWDQGLQJ FURVV�QDWLRQDO GLIIHUHQFHV LQ PDWKHPDWLFV DFKLHYHPHQW ���

0DQ\�HIIHFWV�RI�/9V�RQ�HQGRJHQRXV�/9V�KDYH�D�¢� FRHIILFLHQW�RI�KLJKHU� WKDQ� ����

�WKH� ORZHU� ERXQG� DERYH�ZKLFK� WKH�SDWK� FRHIILFLHQW� LV� UHJDUGHG� DV�GLIIHUHQW� IURP�

]HUR��LQ�DOO�GDWD�VHWV��7KH�VWUHQJWK�RI�WKH�HIIHFWV�GLIIHUV�DFURVV�WKH�WKUHH�HGXFDWLRQ�

V\VWHPV��)RU�H[DPSOH��WKH�HIIHFW�RI�
SHUFHQWDJH�RI�JLUOV�LQ�WKH�FODVVURRP
�RQ�
RXW�RI�

VFKRRO� DFWLYLWLHV� UHODWHG� WR� OHLVXUH� WLPH
� LQ�*HUPDQ\� LV� JUHDWHU� �¢�  � ������ WKDQ� LQ�

%HOJLXP� )ODQGHUV� DQG� WKH�1HWKHUODQGV� �¢� LV� DURXQG� ������� 7KH� GLIIHUHQFH� LQ� WKH�

FRHIILFLHQW�RI�WKH�HIIHFW�RI�
SHUFHQWDJH�RI�JLUOV�LQ�WKH�FODVVURRP
�RQ�
VDIHW\�DW�VFKRRO�

DV� SHUFHLYHG� E\� WKH� VWXGHQWV
� EHWZHHQ� %HOJLXP� )ODQGHUV� RQ� WKH� RQH� VLGH� DQG�

*HUPDQ\�DQG�WKH�1HWKHUODQGV�RQ�WKH�RWKHU�VLGH��LV�JUHDW��WKH�GLIIHUHQFH�LV�DERXW������

,Q�7DEOH������LW�FDQ�DOVR�EH�VHHQ�WKDW�VRPH�DVVXPHG�HIIHFWV�H[LVW�LQ�RQO\�RQH�RU�WZR�

GDWD� VHWV��7KLV� LV� SDUWLFXODUO\� WUXH� IRU� WKH� HIIHFW�RI� WKH� FODVVURRP�YDULDEOH� 
WLPH�RQ�

WDVN�
�7KH�HIIHFW�RI�WKLV�/9�RQ� 
VWXGHQWV
�DWWLWXGH
� LV�GLIIHUHQW�IURP�]HUR�LQ�%HOJLXP�

)ODQGHUV��¢� ������EXW�GRHV�QRW�H[LVW�LQ�WKH�PRGHOV�RI�*HUPDQ\�DQG�WKH�1HWKHUODQGV��

7KH�HIIHFW�VL]H�RI�
KRPH�HGXFDWLRQDO�EDFNJURXQG
�RQ�
RXW�RI�VFKRRO�DFWLYLWLHV
�LQ�WKH�

1HWKHUODQGV� LV�VWURQJHU�WKDQ�LQ�WKH�RWKHU�WZR�V\VWHPV��7KLV�FRXOG�DOVR�EH�VHHQ�LQ�

WKH� ILQDO� LQQHU� EHWZHHQ�VWXGHQW� PRGHOV�� EHFDXVH� LQ� WKH� LQQHU� EHWZHHQ�FODVVURRP�

PRGHO� WKH� /9V� RQ� VWXGHQW� OHYHO� KDYH� EHHQ� DJJUHJDWHG�� 7KH� DJJUHJDWLRQ� RI� WKH�

VWXGHQW�VFRUHV�WR�FODVVURRP�VFRUHV�GRHV�QRW�FKDQJH�WKH�GLUHFWLRQ�DQG�GLIIHUHQFHV�LQ�

PDJQLWXGH�RI�WKH�HIIHFW�VL]HV�DFURVV�WKH�V\VWHPV��

6HOHFWHG�YDULDEOHV�IURP�3/6SDWK�UHVXOWV�

7KH�3/6SDWK�UHVXOWV�RI�HDFK�HGXFDWLRQ�V\VWHP�ZHUH�VWXGLHG�WR�VHOHFW�YDULDEOHV�IRU�

LQFOXVLRQ�LQ�WKH�PXOWLOHYHO�DQDO\VLV��7KH�ODWHQW�YDULDEOHV��/9V��ZKLFK�VKRZHG�D�GLUHFW�

HIIHFW� �L�H��� SDWK� FRHIILFLHQW� ¢� !_���_�� RQ� PDWKHPDWLFV� DFKLHYHPHQW� LQ� WKH� ILQDO�

EHWZHHQ�VWXGHQW�DQG�EHWZHHQ�FODVVURRP�PRGHO�� UHVSHFWLYHO\��ZHUH�VHOHFWHG��7KXV��

WKH�GLIIHUHQFHV�LQ�3/6SDWK�RXWFRPHV�DFURVV�WKH�WKUHH�V\VWHPV�UHJDUGLQJ�WKH�GLUHFW�

HIIHFWV�RQ�PDWKHPDWLFV� DFKLHYHPHQW� DUH� UHIOHFWHG� LQ� WKH�GLIIHUHQW� VHWV�RI� VHOHFWHG�

/9V�� ,Q�7DEOH� ���� �LQ� VHFWLRQ�����ZKLFK� VKRZV� UHVXOWV�RI�PXOWLOHYHO� DQDO\VLV���SHU�

HGXFDWLRQ�V\VWHP�WKH�QRQ�VHOHFWHG�/9V�DUH�LQGLFDWHG�E\�
D�
�

)RU�LQVWDQFH��3/6SDWK�UHVXOWV�VKRZHG�WKDW�
RXW�RI�VFKRRO�DFWLYLWLHV�UHODWHG�WR�OHLVXUH�

WLPH
�GLG�QRW�KDYH�DQ�HIIHFW�RQ�PDWKHPDWLFV�DFKLHYHPHQW�IRU�*HUPDQ\��EXW�LW�GLG�

KDYH� DQ� HIIHFW� IRU� %HOJLXP� )ODQGHUV� DQG� WKH� 1HWKHUODQGV�� &RQVHTXHQWO\�� LQ� WKH�

0/Q�DQDO\VLV�IRU�*HUPDQ\�WKLV�YDULDEOH�ZDV�QRW�LQVHUWHG��DOWKRXJK�LW�ZDV�LQVHUWHG�LQ�

WKH�DQDO\VLV�IRU�WKH�RWKHU�WZR�V\VWHPV��



��� &KDSWHU �

3RVVLEOH� LQWHUDFWLRQ� HIIHFWV� RI� OHYHO��� YDULDEOHV� RQ� OHYHO��� YDULDEOHV�ZHUH� VHOHFWHG�

IURP�WKH�3/6SDWK�UHVXOWV�DV�ZHOO��3DUWLFXODUO\��WKH�GLUHFW�HIIHFWV�RI�/9V�RQ�HQGRJHQRXV�

/9V�ZLWKLQ�WKH�EHWZHHQ�VWXGHQWV�PRGHO�DQG�ZLWKLQ�WKH�EHWZHHQ�FODVVURRP�PRGHO�

ZHUH� VHOHFWHG�� $Q� H[DPSOH� RI� D� SRVVLEOH� LQWHUDFWLRQ� HIIHFW� LV� WKH� HIIHFW� RI�


SHUFHQWDJH� RI� JLUOV� LQ� WKH� FODVVURRP
� �OHYHO��� YDULDEOH�� RQ� WKH� HIIHFW� RI� 
DWWLWXGH�

WRZDUGV� PDWKHPDWLFV
� RQ� PDWKHPDWLFV� DFKLHYHPHQW�� )URP� WKH� ILQDO� EHWZHHQ�

FODVVURRP�PRGHO��LW�ZDV�FRQFOXGHG�WKDW�LQ�DOO�FRXQWULHV�WKH�SHUFHQWDJH�RI�JLUOV�LQ�WKH�

FODVVURRP� KDV� D� QHJDWLYH� HIIHFW� RQ� WKH� DWWLWXGH� YDULDEOH�� ,Q� DGGLWLRQ�� LQ� WZR�

FRXQWULHV� �%HOJLXP�)ODQGHUV� DQG� WKH�1HWKHUODQGV�� 
DWWLWXGH
� WXUQHG�RXW� WR� KDYH� D�

GLUHFW�HIIHFW�RQ�PDWKHPDWLFV�DFKLHYHPHQW�LQ�WKH�EHWZHHQ�VWXGHQW�SDWK�PRGHO��%RV���

������� 7KHVH� WZR� UHVXOWV� IURP� 3/6SDWK� DQDO\VLV� DUH� WKH� UHDVRQ� WR� LQFOXGH� WKH�

SRVVLEOH� LQWHUDFWLRQ� HIIHFW� LQ� WKH� 0/Q� DQDO\VLV� RI� %HOJLXP� )ODQGHUV� DQG� WKH�

1HWKHUODQGV��

���� 67$*(&��5(68/76 2) 08/7,/(9(/ $1$/<6,6 �0/1��

,Q�VWDJH�&��WKH�PXOWLOHYHO�DQDO\VLV�ZDV�FDUULHG�RXW�SHU�HGXFDWLRQ�V\VWHP�DQG�RQ�WKH�

SRROHG� GDWD� VHW�� 7KH� DQDO\VLV� RQ� WKH� WKUHH� VHSDUDWH� FRXQWU\� GDWD� VHWV� DGGUHVVHV�

UHVHDUFK� TXHVWLRQ� ,D�� DQG� WKH� DQDO\VLV� RQ� WKH� SRROHG� GDWD� VHW� DGGUHVVHV� UHVHDUFK�

TXHVWLRQ� ,E��7KHVH�TXHVWLRQV�DVNV� IRU� WKH� LGHQWLILFDWLRQ�RI� VWXGHQW�DQG�FODVVURRP�

IDFWRUV�PHDVXUHG�LQ�7,066��ZKLFK�DUH�DVVRFLDWHG�ZLWK�PDWKHPDWLFV�DFKLHYHPHQW�LQ�

HDFK�RI�WKH�WKUHH�FRXQWULHV��VHH�������

,Q� WKH� DQDO\VLV� SHU� HGXFDWLRQ� V\VWHP�� IDFWRUV� ZHUH� LQFOXGHG� ZKLFK� ZHUH� VHOHFWHG�

IURP� WKH� 3/6SDWK� UHVXOWV�� )RU� HDFK� V\VWHP�� GLIIHUHQW� IDFWRUV� UHVXOWHG� IURP� WKH�

XQLGLPHQVLRQDO� SDWK� DQDO\VLV�� $V� D� FRQVHTXHQFH�� WKH� PXOWLOHYHO� DQDO\VHV� VKRZ�

GLIIHUHQW� UHVXOWV� SHU� HGXFDWLRQ� V\VWHP� DV�ZHOO��7KH� UHVXOWV� RI� WKH� DQDO\VHV� RQ� WKH�

ZHLJKWHG��VWDQGDUGL]HG�GDWD�DUH�SUHVHQWHG��)URP�WKH�SHUVSHFWLYH�RI�UHVHDUFK�TXHVWLRQ�

,D�� WKHVH� UHVXOWV� DUH�PRVW� UHOHYDQW��7KH�FRHIILFLHQWV�RI� WKH�SUHGLFWRUV� IURP�WKH���

OHYHO�PRGHO�SHU� V\VWHP�EDVHG�RQ�WKH�ZHLJKWHG�� VWDQGDUGL]HG�GDWD�FDQ�EH�FRPSDUHG�

ZLWKLQ�D�V\VWHP�EXW�QRW�DFURVV�V\VWHPV��+R[���������

,Q�D�VXEVHTXHQW�VWHS��D�KLHUDUFKLFDO�OLQHDU�PRGHO�ZDV�HVWLPDWHG�IRU�WKH�SRROHG�GDWD�

VHW�� 7KH� YDULDEOHV� LQFOXGHG� LQ� WKLV� DQDO\VLV� DUH� WKH� RQHV� ZKLFK� VKRZ� ELYDULDWH�

FRUUHODWLRQV�ZLWK�PDWKHPDWLFV�DFKLHYHPHQW�KLJKHU�WKDQ�����LQ�DW�OHDVW�WZR�RXW�RI�WKH�

WKUHH�FRXQWULHV��+HQFH��WKH�OLVW�RI�YDULDEOHV�ERWK�DW�VWXGHQW�DQG�FODVVURRP�OHYHO�LV�

ORQJHU�WKDQ�WKH�OLVW�RI�VHOHFWHG�YDULDEOHV�DIWHU�WKH�3/6SDWK�UHVXOWV��



8QGHUVWDQGLQJ FURVV�QDWLRQDO GLIIHUHQFHV LQ PDWKHPDWLFV DFKLHYHPHQW ���

7KH�UHVXOWV�RI�WKH�SRROHG�PRGHO�DUH�SUHVHQWHG�LQ�WKH�ILQDO�SDUW�RI�WKLV�VHFWLRQ�DQG�

LQGLFDWH�ZKHWKHU�VWXGHQW�DQG�FODVVURRP�YDULDEOHV�KDYH�HIIHFWV�ZLWKLQ�DQG�DFURVV�WKH�

WKUHH�V\VWHPV��

�

+LHUDUFKLFDO�OLQHDU�PRGHO�SHU�HGXFDWLRQ�V\VWHP�

7DEOH� ���� SUHVHQWV�� IRU� HDFK� V\VWHP�� WKH� LQWHUFHSWV� DQG� WKH� £�FRHIILFLHQWV� RI� WKH�

SUHGLFWRUV�LQVHUWHG�LQ�OHYHO���DQG�OHYHO����

�

7DEOH�����

)LQDO� HVWLPDWLRQ� RI� IL[HG� HIIHFWV� LQ� ��OHYHO� PRGHO� RQ� PDWKHPDWLFV� DFKLHYHPHQW� SHU� HGXFDWLRQ� V\VWHP��

ZHLJKWHG��VWDQGDUGL]HG�GDWD��£�FRHIILFLHQW�

� &RHIILFLHQW�SHU�V\VWHP�

/HYHO� )L[HG�HIIHFW� %IO� *HU� 1OG�

�� 6WXGHQW ,QWHUFHSW ��� Q�V� ��� Q�V� ��� Q�V�

6WXGHQW
V JHQGHU D D D

2XW�RI�VFKRRO DFWLYLWLHV UHODWHG WR

OHLVXUH WLPH Q�V� D ����

+RPH HGXFDWLRQDO EDFNJURXQG ��� ��� ���

$WWLWXGH WRZDUGV PDWKHPDWLFV ��� D ���

6WXGHQW RULHQWHG WHDFKLQJ VW\OH DV

SHUFHLYHG E\ WKH VWXGHQW ���� Q�V� D

/HYHO RI VDIHW\ LQ WKH VFKRRO DV

SHUFHLYHG E\ WKH VWXGHQW ��� Q�V� Q�V�

�� &ODVVURRP  3HUFHQWDJH RI JLUOV LQ FODVVURRP D D D

 2XW�RI�VFKRRO DFWLYLWLHV UHODWHG WR

OHLVXUH WLPH ���� D ����

 +RPH HGXFDWLRQDO EDFNJURXQG ��� ��� ���

 $WWLWXGH WRZDUGV PDWKHPDWLFV ��� ���� D

7LPH RQ WDVN D D ���

&RQWHQW FRYHUDJH PDWKHPDWLFV ��� D ���

 6WXGHQW RULHQWHG WHDFKLQJ VW\OH DV

SHUFHLYHG E\ WKH VWXGHQW ���� D D

 /HYHO RI VDIHW\ LQ WKH VFKRRO DV

SHUFHLYHG E\ WKH VWXGHQW ��� ��� ���

/LPLWV LQ WHDFKLQJ UHODWHG WR VWXGHQW

IHDWXUHV D ��� D

1RWHV�  DJJUHJDWHG VWXGHQW YDULDEOHV DW FODVVURRP OHYHO�

D QRW LQFOXGHG LQ WKH PRGHO GXH WR 3/63DWK UHVXOWV RI WKH HGXFDWLRQ V\VWHP�

£�FRHIILFLHQWV VLJQLILFDQW �S����� WZR WDLOHG WHVWHG�� Q�V� HIIHFW QRW VLJQLILFDQW LQ ILQDO PRGHO

�



��� &KDSWHU �

,Q�%HOJLXP�)ODQGHUV��IRXU�RXW�RI�WKH�ILYH�VHOHFWHG�VWXGHQW�OHYHO�YDULDEOHV�KDYH�D�IL[HG�

HIIHFW�RQ�PDWKHPDWLFV�DFKLHYHPHQW��KRPH�HGXFDWLRQDO�EDFNJURXQG��DWWLWXGH�WRZDUGV�

PDWKHPDWLFV��VWXGHQW�RULHQWHG�WHDFKLQJ�VW\OH�DV�SHUFHLYHG�E\�WKH�VWXGHQWV��DQG�VDIHW\�

DW�VFKRRO��$W�WKH�FODVVURRP�OHYHO��WKH�PRGHO�RI�%HOJLXP�)ODQGHUV�VKRZV�VL[�YDULDEOHV�

�RXW�RI�VL[��ZLWK�D�VLJQLILFDQW�HIIHFW��H�J���RXW�RI�VFKRRO�DFWLYLWLHV��DWWLWXGH��DQG�FRQWHQW�

FRYHUDJH���

,Q�*HUPDQ\��RQO\�RQH�RXW�RI� WKUHH�VWXGHQW�OHYHO�YDULDEOHV�KDV�D�VLJQLILFDQW�HIIHFW��

KRPH� HGXFDWLRQDO� EDFNJURXQG�� $W� FODVVURRP� OHYHO�� IRXU� YDULDEOHV� ZHUH� VHOHFWHG�

IURP�WKH�3/6SDWK�UHVXOWV�DQG�DOO�RI�WKHP�WXUQHG�RXW�WR�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�

PDWKHPDWLFV�DFKLHYHPHQW��

,Q� WKH�1HWKHUODQGV�� WKUHH� RXW� RI� WKH� IRXU� VHOHFWHG� VWXGHQW�OHYHO� YDULDEOHV� KDYH� D�

VLJQLILFDQW� HIIHFW�� RXW�RI�VFKRRO� DFWLYLWLHV�� KRPH� HGXFDWLRQDO� EDFNJURXQG� DQG�

DWWLWXGH� WRZDUGV� PDWKHPDWLFV�� 7KH� ILYH� VHOHFWHG� FODVVURRP� YDULDEOHV� KDYH� D�

VLJQLILFDQW� HIIHFW�� ([DPSOHV� RI� WKHVH� HIIHFWLYH� YDULDEOHV� DUH� DYHUDJH� KRPH�

HGXFDWLRQDO�EDFNJURXQG�RI� WKH�FODVVURRP�DQG� WKH� OHYHO�RI� VDIHW\� LQ� WKH�VFKRRO�DV�

SHUFHLYHG�E\�DOO�VWXGHQWV�ZLWKLQ�WKH�FODVVURRP��

$V�IRU�WKH�SRVVLEOH�LQWHUDFWLRQ�HIIHFWV�ZKLFK�ZHUH�LQVHUWHG�LQ�WKH�PXOWLOHYHO�DQDO\VLV��

QRQH�RI�WKHVH�ZHUH�PHDQLQJIXO��7KHUHIRUH�LQWHUDFWLRQ�HIIHFWV�DUH�UHJDUGHG�DV�QRQ�

H[LVWHQW�LQ�WKH�KLHUDUFKLFDO�PRGHOV�RI�WKH�WKUHH�FRXQWULHV��

�

([SODLQHG�SURSRUWLRQ�RI�YDULDQFH�E\�WKH�WZR�OHYHO�PRGHO�SHU�HGXFDWLRQ�V\VWHP�

7KH� ILUVW� FROXPQV� RI� 7DEOH� ���� VKRZ� WKH� SURSRUWLRQ� RI� YDULDQFH� WKDW� FDQ� EH�

H[SODLQHG�IURP�WKH�IXOO\�XQFRQGLWLRQDO�PRGHOV�DW�ERWK�VWXGHQW�DQG�FODVVURRP�OHYHO���

7KH� H[SODLQHG� YDULDQFH� DW� VWXGHQW� OHYHO� LV� ODEHOHG� DV� 
WRWDO
� H[SODLQHG� YDULDQFH�

EHFDXVH� VWXGHQWV� DUH�QHVWHG� LQ� FODVVURRPV��7KH�YDULDQFH� DW� WKH�FODVVURRP� OHYHO� LV�

QRW� RQO\� UHODWHG� WR� YDULDQFHV� LQ� FODVVURRP� YDULDEOHV�� 6WXGHQWV� ZLWKLQ� WKH� VDPH�

FODVVURRP�DUH�PRUH�VLPLODU�WR�RQH�DQRWKHU�WKDQ�WKH\�DUH�WR�VWXGHQWV�IURP�GLIIHUHQW�

FODVVURRPV�� 7KXV�� VWXGHQW� EDFNJURXQG� YDULDEOHV� VXFK� DV� 
KRPH� HGXFDWLRQDO�

EDFNJURXQG
� DQG� 
SHUFHLYHG� VDIHW\� LQ� VFKRRO
� DUH� DOVR� WR� EH� VHHQ� DV� FODVVURRP�

YDULDEOHV�� 7KH� HIIHFWV� RI� YDULDEOHV� ORFDWHG� DW� WKH� VWXGHQW� OHYHO� RQ� PDWKHPDWLFV�

DFKLHYHPHQW�DUH�FRPELQHG�VWXGHQW�DQG�FODVVURRP�HIIHFWV��

)XUWKHUPRUH��7DEOH� ���� VKRZV��SHU� HGXFDWLRQ� V\VWHP�� WKH�SURSRUWLRQ�RI� YDULDQFH�

WKDW�ZDV�H[SODLQHG�DIWHU�DOO�RI�WKH�VHOHFWHG�VWXGHQW�YDULDEOHV�ZHUH�DGGHG��WKH�UHVXOWLQJ�

PRGHO�LV�FDOOHG�WKH�XQFRQGLWLRQDO�OHYHO���PRGHO���&ROXPQV�VL[�DQG�VHYHQ�VKRZ�WKH��

�



8QGHUVWDQGLQJ FURVV�QDWLRQDO GLIIHUHQFHV LQ PDWKHPDWLFV DFKLHYHPHQW ���

DGGHG�SURSRUWLRQ�RI�YDULDQFH�WKDW�ZDV�H[SODLQHG�DIWHU�DGGLQJ�WKH�OHYHO���YDULDEOHV�WR�

WKH�XQFRQGLWLRQDO�OHYHO���PRGHOV��)LQDOO\��WKH�SURSRUWLRQ�RI�H[SODLQHG�YDULDQFH�WKDW�

ZDV�H[SODLQHG�E\�WKH�ILQDO�OHYHO���PRGHO�LV�SUHVHQWHG��

7KH�GLIIHUHQFH� LQ�GHYLDQFH�RI� WKH�VXFFHVVLYH�PRGHOV� LV�VLJQLILFDQW��S�������IRU�DOO�

HGXFDWLRQ� V\VWHPV�� ,Q� DOO� WKUHH� V\VWHPV�� LQ� WKH� ILQDO� PRGHO� WKH� SURSRUWLRQ� RI�

H[SODLQHG� YDULDQFH� EHWZHHQ� FODVVURRPV� LV� H[WHQVLYH��7KH�SHUFHQWDJH�RI� H[SODLQHG�

YDULDQFH�E\�YDULDEOHV�DW�FODVVURRP�OHYHO�YDULHV�IURP������%HOJLXP�)ODQGHUV��WR�����

�WKH�1HWKHUODQGV���

�

7DEOH�����

3URSRUWLRQ� RI� YDULDQFH� LQ� PDWKHPDWLFV� DFKLHYHPHQW� H[SODLQHG� DW� VWXGHQW� DQG� FODVVURRP� OHYHO� LQ� IXOO\�

XQFRQGLWLRQDO���OHYHO�PRGHO�DQG�ILQDO�OHYHO���PRGHO�SHU�HGXFDWLRQ�V\VWHP�

3523257,21 2) 9$5,$1&(

7R EH H[SODLQHG

IURP IXOO\

XQFRQGLWLRQDO

PRGHO

([SODLQHG E\

DGGLQJ OHYHO��

YDULDEOHV

([SODLQHG E\

DGGLQJ OHYHO��

YDULDEOHV

([SODLQHG E\

ILQDO OHYHO��

PRGHO

(GXFDWLRQ

V\VWHP

EHWZHHQ

VWXGHQWV

EHWZHHQ

FODVV�

URRPV 
WRWDO


EHWZHHQ

FODVV�

URRPV 
WRWDO


EHWZHHQ

FODVV�

URRPV 
WRWDO


EHWZHHQ

FODVV�

URRPV

%HOJLXP

)ODQGHUV ��� ��� ��� ��� ��� ��� ��� ���

'LIIHUHQFH

LQ GHYLDQFH

�����

�GI  ��

�����

�GI  ��

�����

�GI  ��� ��

*HUPDQ\ ��� ��� �� ��� ��� ��� ��� ���

'LIIHUHQFH

LQ GHYLDQFH

����

�GI  ��

�����

�GI  ��

�����

�GI  �� ��

7KH

1HWKHUODQGV ��� ��� �� �� ��� ��� ��� ���

'LIIHUHQFH

LQ GHYLDQFH

����

�GI  ��

�����

�GI  ��
�����

�GI  �� ��

1RWHV� DOO GLIIHUHQFHV LQ GHYLDQFH VLJQLILFDQW �S � ������ GI  GHJUHHV RI IUHHGRP
�� GLIIHUHQFH LQ GHYLDQFH EHWZHHQ IXOO\ XQFRQGLWLRQDO DQG ILQDO OHYHO�� PRGHO�

�

,Q�)LJXUH������WKH�WRWDO�YDULDQFH�RI�VWXGHQWV
�VFRUHV�RQ�WKH�7,066�PDWKHPDWLFV�WHVW�

LQ�HDFK�HGXFDWLRQ�V\VWHP�LV�GHFRPSRVHG�LQWR�DQ�H[SODLQHG�DQG�XQH[SODLQHG�SDUW�DW�

ERWK�VWXGHQW�DQG�FODVVURRP�OHYHO�LQ�WKH�ILQDO�PRGHO��
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H[SODLQHG DW OHYHO�� �E\ OHYHO�� YDULDEOHV�

H[SODLQHG DW OHYHO�� �E\ OHYHO�� YDULDEOHV�

H[SODLQHG DW OHYHO�� �E\ OHYHO��YDULDEOHV�

XQH[SODLQHG DW OHYHO��

XQH[SODLQHG DW OHYHO��

%HOJLXP )ODQGHUV *HUPDQ\ 7KH 1HWKHUODQGV

�
�

)LJXUH�����

3URSRUWLRQ�RI�YDULDQFH�LQ�VWXGHQWV
�PDWKHPDWLFV�DFKLHYHPHQW�VFRUHV�H[SODLQHG�UHVSHFWLYHO\�

XQH[SODLQHG� DW� VWXGHQW� �OHYHO���� DQG� FODVVURRP� OHYHO� �OHYHO���� LQ� ILQDO� OHYHO��� PRGHOV��

%HOJLXP�)ODQGHUV��*HUPDQ\�DQG�WKH�1HWKHUODQGV�

�

7KH�IXOO\�XQFRQGLWLRQDO�PRGHO��HPSW\�PRGHO��SURYLGHV�SDUWLWLRQ�RI�WKH�YDULDELOLW\�LQ�

WKH�GDWD�EHWZHHQ�VWXGHQW��DQG�FODVVURRP�OHYHO��)RU�H[DPSOH��WKH�HPSW\�PRGHO�IRU�

%HOJLXP�)ODQGHUV�VKRZHG�WKDW�����RI�WKH�YDULDQFH�LQ�VWXGHQW�DF KLHYHPHQW�VFRUHV�LV�

ORFDWHG�DW�VWXGHQW�OHYHO�DQG�����DW�FODVVURRP�OHYHO��7KH�SURSRUWLRQ�RI�YDULDQFH�DW�

FODVVURRP�OHYHO�WKDW�ZDV�H[SODLQHG�LQ�WKH�ILQDO�PRGHO�IRU�%HOJLXP�)ODQGHUV�LV������

7KXV�����������[�����RI�WKH�YDULDQFH�DW�FODVVURRP�OHYHO�ZDV�H[SODLQHG� E\�OHYHO���

YDULDEOHV� DQG� WKH� UHPDLQLQJ� SDUW� RI� ���� ZDV� SDUWO\� H[SODLQHG� E\� VWXGHQW� OHYHO�

YDULDEOHV�DQG�WKH�UHVW�ZDV�XQH[SODLQHG�E\�WKH�PRGHO��7KH�RWKHU�SHUFHQWDJHV�WKDW�DUH�

VKRZQ�LQ�)LJXUH�����IRU�%HOJLXP�)ODQGHUV�DQG�WKH�RWKHU�FRXQWULHV�ZHUH�FDOFXODWHG�

LQ�WKH�VDPH�ZD\���

,W�FDQ�EH�VHHQ�WKDW�WKH�SURSRUWLRQ�RI�H[SODLQHG�UHVSHFWLYHO\�XQH[SODLQHG�YDULDQFHV�DW�

VWXGHQW�DQG�FODVVURRP�OHYHO�GLIIHU�VOLJKWO\�DFURVV�WKH�WKUHH�FRXQWULHV��,Q�WKH�PRGHO�

IRU�WKH�1HWKHUODQGV��OHYHO ���YDULDEOHV�WLH�D�UHODWLYHO\�JUHDWHU�DPRXQ W�RI�WKH�YDULDQFH�

LQ�DFKLHYHPHQW�VFRUHV�������WKDQ�LQ�WKH�PRGHO�IRU�WKH�RWKHU�WZR�FRXQWULHV�������LQ�

*HUPDQ\�DQG�����LQ�%HOJLXP�)ODQGHUV���$W�VWXGHQW�OHYHO��WKH�WRWDO�SURSRUWLRQ�RI�

H[SODLQHG�YDULDQFH�LV�DOPRVW�WKH�VDPH�LQ�WKH�WKUHH�FRXQWULHV�����������UHVS HFWLYHO\�

������
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+LHUDUFKLFDO�OLQHDU�PRGHO�HVWLPDWHG�RQ�SRROHG�GDWD�VHW�

7KH� SRROHG� GDWD� VHW� LQFOXGHV� DOO� WKUHH� FRXQWULHV� DQG�ZDV�ZHLJKWHG� E\� WKH� VHQDWH�

ZHLJKW��VHH������LQ�RUGHU�WR�HTXDOL]H�WKH�FRQWULEXWLRQ�RI�VWXGHQWV�IURP�HDFK�FRXQWU\�

LQ�WKH�GDWD�VHW��7DEOH�����VKRZV�WKH�UHVXOWV�RI�WKH�HVWLPDWLRQ�RI�KLHUDUFKLFDO�OLQHDU�

PRGHOV�RQ�WKH�SRROHG�GDWD�VHW��)LUVW��D�PRGHO�ZDV�HVWLPDWHG�ZLWKRXW�LGHQWLILFDWLRQ�

RI�VWXGHQWV�E\�WKHLU�FRXQWU\��PRGHO�����7KHUHDIWHU��PRGHOV���DQG���ZHUH�HVWLPDWHG�

LQ�ZKLFK�VWXGHQWV�ZHUH� LGHQWLILHG�E\�WKHLU�FRXQWU\�E\�PHDQV�RI�D�GXPP\�YDULDEOH�

�H�J��� WKH�VWXGHQWV�IURP�*HUPDQ\�ZHUH�DVVLJQHG�FRGH� 
�
�RQ�WKHLU�GXPP\�YDULDEOH�

DQG�DOO�RI�WKH�RWKHUV�VWXGHQWV�ZHUH�DVVLJQHG�FRGH�
�
�RQ�WKH�VDPH�GXPP\�YDULDEOH���

7KH� UHVXOWV� RI� WKH� ILQDO� PRGHOV� �� DQG� �� ZHUH� FRPSDUHG� WR� ILQG� YDULDEOHV� WKDW�

SRVVLEO\� FRXOG� H[SODLQ� GLIIHUHQFHV� LQ� PDWKHPDWLFV� DFKLHYHPHQW� DFURVV� WKH� WKUHH�

HGXFDWLRQ�V\VWHPV��

�

0RGHO���FRQWDLQV�QRQH�RI�WKH�VWXGHQW�DQG�FODVVURRP�YDULDEOHV�DQG�LV�FDOOHG�WKH�IXOO\�

XQFRQGLWLRQDO�PRGHO��,Q�PRGHO����WKH�ILQDO�VHW�RI�VWXGHQW�DQG�FODVVURRP�YDULDEOHV�

DUH� LQFOXGHG� WKDW�KDYH�D�VLJQLILFDQW�HIIHFW� MXVW�DIWHU� WKH\�ZHUH� LQFOXGHG�ZLWKLQ� WKH�

VWHS�XS�PHWKRG�RQ�ZKLFK�WKH�PRGHO�ZDV�EXLOW��6RPH�RI�WKH�YDULDEOHV� LQ�WKH�ILQDO�

PRGHO� WXUQHG�RXW� WR� EH� QRQ�VLJQLILFDQW� �S������ DIWHU� DGGLQJ�RQH�RU�PRUH�RI� WKH�

RWKHU� YDULDEOHV�� ,Q�7DEOH� ����� WKH� FRHIILFLHQWV�RI� WKHVH�QRQ�HIIHFWLYH�YDULDEOHV� DUH�

LQGLFDWHG�E\�
Q�V�
�EHWZHHQ�EUDFNHWV��9DULDEOHV�WKDW�KDYH�QR�VLJQLILFDQW�HIIHFW�MXVW�DIWHU�

WKHLU�LQFOXVLRQ�WR�WKH�PRGHO�DUH�LQGLFDWHG�E\�
Q�V�
�ZLWKRXW�EUDFNHWV��

7KH� VWXGHQW�YDULDEOH�ZLWK� WKH�JUHDWHVW� HIIHFW� LQ�SRROHG�PRGHO��� �ZLWKRXW�GXPP\�

YDULDEOHV�IRU�FRXQWULHV��LV�
DWWLWXGH�WRZDUGV�PDWKHPDWLFV
��£�FRHIILFLHQW� �������2WKHU�

VWXGHQW�YDULDEOHV�ZLWK�DQ�HIIHFW�RQ�PDWKHPDWLFV�DFKLHYHPHQW�DUH�
VWXGHQW
V�JHQGHU�
�


KRPH�HGXFDWLRQDO�EDFNJURXQG�
�
IULHQGV
�DFDGHPLF�H[SHFWDWLRQ�
�
SHUFHLYHG�VDIHW\�LQ�

VFKRRO�
� 
ZRUNLQJ� KDUG� GRLQJ� KRPHZRUN�
� DQG� 
VWXGHQW� RULHQWHG� WHDFKLQJ� VW\OH� DV�

SHUFHLYHG� E\� WKH� VWXGHQW�
� 7KUHH� VWXGHQW� IDFWRUV� KDG� QR� VLJQLILFDQW� HIIHFW� RQ�

PDWKHPDWLFV� DFKLHYHPHQW� RI� VWXGHQWV� LQ� WKH� SRROHG� GDWD� VHW�� 
RXW�RI�VFKRRO�

DFWLYLWLHV�UHODWHG�WR�OHLVXUH�WLPH�
�
PDWHUQDO�DFDGHPLF�H[SHFWDWLRQ�
�DQG�
FODVV�FOLPDWH�
��

$W� WKH� FODVVURRP� OHYHO�� WKH� YDULDEOHV� ZLWK� UHODWLYHO\� VWURQJ� HIIHFWV� �£�FRHIILFLHQW��

!� _���_�� DUH� WKUHH� DJJUHJDWHG� VWXGHQW� YDULDEOHV�� 
KRPH� HGXFDWLRQDO� EDFNJURXQG�
�


RXW�RI�VFKRRO�DFWLYLWLHV�UHODWHG�WR�OHLVXUH�WLPH�
�DQG�
SHUFHLYHG�VDIHW\�LQ�VFKRRO�
�7KH�

LQIOXHQFH� RI� WKH� FRPSRVLWLRQ� RI� WKH� FODVVURRP� ZLWK� UHVSHFW� WR� VWXGHQW� VRFLDO�

EDFNJURXQG�YDULDEOHV��
KRPH�HGXFDWLRQDO�EDFNJURXQG
�DQG�
RXW�RI�VFKRRO�DFWLYLWLHV
��

RQ�PDWKHPDWLFV�DFKLHYHPHQW�VHHPV�PRUH� LPSRUWDQW� WKDQ�WKH�VFRUHV�RI� LQGLYLGXDO�

VWXGHQWV� RQ� WKHVH� YDULDEOHV��*HQXLQH� FODVVURRP� YDULDEOHV�ZLWK� D� UHODWLYHO\� VWURQJ�

HIIHFW�DUH�
WLPH�RQ�WDVN�
�
WHDFKHU
V�ZRUNORDG�
�DQG�
FRQWHQW�FRYHUDJH�PDWKHPDWLFV�
�
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7DEOH�����

)LQDO�HVWLPDWLRQ�RI�IL[HG�HIIHFWV�LQ���OHYHO�PRGHOV�RQ�PDWKHPDWLFV�DFKLHYHPHQW�LQ�SRROHG�GDWD�VHW��ZHLJKWHG��

VWDQGDUGL]HG�GDWD��γ��FRHIILFLHQW�

� 0RGHO��

/HYHO� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��D�

,QWHUFHSW

%HOJLXP )ODQGHUV

*HUPDQ\

���� ���� ����

���

����

����

���

����

���

�� 6WXGHQW

6WXGHQW
V JHQGHU ��� ��� ���

+RPH HGXFDWLRQDO EDFNJURXQG ��� ��� ���

2XW�RI�VFKRRO DFWLYLWLHV UHODWHG WR

OHLVXUH WLPH ���� �Q�V�� ���� �Q�V�� ���� �Q�V��

0DWHUQDO DFDGHPLF H[SHFWDWLRQ Q�V� Q�V�

)ULHQGV
 DFDGHPLF H[SHFWDWLRQ ���� ���� ����

3HUFHLYHG VDIHW\ LQ VFKRRO ��� ��� ���

&ODVV FOLPDWH Q�V� Q�V�

$WWLWXGH WRZDUGV PDWKHPDWLFV ��� ��� ���

:RUNLQJ KDUG GRLQJ KRPHZRUN ��� ��� ���

6WXGHQW RULHQWHG WHDFKLQJ VW\OH DV

SHUFHLYHG E\ WKH VWXGHQW ���� ���� ����

�� &ODVVURRP

&ODVV VL]H Q�V� ��� ��� �Q�V��

 3HUFHQWDJH RI JLUOV LQ FODVVURRP ���� �Q�V�� ���� �Q�V��

 +RPH HGXFDWLRQDO EDFNJURXQG ��� ��� ���

 2XW�RI�VFKRRO DFWLYLWLHV UHODWHG WR

OHLVXUH WLPH ���� ���� ����

 3HUFHLYHG VDIHW\ LQ VFKRRO ��� ��� ���

 &ODVV FOLPDWH ��� Q�V�

 $WWLWXGH WRZDUGV PDWKHPDWLFV ���� Q�V�

 6WXGHQW RULHQWHG WHDFKLQJ VW\OH DV

SHUFHLYHG E\ WKH VWXGHQW ���� Q�V�

7HDFKHU
V JHQGHU Q�V� Q�V�

/LPLWV LQ WHDFKLQJ UHODWHG WR VWXGHQW

IHDWXUHV ��� ��� ���

7LPH RQ WDVN ��� Q�V�

7HDFKHU
V ZRUNORDG ��� ��� ���

&RQWHQW FRYHUDJH PDWKHPDWLFV ��� ��� ���

+RPHZRUN IUHTXHQF\ Q�V� Q�V�

$PRXQW RI KRPHZRUN ��� Q�V�

.LQG RI WHVWV Q�V� Q�V�

8VH RI DVVHVVPHQW UHVXOWV Q�V� Q�V�

1RWHV�  DJJUHJDWHG VWXGHQW YDULDEOHV DW FODVVURRP OHYHO�

γ�FRHIILFLHQWV VLJQLILFDQW �S � ���� WZR WDLOHG WHVWHG�� Q�V�  IL[HG HIIHFW QRW VLJQLILFDQW
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0RGHO���LV�WKH�HPSW\�PRGHO�LQ�ZKLFK�WZR�GXPP\�YDULDEOHV�ZHUH�LQFOXGHG�IRU�WKH�

HGXFDWLRQ� V\VWHPV� 
%HOJLXP�)ODQGHUV
� DQG� 
*HUPDQ\�
�7KH� ILQDO�PRGHO�ZLWK� WKHVH�

GXPP\�YDULDEOHV�LV�PRGHO����0RGHO���ZDV�HVWLPDWHG�ZLWK�WKH�VDPH�OLVW�RI�YDULDEOHV�

XVHG� IRU� WKH� HVWLPDWLRQ� RI�PRGHO� �� LQ�ZKLFK� GXPP\� YDULDEOHV� IRU� WKH� FRXQWULHV�

ZHUH�QRW�LQFOXGHG���

,Q�ILQDO�PRGHO����WKH�OLVW�RI�VWXGHQW�DQG�FODVVURRP�YDULDEOHV�ZLWK�D�VLJQLILFDQW�HIIHFW�

�S������LV�HVVHQWLDOO\�WKH�VDPH�DV�WKH�RQH�RI�ILQDO�PRGHO����,Q�ERWK�PRGHOV�WKH�VDPH�

VWXGHQW� YDULDEOHV� WXUQHG� RXW� WR� KDYH� DQ� HIIHFW� RQ� PDWKHPDWLFV� DFKLHYHPHQW� ZLWK�

LGHQWLFDO�FRHIILFLHQWV��+HQFH��LQ�HYHU\�FRXQWU\��HDFK�RI�WKH�HIIHFWLYH�VWXGHQW�YDULDEOHV�

FRQWULEXWHV�WR�WKH�H[SODQDWLRQ�RI�YDULDQFH�LQ�VWXGHQW�DFKLHYHPHQW�VFRUHV��7KH�HIIHFW�

RI�VRPH�RI�WKH�FODVVURRP�YDULDEOHV�DUH�GLIIHUHQW�DFURVV�PRGHO���DQG�PRGHO����,Q�PRGHO�

��� 
FODVV� VL]H
� LV� D� UHODWLYHO\� VWURQJ� IDFWRU� ������� DQG� LQ�PRGHO� �� WKLV� IDFWRU�KDV�QR�

VLJQLILFDQW� HIIHFW�� 7KLV� GLIIHUHQFH� LQGLFDWHV� WKDW� WKH� HIIHFW� RI� FODVV� VL]H� RQ�

DFKLHYHPHQW� H[LVWV� ZLWKLQ� HDFK� RI� WKH� FRXQWULHV�� 7R� LQWHUSUHW� WKLV� UHVXOW� WKH�

IUHTXHQF\�WDEOH�PXVW�EH�FRQVXOWHG��VHH�7DEOH��������7KH�PHDQ�FODVV�VL]H�LQ�%HOJLXP�

)ODQGHUV�LV�VLJQLILFDQWO\�ORZHU�WKDQ�LQ�*HUPDQ\�DQG�WKH�1HWKHUODQGV��7KH�WZR�ODWWHU�

KDYH�HTXDO�PHDQ�FODVV�VL]HV� LQ�JUDGH����,Q�7DEOH������ LW�FDQ�DOVR�EHHQ�VHHQ�WKDW�WKH�

ELYDULDWH� 3HDUVRQ� FRUUHODWLRQ� FRHIILFLHQW� EHWZHHQ� FODVV� VL]H� DQG� PDWKHPDWLFV�

DFKLHYHPHQW� LV� UDWKHU�KLJK� LQ� DOO� FRXQWULHV�� ,W� LV� DOVR�NQRZQ� WKDW�%HOJLXP�)ODQGHUV�

RXWSHUIRUPHG�WKH�RWKHU�WZR�FRXQWULHV�RQ�WKH�7,066�PDWKHPDWLFV�DFKLHYHPHQW�WHVW�

�VHH�7DEOH�������&RQVLGHULQJ�WKH�HIIHFW�RI�FODVV�VL]H�DQG�WKH�IUHTXHQF\�DQG�FRUUHODWLRQ�

UHVXOWV�RI�WKH�WKUHH�FRXQWULHV��LW�FDQ�EH�DVVXPHG�WKDW�FODVV�VL]H�LQIOXHQFHV�PDWKHPDWLFV�

DFKLHYHPHQW� DQG� WKDW� VPDOOHU� FODVVHV� �%HOJLXP� )ODQGHUV�� PLJKW� EH� HQKDQFLQJ�

DFKLHYHPHQW�PRUH�WKDQ�ODUJHU�FODVVHV��$V�VWDWHG�LQ�D�SUHYLRXV�VHFWLRQ��D�WKLUG�YDULDEOH�

PLJKW�LQIOXHQFH�WKH�UHODWLRQVKLS�EHWZHHQ�FODVV�VL]H�DQG�VWXGHQW�DFKLHYHPHQW��

7KH�HVWLPDWHG�PRGHOV�VKRZ�PRUH�YDULDEOHV�WKDW�DUH�LPSRUWDQW�WR�FRQVLGHU�ZLWKLQ�DQG�

DFURVV�FRXQWULHV��6L[�RWKHU�FODVVURRP�OHYHO�YDULDEOHV�WKDQ�FODVV�VL]H�VKRZ�DQ�HIIHFW�LQ�

PRGHO� ��� EXW� WKH\� VKRZ� QR� HIIHFW� LQ� PRGHO� ��� 
FODVV� FOLPDWH
� �DJJUHJDWHG� VWXGHQW�

YDULDEOH��� 
DWWLWXGH� WRZDUGV� PDWKHPDWLFV
� �DJJUHJDWHG� VWXGHQW� YDULDEOH��� 
VWXGHQW�

RULHQWHG� WHDFKLQJ� VW\OH� DV� SHUFHLYHG� E\� WKH� VWXGHQW
� �DJJUHJDWHG� VWXGHQW� YDULDEOH���


WLPH� RQ� WDVN�
� DQG� 
DPRXQW� RI� KRPHZRUN�
�:LWK� UHVSHFW� WR� WKH� LQIOXHQFH� RI� WKHVH�

YDULDEOHV�RQ�PDWKHPDWLFV�DFKLHYHPHQW��WKH�FRXQWU\�LQ�ZKLFK�WKH�VWXGHQWV�OLYH�VHHPV�

XQLPSRUWDQW�� )RU� H[DPSOH�� WKH� UHVXOWV� RI�PRGHO� �� VKRZ� WKDW�ZLWKLQ� FRXQWULHV�� WKH�

DYHUDJH� VFRUH� SHU� FODVVURRP� RQ� 
FODVV� FOLPDWH� DV� SHUFHLYHG� E\� DOO� VWXGHQWV
� KDV� QR�

HIIHFW�RQ�PDWKHPDWLFV�DFKLHYHPHQW��
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7KH�FODVVURRP�YDULDEOHV�
WLPH�RQ�WDVN
�DQG�
DPRXQW�RI�KRPHZRUN
�KDYH�DQ�HIIHFW�LQ�

WKH�SRROHG�GDWD�VHW�ZLWKRXW�WKH�LGHQWLILFDWLRQ�RI�WKH�FRXQWULHV��7KH�HIIHFW�GLVDSSHDUV�

LQ�PRGHO����+RZHYHU��WKH�PHDQ�
PLQXWHV�RI�LQVWUXFWLRQDO�PDWKHPDWLFV�WLPH
�GLIIHUV�

JUHDWO\�DFURVV�WKH�WKUHH�V\VWHPV��VHH�7DEOH�������7KH�PHDQ�VFRUH�LV�WKH�ORZHVW�LQ�WKH�

1HWKHUODQGV� ����� PLQXWHV��� DQG� WKH� KLJKHVW� LQ� %HOJLXP� )ODQGHUV� ����� PLQXWHV���

$OVR�� LQ�%HOJLXP�)ODQGHUV�DQG� WKH�1HWKHUODQGV�� WKH�ELYDULDWH�FRUUHODWLRQ�EHWZHHQ�


WLPH�RQ�WDVN
�DQG�
PDWKHPDWLFV�DFKLHYHPHQW
�LV�VLJQLILFDQWO\�GLIIHUHQW�IURP�
�
�DQG�

SRVLWLYH�� DQG� %HOJLXP� )ODQGHUV� RXWSHUIRUPHG� WKH� 1HWKHUODQGV� RQ� WKH� 7,066�

PDWKHPDWLFV� WHVW�� :KDW� FRXOG� WKHVH� UHVXOWV� PHDQ� IRU� WKH� HQKDQFHPHQW� RI�

PDWKHPDWLFV�DFKLHYHPHQW�LQ�WKH�FRXQWULHV"�,W�PLJKW�EH�DVVXPHG�WKDW�DQ�LQFUHDVH�LQ�

WKH�QXPEHU�RI�PLQXWHV�RI�PDWKHPDWLFV�SHU�ZHHN�HIIHFWV�VWXGHQW
V�DFKLHYHPHQW� LQ�

PDWKHPDWLFV�SRVLWLYHO\��

)RU�VRPH�RWKHU�FODVVURRP�YDULDEOHV�DQ�HIIHFW�LV�VKRZQ�LQ�ERWK�PRGHO���DQG�PRGHO�

���7KLV�LQGLFDWHV�WKDW�WKH�YDULDEOHV�VHHP�HIIHFWLYH�ZLWKLQ�VHSDUDWH�FRXQWULHV��7KHVH�

YDULDEOHV� DUH� 
KRPH� HGXFDWLRQDO� EDFNJURXQG�
� 
RXW�RI�VFKRRO� DFWLYLWLHV� UHODWHG� WR�

OHLVXUH�WLPH�
� 
SHUFHLYHG�VDIHW\�LQ�VFKRRO�
� 
OLPLWDWLRQV�LQ�WHDFKLQJ�UHODWHG�WR�VWXGHQW�

IHDWXUHV�
�
WHDFKHU
V�ZRUNORDG�
�DQG�
FRQWHQW�FRYHUDJH�PDWKHPDWLFV�
��

)LYH�RXW�RI�WKHVH�VL[�YDULDEOHV�VKRZ�DQ�
LQFUHDVLQJ
�HIIHFW�IURP�PRGHO���WR�PRGHO����

YDU\LQJ� IURP� ���� WR� ����� LQGLFDWLQJ� WKDW�ZLWKLQ� WKH� WKUHH�FRXQWULHV� WKHVH�YDULDEOHV�

PLJKW�EH�HYHQ�PRUH�HIIHFWLYH�WKDQ�DFURVV�WKH�FRXQWULHV��)RU�H[DPSOH��
OLPLWDWLRQV�LQ�

WHDFKLQJ�UHODWHG�WR�VWXGHQW�IHDWXUHV
�VKRZ�DQ�HIIHFW�RI�����LQ�PRGHO���DQG�RI�����LQ�

PRGHO� ��� %RWK� ZLWKLQ� DQG� DFURVV� FRXQWULHV�� WKLV� YDULDEOH� VKRZV� DQ� HIIHFW� RQ�

PDWKHPDWLFV�DFKLHYHPHQW���

2QH�RWKHU�YDULDEOH�VKRZV�D�GHFUHDVH�LQ�FRHIILFLHQW�IURP�PRGHO���������WR�PRGHO���

������� 
WHDFKHU
V� ZRUNORDG�
� 7KH� GHFUHDVH� LQGLFDWHV� WKDW� LQ� HDFK� FRXQWU\�� WKH�

SHUFHQWDJH� RI� PDWKHPDWLFV� OHVVRQV� D� WHDFKHU� LV� DVVLJQHG� UHODWHV� SRVLWLYHO\� WR�

VWXGHQWV
� DFKLHYHPHQW� OHYHO� LQ�PDWKHPDWLFV�� 7KH� LQWHUSUHWDWLRQ� RI� WKLV� UHVXOW� FDQ�

GLIIHU� DFURVV� WKH� WKUHH� V\VWHPV� LI� WKH� IUHTXHQF\� WDEOH� LQ� 7DEOH� ���� LV� WDNHQ� LQWR�

DFFRXQW�� 7DEOH� ���� VKRZV� GLIIHUHQW� PHDQV� IRU� WKH� 1HWKHUODQGV� �������� %HOJLXP�

)ODQGHUV� �������� DQG� *HUPDQ\� �������� ,Q� DOO� FRXQWULHV�� LQFUHDVLQJ� WKH� WHDFKHU
V�

PDWKHPDWLFV� ZRUNORDG� UHODWHV� SRVLWLYHO\� WR� VWXGHQW� DFKLHYHPHQW�� 7KH� VHSDUDWH�

FRXQWULHV�FDQ�GHFLGH�WR�VWLPXODWH�WHDFKHUV�WR�VSHQG�WKHLU�WLPH�LQ�VFKRRO�PDLQO\�WR��

�
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PDWKHPDWLFV��SDUWLFXODUO\�LQ�*HUPDQ\��,Q�WKH�1HWKHUODQGV�DQG�%HOJLXP�)ODQGHUV�WKH�

PHDQ�
WHDFKHU
V�ORDG
�LV�UDWKHU�KLJK��)RU�WKHVH�WZR�V\VWHPV��WKLV�VWDWLVWLF�PLJKW�EH�D�

UHDVRQ�QRW�WR�VWLPXODWH�WKH�WHDFKHU
V�ORDG�ZLWK�UHJDUG�WR�PDWKHPDWLFV��

7KH�FRPSDULVRQ�EHWZHHQ�ILQDO�PRGHO���DQG�ILQDO�PRGHO���� LQ�UHODWLRQ�WR�PRGHO����

FDQ�EH�PDGH�LQ�D�PRUH�DFFXUDWH�ZD\�LI�PRGHO���LV�HVWLPDWHG�ZLWK�RQO\�WKH�YDULDEOHV�

WKDW� WXUQHG� RXW� WR� KDYH� D� VLJQLILFDQW� HIIHFW� LQ� PRGHO� ��� 7KH� UHVXOWLQJ� PRGHO� LV�

ODEHOHG�
PRGHO��D
��VHH�ILQDO�FROXPQ�RI�7DEOH�������

:LWK�UHVSHFW�WR�WKH�VWXGHQW�YDULDEOHV��WKH�UHVXOWV�RI�PRGHO��D�DQG�PRGHO���DUH�WKH�

VDPH�� 7KH� GLIIHUHQFHV� LQ� HIIHFW� VL]H� RI� WKH� VHYHQ� YDULDEOHV� LQVHUWHG� DW� FODVVURRP�

OHYHO�EHWZHHQ�PRGHO��D�DQG�PRGHO���GLIIHU�VOLJKWO\�IURP�WKH�GLIIHUHQFHV�GHVFULEHG�

EHWZHHQ�PRGHO���DQG�PRGHO����EXW�RQO\�LQ�VWUHQJWK�QRW�LQ�GLUHFWLRQ��

�

3URSRUWLRQ�RI�YDULDQFH�H[SODLQHG�E\�WKH�WZR�OHYHO�PRGHO����PRGHO��D��DQG�PRGHO���

7DEOH�����VKRZV�IRU�PRGHO����PRGHO��D��DQG�IRU�PRGHO����UHVSHFWLYHO\��WKH�SURSRUWLRQ�

RI�YDULDQFH�WKDW�ZDV�H[SODLQHG�DW�WKH�VWXGHQW�DQG�FODVVURRP�OHYHOV��7KH�SHUFHQWDJH�RI�

YDULDQFH�WKDW�FRXOG�EH�H[SODLQHG�DW�WKH�WZR�OHYHOV�LV�SUHVHQWHG�ILUVW��7KHUHDIWHU��WKH�

SHUFHQWDJH� RI� YDULDQFH� H[SODLQHG� DIWHU� WKH� GXPP\� YDULDEOHV� ZHUH� LQFOXGHG� LV�

SUHVHQWHG��RQO\�DSSOLFDEOH�IRU�PRGHO�����1H[W��WKH�SHUFHQWDJH�RI�YDULDQFH�H[SODLQHG�

DIWHU�DOO�RI�WKH�VHOHFWHG�VWXGHQW�YDULDEOHV�ZHUH�DGGHG�LV�VKRZQ��WKH�UHVXOWLQJ�PRGHO�LV�

FDOOHG� WKH� XQFRQGLWLRQDO� OHYHO��� PRGHO��� &ROXPQV� HLJKW� DQG� QLQH� VKRZ� WKH�

SURSRUWLRQ�RI�YDULDQFH�DW�WKH�VWXGHQW�DQG�FODVVURRP�OHYHOV�WKDW�ZDV�H[SODLQHG�DIWHU�

DGGLQJ� WKH� OHYHO��� YDULDEOHV� WR� WKH� XQFRQGLWLRQDO� OHYHO��� PRGHO�� )LQDOO\�� WKH�

SURSRUWLRQ� RI� YDULDQFH� DW� WKH� WZR� OHYHOV� WKDW� ZDV� H[SODLQHG� E\� WKH� ILQDO� OHYHO���

PRGHO�LV�SUHVHQWHG��

7KH� YDULDQFH� DW� WKH� FODVVURRP� OHYHO� LV� QRW�RQO\� UHODWHG� WR� YDULDQFHV� LQ� FODVVURRP�

YDULDEOHV��6WXGHQWV�ZLWKLQ�WKH�VDPH�FODVVURRP�DUH�PRUH�VLPLODU�WR�RQH�DQRWKHU�WKDQ�

WKH\�DUH�WR�VWXGHQWV�IURP�GLIIHUHQW�FODVVURRPV��7KXV��VWXGHQW�EDFNJURXQG�YDULDEOHV�

VXFK�DV�
KRPH�HGXFDWLRQDO�EDFNJURXQG
�DQG�
SHUFHLYHG�VDIHW\�LQ�VFKRRO
�DUH�DOVR�WR�

EH�VHHQ�DV�FODVVURRP�YDULDEOHV��7KH�HIIHFWV�RI�YDULDEOHV�ORFDWHG�DW�WKH�VWXGHQW�OHYHO�

RQ� PDWKHPDWLFV� DFKLHYHPHQW� DUH� FRPELQHG� VWXGHQW� DQG� FODVVURRP� HIIHFWV��

7KHUHIRUH��WKH�ODEHO�
WRWDO
�LV�LQVHUWHG�IRU�WKH�YDULDQFH�H[SODLQHG�E\�OHYHO����VWXGHQW��

YDULDEOHV���
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7DEOH�����

3URSRUWLRQ�RI�YDULDQFH� LQ�VWXGHQWV
�PDWKHPDWLFV�DFKLHYHPHQW�VFRUHV�H[SODLQHG�DW�VWXGHQW�DQG�FODVVURRP�OHYHO� LQ� IXOO\�XQFRQGLWLRQDO���OHYHO�PRGHO�DQG�ILQDO�

OHYHO���PRGHO�RI�PRGHO���DQG�PRGHO��D��ZLWKRXW�GXPP\�YDULDEOHV�IRU�FRXQWULHV��DQG�PRGHO����ZLWK�GXPP\�YDULDEOHV�IRU�FRXQWULHV���SRROHG�GDWD�VHW�

3523257,21 2) 9$5,$1&(�

7R EH H[SODLQHG IURP

IXOO\ XQFRQGLWLRQDO

PRGHO �

([SODLQHG E\ DGGLQJ

GXPP\ YDULDEOHV

IRU FRXQWULHV ��

([SODLQHG E\ DGGLQJ

OHYHO�� YDULDEOHV

([SODLQHG E\ DGGLQJ

OHYHO�� YDULDEOHV

([SODLQHG E\ ILQDO

OHYHO�� PRGHO

Pooled data set 
EHWZHHQ

VWXGHQWV

EHWZHHQ

FODVVURRPV 
WRWDO


EHWZHHQ

FODVVURRPV 
WRWDO


EHWZHHQ

FODVVURRPV 
WRWDO


%HWZHHQ

FODVVURRPV 
WRWDO


%HWZHHQ

FODVVURRPV

0RGHO �

�ZLWKRXW GXPP\

YDULDEOHV� ��� ��� Q�D� Q�D� �� �� ��� ��� ��� ���

'LIIHUHQFH LQ

GHYLDQFH Q�D� ����� �GI �� ����� �GI ��� ����� �GI ��� ��

0RGHO �D

�ZLWKRXW GXPP\

YDULDEOHV� ��� ��� Q�D� Q�D� �� �� ��� ��� ��� ���

'LIIHUHQFH LQ

GHYLDQFH Q�D� ����� �GI �� ����� �GI �� ����� �GI ��� ��

0RGHO �

�ZLWK GXPP\

YDULDEOHV� ��� ��� ��� ��� �� ��� ��� ��� ��� ���

'LIIHUHQFH LQ

GHYLDQFH ���� �GI �� ����� �GI �� ����� �GI �� ����� �GI ��� ��

1RWHV� DOO GLIIHUHQFHV LQ GHYLDQFH VLJQLILFDQW �S � ������ GI  GHJUHHV RI IUHHGRP
�� Q�D�  QRW DSSOLFDEOH� �� GLIIHUHQFH LQ GHYLDQFH EHWZHHQ IXOO\ XQFRQGLWLRQDO PRGHO � DQG ILQDO OHYHO�� PRGHO�

�
�
�

&
K
DS

WHU
� 
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0RGHO� ���PRGHO� �D�� DQG�PRGHO� ��ZHUH� LPSURYHG�E\� DGGLQJ� OHYHO��� YDULDEOHV� DQG�

ZHUH�LPSURYHG�DJDLQ�E\�DGGLQJ�OHYHO���YDULDEOHV��7KHVH�LPSURYHPHQWV�DUH�LQGLFDWHG�

SHU�PRGHO�E\�WKH�VLJQLILFDQW�GLIIHUHQFHV�LQ�GHYLDQFHV��S�������VKRZQ�IRU�PRGHO����

PRGHO��D��DQG�PRGHO���LQ�7DEOH������

�

7KH� WRWDO�SHUFHQWDJH�RI�YDULDQFH�H[SODLQHG�E\� WKH� ILQDO�PRGHO���DW� WKH�FODVVURRP�

OHYHO�LV�����DQG�DW�WKH�VWXGHQW�OHYHO�LW�LV������7KH�LQFOXVLRQ�RI�VWXGHQW�YDULDEOHV�LQ�

WKH�PRGHO� H[SODLQV� RQO\� ��� RI� WKH� YDULDQFH� DW� WKH� VWXGHQW� OHYHO� DQG� ��� DW� WKH�

FODVVURRP� OHYHO�� %\� DGGLQJ� WKH� DJJUHJDWHG� VWXGHQW�FODVVURRP� YDULDEOHV� DQG� WKH�

JHQXLQH� FODVVURRP�YDULDEOHV�� WKH�SHUFHQWDJH�RI� H[SODLQHG�YDULDQFH� LV� LQFUHDVHG�E\�

����DW�VWXGHQW�OHYHO�DQG�����DW�WKH�FODVVURRP�OHYHO��,Q�)LJXUH������WKH�SURSRUWLRQV�

RI�YDULDQFHV�DW�WKH�WZR�OHYHOV�WKDW�FRXOG�EH�H[SODLQHG�E\�WKH�ILQDO�PRGHO�DUH�VKRZQ�

�VHH�EHORZ���2EYLRXVO\��WKH�FODVVURRP�YDULDEOHV�DQG�WKH�DJJUHJDWHG�VWXGHQW�YDULDEOHV�

FRQWULEXWH� D� JUHDW� GHDO� WR� WKH� SURSRUWLRQ� RI� H[SODLQHG� YDULDQFH� LQ� PDWKHPDWLFV�

DFKLHYHPHQW� LQ� WKH�SRROHG�GDWD�VHW��7KH�SURSRUWLRQV�RI�YDULDQFH�H[SODLQHG�DW� WKH�

GLIIHUHQW� OHYHOV� E\�PRGHO� �D� �ZLWK� RQO\� WKH� YDULDEOHV� ZKLFK� VKRZHG� D� VLJQLILFDQW�

HIIHFW�LQ�PRGHO����DUH�D�OLWWOH�VPDOOHU�WKDQ�LQ�PRGHO����

7DEOH�����DOVR�SUHVHQWV�WKH�SURSRUWLRQ�RI�YDULDQFHV�IRU�PRGHO����WKDW�LQFOXGHV�WKH�

GXPP\�YDULDEOHV� IRU� WKH�FRXQWULHV��7KH�WRWDO�SHUFHQWDJH�RI�YDULDQFH�H[SODLQHG�E\�

WKH�ILQDO�PRGHO���LV�����DW�WKH�FODVVURRP�OHYHO�DQG�DW�WKH�VWXGHQW�OHYHO�LW� LV������

7KH�LQFUHDVH�LQ�SURSRUWLRQ�RI�H[SODLQHG�YDULDQFH�IURP�ILQDO�PRGHO��D�WR�ILQDO�PRGHO�

�� LQGLFDWHV� WKDW� FRXQWU\� VSHFLILF� IDFWRUV� PLJKW� SOD\� D� UROH� LQ� UHODWLRQ� WR� FURVV�

QDWLRQDO�GLIIHUHQFHV� LQ�VWXGHQW�DFKLHYHPHQW��7KH� LGHQWLILFDWLRQ�RI� WKH�FRXQWU\� WKH�

VWXGHQWV�OLYH�LQ�WLH�YDULDQFH�LQ�DFKLHYHPHQW�VFRUHV�EHWZHHQ�FODVVURRPV��

7KH�IXOO\�XQFRQGLWLRQDO�PRGHO��PRGHO����SURYLGHV�SDUWLWLRQ�RI�WKH�YDULDELOLW\�LQ�WKH�

GDWD� EHWZHHQ� VWXGHQW�OHYHO� ������ DQG� FODVVURRP�OHYHO� ������� ,Q� )LJXUH� ����� WKH�

WRWDO�YDULDQFH�RI�VWXGHQWV
�VFRUHV�RQ�WKH�7,066�PDWKHPDWLFV�WHVW�LQ�PRGHO��D�DQG�

PRGHO� �� LV� GHFRPSRVHG� LQWR� DQ� H[SODLQHG� DQG� XQH[SODLQHG� SDUW� DW� ERWK� VWXGHQW�

�OHYHO����DQG�FODVVURRP�OHYHO� �OHYHO�����)RU�H[DPSOH�� WKH�SURSRUWLRQ�RI�YDULDQFH�DW�

FODVVURRP�OHYHO�WKDW�ZDV�H[SODLQHG�LQ�WKH�ILQDO�PRGHO��D�ZLWKRXW�GXPP\�YDULDEOHV�

IRU�WKH�FRXQWULHV�LV������7KXV�����������[������RI�WKH�YDULDQFH�DW�FODVVURRP�OHYHO�

ZDV�H[SODLQHG�E\�OHYHO���YDULDEOHV�7KH�UHPDLQLQJ�SDUW�RI���������²�����ZDV�SDUWO\�

H[SODLQHG�E\�OHYHO���YDULDEOHV�DQG�WKH�UHVW�ZDV�XQH[SODLQHG�E\�WKH�GDWD��7KH�RWKHU�

SDUWV�WKDW�DUH�VKRZQ�LQ�)LJXUH�����ZHUH�FDOFXODWHG�LQ�WKH�VDPH�ZD\��,W�FDQ�EH�VHHQ�

WKDW�WKH�SURSRUWLRQ�RI�H[SODLQHG�UHVSHFWLYHO\�XQH[SODLQHG�YDULDQFHV�DW�VWXGHQW�DQG�

FODVVURRP�OHYHO�GLIIHU�DFURVV�WKH�WZR�PRGHOV��
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H[SODLQHG DW OHYHO�� �E\ OHYHO�� YDULDEOHV�

H[SODLQHG DW OHYHO�� �E\ OHYHO�� YDULDEOHV�

H[SODLQHG DW OHYHO�� �E\ OHYHO�� YDULDEOHV�

XQH[SODLQHG DW OHYHO��

XQH[SODLQHG DW OHYHO��

0RGHO �
3RROHG GDWD VHW

ZLWK GXPP\ YDULDEOHV
IRU FRXQWULHV

0RGHO �D
3RROHG GDWD VHW

ZLWKRXW GXPP\ YDULDEOHV
IRU FRXQWULHV

 

)LJXUH�����

3URSRUWLRQ�RI�YDULDQFH�LQ�VWXGHQWV
�PDWKHPDWLFV�DFKLHYHPHQW�VFRUHV�H[SODLQHG�UHVSHFWLYHO\�

XQH[SODLQHG� DW� VWXGHQW� �OHYHO���� DQG� FODVVURRP� OHYHO� �OHYHO���� LQ� ILQDO� OHYHO��� SRROHG�

PRGHOV��3RROHG�GDWD�VHW�ZLWKRXW�GXPP\�YDULDEOHV�IRU�FRXQWULHV��PRGHO��D��DQG�ZLWK�GXPP\�

YDULDEOHV�IRU�FRXQWULHV��PRGHO����

�

7KH� LGHQWLILFDWLRQ� RI� VWXGHQWV� E\� WKHLU� FRXQWU\� �PRGHO� ��� UHVXOWV� LQ� D� JUHDWHU�

SHUFHQWDJH�H[SODLQHG�YDULDQFH�DW� FODVVURRP� OHYHO� �����DV�RSSRVHG� WR�����LQ� WKH�

PRGHO�ZLWKRXW�WKH�FRXQWU\�LGHQWLILFDWLRQ��DQG�LQ� D�JUHDWHU�SURSRUWLRQ�RI�H[SODLQHG�

YDULDQFH�DW�VWXGHQW�OHYHO�DV�ZHOO� �

�

7KHVH� UHVXOWV� FRQILUPHG� WKDW� VWXGHQWV� IURP� GLIIHUHQW� FRXQWULHV� SHUIRUPHG�

GLIIHUHQWO\� RQ� WKH�7,066�PDWKHPDWLFV� DFKLHYHPHQW� WHVW� �VHH�7DEOH� � ���� DQG� WKDW�

FODVVURRPV� GLIIHU� PRUH� DFURVV� FRXQ WULHV� WKDQ� VWXGHQWV�� 7KH� GHVFULSWLRQ� RI� WKH�

UHVXOWV�RI�7DEOH�����VKRZ�VRPH�H[DPSOHV�RI�VWXGHQW�DQG�FODVVURRP�YDULDEOHV�WKDW�

FRQWULEXWH�WR�WKH�H[SODQDWLRQ�RI�FRXQWU\�GLIIHUHQFHV�LQ�PDWKHPDWLFV�DFKLHYHPHQW� �

���� 81'(567$1',1* 6,0,/$5,7,(6 $1' ',))(5(1&(6 $&5266 ('8&$7,21

6<67(06�

,Q�WKLV�FKDSWHU��UHVXOWV�RI�H[SORUDWRU\�7,066�GDWD�DQDO\VLV�RI�WKUHH�HGXFDWLRQ�V\VWHPV�

ZHUH� FRPSDUHG� DQG� ERWK� VLPLODULWLHV� DQG� GLIIHUHQFHV� ZLWK� UHJDUG� WR� SUHGLFWRUV� DW�



8QGHUVWDQGLQJ FURVV�QDWLRQDO GLIIHUHQFHV LQ PDWKHPDWLFV DFKLHYHPHQW ���

VWXGHQW�DQG�FODVVURRP�OHYHO�RI�PDWKHPDWLFV�DFKLHYHPHQW�LQ�JUDGH���ZHUH�IRXQG��7KH�

UHVXOWV�RI�WKH�H[HFXWLRQ�RI�WKH�WKUHH�VWDJH�GDWD�DQDO\VLV�SODQ�FDQ�EH�UHIOHFWHG�XSRQ�WR�

ILQG�DQVZHUV�WR�WKH�TXHVWLRQ�UHJDUGLQJ�ZKHWKHU�7,066�FDQ�VHUYH�WKH��XQGHUVWDQGLQJ��

IXQFWLRQ� RI� ,($� VWXGLHV�� *LYHQ� WKH� VLPLODULWLHV� DQG� GLIIHUHQFHV� LQ� SUHGLFWRUV� RI�

PDWKHPDWLFV� DFKLHYHPHQW� DFURVV� WKH� WKUHH� V\VWHPV�� WKH� TXHVWLRQ� LV� ZK\� WKH�

GLIIHUHQFHV�H[LVW�DQG�ZKHWKHU�WKH\�FDQ�EH�H[SODLQHG�IURP�WKH�7,066�GDWD�VHWV��

,QIOXHQFLQJ�YDULDEOHV�RQ�PDWKHPDWLFV�DFKLHYHPHQW�ZLWKLQ�FRXQWULHV�

,Q�WKH�PXOWL�OHYHO�DQDO\VLV�RQ�WKH�VHSDUDWH�GDWD�VHWV��D�KLHUDUFKLFDO�OLQHDU�PRGHO�ZDV�

HVWLPDWHG�IRU�HDFK�FRXQWU\��VHH�7DEOH�������7KH�VHOHFWLRQ�RI�YDULDEOHV�ZDV�EDVHG�RQ�

WKH� UHVXOWV� RI� WKH� VHSDUDWH� SDWK� PRGHOV� UHVXOWLQJ� IURP� WKH� 3/6SDWK� DQDO\VLV�� $�

PD[LPXP�RI�VL[�GLIIHUHQW�VWXGHQW�DQG�WKUHH�GLIIHUHQW�FODVVURRP�YDULDEOHV�SOXV�VL[�

DJJUHJDWHG�VWXGHQW�YDULDEOHV�ZHUH�LQFOXGHG�LQ�D�FRXQWU\�PRGHO���

7KH�UHVXOWV�RI�WKHVH�PXOWL�OHYHO�DQDO\VLV�VKRZ��SHU�HGXFDWLRQ�V\VWHP��ZKLFK�YDULDEOHV�

DUH� DVVRFLDWHG�ZLWK�PDWKHPDWLFV� DFKLHYHPHQW� �UHVHDUFK�TXHVWLRQ� ,D�� VHH� ������7KH�

UHVXOWV�DUH�LQDSSURSULDWH�IRU�FRPSDULVRQ�DFURVV�FRXQWULHV�EHFDXVH�WKH�DQDO\VLV�ZHUH�

FRQGXFWHG�SHU�FRXQWU\��7KH\�PDLQO\�LQGLFDWH�ZKLFK�VWXGHQW�DQG�FODVVURRP�YDULDEOHV�

DUH�LPSRUWDQW�ZLWKLQ�HDFK�V\VWHP��

�

%HOJLXP�)ODQGHUV�

,Q�%HOJLXP�)ODQGHUV��UHOHYDQW�VWXGHQW�YDULDEOHV�DUH�
KRPH�HGXFDWLRQDO�EDFNJURXQG
�

�SRVLWLYHO\��� 
DWWLWXGH� WRZDUGV� PDWKHPDWLFV
� �SRVLWLYHO\�� DQG� 
VWXGHQW� RULHQWHG�

WHDFKLQJ�VW\OH
��QHJDWLYHO\���$W�FODVVURRP�OHYHO��RQH�FODVVURRP�YDULDEOH�WXUQHG�RXW�WR�

EH� UHOHYDQW�� 
FRQWHQW� FRYHUDJH� RI� PDWKHPDWLFV
� �SRVLWLYHO\�� 7KH� RWKHU� UHOHYDQW�

FODVVURRP�YDULDEOHV�DUH�DJJUHJDWHG�VWXGHQW�YDULDEOHV��
RXW�RI�VFKRRO�DFWLYLWLHV�UHODWHG�

WR� OHLVXUH� WLPH�
� 
KRPH� HGXFDWLRQDO� EDFNJURXQG�
� 
DWWLWXGH� WRZDUGV� PDWKHPDWLFV�
�


VWXGHQW�RULHQWHG�WHDFKLQJ�VW\OH�
�DQG�
OHYHO�RI�VDIHW\�LQ�VFKRRO�
��

�

*HUPDQ\�

,Q� *HUPDQ\�� WKH� DYHUDJH� 
KRPH� HGXFDWLRQDO� EDFNJURXQG
� RI� WKH� FODVVURRP�

GHWHUPLQHV�WKH�DFKLHYHPHQW�VFRUHV�WR�D�JUHDW�H[WHQW��
$WWLWXGH�WRZDUGV�PDWKHPDWLFV
�

�QHJDWLYH�UHODWLRQVKLS��� 
OHYHO�RI�VDIHW\� LQ�VFKRRO�
�DQG� 
OLPLWV� LQ�WHDFKLQJ�UHODWHG�WR�

VWXGHQW� IHDWXUHV
� DUH� WKH� RWKHU� UHOHYDQW� FODVVURRP� YDULDEOHV� LQ� *HUPDQ\� �ERWK�

SRVLWLYHO\� UHODWHG� WR� DFKLHYHPHQW��� 2QO\� RQH� UHOHYDQW� VWXGHQW� YDULDEOH� UHPDLQHG�

DIWHU�3/6�DQG�PXOWLOHYHO�DQDO\VLV��7KLV�YDULDEOH�LV�
KRPH�HGXFDWLRQDO�EDFNJURXQG
�
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7KH�1HWKHUODQGV�

7KH�DJJUHJDWHG�VWXGHQW�YDULDEOHV�
KRPH�HGXFDWLRQDO�EDFNJURXQG
�DQG�
OHYHO�RI�VDIHW\�

LQ�VFKRRO
�GHWHUPLQH�DFKLHYHPHQW�VFRUHV� WR�D�JUHDW�H[WHQW� LQ� WKH�1HWKHUODQGV��$Q�

DGGLWLRQDO�YDULDEOH�DW�FODVVURRP�OHYHO�ZKLFK�WXUQHG�RXW�WR�EH�UHOHYDQW�LQ�WKH�'XWFK�

V\VWHP�LV�
FRQWHQW�FRYHUDJH�RI�PDWKHPDWLFV�
��

$W� WKH� VWXGHQW� OHYHO�� WZR� UHOHYDQW� YDULDEOHV� UHVXOWHG� IRUP� WKH� DQDO\VHV�� 
KRPH�

HGXFDWLRQDO�EDFNJURXQG
�DQG�
DWWLWXGH�WRZDUGV�PDWKHPDWLFV�
��

�

6WUHQJWK�RI�WKH�FRXQWU\�PRGHOV�

7KH�PXOWLOHYHO�DQDO\VLV�RQ�VHSDUDWH�GDWD�VHWV�UHYHDOHG�IRU�DOO�WKUHH�V\VWHPV�WKDW�WKH�

FODVVURRP� �VFKRRO�� YDULDQFH� FRPSRQHQW� LV� JUHDWHU� WKDQ� WKH� RQH� DW� VWXGHQW� OHYHO��

ZKLFK�LV�XVXDOO\�WKH�FDVH��6FKHHUHQV�DQG�%RVNHU���������)RU�LQVWDQFH��LQ�*HUPDQ\��

DW� WKH�VWXGHQW� OHYHO� WKH�H[SODLQHG�SHUFHQWDJH�RI�YDULDQFH� LQ�DFKLHYHPHQW�VFRUHV� LV�

���� DQG� DW� WKH� FODVVURRP� OHYHO� LW� LV� PXFK� ODUJHU� ������ VHH� 7DEOH� ������

&RQVHTXHQWO\�� IRU� DOO� FRXQWULHV� WKH� HIIHFWV� RI� YDULDEOHV� ORFDWHG� DW� FODVVURRP� OHYHO�

ZKLFK�KDYH�EHHQ�H[SORUHG�ILUVW�E\�PHDQV�RI�3/6SDWK��LQFOXGLQJ�DJJUHJDWHG�VWXGHQW�

YDULDEOHV��� DUH� JUHDWHU� WKDQ� WKH� HIIHFWV�RI� WKH� VHOHFWHG� VWXGHQW�YDULDEOHV� ORFDWHG�DW�

VWXGHQW�OHYHO��7KHVH�UHVXOWV�PLJKW�UHIOHFW�WKH�YHUWLFDO�RUJDQL]DWLRQ�RI�WKH�HGXFDWLRQ�

V\VWHPV� ZLWK� DELOLW\� WUDFNV� ZLWKLQ� VFKRROV�� ,QGHHG�� LQ� WKH� WKUHH� FRXQWULHV� 
DELOLW\�

JURXSLQJ
�LV�DSSOLHG�LQ�ORZHU�VHFRQGDU\�HGXFDWLRQ��+HQFH��FODVVURRPV��FRLQFLGHQWDO�

ZLWK� VFKRROV� LQ� WKH� 7,066� GHVLJQ�� GLIIHU�PRUH� IURP� HDFK� RWKHU� WKDQ� LQGLYLGXDO�

VWXGHQWV� GR�� 6WXGHQWV�ZLWKLQ� D� FODVVURRP� DUH�PRUH� VLPLODU� UHJDUGLQJ� EDFNJURXQG�

YDULDEOHV� WKDQ�VWXGHQWV�IURP�GLIIHUHQW�FODVVURRPV��,Q�DGGLWLRQ�� WKH�UHODWLYHO\�JUHDW�

FRQWULEXWLRQ� RI� WKH� DJJUHJDWHG� VWXGHQW� YDULDEOHV� WR� WKH� H[SODLQHG� YDULDQFH� DW�

FODVVURRP� OHYHO� LPSOLHV� WKDW� FODVVURRP�YDULDQFHV� DUH�PDLQO\� H[SODLQHG�E\� VWXGHQW�

EDFNJURXQG�YDULDEOHV��

7KHUHIRUH��IURP�WKHVH�UHVXOWV�LW�FDQQRW�VLPSO\�EH�FRQFOXGHG�WKDW�LQ�RUGHU�WR�DFKLHYH�

ZHOO�RQ�WKH�7,066�PDWKHPDWLFV� WHVW� LQ� WKH�VHSDUDWH�FRXQWULHV�� LW�PDWWHUV�PRUH�WR�

ZKLFK� FODVVURRP� D� VWXGHQW� EHORQJV� WKDQ�ZKLFK� LQGLYLGXDO� EDFNJURXQG� DQG� RWKHU�

FKDUDFWHULVWLFV�D�VWXGHQW�KDV��

,QIOXHQFLQJ�YDULDEOHV�RQ�PDWKHPDWLFV�DFKLHYHPHQW�DFURVV�FRXQWULHV�

,Q� RUGHU� WR� HQDEOH� FRXQWU\� FRPSDULVRQV�� WKH� GDWD� VHWV� RI� WKH� WKUHH� HGXFDWLRQ�

V\VWHPV� ZHUH� SRROHG� DQG� WZR� KLHUDUFKLFDO� OLQHDU� PRGHOV� ZHUH� HVWLPDWHG�� ,Q� WKH�

SUHYLRXV�VHFWLRQ��UHVXOWV�ZHUH�SUHVHQWHG�RI�WKHVH�PRGHOV��



8QGHUVWDQGLQJ FURVV�QDWLRQDO GLIIHUHQFHV LQ PDWKHPDWLFV DFKLHYHPHQW ���

,W�WXUQHG�RXW�WKDW�VWXGHQW�EDFNJURXQG�YDULDEOHV�LQIOXHQFH�PDWKHPDWLFV�DFKLHYHPHQW�

LQ� WKH� WKUHH�FRXQWULHV�ERWK�DW�VWXGHQW�DQG�FODVVURRP�OHYHO��)URP�WKH�7,066�GDWD�

DQDO\VLV�� D� UHODWLYHO\� ORZ� QXPEHU� RI� FODVVURRP� YDULDEOHV� FRXOG� EH� LGHQWLILHG� DV�

YDULDEOHV�ZLWK�GLIIHUHQW�LQIOXHQFLQJ�VWUHQJWK�LQ�WKH�WKUHH�FRXQWULHV��([DPSOHV�RI�WKH�

ODWWHU� DUH� 
OLPLWV� LQ� WHDFKLQJ� UHODWHG� WR� VWXGHQW� IHDWXUHV� DV� H[SHULHQFHG� E\� WKH�

PDWKHPDWLFV�WHDFKHU�
�
WLPH�RQ�WDVN�
�
PDWKHPDWLFV�WHDFKHU
V�ZRUNORDG�
�DQG�
FRQWHQW�

FRYHUDJH�PDWKHPDWLFV�
�

7KHVH�UHVXOWV�DUH�FRQVLGHUHG�WR�EH�DQ�LQGLFDWLRQ�RI�WKH�DSSURSULDWHQHVV�RI�WKH�7,066�

GDWD�WR�IDFLOLWDWH�XQGHUVWDQGLQJ�RI�FURVV�QDWLRQDO�GLIIHUHQFHV�LQ�VWXGHQW�DFKLHYHPHQW��

)URP� WKH� VWDUW� RI� WKH� UHODWLRQDO� GDWD� DQDO\VLV�� LW� ZDV� NQRZQ� DIWHU� VWDJH� $� WKDW� D�

QXPEHU� RI� SRWHQWLDOO\� HIIHFWLYH� IDFWRUV� ZHUH� FRYHUHG� E\� WKH� 7,066� EDFNJURXQG�

TXHVWLRQQDLUHV�DQG�DQRWKHU�VHULHV�ZDV�QRW��7KH�GDWD�DQDO\VLV�VKRZHG�WKDW�WKH�QXPEHU�

RI�UHVXOWLQJ�IDFWRUV�ZKLFK�FDQ�EH�LQIOXHQFHG�E\�SROLF\PDNHUV�WR�LPSURYH�PDWKHPDWLFV�

HGXFDWLRQ�LV�UDWKHU�VPDOO��

7KH�QXPEHU�RI�PLQXWHV�RI�PDWKHPDWLFV�VFKHGXOHG�SHU�ZHHN�IRU�JUDGH����LQGLFDWRU�

IRU� 
WLPH� RQ� WDVN
�� DQG� WKH� SHUFHQWDJH� RI� OHVVRQV� D� WHDFKHU� LV� DVVLJQHG� WR� WHDFK�

PDWKHPDWLFV� �LQGLFDWRU� IRU� 
PDWKHPDWLFV� WHDFKHU
V� ZRUNORDG
�� DUH� WZR� FRQFUHWH�

H[DPSOHV� RI� WKH� IHZ� FKDQJHDEOH� IDFWRUV� ZKLFK� DFFRXQW� IRU� VRPH� SDUW� RI� WKH�

YDULDQFH�LQ�VWXGHQW�DFKLHYHPHQW�ZLWKLQ�DQG�DFURVV�FRXQWULHV��$W�WKH�VWXGHQW�OHYHO��D�

IHZ�FKDQJHDEOH�IDFWRUV�UHVXOWHG�IURP�WKH�SRROHG�GDWD�DQDO\VLV��,Q�DOO�FRXQWULHV��WKH�


SHUFHLYHG� VDIHW\� LQ� VFKRRO
� DQG� 
DWWLWXGH� WRZDUGV�PDWKHPDWLFV
� FRQWULEXWH� WR� WKH�

H[SODLQHG�YDULDQFH�DW�WKH�VWXGHQW�OHYHO�DQG�DW�WKH�FODVVURRP�OHYHO��DJJUHJDWHG�VFRUHV�

RI�VWXGHQW�YDULDEOH���)RU�H[DPSOH��WKH�OHYHO�RI�VDIHW\�DV�SHUFHLYHG�E\�VWXGHQWV�FDQ�EH�

LPSURYHG�E\�PHDVXUHV�WDNHQ�E\�WKH�VFKRRO�ERDUG��7KH�LPSURYHPHQW�FRXOG�HQKDQFH�

PDWKHPDWLFV�DFKLHYHPHQW� LQ� WKH�FRXQWULHV��+RZHYHU�� WKH�PHDQ�VDIHW\� OHYHO�DFURVV�

VFKRROV�LQ�DOO�RI�WKH�WKUHH�FRXQWULHV�LV�UHODWLYHO\�KLJK��7KH�VFKRROV�ZLWK�ORZ�VDIHW\�

OHYHO�DUH�OLNHOLHVW�WR�EHQHILW�IURP�VXFK�PHDVXUHV���

$QRWKHU�VHW�RI�FKDQJHDEOH�IDFWRUV��LQFOXGHG�LQ�WKH�RUJDQL]LQJ�IUDPHZRUN��VHH�FKDSWHU�

��� GLG�QRW� VKRZ�HIIHFWV�RQ�PDWKHPDWLFV� DFKLHYHPHQW� LQ� DQ\�FRXQWU\��([DPSOHV�RI�

VXFK� IDFWRUV� PHDVXUHG� LQ� 7,066� DUH� IDFWRUV� UHJDUGLQJ� 
HYDOXDWLRQ�� IHHGEDFN� DQG�

FRUUHFWLYH�LQVWUXFWLRQ
�VXFK�DV�
NLQG�RI�WHVWV�XVHG
�DQG�WKH�
XVH�RI�DVVHVVPHQW�UHVXOWV�
�

3RVVLEOH�FDXVHV�RI�WKHVH�UHVXOWV�DUH�WKDW�FRXQWULHV�DQG�FODVVURRPV�ZLWKLQ�FRXQWULHV�GR�

QRW�GLIIHU�RQ�WKHVH�IDFWRUV�RU�WKDW�WKH�RSHUDWLRQDOL]DWLRQ�RI�WKHVH�IDFWRUV�LQ�7,066�LV�

QRW� DSSURSULDWH�� ,I� WKH� RSHUDWLRQDOL]DWLRQ� RI� D� IDFWRU� LV� QRW� LQWHUQDWLRQDOO\� YDOLG�

DQG�RU�QRW�UHOLDEOH��LQFOXVLRQ�RI�VXFK�IDFWRUV�LQ�FRXQWU\�FRPSDUDWLYH�GDWD�DQDO\VLV�FDQ�

UHVXOW� LQ� LQYDOLG� UHVXOWV��7HDFKHUV� LQ�RQH� FRXQWU\� FDQ� LQWHUSUHW� WKH�TXHVWLRQV� DERXW�
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WKHVH� IDFWRUV� LQ� D� GLIIHUHQW� ZD\� WKDQ� WHDFKHUV� IURP� DQRWKHU� FRXQWU\�� $V� D�

FRQVHTXHQFH��WKH�UHVXOWV�FRXOG�EH�OHVV�FRPSDUDEOH�DFURVV�FRXQWULHV��,Q�FKDSWHU����WKH�

DSSURSULDWHQHVV� RI� 7,066� LWHPV� IRUPLQJ� D� VFDOH� WR� PHDVXUH� SRWHQWLDOO\� HIIHFWLYH�

IDFWRUV�DUH�GLVFXVVHG�IXUWKHU��

7KH� VHW�RI�SRWHQWLDOO\� HIIHFWLYH� �FKDQJHDEOH�� IDFWRUV� FDWHJRUL]HG� LQ� WKH�RUJDQL]LQJ�

FRQFHSWXDO� IUDPHZRUN� IRU� ZKLFK� QR� LQGLFDWRUV� FRXOG� EH� IRXQG� LQ� WKH� 7,066�

TXHVWLRQQDLUHV�� ZDV� VXEVWDQWLDO�� 3DUWLFXODUO\�� IDFWRUV� ORFDWHG� DW� WKH� OHYHO� RI� WKH�

FXUULFXODU� FRQWH[W� ZHUH� QRW� FRYHUHG� LQ� 7,066�� ([DPSOHV� DUH� FKDUDFWHULVWLFV� RI�

FXUULFXODU�PDWHULDOV� �H[SOLFLWQHVV� DQG�RUGHULQJ�RI�JRDOV�DQG�FRQWHQW�� VWUXFWXUH�DQG�

FODULW\� RI� FRQWHQW�� DQG� DGYDQFH� RUJDQL]HUV�� DQG� VRPH� IHDWXUHV� UHJDUGLQJ� WHDFKHU�

EHKDYLRU��H�J���KLJK�H[SHFWDWLRQV�DERXW�VWXGHQW�DFKLHYHPHQW��FOHDU�JRDO�VHWWLQJ��DQG�

LPPHGLDWH� H[HUFLVH� DIWHU� SUHVHQWDWLRQ� RI� QHZ� FRQWHQW��� ,I� VXFK� FODVVURRP� IDFWRUV�

ZRXOG� KDYH� EHHQ� FRYHUHG� LQ� 7,066�� FRXQWU\� FRPSDULVRQV� FRXOG� KDYH� EHHQ�PRUH�

PHDQLQJIXO� IRU� SROLF\PDNHUV� DQG� HGXFDWLRQDO� SUDFWLWLRQHUV�� 7KLV� LVVXH� LV� UHIOHFWHG�

XSRQ�LQ�VHFWLRQ��������FRQFHSWXDO�IRXQGDWLRQ�DQG�LQVWUXPHQWDWLRQ���

�

9DULDQFH�EHWZHHQ�VWXGHQWV�DQG�EHWZHHQ�FODVVURRPV�

,Q� ERWK� WKH� LQGLYLGXDO� FRXQWU\� PXOWLOHYHO� PRGHOV� DQG� WKH� SRROHG� PRGHOV�� WKH�

SURSRUWLRQ� RI� YDULDQFH� H[SODLQHG� DW� VWXGHQW� OHYHO� LV� VPDOOHU� WKDQ� WKH� H[SODLQHG�

SURSRUWLRQ� DW� WKH� FODVVURRP� OHYHO�� ,Q� IDFW� LQ� DOO� FRXQWULHV�� LW� VHHPV� WR�PDWWHU� LQ�

ZKLFK�FODVVURRP�D�VWXGHQW�LV�WDXJKW��+RZHYHU��WKH�7,066�DQDO\VHV�SURYLGHG�RQO\�D�

OLPLWHG� QXPEHU� RI� JHQXLQH� FODVVURRP� YDULDEOHV� ZLWK� DQ� HIIHFW� RQ� VWXGHQW�

DFKLHYHPHQW�� 7KH� DQDO\VHV� UHVXOWHG� LQ� UHODWLYHO\�PRUH� HIIHFWLYH� VWXGHQW� YDULDEOHV��

6WXGHQWV� ZLWKLQ� D� FRXQWU\� GLIIHU� OHVV� LQ� PDWKHPDWLFV� DFKLHYHPHQW� WKDQ� VWXGHQWV�

DFURVV�FRXQWULHV��VHH�7DEOH�������,Q�FRPSDULQJ�FRXQWULHV�E\�PHDQV�RI�SRROHG�GDWD�

DQDO\VLV��WKLV�SRLQW�PXVW�EH�WDNHQ�LQWR�DFFRXQW��7KH�PRVW�LPSRUWDQW�RXWFRPHV�IRU�

WKH�FRPSDULVRQ�LV�WKH�GLIIHUHQFH�RI�WKH� OLVW�RI�UHVXOWLQJ�YDULDEOHV�ZLWK�DQ�HIIHFW�LQ�

WKH�SRROHG�PRGHO�ZLWKRXW�GXPP\�YDULDEOHV�IRU�WKH�FRXQWULHV��RQ�RQH�KDQG��DQG�LQ�

WKH�SRROHG�PRGHO�ZLWK�WKH�GXPP\�YDULDEOHV��RQ�WKH�RWKHU�KDQG���

�

,Q� WKH� ILQDO� FKDSWHU� RI� WKLV� WKHVLV�� WKH� SRVVLELOLWLHV� 7,066� GDWD� RIIHU� WR�

XQGHUVWDQGLQJ� FURVV�QDWLRQDO� GLIIHUHQFHV� LQ� SRWHQWLDOO\� HIIHFWLYH� IDFWRUV� RQ�

PDWKHPDWLFV�DFKLHYHPHQW�DUH�UHIOHFWHG�XSRQ�EDVHG�RQ�WKH�UHVXOWV�SUHVHQWHG�LQ�WKLV�

FKDSWHU�� ,PSRUWDQW� WRSLFV�RI� WKLV�UHIOHFWLRQ�DUH�WKH�DSSURSULDWHQHVV�RI�WKH�7,066�

GHVLJQ� DQG� LQVWUXPHQWV� WR� DGGUHVV� LQWHUQDWLRQDO� FRPSDUDWLYH� UHVHDUFK� TXHVWLRQV�

VXFK�DV�
:K\�GR�FRXQWULHV�GLIIHU�LQ�VWXGHQW�DFKLHYHPHQW"
�



�

SUMMARY, REFLECTIONS, AND 

RECOMMENDATIONS 
�

,Q�WKLV�WKHVLV��,($
V�7KLUG�,QWHUQDWLRQDO�0DWKHPDWLFV�DQG�6FLHQFH�6WXG\��7,066��

ZDV�WDNHQ�DV�WKH�FDVH�RI�ODUJH�VFDOH�LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV�LQ�

HGXFDWLRQ� �/,1&$6��� 7KH� DPELWLRQ� RI� 7,066� DQG� RWKHU� ,($� VWXGLHV� LV� WR�

XQGHUVWDQG�VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�VWXGHQW�DFKLHYHPHQW�DFURVV�HGXFDWLRQ�V\VWHPV�

�������7KH� H[WHQW� WR�ZKLFK� ,($� UHDFKHG� WKLV� JRDO� LQ�7,066�ZDV� LQYHVWLJDWHG� E\�

PHDQV� RI� H[SORUDWRU\� DQDO\VLV� RQ� GDWD� FROOHFWHG� LQ� WKUHH� HGXFDWLRQ� V\VWHPV� �UHVHDUFK�

TXHVWLRQ� ,��� 7KH� UHVXOWV� RI� WKLV� DQDO\VLV� DUH� VXPPDUL]HG� LQ� ����� 7KH� VXPPDU\� LV�

IROORZHG�E\�D�UHIOHFWLRQ�RQ�WKH�EHQHILWV�DQG�OLPLWDWLRQV�RI�7,066��UHVHDUFK�TXHVWLRQ�

,,�� ��������7ZR�PDLQ� FRPSRQHQWV� RI�/,1&$6� DUH� GLVFXVVHG� LQ� FRQQHFWLRQ� WR� WKH�


XQGHUVWDQGLQJ
�IXQFWLRQ��WKH�FRQFHSWXDO�IRXQGDWLRQ�DQG�LQVWUXPHQWDWLRQ����������DQG�

GHVLJQ�LVVXHV����������)RU�HDFK�FRPSRQHQW��UHIOHFWLRQV�RQ�WKH�7,066�FDVH�DUH�IROORZHG�

E\�VRPH�JHQHUDO�UHIOHFWLRQV�DQG�VRPH�UHFRPPHQGDWLRQV��,Q�WKH�ILQDO�VHFWLRQ��D�VL[�VWDJH�

SODQ� LV�SUHVHQWHG� WR� LPSURYH� WKH� 
XQGHUVWDQGLQJ
� IXQFWLRQ�RI� ODUJH�VFDOH� LQWHUQDWLRQDO�

FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV�LQ�HGXFDWLRQ��������

���� 7+( 81'(567$1',1* )81&7,21 2) ,($�678',(6�

,Q�FKDSWHU����LW�ZDV�VWDWHG�WKDW�VLQFH�������WKH�,($�KDV�RUJDQL]HG�VHYHUDO�ODUJH�VFDOH�

LQWHUQDWLRQDO� FRPSDUDWLYH� DFKLHYHPHQW� VWXGLHV� GLIIHUHQW� FRUH� VXEMHFWV� VXFK� DV�

PDWKHPDWLFV�� VFLHQFH�� DQG� UHDGLQJ�� ,($� VWXGLHV� FDQ� EH� FKDUDFWHUL]HG� DV� PXOWL�

SXUSRVH�VWXGLHV�QRW�DLPHG�DW�RQH�VSHFLILF�JRDO��

&
+
$
3
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�
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,($�UHFRJQL]HV�WZR�PDLQ��JHQHUDO�JRDOV�RI�LWV�DFKLHYHPHQW�VWXGLHV��3ORPS���������

�L�� WR�SURYLGH�SROLF\PDNHUV�DQG�HGXFDWLRQDO�SUDFWLWLRQHUV�ZLWK� LQIRUPDWLRQ�DERXW�

WKH�TXDOLW\�RI�WKHLU�HGXFDWLRQ�V\VWHP�LQ�UHODWLRQ�WR�UHOHYDQW�UHIHUHQFH�V\VWHPV��

%\�LGHQWLI\LQJ�ZKDW�LV�KDSSHQLQJ�HOVHZKHUH��DQ�HGXFDWLRQ�V\VWHP�FDQ�OHDUQ�IURP�

RWKHU�V\VWHPV��

�LL�� WR� DVVLVW� LQ� XQGHUVWDQGLQJ� WKH� UHDVRQV� IRU� REVHUYHG� GLIIHUHQFHV� EHWZHHQ�

HGXFDWLRQ�V\VWHPV��

(DFK�JRDO�UHTXLUHV�LWV�RZQ�NLQG�RI�FRPSDULVRQ��,Q�FKDSWHU���LW�ZDV�UHFRJQL]HG�WKDW�

RQH� RI� WKH� PDLQ� IXQFWLRQV� RI� D� /,1&$6� LV� WKH� GHVFULSWLRQ� RI� WKH� VWDWXV� RI� DQ�

HGXFDWLRQ� V\VWHP� LQ� DQ� LQWHUQDWLRQDO� FRPSDUDWLYH� FRQWH[W��7KH� ILUVW� SXUSRVH� DVNV�

SULPDULO\�IRU�LQWHUQDWLRQDO�FRPSDULVRQV�DW�D�GHVFULSWLYH�OHYHO��RI�HIIHFWV�RI�HGXFDWLRQ�

LQ� WHUPV� RI� WRWDO� WHVW� DQG� VXE�WHVW� VFRUHV� RQ� LQWHUQDWLRQDO� DFKLHYHPHQW� WHVWV��

'LIIHUHQFHV� LQ�PHDQ� WHVW� VFRUHV� DQG� LQ� WKH� GLVWULEXWLRQ� RI� WKH� WHVW� VFRUHV� DFURVV�

V\VWHPV� FDQ� VHUYH� DV� LQGLFDWRUV� IRU� WKH� TXDOLW\� RI� HGXFDWLRQ� V\VWHPV�� 6XFK�

GHVFULSWLRQV� FDQ� IRUP� WKH� EDVLV� IRU� SROLF\PDNHUV� WR� KDYH� D� 
ORRN� LQ� WKH�PLUURU�
�

&RXQWULHV�FDQ�FKRRVH�WKHLU�RZQ�ZD\�RI�ORRNLQJ�DW�DQG�FRPSDULQJ�FRXQWULHV
�UHVXOWV��

6RPH� FRXQWULHV� PLJKW� EH� LQWHUHVWHG� LQ� WKH� PRVW� LPSRUWDQW� IDFWRUV� WKDW� DIIHFW�

DFKLHYHPHQW� LQ� WRS�SHUIRUPLQJ� FRXQWULHV� DQ\ZKHUH� LQ� WKH� ZRUOG�� ZKLOH� RWKHU�

FRXQWULHV�PLJKW�SUHIHU�WR�ORRN�SDUWLFXODUO\�DW�WKH�UHVXOWV�RI�DOO�FRXQWULHV�RI�WKHLU�RZQ�

�JHRJUDSKLFDO��UHJLRQ��

$FKLHYHPHQW�GDWD�DUH�QRW�WKH�RQO\�NLQG�RI�LQIRUPDWLRQ�QHHGHG�WR�DFFRPSOLVK�WKH�

ILUVW�JRDO��7KH�LGHQWLILFDWLRQ�RI�
ZKDW�LV�KDSSHQLQJ�HOVHZKHUH
�UHTXLUHV�D�GHVFULSWLRQ�

RI� LQGLFDWRUV� UHIHUULQJ� WR� HGXFDWLRQDO� SURFHVVHV� DW� GLIIHUHQW� OHYHOV� LQ� WKH� VFKRRO�

�VWXGHQW��FODVVURRP�WHDFKHU��DQG�VFKRRO���

�

7KH�VHFRQG�JRDO�UHIHUV�WR�H[SODQDWLRQV�IRU�GHVFULEHG�GLIIHUHQFHV�LQ�DFKLHYHPHQW�DQG�

LWV� SRWHQWLDO� LQIOXHQWLDO� IDFWRUV� DW� VHYHUDO� HGXFDWLRQDO� OHYHOV� DFURVV� QDWLRQV�� 7KLV�


XQGHUVWDQGLQJ
�JRDO�FDQ�EH�GHDOW�ZLWK�E\�DQDO\]LQJ�WKH�PDQ\�YDULDEOHV��LQGLFDWRUV��

RI�HGXFDWLRQDO�SURFHVVHV�DQG�WKHLU�UHODWLRQVKLS�ZLWK�DFKLHYHPHQW�LQ�DQ�LQWHUQDWLRQDO�

FRPSDUDWLYH� FRQWH[W�� $Q� H[DPSOH� RI� VXFK� UHODWLRQVKLSV� LV� WKH� RQH� EHWZHHQ� D�

VWXGHQW�RULHQWHG�WHDFKLQJ�VW\OH�DQG�VWXGHQW�DFKLHYHPHQW���

,Q�FKDSWHU����WKH�XWLOL]DWLRQ�RI�UHVXOWV�RI�WZR�VXFFHVVLYH�,($�VWXGLHV�RQ�PDWKHPDWLFV�

ZHUH�GLVFXVVHG� LQ�WKH� OLJKW�RI�WKH�WZR�JHQHUDO�JRDOV��$Q�LPSRUWDQW�SUHUHTXLVLWH�WR�

GHVFULEH� DQG� XQGHUVWDQG� FRXQWU\� GLIIHUHQFHV� LQ� DFKLHYHPHQW� UHVXOWV� LV� WKDW� DOO�

FROOHFWHG� GDWD� DUH� LQWHUQDWLRQDOO\� YDOLG� DQG� UHOLDEOH�� )RU� LQVWDQFH�� WKH�



6XPPDU\ RI WKH FDVH RI ,($
V 7,066� UHIOHFWLRQV DQG UHFRPPHQGDWLRQV ���

RSHUDWLRQDOL]DWLRQ� RI� 
VWXGHQW�RULHQWHG� WHDFKLQJ� VW\OH
� PXVW� EH� XQLYRFDO� IRU�

UHVSRQGHQWV�DFURVV�DOO�SDUWLFLSDWLQJ�HGXFDWLRQ�V\VWHPV��7KH�VHOHFWLRQ�RI�EDFNJURXQG�

YDULDEOHV�WR�EH�VWXGLHG�VKRXOG�EH�EDVHG�RQ�WKHLU�SRWHQWLDO�WR�HQKDQFH�DFKLHYHPHQW�

LQ�D�FRUH�VXEMHFW�DQG�WR�EH�XVHIXO�WKH\�PXVW�EH�FKDQJHDEOH�E\�SROLF\PDNHUV���

,Q� FKDSWHU� ��� IRU� VXFFHVVLYH� ,($� VWXGLHV� RQ� PDWKHPDWLFV� DFKLHYHPHQW�� LW� ZDV�

FRQFOXGHG� WKDW� LW� ZDV� YHU\� GLIILFXOW� WR� IXOILOO� WKH� DPELWLRQ� RI� XQGHUVWDQGLQJ� FURVV�

QDWLRQDO� GLIIHUHQFHV� LQ� VWXGHQW� DFKLHYHPHQW�� 7KH� FRQFHSWXDO� IRXQGDWLRQ� RI� WKH�

VHOHFWLRQ� DQG� RSHUDWLRQDOL]DWLRQ� RI� EDFNJURXQG� IDFWRUV� ²� L�H��� IDFWRUV� RWKHU� WKDQ�


VWXGHQW�DFKLHYHPHQW�LQ�PDWKHPDWLFV
���LQ�WKHVH�VWXGLHV��ZDV�IRXQG�WR�EH�LQFRPSOHWH��

�

7KH� SUREOHP� VWDWHPHQW� RI� WKLV� WKHVLV� IRFXVHV� RQ� WKH� EHQHILWV� DQG� OLPLWDWLRQV� RI�

ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� DFKLHYHPHQW� VWXGLHV� LQ� HGXFDWLRQ�� 7KH� ILUVW�

UHVHDUFK�TXHVWLRQ�ZDV�DGGUHVVHG�E\�LQYHVWLJDWLQJ�WKH�FDVH�RI�,($
V�7,066�IURP�WKH�

SHUVSHFWLYH�RI�WKH�
XQGHUVWDQGLQJ
�IXQFWLRQ��7KH�DPELWLRQ�RI�7,066�ZDV�WR�SURYLGH�

SDUWLFLSDWLQJ� HGXFDWLRQ� V\VWHPV� ZLWK� GDWD� WR� ILQG� H[SODQDWLRQV� RI� FURVV�QDWLRQDO�

GLIIHUHQFHV�LQ�VWXGHQW�DFKLHYHPHQW��

7KH�UHVXOWV�RI�LQYHVWLJDWLQJ�WKH�7,066�FDVH�DUH�VXPPDUL]HG�LQ�WKH�QH[W�VHFWLRQ��,Q�WKH�

VXEVHTXHQW�VHFWLRQ��WKH�UHVXOWV�RI�HDFK�RI�WKH�WKUHH�VWDJHV�IURP�WKH�GDWD�DQDO\VLV�SODQ�

DUH�UHIOHFWHG�XSRQ�WR�DGGUHVV�WKH�VHFRQG�UHVHDUFK�TXHVWLRQ�RI�WKLV�WKHVLV��VHH�������

���� 6800$5< 2) 7+( &$6( 2) ,($
67,066�

7KH�7,066�VWXG\�ZDV�WDNHQ�DV�WKH�FDVH�WR�LQYHVWLJDWH�WKH�ILUVW�UHVHDUFK�TXHVWLRQ�RI�

WKLV�WKHVLV��ZKLFK�UHIHUV�WR�WKH�
XQGHUVWDQGLQJ
�IXQFWLRQ�RI�,($�VWXGLHV��

�

,�� 7R�ZKDW�H[WHQW�FDQ�YDULDELOLW\�LQ�WKH�RYHUDOO�7,066�PDWKHPDWLFV�WHVW�VFRUHV�LQ�JUDGH���LQ�WKH�

1HWKHUODQGV��%HOJLXP�)ODQGHUV�� DQG�*HUPDQ\�EH� H[SODLQHG�E\�YDULDELOLW\� LQ� WKH� VFRUHV�RQ�

EDFNJURXQG� YDULDEOHV� DW� VWXGHQW� DQG� FODVVURRP�VFKRRO� OHYHO�� DQG� WR� ZKDW� H[WHQW� DUH� WKHVH�

RXWFRPHV�JHQHUDOL]DEOH�DFURVV�WKHVH�WKUHH�(XURSHDQ�HGXFDWLRQ�V\VWHPV"�

�

,Q�JUDGH����PRVW�RI�WKH�VWXGHQWV�DUH����\HDUV�ROG�DW�WKH�WLPH�RI�WHVWLQJ�E\�WKH�HQG�RI�

WKH�VFKRRO�\HDU��7KH�SHUIRUPDQFH�RQ�WKH�7,066�PDWKHPDWLFV�DFKLHYHPHQW�WHVW�ZDV�WDNHQ�

DV� WKH� RSHUDWLRQDOL]DWLRQ� RI� WKH� GHSHQGHQW� YDULDEOH� 
PDWKHPDWLFV� DFKLHYHPHQW�
�

%HOJLXP� )ODQGHUV� RXWSHUIRUPHG� *HUPDQ\� DQG� WKH� 1HWKHUODQGV� RQ� WKH� 7,066�

PDWKHPDWLFV� WHVW�DQG� WKH�1HWKHUODQGV�RXWSHUIRUPHG�*HUPDQ\��%HDWRQ��0XOOLV��HW�

DO����������
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7KH�DQDO\VLV�RI�WKH�7,066�FDVH�FRQVLVWHG�RI�IRXU�VWDJHV��)LUVW��WKH�EDVLF�FRQFHSWXDO�

IUDPHZRUN� IRU�7,066�ZDV� UHYLHZHG��ZKLFK� UHVXOWHG� LQ� DQ� RUJDQL]LQJ� FRQFHSWXDO�

IUDPHZRUN�RI� SRWHQWLDOO\� LQIOXHQFLQJ� IDFWRUV� �FKDSWHU� ���� 6HFRQG�� WKH� FRQWHQWV�RI�

WKH� LWHPV� LQFOXGHG� LQ� WKH� 7,066� EDFNJURXQG� TXHVWLRQQDLUHV� ZHUH� VFUXWLQL]HG� WR�

ILQG�LQGLFDWRUV�IRU�WKH�IDFWRUV�FDWHJRUL]HG�LQ�WKH�RUJDQL]LQJ�IUDPHZRUN��FKDSWHU�����

7KLUG��VFRUHV�RQ�WKH�VHWV�RI�LWHPV�ZHUH�DQDO\]HG�WR�FUHDWH�VFDOHV��YDULDEOHV��IRU�WKH�

LGHQWLILHG� LQGLFDWRUV� �FKDSWHU� ���� )RXUWK�� GLIIHUHQFHV� DQG� VLPLODULWLHV� UHJDUGLQJ�

UHODWLRQVKLSV� EHWZHHQ� WKH� UHYHDOHG� YDULDEOHV� ZHUH� DQDO\]HG� DFURVV� WKH� WKUHH�

HGXFDWLRQ� V\VWHPV� XQGHU� UHYLHZ� E\�PHDQV� RI� RQH�GLPHQVLRQDO� SDWK� DQDO\VHV� DQG�

PXOWLOHYHO�DQDO\VHV��FKDSWHU�����(DFK�RI�WKHVH�IRXU�VWHSV�LV�VXPPDUL]HG�EHORZ��

3DUWLFXODUO\�� WKH� 7,066� FDVH� LQYHVWLJDWLRQ� ZDV� DLPHG� DW� SRWHQWLDOO\� LQIOXHQFLQJ�

EDFNJURXQG� YDULDEOHV� DW� VWXGHQW� DQG� FODVVURRP� OHYHO� WKDW� DUH� DVVRFLDWHG� ZLWK�

PDWKHPDWLFV� DFKLHYHPHQW� LQ� JUDGH� �� LQ� WKH� 1HWKHUODQGV�� %HOJLXP� )ODQGHUV�� DQG�

*HUPDQ\�� &URVV�QDWLRQDO� GLIIHUHQFHV� DQG� VLPLODULWLHV� LQ� LQIOXHQFLQJ� EDFNJURXQG�

IDFWRUV� FRXOG� EH� WDNHQ� DV� D� VWDUWLQJ� SRLQW� WR� DGGUHVV� WKH� TXHVWLRQ� ZKDW� FDQ� EH�

OHDUQHG� IURP� WKH� LQWHUQDWLRQDO� FRPSDUDWLYH� UHVXOWV� UHJDUGLQJ� WKH� HIIHFWV� RI�

EDFNJURXQG� IDFWRUV� RQ� PDWKHPDWLFV� HGXFDWLRQ� LQ� QHLJKERULQJ� FRXQWULHV� ZKLFK�

GLIIHU�VLJQLILFDQWO\�LQ�VWXGHQW�DFKLHYHPHQW�LQ�PDWKHPDWLFV��

&RQFHSWXDO�IRXQGDWLRQ�

7KH� SURFHVV� RI� LGHQWLI\LQJ� SRWHQWLDOO\� LQIOXHQFLQJ� IDFWRUV� RQ� PDWKHPDWLFV�

DFKLHYHPHQW�VWDUWHG�ZLWK�D�FORVH�ORRN�DW�WKH�FRQFHSWXDO�IRXQGDWLRQ�RI�7,066��7KH�

FRQFHSWXDO�IUDPHZRUN�WKDW�ZDV�GHYHORSHG�E\�,($�GXULQJ�6,06�DQG�DGRSWHG�E\�WKH�

7,066� VWXG\��ZDV� UHYLHZHG� ILUVW��7KH� VWUHQJWKV� DQG�ZHDNQHVVHV� RI� WKLV� VR�FDOOHG�

WKUHH� FXUULFXOXP� OHYHO� FRQFHSWXDO� IUDPHZRUN� �7UDYHUV� 	� :HVWEXU\�� ������ ZHUH�

UHODWHG�WR�WKH� 
XQGHUVWDQGLQJ
�IXQFWLRQ�RI�7,066��,W�ZDV�FRQFOXGHG�WKDW�WKH�WKUHH�

FXUULFXOXP� OHYHO� IUDPHZRUN� ZDV� EDVLFDOO\� DSSURSULDWH� WR� JXLGH� WKH� VHDUFK� IRU�

SRWHQWLDOO\�LQIOXHQFLQJ�IDFWRUV��7KH�EDVLF�IUDPHZRUN�ZDV�DGDSWHG�LQWR�DQ�RUJDQL]LQJ�

FRQFHSWXDO� IUDPHZRUN� E\� DGGLQJ� RQH� HGXFDWLRQ� OHYHO� �WKH� VFKRRO� OHYHO��� 7KH�

FRQWHQWV� RI� HDFK� FOXVWHU� RI� IDFWRUV� RI� WKH� EDVLF� IUDPHZRUN� ZDV� MXGJHG� OHVV�

DSSURSULDWH� WR� IXQFWLRQ� DV� D� JXLGH� WR� LGHQWLI\� SRWHQWLDOO\� LQIOXHQFLQJ� IDFWRUV�� )RU�

PDQ\� IDFWRUV� PHQWLRQHG� LQ� WKH� DFFRPSDQ\LQJ� OLWHUDWXUH� RI� WKH� FRQFHSWXDO�

IUDPHZRUN� IRU� 7,066� �6FKPLGW�� ������� QR� FRQFUHWH� GHILQLWLRQV� ZHUH� DYDLODEOH��

)XUWKHUPRUH��WKH�IUDPHZRUN�ZDV�QRW�GHYHORSHG�RQ�WKH�EDVLV�RI�HPSLULFDO�HYLGHQFH�

IURP� SUHYLRXV� VWXGLHV� FRQGXFWHG� LQ� FRXQWULHV� DURXQG� WKH�ZRUOG�� ,Q� LQWHUQDWLRQDO�



6XPPDU\ RI WKH FDVH RI ,($
V 7,066� UHIOHFWLRQV DQG UHFRPPHQGDWLRQV ���

FRPSDUDWLYH�VWXGLHV�LQ�HGXFDWLRQ��WKH�HPSLULFDO�EDVLV�RI�WKH�FRQFHSWXDO�IUDPHZRUN�

DQG�WKH�VHOHFWLRQ�RI�IDFWRUV�VKRXOG��SUHIHUDEO\��EH�LQWHUQDWLRQDOO\�RULHQWHG��

7R�RYHUFRPH� WKH� WZR�ZHDNQHVVHV�RI� WKH�EDVLF�FRQFHSWXDO� IUDPHZRUN�PHQWLRQHG��

PRGHOV�RI�HGXFDWLRQDO�HIIHFWLYHQHVV�ZHUH�VWXGLHG��7KH�EDVLF�FRQFHSWXDO�IUDPHZRUN�

RI� ,($� ZDV� ILOOHG� LQ� E\� IDFWRUV� GHULYHG� IURP� PRGHOV� RI� VFKRRO� HIIHFWLYHQHVV�

�6FKHHUHQV��������DQG�IURP�PRGHOV�RI�LQVWUXFWLRQDO�HIIHFWLYHQHVV��&UHHPHUV���������

7KH� PRGHOV� RI� HGXFDWLRQDO� HIIHFWLYHQHVV� ZHUH� GHYHORSHG� DV� D� PHDQV� IRU�

FODVVLILFDWLRQ� RI� NH\� IDFWRUV� WKDW� SRWHQWLDOO\� LQIOXHQFH� VWXGHQW� DFKLHYHPHQW��

3DUWLFXODUO\�� WKH� OLVWV� RI� IDFWRUV� DW� WKH� VFKRRO�� FODVVURRP� DQG� VWXGHQW� OHYHO� ZHUH�

VHOHFWHG� WR�EH�XVHG�WR�FRYHU�EORFNV� LQ� WKH�RUJDQL]LQJ�FRQFHSWXDO� IUDPHZRUN��7KH�

IDFWRUV�LQFOXGHG�ZHUH�FOHDUO\�GHILQHG�E\�6FKHHUHQV��������DQG�&UHHPHUV��������DQG�

FDQ�EH�PDSSHG�RQWR�WKH�FRPSRQHQWV�RI�WKH�,($�FRQFHSWXDO�IUDPHZRUN���

7KH�WKHRUHWLFDO�DQG�HPSLULFDO�IRXQGDWLRQV�RI�WKH�HGXFDWLRQDO�HIIHFWLYHQHVV�PRGHOV�

ZHUH� DSSURSULDWH�� 7KH� IDFWRUV� ZHUH� LQFOXGHG� LQ� WKH� HIIHFWLYHQHVV�PRGHOV��PDLQO\�

EHFDXVH� RI� HPSLULFDO� HYLGHQFH� IRXQG� LQ� VWXGLHV� FRQGXFWHG� DURXQG� WKH�

�LQGXVWULDOL]HG��ZRUOG��6FKHHUHQV
�PRGHO�IRFXVHG�SULPDULO\�RQ�VFKRRO� OHYHO�IDFWRUV��

7KH�SUHFLVH�FRQVWUXFWLRQ�RI�&UHHPHUV
�PRGHO�IRFXVHG�RQ�D�VHW�RI�IDFWRUV�UHODWHG�WR�


TXDOLW\��WLPH��DQG�RSSRUWXQLW\�
�

,QGLFDWRUV�ZLWKLQ�7,066�EDFNJURXQG�TXHVWLRQQDLUHV�

7KH�7,066�GDWD�H[SORUDWLRQV�VWDUWHG�ZLWK�D�VHDUFK�IRU�HPSLULFDOO\�DQG�WKHRUHWLFDOO\�

UHOHYDQW� IDFWRUV� LQ� WKH� 7,066� VWXGHQW�� WHDFKHU�� DQG� VFKRRO� EDFNJURXQG�

TXHVWLRQQDLUHV�� JXLGHG�E\� WKH�RUJDQL]LQJ�FRQFHSWXDO� IUDPHZRUN�GHYHORSHG� LQ� WKLV�

WKHVLV�� )DFWRUV� IURP� WKLV� RUJDQL]LQJ� IUDPHZRUN� ZHUH� OLVWHG� WKDW�� DV� UHJDUGV� WKH�

FRQWHQWV��ZHUH�LQGLFDWHG�E\�DQ�LWHP�RU�D�VHW�RI�LWHPV�LQ�RQH�RI�WKH�7,066�EDFNJURXQG�

TXHVWLRQQDLUHV��

([DPSOHV�RI�LPSRUWDQW�VWXGHQW�DQG�FODVVURRP�IDFWRUV�WKDW�ZHUH�LQGLFDWHG�LQ�RQH�RI�

WKH�7,066�TXHVWLRQQDLUHV�LQFOXGH��VWXGHQW
V�PRWLYDWLRQ��VXFK�DV�
VWXGHQW
V�DWWLWXGH�

WRZDUGV� PDWKHPDWLFV
� DQG� 
SHUFHLYHG� PDWHUQDO� H[SHFWDWLRQ
��� VWXGHQW
V� VRFLDO�

EDFNJURXQG��VXFK�DV�
RXW�RI�VFKRRO�DFWLYLWLHV
�DQG�
KRPH�HGXFDWLRQDO�EDFNJURXQG
���

DQG� PDQDJHPHQW� DQG� RUGHUO\� DQG� TXLHW� DWPRVSKHUH� �VXFK� DV� 
OHYHO� RI� VDIHW\� LQ�

VFKRRO�DV�SHUFHLYHG�E\�VWXGHQWV�
� 
FODVVURRP�FOLPDWH�DV�SHUFHLYHG�E\�WKH�VWXGHQWV�
�

DQG�
H[SHULHQFHG�OLPLWDWLRQV�LQ�WHDFKLQJ�UHODWHG�WR�VWXGHQW�EHKDYLRU
���

([DPSOHV�RI�VWXGHQW��FODVVURRP��DQG�VFKRRO�IDFWRUV�IRU�ZKLFK�QR�LQGLFDWRUV�FRXOG�

EH� IRXQG� LQ� 7,066� TXHVWLRQQDLUHV� LQFOXGH�� VWXGHQW
V� DSWLWXGH�� FKDUDFWHULVWLFV� RI�
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FXUULFXODU�PDWHULDOV��
H[SOLFLWQHVV�DQG�WKH�RUGHULQJ�RI�JRDOV�DQG�FRQWHQW�
� 
VWUXFWXUH�

DQG�FODULW\�RI�FRQWHQW�
�DQG�
DYDLODELOLW\�RI�DGYDQFH�RUJDQL]HUV
���JURXSLQJ�SURFHGXUHV�

�
PDVWHU\�OHDUQLQJ�
�
DELOLW\�JURXSLQJ
���DQG�VFKRRO
V�HYDOXDWLRQ�SROLF\��

)URP�LQGLFDWRUV�WRZDUGV�YDULDEOHV�

7KH� VHWV� RI� LWHPV� WKDW� ZHUH� LGHQWLILHG� DV� LQGLFDWRUV� IRU� SRWHQWLDOO\� LQIOXHQFLQJ�

IDFWRUV�IURP�D�FRQWHQW�SHUVSHFWLYH��ZHUH�H[SORUHG�IXUWKHU�VWDWLVWLFDOO\��E\�PHDQV�RI�

WKH� FDOFXODWLRQ� RI� D� UHOLDELOLW\� FRHIILFLHQW� �&URQEDFK�α��� 7KH� 7,066� GDWD� XQGHU�

UHYLHZ� LQ� WKLV� WKHVLV� ZHUH� FROOHFWHG� DW� WZR� HGXFDWLRQDO� OHYHOV�� VWXGHQW� OHYHO� DQG�

FODVVURRP�WHDFKHU�OHYHO��VFKRRO�EDFNJURXQG�GDWD�FRXOG�QRW�EH�XVHG�LQ�WKH�DQDO\VLV�

EHFDXVH� LQ� WKH� 1HWKHUODQGV� OHVV� WKDQ� ���� RI� WKH� VFKRRO� TXHVWLRQQDLUHV� ZHUH�

UHWXUQHG���

7KH� LQWHUQDO� FRQVLVWHQF\� RI� WKH� VFDOHV� GLIIHUHG� DFURVV� FRXQWULHV� ZLWKLQ� D� FHUWDLQ�

UDQJH��VHH�7DEOH�������6HWV�RI�LWHPV�ZLWK�D�UHODWLYHO\�KLJK�UHOLDELOLW\�FRHIILFLHQW�LQ�RQH�

FRXQWU\�KDYH�DOVR�D�UHODWLYHO\�KLJK�UHOLDELOLW\�FRHIILFLHQW�LQ�WKH�RWKHU�WZR�FRXQWULHV��

7KH�VDPH�LV�WUXH�IRU�LWHPV�ZLWK�D�UHODWLYHO\�ORZ�UHOLDELOLW\�FRHIILFLHQW��+RZHYHU��WKH�

UDQJH�RI�GLIIHUHQFHV�LQ�WKH�&URQEDFK�α�FRHIILFLHQW�DFURVV�FRXQWULHV�YDULHV�IURP�����

�
SHUFHLYHG� OLPLWV� LQ� WHDFKLQJ� PDWKHPDWLFV� GXH� WR� UHVRXUFHV
�� WR� ���� �
PDWHUQDO�

DFDGHPLF�H[SHFWDWLRQ
���

7KHUHDIWHU��WKH�ELYDULDWH�FRUUHODWLRQ�FRHIILFLHQW�ZDV�FDOFXODWHG�EHWZHHQ�WKH�H[SORUHG�

VWXGHQW�DQG�FODVVURRP�EDFNJURXQG�YDULDEOHV��RQ�RQH�KDQG��DQG�WKH�VWXGHQW
V�VFRUHV�

RQ�WKH�7,066�PDWKHPDWLFV�DFKLHYHPHQW�WHVW��RQ�WKH�RWKHU�KDQG��,W�DSSHDUHG�WKDW�

WKH�ELYDULDWH�FRUUHODWLRQV�GLIIHUHG�DFURVV�WKH�FRXQWULHV�LQ�VWUHQJWK��QRW�LQ�GLUHFWLRQ��

7KH�FRUUHODWLRQ�FRHIILFLHQWV�EHWZHHQ�PDWKHPDWLFV�DFKLHYHPHQW�DQG�WKH�PDMRULW\�RI�

WKH� VWXGHQW�EDFNJURXQG�YDULDEOHV� UDQJHG� IURP� OHVV� WKDQ� ���� WR� DURXQG� �����6RPH�

EDFNJURXQG�YDULDEOHV�FRUUHODWHG�VLJQLILFDQWO\�ZLWK�PDWKHPDWLFV�DFKLHYHPHQW�LQ�RQH�

FRXQWU\��EXW�QRW�LQ�RQH�RU�ERWK�RI�WKH�RWKHU�FRXQWULHV��

7KH�UHVXOWV�RI� WKH�ELYDULDWH�FRUUHODWLRQV�GHWHUPLQHG�WKH�VHOHFWLRQ�RI�YDULDEOHV�WKDW�

ZHUH�LQVHUWHG�LQ�WKH�QH[W�VWHSV�RI�WKH�GDWD�DQDO\VLV��WKH�H[SORUDWRU\�SDWK�DQDO\VLV�DQG�

PXOWLOHYHO� DQDO\VLV�� 7KH� PDLQ� VHOHFWLRQ� FULWHULRQ� IRU� LQFOXVLRQ� RI� EDFNJURXQG�

YDULDEOHV�LQ�WKH�SDWK�DQDO\VLV�ZDV�WKDW�WKH�ELYDULDWH�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�

DQ�LQGLFDWRU�DQG�WKH�GHSHQGHQW�YDULDEOH�
7,066�PDWKHPDWLFV�DFKLHYHPHQW�WHVW
�ZDV�

KLJKHU�WKDQ�_���_�LQ�DW�OHDVW�WZR�RXW�RI�WKH�WKUHH�FRXQWULHV�XQGHU�LQYHVWLJDWLRQ��



6XPPDU\ RI WKH FDVH RI ,($
V 7,066� UHIOHFWLRQV DQG UHFRPPHQGDWLRQV ���

2QH�GLPHQVLRQDO�H[SORUDWLYH�SDWK�DQDO\VLV�DQG�PXOWLOHYHO�DQDO\VLV�

7KH� PRVW� DSSURSULDWH� WHFKQLTXHV� WR� DQDO\]H� UHODWLRQVKLSV� EHWZHHQ� GLIIHUHQW�

EDFNJURXQG� YDULDEOHV� DQG� PDWKHPDWLFV� DFKLHYHPHQW� DUH� WKH� RQHV� LQ� ZKLFK� WKH�

QHVWHG� GHVLJQ� RI� WKH� GDWD� VHWV� LV� WDNHQ� LQWR� DFFRXQW�� KLHUDUFKLFDO� OLQHDU�PRGHOLQJ�

�+/0�� WHFKQLTXHV�� 7KH� PDMRU� DGYDQWDJH� RI� +/0� WHFKQLTXHV� �H�J��� PXOWLOHYHO�

DQDO\VLV��RYHU�XQLGLPHQVLRQDO�RQHV�VXFK�DV�3DUWLDO�/HDVW�6TXDUHV�WHFKQLTXHV��3/6���

LV�WKH�HVWLPDWLRQ�RI�WKH�HIIHFWV�RI�YDULDEOHV�RQ�WKH�GHSHQGHQW�YDULDEOH�DW�RQH�OHYHO�

�IRU� H[DPSOH� VWXGHQW� OHYHO��� WDNLQJ� LQWR� DFFRXQW� DW� WKH� VDPH� WLPH� WKH� HIIHFW� RI�

YDULDEOHV� RQ� WKH� GHSHQGHQW� YDULDEOH� DW� DQRWKHU� OHYHO� RI� WKH� KLHUDUFKLFDO� GDWD�

VWUXFWXUH��IRU�H[DPSOH�FODVVURRP�OHYHO���

+RZHYHU��UHODWLRQVKLSV�ZHUH�ILUVW�H[SORUHG�E\�PHDQV�RI�D�VLQJOH�OHYHO�WHFKQLTXH��7R�

PRGHO� WKH� 7,066� GDWD� DW� PRUH� WKDQ� RQH� OHYHO�� VRPH� WKHRUHWLFDO� EDVLV� PXVW� EH�

DYDLODEOH�� ,PSRUWDQW� GLUHFW� DQG� LQGLUHFW� �PHGLDWHG�� UHODWLRQVKLSV� EHWZHHQ� VWXGHQW�

DQG�FODVVURRP�IDFWRUV�VKRXOG�EH�NQRZQ�EHIRUH�D�PRUH�DGYDQFHG�WHFKQLTXH�VXFK�DV�

PXOWLOHYHO� DQDO\VLV�� FRXOG� EH� DSSOLHG�� 7KHUH� LV� OLWWOH� UHOHYDQW� UHVHDUFK� DYDLODEOH� WR�

VHUYH� DV� D� VRXQG� WKHRUHWLFDO� DQG� HPSLULFDO� EDVLV� IRU� WKH� VSHFLILFDWLRQ� RI� D�

KLHUDUFKLFDO� PRGHO� RI� VWXGHQW� DQG� FODVVURRP� IDFWRUV� LQIOXHQFLQJ� PDWKHPDWLFV�

DFKLHYHPHQW�RI�JUDGH���VWXGHQWV�LQ�GLIIHUHQW�FRXQWULHV��

3DUWLDO�/HDVW�6TXDUHV�SDWK�DQDO\VLV��XVLQJ�WKH�SURJUDP�3/6SDWK��ZDV�FRQGXFWHG�WR�

H[SORUH�UHODWLRQVKLSV��7KLV�ZDV�GRQH�DW�WZR�VHSDUDWH�OHYHOV��DW�OHYHO����UHODWLRQVKLSV�

EHWZHHQ�VWXGHQW�IDFWRUV�ZHUH�H[SORUHG��7KH�OHYHO���DQDO\VHV�FRQFHUQHG�UHODWLRQVKLSV�

EHWZHHQ�FODVVURRP�DQG�WHDFKHU�IDFWRUV�FRPELQHG�ZLWK�WKH�VWXGHQW�GDWD��ZKLFK�ZHUH�

DJJUHJDWHG� WR� WKH� FODVVURRP� OHYHO��� 7KH� SDWK� DQDO\VLV� UHVXOWV� DW� ERWK� OHYHO��� DQG�

OHYHO���ZHUH� VWXGLHG� WR� VHOHFW�YDULDEOHV� IRU� LQFOXVLRQ� LQ�KLHUDUFKLFDO� OLQHDU�PRGHOV��

ZKLFK�ZHUH�HVWLPDWHG�E\�PHDQV�RI�PXOWLOHYHO�DQDO\VLV��

�

5HVXOWV�3DUWLDO�/HDVW�6TXDUHV�SDWK�DQDO\VLV�

7KH� 3/6� SDWK� DQDO\VLV� UHVXOWHG� LQ� D� FODVVURRP�PRGHO� SHU� HGXFDWLRQ� V\VWHP� �VHH�

)LJXUH�������'XH� WR�VHOHFWLRQ�FULWHULD�DQG� WKH� OLPLWHG�QXPEHU�RI�FDVHV� LQ� WKH�GDWD�

VHWV�� WKH� OLVW�RI�EDFNJURXQG�YDULDEOHV� LQFOXGHG�LQ�WKH�H[SORUDWRU\�SDWK�DQDO\VLV�SHU�

V\VWHP� ZDV� UDWKHU� VPDOO�� $V� D� UHVXOW� RI� SDWK� DQDO\VHV�� WKH� OLVW� RI� LQGLFDWRUV� ZDV�

UHGXFHG�IXUWKHU��7KH�UHVXOWLQJ�SDWK�PRGHO�GLIIHUV�DFURVV�WKH�WKUHH�V\VWHPV��)RU�HDFK�

V\VWHP��WKH�3/6�SDWK�DQDO\VLV�UHVXOWHG�LQ�D�OLVW�RI�LQIOXHQFLQJ�VWXGHQW�DQG�FODVVURRP�

YDULDEOHV� RQ� PDWKHPDWLFV� DFKLHYHPHQW� �VHH� 7DEOH� ������ 7KH� OLVWV� DUH� GLIIHUHQW��

+RZHYHU�� DV� WKH� DQDO\VHV� ZHUH� FRQGXFWHG� RQ� VHSDUDWH� GDWD� VHWV� FROOHFWHG� SHU�
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HGXFDWLRQ� V\VWHP�� WKH� OLVWV� FRXOG� QRW� EH� FRPSDUHG��7KH� UHVXOWV�ZHUH� UHJDUGHG� DV�

LQGLFDWLRQV�IRU�WKH�LQIOXHQFLQJ�YDULDEOHV�IRU�HDFK�V\VWHP�VHSDUDWHO\��

�

7KH� OLVWV� RI� LQIOXHQFLQJ� IDFWRUV� SHU� FRXQWU\� SURYLGHG� VRPH� LQVLJKW� LQWR� WKH�

EDFNJURXQG�YDULDEOHV�ZKLFK�LQIOXHQFH�PDWKHPDWLFV�DFKLHYHPHQW�GLUHFWO\��7KH�OLVWV�RI�

YDULDEOHV� IRU� *HUPDQ\� LV� VPDOOHU� WKDQ� WKH� RQHV� IRU� %HOJLXP� )ODQGHUV� DQG� WKH�

1HWKHUODQGV�� ,Q� WKH� SDWK� PRGHO� IRU� *HUPDQ\�� WKUHH� VWXGHQW� YDULDEOHV� UHPDLQHG�

�
KRPH� HGXFDWLRQDO� EDFNJURXQG�
� 
VWXGHQWV
� DWWLWXGH� WRZDUGV� PDWKHPDWLFV�
� DQG�


VDIHW\� DW� VFKRRO� DV� SHUFHLYHG� E\� VWXGHQWV
�� DQG� MXVW� RQH� FODVVURRP� YDULDEOH�

�
OLPLWDWLRQV� LQ� WHDFKLQJ� PDWKHPDWLFV� UHODWHG� WR� VWXGHQW� EHKDYLRU
��� ,Q� %HOJLXP�

)ODQGHUV�� ILYH� VWXGHQW� YDULDEOHV� DQG� RQH� FODVVURRP� YDULDEOH� UHPDLQHG�� ,Q� WKH�

1HWKHUODQGV�� WKUHH� VWXGHQW� YDULDEOHV� DQG� WZR�FODVVURRP�YDULDEOHV� UHPDLQHG��:LWK�

UHVSHFW� WR� WKH� VWUHQJWK� RI� LQGLUHFW� UHODWLRQVKLSV� EHWZHHQ� VWXGHQW� DQG� FODVVURRP�

YDULDEOHV� DQG� DFKLHYHPHQW� LQ� PDWKHPDWLFV� UHVXOWLQJ� IURP� WKH� FRXQWU\� PRGHOV��

FRXQWULHV�GLIIHUHG�DV�ZHOO��6RPH�LQGLUHFW�OLQNV�DUH�VKRZQ�LQ�RQO\�RQH�FRXQWU\�PRGHO��

)RU� H[DPSOH�� WKH� UHODWLRQVKLS� EHWZHHQ� 
WLPH� RQ� WDVN
� DQG� 
FRQWHQW� FRYHUDJH
� LV�

VKRZQ�RQO\�LQ�WKH�'XWFK�PRGHO��

�

2QH�SRVVLEOH�H[SODQDWLRQ�IRU�FURVV�QDWLRQDO�GLIIHUHQFHV�LQ�LQIOXHQFLQJ�IDFWRUV�FRXOG�

EH� WKDW� RWKHU� FODVVURRP� IDFWRUV� �QRW� LQFOXGHG� LQ� WKH� PRGHO�� RU� FRXQWU\�VSHFLILF�

IDFWRUV� LQIOXHQFH� LQVWUXFWLRQDO� SUDFWLFHV�� $QRWKHU� UHDVRQ�PLJKW� EH� UHODWHG� WR� WKH�

LQWHUQDWLRQDO� UHOLDELOLW\� DQG� YDOLGLW\� RI� WKH� RSHUDWLRQDOL]DWLRQ� RI� WKH� IDFWRUV�� 7KLV�

SRVVLEOH�UHDVRQ�LV�UHIOHFWHG�XSRQ�LQ�VHFWLRQ������

�

5HVXOWV�PXOWLOHYHO�DQDO\VLV�

)RU�HDFK�FRXQWU\��D�KLHUDUFKLFDO�OLQHDU�PRGHO�ZDV�HVWLPDWHG�XVLQJ�WKH�YDULDEOHV�WKDW�

VKRZHG�D�GLUHFW�UHODWLRQVKLS�ZLWK�PDWKHPDWLFV�DFKLHYHPHQW�LQ�WKH�SDWK�PRGHO��7KH�

LQGLUHFW� UHODWLRQVKLSV� IRXQG� LQ� WKH� SDWK� PRGHO� EHWZHHQ� VWXGHQW� DQG� FODVVURRP�

YDULDEOHV�ZHUH�WDNHQ�LQWR�DFFRXQW�DV�ZHOO��

7KH�PXOWLOHYHO� DQDO\VLV� UHVXOWV��SHU� FRXQWU\�� UHYHDOHG�D�PXFK� ODUJHU�SURSRUWLRQ�RI�

H[SODLQHG�YDULDQFH�DW�WKH�FODVVURRP�OHYHO�WKDQ�DW�WKH�VWXGHQW�OHYHO��VHH�7DEOH�������

+RZHYHU�� WKH� YDULDEOHV� LQVHUWHG� LQ� WKH� KLHUDUFKLFDO� OLQHDU� FRXQWU\� PRGHOV� DW� WKH�

FODVVURRP�OHYHO�ZHUH�PDLQO\�DJJUHJDWHG�VWXGHQW�EDFNJURXQG�YDULDEOHV��IRU�H[DPSOH��


KRPH� HGXFDWLRQDO� EDFNJURXQG
� DQG� 
DWWLWXGH� WRZDUGV� PDWKHPDWLFV
��� )URP� WKH�

3/6SDWK� DQDO\VLV�� SHU� FRXQWU\�� RQO\� D� IHZ� JHQXLQH� FODVVURRP� YDULDEOHV� �
FRQWHQW�



6XPPDU\ RI WKH FDVH RI ,($
V 7,066� UHIOHFWLRQV DQG UHFRPPHQGDWLRQV ���

FRYHUDJH� PDWKHPDWLFV
� DQG� 
OLPLWV� LQ� WHDFKLQJ� UHODWHG� WR� VWXGHQW� IHDWXUHV
�� ZHUH�

LGHQWLILHG�DV�LQIOXHQFLQJ�YDULDEOHV�RQ�VWXGHQW�DFKLHYHPHQW�LQ�PDWKHPDWLFV��

�

7KH� FRXQWU\� PRGHOV� UHYHDOHG� LQIOXHQFLQJ� YDULDEOHV� WKDW� FRXOG� QRW� EH� FRPSDUHG�

DFURVV�FRXQWULHV��EHFDXVH�DQDO\VHV�ZHUH�UXQ�VHSDUDWHO\�IRU�HDFK�FRXQWU\��7R�HQDEOH�

FRXQWU\� FRPSDULVRQV� LQ� RUGHU� WR� XQGHUVWDQG� GLIIHUHQFHV� LQ� PDWKHPDWLFV�

DFKLHYHPHQW�DFURVV�QDWLRQV��D�PXOWLOHYHO�DQDO\VLV�ZDV�UXQ�RQ�WKH�SRROHG�GDWD�VHW��,Q�

WKH�SRROHG�GDWD�VHW��DOO�VWXGHQWV�DQG�WHDFKHUV�IURP�DOO�WKUHH�HGXFDWLRQ�V\VWHPV�ZHUH�

LQFOXGHG�� 7KH� YDULDEOHV� LQVHUWHG� LQ� WKLV� DQDO\VLV� ZHUH� QRW� PHUHO\� WKH� RQHV� WKDW�

UHVXOWHG� IURP� WKH� H[SORUDWRU\� SDWK� DQDO\VLV�� 2WKHU� IDFWRUV� WKDW� VKRZHG� ELYDULDWH�

FRUUHODWLRQ� FRHIILFLHQWV� ZLWK� PDWKHPDWLFV� DFKLHYHPHQW� KLJKHU� WKDQ� _���_� LQ� WKH�

SRROHG�GDWD�VHW��ZHUH�LQFOXGHG�DV�ZHOO��

7KH� ILQDO� UHVXOWV� RI� WKH� DQDO\VLV� RQ� WKH� SRROHG� 7,066� GDWD� VHWV� RI� WKH� WKUHH�

FRXQWULHV� VKRZHG� VRPH� VLPLODULWLHV� DQG� GLIIHUHQFHV� DFURVV� WKH� WKUHH� HGXFDWLRQ�

V\VWHPV��VHH�7DEOH�������,Q�DOO�WKUHH�V\VWHPV��LQGLYLGXDO�VWXGHQW�YDULDEOHV�WXUQHG�RXW�

WR� LQIOXHQFH� PDWKHPDWLFV� DFKLHYHPHQW�� 7KHVH� YDULDEOHV� DUH�� 
VWXGHQW
V� JHQGHU�
�


KRPH�HGXFDWLRQDO�EDFNJURXQG�
�
IULHQGV
�DFDGHPLF�H[SHFWDWLRQV�
�
SHUFHLYHG�VDIHW\�LQ�

VFKRRO�
� 
DWWLWXGH� WRZDUGV� PDWKHPDWLFV�
� 
ZRUNLQJ� KDUG� GRLQJ� KRPHZRUN�
� DQG�


VWXGHQW�RULHQWHG� WHDFKLQJ� VW\OH� DV�SHUFHLYHG�E\� WKH� VWXGHQW�
�$OO� RI� WKHVH� VWXGHQW�

YDULDEOHV� UHODWHG�SRVLWLYHO\� WR�PDWKHPDWLFV� DFKLHYHPHQW�� H[FHSW� 
IULHQGV
� DFDGHPLF�

H[SHFWDWLRQ
�DQG� 
VWXGHQW�RULHQWHG�WHDFKLQJ�VW\OH�DV�SHUFHLYHG�E\�WKH�VWXGHQW�
�7KH�

PRUH�VWXGHQWV�DUH�FRQYLQFHG�WKDW� IULHQGV�DUH�PRWLYDWHG�WR�DFKLHYH�ZHOO�DW�VFKRRO��

WKH� ORZHU� WKHLU�RZQ�DFKLHYHPHQW� OHYHO� LV��6WXGHQWV�ZKR�SHUFHLYH� WKH� LQVWUXFWLRQDO�

EHKDYLRU� RI� WKHLU� WHDFKHU� DV� PRUH� D� VWXGHQW� RULHQWHG� SHUIRUP� OHVV� ZHOO� LQ�

PDWKHPDWLFV�WKDQ�VWXGHQWV�ZKR�SHUFHLYH�WKH�RSSRVLWH��

,Q� WKH� OLVW� RI� YDULDEOHV� SUHVHQWHG� DERYH�� VRPH� DUH� FKDQJHDEOH� E\� WKH� VFKRRO� DQG�

WHDFKHUV��
SHUFHLYHG�VDIHW\�LQ�VFKRRO�
�
DWWLWXGH�WRZDUGV�PDWKHPDWLFV�
�
ZRUNLQJ�KDUG�

GRLQJ�KRPHZRUN�
�DQG�
VWXGHQW�RULHQWHG�WHDFKLQJ�VW\OH�DV�SHUFHLYHG�E\�WKH�VWXGHQW�
�

+RZHYHU��FRXQWULHV�FDQQRW�OHDUQ�PXFK�IURP�HDFK�RWKHU�ZKHQ�FKDQJHDEOH�VWXGHQW�

YDULDEOHV� DUH� FRQVLGHUHG�� ,Q� DOO� FRXQWULHV�� WKH� VWXGHQW� IDFWRUV� DUH� UHODWHG� WR�

PDWKHPDWLFV�DFKLHYHPHQW�LQ�WKH�VDPH�ZD\��

&RXQWULHV�FRXOG�OHDUQ�IURP�HDFK�RWKHU�KRZHYHU��E\�ORRNLQJ�DW�WKH�ILQDO�UHVXOWV�DW�WKH�

FODVVURRP� OHYHO��7KUHH� VWXGHQW� DJJUHJDWHG� IDFWRUV� DUH� LPSRUWDQW�SUHGLFWRUV� LQ� WKH�

SRROHG�GDWD�VHW��
KRPH�HGXFDWLRQDO�EDFNJURXQG
��SRVLWLYHO\���
RXW�RI�VFKRRO�DFWLYLWLHV�

UHODWHG�WR� OHLVXUH�WLPH
��QHJDWLYHO\���DQG� 
SHUFHLYHG�VDIHW\�LQ�VFKRRO
��SRVLWLYHO\���,Q�
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DOO�FRXQWULHV��PDWKHPDWLFV�DFKLHYHPHQW�FRXOG�EH�HQKDQFHG�E\�WDNLQJ�LQWR�DFFRXQW�

WKH� DYHUDJH� 
KRPH� HGXFDWLRQDO� EDFNJURXQG� RI� WKH� FODVVURRP
� DQG� E\� WDNLQJ�

PHDVXUHV� WR� LQFUHDVH� WKH� VDIHW\� LQ� VFKRROV�� 7KH� ILUVW� IDFWRU� FDQQRW� HDVLO\� EH�

LQIOXHQFHG�E\�VFKRROV��EXW�
VDIHW\
�LV�DQ�LVVXH�VFKRROV�FDQ�FKDQJH��H�J���E\�PHDQV�RI�

WDNLQJ�PHDVXUHV�WR�SUHYHQW�QHHGOLQJ�EHKDYLRU��

7KUHH�FODVVURRP�IDFWRUV�LQIOXHQFH�PDWKHPDWLFV�SRVLWLYHO\�LQ�DW�OHDVW�WZR�FRXQWULHV��


OLPLWDWLRQV�LQ�WHDFKLQJ�UHODWHG�WR�VWXGHQW�IHDWXUHV�
�
WHDFKHU
V�ZRUNORDG�
�DQG�
FRQWHQW�

FRYHUDJH� RI� PDWKHPDWLFV�
� ,Q� *HUPDQ\�� WKH� PDWKHPDWLFV� DFKLHYHPHQW� OHYHO� ZDV�

ORZHU�WKDQ�LQ�%HOJLXP�)ODQGHUV�DQG�WKH�1HWKHUODQGV��7KH�GLVWULEXWLRQ�RI�WKH�VFRUHV�

RQ� WKH� WKUHH� FODVVURRP� IDFWRUV� WKDW� HQKDQFH� VWXGHQW� DFKLHYHPHQW� LQ� DOO� FRXQWULHV�

SURYLGH� VRPH� FOXHV� IRU� *HUPDQ\�� ,Q� *HUPDQ\�� WHDFKHU
V� DVVLJQPHQW� WR� WHDFK�

PDWKHPDWLFV� LV�� RQ� DYHUDJH�� DURXQG� ���� RI� WKHLU� WRWDO� DVVLJQPHQW� DW� VFKRRO�� ,Q�

%HOJLXP� )ODQGHUV� DQG� WKH� 1HWKHUODQGV� WKLV� SHUFHQWDJH� LV�� RQ� DYHUDJH�� ����

UHVSHFWLYHO\������+HQFH��LQ�*HUPDQ\��WKH�PDWKHPDWLFV�DFKLHYHPHQW�OHYHO�RI�JUDGH���

VWXGHQWV�PLJKW�SURILW�IURP�PHDVXUHV�WR�LQFUHDVH�WHDFKHU
V�ZRUNORDG�RI�PDWKHPDWLFV��

:LWK� UHJDUG� WR� WKH� RWKHU� HIIHFWLYHQHVV� HQKDQFLQJ� IDFWRUV� IRXQG� DW� WKH� FODVVURRP�

OHYHO��LW�LV�PRUH�GLIILFXOW�WR�FRQFOXGH�ZKDW�D�ORZHU�SHUIRUPLQJ�FRXQWU\�FRXOG�OHDUQ�

IURP� D� KLJKHU� SHUIRUPLQJ� FRXQWU\�� ,Q� %HOJLXP� )ODQGHUV�� 
OLPLWDWLRQV� LQ� WHDFKLQJ�

UHODWHG�WR�VWXGHQW�IHDWXUHV
�LV��RQ�DYHUDJH��H[SHULHQFHG�RQ�D�ORZHU�OHYHO�E\�WHDFKHUV�

WKDQ�E\� WHDFKHUV� LQ�*HUPDQ\��*HUPDQ\� FRXOG� WDNH�PHDVXUHV� WR� SUHSDUH� WHDFKHUV�

EHWWHU�� DLPLQJ� DW� FRSLQJ� ZLWK� VWXGHQWV� ZKR� FRPH� IURP� GLIIHUHQW� EDFNJURXQGV�

�HFRQRPLF�� ODQJXDJH�� DQG�RI� GLIIHUHQW� DFDGHPLF� DELOLWLHV��� )URP� WKH� UHVXOWV� LW� FDQ�

DOVR�EH�VHHQ�WKDW�'XWFK�WHDFKHUV�H[SHULHQFH�IHZHU�OLPLWDWLRQV�LQ�WHDFKLQJ�UHODWHG�WR�

VWXGHQW�IHDWXUHV�WKDQ�WKHLU�FROOHDJXHV�IURP�%HOJLXP�)ODQGHUV��$V�%HOJLXP�)OHPLVK
�

VWXGHQWV�RXWSHUIRUPHG�'XWFK� VWXGHQWV�RQ� WKH�7,066� WHVW�� LW� VHHPV� WKDW�%HOJLXP�

WHDFKHUV�FDQ�FRSH�EHWWHU�ZLWK�FODVVURRPV�ZLWK�VWXGHQWV�ZLWK�GLIIHUHQW�EDFNJURXQGV�

WKDQ�WKHLU�'XWFK�FROOHDJXHV��

7KH� WKLUG� HIIHFWLYHQHVV� HQKDQFLQJ� FODVVURRP� IDFWRU� LV� 
FRQWHQW� FRYHUDJH� LQ�

PDWKHPDWLFV�
� $OO� RI� WKH� PDWKHPDWLFV� WRSLFV� OLVWHG� LQ� WKH� 7,066� WHDFKHU�

TXHVWLRQQDLUH� �VHH�$SSHQGL[�$�� XQGHU�&2B�� 
FRQWHQWV� LPSOHPHQWHG� FXUULFXOXP
��

UHIHU�WR��VHWV��RI�LWHPV�LQFOXGHG�LQ�WKH�LQWHUQDWLRQDO�PDWKHPDWLFV�WHVW��2Q�DYHUDJH��LQ�

WKH�KLJKHVW�SHUIRUPLQJ�FRXQWU\��%HOJLXP�)ODQGHUV��WKH�WHDFKHUV�FRYHUHG�WKH�VPDOOHVW�

QXPEHU�RI�WRSLFV�SUHYLRXV�WR�WKH�DGPLQLVWUDWLRQ�RI�WKH�7,066�WHVW�LQ�JUDGH����7KH�

TXHVWLRQ�ZK\�)OHPLVK�JUDGH���VWXGHQWV�RXWSHUIRUP�'XWFK�DQG�*HUPDQ�VWXGHQWV��

ZKLOH� WKHLU�PDWKHPDWLFV� WHDFKHUV� FRYHUHG� IHZHU� WRSLFV� WKDQ� WHDFKHUV� LQ� WKH�RWKHU�

WZR�FRXQWULHV�LV�KDUG�WR�DQVZHU��



6XPPDU\ RI WKH FDVH RI ,($
V 7,066� UHIOHFWLRQV DQG UHFRPPHQGDWLRQV ���

,Q�*HUPDQ\��PDQ\� WRSLFV�KDYH�EHHQ�FRYHUHG��+RZHYHU�� WKH� WLPH�VSHQW�SHU� WRSLF�

FRXOG�EH�OHVV�WKDQ�LQ�%HOJLXP�)OHPLVK�FODVVURRPV��2Q�WKH�RWKHU�KDQG��LQ�%HOJLXP�

)ODQGHUV�VRPH�WRSLFV�ZHUH�QRW�FRYHUHG�DW�DOO��7KH�FRPSDULVRQ�EHWZHHQ�*HUPDQ\�

DQG� WKH� 1HWKHUODQGV�� FRQVLGHULQJ� WKH� UHODWLRQVKLS� DFURVV� 
FRQWHQW� FRYHUDJH�

PDWKHPDWLFV
� DQG� VWXGHQW
V� DFKLHYHPHQW� LQ� PDWKHPDWLFV�� LV� XQFOHDU� DV� ZHOO�� 7KH�

GLVWULEXWLRQ� RI� VFRUHV� RQ� 
FRQWHQW� FRYHUDJH� PDWKHPDWLFV
� IRU� WKH� 1HWKHUODQGV� LV�

DERXW�WKH�VDPH�DV�IRU�*HUPDQ\��<HW��WKH�'XWFK�VWXGHQWV�RXWSHUIRUP�WKHLU�*HUPDQ�

SHHUV�RQ�WKH�7,066�WHVW��

�

7KH� GLIIHUHQFHV� LQ� SURSRUWLRQ� RI� H[SODLQHG� YDULDQFH� DFURVV� WKH� SRROHG� PRGHO�

ZLWKRXW� FRXQWU\� LGHQWLILFDWLRQ� RI� WKH� VWXGHQWV�� RQ� WKH� RQH� KDQG�� DQG� WKH� SRROHG�

PRGHO�ZLWK�FRXQWU\�LGHQWLILFDWLRQ��RQ�WKH�RWKHU�KDQG��LQGLFDWHG�WKDW�FRXQWU\�VSHFLILF�

IDFWRUV� PLJKW� SOD\� D� UROH� LQ� UHODWLRQ� WR� FURVV�QDWLRQDO� GLIIHUHQFHV� LQ� VWXGHQW�

DFKLHYHPHQW��,Q�WKH�PRGHO�ZLWK�
FRXQWU\�LGHQWLILFDWLRQ�RI�VWXGHQWV
�WKH�SURSRUWLRQ�

RI� H[SODLQHG� YDULDQFH� DW� FODVVURRP� OHYHO� LV� VPDOOHU� WKDQ� LQ� WKH� PRGHO� ZLWKRXW�


FRXQWU\�LGHQWLILFDWLRQ
��VHH�7DEOH�������

�

,Q� WKH� QH[W� VHFWLRQ�� UHVXOWV� IURP� WKH� DQDO\VHV� FRQGXFWHG� LQ� WKH� 7,066� FDVH� DUH�

UHIOHFWHG�XSRQ��

���� 5(6($5&+ 48(67,21 ,,��5()/(&7,216 $1' 5(&200(1'$7,216�

������ 5HVHDUFK�TXHVWLRQ�,,�

7KH� DQVZHUV� WR� UHVHDUFK� TXHVWLRQ� ,� UHSRUWHG� LQ� FKDSWHU� �� DQG� VXPPDUL]HG� DQG�

GLVFXVVHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� LQGLFDWHG� WKDW� 7,066� IXOILOOHG� WKH� IXQFWLRQ� RI�

XQGHUVWDQGLQJ� FURVV�QDWLRQDO� VLPLODULWLHV� DQG� GLIIHUHQFHV� LQ� EDFNJURXQG� IDFWRUV�

UHODWHG� WR� PDWKHPDWLFV� DFKLHYHPHQW� RQO\� WR� D� OLPLWHG� H[WHQW�� 7KH� 7,066� FDVH�

VKRZHG� WKDW� WKH� DLP� RI� GHVFULELQJ� VLPLODULWLHV� DQG� GLIIHUHQFHV� DFURVV� FRXQWULHV� KDV�

EHWWHU� EHHQ� PHW� WKDQ� WKH� DLP� RI� H[SODLQLQJ� DQG� XQGHUVWDQGLQJ� GLIIHUHQFHV� LQ�

DFKLHYHPHQW�OHYHO��7KH�H[SORUDWRU\�GDWD�DQDO\VLV�SURFHGXUHV�FRQGXFWHG�LQ�WKLV�WKHVLV�

GLG� QRW� UHVXOW� LQ� FOHDU� UHFRPPHQGDWLRQV� IRU� FRXQWULHV� �L�H��� SROLF\PDNHUV� DQG�

HGXFDWLRQDO�SUDFWLWLRQHUV��WR�LPSURYH�WKHLU�HGXFDWLRQ�LQ�PDWKHPDWLFV��&RXQWULHV�DUH�

LQWHUHVWHG�LQ�FURVV�QDWLRQDO�GLIIHUHQFHV�LQ�FKDQJHDEOH�IDFWRUV�DW�VWXGHQW�RU�FODVVURRP�

OHYHO�WKDW�WXUQHG�RXW�WR�EH�VWURQJ�SUHGLFWRUV�RI�YDULDQFHV�LQ�DFKLHYHPHQW�VFRUHV��7R�

XQFRYHU� VXFK�SUHGLFWRUV� RQ� WKH� EDVLV� RI�7,066� WXUQHG�RXW� WR�EH�GLIILFXOW� LQ� WKH�

FRXQWULHV�VHOHFWHG��



��� &KDSWHU �

/LPLWDWLRQV� LQ� GHVFULSWLRQV� DQG� H[SODQDWLRQV� RI� FURVV�QDWLRQDO� GLIIHUHQFHV� LQ�

DFKLHYHPHQW� DQG� LQ� SUHGLFWRUV� RI� YDULDQFH� LQ� DFKLHYHPHQW� VFRUHV�� FDQ� OHDG� WR�

GLVVDWLVIDFWLRQ�DPRQJ�SROLF\PDNHUV��L�H���WKH�IXQGHUV�RI�VWXGLHV�LQ�PDQ\�FRXQWULHV��

DQG�HGXFDWLRQDO�SUDFWLWLRQHUV�DERXW�WKH�UHOHYDQFH�RI�SDUWLFLSDWLRQ�LQ�DQ�LQWHUQDWLRQDO�

FRPSDUDWLYH� VWXG\��)RU� LQVWDQFH�� SROLF\PDNHUV� FDQ�KHVLWDWH� WR� WDNH�SDUW� LQ� D�QH[W�

VWXG\� LI� WKH\� DUH� QRW� VDWLVILHG� ZLWK� PHUHO\� FRXQWU\�UDQNHG� OLVWV� EDVHG� RQ� PHDQ�

DFKLHYHPHQW�VFRUHV�ZLWKRXW�H[SODQDWLRQV�IRU�GLIIHUHQFHV�DFURVV�FRXQWULHV��7HDFKHUV�

DQG�VFKRRO�SULQFLSOHV�PLJKW�LQ�WXUQ�RSW�QRW�WR�SDUWLFLSDWH�LQ�D�ODUJH�VFDOH�DQG�WLPH�

FRQVXPLQJ�VWXG\��LI�WKH\�FDQQRW�EH�FRQYLQFHG�E\�UHVHDUFKHUV�WKDW�WKH�VWXG\�KDV�WKH�

SRWHQWLDOV� RI� SURYLGLQJ� WKHP� ZLWK� LQIRUPDWLRQ� UHOHYDQW� WR� LPSURYLQJ� WKHLU�

HGXFDWLRQDO�SUDFWLFH��

+HQFH�� LW� LV� H[SHGLHQW� WR� LQFUHDVH� WKH� EHQHILWV� RI� 7,066� DQG� WR� GRZQVL]H� LWV�

OLPLWDWLRQV�DV�PXFK�DV�SRVVLEOH��'LUHFWRUV�RI�IXWXUH�VWXGLHV�DV�ZHOO�DV�WKH�1DWLRQDO�

5HVHDUFK�&RRUGLQDWRUV�ZKR�DUH�UHVSRQVLEOH�IRU�WKH�H[HFXWLRQ�RI�VXFK�VWXGLHV�ZLWKLQ�

WKHLU�FRXQWU\��ZLOO�EH�LQWHUHVWHG�IURP�WKHLU�RZQ�SRVLWLRQ��

7KH� ELJ� TXHVWLRQ� WKRXJK� LV� LQ� ZKDW� ZD\� WKH� EHQHILWV� RI� ODUJH�VFDOH� FRPSDUDWLYH�

DFKLHYHPHQW�VWXGLHV�FRXOG�EH�HQODUJHG�DQG�KRZ�WKH�OLPLWDWLRQV�FRXOG�EH�RYHUFRPH��

,Q�FKDSWHU����WKLV�TXHVWLRQ�ZDV�SUHVHQWHG�DV�UHVHDUFK�TXHVWLRQ�,,�RI�WKLV�WKHVLV�DQG�

ZDV�IRUPXODWHG�DV�IROORZV��

�

,,�� :KDW� FDQ�EH� OHDUQHG� IURP� WKH� FDVH�RI� ,($
V�7,066� IRU� IXWXUH� LQWHUQDWLRQDO� FRPSDUDWLYH�

DFKLHYHPHQW� VWXGLHV� LQ� HGXFDWLRQ� UHJDUGLQJ� WKH� FRQFHSWXDO� IRXQGDWLRQ�� LQVWUXPHQWDWLRQ�� DQG�

GHVLJQ� LQ� YLHZ� RI� WKHLU� SRVVLELOLWLHV� WR� XQFRYHU� IDFWRUV� UHODWHG� WR� GLIIHUHQW� RXWFRPHV� DFURVV�

HGXFDWLRQDO�V\VWHPV�RQ�DQ�LQWHUQDWLRQDO�VWXGHQW�DFKLHYHPHQW�WHVW"�

�

:KLOH� UHVHDUFK� TXHVWLRQ� ,� ZDV� DQVZHUHG� E\� DQ� H[DPLQDWLRQ� RI� WKH� FRQFHSWXDO�

IUDPHZRUN� IRU� 7,066� IROORZHG� E\� H[SORUDWRU\� DQDO\VHV� RQ� WKH� FRQWHQWV� RI� WKH�

7,066�EDFNJURXQG�TXHVWLRQQDLUHV�DQG� WKH�EDFNJURXQG�GDWD�� UHVHDUFK�TXHVWLRQ�,,�

FDQ� EH� FKDUDFWHUL]HG� DV� D� 
PHWD
� TXHVWLRQ�� 5HVHDUFK� TXHVWLRQ� ,,� LV� SULPDULO\�

DGGUHVVHG�E\� UHIOHFWLQJ�XSRQ� WKH� UHVXOWV�RI� WKH�7,066�FDVH� �UHVHDUFK�TXHVWLRQ�,���

%DVHG� RQ� WKH� UHIOHFWLRQV�� EHQHILWV� DQG� OLPLWDWLRQV� DUH� LGHQWLILHG� DQG�

UHFRPPHQGDWLRQV� DUH� IRUPXODWHG� WR� LPSURYH� WKH� XVHIXOQHVV� RI� IXWXUH� ODUJH�VFDOH�

LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV��

2QH�RI� WKH� IXWXUH�VWXGLHV� LV� WKH�FRQWLQXDWLRQ�RI�7,066��$V�VWDWHG� LQ�VHFWLRQ������

DIWHU�WKH�����������7,066�VWXG\��WKH�VWXG\�IURP�ZKLFK�GDWD�ZHUH�DQDO\]HG�LQ�WKLV�
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WKHVLV��� 7,066� ZDV� FRQWLQXHG� XQGHU� WKH� DXVSLFHV� RI� ,($� DV� WKH� 7UHQGV� LQ�

,QWHUQDWLRQDO� 0DWKHPDWLFV� DQG� 6FLHQFH� 6WXG\� �WKH� DFURQ\P� 7,066� ZDV� NHSW���

7UHQGV�ZLOO�EH�DQDO\]HG�HYHU\�IRXU�\HDUV��,Q�������7,066�ZDV�UHSHDWHG�LQ�JUDGH���

RQO\��,Q������������DQG�VR�RQ��WUHQGV�LQ�VWXGHQW�DFKLHYHPHQW�LQ�PDWKHPDWLFV�DQG�

VFLHQFH�DQG�LQ�EDFNJURXQG�IDFWRUV�ZLOO�EH�DQDO\]HG�LQ�ERWK�JUDGH���DQG�JUDGH����

�

,Q�WKLV�WKHVLV��WKH�7,066�FDVH�JDYH�ULVH�WR�UHFRPPHQGDWLRQV�IRU�WKH�LPSURYHPHQW�

RI� WKH� FRQFHSWXDO� IRXQGDWLRQV� DQG� LQVWUXPHQWDWLRQ� RI� IXWXUH� VWXGLHV� LQ� RUGHU� WR�

HQKDQFH�DSSURSULDWH�FRPSDULVRQV�DFURVV�FRXQWULHV�ZKLFK�FDQ�VHUYH�WKH�IXQFWLRQ�RI�

XQGHUVWDQGLQJ�GLIIHUHQFHV�LQ�VWXGHQW�DFKLHYHPHQW�UHVXOWV��,Q�)LJXUH������VHH�FKDSWHU�

���D�JHQHUDO�VWXG\�IUDPHZRUN�IRU�/,1&$6�ZDV�SUHVHQWHG��7KLV�IUDPHZRUN�VKRZV�D�

FORVH�FRQQHFWLRQ�EHWZHHQ�WKH�FRQFHSWXDO�IUDPHZRUN�DQG�LQVWUXPHQWDWLRQ�LVVXHV�RQ�

RQH�KDQG��DQG�GHVLJQ�LVVXHV��RQ�WKH�RWKHU�KDQG��)URP�WKH�7,066�FDVH��OHVVRQV�FDQ�

EH� OHDUQHG� UHJDUGLQJ� WKHVH� WZR� PDLQ� FRPSRQHQWV� IURP� WKH� JHQHUDO� VWXG\�

IUDPHZRUN��

������ &RQFHSWXDO�IRXQGDWLRQ�DQG�LQVWUXPHQWDWLRQ�

'HVFULSWLYH�7,066�UHVXOWV�

2QH� RI� WKH� EHQHILWV� RI� WKH� 7,066� VWXG\� LV� WKH� SURYLVLRQ� RI� GHVFULSWLRQV� RI�

GLIIHUHQFHV� DQG� VLPLODULWLHV� LQ� DFKLHYHPHQW� UHVXOWV� DFURVV�PDQ\�HGXFDWLRQ� V\VWHPV�

IURP�DURXQG�WKH�ZRUOG��7KH�GHVFULSWLRQV�DUH�SURYLGHG�E\�7,066��JLYLQJ�H[SUHVVLRQ�

WR�FRXQWU\�UDQNHG�OLVWV��6\VWHPV�FDQ�FRPSDUH�WKHLU�DFKLHYHPHQW�OHYHO�ZLWK�DOO�RWKHU�

SDUWLFLSDQWV��7KHVH�FRPSDULVRQV�DUH�IDLU��DV�WKH�7,066�DFKLHYHPHQW�WHVW�ZDV�UREXVW�

DFURVV�FRXQWULHV�DW�WKH�LQWHQGHG�FXUULFXOXP�OHYHO��7KLV�ZDV�UHIOHFWHG�LQ�WKH�ZD\�WKH�

UDQNLQJ� OLVWV� KDUGO\� FKDQJHG� DIWHU�� IRU� HDFK� SDUWLFLSDWLQJ� FRXQWU\�� WKH� PRVW�

DSSURSULDWH�VHW�RI�LWHPV�ZDV�VHOHFWHG�DV�WKH�EDVLV�IRU�LQWHUQDWLRQDO�FRPSDULVRQV��7KH�

UDQNLQJV�RI�FRXQWULHV�EDUHO\�GLIIHUHG�DQG�VHHPHG�QRW�GHSHQGHQW�RQ�D�FRXQWU\
V�VHW�

RI�PRVW�DSSURSULDWH�LWHPV�WKDW�ZDV�WDNHQ�DV�WKH�EDVLV�IRU�FRPSDULVRQV��1RU�GLG�WKH�

DYHUDJH� SHUFHQWDJH� FRUUHFW� VFRUHV� RQ� VXE�VFDOHV� RI� WKH� DFKLHYHPHQW� WHVW� �%HDWRQ��

0XOOLV�HW�DO����������

7KH�LQWHUQDWLRQDO�UHSRUWV�RI�7,066�FRQWDLQ�GHVFULSWLYHV�RI�EDFNJURXQG�TXHVWLRQV�DV�

ZHOO��H�J��%HDWRQ��0XOOLV��HW�DO����������7KH�PDMRULW\�RI�WKH�GHVFULSWLRQV�DUH�IHDWXUHV�

RI� WKH� GLVWULEXWLRQ� RI� VFRUHV� RQ� VHSDUDWH� EDFNJURXQG� LWHPV� RI� WKH� SDUWLFLSDWLQJ�

FRXQWULHV��7KHVH�GHVFULSWLRQV�SURYLGH�D�JOREDO�LQVLJKW�LQ�FURVV�QDWLRQDO�GLIIHUHQFHV�
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RQ�DQ�LWHP�E\�LWHP�EDVLV��)RU�LQVWDQFH��WKH�OHYHO�RI�
VDIHW\�DW�VFKRRO�DV�SHUFHLYHG�E\�

WKH� VWXGHQWV
� �LQGLFDWHG� E\� VHSDUDWH� LWHPV� IURP� WKH� VWXGHQW� TXHVWLRQQDLUH�� VHH�

$SSHQGL[�$�� RU� 
WKH� DPRXQW�RI�KRPHZRUN�SHU�GD\
� FDQ�GLIIHU�ZLWKLQ� DQG� DFURVV�

QDWLRQV�� 7KH� JOREDO�� FRPSDUDWLYH� GHVFULSWLRQV� WKHPVHOYHV� DUH� LQIRUPDWLYH� DQG�

LQWHUHVWLQJ��DQG�FDQ�EH�VHHQ�DV�D�EHQHILW�RI�7,066��&RXQWULHV�FDQ�PDNH�XVH�RI�WKH�

GHVFULSWLYH� UHVXOWV� LQ� WKH� ZD\� WKH\� FKRRVH�� 1HYHUWKHOHVV�� WKH� ULVN� RI� 
HFRORJLFDO�

IDOODF\
�PXVW�EH�PHQWLRQHG�KHUH��

7KH�HFRORJLFDO�PLVWDNH�FDQ�EH�PDGH�HDVLO\�LI�GHVFULSWLYH�UHVXOWV�RI�DFKLHYHPHQW�WHVWV�

DUH�SUHVHQWHG�WRJHWKHU�ZLWK�GHVFULSWLYH�UHVXOWV�RI�SRWHQWLDOO\�HIIHFWLYH�IDFWRUV�DW�DQ�

DJJUHJDWHG� OHYHO� �3RVWOHWKZDLWH�� ������� ,I� LQGLYLGXDO� VWXGHQW�GDWD�RQ� WZR�YDULDEOHV�

DUH�DJJUHJDWHG�WR�D�FRXQWU\�OHYHO�²�H�J���D�FRXQWU\�PHDQ�²�WKH�UHODWLRQVKLS�EHWZHHQ�

WKHVH� WZR� YDULDEOHV� FDQ� EH� PLVLQWHUSUHWHG�� )RU� LQVWDQFH�� LQ� WKH� GHVFULSWLYH��

LQWHUQDWLRQDO� 7,066� UHSRUW� RQ�PDWKHPDWLFV� LQ� WKH�PLGGOH� VFKRRO� \HDUV� �%HDWRQ��

0XOOLV� HW� DO��� ������� WKH� PHDQ� PDWKHPDWLFV� DFKLHYHPHQW� VFRUH� SHU� FRXQWU\� LV�

SUHVHQWHG�QH[W�WR�WKH�SHUFHQWDJH�RI�VWXGHQWV�KDYLQJ�D�FRPSXWHU�DW�KRPH��%HDWRQ��

0XOOLV�HW�DO���������S�������7DEOH��������)RU�FRXQWULHV�LQ�ZKLFK�PRUH�VWXGHQWV�KDYH�D�

FRPSXWHU�DW�KRPH�WKDQ�LQ�RWKHU�FRXQWULHV�DQG�WKH�PHDQ�PDWKHPDWLFV�VFRUH�LV�DERYH�

WKH� LQWHUQDWLRQDO� DYHUDJH�� RQH� PLJKW� FRQFOXGH� WKDW� KDYLQJ� D� FRPSXWHU� DW� KRPH�

HQFRXUDJHV�WKH�VWXGHQW�WR�DFKLHYH�ZHOO�LQ�PDWKHPDWLFV��+RZHYHU��WKH�GDWD�RI�ERWK�

YDULDEOHV� DUH� UHSRUWHG� DW� FRXQWU\� OHYHO��$V� D� FRQVHTXHQFH�� WKH� UHVXOWV� FDQ� QRW� EH�

DVVLJQHG� WR� LQGLYLGXDO� VWXGHQWV�� 7KH� FRXQWU\� OHYHO� VFRUHV� FDQQRW� WHOO� WKH� UHDGHU�

ZKHWKHU�
KDYLQJ�D�FRPSXWHU�DW�KRPH
�KDV�DQ�LQIOXHQFH���SRVLWLYHO\�RU�QHJDWLYHO\�²�RQ�

PDWKHPDWLFV�DFKLHYHPHQW��5HDGHUV�ZKR�GR�VR�DUH�PDNLQJ�HFRORJLFDO�PLVWDNHV���

,Q�RUGHU�WR�LQWHUSUHW�KLHUDUFKLFDO�GDWD�SURSHUO\��WKH�LQIOXHQFH�RI�PDQ\�PRUH�IDFWRUV�

PHDVXUHG�DW�PRUH�WKDQ�RQH�OHYHO�VKRXOG�EH�LQVHUWHG�LQ�WKH�DQDO\VLV�RI�UHODWLRQVKLSV�

ZLWK�PDWKHPDWLFV� DFKLHYHPHQW�� 7KH� DSSOLFDWLRQ� RI�PXOWLOHYHO� DQDO\VLV� WHFKQLTXHV�

ZLOO� VDYH� UHVHDUFKHUV�� DQG� WKH� XVHUV� RI� LWV� UHVXOWV� LQ� SDUWLFXODU�� IURP� HFRORJLFDO�

IDOODF\�� 7R� PDNH� VXFK� UHODWLRQDO� DQDO\VLV� SRVVLEOH�� WKH� LWHP�E\�LWHP� DQDO\VHV� RI�

EDFNJURXQG�GDWD� LV�RQO\�D�VWDUW��,WHP�E\�LWHP�DQDO\VLV�FDQQRW�SURYLGH�LQIRUPDWLRQ�

�QHLWKHU� FRQFHSWXDOO\� QRU� HPSLULFDOO\�� DERXW� EDFNJURXQG� IDFWRUV� EHFDXVH� IDFWRUV�

XVXDOO\� FDQQRW� EH�PHDVXUHG� LQ� D� YDOLG�ZD\� E\� RQH� LWHP��7KHUHIRUH�� VHWV�RI� LWHPV�

LQGLFDWLQJ�RQH�IDFWRU�VKRXOG�EH�DQDO\]HG��6HWV�RI�LWHPV�FRXOG�IRUP�D�VFDOH��

�

,Q�WKH�LQWHUQDWLRQDO�7,066�UHSRUWV��H�J��%HDWRQ��0XOOLV��HW�DO���������%HDWRQ��0DUWLQ��

HW� DO��� ������ FRPSDUHG� WR� LWHP�E\�LWHP�GHVFULSWLRQV�� VFRUHV�RQ� VFDOHV�ZHUH�EDUHO\�



6XPPDU\ RI WKH FDVH RI ,($
V 7,066� UHIOHFWLRQV DQG UHFRPPHQGDWLRQV ���

UHSRUWHG�� $V� D� FRQVHTXHQFH�� QR� LQIRUPDWLRQ� LV� DYDLODEOH� DERXW� WKH� LQWHUQDO�

FRQVLVWHQF\��UHOLDELOLW\��DQG�FRQWHQW�YDOLGLW\�RI�VFDOHV�IRU�WKH�SDUWLFLSDWLQJ�FRXQWULHV��

7KH�UHOLDELOLW\�DQG�YDOLGLW\�RI�VFDOHV� LQ� LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV�DUH�FDOOHG�

LQWHUQDWLRQDO�UHOLDELOLW\�DQG�YDOLGLW\��7KH�DGGLWLRQ��
LQWHUQDWLRQDO
�UHIHUV�WR�WKH�IDFW�WKDW�

D�VFDOH�VKRXOG�EH�ERWK�UHOLDEOH�DQG�YDOLG�IRU�HDFK�RI�WKH�SDUWLFLSDWLQJ�FRXQWULHV��

7RJHWKHU�ZLWK� WKH� FULWLFLVP�RQ� WKH� FRQFHSWXDO� IUDPHZRUN� IRU�7,066� �WKHRUHWLFDO�

DQG�HPSLULFDO�HYLGHQFH�LV�XQFOHDU�DQG�QRW�GHULYHG�IURP�LQWHUQDWLRQDO�OLWHUDWXUH�DQG�

OLVWV� RI� FRQFHSWV� DUH� QRW� YHU\� ZHOO� GHILQHG�� WKH� ODFN� RI� VFDOHV� FDQ� EH� VHHQ� DV� D�

OLPLWDWLRQ� RI� WKH� ILUVW� 7,066� UHSRUWV�� ,Q� WKLV� WKHVLV�� WKH� 7,066� FDVH� DQDO\VHV�

LQFOXGHG� D� UHYLHZ� RI� WKH� FRQFHSWXDO� IUDPHZRUN� IRU� 7,066� DQG� D� VHDUFK� IRU�

RSHUDWLRQDOL]DWLRQV�RI�EDFNJURXQG� IDFWRUV� WKDW� FRQVLVW� RI� VHWV�RI� LWHPV� LQVWHDG�RI�

RQH� VLQJOH� LWHP�� 7KH� LQWHUQDO� FRQVLVWHQF\� RI� VHWV� RI� LWHPV�� IRUPLQJ� VFDOHV�� ZDV�

DQDO\]HG�IRU�WKH�WKUHH�FRXQWULHV�XQGHU�UHYLHZ��

�

,Q�WKH�ILUVW�UHSRUWV�RI�WKH�UHSHDW�RI�7,066�LQ�������PRUH�VFDOHV��LQGLFHV��IRU�VWXGHQW�

DQG� FODVVURRP� IDFWRUV�ZHUH� UHSRUWHG� WKDQ� LQ� WKH� UHSRUWV� IURP�7,066������ �HJ���

0XOOLV��0DUWLQ��HW�DO����������+RZHYHU��LQIRUPDWLRQ�DERXW�LQWHUQDWLRQDO�UHOLDELOLW\�DQG�

YDOLGLW\�RI�WKH�LQGLFHV�ZDV�QRW�DYDLODEOH��

&RQFHSWXDO�IRXQGDWLRQ�

7KH� VHOHFWLRQ� RI� UHOHYDQW� EDFNJURXQG� IDFWRUV� LQ� DQ� LQWHUQDWLRQDO� FRPSDUDWLYH�

DFKLHYHPHQW� VWXG\� LV� D� GLIILFXOW� WDVN�� $Q� DSSURSULDWH� FRQFHSWXDO� IUDPHZRUN� LV�

QHFHVVDU\��7KH�7,066�FDVH�VKRZHG�WKDW�WKH�FRQFHSWXDO�IUDPHZRUN�IRU�7,066�ZDV�

DSSURSULDWH� DV� D� WRRO� IRU� WKH� FODVVLILFDWLRQ� RI� SRWHQWLDOO\� HIIHFWLYHQHVV� HQKDQFLQJ�

IDFWRUV� DQG� OHVV� DSSURSULDWH� DV� UHJDUGV� WKH� FRQWHQWV� RI� WKH� UHVSHFWLYH� IDFWRUV�� ,Q�

FKDSWHU����WKH�FRPSRQHQWV��RU�FOXVWHUV�RI�IDFWRUV��RI�WKH�IUDPHZRUN�ZHUH�ILOOHG�LQ�

ZLWK� IDFWRUV� GHULYHG� IURP� WKH� HGXFDWLRQDO� HIIHFWLYHQHVV� OLWHUDWXUH�� $V� QRWHG�� WKH�

UHVXOWLQJ�RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN�ZDV�XVHG�DV�D�JXLGH�WR�LGHQWLI\�JURXSV�RI�

LQGLFDWRUV�IRU�WKH�IDFWRUV�LQ�WKH�7,066�EDFNJURXQG�TXHVWLRQQDLUHV��

$V� D� FRQVHTXHQFH�� WKH� DQDO\VHV� FRQGXFWHG� WR� DGGUHVV� UHVHDUFK� TXHVWLRQ� ,� DUH�

VHFRQGDU\� LQ�QDWXUH��7KH� LQWHUQDWLRQDO� UHVHDUFK�TXHVWLRQV�RI� WKH�7,066�VWXG\�ZHUH�

IRUPXODWHG� LQ� D�JHQHUDO�ZD\�DQG�DQ�HODERUDWHG�FRQFHSWXDO� IUDPHZRUN� IRU�7,066�

FRXOG� QRW� EH� IRXQG� LQ� WKH� OLWHUDWXUH�� 7KH� PHWKRG� DSSOLHG� WR� GHYHORS� WKH�

LQWHUQDWLRQDO� EDFNJURXQG�TXHVWLRQQDLUHV� LQ�7,066� UHPDLQHG�XQFOHDU��7KH�7,066�

EDFNJURXQG�TXHVWLRQQDLUHV�ZHUH�QRW�GLVWLQFWO\�EDVHG�XSRQ�D�FRQFHSWXDO�IUDPHZRUN�
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�VHH�FKDSWHU�����7KH�RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN�IDFLOLWDWHG�WKH�LGHQWLILFDWLRQ�

RI� SRWHQWLDOO\� HIIHFWLYH� IDFWRUV� RQ� �PDWKHPDWLFV�� DFKLHYHPHQW� LQ� JUDGH� �� WKDW� DUH�

ERWK� WKHRUHWLFDOO\� DQG� HPSLULFDOO\� IRXQG� LQ� LQWHUQDWLRQDO� OLWHUDWXUH�� ,QHYLWDEO\��

VHFRQGDU\�DQDO\VLV�RQ�H[LVWLQJ�7,066�GDWDEDVHV�UHVXOWHG�LQ�OLVWV�RI�IDFWRUV�LGHQWLILHG�

DW� GLIIHUHQW� FXUULFXODU� DQG� HGXFDWLRQDO� OHYHOV� RI� WKH� RUJDQL]LQJ� FRQFHSWXDO�

IUDPHZRUN��EXW�WKDW�DUH�PLVVLQJ�LQ�7,066��VHH�������6RPH�SUHGLFWRU�YDULDEOHV�IRXQG�

WR�EH�LPSRUWDQW�LQ�HGXFDWLRQDO�HIIHFWLYHQHVV�UHVHDUFK��ZHUH�RQO\�SDUWLDOO\�FRYHUHG�RU�

QRW�FRYHUHG�DW�DOO�LQ�WKH�7,066�GDWD�VHWV��'HSHQGLQJ�RQ�WKH�UHVHDUFK�TXHVWLRQV��LQ�

IXWXUH� ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� DFKLHYHPHQW� VWXGLHV�� WKHVH� LPSRUWDQW�

PLVVLQJ�IDFWRUV�FDQ�EH�LQVHUWHG��

2QH�RI� WKH� IDFWRUV� WKDW�ZDV�PLVVLQJ� LQ�7,066� LV� 
2SSRUWXQLW\�WR�OHDUQ�DV�SDUW�RI�

WKH� LPSOHPHQWHG� FXUULFXOXP� DW� FODVVURRP� OHYHO�
� 7KH� 'XWFK� QDWLRQDO� FHQWHU� IRU�

7,066�LQVHUWHG��DV�D�QDWLRQDO�RSWLRQ��D�VR�FDOOHG�
WXUER�PHDVXUH
�WR�LQGLUHFWO\�DVVHVV�

WKH�FRQWHQW�RI� LPSOHPHQWHG�FXUULFXOXP�DW� WKH�FODVVURRP�OHYHO� �%RV�	�9RV��������

.XLSHU��%RV�	�3ORPS�� �������7HDFKHUV�RI� WKH� FODVVHV� WHVWHG�ZHUH� DVNHG� WR� MXGJH�

HYHU\�7,066�DFKLHYHPHQW�WHVW�LWHP�RQ�LWV�DSSURSULDWHQHVV�IRU�WKHLU�RZQ�VWXGHQWV��

ERWK� IURP� D� FRQWHQW� SHUVSHFWLYH� �
FRQWHQW� RI� LWHP� FRYHUHG"
�� DQG� D� IRUPDW�

SHUVSHFWLYH� �
LWHP� VXLWDEOH� WR� EH� LQFOXGHG� LQ� D� WHVW� RQ� WKH� WRSLF"
��� 7KHVH� WZR�

LQGLFDWRUV� IRU� 
RSSRUWXQLW\�WR�OHDUQ
� ZHUH� QRW� SDUW� RI� WKH� LQWHUQDWLRQDO� 7,066�

LQVWUXPHQWV��

)RU� IXWXUH� VWXGLHV�� LW� LV� UHFRPPHQGHG� WR� LQVHUW� WKLV� �RU� D� VLPLODU��PHDVXUH� LQ� WKH�

LQWHUQDWLRQDO� FRPSRQHQW� RI� WKH� VWXG\�� EHFDXVH� WKH� IDFWRU� SURYLGHV� LQIRUPDWLRQ�

UHJDUGLQJ�WKH�VWXGHQWV
�RSSRUWXQLW\�WR�OHDUQ�WKH�WRSLFV�ZKLFK�DUH�WHVWHG�E\�PHDQV�RI�

WKH�DFKLHYHPHQW�WHVW�XVHG�LQ�WKH�VWXG\��&RXQWU\�FRPSDULVRQV�FDQ�EHQHILW�IURP�WKHVH�

GDWD��'LIIHUHQFHV� LQ�DFKLHYHPHQW� UHVXOWV�FDQ�GLUHFWO\�EH� OLQNHG�WR� 
RSSRUWXQLW\�WR�

OHDUQ
�GDWD��,I�LQ�RQH�FRXQWU\�D�WRSLF�RI�WKH�FRUH�VXEMHFW�XQGHU�LQYHVWLJDWLRQ�LV�WDXJKW�

WR�D�JUHDWHU�H[WHQW�DQG�PRUH� LQ�GHSWK�WKDQ� LQ�DQRWKHU�FRXQWU\��DQG�WKH�FRXQWULHV�

GLIIHU� LQ� DFKLHYHPHQW� UHVXOWV� RQ� WKLV� WRSLF�� WKH� 
RSSRUWXQLW\�WR�OHDUQ
� UHVXOWV� FDQ�

SURYLGH�LQVLJKW�LQWR�UHDVRQV�IRU�WKH�GLIIHUHQFH��$V�VWDWHG�SUHYLRXVO\��WKH�7,066�WHVW�

WXUQHG�RXW�WR�EH�UREXVW�DFURVV�SDUWLFLSDWLQJ�FRXQWULHV�IURP�WKH�SHUVSHFWLYH�RI�WKH�

LQWHQGHG� FXUULFXOXP�� 7KH� 
RSSRUWXQLW\�WR�OHDUQ
� UHVXOWV� SURYLGH� DGGLWLRQDO�

LQIRUPDWLRQ� UHJDUGLQJ� WKH� DSSURSULDWHQHVV� RI� WKH� WHVW� DW� WKH� OHYHO� RI� WKH�

LPSOHPHQWHG�FXUULFXOXP��

�



6XPPDU\ RI WKH FDVH RI ,($
V 7,066� UHIOHFWLRQV DQG UHFRPPHQGDWLRQV ���

2WKHU�IDFWRUV�WKDW�DUH�QRW�SDUW�RI�WKH�7,066�TXHVWLRQQDLUHV�DUH�OLVWHG�LQ�7DEOH������

6RPH�H[DPSOHV�ZHUH�PHQWLRQHG�LQ�����DQG�DUH�UHSHDWHG�KHUH��([DPSOHV�RI�VWXGHQW��

FODVVURRP�� DQG� VFKRRO� IDFWRUV� IRU�ZKLFK�QR� LQGLFDWRUV� FRXOG�EH� IRXQG� LQ�7,066�

TXHVWLRQQDLUHV� DUH�� VWXGHQW
V� DSWLWXGH�� FKDUDFWHULVWLFV� RI� FXUULFXODU� PDWHULDOV�

�
H[SOLFLWQHVV� DQG� WKH� RUGHULQJ� RI� JRDOV� DQG� FRQWHQW�
� 
VWUXFWXUH� DQG� FODULW\� RI�

FRQWHQW�
� DQG� 
DYDLODELOLW\� RI� DGYDQFH� RUJDQL]HUV
��� JURXSLQJ� SURFHGXUHV� �
PDVWHU\�

OHDUQLQJ�
� 
DELOLW\� JURXSLQJ
��� KLJK� H[SHFWDWLRQV� RI� WHDFKHUV� UHJDUGLQJ� WKH� OHDUQLQJ�

FDSDFLW\� RI� WKHLU� VWXGHQWV�� DQG� VFKRRO
V� HYDOXDWLRQ� SROLF\�� ,Q� HGXFDWLRQDO�

HIIHFWLYHQHVV�UHVHDUFK��HPSLULFDO�HYLGHQFH�ZDV�IRXQG�WKDW�LQGLFDWHG�WKH�SRWHQWLDOV�RI�

WKHVH� IDFWRUV� WR� HQKDQFH� VWXGHQW� DFKLHYHPHQW� �&UHHPHUV�� ������� 7KHUHIRUH�� VXFK�

IDFWRUV�FRXOG�EH�ODEHOHG�DV�
ZKLWH�VSRWV
�LQ�WKH�RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN��,W�

LV� UHFRPPHQGHG� WKDW�� WDNLQJ� WKH� RUJDQL]LQJ� IUDPHZRUN� DV� D� VWDUWLQJ� SRLQW�� WKHVH�


ZKLWH�VSRWV
�EH�ILOOHG�LQ�GXULQJ�WKH�SUHSDUDWLRQ�SKDVH�RI�IXWXUH�VWXGLHV��

5HFRPPHQGDWLRQV�UHJDUGLQJ�FRQFHSWXDO�IUDPHZRUN�

7KH� 7,066� FDVH� FOHDUO\� VKRZHG� WKH� LPSRUWDQFH� RI� D� ZHOO�GHYHORSHG� FRQFHSWXDO�

IUDPHZRUN� LQ� VHOHFWLQJ� WKH� NH\� IDFWRUV� WR� EH� H[DPLQHG� LQ� DQ� LQWHUQDWLRQDO�

FRPSDUDWLYH� VWXG\��7KH� RUJDQL]LQJ� FRQFHSWXDO� IUDPHZRUN� GHYHORSHG� DQG�XVHG� LQ�

WKLV�WKHVLV��)LJXUH������FDQ�EH�XVHG�DV�D�EDVLF�IUDPHZRUN�IRU�IXWXUH�VWXGLHV�LQ�ZKLFK�

LQIOXHQFLQJ�IDFWRUV�RQ�VWXGHQW�DFKLHYHPHQW�ZLOO�EH�VWXGLHG��7KH�WZR�GLPHQVLRQV�RI�

WKH� IUDPHZRUN�� FRQVLVWLQJ�RI� FXUULFXODU� DQG�HGXFDWLRQDO� OHYHOV�� IRUP�D�JRRG�EDVLV�

IRU� WKH� VWXG\� RI� HIIHFWLYHQHVV� HQKDQFLQJ� IDFWRUV� RQ� VWXGHQW� DFKLHYHPHQW� WKDW� DUH�

PHDVXUHG� E\� PHDQV� RI� FXUULFXOXP�GULYHQ� WHVWV�� $W� HDFK� RI� WKH� FXUULFXODU� OHYHOV��

SRWHQWLDOO\� LQIOXHQFLQJ�IDFWRUV�FDQ�EH� LGHQWLILHG� LQ�WKH�IUDPHZRUN��,Q�FKDSWHU���� LW�

ZDV� DUJXHG� WKDW� UHYLHZV�RI� HGXFDWLRQDO� HIIHFWLYHQHVV� VWXGLHV� FRXOG�SURYLGH�XVHIXO�

LQIRUPDWLRQ� RQ� IDFWRUV� WKDW� SRWHQWLDOO\� HQKDQFH� VWXGHQW� DFKLHYHPHQW� LQ� GLIIHUHQW�

FRXQWULHV��

([WHQVLYH�OLWHUDWXUH�VHDUFKHV�RQ�UHYLHZV�FRQFHUQLQJ�LQVWUXFWLRQDO�HIIHFWLYHQHVV�DQG�

VFKRRO� HIIHFWLYHQHVV� DUH� UHFRPPHQGHG� WR� ILQG� DSSURSULDWH� RSHUDWLRQDOL]DWLRQV� RI�

WKH� IDFWRUV� IRU� ZKLFK� QR� LQGLFDWRUV� FRXOG� EH� IRXQG� LQ� WKH� 7,066� EDFNJURXQG�

LQVWUXPHQWV��7KH�UHYLHZ�VWXGLHV�FRXOG�DOVR�H[SOLFLWO\�FRQFHUQ�LQYHVWLJDWLRQV� LQ�WKH�

ILHOG�RI�WKH�FXUULFXOXP��,Q�IDFW��&UHHPHUV��������LQFOXGHG�UHVXOWV�RI�PDQ\�RI�VXFK�

VWXGLHV�LQ�D�FRPSUHKHQVLYH�PRGHO�RI�HGXFDWLRQDO�HIIHFWLYHQHVV��VHH�)LJXUH�������,Q��

�
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WKH�RUJDQL]LQJ�FRQFHSWXDO�IUDPHZRUN�RI�WKLV�WKHVLV��GLIIHUHQW�FXUULFXODU�DVSHFWV�ZHUH�

GHULYHG� IURP�&UHHPHUV
�PRGHO��0RVW�RI� WKHVH� DVSHFWV�ZHUH�QRW� IRXQG� LQ�7,066�

LQVWUXPHQWV�� 5HYLHZLQJ� RI� VHSDUDWH� VWXGLHV� RQ� FXUULFXOXP� DVSHFWV� �H�J��� YDQ� GHQ�

$NNHU��������.XOLN�DQG�.XOLN��������)UDVHU��:DOEHUJ��HW�DO���������FRXOG�UHVXOW� LQ�

DSSURSULDWH�RSHUDWLRQDOL]DWLRQV��LQVWUXPHQWV��WKDW�FDQ�EH�XVHG�LQ�IXWXUH�VWXGLHV��

,I� WKH� 
ZKLWH� VSRWV
� RI� WKH� RUJDQL]LQJ� FRQFHSWXDO� IUDPHZRUN� DUH� ILOOHG� LQ�� WKH�

UHODWLRQVKLSV�EHWZHHQ�
FXUUHQW
�IDFWRUV�DQG�SRWHQWLDOO\�LQIOXHQFLQJ�IDFWRUV�WKDW�ZHUH�

PLVVLQJ�LQ�WKH�7,066�FDVH��FDQ�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�DV�SDUW�RI�WKH�DQDO\VHV��

7KHQ��WKH�HIIHFWLYHQHVV�RI�PRUH�IDFWRUV�RQ�VWXGHQW�DFKLHYHPHQW�FDQ�EH�HVWLPDWHG�LQ�

D�PRUH�FRPSUHKHQVLYH�ZD\��

�

0LQLPDOL]LQJ�FXOWXUDO�ELDV�LQ�WKH�FRQFHSWXDO�IUDPHZRUN�

7KH� VHOHFWLRQ� DQG� GHILQLWLRQ� RI� NH\� IDFWRUV� LQ� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV�

FRXOG�EH�UHODWHG�WR�FXOWXUDO�ELDV��SDUWLFXODUO\�LI�FRXQWULHV�IURP�GLIIHUHQW�SDUWV�RI�WKH�

ZRUOG�DUH�SDUWLFLSDWLQJ�LQ�RQH�VWXG\��OLNH�LQ�7,066��&XOWXUDO�ELDV�ZLWK�UHVSHFW�WR�WKH�

PHDQLQJ�RI�NH\�IDFWRUV�PXVW�EH�ORZ�RU�QHJOLJLEOH��

0RVW�LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV�DUH�OHG�E\�LQGXVWULDOL]HG�FRXQWULHV��:HVWHUQ�

(XURSH��1RUWKHUQ�$PHULFD���7KHUHIRUH��WKHUH�LV�HYLGHQFH�WKDW�WKH�GHILQLWLRQ�RI�NH\�

IDFWRUV� WKDW� DUH� VWXGLHG� DUH� FXOWXUDOO\� ELDVHG�� :KDW� LV� LPSRUWDQW� ZLWK� UHJDUG� WR�

DFKLHYHPHQW�LQ�VFKRROV�LQ�DQ�LQGXVWULDOL]HG�FRXQWU\�PLJKW�EH�RI�OHVV�LPSRUWDQFH�LQ��

IRU� H[DPSOH�� DQ� $IULFDQ� FRXQWU\�� $� IDFWRU� WKDW� WXUQHG� RXW� WR� KDYH� VWDWLVWLFDO�

SUHGLFWLYH� SRZHU� ZLWK� UHJDUG� WR� DFKLHYHPHQW� LQ� RQH� HGXFDWLRQ� V\VWHP� �HLWKHU� D�

GHYHORSHG� RU� D� GHYHORSLQJ� V\VWHP�� FDQ� EH� RI� QR� LPSRUWDQFH� LQ� DQRWKHU� V\VWHP��

3UHYLRXV� VWXGLHV� VKRZHG� QR� HYLGHQFH� IRU� WKH� H[LVWHQFH� RI� RQH� EHVW� HGXFDWLRQ�

PHWKRG�IRU�DFKLHYLQJ�KLJK�WHVW�VFRUHV��6FKHHUHQV���������

,Q�D�UHYLHZ�RI�UHVHDUFK�HYLGHQFH��6FKHHUHQV��������IRXQG�PDQ\�IXQGDPHQWDO�IDFWRUV�

�PRVWO\�DW� WKH� OHYHO�RI� UHVRXUFHV� VXFK�DV�DYDLODELOLW\�RI� WH[WERRNV�DQG�SHQFLOV�DQG�

IXUQLWXUH��ZKLFK�DUH�LPSRUWDQW�WR�LQFOXGH�LQ�VWXGLHV�LQ�GHYHORSLQJ�FRXQWULHV��6LPLODU�

FRQFOXVLRQV�ZHUH�GUDZQ�E\�+RZLH��LQ�SUHVV��RQ�WKH�EDVLV�RI�D�VHFRQGDU\�DQDO\VLV�RQ�

7,066�GDWD�IURP�6RXWK�$IULFD��6XFK�IDFWRUV�FDQQRW�EH�FRQVLGHUHG�DV�YDULDEOHV�LQ�

GHYHORSHG�FRXQWULHV� DQG� WKHUHIRUH� WKH\� DUH�QRW�XVHIXO� WR� VWDWLVWLFDO�SUHGLFWLRQV�RI�

DFKLHYHPHQW�LQ�FHUWDLQ�VXEMHFWV��

,Q� IXWXUH� VWXGLHV�� WKH� FRQFHSWXDO� IUDPHZRUN� DQG� LWV� RSHUDWLRQDOL]DWLRQ�PLJKW� EH�

DGDSWHG� WR� WKH�YDULHW\�RI�GHYHORSLQJ�DQG�GHYHORSHG�FRXQWULHV�SDUWLFLSDWLQJ� LQ� WKH��

�
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VWXGLHV�� $� VXEVHW� RI� WKH� VHOHFWHG� VHW� RI� NH\� IDFWRUV� �RU� DOO� RI� WKHP��PLJKW� QHHG�

GLIIHUHQW�RSHUDWLRQDOL]DWLRQV� IRU� FHUWDLQ�JURXSV�RI� FRXQWULHV�ZLWKLQ� WKH�GHYHORSHG�

DQG� WKH� GHYHORSLQJ� ZRUOG�� +HQFH�� WKH� GHVLJQ� RI� D� ZRUOGZLGH� VWXG\� PLJKW� EH�

DGDSWHG�LQWR�D�VWXG\�KDYLQJ�QRW�RQO\�FRUH�FRPSRQHQWV��EXW�DOVR�GLIIHUHQWLDO�RQHV�DW�

D�UHJLRQDO�OHYHO��VHH�EHORZ�XQGHU�
GHVLJQ�LVVXHV
���

,QVWUXPHQWDWLRQ�

)DFWRUV� UHODWHG� WR� DFKLHYHPHQW� IRXQG� LQ� WKLV� WKHVLV� E\�PHDQV� RI� WKH� H[SORUDWRU\�

DQDO\VHV�RQ�7,066�GDWD��SDUWLFXODUO\��WKH�FODVVURRP�IDFWRUV�LGHQWLILHG�DV�LQIOXHQFLQJ�

IDFWRUV� LQ� GLIIHUHQW� FRXQWULHV� �H�J��� FRQWHQW� FRYHUDJH� PDWKHPDWLFV� DQG� WHDFKHU
V�

ZRUNORDG��FDQ�EH�LPSOHPHQWHG�LQ�IXWXUH�VWXGLHV��

7KH�RSHUDWLRQDOL]DWLRQ�RI�WKH�IDFWRUV� LQ�EDFNJURXQG�YDULDEOHV�PHDVXUHG�E\�PHDQV�

RI�7,066�EDFNJURXQG�TXHVWLRQQDLUHV�ZHUH�DQDO\]HG�LQ�WKH�7,066�FDVH��7KH�TXDOLW\�

RI�WKH�RSHUDWLRQDOL]DWLRQ�RI�VRPH�IDFWRUV�FRXOG�EH�MXGJHG�DV�JRRG�DQG�WKDW�RI�RWKHU�

IDFWRUV�DV�GRXEWIXO��ERWK�IURP�D�VWDWLVWLFDO�DQG�D�FRQWHQW�SHUVSHFWLYH��VHH�FKDSWHU�����

)RU�WKH�PDMRULW\�RI�WKH�IDFWRUV�IRU�ZKLFK�LQGLFDWRUV�FRXOG�EH�IRXQG��WKH�FRQWHQWV�RI�

WKH�LWHPV�FRUUHVSRQGV�WR�D�FHUWDLQ�H[WHQW�ZLWK�WKH�GHILQLWLRQ�RI�WKH�IDFWRU��)RU�VRPH�

IDFWRUV�� WKH� VWDWLVWLFDO� LQWHUQDO� FRQVLVWHQF\� RI� WKH� LGHQWLILHG� VHWV� RI� LWHPV� YDULHV�

DFURVV�FRXQWULHV���

�

)RU� LQVWDQFH�� LQ� 7,066�� WKH� VWXGHQW� EDFNJURXQG� IDFWRU� 
VRFLDO� EDFNJURXQG
� �D�

FXUULFXODU� DQWHFHGHQW� IDFWRU�� ZDV� LQGLFDWHG� E\� 
RXW�RI�VFKRRO� DFWLYLWLHV� UHODWHG� WR�

OHLVXUH�WLPH�
�7KH�LQWHUQDO�FRQVLVWHQF\�RI�WKH���LWHP�VFDOH��H[SUHVVHG�E\�D�&URQEDFK�

α�FRHIILFLHQW��LV�ORZ�DQG�YDULHG�LQ�WKH�WKUHH�HGXFDWLRQ�V\VWHPV�XQGHU�UHYLHZ�IURP�

����LQ�*HUPDQ\�WR�����LQ�%HOJLXP�)ODQGHUV��7KH�WKUHH�HGXFDWLRQ�V\VWHPV�VWXGLHG�DUH�

QHLJKERULQJ� FRXQWULHV�� 1HYHUWKHOHVV�� WKH� WKUHH� LWHPV� LQGLFDWLQJ� RXW�RI�VFKRRO�

DFWLYLWLHV��VHH�$SSHQGL[�$�IRU�WKH�FRQWHQWV�RI�WKH�LWHPV��PLJKW�QRW�EH�XQGHUVWRRG�

XQDPELJXRXVO\� E\� JUDGH� �� VWXGHQWV� ZLWKLQ� DQG� DFURVV� V\VWHPV�� )RU� LQVWDQFH��

VWXGHQWV� IURP� VHSDUDWH� FRXQWULHV� PLJKW� XQGHUVWDQG� WKH� TXHVWLRQ� 
RQ� D� QRUPDO�

VFKRRO�GD\��KRZ�PXFK�WLPH�GR�\RX�VSHQG�EHIRUH�RU�DIWHU�VFKRRO�ZDWFKLQJ�WHOHYLVLRQ�

DQG�YLGHRV"
�LQ�D�GLIIHUHQW�ZD\��,Q�SDUWLFXODU��WKH�ILUVW�SDUW�RI�WKH�TXHVWLRQ�PLJKW�EH�

DPELJXRXV��6RPH�VWXGHQWV�PLJKW�WKLQN�RI� 
\HVWHUGD\
�DV�D�QRUPDO�VFKRRO�GD\��DQG�

\HVWHUGD\�WKH\�ZHUH�RII�WKH�ZKROH�DIWHUQRRQ��DQG�RWKHU�VWXGHQWV�PLJKW�WKLQN�RI�D�

VFKRRO�GD\�WKH\�XVXDOO\�KDYH��'LIIHUHQW�LQWHUSUHWDWLRQV�FDQ�OHDG�WR�GLIIHUHQW�DQVZHUV���

�
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$QRWKHU� H[DPSOH� LV� WKH� ZD\� VWXGHQWV� LQ� GLIIHUHQW� FRXQWULHV� LQWHUSUHW� TXHVWLRQV�

UHIHUULQJ�WR�
VDIHW\�LQ�VFKRRO
��VHH�$SSHQGL[�$�IRU�WKH�
VDIHW\
�LWHPV�IURP�WKH�7,066�

VWXGHQW�TXHVWLRQQDLUH���6WXGHQWV�LQ�RQH�FRXQWU\�PLJKW�WKLQN�WKDW�KXUWLQJ�SHRSOH�RU�

VWHDOLQJ� IURP� RWKHU� VWXGHQWV� DUH� VHYHUH� DFWV� DQG� WKH\� ZLOO� FRPSOHWH� WKH� LWHPV�

DFFRUGLQJO\�� ,Q� DQRWKHU� FRXQWU\�� VWXGHQWV�PLJKW� SHUFHLYH� KXUWLQJ� DQG� VWHDOLQJ� DV�

PRUH� QRUPDO� DQG� WKHUHIRUH� WKHLU� DQVZHUV�PLJKW� EH�PRUH�PRGHUDWH�� ,Q� WKH� ODWWHU�

FRXQWU\�� 
XQVDIH
� VLWXDWLRQV� PD\� EH� UHSRUWHG� OHVV� IUHTXHQWO\� WKDQ� LQ� WKH� FRXQWU\�

ZKHUH�VWXGHQWV�WKLQN�WKHVH�DFWLRQV�DUH�VHYHUH�RQHV��

�


6WXGHQW
V�DWWLWXGH�WRZDUGV�PDWKHPDWLFV
�LV�DQRWKHU�H[DPSOH�RI�D�IDFWRU�IRU�ZKLFK�DQ�

RSHUDWLRQDOL]DWLRQ�ZDV�IRXQG�LQ�WKH�7,066�VWXGHQW�EDFNJURXQG�TXHVWLRQQDLUH��<HW��

WKH� RSHUDWLRQDOL]DWLRQ� FDQ� EH� FULWLFL]HG�� ,Q� WKH� OLWHUDWXUH�� VHYHUDO� FRPSRQHQWV� RI�


VWXGHQW
V�DWWLWXGH
�DUH�GLVWLQJXLVKHG��0DULQRW��.XKOHPHLHU�	�)HHQVWUD���������VXFK�

DV�OLNLQJ��LPSRUWDQFH��VHOI�FRQILGHQFH��DQG�DQ[LHW\��7R�EH�DEOH�WR�GUDZ�DSSURSULDWH�

FRQFOXVLRQV�²�ERWK�QDWLRQDOO\�DQG�FURVV�QDWLRQDOO\�²�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�

DFKLHYHPHQW�LQ�PDWKHPDWLFV�DQG�VWXGHQW
V�DWWLWXGH��LQIRUPDWLRQ�VKRXOG�EH�FROOHFWHG�

DERXW� KRZ� GLIIHUHQW� DWWLWXGLQDO� DVSHFWV� DUH� UHODWHG� WR� DFKLHYHPHQW� LQ� GLIIHUHQW�

FRXQWULHV��

,Q�7,066�� WZR� VXEVHWV�RI� ILYH�DWWLWXGH� LWHPV�ZHUH�DGPLQLVWHUHG� WR�VWXGHQWV��2QH�

VXEVHW� RI� DWWLWXGH� LWHPV� UHIHUV� WR� 
OLNLQJ� WKH� VXEMHFW
� DQG� D� VHFRQG� VHW� UHIHUV� WR�


LPSRUWDQFH�RI�WKH�VXEMHFW�IRU�VWXGHQW
V�VFKRRO�FDUHHU�DQG�IXWXUH�OLIH
��VHH�$SSHQGL[�

$��� 7KH� WRWDO� VHW� RI� ��� TXHVWLRQV� IRUP� WKH� VFDOH� 
VWXGHQW
V� DWWLWXGH� WRZDUGV�

PDWKHPDWLFV
��D�FXUULFXODU�FRQWH[WXDO�IDFWRU���,Q�QDWLRQDO�VWXGLHV��LW�LV�UHFRPPHQGHG�

WR�PHDVXUH� DWWLWXGH� E\�PHDQV� RI�PRUH� WKDQ� �� LWHPV� �0DULQRW�� HW� DO��� �������7KLV�

UHFRPPHQGDWLRQ� LV� HYHQ�PRUH� DSSOLFDEOH� LQ� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV�� WR�

HQKDQFH� WKH� LQWHUQDO� FRQVLVWHQF\� DQG� YDOLGLW\� RI� WKH� VFDOHV� LQ� DOO� SDUWLFLSDWLQJ�

FRXQWULHV��6WXGHQWV�IURP�GLIIHUHQW�FRXQWULHV�KDYH�GLIIHUHQW�FXOWXUDO�EDFNJURXQGV��7R�

PLQLPL]H� FURVV�QDWLRQDO� GLIIHUHQFHV� RQ� VWXGHQW� DWWLWXGH� VFRUHV�� LW� LV� QHFHVVDU\� WR�

LQFOXGH�PRUH�DWWLWXGH�LWHPV�LQ�WKH�LQWHUQDWLRQDO�TXHVWLRQQDLUH��

,Q�WKH�7,066�FDVH��WKH�LQWHUQDO�FRQVLVWHQF\�RI�ERWK�WKH�VXE�VFDOHV�DQG�WKH�WRWDO�VFDOH�

LV�DGHTXDWH�LQ�WKH�WKUHH�HGXFDWLRQ�V\VWHPV��&URQEDFK�α�FRHIILFLHQW�IRU�WKH�WRWDO�VFDOH�
YDULHV�IURP�����LQ�WKH�1HWKHUODQGV�WR�����LQ�%HOJLXP�)ODQGHUV���+RZHYHU��LW�LV�QRW�

H[DFWO\� NQRZQ� ZKHWKHU� VWXGHQWV� ZLWKLQ� DQG� DFURVV� FRXQWULHV� XQGHUVWDQG� HDFK�

DWWLWXGH�TXHVWLRQ� LQ� WKH�ZD\� WKH�TXHVWLRQ�ZDV�PHDQW��:KDW�GRHV� WKH� DQVZHU� 
\HV
�

PHDQ�WR�WKH�TXHVWLRQ�RI�ZKHWKHU�WKH�VWXGHQW�OLNHV�PDWKHPDWLFV"�7KH�TXHVWLRQ�DQG�LWV�
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V 7,066� UHIOHFWLRQV DQG UHFRPPHQGDWLRQV ���

DQVZHU�VHHP�UDWKHU�VWUDLJKWIRUZDUG�DQG�XQDPELJXRXV��1HYHUWKHOHVV��WKH�PHDQLQJ�RI�

WKH�DQVZHU�FDQ�EH�LQWHUSUHWHG�LQ�GLIIHUHQW�ZD\V��7KH�LQWHUSUHWDWLRQ�GHSHQGV�RQ�WKH�

FLUFXPVWDQFHV�WKH�VWXGHQW�KDG�LQ�PLQG�ZKLOH�DQVZHULQJ�WKH�TXHVWLRQ��7KH�VWXGHQW
V�

RSLQLRQ�DERXW�WKH�PDWKHPDWLFV�WHDFKHU�DQG�DERXW�WKH�FRPSRVLWLRQ�RI�WKH�FODVVURRP�

FDQ�LQIOXHQFH�KLV�DQVZHU��,Q�WKH�3/6�SDWK�DQDO\VHV��IRU�*HUPDQ\�WKH�GLUHFWLRQ�RI�WKH�

UHODWLRQVKLS� EHWZHHQ� 
DWWLWXGH� WRZDUGV� PDWKHPDWLFV
� DQG� 
DFKLHYHPHQW� LQ�

PDWKHPDWLFV
�ZDV�GLIIHUHQW�IURP�WKH�RQH�IRU�%HOJLXP�)ODQGHUV��VHH�������7KLV�PLJKW�

EH�UHODWHG�WR�WKH�DPELJXLW\�RI�WKH�DWWLWXGH�LWHPV��

7KHUHIRUH�� WKH� RSHUDWLRQDOL]DWLRQ� RI� WKH� VWXGHQW
V� DWWLWXGH� E\� RQO\� D� IHZ� LWHPV� LV�

LQVXIILFLHQW��7KH�UHVSRQGHQWV�LQ�DOO�FRXQWULHV�PXVW�EH�GLUHFWHG�WR�WKH�FLUFXPVWDQFHV�

ZKLFK�PXVW�EH�NHSW�LQ�PLQG�ZKLOH�DQVZHULQJ�D�VHW�RI�TXHVWLRQV��VHH�DOVR�0HHOLVVHQ�

	�%RV���������

�

,Q�7,066��QR�GDWD�DUH�DYDLODEOH�DERXW� WKH� OHYHO�RI�DPELJXLW\�RI� WKH�VHWV�RI� LWHPV�

ZLWKLQ�DQG�DFURVV�FRXQWULHV��+RZHYHU��LW�FDQ�EH�DVVXPHG�WKDW�GLIIHUHQFHV�LQ�LQWHUQDO�

FRQVLVWHQF\�RI� VFRUHV�RQ� VHWV�RI� LWHPV�PLJKW�EH� UHODWHG� WR� WKH�GLIIHUHQW�ZD\V� WKH�

TXHVWLRQV� LQ� WKH� VWXGHQW� TXHVWLRQQDLUH� ZHUH� LQWHUSUHWHG� E\� VWXGHQWV� LQ� WKH� WKUHH�

FRXQWULHV�� 7KH� ODWWHU� LV� UHODWHG� WR� LQWHUQDWLRQDO� FRQWHQW� YDOLGLW\�� ,QWHUQDWLRQDO� FRQWHQW�

YDOLGLW\� LI� LWHPV� IURP�VXUYH\� LQVWUXPHQWV� �H�J���TXHVWLRQQDLUHV��PHDQV�WKDW� LQ�HDFK�

SDUWLFLSDWLQJ�FRXQWU\��HYHU\�UHVSRQGHQW�VKRXOG�XQGHUVWDQG�HDFK�LWHP�LQ�WKH�ZD\�LW�

ZDV�PHDQW��7KH� LQWHUQDWLRQDO� FRQWHQW� YDOLGLW\�RI� WKH� LWHPV�UHODWHG�WR�RQH�IDFWRU�DQG�

LQFOXGHG� LQ� WKH� LQWHUQDWLRQDO� EDFNJURXQG� TXHVWLRQQDLUHV�� VKRXOG� EH� NQRZQ� LQ�

DGYDQFH��2QO\�WKHQ�FDQ�WKH�OHYHO�RI�DPELJXLW\�RI�WKH�LWHPV�DFURVV�QDWLRQV�EH�WDNHQ�

LQWR�FRQVLGHUDWLRQ�LQ�LQWHUSUHWLQJ�WKH�GDWD��

$V�VWDWHG��WKH�UHVXOWV�RI�WKH�H[SORUDWRU\�SDWK�DQDO\VLV�UHSRUWHG�LQ�FKDSWHU����SRLQW�

WKH�DWWHQWLRQ�WR�FRQWHQW�YDOLGLW\� LVVXHV�DV�ZHOO��+RZHYHU��FRQWHQW�YDOLGLW\�ZDV�QRW�

H[DPLQHG� H[SOLFLWO\�� 7KH� UHVXOWLQJ� OLVW� RI� IDFWRUV� IURP� WKH� 3/6� DQDO\VHV� ZKLFK�

UHODWHG�GLUHFWO\�RU� LQGLUHFWO\� WR�PDWKHPDWLFV� DFKLHYHPHQW�GLIIHUV� DFURVV� FRXQWULHV��

2QH� SRVVLEOH� UHDVRQ� IRU� GLIIHUHQW� OLVWV� RI� LQIOXHQFLQJ� IDFWRUV� RQ� PDWKHPDWLFV�

DFKLHYHPHQW� �VHH� DOVR� ���� XQGHU� 3/6� UHVXOWV�� FRXOG� EH� WKH� LQWHUQDWLRQDO� FRQWHQW�

YDOLGLW\� RI� WKH� RSHUDWLRQDOL]DWLRQ�RI� WKH� IDFWRUV�� 3HUKDSV� WKHUH� LV� DQ� LQWHUQDWLRQDO�

YDOLGLW\�SUREOHP�ZLWK�WKH�FRQWHQWV�RI�WKH�VHW�RI�LWHPV�XVHG�DV�WKH�RSHUDWLRQDOL]DWLRQ�

RI�WKH�IDFWRU�V���,I�WKHUH�LV�D�FURVV�QDWLRQDO�GLIIHUHQFH�LQ�WKH�UHOLDELOLW\�FRHIILFLHQW�IRU�

D�YDULDEOH��WKH�OHYHO�RI�LQWHUQDWLRQDO�FRPSDUDELOLW\�PLJKW�EH�SUREOHPDWLF��$V�VWDWHG�

DERYH��DV�IDU�DV�LV�NQRZQ��LQ�7,066�FRQWHQW�YDOLGLW\�RI�YDULDEOHV�ZDV�QRW�H[DPLQHG��
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5HFRPPHQGDWLRQV�ZLWK�UHVSHFW�WR�LQVWUXPHQWDWLRQ�LVVXHV�

7KH�FODULW\�RI�DOO�LWHPV�LQ�WKH�EDFNJURXQG�TXHVWLRQQDLUHV�PXVW�EH�RSWLPL]HG�VR�WKDW�

WKH� LQWHUQDWLRQDO� FRQWHQW� YDOLGLW\� �DQG� LQWHUQDWLRQDO� UHOLDELOLW\�� LV�PD[LPL]HG�� 7KH�

WRSLF�RI�LQWHUQDWLRQDO�FRQWHQW�YDOLGLW\�RI�IDFWRUV�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�DQG�

FRPSOLFDWHG� RQHV� LQ� ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� DFKLHYHPHQW� VWXGLHV��

&XOWXUDO�GLIIHUHQFHV�FDQ�FDXVH�PXOWLSOH�LQWHUSUHWDWLRQV�RI�WKH�VDPH�TXHVWLRQV�DFURVV�

QDWLRQV�� ,Q� DGGLWLRQ�� WUDQVODWLQJ� WKH� TXHVWLRQV� IURP� (QJOLVK� LQWR� WKH� FRXQWU\�

ODQJXDJH�LV�DOVR�D�SRVVLEOH�FDXVH�IRU�PXOWLSOH�LQWHUSUHWDWLRQ�SUREOHPV��KRZHYHU��LQ�

7,066� WUDQVODWLRQ� YHULILFDWLRQ� LV� DQ� LQWHJUDO� SDUW� RI� TXDOLW\� PRQLWRULQJ��� 7R�

DFFRPSOLVK�WKH�
XQGHUVWDQGLQJ
�IXQFWLRQ�RI�,($�VWXGLHV��LW�LV�QHFHVVDU\�WR�RSWLPL]H�

LQWHUQDWLRQDO�YDOLGLW\�RI�IDFWRUV��+RZ�FRXOG�WKLV�SRVVLEO\�EH�DFKLHYHG"�

)LUVW�� WKH� GHILQLWLRQ� RI� D� VHOHFWHG� IDFWRU� VKRXOG� EH� PDGH� XQLIRUP� DFURVV� WKH�

SDUWLFLSDWLQJ� FRXQWULHV�� DQG� WKLV� SURFHVV� VKRXOG� EH� IROORZHG� E\� D� SLORW�

DGPLQLVWUDWLRQ�RI� WKH� LWHPV� LQ�HDFK�FRXQWU\��7KH�GHILQLWLRQ�RI�D�IDFWRU�UHIHUV�WR�D�

PHDVXUH�RI�FKDUDFWHULVWLFV�RI�XQLWV�LQ�HGXFDWLRQ��HGXFDWLRQ�V\VWHP��VFKRRO��WHDFKHU�

DQG�FODVVURRP��DQG�VWXGHQW���

6HFRQG��SLORW�DGPLQLVWUDWLRQ�RI�EDFNJURXQG�LWHPV�LQ�HDFK�SDUWLFLSDWLQJ�FRXQWU\�LV�D�

FUXFLDO� VWHS� LQ� SUHYHQWLQJ� YDOLGLW\� SUREOHPV�� ,W� WRRN� SODFH� LQ� 7,066�� EXW� WKH�

FROOHFWHG�GDWD�ZHUH�QRW�DQDO\]HG�WR�GHYHORS�LQWHUQDWLRQDOO\�YDOLG�DQG�UHOLDEOH�VFDOHV��

3LORW�GDWD�ZHUH�UHSRUWHG�RQO\�LWHP�E\�LWHP��$V�D�FRQVHTXHQFH��LQ�WKH�LQWHUQDWLRQDO�

7,066� UHSRUWV� RQO\� D� IHZ� VFDOHV� �LQGLFHV�� ZHUH� UHSRUWHG� �%HDWRQ�� 0XOOLV�� HW� DO���

������%HDWRQ��0DUWLQ��HW�DO����������$V�QRWHG�DERYH��DOPRVW�DOO�RI�WKH�TXHVWLRQQDLUH�

LWHPV�ZHUH�UHSRUWHG�VHSDUDWHO\��

,Q� IXWXUH� VWXGLHV�� WKH� SLORW� VKRXOG� FRQVLVW� RI� ERWK� TXDQWLWDWLYH� DQG� TXDOLWDWLYH�

PHWKRGV�� $QDO\VLV� RI� WKH� TXDQWLWDWLYH� SLORW� GDWD� RI� VHWV� RI� LWHPV� UHSUHVHQWLQJ� D�

IDFWRU�UHVXOWV�LQ�LQGLFHV�SHU�FRXQWU\�RI�WKH�VWDWLVWLFDO�UHOLDELOLW\��LQWHUQDO�FRQVLVWHQF\��

RI� WKH� VHW� RI� LWHPV�� 'XULQJ� LQWHUYLHZV� ZLWK� D� OLPLWHG� QXPEHU� RI� LQGLYLGXDO�

UHVSRQGHQWV�RU�JURXSV�RI� UHVSRQGHQWV� �VFKRRO�SULQFLSDOV�� WHDFKHUV�� DQG�VWXGHQWV���

YDOXDEOH� LQ�GHSWK� LQIRUPDWLRQ�FDQ�EH�FROOHFWHG�DERXW� WKH�ZD\� WKH\� LQWHUSUHW�HDFK�

TXHVWLRQ�� ,Q� HDFK� FRXQWU\�� WKH� LQWHUYLHZV� FRXOG� EH� EDVHG� RQ� VHPL�VWUXFWXUHG�

TXHVWLRQQDLUHV�SURYLGHG�E\�WKH�LQWHUQDWLRQDO�FRRUGLQDWRUV�RI�WKH�VWXG\��7KH�UHVXOWV�

RI�DOO�LQWHUYLHZV�UHSRUWHG�LQ�D�FRXQWU\�UHSRUW�FDQ�EH�FRPSDUHG�DFURVV�FRXQWULHV��$V�

D�UHVXOW�RI�WKLV�FRPSDULVRQ��WKH�SURSRVHG�LWHPV�FDQ�EH�UHYLVHG�WR�LQFUHDVH�WKH�OHYHO�

RI�FODULW\�QRW�RQO\�ZLWKLQ�HDFK�FRXQWU\��EXW�DOVR�DFURVV�FRXQWULHV��

�
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5HJDUGOHVV��RI�WKH�ZD\�TXHVWLRQQDLUH�LWHPV�DUH�GHYHORSHG��LW�VKRXOG�EH�NHSW�LQ�PLQG�

WKDW� VWXGLHV� OLNH� 7,066� DUH� ZRUOGZLGH� VWXGLHV� ZLWK� PRUH� WKDQ� ��� SDUWLFLSDWLQJ�

FRXQWULHV��$FKLHYLQJ�SHUIHFW��YDOLG�DQG�UHOLDEOH�VFDOHV�DFURVV�DOO�SDUWLFLSDQWV�PLJKW�EH�

D�XWRSLD��,QWHUQDWLRQDO�YDOLGLW\�SUREOHPV�ZLWKLQ�WKH�FROOHFWHG�GDWD�DFURVV��VXEVHWV��RI�

FRXQWULHV� FRXOG� KDUGO\� EH� DYRLGHG��<HW�� WKH� YDOLGLW\� SUREOHP�PD\� EH� UHGXFHG� E\�

NHHSLQJ�WKH�FRQFHSWXDO�IUDPHZRUN�DV�WKH�JXLGH�DQG�KDYLQJ�D�GHVLJQ�IRU�WKH�VWXG\�

WKDW�DGGUHVVHV�WKLV�SRLQW��6RPH�UHIOHFWLRQV�XSRQ�WKH�GHVLJQ�RI�WKH�VWXG\�WKDW�WDNHV�

LQWR�DFFRXQW�WKH�YDOLGLW\�SUREOHP�DUH�SUHVHQWHG�LQ�WKH�QH[W�VHFWLRQ��

������ 'HVLJQ�LVVXHV�

,Q� WKH�SUHYLRXV� VHFWLRQ�� VRPH� UHFRPPHQGDWLRQV�ZHUH� IRUPXODWHG�ZLWK� UHVSHFW� WR�

WKH�GHYHORSPHQW�RI�WKH�FRQFHSWXDO�IRXQGDWLRQ�DQG�LQVWUXPHQWDWLRQ�RI�EDFNJURXQG�

IDFWRUV� LQ� ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� DFKLHYHPHQW� VWXGLHV�� ,Q� DGGLWLRQ��

WZR�GHVLJQ�LVVXHV�FRXOG�EH�GLVFXVVHG�ZKLFK�FDQ�FRQWULEXWH�WR�WKH�DFFRPSOLVKPHQW�

RI�WKH�
XQGHUVWDQGLQJ
�IXQFWLRQ�RI�VXFK�VWXGLHV��

7KH�ILUVW�LVVXH�FRQFHUQV�WKH�GHWHUPLQDWLRQ�RI�D�FRUH�SDUW��ZRUOGZLGH��LQYROYLQJ�DOO�

SDUWLFLSDWLQJ� FRXQWULHV�� DQG� D� GLIIHUHQWLDO� SDUW� �LQYROYLQJ� D� VXEVHW� RI� UHIHUHQFH�

FRXQWULHV� WKDW� DUH� WR� EH� FRPSDUHG� ZLWK� HDFK� RWKHU�� IRU� WKH� VWXG\�� DQG� WKH�

RUJDQL]DWLRQ�RI�WKH�VWXG\��7KH�VHFRQG�LVVXH�FRQFHUQV�WKH�QXPEHU�RI�PHDVXUHPHQWV�

LQ�D�VLQJOH�VWXG\��

'HWHUPLQDWLRQ�RI�D�FRUH�DQG�GLIIHUHQWLDO�SDUW�RI�WKH�VWXG\�

,Q�7,066��WKH�QXPEHU�RI�SDUWLFLSDWLQJ�HGXFDWLRQ�V\VWHPV�LV�ODUJH�DQG�V\VWHPV�DUH�

ORFDWHG�DURXQG�WKH�ZRUOG��,Q�WKLV�WKHVLV��WKUHH�QHLJKERULQJ�FRXQWULHV�IURP�:HVWHUQ�

(XURSH�ZHUH�FRPSDUHG�ZLWK�HDFK�RWKHU��3ROLF\PDNHUV�RI�WKH�V\VWHPV�DUH�LQWHUHVWHG�

LQ� UHVXOWV� RI� FRPSDUDWLYH� DQDO\VLV�� EHFDXVH� WKH� V\VWHPV� DUH� SDUW� RI� WKH�(XURSHDQ�

&RPPXQLW\�� 7KH� 7,066� FDVH� LQGLFDWHG� WKDW� WKH� LQVWUXPHQWV� XVHG� PD\� QRW� EH�

SHUIHFWO\� YDOLG� DQG� UHOLDEOH� IRU� WKHVH� FRXQWULHV�� ,PSURYHPHQW�RI� WKH� LQWHUQDWLRQDO�

FRPSDUDELOLW\�RI�WKH�GDWD�FRXOG�EH�UHDFKHG�E\�PHDQV�RI�SLORW�VWXGLHV�ZLWKLQ�WKHVH�

WKUHH�FRXQWULHV��

6LPLODUO\�� RWKHU� JURXSV� RI� FRXQWULHV�PLJKW� EH� LQWHUHVWHG� LQ� UHJLRQDO� FRPSDULVRQV��

)RU� LQVWDQFH�� GHYHORSLQJ� FRXQWULHV� LQ� $IULFD� ZRXOG� SUREDEO\� OLNH� WR� FRPSDUH�

WKHPVHOYHV�ZLWK� RWKHU� GHYHORSLQJ� FRXQWULHV� DQG�QRW�ZLWK� LQGXVWULDOL]HG� FRXQWULHV�

VXFK�DV� WKH�FRXQWULHV�EHORQJLQJ�WR�WKH�2(&'��7KH�FXUUHQW�VLWXDWLRQ�LQ�7,066�LV�
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WKDW� RQH� XQLIRUP� GHVLJQ� LQFOXGLQJ� XQLIRUP� LQVWUXPHQWV� �DFKLHYHPHQW� WHVW� DQG�

EDFNJURXQG�TXHVWLRQQDLUHV�� LV� DSSOLHG��+RZHYHU�� FRXQWULHV�KDYH� WKH�SRVVLELOLW\� WR�

DGG�QDWLRQDO� RSWLRQV� WR� WKHLU� SDUWLFLSDWLRQ� LQ� WKH� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXG\�

DQG�DUH�IUHH�WR�JHW�RWKHU�FRXQWULHV�LQYROYHG�DV�ZHOO��$Q�H[DPSOH�RI�D�QDWLRQDO�RSWLRQ�

ZDV�JLYHQ�LQ���������WKH�
RSSRUWXQLW\�WR�OHDUQ
�PHDVXUH�WKH�1HWKHUODQGV�LQFOXGHG�LQ�

7,066���$QRWKHU�H[DPSOH�LV�WKH�QDWLRQDO�RSWLRQ�%HOJLXP�)ODQGHUV�DWWDFKHG�WR�WKHLU�

SDUWLFLSDWLRQ� LQ� 7,066������� 7KH� VR�FDOOHG� 
9ODDPV� /XLN
� �YDQ� 'DPPH�� ������

LQFOXGHG�H[WUD�LQVWUXPHQWV�IRU�VWXGHQW��SDUHQWDO��DQG�WHDFKHU�IDFWRUV��

7KH�SRVVLELOLW\�WR�LQVHUW�QDWLRQDO�RSWLRQV�LV�UHVWULFWHG�LQ�WHUPV�RI�WLPH�DQG�PRQH\��

8VXDOO\�� WKH� FRPSOHWLRQ� RI� WKH� FRPSXOVRU\� SDUW� RI� WKH� LQVWUXPHQWV� XVHG� LQ� ,($�

VWXGLHV�WDNHV�D�ORW�RI�WLPH�IURP�UHVSRQGHQWV��$GGLQJ�DV�PDQ\�QDWLRQDO�RSWLRQV�DV�D�

FRXQWU\� ZRXOG� OLNH�� FRXOG� UHVXOW� LQ� LQVWUXPHQWV� WKDW� DUH� WRR� ORQJ�� 7KH� XOWLPDWH�

FRQVHTXHQFH�ZRXOG�EH�PRUH�QRQ�UHVSRQVH�RI�WKH�LQYLWHG�VFKRROV�WKDQ�LV�DOORZHG�LQ�

,($�VWXGLHV�WR�JHW�DFFXUDWH�HVWLPDWLRQV�RI�SRSXODWLRQ�SDUDPHWHUV��$�EHWWHU�VROXWLRQ�

WKDQ� DGGLQJ� QDWLRQDO� RSWLRQV� WR� WKH� FRPSXOVRU\� LQVWUXPHQWV� LV� WR� OLPLW� WKH�

FRPSXOVRU\� SDUW� �WKH� FRUH��� ,I� ,($� ZRXOG� DGRSW� WKLV� UHFRPPHQGDWLRQ�� D� IXWXUH�

VWXG\�FDQ�KDYH�D� OLPLWHG�LQWHUQDWLRQDO�FRUH�ZLWK�UHJLRQDO�RSWLRQV��RSWLRQV�WKDW�DUH�

VKDUHG� E\� JURXSV� RI� FRXQWULHV�� ,Q� RUGHU� WR� PDNH� WKHVH� RSWLRQV� DSSURSULDWH� IRU�

FURVV�QDWLRQDO� FRPSDULVRQV�� IXWXUH� VWXGLHV� FRXOG� VSOLW�XS� LQWR� UHJLRQV�� 5HJLRQV�

FRXOG�EH�EDVHG�RQ�VHOHFWLRQV�RI�FRXQWULHV�ZKLFK�FKRRVH�WR�FRPSDUH�VWXG\�UHVXOWV�

ZLWK�HDFK�RWKHU�DQG�DUH�QRW�QHFHVVDULO\�JHRJUDSKLFDO�RQHV��

:KDW� LV� WKH� SUHIHUUHG� DSSURDFK� RI� SDUWLFLSDWLQJ� FRXQWULHV� LQ� FRPSDUDWLYH�

HGXFDWLRQDO� UHVHDUFK� WR� FKRRVH� WKHLU� UHIHUHQFH� FRXQWULHV"� ,Q� SULQFLSOH�� WKH�

DVVXPSWLRQ� LQ� WKLV� WKHVLV� LV� WKDW� WKH� FRXQWULHV� SDUWLFLSDWLQJ� LQ� D� ODUJH�VFDOH�

LQWHUQDWLRQDO� FRPSDUDWLYH� DFKLHYHPHQW� VWXG\� ZDQW� WR� OHDUQ� IURP� RWKHU� FRXQWULHV�

ZLWK�UHJDUG�WR�WKH�ZD\�HGXFDWLRQ�LQ�D�FRUH�VXEMHFW�LV�EHLQJ�RUJDQL]HG�LQ�VFKRROV�DQG�

WDXJKW� LQ� FODVVURRPV�� :KHQ� FRQVLGHULQJ� WKH� ZRUOG� DV� DQ� HGXFDWLRQDO� ODERUDWRU\�

�+XVpQ�� ������ WKLV� DVVXPHV� D� JUHDW� DPRXQW� RI� EHWZHHQ� FRXQWU\� YDULDQFH� LQ�

HGXFDWLRQDO�IDFWRUV��

*LYHQ�FXOWXUDO�GLIIHUHQFHV�EHWZHHQ�FRXQWULHV��QR�PDWWHU�WKHLU�JHRJUDSKLFDO�ORFDWLRQ�

RQ�WKH�JOREH��HDFK�FRXQWU\�FDQ�KDYH�LWV�RZQ�SUHIHUHQFHV�IRU�FRXQWULHV�WR�ZKLFK�WR�

FRPSDUH��0DQ\�RI�VXFK�FXOWXUDO�GLIIHUHQFHV�DUH�KDUG�WR�PHDVXUH� LQ�D�FRPSDUDWLYH�

VWXG\��3ROLF\PDNHUV�RIWHQ�EDVH�WKHLU�FKRLFH�RQ�WKH�JHRJUDSKLFDO�UHJLRQ�RI�FRXQWULHV�

�QHLJKERU� FRXQWULHV�� IRU� H[DPSOH��� RQ� WKH� HFRQRPLF� FRPSHWLWLYHQHVV� RI� WKH�

FRXQWULHV��DQG�RQ�KLVWRULFDO�FRQQHFWLRQV�ZLWK�WKH�FRXQWULHV��(GXFDWLRQDO�UHVHDUFKHUV�
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DQG�VSHFLDOLVWV�XVXDOO\�EDVH�WKHLU�FKRLFH�RI�UHIHUHQFH�FRXQWULHV�PRUH�RQ�DVSHFWV�RI�

WKH�FRQWHQWV�RI�WKH�HGXFDWLRQ�LQ�WKH�VXEMHFW�XQGHU�LQYHVWLJDWLRQ��

)RU� LQVWDQFH�� WKH� VHOHFWLRQ� FDQ� EH� EDVHG� XSRQ� WKH� LQWHQGHG� FXUULFXOXP� RI� WKH�

VXEMHFW�� &RXQWULHV� ZLWK� QDWLRQDO� FXUULFXOXP� JXLGHV� PD\� EH� PRUH� LQWHUHVWHG� LQ�

FRPSDULQJ� HDFK� RWKHU� WKDQ� LQ� FRPSDULQJ� WKHPVHOYHV� ZLWK� FRXQWULHV� ZLWKRXW�

QDWLRQDO� FXUULFXOXP� JXLGHV�� (GXFDWLRQDO� VSHFLDOLVWV� PLJKW� DOVR� EH� LQWHUHVWHG� LQ�

FRPSDULQJ�WKHPVHOYHV�ZLWK�FRXQWULHV�ZKHUH�WKH�FXUULFXOXP�LV�EHLQJ�FKDQJHG�LQ�WKH�

VDPH�ZD\�DV�LQ�WKHLU�RZQ�FRXQWU\��

�

6SOLWWLQJ�XS�WKH�SDUWLFLSDWLQJ�FRXQWULHV�LQ�UHJLRQV�KDV�FRQVHTXHQFHV�IRU�WKH�UHVHDUFK�

TXHVWLRQV�WR�EH�DGGUHVVHG�DQG�WKH�LQVWUXPHQWV�WR�EH�XVHG�LQ�WKH�VWXG\��6RPH�RI�WKH�

LQWHUQDWLRQDO�UHVHDUFK�TXHVWLRQV�RI�WKH�VWXG\�FDQ�VWLOO�EH�DSSOLFDEOH�WR�DOO�SDUWLFLSDQWV�

DQG� IRU� WKHVH� TXHVWLRQV� D� XQLIRUP� FRUH� VHW� RI� LQVWUXPHQWV� LV� QHFHVVDU\��

)XUWKHUPRUH�� UHJLRQV� FDQ� IRUPXODWH� UHJLRQDO� UHVHDUFK� TXHVWLRQV� WKDW� FRXOG� EH�

DGGUHVVHG�E\�UHJLRQDO�LQVWUXPHQWV��7KHVH�LQVWUXPHQWV�IRUP�WKH�GLIIHUHQWLDO�SDUW�RI�

WKH�VWXG\�DQG�QHHG�WR�EH�GHYHORSHG�ZLWKLQ�HDFK�UHJLRQ��7KH�RSWLPDOL]DWLRQ�RI�WKH�

LQWHUQDWLRQDO�UHOLDELOLW\�DQG�YDOLGLW\�RI�WKHVH�LQVWUXPHQWV�LV�UHVWULFWHG�WR�WKH�FRXQWULHV�

EHORQJLQJ� WR� WKH� VDPH� UHJLRQ�� ZKLFK� PDNHV� WKH� GHYHORSPHQWDO� WDVN� HDVLHU�� 7KH�

QXPEHU�RI�FRXQWULHV� IRU�ZKLFK� WKH� LQVWUXPHQWV� VKRXOG�EH�DV�YDOLG�DQG�UHOLDEOH�DV�

SRVVLEOH�LV�VPDOOHU�WKDQ�LQ�WKH�FXUUHQW�,($�VWXGLHV��

�

,W� LV� REYLRXV� WKDW� UHJLRQDO� VWXGLHV� ZLWKLQ� D� ZRUOGZLGH� FRPSDUDWLYH� VWXG\� UHTXLUH�

PRUH�ZRUN�IURP�WKH�VWXG\
V�LQWHUQDWLRQDO�FRRUGLQDWLQJ�FHQWHU�WKDQ�VWXGLHV�ZLWKRXW�

UHJLRQDO� RSWLRQV�� 7R� UHVWULFW� WKH� ZRUNORDG� RI� WKH� LQWHUQDWLRQDO� FHQWHU�� LW� LV�

UHFRPPHQGHG�WR�VHW�XS�UHJLRQDO�FHQWHUV�UHVSRQVLEOH�IRU�DGGUHVVLQJ�DQG�DQVZHULQJ�

WKH� UHJLRQDO� UHVHDUFK� TXHVWLRQV� �LQFOXGLQJ� PRQLWRULQJ� WKH� TXDOLW\� RI� WKH� VWXG\
V�

GLIIHUHQWLDO�SDUW�LQ�HDFK�FRXQWU\���7KH�LQWHUQDWLRQDO�FHQWHU�ZRXOG�EH�UHVSRQVLEOH�IRU�

WKH�TXDOLW\�RI�WKH�HQWLUH�VWXG\�DQG�IRU�DGGUHVVLQJ�WKH�FRUH�UHVHDUFK�TXHVWLRQV��

&URVV�VHFWLRQDO�VWXGLHV�YHUVXV�SUHWHVW�SRVWWHVW�GHVLJQ�VWXGLHV�

7KH�QXPEHU�RI�PHDVXUHPHQWV�LQFOXGHG�LQ�D�VWXG\�GHWHUPLQHV�WKH�H[WHQW�WR�ZKLFK�

HGXFDWLRQDO� SURFHVVHV� FDQ� EH� PHDVXUHG�� 7,066� DQG� KLV� SUHGHFHVVRUV� ),06� DQG�

6,06��VHH�FKDSWHU����DUH�H[DPSOHV�RI�VR�FDOOHG�FURVV�VHFWLRQDO�RU�
RQH�VKRW
�VWXGLHV��

7KH�DFKLHYHPHQW�OHYHO�DQG�WKH�LQIOXHQFLQJ�IDFWRUV�DUH�RQO\�PHDVXUHG�DW�RQH�SRLQW�LQ�

WLPH��2QH�VKRW� VWXGLHV�FDQQRW�EH�VHHQ�DV� VRXUFHV� IRU�FRPSDULQJ� WKH� LQIOXHQFH�RI�
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HGXFDWLRQDO� SURFHVVHV� LQ� GLIIHUHQW� FRXQWULHV�� $� SUH�WHVW� SRVW�WHVW� GHVLJQ� �QRW�

QHFHVVDULO\� DQ�H[SHULPHQW�� LV�PRUH� DSSURSULDWH� WR�PDNH�FDXVDO� LQIHUHQFHV�� WKDW� LV��

GHWHUPLQLQJ� WKH� FXUULFXODU� DQWHFHGHQWV�� FXUULFXODU� FRQWH[W�� DQG� FXUULFXODU� FRQWHQW�

IDFWRUV�ZKLFK�LQIOXHQFH�VWXGHQW�DFKLHYHPHQW�ZLWKLQ�HDFK�FRXQWU\��7KH�UHODWLRQVKLSV�

EHWZHHQ�WKH�GHWHUPLQDQWV�LV�RI�SDUWLFXODU�LQWHUHVW�EHFDXVH�WKHVH�FDQ�UHYHDO�VRPH�RI�

WKH�UHDVRQV�IRU�GLIIHUHQW�DFKLHYHPHQW�OHYHOV�ZLWKLQ�DQG�DFURVV�HGXFDWLRQ�V\VWHPV��

,Q�6,06��FRXQWULHV�KDG�WKH�RSSRUWXQLW\�WR�WDNH�SDUW�LQ�DQ�LQWHUQDWLRQDO�RSWLRQ�WKDW�

KDG�D�SUHWHVW�SRVWWHVW�GHVLJQ��VHH���������,Q�WKLV�RSWLRQDO�SDUW�RI�6,06��WKH�
WHDFKLQJ�

SURFHVV�YDULDEOHV
�TXHVWLRQQDLUH�ZDV�DGGHG�WR� WKH�VHW�RI� LQVWUXPHQWV��7KH�SURFHVV�

YDULDEOHV� ZHUH� PHDQW� DV� UHDVRQDEOH� DOWHUQDWLYHV� WR� WKH� GLUHFW� REVHUYDWLRQ� RI�

FODVVURRP�SUDFWLFHV��)URP�D�FRQWHQW�SHUVSHFWLYH�WKH\�FDQ�EH�UHJDUGHG�DV�PRUH�YDOLG�

WKDQ�YDULDEOHV�WKDW�DUH�PHDVXUHG�DW�RQO\�RQH�PRPHQW��EXW�WKH\�DUH�IDU�IURP�SHUIHFW��

7KH� SURFHVV� IDFWRUV� VKRZHG�PRUH� UHODWLRQVKLSV�ZLWK� DFKLHYHPHQW� WKDQ� WKH�PRUH�

VWDWXV�RULHQWHG� PHDVXUHV� �PHDVXULQJ� WKH� VLWXDWLRQ� DW� D� FHUWDLQ� PRPHQW�� W\SLFDOO\�

DYDLODEOH�LQ�VXUYH\�VWXGLHV��$Q�H[DPSOH�RI�D�SURFHVV�YDULDEOH�PHDVXUHG�LQ�6,06�LV�


WHDFKHUV
� VWUDWHJLHV
� �&RRQH\�� ������� 7HDFKHUV� ZHUH� DVNHG� KRZ� RIWHQ� FHUWDLQ�

DFWLYLWLHV�ZHUH�XVHG���

5HVXOWV� RI� DQ� DQDO\VLV� RI� WKH� WHDFKHUV
� DQVZHUV� UHVXOWHG� LQ� GLPHQVLRQV� RI�

PDWKHPDWLFV� WHDFKLQJ��&RXQWULHV�ZHUH� JURXSHG� LQWR� WKUHH�PDLQ�FOXVWHUV�EDVHG�RQ�

FOXVWHU�DQDO\VLV�RQ�WKH� WHDFKHUV
�UHVSRQVH�SDWWHUQV��5RELQ��������GLYLGHG�WKH�HLJKW�

SDUWLFLSDWLQJ�FRXQWULHV�LQWR�FXOWXUDO�]RQHV��H�J���)UDQFH�DQG�%HOJLXP�YHUVXV�&DQDGD�

DQG�WKH�8QLWHG�6WDWHV���7HDFKHUV�ZLWKLQ�D�]RQH�FRXOG�EH�GLVWLQJXLVKHG�IURP�WHDFKHUV�

LQ�DQRWKHU�]RQH��E\�FRQVLGHULQJ�WKHLU�WHDFKLQJ�VWUDWHJLHV�DQG�SUDFWLFHV�HPSOR\HG�LQ�

WHDFKLQJ� PDWKHPDWLFV�� 7KH� UHODWLRQVKLS� EHWZHHQ� WKH� UHVXOWLQJ� WHDFKLQJ� VWUDWHJLHV�

DQG�WKH�JDLQ�VFRUHV�LQ�DFKLHYHPHQW�LV�LQWHUHVWLQJ��$IWHU�DQ�H[WHQVLYH�DQDO\VLV�RI�WKH�

JURZWK�RI�UHVXOWV�LQ�YDULRXV�FODVVHV�LQ�WKH�GLIIHUHQW�FRXQWULHV��LW�ZDV�FRQFOXGHG�WKDW�

�FXOWXUDO�DQG�GLGDFWLF�FKRLFHV�RI�WHDFKHUV�KDYH�D�GHFLVLYH�LQIOXHQFH�XSRQ�WKH�ILHOGV�FRQVLGHUHG�LQ�WKRVH�

LWHPV�DQG�RQ�WKH�DFWLYLWLHV�UHODWHG�WR�WKHVH�ILHOGV���5RELQ��������S��������)ROORZLQJ�5RELQ
V�

UHFRPPHQGDWLRQ� LW� VHHPV�QHFHVVDU\� WR�FKHFN�FXOWXUDO�]RQHV� LQ�RWKHU�FRPSDUDWLYH�

VWXGLHV��VHH�DOVR�DERYH���

7KH�DSSOLFDWLRQ�RI�D�SUH�WHVW�SRVW�GHVLJQ�LV�UHJDUGHG�DV�SUHIHUDEOH�DERYH�WKH�RQH�

VKRW�VXUYH\�VWXGLHV��+RZHYHU��%HDWRQ��3RVWOHWKZDLWH�HW�DO�� �������S������H[SUHVVHG�

VRPH� GRXEWV� DERXW� LWV� SRWHQWLDO�� �,Q� PRVW� ODUJH�VFDOH� VWXGLHV� LW� KDV� QRW� EHHQ� SRVVLEOH� WR�

LGHQWLI\�WHDFKHU�PHWKRGV�DQG�EHKDYLRUV�WKDW�KDYH�D�VWURQJ�HIIHFW�RQ�DFKLHYHPHQW�������ZKHQ�WKHVH�KDYH�

EHHQ� EDVHG� RQ� FURVV�VHFWLRQDO� VWXGLHV� RU� ORQJLWXGLQDO� VWXGLHV� RI� RQH� \HDU� GXUDWLRQ��7KH� SRWHQWLDO�

LQIOXHQFH�RI�WKHVH�YDULDEOHV�LV�XVXDOO\�EHWWHU�H[DPLQHG�LQ�UHSOLFDWHG�VPDOO�H[SHULPHQWV����
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$�UHSOLFDWHG�VPDOO�H[SHULPHQW�FRXOG�DOVR�EH�UHJDUGHG�DV�DQ�DOWHUQDWLYH�VWXG\�GHVLJQ�

IRU� FURVV�VHFWLRQDO� ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� DFKLHYHPHQW� VWXGLHV�� ,W�

PLJKW�EH�WUXH�WKDW�VPDOO�H[SHULPHQWV�KDYH�JUHDWHU�SRWHQWLDO�WR�UHYHDO�GHWHUPLQDQWV�

RI�HGXFDWLRQDO�DFKLHYHPHQW�LQ�GLIIHUHQW�FRXQWULHV��)URP�D�UHVHDUFK�SRLQW�RI�YLHZ��LW�

LV�QHFHVVDU\� WR�VHOHFW�YDULDEOHV�IRU�VXFK�H[SHULPHQWV�� LQ�SDUWLFXODU�SURFHVV�IDFWRUV��

7KHUHIRUH�� ILUVW� D� ODUJH�VFDOH� VXUYH\� LV� QHHGHG� ZLWKLQ� WKH� HGXFDWLRQ� V\VWHPV�

EHORQJLQJ� WR� WKH� VDPH� UHJLRQ� �DV� IDU� DV� UHJLRQDO� RSWLRQV� DUH� FRQFHUQHG� LQ� WKH�

SURSRVHG� UHJLRQDO� VWXGLHV��� 7KH� FRQFOXVLRQV� RI� VXFK� D� VXUYH\� ZLWK� UHJDUG� WR�

GLIIHUHQFHV� DQG� VLPLODULWLHV� DFURVV� WKH� SDUWLFLSDWLQJ� V\VWHPV� VKRXOG� SULPDULO\� EH�

EDVHG�RQ�WKH�DQDO\VLV�RI�WKH�GDWDEDVHV��%H\RQG�WKH�GDWDEDVHV��VRXUFHV�DW�WKH�V\VWHP�

OHYHO�FRXOG�EH�XVHG�WR�LQWHUSUHW�WKH�UHVXOWV�RI�WKH�GDWD�DQDO\VLV��([DPSOHV�RI�WKHVH�

VRXUFHV� DUH� FXOWXUDO� DVSHFWV� DQG� RWKHU� IHDWXUHV� RI� HGXFDWLRQ� V\VWHPV�� %HDWRQ��

3RVWOHWKZDLWH�HW�DO���������S������HPSKDVL]HG�WKDW��UHFRPPHQGDWLRQV�IRU�SROLF\�FKDQJHV�LQ�D�

FRXQWU\� QHHG� WR� WDNH� DFFRXQW� RI� QRW� RQO\� WKH� UHVXOWV� RI� WKH� LQWHUQDWLRQDO� DQDO\VHV�� EXW� RI� WKH�

HGXFDWLRQDO�DQG�FXOWXUDO�FRQWH[W�LQ�ZKLFK�WKDW�FRXQWU\�RSHUDWHV���

�

7KH�IHDVLELOLW\�RI�DQ�LQWHUQDWLRQDO�VWXG\�ZLWK�D�FRUH�DQG�D�GLIIHUHQWLDO�SDUW��UHJLRQDO�

RSWLRQV��ZLWK�D�SUHWHVW�SRVW�GHVLJQ�LV�UHODWHG�WR�WKH�QXPEHU�RI�\HDUV�WKH�VWXG\�FDQ�

WDNH��7KH�7,066�VWXG\�ZLWK�WKH�PDLQ�GDWD�FROOHFWLRQ�LQ���������WRRN�DERXW�IRXU�

\HDUV��$�UHJLRQDO�VWXG\�ZLWK�WKH�SURSRVHG�GHVLJQ�SUREDEO\�ZLOO�WDNH�PRUH�WKDQ�IRXU�

\HDUV��7KH�GHYHORSPHQW�RI�WKH�FRQFHSWXDO�IUDPHZRUN�DQG�LWV�RSHUDWLRQDOL]DWLRQ�RI�

WKH� FRUH� DQG� WKH� UHJLRQDO� SRUWLRQ� ZLOO�� LQ� SDUWLFXODU�� WDNH� ORQJHU� WKDQ� LQ� FURVV�

VHFWLRQDO��ZRUOGZLGH�VWXGLHV��+RZHYHU��WKH�FRQWLQXDWLRQ�RI�7,066�DV�D�WUHQG�VWXG\�

FRXOG� PDNH� WKH� RSHUDWLRQDOL]DWLRQ� SURFHVV� HDVLHU�� ,Q� VXEVHTXHQW� 7,066� VWXGLHV��

VFDOHV� FDQ� EH� LPSURYHG� LQVWHDG� RI� EHLQJ� GHYHORSHG� DV� QHZ� RQHV�ZKLFK� FDQ� VDYH�

WLPH��

���� 6,;�67$*( 3/$1 72 ,03529( 7+( 
81'(567$1',1*
�)81&7,21 2)

/$5*(�6&$/( ,17(51$7,21$/ &203$5$7,9( $&+,(9(0(17

678',(6�

7KH� 7,066� FDVH� VKRZHG� WKH� GLIILFXOW\� RI� SURYLGLQJ� XVHUV� �SROLF\PDNHUV� DQG�

HGXFDWLRQDO�SUDFWLWLRQHUV��RI�WKH�UHVXOWV�RI��VHFRQGDU\��GDWD�DQDO\VHV�ZLWK�FRQFUHWH�

UHFRPPHQGDWLRQV�WR� LPSURYH�WKHLU�HGXFDWLRQ�V\VWHP��VHH�DOVR�0HHOLVVHQ�DQG�%RV��

������0DUWLQ��0XOOLV�� HW� DO��� ������ =X]RYVN\� DQG�$LWNLQ�� ������� 7KH� DPELWLRQ� RI�
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7,066� WR� H[SODLQ� GLIIHUHQFHV� LQ� VWXGHQW� DFKLHYHPHQW� DFURVV� D� ODUJH� QXPEHU� RI�

FRXQWULHV�FRXOG�QRW�EH�IXOILOOHG�WR�D�JUHDW�H[WHQW��7KH�ODUJH�QXPEHU�RI�SDUWLFLSDWLQJ�

FRXQWULHV�IURP�PDQ\�GLIIHUHQW�UHJLRQV�DURXQG�WKH�ZRUOG��WKH�JHQHUDO�LQWHUQDWLRQDO�

UHVHDUFK�TXHVWLRQV�DQG�WKH�FRQFHSWXDO�IRXQGDWLRQ�DQG�LQVWUXPHQWDWLRQ�DUH�VHHQ�DV�

KLQGUDQFHV�LQ�DFFRPSOLVKLQJ�WKLV�DPELWLRQ��

7KH�UHIOHFWLRQ�RQ�WKH�7,066�FDVH�UHVXOWHG�LQ�VRPH�UHFRPPHQGDWLRQV�UHJDUGLQJ�WKH�

FRQFHSWXDO� IRXQGDWLRQ�� LQVWUXPHQWDWLRQ�� DQG� WKH� GHVLJQ� RI� IXWXUH� ODUJH�VFDOH�

LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV��LQFOXGLQJ�7,066�WUHQG�VWXGLHV��7KH�

FRQFHSWXDO�IRXQGDWLRQ��WKH�GHYHORSPHQWDO�SURFHVV�RI�WKH�LQVWUXPHQWDWLRQ��DQG�WKH�

FKRLFH�RI� WKH�VWXG\�GHVLJQ�VKRXOG�EH�VHHQ�DV� LQWHUUHODWHG��NH\�FRPSRQHQWV�RI� WKH�

VWXGLHV��JLYHQ�WKH�LQWHUQDWLRQDO�UHVHDUFK�TXHVWLRQV��

7KH� UHIOHFWLRQV� DQG� UHFRPPHQGDWLRQV� GHVFULEHG� LQ� WKH� SUHYLRXV� VHFWLRQ� FDQ� EH�

VXPPDUL]HG�LQ�D�SODQ�IRU�VHWWLQJ�XS�D�/,1&$6��FRQVLVWLQJ�RI�VL[�VWDJHV��7KH�SODQ�

DVVXPHV�D�VWXG\�ZLWK�DQ�LQWHUQDWLRQDO�FRUH�DQG�UHJLRQDO�RSWLRQV�DV�SURSRVHG�DERYH��

6L[�VWDJH�SODQ�IRU�VHWWLQJ�XS�D�/,1&$6�

6WDJH����6SHFLILFDWLRQ�RI�WKH�XQGHUVWDQGLQJ�IXQFWLRQ�

*LYHQ�WKH�LQWHUQDWLRQDO�UHVHDUFK�TXHVWLRQV��WKH�
XQGHUVWDQGLQJ
�IXQFWLRQ�QHHGV�WR�EH�

VSHFLILHG� SHU� UHJLRQ�� ,Q� 7,066�� WKH� QXPEHU� RI� SDUWLFLSDWLQJ� FRXQWULHV� KDV� EHHQ�

LQFUHDVHG� IURP� DURXQG� ��� LQ� ����� WR� PRUH� WKDQ� ��� FRXQWULHV� WKDW� ZLOO� EH�

SDUWLFLSDWLQJ� LQ� ������ 7KLV� JURZWK� PDNHV� WKH� UHFRPPHQGDWLRQ� WR� VSOLW�XS� WKH�

7,066�VWXG\�LQWR�UHJLRQV��VHH�XQGHU�
GHVLJQ
��HYHQ�VWURQJHU��,W�FDQ�EH�H[SHFWHG�WKDW�

QRQH�RI�WKH�FRXQWULHV�ZRXOG�OLNH�WR�XQGHUVWDQG�GLIIHUHQFHV�LQ�VWXGHQW�DFKLHYHPHQW�

EHWZHHQ� WKHLU�RZQ�FRXQWU\� DQG�DOO�RI� WKH�RWKHU�SDUWLFLSDWLQJ�FRXQWULHV��3UREDEO\��

HDFK� FRXQWU\�ZLOO� FKRRVH� LWV� RZQ� UHIHUHQFH� FRXQWULHV��2Q� WKH� EDVLV� RI� FRXQWULHV
�

SUHIHUHQFHV��,($�VKRXOG�GHFLGH�KRZ�PDQ\�UHJLRQV�ZLOO�EH�HVWDEOLVKHG�DQG�WR�ZKLFK�

UHJLRQ�HDFK�FRXQWU\�ZLOO�EH�DVVLJQHG��

2QFH� WKH� UHJLRQV�KDYH�EHHQ�HVWDEOLVKHG�� DOO� FRXQWULHV� IURP�RQH� UHJLRQ�FDQ� VHOHFW�

WKHLU� VHW� RI� EDFNJURXQG� IDFWRUV�� DERYH� DQG� EH\RQG� WKH� VHW� WKDW� EHORQJV� WR� WKH�

LQWHUQDWLRQDO� FRUH� RI� WKH� VWXG\��7KH� 
UHJLRQDO
� VHW� FDQ�EH� VHOHFWHG�E\� WKH� UHJLRQDO�

JURXS� RI� FRXQWULHV� EDVHG� RQ� UHFHQW� GHYHORSPHQWV� UHODWHG� WR� HGXFDWLRQ�� )RU�

LQVWDQFH�� FRXQWULHV� IURP� WKH� VDPH� UHJLRQ�PLJKW� EH� LQWHUHVWHG� LQ� FRPSDULQJ� HDFK�

RWKHU�ZLWK�UHJDUG�WR�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�DYDLODELOLW\�DQG�XVH�RI�,QIRUPDWLRQ�

DQG�&RPPXQLFDWLRQ�7HFKQRORJLHV�LQ�WKH�FODVVURRP�DQG�VWXGHQW�DFKLHYHPHQW��

�



6XPPDU\ RI WKH FDVH RI ,($
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%H\RQG�WKH�VHW�RI�EDFNJURXQG�IDFWRUV��ZKLFK�FDQ�EH�GLIIHUHQW�DFURVV�UHJLRQV��VRPH�

IDFWRUV�FRXOG�EH�SDUW�RI�WKH�FRUH�RI�WKH�VWXG\�LQ�DOO�SDUWLFLSDWLQJ�FRXQWULHV��([DPSOHV�

RI�LQWHUQDWLRQDO�FRUH�IDFWRUV�FRXOG�EH�
FRYHUDJH�RI�WKH�FRQWHQW�RI�WKH�LQWHUQDWLRQDO�

DFKLHYHPHQW� WHVW
�� 
WLPH� RQ� WDVN
� DQG� 
WHDFKHU
V� ZRUNORDG� LQ� WKH� VXEMHFW� XQGHU�

LQYHVWLJDWLRQ�
� ,($� PLJKW� EH� LQWHUHVWHG� LQ� SXEOLVKLQJ� WUHQGV� UHJDUGLQJ� QRQ�

UHJLRQDOO\�VSHFLILF�IDFWRUV��PHUHO\�DW�D�GHVFULSWLYH�OHYHO��8QGHUVWDQGLQJ�GLIIHUHQFHV�LQ�

VWXGHQW�DFKLHYHPHQW�E\�PHDQV�RI�UHODWLRQDO�DQDO\VLV�ZLOO�SDUWLFXODUO\�EH�XVHIXO�ZLWKLQ�

UHJLRQV�� 7KH� LQWHUQDWLRQDO� YDOLGLW\� DQG� UHOLDELOLW\� LVVXHV� GLVFXVVHG� LQ� WKH� SUHYLRXV�

VHFWLRQ�FRXOG�DOVR�EH�UHGXFHG�WR�
UHJLRQDO
�YDOLGLW\�DQG�UHOLDELOLW\�IRU�WKH�UHJLRQDO�VHW�

RI�YDULDEOHV��

�

7KH� UHPDLQLQJ� VWDJHV� ZLOO� PDLQO\� EH� FRQGXFWHG� ZLWKLQ� HDFK� UHJLRQ� RI� UHIHUHQFH�

FRXQWULHV��$W�WKH�VDPH�WLPH��LQ�HDFK�VWDJH�DWWHQWLRQ�ZLOO�EH�SDLG�WR�WKH�FRUH�SDUW�RI�

WKH�VWXG\��

�

6WDJH����(ODERUDWLRQ�RI�WKH�EDVLF�FRQFHSWXDO�IUDPHZRUN��UHYLHZ�VWXGLHV�

2Q� WKH� EDVLV� RI� WKH� FRQFUHWH� UHVHDUFK� TXHVWLRQV�ZLWKLQ� D� UHJLRQ�� WKH� FRQFHSWXDO�

IUDPHZRUN�FDQ�EH�GHYHORSHG��7KLV�WDVN�ZLOO�EH�VLPSOHU�WKDQ�LQ�SUHYLRXV�ZRUOGZLGH�

VWXGLHV� ZLWK� WKHLU� JHQHUDO� UHVHDUFK� TXHVWLRQV�� )RU� HDFK� UHJLRQ�� WKH� RUJDQL]LQJ�

FRQFHSWXDO� IUDPHZRUN� IURP� FKDSWHU� �� �VHH�)LJXUH� ����� FDQ�EH� WDNHQ� DV� WKH�EDVLF�

FRQFHSWXDO�IUDPHZRUN��(DFK�UHJLRQDO�JURXS�RI�UHIHUHQFH�FRXQWULHV�FRXOG�JHDU�WKLV�

IUDPHZRUN� WR� WKHLU� RZQ� QHHGV� DQG� TXHVWLRQV�� 5HYLHZ� VWXGLHV� ZLWKLQ� DQG� DFURVV�

FRXQWULHV�EHORQJLQJ�WR�WKH�VDPH�UHJLRQ�FRXOG�EH�XVHG�RU�FRQGXFWHG�WR�GHYHORS�WKH�

IUDPHZRUN�IXUWKHU��5HOHYDQW�IDFWRUV�ORFDWHG�DW�DOO�FXUULFXODU�DQG�HGXFDWLRQDO�OHYHOV�

RI�WKH�IUDPHZRUN��LQFOXGLQJ�WKH�FRXQWU\�OHYHO��QHHG�WR�EH�VHOHFWHG��

7KH�HODERUDWHG�FRQFHSWXDO�IUDPHZRUN�IRUPV�WKH�IRXQGDWLRQ�RI�WKH�LQVWUXPHQWV�WR�

EH�XVHG�LQ�WKH�UHJLRQDO�SDUW�RI�WKH�VWXG\�DV�ZHOO�DV�LQ�WKH�FRUH�SDUW��

�

6WDJH����2SHUDWLRQDOL]DWLRQ�RI�WKH�FRQFHSWXDO�IUDPHZRUN��LQ�GHSWK�FDVH�VWXGLHV�DQG�ODUJH�VFDOH�SLORW�

'HSHQGLQJ� RQ� WKH� UHVXOWV� RI� WKH� UHYLHZ� VWXGLHV� SURSRVHG� LQ� VWDJH� ��� LW�PLJKW� EH�

XVHIXO�WR�DUUDQJH�D�IHZ�LQ�GHSWK�FDVH�VWXGLHV�ZLWKLQ�WKH�UHIHUHQFH�FRXQWULHV�WR�FKHFN�

WKH�UHOHYDQFH�RI�VRPH�IDFWRUV��7KHVH�FDVH�VWXGLHV�FDQ�UHVXOW�LQ�ILQDO�LQGLFDWLRQV�IRU�

UHOHYDQW�IDFWRUV�WR�EH�LQFOXGHG�LQ�WKH�FRQFHSWXDO�IUDPHZRUN�ERWK�IRU�WKH�UHJLRQDO�

DQG�WKH�FRUH�SDUW�RI�WKH�VWXG\��
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2QFH�WKH�OLVW�RI�IDFWRUV�LV�VHOHFWHG��HDFK�IDFWRU�VKRXOG�EH�RSHUDWLRQDOL]HG��)LUVW��WKH�

DSSURSULDWHQHVV� RI� H[LVWLQJ� RSHUDWLRQDOL]DWLRQV� �VFDOHV�� RI� IDFWRUV� GHYHORSHG� LQ�

SUHYLRXV�VWXGLHV�FDQ�EH�MXGJHG�DJDLQVW�WKH�PHDQLQJ�IDFWRUV�KDYH�LQ�WKH�QHZ�VWXG\��,I�

H[LVWLQJ�VFDOHV�DUH�MXGJHG�DV�LQDSSURSULDWH�RU�LI�QR�VFDOHV�DUH�DYDLODEOH��VFDOHV�FRXOG�

EH�GHYHORSHG�LQ�D�VHFRQG�URXQG�RI�FDVH�VWXGLHV�ZLWKLQ�DOO�FRXQWULHV�EHORQJLQJ�WR�WKH�

VDPH� UHJLRQ�� ,QWHUYLHZV� RU� OHVVRQ�REVHUYDWLRQV� DUH� SRVVLEOH�PHWKRGV� WR� ILQG� RXW�

KRZ�UHVSRQGHQWV�LQWHUSUHW�VHWV�RI�LWHPV�UHIHUULQJ�WR�D�IDFWRU��7KH�ILQDO�JRDO�RI�WKHVH�

FDVH� VWXGLHV� LV� WKH� PD[LPDOL]DWLRQ� RI� FODULW\� RI� TXHVWLRQV� DFURVV� WKH� UHIHUHQFH�

FRXQWULHV��L�H���LQWHUQDWLRQDO�FRQWHQW�YDOLGLW\���7KH�QXPEHU�RI�FDVHV�LV�GHSHQGHQW�RQ�

WKH� UHVHDUFK�TXHVWLRQ�V�� WR�EH� DGGUHVVHG� DQG� WKH�QXPEHU�RI� IDFWRUV� WKDW� LV� WR�EH�

H[DPLQHG��7KH�VFDOHV�UHVXOWLQJ�IURP�WKH�FDVH�VWXGLHV�VKRXOG�EH�SLORWHG� LQ�D� ODUJH�

VFDOH� VXUYH\��$QDO\VLV� RI� WKH�SLORW� GDWD� VKRXOG�SURYLGH� LQGLFDWLRQV�RI� WKH� LQWHUQDO�

FRQVLVWHQF\�RI�VFDOHV�LQ�WKH�LQGLYLGXDO�FRXQWULHV��LQWHUQDWLRQDO�UHOLDELOLW\���3UHIHUDEO\��

WKH�SLORW�VKRXOG�EH�FRQWLQXHG�LQ�FRXQWULHV�ZKHUH�WKH�UHOLDELOLW\�LV�LQVXIILFLHQW��

�

6WDJH����/DUJH�VFDOH�VXUYH\��H�J���D�WUHQG�VWXG\��

7KH� ODUJH�VFDOH� PDLQ� VWXG\� DGGUHVVHV� WKH� PDLQ� UHJLRQDO� DQG� 
ZRUOGZLGH
�

LQWHUQDWLRQDO�UHVHDUFK�TXHVWLRQV��,Q�WKLV�VWXG\��WKH�LQVWUXPHQWV�DUH�XVHG�ZKLFK�ZHUH�

GHYHORSHG�LQ�VWDJH����7KH�FROOHFWHG�GDWD�ZLOO�EH�DQDO\]HG�WR�GHWHUPLQH�WKH�H[WHQW�WR�

ZKLFK� WKH� VWXG\� UHDFKHG� LWV� IXQFWLRQ� RI� XQGHUVWDQGLQJ� FURVV�QDWLRQDO� �ZLWKLQ� D�

UHJLRQ��GLIIHUHQFHV�LQ�VWXGHQW�DFKLHYHPHQW��

�

6WDJH����6HOHFWHG�FDVH�VWXGLHV�WR�GHHSHQ��YDOLGDWH��DQG�WR�FRPSOHWH�WKH�VXUYH\�UHVXOWV�

7KH�VXUYH\�UHVXOWV�PLJKW�JLYH�ULVH�WR�LQ�GHSWK�DQDO\VHV��'HSHQGLQJ�RQ�WKH�UHVHDUFK�

TXHVWLRQV�DQG�WKH�RXWFRPHV�RI�VWDJH���� UHVSRQGHQWV� LQ� WKH�SDUWLFLSDWLQJ�FRXQWULHV�

�VFKRROV��WHDFKHUV��DQG�RU�VWXGHQWV��IURP�WKH�VXUYH\�FRXOG�EH�VHOHFWHG�WR�LQYHVWLJDWH�

WKH� UHVHDUFK� TXHVWLRQV� IXUWKHU�� LQ� D� PRUH� TXDOLWDWLYH� ZD\�� &URVV�QDWLRQDO�

FRPSDULVRQV� FRXOG� UHYHDO� ZHDNQHVVHV� LQ� VWXGHQWV
� DFKLHYHPHQW� ZKLFK� ZHUH� QRW�

H[SHFWHG� E\� VRPH� FRXQWULHV��7KHVH� FRXQWULHV�ZLOO� EH� LQWHUHVWHG� LQ� FDXVHV� IRU� ORZ�

VWXGHQW� SHUIRUPDQFH�� )RU� LQVWDQFH�� UHODWLRQVKLSV� EHWZHHQ� VRPH� VFKRRO� DQG�

FODVVURRP�IDFWRUV��DQG�VWXGHQW�DFKLHYHPHQW�FRXOG�EH�LQYHVWLJDWHG�LQ�FDVH�VWXGLHV�WR�

SURYLGH� D� EHWWHU� XQGHUVWDQGLQJ� RI� VXFK� UHODWLRQVKLSV� DV� SRVVLEOH� UHDVRQV� IRU� ORZ�

VWXGHQW�SHUIRUPDQFH��

&DVH�VWXGLHV�FRXOG�DOVR�EH�XVHG�DV�IXUWKHU�YDOLGDWLRQ�RI�VFDOHV��PHDVXUHV�RI�VHOHFWHG�

IDFWRUV� IURP� WKH� FRQFHSWXDO� IUDPHZRUN�� DSSOLHG� LQ� WKH� VXUYH\�� 0RUHRYHU�� FDVH�
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VWXGLHV� FRXOG� UHVXOW� LQ� WKH� DSSHDUDQFH� RI� QHZ� IDFWRUV�� QRW� \HW� SUHVHQW� LQ� WKH�

FRQFHSWXDO�IUDPHZRUN��WKDW�UHVXOWHG�IURP�VWDJH�����

*HQHUDOO\�� FDVH� VWXGLHV� FDQ� EH� RI� H[SORUDWRU\�� GHVFULSWLYH�� RU� H[SODQDWRU\� QDWXUH�

�<LQ�� ������� 3RVVLEOH� FULWHULD� WR� VHOHFW� FDVHV� DUH� EHVW� SUDFWLFHV� DQG� RXWOLHUV� ZLWK�

UHVSHFW� WR� WKH� REMHFWLYH� RI� WKH� VWXG\�� )RU� H[DPSOH�� WKH� REMHFWLYH� FRXOG� EH� WR�

H[DPLQH� OHVVRQ� VWUXFWXUHV� LQ� FODVVURRPV� ZLWK� VWXGHQWV� ZLWK� UHODWLYHO\� ORZ� VRFLDO�

HFRQRPLF� VWDWXV� WKDW�� DV� VKRZQ� IURP� WKH� VXUYH\� GDWD�� LQIOXHQFHG� VWXGHQW�

DFKLHYHPHQW�LQ�PDWKHPDWLFV�SRVLWLYHO\��

�

4XDOLWDWLYH�PHWKRGV� �H�J��� LQWHUYLHZV�ZLWK�H[SHUWV��FRXOG�DOVR�EH�DSSOLHG�WR�FKHFN�

WKH�IHDVLELOLW\�RI�UHFRPPHQGDWLRQV�UHVXOWLQJ�IURP�WKH�VXUYH\�VWXG\��

�

%H\RQG�FDVH�VWXGLHV�LW�LV�UHFRPPHQGHG�WR�LQYHVW�LQ�VHFRQGDU\�DQDO\VLV�RQ�WKH�GDWD�

VHWV�FROOHFWHG�LQ� ODUJH�VFDOH�LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV��5HVXOWV�

RI� VHFRQGDU\� DQDO\VHV� FDQ� SURYLGH� IXUWKHU� LQGLFDWLRQV� IRU� XQGHUVWDQGLQJ� FURVV�

QDWLRQDO� GLIIHUHQFHV� LQ� VWXGHQW� DFKLHYHPHQW� DQG� WKH\� FDQ� SURYLGH� SRLQWHUV� IRU�

LPSURYHPHQW� RI� WKH� LQWHUQDWLRQDO� EDFNJURXQG� TXHVWLRQQDLUHV�� ,($� LV� VWLPXODWLQJ�

IXQGLQJ� RI� VHFRQGDU\� DQDO\VLV� RQ� 7,066� GDWD� E\� RUJDQL]LQJ� ZRUNVKRSV� IRU�

LQWHUHVWHG�UHVHDUFKHUV��

�

6WDJH����(YDOXDWLRQ��UHFRPPHQGDWLRQV�WR�LPSURYH�WKH��WUHQG��VWXG\�

7KH�DQVZHUV�WR�WKH�UHVHDUFK�TXHVWLRQ�VKRXOG�EH�HYDOXDWHG�WR�GHWHUPLQH�ZKHWKHU�WKH�

DPELWLRQ�RI�WKH�LQWHUQDWLRQDO�FRPSDUDWLYH�VWXG\�ZDV�IXOILOOHG�DQG�KRZ�IXWXUH�VWXGLHV�

FRXOG�EH�LPSURYHG��7KH�UHYLHZ�RI�7,066�DQG�LWV�WZR�SUHGHFHVVRUV��VHH�FKDSWHU����

GHPRQVWUDWH�WKDW�VWXGLHV�FRXOG� OHDUQ�PRUH�IURP�HDFK�RWKHU�WKDQ�KDV�KDSSHQHG�WR�

GDWH��)RU�LQVWDQFH��LQ�WKH�VHW�XS�RI�WKH�7,066�VWXG\��WKH�H[SHULHQFHV�IURP�WKH�6,06�

VWXG\�ZLWK�UHJDUG�WR�WKH�FRQFHSWXDO�IRXQGDWLRQ�RI�WKH�EDFNJURXQG�IDFWRUV�ZDV�WDNHQ�

LQWR�DFFRXQW�LQDGHTXDWHO\��

7KH� HYDOXDWLRQ� RI� WKH� XVHIXOQHVV� RI� WKH� UHVXOWV� RI� D� ODUJH�VFDOH� LQWHUQDWLRQDO�

FRPSDUDWLYH� DFKLHYHPHQW� VWXG\� VKRXOG� QRW� RQO\� EH� GRQH� E\� WKH� UHVHDUFKHUV�� EXW�

DOVR� E\� WKH� SRWHQWLDO� XVHUV� RI� WKH� UHVXOWV�� L�H��� SROLF\PDNHUV� DQG� HGXFDWLRQDO�

SUDFWLWLRQHUV��

�

7KH� SURSRVHG� VL[�VWDJH� SODQ� ZLOO� FRVW� PXFK� PRUH� PRQH\� WKDQ� PDQ\� RI� WKH�

LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV�VR�IDU��,I�EXGJHWV�IRU�IXWXUH�VWXGLHV�
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DUH�WRR�VPDOO�WR�FDUU\�RXW�DOO�VL[�VWHSV��LW�LV�UHFRPPHQGHG�WR�IRFXV�RQ�VWDJHV����������

��� DQG� ��� 7KH� FDVH� VWXGLHV� SURSRVHG� LQ� VWDJH� �� FRXOG� EH� RPLWWHG� LI� ILQDQFHV� DUH�

OLPLWHG��$OVR��LQ�VWDJH����WKH�QXPEHU�RI�FDVH�VWXGLHV�FRXOG�EH�OLPLWHG��+RZHYHU��LQ�

VWDJH���D�SLORW�RI�GHYHORSHG�LQVWUXPHQWV�LV�QHFHVVDU\�LQ�DOO�SDUWLFLSDWLQJ�FRXQWULHV�WR�

GHWHUPLQH�WKHLU�SRWHQWLDO�IRU�LQWHUQDWLRQDO�FRPSDUDELOLW\��

7ZR�H[DPSOHV�

2QH�H[DPSOH�RI�DQ�,($�VWXG\�LQ�ZKLFK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�ZHUH�FRPELQHG�

LV� WKH� 7,066������ 9LGHR� 6WXG\�� 7KH� 7,066������ 9LGHR� 6WXG\� ZDV� FRQGXFWHG�

SDUDOOHO�WR�7,066������ZLWK�LQGHSHQGHQW�VDPSOHV��,Q�WKH�9LGHR�6WXG\��ODUJH�VFDOH�

LQWHUQDWLRQDO�FRPSDUDWLYH�REVHUYDWLRQV�ZHUH�FRPELQHG�ZLWK�LQGLYLGXDO�FDVH�VWXGLHV�

�6WLJOHU��*DOOLPRUH�DQG�+LHEHUW���������5DQGRP�VHOHFWHG�PDWKHPDWLFV�DQG�VFLHQFH�

OHVVRQV�ZHUH� WDSHG�DQG� WKH� WHDFKHUV�DQG�VWXGHQWV�RI� WKH� OHVVRQV�WDSHG�FRPSOHWHG�

EDFNJURXQG� TXHVWLRQQDLUHV�� 7KH� EDFNJURXQG� TXHVWLRQQDLUHV� LQFOXGHG� TXHVWLRQV�

DERXW� WKH� FRQWHQWV� RI� WKH� OHVVRQV� DQG� DERXW� WHDFKHU
V� DQG� VWXGHQW
V� EDFNJURXQG��

7KH� PDLQ� UHVHDUFK� TXHVWLRQV� RI� WKH� 9LGHR� 6WXG\� FRXOG� EH� DQVZHUHG� E\� PHDQV�

REVHUYDWLRQV�IURP�WKH�YLGHR�VFUHHQ��$Q�H[DPSOH�RI�D�UHVHDUFK�TXHVWLRQ�LV�
+RZ�LV�

WKH�OHVVRQ�VWUXFWXUHG"
�DQG�RQH�RI�WKH�UHODWHG�TXHVWLRQV�LV�
+RZ�PXFK�WLPH�LV�VSHQW�

VWXG\LQJ� PDWKHPDWLFV"
� 7KLV� VSHFLILF� TXHVWLRQ� FDQ� EH� LQVHUWHG� LQ� D� ZULWWHQ�

TXHVWLRQQDLUH� WR� EH� DGPLQLVWHUHG� LQ� D� VXUYH\�� +RZHYHU�� LQ� WKH� 9LGHR� 6WXG\� WKH�

OHVVRQ�VWUXFWXUH�FDQ�EH�REVHUYHG�PRUH�DFFXUDWHO\�WKDQ�ZDV�SRVVLEOH�E\�PHDQV�RI�WKH�

TXHVWLRQQDLUH��$FWLYLWLHV�GXULQJ�WKH�YLGHRWDSHG�OHVVRQV�ZHUH�GHILQHG�DV�IROORZV��7LPH�

GHYRWHG�WR�PDWKHPDWLFDO�ZRUN��H�J���VROYLQJ�SUREOHPV���PDWKHPDWLFDO�RUJDQL]DWLRQ��H�J���FROOHFWLQJ�

KRPHZRUN���DQG�QRQ�PDWKHPDWLFDO�DFWLYLW\��H�J���GLVFXVVLQJ�DQ�XSFRPLQJ�ILHOG�WULS��DV�UHFRUGHG�IRU�

HDFK�OHVVRQ��8VLQJ�WKHVH�FDWHJRULHV��WKH�UHVHDUFKHU�LV�PRUH�DEOH�WKDQ�RQ�WKH�EDVLV�RI�

VXUYH\�GDWD��WR�HVWLPDWH�SHU�OHVVRQ�D�VFRUH�RQ�
WLPH�RQ�WDVN�
�

:LWKLQ� WKH� HVWLPDWLRQ�� QRQ�OHDUQLQJ� DFWLYLWLHV� FDQ� EHWWHU� EH� H[FOXGHG� WKDQ�ZRXOG�

HYHU�EH�SRVVLEOH�E\�PHDQV�RI�GDWD�FROOHFWHG�E\�PHDQV�RI�D�TXHVWLRQQDLUH��6LPLODUO\��

REVHUYDWLRQV� IURP� YLGHRWDSHG� OHVVRQV� FDQ� SURYLGH� VFRUHV� RQ� RWKHU� LPSRUWDQW�

LQVWUXFWLRQDO� SUDFWLFH� YDULDEOHV�� (YHQ� ZLWKRXW� KDYLQJ� DQ\� FRPSDUDWLYH� DQDO\VLV�

DYDLODEOH�FRQFHUQLQJ�GDWD�FROOHFWHG�LQ�VXUYH\�VWXGLHV�OLNH�7,066�DQG�GDWD�FROOHFWHG�

LQ�D�YLGHR�VWXG\�LW�FDQ�EH�UHFRPPHQGHG�WR�PHDVXUH�FODVVURRP�EDFNJURXQG�YDULDEOHV�

E\�PHDQV�RI�9LGHR�6WXGLHV���

,W� VHHPV� REYLRXV� WKDW� DSSO\LQJ� REVHUYDWLRQ� PHWKRGV� ZLOO� OHDG� WR� PRUH�

LQWHUQDWLRQDOO\� YDOLG� DQG� DFFXUDWH� GDWD� WKDQ�PHWKRGV� ZLWK� ZULWWHQ� TXHVWLRQQDLUHV�
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RQO\��FDQ�PDNH�SRVVLEOH��7KH�
ZULWWHQ
�GDWDEDVH�WHOOV�WKH�UHVHDUFKHUV�OLWWOH�DERXW�WKH�

LQWHUQDWLRQDO� YDOLGLW\�� ZKLOH� YLGHRWDSHV� RI� OHVVRQV� FDQ� EH� DQDO\]HG� E\� D� JURXS� RI�

UHVHDUFKHUV�IURP�DOO�FRXQWULHV�LQYROYHG�LQ�WKH�ODUJH�VFDOH�LQWHUQDWLRQDO�FRPSDUDWLYH�

VWXG\��:LWKLQ� WKLV� LQWHUQDWLRQDO� JURXS�� WKH�FRGHV� IRU� WKH�YDULRXV�YDULDEOHV� FDQ�EH�

GHYHORSHG�LQ�FORVH�FRRSHUDWLRQ��DV�ZDV�GRQH�LQ�WKH�7,066������9LGHR�6WXG\��7KH�

ILQDO� JRDO� RI� WKH� FRGH� GHYHORSPHQW� SURFHVV� ZDV� WR� UHDFK� FRQVHQVXV� DERXW� WKH�

GHILQLWLRQ�RI�WKH�IDFWRUV�DQG�YDULDEOHV�DQG�WR�UHDFK�DQ�LQWHU�UDWHU�UHOLDELOLW\�IRU�HDFK�

FRGH�RI�����DFURVV�DOO�SDUWLFLSDWLQJ�FRXQWULHV��6WLJOHU��*DOOLPRUH�DQG�+LHEHUW��������

+LHEHUW��*DOOLPRUH��*DUQLHU�� DQG� 6WLJOHU�� IRUWKFRPLQJ���$V� D� UHVXOW� RI� WKLV� ODERU�

LQWHQVLYH� SURFHVV�� WKH� PHDQLQJ� RI� PDQ\� VFRUHV� ZDV� FOHDU� IRU� HDFK� SDUWLFLSDWLQJ�

FRXQWU\�DQG�WKH�VFRUHV�FRXOG�EH�XVHG�IRU�FRPSDUDWLYH�SXUSRVHV��

7KH� FRPSDULVRQV� DFURVV� FRXQWULHV� ZLWK� UHJDUG� WR� VLPLODULWLHV� DQG� GLIIHUHQFHV� LQ�

LQVWUXFWLRQDO� SUDFWLFHV� EDVHG� RQ� YLGHR� GDWD� ZLOO� EH� ULFKHU� WKDQ� FRPSDULVRQV� EDVHG�

PHUHO\� RQ� TXHVWLRQQDLUH� GDWD��0HDVXULQJ� LQVWUXFWLRQDO� SUDFWLFHV� LQ� D� XVHIXO�ZD\� E\�

PHDQV� RI� TXHVWLRQQDLUHV� LV� GLIILFXOW�� $W� WKH� VDPH� WLPH�� WKH� H[WUD� FRVWV� RI� D�9LGHR�

6WXG\� PXVW� EH� VWUHVVHG�� 'HVLJQLQJ� D� ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� 9LGHR�

6WXG\��DQG�GHYHORSLQJ�DQG�DQDO\]LQJ�UDZ�REVHUYDWLRQDO�GDWD�FRVWV�PXFK�PRUH�WKDQ�D�

ODUJH�VFDOH� VWXG\� WKDW� LV�GHVLJQHG� LQ� WKH� 
7,066
�ZD\��1HYHUWKHOHVV�� WKH�UHVXOWV�RI�D�

FRPELQHG�YLGHR�VWXG\�²� 
ZULWWHQ
�VWXG\��ZKLFK�ZDV�QRW� WKH�FDVH� LQ�������DUH�PXFK�

PRUH�LQWHUQDWLRQDOO\�YDOLG��7KHUHIRUH��LW�LV�UHFRPPHQGHG�WR�FRQVLGHU�WKH�SRVVLELOLW\�RI�

D�YLGHR�VWXG\�DV�SDUW�RI�D�ODUJH�VFDOH�LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXG\�WR�

HQKDQFH� WKH� DFFRPSOLVKPHQW� RI� WKH� 
XQGHUVWDQGLQJ
� IXQFWLRQ� RI� GLIIHUHQFHV� DFURVV�

FRXQWULHV�RQ�WKH�DFKLHYHPHQW�LQ�D�FRUH�VXEMHFW�DQG�LQIOXHQFLQJ�EDFNJURXQG�YDULDEOHV��

�

$�VHFRQG�H[DPSOH�RI�DQ�,($�VWXG\�ZKLFK�FRXOG�EH�FRQVLGHUHG�DV�D�VWXG\�WKDW�WDNHV�

PRUH� WKDQ� WZR� RXW� RI� WKH� VL[� SURSRVHG� VWDJHV� LQWR� DFFRXQW� LV� WKH� 6HFRQG�

,QIRUPDWLRQ�7HFKQRORJ\�LQ�(GXFDWLRQ�6WXG\��6,7(6���7KH�6,7(6�VWXG\�VWDUWHG�LQ�

�����DQG�ZLOO�ODVW�XQWLO�������,Q�WKLV�VWXG\��FRXQWULHV�ZHUH�QRW�VHSDUDWHG�E\�UHJLRQV��

+RZHYHU�� WKLV� ZRXOG� EH� SUHIHUDEOH� IRU� WKH� VDPH� UHDVRQV� DV� ZHUH� GLVFXVVHG� IRU�

7,066��7KH�PDLQ�REMHFWLYH�RI�6,7(6�LV�WKH�DYDLODELOLW\�DQG�WKH�XVH�RI�,QIRUPDWLRQ�

DQG�&RPPXQLFDWLRQ�7HFKQRORJ\��,&7��LQ�GLIIHUHQW�VHFWLRQV�RI�HGXFDWLRQ��3HOJUXP�

	�$QGHUVRQ���������

7KH�6,7(6�VWXG\�ZDV�VHW�XS�LQWR�WKUHH�PRGXOHV��,Q�PRGXOH����D�JHQHUDO�VXUYH\�ZDV�

FRQGXFWHG� WR�PDNH� DQ� LQYHQWRU\� RI� ,&7� LQ� SULPDU\� HGXFDWLRQ� DQG� LQ� ORZHU� DQG�

KLJKHU� VHFRQGDU\� HGXFDWLRQ� �VHH� VWDJH� �� RI� WKH� VL[�VWDJH� SODQ��� ,Q� PRGXOH� ���
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HPHUJLQJ�SUDFWLFHV�ZHUH�H[DPLQHG�E\�PHDQV�RI�VHOHFWLYH�FDVH�VWXGLHV��VHH�VWDJH�����

5HVXOWV� RI� WKH� LQYHVWLJDWLRQ� RI� WKHVH� EHVW� SUDFWLFHV� DUH� DOVR� XVHG� WR� LPSURYH� WKH�

VXUYH\�LQVWUXPHQWV�IURP�6,7(6�PRGXOH����VHH�VWDJH�����,Q�PRGXOH����D�VXUYH\�ZLOO�

EH�RUJDQL]HG��PDNLQJ�XVH�RI�UHVXOWV�RI�PRGXOH���DQG�PRGXOH����

���� (3,/2*8(�

7KH�VL[�VWDJH�SODQ�SURSRVHG�LQ�WKH�SUHYLRXV�VHFWLRQ��UHIOHFWV�WKH�UHFRPPHQGDWLRQV�

IRUPXODWHG� RQ� WKH�EDVLV�RI� WKH� VWXG\� FRQGXFWHG� LQ� WKLV� WKHVLV��7KH� UHVXOWV�RI� WKH�

LQYHVWLJDWLRQ�RI�WKH�7,066�FDVH�VKRZHG�WKDW�WKH�
GHVFULELQJ
�IXQFWLRQ�FRXOG�EHWWHU�

EH�IXOILOOHG�WKDQ�WKH�
XQGHUVWDQGLQJ
�IXQFWLRQ��

7KH�GHVFULSWLRQ�RI�DFKLHYHPHQW�GDWD�IURP�PDQ\�HGXFDWLRQ�V\VWHPV�SDUWLFLSDWLQJ�LQ�

7,066�FRXOG�EH�VHHQ�DV�D�EHQHILW�RI�WKH�VWXG\��7KH�LQWHUQDWLRQDO�DFKLHYHPHQW�WHVW�LV�

UHOLDEOH� DQG�YDOLG� DFURVV� FRXQWULHV��7KH�EDFNJURXQG�GDWD�� FROOHFWHG� WR�XQGHUVWDQG�

FURVV�QDWLRQDO� GLIIHUHQFHV� LQ� VWXGHQW� DFKLHYHPHQW�� FDQ� EH� GHVFULEHG� DV� ZHOO��

+RZHYHU��WKH�ZD\�LW�ZDV�GRQH�LQ�7,066�²�E\�PHDQV�RI�DJJUHJDWHG�GDWD�DW�FRXQWU\�

OHYHO�²�FDQ�QRW�SUHYHQW�XVHUV�IURP�PDNLQJ�WKH�HFRORJLFDO�PLVWDNH��

0RUHRYHU��LQIRUPDWLRQ�DERXW�WKH�VWDWLVWLFDO�UHOLDELOLW\�DQG�FRQWHQW�YDOLGLW\�IURP�HDFK�

FRXQWU\�RI�VHWV�RI�LWHPV�LQGLFDWLQJ�SRWHQWLDOO\�HIIHFWLYHQHVV�HQKDQFLQJ�IDFWRUV�QHHGV�

WR� EH� DYDLODEOH� WR� FRQGXFW� UHODWLRQDO� DQDO\VLV� SURSHUO\�� 5HODWLRQDO� DQDO\VLV� RQ�

EDFNJURXQG� DQG� DFKLHYHPHQW�GDWD�RI�SDUWLFLSDWLQJ�FRXQWULHV� LQ� ODUJH�VFDOH� VWXGLHV�

VHUYHV� WKH� 
XQGHUVWDQGLQJ
� IXQFWLRQ�� )URP� WKH�7,066� FDVH� LW�ZDV� FRQFOXGHG� WKDW�

UHODWLRQDO�DQDO\VLV�RQ�EDFNJURXQG�DQG�DFKLHYHPHQW�GDWD�FRXOG�EHQHILW�IURP�D�PRUH�

SURIRXQG�GHYHORSPHQW�RI�WKUHH�LPSRUWDQW�FRPSRQHQWV�RI�ODUJH�VFDOH�LQWHUQDWLRQDO�

FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV��

)LUVW�� WKH� FRQFHSWXDO� IUDPHZRUN� RI� VXFK� VWXGLHV� QHHGV� WR� EH� ZHOO�GHYHORSHG� LQ�

WHUPV� RI� GHILQLWLRQ�� DQG� WKHRUHWLFDO� DQG� HPSLULFDO� IRXQGDWLRQ� RI� SRWHQWLDOO\�

HIIHFWLYHQHVV�HQKDQFLQJ�IDFWRUV�DW�DOO�HGXFDWLRQDO�OHYHOV��VWXGHQW��FODVVURRP��VFKRRO��

DQG� FRXQWU\�� DQG� FXUULFXOXP� OHYHOV� �LQWHQGHG�� LPSOHPHQWHG�� DQG� DWWDLQHG��� 7KH�

IUDPHZRUN� VKRXOG� EH� DSSURSULDWH� WR� IDFLOLWDWH� VHOHFWLRQ� RI� NH\� IDFWRUV� IRU� DOO�

FRXQWULHV�WKH�LQWHUQDWLRQDO�UHVHDUFK�TXHVWLRQV�ZLOO�EH�DGGUHVVHG�WR���

6HFRQG��WKH�RSHUDWLRQDOL]DWLRQ�RI�DOO�VHOHFWHG�IDFWRUV�VKRXOG�EH�GHYHORSHG�SUHFLVHO\�

ZLWKLQ�DQG�DFURVV�DOO�SDUWLFLSDWLQJ�FRXQWULHV��,Q�HDFK�FRXQWU\�FDVH�VWXGLHV�DQG�D�SLORW�

VWXG\� DUH� PHWKRGV� WKDW� VKRXOG� EH� DSSOLHG� DLPLQJ� DW� YDOLG� IRUPXODWLRQV� RI�

TXHVWLRQQDLUH�LWHPV�DQG�UHOLDEOH�VHWV�RI�LWHPV�IRUPLQJ�VFDOHV��$IWHU�WKH�PDLQ�VXUYH\�
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RI� WKH� VWXG\�� FDVH� VWXGLHV� DUH� DSSURSULDWH� PHWKRGV� WR� GHHSHQ�� YDOLGDWH� DQG� WR�

FRPSOHWH�WKH�VXUYH\�UHVXOWV��

7KLUG�� WKH� GHVLJQ� RI� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV� FRXOG� EH� DGDSWHG� IURP� D�

ZRUOGZLGH� VWXG\� �XQLIRUP� LQVWUXPHQWDWLRQ� IRU� DOO� FRXQWULHV�� WR� D� FRUH�ZRUOGZLGH�

VWXG\�ZLWK�UHJLRQDO�RSWLRQV��$OO�FRXQWULHV�SDUWLFLSDWH�LQ�WKH�UHODWLYHO\�VPDOO�FRUH�SDUW��

7KH�UHJLRQDO�RSWLRQV�FRQVLVW�RI�
VHSDUDWH
�VWXGLHV�LQ�JURXSV�RI�FRXQWULHV�WKDW�ZRXOG�

OLNH�WR�EH�FRPSDUHG�ZLWK�HDFK�RWKHU��UHIHUHQFH�FRXQWULHV���:LWKLQ�HDFK�UHJLRQ��QRW�

QHFHVVDULO\� JHRJUDSKLFDO�RQHV��XQGHUVWDQGLQJ�FURVV�QDWLRQDO�GLIIHUHQFHV� LQ�VWXGHQW�

SHUIRUPDQFHV�RQ�WKH�LQWHUQDWLRQDO�DFKLHYHPHQW�WHVW�ZRXOG�EH�EHWWHU�SRVVLEOH�WKDQ�

ZLWKLQ�D�ZRUOGZLGH�VWXG\��%DFNJURXQG�IDFWRUV�FDQ�EH�VHOHFWHG�DQG�RSHUDWLRQDOL]HG�

LQ�WKH�ZD\�SURSRVHG�DERYH��EXW�PRUH�VRSKLVWLFDWHGO\�WKDQ�LQ�ZRUOGZLGH�VWXGLHV�ZLWK�

FRXQWULHV�ZLWK�GLIIHUHQW�FXOWXUDO�DQG�HFRQRPLF�EDFNJURXQG��

�
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$GGHQGXP�

)LQDOO\�� VRPH�SHUVRQDO� UHPDUNV� DUH�PDGH�� ,Q� WKLV� WKHVLV��7,066�ZDV�FULWLFL]HG�RQ�

LPSRUWDQW�FRPSRQHQWV��,�KDYH�EHHQ�SHUVRQDOO\�LQYROYHG�LQ�7,066�VLQFH������DQG�

LQ� 7,066�9LGHR� 6WXG\� VLQFH� ������ DV� 1DWLRQDO� 5HVHDUFK� &RRUGLQDWRU� IRU� WKH�

1HWKHUODQGV��%HWZHHQ������DQG�������,�ZDV�DOUHDG\�RQH�RI�WKH�7,066�UHVHDUFKHUV��

7KH�DQDO\VHV�FRQGXFWHG�LQ�WKLV�WKHVLV�DQG�WKH�UHIOHFWLRQV�DUH�LQWHQGHG�WR�FRQWULEXWH�

WR� WKH� LPSURYHPHQW�RI� WKH�XWLOLW\�RI�7,066�UHVXOWV��7,066� LV�D�XQLTXH�SURMHFW� LQ�

WKH� ZRUOG� RI� HGXFDWLRQDO� UHVHDUFK� ZKLFK� PDNHV� WKH� H[FKDQJH� SRVVLEOH� RI�

SURIHVVLRQDO� H[SHULHQFH� ZLWK� UHVHDUFKHUV� IURP� YDULRXV� FRXQWULHV� DQG� GLIIHUHQW�

EDFNJURXQGV�DURXQG�WKH�ZRUOG��

7KH� ZD\� 7,066� LV� RUJDQL]HG� XQGHU� WKH� DXVSLFHV� RI� ,($� �VHFUHWDULDW� LV� EDVHG� LQ�

$PVWHUGDP�� WKH� 1HWKHUODQGV�� LV� DQ� H[FHOOHQW� H[DPSOH� RI� KRZ� LQWHUQDWLRQDO�

FRPSDUDELOLW\� FDQ�EH�JXDUDQWHHG�DV� IDU�DV� WKH�SUHSDUDWLRQ�RI� WKH� LQVWUXPHQWV�� WKH�

GDWD� FROOHFWLRQ� SURFHGXUHV�� DQG� GDWD� PDQDJHPHQW� DUH� FRQFHUQHG�� 7KH� VWXG\� LV�

FRRUGLQDWHG� E\� WKH� ,QWHUQDWLRQDO� 6WXG\� &HQWHU� �,6&�� DW� %RVWRQ�&ROOHJH� �%RVWRQ��

86$��� 7KLV� &HQWHU� LV� WKH� KXE� RI� WKH� VWXG\�� VWHHULQJ� WKH� SDUWLFLSDWLQJ� HGXFDWLRQ�

V\VWHPV�IURP�DOO�RYHU�WKH�ZRUOG��7KH�,6&�FRQWUROV�WKH�TXDOLW\�DQG�XQLIRUPLW\�RI�WKH�

VDPSOLQJ� SODQV� DQG� WKH� LQVWUXPHQWV� �WUDQVODWLRQV� IURP� (QJOLVK�� XVHG� LQ� HDFK�

FRXQWU\��WKH�XQLIRUPLW\�RI�WKH�GDWD�FROOHFWLRQ�SURFHGXUHV�LQ�HDFK�FRXQWU\��DQG�WKH�

TXDOLW\�RI�WKH�LQWHUQDWLRQDO�GDWD�SURFHVVLQJ�DQG�GDWD�DQDO\VLV��

�

7ZR�RWKHU�&HQWHUV�DUH�SDUW�RI�WKH�LQWHUQDWLRQDO�FRRUGLQDWLRQ�DQG�FRQWULEXWH�WR�WKH�

LQWHUQDWLRQDO� FRPSDUDELOLW\� RI� WKH� GDWD�� 6WDWLVWLFV� &DQDGD� LV� UHVSRQVLEOH� IRU� WKH�

TXDOLW\�RI�WKH�VDPSOLQJ�IUDPHV�DQG�WKH�VDPSOLQJ�SURFHGXUHV�RI�HDFK�FRXQWU\��7KH�

,QWHUQDWLRQDO� 'DWD� 3URFHVVLQJ� &HQWHU� RI� ,($� ORFDWHG� LQ� +DPEXUJ� �*HUPDQ\�� LV�

UHVSRQVLEOH�IRU�WKH�LQWHUQDWLRQDO�FRPSDUDELOLW\�RI�WKH�GDWD�VHWV��

�

,W�LV�P\�VLQFHUH�KRSH�WKDW�WKLV�WKHVLV�IXOILOOV�LWV�LQWHQWLRQ�RI�LQFUHDVLQJ�WKH�XWLOLW\�RI�

7,066�UHVXOWV�LQ�D�ZD\�WKH�SDUWLFLSDWLQJ�HGXFDWLRQ�V\VWHPV�ZRXOG�SUHIHU��

�
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&DPSEHOO��-�5����������3/63DWK�3ULPHU���QG�HGLWLRQ��1HZ�<RUN��6W��-RKQ
V�8QLYHUVLW\���
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RQGHUZLMV� LQ� GH� NODV� >,QVWUXFWLRQDO� HIIHFWLYHQHVV�� $Q� HPSLULFDO� FRQWULEXWLRQ� WR� WKH� LPSURYHPHQW� RI�

HGXFDWLRQ�LQ�WKH�FODVVURRP@��
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)ODQGHUV��7KH�)OHPLVK�RSWLRQ@��/HXYHQ��.DWKROLHNH�8QLYHUVLWHLW��

(GPRQGV��5�5����������$�GLVFXVVLRQ�RI�WKH�OLWHUDWXUH�DQG�LVVXHV�UHODWHG�WR�HIIHFWLYH�VFKRROLQJ��&DPEULGJH��

0$��&HQWHU�IRU�8UEDQ�6WXGLHV��+DUYDUG�*UDGXDWH�6FKRRO�RI�(GXFDWLRQ��

(OOH\��:��%����������+RZ�LQ�WKH�ZRUOG�GR�VWXGHQWV�UHDG"�$PVWHUGDP��,($��
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(GXFDWLRQDO�3URJUHVV�LQ�(QJODQG��6ORXJK��1DWLRQDO�)RXQGDWLRQ�IRU�(GXFDWLRQDO�5HVHDUFK��

)UHHODQG�� %�� �������� ,QWHUQDWLRQDO� FRPSDULVRQV� RI� YRFDWLRQDO� HGXFDWLRQ� DQG� WUDLQLQJ�� /HDEURRN��

$XVWUDOLD��1DWLRQDO�&HQWUH�IRU�9RFDWLRQDO�(GXFDWLRQ�5HVHDUFK��

)UHXGHQWKDO��+�� ��������3XSLOV
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VWXGLHV�LQ�PDWKHPDWLFV��������²����

)XOOHU��%���	�&ODUNH��3����������5DLVLQJ�VFKRRO�HIIHFWV�ZKLOH�LJQRULQJ�FXOWXUH"�/RFDO�FRQGLWLRQV�

DQG� WKH� LQIOXHQFH� RI� FODVVURRP� WRROV�� UXOHV� DQG� SHGDJRJ\��5HYLHZ� RI� HGXFDWLRQDO� UHVHDUFK��
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&KLJDJR��$OGLQH�3XEOLVKLQJ�&RPSDQ\��

*ROGVWHLQ��+���	�/HZLV��7�� �(GV���� ��������$VVHVVPHQW�� SUREOHPV�� GHYHORSPHQWV� DQG� VWDWLVWLFDO� LVVXHV��

&KLFKHVWHU��-RKQ�:LOH\�	�6RQV�/WG��

*RQ]DOHV�� (�-��� 	� 6PLWK�� 7�$�� �(GV���� ��������8VHU� JXLGH� IRU� WKH� 7,066� LQWHUQDWLRQDO� GDWDEDVH��

%RVWRQ��%RVWRQ�&ROOHJH��

*RRGODG�� -�,�� �(G���� �������� &XUULFXOXP� LQTXLU\�� 7KH� VWXG\� RI� FXUULFXOXP� SUDFWLFH�� 1HZ� <RUN��

0F*UDZ�+LOO��

*RRGODG��-�,���.OHLQ��0��)���	�7\H��.�$����������7KH�GRPDLQV�RI�FXUULFXOXP�DQG�WKHLU�VWXG\��

,Q�� -�,��*RRGODG� �(G����&XUULFXOXP� LQTXLU\��7KH� VWXG\� RI� FXUULFXOXP� SUDFWLFH� �SS����²�����1HZ�
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+DXVHU��5�0�� ��������'LVDJJUHJDWLQJ�D�VRFLDO�SV\FKRORJLFDO�PRGHO�RI�HGXFDWLRQDO�DWWDLQPHQW��

,Q��$�$��*ROGEHUJHU�	�2�'��'XQFDQ��(GV����6WUXFWXUDO�HTXDWLRQ�PRGHOV�LQ�WKH�VRFLDO�VFLHQFHV��SS��

���²������1HZ�<RUN��6HPLQDU�3UHVV��

+DQXVKHN��(�$����������,QWHUSUHWLQJ�UHFHQW�UHVHDUFK�RQ�VFKRROLQJ�LQ�GHYHORSLQJ�FRXQWULHV��7KH�

ZRUOG�EDQN�UHVHDUFK�REVHUYHU���������²�����

+DDQ��'���GH����������0HDVXULQJ�WHVW�FXUULFXOXP�RYHUODS��'RFWRUDO�GLVVHUWDWLRQ���(QVFKHGH��8QLYHUVLW\�

RI�7ZHQWH��

+DUPRQ��0���6PLWK��7�$���0DUWLQ��0�2���.HOO\��'�/���%HDWRQ��$�(���0XOOLV�� ,�9�6���*RQ]DOHV��

(�-���	�2USZRRG��*�� ��������3HUIRUPDQFH�DVVHVVPHQW� LQ� ,($
V�7KLUG�,QWHUQDWLRQDO�0DWKHPDWLFV�

DQG� 6FLHQFH� 6WXG\�� %RVWRQ� &ROOHJH�� &HQWHU� IRU� WKH� 6WXG\� RI� 7HVWLQJ�� (YDOXDWLRQ�� DQG�

(GXFDWLRQDO�3ROLF\��

+LHEHUW��-���*DOOLPRUH��5���*DUQLHU��+��	�6WLJOHU��-�:���IRUWKFRPLQJ���0DWKHPDWLFV�WHDFKLQJ�LQ�VHYHQ�

FRXQWULHV�� 5HVXOWV� RI� WKH� 7,066�5� 9LGHR� 6WXG\�� :DVKLQJWRQ�� '�&��� 1DWLRQDO� &HQWHU� IRU�

(GXFDWLRQ�6WDWLVWLFV��1&(6���

+RZLH�� 6�-�� �LQ� SUHVV��� (QJOLVK� ODQJXDJH� SURILFLHQF\� DQG� FRQWH[WXDO� IDFWRUV� LQIOXHQFLQJ� PDWKHPDWLFV�

DFKLHYHPHQW� RI� VHFRQGDU\� VFKRRO� SXSLOV� LQ� 6RXWK� $IULFD�� �'RFWRUDO� GLVVHUWDWLRQ�� (QVFKHGH��

8QLYHUVLW\�RI�7ZHQWH��
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+R[�� -�-�� �������� $026�� (46�� DQG� /,65(/� IRU� ZLQGRZV�� D� FRPSDUDWLYH� UHYLHZ�� 6WUXFWXUDO�

HTXDWLRQ�PRGHOLQJ�������²����

+XVpQ�� 7�� �(G���� �������� ,QWHUQDWLRQDO� 6WXG\� RI� $FKLHYHPHQW� LQ� 0DWKHPDWLFV�� D� FRPSDULVRQ� RI� WZHOYH�

FRXQWULHV��9ROV��,�DQG�,,���1HZ�<RUN��:LOH\���

,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� WKH� (YDOXDWLRQ� RI� (GXFDWLRQDO� $FKLHYHPHQW� �������� 7HVW� DQG�

EDFNJURXQG�TXHVWLRQQDLUHV�7,066�������$PVWHUGDP��,($�6HFUHWDULDW��

-|UHVNRJ��.�*���	�6|UERP��'����������/,65(/����XVHU
V�UHIHUHQFH�JXLGH��0RRUHVYLOOH��6FLHQWLILF�VRIWZDUH��

.DLVHU��*����������,QWHUQDWLRQDO�FRPSDULVRQV�LQ�PDWKHPDWLFV�HGXFDWLRQ�XQGHU�WKH�SHUVSHFWLYH�

RI� FRPSDUDWLYH� HGXFDWLRQ�� ,Q�� *�� .DLVHU�� (�� /XQD�� 	� ,�� +XQWOH\� �(GV���� ,QWHUQDWLRQDO�
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.HOO\��*�3��	�$OWEDFK��3�*����������$OWHUQDWLYH�DSSURDFKHV�LQ�FRPSDUDWLYH�HGXFDWLRQ��,Q��7�1��
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1HGHUODQGV� DDQGHHO� LQ� 7,066� LQ� SRSXODWLH� �� >0DWKHPDWLFV� DQG� VFLHQFH� LQ� SULPDU\� HGXFDWLRQ��

7KH�'XWFK�FRQWULEXWLRQ�WR�7,066�SRSXODWLRQ��@��(QVFKHGH��2&72��8QLYHUVLW\�RI�7ZHQWH��
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>0DWKHPDWLFV� DQG� VFLHQFH� LQ� \HDU� �� DQG� �� RI� VHFRQGDU\� HGXFDWLRQ�� 7KH� 'XWFK�
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V� 5HSHDW� RI� WKH� 7KLUG� ,QWHUQDWLRQDO�0DWKHPDWLFV� DQG� 6FLHQFH� 6WXG\� DW� WKH� HLJKWK� JUDGH��
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0XQFN��,�0�(����������0RGHO�EXLOGLQJ�LQ�FRPSDUDWLYH�HGXFDWLRQ��$SSOLFDWLRQV�RI�WKH�/,65(/�PHWKRG�WR�

FURVV�QDWLRQDO�VXUYH\�GDWD��6WRFNKROP��$OPTYLVW�	�:LNVHOO�,QWHUQDWLRQDO��

1HZWRQ��3���$GDPV��(���6HZHOO��-���	�:KHWWRQ��&����������$Q�HYDOXDWLRQ�RI�WKH�\HDU���SURJUHVV�WHVWV�

DQG�\HDUV���DQG���RSWLRQDO� WHVWV� LQ�HQJOLVK�DQG�PDWKV��$�UHSRUW� IRU� WKH�TXDOLILFDWLRQV�DQG�FXUULFXOXP�

DXWKRULW\��/RQGRQ��1DWLRQDO�)RXQGDWLRQ�IRU�(GXFDWLRQDO�5HVHDUFK��1)(5���



��� 5HIHUHQFHV

1LWVDLVRRN�� 0��� 	� 3RVWOHWKZDLWH�� 7�1�� �������� 7HDFKHU� HIIHFWLYHQHVV� UHVHDUFK�� $Q� H[DPSOH�

IURP�7KDLODQG��,QWHUQDWLRQDO�5HYLHZ�RI�(GXFDWLRQ������������²�����

1RDK�� +�-�� �������� 0HWKRGV� RI� FRPSDUDWLYH� HGXFDWLRQ�� ,Q� 7�1�� 3RVWOHWKZDLWH� �(G���� 7KH�

HQF\FORSHGLD� RI� FRPSDUDWLYH� HGXFDWLRQ� DQG� QDWLRQDO� V\VWHPV� RI� HGXFDWLRQ� �SS�� ��²����� 2[IRUG��

3HUJDPRQ�3UHVV��

2(&'�� ��������(GXFDWLRQ� DW� D� JODQFH� ,�� 3DULV�� 2(&'� &HQWHU� IRU� (GXFDWLRQDO� 5HVHDUFK� DQG�

,QQRYDWLRQ��

2(&'�� �����D���(GXFDWLRQ� DW� D� JODQFH� ,,��3DULV��2(&'�&HQWHU� IRU�(GXFDWLRQDO�5HVHDUFK� DQG�

,QQRYDWLRQ��

2(&'�� �����E��� +DQGERRN� RQ� ,QWHUQDWLRQDO� (GXFDWLRQDO� ,QGLFDWRUV�� 3DULV�� 2(&'� &HQWHU� IRU�

(GXFDWLRQDO�5HVHDUFK�DQG�,QQRYDWLRQ��

2(&'�� �������� (GXFDWLRQ� DW� D� JODQFH�� 3DULV�� 2(&'�� &HQWHU� IRU� (GXFDWLRQDO� 5HVHDUFK� DQG�

,QQRYDWLRQ��

2(&'�� �������� (GXFDWLRQ� DW� D� JODQFH�� 3DULV�� 2(&'�� &HQWHU� IRU� (GXFDWLRQDO� 5HVHDUFK� DQG�

,QQRYDWLRQ��

3HDN��/���(G�����������3XUVXLQJ�H[FHOOHQFH��$�VWXG\�RI�8�6��HLJKWK�JUDGH�PDWKHPDWLFV�DQG�VFLHQFH�WHDFKLQJ��

OHDUQLQJ�� FXUULFXOXP�� DQG� DFKLHYHPHQW� LQ� LQWHUQDWLRQDO� FRQWH[W��:DVKLQJWRQ��1DWLRQDO�&HQWHU� IRU�

(GXFDWLRQ�VWDWLVWLFV���

3HOJUXP��:�-���	�3ORPS��7M���(GV������������7KH�,($�VWXG\�RI�FRPSXWHUV�LQ�HGXFDWLRQ��LPSOHPHQWDWLRQ�

RI�DQ�LQQRYDWLRQ�LQ����HGXFDWLRQ�V\VWHPV��2[IRUG��3HUJDPRQ�3UHVV��

3HOJUXP��:�-���	�$QGHUVRQ��5�(���(GV������������,&7�DQG�WKH�HPHUJLQJ�SDUDGLJP�IRU�OLIH�ORQJ�OHDUQLQJ��

D�ZRUOGZLGH�HGXFDWLRQDO�DVVHVVPHQW�RI�LQIUDVWUXFWXUH��JRDOV�DQG�SUDFWLFHV��$PVWHUGDP��,($��

3ORPS�7M����������7KH�SRWHQWLDO�RI�LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV�WR�PRQLWRU�WKH�TXDOLW\�RI�

HGXFDWLRQ��3URVSHFWV�����������²����

3RVWOHWKZDLWH�� 7�1�� �(G���� ��������7KH� HQF\FORSHGLD� RI� FRPSDUDWLYH� HGXFDWLRQ� DQG� QDWLRQDO� V\VWHPV� RI�

HGXFDWLRQ��2[IRUG��3HUJDPRQ�3UHVV��

3RVWOHWKZDLWH��7�1���	�:LOH\��'�(����������7KH�,($�VWXG\�RI�VFLHQFH�,,��VFLHQFH�DFKLHYHPHQW�LQ�WZHQW\�

WKUHH�FRXQWULHV��2[IRUG��3HUJDPRQ�3UHVV��

3RVWOHWKZDLWH�� 7�1��� 	� 5RVV�� .�� �������� (IIHFWLYH� VFKRROV� LQ� UHDGLQJ�� LPSOLFDWLRQV� IRU� HGXFDWLRQDO�

SODQQHUV��$PVWHUGDP��,($��

3RVWOHWKZDLWH��7�1����������,QWHUQDWLRQDO�VWXGLHV�RI�HGXFDWLRQDO�DFKLHYHPHQW��PHWKRGRORJLFDO�LVVXHV��&KLQD�

+RQJ�.RQJ��&RPSDUDWLYH�(GXFDWRQ�5HVHDUFK�&HQWUH��8QLYHUVLW\�RI�+RQJ�.RQJ��

5HH]LJW�� *�-��� *XOGHPRQG�� +��� 	� &UHHPHUV�� %�3�0�� �������� (PSLULFDO� YDOLGLW\� IRU� D�

FRPSUHKHQVLYH� PRGHO� RQ� HGXFDWLRQDO� HIIHFWLYHQHVV�� 6FKRRO� (IIHFWLYHQHVV� DQG� 6FKRRO�

,PSURYHPHQW������������²�����

5H\QROGV��'���	�)DUUHOO��6����������:RUOGV�DSDUW"�/RQGRQ��2)67('��



5HIHUHQFHV ���
 

5RELQ��'�� �������� 7HDFKHUV
� VWUDWHJLHV� DQG� VWXGHQWV
� DFKLHYHPHQW�� ,Q��/��%XUVWHLQ� �(G����7KH�

,($� VWXG\� RI� 0DWKHPDWLFV� ,,,�� VWXGHQW� JURZWK� DQG� FODVVURRP� SURFHVVHV� �SS�� ���²������ 2[IRUG��

3HUJDPRQ�3UHVV��

5RELWDLOOH��'�)���	�*DUGHQ��5�$����������7KH�,($�VWXG\�RI�0DWKHPDWLFV�,,��&RQWH[WV�DQG�RXWFRPHV�RI�

VFKRRO�PDWKHPDWLFV��2[IRUG��3HUJDPRQ�3UHVV��

5RELWDLOOH��'�)�� ��������&XUULFXOXP� IUDPHZRUNV� IRU�PDWKHPDWLFV�DQG� VFLHQFH��7,066�0RQRJUDSK�QR����

9DQFRXYHU��3DFLILF�(GXFDWLRQDO�3UHVV��

5RELWDLOOH��'�)���	�7UDYHUV��.�-����������,QWHUQDWLRQDO�VWXGLHV�RI�DFKLHYHPHQW�LQ�PDWKHPDWLFV��

,Q��-�6��*URXZV��(G����+DQGERRN�RI�UHVHDUFK�RQ�PDWKHPDWLFV�OHDUQLQJ�DQG�WHDFKLQJ��SS�����²������

1HZ�<RUN��0DFPLOODQ���

5RELWDLOOH��'�)���	�0D[ZHOO��%����������7KH�FRQFHSWXDO�IUDPHZRUN�DQG�UHVHDUFK�TXHVWLRQV�IRU�

7,066�� ,Q�� '�)�� 5RELWDLOOH� 	� 5�$�� *DUGHQ�� 5HVHDUFK� TXHVWLRQV� 	� VWXG\� GHVLJQ�� 7,066�

0RQRJUDSK�QR�����SS����²�����9DQFRXYHU��3DFLILF�(GXFDWLRQDO�3UHVV��

5RELWDLOOH��'�)���	�*DUGHQ��5�$����������5HVHDUFK�TXHVWLRQV�	�VWXG\�GHVLJQ��7,066�0RQRJUDSK�QR�����

9DQFRXYHU��3DFLILF�(GXFDWLRQDO�3UHVV��

5RELWDLOOH��'�)���(G������������1DWLRQDO�FRQWH[WV�IRU�PDWKHPDWLFV�DQG�VFLHQFH�HGXFDWLRQ��$Q�HQF\FORSHGLD�

RI�WKH�HGXFDWLRQ�V\VWHPV�SDUWLFLSDWLQJ�LQ�7,066��9DQFRXYHU��3DFLILF�(GXFDWLRQDO�3UHVV��

5RVLHU�� 0�-�� �������� 6XUYH\� UHVHDUFK� PHWKRGV�� ,Q�� -�3�� .HHYHV� �(G���� (GXFDWLRQDO� UHVHDUFK��

PHWKRGRORJ\�� DQG� PHDVXUHPHQW�� DQ� LQWHUQDWLRQDO� KDQGERRN� �SS�� ���²����� &DPEULGJH�� 8.��

3HUJDPRQ�3UHVV��

5XELQ��'�%����������0XOWLSOH�LPSXWDWLRQ�IRU�QRQUHVSRQVH�LQ�VXUYH\V��1HZ�<RUN��-RKQ�:LOH\�	�6RQV��,QF��

6FKHHUHQV�� -��� 9HUPHXOHQ�� &�-�$�-��� 	� 3HOJUXP��:�-�� �������� *HQHUDOL]LELOLW\� RI� LQVWUXFWLRQDO�

DQG�VFKRRO�HIIHFWLYHQHVV�LQGLFDWRUV�DFURVV�QDWLRQV��,QWHUQDWLRQDO�MRXUQDO�RI�HGXFDWLRQDO�UHVHDUFK��

�������²�����

6FKHHUHQV��-����������6FKRRO�HIIHFWLYHQHVV�DQG�WKH�GHYHORSPHQW�RI�SURFHVV�LQGLFDWRUV�RI�VFKRRO�

IXQFWLRQLQJ��6FKRRO�HIIHFWLYHQHVV�DQG�VFKRRO�LPSURYHPHQW����������²����

6FKHHUHQV��-����������(IIHFWLYH�VFKRROLQJ��5HVHDUFK��WKHRU\�DQG�SUDFWLFH��/RQGRQ��&DVVHOO��

6FKHHUHQV�� -�� �������� 6FKRRO� HIIHFWLYHQHVV� LQ� GHYHORSHG� DQG� GHYHORSLQJ� FRXQWULHV�� D� UHYLHZ� RI� WKH� UHVHDUFK�

HYLGHQFH��:DVKLQJWRQ��'�&���7KH�:RUOG�%DQN��

6FKHHUHQV�� -��� 	� %RVNHU�� 5�-�� �(GV���� �������� )RXQGDWLRQV� RI� HGXFDWLRQDO� HIIHFWLYHQHVV�� /RQGRQ��

5RXWOHGJH��

6FKLHEHU�+�� ��������3/63$7+�9HUVLRQ�D��SURJUDP�PDQXDO��+DPEXUJ��8QLYHUVLW\�RI�+DPEXUJ��

'HSDUWPHQW�RI�(GXFDWLRQ��

6FKPLGW�� :�+�� �������� 7,066� HGXFDWLRQDO� RSSRUWXQLW\� PRGHO�� 'HWDLOHG� LQVWUXPHQWDWLRQ� DQG� LQGLFHV�

GHYHORSPHQW��3URMHFW�GRFXPHQW��'RF�5HI���,&&����13&������$PVWHUGDP��,($��

6FKPLGW��:�+���	�.LIHU��(����������([SORULQJ�UHODWLRQVKLSV�DFURVV�SRSXODWLRQ�$�V\VWHPV��,Q��

'�)�� 5RELWDLOOH�	�5�$��*DUGHQ��7KH� ,($� VWXG\� RI�0DWKHPDWLFV� ,,�� &RQWH[WV� DQG� RXWFRPHV� RI�

VFKRRO�PDWKHPDWLFV��SS�����²������2[IRUG��3HUJDPRQ�3UHVV��



��� 5HIHUHQFHV

6FKPLGW��:�+���	�%XUVWHLQ��/����������&RQFRPLWDQWV�RI�JURZWK��,Q��/��%XUVWHLQ��(G����7KH�,($�

VWXG\�RI�0DWKHPDWLFV�,,,��VWXGHQW�JURZWK�DQG�FODVVURRP�SRUFHVVHV��SS�����²������2[IRUG��3HUJDPRQ�

3UHVV��

6FKPLGW��:�+���	�&RJDQ�� /�� �������� ,Q��0�2��0DUWLQ�	�'�/��.HOO\��7,066�7HFKQLFDO�5HSRUW�

9ROXPH�,��'HVLJQ�DQG�'HYHORSPHQW��SS�����²�������%RVWRQ��&HQWHU�IRU�WKH�6WXG\�RI�7HVWLQJ��

(YDOXDWLRQ�DQG�(GXFDWLRQDO�3ROLF\��%RVWRQ�&ROOHJH��

6FKPLGW��:�+���0F.QLJKW��&�&���9DOYHUGH��*�$���+RXDQJ��5�7���	�:LOH\��'�(����������0DQ\�

YLVLRQV�� PDQ\� DLPV�� 9ROXPH� ,�� $� FURVV�QDWLRQDO� LQYHVWLJDWLRQ� RI� FXUULFXODU� LQWHQWLRQV� LQ� VFKRRO�

PDWKHPDWLFV��'RUGUHFKW��.OXZHU�$FDGHPLF�3XEOLVKHUV��

6FXGGHU�� '�)�� �������� &ODVV�VL]H� UHGXFWLRQ� HYDOXDWLRQ�� ����������� $� UHSRUW� WR� WKH� 1RUWK� &DUROLQD�

'HSDUWPHQW�RI�SXEOLF�LQVWUXFWLRQ��5HOHLJK��1&��'HSDUWPHQW�RI�HYDOXDWLRQ�DQG�UHVHUDFK��

6HOOLQ��1����������3/63DWK�9HUVLRQ�������$SSOLFDWLRQ�PDQXDO��+DPEXUJ��8QLYHUVLW\�RI�+DPEXUJ��

'HSDUWPHQW�RI�(GXFDWLRQ��

6HOOLQ�� 1�� �������� 3/63DWK�9HUVLRQ� ������ 3URJUDP� PDQXDO��+DPEXUJ�� 8QLYHUVLW\� RI�+DPEXUJ��

'HSDUWPHQW�RI�(GXFDWLRQ��

6HOOLQ��1�� ��������3DUWLDO�/HDVW� 6TXDUHV�3DWK�$QDO\VLV�� ,Q�� -��.HHYHV� �(G����7KH� ,($�7HFKQLFDO�

+DQGERRN��SS�����²������7KH�+DJXH��,($��

6HOOLQ�� 1��� 	�.HHYHV�� -�3�� �������� 3DWK� DQDO\VLV� ZLWK� ODWHQW� YDULDEOHV�� ,Q�� 7��+XVpQ�	� 7�1��

3RVWOHWKZDLWH� �(GV����7KH� ,QWHUQDWLRQDO� (QF\FORSHGLD� RI� (GXFDWLRQ� �SS�� ����²�������2[IRUG��

3HUJDPRQ�3UHVV��

6KDODEL��)����������(IIHFWLYH�VFKRROLQJ�LQ�WKH�:HVW�%DQN��'RFWRUDO�'LVVHUWDWLRQ���(QVFKHGH��7ZHQWH�

8QLYHUVLW\�3UHVV��

6KDYHOVRQ�� 5��� 0F'RQQHOO�� /��� 2DNHV�� -��� 	� &DUH\�� 1�� �������� ,QGLFDWRU� V\VWHPV� IRU� PRQLWRULQJ�

PDWKHPDWLFV�DQG�VFLHQFH�HGXFDWLRQ��D�VRXUFHERRN��6DQWD�0RQLFD��5DQG�&RUS��

6PHHWV�� (�)�/�� �������� .UDFKWLJH� OHHURPJHYLQJHQ� HQ� ,&7� LQ� KHW� RQGHUZLMV�� >3RZHUIXO� OHDUQLQJ�

HQYLURQPHQW�DQG�,&7�LQ�HGXFDWLRQ@��1LMPHJHQ��,76��

6QLMGHUV�� 7�$�%���	�%RVNHU�� 5�-�� ��������0XOWLOHYHO� DQDO\VLV��$Q� LQWURGXFWLRQ� WR� EDVLF� DQG� DGYDQFHG�

PXOWLOHYHO�PRGHOLQJ��/RQGRQ��6$*(�3XEOLFDWLRQV��

6WHYHQV�-����������$SSOLHG�PXOWLYDULDWH�VWDWLVWLFV�IRU�WKH�VRFLDO�VFLHQFHV��+LOOVGDOH��1-��(UOEDXP��

6WLJOHU��-�:���*RQ]DOHV��3���.DZDQDND��7���.QROO��6���	�6HUUDQR��$����������7KH�7,066�YLGHRWDSH�

FODVVURRP�VWXG\��0HWKRGV�DQG�ILQGLQJV�IURP�DQ�H[SORUDWRU\�UHVHDUFK�SURMHFW�RQ�HLJKWK�JUDGH�PDWKHPDWLFV�

LQVWUXFWLRQ� LQ�*HUPDQ\�� -DSDQ�� DQG� WKH�8QLWHG� 6WDWHV��:DVKLQJWRQ�'�&��1DWLRQDO� &HQWHU� IRU�

(GXFDWLRQ�6WDWLVWLFV��1&(6���

6WLJOHU��-�:���*DOOLPRUH��5��	�+LHEHUW��-����������8VLQJ�YLGHR�VXUYH\V�WR�FRPSDUH�FODVVURRPV�

DQG� WHDFKLQJ� DFURVV� FXOWXUHV�� ([DPSOHV� DQG� OHVVRQV� IURP� WKH� 7,066� YLGHR� VWXGLHV��

(GXFDWLRQDO�3V\FKRORJLVW�����������²�����

7UDYHUV�� .�-��� 	� :HVWEXU\�� ,�� �������� 7KH� ,($� VWXG\� RI� PDWKHPDWLFV� ,�� LQWHUQDWLRQDO� DQDO\VLV� RI�

PDWKHPDWLFV�FXUULFXOD��2[IRUG��3HUJDPRQ�3UHVV��



5HIHUHQFHV ���
 

7UDYHUV�� .�-�� �������� 2YHUYLHZ� RI� WKH� ORQJLWXGLQDO� YHUVLRQ� RI� WKH� VHFRQG� LQWHUQDWLRQDO�

PDWKHPDWLFV�VWXG\��,Q��/��%XUVWHLQ��(G����7KH�,($�VWXG\�RI�0DWKHPDWLFV�,,,��VWXGHQW�JURZWK�DQG�

FODVVURRP�SURFHVVHV���SS���²�����2[IRUG��3HUJDPRQ�3UHVV��

7UDYHUV��.�-���	�:HLQ]ZHLJ��$�,�� ��������7KH�VHFRQG�LQWHUQDWLRQDO�PDWKHPDWLFV�VWXG\��,Q��*��

.DLVHU��(��/XQD�	�,��+XQWOH\��(GV����,QWHUQDWLRQDO�FRPSDULVRQV�LQ�PDWKHPDWLFV�HGXFDWLRQ��SS�����

²�������/RQGRQ��)DOPHU�3UHVV��

7UDYHUV�� .�-��� *DUGHQ�� 5�$��� 	� 5RVLHU�� 0�-�� �������� ,QWURGXFWLRQ� WR� WKH� VWXG\�� ,Q�� '�)��

5RELWDLOOH�	�5�$��*DUGHQ��(GV����7KH�,($�6WXG\�RI�0DWKHPDWLFV�,,��&RQWH[WV�DQG�2XWFRPHV�RI�

6FKRRO�0DWKHPDWLFV��SS���²�����2[IRUG��3HUJDPRQ�3UHVV��

7XLMQPDQ��$�&���	�3RVWOHWKZDLWH��7�1���(GV������������0RQLWRULQJ�WKH�VWDQGDUGV�RI�HGXFDWLRQ��3DSHUV�

LQ�KRQRU�RI�-RKQ�3��.HHYHV��2[IRUG��3HUJDPRQ�3UHVV��

81(6&2���������:RUOG�(GXFDWLRQ�5HSRUW�������3DULV��$XWKRU��

9DUL�� 3�� �(G���� ��������$UH� ZH� VLPLODU� LQ� PDWK� DQG� VFLHQFH"�$� VWXG\� RI� JUDGH� �� LQ� QLQH� &HQWUDO� DQG�

(DVWHUQ�(XURSHDQ�FRXQWULHV��+XQJDU\��,($��

9RV�� )�3�� �LQ� SUHVV���/LNH� DQ� RFHDQ� OLQHU� FKDQJLQJ� FRXUVH�� 7KH� JUDGH� ��PDWKHPDWLFV� FXUULFXOXP� LQ� WKH�

1HWKHUODQGV��'RFWRUDO�GLVVHUWDWLRQ���(QVFKHGH��8QLYHUVLW\�RI�7ZHQWH��

:DOEHUJ��+�-�� �������� ,PSURYLQJ� WKH�SURGXFWLYLW\�RI�$PHULFD
V�VFKRROV��(GXFDWLRQDO� OHDGHUVKLS��

���������²����

:LHJHUVPD��6���	�*URHQ��0����������5HVXOWDWHQ�YDQ�ZLVNXQGHRQGHUZLMV��(HQ�YHUVODJ�YDQ�HHQ�RQGHU]RHN�

GRRU� KHW� 1HGHUODQGVH� ,QVWLWXXW� YRRU� 3UHYHQWLHYH� *HQHHVNXQGH� 712� XLWJHYRHUG� LQ� KHW� NDGHU� YDQ� KHW�

,QWHUQDWLRQDO�(GXFDWLRQDO�$FKLHYHPHQW�3URMHFW� >5HVXOWV�RI�PDWKHPDWLFV�HGXFDWLRQ��$�UHSRUW�RI�

WKH�VWXG\�E\�WKH�'XWFK�LQVWLWXWH�IRU�SUHYHQWLYH�PHGLFDO�VFLHQFH��712��FRQGXFWHG�ZLWKLQ�

WKH� IUDPHZRUN� RI� WKH� ,QWHUQDWLRQDO� (GXFDWLRQDO� $FKLHYHPHQW� SURMHFW@�� *URQLQJHQ��

:ROWHUV�1RRUGKRII��

:ROG��+����������6RIW�PRGHOOLQJ��7KH�EDVLF�GHVLJQ�DQG�VRPH�H[WHQVLRQV��,Q��.�*��-RUHVNRJ�	�

+��:ROG� �(GV����6\VWHPV� XQGHU� LQGLUHFW� REVHUYDWLRQ�� �SDUW� ,,��&KDSWHU� ����$PVWHUGDP��1RUWK�

+ROODQG�3UHVV��

:ROI�� 5�0�� �������� ,QWHUQDWLRQDO� WHVW� SHUIRUPDQFH�� ,Q�� 0�&�� $ONLQ� �(G���� (QF\FORSHGLD� RI�

(GXFDWLRQDO�5HVHDUFK��SS�����²������1HZ�<RUN��0DFPLOODQ�3XEOLVKLQJ�&RPSDQ\��

:RRGKRXVH��*�� �(G���� ��������$� JXLGH� WR�0/Q� IRU� QHZ� XVHUV��/RQGRQ�� ,QVWLWXWH� RI�(GXFDWLRQ��

8QLYHUVLW\�RI�/RQGRQ��

:RVVPDQQ�� /�� �������� 6FKRROLQJ� UHVRXUFHV�� HGXFDWLRQDO� LQVWLWXWLRQV�� DQG� VWXGHQW� SHUIRUPDQFH�� WKH�

LQWHUQDWLRQDO�HYLGHQFH��.LHO��*HUPDQ\���.LHO�,QVWLWXWH�RI�:RUOG�(FRQRPLFV��

<LQ��5�.����������$SSOLFDWLRQV�RI�FDVH�VWXG\�UHVHDUFK��1HZEXU\�3DUN��&DOLI���6DJH��

=X]RYVN\��5���	�$LWNLQ��0����������0XOWLOHYHO�ORQJLWXGLQDO�DQDO\VLV�RI�,($�VWXGLHV�RQ�VFLHQFH�

DFKLHYHPHQW�XVLQJ�6,66�DQG�7,066�GDWD���,QWHUQDWLRQDO�MRXUQDO�RI�HGXFDWLRQDO�SROLF\��UHVHDUFK�DQG�

SUDFWLFH�����������²�����
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SAMENVATTING (DUTCH SUMMARY) 
�

02*(/,-.+('(1 (1 %(3(5.,1*(1 �
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'H�,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�WKH�(YDOXDWLRQ�RI�(GXFDWLRQDO�$FKLHYHPHQW��,($��

KHHIW� VLQGV� ����� YHOH� JURRWVFKDOLJH� LQWHUQDWLRQDOH� YHUJHOLMNHQGH� VWXGLHV� QDDU�

OHHUOLQJSUHVWDWLHV� JHRUJDQLVHHUG� LQ� GH� NHUQYDNNHQ�ZLVNXQGH�� QDWXXUZHWHQVFKDSSH�

OLMNH�YDNNHQ�HQ�OH]HQ��'H]H�,($�VWXGLHV�KHEEHQ�WZHH�DOJHPHQH�GRHOHQ��

�L�� LQIRUPDWLH� YHUVFKDIIHQ� DDQ� RQGHUZLMVEHOHLGVPDNHUV�� PHQVHQ� XLW� GH� RQGHUZLMV�

SUDNWLMN� HQ� DQGHUH� RQGHUZLMVGHVNXQGLJHQ� RYHU� GH� NZDOLWHLW� YDQ� KHW� RQGHUZLMV�

V\VWHHP�LQ�YHUJHOLMNLQJ�WRW�UHOHYDQWH�UHIHUHQWLH�ODQGHQ��(HQ�ODQG�NDQ�YDQ�DQGHUH�

ODQGHQ�OHUHQ�GRRU�WH�EHNLMNHQ�KRH�KHW�RQGHUZLMV�HU�LQ�GLH�DQGHUH�ODQGHQ�XLW�]LHW��

�LL�� ELMGUDJHQ�DDQ�KHW�EHJULMSHQ�YDQ�JHFRQVWDWHHUGH�YHUVFKLOOHQ�WXVVHQ�ODQGHQ��

+HW�HHUVWH�GRHO�YHUHLVW�HHQ�EHVFKULMYLQJ�YDQ�GH�VWDWXV�YDQ�HHQ�RQGHUZLMVV\VWHHP�LQ�

HHQ� LQWHUQDWLRQDOH� FRQWH[W� LQ� WHUPHQ� YDQ� WRWDOH� WHVW� HQ� VXE�WHVW� VFRUHV� RS�

LQWHUQDWLRQDOH�SUHVWDWLHWRHWVHQ��9HUVFKLOOHQ�LQ�JHPLGGHOGH�VFRUHV�HQ�LQ�GH�YHUGHOLQJ�

YDQ�GH�VFRUHV�WXVVHQ�ODQGHQ�NXQQHQ�GLHQHQ�DOV�LQGLFDWLHV�YRRU�GH�NZDOLWHLW�YDQ�HHQ�

RQGHUZLMVV\VWHHP��'HUJHOLMNH� EHVFKULMYLQJHQ� YRUPHQ� YRRU� EHOHLGVPDNHUV� GH� EDVLV�

YRRU� HHQ� 
LQWHUQDWLRQDOH
� VSLHJHO�� /DQGHQ� NXQQHQ� RS� KXQ� HLJHQ� PDQLHU� KXQ�

UHVXOWDWHQ�YHUJHOLMNHQ��=H�NXQQHQ�]LFK�ELMYRRUEHHOG�DIYUDJHQ�ZDW�LQ�GH�ODQGHQ��ZDDU�

RRN�WHU�ZHUHOG��PHW�GH�KRRJVWH�OHHUOLQJSUHVWDWLHV�GH�EHODQJULMNVWH�IDFWRUHQ�]LMQ�GLH�

VDPHQKDQJHQ� PHW� GLH� SUHVWDWLHV�� $QGHUH� ODQGHQ� ZLOOHQ� ]LFK]HOI� YHUJHOLMNHQ� PHW�

ODQGHQ�XLW�KXQ�HLJHQ��JHRJUDILVFKH��UHJLR��



��� 'XWFK VXPPDU\

3UHVWDWLHV�YDQ�OHHUOLQJHQ�RS�HHQ�WRHWV�]LMQ�QLHW�GH�HQLJH�EURQ�ZDDUXLW�JHSXW�ZRUGW�

RP�KHW� HHUVWJHQRHPGH�GRHO� WH�EHUHLNHQ��2P� WH� NXQQHQ�QDJDDQ�ZDW� HU� LQ� DQGHUH�

ODQGHQ�JHEHXUW� LQ�KHW�RQGHUZLMV� LV�HHQ�EHVFKULMYLQJ�QRGLJ�YDQ�RQGHUZLMVSURFHVVHQ�

RS�YHUVFKLOOHQGH�QLYHDXV�LQ�GH�VFKRRO��OHHUOLQJ��NODV�OHUDDU�HQ�VFKRRO���

+HW�WZHHGH�GRHO�EHWUHIW�KHW�YLQGHQ�YDQ�YHUNODULQJHQ�YRRU�EHVFKUHYHQ�YHUVFKLOOHQ�LQ�

OHHUOLQJSUHVWDWLHV�HQ�GH�IDFWRUHQ�RS�YHUVFKLOOHQGH�QLYHDXV�GLH�GDDURS�PRJHOLMN�YDQ�

LQYORHG�]LMQ��$DQ�GH]H�
YHUNODULQJV
�IXQFWLH�NDQ�ZRUGHQ�YROGDDQ�GRRU�YHOH�YDULDEHOHQ�

GLH� WH�PDNHQ�KHEEHQ�PHW�KHW�RQGHUZLMVSURFHV� LQ�HHQ� LQWHUQDWLRQDOH�YHUJHOLMNHQGH�

FRQWH[W�WH�DQDO\VHUHQ�LQFOXVLHI�KXQ�UHODWLHV�PHW�OHHUOLQJSUHVWDWLHV��(HQ�YRRUEHHOG�YDQ�

HHQ�UHODWLH�LV�GLH�WXVVHQ�GH�ZLM]H�ZDDURS�HHQ�OHUDDU�OHVJHHIW�HQ�GH�WRHWVSUHVWDWLHV�YDQ�

OHHUOLQJHQ��

(HQ�EHODQJULMNH�YRRUZDDUGH�YRRU�KHW�EHVFKULMYHQ�HQ�EHJULMSHQ�YDQ�ODQGYHUVFKLOOHQ�

LQ� OHHUOLQJSUHVWDWLHV� LV�GDW�DOOH�YHU]DPHOGH�JHJHYHQV� LQWHUQDWLRQDDO�EHWURXZEDDU�HQ�

YDOLGH� ]LMQ�� 'H� GHILQLWLH� HQ� RSHUDWLRQDOLVDWLH� YDQ� ELMYRRUEHHOG� 
VWXGHQW�RULHQWHG�

WHDFKLQJ�VW\OH
�PRHW�HHQGXLGLJ�]LMQ�YRRU�DOOH�UHVSRQGHQWHQ�LQ�DOOH�ODQGHQ�GLH�DDQ�HHQ�

VWXGLH�GHHOQHPHQ��'H�VHOHFWLH�YDQ�DFKWHUJURQGIDFWRUHQ�PRHW�ELM�YRRUNHXU�JHEDVHHUG�

]LMQ�RS�KXQ�SRWHQWLsOH�VDPHQKDQJ�PHW�OHHUOLQJSUHVWDWLHV�LQ�HHQ�NHUQYDN��%RYHQGLHQ�

PRHWHQ�IDFWRUHQ��RP�EUXLNEDDU�WH�]LMQ�YRRU�EHOHLGVPDNHUV��YHUDQGHUEDDU�]LMQ��

9RRU� GH� HHUVWH� HQ� WZHHGH� LQWHUQDWLRQDOH� YHUJHOLMNHQGH� ,($� VWXGLH� QDDU�

ZLVNXQGHSUHVWDWLHV��),06�HQ�6,06�� LV�RS�EDVLV�YDQ�HHQ�UHYLHZ�JHFRQFOXGHHUG�GDW�

KHW�HUJ�PRHLOLMN�LV�RP�DDQ�GH�
YHUNODULQJV
�IXQFWLH�WH�NXQQHQ�YROGRHQ��KRRIGVWXN�����

'H� FRQFHSWXHOH� EDVLV� YDQ� GH� VHOHFWLH� HQ� RSHUDWLRQDOLVDWLH� YDQ� DFKWHUJURQG�

NHQPHUNHQ�EOHHN�LQ�EHLGH�VWXGLHV�RQYROOHGLJ�WH�]LMQ���

�

'H� SUREOHHPVWHOOLQJ� YDQ� GLW� SURHIVFKULIW� LV� JHULFKW� RS� GH� PRJHOLMNKHGHQ� HQ�

EHSHUNLQJHQ� YDQ� JURRWVFKDOLJH� LQWHUQDWLRQDOH� YHUJHOLMNHQGH� VWXGLHV� QDDU�

OHHUOLQJSUHVWDWLHV� LQ� HHQ� NHUQYDN�� 'H� SUREOHHPVWHOOLQJ� LV� YHUWDDOG� LQ� WZHH�

RQGHU]RHNVYUDJHQ��'H�HHUVWH�RQGHU]RHNVYUDDJ�OXLGW��

�

,�� ,Q�KRHYHUUH�NDQ�YDULDWLH�LQ�GH�VFRUHV�RS�GH�JHKHOH�7,066�ZLVNXQGHWRHWV�LQ�KHW�WZHHGH�OHHUMDDU�

YRRUWJH]HW�RQGHUZLMV�LQ�1HGHUODQG��9ODDQGHUHQ�HQ�'XLWVODQG�ZRUGHQ�YHUNODDUG�GRRU�YDULDWLH�

LQ�VFRUHV�RS�DFKWHUJURQGNHQPHUNHQ�RS�OHHUOLQJ��HQ�NODV�VFKRRO�QLYHDX�HQ�LQ�KRHYHUUH�NXQQHQ�

GH]H�XLWNRPVWHQ�ZRUGHQ�JHJHQHUDOLVHHUG�RYHU�GH�GULH�ODQGHQ"�



'XWFK VXPPDU\ ���

2QGHU]RHNVYUDDJ�,�LV�EHDQWZRRUG�GRRU�GH�GHUGH�LQWHUQDWLRQDOH�VWXGLH�GLH�,($�KHHIW�

JHRUJDQLVHHUG� QDDU�ZLVNXQGHSUHVWDWLHV� ²� GH�7KLUG� ,QWHUQDWLRQDO�0DWKHPDWLFV� DQG�

6FLHQFH�6WXG\��7,066��²� WH�EHVWXGHUHQ�YDQXLW�KHW�SHUVSHFWLHI�YDQ�GH� 
YHUNODULQJV
�

IXQFWLH��7,066�KHHIW� GH� DPELWLH�RP�DDQ� ODQGHQ� �RQGHUZLMVV\VWHPHQ�� JHJHYHQV� WH�

YHUVFKDIIHQ� ZDDUPHH� ]H� LQ� VWDDW� ZRUGHQ� JHVWHOG� YHUNODULQJHQ� WH� YLQGHQ� YRRU�

YHUVFKLOOHQ�WXVVHQ�ODQGHQ�LQ�OHHUOLQJSUHVWDWLHV�RS�HHQ�LQWHUQDWLRQDOH�WRHWV��'H�7,066�

JHJHYHQV� WHQ� DDQ]LHQ� YDQ�ZLVNXQGH� YDQ� GULH� EXXUODQGHQ� ]LMQ�QDGHU� JHDQDO\VHHUG��

9ODDQGHUHQ��'XLWVODQG�HQ�1HGHUODQG��

�

2S� EDVLV� YDQ� HHQ� UHIOHFWLH� RS� GH� XLWNRPVWHQ� YDQ� GH� HHUVWH� RQGHU]RHNVYUDDJ� LV�

QDJHJDDQ� LQ�KRHYHUUH�7,066�DDQ�GH� 
YHUNODULQJV
� IXQFWLH�NDQ�YROGRHQ��'H�WZHHGH�

RQGHU]RHNVYUDDJ�KHHIW�KLHURS�EHWUHNNLQJ�HQ�OXLGW��

�

,,�� :DW�NDQ�RS�JURQG�YDQ�GH� UHVXOWDWHQ�YDQ�GH�7,066�FDVH�ZRUGHQ�JHOHHUG�RYHU�GH� FRQFHSWXHOH�

EDVLV�� GH� LQVWUXPHQWDWLH� HQ� KHW� RQWZHUS� YDQ� JURRWVFKDOLJH� LQWHUQDWLRQDOH� YHUJHOLMNHQGH� VWXGLHV�

QDDU�OHHUOLQJSUHVWDWLHV�LQ�HHQ�NHUQYDN�GLH�DOV�GRHO�KHEEHQ�IDFWRUHQ�RS�WH�VSRUHQ�GLH�VDPHQKDQJHQ�

PHW�YHUVFKLOOHQ�WXVVHQ�ODQGHQ�LQ�OHHUOLQJSUHVWDWLHV�RS�HHQ�LQWHUQDWLRQDOH�SUHVWDWLHWRHWV"�

�

'H� YUDDJ� LV� KRH� GH� PRJHOLMNKHGHQ� YDQ� JURRWVFKDOLJH� LQWHUQDWLRQDOH�

YHUJHOLMNLQJVVWXGLHV�YHUJURRW�NXQQHQ�ZRUGHQ�HQ�KRH�GH�EHSHUNLQJHQ�HUYDQ�NXQQHQ�

ZRUGHQ�YHUNOHLQG��

5(68/7$7(1 9$1 '(7,066�&$6( $1$/<6(6�

,Q� 7,066� ]LMQ� LQ� HON� GHHOQHPHQG� ODQG� ELM� HHQ� UHSUHVHQWDWLHYH� VWHHNSURHI� YDQ�

OHHUOLQJHQ�XLW�KHW� WZHHGH� OHHUMDDU�YRRUWJH]HW�RQGHUZLMV�HHQ� LQWHUQDWLRQDOH�ZLVNXQGH��

HQ�VFLHQFHWRHWV�HQ�HHQ�DFKWHUJURQGYUDJHQOLMVW�DIJHQRPHQ��'H�ZLVNXQGHOHUDUHQ�YDQ�GH�

JHWRHWVWH�NODVVHQ�YXOGHQ�HHQ�OHUDDUDFKWHUJURQGYUDJHQOLMVW�LQ��(pQ�YDQ�GH�OHGHQ�YDQ�GH�

OHLGLQJ�YDQ�GH�VFKROHQ�ZDDUYDQ�GH�JHWRHWVWH�NODVVHQ�GHHO�XLWPDDNWHQ�ZHUG�JHYUDDJG�

HHQ�DFKWHUJURQGYUDJHQOLMVW�RYHU�NHQPHUNHQ�YDQ�GH�VFKRRORUJDQLVDWLH�LQ�WH�YXOOHQ��

'H� OHHUOLQJHQ� LQ� 9ODDQGHUHQ� SUHVWHHUGHQ� VLJQLILFDQW� EHWHU� RS� GH� 7,066�

ZLVNXQGHWRHWV�GDQ�GH�OHHUOLQJHQ�LQ�'XLWVODQG�HQ�1HGHUODQG�HQ�GDW]HOIGH�GHGHQ�GH�

OHHUOLQJHQ�LQ�1HGHUODQG�WHQ�RS]LFKWH�YDQ�KXQ�OHHIWLMGVJHQRWHQ�LQ�'XLWVODQG��

�



��� 'XWFK VXPPDU\

'H�DQDO\VH�YDQ�GH�7,066�FDVH�EHVWRQG�XLW�YLHU�IDVHQ��,Q�GH�HHUVWH�IDVH�LV�KHW�EDVLV�

FRQFHSWXHHO� UDDPZHUN�YDQ�7,066�JHUHYLHZHG��'LW� UHVXOWHHUGH� LQ� HHQ� 
RUJDQL]LQJ
�

FRQFHSWXHHO�UDDPZHUN�JHYXOG�PHW�IDFWRUHQ�GLH�LQ�SRWHQWLH�YDQ�LQYORHG�NXQQHQ�]LMQ�

RS�OHHUOLQJSUHVWDWLHV��KRRIVWXN�����'H�LQKRXG�YDQ�GH�DFKWHUJURQGYUDJHQOLMVWHQ�GLH�LQ�

7,066� ]LMQ� RQWZLNNHOG� HQ� DIJHQRPHQ�� LV� LQ� GH� WZHHGH� IDVH� EHVWXGHHUG� RP�

LQGLFDWRUHQ�WH�YLQGHQ�YRRU�GH�LQ�KHW�UDDPZHUN�JHFDWHJRULVHHUGH�IDFWRUHQ��KRRIGVWXN�

����,Q�GH�GHUGH�IDVH�]LMQ�VFRUHV�RS�LWHP�VHWV�JHDQDO\VHHUG�RP�VFKDOHQ�WH�RQWZLNNHOHQ�

�YDULDEHOHQ�� YRRU�GH� JHwGHQWLILFHHUGH� LQGLFDWRUHQ� �KRRIGVWXN����� ,Q�GH� ODDWVWH� IDVH�

YDQ� KHW� DQDO\VHSODQ� ]LMQ� RYHUHHQNRPVWHQ� HQ� YHUVFKLOOHQ� WXVVHQ� GH� GULH� ODQGHQ�

RQGHU]RFKW�PHW�EHWUHNNLQJ�WRW�VDPHQKDQJHQ�WXVVHQ�GH�YDULDEHOHQ�XLW�GH�GHUGH�IDVH�

HQ� OHHUOLQJSUHVWDWLHV�RS�GH�7,066�ZLVNXQGHWRHWV��'LW� LV� JHGDDQ�GRRU�PLGGHO� YDQ�

HHQGLPHQVLRQDOH�SDGDQDO\VHV�HQ�PHHUQLYHDX�DQDO\VHV��KRRIGVWXN�����9DQ�HONH�IDVH�

ZRUGW�HHQ�NRUWH�VDPHQYDWWLQJ�JHJHYHQ��

,Q�GH�7,066�GDWD�DQDO\VHV�LV�JHEUXLN�JHPDDNW�YDQ�OHHUOLQJ��HQ�NODVQLYHDX�YDULDEHOHQ��

6FKRROYDULDEHOHQ�]LMQ�QLHW� LQ�GH� DQDO\VHV�RSJHQRPHQ�YDQZHJH�KHW�RQWEUHNHQ�YDQ�

HHQ�UHODWLHI�JURRW�DDQWDO�VFKRROYUDJHQOLMVWHQ�LQ�GH�1HGHUODQGVH�GDWD�VHW��

&RQFHSWXHOH�EDVLV�

7HQHLQGH�IDFWRUHQ�WH�NXQQHQ�LGHQWLILFHUHQ�GLH�LQ�SRWHQWLH�YDQ�LQYORHG�NXQQHQ�]LMQ�

RS� ZLVNXQGHSUHVWDWLHV� LV� HHUVW� KHW� FRQFHSWXHHO� UDDPZHUN� YDQ� 7,066� QDGHU�

EHVWXGHHUG��'LW�UDDPZHUN�LV�JHEDVHHUG�RS�KHW�GULH�FXUULFXOXP�QLYHDX�UDDPZHUN�XLW�

KHW� WZHHGH� LQWHUQDWLRQDOH� ZLVNXQGH� RQGHU]RHN� YDQ� ,($�� 1DDVW� GULH�

FXUULFXOXPQLYHDXV� RPYDW� GLW� ,($� PRGHO� GULH� RQGHUZLMVQLYHDXV� �OHHUOLQJ��

NODV�VFKRRO� HQ� ODQG��� *HFRQFOXGHHUG� ZHUG� GDW� KHW� 7,066� NDGHU� DOV� UDDPZHUN�

YROGRHW� RP� DOV� OHLGUDDG� WH� NXQQHQ� GLHQHQ� YRRU� GH� ]RHNWRFKW� QDDU� SRWHQWLHHO�

HIIHFWLHYH� IDFWRUHQ��'H� LQKRXG� HUYDQ� EOHHN� HFKWHU� WH�ZHLQLJ� WH� ]LMQ� XLWJHZHUNW� LQ�

WHUPHQ�YDQ�GHILQLWLHV�YDQ�IDFWRUHQ�HQ�GH�WKHRUHWLVFKH�HQ�HPSLULVFKH�EDVLV�GDDUYDQ��

,Q�LQWHUQDWLRQDOH�YHUJHOLMNHQGH�RQGHUZLMVVWXGLHV�LV�KHW�YDQ�EHODQJ�GDW�GH�HPSLULVFKH�

EDVLV� YDQ� KHW� FRQFHSWXHHO� UDDPZHUN� LQWHUQDWLRQDDO� JHRULsQWHHUG� LV� HQ� GDW� GH�

IDFWRUHQ�YRRU�DOOH�ODQGHQ�HHQGXLGLJ�JHGHILQLHHUG�]LMQ��

+HW� UDDPZHUN� YDQ� KHW� ,($� PRGHO� LV� YRRU� GH]H� VWXGLH� RYHUJHQRPHQ�� PHW� HHQ�

XLWVSOLWVLQJ�YDQ�KHW�NODV�VFKRRO�QLYHDX�LQ�HHQ�NODV��HQ�HHQ�VFKRROQLYHDX��'H�LQKRXG�

YDQ� GH� FOXVWHUV� YDQ� IDFWRUHQ� YDQ� KHW� EDVLVUDDPZHUN� LV� LQJHYXOG�PHW� IDFWRUHQ� XLW�

PRGHOOHQ� YRRU� LQVWUXFWLH�� HQ� VFKRROHIIHFWLYLWHLW�� 'H]H� PRGHOOHQ� ]LMQ� WRW� VWDQG�

JHNRPHQ�RS�EDVLV�YDQ�UHYLHZ�VWXGLHV�QDDU�JHGHILQLHHUGH�VOHXWHOIDFWRUHQ�GLH�LQ�HHUGHU�



'XWFK VXPPDU\ ���

RQGHU]RHN�LQ�YHUVFKLOOHQGH��JHwQGXVWULDOLVHHUGH��ODQGHQ�VDPHQ�EOHNHQ�WH�KDQJHQ�PHW�

OHHUOLQJSUHVWDWLHV�� +HW� UHVXOWHUHQGH� 
RUJDQL]LQJ
� FRQFHSWXHHO� UDDPZHUN� KHHIW� DOV�

OHLGUDDG�JHGLHQG�LQ�GH�YROJHQGH�VWDSSHQ�YDQ�GH�EHVWXGHULQJ�YDQ�GH�7,066�FDVH��

,QGLFDWRUHQ�LQ�GH�7,066�DFKWHUJURQGYUDJHQOLMVWHQ�

$DQ� GH� KDQG� YDQ� KHW� 
RUJDQL]LQJ
� FRQFHSWXHHO� UDDPZHUN� ]LMQ� GH� 7,066�

DFKWHUJURQGYUDJHQOLMVWHQ� LQKRXGHOLMN� RQGHU]RFKW�� 9RRUEHHOGHQ� YDQ� EHODQJULMNH�

IDFWRUHQ� ZDDUYRRU� LQ� HHQ� 7,066� YUDJHQOLMVW� LWHP� VHWV� RI� LQGLYLGXHOH� LWHPV� ]LMQ�

JHYRQGHQ�]LMQ��PRWLYDWLH�YDQ�GH�OHHUOLQJ��ELMYRRUEHHOG�OHHUOLQJ�DWWLWXGH�WHQ�RS]LFKWH�

YDQ� ZLVNXQGH� HQ� SHUFHSWLH� YDQ� GH� YHUZDFKWLQJ� YDQ� GH� PRHGHU� WHQ� DDQ]LHQ� YDQ�

VFKRROSUHVWDWLHV��� VRFLDOH� DFKWHUJURQG� YDQ� GH� OHHUOLQJ� HQ� NODVPDQDJHPHQW� HQ�

NODVNOLPDDW��

9RRU� HHQ� DDQWDO� IDFWRUHQ� XLW� GH� OLWHUDWXXU� RYHU� RQGHUZLMVHIIHFWLYLWHLW� GLH� LQ� KHW�


RUJDQL]LQJ
� UDDPZHUN� ]LMQ� RSJHQRPHQ�� ]LMQ� JHHQ� LQGLFDWRUHQ� DDQJHWURIIHQ� LQ� GH�

7,066� YUDJHQOLMVWHQ�� 9RRUEHHOGHQ� KLHUYDQ� ]LMQ� GH� OHHUFDSDFLWHLW� YDQ� GH� OHHUOLQJ��

NHQPHUNHQ� YDQ� KHW� OHHUPDWHULDDO� HQ� KHW� EHOHLG� YDQ� HHQ� VFKRRO� WHQ� DDQ]LHQ� YDQ�

HYDOXDWLH�YDQ�OHHUOLQJSUHVWDWLHV��

9DQ�LQGLFDWRUHQ�QDDU�YDULDEHOHQ�

'H�VHWV�YDQ�LWHPV�LQ�GH�7,066�YUDJHQOLMVWHQ�GLH�YDQXLW�HHQ�LQKRXGHOLMN�SHUVSHFWLHI�

DOV� LQGLFDWRUHQ� ]LMQ� JHwGHQWLILFHHUG�� ]LMQ� YHUGHU� JHs[SORUHHUG� GRRU� PLGGHO� YDQ�

VWDWLVWLVFKH�DQDO\VHV��$OOHUHHUVW�LV�GH�LQWHUQH�FRQVLVWHQWLH�YDQ�GH�VFRUHV�SHU�LWHP�VHW�

JHDQDO\VHHUG�GRRU�GH�EHUHNHQLQJ�YDQ�GH�EHWURXZEDDUKHLGVFRsIILFLsQW�&URQEDFK�α��
'H]H� EOHHN� LQ� PHHU� RI� PLQGHUH� PDWH� WXVVHQ� ODQGHQ� WH� YHUVFKLOOHQ�� +HW� LQWHUYDO�

ZDDULQ�GH�YHUVFKLOOHQ�LQ�&URQEDFK�α�FRsIILFLsQWHQ�YLHOHQ��YDULHHUGH�YDQ�����WRW������
'H� ELYDULDWH� SURGXNW�PRPHQW� FRUUHODWLHFRsIILFLsQWHQ� WXVVHQ� HQHU]LMGV� GH�

OHHUOLQJVFRUHV� RS� GH� 7,066� ZLVNXQGHWRHWV� HQ� DQGHU]LMGV� GH� VFRUHV� RS� GH�

DFKWHUJURQGIDFWRUHQ� EOHHN� WXVVHQ� ODQGHQ� ZHO� LQ� VWHUNWH�� PDDU� QLHW� LQ� ULFKWLQJ� WH�

YHUVFKLOOHQ�� 'H� PHHVWH� ELYDULDWH� FRUUHODWLHV� YDULHHUGHQ� WXVVHQ� ���� HQ� ����� +HW�

EHODQJULMNVWH� FULWHULXP� YRRU� GH� RSQDPH� YDQ� HHQ� DFKWHUJURQGYDULDEHOH� LQ� GH�

YROJHQGH� VWDS� YDQ� GH� DQDO\VHV� �SDGDQDO\VHV�� ZDV� GDW� GH� ELYDULDWH� FRUUHODWLH�

FRsIILFLsQW�PHW�GH�7,066�ZLVNXQGHWRHWVVFRUHV�JURWHU�ZDV�GDQ�_���_�LQ�WHQPLQVWH�

WZHH�YDQ�GH�GULH�RQGHU]RFKWH�ODQGHQ��



��� 'XWFK VXPPDU\

(HQGLPHQVLRQHOH�H[SORUDWLHYH�SDG�DQDO\VHV�HQ�PHHUQLYHDX�DQDO\VHV�

'H� PHHVW� JHVFKLNWH� WHFKQLHNHQ� RP� UHODWLHV� WXVVHQ� YHUVFKLOOHQGH�

DFKWHUJURQGYDULDEHOHQ�HQ�ZLVNXQGHSUHVWDWLHV�WH�RQGHU]RHNHQ�]LMQ�GLH�WHFKQLHNHQ�GLH�

UHNHQLQJ�KRXGHQ�PHW�KHW�JHQHVWH�GHVLJQ�YDQ�GH�7,066�GDWD�VHWV��OHHUOLQJHQ�ELQQHQ�

NODVVHQ�HQ�VFKROHQ�� LQ�7,066�YDOOHQ�GH� ODDWVWH� WZHH�VDPHQ�RPGDW�SHU�VFKRRO�ppQ�

LQWDFWH� NODV� LV� JHWRHWVW��� KLsUDUFKLVFKH� OLQHDLUH� PRGHOLQJ� �+/0�� WHFKQLHNHQ�� +HW�

EHODQJULMNVWH�YRRUGHHO�YDQ�+/0�WHFKQLHNHQ��ELMYRRUEHHOG�PHHUQLYHDX�DQDO\VHV��WHQ�

RS]LFKWH� YDQ� HHQGLPHQVLRQHOH� WHFKQLHNHQ� ]RDOV� 
SDUWLDO� OHDVW� VTXDUHV� WHFKQLTXHV�

�3/6��
� LV� GDW� LQ� GH� VFKDWWLQJ� YDQ� GH� HIIHFWHQ� YDQ� YDULDEHOHQ� RS� GH� DIKDQNHOLMNH�

YDULDEHOH�RS�HHQ�QLYHDX��ELMYRRUEHHOG�OHHUOLQJQLYHDX���WHJHOLMNHUWLMG�UHNHQLQJ�ZRUGW�

JHKRXGHQ� PHW� KHW� HIIHFW� YDQ� YDULDEHOHQ� RS� HHQ� DQGHU� QLYHDX� �ELMYRRUEHHOG�

NODVQLYHDX��YDQ�GH�KLsUDUFKLVFKH�GDWDVWUXFWXXU��

,Q�GH]H�VWXGLH�]LMQ�HFKWHU�HHUVW�UHODWLHV�WXVVHQ�YDULDEHOHQ�JHs[SORUHHUG�GRRU�PLGGHO�

YDQ� 3/6� �SURJUDPPD� 3/6SDWK���'DDUPHH� LV� JHWUDFKW� GLUHFWH� HQ� LQGLUHFWH� UHODWLHV�

WXVVHQ�DFKWHUJURQGYDULDEHOHQ�HQ�ZLVNXQGHSUHVWDWLHV�RS�KHW� VSRRU� WH�NRPHQ� LQ�GH�

GULH�YHUVFKLOOHQGH�ODQGHQ��RPGDW�KLHUYRRU�JHHQ�GXLGHOLMNH�WKHRULH�YRRUKDQGHQ�EOHHN�

WH�]LMQ��,QGLFDWLHV�YRRU�GHUJHOLMNH�UHODWLHV�]LMQ�QRGLJ�RP�PHHUQLYHDX�DQDO\VHV�XLW�WH�

NXQQHQ� YRHUHQ�� 'RRU� PLGGHO� YDQ� 3/6� DQDO\VHV� ]LMQ� SHU� ODQG� HHQ� SDGPRGHO� RS�

OHHUOLQJQLYHDX�HQ�HHQ�SDGPRGHO�RS�NODVQLYHDX�JHs[SORUHHUG��,Q�KHW�NODVPRGHO�]LMQ�

QDDVW� NODVYDULDEHOHQ�� GH� JHDJJUHJHHUGH� VFRUHV� RS� GH� OHHUOLQJYDULDEHOHQ� XLW� GH�

OHHUOLQJPRGHOOHQ� RSJHQRPHQ��2S� EDVLV� YDQ� GH� 3/6� UHVXOWDWHQ� ]LMQ� GH� YDULDEHOHQ�

JHVHOHFWHHUG�YRRU�RSQDPH�LQ�KLsUDUFKLVFKH�OLQHDLUH�PRGHOOHQ��GLH�]LMQ�JHVFKDW�GRRU�

PLGGHO�YDQ�PHHUQLYHDX�DQDO\VHV��

5HVXOWDWHQ�3DUWLDO�/HDVW�6TXDUHV�SDG�DQDO\VHV�

'H�3/6� SDG� DQDO\VHV� KHEEHQ� XLWHLQGHOLMN� JHUHVXOWHHUG� LQ� HHQ� NODV�PRGHO�PHW� GDDULQ�

RSJHQRPHQ� ]HV� JHDJJUHJHHUGH� OHHUOLQJYDULDEHOHQ� HQ� GULH� NODVYDULDEHOHQ�� +HW� DDQWDO�

FDVHV�SHU�ODQG�LQ�GH�JHDQDO\VHHUGH�GDWD�VHWV�VWRQG�RSQDPH�YDQ�PHHU�YDULDEHOHQ�QLHW�WRH��

'H� OLMVW�PHW� YDULDEHOHQ�PHW� HHQ�GLUHFW� YHUEDQG�PHW�ZLVNXQGHSUHVWDWLHV� LV� SHU� ODQG�

YHUVFKLOOHQG��9RRU�'XLWVODQG�LV�GH�OLMVW�NRUWHU�GDQ�YRRU�GH�DQGHUH�WZHH�ODQGHQ��,Q�

KHW� SDGPRGHO� YRRU� 'XLWVODQG� NRPHQ� GULH� OHHUOLQJYDULDEHOHQ� YRRU� �
LQGLFDWLH�

RSOHLGLQJVQLYHDX�RXGHUV�
� 
KRXGLQJ�YDQ�GH� OHHUOLQJ� WHQ�RS]LFKWH� YDQ�ZLVNXQGH
� HQ�


GRRU� OHHUOLQJ�ZDDUJHQRPHQ�QLYHDX�YDQ�YHLOLJKHLG�RS�VFKRRO
��HQ�HHQ�NODVYDULDEHOH�

�
GRRU� GH� OHUDDU� HUYDUHQ� EHSHUNLQJHQ� LQ� KHW� RQGHUZLM]HQ� YDQ� ZLVNXQGH� YDQZHJH�
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NHQPHUNHQ� YDQ� GH� OHHUOLQJHQ
��� ,Q� KHW� PRGHO� YRRU� 9ODDQGHUHQ� NRPHQ� YLMI�

OHHUOLQJYDULDEHOHQ� HQ� HHQ� NODVYDULDEHOH� YRRU� PHW� HHQ� GLUHFW� HIIHFW� RS�

ZLVNXQGHSUHVWDWLHV� HQ� LQ� KHW� PRGHO� YRRU� 1HGHUODQG� GULH� OHHUOLQJ�� HQ� WZHH�

NODVYDULDEHOHQ��

'H� GULH� ODQGPRGHOOHQ� YHUVFKLOOHQ� HYHQHHQV� WHQ� DDQ]LHQ� YDQ� GH� IDFWRUHQ�PHW� HHQ�

LQGLUHFW�YHUEDQG�PHW�GH�DIKDQNHOLMNH�YDULDEHOH��6RPPLJH�LQGLUHFWH�UHODWLHV�NRPHQ�LQ�

VOHFKWV�ppQ�ODQGPRGHO�YRRU��(HQ�YRRUEHHOG�KLHUYDQ�LV�GH�UHODWLH�WXVVHQ�
OHHUWLMG
�HQ�


GHNNLQJ� YDQ� GH� JHWRHWVWH� ZLVNXQGHVWRI� LQ� KHW� RQGHUZLMV
� LQ� KHW� PRGHO� YRRU�

1HGHUODQG��

(HQ�PRJHOLMNH�YHUNODULQJ�YRRU�GH�YHUVFKLOOHQ�WXVVHQ�GH�SDGPRGHOOHQ�LV�GDW�DQGHUH�²�

QLHW� JHPHWHQ� ²� NODVIDFWRUHQ� RI� ODQGVSHFLILHNH� IDFWRUHQ� YDQ� LQYORHG� ]LMQ� RS� KHW�

OHHUSURFHV� LQ�GH�NODV��$QGHU]LMGV�NXQQHQ�GH�YHUVFKLOOHQ� WH�PDNHQ�KHEEHQ�PHW�GH�

YHUVFKLOOHQ� WXVVHQ� ODQGHQ� LQ� EHWURXZEDDUKHLG� HQ� LQKRXGVYDOLGLWHLW� YDQ� GH� VFKDOHQ�

ZDDUPHH�IDFWRUHQ�]LMQ�JHPHWHQ��

5HVXOWDWHQ�PHHUQLYHDX�DQDO\VHV�

9RRU�HON� ODQG� LV� HHQ�KLsUDUFKLVFK� OLQHDLU�PRGHO�JHVFKDW�PHW�RS�EDVLV�YDQ�GH�3/6�

XLWNRPVWHQ�JHVHOHFWHHUGH�YDULDEHOHQ��,Q�GH�ODQGPRGHOOHQ�ZRUGW�RS�NODVQLYHDX�PHHU�

YDULDQWLH� LQ� ZLVNXQGHWRHWVVFRUHV� JHERQGHQ� GDQ� RS� OHHUOLQJQLYHDX�� 'H� PHHVWH�

YDULDEHOHQ� RS� NODVQLYHDX� ]LMQ� HFKWHU� JHDJJUHJHHUGH� OHHUOLQJYDULDEHOHQ�� 6OHFKWV� HHQ�

NOHLQ� DDQWDO� LQ� 7,066� JHPHWHQ� NODVYDULDEHOHQ� EOHHN� LQ� GH� SDG�� HQ� PHHUQLYHDX�

PRGHOOHQ�HHQ�URO�WH�VSHOHQ��

'H�GDWDVHWV�YDQ�GH�GULH�ODQGHQ�]LMQ�JHFRPELQHHUG�LQ�HHQ�
SRROHG
�GDWDVHW��9RRU�GH]H�

GDWD�LV�HHQ�+/0�PRGHO�JHVFKDW�RP�IDFWRUHQ�RS�WH�VSRUHQ�ZDDUYDQ�GH�LQYORHG�RS�

ZLVNXQGHSUHVWDWLHV�WXVVHQ�ODQGHQ�YHUVFKLOOHQ��,Q�GH]H� 
SRROHG
�PRGHOOHQ�LV�JHEUXLN�

JHPDDNW�YDQ�DOOH�IDFWRUHQ�GLH�LQ�7,066�]LMQ�JHPHWHQ�HQ�GLH�LQ�PLQLPDDO�ppQ�YDQ�GH�

ODQGHQ� EOHNHQ� VDPHQ� WH� KDQJHQ� PHW� ZLVNXQGHSUHVWDWLHV�� 'H� LGHQWLILFDWLH� YDQ� GH�

OHHUOLQJHQ�QDDU� ODQG�EOHHN�GH�YHUNODDUGH�YDULDQWLH� WXVVHQ�NODVVHQ� WHQ�RS]LFKWH�YDQ�

KHW� PRGHO� ]RQGHU� ODQGLGHQWLILFDWLH�� WH� YHUJURWHQ�� 0RJHOLMN� VSHOHQ� ODQGVSHFLILHNH�

IDFWRUHQ�KLHUELM�HHQ�URO��

,Q�GH�+/0�PRGHOOHQ�EOHHN�HHQ�DDQWDO�OHHUOLQJYDULDEHOHQ�SRVLWLHI�JHUHODWHHUG�WH�]LMQ�

DDQ� GH� DIKDQNHOLMNH� YDULDEHOH�� 9RRUEHHOGHQ� KLHUYDQ� ]LMQ� 
VH[H� YDQ� GH� OHHUOLQJ�
�


KRXGLQJ�YDQ�GH�OHHUOLQJ
�HQ�
KXLVZHUN�PDNHQ�LV�EHODQJULMN�RP�JRHGH�FLMIHUV�WH�KDOHQ
��

/DQGHQ�NXQQHQ�ZDW� OHHUOLQJYDULDEHOHQ�EHWUHIW�QLHW�YHHO�YDQ�HONDDU� OHUHQ��RPGDW�GH�

UHODWLH� HUYDQ� PHW� ZLVNXQGHSUHVWDWLHV� LQ� DOOH� ODQGHQ� LQ� GH]HOIGH� ULFKWLQJ� ZLMVW��
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.ODVYDULDEHOHQ� GLH� YHUDQGHUEDDU� ]LMQ� ELHGHQ� KLHUWRH� PHHU� JHOHJHQKHLG�� 'ULH� YDQ�

GH]H� YDULDEHOHQ� KDQJHQ� LQ� KHW� 
SRROHG
� PRGHO� SRVLWLHI� VDPHQ� PHW� OHHUSUHVWDWLHV��


GRRU� GH� OHUDDU� HUYDUHQ� EHSHUNLQJHQ� LQ� KHW� RQGHUZLM]HQ� YDQ� ZLVNXQGH� YDQZHJH�

NHQPHUNHQ� YDQ� GH� OHHUOLQJHQ
�� 
GH� ZHUNODVW� YDQ� GH� OHUDUHQ� �LQ� WHUPHQ� YDQ� KHW�

SHUFHQWDJH�YDQ�GH�DDQVWHOOLQJVWLMG�GDW�GH�OHUDDU�OHVJHHIW�LQ�KHW�RQGHU]RFKWH�YDN�
�HQ�


GHNNLQJ�YDQ�GH�JHWRHWVWH�ZLVNXQGHVWRI� LQ�KHW�RQGHUZLMV
��'XLWVODQG�NDQ��ELM�ZLM]H�

YDQ� YRRUEHHOG�� LHWV� YDQ� GH� DQGHUH� WZHH� ODQGHQ� OHUHQ� GRRU� GH� ZHUNODVW� YDQ� GH�

ZLVNXQGHOHUDUHQ�WHJHQ�KHW� OLFKW�WH�KRXGHQ��,Q�'XLWVODQG�SUHVWHHUGHQ�GH� OHHUOLQJHQ�

VLJQLILFDQW�PLQGHU�JRHG�RS�GH�7,066�ZLVNXQGHWRHWV�GDQ�LQ�GH�WZHH�DQGHUH�ODQGHQ��

'H�ZLVNXQGHOHUDUHQ�LQ�'XLWVODQG�]LMQ�JHPLGGHOG�YRRU�GH�KHOIW�YDQ�KXQ�ZHUNWLMG�ELM�

HHQ� VFKRRO� DDQJHVWHOG� DOV� ZLVNXQGHOHUDDU�� ,Q� 9ODDQGHUHQ� HQ� 1HGHUODQG� LV� GLW�

JHPLGGHOGH�SHUFHQWDJH�KRJHU�GDQ������2PGDW�
ZHUNODVW
�LQ�KHW�WRWDOH�+/0�PRGHO�

HHQ�SRVLWLHI�HIIHFW�ODDW�]LHQ�RS�OHHUOLQJSUHVWDWLHV�NDQ�GH�EHOHLGVPDNHUV�LQ�'XLWVODQG�

ZRUGHQ�DDQJHUDGHQ�KHW�DDQVWHOOLQJVEHOHLG�YDQ�OHUDUHQ�QDGHU�WH�EHVFKRXZHQ��

5()/(&7,(6 (1 $$1%(9(/,1*(1�

'H�DQDO\VHV�YDQ�GH�7,066�FDVH�ODWHQ�]LHQ�GDW�KHW�EHVFKULMYHQ�YDQ�RYHUHHQNRPVWHQ�

HQ�YHUVFKLOOHQ�WXVVHQ�ODQGHQ�LQ�SUHVWDWLHV�YDQ�OHHUOLQJHQ�RS�HHQ�LQWHUQDWLRQDOH�WRHWV�

HHQYRXGLJHU� LV� GDQ� KHW� YLQGHQ� YDQ� YHUNODULQJHQ� KLHUYRRU�� (HQ� EHODQJULMNH�

YRRUZDDUGH� YRRU� GH� EHVFKULMYLQJ� YDQ� GH� YHUVFKLOOHQ� WXVVHQ� ODQGHQ� RS� GH�

LQWHUQDWLRQDOH�SUHVWDWLHWRHWV�LV�GDW�GLH�WRHWV�YRRU�DOOH�GHHOQHPHQGH�ODQGHQ�YROGRHQGH�

EHWURXZEDDU�HQ�YDOLGH�LV��,Q�7,066�EOHHN�GLW�WRW�RS�]HNHUH�KRRJWH�KHW�JHYDO�WH�]LMQ��

9RRU� KHW� EHJULMSHQ� HQ� YHUNODUHQ� YDQ� SUHVWDWLHYHUVFKLOOHQ� WXVVHQ� ODQGHQ� LV� KHW�

YHUYROJHQV�HUJ�EHODQJULMN�GDW�GH�FRQWH[W�ZDDULQ�KHW�OHUHQ�SODDWVYLQGW�LQ�DOOH�ODQGHQ�]R�

EHWURXZEDDU�HQ�YDOLGH�PRJHOLMN�ZRUGW�PHWHQ��'H�FRQWH[W�PRHW�]R�EUHHG�PRJHOLMN�

ZRUGHQ�RSJHYDW�HQ�RPYDW�IDFWRUHQ�RS�OHHUOLQJ���NODV���VFKRRO��HQ�ODQGQLYHDX��

8LW� GH� DQDO\VH� YDQ� GH� 7,066� FDVH� NRPW� QDDU� YRUHQ� GDW� HHQ� DDQWDO� EHODQJULMNH�

FRPSRQHQWHQ� YDQ� 7,066� YHUGHU� PRHW� ZRUGHQ� RQWZLNNHOG� RP� EHWHU� DDQ� GH�

YHUNODULQJVIXQFWLH� WH� NXQQHQ� YROGRHQ� �YUDDJVWHOOLQJ� ,,��� 'H]H� FRPSRQHQWHQ�

EHWUHIIHQ� KHW� FRQFHSWXHHO� NDGHU�� GH� EHWURXZEDDUKHLG� HQ� YDOLGLWHLW� YDQ� GH�

RSHUDWLRQDOLVDWLHV� YDQ� IDFWRUHQ� XLW� KHW� FRQFHSWXHHO� NDGHU� HQ� KHW� RQWZHUS� YDQ� GH�

VWXGLH��



'XWFK VXPPDU\ ���

&RQFHSWXHOH�EDVLV�

'H�FRQFHSWXHOH�EDVLV�YDQ�GH�VHOHFWLH�YDQ�DFKWHUJURQGIDFWRUHQ�NDQ�LQ�WZHH�VWDSSHQ�

ZRUGHQ� YHUVWHUNW�� $OOHUHHUVW� NXQQHQ� GH� LQWHUQDWLRQDOH� YUDDJVWHOOLQJHQ� ZRUGHQ�

WRHJHVSLWVW� RS� HHQ� VHW� NHUQIDFWRUHQ� GLH� PRJHOLMN� YDQ� LQYORHG� ]LMQ� RS�

OHHUOLQJSUHVWDWLHV� HQ� GLH� GRRU� GH� GHHOQHPHQGH� ODQGHQ� ]LMQ� JHVHOHFWHHUG�� 0HHU�

VSHFLILHNH�YUDDJVWHOOLQJHQ�NXQQHQ�EHWHU�ZRUGHQ�YHUWDDOG� LQ�EHWURXZEDUH�HQ�YDOLGH�

LQVWUXPHQWHQ�GDQ�EUHGH�YUDDJVWHOOLQJHQ�]RDOV�GH�7,066�YUDJHQ��9HUYROJHQV�NDQ�KHW�

FRQFHSWXHHO� NDGHU�ZRUGHQ� XLWJHZHUNW� YRRU� GH� VHW� NHUQIDFWRUHQ� GLH�PRHW�ZRUGHQ�

RQGHU]RFKW� RP� GH� JHVSHFLILFHHUGH� YUDDJVWHOOLQJHQ� WH� NXQQHQ� EHDQWZRRUGHQ��+HW�


RUJDQL]LQJ
�UDDPZHUN�GDW�LQ�KRRIGVWXN���YDQ�GLW�SURHIVFKULIW�LV�RQWZLNNHOG�RS�EDVLV�

YDQ� KHW� ,($� RQGHU]RHNVPRGHO� HQ� RQGHUZLMVHIIHFWLYLWHLWVVWXGLHV�� NDQ� DOV�

XLWJDQJVSXQW� YRRU� KHW� WH� VSHFLILFHUHQ� UDDPZHUN� ZRUGHQ� JHKDQWHHUG�� 1DGHU�

OLWHUDWXXURQGHU]RHN� NDQ� OHLGHQ� WRW� YHUGHUH� LQYXOOLQJ� YDQ� KHW� UDDPZHUN�� +LHULQ�

PRHWHQ�RRN�VFKRRO��HQ�V\VWHHP�ODQG�IDFWRUHQ�XLWGUXNNHOLMN�ZRUGHQ�EHWURNNHQ��

2SHUDWLRQDOLVDWLH�YDQ�DFKWHUJURQGIDFWRUHQ�

8LW�GH�7,066�FDVH�EOHHN�GDW�ELM�YHUVFKLOOHQ�WXVVHQ�ODQGHQ�LQ�GH�VDPHQKDQJ�WXVVHQ�

DFKWHUJURQGIDFWRUHQ� HQ� OHHUOLQJUHVXOWDWHQ� GH� EHWURXZEDDUKHLG� YDQ� GH� JHEUXLNWH�

VFKDOHQ� PRJHOLMN� HHQ� URO� KHHIW� JHVSHHOG�� 9HUVFKLOOHQ� LQ� EHWURXZEDDUKHLG� NXQQHQ�

JHUHODWHHUG�]LMQ�DDQ�JHEUHN�DDQ�HHQGXLGLJKHLG�YDQ�GH�EHWHNHQLV�YDQ�GH�IDFWRUHQ��'H�

RSHUDWLRQDOLVDWLH� YDQ� GH� JHVHOHFWHHUGH� IDFWRUHQ� GLHQW� GDDURP� RS� HHQ� ]RUJYXOGLJH�

ZLM]H�WH�JHEHXUHQ�LQ�DOOH�ODQGHQ��'H�GHILQLWLH�YDQ�HONH�IDFWRU�PRHW�YRRU�DOOH�ODQGHQ�

HHQGXLGLJ�]LMQ���

8LWJDDQGH�YDQ�HHQ�PHWKRGH�YDQ�JHJHYHQVYHU]DPHOLQJ�ZDDULQ�YRRUDO�JHEUXLN�ZRUGW�

JHPDDNW� YDQ� VFKULIWHOLMNH� DFKWHUJURQGYUDJHQOLMVWHQ� YRRU� OHHUOLQJHQ�� OHUDUHQ��

VFKRROOHLGHUV� HQ� ODQG� YHUWHJHQZRRUGLJHUV�� LV� KHW� VWHUN� DDQ� WH� EHYHOHQ� GH�

RSHUDWLRQDOLVDWLH�YDQ�HONH�IDFWRU�LQ�JHYDOVWXGLHV�YRRU�WH�EHUHLGHQ��'RRU�PLGGHO�YDQ�

LQWHUYLHZV�PHW�EHWURNNHQHQ�NXQQHQ�YUDJHQOLMVW�YUDJHQ�WXVVHQ�ODQGHQ�]R�HHQGXLGLJ�

�YDOLGH��PRJHOLMN�ZRUGHQ� JHIRUPXOHHUG��1D� HHQ� SURHIRQGHU]RHN�ELM� HHQ� EHSHUNWH�

UDQGRP�VWHHNSURHI�NXQQHQ�EHWURXZEDDUKHLGVDQDO\VHV�RS�GH�YHU]DPHOGH�JHJHYHQV�

XLWZLM]HQ� LQ� KRHYHUUH� LWHP� VHWV� �HON� EHGRHOG� DOV� RSHUDWLRQDOLVDWLH� YDQ� HHQ�

JHVHOHFWHHUGH�IDFWRU��LQ�HON�ODQG�YROGRHQGH�EHWURXZEDDU�NXQQHQ�ZRUGHQ�JHPHWHQ��

9RRU�ODQGHQ�ZDDU�GLW�QLHW�KHW�JHYDO�LV�]DO�GH�IRUPXOHULQJ�PRHWHQ�ZRUGHQ�DDQJHSDVW�

HQ�]DO�ELM�YRRUNHXU�HHQ�QLHXZ�SURHIRQGHU]RHN�PRHWHQ�SODDWVYLQGHQ��
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1D�YDVWVWHOOLQJ�YDQ�GH�LQWHUQDWLRQDOH�DFKWHUJURQGYUDJHQOLMVWHQ�NDQ�KHW�JURRWVFKDOLJH�

KRRIGRQGHU]RHN�ZRUGHQ�XLWJHYRHUG��2S�EDVLV�YDQ�GH�UHVXOWDWHQ�YDQ�KHW�VXUYH\�NDQ�

SHU�ODQG�ZRUGHQ�EHVORWHQ�VFKROHQ��NODVVHQ��WH�VHOHFWHUHQ�ZDDU�YHUGLHSHQGH�VWXGLHV�

ZRUGHQ� XLWJHYRHUG�� 'H� VHOHFWLHFULWHULD� ]LMQ� DIKDQNHOLMN� YDQ� GH� RQGHU]RHNV�

YUDDJVWHOOLQJHQ�� (U� NXQQHQ� ELMYRRUEHHOG� 
EHVW� SUDFWLFHV
� RI� 
RXWOLHUV
� ZRUGHQ�

JHVHOHFWHHUG�RS�JURQG�YDQ�GH�VXUYH\�UHVXOWDWHQ�GLH�EHWUHNNLQJ�KHEEHQ�RS�HHQ�DDQWDO�

RQGHU]RFKWH� NHUQIDFWRUHQ�� ,Q� KHW� JHYDO� YDQ� 
RXWOLHUV
� NXQQHQ� ELMYRRUEHHOG�

NHQPHUNHQ�YDQ�GH�OHVSUDNWLMN�LQ�NODVVHQ�PHW�OHHUOLQJHQ�GLH��JH]LHQ�KXQ�SHUVRRQOLMNH�

DFKWHUJURQG�� ERYHQ� YHUZDFKWLQJ� SUHVWHHUGHQ� RS� GH� LQWHUQDWLRQDOH� WRHWV� ZRUGHQ�

YHUJHOHNHQ�PHW� GH� OHVSUDNWLMN� LQ� NODVVHQ�PHW� OHHUOLQJHQ� GLH� EHQHGHQ� YHUZDFKWLQJ�

SUHVWHHUGHQ��

+HW�GRHO�YDQ�GH]H�JHYDOVWXGLHV�LV�PHHUYRXGLJ��9HUGLHSHQGH�VWXGLHV�NXQQHQ�SHU�ODQG�

PHHU�LQ]LFKW�JHYHQ�LQ�GH�YDOLGLWHLW�YDQ�GH�VFKDOHQ��LWHP�VHWV��ZDDUPHH�NHUQIDFWRUHQ�

]LMQ� JHPHWHQ�� 9HUGHU� NXQQHQ� GH� VXUYH\� UHVXOWDWHQ� ZRUGHQ� DDQJHYXOG� PHW� GH�

XLWNRPVWHQ� YDQ� GH� JHYDOVWXGLHV�� 7RHNRPVWLJ� JURRWVFKDOLJ� RQGHU]RHN� ]RX� RRN�

JHEUXLN� NXQQHQ� PDNHQ� YDQ� GH� UHVXOWDWHQ� YDQ� GH� JHYDOVWXGLHV� LQ� GH� YRUP� YDQ�

YHUEHWHULQJ� YDQ� GH� FRQFHSWXDOLVHULQJ� YDQ� GH� DFKWHUJURQGYUDJHQOLMVWHQ� HQ� YDQ� GH�

IRUPXOHULQJ�YDQ�YUDJHQOLMVW�LWHPV��

1DDVW� GH� XLWYRHULQJ� YDQ� YHUGLHSHQGH� JHYDOVWXGLHV� LV� KHW� VWHUN� DDQ� WH� EHYHOHQ� WH�

LQYHVWHUHQ� LQ� VHFXQGDLUH� DQDO\VHV� RS� GH� LQ� JURRWVFKDOLJH� VWXGLHV� YHU]DPHOGH� GDWD�

VHWV�� 'HUJHOLMNH� DQDO\VHV� NXQQHQ� QLHW� DOOHHQ� OHLGHQ� WRW� PHHU� YHUNODULQJHQ� YRRU�

SUHVWDWLHYHUVFKLOOHQ� WXVVHQ� ODQGHQ�� ]H� NXQQHQ� RRN� OHLGHQ� WRW� LQGLFDWLHV� YRRU�

YHUEHWHULQJ�YDQ�GH�RQGHU]RHNVLQVWUXPHQWHQ��

2QWZHUS�YDQ�GH�VWXGLH�

'H�GHUGH�RQGHU]RHNVFRPSRQHQW�GLH�YHUGHU�NDQ�ZRUGHQ�RQWZLNNHOG�RP�EHWHU�DDQ�

GH� YHUNODULQJVIXQFWLH� WH� NXQQHQ� YROGRHQ�� LV� KHW� RQWZHUS� YDQ� GH� LQWHUQDWLRQDOH�

YHUJHOLMNHQGH� VWXGLH�� +LHUELM� NDQ� YRRUDO� ZRUGHQ� JHGDFKW� DDQ� RSVSOLWVLQJ� YDQ� GH�

VWXGLH� LQ�HHQ�NHUQ��HQ�HHQ�GLIIHUHQWLHHO�GHHO��$OOH�DDQ�KHW�RQGHU]RHN�GHHOQHPHQGH�

ODQGHQ�GRHQ�PHH�DDQ�KHW�NHUQGHHO��ZDDUYDQ�ELMYRRUEHHOG�DOOHHQ�OHHUOLQJSUHVWDWLHV�HQ�

HQNHOH� NHUQIDFWRUHQ� GHHO� XLWPDNHQ�� ,Q� KHW� NHUQGHHO� LV� YHUNODUHQ� YDQ�

OHHUOLQJSUHVWDWLHYHUVFKLOOHQ�WXVVHQ�ODQGHQ�QLHW�KHW�SULPDLUH�GRHO��'H�,($�]RX�YRRU�

GLW�GHHO�PHW�QDPH�NXQQHQ�NLH]HQ�YRRU�KHW�EHVFKULMYHQ�YDQ�ODQGHQYHUVFKLOOHQ��1DDVW�

WRHWVSUHVWDWLHV� HQ� GH�KRHYHHOKHLG� JHWRHWVWH� OHHUVWRI�GLH� LQ� HON� ODQG� LV� RQGHUZH]HQ�

YRRUDIJDDQGH� DDQ� GH� DIQDPH� YDQ� GH� LQWHUQDWLRQDOH� WRHWV�� NXQQHQ� NODVQLYHDX�



'XWFK VXPPDU\ ���

IDFWRUHQ�]RDOV�
HIIHFWLHYH�OHHUWLMG
�HQ�GH�
ZHUNODVW�YDQ�GH�OHUDUHQ
�ZRUGHQ�RSJHQRPHQ�

LQ�KHW�NHUQGHHO��

,Q�KHW�GLIIHUHQWLsOH�GHHO�YDQ�GH�VWXGLH�NXQQHQ�ODQGHQ�DDQJHYHQ�PHW�ZHONH�ODQGHQ�]H�

]LFK�ZLOOHQ�YHUJHOLMNHQ��'H�,($�NDQ�RS�EDVLV�YDQ�GH�YRRUNHXUHQ�YDQ�ODQGHQ�UHJLR
V�

VDPHQVWHOOHQ� GLH� QLHW� QRRG]DNHOLMNHUZLMV� JHRJUDILVFK� YDQ� DDUG� ]LMQ��'H� KLHUERYHQ�

JHVFKHWVWH�DDQEHYHOLQJHQ�YRRU�GH�YHUGHUH�RQWZLNNHOLQJ�YDQ�KHW�FRQFHSWXHHO�NDGHU�

HQ�GH�LQVWUXPHQWDWLH�YDQ�GH�VWXGLH�NXQQHQ�SHU�UHJLR�ZRUGHQ�WRHJHSDVW��+LHUYRRU�LV�

KHW� WHYHQV� DDQ� WH� EHYHOHQ� SHU� UHJLR� HHQ� DSDUW� FR|UGLQDWLHFHQWUXP� LQ� WH� ULFKWHQ��

RPGDW� KHW� KXLGLJH� LQWHUQDWLRQDOH� VWXGLHFHQWUXP� YDQ� 7,066� KDDU� KDQGHQ� YRO� ]DO�

KHEEHQ�DDQ�KHW�NHUQGHHO�HQ�GH�NZDOLWHLWVEHZDNLQJ�YDQ�GH�JHKHOH�VWXGLH��

7HQ�RS]LFKWH�YDQ�KHW�NHUQGHHO�ZDDULQ�YHHO�ODQGHQ��LQ�7,066�PHHU�GDQ�����XLW�DOOH�

ZHUHOGGHOHQ� SDUWLFLSHUHQ�� ]DO� ELQQHQ� HONH� UHJLR� KHW� DDQWDO� ODQGHQ� JHULQJHU� ]LMQ��

%RYHQGLHQ� ]XOOHQ� GH� FXOWXUHOH� HQ� HFRQRPLVFKH� YHUVFKLOOHQ� WXVVHQ� GH� ODQGHQ� SHU�

UHJLR�NOHLQHU�]LMQ�GDQ�GLH�WXVVHQ�DOOH�GHHOQHPHQGH�ODQGHQ��%HLGH�JHJHYHQV�NXQQHQ�

KHW�EHUHLNHQ�YDQ�KHW�YHUNODULQJVGRHO�EHWHU�PRJHOLMN�PDNHQ��2S� 
UHJLRQDDO
�QLYHDX�

NDQ� GH� RS� ]LFK]HOI� JHFRPSOLFHHUGH� VHOHFWLH� YDQ� UHOHYDQWH� NHUQIDFWRUHQ� HQ� GH�

RSHUDWLRQDOLVDWLH�HUYDQ�LQ�EHWURXZEDUH�HQ�YDOLGH�RQGHU]RHNVLQVWUXPHQWHQ�WRW�EHWHUH�

UHVXOWDWHQ�OHLGHQ�GDQ�RS�ZHUHOGZLMG�QLYHDX��

(HQ� WZHHGH� DVSHFW� YDQ� KHW� RQWZHUS� YDQ� GH� VWXGLH� EHWUHIW� KHW� RSQHPHQ� YDQ� HHQ�

YRRUPHWLQJ� YDQ� ]RZHO� GH� OHHUOLQJSUHVWDWLHV� DOV� DFKWHUJURQGIDFWRUHQ� GLH� HHQ�

SURFHVNDUDNWHU�KHEEHQ��ELMYRRUEHHOG�NHQPHUNHQ�YDQ�GH�LQVWUXFWLHSUDNWLMN���7,066�

LV�HHQ�YRRUEHHOG�YDQ�HHQ�
RQH�VKRW
�VWXGLH�ZDDULQ�DOOH�PHWLQJHQ�RS�ppQ�HQ�KHW]HOIGH�

PRPHQW�SODDWVYLQGHQ��+HW�OHJJHQ�YDQ�UHODWLHV�WXVVHQ�HQHU]LMGV�OHHUOLQJSUHVWDWLHV�HQ�

DQGHU]LMGV� DFKWHUJURQGIDFWRUHQ� RS� DOOH� RQGHUZLMVQLYHDXV� YHURQGHUVWHOW� VWULNW�

JHQRPHQ� GDW� SUHVWDWLHV� ZRUGHQ� EHwQYORHG� GRRU� GLH� IDFWRUHQ�� 9RRU� ]RYHU� GH�

DFKWHUJURQGIDFWRUHQ�EHWUHNNLQJ�KHEEHQ�RS�KHW�RQGHUZLM]HQ�YDQ�GH� OHHUVWRI� LV�KHW�

JHZHQVW�HHQ�OHHUZLQVW�WH�NXQQHQ�EHSDOHQ��2S�JURQG�YDQ�HHQ�YHUJHOLMNLQJ�WXVVHQ�GH�

XLWNRPVWHQ� RS� GH� YRRU�� HQ� QDWRHWV� NDQ� EHWHU� ZRUGHQ� QDJHJDDQ� LQ� KRHYHUUH� GH�

JHPHWHQ�RQGHUZLMVIDFWRUHQ�YDQ� LQYORHG�]LMQ�RS�GH� OHHUSUHVWDWLHV��'H]H�XLWEUHLGLQJ�

YDQ�KHW�RQGHU]RHNVRQWZHUS�LV�PHW�QDPH�LQ�LQWHUQDWLRQDOH�YHUJHOLMNHQGH�VWXGLHV�YDQ�

EHODQJ��,PPHUV��GDDULQ�ZLOOHQ�ODQGHQ�YDQ�HONDDU�OHUHQ�WHQHLQGH�KXQ�RQGHUZLMV�HQ�GH�

SUHVWDWLHV�YDQ�KXQ�HLJHQ�OHHUOLQJHQ�WH�NXQQHQ�RSWLPDOLVHUHQ��'H�WUHQG�VWXG\�7UHQGV�

LQ� ,QWHUQDWLRQDO�0DWKHPDWLFV� DQG� 6FLHQFH� 6WXG\� GLH� YDQDI� ����� DOV� RSYROJHU� YDQ�

7,066� LQ� HHQ� YLHUMDDUOLMNVH� F\FOXV� ZRUGW� XLWJHYRHUG�� NDQ� KLHUYRRU� UHHGV� PHHU�

PRJHOLMNKHGHQ�ELHGHQ��
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(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

6WXGHQW

&XUULFXODU

DQWHFHGHQW

6$B� *HQGHU

6$B� 6RFLDO EDFNJURXQG

D� 2XW�RI�VFKRRO DFWLYLWLHV

E� 1XPEHU RI ERRNV LQ WKH KRPH

6T�� $UH \RX D JLUO RU D ER\"
&LUFOH HLWKHU $ RU %�

JLUO $

ER\ %

VT�� 'XULQJ WKH ZHHN� KRZ PXFK WLPH EHIRUH RU DIWHU VFKRRO GR \RX XVXDOO\ VSHQG «

&LUFOH RQH OHWWHU� $� %� &� '� RU (� IRU HDFK OLQH�

OHVV PRUH

QR WKDQ � ��� ��� WKDQ �

WLPH KRXU KRXUV KRXUV KRXUV

G� ZRUNLQJ DW D SDLG MRE" $ % & ' (

VT�� 2Q D QRUPDO VFKRRO GD\� KRZ PXFK WLPH GR \RX VSHQG EHIRUH RU DIWHU VFKRRO GRLQJ HDFK RI WKHVH

WKLQJV"

&LUFOH RQH OHWWHU� $� %� &� '� RU (� IRU HDFK OLQH�

OHVV PRUH

QR WKDQ � ��� ��� WKDQ �

WLPH KRXU KRXUV KRXUV KRXUV

D� ZDWFKLQJ WHOHYLVLRQ DQG YLGHRV" $ % & ' (
E� SOD\LQJ FRPSXWHU JDPHV $ % & ' (

F� SOD\LQJ RU WDONLQJ ZLWK IULHQGV RXWVLGH RI VFKRRO $ % & ' (

G� GRLQJ MREV DW KRPH $ % & ' (

VT��� $ERXW KRZ PDQ\ ERRNV DUH WKHUH LQ \RXU KRPH"

�'R QRW FRXQW PDJD]LQHV� QHZVSDSHUV� RU \RXU VFKRRO ERRNV��

&LUFOH RQH OHWWHU� $� %� &� '� RU (�

QRQH RU YHU\ IHZ �� � �� ERRNV� $
HQRXJK WR ILOO RQH VKHOI ��� � �� ERRNV� %

HQRXJK WR ILOO RQH ERRNFDVH ��� � ��� ERRNV� &

HQRXJK WR ILOO WZR ERRNFDVHV ���� � ��� ERRNV� '

HQRXJK WR ILOO WKUHH RU PRUH ERRNFDVHV �PRUH WKDQ ���� (
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(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

F� �(GXFDWLRQDO OHYHO PRWKHU DQG
IDWKHU�

VT�� +RZ IDU LQ VFKRRO GLG \RXU PRWKHU DQG IDWKHU JR" +RZ IDU GR \RX H[SHFW WR JR"
&LUFOH 21( OHWWHU LQ HDFK FROXPQ�

0RWKHU )DWKHU <RXUVHOI

D� �ILQLVKHG SULPDU\ VFKRRO! $ $ $
E� �ILQLVKHG VRPH VHFRQGDU\ VFKRRO! % % %
F� �ILQLVKHG VHFRQGDU\ VFKRRO! & & &
G� �VRPH YRFDWLRQDO�WHFKQLFDO HGXFDWLRQ DIWHU VHFRQGDU\ VFKRRO! ' ' '
H� �VRPH XQLYHUVLW\! ( ( (
I� �ILQLVKHG XQLYHUVLW\! ) ) )
J� , GRQ
W NQRZ * * *

&XUULFXODU
FRQWH[W

6&B� 0RWLYDWLRQ

D� DWWLWXGH WRZDUGV PDWKHPDWLFV VT��� +RZ PXFK GR \RX OLNH «
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

GLVOLNH OLNH
D ORW GLVOLNH OLNH D ORW

D� PDWKHPDWLFV" $ % & '

VT��� :KDW GR \RX WKLQN DERXW PDWKHPDWLFV"
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

VWURQJO\ VWURQJO\
DJUHH DJUHH GLVDJUHH GLVDJUHH

D� , HQMR\ OHDUQLQJ PDWKHPDWLFV $ % & '
E� 0DWKHPDWLFV LV ERULQJ $ % & '
F� 0DWKHPDWLFV LV DQ HDV\ VXEMHFW $ % & '

VT��� , QHHG WR GR ZHOO LQ PDWKHPDWLFV «
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

VWURQJO\ VWURQJO\
DJUHH DJUHH GLVDJUHH GLVDJUHH

G� WR SOHDVH P\VHOI $ % & '
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(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

VT��� :KDW GR \RX WKLQN DERXW PDWKHPDWLFV"
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

VWURQJO\ VWURQJO\
DJUHH DJUHH GLVDJUHH GLVDJUHH

H� , ZRXOG OLNH D MRE WKDW LQYROYHG XVLQJ PDWKHPDWLFV $ % & '

VT��� , QHHG WR GR ZHOO LQ PDWKHPDWLFV «
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

VWURQJO\ VWURQJO\
DJUHH DJUHH GLVDJUHH GLVDJUHH

D� WR JHW WKH MRE , ZDQW $ % & '
F� WR JHW LQWR WKH �VHFRQGDU\ VFKRRO! RU XQLYHUVLW\

, SUHIHU $ % & '

VT��� :KDW GR \RX WKLQN DERXW PDWKHPDWLFV"
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

VWURQJO\ VWURQJO\
DJUHH DJUHH GLVDJUHH GLVDJUHH

G� 0DWKHPDWLFV LV LPSRUWDQW WR HYHU\RQH
V OLIH $ % & '

VT��� , WKLQN LW LV LPSRUWDQW WR «
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

VWURQJO\ VWURQJO\
DJUHH DJUHH GLVDJUHH GLVDJUHH

E� GR ZHOO LQ PDWKHPDWLFV DW VFKRRO $ % & '

E� VXFFHVV DWWULEXWLRQ VT��� 7R GR ZHOO LQ PDWKHPDWLFV DW VFKRRO \RX QHHG «
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

VWURQJO\ VWURQJO\
DJUHH DJUHH GLVDJUHH GLVDJUHH

F� ORWV RI KDUG ZRUN VWXG\LQJ DW KRPH $ % & '
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(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

&XUULFXODU
FRQWHQW

F� 3HUFHLYHG PDWHUQDO DFDGHPLF
H[SHFWDWLRQ

G� 3HUFHLYHG IULHQGV· DFDGHPLF
H[SHFWDWLRQ

6&B� 7LPH RQ WDVN�RSSRUWXQLWLHV XVHG
D� 1XPEHU RI PLQXWHV PDWK�ZHHN

E� $PRXQW RI KRPHZRUN SHU GD\

62B� $WWDLQHG FXUULFXOXP �$FKLHYHPHQW
LQ PDWKHPDWLFV�

VT��� 0\ PRWKHU WKLQNV LW LV LPSRUWDQW IRU PH WR «
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

VWURQJO\ VWURQJO\
DJUHH DJUHH GLVDJUHH GLVDJUHH

D� GR ZHOO LQ VFLHQFH DW VFKRRO $ % & '
E� GR ZHOO LQ PDWKHPDWLFV DW VFKRRO $ % & '
F� GR ZHOO LQ �ODQJXDJH RI WHVW! DW VFKRRO $ % & '

VT��� 0RVW RI P\ IULHQGV WKLQN LW LV LPSRUWDQW WR «
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

VWURQJO\ VWURQJO\
DJUHH DJUHH GLVDJUHH GLVDJUHH

D� GR ZHOO LQ VFLHQFH DW VFKRRO $ % & '
E� GR ZHOO LQ PDWKHPDWLFV DW VFKRRO $ % & '
F� GR ZHOO LQ �ODQJXDJH RI WHVW! DW VFKRRO $ % & '

WT%�� +RZ PDQ\ PLQXWHV SHU ZHHN GR \RX WHDFK PDWKHPDWLFV WR \RXU PDWKHPDWLFV FODVV"
0LQXWHV� BBBBBB

WT%��G� 'LG \RX DVVLJQ KRPHZRUN DIWHU WKH FODVV �KRXU�SHULRG!"
&KHFN RQH ER[�

<HV ❏ 1R ❏

WT%��H� ,I \HV� KRZ ORQJ ZRXOG LW WDNH D W\SLFDO VWXGHQW WR FRPSOHWH WKLV KRPHZRUN"
3OHDVH ZULWH LQ D QXPEHU�

BBBBBB PLQXWHV

7,066 LQWHUQDWLRQDO PDWKHPDWLFV DFKLHYHPHQW WHVW
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(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

&ODVVURRP

&XUULFXODU
DQWHFHGHQW

&$B� 7HDFKHU EDFNJURXQG FKDUDFWHULVWLFV

D� 7HDFKHU·V JHQGHU

E� 7HDFKLQJ H[SHULHQFH LQ QXPEHU
RI \HDUV

F� 7HDFKHU·V ZRUNORDG

WT$�� $UH \RX IHPDOH RU PDOH"
&KHFN RQH ER[ RQO\�

IHPDOH $
PDOH %

WT$�� %\ WKH HQG RI WKLV VFKRRO \HDU KRZ PDQ\ \HDUV ZLOO \RX KDYH EHHQ WHDFKLQJ DOWRJHWKHU"

3OHDVH URXQG WR WKH QHDUHVW ZKROH QXPEHU� BBBBBBBBBB

WT$�� )RU KRZ PDQ\ VLQJOH �KRXUV�SHULRGV! DUH \RX IRUPDOO\ �VFKHGXOHG�WLPH�WDEOHG! WR WHDFK HDFK RI
WKH IROORZLQJ VXEMHFWV GXULQJ WKH VFKRRO ZHHN"
1&5 1RWH� �/LVW RQO\ WKH JHQHULF VFLHQFH FRXUVHV DSSURSULDWH IRU \RXU FRXQWU\!
&RXQW D GRXEOH �KRXU�SHULRG! DV WZR VLQJOH �KRXUV�SHULRGV!�
:ULWH ]HUR LI QRQH�

1XPEHU RI
VLQJOH �KRXUV�SHULRGV!

D� PDWKHPDWLFV BBBBBBBB
E� �JHQHUDO�LQWHJUDWHG VFLHQFH! BBBBBBBB
F� �SK\VLFDO VFLHQFH! BBBBBBBB
G� �HDUWK VFLHQFH! BBBBBBBB
H� �OLIH VFLHQFH! BBBBBBBB
I� �ELRORJ\! BBBBBBBB
J� �FKHPLVWU\! BBBBBBBB
K� �SK\VLFV! BBBBBBBB
L� RWKHU VXEMHFWV BBBBBBBB

&XUULFXODU
FRQWH[W

&&B� &ODVV VL]H WT%�� +RZ PDQ\ VWXGHQWV DUH LQ \RXU PDWKHPDWLFV FODVV"
:ULWH LQ D QXPEHU IRU HDFK� :ULWH � �]HUR� LI WKHUH DUH QRQH�

ER\V BBBBBB JLUOV BBBBBB

2
Y
HUY

LHZ
R
I
H[
S
OR
UHG

IDFWR
UV
DQ
G
7
,0

6
6
T
X
HVWLR

Q
Q
DLUH

LWHP
V

�
�
�



 

(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

&&B� 0DWHULDO IRU HYDOXDWLRQ RI VWXGHQW

RXWFRPHV� IHHGEDFN DQG FRUUHFWLYH LQVWUXFWLRQ WT%��� ,Q DVVHVVLQJ WKH ZRUN RI WKH VWXGHQWV LQ \RXU PDWKHPDWLFV FODVV� KRZ PXFK ZHLJKW GR \RX JLYH HDFK
RI WKH IROORZLQJ W\SHV RI DVVHVVPHQW"

&KHFN RQH ER[ LQ HDFK URZ�

TXLWH D JUHDW
QRQH OLWWOH D ORW GHDO

D� VWDQGDUGL]HG WHVWV SURGXFHG RXWVLGH WKH VFKRRO ❏ ❏ ❏ ❏
E� WHDFKHU�PDGH VKRUW DQVZHU RU HVVD\ WHVWV WKDW UHTXLUH VWXGHQWV WR

GHVFULEH RU H[SODLQ WKHLU UHDVRQLQJ ❏ ❏ ❏ ❏
F� WHDFKHU PDGH PXOWLSOH FKRLFH� WUXH�IDOVH DQG PDWFKLQJ WHVWV ❏ ❏ ❏ ❏
G� KRZ ZHOO VWXGHQWV GR RQ KRPHZRUN DVVLJQPHQW ❏ ❏ ❏ ❏
H� KRZ ZHOO VWXGHQWV GR RQ KRPHZRUN DVVLJQPHQWV ❏ ❏ ❏ ❏
I� REVHUYDWLRQV RI VWXGHQWV ❏ ❏ ❏ ❏
J� UHVSRQVHV RI VWXGHQWV LQ FODVV ❏ ❏ ❏ ❏

&&B� *URXSLQJ SURFHGXUHV�
F� FRRSHUDWLYH OHDUQLQJ VT��� +RZ RIWHQ GRHV WKLV KDSSHQ LQ \RXU PDWKHPDWLFV OHVVRQV"

&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH�
DOPRVW SUHWW\ RQFH LQ
DOZD\V RIWHQ D ZKLOH QHYHU

K� :H ZRUN WRJHWKHU LQ SDLUV RU VPDOO JURXSV $ % & '
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(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

&&B� 7HDFKLQJ VW\OH �VWXGHQW RULHQWHG�

&&B� 0DQDJHPHQW DQG RUGHUO\ DQG TXLHW
DWPRVSKHUH
D� 3HUFHLYHG FODVV FOLPDWH �LV LW DQ

RUGHUO\ DQG TXLHW DWPRVSKHUH �

VT��� +RZ RIWHQ GRHV WKLV KDSSHQ LQ \RXU PDWKHPDWLFV OHVVRQV"

&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH�
DOPRVW SUHWW\ RQFH LQ
DOZD\V RIWHQ D ZKLOH QHYHU

G� :H ZRUN IURP ZRUNVKHHWV RU WH[WERRNV RQ RXU RZQ $ % & '

H� :H ZRUN RQ PDWKHPDWLFV SURMHFWV $ % & '

L� :H XVH WKLQJV IURP HYHU\GD\ OLIH LQ VROYLQJ PDWKHPDWLFV

SUREOHPV $ % & '

VT��� :KHQ ZH EHJLQ D QHZ WRSLF LQ PDWKHPDWLFV� ZH EHJLQ E\ «

&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH�
DOPRVW SUHWW\ RQFH LQ
DOZD\V RIWHQ D ZKLOH QHYHU

E� KDYLQJ WKH WHDFKHU H[SODLQ WKH UXOHV DQG GHILQLWLRQV $ % & '
F� ZRUNLQJ WRJHWKHU LQ SDLUV RI VPDOO JURXSV RQ D SUREOHP

RU SURMHFW $ % & '

G� KDYLQJ WKH WHDFKHU DVN XV ZKDW ZH NQRZ UHODWHG WR WKH

QHZ WRSLF $ % & '
I� WU\LQJ WR VROYH DQ H[DPSOH UHODWHG WR WKH QHZ WRSLF $ % & '

VT��� ,Q P\ PDWKHPDWLFV FODVV «
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

VWURQJO\ VWURQJO\
DJUHH DJUHH GLVDJUHH GLVDJUHH

D� VWXGHQWV RIWHQ QHJOHFW WKHLU VFKRRO ZRUN $ % & '

E� VWXGHQWV DUH RUGHUO\ DQG TXLHW GXULQJ �OHVVRQ! $ % & '

F� VWXGHQWV GR H[DFWO\ DV WKH WHDFKHU VD\V $ % & '

2
Y
HUY

LHZ
R
I
H[
S
OR
UHG

IDFWR
UV
DQ
G
7
,0

6
6
T
X
HVWLR

Q
Q
DLUH

LWHP
V

�
�
�



 

(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

E� 3HUFHLYHG VFKRRO FOLPDWH �VDIHW\�

F� /LPLWDWLRQV WR WHDFK WKH WHVWHG
FODVV UHODWHG WR VWXGHQW IHDWXUHV

VT��� +RZ RIWHQ GLG DQ\ RI WKHVH WKLQJV KDSSHQ ODVW PRQWK LQ VFKRRO"
&LUFOH RQH OHWWHU� $� %� &� RU '� IRU HDFK OLQH

VWURQJO\ VWURQJO\
DJUHH DJUHH GLVDJUHH GLVDJUHH

E� 6RPHWKLQJ RI PLQH ZDV VWROHQ $ % & '
F� , WKRXJKW DQRWKHU VWXGHQW PLJKW KXUW PH $ % & '
H� 6RPH RI P\ IULHQGV VNLSSHG FODVVHV $ % & '
I� 6RPH RI P\ IULHQGV ZHUH KXUW E\ RWKHU VWXGHQWV $ % & '

WT%�� ,Q \RXU YLHZ WR ZKDW H[WHQW GR WKH IROORZLQJ OLPLW KRZ \RX WHDFK \RXU PDWKHPDWLFV FODVV"
&LUFOH RQH ER[ LQ HDFK URZ�

QRW D TXLWH D JUHDW
DW DOO OLWWOH D ORW GHDO

D� VWXGHQWV ZLWK GLIIHUHQW DFDGHPLF DELOLWLHV ❏ ❏ ❏ ❏
E� VWXGHQWV ZKR FRPH IURP D ZLGH UDQJH RI EDFNJURXQGV

�H�J� HFRQRPLF� ODQJXDJH� ❏ ❏ ❏ ❏
F� VWXGHQWV ZLWK VSHFLDO QHHGV �H�J� KHDULQJ� YLVLRQ� VSHHFK

LPSDLUPHQW� SK\VLFDO GLVDELOLWLHV� PHQWDO RU HPRWLRQDO�
SV\FKRORJLFDO LPSDLUPHQW� ❏ ❏ ❏ ❏

G� XQLQWHUHVWHG VWXGHQWV ❏ ❏ ❏ ❏
H� GLVUXSWLYH VWXGHQWV ❏ ❏ ❏ ❏
R� ORZ PRUDOH DPRQJ VWXGHQWV ❏ ❏ ❏ ❏

&&B� +RPHZRUN

D� )UHTXHQF\ RI KRPHZRUN WT%��� +RZ RIWHQ GR \RX XVXDOO\ DVVLJQ PDWKHPDWLFV KRPHZRUN"
&KHFN RQH ER[�

QHYHU ❏
OHVV WKDQ RQFH D ZHHN ❏
RQFH RU WZLFH D ZHHN ❏
� RU � WLPHV D ZHHN ❏
HYHU\ GD\ ❏
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(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

E� $PRXQW RI KRPHZRUN WT%��� ,I \RX DVVLJQ PDWKHPDWLFV KRPHZRUN� KRZ PDQ\ PLQXWHV RI PDWKHPDWLFV KRPHZRUN GR \RX XVXDOO\
DVVLJQ \RXU VWXGHQWV" �&RQVLGHU WKH WLPH LW ZRXOG WDNH DQ DYHUDJH VWXGHQW LQ \RXU FODVV��
&KHFN RQH ER[�

, GR QRW DVVLJQ KRPHZRUN ❏
OHVV WKDQ �� PLQXWHV ❏
����� PLQXWHV ❏
����� PLQXWHV ❏
����� PLQXWHV ❏
PRUH WKDQ �� PLQXWHV ❏

F� 7UHDWPHQW LQ QH[W OHVVRQ WT%��� ,I VWXGHQWV DUH DVVLJQHG ZULWWHQ PDWKHPDWLFV KRPHZRUN� KRZ RIWHQ GR \RX GR WKH IROORZLQJ"
&KHFN RQH ER[ LQ HDFK URZ�

, GR QRW
DVVLJQ

VRPH� KRPH�
QHYHU UDUHO\ WLPHV DOZD\V ZRUN

G� JLYH IHHGEDFN RQ KRPHZRUN WR ZKROH FODVV ❏ ❏ ❏ ❏ ❏
H� KDYH VWXGHQWV FRUUHFW WKHLU RZQ DVVLJQPHQWV LQ FODVV ❏ ❏ ❏ ❏ ❏
I� KDYH VWXGHQWV H[FKDQJH DVVLJQPHQWV DQG FRUUHFW

WKHP LQ FODVV ❏ ❏ ❏ ❏ ❏
J� XVH LW DV D EDVLV IRU FODVV GLVFXVVLRQ ❏ ❏ ❏ ❏ ❏

&&B�� (YDOXDWLRQ� IHHGEDFN DQG
FRUUHFWLYH LQVWUXFWLRQ WT%��� +RZ RIWHQ GR \RX XVH WKH DVVHVVPHQW LQIRUPDWLRQ \RX JDWKHU IURP VWXGHQWV WR «

&KHFN RQH ER[ LQ HDFK URZ�

TXLWH D JUHDW
QRQH OLWWOH D ORW GHDO

D� SURYLGH VWXGHQWV
 JUDGHV RU PDUNV" ❏ ❏ ❏ ❏
E� SURYLGH IHHGEDFN WR VWXGHQWV" ❏ ❏ ❏ ❏
F� GLDJQRVH VWXGHQWV
 OHDUQLQJ SUREOHPV" ❏ ❏ ❏ ❏
G� UHSRUW WR SDUHQWV" ❏ ❏ ❏ ❏
H� DVVLJQ VWXGHQWV WR GLIIHUHQW SURJUDPV RU WUDFNV" ❏ ❏ ❏ ❏
I� SODQ IRU IXWXUH OHVVRQV" ❏ ❏ ❏ ❏
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(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

&ODVVURRP

&XUULFXODU
FRQWHQW

&2B� ,PSOHPHQWHG FXUULFXOXP FRQWHQW WT��%� +RZ ORQJ GLG \RX VSHQG WHDFKLQJ HDFK RI WKHVH WRSLFV WR \RXU PDWKHPDWLFV FODVV WKLV \HDU" :LOO \RX

FRYHU DQ\ RI WKHVH WRSLFV LQ IXWXUH �SHULRGV!"
&KHFN DV PDQ\ ER[HV DV DSSO\ IRU HDFK WRSLF OLVWHG�

KDYH WDXJKW
WKLV \HDU ZLOO WHDFK QRW WDXJKW D

�SHULRGV! FRPSOHWHG ODWHU WDXJKW SUHYLRXV
��� ���� ����� ! �� WKLV \HDU WKLV \HDU \HDU

D� :KROH QXPEHUV ❏ ❏ ❏ ❏ ❏ ❏ ❏
E� &RPPRQ 	 'HFLPDO )UDFWLRQV ❏ ❏ ❏ ❏ ❏ ❏ ❏
F� 3HUFHQWDJHV ❏ ❏ ❏ ❏ ❏ ❏ ❏
G� 1XPEHU VHWV 	 FRQFHSWV ❏ ❏ ❏ ❏ ❏ ❏ ❏
H� 1XPEHU WKHRU\ ❏ ❏ ❏ ❏ ❏ ❏ ❏
I� (VWLPDWLRQ 	 QXPEHU VHQVH ❏ ❏ ❏ ❏ ❏ ❏ ❏
J� 0HDVXUHPHQW XQLWV 	 SURFHVVHV ❏ ❏ ❏ ❏ ❏ ❏ ❏
K� (VWLPDWLRQ 	 HUURU RI

PHDVXUHPHQWV ❏ ❏ ❏ ❏ ❏ ❏ ❏
L� 3HULPHWHU� $UHD 	 YROXPH ❏ ❏ ❏ ❏ ❏ ❏ ❏
M� %DVLFV RI RQH 	 WZR GLPHQVLRQDO

JHRPHWU\ ❏ ❏ ❏ ❏ ❏ ❏ ❏
N� *HRPHWULF FRQJUXHQFH 	

VLPLODULW\ ❏ ❏ ❏ ❏ ❏ ❏ ❏
O� *HRPHWULF WUDQVIRUPDWLRQV 	

V\PPHWU\ ❏ ❏ ❏ ❏ ❏ ❏ ❏
P� &RQVWUXFWLRQV 	 WKUHH GLPHQ�

VLRQDO JHRPHWU\ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Q� 5DWLR 	 SURSRUWLRQ ❏ ❏ ❏ ❏ ❏ ❏ ❏
R� 3URSRUWLRQDOLW\� VORSH�

WULJRQRPHWU\ 	 LQWHUSRODWLRQ ❏ ❏ ❏ ❏ ❏ ❏ ❏
S� )XQFWLRQV� UHODWLRQV 	 SDWWHUQV ❏ ❏ ❏ ❏ ❏ ❏ ❏
T� (TXDWLRQV� LQHTXDOLWLHV 	

IRUPXODV ❏ ❏ ❏ ❏ ❏ ❏ ❏
U� 6WDWLVWLFV 	 GDWD ❏ ❏ ❏ ❏ ❏ ❏ ❏
V� 3UREDELOLW\ 	 XQFHUWDLQW\ ❏ ❏ ❏ ❏ ❏ ❏ ❏
W� 6HWV 	 ORJLF ❏ ❏ ❏ ❏ ❏ ❏ ❏
X� 3UREOHP VROYLQJ VWUDWHJLHV ❏ ❏ ❏ ❏ ❏ ❏ ❏
Y� 2WKHU PDWKHPDWLFV FRQWHQW ❏ ❏ ❏ ❏ ❏ ❏ ❏
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(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

6FKRRO

&XUULFXODU
DQWHFHGHQW

&XUULFXODU
FRQWH[W

6F$B� 6FKRRO VL]H
7RWDO 1XPEHU VWXGHQWV LQ WKH VFKRRO

6F$B� 6WXGHQW ERG\ FRPSRVLWLRQ
3URSRUWLRQ RI ER\V LQ VFKRRO

6F$B� 6FKRRO FDWHJRU\ �XUEDQ�UXUDO�
8UEDQ�UXUDO DUHD RI VFKRRO VLWH

6F&B� 3ROLF\ RQ VXSHUYLVLRQ
FRRSHUDWLRQ DQG FROODERUDWLRQ

VT��� 7KH VWXGHQWV LQ \RXU VFKRRO�
:ULWH LQ WKH DQVZHU IRU HDFK RI WKH IROORZLQJ� :ULWH � �]HUR� LV WKHUH DUH QRQH�

ER\V JLUOV

D� :KDW LV WKH WRWDO HQUROOPHQW �QXPEHU RI VWXGHQWV�" BBBBBB BBBBBB

&RQFHUQLQJ XSSHU JUDGH VWXGHQWV «

N� +RZ PDQ\ VWXGHQWV DUH LQ XSSHU JUDGH" BBBBBB BBBBBB
R� +RZ PDQ\ VWXGHQWV LQ XSSHU JUDGH VWXG\ PDWKHPDWLFV" BBBBBB BBBBBB

6HH VFKRRO VL]H �6F$B��

VT�� ,Q ZKDW W\SH RI FRPPXQLW\ LV \RXU VFKRRO ORFDWHG"
&KHFN RQH ER[ RQO\�

$ JHRJUDSKLFDOO\ LVRODWHG DUHD ❏
9LOODJH RU UXUDO �IDUP� DUHD ❏
2QH RQ WKH RXWVNLUWV RI D WRZQ�FLW\ ❏
2QH FORVH WR WKH FHQWHU RI D WRZQ�FLW\ ❏

VT��� &RRSHUDWLRQ DQG FROODERUDWLRQ�
&KHFN RQO\ RQH ER[

<HV 1R

D� 'RHV \RXU VFKRRO KDYH DQ RIILFLDO SROLF\ UHODWHG WR SURPRWLQJ
FRRSHUDWLRQ DQG FROODERUDWLRQ DPRQJ WHDFKHUV" ❏ ❏

E� $UH WHDFKHUV LQ \RXU VFKRRO HQFRXUDJHG WR VKDUH DQG GLVFXVV
LQVWUXFWLRQDO LGHDV DQG PDWHULDOV" ❏ ❏

F� 'R WHDFKHUV LQ \RXU VFKRRO PHHW UHJXODUO\ WR GLVFXVV LQVWUXFWLRQDO
JRDOV DQG LVVXHV" ❏ ❏
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(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

 6F&B� 7LPH VFKHGXOH
WLPH VFKHGXOH PDWK� JUDGH �

6F&B� 2UGHUO\ DQG TXLHW DWPRVSKHUH

6F&B� (GXFDWLRQDO OHDGHUVKLS
1XPEHU RI KRXUV SHU PRQWK
SULQFLSDO VSHQGV RQ HGXFDWLRQDO WDVNV

VFKT�� 'XULQJ WKH VFKRRO ZHHN� DERXW KRZ PDQ\ KRXUV RI VFKHGXOHG VFKRRO WLPH GRHV D PDWKHPDWLFV
WHDFKHU XVXDOO\ KDYH IRU «
:ULWH LQ D QXPHULF YDOXH�
3OHDVH ZULWH LQ � �]HUR� LI QR WLPH LV VFKHGXOHG�

D� WDVNV UHODWHG WR WHDFKLQJ PDWKHPDWLFV �H�J�� OHVVRQ SUHSDUDWLRQ�
JUDGLQJ KRPHZRUN� HWF�� BBBBBB KRXUV�ZHHN

E� WHDFKLQJ PDWKHPDWLFV FODVVHV BBBBBB KRXUV�ZHHN

VHH VDIHW\ DV SHUFHLYHG E\ WKH VWXGHQW �VHH &&B�E�

VFKT��� $V SULQFLSDO RI WKLV VFKRRO� DERXW KRZ PDQ\ KRXUV SHU PRQWK GR \RX XVXDOO\ VSHQG RQ HDFK RI WKH
IROORZLQJ DFWLYLWLHV"
3OHDVH LQGLFDWH WKH DSSUR[LPDWH QXPEHU IRU HDFK LWHP� 3OHDVH ZULWH � �]HUR� LI QR WLPH LV VSHQW RQ DQ
DFWLYLW\�

KRXUV

SHU PRQWK

H� 7HDFKLQJ �LQFOXGLQJ SUHSDUDWLRQ� BBBBBB
I� *LYLQJ D GHPRQVWUDWLRQ OHVVRQ BBBBBB
J� 'LVFXVVLQJ HGXFDWLRQDO REMHFWLYHV ZLWK WHDFKHUV BBBBBB
K� ,QLWLDWLQJ FXUULFXOXP UHYLVLRQ DQG�RU SODQQLQJ BBBBBB
M� &RXQVHOLQJ DQG GLVFLSOLQLQJ RI VWXGHQWV BBBBBB
O� 7UDLQLQJ WHDFKHUV BBBBBB
P� 3URIHVVLRQDO GHYHORSPHQW DFWLYLWLHV BBBBBB
Q� 2WKHU DFWLYLWLHV BBBBBB
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(GXFDWLRQDO
DQG FXUULFXODU
OHYHO )DFWRU ODEHO �� ,WHPV LQ 7,066 LQVWUXPHQWV �YHUVLRQ ����� ��

6FKRRO
&XUULFXODU

FRQWHQW

6F2B� 6FKRRO FXUULFXOXP FRQWHQW
ZULWWHQ VFKRRO FXUULFXOXP
PDWKHPDWLFV VFKT��� 'RHV \RXU VFKRRO KDYH LWV RZQ ZULWWHQ VWDWHPHQW RI WKH FXUULFXOXP FRQWHQW WR EH WDXJKW �L�H�� RWKHU

WKDQ WKH QDWLRQDO RU UHJLRQDO FXUULFXOXP JXLGHV�"

&KHFN RQH ER[ LQ HDFK OLQH�

<HV 1R

D� )RU PDWKHPDWLFV ❏ ❏
E� )RU VFLHQFH ❏ ❏

&RXQWU\�
6\VWHP
&XUULFXODU

DQWHFHGHQW

&XUULFXODU

FRQWH[W

&XUULFXODU

FRQWHQW

6\V$B� 5HVRXUFHV� IXQGLQJ

6\V$B� 7UDLQLQJ DQG VXSSRUW V\VWHPV

6\V$B� 1DWLRQDO JXLGHOLQHV IRU WLPH
VFKHGXOHV

6\V&B� 3ROLF\ IRFXVLQJ RQ HIIHFWLYHQHVV

6\V&B� 3ROLF\ RQ HYDOXDWLRQ�QDWLRQDO
WHVWLQJ V\VWHP

6\V2B� QDWLRQDO JXLGHOLQHV IRU FXUULFXOXP
�L�H�� LQWHQGHG FXUULFXOXP FRQWHQW�

QDWLRQDO LQIRUPDWLRQ

QDWLRQDO LQIRUPDWLRQ

QDWLRQDO LQIRUPDWLRQ

QDWLRQDO LQIRUPDWLRQ

QDWLRQDO LQIRUPDWLRQ

QDWLRQDO LQIRUPDWLRQ

6RXUFH� 7,066����� LQVWUXPHQWV� ,($ VHFUHWDULDW� $PVWHUGDP

1RWHV� �� 6$  VWXGHQW FXUULFXODU DQWHFHGHQW� 6&  VWXGHQW FXUULFXODU FRQWH[W� 62  VWXGHQW FXUULFXODU FRQWHQW�
&$  FODVVURRP FXUULFXODU DQWHFHGHQW� &&  FODVVURRP FXUULFXODU FRQWH[W� &2  FODVVURRP FXUULFXODU FRQWHQW� 6F$  VFKRRO FXUULFXODU DQWHFHGHQW� 6F&  VFKRRO
FXUULFXODU FRQWH[W� 6F2  VFKRRO FXUULFXODU FRQWHQW�
6\V$  V\VWHP FXUULFXODU DQWHFHGHQW� 6\V&  V\VWHP FXUULFXODU FRQWH[W� 6\V2  V\VWHP FXUULFXODU FRQWHQW�

�� VT  VWXGHQW TXHVWLRQQDLUH�
WT  WHDFKHU TXHVWLRQQDLUH PDWKHPDWLFV�
VFKT  VFKRRO TXHVWLRQQDLUH�
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RESULTS PLS OUTER BETWEEN-
CLASSROOM MODELS  
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5HVXOWV 3/6 RXWHU EHWZHHQ�FODVVURRP PRGHOV ���

/RDGLQJV�IRU�PDQLIHVW�YDULDEOHV�LQ�RXWHU�EHWZHHQ�FODVVURRP�PRGHO��3/6SDWK�DQDO\VHV��

/DWHQW�9DULDEOH��

0DQLIHVW�YDULDEOH�

3RROHG�

GDWD�VHW�

%HOJLXP�

)ODQGHUV� *HUPDQ\� 1HWKHUODQGV�

3HUFHQWDJH�RI�JLUOV�LQ�FODVVURRP� ����� ����� ����� �����

2XW�RI�VFKRRO�OHLVXUH�WLPH�

DFWLYLWLHV� ����� ����� ����� �����

1XPEHU�RI�ERRNV�DW�KRPH� ����� ����� ����� �����

$WWLWXGH�WRZDUGV�PDWKHPDWLFV�

/LNLQJ�

,PSRUWDQFH�

����

����

����

����

����

����

����

����

7LPH�RQ�WDVN�RSSRUWXQLWLHV�XVH�

0DWKHPDWLFV�WLPH�VFKHGXOHG�SHU�ZHHN�

$PRXQW�RI�KRPHZRUN�

����

����

����

����

������

����

����

����

&RQWHQW�FRYHUDJH�PDWKHPDWLFV� ����� ����� ����� �����

/HYHO�RI�VWXGHQW�RULHQWHG�

WHDFKLQJ�VW\OH�DV�SHUFHLYHG�E\�WKH�

VWXGHQWV� ����� ����� ����� �����

6DIHW\�DW�VFKRRO�DV�SHUFHLYHG�E\�

VWXGHQWV� ����� ����� ����� �����

/LPLWDWLRQV�LQ�WHDFKLQJ�FODVV�

UHODWHG�WR�VWXGHQW�IHDWXUHV� ����� ����� ����� �����

0DWKHPDWLFV�DFKLHYHPHQW� ����� ����� ����� �����

1RWH� ILJXUHV LQ EROG DUH QRQ�VLJQLILFDQW
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FINAL RECURSIVE BETWEEN -
CLASSROOM PATH MODEL FOR THE 

POOLED DATA SET , BELGIUM 

FLANDERS, GERMANY, AND THE 

NETHERLANDS 
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)LQDO UHFXUVLYH EHWZHHQ�FODVVURRP SDWK PRGHOV ���
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)LJXUH����D��3RRO��

)LQDO� UHFXUVLYH� EHWZHHQ�FODVVURRP� SDWK� PRGHO� �LQFOXGLQJ� DJJUHJDWHG� VWXGHQW�

IDFWRUV���

�

2XW�RI�VFKRRO
DFWLYLWLHV

+RPH HGXFDWLRQDO
EDFNJURXQG �ERRNV�

6WXGHQW
V JHQGHU

6WXGHQW
V DWWLWXGH
WRZDUGV PDWKHPDWLFV

3HUFHLYHG VDIHW\ DW
VFKRRO

0DWKHPDWLFV
DFKLHYHPHQW

3HUFHLYHG VWXGHQW
RULHQWHG WHDFKLQJ VW\OH

/LPLWDWLRQV LQ
WHDFKLQJ� VWXGHQW

IHDWXUHV

&RQWHQW
FRYHUDJH

Q�V�
����

���

���

���

���

���

���

����

����

����
����

���

����

����

Q�V�

���

7LPH RQ WDVN
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)LJXUH����E��%HOJLXP�)ODQGHUV��

)LQDO� UHFXUVLYH� EHWZHHQ�FODVVURRP� SDWK� PRGHO� �LQFOXGLQJ� DJJUHJDWHG� VWXGHQW�

IDFWRUV���

�

2XW�RI�VFKRRO
DFWLYLWLHV

+RPH HGXFDWLRQDO
EDFNJURXQG �ERRNV�

6WXGHQW
V JHQGHU

6WXGHQW
V DWWLWXGH
WRZDUGV PDWKHPDWLFV

3HUFHLYHG VDIHW\ DW
VFKRRO

0DWKHPDWLFV
DFKLHYHPHQW

3HUFHLYHG VWXGHQW
RULHQWHG WHDFKLQJ VW\OH

/LPLWDWLRQV LQ
WHDFKLQJ� VWXGHQW

IHDWXUHV

7LPH RQ WDVN

&RQWHQW
FRYHUDJH

���
Q�V�

Q�V�

���

���

Q�V�

����

���

����
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)LQDO UHFXUVLYH EHWZHHQ�FODVVURRP SDWK PRGHOV ���
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)LJXUH����F��*HUPDQ\��

)LQDO� UHFXUVLYH� EHWZHHQ�FODVVURRP� SDWK� PRGHO� �LQFOXGLQJ� DJJUHJDWHG� VWXGHQW�
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