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ABSTRACT 

This research focuses on improving stock tweet sentiment classification accuracy with the 

addition of the linguistic features of stock tweets. Stock prediction based on social media 

data has been popular in recent years, but none of the previous studies have provided a 

comprehensive understanding of the linguistic features of stock tweets. Hence, applying a 

simple statistical model to classifying the sentiment of stock tweets has reached a 

bottleneck. Thus, after analysing the linguistic features of stock tweets, this research used 

these features to train four machine learning classifiers. Each of them showed an 

improvement, and the best one achieved a 9.7% improvement compared to the baseline 

model. The main contributions of this research are fivefold: (a) it provides an in-depth 

linguistic analysis of stock tweets; (b) it gives a clear and comprehensive definition of stock 

tweets; (c) it provides a simple but effective way to automatically identify stock tweets; (d) 

it provides a simple but effective method of generating a localised sentiment keyword list; 

and (e) it demonstrates a significant improvement of stock tweet sentiment classification 

accuracy. 
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$SSHQGL[ &���� $QDO\VLV RI EDJ�RI�ZRUGV VFRUHV � � � � � � � � � � � � � � � � � � � ���

$SSHQGL[ &���� $QDO\VLV RI 326 WDJV � � � � � � � � � � � � � � � � � � � � � � � � � ���

$SSHQGL[ &�� 1RUPDOLW\ 7HVW 5HVXOWV IRU &KDSWHU � � � � � � � � � � � � � � � � � � � � � ���

5HIHUHQFH ���

��



/LVW RI )LJXUHV

)LJXUH ����� 7KH VWUXFWXUH RI EDFNJURXQG NQRZOHGJH � � � � � � � � � � � � � � � � ��

)LJXUH ����� 7KH UHODWLRQVKLS PRGHO RI WZHHWV DQG WKH VWRFN PDUNHW � � � � � � � � � ��

)LJXUH ����� 'DLO\ WZHHW FRXQWV GXULQJ ��������� � � � � � � � � � � � � � � � � � � ��

)LJXUH ����� 7KH VFUHHQVKRW RI 'HUZHQW &DSLWDO 0DUNHWV¶ ILQDO RQOLQH DXFWLRQ � � � ���

)LJXUH ����� 7KH VWDWLVWLFV RI WLFNHU WZHHWV LQ $SULO� ���� � � � � � � � � � � � � � � ���

)LJXUH ����� 7KH VWDWLVWLFV RI PHGLD WZHHWV LQ $SULO� ���� � � � � � � � � � � � � � � ���

)LJXUH ����� 6WDWLVWLFV RI ZRUNLQJ GD\V RI HDFK WZHHW FUDZOHU� $SULO�$XJXVW� ���� � � ���

)LJXUH ����� 'DLO\ FRXQWV RI WKH WZHHW FROOHFWLRQ LQ ORJDULWKP VFDOLQJ� $SULO�$XJXVW�

���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� 'DLO\ FRXQWV RI WKH ����'$< WLFNHUV LQ ORJDULWKP VFDOLQJ� $SULO�$XJXVW�

���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� %R[ SORW RI WKH ���0267 WLFNHUV WZHHWV LQ ORJDULWKP VFDOLQJ� $SULO�

$XJXVW� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� 7KH UHODWLRQVKLS RI GLIIHUHQW W\SHV RI WZHHWV � � � � � � � � � � � � � � ���

)LJXUH ����� 'LVWULEXWLRQ RI GLIIHUHQW W\SHV RI *( WZHHWV DIWHU WKH PDQXDO DQQRWDWLRQ���

)LJXUH ����� &URVV�FRUUHODWLRQ UHVXOW RI *( SULFH DV VKRZQ LQ 6HFWLRQ ��� � � � � � � ���

)LJXUH ����� ([DPSOH RI D KHDW PDS RI D VHW RI PXOWL�PDWUL[ GDWD � � � � � � � � � � ���

)LJXUH ����� 3ORW RI *( SULFHV ZLWK UHSODFHG 1$ YDOXHV� $SULO�$XJXVW� ���� � � � � ���

)LJXUH ����� 7KH QRUPDO SORW RI SULFH WUHQGV RI WKH *( WLFNHU� $SULO�$XJXVW� ���� � ���

)LJXUH ����� 7KH &&) WHVW RI IRXU SULFHV RI WKH *( WLFNHU� $SULO�$XJXVW� ���� � � � � ���

��



)LJXUH ����� 3ORW DQG WKH $&) WHVW UHVXOW RI GLIIHUHQW W\SHV RI *( WZHHW UDZ FRXQWV�

$SULO�$XJXVW� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� 7KH &&) WHVW UHVXOW RI EHWZHHQ WKH SULFH DQG VHQWLPHQW RI *( WLFNHU�

$SULO�$XJXVW� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� 3ORW DQG WKH &&) WHVW UHVXOW QRUPDOLVHG *( WLFNHU�UHODWHG WZHHWV DW�

$SULO�$XJXVW� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� 7UDQVIRUPHG DQG UHWUDQVIRUPHG SHUFHQWDJH QRUPDOLVDWLRQ RI *(

WZHHWV� $SULO�$XJXVW� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� 7KH &&) WHVW UHVXOW RI WKH SHUFHQWDJH QRUPDOLVHG SULFH DQG WKH VHQWL�

PHQW RI WKH *( WLFNHU� $SULO�$XJXVW� ���� � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� 3ORW RI *( SULFH QRUPDOLVHG E\ D ��VWHSZLQGRZ IXQFWLRQ� $SULO�$XJXVW�

���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� &URVV�FRUUHODWLRQ UHVXOW RI *( VHQWLPHQW DQG SULFH E\ D ��VWHS ZLQGRZ

IXQFWLRQ� $SULO�$XJXVW� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� 'DLO\ *( SULFH WUHQG ZLWK D ��GD\ PRYLQJ DYHUDJH � � � � � � � � � � � ���

)LJXUH ����� &URVV�FRUUHODWLRQ UHVXOW RI *( VHQWLPHQW DQG SULFHZLWK D ��GD\PRYLQJ

DYHUDJH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� &URVV�FRUUHODWLRQ UHVXOW RI *( VHQWLPHQW DQG SULFH ZLWK D ���GD\ PRY�

LQJ DYHUDJH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� &URVV�FRUUHODWLRQ UHVXOW RI *( VHQWLPHQW DQG SULFH ZLWK D ���GD\ PRY�

LQJ DYHUDJH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ������ &URVV�FRUUHODWLRQ UHVXOW RI *( VHQWLPHQW DQG SULFH ZLWK D ���GD\PRY�

LQJ DYHUDJH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��



)LJXUH ����� &RPSDULVRQ RI GLIIHUHQW QHXWUDO VHQWLPHQW WUHQGV RI *( � � � � � � � � ���

)LJXUH ����� &RPSDULVRQ RI GLIIHUHQW QHXWUDO VHQWLPHQW WUHQGV RI *( LQ SHUFHQWDJH

VFDOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� 6WDWLVWLFV RI XQLJUDPV LQ GLIIHUHQW SRODULWLHV RI WZHHWV � � � � � � � � � ���

)LJXUH ����� 6FRUH GLVWULEXWLRQ FRPSDULVRQ RI WKH ORFDOLVHG VHQWLPHQW ZRUG OLVW DQG

WKH OLVW E\ 'DYLHV DQG *KDKUDPDQL ������ � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� 'LVWULEXWLRQ RI 326 WDJV RI WLFNHU�UHODWHG WZHHWV � � � � � � � � � � � � ���

)LJXUH ����� )LYH JURXSV RI WKH PRVW IUHTXHQW SDUW�RI�VSHHFK IHDWXUHV LQ WLFNHU�

UHODWHG WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ����� 7KH UHODWLRQVKLS RI DQQRWDWHG WZHHWV DV LQWURGXFHG LQ &KDSWHU � � � � � ���

)LJXUH ����� %R[SORW RI ZRUG FRXQW LQFOXGLQJ 85/V � � � � � � � � � � � � � � � � � ���

)LJXUH ����� %R[SORW RI FKDUDFWHU FRXQW LQFOXGLQJ 85/V � � � � � � � � � � � � � � � ���

)LJXUH ����� %R[SORW RI ZRUG FRXQW H[FOXGLQJ 85/V � � � � � � � � � � � � � � � � � ���

)LJXUH ����� %R[SORW RI FKDUDFWHU FRXQW H[FOXGLQJ 85/V � � � � � � � � � � � � � � ���

)LJXUH ����� %R[SORW RI KDVKWDJ FRXQWV LQ WKH DQQRWDWHG WZHHWV � � � � � � � � � � � ���

)LJXUH ����� %R[SORW RI FDVKWDJ FRXQWV LQ WKH DQQRWDWHG WZHHWV � � � � � � � � � � � ���

)LJXUH ����� %R[SORW RI UHWZHHW FRXQWV LQ WKH DQQRWDWHG WZHHWV � � � � � � � � � � � ���

��



/LVW RI 7DEOHV

7DEOH ����� &RPSDULVRQ RI GLIIHUHQW WZHHW GDWD VHUYLFHV � � � � � � � � � � � � � � � ��

7DEOH ����� &RPSDULVRQ RI 6WDQIRUG ILQDO SURMHFWV� ���� �,� � � � � � � � � � � � � � ��

7DEOH ����� &RPSDULVRQ RI 6WDQIRUG ILQDO SURMHFWV� ���� �,,� � � � � � � � � � � � � ��

7DEOH ����� &RPSDULVRQ RI 6WDQIRUG ILQDO SURMHFWV� ���� �,,,� � � � � � � � � � � � � ��

7DEOH ����� 6WDWLVWLFV RI WKH VDPSOH VL]H EDVHG RQ WKH ILUVW DSSURDFK � � � � � � � � � ��

7DEOH ����� 6WDWLVWLFV RI WKH VDPSOH VL]H EDVHG RQ WKH VHFRQG DSSURDFK � � � � � � � ��

7DEOH ����� 6WDWLVWLFV RI WKH VDPSOH VL]H EDVHG RQ RWKHU DSSURDFKHV � � � � � � � � � ��

7DEOH ����� 6WDWLVWLFV RI SUHYLRXV VWXGLHV RI VWRFN SUHGLFWLRQ EDVHG RQ WZHHW GDWD � � ��

7DEOH ����� 6HQWLPHQW ZRUG OLVWV XVHG LQ SUHYLRXV VWXGLHV � � � � � � � � � � � � � � ��

7DEOH ����� (VFREHU¶V ������ VXJJHVWLRQV IRU PRQLWRULQJ VRFLDO QHWZRUN � � � � � � ���

7DEOH ����� /LVW RI �� FRPSDQLHV DQG WKHLU WLFNHUV LQ WKH'RZ-RQHV ,QGXVWULDO $YHUDJH���

7DEOH ����� 6WDWLVWLFV RI VRPH EUHDNLQJ QHZV 7ZLWWHU DFFRXQWV � � � � � � � � � � � ���

7DEOH ����� )LQDO FROOHFWLRQ UDWH RI HDFK FUDZOHU � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6WDWLVWLFV RI SURFHVVHG VWRFN WZHHWV � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6WDWLVWLFV RI WKH FROOHFWHG WZHHWV IURP WKUHH FUDZOHUV� $SULO � $XJXVW� ���� ���

7DEOH ����� 7KH UHODWLRQVKLS RI WKH SRVLWLYH DQG QHJDWLYH UHODWLRQVKLS EHWZHHQ WKH

PDUNHW WUHQG DQG WKH LQYHVWPHQW DFWLRQ � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6DPSOH RI FRQYHUWHG *( SULFH GDWD � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6DPSOH GDWD RI *( VHQWLPHQW � � � � � � � � � � � � � � � � � � � � � � ���

��



7DEOH ����� $XWRFRUUHODWLRQV RI VHULHV µ;¶� E\ ODJ � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 7KH HIIHFW VL]H RI 3HDUVRQ¶V U � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� &RPSDULVRQ RI WKH GD\ FRXQWV RI WKH WUDQVIRUPHG DQG UHWUDQVIRUPHG

SHUFHQWDJH QRUPDOLVDWLRQ RI *( WZHHWV DW ���� ���� � � � � � � � � � � � � � � � � � ���

7DEOH ����� &RPSDULVRQ RI IRXU SRSXODU ZRUG OLVWV LQ SUHYLRXV VWXGLHV � � � � � � � ���

7DEOH ����� 0HDQLQJIXO XQLJUDPV LQ WKH WRS �� IUHTXHQW XQLJUDPV RI WLFNHU�UHODWHG

WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 7KH UHODWLRQVKLS RI XQLTXH XQLJUDPV DQG WRWDO WRNHQV � � � � � � � � � ���

7DEOH ����� 7KH FRYHUDJH RI XQLTXH XQLJUDPV � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 5HODWLRQVKLS RI RQH�RFFXUUHQFH XQLJUDPV DQG WKH ZKROH XQLJUDPV � � � ���

7DEOH ����� &RPSDULVRQ RI WKH ZRUG W\SHV LQ GLIIHUHQW SRODULWLHV EHIRUH DQG DIWHU

VWHPPLQJ E\ WKH 3RUWHU VWHPPHU � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6DPSOH RI WKH WRS �� IUHTXHQW XQLJUDPV DIWHU VWHPPLQJ � � � � � � � � ���

7DEOH ����� &RPSDULVRQ RI ZRUGV ZLWK WRS �� NH\QHVV VFRUHV LQ QHJDWLYH DQG SRVL�

WLYH FDWHJRU\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6L]H FRPSDULVRQ RI WKH ORFDOLVHG VHQWLPHQW ZRUG OLVW DQG 'DYLHV DQG

*KDKUDPDQL ������¶V OLVW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� $Q H[WUDFW RI WKH ZRUG PDWUL[ EDVHG RQ WKH DQQRWDWHG *( WZHHWV � � � � ���

7DEOH ����� 6WDWLVWLFV RI DYHUDJH VFRUH RI HDFK SRODULW\ JURXS LQ WKH *( WZHHWV � � � ���

7DEOH ����� &RYHUDJH FRPSDULVRQ RI WKH ORFDOLVHG VHQWLPHQW ZRUG OLVW DQG WKH OLVW

E\ 'DYLHV DQG *KDKUDPDQL ������ � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6XPPDU\ RI VLJQLILFDQFH WHVWV RI WKUHH JURXSV RI VHQWLPHQW VFRUHV � � � ���

��



7DEOH ����� 6WDWLVWLFV RI DYHUDJH VFRUH RI *( WUDLQLQJ DQG WHVW VHW � � � � � � � � � � ���

7DEOH ����� 6XPPDU\ RI WKH EHVW DFFXUDF\ RI IRXU FODVVLILHUV EDVHG RQ WKH EDJ�RI�

ZRUGV PRGHO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6WDWLVWLFV RI WKH 326 WDJJLQJ UHVXOWV RI ILYH JURXSV RI WZHHWV E\ WKH $5.

WZHHW 326 WDJJHU �7KH RULJLQDO WDJV DUH LQ EUDFNHWV�� � � � � � � � � � � � � � � � � ���

7DEOH ����� 7RS �� IUHTXHQW DGMHFWLYHV LQ WKH WLFNHU�UHODWHG WZHHWV � � � � � � � � � ���

7DEOH ����� 7RS �� IUHTXHQW YHUEV LQ WKH WLFNHU�UHODWHG WZHHWV � � � � � � � � � � � ���

7DEOH ����� 6XPPDU\ RI VLJQLILFDQFH WHVWV RI ILYH PRVW IUHTXHQW 326 WDJ FDWHJRULHV ���

7DEOH ����� $ VDPSOH VHW RI 326 IHDWXUHV JHQHUDWHG IURP DQQRWDWHG *( WLFNHU�

UHODWHG WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6XPPDU\ RI WKH DFFXUDF\ RI IRXU FODVVLILHUV EDVHG RQ WKH PRVW IUHTXHQW

SDUW�RI�VSHHFK IHDWXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6XPPDU\ RI WKH DFFXUDF\ RI IRXU FODVVLILHUV EDVHG RQ WKH XVH RI DOO IUH�

TXHQW SDUW�RI�VSHHFK IHDWXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6XPPDU\ RI XVLQJ WKH H[WHUQDO IHDWXUHV WR LGHQWLI\ WKH W\SH RI WZHHWV � � ���

7DEOH ����� $YHUDJH FRXQWV RI WKH H[WHUQDO OLQJXLVWLF IHDWXUHV � � � � � � � � � � � � ���

7DEOH ����� $Q H[WUDFW RI WKH H[WHUQDO IHDWXUHV RI WKH DQQRWDWHG *( WZHHWV � � � � � ���

7DEOH ����� 7KH EHVW UHVXOWV RI IRXU FODVVLILHUV DW WKH VWRFN OHYHO � � � � � � � � � � � ���

7DEOH ����� 7KH EHVW UHVXOWV RI IRXU FODVVLILHUV DW WKH WLFNHU OHYHO � � � � � � � � � � ���

7DEOH ����� 7KH EHVW UHVXOWV RI IRXU FODVVLILHUV DW WKH SRODULW\ OHYHO � � � � � � � � � ���

7DEOH ����� 6WDWLVWLFV RI WKH DFFXUDF\ RI HDFK OHYHO RI IRXU FODVVLILHUV � � � � � � � � ���

��



7DEOH ����� 6HQWLPHQW FODVVLILFDWLRQ DFFXUDF\ DW WKH WUDLQLQJ VWDJH EDVHG RQGLIIHUHQW

VHWV RI IHDWXUHV LQ SUHYLRXV FKDSWHUV � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6XPPDU\ RI VLJQLILFDQFH WHVWV RI WKUHH VHWV RI IHDWXUHV � � � � � � � � � ���

7DEOH ����� 6DPSOH RI WKH WUDLQLQJ PRGHO EDVHG RQ WKH FRPELQHG LQWHUQDO IHDWXUHV � ���

7DEOH ����� &ODVVLILFDWLRQ UHVXOWV EDVHG RQ WKH FRPELQHG LQWHUQDO IHDWXUHV � � � � � ���

7DEOH ����� 6DPSOH RI WKH WUDLQLQJ PRGHO EDVHG RQ 326 DQG H[WHUQDO IHDWXUHV � � � ���

7DEOH ����� &ODVVLILFDWLRQ UHVXOWV EDVHG RQ 326 DQG H[WHUQDO IHDWXUHV � � � � � � � ���

7DEOH ����� &RPSDULVRQ RI WKH FODVVLILFDWLRQ UHVXOWV EDVHG RQO\ RQ SDUW�RI�VSHHFK

RU H[WHUQDO IHDWXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6DPSOH RI WKH WUDLQLQJPRGHO EDVHG RQ FRPELQDWLRQ RI WKH EDJ�RI�ZRUGV

PRGHO DQG H[WHUQDO OLQJXLVWLF IHDWXUHV � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� &ODVVLILFDWLRQ UHVXOWV EDVHG RQ WKH FRPELQDWLRQ RI EDJ�RI�ZRUGV DQG

H[WHUQDO IHDWXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� 6DPSOH RI WKH WUDLQLQJ PRGHO EDVHG RQ WKH FRPELQHG LQWHUQDO DQG H[�

WHUQDO IHDWXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ����� &ODVVLILFDWLRQ UHVXOWV EDVHG RQ FRPELQHG LQWHUQDO DQG H[WHUQDO IHDWXUHV ���

7DEOH ����� 7KH EHVW DFFXUDF\ �LQ EROG� RI HDFK FODVVLILHU EDVHG RQ GLIIHUHQW IHDWXUHV ���

7DEOH ������ &RPSDULVRQ RI WKH EHVW WUDLQLQJ DFFXUDF\ DW WKH VWRFN OHYHO DQG WKH

WLFNHU OHYHO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH ������ 7KH DFFXUDF\ FRPSDULVRQ DW WKH WUDLQLQJ VWDJH � � � � � � � � � � � � � ���

7DEOH ������ 6WDWLVWLFV RI VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\ LQ SUHYLRXV VWXGLHV

�VDPH DV 7DEOH ������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��



7DEOH &���� 7KH 6KDSLUR WHVW RI WKH RYHUDOO %R: VFRUHV LQ 1(*� 1(8� DQG 367 WZHHWV���

7DEOH &���� 7KH 6KDSLUR WHVW RI WKH SRVLWLYH %R: VFRUHV LQ 1(*� 1(8� DQG 367 WZHHWV���

7DEOH &���� 7KH 6KDSLUR WHVW RI WKH QHJDWLYH %R: VFRUHV LQ 1(*� 1(8� DQG 367

WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &���� 7KH 6KDSLUR WHVW RI DGMHFWLYHV LQ 1(*� 1(8� DQG 367 WZHHWV � � � � � � ���

7DEOH &���� 7KH 6KDSLUR WHVW RI FRPPRQ QRXQV LQ 1(*� 1(8� DQG 367 WZHHWV � � � ���

7DEOH &���� 7KH 6KDSLUR WHVW RI SUHSRVLWLRQV LQ 1(*� 1(8� DQG 367 WZHHWV � � � � ���

7DEOH &���� 7KH 6KDSLUR WHVW RI SURSHU QRXQV LQ 1(*� 1(8� DQG 367 WZHHWV � � � � ���

7DEOH &���� 7KH 6KDSLUR WHVW RI YHUEV LQ 1(*� 1(8� DQG 367 WZHHWV � � � � � � � � ���

7DEOH &���� 7KH 6KDSLUR WHVW RI ZRUG FRXQW LQFOXGLQJ 85/V LQ 165� 175� 1(*�

1(8� DQG 367 WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &���� 7KH .ROPRJRURY�6PLUQRY WHVW RI ZRUG FRXQW LQFOXGLQJ 85/V LQ WLFNHU�

UHODWHG DQG VWRFN�UHODWHG WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &���� 7KH 6KDSLUR WHVW RI FKDUDFWHU FRXQW LQFOXGLQJ 85/V LQ 175� 165� 1(*�

1(8� DQG 367 WZHHWV LQFOXGLQJ 85/V � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &���� 7KH .ROPRJRURY�6PLUQRY WHVW RI FKDUDFWHU FRXQW LQFOXGLQJ 85/V LQ

WLFNHU�UHODWHG DQG VWRFN�UHODWHG WZHHWV � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &���� 7KH 6KDSLUR WHVW RI ZRUG FRXQW H[FOXGLQJ 85/V LQ 165� 175� 1(*�

1(8 DQG 367 WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &���� 7KH .ROPRJRURY�6PLUQRY WHVW RI ZRUG FRXQW H[FOXGLQJ 85/V LQ WLFNHU�

UHODWHG DQG VWRFN�UHODWHG WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��



7DEOH &���� 7KH 6KDSLUR WHVW RI FKDUDFWHU FRXQW H[FOXGLQJ 85/V LQ 165� 175� 1(*�

1(8 DQG 367 WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &���� 7KH .ROPRJRURY�6PLUQRY WHVW RI FKDUDFWHU FRXQW H[FOXGLQJ 85/V LQ

WLFNHU�UHODWHG DQG VWRFN�UHODWHG WZHHWV � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &���� 7KH 6KDSLUR WHVW RI KDVKWDJ FRXQW LQ 165� 175� 1(*� 1(8 DQG 367

WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &����� 7KH .ROPRJRURY�6PLUQRY WHVW RI KDVKWDJ FRXQW LQ WLFNHU�UHODWHG DQG

VWRFN�UHODWHG WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &����� 7KH 6KDSLUR WHVW RI FDVKWDJ FRXQW LQ 165� 175� 1(*� 1(8 DQG 367

WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &����� 7KH .ROPRJRURY�6PLUQRY WHVW RI FDVKWDJ FRXQW LQ WLFNHU�UHODWHG DQG

VWRFN�UHODWHG WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &����� 7KH 6KDSLUR WHVW RI ZRUG FRXQW LQFOXGLQJ 85/V LQ 165� 175� 1(*�

1(8 DQG 367 WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7DEOH &����� 7KH .ROPRJRURY�6PLUQRY WHVW RI UHWZHHW FRXQW LQ WLFNHU�UHODWHG DQG

VWRFN�UHODWHG WZHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��



&KDSWHU � ,QWURGXFWLRQ

*URZLQJ IURP ��� PLOOLRQ DFWLYH XVHUV LQ ���� WR ��� PLOOLRQ LQ ����� IURP ����� GDLO\ SRVWV LQ

���� WR ��� PLOOLRQ LQ ����� 7ZLWWHU LV D PDVVLYH VRFLDO QHWZRUN VHUYLFH ZLWK D JUHDW QXPEHU RI

XVHUV¶ VWDWXVHV SRVWHG GDLO\ �+HSZRUWK� ����� 7ZLWWHU� ����G� ����G� :HLO� ������ 7KH ODQJXDJH

RQ 7ZLWWHU SUHVHQWV D QXPEHU RI XQLTXH IHDWXUHV� DQG LQ SDUWLFXODU� ³WKH H[WUHPHO\ ODUJH YROXPH

RI QDWXUDOO\ RFFXUULQJ ODQJXDJH LV RI JUHDW LQWHUHVW� DV GDWD� WR OLQJXLVWV´ �=DSSDYLJQD� ����� S� ���

7ZLWWHU GLVFRXUVH FRYHUV YDULRXV WRSLFV� VRPH SHRSOH WKXV UHJDUG 7ZLWWHU DV D XVHOHVV SODWIRUP DV

LW FDQ RQO\ SURYLGH OLPLWHG XVHIXO LQIRUPDWLRQ �%URZQ� ������ EXW RWKHUV WDNH D FRQWUDU\ SRVLWLRQ�

)RU H[DPSOH� PDQ\ LQYHVWRUV SDUWLFLSDWHG LQ WKH ZHEVLWH 6WRFNWZLWV � ��

DQG XVHG LW DV DQ LPSRUWDQW LQIRUPDWLRQ UHVRXUFH IRU SUHGLFWLQJ VWRFN WUDGLQJ� ,QGHHG� 7ZLWWHU KDV

EHFRPH LQFUHDVLQJO\ LPSRUWDQW DV D GDWD VRXUFH IRU VWRFN SUHGLFWLRQ� $V DQ LOOXVWUDWLRQ� %ORRPEHUJ

7HUPLQDO�� RQH RI WKH PRVW LPSRUWDQW DQG SRSXODU WUDGLQJ WRROV EHLQJ XVHG E\ VWRFN WUDGHUV� KDV

UHFHQWO\ LQWHJUDWHG WZHHWV DV RQH RI LWV GDWD UHVRXUFHV �,QGYLN� ������ 7KLV SUHVHQWV D SURPLVLQJ

EOXHSULQW IRU XVLQJ WZHHW GDWD LQ DQ LQQRYDWLYH ZD\�

0RUHRYHU� DGYDQFHV LQ FRPSXWHU VFLHQFH DQG OLQJXLVWLFV HQFRXUDJH KXPDQ EHLQJV WR H[WUDFW LQ�

FUHDVLQJ DPRXQWV RI LQIRUPDWLRQ IURP LQFUHDVLQJO\ ODUJH VHWV RI GDWD� 7KHUHIRUH� VHQWLPHQW DQDO�

\VLV� ZLWK D IRFXV RQ LQYHVWLJDWLQJ WKH KLGGHQ HPRWLRQ LQIRUPDWLRQ LQ ODUJH�VFDOH WH[WXDO GDWD� KDV

EHFRPH YLWDO WR ERWK DFDGHPLD DQG LQGXVWU\� :LWK D VKRUW KLVWRU\ RI RQO\ WHQ \HDUV� WKHUH LV JUHDW

SRWHQWLDO IRU LW WR GHYHORS� 7KLV VXE�EUDQFK RI QDWXUDO ODQJXDJH SURFHVVLQJ �1/3� LQ FRPSXWD�

WLRQDO OLQJXLVWLFV KDV DOUHDG\ EHQHILWHG ZLGH DUHDV� ZLWK PRUH DQG PRUH VFKRODUV GHYRWLQJ WLPH WR

VXFK UHVHDUFK� 2QH FRQFUHWH H[DPSOH LV WKDW VRPH VWXGLHV KDYH DSSOLHG VHQWLPHQW DQDO\VLV WR SUH�

GLFW VWRFN PRYHPHQWV EDVHG RQ WZHHW GDWD� LQFOXGLQJ 5XL]� +ULVWLGLV� &DVWLOOR� *LRQLV� DQG -DLPHV

������ DQG %ROOHQ� 0DR� DQG =HQJ ������� ,QGHHG� VWRFN SUHGLFWLRQ KDV DWWUDFWHG ORQJ�ODVWLQJ LQ�

WHUHVW� DQG DVVLVWHG E\ VHQWLPHQW DQDO\VLV� UHFHQW GHYHORSPHQWV LQ LW KDYH EHFRPH LQFUHDVLQJO\
�%ORRPEHUJ 7HUPLQDO LV D FRPSXWHU V\VWHP GHYHORSHG E\ %ORRPEHUJ /�3 WR DFFHVV LWV ILQDQFH VHUYLFH DQG GDWD�

��
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HODERUDWH�

$ JRRG LOOXVWUDWLRQ RI VWRFN SUHGLFWLRQ EDVHG RQ WZHHWV LV WKDW GXULQJ -DQXDU\� ����� D QXPEHU

RI UHSRUWV VXJJHVWHG WKDW VRPH WZHHWV IURP KRD[ DFFRXQWV PLJKW EH WKH PDLQ FDXVH RI G\QDPLF

FKDQJHV LQ WKH 1$6'$4 PDUNHW �1DWLRQDO $VVRFLDWLRQ RI 6HFXULWLHV 'HDOHUV $XWRPDWHG 4XRWD�

WLRQV�� DQG WKH DXWKRULWLHV EHJDQ WR LQYHVWLJDWH WKH FODLPV �0F&UDQN 	 *DIIHQ� ����� 9ODVWHOLFD�

%DVHV� 	 )OLWWHU� ������ ,Q ERWK FDVHV� WKH KRD[ 7ZLWWHU DFFRXQWV XVHG IUDXGXOHQW LGHQWLILFDWLRQV WR

SXEOLVK PLVOHDGLQJ LQIRUPDWLRQ� DQG VRRQ DIWHU� WKH PDUNHW XQGHUZHQW FRUUHVSRQGLQJO\ DJJUHV�

VLYH PRYHPHQWV� ,I ERWK FDVHV VWDQG� WKH\ LQGLFDWH WKDW WZHHWV� HYHQ IUDXGXOHQW WZHHWV� FDQ KDYH

D KXJH LPSDFW RQ WKH VWRFN PDUNHW� )XUWKHUPRUH� LW VXJJHVWV WKDW VXVSLFLRXV WZHHWV OLNH WKHVH FDQ

EULQJ IXUWKHU GLIILFXOWLHV WR VWRFN SUHGLFWLRQ EDVHG RQ WZHHWV�

%\ VWRFN WZHHWV� WKLV UHVHDUFK DGRSWV D QDUURZ GHILQLWLRQ� D WZHHW WKDW FRQWDLQV RQH RU PRUH

FDVKWDJV²D FRQYHQWLRQ RQ 7ZLWWHU WKDW XVHV WKH GROODU VLJQ DQG WLFNHU V\PERO WR LQWURGXFH D

WLFNHU²DQG IRFXVHV RQ D WRSLF UHOHYDQW WR WKH VWRFN PDUNHW� 7KLV LV D ZLGHO\ DSSOLHG FRQFHSW WKDW

ZDV ILUVW LQWURGXFHG E\ 6SUHQJHU DQG:HOSH ������� $V DQ LOOXVWUDWLRQ� WKH WZHHW VKRZQ LQ 6DPSOH

����� UHSRUWV WKH VHOOLQJ RI WKH WLFNHU *HQHUDO (OHFWULF �*(�� VR LWV DXWKRU SXWV ³�JH´ DW WKH HQG WR

LQGLFDWH WKH WRSLF� 7KH UHVHDUFK UHSRUWHG LQ WKLV WKHVLV XVHG FDVKWDJV DV NH\ZRUGV DQG FODVVLILHG

WKHP DFFRUGLQJO\�

6DPSOH ����� JHQHUDO HOHFWULF VKRUW ����� �JH

7KLV UHVHDUFK FHQWUHV RQ WKH WKUHH IXQGDPHQWDO LVVXHV� WKH GHILQLWLRQ DQG IHDWXUHV RI VWRFN WZHHWV�

WKH DXWRPDWLF LGHQWLILFDWLRQ RI VWRFN WZHHWV DQG WKHLU VHQWLPHQWV� DQG ZKHWKHU LQFOXGLQJ DQ DQDO�

\VLV RI OLQJXLVWLF IHDWXUHV FDQ LPSURYH WKH DFFXUDF\ RI VHQWLPHQW LGHQWLILFDWLRQ RI VWRFN WZHHWV� ,W

SUHVHQWV WKH IROORZLQJ VWDJHV RI LQYHVWLJDWLRQV� ILUVW� WKH LQYHVWLJDWLRQ RI WKH WHPSRUDO FRUUHODWLRQ

EHWZHHQ WKH VHQWLPHQW RI VWRFN WZHHWV DQG WKH SULFH SHUIRUPDQFH RI DQ LQGLYLGXDO TXRWH� NQRZQ

DV D ³WLFNHU´ LQ WKH EXVLQHVV DQG ILQDQFH FRQWH[W� WKHQ� WKH DQDO\VHV RI WKH OLQJXLVWLF IHDWXUHV RI

��



VWRFN WZHHWV� VXFK DV IUHTXHQW ZRUGV DQG SDUW�RI�VSHHFK IHDWXUHV� DQG WKH XVH RI WKHP WR WUDLQ

VHQWLPHQW FODVVLILHUV EDVHG RQ GLIIHUHQW DOJRULWKPV� LQ RUGHU WR VHW XS D VHQWLPHQW FODVVLILFDWLRQ

EDVHOLQH� QH[W� WKH DQDO\VHV RI WKH RWKHU ORZ�OHYHO OLQJXLVWLF IHDWXUHV� VXFK DV ZRUG FRXQW DQG

FDVKWDJ FRXQW DQG WKH XVH RI WKHP WR WUDLQ GLIIHUHQW VHQWLPHQW FODVVLILHUV WR VHH ZKHWKHU WKH\ FDQ

RXWSHUIRUP WKH EDVHOLQH DFFXUDF\� DQG ILQDOO\� WKH FRPELQDWLRQ RI GLIIHUHQW OLQJXLVWLF IHDWXUHV WR

IXUWKHU WUDLQ WKH VHQWLPHQW FODVVLILHUV EDVHG RQ WKH SUHYLRXV DQDO\VHV� DQG WKHQ WKH FRPSDULVRQ

RI WKHP ZLWK WKH EDVHOLQH DFFXUDF\�

��� 5DWLRQDOH RI WKH 5HVHDUFK

7KH UHVHDUFK PDLQO\ LQYROYHV WKUHH DUHDV� HFRQRPLFV� VHQWLPHQW DQDO\VLV� DQG VWRFN SUHGLFWLRQ

EDVHG RQ WZHHWV� EXW ZLWK D SDUWLFXODU LQWHUHVW LQ WKH OLQJXLVWLF IHDWXUHV RI VWRFN WZHHWV �VHH )LJXUH

������� 7KH LQWHUGLVFLSOLQDU\ QDWXUH RI WKH UHVHDUFK UHTXLUHV H[WUD DWWHQWLRQ WR WKH EDFNJURXQG

NQRZOHGJH RI WKHVH UHOHYDQW ILHOGV� 7R PDS RXW WKH UDWLRQDOH RI WKH UHVHDUFK� WKLV VHFWLRQ EULHIO\

RYHUYLHZV WKH FXUUHQW FRQWH[W RI WKHVH DUHDV� 0RUH LQ�GHSWK GLVFXVVLRQV IROORZ LQ &KDSWHU ��

��



Economics

Conventional 
approaches to 

sentiment analysis

Social media data

Sentiment analysis 
of stock tweets

Efficient market 
hypothesis Word of mouth Features of Twitter Features of tweets

Linguistics

Computational 
linguisticsCorpus linguisticsBag of words 

model Other approaches

)LJXUH ����� 7KH VWUXFWXUH RI EDFNJURXQG NQRZOHGJH

����� (FRQRPLFV

,Q HFRQRPLFV� WKHUH DUH QXPHURXV GLVFXVVLRQV RQ WKH FRQQHFWLRQ EHWZHHQ DYDLODEOH LQIRUPDWLRQ

DQG IXWXUH GHYHORSPHQWV� 7KH HIILFLHQW PDUNHW K\SRWKHVLV �(0+� E\ �)DPD� ����� LV RQH RI WKH

PRVW ZLGHO\ XVHG WKHRULHV� ,Q DGGLWLRQ� WKH RWKHU VXSSRUW FRPHV IURPPDUNHWLQJ� IRU H[DPSOH� WKH

ZRUG RIPRXWK �:R0� WKHRU\ DOVR VXJJHVWV D UHODWLRQVKLS EHWZHHQ LQIRUPDWLRQ VSUHDG DQG EX\LQJ

EHKDYLRXUV� 7KH WKHVLV IROORZV WKHVH WZR EURDGO\ DGRSWHG WKHRULHV WR H[SODLQ WKH SULQFLSOHV RI WKLV

VWXG\�

7KH HIILFLHQWPDUNHW K\SRWKHVLVPDLQO\ H[SODLQV WKH LQIOXHQFH RI LQIRUPDWLRQ GLVWULEXWLRQ WRZDUGV

WKH PDUNHW� $FFRUGLQJ WR WKH K\SRWKHVLV �)DPD� ����D� ����E�� DQ HIILFLHQW PDUNHW KDV WKUHH

IRUPV� ZHDN� VHPL�VWURQJ� DQG VWURQJ� 7KH ZHDN IRUP RQO\ FRQVLGHUV KLVWRULFDO LQIRUPDWLRQ� 7KH

VHPL�VWURQJ IRUP DOVR LQFOXGHV SXEOLFO\ DYDLODEOH LQIRUPDWLRQ� 7KH VWURQJ IRUP LQYROYHV LQVLGH

LQIRUPDWLRQ� ZKLFK LV QRW OHJDOO\ DYDLODEOH WR SXEOLF� ,Q UHDOLW\� WKH VHPL�VWURQJ IRUP RI WKH HIIL�

��



FLHQW PDUNHW LV WKH PRVW FRPPRQ IRUP� %DVHG RQ WKLV� UHVHDUFKHUV DQG EXVLQHVV DQDO\VWV PDNH

HQRUPRXV HIIRUW WR PDNH SUHGLFWLRQV RI WKH PDUNHW ZLWK D KRSH WR DFKLHYH WKH PD[LPXP SURILW�

7KLV UHVHDUFK LV QR H[FHSWLRQ� ,W DVVXPHV WKDW WKH PDUNHW IROORZV WKH VHPL�VWURQJ IRUP RI WKH HI�

ILFLHQW PDUNHW� WKHRULVLQJ WKH PDUNHW DV SDUWLDOO\ SUHGLFWDEOH� ,Q RWKHU ZRUGV� QRW DOO FKDQJHV FDQ

EH IRUHVHHQ�

'HYHORSHG LQ WKH ����V �'LFKWHU� ������ ZRUG RIPRXWK WKHRU\� DOVR NQRZQ DV VWRU\�WHOOLQJ� PDLQO\

LQWHUSUHWV WKH PRWLYDWLRQ RI LQYHVWPHQW EHKDYLRXUV� $W LWV HDUO\ VWDJH� LW PDLQO\ H[SODLQV WKH

PDUNHWLQJ PHFKDQLVP� HVSHFLDOO\ FRQVXPHU¶V EX\LQJ EHKDYLRXUV� 'LWFKHU ������ GHILQHV ZRUG

RI PRXWK DV IROORZV�

:KHQ WKH FRQVXPHU IHHOV WKDW WKH DGYHUWLVHU VSHDNV WR KLP DV D IULHQG RU DV DQ XQEL�

DVHG DXWKRULW\� FUHDWLQJ WKH DWPRVSKHUH RI :RUG�RI�0RXWK� WKH FRQVXPHU ZLOO UHOD[

DQG WHQG WR DFFHSW WKH UHFRPPHQGDWLRQ� �S� ����

7KH WUDGLWLRQDO ZRUG RI PRXWK PHFKDQLVP FDQ WKXV PDJQLI\ WKH HIIHFW RI LQIRUPDWLRQ VSUHDG� EH�

FDXVH LW LV XVXDOO\ LQ D IDFH�WR�IDFH IRUP� 0RUH UHFHQWO\� WKLV WKHRU\ KDV DOVR EHHQ XVHG WR LQWHUSUHW

LQYHVWLQJ EHKDYLRXUV LQ WKH VWRFN PDUNHW �$UJDQ� 6HYLO� 	 <DODPD� ������

$GGLWLRQDOO\� VWRU\�WHOOLQJ RQ GHYHORSLQJ VRFLDO QHWZRUNVPD\ SHUIRUP LQ D VLPLODU ZD\ WR WKHZRUG

RIPRXWKPHFKDQLVP� DQG FDQ EHPRUH UREXVW EHFDXVH WKH\ LQYROYH ³GLIIHUHQW NLQGV RIPXOWL�SDUW\�

FR�FRQVWUXFWHG QDUUDWLRQ´ �3DJH� ����� S� ���� 7KHUHIRUH� WKH GLVFXVVLRQ RI VRFLDO PHGLD RIWHQ LQ�

YROYHV SDUWLFLSDQWV IURP GLIIHUHQW JHRJUDSKLF SRVLWLRQV� 0RUHRYHU� WKH UHWZHHW PHFKDQLVP RQ

7ZLWWHU H[SDQGV WKH GXUDWLRQ RI LQIRUPDWLRQ VSUHDG� VR SDUWLFLSDQWV FDQ JHW LQYROYHG DW GLIIHUHQW

WLPH SRLQWV� 7KLV IXUWKHU DPSOLILHV WKHZRUG RIPRXWK HIIHFW� )XUWKHUPRUH� WKH FR�FRQVWUXFWHG GLV�

FXVVLRQ RQ VRFLDOPHGLD LV SDUWLFXODUO\ EHQHILFLDO WR LQYHVWRUV EHFDXVH WKH UHOLDELOLW\ RI LQIRUPDWLRQ

FDQ EH FURVV�FKHFNHG IURP GLIIHUHQW FKDQQHOV�

��



����� 6HQWLPHQW DQDO\VLV

6HQWLPHQW DQDO\VLV KDV GHYHORSHG UDSLGO\ VLQFH ���� �3DQJ 	 /HH� ����� S� ��� %DVLFDOO\� LW XVHV

FRPSXWDWLRQDO PHWKRGV WR DVVLVW WKH LGHQWLILFDWLRQ RI VHQWLPHQW LQIRUPDWLRQ LQ WH[WV� VXFK DV KX�

PDQ VXEMHFWLYH IHHOLQJV DQG RSLQLRQV� 7KHVH PHWKRGV DUH NQRZQ DV PDFKLQH OHDUQLQJ DOJRULWKPV

LQ FRPSXWHU VFLHQFH� 0RUH GHWDLOV RI PDFKLQH OHDUQLQJ PHWKRGV DUH GHVFULEHG LQ &KDSWHU �� EXW

IRU WKH PRPHQW� LW LV HQRXJK WR QRWH WKDW WKHVH PHWKRGV DUH D VLJQLILFDQW DGYDQFH RQ WUDGLWLRQDO

PHWKRGV RI WH[WXDO DQDO\VLV� ZKLFK FDQ RQO\ GHDO ZLWK OLPLWHG TXDQWLWLHV RI GDWD� 6HQWLPHQW DQDO\�

VLV HPSKDVLVHV HQDEOLQJ FRPSXWHUV WR DXWRPDWLFDOO\ HYDOXDWH WKH HPRWLRQDO LQIRUPDWLRQ LQ TXDQ�

WLWLHV RI GDWD WKDW ZRXOG EH LPSRVVLEOH WR DQDO\VH PDQXDOO\�

,Q JHQHUDO� DSSO\LQJ VHQWLPHQW DQDO\VLV WR VWRFN SUHGLFWLRQ LV D VSHFLILF DQG GHYHORSLQJ DUHD� DQG

LW KDV DWWUDFWHG D QXPEHU RI UHVHDUFKHUV IURP GLIIHUHQW EDFNJURXQGV� 6RPH UHVHDUFKHUV KDYH FRP�

SXWHU VFLHQFH EDFNJURXQGV� SDUWLFXODUO\ FRPSXWDWLRQDO OLQJXLVWV� VR WKH\ PDLQO\ UHO\ RQ PDFKLQH

OHDUQLQJ WHFKQLTXHV WR DQDO\VH GDWD� )RU H[DPSOH� +DVVDQ DQG 1DWK ������� DQG 5DR DQG +RQJ

������ GLVFXVVHG XVLQJ GLIIHUHQW PDFKLQH OHDUQLQJ PHWKRGV� VXFK DV KLGGHQ 0DUNRY PRGHOV DQG

VXSSRUW YHFWRU PDFKLQH� WR IRUHFDVW WKH PDUNHW� 7KH\ FRQWULEXWHG WR DOJRULWKP GHVLJQ DQG UH�

ODWHG DUHDV� EXW WKHLU IRFXV LV UHVWULFWHG WR QXPHULF GDWD FDOFXODWLRQ DQG QRW IXOO\ RQ WKH WH[WXDO

GDWD� $OVR� VFKRODUV ZLWK D EDFNJURXQG RI HFRQRPLFV RU ILQDQFH HPSKDVLVH WKH WKHRUHWLFDO DQDO\VLV�

EXW PD\ EH OLPLWHG LQ GHDOLQJ ZLWK WH[WXDO GDWD �6SUHQJHU 	 :HOSH� ������ )RU REYLRXV UHDVRQV�

WKHLU VWXGLHV SUHIHU WR XVH VWRFN PRGHOV WR LQWHUSUHW VWRFN FKDQJHV WKDQ WR UHYHDO WKH WH[WXDO LQIRU�

PDWLRQ KLGGHQ EHKLQG WKH PRGHO� ,Q VKRUW� ZKLOH ERWK SHUVSHFWLYHV DUH XVHIXO� ERWK DUH OLPLWHG�

LQ SDUWLFXODU� ERWK DSSURDFKHV ODFN D VRSKLVWLFDWHG DQDO\VLV RI WKH ODQJXDJH RI VWRFN WZHHWV� 7KH

NH\ TXHVWLRQ WKDW WKLV WKHVLV DLPV WR DGGUHVV� WKHUHIRUH� LV ZKHWKHU EULQJLQJ D OLQJXLVWLF GLPHQVLRQ

LQWR WKH DQDO\VLV ZLOO VXEVWDQWLDOO\ HQKDQFH WKLV LQWHUGLVFLSOLQDU\ DUHD�

$Q H[WHQVLYH GLVFXVVLRQ RI VHQWLPHQW DQDO\VLV LV JLYHQ ODWHU LQ &KDSWHU ��

��



����� /LQJXLVWLF IHDWXUHV RI WZHHWV

&XUUHQWO\� VHQWLPHQW DQDO\VLV KDV DQ REYLRXV ERWWOHQHFN LQ WHUPV RI DFFXUDF\� SDUWLFXODUO\ ZKHQ

LW GHDOV ZLWK FRQWH[W�IUHH GDWD� 7KH WZHHW GDWD DUH SDUWLFXODUO\ VKRUW DQG QRLV\� VR WKH DFFXUDF\

RI DXWRPDWLF VHQWLPHQW FODVVLILFDWLRQ RQ WKLV W\SH RI GDWD LV PRUH VXEMHFW WR WKH FRQVLVWHQF\ RI

GLVWLQFW IHDWXUHV WKDQ RWKHU W\SHV RI WH[WXDO GDWD� )RU LQVWDQFH� 0XNKHUMHH� %KDWWDFKDU\\D DQG

%DODPXUDOL ������ QRWLFHG WKDW WKH VKRUW FRQWHQWV FRXOG QHJDWLYHO\ DIIHFW VHQWLPHQW DQDO\VLV EDVHG

RQ VXSHUYLVHGPDFKLQH OHDUQLQJPHWKRGV� ,Q RWKHU ZRUGV� VXEWOH GLIIHUHQFHV LQ WKH GDWDPD\ EULQJ

GLIIHUHQW DXWRPDWLF FODVVLILFDWLRQ UHVXOWV� )URP D OLQJXLVWLF SHUVSHFWLYH� WKHPDLQ UHDVRQPLJKW EH

WKDW WKH FXUUHQW VHQWLPHQW DQDO\VLV RQ WZHHWV ODFNV DQ LQWHJUDWLRQ RI WKH OLQJXLVWLF IHDWXUHV RI WKH

WZHHWV�

$V GLVFXVVHG LQ SUHYLRXV OLWHUDWXUH� WKH ODQJXDJH EHLQJ XVHG LQ WZHHWV LV FRQVLGHUDEO\ GLIIHUHQW

IURP RWKHU GRPDLQV� )RU H[DPSOH� =DSSDYLJQD ������ LQGLFDWHG WKDW WKH PRVW IUHTXHQW ZRUGV LQ

WKH +(50(6 WZHHW FRUSXV DUH FRPSOHWHO\ GLIIHUHQW IURP 'DYLHV¶ ������ FRUSXV� &2&$ �&RUSXV

RI &RQWHPSRUDU\ $PHULFDQ (QJOLVK�� +RZHYHU� WKHUH DUH RQO\ D OLPLWHG QXPEHU RI DQDO\VHV RI WKH

OLQJXLVWLF IHDWXUHV RI WZHHWV� DQG DQDO\VHV RI WKH OLQJXLVWLF IHDWXUHV RI VWRFN WZHHWV DUH OLPLWHG IXU�

WKHU VWLOO� 7KHUHIRUH� SUHYLRXV VHQWLPHQW DQDO\VHV SURMHFWV RQ VWRFN WZHHWV WRRN OLWWOH FRQVLGHUDWLRQ

RI WKH WZHHWV¶ OLQJXLVWLF IHDWXUHV�

+RZHYHU� HYHQ EDVLF OLQJXLVWLF IHDWXUHV FDQKDYH D VLJQLILFDQW FRQWULEXWLRQ WR WKH DQDO\VLV RI WZHHWV�

)RU LQVWDQFH� .LFLPDQ ������ SRLQWHG RXW WKDW ³WKHUH LV D VWURQJ FRUUHODWLRQ EHWZHHQ ODQJXDJH

DQG PHWDGDWD IHDWXUHV´ �S� ��� LQ WZHHW GDWD� %\ PHWDGDWD� KH DQDO\VHG WKH JHRJUDSKLF ORFDWLRQ RI

SRVWHG WZHHWV DQG WKH IROORZHU QXPEHU RI 7ZLWWHU XVHUV� )ROORZLQJ WKLV� WKLV UHVHDUFK K\SRWKHVLVHV

WKDW XVLQJ D VLPLODU DSSURDFK EDVHG RQ WKH ORZ�OHYHO OLQJXLVWLF IHDWXUHV FRXOG DVVLVW WKH UHFRJQLWLRQ

RI WKH FDWHJRU\ RI WZHHWV� DQG DV ZHOO DV WKHLU LQFOXGHG VHQWLPHQW� ,W WKHUHIRUH PLJKW LPSURYH WKH

DFFXUDF\ RI VHQWLPHQW DQDO\VHV RI VWRFN WZHHWV EHFDXVH WKHVH IHDWXUHV DUH PRUH FRQVLVWHQW WKDQ

��



RWKHU KLJKHU OHYHO OLQJXLVWLF IHDWXUHV�

,Q OLQH ZLWK WKLV� =DSSDYLJQD ������ DSSOLHG EDVLF FRUSXV DQDO\VLV DSSURDFKHV� VXFK DV IUHTXHQF\

DQDO\VLV WR H[SORUH KHU GDWD� DQG FRQVLGHUHG WKDW WKH\ FRXOG ³JXLGH WKH H\H RI WKH DQDO\VW WR UH�

JLRQV RI PHDQLQJV WKDW DUH OLNHO\ WR EH IUXLWIXO VLWHV IRU FORVH GLVFRXUVH DQDO\VLV´ �S� ����� 6XFK

DQ DSSURDFK LV FULWLFDO IRU DQDO\VLQJ WZHHWV EHFDXVH WZHHW GDWD VHWV DUH RIWHQ ODUJH� DQG VDPSOLQJ

VXFK YDVW TXDQWLWLHV RI GDWD LV SDUWLFXODUO\ FKDOOHQJLQJ� 7KXV� DQDO\VLQJ WKH EDVLF IHDWXUHV PLJKW

EH WKH PRVW SUDFWLFDO ZD\ WR H[SORUH WKHP DW D PDFUR OHYHO �

7R LOOXVWUDWH KRZ WKHVH ORZ�OHYHO OLQJXLVWLF IHDWXUHVPLJKW KHOS LQ LGHQWLI\LQJ WKH FDWHJRU\ RI WZHHWV

RU WKHLU VHQWLPHQW� LW LV EHWWHU WR WDNH D VDPSOH WZHHW IURP WKH GDWD� 6DPSOH ����� LV D W\SLFDO

H[DPSOH RI D VWRFN WZHHW� 3RVWHG RQ $XJXVW �� ����� LW FRQWDLQV �� FDVKWDJV� ZKLFK LQGLFDWHV ��

GLIIHUHQW WLFNHUV� 7KH PDLQ LGHD RI WKLV WZHHW LV VLPSOH� ,W DLPV WR SURPRWH WKH ZDWFK OLVW LQ WKH

OLQN DW WKH HQG RI WKLV WZHHW� 7KHUHIRUH� WKLV VWRFN WZHHW GRHV QRW KDYH D SDUWLFXODU IRFXV RQ DQ\

VSHFLILF WLFNHUV� 0RUHRYHU� LW GRHV QRW VKRZ DQ\ H[SOLFLW VHQWLPHQW� $FFRUGLQJO\� WKLV UHVHDUFK

FRQVLGHUV LW DV D VWRFN�UHODWHG WZHHW� EXW QRW D WLFNHU�UHODWHG WZHHW�

6DPSOH ����� �$$� �%$&� �%.� �&6;� �(0&� �)� �*(� �*/:� �+34� �.5� �/1&�

�06� �2,� �7(5� �9/2� :DWFKOLVW $XJ �� ���� B7+,6B,6B$B85/B/,1.B

6LPSO\ FRXQWLQJ WKH QXPEHU RI WKH FDVKWDJV PLJKW EH OLPLWHG LQ RWKHU FDVHV� EXW LI LW FRPELQHV

RWKHU ORZ�OHYHO OLQJXLVWLF IHDWXUH� WKLV DSSURDFK FDQ EH PRUH UREXVW� 3DUWLFXODUO\� XVLQJ PDFKLQH

OHDUQLQJ PHWKRGV WR WUDLQ WKH FODVVLILHUV EDVHG RQ WKH FRPELQDWLRQ RI WKHVH IHDWXUHV� LW FDQ KDYH

PXFK PRUH SRWHQWLDO� 0XNKHUMHH HW DO� ������ DGGHG VHYHUDO ³OLJKW�ZHLJKW´ OLQJXLVWLF IHDWXUHV�

VXFK DV Q�JUDPV DQG VWRS ZRUGV� ZLWK WKH EDJ�RI�ZRUGV IHDWXUH WR WKH FODVVLILFDWLRQ PRGHO� DQG

WKHLU UHVXOWV RXWSHUIRUP WKH EDVHOLQH DFFXUDF\�

+RZHYHU� WKHUH LV D FRQFHUQ LQ FRPELQLQJ OLQJXLVWLF IHDWXUHV IRU VHQWLPHQW DQDO\VLV� WKH FRPSXW�

LQJ HIILFLHQF\� ,Q RWKHU ZRUGV� WKH PRUH HODERUDWH WKH OLQJXLVWLF IHDWXUHV DUH� WKH PRUH FRPSXWLQJ

��



SRZHU LV QHHGHG� DQG WKH PRUH SRWHQWLDO HUURUV WKHUH DUH WKDW FRXOG EH JHQHUDWHG�

,Q VKRUW� WKH DEVHQFH RI OLQJXLVWLF IHDWXUHV DV SDUW RI FXUUHQW VHQWLPHQW DQDO\VLV PHWKRG KDV OHG

WR D ERWWOHQHFN LQ WHUPV RI DFFXUDF\� DQG WKH DGGLWLRQ RI OLQJXLVWLF IHDWXUHV WR WKH DQDO\VLV FRXOG

SRWHQWLDOO\ FKDQJH WKH VLWXDWLRQ� 7KHUHIRUH� EULQJLQJ D FRPSUHKHQVLYH DQDO\VLV RQ WKH ORZ�OHYHO

OLQJXLVWLF IHDWXUHV RI VWRFN WZHHWV LV SDUWLFXODUO\ QHFHVVDU\� DQG LW PLJKW EH D KHOSIXO ZD\ WR LP�

SURYH WKH DFFXUDF\ RI VHQWLPHQW DQDO\VHV RI VWRFN WZHHWV�

��� 6WDWHPHQW RI WKH 3UREOHP

$V PHQWLRQHG DERYH� WKHUH KDYH EHHQ D QXPEHU RI DWWHPSWV WR PRGHO GLIIHUHQW VRXUFHV RI GDWD LQ

RUGHU WR SUHGLFW IXWXUH PRYHPHQWV� DQG VWRFN SUHGLFWLRQ KDYH EHHQ DPRQJ WKH PRVW SRSXODU WRS�

LFV� 'LIIHUHQW GDWD VRXUFHV ZHUH XVHG IRU WKH VWRFN SUHGLFWLRQ� SULQWHG QHZVSDSHUV �$ZDQ� �����

6FKXPDNHU 	 &KHQ� ������ DQG YDULRXV HOHFWURQLF PHGLD� VXFK DV RQOLQH EXOOHWLQ ERDUGV RU RQ�

OLQH IRUXPV �0L]UDFK 	 :HHUWV� ������ EORJV �*LOEHUW 	 .DUDKDOLRV� ������ RQOLQH QHZV �$KPDG�

&KHQJ� 	 $OPDV� ����� *RRQDWLODNH 	 +HDUWK� ����� .HYLQ� <DQJ� 	 +VLQ�+VL� ����� .RSSHO

	 6KWULPEHUJ� ����� 0L]XPRWR� <DQDJLPRWR� 	 <RVKLRND� ������ DQG HYHQ ZHE VHDUFK TXHULHV

�%RUGLQR HW DO�� ������ 0RUH UHFHQWO\� WKHUH KDV EHHQ DQ LQFUHDVH LQ WKH OLWHUDWXUH RQ WKH SRVVLELO�

LW\ RI XVLQJ VRFLDO QHWZRUN GDWD� ,Q SDUWLFXODU� 7ZLWWHU SURYLGHV D JUHDW SRVVLELOLW\ WR VWXG\ WKHVH

TXHVWLRQV�

3UHGLFWLRQ EDVHG RQ VRFLDO PHGLD GDWD FRQVLGHUV VRFLDO PHGLD DV D SUR[\ IRU LQYHVWRUV¶ GLVFXV�

VLRQV� DV ZHOO DV D VRXUFH RI SXEOLF PRRG� EHFDXVH VRFLDO PHGLD DUH� DV 3DJH ������ VXJJHVWHG�

³,QWHUQHW�EDVHG DSSOLFDWLRQV WKDW SURPRWH VRFLDO LQWHUDFWLRQ EHWZHHQ SDUWLFLSDQWV´ �S� ��� 7KH

UDSLG GHYHORSPHQW RI VRFLDO QHWZRUNV SURYRNHV GLVFXVVLRQV RI YDULRXV WRSLFV� SDUWLFXODUO\ PDQ\

RI WKHP FRYHU WKH PDUNHW UHODWHG WRSLFV� IRU H[DPSOH� SURGXFWV� VHUYLFHV RU HYHQ PDUNHWLQJ �5XL]

HW DO�� ������ 7KHUHIRUH� PLQLQJ VRFLDO QHWZRUNV KDV EHHQ DQ LPSRUWDQW DUHD RI PDUNHW SUHGLFWLRQ

��



LQ UHFHQW \HDUV� )XUWKHUPRUH� 6SUHQJHU DQG :HOSH ������ VXJJHVWHG WKDW 7ZLWWHU KDV ³WKH ZLGHVW

DFFHSWDQFH LQ WKH ILQDQFLDO FRPPXQLW\´ WKDQ RWKHU VRFLDO PHGLD GRPDLQV� VR LW PD\ KDYH ULFKHU

PDUNHW LQIRUPDWLRQ WKDQ RWKHU VRFLDO ZHEVLWHV�

6SHFLILFDOO\� %ROOHQ HW DO� ������ SRLQWHG RXW WKDW D UHODWLYHO\ SRVLWLYH UHODWLRQVKLS EHWZHHQ WZHHW

GDWD DQG VWRFN WUHQGV H[LVWV� DQG XVLQJ WZHHW GDWD FDQ DFKLHYH DQ DFFXUDF\ DV KLJK DV ������ $OVR�

WKH\ VXJJHVWHG WKDW VWRFN SULFHV DUH ODUJHO\ GULYHQ E\ QHZ LQIRUPDWLRQ� IRU LQVWDQFH� UHOHYDQW QHZV�

UDWKHU WKDQ SUHVHQW DQG SDVW SULFHV� )XUWKHUPRUH� 6SUHQJHU DQG :HOSH ������ LQGLFDWHG WKDW

ILQDQFLDO PDUNHWV DUH ³LQIRUPDWLRQDOO\ HIILFLHQW´ �S� ��� ,Q RWKHU ZRUGV� PDUNHW SULFHV DUH DEOH WR

UHIOHFW NQRZQ LQIRUPDWLRQ� %RWK RI WKHP GHPRQVWUDWHG WKDW WKHUH LV D FHUWDLQ FRQQHFWLRQ EHWZHHQ

PDUNHW DQG LQIRUPDWLRQ�

2QH WKLQJ VKRXOG EH ERUQH LQ PLQG LV WKDW VWRFN SUHGLFWLRQ EDVHG RQ WZHHWV DFWXDOO\ KDV WZR VHS�

DUDWHG TXHVWLRQV� �D�� ZKDW LV WKH VHQWLPHQW LQ WZHHWV� DQG �E�� ZKDW LV WKH UHODWLRQVKLS EHWZHHQ

WKH H[WUDFWHG VHQWLPHQW DQG PDUNHW FKDQJHV� %RWK TXHVWLRQV DWWHPSW WR ILQG WKH EHVW DFFXUDF\�

7KLV UHVHDUFK IRFXVHV RQ WKH ILUVW TXHVWLRQ� VR WKH DLP LV WR DQVZHU WKH IROORZLQJ TXHVWLRQ�

'RHV OLQJXLVWLF DQDO\VLV LPSURYH WKH VHQWLPHQW LGHQWLILFDWLRQ DFFXUDF\ RI

VWRFN WZHHW VHQWLPHQW DQDO\VLV"

7KLV TXHVWLRQ LV FRQVLGHUHG DV WKH RYHUDUFKLQJ TXHVWLRQ RI WKH HQWLUH UHVHDUFK� DQG FDQEH H[WHQGHG

WR WKH IROORZLQJ VSHFLILF TXHVWLRQV�

4XHVWLRQ �� 'RHV D FOHDUHU GHILQLWLRQ RI VWRFN WZHHWV LPSURYH WKH TXDOLW\ RI DQ DQDO\VLV

RI VXFK WZHHWV"

4XHVWLRQ �� $UH VWRFN WZHHWV D OLQJXLVWLFDOO\ GLVWLQFW W\SH RI WZHHW" :KDW VSHFLILF

OLQJXLVWLF IHDWXUHV GR WKH\ KDYH"

��



4XHVWLRQ �� ,I VWRFN WZHHWV KDYH H[SOLFLW OLQJXLVWLF IHDWXUHV� LV LW SRVVLEOH WR DXWRPDW�

LFDOO\ LGHQWLI\ WKH VWRFN WZHHWV EDVHG RQ WKHLU OLQJXLVWLF IHDWXUHV"

4XHVWLRQ �� +RZ FDQ D UREXVW VHQWLPHQW ZRUG OLVW IRU WZHHW VHQWLPHQW FODVVLILFDWLRQ

EH GHVLJQHG"

4XHVWLRQ �� 'RHV D PRUH SUHFLVH GHILQLWLRQ RI D SRVLWLYH� QHXWUDO� RU QHJDWLYH VWRFN

WZHHW LQ DFFRUGDQFH ZLWK PDUNHW YDOXHV KHOS WR LPSURYH WKH TXDOLW\ RI VWRFN WZHHW

VHQWLPHQW DQDO\VLV"

4XHVWLRQ �� +RZ FDQ WKH QHXWUDO VHQWLPHQW FDWHJRU\ RI VWRFN WZHHWV EH GHILQHG DQG

SURFHVVHG"

7KHVH VL[ VSHFLILF UHVHDUFK TXHVWLRQV FRQVWUXFW WKH HQWLUH UHVHDUFK� VR DIWHU D IXUWKHU LQWURGXFWLRQ

RI EDFNJURXQG LQIRUPDWLRQ LV SURYLGHG LQ &KDSWHU �� &KDSWHU � GLVFXVVHV WKH SUHYLRXV VWXGLHV RQ

WKHVH WRSLFV� DQG WKH UHPDLQLQJ FKDSWHUV WU\ WR DQVZHU DERYH TXHVWLRQV DFFRUGLQJO\�

��� 6WUXFWXUH

7KH IROORZLQJ FKDSWHUV DUH RUJDQLVHG DV EHORZ�

&KDSWHU � GLVFXVVHV WKH HPSLULFDO FRQWH[W RI WKLV UHVHDUFK IURP WZR SHUVSHFWLYHV� HFRQRPLFV DQG

7ZLWWHU� 7KHVH WZR DUHDVPD\ QRW EH IDPLOLDU HQRXJK WR D OLQJXLVWLF DXGLHQFH� VR WKLV FKDSWHU LQWUR�

GXFHV WKH UHOHYDQW DVSHFWV RI WKH WZR DUHDV LQ RUGHU WR SURYLGH VXIILFLHQW EDFNJURXQG NQRZOHGJH�

/\ULF6KHIILHOG� +HDGLQJ RII WR WKH ODXQFK RI WKLV DW %ODFNZHOOV VKRUWO\� 6RPH VHULRXVO\ WDOHQWHG

DFDGHPLFV LQ KHUH� �+EN6W\OH KWWS���W�FR��$29�E�I]$ &KDSWHU � ILUVW VXUYH\V VHQWLPHQW DQDO�

\VLV� LQFOXGLQJ LWV FKDUDFWHULVWLFV DQG GHYHORSPHQWV� DQG WKHQ UHYLHZV UHOHYDQW VWXGLHV RI VWRFN

SUHGLFWLRQ EDVHG RQ WZHHWV� 3UHGLFWLRQ EDVHG RQ VXFK D GDWD VRXUFH LV D QHZ DQG VSHFLILF DUHD� VR

��



WKHUH KDYH EHHQ RQO\ D OLPLWHG QXPEHU RI VWXGLHV� WKXV� WKH UHVHDUFK UHYLHZV WKHP WKRXJKWIXOO\�

)LQDOO\� WKH FKDSWHU HODERUDWHV RQ WKH VL[ UHVHDUFK TXHVWLRQV UDLVHG LQ &KDSWHU � LQ GHWDLO ZLWK

UHOHYDQW VWXGLHV�

'DWD DUH FHQWUDO WR WKLV WKHVLV EHFDXVH LW PDLQO\ UHOLHV RQ TXDQWLWDWLYH DQDO\VLV� &KDSWHU � LQWUR�

GXFHV WKH SUHSDUDWRU\ VWDJH RI WKH GDWD DQDO\VLV� DQG &KDSWHU � SUHVHQWV DQ DQDO\VLV RI WKH WHPSR�

UDO FRUUHODWLRQ EHWZHHQ WZHHW VHQWLPHQW DQG VWRFN SULFH LQ RUGHU WR GLVFXVV WKH IHDVLELOLW\ RI WKH

PDLQ DQDO\VLV� &KDSWHU � H[SODLQV WKH TXDQWLWDWLYH PHWKRGV EHLQJ XVHG LQ WKH PDLQ DQDO\VLV� 7KH

NH\ SDUW RI WKH WKHVLV LV WKH PDLQ DQDO\VLV SUHVHQWHG LQ &KDSWHUV �� �� DQG �� ZKLFK XVHG VWDWLVWLFDO

DQDO\VLV� PDFKLQH OHDUQLQJ WHFKQLTXHV� DQG GDWD YLVXDOLVDWLRQ WR H[SORUH VHQWLPHQW FODVVLILFDWLRQ

EDVHG RQ GLIIHUHQW OLQJXLVWLF IHDWXUHV�

$OO GDWD DQDO\VHV LQ WKLV GLVVHUWDWLRQ XVH 5 ODQJXDJH �5 7HDP� ������ ZKLFK LV DQ RSHQ VRXUFH

SURJUDPPLQJ ODQJXDJH ZLWK D IRFXV RQ VWDWLVWLFDO FRPSXWLQJ� )RU WKH SXUSRVHV RI WKLV UHVHDUFK�

WKH SDFNDJHV LQ 5 ZHUH PDLQO\ XVHG WR FDUU\ RXW VWDWLVWLFDO DQDO\VLV� FRQGXFW WLPH VHULHV DQDO\VLV�

DQG GHYHORS PDFKLQH OHDUQLQJ EDVHG FODVVLILHUV WR DXWRPDWLFDOO\ FODVVLI\ GDWD� 7KH GHWDLOV RI WKH

XVDJH RI 5 DUH JLYHQ LQ WKH VHSDUDWH PHWKRGRORJ\ SDUWV RI &KDSWHUV � DQG ��

&KDSWHU � LV DQ LQWURGXFWLRQ WR WKH GDWD SUHSDUDWLRQ� ,W ILUVW LQWURGXFHV WKH GLIILFXOWLHV WKDW PLJKW

KDYH EHHQ HQFRXQWHUHG GXULQJ WKH FROOHFWLRQ SKDVH� DQG WKHQ GLVFXVVHV WKH SURFHGXUH RI FROOHFWLQJ

VWRFN WZHHWV WKURXJK WKH 7ZLWWHU 6HDUFK $3,� )LYH WKUHVKROGV DUH IRFXVHG XSRQ LQ GHWDLO� FROOHF�

WLRQ FULWHULD� UDZ WZHHW VWUXFWXUH� FROOHFWLRQ GHVLJQ� VHUYHU FRQILJXUDWLRQ� DQG FROOHFWLRQ UDWH� ,W

WKHQ SURYLGHV D GHWDLOHG H[SODQDWLRQ RI WZHHW GDWD PDQLSXODWLRQ� 7KH ILIWK VHFWLRQ UHSRUWV RQ WKH

DQQRWDWLRQ RI VWRFN WZHHWV DERXW *HQHUDO (OHFWULF �*(�� GLVFXVVHV WKH DQQRWDWLRQ FULWHULD� DQG LQ�

WURGXFHV WKH DQQRWDWLRQ SURFHGXUH� 7KH DQQRWDWLRQ DSSOLHG D KLHUDUFK\ FODVVLILFDWLRQ PRGHO� ,Q

EULHI� LW FODVVLILHG WKH UDZ WZHHWV DV QRQ�VWRFN�UHODWHG WZHHWV �165� DQG VWRFN�UHODWHG WZHHWV� 7KH

FRQWHQW RI WKH165 WZHHWV GRHV QRW KDYH DQ\ UHODWLRQVKLSZLWK WKH VWRFNPDUNHW� 7KH VWRFN�UHODWHG

WZHHWV DUH WKHQ FODVVLILHG DV QRQ�WLFNHU�UHODWHG WZHHWV �175� DQG WLFNHU�UHODWHG WZHHWV� 7KH 175

��



WZHHWV GLVFXVV WRSLFV UHOHYDQW WR VWRFN� EXW WKH\ GR QRW IRFXV RQ DQ\ VSHFLILF WLFNHU� VR WKH\ SURYLGH

OLWWOH KHOS LQ SUHGLFWLQJ WKH LQGLYLGXDO WLFNHU¶V SHUIRUPDQFH� )LQDOO\� WKH WLFNHU�UHODWHG WZHHWV DUH

FODVVLILHG DV QHJDWLYH �1(*�� QHXWUDO �1(8�� DQG SRVLWLYH �367� SRODULWLHV� 7KLV WKUHH�OHYHO KLHU�

DUFK\ FODVVLILFDWLRQPRGHO LV GLIIHUHQW IURP RWKHU VHQWLPHQW VWXGLHV LQ VWRFN SUHGLFWLRQ FRQGXFWHG

EHIRUH EHFDXVH PRVW RI WKHP FRQYHQWLRQDOO\ FODVVLI\ 165 DQG 175 WZHHWV DV 1(8 WZHHWV� 7KH

ODVW VHFWLRQ RI WKLV FKDSWHU GLVFXVVHV WKH UHODWLRQVKLS RI DQQRWDWHG WZHHWV�

&KDSWHU � UHSRUWV RQ WKH LQYHVWLJDWLRQ RI WKH WHPSRUDO UHODWLRQVKLS EHWZHHQ WZHHW VHQWLPHQW DQG

VWRFN SULFH FKDQJHV� 7KLV LV D FULWLFDOO\ LPSRUWDQW SDUW WR WKH VWXG\ EHFDXVH LI WKHUH LV QR WHP�

SRUDO FRUUHODWLRQ RU D YHU\ ZHDN FRUUHODWLRQ� WKHQ WKH VWRFN WZHHWV KDYH OLWWOH YDOXH LQ SUHGLFWLQJ

PDUNHW FKDQJHV� 'LIIHUHQW WHPSRUDO GDWD PDQLSXODWLRQ PHWKRGV DUH XVHG WR H[WUDFW WKH UHOHYDQW

LQIRUPDWLRQ IURP WKH QRLV\ WZHHW VHQWLPHQW GDWD� DQG WKHQ WLPH VHULHV DQDO\VLV LV XVHG WR WHVW LI

WKHUH LV DQ\ FRUUHODWLRQ EHWZHHQ VWRFN WZHHW VHQWLPHQW DQG SULFH FKDQJH� 7KH UHVXOW VXJJHVWV WKDW

WKH PRYLQJ DYHUDJH� D FRPPRQO\�XVHG VPRRWKLQJ PHWKRG LQ VWRFN DQDO\VLV� FDQ SURYLGH WKH EHVW

FRUUHODWLRQ EHWZHHQ WZHHW VHQWLPHQW DQG WKH SULFH FKDQJH� 7KH ODVW SDUW FRPSDUHV WKH WHPSRUDO

FRUUHODWLRQ �EDVHG RQ WKH KLHUDUFK\ FODVVLILFDWLRQ DQQRWDWLRQ XQGHUWDNHQ DV RXWOLQHG DERYH� DQG

WKH FRQYHQWLRQDO VHQWLPHQW FODVVLILFDWLRQ UHVXOW� ,W VXJJHVWV WKDW WKH KLHUDUFK\ VHQWLPHQW FODVVLIL�

FDWLRQ PHWKRG XVHG LQ WKLV VWXG\ FDQ VOLJKWO\ LPSURYH WKH FRUUHODWLRQ� EXW LW WDNHV PRUH HIIRUW WR

FODVVLI\� 7KXV� LQ SUDFWLFH� LW PD\ QRW EH D EHWWHU FKRLFH�

&KDSWHU � LQWURGXFHV WKUHH JURXSV RI PHWKRGV DSSOLHG LQ WKH PDLQ DQDO\VLV� OLQJXLVWLF DQDO\VLV�

VWDWLVWLFDO DQDO\VLV� DQG PDFKLQH OHDUQLQJ� :LWK D IRFXV RQ WKH OLQJXLVWLF IHDWXUHV RI WZHHWV� WKH

PDLQ DQDO\VLV UHTXLUHV D FRPSUHKHQVLYH OLQJXLVWLF DQDO\VLV� 7KH ILUVW VHFWLRQ RI WKLV FKDSWHU LQWUR�

GXFHV GLIIHUHQW FRUSXV OLQJXLVWLFV PHWKRGV� LQFOXGLQJ IUHTXHQF\ DQDO\VLV� FRQFRUGDQFH DQDO\VLV�

DQG NH\QHVV DQDO\VLV� 7R FRYHU PRUH OLQJXLVWLF IHDWXUHV RI WKH DQQRWDWHG WZHHWV� LW DOVR LQFOXGHV

WKUHH FRPSXWDWLRQDO OLQJXLVWLF PHWKRGV LQ WKLV VHFWLRQ� WZHHW QRUPDOLVDWLRQ� VWHPPLQJ� DQG SDUW�

RI�VSHHFK WDJJLQJ� 7KH VHFRQG SDUW RI WKLV FKDSWHU IRFXVHV RQ VWDWLVWLFDO DQDO\VLV� VR LW H[SODLQV

��



QRUPDOLW\ DQG VLJQLILFDQFH WHVWV� WKH FRYHULQJ 6KDSLUR�:LON WHVW� WKH .ROPRJRURY�6PLUQRY WHVW�

WKH:LOFR[RQ UDQN VXP WHVW� WKH .UXVNDO�:DOOLV WHVW� DQG WKH SDLUZLVH:LOFR[ WHVW� 7KH ODVW VHFWLRQ

RI WKLV FKDSWHU LQWURGXFHV PDFKLQH OHDUQLQJ� ,W ILUVW H[SODLQV WKH PRWLYDWLRQ RI DSSO\LQJ PDFKLQH

OHDUQLQJ IRU WKH SXUSRVHV RI WKH PDLQ DQDO\VLV� DQG WKHQ GLVFXVVHV GLIIHUHQW VXSHUYLVHG OHDUQLQJ

PHWKRGV� LQFOXGLQJ GHFLVLRQ WUHH� UDQGRP IRUHVWV� 1DwYH %D\HV� DQG VXSSRUW YHFWRUPDFKLQHPHWK�

RGV� )LQDOO\� LW LQWURGXFHV FURVV YDOLGDWLRQ WR HYDOXDWH WKH SHUIRUPDQFH RI PDFKLQH OHDUQLQJ�

$V D QXPEHU RI SUHYLRXV VWXGLHV XVHG WKH EDJ�RI�ZRUGV PRGHO WR FODVVLI\ VHQWLPHQW RI WZHHWV�

&KDSWHU � ILUVW WHVWV WKLV DSSURDFK� ,W LV FRPPRQ LQ WKH QDWXUDO ODQJXDJH SURFHVVLQJ ILHOG WR XVH

D SUHGHVLJQHG VHQWLPHQW ZRUG OLVW IRU WUDLQLQJ D EDJ RI ZRUGV PRGHO� VR WKLV UHVHDUFK ILUVW LQYHV�

WLJDWHV VRPH RI WKH ZLGHO\ XVHG OLVWV� DQG DV VKRZQ ODWHU� QRQH RI WKHP VDWLVI\ WKH QHHGV RI WKLV

UHVHDUFK� 7KHUHIRUH� WKH LQWHUQDO OLQJXLVWLF IHDWXUHV RI WKH DQQRWDWHG VWRFN WZHHWV DUH DQDO\VHG

LQ RUGHU WR GHVLJQ D PRUH UREXVW VHQWLPHQW ZRUG OLVW� 7KH ILUVW LQWHUQDO OLQJXLVWLF IHDWXUHV WR EH

DQDO\VHG DUH WKH PRVW DQG OHDVW IUHTXHQW XQLJUDPV� KRZHYHU� QHLWKHU RI WKHP DUH IRXQG WR EH GLV�

WLQFW RU VWDEOH HQRXJK WR LQGLFDWH VHQWLPHQW� 7KXV� D VWHPPHU LV WKHQ HPSOR\HG WR FRQIODWH WKH

WZHHWV� DQG NH\QHVV DQDO\VLV LV XVHG WR FODVVLI\ WKHLU SRODULW\� $FFRUGLQJ WR WKLV� D ORFDOLVHG VHQ�

WLPHQW ZRUG OLVW LV WKHQ JHQHUDWHG� &RPSDUHG ZLWK RWKHU VHQWLPHQW ZRUG OLVWV� WKLV ORFDOLVHG OLVW

SURYLGHV D EHWWHU FRYHUDJH DQGPRUH EDODQFHG SRVLWLYH DQG QHJDWLYH ZRUGV� 1H[W� IRXU VXSHUYLVHG

PDFKLQH PHWKRGV²GHFLVLRQ WUHH� UDQGRP IRUHVWV� 1DwYH %D\HV� DQG VXSSRUW YHFWRU PDFKLQH²DUH

XVHG WR WUDLQ VHQWLPHQW FODVVLILHUV EDVHG RQ WKH DERYH IHDWXUHV� 7KH FODVVLILFDWLRQ EDVHG RQ WKH

EDJ RI ZRUGV PRGHO DFKLHYHG D UHDVRQDEO\ JRRG UHVXOW� VR LW LV WKXV UHJDUGHG DV WKH EDVHOLQH DFFX�

UDF\� +RZHYHU� WKHVH IRXU FODVVLILHUV DUH GHSHQGHQW RQ WKH WRSLF� 7KHUHIRUH� WKH SDUW�RI�VSHHFK

WDJV RI WKH VWRFN WZHHWV DUH WKHQ DQQRWDWHG DQG WKHLU IHDWXUHV DQDO\VHG� 7KH SDUW RI VSHHFK RI WKHVH

DQQRWDWHG VWRFN WZHHWVPDLQO\ RFFXU LQ WKH IROORZLQJ FDWHJRULHV� FRPPRQ QRXQ� DGMHFWLYH� YHUE LQ�

FOXGLQJ FRSXOD� DX[LOLDULHV DQGBSUHSRVLWLRQ RU SRVWSRVLWLRQ� FRQMXQFWLRQ FDWHJRULHVB� )RXU RXW RI

ILYH RI WKHP KDYH D VLJQLILFDQW HIIHFW RQ WKH GLIIHUHQFH LQ WHUPV RI WKH SRODULW\� 7KHQ WKH FODVVLILHUV

��



DUH WUDLQHG EDVHG RQ WKH SDUW�RI�VSHHFK IHDWXUHV� QHYHUWKHOHVV� WKH\ KDG D SRRUHU SHUIRUPDQFH�

7R UHGXFH WKH WRSLF GHSHQGHQFH RI VHQWLPHQW FODVVLILFDWLRQ� WKH UHVHDUFK WKHUHIRUH IRFXVHV RQ WKH

H[WHUQDO OLQJXLVWLF IHDWXUHV DV UHSRUWHG LQ &KDSWHU �� 7KH ILUVW DQDO\VLV DSSOLHG GLIIHUHQW VWDWLVWLFDO

PHWKRGV WR H[DPLQH WKH H[WHUQDO OLQJXLVWLF IHDWXUHV� VXFK DV ZRUG OHQJWK� FKDUDFWHU OHQJWK� FDVK�

WDJ� KDVKWDJ� DQG UHWZHHW� WR VHH LI WKHVH IHDWXUHV KHOS LQ LGHQWLI\LQJ VWRFN WZHHWV DQG LQFOXGHG

WZHHW VHQWLPHQW� 7KHVH DQDO\VHV LQGLFDWH WKDW VWRFN WZHHWV KDYH D VLJQLILFDQW HIIHFW RI GLIIHUHQFH

DW GLIIHUHQW OHYHOV� $FFRUGLQJ WR WKLV� LW LV SRVVLEOH WR GHYHORS DQ DXWRPDWLF FODVVLILHU WR LGHQWLI\

WKH VWRFN WZHHWV� LQ RUGHU WR UHGXFH WKH QRLVH IRU WKH ODWHU VHQWLPHQW FODVVLILFDWLRQ� (DFK RI WKH

FODVVLILHUV SUHVHQW D SHUIHFW SHUIRUPDQFH RI LGHQWLI\LQJ VWRFN�UHODWHG WZHHWV DQG D PRGHUDWH SHU�

IRUPDQFH RI LGHQWLI\LQJ WLFNHU�UHODWHG WZHHWV� +RZHYHU� WKHVH H[WHUQDO OLQJXLVWLF IHDWXUHV DUH QRW

VXIILFLHQW WR GLIIHUHQWLDWH GLIIHUHQW SRODULWLHV RI VWRFN WZHHWV�

&KDSWHU � FRPELQHV WKH VHQWLPHQW FODVVLILFDWLRQV GHVFULEHG LQ WKH SUHYLRXV WZR FKDSWHUV� LQ RUGHU

WR XQGHUVWDQG LI FRPELQLQJ OLQJXLVWLF IHDWXUHV FDQ LPSURYH WKH VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\�

,W UHSRUWV RQ IRXU H[SHULPHQWV� 7KH ILUVW H[SHULPHQW FRPELQHV WKH EDJ�RI�ZRUGV PRGHO ZLWK SDUW�

RI�VSHHFK IHDWXUHV� WKH VHFRQG RQH FRPELQHV WKH SDUW�RI�VSHHFK IHDWXUHV ZLWK H[WHUQDO OLQJXLVWLF

IHDWXUHV� WKH WKLUG RQH FRPELQHV WKH EDJ�RI�ZRUGVPRGHO ZLWK WKH H[WHUQDO OLQJXLVWLF IHDWXUHV� DQG

WKH ODVW RQH FRPELQHV DOO IHDWXUHV WRJHWKHU� $OWKRXJK HDFK VXSHUYLVHG OHDUQLQJ PHWKRG DFKLHYHV

WKH EHVW DFFXUDF\ EDVHG RQ GLIIHUHQW FRPELQHG IHDWXUHV UHVSHFWLYHO\� DOO EHVW DFFXUDFLHV RXWSHU�

IRUP WKH EDVHOLQH DFFXUDF\� 7KH EHVW DFFXUDF\ RI ����� LV \LHOGHG E\ WKH UDQGRP IRUHVWV FODVVLILHU

EDVHG RQ DOO FRPELQHG IHDWXUHV LQ WKH ODVW H[SHULPHQW� 7KLV VKRZV WKDW FRPELQLQJ OLQJXLVWLF IHD�

WXUHV FDQ LPSURYH WKH DFFXUDF\ RI VHQWLPHQW FODVVLILFDWLRQ�

)LQDOO\� &KDSWHU �� GLVFXVVHV WKH UHVHDUFK UHVXOWV RI WKH PDLQ VWXG\� GUDZV FRQFOXVLRQV� DQG SUR�

YLGHV DQ RXWOLQH IRU IXWXUH GHYHORSPHQW�

��



&KDSWHU � %DFNJURXQG

6WRFN SUHGLFWLRQ KDV D ORQJ KLVWRU\� DQG KDV LQYROYHG D QXPEHU RI WKHRULHV DQG WHFKQLTXHV� +RZ WR

XVH GLIIHUHQW LQIRUPDWLRQ VRXUFHV WR SUHGLFW WKH PDUNHW KDV EHHQ D ORQJ ODVWLQJ UHVHDUFK TXHVWLRQ�

DQG LQ SDUWLFXODU� KRZ 7ZLWWHU� DV RQH RI WKH GRPLQDQW VRFLDO PHGLD SODWIRUPV� FDQ EH XVHG� KDV

UHFHQWO\ DWWUDFWHG PRUH DWWHQWLRQ IURP ERWK UHVHDUFKHUV DQG LQYHVWRUV� 6RPH UHOHYDQW UHVHDUFK

ZDV FDUULHG RXW� VXFK DV %ROOHQ HW DO� ������ DQG 6SUHQJHU DQG :HOSH ������� +RZHYHU� WKLV LV

D KLJKO\ LQWHUGLVFLSOLQDU\ DUHD� VR LW UHTXLUHV H[WHQVLYH EDFNJURXQG NQRZOHGJH IURP WKHVH DUHDV�

7KHUHIRUH� WKLV FKDSWHU DLPV WR SURYLGH EDFNJURXQG NQRZOHGJH IRU WKH HQWLUH UHVHDUFK E\ FRYHULQJ

WKH WZR PDLQ DUHDV� HFRQRPLFV DQG 7ZLWWHU�

,Q WHUPV RI HFRQRPLFV� LW GLVFXVVHV ILYH TXHVWLRQV� �D� ,V WKH PDUNHW SUHGLFWDEOH" �E� :KDW ZHUH

WKH DYDLODEOH GDWD VRXUFHV IRU VWRFN SUHGLFWLRQ" �F� ,V VRFLDO PHGLD D JRRG GDWD VRXUFH IRU VWRFN

SUHGLFWLRQ" �G�:KDW LV WKH UHODWLRQVKLS EHWZHHQ WZHHW VHQWLPHQW DQG WKH VWRFNPDUNHW" �H�:KDW

GRXEWV DUH UDLVHG E\ WKHPDLQ FULWLFLVPV RI VWRFN SUHGLFWLRQ EDVHG RQ WZHHWV" 7KH QH[W SDUW RI WKLV

FKDSWHU WKHQ LQWURGXFHV 7ZLWWHU¶V FKDUDFWHULVWLFV� LQFOXGLQJ IHDWXUHV RI WKH 7ZLWWHU SODWIRUP� WKH

GDWD UHOHDVLQJ SROLF\ RI 7ZLWWHU� WKH KLVWRULFDO GHYHORSPHQW RI 7ZLWWHU� DQG WHFKQLFDO IHDWXUHV RI

WZHHWV� )LQDOO\� WKH FKDSWHU GLVFXVVHVZKHWKHU 7ZLWWHU LV D JRRG VRXUFH IRU VWRFN SUHGLFWLRQ�PDLQO\

LQYHVWLJDWLQJ WKH FRYHUDJH RI 7ZLWWHU DQG LQIOXHQFH RI 7ZLWWHU RQ VWRFN PDUNHW�

��� (FRQRPLFV 7KHRULHV 5HODWHG WR 6WRFN 3UHGLFWLRQ

:H¶UH QRW VXUH ZKDW MRNH WR PDNH KHUH� )LQDOO\ D EXVLQHVV PRGHO IRU 7ZLWWHU" $ VXUH

VLJQ RI D EXEEOH" %XW ZKHUH" 2Q 7ZLWWHU" 2U RQ WKH VWRFN PDUNHW" 2U ERWK" �*REU\�

�����

$ QXPEHU RI WKHRULHV VXSSRUW WKH GHYHORSLQJ SUHGLFWLRQ WHFKQLTXHV� SDUWLFXODUO\ IURP HFRQRPLFV

��



DQG PDUNHWLQJ SHUVSHFWLYHV� 7KHVH WKHRULHV� WR VRPH H[WHQW� GHPRQVWUDWH WKH IHDVLELOLW\ RI VWRFN

SUHGLFWLRQ� DQG WKHPRVW FRPPRQRQHV LQFOXGH WKH HIILFLHQWPDUNHW K\SRWKHVLV DQGZRUG RIPRXWK

WKHRU\� $V EULHIO\ LQWURGXFHG LQ &KDSWHU �� WKHVH WZR WKHRULHV DUH FRPSOHWHO\ GLIIHUHQW� DQG WKHUH�

IRUH SURYLGH VXSSRUW IRU GLIIHUHQW DVSHFWV WR VWRFN SUHGLFWLRQ� (IILFLHQW PDUNHW K\SRWKHVLV IRFXVHV

RQ WKH UHODWLRQVKLS EHWZHHQ WKH PDUNHW DQG LQIRUPDWLRQ� PDLQO\ WKH PDUNHW UHVSRQVH WR LQIRU�

PDWLRQ �)DPD� ������ WKHUHIRUH LW KDV RIWHQ EHHQ XVHG WR H[SODLQ WKH PRWLYDWLRQV RI LQYHVWPHQWV�

2Q WKH RWKHU KDQG� ZRUG RI PRXWK WKHRU\ FRQFHQWUDWHV PRUH RQ WKH UHODWLRQVKLS EHWZHHQ DGYHU�

WLVHUV DQG UHFHLYHUV� ,Q WKH VWRFN PDUNHW� ERWK DGYHUWLVHUV DQG UHFHLYHUV PD\ SDUWLFLSDWH LQ WKH

LQYHVWPHQW� VR WKH VHFRQG WKHRU\ KDV EHHQ XVHG WR XQGHUVWDQG WKH LQWHUDFWLRQ DPRQJ GLIIHUHQW

SDUWLFLSDQWV� 7KXV� WKHVH WZR WKHRULHV FRYHU GLIIHUHQW DVSHFWV RI VWRFN SUHGLFWLRQ�

:KLOH WKHVH WKHRULHV KDYH UHFHLYHG PXFK VXSSRUW GXULQJ WKH GHYHORSPHQW RI VWRFN SUHGLFWLRQ� D

QXPEHU RI GRXEWV VWLOO UHPDLQ� %ULHIO\� LQ WKH SUHVHQW UHVHDUFK� IRU WKH SXUSRVH RI WKH SULPDU\

TXHVWLRQV DUH DV IROORZV�

�� ,V WKH VWRFN PDUNHW SUHGLFWDEOH" $QG WR ZKDW H[WHQW"

�� ,V LW IHDVLEOH WR XVH VRFLDO PHGLD WR SUHGLFW VWRFN WUHQGV"

7KXV� WKH IROORZLQJ VHFWLRQV GLVFXVV WKHVH WZR TXHVWLRQV E\ LQWURGXFLQJ UHOHYDQW DVSHFWV RI WKH

DERYH WZR WKHRULHV DQG H[SORUH WKH UHODWLRQVKLS EHWZHHQ LQIRUPDWLRQ DQG WKH PDUNHW� )LQDOO\�

WKHUH LV D GLVFXVVLRQ RI VRPH GRXEWV XSRQ WKH SRVVLELOLW\ RI VWRFN SUHGLFWLRQ� ZLWK D SDUWLFXODU

IRFXV RQ WKH UHVXOWV RI WKH UHFHQW WZHHW�EDVHG SUHGLFWLRQ VWXGLHV�

����� 7KH SUHGLFWDEOH PDUNHW

:KHWKHU WKH GHYHORSPHQW RI VWRFN LV SUHGLFWDEOH LV D IUHTXHQWO\ GLVFXVVHG TXHVWLRQ LQ UHODWHG DU�

HDV� 2QH RI WKH PDLQVWUHDP WKHRULHV LV )DPD¶V HIILFLHQW PDUNHW K\SRWKHVLV �(0+� �)DPD� ����D�

��



����E� ����� ������ $V EULHIO\ LQWURGXFHG LQ &KDSWHU �� (0+ GHILQHV WKH HIILFLHQW PDUNHW LQ

WKUHH IRUPV� ZHDN� VHPL�VWURQJ� DQG VWURQJ� ,Q SDUWLFXODU� WKH VWURQJ IRUP RI DQ HIILFLHQW PDU�

NHW� QDPHO\� DQ LGHDO PDUNHW� VKRXOG PHHW WKUHH FRQGLWLRQV DV EHORZ �

�� 7KHUH DUH QR WUDQVDFWLRQV FRVWV LQ WUDGLQJ VHFXULWLHV�

�� $OO DYDLODEOH LQIRUPDWLRQ LV FRVWOHVVO\ >VLF@ DYDLODEOH WR DOO PDUNHW SDUWLFLSDQWV�

�� $OO DJUHH RQ WKH LPSOLFDWLRQV RI FXUUHQW LQIRUPDWLRQ IRU WKH FXUUHQW SULFH DQG GLVWULEXWLRQV

RI IXWXUH SULFHV RI HDFK VHFXULW\ �)DPD� ����� S� �����

,I WKHVH WKUHH FRQGLWLRQV DUH DFKLHYHG� WKH PDUNHW PRYHPHQWV ZLOO UHIOHFW WKH DYDLODEOH LQIRUPD�

WLRQ HIIHFWLYHO\� ,Q RWKHU ZRUGV� WKH SUHFHGLQJ LQIRUPDWLRQ FDQ LQGLFDWH WKH IXWXUH FKDQJHV LQ WKH

PDUNHW� 7KXV� WKH VWURQJ IRUP RI DQ HIILFLHQW PDUNHW LV D SHUIHFWO\ SUHGLFWDEOH PDUNHW�

$FFRUGLQJ WR )DPD �����D� ����E�� WKH NH\ IDFWRU RI DQ HIILFLHQW PDUNHW LV WKH DYDLODELOLW\ RI LQ�

IRUPDWLRQ� WKH PDUNHW LV RQO\ IXOO\ HIILFLHQW ZKHQ LQIRUPDWLRQ LV FRPSOHWHO\ IUHH WR DOO PDUNHW

SDUWLFLSDQWV� EXW WKLV µFRPSOHWHO\ IUHH¶ VLWXDWLRQ LV UDUH LQ UHDOLW\� 7KXV� WKH VWURQJ IRUP RI (0+ LV

KDUG WR DFKLHYH LQ WKH UHDO PDUNHW� XQOHVV WKH LQYHVWRU WDNHV ULVNV E\ GRLQJ LOOHJDO LQVLGH WUDGH� ,W

VXJJHVWV SUHGLFWLQJ IXWXUH PRYHPHQWV LV QRWRULRXVO\ GLIILFXOW EHFDXVH LW FDQ RQO\ EH RQ WKH EDVLV

RI OLPLWHG LQIRUPDWLRQ� 2WKHUZLVH� LI D PDUNHW LV IXOO\ SUHGLFWDEOH� WKHQ LW ORVHV WKH SRVVLELOLW\ RI

EHLQJ SUHGLFWHG� EHFDXVH DQ\ FKDQJHV ZLOO EH IRUHVHHQ RU NQRZQ�

0RUHRYHU� GXH WR WKH LQHIILFLHQF\ RI LQIRUPDWLRQ GLVWULEXWLRQ� GLVSDULWLHV EHWZHHQ WKH DFWXDO SULFH

DQG H[SHFWHG SULFH RIWHQ H[LVW� 2YHUHVWLPDWLRQ DQG XQGHUHVWLPDWLRQ RI WKH SULFH UHPDLQ EDODQFHG

RQ D PDFUR OHYHO� ,Q )DPD¶V RSLQLRQ� WKHVH GLVDJUHHPHQWV DUH µV\VWHPDWLF¶� QHLWKHU UDQGRP QRU

FRLQFLGHQWDO �)DPD� ����D� ����E�� 7KH V\VWHPDWLF GLVDJUHHPHQWV LQ WKH PDUNHW WULJJHU LQYHVWRUV

WR PDNH SUHGLFWLRQV� VR WKH HVWLPDWHG SULFH PRYHV WRZDUGV WKH DFWXDO SULFH� )XUWKHUPRUH� KH VXJ�

JHVWHG WKDW LQYHVWRUV¶ EHKDYLRXUVZRXOG µQHXWUDOLVH¶ WKH GLIIHUHQFH EHWZHHQ WKH DFWXDO SULFH DQG WKH

HVWLPDWHG SULFH �)DPD� ����D� S� ���� VR WKH HIILFLHQF\ RI WKH PDUNHW PD\ QRW EH QRWLFHDEOH� )DPD

��



�����E� DOVR QRWHG WKDW DQ\ RYHUHVWLPDWLRQ RU XQGHUHVWLPDWLRQ LV LQGHSHQGHQW� ZKLFK VXJJHVWV

WKDW FKDQJHV LQ WKH HVWLPDWHG SULFH DUH LQIOXHQFHG RQO\ E\ WKH SUHFHGLQJ RFFXUUHQFH RI UHOHYDQW

HYHQWV� EXW QRW E\ WKH SUHFHGLQJ SULFHV� :LWK WKH DVVXPSWLRQ RI LQGHSHQGHQFH� WKH PDUNHW LV WKXV

GHILQHG DV D UDQGRP ZDON PDUNHW �)DPD� ����D��

<HW VRPHPRUH UHFHQW VWXGLHV KDYH SRVHG DQ RSSRVLWH RSLQLRQ DJDLQVW WKH (0+ WKHRU\ DV WKDW µWKH

TXDOLWDWLYH LQIRUPDWLRQ LV QRW UHIOHFWHG IXOO\ DQG LQVWDQWO\ LQ PDUNHW SULFHV¶ �6SUHQJHU 	 :HOSH�

����� S� ��� )RU LQVWDQFH� D PRUH GHWDLOHG RSSRVHG YRLFHV FDQ EH IRXQG LQ 0DONLHO ������µV GLV�

FXVVLRQ� ZKR VXPPDULVHG VHYHUDO W\SLFDO FRQWUDU\ H[DPSOHV RI WKH HIILFLHQW PDUNHW� DQG WKHUHIRUH

GHQLHG WKH HIILFLHQF\ LQ WKH PDUNHW� 1HYHUWKHOHVV� KH VWLOO KHOG WKH RSLQLRQ WKDW ¶SULFLQJ LUUHJX�

ODULWLHV DQG SUHGLFWDEOH SDWWHUQV LQ VWRFN UHWXUQV FDQ DSSHDU RYHU WLPH DQG HYHQ SHUVLVW IRU VKRUW

SHULRGV¶ �S� ����

5HVSRQGLQJ WR WKHVH TXHVWLRQV� 6SUHQJHU DQG :HOSH ������ IXUWKHU VXJJHVWHG WKDW VXFK IDLOXUHV

PD\ EH FDXVHG E\ WKH XQDYDLODELOLW\ RU LQHIILFLHQF\ RI FRPSXWDWLRQDO OLQJXLVWLF PHWKRGV GXULQJ

WKH WLPH ZKHQ WKRVH VWXGLHV ZHUH FDUULHG RXW� ,Q RWKHU ZRUGV� (0+ WKHRU\ FRXOG VWLOO EH YDOLG

LI LQIRUPDWLRQ FDQ EH SURFHVVHG SURSHUO\� ,Q DGGLWLRQ� LW FRXOG DOVR EH YDOLG LI RWKHU VRXUFHV RI

LQIRUPDWLRQ FDQ EH XVHG WR SUHGLFW WKH PDUNHW FKDQJHV� %DVHG RQ WKLV LQIHUHQFH� WKLV WKHVLV LV WR

XVH GDWD IURP RWKHU VRXUFH±7ZLWWHU WR H[SORUH LI WKH DFFXUDF\ RI D PRUH DGYDQFHG FRPSXWDWLRQDO

OLQJXLVWLF PHWKRG±VHQWLPHQW DQDO\VLV EHLQJ XVHG LQ VWRFN SUHGLFWLRQ±FDQ EH LPSURYHG�

0RVW LPSRUWDQWO\� WKH IRFXV RI WKLV WKHVLV LV QRW WR GLVFXVV WKH YDOLGLW\ RI XVLQJ (0+ WKHRU\ WR SUH�

GLFW WKHPDUNHW FKDQJHV� 6LPSO\ SXW� WKH WKHVLV DFFHSWV WKH DVVXPSWLRQ WKDW DYDLODEOH LQIRUPDWLRQ

FDQ UHIOHFW WKH PDUNHW FKDQJHV� VR WKH PDUNHW FKDQJHV FDQ EH SUHGLFWHG E\ WKH DYDLODEOH LQIRUPD�

WLRQ� 7KLV IROORZV WKH SUHYLRXV VWXGLHV LQ XVLQJ DYDLODEOH LQIRUPDWLRQ WR SUHGLFW WKH PDUNHW� VXFK

DV %ROOHQ HW DO� ������¶V DQG 6SUHQJHU DQG :HOSH ������¶V�

��



����� 'DWD VRXUFHV IRU VWRFN SUHGLFWLRQ

%HIRUH WKH HPHUJHQFH RI VRFLDO PHGLD� DFDGHPLFV DQG LQGXVWULHV KDYH DWWHPSWHG XVLQJ YDULRXV

GDWD VRXUFHV WR SUHGLFW PDUNHW FKDQJHV� LQFOXGLQJ FRUSRUDWH DQQXDO UHSRUWV� SULQWHG QHZVSDSHUV�

RQOLQH EXOOHWLQ ERDUGV� RQOLQH IRUXPV� EORJV RQOLQH QHZV� DQG VHDUFK TXHULHV�

+LVWRULFDOO\� LW LV QRW XQXVXDO WR VHH WKDW D QXPEHU RI VWXGLHV KDYH IRFXVHG RQ PRUH FORVHO\ UHOH�

YDQW GDWD VRXUFHV� LQFOXGLQJ FRUSRUDWH DQQXDO UHSRUWV DQG SUHOLPLQDU\ HDUQLQJ DQQRXQFHPHQWV�

LQ DQ DWWHPSW WR XQGHUVWDQG WKH IXWXUH PRYHPHQWV RI D SDUWLFXODU FRPSDQ\� $ W\SLFDO H[DPSOH

FDQ EH VHHQ LQ 3DWHOO 	:ROIVRQ ������¶V UHVHDUFK� ZKLFK GLVFRYHUHG WKDW QHZV RI HDUQLQJV DQG GLY�

LGHQG DQQRXQFHPHQWV H[HUWHG DQ LQIOXHQFH RQ VWRFN SULFHV RYHU GLIIHUHQW VSDQV RI WLPH� $QRWKHU

UHFHQW H[DPSOH FDQ EH IRXQG LQ )� /L ������¶V UHVHDUFK� ZKLFK LQYHVWLJDWHG ZRUGV UHODWHG WR ULVN

RU XQFHUWDLQW\ LQ FRUSRUDWH DQQXDO UHSRUWV� 2QH RI WKH PDMRU ILQGLQJV LQ WKLV VWXG\ ZDV WKDW WKHUH

VHHPV WR EH D FRQQHFWLRQ EHWZHHQ ULVN VHQWLPHQW H[SUHVVLRQV DQG QHJDWLYH IXWXUH HDUQLQJV�

3ULQWHG QHZVSDSHUV KDYH EHHQ WKH DOO�WLPH IDYRULWH IRU VWRFN SUHGLFWLRQ� DQG WKH UHFHQW DYDLODELOLW\

RI WKH HOHFWULF YHUVLRQ RI WKH WUDGLWLRQDO SULQWHG QHZVSDSHUV KDV PDGH WKLV FROOHFWLRQ PXFK HDVLHU

WR EH DFFHVVHG� )RU LQVWDQFH� WKH W\SLFDO DSSOLFDWLRQV FDQ EH IRXQG LQ �$ZDQ� ����� 6FKXPDNHU 	

&KHQ� ������ 7KH ILUVW RQH LQFOXGHG ERWK QHZV RXWOHWV DQG QHZV ZLUH VHUYLFHV DV WKH FRPSRQHQWV

RI WKHLU GDWD VRXUFHV� ZLWK DQ DWWHPSW WR H[DPLQH WKH LQVWDQW HIIHFW RI WKH DYDLODEOH LQIRUPDWLRQ

WRZDUGV WKH PDUNHW� 7KH VHFRQG RQH XVHG *RRJOH VHDUFK HQJLQH WR FROOHFW GDWD IURP QHZV ZLUH

VHUYLFHV� LQ RUGHU WR GHVLJQ D PRUH UREXVW VHQWLPHQW FODVVLILHU IRU VWRFN SUHGLFWLRQ�

/DWHO\� ,QWHUQHW KDV EHHQ PRUH SRSXODU LQ WKH VWRFN SUHGLFWLRQ OLWHUDWXUH ZLWK LWV ODWHVW SRSXODU�

LW\ LQ SXEOLF� 2QOLQH EXOOHWLQ ERDUGV RU RQOLQH IRUXPV ZHUH DPRQJ WKH ILUVW FKRLFHV IRU VFKRODUV

DQG LQYHVWRUV WR FDUU\ RXW VWRFN SUHGLFWLRQ� 7DNLQJ 0L]UDFK DQG:HHUWV ������µV ZRUN DV DQ LOOXV�

WUDWLRQ� WKH\ DQDO\VHG GDWD IURP D SXEOLF RQOLQH FKDW URRP±$FWLYHWUDGHU� ZKLFK ZDV UHJDUG DV D

¶FRRSHUDWLYH YHQWXUH¶ E\ WKH UHVHDUFKHUV �S������ DQG WKHLU ILQGLQJ VXJJHVWHG WKDW WKH SDUWLFLSDQWV

��



XVLQJ DYDLODEOH LQIRUPDWLRQ LQ WKLV FKDW URRP ZHUH SURILWDEOH WKDQ WKH RWKHUV�

/DWHU RQ� RWKHU RQOLQH GDWD VRXUFHV KDYH JDLQHG PRUH SRSXODULW\ DPRQJ WKH DFDGHPLD DQG LQGXV�

WU\� )RU H[DPSOH� WKH HPHUJHQFH RI EORJV KDV VRRQ DWWUDFWHG UHVHDUFKHUV¶ LQWHUHVWV� DQG *LOEHUW

DQG .DUDKDOLRV ������ ZHUH DPRQJ WKH ILUVW WR H[SORUH WKH LQIOXHQFH RI WKLV GDWD VRXUFH WRZDUGV

WKH PDUNHW� 7KHLU UHVXOW VXJJHVWHG WKDW WKH DQ[LHW\ H[SUHVVHG LQ WKH EORJ GDWD IURP /LYH-RXUQDO

FDQ SUHGLFW WKH GRZQZDUG SUHVVXUH RQ WKH 6	3 ��� LQGH[�

$SDUW IURP WKH HOHFWULF YHUVLRQ RI SULQWHG QHZVSDSHUV� RQOLQH�RQO\ QHZV KDV DOVR EHFRPH PXFK

PRUH SRSXODU� )RU LQVWDQFH� $KPDG HW DO� ������ XVHG WKH RQOLQH QHZV GDWD IURP WZR 5HXWHUV

FRUSRUD LQ (QJOLVK DQG $UDELF DQG D &KLQHVH FRUSXV WR LGHQWLI\ WKH IUHTXHQW SDWWHUQV LQ ILQDQFLDO

UHSRUWV� LQ RUGHU WR XQGHUVWDQG WKH FKDQJHV LQ WKH PDUNHW� $QRWKHU H[DPSOH LV WKDW 0L]XPRWR

HW DO� ������ XVHG RQOLQH QHZV DV WKH GDWD VRXUFH WR WUDLQ D VHPL�VXSHUYLVHG FODVVLILHU� ZLWK DQ

DWWHPSW WRPDNH DPRUH UREXVW GLFWLRQDU\ IRU VWRFN SUHGLFWLRQ� DQG WKH\ EXLOW D SRODULW\ GLFWLRQDU\

DXWRPDWLFDOO\ DQG ZHUH DEOH WR GHWHUPLQH WKH SRODULW\ RI VWRFN PDUNHW QHZV E\ XVLQJ WKH WKHLU

GLFWLRQDU\�

,QWHUHVWLQJO\� HYHQ ZHE VHDUFK TXHULHV ZHUH XVHG WR SUHGLFW WKH PDUNHW FKDQJHV� 0DR� &RXQWV� 	

%ROOHQ ������ FRQGXFWHG D FRPSDULVRQ RI WKH VWRFN SUHGLFWLRQ SRZHU DPRQJ GLIIHUHQW GDWD VRXUFHV�

DQG WKHLU UHVXOW VXJJHVWHG WKDW µZHHNO\ *RRJOH ,QVLJKW 6HDUFK YROXPHV RQ ILQDQFLDO VHDUFK TXHULHV

GR KDYH SUHGLFWLYH YDOXH¶ �S� ��� 7KLV ZDV FRQILUPHG E\ %RUGLQR HW DO� ������� ZKR XVHG WKH VHDUFK

TXHULHV IURP <DKRR WR SUHGLFW WKH 1$6'$4 PDUNHW FKDQJHV� DQG FODLPHG WKDW WUDGLQJ YROXPHV

FRUUHODWHG WR WKH DPRXQW WKH GDLO\ VHDUFK TXHULHV�

(YHQ VR� DV VXJJHVWHG LQ WKH RSSRVLWH OLWHUDWXUH WRZDUGV WKH (0+ WKHRU\� WKH WKHRU\ PD\ QRW EH

DV HIILFLHQW DV GHVFULEHG� $OWKRXJK PRVW RI WKH DERYH VWXGLHV VXJJHVWHG SRVLWLYH UHVXOWV LQ IDYRU

WR WKLV ORQJ�ODVWLQJ WKHRU\� LW LV ZRUWK XVLQJ D VHW RI PRUH UHDO�WLPH GDWD WR H[DPLQH� 7KHUHIRUH�

WKLV WKHVLV ILUVW XVHV 7ZLWWHU GDWD WR YHULI\ WKH FRUUHODWLRQV EHWZHHQ WKH LQIRUPDWLRQ DYDLODEOH RQ

��



7ZLWWHU DQG WKH PDUNHW� SURYLGLQJ VXSSRUW IRU IXUWKHU DQDO\VLV�

����� 8VLQJ VRFLDO PHGLD DV WKH GDWD VRXUFH

7KH UHFHQW XSWDNH RI VRFLDO PHGLD PDNHV LW DQ LPSRUWDQW GDWD VRXUFH� 7KLV VHFWLRQ� LQ D PRUH

GHWDLOHG ZD\� GLVFXVVHV UHDVRQV IRU XVLQJ VRFLDO QHWZRUNV DV D GDWD VRXUFH IRU PDUNHW SUHGLFWLRQ�

7KH PDLQ UHDVRQ IRU XVLQJ VRFLDO PHGLD LQ PDUNHW SUHGLFWLRQ LV EDVHG RQ WKH ZRUG RI PRXWK WKH�

RU\� $V EULHIO\ LQWURGXFHG LQ 6HFWLRQ ������ ZRUG RIPRXWK WKHRU\ �:R0� HPSKDVLVHV LQWHUSHUVRQDO

FRPPXQLFDWLRQ LQPDUNHWLQJ� ZKLOH WKH HPHUJHQFH RI VRFLDO PHGLD H[WHQGV LQWHUSHUVRQDO FRPPX�

QLFDWLRQ JHRJUDSKLFDOO\ DQG WHPSRUDOO\� ,Q SDUWLFXODU� GLVFXVVLRQV RI WKH PDUNHW RQ VRFLDO PHGLD

ILW WKH ZRUG RI PRXWK WKHRU\ EHWWHU WKDQ WKH WUDGLWLRQDO ZRUG RI PRXWK PDUNHWLQJ� EHFDXVH LQ�

YHVWRUV DLP WR SXUVXH WKH PD[LPXP RXWFRPH IURP H[FOXVLYH LQIRUPDWLRQ DYDLODEOH RQ VRFLDO

PHGLD LPPHGLDWHO\�

7KH PRVW LPSRUWDQW SDUW RI WKLV WKHRU\ LV WKDW� LI FRQVXPHUV FRQVLGHU WKDW D UHFRPPHQGDWLRQ LV

IURP D IULHQG RU DQ DXWKRULW\� WKH\ ZRXOG EHOLHYH LW ZLWKRXW DQ\ VXVSLFLRQV� 7KLV W\SH RI FRP�

PXQLFDWLRQ LV IUHTXHQWO\ DSSOLHG LQ SUDFWLFH LQWHQWLRQDOO\ RU XQLQWHQWLRQDOO\� ZKLFK UHVXOWV LQ WKH

LPSURYHPHQW RI WKH HIILFLHQF\ RI PDUNHWLQJ� 3DUWLFXODUO\ LQ WKH VWRFN PDUNHW� SHRSOH WHQG WR RE�

WDLQ µLQVLGH LQIRUPDWLRQ¶� HYHQ VRPHWLPHV RQO\ UXPRXUV� EHFDXVH WKH\ EHOLHYH WKDW WKLV W\SH RI

LQIRUPDWLRQ LV H[FOXVLYH DQG KHOSIXO WR FDSWXUH IXWXUH SULFH FKDQJHV� :LWK WKH EHQHILW RI WKLV W\SH

RI H[FOXVLYH LQIRUPDWLRQ� WKH\ EHOLHYH WKDW WKH\ DUH DEOH WR PD[LPLVH WKH RXWFRPH RI WKHLU LQYHVW�

PHQWV�

+RZHYHU� LW FDQQRW EH LJQRUHG WKDW WKH ZRUG RI PRXWK WKHRU\ KDV WZR GLUHFWLRQV� 2QH LV SRVLWLYH�

DV GLVFXVVHG DERYH� DQG WKH RWKHU LV QHJDWLYH� 6RPH UHVHDUFK KDV IRFXVHG RQ WKH QHJDWLYH DVSHFW

RI :R0� )RU H[DPSOH� 5LFKLQV ������ UDLVHG WKH FRQFHSW RI µ6\VWHPDWLF 1:20¶ ZKHUH 1 VWDQGV

IRU QHJDWLYH� $FFRUGLQJ WR WKLV� H[WHUQDO IDFWRUV� VXFK DV QHJDWLYH IHHGEDFN� DOVR SOD\ DQ LPSRUWDQW

��



UROH LQ ZRUG RI PRXWK� 0RUHRYHU� WKH 7HFKQLFDO $VVLVWDQFH 5HVHDUFK 3URJUDP ������ VXJJHVWHG

WKDW QHJDWLYH :R0 LV PRUH IUHTXHQW WKDQ SRVLWLYH DQG PD\ EH DEOH WR RXWZHLJK WKH SRVLWLYH GL�

UHFWLRQ RI ZRUG RI PRXWK� 7KLV PD\ EH PRUH FRPPRQ LQ VWRFN PDUNHW GLVFXVVLRQV WKDQ LQ RWKHU

FRQWH[WV� EHFDXVH LQYHVWRUV EHFRPH DOHUW ZKHQ WKH\ UHFHLYH QHJDWLYH RU XQFHUWDLQ LQIRUPDWLRQ

�;XH =KDQJ� )XHKUHV� 	 *ORRU� ������ 7KLV ZDV VXSSRUWHG E\ %ROOHQ HW DO� ������� ZKR SRLQWHG

RXW WKDW FDOPQHVV KDV WKH FORVHVW UHODWLRQVKLS WR '-,$¶V PRYHPHQWV�

7KH RWKHU IRUP RI VXSSRUW FRPHV IURP EHKDYLRXUDO HFRQRPLFV� )RU H[DPSOH� %DUEHU DQG 2GHDQ

������ KDYH DUJXHG µWKDW LQGLYLGXDO LQYHVWRUV DUH QHW EX\HUV RI DWWHQWLRQ�JUDEELQJ VWRFNV� H�J��

VWRFNV LQ WKH QHZV� VWRFNV H[SHULHQFLQJ KLJK DEQRUPDO WUDGLQJ YROXPH� DQG VWRFNV ZLWK H[WUHPH

RQH GD\ UHWXUQV¶ �S� ����� ,Q DGGLWLRQ� &KDQ ������ GLVFRYHUHG D PDMRU GLIIHUHQFH LQ WHUPV RI

UHWXUQ SDWWHUQV EHWZHHQ WZR VHWV RI VWRFNV ZLWK DQG ZLWKRXW QHZV� WKH VWRFN UHWXUQV LQ WKH VHW

ZLWK QHZV VKRZGHFUHDVHV IROORZLQJ EDGQHZV� 7KLVZDV FRQILUPHGE\/HLQZHEHU DQG6LVN ������µV

ZRUN� ZKLFK IXUWKHU VXJJHVWHG WKDW WKHVH NLQG RI HIIHFWV DUH ¶ODUJHU IRU VPDOOHU FDSLWDOL]DWLRQ ILUPV¶

�S� ��� 7KHVH VWXGLHV DJDLQ SURYLGHG VXSSRUW WR WKH SRVVLELOLW\ RI XVLQJ LQIRUPDWLRQ WR SUHGLFW

FKDQJHV LQ WKH PDUNHW�

%DVHG RQ WKHVH� WKLV UHVHDUFK WKHUHIRUH XVHV 7ZLWWHU DV D GDWD VRXUFH WR HYDOXDWH KRZ VHQWLPHQW

DQDO\VLV IRU VWRFN SUHGLFWLRQ FDQ EH LPSURYHG ZLWK WKH DGGLWLRQ RI OLQJXLVWLF SRZHU�

����� 7KH UHODWLRQVKLS PRGHO EHWZHHQ WZHHWV DQG WKH VWRFN PDUNHW

7R XQGHUVWDQG WKH UHODWLRQVKLS EHWZHHQ WZHHWV DQG PDUNHW� LW LV EHWWHU WR XVH D VLPSOLILHG PRGHO

WR LOOXVWUDWH �VHH )LJXUH ������� 7KLV LOOXVWUDWLRQ FRQVLVWV RI WZR SDUWV� VSHFXODWLRQ RQ WKH OHIW DQG

VKDUH SULFH RQ WKH ULJKW� 7KH\ KDYH D ELODWHUDO UHODWLRQVKLS� $FFRUGLQJ WR WKH (0+ PRGHO� WKH

PDUNHW LV UHIOHFWHG E\ LQIRUPDWLRQ� DQG LW LV DIIHFWHG E\ LQIRUPDWLRQ�

%ULHIO\� LQ WKH OHIW SDUW RI WKH LOOXVWUDWLRQ� WKH PRGHO FRQVLGHUV WKH PDVV PHGLD DQG VRFLDO PHGLD

��
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)LJXUH ����� 7KH UHODWLRQVKLS PRGHO RI WZHHWV DQG WKH VWRFN PDUNHW

DV WKH PDLQ LQIRUPDWLRQ VRXUFHV� 7KH UHVHDUFK IRFXVHV RQ VRFLDO PHGLD� 6RFLDO PHGLD FRYHUV D

QXPEHU RI SODWIRUPV� EXW WKH UHVHDUFK RQO\ XVHV 7ZLWWHU� VSHFLILFDOO\� WKH VHQWLPHQW H[WUDFWHG

IURP UHOHYDQW VWRFN WZHHWV� DV UHSUHVHQWDWLYH RI VRFLDO PHGLD� 7KH PDVV PHGLD LV QRW WKH IRFXV

RI WKH UHVHDUFK� VR WKH PRGHO LJQRUHV LWV LQIOXHQFH� 2Q 7ZLWWHU� WKHUH DUH WZR PDMRU JURXSV RI

WZHHWV UHODWLQJ WR WKH PDUNHW� QHZV WZHHWV DQG WZHHWV RI LQYHVWRUV¶ GLVFXVVLRQV� ZKLFK DUH JUHDWO\

LQIOXHQFHG E\ WKH PDVV PHGLD� &HUWDLQO\ WKHUH LV D ODUJH DPRXQW RI QRLVH LQ WZHHWV� VXFK DV VSDP

WZHHWV�

7KH ULJKW SDUW RI WKH LOOXVWUDWLRQ XVHV VKDUH SULFH WR UHSUHVHQW WKH PDUNHW� 6KDUH SULFH KDV IRXU

PDLQ VRXUFHV RI LQIOXHQFH� JOREDO HFRQRP\� FRPSDQ\ SHUIRUPDQFH� DEQRUPDO HYHQWV DQG QRLVH� ,W

LV PDLQO\ IRUPHG E\ FRPSDQ\ SHUIRUPDQFH� 7KH JOREDO HFRQRP\ LV DQ H[WHUQDO IDFWRU� 0RVW OLVWHG

FRPSDQLHV DUH PXOWLQDWLRQDO FRUSRUDWLRQV� VR WKH\ UHFHLYH PRUH LQIOXHQFH IURP WKH JOREDO HFRQ�

RP\ WKDQ WKH ORFDO HFRQRP\� )ROORZLQJ WKLV� WKH ORFDO HFRQRP\ LV QHJOHFWHG� $EQRUPDO HYHQWV�

VXFK DV QDWXUDO GLVDVWHUV RU ODZ FDVHV� FDQ KDYH D SDUWLFXODUO\ KXJH LPSDFW RQ VKDUH SULFH� 6LP�

��



LODUO\� WKHUH DUH YDULRXV VRXUFHV RI QRLVH� VXFK DV UXPRXUV� WKDW PD\ KDYH LQIOXHQFHV RQ SHUIRU�

PDQFH DV ZHOO� 7KHVH IRXU HOHPHQWV FDQ KDYH D GLUHFW LQIOXHQFH RQ SULFH� RU WKH\ FDQ ILUVW EH

UHIOHFWHG E\ WKH PDVV PHGLD RU VRFLDO PHGLD �DV VKRZQ E\ WKH GRWWHG OLQHV�� DQG WKHQ LPSDFW XSRQ

VKDUH SULFH DFFRUGLQJO\�

%DVHG RQ WKLV VLPSOLILHGPRGHO DQG SUHYLRXV VWXGLHV VXFK DV %ROOHQ HW DO� ������ DQG 6SUHQJHU DQG

:HOSH ������� WKLV WKHVLV DVVXPHV WKDW D FRUUHODWLRQ EHWZHHQ WZHHW VHQWLPHQW DQG VWRFN PRYH�

PHQWV H[LVWV �DQ H[WHQVLYH GLVFXVVLRQ RI WKH WHPSRUDO FRUUHODWLRQ EHWZHHQ WKH 7ZLWWHU VHQWLPHQW

DQG VWRFN SULFH LV SUHVHQWHG LQ &KDSWHU ��� 7KHUHIRUH� LW IRFXVHV RQ LPSURYLQJ WKH DFFXUDF\ RI WKH

LGHQWLILFDWLRQ RI WKH WZHHW VHQWLPHQW WKURXJK WKH DGGLWLRQ RI OLQJXLVWLF DQDO\VLV�

����� 6RPH FULWLFLVPV RI VWRFN SUHGLFWLRQ EDVHG RQ WZHHWV

6RPH UHVHDUFKHUV KDYH FULWLFLVHG DQG FDVW GRXEWV XSRQ WKH IHDVLELOLW\ RI VWRFN SUHGLFWLRQ� HVSH�

FLDOO\ UHFHQW GHYHORSPHQWV LQ SUHGLFWLRQ EDVHG RQ WZHHWV� 1RW RQO\ KDYH DFDGHPLFV H[SUHVVHG

FRQVLGHUDEOH GRXEWV� EXW LQGXVWU\ H[SHUWV DOVR KDYH WKHLU VXVSLFLRQV� ,Q SDUWLFXODU� SOHQW\ RI UH�

SRUWV LQ WKH PDVV PHGLD TXHVWLRQHG VWRFN SUHGLFWLRQ� 6RPH W\SLFDO H[DPSOHV DUH GLVFXVVHG EHORZ�

,QJUDP ������ DUJXHG WKDW WKHUHPLJKW EHPDQ\ VSDPPHUV WKDW FDQ DIIHFW WKH SUHGLFWLRQ DFFXUDF\�

7KHRUHWLFDOO\� WKLV FRXOG VHULRXVO\ XQGHUPLQH WKH GHYHORSPHQW RI VWRFN SUHGLFWLRQ� +RZHYHU� )LQ�

JHU DQG'XWWD ������ SRLQWHG RXW WKDW WKHUHZDV D VLJQLILFDQW GURS LQ VSDP WZHHWV VLQFH ����� IURP

��� LQ $XJXVW� ���� WR �� LQ )HEUXDU\� ����� 7KXV� WKH SRVVLELOLW\ RI µSROOXWHG¶ FRQWHQW DIIHFWLQJ

SUHGLFWLRQ DFFXUDF\ RQ 7ZLWWHU LV ORZHU WKDQ EHIRUH� ,Q WKLV VHQVH� ,QJUDP¶V DVVXPSWLRQ LV OHVV

UHDVRQDEOH� +RZHYHU� FRQVLGHULQJ WKH SRVVLEO\ KLJK IUHTXHQF\ RI SROOXWHG FRQWHQW� WKH FXUUHQW

UHVHDUFK ZLOO GHVLJQ D KLHUDUFKLFDO V\VWHP WR ILOWHU RXW LUUHOHYDQW WZHHWV� DLPLQJ WR LQFUHDVH WKH

GDWD TXDOLW\ LQ WKH ODWHU VHQWLPHQW DQDO\VLV� 7KLV LV UHSRUWHG LQ IXOO LQ &KDSWHU ��

6LPLODUO\� =ZHLJ ������ DOVR KDV FRQFHUQV DERXW WKLV SUHGLFWLRQ PRGHO�

��



�� WKH IXWXUH LV WKH UHDOP RI VXUSULVHV� QR RQH� QR PDWWHU KRZ H[SHUW� FDQ UHOLDEO\

IRUHVHH ZKDW ZLOO KDSSHQ DQG KRZ SHRSOH ZLOO UHDFW WR LW�

�� ([SHUWV DUH LQFRQVLVWHQW LQ KRZ WKH\ DQDO\VH FRPSOH[ GDWD�

7KH ILUVW RI WKHVH GRXEWV LV KDUG WR GHQ\� +RZHYHU� LW GRHV QRW GLUHFWO\ UHODWH WR VWRFN SUHGLFWLRQ

LWVHOI� DQG RQO\ FRQFHUQV WKH GHFLVLRQ EDVHG RQ WKH SUHGLFWLRQ� (0+ DOVR GLVFXVVHV WKLV TXHVWLRQ�

)RU H[DPSOH� 7LPPHUPDQQ DQG *UDQJHU ������ VXJJHVWHG WKDW WKH HDUO\ (0+PRGHO KDV DQ REYL�

RXV VKRUWFRPLQJ WKDW GRHV QRW FRYHU WKH LQIOXHQFH RI LQYHVWRUV¶ GHFLVLRQV� 7KHUHIRUH� WKH\ GHILQHG

WKH HIILFLHQW PDUNHW DV�

$Q HIILFLHQW PDUNHW LV WKXV D PDUNHW LQ ZKLFK SUHGLFWDELOLW\ RI DVVHW UHWXUQV� DIWHU

DGMXVWLQJ IRU WLPH�YDU\LQJ ULVN�SUHPLHU DQG WUDQVDFWLRQ FRVWV� FDQ VWLOO H[LVW EXW RQO\

µORFDOO\ LQ WLPH¶ LQ WKH VHQVH WKDW RQFH SUHGLFWDEOH SDWWHUQV DUH GLVFRYHUHG E\ D ZLGH

JURXS RI LQYHVWRUV� WKH\ ZLOO UDSLGO\ GLVDSSHDU WKURXJK WKHVH LQYHVWRUV¶ WUDQVDFWLRQV

�S� ����

$FFRUGLQJ WR WKLV� WKH VWRFNPDUNHW LV SUHGLFWDEOH� EXW RQO\ ZLWKLQ D OLPLWHG WLPH VSDQ DQG VSHFLILF

HQYLURQPHQW� 6XFK D SUHGLFWLRQ FKDQFH H[LVWV LQ DQ RSHQ PDUNHWV� EXW GHSHQGV RQ LQYHVWRU¶V

HYDOXDWLRQV� $GGLWLRQDOO\� WKH PDUNHW PD\ EH LQVXIILFLHQW DW GHYHORSLQJ QHZ WHFKQRORJ\� +HQFH�

=ZHLJ¶V ������ DUJXPHQW FDQ EH H[SODLQHG� :LWK UHFHQW GHYHORSPHQW LQ VWRFN SUHGLFWLRQ EDVHG

RQ WZHHW GDWD� WKH PDUNHW PLJKW QRW EH VLPXOWDQHRXVO\ HIILFLHQW EHFDXVH LQYHVWRUV ZKR XVH WKH

QHZ WHFKQRORJ\ PD\ QRW EH IDPLOLDU ZLWK WKH WRRO� +RZHYHU� JUDGXDOO\� WKH\ ZLOO KDQGOH VXFK

D WRRO PRUH HIIHFWLYHO\� VR WKH\ PD\ FDSWXUH PRUH SUHGLFWDEOH RSSRUWXQLWLHV� 7KXV� WKH PDUNHW

FDQ EH UHJDUGHG DV PRUH HIILFLHQW� $GRSWLQJ QHZ WRROV PD\ UHVXOW LQ WKH ORVV RI VRPH SUHGLFWLRQ

FKDQFHV IRU VRPH LQYHVWRUV DW WKH EHJLQQLQJ� EXW WKLV GRHV QRWPHDQ WKDW WKHPDUNHW LWVHOI EHFRPHV

LQVXIILFLHQW RU XQSUHGLFWDEOH�

��



5HJDUGLQJ =ZHLJ¶V ������ VHFRQG GRXEW� WKH FXUUHQW DSSURDFKHV WR VHQWLPHQW DQDO\VLV ODUJHO\ UHO\

RQ FRPSXWHU DSSOLFDWLRQV� ZLWK WKH KHOS RI WHFKQRORJLHV VXFK DV PDFKLQH OHDUQLQJ� 7KXV� WKH

UHVXOWV FDQ EHPRUH FRQVLVWHQW WKDQ ZRXOG EH E\ DQ\ DQDO\VLV FRQGXFWHG E\ KXPDQ EHLQJV� +HQFH�

WKLV GRXEW LV OHVV UHOHYDQW WKDQ RQFH ZDV�

$QRWKHU PDLQ GRXEW FRQFHUQV WKH HIIHFWLYHQHVV RI VWRFN SUHGLFWLRQ EDVHG RQ WZHHW GDWD� $ UHSUH�

VHQWDWLYH YRLFH KHUH LV WKDW RI 3DXO 1ROWH �0RUJDQ� ������

7KHVH NLQGV RI VWXGLHV DUH OLWWOH PRUH WKDQ GDWD PLQLQJ FKHUU\ SLFNLQJ LQIRUPDWLRQ

WKDW FUHDWHV D SDWWHUQ� WKHQ UDWLRQDOLVLQJ WKH UHVXOWV DIWHU WKH IDFW�

7KLV LV D IXQGDPHQWDO TXHVWLRQ� EXW LW LJQRUHV WKH SUHGLFWDELOLW\ RI DQ HIILFLHQWPDUNHW DV GLVFXVVHG

HDUOLHU LQ WKLV FKDSWHU� $FFRUGLQJ WR )DPD �����D� S� ���� µWKH VXFFHVVLYH SULFH LQ LQGLYLGXDO VHFX�

ULWLHV ZLOO EH LQGHSHQGHQW¶� VR WKHUH LV QR VXFK D SDWWHUQ LQ WKH PDUNHW WUHQG� +RZHYHU� QR SDWWHUQ

GRHV QRW PHDQ QRW SUHGLFWDEOH� 2Q WKH FRQWUDU\� XQGHU WKH UDQGRP ZDON WKHRU\� DQ HIILFLHQW PDU�

NHW LV IXOO RI µUDWLRQDO� SURILW�PD[LPL]HUV DFWLYHO\ FRPSHWLQJ� ZLWK HDFK WU\LQJ WR SUHGLFW IXWXUH

PDUNHW YDOXHV RI LQGLYLGXDO VHFXULWLHV¶ �)DPD� ����D� S� ���� ,Q WKLV VHQVH� KH LQGLFDWHG WKDW WKH

HIILFLHQW PDUNHW LV SUHGLFWDEOH�

7KHVH GRXEWV VHHP ODFN RI D FRPSUHKHQVLYH XQGHUVWDQGLQJ RI FXUUHQW PDLQVWUHDP HFRQRPLFV WKH�

RULHV� VR WKH\ EHFRPH VNHSWLFDO ZKHQ D IXOO UHDVRQLQJ LV SUHVHQWHG�

��� ,QWURGXFWLRQ RI 7ZLWWHU

7ZLWWHU LV WKH GDWD VRXUFH XVHG LQ WKLV UHVHDUFK� (DFK SRVW� RU WZHHW� KDV D ����FKDUDFWHU OLPLW�

ZKLFK LV WKH PRVW ZHOO�NQRZQ IHDWXUH RI WKLV W\SH RI GDWD� 7R IXUWKHU GLVFXVV ZKHWKHU 7ZLWWHU LV D

JRRG GDWD UHVRXUFH IRU VWRFN SUHGLFWLRQ� WKLV VHFWLRQ LQWURGXFHV WKH IHDWXUHV RI 7ZLWWHU DQG WZHHWV

LQ GHWDLO� $V D UHODWLYHO\ QHZ W\SH RI VRFLDO PHGLD� LW LV XVHIXO WR SURYLGH D FRPSUHKHQVLYH DQG

��



DFFHVVLEOH LQWURGXFWLRQ WR 7ZLWWHU EHIRUH SURFHHGLQJ DQ\ IXUWKHU� WKHUHIRUH� WKLV VHFWLRQ VWDUWV E\

GLVFXVVLQJ WKH IROORZLQJ DVSHFWV RI 7ZLWWHU� LWV FRQFLVHQHVV� LWV UHDO�WLPH FKDUDFWHULVWLFV� LWV IUHH�WR�

XVH SROLF\� DQG WKH ZLGHU PHGLD HFRV\VWHP LQ ZKLFK 7ZLWWHU SDUWLFLSDWHV� ,Q DGGLWLRQ� DV 7ZLWWHU¶V

GDWD UHOHDVLQJ SROLF\ LV XQLTXH� WKLV VHFWLRQ GLVFXVVHV LWV GHWDLOV RI LW IURP WZR SHUVSHFWLYHV� IUHH

WZHHW GDWD DQG FKDUJHG WZHHW GDWD� 7KH UDSLG GHYHORSPHQW RI 7ZLWWHU DOVR UDLVHV PDMRU LVVXHV RQ

WKH TXHVWLRQ RI KRZ WR VDPSOH WZHHW GDWD� WKHUHIRUH� WKLV VHFWLRQ EULHIO\ LQWURGXFHV WKH KLVWRU\

RI 7ZLWWHU¶V GHYHORSPHQW DV ZHOO� )XUWKHUPRUH� WZHHWV FRQWDLQ D QXPEHU RI XQLTXH IHDWXUHV� VR

WKH QH[W VHFWLRQ LQWURGXFHV VXFK IHDWXUHV� LQFOXGLQJ # PHQWLRQV� 57V DQG UHWZHHWLQJ� KDVKWDJV�

FDVKWDJV� 85/ OLQNV� PHWD LQIRUPDWLRQ� SURWHFWHG DFFRXQWV DQG WLPH� )LQDOO\� UHJDUGLQJ WKH UHOD�

WLRQVKLS RI WZHHWV DQG WKH VWRFN PDUNHW DV LQWURGXFHG LQ 6HFWLRQ ������ WKH ODVW VHFWLRQ GLVFXVVHV

WKH FRYHUDJH DQG LQIOXHQFH RI 7ZLWWHU RQ WKH PDUNHW�

����� )HDWXUHV RI 7ZLWWHU

7ZLWWHU� DV RQH RI WKH ODUJHVW DQG PRVW SRSXODU VRFLDO QHWZRUN VLWHV� KDV WKH IROORZLQJ IHDWXUHV�

UHDO�WLPH XSGDWHV� D IUHH�WR�XVH SROLF\� DQG D ZHOO�EXLOW HFRV\VWHP�

5HDO�WLPH XSGDWHV %ROOHQ� 3HSH DQG 0DR ������ SRLQWHG RXW WKDW WZHHWV DUH µQHFHVVDULO\ DV�

VRFLDWHG ZLWK D VSHFLILF PRPHQW¶ �S� ��� VR WKH\ UHJDUGHG HDFK WZHHW DV µD PLFURVFRSLF� WHPSRUDOO\�

DXWKHQWLF LQVWDQWLDWLRQ RI VHQWLPHQW¶� 7KLV LV VXSSRUWHG E\ =DSSDYLJQD ������� ZKR GHILQHG UHDO�

WLPH DV µZHE FRQWHQW >WKDW@ LV VWUHDPHG WR XVHUV YLD V\QGLFDWLRQ¶ �S� ��� SURYLGLQJ µD VHPLRWLF ZRUOG

LQ ZKLFK XVHUV KDYH DOPRVW LPPHGLDWH DFFHVV WR ZKDW LV EHLQJ VDLG LQ WKHLU VRFLDO QHWZRUNV DW DQ\

JLYHQ PRPHQW¶ �S� ��� %HQHILWLQJ IURP LWV RZQ LQQRYDWLRQ� 7ZLWWHU FDQ SUHVHQW D FRQVLGHUDEOH

QXPEHU RI UHDO�WLPH WZHHWV VLPXOWDQHRXVO\� ZKLFK KDV QHYHU EHHQ DFKLHYHG EHIRUH� )RU H[DP�

SOH� ERWK 6SUHQJHU DQG :HOSH ������ DQG 2K DQG 6KHQJ ������ IRXQG WKDW WKH SRVW WLPH RI VWRFN

WZHHWV FRUUHVSRQGV WR WKH PDUNHW RSHQLQJ WLPH ZHOO� VR WKLV UHDO�WLPH LQIRUPDWLRQ LV LQFUHDVLQJO\

��



IUHTXHQWO\ XVHG E\ ILQDQFLDO SURIHVVLRQDOV WR SUHGLFW PDUNHW WUHQGV�

'HSHQGLQJ RQ WKH XVHU VFDOH� 7ZLWWHU UHFHLYHV WKRXVDQGV RI WZHHWV SHU VHFRQG DW SHDN� )RU LQ�

VWDQFH� GXULQJ ����� WKH KLJKHVW SHDN RFFXUUHG DW $XJXVW ��� ZKHQ WKH 079 �0XVLF 7HOHYLVLRQ�

9LGHR 0XVLF $ZDUGV ZHUH KHOG� 7KH 736 FRXQW �WZHHWV SHU VHFRQG� ZDV ���� �7ZLWWHU� ����F��

7KH HQRUPRXV DPRXQW RI LQVWDQW GDWD EULQJ H[WUHPH GLIILFXOWLHV WR 7ZLWWHU¶V RSHUDWLRQV DV WKH

KXJH DPRXQW RI KLJKO\ XQEDODQFHG LQFRPLQJ GDWD EXUGHQV VHUYHUV VHYHUHO\� 6XIIHULQJ IURPPDQ\

RXWDJHV DW WKH EHJLQQLQJ RI LWV GHYHORSPHQW� 7ZLWWHU FDQZHOO KDQGOH VXFK SHDNV QRZ� $FFRUGLQJO\�

SUHVHQWLQJ UHDO�WLPH FRQWHQWV LV PXFK LPSURYHG DV ZHOO� DQG PDQ\ VWXGLHV RU VHUYLFHV EDVHG RQ

WKLV IHDWXUH KDYH EHFRPH DYDLODEOH� IRU H[DPSOH� VRPH UHVHDUFKHUV XVHG 7ZLWWHU WR SUHGLFW HDUWK�

TXDNHV RU WVXQDPLV� VXFK DV 'RDQ� 9R DQG &ROOLHU ������ DQG (DUOH� %RZGHQ DQG *X\ �������

)UHH�WR�XVH SROLF\ )UHH XVDJH LV D FRPPRQ FKDUDFWHULVWLF RI VRFLDO QHWZRUN VHUYLFHV� DQG 7ZLW�

WHU LV QR H[FHSWLRQ� 8VLQJ 7ZLWWHU LV IUHH� ZKLFK LV D JRRG VHOOLQJ SRLQW WR DWWUDFW XVHUV� ,Q DGGLWLRQ�

7ZLWWHU EHJDQ WR UHOHDVH WZHHW DUFKLYHV WR LWV XVHUV LQ 'HFHPEHU� ���� �9DQGRU� ������ VR LQGLYLG�

XDO XVHUV FRXOG UHWULHYH WKHLU RZQ WZHHWV ZLWKRXW DQ\ FRVW� ZKLFK KDG EHHQ QRW SRVVLEOH HDUOLHU

EHFDXVH DFFHVV ZDV UHVWULFWHG WR WKH PRVW UHFHQW XSGDWHV RQO\� +RZHYHU� 7ZLWWHU EHJDQ WR LQWUR�

GXFH SURPRWHG WZHHWV LQ $SULO� ���� �%� 6WRQH� ������ 7KLV VHUYLFH� ZKLFK LV VLPLODU WR FKDUJHG

DGYHUWLVLQJ� PDLQO\ IRFXVHV RQ FRUSRUDWH XVHUV�

(FRV\VWHP 7KH FRQFHSW RI µHFRV\VWHP¶ RULJLQDWHV IURPELRORJ\� ZKHUH LWPHDQV µD ELRORJLFDO V\V�

WHP FRPSRVHG RI DOO WKH RUJDQLVPV IRXQG LQ D SDUWLFXODU SK\VLFDO HQYLURQPHQW� LQWHUDFWLQJ ZLWK

LW DQG ZLWK HDFK RWKHU¶ �'LFWLRQDU\� Q�G��� $QG IRU 7ZLWWHU� WKLV FRQFHSW PDLQO\ KDV WKUHH LQWHU�

SUHWDWLRQV� RSHQ VRXUFH� RSHQ $3, �DSSOLFDWLRQ SURJUDPPLQJ LQWHUIDFH� DQG WKH RSHQ EXVLQHVV

PRGHO�

)URP LWV IRXQGDWLRQ� 7ZLWWHU ZDV µEXLOW RQ RSHQ VRXUFH VRIWZDUH¶ �3DVV� ������ 2SHQ VRXUFH

��



LV D SRSXODU FRQFHSW LQ WKH VRIWZDUH LQGXVWU\� ZKLFK JHQHUDOO\ PHDQV WKDW WKH SURGXFW RU VHU�

YLFH LV RSHQ DQG DYDLODEOH� DQG FDQ EH XVHG DQG VKDUHG IRU IUHH� 7ZLWWHU LWVHOI QRW RQO\ XVHV EXW

DOVR GHYHORSV PDQ\ RSHQ VRXUFH SURGXFWV� IRU H[DPSOH� WKH\ UHOHDVHG %RRWVWUDS ��� �

� LQ $XJXVW� ���� IRU LP�

SURYLQJ WKH XVHU LQWHUIDFH �8,� GHVLJQ RI ZHE SDJHV �2WWR� ������ 7KH RSHQ VRXUFH VWUDWHJ\ VLJQLIL�

FDQWO\ UHGXFHV FRVWV IRU 7ZLWWHU� ZKLFK UHVXOWV LQ D EHWWHU IUHH VHUYLFH DQG PRUH SRSXODULW\ DPRQJ

LWV XVHUV�

$3,V DUH D SRSXODU ZD\ WR UHOHDVH GDWD LQ WKH FXUUHQW ,QWHUQHW� *HQHUDOO\� D ZHEVLWH XVHV DQ $3,

SURWRFRO WR VKDUH LWV GDWD� DQG WKH GHYHORSHUV FDQ IROORZ WKH SURWRFRO WR REWDLQ WKH QHHGHG GDWD�

LQVWHDG RI FUDZOLQJ WKH HQWLUH GDWDVHW IURP WKDW ZHEVLWH� 7KXV� LW FDQ LPSURYH WKH HIILFLHQF\ RI

GDWD UHOHDVH DQG UHWULHYDO� &RQVLGHULQJ WKH VKHHU TXDQWLW\ RI GDWD� 7ZLWWHU KDV DSSOLHG WKH $3,

SROLF\ VLQFH LWV ELUWK� 7KH GHWDLOV RI 7ZLWWHU¶V $3, SROLF\ ZLOO EH LQWURGXFHG LQ WKH QH[W VHFWLRQ�

$3,V DOVR KDYH EURXJKW DQ RSHQ EXVLQHVV PRGHO WR 7ZLWWHU� ,QWHJUDWLRQ ZLWK RWKHU SODWIRUPV RU

SURGXFWV YLD $3,V PDNHV VKDULQJ PXFK HDVLHU� )RU H[DPSOH� LI D XVHU UHDGV D QHZV VWRU\ DQG

VKDUHV LW RQ 7ZLWWHU E\ WKH EXLOW�LQ VKDULQJ IXQFWLRQ RQ WKH QHZV VLWH� LW PD\ DWWUDFW PRUH 7ZLWWHU

XVHUV WR UHDG WKLV VWRU\� 7KLV LV D ZLQ�ZLQ VLWXDWLRQ� WKH HDVLHU VKDULQJ PDNHV WKH LQWHUDFWLRQV

RQ 7ZLWWHU PRUH IUHTXHQW DQG HIILFLHQW� ZKLOH DOVR EULQJLQJ PRUH WUDIILF WR WKH QHZV VLWH� 6XFK

D VKDULQJ IXQFWLRQ LV QRW UDUH� DQG DFFRUGLQJ WR 7ZLWWHU¶V &KLHI ([HFXWLYH 2IILFLDO %L] 6WRQH� WKH

$3, UHFHLYHG PRUH WKDQ �� WLPHV WKH DPRXQW RI WUDIILF WKDQ WKH PDLQ VLWH LWVHOI UHFHLYHG LQ ����

�$PPLUDWL� ������ 7KLV VXJJHVWV WKDW WKH $3,V KDYH EURXJKW HQRUPRXV EXVLQHVV RSSRUWXQLWLHV WR

7ZLWWHU�

)XUWKHUPRUH� DFFRUGLQJ WR 7ZLWWHU� IURP ���� WR ����� PRUH WKDQ ��� PLOOLRQ GROODUV KDYH EHHQ

VSHQW RQ WKH HFRV\VWHP �7ZLWWHU� ����E�� 7KLV VXJJHVWV WKDW 7ZLWWHU LV FRQILGHQW RQ WKLV EXVLQHVV

PRGHO�

��
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����� 'DWD UHOHDVLQJ RI 7ZLWWHU

7ZLWWHU SURYLGHV ERWK IUHH DQG FKDUJHG WZHHW GDWD UHOHDVLQJ VHUYLFHV� 7KH IUHH WZHHW GDWD DUH

PDLQO\ UHOHDVHG E\ WKH 5(67 $3,V� ZKLOH WKH FKDUJHG WZHHW GDWD� QDPHG )LUHKRVH GDWD� DUHPDLQO\

UHOHDVHG E\ WKUHH GDWD UHWDLOHUV� 7RSV\ � �� *1,3 � � DQG

'DWDVLIW � � DW WKH WLPH RI ZULWLQJ �:LOOLDPV� Q�G���

)UHH 7ZHHW GDWD 5(67 �5HSUHVHQWDWLRQDO 6WDWH 7UDQVIHU� LV DQ µDUFKLWHFWXUDO VW\OH IRU GLV�

WULEXWHG K\SHUPHGLD V\VWHPV¶ LQWURGXFHG E\ )LHOGLQJ ������ S� ���� DQG LW LV RQH RI WKH FRUH

SURWRFROV RI +773 ���� 5(67$3,� VKRUW IRU 5(67IXO $3,� LV D ZHE $3, EDVHG RQ WKH 5(67 SURWRFRO�

ZKLFK KDV EHHQ ZLGHO\ XVHG IRU WUDQVIHUULQJ GDWD XQGHU WKH +773 SURWRFRO �+\SHUWH[W 7UDQVIHU

3URWRFRO�� 7KH 5(67 $3, KDV IRXU PDLQ PHWKRGV� *(7� 387� 3267 DQG '(/(7(� 7ZLWWHU PDLQO\

XVHV WKH 5(67 *(7 PHWKRG WR UHOHDVH SDUW RI LWV GDWD YLD WZR $3,V ZLWKRXW FKDUJHV� WKH 5(67

*(7 6HDUFK $3, DQG WKH 6WUHDPLQJ $3,�

7KH5(67*(76HDUFK$3, LV D VWUDLJKWIRUZDUGZD\ WR REWDLQ GDWD DV LW µUHWXUQV UHOHYDQW WZHHWV WKDW

PDWFK D VSHFLILHG TXHU\¶ �7ZLWWHU� ����F�� 7KH GHIDXOW GDWD IRUPDW RI WKLV $3, LV -621 �-DYD6ULSW

2EMHFW 1RWDWLRQ�� ZKLFK GLG QRW QHHG DXWKHQWLFDWLRQ LQ 7ZLWWHU $3, YHUVLRQ ���� +RZHYHU� LW RQO\

UHOHDVHV µDQ LQGH[ RI UHFHQW WZHHWV¶ ZLWK D WLPH UDQJH RI µ�a� GD\V¶ �7ZLWWHU� ����F�� ZKLFK VXJJHVWV

WKDW WKH GDWD DUH QRW FRPSOHWHO\ UHDO�WLPH� ,Q DGGLWLRQ� LW KDV DQ XQFOHDU UDWH OLPLW� ZKLFK GHSHQGV

RQ µWKH FRPSOH[LW\ DQG IUHTXHQF\¶ �7ZLWWHU� ����F�� 7KH UHFHQW FKDQJH LQ $3, YHUVLRQ ��� UHTXLUHV

DXWKHQWLFDWLRQ� DQG WKH UDWH OLPLW LV VHW WR ��� FDOOV SHU �� PLQXWHV �7ZLWWHU� ����E� ����F��

7KH 6WHDPLQJ $3, JLYHV µORZ ODWHQF\ DFFHVV WR 7ZLWWHU¶V JOREDO VWUHDP RI WZHHW GDWD¶ �7ZLWWHU�

����I�� 7KHPDMRU GLIIHUHQFH EHWZHHQ WKH 6WUHDPLQJ $3, DQG RWKHU 5(67 $3,V LV WKDW WKH 6WUHDP�

LQJ $3, SURYLGHV FRQWLQXRXV UHDO�WLPH GDWD� ZKLFK UHTXLUHV D SHUVLVWHQW +773 FRQQHFWLRQ� ,W DOVR

SURYLGHV GDWD LQ WKH -621 IRUPDW DQG QHHGV DXWKHQWLFDWLRQ� 7KHUH LV D FOHDUO\ VWDWHG UDWH OLPLW RI

��
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WKH 6WUHDPLQJ $3, RI ��� WLPHV SHU KRXU� 7KH )$4 �)UHTXHQWO\ $QVZHUHG 4XHVWLRQV� SDJH VXJ�

JHVWV RQO\ µD VPDOO IUDFWLRQ RI WKH WRWDO YROXPH RI WZHHWV DW DQ\ JLYHQ PRPHQW¶ ZLOO EH UHOHDVHG

WKURXJK WKH 6WUHDPLQJ $3, �7ZLWWHU� ����D�� 1HYHUWKHOHVV� µD VPDOO IUDFWLRQ¶ RI GDWD IURP WKH

6WUHDPLQJ $3, LV IDU ODUJHU WKDQ WKH GDWD IURP WKH 5(67 6HDUFK $3,�

&KDUJHG 7ZHHW GDWD )URP 0DUFK� ����� 7ZLWWHU VWDUWHG WR SURYLGH FKDUJHG GDWD� QDPHG DV

)LUHKRVH GDWD� ZKLFK GHULYHG IURP WKH 6WUHDPLQJ $3, �6DUYHU� ������

*1,3 ZDV WKH ILUVW FRPSDQ\ WR SURYLGH WKH )LUHKRVH GDWD� &XUUHQWO\ LW SURYLGHV YDULRXV W\SHV RI

WZHHW GDWD� +LVWRULFDO 3RZHU7UDFN IRU 7ZLWWHU SURYLGHV DOO GDWD VLQFH ���� �*QLS� ������ 7ZLWWHU

3RZHU7UDFN SURYLGHV IXOO DFFHVV WR UHDO�WLPH FRYHUDJH GDWD �*QLS� ������ DQG 'HWDKRVH SURYLGHV

DW OHDVW ���RI WKH UHDO�WLPH YROXPH GDWD �*QLS� ������ 'DWD6LIW DQG 7RSV\ DUH WKH RWKHU WZRPDMRU

WZHHW GDWD UHVHOOHUV� SURYLGLQJ VLPLODU GDWD SURGXFWV�

,QGHHG� WKHVH FKDUJHG GDWD SURYLGH D PRUH FRPSUHKHQVLYH YLHZ RI WZHHW GDWD� EXW WKH\ DUH H[SHQ�

VLYH� )RU H[DPSOH� 'DWDVLIW FKDUJHV ���� SHU ���� WZHHWV �'DWDVLIW� ������ 7KHVH UHDO�WLPH GDWD

LQFOXGH D ODUJH SURSRUWLRQ RI LUUHOHYDQW GDWD� VR WKH FRVW RI REWDLQLQJ UHOHYDQW GDWD ZRXOG EHPXFK

KLJKHU�

8VLQJ 7ZLWWHU DV D GDWD UHVRXUFH &RQVLGHULQJ WKH FRPSOH[LW\ RI WKH GDWD DQG WKH EXGJHW�

WKH UHVHDUFK FKRRVHV WKH 6HDUFK $3, WR FROOHFW GDWD �VHH 7DEOH �������

7DEOH ����� &RPSDULVRQ RI GLIIHUHQW WZHHW GDWD VHUYLFHV

7\SH RI GDWD 3ULFH $PRXQW 5HDO WLPH 5DWH OLPLW $XWKHQWLFDWLRQ

5HVW 6HDUFK $3, IUHH YHU\ OLPLWHG 1R <HV� EXW XQFOHDU 1R LQ $3, ���� <HV LQ $3, ���

6WUHDPLQJ $3, IUHH WRS WR �� <HV <HV <HV

)LUHKRVH GDWD FKDUJHG FDQ EH IXOO DFFHVV %RWK 1R 1R

��



8VLQJ 7ZLWWHU DV D GDWD UHVRXUFH WR SUHGLFW VWRFN FKDQJHV KDV DW OHDVW IRXU DGYDQWDJHV�

)LUVW RI DOO� WKH GDWD DUH IUHH WR XVH� ZKLFK LV WKH JUHDWHVW DGYDQWDJH RI 7ZLWWHU� 2Q 7ZLWWHU� LQIRU�

PDWLRQ LV RSHQ WR DQ\ XVHUV� VR WKHRUHWLFDOO\� LI XVHUV IROORZ WKH µULJKW SHUVRQ¶ RQ 7ZLWWHU� WKH\ FDQ

REWDLQ µWKH ULJKW LQIRUPDWLRQ¶ LPPHGLDWHO\ ZLWKRXW DQ\ FRVW� 0RUHRYHU� WKH IROORZHUVKLS� VSHFLI�

LFDOO\ UHIHUULQJ WR WKH UHODWLRQVKLS RI IROORZLQJ RQ 7ZLWWHU� KDV QR UHVWULFWLRQ� VR XVHUV FDQ IROORZ

RU EH IROORZHG IUHHO\� 7KXV� WKLV HQYLURQPHQW FDQ� WR D ODUJH H[WHQW� VDWLVI\ ERWK WKH VHFRQG DQG

WKLUG FRQGLWLRQ RI WKH VWURQJ IRUP RI WKH HIILFLHQW PDUNHW K\SRWKHVLV WKDW DOO DYDLODEOH LQIRUPDWLRQ

LV DYDLODEOH WR DOO PDUNHW SDUWLFLSDQWV� DQG DOO DJUHH RQ WKH LPSOLFDWLRQV RI FXUUHQW LQIRUPDWLRQ IRU

WKH FXUUHQW SULFH DQG GLVWULEXWLRQV RI IXWXUH SULFHV RI HDFK VHFXULW\� $OWKRXJK 7ZLWWHU KDV PDGH

LWV GDWD SROLF\ PXFK VWULFWHU� ZKLFK PDNHV LW PXFK KDUGHU WR REWDLQ GDWD WKDQ EHIRUH� LW LV VWLOO

SRVVLEOH DQG OHJDO WR UHWULHYH D VPDOO SRUWLRQ RI GDWD IURP WKH SODWIRUP ZLWKRXW DQ\ FRVW�

7KHQ� WZHHW GDWD DUH DOVR ZHOO�VWUXFWXUHG� $V ZLOO EH VKRZQ LQ 6HFWLRQ ������ WZHHWV DUH SUHVHQWHG

LQ WKH -621 IRUPDW �-DYD6FULSW 2EMHFW 1RWDWLRQ�� ZKLFK PDNHV WKH IXUWKHU PDQLSXODWLRQ DQG

DQDO\VLV HDVLHU� 7ZHHW GDWD FRQWDLQ ULFK PHWD LQIRUPDWLRQ� 8QOLNH WKH LQIRUPDWLRQ SUHVHQWHG WR

JHQHUDO XVHUV� WZHHWV LQ WKH -621 IRUPDW FRQWDLQPRUH FRPSUHKHQVLYH LQIRUPDWLRQ IRU HDFK WZHHW�

)RU H[DPSOH� LW FRQWDLQV WKH SRVW WLPH� ZKLFK LV FULWLFDO WR WKLV UHVHDUFK�

1H[W� WKH PDFKLQH�UHDGDEOH GDWD PDNHV WKH VHDUFK PRUH FRQYHQLHQW� VR LW LV HDVLHU WR LQYROYH GLV�

FRXUVHV LQ GLIIHUHQW JHRJUDSKLF UHJLRQV� ER\G ����� VLF�� GHILQHG WKLV DV WKH µVHDUFKDELOLW\¶ RI 7ZLW�

WHU �S� ���� )RU H[DPSOH� DQ $PHULFDQ 7ZLWWHU XVHU FDQ SDUWLFLSDWH LQ D GLVFXVVLRQ RI VWRFN PRYH�

PHQWV RI WKH /RQGRQ ,QGH[ HYHQ WKRXJK WKH HYHQW LWVHOI KDSSHQHG ZKLOH KH ZDV DVOHHS� $OWKRXJK

=DSSDYLJQD ������ LQGLFDWHG WKDW µWKH VHDUFKDELOLW\ LV SDUWLFXODUO\ XVHIXO IRU OLQJXLVWV FROOHFWLQJ

SDUWLFXODU NLQGV RI GLVFRXUVH¶ �S� ��� WKLV LV RQO\ SDUWO\ WUXH� EHFDXVH LW LV QHLWKHU HDV\ WR FROOHFW

WZHHW GDWD IURP 7ZLWWHU� QRU HDV\ WR FDUU\ RXW TXDQWLWDWLYH DQDO\VLV RQ VXFK D KXJH VFDOH RI GDWD�

0RUHRYHU� WKH ODVW WZR IHDWXUHV� IURP D PDFUR SHUVSHFWLYH� PDNH WKH GLVFRXUVHV RQ 7ZLWWHU GLV�
�ER\G XVHV ORZHUFDVH WR VSHOO KHU QDPH LQ KHU SXEOLFDWLRQV�

��



WLQFWO\ GLIIHUHQW IURP WUDGLWLRQDO GLVFRXUVHV� 7KH WUDGLWLRQDO GLVFRXUVHV LQYROYH D VSHFLILF QXPEHU

RI SDUWLFLSDQWV� EXW WKH GLVFRXUVHV RQ 7ZLWWHU DUH RSHQ WR DQ\ 7ZLWWHU XVHUV� VR LW LQYROYHV SRWHQ�

WLDOO\ XQOLPLWHG SDUWLFLSDQWV� $OVR� WUDGLWLRQDO GLVFRXUVHV DUH XVXDOO\ UHVWULFWHG E\ WKH JHRJUDSKL�

FDO ORFDWLRQ� ZKLOH WKH GLVFRXUVHV RQ 7ZLWWHU FDQ RYHUFRPH WKLV UHVWULFWLRQ�

����� 7KH GHYHORSPHQW RI 7ZLWWHU

7ZLWWHU KDV TXLFNO\ HYROYHG VLQFH LWZDV ILUVW ODXQFKHG� 7KH RIILFLDO EORJ RI 7ZLWWHU �

� KDV XVHG GLIIHUHQW PHDVXUHPHQWV WR HYDOXDWH LWV JURZWK� XVHU QXPEHUV� FRXQW RI

DFWLYH XVHUV� FRXQWV RI GDLO\ WZHHWV� SHDN 736 �WZHHW SHU VHFRQG�� DYHUDJH 736� DQG SHDN 730

�WZHHW SHU PLQXWH�� $PRQJ WKHVH PHDVXUHPHQWV� WKH FRXQW RI GDLO\ WZHHWV LV WKH PRVW IUHTXHQWO\

PHQWLRQHG DV VKRZQ LQ )LJXUH ����� �*DUUHWW� ����� +HSZRUWK� ����� 7KDX� ����� 7ZLWWHU� ����H�

7ZLWWHU(QJ� ����� :HLO� ������ ,Q WKLV ILJXUH� HDFK SRLQW UHSUHVHQWV WKH GDLO\ WZHHW FRXQWV ZLWK

WKH EORJ SRVW WLWOH WKDW PHQWLRQHG LW� $FFRUGLQJ WR WKLV� LW LV REYLRXV WKDW� GXULQJ WKLV ILYH�\HDU

SHULRG� 7ZLWWHU KDV PDLQWDLQHG D KLJK UDWH RI JURZWK VSHHG VLQFH WKH EHJLQQLQJ�

7KH PDLQ FRQFHUQ EURXJKW E\ WKLV LPPHQVH DQG UDSLGO\ LQFUHDVLQJ DPRXQW RI GDWD LV KRZ WR VDP�

SOH WKH WZHHW GDWD� 7ZLWWHU¶V UHVWULFWLYH GDWD UHOHDVLQJ SROLF\ VHHPV WR SURYLGH D FRQWURYHUVLDO

DQVZHU� ILUVW� WKH\ RQO\ UHOHDVH D VPDOO SRUWLRQ RI GDWD WKURXJK $3,V� HLWKHU WKH 6HDUFK $3, RU WKH

6WUHDPLQJ $3,� VHFRQG� WKHVH GDWD DUH UDQGRPO\ VDPSOHG E\ 7ZLWWHU¶V DOJRULWKPV� EXW WKHUH LV QR

DYDLODEOH GRFXPHQWDWLRQ DERXW WKHVH DOJRULWKPV� 7KLV PHDQV WKDW FROOHFWLQJ GDWD WKURXJK 7ZLW�

WHU¶V $3, GRHV QRW OHDYH PDQ\ FKRLFHV� EXW LW FRPSOHWHO\ GHSHQGV RQ 7ZLWWHU �PRUH GHWDLOV FDQ EH

IRXQG LQ 6HFWLRQ �������
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����� )HDWXUHV RI 7ZHHWV

3DJH ������ SRLQWHG RXW WKDW µWKH QDUUDWLYH GLPHQVLRQV RI 7ZLWWHU VWRULHV DUH VKDSHG E\ WKH HPHU�

JHQW� FROODERUDWLYH FKDUDFWHU RI VRFLDOPHGLD IRUPV WKDW DUH KHLJKWHQHG LQ WKH VSHFLILF HQYLURQPHQW

RI 7ZLWWHU LWVHOI¶ �S� ����� 6SHFLILFDOO\� WKH VSHFLILF HQYLURQPHQW JUHDWO\ LQYROYHV WKH OHQJWK OLPLW RI

WZHHWV� 'XH WR LWV UHVWULFWLYH QDWXUH� 7ZLWWHU KDV GHYHORSHG D QXPEHU RI FRQYHQWLRQV� &RPSDUHG

WR RWKHU ZULWWHQ PDWHULDOV� WZHHWV KDYH D QXPEHU RI XQLTXH IHDWXUHV� +HUH DUH WZR VDPSOH WZHHWV�

6DPSOH ����� %%& 1HZV WHDP GHWDLQHG DQG EHDWHQ XS LQ �/LE\D E\ &RORQHO *DGGDIL¶V

VHFXULW\ IRUFHV � IXOO VWRU\ LQ WH[W DQG YLGHR KWWS���EEF�LQ�HU(73�

6DPSOH ����� <HV� XVH RQ EXVLQHVV GRFXPHQWV 57 #HO\VVDBUDH� #JROGNRUQ 2XW RI

SXUH FXULRXVLW\� GR \RX UHDOO\ KDYH D OHJDO &KLQHVH QDPH"

7KHVH WZR VDPSOHV FRQWDLQ WKUHH PDLQ GHYLFHV XVHG RQ 7ZLWWHU� #PHQWLRQ� 57V �UHWZHHWV�� KDVK�

WDJV� DQG DV ZHOO DV VRPH RWKHU IHDWXUHV WKDW GR QRW XVXDOO\ RFFXU LQ RWKHU ZULWWHQ GRPDLQV� 7KH

IROORZLQJ VHFWLRQV LQWURGXFH WKHVH IHDWXUHV LQ WXUQ�

#PHQWLRQV ,Q D WZHHW� D XVHU QDPH RIWHQ IROORZV WKH # V\PERO WR LQGLFDWH D SDUWLFXODU XVHU�

IRU LQVWDQFH� #JROGNRUQ LQ 6DPSOH ������ 7KLV LV FDOOHG DQ # PHQWLRQ RQ 7ZLWWHU� ,Q WKH WZR

FDVHV DERYH� WKH # PHQWLRQ LQFUHDVHV WKH XVHU¶V H[SRVXUH RQ 7ZLWWHU �6SUHQJHU 	 :HOSH� ������

'HSHQGLQJ RQ GLIIHUHQW SRVLWLRQ RI WKLV PHFKDQLVP� LW KDV GLIIHUHQW IXQFWLRQV DV D µGHLFWLF PDUNHU¶

�=DSSDYLJQD� ����� S� ���� DQG WKHVH IXQFWLRQV FDQ EH VXPPDULVHG DV EHORZ�

�� ,I LW RFFXUV DW WKH EHJLQQLQJ RI D WZHHW� WKLV LV XVXDOO\ D FRQYHUVDWLRQDO WZHHW RU UHSO\ WZHHW�

VR#86(51$0( IXQFWLRQV DV DGGUHVVLQJ WKDW XVHU� 7KLV WZHHW FDQ RQO\ EH VHHQ E\ WKH XVHU

EHLQJ UHSOLHG WR� DQG WKH IROORZHUV ZKR IROORZ ERWK XVHUV�

��



�� ,I LW RFFXUV LQ WKH PLGGOH RI D WZHHW� LW RIWHQ KDV WKH IXQFWLRQ RI PHQWLRQLQJ VRPH XVHUV�

�� ,I LW RFFXUV DW WKH HQG RI D WZHHW� LW XVXDOO\ KDV PRUH WKDQ RQH DGGUHVVHV� VR LW IXQFWLRQV DV

IRUZDUGLQJ WKH WZHHW WR WKRVH XVHUV�

�� $OWHUQDWLYHO\� WKHUH LV DQ LQFUHDVLQJ WHQGHQF\ RI SXWWLQJ D IXOO VWRS DW WKH EHJLQQLQJ� $V

GLVFXVVHG DERYH� D UHSO\ WZHHW FDQ RQO\ EH VHHQ E\ WKH XVHU EHLQJ UHSOLHG WR DQG WKHLUPXWXDO

IROORZHUV� +RZHYHU� LQ VRPH FLUFXPVWDQFHV� WKH DXWKRU QRW RQO\ ZDQWV WR UHSO\ WR WKDW XVHU�

EXW DOVR ZDQWV WR EURDGFDVW WKH WZHHW WR D EURDGHU DXGLHQFH� VR WKLV VWUDWHJ\ LV DSSOLHG�

3XWWLQJ D IXOO VWRS DW WKH EHJLQQLQJ LQWHUUXSWV 7ZLWWHU¶V DXWRPDWLF XVHU UHSO\ LGHQWLILFDWLRQ�

VR LW LV QRW UHJDUGHG DV D UHSO\ WZHHW E\ 7ZLWWHU� DQG FDQ EH UHDG E\ RWKHU IROORZHUV� $GGLQJ

D IXOO VWRS DW WKH EHJLQQLQJ LV QRW RQO\ KDUGO\ QRWLFHDEOH� EXW DOVR VSDFH�VDYLQJ�

$SDUW IURPXVLQJ DV DQ DGGUHVVLQJPDUN� WKH# V\PERO FDQ DOVR EH XVHG WR LQGLFDWH D SODFH� RU XVHG

LQ DQ HPRWLFRQ� 7KHVH W\SHV RI XVHV FDQ EH IRXQG LQ RWKHU GRPDLQV� VR WKH\ DUH QRW GLVFXVVHG KHUH�

5HWZHHW DQG UHWZHHWLQJ 57 LV WKH DEEUHYLDWLRQ RI UHWZHHW� 2Q 7ZLWWHU� UHWZHHW FDQ EH XVHG

DV HLWKHU DV D QRXQ RU DV D YHUE� UHIHUULQJ WR WKH UHSXEOLVKLQJ RU UHSHWLWLRQ RI DQRWKHU SHUVRQ¶V

WZHHW� %DVLFDOO\� UHWZHHWV KDYH WZR IRUPV�

�� 8VHUV VLPSO\ UHSXEOLVK WKH RULJLQDO SRVW ZLWKRXW DGGLQJ WKHLU RZQ FRPPHQWV� :KHQ XVHUV

UHSRVW D WZHHW� WKH\ VLPSO\ FRS\ WKH RULJLQDO WZHHW� VR WKH FRQWHQW RI WKH UHWZHHW LV VDPH DV

WKH RULJLQDO WZHHW�

�� 8VHUV FLWH WKH RULJLQDO WZHHW� DQG DGG FRPPHQWV DW WKH EHJLQQLQJ RU HQG� VR LW LV UHJDUGHG

DV D TXRWHG WZHHW� ,Q VRPH FDVHV� WKH RULJLQDO FRQWHQW PLJKW EH FXW� WKLV LV FRQVLGHUHG DV

DQ RPLWWHG WZHHW�

��



%RWK IRUPV ZHUH LQYHQWHG E\ XVHUV� DQG WKHQ KDYH EHHQ DGRSWHG E\ 7ZLWWHU� $SSO\LQJ WKLV PHFK�

DQLVP FDQ µVLJQLILFDQWO\ DPSOLI\ WKH UHDFK RI D WZHHW¶ �=DSSDYLJQD� ����� S� ���� VR LW LV DOVR DQ

LPSRUWDQW FRQYHQWLRQ RQ 7ZLWWHU�

+DVKWDJV 2Q7ZLWWHU� D KDVKWDJ LV DQ LPSRUWDQWPHFKDQLVP WRSURYLGH VHDUFKDEOH WDON� XVHUV

WKHUHIRUH FDQ µERQG DURXQG SDUWLFXODU YDOXHV¶ �=DSSDYLJQD� ����� S� ��� )RU LQVWDQFH� �/LE\D LQ

6DPSOH ������ UHIHUULQJ WR D WKHPH� ZRUNV DV D VLJQDO ZRUG� 7ZLWWHU UHJDUGV D KDVKWDJ DV D VSHFLDO

ZRUG� LI D XVHU FOLFNV D KDVKWDJ� LW ZLOO UHGLUHFW WR D VHDUFK SDJH ZKHUH WKH KDVKWDJ LV WKH NH\ZRUG�

7ZLWWHU LQGH[HV KDVKWDJV VHSDUDWHO\� ZKLFK WKHUHIRUH FODVVLILHV WZHHWV PRUH HIILFLHQWO\� 0RUHRYHU�

XVHUV FDQ VHDUFK DQG IROORZ D KDVKWDJ HDVLO\� =DSSDYLJQD ������ SRLQWHG RXW WKDW XVLQJ KDVKWDJV LV

µDQ HPHUJHQW FRQYHQWLRQ IRU ODEHOOLQJ WKH WRSLF RI DPLFURSRVW DQG D IRUPRIPHWDGDWD LQFRUSRUDWHG

LQWR SRVWV¶ �S� ���

8VXDOO\� WKHUH DUH WZR EDVLF W\SHV RI KDVKWDJV� PLG�VHQWHQFH KDVKWDJV DQG HQG KDVKWDJV� 8VXDOO\�

WKHPLG�VHQWHQFH WDJ IXQFWLRQV DV D QRUPDO ZRUG LQ WKH VHQWHQFH� VR LW IXQFWLRQV DV DQ DFWXDO ZRUG�

ZKLOH WKH HQG KDVKWDJ PRUH RIWHQ EHDUV QR JUDPPDWLFDO UHODWLRQVKLS WR WKH VHQWHQFH� RQO\ GHQRW�

LQJ D WKHPH V\PERO DW WKH HQG RI D WZHHW� +HQFH� VRPH SUHYLRXV VWXGLHV WRRN WKLV PLG�VHQWHQFH

KDVKWDJ DV D SUDFWLFDO DSSURDFK WR DQDO\VH WZHHWV �*R 	 %KD\DQL� ������ =DSSDYLJQD ������ GH�

ILQHG WKLV PHFKDQLVP DV µVRFLDO WDJJLQJ¶� ZKLFK µHQJDJHV FRPPXQLWLHV RI JHQHUDO XVHUV¶ �S� ���� VR

WKLV SUDFWLFH FDQ DWWUDFW PRUH LQWHUDFWLRQV IURP RWKHU XVHUV DSDUW IURP WKH GLUHFW IROORZHUV�

&DVKWDJV $ FDVKWDJ LV VLPLODU WR D KDVKWDJ� XVLQJ WKH ��GROODUPDUN� LQVWHDG RI D � �KDVKPDUN��

LW IRFXVHV RQ VWRFN�UHODWHG WRSLFV� VR LW LV FRQYHQLHQW WR WUDFN WKH VWRFN�UHODWHG WZHHWV E\ FUDZOLQJ

WZHHWV FRQWDLQLQJ D VSHFLILF FDVKWDJ� %HIRUH 7ZLWWHU RIILFLDOO\ LQWURGXFHG WKLV GHYLFH RQ -XO\ ���

����� XVHUV KDG DOUHDG\ EHHQ XVLQJ WKLV FRQYHQWLRQ WR GLVFXVV VWRFN� 6LQFH -XO\ ��� ����� FDVK�

WDJV DUH LQGH[HG E\ 7ZLWWHU� VR WKH\ SHUIRUP LQ WKH VDPH ZD\ DV KDVKWDJV� 6LPLODUO\� E\ FOLFNLQJ

��



WKH FDVKWDJ� 7ZLWWHU ZLOO UHGLUHFW XVHUV WR D VHDUFK SDJH ZKHUH WKH FDVKWDJ LV WKH NH\ZRUG� 7KH

LQWURGXFWLRQ RI FDVKWDJV E\ 7ZLWWHU KDV DWWUDFWHG PRUH XVHUV WR WU\ WKLV GHYLFH� 7KH RQO\ SUREOHP

LV WKDW FDVKWDJ EHIRUH WKH DQQRXQFHPHQW GDWH DUH QRW VHDUFKDEOH� EHFDXVH 7ZLWWHU FRQVLGHUHG WKH

GROODU VLJQ DV D QRUPDO ZRUG� $V VKRZQ LQ &KDSWHU �� WKHUH LV D KXJH LQFUHDVH RI WZHHWV FRQWDLQLQJ

D FDVKWDJ DIWHU 7ZLWWHU¶V DERYH DQQRXQFHPHQW�

85/ OLQNV $V GLVFXVVHG LQ ������ WR PHHW WKH OHQJWK OLPLW RI WZHHWV� QRUPDO 85/ �8QLIRUP UH�

VRXUFH ORFDWRU� OLQNV DUH FRQYHUWHG WR D VKRUWHQHG IRUP� OHDYLQJ URRP IRU WKH UHVW RI FRQWHQW� 7ZLW�

WHU QRW RQO\ FRQYHUWV D QRUPDO 85/ WR D VKRUWHQHG W�FR OLQN� EXW DOVR FRQYHUWV DOO VKRUWHQHG 85/V

DFFRUGLQJ WR WKLV IRUPDW� 7KXV� FROOHFWLQJ GDWD WKURXJK 7ZLWWHU $3,� WKH UDZ WZHHWV RQO\ FRQWDLQ

W�FR OLQNV� ZKLOH WKH FRPSOHWH 85/ RU D VKRUWHQHG 85/ E\ D WKLUG�SDUW\ VHUYLFH FDQ EH IRXQG LQ

WKH PHWD LQIRUPDWLRQ� 0RUHRYHU� WKH VKRUWHQHG OLQNV RIWHQ LQFOXGH DGYHUWLVHPHQW OLQNV RU VSDP

OLQNV� VR WKH\ EHFRPH DQ LPSRUWDQW LQGLFDWRU RI VSDP WZHHWV �%HQHYHQXWR� 0DJQR� 5RGULJXHV� 	

$OPHLGD� ����� .ZDN� /HH� 3DUN� 	 0RRQ� ������

0HWD LQIRUPDWLRQ 8VXDOO\� D JHQHUDO XVHU FDQ RQO\ VHH D WZHHW DV VKRZQ LQ WKH DERYH 6DPSOH

����� DQG ������ EHFDXVH µPRVW RI WKH PHWDGDWD FROOHFWHG E\ 7ZLWWHU LV QRW SUHVHQWHG GLUHFWO\ WR WKH

JHQHUDO XVHU¶ �=DSSDYLJQD� ����� S� ��� $V PHQWLRQHG DERYH� KRZHYHU� D FRPSOHWH WZHHW LV VWRUHG

LQ D -621 ILOH� ZKLFK FRQWDLQV PXFK PRUH PHWD LQIRUPDWLRQ� 7KH PHWD LQIRUPDWLRQ LQFOXGHV

WKH WZHHW RZQHU¶V LQIRUPDWLRQ� SRVW WLPH DQG SODFH� FRPSOHWH 85/ RI WKH VKRUWHQHG 85/ DQG

LQWHJUDWHG SLFWXUH� KDVKWDJ LQIRUPDWLRQ DQG UHSO\ LQIRUPDWLRQ� 6HFWLRQ ����� SURYLGHV D GHWDLOHG

DFFRXQW RI D FRPSOHWH WZHHW ZLWK ULFK PHWD LQIRUPDWLRQ�

3URWHFWHG DFFRXQW 7ZLWWHU SURYLGHV DQ RSWLRQ WR OHW XVHUV VHW WKHLU DFFRXQWV DV SULYDWH� ZKLFK

PHDQV WKDW RWKHUV QHHG WR DVN DSSURYDO WR IROORZ WKRVH XVHUV� DQG DOVR WZHHWV SRVWHG E\ WKRVH XVHUV

DUH QRW YLVLEOH WR WKH SXEOLF� 7KXV� D SURWHFWHG XVHU¶V WZHHWV ZLOO QRW EH FROOHFWHG E\ DQ\ PHDQV�

��



+RZHYHU� SURWHFWHG DFFRXQWV DUH QRW FRPPRQ RQ 7ZLWWHU� VR WKHLU H[LVWHQFH ZLOO QRW DIIHFW WKH

GDWD FROOHFWLRQ FRQVLGHUDEO\�

7LPH =DSSDYLJQD ������ SRLQWV RXW WKDW µWLPH LV DQ LPSRUWDQW YDULDEOH LQ PLFUREORJJLQJ¶� EH�

FDXVH LW RIIHUV µD YLHZ RI KRZ SDUWLFXODU FRXSOLQJV RI PHDQLQJV VKLIW DQG FKDQJH� HQDEOLQJ XV WR

FRQVLGHU UHODWLRQVKLS EHWZHHQ OLQJXLVWLF IHDWXUHV LQ WLPH VHULHV¶ �S� ���� *HQHUDOO\� D WZHHW PD\

KDYH WZR WLPH LQGLFDWLRQV� RQH LV WKH SRVW WLPH LQ WKH PHWD GDWD� DQG DQRWKHU RQH LV WKH WLPH

PHQWLRQHG LQ WKH WZHHW� ZKLFK LV RSWLRQDO� +RZHYHU� UHWZHHWV PD\ KDYH WKUHH WLPH LQGLFDWLRQV� DV

WKH\ PD\ DOVR LQFOXGH WKH SRVW WLPH RI WKH UHWZHHW� ,Q WKLV UHVHDUFK� WKH WLPH LQGLFDWLRQ RI D WZHHW

LV SDUWLFXODUO\ LPSRUWDQW� EHFDXVH WKH WHPSRUDO FRUUHODWLRQ WR VWRFN FKDQJHV LV RQH RI WKH PDLQ

UHODWLRQVKLSV EHWZHHQ WZHHWV DQG PDUNHW� $V VKRZQ LQ &KDSWHU �� HDFK FROOHFWHG WZHHW FRQWDLQV

DW OHDVW WZR WLPH LQGLFDWLRQV� WKH FROOHFWHG WLPH DQG WKH SRVW WLPH� 6RPH RI WKHP DOVR FRQWDLQ WKH

WLPH LQGLFDWLRQ LQ WKH WZHHW LWVHOI� 7KH FKRLFH RI WKH SURSHU WLPH LQGLFDWLRQ LQ WKLV UHVHDUFK ZLOO

EH GLVFXVVHG LQ 6HFWLRQ ������

����� 3UHGLFWLRQ SRZHU RI 7ZLWWHU

$SDUW IURP EHLQJ XVHG LQ VWRFN SUHGLFWLRQ LQ WKH SUHYLRXV VWXGLHV� 7ZLWWHU KDV DOVR EHHQ XVHG WR

SUHGLFW QDWXUDO GLVDVWHUV� RXWEUHDN RI GLVHDVHV RU SROLWLFDO HOHFWLRQV� DQG WKHVH SUHGLFWLRQV KDYH

DWWUDFWHG ORQJ�ODVWLQJ DQG ZLGH LQWHUHVWV IURP ERWK LQGXVWU\ DQG DFDGHPLD� 7KLV VHFWLRQ IRFXVHV

RQO\ RQ WKH VWXGLHV RI XVLQJ WZHHWV WR SUHGLFW HDUWKTXDNHV� GXH WR WKH LQFUHDVLQJ SRSXODULW\ RI WKH

DSSOLFDWLRQ LQ WKLV DUHD�

,Q WKH DUHD RI SUHGLFWLQJ QDWXUDO GLVDVWHUV� WZHHWV KDYH EHHQ VKRZQ WR EH HIIHFWLYH DV D PHDQV RI

SUHGLFWLQJ DQG WKXV RIIHULQJ HDUO\ ZDUQLQJV DERXW HDUWKTXDNHV� 2QH RI WKH ILUVW VWXGLHV LQ WKLV

OLQH ZDV FRQGXFWHG E\ 3� (DUOH HW DO� ������� ZKR XVHG 7ZLWWHU GDWD WR REWDLQ ILUVWKDQG DFFRXQWV

RI HDUWK WUHPRUV LQ RUGHU WR GHWHFW DQG PDS DQ HDUWKTXDNH� %\ DQDO\VLQJ WZHHW FRXQWV DQG WKH

��



JHRJUDSKLF LQIRUPDWLRQ FRQWDLQHG LQ WZHHWV GXULQJ WKH ����0:���0RUJDQ+LOO� &$ HDUWKTXDNH�

WKLV VWXG\ VKRZHG ERWK WKH SRWHQWLDOV DQG OLPLWDWLRQV RI XVLQJ 7ZLWWHU WR SUHGLFW DQ HDUWKTXDNH�

LW ZDV IDVWHU WKDQ WKH WUDGLWLRQDO PHWKRGV� VXFK DV WKH $GYDQFHG 1DWLRQDO 6HLVPLF 6\VWHP �$166�

GHYHORSHG E\8QLWHG 6WDWHV *HRJUDSKLF 6HUYLFH �86*6�� WR REWDLQ ILUVWKDQG LQIRUPDWLRQ DERXW WKH

RFFXUUHQFH RI DQ HDUWKTXDNH IURP WZHHW XVHUV DURXQG WKH HSLFHQWUH� EXW WKH REWDLQHG LQIRUPDWLRQ

ZDV QRW VXIILFLHQW WR SURYLGH D VHLVPRJUDSKLFDOO\ GHWDLOHG SLFWXUH RI WKH HYHQW�

)ROORZLQJ WKLV� D QXPEHU RI VWXGLHV KDYH EHHQ FRQGXFWHG LQ -DSDQ GXH WR LWV KLJK IUHTXHQF\ RI

HDUWKTXDNHV� )RU LQVWDQFH� EDVHG RQ VWXGLHV RI GLVFXVVLRQV RI HDUWKTXDNHV RQ 7ZLWWHU� 6DNDNL�

2ND]DNL� 	 0DWVXR ������ GHYHORSHG DQ DOJRULWKP IRU GHWHFWLQJ QHZ VHLVPLF HYHQWV� ZKLFK LQ

WXUQ OHG WR WKH GHYHORSPHQW RI DQ HDUWKTXDNH UHSRUWLQJ V\VWHP ZKLFK FDQ GLVWULEXWH HDUWKTXDNH

DODUPV IDVWHU WKDQ WKH FRQYHQWLRQDO DODUP V\VWHP PDLQWDLQHG E\ -DSDQ 0HWHRURORJLFDO $JHQF\

�-0$�� $ VLPLODU UHVXOW FDQ EH IRXQG LQ 'RDQ HW DO� ������µV DQDO\VLV RI VXEVHTXHQW UHVSRQVHV WR

WKH ���� 7RKRNX HDUWKTXDNH RQ 7ZLWWHU� ,Q WKLV VWXG\� 7ZLWWHU ZDV IRXQG WR EH XVHIXO IRU ¶WUDFNLQJ

WKH SXEOLF PRRG RI SRSXODWLRQV DIIHFWHG E\ QDWXUDO GLVDVWHUV DV ZHOO DV DQ HDUO\ ZDUQLQJ V\VWHP¶�

$ IXUWKHU VWXG\ E\ 3� 6� (DUOH HW DO� ������ HPSKDVL]HG WZR PDMRU DGYDQWDJHV RI XVLQJ WZHHWV WR

SUHGLFW HDUWKTXDNH RYHU WKH FRQYHQWLRQDO DSSURDFKHV� �� 7KH GHWHFWLRQV EDVHG RQ WZHHWV DUH IDVWHU

WKDQ VHLVPRJUDSKLF GHWHFWLRQV LQ SRRUO\ HTXLSSHG UHJLRQV� �� 7ZHHWV FDQ SURYLGH ILUVWKDQG QDU�

UDWLYHV LPPHGLDWHO\ IURP SHRSOH ZKR H[SHULHQFHG WKH GLVDVWHU� DQG WKLV FRXOG QHYHU EH DFKLHYHG

E\ WKH FRQYHQWLRQDO DSSURDFKHV�

2YHUDOO� 7ZLWWHU KDV H[WHQGHG SRVVLELOLWLHV LQ VRPH FRQYHQWLRQDOO\ ZHOO�GHYHORSHG SUHGLFWLRQ DU�

HDV� VXFK DV HDUWKTXDNH SUHGLFWLRQ� DQG VLPLODUO\� LW PD\ DOVR EHQHILW WKH VWRFN SUHGLFWLRQ DUHD�

��



����� ,QIOXHQFH RI 7ZLWWHU RQ WKH PDUNHW

7R FDUHIXOO\ HYDOXDWH WKH LQIOXHQFH RI 7ZLWWHU RQ WKH VWRFN PDUNHW LV QRW SUDFWLFDOO\ UHDOLVWLF� EH�

FDXVH LW LV KDUG WR LVRODWH WKH LQIOXHQFH IURP RWKHU VRXUFHV� +RZHYHU� VRPH QHJDWLYH LQGLFDWLRQV

FDQ H[SODLQ WKH PHFKDQLVP IURP D GLIIHUHQW SHUVSHFWLYH� $V PHQWLRQHG HDUOLHU LQ &KDSWHU �� LQ

-DQXDU\� ����� WKH DEUXSW FKDQJHV RI WZR 1$6'$4 WLFNHUV PLJKW KDYH FRQQHFWLRQV ZLWK VRPH

IUDXGXOHQW LQIRUPDWLRQ IURP WZR KRD[ 7ZLWWHU DFFRXQWV� 7KHUHIRUH� WKHVH WZR FDVHV DUH JRRG LO�

OXVWUDWLRQV RI 7ZLWWHU¶V LQIOXHQFH�

$FFRUGLQJ WR 5HXWHUV �0F&UDQN 	 *DIIHQ� ����� 9ODVWHOLFD HW DO�� ������ LQ WKH WZR FDVHV� WKH YLF�

WLPV ZHUH $XGLHQFH ,QF� �1$6'$4� $'1&�2� DQG 6DUHSWD 7KHUDSHXWLFV ,QF� �1$6'$4� 6537��

DQG WKH PDLQ VXVSLFLRXV 7ZLWWHU DFFRXQWV ZHUH #0XGG�ZDWHUV DQG #FLWUHRQUHVHDUF� 7KH XVHU�

QDPHRI WKH ILUVW VXVSLFLRQV DFFRXQW LV YHU\ VLPLODU WR D IDPRXV FRQVXOWLQJ FRPSDQ\0XGG\:DWHUV

5HVHDUFK� DQG E\ )HEUXDU\ �� ����� LW KDV SRVWHG � WZHHWV LQ WRWDO� 7KH QDPH RI WKH VHFRQG DFFRXQW

LV VLPLODU WR &LWURHQ 5HVHDUFK� EXW WKH DFFRXQW ZDV VXVSHQGHG E\ 7ZLWWHU VRRQ DIWHU� VR QR GDWD

FDQ EH UHWULHYHG� 7KXV� WKLV VHFWLRQ RQO\ GLVFXVVHV WKH $XGLHQFH ,QF� DQG #0XGG�ZDWHUV FDVH�

7KH UHSRUW IXUWKHU LQGLFDWHV WKDW WKHUH ZHUH ������� VKDUHV EHLQJ FKDQJHG GXULQJ WKDW DIWHUQRRQ�

ZKLFK LV QHDUO\ HLJKW WLPHV WKH QXPEHU RI FKDQJHV LQ WKH SUHYLRXV �� GD\V� 7KHVH VXVSLFLRXV

FKDQJHV SXOOHG WKH RULJLQDO SULFH RI ��� WR ����� DW ����SP �0F&UDQN 	 *DIIHQ� ������ 7KXV� WKH

PDUNHW� PHGLD DQG WKH UHJXODWRUV FRQVLGHUHG WKDW WKHVH XQXVXDO WUDGLQJ DFWLYLWLHVPLJKW EH FDXVHG

E\ PLVOHDGLQJ LQIRUPDWLRQ SRVWHG E\ WKH VXVSLFLRXV 7ZLWWHU DFFRXQW #0XGG�ZDWHUV�

7KH VXVSLFLRXV DFFRXQW #0XGG�ZDWHUV ZDV UHJLVWHUHG RQ -DQXDU\ ��� ����� EXW SRVWHG LWV ILUVW

WZHHW IRXU GD\V ODWHU� %\)HEUXDU\ �� ����� LW RQO\ KDG�� IROORZHUV DQG �� IROORZHHV� 7KLV LQGLFDWHV

WKDW LW KDG D YHU\ OLPLWHG QXPEHU RI QHWZRUN UHODWLRQVKLSV� VR LWV LQIOXHQFH RQ RWKHU XVHUV ZDV

OLPLWHG� $OVR� FKHFNLQJ WKH QLQH WZHHWV SRVWHG E\#0XGG�ZDWHUV� RQO\ RQH ZDV UHWZHHWHG RQFH E\

DQRWKHU XVHU �VHH 6DPSOH ������� DQG WKDW XVHU RQO\ KDG DSSUR[LPDWHO\ ��� IROORZHUV� 7KHUHIRUH�

��



WKRVH WZHHWV FRXOG RQO\ UHDFK D OLPLWHG DXGLHQFH WKHRUHWLFDOO\�

6DPSOH ����� WR ����� DUH WZHHWV SRVWHG E\#0XGG�ZDWHUV� WKH ILUVW HLJKW ZHUH SRVWHG RQ -DQXDU\

��� ����� DQG RQO\ WKH ODVW RQH ZDV SRVWHG RQ )HEUXDU\ �� ����� 7KUHH RI WKHVH WZHHWV DUH UH�

SO\ WZHHWV �VHH 6DPSOH ������ ������ DQG �������� 7KH UHFHLYHUV DUH #&0(*URXS� #0HUULOO/\QFK�

DQG#1LFR6(QHD� 7KH ILUVW WZR DUH VWRFN�UHODWHG FRUSRUDWLRQ DFFRXQWV� DQG WKH ODVW LV DQ DFFRXQW

RI D VWRFN DQDO\VW DFFRUGLQJ WR WKHLU SURILOHV� +RZHYHU� WKHUH LV QR LQWHUDFWLRQ EHWZHHQ WKLV DF�

FRXQW DQG RWKHU 7ZLWWHU XVHUV� 1RQH RI WKHVH WKUHH WZHHWV UHFHLYHG D VLQJOH UHSO\ IURP DQ\ RWKHU

UHFHLYHUV� WKXV� WKHVH WZHHWV MXVW SXEOLVKHG WKH LQIRUPDWLRQ DV RWKHU QRQ�UHSO\ WZHHWV� EXW RQO\

ZLWK SDUWLFXODU IRFL� 0RUHRYHU� LW LV REYLRXV WKDW VHYHQ WZHHWV �VHH 6DPSOH ������ ����� DQG ����� WR

������� DUH KLJKO\ VLPLODU� 7KH\ VLPSO\ UHSHDWHG WKH VDPH FRQWHQW WKDW WKH WDUJHW FRPSDQ\ LV EHLQJ

LQYHVWLJDWHG E\ WKH UHJXODWRU� ,URQLFDOO\� ILYH RXW RI QLQH RI WKHVH WZHHWV KDG D FOHDU PLVVSHOOLQJ�

DV WKH\ VSHOW UHSRUW DV UHRUW�

6DPSOH ����� �������� ����� $0 �$'1& $8',(1&( WKH QRLVH VXSSUHVVLRQ FRP�

SDQ\ EHLQJ LQYHVWLJDWHG E\ '2- RQ UXPRXUHG IUDXG FKDUJHV )XOO UHRUW WR IROORZ

6DPSOH ����� �������������$0�$'1&$8',(1&( WKHQRLVH VXSSUHVVLRQ FRPSDQ\

EHLQJ LQYHVWLJDWHG E\ '2- RQ UXPRXUHG IUDXG FKDUJHV )XOO UHRUW WR IROORZ ODWHU

6DPSOH ����� �������� ����� $0 �DGQF DQQXDO UHSRUW KHOG EDFN

6DPSOH ����� �������� ����� $0 �$'1& $8',(1&( QRLVH VXSSUHVVLRQ FRPSDQ\

EHLQJ LQYHVWLJDWHG E\ '2- RQ UXPRXUHG IUDXG FKDUJHV )XOO UHRUW WR IROORZ

6DPSOH ����� �������� ����� $0 �$'1& $8',(1&( QRLVH VXSSUHVVLRQ FRPSDQ\

EHLQJ LQYHVWLJDWHG E\ '2- RQ UXPRXUHG IUDXG FKDUJHV

��



6DPSOH ����� �������� ����� $0 #&0(*URXS �$'1& $8',(1&( QRLVH VXSSUHV�

VLRQ FRPSDQ\ EHLQJ LQYHVWLJDWHG E\ '2- RQ UXPRXUHG IUDXG FKDUJHV )XOO UHRUW WR

IROORZ ODWHU

6DPSOH ����� �������� ����� $0 �$'1& QRLVH VXSSUHVVLRQ FRPSDQ\ EHLQJ LQYHVWL�

JDWHG E\ '2- RQ UXPRXUHG IUDXG FKDUJHV )XOO UHRUW WR IROORZ ODWHU

6DPSOH ������ �������� ����� $0 #0HUULOO/\QFK �$'1& $8',(1&( QRLVH VXS�

SUHVVLRQ FRPSDQ\ EHLQJ LQYHVWLJDWHG E\ '2- RQ UXPRXUHG IUDXG FKDUJHV �� UHSO\

E\ #%XOOWDON�

6DPSOH ������ �������� ����� $0#1LFR6(QHD EXW QR ODFN RI PRQH\

&RQVLGHULQJ WKH QXPEHUV RI #0XGG�ZDWHUV¶ IROORZHUV DQG WKH QXPEHU RI LWV WZHHWV EHLQJ

UHWZHHWHG� WKLV DFFRXQW FRXOG RQO\ UHDFK D YHU\ OLPLWHG KXPDQ DXGLHQFH LQ SULQFLSOH� &RQ�

VHTXHQWO\� WKHUH ZDV RQO\ D WLQ\ RSSRUWXQLW\ IRU KXPDQ LQYHVWRUV WR IHWFK WKLV LQIRUPDWLRQ�

$FFRUGLQJ WR WKLV� WKH RQO\ ORJLFDO H[SODQDWLRQ LV WKDW VRPH DXWRPDWLF FUDZOHUV KDYH UHWULHYHG

WKLV LQIRUPDWLRQ YLD 7ZLWWHU¶V $3,V DQG FRQVLGHUHG LW DV DQ DXWKHQWLF SLHFH RI LQIRUPDWLRQ WR EH

SURFHVVHG IRU DXWRPDWLF WUDGLQJ�

,I WKH DERYH LQIHUHQFH VWDQGV� LW LV PHDQLQJIXO WR WKLV UHVHDUFK� )LUVW� WKLV VXJJHVWV WKDW 7ZLWWHU

KDV D FHUWDLQ LQIOXHQFH RQ WKH PDUNHW� DQG WKDW WKLV LQIOXHQFH FDQ EH VLJQLILFDQW� $OVR� DQ\ DXWR�

PDWLF WUDGLQJ SODWIRUP EDVHG RQ 7ZLWWHU VRXUFH QHHGV DPHFKDQLVP WR ILOWHU RXW IUDXG LQIRUPDWLRQ�

)LQDOO\� HYDOXDWLQJ WKH LQIOXHQFH RI WZHHWV EDVHG RQ WKH FRXQW RI WKH WZHHWV QHHGV PRUH VHULRXV UH�

FRQVLGHUDWLRQ� SDUWLFXODUO\ LI VRPH KLJKO\ VLPLODU WZHHWV FRQWDLQ WKH VDPH HUURUV�

��



��� 6XPPDU\

7KLV FKDSWHU SUHVHQWHG DQ RYHUYLHZ RI WZR IXQGDPHQWDO DVSHFWV RI EDFNJURXQG NQRZOHGJH IRU WKLV

UHVHDUFK� HFRQRPLFV� DQG 7ZLWWHU DQG WZHHWV�

7KH ILUVW SDUW VXPPDULVHG WZR HFRQRPLF WKHRULHV� WKH HIILFLHQW PDUNHW K\SRWKHVLV DQG ZRUG RI

PRXWK WKHRU\� WR VXSSRUW WKH RQJRLQJ UHVHDUFK� ,Q HFRQRPLFV� SHRSOH KDYH D ORQJ�ODVWLQJ LQWHUHVW

LQ VWRFN SUHGLFWLRQ� DQG WKH HIILFLHQW PDUNHW K\SRWKHVLV VXJJHVWV WKDW LQIRUPDWLRQ FDQ LQIOXHQFH

WKH PDUNHW DQG WKDW WKH VWRFN PDUNHW LV D SUHGLFWDEOH PDUNHW� ,Q DGGLWLRQ� WKH ZRUG RI PRXWK

WKHRU\ SRLQWV RXW WKDW VWRU\�WHOOLQJ LV DQ LPSRUWDQW DSSURDFK WR PDUNHWLQJ� 6RFLDO PHGLD VDWLVILHV

ERWK FRQGLWLRQV� WKXV LW FDQ EH UHJDUGHG DV D JRRG LQIRUPDWLRQ VRXUFH IRU PDUNHW SUHGLFWLRQ� ,W

WKHQ GLVFXVVHG WKH VLPSOLILHG PRGHO RI WKH UHODWLRQVKLS RI LQIRUPDWLRQ IORZ DQG PDUNHW� )LQDOO\�

LW GLVFXVVHG VHYHUDO PDLQ FULWLFLVPV RI DQDO\VLQJ VRFLDO PHGLD GDWD WR SUHGLFW VWRFN PRYHPHQWV�

FRQFOXGLQJ WKDW WKH PDLQ FULWLFLVPV EHFDPH OHVV UHOHYDQW ZKHQ FRQVLGHUHG DORQJVLGH FXUUHQW HFR�

QRPLF WKHRULHV�

7KH HPHUJHQFH RI 7ZLWWHU EULQJV D QHZ GDWD VRXUFH WKDW KDV XQSUHFHGHQWHG SRWHQWLDO WR VDWLVI\

WKLV QHHG� 7KH QH[W SDUW LQWURGXFHG WKH JHQHUDO IHDWXUHV RI 7ZLWWHU DQG WZHHWV� DV ZHOO DV WKH LQ�

IRUPDWLRQ FRYHUDJH DQG WKH DGGLWLRQDO FKDOOHQJHV IRU DFDGHPLF DQG FRPPHUFLDO DQDO\VWV 7ZLWWHU

EULQJV� 7KH WKUHH PDLQ IHDWXUHV RI 7ZLWWHU� QDPHO\ UHDO�WLPH XSGDWHV� D IUHH�WR�XVH SROLF\ DQG D

ZHOO�EXLOW HFRV\VWHP� VKDSH LW LQWR DQ LQIRUPDWLRQ SODWIRUP ZLWK IXOO IUHHGRP� DQ RSHQ GHYHORS�

PHQW SODWIRUP IRU DOO NLQGV RI UHODWHG VHUYLFHV� DQG D PXOWL�ZLQ EXVLQHVV PRGHO IRU WKH ,QWHUQHW�

7KLV DFWLRQ DOVR GLVFXVVHG WKHPDLQ GHYLFHV DQG RWKHUPDLQ IHDWXUHV RI WZHHWV� 7KH\ QRW RQO\PDNH

WZHHWV D XQLTXH GRPDLQ WR DQDO\VH� EXW DOVR UDLVH D JUHDW GHDO RI FKDOOHQJHV WKDW ZHUH QRW IRXQG LQ

RWKHU GRPDLQV� &RQVHTXHQWO\� WKH\ EULQJPRUH GLIILFXOWLHV WR WKH UHVHDUFK DV 7ZLWWHU KDV IRUFHG QX�

PHURXV RUJDQLVDWLRQV WR VWRS H[SRUWLQJ WZHHW GDWD� HYHQ LI IRU DFDGHPLF SXUSRVH �:DWWHUV� ������

)LQDOO\� LW GLVFXVVHG WKH IUDXG WZHHW FDVH LQ ����� ZKLFK LV D JRRG LQGLFDWLRQ RI 7ZLWWHU¶V LQIOXHQFH

��



RQ PDUNHW�

,Q DGGLWLRQ� WKLV FKDSWHU GLVFXVVHG WKH GHWDLOV RI 7ZLWWHU¶V GDWD UHOHDVLQJ SROLF\� 7ZLWWHU XVHV $3,V

WR SURYLGH GDWD� WKH IUHH WZHHW GDWD DUH OLPLWHG� WKH FKDUJHG GDWD DUH HQRUPRXV� &RQVLGHULQJ WKH

FRPSOH[LW\ RI WKH GDWD DQG WKH EXGJHW� WKH UHVHDUFK FKRRVHV WKH 6HDUFK $3, WR FROOHFW GDWD�

7R VXPPDULVH� ERWK RSSRUWXQLWLHV DQG FKDOOHQJHV DUH LQYROYHG LQ GHYHORSLQJ VWRFN SUHGLFWLRQ

PHWKRGV EDVHG RQ WZHHWV�

��



&KDSWHU � 3UHYLRXV 5HVHDUFK

$V VWDWHG LQ &KDSWHU �� WKH RYHUDUFKLQJ TXHVWLRQ IRU WKLV UHVHDUFK LV'R OLQJXLVWLF DQDO\VLV LP�

SURYH WKH DFFXUDF\ RI WKH VHQWLPHQW LGHQWLILFDWLRQ RI WKH VWRFN WZHHW VHQWLPHQW� 7KLV

FKDSWHU ILUVW LQWURGXFHV VHQWLPHQW DQDO\VLV DQG SUHYLRXV UHVHDUFK RQ VWRFN SUHGLFWLRQ EDVHG RQ

WZHHW GDWD� DQG WKHQ HODERUDWHV RQ HDFK RI WKH VL[ VSHFLILF UHVHDUFK TXHVWLRQV OLVWHG LQ &KDSWHU �

LQ GHWDLO� DVVHVVLQJ WKH H[WHQW WR ZKLFK WKHVH TXHVWLRQV KDYH EHHQ DGGUHVVHG E\ SUHYLRXV VWXGLHV�

7R UHLWHUDWH� WKH VL[ TXHVWLRQV DUH DV IROORZV� �� 'RHV D FOHDUHU GHILQLWLRQ RI VWRFN WZHHWV LPSURYH

WKH TXDOLW\ RI DQ DQDO\VLV RI VXFK WZHHWV �6HFWLRQ ����" �� $UH VWRFN WZHHWV D OLQJXLVWLFDOO\ GLVWLQFW

W\SH RI WZHHW" :KDW VSHFLILF OLQJXLVWLF IHDWXUHV GR WKH\ KDYH �6HFWLRQ ����" �� ,I VWRFN WZHHWV KDYH

H[SOLFLW OLQJXLVWLF IHDWXUHV� LV LW SRVVLEOH WR DXWRPDWLFDOO\ LGHQWLI\ WKH VWRFN WZHHWV EDVHG RQ WKHLU

OLQJXLVWLF IHDWXUHV �6HFWLRQ ����" �� +RZ FDQ D UREXVW VHQWLPHQW ZRUG OLVW IRU WZHHW VHQWLPHQW FODV�

VLILFDWLRQ EH GHVLJQHG �6HFWLRQ ����" �� 'RHV D PRUH SUHFLVH GHILQLWLRQ RI D SRVLWLYH� QHXWUDO� RU

QHJDWLYH VWRFN WZHHW LQ DFFRUGDQFH ZLWK PDUNHW YDOXHV KHOS WR LPSURYH WKH TXDOLW\ RI VWRFN WZHHW

VHQWLPHQW DQDO\VLV �6HFWLRQ ����" �� +RZ FDQ WKH QHXWUDO VHQWLPHQW FDWHJRU\ RI VWRFN WZHHWV EH

GHILQHG DQG SURFHVVHG �6HFWLRQ ����" 7KHVH TXHVWLRQV DUH DGGUHVVHG LQ WXUQ LQ WKH IROORZLQJ DQDO�

\VHV�

��� ,QWURGXFWLRQ RI 6HQWLPHQW $QDO\VLV

3DQJ DQG /HH ������ VWDWHG WKDW WKH GHPDQG RI XQGHUVWDQGLQJ FXVWRPHU IHHGEDFN RU SROLWLFDO

RSLQLRQ KDV ULVHQ VLQFH WKH ,QWHUQHW DSSHDUHG� ,Q WXUQ� LW KDV SURPSWHG WKH LQLWLDO PRWLYDWLRQ RI

WKH HPHUJHQFH RI VHQWLPHQW DQDO\VLV EHFDXVH XVLQJ KXPDQV WR PDQXDOO\ UHYLHZ D ODUJH TXDQWLW\

RI GDWD FRQWDLQLQJ VHQWLPHQW LQIRUPDWLRQ LV LPSUDFWLFDO� 7KH KLVWRU\ RI VHQWLPHQW DQDO\VLV LV QRW

ORQJ� DQG WKH WHUP ILUVW DSSHDUHG LQ DURXQG ���� �3DQJ 	 /HH� ������ 7KLV VWDUWLQJ SRLQW KHDY�

LO\ GHSHQGV XSRQ D QXPEHU RI RWKHU GHYHORSPHQWV� VXFK DV WKH UDSLG GHYHORSPHQW RI PDFKLQH

��



OHDUQLQJ DQG GDWDEDVH WHFKQRORJ\�

$V D VXE�EUDQFK RI FRPSXWDWLRQDO OLQJXLVWLFV� VHQWLPHQW DQDO\VLV FRQVLVWV RI WZR SDUWV� WKH FODVVL�

ILFDWLRQ DSSURDFK DQG WKH FODVVLILFDWLRQ DOJRULWKP� $W SUHVHQW� WKH FODVVLILFDWLRQ DSSURDFK PDNHV

OLWWOH XVH RI WKH OLQJXLVWLF IHDWXUHV RI WKH WH[WXUDO GDWD� UHO\LQJ RQO\ RQ VRPH VLPSOH VWDWLVWLFDOPHWK�

RGV� VXFK DV WKH EDJ�RI�ZRUGV DSSURDFK� 7KH SUHVHQW UHVHDUFK DWWHPSWV WR DUJXH WKH DGGLWLRQ RI

OLQJXLVWLF IHDWXUHV FDQ LPSURYH WKH DFFXUDF\ RI VHQWLPHQW DQDO\VLV RQ VWRFN WZHHWV� 7KHUHIRUH�

D GHWDLOHG GLVFXVVLRQ RI FXUUHQW FODVVLILFDWLRQ DSSURDFKHV LV SURYLGHG LQ 6HFWLRQ ���� $V IRU WKH

FODVVLILFDWLRQ DOJRULWKP� PRVW VWXGLHV KDYH XVHG SRSXODU PDFKLQH OHDUQLQJ DOJRULWKPV� VXFK DV

GHFLVLRQ WUHH� UDQGRP IRUHVWV� 1DwYH %D\HV RU VXSSRUW YHFWRU PDFKLQH� 7KLV LV QRW WKH IRFXV RI WKH

UHVHDUFK� VR &KDSWHU � RQO\ JLYHV D EULHI LQWURGXFWLRQ RI WKHVH DOJRULWKPV�

*HQHUDOO\� WKHUH DUH WZR PDLQ FODVVLILFDWLRQ VWUDWHJLHV EHLQJ XVHG WR FODVVLI\ GDWD LQ VHQWLPHQW

DQDO\VLV� SRODULW\ FODVVLILFDWLRQ� DQG ILQH�JUDLQHG FODVVLILFDWLRQ �7lFNVWU|P 	 0F'RQDOG� ������

7KH ILUVW DSSURDFK LV D ELQDU\ DSSURDFK� 7KH GDWD DUH FODVVLILHG DV SRVLWLYH RU QHJDWLYH� DQG VRPH�

WLPHV D QHXWUDO FDWHJRU\ LV DOVR LQFOXGHG� 7KH ELQDU\ FDWHJRU\ LV GLYLGHG LQWR GLIIHUHQW GHJUHHV�

VXFK DV ³YHU\ SRVLWLYH´� ³SRVLWLYH´� ³QHJDWLYH´� DQG ³YHU\ QHJDWLYH´� 7KH ILUVW DSSURDFK LV VLPSOH

DQG VWUDLJKWIRUZDUG� :KLOH PDQ\ SUHYLRXV VWXGLHV KDYH IRFXVHG RQ WKH ILUVW DSSURDFK� WKH RYHUDOO

WUHQG PRYHV DZD\ IURP WKH SRODULW\ DSSURDFK WR WKH PXOWL�GLPHQVLRQDO DSSURDFK� HVSHFLDOO\ LQ

LQGXVWU\� )RU H[DPSOH� %ROOHQ HW DO� ������ SRLQWHG RXW WKDW XVLQJ D ELQDU\ DSSURDFK WR FODVVLI\

VHQWLPHQW PLJKW ³LJQRUH WKH ULFK� PXOWL�GLPHQVLRQDO VWUXFWXUH RI KXPDQ PRRG´ �S� ��� DQG WKLV

ZDV VXSSRUWHG E\ *ULPHV ������� ZKR QRWLFHG WKDW ³WKH PDUNHW KDV VWDUWHG WR UHFRJQLVH WKH OLP�

LWDWLRQV RI SRODULW\�EDVHG VHQWLPHQW DQDO\VLV´� 6HFWLRQ ����� GLVFXVVHV WKH FODVVLILFDWLRQ VWUDWHJ\

XVHG LQ WKLV UHVHDUFK� 6HFWLRQ ��� SURYLGHV D GHWDLOHG DQQRWDWLRQ VFKHPH DFFRUGLQJ WR WKLV FODV�

VLILFDWLRQ VWUDWHJ\� DQG 6HFWLRQ ��� GLVFXVVHV WKLV DQQRWDWLRQ VFKHPH E\ DFFHVVLQJ WKH WHPSRUDO

FRUUHODWLRQV EHWZHHQ VWRFN SULFH DQG WZHHW VHQWLPHQWV�

��



����� 0DLQ FKDUDFWHULVWLFV RI VHQWLPHQW DQDO\VLV

6XEMHFWLYLW\ DQG LQWHUDFWLRQ ZLWK VRFLDO PHGLD DUH WKH WZR PDLQ FKDUDFWHULVWLFV WKDW GLIIHUHQWLDWH

VHQWLPHQW DQDO\VLV IURP RWKHU QDWXUDO ODQJXDJH SURFHVVLQJ �1/3� EUDQFKHV�

2SLQLRQV� HYDOXDWLRQV� HPRWLRQV DQG VSHFXODWLRQV DUH DOO GLIILFXOW WR REVHUYH RU YHULI\ REMHFWLYHO\

DV 3DQJ DQG /HH ������ LQGLFDWHG� 7KLV VXJJHVWV WKDW WKH DFFXUDF\ RI VHQWLPHQW DQDO\VLV FDQQRW

FRPSHWH ZLWK RWKHU 1/3 WDVNV� IRU H[DPSOH� FODVVLI\LQJ WKH SDUW�RI�VSHHFK WDJV EDVHG RQ D VWD�

WLVWLFDO PRGHO FDQ DFKLHYH DQ DFFXUDF\ RI PRUH WKDQ �� SHUFHQW �0DVRQ� ������ 7KH DFFXUDF\ RI

VHQWLPHQW DQDO\VLV GHSHQGV RQ PDQ\ IDFWRUV� VXFK DV WKH VDPSOH GRPDLQ �3DQJ 	 /HH� ����� S�

��� RU WKH WRSLF �0HL� /LQJ� :RQGUD� 6X� 	 =KDL� ������ 7KHUHIRUH� LQ JHQHUDO� DFFXUDFLHV EHWZHHQ

��� DQG ��� DUH FRQVLGHUHG WR EH JRRG� EXW WKLV GRHV YDU\ �6� 5� 'DV 	 &KHQ� ����� 2K 	 6KHQJ�

����� 3DQJ� /HH� 	 9DLWK\DQDWKDQ� ������ )RU VRPH VSHFLILF GRPDLQV� WKH DFFXUDF\ FDQ EH DV

KLJK DV ��� �3RWWV� ������ 2WKHU SURMHFWV DFKLHYHG D PXFK ORZHU DFFXUDF\� IRU H[DPSOH� D FURVV�

GRPDLQ SURMHFW E\ %ORRP ������ DFKLHYHG DQ RYHUDOO DFFXUDF\ RI ������ 7KLV IHDWXUH GLIIHUV IURP

RWKHU 1/3 WDVNV JUHDWO\�

8QGRXEWHGO\� VHQWLPHQW DQDO\VLV OLQNV ZLWK WKH GHPDQG WR DQDO\VH ,QWHUQHW GDWD IRU VXFK WKLQJV

DV SURGXFW UHYLHZV �7XUQH\� ����� DQG ER[ RIILFH SUHGLFWLRQV �$VXU 	 +XEHUPDQ� ������ 7KH

GUDPDWLF JURZWK LQ WKH XSGDWH RI VRFLDO PHGLD KDV DFFHOHUDWHG WKH HYROXWLRQ RI VHQWLPHQW DQDO\VLV

GXH WR LWV ³ULFK DQG GLYHUVH GDWD´ �0LWL[D 	 5DQD� ����� S� ����� 7KXV� PRUH DQG PRUH VWXGLHV

LQ WKLV DUHD KDYH WXUQHG WR LQYHVWLJDWH VRFLDO PHGLD GDWD� VXFK DV 7ZLWWHU RU )DFHERRN� $OVR� WKLV

QHZ W\SH RI GDWD EULQJV PRUH SRVVLELOLWLHV WR H[SDQG VHQWLPHQW DQDO\VLV� )RU LQVWDQFH� FRPELQLQJ

VRFLDO PHGLD GDWD ZLWK JHRJUDSKLFDO WDJV� VHQWLPHQW DQDO\VLV LV DEOH WR SURYLGH SUHGLFWLRQ EDVHG

RQ JHRJUDSKLFDO LQIRUPDWLRQ� VXFK DV HDUWKTXDNH SUHGLFWLRQ �6DNDNL HW DO�� ����� RU LQIOXHQ]D SUH�

GLFWLRQ �/DPSRV 	 &ULVWLDQLQL� ������

��



����� 'HYHORSPHQW RI VHQWLPHQW DQDO\VLV

,Q D UHFHQW VXUYH\� &DPEULD� 6FKXOOHU� ;LD DQG +DYDVL ������ SRLQWHG RXW WKDW WKH GHYHORSPHQW RI

VHQWLPHQW DQDO\VLV KDV WKUHH PDLQ GLUHFWLRQV� IURP KHXULVWLFV WR GLVFRXUVH VWUXFWXUH� IURP FRDUVH�

WR ILQH�JUDLQHG� DQG IURP NH\ZRUG� WR FRQFHSW�EDVHG DQDO\VLV� ,Q RWKHU ZRUGV� VHQWLPHQW DQDO\VLV

WHQGV WR XVH PRUH HODERUDWH DSSURDFKHV WR LQYHVWLJDWH PRUH FRPSOLFDWHG SUREOHPV IURP VRPH

PRUH FRPSUHKHQVLYH SHUVSHFWLYHV� 7R UHYLHZ WKH UDSLG GHYHORSPHQW RI VHQWLPHQW DQDO\VLV� WZR

DVSHFWV VKRXOG EH WDNHQ LQWR FRQVLGHUDWLRQ� WKH GDWD VRXUFH DQG DSSOLFDWLRQ�

,QLWLDOO\� VHQWLPHQW DQDO\VLV FRQFHQWUDWHG RQ H[SOLFLW GDWD� VXFK DV RQOLQH SURGXFW UHYLHZV �7XU�

QH\� ����� RU PRYLH UHYLHZV �3DQJ HW DO�� ������ 7KHVH GDWD GLUHFWO\ DQG H[SOLFLWO\ SUHVHQW XVHUV´

HYDOXDWLRQV� 0RYLQJ RQ� WKH IRFXV KDV JUDGXDOO\ VZLWFKHG WR PRUH ³LPSOLFLW´ GDWD� VXFK DV VRFLDO

PHGLD GDWD� ZKLFK PD\ QRW H[SOLFLWO\ H[SUHVV XVHUV´ HYDOXDWLRQV RU PD\ LQWHJUDWH WKHP ZLWK D

JUHDW GHDO RI LUUHOHYDQW FRQWHQWV� 7KLV LQGLFDWHV WKDW RQH RI WKH FKDOOHQJHV RI VHQWLPHQW DQDO\VLV LV

WKH FKDOOHQJH RI GHDOLQJ ZLWK PRUH DQG PRUH GRPDLQ�IUHH GDWD�

3DQJ DQG /HH ������ VXPPDULVHG IRXU PDMRU DSSOLFDWLRQV RI VHQWLPHQW DQDO\VLV� UHYLHZ�UHODWHG

ZHEVLWHV� VXE�FRPSRQHQW WHFKQRORJ\� EXVLQHVV DQG JRYHUQPHQW LQWHOOLJHQFH� DQG DFURVV GLIIHUHQW

GRPDLQV� +RZHYHU� WKH HYROXWLRQ RI VHQWLPHQW DQDO\VLV KDV EURXJKWPRUH SRVVLELOLWLHV� DQGPDNHV

LW KDUG WR VXPPDULVH� *HQHUDOO\� WKH WUHQG LV PRYLQJ DZD\ IURP GLUHFW DSSOLFDWLRQV WR PRUH VR�

SKLVWLFDWHG DSSOLFDWLRQV� $W WKH EHJLQQLQJ� VHQWLPHQW DQDO\VLV DLPHG WR DQVZHU WKH TXHVWLRQ RI

ZKDW D XVHU¶V IHHGEDFN RI D SURGXFW RU VHUYLFH ZDV� 7KXV� WKH DSSOLFDWLRQV RI VHQWLPHQW DQDO\VLV

�H�J� SURGXFWLRQ UHYLHZ HYDOXDWLRQV� ZHUH VWUDLJKWIRUZDUG DQG KDG GLUHFW RXWSXWV� *UDGXDOO\� WKH

DSSOLFDWLRQV KDYH EHFRPH PRUH FRPSOLFDWHG� 7KH\ GR QRW RQO\ VLPSO\ DQVZHU WKH RULJLQDO TXHV�

WLRQ� EXW DOVR VHHN WR DQVZHU EURDGHU TXHVWLRQV VXFK DV ZKDW FDQ EH GRQH EDVHG RQ WKH IHHGEDFN�

8VLQJ VHQWLPHQW DQDO\VLV WR SUHGLFW WKH LQYHVWPHQW DFWLRQV SURYLGHV D JRRG LOOXVWUDWLRQ RI WKLV�

6HQWLPHQW DQDO\VLV DQVZHUV WKH TXHVWLRQ RI ZKDW WKH PDUNHW UHDFWLRQ ZDV RU LV� DV ZHOO DV WKH

��



TXHVWLRQ RI ZKDW DFWLRQ ZLOO EH WDNHQ QH[W �5DPERFDV 	 *DPD� ������

����� 0DLQ FODVVLILFDWLRQ DSSURDFKHV WR VHQWLPHQW DQDO\VLV

:LWK WKH UDSLG GHYHORSPHQW RI VHQWLPHQW DQDO\VLV� WKHVH VLPSOH FODVVLILFDWLRQPHWKRGV DUH VOLJKWO\

RXW RI GDWH� :LWK YDULRXV FODVVLILFDWLRQ DSSURDFKHV WR VHQWLPHQW DQDO\VLV� WKHUH DUH D QXPEHU RI

FULWHULD WR JURXS WKHP� EXW VRPH DSSURDFKHV FRPELQH VHYHUDO GLIIHUHQW PHWKRGV� 7KLV VHFWLRQ

EULHIO\ GLVFXVVHV WKH PDLQ DSSURDFKHV RI UHFHQW \HDUV� VXFK DV WKH EDJ�RI�ZRUGV PRGHO� VHPDQWLF

RULHQWDWLRQ� DQG HPRWLFRQV� 0RVW DSSURDFKHV PDNH OLWWOH LQWHJUDWLRQ RI FRPSUHKHQVLYH OLQJXLVWLF

IHDWXUHV RI GDWD WR LGHQWLI\ VHQWLPHQW� $ PRUH GHWDLOHG GLVFXVVLRQ RI WKH PDLQ VHQWLPHQW FODVVLIL�

FDWLRQ DSSURDFKHV EHLQJ XVHG LQ VWRFN SUHGLFWLRQ EDVHG RQ WZHHW GDWD LV JLYHQ LQ 6HFWLRQ ����

,Q WKH HDUO\ VWDJH� VHQWLPHQW DQDO\VLV VWXGLHV PDLQO\ XVHG WZR DSSURDFKHV WR SHUIRUP DQDO\VLV

DFFRUGLQJ WR :KLWHODZ� *DUJ� 	 $UJDPRQ �����E��

7KH ILUVW �EDJ�RI�ZRUGV� DWWHPSWV WR OHDUQ D SRVLWLYH�QHJDWLYH GRFXPHQW FODVVLILHU

EDVHG RQ RFFXUUHQFH IUHTXHQFLHV RI WKH YDULRXV ZRUGV LQ WKH GRFXPHQW�

$QRWKHU PDLQ DSSURDFK �VHPDQWLF RULHQWDWLRQ� FODVVLILHV ZRUGV �XVXDOO\ DXWRPDWL�

FDOO\� LQWR WZR FODVVHV� ³JRRG´ DQG ³EDG´� DQG WKHQ FRPSXWHV DQ RYHUDOO JRRG�EDG

VFRUH IRU WKH WH[W �S����

7KH ILUVW RQH LV WKH EDJ�RI�ZRUGV PRGHO� ZKLFK FRQFHQWUDWHV RQ WKH LQGLYLGXDO ZRUG IUHTXHQF\� ,W

JHQHUDWHV D IUHTXHQF\ OLVW IURP WKH GDWD� FDOFXODWHV WKH ZHLJKW RI GLIIHUHQW SRODULW\ RI ZRUGV� DQG

WKHQ GHWHUPLQHV WKH RYHUDOO SRODULW\ E\ WKH SRODULW\ RI LQGLYLGXDO ZRUGV� $OWKRXJK WKH EDVLF EDJ�RI�

ZRUGV PRGHO XVHV XQLJUDP DV WKH PDLQ IHDWXUH� SDUVLQJ WH[WV LQWR LQGLYLGXDO ZRUGV� DQ LQFUHDVLQJ

WUHQG LV WR XVH ELJUDPV DV WKH PDLQ IHDWXUH LQ WKLV PRGHO� +RZHYHU� XVLQJ WZR FRQQHFWHG ZRUGV

DV D SDWWHUQ� WKH DFFXUDF\ RI VHQWLPHQW DQDO\VLV LPSURYHV OLWWOH �3DQJ HW DO�� ������

��



7KH VHFRQG DSSURDFK LV WKH VHPDQWLF RULHQWDWLRQ PRGHO �$NVKL .XPDU 	 6HEDVWLDQ� ������ ZKLFK

ILUVW GHVLJQHG D VHHG ZRUG OLVW IRU SRVLWLYH DQG QHJDWLYH VHQWLPHQW UHVSHFWLYHO\ DQG WKHQ FRPSXWHG

WKH GLVWDQFH EHWZHHQ ZRUGV LQ WKH WH[W DQG LQ WKH VHHG OLVWV� ,W FRQVLGHUHG WKH VHPDQWLF GLUHFWLRQ

RI D ZRUG IURP LWV QRUP DV WKH VHPDQWLF RULHQWDWLRQ �+DW]LYDVVLORJORX 	 0F.HRZQ� ������ VR LQ

RUGHU WR JHQHUDWH WKH RYHUDOO VFRUH RI WKH WH[W� LW XVHV D GHVLJQHG VHHG ZRUG OLVW� XVXDOO\ EDVHG

RQ DGMHFWLYHV� WR FDOFXODWH WKH RULHQWDWLRQ RI HDFK DGMHFWLYH RU SKUDVH FRQWDLQLQJ DGMHFWLYHV DQG

DGYHUEV �7XUQH\� ������

2WKHU DSSURDFKHV LQFOXGH DSSUDLVDO IUDPHZRUN DQG ORFDO JUDPPDU �%ORRP� ������ 7KH ILUVW DS�

SURDFK XVHV DSSUDLVDO IUDPHZRUN IURP OLQJXLVWLFV WR HYDOXDWH WKH LQWHQVLW\ RI DGMHFWLYHV LQ RU�

GHU WR UHFRJQLVH WKH VWUHQJWK RI VHQWLPHQW� )RU H[DPSOH� :KLWHODZ� *DUJ DQG $UJDPRQ �����D�

DQG :KLWHODZ HW DO� �����E� H[WUDFWHG DSSUDLVDO JURXSV� ZKLFK WKH\ GHILQH DV ³WKRVH JURXSV DQG

SKUDVHV LQ D WH[W JLYLQJ ZKDW NLQG DQG LQWHQVLW\ RI DSSUDLVDO LV H[SUHVVHG´� 7KH\ DGRSW WKLV VLP�

SOLILHG GHILQLWLRQ RI DSSUDLVDO WR LGHQWLI\ WKH VHQWLPHQW LQ WKH WH[WV� /RFDO JUDPPDU� GHYHORSHG E\

*URVV ������ DQG KLV IROORZHUV� VXFK DV 5RFKH ������� LV XVHG WR H[WUDFW YHUE SDWWHUQV UHJDUGOHVV

RI WKH GRPDLQ RI WKH WH[W� ,Q SDUWLFXODU� $KPDG HW DO� ������ XVHG WKLV DSSURDFK WR XQGHUVWDQG

WKH VHQWLPHQW RI WKH LQ PXOWL�OLQJXDO ILQDQFLDO QHZV E\ H[WUDFWLQJ VSHFLILF YHUE SDWWHUQV�

,Q DGGLWLRQ� HPRWLFRQV� FRPELQDWLRQV RI FKDUDFWHUV DQG SXQFWXDWLRQ PDUNV WR UHSUHVHQW VSHFLILF

HPRWLRQV DUH FRQVLGHUHG DV D XVHIXO LQGLFDWRU WR LGHQWLI\ VHQWLPHQW LQIRUPDWLRQ �+RJHQERRP HW

DO�� ����� .� /LX� /L� 	 *XR� ����� 5HDG� ������ DQG VRPH VWXGLHV LQWHJUDWHG WKLV DSSURDFK ZLWK

RWKHU DSSURDFKHV �$NVKL .XPDU 	 6HEDVWLDQ� ������ +RZHYHU� DV ZLOO EH VKRZQ LQ WKH ODWHU DQDO\�

VHV� HPRWLFRQV DSSHDU OHVV IUHTXHQWO\ LQ VWRFN WZHHWV� 7KHUHIRUH� WKLV DSSURDFK FDQQRW EH DSSOLHG

WR WKLV WKHVLV�

$OVR� KDVKWDJV DUH FRQVLGHUHG DV DQ IDFWRU LQ WZHHW VHQWLPHQW DQDO\VLV �'DYLGRY� 7VXU� 	 5DS�

SRSRUW� ������ %DVHG RQ WKH K\SRWKHVLV WKDW KDVKWDJV FDQ H[SUHVV� JURXS DQG SURSDJDWH SHRSOH¶V

VHQWLPHQW ZLWK UHJDUG WR VRPH WRSLFV DQG HYHQWV� %DUERVD HW DO� ������ DLPHG WR XVH KDVKWDJV WR

��



GHYHORS DQ DXWRPDWLF VHQWLPHQW GHWHFWLRQ RI VSHFLILF HYHQWV DQG WRSLFV� DQG WKH TXDOLWDWLYH UHVXOW

VXJJHVWHG WKDW DERXW RQH WKLUG RI KDVKWDJV DUH ³QHFHVVDU\ IRU GHILQLQJ WKH PHVVDJH VHQWLPHQW´

�S� ������

����� 6XPPDU\

7KHVHPDLQ FKDUDFWHULVWLFVPDNH VHQWLPHQW DQDO\VLV QRW RQO\ D XQLTXH1/3 VXE�EUDQFK EXW DOVR DQ

LQFUHDVLQJO\ LPSRUWDQW RQH� $ GHWDLOHG LQWURGXFWLRQ RI VHQWLPHQW FODVVLILFDWLRQ DSSURDFKHV EHLQJ

XVHG LQ WKH VWRFN SUHGLFWLRQ LV JLYHQ LQ 6HFWLRQ ����

��� 3UHYLRXV 6WXGLHV RQ 6WRFN 3UHGLFWLRQ %DVHG RQ 6RFLDO 0HGLD

5HDGLQJ SUHYLRXV ZRUN RQ VWRFN SUHGLFWLRQ� PXFK HIIRUW KDV EHHQ WDNHQ WR XWLOLVH VHQWLPHQW DQDO�

\VLV� ,W LV FOHDU WKDW VHQWLPHQW DQDO\VLV LV GHYHORSLQJ UDSLGO\� DQG WKH FODVVLILFDWLRQ PRGHO KDV

EHFRPH PRUH DQG PRUH HODERUDWH WR DFKLHYH EHWWHU SHUIRUPDQFH RQ FRPSOLFDWHG ODQJXDJH VWUXF�

WXUHV� 7KLV DSSURDFK KDV DOVR EHHQ DSSOLHG WR VWRFN SUHGLFWLRQ� HVSHFLDOO\ EDVHG RQ VRFLDO PHGLD

GDWD�

7KHUH DUH WZR PDLQ WUDGLWLRQV LQ UHVHDUFK RQ VWRFN SUHGLFWLRQ EDVHG RQ WZHHW GDWD� ZKLFK DUH

FORVHO\ UHOHYDQW WR WKH VFRSH RI WKLV WKHVLV� 7KH ILUVW WUDGLWLRQ XVHV H[SUHVVLRQV RI SXEOLF PRRG LQ

WZHHWV WR SUHGLFW WKH RYHUDOO PDUNHW FKDQJHV� IRU H[DPSOH� WKH PRYHPHQW RI '-,$ LQGH[ �%ROOHQ HW

DO�� ������ $QRWKHU RQH XVHV WLFNHU�VSHFLILF WZHHWV WR SUHGLFW WKH LQGLYLGXDO WLFNHU¶V SHUIRUPDQFH�

VXFK DV WKH FKDQJHV LQ WKH $SSOH�,QF VWRFN SULFH �<� 0DR� :DQJ� :HL� 	 /LX� ������ (DFK RI WKHVH

UHVHDUFK VWUDQGV LV UHYLHZHG EHORZ LQ WXUQ�

��



����� 2YHUDOO PDUNHW SUHGLFWLRQ EDVHG RQ SXEOLF PRRG

,Q UHFHQW \HDUV� XVLQJ SXEOLF PRRG WR WUDFN WKH RYHUDOO PDUNHW SHUIRUPDQFH KDV EHFRPH DQ LQ�

FUHDVLQJO\ SRSXODU DSSURDFK� 7KH ILUVW DWWHPSW WR GR WKLV� FDUULHG RXW E\ %ROOHQ HW DO� �������

GHPRQVWUDWHV WKDW VRFLDO HYHQWV GLVFXVVHG RQ 7ZLWWHU FDQ KDYH D VLJQLILFDQW HIIHFW RQ SXEOLF PRRG�

)ROORZLQJ WKLV UHVXOW� %ROOHQ HW DO� ������ IRXQG WKDW WKH LQGLFDWRUV RI SXEOLF PRRG H[WUDFW IURP

WZHHW GDWD FDQ KHOS WR SUHGLFW '-,$ SULFH FKDQJHV� 7KH\ WKHQ H[WUDFWHG VL[ GLIIHUHQW SXEOLF PRRGV

IURP WZHHWV� FDOP� DOHUW� VXUH� YLWDO� NLQG DQG KDSS\� 7KH FDOP PRRG JHQHUDWHG DQ DFFXUDF\ RI

����� LQ SUHGLFWLQJ GDLO\ FKDQJHV LQ WKH FORVLQJ YDOXHV RI WKH '-,$� 7KLV DFFXUDF\ RQO\ LQGLFDWHV

WKH WHPSRUDO FRUUHODWLRQ EHWZHHQ VHQWLPHQW DQG SULFH� EXW QRW WKH DFFXUDF\ RI WKH VHQWLPHQW FODV�

VLILFDWLRQ FRQGXFWHG LQ WKHLU UHVHDUFK� /DWHU LQ ����� 0DR� &RXQWV DQG %ROOHQ ������ FRPSDUHG

WKH GDWD RI WZHHWV� RQOLQH QHZV KHDGOLQHV DQG *RRJOH VHDUFK TXHULHV� DQG VKRZHG WKDW XVLQJ WKH

WZHHW GDWD �DV ZHOO DV *RRJOH VHDUFK TXHU\ GDWD� LV DEOH WR SUHGLFW PDUNHW FKDQJHV� +RZHYHU� WKH\

UHMHFWHG WKH QRWLRQ WKDW WKH WUDGLWLRQDO ILQDQFH VXUYH\ GDWD FDQ SUHGLFW PDUNHW FKDQJHV�

6LPLODUO\� E\ DQDO\VLQJ WZHHWV RQO\ FRQWDLQLQJ ZRUGV VXFK DV IHDU� ZRUU\� DQG KRSH� ;XH =KDQJ

HW DO� ������ IRXQG WKDW WKH SHUFHQWDJH RI WZHHWV LQ GLIIHUHQW SRODULWLHV LV QHJDWLYHO\ FRUUHODWHG

ZLWK WKH'RZ -RQHV� 1$6'$4 �1DWLRQDO $VVRFLDWLRQ RI 6HFXULWLHV 'HDOHUV $XWRPDWHG4XRWDWLRQV�

DQG 6	3 ��� �6WDQGDUG 	 3RRU¶V ����� EXW SRVLWLYHO\ FRUUHODWHG WR 9,; �&KLFDJR %RDUG 2SWLRQV

([FKDQJH0DUNHW 9RODWLOLW\ ,QGH[�� 7KHUHIRUH� WKH\ VXJJHVWHG WKDW XVLQJ WZHHWVPLJKW EH RI KHOS LQ

IRUPXODWLQJ WKH IROORZLQJ GD\¶V WUDGLQJ VWUDWHJ\� +RZHYHU� WKLV DSSURDFK KDV D FOHDU VKRUWFRPLQJ

WKDW D VLQJOH ZRUG FDQ QRW UHSUHVHQW WKH VHQWLPHQW RI D WZHHW DV D ZKROH�

6RRQ DIWHU� 6WDQIRUG KHOG D 0DFKLQH /HDQLQJ FRXUVH LQ DXWXPQ� ����� DQG VHYHQ ILQDO SURMHFWV

UHSOLFDWHG %ROOHQ HW DO� ������¶V H[SHULPHQW� 7KH FURVV�FRPSDULVRQ LV VKRZQ LQ 7DEOH ������

��



7DEOH ����� &RPSDULVRQ RI 6WDQIRUG ILQDO SURMHFWV� ���� �,�

3URMHFW &RUUHODWLRQ :RUG OLVW )HDWXUH 'LPHQVLRQ

&K\DQ� /HQJHULFK� 	 +VLHK ������ ��� 3206 EDJ�RI�ZRUGV 1$

&KDNRXPDNRV� 7UXVKHLP� 	 <HQGOXUL ������ ��� 3206 XQLJUDP �

.XOHVKRY ������ ��� :RUG1HW ZRUG 1$

3206 YRFDEXODU\

'HEELQL� (VWLQ� 	 *RXWDJQ\ ������ ��� 'DYLHV DQG *KDKUDPDQL ������ XQLJUDP 1$

+VX� 6KLX� 	 7RUF]\QVNL ������ ��� 'DYLHV DQG *KDKUDPDQL ������ XQLJUDP �

$ ILFWLRQ ZRUG OLVW FROORFDWLRQV

0LWWDO 	 $USLW ������ ��� 3206 XQLJUDP �

5� &KHQ 	 /D]HU ������ ��� 'DYLHV DQG *KDKUDPDQL ������ 1$ ����PRUH

D SUH�JHQHUDWHG ZRUG OLVW

,Q EULHI� WKHVH VHYHQ SURMHFWV VKDUH IRXU PDLQ VLPLODULWLHV� )LUVWO\� QRQH RI WKHP DFKLHYHG %ROOHQ

HW DO� ������¶V KLJK WHPSRUDO FRUUHODWLRQ� 7KH EHVW FRUUHODWLRQ DPRQJVW WKH VHYHQ SURMHFWV YDU�

LHG IURP ��� WR ���� 6HFRQGO\� DOO RI WKH SURMHFWV XVHG SUH�GHVLJQHG ZRUG OLVWV� VXFK DV WKH

7ZLWWHU 6HQWLPHQW $QDO\VLV :RUG /LVW E\ 'DYLHV DQG *KDKUDPDQL ������� RU D SUH�GHVLJQHG OLVW

WKDW KDG EHHQ GHYHORSHG IURP 3URILOH RI 0RRG 6WDWHV �3206� E\ 0F1DLU� /RUU DQG 'URSSOHPDQ

������� 2QO\ RQH XVHG D K\EULG DSSURDFK E\ H[WUDFWLQJ WKH WRS ���� IUHTXHQW ZRUGV �'HEELQL HW

DO�� ������ 7KH WKLUG VLPLODULW\ LV WKDW PRVW RI WKHVH VWXGLHV IRFXVHG RQ WKH XQLJUDP RU ELJUDP IHD�

WXUHV RI WKH GDWD� ZKLFK DUH VLPLODU WR WKH EDJ�RI�ZRUGV PRGHO� )LQDOO\� IRXU RI WKHP IROORZHG

%ROOHQ HW DO¶V ������ VHQWLPHQW FODVVLILFDWLRQ FDWHJRU\� XVLQJ D PXOWL�GLPHQVLRQDO SRODULW\ �IURP �

WR � GLPHQVLRQV� WR GR VHQWLPHQW DQDO\VLV �&KDNRXPDNRV HW DO�� ����� 5� &KHQ 	 /D]HU� ����� +VX

HW DO�� ����� 0LWWDO 	 $USLW� ������

)URP WKHVH FRPSDULVRQV� WKUHH SRLQWV DUH FOHDU�

��



�� 'HVSLWH WKH FODLP RI %ROOHQ HW DO� ������ WKDW FDOPQHVV VHQWLPHQW FRUUHODWHG PRVW FORVHO\ WR

VWRFN WUHQGV� IURP WKHVH 6WDQIRUG UHSRUWV� %ROOHQ HW DO�¶V UHVXOWV GR QRW DSSHDU WR EH UHSOLFD�

EOH�

�� )RFXVLQJ RQ WKH VDPH GDWD ZLWKRXW UHJDUG RI WKH VL]H� WKH UHVXOWV RI VHQWLPHQW DQDO\VLV FDQ

YDU\� DQG WKHPDLQ FDXVHPLJKW EH WKH VHOHFWLRQ RI GLIIHUHQW IHDWXUHV �VHH 7DEOH ������� %DVHG

RQ VLPLODU PDFKLQH OHDUQLQJ PHWKRGV� WKH FURVV�YDOLGDWHG UHVXOWV DUH VLPLODU� 7KXV� WKH

SUHVHQW ZRUG�OHYHO DSSURDFKHV WR VHQWLPHQW DQDO\VLV QHHG WR EH LPSOHPHQWHG� DQG VRPH

PRUH VWDEOH IHDWXUHV QHHG WR EH FRQVLGHUHG�

7DEOH ����� &RPSDULVRQ RI 6WDQIRUG ILQDO SURMHFWV� ���� �,,�

3URMHFW &RUUHODWLRQ 'DWD 0DFKLQH OHDUQLQJ PHWKRG

&K\DQ HW DO� ������ ��� 61$3 QHXUDO QHWZRUN

&KDNRXPDNRV HW DO� ������ ��� 61$3 1$

.XOHVKRY ������ ��� 61$3 QHXWUDO QHWZRUN� 690

'HEELQL HW DO� ������ ��� 61$3 690

+VX HW DO� ������ ��� 61$3 690� QHXWUDO QHWZRUN� 537� 69' JURXSLQJ

0LWWDO 	 $USLW ������ ��� 61$3 OLQHDU UHJUHVVLRQ� ORJLVWLF UHJUHVVLRQ� 690� 62)11

5� &KHQ 	 /D]HU ������ ��� 1$ OLQHDU UHJUHVVLRQ

�� 7KH DGYDQWDJH RI VHQWLPHQW DQDO\VLV EDVHG RQ WKH PXOWL�GLPHQVLRQDO DSSURDFK LQ VWRFN

SUHGLFWLRQ DSSHDUV QRW WR EH REYLRXV� 7KDW WKH VHQWLPHQW DQDO\VLV DFFXUDF\ EDVHG RQ

GLIIHUHQW PDFKLQH OHDUQLQJ PHWKRGV LV VLPLODU LOOXVWUDWHV WKDW WKH SHUIRUPDQFH RI D PXOWL�

GLPHQVLRQDO DSSURDFK KDV OLPLWDWLRQV� 0RUHRYHU� LW LV KDUG WR EH LPSURYHG WKURXJK

PDFKLQH OHDUQLQJ PHWKRGV �VHH 7DEOH �������

��



7DEOH ����� &RPSDULVRQ RI 6WDQIRUG ILQDO SURMHFWV� ���� �,,,�

3URMHFW &RUUHODWLRQ 0DFKLQH OHDUQLQJ PHWKRG 'LPHQVLRQ

&K\DQ HW DO� ������ ��� QHXWUDO QHWZRUN 1$

&KDNRXPDNRV HW DO� ������ ��� 1$ �

.XOHVKRY ������ ��� QHXWUDO QHWZRUN� 690 1$

'HEELQL HW DO� ������ ��� 690 1$

+VX HW DO� ������ ��� 690� QHXWUDO QHWZRUN� 537� 69' JURXSLQJ �

0LWWDO 	 $USLW ������ ��� OLQHDU UHJUHVVLRQ� ORJLVWLF UHJUHVVLRQ� 690� 62)11 �

5� &KHQ 	 /D]HU ������ ��� OLQHDU UHJUHVVLRQ ����PRUH

2Q WKH EDVLV RI WKHVH VWXGLHV� WKH SURVSHFWV IRU XVLQJ VHQWLPHQW�EDVHGPHWKRGV RI SUHGLFWLQJ VWRFN

SULFHV VHHP EOHDN� +RZHYHU� D PRUH UHFHQW VWXG\ E\ 5DR 	 6ULYDVWDYD ������ VKRZHG D KLJK FRU�

UHODWLRQ EHWZHHQ '-,$ SULFHV DQG 7ZLWWHU VHQWLPHQWV� DQG WKDW LQ D VKRUW�WHUP SHULRG� 7ZLWWHU

IHHGV KDG D VWURQJ LQIOXHQFH RQ VWRFN WUHQGV� 7KLV VWXG\ VXJJHVWV WKDW LW LV ZRUWK FRQWLQXLQJ ZLWK

WKLV DSSURDFK� DOWKRXJK LW LV FOHDU WKDW D QXPEHU RI DVSHFWV RI WKH DSSURDFK VWLOO QHHG FRQVLGHUDEOH

PHWKRGRORJLFDO GHYHORSPHQW�

����� ,QGLYLGXDO WLFNHU SUHGLFWLRQ EDVHG RQ WLFNHU�VSHFLILF PRRG

7KH RWKHU PDLQ WUHQG WR EH UHYLHZHG KHUH LV RQH WKDW XVHV WLFNHU�VSHFLILF WZHHWV WR SUHGLFW WKH

LQGLYLGXDO WLFNHU¶V SHUIRUPDQFH� 7KH DQDO\VHV E\ 6SUHQJHU DQG :HOSH ������ DQG 6SUHQJHU� 7X�

PDVMDQ� 6DQGQHU DQG :HOSH ������ RQ WZHHWV DQG 6	3 ��� ,QGH[ FRPSDQLHV VKRZ WKDW WZHHWV

FRQWDLQ KHOSIXO LQIRUPDWLRQ� RXWSHUIRUPLQJ FXUUHQW PDUNHW LQGLFDWRUV� 7KHLU RZQ UHVHDUFK OHG

WKHP WR SURSRVH WKH IROORZLQJ ILYH EROG EXW WHVWDEOH FODLPV DERXW WZHHWV DV SUHGLFWRUV RI PDUNHW

PRYHPHQWV� DV IROORZV�

��



�� $EQRUPDO VWRFN UHWXUQV DQG WKH EXOOLVKQHVV� RI WZHHWV FDQ EH FRUUHODWHG�

�� 1HZ LQIRUPDWLRQ IURP WZHHWV LV UHIOHFWHG LQ PDUNHW SULFHV TXLFNO\�

�� ,QYHVWRUV RQ 7ZLWWHU IROORZ D FRQWUDULDQ VWUDWHJ\�

�� 0HVVDJH YROXPH FDQ SUHGLFW QH[W�GD\ WUDGLQJ YROXPH�

�� 8VHUV ZKR SURYLGH DERYH�DYHUDJH�TXDOLW\ LQIRUPDWLRQ RIWHQ KDYH PRUH IROORZHUV� DQG WKHLU

WZHHWV DUH PRUH RIWHQ UHWZHHWHG�

6XEVHTXHQW VWXGLHV KDYH JHQHUDOO\ DJUHHG ZLWK WKHVH FRQFOXVLRQV� /HHXZHQ ������ XVHG D VHW RI

ILQH�JUDLQHG FDWHJRULHV WR FODVVLI\ WZHHWV DERXW VWRFNV LQ WKH $PVWHUGDP ([FKDQJH ,QGH[� DQG

IRXQG WKDW VWRFN SULFH DQG WUDGLQJ EHKDYLRXU DUH SUHGLFWDEOH� +RZHYHU� LW LV QRW FOHDU IURP WKLV

VWXG\ ZKHWKHU WKH VRFLDO PHGLD KDV DQ\ FDXVDOLW\ WRZDUGV WKH PDUNHW� 2K DQG 6KHQJ ������ IR�

FXVHG RQ D VPDOOHU WZHHW GDWDVHW WKDQ WKDW XVHG E\ 6SUHQJHU DQG :HOSH WR DQDO\VH WKH UHODWLRQ�

VKLS EHWZHHQ WZHHWV DQG WLFNHU SHUIRUPDQFH LQ 1<6(� 1$6'$4� 7KH\ FRQILUPHG WKDW WZHHWV FDQ

SUHGLFW VLPSOH UHWXUQV DQG PDUNHW�DGMXVWHG UHWXUQV UHVSHFWLYHO\� DQG WKH DFFXUDF\ LV FRQVLVWHQW

ZLWK WKH XQGHUUHDFWLRQ K\SRWKHVLV LQ EHKDYLRXUDO ILQDQFH�

$QRWKHU SRVLWLYH UHVXOW ZDV REWDLQHG E\ 6PDLORYLü� *UþDU DQG =QLGDUVLF ������� 7KH\ FROOHFWHG

WZHHWV ZLWK D IRFXV RQ $SSOH ,QF� WR LGHQWLI\ LPSRUWDQW HYHQWV DQG SUHGLFW WKH SULFH FKDQJHV� 7KH

UHVXOW DJDLQ VKRZV WKDW WZHHW VHQWLPHQW FDQ SUHGLFW WKH ULVH RU IDOO LQ FORVLQJ SULFH� LQ WKLV FDVH�

WZR IXOO GD\V EHIRUH WKH DFWXDO FKDQJHV�

)XUWKHU VXSSRUW FRPHV IURP 1DQQ� .UDXVV DQG 6FKRGHU ������¶V VWXG\� 7KH\ FRPSDUHG WZHHW

GDWD EHWZHHQ RQOLQH DQG WUDGLWLRQDO QHZV GDWD LQ RUGHU WR XQGHUVWDQG ZKLFK GDWD KDV WKH PRVW

SUHGLFWDEOH SRZHU RI WKH 6	3 ��� LQGH[� %DVHG RQ WKH ILQGLQJV� WKH\ WKHQ GHYHORSHG D WUDGLQJ

VWUDWHJ\ DQG REWDLQHG D SRVLWLYH UHWXUQ RI XS WR ����� SHU WUDGH LQ YLUWXDO WUDGLQJ�
�,Q HFRQRPLFV FRQWH[W� EHDULVK UHIHUV WR D GRZQZDUG SULFH PRYHPHQW RI D VWRFN� DQG EXOOLVK UHIHUV WR D XSZDUG

SULFH PRYHPHQW RI D VWRFN�

��



7KH RQO\ QRWH RI FDXWLRQ WKXV IDU LV IRXQG LQ 2OLYHLUD� &RUWH] DQG $UHDO ������� )RFXVLQJ RQ QLQH

PDMRU WHFKQRORJLFDO FRPSDQLHV� WKH\ IRXQG LQDGHTXDWH HYLGHQFH WKDW VHQWLPHQW LQGLFDWRUV FDQ

H[SODLQ WKHVH VWRFN UHWXUQV� +RZHYHU� WKH\ QHYHUWKHOHVV VXJJHVWHG WKDW WZHHW YROXPH FRUUHODWHV

ZLWK WKH WUDGLQJ YROXPH� DQG SDUWLFXODUO\ ZLWK YRODWLOLW\� ,Q VKRUW� WKHQ� WKLV DSSURDFK VHHPV WR

VKRZ D JUHDW GHDO RI SURPLVH�

����� 2WKHU DSSURDFKHV WR XVLQJ WZHHWV WR SUHGLFW WKH PDUNHW

,Q DGGLWLRQ WR WKH DERYH� WKHUH DUH VRPH SURMHFWV WDNLQJ D QXPEHU RI RWKHU DSSURDFKHV WR SUHGLFW

PRYHPHQWV RI WKH PDUNHW EDVHG RQ WZHHWV�

<L ������ XVHG VXSHUYLVHG PDFKLQH OHDUQLQJ PHWKRGV WR LGHQWLI\ VWRFN�UHODWHG WZHHWV IURP UDZ

WZHHWV� +H IRXQG WKDW VLPSOH QRXQ FRXQWLQJ IDLOHG WR FRUUHODWH WR WKH PDUNHW� ZKLOH VRPH PRUH

FRPSOH[ PRGHOV� VXFK DV WKH ORRVH QJUDP PRGHO �FR�RFFXUULQJ ZRUGV ZLWKLQ OLPLWHG UDQJH� E\

=KDQJ DQG =KX ������� VKRZHG DQ LQFUHDVH RI WKH FRUUHODWLRQ EHWZHHQ WZHHWV DQG WKH VWRFN SULFH�

%\ FRPSDULQJ WKH FRUUHODWLRQ EHWZHHQ EORJV� RQOLQH QHZV� WZHHWV DQG 1<6( VWRFN SULFH� =KDQJ

DQG 6NLHQD ������ VXJJHVWHG WKDW WZHHW GDWD KDYH WKH IROORZLQJ FKDUDFWHULVWLFV�

�� 7ZLWWHU LV GLIIHUHQW LQ WKDW LWV SRODULW\ DOVR KDV VRPH FRUUHODWLRQ ZLWK WRPRUURZ¶V RU WKH GD\

DIWHU WRPRUURZ¶V UHWXUQ�

�� 6WRFN PDUNHW LQFRUSRUDWHV 7ZLWWHU VHQWLPHQW VORZHU WKDQ QHZV DQG QHHG WZR RU WKUHH GD\V�

�� 7KH VHQWLPHQW RI 7ZLWWHU LV PRUH SHUVLVWHQW EHWZHHQ QHLJKERXULQJ GD\V�

9LQFHQW DQG $UPVWURQJ ������ FDSWXUHG QHZ ZRUGV DSSHDULQJ RQ 7ZLWWHU IHHGV WR SUHGLFW EUHDN�

LQJ QHZV LQ RUGHU WR DVVLVW KLJK�IUHTXHQF\ WUDGLQJ� 7KHLU DOJRULWKP SHUIRUPHG EHWWHU WKDQ WKH

EHQFKPDUN DOJRULWKP LQ SUHGLFWLQJ WKH FRUUHODWLRQ EHWZHHQ WKH FXUUHQF\ PDUNHW DQG EUHDNLQJ

QHZV�

��



=KDQJ� )XHKUHV DQG *ORRU ������ GHYHORSHG WKHLU SUHYLRXV ZRUN WR FRUUHODWH WZHHWV ZLWK ILQDQFLDO

PDUNHW PRYHPHQW VXFK DV JROG SULFH� FUXGH RLO SULFH� FXUUHQF\ H[FKDQJH UDWHV DQG VWRFN PDUNHW

LQGLFDWRUV� %\ FROOHFWLQJ UHWZHHWV SRVWHG LQ WKH 86 FRQWDLQLQJ VL[ PDUNHW�UHODWHG NH\ZRUGV� WKH\

VKRZHG WKDW WKHVH WZHHWV DUH FRUUHODWHG WR PDUNHW FKDQJHV DQG WKDW PRVW RI WKHP FRUUHVSRQG WR

QH[W�GD\ PDUNHW SHUIRUPDQFH�

,QVWHDG RI GLUHFWO\ VHDUFKLQJ IRU WZHHW VHQWLPHQW DERXW WKH PDUNHW� %DU�+DLP� 'LQXU� )HOGPDQ�

)UHVNR� DQG *ROGVWHLQ ������ FRQFHQWUDWHG RQ LGHQWLI\LQJ H[SHUW LQYHVWRUV RQ 7ZLWWHU LQ RUGHU WR

FDSWXUH H[SHUW WUDGLQJ VXJJHVWLRQV� %DVHG RQ WKLV PRGHO� WKH SUHFLVLRQ RI SUHGLFWLQJ VWRFN ULVH LV

UHODWLYHO\ KLJK�

<� 0DR HW DO� ������ FRUUHODWHG WZHHWV DERXW WKH 6	3 ��� WR FRUUHVSRQGLQJ PDUNHW GDWD RQ WKUHH

OHYHOV� WKH PDUNHW� WKH VHFWRU� DQG WKH FRPSDQ\� 7KH\ IRXQG WKDW WKH GDLO\ YROXPH RI WZHHWV LV

FRUUHODWHG WR VWRFN LQGLFDWRUV�

/LNH 0DR HW DO� ������� 5XL] HW DO� ������ DOVR VKRZHG WKDW WKH UHOHYDQW WZHHW YROXPH LV FRUUH�

ODWHG ZLWK WKH WUDGLQJ YROXPH RI VWRFN DQG LV VWURQJHU WKDQ WKH FRUUHODWLRQ ZLWK WKH VWRFN SULFH�

+RZHYHU� WKH\ WKHQ GHYHORSHG D WUDGLQJ VWLPXODWRU EDVHG RQ WKHVH UHVXOWV� ZKLFK VKRZHG WKDW WKH

WUDGLQJ VWUDWHJ\ EDVHG RQ UHODWLYHO\ ZHDN FRUUHODWLRQV EHWZHHQ SULFH DQG WZHHW GDWD IHDWXUHV VWLOO

RXWSHUIRUPV RWKHU EDVHOLQH WUDGLQJ VWUDWHJLHV�

����� 6XPPDU\

5HYLHZLQJ WKHVH UHOHYDQW VWXGLHV� LW LV FOHDU WKDW WKHUH DUH WZR PDLQ WUHQGV LQ XVLQJ WZHHWV WR

SUHGLFW WKH PDUNHW� (LWKHU H[WUDFWLQJ SXEOLF PRRG IURP WZHHWV LQ JHQHUDO WR SUHGLFW WKH RYHUDOO

PDUNHW FKDQJHV� RU XVLQJ WLFNHU�VSHFLILF WZHHWV WR SUHGLFW WKH LQGLYLGXDO SHUIRUPDQFH� KDV EHHQ

VWXGLHG LQ SUHYLRXV ZRUN� 7KHVH VWXGLHV DJUHH WKDW WKH FRUUHODWLRQ EHWZHHQ WZHHWV DQG WKH PDUNHW

H[LVWV� DOWKRXJK WKH\ YDU\ EHWZHHQ GLIIHUHQW FRPSRQHQWV� DQG WKH FRUUHODWLRQ EHWZHHQ WKH WZHHW

��



YROXPH DQG WKH WUDGLQJ YROXPH LV WKHPRVW SURYHG FRUUHODWLRQ� +RZHYHU� QRQH RI WKH VWXGLHV SODFH

DQ HPSKDVLV RQ WKH OLQJXLVWLF IHDWXUHV RI WZHHWV WR LGHQWLI\ VHQWLPHQW� 0RUHRYHU� WKHVH VWXGLHV

OHDYH RQH IXQGDPHQWDO TXHVWLRQ XQDQVZHUHG� :KDW LV D VWRFN WZHHW"

��� 'HILQLWLRQ RI 6WRFN 7ZHHWV

:KDW D VWRFN WZHHW LV VHHPV DQ REYLRXV TXHVWLRQ� EXW WKH FDWHJRU\ RI VWRFN WZHHWV GRHV QRW H[LVW

RQ 7ZLWWHU DQG LV QRW D FRQFHSW GHILQHG E\ 7ZLWWHU� 0RUHRYHU� WKRXJK PDQ\ VWXGLHV LQGLFDWH WKDW

WKH\ XVHG VWRFN WZHHWV IRU DQDO\VLV� WKHUH KDV QRW EHHQ D GHWDLOHG GLVFXVVLRQ RI ZKDW D VWRFN WZHHW

LV VR IDU� ,Q WKH GLVFXVVLRQ WKDW IROORZV� LW LV VKRZQ WKDW UREXVW GHILQLWLRQV RI VWRFN WZHHWV FDQ

RQO\ HPHUJH IURP WKH SURFHVV RI FROOHFWLQJ WZHHW GDWD �VHH &KDSWHU �� DQG VWXG\LQJ WKH HPSLULFDO

IHDWXUHV RI WKHVH GDWD LQ GHWDLO �VHH &KDSWHU � DQG ���

$V GLVFXVVHG DERYH� WKHUH DUH WZRPDLQ WUHQGV LQ FROOHFWLQJ WZHHW GDWD WR SUHGLFW WKH VWRFNPDUNHW�

HLWKHU XVLQJ WZHHWV WR SUHGLFW JHQHUDO PDUNHW SHUIRUPDQFH RU XVLQJ WZHHWV WR SUHGLFW WKH SHUIRU�

PDQFH RI DQ LQGLYLGXDO FRPSDQ\� 7KXV� DFFRUGLQJO\� WKHUH DUH WZR PDLQ W\SHV RI WZHHW GDWD WR EH

FROOHFWHG� JHQHUDO WZHHWV RU WLFNHU�VSHFLILF WZHHWV�

����� &ROOHFWLQJ JHQHUDO WZHHWV

7KH ILUVW WUHQG LV WR FROOHFW SXEOLF WZHHWV ZLWKRXW VHWWLQJ DQ\ VSHFLILF NH\ZRUGV� VR PDQ\ RI WKH

FROOHFWHG WZHHWV PD\ QRW EH UHOHYDQW WR PDUNHW WRSLFV� %ROOHQ HW DO� ������ ZHUH RQH RI WKH ILUVW

WR DSSO\ WKLV DSSURDFK� 7KH\ FROOHFWHG WZHHWV ZLWK WKH SDWWHUQV FRQWDLQLQJ ,� VXFK DV , DP IHHOLQJ

RU ,¶P WR FDSWXUH WKH SXEOLF PRRG� EXW H[FOXGHG WZHHWV FRQWDLQLQJ KWWS� RU ZZZ� 7KLV DSSURDFK

GRHV QRW IRFXV RQ DQ\ VSHFLILF WRSLFV RI WZHHWV� EXW FRQFHQWUDWHV RQO\ RQ WKH ODQJXDJH EHLQJ XVHG LQ

WKH WZHHWV� PHDQLQJ WKH FROOHFWHG WZHHWV PLJKW FRQWDLQ D KLJKHU SHUFHQWDJH RI LUUHOHYDQW FRQWHQWV

WKDQ IRFXVLQJ RQ VSHFLILF WRSLF ZRUGV� $OVR� UHPRYLQJ WZHHWV ZLWK H[SUHVVLRQV VXFK DV KWWS� DQG

��



ZZZ LQ RUGHU WR ³DYRLG VSDP PHVVDJHV DQG RWKHU LQIRUPDWLRQ�RULHQWHG WZHHWV´ �%ROOHQ HW DO��

����� S� �� LV TXHVWLRQDEOH� EHFDXVH D QXPEHU RI WZHHWV GLVFXVVLQJ VWRFN�UHOHYDQW WRSLFV FRQWDLQ

85/ OLQNV� $ ODWHU UHVHDUFK FRQGXFWHG E\ 0DR HW DO� ������ DSSOLHG D VLPLODU DSSURDFK� ZKLFK

LQFOXGHG D ³������� UDQGRP VDPSOH RI DOO SXEOLF WZHHWV´ �S� ���

)ROORZLQJ WKLV DSSURDFK� ;XH =KDQJ HW DO� ������ FROOHFWHG RQO\ UHWZHHWV FRQWDLQLQJ WKH ZRUGV

KRSH� IHDU RUZRUU\ SRVWHG LQ $PHULFD WR FRQGXFW WKHLU UHVHDUFK� DQG WKH\ FODVVLILHG UHWZHHWV LQWR

FRUUHVSRQGLQJ FDWHJRULHV� 7KH\ FRQVLGHUHG WKHVH WZHHWV WR EH DEOH WR SUHVHQW WKH VHQWLPHQW RI

WKH SUHGHVLJQHG NH\ZRUGV ZHOO� VR WKH\ GLG QRW DSSO\ DQ\ VHQWLPHQW DQDO\VLV RQ WKH GDWD� 6XFK

DQ DSSURDFK FRXOG EH VHHQ WR EH SUREOHPDWLF� KRZHYHU� EHFDXVH DFFXUDF\ RI XVLQJ D VLQJOH ZRUG

LQ D WZHHW WR HYDOXDWH WKH RYHUDOO VHQWLPHQW RI WKDW WZHHW LV TXHVWLRQDEOH� IRU H[DPSOH� LI D WZHHW

FRQWDLQV ERWK KRSH DQG IHDU� WKHQ LW FDQ EH SXW LQWR HLWKHU FDWHJRU\ DFFRUGLQJ WR ;XH =KDQJ HW DO�

������¶V GHILQLWLRQ� VR ERWK FDWHJRULHV FDQ JDLQ D VFRUH� ZKLFK PHDQV WKH RYHUDOO DFFXUDF\ RI WKH

VHQWLPHQW ZLOO WKHQ EH DIIHFWHG LQ WXUQ�

$OWKRXJK WKHPDMRU DGYDQWDJH RI WKHVH DSSURDFKHV LV WKDW LW FDQ HDVLO\ FROOHFW HQRUPRXV TXDQWLWLHV

RI GDWD �VHH 7DEOH ������� LW FDQ RQO\ EH XVHG WR GHWHFW WKH UHODWLRQVKLS EHWZHHQ WKH SXEOLF PRRG

DQG WKH PDUNHW DV D ZKROH LQVWHDG RI LQGLYLGXDO WLFNHU¶V SHUIRUPDQFH� 0RUHRYHU� WKLV DSSURDFK

PD\ EULQJ PRUH QRLVH DV LW FRQWDLQV PXFK FRQWHQW LUUHOHYDQW WR WKH PDUNHW�

7DEOH ����� 6WDWLVWLFV RI WKH VDPSOH VL]H EDVHG RQ WKH ILUVW DSSURDFK

3URMHFW 1XPEHU RI WZHHWV

%ROOHQ HW DO� ������ ���������

0DR HW DO� ������ ������� RI SXEOLF WZHHWV

;XH =KDQJ HW DO� ������ ���������

��



����� &ROOHFWLQJ WLFNHU�VSHFLILF WZHHWV

$QRWKHU WUHQG LV WR FROOHFW WZHHWV FRQWDLQLQJ NH\ZRUGV WKDW DUH UHOHYDQW WR WKH PDUNHW� LQ RUGHU

WR SUHGLFW WKH SHUIRUPDQFH RI LQGLYLGXDO WLFNHUV� )RU LQVWDQFH� 6SUHQJHU DQG :HOSH ������ DUH

RQH RI WKH ILUVW WR FROOHFW WZHHWV FRQWDLQLQJ WKH WLFNHU QDPHV RI 6	3 ��� FRPSDQLHV ZLWK D GROODU

VLJQ LQ IURQW� 7KH\ DLPHG WR ³LQYHVWLJDWH WKH PRVW UHOHYDQW VXEVHW RI VWRFN PLFUREORJV DQG DYRLG

µQRLVH¶ ´ �S� ���� )ROORZLQJ WKLV DSSURDFK� %URZQ ������� <� 0DR HW DO� ������� 6PDLORYLü HW DO�

������� DQG2OLYHLUD HW DO� ������ DOO DSSOLHG WKH VDPH VWUDWHJ\ WR FROOHFW GDWD� 2K DQG 6KHQJ ������

WRRN D VLPLODU VWUDWHJ\� 7KH\ IHWFKHG WZHHWV IURP 6WRFNWZLWV�FRP DQG UHPRYHG WZHHWV ³ZLWKRXW

DQ\ WLFNHU� PRUH WKDQ RQH WLFNHU� RU QRW LQ 1$6'$4 DQG 1<6( H[FKDQJHV´ �S� ��� 7KLV SURFHGXUH

UHPRYHG DERXW WZR WKLUGV RI WKH GRZQORDGHG WZHHWV� ZKLFK OHIW RQO\ ������ WZHHWV IRU WKH IROORZLQJ

DQDO\VLV�

,Q DGGLWLRQ� VRPH RI WKH SUHYLRXV VWXGLHV XVHG D EURDG GHILQLWLRQ RI VWRFN WZHHWV� )RU H[DPSOH�

&KDNRXPDNRV HW DO� ������ SRLQWHG RXW WKDW LI RQO\ WKH WZHHWV FRQWDLQLQJ WKH WLFNHU V\PERO DUH

FRQVLGHUHG� WKHQ WKH GDWD DUH VSDUVH� VR WKH\ LQFOXGHG WZHHWV FRQWDLQLQJPRUH UHODWHG LQIRUPDWLRQ�

VXFK DV FRPSDQ\ QDPHV� FRPSDQ\ OHDGHU QDPHV� RU HYHQ LQIRUPDO FRPSDQ\ QDPHV� 7KLV LV D

FRQWURYHUVLDO DSSURDFK� 2Q WKH RQH VLGH� RQO\ XVLQJ WLFNHU QDPHV DV TXHU\ NH\ZRUGV WR FROOHFW

GDWD \LHOGV IRFXVHG EXW VSDUVH GDWD� 2Q WKH RWKHU VLGH� XVLQJ EURDGHU FRQFHSWV VXFK DV NH\ZRUGV

LQ WKH FROOHFWLRQ FDQ EULQJ PRUH QRLVH� ,Q DGGLWLRQ� 5XL] HW DO� ������ XVHG D VLPLODU DSSURDFK WR

FROOHFW VWRFN WZHHWV� DQG WKH\ LQFOXGHG WKH FRPSDQ\ WLFNHU QDPHV DQG KDVKWDJV DVVRFLDWHG ZLWK

WKH FRPSDQ\� $FFRUGLQJ WR WKHLU XQGHUVWDQGLQJ� WKH\ FRQVLGHUHG FDVKWDJV DV RQH W\SH RI KDVKWDJ�

VR WKH\ SXW H[SUHVVLRQV VXFK DV �<DKRR� �<+22� RU �<DKRR WRJHWKHU WR VHW WKHLU TXHU\ NH\ZRUGV�

7KLV DSSURDFK KDV D GUDZEDFN LQ WKDW LW PD\ FRYHU PRUH DPELJXRXV WZHHWV� 7KH\ PXVW KDYH

QRWLFHG� IRU H[DPSOH� WKDW DEEUHYLDWLRQV RI <DKRR DUH IUHTXHQWO\ XVHG LQ QHZV WZHHWV E\ <DKRR

1HZV�

��



$OWKRXJK WKH VHFRQG WUHQG FDQ UHGXFH WKH SURSRUWLRQ RI LUUHOHYDQW FRQWHQWV� LW SURYLGHV UHODWLYHO\

OLPLWHG GDWD LQ WKH VDPH WLPH VSDQ FRPSDUHG WR WKH DERYH DSSURDFK �VHH 7DEOH �������

7DEOH ����� 6WDWLVWLFV RI WKH VDPSOH VL]H EDVHG RQ WKH VHFRQG DSSURDFK

3URMHFW 1XPEHU RI WZHHWV

6SUHQJHU 	 :HOSH ������ �������

6SUHQJHU HW DO� ������ �������

<� 0DR HW DO� ������ ���� GDLO\ WZHHWV

%URZQ ������ ������

6PDLORYLü HW DO� ������ ������

2OLYHLUD HW DO� ������ 1$

2K 	 6KHQJ ������ ������

5XL] HW DO� ������ 1$

����� 2WKHU DSSURDFKHV WR FROOHFWLQJ WZHHW GDWD

2WKHU VWXGLHV XVH GLIIHUHQW VWUDWHJLHV WR FROOHFW GDWD WR PDNH SUHGLFWLRQ� <L ������ XVHG D FRP�

SOHWHO\ GLIIHUHQW DSSURDFK WR ILQG WLFNHU�VSHFLILF WZHHWV� +H ILUVW FUDZOHG DURXQG ��PLOOLRQ WZHHWV

ZLWKRXW D VHOHFWLRQ RI NH\ZRUGV� DQG WKHQ DSSOLHG GLIIHUHQW 1/3 PHWKRGV WR ILQG WZHHWV ZLWK D

VSHFLILF IRFXV RQ LQGLYLGXDO FRPSDQLHV� ,JQRULQJ VSHFLILF WZHHWV� 9LQFHQW DQG $UPVWURQJ ������

PRQLWRUHG WKH WRS QHZ NH\ZRUGV RQ 7ZLWWHU HYHU\ PLQXWH DQG XVHG WKHVH QHZ ZRUGV DV WKH PHD�

VXUHPHQW RI WKH YRODWLOLW\ RQ 7ZLWWHU� %RWK DSSURDFKHV PD\ ZHOO VXLW WKHLU UHVSHFWLYH UHVHDUFK

JRDOV� EXW WKH\ PDNH LW GLIILFXOW WR FDUU\ RXW VHQWLPHQW DQDO\VLV RQ VSHFLILF LVVXHV RI WKH VWRFN PDU�

NHW�

)LQDOO\� VRPH VWXGLHV KDYH IDLOHG WR JLYH DQ H[SOLFLW H[SODQDWLRQ RI KRZ WKH\ GHILQHG RU FROOHFWHG

VWRFN WZHHWV� =KDQJ DQG 6NLHQD ������� ;XH =KDQJ HW DO� ������ DQG 1DQQ HW DO� ������ EULHIO\

VWDWHG WKDW WKH\ RQO\ FROOHFWHG WZHHW GDWD LQ D VSHFLILF SHULRG� ZLWKRXW DQ\ H[SODQDWLRQ RI ZKDW

��



W\SHV RI WZHHWV WKH\ FROOHFWHG� 5DR DQG 6ULYDVWDYD ������ IRFXVHG RQ '-,$� 1$6'$4����� DQG ��

PDMRU FRPSDQLHV VLPSO\ EHFDXVH WKH\ ³DUH VRPH RI WKH KLJKO\ WUDGHG DQG GLVFXVVHG WHFKQRORJ\

VWRFNV KDYLQJ YHU\ KLJK WZHHW YROXPHV´ �S� ��� EXW WKH\ GLG QRW JLYH D GHWDLOHG H[SODQDWLRQ RI WKHLU

VHOHFWLRQ FULWHULD RI VWRFN WZHHWV�

,Q JHQHUDO� WKHVH VWXGLHV FROOHFWHG PDQ\ PRUH WZHHWV WR H[WUDFW UHOHYDQW LQIRUPDWLRQ �VHH 7DEOH

�������

7DEOH ����� 6WDWLVWLFV RI WKH VDPSOH VL]H EDVHG RQ RWKHU DSSURDFKHV

3URMHFW 1XPEHU RI WZHHWV

<L ������ ����������

1DQQ HW DO� ������ ���������

7XVKDU 5DR 	 6ULYDVWDYD ������ ���������

7 5DR 	 6ULYDVWDYD ������ ���������

:� %� =KDQJ 	 6NLHQD ������ 1$

;XH =KDQJ HW DO� ������ 1$

����� 'HILQLQJ VWRFN WZHHWV

$OWKRXJK XVLQJ WZHHW GDWD WR SUHGLFW VWRFN WUHQGV KDV EHFRPH PRUH DQG PRUH SRSXODU� QRQH RI

WKHVH VWXGLHV GLVFXVVHG WKH GHILQLWLRQ RI VWRFN WZHHWV� 7KHUHIRUH� WKH ILUVW UHVHDUFK TXHVWLRQ RI

WKLV VWXG\ LV DSSDUHQW�

4XHVWLRQ �� 'RHV D FOHDUHU GHILQLWLRQ RI VWRFN WZHHWV LPSURYH WKH TXDOLW\ RI DQ DQDO\VLV

RI VXFK WZHHWV"

&OHDUO\ GHILQLQJ VWRFN WZHHWV LV FULWLFDOO\ LPSRUWDQW LQ WKLV UHVHDUFK EHFDXVH LW LV D GDWD�GULYHQ

VWXG\ DQG DOO WKH IROORZLQJ DQDO\VHV UHO\ RQ JRRG TXDOLW\ GDWD� ,Q WKLV VHQVH� DV VWDWHG LQ &KDSWHU ��

��



WKLV UHVHDUFK DGRSWV D QDUURZ GHILQLWLRQ RI ³VWRFN WZHHW´� D WZHHW WKDW FRQWDLQV RQH RU PRUH WKDQ

RQH FDVKWDJ DQG IRFXVHV RQ WRSLFV UHOHYDQW WR WKH VWRFN PDUNHW� 7KLV GHILQLWLRQ IROORZV 6SUHQJHU

DQG :HOSH ������¶V DQG 6SUHQJHU HW DO� ������¶V DSSURDFK� DQG DV ZHOO DV %URZQ ������� <� 0DR

HW DO� ������� 6PDLORYLü HW DO� ������ DQG 2OLYHLUD HW DO� ������� 6XFK D GHILQLWLRQ FDQ KHOS FROOHFW

WZHHWV GLVFXVVLQJ DERXW WKH SHUIRUPDQFH RI LQGLYLGXDO FRPSDQLHV ZKLOH DOVR UHGXFLQJ WKH DPRXQW

RI LUUHOHYDQW GDWD EHFDXVH LW XVHV FDVKWDJV DV NH\ZRUGV� +RZHYHU� WKLV GHILQLWLRQ RQO\ JLYHV D

JHQHUDO LGHD RI VWRFN WZHHWV� $ PRUH LQ�GHSWK GHILQLWLRQ LV H[SORUHG LQ WKLV UHVHDUFK� DQG DQ LQ�

GHSWK GLVFXVVLRQ FDQ EH IRXQG LQ &KDSWHU ���

��� /LQJXLVWLF )HDWXUHV RI 6WRFN 7ZHHWV

:LWKRXW D FRPSUHKHQVLYH GHILQLWLRQ RI VWRFN WZHHWV� LW LV DOVR XQFOHDU ZKHWKHU VWRFN WZHHWV KDYH

VSHFLILF OLQJXLVWLF IHDWXUHV� DQG PRUH LPSRUWDQWO\� LI WKH\ FDQ EH OLQJXLVWLFDOO\ GLVWLQJXLVKHG IURP

RWKHU W\SHV RI WZHHWV� )XUWKHUPRUH� LQ WKH SDVW IHZ \HDUV�PDQ\ VFKRODUV KDYH FRQGXFWHG D QXPEHU

RI VWXGLHV RQ WZHHWV� FRYHULQJ VRPH DVSHFWV RI WKH OLQJXLVWLF IHDWXUHV RI WZHHWV LQ JHQHUDO� IURP

YRFDEXODU\ WR JUDPPDU� IURP VW\OH WR FRQYHUVDWLRQ� RU VRPH XQLTXH SURSHUWLHV RI WZHHWV� VXFK DV

KDVKWDJV� EXW WKH DQDO\VLV RI WKH OLQJXLVWLF IHDWXUHV RI VWRFN WZHHWV LV VWLOO LQ LWV LQIDQF\� 7KLV VHFWLRQ

LQWURGXFHV WKH IRXU PDLQ OLQJXLVWLF IHDWXUHV RI WZHHWV EHLQJ VWXGLHG VR IDU� QDPHO\ YRFDEXODU\

IHDWXUHV� FRQYHUVDWLRQ IHDWXUHV� KDVKWDJ RU FDVKWDJ IHDWXUHV� DQG WRSLF IHDWXUHV�

����� 9RFDEXODU\ IHDWXUHV

6RPH RI SUHYLRXV VWXGLHV IRFXV RQ WKH YRFDEXODU\ RI VWRFN WZHHWV� 3DN DQG 3DURXEHN ������� DQG

/DNH ������ QRWLFHG WKDW WKH GLVWULEXWLRQ RI ZRUG IUHTXHQF\ LQ WZHHWV IROORZV =LSI¶V ODZ� 7KLV

LV VLPLODU WR RWKHU OLQJXLVWLF GRPDLQV� +RZHYHU� <L ������ PHQWLRQHG WKDW PRVW RI WKH YRFDEX�

ODU\ LQ WKH ZHE GRPDLQ PDGH OLWWOH FRQWULEXWLRQ WR KLV IROORZLQJ DQDO\VHV XVLQJ PDFKLQH OHDUQLQJ

��



PHWKRGV WR FODVVLI\ WZHHWV� 7KLV LV VLPLODU LQ WKH VWRFN WZHHW GRPDLQ� ZKHUH PRVW YRFDEXODU\ DUH

LUUHOHYDQW WR WKH VWRFN FRQWH[W DV VKRZQ LQ WKH ODWHU FDVH VWXGLHV LQ &KDSWHU ��

$QRWKHU LPSRUWDQW YRFDEXODU\ IHDWXUH RI WZHHWV LV WKHLU LQIRUPDOLW\� 7KHUH DUH D QXPEHU RI W\SHV

RI LUUHJXODU ODQJXDJH� VXFK DV PLVVSHOOLQJ DQG DEEUHYLDWLRQ� *R DQG %KD\DQL ������ VXJJHVWHG

WKDW WKH IUHTXHQF\ RI PLVVSHOOLQJ DQG VODQJ LQ WZHHWV LV PXFK KLJKHU WKDQ LQ RWKHU GRPDLQV� EXW

.DXIPDQQ ������ DUJXHG WKDW ³PLVVSHOOLQJ DUH >VLF@ PXFK PRUH FRPPRQ LQ 606 WKDQ LQ WZHHWV´

�S� ��� DQG WKH VKRUWHQLQJ RIZRUGV DQG UHSHWLWLRQ RI VSHOOLQJ DUH W\SLFDO IRUPV RI LQIRUPDO ODQJXDJH

RQ 7ZLWWHU� %DVLFDOO\� WKH\ ERWK DJUHH WKDW WKH IUHTXHQF\ RI PLVVSHOOLQJ LQ WZHHWV LV VLJQLILFDQWO\

KLJK� 7KHVH WZR SKHQRPHQD KDYH EURXJKW KXJH FKDOOHQJHV WR DQDO\VLV� $V =DSSDYLJQD ������ QR�

WLFHG� LW LV ³SDUWLFXODUO\ WUXH WR PLFUREORJJLQJ´ �S� ���� 6WRFN WZHHWV VKDUH WKLV IHDWXUH DV ZHOO� $V

%DU�+DLP HW DO� ������ LQGLFDWHG� DOWKRXJK VWRFN WZHHWV DUH ³W\SLFDOO\ DEEUHYLDWHG DQG XQJUDP�

PDWLFDO XWWHUDQFHV´ �S� ������ WKH\ KDYH VRPH VODQJ H[SUHVVLRQV DQG YDULRXV IRUPV RI VHQWLPHQW

H[SUHVVLRQV WKDW DUH ³XQLTXH WR WKH VWRFN WZHHW FRPPXQLW\´� )RU H[DPSOH� ERXJKW FDQ EH VSHOW DV

ERW RU EJKW LQ VWRFN WZHHWV� 7KLV PD\ EULQJ IXUWKHU GLIILFXOWLHV IRU SURFHVVLQJ VWRFN WZHHWV EHFDXVH

D JHQHUDO WH[W QRUPDOLVHU� ZKLFK UHSODFHV WKH LUUHJXODU ODQJXDJH XVDJH WR LWV VWDQGDUG IURP� PD\

QRW ZRUN ZHOO ZLWK WKHVH DEEUHYLDWLRQV�

����� &RQYHUVDWLRQ IHDWXUHV

0DQ\ 7ZLWWHU XVHUV FRQVLGHU 7ZLWWHU WR EH D FRPPXQLFDWLRQ SODWIRUP DQG RIWHQ XVH LW WR HVWDEOLVK

FRQYHUVDWLRQV ZLWK RWKHUV� +RQH\FXWW DQG +HUULQJ ������ VXJJHVWHG WKDW 7ZLWWHU LV D FROODERUD�

WLYH SODWIRUP LQ ZKLFK WKH FRQYHUVDWLRQ LV WKH ³HVVHQWLDO FRPSRQHQW´ �S� ��� 7KH\ IRXQG WKDW D

W\SLFDO FRQYHUVDWLRQ RQ 7ZLWWHU ³LV FRQWLQXRXV DQG SURFHHGV LQ D PRVWO\ JUDGXDO� VWHS�ZLVH IDVK�

LRQ´ �S� ���

+RZHYHU� VRPH GLVWLQFW GLIIHUHQFHV H[LVW EHWZHHQ 7ZLWWHU XVHUV ZKHQ WKH\ KDYH FRQYHUVDWLRQV�

��



3HUUHDXOW DQG 5XWKV ������ DQDO\VHG WZHHWV SRVWHG IURPPRELOH DQG QRQ�PRELOH SODWIRUPV� 7KH\

IRXQG WKDW WKH PRELOH FRQWHQWV KDYH VHYHUDO FKDUDFWHULVWLFV� 7KH\ DUH PRUH FRQYHUVDWLRQDO DQG

SHUVRQDO� EXW FRQWDLQ IHZHU OLQNV� 2Q WKH RWKHU KDQG� 1DDPDQ� %RDVH� DQG /DL ������¶V ILQGLQJV

VXJJHVWHG WKDW WZHHWV DSSHDU WR EH PRUH FRQYHUVDWLRQDO E\ XVHUV LQ WKH ³LQIRUPDWLRQ VKDULQJ´

JURXS� ZKR VKDUH LQIRUPDWLRQ DV WKHLU PDLQ DFWLYLW\ RQ 7ZLWWHU� 2EVHUYLQJ WKH UHSO\ LQWHUYDOV

EHWZHHQ 7ZLWWHU FRQYHUVDWLRQV� &KDOPHUV� )OHPLQJ�:DNHPDQ DQG:DWVRQ ������ IRXQG WKDW ���

RI UHSOLHV FRPH ZLWKLQ OHVV WKDQ � PLQXWH DQG WKH PDMRULW\ DUH SRVWHG LQ D ���PLQXWH LQWHUYDO�

+RZHYHU� PDQ\ XVHUV GR QRW SRVW UHSO\ WZHHWV�

7KLV IHDWXUH LV SDUWLFXODUO\ LPSRUWDQW WR WZHHWV RQ VWRFN WRSLFV EHFDXVHPDQ\ LQYHVWRUV XVH 7ZLWWHU

DV D SODWIRUP WR GLVFXVV WKH PDUNHW�

����� +DVKWDJ DQG FDVKWDJ IHDWXUHV

+DVKWDJV DUH DQRWKHU LPSRUWDQW FKDUDFWHULVWLF RI WZHHWV� =DSSDYLJQD ������ VXJJHVWV WKDW WKH

IXQFWLRQV RI KDVKWDJV DUH WZR�IROG� PDNLQJ WKH WZHHWPRUH VHDUFKDEOH� DQGPDNLQJ LWPRUH HDV\ WR

JURXS WZHHWV� LQ WXUQ WR IRUP VRFLDO JURXSV RQ 7ZLWWHU� $V LQWURGXFHG LQ &KDSWHU �� 7ZLWWHU PDNHV

KDVKWDJV FOLFNDEOH� VR FOLFNLQJ WKHP ZLOO DXWRPDWLFDOO\ UHGLUHFW WR D VHDUFK SDJH� %\ WKLV PHFKD�

QLVP� 7ZLWWHU XVHUV FDQ HDVLO\ ILQG WRSLFV RU XVHUV WKDW LQWHUHVW WKHP� 7KLV ILQGLQJ LV VXSSRUWHG

E\ 'RDQ� 2KQR�0DFKDGR� DQG &ROOLHU ������� ZKR XVHG WZHHWV WR ³HPSKDVLVH RU JURXS LPSRUWDQW

LQIRUPDWLRQ RI WRSLFV´ �S� �� LQ RUGHU WR LQGLFDWH WKH ,/, �,QIOXHQ]D�/LNH�,OOQHVVHV� UDWH�

,Q WKH VWRFN FRQWH[W� FDVKWDJV� DV LQWURGXFHG LQ &KDSWHU � DQG �� VKDUH VLPLODU IHDWXUHV WR WKRVH

RI KDVKWDJV LQ RWKHU GRPDLQV� 6SUHQJHU DQG :HOSH ������ UHJDUGHG FDVKWDJV DV DQ LPSRUWDQW

V\QWD[ HOHPHQW WR VWUXFWXUH WKH LQIRUPDWLRQ IORZ LQ WZHHWV� FRQQHFWLQJ WZHHWV WR D UHOHYDQW WRSLF

DQGPDNLQJ WKHP HDV\ WR ILQG� )XUWKHUPRUH� XVLQJ FDVKWDJV WR FROOHFW WZHHWV FDQ UHGXFH LUUHOHYDQW

FRQWHQW DV VXJJHVWHG E\ 6SUHQJHU DQG :HOSH ������� 6SUHQJHU HW DO� ������ DQG 2OLYHLUD HW DO�

��



�������

����� 7RSLF IHDWXUHV

(DFK WZHHW LV VKRUW� EXW FOXVWHULQJ UHOHYDQW WZHHWV WR D WRSLF LV RIWHQ D NH\ FRQFHUQ LQ WZHHW SURFHVV�

LQJ� <L ������ REVHUYHG WKDW WRSLF FKDQJHV DUH PRUH IUHTXHQW RQ 7ZLWWHU WKDQ LQ RWKHU GRPDLQV�

:KHQ WKH IHDWXUHV DUH OHVV UHODWHG WR WKH WDUJHW FRPSDQ\� WKH\ EULQJ PRUH QRLVH VR WKDW PRGHOV

JHQHUDOO\ IDLO WR FDSWXUH DQ\ WUXH UHODWLRQVKLS ZLWK UHVSHFW WR VWRFN SULFH�

;XH =KDQJ HW DO� ������ LQGLFDWHG WKDW WKH WRSLF RI D WZHHW FDQ EH FDSWXUHG E\ RQH RU WZR NH\�

ZRUGV LQ WKH WZHHW EHFDXVH WKH OHQJWK OLPLWV WKH WRSLF� +RZHYHU� WKLV RSLQLRQ FDQ EH TXHVWLRQHG

EHFDXVH VRPH WZHHWV DUH WRR VKRUW WR FRQYH\ D FOHDUPHDQLQJ DQG VRPHPD\ FRQWDLQPRUH WKDQ RQH

WRSLF� )RU H[DPSOH� DV VKRZQ EHIRUH� WKH WZHHW ³JHQHUDO HOHFWULF VKRUW ����� �JH´ RQO\ FRQWDLQV

ILYH ZRUGV� ([WUDFWLQJ DQ\ LQGLYLGXDO ZRUG IURP WKLV WZHHW FDQQRW SURYLGH WKH NLQG RI FRPSUH�

KHQVLYH NQRZOHGJH QHHGHG IRU FRPSXWHUV WR XQGHUVWDQG WKH RYHUDOO PHDQLQJ� ,Q DQRWKHU FDVH�

6DPSOH ������ DV LW LV D FRPPHQW RQ DQRWKHU WZHHW� LW FRQWDLQV WZR WRSLFV� RQH LV QHZV SRVWHG E\

86(5� DERXW WKH *(¶V PDUNHW VWUDWHJ\ DQG WKH RWKHU LV WKH DXWKRU H[SUHVVLQJ KLV RSWLPLVP DERXW

WKH QHZV� 7KHUH DUH WZR WRSLFV LQ WKLV WZHHW� VR XVLQJ MXVW RQH RU WZR ZRUGV ZRXOG PDNH LW KDUG

WR FDSWXUH LWV FRQFHSW LQ WKHLU HQWLUHW\�

6DPSOH ����� 6RPHWKLQJ WR ORRN IRUZDUG WR 57#86(5�� *(:DQWV 5RRIWRS 6RODU #

���:DWW E\ ���� �*( B7+,6B,6B$B85/B/,1.B YLD #VRODUIHHGV

,GHQWLI\LQJ WKH WRSLF RI VWRFN WZHHWV PD\ EH RI OLWWOH EHQHILW LQ LQFUHDVLQJ WKH DFFXUDF\ RI VWRFN

WZHHWV FODVVLILFDWLRQ� EXW LW FDQ SURYLGH PRUH IHDWXUHV IRU DXWRPDWLF LGHQWLILFDWLRQ� DV <L ������

VXJJHVWHG� +H DOVR QRWHG WKDW WRSLFV FKDQJH PRUH IUHTXHQWO\ LQ VKRUWHU WZHHWV� VR WKH GLIILFXOW\ RI

WRSLF LGHQWLILFDWLRQ ZLOO LQFUHDVH�

��



7KXV� FRQVLGHULQJ WKH GLIILFXOW\ RI LGHQWLI\LQJ VWRFN WRSLFV LQ WZHHWV DQG WKH IDFW WKDW OLWWOH EHQH�

ILW FRPHV IURP WRSLF LGHQWLILFDWLRQ� WKLV WKHVLV ZLOO QRW XWLOLVH D VRSKLVWLFDWHG WRSLF LGHQWLILFDWLRQ

PHWKRG WR UHFRJQLVH VSHFLILF WRSLFV� LQVWHDG LW WULHV WR LGHQWLI\ WZHHWV ZLWK D IRFXV RQ VSHFLILF WLFN�

HUV WR UHGXFH WKH QRLVH DV SUHVHQWHG ODWHU LQ &KDSWHU ��

����� 6XPPDU\

$OWKRXJK VRPH RI WKH DERYH VWXGLHV KDYH QRWLFHG WKDW QRLVH H[LVWV LQ WZHHWV DQG FDQ DIIHFW WKH DF�

FXUDF\ RI WKH LGHQWLILFDWLRQ RI VWRFN WZHHWV �<L� ������ QRQH KDV GLVFXVVHG ZKHWKHU DQG KRZ VWRFN

WZHHWV GLIIHU IURP QRLV\ GDWD� )XUWKHUPRUH� DV VXJJHVWHG E\ ;XH =KDQJ HW DO� ������� OLQJXLVWLF

DQDO\VLV ³PLJKW RIIHU DGGLWLRQDO YDOXDEOH LQIRUPDWLRQ´ �S� ��� WR VWRFN SUHGLFWLRQ EDVHG RQ WZHHWV�

+RZHYHU� QR GLVFXVVLRQ KDV \HW EHHQ FDUULHG RXW RQ WKH GHWDLOHG OLQJXLVWLF IHDWXUHV RI WZHHWV� 7KXV�

WKLV UHVHDUFK SURYLGHV DQ LQ�GHSWK GLVFXVVLRQ RQ WKLV VHFRQG TXHVWLRQ�

4XHVWLRQ �� $UH VWRFN WZHHWV D VSHFLILF W\SH RI WZHHW" $QG ZKDW VSHFLILF OLQJXLVWLF

IHDWXUHV GR WKH\ KDYH"

7KLV TXHVWLRQ ZLOO EH DQVZHUHG LQ &KDSWHU � DQG ��

��� ,GHQWLILFDWLRQ RI 6WRFN 7ZHHWV

'LIIHUHQW DSSURDFKHV WR REWDLQ VWRFN WZHHW GDWD KDYH EHHQ LQWURGXFHG DERYH� EXW D TXHVWLRQ VWLOO

UHPDLQV DIWHU WKH UDZ GDWD DUH FROOHFWHG� $UH WKH FROOHFWHG WZHHWV UHOHYDQW WR WKH VWRFN WRSLF" 0RVW

RI WKH SUHYLRXV VWXGLHV LJQRUHG WKLV SUREOHP� DQG RQO\ YHU\ IHZ UHDOLVHG WKH LPSRUWDQFH RI UHILQLQJ

WKH GDWD�

/DFNLQJ D FRPSUHKHQVLYH OLQJXLVWLF DQDO\VLV RI VWRFN WZHHWV� SUHYLRXV VWXGLHV DSSO\ VRPH VLPSOH

VWUDWHJLHV WR LGHQWLI\ VWRFN WZHHWV IURP FROOHFWHG GDWD� )RU H[DPSOH� 1DQQ HW DO� ������ XVHG

��



³VFXUULOH DQG QDVW\ ODQJXDJH´ �S� �� WR LGHQWLI\ LUUHOHYDQW FRQWHQWV LQ RUGHU WR FOHDQ XS WKHLU GDWD�

6LPLODUO\� %DU�+DLP HW DO� ������ XVHG D ZRUG OLVW EDVHG RQ WKHLU SUHOLPLQDU\ DQDO\VLV WR LGHQWLI\

VWRFN WZHHWV IURP WKH UDZ GDWD� 7KH OLVW FRQWDLQV ZRUGV VXFK DV LQ DQG RXW�

'XH WR WKH VKHHU TXDQWLW\ RI WKH GDWD� LW LV QRW IHDVLEOH WR LGHQWLI\ VWRFN WZHHWV IURP UDZ GDWD

PDQXDOO\� VR GHYHORSLQJ DQ DXWRPDWLF FODVVLILHU EDVHG RQ PDFKLQH OHDUQLQJ PHWKRGV LV QHFHVVDU\�

$FFRUGLQJ WR WKH OLQJXLVWLF IHDWXUHV� WKH UHVHDUFK DSSOLHV PDFKLQH OHDUQLQJ PHWKRGV WR GHYHORS DQ

DXWRPDWLF FODVVLILHU WR LGHQWLI\ VWRFN WZHHWV� LQ RUGHU WR DQVZHU WKH IROORZLQJ UHVHDUFK TXHVWLRQ�

4XHVWLRQ �� ,V LW SRVVLEOH WR LGHQWLI\ WKH VWRFN WZHHWV DFFRUGLQJ WR WKHLU OLQJXLVWLF

IHDWXUHV DXWRPDWLFDOO\"

7KLV TXHVWLRQ LV DGGUHVVHG LQ &KDSWHU ��

��� 6HQWLPHQW &ODVVLILFDWLRQ LQ 6WRFN 3UHGLFWLRQ

$V GLVFXVVHG HDUOLHU� LQ WKH OLWHUDWXUH UHJDUGLQJ VWRFN SUHGLFWLRQ EDVHG RQ WZHHW GDWD� WKHUH LV D GLV�

FXVVLRQ RI KRZ WR DSSO\ VHQWLPHQW DQDO\VLV WR WKLV DUHD� :KHWKHU WZHHWV EULQJ H[SOLFLW VHQWLPHQW

LV D NH\ TXHVWLRQ LQ VHQWLPHQW DQDO\VLV� $Q HDUO\ DQDO\VLV E\ %ROOHQ HW DO� ������ VXJJHVWHG WKDW

WZHHWV ZLWK H[SOLFLW PRRG RU VHQWLPHQW DUH LQ WKHPLQRULW\� ZKLFK UHGXFHG WKHLU VHQWLPHQW GDWDVHW

WR ��� RI WKH UDZ GDWDVHW� 0RUHRYHU� %DU�+DLP HW DO� ������ SRLQWHG RXW WKDW WKH VHQWLPHQW RQ

7ZLWWHU PD\ QRW EH HDVLO\ H[WUDFWHG DV WKH UHVXOW RI WKH LQIRUPDO ODQJXDJH XVHG�

6SUHQJHU DQG :HOSH ������ JHQHUDWHG D IUHTXHQF\ OLVW IRU ZRUGV RFFXUULQJ LQ ³VHOO´� ³EX\´ DQG

³KROG´ WZHHWV� DQG WKH\ GHPRQVWUDWHG WKDW ³WKH PRVW FRPPRQ ZRUGV UHDVRQDEO\ UHIOHFW WKH OLQ�

JXLVWLF EXOOLVKQHVV RI WKH WKUHH FODVVHV´ �S� ���� )RU H[DPSOH� SRVLWLYH ZRUGV DQG EXOOLVK ZRUGV

RFFXU PRUH IUHTXHQWO\ LQ WKH ³EX\´ WZHHWV�

��



;XH =KDQJ HW DO� ������ LQGLFDWHG WKDW SHRSOH SUHIHU RSWLPLVWLF WR SHVVLPLVWLF ZRUGV EHFDXVH WKH\

ILQG WKDW WKH IUHTXHQF\ RI SRVLWLYH ZRUGV LV PXFK KLJKHU WKDQ WKH QHJDWLYH RQHV� &RQVLGHULQJ

WKH WLPH VSDQ RI WKHLU GDWD FROOHFWLRQ IURP 0DUFK WR 6HSWHPEHU� ����� WKUHH RXW RI IRXU RI WKHLU

FRUUHODWHG PDUNHW SULFHV KDYH LQFUHDVHG �'RZ� 1$6'$4 DQG 6	3 ����� VR WKH FRUUHVSRQGLQJ

WZHHW PRRG VKRXOG UHPDLQ SRVLWLYH� 7KHUHIRUH� WKH PDLQ FDXVH RI WKH KLJK IUHTXHQF\ RI SRVLWLYH

ZRUGV LV WKDW WKH PDUNHW KDV DQ LQIOXHQFH RQ 7ZLWWHU XVHUV¶ RSLQLRQV� EXW QRW VLPSO\ EHFDXVH RI

XVHUV¶ SUHIHUHQFHV� 7KLV LV VXSSRUWHG E\2K DQG 6KHQJ ������� ZKR VXJJHVWHG WKDW RQOLQH LQYHVWRUV

WHQG WR EH RYHU�FRQILGHQW RU RYHU�RSWLPLVWLF DV WKH\ QRWLFH WKDW WKHUH LV PRUH EXOOLVK VHQWLPHQW

WKDQ EHDULVK VHQWLPHQW HYHQ LQ WKH GHFOLQLQJ SHULRG�

$V VWDWHG LQ &KDSWHU �� WKLV WKHVLV IRFXVHV RQ WKH VHQWLPHQW FODVVLILFDWLRQ RI VWRFN WZHHWV� VR LW LV

ZRUWK ORRNLQJ DW ZKDW NLQGV RI DSSURDFKHV KDYH EHHQ XVHG LQ SUHYLRXV VWXGLHV� 7DEOH ����� VKRZV

WKDW PRVW RI WKH SUHYLRXV VWXGLHV DUH EDVHG RQ WKH EDJ�RI�ZRUGV DSSURDFK� DQG WKH UHVW XVH WKH

YDULDWLRQV RI WKH EDJ�RI�ZRUGV DSSURDFK� VXFK DV OH[LFDO VFRUHUV DQG 326 IHDWXUHV� 7KXV� WKH IRO�

ORZLQJ VHFWLRQV ZLOO UHYLHZ WKHVH PDLQ DSSURDFKHV LQ WXUQ� ,Q DGGLWLRQ� � RXW RI �� SDSHUV LQ WKLV

WDEOH GLG QRW PHQWLRQ WKH DFFXUDF\ RI WKH VHQWLPHQW FODVVLILFDWLRQ UHVXOWV DW DOO� 6SUHQJHU DQG

:HOSH ������ DQG 2K DQG 6KHQJ ������ DFKLHYHG EHVW VFRUHV RI ����� DQG ����� UHVSHFWLYHO\ E\

XVLQJ WKH EDJ�RI�ZRUGV PRGHO� 6PDLORYLü HW DO� ������ UHSRUWHG D EHVW DFFXUDF\ RI ���� LQ WKHLU

VWXGLHV� EXW WKH GDWDVHW WKH\ XVHG WR DFKLHYH WKLV DFFXUDF\ LV WKH GDWDVHW FROOHFWHG E\ *R� %KD\DQL

DQG +XDQJ ������� *R HW DO� ������¶V GDWDVHW LV D FROOHFWLRQ RI JHQHUDO WZHHWV FRQWDLQLQJ HPRWL�

FRQV� ZKLFK LV FRPSOHWHO\ GLIIHUHQW IURP WKH VWRFN WZHHW GDWD XVHG LQ 6PDLORYLF¶V ODWHU DQDO\VLV�

7KHUHIRUH� WKLV UHVXOW LV QRW FRPSDUDEOH WR WKH RWKHU¶V UHVXOWV�

��



7DEOH ����� 6WDWLVWLFV RI SUHYLRXV VWXGLHV RI VWRFN SUHGLFWLRQ EDVHG RQ WZHHW GDWD

3URMHFW 6HQWLPHQW FODVVLILFDWLRQ DSSURDFK %HVW DFFXUDF\

6SUHQJHU 	 :HOSH ������ EDJ�RI�ZRUGV �����

;XH =KDQJ HW DO� ������ EDVHG RQ NH\ZRUGV 1$

:� %� =KDQJ 	 6NLHQD ������ EDJ�RI�ZRUGV 1$

%ROOHQ HW DO� ������ EDJ�RI�ZRUGV 1$

0DR HW DO� ������ EDVHG RQ NH\ZRUGV 1$

2K 	 6KHQJ ������ EDJ�RI�ZRUGV� OH[LFDO VFRUHU 	 ERWK �����

;XH =KDQJ HW DO� ������ EDVHG RQ NH\ZRUGV 1$

6PDLORYLü HW DO� ������ EDJ�RI�ZRUGV �XQLJUDP� ELJUDP� 1$

2OLYHLUD HW DO� ������ � ZRUG OLVWV� HPRWLFRQV 1$

1DQQ HW DO� ������ EDJ�RI�ZRUGV� SDUW�RI�VSHHFK 1$

,W LV FRPSOHWHO\ VKRFNLQJ DQG GLVDSSRLQWLQJ WR VHH WKDW WKHVH SDSHUV EDVHG RQ VHQWLPHQW DQDO\VLV

QHYHU UHSRUWHG RU PLVUHSRUWHG WKH VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\ LQ WKHLU H[SHULPHQWV� :LWK�

RXW WKH DFFXUDF\� KRZ FDQ RWKHU UHVHDUFKHUV LQ WKLV DUHD HYDOXDWH DQG UHIHU WR WKHVH SDSHUV"

����� %DJ�RI�ZRUGV 0RGHO

7KH EDJ�RI�ZRUGV PRGHO� RU WKH EDJ�RI�IHDWXUHV PRGHO� LV D ZLGHO\ XVHG PRGHO LQ 1/3� ZKLFK

SHUIRUPV UHODWLYHO\ ZHOO LQ WH[W FODVVLILFDWLRQ DQG LPDJH UHFRJQLWLRQ� 7KH FRQFHSW RI ³EDJ�RI�

ZRUGV´ ILUVW DSSHDUHG LQ +DUULV ������¶ ZRUN� ZKHUH LW ZDV VXJJHVWHG WKDW ³ODQJXDJH LV QRW PHUHO\

D EDJ�RI�ZRUGV EXW D WRRO ZLWK SDUWLFXODU SURSHUWLHV ZKLFK KDYH EHHQ IDVKLRQHG LQ WKH FRXUVH RI

LWV XVH´ �S� ����� ,Q WKH PRGHO RI GLVWULEXWLRQDO VWUXFWXUH� KH K\SRWKHVLVHG WKDW ODQJXDJH FRQVLVWV

RI GLIIHUHQW ³VWUXFWXUHV´� DQG HDFK RI WKHP FDQ IXQFWLRQ LQGLYLGXDOO\� %DVHG RQ WKLV� WKH GLVWULEX�

WLRQDO VWUXFWXUH KDV DQ HVVHQWLDO IHDWXUH�

��



6RPH HOHPHQWV DUH VLPLODU WR RWKHUV LQ WHUPV RI FHUWDLQ WHVWV� RU DUH VLPLODU LQ WKH

VHQVH WKDW LI ZH JURXS WKHVH VLPLODU HOHPHQWV LQWR VHWV �³VLPLODULW\ JURXSLQJV´�� WKH

GLVWULEXWLRQ RI DOO PHPEHUV RI D VHW �LQ UHVSHFW WR RWKHU VHWV� ZLOO EH WKH VDPH DV IDU

DV ZH FDQ GLVFRYHU �S� �����

7KXV� WKH ³EDJ�RI�ZRUGV� PRGHO VKDUHV D VLPLODU FRQFHSW� LW WUHDWV WH[W DV µDQ XQRUGHUHG EDJ RI

LQGHSHQGHQW HYLGHQFH SRLQWV¶ ´ �<DURZVN\� ����� S� ����� ,Q RWKHU ZRUGV� LI DQ LWHP LV SXW LQ D

EODFN ER[ ZLWK VRPH KROHV RQ WKH VXUIDFH� DQG LI HQRXJK KROHV DUH SURYLGHG� WKH LWHP FDQ WKXV EH

UHFRJQLVHG� 3DQJ HW DO� ������ GHILQH WKLV PRGHO DV�

/HW ^I�� � � � � IP` EH D SUHGHILQHG VHW RI P IHDWXUHV WKDW FDQ DSSHDU LQ D GRFXPHQW�

H[DPSOHV LQFOXGH WKH ZRUG ³VWLOO´ RU WKH ELJUDP ³UHDOO\ VWLQNV´� /HW QL�G� EH WKH QXP�

EHU RI WLPHV IL RFFXUV LQ GRFXPHQW G� 7KHQ� HDFK GRFXPHQW G LV UHSUHVHQWHG E\ WKH

GRFXPHQW YHFWRU d⃗ �  �Q��G�� Q��G�� � � � � QP�G��� �S� ���

7KHUHIRUH� WKH PRGHO FRQYHUWV ZRUG IUHTXHQF\ LQWR D YHFWRU WR EH VXPPDULVHG E\ FRPSXWLQJ WKH

FRVLQH VLPLODULW\� 0RUHRYHU� LW LV LPSRUWDQW WR QRWLFH WKDW HLWKHU WKH XQLJUDP RU WKH PXOWL�JUDP

PRGHO LV EDVHG RQ WKH SUHVHQFH RI WKH SDUVLQJ UHVXOW� 3DUWLFXODUO\ WKH PXOWL�JUDP PRGHO PD\

LJQRUH WKH PHDQLQJ RI LQGLYLGXDO VHJPHQWDWLRQ SDUWV�

$SSO\LQJ WKH EDJ�RI�ZRUGV PRGHO WR VHQWLPHQW DQDO\VLV� NH\ZRUGV DUH FODVVLILHG LQWR SRVL�

WLYH�QHJDWLYH FDWHJRULHV� VR HDFK NH\ZRUG LV DVVLJQHG D YDOXH UHSUHVHQWLQJ HLWKHU SRVLWLYH RU

QHJDWLYH VHQWLPHQW� 6RPH VWXGLHV DGGHG D QHXWUDO FDWHJRU\ IRU XQFODVVLILHG NH\ZRUGV �3DQJ 	

/HH� ������ 5RXJKO\� DQDO\VWV FDQ UHFRJQLVH WKH JHQHUDO SRVLWLYH�QHJDWLYH IHDWXUH RI WKH VDPSOH

WH[W EDVHG RQ WKH VXP RI IHDWXUHV RI WKH FRPSRQHQW ZRUGV�

7KHPDLQ GUDZEDFN RI WKH EDJ�RI�ZRUGV DSSURDFK LV WKDW LW K\SRWKHVLVHV WKDW HDFK RI WKH ³SDWWHUQ´

FDQ ZRUN LQGLYLGXDOO\� 7KLV LV UDUHO\ WUXH LQ QDWXUDO ODQJXDJH� )LUVW� LW LJQRUHV WKH OLQJXLVWLF FRQ�

QHFWLRQV RI LQGLYLGXDO ZRUGV� )RU H[DPSOH� LQ WKH VHQWHQFH ³WKLV LV QRW WRR EDG´� DOWKRXJK LW KDV

��



WZR QHJDWLYH ZRUGV ± ³QRW´ DQG ³EDG´� WKH SRODULW\ RI WKH ZKROH VHQWHQFH LV QRW HQWLUHO\ QHJDWLYH�

2QH W\SLFDO LQVWDQFH LV PHQWLRQHG E\ 3DQJ HW DO� ������ WKDW ³WKHUH DUH PDQ\ ZRUGV LQGLFDWLYH

RI WKH RSSRVLWH VHQWLPHQW WR WKDW RI WKH HQWLUH UHYLHZ´ �S� ���� VR WKH EDJ�RI�ZRUGV PRGHO FDQQRW

SUHFLVHO\ LGHQWLI\ WKH RYHUDOO HPRWLRQ LQ VXFK D GRPDLQ� ,Q WKLV FDVH� WKH\ QHHG VXIILFLHQW FRQWH[W�

,I WKH VFRSH IRFXVHV RQ D UHODWLYHO\ UHVWULFWHG FRQWH[W� IRU H[DPSOH� RQH VHQWHQFH RU RQH WZHHW� WKH

RXWFRPH LV OLNHO\ WR EH SUREOHPDWLF� $V 1LJDP DQG +XUVW ������ SRLQWHG RXW� ³VLQFH D VHQWHQFH

LV VXEVWDQWLDOO\ VKRUWHU WKDQ WKH DYHUDJH GRFXPHQW� WKHUH ZLOO EH PDQ\ IHZHU IHDWXUHV LQ D VHQ�

WHQFH EDJ�RI�ZRUGV WKDQ LQ D GRFXPHQW EDJ�RI�ZRUGV´ �S� ��� 7KH\ SURSRVHG WKLV DUJXPHQW LQ

WKHLU WRSLF LGHQWLILFDWLRQ ZRUN� EXW LW FDQ EH DSSOLHG WR VHQWLPHQW DQDO\VLV DV ZHOO� )XUWKHUPRUH�

WZHHW FRQWHQWV DUH RIWHQ LQFRPSOHWH� PDNLQJ WKH H[WUDFWLRQ RI XVHIXO EDJ�RI�IHDWXUHV PXFK PRUH

GLIILFXOW� DV GHPRQVWUDWHG LQ &KDSWHU ��

7KRXJK LW KDV VXFK REYLRXV GUDZEDFNV� LW LV VWLOO D PDLQVWUHDP DSSURDFK LQ VHQWLPHQW DQDO\VLV�

7KHUHIRUH� WKH PDLQ DQDO\VLV ILUVW XVHV WKLV DSSURDFK DV WKH EDVHOLQH DQG WKHQ WHVWV IRU ZKHWKHU

FODVVLI\LQJ VHQWLPHQW EDVHG RQ WKH OLQJXLVWLF IHDWXUHV FDQ FRPSHWH ZLWK WKLV DSSURDFK RU ZKHWKHU

FRPELQLQJ WKHP FDQ DFKLHYH D EHWWHU UHVXOW�

,Q SUDFWLFH� PRVW RI WKH SUHYLRXV ZRUN XVHG D SUHGHVLJQHG VHQWLPHQW ZRUG OLVW WR EXLOG WKH EDJ�

RI�ZRUGV PRGHO �VHH 7DEOH ������� DQG WKH\ FODLPHG WKDW WKHVH ZRUG OLVWV ZRUNHG ZHOO ZLWK WKHLU

GDWDVHWV�

��



7DEOH ����� 6HQWLPHQW ZRUG OLVWV XVHG LQ SUHYLRXV VWXGLHV

3URMHFW :RUG OLVW

6SUHQJHU 	 :HOSH ������ +DUYDUG�,9�� FODVVLILFDWLRQ GLFWLRQDU\ �2JLOYLH� 6WRQH� 	 .HOO\� �����

:� %� =KDQJ 	 6NLHQD ������ 1$

%ROOHQ HW DO� ������ 2SLQLRQ)LQGHU �:LOVRQ HW DO�� ����D�� *RRJOH 3URILOH RI 0RRG 6WDWHV �%ROOHQ HW DO�� �����

0DR HW DO� ������ /RXJKUDQ DQG 0F'RQDOG )LQDQFLDO 6HQWLPHQW 'LFWLRQDULHV �/RXJKUDQ 	 0F'RQDOG� �����

2K 	 6KHQJ ������ D PDQXDOO\ FUDIWHG OH[LFRQ RI EXOOLVK DQG EHDULVK NH\ZRUGV �2K 	 6KHQJ� �����

6PDLORYLü HW DO� ������ 1$

2OLYHLUD HW DO� ������ +DUYDUG�,9�� FODVVLILFDWLRQ GLFWLRQDU\ �2JLOYLH HW DO�� ������

034$ 6XEMHFWLYLW\ /H[LFRQ �:LOVRQ� :LHEH� 	 +RIIPDQQ� ����E��

6HQWL:RUG1HW �%DFFLDQHOOD� (VXOL� 	 6HEDVWLDQL� ������ 2SLQLRQ /H[LFRQ �+X 	 /LX� ������

0DFTXDULH 6HPDQWLF 2ULHQWDWLRQ /H[LFRQ �0RKDPPDG� 'XQQH� 	 'RUU� �����

1DQQ HW DO� ������ 1$

+RZHYHU� WKH YDOLGLW\ RI WKHVH ZRUG OLVWV LV LQ GRXEW� EHFDXVH QRQH RI WKH DERYH SUHGHVLJQHG ZRUG

OLVWV ZHUH GHVLJQHG VSHFLILFDOO\ IRU WZHHW GDWD DQG SUHYLRXV VWXGLHV RI OLQJXLVWLFV IHDWXUHV RI WZHHWV

KLJKOLJKWHG PDQ\ IHDWXUHV GLVWLQFW WR RWKHU GRPDLQV LQ WZHHWV �DV GLVFXVVHG LQ 6HFWLRQ �������

7KHUHIRUH� LW LV QHFHVVDU\ WR H[DPLQH WKHP� DQG LI WKH\ GR QRW ZRUN� D QHZ ZRUG OLVW VKRXOG EH

GHVLJQHG� +HQFH� WKH IRXUWK UHVHDUFK TXHVWLRQ LV DV IROORZV�

4XHVWLRQ �� +RZ FDQ D UREXVW VHQWLPHQW ZRUG OLVW IRU WZHHW VHQWLPHQW FODVVLILFDWLRQ

EH GHVLJQHG"

7KLV TXHVWLRQ LV DGGUHVVHG LQ &KDSWHU ��

��



����� 6HPDQWLF RULHQWDWLRQ

$QRWKHU PDLQ VHQWLPHQW FODVVLILFDWLRQ DSSURDFK LV VHPDQWLF RULHQWDWLRQ� ,QWURGXFLQJ PRUH PDWK�

HPDWLFDO WRROV DQG PDFKLQH OHDUQLQJ PHWKRGV DOORZV VHQWLPHQW DQDO\VLV WR LQYHVWLJDWH PRUH OLQ�

JXLVWLF GHWDLOV RI WDUJHW WH[WV� $V 7XUQH\ ������ QRWHG� VHPDQWLF RULHQWDWLRQ ³LV FDOFXODWHG DV WKH

PXWXDO LQIRUPDWLRQ EHWZHHQ WKH JLYHQ SKUDVH DQG WKH ZRUG H[FHOOHQW PLQXV WKH PXWXDO LQIRUPD�

WLRQ EHWZHHQ WKH JLYHQ SKUDVH DQG WKHZRUG SRRU´ �S� ����� 7KLV FRQFHSW FDQ EH VHHQ WR GHULYH IURP

WKH LGHD RI VHPDQWLF ILHOG� /HKUHU ������ GHILQHG VHPDQWLF ILHOG DV ³D JURXS RI ZRUGV FORVHO\ UH�

ODWHG LQ PHDQLQJV� RIWHQ VXEVXPHG XQGHU D JHQHUDO WHUP´ �S� ��� PHDQLQJ GLIIHUHQW VHWV RI ZRUGV

RU SKUDVHV FDQ EH JURXSHG DV YRFDEXODU\ DFFRUGLQJ WR GLIIHUHQW FODVVLILFDWLRQ FULWHULD� 7KXV� VH�

PDQWLF ILHOG FRQVLGHUV WKDW WKHUH DUH GLIIHUHQW ³VHWV ZKLFK DUH UHODWHG WR FRQFHSWXDO ILHOGV´ �S� ���

LQ ODQJXDJH� 7KH VHPDQWLF RULHQWDWLRQ PRGHO K\SRWKHVLVHV WKDW WKHUH DUH WZR ILHOGV� SRVLWLYH DQG

QHJDWLYH� 7KHUHIRUH� HDFK ZRUGV FDQ EH JURXSHG LQWR HLWKHU ILHOG� RU WKH GLVWDQFH WR HLWKHU ILHOG

FDQ EH FDOFXODWHG� ZLWK WKH GLIIHUHQFH EHWZHHQ WKH WZR ILHOGV FDQ LQGLFDWLQJ WKH RULHQWDWLRQ RI D

ZRUG�

8QOLNH WKH EDJ�RI�ZRUGV PRGHO� WKLV DSSURDFK H[FOXGHV PHDQLQJOHVV SDUVLQJ UHVXOWV� $QRWKHU GLI�

IHUHQFH LV WKDW WKH UHVXOW RI VHPDQWLF RULHQWDWLRQ GHSHQGV RQ WKH FDOFXODWLRQ RI WKH YDOXHV DVVLJQHG

EHWZHHQ WKH JLYHQ SKUDVH DQG WKH JHQHUDO WHUP� 7KHUHIRUH� WKLV UHVXOW LV QRW PHUHO\ D VWDWLVWLFDO

UHVXOW RI SKUDVH SUHVHQFH� EXW D ZHLJKWHG UHVXOW RI VHOHFWHG RFFXUUHQFHV� )LQDOO\� DV LQGLFDWHG

E\ 7XUQH\ ������� VHPDQWLF RULHQWDWLRQ LV DQ XQVXSHUYLVHG OHDUQLQJ DSSURDFK� ZKLOH WKH EDJ�RI�

ZRUGV PRGHO LV RIWHQ XVHG ZLWK VXSHUYLVHG OHDUQLQJ PHWKRGV�

1HYHUWKHOHVV� RQH PDLQ VKRUWFRPLQJ RI VHPDQWLF RULHQWDWLRQ LV WKDW WKH DFFXUDF\ LV VXEMHFW WR WKH

WDUJHW WH[W W\SH� 7KH VWXG\ E\ 7XUQH\ ������ VXJJHVWV WKDW WKH UHVXOW LV QRW VWDEOH DFURVV GLIIHUHQW

W\SHV RI WH[WV� IRU H[DPSOH� WKH VHPDQWLF ILHOG DSSURDFK EDVHG RQPRYLH UHYLHZ DQG SURGXFW UHYLHZ

GDWD FDQ UHVXOW LQ YHU\ GLIIHUHQW DFFXUDF\ LQ VHQWLPHQW DQDO\VLV�

��



����� (PRWLFRQ PRGHO

$QRWKHU DSSURDFK EHLQJ XVHG LQ VHQWLPHQW DQDO\VLV XVHV HPRWLFRQV� (PRWLFRQV RU VPLOH\V� DV

5HDG ������ GHILQHG WKHP� DUH ³JO\SKV FRQVWUXFWHG XVLQJ WKH FKDUDFWHUV DYDLODEOH RQ D VWDQGDUG

NH\ERDUG� UHSUHVHQWLQJ D IDFLDO H[SUHVVLRQ RI HPRWLRQ´ �S� ���� ZKLFK RIWHQ DSSHDU DW WKH HQG RI

VHQWHQFHV LQ VRFLDOPHGLD GLVFRXUVHV� 3HRSOH SUHIHU XVLQJ WKHVHPDUNV WR H[SUHVV RU UHLQIRUFH WKHLU

DWWLWXGH� WR VRPH H[WHQW� WKLV XVH KDV EHHQ DFFHSWHG PRUH DQGPRUH ZLGHO\� DQG LQ VRPH GRPDLQV�

WKLV KDV EHFRPH DQ HVVHQWLDO SDUW RI FRPPXQLFDWLRQ� 7KXV� VRPH SUHYLRXV VWXGLHV SDLG DWWHQWLRQ

WR WKLV SUREOHP EHFDXVH WKH\ FRQVLGHUHG WKLV WR EH DQ H[SOLFLW VLJQDO RI VXEMHFWLYH LQIRUPDWLRQ

�+RJHQERRP HW DO�� ����� .� /LX HW DO�� ����� 5HDG� ������

����� 6WRFN WZHHWV FODVVLILFDWLRQ VWUDWHJ\

$V LQWURGXFHG LQ 6HFWLRQ ���� VHQWLPHQW DQDO\VLV KDV WZR FODVVLILFDWLRQ VWUDWHJLHV� HLWKHU SRODULW\

FODVVLILFDWLRQ RU ILQH�JUDLQHG FODVVLILFDWLRQ�

6WXGLHV RQ XVLQJ JHQHUDO WZHHWV WR SUHGLFW WKHPDUNHW WUHQGV WHQG WR XVH WKH ILQH�JUDLQHG DSSURDFK�

6WDUWHG E\ %ROOHQ HW DO� ������� VL[ VHQWLPHQW FDWHJRULHV KDYH EHHQ XVHG LQ WKHLU DQDO\VLV� WHQVLRQ�

GHSUHVVLRQ� DQJHU� YLJRXU� IDWLJXH� DQG FRQIXVLRQ� 7KHQ� %ROOHQ HW DO� ������ XVHG D GLIIHUHQW

FDWHJRU\ WR FODVVLI\ WZHHWV� FDOP� DOHUW� VXUH� YLWDO� NLQG DQG KDSS\� ,Q WKHLU VXEVHTXHQW ZRUN�

KRZHYHU� WKH\ XVHG D FRPSOHWHO\ GLIIHUHQW DSSURDFK� ZKHUH WKH\ FRQVLGHUHG ³D WZHHW DV EXOOLVK LI

LW FRQWDLQV WKH WHUP µEXOOLVK¶� DQG EHDULVK LI LW FRQWDLQV WKH µEHDULVK¶ ´ �0DR HW DO�� ����� S� ��� $V

VKRZQ LQ 7DEOH ������ PRVW RI WKH 6WDQIRUG ILQDO SURMHFWV IROORZHG WKLV DSSURDFK �&KDNRXPDNRV HW

DO�� ����� +VX HW DO�� ����� 0LWWDO 	 $USLW� ������

2Q WKH RWKHU KDQG� VWXGLHV RQ XVLQJ WLFNHU�VSHFLILF WZHHWV WR SUHGLFW LQGLYLGXDO SHUIRUPDQFH WHQG

WR XVH WKH SRODULW\ DSSURDFK� 6PDLORYLü HW DO� ������� 7XVKDU 5DR	6ULYDVWDYD ������� DQG2OLYHLUD

HW DO� ������ XVHG WKH OLWHUDOO\ ³SRVLWLYH´ DQG ³QHJDWLYH´ FDWHJRULHV WR GHILQH WKH VHQWLPHQW LQ

��



WZHHWV� +RZHYHU� 6SUHQJHU DQG:HOSH ������ XVHG D VOLJKWO\ GLIIHUHQW GHILQLWLRQ RI ³SRVLWLYH´ DQG

³QHJDWLYH´ LQ WKHLU UHVHDUFK� LQ ZKLFK WKH\ FRQVLGHU EXOOLVK DV SRVLWLYH� DQG EHDULVK DV QHJDWLYH�

2K DQG 6KHQJ ������ DQG 1DQQ HW DO� ������ XVHG WKH VDPH VWUDWHJ\ WR FODVVLI\ WKHLU WZHHW GDWD�

8VLQJ SRODULW\ ZLWKLQ WKH VWRFN WZHHW FRQWH[W LV QRW DV VLPSOH DV LQ RWKHU FRQWH[WV EHFDXVH WKHUH LV D

GLVDJUHHPHQW EHWZHHQ WKHPDUNHW VHQWLPHQW DQG WKH OLQJXLVWLF GHILQLWLRQ RI WKH SRODULW\� 6SUHQJHU

DQG :HOSH ������ SRLQWHG RXW WKDW ³EX\ DQG VHOO VLJQDOV PD\ FDUU\ YHU\ GLIIHUHQW LQIRUPDWLRQ

ZLWK UHVSHFW WR VXEVHTXHQW VWRFN UHWXUQV´ �S� ���� 7KLV LQGLFDWHV WKDW WKH UHODWLRQVKLS EHWZHHQ

LQYHVWPHQW DFWLRQPDUNHW WUHQG GRHV QRWPDWFK SHUIHFWO\� 7KH\ WKHQ H[SODLQHG GLIIHUHQW SRODULWLHV

UHVSHFWLYHO\�

�� 3RVLWLYH HPRWLRQV IUHTXHQWO\ RFFXU LQ EX\ VLJQDOV�

�� 1HJDWLYH HPRWLRQV IUHTXHQWO\ RFFXU LQ VHOO VLJQDOV�

�� 3RVLWLYH DQG QHJDWLYH HPRWLRQV HTXDOO\ IUHTXHQWO\ RFFXU LQ KROG VLJQDOV �SS��������

0DQ\ VWXGLHV RQ WKLV WRSLF FODVVLI\ WZHHWV LQWR VXFK D SRODULW\ FDWHJRULHV� EXW IHZ KDYH GLVFXVVHG

WKH FODVVLILFDWLRQ FULWHULD LQ GHWDLO� 'RHV D ³SRVLWLYH´ VWRFN WZHHW PHDQ ³EX\´" 'RHV D ³QHJDWLYH´

VWRFN WZHHW PHDQ ³VHOO´" $QG GRHV D ³QHXWUDO´ VWRFN WZHHW PHDQ ³KROG´" 7KH TXHVWLRQ IRUP WKH

EDVLV IRU WKH ILIWK UHVHDUFK TXHVWLRQ�

4XHVWLRQ �� 'RHV D PRUH SUHFLVH GHILQLWLRQ RI D SRVLWLYH� QHXWUDO� RU QHJDWLYH VWRFN

WZHHW LQ DFFRUGDQFH ZLWK PDUNHW YDOXHV KHOS WR LPSURYH WKH TXDOLW\ RI VWRFN WZHHW

VHQWLPHQW DQDO\VLV"

7KLV TXHVWLRQ LV DGGUHVVHG LQ &KDSWHU ��

��



7KH GLVDJUHHPHQW EHWZHHQ WKH UHODWLRQVKLS RI WKH PDUNHW WUHQG DQG LQYHVWPHQW DFWLRQ LQFUHDVHV

WKH GLIILFXOW\ RI GHVLJQLQJ D ZD\ RI FODVVLI\LQJ WLFNHU�UHODWHG WZHHWV� DQG LW DOVR KLJKOLJKWV WKH GLI�

ILFXOW\ RI DQDO\VLQJ WKH FRUUHODWLRQ EHWZHHQ WKH PDUNHW DQG WKH VHQWLPHQW�

$QRWKHU IXQGDPHQWDO SUREOHP LQ WKH SRODULW\ DSSURDFK LV KRZ WR SURFHVV WKH QHXWUDO VHQWLPHQW�

6RPH RI WKH VWXGLHV DVVLJQHG XQFODVVLILHG GDWD WR WKH QHXWUDO FDWHJRU\ DV QRWHG E\ 3DQJ DQG /HH

������� 7KLV LV FRQIXVLQJ EHFDXVH WKH XQFODVVLILHG GDWD SUREDEO\ FRQWDLQ VRPH LUUHOHYDQW FRQWHQWV�

7KXV� FODVVLI\LQJ WKHP DV QHXWUDO WZHHWV DQG UHJDUGLQJ WKHP DV UHOHYDQW FRQWHQW FDQ FDXVH FRQIX�

VLRQV� ,Q DGGLWLRQ� VRPH RI WKH DQDO\VHV VLPSO\ UHPRYHG WKH QHXWUDO FDWHJRU\ ZKHQ WKH\ FRPSXWH

WKH RYHUDOO VHQWLPHQW VFRUH �2K 	 6KHQJ� ������ 7KLV LV DOVR SUREOHPDWLF� EHFDXVH LI QRUPDOLVLQJ

WKH VHQWLPHQW VFRUH LV QHFHVVDU\� WKHQ WKH QHXWUDO GDWD FRXQWV LV DQ LPSRUWDQW SDUW LQ WKH VFRUH�

7KHUHIRUH� UHPRYLQJ WKHP FDQ JHQHUDWH D GLIIHUHQW� DQG SRWHQWLDOO\ LQDFFXUDWH� UHVXOW� %HFDXVH RI

WKLV� DQRWKHU TXHVWLRQ PXVW EH DGGUHVVHG�

4XHVWLRQ �� +RZ FDQ WKH QHXWUDO VHQWLPHQW FDWHJRU\ RI VWRFN WZHHWV EH GHILQHG DQG

SURFHVVHG"

7KLV TXHVWLRQ LV DGGUHVVHG LQ ERWK &KDSWHUV � DQG ��

��� 6XPPDU\

7KLV FKDSWHU ILUVW LQWURGXFHG WKH EDFNJURXQG NQRZOHGJH WR VHQWLPHQW DQDO\VLV DQG VWRFN SUHGLF�

WLRQ EDVHG RQ WZHHW GDWD� $V WKH SUHYLRXV OLWHUDWXUH VKRZV� WKHUH DUH VHYHUDO XQDQVZHUHG TXHVWLRQV

LQ WKLV DUHD� )LUVW� ZKDW LV D VWRFN WZHHW" 6HFRQG� GR VWRFN WZHHWV KDYH VSHFLILF OLQJXLVWLF IHDWXUHV"

7KLUG� ZKDW LV D SRVLWLYH� QHXWUDO� RU QHJDWLYH VWRFN WZHHW" )RXUWK� FDQ QHXWUDO VHQWLPHQW H[FOXGH

WKH XQFODVVLILHG GDWD" 7KH IROORZLQJ DQDO\VHV WU\ WR DQVZHU WKHVH TXHVWLRQV�

���



5DWKHU WKDQ XQGHUVWDQG WKH FRUUHODWLRQ EHWZHHQ WZHHWV DQG WKHPDUNHW LQ JHQHUDO� WKLV UHVHDUFK LV

PRUH LQWHUHVWHG LQ WKH FRUUHODWLRQ EHWZHHQ WZHHWV DQG WKH LQGLYLGXDO WLFNHU¶V SHUIRUPDQFH� 7KXV�

LW DLPV WR GHYHORS DQ DSSURDFK WR LPSURYH WKH DFFXUDF\ RI VHQWLPHQW DQDO\VLV EDVHG RQ SUHYLRXV

VWXGLHV ZLWK WKLV IRFXV� ,Q DGGLWLRQ� FXUUHQW DSSURDFKHV WR VHQWLPHQW DQDO\VLV PDNH OLWWOH XVH RI

OLQJXLVWLF IHDWXUHV� )RU H[DPSOH� WKH EDJ�RI�ZRUGV DSSURDFK QHJOHFWV WKH VHPDQWLF UHODWLRQVKLS LQ

WKH VDPSOH� 7KXV� WKH SUHVHQW UHVHDUFK WHVWV ZKHWKHU EHWWHU DFFRXQWLQJ IRU WKH OLQJXLVWLF IHDWXUHV

RI VWRFN WZHHWV FDQ LPSURYH WKH DFFXUDF\ RI VHQWLPHQW FODVVLILFDWLRQ�

$V GLVFXVVHG DERYH� %ROOHQ HW DO� ������ PDGH WKH ILUVW DWWHPSW LQ WKLV DUHD� DQG VRRQ DIWHU WKHLU

SDSHU ZDV SXEOLVKHG� WKH\ UHFHLYHG �� PLOOLRQ SRXQGV WR HVWDEOLVK D KHGJH IXQG 'HUZHQW &DSLWDO

0DUNHWV LQ /RQGRQ �-RUGDQ� ������ +RZHYHU� WZR \HDUV ODWHU� WKLV KHGJH IXQG ZDV IRU VDOH LQ DQ

RQOLQH DXFWLRQ �6XNXPDU� ������ 7KH ILQDO ELG ZDV RQO\ ������� SRXQGV �VHH )LJXUH ������� ,Q DQ

LURQLF VWDWHPHQW� WKH RZQHU RI WKH KHGJH IXQG FODLPHG� ³>Q@RZ ZH PRYH RQWR RXU QH[W SURMHFW� WR

VXFFHVVIXOO\ XVH VRFLDO PHGLD WR SXEOLFO\ DXFWLRQ RXU FRPSDQ\ DQG LQQRYDWLYH WHFKQRORJ\ WR WKH

KLJKHVW ELGGHU´ �6XNXPDU� ������

���



)LJXUH ����� 7KH VFUHHQVKRW RI 'HUZHQW &DSLWDO 0DUNHWV¶ ILQDO RQOLQH DXFWLRQ

���



&KDSWHU � 7ZHHW 'DWD &ROOHFWLRQ DQG $QQRWDWLRQ

$V GDWD�GULYHQ UHVHDUFK� WKH GDWD FROOHFWLRQ LV IXQGDPHQWDO WR WKLV WKHVLV� 1RW RQO\ GRHV WKH UH�

VHDUFKPDNH DJJUHVVLYH LQYHVWLJDWLRQV LQWR WKH GDWD� WKH HQRUPRXV TXDQWLW\ RI GDWD DOVR SRVH DGGL�

WLRQDO SUREOHPV� VR WKRXJKWIXO FRQVLGHUDWLRQV DUH QHFHVVDU\� 7KHUHIRUH� WKLV FKDSWHU ILUVW EULHIO\

GLVFXVVHV WKH GLIILFXOWLHV RI XQGHUWDNLQJ WKLV LQWHUGLVFLSOLQDU\ SURMHFW� ZKLFK LQFOXGHV WKH VSDUVH�

QHVV IRXQG LQ PDVVLYH WZHHW GDWD VHWV� WKH IUHTXHQW FKDQJHV RI 7ZLWWHU¶V GDWD UHOHDVLQJ SROLF\� WKH

SUHVHQFH RI QRQ�VWDQGDUG H[SUHVVLRQV LQ WZHHWV� WKH GLVDJUHHPHQW RI WKH WULQDU\ UHODWLRQVKLS �L�H��

WKH LPSHUIHFW UHODWLRQVKLS EHWZHHQ KRZ WZHHWV DUH FODVVLILHG DV SRVLWLYH� QHJDWLYH� RU QHXWUDO LQ

WHUPV RI VHQWLPHQW DQG KRZ WKH PDUNHW LV GHILQHG DV EXOOLVK� EHDULVK RU KROG�� DQG WKH GLIIHUHQW

WLPLQJV RI ZKHQ WKH VWRFN PDUNHW LV RSHQ DQG ZKHQ SHRSOH SRVW WZHHWV� 7KLV FKDSWHU WKHQ LQWUR�

GXFHV WKH FROOHFWLRQ SURFHGXUH RI VWRFN WZHHWV� 7KLV W\SH RI GDWD LV GLIILFXOW WR FROOHFW GXH WR WKH

WLJKW UHVWULFWLRQV RI 7ZLWWHU� VR WKH PDQLSXODWLRQ RI UDZ WZHHWV LV LQWURGXFHG DQG WKH VFKHPH IRU

WKH PDQXDO DQQRWDWLRQ RI VWRFN WZHHWV LV H[SODLQHG�

��� 'LIILFXOWLHV RI 'DWD 3UHSDUDWLRQ

3UHYLRXV OLWHUDWXUH VXJJHVWV WKDW UHVHDUFKHUV IDFH D QXPEHU RI GLIILFXOWLHV ZLWK ERWK WKH 7ZLWWHU

SODWIRUP DQG WZHHW GDWD� 7KHVH GLIILFXOWLHV LQFOXGH WKH IROORZLQJ DVSHFWV� �D�� 7ZLWWHU KDVPDVVLYH

DPRXQWV RI GDWD� �E�� LWV GDWD UHOHDVLQJ SROLF\ LV QRW VWDEOH� �F�� WZHHWV FRQWDLQ D KLJK IUHTXHQF\

RI WKH QRQ�VWDQGDUG H[SUHVVLRQV DQG LURQLF VWDWHPHQWV� �G�� WKH WZHHW VHQWLPHQW GRHV QRW FRUUH�

VSRQG WR PDUNHW GDWD ZHOO� DQG �H�� WKH WLPLQJ RI VWRFN WZHHWV LV GLIIHUHQW IURP WKH VWRFN SULFH

GDWD� 7KLV VHFWLRQ EULHIO\ RXWOLQHV WKHVH GLIILFXOWLHV� DQG WKH IROORZLQJ FKDSWHUV GLVFXVV PRUH GH�

WDLOV ZKHUH UHOHYDQW�

���



����� 7KH SDUDGR[LFDO VSDUVHQHVV RI PDVVLYH WZHHW GDWD VHWV

,Q WKHRU\� LW LV EHWWHU WR DQDO\VH D ODUJHU VHW RI WZHHWV� +RZHYHU� 7ZLWWHU FXUUHQWO\ KDV HQRUPRXV

TXDQWLWLHV RI GDWD� VR UHWULHYLQJ WKH UHOHYDQW GDWD LV H[WUHPHO\ GLIILFXOW� )RU LQVWDQFH� LQ �����PRUH

WKDQ �� ELOOLRQ WZHHWV ZHUH SRVWHG RQ 7ZLWWHU �&RVWROR� ������ $V D UHVXOW� LW LV QHLWKHU SRVVLEOH WR

FROOHFW WKH HQWLUH GDWDVHW� QRU UHDOLVWLF WR DQDO\VH LW� 2¶&RQQRU� %DODVXEUDPDQ\DQ� 5RXWOHGJH� DQG

6PLWK ������ SRLQWHG RXW WKDW LW LV WHFKQLFDOO\ VLPSOH WR UHWULHYH PLOOLRQV RI WZHHWV GDLO\� EXW WKDW

IHZ RI WKHP UHODWH WR WKH UHVHDUFK SXUSRVH� %ROOHQ HW DO� ������ PDGH D VLPLODU SRLQW� ILQGLQJ WKDW

RQO\ ��� RI WKH FROOHFWHG GDWD FRXOG EH XVHG IRU WKHLU ODWHU VHQWLPHQW DQDO\VLV�

,Q DGGLWLRQ� WZHHW GDWD DUH XQEDODQFHG� 2K DQG 6KHQJ ������ QRWLFHG WKDW WKH WRS IUHTXHQW WLFN�

HUV DFFRXQW IRU WKH PDMRULW\ RI VWRFN WZHHWV LQ WKHLU FROOHFWHG GDWD� DV QRW DOO VWRFNV DUH HTXDOO\

GLVFXVVHG RQ 7ZLWWHU �1DQQ HW DO�� ������ 7KH XQEDODQFHG WZHHW GDWD FUHDWH VHYHUDO GLIILFXOWLHV WR

WKH DXWRPDWLRQ RI WKH DQDO\VLV� LQFOXGLQJ LPSRVLQJ KLJK FRPSXWDWLRQDO FRVWV DQG RYHUILWWLQJ WKH

GDWD �<L� ������

)RU WKLV UHVHDUFK� UHOHYDQW UDQGRP VWRFN WZHHWV ZHUH FROOHFWHG DQG DQDO\VHG DV GHILQHG LQ 6HFWLRQ

���� $V VKRZQ ODWHU LQ 6HFWLRQ ���� WKH PHWKRG XVHG FRXOG RQO\ UHWULHYH GR]HQV WR KXQGUHGV RI

UHOHYDQW GDWD HDFK GD\� 7KXV� WKH UHVHDUFK IRFXVHG RQXVLQJ D OLPLWHG VDPSOH RI WKH GDWD WR FRQGXFW

WKH DQDO\VLV� )URP $SULO ���� WR )HEUXDU\ ����� DERXW ������� VWRFN WZHHWV ZHUH FROOHFWHG IRU

WKLV UHVHDUFK� &RPSDUHG WR RWKHU VWRFN SUHGLFWLRQ SURMHFWV EDVHG RQ WZHHWV� WKLV TXDQWLW\ RI GDWD

LV UHODWLYHO\ OLPLWHG� +RZHYHU� WR FDUHIXOO\ DQDO\VH WKH OLQJXLVWLF IHDWXUHV LQ GHWDLO� D VPDOO EXW

ZHOO�VDPSOHG GDWDVHW ZDV D EHWWHU FKRLFH�

����� )UHTXHQW FKDQJHV RI 7ZLWWHU¶V GDWD UHOHDVLQJ SROLF\

7ZLWWHU FKDQJHV LWV GDWD UHOHDVLQJ SROLF\ IUHTXHQWO\ DQG XQH[SHFWHGO\� ZKLFK EULQJV FRQVLGHUDEOH

GLIILFXOWLHV WR UHVHDUFKHUV� $V =DSSDYLJQD ������ QRWLFHG� ³WKH ZD\ 7ZLWWHU DOORZV GHYHORSHUV WR

���



DFFHVV LWV GDWD DQG WKH H[WHQW RI WKH JUDQWHG DFFHVV LV FKDQJLQJ´ �S� ���� VR DQ\ FXUUHQWO\ DYDLODEOH

FROOHFWLQJ PHWKRG ZLOO VRRQ EHFRPH OHVV DSSOLFDEOH RU HYHQ LQDSSOLFDEOH� 7KHUH DUH WZR DVSHFWV WR

WKLV SUREOHP� 7ZLWWHU IRUELGGLQJ WKH UH�UHOHDVH RI WZHHW GDWD RU UHVWULFWLQJ $3, XVDJH�

)RU WKH ILUVW DVSHFW� WKHUH KDYH EHHQ D QXPEHU RI ODUJH VFDOH WZHHW FRUSRUD GHYHORSHG IRU UH�

VHDUFK SXUSRVHV E\ GLIIHUHQW SURMHFWV� )RU LQVWDQFH� WKH (GLQEXUJK WZHHW FRUSXV FRQWDLQHG ��

PLOOLRQ WZHHWV ZKHQ LW ZDV ILUVW UHOHDVHG �3HWURYLF� 2VERUQH� 	 /DYUHQNR� ������ DQG WKH 6WDQIRUG

61$3 �6WDQIRUG 1HWZRUN $QDO\VLV 3ODWIRUP� WZHHW FRUSXV FRQWDLQHG ��� PLOOLRQ WZHHWV �-� <DQJ

	 /HVNRYHF� ������ +RZHYHU� VRRQ DIWHU WKHLU UHVSHFWLYH UHOHDVHV� 7ZLWWHU DVNHG WKHP WR UHPRYH

WKH SXEOLF DFFHVVHV WR WKH GDWD� &XUWDLOLQJ WKH GDWD VKDULQJ ZLWKLQ DFDGHPLD EULQJV WUHPHQGRXV

SUREOHPV� EHFDXVH EXLOGLQJ D WZHHW FRUSXV RQ VXFK D VFDOH QHHGV PDQ\ UHVRXUFHV DQGPXFK HIIRUW�

PDNLQJ LW EH\RQG WKH FDSDELOLWLHV RI PDQ\ UHVHDUFKHUV� 7KXV� UHVWULFWLQJ FRQWHQW VKDULQJ PHDQV

WKDW UHVHDUFKHUV IURP GLIIHUHQW LQVWLWXWLRQV QHHGV WR FRQVWDQWO\ UHLQYHQW WKH ZKHHO E\ EXLOGLQJ

FRUSRUD WKHPVHOYHV�

7KH VHFRQG DVSHFW LV PRUH FRPSOLFDWHG� $ QXPEHU RI WZHHW FRUSRUD KDYH XVHG $3,V WR FROOHFW

WZHHW GDWD� EXW WKLV LV QR ORQJHU DQ HDV\ RSWLRQ WR DSSO\� $V 7ZLWWHU DWWHPSWV WR PRQHWL]H WKHLU

GDWD UHOHDVH� WKH\ KDYH FXUEHG $3, UHTXHVWV� *HQHUDOO\� GDWD FDQ EH UHWULHYHG IURP WKH 6HDUFK $3,

RU 6WUHDPLQJ $3,� 7KH ILUVW RQH RQO\ UDQGRPO\ UHOHDVHV YHU\ OLPLWHG DQG KLJKO\ UHSHDWHG GDWD �VHH

6HFWLRQ ������� DQG WKH VHFRQG RQH UHTXLUHV D UHJLVWUDWLRQ� $OWKRXJK WKH 6WHDPLQJ $3, UHOHDVHV

PRUH GDWD WKDQ WKH 6HDUFK $3,� LW KDV DQ KRXUO\ UHTXHVW OLPLW� )RU D QRUPDO 6WUHDPLQJ $3,� WKH

KRXUO\ OLPLW LV ���� DQG WKH ³:KLWHOLVW´ 6WUHDPLQJ $3, FDQ UHTXHVW DV PXFK DV ������ WLPHV SHU

KRXU �7ZLWWHU� ����I�� )XUWKHUPRUH� DIWHU UHJLVWUDWLRQ� WKH 6WUHDPLQJ $3, UHTXLUHV 2$XWK ���

SURWRFRO� WR YHULI\ WKH XVHU ZKHQ WKH\ DUH UHWULHYLQJ GDWD �7ZLWWHU� ����D�� %RWK $3,V DUH QRW HDV\

WR XVH� VR WKH\ FUHDWH PRUH REVWDFOHV WR UHVHDUFKHUV� HVSHFLDOO\ WR WKRVH ZLWKRXW D SURJUDPPLQJ

EDFNJURXQG�
�2DXWK LV DQ RSHQ VRXUFHG DSSOLFDWLRQ SURWRFRO� ZKLFK VLJQLILFDQWO\ VLPSOLILHV WKH DXWKHQWLFDWLRQ SURFHVV IRU D

WKLUG�SDUW\ DSSOLFDWLRQ�

���



*UDGXDOO\� 7ZLWWHU KDV UHVWULFWHG DFFHVV WR IUHH GDWD E\ WKH SXEOLF YLD LWV $3,V� %HORZ LV D OLVW RI

WKH PDMRU FKDQJHV LQ WKH 7ZLWWHU $3, LQ UHFHQW \HDUV�

�� ���������� 7ZLWWHU EHJDQ WR LQWURGXFH $3,V WR UHOHDVH GDWD LQ -621 DQG ;0/ IRUPDW �%�

6WRQH� ������

�� ���������� 7ZLWWHU VHW WKH FHLOLQJ KRXUO\ UHTXHVW RI HDFK ZKLWHOLVWHG $3, WR ������ UH�

TXHVWV �3D\QH� ������

�� ���������� 7ZLWWHU VWRSSHG SURYLGLQJ WKH ZKLWHOLVWHG $3, WR GHYHORSHUV� ZKLFK KDV DQ

KRXUO\ OLPLW RI ������ UHTXHVWV �0HODQVRQ� ������

�� ���������� 7ZLWWHU EHJDQ WR IRUELG RWKHUV WR ³VHOO� UHQW� OHDVH� VXEOLFHQVH� UHGLVWULEXWH� RU

V\QGLFDWH DFFHVV WR WKH 7ZLWWHU $3, RU 7ZLWWHU &RQWHQW WR DQ\ WKLUG SDUW\ ZLWKRXW SULRU ZULW�

WHQ DSSURYDO IURP 7ZLWWHU´ �7ZLWWHU� ����D�� 7KLV SRLQWV RXW WKDW� HYHQ IRU WKH UHVHDUFK

SXUSRVH� QR RQH FDQ UHGLVWULEXWH WZHHW GDWD�

�� ���������� 7ZLWWHU SODQQHG WR UHOHDVH WKH QHZ 7ZLWWHU $3, �YHUVLRQ ����� LQ ZKLFK ³DQ DS�

SOLFDWLRQ WKDW RQO\ DFFHVVHV RQH HQGSRLQW PD\ EH PRUH UHVWULFWHG´ �6LSSH\� ������

�� ���������� 7ZLWWHU UHOHDVHG WKH QHZ 7ZLWWHU $3, �YHUVLRQ ����� ZKLFK VHWV ³WKH UDWH OLPLW

ZLQGRZ LQWR �� PLQXWH FKXQNV SHU HQGSRLQW� ZLWK PRVW LQGLYLGXDO FDOOV DOORZLQJ IRU �� UH�

TXHVWV LQ HDFK ZLQGRZ´ �7ZLWWHU� ����D��

�� ���������� 7ZLWWHU SODQQHG WR VWRS XVLQJ YHUVLRQ ��� RI WKH 7ZLWWHU $3, LQ 0DUFK ����� VR

DOO SURWRFROV EDVHG RQ $3, ��� ZLOO EH LQYDOLG �6LQJOHWDU\� ������

&OHDUO\� 7ZLWWHU KDV UHVWULFWHG WKH UHOHDVH RI GDWD FRQWLQXDOO\� 1RW RQO\ GRHV UHGXFLQJ WKH $3,

UDWH OLPLW UHVWULFWV WKH TXDQWLW\ RI GDWD WKDW FDQ EH FROOHFWHG� EXW DOVR WKH IUHTXHQW FKDQJHV UHTXLUH

FUDZOHUV WR FKDQJH DFFRUGLQJO\� 0RUHRYHU� VRPHWLPHV 7ZLWWHU VXGGHQO\ DSSHDUV WR VWRS UHOHDVLQJ

���



UHWZHHW GDWD WKURXJK WKH 6HDUFK $3, ZLWKRXW DQ\ H[SODQDWLRQ DV REVHUYHG GXULQJ WKH GDWD FROOHF�

WLRQ IRU WKLV SURMHFW �VHH 6HFWLRQ ����� 7KLV RFFXUUHG ZLWKRXW WKH FUDZOHU YLRODWLQJ WKH UDWH OLPLW

± LW NHSW DW WKH VDPH UDWH DV EHIRUH� $QRWKHU FDVH RI DQ DSSDUHQW PDOIXQFWLRQ RFFXUUHG GXULQJ

-DQXDU\� ����� 7KH 6HDUFK $3, VXGGHQO\ UHOHDVHG ��� WZHHWV SRVWHG GXULQJ ���� RU ����� DERXW

����� RI DOO WZHHWV FROOHFWHG IURP WKH WLFNHU WZHHWV FUDZOHU LQ WKH SUHYLRXV � PRQWKV�

7KHVH DGGLWLRQDO GLIILFXOWLHV FDXVHG E\ 7ZLWWHU PDNH GDWD FROOHFWLRQ HYHQ PRUH FKDOOHQJLQJ�

����� 1RQ�VWDQGDUG H[SUHVVLRQV LQ WZHHWV

7KH WKLUG SUREOHP UHODWHV WR WKH OLQJXLVWLF IHDWXUHV RI WZHHW GDWD� 8QOLNH RWKHU GRPDLQV REVHUYHG�

WZHHW GDWD FRQWDLQ D KLJK UDWLR RI QRQ�VWDQGDUG H[SUHVVLRQV�

�� 7KH\ FRQWDLQ HPRWLFRQV�

�� 7KH\ KDYH 57 RU # VLJQDOV�

�� 7KH\ FRQWDLQ 85/ DGGUHVVHV�

�� 7KH\ FRQWDLQ PLVVSHOOLQJV�

�� 7KH\ PL[ ORZHUFDVH DQG XSSHUFDVH�

�� 7KH\ RPLW VXEMHFW�

�� 7KH\ FRQWDLQ WH[W VSHDNV�

�� 7KH\ FRQWDLQ QRQ�VWDQGDUG YHUE IRUPV�

�� 7KH\ FRQWDLQ LURQLF VWDWHPHQWV �*R 	 %KD\DQL� ������

��� 7KH\ FRQWDLQ DGGLWLRQDO KWPO RU -DYD HVFDSH FKDUDFWHUV WR UHSUHVHQW HPRWLFRQV�

7KHVH IHDWXUHV EULQJ QXPHURXV FKDOOHQJHV WR GDWD SURFHVVLQJ� DQG DV .XPDU DQG 6HEDVWLDQ ������

SRLQWHG RXW WKDW WKH XQLTXH FKDOOHQJH RI WZLWWHU VHQWLPHQW DQDO\VLV LV PDLQO\ GXH WR WKH LQIRUPDO

WRQH� )RU H[DPSOH� WKH ODVW IHDWXUH DGGV DGGLWLRQDO FKDUDFWHUV WR WZHHWV� DV D UHVXOW� VRPH RI WKHP

���



KDYH PRUH WKDQ ��� FKDUDFWHUV� 7KXV� WKH\ UHTXLUH H[WUD DWWHQWLRQ WR GHDO ZLWK� DV RXWOLQHG LQ

6HFWLRQ ����

����� 'LVDJUHHPHQW RI WKH WULQDU\ VHQWLPHQW UHODWLRQVKLS

7KLV UHVHDUFK IROORZHG D WULQDU\PRGHO RI VHQWLPHQW FODVVLILFDWLRQ WKDW FODVVLILHV VHQWLPHQW DV ³QHJ�

DWLYH´� ³QHXWUDO´ DQG ³SRVLWLYH´� 7KH LQWHQWLRQ LV WR HFKR WKH PDUNHW FKDQJHV DV ³EHDULVK´� ³KROG´

DQG ³EXOOLVK´ UHVSHFWLYHO\� +RZHYHU� DV H[SODLQHG ODWHU LQ 6HFWLRQ ������ WKHUH LV DQRWKHU WULQDU\

UHODWLRQVKLS LQ WKH PDUNHW� 7KH LQYHVWRU¶V UHDFWLRQ DV ³VHOOLQJ´� ³KROGLQJ´ DQG ³EX\LQJ´� 7KHVH

WKUHH UHODWLRQVKLSV GR QRW SHUIHFWO\ PDWFK HDFK RWKHU� DOWKRXJK WKH\ KDYH ODUJH RYHUODSV� 7KHVH

GLVDJUHHPHQWV EULQJ IXUWKHU GLIILFXOWLHV WR HLWKHU WKH DQQRWDWLRQ� RU WKH IXUWKHU WHPSRUDO FRUUHOD�

WLRQ DQDO\VLV�

����� 'LIIHUHQW WLPH VFDOH RI WZHHWV

7ZHHW GDWD DUH RIWHQ UHJDUGHG DV ³VWUHDPLQJ GDWD´ DV WKH\ SUHVHQW LQIRUPDWLRQ LQ D VHTXHQFH �=DS�

SDYLJQD� ������ DQG WKLV VHTXHQFH LV D QHYHU�HQGLQJ VHTXHQFH� +RZHYHU� WKH VWRFN SULFH GDWD KDYH

FHUWDLQ EUHDNV� EHFDXVH QR PDUNHW RSHQV GXULQJ KROLGD\V� 7KLV WUDQVODWHV LQWR KXJH GLIIHUHQFHV

EHWZHHQ WKHVH WZR JURXSV RI GDWD� $SSO\LQJ WLPH VHULHV DQDO\VLV RQ WKHP EHFRPHV FKDOOHQJLQJ� $

IXUWKHU GLVFXVVLRQ RI WKLV FDQ EH IRXQG LQ &KDSWHU ��

��� 6WRFN 7ZHHW &ROOHFWLRQ

7KHPDLQ FKDOOHQJH RI WKLV HQWLUH GDWD FROOHFWLRQ LV WR FROOHFW WZHHWV IURP WKH 7ZLWWHU 6HDUFK$3,� VR

WKLV VHFWLRQGLVFXVVHV H[WHQVLYH GHWDLOV RI WKH FROOHFWLRQSURFHGXUH� LQFOXGLQJ WKH FROOHFWLRQ FULWHULD�

UDZ GDWD VWUXFWXUH� 7ZLWWHU 6HDUFK $3,� FROOHFWLRQ NH\ZRUG VHOHFWLRQ� VHUYHU FRQILJXUDWLRQ� DQG

FROOHFWLRQ IUHTXHQF\�

���



����� &ROOHFWLRQ FULWHULD

3HWWLW �����D� ����E� ����F� ����G� JDYH D IRXU�VWHS JXLGDQFH IRU FROOHFWLQJ VRFLDO PHGLD GDWD� WDN�

LQJ LQWR FRQVLGHUDWLRQ DERXW GDWD FRQWHQW�

�� &ROOHFW VRFLDO PHGLD GDWD WKDW PHQWLRQV FRRNLHV� 'RHV WKH NLQG RI FRRNLH PDW�

WHU"

7KH ILUVW VWHS SRLQWV RXW WKDW VRFLDO PHGLD GDWD RIWHQ FRQWDLQ DPELJXRXV RU LUUHOHYDQW FRQWHQWV� VR

H[WUDFWLQJ WKH UHOHYDQW FRQWHQWV LV H[WUHPHO\ LPSRUWDQW�

�� &OHDQ WKH VRFLDO PHGLD GDWD� 'R ZH UHDOO\ ZDQW YLUDO JDPHV LQ RXU GDWDVHW" ,W

GHSHQGV RQ WKH UHVHDUFK REMHFWLYH�

7KH VHFRQG VWHS LV D SRVW�FROOHFWLQJ SURFHGXUH� EHFDXVH 7ZLWWHU FRQWDLQV D ODUJH SRUWLRQ RI VSDP�

$FFRUGLQJ WR )LQJHU DQG 'XWWD ������� WKH SHUFHQWDJH RI VSDPPHG WZHHWV ZDV ��� LQ ����� UHGXF�

LQJ WR �� LQ ����� ,Q D KXJH GDWDVHW� HYHQ �� FDQ EH D YHU\ ODUJH DPRXQW� VR FOHDQLQJ LV RIWHQ D NH\

VWHS LQ GDWD SURFHVVLQJ� 0RUHRYHU� $QGUp� %HUQVWHLQ� 	 /XWKHU ������ SRLQWHG RXW WKDW RQO\ ���

RI WZHHWV DUH ZRUWK UHDGLQJ� ZKLFK LQGLFDWHV WKDW WKH WRSLF RQ 7ZLWWHU LV OLPLWHGO\ UHOHYDQW WR UHDG�

HUV¶ LQWHUHVWV� +HQFH� IRU VSHFLILF H[WUDFWLRQ WDVNV� WKH XVHIXO LQIRUPDWLRQ IURP D WZHHW GDWDVHW LV

UDWKHU OLPLWHG� ZKLFK UHTXLUHV PRUH FDUHIXO GDWD LQYHVWLJDWLRQV�

�� 'LG \RX IRUJHW WR FRGH VODQJ" (PRWLFRQV" 'RHV LW PDWWHU" <(6�

7KH WKLUG VWHS LV DOVR D NH\ VWHS LQ WZHHW SURFHVVLQJ GXH WR WKH OLQJXLVWLF IHDWXUHV RI WZHHW FRQ�

WHQWV� EHFDXVH .DXIPDQQ ������ VXJJHVWHG� WZHHWV FRQWDLQ ³DQ XQXVXDOO\ KLJK DPRXQW RI UHSHWL�

WLRQ� QRYHO ZRUGV� DQG LQWHUMHFWLRQV´ �S� ��� ,QGHHG� WKH UHVHDUFK UHVXOWV DUH QRW RQO\ DIIHFWHG E\

HPRWLFRQV� FRGH VODQJ� QRYHO ZRUGV� UHSHWLWLRQV RU LQWHUMHFWLRQV� EXW DOVR KDVKWDJV� UHWZHHWV DQG

UHSOLHV�

���



�� 6DPSOH SUHFLVHO\� 2U ZKHUHYHU \RX¶UH DOORZHG� 2U ZKHUHYHU \RX UHPHPEHU WR

ORRN�

7KH ODVW VWHS UHTXLUHV WKH PRVW DWWHQWLRQ� EHFDXVH GDWD UHSUHVHQWDWLYHQHVV LV RIWHQ WKH FHQWUDO

TXHVWLRQ LQ FRUSXV UHVHDUFK �+XQVWRQ� ������ $OWKRXJK LW LV QRW HDV\ WR XQGHUVWDQG KRZ7ZLWWHU LV

XVHG LQ WUDGLQJ� UDQGRP VDPSOLQJ VKRXOG EH XVHG� 7KHUH LV DQ LQFUHDVLQJ WUHQG RI DSSO\LQJ 7ZLWWHU

LQ WUDGLQJ� IRU H[DPSOH� %ORRPEHUJ 7HUPLQDO KDV LQWHJUDWHG 7ZLWWHU DV DQ LPSRUWDQW LQIRUPDWLRQ

VRXUFH DV PHQWLRQHG LQ &KDSWHU � �,QGYLN� ������

0RUHRYHU� (VFREDU ������ SURYLGHG D GHWDLOHG JXLGH IRU VHOHFWLQJ D SURSHU WRRO IRU PRQLWRULQJ

VRFLDO QHWZRUNV� ,W KDV �� PDLQ DVSHFWV� LQFOXGLQJ WLPH� FRQWHQW� VL]H �VHH 7DEOH ������� )ROORZLQJ

KLV VXJJHVWLRQV� WKH UHVHDUFK XVHG WKH UHOHYDQW HOHPHQWV �LQ WKH ILUVW WZR URZV RI 7DEOH ������ WR

LPSURYH WKH VHOHFWLRQ FULWHULD�

7DEOH ����� (VFREHU¶V ������ VXJJHVWLRQV IRU PRQLWRULQJ VRFLDO QHWZRUN

'DWD FRYHUDJH 'DWD UHWULHYDO &RQWHQW

*HRJUDSKLF VFRSH 7RRO LQVWDOODWLRQ 6SDP

5HSRUWLQJ FDSDELOLWLHV 7RS 863¶V 7UDLQLQJ

'DWD UHDFK &RVW VWUXFWXUH 6HDUFK

9DOXH DGGHG VHUYLFHV ,QWHJUDWLRQ &OLHQWV

)UDQFKLVHH EDVHG IHDWXUHV 'DWD SUHVHQWDWLRQ 0HWULFV

0LQLPXP FRQWUDFW SHULRG 7HUP VHDUFK VSHHG (QJDJHPHQW

&RQWUDFW WHUPLQDWLRQ QRWLILFDWLRQ

$FFRUGLQJ WR WKLV JXLGH� WKLV UHVHDUFK ORRNHG WR LQFOXGH WKUHH W\SHV RI WZHHWV� 7ZHHWV FRQWDLQLQJ

ILQDQFLDO QHZV DFFRXQW QDPHV �LQFOXGLQJ EUHDNLQJ QHZV DFFRXQWV�� UHWZHHWV RI WKH ILUVW JURXS� DQG

UDQGRP WZHHWV FRQWDLQLQJ DQ\ RI �� '-,$ WLFNHU KDVKWDJV� $FFRUGLQJO\� WKH NH\ZRUG OLVW ZDV EXLOW

���



DV LQWURGXFHG LQ 6HFWLRQ ���� ,Q WRWDO� ��� XQLTXH VHDUFK TXHULHV ZHUH LQ WKH NH\ZRUG OLVW� 7KH

FRQILJXUDWLRQ RI WKHVH VHDUFK TXHULHV LV LQWURGXFHG LQ WKH IROORZLQJ VHFWLRQV�

$V GLVFXVVHG LQ &KDSWHU �� 7ZLWWHU SURYLGHV D FKDUJHG VHUYLFH WR DFFHVV WKHLU GDWD WKURXJK GLIIHUHQW

GDWD UHVHOOHU� KRZHYHU� WKLV UHVHDUFK ZDV VHQVLWLYH WR FRVW DQG UHTXLUHG VSHFLILF GDWD UDWKHU WKDQ

JHQHUDO GDWD� 7KXV� DOO GDWD ZHUH FROOHFWHG YLD WKH 7ZLWWHU 6HDUFK $3, EDVHG RQ WKH VSHFLILF FULWHULD

GLVFXVVHG EHORZ� 7KH GDWD FROOHFWLRQ KDV ODVWHG IRU �� PRQWKV WR UHWULHYH VXIILFLHQW GDWD� ,W EHJDQ

DW WKH HQG RI $SULO ����� DQG HQGHG LQ )HEUXDU\ �����

,QVWHDG RI FODVVLI\LQJ WKH JHRJUDSKLF LQIRUPDWLRQ LQ WKH PHWD GDWD� WKLV UHVHDUFK FKRVH� WKH SODW�

IRUP ODQJXDJH� (QJOLVK WR UHGXFH WKH QXPEHU RI QRQ�(QJOLVK WZHHWV� ,Q WKLV UHVHDUFK� JHRJUDSKLF

ERXQGDULHV DUH QRW SDUWLFXODUO\ UHOHYDQW EHFDXVH WUDGHUV XVXDOO\ PRYH DURXQG� RU WKH\ PD\ KDYH

RIILFHV LQ GLIIHUHQW SODFHV� $OVR� WKHUH PLJKW EH D UHODWLYHO\ ODUJH SRUWLRQ RI VSDP WZHHWV LQ WKH FRO�

OHFWLRQ� HVSHFLDOO\ LQ WKH UDQGRP WZHHW TXHULHV� 7KLV LV GLVFXVVHG ODWHU LQ WKH IROORZLQJ VHFWLRQV�

7KH ZKROH GDWD FROOHFWLRQ UHOLHV RQ DQ H[WHUQDO 8EXQWX VHUYHU ZLWK ���0% 5$0 DQG ��*% KDUG

GLVN� 7KH WRROV XVHG LQ WKLV WDVNV DUH IUHH FRPPDQG OLQH WRROV� LQFOXGLQJ 8QL[ FRPPDQG OLQH WRROV

VXFK DV � � DQG WZR RWKHU SURJUDPPLQJ ODQJXDJHV� DQG �

����� 5DZ GDWD VWUXFWXUH

6DPSOH ����� LV D UDQGRP WZHHW LQ -621 IRUPDW UHWULHYHG IURP 7ZLWWHU� -621 LV D OLJKWZHLJKW

ODQJXDJH IRU VWRULQJ FRPSOLFDWHG GDWD� DQG 7ZLWWHU XVHV LW DV WKH GHIDXOW IRUPDW WR VWRUH GDWD�

$FWXDOO\� 7KH RULJLQDO -621 ILOH LV PXFK ODUJHU� VR RQO\ WKH PDLQ SDUWV DUH LQWURGXFHG KHUH� 7KH

PHWDGDWD RI WKH WZHHW� WKH HQWLWLHV LQFOXGHG LQ WKH WZHHW� DQG WKH WZHHW FRQWHQW�

���
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6DPSOH ����� $ WZHHW LQ WKH FRPSOHWH -621 IRUPDW

/LQHV � WR � SURYLGH WKH PHWD LQIRUPDWLRQ RI WKH WZHHW� /LQH � LQGLFDWHV WKH SRVW WLPH RI RQH

WZHHW� DQG WKH WLPH LV FRQYHUWHG LQWR *UHHQZLFK 0HDQ 7LPH �*07���� ZKLFK LV FRQYHQLHQW IRU

IXUWKHU VRUWLQJ WZHHWV� 7KH VDPSOH� DV VXJJHVWHG� ZDV FUHDWHG DW ��������� 2FW ��� ���� DFFRUGLQJ

���



WR *07�� WLPH� /LQH � LQGLFDWHV ZKHWKHU D WZHHW LV UHWZHHWHG� 7KLV VDPSOH WZHHW LV QRW D UHWZHHW�

/LQHV �� WR �� DUH WKH HQWLWLHV DFFRUGLQJ WR 7ZLWWHU� /LQH �� WR /LQH �� LQGLFDWH LI WKH WZHHW FRQ�

WDLQV D KDVKWDJ RU QRW� ,I LW GRHV QRW FRQWDLQ D KDVKWDJ� WKHQ /LQH �� WR /LQH �� ZLOO EH RPLWWHG�

LI LW KDV D KDVKWDJ� WKHQ /LQH �� LV WKH FRQWHQW RI WKDW KDVKWDJ� ,Q WKLV VDPSOH� LW FRQWDLQV D KDVK�

WDJ ³&/63´� /LQH �� WR /LQH �� LQGLFDWH ZKHWKHU LW FRQWDLQV D 85/� ,I WKH WZHHW GRHV QRW KDYH D

85/� WKHQ /LQH �� WR /LQH �� /LQH ZLOO EH RPLWWHG� ,Q WKLV VDPSOH� WKH 7ZLWWHU VKRUWHQHG 85/

LV ³KWWS���W�FR�;;;;;;;;´� WKH RULJLQDO 85/ LV ³KWWS���YLPHR�FRP�FOVS�;;;;´� /LQHV �� WR ��

LQGLFDWH LI LW PHQWLRQV DQRWKHU XVHU� ,Q WKLV VDPSOH� D XVHU LV PHQWLRQHG� DQG LWV XVHU ,'� XVHU

QDPH DQG XVHU VFUHHQ QDPH DUH SURYLGHG�

/LQH �� LV WKH WZHHW FRQWHQW� ZKDW FDQ EH VHHQ RQ VFUHHQ� 7KH FRQWHQW KHUH LV�

³, XSORDGHG ´$UH /LQHDU 0RGHOV 5LJKW IRU /DQJXDJH"´ E\ #HDUQP\WXUQV IURP WKH

���� �&/63 VHPLQDU VHULHV� KWWS���W�FR�;;;;;;;´

,Q WKLV H[DPSOH� RQO\ RQH OLQH� WKH WZHHW FRQWHQW� LV GLVSOD\HG WR JHQHUDO XVHUV� WKH UHVW LV PHWD

LQIRUPDWLRQ IRU 7ZLWWHU¶V SURFHVVLQJ DQG GHYHORSPHQW� 7KLV UHVHDUFK XWLOLVHG RQO\ SDUWV RI WKLV

LQIRUPDWLRQ� WLPH LQIRUPDWLRQ DQG WKH RULJLQDO WZHHW FRQWHQW� 7KH IROORZLQJ VHFWLRQV H[SODLQ KRZ

WR H[WUDFW WKHVH WZR W\SHV RI LQIRUPDWLRQ�

����� 7ZLWWHU 6HDUFK $3,

$V GLVFXVVHG LQ &KDSWHU �� WKLV UHVHDUFK XVHG WKH 5(67 6HDUFK $3, WR FROOHFW GDWD� DQG WKLV VHFWLRQ

LQWURGXFHV WKH GHWDLOV RI DSSO\LQJ WKH 5(67 6HDUFK $3,�

,Q WKH $3, YHUVLRQ ���� WKH 5(67 6HDUFK $3, KDV D UDWH OLPLW EDVHG RQ ³FRPSOH[LW\ DQG IUHTXHQF\´�

LQVWHDG RI WKH $3, UHTXHVW �7ZLWWHU� ����E�� 7KLV EULQJV D SUREOHP EHFDXVH 7ZLWWHU KDV QRW UH�

OHDVHG DQ\ VSHFLILF H[SODQDWLRQ RI HLWKHU FRPSOH[LW\ RU IUHTXHQF\� 7KHUH DUH RQO\ VRPH LPSOLFLW

���



GHVFULSWLRQV RI 6HDUFK $3, UDWH OLPLW� EHFDXVH ³QRW HYHU\ WZHHW FDQ EH LQGH[HG LQ 7ZLWWHU 6HDUFK´

�7ZLWWHU� ����E�� +HQFH� RQH PRQWK RI WKH GDWD FROOHFWLRQ SHULRG ZDV VSHQW RQ XQGHUVWDQGLQJ WKH

EHVW UDWH RI UHOHYDQW UHVXOWV� ZKLFK ZLOO EH GLVFXVVHG LQ 6HFWLRQ ������

7KH EDVLF IRUPDW RI D 6HDUFK $3, 85/ ORRNV OLNH WKLV�

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�IRUPDW

'LIIHUHQW SDUDPHWHUV FDQ EH XVHG WR VXEVWLWXWH WKH VHDUFK�IRUPDW LQ WKH DERYH 85/� 7ZLWWHU SUR�

YLGHV D FRPSXOVRU\ SDUDPHWHU �T RI VHDUFK NH\ZRUG DQG WZHOYH RSWLRQDO SDUDPHWHUV� 7R VDWLVI\

WKH DQDO\VLV� WKHVH RSWLRQDO SDUDPHWHUV ZHUH FKRVHQ� ODQJ DV WKH RSHUDWLQJ SODWIRUP ODQJXDJH

WR PLQLPLVH WKH QXPEHU RI QRQ�(QJOLVK WZHHWV� UHVXOWW\SH DV WKH ILOWHU WR REWDLQ WKH PRVW UHFHQW

WZHHWV� DQG USS DV WKH QXPEHU RI WZHHWV LQ HDFK IHHGEDFN�

+HUH LV DQ H[DPSOH RI WKH WLFNHU VHDUFK TXHU\ 85/�

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�-621"T ���.2	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

7KH NH\ZRUG LQ WKLV 85/ LV �.2� 7KH GROODU VLJQ LV HQFRGHG LQ $6&,, IRUPDW DV ���� EHFDXVH DOO

SDUDPHWHUVPXVW EH SURSHUO\85/ HQFRGHG �&DUH\� ������ $FFRUGLQJO\� WKH KDVK VLJQ � LV HQFRGHG

DV ���� ZKHUHDV WKH DW VLJQ� # LV HQFRGHG DV ���� 7KH RSWLRQDO SDUDPHWHUV LQ WKLV TXHU\ LQFOXGH

UHVXOWW\SH DV UHFHQW� ODQJ DV (QJOLVK� DQG USS DV �� UHVXOWV SHU SDJH�

����� .H\ZRUG VHOHFWLRQ

7R UHDFK WKH SULPDU\ JRDOV RI WKH GDWD FROOHFWLRQ� WKLV UHVHDUFK FDUHIXOO\ VHOHFWHG NH\ZRUGV DQG

JURXSHG WKHP LQWR WKUHH FDWHJRULHV� WLFNHU JURXS� PHGLD JURXS� DQG UHWZHHWV JURXS�

&RQVLGHULQJ WKH PDVVLYH TXDQWLW\ RI GDWD� WKH UHVHDUFK IRFXVHG RQ WKH 'RZ -RQHV ,QGXVWULDO $Y�

HUDJH �'-,$�� ZKLFK FRQWDLQV �� FRPSDQLHV LQ WRWDO �VHH 7DEOH ������� $V GHVFULEHG LQ WKH 'RZ

���



-RQHV ,QGH[ RYHUYLHZ ������� WKHVH �� FRPSDQLHV DUH ³DOO PDMRU IDFWRUV LQ WKHLU LQGXVWULHV´� DQG

WKH LQGH[ ³SURYLGHV QHDUO\ FRPSOHWH FRYHUDJH RI WKH 8�6� VWRFN PDUNHW´� 7KXV� GXH WR WKH UHSUH�

VHQWDWLYHQHVV RI WKHVH �� WLFNHUV RQ WKHPDUNHW� LW LV UHDVRQDEOH WR DVVXPH WKDW WKH\ DUH DGHTXDWHO\

GLVFXVVHG RQ 7ZLWWHU� HVSHFLDOO\ LQ WKH DQJORSKRQH ³7ZLWWHUVSKHUH´� 7KXV� WKHRUHWLFDOO\� WKLV GDWD

FROOHFWLRQ SURFHGXUH UHWULHYHV VXIILFLHQW GDWD� ,Q DGGLWLRQ� IRFXVLQJ RQ �� WLFNHUV VLJQLILFDQWO\

UHGXFHV WKH FRPSOH[LW\ RI WKH UHVHDUFK ODWHU�

7DEOH ����� /LVW RI �� FRPSDQLHV DQG WKHLU WLFNHUV LQ WKH 'RZ -RQHV ,QGXVWULDO $YHUDJH

7LFNHU &RPSDQ\ 7LFNHU &RPSDQ\ 7LFNHU &RPSDQ\

000 �0 &RPSDQ\ 06)7 0LFURVRIW &RUS� &6&2 &LVFR 6\VWHPV ,QF�

,17& ,QWHO &RUS� $$ $OFRD ,QFRUSRUDWHG 3* 3URFWHU 	 *DPEOH &R�

,%0 ,%0 &RUS� -1- -RKQVRQ 	 -RKQVRQ '' (�,� 'X3RQW GH 1HPRXUV 	 &R�

3)( 3IL]HU ,QF� .2 &RFD�&ROD &R� $;3 $PHULFDQ ([SUHVV &R�

6%& $7	7 ,QF� 63& 7UDYHOHUV &RV� ,QF� &+/ -30RUJDQ &KDVH 	 &R�

',6 :DOW 'LVQH\ &R� ;21 ([[RQ 0RELO &RUS� 87; 8QLWHG 7HFKQRORJLHV &RUS�

%$ %RHLQJ &R� *( *HQHUDO (OHFWULF &R� %(/ 9HUL]RQ &XPPXQLFDWLRQV ,QF�

.)7 .UDIW )RRGV ,QF� 0&' 0F'RQDOG¶V &RUS� +:3 +HZOHWW�3DFNDUG &R�

&$7 &DWHUSLOODU ,QF� 05. 0HUFN 	 &R� ,QF� :07 :DO�0DUW 6WRUHV ,QF�

+' +RPH 'HSRW ,QF� &+9 &KHYURQ &RUS� 1% %DQN RI $PHULFD &RUS�

7KH VHFRQG JURXS LV WKH PHGLD JURXS� 6RPH EUHDNLQJ QHZV DFFRXQWV ZHUH VHOHFWHG WR VKRZ WKH

WZHHWLQJ EHKDYLRXUV RI QHZV DFFRXQWV DV VKRZQ LQ 7DEOH ������ 7KH VHFRQG FROXPQ LQGLFDWHV WKH

FUHDWHG GDWH RI HDFK DFFRXQW� 7KH ODVW FROXPQ VKRZV WKH DYHUDJH WZHHW FRXQW RI DQ LQGLYLGXDO GD\�

7KRXJK WKH SUHVHQW UHVHDUFK LQWHQGHG WR FUDZO WZHHWV SRVWHG E\ WKHVH PHGLD DFFRXQWV� XVLQJ WKH

6HDUFK $3,� WKLV LV QRW SRVVLEOH EHFDXVH WKH 6HDUFK $3, �YHUVLRQ ���� FDQQRW SURYLGH WZHHWV RI D

VSHFLILF XVHU� 7KXV� XVLQJ WKHVH DFFRXQW QDPHV DV NH\ZRUGV RQO\ HQDEOHV WKH UHWULHYDO RI WZHHWV

PHQWLRQLQJ WKHVH XVHUV� EXW QRW WZHHWV SRVWHG E\ WKHP�

���



7DEOH ����� 6WDWLVWLFV RI VRPH EUHDNLQJ QHZV 7ZLWWHU DFFRXQWV

$FFRXQW &UHDWHG GDWH $YHUDJH GDLO\ WZHHWV

%UHDNLQJ1HZV ���������� �����

FQQEUN ���������� �����

%%&%UHDNLQJ ���������� �����

PVQEFEUHDNLQJ ���������� ����

ZVMEUHDNLQJQHZV ���������� ����

6N\1HZV%UHDN ���������� ����

%UHDNLQJ1HZ] ���������� 1$

&1%&EUN ���������� �����

86$%UHDNLQJ1HZV ���������� ����

$%6&%1%UHDNLQJ ���������� ����

QHZVRIWKHGD\ ���������� �����

EUHDNLQJVWRUP ���������� ����

DXEUN ���������� �����

%UHDNLQJ1HZV ���������� �����

7KH WKLUG JURXS LV WKH UHWZHHW JURXS� $FFRUGLQJO\� WKH UHWZHHW IRUPDW RI WKH PHGLD JURXSV DERYH�

³57 #DFFRXQWBQDPH´� ZHUH VHOHFWHG DV WKH NH\ZRUGV� 6LPLODUO\� WKHVH WZHHWV RQO\ FRQWDLQ WKH

NH\ZRUGV� EXW DUH QRW WKH UHWZHHWV SRVWHG E\ WKHVH PHGLD DFFRXQWV�

,Q WRWDO� ��� NH\ZRUGV ZHUH VHOHFWHG� DQG DOO RI WKHLU TXHU\ 85/V ZHUH ZULWWHQ LQ WKH VDPH IRUPDW�

����� 6HUYHU FRQILJXUDWLRQ

7KH PDLQ FUDZOLQJ VFULSWV UDQ RQ D 8EXQWX VHUYHU� 8EXQWX LV D SRSXODU GLVWULEXWLRQ RI /LQX[� VR

FRQILJXULQJ 8QL[ VFULSW RQ LW LV IDLUO\ HDV\� $OO VFULSWV XVH � D FRPPDQG�OLQH GRZQORDG WRRO� WR

FROOHFW GDWD DFFRUGLQJ WR D OLVW RI VSHFLILF 85/ DGGUHVVHV� 'LIIHUHQW W\SHV RI WZHHWV ZHUH FROOHFWHG

���



VHSDUDWHO\� DQG DOO RI WKHP ZHUH WKHQ VWRUHG DFFRUGLQJ WR WKH ZULWWHQ WLPH� 'LIIHUHQW FUDZOHUV UDQ

DFFRUGLQJ WR GLIIHUHQW VFKHGXOHV� ZKLFK ZHUH VHW E\ DQRWKHU FRPPDQG�OLQH WLPHU WRRO �

7KH IRXU�OHYHO KLHUDUFK\ IROGHU VWUXFWXUH WKDW ZDV XVHG LV VKRZQ LQ 6DPSOH ������

6DPSOH ����� 7\SH RI WZHHWV � ZULWWHQ WLPH � 0DLQ VHDUFK 85/ � )LOH QDPHG DIWHU WKH

VHDUFK TXHU\

7KUHH W\SHV RI WZHHWV ZHUH FROOHFWHG IURP 7ZLWWHU LQ WKUHH FUDZOHUV�

�� 7KH WLFNHU WZHHW FUDZOHU FROOHFWHG WLFNHU WZHHWV RI WKH �� '-,$ FRPSDQLHV�

�� 7KH PHGLD WZHHW FUDZOHU FROOHFWHG WZHHWV FRQWDLQLQJ WKH QDPHV RI WKH �� PHGLD DFFRXQWV

QDPHV�

�� 7KH UHWZHHW FUDZOHU FROOHFWHG UHWZHHWV RI WKHVH �� PHGLD DFFRXQWV�

$FFRUGLQJO\� WKUHH 85/ DGGUHVV OLVWV� QDPHG WLFNHU DGGUHVV OLVW� PHGLD DGGUHVV OLVW� DQG UHWZHHW

DGGUHVV OLVW� FRQWDLQ WKH VSHFLILF 85/V� ,Q WRWDO� WKUHH 85/ DGGUHVV OLVWV FRQWDLQ ��� XQLTXH 85/V�

����� &ROOHFWLRQ UDWH

7KH SULPDU\ JRDO RI GDWD FROOHFWLRQ ZDV WR PD[LPLVH WKH UHWULHYDO HIILFLHQF\� 5HWULHYLQJ DV PDQ\

WZHHWV DV SRVVLEOH DQG UHGXFLQJ WKH UHGXQGDQF\ RI LUUHOHYDQW RQHV DV IDU DV SRVVLEOH� 7R EDODQFH

WKHVH WZR WDVNV LV QRW HDV\ GXH WR 7ZLWWHU¶V VWULFW GDWD SROLFLHV�

6RPH NQRZQ GLIILFXOWLHV DUH FKDOOHQJLQJ� )LUVW� WKH TXDQWLW\ RI GDWD LV WUHPHQGRXV� ,I HYHU\ VLQJOH

WZHHW ZHUH FUDZOHG� WKH GDWD FRXOG QHLWKHU EH VWRUHG QRU EH SURFHVVHG E\ DQ LQGLYLGXDO UHVHDUFKHU�

6HFRQG� 7ZLWWHU FRQVWDQWO\ FKDQJHV WKHLU GDWD UHOHDVLQJ SROLF\ DV PHQWLRQHG LQ 6HFWLRQ ������ DQG

WKH\ KDYH VWULFW UHTXHVW OLPLWV� +HQFH� LW ZDV SURSHU WR FROOHFW GDWD DFFRUGLQJ WR D VHW VFKHGXOH�
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7KH ELJJHVW FKDOOHQJH ZDV WR ILQG ZKDW WKH PRVW HIILFLHQW FROOHFWLRQ UDWH LV� $ SURSHU FROOHFWLRQ

UDWH QHHGV WR EDODQFH WZR FRQGLWLRQV� PD[LPLVLQJ WKH QXPEHU RI XQLTXH WZHHWV DQG DYRLGLQJ WKH

YLRODWLRQ RI WKH 7ZLWWHU¶V FROOHFWLRQ UHVWULFWLRQV� $V GLVFXVVHG LQ 6HFWLRQ ������ 7ZLWWHU KDV QRW

UHOHDVHG DQ\ VSHFLILF IUHTXHQF\ UHVWULFWLRQV RI WKH 6HDUFK $3,� VR WKH RQO\ VROXWLRQ ZDV WR DGMXVW

WKH UDWH E\ H[SHULPHQWDWLRQ�

7KH WLFNHU WZHHW FUDZOHU VWDUWHG UXQQLQJ IURP$SULO �� ����� $W ILUVW� WKH UDWHZDV VHW WR FROOHFW HYHU\

�� PLQXWHV� )LJXUH ����� VKRZV WKDW WKH ILUVW ILYH GD\V REWDLQHG DERXW ������� WZHHWV DW HDFK

GD\� DQG HDFK 85/ REWDLQHG DERXW ���� WZHHWV� +RZHYHU� WKHUH ZHUH RQO\ DERXW ���� XQLTXH

WZHHWV LQ WRWDO� VR HDFK 85/ RQO\ KDG �� WZHHWV RQ DYHUDJH� 7KLV LQGLFDWHV WKDW WKH UHGXQGDQF\

LV PDVVLYH� (DFK WZHHW UHSHDWHG DERXW �� WLPHV LQ WKH SURFHVV RI FROOHFWLRQ� 7KH SRVVLEOH UHDVRQ

IRU WKLV UHGXQGDQF\ LV WKDW 7ZLWWHU PD\ KDYH RQO\ UHOHDVHG D YHU\ VPDOO SRUWLRQ RI WZHHWV RQ HDFK

FDOHQGDU GD\� VR WKH FUDZOHUV UHSHDWHGO\ FROOHFWHG GDWD IURP WKH VDPH SURSRUWLRQ�

7KXV� WKH FROOHFWLRQ UDWH ZDV UHGXFHG WR HYHU\ ��PLQXWHV� )URP $SULO � WR ��� WKH VFULSW FROOHFWHG

RYHU ������ UDZ WZHHWV DQG ����� XQLTXH WZHHWV HYHU\GD\� 7KLV UHVXOW VKRZHG D VOLJKW LQFUHDVH

FRPSDUHG WR WKH SUHYLRXV ILYH GD\V� EXW LW LV FOHDU WKDW UHGXFLQJ WKH FROOHFWLRQ UDWH GLG QRW DIIHFW WKH

QXPEHU RI XQLTXH WZHHWV YHU\ PXFK� ,QVWHDG� WKH QXPEHU RI XQLTXH WZHHWV URVH VOLJKWO\� $W WKLV

UDWH OHYHO� HDFK LQGLYLGXDO 85/ FROOHFWHG DERXW ����� UDZ WZHHWV� ZLWK DERXW ��� XQLTXH WZHHWV�

7R IXUWKHU WHVW WKH FROOHFWLRQ UDWH� LW ZDV UHGXFHG WR D ��KRXU VORW RQ $SULO� ��� 2EYLRXVO\� IURP

)LJXUH ������ WKH UHVXOW ZDV QRW RSWLPLVWLF� 7KH QXPEHU RI XQLTXH WZHHWV GHFUHDVHG VKDUSO\� 7KXV�

WKH UDWH LV FKDQJHG WR HYHU\ KRXU� )URP $SULO� �� WR 0D\ ��� DERXW ������ UDZ WZHHWV ZHUH FRO�

OHFWHG HDFK GD\� DQG WKH QXPEHU RI XQLTXH WZHHWV UHPLQGHG DW QHDUO\ ������ &RQVLGHULQJ WKH UDWLR

RI UDZ WZHHWV WR XQLTXH WZHHWV� WKH RQH�KRXU UDWH DSSHDUHG WR EH WKH EHVW� 7KHUHIRUH� WKH WLFNHU

WZHHW FUDZOHU ZDV VHW WR FROOHFW HYHU\ KRXU WKHUHDIWHU�

7KHPHGLD WZHHW FUDZOHU XVHG DQ DGGUHVV OLVW PXFK ORQJHU WKDQ WKH WLFNHU WZHHW FUDZOHU¶V� VR LW ZDV
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HDVLHU WR YLRODWH 7ZLWWHU¶V UHVWULFWLRQ� 7KXV� WKH FROOHFWLRQ UDWH ZDV VHW WR WZLFH D GD\� &RLQFLGHQWO\�

RQH SDUDPHWHU RI IRU WKHPHGLD WZHHW FUDZOHUZDV VHW WR WKHZURQJ QXPEHU� VR IURP$SULO

� WR ��� WKH FUDZOHU NHSW UXQQLQJ HYHU\ PLQXWH IRU � KRXUV HDFK GD\� $V SUHVHQWHG LQ )LJXUH ������

WKH QXPEHU RI UDZ WZHHWV H[FHHGV �������� ZKLOH WKH QXPEHU XQLTXH WZHHWV LV OHVV WKDQ �����

2QH WKLQJ WKDW VKRXOG EH ERUQH LQ PLQG LV WKDW WKH DGGUHVV OLVW RI WKLV WLFNHU FRQWDLQV �� 85/V�

ZKLFK PHDQV HDFK RI WKHP REWDLQV PRUH WKDQ ����� UDZ WZHHWV EXW RQO\ �� XQLTXH WZHHWV�

,QWHUHVWLQJO\� WKLV XQH[SHFWHG PLVWDNH VXJJHVWV WKDW HYHQ DQ LQWHQVLYH FUDZOLQJ MRE OLNH WKLV GLG

QRW YLRODWH WKH UHTXHVW UHVWULFWLRQ RI WKH 6HDUFK $3,� 5DWKHU� WKH WZHHWV UHOHDVHG IURP WKH 6HDUFK

$3, DUH H[WUHPHO\ OLPLWHG� PHDQLQJ WKDW HDFK VSHFLILF NH\ZRUG ZRXOG RQO\ REWDLQ OHVV WKDQ ���

UHVXOWV HDFK GD\ RQ DYHUDJH�
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7KH FUDZOHUV ZDV WKHQ VHW WR FROOHFW WZLFH D GD\� 7KHUHIRUH� IURP $SULO �� WR ��� WKH FUDZOHU FRO�

OHFWHG DERXW ���� UDZ WZHHWV DQG ���� XQLTXH WZHHWV RQ HDFK FDOHQGDU GD\� $W WKLV UDWH� WKH

QXPEHU RI XQLTXH WZHHWV GHFUHDVHV UHPDUNDEO\� +HQFH� WKH UDWH ZDV DGMXVWHG WR IRXU WLPHV� VL[

WLPHV DQG WZHOYH WLPHV SHU GD\� 7KH EHVW UDZ�XQLTXH WZHHW UDWLRQ ZDV DW WKH VL[�KRXU UDWH LQ )LJ�

XUH ������ $FFRUGLQJ WR WKLV� WKH FROOHFWLRQ UDWH IRU PHGLD PHQWLRQ WZHHWV ZDV VHW WR IRXU WLPHV SHU

GD\�

7KH FROOHFWLQJ UDWH RI WKH UHWZHHW FUDZOHU ZDV VHW WR WKH VDPH DV WKH PHGLD PHQWLRQ WZHHW FUDZOHU�

,W FROOHFWV WZHHWV HYHU\ VL[ KRXUV� $IWHU WKH FRQILJXUDWLRQ� HDFK 85/ FDQ REWDLQ DERXW �� UDZ

WZHHWV DQG �� XQLTXH WZHHWV HDFK GD\�

7R VXPPDULVH� WKH ILQDO FROOHFWLRQ UDWH RI HDFK FUDZOHU ZDV VHW WR WKH WLPH LQWHUYDOV DV VKRZQ LQ

7DEOH ������

7DEOH ����� )LQDO FROOHFWLRQ UDWH RI HDFK FUDZOHU

&UDZOHU W\SH )LQDO UDWH

7LFNHU FUDZOHU (YHU\ KRXU

0HGLD FUDZOHU (YHU\ � KRXUV

5HWZHHW &UDZOHU (YHU\ � KRXUV

����� 6XPPDU\

7KLV VHFWLRQ ILUVW GLVFXVVHG WKH FULWHULD LQ WZHHW FROOHFWLRQ� ,W WKHQ LQWURGXFHG WKH UDZ WZHHW GDWD

VWUXFWXUH DQG 7ZLWWHU VHDUFK $3, LQ GHSWK� $OVR� LW H[SODLQHG WKH GHVLJQ RI WKH WZHHW FUDZOHUV LQ

WKLV UHVHDUFK� LQFOXGLQJ WKH VHOHFWLRQ RI WKH TXHU\ NH\ZRUGV� VHUYHU FRQILJXUDWLRQ DQG FROOHFWLRQ

UDWH RI HDFK FUDZOHU�

���



��� 5DZ 7ZHHW 0DQLSXODWLRQ

$IWHU FUDZOLQJ GDWD IURP 7ZLWWHU� WKH QH[W WDVN ZDV WR H[WUDFW WKH UHOHYDQW LQIRUPDWLRQ IURP WKH

UDZ GDWD� 7KH DLP RI WKLV VWDJH UHPDLQHG DV WKH VDPH DV WKDW RI WKH DERYH GDWD FROOHFWLRQ� WR

PD[LPLVH WKH HIILFLHQF\ RI GDWD UHWULHYDO�

7KH WZHHW VDPSOHV LQ WKH IROORZLQJ VHFWLRQV DUH IRUPDWWHG VR WKDW WKH ILUVW OLQH VKRZV WKH RULJLQDO

FRQWHQW� DQG WKH VHFRQG OLQHV VKRZV WKH FKDQJHG FRQWHQW�

����� 2ULJLQDO IROGHU VWUXFWXUH

$OWKRXJK WKH IRXU�OHYHO KLHUDUFKLFDO GLUHFWRU\ ZRUNV ZHOO IRU VWRULQJ WKH FUDZOLQJ UHVXOWV� LW ZDV

QRW HDV\ WR SURFHVV GXH WR WKH IROORZLQJ UHDVRQV� )LUVW� WKH H[WUHPH VSDUVHQHVV RI GDWD ZDV HYHQ

JUHDWHU WKDQ H[SHFWHG �DOWKRXJK WKH IUHTXHQF\ RI WKH FUDZOLQJ MRE KDV EHHQ UHGXFHG� WKHUH LV VWLOO

D KLJK SURSRUWLRQ RI UHSHDWHG WZHHWV�� VHFRQG� WKH PXOWL�OHYHO KLHUDUFKLF GLUHFWRU\ LV QRW HDV\ WR

PDQLSXODWH� DQG WKLUG� WKH ERWWRP OHYHO LV QDPHG DV WKH VHDUFK TXHU\� VR WKH\ EHFDPH WRR ORQJ

WR UHDG� 7KXV� WKH ILUVW JRDO IRU WKH GDWD PDQLSXODWLRQ ZDV WR UHRUJDQLVH WKH IROGHU VWUXFWXUH WR

RYHUFRPH WKH DERYH VKRUWFRPLQJV� )XUWKHUPRUH� LQ RUGHU WR UHGXFH WKH TXDQWLW\ RI GDWD� LW ZDV

EHWWHU WR PHUJH WKH FUDZOLQJ UHVXOWV WR HOLPLQDWH UHSHDWHG FRQWHQWV�

7KH QHZ IROGHU VWUXFWXUH ZDV GHVLJQHG DV RXWOLQHG LQ 6DPSOH ������

6DPSOH ����� 7\SH RI WZHHWV DQG ZULWWHQ GDWH�0DLQ VHDUFK 85/�.H\ZRUGV DV ILOH

QDPHV

7KLV VOLJKW FKDQJH VLJQLILFDQWO\ UHGXFHG WKH FRPSOH[LW\ RI WKH RULJLQDO VWRULQJ VWUXFWXUH� 7KH RULJL�

QDO GDWDZHUH VWRUHG DFFRUGLQJ WR WKH VSHFLILF FROOHFWLRQ WLPH� VR WKHUHZDVPRUH WKDQ RQH ILOH IRU DQ

LQGLYLGXDO FUDZOLQJ NH\ZRUG HDFK GD\� $OVR� DW WKH EHJLQQLQJ RI WKH FUDZOLQJ WDVN� WKH IUHTXHQF\

ZDV KLJKHU� VR HDFK GD\ KDGPRUH IROGHUV� 7KHVH WZR SUREOHPV JHQHUDWHGPXOWLSOH FUDZOLQJ UHVXOW

���



ILOHV WR HDFK LQGLYLGXDO NH\ZRUG� VR UHRUJDQLVLQJ WKHP PDGH WKHP HDVLHU WR SURFHVV IRU WKH WLPH

VHULHV DQDO\VLV ODWHU� 0RVW LPSRUWDQWO\� WKH QHZ ILOHQDPHV ZHUH QDPHG EDVHG RQ WKH NH\ZRUG

LQVWHDG RI WKH VHDUFK TXHU\� VR WKH\ EHFDPH PRUH UHDGDEOH WR KXPDQV�

����� 1HZ UHFRUG IRUPDW

$V VKRZQ DERYH� WKH RULJLQDO ILOHV DUH LQ WKH -621 IRUPDW� ,W LV FRQYHQLHQW IRU PDFKLQH WR LGHQWLI\

GLIIHUHQW OHYHOV RI LQIRUPDWLRQ EXW QRW IRU KXPDQV� 7KH VWUXFWXUH RI -621 LV GLIIHUHQW IURP WKH

;0/ IRUPDW� ZKLFK LV RQH RI WKH WUDGLWLRQDO ZD\V WR VWRUH FRPSOLFDWHG GDWD� ;0/ LV OLQH�EDVHG� VR

HDFK OHYHO RI LQIRUPDWLRQ KDV DQ LQGLYLGXDO OLQH RU PXOWLSOH OLQHV� EXW IRU WKH -621 IRUPDW� HDFK

ILOH KDV RQO\ RQH OLQH� DQG GLIIHUHQW OHYHOV RI LQIRUPDWLRQ DUH ODEHOOHG E\ GLIIHUHQW W\SHV RI EUDFNHW

PDUNV� ,Q VHFWLRQ ������ 6DPSOH ����� VKRZHG D SDUVHG -621 ILOH� ZKLFK LV FRPSOHWHO\ GLIIHUHQW

IURP WKH RULJLQDO -621 ILOH� :LWKRXW SDUVLQJ� D -621 ILOH ORRNV OLNH D PDVVLYH GDWD VWULQJ EXW

LQ RQO\ RQH OLQH� 2QH WKLQJ WKDW VKRXOG EH ERUQH LQ PLQG LV WKDW HDFK -621 ILOH LV D FRPSOHWH

DQG LQGLYLGXDO ILOH� DQG WKH\ FDQQRW EH VLPSO\ PHUJHG WRJHWKHU� ,I VHYHUDO -621 ILOHV DUH MXVW

FRSLHG DQG SDVWHG WRJHWKHU� D -621 SDUVHU FDQQRW UHDG WKH PHUJHG ILOH� +RZHYHU� XVLQJ WKH EXLOW�

LQ -621 SDUVLQJ WRRO RI 3\WKRQ� DOO -621 ILOHV ZHUH WUHDWHG DV OLQH�EDVHG ILOHV� WKXV� WKH ODWHU

FOHDQLQJ SURFHGXUHV ZHUH HDV\ WR DSSO\�

,Q DGGLWLRQ� WKH RULJLQDO -621 ILOH SURYLGHV FRPSOHWH LQIRUPDWLRQ RI RQH WZHHW DV VKRZQ LQ WKH

6DPSOH ������ +RZHYHU� WKH DQDO\VLV RQO\ UHTXLUHV OLPLWHG LQIRUPDWLRQ� WKH WZHHW FDWHJRU\� FUDZO�

LQJ NH\ZRUG� SRVW WLPH� DQG WZHHW FRQWHQW� 7KXV� SDUW RI WKLV SKDVH ZDV WR H[WUDFW WKH QHHGHG

LQIRUPDWLRQ DQG VWRUH WKHP DV D WDE�VHSDUDWH ILOH� SURYLGLQJ FRQYHQLHQFH IRU ODWHU DQDO\VHV�

7KH ILUVW VWHS ZDV WR H[WUDFW UHOHYDQW LQIRUPDWLRQ IURP WKH -621 ILOHV� DQG VWRUH WKHP DV D WDE�

VHSDUDWH ILOH� $Q H[DPSOH RI WKLV LV VKRZQ LQ 6DPSOH ������ ZKHUH WKH ILUVW FROXPQ LQGLFDWHV WKH

VSHFLILF SRVW WLPH RI RQH WZHHW� DQG WKH VHFRQG FROXPQ LV WKH WZHHW FRQWHQW�

���



6DPSOH ����� �� 0D\ ���� �������� 57 #$%6&%1%UHDNLQJ� KWWS���W�FR�+Z3TKMRW

ZLOO EH GRZQ IRU D VKRUW ZKLOH GXH WR PDLQWHQDQFH� 3OHDVH FKHFN EDFN� LW ZLOO EH XS

DJDLQ VRRQ� 7KDQNV IRU UHDGLQJ�

7KHQ� DV VKRZQ LQ 6DPSOH ������ WKH VHFRQG VWHS ZDV WR H[WUDFW WZHHWV FROOHFWHG LQ WKH VDPHPRQWK

WR DQ LQGLYLGXDO ILOH� 7KH IRUPDW ZDV VOLJKWO\ FKDQJHG� 7KH ILUVW SDUW LQGLFDWHV WKH FROOHFWLRQ GDWH�

DQG WKH UHVW UHPDLQV DV VDPH�

6DPSOH ����� 0�������� #$%6&%1%UHDNLQJ ���������� �������� 57 #$%6&%1�

%UHDNLQJ� KWWS���W�FR�+Z3TKMRW ZLOO EH GRZQ IRU D VKRUW ZKLOH GXH WR PDLQWHQDQFH�

3OHDVH FKHFN EDFN� LW ZLOO EH XS DJDLQ VRRQ� 7KDQNV IRU UHDGLQJ�

$GGLWLRQDOO\� WKH XQWDJJHG ILOH LV PRUH KXPDQ�UHDGDEOH DQG HFRQRPLF LQ WHUPV RI VL]H� 7KHUHIRUH�

DW WKLV VWDJH WKH UDZ GDWD DUH KDOI�SUHSDUHG� EXW VHYHUDO SUREOHPV UHPDLQ� DQG WKHVH DUH H[SODLQHG

EHORZ�

����� (VFDSH FKDUDFWHUV

7ZLWWHU XVHV WKH ;0/ FKDUDFWHU HQWLW\ WR VWRUH VRPH RI WKH SXQFWXDWLRQ PDUNV DQG HPRWLFRQ

PDUNV� ZKLFK EULQJV H[WUD GLIILFXOWLHV� )RU H[DPSOH� WKH DSRVWURSKH ¶ LV VWRUHG DV 	���� 7KLV

LVVXH LV LPSRUWDQW WR 7ZLWWHU GDWD� EHFDXVH 7ZLWWHU KDV D OHQJWK OLPLW� $V VKRZQ LQ &KDSWHU �� D

YHU\ ODUJH SHUFHQW RI WZHHWV KDYH D OHQJWK RI QHDUO\ RU H[DFWO\ ��� FKDUDFWHUV� +HQFH� LQ WKLV SKDVH�

WKHVH ;0/ FKDUDFWHU HQWLWLHV ZHUH FRQYHUWHG LQWR WKH 87)�� �8QLFRGH 6WDQGDUG 7UDQVIRUPDWLRQ

)RUPDW²��ELW� HQFRGLQJ E\ D FRPPDQG OLQH WRRO �

���



����� 5HWZHHWV

5HWZHHWV DUH D XQLTXH IHDWXUH RI 7ZLWWHU� EXW WKH\ DOVR PDNH LW GLIILFXOW WR DQDO\VH WZHHWV EHFDXVH

RI WZR SUREOHPV� )LUVW� 7ZLWWHU DVVLJQV D QHZ WZHHW ,' DQG ,' VWULQJ WR D UHWZHHW� HYHQ LI LW LV

UHWZHHWHG E\ WKH RULJLQDO DXWKRU� QH[W� LI WKH UHWZHHW FRQWDLQV D 85/ OLQN� WKHQ WKLV OLQN ZLOO EH

FRQYHUWHG WR D QHZ 7ZLWWHU¶V VKRUWHQHG OLQN WKDW LV GLIIHUHQW IURP WKH RULJLQDO SRVW �FRPSDUH 6DP�

SOHV ����� DQG �������

6DPSOH ����� 5�������� 57#EUHDNLQJVWRUP ���������� �������� ,QWHUHVWLQJ�

%UHDNLQJ1HZV� 57 #EUHDNLQJVWRUP� ����� IRUFHG WR HYDFXDWH KRPHV LQ 7DLZDQ

EHFDXVH RI IODV« KWWS���W�FR�S�*P00.G 3OHDVH 57

6DPSOH ����� 5�������� 57#EUHDNLQJVWRUP ���������� �������� ,QWHUHVWLQJ�

%UHDNLQJ1HZV� 57 #EUHDNLQJVWRUP� ����� IRUFHG WR HYDFXDWH KRPHV LQ 7DLZDQ

EHFDXVH RI IODV« KWWS���W�FR��0'07��0 3OHDVH 57

7KH ILUVW SUREOHP PDNHV LW LPSRVVLEOH WR FRXQW WKH WRWDO QXPEHU RI XQLTXH WZHHWV E\ WKH WZHHW

,' VWULQJ RU WZHHW ,'� WKH VHFRQG EULQJV REVWDFOHV WR PHUJLQJ WKH VDPH UHWZHHW FRQWHQWV� 5XL]

HW DO� ������ DOVR QRWLFHG WKLV SUREOHP WKDW ³D VLQJOH 85/ FDQ EH UHIHUUHG WR DV VHYHUDO GLIIHU�

HQW VKRUW 85/V´ �S� ��� VR WKH\ IRXQG DOO RULJLQDO 85/V WR UHSODFH WKH VKRUWHQHG 85/V� %HFDXVH

WKLV UHVHDUFK GRHV QRW WDNH WKH 85/�UHIHUUHG FRQWHQWV LQWR DFFRXQW� UHSODFLQJ 85/V ZLWK D VSH�

FLDO PDUN ZDV PRUH HIILFLHQW� $OO WZHHW FRQWHQW ZDV H[WUDFWHG DV VKRZQ DERYH� DQG WKHQ DOO 85/

OLQNV ZHUH VXEVWLWXWHG ZLWKLQ WZHHWV� 7R DYRLG H[WUD SUREOHPV� WKH UHVHDUFK XVHG D VSHFLDO PDUN

B7+,6B,6B$B85/B/,1.B WR ODEHO DQG VXEVWLWXWH RULJLQDO 85/ OLQNV� 7KLV PDUN KDV WKH VDPH

OHQJWK RI WZHQW\ FKDUDFWHUV DV WKH RULJLQDO VKRUWHQ OLQNV� DQG PRUH LPSRUWDQWO\� WKHUH LV QR VXFK

H[SUHVVLRQ LQ WKH FRQWHQW RI DQ\ RI WKH WZHHWV� 7KXV� LW ZDV VDIH WR UHSODFH 85/ OLQNV LQ WKLV ZD\�

DQG UHSODFHG UHWZHHWV ZHUH WKHQ UHJDUGHG DV WKH VDPH WZHHW �FRPSDUH 6DPSOHV ����� DQG �������

���



6DPSOH ����� 5�������� 57#EUHDNLQJVWRUP ���������� �������� ,QWHUHVWLQJ�

%UHDNLQJ1HZV� 57 #EUHDNLQJVWRUP� ����� IRUFHG WR HYDFXDWH KRPHV LQ 7DLZDQ

EHFDXVH RI IODV« B7+,6B,6B$B85/B/,1.B 3OHDVH 57

6DPSOH ����� 5�������� 57#EUHDNLQJVWRUP ���������� �������� ,QWHUHVWLQJ�

%UHDNLQJ1HZV� 57 #EUHDNLQJVWRUP� ����� IRUFHG WR HYDFXDWH KRPHV LQ 7DLZDQ

EHFDXVH RI IODV« B7+,6B,6B$B85/B/,1.B 3OHDVH 57

����� 5HSHDWHG WZHHWV

$V PHQWLRQHG LQ 6HFWLRQ ������ WKHUH LV D ODUJH DPRXQW RI UHSHWLWLRQ LQ WKH FROOHFWHG WZHHWV GXH

WR WKH GDWD UHOHDVLQJ SROLF\ RI WKH 7ZLWWHU 6HDUFK $3,� 7KHUHIRUH� WR LPSURYH WKH HIILFLHQF\ RI WKH

DQDO\VLV� HOLPLQDWLQJ UHSHDWHG FRQWHQWV LV D NH\ VWHS� +RZHYHU� WKLV OHDGV WR DQRWKHU LPSRUWDQW

TXHVWLRQ� +RZ VKRXOG UHSHDWHG WZHHWV EH GHILQHG" 7KH IROORZLQJ H[SHULPHQWV DQG VDPSOHV �6DP�

SOHV �������������� FROOHFWHG LQ 0D\� ����� LOOXVWUDWH WKH FRPSOH[LW\ RI WKLV SUREOHP�

)RU ([SHULPHQW �� WKH UDZ GDWD IURP WKH FUDZOHU QXPEHU ��������� WZHHWV LQ WRWDO� EXW VLPSO\

PHUJLQJ DOO UHSHDWHG FRQWHQWV� WKHUH DUH RQO\ ������� WZHHWV OHIW� ,Q 6DPSOH ����� DQG �������

ERWK WZHHWV DUH WKH VDPH UHWZHHW RI D WZHHW SRVWHG E\ #$%6&%1%UHDNLQJ� EXW DW GLIIHUHQW WLPHV�

7KHVH WZR DUH UHSHDWHG FRQWHQW� 7KXV� ������ RI WKH UDZ FRQWHQWV ZHUH H[WUDFWHG�

6DPSOH ����� 0�������� #$%6&%1%UHDNLQJ ���������� �������� 57 #$%6&%1�

%UHDNLQJ� :($7+(5����������� 3$*$6$ VDLG WKH UHVW RI 3+ZLOO EH SDUWO\ FORXG\�

FORXG\ Z� LVRODWHG UDLQ VKRZHUV�WKXQGHUVWRUPV� PRVWO\ LQ S�P� �����

6DPSOH ������ 0�������� #$%6&%1%UHDNLQJ ���������� �������� 57 #$%6&%1�

%UHDNLQJ� :($7+(5����������� 3$*$6$ VDLG WKH UHVW RI 3+ZLOO EH SDUWO\ FORXG\�

FORXG\ Z� LVRODWHG UDLQ VKRZHUV�WKXQGHUVWRUPV� PRVWO\ LQ S�P� �����

���



6DPSOHV ������ DQG ������ DUH DQ H[WUDFW RI ([SHULPHQW �� 7KH\ VKRZ WKDW WKH SURFHVV PHUJHG

DOO UHSHDWHG FRQWHQW� DQG UHSODFHG DOO 85/ OLQNV ZLWK WKH VSHFLDOPDUN B7+,6B,6B$B85/B/,1.B�

$IWHU WKLV� WKHUH ZHUH ������� WZHHWV OHIW�

6DPSOH ������ 0�������� #$%6&%1%UHDNLQJ ���������� �������� #$%6&%1�

%UHDNLQJ� +RW ZHDWKHU WR HQG PLG�0D\� 3$*$6$ KWWS���W�FR�5*UW�OSO�Ʉ��G

6DPSOH ������ 0�������� #$%6&%1%UHDNLQJ ���������� �������� #$%6&%1�

%UHDNLQJ� +RW ZHDWKHU WR HQG PLG�0D\� 3$*$6$ B7+,6B,6B$B85/B/,1.B

([SHULPHQW � UHPRYHG WKH SRVW WLPH DQG UHSODFHG 85/ OLQNV �FRPSDUH 6DPSOHV ������ DQG

�������� $IWHU WKLV� ������� WZHHWV ZHUH OHIW� 7KLV ODUJH GURS LV GXH WR WKDW PDQ\ WZHHWV DUH

UHWZHHWHG DW GLIIHUHQW WLPHV GXULQJ WKH GD\V�

6DPSOH ������ 0�������� #$%6&%1%UHDNLQJ ���������� �������� #$%6&%1�

%UHDNLQJ� +RW ZHDWKHU WR HQG PLG�0D\� 3$*$6$ KWWS���W�FR�5*UW�OSO�Ʉ��G

6DPSOH ������0��������#$%6&%1%UHDNLQJ ����������#$%6&%1%UHDNLQJ� +RW

ZHDWKHU WR HQG PLG�0D\� 3$*$6$ B7+,6B,6B$B85/B/,1.B

([SHULPHQW � UHPRYHG WKH SRVW WLPH DQG ZULWWHQ GDWH RI WKH FUDZOHU� DQG UHSODFHG 85/ OLQNV

�FRPSDUH 6DPSOHV ������ DQG �������� $IWHU WKLV� WKHUH ZHUH ������� WZHHWV OHIW� 7KLV LV EHFDXVH

WKDW WKH 7ZLWWHU 6HDUFK $3, SURYLGHV FRQWHQW IURP SUHYLRXV GD\V�

6DPSOH ������ 0�������� #$%6&%1%UHDNLQJ ���������� �������� #$%6&%1�

%UHDNLQJ� +RW ZHDWKHU WR HQG PLG�0D\� 3$*$6$ KWWS���W�FR�5*UW�OSO�Ʉ��G

6DPSOH ������ 0#$%6&%1%UHDNLQJ ���������� #$%6&%1%UHDNLQJ� +RW ZHDWKHU

WR HQG PLG�0D\� 3$*$6$ B7+,6B,6B$B85/B/,1.B

���



([SHULPHQW � UHPRYHG DOO WLPH�UHODWHG LQIRUPDWLRQ� OHDYLQJ ������� WZHHWV OHIW� $Q H[WUDFW RI

VXFK WZHHWV LV VKRZQ LQ 6DPSOHV ������ DQG ������� 7KH DPRXQW UHGXFHG IXUWKHU� EHFDXVH VRPH

XVHUV SRVW WZHHWV IURP SUHYLRXV GD\V� VXFK DV UHWZHHWV�

6DPSOH ������ 0�������� #$%6&%1%UHDNLQJ ���������� �������� #$%6&%1�

%UHDNLQJ� +RW ZHDWKHU WR HQG PLG�0D\� 3$*$6$ KWWS���W�FR�5*UW�OSO�Ʉ��G

6DPSOH ������ 0#$%6&%1%UHDNLQJ #$%6&%1%UHDNLQJ� +RW ZHDWKHU WR HQG PLG�

0D\� 3$*$6$ B7+,6B,6B$B85/B/,1.B

([SHULPHQW � UHPRYHG WKH FDWHJRU\ LQIRUPDWLRQ RI WZHHWV EXW NHSW WKH SRVW GDWH DV VKRZQ LQ

6DPSOHV ������ DQG ������� 7KLV OHIW ������� WZHHW� 7KHUH ZDV QR GLIIHUHQFH LQ ([SHULPHQW � DQG �

LQ WHUPV RI WKH QXPEHU RI WZHHWV WKDW UHPDLQHG� 7KLV VKRZV WKDW WKHUH LV QR FURVV�SRVWLQJ DPRQJ

GLIIHUHQW FDWHJRULHV RI FROOHFWHG WZHHWV�

6DPSOH ������ 0�������� #$%6&%1%UHDNLQJ ���������� �������� #$%6&%1�

%UHDNLQJ� +RW ZHDWKHU WR HQG PLG�0D\� 3$*$6$ KWWS���W�FR�5*UW�OSO�Ʉ��G

6DPSOH ������#$%6&%1%UHDNLQJ ����������#$%6&%1%UHDNLQJ� +RW ZHDWKHU WR

HQG PLG�0D\� 3$*$6$ B7+,6B,6B$B85/B/,1.B

([SHULPHQW � NHSW RQO\ WKH SRVW WLPH DQG WZHHWV �FRPSDUH 6DPSOHV ������ DQG �������� OHDYLQJ

������� WZHHWV�

6DPSOH ������ 0�������� #$%6&%1%UHDNLQJ ���������� �������� #$%6&%1�

%UHDNLQJ� +RW ZHDWKHU WR HQG PLG�0D\� 3$*$6$ KWWS���W�FR�5*UW�OSO�Ʉ��G

6DPSOH ������ ���������� #$%6&%1%UHDNLQJ� +RW ZHDWKHU WR HQG PLG�0D\� 3$�

*$6$ B7+,6B,6B$B85/B/,1.B

���



([SHULPHQW � RQO\ NHSW WZHHWV �FRPSDUH 6DPSOHV ������ DQG �������� 7KLV OHIW WKH VDPH QXPEHU

RI WZHHWV DV ([SHULPHQW �� 7KLV GHPRQVWUDWHV WKDW UHPRYLQJ WKH SRVW WLPH GRHV QRW DIIHFW WKH

FRQWHQWV�

6DPSOH ������ 0�������� #$%6&%1%UHDNLQJ ���������� �������� #$%6&%1�

%UHDNLQJ� +RW ZHDWKHU WR HQG PLG�0D\� 3$*$6$ KWWS���W�FR�5*UW�OSO�Ʉ��G

6DPSOH ������ #$%6&%1%UHDNLQJ� +RW ZHDWKHU WR HQG PLG�0D\� 3$*$6$

B7+,6B,6B$B85/B/,1.B

:KLOH ([SHULPHQW � DQG � UHWDLQHG WKH ORZHVW QXPEHU RI WZHHWV� LQ ODFNLQJ RI WLPH LQIRUPDWLRQ�

WKH\ KDYH OLPLWHG YDOXH WR WKH DQDO\VHV UHTXLUHG ODWHU� $OVR� UHPRYLQJ WKH NH\ZRUGV EULQJV D QXP�

EHU RI GLIILFXOWLHV WR WKH UHVHDUFK� 7KXV� WR EDODQFH WKH QHHG RI PLQLPLVLQJ WKH DPRXQW RI WZHHWV

DQG NHHSLQJ UHOHYDQW LQIRUPDWLRQ IRU IXUWKHU UHVHDUFK� WKH PHUJLQJ WDVN IROORZHG ([SHULPHQW ��

7KH FOHDQHG UHVXOWV NHHS WKH FDWHJRU\� NH\ZRUG� SRVW WLPH DQG WZHHW FRQWHQW DV VKRZQ LQ 6DPSOH

������� 7DEOH ����� VKRZV WKH VWDWLVWLFV RI WKH PHUJLQJ UHVXOWV� DQG PDNHV LW DSSDUHQW WKDW WKH

QXPEHU RI WZHHWV VLJQLILFDQWO\ GURSSHG�

7DEOH ����� 6WDWLVWLFV RI SURFHVVHG VWRFN WZHHWV

0RQWK 8QLTXH WZHHWV 5DZ WZHHWV 0RQWK 8QLTXH WZHHWV 5DZ WZHHWV

������ ������ ��������� ������ ������� ���������

������ ������� ��������� ������ ������� ���������

������ ������� ��������� ������ ������� ���������
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���



��� 0DQXDO $QQRWDWLRQ RI 6WRFN 7ZHHWV

$IWHU FOHDQLQJ WZHHWV� WKH QH[W SKDVH ZDV WR DQQRWDWH D FHUWDLQ QXPEHU RI WZHHWV PDQXDOO\� 7R

DFKLHYH WKH EHVW DFFXUDF\� WZHHWV WR EH DQQRWDWHG ZHUH ILUVW VHOHFWHG FDUHIXOO\� WKH DQQRWDWLRQ FUL�

WHULD ZDV GHVLJQHG� DQG WKH DQQRWDWLRQ UHVXOWV ZHUH GRXEOH FKHFNHG� $OWKRXJK WKH GDWD FROOHFWLRQ

ODVWHG IRU ��PRQWKV IURP$SULO� ���� WR )HEUXDU\� ����� WKHPDQXDO DQQRWDWLRQ VWDUWHG LQ 6HSWHP�

EHU� ����� VR LW RQO\ IRFXVHG RQ WKH WZHHW GDWD IURP WKH PRQWKV SULRU WR VWDUWLQJ �$SULO WR $XJXVW�

������

����� ,QWURGXFWLRQ RI WKH WZHHWV IURP WKH WLFNHU WZHHW FUDZOHU

$V GHPRQVWUDWHG LQ 6HFWLRQ ���� RQ HDFK LQGLYLGXDO GD\� WKH WKUHH FUDZOHUV �WKH WLFNHU WZHHW

FUDZOHU� UHWZHHW FUDZOHU DQG PHGLD WZHHW FUDZOHU� FROOHFWHG D ODUJH SRUWLRQ RI UHSHDWHG FRQWHQW

IURP WKH 7ZLWWHU VHDUFK $3,� 7DEOH ����� VKRZV WKH UHVXOWV DIWHU WKH LQLWLDO GDWD PDQLSXODWLRQ�

IURP $SULO WR $XJXVW� �����

7DEOH ����� 6WDWLVWLFV RI WKH FROOHFWHG WZHHWV IURP WKUHH FUDZOHUV� $SULO � $XJXVW� ����

0RQWK 7LFNHU WZHHWV 0HGLD WZHHWV 5HWZHHWV

������� ������ ������ �����

������� ������ ������ ������

������� ������ ������ ������

������� ������ ������ ������

������� ������ ������ �

7RWDO ������� ������� ������

$V 7ZLWWHU KDV UDSLGO\ FKDQJHG WKHLU GDWD UHOHDVLQJ SROLF\� WKH 6HDUFK $3, VWRSSHG UHOHDVLQJ DQ\

UHWZHHWV� 7KH UHWZHHW FUDZOHU VWRSSHG ZRUNLQJ IURP -XO\ ��WK� DQG WKHUHDIWHU GLG QRW UHFHLYH DQ\

���



UHWZHHWV� 7KXV� WZHHWV IURP WKH UHWZHHW FUDZOHU ZHUH GLVFDUGHG IURP WKH UHVHDUFK� 0RUHRYHU�

WKH DYHUDJH QXPEHU RI WZHHWV IURP WKH PHGLD WZHHW FUDZOHU ZDV PXFK ORZHU WKDQ WKH WLFNHU WZHHW

FUDZOHU� VR WKH IROORZLQJ GDWD DQDO\VHV IRFXV RQO\ RQ WZHHWV FROOHFWHG IURP WKH WLFNHU WZHHW FUDZOHU�

7KH WLFNHU FUDZOHU VWDUWHG FROOHFWLQJ WZHHWV IURP$SULO �� ����� VR WKHRUHWLFDOO\� E\ $XJXVW ��� �����

HDFK FUDZOHU VKRXOG KDYH ZRUNHG IRU ��� GD\V� +RZHYHU� RQO\ �� WLFNHU FUDZOHUV ZRUNHG IRU ���

GD\V �KHUHDIWHU� ����'$< FUDZOHUV�� DQG WKH UHVW GLG QRW FROOHFW WZHHWV DV IUHTXHQWO\ DV GHVLJQHG

�VHH )LJXUH ������� 3RVVLEOH UHDVRQV DUH WKDW WKHVH WLFNHUVZHUH OHVV OLNHO\ WR EH GLVFXVVHG RQ7ZLWWHU�

RU WKDW 7ZLWWHU¶V DOJRULWKP FDXVHG WKHVH XQEDODQFHG UHVXOWV�
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Statistics of working days of each tweet crawler, April−August, 2012

)LJXUH ����� 6WDWLVWLFV RI ZRUNLQJ GD\V RI HDFK WZHHW FUDZOHU� $SULO�$XJXVW� ����

���



7KH DYHUDJH QXPEHU RI ZRUNLQJ GD\V IRU DOO �� WLFNHU WZHHW FUDZOHUV LV ��� GD\V� ,Q WKHVH �PRQWKV�

WKHVH �� WLFNHU WZHHW FUDZOHUV FROOHFWHG ������� WZHHWV� DQG WKH VL[WHHQ ����'$< FUDZOHUV FRO�

OHFWHG ������� WZHHWV� ZKLFK LV DERXW ������ RI DOO WZHHWV� 7KLV VKRZV KRZ XQEDODQFHG WKH FUDZO�

LQJ UHVXOW ZDV �VHH )LJXUH ������� 7KH DYHUDJH QXPEHU RI WZHHWV RI WKHVH VL[WHHQ ����'$< FUDZOHUV

LV ������� WZHHWV� VR WKH GDLO\ DYHUDJH RI HDFK WLFNHU LV �� WZHHWV�
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Daily counts of the tweet collection, April−August, 2012

)LJXUH ����� 'DLO\ FRXQWV RI WKH WZHHW FROOHFWLRQ LQ ORJDULWKP VFDOLQJ� $SULO�$XJXVW� ����

���



'HVSLWH WKH DYHUDJH� WKHUH LV D ELJ GLIIHUHQFH LQ WKH PHDQV RI WKHVH VL[WHHQ ����'$< FUDZOHU¶V

UHVXOWV �VHH )LJXUH ������� WKXV� WKH FUDZOLQJ UHVXOWV ZLWK D GDLO\ DYHUDJH RI RYHU �� WZHHWV ZHUH

FKRVHQ� 2QO\ �� WLFNHUV PDWFKHG WKLV FRQGLWLRQ� 7KHVH �� WLFNHUV �KHUHDIWHU ���0267 WLFNHUV�

QXPEHUHG ������� WZHHWV LQ WRWDO� ZKLFK LV DERXW ������ RI DOO FROOHFWHG WLFNHU WZHHWV�
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Daily counts of the 16 153−day tickers collection, April−August, 2012

)LJXUH ����� 'DLO\ FRXQWV RI WKH ����'$< WLFNHUV LQ ORJDULWKP VFDOLQJ� $SULO�$XJXVW� ����

���



7KHVH ���0267 WLFNHUV KDG ������ WZHHWV LQ ��� GD\V RQ DYHUDJH� DQG WKH GDLO\ DYHUDJH LV �����

WZHHWV� $V VKRZQ LQ )LJXUH ������ GHVSLWH WKH IDFW WKDW WKH WLFNHU �06)7 KDV WKH PRVW FRQWHQWV�

� RWKHU WLFNHUV KDYH VLPLODU TXDQWLWLHV RI GDWD� 7KH WRWDO QXPEHU YDU\ IURP ���� WR ������� WKH

PHGLDQV UDQJH IURP �� WR ��� DQG WKH PHDQV UDQJH IURP �� WR ��� 7KHVH ���0267 WZHHWV ZHUH

VHOHFWHG IRU ODWHU DQDO\VHV�
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Daily counts of the 10 MOST−tweeted tickers collection, April−August, 2012

)LJXUH ����� %R[ SORW RI WKH ���0267 WLFNHUV WZHHWV LQ ORJDULWKP VFDOLQJ� $SULO�$XJXVW� ����

����� 0DQXDO DQQRWDWLRQ

7R LPSURYH WKH XQGHUVWDQGLQJ RI WKH FKDUDFWHULVWLFV RI WKH VWRFN�UHODWHG WZHHWV� WKH PDQXDO DQ�

QRWDWLRQ ZDV DSSOLHG WR WKH FROOHFWHG WZHHWV� 7KLV LV DQ LPSRUWDQW SDUW RI WKH UHVHDUFK EHFDXVH DOO

WKH VXEVHTXHQW DQDO\VHV UHOLHG RQ WKH TXDOLW\ RI WKLV SKDVH� 7KXV� LW QHHGHG DWWHQWLRQ�

���



7R UHGXFH WKH SRVVLELOLW\ RI KXPDQ HUURUV� WKH PDQXDO DQQRWDWLRQ VHOHFWHG *HQHUDO (OHFWULF ��*(�

WZHHWV DV WKH VDPSOH GDWD� ,W KDG WKH IHZHVW WZHHWV DPRQJ WKH ���0267 WLFNHUV� VR LW UHTXLUHG WKH

OHDVW DPRXQW RI HIIRUW WR DQQRWDWH� ZKLFK LV EHQHILFLDO EHFDXVH XVLQJ WKH VPDOOHVW JURXS FDQ UHGXFH

WKH KXPDQ HUURU LQ WKH PDQXDO DQQRWDWLRQ SURFHGXUH� ,Q WRWDO� ���� *( WZHHWV ZHUH FROOHFWHG

XVLQJ WKH NH\ZRUG �*( RYHU ��� GD\V� DQG WKH DYHUDJH GDLO\ UHVXOW LV ����� WZHHWV� 7KH ODUJHVW

QXPEHU RI WZHHWV FROOHFWHG RQ DQ\ RQH GD\ ZDV ��� WZHHWV RQ -XO\ ��� ZKLOH WKH VPDOOHVW QXPEHU

RI WZHHWV FROOHFWHG ZDV RQ -XO\ �� ZKHUH RQO\ � WZHHWV ZHUH FROOHFWHG�

2QHPDLQ VKRUWFRPLQJ RI PDQXDO DQDO\VLV LV LQFRKHUHQFH� VR DQRWKHU VROXWLRQ WRPLQLPLVH WKH KX�

PDQ HUURU LV WR UHFKHFN WKH DQQRWDWLRQ� 5HSHDWLQJ WKH DQQRWDWLRQ SURFHGXUH FDQ UHGXFH WKH QXP�

EHU RI LQFRKHUHQW DQQRWDWLRQV DQG HQDEOHV WKH FRUUHFWLRQ RI DQ\ WKH DQQRWDWLRQ HUURUV� 'RXEOH�

FKHFNV RI WKH PDQXDO DQQRWDWLRQ ZHUH XQGHUWDNHQ LQ RUGHU WR JXDUDQWHH LWV TXDOLW\� 7R IXUWKHU

PLQLPLVH WKH KXPDQ HUURU� WKH FRGHV XVHG WR UHSUHVHQW HDFK FDWHJRU\ RI WZHHWV ZHUH GHVLJQHG WR

EH VLPSOH �VHH 6HFWLRQ ������� ,Q WDNLQJ WKHVH VWHSV� �L�H�� FKRRVLQJ WKH IHZHVW WZHHW JURXS DQG

UHSHDWLQJ DQQRWDWLRQ�� WKH PDQXDO DQQRWDWLRQ NHSW WKH KXPDQ HUURUV WR D PLQLPXP�

����� 7KH PXOWL�OHYHO FODVVLILFDWLRQ FULWHULD

3UHYLRXV VWXGLHV KDYH UDUHO\ GLVFXVVHG VHQWLPHQW FODVVLILFDWLRQ FULWHULD �VHH &KDSWHU ��� 8VLQJ

HLWKHU SRODULW\ RU ILQH�JUDLQHG FODVVLILFDWLRQ� WKH\ WHQG WR SXW XQFODVVLILHG FRQWHQW LQWR D QHXWUDO

FDWHJRU\� ZKLFK DFWV DV ³D ODEHO IRU WKH REMHFWLYH FODVV �µODFN RI RSLQLRQ¶�´ �3DQJ 	 /HH� ����� S� ����

7KH IROORZLQJ VHFWLRQV XVH VSHFLILF VDPSOHV IURP WKH DQQRWDWHG WZHHWV WR FULWLTXH WKLV FODVVLILFDWLRQ

DSSURDFK�

%DU�+DLPHW DO� ������¶V V\VWHP LQWHQGHG WR ILQG WKH SURIHVVLRQDO WUDGHUV DPRQJVW 7ZLWWHU XVHUV� ,W

FODVVLILHG WZHHWV LQWR WZR FDWHJRULHV� IDFW DQG RSLQLRQ� ZKLFK HDFK FRPSULVHG RI IRXU VXEFDWHJRULHV�

7KH IDFW FDWHJRU\ FRQWDLQHG IRXU VXEFDWHJRULHV� 1HZV� FKDUW SDWWHUQ� WUDGH DQG WUDGH RXWFRPH�

���



ZKLOH WKH RSLQLRQ FDWHJRU\ KDG VSHFXODWLRQ� FKDUW SUHGLFWLRQ� UHFRPPHQGDWLRQ DQG VHQWLPHQW�

)ROORZLQJ WKLV DSSURDFK� IRU WKH VHQWLPHQW DQDO\VLV WDVN� WKLV WKHVLV GHYHORSHG D KLHUDUFK\ V\VWHP

WR FDWHJRULVH VWRFN WZHHWV LQWR GLIIHUHQW OHYHOV� DQG XVHG GLIIHUHQW WDJV WR DQQRWDWH WKHP�

�� 6WRFN OHYHO� 7KLV ILUVW OHYHO FODVVLILHV WZHHWV EDVHG RQ ZKHWKHU WKH\ UHODWH WR VWRFN WRSLFV

IRU WKH UHDVRQ WKDW QRQ�VWRFN�UHODWHG WZHHWV KDYH YHU\ OLPLWHG FRQQHFWLRQ ZLWK WKH SULFH

FKDQJHV RI PDUNHW�

�� 7LFNHU OHYHO� 7KLV VHFRQG OHYHO FODVVLILHV WZHHW EDVHG RQ WKHLU UHODWLRQ WR WKH WLFNHU WRSLF

EHFDXVH QRQ�WLFNHU�UHODWHG WZHHWV PD\ RQO\ KDYH DQ LQGLUHFW FRQQHFWLRQ WR WKH FKDQJHV�

�� 3RODULW\ OHYHO� 7KLV WKLUG OHYHO FODVVLILHV WKH VHQWLPHQW RI WLFNHU�UHODWHG WZHHWV EHFDXVH WKH\

KDYH D GLUHFW FRQQHFWLRQ ZLWK WKH SULFH FKDQJHV�

)RU FODULW\� LW LV XVHIXO WR GHILQH WKH FRQFHSWV RI ³VWRFN�UHODWHG WZHHW´� ³WLFNHU�UHODWHG WZHHW´ DQG

³QRQ�VWRFN�UHODWHG WZHHW´ �VHH )LJXUH ������� )RU WKLV DQDO\VLV� VWRFN�UHODWHG WZHHWV LQGLFDWH WZHHWV

GLVFXVVLQJ WKH WRSLFV UHODWHG WR WKH VWRFN PDUNHW� 7KH\ GLVFXVV HLWKHU WKH LQYHVWPHQW LQ VWRFN

RU D UHODWHG WRSLF VXFK DV D SURGXFW SURGXFHG E\ WKH WLFNHU FRPSDQ\� ,Q WKLV W\SH RI WZHHWV� WKH

FDVKWDJZDV XVHG DV WKH LGHQWLILFDWLRQ RI WKH WLFNHU QDPH� HYHQ LI WKHPDLQ WRSLFZDV QRW QHFHVVDULO\

WKH WLFNHU FRPSDQ\� 2Q WKH RWKHU KDQG� WLFNHU�UHODWHG WZHHWV UHIHU WR WZHHWV GLVFXVVLQJ UHOHYDQW

HYHQWV EHFDXVH WKH PDLQ WRSLF VWLFNV WR WKH WLFNHU� ,W GLVFXVVHV HLWKHU QHZV RU LQYHVWPHQW RI WKH

WLFNHU� )XUWKHUPRUH� QRQ�VWRFN�UHODWHG WZHHWV DUH WZHHWV WKDW XVH WKH VDPH FDVKWDJ� EXW WKH WRSLF

KDV QRWKLQJ WR GR ZLWK WKH PDUNHW� 1RQ�WLFNHU�UHODWHG WZHHW DUH WKRVH VWRFN�UHODWHG WZHHWV ZLWK

D GLIIHUHQW PDLQ WRSLF WR WKH WLFNHU NH\ZRUG� 7KH QRQ�WLFNHU�UHODWHG WZHHWV DQG WLFNHU�UHODWHG

WZHHWV DUH LQFOXGHG LQ WKH VWRFN�UHODWHG FDWHJRU\�

,Q DGGLWLRQ� WR FODVVLI\ WKH VHQWLPHQW RI WKH WLFNHU�UHODWHG WZHHWV� WKH SRODULW\ PRGHO ZDV DGRSWHG

WR VLPSOLI\ WKH SURFHVV� ,W LV FOHDU WKDW VWRFN SULFH FKDQJH LV DOVR D WULQDU\PRGHO� ,W LV HLWKHU EXOOLVK�

���



RU EHDULVK� RU QR FKDQJHV KDSSHQ� ZKHUHDV LW LV ODEHOHG DV ³KROG´� 7KXV� XVLQJ D SRODULW\ PRGHO

LQ FODVVLI\LQJ WZHHWV HFKRHV SULFHV FKDQJHV LQ WKH PDUNHW� $ PRUH GHWDLOHG GLVFXVVLRQ RI WKLV LV

SUHVHQWHG LQ 6HFWLRQ ������

Stock-related tweets

All annotated tweets

Non-stock-related 
tweets (NSR, 0)

Non-ticker-related 
tweets (NTR, 1) Ticker-related tweets

Positive ticker-related 
tweets (PST, 4)

Negative ticker-related 
tweets (NEG, 2)

Neutral ticker-related 
tweets (NEU, 3)

Stock level

Ticker level 

Polarity level

)LJXUH ����� 7KH UHODWLRQVKLS RI GLIIHUHQW W\SHV RI WZHHWV

7KH UHODWLRQVKLS EHWZHHQ WKHVH W\SHV RI WZHHWV LQ WKLV GLDJUDP FDQ EH VXPPDULVHG DV IROORZV�

�� 6WRFN OHYHO� $OO DQQRWDWHG WZHHWV  VWRFN�UHODWHG WZHHWV � QRQ�VWRFN�UHODWHG WZHHWV �165�

�� 7LFNHU OHYHO� 6WRFN�UHODWHG WZHHWV  WLFNHU�UHODWHG WZHHWV � QRQ�WLFNHU�UHODWHG WZHHWV �175�

�� 3RODULW\ OHYHO� 7LFNHU�UHODWHG WZHHWV  QHJDWLYH WZHHWV �1(*�� QHXWUDO �1(8� � SRVLWLYH

�367�

$OVR SUHVHQWHG LQ WKH DERYH ILJXUH� XVLQJ D VLQJOH GLJLW WDJ FDQ VLPSOLI\ WKH DQQRWDWLRQ� LQ RUGHU WR

DYRLG PLVWDNHQ W\SLQJ� DOVR LW LV HDVLHU WR H[WUDFW DQG FRQYHUW DIWHU WKH DQQRWDWLRQ� 7KH WDJV XVHG

DUH RXWOLQHG EHORZ�

���



�� ³�´ IRU QRQ�VWRFN�UHODWHG WZHHWV�

�� ³�´ IRU QRQ�WLFNHU�UHODWHG WZHHWV�

�� ³�´ IRU QHJDWLYH WLFNHU�UHODWHG WZHHWV�

�� ³�´ IRU QHXWUDO WLFNHU�UHODWHG WZHHWV� DQG

�� ³�´ IRU SRVLWLYH WLFNHU�UHODWHG WZHHWV�

7KH IROORZLQJ GLVFXVVLRQ H[SODLQV WKHVH GLIIHUHQW FDWHJRULHV LQ PRUH GHSWK ZLWK VSHFLILF VDPSOHV�

1RWH WKDW WKH WZHHW VDPSOHV LQFOXGH WKH NH\ZRUG DQG SRVW GDWH DW WKH EHJLQQLQJ RI WKH FRPSOHWH

WZHHW� EXW JHQHUDO XVHUV RI 7ZLWWHU ZRXOG QRW H[SHULHQFH WKHVH WZR W\SHV RI PHWD LQIRUPDWLRQ DW

WKH EHJLQQLQJ� 7KH\ DUH RQO\ SUHVHQWHG KHUH WR VKRZ WKH DGGLWLRQDO LQIRUPDWLRQ�

����� 1RQ�VWRFN�UHODWHG WZHHWV �165�

$OWKRXJK WKH FUDZOHU XVHG WKH FDVKWDJ �*( DV WKH VHDUFK TXHU\ NH\ZRUG� D KLJK SURSRUWLRQ RI WKH

FROOHFWHG WZHHWV DUH QRW UHOHYDQW WR WKH VWRFN WRSLF� 7KH\ ZRXOGPDNH D OLPLWHG FRQWULEXWLRQ WR WKH

IXUWKHU DQDO\VLV� VR WKH\ ZHUH JURXSHG LQ D VHSDUDWHG FDWHJRU\� 7KH 165 WZHHWV FDQ EH GLYLGHG E\

WKH WKUHH PDLQ FULWHULD GHVFULEHG EHORZ�

165 � 7ZHHWV ERUURZ WKH FDVKWDJ� EXW GR QRW GLVFXVV DQ\ UHOHYDQW WRSLF UHODWHG WR WKH FRQFHSW RI

WKH FUDZOLQJ NH\ZRUG� )RU H[DPSOH� 6DPSOH ����� GLVFXVVHV D PXVLF JURXS� VR LW LV QRW UHOHYDQW

WR *HQHUDO (OHFWULF� KRZHYHU� WKLV W\SH RI WZHHWV RIWHQ FRPELQHV WKH KDVK PDUN ZLWK �*(� VR WKH

FUDZOHU VWLOO FROOHFWHG WKHP�

6DPSOH ����� �*( ���������� , WKRXJKW MXVW P\ QLJJDV JR KDP IRU WHDP EXW ��*(

JLUOV ERXW WKDW /LIH ��*(

165� 7ZHHWV XVH WKH FDVKWDJ DFFRUGLQJ WR LWV RULJLQDO SXUSRVH� EXW WKHPDLQ WRSLF RI WKHVH WZHHWV

LV QRW DERXW WKH VWRFN PDUNHW� WKH WLFNHU FRPSDQ\� RU DQ\ UHODWHG FRQFHSWV� )RU LQVWDQFH� ZLWK

���



WKH FDVKWDJ �*(� 7ZLWWHU XVHV �*( DV D VDPSOH WR LQWURGXFH WKH QHZ IXQFWLRQ RI FDVKWDJV� DQG

PDQ\ WZHHWV GLVFXVV WKLV WRSLF �VHH 6DPSOH ������� ,Q WKHVH WZHHWV� WKH PDLQ WRSLF LV 7ZLWWHU¶V QHZ

IXQFWLRQ DQG QRW *HQHUDO (OHFWULF RU DQ\ RI LWV UHODWHG FRQFHSWV� 7KHVH WZHHWV KDYH YHU\ OLPLWHG

FRQWULEXWLRQ WR WKH PRYHPHQWV RI *(¶V SULFH�

6DPSOH ����� �*( ���������� 7ZLWWHU LV UROOLQJ RXW D QHZ IHDWXUH WKDWPDNHV WZHHWHG

VWRFN V\PEROV FOLFNDEOH DQG VHDUFKDEOH RQ B7+,6B,6B$B85/B/,1.B 7U\ LW � �)%

�*(

165� 7ZHHWV FRQWDLQ QR WH[W� RWKHU WKDQ D VLQJOH FDVKWDJ �VHH 6DPSOH ������� ,W LV KDUG WR LGHQWLI\

ZKHWKHU WKH\ ZHUH VWRFN�UHODWHG WZHHWV RU QRW� $OVR WKH\ FRQWDLQ QR VHQWLPHQW LQIRUPDWLRQ� VR

WKH\ ZHUH ILOWHUHG RXW�

6DPSOH ����� �*( ���������� �*(

����� 1RQ�WLFNHU�UHODWHG WZHHWV �175�

7KH 175 WZHHWV EHORQJ WR VWRFN�UHODWHG WZHHWV� EXW WKH PDLQ WRSLF LV QRW FORVHO\ UHOHYDQW WR WKH

WLFNHU¶V FRQFHSW� 7KH\ GR QRW KDYH D IRFXV RQ DQ\ VSHFLILF WLFNHU� VR WKH\ ZHUH H[FOXGHG IURP

IXUWKHU DQDO\VHV� 7KLV W\SH RI WZHHWV FDQ EH GLYLGHG LQWR WKH ILYH W\SHV RXWOLQHG EHORZ�

175 � 7ZHHWV DGYHUWLVH VWRFN�UHODWHG SURGXFWV VXFK DV LQYHVWPHQW UHSRUWV� 6RPH RI WKHP DGG

D VWULQJ RI FDVKWDJV DW WKH HQG WR DWWUDFW PRUH DWWHQWLRQ �VHH 6DPSOH ������� +RZHYHU� WKH\ KDYH

OLPLWHG LQIRUPDWLRQ EHFDXVH WKH\ GR QRW IRFXV RQ DQ\ VSHFLILF WLFNHU� 7KH 85/ OLQNV FRQQHFW WR

H[WHUQDO FRQWHQW� ZKLFK PD\ KDYH H[SOLFLW VHQWLPHQW� EXW EHFDXVH WKH WZHHW LWVHOI GRHV QRW KDYH

DQ\ H[SOLFLW VHQWLPHQW� DQ\ VHQWLPHQW LV XQOLNHO\ WR EH UHFRJQLVHG�

6DPSOH ����� �*( ���������� �$$� �%$&� �%.� �&6;� �(0&� �)� �*(� �*/:�

�+34��.5��/1&��06� �2,� �7(5� �9/2�:DWFKOLVW $XJ�� ����B7+,6B,6B$B85/B/,1.B

���



175 � 7ZHHWV GLVFXVV D VLPLODU WRSLF� EXW WKH IRFL DUH QRW WKH NH\ZRUG� 7KLV W\SH RI WZHHW GLV�

FXVVHV RWKHU WLFNHUV EXW OLVWV WKH FDVKWDJV DW WKH HQG� 7KH PDLQ IRFXV FDQ EH HLWKHU D FRPSHWL�

WRU� RU D SDUWQHU RI WKH PDLQ WLFNHU� +RZHYHU� VRPHWLPHV� WKH UHODWLRQVKLS EHWZHHQ WKHP LV QRW

FOHDU� ,Q PRVW FDVHV� DGGLQJ WKH FDVKWDJ RI WKH PDLQ WLFNHU LV RQO\ WR FDWFK PRUH DWWHQWLRQ� VR WKH\

FRQWULEXWH LQ D OLPLWHG ZD\ WR WKH PDLQ WLFNHU¶V FKDQJHV� *HQHUDOO\� WKLV W\SH RI WZHHW LV D QHZV

WZHHW� 7KH\ SUHVHQW WKH WLWOH RI WKH QHZV DQG LQFOXGH D 85/ OLQN DQG FDVKWDJV DW WKH HQG� 7KH ILUVW

WZR VDPSOHV EHORZ �6DPSOH ����� DQG ������ VKRZ LQIRUPDWLRQ DERXW *HQHUDO (OHFWULF¶V SDUWQHUV

RU FRPSHWLWRUV� DQG WKH ODVW WZR �6DPSOH ����� DQG ������ VKRZ WKH JHQHUDO PDUNHW LQIRUPDWLRQ�

KRZHYHU� QRQH RI WKHP H[SOLFLWO\ GLVFXVVHV *HQHUDO (OHFWULF�

6DPSOH ����� �*( ���������� )LUVW 6RODU� 4� 5HVXOWV 6KRZ ,WV )LQDQFLDO 6WUHQJWK

$QG 0DUNHW 3RWHQWLDO $UH 8QPDWFKHG B7+,6B,6B$B85/B/,1.B �*( �/'.

�63:5 �65(

6DPSOH ����� �*( ���������� 1(:6 )/$6+� 7LP &RRN LV D SUHWW\ JRRG &(2� $S�

SDUHQWO\ 6WHYH -REV GLGQ¶W UHDG D VLQJOH ZRUG RI -DFN :HOFK� 7KDQN JRRGQHVV� �*(

�$$3/

6DPSOH ����� �*( ���������� �*( 1HZV� 0RVW DFWLYH 1HZ <RUN 6WRFN ([FKDQJH�

WUDGHG VWRFNV B7+,6B,6B$B85/B/,1.B �$FWLYH �([FKDQJHWUDGHG �0RVW

6DPSOH ����� �*( ���������� �*( 1HZV� 8�6� 6WRFNV 'HFOLQH DV (PSOR\PHQW 5H�

SRUW 0LVVHV (VWLPDWHV B7+,6B,6B$B85/B/,1.B �GD\WUDGLQJ �'HFOLQH �(PSOR\�

PHQW �(VWLPDWHV

175 � 7ZHHWV GR QRW FRQWDLQ D SUHFLVHO\ LGHQWLILDEOH FDVKWDJ� $OWKRXJK WKH\ ZHUH FROOHFWHG E\ D

FUDZOHU LQGH[LQJ D FDVKWDJ DV WKH NH\ZRUG� WKH WZHHW RQO\ FRQWDLQV SDUW RI WKH FDVKWDJ� $V VKRZQ LQ

���



6DPSOH ������ WKH FDVKWDJ ³�*(B)´ LQFOXGHV ³�*(´ EXW KDV QR UHODWLRQVKLS ZLWK *HQHUDO (OHFWULF�

7KXV� WKH\ GR QRW FRQWULEXWH WR WKH PDLQ WLFNHU¶V PRYHPHQWV�

6DPSOH ����� �*( ���������� #+DQVD7UDGLQJ QR LGHD� WKDW¶V DOO SURJUDPPHG LQ�

�*(B) WUDGHUV XVHG WR SXW XS ���� ORWV WR JHW ��� 'HSHQGV RQ D ORW RI IDFWRUV

175 � 7ZHHWV FRQWDLQ WKH FDVKWDJ� EXW DUH DXWRPDWLFDOO\ JHQHUDWHG E\ D ZHEVLWH� 1RZDGD\V�

PRUH DQG PRUH ZHEVLWHV KDYH LQWHJUDWHG D FRQYHQLHQW VKDULQJ IHDWXUH DV GLVFXVVHG LQ &KDSWHU ��

VR WKH WZHHWV JHQHUDWHG E\ WKHVH VHUYLFHV XVXDOO\ RQO\ FRQWDLQ WKH WLWOH DQG WKH 85/ OLQN RI WKH

SRVW� 7KLV W\SH RI WZHHWV DOVR LQFOXGHV VRPH FDVKWDJV� EXW WKH\ PD\ QRW KDYH D VSHFLILF IRFXV RQ

WKLV WLFNHU �VHH 6DPSOH �������� 7KXV� WKH\ DOVR KDYH D OLPLWHG DVVRFLDWLRQ ZLWK WKH PDLQ WLFNHU�

6DPSOH �������*(����������&RPPHQWHG RQ� ´� 6KRUW�7HUP%HDULVK2SWLRQ ,GHDV

2Q *HQHUDO (OHFWULF $QG )DFHERRN´ B7+,6B,6B$B85/B/,1.B �)% �*(

175 � 5HWZHHWV RI WKH SUHYLRXVO\ OLVWHG IRXU W\SHV RI QRQ�WLFNHU�UHODWHG WZHHWV� 0DQ\ XVHUV UH�

SRVWHG RWKHU¶V WZHHWV� HVSHFLDOO\ QHZV WZHHWV� 7KH\PD\ DGG FRPPHQWV RU MXVW VLPSO\ UHWZHHW �VHH

6DPSOH �������� ,I WKH UHWZHHW GRHV QRW LQFOXGH DQ\ UHOHYDQW FRPPHQWV WR WKH PDLQ WRSLF� RU LI LW

LV MXVW D UHSRVW� LW ZDV FODVVLILHG DV DQ 175 WZHHW� WRR�

6DPSOH ������ �*( ���������� 57 #3DXO/RHWH� 0LUDFOH ,PSURYHPHQW ,Q

$/6 3DWLHQW &RXOG )RUFH %LJ 3KDUPD 7R *HW 6HULRXV 2Q 6WHP &HOO 7KHUDS\

B7+,6B,6B$B85/B/,1.B �$7+; �*( �*6.

,Q SUHYLRXV VWXGLHV DV GLVFXVVHG LQ &KDSWHU �� WZHHWVPDWFKLQJ WKH ILYH FULWHULD DERYH DUH FODVVLILHG

DV QHXWUDO WZHHWV� EHFDXVH WKH\ KDYH QHLWKHU H[SOLFLWO\ QHJDWLYH QRU H[SOLFLWO\ SRVLWLYH VHQWLPHQW

RQ WKH PDLQ WRSLF� +RZHYHU� LW LV LPSRUWDQW WR QRWLFH WKDW WKHVH WZHHWV GR QRW KDYH DQ\ H[SOLFLW

���



DVVRFLDWLRQ ZLWK WKH NH\ZRUG DV WLFNHU�UHODWHG WZHHWV� )XUWKHUPRUH� LI WKH\ DUH FODVVLILHG DV QHX�

WUDO WZHHWV� WKH GLIIHUHQW GHJUHHV RI LQIOXHQFH ZRXOG EH QHJOHFWHG� $OWKRXJK D QXPEHU RI VWXGLHV

FRQVLGHU ³QHXWUDO´ DV QHLWKHU QHJDWLYH QRU SRVLWLYH� WKLV GRHV QRW PHDQ WKDW QHXWUDO LV HTXLYDOHQW

WR ³QR DVVRFLDWLRQ´� LQ RWKHU ZRUGV� XQFODVVLILHG WZHHWV KDYH QR DVVRFLDWLRQ WR WKH VWRFN FKDQJHV�

VR WKH\ FDQQRW EH FRQVLGHUHG DV QHXWUDO WZHHWV� $V GLVFXVVHG DERYH� WKHVH W\SHV RI WZHHWV PD\

GLVFXVV DERXW D FRPSHWLWRU� D SDUWQHU RU WKH PDUNHW� PHDQLQJ WKH\ FDQ KDYH VRPH LQGLUHFW DVVR�

FLDWLRQV ZLWK WKH PDLQ WRSLF� 7KXV� WKHVH WZHHWV ZHUH JURXSHG IRU WKH IXUWKHU DQDO\VLV� LQVWHDG RI

EHLQJ FODVVLILHG LQWR WKH QHXWUDO FDWHJRU\�

����� 7LFNHU�UHODWHG WZHHWV

7KH IROORZLQJ VHFWLRQV GLVFXVV WKH WLFNHU�UHODWHG WZHHWV� $V H[SODLQHG DERYH� WKLV W\SH RI WZHHW

KDV D VSHFLILF IRFXV RQ WKH FDVKWDJ NH\ZRUG� DQG WKH\ ZHUH FDWHJRULVHG LQWR SRVLWLYH� QHJDWLYH DQG

QHXWUDO JURXSV DV GLVFXVVHG� ,W VHHPV VLPSOH WR HFKR QHJDWLYH� QHXWUDO DQG SRVLWLYH VHQWLPHQWV

ZLWK WKH PDUNHW WUHQGV DV EHDULVK �GRZQZDUG�PRYLQJ�� KROG �VWHDG\� DQG EXOOLVK �XSZDUG PRY�

LQJ� UHVSHFWLYHO\� EXW WKH UHDOLW\ LV QRW� ,Q DGGLWLRQ WR WKH UHODWLRQVKLSV RI WKH PDUNHW WUHQG� WKHUH

LV DQRWKHU ELQDU\ UHODWLRQVKLS ± WKH LQYHVWPHQW DFWLRQ DV EX\LQJ� KROGLQJ DQG VHOOLQJ �VHH 7DEOH

�������

7DEOH ����� 7KH UHODWLRQVKLS RI WKH SRVLWLYH DQG QHJDWLYH UHODWLRQVKLS EHWZHHQ WKH PDUNHW WUHQG
DQG WKH LQYHVWPHQW DFWLRQ

5HODWLRQVKLS 1HJDWLYH 1HXWUDO 3RVLWLYH

0DUNHW WUHQG EHDULVK KROG EXOOLVK

,QYHVWPHQW DFWLRQ VHOOLQJ KROGLQJ EX\LQJ

6SUHQJHU DQG :HOSH ������ SRLQWHG RXW WKDW ³EX\ DQG VHOO VLJQDOV PD\ FDUU\ YHU\ GLIIHUHQW LQIRU�

���



PDWLRQ ZLWK UHVSHFW WR VXEVHTXHQW VWRFN UHWXUQV´ �S� ���� DQG WKLV LQGLFDWHV WKDW WKH UHODWLRQVKLS

RI LQYHVWPHQW DFWLRQ GRHV QRW ZHOO PDWFK WKDW RI WKH PDUNHW WUHQGV� 7R H[SODLQ WKH GLVDJUHHPHQWV

RI WKHVH WZR UHODWLRQVKLSV� LW LV EHWWHU WR WDNH VRPH FRQFUHWH H[DPSOHV IURP WKH DQQRWDWHG WZHHWV�

6DPSOH ������ ILUVW H[SUHVVHV D SRVLWLYH WKRXJKW DERXW WKH *( WLFNHU� VR LW LQGLFDWHV WKDW WKHPDUNHW

WUHQG LV EXOOLVK� +RZHYHU� LW VRRQ FRPPHQWV WKDW LW GLG QRW UHDFK WKH DXWKRU¶V H[SHFWDWLRQ� VR

WKH XVHU¶V UHDFWLRQ ZDV WR KROG� 7KLV LV DQ REYLRXV GLIIHUHQFH EHWZHHQ WKH PDUNHW WUHQG DQG WKH

LQYHVWRU¶V HYDOXDWLRQ� VR WKLV WZHHW ZDV FODVVLILHG DV DQ 1(8 WZHHW�

6DPSOH ������ �*( ���������� �*( 'RHVQ¶W ORRN EDG� EXW LW LVQ¶W JRRG HQRXJK IRU

PH� ,³OO FKHFN RQ LW WRPRUURZ� 0D\EH RQH PRUH GRZQ GD\ IRU �*(

,Q WKH VWRFN PDUNHW� WKH WHUP SXOOEDFN LQGLFDWHV D VLWXDWLRQ ZKHUH WKH WLFNHU¶V SULFH GURSV DIWHU LW

UHDFKHV D SHDN� DQG LQYHVWRUV PD\ FRQVLGHU WKLV DV D ORQJ�WHUP SRVLWLYH RSSRUWXQLW\� ,Q 6DPSOH

������ WKH DXWKRU VHHV D SXOOEDFN RI WKH WLFNHU� ZKLFK LV D EHDULVK VLJQDO� EXW WKH DXWKRU VHHPV WR

UHJDUG LW DV D YHU\ JRRG FKDQFH� XVLQJ WKH ZRUG JUHDW LQ XSSHUFDVH OHWWHUV WR H[SUHVV WKH LQWHQVLW\

RI WKH HYDOXDWLRQ� 7KXV� WKH VHQWLPHQW RI WKH DXWKRU LV SRVLWLYH ± WKLV LV RSSRVLWH WR WKH PDUNHW

WUHQG� &RQVLGHULQJ WKH DXWKRU¶V PRRG� LW FODVVLILHG DV D 367 WZHHW�

6DPSOH ������ �*( ���������� �*( � :LWK WRGD\V ����� SXOOEDFN� *5($7 EX\LQJ

RSSRUWXQLW\ IRU DOO ORQJ WHUP LQYHVWRUV� $OVR ZLWK IXWXUH GLY LQFUHDVHV � LW¶V D EDUJDLQ�

7KH GLVDJUHHPHQW EHWZHHQ WKH UHODWLRQVKLS RI WKH PDUNHW WUHQG DQG WKH LQYHVWPHQW DFWLRQ LQ�

FUHDVHV WKH GLIILFXOW\ RI GHVLJQLQJ D FODVVLILFDWLRQ RI WKH WLFNHU�UHODWHG WZHHWV DQG DV ZHOO DV WKH

GLIILFXOW\ RI DQDO\VLQJ WKH FRUUHODWLRQ EHWZHHQ WKH PDUNHW DQG VHQWLPHQW� 7R DYRLG DPELJXLWLHV�

WKLV UHVHDUFK GHILQHV VHQWLPHQW DV IROORZLQJ WKH UHODWLRQVKLS RI WKH LQYHVWPHQW DFWLRQ� 3RVLWLYH

VHQWLPHQW DV WKH LQYHVWRU¶V ZLOOLQJQHVV WR EX\ WKH WLFNHU� QHJDWLYH VHQWLPHQW DV WKH LQYHVWRU¶V ZLOO�

LQJQHVV WR VHOO� DQG QHXWUDO VHQWLPHQW DV ZLOOLQJQHVV WR KROG� 7KLV LV WR VLPSOLI\ WKH DQQRWDWLRQ DQG

���



DQDO\VLV XQGHUWDNHQ ODWHU� $Q LQ�GHSWK GLVFXVVLRQ RI HDFK FDWHJRU\ LV SUHVHQWHG LQ WKH IROORZLQJ

VHFWLRQV�

����� 1HJDWLYH WZHHWV �1(*�

7KH 1(* JURXS UHIOHFWV WKH QHJDWLYH VHQWLPHQW DERXW WKH NH\ZRUG WLFNHU�

1(* � 7ZHHWV H[SUHVV QHJDWLYH WKRXJKWV DERXW WKH WLFNHU �VHH 6DPSOH ������ DQG �������� 7KLV

W\SH RI WZHHWV RIWHQ FRQWDLQV WKH ZRUG EHDULVK� EHDULVKO\ RU VLPLODUO\ QHJDWLYH H[SUHVVLRQV� :LWK

VXFK DQ H[SOLFLW H[SUHVVLRQ� WKHLU VHQWLPHQW LV VHOI�HYLGHQW�

6DPSOH ������ �*( ���������� �*( � 5ROOLQJ RYHU� ������ EHDULVK WDUJHW�

B7+,6B,6B$B85/B/,1.B

6DPSOH ������ �*( ���������� �*( �*HQHUDO (OHFWULF 6WRFN $QDO\VLV � 56, LV EHDULVK

DQG IDOOLQJ � B7+,6B,6B$B85/B/,1.B

1(* � 7ZHHWV H[SUHVV WKH LGHD RI ³VHOOLQJ WKH WLFNHU´� $OWKRXJK LQ 6DPSOH ������� WKHUH LV QR

H[SOLFLWO\ QHJDWLYH VHQWLPHQW DVVRFLDWHG ZLWK WKH PDLQ WLFNHU� LW GHPRQVWUDWHV WKDW WKH XVHU VKRUW�

HQHG �VROG� WKH *( VWRFN� 7KRXJK VHOOLQJ LV QRW D FRPSOHWH H[SUHVVLRQ RI QHJDWLYH VHQWLPHQW DQG

QHLWKHU LV EX\LQJ HQWLUHO\ DQ H[SUHVVLRQ RI SRVLWLYH VHQWLPHQW� WKH FRQYHQWLRQ RIWHQ LGHQWLILHV VHOO�

LQJ DV D QHJDWLYH VLJQDO� DQG EX\LQJ DV D SRVLWLYH RQH� 7KXV� WKLV UHVHDUFK IROORZHG WKH FRQYHQWLRQ

WR H[WHQG WKH FRQFHSW RI 1(* DQG 367 WZHHWV�

6DPSOH ������ �*( ���������� 6KRUWHG �*( ZLWK D WKUHH FHQWV VWRS� /RRNLQJ IRU LW

WR PDNH D ORZHU KLJK�

1(* � 7ZHHWV GLVFXVV QHJDWLYH QHZV RI WKH WLFNHU �VHH 6DPSOH �������� %DG QHZV RIWHQ EULQJV

EDG FKDQJHV �1DYHHG� *RWWURQ� .XQHJLV� 	 $OKDGL� ������ VR WKLV W\SH RI WZHHWV FRXOG KDYH D GLUHFW

LQIOXHQFH RQ WKH SULFH PRYHPHQWV�

���



6DPSOH ������ �*(����������*HQHUDO (OHFWULF ,V2YHUYDOXHGB7+,6B,6B$B85/B/,1.B

�*(

1(* � 7ZHHWV H[SUHVV GLVDSSRLQWPHQWV RU RWKHU QHJDWLYH HPRWLRQV DERXW HYHQWV RI UHOHYDQFH

RI WKH WLFNHU� ,Q 6DPSOH ������� 1%& �1DWLRQDO %URDGFDVW &DEOH� KDV EHHQ DFTXLUHG E\ *HQHUDO

(OHFWULF EHIRUH� DQG WKH\ FDQFHOOHG WKH /RQGRQ2O\PSLFV¶ OLYH EURDGFDVW� ZKLFK FDXVHGZLGHVSUHDG

GLVDSSRLQWPHQW� +HQFH� WKH SULFH SHUIRUPDQFH RI *HQHUDO (OHFWULF PLJKW EH DIIHFWHG�

6DPSOH �������*(����������1%&�IDLO IRU UHSODFLQJ0DG0RQH\ZLWK#MLPFUDPHU

ZLWK �2O\PSLFV ER[LQJ« :K\ GLGQ¶W WKH\ PDNH D VSHFLDO ER[LQJ FKDQQHO" �WY �*(

�&0&6$

����� 1HXWUDO WZHHWV �1(8�

7KH 1(8 JURXS FRQWDLQV WZHHWV KDYLQJ HLWKHU QHXWUDO RU XQFHUWDLQ VHQWLPHQW RQ WKH UHOHYDQW WRS�

LFV RI WKH WLFNHU FDVKWDJ�

1(8 � 7ZHHWV SUREDEO\ KDYH D SRVLWLYH RU QHJDWLYH WHQGHQF\� EXW WKH\ DVN D TXHVWLRQ� PDNLQJ

WKHP PRUH DPELJXRXV� 6DPSOHV ������ DQG ������ DUH FRQFUHWH H[DPSOHV� 7KH ILUVW WZHHW LV DQ

RSHQ TXHVWLRQ WKDW PD\ KDYH GLIIHUHQW DQVZHUV DQG WKH VHFRQG LV D W\SLFDO TXHVWLRQ DERXW UHYHQXH�

6DPSOH ������ �*( ���������� �JH ZLOO LW HYHU WUDGH DERYH �� DJDLQ"

6DPSOH ������ �*( ���������� #MLPFUDPHU ZKDW � RI �*(¶V HDUQLQJV FRPH IURP

,QGLD"

1(8 � 7ZHHWV H[SUHVV WKH LGHD RI ³KROGLQJ´ WKH WLFNHU� )RU H[DPSOH� 6DPSOH ������ LQGLFDWHV WKDW

WKH DXWKRU LV KROGLQJ WKH *( WLFNHU� ZLWKRXW DQ\ DSSDUHQW ZLVK WR EX\ RU VHOO�

���



6DPSOH ������ �*( ���������� *RW ORQJ �$636 WRGD\ DQG �*( ORQJ VWLOO KROGLQJ XS

1(8 � 7ZHHWV UHSRUW WKH WLFNHU QHZV� EXW FRQWDLQ QR H[SOLFLW VHQWLPHQW� 1RWLFH� WKLV GLIIHUV IURP

&ULWHULD � RI WKH 175 WZHHWV� EHFDXVH WKLV W\SH RI WZHHWV H[FOXVLYHO\ IRFXVHV RQ WKH *( WLFNHU�

6DPSOH ������ GHPRQVWUDWHV WKLV� ,W LV D QHZV WZHHW DERXW *(� ZLWKRXW DQ\ RWKHU WRSLF� +RZHYHU�

LW LV DOVR QRWDEOH WKDW WKLV LQFRPSOHWH WZHHW FRQWDLQV OLPLWHG VHQWLPHQW DV LW RQO\ VKRZV WKH WLWOH

RI D QHZV UHSRUW�

6DPSOH ������ �*( ���������� &11 0RQH\� +RZ D WRS �*( H[HF HQJLQHHUHG KLP�

VHOI RXW RI D MRE � B7+,6B,6B$B85/B/,1.B �ILQDQFH

1(8 � 7ZHHWV DGYHUWLVH WKH WLFNHU� IRFXV RQ WKH WLFNHU H[FOXVLYHO\� EXW GR QRW FRQWDLQ DQ\ RE�

YLRXV VHQWLPHQWV� 7KLV W\SH RI WZHHWV GLIIHUV IURP 175 �� EHFDXVH LW KDV D VSHFLILF IRFXV RQ WKH

WLFNHU� 7KRXJK WKH\ DUH DGYHUWLVLQJ WZHHWV� WKH\ VKRZ WKDW WKH WLFNHU LV ZHOO GLVFXVVHG ZLWKLQ WKLV

FRPPXQLW\� )RU H[DPSOH� 6DPSOH ������ LV DQ DGYHUWLVLQJ WZHHW WKDW RQO\ UHSRUWV *( WLFNHU�

6DPSOH ������ �*( ���������� &KHFN *HQHUDO (OHFWULF &R� ��*(� VWRFN WHFKQLFDO

DQDO\VLV EDVHG RQ FORVLQJ SULFH� B7+,6B,6B$B85/B/,1.B �

1(8 � 7ZHHWV FRQWDLQ FRQIOLFWLQJ RSLQLRQV LQ DQ VLQJOH WZHHW� 7KH IROORZLQJ H[DPSOHV EHORZ

VKRZ WKDW WKH XVHUV KDYH GLIIHUHQW YLHZV RI WKH SHUIRUPDQFH� VR LW LV GLIILFXOW WR VXPPDULVH WKH

VHQWLPHQW� ,Q 6DPSOH ������� WKH DXWKRU ILUVW SUDLVHV WKH *( WLFNHU� WKHQ FODLPHG WKDW KH LV QRW

VDWLVILHG� LQ 6DPSOH ������� WKH XVHU LV QRW FRPSOHWHO\ VDWLVILHG ZLWK WKH SHUIRUPDQFH RI *(� DQG

LQ 6DPSOH ������� DOWKRXJK *( SHUIRUPV ZHOO� LW KDV QRW UHDFKHG WKH DXWKRU¶V H[SHFWDWLRQ�

6DPSOH ������ �*( ���������� �*( 'RHVQ¶W ORRN EDG� EXW LW LVQ¶W JRRG HQRXJK IRU

PH� ,³OO FKHFN RQ LW WRPRUURZ� 0D\EH RQH PRUH GRZQ GD\ IRU �*(

���



6DPSOH ������ �*( ���������� �*( ORRNV DWWUDFWLYH ZLWK UHFHQW DFTXLVLWLRQ QHZV�

+RZHYHU� D FRQJORPHUDWH GRHVQ¶W VHHP WR KDYH PXFK JURZWK SRWHQWLDO� �VWRFNDFWLRQ

6DPSOH ������ �*( ���������� 0XOWL�VSHHG ZRUOG� #*HQHUDO(OHFWULF LQGXVWULDO

�VDOHV GRZQ�� LQ(XURSH� XS�� LQ8�6�� FOLPE��� LQ&KLQD� B7+,6B,6B$B85/B/,1.B

�*(

����� 3RVLWLYH WZHHWV �367�

7KH 367 JURXS LQFOXGHV WZHHWV H[SUHVVLQJ SRVLWLYH WKRXJKWV DERXW WKH WLFNHU�

326 � 7ZHHWV UHSHDW SRVLWLYH QHZV UHODWHG WR WKH WLFNHU� LQFOXGLQJ QHZ LQYHVWPHQWV� QHZ SURGXFW

ODXQFKHV� RU D QHZ OHDGHU¶V JRRG SHUIRUPDQFH� )RU LQVWDQFH� 6DPSOH ������ UHSRUWV WKH ODXQFK RI

D QHZ SURGXFW DQG QHZ WHFKQRORJ\� DQG 6DPSOH ������ LV DERXW DQ LQWHUYLHZ ZLWK *(¶V &(2�

6DPSOH ������ �*( ���������� 57#)LQDQFLDO7LPHV� �*( ODXQFKHV QHZ FDUERQ FDS�

WXUH WHFKQRORJ\ B7+,6B,6B$B85/B/,1.B

6DPSOH ������ �*( ���������� &(2 RI *HQHUDO (OHFWULF RQ 6SDUNLQJ DQ $PHULFDQ

0DQXIDFWXULQJ5HQHZDO � /HDQ LV LQ�+DUYDUG%XVLQHVV5HYLHZ� B7+,6B,6B$B85/B/,1.B

�LQ �*(

326 � 7ZHHWV UHSRUW SRVLWLYH QHZV RI WKH WLFNHU¶V PRYHPHQWV DV VKRZQ LQ 6DPSOH �������

6DPSOH ������ �*( ���������� �JH FOLQJLQJ WR PDMRU VXSSRUW DW �����LVK�1HHGV WR

JHW TXLFN SRS DZD\ IURP LW RII RSHQ RU KHDGLQJ WR ������

326 � 7ZHHWV PHQWLRQ DQ LQYHVWRU¶V LQWHUHVW LQ RU FRQILGHQFH DERXW WKH WLFNHU� )RU H[DPSOH�

6DPSOH ������ LV D FRPPHQW RI RQH *( WLFNHU EX\HU� LQ ZKLFK WKH EX\HU H[SUHVVHV WKH H[SHFWDWLRQ

RI REWDLQLQJ WKH *( WLFNHU�

���



6DPSOH ������ �*( ���������� , VROG P\ VKDUHV RI �3&6 WRGD\� ,³P WKLQNLQJ DERXW

WKURZLQJ WKH PRQH\ LQWR �*(� ,¶YH EHHQ LWFKLQJ WR EX\ VRPH PRUH VKDUHV RI LW IRU D

ZKLOH�

326 � 7ZHHWV H[SUHVV D SRVLWLYH VHQWLPHQW H[SOLFLWO\� HYHQ ZKHQ WKH PDUNHW GLVSOD\V DQ RSSRVLWH

PRWLRQ� 6DPSOH ������ SURYLGHV D JRRG LOOXVWUDWLRQ� 7KH SULFH RI *( GURSSHG ����� EXW WKH WZHHW

UHSRUWV LW DV D EX\LQJ RSSRUWXQLW\� ZKLFK LV D SRVLWLYH VHQWLPHQW�

6DPSOH ������ �*( ���������� �*( � :LWK WRGD\V ����� SXOOEDFN� *5($7 EX\LQJ

RSSRUWXQLW\ IRU DOO ORQJ WHUP LQYHVWRUV� $OVR ZLWK IXWXUH GLY LQFUHDVHV � LW¶V D EDUJDLQ�

������ )XUWKHU GLVFXVVLRQ RQ FODVVLILFDWLRQ FULWHULD

7KH DERYH H[DPSOHV GHPRQVWUDWHG WKH PRVW W\SLFDO VDPSOHV IRXQG IRU HDFK FDWHJRU\� EXW LQ WKH

DQQRWDWLQJ SURFHVV� VRPH SDUWLFXODU FDVHV DSSHDUHG WKDW DUH ZRUWK GLVFXVVLQJ�

8VLQJ WKH UHWZHHW IXQFWLRQ RI 7ZLWWHU KDV WZR FRPPRQ IRUPDWV DV GLVFXVVHG LQ &KDSWHU �� 6RPH�

WLPHV� D WZHHW RPLWV RU FXUWDLOV WKH VHQWLPHQW LQIRUPDWLRQ FRQWDLQHG LQ WKH RULJLQDO WZHHW� 6DPSOH

������ VKRZV WKDW WKH RULJLQDO WZHHW LQFOXGHV D FOHDUO\ SRVLWLYH VHQWLPHQW� ZKLOH 6DPSOH ������� D

TXRWHG WZHHW FRQWDLQV QR H[SOLFLW VHQWLPHQW� VR LW ZDV FODVVLILHG DV D 175 WZHHW�

6DPSOH ������ �*( ���������� 5HWLUHPHQW 6WUDWHJ\� *HQHUDO (OHFWULF -XVW 0LJKW %H

7KH ���� 6WRFN 2I 7KH <HDU �3DUW ��� B7+,6B,6B$B85/B/,1.B �*(

6DPSOH ������ �*( ���������� &RPPHQWHG RQ� ´5HWLUHPHQW 6WUDWHJ\� *HQHUDO (OHF�

WULF -XVW 0LJKW %H 7KH ���� 6WRFN « B7+,6B,6B$B85/B/,1.B �*(

���



$QRWKHU W\SLFDO SKHQRPHQRQ RI UHWZHHWV LV WKDW WKH\ VKDUH VLPLODU FRQWHQW� 8VLQJ VRPH 7ZLWWHU

FOLHQWV PLJKW DXWRPDWLFDOO\ DGG RU FXW VRPH FRQWHQW RI WKH RULJLQDO WZHHW� DQG VRPH XVHUV SUH�

IHU DGGLQJ RU FXWWLQJ VRPH FRQWHQWV ZKHQ WKH\ UHSRVW� 7KH IROORZLQJ � WZHHWV �6DPSOHV ������

� ������� FRQWDLQ WKH H[DFWO\ VDPH WRSLF� EXW WKH FRQWHQWV DUH VOLJKWO\ GLIIHUHQW� 7KH ILUVW WKUHH

�6DPSOHV ������ � 6DPSOH ������� FRXOG EH WZHHWV SRVWHG E\ GLIIHUHQW XVHUV� VR WKH\ DGG GLIIHUHQW

FDVKWDJV DW WKH HQG� RU WKH\ FRXOG EH SRVWHG IURP FOLHQWV WKDW DXWRPDWLFDOO\ FXW WKH HQG RI RULJLQDO

WZHHWV� $OWKRXJK WKH ODVW WKUHH WZHHWV �6DPSOHV ������ � ������� DUH TXRWHG UHWZHHWV� WKH\ GR QRW

FRQWDLQ DQ\ FRPPHQWV� 7KLV W\SH RI UHSHDWHG FRQWHQW LV GLIILFXOW WR GHWHFW DQG GLVWLQJXLVK� VR WKH\

ZHUH UHJDUGHG DV GLIIHUHQW WZHHWV�

6DPSOH ������ �*( ���������� 0LUDFOH ,PSURYHPHQW ,Q $/6 3DWLHQW &RXOG )RUFH

%LJ 3KDUPD 7R *HW 6HULRXV 2Q 6WHP &HOO 7KHUDS\ B7+,6B,6B$B85/B/,1.B

�$7+; �*( �*6.

