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&KDQJLQJ�VHPLRWLF�PRGHV�LQGLFDWHV�WKH�LQWURGXFWLRQ�RI�QHZ�
HOHPHQWV�LQ�FKLOGUHQ¶V�UHDVRQLQJ��WKH�FDVH�RI�HDUWKTXDNHV

0$5,$�(/(1,�&+$&+/,287$.,���3$1$*,27,6�3$17,'26���
0$5,$�.$03(=$�

�6FKRRO�RI�(DUO\�&KLOGKRRG�(GXFDWLRQ
$ULVWRWOH�8QLYHUVLW\�RI�7KHVVDORQLNL

*UHHFH
P�[D[OLRXWDNL#JPDLO�FRP
SSDQWLGRV#QXUHG�DXWK�JU

�'HSDUWPHQW�RI�(GXFDWLRQDO�6FLHQFHV�DQG�
(DUO\�&KLOGKRRG�(GXFDWLRQ

8QLYHUVLW\�RI�3DWUDV
*UHHFH

NDPSH]D#XSDWUDV�JU

$%675$&7
$QDO\]LQJ LQGLYLGXDO� VHPL�VWUXFWXUHG LQWHUYLHZV RI �� SUHVFKRROHUV �DJH ���� LQ D SUH�
SRVWWHVW UHVHDUFK GHVLJQ� DQ�DWWHPSW�ZDV�PDGH�WR�LQYHVWLJDWH ZKHWKHU�WKH�FKDQJH�LQ�WKH�XVH�RI
FKLOGUHQ¶V VHPLRWLF PRGHV� LQGLFDWHV WKH� LQWURGXFWLRQ�RI� QHZ�HOHPHQWV� WR� WKHLU� WKLQNLQJ� )RU�
PDQ\� FKLOGUHQ FKDQJLQJ� LQ� VHPLRWLF� PRGHV� LQGLFDWHV� HQKDQFHPHQW� LQ� WKHLU� UHDVRQLQJ��
)XUWKHUPRUH�� LQ PDQ\ FDVHV WKH� PRGDOLWLHV� UHJDUGLQJ� KXPDQ ERG\ DQG� GUDZLQJ� DUH� PRUH�
PHDQLQJIXO�FRPSDUHG�WR�FKLOGUHQ¶V�VSHHFK�

.(<:25'6�
5HDVRQLQJ��VHPLRWLF�PRGHV��PXOWLPRGDO DSSURDFK��SK\VLFV�WHDFKLQJ

5e680e�
&HWWH�UHFKHUFKH�VH�EDVH�VXU�GHV HQWUHWLHQV�LQGLYLGXHOV��VHPL�VWUXFWXUpV�GH����HQIDQWV
 kJpV�GH�
� j� �� DQV�� 8Q SUp� HW� SRVW� WHVW RQW� pWp XWLOLVpV� SRXU� GpWHUPLQHU� VL� OH� FKDQJHPHQW� GDQV�
O
XWLOLVDWLRQ� GHV�PRGHV� VpPLRWLTXHV� GHV� pOqYHV� LQGLTXH O¶LQWURGXFWLRQ GH� QRXYHDX[� pOpPHQWV�
GDQV OHXU�UDLVRQQHPHQW��,O�D�pWp�PRQWUp�TXH�FKH] SOXVLHXUV�HQIDQWV� OHV�FKDQJHPHQWV�GDQV�OHV�
YRLHV�G
H[SUHVVLRQ�VRXOLJQHQW DXVVL GHV�FKDQJHPHQWV�GDQV�OHXU�UDLVRQQHPHQW��(Q�RXWUH��GDQV�
SOXVLHXUV� FDV�� O¶H[SUHVVLRQ� FRUSRUHOOH HW� OHXUV GHVVLQV VRQW� SOXV� VLJQLILFDWLIV VXU� OH� SODQ�
FRQFHSWXHO TXH�ORUVTX¶LOV�SDVVHQW�SDU�OD�IRUPXODWLRQ�RUDOH�

0276�&/e6�
5DLVRQQHPHQW��PRGHV�VpPLRWLTXHV��DSSURFKH�PXOWLPRGDOH��O
HQVHLJQHPHQW�GH�OD�SK\VLTXH

7+(25(7,&$/ )5$0(:25.

0HDQLQJ�PDNLQJ�FDQ�EH�SHUFHLYHG�DV� D�PXOWLPRGDO�SURFHVV� LQ�ZKLFK�PDQ\�VHPLRWLF�PRGHV�
DUH�LQYROYHG�LQ� $V�IDU�DV�WKH FRQWULEXWLRQ RI KXPDQ ERG\ LQ FKLOGUHQ¶V UHDVRQLQJ LV�FRQFHUQHG
+DG]LJHRUJLRX��$QDVWDVLRX��.RQVRODV DQG 3UHYH]DQRX ������ FODLP WKDW WKH KXPDQ�ERG\�QRW
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RQO\ FODULILHV ZKDW LV� EHLQJ� XWWHUHG�� EXW� YHU\� RIWHQ� LW� WRWDOO\� VHUYHV� LQ� WKH� FRQVWUXFWLRQ� RI�
PHDQLQJ��*LYU\ DQG 7LEHUJKLHQ �������DUJXH�WKDW WKH DEVHQFH RI JHVWXUHV FRXOG EH�DQ�REVWDFOH�
WR� XQGHUVWDQGLQJ� VSHHFK�� 5HVSHFWLYHO\� UHVHDUFK E\ 3LQJ DQG *ROGLQ�0HDGRZ ������� KDV�
VKRZQ WKDW� ZKHQ PDWHULDO�REMHFWV�DUH�DEVHQW IURP�WKH�SK\VLFDO�VSDFH��WKHQ�WKH�LFRQLF JHVWXUHV
HPHUJHG� E\� WKH� VWXGHQWV� FRRSHUDWH� ZLWK� WKH�PHQWDO LPDJHV RI� WKH� REMHFWV�� )XUWKHUPRUH�� LQ�
RWKHU� FDVHV� JHVWXUHV� SOD\� WKH� UROH� RI� LQWHUIDFH� MRLQWLQJ VSHHFK� DQG�PDWHULDO� HQWLWLHV RI� WKH�
OHDUQLQJ�HQYLURQPHQW��)RU�WKH PDWHULDO�REMHFWV��3DSHUW �������S� ���FRQVLGHUV WKHP DV�³REMHFWV
WR WKLQN ZLWK´��ZKLOVW 3R]]HU�$UGHQJKL DQG 5RWK �������VWXG\LQJ�WKH�UROH�RI�SKRWRJUDSKV�LQ�
WHDFKLQJ�VFLHQFH�FRQFHSWV��HPSKDVL]H�RQ� WHDFKHUV¶�DQG�VWXGHQWV¶�³SODFHPHQW´�RI�GHLFWLF�DQG�
LFRQLF�JHVWXUHV DV LQWHUSUHWDWLYH� ILOWHUV�RYHU� WKHP��*HQHUDOO\� WKH�XVH�RI LQVFULSWLRQV� VXFK DV
GUDZLQJV�� WDEOHV�� HTXDWLRQV� DQG� SKRWRJUDSKV� HQFRXUDJH OHDUQLQJ� �7\WOHU�� 3UDLQ�	� 3HWHUVRQ�
������$EUDKDPVRQ��������+XEEHU��7\WOHU 	�+DVODP���������(VSHFLDOO\�IRU�GUDZLQJV D�QXPEHU�
RI� UHVHDUFKHUV� UHDOL]H� WKHLU� SURPLQHQW� UROH� LQ� VLJQLILFDWLRQ� RI� VFLHQFH FRQFHSWV� UHFRJQL]LQJ�
WKHLU FRPPXQLFDWLYH SRZHU �(LQDUVGRWWLU�� 'RFNHWW 	� 3HUU\�� ������� ([SORULQJ� VWXGHQWV¶�
WKLQNLQJ� UHVHDUFKHUV VKRXOG SD\ DWWHQWLRQ WR WKH� H[SODLQLQJ� SURFHVV DQG� QRW� VROHO\� WR� WKH�
PRUSKRORJLFDO�HOHPHQWV�RI�WKH�GUDZLQJ� $FWXDOO\�WKH ZD\ LQ ZKLFK�VWXGHQWV H[SODLQ�WKHLU�RZQ�
GUDZLQJV� FRQVWLWXWHV� D FRQVWUXFWLYH SURFHVV RI WKLQNLQJ LQ DFWLRQ� �&R[�� ������ (LQDUVGRWWLU��
'LFNHWW�	�3HUU\���������+RZHYHU� LQ VHYHUDO FDVHV GHSLFWLRQ SHU VH��FDQ�JLYH�LQIRUPDWLRQ�RQ�
VWXGHQWV¶�FRQFHSWLRQV �&KDQJ��������

