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$%675$&7�
7KH�REMHFW�RI� WKLV�SDSHU� LV� WR�HYDOXDWH� WKH� LPSDFW�RI�
WDNLQJ� LQWR� DFFRXQW� UHDO� EHKDYLRXU� RQ� SURYLVLRQDO�
'\QDPLF�7KHUPDO�6LPXODWLRQV� �'76���7KH�GLVSDULW\�
WKDW�FDQ�RFFXU�EHWZHHQ�D�PRGHO�GHYHORSHG�DFFRUGLQJ�
WR� DFFHSWHG� K\SRWKHVLV� RUGLQDULO\� XVHG� DQG� D� PRGHO�
GHGXFHG�IURP�UHDO�EHKDYLRXU��KDELWV�LV�VLJQLILFDQW��,Q�
RUGHU�WR�WDNH�LQWR�DFFRXQW�WKH�K\SRWKHVHV�RI�UHDO�XVH��
LQKDELWDQWV� DUH� TXHVWLRQHG� DERXW� WKHLU� SUDFWLFHV� LQ�
VHPL�GLUHFWLYH� LQWHUYLHZV�� EDVHG� RQ� D� WKHPDWLF� JULG��
7KLV� DOORZV� WKH� LGHQWLILFDWLRQ� RI� JHQXLQH� EHKDYLRXU�
DQG�LWV�XVH�DV�LQSXW�LQ�'76�VRIWZDUH��7KH�FRQFOXVLRQV�
RI� WKH� LQWHUYLHZV� SHUPLW� WKH� LGHQWLILFDWLRQ� RI� QRQ�
WKHUPDO� SUHVVXUHV� WKH� LQWHUYLHZHHV� DUH� VXEMHFWHG� WR��
7KHVH� SUHVVXUHV� FUHDWH� LOORJLFDO� EHKDYLRU� IURP� D�
WKHUPDO�SRLQW� RI� YLHZ�ZKLFK� DUH�QRW� FXUUHQWO\� WDNHQ�
LQWR�DFFRXQW�LQ�SUHGLFWHG�PRGHOV��

,1752'8&7,21�
%XLOGLQJV�DUH�DGDSWLQJ�WR�HQHUJ\�UDUHIDFWLRQ�ZLWK�ORZ�
FRQVXPSWLRQ� JRDOV� �%%&�� DQG� QRZ� 7KHUPDO� /DZ�
������57��������7KH�TXHVWLRQ�RI�FRPIRUW�LQ�ZLQWHU�LV�
WHFKQRORJLFDOO\� DOUHDG\� UHVROYHG� WKURXJK� JRRG�
LQVXODWLRQ�DQG�D�UHOLDEOH�KHDWLQJ�V\VWHP��LQ�ERWK�QHZ�
DQG� ROGHU� EXLOGLQJV�� 6XPPHU� FRPIRUW� LV� PRUH�
GLIILFXOW� WR� PRGHO� DQG� WKHUHIRUH� HQVXUH�� ,QGHHG�� LW�
GHSHQGV�DERYH�DOO�RQ� WKH� IDFLOLWLHV� WKDW�DUH�DYDLODEOH�
DQG�KRZ�WKH\�DUH�XVHG�E\� WKH� LQKDELWDQWV� �ZLQGRZV��
VKXWWHUV��� 7KH� LQFUHDVH� LQ� WHPSHUDWXUH� LQ� VXPPHU�
OHDGV� WR�GLVFRPIRUW��%X\LQJ� DQ� DLU�FRQGLWLRQLQJ�XQLW�
LV� D� PHDQV� RI� SURGXFLQJ� RQHV� RZQ� FRQVWDQW� LQGRRU�
FOLPDWH�� 7KH� KHDW� ZDYH� RI� WKH� VXPPHU� RI� �����
FRQWULEXWHG� WR� WKH� WULSOLQJ� RI� WKH� QXPEHU� RI� DLU�
FRQGLWLRQLQJ�XQLWV�EHWZHHQ������DQG������� ,Q�HIIHFW�
KHDW� ZLWKLQ� GZHOOLQJV� LV� FRQVLGHUHG� D� GDQJHU�� 7KH�
SULQFLSDO� ULVN� LQ�PDVVLYH�DLU�FRQGLWLRQLQJ�HTXLSPHQW�
LV� FUHDWLQJ� QHZ� HQHUJ\� FRQVXPSWLRQ� ZKLOH� ZRUOG�
FRQWH[W� LV� LQFUHDVLQJO\� PRYLQJ� WRZDUGV� HQHUJ\�
PRGHUDWLRQ�� 7KH� HQHUJ\� GHSDUWPHQW� KDV� DOUHDG\�
REVHUYHG� SHDNV� LQ� WKH� UHTXHVW� IRU� HQHUJ\� DUH�
LQFUHDVLQJ� LQ� WKH�PLGGOH�RI� VXPPHU�GD\V�DQG� LW�ZLOO�
JHW�ELJJHU�LQ�WKH�IXWXUH��0(('7/���������
3DVVLYH� VXPPHU� FRPIRUW� LQ� KRXVLQJ� LV� DQ� HPHUJLQJ�
VWDNH��
)UDPHV� RI� UHIHUHQFH� DERXW� HQYLURQPHQWDO� TXDOLW\�
KDYH�EHHQ�FUHDWHG�E\�FRQWUDFWLQJ�DXWKRULWLHV��5K{QH�
$OSHV� UHJLRQ�� *UDQG�/\RQ� PHWURSROLV� DQG� VRFLDO�

EDFNHUV���7KHLU�JRDO�LV�WR�LPSURYH�FXUUHQW�DQG�IXWXUH�
DFFRPPRGDWLRQ�EXW�DOVR�WR�FRPSDUH�WKH�RSHUDWLRQ�RI�
WKHP��
)RU� WKLV� UHDVRQ� WKHVH� IUDPHV� RI� UHIHUHQFH� LPSRVH� D�
FHUWDLQ�QXPEHU�RI�REMHFWLYHV�LQ�UHVXOWV�DQG�PHDQV�RI�
FDOFXODWLQJ��'\QDPLF�WKHUPDO�VLPXODWLRQ�LV�RQH�RI�WKH�
WRROV� WR� EH� SXW� LQWR� SODFH� LQ� RUGHU� WR� SURYH� WKDW� D�
FHUWDLQ�TXDOLW\�RI�FRPIRUW�FDQ�EH�DWWDLQHG�LQ�KRXVLQJ�
GXULQJ�VXPPHU�ZLWKRXW�DLU�FRQGLWLRQLQJ�V\VWHPV��,W�LV�
D� SDVVLYH� DSSURDFK� WR� VXPPHU� FRPIRUW� WKDW� LV�
UHWDLQHG�� )RU� H[DPSOH�� WKH� IUDPH� RI� UHIHUHQFH� IURP�
WKH� 5K{QH�$OSHV� UHJLRQ� FRQVLGHUV� LWV� REMHFWLYH� RI�
FRPIRUW� WR�EH�QRW�JRLQJ�RYHU�D� WHPSHUDWXUH�RI����&�
LQVLGH� WKH� KRXVLQJ� IRU� PRUH� WKDQ� ��� KRXUV� LQ� RQH�
FDOHQGDU�\HDU�DFFRUGLQJ�WR�WKH�FOLPDWLF�EDVH�RI�������
'\QDPLF�WKHUPDO�VLPXODWLRQ�DOORZV�WKH�FRQVLGHUDWLRQ�
RI� FRPSOH[� K\SRWKHVHV� ZKLFK� FDQ� EH� GLYLGHG� LQWR�
WKUHH� FODVVHV�� FOLPDWH� K\SRWKHVHV�� EXLOGLQJ�
K\SRWKHVHV�DQG�XVHUV�K\SRWKHVHV��,I�WKH�EDVH�FOLPDWH�
ILOH�LV�LPSRVHG�������0HWHR�)UDQFH���)UHQFK�ZHDWKHU�
GDWD��DQG�WKH�FRQVWUXFWLRQ�RI�WKH�EXLOGLQJ�GHILQHG��WKH�
K\SRWKHVHV�ZKLFK� GHSHQG� RQ� WKH� LQKDELWDQWV� DUH� QRW�
IL[HG� IRU� WKH� FDOFXODWLRQ�� )RU� WKH� VDPH� UHVXOWV�
EHKDYLRU� LQSXWV� FDQ� FKDQJH�� L�H�� WZR� PRGHOV�� ZLWK�
GLIIHUHQW�K\SRWKHVHV�FDQ�UHDFK�WKH�VDPH�REMHFWLYH�EXW�
QRW�LQ�WKH�VDPH�PDQQHU��7KLV�WKHUHIRUH�FRPSURPLVHV�
WKH�FRPSDULVRQ�EHWZHHQ�WKH�SURMHFWV��
+RZ�FDQ�WKH�SUR[LPLW\�EHWZHHQ�UHWDLQHG�K\SRWKHVHV�
DQG�DFWXDO�EHKDYLRU�EH�FRQILUPHG"�
8VXDOO\�� WKHUH�LV�QRW�DQ\�FRQQHFWLRQ�EHWZHHQ�SURMHFW�
PDQDJHPHQW� DQG� EXLOGLQJ� XVHUV�� 2Q� DQ� RSHUDWLRQDO�
EDVLV�� WKH� OLQN� EHWZHHQ� WKH� GLIIHUHQW� DFWRUV� LQ� D�
EXLOGLQJV�OLIH�FDQQRW�EH�VHHQ�DV�D�GLUHFW�H[FKDQJH��,Q�
HIIHFW� WKH� WHDP� WKDW� FRQFHLYHV� WKH� EXLOGLQJ� GRHV� VR�
DFFRUGLQJ� WR� WKH� VSHFLILFDWLRQV� RI� WKH� PDQDJHPHQW�
WHDP��WKH�QRUPV�DQG�WKH�VXSSRVLWLRQV�WKH\�FDQ�PDNH�
RI�WKH�XVHUV��$W�WKLV�SRLQW��WKH�EXLOGLQJ¶V�UHVSRQVH�WR�
XVHUV¶� GHPDQGV� LV� FRPSXWHG� WKURXJK� WKH� DLG� RI�
GLIIHUHQW� VRIWZDUH�� DQG� WKHUHIRUH� '76� VRIWZDUH��
7KHQ�� WKH� SURMHFW� LV� EXLOW� DQG� GHOLYHUHG�� 7KH�
LQKDELWDQWV� RFFXS\� WKH� EXLOGLQJ� DQG� PDQDJH� LW� RQ�
WKHLU� RZQ�� 7KHUH� DUH� IHZ� VWXGLHV� DERXW� KRZ� SHRSOH�
GHDO� ZLWK� LQGRRU� FOLPDWH�� 8VXDOO\�� WKLV� UHVHDUFK� LV�
GRQH� E\� GHVLJQ� RIILFHV� WKDW� GLG� QRW� KDQGOH� WKH�
FRQFHSWLRQ��(QHUWHFK���������
7KLV� VWXG\� DLPV� WR� GHYHORS� D� OLQN� EHWZHHQ� EXLOGLQJ�
GHVLJQ�DQG�RFFXSDWLRQ�E\�UHDO�LQKDELWDQWV���
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7KLV� DSSURDFK� LV� EDVHG� RQ� D� FDVH� VWXG\� GRQH� RQ� D�
JURXS�RI���VHPL�GHWDFKHG�KRXVHV�LQ�XUEDQ�DUHD�DQG���
KRXVHV� LQ� UXUDO� DUHD�� 7KH\� DUH� DOO� VLWXDWHG� LQ� WKH�
5K{QH�$OSHV�UHJLRQ�LQ�)UDQFH��
7KH�FRKHVLRQ�RI�WKH�LQIRUPDWLRQ�DQG�WKH�DFWRUV�LQ�WKLV�
VWXG\� LV� JXDUDQWHHG� E\� LWV� EHLQJ� FDUULHG� RXW� E\� WKH�
DUFKLWHFWXUDO� DQG� WKHUPDO� GHVLJQ� RIILFHV� ZKLFK�
FRQFHLYHG� WKH�EXLOGLQJ��7KH�GHVLJQ�DQG�FRQVWUXFWLRQ�
ZRUN� LV� FRPSOHWHG� WKURXJK� D� YHULWDEOH� ILHOG�
LQYHVWLJDWLRQ��'DWD�FROOHFWLRQ� WRRN�VKDSH�LQ�WKH�IRUP�
RI� RUDO� LQWHUYLHZV� LQ� RUGHU� WR� XQGHUVWDQG� WKH�
EHKDYLRXU� DQG� IHHOLQJV� WRZDUGV� FRPIRUW�� 7KLV�
DSSURDFK� EDVHG� RQ� D� QDUURZ� VDPSOH� LV� TXDOLWDWLYH�
UDWKHU� WKDQ� TXDQWLWDWLYH�� 1R� PHDVXUHPHQWV� ZHUH�
PDGH� EHFDXVH� WKH� JRDO� LV� WR� XQGHUVWDQG� KRZ�SHRSOH�
UHDFW�� DQG� QRW� WKH� EXLOGLQJ¶V� UHVSRQVH� ZKLFK� LV�
FDOFXODWHG� WKURXJK� WKH� XVH� RI� VRIWZDUH�� 7KH�
EHKDYLRXU� FRQVLGHUHG� LV� W\SLFDO� RI� D� FHUWDLQ� QXPEHU�
RI� XVHV� EXW� FDQQRW� EH� FRQVLGHUHG� H[KDXVWLYH�� 7KLV�
VWXG\� FDQQRW� WKHUHIRUH� EH� DSSOLHG� GLUHFWO\� WR� RWKHU�
FDVHV���
1HYHUWKHOHVV��LW�DOORZV�WKH�HVWLPDWLRQ�RI�WKH�GLVSDULW\�
EHWZHHQ�DGPLWWHG�K\SRWKHVLV�DQG�WKRVH�GHGXFHG�IURP�
WKH� LQWHUYLHZV�RI� WKH�ILHOG� LQYHVWLJDWLRQ��7KLV�GDWD� LV�
LQWHJUDWHG� LQWR� WKH� '\QDPLF� 7KHUPDO� 6LPXODWLRQV�
PRGHO� UHSUHVHQWLQJ� WKH� EXLOGLQJ� ZKHUH� WKH�
LQKDELWDQWV� TXHVWLRQHG� OLYH�� � 7KH� &RPIRUW�EHKDYLRU�
OLQN�FDQ�EH�YLHZHG�DV�D�GLDOHFWLF�UHODWLRQVKLS�EHWZHHQ�
DQ�DFFRPPRGDWLRQ�DQG�LWV�LQKDELWDQWV��
+RZ� WDNLQJ� LQWR� DFFRXQW� WKH� UHDO� EHKDYLRU� RI�
RFFXSDQWV� FDQ� DOORZ� WKH� HYDOXDWLRQ� RI� WKH� UHOHYDQFH�
RI� SURMHFWHG� G\QDPLF� WKHUPDO� VLPXODWLRQV� DERXW�
VXPPHU�FRPIRUW�LQ�KRXVLQJ"�
+RZ� FDQ� D� PRUH� DFFXUDWH� DVVHVVPHQW� RI� FRPIRUW�
FRQGLWLRQV� LPSDFWV� WKH� GHVLJQ� RI� IXWXUH�
DFFRPPRGDWLRQV"�
:H� ZLOO� DWWHPSW� WR� LGHQWLI\� QRQ�WKHUPDO� HOHPHQWV�
ZKLFK�FRPH�LQWR�SOD\�LQ�WKH�HVWDEOLVKPHQW�RI�VXPPHU�
FRPIRUW�� 7KDW� LV� WR� VD\� ZKDW� FDQ� LQIOXHQFH� WKH�
SV\FKRORJLFDO� DGDSWDWLRQ� RI� SHRSOH� DQG� ZKLFK�
PHWKRGV� WR� GHYHORS� ZKLOH� FRPSXWLQJ� EHKDYLRU�
PRGHOV��
)LUVWO\� WKLV�SDSHU�H[SODLQV� WKH�PHWKRG�GHYHORSHG�IRU�
WKLV� ZRUN�� &RPIRUW� QRWLRQ� LV� H[SODLQHG� LQ� RUGHU� WR�
SODFH� WKLV� VWXG\� LQ� WKH�FRQWH[W�RI� VWXGLHV�FDUULHG�RXW�
RQ�WKLV�VXEMHFW��$�VRIWZDUH�PRGHO�LV�WKHQ�GHVFULEHG�LQ�
RUGHU� WR� WUDQVSRVH� WKH� UHDO� FRPIRUW� SURFHVV� LQWR� D�
WKHRUHWLFDO� SURMHFWHG� PRGHO�� 7KH� UHDO� K\SRWKHVHV�
GHGXFHG� IURP� WKH� VXUYH\� DUH� LQWHJUDWHG� LQWR� WKH�
PRGHO�� LQ� ZKLFK� WKH� LQKDELWHG� EXLOGLQJ� ZDV�
FRPSXWHG��LQ�WKH�IRUP�RI�XVHV�VFHQDULRV��
6HFRQGO\� WKH� UHVXOWV� DUH� H[SRVHG� DQG� LQWHUSUHWHG� WR�
DSSUHFLDWH� WKH� JDS� WKDW� FDQ� H[LVW� EHWZHHQ� WKH� WZR�
NLQGV� RI� K\SRWKHVHV� WKRVH� DFFHSWHG� DQG� WKRVH� EDVHG�
RQ� ILHOGZRUN�� 7KH� HPHUJHQFH� RI� FRPIRUW� FRQGLWLRQV�
ZLOO�EH�FRQVLGHUHG�DFFRUGLQJ�WR�WKH�DGDSWLYH�FRPIRUW�
WKHRU\� �%UDJHU�� ������� 7KH� UHOHYDQFH� RI� WKH�
K\SRWKHVHV�ZKLFK�FRPH�LQWR�SOD\�RU�QRW�LQ�WKH�PRGHO�
ZLOO� EH� GLVFXVVHG� LQ� UHODWLRQVKLS� ZLWK� WKH� FDVH�
VWXGLHV�� 7KH� LPSDFW� RI� VHWWLQJ� XS� OHVV� UHVWULFWLYH�

WHFKQRORJLHV� LQ� KDELWDWLRQV� ZLWK� LGHQWLFDO� XVHV�� ZLOO�
DOVR�EH�WDFNOHG��
)LQDOO\�� DQG� WR� FRQFOXGH� WKH� LQIOXHQFH� RI� SUHYLRXV�
UHVXOWV� RQ� JHQHUDOO\� XVHG� PHWKRGV� IRU� SUHGLFWHG�
VWXGLHV�ZLOO�EH�DVVHVVHG��

0(7+2'�
From comfort notion to comfort process 
7KHUPDO� FRPIRUW� ZDV� ILUVW� FRQVLGHUHG� DV�
SK\VLRORJLFDO� FRQGLWLRQ� �)DQJHU�� ������ RI� D� SDVVLYH�
VXEMHFW��2QO\�SK\VLFDO�H[FKDQJHV�EHWZHHQ�WKH�VXEMHFW�
DQG� KLV� HQYLURQPHQW� DUH� WDNHQ� LQWR� DFFRXQW�
�UDGLDWLRQ�� FRQYHFWLRQ�� FRQGXFWLRQ�� HYDSRUDWLRQ���
7KLV� DQDO\WLFDO� DSSURDFK� WRZDUGV� FRPIRUW� EDVHG� RQ�
HQYLURQPHQWDO� WHVW� FKDPEHUV�� FRQVLGHUV� DQ� DEVWUDFW�
LQGLYLGXDO� RXWVLGH� RI� KLV� UHDO� SK\VLFDO� FRQWH[W��
)XUWKHUPRUH� WKLV� DSSURDFK� LV� FRQVLGHUHG� WR� EH�
XQLYHUVDOO\� DGDSWDEOH� WR� DOO� KXPDQV� DV� LW� RQO\� WDNHV�
LQWR�DFFRXQW�WKH�SK\VLFDO�DVSHFWV���
7KH� DSSHDUDQFH� RI� WKH� DGDSWLYH� DSSURDFK� �'H�'HDU��
%UDJHU�� ������ EDVHG� RQ� D� GDWDEDVH� EXLOW� IURP� UHDO�
EXLOGLQJV� DQG� XVHUV� VKRZV� DQ� HYROXWLRQ� EHFDXVH� DQ�
LQGLYLGXDO� LV� FRQVLGHUHG� ZLWKLQ� KLV� FRQWH[W� DQG� FDQ�
DFW� XSRQ� LW�� 7KH� SDUWLFXODULW\� RI� EHKDYLRXUDO�
DGDSWDWLRQ� LV� WKDW� WKH� VXEMHFW�FDQ� DIIHFW� WKH�EXLOGLQJ�
LWVHOI� E\� GLUHFWO\� PRGLI\LQJ� WKH� FOLPDWLF� FRQGLWLRQV��
�RSHQLQJ� ZLQGRZV�� FORVLQJ� VKXWWHUV��� 7KHUPDO�
DGDSWDWLRQ� FRXOG� EH� GLYLGHG� LQ� WKUHH� FDWHJRULHV��
SK\VLRORJLFDO�� EHKDYLRUDO� DQG� SV\FKRORJLFDO�
DGDSWDWLRQ�� $GDSWLYH� FRPIRUW� WKHRU\� GHILQHV� VLPSO\�
WKDW� WKH� RFFXSDQW� VKRXOG� EH� DEOH� WR� DFW� GLUHFWO\� RQ�
WKHLU�HQYLURQPHQW�VR�WKDW� WKH�FRPIRUW�]RQH�SURSRVHG�
FDQ� EH� XVHG�� 7KLV� VWDWLVWLFDO� DSSURDFK� KDV� EHHQ�
GHYHORSHG� WKDQNV� WR�GDWD�FROOHFWHG� LQ�VHYHUDO�RIILFHV�
DQG� ZH� DUH� VWXG\LQJ� KRXVLQJ�� 7KH� UROH� RI� GLIIHUHQW�
DGDSWDWLRQV�FRXOG�OLJKWO\�YDU\�IURP�%UDJHU¶V�WKHRU\��
7KH� SXUSRVH� KHUH� LV� QRW� WR� SURSRVH� D� QHZ� FRPIRUW�
WKHRU\� EXW� WR� WUDQVFULEH� LW� DV� D� SURFHVV� GHDOLQJ�ZLWK�
WKH� LQGLYLGXDO�� EXLOGLQJ� DQG� LQGRRU� FOLPDWH�� 7KRVH�
SDUDPHWHUV� IRUP� D� FRPSOH[� V\VWHP�� $Q� LQGRRU�
FOLPDWH¶V�HIIHFW�RQ�FRPIRUW�VHQVDWLRQV�LV�REMHFW�RI�WKH�
VWXG\� RQ� SK\VLRORJLFDO� FRPIRUW� �)LJXUH� ��� ZKLWH�
SDUW��7KLV�LV�TXDQWLILDEOH�DQG�KDV�DOUHDG\�EHHQ�ZLGHO\�
VWXGLHG��
�

�
)LJXUH���3URFHVV�RI�DGDSWLYH�FRPIRUW�
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$GDSWLYH� WKHRU\� VWXGLHV� WKH� UHODWLRQVKLS� EHWZHHQ�
LQGRRU�FOLPDWH�DQG�DQ�LQGLYLGXDO��)LJXUH����OLJKW�JUH\�
SDUW���$OWKRXJK�IHHOLQJV�DUH�QRW�TXDQWLILDEOH�IURP�DQ�
HQJLQHHULQJ� SRLQW� RI� YLHZ�� EHKDYLRU� LV� D� FRQFUHWH�
HOHPHQW� RI� ZKLFK� LQGLYLGXDO� FDQ� FRPPXQLFDWH� KLV�
RZQ� SHUFHSWLRQV�� 6R� LW� LV� SRVVLEOH� WR� FROOHFW�
LQIRUPDWLRQ� DERXW� KLV� EHKDYLRXU� WKURXJK� GLVFXVVLRQ�
�)LJXUH���GRWWHG�JUH\�SDUW���
7KH� FKRVHQ� FROOHFW�PHWKRG� LV� LQWHUYLHZV�EDVHG�RQ� D�
WKHPDWLF� JULG� WDFNOLQJ� WKHUPDO� LVVXHV� �IDYRULWH�
WHPSHUDWXUHV�� WKH� H[SHULHQFHV� RI� GLVFRPIRUW�� GUDIW�
LVVXHV���FRQWURO�WRROV�XVHG��ZLQGRZV��GRRUV��VKXWWHUV��
DQG� FRPIRUW� IDFWRUV� �WKHUPDO�� DFRXVWLF�� ROIDFWRU\��
YLVXDO«���7KH� LQTXLU\� DOORZV� RQH� WR� XQGHUVWDQG� WKH�
ZD\�SHRSOH�SURGXFH�WKHLU�RZQ�FRPIRUW��'DUG���������
&ROOHFW� WHFKQLTXH� XVHG� LV� NQRZQ� LQ� VRFLRORJ\� DV�
VHPL�GLUHFWLYH� LQWHUYLHZ�� 7KH� GDWD� XVHG� KHUH� LV�
FRQVWLWXWHG� IURP�ZKDW� WKH� LQGLYLGXDO� VD\V� DFFRUGLQJ�
WR� ZKDW� KH� UHPHPEHUV�� :KDW� SHRSOH� VD\� IURP� LV�
PHPRU\�IRXQGV�GDWDEDVH��

Settlement of model 
$OWKRXJK� FRPIRUW� ZRUNV� DV� D� SURFHVV�� WKH� PRGHO�
SURGXFHV�RXWSXW�EDVHG�RQ�LQSXW�GDWD��E\�LQWHUYHQWLRQ�
RI� D� FRGH�� 7KH�0LQHV� GH� 3DULV� 6FKRRO� GHYHORSHG� D�
ILQLWH� GLIIHUHQFH� SURJUDP� VLPSOLILHG� E\� PRGDO�
DQDO\VLV� FDOOHG� &RPILH�� ,QSXW� LQWHUIDFH� LV� 3OHLDGHV�
VRIWZDUH� GHYHORSHG� E\� ,]XED� HQHUJ\�� 7KLV� WRRO� LV�
FXUUHQWO\�XVHG�E\�GHVLJQ�RIILFHV� WR� UHDOL]H�SURMHFWHG�
FRPIRUW� VWXGLHV�� 3OHLDGHV�&RPILH� DUH� HPSOR\HG� WR�
VHWWOH� UHIHUHQFH� PRGHOV� IURP� RUGLQDU\� XVH�
K\SRWKHVHV�� %XLOGLQJ� K\SRWKHVLV� DUH� FRPSXWHG� WRR��
DQG�IL[HG��,W�DOORZV�RQH�WR�VHW�D�UHIHUHQFH�PRGHO� IRU�
WKH�EXLOGLQJ�VWXGLHG��7DEOH�����7KH�VHFRQG�VWHS�LV�WR�
FROOHFW� UHDO� XVHV�� FRQYHUW� WKHP� LQWR� EHKDYLRU�
K\SRWKHVLV�DQG�LPSOHPHQW�WKHP�LQ�D�PRGHO��
�

7DEOH���
5HIHUHQFH�VFHQDULR�K\SRWKHVLV�

HYPOTHESIS BASE SOURCE 
:HDWKHU�GDWD� /\RQ�%URQ������ 0pWpR�)UDQFH�
2UGHU�
WHPSHUDWXUH��

'D\������&�
1LJKW������&� )UHQFK�ODZ��57�����

2FFXSDWLRQ� ��SHRSOH� 5K{QH�$OSHV�UHJLRQ��
UHIHUHQFH�GRFXPHQW�

3UHVHQFH� (YHQLQJ�DQG�
ZHHN�HQG� )UHQFK�ODZ��57������

9HQWLODWLRQ� ����P��K�PD[L���
���P��K�PLQL�

&RQFHSWLRQ�
GRFXPHQWV�

2YHU�YHQWLODWLRQ�
VXPPHU�QLJKW�

��YRO�K�IURP���
D�P��WR���D�P��

5K{QH�$OSHV�UHJLRQ��
UHIHUHQFH�GRFXPHQW�

2FFXOWDWLRQ�LQ�
VXPPHU�

����IURP����D�P�
WR���S�P� +\SRWKHVLV�

+HDW�HPLVVLRQ� 6LPLODU�DPRQJ�
ZHHNV�DQG�URRPV�

5K{QH�$OSHV�UHJLRQ��
UHIHUHQFH�GRFXPHQW�

�

7KH� RXWSXW� LV� FRPSDUHG� WR� D� UHIHUHQFH� PRGHO�� ,W� LV�
SRVVLEOH�WR�FRPSDUH�WKH�WZR�FDOFXODWLRQV�DV�RQO\�XVH�
FKDQJHV�EHWZHHQ�PRGHOV���
�

7KH� ODVW� VWHS� FRQVLVWV� LQ� LQWHUSUHWLQJ� RXWSXWV� LQ�
DFFRUGDQFH� ZLWK� UHDO� K\SRWKHVHV� ZLWK� WKH� IHHOLQJV�
FROOHFWHG� GXULQJ� LQWHUYLHZV� WDNHQ� LQWR� DFFRXQW�� ,Q�
RWKHU�ZRUGV�QXPHULF�DSSURDFK�LV�UHODWHG�WR�YHUEDOL]HG�
OLIH�H[SHULHQFH��)LJXUH�����
�

�
)LJXUH���3DUDOOHO�SULQFLSOH��SURMHFWHG�FDOFXODWLRQ�

DQG�FDVH�VWXG\�

Data definition from case study 
7KH� FDVH� VWXG\� LV� DFKLHYHG� WKURXJK� WZR� UHDO� HVWDWH�
RSHUDWLRQV�� IRXU� KRXVHV� LQ� D� UXUDO� HQYLURQPHQW� DQG�
VL[� LQ� XUEDQ� DUHDV�� 7KH� UHVHDUFKHU� PHW� ZLWK� KDOI� RI�
WKH� IDPLOLHV�� 7KLV� VWXG\� SUHVHQWV� XUEDQ� FDVH� UHVXOWV�
�7DEOH�����

7DEOH���
%XLOGLQJ�IHDWXUHV�

BUILDING HYPOTHESIS 
0DLQ�RULHQWDWLRQ�� 6RXWK�
*DUGHQ�ORFDWLRQ� 6RXWK�RI�WKH�KRXVH�
:DOOV�VDQGZLFK�
LQVXODWLRQ��

2XWVLGH���6W\URIRDP���FP��
,QVLGH���6W\URIRDP���FP�

5RRI�LQVXODWLRQ� $WWLF�����FP�PLQHUDO�ZRRO��
,VRODWLRQ�VRO� 8QGHU�VODE��6W\URIRDP���FP��
,QHUWLD�� $YHUDJH�DV�WR�7KHUPDO�/DZ�
2FFXOWDWLRQ� 5ROOHU�VKXWWHU�
:LQGRZV� ��OHDI��LQZDUG�RSHQLQJ�
+HDWLQJ�V\VWHP� ,QGLYLGXDO�JDV�
+RW�ZDWHU� 6RODU��JDV�H[WUD�
�

7KH�LQKDELWDWLRQV�VWXGLHG�DUH�RUJDQL]HG�DFFRUGLQJ�WR�
WKH� VDPH� SODQ�� GXSOH[� KRXVHV�� ZLWK� EHGURRPV�
XSVWDLUV�� 7KH� GHVLJQ� FRQFHSWLRQ� DQVZHUV� ELRFOLPDWLF�
SULQFLSOHV�� %XLOGLQJV� DUH� FRPSDFW� DQG� WKH� PDLQ�
URRPV¶� ZLQGRZV� IDFH� VRXWK�� 2QO\� IRXU� VPDOO�
RSHQLQJV�DUH�PDGH�RQ�WKH�QRUWK�VLGH��RQH�WR�QDWXUDOO\�
YHQWLODWH� VWDLUV�� RQH� WR� OLJKW� XS� DQG� YHQWLODWH� WKH�
EDWKURRPV�� RQH� ZLWK� D� QRQ�RSHQLQJ� ZLQGRZ� LQ� WKH�
OLYLQJ�URRP�DQG�RQH�WR�VHW�XS�FURVV�YHQWLODWLRQ�LQ�WKH�
NLWFKHQ�� 7KH� FRQVWUXFWLYH� DVSHFW� RI� WKH� EXLOGLQJV� LV�
UHFRUGHG� LQ� WKH� VWXG\� DQG� QRW� PRGLILHG� WR� WHVW� WKH�
GLIIHUHQW� XVH� K\SRWKHVHV�� 6HPL� GLUHFWLYH� LQWHUYLHZV�
ZHUH� GRQH� LQ� VSULQJ� ����� ZLWK� LQKDELWDQWV� LQ� WKHLU�
KRPHV��
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�
)LJXUH���%XLOGLQJ�SODQ�

�

%HKDYLRU� LQGH[HV� ZHUH� FUHDWHG� DFFRUGLQJ� WR� WKH�
UHFRUGV�RI� WKH�PHHWLQJV�DQG�FRQYHUWHG� LQWR�EHKDYLRU�
VFHQDULR�� ZKLFK� FDQ� EH� HQWHUHG� LQWR� D� PRGHO�� 7KH�
IDPLOLHV� ZHUH� OLYLQJ� YDULHG� VLWXDWLRQV�� )RU� H[DPSOH�
RFFXSDWLRQ��RI�IRXU�URRP�DFFRPPRGDWLRQV��RQH�RI�WKH�
IDPLOLHV� KDV� D� SDUHQW� ZRUNLQJ� DW� QLJKW�� LQ� DQRWKHU�
RQO\�RQH�SDUHQW�ZRUNLQJ��DQG� WKH� WKLUG�RQH� LV�D� ILYH�
SHRSOH�IDPLO\���
�

7DEOH���
'HGXFHG�K\SRWKHVLV�LQ�IDPLOLHV�VFHQDULRV��PRUH�

FRPPRQ�YDULDQW��

FAMILIES 1 2 3 
2FFXSDWLRQ� ��SHRSOH� ��SHRSOH� ��SHRSOH�
3DUHQW��� 2IILFH�KRXUV� 'R�QRW�ZRUN� 2IILFH�KRXUV�
3DUHQW��� 7KUHH�HLJKW�

WLPH�
7KUHH�HLJKW�
WLPH�

0RUQLQJ�RU�
DIWHUQRRQ�

&KLOGUHQ� ��FKLOGUHQ� ��FKLOGUHQ��
WRR�\RXQJ�IRU�
VFKRRO�

��FKLOGUHQ�

2YHU�
YHQWLODWLRQ�
XSVWDLUV�

$Q\� $Q\� ��YRO�K�IURP�
��WR����D�P��

2YHU�
YHQWLODWLRQ�
GRZQVWDLUV�

��YRO�K�IURP�
��WR���D�P���
IURP����WR���
S�P��DQG�
IURP���WR���
S�P��

��YRO�K�IURP�
��WR����D�P��
DQG�IURP���WR�
���S�P��

��YRO�K�IURP�
��WR����D�P��
DQG�IURP���
WR����S�P��

6XPPHU�
RFFXOWDWLRQ�
XSVWDLUV�

�����IURP�
PLGGD\�WR���
S�P��

�����IURP�
�D�P��WR�
�S�P��DQG���
S�P��WR���D�P��

�����IURP�
PLGGD\�WR���
S�P��

6XPPHU�
RFFXOWDWLRQ�
GRZQVWDLUV�

�����IURP�
PLGGD\�WR���
S�P��DQG�
IURP���S�P��
WR���S�P��

�����IURP�
���D�P��WR���
S�P��DQG�
IURP���S�P��
WR���D�P��

����IURP���
D�P�WR���
S�P��������
IURP����
S�P�WR���D�P��

+HDW�
HPLVVLRQ�

:HHNO\�
YDULDWLRQ�

:HHNO\�
YDULDWLRQ�

:HHNO\�
YDULDWLRQ�

7KLV�NLQG�RI�VLWXDWLRQ� LV� UDUHO\� WDNHQ� LQWR�DFFRXQW� LQ�
XVXDO�PRGHOV��,QGHHG��XVXDO�VFHQDULR�FRQVLGHUV�D�IRXU�
SHRSOH�IDPLO\�ZLWK�WZR�SDUHQWV�ZRUNLQJ�DW�GD\��
(DFK� LQWHUYLHZ� OHDGV� WR� D� FRQFUHWH� SURILOH�� 7KUHH�
W\SLFDO� SURILOHV� ZHUH� FRQVLGHUHG� DFFRUGLQJ� WR� WKH�
FKDUDFWHULVWLFV�RI�HDFK�IDPLO\�PHHWLQJ��7KH\�LQFOXGH��
RFFXSDWLRQ�� KHDW� HPLVVLRQ� RI� HOHFWULFDO� GHYLFHV��
RFFXOWDWLRQ�DQG�YHQWLODWLRQ��7DEOH�����
$� ZHHNO\� VFHQDULR� RI� HDFK� NLQG� KDV� EHHQ�
SURJUDPPHG� DFFRUGLQJ� WR� WKH� LQIRUPDWLRQ� JDWKHUHG�
DQG� GHYHORSHG� RYHU� WKH�ZKROH� VXPPHU� SHULRG�� 7KLV�
VKRZV� D� GLIIHUHQFH� HDFK� GD\� FRQWUDU\� WR� UHIHUHQFH�
K\SRWKHVLV� ZKHUH� GD\V� DUH� LGHQWLFDO�� 2SHQLQJ�
PDQLSXODWLRQV� DUH�PDWFKHG�ZLWK� KRXVLQJ� RFFXSDWLRQ�
WLPH�� ,Q� RUGHU� WR� VWXG\� RXWSXWV�� D� EDVLV� DQDO\VLV�
SHULRG�LV�FKRVHQ��7KLV�LV�WKH�ZDUPHVW�ZHHN�DFFRUGLQJ�
WR�WKH�ZHDWKHU�ILOH�RI�������

Data exactness 
6HWWLQJ� XS� D� PRGHO� UHTXLUHV� LGHQWLI\LQJ� WKH� PRVW�
SHUWLQHQW�]RQLQJ�LQ�RUGHU�WR�HYDOXDWH�WKH�LPSDFW�RI�WKH�
YDULDWLRQ� LQ� WKH� K\SRWKHVHV�� $� ]RQH� E\�
DFFRPPRGDWLRQ� LV� VSHFLILHG� LQ�SDUDPHWULF� WHVW�DQG�D�
]RQH� E\� URRP� LQ� FRXSOHG� PRGHO�� $GGLWLRQDO��
SDUDPHWULF�WHVWV�KDYH�EHHQ�GRQH�RQ�D�FRXSOHG�PRGHO�
LQ� RUGHU� WR� FRQILUP� JOREDO� ]RQLQJ� RXWFRPHV�� 7KH�
XVHUV�PHW�GLVWLQJXLVKHG� WKHLU�EHKDYLRU�GHSHQGLQJ� RQ�
WKH�URRPV�RI�WKHLU�KRXVH��3UHFLVH�]RQLQJ�HPSKDVL]HV�
KLJK� KHDW� HPLVVLRQ� URRPV� DQG� ORZ� KHDW� HPLVVLRQ�
URRPV� �DQG� URRPV� RI� SDVVDJH��� 7KHUH� LV� D�
FRQFHQWUDWLRQ� RI� HOHFWULFDO� GHYLFHV� LQ� KLJK� KHDW�
HPLVVLRQ� URRPV� �FRRNHUV�� IULGJH� LQ� NLWFKHQ� DQG�
WHOHYLVLRQ��FRPSXWHU�LQ�OLYLQJ�URRP���7KRVH�]RQHV�DUH�
UDWKHU�ZDUPHU� LQ�FDVH�VWXG\� WKDQ� LQ�UHIHUHQFH�PRGHO�
ZKHUH�UHVXOWV�DUH�VPRRWKHG�DPRQJVW�WKH�URRPV��

5(68/76�
Parametric observation 
7KH�UHIHUHQFH�PRGHO¶V�VHQVLWLYLW\��³EDVH´��LV�VWXGLHG�
LQ� DFFRUGDQFH� ZLWK� EHKDYLRU� K\SRWKHVLV� WDNHQ�
VHSDUDWHO\� �)LJXUH� ���� )RU� H[DPSOH�� DQ� LQKDELWDQW�
LPSDFWV� RQ� EXLOGLQJ� DQG� LQGRRU� WHPSHUDWXUHV� �WKHQ�
KLV� RZQ� FRPIRUW�� E\� HPLWWLQJ� KHDW�� 7KHUH� DUH� WZR�
VRUWV� RI� KHDW�� GLUHFW� �PHWDEROLVP�� DQG� LQGLUHFW�
�HOHFWULF�GHYLFHV���

 2FFXSDWLRQ� �³RFFXS� $´��� ZKLOH� UHIHUHQFH�
VFHQDULR� SODQV� QR� SUHVHQFH� GXULQJ� WKH� GD\��
WKLV�K\SRWKHVLV�FRQVLGHUV�WKDW�WKHUH�LV�DW�OHDVW�
RQH�SHUVRQ� LQ�KRXVH�DOO� WKH� WLPH��7KH�HIIHFW�
RQ� WHPSHUDWXUHV� LV� D� FXUYH� VKLIW� ULVH�� 7KH�
GLIIHUHQFH�LV�DERXW�KDOI�D�GHJUHH�&HOVLXV��

 ,QWHUQDO� KHDW� HPLVVLRQV� �³DSSRUW�
UpJOHPHQWDLUH´��� KHDW� HPLWWHG� E\� HOHFWULF�
GHYLFHV� YDULHV� GXULQJ� WKH� GD\�� &DOFXODWLRQ�
GRQH� WKDQNV� WR� 7KHUPDO� /DZ� K\SRWKHVLV� LV�
WHVWHG� KHUH�� ,W� LPSDFWV� FXUYH� SHDNV� EXW�
JHQHUDO�WHPSHUDWXUH�OD\RXW�GRHV�QRW�FKDQJH��
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�
)LJXUH���7HPSHUDWXUHV�FXUYHV��ZDUPHU�ZHHN��-XO\����WR������SDUDPHWULF�REVHUYDWLRQ�

�

7KH� VHFRQG�ZD\� LQKDELWDQWV� DIIHFW� WHPSHUDWXUH� LV� WR�
PRGLI\�LQGRRU�RXWGRRU�UHODWLRQVKLS��7KDW�LV�WR�VD\�WR�
DFW� RQ� RSHQLQJV� E\� KDQGOLQJ� ZLQGRZV� DQG� VKXWWHUV�
�YHQWLODWLRQ�DQG�RFFXOWDWLRQ���$FWLRQ�RQ�WKHVH�FRQWURO�
GHYLFHV�LV�VLPXOWDQHRXV��

 2SHQLQJ� �³WKHUPL´��� D� PD[LPL]HG� XVH�
VFHQDULR�KDV�EHHQ�LQSXWWHG��6RODU�SURWHFWLRQV�
�VKXWWHUV�� DUH� WRWDOO\� FORVHG� DW� GD\� DQG�
RSHQHG�E\�QLJKW��$�GUDIW�LV�VHW�XS�DW�QLJKW�WRR�
DV�WR�WKHUPDO�SULQFLSOHV��7KH�HIIHFW�LV�D�FXUYH�
VKLIW� DW� WKH� ORZ� SRLQW� RI� DURXQG� D� GHJUHH�
&HOVLXV��

Coupled hypothesis 
7KH� QH[W� VWDJH� LV� WR� LQSXW� WKH� ZKROH� VFHQDULR�� 7KH�
DFFRPPRGDWLRQ� LV�FXW� XS� LQWR�RQH�]RQH�SHU� URRP� LQ�
RUGHU� WR� DQDO\]H� PRUH� SUHFLVHO\� RXWFRPHV��

7HPSHUDWXUHV� GLIIHU� EHWZHHQ� URRPV�� IRU� LQVWDQFH�
EHWZHHQ�JURXQG�DQG�VHFRQG�IORRU��
7HPSHUDWXUH� LV� ORZHU� GRZQVWDLUV�� &DVH� VWXG\�
VFHQDULR� ZRUNV� RQ� DOO� IDFWRUV� DW� RQFH�� RFFXSDWLRQ��
KHDW�HPLVVLRQ��YHQWLODWLRQ��DQG�RFFXOWDWLRQ��7KH�HIIHFW�
RI� FRXSOHG� VFHQDULRV� RQ� EXLOGLQJ� LV� JUHDWHU� WKDQ� WKH�
DGGLWLRQ�RI�DOO�HIIHFWV�WDNHQ�VHSDUDWHO\�LQ�D�SDUDPHWULF�
PRGHO�� :H� FDQ� QRWLFH� D� ODUJH� GLIIHUHQFH� EHWZHHQ�
WHPSHUDWXUH� RXWFRPH� IURP� FDVH� VWXG\� DQG� IURP�
UHIHUHQFH� K\SRWKHVLV� �)LJXUH� ���� 7KH� WKUHH� IDPLOLHV�
VWXGLHG�KDYH�YDULHG�EHKDYLRXU�EXW�WKH�RXWFRPHV�VKRZ�
VLPLODU�LQVLGH�FOLPDWH��7KH�JDS�LQ�FRPSDULVRQ�ZLWK�D�
UHIHUHQFH� PRGHO� VSUHDGV� EHWZHHQ� D� WKUHH� GHJUHH�
&HOVLXV� GLIIHUHQFH� DW� GD\� DQG� VL[� E\� QLJKW��:KHQ� LW�
FRPHV� WR� FRPIRUW�� WKH� VLWXDWLRQ� LV� WRXJK�� DV� LQGRRU�
OLYLQJ�URRP�WHPSHUDWXUH�LV�KLJKHU�RU�HTXDO�WR�RXWVLGH�
WHPSHUDWXUH�� �

�
)LJXUH���7HPSHUDWXUHV�FXUYHV��OLYLQJ�URRP��ZDUPHU�ZHHN��-XO\����WR������FDVH�VWXG\�K\SRWKHVLV��
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%UDJHU�FRPIRUW�]RQH�VWXG\�FRPILUPV�WKLV�REVHUYDWLRQ�
�)LJXUH� ���� &RQVLGHULQJ� UHIHUHQFH� �³EDVH´��
K\SRWKHVLV� WKH� KRXVH� LV� FRPIRUWDEOH� EXW� ZLWK� FDVH�
VWXG\�K\SRWKHVLV�FRPIRUW�LV�XQUHDFKDEOH��
�

�

�
)LJXUH���%UDJHU¶V�FRPIRUW�]RQH��RXWGRRU�

WHPSHUDWXUHV�RQ�WKH�DEVFLVVD��LQGRRU�WHPSHUDWXUH�RQ�
RWKHU�D[LV��

:H� FDQ� LGHQWLI\� WKH� GLIIHUHQW� FDXVHV� RI� GLVFRPIRUW�
WKDW� H[LVW� EHWZHHQ� WKH� ILHOGZRUN�K\SRWKHVHV� DQG� WKH�
RIILFH� VWXG\�� )LUVW�� UHDO� RFFXSDWLRQ� LV� ZLGHO\� XQGHU�
HVWLPDWHG�LQ�D�UHIHUHQFH�PRGHO��6HFRQGO\��RFFXSDQWV�
GR� QRW� QHFHVVDULO\� NQRZ� KHDW� VFLHQFH� WKHRU\�� 7KH\�
FDQ� HQFRXUDJH� RYHUKHDWLQJ� ZLWKRXW� EHLQJ� DZDUH� RI�
WKHLU�DFWLRQ��7KHLU�EHKDYLRXU�FRXOG�EH�HIILFLHQW�LQ�RQH�
GRPDLQ� �RFFXOWDWLRQ�� EXW� QRW� LQ� DQRWKHU� �KHDW�
HPLVVLRQ���7KH�DFFXPXODWLRQ�RI� IDXOWV� LQ� WKH�XVHV�RI�
WKH�EXLOGLQJ�KDV�D�KLJK�LPSDFW�RQ�RYHU��KHDWLQJ��

Calculated comfort versus narrated comfort 
7KH�RXWFRPH�LV�WKDW�WKLV�KRXVH�FDQQRW�EH�FRPIRUWDEOH�
LQ� UHDO� WHVWHG� FRQGLWLRQV�� 'XULQJ� WKH� LQWHUYLHZV�
IDPLOLHV�FRUURERUDWHG� WKLV�REVHUYDWLRQ��7ZR�RI� WKHP�
KDG� DOUHDG\� ERXJKW� DQ� DLU� FRQGLWLRQLQJ� XQLW� WKH�
SUHYLRXV� \HDU� DQG� WKH� WKLUG� IDPLO\� KDG� MXVW� ERXJKW�
RQH� LQ� DQWLFLSDWLRQ� RI� WKH� FRPLQJ� VXPPHU�� 7KLV� LV�
QHLWKHU�DQ�DXWRPDWLF�SXUFKDVH�QRU�D�OX[XU\�EXW�GXH�WR�
SUHYLRXV� VXPPHUV�EHLQJ� WRR�ZDUP� LQVLGH� WKH� KRXVH��
,I�ZH� ORRN� DW� KHDW� HPLVVLRQV� IURP� LQVLGH� WKH� KRXVH��
ZH�UHDOL]H�WKDW�WKHUH�LV�RIWHQ�VRPHERG\�LQ�WKH�KRXVH�
GXULQJ� WKH� GD\�� 7KLV� LV� GXH� WR� SDUHQWV� VFKHGXOHV�
ZKLFK� DUH� QRW� RIILFH� WLPHWDEOHV� DQG� LPSO\� D� JUHDWHU�
RFFXSDWLRQ��)RU�H[DPSOH�RQH�IDWKHU�DFKLHYHV�D�WKUHH�
HLJKW�WLPHV��
0RUHRYHU�� ELRFOLPDWLF� GHVLJQ� SURPRWHV� VRXWK�
RULHQWDWLRQ�� $V� D� UHVXOW� WKH� JDUGHQ� LV� XQXVDEOH� RQ�
VXPPHU� GD\V�� 7KHUH� DUH� QR� VKDGRZV� DQG� LW� LV� WRR�
ZDUP��3HRSOH�VWD\�LQWR�WKH�KRXVH�WR�DYRLG�WKH�ZDUPWK�
RXWVLGH�GXULQJ�WKLV�SHULRG�ZKLFK�KHDWV�XS�URRPV�HYHQ�
PRUH�� *LYHQ� WKDW� WKH� DFFRPPRGDWLRQ� LV� ZHOO�
LQVXODWHG� DFFRUGLQJ� WR� ORZ� ZLQWHU� FRQVXPSWLRQ�
WDUJHWV�� HDFK� KHDW� HPLVVLRQ� LV� UHWDLQHG� LQVLGH� XQOHVV�
YHQWLODWLRQ� GUDLQV� LW� RII�� (OHFWULFDO� GHYLFHV� KHDW�
HPLVVLRQV� LQFUHDVH� DFFRUGLQJ� WR� SUHVHQFH� LQVLGH��
WHOHYLVLRQ� LV� WXUQHG�RQ��FRPSXWHU� LV�ZRUNLQJ«�+HDW�
FUHDWHG� E\� FRRNLQJ� LV� H[WUHPHO\� KLJK� DQG� SXQFWXDO��
7KH� FXOWXUDO� DQJOH� KDV� WR� EH� FRQVLGHUHG�� &HUWDLQ�

IDPLOLHV� FKRVH� WR� FRRN� RXWVLGH� WR� DYRLG� WHPSHUDWXUH�
SHDNV�LQVLGH��2WKHUV�FRRN�LQVLGH�HYHQ�LQ�VXPPHU��
,QVLGH�RXWVLGH�UHODWLRQ�WKDQNV�WR�RSHQLQJV�LV�LPSDFWHG�
EHFDXVH� RI� QRQ� WKHUPDO� VWUHVVHV�� ,W� FDQQRW� EH� WDNHQ�
LQWR� DFFRXQW� E\� D� KHDW� WUDQVIHU� GHVLJQ� RIILFH� ZKLFK�
UHDOL]HV�D�SURMHFWHG�PRGHO��6RODU�SURWHFWLRQ�E\�UROOHU�
VKDGHV� LV� LQ� FRPSHWLWLRQ�ZLWK�QDWXUDO� URRP� OLJKWLQJ��
,Q� IDFW� RQH� KDV� WR� FKRRVH� EHWZHHQ� VRODU� SURWHFWLRQ�
DQG� QDWXUDO� OLJKW� EHFDXVH� LI� UROOHU� VKDGHV� DUH� FORVHG�
WKH�URRP�LV�GDUN��7DEOH������
2SHQLQJ� ZLQGRZV� DW� QLJKW� WR� IUHVKHQ�XS� LV� OLPLWHG�
EHFDXVH�RI�WKH�LQWUXVLRQ�IURP�LQVHFWV��6HFXULW\�LV�DOVR�
D� SDUDPHWHU� ZKLFK� FDQ� UHVWULFW� RSHQLQJ�� EHFDXVH� RI�
WKH�IHDU�RI�LQWUXVLRQ��WKURXJK�JURXQG�IORRU�ZLQGRZV��
+RXVHV� DUH� ORFDWHG� FORVH� WR� D� IDFWRU\�� ,W� UHVWULFWV�
RSHQLQJV� WRR� EHFDXVH� RI� VPHOOV�� 'LVFRPIRUW� GXH� WR�
FURVV� GUDIWV� LV�PHQWLRQHG� E\� IDPLOLHV� WRR� EHFDXVH� LW�
LPSOLHV� GRRUV� DQG� ZLQGRZV� VODPPLQJ�� 7KH�
QHLJKERXUKRRG�LV�QRW�QRLV\��VR�WKLV�GLIILFXOW\�KDG�QRW�
EHHQ�PHQWLRQHG�E\�IDPLOLHV��
�

7DEOH���
1RQ�WKHUPDO�SUHVVXUHV�HIIHFW�

NOTICED 
BEHAVIORS�

NON-THERMAL STRESSES�

,QVLGH�ZLWKGUDZDO� *DUGHQ�SULYDF\�
*DUGHQ�VRODU�RYHU�H[SRVXUH�

:LQGRZV�FORVLQJ� 1DVW\�VPHOOV�
'RRU�VODPPLQJ�
1RLVH�
,QVHFXULW\�IHHOLQJ�
,QVHFWV�

6KXWWHUV�FORVLQJ� +RPH�SULYDF\�
1DWXUDO�OLJKWLQJ�

�

7KH� ODVW� SRLQW� XQGHUOLQHG� E\� IDPLOLHV� GXULQJ�
LQWHUYLHZV�� LV� WKH� ODFN� RI� SULYDF\�� 7KH� ZLWKGUDZDO�
LQVLGH� WKH� KRXVH� LV� DOVR� GXH� WR� WKH� SUR[LPLW\� RI�
QHLJKERXUV��6RXWK� IDFLQJ�ZLQGRZ� ORFDWLRQ�SURPRWHV�
IUHH� KHDW� LQ� ZLQWHU� WKDQNV� WR� WKH� VXQ�� +RZHYHU� D�
PDMRU� SUHVVXUH� FRPHV� XS� KHUH� DV� WR� WKH� RSHQLQJ� RI�
VKXWWHUV��7KH�HQWUDQFH�WR�WKH�QHLJKERXUV�LV�DW�WKH�EDFN�
RI�WKH�JDUGHQ�ZKLFK�JLYHV�WKHP�DQ�HDV\�YLHZ�RQ�WKH�
LQVLGH� RI� WKH� KRXVH�� 5ROOHU� VKXWWHUV� VWD\� FORVHG� LQ�
RUGHU�WR�SURWHFW�IDPLO\�IURP�H[WHUQDO�JD]H��$�SHUVRQ�
VDLG�WKDW�LQ�VXPPHU�VKXWWHUV�DUH�FORVHG�EHFDXVH�RI�WKH�
VXQ��DQG�LQ�ZLQWHU�EHFDXVH�RI�SHRSOH�ORRNLQJ�LQ��7KLV�
LV�D�FDVH�VWXG\�EXW�LW�VKRZV�WKDW�KXPDQ�IDFWRU��ZKLFK�
VHHPV� RQO\� WR� EH� OLQNHG� ZLWK� XVHV�� FDQ� LPSDFW�
WKHUPDO�EHKDYLRU��7KRVH�VSHFLILF�XVHV�DUH�DIIHFWHG�E\�
WKH�VSDFH�GHVLJQ�RI�WKH�FRQVLGHUHG�KRXVHV��
&RPIRUW� SURFHVVHV� SUHVHQWHG� EHIRUH� �)LJXUH� ��� KDYH�
WR�HYROYH�LQ�DFFRUGDQFH�ZLWK�ZKDW�ZH�ILQG��)LJXUH�����
,QGRRU� FOLPDWH� LV� QRW� WKH� RQO\� VWUHVV� LPSDFWLQJ�
SHRSOH¶V�EHKDYLRU��0RGHOV�DUH�LJQRULQJ�DQ�LPSRUWDQW�
SDUW� RI� H[WHUQDO� FRQILQHV� RQ� LQGLYLGXDOV�� '\QDPLF�
WKHUPDO� VLPXODWLRQ� FDQ� WDNH� LQWR� DFFRXQW� SUHFLVH�
WKHUPDO� LQSXWV� EXW� LW� FRXOG� EH� SRLQWOHVV� LI� D� PDMRU�
SUHVVXUH� LV� IRUJRWWHQ�� 7KH� LVVXH� LV� WR� NQRZ� LI� QRQ�
WKHUPDO� VWUHVVHV� DUH� LPSRUWDQW� HQRXJK� WR� EH�
FRQVLGHUHG��0RUHRYHU�D�GHVLJQHU�FDQQRW�IRUHVHH�ZKDW�
ZLOO�KDSSHQ�LQ�IXWXUH�EXLOGLQJ��
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�
)LJXUH���(IIHFW�RI�QRQ�WKHUPDO�VWUHVVHV�RQ�FRPIRUW�

SURFHVV�

Model robustness 
7KUHH� GLIIHUHQW� EHKDYLRUV� JLYH� WKH� VDPH� RXWFRPH��
,QKDELWDQWV�GLVFRPIRUW�LV�GXH�WR�WKHLU�RZQ�DFWLRQV�RQ�
WKH� EXLOGLQJ�� 7KH\� DUH� DFWLQJ� DFFRUGLQJ� WR� WKHUPDO�
DQG� QRQ�WKHUPDO� VWUHVVHV�� $Q� DGGLWLRQDO� PRGHO� LV�
FDOFXODWHG�� %XLOGLQJ� K\SRWKHVLV� LV� FKDQJHG� WR� WXUQ�
IURP� ELQDU\� WHFKQRORJLHV� WR� OHVV� UHVWULFWLYH� GHYLFHV��
ZKLFK�KHOSV�WR�GHDO�ZLWK�QRQ�WKHUPDO�SUHVVXUHV���
)RU�H[DPSOH�� UROOHU�VKXWWHUV�FDQ�EH�RSHQHG�EXW� WKHUH�
LV�QRW�DQ\�VRODU�SURWHFWLRQ�RU�FORVHG�EXW� WKHUH� LV�QRW�
DQ\� OLJKW� LQ� WKH� URRP�� ([WHUQDO� ORXYHUHG� PRELOHV�
UHSODFH� WKHP�� SURWHFW� VXQ� JOD]H� DQG� OHW� GLIIXVH� OLJKW�
FRPH�LQWR�WKH�KRXVH��7DEOH�����7LOW�DQG�WXUQ�ZLQGRZV�
DOORZ� YHQWLODWLRQ�ZLWKRXW� GUDIW� DQG� RSHQLQJ�ZLWKRXW�
WKH� GDQJHU� RI� LQWUXVLRQ�� 7KRVH� OHVV� UHVWULFWLYH�
WHFKQRORJLHV� FDOOHG� VRIW�WHFK� FDQ� EH� HDVLO\�
XQGHUVWRRG� DQG� KDQGOHG� E\� WKH� XVHU� KLPVHOI�� 6RIW�
WHFK�KDV� DV� WKH� VSHFLDO� IHDWXUH� RI� EHLQJ� DEOH� WR�YDU\�
WKH�XVHV�RI�RSHQLQJV��
�

7DEOH���
6RIW�WHFKV��

NON-
THERMAL 
STRESSES 

INVOLVED 
BEHAVIOR 

MATCHING 
SOFT-TECH 

*DUGHQ�SULYDF\� ,QVLGH�ZLWKGUDZDO� 6KUXE�KHGJH��
*DUGHQ�VRODU�
RYHU�H[SRVXUH�

,QVLGH�ZLWKGUDZDO� 7KUHHV�VKDGLQJ�

1DVW\�VPHOOV� :LQGRZV�FORVLQJ� ��
'RRU�VODPPLQJ� :LQGRZV�FORVLQJ� 'RRU�ZHGJH�
1RLVH� :LQGRZV�FORVLQJ� ��
,QVHFXULW\�IHHOLQJ� :LQGRZV�FORVLQJ� 7LOW�DQG�WXUQ�

ZLQGRZ�
,QVHFWV� :LQGRZV�FORVLQJ� 0RVTXLWRHV�QHW�
+RPH�SULYDF\� 6KXWWHUV�FORVLQJ� /RXYHUHG�VKXWWHU�
�

$Q� DGGLWLRQDO� PRGHO� LV� GRQH� ZLWK� VDPH� RFFXSDWLRQ�
DQG� KHDW� HPLVVLRQ� WDNLQJ� LQWR� FRQVLGHUDWLRQ� EHWWHU�
YHQWLODWLRQ� E\� QLJKW� DQG� EHWWHU� VRODU� SURWHFWLRQ� E\�
GD\��,Q�RWKHU�ZRUGV�QRQ�WKHUPDO�SUHVVXUHV�DUH�QRW�LQ�
FRQIOLFW�ZLWK�WKHUPDO�VWUHVVHV�DQ\PRUH���

7KH\�FDQ�EH�PDQDJHG�WRJHWKHU��7KDQNV�WR�D�VRIW�WHFK�
VFHQDULR�RYHUKHDWLQJ�WLPH�LV�UHGXFHG��)LJXUH������
�

�
FAMILIES 1 2 3 

2YHUKHDW�EHIRUH� ����� ����� �����
2YHUKHDW�DIWHU� ��� ���� ����

*DLQ� ���� ���� ����
)LJXUH���2YHU�KHDW�GXUDWLRQ�JDLQ�

�

,Q� WKH� WKUHH� FDVHV� FRPIRUW� LPSURYHPHQW� LV�
PHDQLQJIXO�ZLWK�D�KDOI�RI�RYHUKHDW�WLPH�JDLQ�DW�OHDVW��
7KLV� RXWFRPH� KDV� WKH� SDUWLFXODULW\� RI� GLVWLQJXLVKLQJ�
IDPLOLHV� IURP�RQH�DQRWKHU�HYHQ� WKRXJK� WKHLU�RXWSXWV�
ZHUH� FORVHU� LQ� D� FDVH� VWXG\� PRGHO�� $� IDPLO\� ZKR�
DOUHDG\� XVHG� UROOHU� VKXWWHUV� E\� GD\� HYHQ� LI� LW� PHDQW�
OLYLQJ� LQ� D� GDUN� URRP� KDG� IHZHU� EHQHILWV� WKDQ� D�
IDPLO\� ZKR� SUHIHUUHG� QDWXUDO� OLJKW�� $V� RFFXSDWLRQ�
DQG� KHDW� HPLVVLRQ� SDUDPHWHUV� DUH� XQFKDQJHG��
RYHUKHDW� GXH� WR� WKRVH� SDUDPHWHUV� FRQWLQXHV�� 2QH�
IDPLO\�LV�HYHQ�LQ�D�FRPIRUWDEOH�VLWXDWLRQ�DFFRUGLQJ�WR�
%UDJHU� WKHRU\� GXULQJ� WKH� ZDUPHVW� ZHHN� RI� WKH� \HDU�
�)LJXUH� ��� ³SRVVLEOH´��� 2XWFRPHV� IURP� DGGLWLRQDO�
PRGHOV�DUH�SURVSHFWLYH�DQG�WKH�VXEMHFWV¶�EHKDYLRXU�LI�
WKHLU� KRXVH� ZDV� HTXLSSHG� ZLWK� VRIW�WHFKV� FRXOG� EH�
H[WUDSRODWHG�IURP�WKH�FDVH�VWXG\��
�

�

�
)LJXUH���%UDJHU¶V�FRPIRUW�]RQH��ZDUPHU�ZHHN�
�RXWGRRU�WHPSHUDWXUHV�RQ�WKH�DEVFLVVD��LQGRRU�

WHPSHUDWXUH�RQ�RWKHU�D[LV��
�

7KH� LQWHUHVW� RI� WKLV�PRGHO� FRPHV� IURP� WKH� IDFW� WKDW�
VRIW�WHFK�LPSOHPHQWDWLRQ�LQ�EXLOGLQJ�OHDGV�WR�D�PRUH�
LPSRUWDQW� YDULDWLRQ� EHWZHHQ� IDPLOLHV� WKDQ� D� FDVH�
VWXG\� PRGHO� ZLWK� ELQDU\� WHFKV� �DFWXDO��� 7KH�
LQVWDELOLW\� RI� UHVXOWV� H[SDQGV� DW� WKH� VDPH� WLPH� WKH�
XVHUV¶� SRZHU� WR� PDQDJH� WKHLU� RZQ� FRPIRUW� JURZV��
)LQDOO\� WKH� IHZHU� IUHHGRPV� WKH�XVHUV�KDYH�� WKH�PRUH�
SUHFLVH�WKH�PRGHO�LV���
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*LYLQJ�DQ�LPSRUWDQW�UROH�WR�WKH�XVHU�LV�JLYLQJ�KLP�WKH�
SRVVLELOLW\�RI�DFWLQJ�LQ�DQ�LOORJLFDO�ZD\�DFFRUGLQJ�WR�D�
KHDW� HQJLQHHU� SRLQW� RI� YLHZ�� 'HVLJQLQJ� VRIW�WHFK�
EXLOGLQJV� GHPDQGV� WKH� DFFHSWDQFH� RI� D� JUHDWHU�
YDJXHQHVV�LQ�WKH�RXWFRPH�RI�PRGHOV�DQG�WR�VHQVLWL]H�
SHRSOH�WR�VXPPHU�LQGRRU�FOLPDWH�PDQDJHPHQW��

&21&/86,21�
'\QDPLF� WKHUPDO� VLPXODWLRQ� FDQ� WDNH� LQWR� DFFRXQW�
VFHQDULRV� ZKLFK� FKDQJH� HYHU\� ZHHN�� ,Q� WKLV� VWXG\��
FRQFUHWH� VFHQDULRV� DUH� GHYHORSHG� RQ� D� ZKROH� \HDU�
�QRQ� KHDWLQJ� SHULRG��� 7KH� PRVW� SUHFLVH� YDULDWLRQ�
FRPHV�IURP�FOLPDWH�GDWD��6RIWZDUH�FDQ�FRQVLGHU�XVHV�
EXW�QRW�IHHGEDFN�IURP�FRPIRUW�OHYHO�WR�EHKDYLRXU��
7KH� GLIILFXOW\� LQ� PDNLQJ� D� PRGHO� RI� FRPIRUW� HYHQ�
ZLWK�VRIWZDUH�WKDW�PHVKHV�DFFXUDWHO\�WLPH�DQG�VSDFH�
LV� GXH� WR� WUDQVSRVLWLRQ� RI� D� SURFHVV� RQ� D� OLQHDU�
FDOFXODWLRQ��7KLV� WRSLF� LV�FXUUHQWO\�VWXGLHG�DQG�ZRUN�
KDV�EHHQ�GRQH� WKURXJK�GHVFULELQJ�D�PRWLYDWLRQ� ORRS�
ZKLFK�OHDGV�WR�D�GLIIHUHQW�XVH�RI�RUGLQDU\�K\SRWKHVLV�
�0RXMDOOHG���������
7KLV� VWXG\� LV� D� VWHS� WR� HVWLPDWH� FRQFUHWHO\�� FRPIRUW�
FRQGLWLRQV� LQ� KRXVLQJ�� 7KH� RULJLQDO� SXUSRVH� LV� WR�
FKHFN�WKH�UHOHYDQFH�RI�SURMHFWHG�'76�FXUUHQWO\�GRQH��
7KH�ZHDNQHVV�RI�NQRZOHGJH�DERXW�EHKDYLRXUV�DOORZV�
XV� WR� HQVXUH� WKDW� LW� LV� LPSRVVLEOH� WR� IRUHVHH� FRPIRUW�
FRQGLWLRQV� LQ� DQ� DFFRPPRGDWLRQ�� 7KHUHIRUH�� PRGHO�
RXWFRPHV� KDYH� WR� EH� FORVHU� WR� UHDO� LQGRRU� FOLPDWH�
FRQGLWLRQV�H[SHULHQFHG��
7ZR�SURJUHVVLRQV�DUH�SRVVLEOH��7KH�ILUVW�RQH�FRQVLVWV�
LQ�DGGLQJ�D�VHFXULW\�PDUJLQ�WR�UHVXOWV�L�H��DQ\�SUHFLVH�
JXDUDQWHH� RI� FRPIRUW� OHYHO� LV� JLYHQ� EDVHG� RQ� XVHV�
ZKLFK� QHYHU� KDSSHQ� LQ� WUXWK� EXW� D� UDQJH� RI� UHVXOWV�
VXUURXQGLQJ� FRPIRUW� SRVVLELOLW\�� ,W� FDQ� EH�PDQDJHG��
GXULQJ� WKH� GHVLJQ� WLPH� RI� HDFK� SURMHFW�� E\� WKH�
HVWLPDWLRQ�RI�WURXEOH�GXH�WR�QRQ�WKHUPDO�SUHVVXUHV��,W�
LPSOLHV� WKH� FRQVLGHUDWLRQ� RI� WKH� HIIHFW� RI� RXWHU�
VWUHVVHV�RQ�WKHUPDO�LVVXHV��)RU�WKLV��RQH�KDV�WR�EH�DEOH�
WR�WDNH�LQWR�DFFRXQW�WKH�GLIIHUHQW�H[WHUQDO�FRQGLWLRQV�
DQG� VR� EH� DEOH� WR� EHQHILW� IURP� D� GDWDEDVH� FUHDWHG�
IURP�UHVHDUFK�GRQH�LQ�WKH�ILHOG��
7KH�SULQFLSDO�RI�PDUJLQ�DVVXPSWLRQ�GRHV�QRW�ZRUN�LI�
ELQDU\� WHFKQRORJLHV� DUH� OHIW� IRU� VRIW�WHFKV� EHFDXVH�
UHVXOWV� DUH� YDU\� PRUH� DFFRUGLQJ� WR� EHKDYLRU��
7HPSHUDWXUH� UHVXOWV� REWDLQHG� E\� HIILFLHQW� XVHUV� DUH�
PXFK�PRUH�GLIIHUHQW�IURP�XVHUV�ZLWK�XQUHOLDEOH�XVHV�
ZKHQ�VRIW�WHFK�DUH�LPSOHPHQWHG�LQ�EXLOGLQJ��
7KH� VHFRQG� DSSURDFK� FRQVLVWV� LQ� UHDFWLQJ� WR�
K\SRWKHVLV�PRUH�WKDQ�RQ�WKH�UHVXOWV�RI�FDOFXODWLRQ��,Q�
WKH�IDFWV��RQO\�WKH�DXWRPDWLRQ�RI�FRQWURO�WHFKQRORJLHV�
DVVXUHV�UHDFKLQJ�PD[LPXP�H[DFWLWXGH�RI�WKH�SURJUDP�
DQG� DSSO\LQJ� VWDQGDUG� K\SRWKHVLV�� )RU� H[DPSOH�� ZH�
FDQ�FRQVLGHU�WKDW�YHQWLODWLRQ�JRHV�RII�DXWRPDWLFDOO\�LI�
LW� LV� FROGHU� RXWVLGH� WKDQ� LQVLGH�� 7KH� OLPLWV� RI� D�
PDWKHPDWLFDO�PRGHO�DUH�GXH�WR�WKH�XQSUHGLFWDELOLW\�RI�
KXPDQ�EHKDYLRXU��FRQWUDU\�WR�DXWRPDWLVP��
7KH�FDOFXODWLRQV�EDVHG�RQ�D�UHWXUQ�RI�ILHOGZRUN�KDYH�
VKRZQ� WKH� JDS� WKDW� FDQ� H[LVW� EHWZHHQ� DFFHSWHG�
K\SRWKHVHV� DQG� UHDOLW\�� ,Q� RUGHU� WR� EHWWHU� HVWLPDWH�
XVHU�LPSDFW�RQ�WKH�EXLOGLQJ�DQG�VR�RQ�WKH�FRPIRUW��LW�

LV�SRVVLEOH�WR�GHYHORS�W\SLFDO�VFHQDULRV��)RU�H[DPSOH�
D�VHW�RI�WKUHH�K\SRWKHVHV�FDQ�EH�HVWDEOLVKHG��ILUVW�RQH�
ZLWK� HIILFLHQW� XVHV�� VHFRQG� RQH�ZLWK� XQUHOLDEOH� XVHV�
�KLJK� OHYHO� RI� QRQ�WKHUPDO� VWUHVVHV�� DQG� D� PHGLDQ�
RQH��,Q�WKLV�FDVH��SURMHFWHG�PRGHOV�ZLOO�QRW�EH�EDVHG�
RQ�RQH�VFHQDULR�FKDQJLQJ�IRU�HDFK�VLPXODWLRQ�EXW�RQ�
WKUHH� IL[HG�VFHQDULRV��7KLV�VWXG\�SRLQWV�RXW� WKDW� LW� LV�
SRVVLEOH�WR�FRPH�FORVH�WR�UHDO�XVHV��7KHUHIRUH��W\SLFDO�
K\SRWKHVLV� FDQ� EH� GHILQHG�� EDVHG� RQ� FDVH� VWXGLHV�� ,W�
LPSOLHV� GHSOR\LQJ� VWXGLHV� RQ� D� ELJJHU� VFDOH�� 7KHQ� D�
IUDPH� RI� UHIHUHQFH�� ZLWK� GLIIHUHQW� EHKDYLRU� GHGXFHG�
RQ�UHDO�RXWFRPHV��FDQ�EH�HVWDEOLVKHG��
%HVLGHV� TXDOLWDWLYH� DSSURDFK�� LW� FDQ� EH� XVHIXO� WR�
NQRZ� WKH� IUHTXHQF\�ZLWK�ZKLFK�HDFK�SURILOH�RFFXUV��
7KDW�LV�WR�VD\��EHLQJ�DEOH�WR�GHWHUPLQH�D�JUHDW�QXPEHU�
RI�XVH�VFHQDULRV��FORVH�WR�UHDOLW\��(DFK�RQH�KDV�WR�EH�
FRPSXWHG� LQ� D� SURMHFWHG� FRPIRUW� PRGHO� WR� REWDLQ�
WHPSHUDWXUH�UHVXOWV��0RUHRYHU��LW�UHTXLUHV�D�VWDWLVWLFDO�
DSSURDFK�WR�EHKDYLRU�LQ�RUGHU�WR�NQRZ�WKH�RFFXUUHQFH�
RI� HDFK� SURILOH�� )LQDOO\� RQH� KDV� WR� ZHLJK� UHVXOWV� E\�
DSSHDUDQFH� IUHTXHQF\�� ,Q� RWKHU� ZRUGV�� LW� LV� DQ�
DQDO\VLV� RI� WKH� ULVNV� DSSOLHG� WR� FRPIRUW� LVVXH� LQ�
KRXVLQJ�� 7KH� PDQSRZHU� WKDW� PXVW� EH� GHSOR\HG� LV�
WKHQ�H[WUHPHO\�XQZLHOG\��

5()(5(1&(6�
%UDJHU�*�6���'H�'HDU�5�� ������&OLPDWH��&RPIRUW�	�

1DWXUDO� 9HQWLODWLRQ�� $� QHZ� DGDSWLYH� FRPIRUW�
VWDQGDUG�IRU�$6+5$(�6WDQGDUG�����8QLYHUVLW\�RI�
&DOLIRUQLD��%HUNHOH\��86$��

'DUG� 3�� ������ 4XDQG� O¶pQHUJLH� VH� GRPHVWLTXH��
2EVHUYDWLRQV� VXU� GL[� DQV� G¶H[SpULHQFH� HW�
G¶LQQRYDWLRQV� WKHUPLTXHV� GDQV� O¶KDELWDW�� 3ODQ�
&RQVWUXFWLRQ�5HFKHUFKH��3DULV��)UDQFH��

'H� 'HDU� 5��� %UDJHU� *�6�� ������ 'HYHORSLQJ� DQ�
DGDSWLYH�PRGHO�RI�WKHUPDO�FRPIRUW��&HQWHU�IRU�WKH�
EXLOW� HQYLURQPHQW�� 8QLYHUVLW\� RI� &DOLIRUQLD��
%HUNHOH\��86$��

(QHUWHFK�� ������ eYDOXDWLRQ� GHV� SHUIRUPDQFHV�
pQHUJpWLTXHV� HW� HQYLURQQHPHQWDOHV� GH� EkWLPHQWV�
GpPRQVWUDWHXUV� j� KDXWH� SHUIRUPDQFH� pQHUJpWLTXH�
HQ� UpJLRQ� 5K{QH�$OSHV�� (QHUWHFK� LQJpQLHXUV�
FRQVHLO��)pOLQHV�VXU�5LPDQGRXOH��)UDQFH��

)DQJHU� 3�2�� ������ $VVHVVPHQW� RI� PDQ
V� WKHUPDO�
FRPIRUW�� /DERUDWRU\� RI� KHDWLQJ� DQG� DLU�
FRQGLWLRQLQJ�� 7HFKQLFDO� 8QLYHUVLW\� RI� 'HQPDUN��
O\QJE\��'HQPDUN��

0LQLVWqUH�GH�O¶(FRORJLH��GX�'pYHORSSHPHQW�'XUDEOH��
GHV�7UDQVSRUWV�HW�GX�/RJHPHQW��0(('7/���������
5DSSRUW�VXU� OD�SURGXFWLRQ�GH�JD]�j�HIIHW�GH�VHUUH�
GHV� V\VWqPHV� GH� FOLPDWLVDWLRQ� HW� OHXU� LPSDFW� VXU�
O¶pFRV\VWqPH� HW� O¶HQYLURQQHPHQW�� VLQJXOLqUHPHQW�
GDQV� OHV� FROOHFWLYLWpV� G¶RXWUH�PHU�� 'LUHFWLRQ�
*pQpUDOH�GH�O¶(QHUJLH�HW�GX�&OLPDW��3DULV��)UDQFH��

0RXMDOOHG� %�� ������ 0RGpOLVDWLRQ� '\QDPLTXH� GX�
&RQIRUW� 7KHUPLTXH� GDQV� OHV� %kWLPHQWV�
1DWXUHOOHPHQW� 9HQWLOpV�� ,QVWLWXW� 1DWLRQDO� GHV�
6FLHQFHV�$SSOLTXpHV��/\RQ��)UDQFH���
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