6DPSOH ������ �*( ���������� 0LUDFOH ,PSURYHPHQW ,Q $/6 3DWLHQW &RXOG )RUFH

%LJ 3KDUPD 7R *HW 6HULRXV 2Q 6WHP &HOO 7KHUDS\ B7+,6B,6B$B85/B/,1.B

�$7+; �*( �*6. �$/6

6DPSOH ������ �*( ���������� 0LUDFOH ,PSURYHPHQW ,Q $/6 3DWLHQW &RXOG )RUFH

%LJ 3KDUPD 7R *HW 6HULRXV 2Q 6WHP &HOO 7KHUDS\ B7+,6B,6B$B85/B/,1.B

�$7+; �*( �*6. �VWHPFHOOV

6DPSOH ������ �*( ���������� 57 #$/6&KLFDJR� 0LUDFOH ,PSURYHPHQW ,Q

$/6 3DWLHQW &RXOG )RUFH %LJ 3KDUPD 7R *HW 6HULRXV 2Q 6WHP &HOO 7KHUDS\

B7+,6B,6B$B85/B/,1.B �$7+; �*( �*6. �$/6

���



6DPSOH ������ �*( ���������� 57 #$/6&KLFDJR� 0LUDFOH ,PSURYHPHQW ,Q

$/6 3DWLHQW &RXOG )RUFH %LJ 3KDUPD 7R *HW 6HULRXV 2Q 6WHP &HOO 7KHUDS\

B7+,6B,6B$B85/B/,1.B �$7+; «

6DPSOH ������ �*( ���������� 57 #QLFRIRUUD]� 0LUDFOH ,PSURYHPHQW ,Q

$/6 3DWLHQW &RXOG )RUFH %LJ 3KDUPD 7R *HW 6HULRXV 2Q 6WHP &HOO 7KHUDS\

B7+,6B,6B$B85/B/,1.B �$7+; �*( �*6. �VWHPFHOOV

6RPH WZHHWV DUH YHU\ VLPLODU WR D UHSRUW GLJHVW� EHFDXVH WKH\ FRQWDLQ LQIRUPDWLRQ RQ PXOWL�WRSLFV

LQ RQH WZHHW� 7KLV EULQJV GLIILFXOWLHV LQ GHWHFWLQJ WKH PDLQ WRSLF� )RU H[DPSOH� 6DPSOH ������

LQWURGXFHV WKUHH WRSLFV LQ RQH WZHHW� WKH ,32 RI %XUJHU .LQJ� WKH ILQH SDLG E\ -3 0RUJDQ� DQG

0RRG\¶V FKDQJHV RI HYDOXDWLRQ RI *HQHUDO (OHFWULF� 7KHVH WKUHH WRSLFV DUH LQGHSHQGHQW RI HDFK

RWKHU� DQG RQO\ WKH ODVW UHODWHV WR WKH WRSLF�

6DPSOH ������ �*( ���������� #5HXWHUV,QVLGHU� *HW D ELWH RI �%XUJHU.LQJ¶V ,32�

�-30 WR SD\ ���POQ ILQH	0RRG\¶V GRZQJUDGHV �*(�� B7+,6B,6B$B85/B/,1.B

������ 6XPPDU\

7KLV VHFWLRQ GLVFXVVHG WKH FODVVLILFDWLRQ FULWHULD XVHG LQ WKHPDQXDO DQQRWDWLRQ RI *( WLFNHU WZHHWV�

,W XVHG D WKUHH�OHYHO KLHUDUFK\ V\VWHP WR FODVVLI\ WZHHWV LQ RUGHU WR GLIIHUHQWLDWH WKH GHJUHH RI LQ�

IOXHQFH WR WKH PDUNHW PRYHPHQWV RI WZHHWV� 3DUWLFXODUO\� LW SXW IRUZDUG D FULWLTXH RI WKH SRSXODU

DSSURDFK WKDW FODVVLILHV XQFODVVLILHG WZHHWV LQWR1(8 WZHHWVZLWK WKH DUJXPHQW WKDW WKH\PD\ KDYH

VRPH LQGLUHFW LQIOXHQFH RQ WKH PDUNHW FKDQJHV� $OVR� LW H[SODLQHG WKH GLVDJUHHPHQW RI WKH PDU�

NHW WUHQG UHODWLRQVKLS DQG WKH LQYHVWPHQW UHDFWLRQ UHODWLRQVKLS� 7KLV VHFWLRQ SURYLGHG GHWDLOHG

FULWHULD RI HDFK RI WKH FDWHJRULHV RI WZHHWV� ZLWK DQ DLP WR GLVDPELJXDWH WKHP DV IDU DV SRVVLEOH�

���



��� 5HODWLRQVKLS RI $QQRWDWHG 7ZHHWV

$IWHU WKH PDQXDO DQQRWDWLRQ� DV VKRZQ LQ )LJXUH ������ PDNLQJ XS PRUH WKDQ ��� RI WKH WZHHWV�

WKH 367 JURXS GRPLQDWHV WKH FROOHFWLRQ RI ����� *( WZHHWV� 7KH QH[W PRVW IUHTXHQW DUH WKH 175

�������� DQG 165 WZHHWV ��������� ZKLFK WRJHWKHU DFFRXQW IRU ������ RI DOO WKH *( WZHHWV� VR

WKH\ DFFRXQW IRU D ODUJHU SURSRUWLRQ RI WKH GDWD WKDQ WKH WLFNHU�UHOHYDQW FRQWHQW� 2Q WKH RWKHU

KDQG� WKH 1(* DQG 1(8 WZHHWV RQO\ VKDUH ����� DQG ������ RI WKH HQWLUH GDWDVHW UHVSHFWLYHO\�

6SHFLILFDOO\� LQ WKH WLFNHU�UHODWHG JURXS� WKH 367 JURXS RFFXSLHV ������RI WKH ����� WLFNHU�UHODWHG

WZHHWV� ZKHUH WKH 1(* DQG 1(8 JURXS VKDUH ������ DQG ������ UHVSHFWLYHO\� 7KLV URXJKO\

PDWFKHV WKH RYHUDOO SRVLWLYH WUHQG RI WKH *( VKDUH SULFH GXULQJ WKLV SHULRG DV VKRZQ LQ &KDSWHU ��

,W LV QRWLFHDEOH WKDW WKH UDWLR EHWZHHQ WKH SRVLWLYH WZHHWV DQG WKH QHJDWLYH WZHHWV LV QHDUO\ ����

7KLV LV PRUH EDODQFHG WKDQ 'HZDOO\¶V UHVXOW RI ��� ������ DQG $QWZHLOHU DQG )UDQN¶V ��� �������

,W LV VLPLODU WR 6SUHQJHU DQG :HOSH¶V ��� ������� EXW OHVV EDODQFHG WKDQ 5DR DQG 6ULYDVWDYD¶V ���

�������

���



Stock-related tweets
5194 (77.12%) 

All annotated tweets
6735

NSR
1541 (22.88%)

NTR
1884 (27.97%)

Ticker-related tweets
3310 (49.15%)

PST
2054 (30.50%)

NEG
554 (8.23%)

NEU
702 (10.42%)

)LJXUH ����� 'LVWULEXWLRQ RI GLIIHUHQW W\SHV RI *( WZHHWV DIWHU WKH PDQXDO DQQRWDWLRQ

��� 6XPPDU\

7KLV FKDSWHU LQWURGXFHG WKH SURFHGXUH RI FROOHFWLQJ WZHHWV GLVFXVVLQJ VWRFN IURP WKH 7ZLWWHU $3,V�

,W SUHVHQWHG WKH GHWDLOV RI KRZ WR FROOHFW DQG PDQLSXODWH GDWD IURP WKH 7ZLWWHU $3,V� $IWHU UH�

RUJDQLVLQJ WKH GLUHFWRU\� FRQYHUWLQJ -621 WR 769 ILOHV� FOHDQLQJ +70/ HQFRGLQJ� DQG UHSODF�

LQJ 85/ OLQNV� WKH GDWD DUH UHDG\ IRU IXUWKHU DQDO\VLV� 7KH QH[W SDUW GLVFXVVHG GHWDLOV RI WKH

PDQXDO DQQRWDWLRQ RI *( WLFNHU WZHHWV� ,W GHVLJQHG D WKUHH OHYHO KLHUDUFK\ FODVVLILFDWLRQ FDWH�

JRU\� QDPHO\ WKH VWRFN OHYHO� WLFNHU OHYHO DQG SRODULW\ OHYHO� 'XULQJ WKH PDQXDO DQQRWDWLRQ� HDFK

WZHHW ZDV JURXSHG DFFRUGLQJ WR VSHFLILF FULWHULD LQWR RQH RI ILYH FDWHJRULHV RI WZHHWV� LQFOXGLQJ WKH

QRQ�VWRFN�UHODWHG WZHHWV� QRQ�WLFNHU�UHODWHG WZHHWV� QHJDWLYH WLFNHU�UHODWHG WZHHWV� QHXWUDO WLFNHU�

UHODWHG WZHHWV� DQG SRVLWLYH WLFNHU�UHODWHG WZHHWV� :LWK WKLV KLHUDUFKLFDO FODVVLILFDWLRQ V\VWHP� WKH

LUUHOHYDQW FRQWHQWV LQ WKH WZHHW GDWD ZDV HIILFLHQWO\ UHGXFHG � 7KH IROORZLQJ FKDSWHUV XVH WKHVH

SURFHVVHG DQQRWDWHG WZHHW GDWD WR H[SORUH WKHLU WHPSRUDO DQG OLQJXLVWLF IHDWXUHV�

���



&KDSWHU � 7HPSRUDO 5HODWLRQVKLS RI 6WRFN 3ULFH DQG 7ZHHW

6HQWLPHQW

7KH WHPSRUDO IHDWXUH RI VWRFN WZHHWV LV SDUWLFXODUO\ LPSRUWDQW LQ WKH VWRFN SUHGLFWLRQ FRQWH[W� ,I

WKH WHPSRUDO FRUUHODWLRQ EHWZHHQ WZHHW VHQWLPHQW DQG WKH VWRFN PDUNHW LV ZHDN� RU QRQ�H[LVWHQW�

WKHQ WKH SRVVLELOLW\ RI XVLQJ WZHHWV WR SUHGLFW WKH PDUNHW ZLOO EH EOHDN� 7KHUHIRUH� WKLV FKDSWHU IR�

FXVHV RQ H[SORULQJ WKH WHPSRUDO FRUUHODWLRQ EHWZHHQ WKH DQQRWDWHG *( WLFNHU�UHODWHG WZHHWV DQG

*( VWRFN SULFH� 7KH FKDSWHU ILUVW EULHIO\ LQWURGXFHV WKH VWRFN SULFH GDWD� DQG JLYHV DQ RYHUYLHZ RI

WLPH VHULHV DQDO\VLV LQ GHWDLO� 7KHQ� LW UHSRUWV RQ DQDO\VHV RI WKH WHPSRUDO FRUUHODWLRQ RI WKH UDZ

GDWD� LQFOXGLQJ WKH FRUUHODWLRQ EHWZHHQ VWRFN SULFH� WZHHW VHQWLPHQW� DQG VWRFN SULFH DQG WZHHW

VHQWLPHQW� 1H[W� WKH FKDSWHU UHSRUWV RQ DQDO\VHV RI WKH WHPSRUDO FRUUHODWLRQV EHWZHHQ WKH FRQ�

YHUWHG GDWD� ZKLFK XVHG GLIIHUHQW WLPH VHULHV GDWD PDQLSXODWLRQ WHFKQLTXHV� )LQDOO\� LW SUHVHQWV

WHVWV RI WKH GLIIHUHQFHV LQ WKH WHPSRUDO FRUUHODWLRQV EDVHG RQ GLIIHUHQW GHILQLWLRQV RI QHXWUDO VHQ�

WLPHQW�

��� 6WRFN 3ULFH 'DWD &ROOHFWLRQ

7KH IROORZLQJ DQDO\VHV XVHG WKH 'RZ -RQHV ,QGXVWULDO $YHUDJH �'-,$� SULFHV IURP WKH 1HZ <RUN

6WRFN ([FKDQJH �1<6(�� ZKLFK SURYLGHV IRXU GLIIHUHQW SULFHV IRU HDFK WLFNHU� WKH RSHQ� KLJK� ORZ

DQG FORVH SULFH� ,Q WKH VWRFN PDUNHW� WKHVH IRXU SULFHV LQGLFDWH GLIIHUHQW VWDWXVHV RI HDFK VWRFN RQ

D JLYHQ GD\� 7KH KLJK DQG ORZ SULFH DUH WKH KLJKHVW DQG ORZHVW SULFH RI D JLYHQ VWRFN ZLWKLQ DQ

LQGLYLGXDO GD\� DQG WKH RSHQ DQG FORVH SULFHV DUH WKH SULFHV RI D JLYHQ VWRFN DW WKH RSHQLQJ DQG

FORVLQJ WLPH RI WKH PDUNHW WKDW GD\�

7KHVH GDWD FDQ EH IHWFKHG IURP *RRJOH )LQDQFH � �� ,W RI�

IHUV WKH DERYH IRXU W\SHV RI SULFH GDWD DV ZHOO DV WKH GDLO\ YROXPH IRU HDFK WLFNHU LQ WKH +LVWRULFDO

���
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3ULFHV SDJH� )RU H[DPSOH� WKH UDZ GDWD RI *(¶V SULFHV FDQ EH IRXQG DW �

�� 7KHVH GDWD FDQ EH GLUHFWO\ GRZQORDGHG DV D &69

�FRPPD�VHSDUDWHG YDOXH� ILOH� RU EH H[WUDFWHG E\ DQ\ UHOHYDQW VRIWZDUH� VXFK DV 5�

$V VKRZQ LQ 7DEOH ������ UHOHYDQW SULFH GDWD IURP *RRJOH )LQDQFH ZHUH UHWULHYHG DQG FRQYHUWHG

WKHP LQWR 769 �WDE�VHSDUDWHG YDOXH� ILOHV� 7KH WLFNHU SULFH GDWD FRQWDLQ ILYH FROXPQV� DQG WKH

ILUVW URZ LQGLFDWHV WKH QDPHV RI HDFK FROXPQ� 7KHUHIRUH� HDFK URZ UHSUHVHQWV WKH SULFH GDWD RI DQ

LQGLYLGXDO GD\ ZLWK VDPH IRXU LQWHUYDOV� DQG HDFK SULFH ILJXUH LV WKH SULFH JHQHUDWHG E\ WKHPDUNHW�

,Q WKH VDPSOH� WKH ODVW URZ GRHV QRW FRQWDLQ DQ\ QXPHULF GDWD IRU WKH IRXU SULFHV DV RXWOLQHG DERYH�

EHFDXVH $SULO �� ���� ZDV D 6DWXUGD\� DQG QR VWRFN PDUNHW RSHQV RQ ZHHNHQGV RU KROLGD\V� ,Q

VXFK LQVWDQFHV� WKHPDUN1$ LV XVHG WR LQGLFDWHPLVVLQJ GDWD� EHFDXVH WKH IROORZLQJ DQDO\VHV UHOLHG

RQ � ZKLFK UHJDUGV 1$ DV D ORJLFDO FRQVWDQW RI ³1RW DYDLODEOH�PLVVLQJ GDWD´ �9HQDEOHV 	 5LSOH\�

����� S� ���� ,Q WRWDO� WKHUH ZHUH �� KROLGD\V �LQFOXGLQJ ZHHNHQGV� GXULQJ WKH SHULRG IURP $SULO

� WR $XJXVW ��� ����� VR ��� 1$ PDUNV DUH DVVLJQHG� 7KHUHIRUH� ��� RI WKH GDWD IRU WKLV SHULRG

GR QRW LQFOXGH DQ\ SULFH LQIRUPDWLRQ� 7KH GLIILFXOWLHV EURXJKW E\ WKLV SUREOHP ZHUH GLVFXVVHG LQ

6HFWLRQ ����

7DEOH ����� 6DPSOH RI FRQYHUWHG *( SULFH GDWD

'DWH 2SHQ +LJK /RZ &ORVH

���������� ����� ����� ����� �����

���������� ����� ����� ����� �����

���������� ����� ����� ����� �����

���������� ����� ����� ����� �����

���������� ����� ����� ����� �����

���������� 1$ 1$ 1$ 1$
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��� ,QWURGXFWLRQ RI 7LPH 6HULHV $QDO\VLV

7LPH VHULHV DQDO\VLV LV D VWDWLVWLFDO DQDO\VLV PHWKRG GHVLJQHG IRU XQGHUVWDQGLQJ WHPSRUDO UHODWLRQ�

VKLSV LQ GDWD� DQG WKLV DQDO\VLV XVHG WLPH VHULHV DQDO\VLV WR LQYHVWLJDWH WKH UHODWLRQVKLS EHWZHHQ

FKDQJHV LQ VWRFN SULFH DQG WZHHW VHQWLPHQW FKDQJHV� $FFRUGLQJ WR &KDWILHOG ������� WLPH VHULHV

DQDO\VLV PDLQO\ WHVWV WZR W\SHV RI UHODWLRQVKLS LQ WKH GDWD� XQLYDULDWH SURFHVVHV DQG ELYDULDWH SUR�

FHVVHV� ,Q XQLYDULDWH DQDO\VLV� IRUHFDVWV FDQ EH EDVHG HQWLUHO\ RQ SDVW REVHUYDWLRQV LQ D JLYHQ WLPH

VHULHV� E\ ³ILWWLQJ DPRGHO WR WKH GDWD DQG H[WUDSRODWLQJ´ �S� ���� ,QPXOWLYDULDWH DQDO\VLV� IRUHFDVWV

FDQ EH PDGH E\ ³WDNLQJ REVHUYDWLRQV RQ RWKHU YDULDEOHV LQWR DFFRXQW´ �S� ����

,Q EULHI� WKH ILUVW DSSURDFK FDQ EH FRQVLGHUHG DV D KLVWRULFDO UHODWLRQVKLS DW GLIIHUHQW WLPH SRLQWV

ZLWKLQ RQH JURXS RI WLPH VHULHV GDWD DQG WKH VHFRQG RQH DV D FRUUHODWLRQ EHWZHHQ GLIIHUHQW JURXSV

RI GDWD ZLWKLQ D FHUWDLQ WLPH UDQJH� ,Q WKLV UHVHDUFK� LQWHUSUHWLQJ WKH FRUUHODWLRQ EHWZHHQ VWRFN

SULFH DQG WZHHW VHQWLPHQW DW WKH FRUUHVSRQGLQJ WLPH LV PRUH LPSRUWDQW� VR LW IRFXVHV RQ WKH EL�

YDULDWH SURFHVVHV� 7KLV VHFWLRQ ILUVW GLVFXVVHV ZKDW IHDWXUHV RI WLPH VHULHV GDWD KDYH� DQG WKHQ

LQWURGXFHV WKH PDLQ WLPH VHULHV DQDO\VLV PRGHOV DQG PHWKRGV XVHG LQ ILQDQFLDO GDWD�

����� 7LPH VHULHV GDWD

$V VWDWHG LQ 6KXPZD\ DQG 6WRIIHU ������� WLPH VHULHV GDWD DUH ³D FROOHFWLRQ RI UDQGRP YDULDEOHV

LQGH[HG DFFRUGLQJ WR WKH RUGHU WKH\ DUH REWDLQHG LQ WLPH´ �S� ���� 7KLV LV VXSSRUWHG E\ 6KDVKD

������� ZKR VXPPDULVHG WLPH VHULHV GDWD DV ³D VHTXHQFH RI YDOXHV XVXDOO\ UHFRUGHG DW UHJXODU

LQFUHDVLQJ LQWHUYDOV´� 7KH LPSRUWDQFH RI WKH UHJXODULW\ LV DOVR HPSKDVLVHG� $FFRUGLQJ WR WKHVH�

WKH WLPH VHULHV GDWD VKRXOG PHHW IRXU FKDUDFWHULVWLFV�

�� ,W LV D JURXS RI GDWD�

�� 7KH GDWD DUH UDQGRP�

���



�� 7KH GDWD DUH VWRUHG DFFRUGLQJ WR VSHFLILF WLPH VWDPSV�

�� 7KH GDWD DUH VWRUHG UHJXODUO\�

)LQDQFLDO GDWD� SDUWLFXODUO\ VWRFN UHWXUQ GDWD DUH FDUHIXOO\ LQGH[HG DFFRUGLQJ WR WKH PDUNHW RSHQ�

LQJ WLPH� $V LQWURGXFHG DERYH� 7DEOH ����� VKRZV WKH SULFH GDWD RI WKH *( WLFNHU IRU JLYHQ GD\V�

DQG LW PDWFKHV WKHVH IRXU FKDUDFWHULVWLFV� $V VXFK� WLPH VHULHV DQDO\VLV FDQ EH DSSOLHG WR WKH VWRFN

SULFH GDWD�

0RUHRYHU� WKH WZHHW VHQWLPHQW GDWD LQFRUSRUDWH VLPLODU IHDWXUHV� 7DEOH ����� VKRZV WKH FRXQWV

RI HDFK VHQWLPHQW FDWHJRULHV RI DQQRWDWHG *( WLFNHU WZHHWV FROOHFWHG DV GHVFULEHG LQ &KDSWHU ��

$V ZLWK WKH VWRFN SULFH GDWD� WKH ILUVW FROXPQ LOOXVWUDWHV WKH GDWH RI WKH GDWD� DQG WKH UHPDLQLQJ

FROXPQV UHSUHVHQW WKH FRXQWV RI GLIIHUHQW FDWHJRULHV RI WZHHW� (DFK URZ FRQWDLQV DQ LQGLYLGXDO

GD\¶V GDWD ZLWK WKH VDPH LQWHUYDOV� ZKLFK ZHUH JHQHUDWHG EDVHG RQ WKH DQQRWDWHG UHVXOWV LQ &KDS�

WHU �� 7KHUHIRUH� WKLV JURXS RI GDWD FDQ DOVR EH UHJDUGHG DV D VHW RI WLPH VHULHV GDWD�

7DEOH ����� 6DPSOH GDWD RI *( VHQWLPHQW

'DWH 165 175 1(* 1(8 367

���������� � �� � � ��

���������� � � � � ��

���������� � �� � � �

���������� � � � � �

%DVHG RQ WKH IDFW WKDW WKH\ PHHW WKH IRXU FKDUDFWHULVWLFV RXWOLQHG DERYH DQG DUH VLPLODU LQ IRUPDW�

LW LV UHDVRQDEOH WR DSSO\ WLPH VHULHV DQDO\VLV RQ WKHVH WZR JURXSV RI GDWD� 7KH SULPDU\ JRDO LV WR

WHVW WKH ELYDULDWH WLPH VHULHV UHODWLRQVKLS EHWZHHQ WKHVH WZR JURXSV RI GDWD�

���



����� 7HVW RI FRUUHODWLRQ EHWZHHQ GLIIHUHQW WLPH VHULHV GDWD

$V GLVFXVVHG DERYH� WLPH VHULHV DQDO\VLV FDQ WHVW WZR W\SHV RI WHPSRUDO SURFHVVHV� 7R WHVW WKH FRU�

UHODWLRQ RI XQLYDULDWH SURFHVVHV� WKH DXWR�FRYDULDQFH DQG WKH DXWRFRUUHODWLRQ IXQFWLRQ �$&)� DUH

ZLGHO\ DSSOLHG� 7KH DXWR�FRYDULDQFH IXQFWLRQ LV XVHG WR PHDVXUH ³WKH OLQHDU GHSHQGHQFH EHWZHHQ

WZR SRLQWV RQ WKH VDPH VHULHV REVHUYHG DW GLIIHUHQW WLPHV´ �6KXPZD\ 	 6WRIIHU� ����� S� ����

ZKLOH WKH $&) LV IRU ³WKH OLQHDU SUHGLFWDELOLW\ RI WKH VHULHV DW WLPH W� VD\� ;W� XVLQJ RQO\ WKH YDOXH

;V´ �S� ���� ,Q RWKHU ZRUGV� DXWRFRUUHODWLRQ LV XVHG WR WHVW WKH FRUUHODWLRQ RI WKH FKDQJHV DW WZR

GLIIHUHQW WLPH SRLQWV LQ WKH VDPH GDWD� ZKHUH WKH $&) FDQ EH FRQVLGHUHG DV D QRUPDOLVHG DXWR�

FRYDULDQFH IXQFWLRQ� ,Q DGGLWLRQ� WKH GLIIHUHQFH EHWZHHQ WLPH W DQG WLPH V LV FDOOHG ODJ LQ WLPH

VHULHV DQDO\VLV OLWHUDWXUH�

)XUWKHUPRUH� WR WHVW WKH FRUUHODWLRQ RI ELYDULDWH SURFHVVHV� WKH FURVV�FRYDULDQFH IXQFWLRQ DQG

WKH FURVV�FRUUHODWLRQ IXQFWLRQ �&&)� KDYH EHHQ GHYHORSHG� &KDWILHOG ������ GHILQHG WKH FURVV�

FRYDULDQFH IXQFWLRQ DV IROORZV�

)RU D ELYDULDWH SURFHVV� WKH PRPHQWV XS WR VHFRQG RUGHU FRQVLVW RI WKH PHDQ DQG

DXWR�YDULDQFH IXQFWLRQ IRU HDFK RI WKH WZR FRPSRQHQWV SOXV D QHZ IXQFWLRQ� �S� ����

7REHSUHFLVH� WKH FURVV�FRYDULDQFH IXQFWLRQ LV XVHG WRPHDVXUH ³WKH SUHGLFWDELOLW\ RI DQRWKHU VHULHV

<W IURP VHULHV ;V´ �6KXPZD\ 	 6WRIIHU� ����� S� ���� ZKHUH FURVV�FRUUHODWLRQ IXQFWLRQ LV WKH

QRUPDOLVHG YHUVLRQ RI WKH FURVV FRYDULDQFH� DQG ERWK RI WKHP FDQ EH VFDOHG XS WR ³PXOWLYDULDWH

WLPH VHULHV ZLWK U FRPSRQHQWV´ �S� ����

,Q EULHI� WKH DXWR�FRYDULDQFH DQG WKH DXWRFRUUHODWLRQ IXQFWLRQV PHDVXUH WKH WHPSRUDO FRUUHODWLRQ

ZLWKLQ RQH JURXS RI WLPH VHULHV GDWD� ZKLOH WKH FURVV�FRYDULDQFH DQG WKH FURVV�FRUUHODWLRQ IXQF�

WLRQV PHDVXUH WKH WHPSRUDO FRUUHODWLRQ EHWZHHQ WZR RU PRUH JURXSV RI WLPH VHULHV GDWD� 0RUH

LPSRUWDQWO\� WKH FURVV�FRUUHODWLRQ IXQFWLRQ LV ZLGHO\ XVHG LQ WKH DQDO\VLV RI WKH FRUUHODWLRQ EH�

���



WZHHQ VWRFN DFWLYLWLHV DQG WZHHWV� IRU H[DPSOH� 5XL] HW DO� ������ XVHG WKH &&) WHVW WR HVWLPDWH WKH

FRUUHODWLRQ EHWZHHQ VWRFN SULFH� WUDGLQJ FROXPQ� DQG WZHHWLQJ EHKDYLRXU�

����� ,QWURGXFWLRQ RI WKH $&) DQG WKH &&) IXQFWLRQV LQ

$V D VWDWLVLFDO FRPSXWLQJ ODQJXDJH� SURYLGHV YDULRXV WRROV WR FRQGXFW WLPH VHULHV DQDO\VLV� (LWKHU

WKH EXLOW�LQ IXQFWLRQV RU WKLUG�SDUW\ SDFNDJHV RIIHU WKLV SRVVLELOLW\� 7KH EXLOW�LQ IXQFWLRQV RI

DQG LQ ZHUH XVHG LQ WKLV UHVHDUFK� $ EULHI H[SODQDWLRQ RI WKHVH IXQFWLRQV LV SUHVHQWHG KHUH�

$FFRUGLQJ WR WKH 7HDP ������� DQG LQ WKH VWDWV SDFNDJH DUH LPSODQWHG IURP

ODQJXDJH� LV WKH RULJLQ RI ODQJXDJH� DQG LV VLPLODU WR LW� 7KH EXLOW�LQ DQG IXQF�

WLRQV DUH VOLJKWO\ GLIIHUHQW IURP WKHLU PDWKHPDWLFDO GHILQLWLRQV� $FFRUGLQJ WR WKH 7HDP �������

WKH GRFXPHQWDWLRQ GHILQHV WKDW WKH IXQFWLRQ ³FRPSXWHV �DQG E\ GHIDXOW SORWV� HVWLPDWHV RI

WKH DXWR�FRYDULDQFH RU DXWRFRUUHODWLRQ IXQFWLRQ �S� �����´� 2Q WKH RWKHU KDQG� WKH IXQFWLRQ

³FRPSXWHV WKH FURVV�FRUUHODWLRQ RU FURVV�FRYDULDQFH RI WZR XQLYDULDWH VHULHV´ �S� ������ $FFRUG�

LQJ WR WKHVH� WKH IXQFWLRQ FDQ RQO\ GHDO ZLWK WZR JURXSV RI XQLYDULDWH WLPH VHULHV GDWD DW RQFH�

ZKLFK LV VOLJKWO\ GLIIHUHQW IURP LWV PDWKHPDWLFDO GHILQLWLRQ WKDW FDQ FRPSXWH WZR RU PRUH JURXSV

RI WLPH VHULHV GDWD� +RZHYHU� WKH IXQFWLRQ LV PRUH UREXVW LQ WKDW LW FDQ EH DSSOLHG WR PRUH

WKDQ WZR JURXSV RI XQLYDULDWH GDWD DW RQFH�

2XU GHILQLWLRQV DUH HDVLO\ H[WHQGHG WR VHYHUDO WLPH VHULHV REVHUYHG RYHU WKH VDPH LQ�

WHUYDO� �9HQDEOHV 	 5LSOH\� ����� S� ����

7R EHWWHU XQGHUVWDQG WKH UHODWLRQVKLS RI WKH DQG IXQFWLRQV LQ � WKH IROORZLQJ H[DPSOH LV

WDNHQ IURP WKH *( SULFH GDWD XVHG LQ 6HFWLRQ ���� 7KH UHVXOW RI XVLQJ WKH IXQFWLRQ WR WHVW WKH

FRUUHODWLRQ EHWZHHQ WKH RSHQ DQG FORVH SULFH RI WKH *( WLFNHU LV VKRZQ LQ 7DEOH ������

���



7DEOH ����� $XWRFRUUHODWLRQV RI VHULHV µ;¶� E\ ODJ

/DJ �� �� �� �� � � � � �

&RUUHODWLRQ YDOXH ����� ���� ���� ����� ����� ���� ����� ����� ����

)LJXUH ����� VKRZV WKH FURVV�FRUUHODWLRQ UHVXOW FRPSXWHG E\ WKH IXQFWLRQ LQ 5� $V LQGLFDWHG LQ

WKH WZR FLUFOHG IUDPHV� WKH FRUUHODWLRQ YDOXHV RI WKH FORVH SULFH LQ WKH PDWUL[ RI RSHQ SULFH VKRZV

WKH VDPH UHVXOWV DV WKH FRUUHODWLRQ YDOXHV RI WKH QHJDWLYH ODJV LQ 7DEOH ������ ZKLOH WKH FRUUHODWLRQ

YDOXHV RI WKH RSHQ SULFH LQ WKH IDFHW RI WKH FORVH SULFH VKRZV WKH VDPH UHVXOWV DV WKH FRUUHODWLRQ

YDOXHV RI WKH SRVLWLYH ODJV� &RPELQLQJ WKH FRUUHODWLRQ YDOXHV LQ WKHVH WZR IUDPHV WRJHWKHU� WKH\

VKRZ H[DFWO\ WKH VDPH UHVXOWV DV WKH IXQFWLRQ GRHV LQ 7DEOH ������

)LJXUH ����� &URVV�FRUUHODWLRQ UHVXOW RI *( SULFH DV VKRZQ LQ 6HFWLRQ ���

���



7KXV� WKH IXQFWLRQ LQ FDQ EH XVHG WR WHVW WKH FRUUHODWLRQ RI WZR RU PRUH JURXSV RI WLPH

VHULHV GDWD� ,W LV PXFK PRUH UREXVW WKDQ WKH IXQFWLRQ LQ 5� EHFDXVH LW FDQ FRPSXWH WKH FURVV�

FRUUHODWLRQ IRU PRUH WKDQ WZR JURXSV RI GDWD DW WKH VDPH WLPH� 7KXV� WKH IROORZLQJ DQDO\VLV ZLOO

XVH LQ WR WHVW WKH FURVV�FRUUHODWLRQV RI WKH WLPH VHULHV GDWD�

����� &RUUHODWLRQ GLUHFWLRQ RI WKH $&) DQG WKH &&) IXQFWLRQ

$QRWKHU NH\ SUREOHP LV KRZ WKH DQG IXQFWLRQV FRUUHODWH GDWD� 7KH WLPH VHULHV GDWD LQ WKH

IROORZLQJ DQDO\VLV FRQVLVW RI WZR JURXSV� SULFH GDWD DQG VHQWLPHQW GDWD� ,Q SULQFLSOH� XVLQJ WKH

FXUUHQW VHQWLPHQW GDWD WR FRUUHODWH ZLWK WKH IXWXUH SULFH GDWD LV SUHIHUDEOH� EHFDXVH WKLV LV WKH ZD\

WR SUHGLFW WKH SULFH PRYHPHQW EDVHG RQ WKH VHQWLPHQW LQIRUPDWLRQ� 7KH 5 7HDP ������ JLYHV WKH

IROORZLQJ GHILQLWLRQ RI WKH ODJ RI IXQFWLRQV�

7KH ODJ N YDOXH UHWXUQHG E\ WKH &&) �[�\� HVWLPDWHV WKH FRUUHODWLRQ EHWZHHQ [>W�N@ DQG

\>W@ �S� ������

,Q RWKHU ZRUGV� WKH ODJ N YDOXH FDQ EH HLWKHU SRVLWLYH RU QHJDWLYH� 7KH IXQFWLRQPRYHV WKH WLPH

VHULHV [ WR WKH IXWXUH WLPH ODJV LI N LV SRVLWLYH� RU WR WKH SDVW WLPH ODJV LI N LV QHJDWLYH� EXW NHHSV WKH

WLPH VHULHV \ XQPRYHG�

+RZHYHU� LQ WKH IXQFWLRQ� DQ\ ODJ N YDOXH LV SRVLWLYH� EXW WKH PRYHPHQW LV ELODWHUDO� LW ILUVW

PRYHV WKH WLPH VHULHV [ WR WKH IXWXUH E\ ODJ N� DOVR NHHSV WLPH VHULHV \ XQPRYHG� WKHQ LW PRYHV

WLPH VHULHV \ WR WKH IXWXUH E\ ODJ N WRR� EXW NHHSV WLPH VHULHV [ XQPRYHG� %HFDXVH WKH ODJ N LV

DOZD\V SRVLWLYH� FRPELQLQJ WKHVH WZR PRYHPHQWV WRJHWKHU LV HTXLYDOHQW WR WKH PRYHPHQW LQ WKH

IXQFWLRQ� 7KXV� LI WKH SUHGLFWLRQ RI SULFHV EDVHG RQ WZHHW VHQWLPHQWV LV GHVLUHG� LW LV UHDVRQDEOH

WR UHJDUG WKH SULFH GDWD DV WKH WLPH VHULHV [� DQG WKH VHQWLPHQW GDWD DV WKH WLPH VHULHV \�

���



2QH SUREOHP RI XVLQJ WKH FURVV�FRUUHODWLRQ WHVW WR FRPSDUH WZR JURXSV RI XQLYDULDWH GDWD LV WKDW

LW FDQ SURGXFH UHGXQGDQW GDWD� &RQVLGHULQJ WKDW WKH UHVHDUFK DLP LV WR SUHGLFW WKH SULFH EDVHG RQ

WKH VHQWLPHQW� WKH IROORZLQJ DQDO\VLV RQO\ SUHVHQWV WKH QHFHVVDU\ WKH &&) UHVXOWV LQ WKH SORWWLQJ�

����� 3ORWWLQJ WKH $&) WHVW UHVXOWV LQ 5

:KLOH FXUUHQW DXWRPDWLF WH[W�SURFHVVLQJ WHFKQLTXHV PHDQ WKDW ZH DUH ODUJHO\ UH�

VWULFWHG WR FRQVLGHULQJ OH[LV UDWKHU WKDQ PRUH FRPSOH[ GLVFRXUVH VHPDQWLF IHDWXUHV�

WKH YLVXDOLVDWLRQ RIIHUV VRPH LQLWLDO JXLGDQFH WR WKH GLVFRXUVH DQDO\VW DWWHPSWLQJ WR

XQGHUVWDQG WKH XQIROGLQJ FRPSOH[LW\ RI VWUHDPV RI PLFURSRVWV� �=DSSDYLJQD� �����

S� ���

1RWH WKDW LW PLJKW EH PRUH DSSURSULDWH WR SURGXFH D YLVXDOLVDWLRQ RI VHQWLPHQW GDWD

UDWKHU WKDQ D WH[WXDO VXPPDU\ RI LW� �3DQJ 	 /HH� ����� S� ��

7KLV UHVHDUFK LQYROYHG PXFK TXDQWLWDWLYH DQDO\VLV� $ SUREOHP ZLWK WKLV NLQG RI DQDO\VLV LV WKDW

LW WHQGV WR JHQHUDWH YDVW DPRXQWV RI QXPHULFDO GDWD� ZKLFK FDQ EH GLIILFXOW WR SUHVHQW RU VXP�

PDULVH LQ D FRQFLVH DQG LQWHOOLJLEOH ZD\� 7R DVVLVW WKH UHDGHU¶V XQGHUVWDQGLQJ RI GDWD� WKHUHIRUH�

WKH SUHVHQW VWXG\ PDNHV XVH RI GDWD YLVXDOLVDWLRQ WHFKQLTXHV� 7KH UHVHDUFK PDLQO\ XVHG ¶V JJ�

SORW� SDFNDJH �:LFNKDP� ����� WR YLVXDOLVH GDWD�

+HDW PDSSLQJ LV D FRQYHQLHQW DSSURDFK WR GLVSOD\ PDWUL[ GDWD� %DVLFDOO\� LW XVHV GLIIHUHQW FRORXUV

WR LOOXVWUDWH WKH YDOXHV RI D PDWUL[� 7KH PRUH VLPLODU WKH FRORXUV DUH� WKH FORVHU WKH YDOXHV DUH� WKH

GDUNHU WKH FRORXUV DUH� WKH VPDOOHU WKH YDOXHV DUH� ,W LV FRPPRQ WR FKDQJH WKH WLPH ODJV LQ WKH $&)

WHVW WR VHH LI WKHUH LV DQ\ FRUUHODWLRQ EHWZHHQ GLIIHUHQW JURXSV RI WLPH VHULHV GDWD ZLWKLQ GLIIHUHQW

WLPH VWDPSV� 7KXV� D PXOWL�PDWUL[ LV JHQHUDWHG E\ WKH $&) WHVW� DQG SORWWLQJ LW RQ D KHDW PDS LV

DQ HDV\ ZD\ WR GLVSOD\ WKH UHVXOW� )LJXUH ����� LV D W\SLFDO KHDW PDS RI PXOWL�PDWUL[ SORWWLQJ� ,Q

���



WKLV KHDW PDS� LW VKRZV IRXU � E\ � PDWULFHV JHQHUDWHG E\ DQ $&) WHVW� (DFK URZ LV DQ LQGLYLGXDO

PDWUL[� VR WKHVH IRXU PDWULFHV VKRZ WKH $&) WHVW UHVXOWV RI IRXU JURXSV RI WLPH VHULHV GDWD�

,Q HDFK PDWUL[� HDFK FROXPQ VKRZV WKH FRUUHODWLRQ LQ GLIIHUHQW WLPH ODJV� DQG HDFK URZ VKRZV

GLIIHUHQW JURXSV RI WLPH VHULHV GDWD� )RU LQVWDQFH� LQ WKH ILUVW PDWUL[ LQ )LJXUH ������ LW LV WKH $&)

WHVW UHVXOW EHWZHHQ RSHQ SULFH DQG WKH RWKHU WKUHH SULFHV� 7KH ILUVW FROXPQ SUHVHQWV WKH VDPH

LQIRUPDWLRQ DV VKRZQ LQ WKH ILUVW URZ RI )LJXUH ������ 7KH VHFRQG FROXPQ PRYHV DOO IRXU JURXSV

RI GDWD WR WKH QH[W WLPH ODJ� DV GR WKH UHVW RI WKH FROXPQV� )URP WRS WR ERWWRP� WKH URZV VKRZ WKH

WLPH VHULHV GDWD RI WKH KLJK� ORZ� FORVH DQG RSHQ SULFH UHVSHFWLYHO\�
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)LJXUH ����� ([DPSOH RI D KHDW PDS RI D VHW RI PXOWL�PDWUL[ GDWD

���



����� 3HDUVRQ SURGXFW�PRPHQW FRUUHODWLRQ FRHIILFLHQW

7R XQGHUVWDQG WKH UREXVWQHVV RI WKH FURVV�FRUUHODWLRQ FRHIILFLHQWV� WKH 3HDUVRQ SURGXFW�PRPHQW

FRUUHODWLRQ FRHIILFLHQW U LV XVHG� ,W LV ³D SXUHO\ GHVFULSWLYHPHDVXUH RI GHJUHH RI OLQHDU UHODWLRQVKLS

EHWZHHQ WZR YDULDEOHV´ �&RKHQ� ����� S� ���� 7KH &&) FRUUHODWLRQ UDQJHV IURP �� WR �� ZKLFK

PDWFKHV WKH OLPLW RI LQ 3HDUVRQ¶V U� $FFRUGLQJ WR �&RKHQ� ����� SS� ��±���� WKH UREXVWQHVV RI U

FDQ EH GHILQHG DV VKRZQ LQ 7DEOH ������ DQG WKH HIIHFW VL]H RI 3HDUVRQ¶V U FDQ EH GHVFULEHG DV QRQH�

VPDOO�PHGLXP� RU VWURQJ�

7DEOH ����� 7KH HIIHFW VL]H RI 3HDUVRQ¶V U

&RUUHODWLRQ 1HJDWLYH 3RVLWLYH

1RQH í���� WR ��� ��� WR ����

6PDOO í��� WR í��� ��� WR ���

0HGLXP í��� WR í��� ��� WR ���

6WURQJ í��� WR í��� ��� WR ���

7KLV HYDOXDWLRQ PLJKW EH ³ELDVHG DV LQ D µVRIW¶ GLUHFWLRQ´ �&RKHQ� ����� S� ���� EXW FRQVLGHULQJ

WKH FRPSOLFDWHG QDWXUH RI WKH GDWD LQ OLQJXLVWLFV DQG HFRQRPLFV� WKLV FDQ EH UHJDUGHG DV D SURSHU

HYDOXDWLRQ� 7KH DQDO\VLV SUHVHQWHG EHORZ ZDV SDUWLFXODUO\ LQWHUHVWHG LQ WKH VWURQJ FRUUHODWLRQV

IURP WKH &&) WHVW UHVXOWV�

����� ,PSXWDWLRQ

$V SUHVHQWHG LQ 6HFWLRQ ���� IURP $SULO � WR $XJXVW ��� ����� WKHUH ZHUH ����GD\ FRQWLQXRXV WZHHW

GDWD� EXW RQO\ ����GD\V RI VWRFN SULFH GDWD� 7KLV ���PDUJLQ PDNHV WKH FRUUHODWLRQ DQDO\VLV GLIIL�

FXOW� 7R VROYH WKLV SUREOHP� VWDWLVWLFV KDV GLIIHUHQW GDWD PDQLSXODWLRQ PHWKRGV� NQRZQ DV LPSXWD�

WLRQ� 7KLV DQDO\VLV XVHG RQH LPSXWDWLRQ PHWKRG WR RYHUFRPH WKH PLVVLQJ YDOXH SUREOHP� QDPHO\

���



WKH ODVW REVHUYDWLRQ FDUULHG IRUZDUG� (QGHUV ������ GHILQHV WKH ODVW REVHUYDWLRQ FDUULHG IRUZDUG

PHWKRG DV RQH LQ ZKLFK ³WKH SURFHGXUH LPSXWHV PLVVLQJ UHSHDWHGPHDVXUHV YDULDEOHV ZLWK WKH RE�

VHUYDWLRQ WKDW LPPHGLDWHO\ SUHFHGHV GURSRXW´ �SS� �� ± ���� ,Q RWKHU ZRUGV� LW UHGXFHV WKH LPSDFW

RI WKH PLVVLQJ YDOXH E\ UHSODFLQJ WKH PLVVLQJ YDOXH ZLWK WKH ODVW QRQ�PLVVLQJ YDOXH� 0RUHRYHU�

7KLV PHWKRG LV ³VSHFLILF WR ORQJLWXGLQDO GHVLJQV´ ������ S� ���� ,Q � WKLV LPSXWDWLRQ FDQ EH GRQH

ZLWK WKH IXQFWLRQ� )LJXUH ����� VKRZV WKDW UHSODFLQJ WKH PLVVLQJ YDOXHV ZLWK

WKH ODVW QRQ�PLVVLQJ YDOXHV PDNHV WKH WUHQGV PXFK VPRRWKHU� 7KXV� WKH LPSXWDWLRQ PHWKRG WR

RYHUFRPH WKH PLVVLQJ YDOXH SUREOHP HQFRXQWHUHG LQ WKLV UHVHDUFK�
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)LJXUH ����� 3ORW RI *( SULFHV ZLWK UHSODFHG 1$ YDOXHV� $SULO�$XJXVW� ����

7ZR RWKHU LPSXWDWLRQ PHWKRGV� WKH ZLQGRZ IXQFWLRQ DQG WKH PRYLQJ DYHUDJH VPRRWKLQJ� DUH

LQWURGXFHG LQ GHWDLO LQ 6HFWLRQ ����� DQG ������

���



��� 7LPH 6HULHV $QDO\VLV RI 5DZ 'DWD

7KLV VHFWLRQ UHSRUWV RQ WHPSRUDO FRUUHODWLRQV ZLWKLQ UDZ VWRFN SULFH GDWD� ZLWKLQ WZHHW VHQWLPHQW

GDWD� DQG EHWZHHQ VWRFN SULFH DQG WZHHW VHQWLPHQW�

����� 7LPH FRUUHODWLRQ RI WKH UDZ *( WLFNHU¶V SULFHV

7KH ILUVW WHVW IRFXVHG RQ WKH *( SULFH GDWD FROOHFWHG DV GHVFULEHG LQ 6HFWLRQ ���� ,Q WKH XSSHU SDUW

RI )LJXUH ������ IURP $SULO WR $XJXVW� ����� WKH RYHUDOO WUHQG RI WKH *( SULFH ZDV WR LQFUHDVH� ,Q

RWKHU ZRUGV� WKHVH IRXU SULFHV KDG D EXOOLVK WUHQG� )URP WRS WR ERWWRP� WKH\ DUH WKH RSHQ� FORVH�

KLJK� DQG ORZ SULFH RI WKH *( WLFNHU UHVSHFWLYHO\� DQG DOO SORWWLQJ OLQHV DUH FRQWLQXRXV� 7KLV LV D

W\SLFDO SORW RI SULFH WUHQGV LQ UHDO DSSOLFDWLRQV RI ILQDQFLDO DQDO\VLV�

+RZHYHU� SXEOLF KROLGD\V GR QRW KDYH DQ\ SULFH LQIRUPDWLRQ� 7KHUHIRUH� LI WKH SORW LQFOXGHV WKH

���GD\ PLVVLQJ GDWD� WKH UHVXOW EHFRPHV FRPSOHWHO\ GLIIHUHQW DV GLVSOD\HG LQ WKH ORZHU SDUW RI

)LJXUH ������ $OO IRXU SORWWLQJ OLQHV ZHUH FXW LQWR �� SLHFHV� $V VKRZQ E\ WKH YHUWLFDO GDVKHG OLQHV

LQ WKH ORZHU SDUW RI )LJXUH ������ WKH ORQJHVW EUHDN ZHUH IRU WKUHH GD\V �$SULO � WR �� DQG 0D\ ��

WR ���� DQG LQ WKH � GD\V IURP -XQH �� WR -XO\ �� WKHUH ZHUH � EUHDNV RI � KROLGD\V� 7KLV UHTXLUHG

H[WUD DWWHQWLRQ LQ WKH DQDO\VLV UHSRUWHG EHORZ �VHH 6HFWLRQ �������

���
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The plot of the GE price trends including missing data, April...August, 2012

)LJXUH ����� 7KH QRUPDO SORW RI SULFH WUHQGV RI WKH *( WLFNHU� $SULO�$XJXVW� ����

���



)LJXUH ����� VKRZV WKH FRUUHODWLRQ UHVXOW RI WKH &&) WHVW� 7KH ILUVW FROXPQ LQGLFDWHV WKH FRUUHODWLRQ

DW 'D\�� &OHDUO\� WKH WUHQG RI WKH RSHQ SULFH GLIIHUV PRVW IURP WKH RWKHU WKUHH� ZKLFK QHJDWLYHO\

FRUUHODWHV WR WKH RWKHUV� EHFDXVH WKH RSHQ SULFH KDV D VWURQJHU FRUUHODWLRQ ZLWK WKH SUHYLRXV GD\¶V

SULFH WUHQG WKDQ WKH FXUUHQW GD\¶V YDOXH� %HVLGHV� WKH KLJK SULFH FORVHO\ FRUUHODWHV WR WKH ORZ DQG

FORVH SULFH� EXW WKH FRUUHODWLRQ EHWZHHQ WKH ORZ SULFH DQG FORVH SULFH LV QRW KLJKO\ SRVLWLYH� ,Q

DGGLWLRQ� PRYLQJ WKH RSHQ SULFH WR WKH 'D\� ODJ� LW EHFRPHV SRVLWLYHO\ FRUUHODWHG WR WKH FORVH DQG

KLJK SULFH� DQG WKH FRUUHODWLRQ FKDQJHV LQ ORZ SULFH LV DOVR REYLRXV� IURP ����� WR ����� LQ 3HDU�

VRQ¶V U� )LQDOO\� WKH 'D\� RSHQ SULFH EHFRPHV WKH PRVW QHJDWLYHO\ UHODWHG WR WKH RWKHU WKUHH� EXW

WKH RWKHU WKUHH IRXUWK�GD\ SULFHV EHFRPH WKH VHFRQG PRVW SRVLWLYHO\ FRUUHODWHG WR HDFK RWKHU�

1 −0.192 −0.478 0.105 0.065
−0.391 −0.35 0.21 0.022 −0.018
−0.448 0.008 0.151 −0.03 −0.019
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0.635 −0.583 0.077 0.154 −0.07
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−0.448 0.466 0.303 −0.795 0.365
0.635 0.136 −0.758 0.513 −0.102

1 −0.59 −0.039 0.236 −0.106
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Cross−correlation of 4 different prices of GE ticker, April...August, 2012 (lag=5)

)LJXUH ����� 7KH &&) WHVW RI IRXU SULFHV RI WKH *( WLFNHU� $SULO�$XJXVW� ����

���



����� 7LPH FRUUHODWLRQ RI WKH UDZ *( WZHHW VHQWLPHQWV

7KH VHFRQG WHVW IRFXVHV RQ WKH UDZ *( WZHHW FRXQW� :LWKRXW DQ\ PDQLSXODWLRQ� LW XVHV WKH FRXQWV

RI WKH GLIIHUHQW W\SHV RI DQQRWDWHG *( WZHHWV DV WKH UHFRUG RI HDFK GD\�

3ORWWLQJ WKH DFWXDO FRXQWV RI ILYH W\SHV RI WZHHWV LQGLYLGXDOO\ LV FOHDUHU �VHH WKH XSSHU SDUW RI )LJ�

XUH ������� ,Q WKHVH ILYH WUHQGV� WKH 165 WUHQG LV WKH OHDVW VWDEOH� ,W KDV VL[ SHDNV� DQG DW WKH

HQG RI -XO\ �-XO\ ���� LW KDV PRUH WKDQ ��� GDLO\ WZHHWV� 7KLV XQLTXH WUHQG VKRZV WKDW WKH 165

WZHHWV DUH OHVV UHOHYDQW WR WKH RYHUDOO WZHHW VHQWLPHQW RI WKH *( WLFNHU LQ WHUPV RI WKH WHPSRUDO

UHODWLRQVKLS� :LWKLQ WKH VWRFN�UHODWHG WZHHWV� PRUH VLPLODULWLHV H[LVW WKDQ GLIIHUHQFHV� 7KHUH DUH

IHZHU IOXFWXDWLRQV LQ WKH HQWLUH SHULRG� DQG GXULQJ ODWH $SULO DQG ODWH -XO\� WKHUH DUH WZR HFKRLQJ

FOLPEV LQ DOO IRXU W\SHV RI WZHHWV� 0RUHRYHU� WKH FOLPEV LQ 367 WZHHWV DUH PRVW DSSDUHQW EHFDXVH

WKH RYHUDOO WUHQG RI *( SULFH LQ WKLV SHULRG LV EXOOLVK DV VKRZQ LQ WKH ODVW VHFWLRQ�

$SSO\LQJ WKH &&) WHVW WR WKHVH ILYH JURXSV RI WLPH VHULHV GDWD �VHH WKH ORZHU SDUW RI )LJXUH ������� LW

LV FOHDU WKDW WKHUH DUH SRVLWLYH FRUUHODWLRQV EHWZHHQ WKH 175 WZHHWV DQG WKH 367 DQG 1(8 WZHHWV

RQO\ DW 'D\�� $SDUW IURP WKLV� WKHUH LV QR VWURQJ SRVLWLYH FRUUHODWLRQ EHWZHHQ DQ\ W\SHV RI WZHHWV DW

DQ\ RWKHU WLPH ODJV� 7KHVH VKRZ WKDW� DPRQJ GLIIHUHQW W\SHV RI VHQWLPHQWV� WKHUH LV OHVV FRUUHODWLRQ

WKDQ IRXQG ZLWK WKH GLIIHUHQW W\SHV RI SULFH GDWD DIRUHPHQWLRQHG�

���
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Individual counts for different types of GE tweets, April–August, 2012

 1.0000  0.1429 -0.0312 -0.0198 -0.0456
 0.0596  0.0341  0.0315 -0.0760 -0.1624
 0.0583  0.1129  0.0451 -0.0067 -0.0853
 0.0154  0.0437 -0.0783 -0.0509 -0.0845
-0.0509  0.0721 -0.0079 -0.0533 -0.0627

 0.0596  0.0447 -0.0372 -0.1112 -0.0709
 1.0000  0.3217  0.1353  0.1428  0.1093
 0.4182  0.1956  0.1590 -0.0227  0.0415
 0.7273  0.2332  0.0786 -0.0076  0.0511
 0.7750  0.3267  0.0869 -0.0038  0.0923

 0.0583 -0.0060  0.0169 -0.0425 -0.0133
 0.4182  0.1007 -0.1064 -0.0181  0.0991
 1.0000  0.1987  0.0145  0.0428  0.0972
 0.4226  0.1232 -0.0902 -0.0229  0.0552
 0.3455  0.0584 -0.1590 -0.0730  0.0782

 0.0154  0.1040 -0.0116 -0.0778 -0.0874
 0.7273  0.2134  0.0301  0.0706  0.0851
 0.4226  0.1637  0.0317 -0.0714  0.0303
 1.0000  0.2004  0.0454 -0.0626  0.0332
 0.7150  0.1901  0.0154 -0.0667  0.1090

-0.0509  0.0493 -0.0813 -0.1368 -0.0524
 0.7750  0.0953 -0.0219  0.1435  0.0224
 0.3455  0.0698  0.0305 -0.0489 -0.0072
 0.7150  0.0985 -0.0422  0.0359  0.0229
 1.0000  0.1511 -0.0586 -0.0077  0.0432
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Cross-correlation test of five types of GE ticker tweets April–August, 2012

)LJXUH ����� 3ORW DQG WKH $&) WHVW UHVXOW RI GLIIHUHQW W\SHV RI *( WZHHW UDZ FRXQWV� $SULO�$XJXVW�
����

���



����� 7LPH FRUUHODWLRQ EHWZHHQ WKH UDZ *( SULFH DQG WZHHW VHQWLPHQWV

7R XQGHUVWDQG WKH FRUUHODWLRQ EHWZHHQ SULFH DQG WZHHW VHQWLPHQW RI WKH *( WLFNHU� D &&) WHVW ZDV

FDUULHG RXW EHWZHHQ WKHP� 7KH RYHUDOO VHQWLPHQW �29/� LV VLPSO\ FDOFXODWHG DV WKH 367 VHQWLPHQW

VXEWUDFWHG E\ WKH 1(* VHQWLPHQW� ,W FRQVLGHUV WKH RSHQ� KLJK� ORZ� DQG FORVH SULFH WUHQGV DV WKH

SULFH WUHQGV� DQG WKH 1(*� 1(8� 367 DQG 29/ VHQWLPHQW WUHQGV DV VHQWLPHQW WUHQGV�

,Q WKH &&) WHVW UHVXOW� �VHH )LJXUH ������� DW 'D\�� WKH RSHQ SULFH KDV D VWURQJ QHJDWLYH FRUUHODWLRQ

EHWZHHQ WKH 29/ VHQWLPHQW �U  �������� DQG D VWURQJ SRVLWLYH FRUUHODWLRQ ZLWK 1(* WZHHWV �U  

�������

0.8456 0.0146 −0.3502 0.0222 0.0341
0.0505 −0.2348 −0.1936 0.1288 0.0508
−0.3658 0.2719 0.3782 −0.1573 −0.0741
−0.8184 0.196 0.5102 −0.1331 −0.0778

−0.2013 0.7272 0.019 −0.398 0.1279
−0.4021 0.1178 −0.0951 −0.2333 0.1903
0.3418 −0.3197 0.0684 0.4544 −0.2775
0.3873 −0.7077 0.0395 0.5984 −0.2916

−0.0849 0.32 0.3154 −0.6058 0.1923
−0.3433 −0.2265 0.263 −0.3619 0.2862
0.0395 0.3475 −0.4958 0.6993 −0.4172
0.0843 0.0573 −0.5767 0.9166 −0.4385

−0.3577 0.5551 0.2129 −0.4531 0.1324
−0.3583 0.0509 0.0738 −0.3027 0.197
0.2914 −0.1463 −0.2172 0.5596 −0.2872
0.4494 −0.4664 −0.3006 0.7132 −0.3019
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The CCF test result between the GE price and sentiment April−August, 2012

)LJXUH ����� 7KH &&) WHVW UHVXOW RI EHWZHHQ WKH SULFH DQG VHQWLPHQW RI *( WLFNHU� $SULO�$XJXVW�
����

7KH FORVH SULFH KDV D VWURQJ QHJDWLYH FRUUHODWLRQ ZLWK WKH QH[W GD\ �'D\�� 29/ VHQWLPHQW �U  

���



�������� DQG D VWURQJ SRVLWLYH FRUUHODWLRQ ZLWK WKH QH[W�GD\ 1(* �U  ������� 0RUHRYHU� WKHUH LV

D VWURQJ SRVLWLYH FRUUHODWLRQ EHWZHHQ WKH ORZ SULFH DQG 'D\�¶V 29/ VHQWLPHQW �U  ������� DQG

VWURQJ SRVLWLYH FRUUHODWLRQV H[LVW EHWZHHQ WKH ORZ SULFH DQG 'D\�¶V 367 VHQWLPHQW �U  �������

DQG WKH KLJK SULFH ZLWK 'D\�¶V 29/ VHQWLPHQW �U  ������� $SDUW IURP WKHVH� WKHUH LV QR VWURQJ

FRUUHODWLRQ EHWZHHQ WKH SULFH DQG WKH VHQWLPHQW�

����� 'LVFXVVLRQ

2YHUDOO� WKLV VHFWLRQ UHSRUWHG RQ WKH DQDO\VLV RI WKUHH JURXSV RI WHPSRUDO UHODWLRQVKLSV� ZLWKLQ WKH

UDZ SULFH GDWD� ZLWKLQ WKH UDZ WZHHW VHQWLPHQW GDWD� DQG EHWZHHQ WKH UDZ VWRFN SULFH DQG WZHHW

VHQWLPHQW GDWD�

7KLV ILUVW SDUW DQDO\VHG WKH RYHUDOO WUHQG RI WKH IRXU SULFHV RI WKH *( WLFNHU IURP $SULO WR $XJXVW�

����� 7KH IRXU SULFHV VKRZHG D KLJK RYHUDOO VLPLODULW\ UHJDUGOHVV RI VRPH PLQRU ORFDO GLIIHUHQFHV�

7KH RSHQ SULFH KDG DQ RSSRVLWH WUHQG ZLWK WKH RWKHU WKUHH SULFH WUHQGV� DQG WKH QRQ�VWRFN DQG

QRQ�WLFNHU UHODWHG WZHHW WUHQGV VKRZHG IHZHU FRUUHODWLRQV ZLWK WKH RWKHU WLFNHU�FRUUHODWHG WZHHWV�

7R VXPPDULVH� WKH RSHQ SULFH QHJDWLYHO\ FRUUHODWHG WR WKH RWKHU WKUHH SULFHV DW WKH 'D\�� EXW WKH

KLJK SULFH KLJKO\ FRUUHODWHV WR WKH FORVH SULFH DQG ORZ SULFH DW WKH 'D\�� 7KHUH ZDV D ��GD\ ODJ

EHWZHHQ WKH RSHQ SULFH DQG WKH RWKHU WKUHH SULFHV� 7KH QH[W�GD\ RSHQ SULFH KLJKO\ FRUUHODWHG

WR WKH KLJK DQG ORZ SULFH� $W WKH 'D\� ODJ� WKHUH ZDV DQ RSSRVLWH WUHQG EHWZHHQ WKH RSHQ SULFH

DQG WKH RWKHU WKUHH SULFHV� 7KH 'D\�¶V RSHQ SULFH ZDV WKH PRVW QHJDWLYHO\ FRUUHODWHG WR WKH RWKHU

SULFHV� +RZHYHU� WKHUH ZHUH PDQ\ KROLGD\ EUHDNV LQ WKLV JURXS RI GDWD� ZKLFK UHVXOWV LQ D ���

GDWD PDUJLQ�

,Q WKH VHFRQG SDUW� WKH WLPH VHULHV DQDO\VLV RI WKH VHQWLPHQW GDWD UHSRUWHG DERYH VKRZHG WKDW

WKH ILYH JURXSV RI *( VHQWLPHQWV H[KLELWHG D YHU\ GLIIHUHQW WUHQG� HVSHFLDOO\ WKH 165 WZHHWV�

7KLV VXJJHVWV WKDW WKH 165 WZHHWV WHPSRUDOO\ GLIIHU IURP VWRFN�UHODWHG WZHHWV� 7KH &&) UHVXOWV

���



VKRZHG WKDW VRPH SRVLWLYH FRUUHODWLRQV H[LVW EHWZHHQ WKH 175 DQG WKH 367 DQG 1(8 JURXSV

DW WKH 'D\�� EXW QR VWURQJ FRUUHODWLRQ H[LVWHG EHWZHHQ WKH RWKHU JURXSV DW WKH 'D\�� 0RUHRYHU�

VRPH PXFK ZHDNHU FRUUHODWLRQV ZHUH IRXQG ZLWKLQ WLFNHU�UHODWHG WZHHWV DQG EHWZHHQ WKH 175

DQG WKUHH JURXSV RI WLFNHU�UHODWHG WZHHWV RQ WKH RWKHU GD\V�

)LQDOO\� WKH WKLUG SDUW GHPRQVWUDWHG WKDW� EHWZHHQ WKH UDZ SULFH DQG WZHHW VHQWLPHQW GDWD� WKHUH

ZDV D VWURQJ FRUUHODWLRQ EHWZHHQ WKH1(* WUHQG DQG WKH RSHQ SULFH DW WKH'D\�� DQG WKH29/ VHQWL�

PHQW WUHQG KDG WKH PRVW FRUUHODWLRQV ZLWK WKH SULFH WUHQGV� 7KH VWURQJHVW FRUUHODWLRQ RFFXUUHG DW

WKH 'D\� ODJ� ZKHUH WKH FRUUHODWLRQ EHWZHHQ WKH 29/ VHQWLPHQW DQG WKH 'D\� ORZ SULFH LV �������

7KH UHVXOW RI WKH UDZ *( SULFH DQG WZHHW VHQWLPHQW ZDV WKHQ FRQVLGHUHG DV WKH EDVHOLQH RI WKH

FRUUHODWLRQ EHWZHHQ WKHVH WZR JURXSV RI WHPSRUDO GDWD� DQG WKH IROORZLQJ H[SHULPHQWV FRPSDUHG

WKH UHVXOWV ZLWK WKLV EDVHOLQH�

��� 7LPH 6HULHV $QDO\VLV RI 7UDQVIRUPHG 'DWD

)URP WKH DERYH WHVWV� WKHUH ZDV DQRWKHU PDMRU REVWDFOH LQ WKLV FDVH VWXG\ DSDUW IURP WKH PLVV�

LQJ YDOXHV� WKH XQVWDEOH WRWDO GDLO\ FRXQWV RI FROOHFWHG WZHHWV� ,Q $SULO ����� WKH FUDZOHU ZDV VHW

ZLWK GLIIHUHQW FROOHFWLQJ UDWHV WR ILQG WKH PRVW HIILFLHQW FUDZOLQJ UDWH� ZKLFK UHVXOWHG LQ IUHTXHQW

FKDQJHV WR WKH FROOHFWLRQ UDWH� $IWHU WKLV WHVWLQJ SHULRG� WKH FROOHFWLRQ UDWH ZDV VHW WR D IL[HG UDWH�

EXW WKH GDLO\ DPRXQW RI FROOHFWHG WZHHWV VWLOO YDULHG JUHDWO\ �VHH )LJXUH ����� LQ &KDSWHU ��� 0RUH�

RYHU� WKLV SUREOHP ZDV FRPSRXQGHG E\ WKH IDFW WKDW WKH QXPEHU RI WZHHWV EHLQJ SRVWHG WR 7ZLWWHU

RQ DQ\ LQGLYLGXDO GD\ YDULHV� 7KH RYHUDOO WUHQG RI WKH QXPEHU RI WZHHWV EHLQJ SRVWHG LV LQFUHDVLQJ�

EXW EUHDNLQJ HYHQWV FDQ EULQJ SHDNV DW FHUWDLQ WLPHV� 7KLV DJDLQ PD\ KDYH DQ LPSDFW RQ WKH XQ�

EDODQFHGQHVV RI WKH GDWD� $OO RI WKHVH REVHUYDWLRQV VXJJHVW WKDW FRPSDULQJ WKH DEVROXWH FRXQWV RI

WZHHWV FRXOG EH PLVOHDGLQJ� 6HYHUDO VROXWLRQV FDQ EH XVHG WR UHGXFH WKH SRVVLELOLW\ RI WKH PLVOHDG�

LQJ UHVXOWV� (LWKHU H[FOXGLQJ WKH LUUHOHYDQW WZHHWV� RU XVLQJ QRUPDOLVHG GDWD FDQ EH KHOSIXO� DQG

���



FRPELQLQJ WKHVH WZR VWUDWHJLHV FRXOG UHGXFH WKH QRLVH IXUWKHU� 7KLV VHFWLRQ IRFXVHV RQ WKH PHULWV

RI XVLQJ SHUFHQWDJH QRUPDOLVDWLRQ WR WDFNOH WKLV SUREOHP� 7KH UHVW RI WKLV VHFWLRQ WKHQ UHSRUWV

RQ KRZ WKH ZLQGRZ IXQFWLRQ DQG PRYLQJ DYHUDJH VPRRWKLQJ ZHUH XVHG WR GHDO ZLWK WKH PLVVLQJ

YDOXH SUREOHP DV GLVFXVVHG LQ 6HFWLRQ ������

����� 3HUFHQWDJH QRUPDOLVDWLRQ

3HUFHQWDJH QRUPDOLVDWLRQ LV D ZLGHO\ DSSOLHG WHFKQLTXH WR UHGXFH WKH LPSDFW RI GLIIHUHQW GDWD VL]HV

DW HDFK WLPH SRLQW� ,W XVHV WKH WRWDO GDWD FRXQW DW D VSHFLILF WLPH SRLQW WR GLYLGH WKH VDPSOH GDWD

FRXQW DW WKDW WLPH SRLQW� &RQVLGHULQJ WKH GDLO\ FRXQWV RI WZHHWV SUHVHQWHG LQ )LJXUH ������ HDFK

GD\ KDG GLIIHUHQW FRXQWV RI WKHVH � W\SHV RI WZHHWV� VR FRPSDULQJ WKH DFWXDO FRXQWV RI WKH WZHHWV

FDQ EH PLVOHDGLQJ� 7KXV� SHUFHQWDJH QRUPDOLVDWLRQ LV LQWURGXFHG WR UHGXFH WKH GUDVWLF FKDQJHV DW

DQ\ JLYHQ WLPH SRLQW� DQG WKH DQDO\VLV XVHG WKLV QRUPDOLVHG GDWD WR FRPSDUH GDLO\ FKDQJHV� )RU

H[DPSOH� WKH QRUPDOLVHG 367 LV FDOFXODWHG DV IROORZV�

1RUPDOLVHG 367 WZHHWV  367 WZHHWV � �1(* � 1(8 � 367 WZHHWV�

ZKHUH WKH GHQRPLQDWRU LV HTXLYDOHQW WR WKH WRWDO FRXQW RI WLFNHU�UHODWHG WZHHWV� 7KH ILUVW H[SHUL�

PHQW ZDV WR QRUPDOLVH WKH GDWD DFFRUGLQJ WR WKH SHUFHQWDJH RI WKH GDLO\ FRXQW RI *( WLFNHU�UHODWHG

WZHHWV �VHH WKH XSSHU SDUW RI )LJXUH ������� $OO WKH WUHQGV EHFRPH PRUH G\QDPLF� $SSO\LQJ D &&)

WHVW WR WKHVH QRUPDOLVHG GDWD� WKH FRUUHODWLRQV DPRQJ WKHP DUH VWLOO ZHDN �VHH WKH ORZHU SDUW RI

)LJXUH ������� &RPSDULQJ WKH UHVXOW ZLWK WKH FRUUHODWLRQ RI WKH UDZ FRXQWV LQ )LJXUH ������ PRVW

FRUUHODWLRQV GURS JUHDWO\� 7KH PDLQ UHDVRQ LV WKDW WKHVH WKUHH W\SHV RI VHQWLPHQW DUH LQGHSHQGHQW

HYHQWV� EXW XVLQJ WKH SHUFHQWDJH QRUPDOLVDWLRQ� WKH\ EHFRPH GHSHQGHQW RQ HDFK RWKHU� +HQFH�

WKLV DSSURDFK ZHDNHQV WKH FRUUHODWLRQV LQ WKH SUHYLRXV WHVW�

���



NEG

NEU

PST

0%

25%

50%

75%

100%

0%

25%

50%

75%

100%

0%

25%

50%

75%

100%

04-2012 05-2012 06-2012 07-2012 08-2012 09-2012

Normalized counts of GE ticker-related tweets at 4~8, 2012
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Cross-correlation of 3 types normalized GE tweets at 4~8, 2012

)LJXUH ����� 3ORW DQG WKH &&) WHVW UHVXOW QRUPDOLVHG *( WLFNHU�UHODWHG WZHHWV DW� $SULO�$XJXVW�
����

���



+RZHYHU� LI DGGLQJ WKH SHUFHQWDJH FRXQWV RI WKH WKUHH WLFNHU�UHODWHG WZHHWV WRJHWKHU� WKH WUHQG

EHFRPHV GLIIHUHQW� 7KH RYHUDOO WUHQG RI WKH WUDQVIRUPHG SHUFHQWDJH QRUPDOLVDWLRQ LV FDOFXODWHG

DV IROORZV�

29/  �367 � 1(*� � �1(* � 1(8 � 367 WZHHWV�

ZKHUH WKH GHQRPLQDWRU LV HTXLYDOHQW WR WKH WRWDO FRXQW RI WLFNHU�UHODWHG WZHHWV� 7KLV WDNHV WKH

GDLO\ SHUFHQWDJH RI WKH 1(* VHQWLPHQW DV QHJDWLYH YDOXH� WKH 1(8 VHQWLPHQW DV ]HUR� DQG WKH 367

VHQWLPHQW DV SRVLWLYH� 7KH XSSHU SDUW RI )LJXUH ����� VKRZV WKH UHVXOW RI WKLV VXPPDU\� *HQHUDOO\�

PRVW SRLQWV FOXVWHU DERYH ��� WKH WKUHH YHUWLFDO OLQHV LQGLFDWH WKH ����� ��� DQG ��� UDQJH IURP

ERWWRP WR WRS UHVSHFWLYHO\� HDFK SRLQW LQGLFDWHV WKH YDOXH RI HDFK LQGLYLGXDO GD\�

7KH DERYH DSSURDFK PD\ LJQRUH WKH LQIOXHQFH RI QHXWUDO WZHHWV EHFDXVH LW FRQVLGHUV WKH YDOXH RI

HDFK QHXWUDO WZHHW WR EH ]HUR� 7R LPSURYH WKLV� LW UHFDOFXODWHV WKH SHUFHQWDJH RI WKH SRVLWLYH DQG

QHJDWLYH WZHHWV DV IROORZV�

:HLJKWHG RYHUDOO VHQWLPHQW �:26�  �367 � 1(*� � �367 � 1(*�

&OHDUO\� PRUH SRLQWV FOXVWHU DW WKH WRS RI WKH ORZHU SDUW RI )LJXUH ������ EHFDXVH WKH GHQRPLQDWRU

�367 � 1(*� LV VPDOOHU WKDQ WKH GHQRPLQDWRU �367 � 1(8 � 1(*� LQ WKH ODVW WUDQVIRUPDWLRQ�

���
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)LJXUH ����� 7UDQVIRUPHG DQG UHWUDQVIRUPHG SHUFHQWDJH QRUPDOLVDWLRQ RI *( WZHHWV� $SULO�
$XJXVW� ����

���



7DEOH ����� VKRZV WKDW� LQ XVLQJ ERWK WUDQVIRUPDWLRQV� PRVW GD\V VKRZ D SRVLWLYH VFRUH� ,Q WKH

WUDQVIRUPHG UHVXOW� QHDUO\ KDOI RI WKH GD\V UHDFK D VFRUH RI PRUH WKDQ ���� 7KLV VXJJHVWV WKDW

WKH RYHUDOO WUHQG RI WKH *( VHQWLPHQW LV SRVLWLYH EDVHG RQ WKH SHUFHQWDJH QRUPDOLVDWLRQ� 7KH

IRXU SRLQWV LQ WKH ���� FDWHJRU\ LV GXH WR WKH DEVHQFH RI QHJDWLYH RU QHXWUDO WZHHWV RQ WKHVH IRXU

GD\V� ,Q WKH UHWUDQVIRUPHG UHVXOW� WKH HQWLUH SRVLWLYH JURXSPRYHV XSZDUG� DQG WKH ���� FDWHJRU\

VKRZV DQ REYLRXV GLIIHUHQFH EHFDXVH WKH �� GD\V GR QRW KDYH DQ\ 1(* WZHHWV�

7DEOH ����� &RPSDULVRQ RI WKH GD\ FRXQWV RI WKH WUDQVIRUPHG DQG UHWUDQVIRUPHG SHUFHQWDJH QRU�
PDOLVDWLRQ RI *( WZHHWV DW ���� ����

0HWKRG ���� � � � � � ��� ��� � ���� ����

7UDQVIRUPHG �� ������ � � ������ � �� ������� � �� �������� � �������

5HWUDQVIRUPHG �� ������ � � ������ � �� ������� � �� ������� � �� ��������

7R LPSURYH WKH XQGHUVWDQGLQJ RI WKH FRUUHODWLRQ EHWZHHQ WKH SULFH DQG WKH QRUPDOLVHG VHQWLPHQW�

WKH &&) WHVW ZDV DOVR DSSOLHG �VHH )LJXUH ������� WDNLQJ WKH UHVXOW RI WKH ILUVW QRUPDOLVDWLRQ DV WKH

29/ WUHQG� DQG WKH VHFRQG QRUPDOLVDWLRQ DV WKH:26 WUHQG LQ WKH JUDSK� $V VKRZQ LQ )LJXUH ������

DW 'D\�� ERWK WKH 29/ DQG WKH :26 WUHQGV GLVSOD\ D VWURQJ QHJDWLYH FRUUHODWLRQ ZLWK WKH RSHQ

SULFH �U  ������ DQG U  ������ UHVSHFWLYHO\�� 7KH VWURQJHVW FRUUHODWLRQ RFFXUV DW WKH 'D\� ODJ�

ZKHUH WKH U EHWZHHQ WKH 29/ VHQWLPHQW DQG WKH 'D\� ORZ SULFH LV ������� $SDUW IURP WKLV� WKHUH

DUH WZR VWURQJ QHJDWLYH FRUUHODWLRQV EHWZHHQ WKH FORVH SULFH DQG WKH 'D\�¶V 29/ DQG:26 WUHQGV

RQ WKH RQH�GD\ ODJ �U  ������ DQG U  ������ UHVSHFWLYHO\�� $OVR� DW WKH 'D\�� WKHUH LV D VWURQJ

FRUUHODWLRQ EHWZHHQ WKH ORZ SULFH DQG :26 WUHQGV �U  ������ DQG D VWURQJ SRVLWLYH FRUUHODWLRQ

EHWZHHQ WKHKLJKSULFH DQG WKH29/ WUHQG �U ������� 7KHUH LV QR RWKHU VWURQJ FRUUHODWLRQ EHWZHHQ

WKH QRUPDOLVHG RYHUDOO VHQWLPHQW DQG WKH SULFH GDWD�

&RPSDULQJ WKH &&) UHVXOW ZLWK WKH EDVHOLQH GLVFXVVHG LQ 6HFWLRQ ������ WKH WKUHH LQGLYLGXDO VHQWL�

PHQWV� 1(*� 1(8 DQG 367 VHQWLPHQWV NHHS H[DFWO\ WKH VDPH FRUUHODWLRQV� EXW WKH 29/ VHQWLPHQW

���



KDV D VOLJKW LPSURYHPHQW� $W WKH 'D\� ODJ� WKH 29/ VHQWLPHQW EHFRPHVPRUH SRVLWLYHO\ FRUUHODWHG

WR WKH FORVH� ORZ DQG KLJK SULFHV� EXWPRUH QHJDWLYHO\ FRUUHODWHG WR WKH RSHQ SULFH� &RPSDUHG ZLWK

WKH SHDN FRUUHODWLRQ RFFXUULQJ LQ WKH 'D\� ODJ LQ WKH EDVH OLQH� WKH 29/ VHQWLPHQW EHFRPHV PRUH

SRVLWLYHO\ FRUUHODWHG WR WKH ORZ DQG KLJK SULFHV� ,Q DGGLWLRQ� FRPSDUHG ZLWK WKH 29/ VHQWLPHQW

LQ WKH EDVHOLQH� WKH FRUUHODWLRQV RI WKH:26 VHQWLPHQW EHFRPH VWURQJHU DW WKH VDPH ODJ H[FHSW IRU

WKH FRUUHODWLRQ EHWZHHQ WKH FORVH SULFH DQG WKH :26 VHQWLPHQW� EXW VOLJKWO\ ZHDNHU DW WKH RWKHU

WLPH ODJV�

0.8456 0.0146 −0.3502 0.0222 0.0341
0.0505 −0.2348 −0.1936 0.1288 0.0508
−0.3658 0.2719 0.3782 −0.1573 −0.0741
−0.8376 0.1719 0.5148 −0.1307 −0.0779
−0.9289 0.1554 0.5035 −0.109 −0.0701

−0.2013 0.7272 0.019 −0.398 0.1279
−0.4021 0.1178 −0.0951 −0.2333 0.1903
0.3418 −0.3197 0.0684 0.4544 −0.2775
0.4812 −0.7409 0.0209 0.608 −0.2917
0.3683 −0.8193 0.049 0.5791 −0.2625

−0.0849 0.32 0.3154 −0.6058 0.1923
−0.3433 −0.2265 0.263 −0.3619 0.2862
0.0395 0.3475 −0.4958 0.6993 −0.4172
0.1925 0.0282 −0.6054 0.9311 −0.4387
0.1593 −0.1398 −0.5012 0.886 −0.3947

−0.3577 0.5551 0.2129 −0.4531 0.1324
−0.3583 0.0509 0.0738 −0.3027 0.197
0.2914 −0.1463 −0.2172 0.5596 −0.2872
0.5486 −0.4899 −0.3229 0.7232 −0.302
0.4942 −0.5921 −0.2696 0.6839 −0.2717
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Cross−correlation of the percentage normalised price and the sentiment of GE at 4−8, 2012

)LJXUH ����� 7KH &&) WHVW UHVXOW RI WKH SHUFHQWDJH QRUPDOLVHG SULFH DQG WKH VHQWLPHQW RI WKH *(
WLFNHU� $SULO�$XJXVW� ����

���



����� :LQGRZ IXQFWLRQ 7UDQVIRUPDWLRQ

:LQGRZ IXQFWLRQ� D FRPPRQ DSSURDFK LQ VLJQDO SURFHVVLQJ� ³XVHV D JUDGXDO WLPH�ZLQGRZ WR PLQ�

LPLVH WKH HIIHFWV RI VKDUS IUHTXHQF\�GRPDLQ WUDQVLWLRQV´ �&DYLFFKL� ����� S� ����� $FFRUGLQJ WR

WKLV� WKH WUDQVIRUPHG YDOXH LV D ZHLJKWHG VXP RI WKH SUHYLRXV YDOXHV� &RQVLGHULQJ WKH ORQJHVW

EUHDN LQ WKH SULFH WUHQGV LV WKUHH GD\V� WKH VWHS RI WKH ZLQGRZ IXQFWLRQ LV GHVLJQHG DV ILYH GD\V�

7UDQVIRUPHG YDOXH RI 'D\Q  YDOXH RI 'D\Q  ���� � YDOXH RI 'D\Q��  ��� � YDOXH

RI 'D\Q��  ��� � YDOXH RI 'D\Q��  ��� � YDOXH RI 'D\Q��  ���

ZKHUH 'D\Q�� LV WKH ILUVW GD\ EHIRUH 'D\Q� 'D\Q�� LV WKH VHFRQG GD\ EHIRUH 'D\Q� DQG

VR RQ�

7KXV� WKLV IXQFWLRQ FDQ UHGXFH WKH PLVVLQJ YDOXH SUREOHP LQ WLPH VHULHV GDWD� KHOSLQJ WR GHDO ZLWK

WKH VWRFN SULFH GDWD DV RXWOLQHG DERYH� 7KH XSSHU SDUW RI )LJXUH ����� VKRZV WKH UHVXOW RI DSSO\LQJ

WKHZLQGRZ IXQFWLRQ DERYH WR WKH IRXU W\SHV RI *( WLFNHU SULFH� $VPLJKW EH H[SHFWHG� WKH\ EHFRPH

VLPLODU� 7UDQVIRUPLQJ WKH *( WZHHW VHQWLPHQW GDWD ZLWK WKH VDPH SURFHGXUH� WKH WUHQGV IRU HDFK

W\SH RI WZHHWV EHFRPH VPRRWKHU �VHH WKH ORZHU SDUW RI )LJXUH ������� +RZHYHU� WKLV LV FRPSOHWHO\

GLIIHUHQW IURP WKH SULFH GDWD WUDQVIRUPDWLRQ�
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GE ticker prices transformed by a 5-step window function at 4~8, 2012
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)LJXUH ����� 3ORW RI *( SULFH QRUPDOLVHG E\ D ��VWHS ZLQGRZ IXQFWLRQ� $SULO�$XJXVW� ����

���



$SSO\LQJ WKH &&) WHVW EHWZHHQ WKH SULFH DQG VHQWLPHQW GDWD VKRZHG D GLIIHUHQW WUHQG �VHH )LJXUH

������� &RPSDUHG WR WKH EDVHOLQH RI WKH *( VHQWLPHQW DQG SULFH� WKH &&) WHVW VKRZHG WKDW WKH

ZLQGRZ IXQFWLRQ ZHDNHQV FRUUHODWLRQV� DQG HYHQ ZRUVH� QR VWURQJ FRUUHODWLRQ FRXOG EH IRXQG LQ

WKLV UHVXOW� 7KXV� WKLV DSSURDFK LV QRW KHOSIXO LQ WKLV FDVH�

0.2852 0.1842 −0.0095 −0.1441 −0.1917−0.1214
0.1236 0.1389 0.0748 −0.0119 −0.1011−0.1122
0.216 0.1197 −0.0482 −0.1656 −0.1962−0.1463
0.196 0.1578 −0.007 −0.1412 −0.1912−0.1847

0.0285 −0.016 −0.0861 −0.0998 −0.0449−0.0232

0.2877 0.1855 −0.0083 −0.1426 −0.1903−0.1199
0.1219 0.1377 0.0745 −0.0116 −0.1002−0.1108
0.2184 0.1212 −0.0467 −0.1634 −0.194−0.1444
0.2001 0.1602 −0.0054 −0.1396 −0.1901−0.1835
0.0329 −0.0128 −0.0842 −0.0989 −0.0449−0.0235

0.2817 0.181 −0.012 −0.146 −0.1931−0.1226
0.1228 0.1391 0.076 −0.0104 −0.0988−0.11
0.2124 0.1163 −0.0506 −0.167 −0.1965−0.1462
0.1918 0.1537 −0.0102 −0.1434 −0.1928−0.1861
0.0269 −0.0185 −0.0892 −0.1031 −0.0486−0.0268

0.2845 0.1831 −0.01 −0.144 −0.1919−0.1217
0.1203 0.1372 0.0747 −0.011 −0.0989−0.1096
0.2142 0.1176 −0.0494 −0.1653 −0.1951−0.1451
0.1967 0.1576 −0.007 −0.1405 −0.1912−0.1853
0.0325 −0.0137 −0.0855 −0.1004 −0.0473−0.0265
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Cross−correlation of GE price and the sentiment by a 5−step window function at 4−8, 2012

)LJXUH ����� &URVV�FRUUHODWLRQ UHVXOW RI *( VHQWLPHQW DQG SULFH E\ D ��VWHSZLQGRZ IXQFWLRQ� $SULO�
$XJXVW� ����

���



����� 0RYLQJ DYHUDJH VPRRWKLQJ

0RYLQJ DYHUDJH VPRRWKLQJ LV DQRWKHU FRPPRQ DSSURDFK IRU GHDOLQJ ZLWK WHPSRUDO GDWD EHFDXVH

LW LV ³XVHIXO LQ GLVFRYHULQJ FHUWDLQ WUDLWV LQ D WLPH VHULHV� VXFK DV ORQJ�WHUP WUHQG DQG VHDVRQDO FRP�

SRQHQWV´ �6KXPZD\ 	 6WRIIHU� ����� S� ���� ,W V\VWHPDWLFDOO\ WDNHV WKH PHDQ RI WKH QHLJKERXUV

RI WKH WDUJHW LWHP WR UHSODFH WKH DFWXDO YDOXH� 8VLQJ WKLV WHFKQLTXH� WKH QRLVH LQ WKH WHPSRUDO GDWD

FDQ EH HIIHFWLYHO\ UHGXFHG� DQG WKHUHIRUH� WKH RYHUDOO WUHQG LV GLVSOD\HG�

,Q SDUWLFXODU� 2¶&RQQRU HW DO� ������ S� ���� SRLQWHG RXW WKDW VPRRWKLQJ LV FULWLFDO LQ WKDW ³LW FDXVHV

WKH VHQWLPHQW UDWLR WR UHVSRQG PRUH VORZO\ WR UHFHQW FKDQJHV� WKXV IRUFLQJ FRQVLVWHQW EHKDYLRXU

WR DSSHDU RYHU ORQJHU SHULRGV RI WLPH´� )XUWKHUPRUH� DFFRUGLQJ WR WKHLU VWXG\� DSSO\LQJ ��� ���

� DQG ���GD\ ZLQGRZV WR WKH *DOORS SROO GDWD� WKH FRUUHODWLRQ UHDFK ������ ������ DQG �����

UHVSHFWLYHO\�

6LPLODUO\� WKH VDPH ZLQGRZV IRU WKH PRYLQJ DYHUDJH VPRRWKLQJ ZHUH DSSOLHG LQ WKLV UHVHDUFK

DSSOLHV� 7KH XSSHU SDUW RI )LJXUH ����� GLVSOD\V WKH PRYLQJ DYHUDJH VPRRWKLQJ UHVXOWV RI *(

SULFH DQG VHQWLPHQW ZLWK ��� ���� DQG ���GD\ ZLQGRZV� IURP WKH WRS WR ERWWRP� WKH\ DUH WKH ��� ���

DQG ���GD\ PRYLQJ DYHUDJH UHVXOWV UHVSHFWLYHO\� ,W VKRZV D JUDGXDOO\ VPRRWKLQJ WUHQG IURP WRS

WR ERWWRP DQG DQ RYHUDOO LQFUHDVLQJ WUHQG RI WKH SULFH PRYHPHQW� 0HDQZKLOH� WKH FXUYHV LQ WKH

*( VHQWLPHQW JUDSKV �VHH WKH ORZHU SDUW RI )LJXUH ������ VKRZ JUDGXDOO\ VWDEOH WUHQGV WRR� 7KHVH

VXJJHVW WKDW XVLQJ PRYLQJ DYHUDJH VPRRWKLQJ LV D XVHIXO DSSURDFK WR UHGXFLQJ WKH GUDVWLF GDLO\

FKDQJHV LQ WZHHW VHQWLPHQW�
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)LJXUH ����� 'DLO\ *( SULFH WUHQG ZLWK D ��GD\ PRYLQJ DYHUDJH

���



,Q DGGLWLRQ� WKH &&) WHVW VKRZHG VRPH GLIIHUHQW SKHQRPHQD� $V )LJXUH ����� LOOXVWUDWHV� IRU WKH

��GD\ PRYLQJ DYHUDJH EHWZHHQ WKH 1(8 VHQWLPHQW DQG RSHQ SULFH� WKHUH ZDV D VWURQJ SRVLWLYH

FRUUHODWLRQ DW 'D\� RQO\ �U  ������ DQG D VWURQJ QHJDWLYH FRUUHODWLRQ DW WKH 'D\� ODJ �U  ��������

$SDUW IURP WKHVH� DW WKH 'D\� ODJ� WKH 1(8 VHQWLPHQW KDG D VWURQJ QHJDWLYH FRUUHODWLRQ EHWZHHQ

WKH ORZ DQG KLJK SULFH UHVSHFWLYHO\ �U  ����� DQG U  ������ UHVSHFWLYHO\�� &RPSDUHG WKH &&) WHVW

UHVXOW RI WKH ��GD\ PRYLQJ DYHUDJH PDQLSXODWLRQ ZLWK WKH EDVHOLQH� WKHUH ZHUH PRUH SRVLWLYH FRU�

UHODWLRQV� EXW PRVW FRUUHODWLRQV EHFDPH ZHDNHU WKDQ WKH EDVHOLQH� 7KH 29/ DQG:26 VHQWLPHQWV

LQ WKLV PDQLSXODWLRQ GLG QRW RXWSHUIRUP WKH 29/ VHQWLPHQW LQ WKH EDVHOLQH�

0.3184 0.3856 0.0352 −0.1291 −0.0355
0.546 −0.5012 −0.4293 0.1997 0.0849

0.4417 0.2366 −0.0496 −0.0893 −0.0197
−0.3587 −0.3972 −0.0093 0.125 0.0319
−0.2905 −0.4241 −0.0455 0.1366 0.0377

−0.2415 0.2798 0.2412 0.017 −0.1331
−0.0571 0.5261 −0.3344 −0.4486 0.3181
−0.0136 0.3588 0.1255 −0.0573 −0.0737

0.32 −0.3199 −0.2608 0.0187 0.1195
0.2959 −0.2515 −0.2827 −0.019 0.1411

−0.262 0.3915 0.0873 0.0333 −0.2001
−0.0519 0.0057 0.1793 −0.693 0.4784
−0.0181 0.3861 0.0401 −0.0819 −0.1108

0.316 −0.3821 −0.1467 0.0212 0.1797
0.2792 −0.3475 −0.1329 −0.0367 0.2122

−0.3312 0.2085 0.1762 0.0604 −0.1378
−0.1631 0.4522 −0.0393 −0.5667 0.3293
−0.1349 0.2949 0.1106 −0.0356 −0.0763
0.4068 −0.2267 −0.2149 −0.019 0.1237
0.3641 −0.1661 −0.2144 −0.065 0.1461
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Cross−correlation of the price and the sentiment of GE with 7−day moving average at 4−8, 2012

)LJXUH ����� &URVV�FRUUHODWLRQ UHVXOW RI *( VHQWLPHQW DQG SULFH ZLWK D ��GD\ PRYLQJ DYHUDJH

)RU WKH ���GD\ PRYLQJ DYHUDJH �VHH )LJXUH ������� WKHUH DUH PDQ\ PRUH VWURQJ FRUUHODWLRQV DW WKH

'D\� ODJ� ([FHSW IRU WKH 1(* VHQWLPHQW� DOO WKH RWKHU IRXU VHQWLPHQW WUHQGV KDG VWURQJ FRUUHOD�

���



WLRQV ZLWK WKH RSHQ� FORVH DQG ORZ SULFH �ZLWK 3HDUVRQ¶VBUB YDOXHV RI DURXQG ����� 6SHFLILFDOO\�

WKH 1(8 VHQWLPHQW KDG VWURQJ SRVLWLYH FRUUHODWLRQV ZLWK WKH ORZ DQG FORVH SULFH �U  ����� DQG

U  ����� UHVSHFWLYHO\�� DQG D SRVLWLYH FRUUHODWLRQ ZLWK WKH RSHQ SULFH �U  ������� 6LPLODUO\� WKH

367 VHQWLPHQW KDG VLPLODU UHVXOWV� VWURQJ SRVLWLYH FRUUHODWLRQV ZLWK ORZ �U  ������ DQG FORVH

SULFH �U  ������� DQG D SRVLWLYH FRUUHODWLRQ ZLWK WKH RSHQ SULFH �U  ������� 7KH 29/ DQG :26

VHQWLPHQWV KDG YHU\ VLPLODU UHVXOWV� %RWK RI WKHP KDG FRUUHODWLRQV ZLWK WKH ORZ �U  ����� DQG U

 ������� FORVH �U  ����� DQG U  ������ DQG RSHQ SULFH �U  ����� DQG U  �������

−0.5491 −0.4515 −0.0313 0.5101 0.221
0.7924 0.203 0.3793 −0.2664 −0.4682
0.7641 0.128 0.404 −0.1847 −0.4688
0.7905 0.3276 0.2884 −0.3972 −0.4268
0.7842 0.3403 0.2744 −0.4103 −0.4182

−0.345 −0.0623 −0.2531 0.3558 0.2374
0.8592 −0.1254 0.165 0.1206 −0.5029
0.8739 −0.1444 0.12 0.2089 −0.5035
0.7587 −0.0675 0.2229 −0.0559 −0.4584
0.7403 −0.0596 0.2279 −0.0774 −0.4491

−0.4772 −0.3091 −0.0678 0.4535 0.2134
0.8606 0.0655 0.3021 −0.1746 −0.4521
0.8525 0.0081 0.3113 −0.0956 −0.4526
0.8114 0.1709 0.2471 −0.3082 −0.4121
0.7991 0.1825 0.238 −0.3223 −0.4038

−0.3213 0.0951 −0.5103 0.2759 0.2961
0.5958 −0.0499 −3e−04 0.5061 −0.6272
0.582 −0.0203 −0.119 0.6166 −0.628

0.5609 −0.0781 0.2073 0.2545 −0.5717
0.5522 −0.0806 0.2311 0.2212 −0.5602
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Cross−correlation of the price and the sentiment of GE with 15−day moving average at 4−8, 2012

)LJXUH ����� &URVV�FRUUHODWLRQ UHVXOW RI *( VHQWLPHQW DQG SULFH ZLWK D ���GD\ PRYLQJ DYHUDJH

,Q DGGLWLRQ� WKH1(* VHQWLPHQW KDG D VWURQJ SRVLWLYH FRUUHODWLRQZLWK WKH'D\� RSHQ SULFH� DQG WKH

'D\� KLJK SULFH KDG VWURQJ SRVLWLYH FRUUHODWLRQV ZLWK WKH 326 DQG 1(8 VHQWLPHQWV UHVSHFWLYHO\

�U  ����� DQG U  ������� $OVR� WKH 'D\� FORVH SULFH KDG VWURQJ QHJDWLYH FRUUHODWLRQV ZLWK WKH 326

���



DQG 1(* VHQWLPHQWV UHVSHFWLYHO\ �U  ������ DQG U  �������� )LQDOO\� WKH 'D\� KLJK SULFH KDG

VWURQJ QHJDWLYH FRUUHODWLRQV ZLWK WKH:26� 29/� 326� DQG 1(8 SULFHV �U  ������� U  ������� U  

����� DQG U  ������ UHVSHFWLYHO\��

7KHUH ZHUH IRXU H[WUHPHO\ KLJK FRUUHODWLRQV IRU WKH 'D\� WDJ LQ WKH &&) UHVXOWV IRU ���GD\PRYLQJ

DYHUDJH �VHH )LJXUH ������� WKH SRVLWLYH FRUUHODWLRQV EHWZHHQ WKH 1(* VHQWLPHQW DQG WKH ORZ SULFH

�U  ������ DQG EHWZHHQ WKH 367 VHQWLPHQW DQG WKH KLJK SULFH �U  ������� DV ZHOO DV WKH QHJDWLYH

FRUUHODWLRQV EHWZHHQ WKH 29/ VHQWLPHQW� :26 VHQWLPHQW DQG ORZ SULFH �U  ������ DQG U  ������

UHVSHFWLYHO\�� $SDUW IURP WKHVH� WKHUH ZHUH DOVR D QXPEHU RI VWURQJ FRUUHODWLRQV IRU WKH 'D\�

ODJ� ([FHSW IRU WKH FRUUHODWLRQV EHWZHHQ WKH RSHQ SULFH DQG WKH 326 DQG 1(8 VHQWLPHQWV� DOO WKH

FRUUHODWLRQV EHWZHHQ SULFH DQG VHQWLPHQW IRU WKH 'D\� ODJ ZHUH VWURQJ�
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)LJXUH ����� &URVV�FRUUHODWLRQ UHVXOW RI *( VHQWLPHQW DQG SULFH ZLWK D ���GD\ PRYLQJ DYHUDJH
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)XUWKHUPRUH� WKH 'D\� RSHQ SULFH KDG VWURQJ QHJDWLYH FRUUHODWLRQV ZLWK WKH 326� 1(8� DQG 1(*

SULFHV UHVSHFWLYHO\ �U  ������� U  ������ DQG U  �������� $OVR� WKH 'D\� FORVH SULFH KDG VWURQJ

SRVLWLYH FRUUHODWLRQ ZLWK WKH :26 DQG 29/ VHQWLPHQWV �U  ����� DQG U  ����� UHVSHFWLYHO\��

DQG VWURQJ QHJDWLYH FRUUHODWLRQV ZLWK WKH 326 DQG 1(* VHQWLPHQWV �U  ������ DQG U  ������

UHVSHFWLYHO\��

7KH &&) WHVW UHVXOW VKRZHG WKDW PRVW FRUUHODWLRQV LQ WKH ���GD\ PRYLQJ DYHUDJH PDQLSXODWLRQ

EHFRPH VWURQJHU WKDQ WKH EDVHOLQH� ,Q SDUWLFXODU� IRU WKH 'D\� ODJ� DOO WKUHH LQGLYLGXDO VHQWLPHQWV

WXUQHG PXFK PRUH SRVLWLYH WKDQ WKRVH LQ WKH EDVHOLQH� EXW WKH 29/ VHQWLPHQW KDG DQ RSSRVLWH

WUHQG�

&RPSDULQJ WKHVH WKUHH UHVXOWV� LW ZDV FOHDU WKDW WKH ���GD\ PRYLQJ DYHUDJH KDG WKH PRVW VWURQJ

SRVLWLYH FRUUHODWLRQV� 7KXV� LW LV ZRUWK JRLQJ EDFN WR WKH GDWD� DQG UXQQLQJ WKH DQDO\VLV DJDLQ�

WKLV WLPH WHVWLQJ RXW D ���GD\ PRYLQJ DYHUDJH� WR VHH LI WKDW SHUIRUPDQFH ZDV HYHQ EHWWHU VWLOO �VHH

)LJXUH ��������

���



−0.6846 −0.1775 0.3875 0.2997 0.0826
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0.9835 0.2158 −0.0265 −0.3451 −0.3569
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0.867 0.0234 0.3023 −0.1195 −0.4545
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−0.1147 −0.4789 0.1428 0.2494 0.1106
0.4672 0.0058 −0.0136 0.5375 −0.6228
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)LJXUH ������ &URVV�FRUUHODWLRQ UHVXOW RI *( VHQWLPHQW DQG SULFH ZLWK D ���GD\ PRYLQJ DYHUDJH
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$W WKH 'D\� ODJ� ERWK WKH :26 DQG 29/ VHQWLPHQWV KDG H[WUHPHO\ VWURQJ SRVLWLYH FRUUHODWLRQV

ZLWK WKH RSHQ SULFH �U  ����� DQG U  ����� UHVSHFWLYHO\�� LQ DGGLWLRQ� WKHVH WZR VHQWLPHQWV

KDYH YHU\ VWURQJ FRUUHODWLRQV ZLWK ORZ SULFH �U  ����� DQG U  ����� UHVSHFWLYHO\�� %HVLGHV� WKHUH

DUH VWURQJ SRVLWLYH FRUUHODWLRQV EHWZHHQ RSHQ� FORVH DQG ORZ SULFH ZLWK WKH 1(*� 1(8� DQG 367

VHQWLPHQWV� DQG WKH YDOXH RI U UDQJHV IURP ��� WR ����

,Q DGGLWLRQ WR WKHVH� WZR VWURQJ SRVLWLYH FRUUHODWLRQV FRXOG EH IRXQG EHWZHHQ WKH 'D\� KLJK SULFH

DQG WKH 326 DQG 1(8 VHQWLPHQWV �U  ����� DQG U  ����� UHVSHFWLYHO\�� DQG WZR QHJDWLYH FRU�

UHODWLRQV EHWZHHQ WKH 'D\� KLJK SULFH ZLWK WKH 326 DQG 1(8 VHQWLPHQWV ������� DQG U  ������

UHVSHFWLYHO\��

&RPSDUHG ZLWK WKH EDVHOLQH� WKH FRUUHODWLRQV IRU WKH 'D\� ODJ LQ WKH &&) WHVW UHVXOW RI WKH ���GD\

PRYLQJ DYHUDJH PDQLSXODWLRQ KDG D FRPSOHWHO\ GLIIHUHQW WUHQG� :LWK WKH H[FHSWLRQ RI WKH 1(*

VHQWLPHQW� WKH RWKHU IRXU VHQWLPHQWV WXUQHG WR PXFK PRUH SRVLWLYH WKDQ WKH EDVHOLQH� +RZHYHU�

IRU WKH RWKHU WLPH ODJV� PRVW FRUUHODWLRQV EHFDPH ZHDNHU WKDQ WKH EDVHOLQH�

&RPSDULQJ GLIIHUHQW PRYLQJ DYHUDJH WLPH ODJV� WKH IROORZLQJ SRLQWV FDQ EH FRQFOXGHG� 7R VWDUW�

WKH VWURQJHVW FRUUHODWLRQV RIWHQ RFFXU IRU WKH FRUUHVSRQGLQJ GD\ ODJ �'D\��� 7KHQ� WKH FRUUHODWLRQ

VWUHQJWK EHFRPHV ZHDNHU LQ WKH IROORZLQJ WLPH ODJV� $OVR� WKHUH DUH IRXU H[WUHPHO\ KLJK FRUUHOD�

WLRQV LQ WKH ���GD\ DQG ���GD\ PRYLQJ DYHUDJH UHVXOWV IRU WKH FRUUHVSRQGLQJ GD\ ODJ� EXW WKH ���

GD\ PRYLQJ DYHUDJH KDV PRUH SRVLWLYH SDLUV� 1H[W� XVLQJ PRYLQJ DYHUDJH WR VPRRWKHQ GDWD FDQ

VLJQLILFDQWO\ LPSURYH WKH FRUUHODWLRQ EHWZHHQ *( SULFH WUHQGV DQG *( VHQWLPHQW WUHQGV� )LQDOO\�

DW WKH 'D\� ODJ� WKH QHJDWLYH VHQWLPHQW RIWHQ VKRZHG DQ RSSRVLWH WUHQG WR WKH RWKHU VHQWLPHQW

WUHQGV�

���



����� 'LVFXVVLRQ

,W LV FOHDU IURP WKH DQDO\VHV UHSRUWHG LQ WKLV VHFWLRQ WKDW SHUFHQWDJH QRUPDOLVDWLRQ ZHDNHQHG WKH

FRUUHODWLRQ ZLWKLQ WKH *( WZHHW GDWD GXH WR WKH FKDQJHV LQ WKH GHSHQGHQFH EHWZHHQ LQGLYLGXDO

VHQWLPHQWV� PHDQLQJ WKH\ KDG ZHDNHU FRUUHODWLRQV ZLWK WKH SULFH WKDQ WKH EDVHOLQH� LQFOXGLQJ WKH

1(*� 1(8� DQG 367 VHQWLPHQWV� $OVR� WKLV WUDQVIRUPDWLRQ VKRZHG QR VWURQJ FRUUHODWLRQ EHWZHHQ

QHJDWLYH DQG SRVLWLYH VHQWLPHQWV� $GGLQJ WKH 1(*� 1(8� DQG 367 VHQWLPHQW WUHQGV WRJHWKHU

VKRZV DQ RYHUDOO SRVLWLYH WUHQG� DQG WKH ZHLJKWHG RYHUDOO VHQWLPHQW VKRZHG LPSURYHPHQW� 7KH

RYHUDOO VHQWLPHQW DQG WKHZHLJKWHG RYHUDOO VHQWLPHQWV VKRZHG VWURQJHU FRUUHODWLRQVZLWK WKH SULFH

WUHQGV WKDQ DQ\ LQGLYLGXDO VHQWLPHQW WUHQGV� DQG WKH VWURQJHVW FRUUHODWLRQ RFFXUUHG EHWZHHQ WKH

29/ VHQWLPHQW DQG WKH 'D\� ORZ SULFH� U  ������

8VLQJ WKH ZLQGRZ IXQFWLRQ VLJQLILFDQWO\ LPSURYHG WKH FRUUHODWLRQ ZLWKLQ WKH SULFH DQG VHQWLPHQW

GDWD UHVSHFWLYHO\� EXW QRW EHWZHHQ WKHVH WZR JURXSV RI GDWD� FRPSDUHG WR WKH EDVHOLQH� 7KXV� LW

ZDV QRW KHOSIXO WR LGHQWLI\ WKH WHPSRUDO FRUUHODWLRQ EHWZHHQ VWRFN SULFH DQG VHQWLPHQW GDWD�

%\ DSSO\LQJ GLIIHUHQW PRYLQJ DYHUDJHPDQLSXODWLRQV VKRZHG D FOHDU WHQGHQF\ WR LQFUHDVH� DQG WKH

FRUUHODWLRQ WHVW KDV GLIIHUHQW UHVXOWV� $V DGGUHVVHG E\ 2¶&RQQRU HW DO� ������� XVLQJ PRUH DJJUH�

JDWHG ZLQGRZ GRHV QRW QHFHVVDULO\ LPSURYHV WKH RYHUDOO SHUIRUPDQFH RI FURVV�FRUUHODWLRQ� ,Q WKLV

FDVH VWXG\� WKH ���GD\PRYLQJ DYHUDJH VKRZHG WKH EHVW UHVXOW DW WKH VDPH ODJ� 0RVW VWURQJ FRUUHOD�

WLRQV RFFXU DW WKH 'D\� ODJ� 7KHVH LQGLFDWH WKDW WKHUH ZHUH FHUWDLQ FRUUHODWLRQV EHWZHHQ *( SULFH

WUHQGV DQG VHQWLPHQW WUHQGV� EXW WKH\ ZHUH QRW YHU\ KHOSIXO IRU SUHGLFWLQJ SULFH GHYHORSPHQWV�

&RPSDULQJ WKH FURVV�FRUUHODWLRQ UHVXOWV RI RYHUDOO VHQWLPHQW DQG ZHLJKWHG RYHUDOO VHQWLPHQW ZLWK

SHUFHQWDJH QRUPDOLVDWLRQ� WKH ZLQGRZ IXQFWLRQ� DQG PRYLQJ DYHUDJH� WKH RYHUDOO VHQWLPHQW ZDV

IRXQG WR VOLJKWO\ RXWSHUIRUP WKH ZHLJKWHG RYHUDOO VHQWLPHQW LQ PRVW FDVHV�

���



��� 'LVFXVVLRQ RI 1HXWUDO 6HQWLPHQW

$V DUJXHG LQ &KDSWHU �� VRPH SUHYLRXV VHQWLPHQW DQDO\VLV SURMHFWV SXW XQFODVVLILHG RU LUUHOHYDQW

FRQWHQW LQWR D QHXWUDO FDWHJRU\� +RZHYHU� WKLV UHVHDUFK XVHG D KLHUDUFK\ VHQWLPHQW FODVVLILFDWLRQ

DSSURDFK LQVWHDG RI FODVVLI\LQJ XQLGHQWLILHG WZHHWV DV QHXWUDO WZHHWV DV VKRZQ LQ &KDSWHU �� ,Q

RUGHU WR XQGHUVWDQGZKLFK FODVVLILFDWLRQPHWKRG LVPRUH HIIHFWLYH� WKLV VHFWLRQ UHSRUWV RQ WKH FRP�

SDULVRQ RI WKH WLPH VHULHV FRUUHODWLRQV RI WKHVH WZR VHQWLPHQW FODVVLILFDWLRQV ZLWK SULFH FKDQJHV�

����� 7KUHH QHXWUDO VHQWLPHQWV

7KH FRPSDULVRQ LV DPRQJ WKUHH JURXSV RI QHXWUDO VHQWLPHQW�

�� 1(8�� 7KH 1(8 JURXS�

�� 1(8�� 7KH 1(8 DQG 175 WZHHWV� ZKLFK DUH FRQYHQWLRQDOO\ FRQVLGHUHG DV QHXWUDO WZHHWV LQ

WLFNHU�UHODWHG WZHHWV�

�� 1(8�� 7KH 1(8� 175 DQG 165 WZHHWV� ZKLFK DUH FRQYHQWLRQDOO\ FRQVLGHUHG DV QHXWUDO�

7KH RYHUDOO WUHQGV RI WKHVH WKUHH VHQWLPHQWV RI WKH *( WLFNHU DUH YHU\ GLIIHUHQW �VHH WKH XSSHU

SDUW RI )LJXUH ������� 7KH 1(8� WUHQG LV UHODWLYHO\ VPRRWK� ZKHUHDV WKH 1(8� WUHQG LV WKH PRVW

G\QDPLF� +RZHYHU� LQ WKH PLGGOH RI $SULO DQG -XO\� WKHUH DUH WZR FRUUHVSRQGLQJ SHDNV DPRQJ DOO

WKUHH WUHQGV�

$SSO\LQJ WKH &&) WHVW WR WKH WKUHH GLIIHUHQW QHXWUDO WUHQGV ZLWK SULFH WUHQGV� PRVW FRUUHODWLRQV

ZHUH ZHDN �VHH WKH ORZHU SDUW RI )LJXUH ������� +RZHYHU� WKHUH ZHUH RQO\ D IHZ VWURQJ FRUUHOD�

WLRQV� IRU WKH 'D\� ODJ� WKH FORVH SULFH KDG VWURQJ QHJDWLYH FRUUHODWLRQV ZLWK WKH 1(8� DQG 1(8�

WUHQGV� DQG WKH KLJK SULFH KDG VWURQJ QHJDWLYH FRUUHODWLRQV ZLWK WKH 1(8� WUHQG� 0RUHRYHU� WKH

1(8� WUHQGV VWURQJO\ FRUUHODWHG ZLWK WKH 'D\� ORZ SULFH� 7KLV VKRZHG WKUHH QHXWUDO WUHQGV KDG
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)LJXUH ����� &RPSDULVRQ RI GLIIHUHQW QHXWUDO VHQWLPHQW WUHQGV RI *(
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GLIIHUHQW PRYHPHQWV� PHDQLQJ WKDW WKH\ ZRXOG KDYH GLIIHUHQW LQIOXHQFH RQ WKH ODWHU VHQWLPHQW

