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$EVWUDFW�
:LWK�WKH�DGYHQW�RI�PRELOH�JDPHV�DQG�WKH�DFFRUGLQJ�
JURZLQJ�DQG�FRPSHWLWLYH�PDUNHW��JDPH�XVHU�UHVHDUFK�
FDQ�SURYLGH�YDOXDEOH�LQVLJKWV�DQG�D�FRPSHWLWLYH�HGJH�LI�
PHWKRGV�DQG�SURFHGXUHV�DUH�HPSOR\HG�WKDW�PDWFK�WKH�
GLVWLQFW�FKDOOHQJHV�WKDW�PRELOH�GHYLFHV��JDPHV�DQG�
XVDJH�VFHQDULRV�LQGXFH��:H�SUHVHQW�D�VXPPDU\�RI�
SDUDPHWHUV�WKDW�IUDPH�WKH�UHVHDUFK�VHWXS�DQG�
SURFHGXUH��IRFXVLQJ�RQ�WKH�WUDGH�RIIV�EHWZHHQ�ODE�DQG�
ILHOG�VWXGLHV�DQG�WKH�UHODWHG�GHFLVLRQ�ZKHWKHU�WR�SXUVXH�
ODUJH�VFDOH�DQG�TXDQWLWDWLYH�RU�VPDOO�VFDOH�IRFXVHG�
UHVHDUFK�DFFRPSDQLHG�E\�TXDOLWDWLYH�PHWKRGV��:H�WKHQ�
LOOXVWUDWH�WKH�LPSOLFDWLRQV�RI�WKHVH�FRQVLGHUDWLRQV�RQ�
UHDO�ZRUOG�SURMHFWV�DORQJ�WKH�OLQHV�RI�WZR�HYDOXDWLRQV�RI�
GLIIHUHQW�LQSXW�PHWKRGV�IRU�WKH�DFWLRQ�SX]]OH�PRELOH�
JDPH�6RP\HRO��D�ORFDO�VWXG\�ZLWK����SDUWLFLSDQWV�DQG�D�
PL[HG�GHVLJQ�RI�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV��
DQG�WKH�VWULFWO\�TXDQWLWDWLYH�DQDO\VLV�RI�JDPH�SOD\�GDWD�
IURP���������XVHUV��7KH�ILQGLQJV�XQGHUOLQH�WKH�
LPSRUWDQFH�RI�VPDOO�VFDOH�HYDOXDWLRQV�SULRU�WR�UHOHDVH��

$XWKRU�.H\ZRUGV�
(QWHUWDLQPHQW��JDPH�GHVLJQ��XVHU�UHVHDUFK��PRELOH��
HYDOXDWLRQ��ILHOG�VWXGLHV��
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7DEOH����)UDPLQJ�FRQVLGHUDWLRQV�
IRU�PRELOH�+&,���PRELOH�JDPH�XVHU�
UHVHDUFK�SODQQLQJ��

�

,QWURGXFWLRQ�
,Q�������PRELOH�JDPHV�UHSUHVHQWHG�D�ZRUOGZLGH�
PDUNHW�RI������ELOOLRQ���0RELOH�JDPH�XVHU�UHVHDUFK�
�P*85��LV�DQ�LPSRUWDQW�SDUW�RI�PRELOH�JDPH�
GHYHORSPHQW��,W�FDQ�JLYH�GHYHORSHUV�D�FRPSHWLWLYH�HGJH�
DQG�LV�D�VXEMHFW�IRU�VFLHQWLILF�UHVHDUFK�JLYHQ�WKH�FORVH�
UHODWLRQ�WR�PRELOH�+&,��'HVSLWH�RI�WKH�PDUNHW�VL]H��
VWDEOH�PHWKRGV�DQG�SURFHGXUHV�IRU�P*85�DUH�VWLOO�
VSDUVH��:KLOH�VRPH�PHWKRGV�WKDW�VWHP�IURP�JHQHUDO�
*85�FDQ�EH�XVHG�IRU�P*85��WKH�PRELOH�SOD\HUV¶�FRQWH[W�
GLIIHUV�IURP�QRQ�PRELOH�VLWXDWLRQV��*DPHUV�SRWHQWLDOO\�
FKDQJH�WKHLU�ORFDWLRQ��RU�WKHLU�HQYLURQPHQW�ZKLOH�
SOD\LQJ��RU�PD\�SOD\�LQ�SXEOLF�SODFHV�ZKHUH�WKHLU�
SRWHQWLDO�WR�IRFXV�H[FOXVLYHO\�RQ�D�JDPH�LV�OLPLWHG��
6XFK�IDFWRUV�PXVW�EH�FRQVLGHUHG�LQ�P*85�DQG�PRELOH�
XVHU�UHVHDUFK�LQ�JHQHUDO��)RU�WKH�PHDQZKLOH��WKH�
GHYHORSPHQW�DQG�HYDOXDWLRQ�RI�PRELOH�V\VWHPV�LV�RIWHQ�
VWLOO�EDVHG�RQ�WULDO�DQG�HUURU�LQVWHDG�RI�RQ�XVHU�FHQWHUHG�
GHVLJQ�>�@��2QH�UHDVRQ�IRU�WKLV�PLJKW�EH�WKH�DQWLFLSDWHG�
FKDOOHQJH�LQ�GHVLJQLQJ�DQG�FRQGXFWLQJ�P*85��,Q�WKLV�
ZRUN�ZH�OLVW�WKH�PRVW�FRPPRQ�EDVLF�IUDPLQJ�
FRQVLGHUDWLRQV�WKDW�FDQ�SURYLGH�D�VWUXFWXUHG�DSSURDFK�
WR�SODQQLQJ�P*85��:H�DOVR�SURYLGH�D�VKRUW�RYHUYLHZ�RI�
WZR�HYDOXDWLRQV�RI�WKH�PRELOH�JDPH�6RP\HRO��D�VPDOO�
VFDOH�ORFDO�ILHOG�VWXG\�ZLWK�D�PL[WXUH�RI�TXDQWLWDWLYH�DQG�
TXDOLWDWLYH�PHWKRGV�DQG�D�VWULFWO\�TXDQWLWDWLYH�ODUJH�
VFDOH�DQDO\VLV�RI�JDPH�SOD\�GDWD��WRJHWKHU�ZLWK�D�
GLVFXVVLRQ�RI�WKH�IUDPLQJ�FRQVLGHUDWLRQV�IRU�WKLV�VHWXS��

&KDOOHQJHV�RI�0RELOH�*DPH�8VHU�5HVHDUFK�
0RVW�PHWKRGV�DQG�SURFHGXUHV�IURP�QRQ�PRELOH�
SOD\DELOLW\�DQG�JDPH�H[SHULHQFH�HYDOXDWLRQV�FDQ�EH�
XVHIXO�WRROV�IRU�HYDOXDWLRQV�ZLWK�PRELOH�GHYLFHV��JLYHQ�
WKH�ULJKW�FLUFXPVWDQFHV�DQG�DGMXVWPHQWV��7KH�JHQHUDO�

�������������������������������������������������
��1HZ]RR�7UHQG�5HSRUW�0RELOH�*DPHV��0DUFK������

PRELOH�+&,�OLWHUDWXUH�FDQ�DOVR�EH�D�JRRG�UHIHUHQFH��
VLQFH�LW�LV�PRUH�HVWDEOLVKHG�WKDQ�WKH�FRPSDUDWLYHO\�
\RXQJ�ILHOG�RI�P*85��6WLOO��LQWHUDFWLRQ�UHVHDUFK�ZLWK�
PRELOH�GHYLFHV�LV�FKDOOHQJLQJ�IRU�D�QXPEHU�RI�UHDVRQV��
=KDQJ�DQG�$GLSDW�>��@�ZDUQ�RI�FRPSOLFDWLRQV�ZLWK�PRELOH�
UHVHDUFK��KLJKOLJKWLQJ�WKH�FKDOOHQJHV�RI��PRELOH�FRQWH[W��
OLPLWHG�FRQQHFWLYLW\��VPDOO�VFUHHQ�VL]H��ORZ�GLVSOD\�
UHVROXWLRQ��OLPLWHG�SURFHVVLQJ�SRZHU��DQG�OLPLWHG�GDWD�
HQWU\�PHWKRGV��+RZHYHU��ZKLOH�VRPH�RI�WKHVH�FKDOOHQJHV�
VWLOO�DSSO\��WKLV�VWXG\��GDWLQJ�EDFN�RQO\�WR������
GHPRQVWUDWHV�KRZ�UDSLGO\�WKLQJV�DUH�FKDQJLQJ�LQ�WKH�
PRELOH�ZRUOG��0DQ\�RI�WKHVH�SUREOHPV�DUH�PXFK�OHVV�
VHYHUH�QRZDGD\V�DQG�PHWKRGV�WKDW�SURYLGH�JRRG�ULJV�IRU�
TXLFN�WR�VHWXS�DQG�DIIRUGDEOH�PRELOH�VWXGLHV�DUH�
LQFUHDVLQJO\�DYDLODEOH��H�J��>�@���*LYHQ�WKH�VSHHG�RI�
GHYHORSPHQWV�LQ�PRELOH�GHYLFHV��RSHUDWLQJ�V\VWHPV�DQG�
XVDJH�SDWWHUQV��JDPH�XVHU�UHVHDUFKHUV�DUH�VWLOO�FKDOOHQJHG�
WR�NHHS�XS�ZLWK�DGMXVWLQJ�WKHLU�PHWKRGV�WR�WKH�FKDQJLQJ�
FLUFXPVWDQFHV��7DNLQJ�D�VWHS�DZD\�IURP�VSHFLDOL]HG�
PHWKRGV�DQG�VHWXSV��EDVLF�FRQVLGHUDWLRQV�UHPDLQ�PRUH�
VWDEOH�DQG�FDQ�KHOS�ZLWK�PDNLQJ�LQIRUPHG�GHFLVLRQV�DERXW�
DGHTXDWH�UHVHDUFK�VHWXSV��

%DVLF�&RQVLGHUDWLRQV�IRU�3ODQQLQJ�0RELOH�
*DPH�8VHU�5HVHDUFK�
5HODWHG�OLWHUDWXUH��HVSHFLDOO\�IURP�WKH�DUHD�RI�JHQHUDO�
PRELOH�XVHU�UHVHDUFK�SURYLGHV�GHWDLOHG�RYHUYLHZV�RI�
DYDLODEOH�UHVHDUFK�PHWKRGV�DQG�SURFHGXUHV�>�@>�@>�@��
+RZHYHU��D�V\VWHPDWLF�RYHUYLHZ�RI�IUDPLQJ�SDUDPHWHUV�
�FI��7DEOH����SURYLGHV�D�JRRG�VWUXFWXUH�IRU�H[DPLQLQJ�
PRUH�JHQHUDO�FRQVLGHUDWLRQV�WKDW�IUDPH�WKH�DSSURDFK�WR�
VHWWLQJ�XS�VXFFHVVIXO�P*85�VWXGLHV��7KHUH�LV�RQJRLQJ�
GHEDWH�LQ�WKH�OLWHUDWXUH�DERXW�WKH�SURV�DQG�FRQV�RI�WKH�
GLIIHUHQW�VLGHV�RI�WKH�GLPHQVLRQV�RI�WKH�GHVLJQ�VSDFH�IRU�
P*85�ODLG�RXW�E\�WKHVH�FRQVLGHUDWLRQV��HVSHFLDOO\�
FRQFHUQLQJ�WKH�JHQHUDO�SDUDPHWHUV��)RU�H[DPSOH��ZKLOH�

*HQHUDO�3DUDPHWHUV��

/DE�RU�ILHOG��RIIOLQH�RU�RQOLQH��
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GHVFULELQJ��FI��>�@���
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3OD\DELOLW\�DQG�RU�SOD\HU�
H[SHULHQFH��ZLWK�VXEFDWHJRULHV�
VXFK�DV�PRELOLW\��VRFLDO�DVSHFWV��
HWF����KDUGZDUH�LQFOXVLYH�RU�
VRIWZDUH�FHQWULF��DFDGHPLF�RU�
EXVLQHVV��JDPH�FHQWULF�RU�IXOO\�
VLWXDWHG��
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6RP\HRO�LV�D�SX]]OH�SODWIRUP�

JDPH�LQ�ZKLFK�WKH�SOD\HU�FRQWUROV�

PRUH�WKDQ�RQH�FKDUDFWHU�DW�D�

WLPH�DQG�WULHV�WR�VWHHU�DV�PDQ\�

RI�KLV�KHU�6RP\HROV�DV�SRVVLEOH�

WKURXJK�WKH�OHYHOV���
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VRPH�UHVHDUFK�VXJJHVWV�WKDW�WKHUH�DUH�QR�VLJQLILFDQW�
GLIIHUHQFHV�LQ�WKH�UHVXOWV�IURP�D�ODE��DQG�D�ILHOG�YHUVLRQ�
RI�DQ�RWKHUZLVH�XQFKDQJHG�PRELOH�DSSOLFDWLRQV�XVDELOLW\�
WHVWLQJ�>�@��ZKLFK�ZRXOG�DUJXDEO\�DOVR�KHOS�WR�DYRLG�
FKDOOHQJHV�ZLWK�ILHOG�VWXGLHV���RWKHUV�DUJXH�WKDW�
VLJQLILFDQW�GLIIHUHQFHV�H[LVW�>�@�DQG�SRLQW�RXW�WKDW�
UHFHQW�GHYHORSPHQWV�KDYH�PDGH�WHVWV�³LQ�WKH�ZLOG´�
PXFK�PRUH�SUDFWLFDO�>�@��,Q�WKLV�OLJKW��FRPELQDWLRQV�RI�
ODE�DQG�ILHOG�VWXGLHV�OLNHO\�SURYLGH�WKH�PRVW�VWDEOH�
LQVLJKWV�>�@�DQG�VLQFH�DUWLILFLDO�ILHOG�VWXGLHV�GR�QRW�
QHFHVVDULO\�UHVXOW�LQ�QDWXUDO�VHWWLQJV��DQ�DXJPHQWDWLRQ�
ZLWK�RQOLQH�VWXGLHV�WKDW�FDSWXUH�UHDO�SOD\HU�GDWD�VHHPV�
DGYLVDEOH�>�@���HVSHFLDOO\�VLQFH�WKH�ULVH�LQ�SRSXODULW\�RI�
³DSSVWRUHV´�IDFLOLWDWHV�ZLGHVSUHDG�GLVWULEXWLRQ�>�@��

6LPLODU�DUJXPHQWV�FDQ�EH�IRXQG�FRQFHUQLQJ�WKH�WLJKWO\�
FRQQHFWHG�EDODQFH�EHWZHHQ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�
UHVHDUFK�PHWKRGV��DV�ZHOO�WDNLQJ�DV�D�GHHSO\�IRFXVHG�
DSSURDFK�FRPSDUHG�WR�DLPLQJ�IRU�EURDG�VFDOH��6LQFH�LW�
PD\�QHYHU�EH�SRVVLEOH��HYHQ�IRU�FDUHIXOO\�FRQWUROOHG�
FRPSDUDWLYH�VWXGLHV�WR�ZHHG�RXW�LQVHFXULWLHV�DERXW�WKH�
FDSDELOLWLHV�RI�WKH�DYDLODEOH�XVHU�UHVHDUFK�PHWKRGV�WR�
FDSWXUH�GHVLUHG�LQIRUPDWLRQ�RQ�SOD\DELOLW\�DQG�JDPH�
H[SHULHQFH��UHJDUGOHVV�RI�JDPH�PHFKDQLFV��
DSSURDFKLQJ�K\SRWKHVHV�ZLWK�KHWHURJHQHRXVO\�IUDPHG��
WULDQJXODWLQJ�UHVHDUFK�SURPLVHV�WKH�PRVW�UHOLDEOH�
UHVXOWV��7KH�QH[W�VHFWLRQ�FRQWDLQV�DQ�LOOXVWUDWLRQ�RI�VXFK�
DQ�DSSURDFK�ZLWK�PDQDJHDEOH�FRPSOH[LW\�DQG�FRVW��

$VN����3OD\HUV�RU��������"�
6RP\HRO��LV�D�PRELOH�-XPS�DQG�5XQ�JDPH��7KH�SOD\HU�
FRQWUROV�D�JURXS�RI�FKDUDFWHUV�ZKLFK�FRPH�LQ�D�QXPEHU�
RI�GLIIHUHQW�FODVVHV�ZLWK�GLIIHUHQW�FDSDELOLWLHV��$OO�
³6RP\HROV´�DUH�FRQWUROOHG�DW�WKH�VDPH�WLPH�ZLWK�WKH�

�������������������������������������������������
��KWWS���VRP\HRO�FRP���ODVW�YLHZHG�������������

VDPH�LQSXW��7KH�JRDO�LV�WR�VDIHO\�VWHHU�WKHP�WKURXJK�DQ�
REVWDFOH�FRXUVH��7KH�JDPH�UHTXLUHV�LQSXW�IRU�WKUHH�
DFWLRQV��PRYLQJ�OHIW�ULJKW�DQG�MXPSLQJ��'HWHUPLQLQJ�
DGHTXDWH�PHWDSKRUV�IRU�WKHVH�LQSXWV�ZDV�DQ�LPSRUWDQW�
DVSHFW�RI�GHYHORSLQJ�6RP\HRO��7KH�LPSOHPHQWHG�
PHWKRGV�ZHUH�PXOWL�WRXFK�JULG��07*���DFFHOHURPHWHU�
�$&&���RQH�ILQJHU�UHODWLYH��2)5���DQG�JDPHSDG�
HPXODWLRQ��*3(���*3(�ZDV�RQO\�LPSOHPHQWHG�IRU�WKH�
UHOHDVH�WR�PDUNHW�YHUVLRQ��FI��VLGHEDU�IRU�PRUH�GHWDLOV���

$�6WXG\�LQ�WKH�7DPHG�:LOG�
,Q�RUGHU�WR�HYDOXDWH�WKH�JDPH�H[SHULHQFH�DQG�
SOD\DELOLW\�RI�WKH�PHWDSKRUV��D�VPDOO�VFDOH�VWXG\�ZDV�
FRQGXFWHG��7KH�VWXG\�ZDV�FDUULHG�RXW�LQ�WKH�ILHOG�LQ�
VHWWLQJV�WKDW�FRQVWLWXWH�UHDOLVWLF�HQYLURQPHQWV�IRU�
PRELOH�JDPLQJ��VXFK�DV�WUDLQ�DQG�WUDP�VWDWLRQV��LQ�
SXEOLF�WUDQVSRUW��RU�DW�WKH�XQLYHUVLW\��7KH����
SDUWLFLSDQWV�����I�����P��KDG�DQG�DJH�JURXS�PRGH�RI�
��±���\HDUV������RI�DOO�SDUWLFLSDQWV���7KH\�SOD\HG�
WKUHH�OHYHOV�ZLWK�WKUHH�WULHV�HDFK��7KH�ILUVW�OHYHO�RQO\�
UHTXLUHG�PRYLQJ�WKH�FKDUDFWHUV��7KH�VHFRQG�DQG�WKLUG�
OHYHO�UHTXLUHG�PRYLQJ�DQG�MXPSLQJ��,Q�WKH�WKLUG�OHYHO�LW�
ZDV�DOVR�SRVVLEOH�WR�IDLO��7KH�H[SHULPHQW�ZDV�GHVLJQHG�
DV�D�EHWZHHQ�JURXS�VWXG\��$IWHU�SOD\LQJ��SDUWLFLSDQWV�
FRPSOHWHG�D�TXHVWLRQQDLUH�ZKLFK�JDWKHUHG�JHQHUDO�
GHPRJUDSKLFV��H[SHULHQFH�ZLWK�PRELOH�JDPHV��DQG�WKHLU�
H[SHULHQFH�GXULQJ�JDPH�SOD\��3OD\HU�SHUIRUPDQFH�GDWD�
VXFK�DV�WLPH�QHHGHG�IRU�D�OHYHO��ILQDO�VFRUHV��DQG�WKH�
QXPEHU�RI�6RP\HROV�WKDW�ZHUH�ORVW�ZDV�DOVR�ORJJHG��
7KH�TXDQWLWDWLYH�UHVXOWV�VKRZHG�QR�FRQVLVWHQW�
GLIIHUHQFHV�EHWZHHQ�WKH�LQSXW�PRGHV��+RZHYHU��
TXDOLWDWLYH�IHHGEDFN�DQG�DQ�DQDO\VLV�RI�WKH�SHUIRUPDQFH�
GDWD�VXJJHVWHG�WKDW�WKH�WHVWHG�PHWKRGV�ZHUH�QRW�
RSWLPDO�DQG�DV�D�UHVXOW��D�IRXUWK�LQSXW�PHWDSKRU��*3(��
ZKLFK�PRUH�FORVHO\�UHVHPEOHV�JDPHSDGV��ZDV�DGGHG�WR�
WKH�UHOHDVH�YHUVLRQ��
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07*��)RU�WKH�PXOWL�WRXFK�JULG�

PHWKRG�WKH�VFUHHQ�LV�VSOLW�LQWR�VL[�

DUHDV��7KH�JULG�PD[LPL]HV�EXWWRQ�

VL]H��7KH�ORZHU�OHIW�DQG�ULJKW�

DUHDV�DUH�XVHG�IRU�ZDONLQJ��WKH�

WRS�OHIW�DQG�ULJKW�DUHDV�IRU�

MXPSLQJ�LQ�UHVSHFWLYH�GLUHFWLRQV��

7KH�WRS�FHQWHU�WULJJHUV�D�VWUDLJKW�

MXPS���

$&&��8VHV�WKH�DFFHOHURPHWHU�WR�

FRQWURO�OHIW�DQG�ULJKW�PRYHPHQWV�

GHSHQGLQJ�RQ�WKH�SKRQH�WLOW��$�

WRXFK�JHVWXUH�WULJJHUV�MXPSLQJ��

2)5��7KH�RQH�ILQJHU�UHODWLYH�

LQSXW�PHWKRG�XVHV�WKH�ILUVW�WRXFK�

SRLQW�IURP�WKH�VFUHHQ��,I�WKH�

WRXFK�SRLQW�PRYHV�OHIW��ULJKW��RU�

XS��ZKLOH�WKH�SOD\HU�KROGV�GRZQ�

KLV�KHU�ILQJHU���WKH�FKDUDFWHUV�

PRYH�DFFRUGLQJO\��
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$QDO\]LQJ�'DWD�IURP�WKH�5HDO�:LOG�
$�SRVW�UHOHDVH�FRPSDUDWLYH�DQDO\VLV�ZDV�H[HFXWHG�ZLWK�
GDWD�IURP���������SOD\HUV��FDSWXUHG�GXULQJ����PRQWKV�
LQ��������2QO\������SOD\HUV�FKDQJHG�WKH�DFWLYH�LQSXW�
PHWDSKRU�IURP�WKH�QHZ�GHIDXOW�*3(�WR�RQH�RI�WKH�RWKHU�
PHWKRGV��ZKLFK�ZHUH�DYDLODEOH�YLD�WKH�VHWWLQJV�PHQX��
7KHVH�SOD\HUV�FKDQJHG�WKH�LQSXW�PHWKRG��������WLPHV�
�0 �����WLPHV�SHU�SOD\HU���������������UHYHUWHG�EDFN�
WR�WKH�*3(�PHWDSKRU�DIWHU�WU\LQJ�RWKHU�PRGHV������
������ODVW�VHWWOHG�RQ�2)5������������RQ�07*�DQG�����
������RQ�$&&��2YHUDOO��WKH�SOD\HUV�VKRZHG�D�FOHDU�
SUHIHUHQFH�IRU�*3(��$OO�RWKHU�PRGHV�ZHUH�URXJKO\�HQ�
SDU��DV�VXJJHVWHG�E\�WKH�VPDOO�VFDOH�ILHOG�VWXG\���$OO�
PHWKRGV�ZHUH�VLPLODUO\�ZHOO�FRQVLGHUHG�EHIRUH�XVHUV�
PDGH�WKHLU�ILQDO�FKRLFH��SHUFHQWDJH�RI�VHVVLRQV�SOD\HG�
ZKLOH�VWLOO�PDNLQJ�FKDQJHV��*3(�������2)5�������
07*�������$&&������RI�D�WRWDO�RI���������VHVVLRQV���

'LVFXVVLRQ�
2XU�UHVXOWV�LOOXVWUDWH�WKH�LPSRUWDQFH�RI�D�TXDOLWDWLYH�
SHUVSHFWLYH��HVSHFLDOO\�LQ�HYDOXDWLRQV�GXULQJ�WKH�GHVLJQ�
DQG�LPSOHPHQWDWLRQ�SKDVH�RI�PRELOH�JDPHV��7KH�
TXDQWLWDWLYH�DQDO\VLV�RI�D�ODUJH�QXPEHU�RI�JDPH�UHFRUGV�
KHOSHG�VROLGLI\�WKH�GHFLVLRQ�IRU�DQ�DOWHUQDWLYH�LQSXW�
PRGH�DQG�FRQILUPHG�WKH�HTXDOLW\�RI�WKH�RWKHU�
DSSURDFKHV��7KLV�DOORZHG�XV�WR�FDSWXUH�D�PRUH�
FRPSOHWH�SLFWXUH�WKDQ�DQ�LVRODWHG�VWXG\�RU�D�IRFXV�RQ�
RQH�VSHFLILF�PHWKRG�ZRXOG�KDYH�SURYLGHG��$W�WKH�VDPH�
WLPH��WKH�DG�KRF�VPDOO�VFDOH�ILHOG�VWXG\�GLG�GHOLYHU�YDOLG�
LQVLJKWV��,Q�RUGHU�WR�LQIRUP�WKH�FRPSOH[�GHFLVLRQV�WKDW�
P*85�UHVHDUFK�IDFHV��IXWXUH�FRPSDUDWLYH�VWXGLHV�WKDW�
LQFOXGH�ODERUDWRU\�VWXGLHV��WR�DOORZ�IRU�PRUH�FRQWUROOHG�
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