5HJDUGLQJ VWXGHQWV¶� LGHDV DERXW HDUWKTXDNHV FKLOGUHQ �DJH� ������ �VW��WK JUDGH� KDYH�
GLIILFXOW\� WR� IRFXV� RQ� WKH� VSDWLDO IUDPH� WKH� SKHQRPHQRQ� RFFXUV� DQG� WKHLU� DOWHUQDWLYH�
UHSUHVHQWDWLRQV� OLH�RQ�WKH�LQWHULRU RI�WKH�HDUWK�DQG�RQ�WKH�HQWLWLHV�ZKLFK�FDXVH�LW �,RDQQLGRX��
������5RVV�	�6KXHOO��������.ÕUÕNND\D��ƦDNÕQ��,PDOL� 	�%R]NXUW���������)XUWKHUPRUH��FKLOGUHQ�
VHHP� WR�KDYH GLIILFXOWLHV�GXH� WR� WKH�VFLHQWLILF� WHUPV�DVVRFLDWHG�ZLWK� WKH�SKHQRPHQRQ��ZKLOH�
WKHUH�DUH�PDQ\�FDVHV�ZKHUH�WKH\�FRQIXVH�WKH�HDUWKTXDNHV ZLWK�WKH�YROFDQRHV�RU�DGRSW�LQ�WKHLU�
LGHDV LQGLJHQRXV� FXOWXUDO� ZRUOGYLHZV �5RVV� 	� 6KXHOO�� ������ 7VDL�� ������� $OO� WKHVH�
DIRUHPHQWLRQHG� UHVHDUFKHV KDYH� VWXGLHG� VWXGHQWV¶� RUDO� UHVSRQVHV� UDWKHU� WKDQ� WKH� UHVW� RI�
VHPLRWLF� V\VWHPV� RI� PDNLQJ� VHQVH�� +RZHYHU�� 6LQJHU�� 5DGLQVN\� 	� *ROGPDQ ������
LQYHVWLJDWHG��WK�JUDGH�VWXGHQWV¶ UHDVRQLQJ�RQ�WHFWRQLF�SODWHV�DQG�WKHLU�PRYHPHQW�LQ�WHUPV�RI�
WKH JHVWXUHV� WKH�VWXGHQWV�XVH��HLWKHU� LQGLYLGXDOO\�RU�LQ� WKH�FRQWH[W�RI�WKHLU�ZRUNLQJ�JURXS�� ,W�
ZDV�VKRZQ�WKDW WKH�JHVWXUHV�HPHUJHG HDUOLHU�LQ�WLPH�WKDQ�VSHHFK��$FWXDOO\� VLQFH�WKH�JHVWXUHV�
VWDUW�DSSHDU�WRJHWKHU�ZLWK�WKH�VSHHFK WKLV�FRPELQDWLRQ�HQDEOHV�D�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�
VSHFLILF� FRQFHSWV�� ,Q� WKH� FXUUHQW� SDSHU� DQ� DWWHPSW� LV� PDGH WR� VWXG\� KRZ� WKH� LQWHUSOD\� RI�
VSHHFK��GUDZLQJ DQG�JHVWXUHV�VHUYH�LQ SUHVFKRROHU¶V�UHDVRQLQJ�DERXW�HDUWKTXDNHV�

7KH DLP�RI WKLV VWXG\ LV WR LQYHVWLJDWH ZKHWKHU�WKH�QHZ PRGDOLWLHV XVHG E\ FKLOGUHQ WR
H[SODLQ DVSHFWV� RI� WKH� HDUWKTXDNHV� JHQHUDWLQJ� SKHQRPHQRQ�� DGG� QHZ� DVSHFWV� WR� WKHLU�
UHDVRQLQJ� 7KH UHVHDUFK�TXHVWLRQ�LV IRUPXODWHG�DV�IROORZV��+RZ�GRHV�WKH FKDQJH LQ�VWXGHQWV¶�
PXOWLPRGDO�VWUXFWXUHV�LQGLFDWH�HYROXWLRQ�LQ WKHLU�UHDVRQLQJ"

0(7+2'2/2*,&$/�)5$0(:25.

5HVHDUFK�GHVLJQ
$ SUH� SRVW�WHVW�UHVHDUFK�GHVLJQ�ZDV�DGRSWHG��6LPLODU�WDVNV�ZHUH�UHDOL]HG�D�ZHHN�EHIRUH�DQG�D�
ZHHN�DIWHU�D�SURSHUO\�GHVLJQHG�WHDFKLQJ�LQWHUYHQWLRQ� 7KH�WHDFKLQJ�LQWHUYHQWLRQ�EHWZHHQ�WKH�
WZR� WHVWV ODVWHG� �� GD\V� DQG� FRQVLVWHG� RI� WHQ� DFWLYLWLHV�� UHOHYDQW� WR� WKH� HDUWKTXDNHV�
SKHQRPHQRQ��LWV JHQHUDWLQJ�PHFKDQLVP�DQG�PHDQV�RI�SURWHFWLRQ ZH�XVH��'DWD�ZDV�FROOHFWHG�
WKURXJK� LQGLYLGXDO� VHPL�VWUXFWXUHG� LQWHUYLHZV�� LQ� WZR� SUH�VFKRRO� FODVVHV ���� FKLOGUHQ�� ���
FKLOGUHQ� DJH� ��� DQG� ��� FKLOGUHQ� DJH� ���� IURP� WKH� ZLGHU� UHJLRQ� RI� 3DWUDV�� *UHHFH�� 7KH�
LQWHUYLHZV� FRQVLVWHG� RI� WZR� WDVNV�� D�� TXHVWLRQV� DERXW� WKH� PHFKDQLVP� WKDW� JHQHUDWHV�
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HDUWKTXDNHV��VSHHFK�FRQWH[W� DQG�E��GUDZLQJ�DQG�GLVFXVVLRQV�WKDW�SURYLGHG�H[SODQDWLRQV�RQ�LW
�GUDZLQJ�FRQWH[W���%RWK�WDVNV�ZHUH�YLGHRWDSHG��&KLOGUHQ¶V�VSHHFK�ZDV�DQDO\]HG�DV�ZHOO�DV WKH�
JHVWXUHV�WKH\ XVHG LQ�WKH�VSHHFK�FRQWH[W� 7KH�GUDZLQJV ZHUH�DOVR�DQDO\]HG��DORQJ�ZLWK�VSHHFK�
DQG�JHVWXUHV�WKH�FKLOGUHQ�XVHG�LQ�WKHLU�DWWHPSW�WR�H[SODLQ�WKHP�

&RGLQJ
&RGLQJ FRQFHUQHG�PRGDOLWLHV�RI�VSHHFK��ERG\ DQG�GUDZLQJ DQG�WRRN�SODFH�LQ�IRXU�SKDVHV��D��
WUDQVFULSWLRQ�RI�RUDO PDWHULDO� LQ�ZULWWHQ�WH[W� E��YLGHR�ZDWFKLQJ�DQG�LQGLFDWLQJ�HYHU\�JHVWXUH�
ZKHUH�LW�DSSHDUV� F��FRGLILFDWLRQ�RI�VSDWLDO�PRGDOLWLHV�XVHG�E\�FKLOGUHQ�LQ�WKHLU�GUDZLQJV��DQG�
G�� LQGLFDWLQJ� WKH VWUXFWXUHV� DSSHDULQJ� DV� FRPELQDWLRQ� RI� WKH� DERYH�� )LUVW�� WZR� UHVHDUFKHUV�
FRQGXFWHG�WKH�FRGLQJ VHSDUDWHO\� 0HHWLQJV�EHWZHHQ�WKH�WZR�UHVHDUFKHUV�ZHUH�IROORZHG�XQWLO�D�
FRPPRQ�DJUHHPHQW�WR�EH HVWDEOLVKHG��*LYU\�	�5RWK��������

7DEOHV������DQG � SUHVHQW�WKH�PRGDOLWLHV�WKDW�WKH�FKLOGUHQ�DFWLYDWHG LQ�HYHU\�VHPLRWLF�
V\VWHP WR�GHVFULEH�WKH�FDXVH�RI HDUWKTXDNH��7KHVH�PRGDOLWLHV�UHIHU�WR�WKUHH�JHQHUDO�FDWHJRULHV��
PRYHPHQW��HQWLW\ ZKLFK LV�WKH�FDXVH�RI WKH�SKHQRPHQRQ��DQG�WKH�DUHD�ZKHUH�WKH�HDUWKTXDNH�
RFFXUV� 7KH�GJL DQG�LJL LQGLFDWRUV�UHIHU�WR�WKH�GHLFWLF�DQG�LFRQLF�JHVWXUHV�UHVSHFWLYHO\��,Q�7DEOH�
�� WKH� GL GDWD� HQFORVH� WKH� YDULRXV� SDUWV� RI� FKLOGUHQ¶V� GUDZLQJV� ZKLFK� FRQVWLWXWH� SRLQWV� RI�
LQWHUHVW��

7$%/( �
0RGDOLWLHV�RI�VSHHFK �VL�

6HPLRWLF
PRGH

5HIHUHQW 0RGDOLWLHV

6SHHFK��V�

PRYHPHQW
V��� �WKH\� PRYH�VKDNH�IDOO�� V��� �WKH\� XQLWH� �� JHW� FORVH�FROOLGH�V���
�WKH\��UXE�DJDLQVW�RQH�DQRWKHU��V����WKH\� LPPHUVH�

FDXVDO�HQWLW\
V���SODQHWV�VSDFH��V���VWRQHV�SODWHV��V���IURP�WKH�FRUH� V���FUHDWXUH�
RI� LPDJLQDWLRQ � PRQVWHU�(QFHODGXV�� V���� VHLVPRORJLVW�PDFKLQHU\��
V����ODYD��PDJPD

VSDWLDO
IUDPHZRUN

V���XQGHU�WKH�HDUWK�XQGHU�WKH�VHD� V���VRPHZKHUH�RXWVLGH�WKH�HDUWK

7$%/(��
0RGDOLWLHV�RI�ERG\�H[SUHVVLRQ �GJL��LJL�

6HPLRWLF�
PRGH

5HIHUHQW 0RGDOLWLHV

%RG\
H[SUHVVLRQ

�E�

PRYHPHQW

LJ�� UHSHDWHG� PRYHPHQW� RI� PDUNHU�KDQG� EDFN� DQG� IRUWK� RYHU� WKH�
VNHWFK��VWRQHV�HDUWKTXDNHV��� LJ�� PRYH�D�KDQG�EDFN�DQG�IRUWK�RYHU�
WKH� VNHWFK�� LJ��� YLEUDWLQJ� PRWLRQ� ZLWK� ERWK� KDQGV� LJ���
UHSUHVHQWDWLRQ ZLWK� WKH� LQGH[� ILQJHU�KDQG�PDUNHU WKH� FROOLVLRQ RI�
WZR�SODQHWV�RQ�WKH�VNHWFK��LJ��� UHSHWLWLYH�EDFN�DQG�IRUWK�PRYHPHQW
RI�RQH KDQG�ZLWK�FORVHG�SDOP��LJ��� UHSHWLWLYH�PRYHPHQW�RI�WKH�WZR�
ILQJHUV�FRPLQJ� WRJHWKHU�DQG�DSDUW�RYHU WKH�VNHWFK��GJ���VKRZV�WKH�
DUURZV�WKDW�KDV�SDLQWHG�WR�GHPRQVWUDWH WKH�PRYHPHQW�RI�PDJPD

FDXVDO HQWLW\
LJ�� IDVW�PRYHPHQW� UHSUHVHQWLQJ� WZR�SODWHV�ZLWK VSUHDG�RXW�KDQGV�
�ILQJHUV� LQZDUG��� LJ��� LPDJLQJ� RI� WZR� YLUWXDO� VSKHULFDO� REMHFWV�
��SODWHV��

PRYHPHQW�
DQG

LJ�� UHSHWLWLYH�EDFN�DQG�IRUWK�PRYHPHQW�ZLWK�FORVHG�RU�RSHQ�SDOPV��
LJ�� FROOLVLRQ� PRYHPHQW� ZLWK� VSUHDG� RXW� RU� FORVHG� SDOPV�� LJ��
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FDXVDO HQWLW\ PRYLQJ� RQH� KDQG� IURP� ULJKW� WR� OHIW� ZLWK� VWUHWFKHG� RXW� SDOP�� LJ��
UXEELQJ PRYHPHQW�ZLWK�ERWK�SDOPV VSUHDG�RXW��LJ��� SODWHV�UXEELQJ�
PRYHPHQW�LPDJLQJ�ZLWK�ERWK�KDQGV�VSUHDG�RXW��RQH�RYHU�WKH�RWKHU��
LJ��� SODWHV� UXEELQJ�PRYHPHQW� LPDJLQJ XVLQJ ERWK� SDOPV�� VSUHDG�
RXW� RQH� RYHU� WKH RWKHU�� LJ���� VLQNLQJ�PRYHPHQW RI� WZR SODWHV�ZLWK�
MRLQHG�SDOPV�LQ���R DQJOH�VKDSH

VSDWLDO�
IUDPHZRUN

7$%/(��
0RGDOLWLHV�RI�GUDZLQJ��GL�

6HPLRWLF�
PRGH

5HIHUHQW 0RGDOLWLHV

'UDZLQJ�
�G�

PRYHPHQW
G�� LW� GHSLFWV� PRYHPHQW� ZLWK� D� FRQWLQXRXV� ]LJ]DJ� OLQH� G��� WZR�
DUURZV�GHSLFWLQJ�ULJKW�DQG�OHIW�PRYHPHQW

FDXVDO HQWLW\

G�� VSKHULFDO� SODWHV��G�� WZR�KRUL]RQWDO� OLQHV �WHFWRQLF� SODWHV���G��
PDQ\�VSKHULFDO�VWRQHV�EHQHDWK�WKH�VRLO��G��� WZR�XQLWHG�SODWHV��G���
FROOLVLRQ�RI�WZR�SODQHWV��G��� WHFWRQLF�SODWHV�DV�KRUL]RQWDO�OLQH G���
ILFWLRQDO�FUHDWXUH�(QFHODGXV�EHQHDWK�WKH�(DUWK�DV�WKH�FDXVH�RI�WKH�
HDUWKTXDNH��G����PDJPD EHLQJ�VKDNHQ��ULJKW�OHIW��DQG�VKRZQ�ZLWK�
DUURZV

VSDWLDO�
IUDPHZRUN

G�� KRXVH� SRVLWLRQHG� RQ� VWRQHV�� G�� WKH� VRLO� DQG� VXEVRLO�� G��� LW�
GHSLFWV�WKH�VRLO�DQG�WKH�VXEVRLO�E\�DGGLQJ�PRUH�HOHPHQWV��WHFWRQLF�
SODWHV��PDJPD���G��� WKH�SODQHW�(DUWK�(DUWK�EDUN��G��� D�KRXVH�WKDW�
KDV�EHHQ�GDPDJHG�E\�WKH�HDUWKTXDNH��G��� WKH�VHD�VKRZLQJ WKDW�WKH�
VWRQHV� DUH� LQVLGH� RU� XQGHUQHDWK� LW�� G��� WKH� SODWHV�URFNV� EHQHDWK�
SODQHW�(DUWK

7KH� LQWHUSOD\� DPRQJ�RUDO��ERGLO\�DQG�VSDWLDO�PRGDOLWLHV�ZDV�DOVR FRGLILHG��7DEOH � SUHVHQWV�
WKHVH�VWUXFWXUHV�XVHG�E\�WKH�FKLOGUHQ�LQ�ERWK�WHVWV�

7$%/( �
&KLOGUHQ¶V�V\QWDFWLF�PXOWLPRGDO�VWUXFWXUHV WKDW�DSSHDUHG�LQ�SUH�DQG�SRVWWHVW�

6SHHFK�FRQWH[W 'UDZLQJ�FRQWH[W
VL
VL�LJL�
>�VL�LJL���VL�LJL@�
>VL��VL�LJL�@

GL
GL�VL�
GL�VL��LJL�

7KH�EUDFNHWV�>�@�VLJQLI\ D�JUDPPDWLFDO�VHQWHQFH�ZKLFK�PD\�LQFOXGH�RQH�RU�PRUH�FODXVHV�

6LQJOH�LWHPV VXFK�DV�LJL RU�VL �H�J���LJ���YLEUDWLQJ�PRWLRQ�ZLWK�ERWK�KDQGV� RU V���SODWHV��ZHUH�
WKH�VLPSOHVW VWUXFWXUHV WKDW�DSSHDUHG��0RUH�FRPSOH[�V\QWDFWLF�VWUXFWXUHV ZHUH�FRQVWUXFWHG�E\�
PHDQV�RI�LQWHUSOD\HG�PRGDOLWLHV�DFWLYDWHG�LQ�GLIIHUHQW�VHPLRWLF�V\VWHPV� 7KXV��WZR�GLIIHUHQW�
LQ�WHUPV�RI�VHPLRWLF�V\VWHP� PRGDOLWLHV�FDQ�FR�RSHUDWH�FUHDWLQJ�IRU�H[DPSOH�WKH�GL�VL��HOHPHQW�
RU�WKH�V\QHUJ\�RI�GL�LJL�VL�� ,Q�WKH�ILUVW�FDVH�WKH�FKLOG�H[SODLQV RUDOO\��VL� KLV�KHU�GUDZLQJ��GL���
ZKLOH�LQ�WKH�VHFRQG�FDVH�DQRWKHU�FKLOG�FRQVWUXFWV�KLV�KHU�GUDZLQJ�H[SODQDWLRQ LQ�WHUPV�RI�RUDO�
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SOXV�JHVWXUDO�VLJQV��,Q�7DEOH���WKH�PXOWLPRGDO�VWUXFWXUH�>�VL�LJL���VL�LJL@�UHIHUV�WR�D�JUDPPDWLFDO�
VHQWHQFH FRQVLVWLQJ�RI�WZR�FODXVHV��7KH�SDUW �VL�LJL ZKLFK�VWDQGV�IRU�HDFK�FODXVH� LV�FRPSRVHG�
E\�DQ�LFRQLF�JHVWXUH�DSSHDULQJ�WRJHWKHU�ZLWK�WKH�FKLOG¶V�XWWHUDQFH����

'DWD�DQDO\VLV�
�VW OHYHO�RI�DQDO\VLV� FKDQJH LQ PRGDOLWLHV�
&KDQJH LQ PRGDOLWLHV� LV� GHILQHG�DV� DQ\� FKDQJH� WKDW�RFFXUV� LQ� WKH�SRVW� WHVW� FRPSDUHG� WR� WKH�
SUHWHVW�DQG�KDV�WR�GR�ZLWK�WKH�HPHUJHQFH RI�QHZ VLJQLILHUV�LQ�VSHHFK��VL�� ERG\�H[SUHVVLRQ �LJL��
GJL� DQG GUDZLQJ� HOHPHQWV �GL��� 7KHVH� GHYHORSPHQWV� FDQ HLWKHU KDYH� WKH� IRUP� RI� D� VLQJOH�
FRPSRQHQW��H�J�� LJ����VLQNLQJ�PRYHPHQW�RI�WZR�SODWHV�ZLWK�MRLQHG�SDOPV�LQ���R DQJOH�VKDSH�
ILUVW�DSSHDULQJ�LQ�WKH�SRVW�WHVW��RU WKH�IRUP�RI�D�PRUH�FRPSOH[�VWUXFWXUH��H�J�� G� �V���V���LJ�����
ZLWKLQ�ZKLFK�ROG�DQG�QHZ�HOHPHQWV�PD\�DSSHDU�WRJHWKHU�

�QG OHYHO�RI�DQDO\VLV� FKDQJH LQ�UHDVRQLQJ
,W�ZDV�VWXGLHG�ZKHWKHU�WKH�FKDQJH LQ PRGDOLWLHV�IURP�WKH�SUH� WR�SRVWWHVW�GHQRWHV�DOVR�FKDQJH
LQ�FKLOGUHQ¶V UHDVRQLQJ� ,Q�WKLV�FDVH�ZDV�XVHG WKH�FULWHULRQ�RI�WKH�PRVW�FRKHUHQW�UHDVRQLQJ��$�
PRUH�FRPSOHWH�WKLQNLQJ ZDV�QRWHG�ZKHQ��GXULQJ�SRVWWHVW� WKH�FKLOGUHQ LQWURGXFHG�QHZ�HQWLWLHV�
DQG�RU� IRUPHG� QHZ� OLQNV� EHWZHHQ WKHVH� HQWLWLHV�� FRPSDUHG� WR� WKH� SUHWHVW� UHJDUGLQJ� WKH�
HDUWKTXDNH�JHQHUDWLQJ PHFKDQLVP� )RU�H[DPSOH��WKH�VXEMHFW�%���LQ�WKH�SUHWHVW�XVHV�WKH�YDJXH�
FRPSRQHQW� V�� �VHLVPRORJLVW�PDFKLQHU\�� WR� VLJQLI\� WKH� SKHQRPHQRQ� RI� HDUWKTXDNHV�� ,Q� WKH�
SRVWWHVW� KH�VKH� GHYHORSV� WKH�PRUH� FRPSOH[� VWUXFWXUH� >V��� V��� V��LJ��@� VLJQLI\LQJ� WKH� UHIHUHQWV�
>V��� PRYLQJ�� V��� SODWHV�� V��LJ���� FROOLGH� �FROOLVLRQ� PRYHPHQW� ZLWK� VSUHDG� RXW� SDOPV�@�
UHVSHFWLYHO\� 7KHVH� VHPLRWLF� HOHPHQWV� LQWHUZHDYH� D� PRUH� FRPSOHWH� UHDVRQLQJ� VLQFH� WKH\�
LQWURGXFH�QHZ�HQWLWLHV�DQG�FRQVWUXFW�OLQNV�DPRQJ�WKHP�

5(68/76

1RQH�RI WKH����\RXQJHU�FKLOGUHQ��DJH������PDQDJHG�WR�FKDQJH�KLV�KHU�PRGDOLWLHV�IURP�SUH�WR�
SRVWWHVW� +RZHYHU�� IRXUWHHQ� HOGHU� FKLOGUHQ� DJH� ���� RXW� RI� �� VKRZHG DQ� HYROXWLRQ� LQ�
PRGDOLWLHV� FRPSDULQJ WR� WKH� SUHWHVW� 7DEOH� �� SUHVHQWV� RQO\� WKH� FKLOGUHQ�ZKR LPSURYHG WKH�
UDQJH�RI�WKH�PRGDOLWLHV�WKH\�XVHG��HLWKHU�LQ�WKH�VSHHFK�FRQWH[W�RU�DQG�LQ�WKH�GUDZLQJ�FRQWH[W��
7KH�V\PEROV�LQ�EROG�LQGLFDWH�WKH�QHZ�HOHPHQWV�LQWHJUDWHG�IRU�WKH�ILUVW�WLPH�LQ�WKH�SRVWWHVW�E\�
WKH�FKLOGUHQ� LQ� WKHLU�HIIRUW� WR�FRQFHSWXDOL]H� WKH�SKHQRPHQRQ�RI�HDUWKTXDNHV��7KH�UHVW�RI� WKH�
PRGDOLWLHV�ZLWK�WKH�UHJXODU�IRUP�LQ�7DEOH���KDG�DSSHDUHG�IRU�WKH�ILUVW�WLPH�LQ�SUHWHVW�DQG�WKH\�
VWLOO�UHPDLQ�DFWLYH LQ�SRVWWHVW�

7$%/( �
&KDQJH�LQ�WKH����FKLOGUHQ¶V�PRGDOLWLHV�IURP�SUH�WR�SRVWWHVW

&KDQJH�LQ�PRGDOLWLHV
6XEMHFWV 6SHHFK�FRQWH[W 'UDZLQJ�FRQWH[W

Ǻ� V��LJ�� G��LJ�� V��
Ǻ� G��V�� V�� LJ��
Ǻ� G���V�� V�� V��
Ǻ� V��LJ��� G���V���LJ���
Ǻ�� G���V���GJ����G����G��
Ǻ�� �V���V��LJ����V����V���V��LJ�� G��V���LJ���
Ǻ�� >V���V���V��LJ��@ G���V����V��LJ����WH[W
ǹ� �V���V��LJ�
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ǹ� V��LJ��� G��V���V���LJ��
ǹ� V� G���V���V���LJ��
ǹ� >V���V��LJ����V�@ �V���V���V��LJ�
ǹ� G���V���V���LJ��
ǹ�� �V���V��LJ�� G���V���V���LJ����LJ�����V���V���LJ�
ǹ�� V�

7KH�EUDFNHWV�>�@�VLJQLI\�D�JUDPPDWLFDO�VHQWHQFH ZKLFK�PD\�LQFOXGH�RQH�RU�PRUH�FODXVHV�
7KH�PDUN�����VLJQLILHV�WKH�XVH�RI�PRUH�WKDQ�RQH VHQWHQFH�

6XEVHTXHQWO\�� LW�ZDV�VWXGLHG�ZKHWKHU� WKH FKDQJHV LQ�WKH�PRGDOLWLHV�SUHVHQWHG�LQ� WKH�7DEOH���
GHQRWH DOVR� FKDQJHV LQ� FKLOGUHQ¶V� UHDVRQLQJ� RQ� VFLHQWLILF� DVSHFWV� RI� WKH� SKHQRPHQRQ� RI�
HDUWKTXDNHV�� ,W�ZDV� VKRZQ� WKDW� DOO� WKHVH� ��� FKLOGUHQ� HYROYHG� WKHLU� UHDVRQLQJ� �VHH�7DEOH� ���
VLQFH�WKH�QHZ�PRGDOLWLHV�WKH\�LQWURGXFH�FRQYH\�QHZ�LQIRUPDWLRQ�DERXW�WKH�VSDWLDO�IUDPHZRUN
LQ�ZKLFK�WKH�SKHQRPHQRQ�WDNHV�SODFH� WKH�HQWLWLHV�ZKLFK�FDXVH�LW�DQG�RU WKH�PRYHPHQW�RI�WKH�
WHFWRQLF�SODWHV�

7$%/(��
&KDQJH LQ�VWXGHQWV¶�UHDVRQLQJ�LQ�WHUPV�RI�WKH�LQWURGXFWLRQ�RI�QHZ�PRGDOLWLHV�LQ�SRVWWHVW

5HDVRQLQJ
6XEMHFWV 6SHHFK %RG\ 'UDZLQJ

Ǻ� 5HDVRQLQJ����
&DXVDO�HQWLW\ �V��

5HDVRQLQJ����
&DXVDO�HQWLW\��LJ��

0RYHPHQW�DQG�FDXVDO�
HQWLW\ �LJ���

5HDVRQLQJ����
&DXVDO�HQWLW\ �G��

Ǻ�
5HDVRQLQJ����
0RYHPHQW��V��

6SDWLDO�IUDPHZRUN��V��

5HDVRQLQJ����
0RYHPHQW��LJ��

5HDVRQLQJ����
&DXVDO�HQWLW\ �G��

Ǻ�
5HDVRQLQJ����

&DXVDO�HQWLW\��V��
0RYHPHQW��V��

5HDVRQLQJ����
6SDWLDO�IUDPHZRUN��G���

Ǻ� 5HDVRQLQJ����
0RYHPHQW��LJ����LJ���

5HDVRQLQJ����
&DXVDO�HQWLW\ �G���

Ǻ�� 5HDVRQLQJ����
&DXVDO�HQWLW\ �V��

5HDVRQLQJ����
0RYHPHQW��GJ��

5HDVRQLQJ����
&DXVDO�HQWLW\ DQG�

6SDWLDO�IUDPHZRUN �G����
G���

Ǻ��
5HDVRQLQJ����

0RYHPHQW��V���V���V��
&DXVDO�HQWLW\ �V��

5HDVRQLQJ����
0RYHPHQW�DQG�FDXVDO�

HQWLW\��LJ����LJ���

5HDVRQLQJ����
&DXVDO�HQWLW\ �G��

Ǻ��
5HDVRQLQJ����

0RYHPHQW��V���V��
&DXVDO�HQWLW\��V��

5HDVRQLQJ����
0RYHPHQW�DQG�FDXVDO�

HQWLW\��LJ��
&DXVDO�HQWLW\��LJ��

5HDVRQLQJ����
&DXVDO�HQWLW\ �G���

ǹ� 5HDVRQLQJ����
0RYHPHQW��V��

5HDVRQLQJ����
0RYHPHQW�DQG�FDXVDO�

HQWLW\��LJ��

ǹ�
5HDVRQLQJ����

&DXVDO�HQWLW\��LJ���
0RYHPHQW��LJ��

ǹ� 5HDVRQLQJ���� 5HDVRQLQJ����
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6SDWLDO�IUDPHZRUN��V�� 0RYHPHQW�DQG�FDXVDO�
HQWLW\��LJ��

ǹ�

5HDVRQLQJ����
&DXVDO�HQWLW\��V��
0RYHPHQW��V��

6SDWLDO�IUDPHZRUN��V��

5HDVRQLQJ����
0RYHPHQW�DQG�FDXVDO�

HQWLW\��LJ��

ǹ� 5HDVRQLQJ����
0RYHPHQW��LJ��

ǹ��

5HDVRQLQJ����
&DXVDO�HQWLW\��V��
0RYHPHQW��V��

6SDWLDO�IUDPHZRUN�
�V���

5HDVRQLQJ����
0RYHPHQW�DQG�FDXVDO�

HQWLW\��LJ����LJ��
0RYHPHQW��LJ��

5HDVRQLQJ����
&DXVDO�HQWLW\ �G���

ǹ�� 5HDVRQLQJ����
6SDWLDO�IUDPHZRUN��V��

7KH�V\PERO�����LQGLFDWHV�DQ�LPSURYHPHQW�LQ�FKLOG¶V�UHDVRQLQJ�

7KH�FKLOGUHQ�LPSURYHG WKHLU�UHDVRQLQJ�XVLQJ�RQH�RU�PRUH�VHPLRWLF�PRGHV��VHH�([DPSOH����

([DPSOH ��6XEMHFW��Ǻ���
,Q�([DPSOH��� WKH�FKLOG� DGGV LQ�KLV�KHU UHDVRQLQJ�QHZ�HQWLWLHV DV�ZHOO�DV� OLQNV�DPRQJ� WKHP�
0RUH�VSHFLILFDOO\��KH�VKH LQWHJUDWHV�LQ�WKH�SRVWWHVW�WKH�QHZ�PRGDOLWLHV�G���V���GJ���DQG�G����VHH�
7DEOH���� 7DEOH�� SUHVHQWV�WKH�RUDO�PRGDOLWLHV LQ�WKH�WZR�WHVWV RI�WKH�VSHHFK�FRQWH[W�

7$%/(��

5HVSRQVHV�RI�VXEMHFW�Ǻ���WR�WKH�TXHVWLRQ�³+RZ�GR�\RX�WKLQN�DQ�HDUWKTXDNH�RFFXUV"´

6WXGHQW¶V��%����XWWHUDQFHV�LQ�SUH� DQG�SRVWWHVW�RI�WKH�VSHHFK�FRQWH[W

3UHWHVW 3RVWWHVW

³,�EHOLHYH�WKDW�WKH�ZKROH�FLW\�LV�VKDNLQJ �V��
DQG�VRPHWLPHV�ZKHQ�D YHU\�SRZHUIXO�
HDUWKTXDNH�RFFXUV��VRPH�KRXVHV IDOO�GRZQ´
>«@�
³%HFDXVH�VRPHWKLQJ FDQ KDSSHQ�LQ�VSDFH�
�V��´

³,�WKLQN��IURP�WKH�WHFWRQLF�SODWHV �V��´

7KH FKLOG %�� JRHV� IURP� D� JHQHUDOL]HG� GHQRWDWLRQ RI�PRYHPHQW� �µVKDNHQ¶�� WR� GHILQLQJ WKH�
HQWLWLHV LQYROYHG �L�H���µWHFWRQLF�SODWHV¶��LQ WKH�HDUWKTXDNH�SKHQRPHQRQ��,W�VKRXOG�EH�QRWHG�WKDW�
GXULQJ� WKH� SUHWHVW� WKH� FKLOG� GRHV� QRW� OLQN� WKH� PRYHPHQW� WR D� PHFKDQLVP� +H�6KH VLPSO\�
SUHVHQWV WKH�PRYHPHQW�DV�D�UHVXOW�RI�WKH�HDUWKTXDNH��µWKH�ZKROH�FLW\�LV�VKDNLQJ¶��DQG�QRW�YLFH�
YHUVD� 2Q� WKH� FRQWUDU\�� DW� SRVWWHVW� KH�VKH LGHQWLILHV� WKH PDWHULDO� HQWLWLHV WKDW� FUHDWH� WKH�
HDUWKTXDNH�

$GGLWLRQDOO\��LQ�WKH�SUHWHVW�GUDZLQJ�FRQWH[W� KH�VKH DWWULEXWHV�WKH�FDXVH�RI�HDUWKTXDNHV�
WR� WKH� FROOLVLRQ� RI� WKH� SODQHWV�� ,Q� WKH� SRVWWHVW� WKHUH� LV� D� FKDQJH� VLQFH� WKH� FKLOG� LQFOXGHV� LQ�
KLV�KHU UHDVRQLQJ�HQWLWLHV� VXFK�DV� µPDJPD¶�� µPRYHPHQW�RI� WKH�PDJPD¶� DQG� µWHFWRQLF�SODWHV¶
�)LJXUH����

0RUH� VSHFLILFDOO\�� VKH� GUDZV� WKH� LWHP� G���� FROOLVLRQ� RI� WZR� SODQHWV DQG� XWWHUV� WKH�
PRWLRQ�YHUE�V���³FROOLGH��WZR�SODQHWV�´�QRWLFHG�WRJHWKHU�ZLWK�WKH�JHVWXUH��LJ����RI�³XQLI\LQJ´�
WKH�WZR�SODQHWV�WKDW�DSSHDU�LQ�VNHWFK��+RZHYHU��LQ�SRVWWHVW�WKH�FKLOG�GHSLFWV�WKH�PDJPD �G���
ZKLOH�GUDZLQJ�WZR�DUURZV�DW�ERWK�VLGHV �G�����DQG�RYHU�WKDW�VKH�SODFHV�WKH�WHFWRQLF�SODWHV��G�����
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$W�WKH�VDPH�WLPH�VKH�XWWHUV�³WHFWRQLF�SODWHV��V��´��ZKLOH�VKRZLQJ�ZLWK�D�GHLFWLF�JHVWXUH��GJ���
WKH� DUURZV� WKDW� KDV� SDLQWHG� DQG� PD\� LQGLFDWH� ³PRYHPHQW´�� 7KLV� PXOWLPRGDO� VWUXFWXUH�
UHSUHVHQWV�WKH�PRYHPHQW�RI�PDJPD DQG�KHQFH�WKH�VZLQJ�RI�WHFWRQLF�SODWHV�RQ�LW��

),*85(��

3UHWHVW� ,OOXVWUDWLRQ� RI� WKH� SODQHWDU\� V\VWHP�
ZLWK�D�PDWHULDO�REMHFW�FROOLGLQJ�ZLWK�HDUWK�

3RVWWHVW� 'HSLFWLRQ� RI� WKH� PDJPD� ZLWK�
DUURZV RQ� WKH� ULJKW� DQG� RQ� WKH� OHIW� WKDW
LQGLFDWH�WKH�PRYHPHQW�RI�LW��2YHU�PDJPD�WKH�
FKLOG�SODFHV�WKH�WHFWRQLF�SODWHV�

>VWXGHQW¶V� XWWHUDQFH� DQG� JHVWLFXODWLRQ@�� ³WKH�
PRRQ��LJ����UHSUHVHQWDWLRQ�ZLWK�WKH��KDQG�WKH�
FROOLVLRQ�RI�WZR�SODQHWV�RQ�WKH�VNHWFK� FROOLGHV
�V�� ZLWK�WKH�(DUWK´

>VWXGHQW¶V� XWWHUDQFH DQG� JHVWLFXODWLRQ@��
³WHFWRQLF� SODWHV� �V�� �GJ��� VKRZV� WKH� DUURZV�
WKDW� KDV� SDLQWHG� WR� GHPRQVWUDWH� WKH�
PRYHPHQW�RI�PDJPD� ´

6WXGHQW¶V��%����GUDZLQJV��XWWHUDQFHV�DQG�JHVWXUHV�LQ�SUH� DQG�SRVWWHVW�RI�WKH�GUDZLQJ�FRQWH[W

,Q�VXPPDU\� WKH�FKLOG�DGYDQFHG�KLV�KHU PRGDOLWLHV�FRQFHUQLQJ�VSHHFK�DQG�GUDZLQJ�DV�ZHOO�DV�
FRUSRUHDO� H[SUHVVLRQ� :LWK� KLV� XWWHUDQFH KH�VKH LQWURGXFHV� QHZ� HQWLWLHV �L�H��� V�� WHFWRQLF�
SODWHV���ZKLOH�ZLWK� WKH�VWUXFWXUH >G���V���GJ��� G��� G��@�KH�VKH SODFHV WKH� WHFWRQLF�SODWHV�RYHU�
WKH�PDJPD�DQG�VXJJHVWV�WKHLU�EDFN�DQG�IRUWK�PRYHPHQW�

,Q�JHQHUDO� �����SUHVFKRROHUV�XVH�DOO� WKUHH�VHPLRWLF�V\VWHPV�WR�UHDVRQ�LQ WKH�SRVWWHVW��
�����SUHVFKRROHUV�XVH�WZR��ZKLOH �����SUHVFKRROHUV�XVH�MXVW�RQH �VHH�7DEOH�����7\SLFDO�FDVH�RI�
HYROXWLRQ�LQ UHDVRQLQJ�WKURXJK�DOO�WKUHH�VHPLRWLF�V\VWHPV�LV WKH�VWXGHQW�%���LQ ([DPSOH����,W�
LV�ZRUWK�QRWLQJ� WKDW��� RXW�RI����SUHVFKRROHUV�XVHG� WKHLU�ERGLHV� WR�DGG�QHZ�HOHPHQWV ZKLOH�
UHDVRQLQJ�� 7KHVH� FKLOGUHQ� LQ WKH� SUHWHVW� KDG� QRW� XVHG� DW� DOO� WKHLU� ERGLHV� LQ� WKHLU� HIIRUW WR�
H[SODLQ WKH�SKHQRPHQRQ�

(VSHFLDOO\� IRU� WKH� FRUSRUHDO� PRGDOLWLHV �LJL�GJL��� DV� ZHOO� DV IRU� WKH� PRGDOLWLHV� RI�
GUDZLQJ� �GL��� LW� ZDV� IRXQG� WKDW� LQ� VHYHUDO� FDVHV� WKH\� FRQYH\ PRUH� SRZHUIXO� PHDQLQJV
FRPSDUHG�ZLWK�WKRVH�RI�VSHHFK �VL�� 7KH�WHUP�SRZHUIXO DVVLJQV�PHDQLQJV�WKDW RQ�RQH�KDQG�DUH�
QRW�H[SUHVVHG�ZLWK�DQ\�RWKHU�VLJQ�YHKLFOH��DQG�RQ�WKH�RWKHU�KDQG�FRPPXQLFDWH�PRUH�HVVHQWLDO
DVSHFWV�WR�WKH�HDUWKTXDNH�SKHQRPHQRQ� ,Q�([DPSOH���RI�WKH�GUDZLQJ�FRQWH[W �VHH )LJXUH����
WKH�FKLOG¶V GUDZLQJ�DW�SRVWWHVW�LV�PRUH�ULFK�LQ�LQIRUPDWLRQ�WKDQ�WKH�XWWHUDQFH�µWHFWRQLF�SODWHV¶��
DV� LW LGHQWLILHV� WKH� IRUP RI� WKH� SODWHV� DQG� SODFHV� WKHP� RYHU WKH� PDJPD�� ,Q� DQRWKHU� FDVH��
JHVWXUHV� HQDEOHG� WKH� FKLOG� WR� FRPPXQLFDWH� DQG� GHVFULEH� WKH� W\SH� RI�PRYHPHQW� WKDW RFFXUV�
GXULQJ� DQ� HDUWKTXDNH� LQ� D�ZD\� WKDW�ZDV� QRW� H[SUHVVHG�ZLWK� DQ\�RWKHU� VHPLRWLF� V\VWHP� �VHH�
([DPSOH����
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([DPSOH����6XEMHFW��ǹ���
7DEOH � VKRZV�HOHPHQWV�RI�VSHHFK XWWHUHG�E\�WKH�FKLOG�LQ�WKH�WZR�WHVWV RI�VSHHFK�FRQWH[W��

7$%/( �
5HVSRQVHV RI�WKH�VWXGHQW�$���WR�WKH�TXHVWLRQ�³+RZ�GR�\RX�WKLQN�DQ�HDUWKTXDNH�RFFXUV"´

6WXGHQW¶V��$����XWWHUDQFHV�LQ�SUH� DQG�SRVWWHVW�RI�WKH�VSHHFK�FRQWH[W

3UHWHVW 3RVWWHVW

³:KHQ� D� JLDQW� PRQVWHU �V��� FRPHV� DQG�
ZDONV�«´

³�LJ���YLEUDWLQJ�PRWLRQ�ZLWK�ERWK�KDQGV��ZKHQ�
WKH�RWKHU�IDOOV �V��� WKHUH´�
>«@
³WKH� WHFWRQLF�SODWHV �V��«� LI�RQH�IDOOV �V�� DQG�
WKH� RWKHU� WKH� VDPH�«�LJ���� VLQNLQJ�PRYHPHQW�
RI� WZR� SODWHV� ZLWK� MRLQHG� SDOPV� LQ� ��R DQJOH�
VKDSH��ZLOO�PDNH�PRUH�HDUWKTXDNH´�

,Q� SUHWHVW� WKH� VWXGHQW� DWWULEXWHV� WKH� FDXVH� RI� WKH� HDUWKTXDNH� SKHQRPHQRQ� WR� DQ� LPDJLQDU\
FUHDWXUH��ZLWKRXW�EHLQJ�DEOH�WR�GHOLYHU�PRUH�GHWDLOV� ,Q�SRVWWHVW� KH�VKH�PRYHV�IURP�D�JHQHUDO�
VXJJHVWLRQ�RI�PRYHPHQW�WKURXJK�VSHHFK��L�H���³ZKHQ�WKH�RWKHU�IDOOV�WKHUH´��WR�D�FODULILFDWLRQ�RI
WKH� HOHPHQWV� LQYROYHG� �L�H��� µWHFWRQLF� SODWHV¶��� +RZHYHU� LW� LV� WKH� FKLOG¶V� JHVWXUHV� WKDW� DUH�
JUDGXDOO\� GHSOR\HG� ZKLFK� DGG� QHZ� HOHPHQWV� LQ� KLV�KHU UHDVRQLQJ�� $FWXDOO\�� WKH� FKLOG
JHVWLFXODWHV VXJJHVWLQJ� WKH�VKDSH�DQG� WKH�NLQG�RI�PRYHPHQW�RI� WKH�XWWHUHG�HQWLWLHV� �L�H��� LJ���
YLEUDWLRQ� PRYHPHQW DQG LJ���� LPPHUVLRQ� PRYHPHQW�� 7KHVH� JHVWXUHV� GHVFULEH� LQ� WHUPV� RI�
FKLOG¶V�SDOPV�WKH�VKDSH�RI�WKH�WHFWRQLF�SODWHV��EXW�DOVR�WKHLU�PRYHPHQW��2Q�WKH�FRQWUDU\� WKH�
XWWHUDQFH�µWHFWRQLF�SODWHV¶�RQO\�PHQWLRQV�WKHP�DV�D�OH[LFDO�LWHP ZLWKRXW�GHILQLQJ�DQ\�SK\VLFDO�
SURSHUWLHV� VXFK� DV� IODWQHVV� RU� LPPHUVLRQ� PRYHPHQW��0D\EH� LW¶V� WKH� QDWXUH� RI� WKH� VSHFLILF�
SKHQRPHQRQ�WKDW�DOORZV�PRUH SRZHUIXO PHDQLQJV�WR�EH�WUDQVIHUUHG�WKURXJK�ERG\�H[SUHVVLRQ�

',6&866,21�

,W�VHHPHG WKDW�WKH�FKDQJH�LQ PRGDOLWLHV�XVHG�E\�FKLOGUHQ�LV�LQWHUFRQQHFWHG ZLWK�WKH�HYROXWLRQ�
LQ�WKHLU�UHDVRQLQJ� ,Q�PRVW�FDVHV��JHVWXUHV�DQG�GUDZLQJ�YLVXDOL]H�PRYLQJ�DQG�VSDWLDO�HQWLWLHV��
ZKLOH VSHHFK� LV� LQVXIILFLHQW RI� GHVFULELQJ� WKHP� &RQFHUQLQJ� WKH� HDUWKTXDNH� SKHQRPHQRQ��
FRKHUHQW WKLQNLQJ�FDQQRW�EH�DFKLHYHG�ZLWKRXW� WKH�XVH�RI�PRGDOLWLHV�RI�ERG\�H[SUHVVLRQ� DQG�
GUDZLQJ��,Q�VFLHQFH��JHVWXUHV�PD\�SOD\�D�SDUWLFXODUO\�LPSRUWDQW�UROH�LQ�FRQVWUXFWLQJ�PHDQLQJ�
UHJDUGLQJ�GRPDLQV� WKDW�GLUHFW�H[SHULHQFH�LV�QRW� DFFHVVLEOH�IRU�\RXQJ�FKLOGUHQ��H�J�� VHDVRQDO�
FKDQJH�� WHFWRQLF� SODWHV�� HWF��� �6LQJHU�� 5DGLQVN\� 	� *ROGPDQ�� ������� 1RYDFN DQG� *ROGLQ�
0HDGRZ� ������� VXSSRUW� WKDW� JHVWXUHV� DGG� D� VSDWLDO� RU� LFRQLF HOHPHQW� LQ� VSRNHQ� ODQJXDJH��
*LYHQ�WKH�IDFW�WKDW�JHVWXUHV�GRQ¶W OLPLW WR�OLQHDU UXOH�EDVHG�VWDQGDUGV� WKH\�KDYH�WKH�FDSDFLW\�
WR� H[SUHVV� LGHDV� WKDW� FDQ�EH�GLIILFXOW� WR� EH� H[SUHVVHG ZLWK�ZRUGV��(VSHFLDOO\� IRU� WKH�KXPDQ�
ERG\ *ROGLQ�0HDGRZ� 	� $OLEDOL� ������� PHQWLRQ� WKDW� JHVWXUHV� UHIOHFW� ZKDW� VSHDNHUV� NQRZ�
DERXW�� DQG� WKDW� EDVLFDOO\� VHUYHV DV� D ZLQGRZ� RQWR� WKHLU� WKRXJKWV�� 7KH� DIRUHPHQWLRQHG�
UHVHDUFKHUV� DOVR� UHDOL]H� WKDW� IURP� WKLV�ZLQGRZ� VSHDNHUV�YHU\�RIWHQ� UHYHDO� WKRXJKWV� WKH\ GR
QRW� HYHQ� NQRZ� WKH\� KDYH�� *HVWXUHV� DUH� QRW� MXVW� D� KDQG�ZDYLQJ� EXW� UHSUHVHQW� D� PHDQV RI�
HYROXWLRQ� RI� WKH� FRQVLVWHG� PHDQLQJV� �*ROGLQ�0HDGRZ� 	� :DJQHU�� ������� 7KH\� HQDEOH�
WKRXJKWV�ZKLFK�DUH�QRW�SUHYLRXVO\�H[SUHVVHG�WR�HPHUJH�� *HVWXUHV�FDQ�DOVR�DGG�QHZ�HOHPHQWV�
WR�VWXGHQWV¶� UHDVRQLQJ�PRGLI\LQJ� WKH�FRQWH[W�RI�D�FRQYHUVDWLRQ��*LYU\�	�5RWK��������DUJXH�
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WKDW� ERGLO\� DFWLRQV� FDQ VHW� WKH FRQGLWLRQV� RI WKH� HYROXWLRQ� LQ� VWXGHQWV¶� UHDVRQLQJ�� ZKLOH�
:DJQHU�&RRN��3LWFKHOO�	�*ROGLQ�0HDGRZ �������XQGHUVFRUH�WKH�YDOXH�RI�VWXGHQWV¶�XVLQJ�RI�
WKHLU� ERG\� LQ� UHSUHVHQWLQJ� FRQFHSWV� ZKLFK� FUXFLDOO\� FRQWULEXWHV� LQ� WKH� FRQVWUXFWLRQ� RI�
NQRZOHGJH�

$� PXOWLPRGDO� SHUVSHFWLYH UHFHLYHV� JUHDW� LQWHUHVW� HVSHFLDOO\� IRU� WKH� \RXQJ� FKLOGUHQ�
VLQFH�PXOWLSOH�UHSUHVHQWDWLRQV KDYH�D�GLUHFW� LPSDFW�RQ�FKLOGUHQ¶V�OHDUQLQJ��+DG]LJHRUJLRX�HW�
DO��� ������ :DOGULS�� 3UDLQ� 	� &DURODQ�� ������� 0RUH� H[WHQVLYH� UHVHDUFK� RQ� WKH� UROH� RI WKH�
VHPLRWLF�PRGHV�LQ�PHDQLQJ�PDNLQJ SURFHVV�ZLOO�SURYLGH XVHIXO�GDWD�IRU WKH�FXUULFXOD�GHVLJQ�
HQULFK WKH� WHDFKLQJ� SUDFWLFHV�ZLWK� D� VHPLRWLF� YLHZ� DQG� UH�RUJDQL]H� WKH� GHYHORSPHQW� RI� WKH�
HGXFDWLRQDO�PDWHULDOV LQ�WKH�FRQWH[W�RI�PXOWLSOH�UHSUHVHQWDWLRQV�

5()(5(1&(6

$EUDKDPVRQ�� '�� �������� (PERGLHG� GHVLJQ�� &RQVWUXFWLQJ� PHDQV� IRU� FRQVWUXFWLQJ� PHDQLQJ��
(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV���������������

&KDQJ�� 1�� �������� :KDW� DUH� WKH� UROHV� WKDW� FKLOGUHQ¶V� GUDZLQJV� SOD\� LQ� LQTXLU\� RI� VFLHQFH�
FRQFHSWVௗ" (DUO\�&KLOG�'HYHORSPHQW�DQG�&DUH� ����������������

&R[��6����������,QWHQWLRQ�DQG�PHDQLQJ�LQ�\RXQJ�FKLOGUHQ¶V�GUDZLQJ��,QWHUQDWLRQDO�-RXUQDO�RI�
$UW�DQG�'HVLJQ�(GXFDWLRQ�����������������

(LQDUVGRWWLU�� -��� 'RFNHWW�� 6��� 	 3HUU\�� %�� ��������0DNLQJ� PHDQLQJ�� FKLOGUHQ¶V� SHUVSHFWLYHV�
H[SUHVVHG�WKURXJK�GUDZLQJV��(DUO\�&KLOG�'HYHORSPHQW�DQG�&DUH������������������

*LYU\��'���	 5RWK��:��0����������7RZDUG�D�QHZ�FRQFHSWLRQ�RI�FRQFHSWLRQV��,QWHUSOD\�RI�WDON��
JHVWXUHV�� DQG� VWUXFWXUHV� LQ� WKH� VHWWLQJ�� -RXUQDO� RI� 5HVHDUFK� LQ� 6FLHQFH� 7HDFKLQJ�� ���� �����
�����

*LYU\�� '��� 	� 7LEHUJKLHQ�� $�� �������� 6WXG\LQJ� VWXGHQWV¶� OHDUQLQJ� SURFHVVHV� XVHG� GXULQJ�
3K\VLFV�WHDFKLQJ�VHTXHQFH�DERXW�JDV�ZLWK�QHWZRUNV�RI�LGHDV�DQG�WKHLU�GRPDLQ�RI�DSSOLFDELOLW\��
,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQFH�(GXFDWLRQ������������������

*ROGLQ�0HDGRZ�� 6��� 	� $OLEDOL�� 0�� :�� �������� *HVWXUH¶V� UROH� LQ� VSHDNLQJ�� OHDUQLQJ�� DQG�
FUHDWLQJ ODQJXDJH��$QQXDO�5HYLHZ�RI�3V\FKRORJ\���������������

*ROGLQ�0HDGRZ��6���	�:DJQHU��6����������+RZ�RXU�KDQGV�KHOS�XV�OHDUQ��7UHQGV�LQ�&RJQLWLYH�
6FLHQFHV����������������

+DG]LJHRUJLRX��<���$QDVWDVLRX��/���.RQVRODV��0���	 3UHYH]DQRX��%�� ��������$�VWXG\�RI� WKH�
HIIHFW�RI�SUHVFKRRO�FKLOGUHQ¶V�SDUWLFLSDWLRQ�LQ�VHQVRULPRWRU�DFWLYLWLHV�RQ�WKHLU�XQGHUVWDQGLQJ�RI�
WKH�PHFKDQLFDO�HTXLOLEULXP�RI�D�EDODQFH�EHDP��5HVHDUFK�LQ�6FLHQFH�(GXFDWLRQ����������������

+XEEHU�� 3��� 7\WOHU�� 5��� 	� +DVODP�� )�� �������� 7HDFKLQJ� DQG� OHDUQLQJ� DERXW� IRUFH� ZLWK� D�
UHSUHVHQWDWLRQDO�IRFXV��SHGDJRJ\�DQG�WHDFKHU�FKDQJH��5HVHDUFK LQ 6FLHQFH (GXFDWLRQ���������
�±���

,RDQQLGRX�� ,�� �������� 7KH� GHYHORSPHQW� RI� NQRZOHGJH� DERXW� WKH� JHRSK\VLFDO� SKHQRPHQD��
LPSOLFDWLRQV�RQ�LQVWUXFWLRQ� 'RFWRUDO�WKHVLV �LQ�JUHHN���1DWLRQDO�DQG�.DSRGLVWULDQ�8QLYHUVLW\��
$WKHQV�

.ÕUÕNND\D��(� %���ƦDNÕQ��2�� ,PDOL��%���	�%R]NXUW��(����������(DUWKTXDNH� WUDLQLQJ�LV�JDLQLQJ�
LPSRUWDQFH�� WKH� YLHZV� RI� �WK DQG� �WK \HDU� VWXGHQWV� RQ� (DUWKTXDNH�� 3URFHGLD� 6RFLDO� DQG�
%HKDYLRUDO�6FLHQFHV� ��� ����������

1RYDFN��0���	�*ROGLQ�0HDGRZ��6����������/HDUQLQJ�IURP�JHVWXUH��KRZ�RXU�KDQGV�FKDQJH�RXU�
PLQGV��(GXFDWLRQDO�3V\FKRORJ\�5HYLHZ�����������������
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3DSHUW��6����������6LWXDWLQJ�FRQVWUXFWLRQLVP��,Q�,��+DUHO�	 6��3DSHUW��(GV���&RQVWUXFWLRQLVP��
�SS���������1RUZRRG��1-��$EOH[ 3XEOLVKLQJ�

3LQJ�� 0�� 5�� 	� *ROGLQ�0HDGRZ�� 6� �������� +DQGV� LQ� WKH� DLU�� XVLQJ� XQJURXQGHG� LFRQLF�
JHVWXUHV�WR�WHDFK�FKLOGUHQ�FRQVHUYDWLRQ�RI�TXDQWLW\��'HYHORSPHQWDO�3V\FKRORJ\�������� �����
�����

3R]]HU�$UGHQJKL��/���	�5RWK��:��0�� ��������3KRWRJUDSKV� LQ� OHFWXUHV�� JHVWXUHV�DV�PHDQLQJ�
PDNLQJ�UHVRXUFHV��/LQJXLVWLFV�DQG�(GXFDWLRQ������������������

5RVV�� .� (� .��� 	� 6KXHOO�� 7� -�� ������� 7KH� (DUWKTXDNH� LQIRUPDWLRQ� WHVW�� YDOLGDWLQJ� DQ�
LQVWUXPHQW�IRU�GHWHUPLQLQJ�VWXGHQW�PLVFRQFHSWLRQV���3DSHU�SUHVHQWHG�DW�WKH�DQQXDO�PHHWLQJ�RI�
WKH�1RUWKHDVWHUQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��(OOHQYLOOH� 1HZ�<RUN�

5RVV�� .� (� .��� 	 6KXHOO�� 7� -�� ������� &KLOGUHQ¶V� EHOLHIV� DERXW� (DUWKTXDNHV�� 6FLHQFH�
(GXFDWLRQ� ���������������

6LQJHU�� 0��� 5DGLQVN\�� -��� 	� *ROGPDQ�� 6�� 5�� �������� 7KH� UROH� RI� JHVWXUH� LQ� PHDQLQJ�
FRQVWUXFWLRQ��'LVFRXUVH�3URFHVVHV�������������������

7VDL��&�����������,GHDV�DERXW�HDUWKTXDNHV�DIWHU�H[SHULHQFLQJ�D�QDWXUDO�GLVDVWHU�LQ�7DLZDQ��$Q�
DQDO\VLV� RI� VWXGHQWV
� ZRUOGYLHZV�� ,QWHUQDWLRQDO� -RXUQDO� RI� 6FLHQFH� (GXFDWLRQ�� ������� �����
�����

7\WOHU��5���3UDLQ��9���	�3HWHUVRQ��6����������5HSUHVHQWDWLRQDO�LVVXHV�LQ�VWXGHQWV�OHDUQLQJ�DERXW�
HYDSRUDWLRQ��5HVHDUFK LQ 6FLHQFH (GXFDWLRQ������������������

:DJQHU�&RRN��6���0LWFKHOO��=���	�*ROGLQ�0HDGRZ��6����������*HVWXULQJ�PDNHV OHDUQLQJ ODVW��
&RJQLWLRQ���������������������

:DOGULS��%���3UDLQ��9���	 &DURODQ�� -� ������� 8VLQJ�PXOWL�PRGDO� UHSUHVHQWDWLRQV� WR� LPSURYH�
OHDUQLQJ�LQ�MXQLRU�VHFRQGDU\�VFLHQFH��5HVHDUFK�LQ�6FLHQFH�(GXFDWLRQ���������������


