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6SHHFK�DQG�/DQJXDJH�6FLHQFHV��1HZFDVWOH�8QLYHUVLW\��1HZFDVWOH�XSRQ�7\QH��8.�_�'HSDUWPHQW�RI
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%XGDSHVW��+XQJDU\

$EVWUDFW�,'�����
(YHQW��6R$������&RSHQKDJHQ�SRVWHUV

7RSLF��&OLQLFDO�DQG�H[SHULPHQWDO�ZRUN�RQ�DSKDVLD�DQG�UHODWHG�GLVRUGHUV

,QWURGXFWLRQ�DQG�DLPV

.QRZLQJ�WKDW�DQ�DVVHVVPHQW�RU�WUHDWPHQW�WDVN�KDV�JRRG�WHVW�UHWHVW�UHOLDELOLW\�LV�FUXFLDO��DV�LW
LQGLFDWHV�WKDW�WKH�UHVXOWV�REWDLQHG�LQ�D�VLQJOH�VHVVLRQ�UHOLDEO\�UHIOHFW�D�SHUVRQ V�DELOLW\�DQG
UHPDLQ�VWDEOH�RYHU�WLPH��,Q�DSKDVLD��LW�KDV�JDLQHG�LQFUHDVLQJ�DWWHQWLRQ��SDUWLFXODUO\�LQ�WKH
FRQWH[W�RI �VWDQGDUGL]HG�DVVHVVPHQWV�RI �ODQJXDJH�DQG�FRJQLWLRQ��H�J�� �ZRUNLQJ�PHPRU\�
'H'H�HW�DO����������VSRNHQ�GLVFRXUVH�DQDO\VLV��H�J���6WDUN�HW�DO����������DQG�H\H�WUDFNLQJ
VWXGLHV�XVLQJ�WKH�YLVXDO�ZRUOG�SDUDGLJP��H�J�� �0DFN�HW �DO�� ������� �+RZHYHU� �WHVW�UHWHVW
UHOLDELOLW\�GDWD�DUH�VWLOO�ODFNLQJ�IRU�PDQ\�FRPPRQO\�XVHG�H[SHULPHQWDO�ODQJXDJH�WDVNV�LQ
DSKDVLD��XQGHUVFRULQJ�WKH�QHHG�WR�DVVHVV�WKHLU�WHPSRUDO�VWDELOLW\��7KH�DLP�RI�WKLV�VWXG\�ZDV
WR �DVVHVV �WHVW�UHWHVW �UHOLDELOLW\ �RI �H[SHULPHQWDO �ODQJXDJH �WDVNV �GHVLJQHG �WR �PHDVXUH
SKRQRORJLFDO��OH[LFDO��DQG�VHPDQWLF�SURFHVVLQJ��EDVHG�RQ�WKH�FRJQLWLYH�QHXURSV\FKRORJLFDO
DSSURDFK��:KLWZRUWK�HW�DO����������6SHFLILFDOO\��WKH�WDVNV�WDUJHWHG�DXGLWRU\�SKRQRORJLFDO
DQDO\VLV� �WKH �SKRQRORJLFDO �LQSXW �OH[LFRQ� �DQG �WKH �VHPDQWLF �V\VWHP �LQYROYHG �LQ �ZRUG
SURFHVVLQJ��XVLQJ�SKRQHPH�LGHQWLILFDWLRQ��DXGLWRU\�OH[LFDO�GHFLVLRQ��DQG�DXGLWRU\�DQLPDF\
GHFLVLRQ�WDVNV�

0HWKRGV

3DUWLFLSDQWV

'DWD�IURP����DGXOWV�ZLWK�SRVW�VWURNH�DSKDVLD�����ZRPHQ��PHDQ�DJH� �������\HDUV��6'
 ������\HDUV��SRVW�RQVHW� �������PRQWKV��6'� �������PRQWKV��ZDV�LQFOXGHG��,QFOXVLRQ
FULWHULD�ZHUH��DSKDVLD�GXH�WR�VWURNH��GLDJQRVHG�XVLQJ�WKH�:HVWHUQ�$SKDVLD�%DWWHU\�>:$%@�
+XQJDULDQ�DGDSWDWLRQ��2VPoQQt�6oJL���������QDWLYH�+XQJDULDQ�VSHDNHU��DGHTXDWH�KHDULQJ�
SK\VLFDO�DELOLW\�WR�FRPSOHWH�WKH�WDVNV��DQG�¨����DFFXUDF\�LQ�DXGLWRU\�ZRUG�FRPSUHKHQVLRQ
RQ �WKH �:$%� �([FOXVLRQ �FULWHULD �LQFOXGHG �PDMRU �QHXURORJLFDO �RU �SV\FKLDWULF �GLVRUGHUV�
PRGHUDWH�WR�VHYHUH�KHDULQJ�LPSDLUPHQW��DQG�JOREDO�DSKDVLD�

3URFHGXUHV�DQG�GHVLJQ

3DUWLFLSDQWV�ZHUH�DVVHVVHG�RQ�IRXU�DSSUR[LPDWHO\�FRQVHFXWLYH�GD\V��VHVVLRQ����� �PHDQ
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LQWHUYDO � ����� �GD\V� �XVLQJ �WKH �VDPH �VHW �RI �WKUHH �DXGLWRU\ �WDVNV �RQ �HDFK �GD\� �7KH
H[SHULPHQWDO�WDVNV�DVVHVVHG�SKRQRORJLFDO��OH[LFDO��DQG�VHPDQWLF�SURFHVVLQJ�XQGHU�ORZ�DQG
KLJK�:0�GHPDQG��3DUWLFLSDQWV�FRPSOHWHG�WKUHH�VWUXFWXUDOO\�LGHQWLFDO�\HV�QR�GHFLVLRQ�WDVNV�
SKRQHPH�LGHQWLILFDWLRQ��OH[LFDO�GHFLVLRQ��DQG�DQLPDF\�GHFLVLRQ��,Q�WKH�ORZ�:0�FRQGLWLRQ�
SDUWLFLSDQWV�ZHUH�DVNHG�WR�LQGLFDWH�ZKHWKHU�����WKH�KHDUG�SKRQHPH�VWULQJ�FRQWDLQHG�WKH
SKRQHPH��E��RU�QRW��SKRQHPH�LGHQWLILFDWLRQ�������WKH�SKRQHPH�VWULQJ�ZDV�D�UHDO�ZRUG�RU�D
QRQZRUG��OH[LFDO�GHFLVLRQ���RU�����WKH�ZRUG�UHIHUUHG�WR�D�OLYLQJ�RU�QRQ�OLYLQJ�HQWLW\��DQLPDF\
GHFLVLRQ���,Q�WKH�KLJK�:0�FRQGLWLRQ��WZR�DXGLWRU\�VWLPXOL�ZHUH�SUHVHQWHG��DQG�SDUWLFLSDQWV
LQGLFDWHG�ZKHWKHU�RQO\�RQH�RI�WKHP��YV��ERWK�RU�QHLWKHU������FRQWDLQHG�WKH�SKRQHPH��E������
ZDV�D�UHDO�ZRUG��RU�����UHIHUUHG�WR�D�OLYLQJ�HQWLW\��GHSHQGLQJ�RQ�WKH�WDVN��7KH�WDVNV�ZHUH
SURJUDPPHG�LQ�3V\FKR3\��DQG�DXGLWRULO\�VWLPXOL�ZHUH�SUHVHQWHG�DV�SUHUHFRUGHG�DXGLR�ILOHV�
6WLPXOXV�SUHVHQWDWLRQ�ODVWHG�a��VHFRQG�LQ�WKH�ORZ�:0�DQG�a��VHFRQGV�LQ�WKH�KLJK�:0
FRQGLWLRQ��3DUWLFLSDQWV�KDG�XS�WR�VL[�VHFRQGV�WR�UHVSRQG��LQFOXGLQJ�VWLPXOXV�SUHVHQWDWLRQ
WLPH� �7R �DVVHVV �WHVW�UHWHVW �UHOLDELOLW\� �LQWUDFODVV �FRUUHODWLRQ �FRHIILFLHQWV ��,&&V� �ZHUH
FDOFXODWHG�XVLQJ�D�WZR�ZD\�UDQGRP�HIIHFWV�PRGHO�ZLWK�DEVROXWH�DJUHHPHQW��EDVHG�RQ�VLQJOH
PHDVXUHPHQWV�DFURVV�DOO�FRPELQDWLRQV�RI�WKH�IRXU�WLPH�SRLQWV��IRU�ERWK�DFFXUDF\��$&&��DQG
UHDFWLRQ�WLPHV��57V��LQ�HDFK�FRQGLWLRQ��.RR�	�/L��������

5HVXOWV

$&&�ZDV�KLJKHVW�LQ�WKH�OH[LFDO�GHFLVLRQ�WDVN��UDQJLQJ�IURP��������LQ�WKH�ORZ�:0�FRQGLWLRQ
DQG��������LQ�WKH�KLJK�:0�FRQGLWLRQ�DFURVV�WKH�IRXU�WLPH�SRLQWV��,Q�WKH�DQLPDF\�GHFLVLRQ
WDVN��$&&�UDQJHG�IURP��������LQ�WKH�ORZ�:0�FRQGLWLRQ�DQG��������LQ�WKH�KLJK�:0
FRQGLWLRQ��3HUIRUPDQFH�ZDV�ORZHVW�LQ�WKH�SKRQHPH�LGHQWLILFDWLRQ�WDVN��ZLWK�$&&�UDQJLQJ
IURP��������LQ�WKH�ORZ�:0�FRQGLWLRQ�DQG��������LQ�WKH�KLJK�:0�FRQGLWLRQ�

([FHSW�IRU�WKH�ORZ�:0�FRQGLWLRQ�LQ�OH[LFDO�GHFLVLRQ��,&&V�SULPDULO\�UDQJHG�IURP�PRGHUDWH
WR�H[FHOOHQW�DFURVV�WDVNV�DQG�PHDVXUHV��3KRQHPH�LGHQWLILFDWLRQ�GHPRQVWUDWHG�WKH�KLJKHVW
UHOLDELOLW\��SDUWLFXODUO\�IRU�$&&�LQ�WKH�ORZ�:0�FRQGLWLRQ��,&&V�PRVWO\�!��������ZLWK�ORZHU
UHOLDELOLW\�LQ�WKH�KLJK�:0�FRQGLWLRQ��,&&V� �������������57V�ZHUH�FRQVLVWHQWO\�UHOLDEOH�
HVSHFLDOO\�DW�ODWHU�WLPH�SRLQWV��,&&V� �������������/H[LFDO�GHFLVLRQ�DFFXUDF\�H[KLELWHG�SRRU
WR�PRGHUDWH�UHOLDELOLW\��HVSHFLDOO\�LQ�WKH�ORZ�:0�FRQGLWLRQ��,&&V� �������������ZKHUHDV�WKH
KLJK�:0�FRQGLWLRQ�VKRZHG�PRGHUDWH�WR�JRRG�UHOLDELOLW\��,&&V� �������������57V�IRU�OH[LFDO
GHFLVLRQ�ZHUH�DOVR�PRGHUDWHO\�UHOLDEOH��SDUWLFXODUO\�DW�ODWHU�VHVVLRQV��,&&V� �����������
H[FOXGLQJ�VHVVLRQ�����$QLPDF\�GHFLVLRQ�DFFXUDF\�DQG�57V�VKRZHG�IDLU�WR�JRRG�UHOLDELOLW\
�,&&V� �������������ZLWK�OLWWOH�GLIIHUHQFH�EHWZHHQ�:0�FRQGLWLRQV�

)RU�SKRQHPH�LGHQWLILFDWLRQ��FRQILGHQFH�LQWHUYDOV��&,V��IRU�$&&�ZHUH�QDUURZ��HVSHFLDOO\�DW
ODWHU�WLPH�SRLQWV��H�J���������������LQGLFDWLQJ�VWDELOLW\��/H[LFDO�GHFLVLRQ�DFFXUDF\�KDG�ZLGHU
&,V��RIWHQ�FURVVLQJ�]HUR��VXJJHVWLQJ�ORZ�UHOLDELOLW\�IRU�PDQ\�FRPSDULVRQV��57V�KDG�JHQHUDOO\
ZLGHU�&,V�WKDQ�$&&��UHIOHFWLQJ�JUHDWHU�YDULDELOLW\�DFURVV�VHVVLRQV��$PRQJ�WKH����FDVHV���
WDVNV�[���FRQGLWLRQV�[���PHDVXUHV���,&&V�ZHUH�KLJKHVW�EHWZHHQ�VHVVLRQ���DQG���LQ�ILYH�FDVHV�
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EHWZHHQ�VHVVLRQ���DQG���LQ�IRXU�FDVHV��EHWZHHQ�VHVVLRQ���DQG���LQ�WZR�FDVHV��DQG�EHWZHHQ
VHVVLRQ���DQG���LQ�RQH�FDVH��7DEOH�����,&&V�ZHUH�KLJKHU�ZKHQ�H[FOXGLQJ�VHVVLRQ���LQ�DOO�EXW
RQH�FDVH�

'LVFXVVLRQ

7KH�KLJKHVW�UHOLDELOLW\�ZDV�IRXQG�IRU�SKRQHPH�LGHQWLILFDWLRQ��IROORZHG�E\�DQLPDF\�GHFLVLRQ�
ZLWK�OH[LFDO�GHFLVLRQ�VKRZLQJ�SRRU�WR�PRGHUDWH�UHOLDELOLW\�IRU�$&&��,&&V�ZHUH�KLJKHVW�ZKHQ
DQDO\VHV�H[FOXGHG�WKH�ILUVW�WLPH�SRLQW��VXJJHVWLQJ�JUHDWHU�VWDELOLW\�DW�ODWHU�WLPH�SRLQWV�
SRWHQWLDOO\�GXH�WR�LQLWLDO�DGDSWDWLRQ�RU�OHDUQLQJ�HIIHFWV��%DVHG�RQ�,&&�DQG�&,�SDWWHUQV��$&&
ZDV �PRUH �UHOLDEOH �WKDQ �57V� �,QWHUHVWLQJO\� �WDVN �FRPSOH[LW\ �GLG �QRW �DSSHDU �WR �DIIHFW
UHOLDELOLW\��:KLOH�RQH�PLJKW�H[SHFW�KLJKHU�FRPSOH[LW\�WR�LQWURGXFH�PRUH�PHDVXUHPHQW�HUURU�
ZKLFK �W\SLFDOO\ �GHFUHDVHV �UHOLDELOLW\� �WKLV �ZDV �QRW �REVHUYHG� �7KH �KLJKHU �FRPSOH[LW\
FRQGLWLRQV�GLG�QRW�VKRZ�GHFUHDVHG�UHOLDELOLW\��OLNHO\�EHFDXVH�WKH�LQFUHDVHG�EHWZHHQ�VXEMHFW
YDULDQFH �LQ �WKHVH �FRQGLWLRQV �SRVLWLYHO\ �FRQWULEXWHG �WR �UHOLDELOLW\ ��+HGJH �HW �DO�� �������
2YHUDOO� �WKHVH �WDVNV �ZHUH �JHQHUDOO\ �UHOLDEOH� �H[FHSW �LQ �FRQGLWLRQV �ZKHUH �QHDU�FHLOLQJ
SHUIRUPDQFH �OLPLWHG �GDWD �YDULDQFH� �7KLV �KLJKOLJKWV �D �FRPPRQ �FKDOOHQJH �LQ �UHOLDELOLW\
VWXGLHV��ZKHQ�SHUIRUPDQFH�LV�WRR�KLJK��UHOLDELOLW\�FDQ�EH�DUWLILFLDOO\�LQIODWHG��DV�WKHUH�LV�OLWWOH
URRP�IRU�YDULDELOLW\��7KH�VHFRQG�WLPH�SRLQW�FRQWULEXWHG�PRVW�WR�LQFUHDVHG�UHOLDELOLW\��ZLWK
PLQLPDO �LPSURYHPHQW �WKHUHDIWHU� �VXJJHVWLQJ �WKDW �LQLWLDO �OHDUQLQJ �RU �DGDSWDWLRQ �HIIHFWV
VWDELOL]HG�RYHU�VXEVHTXHQW�VHVVLRQV�
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����������

.RR��7��.���	�/L��0��<����������$�JXLGHOLQH�RI�VHOHFWLQJ�DQG�UHSRUWLQJ�LQWUDFODVV�FRUUHODWLRQ
FRHIILFLHQWV�IRU�UHOLDELOLW\�UHVHDUFK��-RXUQDO�RI�&KLURSUDFWLF�0HGLFLQH�����������������

0DFN��-� �(�� �:HL��$��=��6�� �*XWLHUUH]��6�� �	�7KRPSVRQ��&��.����������7UDFNLQJ�VHQWHQFH
FRPSUHKHQVLRQ��7HVW�UHWHVW�UHOLDELOLW\�LQ�SHRSOH�ZLWK�DSKDVLD�DQG�XQLPSDLUHG�DGXOWV��-RXUQDO
RI�1HXUROLQJXLVWLFV�������������

2VPoQQt �6oJL �-� �������� �$] �DIo]LD �NODVV]LILNoFL{MD �tV �GLDJQRV]WLNoMD� �,GHJJ\rJ\hV]DWL
6]HPOH��������������

6WDUN��%��&���$OH[DQGHU��-��0���+LWWVRQ��$���'RXE��$���,JOHKHDUW��0���6WUHDQGHU��7���	�-HZHOO��(�
��������7HVW�UHWHVW�UHOLDELOLW\�RI�PLFUROLQJXLVWLF�LQIRUPDWLRQ�GHULYHG�IURP�VSRNHQ�GLVFRXUVH
LQ�SHUVRQV�ZLWK�FKURQLF�DSKDVLD��-RXUQDO�RI�6SHHFK��/DQJXDJH��DQG�+HDULQJ�5HVHDUFK��������
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:KLWZRUWK��$���:HEVWHU��-���	�+RZDUG��'����������$�FRJQLWLYH�QHXURSV\FKRORJLFDO�DSSURDFK
WR�DVVHVVPHQW�DQG�LQWHUYHQWLRQ�LQ�DSKDVLD��$�FOLQLFLDQ
V�JXLGH��3V\FKRORJ\�3UHVV�


