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5HVHDUFK�4XHVWLRQ
:KR�LV�WKH�WDUJHW�PDUNHW�RI�0LG�$WODQWLF�ZLQHV"�:KDW�FKDUDFWHULVWLFV�GR�WKH\�KDYH"�+RZ�GR�WKH\�WKLQN�RI�0LG�
$WODQWLF�ZLQHV�VR�IDU"

0HWKRGV
$Q�,QWHUQHW�6XUYH\��Q �����ZDV�XVHG�DV�WKH�GDWD�VRXUFH��7KH�GHFLVLRQ�WUHH�PRGHO�LV�XVHG�WR�LGHQWLI\�WDUJHW�PDUNHWV
DQG�HYDOXDWH�WKH�PRVW�LPSRUWDQW�IDFWRUV�WKDW�VHJPHQW�WKH�PDUNHW�

5HVXOWV
7KH�WDUJHW�PDUNHW�RI�ZLQHV�WKDW�DUH�SURGXFHG�LQ�HDFK�VWDWH�RI�WKH�0LG�$WODQWLF�UHJLRQ�LV�LGHQWLgHG��7KH�PRVW
LPSRUWDQW�IHDWXUH�WKDW�LGHQWLgHV�WKH�PDUNHW�LV�FRPSDUHG�EHWZHHQ�WKH�VWDWHV�

$EVWUDFW
,QWURGXFWLRQ
5HFHQWO\��DV�WKH�GHYHORSPHQW�RI�FRPSXWHUV�DQG�PDFKLQH�OHDUQLQJ�DOJRULWKPV�DGYDQFH��LW�KDV�EHFRPH�SRVVLEOH�WR
DSSO\�WKLV�WHFKQRORJ\�WR�GDWD�FROOHFWHG�IURP�ZLQH�FRQVXPHUV�WR�OHDUQ�DERXW�WKHLU�DWWLWXGHV�DQG�EHKDYLRUV��7KRXJK
UHDGLO\�DYDLODEOH��RQO\�D�IHZ�VWXGLHV�KDYH�DSSOLHG�DOJRULWKPV�LQ�WKLV�PDQQHU�WR�GLVFRYHU�ZLQH�FRQVXPHU�LQVLJKWV��)RU
WKLV�UHDVRQ��LW�LV�QHFHVVDU\�WR�VWDUW�VWXG\LQJ�WKHLU�DSSOLFDWLRQ�
,Q�WKLV�VWXG\��ZH�VSHFLgFDOO\�IRFXV�RQ�WKH�0LG�$WODQWLF�ZLQH�SURGXFWLRQ�UHJLRQ��1HZ�<RUN��1HZ�-HUVH\��DQG
3HQQV\OYDQLD���DV�WKHUH�KDYH�EHHQ�IHZ�ZLQH�FRQVXPHU�VWXGLHV�WKDW�KDYH�KLJKOLJKWHG�DQ\�SRWHQWLDO�XQLTXH
FKDUDFWHULVWLFV�VSHFLgF�WR�ZLQH�GULQNHUV�LQ�WKH�UHJLRQ��$OWKRXJK�.HOOH\�HW�DO���������VHJPHQWHG�WKH�0LG�$WODQWLF
PDUNHW�EDVHG�RQ�WKH�IUHTXHQF\��VXSHU�FRUH��FRUH��DQG�PDUJLQDO��ZLWK�ZKLFK�WKH\�FRQVXPHG�WKH�EHYHUDJH��WKH
VXPPDWLRQ�RI�ERWK�GRPHVWLF�DQG�LPSRUWHG�ZLQH���OLWWOH�LV�NQRZQ�VSHFLgFDOO\�DERXW�WKHVH�FRQVXPHUV�FRQVXPSWLRQ�RI
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ORFDO�ZLQHV��&RQVLGHULQJ�LWV�PDUNHW�VKDUH�DQG�UHSXWDWLRQ��WKH�0LG�$WODQWLF�ZLQH�LQGXVWU\�QHHGV�WR�LGHQWLI\�LWV
XQLTXHQHVV�DQG�GLfHUHQWLDWH�LWVHOI�IURP�WKH�JHQHUDO�ZLQH�PDUNHW�WR�VWD\�FRPSHWLWLYH��%HFDXVH�WKH�0LG�$WODQWLF
5HJLRQ�GRHV�QRW�KDYH�YHU\�KLJK�PDUNHW�VKDUH��RQO\�WDUJHWLQJ�WKH�IUHTXHQW�ZLQH�GULQNHUV�FDQ�EH�PLVOHDGLQJ��7KXV�
WKLV�VWXG\�gOOV�WKH�JDS�ZLWK�DQDO\VLV�SHUIRUPHG�EDVHG�VROHO\�RQ�ZLQHV�SURGXFHG�LQ�HDFK�RI�WKH�WKUHH�0LG�$WODQWLF
VWDWHV��8VLQJ�VXFK�DQ�DSSURDFK��ZH�ZHUH�DEOH�WR�LGHQWLI\�SRLQWV�RI�GLfHUHQWLDWLRQ�IRU�ZLQHV�IURP�HDFK�RI�WKH�WKUHH
VWDWHV�DQG�WKH�UHVSHFWLYH�WDUJHW�PDUNHWV�

0HWKRGRORJ\
6RXUFH�RI�'DWD
$�FRQVXPHU�VXUYH\�DSSURDFK�ZDV�WDNHQ��$����PLQXWH�,QWHUQHW�VXUYH\�ZDV�DGPLQLVWHUHG�RQ�������2FWREHU������WR
����RI�6XUYH\�6DPSOLQJ�,QWHUQDWLRQDO��6KHOWRQ��&7��SDQHOLVWV�UHVLGLQJ�LQ�1HZ�-HUVH\��1HZ�<RUN��DQG�3HQQV\OYDQLD�
3DQHOLVWV�ZHUH�VFUHHQHG�IRU�QRW�EHLQJ�D�PHPEHU�RI�WKH�ZLQH�LQGXVWU\��EHLQJ�DW�OHDVW����\HDUV�ROG��DQG�KDYLQJ
SXUFKDVHG�DQG�GUXQN�ZLQH�DW�OHDVW�RQFH�ZLWKLQ�WKH�SUHYLRXV�\HDU�

'HFLVLRQ�7UHH�0RGHOV
,Q�DGGLWLRQ�WR�GHVFULSWLYH�VWDWLVWLFV��ZH�HPSOR\HG�D�GHFLVLRQ�WUHH�DSSURDFK�WR�FKDUDFWHUL]H�WKH�WDUJHW�PDUNHW�IRU
HDFK�RI�WKH�WKUHH�VWDWHV��'HFLVLRQ�WUHHV�XVH�OHDUQLQJ�DOJRULWKPV�WKDW�GHgQH�WKH�VSOLWV�DW�HDFK�LQWHUQDO�QRGH��7KH
WUHH�VWDUWV�IURP�D�URRW�QRGH�WKDW�WKHQ�VSOLWV�LQWR�WZR�RU�PRUH�FKLOGUHQ�QRGHV��VXEJURXSV��WKDW�YLVXDOO\�ORRNV�OLNH�DQ
dXSVLGH�GRZQe�RU�dVLGHZD\Ve�WUHH��(DFK�FKLOG�QRGH��LI�D�IXUWKHU�VHSDUDWLRQ�RFFXUV��EHFRPHV�D�SDUHQW�QRGH��,I�QR
IXUWKHU�VHSDUDWLRQ�RFFXUV��WKH�FKLOG�QRGH�EHFRPHV�D�OHDI�QRGH�ZLWK�QR�SRVVLELOLW\�RI�VSOLWWLQJ�DQ\�IXUWKHU��([FHSW�IRU
WKH�URRW�QRGH�DQG�WKH�OHDI�QRGHV��HDFK�QRGH�ZLOO�KDYH�H[DFWO\�RQH�SDUHQW�DQG�WZR�RU�PRUH�FKLOGUHQ�
7KH�GHFLVLRQ�WUHH�PRGHO�LV�VSHFLDOL]HG�LQ�KDQGOLQJ�FDWHJRULFDO�GDWD��&RPSDUHG�WR�D�ORJLVWLF�UHJUHVVLRQ�PRGHO��D
GHFLVLRQ�WUHH�RfHUV�PDQ\�DGYDQWDJHV��2QH�DGYDQWDJH�WKDW�LPSOHPHQWDWLRQ�LV�IDVW�DQG�YDULDEOH�VHOHFWLRQ�LV
DXWRPDWLF�GXULQJ�PRGHO�gWWLQJ��'HVKSDQGH���������$GGLWLRQDOO\��PLVVLQJ�GDWD�DUH�ZHOO�KDQGOHG�DQG�QRUPDOL]DWLRQ�RU
VFDOLQJ�LV�QRW�UHTXLUHG�SULRU�WR�gWWLQJ�WKH�WUHH��7KH�PRGHO�LV�DOVR�LQVHQVLWLYH�WR�RXWOLHUV�DV�WKH�VSOLWV�DUH�PDGH�EDVHG
RQ�WKH�SURSRUWLRQ�RI�VDPSOHV�LQVWHDG�RI�RQ�WKH�DEVROXWH�YDOXHV��'HVKSDQGH���������:KHQ�ZRUNLQJ�ZLWK�VXUYH\�GDWD�
WKH�WUHH�FDQ�DOVR�HOLPLQDWH�WKH�QHHG�WR�FUHDWH�H[FHVVLYH�RI�H[FHVVLYH�GXPP\�YDULDEOHV�IRU�PXOWLQRPLDO�GDWD�DV
HDFK�FDWHJRU\�DUH�DVVLJQHG�WR�WKH�VXEJURXS�WKDW�RSWLPL]HV�WKH�PRGHO��0RUHRYHU��WKH�PRGHO�GRHV�QRW�DVVXPH�OLQHDU
UHODWLRQVKLSV�EHWZHHQ�WKH�YDULDEOHV��XQOLNH�ORJLVWLF�PRGHOV��8QOLNH�RWKHU�PDFKLQH�OHDUQLQJ�DOJRULWKP��L�H��QHXURQ
QHWZRUNV���GHFLVLRQ�WUHHV�DUH�KLJKO\�LQWHUSUHWDEOH��DV�LWV�JUDSKLFDO�UHSUHVHQWDWLRQ�HQDEOHV�WKH�QRQ�WHFKQLFDO
DXGLHQFH�WR�XQGHUVWDQG�WKH�RXWSXW��6366�'HFLVLRQ�7UHHV���������$V�ZH�OHDUQHG�LWV�DGYDQWDJHV��ZH�FKRVH�WKH
GHFLVLRQ�WUHH�PRGHO�WR�DQDO\]H�WKH�FKDUDFWHULVWLFV�RI�WKH�ZLQH�FRQVXPHUV�LQ�HDFK�RI�WKH�WKUHH�VWDWHV�ZKR�FRQVXPH
0LG�$WODQWLF�ZLQH�
'HVSLWH�WKH�QXPEHU�RI�DGYDQWDJHV��D�GHFLVLRQ�PRGHO�KDV�D�ULVN�RI�EHLQJ�RYHUgWWLQJ��2YHUgWWLQJ�KDSSHQV�ZKHQ�WKH
PRGHO�KDV�RYHUgW�WKH�FXUUHQW�WUDLQLQJ�VHW�WKDW�IDLOV�WR�JHQHUDOL]H��6HYHUDO�SUXQLQJ�PHWKRGV�DUH�GHVLJQHG�WR�DYRLG
WKH�DSSHDUDQFH�RI�RYHUgWWLQJ��,Q�WKLV�ZRUN��ZH�FKRVH�&KL�SUXQLQJ�DQG�FURVV�YDOLGDWLRQ�DV�ZD\V�WR�DYRLG�RYHUgWWLQJ�
,Q�WKLV�UHVHDUFK��ZH�XVHG�D�GHFLVLRQ�WUHH�PRGHO�LQ�6366�ZLWK�([KDXVWLYH�&+$,'�DV�WKH�JURZLQJ�PHWKRG��:H�VHOHFWHG
GHSHQGHQW�YDULDEOH��7DUJHWVWDWH��ZKLFK�LQGLFDWHV�WKH�FKDUDFWHULVWLFV�WKDW�GHVFULEH�D�ZLQH�FRQVXPHU�OLYLQJ�LQ�1HZ
-HUVH\��1HZ�<RUN��DQG�3HQQV\OYDQLD�ZKR�FRQVXPHV�ZLQH�SURGXFHG�LQ�WKH�UHJLRQ��,QWHJUDWLQJ�WKH�LQGHSHQGHQW�DQG
GHSHQGHQW�YDULDEOHV�WRJHWKHU��ZH�SURSRVHG�WKH�IROORZLQJ�LQLWLDO�K\SRWKHVLV�

5(68/76
6XUYH\�3URgOH
2I�WKH�����SDUWLFLSDQWV�ZKR�PHW�WKH�FULWHULD�DQG�FRPSOHWHG�WKH�VXUYH\��UHVSRQVHV�WR�GHPRJUDSKLF�TXHVWLRQV
LQFOXGH������ZHUH�IHPDOH��ZLWK�D�QHDUO\�HTXDO�GLVWULEXWLRQ�DPRQJ�DJH�UDQJHV��0RVW�UHVSRQGHQWV�UHVLGHG�LQ�1HZ
<RUN��������DQG��RI�WKRVH�ZKR�SURYLGHG�D�UHVSRQVH�WR�WKH�TXHVWLRQ�UHJDUGLQJ�PDULWDO�VWDWXV������ZHUH�PDUULHG�RU
LQ�D�SDUWQHUVKLS��:KHQ�DQVZHULQJ�TXHVWLRQV�UHJDUGLQJ�WKHLU�OHYHO�RI�HGXFDWLRQ�DQG�KRXVHKROG�LQFRPH�������Q ����
KDG�D�EDFKHORUcV�GHJUHH�DQG�����KDG�D�PDVWHUcV�GHJUHH�RU�DERYH��ZKLOH�PRUH�WKDQ�KDOI�RI�WKH�SDUWLFLSDQWV�KDG�DQ
DQQXDO�KRXVHKROG�LQFRPH�RI�OHVV�WKDQ����������Q �����
$PRQJ�DOO�SDUWLFLSDQWV�ZKR�LQGLFDWHG�WKH\�FRQVXPHG�ZLQHV�IURP�1HZ�-HUVH\��1HZ�<RUN��DQG�3HQQV\OYDQLD��DERXW
KDOI�RI�WKH�UHVSRQGHQWV�FODLPHG�WKH\�GUDQN�ZLQHV�IURP�WKH�WKUHH�VWDWHV�OHVV�WKDQ�RQFH�D�PRQWK��7KXV��WKLV�YDULDEOH
ZDV�XVHG�WR�VHSDUDWH�WKH�WDUJHW�PDUNHW��3HUWDLQLQJ�WR�GLfHUHQFHV�LQ�FRQVXPSWLRQ�IUHTXHQF\�RI�ZLQH�SURGXFHG�LQ
WKHLU�VWDWH�RI�UHVLGHQFH��1HZ�<RUN�SDUWLFLSDQWV�UHSRUWHG�GULQNLQJ�WKH�VWDWH�ZLQH�PRUH�IUHTXHQWO\�WKDQ�FRQVXPHUV
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UHVLGLQJ�LQ�1HZ�-HUVH\�DQG�3HQQV\OYDQLD�
6XUYH\�SDUWLFLSDQWV�ZHUH�DVNHG�WKHLU�RSLQLRQV�DERXW�1HZ�<RUN��1HZ�-HUVH\��DQG�3HQQV\OYDQLD�ZLQHV��,Q�WHUPV�RI
FRQVXPHU�UHWHQWLRQ�UDWH��ZLOOLQJQHVV�WR�FRQWLQXH�SXUFKDVLQJ�ZLQH�IURP�WKH�VWDWH���1HZ�-HUVH\�KDV�WKH�ORZHVW�DW
����FRPSDUHG�WR�1HZ�<RUN��������3HQQV\OYDQLD�KDV�WKH�UDWH�DW�����DPRQJ�WKH�WDUJHW�PDUNHW��,Q�WHUPV�RI
UHFRPPHQGDWLRQ�UDWH��ZLOOLQJQHVV�WR�UHFRPPHQG�ZLQH�IURP�WKH�VWDWH�WR�RWKHUV���1HZ�<RUN�KDV�WKH�KLJKHVW�DW
�������3HQQV\OYDQLD�LV�DFFHSWDEOH�DW��������DQG�1HZ�-HUVH\�LV�PXFK�ORZHU�DW�������
,Q�WHUPV�RI�SHUFHLYHG�ZLQH�TXDOLW\��1HZ�<RUN�ZLQH�WDUJHW�PDUNHW�KDYH�WKH�KLJKHVW�SHUFHLYHG�TXDOLW\�ZLWK�PLQLPDO
GLfHUHQFHV�EHWZHHQ�YDULHWLHV��DERXW�����RQ�DYHUDJH���3HQQV\OYDQLD�ZLQH�WDUJHW�PDUNHW�DOVR�KDYH�FRPSDUDEO\�KLJK
SHUFHLYHG�TXDOLW\��DERXW������WKDQ�1HZ�-HUVH\��DERXW������
3HUWDLQLQJ�WR�VRXUFHV�RI�NQRZOHGJH��PRVW�VXUYH\�UHVSRQGHQWV�LQ�WKH�WDUJHW�PDUNHW�FODLPHG�WKH\�SULPDULO\�OHDUQ
IURP�WKHLU�IDPLO\�DQG�IULHQGV��1-������1<������3$�������IROORZHG�E\�ZLQH�DQG�OLTXRU�VWRUH�VWDf��1-������1<�����
3$������DQG�ZLQHU\�WDVWLQJ�VWDf��1-������1<������3$�������$PRQJ�LQGLUHFW�PDUNHWLQJ��IRRG�DQG�FRRNLQJ
PDJD]LQHV��1-������1<������3$������LV�WKH�EHVW�PHWKRG��)RU�WKLV�UHDVRQ��ZLQHULHV�FDQ�UHFRPPHQG�ZLQH�SDLULQJV
IRU�UHFLSHV�LQ�IRRG�DQG�FRRNLQJ�PDJD]LQHV�

0LG�$WODQWLF�:LQH�7DUJHW�0DUNHW�'HFLVLRQ�7UHH�0RGHO�E\�6WDWH
���1HZ�-HUVH\�'HFLVLRQ�7UHH
7KH�PRGHO�KDV�DQ�RYHUDOO�������FRUUHFW�SUHGLFWLRQ��7KH�UHVXOWV��LQ�FRQFOXVLRQ��VXJJHVWV�WKDW�1HZ�-HUVH\�ZLQH
SURGXFHUV�VKRXOG�WDUJHW�0LG�$WODQWLF�ZLQH�FRQVXPHUV�ZKR�DUH�\RXQJ�����\HDUV�ROG��QRQ�3HQQV\OYDQLD�UHVLGHQWV����
<RXQJHU������\HDUV�ROG��QRQ�VXSHU�FRUH�ZLQH�FRQVXPHUV�ZKR�OLYH�LQ�3HQQV\OYDQLD�

)LJXUH����6LPSOLgHG�'HFLVLRQ�7UHH�IRU�0LG�$WODQWLF�:LQH�&RQVXPHUV�ZKR�'ULQN�3HQQV\OYDQLD�:LQH

b
'LVFXVVLRQ
6LPLODULWLHV�DQG�'LfHUHQFHV�EHWZHHQ�1HZ�-HUVH\��1HZ�<RUN��DQG�3HQQV\OYDQLD�:LQH�7DUJHW�0DUNHW
6LPLODULWLHV�H[LVW�SHUWDLQLQJ�WR�FKDUDFWHULVWLFV�WKDW�GHVFULEH�SDUWLFLSDQWV�OLNHO\�WR�FRQVXPH�ZLQH�IURP�HDFK�RI�WKH
WKUHH�WDUJHWHG�VWDWHV��D��EHLQJ�D�VXSHU�FRUH�ZLQH�FRQVXPHU�����DJH�OHVV�WKDQ����\HDUV�ROG��DQG����UHVLGHQW�RI�WKH
VWDWH�ZKHUH�WKH�ZLQH�LV�SURGXFHG��&RPSDUHG�WR�SDUWLFLSDQWVc�DWWLWXGHV�DERXW�1HZ�-HUVH\�DQG�3HQQV\OYDQLD�ZLQHV�
1HZ�<RUN�ZLQHV�KDYH�D�ELJJHU�WDUJHW�PDUNHW�VLQFH�WKH\�FDQ�QRW�RQO\�WDUJHW�1HZ�<RUN�VXSHU�FRUH�FRQVXPHUV�EXW
DOVR�1HZ�<RUN�QRQ�VXSHU�FRUH�ZLQH�FRQVXPHUV�DQG�\RXQJ��DJH�����VXSHU�FRUH�ZLQH�FRQVXPHUV�IURP�1HZ�-HUVH\
DQG�3HQQV\OYDQLD��7DUJHW�PDUNHW�RI�1HZ�-HUVH\�DQG�3HQQV\OYDQLD�ZLQHV��KRZHYHU��FDQ�RQO\�DWWUDFW�VXSHU�FRUHV
OLYLQJ�ORFDOO\��+HQFH��WKH�PRVW�LPSRUWDQW�IDFWRU�WKDW�LGHQWLgHV�WKH�WDUJHW�PDUNHW�RI�1HZ�<RUN�ZLQHV�LV�UHVLGHQF\�
GLfHUHQW�IURP�1HZ�-HUVH\�DQG�3HQQV\OYDQLD�WKDW�DUH�VXSHU�FRUHV�
0DUNHWLQJ�FKDQQHO�HfHFWLYHQHVV�ZDV�VLPLODU�IRU�ZLQH�FRQVXPHUV�ZKR�UHVLGHG�LQ�HDFK�RI�WKH�WKUHH�VWDWHV��ZLWK
OHDUQLQJ�DERXW�ZLQH�IURP�IDPLO\�DQG�IULHQGV�EHLQJ�WKH�PRVW�HfHFWLYH�ZD\�WR�UHDFK�WDUJHW�FRQVXPHUV��)RRG�DQG
FRRNLQJ�PDJD]LQHV�DUH�WKH�PRVW�HfHFWLYH�LQGLUHFW�PDUNHWLQJ�FKDQQHO�
6HYHUDO�GLfHUHQFHV�DUH�UHYHDOHG��1HZ�<RUN�ZLQHV�DUH�PRUH�ZLGHO\�DFFHSWHG��DQG�LWV�SHUFHLYHG�TXDOLW\�LV�KLJKHU
WKDQ�WKH�WZR�RWKHU�VWDWHV��3HUFHLYHG�TXDOLW\�RI�3HQQV\OYDQLD�ZLQH�LV�VOLJKWO\�ORZHU�WKDQ�1HZ�<RUN�ZLQH�EXW�PXFK
KLJKHU�WKDQ�1HZ�-HUVH\�ZLQHV��1RQH�RI�WKH�VWDWHV�KDV�YHU\�KLJK�SHUFHLYHG�TXDOLW\�

5HODWLRQVKLS�%HWZHHQ�6XSHU�&RUH�&RQVXPHUV�DQG�0LG�$WODQWLF�7DUJHW�0DUNHWV
,Q�WKLV�UHVHDUFK��ZH�REVHUYHG�WKDW�EHLQJ�D�VXSHU�FRUH�ZLQH�FRQVXPHU�LV�RQH�RI�WKH�GHFLVLYH�IDFWRUV�ZKHQ�UHDFKLQJ
FRQVXPHUV�LQ�WKH�0LG�$WODQWLF�UHJLRQ�ZKR�GULQN�0LG�$WODQWLF�ZLQH��+RZHYHU��ZH�DOVR�REVHUYHG�WKDW�WDUJHW�PDUNHW
FRQVXPHUV�DOVR�UHVLGH�ORFDOO\��)RU�WKLV�UHDVRQ��0LG�$WODQWLF�ZLQH�WDUJHW�FRQVXPHUV�DOVR�KLJKOLJKWHG�WKH�ZRUG�dORFDOe
ZKHQ�WKH\�WU\�WR�UHDFK�WKHLU�WDUJHW�FRQVXPHUV��,Q�DGGLWLRQ��0LG�$WODQWLF�ZLQH�WDUJHW�FRQVXPHUV�DUH�RIWHQWLPHV
\RXQJHU��DJH����\HDUV�ROG���&KHQ�HW��DO�$$:(�3UHVHQWDWLRQ���������&RQVLGHULQJ�WKH�UHSXWDWLRQ�DQG�UHWHQWLRQ�UDWH�RI
WKH�0LG�$WODQWLF�ZLQHV��ZH�FRQFOXGH�WKDW�0LG�$WODQWLF�ZLQH�FRQVXPHUV�VKRXOG�QRW�RQO\�EH�D�VXSHU�FRUH�ZLQH
FRQVXPHUV�ZKR�GULQN�ZLQH�IUHTXHQWO\�EXW�DOVR�D�ZLQH�HQWKXVLDVWV�DW�WKH�VDPH�WLPH�ZKR�DFWLYHO\�ORRN�IRU�DQG�WU\�RXW
QHZ�ZLQHV�

)LJXUH����*HQHUDOL]HG�7DUJHW�0DUNHW�IRU�0LG�$WODQWLF�5HJLRQ
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&RQFOXVLRQ
7KLV�UHVHDUFK�LQWURGXFHG�D�GHFLVLRQ�WUHH�DOJRULWKP�WR�WKH�gHOG�RI�ZLQH�HFRQRPLFV��&RPSDUHG�WR�VRPH�SUHYLRXV
VWXGLHV�WKDW�XVHG�GHFLVLRQ�WUHHV��WKLV�UHVHDUFK�HPSKDVL]HG�KRZ�WR�LQWHUSUHW�DQG�JHQHUDWH�LQVLJKWV�IURP�WKH�PRGH�
2XU�UHVHDUFK�DOVR�KLJKOLJKWHG�WKH�XQLTXHQHVV�RI�WKH�0LG�$WODQWLF�ZLQH�SURGXFWLRQ�UHJLRQ�DV�ZHOO�DV�WKH�GLfHUHQW
FKDUDFWHULVWLFV�EHWZHHQ�WKH�WDUJHW�FRQVXPHUV�IURP�WKH�0LG�$WODQWLF�VWDWHV�WKDW�ZHUH�QRW�VWXGLHG�EHIRUH�
7KH�W\SLFDO�WDUJHW�PDUNHW�RI�WKH�0LG�$WODQWLF�UHJLRQ�VKRXOG�EH�ERWK�VXSHU�FRUH�FRQVXPHUV�ZKR�GULQN�ZLQH
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Introduction 

Recently, as the development of computers and machine learning algorithms advance, it has become possible 
to apply this technology to data collected from wine consumers to learn about their attitudes and behaviors. Though 
readily available, only a few studies have applied algorithms in this manner to discover wine consumer insights.  
For this reason, it is necessary to start studying their application.  

In this study, we specifically focus on the Mid-Atlantic wine production region (New York, New Jersey, and 
Pennsylvania), as there have been few wine-consumer studies that have highlighted any potential unique 
characteristics specific to wine drinkers in the region. Although Kelley et al. (2015) segmented the Mid-Atlantic  
market based on the frequency  (super core, core, and marginal) with which they consumed the beverage (the 
summation of both domestic and imported wine), little is known specifically about these consumers consumption 
of local wines. Considering its market share and reputation, the Mid-Atlantic wine industry needs to identify its 
uniqueness and differentiate itself from the general wine market to stay competitive. Because the Mid-Atlantic 
Region does not have very high market share, only targeting the frequent wine drinkers can be misleading. Thus, 
this study fills the gap with analysis performed based solely on wines produced in each of the three Mid-Atlantic 
states. Using such an approach, we were able to identify points of differentiation for wines from each of the three 
states and the respective target markets.   
 
Methodology 
Source of Data 

A consumer survey approach was taken. A 15-minute Internet survey was administered on 22-24 October 
2014 to 977 of Survey Sampling International (Shelton, CT) panelists residing in New Jersey, New York, and 
Pennsylvania. Panelists were screened for not being a member of the wine industry, being at least 21 years old, 
and having purchased and drunk wine at least once within the previous year. 
 
Decision Tree Models 

In addition to descriptive statistics, we employed a decision tree approach to characterize the target market 
for each of the three states. Decision trees use learning algorithms that define the splits at each internal node. The 
tree starts from a root node that then splits into two or more children nodes (subgroups) that visually looks like an 
“upside down” or “sideways” tree. Each child node, if a further separation occurs, becomes a parent node. If no 
further separation occurs, the child node becomes a leaf node with no possibility of splitting any further.  Except 
for the root node and the leaf nodes, each node will have exactly one parent and two or more children.  

The decision tree model is specialized in handling categorical data. Compared to a logistic regression model, 
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a decision tree offers many advantages. One advantage that implementation is fast and variable selection is 
automatic during model fitting (Deshpande, 2011). Additionally, missing data are well handled and normalization 
or scaling is not required prior to fitting the tree. The model is also insensitive to outliers as the splits are made 
based on the proportion of samples instead of on the absolute values (Deshpande, 2011). When working with 
survey data, the tree can also eliminate the need to create excessive of excessive dummy variables for multinomial 
data as each category are assigned to the subgroup that optimizes the model. Moreover, the model does not assume 
linear relationships between the variables, unlike logistic models. Unlike other machine learning algorithm (i.e. 
neuron networks), decision trees are highly interpretable, as its graphical representation enables the non-technical 
audience to understand the output (SPSS Decision Trees, 2016). As we learned its advantages, we chose the 
decision tree model to analyze the characteristics of the wine consumers in each of the three states who consume 
Mid-Atlantic wine.   

Despite the number of advantages, a decision model has a risk of being overfitting. Overfitting happens 
when the model has overfit the current training set that fails to generalize. Several pruning methods are designed 
to avoid the appearance of overfitting. In this work, we chose Chi-pruning and cross-validation as ways to avoid 
overfitting. 

In this research, we used a decision tree model in SPSS with Exhaustive CHAID as the growing method. We 
selected dependent variable, Targetstate, which indicates the characteristics that describe a wine consumer living in 
New Jersey, New York, and Pennsylvania who consumes wine produced in the region.   Integrating the independent 
and dependent variables together, we proposed the following initial hypothesis:  
 

 
 

RESULTS 
Survey Profile 

Of the 977 participants who met the criteria and completed the survey, responses to demographic questions 
include: 62% were female, with a nearly equal distribution among age ranges. Most respondents resided in New 
York (48%), and, of those who provided a response to the question regarding marital status, 60% were married or 
in a partnership. When answering questions regarding their level of education and household income, 39% (n=972) 
had a bachelor’s degree and 18% had a master’s degree or above, while more than half of the participants had an 
annual household income of less than $76,000 (n=971). 

Among all participants who indicated they consumed wines from New Jersey, New York, and Pennsylvania, 
about half of the respondents claimed they drank wines from the three states less than once a month. Thus, this 
variable was used to separate the target market. Pertaining to differences in consumption frequency of wine 
produced in their state of residence, New York participants reported drinking the state wine more frequently than 
consumers residing in New Jersey and Pennsylvania.   

Survey participants were asked their opinions about New York, New Jersey, and Pennsylvania wines. In terms 
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of consumer retention rate (willingness to continue purchasing wine from the state), New Jersey has the lowest at 
47% compared to New York (70%). Pennsylvania has the rate at 53% among the target market. In terms of 
recommendation rate (willingness to recommend wine from the state to others), New York has the highest at 58.4%. 
Pennsylvania is acceptable at 46.5%, and New Jersey is much lower at 36.1%.  

In terms of perceived wine quality, New York wine target market have the highest perceived quality with 
minimal differences between varieties (about 70% on average). Pennsylvania wine target market also have 
comparably high perceived quality (about 65%) than New Jersey (about 45%). 

Pertaining to sources of knowledge, most survey respondents in the target market claimed they primarily 
learn from their family and friends (NJ 68%, NY 74%, PA 72%), followed by wine and liquor store staff (NJ 
52%, NY 54%, PA 51%) and winery tasting staff (NJ 45%, NY 51%, PA 49%). Among indirect marketing, food 
and cooking magazines (NJ 38%, NY 36%, PA 37%) is the best method. For this reason, wineries can 
recommend wine pairings for recipes in food and cooking magazines.  
 
Mid-Atlantic Wine Target Market Decision Tree Model by State 
1. New Jersey Decision Tree 

The model has an overall 71.5% correct prediction. The results, in conclusion, suggests that New Jersey 
wine producers should target Mid-Atlantic wine consumers who are young (< 45 years old), who are super-core 
wine drinkers (those who drink any wine more than once a week) and either: a) purchased a bottle of wine in the 
past because profits were donated to a non-profit organization or b) they did not graduate from a four-year 
college.  Mid-Atlantic wine consumers who: a) are not super-core wine consumers, b) are over the age of 45 
years, and/or c) are age 45 years or younger, have purchased wine because profits were donated to a non-profit, 
have purchased wine, and have a four-year college degree are less likely to purchase New Jersey wine.   

 
Figure 1: Simplified Decision Tree for Mid-Atlantic Wine Consumers who Drink New Jersey Wine  

 
 
2. New York Decision Tree 

Statistically, the New York model has a 71.1% overall correct prediction rate. The target markets of New 
York wines are 1) New York residents; and 2) New Jersey and Pennsylvania young super core wine consumers. 
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New York wines were more widely accepted since New Jersey and Pennsylvania young consumers are included 
in the target market in addition to New York consumers. For those living in New York, the difference between 
super cores and non-super cores is relatively small. New York wine generally has a bigger market than New 
Jersey.   
 

Figure 2: Simplified Decision Tree for Mid-Atlantic Wine Consumers who Drink New York Wine   

 
 
3. Pennsylvania Decision Tree 

The Pennsylvania decision tree has an overall 70.9% correct prediction rate. The target market for 
Pennsylvania wine is 1) all super core wine consumers except those elder (>45 years old) non-Pennsylvania 
residents; 2) Younger (<45 years old) non-super core wine consumers who live in Pennsylvania. 

 
Figure 3: Simplified Decision Tree for Mid-Atlantic Wine Consumers who Drink Pennsylvania Wine  
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Discussion 
Similarities and Differences between New Jersey, New York, and Pennsylvania Wine Target Market 

Similarities exist pertaining to characteristics that describe participants likely to consume wine from each of 
the three targeted states: a) being a super-core wine consumer, 2) age less than 45 years old, and 3) resident of 
the state where the wine is produced. Compared to participants’ attitudes about New Jersey and Pennsylvania 
wines, New York wines have a bigger target market since they can not only target New York super core 
consumers but also New York non-super core wine consumers and young (age<45) super core wine consumers 
from New Jersey and Pennsylvania. Target market of New Jersey and Pennsylvania wines, however, can only 
attract super cores living locally. Hence, the most important factor that identifies the target market of New York 
wines is residency, different from New Jersey and Pennsylvania that are super cores.  

Marketing channel effectiveness was similar for wine consumers who resided in each of the three states, 
with learning about wine from family and friends being the most effective way to reach target consumers. Food 
and cooking magazines are the most effective indirect marketing channel.  

Several differences are revealed. New York wines are more widely accepted, and its perceived quality is 
higher than the two other states. Perceived quality of Pennsylvania wine is slightly lower than New York wine 
but much higher than New Jersey wines. None of the states has very high perceived quality.  
 
Relationship Between Super Core Consumers and Mid-Atlantic Target Markets 
        In this research, we observed that being a super-core wine consumer is one of the decisive factors when 
reaching consumers in the Mid-Atlantic region who drink Mid-Atlantic wine. However, we also observed that 
target market consumers also reside locally. For this reason, Mid-Atlantic wine target consumers also highlighted 
the word “local” when they try to reach their target consumers. In addition, Mid-Atlantic wine target consumers 
are oftentimes younger (age < 45 years old), unlike super core wine consumers being older (>45 years old) 
(Chen et. al AAWE Presentation, 2017). Considering the reputation and retention rate of the Mid-Atlantic wines, 
we conclude that Mid-Atlantic wine consumers should not only be a super core wine consumers who drink wine 
frequently but also a wine enthusiasts at the same time who actively look for and try out new wines.  
 

Figure 4: Generalized Target Market for Mid-Atlantic Region 
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Conclusion 

This research introduced a decision tree algorithm to the field of wine economics. Compared to some 
previous studies that used decision trees, this research emphasized how to interpret and generate insights from 
the mode. Our research also highlighted the uniqueness of the Mid-Atlantic wine production region as well as 
the different characteristics between the target consumers from the Mid-Atlantic states that were not studied 
before. 

The typical target market of the Mid-Atlantic region should be both super core consumers who drink wine 
frequently and wine enthusiasts who consume wine produced in their state of residence at the same time. 
However, the Mid-Atlantic region does not have a high perceived quality. This low perceived quality may result 
in lower retention rate and recommendation rate. Since word of mouth (i.e. learning from family and friends) is 
most popular among wine consumers, wineries in the Mid-Atlantic region should keep working on improving 
their perceived qualities.  
 