FODVVLILFDWLRQ�

����� 2YHUDOO WUHQGV RI WKH GLIIHUHQW QHXWUDO VHQWLPHQWV

7KH IROORZLQJ DQDO\VLV FRPSXWHV WKH RYHUDOO WUHQGV DV EHORZ�

�� 2YHUDOO WUHQG EDVHG RQ 1(8�  �367 � 1(*���367 � 1(8� � 1(*�� ZKHUH 1(8�  1(8

�� 2YHUDOO WUHQG EDVHG RQ 1(8�  �367 � 1(*���367 � 1(8� � 1(*�� ZKHUH 1(8�  175 �

1(8

�� 2YHUDOO WUHQG EDVHG RQ 1(8�  �367 � 1(*���367 � 1(8� � 1(*�� ZKHUH 1(8�  165 �

175 � 1(8

7KH XSSHU SDUW RI )LJXUH ����� SUHVHQWV WKH VLPLODULW\ RI WKHVH WKUHH RYHUDOO VHQWLPHQW WUHQGV� DQG

JHQHUDOO\� WKH\ KDYH VLPLODUPRYHPHQWV� +RZHYHU� WKHVH WKUHH WUHQGV GLIIHU LQ WHUPV RIPDJQLWXGH�

WKH RYHUDOO WUHQG EDVHG RQ WKH 1(8� LV WKH PRVW G\QDPLF WUHQG� ZKLOH WKH RYHUDOO WUHQG EDVHG RQ

WKH 1(8� WUHQG LV WKH OHDVW G\QDPLF� &RQVLGHULQJ WKH IRUPXODH DERYH� WKH GHQRPLQDWRU RI WKH

RYHUDOO WUHQG EDVHG RQ 1(8� LV WKH VPDOOHVW� DQG WKH RYHUDOO WUHQG EDVHG RQ 1(8� LV WKH ELJJHVW�

VR WKLV FRQGHQVHV WKH FKDQJHV RI WKH RYHUDOO WUHQG EDVHG RQ 1(8� DQG 1(8��

$SSO\LQJ D &&) WHVW WR WKH GLIIHUHQW RYHUDOO WUHQGV DQG WKH SULFH WUHQGV� WKH RYHUDOO WUHQGV EDVHG

RQ 1(8� DQG 1(8� KDG VLPLODU SHUIRUPDQFHV ZLWK WKH RYHUDOO WUHQG EDVHG RQ 1(8� LQ JHQHUDO

�VHH WKH ORZHU SDUW RI )LJXUH ������� 7KH PRVW VWURQJ SRVLWLYH FRUUHODWLRQV FOXVWHU DW WKH 'D\� ODJ�

LQ SDUWLFXODU� EHWZHHQ RYHUDOO WUHQG EDVHG RQ WKH 1(8� DQG WKH 'D\� ORZ SULFH� WKH U  ������ 7KH

RYHUDOO WUHQG EDVHG RQ WKH 1(8� VOLJKWO\ RXWSHUIRUPHG WKH RWKHU WZR WUHQGV� $W WKH VDPH WLPH ODJ�

WKH FORVH DQG KLJK SULFHV DOVR KDG VWURQJ SRVLWLYH FRUUHODWLRQV ZLWK WKHVH WKUHH RYHUDOO VHQWLPHQW

WUHQGV� DQG WKH RYHUDOO WUHQG EDVHG RQ 1(8� VWLOO RXWSHUIRUPHG WKH RWKHU WZR�
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)LJXUH ����� &RPSDULVRQ RI GLIIHUHQW QHXWUDO VHQWLPHQW WUHQGV RI *( LQ SHUFHQWDJH VFDOH
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)RU 'D\�� WKH VWURQJ FRUUHODWLRQV H[LVWHG LQ WKH RSHQ� FORVH� DQG KLJK SULFHV� 7KH FRUUHODWLRQV

EHWZHHQ WKH RSHQ SULFH DQG WKH WKUHH RYHUDOO VHQWLPHQWV ZHUH QHJDWLYH� ZLWK WKH RYHUDOO VHQWLPHQW

EDVHG RQ 1(8� EHLQJ WKH VWURQJHVW �U  �������� %HWZHHQ WKH FORVH DQG KLJK SULFH ZLWK WKH WKUHH

RYHUDOO VHQWLPHQWV� WKH RYHUDOO VHQWLPHQW EDVHG RQ1(8� KDG WKH VWURQJHVW FRUUHODWLRQV �U  �����

DQG U  ����� DQG U  ������� ,Q DGGLWLRQ� WKHUH ZHUH WZR JURXSV RI VWURQJ QHJDWLYH FRUUHODWLRQV

EHWZHHQ WKUHH RYHUDOO VHQWLPHQWV DQG WKH 'D\� FORVH SULFH DQG WKH 'D\� ORZ SULFH� 7KH FRUUHODWLRQ

EHWZHHQ WKH RYHUDOO VHQWLPHQW EDVHG RQ WKH 1(8� DQG WKH 'D\� FORVH SULFH ZDV WKH VWURQJHVW

QHJDWLYH FRUUHODWLRQ�

7KHVH VXJJHVW WKDW� LQ WKH DQQRWDWHG GDWDVHW� WKH FRQYHQWLRQDO VHQWLPHQW FODVVLILFDWLRQ RXWSHU�

IRUPHG LQ WKH 'D\� ODJ� EXW LQ WKH IXWXUH WLPH ODJV� WKH KLHUDUFK\ VHQWLPHQW FODVVLILFDWLRQ GHYHO�

RSHG LQ WKLV UHVHDUFK FRXOG LPSURYH WKH SRVLWLYH FRUUHODWLRQ VWUHQJWK E\ DERXW �� WR ���

��� 6XPPDU\

7KH FKDSWHU DQDO\VHG WKH WHPSRUDO FRUUHODWLRQZLWKLQ WKH DQQRWDWHG WZHHW VHQWLPHQW� ZLWKLQ GLIIHU�

HQW W\SHV RI VWRFN SULFHV� DQG EHWZHHQ WKH WZHHW VHQWLPHQW DQG FRUUHVSRQGLQJ PDUNHW SULFHV� 7KH

FURVV�FRUUHODWLRQ WHVW RQ WKH WZHHW VHQWLPHQW VXJJHVWV WKDW WKH165 DQG175 WZHHW VHQWLPHQWV DUH

WHPSRUDOO\ GLIIHUHQW IURP WKH WKUHH WLFNHU�FRUUHODWHG VHQWLPHQWV� 8VLQJ WKUHH WHPSRUDO GDWD PD�

QLSXODWLRQ PHWKRGV ± SHUFHQWDJH QRUPDOLVDWLRQ� ZLQGRZ IXQFWLRQ WUDQVIRUPDWLRQ� DQG PRYLQJ

DYHUDJH VPRRWKLQJ ± VRPH VWURQJ WHPSRUDO FRUUHODWLRQV FRXOG EH IRXQG EHWZHHQ WKH VWRFN SULFH

DQG FRUUHVSRQGLQJ WZHHW VHQWLPHQWV� 0RVW VWURQJ FRUUHODWLRQV RFFXUUHG DW 'D\�� ZKLFK VXJJHVWV

WKDW WKH SUHGLFWLRQ ZLQGRZ LV VKRUW� $SDUW IURP WKH FRUUHODWLRQV IRU WKH 'D\�� WKH VWURQJHVW FRU�

UHODWLRQV DUH IRXQG LQ WKH &&) WHVW EDVHG RQ WKH SHUFHQWDJH QRUPDOLVDWLRQ� ZKLFK KDG D SRVLWLYH

FRUUHODWLRQ EHWZHHQ WKH RYHUDOO VHQWLPHQW DQG 'D\� ORZ SULFH� ZKHUH U  ������ 0RUHRYHU� XVLQJ

WLFNHU�UHODWHG WZHHWV IURP WKH KLHUDUFK\ FODVVLILFDWLRQ FDWHJRU\ GHVLJQHG LQ WKH VHFRQG FDVH VWXG\

���



WR FRUUHODWH WKH PDUNHW SULFH RQO\ DFKLHYHG D VOLJKWO\ KLJKHU LPSURYHPHQW WKDQ WKH FRQYHQWLRQDO

DSSURDFK� 2YHUDOO� WKHUH ZHUH VHYHUDO VWURQJ FRUUHODWLRQV EHWZHHQ WKH VWRFN SULFH DQG WZHHW VHQ�

WLPHQW GDWD� ,Q VKRUW� WKLV FKDSWHU GHPRQVWUDWHG WKDW WZHHW VHQWLPHQW DQDO\VLV LV DEOH WR SUHGLFW

VWRFN SULFH FKDQJHV�

���



&KDSWHU � 0HWKRGRORJ\ IRU $QDO\VLV DQG &ODVVLILFDWLRQ

:KLOH DQDO\VLV RI WKH WHPSRUDO FRUUHODWLRQV RI WKH DQQRWDWHG WZHHWV GHVFULEHG LQ &KDSWHU � UH�

YHDOHG WHPSRUDO GLVWLQFWLRQV EHWZHHQ VWRFN WZHHWV DQG QRQ�VWRFN�UHODWHG WZHHWV� WKH OLQJXLVWLF

GLIIHUHQFHV EHWZHHQ WKHVH WZR W\SHV RI WZHHWV DUH VWLOO XQFOHDU� 7KHUHIRUH� WKH PDLQ DQDO\VHV UH�

SRUWHG LQ &KDSWHUV �� � DQG � IRFXV RQ WKH OLQJXLVWLF IHDWXUHV RI VWRFN WZHHWV� $OWKRXJK WKLV UH�

VHDUFK PDNHV VXEVWDQWLDO XVH RI YDULRXV DSSURDFKHV LQ FRPSXWDWLRQDO OLQJXLVWLFV� LW VWLOO IRFXVHV

RQ WKH OLQJXLVWLF IHDWXUHV RI WZHHWV� DQG DV VXFK FDQ VWLOO EH VHHQ IXQGDPHQWDOO\ DV D SLHFH RI DS�

SOLHG OLQJXLVWLF UHVHDUFK� 7KH DQDO\VLV UHSRUWHG LQ WKH IROORZLQJ WKUHH FKDSWHUV UHTXLUHG PHWKRGV

IURP WKUHH GLIIHUHQW DUHDV WR LQYHVWLJDWH WKH DQQRWDWHG WZHHW GDWD� LQFOXGLQJ FRUSXV DQDO\VLV� VWD�

WLVWLFDO DQDO\VLV DQG PDFKLQH OHDUQLQJ� VR WKLV FKDSWHU SURYLGHV D GHWDLOHG LQWURGXFWLRQ RI WKRVH

PHWKRGV EHLQJ XVHG ODWHU�

��� $ /LQJXLVWLF $SSURDFK WR 7ZHHW $QDO\VLV

7KLV VHFWLRQ GHVFULEHV KRZ FRUSXV OLQJXLVWLFV WHFKQLTXHV ZHUH XVHG WR WR DQDO\VH D FROOHFWLRQ RI

DQQRWDWHG VWRFN WZHHWV� LQFOXGLQJ IUHTXHQF\ DQDO\VLV� FRQFRUGDQFH DQDO\VLV DQG NH\QHVV DQDO\VLV�

(DFK RI WKHVH PHWKRGV DUH GHVFULEHG LQ WXUQ� )LUVW� LW PD\ EH XVHIXO WR SURYLGH D JHQHUDO LQWURGXF�

WLRQ WR FRUSXV OLQJXLVWLFV DV D UHVHDUFK PHWKRGRORJ\�

����� ,QWURGXFWLRQ WR FRUSXV OLQJXLVWLFV

$FFRUGLQJ WR 0F(QHU\ DQG +DUGLH ������� FRUSXV OLQJXLVWLFV FDQ EH FRQVLGHUHG DV µGHDOLQJ ZLWK

VRPH VHW RI PDFKLQH�UHDGDEOH WH[WV ZKLFK LV GHHPHG DQ DSSURSULDWH EDVLV RQ ZKLFK WR VWXG\ D

VSHFLILF VHW RI UHVHDUFK TXHVWLRQV¶ �S� ��� 7KXV� FRUSXV OLQJXLVWLFV FDQ EH UHJDUGHG DV DPHWKRGRORJ\

IRU H[SORULQJ OLQJXLVWLF TXHVWLRQV TXDQWLWDWLYHO\ DQG TXDOLWDWLYHO\ EDVHG RQ WH[WXDO GDWD� 7KHLU

GHILQLWLRQ DOVR VXJJHVWV WKDW FRUSXV OLQJXLVWLFV KDV WZR IXQGDPHQWDO UHTXLUHPHQWV LQ WHUPV RI GDWD�

���



WKDW LW EH ERWK VXIILFLHQW LQ VL]H� DQG PDFKLQH�UHDGDEOH LQ IRUPDW� 7KH UDZ WZHHW GDWD FROOHFWHG

IRU WKH FXUUHQW UHVHDUFK TXDOLI\ RQ ERWK FRXQWV� 7KH\ DUH PDVVLYH� DQG DUH SUHVHQWHG LQ D ZHOO�

VWUXFWXUHG IRUPDW� :LWK SURSHU PDQLSXODWLRQV� D WZHHW FRUSXV FDQ WKXV EH FRPSLOHG�

$V 0F(QHU\ DQG +DUGLH ������ SRLQWHG RXW� WKH FRUSXV DSSURDFK FDQ FRYHU µD VXEVHW RI DOO WKH

UHVHDUFK TXHVWLRQV WKDW D OLQJXLVW PLJKW DVN¶� DQG WKLV VXEVHW µRYHUODS>V@ ZLWK WKH VXEVHW RI TXHV�

WLRQV WKDW D OLQJXLVW FDQ DVN ZLWKRXW D FRUSXV� EXW LW LV DOPRVW FHUWDLQO\ JUHDWHU LQ VL]H WKDQ WKDW

VHW¶ �S� ���� 7ZHHW GDWD DUH D UHODWLYHO\ QHZ GRPDLQ WR OLQJXLVWV� DQG XQGRXEWHGO\ WKHUH DUH PDQ\

XQDQVZHUHG DUHDV \HW WR EH H[SORUHG� ,Q WKLV VHQVH� DSSO\LQJ WKH FRUSXV DSSURDFK FRXOG H[WHQG

WKLV SRVVLELOLW\ PXFK IXUWKHU�

2QH VXFK DYHQXH LV VXJJHVWHG E\ +XQVWRQ ������� ZKR SRLQWHG RXW WKDW µFRUSRUD FDQ EH XVHG WR

HVWDEOLVK QRUPV RI IUHTXHQF\ DQG XVDJH DJDLQVW ZKLFK LQGLYLGXDO WH[WV FDQ EH PHDVXUHG¶ �S� ����

:KLOH +XQVWRQ¶V SURSRVDO ZDV IRUPXODWHG LQ UHODWLRQ WR VW\OLVWLFV DQG FOLQLFDO RU IRUHQVLF OLQJXLV�

WLFV� LW DOVR VHHPV UHOHYDQW WR WKH VWXG\ RI WZHHWV �,W VKRXOG SHUKDSV EH QRWHG WKDW +XQVWRQ SUR�

SRVHG WKLV LGHD DW D WLPH ZKHQ VRFLDO PHGLD GLG QRW H[LVW DW DOO�� ,Q DQ\ FDVH� WKH SUHVHQW UHVHDUFK

DLPV WR SURYLGH D EHQFKPDUN LQ WKH IRUP RI D VHW RI VWDWHPHQWV DERXW WKH IUHTXHQF\ DQG UHJXODULW\

RI D UDQJH RI OLQJXLVWLF IHDWXUHV RI WZHHWV�

����� )UHTXHQF\ DQDO\VLV

$ IUHTXHQF\ OLVW LV µD OLVW RI DOO WKH W\SHV LQ FRUSXV WRJHWKHU ZLWK WKH QXPEHU RI RFFXUUHQFHV RI

HDFK W\SH¶ �+XQVWRQ� ����� S� ���� :LWK D IUHTXHQF\ OLVW� D QXPEHU RI IHDWXUHV RI D FRUSXV FDQ

EH LQYHVWLJDWHG� )RU H[DPSOH� =DSSDYLJQD ������ FRPSDUHG WKH IUHTXHQF\ OLVW RI WKH +(50(6

FRUSXV �VHH &KDSWHU �� ZLWK WKDW RI WKH &2&$ FRUSXV DV D UHIHUHQFH FRUSXV �VHH &KDSWHU ��� DQG VKH

IRXQG RXW WKDW WKH #PHQWLRQ LV WKH PRVW IUHTXHQW SDWWHUQ LQ WKH WZHHW GDWD� ZKLFK GRHV QRW H[LVW

LQ WKH WRS IUHTXHQF\ OLVW RI WKH &2&$ FRUSXV� 0RUHRYHU� 3DJH ������ XVHG WKH +(50(6 FRUSXV

���



DV D UHIHUHQFH FRUSXV IRU WKH NH\QHVV DQDO\VLV LQ KHU VWXG\ RI WZHHWV� DQG VKH IRXQG WKDW GLIIHUHQW

JURXSV RI 7ZLWWHU XVHUV KDYH GLIIHUHQW WZHHWLQJ EHKDYLRXUV LQ WHUPV RI KDVKWDJ XVDJH� 7KXV� LW LV

ZRUWK LQYHVWLJDWLQJ ZKHWKHU WKH VWRFN WZHHWV SUHVHQW GLIIHUHQW WZHHWLQJ EHKDYLRXUV� )UHTXHQF\

OLVWV FDQ FRPSULVH D OLVW RI VLQJOH ZRUGV �D XQLJUDP OLVW�� D OLVW RI DGMDFHQW ZRUG SDLUV �D ELJUDP

OLVW�� RU D OLVW RI WKUHH DGMDFHQW ZRUGV �D WULJUDP OLVW�� HWF� 7KLV UHVHDUFK PDLQO\ XVHG XQLJUDP DQG

ELJUDP IUHTXHQF\ OLVWV WR H[SORUH ZKHWKHU LW LV SRVVLEOH WR ILQG IUHTXHQWO\ UHRFFXUULQJ VWUXFWXUHV

WKDW FDQ SURYLGH D UHOLDEOH LQGLFDWLRQ RI WKH VWRFN PDUNHW VHQWLPHQW LQ WZHHWV�

����� &RQFRUGDQFH DQDO\VLV

&RQFRUGDQFHV DUH µD OLVW RI D ZRUG RU SKUDVH� ZLWK D IHZ ZRUGV RI FRQWH[W HLWKHU VLGH¶ �%DNHU LQ

/LWRVVHOLWL� ����� S� ����� &RQFRUGDQFHV DUH PDLQO\ XVHG WR TXDOLWDWLYHO\ H[SORUH WKH FRUSXV GDWD

EHFDXVH WKH\ PDNH WKH LGHQWLILFDWLRQ RI FRRFXUULQJ SDWWHUQV HDVLHU� )RU H[DPSOH� =DSSDYLJQD

������ XVHG WKLV DSSURDFK WR LQYHVWLJDWH WZHHWV WDONLQJ DERXW 3UHVLGHQW 2EDPD¶V YLFWRU\ LQ WKH

SUHVLGHQWLDO HOHFWLRQ DQG IRXQG D µJHQHUDO SURVRG\ RI SRVLWLYH HYDOXDWLRQ¶ �S� ��� DURXQG WKH ZRUG

ZRQ�

$OWKRXJK WKH FRQFRUGDQFH LV DUJXDEO\ WKH VLQJOH PRVW LPSRUWDQW WRRO LQ FRUSXV DQDO\VLV �0F(QHU\

	 +DUGLH� ������ LW KDV RQH REYLRXV VKRUWFRPLQJ� $ IUHTXHQW SDWWHUQ PD\ EULQJ WRR PXFK GDWD

IRU PDQXDO DQDO\VLV� SDUWLFXODUO\ ZKHQ WKH FRUSXV XQGHU DQDO\VLV LV UHODWLYHO\ ELJ� 2QH SRVVLEOH

VROXWLRQ WR WKLV SUREOHP LV WR UDQGRPO\ VDPSOH WKH GDWD� 7KLV LV WKH VROXWLRQ DSSOLHG E\=DSSDYLJQD

������� ZKRVH FRQFRUGDQFH DQDO\VLV ZDV EDVHG RQ D VXEVHW RI ��� DQQRWDWHG WZHHWV WKDW VKH KDG

GUDZQ UDQGRPO\ IURP WKH +(50(6 FRUSXV� ZKLFK FRPSULVHG � PLOOLRQ WZHHWV LQ WRWDO� 2Q WKH

RWKHU KDQG� DQRWKHU SUREOHP LV WKDW HDFK WZHHW LV VKRUW� DQG PLJKW FRQWDLQ D QXPEHU RI LUUHJXODU

VSHOOLQJV RU LQVWDQFHV RI LQIRUPDO ODQJXDJH XVDJH� 7KHUHIRUH� LI WKH FRUSXV LV UHODWLYHO\ VPDOO� LW LV

KDUG WR JHQHUDWH VXIILFLHQW FRQFRUGDQFH OLQHV IRU DQDO\VLV�

���



0F(QHU\ DQG +DUGLH ������ VXJJHVWHG WKDW µFRQFRUGDQFHV DQG IUHTXHQF\ GDWD H[HPSOLI\ UHVSHF�

WLYHO\ WKH WZR IRUPV RI DQDO\VLV� QDPHO\ TXDOLWDWLYH DQG TXDQWLWDWLYH¶ �S� ��� 7KHVH WZR PHWKRGV

DUH WKH PRVW IXQGDPHQWDO PHWKRGV EHLQJ XVHG LQ FRUSXV DQDO\VLV� DQG LQ WKH DQDO\VLV XQGHUWDNHQ

IRU WKLV UHVHDUFK� WKH\ZHUH XVHG WR DQDO\VH WKH NH\ZRUGV LQ GLIIHUHQW SRODULWLHV� LQ RUGHU WR GHYHORS

DQ DXWRPDWLF FODVVLILHU IRU LGHQWLI\LQJ WKH SRODULW\ RI VWRFN WZHHWV�

����� .H\QHVV DQDO\VLV

6FRWW DQG 7ULEEOH ������ GHILQHG NH\QHVV DV µD TXDOLW\ ZRUGV PD\ KDYH LQ D JLYHQ WH[W RU VHW RI

WH[WV� VXJJHVWLQJ WKDW WKH\ DUH LPSRUWDQW� WKH\ UHIOHFW ZKDW WKH WH[W LV UHDOO\ DERXW� DYRLGLQJ WULYLD

DQG LQVLJQLILFDQW GHWDLO¶ �SS� ������� .H\QHVV DQDO\VLV ZRUNV E\ LGHQWLI\LQJ ZRUGV WKDW KDYH D

PDUNHG DVVRFLDWLRQ ZLWK WKH WDUJHW FRUSXV ZKHQ FRPSDUHG WR D UHIHUHQFH FRUSXV UHSUHVHQWLQJ WKH

ODQJXDJH RU ODQJXDJH YDULHW\ LQ JHQHUDO�

$QW&RQF �$QWKRQ\� ����� SURYLGHV D FRQYHQLHQW WRRO IRU LGHQWLI\LQJ NH\ZRUGV LQ D VSHFLDOLVHG

FRUSXV� )RU WKH DQDO\VHV RXWOLQHG LQ WKH IROORZLQJ FKDSWHUV� $QW&RQF ����� IRU 0DF ZDV XVHG WR

FDOFXODWH WKH NH\QHVV� 8VXDOO\� WKHUH DUH WZR VWDWLVWLFDO PHWKRGV WR FDOFXODWH NH\QHVV� QDPHO\

WKH ORJ�OLNHOLKRRG DQG FKL�VTXDUH WHVW� DQG $QW&RQF SURYLGHV ERWK RSWLRQV� 7KH SUHVHQW DQDO\VLV

FKRRVHV WKH ORJ�OLNHOLKRRG WHVW EHFDXVH LW LV µEHWWHU ¶LQ JHQHUDO¶ WKDQ WKH &KL�VTXDUH WHVW¶ �5D\VRQ�

����� S� ����� DQG LQ SDUWLFXODU EHFDXVH WKH FRUSXV VL]H GRHV QRW DIIHFW WKH VLJQLILFDQFH VFRUHV

LQ WKH ORJ�OLNHOLKRRG WHVW� ZKHUHDV WKH &KL�VTXDUH WHVW LV QRWRULRXVO\ YXOQHUDEOH WR WKLV SUREOHP

�'XQQLQJ� ������

����� &KRLFH RI XVLQJ NH\QHVV DQDO\VLV

$V LW ZLOO EH VKRZQ ODWHU� GXH WR WKH XQEDODQFHG VL]H RI WKH WZR SRODULW\ ZRUG OLVWV DQG WKH ORZ

GHJUHH RI RYHUODSSLQJ RI WKH WZR OLVWV� WKH DIRUHPHQWLRQHG IUHTXHQF\ OLVW DQDO\VLV RI XQLJUDPV

���



DQG ELJUDPV IDLOHG WR LGHQWLI\ WKH NH\ZRUGV LQ GLIIHUHQW SRODULW\ OLVWV� 7KHUHIRUH� D PRUH UREXVW

DSSURDFK VKRXOG EH FRQVLGHUHG� DQG NH\QHVV DQDO\VLV IXOILOOV WKLV QHHG LQ D JUHDW GHDO�

,Q SULQFLSOH� XQOLNH IUHTXHQF\ DQDO\VLV� NH\QHVV DQDO\VLV LJQRUHV WKH GLIIHUHQW VL]HV RI WZR ZRUGV

OLVWV� EHFDXVH LW XVHV WKH UDQN RI WKH ZRUGV� LQVWHDG RI WKH IUHTXHQF\� WR FDOFXODWH WKH GHJUHH RI UHOH�

YDQW LPSRUWDQFH RI ZRUGV LQ D OLVW FRPSDUHG WR D UHIHUHQFH OLVW� 2Q WKH RWKHU KDQG� QJUDP DQDO\VLV

DQG FRQFRUGDQFH DQDO\VLV DUH PDLQO\ FRQGXFWHG PDQXDOO\� DQG WKH\ DUH QRW DEOH WR LQGLFDWH WKH

LPSRUWDQFH RI DQ\ VSHFLILF ZRUGV UHJDUGLQJ LWV IUHTXHQF\ RU UDQN�

,Q FRPSDULVRQ ZLWK WKH DERYH WZR PHWKRGV� NH\QHVV DQDO\VLV FDQ RIIHU VXIILFLHQW LQIRUPDWLRQ RI

WKH LPSRUWDQFH RI VSHFLILF NH\ZRUGV HYHQ ZKHQ WKH\ GR QRW FRRFFXU LQ WZR ZRUGV DW WKH VDPH

WLPH� 7KHUHIRUH� XVLQJ NH\QHVV DQDO\VLV FDQ LPSURYH WKH LGHQWLILFDWLRQ RI WKH UHOHYDQW LPSRUWDQFH

RI VSHFLILF ZRUGV UHJDUGOHVV RI WKH GLIIHUHQW VL]H RI WZR ZRUG OLVWV�

&RQVLGHULQJ WKH DERYH UHDVRQV� WKH ODWHU DQDO\VLV GHFLGHG WR XVH NH\QHVV DQDO\VLV� LQVWHDG RI RWKHU

FKRLFHV� WR DQDO\VH WKH WZHHW FRUSXV�

����� 7ZHHW QRUPDOLVDWLRQ

1RQ�VWDQGDUG ODQJXDJH XVDJHV DUH WKHPDLQ REVWDFOH IRU DQ\ DQDO\VLV RI WZHHWV �$ .XPDU 	 6HEDV�

WLDQ� ������ $V ZLOO EH VKRZQ ODWHU� WKLV LV SDUWLFXODUO\ SUREOHPDWLF IRU D VPDOO�VL]H WZHHW FRUSXV�

EHFDXVH WKH QRQ�VWDQGDUG ODQJXDJH EULQJV PRUH ZRUG W\SHV� ZKLFK LQ WXUQ UHGXFHV WKH OHYHO RI

ZRUG GHQVLW\� &RQVHTXHQWO\� DQ\ DQDO\VLV EDVHG RQ IUHTXHQF\ ZLOO EHFRPH PRUH GLIILFXOW�

7R XQGHUVWDQG KRZ IUHTXHQW WKH QRQ�VWDQGDUG ODQJXDJH RFFXUUHG LQ WKH VDPSOH FRUSXV� 9$5'

����� E\ %DURQ ������ ZDV XVHG WR LQVSHFW WKHVH VSHOOLQJ YDULDQWV� 9$5' KDV D SUHVHW RI WZHHWV�

EXW VWLOO� LW GRHV QRW ILW WKH VDPSOH GDWD YHU\ZHOO� ,Q WKH ILUVW H[SHULPHQW� ������RI DOO WRNHQV LQ WKH

VDPSOH FRUSXV DUH QRW VWDQGDUG� +RZHYHU� DPDQXDO LQVSHFWLRQ VKRZHG WKDW VRPHKLJKO\�IUHTXHQW

WRNHQVZHUH DOVRPLV�FODVVLILHG DV QRQ�VWDQGDUG WRNHQV� LQFOXGLQJ JH� UW� XUO DQG DQXPEHU RI WLFNHU

���



QDPHV� $IWHU UHPRYLQJ WKHVH PLV�FODVVLILHG QRQ�VWDQGDUG WRNHQV� RQO\ ������ RI DOO WRNHQV ZHUH

UHJDUGHG DV QRQ�VWDQGDUG WRNHQV� $OWKRXJK WKLV IUHTXHQF\ RI VSHOOLQJ YDULDQWV VHHPV ORZ� LW ZRXOG

VWLOO FDXVH GLIILFXOWLHV WR D VXEVHTXHQW DQDO\VLV� EHFDXVH WKH ILUVW PHWKRG WR EH DQDO\VHG� WKH µEDJ RI

ZRUGV¶ DSSURDFK� LV VXSSRVHG WR EH SULPDULO\ EDVHG RQ WKH DQDO\VLV RI ZRUG W\SHV� 7KH LQFLGHQFH

RI VSHOOLQJ YDULDQWV ZLOO LQFUHDVH WKH VSDUVHQHVV RI WKH FRUSXV� ZKLFK� LQ WXUQ� ZLOO LQHYLWDEO\ DIIHFW

WKH UHVXOWV RI WKH µEDJ RI ZRUGV¶ DSSURDFK�

7KHUHIRUH� WR VROYH WKLV SUREOHP� RQH SRVVLEOH VROXWLRQ LV WR QRUPDOLVH QRQ�VWDQGDUG ODQJXDJH

XVDJHV LQ WZHHWV WR WKHLU VWDQGDUG IRUPV� 7KLV PHWKRG LV GHULYHG IURP D VLPLODU DSSURDFK EHLQJ

XVHG LQ VKRUW PHVVDJH SURFHVVLQJ� VXFK DV $Z� =KDQJ� ;LDR DQG 6X ������ DQG +DQ DQG %DOGZLQ

������� ,Q UHFHQW \HDUV� VHYHUDO SDSHUV KDYH GLVFXVVHG WZHHW QRUPDOLVDWLRQ �3RUWD 	 6DQFKR� �����

;XH� <LQ� 'DYLVRQ� 	 'DYLVRQ� ������ EXW IHZ RI WKHP KDYH SURYLGHG D IUHHO\ DYDLODEOH VROXWLRQ� .�

%RQWFKHYD HW DO� ������¶V VROXWLRQ VHHPV WKH RQO\ DYDLODEOH RSHQ�VRXUFHG RQH WR WKLV SUREOHP�

EXW DV D SOXJ�LQ IRU *$7( �*HQHUDO $UFKLWHFWXUH IRU 7H[W (QJLQHHULQJ� E\ &XQQLQJKDP� 7DEODQ�

5REHUWV DQG%RQWFKHYD ������� LW ZDV QHLWKHU DYDLODEOH LQ WKH VWDEOH YHUVLRQ RI*$7(� QRU DYDLODEOH

DV D VWDQG�DORQH VFULSW E\ WKH WLPH ZKHQ WKH DQDO\VLV ZDV FRQGXFWHG� *LYHQ WKH OLPLWHG WLPH DQG

OLPLWHG UHVRXUFHV DYDLODEOH IRU WKLV UHVHDUFK� D GHFLVLRQ ZDV PDGH DJDLQVW QRUPDOLVLQJ WKH WZHHW

GDWD IRU WKLV UHVHDUFK� LQVWHDG� WKH DQDO\VLV ZDV WR XVH WKH VWHPPLQJ PHWKRG DV PHQWLRQHG EHORZ�

����� 6WHPPLQJ

6WHPPLQJ LV D ZLGHO\ XVHG WHFKQLTXH LQ FRPSXWDWLRQDO OLQJXLVWLFV DQG LQIRUPDWLRQ UHWULHYDO IRU UH�

PRYLQJ VXIIL[HV IURP(QJOLVKZRUGV �3RUWHU� ������ $FFRUGLQJ WR3RUWHU ������� FRQIODWLQJ YDULRXV

ZRUGV ZLWK WKH VDPH URRW WR D VLQJOH ZRUG FDQ LPSURYH WKH SHUIRUPDQFH RI LQIRUPDWLRQ UHWULHYDO�

DQG WKLV WHFKQLTXH KDV EHHQ DSSOLHG LQ VHQWLPHQW DQDO\VLV DV ZHOO� ZKHUH LW KHOSV WR µUHGXFH WKH YR�

FDEXODU\ VL]H� WKHUHE\ VKDUSHQLQJ RQH¶V UHVXOWV¶ �3RWWV� ������ 7KH 3RUWHU 6WHPPHU �3RUWHU� �����

DQG WKH /DQFDVWHU 6WHPPHU �3DLFH� ����� DUH WZR SRSXODU VWHPPHUV XVHG LQ VHQWLPHQW DQDO\VLV�

���



$FFRUGLQJ WR 3RWWV ������� ERWK VWHPPHUV DUH SUREOHPDWLF LQ WKDW WKH\ µGHVWUR\ WRR PDQ\ VHQWL�

PHQW GLVWLQFWLRQV¶ �� 2YHUYLHZ� SDUD� ��� EXW WKH /DQFDVWHU 6WHPPHU LV µHYHQ PRUH SUREOHPDWLF

WKDQ WKH 3RUWHU 6WHPPHU¶ �� /DQFDVWHU VWHPPHU� SDUD� ��� 7KHUHIRUH� WKH DQDO\VLV FRQGXFWHG LQ

WKLV UHVHDUFK XVHG WKH 3RUWHU 6WHPPHU WR FRQIODWH WKH YDULRXV ZRUG W\SHV LQ WKH DQQRWDWHG VWRFN

WZHHW GDWDVHW�

$V 3RUWHU ������ H[SODLQHG� WKH 3RUWHU 6WHPPHU LV µJLYHQ DQ H[SOLFLW OLVW RI VXIIL[HV� DQG� ZLWK HDFK

VXIIL[� WKH FULWHULRQ XQGHU ZKLFK LW PD\ EH UHPRYHG IURP D ZRUG WR OHDYH D YDOLG VWHP¶ �S� ����� ,Q

RWKHU ZRUGV� LW UHPRYHV WKH VXIIL[ RI D ZRUG DFFRUGLQJ WR D VXIIL[ OLVW� 6DPSOH ����� LV WKH VWHPPHG

IRUP RI WKH WZHHW LQ 6DPSOH ������ 7KH ZRUG DSSOH KDV EHHQ FRQIODWHG WR DSS� KHDY\ WR KHDYL� DQG

ZHGQHVGD\ WR ZHGQHVGL�

6DPSOH ����� DSSOH LQF� GROODU JHQHUDO� PLFURQ WHFK� JH DWWUDFW KHDY\ WUDGLQJ GHPDQG

ZHGQHVGD\ DDSO GJ PX JH PNW

6DPSOH ����� DSSO LQF� GROODU JHQHUDO� PLFURQ WHFK� JH DWWUDFW KHDYL WUDGH GHPDQG

ZHGQHVGDL DDSO GJ PX JH PNW

7KH PDLQ SXUSRVH RI WKLV VWHPPHU LV WR LPSURYH WKH SHUIRUPDQFH RI LQIRUPDWLRQ UHWULHYDO� VR LW

DLPV WR EDODQFH WR VLPSOLFLW\� VSHHG� DQG DFFXUDF\� LQVWHDG RI SXUVXLQJ WKH PD[LPXP OLQJXLVWLF

DFFXUDF\ DV D VLQJOH JRDO� )RU H[DPSOH� WKH ZRUGV VXUSULVH DQG VXUSULVHV DUH WKH VLQJXODU DQG

SOXUDO IRUPV RI WKH VDPH ZRUG URRW VXUSULVH� EXW LQ WKH IROORZLQJ VWHPPLQJ UHVXOWV �VHH 6HF�

WLRQ ���� EDVHG RQ WKH 3RUWHU 6WHPPHU� WKH\ DUH FRQVLGHUHG DV WZR ZRUGV� ,Q WKH H[SHULPHQW

RI D YRFDEXODU\ RI ������ ZRUGV� WKLV VWHPPHU UHGXFHV WKH WRWDO QXPEHU RI ZRUG W\SHV E\ RQH

WKLUG �3RUWHU� ������ 3RUWHU ������ SURYLGHV WKH VWHPPHU LQ YDULRXV ODQJXDJHV RQ KLV ZHEVLWH

� �� )RU WKLV UHVHDUFK� DQ LPSOHPHQWDWLRQ LQ

ODQJXDJH RI WKH 3RUWHU 6WHPPHU ZDV XVHG WR FRQIODWH WKH VWRFN WZHHWV�

���
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����� 3DUW�RI�VSHHFK WDJJLQJ

3DN DQG 3DURXEHN ������ VXJJHVWHG WKDW XVLQJ WUHH WDJV� D ELQDU\ 326 WDJJLQJ V\VWHP� FDQ GLVWLQ�

JXLVK EHWZHHQ REMHFWLYH DQG VXEMHFWLYH WZHHWV� IRU H[DPSOH� XVLQJ GLIIHUHQW SURQRXQV WR DGGUHVV

WKH DXWKRUV WKHPVHOYHV� 7KH\ DOVR FRQVLGHU 326 WDJV DV DQ LPSRUWDQW LQGLFDWRU RI WKH SRODULW\ RI

WZHHWV� $FFRUGLQJO\� WKH SUHVHQW UHVHDUFK H[DPLQHG WKH SRVVLELOLW\ RI XVLQJ 326 WDJV WR LPSURYH

WKH DFFXUDF\ RI VHQWLPHQW FODVVLILFDWLRQ� &XUUHQWO\� WKHUH DUH WZR 326 WDJJHUV GHVLJQHG H[FOX�

VLYHO\ IRU WZHHW GDWD� LQFOXGLQJ WKH &DUQHJLH 0HOORQ $5. WZHHW 326 WDJJHU �*LPSHO HW DO�� �����

2ZRSXWL HW DO�� ������ DQG WKH 6KHIILHOG *$7( 7ZLWWHU 326 WDJJHU �'HUF]\QVNL� 5LWWHU� &ODUN� 	

%RQWFKHYD� ������

7KH $5. WZHHW 326 WDJJHU LV D UHOLDEOH WDJJHU ZLWK D EHVW RYHUDOO DFFXUDF\ RI ����� �2ZRSXWL HW

DO�� ������ ZKLOH WKH *$7( 7ZLWWHU 326 WDJJHU KDV D VOLJKWO\ ORZHU DFFXUDF\ RI ������ *LYHQ WKDW

WKH $5. WZHHW 326 WDJJHU KDV D ORQJHU GHYHORSPHQW KLVWRU\ DQG D EHWWHU FODVVLILFDWLRQ DFFXUDF\�

WKH DQDO\VHV UHSRUWHG LQ ODWHU FKDSWHUV XVHV LW WR FUHDWH WKH DQQRWDWLRQ� 7KH $5. WZHHW 326 WDJJHU

FDQ EH IUHHO\ GRZQORDGHG IURP WKH ZHE SDJH RI WKH $5. ODERUDWRU\ DW &DUQHJLH 0HOORQ 8QLYHUVLW\

� �� ,W FRQWDLQV WZR SDUWV� D 7ZLWWHU WRNHQL]HU IRU WR�

NHQLVLQJ WZHHW GDWD DQG D 326 WDJJHU IRU DVVLJQLQJ 326 WDJV IRU WRNHQLVHG GDWD �2ZRSXWL HW DO��

������ %RWK DUH ZULWWHQ LQ -DYD� VR WKH\ FDQ EH XVHG RQ PXOWL�SODWIRUPV�

����� 6XPPDU\

*LYHQ WKH VL]H RI WKH VWRFN WZHHW FRUSXV DQDO\VHG� WKH UHVHDUFK PDLQO\ XVHG WKH IUHTXHQF\ DQDO�

\VLV WR LQYHVWLJDWH WKH VWRFN WZHHW GDWD� 6SHFLILFDOO\� LW DQDO\VHG WKH PRVW DQG WKH OHDVW IUHTXHQW

LWHPV LQ GLIIHUHQW VHQWLPHQW FDWHJRULHV RI WKH DQQRWDWHG VWRFN WZHHWV DQG ORRNHG DW WKH FROORFDWHV

DURXQG WKHVH IUHTXHQW OH[LFDO LWHPV� ,W WKHQ XVHG WKH 3RUWHU 6WHPPHU DQG $5. WZHHW 326 WDJJHU

WR SURFHVV WKH GDWD� $IWHU WKDW� LW XVHG NH\QHVV DQDO\VLV WR LGHQWLI\ WKH NH\ZRUGV LQ GLIIHUHQW SRODUL�

���
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WLHV� DWWHPSWLQJ WR ILQG GLVWLQFW VHQWLPHQW NH\ZRUGV LQ HDFK SRODULW\ LQ RUGHU WR HVWDEOLVK ZKHWKHU

WKH PDLQVWUHDP VHQWLPHQW DQDO\VLV DSSURDFK ² WKH EDJ�RI�ZRUGV DSSURDFK ² FDQ VXFFHVVIXOO\

LGHQWLI\ WKH SRODULW\ RI WKH DQQRWDWHG VWRFN WZHHWV�

��� 6WDWLVWLFDO 7HVWV

6WDWLVWLFDO WHVWV DUH ZLGHO\ XVHG LQ FRUSXV OLQJXLVWLFV DV D PHDQV RI XQGHUVWDQGLQJ GDWD� 7KLV UH�

VHDUFK XVHV QRUPDOLW\ WHVWV WR H[SORUH WKH GLVWULEXWLRQ RI WKH WZHHW GDWD DQG VLJQLILFDQFH WHVWV WR

VHH LI GLIIHUHQW JURXSV RI WZHHW GDWD VLJQLILFDQWO\ GLIIHU IURP HDFK RWKHU� LQ RUGHU WR VXSSRUW WKH

ODWHU DXWRPDWLF FODVVLILFDWLRQV� 7KLV VHFWLRQ� WKHUHIRUH� SURYLGHV D WHFKQLFDO RYHUYLHZ RI GLIIHUHQW

VWDWLVWLFDO WHVWV WKDW ZHUH DSSOLHG LQ WKLV UHVHDUFK�

����� 1RUPDOLW\ WHVWV

6WDWLVWLFDOO\ VSHDNLQJ� WR XQGHUVWDQGZKHWKHU WZRRUPRUH JURXSV RI GDWD DUH VLJQLILFDQWO\ GLIIHUHQW

IURP HDFK RWKHU� VLJQLILFDQFH WHVWV VKRXOG EH DSSOLHG� KRZHYHU� VLJQLILFDQFH WHVWV DUH EDVHG RQ

VSHFLILF DVVXPSWLRQV RI KRZ WKH GDWD ZHUH GLVWULEXWHG� 7KHUHIRUH� GDWD ZLWK GLIIHUHQW W\SHV RI

GLVWULEXWLRQV QHHG VLJQLILFDQFH WHVWV WKDW FRUUHVSRQG WR WKRVH GLVWULEXWLRQV� )RU H[DPSOH� VRPH

DVVXPSWLRQV FRQFHUQ WKH QRUPDOLW\� VR D QRUPDOLW\ WHVW� DOVR NQRZQ DV JRRGQHVV�RI�ILW WHVW� LV

QHHGHG WR YDOLGDWH WKHVH DVVXPSWLRQV� 1RUPDOLW\ LV FULWLFDO LQ VWDWLVWLFDO WHVWV DV %DD\HQ ������

SRLQWHG RXW WKDW

6LQFH PDQ\ VWDWLVWLFDO SURFHGXUHV DVVXPH WKDW YHFWRUV DUH QRUPDOO\ GLVWULEXWHG� LW

LV RIWHQ QHFHVVDU\ WR DVFHUWDLQ ZKHWKHU D YHFWRU RI YDOXHV LV LQGHHG DSSUR[LPDWHO\

QRUPDOO\ GLVWULEXWHG� �S� ���

���



$FFRUGLQJ WR &RQRYHU ������� QRUPDOLW\ WHVWV DUH XVHG WR H[DPLQH µD UDQGRP VDPSOH IURP VRPH

XQNQRZQ GLVWULEXWLRQ LQ RUGHU WR WHVW WKH QXOO K\SRWKHVLV WKDW WKH XQNQRZQ GLVWULEXWLRQ IXQFWLRQ

LV LQ IDFW D NQRZQ� VSHFLILHG IXQFWLRQ¶ �S� ����� 7KXV� WZR FRPPRQO\ XVHG QRUPDOLW\ WHVWV ZHUH

FKRVHQ WR LQVSHFW ZKHWKHU WKH GDWD DUH QRUPDOO\ GLVWULEXWHG�

7KH ILUVW RI WKHVH� WKH 6KDSLUR�:LON WHVW LV D FRPPRQDSSURDFK WR XQGHUVWDQG WKH QRUPDOLW\ RI GDWD�

,Q � WKH 6KDSLUR�:LON WHVW FDQ EH SHUIRUPHG ZLWK WKH IXQFWLRQ� ZKLFK LV EDVHG

RQ WKH $6 5�� DOJRULWKP E\ 5R\VWRQ ������� 7KLV DOJRULWKP GHILQHV WKH UDQJH RI WKH VDPSOH VL]H

IURP � WR ���� �5R\VWRQ� ������ 7KH 6KDSLUR�:LON XVHV WKH S�YDOXH WR LQGLFDWH WKH VLJQLILFDQFH

OHYHOV� EXW XQOLNH VWDQGDUG VLJQLILFDQFH WHVWV� LI WKH S�YDOXH � ���� WKH 6KDSLUR�:LON WHVW UHMHFWV WKH

QXOO K\SRWKHVLV WKDW WKH GDWD DUH QRUPDOO\ GLVWULEXWHG� ,Q EULHI� LI WKH S�YDOXH � ���� WKHQ WKH GDWD

DUH QRW QRUPDOO\ GLVWULEXWHG�

$OWKRXJK WKH 6KDSLUR�:LON WHVW LV WKH PRVW SRZHUIXO QRUPDOLW\ WHVW �5D]DOL 	 :DK� ������ LW KDV

D PDMRU GUDZEDFN LQ WKDW LW RQO\ ILWV GDWD RI D VPDOO VL]H� ,I WKH GDWD VL]H LV ODUJHU WKDQ �����

WKH .ROPRJRURY�6PLUQRY WHVW� DV DQ DOWHUQDWLYH� FDQ EH DSSOLHG� 7KH .ROPRJRURY�6PLUQRY WHVW

XVHV µWKH ODUJHVW GLVWDQFH EHWZHHQ WKH WZR JUDSKV 6�[�� DQG )�[�� PHDVXUHG LQ D YHUWLFDO GLUHFWLRQ¶

�&RQRYHU� ����� S� ����� ,Q � WKH .ROPRJRURY�6PLUQRY WHVW FDQ EH GRQH ZLWK WKH IXQF�

WLRQ� 6LPLODU WR WKH 6KDSLUR�:LON WHVW� WKH .ROPRJRURY�6PLUQRY WHVW DOVR XVHV WKH S�YDOXH � ���

WR UHMHFW WKH QRUPDOLW\ RI WKH GDWD�

����� 6LJQLILFDQFH WHVWV

$V VKRZQ LQ WKH DQDO\VHV ODWHU� DOO GDWD XVHG LQ WKLV WKHVLV DUH QRW QRUPDOO\�GLVWULEXWHG� 7KXV�

JLYHQ WKH QDWXUH RI WKH QRQ�QRUPDOO\�GLVWULEXWHG GDWD� WZR QRQ�SDUDPHWULF WHVWV� WKH :LOFR[RQ

UDQN VXP WHVW� DQG WKH .UXVNDO�:DOOLV WHVW ZHUH DSSOLHG� %RWK WKH WHVWV DUH GHVLJQHG IRU QRQ�

QRUPDOO\�GLVWULEXWHG GDWD EHFDXVH WKH\ DUH UDQN WHVWV� ZKLFK XVH WKH PHGLDQ WR H[DPLQH WKH GLI�

���



IHUHQFH RI WKH GDWD�

7KH :LOFR[RQ UDQN VXP WHVW LV DOVR FDOOHG WKH 8�WHVW� DQG LV VLPLODU WR WKH W�WHVW LQ WKDW LW FDQ

DFW DV D PHDQV RI H[DPLQLQJ WKH VLJQLILFDQFH RI WKH GLIIHUHQFH RI WZR JURXSV RI GDWD� 7KH PDLQ

GLIIHUHQFH EHWZHHQ WKH WZR LV WKDW WKH W�WHVW XVHV WKH DULWKPHWLF PHDQ WR WHVW WKH GDWD� DQG FDQ

RQO\ EH DSSOLHG WR QRUPDOO\ GLVWULEXWHG GDWD� $V QDWXUDOO\�RFFXUULQJ OLQJXLVWLF GDWD DUH UDUH� LI

HYHU QRUPDOO\ GLVWULEXWHG �FI� *ULHV� ����� .LOJDUULII� ������ WKH W�WHVW LV OHVV IUHTXHQWO\ DSSOLHG WR

OLQJXLVWLF GDWD� DQG WKH SUHVHQW UHVHDUFK LV QR H[FHSWLRQ� %DD\HQ ������ SURYLGHG FOHDU LQVWUXFWLRQ

IRU XVLQJ WKH W�WHVW DQG 8�WHVW LQ 5�

7KH W�WHVW LV DQ H[FHOOHQW WHVW IRU GDWD WKDW DUH PRUH RU OHVV QRUPDOO\ GLVWULEXWHG� %XW

LW VKRXOG QRW EH XVHG IRU YDULDEOHV ZLWK VNHZHG GLVWULEXWLRQV� )RU VXFK YDULDEOHV�

WKH 21( 6$03/( :,/&2;21 7(67� LPSOHPHQWHG LQ WKH IXQFWLRQ �

VKRXOG EH XVHG LQVWHDG �S� ����

$FFRUGLQJ WR WKLV� WKH IXQFWLRQ LQ ZLOO EH XVHG WR WHVW WKH VLJQLILFDQFH RI WKH GLIIHU�

HQFH RI WZR QRQ�QRUPDOO\ GLVWULEXWHG GDWDVHWV LQ WKH WHVWV UHSRUWHG ODWHU� ,Q DGGLWLRQ� LW LV ZRUWK

QRWKLQJ WKDW WKH 8�WHVW XVHV WKH S�YDOXH � ��� WR UHMHFW WKH VLPLODULW\ RI WZR JURXSV RI GDWD�

7KH 7�WHVW DQG 8�WHVW DUH FRQYHQLHQW PHWKRGV IRU XQGHUVWDQGLQJ WKH GLIIHUHQFH EHWZHHQ WZR

JURXSV RI GDWD� EXW WKH\ µFDQQRW EH DSSOLHG WR FDVHV ZKHUH \RX QHHG WR FRPSDUH PRUH WKDQ WZR

PHDQV¶ �*ULHV� ����� S� ����� ,Q VXFK FDVHV� WKH .UXVNDO�:DOOLV WHVW LV DSSOLHG LI WKH GDWD FRQWDLQ

PRUH WKDQ WZR JURXSV RI QRQ�QRUPDOO\�GLVWULEXWHG VDPSOHV� 7KH QXOO K\SRWKHVLV LQ WKH .UXVNDO�

:DOOLV WHVW LV WKDW µDOO RI WKH SRSXODWLRQV DUH LGHQWLFDO DJDLQVW WKH DOWHUQDWLYH WKDW VRPH RI WKH SRS�

XODWLRQV WHQG WR DSSOLHV IXUQLVK JUHDWHU REVHUYHG YDOXHV WKDQ RWKHU SRSXODWLRQV¶ �&RQRYHU� �����

S� ����� 7KRXJK WKH .UXVNDO�:DOOLV WHVW QHHGV PRUH FRPSXWDWLRQV� LW FDQ EH GRQH HDVLO\ LQ WKH

IXQFWLRQ IURP WKH FRUH SDFNDJH� 7KH .UXVNDO�:DOOLV WHVW DOVR XVHV WKH S�YDOXH �

��� WR DFFHSW WKH GLIIHUHQFH�

���



+RZHYHU� WKH UHVXOW RI D .UXVNDO�:DOOLV WHVW RQO\ UHYHDOV ZKHWKHU WKH GLIIHUHQFH RI WKH HQWLUH

GDWD LV VLJQLILFDQW RU QRW� LW FDQQRW LGHQWLI\ VSHFLILF SDLU ZLWKLQ WKH WHVWHG GDWD� ,I WKH UHVXOW RI

D .UXVNDO�:DOOLV WHVW LV VLJQLILFDQW� LW RQO\ LQGLFDWHV WKDW DW OHDVW RQH SDLU GDWD IURP WKH HQWLUH

GDWD LV VWDWLVWLFDOO\ GLIIHUHQW� 7R LGHQWLI\ ZKLFK SDLU RI GDWD LV GLIIHUHQW� LW LV QHFHVVDU\ WR XVH D

SRVW�KRF WHVW� 7KH VLJQLILFDQFH RI LQGLYLGXDO SDLUV RI GLIIHUHQFHV LQ WKH .UXVNDO�:DOOLV WHVW FDQ

EH WHVWHG E\ PXOWLSOH FRPSDULVRQV EHWZHHQ WUHDWPHQWV �6LHJHO 	 &DVWHOODQ� ����� S� ����� DQG

WKH VWDWV SDFNDJH LQ SURYLGHV WKH IXQFWLRQ WR DGGUHVV WKLV QHHG� 7KH

IXQFWLRQ� DV LWV QDPH LQGLFDWHV� FDQ µFDOFXODWH SDLUZLVH FRPSDULVRQV EH�

WZHHQ JURXS OHYHOV ZLWK FRUUHFWLRQV IRU PXOWLSOH WHVWLQJ¶ E\ DSSO\LQJ WKH :LOFR[RQ UDQN VXP WHVWV

�5 7HDP� ������

��� 0DFKLQH /HDUQLQJ

$V XVHG LQ WKLV UHVHDUFK� PDFKLQH OHDUQLQJ LV ZLGHO\ XVHG LQ SURFHVVLQJ DQG DQDO\VLQJ ODUJH�VFDOH

GDWD� 0DFKLQH OHDUQLQJ WHFKQLTXHVZHUH XVHG WR XQGHUWDNH WZR WDVNV� LGHQWLI\LQJ VWRFN WZHHWV DQG

LGHQWLI\LQJ WKH VHQWLPHQW RI VWRFN WZHHWV� 7KLV VHFWLRQ ILUVW IRFXVHV RQ WKH WKHRUHWLFDO EDFNJURXQG

RI PDFKLQH OHDUQLQJ WHFKQLTXHV� ,W H[SODLQV WKH PRWLYDWLRQ RI XVLQJ PDFKLQH OHDUQLQJ IRU WKH

UHVHDUFK DQG GLVFXVVHV VXLWDEOH PDFKLQH OHDUQLQJ VROXWLRQV IRU LW�

����� ,QWURGXFWLRQ WR PDFKLQH OHDUQLQJ

0DFKLQH OHDUQLQJ� RIWHQ FRQVLGHUHG DV D EUDQFK RI DUWLILFLDO LQWHOOLJHQFH �$,�� KDV GHYHORSHG

UDSLGO\ LQ UHFHQW \HDUV �6HJDUDQ� ������ 7KH EDVLF LGHD RI PDFKLQH OHDUQLQJ LV WR HQDEOH FRPSXW�

HUV WR µLPSURYH DXWRPDWLFDOO\ ZLWK H[SHULHQFH¶ �0LWFKHOO� ����� S� ��� 6SHFLILFDOO\� WKH FRPSXWHU

OHDUQV WR VROYH D SUREOHP E\ OHDUQLQJ IURP JLYHQ DOJRULWKPV DQG SULRU WUDLQLQJ GDWD� XVXDOO\

QXPHULFDO GDWD� 7KXV� LW FDQ VLJQLILFDQWO\ UHGXFH KXPDQ HIIRUW�

���



0LWFKHOO ������ GHILQHG WKH ZHOO�SRVHG OHDUQLQJ SUREOHPV LQ PDFKLQH OHDUQLQJ DV�

$ FRPSXWHU SURJUDP LV VDLG WR OHDUQ IURP H[SHULHQFH ( ZLWK UHVSHFW WR VRPH FODVV RI

7DVN 7 DQG SHUIRUPDQFH PHDVXUH 3� LI LWV SHUIRUPDQFH DW WDVNV 7� DV PHDVXUHG E\ 3�

LPSURYHV ZLWK H[SHULHQFH ( �S� ���

7KLV H[SODLQV WKH PRVW QRWLFHDEOH FKDUDFWHULVWLFV RI PDFKLQH OHDUQLQJ� WKDW WKH DOJRULWKP µOHDUQV¶

IURP WKH SULRU NQRZOHGJH�

����� 0RWLYDWLRQ RI DSSO\LQJ PDFKLQH OHDUQLQJ

$OWKRXJK PDFKLQH OHDUQLQJ KDV EHHQ DSSOLHG LQ GDWD DQDO\VLV DQG UHODWHG DUHDV IRU GHFDGHV� LW KDV

QRW EHHQ ZLGHO\ XVHG LQ OLQJXLVWLFV RU WKH RWKHU KXPDQLWLHV� $SSO\LQJ PDFKLQH OHDUQLQJ PHWKRGV

XVXDOO\ UHTXLUHV D KLJK OHYHO RI NQRZOHGJH RI FRPSXWLQJ DQG PDWKHPDWLFV� ZKLFK SRVHV D PDMRU

REVWDFOH WR XVLQJPDFKLQH OHDUQLQJPHWKRGV LQ KXPDQLWLHV UHVHDUFK� 2Q WKH RWKHU KDQG� WKH SD\RII

RI XVLQJ PDFKLQH OHDUQLQJ RQ D VPDOO JURXS RI GDWD PLJKW EH OLPLWHG� VR LW LV RIWHQ XVHG RQ D ODUJH

DQG FRPSOH[ VHW RI GDWD� +RZHYHU� SURFHVVLQJ ODUJH DQG FRPSOH[ GDWD FDQ FDXVH DQRWKHU REVWDFOH

WR DSSO\LQJ PDFKLQH OHDUQLQJ�

7KH WZHHW GDWD XVHG LQ WKLV UHVHDUFK DUH UHODWLYHO\ FRPSOH[ DV GLVFXVVHG LQ &KDSWHU �� )LUVW� WKH

VHQWLPHQW LQIRUPDWLRQ WR EH H[WUDFWHG LV QRW H[SOLFLW� )RU H[DPSOH� 3RWWV ������ SRLQWHG RXW WKH

DFFXUDF\ RI VHQWLPHQW DQDO\VLV µW\SLFDOO\ GR>HV@ QRW H[FHHG ���¶� 6HFRQG� WKH WZHHW GDWD DUH VHJ�

PHQWDO� :LWK WKH ����FKDUDFWHU OHQJWK OLPLWDWLRQ� HDFK WZHHW FRQWDLQV OLPLWHG LQIRUPDWLRQ� 7KLUG�

WZHHWV FRQWDLQ D KLJK SURSRUWLRQ RI QRQ�VWDQGDUG ODQJXDJH XVDJHV� VR WKH\ FDQ \LHOG VSDUVH ZRUG

PDWULFHV DV GHPRQVWUDWHG ODWHU�

7KXV� PDFKLQH OHDUQLQJPHWKRGV ZHUH DSSOLHG WR GHDO ZLWK WKH IROORZLQJ WZR SUREOHPV LQ WKH ODWHU

DQDO\VHV�

���



�� ,GHQWLI\LQJ WKH WLFNHU�UHODWHG WZHHWV IURP WKH SUH�SURFHVVLQJ WZHHWV DQG FODVVLI\LQJ WKHP

LQWR GLIIHUHQW FDWHJRULHV�

�� ,GHQWLI\LQJ WKH VHQWLPHQW SRODULW\ RI WKH WLFNHU�UHODWHG WZHHWV� DQG FODVVLI\LQJ WKHP LQWR

GLIIHUHQW FDWHJRULHV�

&KDSWHU � IRFXVHV RQO\ RQ WKH VHFRQG WDVN� DQG &KDSWHU � SUHVHQWV DQ LQYHVWLJDWLRQ RI ERWK� /DWHU�

&KDSWHU � WDFNOHV ERWK SUREOHPV ZLWK D K\EULG DSSURDFK�

����� 6XSHUYLVHG DQG XQVXSHUYLVHG OHDUQLQJ

,Q JHQHUDO� WKHUH DUH WZR PDMRU EUDQFKHV RI PDFKLQH OHDUQLQJ� VXSHUYLVHG OHDUQLQJ DQG XQVX�

SHUYLVHG OHDUQLQJ� 'LIIHUHQW OHDUQLQJ PHWKRGV DUH DSSOLHG WR VSHFLILF WDVNV DFFRUGLQJ WR %LVKRS

�������

�� 6XSHUYLVHG OHDUQLQJ� RU PDFKLQH LQGXFWLRQ� LV VXLWDEOH IRU GHDOLQJ ZLWK µDSSOLFDWLRQV LQ

ZKLFK WKH WUDLQLQJ GDWD FRPSULVHV H[DPSOHV RI WKH LQSXW YHFWRUV DORQJ ZLWK WKHLU FRUUH�

VSRQGLQJ WDUJHW YHFWRUV¶�

�� 8QVXSHUYLVHG OHDUQLQJ LV DSSOLHG ZKHUH µWKH WUDLQLQJ GDWD FRQVLVWV RI D VHW RI LQSXW YHFWRUV

[ ZLWKRXW DQ\ FRUUHVSRQGLQJ WDUJHW YDOXHV¶ �S� ���

,Q EULHI� D VXSHUYLVHG OHDUQLQJ WDVN LV D FODVVLILFDWLRQ WDVN� ZKLOH DQ XQVXSHUYLVHG OHDUQLQJ WDVN LV

D FOXVWHULQJ WDVN� $V VXSHUYLVHG PDFKLQH OHDUQLQJ PHWKRGV RIWHQ RXWSHUIRUP XQVXSHUYLVHG PD�

FKLQH OHDUQLQJ PHWKRGV LQ WKH VHQWLPHQW DQDO\VLV ILHOG �9RKUD 	 7HUDL\D� ������ WKH FKDSWHU RXW�

OLQHV H[SHULPHQWV ZLWK WKH IRXU PDLQ VXSHUYLVHG PHWKRGV FXUUHQWO\ EHLQJ XVHG LQ WKH VHQWLPHQW

DQDO\VLV ILHOG� GHFLVLRQ WUHH� UDQGRP IRUHVWV� 1DwYH %D\HV DQG VXSSRUW YHFWRU PDFKLQH PHWKRGV

LQ RUGHU WR ILQG WKH RQH ZLWK WKH EHVW DFFXUDF\ IRU WKLV VSHFLILF WDVN�

���



$FFRUGLQJ WR0LWFKHOO ������� WKH SHUIRUPDQFH RI PDFKLQH OHDUQLQJ FDQ EH PD[LPLVHG ZKHQ WUDLQ�

LQJ H[DPSOHV IROORZ D GLVWULEXWLRQ VLPLODU WR WKDW RI WKH IXWXUH WHVW H[DPSOHV� 7KXV� WZHHWV RI RQH

WLFNHU� *HQHUDO (OHFWULF� ZHUH FKRVHQ� DQG WKH VHQWLPHQW RI HDFK WZHHW ZDV PDQXDOO\ DQQRWDWHG

DV VKRZQ LQ 6HFWLRQ ���� 7KH DQQRWDWHG WZHHWV ZHUH XVHG DV SULRU H[SHULHQFH IRU WKH IXUWKHU PD�

FKLQH OHDUQLQJ WDVNV� 7KH VHQWLPHQW FODVVLILFDWLRQ XVHV GLIIHUHQW SDUWV DV WKH WUDLQLQJ DQG WHVW VHWV�

7KHUHIRUH� WKH WUDLQLQJ GDWD DQG WKH WHVW GDWD DUH IURP WKH VDPH VRXUFH EXW GLIIHU LQ VL]H�

$V LQWURGXFHG DERYH� WKH FODVVLILFDWLRQ WDVN LQ WKH IROORZLQJ DQDO\VLV LV WZR�IROG� LGHQWLI\LQJ UHO�

HYDQW WZHHWV DQG LGHQWLI\LQJ WZHHW VHQWLPHQW� 7KH ILUVW WDVN PDWFKHV WKH GHILQLWLRQ RI D FODVVL�

ILFDWLRQ WDVN� ZKLFK µDVVLJQ�V� HDFK LQSXW YHFWRU WR RQH RI D ILQLWH QXPEHU RI GLVFUHWH FDWHJRULHV¶

�%LVKRS� ����� S� ��� $FFRUGLQJO\� D VXLWDEOH VXSHUYLVHG PDFKLQH OHDUQLQJ PHWKRG QHHGHG WR EH

LGHQWLILHG DQG WHVWHG IRU WKLV UHVHDUFK� 7KH VHFRQG WDVN ZDV PRUH FRPSOLFDWHG� ,Q WKH VHQVH RI

FRPSOH[LW\ RI WKH VHQWLPHQW FODVVLILFDWLRQ� WKHUH DUH WZR EUDQFKHV� WKH SRODULW\ SUREOHP DQG ILQH�

JUDLQHG SUREOHP �VHH &KDSWHU ��� 7R PDWFK WKH WULQDU\ FKDUDFWHULVWLFV RI WKH VWRFN PDUNHW �DV

GLVFXVVHG LQ 6HFWLRQ ������� WKH VHQWLPHQW DQDO\VLV WDVN LQ WKH IROORZLQJ FKDSWHUV VLPSO\ XVHV D

SRODULW\ DSSURDFK� ZKLFK FODVVLILHV WKHP LQWR WKUHH FDWHJRULHV� QHJDWLYH� QHXWUDO DQG SRVLWLYH�

7KH GHWDLOHG LQWURGXFWLRQV RI VSHFLILF PDFKLQH OHDUQLQJ DOJRULWKPV DUH SUHVHQWHG EHORZ�

����� 'HFLVLRQ WUHH FODVVLILFDWLRQ

µ$SSUR[LPDWLQJ GLVFUHWH�YDOXHG WDUJHW IXQFWLRQV¶ �0LWFKHOO� ����� S� ���� WKH GHFLVLRQ WUHH LV D

UREXVWPHWKRG WR FODVVLI\ GDWD LQWR GLVFUHWH FDWHJRULHV DQG SUHVHQW WKH UHVXOW DV D WUHHPDS� 6LPSO\

SXW� HDFK WLPH� WKH GHFLVLRQ WUHH JHQHUDWHV D ELQDU\ EUDQFK IURP WKH SDUHQW EUDQFK DFFRUGLQJ WR

WKH PRVW GLVWLQFW IHDWXUHV� VR LW LV UHJDUGHG DV D VLQJOH FODVVLILFDWLRQ WUHH� %HFDXVH 0LWFKHOO ������

VXJJHVWHG WKDW LW LV µDPRQJ WKH PRVW SRSXODU RI LQGXFWLYH LQIHUHQFH DOJRULWKPV DQG KDYH EHHQ

VXFFHVVIXOO\ DSSOLHG WR D EURDG UDQJH RI WDVNV¶ �S� ���� LW EHFRPHV WKH ILUVW FKRLFH LQ WKLV VHFWLRQ�

���



0RUHRYHU� 0LWFKHOO ������ VXJJHVWHG WKDW WKH GHFLVLRQ WUHH PHWKRG ZRUNV SDUWLFXODUO\ ZHOO ZKHQ

WKH IROORZLQJ FRQGLWLRQV DUH PHW�

�� ,QVWDQFHV DUH UHSUHVHQWHG E\ DWWULEXWH�YDOXH SDLUV�

�� 7KH WDUJHW IXQFWLRQ KDV GLVFUHWH RXWSXW YDOXHV�

�� 'LVMXQFWLYH GHVFULSWLRQ PD\ EH UHTXLUHG�

�� 7KH WUDLQLQJ GDWD PD\ FRQWDLQ HUURUV�

�� 7KH WUDLQLQJ GDWD PD\ FRQWDLQ PLVVLQJ DWWULEXWH YDOXHV �S� ����

$V LQWURGXFHG DERYH� D ZRUGPDWUL[ ZDV XVHG DV WKH WUDLQLQJ GDWD� 7KH ZRUGPDWUL[ ZDV FRQYHUWHG

WR QXPHULFDO YDOXHV� VR LW FDQZHOO UHSUHVHQW WKH LQVWDQFHV E\ DWWULEXWH�YDOXH SDLUV� $OVR� WKHPDWUL[

KDV D IL[HG QXPEHU RI FDWHJRULHV� VR WKH\ DUH GLVFUHWH� 7KHUHIRUH� WKH GDWD DQDO\VHG LQ WKLV UHVHDUFK

ILW WKH DERYH UXOHV ZHOO�

,Q VWDWLVWLFV� WKLV PHWKRG EHORQJV WR WKH UHFXUVLYH SDUWLWLRQLQJ PHWKRG� DQG SURYLGHV YDULRXV

SDFNDJHV WR FRQGXFW GHFLVLRQ WUHH FODVVLILFDWLRQV� VXFK DV WKH SDFNDJH WUHH� USDUW DQG SDUW\�

7KH IROORZLQJ DQDO\VLV XVHG WKH SDFNDJH USDUW WR WUDLQ DQG WHVW WKH GHFLVLRQ WUHH FODVVLILHU�

����� 5DQGRP IRUHVWV FODVVLILFDWLRQ

*HQHUDOO\� WKH UDQGRP IRUHVWV PHWKRG FDQ EH FRQVLGHUHG DV DQ LPSURYHPHQW RI WKH GHFLVLRQ

WUHH� ZKLFK LV µLQWHQGHG WR LPSURYH WKH SUHGLFWLYH DFFXUDF\ RI WUHH�EDVHG OHDUQLQJ DOJRULWKPV¶

�.RQRQHQNR 	 .XNDU� ����� S� ����

'HILQHG E\ %UHLPDQ �������

���



$ UDQGRP IRUHVW LV D FODVVLILHU FRQVLVWLQJ RI D FROOHFWLRQ RI WUHH�VWUXFWXUHG FODVVLILHUV

^K�[� ĬBNB�� N �� «` ZKHUH WKH ^ĬBNB` DUH LQGHSHQGHQW LGHQWLFDOO\ GLVWULEXWHG UDQ�

GRP YHFWRUV DQG HDFK WUHH FDVWV D XQLW YRWH IRU WKHPRVW SRSXODU FODVV DW LQSXW [ �S� ���

3XW PRUH VLPSO\� WKH UDQGRP IRUHVWV PHWKRG JHQHUDWHV D QXPEHU RI GHFLVLRQ WUHHV DQG OHWV WKHP

YRWH WR VHOHFW WKH EHVW UHVXOWV�

$OWKRXJK WKH UDQGRP IRUHVWV PHWKRG LV JHQHUDOO\ FRQVLGHUHG PRUH UREXVW WKDQ WKH GHFLVLRQ WUHH

PHWKRG� LW LV QRW HDV\ WR XQGHUVWDQG KRZ WKH FODVVLILHU ZRUNV RU UHSURGXFH WKH UHDVRQLQJ EHKLQG

LW �.RQRQHQNR 	 .XNDU� ����� 6HJDUDQ� ������ 7KLV LV PDLQO\ FDXVHG E\ WKH FRPSOLFDWHG YRWLQJ

SURFHGXUH� ZKLFK LV XVXDOO\ FRQVLGHUHG DV D EODFN ER[� ,Q RWKHU ZRUGV� WKH UDQGRP IRUHVWVPHWKRG

LV OHVV FOHDUHU WKDQ WKH GHFLVLRQ WUHH PHWKRG WR SUHVHQW ZKLFK IHDWXUH ZRUNV LQ HDFK SDUWLWLRQ�

,Q � VHYHUDO SDFNDJHV SURYLGH UDQGRP IRUHVWV WUDLQLQJ DQG WHVWLQJ� VXFK DV H���� DQG UDQGRP�

)RUHVW� 'XH WR WKH FRQYHQLHQFH RI FRQGXFWLQJ WKH ���IROG FURVV YDOLGDWLRQ� WKLV UHVHDUFK XVHG WKH

UDQGRP)RUHVW SDFNDJH WR FDUU\ RXW WKH UDQGRP IRUHVW FODVVLILFDWLRQ�

����� 1DwYH %D\HV FODVVLILFDWLRQ

%DVHG RQ WKH %D\HV WKHRUHP� LQ FODVVLILFDWLRQ WDVNV� WKH 1DwYH %D\HV PHWKRG LV µDPRQJ WKH PRVW

HIIHFWLYH DSSURDFKHV DOJRULWKPV NQRZQ¶ �0LWFKHOO� ����� S� ����� $FFRUGLQJ WR WKH %D\HV WKHRUHP�

WKH SRVWHULRU SUREDELOLW\ 3�K_'� LV GHWHUPLQHG E\ WKH SULRU SUREDELOLW\ 3�K�� 3�'� DQG 3�'_K�� $

W\SLFDO PDFKLQH OHDUQLQJ SUREOHP RIWHQ FRQVLVWV RI VHYHUDO K\SRWKHVHV� VR WKH RYHUDOO SUREDELOLW\

RI WKH SUREOHP� QDPHO\ PD[LPXP D SRVWHULRU K\SRWKHVLV �0$3�� LV GHFLGHG E\ HDFK FDQGLGDWH

K\SRWKHVLV �0LWFKHOO� ������ 'XH WR WKH VLPSOLFLW\� LW RIWHQ \LHOGV D JRRG UHVXOW� VR WKH IROORZLQJ

DQDO\VLV DOVR FRQVLGHUHG WKH 1DwYH %D\HV PHWKRG DV D FDQGLGDWH�

8VLQJ WKH NHUQHO IXQFWLRQ WR VPRRWKHQ WKH GDWD LV D FRPPRQ WHFKQLTXH LQ 1DwYH %D\HV DOJRULWKP�

$V D ORFDOO\ ZHLJKWHG UHJUHVVLRQ PHWKRG� WKH NHUQHO IXQFWLRQ XVHV µQHDUE\ RU GLVWDQFH�ZHLJKWHG

���



WUDLQLQJ VDPSOHV WR IRUP WKH ORFDO DSSUR[LPDWLRQ¶ �0LWFKHOO� ����� S� ����� %\ XVLQJ WKH NHUQHO

IXQFWLRQ� WKH WUDLQLQJ FDQ EH PRUH HIILFLHQW �0LWFKHOO� ������ ,Q WKH FURVV YDOLGDWLRQ �VHH 6HFWLRQ

������� WKH 1DwYH %D\HV DOJRULWKP FRPSDUHV WKH UHVXOWV EHWZHHQ XVLQJ DQG QRW XVLQJ WKH NHUQHO

IXQFWLRQ�

,Q 5� SDFNDJHV VXFK DV H���� DQG.OD5 SURYLGH WKH 1DwYH %D\HV DOJRULWKP� %HFDXVH WKH SDFNDJH

FDUHW LQFOXGHV WKH 1DwYH %D\HV DOJRULWKP IURP WKH SDFNDJH .OD5 WR FRQGXFW WKH ���IROG FURVV

YDOLGDWLRQ� WKH FODVVLILFDWLRQ WUDLQLQJ LQ WKLV UHVHDUFK IROORZHG WKLV DSSURDFK�

����� 6XSSRUW YHFWRU PDFKLQH FODVVLILFDWLRQ

7KH IRXUWK VXSHUYLVHG OHDUQLQJ H[SHULPHQW LV WR XVH VXSSRUW YHFWRUPDFKLQHPHWKRG� EHFDXVH LW RI�

WHQ RXWSHUIRUPV RWKHU VXSHUYLVHG OHDUQLQJ PHWKRGV LQ VHQWLPHQW FODVVLILFDWLRQ �0XNKHUMHH HW DO��

������ 5HFHQWO\� WKH VXSSRUW YHFWRU PDFKLQH PHWKRG KDV EHFRPH SRSXODU µIRU VROYLQJ SUREOHPV

LQ FODVVLILFDWLRQ� UHJUHVVLRQ DQG QRYHOW\ GHWHFWLRQ¶ �%LVKRS� ����� S� ����� 3DUWLFXODUO\ LQ QDWX�

UDO ODQJXDJH SURFHVVLQJ� WKH VXSSRUW YHFWRU PDFKLQH LV DPRQJ WKH PRVW FRPPRQO\ XVHG PHWKRGV

DPRQJ PDQ\ DSSOLFDWLRQV �9RKUD 	 7HUDL\D� ������ $FFRUGLQJ WR &RUWHV 	 9DSQLN �������

7KH VXSSRUW�YHFWRU QHWZRUN LPSOHPHQWV WKH IROORZLQJ LGHD� LW PDSV WKH LQSXW YHF�

WRUV LQWR VRPH KLJK GLPHQVLRQDO IHDWXUH VSDFH = WKURXJK VRPH QRQ�OLQHDU PDSSLQJ

FKRVHQ D SULRUL� ,Q WKLV VSDFH� D OLQHDU GHFLVLRQ VXUIDFH LV FRQVWUXFWHG ZLWK VSHFLDO

SURSHUWLHV WKDW HQVXUH KLJK JHQHUDOLVDWLRQ DELOLW\ RI WKH QHWZRUN �S� �����

,Q RWKHU ZRUGV� WKH LGHD RI WKH VXSSRUW YHFWRU PDFKLQH LV WR FRQYHUW GDWD LQWR D KLJK�GLPHQVLRQ

PDS DFFRUGLQJ WR GLIIHUHQW IHDWXUHV� DQG WKHQ ILQG WKH EHVW GHFLVLRQ OLQH� ZKLFK OHDYHV WKH ODUJHVW

PDUJLQ WR DQ\ GDWD SRLQW LQ HDFK IHDWXUH FDWHJRU\�

���



,Q 5� WKHUH DUH VHYHUDO SDFNDJHV SURYLGLQJ WKH VXSSRUW YHFWRU PDFKLQH DOJRULWKP� VXFK DV SDFNDJH

H����� NOD5 DQG NHUQODE� 7KH IROORZLQJ DQDO\VLV FKRRVHV WKH SDFNDJH NVYP WR SHUIRUP WKH

VXSSRUW YHFWRU PDFKLQH WUDLQLQJ EHFDXVH LW FRQWDLQV WKH FURVV YDOLGDWLRQ IXQFWLRQ LQ WKH SDFNDJH�

����� &URVV YDOLGDWLRQ

7KHUH DUH VHYHUDO DSSURDFKHV WR HYDOXDWLQJ WKH DFFXUDF\ RI D PDFKLQH OHDUQLQJ UHVXOW� DQG FURVV

YDOLGDWLRQ LV D FRPPRQ FKRLFH� $FFRUGLQJ WR 6HJDUDQ �������

&URVV�YDOLGDWLRQ LV WKH QDPH JLYHQ WR D VHW RI WHFKQLTXHV WKDW GLYLGH XS GDWD LQWR

WUDLQLQJ VHWV DQG WHVW VHWV� 7KH WUDLQLQJ VHW LV JLYHQ WR WKH DOJRULWKP� DORQJ ZLWK WKH

FRUUHFW DQVZHUV �LQ WKLV FDVH� SULFHV�� DQG EHFRPHV WKH VHW XVHG WR PDNH SUHGLFWLRQV�

7KH DOJRULWKP LV WKHQ DVNHG WR PDNH SUHGLFWLRQV IRU HDFK LWHP LQ WKH WHVW VHW� 7KH

DQVZHUV LW JLYHV DUH FRPSDUHG WR WKH FRUUHFW DQVZHUV� DQG DQ RYHUDOO VFRUH IRU KRZ

ZHOO WKH DOJRULWKP GLG LV FDOFXODWHG �S� �����

*HQHUDOO\� GDWD DUH GLYLGHG LQWR .�IROG HTXDO�VL]HG SDUWV� DQG . LV RIWHQ WDNHQ DV � RU �� �+DVWLH�

7LEVKLUDQL� 	 )ULHGPDQ� ������ )RU WKH DQDO\VLV SUHVHQWHG LQ WKH IROORZLQJ FKDSWHUV�. ZDV FKRVHQ

DV ��� VR WKH GDWD ZHUH GLYLGHG LQWR �� HTXDOO\ VL]HG VXEJURXSV DQG WKH YDOLGDWLRQ DSSOLHG �� WLPHV�

����� 7HVW VHW RI &$7 WZHHWV

,Q RUGHU WR WHVW ZKHWKHU WKH FODVVLILFDWLRQ WUDLQHG DERYH ZRUNHG RQ FRPSDUDEOH GDWD� WKH\ ZHUH

WHVWHG RQ DQRWKHU GDWDVHW� WZHHWV IURP WKH &$7 �&DWHUSLOODU ,QF�� WLFNHU� )ROORZLQJ WKH VDPH

SURFHGXUH DV LQWURGXFHG LQ&KDSWHU �� ���&$7 WZHHWVZHUH DQQRWDWHG� $IWHU DQQRWDWLRQ� ���ZHUH

IRXQG WR EH UHODWHG WZHHWV� 7KHVH WZHHWV ZHUH WKHQ VXEPLWWHG WR WKH WUDLQHG DXWRPDWLF FODVVLILHUV

LQ WKH IROORZLQJ FKDSWHUV� 7KHQ� WKH UHVXOWV RI WKH DXWRPDWLF FODVVLILHUV ZHUH FRPSDUHG ZLWK WKH

PDQXDO DQQRWDWLRQ UHVXOWV WR DVVHVV WKH DFFXUDF\ RI WKH DXWRPDWLF FODVVLILHUV�

���



��� 6XPPDU\

7KLV FKDSWHU SURYLGHG D GHWDLOHG RYHUYLHZ RI WKHPHWKRGRORJ\ XVHG LQ WKH ODWHUPDLQ GDWD DQDO\VLV�

FRYHULQJ OLQJXLVWLF DQDO\VLV� VWDWLVWLFDO DQDO\VLV DQG PDFKLQH OHDUQLQJ�

���



&KDSWHU � 6HQWLPHQW &ODVVLILFDWLRQ %DVHG RQ WKH ,QWHUQDO

/LQJXLVWLF )HDWXUHV

7KH EDJ�RI�ZRUGV PRGHO LV DPRQJ WKH PRVW FRPPRQ DSSURDFKHV LQ FXUUHQW VHQWLPHQW DQDO\VLV�

7KLV FKDSWHU WHVWV VXFK DPRGHO ZLWK VWRFN WZHHW GDWD� DQG VHWV XS D EDVHOLQH DFFXUDF\ RI VHQWLPHQW

FODVVLILFDWLRQ IRU ODWHU H[SHULPHQWV� 7KH NH\ VWHS IRU VHQWLPHQW FODVVLILFDWLRQ EDVHG RQ WKH EDJ�RI�

ZRUGV PRGHO LV WR GHVLJQ D VXLWDEOH VHQWLPHQW ZRUG OLVW� VR WKLV VWHS EHFRPHV WKH IRFXV RI WKLV

FKDSWHU� $V GLVFXVVHG LQ &KDSWHU �� WR JHQHUDWH D ZRUG PDWUL[ IRU WKH EDJ�RI�ZRUGV DSSURDFK�

SUHYLRXV VWXGLHV DSSOLHG GLIIHUHQW SUH�GHVLJQHG VHQWLPHQW ZRUG OLVWV EDVHG RQ WKH RWKHU W\SHV RI

WH[WXDO GDWD� EXW LW UHPDLQV XQDQVZHUHG KRZ UREXVW WKHVH ZRUG OLVWV DUH ZKHQ WKH\ DUH XVHG WR

SURFHVV VWRFN WZHHW GDWD� 7KHUHIRUH� WKLV FKDSWHU ILUVW WHVWV VRPH SRSXODU VHQWLPHQW ZRUG OLVWV

EHLQJ XVHG LQ SUHYLRXV VWXGLHV�

&RQVLGHULQJ WKH SRRU SHUIRUPDQFH RI WKHVH ZRUG OLVWV� PDLQO\ WKH SRRU FRYHUDJH� LW WKHQ IRFXVHV

RQ WKH QDWXUH RI WZHHW ODQJXDJH LWVHOI WR ILQG SURSHU IHDWXUHV WR EXLOG WKH EDJ�RI�ZRUGVPRGHO� SDU�

WLFXODUO\ FRQFHQWUDWLQJ RQ IUHTXHQW SDWWHUQV DQG SDUW�RI�VSHHFK IHDWXUHV� $V DOO RI WKHVH IHDWXUHV

UHODWH WR WKH PHDQLQJ RI WZHHWV� WKH\ ZLOO EH UHJDUGHG DV WKH LQWHUQDO OLQJXLVWLF IHDWXUHV RI

WZHHWV LQ WKLV UHVHDUFK� 7KLV FKDSWHU ILUVW DQDO\VHV GLIIHUHQW LQWHUQDO OLQJXLVWLF IHDWXUHV RI VWRFN

WZHHWV� LQFOXGLQJ WKH PRVW DQG OHDVW IUHTXHQW XQLJUDPV� EXW QHLWKHU RI WKHP ZRUNV WR FODVVLI\ SR�

ODULW\ DV ZLOO EH VKRZQ� 7KXV� WKH DQDO\VLV DSSOLHV VWHPPLQJ DQG NH\QHVV DQDO\VLV WR JHQHUDWH D

PRUH UREXVW VHQWLPHQW ZRUG OLVW� LQ RUGHU WR FRQYHUW VWRFN WZHHWV WR D ZRUG PDWUL[� $ VHQWLPHQW

FODVVLILFDWLRQ EDVHG RQ WKLV ZRUG PDWUL[ LV WKHQ SHUIRUPHG E\ IRXU VXSHUYLVHG OHDUQLQJ FODVVLILHUV

DV LQWURGXFH LQ &KDSWHU �� 7KH IRXU FODVVLILHUV DFKLHYHG D UHDVRQDEO\ JRRG UHVXOW ZLWK DQ DFFX�

UDF\ RI DURXQG ��� DW WKH WUDLQLQJ VWDJH� DQG DW WKH WHVW VWDJH� WKH\ DFKLHYHG D EHWWHU DFFXUDF\�

7KH VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\ EDVHG RQ WKH EDJ�RI�ZRUGV PRGHO LV WKXV FRQVLGHUHG DV WKH

EDVHOLQH DFFXUDF\ IRU WKH IROORZLQJ FKDSWHUV� )LQDOO\� LW DQDO\VHV WKH SDUW�RI�VSHHFK IHDWXUHV RI WKH

���



DQQRWDWHG VWRFN WZHHWV� DQG WUDLQV DXWRPDWLF FODVVLILHUV EDVHG RQ WKHVH IHDWXUHV� +RZHYHU� WKHVH

IHDWXUHV RIIHU OLPLWHG KHOS WR LGHQWLI\ WKH SRODULW\�

:LWK UHJDUG WR WKLV DQDO\VLV RI WKH LQWHUQDO IHDWXUH RI WKH DQQRWDWHG WZHHWV� VHYHUDO SRLQWV VKRXOG

EH ERUQH LQ PLQG� 7KH FRPSDULVRQ IRFXVHV RQ WKH WLFNHU�UHODWHG WZHHWV RQO\� DQG DOO WZHHWV LQ WKH

DQDO\VLV ZHUH FRQYHUWHG LQWR WKH ORZHUFDVH IRUPDW� 2QO\ WKUHH JURXSV RI WLFNHU�UHODWHG WZHHWV DUH

WKHQ VWXGLHG� 1(* WZHHWV ����� WRNHQV� ���� ZRUG W\SHV�� 1(8 WZHHWV ����� WRNHQV� ���� ZRUG

W\SHV�� DQG 367 WZHHWV ������� WRNHQV� ������ ZRUG W\SHV�� 85/V ZHUH H[FOXGHG IURP WKH DQDO\VLV�

DQG DOO KDVKPDUNV DQG GROODU PDUNV ZHUH UHPRYHG� VXFK WKDW� IRU H[DPSOH� WKH FDVKWDJ µ�*(¶ ZDV

FRQVLGHUHG DV D ZRUG µJH¶� )LQDOO\� 37: PHDQV µSHU WKRXVDQG ZRUGV¶� ,Q FRUSXV OLQJXLVWLFV� WKH

EDVH IRU QRUPDOLVDWLRQ LV XVXDOO\ 30: �SHU PLOOLRQ ZRUGV�� EXW WKH FRUSXV VL]H LV UHODWLYHO\ VPDOO

LQ WKLV UHVHDUFK� VR 37: LV DSSOLHG�

��� 7HVW RI :RUG /LVWV LQ 3UHYLRXV 6WXGLHV

$V UHYLHZHG LQ &KDSWHU �� VHYHUDO ZRUG OLVWV ZHUH XVHG WR EXLOG WKH ZRUG PDWUL[ IRU WUDLQLQJ D EDJ�

RI�ZRUGV PRGHO IRU VHQWLPHQW FODVVLILFDWLRQ� &RPPRQ FKRLFHV RI ZRUG OLVWV LQFOXGHG WKH +DUYDUG�

,9�� FODVVLILFDWLRQ GLFWLRQDU\ �2JLOYLH HW DO�� ������ /RXJKUDQ DQG0F'RQDOG )LQDQFLDO 6HQWLPHQW

'LFWLRQDULHV �/RXJKUDQ 	0F'RQDOG� ������ 2SLQLRQ /H[LFRQ �+X 	 /LX� ������ 6XEMHFWLYLW\ /H[�

LFRQ �:LOVRQ HW DO�� ����E� DQG WKH 7ZLWWHU VHQWLPHQW DQDO\VLV OLVW ������� 7KLV VHFWLRQ HYDOXDWHV

WKH XVH RI WKHVH ZRUG OLVWV WR FODVVLI\ WKH WZHHW GDWD FROOHFWHG LQ WKLV UHVHDUFK� 7KH SULPDU\ FRQ�

FHUQ LV WKH FRYHUDJH RI WKHVH OLVWV� LI WKH ZRUG OLVWV DUH XQUHSUHVHQWDWLYH RI WKH WHUPLQRORJ\ XVHG LQ

WKH FROOHFWHG WZHHW GDWD� WKH PDMRULW\ RI UHFRUGV ZLOO QRW EH DVVLJQHG VHQWLPHQW� ,Q WKH FDVH WKDW

FRYHUDJH RI D OLVW LV LQDGHTXDWH IRU GDWD WDNHQ IURP D JLYHQ GRPDLQ� WKDW OLVW PD\ EH YLHZHG DV DQ

LQDSSURSULDWH FKRLFH RI UHVRXUFH�

$PRQJ WKH DERYH ILYH ZRUG OLVWV� RQO\ WKH ILUVW ��� HQWULHV RI WKH+DUYDUG�,9�� FODVVLILFDWLRQ GLFWLR�

���



QDU\ZHUH DYDLODEOH RQ WKHZHE SDJH'HVFULSWLRQV RI ,QTXLUHU &DWHJRULHV DQG8VH RI ,QTXLUHU'LFWLR�

QDULHV � �� 7KH ZHESDJH0DU\ODQG

:HEXVH VLWH � �� SURYLGLQJ WKH IXOO YHUVLRQ� ZDV QRW

DFFHVVLEOH DW WKH WLPH RI DQDO\VLQJ� 7KXV� WKLV OLVW FRXOG QRW EH WHVWHG�

7DEOH ����� VKRZV WKH FRYHUDJH RI WKH RWKHU IRXU SRSXODU VHQWLPHQW ZRUG OLVWV EHLQJ DSSOLHG WR WKH

GDWDVHW LQ WKLV UHVHDUFK� 1RQH RI WKHP FRYHUHG DOO UHFRUGV LQ WKH GDWDVHW� 7KH ILUVW WKUHH ZHUH

GHVLJQHG EDVHG RQ WH[WXDO GDWD RWKHU WKDQ WZLWWHU GDWD� VR WKHLU FRYHUDJHV ZHUH UDWKHU SRRU� 2QH

SRVVLEOH DSSURDFK WR LPSURYH FODVVLILFDWLRQ DFFXUDF\ PLJKW EH WKH QRUPDOLVDWLRQ RI WZHHW GDWD WR

UHIOHFW VWDQGDUG VSHOOLQJ IRUPV� +RZHYHU� QR WZHHW QRUPDOLVHU LV DYDLODEOH VR IDU DV GLVFXVVHG LQ

&KDSWHU �� VR WKLV DSSURDFK LV QRW DW SUHVHQW DQ RSWLRQ� $OWKRXJK WKH ODVW ZRUG OLVW RXWSHUIRUPHG

WKH ILUVW WKUHH DV LW ZDV GHVLJQHG EDVHG RQ 7ZLWWHU GDWD� LW LV ELDVHG EHWZHHQ WKH QHJDWLYH DQG

SRVLWLYH FDWHJRULHV� DW D UDWLR RI ���� 7KH FRQVHTXHQFH RI VXFK D ELDVHG OLVW LV WKDW WKH JHQHUDWHG

ZRUG PDWUL[ ZLOO DOVR EH ELDVHG� $OVR� WKH ZRUG OLVW FRQWDLQV ��� HPRWLFRQV� ZKLFK DUH UDUHO\ XVHG

LQ VWRFN WZHHWV� 7KHUHIRUH� LW LV RI OLPLWHG DSSOLFDELOLW\ WR VHQWLPHQW FODVVLILFDWLRQ LQ WKLV GRPDLQ�

7DEOH ����� &RPSDULVRQ RI IRXU SRSXODU ZRUG OLVWV LQ SUHYLRXV VWXGLHV

:RUG OLVW 7RWDO ZRUGV 3RVLWLYH ZRUGV 1HJDWLYH ZRUGV &RYHUHG WZHHWV

)LQDQFLDO 6HQWLPHQW 'LFWLRQDULHV ���� ��� ���� ���� ��������

2SLQLRQ /H[LFRQ ���� ���� ���� ���� ��������

6XEMHFWLYLW\ /H[LFRQ ���� ���� ���� ���� ��������

7ZLWWHU VHQWLPHQW DQDO\VLV OLVW ���� ���� ��� ���� ��������

$FFRUGLQJ WR WKLV FDVH VWXG\� WZR UHTXLUHPHQWV IRU GHVLJQLQJ D EHWWHU VHQWLPHQW ZRUG OLVW IRU VWRFN

WZHHW GDWD DUH FOHDUO\ LGHQWLILHG� VXFK D OLVW QHHGV WR KDYH D EHWWHU FRYHUDJH DQG QHHGV WR EH OHVV

ELDVHG EHWZHHQ WKH QHJDWLYH DQG SRVLWLYH SRODULWLHV 7KHUHIRUH� WKH UHVW RI WKLV FKDSWHU DWWHPSWV WR

GHYHORS VXFK D EHWWHU ZRUG OLVW IRU JHQHUDWLQJ D EDJ�RI�ZRUGV VHQWLPHQW ZRUG PDWUL[�

���
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��� )UHTXHQF\ $QDO\VLV RI 6WRFN 7ZHHWV

'HEELQL HW DO� ������ XVHG D GLIIHUHQW DSSURDFK� DV WKH\ GLG QRW XVH D VHQWLPHQW ZRUG OLVW SUH�

GHVLJQHG E\ RWKHUV� EXW LQVWHDG H[WUDFWHG WKH WRS ���� IUHTXHQW ZRUGV WR JHQHUDWH D VHQWLPHQW

NH\ZRUG OLVW� 7KLV VHFWLRQ WKXV UHSRUWV WKH DQDO\VLV RI WKLV DSSURDFK WR VHH LI LW UHDOO\ ZRUNV� $V

WKH ILUVW VWHS� WKH UHVHDUFK XVHV IUHTXHQF\ OLVWV WR DQDO\VH WKH PRVW DQG OHDVW IUHTXHQW XQLJUDPV LQ

GLIIHUHQW SRODULWLHV� DV ERWK RI WKHP DUH SRVVLEO\ WKH PRVW REYLRXV IHDWXUHV IRU JHQHUDWLQJ D ZRUG

PDWUL[ WR EXLOG WKH EDJ�RI�ZRUGV PRGHO� 7R VWXG\ WKHVH IHDWXUHV� WKH FXUUHQW UHVHDUFK DGRSWV WKH

PHWKRGV WDNHQ IURP FRUSXV OLQJXLVWLFV DQDO\VLV� ZKLFK LV RIWHQ XVHG WR H[SORUH PDVVLYH TXDQWLWLHV

RI GDWD� +RZHYHU� LW ZLOO VXEVHTXHQWO\ EH VHHQ WKDW QHLWKHU DSSURDFK LV IXOO\ DEOH WR UHYHDO GLVWLQFW

FKDUDFWHULVWLFV RI GLIIHUHQW SRODULWLHV RI VWRFN WZHHWV�

����� 7KH PRVW IUHTXHQW XQLJUDPV LQ VWRFN WZHHWV

7KH ILUVW DQDO\VLV IRFXVHV RQ WKHPRVW IUHTXHQW XQLJUDPV LQ WKH WLFNHU�UHODWHG WZHHWV FRUSXV� $IWHU

UHPRYLQJ DOO JUDPPDWLFDOZRUGV IURP WKH WRS �� IUHTXHQW XQLJUDP OLVW RI WKH WKUHH JURXSV RI WLFNHU�

UHODWHG WZHHWV� DOO RI WKHP KDYH �� XQLJUDPV DV OLVWHG LQ 7DEOH ������ ,Q WHUPV RI WKH VHTXHQFH RI

WKH XQLJUDPV� WKHUH DUH QR H[SOLFLW GLIIHUHQFHV DFURVV WKHVH WKUHH JURXSV�

���



7DEOH ����� 0HDQLQJIXO XQLJUDPV LQ WKH WRS �� IUHTXHQW XQLJUDPV RI WLFNHU�UHODWHG WZHHWV

1(* 1(8 367

8QLJUDP )UHT� 37: 8QLJUDP )UHT� 37: 8QLJUDP )UHT� 37:

JH ��� ����� JH ��� ����� JH ���� �����

HOHFWULF ��� ����� HOHFWULF ��� ����� W ��� �����

JHQHUDO ��� ����� JHQHUDO ��� ����� HOHFWULF ��� �����

VWRFN �� ����� QHZV ��� ����� QHZV ��� �����

QHZV �� ����� W ��� ����� JHQHUDO ��� �����

LV �� ����� V ��� ����� V ��� �����

V �� ����� VWRFN ��� ����� UW ��� ����

UW �� ���� LV �� ���� VWRFNV ��� ����

VWRFNV �� ���� UW �� ���� VWRFN ��� ����

DQDO\VLV �� ���� VWRFNV �� ���� LV ��� ����

EHDULVK �� ���� L �� ���� HDUQLQJV ��� ����

� �� ���� FRPSDQ\ �� ���� L ��� ����

WUDGLQJ �� ���� DQDO\VLV �� ���� GLYLGHQG ��� ����

DUH �� ���� HDUQLQJV �� ���� WKLV ��� ����

GRZQ �� ���� LW �� ���� QHZ ��� ����

L �� ���� WKLV �� ���� XS ��� ����

� �� ���� PVIW �� ���� FDSLWDO ��� ����

PRRG\ �� ���� WUDGLQJ �� ���� LW ��� ����

W �� ���� DDSO �� ���� � �� ����

EH �� ���� ZLOO �� ���� ZHHN �� ����

IDOOLQJ �� ���� MLPFUDPHU �� ���� PVIW �� ����

MSP �� ���� GRZ �� ���� HQHUJ\ �� ����

EDF �� ���� PRUH �� ���� EX\ �� ����

FDSLWDO �� ���� EX\ �� ���� � �� ����

�� �� ���� HQHUJ\ �� ���� EDF �� ����

QEF �� ���� FDSLWDO �� ���� DUH �� ����

���



1(* 1(8 367

WD[HV �� ���� � �� ���� WRGD\ �� ����

� �� ���� �� �� ���� � �� ����

WRGD\ �� ���� \RX �� ���� WUDGLQJ �� ����

P\ �� ���� � �� ���� � �� ����

�� �� ���� VKRUW �� ���� KHDOWKFDUH �� ����

ZLOO �� ���� EH �� ���� �� �� ����

LW �� ���� MSP �� ���� DQDO\VLV �� ����

� �� ���� EXW �� ���� DDSO �� ����

VS\ �� ���� WKDW �� ���� � �� ����

VKRUW �� ���� OLNH �� ���� WRS �� ����

2QH LQWHUHVWLQJ SKHQRPHQRQ LV WKDW D QXPEHU RI WLFNHU QDPHV DSSHDU LQ WKHVH WKUHH JURXSV RI

KLJKO\ IUHTXHQW XQLJUDPV� ,Q WRWDO� � XQLJUDPV DUH WLFNHU QDPHV� LQ DGGLWLRQ WR JH� W LV IRU $7	7�

EDF IRU EDQN RI $PHULFD &RUSRUDWLRQ� DDSO IRU $SSOH�PVIW IRU 0LFURVRIW� DQG MSP IRU -3 0RUJDQ�

$OVR� HOHFWULF DQG JHQHUDO DOVR DSSHDU DW WKH WRS RI WKH OLVW� 7KH FRPELQDWLRQ JHQHUDO HOHFWULF RFFXUV

LQ ��� WZHHWV ������ RI DOO WLFNHU�UHODWHG WZHHWV�� 7KHVH LOOXVWUDWH WKDW WKH WLFNHU�UHODWHG WZHHWV

IRFXV VWURQJO\ RQ WKHPDUNHW� /RRNLQJ DW WKHVH WLFNHU QDPHV� LW LV KDUG WR GHFLGH WKHLU UHODWLRQVKLS

ZLWK *HQHUDO (OHFWULF� WKH\ VSUHDG DFURVV WKH GRPDLQV RI WHFKQRORJ\ DQG ILQDQFH� VR LW LV XQFOHDU

ZKHWKHU *( LV LQ FRPSHWLWLRQ ZLWK WKHP DV D KL�WHFK HQWHUSULVH� RU �LQ WKH FDVH RI *( &DSLWDO� DV

D ILQDQFH LQGXVWU\�

$SDUW IURP WLFNHU QDPHV� RWKHU XQLJUDPV UHODWLQJ WR WKH PDUNHW DUH SUHVHQW� ,Q WKH 367 WZHHWV

JURXS� QHZV LV WKH IRXUWK PRVW IUHTXHQW XQLJUDP LQ WKH OLVW� ZLWK D QRUPDOLVHG IUHTXHQF\ RI �����

37:� &RPSDUHG ZLWK WKH RWKHU WZR JURXSV� LW LV PXFK KLJKHU� 2EVHUYLQJ WKH FROORFDWLRQ FRQ�

WDLQLQJ QHZV� WKH PRVW IUHTXHQW FRPELQDWLRQ LV *( QHZV� ��� WZHHWV LQ WKH 367 WZHHWV ���������

�� WZHHWV LQ WKH 1(8 WZHHWV ��������� DQG �� WZHHWV LQ WKH 1(* WZHHWV ��������� 7KHUHIRUH� LW

���



LV SRVVLEOH WR FRQFOXGH WKDW PRVW QHZV DERXW *( WHQG WR EH SRVLWLYH ������� LQ 367� ������ LQ

1(8� DQG ������ LQ 1(*�� 7KLV URXJKO\ PDWFKHV WKH SULFH PRYHPHQW RI WKH *( WLFNHU DV VKRZQ

LQ &KDSWHU �� 1H[W� XQLJUDPV VXFK DV FDSLWDO� HQHUJ\� DQG KHDOWKFDUH� DOO RI ZKLFK LQGLFDWH DUHDV

LQ ZKLFK *( LV LQYROYHG� DSSHDU PRUH IUHTXHQWO\ LQ WKH 367 JURXS� 7KLV UHODWHV WR WKH IDFW WKDW WKH

367 JURXS FRQWDLQV PRUH QHZV WZHHWV WKDQ WKH RWKHU WZR JURXSV� VR WKH\ XVH PRUH QHZV�UHODWHG

H[SUHVVLRQV�

$OVR� ZRUGV LQGLFDWLQJ LQYHVWPHQW EHKDYLRXUV EHWZHHQ WKHVH VWRFN�UHODWHG XQLJUDPV DUH GLYLVLEOH

LQWR WKUHH SRODULWLHV� HDUQLQJ� GLYLGHQG� EX\ DQG XS RFFXU LQ WKH 367 JURXS� DQG EHDULVK� GRZQ�

PRRG\� IDOOLQJ DQG VKRUW RFFXU LQ WKH 1(* JURXS� +RZHYHU� WKHVH ZRUGV DSSHDU LQ D VPDOO SUR�

SRUWLRQ RI WKH WRS OLVW� $GGLWLRQDOO\� WKH\ DSSHDU DFURVV GLIIHUHQW FDWHJRULHV RI WZHHWV� 7KXV� LW LV

GLIILFXOW WR LGHQWLI\ WKH SRODULW\ RI WZHHWV VROHO\ RQ WKH EDVLV RI WKHVH VWRFN�UHODWHG XQLJUDPV�

)LQDOO\� WKHUH DUH WZR WHUPV LQGLFDWLQJ WLPH LQ WKLV WRS OLVW� WRGD\ DQG ZHHN� ,Q WRWDO� LQ WKUHH

SRODULWLHV� WKHUH DUH ��� RFFXUUHQFHV RI ZHHN� DQG ��� RFFXUUHQFHV RI WRGD\� EXW PRVW RI WKHP

RFFXU LQ WKH 367 JURXS �WKRXJK WKH 37: RI WLPH LQ WKH 1(* JURXS LV KLJKHU WKDQ LQ WKH 367

JURXS�� 7DNLQJ D FORVHU ORRN DW WKH ZRUGV DURXQG ZHHN� WKH PRVW IUHTXHQW ELJUDPV DUH WKLV ZHHN

���� RFFXUUHQFHV� DQG ZHHN KLJK ��� RFFXUUHQFHV�� WKH ILUVW LQGLFDWHV WKDW PRVW WZHHWV ZLWK ZHHN

IRFXV RQ D VKRUW SHULRG� DQGZHHN KLJK LV D VWRFN WHUP XVHG WR HYDOXDWH WKH RYHUDOO WUHQG RI D WLFNHU

LQ D SHULRG� VXFK DV �� ZHHN KLJK� 7KH KLJK IUHTXHQF\ RI WKH ELJUDP WKLV ZHHN DQG WKH XQLJUDP

WRGD\ VKRZV WKDW WKH WLFNHU�UHODWHG WZHHWV WHQG WR GLVFXVV WKH SHUIRUPDQFH RI WKH PDUNHW RYHU D

UHODWLYHO\ VKRUW SHULRG�

'XH WR WKH KLJK GHJUHH RI VLPLODULW\ DPRQJ WKH KLJKO\ IUHTXHQW XQLJUDPV RI WLFNHU�UHODWHG WZHHWV�

LW LV GLIILFXOW WR WUDLQ D EDJ�RI�ZRUGV PRGHO EDVHG RQ WKHVH PRVW IUHTXHQW XQLJUDPV�7KXV� WKH

UHVHDUFK SURFHHGV ZLWK WKH DQDO\VLV RI DQ DOWHUQDWLYH DSSURDFK ± D UHYHUVDO RI WKH SUHYLRXVO\ GLV�

FXVVHG PHWKRG�

���



����� 7KH OHDVW IUHTXHQW XQLJUDPV LQ VWRFN WZHHWV

7KH UHYHUVH DSSURDFK LQYHVWLJDWHV WKH XQLJUDPV RFFXUULQJ LQ RQH JURXS RI WZHHWV� EXW QRW LQ WKH

RWKHU WZR JURXSV� 2IWHQ� WKHVH XQLJUDPV DUH WKH OHDVW IUHTXHQW XQLJUDPV LQ WKH WH[W VDPSOH� 7KHUH�

IRUH� ZLWK WKHVH XQLJUDPV LQ WKH VDPSOH GDWD� GHILQHG DVXQLTXHXQLJUDPV� WKH SRODULW\ RI WZHHWV

PLJKW EH LGHQWLILHG� 7R XQGHUVWDQG KRZ WKH UHYHUVH DSSURDFK ZRUNV� )LJXUH ����� LOOXVWUDWHV WKH

UHODWLRQVKLS DFURVV WKUHH W\SHV RI WZHHW XQLJUDPV�

)LJXUH ����� 6WDWLVWLFV RI XQLJUDPV LQ GLIIHUHQW SRODULWLHV RI WZHHWV

(DFK FLUFOH UHSUHVHQWV RQH W\SH RI WLFNHU�UHODWHG WZHHWV� DQG HDFK ]RQH ZLWK D GLIIHUHQW JUH\ VFDOH

UHSUHVHQWV D GLIIHUHQW UHODWLRQVKLS DPRQJ WKH XQLJUDPV� )LUVW� LQ WKH FHQWUH� DOO WKUHH FLUFOHV RYHU�

ODS WR IRUP WKH GDUNHVW ]RQH� LQGLFDWLQJ WKDW WKHVH XQLJUDPV RFFXU LQ DOO WKUHH W\SHV RI WLFNHU�

UHODWHG WZHHWV� 7KHQ� LQ RWKHU VKDGRZHG DUHDV DURXQG WKH FHQWUH� HDFK XQLJUDP DSSHDU LQ WZR

���



RYHUODSSHG FLUFOHV� VXJJHVWLQJ WKHVH XQLJUDPV LQ DQ\ WZR W\SHV RI WZHHWV� )LQDOO\� DV WKH UHPDLQ�

LQJ DUHDV KDYH QR RYHUODSV� WKHVH DUHDV UHSUHVHQW XQLJUDPV DSSHDULQJ LQ RQO\ RQH W\SH RI WZHHW�

QDPHO\ XQLTXH XQLJUDPV� ,Q WKH UHYHUVH XQLJUDP DQDO\VLV� WKH IRFXV LV RQ WKH ODVW W\SH RI XQL�

JUDP ± XQLTXH XQLJUDPV� ZKLFK PD\ VLJQLILFDQWO\ GLIIHUHQWLDWH RQH W\SH RI WZHHWV IURP RWKHU WZR

JURXSV�

,Q WKLV JUDSK� WKH 367 FDWHJRU\ KDV WKH ODUJHVW QXPEHU RI XQLTXH XQLJUDPV ± ���� XQLTXH XQL�

JUDPV� ZKLOH WKH 1(* DQG 1(8 JURXS RQO\ VKDUHV ��� DQG ��� XQLTXH XQLJUDPV� +RZHYHU� WKHUH

DUH D QXPEHU RI $UDELF QXPEHUV DQG PL[HG VSHOOLQJV RI QXPEHUV DQG FKDUDFWHUV� 7KH\ DUH OHVV

KHOSIXO IRU UHFRJQLVLQJ WKH SRODULW\ RI D WZHHW� VR WKH\ KDYH EHHQ UHPRYHG� $V D UHVXOW� WKH 1(*�

1(8 DQG 367 JURXS KDV ���� ��� DQG ���� XQLTXH XQLJUDPV UHVSHFWLYHO\� ([WUDFWLQJ DOO XQLTXH

XQLJUDPV IURP WKUHH SRODULW\ JURXSV� WKH 1(*� 1(8 DQG 367 JURXS \LHOG ���� ���� DQG ���� RF�

FXUUHQFHV UHVSHFWLYHO\ �7DEOH ������� ZKLFK LV ������� ������ DQG ������ RI WKH WRWDO RFFXUUHQFHV

RI XQLJUDPV LQ HDFK JURXS� $FFRUGLQJ WR WKLV� XQLTXH XQLJUDPV DFFRXQW IRU RQO\ D VPDOO SURSRU�

WLRQ RI WKH IXOO VHW RI WRNHQV ���������

7DEOH ����� 7KH UHODWLRQVKLS RI XQLTXH XQLJUDPV DQG WRWDO WRNHQV

3RODULW\ 2FFXUUHQFH 7RNHQV 3HUFHQWDJH

1(* ��� ���� ������

1(8 ���� ���� ������

367 ���� ������ ������

7RWDO ���� ������ ������

3UHVXPDEO\� WKLV PHWKRG LV RQO\ HIIHFWLYH LI WKH FRYHUDJH RI WKHVH XQLTXH XQLJUDPV LV JRRG� 7DEOH

����� VKRZV WKH H[WUDFWHG UHVXOWV� 7KH UHVXOWLQJ XQLTXH XQLJUDP OLVWV FDQ LGHQWLI\ WKH SRODULW\ RI

������ RI WZHHWV RQ DYHUDJH� ������ DQG ������ RI 1(* DQG 367 WZHHWV UHVSHFWLYHO\� EXW RQO\

������ RI 1(8 WZHHWV� ,Q DGGLWLRQ� UHJDUGLQJ WKH UDWLR RI WKH FRXQW RI XQLTXH XQLJUDPV ZLWK WKH

���



FRXQW RI FRYHUHG WZHHWV� HDFK WZHHW KDV DW OHDVW � XQLTXH XQLJUDPV RQ DYHUDJH� LQ SDUWLFXODU� HDFK

WZHHW FRQWDLQLQJ XQLTXH XQLJUDPV LQ WKH 367 JURXS FRQWDLQV PRUH WKHQ � XQLTXH XQLJUDPV RQ

DYHUDJH�

7DEOH ����� 7KH FRYHUDJH RI XQLTXH XQLJUDPV

3RODULW\ 7ZHHWV 7ZHHWV ZLWK XQLTXH XQLJUDPV 3HUFHQWDJH 7RWDO XQLTXH XQLJUDPV

1(* ��� ��� ������ ���

1(8 ��� ��� ������ ����

367 ���� ���� ������ ����

7RWDO ���� ���� ������ ����

+RZHYHU� ORRNLQJ DW WKHVH XQLTXH XQLJUDPV� RQH WKLUG RI WKHP RQO\ RFFXU RQFH LQ WKH FRUSXV RI

WLFNHU�UHODWHG WZHHWV �VHH 7DEOH ������� DQG D ODUJH SURSRUWLRQ RI WKHP DUH QRQ�VWDQGDUG VSHOOLQJV�

,Q ERWK 1(* DQG 1(8 JURXSV� DERXW KDOI RI WKH XQLTXH XQLJUDPV KDYH RQO\ RQH RFFXUUHQFH� DO�

WKRXJK WKLV ILJXUH LV ORZHU LQ WKH 367 JURXS� 7KH KLJK IUHTXHQF\ RI XQLTXH XQLJUDPV ZLWK RQO\

RQH RFFXUUHQFH LQGLFDWHV WKDW XQLTXH XQLJUDPV DUH QRW VWDEOH� VR WKH\ GR QRW VHHP WR EH D UHOLDEOH

PHDQV RI LGHQWLI\LQJ SRODULWLHV� ,Q DGGLWLRQ� FRQVLGHULQJ WKH ORZHVW SHUFHQWDJH �QRW WKH IUHTXHQF\�

RI RQH�RFFXUUHQFH XQLTXH XQLJUDPV DQG WKH ODUJHVW FRXQW RI WRNHQV RI WKH 367 JURXS� LW LV UHDVRQ�

DEOH WR LQIHU WKDW� ZLWK D ODUJHU GDWDVHW� WKH ORQJ WDLO RI D XQLJUDP OLVW ZLOO EHFRPH PRUH VWDEOH� VR�

RYHUDOO� WKH SURSRUWLRQ RI RQH�RFFXUUHQFH XQLJUDPV ZLOO UHGXFH� 7KLV VXJJHVWV WKDW XVLQJ D ODUJHU

FRUSXV WR JHQHUDWH D PRUH VWDEOH XQLTXH XQLJUDP OLVW PLJKW EH KHOSIXO IRU LGHQWLI\LQJ WKH SRODU�

LW\� 1HYHUWKHOHVV� IRU WKH FXUUHQW UHVHDUFK� ZKLFK LV EDVHG RQ D UHODWLYHO\ VPDOO DQQRWDWHG WZHHWV

FRUSXV� WKLV DSSURDFK RIIHUV OLPLWHG KHOS�

���



7DEOH ����� 5HODWLRQVKLS RI RQH�RFFXUUHQFH XQLJUDPV DQG WKH ZKROH XQLJUDPV

3RODULW\ 7RWDO RQH�RFFXUUHQFH 3HUFHQWDJH

1(* ��� ��� ������

1(8 ���� ��� ������

367 ���� ���� ������

7RWDO ���� ���� ������

����� 'LVFXVVLRQ

7KLV VHFWLRQ UHSRUWHG DQ DQDO\VLV RI WKH PRVW DQG OHDVW IUHTXHQW XQLJUDPV LQ WKH DQQRWDWHG VWRFN

WZHHWV UHVSHFWLYHO\� EXW QHLWKHU RI WKHP FDQ EH XVHG WR EXLOG D EDJ�RI�ZRUGV PRGHO�

7KH ILUVW DQDO\VLV� ZKLFK IRFXVHG RQ WKH PRVW IUHTXHQW XQLJUDPV LQ WKH DQQRWDWHG VWRFN WZHHWV

VKRZHG WKDW� LQ JHQHUDO� GLIIHUHQW SRODULWLHV ZHUH VLPLODU LQ WHUPV RI WKH PRVW IUHTXHQW XQLJUDPV�

$OO WKUHH SRODULWLHV IUHTXHQWO\ FRQWDLQHG WLFNHU QDPHV� +RZHYHU� WKHVH IUHTXHQW XQLJUDPVKDG VXE�

WOH GLIIHUHQFHV� 8QLJUDPV UHODWLQJ WR QHZV DQG WLPH DSSHDUHG PXFK PRUH RIWHQ LQ WKH 367 WZHHWV

WKDQ WKH RWKHU WZR JURXSV� 7KLV VKRZHG WKH LPSRVVLELOLW\ RI XVLQJ WKH PRVW IUHTXHQW XQLJUDPV

LQ WKH VDPSOH GDWD WR JHQHUDWH D VHQWLPHQW ZRUG OLVW� ,Q WXUQ� D ZRUG PDWUL[ RI WKH EDJ�RI�ZRUGV

PRGHO FRXOG QRW EH EXLOW IRU VHQWLPHQW FODVVLILFDWLRQ�

7KH VHFRQG DQDO\VLV ZLWK D IRFXV RQ WKH OHDVW IUHTXHQW XQLJUDPV LQ WKH DQQRWDWHG WZHHWV LQGLFDWHG

WKDW WKHUH DUH GLVWLQFW GLIIHUHQFHV RI XQLTXH XQLJUDPV LQ GLIIHUHQW SRODULWLHV� DQG WKH\ FRXOG FRYHU

D ODUJH SURSRUWLRQ RI VWRFN WZHHWV� +RZHYHU� WKH\ ZHUH QRW VWDEOH DV PRVW RI WKHP RQO\ RFFXUUHG

RQFH LQ WKH GDWD� 7KLV PD\ H[SODLQ <L ������¶V ILQGLQJ WKDW PRVW RI WKH YRFDEXODU\ LQ WKH ZHE GR�

PDLQPDNH OLWWOH FRQWULEXWLRQ WR KLV IROORZLQJ WUDLQLQJ RI PDFKLQH OHDUQLQJ FODVVLILHUV� $OVR� LQ WKH

RQH�RFFXUUHQFH XQLJUDPV� D ODUJH SURSRUWLRQ RI WKHP DUH QRQ�VWDQGDUG VSHOOLQJV� ZKLFK VXSSRUWV

*R DQG %KD\DQL ������� .DXIPDQQ ������� %DU�+DLP HW DO� ������ DQG =DSSDYLJQD ������¶V YLHZ

���



WKDW QRQ�VWDQGDUG VSHOOLQJV DUH YHU\ FRPPRQ LQ WZHHWV DV GLVFXVVHG LQ 6HFWLRQ ������ 7KHUHIRUH�

WKLV DQDO\VLV VKRZHG WKDW XVLQJ WKH OHDVW IUHTXHQW XQLJUDPV LQ WKH VDPSOH GDWD FRXOG QRW JHQHUDWH

D VWDEOH VHQWLPHQW ZRUG OLVW XVDEOH IRU WKH VXEVHTXHQW DXWRPDWLF FODVVLILFDWLRQ�

7KHVH WZR XQLJUDP DQDO\VHV VXJJHVWHG WKDW WZR PDLQ SUREOHPV VWLOO UHPDLQ� )LUVW� D QXPEHU RI

XQLJUDPV ZHUH GLIIHUHQW ZRUG W\SHV RI WKH VDPH WRNHQ� VHFRQG� D QXPEHU RI XQLJUDPV KDG RYHU�

ODSV DFURVV GLIIHUHQW FDWHJRULHV� ,Q VXFK D VPDOO VL]H FRUSXV� WKHVH WZR SUREOHPV FDXVHG IXUWKHU

FKDOOHQJHV RI WKHLU RZQ� 7KHUHIRUH� WKH IROORZLQJ DQDO\VHV WU\ WR UHGXFH WKH LPSDFW RI WKHVH WZR

SUREOHPV E\ XVLQJ VWHPPLQJ DQG NH\QHVV DQDO\VLV UHVSHFWLYHO\�

��� 'HVLJQ RI $ /RFDOLVHG %DJ�RI�ZRUGV 0RGHO

$V VKRZQ DERYH� QHLWKHU WKHPRVW DQG OHDVW IUHTXHQW XQLJUDPV FDQ EH XVHG WR FUHDWH D ZRUGPDWUL[

IRU VHQWLPHQW FODVVLILFDWLRQ GXH WR WKHLU LQGLVWLQFW RU XQVWDEOH IHDWXUHV� 7R WDFNOH WKH ILUVW SUREOHP�

WKLV VHFWLRQ XVHV NH\QHVV DQDO\VLV WR VHH LI WKHVH WKUHH SRODULWLHV FRQWDLQ DQ\ GLVWLQFW NH\ZRUGV

WR GLIIHUHQWLDWH WKHP IURP HDFK RWKHU� 7R VROYH WKH VHFRQG SUREOHP� WZR SRVVLEOH DSSURDFKHV

ZHUH GLVFXVVHG LQ &KDSWHU �� HLWKHU XVLQJ D VXLWDEOH QRUPDOLVHU WR UHGXFH WKH QXPEHU RI QRQ�

VWDQGDUG VSHOOLQJV� RU XVLQJ D VWHPPHU WR FRQIODWH ZRUGV ZLWK WKH VDPH VWHPV� +RZHYHU� GXH WR

WKH XQDYDLODELOLW\ RI D VXLWDEOH WZHHW QRUPDOLVHU� WKLV VHFWLRQ IRFXVHV VROHO\ RQ WKH XVH RI D VWHPPHU

WR GHDO ZLWK WKLV SUREOHP� )LQDOO\� WKLV VHFWLRQ FUHDWHV D VHQWLPHQW ZRUG OLVW EDVHG RQ WKH NH\QHVV

DQDO\VLV RI VWHPPHG WZHHWV� DQG WKHQ FRQYHUW WKH VWRFN WZHHWV WR D ZRUG PDWUL[ DFFRUGLQJ WR WKLV

ZRUG OLVW�

����� 6WHPPLQJ WLFNHU�UHODWHG WZHHWV

$SSO\LQJ WKH 3RUWHU VWHPPHU �3RUWHU� ����� WR WKH DQQRWDWHG WZHHWV UHGXFHG WKH QXPEHU RI ZRUG

W\SHV LQ HDFK FDWHJRU\ WR RQH WKLUG RI WKHLU RULJLQDO VL]H� DV VKRZQ LQ 7DEOH ������ 7KLV FRQIODWLRQ

���



LV PXFK PRUH VLJQLILFDQW WKDQ WKH H[DPSOH LQ 3RUWHU ������� LQ ZKLFK WKH VWHPPHU UHGXFHG WKH

ZRUG W\SHV WR WZR WKLUGV� $OWKRXJK LW LV QRW FOHDU ZKDW W\SH RI WH[W 3RUWHU XVHG LQ KLV H[SHULPHQW�

WKLV FRPSDULVRQ VKRZV WKDW WKH DQQRWDWHG WZHHWV FRQWDLQ D KLJKHU SHUFHQWDJH RI YDULDQW VSHOOLQJV

WKDQ WKH WH[WXDO GDWD LQ 3RUWHU ������¶V H[SHULPHQW�

7DEOH ����� &RPSDULVRQ RI WKH ZRUG W\SHV LQ GLIIHUHQW SRODULWLHV EHIRUH DQG DIWHU VWHPPLQJ E\ WKH
3RUWHU VWHPPHU

3RODULW\ %HIRUH VWHPPLQJ $IWHU VWHPPLQJ 3HUFHQWDJH

1(* ���� ���� ������

1(8 ���� ���� ������

367 ������ ���� ������

5HPRYLQJ JUDPPDWLFDO ZRUGV� 7DEOH ����� VKRZV DQ H[WUDFW RI WKH KLJKHVW IUHTXHQW XQLJUDPV DIWHU

VWHPPLQJ� &RPSDUHG WR 7DEOH ������ WKHUH DUH VHYHUDO FOHDU GLIIHUHQFHV� )RU LQVWDQFH� WKH ZRUGV

VWRFN DQG VWRFNV LQ 7DEOH ����� DUH FRQIODWHG WR VWRFN� ZKLOH JHQHUDO DQG HOHFWULF DUH FRQIODWHG WR

JHQHU DQG HOHFWU UHVSHFWLYHO\� $OVR� PRVW LWHPV LQ WKLV OLVW KDYH D VOLJKW LQFUHDVH LQ WHUPV RI WKH

GHJUHH RI GHQVLW\� ZKLFK LV DOVR KHOSIXO IRU JHQHUDWLQJ D OHVV VSDUVH ZRUG PDWUL[� +RZHYHU� WKH

RUGHU RI WKHVH WRS IUHTXHQW LWHPV GRHV QRW FKDQJH PXFK� FRPSDUHG WR WKH PRVW IUHTXHQW XQLJUDP

OLVW DV VKRZQ LQ 7DEOH ������ &RQVLGHULQJ WKDW WKH VWHPPHU FRQIODWHG D KLJKHU SHUFHQWDJH RI ZRUGV

WKDQ WKH SURSRUWLRQ DFKLHYHG LQ WKH RULJLQDO H[SHULPHQW E\ 3RUWHU ������� WKH WRS VWHPPHG XQL�

JUDP OLVW VXJJHVWV WKDW WKH VWHPPHU PDLQO\ FRQIODWHV ZRUGV ZLWK D ORZHU IUHTXHQF\� 7KLV PHWKRG

VLJQLILFDQWO\ UHGXFHV WKH QXPEHU RI ZRUG W\SHV� VR D ZRUG OLVW EDVHG RQ WKLV UHVXOW ZLOO EH PRUH

VWDEOH WKDQ D OLVW JHQHUDWH ZLWKRXW VWHPPLQJ� 7KHUHIRUH� WKH IROORZLQJ DQDO\VLV XVHV WKH VWHPPHG

GDWD WR FRQGXFW D NH\QHVV DQDO\VLV�

���



7DEOH ����� 6DPSOH RI WKH WRS �� IUHTXHQW XQLJUDPV DIWHU VWHPPLQJ

1(* 1(8 367

8QLJUDP )UHT� 37: 8QLJUDP )UHT� 37: 8QLJUDP )UHT� 37:

JH ��� ����� JH ��� ����� JH ���� �����

VWRFN ��� ����� JHQHU ��� ����� W ��� �����

JHQHU ��� ����� HOHFWU ��� ����� HOHFWU ��� �����

HOHFWU ��� ����� VWRFN ��� ����� VWRFN ��� �����

LV �� ����� D ��� ����� JHQHU ��� �����

D �� ����� QHZV ��� ����� QHZV ��� �����

UW �� ���� LV �� ���� D ��� ����

QHZV �� ���� UW �� ���� UW ��� ����

DQDO\VL �� ���� W �� ���� FRPSDQL ��� ����

EHDULVK �� ���� FRPSDQL �� ���� QHZ ��� ����

� �� ���� L �� ���� LV ��� ����

GRZQJUDG �� ���� DQDO\VL �� ���� GLYLGHQG ��� ����

GRZQ �� ���� LW �� ���� LW ��� ����

DU �� ���� WUDGH �� ���� HDUQ ��� ����

WUDGH �� ���� PVIW �� ���� L ��� ����

WD[ �� ���� WKL �� ���� WKL ��� ����

L �� ���� HDUQ �� ���� XS ��� ����

� �� ���� DDSO �� ���� EXL ��� ����

PRRG\ �� ���� QHZ �� ���� ZHHN ��� ����

EH �� ���� ZLOO �� ���� ORRN ��� ����

8VLQJ9$5' WR UHH[DPLQH WKH VWHPPHG UHVXOW� WKH SHUFHQWDJH RI VSHOOLQJ YDULDQWV DSSHDUHGKLJKHU

WKDQ WKH XQVWHPPHG UHVXOW DV VKRZQ LQ &KDSWHU �� ������ RI DOO WRNHQV ZHUH UHJDUGHG DV QRQ�

VWDQGDUG VSHOOLQJV� 7KLV ZDV D VHHPO\ ZRUVH UHVXOW� +RZHYHU� FRQVLGHULQJ WKDW WKH 3RUWHU VWHP�

PHU RQO\ OHDYHV D YDOLG VWHP DFFRUGLQJ WR D OLVW RI VXIIL[HV �3RUWHU� ������ LW LV UHDVRQDEOH WR VHH

���



WKDW VWHPPHU GHVWUR\HG VWDQGDUG VSHOOLQJV� )RU H[DPSOH� KLJKO\ IUHTXHQW WRNHQV FRPSDQ\ DQG

HQHUJ\ZHUH VWHPPHG WR FRPSDQL DQG HQHUJL UHVSHFWLYHO\ LQ WKH UHVXOW� ,Q RWKHU ZRUGV� D QXPEHU

RI RULJLQDOO\ VWDQGDUG ZRUGV ZHUH FRQIODWHG WR GHVLJQHG IRUPV� ZKLFK FRXOG QRW EH UHJDUGHG DV

VWDQGDUG VSHOOLQJV E\ 9$5'�

,Q VKRUW� DOWKRXJK WKH VWHPPHU SURGXFHG D VWHPPHG UHVXOW ZLWK PRUH VSHOOLQJ YDULDQWV� LW GLG

UHGXFH WKH FRXQW RI WKH ZRUG W\SHV FRQVLGHUDEO\� 7KLV LV SDUWLFXODUO\ LPSRUWDQW JLYHQ WKDW WKH

WZHHW FRUSXV EHLQJ DQDO\VHG LQ WKLV WKHVLV LV UHODWLYHO\ VPDOO� WKH JUHDWHU WKH QXPEHU RI ZRUG

W\SHV� WKH VSDUVHU WKH FRUSXV EHFRPHV� ZKLFK ZLOO DIIHFW WKH DFFXUDF\ RI IXUWKHU DQDO\VHV EDVHG

RQ WKH µEDJ RI ZRUGV¶ PRGHO� &RQIODWLQJ ZRUGV ZLWK WKH VDPH URRW WR VLPLODU IRUPV GHFUHDVHV WKH

FRXQWV RI ZRUG W\SHV LQ VXFK D VPDOO FRUSXV� ZKLFK LQ WXUQ GHFUHDVHV WKH VSDUVHQHVV RI WKH FRUSXV�

,Q VXPPDU\� WKHQ� WKLV WKHVLV UHJDUGV VWHPPLQJ DV DQ HIILFLHQW ZD\ WR LPSURYH ZRUG GHQVLW\ LQ

WKH FRUSXV WR EH DQDO\VHG�

����� .H\QHVV DQDO\VLV RI WKH XQLJUDP OLVWV

7KH DERYH DQDO\VHV EDVHG RQ WKH XQLJUDP IHDWXUHV LQ 6HFWLRQ ��� KDYH QRW UHYHDOHG VXIILFLHQWO\

GLVWLQFW IHDWXUHV DFURVV GLIIHUHQW SRODULWLHV� RQ WKH FRQWUDU\� LW VHHPV ± VRPHZKDW GLVDSSRLQWLQJO\

± WR EH EHWWHU DW LGHQWLI\LQJ RYHUODSV� 7KXV� WKLV VHFWLRQ XVHV NH\QHVV DQDO\VLV WR WHVW ZKHWKHU D

NH\ZRUG DFURVV SRODULWLHV FDQ SOD\ D EHWWHU UROH RI LGHQWLI\LQJ DQ\ GLIIHUHQFHV WKDW PLJKW OLH LQ

WKH GDWD� ,W XVHV WKH QHXWUDO FDWHJRU\ DV WKH UHIHUHQFH OLVW� DQG FRPSDUHV WKH UHIHUHQFH OLVW ZLWK

WKH SRVLWLYH DQG QHJDWLYH FDWHJRULHV 7KH DVVXPSWLRQ KHUH LV QRW WKDW WKH NH\ZRUGV LQ WKH SRVLWLYH

FDWHJRU\ DUH SRVLWLYH� RU LQ WKH QHJDWLYH FDWHJRULHV DUH QHJDWLYH� LQVWHDG� WKH DQDO\VLV DVVXPHV WKDW

WKH NH\ZRUGV LQ WKHVH SRODULWLHV DUHPRUH SRVLWLYH RU QHJDWLYH WKDQ WKRVH LQ WKH RWKHU FDWHJRULHV�

%\ ³PRUH´� LW PHDQV WKDW WKH ZRUG KDV D KLJKHU UDQN RI NH\QHVV VFRUH LQ WKDW FDWHJRU\� DQG WKLV

ZLOO EH H[SODLQHG E\ WKH IROORZLQJ DQDO\VLV�

���



8VLQJ NH\QHVV DQDO\VLV WR LGHQWLI\ WKH NH\ZRUGV IURP WKH VWHPPHG WZHHWV� ���� DQG ���� NH\�

ZRUGV ZHUH LGHQWLILHG IURP WKH QHJDWLYH DQG SRVLWLYH FDWHJRU\ UHVSHFWLYHO\� DQG ��� NH\ZRUGV�

QDPHO\PXWXDO NH\ZRUGV� RFFXU LQ ERWK FDWHJRULHV� 7DEOH ����� VKRZV WKH WRS �� VWHPPHG XQ�

LJUDPV LQ WKHVH WZR FDWHJRULHV� DQG WKH SRODULW\ GLIIHUHQFH LV FOHDUHU WKDQ WKH XQLJUDP IUHTXHQF\

OLVW LQ 7DEOH ������ ,Q WKH QHJDWLYH FDWHJRU\� ZRUGV VXFK DV GRZQJUDG �WKH VWHPPHG IRUP RI GRZQ�

JUDGH�� EHDULVK� IDOO� GRZQ� FXW� ORZHU� DOHUW� DQG VXVSHQGV KDYH D GLUHFW DVVRFLDWLRQ ZLWK QHJDWLYH

VHQWLPHQW� RU OLQN WR WKH VHOOLQJ VHQWLPHQWV DV GLVFXVVHG LQ &KDSWHU �� &RQYHUVHO\� LQ WKH SRVLWLYH

FDWHJRU\� ZRUGV VXFK DV GLYLGHQG� H[SHFW� ULVH� EHDW� KLJK� H[SDQG� VXUSULVHV� SURILW� JURZWK� WRS�

EXOO� KLJK� VXUSULVH DQG EXOO KDYH D FORVHU UHODWLRQVKLS ZLWK WKH SRVLWLYH RU EX\LQJ VHQWLPHQW� ,Q

DGGLWLRQ� ZRUGV UHODWLQJ WR WKH WLFNHU QDPH� VXFK DV JH� JHQHU� RU HOHFWU� RFFXU QHLWKHU LQ WKLV WRS

NH\QHVV OLVW� QRU LQ WKH HQWLUH NH\QHVV OLVW� 7KLV VKRZV WKDW WKLV NH\QHVV OLVW DSSURDFK FDQ UHPRYH

D FHUWDLQ SURSRUWLRQ RI WRSLF�UHODWHG ZRUGV IURP WKH IUHTXHQF\ OLVW� VR WKH UHVXOW LV OHVV VHQVLWLYH WR

WRSLF� 7KHUHIRUH� WKH JHQHUDWHG VHQWLPHQW XQLJUDP OLVW PLJKW DOVR EH XVHIXO IRU FODVVLI\LQJ WZHHWV

ZLWK RWKHU WLFNHU QDPHV�

7DEOH ����� &RPSDULVRQ RI ZRUGV ZLWK WRS �� NH\QHVV VFRUHV LQ QHJDWLYH DQG SRVLWLYH FDWHJRU\

1HJDWLYH 3RVLWLYH

8QLJUDP .H\QHVV .H\QHVV 8QLJUDP .H\QHVV .H\QHVV

�� ������ GRZQJUDG ��� ������ GLYLGHQG

�� ������ EHDULVK ��� ������ W

�� ������ IDOO �� ������ H[SHFW

�� ������ PRRG\ �� ������ ZKRVH

�� ������ WD[ �� ������ ZLQG

�� ������ UVL �� ������ ULVH

�� ������ SDL �� ������ EHDW

�� ������ GRZQ �� ������ WWIE

�� ������ QEF �� ������ KHDOWKFDU

���



1HJDWLYH 3RVLWLYH

�� ������ WY �� ������ KLJK

�� ������ FXW ��� ������ WR

�� ������ FUHGLW �� ������ H[SDQG

�� ������ GLVKZDVK �� ������ FDOHQGDU

�� ������ PIL �� ������ VXUSULVHV

�� ������ ORZHU �� ������ SURILW

�� ������ DOHUW �� ������ WUY

� ������ I[ �� ������ JURZWK

� ������ UHFDO �� ������ WRS

� ������ VXVSHQG �� ������ VXUSULVH

�� ������ UDWH �� ������ EXOO

7R UHGXFH WKH DPELJXRXV HIIHFW RI WKH PXWXDO NH\ZRUGV� WKH\ ZHUH ILUVW FODVVLILHG DFFRUGLQJ WR

WKHLU UHODWLYH IUHTXHQF\� )RU H[DPSOH� GLYLGHQG KDV ��� RFFXUUHQFHV LQ WKH SRVLWLYH FDWHJRU\� DQG

� RFFXUUHQFHV LQ WKH QHJDWLYH FDWHJRU\� 7KHUHIRUH� WKH UHODWLYH IUHTXHQF\ IRU GLYLGHQG LQ WKH 367

FDWHJRU\ LV ����������  ������� DQG LQ WKH 1(* FDWHJRU\ LV �������  ������� 7KH VXEWUDFW

UHVXOW LV ������� 7KLV WHUP LV WKHUHIRUH UHJDUGHG DV D SRVLWLYH XQLJUDP� %DVHG RQ WKLV� ��� PX�

WXDO XQLJUDPV ZHUH FODVVLILHG DV SRVLWLYH XQLJUDPV� DQG �� DV QHJDWLYH XQLJUDPV� DQG ��� IXUWKHU

PXWXDO XQLJUDPV ZLWK D ]HUR YDOXH DUH UHPRYHG� 7KLV VHHPV D XVHIXO ZD\ WR FODVVLI\ WKHVH PXWXDO

NH\ZRUGV� EXW LW UHPDLQV UDWKHU ELDVHG�

7KHQ� LW FRPSDUHG WKH UDQN RI HDFK NH\ZRUG LQ WKH WZR FDWHJRULHV RI WKH NH\QHVV OLVW� )RU H[DPSOH�

WKH DERYH WHUP� GLYLGHQG� KDV WKH KLJKHVW NH\QHVV VFRUH LQ WKH SRVLWLYH NH\QHVV OLVW� VR LW UDQNV DW

WKH ILUVW SODFH� $GGLWLRQDOO\� LW DOVR DSSHDUV DV WKH ���WK LWHP LQ WKH QHJDWLYH NH\QHVV OLVW� 7KHUH�

IRUH� WKH UDQN RI GLYLGHQG LQ WKH SRVLWLYH OLVW LV PXFK KLJKHU WKDQ LWV UDQN LQ WKH QHJDWLYH OLVW� 7R

LPSURYH DFFXUDF\� WKH UHODWLYH UDQN ZDV WKHQ XVHG WR FDOFXODWH WKH VFRUH DV

���



6FRUH  5DQN LQ 1(* OLVW � 6L]H RI 1(* OLVW � 5DQN LQ 367 OLVW � 6L]H LQ 367 OLVW

)RU LQVWDQFH� WKH QHJDWLYH OLVW FRQWDLQV ���� XQLJUDPV� DQG WKH SRVLWLYH OLVW KDV ���� XQLJUDPV�

VR WKH VFRUH RI GLYLGHQG LV FDOFXODWHG DV ������ � ��������  ����������� ,Q D QXWVKHOO� LI D

PXWXDO NH\ZRUG¶V UHODWLYH UDQN VFRUH LV QHJDWLYH� LW LV WKHQ UHJDUGHG DV D SRVLWLYH XQLJUDP� DQG YLFH

YHUVD� %DVHG RQ WKLV FODVVLILFDWLRQ� ��� PXWXDO XQLJUDPV ZHUH FODVVLILHG DV WKH SRVLWLYH XQLJUDPV�

DQG ��� PXWXDO NH\ZRUGV DV WKH QHJDWLYH XQLJUDPV� $OWKRXJK IHZ ZRUGV DUH PLVFODVVLILHG� WKLV

DSSURDFK SURYLGHV D OHVV ELDVHG FODVVLILFDWLRQ UHVXOW WKDQ WKH SUHYLRXV DWWHPSWV�

7R VXPPDULVH� XVLQJ NH\QHVV DQDO\VLV FDQ JHQHUDWH D OHVV ELDVHG� DQG OHVV WRSLF�VHQVLWLYH ORFDOLVHG

VHQWLPHQW ZRUG OLVW� ,Q WKLV FDVH� DIWHU UHPRYLQJ WKRVH XQLJUDPV ZLWK RQO\ RQH RFFXUUHQFH� WKH

OLVW UHWDLQV ���� SRVLWLYH NH\ZRUGV� DQG ��� QHJDWLYH XQLJUDPV �VHH 7DEOH ������� 7KH ORFDOLVHG

ZRUG OLVW FRQWDLQV RQO\ RQH WKLUG RI WKH ZRUGV DSSHDULQJ LQ 'DYLHV DQG *KDKUDPDQL ������¶V OLVW�

,Q DGGLWLRQ� WKH ORFDOLVHG ZRUG OLVW LV PXFKPRUH EDODQFHG 'DYLHV DQG *KDKUDPDQL ������¶V OLVW LQ

WHUPV RI WKH GLVWULEXWLRQ RI SRVLWLYH DQG QHJDWLYH XQLJUDPV� +RZHYHU� DVFHUWDLQLQJ ZKHWKHU WKLV

ZRUG OLVW LV HIIHFWLYH LQ WKH FODVVLILFDWLRQ RI VHQWLPHQWV LQ VWRFN WZHHWV� DQGZKHWKHU LW LV OHVV ELDVHG

LQ WKH FODVVLILFDWLRQ WKDQ WKH RWKHU OLVWV PD\ EH DVVHVVHG LQ D ODWHU DXWRPDWLF FODVVLILHU WUDLQLQJ DQG

WHVWLQJ�

7DEOH ����� 6L]H FRPSDULVRQ RI WKH ORFDOLVHG VHQWLPHQW ZRUG OLVW DQG 'DYLHV DQG *KDKUDPDQL
������¶V OLVW

:RUG OLVW 7RWDO ZRUGV 3RVLWLYH ZRUGV 1HJDWLYH ZRUGV

7ZLWWHU VHQWLPHQW DQDO\VLV OLVW ���� ���� ���

/RFDOLVHG VHQWLPHQW ZRUG OLVW ���� ���� ���

���



����� *HQHUDWLQJ D ZRUG PDWUL[ EDVHG RQ D ORFDOLVHG ZRUG OLVW

,Q RUGHU WR XQGHUVWDQG KRZ WKH EDJ�RI�ZRUGV PRGHO ZRUNV LQ VHQWLPHQW DQDO\VLV� DQG WR VHW XS

D EDVHOLQH IRU WKH IROORZLQJ FODVVLILFDWLRQV� WKLV VHFWLRQ FRQYHUWV WKH DQQRWDWHG *( WZHHWV WR D

ZRUG PDWUL[ ± EDJ�RI�ZRUGV PDWUL[ ± EDVHG RQ WKH DIRUHPHQWLRQHG NH\QHVV DQDO\VLV� $FFRUGLQJ

WR WKH RFFXUUHQFH� WKH XQLJUDPV LQ WKH SRVLWLYH OLVW DUH DVVLJQHG ZLWK SRVLWLYH VFRUHV LQ WKH PDWUL[�

DQG WKH XQLJUDPV LQ WKH QHJDWLYH OLVW DUH DVVLJQHG ZLWK QHJDWLYH VFRUHV� 7DEOH ����� VKRZV WKH

FRQYHUWHG ZRUG PDWUL[ EDVHG RQ WKH ORFDOLVHG ZRUG OLVW� )RU H[DPSOH� D WZHHW *( VFUHZHG XS

HYHU\WKLQJ FRQWDLQV D ZRUG VFUHZ IURP WKH QHJDWLYH NH\ ZRUG OLVW� VR LW LV DVVLJQHG D QHJDWLYH

VFRUH �VHH WKH VHFRQG OLQH LQ 7DEOH ������� $IWHU WKH FRQYHUVLRQ� WKH VXP RI WKH QHJDWLYH VFRUH�

SRVLWLYH VFRUH DQG WRWDO VFRUH RI HDFK WZHHW ZLOO EH FDOFXODWHG UHVSHFWLYHO\�

7DEOH ����� $Q H[WUDFW RI WKH ZRUG PDWUL[ EDVHG RQ WKH DQQRWDWHG *( WZHHWV

3RODULW\ HIILFL LPVF SXOV « VFUHZ UHDIILUP VS\ « 6XP RI 367 6XP RI 1(* 6XP RI WRWDO

1(* � � � « �� � � « � �� ��

165 � � � « � �� � « � �� �

367 � � � « � � �� « � �� �

1(8 � � � « � � � « � �� ��

,Q 7DEOH ������ HDFK URZ UHSUHVHQWV WKH UHFRUG RI D FRQYHUWHG WZHHW� (DFK FHOO FRQWDLQV WKH QXPEHU

RI RFFXUUHQFHV RI D XQLJUDP DSSHDULQJ LQ D JLYHQ WZHHW� DQG WKH RFFXUUHQFH LV WKHQ UHJDUGHG DV D

VFRUH� 7KH ILUVW FROXPQ LQGLFDWHV WKH SRODULW\ RI D WZHHW� WKH VHFRQG WR ����WK FROXPQV LQGLFDWH

WKH SRVLWLYH VFRUHV� DQG WKH ����WK FROXPQ WR ����WK FROXPQV LQGLFDWH WKH QHJDWLYH VFRUHV� 7KH

ODVW WKUHH FROXPQV LQGLFDWH WKH VXP RI WKH SRVLWLYH� QHJDWLYH DQG WRWDO VFRUHV� $V FDQ EH REVHUYHG

IURP WKLV H[WUDFW� WKH JHQHUDWHG PDWUL[ LV H[WUHPHO\ VSDUVH�

7DEOH ����� SUHVHQWV WKH DYHUDJH VFRUH RI HDFK SRODULW\ JURXS RI WKH *( VWRFN WZHHWV� ,Q WKLV FDVH�

���



WKH WRWDO VFRUH DQG WKH DEVROXWH WRWDO VFRUH DUH FDOFXODWHG DV�

�� 7RWDO VFRUH  SRVLWLYH VFRUH � QHJDWLYH VFRUH

�� $EVROXWH WRWDO VFRUH  SRVLWLYH VFRUH � QHJDWLYH VFRUH

7KH DEVROXWH WRWDO VFRUH LQGLFDWHV KRZPDQ\ XQLJUDPV LQ D WZHHW FDQ EH LGHQWLILHG E\ WKH ZRUG OLVW�

ZKLOH WKH WRWDO VFRUH LQGLFDWHV WKH VHQWLPHQW SRODULW\ RI D WZHHW� )URP WKH DYHUDJH WRWDO VFRUH� WKH

WKUHH SRODULWLHV KDYH FOHDU GLIIHUHQFHV� WKH 1(* DQG 367 JURXSV KDYH D KLJKHU VFRUH LQ GLIIHUHQW

GLUHFWLRQV� DQG WKH 1(* JURXS LV LQ WKH PLGGOH� 7KH VFRUH RI WKH 1(8 JURXS LV FORVH WR �� ZKLFK

UHSUHVHQWV WKH LGHDO VFRUH RI D QHXWUDO VHW� 7KLV VKRZV WKDW WKH ORFDOLVHG ZRUG OLVW FDQ FOHDUO\

LGHQWLI\ WKH SRODULW\ RI HDFK JURXS� ,Q DGGLWLRQ� ERWK WKH 1(* DQG 367 JURXS KDYH D VLPLODU

DEVROXWH WRWDO VFRUH� DQG WKH 1(* KDV D VOLJKWO\ ORZHU DEVROXWH WRWDO VFRUH� $V ZLOO EH VKRZQ ODWHU

LQ &KDSWHU �� WKH DYHUDJH ZRUG FRXQW RI WKH *( VWRFN WZHHWV LV DERXW ��� DQG WKH ORFDOLVHG ZRUG

OLVW FDQ LGHQWLI\ PRUH WKDQ ��� RI WKH ZRUGV XVHG LQ HDFK WZHHW� 7KLV VKRZV WKDW WKH ORFDOLVHG

ZRUG OLVW FDQ FRYHU WKH ZRUGV LQ HDFK LQGLYLGXDO WZHHW ZHOO�

7DEOH ����� 6WDWLVWLFV RI DYHUDJH VFRUH RI HDFK SRODULW\ JURXS LQ WKH *( WZHHWV

'DWDVHW 3RVLWLYH VFRUH 1HJDWLYH VFRUH 7RWDO VFRUH $EVROXWH WRWDO VFRUH

1(* ���� ����� ����� ����

1(8 ���� ����� ���� ����

367 ���� ����� ���� ����

$IWHU WKH FRQYHUVLRQ� ���� RXW RI ���� WZHHWV ZHUH DVVLJQHG ZLWK VHQWLPHQW VFRUHV �VHH 7DEOH

������� 7KLV FRYHUDJH LV EHWWHU WKDQ WKDW UHVXOWLQJ IURP WKH XVH RI 'DYLHV DQG *KDKUDPDQL ������¶V

7ZLWWHU VHQWLPHQW DQDO\VLV OLVW� WKRXJK WKH ORFDOLVHG ZRUG OLVW FRQWDLQV RQO\ RQH WKLUG RI WKH ZRUGV

RI WKHLU OLVW� 0RVW LPSRUWDQWO\� WKH DYHUDJH DEVROXWH WRWDO VFRUH EDVHG RQ WKH ORFDOLVHG ZRUG OLVW

���



LV PRUH WKDQ GRXEOH RI WKH UHVXOW EDVHG RQ WKH DIRUHPHQWLRQHG UHVXOW� 7KLV FOHDUO\ GHPRQVWUDWHV

WKDW WKH ORFDOLVHG ZRUG OLVW LV PXFK PRUH UREXVWO\ FDSDEOH RI LGHQWLI\LQJ ZRUGV LQ HDFK UHFRUG RI

GDWD� ZKLFK LQ WXUQ FDQ UHGXFH WKH VSDUVHQHVV RI WKH FRQYHUWHG ZRUG PDWUL[ DIWHUZDUGV�

7DEOH ����� &RYHUDJH FRPSDULVRQ RI WKH ORFDOLVHG VHQWLPHQW ZRUG OLVW DQG WKH OLVW E\ 'DYLHV DQG
*KDKUDPDQL ������

:RUG OLVW &RYHUDJH $YHUDJH DEVROXWH WRWDO VFRUH

7ZLWWHU VHQWLPHQW DQDO\VLV OLVW ���� �������� ����

/RFDOLVHG VHQWLPHQW ZRUG OLVW ���� �������� ����

)LJXUH ����� SUHVHQWV WKH VFRUH GLVWULEXWLRQ RI HDFK WZHHW EDVHG RQ WZR ZRUG OLVWV� ,W LV FOHDU WKDW

WKH VFRUH GLVWULEXWLRQ EDVHG RQ WKH ORFDOLVHG ZRUG OLVW LV OHVV VNHZHG WKDQ WKH RQH EDVHG RQ WKH

7ZLWWHU VHQWLPHQW DQDO\VLV ZRUG OLVW� %RWK VXJJHVW WKDW WKH ORFDOLVHGZRUG OLVW KDV D EHWWHU FRYHUDJH

WKDQ 'DYLHV DQG *KDKUDPDQL ������¶V OLVW�
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)LJXUH ����� 6FRUH GLVWULEXWLRQ FRPSDULVRQ RI WKH ORFDOLVHG VHQWLPHQW ZRUG OLVW DQG WKH OLVW E\
'DYLHV DQG *KDKUDPDQL ������

���



����� 7HVW RI WKH EDJ�RI�ZRUGV PRGHO EDVHG RQ D ORFDOLVHG ZRUG OLVW

7R XQGHUVWDQG LI WKH FRQYHUWHG ZRUG PDWUL[ FDQ GLVWLQJXLVK HDFK SRODULW\� LW LV EHWWHU WR DSSO\

VWDWLVWLFDO WHVWV WR VHH WKHLU GLIIHUHQFH� +RZHYHU� LW LV QRW UHDOLVWLF WR WHVW DOO XQLJUDPV LQ WKH OR�

FDOLVHG VHQWLPHQW ZRUG OLVW LQ WXUQ� VR WKH VWDWLVWLFDO DQDO\VLV LV RQO\ DSSOLHG WR WKH WKUHH VFRUHV�

WKH RYHUDOO VFRUH� SRVLWLYH VFRUH DQG QHJDWLYH VFRUH�

7KH ILUVW JURXS RI WHVWV ZHUH DSSOLHG WR WKH RYHUDOO VFRUHV� &DUU\LQJ RXW WKH 6KDSLUR WHVWV WR WKH

WKUHH VXEVHWV� WKH 1(* JURXS� 1(8 JURXS DQG 367 JURXS� QRQH RI WKHPZDV QRUPDOO\ GLVWULEXWHG

�VHH 7DEOH &���� LQ $SSHQGL[ &���� 7KHUHIRUH� WKH 8�WHVW ZDV DSSOLHG� DQG WKH SRODULW\ OHYHO KDG D

VLJQLILFDQW HIIHFW �χ����  �������� S � ���H����� $ SRVW�KRF WHVW XVLQJ 0DQQ�:KLWQH\ WHVWV ZLWK

%RQIHUURQL FRUUHFWLRQ VKRZHG WKH VLJQLILFDQW GLIIHUHQFHV EHWZHHQ 367 DQG 1(* �S � ���H���� U

 ������ EHWZHHQ 367 DQG 1(8 �S � ���H���� U  ������ DQG EHWZHHQ 1(* DQG 1(8 �S � ���H����

U  ������ ,Q RWKHU ZRUGV� WKH RYHUDOO VFRUHV DFURVV DOO WKUHH SRODULWLHV KDYH D VLJQLILFDQW HIIHFW RI

GLIIHUHQFH UHVSHFWLYHO\�

7KHQ� WKH VWDWLVWLFDO WHVWV IRFXVHG RQ WKH SRVLWLYH VFRUHV� 6LPLODUO\� WKH 6KDSLUR WHVWV VKRZHG WKDW

DOO WKUHH VXEVHWV ZHUH QRW QRUPDOO\ GLVWULEXWHG �VHH 7DEOH &���� LQ $SSHQGL[ &���� 7KHUHIRUH� WKH

8�WHVW ZDV DSSOLHG� DQG WKH SRODULW\ OHYHO KDG D VLJQLILFDQW HIIHFW �χ����  �������� S � ���H�����

$ SRVW�KRF WHVW XVLQJ 0DQQ�:KLWQH\ WHVWV ZLWK %RQIHUURQL FRUUHFWLRQ VKRZHG WKH VLJQLILFDQW GLI�

IHUHQFHV EHWZHHQ 367 DQG 1(* �S � ���H���� U  ������ EHWZHHQ 367 DQG 1(8 �S � ���H���� U  

������ DQG EHWZHHQ 1(* DQG 1(8 �S � ���H���� U  ������ 7KHVH UHVXOWV VXJJHVW WKDW WKH SRVLWLYH

VFRUHV DFURVV DOO WKUHH SRODULWLHV KDYH D VLJQLILFDQW HIIHFW RI GLIIHUHQFH UHVSHFWLYHO\�

)LQDOO\� WKH VWDWLVWLFDO WHVWV ZHUH FDUULHG RXW WR WKH QHJDWLYH VFRUHV� $JDLQ� WKH 6KDSLUR WHVWV

VKRZHG QR QRUPDO GLVFXVVLRQ DPRQJ WKH WKUHH VXEVHW �VHH 7DEOH &���� LQ $SSHQGL[ &���� 7KHUH�

IRUH� WKH 8�WHVW ZDV DSSOLHG� DQG WKH SRODULW\ OHYHO KDG D VLJQLILFDQW HIIHFW �χ����  �������� S �

���H����� $ SRVW�KRF WHVW XVLQJ 0DQQ�:KLWQH\ WHVWV ZLWK %RQIHUURQL FRUUHFWLRQ VKRZHG WKH VLJ�

���



QLILFDQW GLIIHUHQFHV EHWZHHQ 367 DQG 1(* �S � ���H���� U  ������ EHWZHHQ 367 DQG 1(8 �S  

����H���� U  ������ DQG EHWZHHQ 1(* DQG 1(8 �S � ���H���� U  ������ 7KHVH UHVXOWV VXJJHVW WKDW

WKH QHJDWLYH VFRUHV DFURVV DOO WKUHH SRODULWLHV KDYH D VLJQLILFDQW HIIHFW RI GLIIHUHQFH UHVSHFWLYHO\�

7R VXPPDULVH� DOO WKUHH VHQWLPHQW VFRUHV JHQHUDWHG IURP WKH FRQYHUWHG ZRUG PDWUL[ SUHVHQW VLJ�

QLILFDQW HIIHFWV DPRQJ HDFK JURXSV RI WZHHWV �VHH 7DEOH ������� VR WKH\ PD\ KHOS WR LGHQWLI\ WKH

SRODULW\ LQ DQ DXWRPDWLF ZD\ LQ ODWHU H[SHULPHQWV�

7DEOH ����� 6XPPDU\ RI VLJQLILFDQFH WHVWV RI WKUHH JURXSV RI VHQWLPHQW VFRUHV

)HDWXUHV 3RODULW\ OHYHO 367 	 1(* 367 	 1(8 1(* 	 1(8

2YHUDOO VFRUH χ����  ��������  U  ����  U  ����  U  ���� 

3RVLWLYH VFRUH χ����  �������  U  ����  U  ����  U  ���� 

1HJDWLYH VFRUH χ����  �������  U  ����  U  ����  U  ���� 

 LQGLFDWHV WKDW S � �����  LQGLFDWHV WKDW S � ����� DQG  LQGLFDWHV WKDW S � �����

����� 'LVFXVVLRQ

7KLV VHFWLRQ GHVFULEHG WKH XVH RI WKH 3RUWHU VWHPPHU WR FRQIODWH ZRUGV DFFRUGLQJ WR WKHLU VWHPV�

ZKLFK UHVXOWHG LQ D UHGXFWLRQ RI WKH QXPEHU RI ZRUG W\SHV ZLWKLQ WKH GDWDVHW WR RQO\ RQH WKLUG

RI WKH RULJLQDO FRXQW� 7KLV SURFHVV PDLQO\ FRQIODWHG ZRUGV ZLWK D ORZHU IUHTXHQF\ DQG WKHUHIRUH

UHVXOWHG LQ DQ LQFUHDVH LQ WKH GHQVLW\ RI WKH UHVXOWLQJ ZRUG PDWUL[� 7KLV DOVR VKRZHG WKDW WZHHWV

RIWHQ FRQWDLQ YDULDQW VSHOOLQJV� ZKLFK VXSSRUWV SUHYLRXV VWXGLHV �%DU�+DLP HW DO�� ����� *R 	

%KD\DQL� ����� =DSSDYLJQD� ������ 6XEVHTXHQWO\ LW GHVFULEHG DQ DSSOLFDWLRQ RI NH\QHVV DQDO\VLV

LQ RUGHU WR LGHQWLI\ FKDUDFWHULVWLF NH\ZRUGV ZLWKLQ SRVLWLYH RU QHJDWLYH SRODULWLHV� 7KH UHVXOWV SUH�

VHQWHG D PRUH GLVWLQFW ZRUG OLVW WKDQ WKH XQLJUDP IUHTXHQF\ OLVW LQ WKH ODVW VHFWLRQ� $GGLWLRQDOO\�

WKH UHVXOWV ZHUH IRXQG WR H[KLELW OHVV VHQVLWLYLW\ WR WKH WRSLF RI WKH WZHHWV� ZKLFK VXJJHVWHG WKDW

���



WKLV DSSURDFK PLJKW XVHIXOO\ EH DSSOLHG WR WZHHW GDWD ZLWK RWKHU WLFNHU QDPHV� +RZHYHU� VRPH

NH\ZRUGV RFFXUUHG LQ ERWK SRODULWLHV� DV LV WKH FDVH ZLWKPXWXDO NH\ZRUGV� 7KHVH NH\ZRUGV PLJKW

FRQIXVH WKH DXWRPDWLF FODVVLILHU WR DVVLJQ WKH ULJKW VFRUH� 7R UHGXFH WKH LPSDFW RI PXWXDO NH\�

ZRUGV� D FRPSDULVRQ RI WKH NH\QHVV UDQN RI PXWXDO NH\ZRUGV ZDV XVHG LQ RUGHU WR FODVVLI\ WHUP

SRODULWLHV�

)LQDOO\� D VPDOOHU EXW PRUH UREXVW ORFDOLVHG VHQWLPHQW ZRUG OLVW ZDV JHQHUDWHG� 7KH LPSURYHG

UREXVWQHVV RI WKLV UHVRXUFH FDQ EH VHHQ IURP WKUHH DVSHFWV� �D�� LW FRYHUHG ������ RI WKH DQQR�

WDWHG VWRFN WZHHWV� 7KLV FRYHUDJH LV PXFK EHWWHU WKDQ SUH�GHVLJQHG VHQWLPHQW ZRUG OLVWV EDVHG RQ

GDWDVHWV RWKHU WKDQ WZHHW GDWD� LW DOVR RXWSHUIRUPHG WKH 7ZLWWHU VHQWLPHQW DQDO\VLV OLVW E\ 'DYLHV

DQG *KDKUDPDQL ������� �E�� LW LGHQWLILHG PRUH XQLJUDPV LQ HDFK LQGLYLGXDO WZHHW� :LWK D KLJKHU

VFRUH RI HDFK WZHHW� LW FDQ WKHQ JHQHUDWH D OHVV VSDUVH ZRUG PDWUL[� �F�� LW GLVSOD\HG GLVWLQFW GLIIHU�

HQFHV DFURVV GLIIHUHQW SRODULWLHV� $V WKH VWDWLVWLFDO WHVWV VXJJHVWHG� WKH VXP RI QHJDWLYH XQLJUDPV�

RI SRVLWLYH XQLJUDPV� DQG RI WKH FRPELQHG VHW VKRZHG D VLJQLILFDQW HIIHFW UHVSHFWLYHO\� VR WKH\PD\

KHOS WR GHYHORS DQ DXWRPDWLF FODVVLILHU LQ ODWHU H[SHULPHQWV�

,Q VXPPDU\� WKLV VHFWLRQ SUHVHQWHG D QHZ DSSURDFK WR JHQHUDWH D VHQWLPHQW ZRUG OLVW� ZKLFK SUR�

YLGHV EHWWHU FRYHUDJH WKDQ RWKHU OLVWV� 7KLV DSSURDFK FRQVLVWHG RI WKUHH VWHSV� �� XVLQJ D 3RUWHU

VWHPPHU WR FRQIODWH WKH FRUSXV� �� XVLQJ ORJ�OLNHOLKRRG WR FDOFXODWH WKH NH\QHVV RI WKH VWHPPHG

XQLJUDPV� �� FODVVLI\LQJ PXWXDO XQLJUDPV DFFRUGLQJ WR WKH NH\QHVV UDQN�

��� 6HQWLPHQW &ODVVLILFDWLRQ %DVHG RQ WKH %DJ�RI�ZRUGV 0RGHO

3UHYLRXV VHFWLRQV RI WKLV FKDSWHU H[DPLQHG GLIIHUHQW IUHTXHQF\ OLVWV RI WKH DQQRWDWHG WZHHWV� DVFHU�

WDLQLQJ WKDW XQLJUDPV LQ D NH\QHVV OLVW JHQHUDWHG XVLQJ VWHPPHGZRUGV DUH LQGLFDWLYH RI VHQWLPHQW�

%XLOGLQJ RQ WKLV ZRUN� WKH IROORZLQJ VHFWLRQ GHYHORSV DQ DXWRPDWLF DSSURDFK WR WKH LGHQWLILFDWLRQ

RI VHQWLPHQW LQ WKH WLFNHU�UHODWHG WZHHWV EDVHG RQ WKH LGHQWLILHG IHDWXUH VHW� )RXU GLIIHUHQW PD�

���



FKLQH OHDUQLQJ PHWKRGV LQWURGXFHG LQ &KDSWHU � ZHUH XVHG WR FODVVLI\ WKH DQQRWDWHG *( WZHHWV

EDVHG RQ WKH DERYH ZRUG PDWUL[� 7KH HIIHFWLYHQHVV RI WKHVH PHWKRGV DW DFFXUDWHO\ FODVVLI\LQJ D

VDPSOH WZHHW FRUSXV LV WKHQ WHVWHG XVLQJ FURVV�YDOLGDWLRQ �VHH 6HFWLRQ ����� ,Q DGGLWLRQ� WKH IRXU

FODVVLILHUV ZHUH H[SORUHG IXUWKHU E\ WHVWLQJ WKHP RQ WZHHWV DERXW D GLIIHUHQW FRPSDQ\ �WKH &DWHU�

SLOODU FRPSDQ\ ± &$7�� 7KLV SURFHVV SURYLGHG DQ LQGLFDWLRQ RI WKH YDOLGLW\ RI WKH FODVVLILHUV DQG

RIIHUHG SRVVLEOH LQVLJKWV LQWR KRZ WKH\ PLJKW SHUIRUP RQ D ODUJHU VFDOH�

(DFK DXWRPDWLF FODVVLILFDWLRQ SURFHVV XVHG WKH FRQYHUWHG ZRUG PDWUL[ GHVFULEHG LQ 6HFWLRQ �����

WR WUDLQ WKH FODVVLILHUV� 7KH ZRUN GHVFULEHG LQ WKH SUHYLRXV VHFWLRQ \LHOGHG D ZRUG PDWUL[ ZLWK

���� URZV DQG ���� FROXPQV� ���� RI WKH URZV UHSUHVHQW WLFNHU�UHODWHG WZHHWV� ��� URZV RI HDFK

SRODULW\ ZHUH UDQGRPO\ VHOHFWHG WR FRPSLOH D WUDLQLQJ VHW� KHUHDIWHU UHIHUUHG WR DV WKH *( WUDLQLQJ

VHW� 7KH UHPDLQLQJ ���� WZHHWV ZHUH XVHG WR FRPSLOH D WHVW VHW� QDPHO\ WKH *( WHVW VHW� 7DNLQJ D

FORVHU ORRN DW WKLV WUDLQLQJ VHW DQG WHVW VHW� WKH DYHUDJH VFRUH LQ WKH WUDLQLQJ VHW LV YHU\ EDODQFHG

�VHH WDEOH ������� +RZHYHU� LQ WKH WHVW VHW� WKH VFRUH LV VNHZHG� 7KLV LV EHFDXVH LQ WKH WUDLQLQJ VHW�

DOO WKUHH SRODULWLHV KDYH WKH VDPH QXPEHU RI WZHHWV� ZKLOH LQ WKH WHVW VHW� WKH 367 JURXS KDV ����

WZHHWV� DQG WKH 1(* JURXS RQO\ KDV �� WZHHWV� 7KH EDODQFHG VFRUH LQ WKH WHVW VHW VKRZV WKDW WKH

ORFDOLVHG VHQWLPHQW ZRUG OLVW FDQ SURYLGH D IDU OHVV ELDVHG EDJ�RI�ZRUGVPDWUL[ WKDQ WKH RWKHU OLVWV

WHVWHG�

7DEOH ����� 6WDWLVWLFV RI DYHUDJH VFRUH RI *( WUDLQLQJ DQG WHVW VHW

'DWDVHW 3RVLWLYH VFRUH 1HJDWLYH VFRUH 7RWDO VFRUH $EVROXWH WRWDO VFRUH

7UDLQLQJ VHW ���� ����� ���� ����

7HVW VHW ���� ����� ���� ����

7KH VHFRQG FROXPQ RI 7DEOH ����� VKRZV WKH ���IROG FURVV YDOLGDWLRQ UHVXOWV RI IRXU VXSHUYLVHG

OHDUQLQJ FODVVLILHUV� )RXU FODVVLILHUV KDG YHU\ VLPLODU SHUIRUPDQFH WKDW DFKLHYHG UHDVRQDEO\ JRRG

���



UHVXOWV� ,Q HDFK FDVH� DQ DFFXUDF\ RI DURXQG���ZDV DFKLHYHG� 7KH VXSSRUW YHFWRUPDFKLQH VOLJKWO\

RXWSHUIRUPHG WKH RWKHU WKUHH FODVVLILHUV DV LWV DFFXUDF\ VXUSDVVHG ���� $V VKRZQ LQ WKH WKLUG FRO�

XPQ� DSSO\LQJ WKH WUDLQHG FODVVLILHUV WR WKH *( WHVW GDWDVHW� DOO IRXU FODVVLILHUV SHUIRUPHG EHWWHU

WKDQ WKH\ KDG GRQH RQ WKH WUDLQLQJ GDWDVHW� HVSHFLDOO\ WKH GHFLVLRQ WUHH� 1DwYH %D\HV DQG VXSSRUW

YHFWRU PDFKLQH FODVVLILHUV� DOO RI ZKLFK VKRZHG D VLJQLILFDQW LPSURYHPHQW� +RZHYHU� DV VKRZQ

LQ WKH IRXUWK FROXPQ� DSSO\LQJ IRXU FODVVLILHUV WR WKH &$7 WZHHW GDWDVHW� DOO RI WKHP KDG D SRRUHU

SHUIRUPDQFH� 7KLV LQGLFDWHV WKDW FODVVLILFDWLRQ UHVXOWV EDVHG RQ WKH ORFDOLVHG ZRUG OLVW LV VWLOO UHO�

DWLYHO\ WRSLF�UHODWHG� WKRXJK OHVV GHSHQGHQW� FRQWUDU\ WR WKH H[SHFWDWLRQV UDLVHG E\ WKH DQDO\VLV

GHVFULEHG LQ VHFWLRQ ������ 7KXV� IXUWKHU GHYHORSPHQW LV UHFRPPHQGHG EHIRUH WKLV ZRUG OLVW LV

XVHG RQ WZHHWV ZLWK RWKHU WRSLFV�

7DEOH ����� 6XPPDU\ RI WKH EHVW DFFXUDF\ RI IRXU FODVVLILHUV EDVHG RQ WKH EDJ�RI�ZRUGV PRGHO

0HWKRG %HVW WUDLQLQJ DFFXUDF\ 7HVW DFFXUDF\ RI *( WZHHWV 7HVW DFFXUDF\ RI &$7 WZHHWV

'HFLVLRQ WUHH ����� ����� �����

5DQGRP IRUHVWV ����� ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH ����� ����� �����

$FFRUGLQJ WR WKH SHUIRUPDQFH RI IRXU FODVVLILHUV LQ WKH WUDLQLQJ VWDJH� WKH UHVHDUFK WKHUHIRUH UH�

JDUGV WKH VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\ DFKLHYHG DW WKH WUDLQLQJ VWDJH DV WKH EDVHOLQH DFFXUDF\�

ZKLFK SURYLGHV D EHQFKPDUN IRU HYDOXDWLQJ WKH SHUIRUPDQFH RI FODVVLILHUV LQ WKH IROORZLQJ DQDO\�

VLV�

���



��� 3DUW�RI�VSHHFK $QDO\VLV

7KH DERYH FODVVLILFDWLRQ VKRZHG WKDW D ORFDOLVHG VHQWLPHQW ZRUG OLVW EDVHG RQ WKH NH\QHVV DQDO\VLV

RI VWHPPHG WZHHWV VWLOO ERXQGV WR WKH WRSLF RQ ZKLFK LW LV WUDLQHG� 7KLV EHLQJ WKH FDVH� LW ZDV GH�

FLGHG WR DQQRWDWH DQG DQDO\VH WKHVH WLFNHU�UHODWHG WZHHWV ZLWK SDUW�RI�VSHHFK WDJV� 3DUW�RI�VSHHFK

FORVHO\ DVVRFLDWHV WR WKH PHDQLQJ RI D ZRUG� VR LW LV WKHUHIRUH UHJDUGHG DV DQ LQWHUQDO OLQJXLVWLF

IHDWXUH� 7KH IROORZLQJ DQQRWDWLRQ ZDV EDVHG RQ WKH XQVWHPPHG GDWD� EHFDXVH 326 WDJJHUV DUH

XQDEOH WR LGHQWLI\ WKH SDUW�RI�VSHHFK RI VWHPPHG ZRUGV ZLWKRXW D FRPSOHWH VXIIL[�

����� 3DUW�RI�VSHHFK DQQRWDWLRQ

$FFRUGLQJ WR *LPSHO HW DO� ������� WKH $5. WZHHW 326 WDJJHU FDQ FODVVLI\ ZRUGV ZLWKLQ WZHHWV

LQWR �� SDUW�RI�VSHHFK FDWHJRULHV� $IWHU DQQRWDWLQJ WKH XQVWHPPHG WZHHWV� WKH FDWHJRULHV H[LVWHQ�

WLDO µWKHUH¶ DQG SUHGHWHUPLQHUV � YHUEDO �<� GR QRW DSSHDU LQ WKH UHVXOW� DQG WKH FDWHJRU\ 85/ RU

HPDLO DGGUHVV �8� EHFRPHVPHDQLQJOHVV DV DOO WKH 85/ OLQNV KDYH EHHQ UHSODFHG E\ D VSHFLDO PDUN

B7+,6B,6B$B85/B/,1.B DV GLVFXVVHG HDUOLHU LQ 6HFWLRQ ������ ,Q DGGLWLRQ� WKH $5. WZHHW 326

WDJJHU WRRN SXQFWXDWLRQ PDUNV LQWR FRQVLGHUDWLRQ� ,Q RUGHU WR NHHS WKH FXUUHQW DQDO\VLV FRKHUHQW

ZLWK WKH SUHYLRXV XQLJUDP DQDO\VLV� WKLV FDWHJRU\ ZDV DOVR UHPRYHG� +HQFH� WKHUH ZHUH RQO\ ��

FDWHJRULHV LQ WKH DQQRWDWLRQ UHVXOWV �VHH 7DEOH ������� )LQDOO\� WKH $5. WZHHW 367 7DJJHU WUHDWHG

DOO FDVKWDJV DV SURSHU QRXQV E\ GHIDXOW� EHFDXVH LW GRHV QRW KDYH D SDUWLFXODU FDWHJRU\ IRU WKH FDVK�

WDJ IRUPDW� 7KLV LV D UHDVRQDEOH VWUDWHJ\� EHFDXVH WLFNHU QDPHV DUH XVHG DV SURSHU QRXQV LQ WKH

VWRFN�PDUNHW FRQWH[W�

���



7DEOH ����� 6WDWLVWLFV RI WKH 326 WDJJLQJ UHVXOWV RI ILYH JURXSV RI WZHHWV E\ WKH $5. WZHHW 326
WDJJHU �7KH RULJLQDO WDJV DUH LQ EUDFNHWV��

326 WDJ 1(* 1(8 367

9HUE SDUWLFLSOH �7� �� �� ���

9HUE LQFOXGLQJ FRSXOD� DX[LOLDULHV �9� ���� ���� ����

3URSHU QRXQ 	 SRVVHVVLYH �=� �� �� ���

3URSHU QRXQ �Ö� ���� ���� ����

3URQRXQ �2� ��� ��� ���

3UH� RU SRVWSRVLWLRQ� FRQMXQFWLRQ �3� ��� ��� ����

2WKHU DEEUHYLDWLRQV �*� ��� ��� ���

1XPHUDO ��� ��� ��� ����

1RPLQDO 	 YHUEDO� YHUEDO 	 QRPLQDO �/� �� �� ���

1RPLQDO 	 SRVVHVVLYH �6� � � ��

,QWHUMHFWLRQ ��� �� �� ��

+DVKWDJ ��� ��� ��� ����

([LVWHQWLDO WKHUH� SUHGHWHUPLQHV �;� � � ��

(PRWLFRQ �(� � � ��

'LVFRXUVH PDUNHU �a� ��� ��� ���

'HWHUPLQHU �'� ��� ��� ����

&RRUGLQDWLQJ FRQMXQFWLRQ �	� ��� ��� ���

&RPPRQ QRXQ �1� ���� ���� ����

$W�PHQWLRQ �#� ��� ��� ���

$GYHUE �5� ��� ��� ���

$GMHFWLYH �$� ��� ��� ����

$IWHU QRUPDOLVLQJ WKH 326 FRXQWV LQ HDFK SRODULW\ RI WZHHWV� VHYHUDO VLPLODU IHDWXUHV FDQ EH VXP�

PDULVHG �VHH )LJXUH ������� 2YHUDOO� WKH 326 WDJV LQ WKUHH JURXSV IROORZ =LSI¶V ODZ� $OVR� DOO WKUHH

FDWHJRULHV WHQG WR EH PRUH VLPLODU LQ WHUPV RI WKH GLVWULEXWLRQ RI WKH 326 WDJV� 7KH RQO\ REYLRXV

���



GLIIHUHQFHV DUH LQ WKH SURQRXQ� DGYHUE DQG YHUE LQFOXGLQJ FRSXOD� DX[LOLDULHV FDWHJRULHV� +HQFH�

LW LV XVHIXO WR WDNH D FORVHU ORRN DW WKHVH VLPLODU JURXSV�

Adjective                         
Adverb                            

at−mention                        
Common noun                       

Coordinating conjunction          
Determiner                        

Discourse marker                  
Emoticon                          

Existential there, predetermines
hashtag                           
Interjection                      

Nominal + possessive              
Nominal + verbal, verbal + nominal

numeral                           
Other abbreviations               

Pre− or postposition, conjunction 
Pronoun                           

Proper noun                       
Proper noun + possessive          

Verb incl. copula, auxiliaries    
Verb participle                   

0 10 20
Percentage

NEG
NEU
PST

The POS tag distribution of the ticker−related tweets

)LJXUH ����� 'LVWULEXWLRQ RI 326 WDJV RI WLFNHU�UHODWHG WZHHWV

7KH SURSHU QRXQ FDWHJRU\ LV WKH ODUJHVW FDWHJRU\ LQ DOO WKUHH SRODULWLHV RI WLFNHU�UHODWHG WZHHWV�

7KH QH[W ODUJHVW JURXS LV WKH FRPPRQ QRXQ FDWHJRU\� IROORZHG E\ WKHVH FDWHJRULHV� DGMHFWLYH� YHUE

LQFOXGLQJ FRSXOD� DX[LOLDULHV� SUHSRVLWLRQ RU SRVWSRVLWLRQ� DQG FRQMXQFWLRQ� 7KHVH ILYH JURXSV DF�

FRXQW IRUPRUH WKDQ ���RI DOO WRNHQV LQ WKH WLFNHU�UHODWHG WZHHWV� 7KH 326 DQQRWDWLRQ DOVRPDNHV

WKH GLIIHUHQFHV DFURVV GLIIHUHQW JURXSV FOHDUHU� )RU H[DPSOH� WKH SURQRXQ FDWHJRU\ DQG WKH SURSHU

QRXQ FDWHJRU\ GLIIHU DFURVV WKHVH WKUHH SRODULWLHV RI WZHHWV� ,Q DGGLWLRQ� DV VXSHUODWLYH DGYHUEV DQG

SRVVHVVLYH HQGLQJV RFFXU PRUH RIWHQ LQ WKH SRVLWLYH WZHHWV �3DN 	 3DURXEHN� ������ WKH IROORZLQJ

DQDO\VLV IRFXVHV RQ WKH DGMHFWLYHV DQG YHUEV LQ SDUWLFXODU� ,Q WKH QH[W VHFWLRQ� WKHVH GLIIHUHQFHV

DUH GLVFXVVHG LQ IXUWKHU GHWDLO�

���



����� $QDO\VLV RI 326 WDJJHG XQLJUDPV

7KH DGMHFWLYH JHQHUDO LV WKH PRVW IUHTXHQW DGMHFWLYH LQ ERWK 1(8 DQG 367 JURXS� DQG WKH VHF�

RQG PRVW IUHTXHQW RQH LQ WKH 1(* JURXS� EXW 6HFWLRQ ��� VXJJHVWHG WKDW PRVW LQVWDQFHV RI WKH

ZRUG JHQHUDO FROORFDWH ZLWK WKH ZRUG HOHFWULF� ,Q WKLV FDVH� WKHUHIRUH� WKH ZRUG JHQHUDO VKRXOG EH

FRQVLGHUHG DV D SDUW RI D SURSHU QRXQ� LQVWHDG RI DQ LQGLYLGXDO DGMHFWLYH�

,Q JHQHUDO� DV VKRZQ LQ 7DEOH ������ WKH1(8DQG367 JURXSV VKDUH D VLPLODU IUHTXHQF\ RI WKHVH WRS

IUHTXHQWO\�RFFXUULQJ DGMHFWLYHV DQG DUH PRUH FRQGHQVHG WKDQ WKH 1(* JURXS� $OWKRXJK WKH 1(*

JURXS KDV D QXPEHU RI QHJDWLYH DGMHFWLYHV� VXFK DV EHDULVK� VKRUW DQG SRLQWOHVV� LW DOVR FRQWDLQV

SRVLWLYH DGMHFWLYHV DW WKH WRS� IRU H[DPSOH� ILQH� QHZ� ,Q WKH 367 JURXS� LQ FRQWUDVW� WKH PRVW

IUHTXHQWO\�XVHG DGMHFWLYHV WHQG WR EH SRVLWLYH�

���



7DEOH ����� 7RS �� IUHTXHQW DGMHFWLYHV LQ WKH WLFNHU�UHODWHG WZHHWV

1(* 1(8 367

8QLJUDP &RXQW )UHT� 8QLJUDP &RXQW )UHT� 8QLJUDP &RXQW )UHT�

JHQHUDO �� ���� PRUH �� ���� QHZ ��� ����

VKRUW �� ���� VKRUW �� ���� JRRG �� ����

ELJ � ���� QHZ �� ���� PRUH �� ����

VPDOO � ���� JRRG �� ���� WRS �� ����

PRUH � ���� ORQJ �� ���� ORQJ �� ����

ILQH � ���� QH[W �� ���� EXOOLVK �� ����

FORVH � ���� WHFKQLFDO �� ���� ILUVW �� ����

SRLQWOHVV � ���� OHVV �� ���� ELJ �� ����

RZQ � ���� GLYHUVLILHG �� ���� QH[W �� ����

RQO\ � ���� VRFLDO �� ���� KLJKHU �� ����

ORQJ � ���� GRXEOH �� ���� VWURQJ �� ����

FULWLFDO � ���� ELJ � ���� VKRUW �� ����

ELJJHVW � ���� PDMRU � ���� EHVW �� ����

DQQXDO � ���� DFWLYH � ���� PRVW �� ����

UHDO � ���� RZQ � ���� DFWLYH �� ����

RYHUZHLJKW � ���� LQWHUHVWLQJ � ���� XSVLGH �� ����

ODVW � ���� VHFRQG � ���� LQGXVWULDO �� ����

EURDG � ���� RWKHU � ���� JUHDW �� ����

QHZ � ���� ODVW � ���� ODVW �� ����

,Q WHUPV RI YHUEV� WKH 1(* JURXS KDV WKH KLJKHVW GHQVLW\� DQG WKH 367 JURXS KDV WKH ORZHVW �VHH

7DEOH ������� 7KLV VXJJHVWV WKDW WZHHWV LQ WKH 1(* JURXS XVH YHUEV PRUH IUHTXHQWO\ WKDQ WKRVH LQ

WKH 367 JURXS� 7R EH VSHFLILF� WKH 1(* JURXS FRQWDLQV IUHTXHQW XVDJHV RI YHUEV VXFK DV IDOOLQJ�

VROG� SD\� VHOO� DQG GRZQJUDGHG� ZKLOH WKH 367 JURXS FRQWDLQV YHUEV VXFK DV H[SHFWHG� EHDW DQG

ULVH� 7KRXJK EX\ DOVR RFFXUV LQ WKH 1(* JURXS RI WKH WRS �� IUHTXHQW OLVW� WKH 367 JURXS KDV D

���



PXFK KLJKHU IUHTXHQF\� EHFDXVH LW FRQWDLQV WKUHH YDULDQWV RI EX\ ± EX\� EX\LQJ DQG ERXJKW�

7DEOH ����� 7RS �� IUHTXHQW YHUEV LQ WKH WLFNHU�UHODWHG WZHHWV

1(* 1(8 367

8QLJUDP &RXQW )UHT� 8QLJUDP &RXQW )UHT� 8QLJUDP &RXQW )UHT�

DUH �� ���� ZLOO �� ���� JH �� ����

EH �� ���� EH �� ���� DUH �� ����

IDOOLQJ �� ���� DUH �� ���� EX\ �� ����

ZLOO �� ���� EX\ �� ���� ORRNLQJ �� ����

VROG �� ���� KDYH �� ���� EH �� ����

KDYH �� ���� GR �� ���� H[SHFWHG �� ����

SD\ �� ���� FKHFN �� ���� VHH �� ����

KDV �� ���� VHH �� ���� ZLOO �� ����

JHW �� ���� DP �� ���� KDV �� ����

EHHQ �� ���� ZDV �� ���� JRLQJ �� ����

VHOO �� ���� PDNHV �� ���� JHW �� ����

PRYLQJ �� ���� VHOO �� ���� FKHFN �� ����

GRZQJUDGHG �� ���� FORVLQJ �� ���� EHDW �� ����

VKRXOG � ���� EDVHG �� ���� ULVH �� ����

GLG � ���� YDOXHG �� ���� FRXOG �� ����

FRPLQJ � ���� ORRNLQJ �� ���� UHSRUW �� ����

EX\ � ���� WUHQGLQJ �� ���� EX\LQJ �� ����

ZRXOG � ���� WKLQN �� ���� KDYH �� ����

ZDV � ���� JHW �� ���� ERXJKW �� ����

$OWKRXJK WKH RYHUDOO GLVWULEXWLRQV RI 326 WDJV DUH VLPLODU DFURVV WKH GLIIHUHQW SRODULWLHV RI WLFNHU�

UHODWHG WZHHWV� VXEWOH GLIIHUHQFHV PD\ EH IRXQG LQ LQGLYLGXDO WZHHWV� 7R XQGHUVWDQG WKHVH GLIIHU�

HQFHV� WKH ILYHPRVW IUHTXHQW 326 JURXSVZHUH DQDO\VHG� DGMHFWLYHV� FRPPRQQRXQV� SUHSRVLWLRQV�

SURSHU QRXQV DQG YHUEV� 7KH 6KDSLUR WHVW VXJJHVWHG WKDW QRQH RI WKHVH ILYH JURXSV RI GDWD LV QRU�

���



PDOO\ GLVWULEXWHG �VHH WDEOHV LQ $SSHQGL[ &���� VR WKH .UXVNDO :DOOLV WHVW ZDV XVHG WR HVWDEOLVK

ZKHWKHU WKHUH LV D VLJQLILFDQW HIIHFW DFURVV WKUHH SRODULWLHV DPRQJ WKHVH ILYH JURXSV RI GDWD �VHH

)LJXUH �������

)LUVW� D .UXVNDO :DOOLV WHVW UHYHDOHG D VLJQLILFDQW HIIHFW RI WKH GLIIHUHQFH DPRQJ DGMHFWLYHV �χ����

 ������� S�YDOXH  �������� $ SRVW�KRF WHVW XVLQJ 0DQQ�:KLWQH\ WHVWV ZLWK %RQIHUURQL FRUUHF�

WLRQ VKRZHG VLJQLILFDQW GLIIHUHQFHV EHWZHHQ 1(* DQG 367 �S�YDOXH  ������� U  �����H���� DQG

EHWZHHQ 367 DQG 1(8 �S  ������� U  �������

7KHQ� D .UXVNDO :DOOLV WHVW UHYHDOHG D VLJQLILFDQW HIIHFW RI WKH GLIIHUHQFH DPRQJ FRPPRQ QRXQV

�χ����  ������ S �������� $ SRVW�KRF WHVW XVLQJ0DQQ�:KLWQH\ WHVWV ZLWK %RQIHUURQL FRUUHFWLRQ

VKRZHG VLJQLILFDQW GLIIHUHQFHV EHWZHHQ 367 DQG 1(8 �S  ������� U  �������

1H[W� D .UXVNDO:DOOLV WHVW UHYHDOHG D VLJQLILFDQW HIIHFW RI WKH GLIIHUHQFH DPRQJ SUHSRVLWLRQV �χ����

 ������� S  �����H����� $ SRVW�KRF WHVW XVLQJ 0DQQ�:KLWQH\ WHVWV ZLWK %RQIHUURQL FRUUHFWLRQ

VKRZHG WKH VLJQLILFDQW GLIIHUHQFHV EHWZHHQ 1(* DQG 367 �S  ���������� U  �����H���� DQG

EHWZHHQ 367 DQG 1(8 �S  �����H���� U  �����H�����

+RZHYHU� D .UXVNDO :DOOLV WHVW UHYHDOHG DQ LQVLJQLILFDQW HIIHFW RI WKH GLIIHUHQFH DPRQJ SURSHU

QRXQV �χ����  ������ S  ��������

)LQDOO\� D .UXVNDO :DOOLV WHVW UHYHDOHG D VLJQLILFDQW HIIHFW RI WKH GLIIHUHQFH DPRQJ YHUEV �χ����  

������� S  �����H����� $ SRVW�KRF WHVW XVLQJ 0DQQ�:KLWQH\ WHVWV ZLWK %RQIHUURQL FRUUHFWLRQ

VKRZHG VLJQLILFDQW GLIIHUHQFHV EHWZHHQ 1(* DQG 367 �S  ���������� U  �����H����� EHWZHHQ

367 DQG 1(8 �S  �������� U  ������� DQG EHWZHHQ 1(* DQG 1(8 �S  �����H���� U  �����H�

����

,Q D QXWVKHOO� DV VKRZQ LQ 7DEOH ������ RQO\ YHUEV VKRZHG D VLJQLILFDQW HIIHFW RI YDULDWLRQ DFURVV DOO

VXEVHWV RI WZHHWV� DQG DGMHFWLYHV� FRPPRQ QRXQV DQG SURSHU QRXQV RQO\ GLIIHUHQWLDWHG QHJDWLYH

DQQRWDWHG WZHHWV IURP WKHLU SRVLWLYH FRXQWHUSDUWV� 7KHVH GLIIHUHQFHV ZHUH PXFK ZHDNHU WKDQ

���
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)LJXUH ����� )LYH JURXSV RI WKH PRVW IUHTXHQW SDUW�RI�VSHHFK IHDWXUHV LQ WLFNHU�UHODWHG WZHHWV

���



WKRVH WHVWHG LQ WKH EDJ�RI�ZRUGV PRGHO DERYH� ,Q DGGLWLRQ� SUHSRVLWLRQV KDG QR VLJQLILFDQW HIIHFW

RI GLIIHUHQFHV DW DOO� 7KXV� LW VHHPHG WKDW LW ZRXOG EH SRVVLEOH� DOWKRXJK OHVV HQFRXUDJLQJ� WR

GHYHORS PDFKLQH OHDUQLQJ PHWKRGV WR DXWRPDWH WKH LGHQWLILFDWLRQ RI WKH SRODULW\ RI VWRFN WZHHWV

EDVHG RQ WKH IHDWXUH�VHW GLVFXVVHG KHUH�

7DEOH ����� 6XPPDU\ RI VLJQLILFDQFH WHVWV RI ILYH PRVW IUHTXHQW 326 WDJ FDWHJRULHV

)HDWXUHV 3RODULW\ OHYHO 367 	 1(* 367 	 1(8 1(* 	 1(8

$GMHFWLYHV χ����  ������  U  �����H���  U  �����  1�6�

&RPPRQ 1RXQV χ����  �����  1�6� U  �����  1�6�

3UHSRVLWLRQV χ����  ������  U  �����H���  U  �����H���  1�6�

3URSHU 1RXQV 1�6� 1�6� 1�6� 1�6�

9HUEV χ����  ������  U  �����H��  U  �����  U  �����H��� 

 LQGLFDWHV WKDW S � �����  LQGLFDWHV WKDW S � ����� DQG  LQGLFDWHV WKDW S � �����

��� 6HQWLPHQW &ODVVLILFDWLRQ %DVHG RQ 3DUW�RI�VSHHFK )HDWXUHV

7KH DERYH FODVVLILFDWLRQ EDVHG RQ WKH EDJ�RI�ZRUGV PRGHO SUHVHQWHG D UHDVRQDEO\ JRRG UHVXOW

DW ERWK WKH WUDLQLQJ DQG WHVW VWDJHV� +RZHYHU� DSSO\LQJ IRXU WUDLQHG FODVVLILHUV WR WKH &$7 WZHHW

GDWDVHW� WKH\ GLG QRW DFKLHYH DV JRRG D SHUIRUPDQFH DV KDG EHHQ DFKLHYHG RQ WKH *( WZHHW GDWDVHW�

$WWHPSWLQJ WR VROYH WKLV WRSLF�UHODWHG SUREOHP� LW SURSRVHG WKH XVH RI SDUW�RI�VSHHFK WDJV DV IHD�

WXUHV RQ ZKLFK WR WUDLQ FODVVLILHUV� $V VKRZQ LQ 6HFWLRQ ���� IRXU RXW RI ILYH RI WKH PRVW IUHTXHQWO\

XVHG SDUW�RI�VSHHFK IHDWXUHV ± DGMHFWLYH� FRPPRQ QRXQ� SURSHU QRXQ� DQG YHUE ± H[KLELWHG VLJ�

QLILFDQW YDULDWLRQ DFURVV GLIIHUHQW SRODULWLHV� %DVHG RQ WKLV� LQ WKH IROORZLQJ VHFWLRQ� LW GHVFULEHG

WR XVH WKHVH IHDWXUH WR WUDLQ WKH FODVVLILHUV�

7KH IRXU PRVW IUHTXHQW IHDWXUHV ZLWKLQ WKH SDUW�RI�VSHHFK WHUPV DVVLJQHG ± DGMHFWLYH� SURSHU

���



QRXQ� FRPPRQ QRXQ DQG YHUE ± ZHUH H[WUDFWHG DQG FRQYHUWHG WR D PDWUL[ VLPLODU WR WKDW XVHG

LQ WKH SUHYLRXV DQDO\VLV �VHH WDEOH ������� (DFK FHOO UHSUHVHQWV WKH RFFXUUHQFH FRXQW RI D IHDWXUH�

DQG HDFK OLQH FRPSULVHV D UHFRUG IRU DQ LQGLYLGXDO WZHHW� 7KH ILUVW FROXPQ LQGLFDWHV WKH W\SH RI

WZHHWV� DQG WKH UHPDLQLQJ FROXPQV LQGLFDWH GLIIHUHQW SDUW�RI�VSHHFK IHDWXUHV�

7DEOH ����� $ VDPSOH VHW RI 326 IHDWXUHV JHQHUDWHG IURP DQQRWDWHG *( WLFNHU�UHODWHG WZHHWV

7\SH $GMHFWLYH &RPPRQ 1RXQ 3URSHU 1RXQ 9HUE

1(* � � � �

1(* � � � �

1(* � � � �

1(* � � � �

1(* � � � �

1(* � � � �

$SSO\LQJ WKH IRXU VXSHUYLVHG OHDUQLQJ PHWKRGV WR WUDLQ WKH FODVVLILHUV� WKH EHVW DFFXUDF\ RI WKH

���IROG FURVV YDOLGDWLRQ UHVXOWV DUH SUHVHQWHG LQ 7DEOH ������ $PRQJ WKHP� DW WKH WUDLQLQJ� WKH

UDQGRP IRUHVWV FODVVLILHU RXWSHUIRUPHG WKH RWKHU WKUHH FODVVLILHUV ZLWK DQ DFFXUDF\ RI ������ DQG

WKH RWKHU WKUHH H[KLELWHG VLPLODU� SRRUHU SHUIRUPDQFHV� 6XUSULVLQJO\� WKH GHFLVLRQ WUHH DQG 1DwYH

%D\HV FODVVLILHUV DFKLHYHG EHWWHU SHUIRUPDQFHV DW WKH WHVW VWDJHZLWK*( VWRFN WZHHWV� 7KH GHFLVLRQ

WUHH FODVVLILHU LQ SDUWLFXODU H[KLELWHG WKH JUHDWHVW LPSURYHPHQW DQG WKH EHVW DFFXUDF\� +RZHYHU�

DSSO\LQJ WKH WUDLQHG FODVVLILHUV WR WKH &$7 GDWDVHW� DOO RI WKHP IDLOHG WR FODVVLI\ WKH SRODULW\�

���



7DEOH ����� 6XPPDU\ RI WKH DFFXUDF\ RI IRXU FODVVLILHUV EDVHG RQ WKHPRVW IUHTXHQW SDUW�RI�VSHHFK
IHDWXUHV

0HWKRG %HVW WUDLQLQJ DFFXUDF\ 7HVW DFFXUDF\ RI *( WZHHWV 7HVW DFFXUDF\ RI &$7 WZHHWV

'HFLVLRQ WUHH ����� ����� �����

5DQGRP IRUHVWV ����� ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH ����� ����� �����

$GGLQJ DOO 326 IHDWXUHV VHHPV WR EH D SRRU FKRLFH� DV WKH\ GLG QRW LPSURYH WKH RYHUDOO DFFXUDF\ DW

WKH WUDLQLQJ VWDJH �VHH WDEOH ������� ,Q PDFKLQH OHDUQLQJ OLWHUDWXUH� WKLV LV NQRZQ DV WKH RYHUILWWLQJ

SUREOHP� :KDW LV ZRUVH LV WKDW� DW WKH WHVW VWDJH� DOO IRXU FODVVLILHUV H[KLELWHG D FOHDU GURS LQ

DFFXUDF\� 7KHUHIRUH� LQ WKH ODWHU FODVVLILFDWLRQ� LW LV SURSRVHG WKDW RQO\ ILYH PRVW IUHTXHQW 326

IHDWXUHV DUH XVHG WR WUDLQ WKH FODVVLILHU� $JDLQ� QRQH RI WKH WUDLQHG FODVVLILHUV FDQ FODVVLI\ WKH &$7

WZHHWV HIILFLHQWO\�

7DEOH ����� 6XPPDU\ RI WKH DFFXUDF\ RI IRXU FODVVLILHUV EDVHG RQ WKH XVH RI DOO IUHTXHQW SDUW�RI�
VSHHFK IHDWXUHV

0HWKRG %HVW WUDLQLQJ DFFXUDF\ 7HVW DFFXUDF\ RI *( WZHHWV 7HVW DFFXUDF\ RI &$7 WZHHWV

'HFLVLRQ WUHH ����� ����� �����

5DQGRP IRUHVWV ����� ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH ����� ����� �����

7KLV VHFWLRQ VKRZHG WKDW� UHJDUGOHVV RI WKH VLJQLILFDQW HIIHFWV H[KLELWHG LQ VRPH SDUW�RI�VSHHFK

IHDWXUHV RI VWRFN WZHHWV� XVLQJ VROHO\ 326 IHDWXUHV WR WUDLQ DQ DXWRPDWLF FODVVLILHU FDQQRW EHDW

EDVHOLQH DFFXUDF\� HVSHFLDOO\ ZKHQ WKH\ DUH DSSOLHG WR VWRFN WZHHWV ZLWK DQRWKHU WLFNHU QDPH�

���



��� 'LVFXVVLRQ

7KLV FKDSWHU IRFXVHG RQ5HVHDUFK4XHVWLRQ �� +RZ WR GHVLJQ DPRUH UREXVW VHQWLPHQW OLVW IRU WZHHW

VHQWLPHQW FODVVLILFDWLRQ" ,W ILUVW WHVWHG D QXPEHU RI SUHGHVLJQHG VHQWLPHQW ZRUG OLVWV WKDW KDYH

EHHQ XVHG H[WHQVLYHO\ LQ SUHYLRXV VWXGLHV� EXW QRQH RI ZKLFKZHUH IRXQG WR VDWLVI\ WKH QHHGV RI WKLV

UHVHDUFK� 7KH PDLQ SUREOHP LV WKDW WKHVH OLVWV FDQQRW SURYLGH DQ DGHTXDWHO\ H[WHQVLYH FRYHUDJH

RI WZHHWV� VR WKH\ ZRXOG QRW EH VXIILFLHQW WR LGHQWLI\ VHQWLPHQW NH\ZRUGV LQ WZHHWV� 6LPLODUO\� D

EDJ�RI�ZRUGV PRGHO EDVHG RQ VXFK OLVWV ZRXOG H[KLELW D SRRU SHUIRUPDQFH LQ WKH ODWHU WUDLQLQJ�

7KLV LV D VHULRXV SUREOHP� EXW QR SUHYLRXV UHVHDUFK KDV DGGUHVVHG WKLV� 3UHYLRXV UHVHDUFK LQ WKLV

DUHD IRFXVHG RQ WKH VHOHFWLRQ RI D ZLGHO\ XVHG ZRUG OLVW� DQG WKH FRQYHUVLRQ RI WZHHW GDWD WR D ZRUG

PDWUL[ DFFRUGLQJ WR VXFK D OLVW� 7KH EDJ�RI�ZRUGV DSSURDFK LV RIWHQ UHJDUGHG DV RQH RI WKH PRVW

IXQGDPHQWDO DSSURDFKHV LQ FRPSXWHU VFLHQFH� EXW� DW OHDVW LQ WKH VWRFN WZHHW VHQWLPHQW DQDO\VLV

FRQWH[W� SUHYLRXV VWXGLHV KDYH SDLG OLWWOH DWWHQWLRQ WR WKLV DSSURDFK�

7KH RQO\ H[FHSWLRQ FDQ EH IRXQG LQ 'HEELQL HW DO� ������� 7KH\ XVHG ���� PRVW IUHTXHQW ZRUGV

WDNHQ IURP WKHLU GDWD WR WUDLQ WKH EDJ�RI�ZRUGVPRGHO� )ROORZLQJ WKLV DSSURDFK� WKLV FKDSWHU DQDO�

\VHG WKH PRVW IUHTXHQW XQLJUDPV LQ WKH WZHHW GDWD� 7KH PDLQ SUREOHP LGHQWLILHG ZDV WKDW WKHVH

PRVW IUHTXHQW ZRUGV DSSHDU LQ DOO WKUHH SRODULWLHV� VR WKH\ FRXOG� WR D OLPLWHG H[WHQW� LQGLFDWH DQ\

GLVWLQFW IHDWXUHV RI SRODULW\� 7KLV VKRZV WKDW 'HEELQL HW DO� ������¶V DSSURDFK LV DOVR QRW D JRRG

FKRLFH� 6SHFLILFDOO\� WKH WRS IUHTXHQW XQLJUDPV VKRZ D KLJK GHJUHH RI VLPLODULW\ EHWZHHQ WKH WKUHH

SRODULWLHV RI WZHHWV� WKHUH DUH D QXPEHU RI WLFNHU QDPHV DQG VWRFN�UHODWHG XQLJUDPV DPRQJ WKHP�

DQG WKH WLPH�UHOHYDQW XQLJUDPV LQGLFDWH WKDW WKH WLFNHU�UHODWHG WZHHWV IRFXV RQ VKRUW�WHUP GLV�

FXVVLRQV� $OWKRXJK WKH VWRFN�UHODWHG XQLJUDPV DUH GLIIHUHQW LQ WKH WKUHH VXEJURXSV� WKH RYHUODSV

EHWZHHQ WKHP DQG WKHLU JHQHUDOO\ ORZ IUHTXHQF\ OLPLW WKHLU XVHIXOQHVV IRU LGHQWLI\LQJ WKH SRODULW\

RI WZHHWV� )XUWKHUPRUH� WKH PRVW IUHTXHQW XQLJUDPV LQ HDFK SRODULW\ RI WZHHWV DUH VLPLODU� DQG

WKHUHIRUH DOVR RIIHU OLWWOH KHOS LQ LGHQWLI\LQJ WZHHW SRODULW\�

���



,Q DQ DWWHPSW WR DGGUHVV WKHVH VKRUWFRPLQJV� WKLV FKDSWHU WKHQ XVHG D UHYHUVH DSSURDFK WR LQYHV�

WLJDWH WKH OHDVW IUHTXHQW XQLJUDPV LQ HDFK SRODULW\ RI WZHHWV� 7KH DQDO\VLV RI XQLTXH XQLJUDPV�

LQ FRQWUDVW� GRHV VHHP WR VKRZ PRUH SRWHQWLDO IRU LGHQWLI\LQJ WKH SRODULW\ RI WZHHWV� DV XQLTXH

XQLJUDPV FRYHU QHDUO\ ��� RI WLFNHU�UHODWHG WZHHWV� +RZHYHU� D ODUJH SHUFHQWDJH RI XQLTXH XQL�

JUDPV RQO\ RFFXU RQFH� ZKLFK VXJJHVWV WKDW WKH\ PLJKW QRW EH VWDEOH� 7KXV� ZKLOH XVLQJ XQLTXH

XQLJUDPV FDQ EH UHJDUGHG DV D SRVVLEOH VROXWLRQ IRU LGHQWLI\LQJ WKH VHQWLPHQW RI WZHHWV� D ODUJHU

FRUSXV WKDQ WKH RQH XVHG LQ WKH FXUUHQW UHVHDUFK ZRXOG EH QHHGHG LQ RUGHU WR SURYLGH WKH EHVW

FKDQFH RI REWDLQLQJ D VWDEOH XQLTXH XQLJUDP OLVW�

7KH QH[W DWWHPSW WR LPSURYH WKH UHVXOW LQYROYHG XVLQJ D 3RUWHU VWHPPHU WR UHGXFH WKH QXPEHU

RI ZRUG W\SHV LQ WKH DQQRWDWHG WZHHW FRUSXV� DQG XVLQJ NH\QHVV DQDO\VLV WR LGHQWLI\ WKH NH\ZRUGV

LQ WKH SRVLWLYH DQG QHJDWLYH FDWHJRU\ UHVSHFWLYHO\� 7KURXJK VWHPPLQJ� WZR WKLUGV RI ZRUG W\SHV

ZHUH UHGXFHG� ZKLFK UHVXOWHG LQ D VHQWLPHQW ZRUG OLVW RI D PXFK VPDOOHU VL]H� DQG LQ WXUQ� WKH

JHQHUDWHG ZRUG PDWUL[ ZRXOG EH OHVV VSDUVH� .H\QHVV DQDO\VLV SURYLGHG WZR GLVWLQFW ZRUG OLVWV

IRU WKH QHJDWLYH DQG SRVLWLYH FDWHJRU\ UHVSHFWLYHO\� 2QH SUREOHP ZLWK WKH XVH RI NH\QHVV DQDO\VLV

LV WKDW LW FRQWDLQV D QXPEHU RI PXWXDO NH\ZRUGV LQ ERWK FDWHJRULHV� 7R UHGXFH WKH DPELJXRXV�

QHVV RI PXWXDO NH\ZRUGV LQ ODWHU DXWRPDWLF FODVVLILFDWLRQ� LW WKHQ XVHG WKH UHODWLYH UDQN RI LWHPV

ZLWKLQ WKH NH\QHVV OLVW WR FODVVLI\ WKHVH PXWXDO NH\ZRUGV� 7KH UHVXOW SURYLGHG D OHVV ELDVHG VHQWL�

PHQW ZRUG OLVW� 0RUH LPSRUWDQWO\� DSSO\LQJ VWDWLVWLFDO WHVWV WR WKH SRVLWLYH� QHJDWLYH DQG RYHUDOO

VFRUHV RI WKLV FRQYHUWHG ZRUG PDWUL[� DOO RI WKHP VKRZHG D VLJQLILFDQW HIIHFW RI GLIIHUHQFH DFURVV

DOO VXEVHWV� VXJJHVWLQJ WKDW WKHVH VFRUHV FDQ GLVWLQJXLVK GLIIHUHQW SRODULWLHV IURP HDFK RWKHU� 7KLV

PLJKW RIIHU JUHDW KHOS WR WKH ODWHU DXWRPDWLF VHQWLPHQW FODVVLILFDWLRQ� &RPSDUHG ZLWK 'DYLHV DQG

*KDKUDPDQL ������¶V OLVW� WKH ORFDOLVHG VHQWLPHQW ZRUG OLVW SURYLGHV D EHWWHU FRYHUDJH RI WZHHWV�

DQG PRUH LPSRUWDQWO\� DQ LPSURYHG FRYHUDJH RI NH\ZRUGV LQ HDFK LQGLYLGXDO WZHHW� 2EYLRXVO\�

WKLV DSSURDFK LV DOVR HDV\ WR DSSO\� 7KXV� WKLV DWWHPSW SURYLGHG D PXFK EHWWHU DSSURDFK WR JHQHU�

DWH D VHQWLPHQW ZRUG OLVW WKDQ RWKHUV�

���



7KLV FKDSWHU WKHQ GHVFULEHG WKH DSSOLFDWLRQ RI IRXU VXSHUYLVHG OHDUQLQJ PHWKRGV WR WLFNHU�UHODWHG

WZHHWV LQ RUGHU WR FODVVLI\ WKH VHQWLPHQW� )RFXVLQJ RQ WKH NH\ZRUGV LQ WKH SRVLWLYH DQG QHJDWLYH

SRODULW\� LW WUDLQHG WKH FODVVLILHUV DFFRUGLQJO\� 7KH VHQWLPHQW FODVVLILFDWLRQ EDVHG RQ WKH EDJ RI

ZRUGV PRGHO DFKLHYHG IDLUO\ JRRG UHVXOWV ZLWK IRXU VXSHUYLVHG OHDUQLQJ PHWKRGV DW WKH WUDLQLQJ

VWDJH� ZKLFK LV DQ DFFXUDF\ RI DURXQG ���� DQG WKHVH UHVXOWV ZHUH WKHQ UHJDUGHG DV WKH EDVHOLQH

DFFXUDF\ IRU WKH IROORZLQJ FODVVLILFDWLRQ� (YHQ EHWWHU� DOO IRXU FODVVLILHUV KDG D EHWWHU SHUIRUPDQFH

DW WKH WHVW VWDJH� +RZHYHU� DSSO\LQJ WKHVH IRXU FODVVLILHUV WR DQRWKHU GDWDVHW ± WKH &$7 WZHHW VHW�

DOO RI WKHP H[KLELWHG D SRRUHU SHUIRUPDQFH� 7KLV VXJJHVWV WKDW� DOWKRXJK WKH ORFDOLVHG VHQWLPHQW

ZRUG OLVW LV OHVV ELDVHG WKDQ RWKHU ZRUG OLVWV� LW LV VWLOO VHQVLWLYH WR WKH WRSLF�

,W WKHQ DSSOLHG IRXU VXSHUYLVHG OHDUQLQJ PHWKRGV WR WKH WLFNHU�UHODWHG WZHHWV LQ RUGHU WR FODVVLI\

WKH VHQWLPHQW� )RFXVLQJ RQ WKH NH\ZRUGV LQ WKH SRVLWLYH DQG QHJDWLYH SRODULW\� LW WUDLQHG WKH FODV�

VLILHUV DFFRUGLQJO\� 7KH VHQWLPHQW FODVVLILFDWLRQ EDVHG RQ WKH EDJ�RI�ZRUGV PRGHO DFKLHYHG IDLUO\

JRRG UHVXOWV ZLWK IRXU VXSHUYLVHG OHDUQLQJ PHWKRGV DW WKH WUDLQLQJ VWDJH� ZKLFK LV DQ DFFXUDF\ RI

DURXQG ���� DQG WKHVH UHVXOWV ZHUH WKHQ UHJDUGHG DV WKH EDVHOLQH DFFXUDF\ IRU WKH IROORZLQJ FODV�

VLILFDWLRQ� (YHQ EHWWHU� DOO IRXU FODVVLILHUV KDG D EHWWHU SHUIRUPDQFH DW WKH WHVW VWDJH� +RZHYHU�

DSSO\LQJ WKHVH IRXU FODVVLILHUV WR DQRWKHU GDWDVHW ± WKH &$7 WZHHW VHW� DOO RI WKHP KDG D SRRUHU

SHUIRUPDQFH� 7KLV VXJJHVWV WKDW� DOWKRXJK WKH ORFDOLVHG VHQWLPHQW ZRUG OLVW LV OHVV ELDVHG WKDQ

RWKHU ZRUG OLVWV� LW LV VWLOO VHQVLWLYH WR WKH WRSLF�

7R WDFNOH WKH WRSLF�GHSHQGHQW SUREOHP� WKH ODVW VHJPHQW LQ WKLV FDVH VWXG\ GHDOW ZLWK WKH XVH RI

SDUW�RI�VSHHFK WDJJHUV RI VSHHFK IHDWXUHV� 8VLQJ WKH $5. WZHHW 326 WDJJHU WR DQQRWDWH WLFNHU�

UHODWHG WZHHWV� WKH ILYH PRVW IUHTXHQW 326 FDWHJRULHV ZHUH IRXQG WR EH DGMHFWLYHV� FRPPRQ QRXQV�

SUHSRVLWLRQV� SURSHU QRXQV DQG YHUEV� $SSO\LQJ VLJQLILFDQFH WHVWV RQ WKHVH ILYH IHDWXUHV� RQO\

YHUEV SUHVHQWHG D VLJQLILFDQW HIIHFW RI GLIIHUHQFHV DPRQJ DOO VXEVHWV RI WZHHWV� DGMHFWLYHV DQG

SUHSRVLWLRQV ZHUH IRXQG WR EH VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ 1(* DQG 367 JURXSV� DQG DGMHF�

WLYHV� SUHSRVLWLRQV DQG FRPPRQ QRXQV ZHUH IRXQG WR EH VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ 1(8 DQG

���



367 JURXSV� 7KXV� WKHVH IHDWXUHV FDQ EH XVHG WR GHYHORS DQ DXWRPDWLF FODVVLILHU WR LGHQWLI\ WKH

VHQWLPHQW RI WLFNHU�UHODWHG WZHHWV� 7KLV ILQGLQJ VXJJHVWV WKDW WKHVH IHDWXUHV FRXOG EH XVHG WR GH�

YHORS DQ DXWRPDWLF FODVVLILHU WR LGHQWLI\ WKH VHQWLPHQW RI WLFNHU�UHODWHG WZHHWV� 7KHUHDIWHU� WKH

FKDSWHU VZLWFKHG WKH IRFXV WR WKH GLVFXVVLRQ RI SDUW RI VSHHFK IHDWXUHV� +RZHYHU� WKH VHQWLPHQW

FODVVLILFDWLRQ EDVHG RQ SDUW RI VSHHFK IHDWXUHV GLG QRW RXWSHUIRUP WKH EDVHOLQH� $FFRUGLQJ WR WKLV�

FODVVLI\LQJ VHQWLPHQW RI VWRFN WZHHWV VROHO\ EDVHG RQ WKH SDUW RI VSHHFK IHDWXUHV� ,W LV OLNHO\ WR

UHVXOW LQ ORZ UHOLDELOLW\ RI FODVVLILFDWLRQ�

��� 6XPPDU\

7KLV FKDSWHU DQVZHUHG 5HVHDUFK 4XHVWLRQ �� +RZ FDQ D UREXVW VHQWLPHQW ZRUG OLVW IRU WZHHW

VHQWLPHQW FODVVLILFDWLRQ EH GHVLJQHG"� %\ D NH\QHVV DQDO\VLV EDVHG RQ WKH VWHPPHG WZHHWV� LW VXF�

FHVVIXOO\ GHYHORSHG D ORFDOLVHG VHQWLPHQW ZRUG OLVW ZLWK D EHWWHU FRYHUDJH� DQG OHVV ELDVHG SRODULW\�

7KLV DSSURDFK LV DOVR VKRZQ WR EH HDV\ WR DSSO\�

%DVHG RQ WKH DERYH VHQWLPHQW ZRUG OLVW� IRXU VXSHUYLVHG OHDUQLQJ FODVVLILHUV ZHUH WKHQ WUDLQHG�

DQG DOO RI WKHP DFKLHYHG D UHDVRQDEO\ JRRG UHVXOW DW WKH WUDLQLQJ VWDJH� DQG D VOLJKWO\ EHWWHU WHVW

VWDJH� 7KH DFFXUDF\ DFKLHYHG DW WKH WUDLQLQJ VWDJH ZDV WKHQ UHJDUGHG DV WKH EDVHOLQH DFFXUDF\ IRU

WKH IROORZLQJ VHQWLPHQW FODVVLILFDWLRQ�

+RZHYHU� RQH SUREOHP VWLOO H[LVWHG WKDW WKH VHQWLPHQW FODVVLILFDWLRQ EDVHG RQ D ORFDOLVHG VHQWLPHQW

ZRUG OLVW LV UHODWLYHO\ WRSLF GHSHQGHQW� 7R VROYH WKLV SUREOHP� WKH FKDSWHU WKHQ WULHG WR FODVVLI\

WZHHWV DFFRUGLQJ WR SDUW�RI�VSHHFK IHDWXUHV� 1HYHUWKHOHVV� WKLV DSSURDFK GLG QRW ZRUN DV KDG

EHHQ H[SHFWHG�

$SDUW IURP WKH DERYH FODVVLILFDWLRQ� WKLV FKDSWHU DOVR DQDO\VHG LQWHUQDO OLQJXLVWLF IHDWXUHV RI VWRFN

WZHHWV H[WHQVLYHO\� LQFOXGLQJ WKH PRVW DQG OHDVW IUHTXHQW XQLJUDPV� DQG ILYH PRVW IUHTXHQW SDUW�

RI�VSHHFK IHDWXUHV� ([FHSW WKHPRVW IUHTXHQW XQLJUDPV� WKH RWKHU LQWHUQDO OLQJXLVWLF IHDWXUHV ZHUH

���



DOO LQGLFDWLYH WR SRODULW\� +RZHYHU� DV VKRZQ� WKH OHDVW IUHTXHQW XQLJUDPV GLIILFXOW WR DSSO\ DV WKH\

ZHUH QRW VWDEOH� ZKLOH WKHPRVW IUHTXHQW SDUW�RI�VSHHFK IHDWXUHV GLG QRW SHUIRUP DVZHOO DV WKH EDJ�

RI�ZRUGVPRGHO LQ WKH FODVVLILFDWLRQ� 7KH DQDO\VLV SUHVHQWHG LQ WKH IROORZLQJ FKDSWHU WHVWV H[WHUQDO

OLQJXLVWLF IHDWXUHV� LQ RUGHU WR LPSURYH VHQWLPHQW FODVVLILFDWLRQ RYHU WKH EDVHOLQH DFFXUDF\�

���



&KDSWHU � 6HQWLPHQW &ODVVLILFDWLRQ %DVHG RQ WKH ([WHUQDO

/LQJXLVWLF )HDWXUHV

$V VKRZQ LQ WKH ODVW FKDSWHU� WKH EDJ RI ZRUGV PRGHO EDVHG RQ NH\QHVV DQDO\VLV RI WKH VWHPPHG

WZHHWV SURYLGHG D UHDVRQDEO\ JRRG SHUIRUPDQFH IRU FODVVLI\LQJ WKH SRODULW\ RI VWRFN WZHHWV� DQG

WKH DFFXUDF\ RI WKRVH FODVVLILFDWLRQV ZDV WKHUHIRUH UHJDUGHG DV WKH EDVHOLQH DFFXUDF\� +RZHYHU�

H[SHULPHQWV DOVR GHPRQVWUDWHG WKDW WKHVH FODVVLILHUV GLG QRW SHUIRUPZHOO ZKHQ WKH\ ZHUH DSSOLHG

WR WZHHWV ZLWK DQRWKHU WLFNHU QDPH� ,Q DGGLWLRQ� WKH EDVHOLQH DFFXUDF\ PD\ VWLOO KDYH URRP WR LP�

SURYH� )XUWKHUPRUH� DV GLVFXVVHG LQ &KDSWHU � DQG �� WKH FROOHFWHG UDZ WZHHWV FRQWDLQHG D ODUJH

SURSRUWLRQ RI LUUHOHYDQW WZHHWV� EXW KRZ WR LGHQWLI\ WKHP KDV QRW EHHQ LQYHVWLJDWHG� 7KXV� WKLV

FKDSWHU IRFXVHV RQ WKH ORZ�OHYHO OLQJXLVWLF IHDWXUHV RI VWRFN WZHHWV� FRQVLGHUHG DV WKH H[WHUQDO

IHDWXUHV LQ WKLV VWXG\� LQ RUGHU WR DQVZHU 5HVHDUFK 4XHVWLRQ �� $UH VWRFN WZHHWV D OLQJXLVWLFDOO\

GLVWLQFW W\SH RI WZHHW" $QG ZKDW VSHFLILF OLQJXLVWLF IHDWXUHV GR WKH\ KDYH" 5HVHDUFK 4XHVWLRQ � LV

DOVR UHOHYDQW� ,I VWRFN WZHHWV GLVSOD\ H[SOLFLW OLQJXLVWLF IHDWXUHV� LV LW SRVVLEOH WR DXWRPDWLFDOO\ LGHQ�

WLI\ VWRFN WZHHWV EDVHG RQ WKHLU OLQJXLVWLF IHDWXUHV" ,Q RWKHU ZRUGV� WKLV FKDSWHU H[SORUHV ZKHWKHU

WKHVH IHDWXUHV FDQ KHOS WR LGHQWLI\ WKH W\SH RI D JLYHQ WZHHW� KHQFH UHVXOWLQJ LQ DQ LPSURYHG DELOLW\

WR DXWRPDWLFDOO\ HVWDEOLVK WKH SRODULW\ RI VWRFN WZHHWV�

7KH ILUVW SDUW RI WKLV FKDSWHU UHSRUWV RQ DQDO\VLV RI WKH H[WHUQDO OLQJXLVWLF IHDWXUHV RI WKH DQQRWDWHG

WZHHWV ± ZRUG FRXQW� FKDUDFWHU FRXQW� UHWZHHW FRXQW� KDVKWDJ DQG FDVKWDJ FRXQW� 7KH VWDWLVWLFDO

DQDO\VHV VKRZ WKDW WKHVH IHDWXUHV DUH DEOH WR LQGLFDWH ZKHWKHU WKHVH WZHHWV DUH �D�� VWRFN WZHHWV

RU QRW� �E�� WLFNHU WZHHWV RU QRW� 1H[W� YDULDWLRQ LQ H[WHUQDO OLQJXLVWLF IHDWXUHV LV HYDOXDWHG DW WKH

SRODULW\ OHYHO� ZLWK WKH ILQGLQJ WKDW WZHHWV LQ GLIIHUHQW SRODULWLHV FDQ EH GLIIHUHQWLDWHG VROHO\ E\

ZRUG FRXQW� H[FOXGLQJ 85/V DQG UHWZHHW FRXQW�

%DVHG RQ WKHVH VWDWLVWLFDO DQDO\VHV� WKH VHFRQG SDUW RI WKLV FKDSWHU UHWXUQV WR WKH VWXG\ GHVFULEHG

LQ WKH SUHYLRXV FKDSWHU� XVLQJ GLIIHUHQW VXSHUYLVHG OHDUQLQJ PHWKRGV WR GHYHORS DXWRPDWLF FODV�

���



VLILHUV WR LGHQWLI\ VWRFN�UHODWHG DQG WLFNHU�UHODWHG WZHHWV� 7KH FODVVLILFDWLRQ UHVXOWV VKRZ WKDW WKH

H[WHUQDO IHDWXUHV FDQ EH XVHG WR LGHQWLI\ VWRFN�UHODWHG WZHHWV YHU\ ZHOO� DQG FDQ LGHQWLI\ WLFNHU�

UHODWHG WZHHWV ZLWK D IDLU DFFXUDF\� EXW WKDW FODVVLILHUV WUDLQHG XVLQJ WKHVH IHDWXUHV IDLO WR LGHQWLI\

WKH SRODULW\ RI WKH WLFNHU�UHODWHG WZHHWV�

��� ([WHUQDO /LQJXLVWLF )HDWXUHV RI 6WRFN 7ZHHWV

7KLV VHFWLRQ K\SRWKHVLVHV WKDW GLIIHUHQW JURXSV RI WKH DQQRWDWHG WZHHWV SUHVHQW GLIIHUHQW WZHHWLQJ

EHKDYLRXUV� 6XFK GLIIHUHQFHV PLJKW EH XVHIXO IRU WKH DXWRPDWLF FODVVLILFDWLRQ RI WZHHW W\SH DQG

SRODULW\� 7R WHVW WKLV K\SRWKHVLV� GLIIHUHQW W\SHV RI DQQRWDWHG *( WZHHWV DUH FRPSDUHG EDVHG RQ

H[WHUQDO OLQJXLVWLF IHDWXUHV �ZRUG FRXQW� FKDUDFWHU FRXQW� UHWZHHW FRXQW� KDVKWDJ FRXQW� FDVKWDJ

FRXQW DQG 85/ FRXQW�� 7KH DQDO\VHV DUH FDUULHG RXW DW WKUHH OHYHOV UHVSHFWLYHO\� QDPHO\ WKH VWRFN

OHYHO� WLFNHU OHYHO DQG SRODULW\ OHYHO� 7KHVH DUH VKRZQ LQ 7DEOH ������ 7KH VWRFN�UHODWHG JURXS

FRQWDLQV WKRVH WZHHWV FODVVLILHG DV QRQ�WLFNHU�UHODWHG �175�� QHJDWLYH �1(*�� QHXWUDO �1(8� DQG

SRVLWLYH �367� JURXSV� 7KH WLFNHU�UHODWHG JURXS FRQWDLQV WKH 1(*� 1(8 DQG 367 JURXSV�

���



Stock-related tweets

All annotated tweets

Non-stock-related 
tweets (NSR, 0)

Non-ticker-related 
tweets (NTR, 1) Ticker-related tweets

Positive ticker-related 
tweets (PST, 4)

Negative ticker-related 
tweets (NEG, 2)

Neutral ticker-related 
tweets (NEU, 3)

Stock level

Ticker level 

Polarity level

)LJXUH ����� 7KH UHODWLRQVKLS RI DQQRWDWHG WZHHWV DV LQWURGXFHG LQ &KDSWHU �

����� :RUG FRXQW LQFOXGLQJ 85/V

7KH ILUVW WHVW HYDOXDWHV GLIIHUHQFHV LQ ZRUG FRXQW LQFOXGLQJ 85/V� $V VKRZQ LQ )LJXUH ������ WKH

DYHUDJH ZRUG FRXQW LQFOXGLQJ 85/V RI VWRFN�UHODWHG WZHHWV LV ����� ZRUGV� ZKLOH WKH 165 JURXS¶V

LV ����� ZRUGV� 7KH GLIIHUHQFHV DW WKH WLFNHU OHYHO DQG SRODULW\ OHYHO DUH PXFK VPDOOHU� 7HVWV IRU

VWDWLVWLFDO VLJQLILFDQFH ZHUH DSSOLHG WR DVVHVV ZKHWKHU WKHVH GLIIHUHQFHV DUH JUHDWHU WKDQ ZRXOG EH

H[SHFWHG E\ FKDQFH�

���
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)LJXUH ����� %R[SORW RI ZRUG FRXQW LQFOXGLQJ 85/V
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7KH 6KDSLUR DQG .ROPRJRURY�6PLUQRY WHVWV VKRZHG WKDW WKHVH VHYHQ JURXSV RI GDWD ZHUH QRW

QRUPDOO\ GLVWULEXWHG DV WKH S�YDOXHV � ��� �VHH 7DEOHV LQ $SSHQGL[ &���� 7KHUHIRUH� WKH 8�WHVW

ZDV ILUVW DSSOLHG WR XQGHUVWDQG ZKHWKHU WKH GLIIHUHQFHV DUH VWDWLVWLFDOO\ VLJQLILFDQW� $W WKH VWRFN

OHYHO� WKH 165 JURXS DQG VWRFN�UHODWHG WZHHWV ZHUH VWDWLVWLFDOO\ VLJQLILFDQW LQ WHUPV RI ZRUG FRXQW

LQFOXGLQJ 85/V �=  �������� S � ���H����� 6LPLODUO\� DW WKH WLFNHU OHYHO� WKH 175 DQG WLFNHU�

UHODWHG WZHHWV ZHUH VWDWLVWLFDOO\ VLJQLILFDQW �=  ������� S  ����H����� $W WKH SRODULW\ OHYHO� D

.UXVNDO :DOOLV WHVW UHYHDOHG DQ LQVLJQLILFDQW HIIHFW RI WKH GLIIHUHQFH DPRQJ ZRUG FRXQW LQFOXGLQJ

85/V �χ����  ������ � S  ��������

7KXV� ZRUG FRXQW LQFOXGLQJ85/V KDV D VLJQLILFDQW HIIHFW RI GLIIHUHQFHV DW ERWK WKH VWRFN DQG WLFNHU

OHYHOV� 7KLV VXJJHVWV WKDW ZRUG FRXQW LQFOXGLQJ 85/VPLJKW EH XVHIXO LQ FODVVLILFDWLRQ RI WKH WZHHW

W\SHV DW ERWK WKH VWRFN DQG WLFNHU OHYHO�

����� &KDUDFWHU FRXQW LQFOXGLQJ 85/V

$V IRU WKH DYHUDJH FKDUDFWHU FRXQW LQFOXGLQJ 85/V� WKH VWRFN�UHODWHG WZHHWV DUH PXFK ORQJHU WKDQ

WKH 165 WZHHWV �VHH )LJXUH ������� $OVR� WKH 175 WZHHWV DUH � FKDUDFWHUV ORQJHU WKDQ WKH WLFNHU�

UHODWHG WZHHWV RQ DYHUDJH� +RZHYHU� DW WKH SRODULW\ OHYHO� WKH WKUHH SRODULWLHV RI WLFNHU�UHODWHG

WZHHWV GR QRW H[KLELW PXFK GLIIHUHQFH�

1RQH RI WKH GDWD ZDV QRUPDOO\ GLVWULEXWHG DV WKH 6KDSLUR WHVWV DQG .ROPRJRURY�6PLUQRY WHVWV

VXJJHVWHG �VHH 7DEOHV LQ $SSHQGL[ &���� 7KH 8�WHVWV LQGLFDWHG WKDW WKH GLIIHUHQFHV ZHUH VWDWLVWL�

FDOO\ VLJQLILFDQW DW WKH VWRFN OHYHO �=  �������� S � ���H����� DQG DW WKH WLFNHU OHYHO �=  ������� S  

�����H����� ,Q EULHI� RQ DYHUDJH� WKH DQQRWDWHG VWRFN�UHODWHG WZHHWV ZHUH VLJQLILFDQWO\ ORQJHU WKDQ

WKH QRQ�VWRFN�UHODWHG WZHHWV� DQG WKH QRQ�WLFNHU�UHODWHG WZHHWV ZHUH VLJQLILFDQWO\ ORQJHU WKDQ WKH

WLFNHU�UHODWHG WZHHWV� 7KH .UXVNDO�:DOOLV UDQN VXP WHVW ZDV WKHQ DSSOLHG WR WKH SRODULW\ OHYHO� DQG

LW LQGLFDWHG WKDW WKH GLIIHUHQFH EHWZHHQ WKH WLFNHU�UHODWHG WZHHWV ZDV QRW VWDWLVWLFDOO\ VLJQLILFDQW

���
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)LJXUH ����� %R[SORW RI FKDUDFWHU FRXQW LQFOXGLQJ 85/V
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�χ����  ������� S  ��������

7KHUHIRUH� FKDUDFWHU FRXQW LQFOXGLQJ 85/V KDV D VLJQLILFDQW HIIHFW DW ERWK VWRFN DQG WLFNHU OHYHOV�

7KLV VXJJHVWV WKDW FKDUDFWHU FRXQW LQFOXGLQJ 85/V PLJKW EH D XVHIXO IHDWXUH IRU FODVVLI\LQJ WKH

WZHHW W\SHV DW ERWK VWRFN DQG WLFNHU OHYHOV�

����� :RUG FRXQW H[FOXGLQJ 85/

$OWKRXJK WKH LQLWLDO SURFHVVLQJ LQ &KDSWHU � XVHG D VSHFLDO 85/ WDJ B7+,6B,6B$B85/B/,1.B

WR UHSODFH WKH VKRUWHQHG OLQNV� WKH KLJK IUHTXHQF\ RI WKLV VSHFLDO WDJ FDQ DIIHFW WKH DFFXUDF\ RI WKH

ZRUG W\SH FRXQW PHWKRG DSSOLHG� 5HPRYLQJ WKH 85/ WDJV IURP WKH DQQRWDWHG WZHHWV �VHH )LJXUH

������ SURGXFHV UHVXOWV WKDW GLIIHU IURP WKRVH JHQHUDWHG E\ SURFHVVLQJ WZHHWV LQFOXGLQJ 85/ WDJV

LQ WKH DERYH DQDO\VLV� 7ZHHWV LQ WKH 165 JURXS VWLOO KDYH WKH VKRUWHVW DYHUDJH ZRUG FRXQW� EXW

WKH GLIIHUHQFH EHWZHHQ WKH 165 DQG WKH VWRFN�UHODWHG JURXS LV VPDOOHU WKDQ WKH GLIIHUHQFH RI WKH

DERYH DYHUDJH ZRUG FRXQW LQFOXGLQJ 85/V�

'XH WR WKH QRQ�QRUPDOO\ GLVWULEXWHG GDWD �VHH 7DEOHV LQ $SSHQGL[ &���� WKH 8�WHVW ZDV DSSOLHG�

7KH 8�WHVW UHVXOWV VXJJHVWHG WKDW WKH GLIIHUHQFH DW WKH VWRFN OHYHO ZDV VLJQLILFDQW �=  ��������

S  �����H����� DQG DV ZHOO DV DW WKH WLFNHU OHYHO �=  ������� S  ����������� 7KXV� H[FOXGLQJ

85/ WDJV� WKH DYHUDJH ZRUG FRXQW RI WKH VWRFN�UHODWHG WZHHWV ZDV VWLOO VLJQLILFDQWO\ ORQJHU WKDQ

WKH QRQ�VWRFN�UHODWHG WZHHWV� DQG DV ZHOO DV WKH QRQ�WLFNHU�UHODWHG WZHHWV WKDQ WKH WLFNHU�UHODWHG

WZHHWV� &DUU\LQJ RXW WKH .UXVNDO�:DOOLV UDQN VXP WHVW DW WKH SRODULW\ OHYHO� WKH GLIIHUHQFH ZDV VLJ�

QLILFDQW �χ����  ������� S  ��������� 7KHUHIRUH� D SRVW�KRF WHVW RI .UXVNDO�:DOOLV UDQN VXP WHVW

± WKH0DQQ�:KLWQH\ WHVW ZLWK %RQIHUURQL FRUUHFWLRQ ZDV DSSOLHG� VKRZLQJ D VLJQLILFDQW GLIIHUHQFH

EHWZHHQ WKH 367 DQG 1(* JURXSV �S  ������ U  ������������

���
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)LJXUH ����� %R[SORW RI ZRUG FRXQW H[FOXGLQJ 85/V
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,Q D QXWVKHOO� UHPRYLQJ 85/V� ZRUG FRXQW VWLOO GLIIHUHQWLDWHV WKH 165 WZHHWV IURP WKH VWRFN�

UHODWHG WZHHWV� DQG WKH 175 WZHHWV IURP WKH WLFNHU�UHODWHG WZHHWV� ,Q DGGLWLRQ� DW WKH SRODULW\

OHYHO� EHWZHHQ WKH 367 DQG 1(* WZHHWV� D VLJQLILFDQW GLIIHUHQFH LV REVHUYDEOH�

����� &KDUDFWHU FRXQW H[FOXGLQJ 85/

6LPLODUO\� UHPRYLQJ WKH 85/ WDJV� WKH 165 JURXS VWLOO KDV WKH VKRUWHVW DYHUDJH FKDUDFWHU FRXQW

������ ZRUGV�� WKRXJK WKH GLIIHUHQFH EHWZHHQ WKH 165 DQG VWRFN�UHODWHG WZHHWV LV VPDOOHU WKDQ

ZKHQ WKH 85/ WDJV DUH LQFOXGHG �VHH )LJXUH �������
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)LJXUH ����� %R[SORW RI FKDUDFWHU FRXQW H[FOXGLQJ 85/V

$JDLQ� WKH 6KDSLUR DQG WKH .ROPRJRURY�6PLUQRY WHVWV VKRZHG WKDW WKH GDWD ZHUH QRW QRUPDOO\

���



GLVWULEXWHG �VHH 7DEOHV LQ $SSHQGL[ &���� $SSO\LQJ WKH 8�WHVW� WKH VWRFN OHYHO GLVSOD\HG D VLJQLI�

LFDQW HIIHFW� �=  ������� S  ���������� EXW QRW WKH WLFNHU OHYHO �=  ������� S  ��������� $V

D UHVXOW� WKH VWRFN�UHODWHG WZHHWV ZHUH VLJQLILFDQWO\ ORQJHU WKDQ WKH QRQ�VWRFN�UHODWHG WZHHWV LQ

WHUPV RI WKH DYHUDJH FKDUDFWHU FRXQW H[FOXGLQJ 85/V� $SSO\LQJ WKH .UXVNDO�:DOOLV UDQN VXP WHVW

WR WKH WLFNHU�UHODWHG WZHHWV� WKH GLIIHUHQFH ZDV QRW VLJQLILFDQW �χ����  ������ S  ��������

7KXV� FKDUDFWHU FRXQW H[FOXGLQJ 85/V KDV D VLJQLILFDQW HIIHFW RQO\ DW WKH VWRFN OHYHO� 7KLV VXJJHVWV

WKDW WKH FODVVLILFDWLRQ RI WKH WZHHW W\SHV DW WKH VWRFN OHYHO PLJKW XVH FKDUDFWHU FRXQW H[FOXGLQJ

85/V DV D XVHIXO IHDWXUH�

����� +DVKWDJ FRXQW

,Q WHUPV RI WKH DYHUDJH FRXQW RI KDVKWDJV� VHYHQ JURXSV RI WZHHWV SUHVHQW D VLPLODU WUHQG �VHH

)LJXUH �������

%RWK WKH 6KDSLUR WHVW DQG .ROPRJRURY�6PLUQRY WHVW VXJJHVWHG WKDW WKH GDWD ZHUH QRW QRUPDOO\

GLVWULEXWHG �VHH 7DEOHV LQ $SSHQGL[ &���� 7KH8�WHVWV LQGLFDWHG WKDW WKHUHZDV QR VLJQLILFDQW HIIHFW

DW HLWKHU WKH VWRFN OHYHO �=  �������� S�YDOXH  ������ RU WKH WLFNHU OHYHO �=  ������� S�YDOXH  

�������� $OVR� WKH GLIIHUHQFH LQ WKH WLFNHU�UHODWHG WZHHWV ZDV QRW VLJQLILFDQW� DV WKH .UXVNDO�:DOOLV

UDQN VXP WHVW LQGLFDWHG �χ����  ����� S  ���������

6LPSO\ SXW� WKH KDVKWDJ FRXQW GRHV QRW GLVSOD\ DQ\ VLJQLILFDQW YDULDWLRQ DW DQ\ OHYHO� VR WKLV IHDWXUH

FDQQRW LQGLFDWH WKH W\SH RI VWRFN WZHHWV�

���
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)LJXUH ����� %R[SORW RI KDVKWDJ FRXQWV LQ WKH DQQRWDWHG WZHHWV
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����� &DVKWDJ FRXQW

2EYLRXVO\� HDFK WZHHW LQ WKH DQQRWDWHG VDPSOH FRQWDLQV DW OHDVW RQH FDVKWDJ �*( DV D FRQVHTXHQFH

RI WKH FROOHFWLRQ FULWHULD VXJJHVWHG LQ &KDSWHU �� $V VKRZQ LQ )LJXUH ������ WKH VWRFN�UHODWHG WZHHWV

FRQWDLQ PRUH FDVKWDJV WKDQ WKH 165 WZHHWV RQ DYHUDJH� 7KH GLIIHUHQFHV EHWZHHQ WKH 175 DQG

WLFNHU�UHODWHG JURXSV� DQG DPRQJ WKH WKUHH SRODULWLHV DUH PXFK VPDOOHU�
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)LJXUH ����� %R[SORW RI FDVKWDJ FRXQWV LQ WKH DQQRWDWHG WZHHWV

$SSO\LQJ WKH 6KDSLUR WHVW DQG .ROPRJRURY�6PLUQRY WHVW� DOO VHWV RI GDWD ZHUH QRW QRUPDOO\ GLV�

WULEXWHG �VHH 7DEOHV LQ $SSHQGL[ &���� $SSO\LQJ WKH 8�WHVW WR WKH VWRFN DQG WLFNHU OHYHO� FDVKWDJ

FRXQW ZDV VWDWLVWLFDOO\ GLIIHUHQW DW ERWK OHYHOV �=  �������� S� ���H���� =  ������� S�YDOXH � ���H�

���� 7KXV� RQ DYHUDJH� ERWK WKH VWRFN�UHODWHG WZHHWV DQG WLFNHU�UHODWHG WZHHWV FRQWDLQHG PRUH

FDVKWDJV WKDQ WKHLU FRXQWHUSDUWV� +RZHYHU� WKH GLIIHUHQFH EHWZHHQ WKH WLFNHU�UHODWHG WZHHWV ZDV

���



QRW DV VLJQLILFDQW DV WKH .UXVNDO :DOOLV WHVW VXJJHVWHG �χ����  ������� S  ��������

7KHUHIRUH FDVKWDJ FRXQW KDV D VLJQLILFDQW HIIHFW DW ERWK VWRFN DQG WLFNHU OHYHOV� 7KLV VXJJHVWV WKDW

FDVKWDJ FRXQW PLJKW EH XVHIXO LQ FODVVLILFDWLRQ RI WKH WZHHW W\SHV DW ERWK WKH VWRFN DQG WLFNHU OHYHO�

����� 5HWZHHW FRXQW

)LJXUH ����� LOOXVWUDWHV WKH VWDWLVWLFV RI UHWZHHWV LQ GLIIHUHQW W\SHV RI WZHHWV� 7KH 165 JURXS FRQ�

WDLQV PXFK PRUH UHWZHHWV WKDQ RWKHU JURXSV RQ DYHUDJH� $ SRVVLEOH UHDVRQ IRU WKLV REVHUYDWLRQ LV

WKDW VRPH RI WKHVH WZHHWV SDUWLFXODUO\ IRFXV RQ VLPLODU WRSLFV� IRU H[DPSOH� D PXVLF JURXS� RU 7ZLW�

WHU¶V DQQRXQFHPHQW LQ $XJXVW� ����� $V D UHVXOW� D QXPEHU RI WZHHWV KDYH UHSRVWHG WKH RULJLQDO

WZHHWV�

$SSO\LQJ WKH 6KDSLUR WHVWV DQG WKH .ROPRJRURY�6PLUQRY WHVWV� QRQH RI WKH GDWD ZDV QRUPDOO\

GLVWULEXWHG �VHH 7DEOHV LQ $SSHQGL[ &���� 7KH 8�WHVW VXJJHVWHG WKDW WKH GLIIHUHQFHV DW WKH VWRFN

OHYHO ZDV VLJQLILFDQW �=  �������� S � ���H����� EXW QRW DW WKH WLFNHU OHYHO �=  �������� S  ��������

7KHUHIRUH� WKH QRQ�VWRFN�UHODWHG WZHHWV FRQWDLQHG VLJQLILFDQWO\ PRUH UHWZHHWV WKDQ VWRFN�UHODWHG

WZHHWV� ,Q DGGLWLRQ� WKH GLIIHUHQFHV DPRQJ WLFNHU�UHODWHG WZHHWV ZHUH VLJQLILFDQW DV WKH .UXVNDO�

:DOOLV UDQN VXP WHVW VXJJHVWHG �χ����  �������� S  �����H����� )XUWKHUPRUH� D SRVW�KRF WHVW

FRQVLVWLQJ RI D .UXVNDO�:DOOLV UDQN VXP WHVW ± 0DQQ�:KLWQH\ WHVW ZLWK %RQIHUURQL FRUUHFWLRQ

VKRZHG D VLJQLILFDQW GLIIHUHQFH EHWZHHQ 367 DQG 1(8 JURXSV �S  �����H���� U  �����������

7KHUHIRUH� UHWZHHW FRXQW KDV D VLJQLILFDQW HIIHFW DW WKH VWRFN OHYHO� 7KLV VXJJHVWV WKDW FDVKWDJ

FRXQW PLJKW EH XVHIXO LQ FODVVLILFDWLRQ RI WKH WZHHW W\SHV DW WKH VWRFN OHYHO� $GGLWLRQDOO\� WKHUH LV

D VLJQLILFDQW HIIHFW EHWZHHQ WKH 367 WZHHWV DQG 1(8 WZHHWV DW WKH SRODULW\ OHYHO�

���
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)LJXUH ����� %R[SORW RI UHWZHHW FRXQWV LQ WKH DQQRWDWHG WZHHWV
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����� 'LVFXVVLRQ

7R VXPPDULVH� WKLV VHFWLRQ FRYHUHG VHYHQ H[WHUQDO OLQJXLVWLF IHDWXUHV RI WKH DQQRWDWHG WZHHWV�

ZRUG FRXQW LQFOXGLQJ DQG H[FOXGLQJ85/V� FKDUDFWHU FRXQW LQFOXGLQJ DQG H[FOXGLQJ85/V� UHWZHHW

FRXQW� KDVKWDJ FRXQW DQG FDVKWDJ FRXQW� $PRQJ GLIIHUHQW VHWV RI IHDWXUHV� WKUHH JURXSV RI WLFNHU�

UHODWHG WZHHWV DW WKH SRODULW\ OHYHO WHQG WR EH VLPLODU� ZKLOH WKH 165 WZHHWV GLIIHU IURP WKH VWRFN�

UHODWHG WZHHWV LQ WHUPV RI WKHVH VHYHQ DVSHFWV DW WKH VWRFN OHYHO� DQG WKH 175 WZHHWV GLIIHU IURP

WLFNHU�UHODWHG WZHHWV LQ WHUPV RI PRVW H[WHUQDO OLQJXLVWLF IHDWXUHV DW WKH WLFNHU OHYHO� 7KHUHIRUH�

WKHVH H[WHUQDO OLQJXLVWLF IHDWXUHV ZLOO EH XVHG WR GHVLJQ DXWRPDWLF FODVVLILHUV� LQ RUGHU WR LGHQWLI\

WKH VWRFN�UHODWHG DQG WLFNHU�UHODWHG WZHHWV �VHH 7DEOH �������

7DEOH ����� 6XPPDU\ RI XVLQJ WKH H[WHUQDO IHDWXUHV WR LGHQWLI\ WKH W\SH RI WZHHWV

)HDWXUHV 6WRFN OHYHO 7LFNHU OHYHO 3RODULW\ OHYHO

:RUG FRXQW LQFOXGLQJ 85/V U ������  U �����  1�6�

&KDUDFWHU FRXQW LQFOXGLQJ 85/V U ������  U �����  1�6�

:RUG FRXQW H[FOXGLQJ 85/V U ������  U �����  367 	 1(* U ����� 

&KDUDFWHU FRXQW H[FOXGLQJ 85/V U ������  1�6� 1�6�

+DVKWDJ FRXQW 1�6� 1�6� 1�6�

&DVKWDJ FRXQW U ������  U �����  1�6�

5HWZHHW FRXQW U �����  1�6� 367 	 1(8 U ����� 

 LQGLFDWHV WKDW S � �����  LQGLFDWHV WKDW S � ����� DQG  LQGLFDWHV WKDW S � �����

)URP WKH DERYH DQDO\VHV� 175 WZHHWV KDYH WKH ORQJHVW DYHUDJH ZRUG FRXQW DQG FKDUDFWHU FRXQW

�VHH 7DEOH ������� DQG WKH\ DOVR KDYH WKH PRVW 85/ OLQNV �FDOFXODWHG DV VXEWUDFWLRQ RI WKH ZRUG

FRXQW LQFOXGLQJ 85/V IURP ZRUG FRXQW H[FOXGLQJ 85/V�� +DVKWDJ FRXQW GRHV QRW GLVSOD\ PXFK

GLIIHUHQFH� EXW WKH FDVKWDJ FRXQW VKRZV D GLVWLQFW GLIIHUHQFH DPRQJ GLIIHUHQW JURXSV� ,Q SDUWLFXODU�

���



WKH 165 JURXS KDV WKH KLJKHVW DYHUDJH FDVKWDJ FRXQW� 7KLV VHHPV XQH[SHFWHG EHFDXVH LW LV XVXDOO\

EHOLHYHG WKDW VWRFN WZHHWV ZRXOG FRQWDLQ PRUH FDVKWDJV WKDQ RWKHU FDWHJRULHV RI WZHHWV� +RZHYHU�

DV LQWURGXFHG LQ &KDSWHU �� D QXPEHU RI FDVKWDJV ZHUH QRW XVHG LQ DFFRUGDQFH ZLWK WKHLU RULJLQDO

SXUSRVH �WR LQGLFDWH D WLFNHU�� VR WKLV PD\ H[SODLQ ZK\ WKH 165 WZHHWV FRQWDLQ PRUH FDVKWDJV

WKDQ RWKHU JURXSV� )LQDOO\� UHWZHHW FRXQW DOVR SUHVHQWV FOHDU YDULDQFH DFURVV GLIIHUHQW JURXSV RI

WZHHWV� 7KH165JURXS FRQWDLQV IDUPRUH UHWZHHWV WKDQ WKH RWKHU WKUHH JURXSV� DQG WKH175JURXS

FRQWDLQV WKH OHDVW UHWZHHWV� 7KLV VKRZV WKDW WKH UHWZHHWLQJ PHFKDQLVP LV OHVV RIWHQ XVHG LQ VWRFN

FRQYHUVDWLRQ RQ 7ZLWWHU� SDUWLFXODUO\ ZKHQ WKH FRQYHUVDWLRQ GRHV QRW IRFXV RQ D VSHFLILF WLFNHU�

)LQDOO\� DW WKH SRODULW\ OHYHO� WKHUH LV QRW PXFK GLIIHUHQFH DFURVV WKUHH SRODULWLHV� 7KLV VXJJHVWV

WKDW GLIIHUHQW SRODULWLHV RI WZHHWV WHQG WR EH VLPLODU LQ WHUPV RI H[WHUQDO OLQJXLVWLF IHDWXUHV�

7DEOH ����� $YHUDJH FRXQWV RI WKH H[WHUQDO OLQJXLVWLF IHDWXUHV

)HDWXUHV 165 6WRFN�UHODWHG 175 7LFNHU�UHODWHG 1(* 1(8 367

:RUG FRXQW LQFOXGLQJ 85/V ����� ����� ����� ����� ����� ����� �����

:RUG FRXQW H[FOXGLQJ 85/V ����� ����� ����� ����� ����� ����� ����

&KDUDFWHU FRXQW LQFOXGLQJ 85/V ����� ����� ����� ����� ����� ����� �����

&KDUDFWHU FRXQW H[FOXGLQJ 85/V ����� ����� ����� ����� ����� ����� �����

+DVKWDJ FRXQW ���� ���� ���� ���� ��� ��� ����

&DVKWDJ FRXQW ��� ���� ��� ���� ���� ���� ����

5HWZHHW FRXQW � ����� ������ ����� ����� ���� �

��� $XWRPDWLF &ODVVLILFDWLRQ RI WKH 7LFNHU�UHODWHG 7ZHHWV

7KH SUHYLRXV VHFWLRQ VKRZHG WKDW YDULRXV H[WHUQDO OLQJXLVWLF IHDWXUHV GLIIHU DFURVV WZHHW W\SHV DW

GLIIHUHQW OHYHOV� 7KH IROORZLQJ VHFWLRQV IXUWKHU H[SORUH ZKHWKHU DQG KRZ WKHVH GLIIHUHQFHV PLJKW

EH XVHG LQ WKH DXWRPDWLF FODVVLILFDWLRQ RI WZHHWV DW WKH VWRFN OHYHO� WLFNHU OHYHO DQG SRODULW\ OHYHO�

���



)RXU GLIIHUHQW PDFKLQH OHDUQLQJ PHWKRGV LQWURGXFHG LQ &KDSWHU � DUH XVHG WR FODVVLI\ WKH DQ�

QRWDWHG *( WZHHWV EDVHG RQ WKHLU H[WHUQDO OLQJXLVWLF IHDWXUHV� 7KH WUDLQLQJ XVHV D ���IROG FURVV

YDOLGDWLRQ WR DFFHVV WKH HIIHFWLYHQHVV� DQG WKH WHVW XVHV XQWUDLQHG *( WZHHWV� DQG DQ DGGLWLRQDO

WHVW LV FRQGXFWHG DW WKH WLFNHU OHYHO E\ XVLQJ &$7 �&DWHUSLOODU ,QF�� WZHHWV�

����� 'DWD SUHSDUDWLRQ IRU WKH FODVVLILFDWLRQ

7KH IROORZLQJ DQDO\VHV DOVR XVH WKH DQQRWDWHG *( WZHHWV DV WKH WUDLQLQJ VHW WR FRPSDUH IRXU GLIIHU�

HQW PDFKLQH OHDUQLQJ PHWKRGV DV LQ &KDSWHU � ± WKH GHFLVLRQ WUHH� UDQGRP IRUHVWV� 1DwYH %D\HV�

DQG VXSSRUW YHFWRU PDFKLQH PHWKRGV� )RU HDFK RI WKH WZHHWV� WKH H[WHUQDO OLQJXLVWLF IHDWXUHV

GHVFULEHG LQ WKH SUHYLRXV VHFWLRQV ZHUH H[WUDFWHG DQG XVHG WR FUHDWH D WZHHW�IHDWXUH PDWUL[ � D

VFKHPDWLF RI WKH PDWUL[ LV VKRZQ LQ 7DEOH ������ ,Q WKLV PDWUL[� WKH URZV UHSUHVHQW LQGLYLGXDO

WZHHWV� DQG WKH FROXPQV UHSUHVHQW WKH H[WHUQDO OLQJXLVWLF IHDWXUHV �H�J� ZRUG FRXQW� FKDUDFWHU

FRXQW� FDVKWDJ FRXQW� KDVKWDJ FRXQW� OLQN FRXQW� UHWZHHW FRXQW� FKDUDFWHU FRXQW ZLWKRXW 85/V�

DQG ZRUG FRXQW ZLWKRXW 85/V�� (DFK FHOO VKRZV WKH YDOXH RI WKH IHDWXUH IRU D VSHFLILF WZHHW� +DVK�

WDJ FRXQW LV H[FOXGHG DV LW GLG QRW VKRZ DQ\ VLJQLILFDQW HIIHFW LQ WKH IRUHJRLQJ VWDWLVWLFDO DQDO\VLV�

EXW OLQN FRXQW LV LQFOXGHG DV LW FDQ FKDQJH WKH OHQJWK RI D WZHHW�

���



7DEOH ����� $Q H[WUDFW RI WKH H[WHUQDO IHDWXUHV RI WKH DQQRWDWHG *( WZHHWV

7\SH :RUG &KDUDFWHU &DVKWDJ /LQN 5HWZHHW &KDU� Z�R 85/ :RUG Z�R 85/

165 � �� � � � �� �

175 �� �� � � � �� ��

175 �� �� � � � �� �

175 �� ��� � � � �� ��

175 �� �� � � � �� ��

175 �� �� � � � �� ��

$W WKH VWRFN OHYHO� ����QRQ�VWRFN�UHODWHG DQG ���� VWRFN�UHODWHG WZHHWVZHUH UDQGRPO\ H[WUDFWHG�

DQG XVHG DV WKH WUDLQLQJ VHW� DQG WKH RWKHU ��� QRQ�VWRFN�UHODWHG DQG ���� VWRFN�UHODWHG WZHHWV

ZHUH XVHG DV WKH WHVW VHW� 6LPLODUO\� DW WKH WLFNHU VWDJH� ���� QRQ�WLFNHU�UHODWHG DQG WLFNHU�UHODWHG

WZHHWV ZHUH UDQGRPO\ H[WUDFWHG IRU XVH DV WKH WUDLQLQJ VHW� DQG WKH RWKHU ��� QRQ�WLFNHU�UHODWHG

DQG ���� WLFNHU�UHODWHG WZHHWV ZHUH XVHG DV WKH WHVW VHW� )LQDOO\� DW WKH SRODULW\ VWDJH� ��� QHJD�

WLYH� QHXWUDO DQG SRVLWLYH WZHHWV ZHUH UDQGRPO\ H[WUDFWHG� DQG XVHG DV WKH WUDLQLQJ VHW� DQG WKH

UHPDLQLQJ �� QHJDWLYH� ��� QHXWUDO DQG ���� SRVLWLYH WZHHWV ZHUH XVHG DV WKH WHVW VHW�

6HSDUDWH WZHHW�IHDWXUH PDWULFHV ZHUH JHQHUDWHG IRU WKH VWRFN� WLFNHU DQG SRODULW\ OHYHOV� 7KH IHD�

WXUHV �L�H� FROXPQV� LQFOXGHG IRU HDFK RI WKHVH DQDO\VHV YDULHG DFFRUGLQJ WR WKH OHYHO� $W WKH VWRFN

OHYHO� WKH FODVVLILHUV XVHG VL[ IHDWXUHV H[FOXGLQJ KDVKWDJ FRXQW� $W WKH WLFNHU OHYHO� WKH FODVVLILHUV

XVHG IRXU H[WHUQDO IHDWXUHV� DV WKH DERYH VWDWLVWLFDO DQDO\VLV UHFRPPHQGHG� $W WKH SRODULW\ OHYHO�

DOO IHDWXUHVZHUH XVHG� HYHQ WKRXJK RQO\ZRUG FRXQW H[FOXGLQJ85/V DQG UHWZHHW FRXQWZHUH IRXQG

WR EH LQGLFDWLYH LQ WKH IRUHJRLQJ DQDO\VLV� 7KLV ZDV GRQH EHFDXVH RQO\ XVLQJ WZR GLVWLQFW H[WHUQDO

IHDWXUHV UHVXOWV LQ GLIILFXOWLHV ZKLOVW WUDLQLQJ PDFKLQH OHDUQLQJ FODVVLILHUV�

���



����� 6WRFN OHYHO WUDLQLQJ

7KH ILUVW WUDLQLQJ SURFHVV ZDV FRQGXFWHG DW WKH VWRFN OHYHO� $OO IRXU FODVVLILHUV DFKLHYHG VLPLODU

UHVXOWV� HDFK RI WKHP \LHOGHG D YHU\ KLJK DFFXUDF\� &DUU\LQJ RXW D ���IROG FURVV YDOLGDWLRQ WR WKH

IRXU VXSHUYLVHG FODVVLILHUV� WKH UHVXOWV RI WKH EHVW DFFXUDF\ DUH SUHVHQWHG LQ 7DEOH ������ 7KHVH

ILQGLQJV ZLWK WKH EHVW DFFXUDF\ SUHVHQW D KLJK DFFXUDF\ ± DOPRVW D SHUIHFW FODVVLILFDWLRQ� :K\

LV WKH DFFXUDF\ IRU WKH VWRFN OHYHO VR KLJK" 3UREDEOH FOXHV FDQ EH IRXQG LQ WKH DQDO\VLV RI WKH

H[WHUQDO OLQJXLVWLF IHDWXUHV LQ WKH SUHYLRXV VHFWLRQ� $V FDQ EH VHHQ LQ 7DEOH ������ DW WKH VWRFN

OHYHO� VL[ RI VHYHQ IHDWXUHV VKRZ D VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH VWRFN�UHODWHG DQG QRQ�VWRFN�

UHODWHG WZHHWV� 7KHVH IHDWXUHV SURYLGH WKH DXWRPDWLF FODVVLILHUV VXIILFLHQW LQIRUPDWLRQ IRU FODVVL�

I\LQJ WZHHWV SHUIHFWO\� $SSO\LQJ WKH WUDLQHG FODVVLILHUV WR WKH WHVW VHW� WKH\ \LHOGHG D VLPLODU UHVXOW

DV SUHVHQWHG LQ 7DEOH ������

7DEOH ����� 7KH EHVW UHVXOWV RI IRXU FODVVLILHUV DW WKH VWRFN OHYHO

0HWKRG %HVW WUDLQLQJ DFFXUDF\ 7HVW DFFXUDF\ RI *( WZHHWV 7HVW DFFXUDF\ RI &$7 WZHHWV

'HFLVLRQ WUHH ����� ����� �����

5DQGRP IRUHVWV � ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH � ����� �����

����� 7LFNHU�OHYHO WUDLQLQJ

7KH VHFRQG SKDVH RI WUDLQLQJ ZDV XQGHUWDNHQ DW WKH WLFNHU OHYHO� $SSO\LQJ D ���IROG FURVV YDOL�

GDWLRQ WR WKH WUDLQLQJ RI WKH WLFNHU�OHYHO GHFLVLRQ WUHH FODVVLILHU� WKH UHVXOWV RI EHVW DFFXUDF\ DUH

SUHVHQWHG LQ 7DEOH ������ $W WKLV OHYHO� WKH IRXU FODVVLILHUV H[KLELWHG FRQVLGHUDEO\ ORZHU DFFXUDF\

WKDQ DW WKH VWRFN OHYHO� 7KH UDQGRP IRUHVWV FODVVLILHU VOLJKWO\ RXWSHUIRUPHG WKH RWKHU WKUHH� ZKLOH

���



WKH 1DLYH %D\HV KDG WKH ZRUVW SHUIRUPDQFH� 7KLV DFFXUDF\ GURS PD\ EH UHODWHG WR WKH VPDOOHU

GLIIHUHQFHV DPRQJ WKHVH IHDWXUHV� DV GLVFXVVHG LQ 6HFWLRQ ������ &RPSDUHG WR VL[ VLJQLILFDQW GLI�

IHUHQFHV DPRQJ VHYHQ IHDWXUHV DW WKH VWRFN OHYHO� RQO\ IRXU VLJQLILFDQW GLIIHUHQFHV ZHUH IRXQG DW

WKH WLFNHU OHYHO DV WKH IRUHJRLQJ VWDWLVWLFDO WHVWV VXJJHVWHG� $SSO\LQJ WKH WUDLQHG FODVVLILHUV WR WKH

*( WHVW VHW� VOLJKW GURSV RI DFFXUDF\ ZHUH REVHUYHG� HVSHFLDOO\ IURP WKH 1DwYH %D\HV FODVVLILHU�

7DEOH ����� 7KH EHVW UHVXOWV RI IRXU FODVVLILHUV DW WKH WLFNHU OHYHO

0HWKRG %HVW WUDLQLQJ DFFXUDF\ 7HVW DFFXUDF\ RI *( WZHHWV 7HVW DFFXUDF\ RI &$7 WZHHWV

GHFLVLRQ WUHH ����� ����� �����

UDQGRP IRUHVWV ����� ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH ����� ����� �����

$SSO\LQJ WKH WUDLQHG FODVVLILHUV WR WKH &$7 WHVW VHW� RYHUDOO� WKH GHFLVLRQ WUHH DQG VXSSRUW YHFWRU

PDFKLQH FODVVLILHUV RXWSHUIRUPHG WKH RWKHU WKUHH FODVVLILHUV� DQG IROORZHG E\ WKH UDQGRP IRUHVWV

DQG 1DwYH %D\HV FODVVLILHUV� HDFK RI ZKLFK DFKLHYHG D VOLJKWO\ ORZHU DFFXUDF\� &RPSDUHG ZLWK

WKH WUDLQLQJ DFFXUDF\ RI WKH *( WHVW VHW� IRU HDFK PHWKRG� WKH DFFXUDF\ RI WKH YDOLGDWLRQ LV PXFK

KLJKHU� 7KLV VXJJHVWHG WKDW WKH GLIIHUHQFHV RI WKH H[WHUQDO IHDWXUHV LQ WKH &$7 WZHHWV DUH PRUH

SURQRXQFHG WKDQ WKDW REVHUYHG LQ WKH *( WLFNHU WZHHW VHW� 7KXV� WKLV YDOLGDWLRQ VKRZHG WKDW WKH

FODVVLILHUV EDVHG RQ WKH IHDWXUHV RI WKH *( WZHHWV ZRUN ZHOO RQ &$7 WZHHWV WRR� 7KH UHVXOWV DOVR

VKRZHG WKDW WKH GHFLVLRQ WUHH� UDQGRP IRUHVWV DQG VXSSRUW YHFWRUPDFKLQHPHWKRGV RXWSHUIRUPHG

WKH 1DwYH %D\HV PHWKRG�

���



����� 3RODULW\�OHYHO WUDLQLQJ

$OWKRXJK WKH DERYH VWDWLVWLFDO DQDO\VLV VKRZHG WKDW RQO\ WZR IHDWXUHV KDYH D VLJQLILFDQW HIIHFW DW

WKH SRODULW\ OHYHO �ZRUG FRXQW H[FOXGLQJ 85/V DQG UHWZHHW FRXQW�� VHQWLPHQW FODVVLILFDWLRQ UH�

PDLQV WKH XOWLPDWH JRDO RI WKLV UHVHDUFK� 7KHUHIRUH� WKH ODVW WUDLQLQJ SKDVH DWWHPSWV WR WDFNOH WKLV

SUREOHP� DQG LV FRQVHTXHQWLDOO\ FRQGXFWHG DW WKH SRODULW\ OHYHO �VHH WDEOH ������� $OO IRXU PHWKRGV

SHUIRUPHG SRRUO\ ZLWK DQ DFFXUDF\ RI DURXQG ���� $OWKRXJK WKH DFFXUDF\ LV ORZ� LW LV EHWWHU WKDQ

ZRXOG EH H[SHFWHG �L�H� ���� DFFRUGLQJ WR WKUHH SRODULW\ FDWHJRULHV�� $PRQJ WKHP� WKH UDQGRP

IRUHVWV FODVVLILHU DFKLHYHG WKH EHVW DFFXUDF\ RI ������ 7KH RWKHU WKUHH KDG VLPLODUO\ ORZHU DFFXUD�

FLHV� ,Q DGGLWLRQ� DSSO\LQJ WKH WUDLQHG FODVVLILHU WR WKH *( WHVW VHW� RQO\ WKH UDQGRP IRUHVWV DQG

VXSSRUW YHFWRU PDFKLQH FODVVLILHUV DFKLHYHG D VLPLODU DFFXUDF\ WR WKDW IRXQG GXULQJ WKH WUDLQLQJ

VWDJH� EXW ERWK WKH GHFLVLRQ WUHH DQG 1DwYH %D\HV FODVVLILHUV IDLOHG WR FODVVLI\ WKH SRODULW\� 7KLV

ILQGLQJ FRQFXUHG ZLWK WKH ILQGLQJV UHSRUWHG GXULQJ WKH DQDO\VLV RI WKH H[WHUQDO OLQJXLVWLF IHDWXUHV�

ZKHUH WKH GLIIHUHQFHV DW WKH SRODULW\ OHYHO ZHUH PLQLPXP DV VKRZQ LQ 6HFWLRQ ������ 7KHVH ORZ

DFFXUDFLHV VXJJHVW WKDW WKH H[WHUQDO OLQJXLVWLF IHDWXUHV RIIHU OLPLWHG KHOS LQ LGHQWLI\LQJ WKH SRODU�

LW\ RI WLFNHU�UHODWHG WZHHWV� $SSO\LQJ WKH WUDLQHG FODVVLILHUV WR WKH &$7 WZHHW VHW� WKH\ DFKLHYHG D

VLPLODUO\ SRRU SHUIRUPDQFH DV ZDV IRXQG GXULQJ WKH WHVW VWDJH�

7DEOH ����� 7KH EHVW UHVXOWV RI IRXU FODVVLILHUV DW WKH SRODULW\ OHYHO

0HWKRG %HVW WUDLQLQJ DFFXUDF\ 7HVW DFFXUDF\ RI *( WZHHWV 7HVW DFFXUDF\ RI &$7 WZHHWV

GHFLVLRQ WUHH ����� ����� �����

UDQGRP IRUHVWV ����� ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH ����� ����� �����

���



��� 'LVFXVVLRQ

7KLV FKDSWHU IRFXVHG RQ WZR UHVHDUFK TXHVWLRQV� SDUWLFXODUO\ 4XHVW4XHVWLRQ L

4XHVWLRQ �� $UH VWRFN WZHHWV D OLQJXLVWLFDOO\ GLVWLQFW W\SH RI WZHHW" $QG ZKDW VSHFLILF

OLQJXLVWLF IHDWXUHV GR WKH\ KDYH"

4XHVWLRQ �� ,I VWRFN WZHHWV KDYH H[SOLFLW OLQJXLVWLF IHDWXUHV� LV LW SRVVLEOH WR DXWRPDW�

LFDOO\ LGHQWLI\ WKH VWRFN WZHHWV EDVHG RQ WKHLU OLQJXLVWLF IHDWXUHV"

$V VKRZQ LQ 7DEOH ������ WKLV FKDSWHU WUDLQHG IRXU FODVVLILHUV DW HDFK RI VHYHUDO OHYHOV EDVHG RQ

H[WHUQDO IHDWXUHV� $W WKH VWRFN OHYHO� DOO WKHVH IRXU FODVVLILHUV FRXOG ZHOO LGHQWLI\ WKH FDWHJRU\ RI

WZHHWV� $W WKH WLFNHU OHYHO� RI WKH IRXU VXSHUYLVHG OHDUQLQJ FODVVLILHUV� WKH UDQGRP IRUHVWV FODVVLILHU

DFKLHYHG WKH EHVW DFFXUDF\ZLWK DQ DFFXUDF\ RI ������ 7KH RWKHU WKUHH FODVVLILHUV DFKLHYHG D VOLJKWO\

ORZHU DFFXUDF\ RI DURXQG ��� DW WKH WLFNHU OHYHO�

7DEOH ����� 6WDWLVWLFV RI WKH DFFXUDF\ RI HDFK OHYHO RI IRXU FODVVLILHUV

0HWKRG 6WRFN OHYHO 7LFNHU OHYHO 3RODULW\ OHYHO

'HFLVLRQ WUHH ����� ����� �����

5DQGRP IRUHVWV � ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH � ����� �����

7KHVH GLIIHUHQFHV RI FODVVLILFDWLRQ DFFXUDF\ DW HDFK OHYHO PD\ UHODWH WR WKH QXPEHU RI IHDWXUHV WKDW

GLIIHU VLJQLILFDQWO\ EHWZHHQ VHWV� DV WHVWHG LQ 6HFWLRQ���� $W WKH VWRFN OHYHO� VL[ RXW RI VHYHQ H[WHUQDO

OLQJXLVWLF IHDWXUHV SUHVHQWHG D VLJQLILFDQW HIIHFW RI GLIIHUHQFH� ZKLOH DW WKH WLFNHU OHYHO� RQO\ IRXU

RXW RI VHYHQ IHDWXUHV KDG D VLJQLILFDQW HIIHFW RI GLIIHUHQFH� $W WKHVH WZR OHYHOV� DOO IHDWXUHV GLIIHUHG

���



RQO\ LQ WZR FDWHJRULHV� EXW DW WKH SRODULW\ OHYHO� WKH VWDWLVWLFDO WHVWV ZHUH XVHG WR HYDOXDWH YDULDWLRQ

DFURVV WKUHH FDWHJRULHV� ,Q RWKHU ZRUGV� DW WKH SRODULW\ OHYHO� WKHUH ZHUH �� SDLU�WR�SDLU GLIIHUHQFHV�

LQVWHDG RI � SDLU�WR�SDLU GLIIHUHQFHV DW WKH SULRU WZR OHYHOV� +RZHYHU� DV VKRZQ LQ 7DEOH ������ RQO\

WZR RXW RI �� SDLU�WR�SDLU IHDWXUHV SUHVHQWHG D VLJQLILFDQW HIIHFW RI GLIIHUHQFH� &RQVLGHULQJ WKH

QXPEHU RI VLJQLILFDQW YDULDWLRQV DW GLIIHUHQW OHYHOV� WKH GLIIHUHQFHV RI SHUIRUPDQFH RI FODVVLILHUV DW

GLIIHUHQW OHYHOV VHHPV XQGHUVWDQGDEOH�

��� 6XPPDU\

7KLV FKDSWHU UHSRUWHG RQ WKH H[WHUQDO OLQJXLVWLF IHDWXUHV RI FODVVLILHG VWRFN WZHHWV� VXFK DV ZRUG

FRXQW LQFOXGLQJ RU H[FOXGLQJ85/V� FKDUDFWHU FRXQW ZLWK RU ZLWKRXW 85/V� KDVKWDJ FRXQW� FDVKWDJ

FRXQW DQG UHWZHHW FRXQWV� %\ DSSO\LQJ GLIIHUHQW VLJQLILFDQFH WHVWV� WKHVH IHDWXUHV VKRZHG WR EH

XVHIXO LQ GLIIHUHQWLDWLRQ RI QRQ�VWRFN�UHODWHG WZHHWV IURP VWRFN�UHODWHG WZHHWV� DQG QRQ�WLFNHU�

UHODWHG WZHHWV IURP WLFNHU�UHODWHG WZHHWV�

7KHVH GLVWLQFW H[WHUQDO OLQJXLVWLF IHDWXUHV ZHUH WKHQ XVHG WR WUDLQ IRXU VXSHUYLVHG OHDUQLQJ FODVVL�

ILHUV ± GHFLVLRQ WUHH� UDQGRP IRUHVWV� 1DwYH %D\HV� DQG VXSSRUW YHFWRU PDFKLQH ± WR FODVVLI\ WKH

DQQRWDWHG*( WZHHWV DW GLIIHUHQW OHYHOV� )RXU FODVVLILHUV DFKLHYHG D KLJK DFFXUDF\ DW WKH VWRFN OHYHO�

DQG D PRGHUDWH DFFXUDF\ DW WKH WLFNHU OHYHO� EXW QRQH RI WKHP SHUIRUPHG ZHOO DW WKH SRODULW\ OHYHO�

&RPSDUHGZLWK WKH VHQWLPHQW FODVVLILFDWLRQ FRQGXFWHG LQ &KDSWHU �� WKH FODVVLILFDWLRQ UHVXOW DW WKH

SRODULW\ OHYHO LQ WKLV FKDSWHU KDV EHHQ VKRZQ WR SHUIRUPSRRUO\� 7KLV VKRZV WKDW XVLQJ WKH H[WHUQDO

OLQJXLVWLFV IHDWXUHV VROHO\ WR FODVVLI\ VHQWLPHQW GRHV QRW ZRUN DV ZHOO DV H[SHFWHG� 7KHUHIRUH� WKH

IROORZLQJ DQDO\VHV FRPELQH WKH H[WHUQDO OLQJXLVWLF IHDWXUHV ZLWK WKH EDJ RI ZRUGV PRGHO WR VHH LI

WKH FODVVLILFDWLRQ DFFXUDF\ FDQ EH LPSURYHG�

���



&KDSWHU � 6HQWLPHQW &ODVVLILFDWLRQ %DVHG RQ WKH +\EULG

)HDWXUHV

7R DQVZHU WKH RYHUDUFKLQJ TXHVWLRQ RI WKLV UHVHDUFK ± WR HVWDEOLVK ZKHWKHU WKH XVH RI RI OLQJXLV�

WLF IHDWXUHV UHVXOWV LQ LPSURYHG DFFXUDF\ LQ D VDPSOH VHQWLPHQW FODVVLILFDWLRQ WDVN ± WKLV FKDSWHU

FRPELQHV GLIIHUHQW IHDWXUHV WR WHVW WKH SHUIRUPDQFH RI HDFK FODVVLILHU� 7KH ILUVW VHFWLRQ UHYLHZV

WKH VHQWLPHQW FODVVLILFDWLRQV DFKLHYHG LQ SUHYLRXV FKDSWHUV� 7KHQ� DQ LQLWLDO FODVVLILFDWLRQ WDVN

FRPELQHV WKH EDJ�RI�ZRUGV PRGHO ZLWK SDUW�RI�VSHHFK IHDWXUHV� 7KH VHFRQG WDVN FRPELQHV SDUW�

RI�VSHHFK IHDWXUHV ZLWK H[WHUQDO OLQJXLVWLF IHDWXUHV� 7KH WKLUG WDVN FRPELQHV WKH EDJ�RI�ZRUGV

PRGHO ZLWK H[WHUQDO OLQJXLVWLF IHDWXUHV� ,Q JHQHUDO� HDFK RI WKHVH VWHSV GHPRQVWUDWHV D VOLJKW LP�

SURYHPHQW RYHU WKH EDVHOLQH DFFXUDF\� %DVHG RQ WKHVH FODVVLILFDWLRQV� WKH ILQDO FODVVLILFDWLRQ FRP�

ELQHV DOO VHWV RI IHDWXUHV� $V LW ZLOO EH VKRZQ� WKH EHVW DFFXUDF\ LV DFKLHYHG E\ XVLQJ D UDQGRP

IRUHVW FODVVLILHU EDVHG RQ WKH FRPELQDWLRQ RI DOO VHWV RI IHDWXUHV� 7KH EHVW DFFXUDF\ DFKLHYHG LV

������

��� 5HYLHZ RI 6HQWLPHQW &ODVVLILFDWLRQV LQ WKH 3UHYLRXV &KDSWHUV

7KH WZR IRUHJRLQJ DQDO\VHV� UHSRUWHG UHVSHFWLYHO\ LQ &KDSWHUV � DQG �� LQYHVWLJDWHG WKH LQWHUQDO

DQG H[WHUQDO OLQJXLVWLF IHDWXUHV RI D FRUSXV RI WKH DQQRWDWHG VWRFN WZHHWV� ,QGLYLGXDO VHQWLPHQW

FODVVLILFDWLRQV EDVHG RQ WKHVH IHDWXUHV DFKLHYHG GLIIHUHQW UHVXOWV� 7KH DXWRPDWLF FODVVLILFDWLRQ

EDVHG RQ WKH EDJ�RI�ZRUGV PRGHO LQ &KDSWHU � SURGXFHG D UHDVRQDEO\ JRRG UHVXOW� $OO IRXU FODV�

VLILHUV DFKLHYHG DQ DFFXUDF\ RI DURXQG ���� 7KHVH UHVXOWV ZHUH WKHUHIRUH UHJDUGHG DV WKH EDVHOLQH

DFFXUDF\ OHYHO IRU WKLV VWXG\ �VHH 7DEOH ������� ,Q WKLV EDVHOLQH UHVXOW� WKH VXSSRUW YHFWRU PDFKLQH

FODVVLILHU KDG WKH EHVW DFFXUDF\ RI ������ DQG WKH GHFLVLRQ WUHH FODVVLILHU KDG WKH SRRUHVW DFFXUDF\

RI ������ +RZHYHU� D FODVVLILFDWLRQ EDVHG RQ SDUW�RI�VSHHFK IHDWXUHV RI WZHHWV �UHSRUWHG LQ &KDS�

���



WHU �� DQG D FODVVLILFDWLRQ EDVHG RQ WKH H[WHUQDO OLQJXLVWLF IHDWXUHV RI WZHHWV �UHSRUWHG LQ &KDSWHU

�� GLG QRW SHUIRUP DV ZHOO DV FODVVLILFDWLRQ EDVHG RQ WKH EDJ�RI�ZRUGV PRGHO�

7DEOH ����� 6HQWLPHQW FODVVLILFDWLRQ DFFXUDF\ DW WKH WUDLQLQJ VWDJH EDVHG RQ GLIIHUHQW VHWV RI IHD�
WXUHV LQ SUHYLRXV FKDSWHUV

0HWKRG EDJ�RI�ZRUGV 3DUW�RI�VSHHFK ([WHUQDO IHDWXUHV

'HFLVLRQ WUHH ����� ����� �����

5DQGRP IRUHVWV ����� ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH ����� ����� �����

7KHVH GLIIHUHQFHV LQ FODVVLILFDWLRQ SHUIRUPDQFH PD\ UHODWH WR WKH QXPEHU RI IHDWXUHV H[KLELWLQJ

VLJQLILFDQW YDULDWLRQ EHWZHHQ FDWHJRULHV RI WZHHW� DV UHSRUWHG LQ SUHYLRXV FKDSWHUV� $V VKRZQ LQ

7DEOH ������ DW WKH WRS� WKH VHW RI EDJ�RI�ZRUGV VFRUHV SUHVHQW D VLJQLILFDQW HIIHFW DW WKH SRODULW\

OHYHO� DQG DFURVV HDFK SDLU RI GDWD� $W WKH PLGGOH� WKH VHW RI SDUW�RI�VSHHFK IHDWXUHV� DOWKRXJK IRXU

RXW RI ILYH IHDWXUHV KDYH D VLJQLILFDQW HIIHFW RI GLIIHUHQFHV DW WKH SRODULW\ OHYHO� RQO\ � RXW RI ��

SDLUV RI GDWD SUHVHQW D VLJQLILFDQW HIIHFW RI GLIIHUHQFHV DPRQJ WKH 1(*� 1(8 DQG 367 JURXS� $W

WKH ERWWRP� WKH VHW RI H[WHUQDO OLQJXLVWLF IRUPV� RQO\ WZR RXW RI VHYHQ IHDWXUHV SUHVHQW D VLJQLILFDQW

HIIHFW RI GLIIHUHQFHV DW WKH SRODULW\ OHYHO� DQG RQO\ � RXW RI �� SDLUV RI GDWD SUHVHQW D VLJQLILFDQW

HIIHFW RI GLIIHUHQFHV� $OWKRXJK WKH VHW RI SDUW�RI�VSHHFK IHDWXUHV SUHVHQW PRUH SDLUV RI GLIIHUHQFHV

WKDQ WKH VHW RI H[WHUQDO OLQJXLVWLFV IHDWXUHV� RQO\ YHUEV KDV D VLJQLILFDQW HIIHFW RI GLIIHUHQFHV DFURVV

DOO WKUHH SDLUV RI WKH 1(*� 1(8 DQG 367 GDWD� 7KLV PD\ H[SODLQ ZK\ WKH VHW RI SDUW�RI�VSHHFK

IHDWXUHV RQO\ KDV D VOLJKWO\ EHWWHU UHVXOW WKDQ WKH VHW RI H[WHUQDO OLQJXLVWLFV IHDWXUHV�

7KHUHIRUH� WR LPSURYH WKH VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\� WKLV FKDSWHU FRPELQHV WKHVH WKUHH

VHWV RI IHDWXUHV WR H[SORUH LI VHQWLPHQW FODVVLILFDWLRQV EDVHG RQ WKH K\EULG IHDWXUHV FDQ LPSURYH

RQ WKH DFFXUDF\ OHYHO DFKLHYHG LQ WKH EDVHOLQH UHVXOW�

���



7DEOH ����� 6XPPDU\ RI VLJQLILFDQFH WHVWV RI WKUHH VHWV RI IHDWXUHV

)HDWXUHV 3RODULW\ OHYHO 367 	 1(* 367 	 1(8 1(* 	 1(8

2YHUDOO VFRUH χ����  ��������  U  ����  U  ����  U  ���� 

3RVLWLYH VFRUH χ����  �������  U  ����  U  ����  U  ���� 

1HJDWLYH VFRUH χ����  �������  U  ����  U  ����  U  ���� 

$GMHFWLYHV χ����  ������  U  �����H���  U  �����  1�6�

&RPPRQ 1RXQV χ����  �����  1�6� U  �����  1�6�

3UHSRVLWLRQV χ����  ������  U  �����H���  U  �����H���  1�6�

3URSHU 1RXQV 1�6� 1�6� 1�6� 1�6�

9HUEV χ����  ������  U  �����H��  U  �����  U  �����H��� 

:RUG FRXQW LQFOXGLQJ 85/V 1�6� 1�6� 1�6� 1�6�

&KDUDFWHU FRXQW LQFOXGLQJ 85/V 1�6� 1�6� 1�6� 1�6�

:RUG FRXQW H[FOXGLQJ 85/V χ����  ������  367 	 1(* U �����  1�6� 1�6�

&KDUDFWHU FRXQW H[FOXGLQJ 85/V 1�6� 1�6� 1�6� 1�6�

+DVKWDJ FRXQW 1�6� 1�6� 1�6� 1�6�

&DVKWDJ FRXQW 1�6� 1�6� 1�6� 1�6�

5HWZHHW FRXQW χ����  �������  367 	 1(8 U �����  1�6� 1�6�

 LQGLFDWHV WKDW S � �����  LQGLFDWHV WKDW S � ����� DQG  LQGLFDWHV WKDW S � �����

��� &ODVVLILFDWLRQ %DVHG RQ WKH &RPELQHG ,QWHUQDO )HDWXUHV

7KH ILUVW FODVVLILFDWLRQ LQ WKLV FKDSWHU IRFXVHV RQ WKH FRPELQDWLRQ RI WKH LQWHUQDO OLQJXLVWLF IHDWXUHV

± EDJ�RI�ZRUGV PRGHO LV FRPELQHG ZLWK SDUW�RI�VSHHFK IHDWXUHV� &RPELQLQJ WKH PRVW IUHTXHQWO\

REVHUYHG SDUW�RI�VSHHFK IHDWXUHV ZLWK WKH EDJ�RI�ZRUGV VFRUHV UHSRUWHG LQ &KDSWHU �� D PDWUL[

ZDV JHQHUDWHG� FRQWDLQLQJ � FROXPQV DQG ���� URZV �VHH 7DEOH ������� 7KLV PDWUL[ ZDV WR EH XVHG

���



IRU WUDLQLQJ WKH FODVVLILHU� 7KH ILUVW FROXPQ LQGLFDWHV WKH WZHHW W\SH� DQG WKH VHFRQG WR WKH ILIWK

FROXPQV UHSUHVHQW WKH SDUW�RI�VSHHFK IHDWXUHV� 7KH ODVW WKUHH FROXPQV UHSUHVHQW WKH VFRUHV RI WKH

EDJ�RI�ZRUGV PRGHO� WKH QHJDWLYH VFRUHV DUH IRU WKH QHJDWLYH NH\ZRUGV� WKH SRVLWLYH VFRUHV IRU WKH

SRVLWLYH NH\ZRUGV� DQG WKH RYHUDOO VFRUHV IRU WKH VXP RI WKH QHJDWLYH DQG SRVLWLYH VFRUHV� (DFK

URZ UHSUHVHQWV WKH DERYH IHDWXUHV RI DQ LQGLYLGXDO WZHHW� DQG HDFK FHOO VKRZV WKH RFFXUUHQFH RU

WKH VFRUH RI D SDUWLFXODU IHDWXUH�

7DEOH ����� 6DPSOH RI WKH WUDLQLQJ PRGHO EDVHG RQ WKH FRPELQHG LQWHUQDO IHDWXUHV

7\SH &RPPRQ QRXQ $GMHFWLYH 9HUE « 2YHUDOO VFRUH 3RVLWLYH VFRUH 1HJDWLYH VFRUH

367 � � � « � � ��

367 � � � « � � ��

367 � � � « �� � ��

$SSO\LQJ WKH IRXU VXSHUYLVHG OHDUQLQJ FODVVLILHUV� 7DEOH ����� VKRZV WKH FODVVLILFDWLRQ UHVXOWV� 7KH

VXSSRUW YHFWRU PDFKLQH FODVVLILHUV SHUIRUPHG EHVW� 7KH UDQGRP IRUHVWV FODVVLILHU DQG WKH 1DwYH

%D\HV FODVVLILHU KDG D �� LPSURYHPHQW RYHU WKH EDVHOLQH� ZKLOH WKH GHFLVLRQ WUHH FODVVLILHU DQG

WKH VXSSRUW YHFWRU PDFKLQH KDG D �� LPSURYHPHQW� +RZHYHU� DSSO\LQJ WKH WUDLQHG FODVVLILHUV WR

WKH *( WHVW VHW� H[FHSW WKH 1DwYH %D\HV FODVVLILHU� WKH RWKHU WKUHH FODVVLILHUV KDG D VOLJKWO\ SRRUHU

SHUIRUPDQFH� ,Q DGGLWLRQ� WKHVH IRXU FODVVLILHUV GLVSOD\HG D HYHQ SRRUHU SHUIRUPDQFH ZKHQ EHLQJ

DSSOLHG WR WKH &$7 WHVW VHW�

���



7DEOH ����� &ODVVLILFDWLRQ UHVXOWV EDVHG RQ WKH FRPELQHG LQWHUQDO IHDWXUHV

0HWKRG %HVW WUDLQLQJ DFFXUDF\ 7HVW DFFXUDF\ RI *( WZHHWV 7HVW DFFXUDF\ RI &$7 WZHHWV

'HFLVLRQ WUHH ����� ����� �����

5DQGRP IRUHVWV ����� ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH ����� ����� �����

��� &ODVVLILFDWLRQ %DVHG RQ WKH 326 DQG ([WHUQDO )HDWXUHV

7KH VHFRQG FODVVLILFDWLRQ LQYHVWLJDWHV ZKHWKHU FRPELQLQJ SDUW�RI�VSHHFK IHDWXUHV DQG H[WHUQDO

OLQJXLVWLF IHDWXUHV FDQ LPSURYH VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\� 7DEOH ����� VKRZV DQ H[WUDFW RI

WKH PDWUL[ WR EH XVHG IRU WUDLQLQJ WKH FODVVLILHU� ,W KDV �� FROXPQV DQG ���� URZV� 6LPLODUO\� WKH

ILUVW FROXPQ UHSUHVHQWV WKH WZHHW W\SH� WKH VHFRQG WR ILIWK FROXPQV UHSUHVHQW WKH SDUW�RI�VSHHFK

IHDWXUHV� DQG WKH UHPDLQLQJ FROXPQV UHSUHVHQW WKH H[WHUQDO OLQJXLVWLF IHDWXUHV�

7DEOH ����� 6DPSOH RI WKH WUDLQLQJ PRGHO EDVHG RQ 326 DQG H[WHUQDO IHDWXUHV

7\SH &RPPRQ QRXQ $GMHFWLYH 9HUE « :RUG &KDUDFWHU &DVKWDJ

367 � � � « �� �� �

367 � � � « �� �� �

367 � � � « �� �� �

$OO FODVVLILHUV GLVSOD\HG GHFUHDVHG DFFXUDFLHV� FRPSDUHG WR WKH EDVHOLQH DFFXUDF\ �VHH 7DEOH �������

7KH 1DwYH %D\HV FODVVLILHU KDG WKH PRVW REYLRXV GURS� 7KLV VKRZV WKDW QHJOHFWLQJ WKH EDJ�RI�

ZRUGV PRGHO� QRQH RI WKH FODVVLILHUV SHUIRUPHG ZHOO� +RZHYHU� DSSO\LQJ WKH WUDLQHG FODVVLILHUV WR

WKH *( WHVW VHW� DOO RI WKHP DFKLHYHG D EHWWHU DFFXUDF\ WKDQ WKDW LQ WKH WUDLQLQJ VWDJH� 6LPLODUO\�

���



WKH\ SHUIRUPHG SRRUO\ ZLWK WKH &$7 WHVW VHW� DV GLG WKH FODVVLILHUV EDVHG RQ WKH FRPELQHG LQWHUQDO

IHDWXUHV DERYH�

7DEOH ����� &ODVVLILFDWLRQ UHVXOWV EDVHG RQ 326 DQG H[WHUQDO IHDWXUHV

0HWKRG %HVW WUDLQLQJ DFFXUDF\ 7HVW DFFXUDF\ RI *( WZHHWV 7HVW DFFXUDF\ RI &$7 WZHHWV

'HFLVLRQ WUHH ����� ����� �����

5DQGRP IRUHVWV ����� ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH ����� ����� �����

&RPSDUHG ZLWK WKH VHQWLPHQW FODVVLILFDWLRQ UHVXOWV EDVHG LQGLYLGXDOO\ RQ SDUW�RI�VSHHFK IHDWXUHV

RU H[WHUQDO OLQJXLVWLF IHDWXUHV� WKH IRXU FODVVLILHUV GLVSOD\HG D VOLJKW LPSURYHPHQW RYHU WKH FODV�

VLILHUV EDVHG VROHO\ RQ SDUW�RI�VSHHFK IHDWXUHV� EXW DOO RI WKHP SHUIRUPHG VLPLODUO\ WR FODVVLILHUV

EDVHG RQ H[WHUQDO OLQJXLVWLF IHDWXUHV �VHH 7DEOH �������

7DEOH ����� &RPSDULVRQ RI WKH FODVVLILFDWLRQ UHVXOWV EDVHG RQO\ RQ SDUW�RI�VSHHFK RU H[WHUQDO IHD�
WXUHV

0HWKRG 326 IHDWXUHV RQO\ ([WHUQDO IHDWXUHV RQO\ 326 DQG ([WHUQDO IHDWXUHV

'HFLVLRQ WUHH ����� ����� �����

5DQGRP IRUHVWV ����� ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH ����� ����� �����

��� &ODVVLILFDWLRQ %DVHG RQ WKH %DJ�RI�ZRUGV DQG ([WHUQDO )HDWXUHV

7KH WKLUG FODVVLILFDWLRQ WHVWV WKH FRPELQDWLRQ RI WKH EDJ�RI�ZRUGV PRGHO DQG H[WHUQDO OLQJXLVWLF

IHDWXUHV� 7DEOH ����� VKRZV DQ H[WUDFW RI WKH PDWUL[ WR EH WUDLQHG� 7KLV PDWUL[ KDV �� FROXPQV�

���



7KH ILUVW FROXPQ LV WKH WZHHW W\SH� WKH VHFRQG WR IRXUWK FROXPQV UHSUHVHQW DUH WKH VFRUHV RI WKH

EDJ�RI�ZRUGV PRGHO DQG WKH UHVW DUH WKH H[WHUQDO IHDWXUHV�

7DEOH ����� 6DPSOH RI WKH WUDLQLQJ PRGHO EDVHG RQ FRPELQDWLRQ RI WKH EDJ�RI�ZRUGV PRGHO DQG
H[WHUQDO OLQJXLVWLF IHDWXUHV

7\SH 2YHUDOO VFRUH 3RVLWLYH VFRUH 1HJDWLYH VFRUH « :RUG &KDUDFWHU &DVKWDJ

367 � � �� « �� �� �

367 � � �� « �� �� �

367 �� � �� « �� �� �

$OO FODVVLILHUV LPSURYHG LQ DFFXUDF\� ZLWK WKH UDQGRP IRUHVWV FODVVLILHU DQG VXSSRUW YHFWRUPDFKLQH

FODVVLILHU SHUIRUPLQJ SDUWLFXODUO\ VWURQJO\ �VHH 7DEOH ������� $SSO\LQJ WKH WUDLQHG FODVVLILHUV WR WKH

*( WHVW VHW� RQO\ WKH GHFLVLRQ WUHH VKRZHG D FOHDU GURS LQ DFFXUDF\� +RZHYHU� ZLWK WKH &$7 WHVW

VHW� QRQH RI WKH FODVVLILHUV SHUIRUPHG ZHOO�

7DEOH ����� &ODVVLILFDWLRQ UHVXOWV EDVHG RQ WKH FRPELQDWLRQ RI EDJ�RI�ZRUGV DQG H[WHUQDO IHDWXUHV

0HWKRG %HVW WUDLQLQJ DFFXUDF\ 7HVW DFFXUDF\ RI *( WZHHWV 7HVW DFFXUDF\ RI &$7 WZHHWV

'HFLVLRQ WUHH ����� ����� �����

5DQGRP IRUHVWV ����� ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH ����� ����� �����

���



��� &ODVVLILFDWLRQ %DVHG RQ WKH &RPELQHG ,QWHUQDO DQG ([WHUQDO )HD�

WXUHV

7KH DERYH WKUHH DQDO\VHV VKRZHG WKDW FRPELQLQJ GLIIHUHQW VHWV RI IHDWXUHV� FDQ UHVXOW LQ LPSURYHG

VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\� 7R PD[LPLVH WKH DFFXUDF\� WKLV ILQDO FODVVLILFDWLRQ WHVWV WKH

FRPELQDWLRQ RI DOO IRXU VHWV RI IHDWXUHV� 7KH PDWUL[ EHLQJ WUDLQHG KDV �� FROXPQV DQG ���� URZV�

,W FRQWDLQV WKUHH VHWV RI IHDWXUHV� WKH SDUW�RI�VSHHFK� H[WHUQDO OLQJXLVWLF IHDWXUHV DQG EDJ�RI�ZRUGV

VFRUHV �VHH 7DEOH �������

7DEOH ����� 6DPSOH RI WKH WUDLQLQJ PRGHO EDVHG RQ WKH FRPELQHG LQWHUQDO DQG H[WHUQDO IHDWXUHV

7\SH 1RXQ $GYHUE « :RUG &KDUDFWHU « 2YHUDOO VFRUH 3RVLWLYH VFRUH 1HJDWLYH VFRUH

367 � � « �� �� « � � ��

367 � � « �� �� « � � ��

367 � � « �� �� « �� � ��

$OO IRXU FODVVLILHUV WUDLQHG LQ WKLV PDQQHU VKRZHG DQ LPSURYHG SHUIRUPDQFH� 7KH UDQGRP IRUHVWV

WRSSHG WKH DFFXUDF\ DJDLQ� IROORZHG E\ WKH VXSSRUW YHFWRU PDFKLQH FODVVLILHU� %RWK GHFLVLRQ WUHH

DQG 1DwYH %D\HV FODVVLILHUV GLVSOD\HG VLPLODU SHUIRUPDQFH� &RPSDUHG ZLWK WKH EDVHOLQH DFFX�

UDF\� WKH UDQGRP IRUHVWV FODVVLILHU LQ WKLV H[SHULPHQW GLVSOD\HG WKHPRVW VLJQLILFDQW LPSURYHPHQW

DPRQJ DOO H[SHULPHQWV� �����

+RZHYHU� DSSO\LQJ WKH WUDLQHG FODVVLILHUV WR WKH *( WHVW VHW UHVXOWHG LQ GHFUHDVHG DFFXUDF\ LQ DOO

IRXU FDVHV� (YHQ ZRUVH� WKH WHVW RQ WKH &$7 WHVW VHW GLVSOD\HG SRRUHU SHUIRUPDQFH�

���



7DEOH ����� &ODVVLILFDWLRQ UHVXOWV EDVHG RQ FRPELQHG LQWHUQDO DQG H[WHUQDO IHDWXUHV

0HWKRG %HVW WUDLQLQJ DFFXUDF\ 7HVW DFFXUDF\ RI *( WZHHWV 7HVW DFFXUDF\ RI &$7 WZHHWV

'HFLVLRQ WUHH ����� ����� �����

5DQGRP IRUHVWV ����� ����� �����

1DwYH %D\HV ����� ����� �����

6XSSRUW YHFWRU PDFKLQH ����� ����� �����

��� 'LVFXVVLRQ

,W LV FOHDU IURP WKH DERYH H[SHULPHQWV WKDW DOO IRXU FODVVLILHUV VKRZHG DQ DFFXUDF\ LQFUHDVH ZKHQ

DSSOLHG WR WKH WUDLQLQJ VHW E\ FRPELQLQJ GLIIHUHQW VHWV RI IHDWXUHV �VHH 7DEOH ������� 7KH GHFLVLRQ

WUHH� UDQGRP IRUHVWV DQG VXSSRUW YHFWRU PDFKLQH FODVVLILHUV H[KLELWHG DQ REYLRXV LPSURYHPHQW

DJDLQVW WKH EDVHOLQH� DQG WKH 1DwYH %D\HV FODVVLILHU H[KLELWHG D VOLJKW LPSURYHPHQW DJDLQVW WKH

EDVHOLQH� &RPSDULQJ WKH EHVW DFFXUDF\ LQ IRXU H[SHULPHQWV LQ WKLV FKDSWHU ZLWK WKH EDVHOLQH RI

HDFK FODVVLILHU� WKH UDQGRP IRUHVWV FODVVLILHU EDVHG RQ WKH DOO IHDWXUHV KDG WKH EHVW LPSURYHPHQW�

����� ZKLOH WKH RWKHU WKUHH FODVVLILHU GLVSOD\HG LPSURYHPHQWV UDQJLQJ IURP ���� WR ����� 0RVW

LPSRUWDQWO\� WKH UDQGRP IRUHVWV FODVVLILHU EDVHG RQ DOO IHDWXUHV DFKLHYHG WKH EHVW DFFXUDF\ RI �����

DPRQJ DOO FODVVLILHUV LQ ILYH H[SHULPHQWV�

+RZHYHU� RQO\ UDQGRP IRUHVWV FODVVLILHUV DFKLHYHG WKH EHVW DFFXUDF\ ZKHQ DOO VHWV RI IHDWXUHV DUH

LQFOXGHG� ZKLOH WKH RWKHU WKUHH FODVVLILHUV DFKLHYHG LPSURYHG DFFXUDF\ EDVHG RQ WKH FRPELQDWLRQ

RI WKH EDJ�RI�ZRUGV PRGHO DQG H[WHUQDO OLQJXLVWLF IHDWXUHV� 7KLV LV UDWKHU XQH[SHFWHG DV WKH SUH�

YLRXV H[SHULPHQWV VXJJHVWHG WKDW LQFOXVLRQ RI PRUH IHDWXUHV ZLWK VLJQLILFDQW EHWZHHQ�JURXS YDUL�

DQFH ZRXOG LQFUHDVH WKH DFFXUDF\ RI VHQWLPHQW FODVVLILFDWLRQ�

���



7DEOH ����� 7KH EHVW DFFXUDF\ �LQ EROG� RI HDFK FODVVLILHU EDVHG RQ GLIIHUHQW IHDWXUHV

0HWKRG %DVHOLQH %R: � 326 326 � H[WHUQDO %R: � H[WHUQDO $OO IHDWXUHV

'HFLVLRQ WUHH ����� ����� ����� ����� �����

5DQGRP IRUHVWV ����� ����� ����� ����� �����

1DwYH %D\HV ����� ����� ����� ����� �����

6XSSRUW YHFWRU ����� ����� ����� ����� �����

)LQDOO\� WKH VXSSRUW YHFWRUPDFKLQH FODVVLILHU GLVSOD\HG WKH EHVW SHUIRUPDQFH DPRQJ WKH IRXU FODV�

VLILHUV LQ WKH WKUHH H[SHULPHQWV ± EDVHOLQH� EDVHG RQ %R: DQG 326� DQG EDVHG RQ %RZ DQG H[WHU�

QDO IHDWXUHV� ZKLOH WKH UDQGRP IRUHVWV FODVVLILHU KDG WKH EHVW SHUIRUPDQFH LQ WKH RWKHU WZR H[�

SHULPHQWV ± EDVHG RQ DOO IHDWXUHV DQG 326 DQG H[WHUQDO IHDWXUHV� 7KH GHFLVLRQ WUHH DQG 1DwYH

%D\HV FODVVLILHUV KDYH VLPLODUO\ ORZHU DFFXUDFLHV� 5HJDUGLQJ WKH RYHUDOO FODVVLILFDWLRQ DFFXUDF\�

WKH VXSSRUW YHFWRU PDFKLQH LV WKH EHVW RQH DPRQJ WKH IRXU� ZKLOVW 1DwYH %D\HV LV WKH ZRUVW�

��� 6XPPDU\

7KLV FKDSWHU IRFXVHG RQ WKH RYHUDUFKLQJ UHVHDUFK TXHVWLRQ LQ WKLV UHVHDUFK� 'R OLQJXLVWLF DQDO�

\VLV LPSURYH WKH VHQWLPHQW LGHQWLILFDWLRQ DFFXUDF\ RI WKH VWRFN WZHHW VHQWLPHQW� ,W

FRPELQHG WKUHH VHWV RI IHDWXUHV ± EDJ�RI�ZRUGV VFRUHV� SDUW�RI�VSHHFK IHDWXUHV DQG H[WHUQDO OLQ�

JXLVWLF IHDWXUHV ± LQ RUGHU WR WUDLQ IRXU VXSHUYLVHG OHDUQLQJ FODVVLILHUV XVLQJ GLIIHUHQW FRPELQD�

WLRQV RI IHDWXUHV� $OO IRXU FODVVLILHUV SUHVHQWHG LPSURYHG DFFXUDFLHV ZKHQ GLIIHUHQW VHWV RI IHD�

WXUHV ZHUH FRPELQHG� LQ SDUWLFXODU� D UDQGRP IRUHVWV FODVVLILHU SUHVHQWHG D ���� LQFUHDVH RYHU WKH

EDVHOLQH DFFXUDF\� 7KH GHFLVLRQ WUHH� 1DwYH %D\HV DQG VXSSRUW YHFWRUPDFKLQH FODVVLILHUV DFKLHYHG

WKHLU EHVW DFFXUDF\ ZKHQ WUDLQHG XVLQJ D FRPELQDWLRQ RI EDJ�RI�ZRUGV VFRUHV DQG H[WHUQDO OLQJXLV�

WLF IHDWXUHV� ZKLOH WKH UDQGRP IRUHVWV FODVVLILHU DFKLHYHG LWV EHVW VFRUH XVLQJ WKH FRPELQDWLRQ RI

���



DOO WKUHH VHWV RI IHDWXUHV� ,Q D QXWVKHOO� WKH DQDO\VHV UHSRUWHG LQ WKLV FKDSWHU VKRZ WKDW FRPELQLQJ

GLIIHUHQW VHWV RI IHDWXUHV FDQ LPSURYH WKH DFFXUDF\ RI VHQWLPHQW FODVVLILFDWLRQ RQ DQQRWDWHG VWRFN

WZHHWV�

���



&KDSWHU �� &RQFOXVLRQ

7KH ILQDO FKDSWHU ILUVW UHYLHZV WKH UHVHDUFK FRQWH[W� DQG WKHQ GLVFXVVHV WKH RYHUDUFKLQJ TXHVWLRQ

ZLWK WKH VL[ VSHFLILF UHVHDUFK TXHVWLRQV LQ GHWDLO� LQFOXGLQJPHWKRGRORJLHV� UHVXOWV DQG OLPLWDWLRQV�

)LQDOO\� LW SURYLGHV DQ RYHUYLHZ RI SRVVLEOH LPSOHPHQWDWLRQV LQ WKH IXWXUH�

���� 5HVHDUFK &RQWH[W

7KH RQH TXHVWLRQ EHJDQ ZLWK WKH REVHUYDWLRQ WKDW FXUUHQW DSSOLFDWLRQV RI VHQWLPHQW DQDO\VLV IRU

VWRFN SUHGLFWLRQ EDVHG RQ FRUSRUD RI WZHHWV GR QRW H[KLELW RU DSSO\ D FRPSUHKHQVLYH XQGHUVWDQG�

LQJ RI WKH OLQJXLVWLF IHDWXUHV RI WZHHWV� 6RPH SUHYLRXV VWXGLHV LQ WKLV VSHFLILF DUHD KDYH EHHQ FRQ�

GXFWHG LQ WKH FRPSXWDWLRQDO OLQJXLVWLFV ILHOG� ZLWK DQ HPSKDVLV RQ DOJRULWKPV� ZKLOH RWKHUV KDYH

EHHQ FDUULHG RXW LQ HFRQRPLFV� ZLWK D IRFXV RQ WKH DSSOLFDWLRQ RI HFRQRPLFV WKHRULHV� %RWK ILHOGV

KDYH FRQWULEXWHG WR WKLV LQWHUGLVFLSOLQDU\ ILHOG� EXW QHLWKHU KDV SDLG HQRXJK DWWHQWLRQ WR WKH HV�

VHQWLDO DVSHFW RI WKLV ILHOG� WKH ODQJXDJH WKDW LV XVHG LQ WZHHWV�

$V D OLQJXLVWLFV�IRFXVHG SURMHFW� WKLV UHVHDUFK SRVHG DQ RYHUDUFKLQJ TXHVWLRQ LQ &KDSWHU �� SURSRV�

LQJ WKDW WKH REVHUYDWLRQ RI OLQJXLVWLF IHDWXUHV LV FDSDEOH RI LPSURYLQJ WKH DFFXUDF\ RI WKH VHQWLPHQW

FODVVLILFDWLRQ SURFHVV LQ VWRFN WZHHWV� 7KHQ� WR GHOYH PRUH GHHSO\ LQWR WKLV DUJXPHQW� VL[ VSHFLILF

UHVHDUFK TXHVWLRQV ZHUH UDLVHG�

4XHVWLRQ �� 'RHV D FOHDUHU GHILQLWLRQ RI VWRFN WZHHWV LPSURYH WKH TXDOLW\ RI DQ DQDO\VLV

RI VXFK WZHHWV"

4XHVWLRQ �� $UH VWRFN WZHHWV D OLQJXLVWLFDOO\ GLVWLQFW W\SH RI WZHHW" :KDW VSHFLILF

OLQJXLVWLF IHDWXUHV GR WKH\ KDYH"

4XHVWLRQ �� ,I VWRFN WZHHWV KDYH H[SOLFLW OLQJXLVWLF IHDWXUHV� LV LW SRVVLEOH WR DXWRPDW�

LFDOO\ LGHQWLI\ WKH VWRFN WZHHWV EDVHG RQ WKHLU OLQJXLVWLF IHDWXUHV"

���



4XHVWLRQ �� +RZ FDQ D UREXVW VHQWLPHQW ZRUG OLVW IRU WZHHW VHQWLPHQW FODVVLILFDWLRQ

EH GHVLJQHG"

4XHVWLRQ �� 'RHV D PRUH SUHFLVH GHILQLWLRQ RI D SRVLWLYH� QHXWUDO� RU QHJDWLYH VWRFN

WZHHW LQ DFFRUGDQFH ZLWK PDUNHW YDOXHV KHOS WR LPSURYH WKH TXDOLW\ RI VWRFN WZHHW

VHQWLPHQW DQDO\VLV"

4XHVWLRQ �� +RZ FDQ WKH QHXWUDO VHQWLPHQW FDWHJRU\ RI VWRFN WZHHWV EH GHILQHG DQG

SURFHVVHG"

7KHVH VL[ VSHFLILF UHVHDUFK TXHVWLRQV ZHUH DQVZHUHG LQ WXUQ� SURYLGLQJ VXSSRUWLQJ PDWHULDO WKDW

ZDV WKHQ XVHG WR DQVZHU WKH RYHUDUFKLQJ TXHVWLRQ RI VHQWLPHQW DQDO\VLV LQ &KDSWHU �� 7R DQVZHU

WKHVH TXHVWLRQV� WKH UHVHDUFK DSSOLHG GLIIHUHQW DQDO\WLFDO PHWKRGV DFFRUGLQJ WR WKH GRPDLQ RI

LQTXLU\�

���� 'LVFXVVLRQ

7KLV VHFWLRQ GLVFXVVHV WKH VL[ VSHFLILF UHVHDUFK TXHVWLRQV ILUVW� DQG WKHQ UHYLHZV WKH RYHUDUFK�

LQJ TXHVWLRQ� 'R OLQJXLVWLF DQDO\VLV LPSURYH WKH VHQWLPHQW LGHQWLILFDWLRQ DFFXUDF\ RI

VWRFN WZHHW VHQWLPHQW DQDO\VLV" 7KH VHFWLRQ SUHVHQWV DQG GLVFXVVHV WKH UHVXOWV RI WKHVH TXHV�

WLRQV ZLWK WKHLU PHWKRGRORJLHV� DQG FRPSDUHV WKHP ZLWK SUHYLRXV ZRUN�

������ /LQJXLVWLF IHDWXUHV RI VWRFN WZHHWV

,Q FKDSWHU � DQG �� WKLV UHVHDUFK GLYLGHG WKH OLQJXLVWLF IHDWXUHV RI VWRFN WZHHWV LQWR WZR FDWHJRULHV�

WKH LQWHUQDO DQG H[WHUQDO IHDWXUHV� )HDWXUHV UHODWLQJ WR WKH PHDQLQJ RI WZHHWV ZHUH UHJDUGHG DV

���



WKH LQWHUQDO IHDWXUHV� ZKLOH RWKHU ORZ�OHYHO OLQJXLVWLFV IHDWXUHV� VXFK DV ZRUG FRXQW� ZHUH YLHZHG

DV WKH H[WHUQDO IHDWXUHV�

&KDSWHU � IRFXVHG RQ WKH LQWHUQDO IHDWXUHV� XVLQJ D IUHTXHQF\ OLVW WR LQYHVWLJDWH WKH PRVW DQG OHDVW

IUHTXHQW ZRUGV LQ WKH DQQRWDWHG WZHHWV� DQG WKHQ DSSOLHG VWHPPLQJ DQG NH\QHVV DQDO\VLV WR LGHQ�

WLI\ WKH NH\ZRUGV LQ GLIIHUHQW SRODULWLHV� )LQDOO\� LW LQYHVWLJDWHG WKH SDUW�RI�VSHHFK IHDWXUHV E\

IUHTXHQF\ OLVW DQG GLIIHUHQW VLJQLILFDQFH WHVWV LQ VWDWLVWLFDO DQDO\VLV� &KDSWHU � IRFXVHG RQ WKH H[�

WHUQDO IHDWXUHV� DQG XVHG GLIIHUHQW VWDWLVWLFDO PHWKRGV WR DVFHUWDLQ ZKHWKHU WKH LGHQWLILHG H[WHUQDO

OLQJXLVWLF IHDWXUHV DUH VXIILFLHQW WR GLIIHUHQWLDWH VWRFN WZHHWV IURP QRLVH� DQG ZKHWKHU WKHLU XVH

FDQ LPSURYH LGHQWLILFDWLRQ RI WZHHW VHQWLPHQW SRODULW\�

,Q WHUPV RI WKH LQWHUQDO IHDWXUHV� HYDOXDWLRQ RI IUHTXHQWO\�DSSHDULQJ XQLJUDPV GLG QRW VKRZ D

JUHDW GHDO RI H[SOLFLW GLIIHUHQFHV DFURVV WKH WKUHH SRODULWLHV� (DFK SRODULW\ FRQWDLQHG D QXPEHU

RI WLFNHU QDPHV DQG VWRFN�UHODWHG ZRUGV� DQG SUHVHQWHG D VKRUW�WHUP GLVFXVVLRQ DERXW WKH PDU�

NHW� LQFOXGLQJ VRPH WLPH�UHODWHG ZRUGV� ,Q RWKHU ZRUGV� DOO SRODULWLHV WHQGHG WR H[KLELW VLPLODU

FKDUDFWHULVWLFV� 2Q WKH RWKHU KDQG� XQLJUDPV ZLWK ORZ IUHTXHQF\ RI DSSHDUDQFH GLG GHPRQVWUDWH

GLIIHUHQFHV� KRZHYHU� D ODUJH SHUFHQW RI WKHP RQO\ RFFXUUHG RQFH LQ WKH FRUSXV� VR WKH\ ZHUH QRW

VXIILFLHQWO\ VWDEOH UHIHUHQWV E\ ZKLFK WR LGHQWLI\ WKH SRODULW\ RI WZHHWV� $Q DQDO\VLV RI SDUW�RI�

VSHHFK IHDWXUHV VKRZHG WKDW IRXU RXW RI ILYH PRVW IUHTXHQW SDUW�RI�VSHHFK FDWHJRULHV VLJQLILFDQWO\

GLIIHU EHWZHHQ VWRFN WZHHWV DQG QRQ�VWRFN WZHHWV� LQFOXGLQJ DGMHFWLYHV� FRPPRQ QRXQV� SURSHU

QRXQV� DQG YHUEV�

$QDO\VLV RI WKH H[WHUQDO IHDWXUHV ± ZRUG FRXQW LQFOXGLQJ�H[FOXGLQJ 85/V� FKDUDFWHU FRXQW LQFOXG�

LQJ�H[FOXGLQJ 85/V� KDVKWDJ FRXQW� FDVKWDJ FRXQW DQG UHWZHHW FRXQW ± ZLWKLQ DQQRWDWHG VWRFN

WZHHWV GHPRQVWUDWHG WKDW VHYHUDO GLVWLQFW IHDWXUHV ZHUH RI LQWHUHVW� )LUVW� VWRFN�UHODWHG WZHHWV

FRQWDLQHG PRUH FKDUDFWHUV WKDQ QRQ�VWRFN�UHODWHG WZHHWV� VR VWRFN�UHODWHG WZHHWV ZHUH ORQJHU RQ

DYHUDJH WKDQ RWKHU WZHHWV LQ WKH GDWDVHW� 6HFRQG� VWRFN�UHODWHG WZHHWV FRQWDLQHG PRUH KDVKWDJV

DQG FDVKWDJV� EXW IHZHU UHWZHHWV� 0RVW LPSRUWDQWO\� VWDWLVWLFDO VLJQLILFDQFH WHVWV VXJJHVWHG WKDW

���



VL[ RI WKHVH GLIIHUHQFHV DUH YDU\ VLJQLILFDQW DW WKH VWRFN OHYHO� IRXU DW WKH WLFNHU OHYHO� DQG RQO\ WZR

DW WKH SRODULW\ OHYHO�

,Q VKRUW� VWRFN WZHHWV DUH OLQJXLVWLFDOO\ GLVWLQFW WR RWKHU WZHHWV� 6WRFN WZHHWV VKDUH D QXPEHU RI

VLPLODULWLHV LQ WKH LQWHUQDO IHDWXUHV DPRQJ GLIIHUHQW SRODULWLHV� ZKLOH WKH H[WHUQDO IHDWXUHV GLIIHU�

HQWLDWH WKHP IURP RWKHU WZHHWV IURP D QXPEHU RI DVSHFWV�

6HFWLRQ ��� VXPPDULVHG IRXU PDLQ OLQJXLVWLF DVSHFWV RI WZHHWV ZKLFK KDYH EHHQ H[SORUHG LQ SUHYL�

RXV VWXGLHV� QDPHO\ YRFDEXODU\ IHDWXUHV� FRQYHUVDWLRQ IHDWXUHV� KDVKWDJ DQG FDVKWDJ IHDWXUHV� DQG

WRSLF IHDWXUHV� %XW RQO\ D IHZ RI WKHVH SUHYLRXV VWXGLHV IRFXVHG RQ VWRFN WZHHWV LQ SDUWLFXODU� DQG

QRQH RI WKHP KDV SURYLGHG D WKRURXJK DQDO\VLV RI WKH OLQJXLVWLF IHDWXUHV RI VWRFN WZHHWV� ,Q WKLV

VHQVH� WKLV UHVHDUFK SURYLGHG WKH ILUVW FRPSUHKHQVLYH OLQJXLVWLF DQDO\VLV RI VWRFN WZHHWV� ZKLFK

ZRXOG FRQWULEXWH WR WKH IXWXUH DQDO\VLV LQ WKLV VSHFLILF DUHD�

������ 'HILQLWLRQ RI VWRFN WZHHWV

7R SURYLGH DQ LQ�GHSWK GHILQLWLRQ RI VWRFN WZHHWV� WKLV UHVHDUFK XVHG PDQXDO DQQRWDWLRQ �&KDSWHU

��� WLPH VHULHV DQDO\VLV �&KDSWHU ��� FRUSXV DQDO\VLV �&KDSWHU � DQG �� DQG VLJQLILFDQFH DQDO\VLV

�&KDSWHU � DQG �� WR LQYHVWLJDWH WKH WZHHW GDWD�

$OWKRXJK WKH GDWD FROOHFWLRQ LQ &KDSWHU � DGRSWHG D QDUURZ GHILQLWLRQ RI VWRFN WZHHWV WR FROOHFW

WZHHWV IURP 7ZLWWHU¶V 6HDUFK $3,� WKH UHVXOWV RI WKH GDWD FROOHFWLRQ �µFUDZOLQJ¶� SURFHVV VWLOO FRQ�

WDLQHG D ODUJH SURSRUWLRQ RI LUUHOHYDQW GDWD� %DVHG RQ PDQXDO DQQRWDWLRQ� WKH GHILQLWLRQ RI VWRFN

WZHHWV EHFDPH PXFK FOHDUHU� VWRFN WZHHWV DUH WZHHWV GLVFXVVLQJ VWRFN PDUNHW UHODWHG WRSLFV� DQG

FRQWDLQLQJ DW OHDVW RQH FDVKWDJ� ZKLFK UHIHUV WR WKH VWRFN PDUNHW�

7KH WLPH VHULHV DQDO\VLV LQ &KDSWHU � ILUVW VKRZHG WKDW VWRFN�UHODWHG DQG WLFNHU�UHODWHG WZHHWV

KDYH PXFK VWURQJHU FRUUHODWLRQV ZLWK WKH FRUUHVSRQGLQJ VWRFN SULFHV WKDQ QRQ�VWRFN�UHODWHG DQG

QRQ�WLFNHU�UHODWHG WZHHWV� 7KH DQDO\VLV RI LQWHUQDO OLQJXLVWLF IHDWXUHV LQ &KDSWHU � DQG H[WHUQDO

���



OLQJXLVWLF IHDWXUHV LQ &KDSWHU � GHPRQVWUDWHG WKDW� OLQJXLVWLFDOO\� VWRFN WZHHWV GLIIHU IURP RWKHU

WZHHWV DV VXPPDULVHG LQ 6HFWLRQ �������

$V D FRQVHTXHQFH RI WKH WHPSRUDO DQDO\VLV LQ &KDSWHU � DQG WKH DQDO\VLV RI LQWHUQDO DQG H[WHUQDO

OLQJXLVWLF IHDWXUHV LQ &KDSWHU � DQG �� WKLV WKHVLV RIIHUV D FOHDU DQG FRPSUHKHQVLYH GHILQLWLRQ IRU

VWRFN WZHHWV� WKH VWRFN WZHHWV DUH WZHHWV GLVFXVVLQJ VWRFN PDUNHW UHODWHG WRSLFV� DQG

FRQWDLQLQJ DW OHDVW RQH FDVKWDJ� ZKLFK UHIHUV WR WKH VWRFN PDUNHW� 7KH\ DUH ORQJHU

WKDQ JHQHUDO WZHHWV� DQGKDYH D FORVHU WHPSRUDO UHODWLRQVKLSZLWK WKH FRUUHVSRQGLQJ

VWRFN SULFH� %DVHG RQ WKHVH� LW LV UHDVRQDEOH WR VXPPDULVH WKDW VWRFN WZHHWV DUH WHPSRUDOO\ DQG

OLQJXLVWLFDOO\ GLIIHUHQW IURP JHQHUDO WZHHWV� VR WKH\ FDQ EH FRQVLGHUHG DV D VSHFLILF W\SH RI WZHHW�

$V GLVFXVVHG LQ 6HFWLRQ ���� WKHUH DUH WKUHH DSSURDFKHV WR FROOHFW GDWD IRU VWRFN SUHGLFWLRQ EDVHG

RQ WZHHW GDWD� DPRQJ RWKHUV� WKHVH LQFOXGH FROOHFWLRQ RI JHQHUDO WZHHWV DQG FROOHFWLRQ RI WLFNHU�

VSHFLILF WZHHWV� 7KH VHFRQG DSSURDFK LV WKH RQO\ RSWLRQ WKDW DWWHPSWV WR ILOWHU IRU VWRFN WZHHWV�

KRZHYHU� HYHQ LQ WKLV FDWHJRU\� SUHYLRXV VWXGLHV GLG QRW SURYLGH DQ\ GHWDLOHG GHILQLWLRQ RI VWRFN

WZHHWV� 6RPH RI WKHP WRRN WKH YLHZ WKDW WZHHWV FRQWDLQLQJ WLFNHU QDPHV RI 6	3 ��� FRPSDQLHV

ZLWK D GROODU VLJQ LQ IURQW DUH GH IDFWR VWRFN WZHHWV �%URZQ� ����� <� 0DR HW DO�� ����� 2OLYHLUD

HW DO�� ����� 6PDLORYLü HW DO�� ����� 6SUHQJHU 	 :HOSH� ������ ZKLOVW VRPH DOVR FRQVLGHUHG WZHHWV

FRQWDLQLQJ FRPSDQ\ QDPHV� FRPSDQ\ OHDGHU QDPHV� RU HYHQ LQIRUPDO FRPSDQ\ QDPHV DV VWRFN

WZHHWV �&KDNRXPDNRV HW DO�� ����� 5XL] HW DO�� ������

7KH PDLQ FRQVHTXHQFH RI VXFK ORRVH GHILQLWLRQV LV WKDW WKH\ PD\ LQFOXGH D JUHDW GHDO RI QRLVH LQ

WKH FROOHFWHG GDWD� 7KLV WKHVLV UHSUHVHQWV WKH ILUVW UHVHDUFK WR SURYLGH D FRPSUHKHQVLYH GHILQLWLRQ

RI VWRFN WZHHWV� ZKLFK ZRXOG EH XVHIXO IRU ODWHU DXWRPDWLF LGHQWLILFDWLRQ RI VWRFN WZHHWV DQG WKHLU

VHQWLPHQWV�

���



������ ,GHQWLILFDWLRQ RI VWRFN WZHHWV

$V VKRZQ LQ WKH PDQXDO DQQRWDWLRQ VWDJH GHVFULEHG LQ &KDSWHU �� QHDUO\ KDOI RI DQQRWDWHG WZHHWV

DUH QRW WLFNHU�UHODWHG WZHHWV� VR LQFOXGLQJ WKHP WR FRQGXFW D VHQWLPHQW FODVVLILFDWLRQ UXQV WKH ULVN

RI LQDFFXUDWH HYDOXDWLRQ� 7KXV� EDVHG RQ WKH DQDO\VLV RI H[WHUQDO OLQJXLVWLF IHDWXUHV� DXWRPDWLF

FODVVLILHUV ZHUH WUDLQHG E\ XVLQJ IRXU PDFKLQH OHDUQLQJ PHWKRGV LQ RUGHU WR LGHQWLI\ VWRFN WZHHWV�

HQDEOLQJ XQUHODWHG WZHHWV WR EH ILOWHUHG IURP WKH GDWDVHW�

$V VKRZQ LQ 7DEOH ������� DW WKH VWRFN OHYHO� DOO IRXU FODVVLILHUV SHUIRUPHG SHUIHFWO\� LQ RWKHU ZRUGV�

WKH\ FRXOG LGHQWLI\ VWRFN�UHODWHG WZHHWV ZHOO� $W WKH WLFNHU OHYHO� DOO RI WKHP SHUIRUPHGPRGHUDWHO\

ZHOO� 7KH GLIIHUHQFH LQ SHUIRUPDQFH EHWZHHQ WKHVH WZR VWDJHV PD\ UHODWH WR WKH SULRU VLJQLILFDQFH

WHVWV� 6L[ H[WHUQDO OLQJXLVWLF IHDWXUHV KDG D VLJQLILFDQW HIIHFW RI GLIIHUHQFH DW WKH VWRFN OHYHO� EXW

RQO\ IRXU DW WKH WLFNHU OHYHO�

7DEOH ������ &RPSDULVRQ RI WKH EHVW WUDLQLQJ DFFXUDF\ DW WKH VWRFN OHYHO DQG WKH WLFNHU OHYHO

0HWKRG 6WRFN OHYHO 7LFNHU OHYHO

'HFLVLRQ WUHH ����� �����

5DQGRP IRUHVWV � �����

1DwYH %D\HV ����� �����

6XSSRUW YHFWRU PDFKLQH � �����

$XWRPDWLFDOO\ LGHQWLI\LQJ VWRFN WZHHWV LV FULWLFDO WR WKH ODWHU VHQWLPHQW FODVVLILFDWLRQ DV LW LQWUR�

GXFHV WKH SRVVLELOLW\ RI DQ HIIHFWLYH FDSDELOLW\ IRU ILOWHULQJ QRLVH IURP WKH VKHHU TXDQWLWLHV RI WZHHW

GDWD� +RZHYHU� RQO\ IHZ RI WKH SUHYLRXV VWXGLHV KDYH LGHQWLILHG WKLV SUREOHP� PRUHRYHU� QRQH RI

WKHP KDV GRQH WKLV H[WHQVLYHO\� 7R WKH DXWKRU¶V NQRZOHGJH� WKH VROH SUHYLRXV GLVFXVVLRQV RI WKLV

DSSURDFK FDQ EH IRXQG LQ 1DQQ HW DO� ������ DQG %DU�+DLP HW DO� ������¶V VWXGLHV� ERWK RI ZKLFK

XVHG VLPSOH ZRUG OLVWV WR FOHDQ XS WKHLU GDWD� 7KHUHIRUH� WKLV VWXG\ LV WKH ILUVW WR HVWDEOLVK D VLPSOH
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DQG HIIHFWLYH VROXWLRQ WR DXWRPDWLFDOO\ LGHQWLI\ VWRFN WZHHWV IURP UDZ GDWD�

������ 'HILQLWLRQ RI VHQWLPHQW SRODULWLHV LQ VWRFN WZHHWV

$V GLVFXVVHG LQ &KDSWHU �� WKHUH ZDV D GLVDJUHHPHQW EHWZHHQ WZHHW VHQWLPHQW DQG WKH PDUNHW

WUHQG� ZKLFK FRQFXUV ZLWK 6SUHQJHU 	 :HOSH ������¶V DUJXPHQW� 0RUHRYHU� WKHUH DUH WZR PDLQ

FODVVLILFDWLRQ VWUDWHJLHV LQ VHQWLPHQW DQDO\VLV� HLWKHU SRODULW\ RU ILQH�JUDLQHG� EXW WKH PRUH VXLW�

DEOH FKRLFH RI DSSURDFK IRU VWRFN WZHHW FODVVLILFDWLRQ KDV QRW EHHQ GLVFXVVHG H[WHQVLYHO\ EHIRUH�

0DQXDOO\ DQQRWDWLQJ FROOHFWHG WZHHWV LQ &KDSWHU � SURYLGHG D FORVHU GHPRQVWUDWLRQ RI WKLV GLV�

DJUHHPHQW�

$V WKH PDUNHW LQFOXGHV µEX\LQJ¶� µVHOOLQJ¶ DQG µKROGLQJ¶� WKLV UHODWLRQVKLS ZDV UHWDLQHG IRU PDQ�

XDO DQQRWDWLRQ� LQ RUGHU WR LGHQWLI\ FRUUHVSRQGHQFH EHWZHHQ WZHHW VHQWLPHQW DQG WKHVH DFWLRQV�

7KHUHIRUH� WKH DQQRWDWLRQ ZRUN GHVFULEHG LQ &KDSWHU � VRXJKW WR FODVVLI\ VWRFN WZHHWV LQWR WKUHH

SRODULWLHV� QHJDWLYH� QHXWUDO DQG SRVLWLYH� 6SHFLILFDOO\� WKH WKUHH SRODULWLHV RI VWRFN WZHHWV FDQ EH

VXPPDULVHG DV�

1HJDWLYH WZHHWV

�� 7ZHHWV H[SUHVV QHJDWLYH WKRXJKWV DERXW WKH WLFNHU�

�� 7ZHHWV H[SUHVV WKH LGHD RI µVHOOLQJ WKH WLFNHU¶�

�� 7ZHHWV GLVFXVV DERXW WKH QHJDWLYH QHZV RI WKH WLFNHU�

�� 7ZHHWV H[SUHVV GLVDSSRLQWPHQWV RU RWKHU QHJDWLYH HPRWLRQV DERXW HYHQWV RI UHOHYDQFH RI

WKH WLFNHU�

1HXWUDO WZHHWV

�� 7ZHHWV DVN D TXHVWLRQ� WKRXJK WKH\ SUREDEO\ KDYH D SRVLWLYH RU QHJDWLYH WHQGHQF\�
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�� 7ZHHWV H[SUHVV WKH LGHD RI µKROGLQJ¶ WKH WLFNHU�

�� 7ZHHWV UHSRUW WKH WLFNHU QHZV� EXW FRQWDLQ QR H[SOLFLW VHQWLPHQW�

�� 7ZHHWV DGYHUWLVH WKH WLFNHU� IRFXV RQ WKH WLFNHU H[FOXVLYHO\� EXW GR QRW FRQWDLQ DQ\ REYLRXV

VHQWLPHQWV�

�� 7ZHHWV FRQWDLQ FRQIOLFWLQJ RSLQLRQV LQ DQ VLQJOH WZHHW�

3RVLWLYH WZHHWV

�� 7ZHHWV UHSHDW SRVLWLYH QHZV UHODWHG WR WKH WLFNHU� IRU H[DPSOH� QHZ LQYHVWPHQWV� QHZ SURG�

XFW ODXQFKHV� RU D QHZ OHDGHU¶V JRRG SHUIRUPDQFH�

�� 7ZHHWV UHSRUW SRVLWLYH QHZV RI WKH WLFNHU¶V PRYHPHQWV�

�� 7ZHHWV PHQWLRQ DQ LQYHVWRU¶V LQWHUHVW LQ RU FRQILGHQFH DERXW WKH WLFNHU�

�� 7ZHHWV H[SUHVV D SRVLWLYH VHQWLPHQW H[SOLFLWO\� HYHQ ZKHQ WKH PDUNHW GLVSOD\V RSSRVLWH PR�

WLRQ�

3UHYLRXV VWXGLHV KDYH YHU\ OLPLWHG GLVFXVVLRQV RI KRZ WR GHILQH VHQWLPHQWV LQ VWRFN WZHHWV� ,W

DSSHDUV WKDW WKH RQO\ GLVFXVVLRQ FDQ EH IRXQG LQ 6SUHQJHU 	 :HOSH ������ DQG 6SUHQJHU HW DO�

������¶V ZRUN �WKH ILUVW SDSHU LV WKH ZRUNLQJ SDSHU RI WKH VHFRQG RQH�� 7KHLU GLVFXVVLRQV PDLQO\

IRFXVHG RQ WKH UHODWLRQVKLS EHWZHHQ PDUNHW DQG WZHHW VHQWLPHQW� EXW KDYH QRW SUHVHQWHG D GH�

WDLOHG GHILQLWLRQ RI HDFK VHQWLPHQW FDWHJRU\� 7KLV UHVHDUFK SURYLGHG D VHULHV RI GHWDLOHG GHILQLWLRQV�

ZKLFK FDQ EH XVHIXO IRU IXUWKHU DXWRPDWLF VHQWLPHQW FODVVLILFDWLRQ� HVSHFLDOO\ EDVHG RQ VXSHUYLVHG

OHDUQLQJ PHWKRGV�

������ 3URFHVVLQJ RI QHXWUDO WZHHWV

$V VKRZQ LQ WKH GDWD DQQRWDWLRQ SKDVH GHVFULEHG LQ &KDSWHU �� WKH DQDO\VLV XVHG D KLHUDUFK\PRGHO

WR ILOWHU RXW QRLVH IURP FRQYHQWLRQDOO\ QHXWUDO WZHHWV� DQG FODVVLILHG WKHP DV QRQ�VWRFN�UHODWHG
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WZHHWV DQG QRQ�WLFNHU�UHODWHG WZHHWV�

6SHFLILFDOO\� WKHVH WZR W\SHV RI QRLVH PHHW WKH IROORZLQJ VWDQGDUGV�

1RQ�VWRFN�UHODWHG WZHHWV

�� 7ZHHWV ERUURZ WKH FDVKWDJ� EXW GR QRW GLVFXVV DQ\ UHOHYDQW WRSLF UHODWHG WR WKH FRQFHSW RI

WKH FUDZOLQJ NH\ZRUG�

�� 7ZHHWV XVH WKH FDVKWDJ DFFRUGLQJ WR LWV RULJLQDO SXUSRVH� EXW WKH PDLQ WRSLF RI WKHVH WZHHWV

LV QRW DERXW WKH VWRFN PDUNHW� WKH WLFNHU FRPSDQ\� RU DQ\ UHODWHG FRQFHSWV�

�� 7ZHHWV FRQWDLQ QR WH[W� RWKHU WKDQ D VLQJOH FDVKWDJ�

1RQ�WLFNHU�UHODWHG WZHHWV

�� 7ZHHWV DGYHUWLVH VWRFN�UHODWHG SURGXFWV� VXFK DV LQYHVWPHQW UHSRUWV�

�� 7ZHHWV GLVFXVV D VLPLODU WRSLF� EXW WKH IRFL DUH QRW WKH NH\ZRUG�

�� 7ZHHWV GR QRW FRQWDLQ D SUHFLVHO\ LGHQWLILDEOH FDVKWDJ�

�� 7ZHHWV FRQWDLQ WKH FDVKWDJ� EXW DUH DXWRPDWLFDOO\ JHQHUDWHG E\ D ZHEVLWH�

�� 5HWZHHWV RI WKH SUHYLRXVO\ OLVWHG IRXU W\SHV RI QRQ�WLFNHU�UHODWHG WZHHWV�

)XUWKHUPRUH� EDVHG RQ WKLV KLHUDUFK\ PRGHO� WKH UHVHDUFK WKHQ DSSOLHG WLPH VHULHV DQDO\VLV WR

FRPSDUH WKH WHPSRUDO FRUUHODWLRQ EHWZHHQ WKLV PRGHO DQG WKH FRQYHQWLRQDO PRGHO LQ &KDSWHU

�� 7KH UHVXOWV VKRZHG WKDW WKH KLHUDUFK\ PRGHO FDQ LPSURYH WKH SRVLWLYH FRUUHODWLRQ VWUHQJWK E\

������

������ *HQHUDWLQJ D ORFDOLVHG ZRUG OLVW IRU VHQWLPHQW FODVVLILFDWLRQ

%DVHG RQ GHWDLOHG DQDO\VHV RI WKH LQWHUQDO OLQJXLVWLF IHDWXUHV RI WZHHWV� WKH UHVHDUFK WKHQ XVHG

NH\QHVV UDQN RI VWHPPHG XQLJUDPV WR JHQHUDWH ZRUG OLVWV IRU SRVLWLYH DQG QHJDWLYH SRODULWLHV UH�

VSHFWLYHO\� 7KLV LV D QHZ DSSURDFK� EHFDXVH DOO SUHYLRXV UHVHDUFK XVHG SUH�GHVLJQHG VHQWLPHQW
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ZRUG OLVWV� IRU H[DPSOH� D WZHHW VHQWLPHQW ZRUG OLVW E\ 'DYLHV DQG *KDKUDPDQL ������� +RZHYHU�

ZLWK D UHODWLYHO\ VPDOO XQQRUPDOLVHG WZHHW GDWDVHW� LW ZDV IRXQG WKDW WKHVH SUH�GHVLJQHGZRUG OLVWV

GLG QRW SHUIRUP ZHOO�

7KLV ORFDOLVHG ZRUG OLVW ZDV OHVV VWDWLVWLFDOO\ ELDVHG WKDQ SUHYLRXV ZRUG OLVWV DQG SURYLGHG D EHW�

WHU FRYHUDJH WKDQ SUHYLRXV ZRUG OLVWV GLG� :LWK VXFK D ORFDOLVHG ZRUG OLVW� &KDSWHU � DFKLHYHG

D UHODWLYHO\ JRRG UHVXOW LQ VXEVHTXHQW VHQWLPHQW FODVVLILFDWLRQ� ,Q DGGLWLRQ� LW ZDV HDV\ WR DSSO\�

7KHUHIRUH� DQ DSSURDFKZKLFK IRFXVHV RQ JHQHUDWLRQ RI D ORFDOLVHG VHQWLPHQW ZRUG OLVW FDQ SURYLGH

EHQHILWV DW WKH DQDO\VLV VWDJH� HVSHFLDOO\ IRU VHQWLPHQW FODVVLILFDWLRQ RQ VPDOO GDWDVHWV RU DSSO\LQJ

VHPL�VXSHUYLVHG PDFKLQH OHDUQLQJ PHWKRGV WR WUDLQ DXWRPDWLF FODVVLILHUV�

������ 6HQWLPHQW FODVVLILFDWLRQ RI VWRFN WZHHWV

,Q &KDSWHU �� DQ DQDO\VLV VWDJH ZDV GHVFULEHG WKDW XVHG ZRUG OLVWV EDVHG RQ NH\QHVV DQDO\VLV WR

WUDLQ WKH EDJ�RI�ZRUGV PRGHO� LQ RUGHU WR SURYLGH D EDVHOLQH DFFXUDF\ DJDLQVW ZKLFK WR FRPSDUH

VXEVHTXHQW VHQWLPHQW FODVVLILFDWLRQ PHWKRGV� 7KH EDVHOLQH DFFXUDF\ ZDV ����� E\ GHFLVLRQ WUHH

FODVVLILHU� ����� E\ UDQGRP IRUHVWV FODVVLILHU� ����� E\1DwYH %D\HV FODVVLILHU� DQG ����� E\ VXSSRUW

YHFWRU PDFKLQH FODVVLILHU�

7KH UHVHDUFK WKHQ VHOHFWHG GLIIHUHQW VHWV RI IHDWXUHV LQGLYLGXDOO\ WR FODVVLI\ WKH VHQWLPHQW LQ VWRFN

WZHHWV� LQFOXGLQJ WKH SDUW�RI�VSHHFK IHDWXUHV DQG H[WHUQDO IHDWXUHV� EXW LW ZDV IRXQG WKDW QHLWKHU

RI WKHVH PHWKRGV RXWSHUIRUPHG WKH EDVHOLQH DSSURDFK GHVFULEHG LQ &KDSWHU �� 1HYHUWKHOHVV� LQ

&KDSWHU �� WKH UHVHDUFK FRPELQHG WKHVH IHDWXUHV ZLWK WKH EDJ�RI�ZRUGV PRGHO� DQG LW ZDV IRXQG

WKDW WKLV K\EULG DSSURDFK SURYLGHG D EHWWHU UHVXOW WKDQ WKH EDVHOLQH �VHH 7DEOH �������� 7KH UDQ�

GRP IRUHVWV FODVVLILHU SURYLGHG WKH EHVW SHUIRUPDQFH DPRQJ WKH IRXU FODVVLILHUV� ZLWK DQ DFFXUDF\

RI ����� EDVHG RQ WKH FRPELQDWLRQ RI DOO VHWV RI IHDWXUHV� +RZHYHU� WKH RWKHU WKUHH DFKLHYHG LP�

SURYHG DFFXUDF\ EDVHG RQ WKH FRPELQDWLRQ RI EDJ�RI�ZRUGVPRGHO DQG H[WHUQDO IHDWXUHV� WKH GHFL�
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VLRQ WUHH FODVVLILHU ZLWK LWV EHVW DFFXUDF\ RI ������ WKH 1DwYH %D\HV FODVVLILHU ZLWK LWV EHVW DFFXUDF\

RI ������ DQG D VXSSRUW YHFWRU PDFKLQH FODVVLILHU ZLWK LWV EHVW DFFXUDF\ RI ������

7DEOH ������ 7KH DFFXUDF\ FRPSDULVRQ DW WKH WUDLQLQJ VWDJH

0HWKRG %HVW DFFXUDF\ LQ WKH WUDLQLQJ

'HFLVLRQ WUHH �����

5DQGRP IRUHVWV �����

1DwYH %D\HV �����

6XSSRUW YHFWRU PDFKLQH �����

,Q DGGLWLRQ� FRPSDULQJ WKH EHVW DFFXUDFLHV RI WKH QRPLQDWHG FODVVLILHUV ZLWK WKH EDVHOLQH� LW ZDV

IRXQG WKDW WKH UDQGRP IRUHVWV FODVVLILHU KDG WKH PRVW REYLRXV LPSURYHPHQW RI ������ ZKLOVW WKH

RWKHU WKUHH VKRZHG VOLJKWO\ OHVV LPSURYHPHQW� WKH VXSSRUW YHFWRU PDFKLQH FODVVLILHU ZLWK DQ LP�

SURYHPHQW RI ������ WKH GHFLVLRQ WUHH FODVVLILHU ZLWK DQ LPSURYHPHQW RI ������ DQG WKH 1DwYH

%D\HV FODVVLILHU ZLWK DQ LPSURYHPHQW RI ������

7KH YDU\LQJ SHUIRUPDQFH RI HDFK FODVVLILHU EDVHG RQ GLIIHUHQW IHDWXUHV PD\ OLQN WR WKH QXPEHU RI

VLJQLILFDQW HIIHFWV RI GLIIHUHQFH LQ WKH SULRU VWDWLVWLFDO DQDO\VLV� $OWKRXJK LW LV LQWHUHVWLQJ WR VHHZK\

WKHVH FODVVLILHUV KDYH GLIIHUHQW LPSURYHPHQWV EDVHG RQ GLIIHUHQW FRPELQDWLRQV RI IHDWXUHV� LW LV DQ

DOJRULWKPLF UDWKHU WKDQ D OLQJXLVWLF TXHVWLRQ� 7KHUHIRUH� LW LV EH\RQG WKH VFRSH RI WKLV UHVHDUFK�

DOWKRXJK IXWXUH VWXG\ PD\ IRFXV RQ WKLV TXHVWLRQ�

$V OLVWHG LQ 7DEOH ������� RQO\ WKUHH RXW RI WHQ VWRFN SUHGLFWLRQ SURMHFWV EDVHG RQ WZHHW GDWD UH�

SRUWHG WKH VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\ DFKLHYHG� 6SUHQJHU 	 :HOSH ������¶V FODVVLILFDWLRQ

EDVHG RQ WKH EDJ�RI�ZRUGV PRGHO DFKLHYHG DQ DFFXUDF\ RI ������ ZKLOH 2K 	 6KHQJ ������¶V FODV�

VLILFDWLRQ EDVHG RQ WKH FRPELQDWLRQ RI WKH EDJ�RI�ZRUGV PRGHO DQG D OH[LFDO VFRUHU DFKLHYHG DQ

DFFXUDF\ RI ������ <HW 6PDLORYLü HW DO� ������ FODLPHG WKDW WKHLU VHQWLPHQW FODVVLILFDWLRQ DFKLHYHG
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DQ DFFXUDF\ RI ������ ZKLFK ZDV D KLJK UHVXOW� 7KHLU FODVVLILFDWLRQ ZDV EDVHG RQ D JHQHUDO GDWDVHW

FROOHFWHG E\ *R HW DO� ������� ZKLFK ZDV FRPSOHWHO\ GLIIHUHQW IURP WKHLU RZQ VWRFN WZHHW GDWDVHW�

7KHUHIRUH� LW VXJJHVWHG WKDW WKLV UHVXOW LV XWWHUO\PLVOHDGLQJ DQGPD\ QRW EH IDLUO\ FRPSDUDEOH ZLWK

VHQWLPHQW FODVVLILFDWLRQ RQPRUH UHFHQWO\ FROOHFWHG WZHHW GDWDVHWV� 7KXV� FRPSDUHGZLWK 6SUHQJHU

	 :HOSH ������ DQG 2K 	 6KHQJ ������¶V UHVXOWV� WKLV UHVHDUFK RXWSHUIRUPHG ERWK RI WKHP�

7DEOH ������ 6WDWLVWLFV RI VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\ LQ SUHYLRXV VWXGLHV �VDPH DV 7DEOH
������

3URMHFW %HVW DFFXUDF\ 3URMHFW %HVW DFFXUDF\

6SUHQJHU 	 :HOSH ������ ����� 2K 	 6KHQJ ������ �����

:� %� =KDQJ 	 6NLHQD ������ 1$ ;XH =KDQJ HW DO� ������ 1$

;XH =KDQJ HW DO� ������ 1$ 6PDLORYLü HW DO� ������ 1$

%ROOHQ HW DO� ������ 1$ 2OLYHLUD HW DO� ������ 1$

0DR HW DO� ������ 1$ 1DQQ HW DO� ������ 1$

,Q VKRUW� WKH VHQWLPHQW FODVVLILFDWLRQ LQ WKLV UHVHDUFK QRW RQO\ RXWSHUIRUPHG WKH EDVHOLQH� EXW

DOVR EHDW SUHYLRXV UHVHDUFK� ,Q RWKHU ZRUGV� FRPELQLQJ OLQJXLVWLF IHDWXUHV ZLWK WKH EDJ�RI�ZRUGV

PRGHO FDQ LPSURYH WKH VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\� 7KLV LV D SDUWLFXODUO\ UHOHYDQW ILQGLQJ

WR IXWXUH SUDFWLFDO DSSOLFDWLRQV RI VHQWLPHQW FODVVLILFDWLRQ RQ VWRFN WZHHWV�

���� &RQFOXVLRQ

$V VKRZQ LQ WKH SUHYLRXV FKDSWHUV� WKH PDLQ FRQWULEXWLRQ RI WKLV UHVHDUFK LQFOXGHV ILYH DVSHFWV�

QRW RQO\ WR VHQWLPHQW DQDO\VLV� EXW DOVR WR VWRFN SUHGLFWLRQ� DQG DV ZHOO DV WR WKH DQDO\VLV RI VRFLDO

PHGLD GDWD�

,W SURYLGHG DQ LQ�GHSWK OLQJXLVWLF DQDO\VLV RI VWRFN WZHHWV� 7KH LQ�GHSWK DQDO\VLV FRYHUHG WKH LQWHU�

QDO DQG H[WHUQDO OLQJXLVWLF IHDWXUHV RI VWRFN WZHHWV� LQFOXGLQJ YDULRXV OHQJWK FRXQWV� WKH PRVW DQG
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OHDVW IUHTXHQW XQLJUDPV DQG SDUW RI VSHHFK IHDWXUHV� :KHQ WKHVH IHDWXUHV ZHUH LQFRUSRUDWHG LQWR

WKH VHQWLPHQW DQDO\VLV SURFHGXUH� LW VKRZHG DQ LPSURYHPHQW LQ VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\�

6XFK OLQJXLVWLF DQDO\VHV FDQ DOVR EH DSSOLHG WR RWKHU VHWV RI WH[WXDO GDWD DV SUHOLPLQDU\ DQDO\VHV�

SURYLGLQJ DQ LQVLJKW LQWR WKH GDWD� )RU H[DPSOH� D SUHGLFWLRQ RI SROLWLFDO HOHFWLRQV EDVHG RQ VRFLDO

PHGLD GDWD FDQ ILUVW FRQGXFW DQ DQDO\VLV RQ WKH OLQJXLVWLF IHDWXUHV RI VXFK W\SH RI GDWD� DQG EDVHG

RQ WKH UHVXOW RI WKLV OLQJXLVWLF DQDO\VLV UHVXOW� WKH SUHGLFWLRQ FDQ WKXV FDWHJRUL]H GLIIHUHQW JURXSV

RI YRWHUV� LQ RUGHU WR SUHGLFW WKHLU YRWLQJ LQWHQWLRQV DQG EHKDYLRXUV�

,W JDYH D FOHDUHU DQG PRUH FRPSUHKHQVLYH GHILQLWLRQ RI VWRFN WZHHWV� $V VXPPDULVHG DERYH� WKH

VWRFN WZHHWV DUH WZHHWV GLVFXVVLQJ VWRFN PDUNHW UHODWHG WRSLFV� DQG FRQWDLQLQJ DW OHDVW RQH FDVK�

WDJ� ZKLFK UHIHUV WR WKH VWRFN PDUNHW� 7KH\ DUH ORQJHU WKDQ JHQHUDO WZHHWV� DQG KDYH D FORVHU

WHPSRUDO UHODWLRQVKLS ZLWK WKH FRUUHVSRQGLQJ VWRFN SULFH� 6XFK D GHILQLWLRQ QRW RQO\ FRQWULEXWHV

WR D VSHFLILHG GDWD FROOHFWLRQ DSSURDFK RI VWRFN WZHHWV� EXW DOVR LPSURYHV WKH GHWHFWLRQ RI IUDXGX�

OHQW WZHHWV ZLWK D IRFXV RI VWRFN PDUNHW� 7KH IXWXUH DQDO\VHV IRFXVLQJ RQ VWRFN WZHHWV FDQ DSSO\

WKLV GHILQLWLRQ� DQG WKXV VLPSOLI\ WKHLU ZRUN� $GGLWLRQDOO\� RWKHU DQDO\VHV RI VRFLDO QHWZRUN GDWD

FRXOG ERUURZ WKH LGHD RI GHILQLQJ WKHLU GDWD DQG WKHQ DSSO\LQJ IXUWKHU LQYHVWLJDWLRQV� ZKLFK PD\

LPSURYH WKH UHOHYDQFH RI WKH GDWD LI D FODVVLILFDWLRQ EDVHG RQ WKH GHILQLWLRQ LV DSSOLHG DFFRUGLQJO\�

,W SUHVHQWHG D VLPSOH EXW HIIHFWLYH ZD\ WR DXWRPDWLFDOO\ LGHQWLI\ VWRFN WZHHWV� EDVHG RQ WKH LQ�

GHSWK DQDO\VLV RI WKH H[WHUQDO OLQJXLVWLF IHDWXUHV RI VWRFN WZHHWV� 7KLV SURFHGXUH FDQ VLJQLILFDQWO\

UHGXFH WKH FRPSXWLQJ FRVW RI WKH ODWHU VHQWLPHQW DQDO\VLV DV D ODUJH SURSRUWLRQ RI LUUHOHYDQW WZHHWV

FDQ EH H[FOXGHG� ,Q DGGLWLRQ� UHVHDUFKHUV ZRUNLQJ RQ WKH LGHQWLILFDWLRQ RI RWKHU W\SHV RI WZHHWV

PD\EHQHILW IURP WKH H[DPSOH SURYLGHGE\ WKLV DSSURDFK� )RU H[DPSOH� FRPPHUFLDO VRFLDO QHWZRUN

DQDO\VLV KDV DWWUDFWHG PRUH LQWHUHVWV WKDQ EHIRUH� DQG LGHQWLI\LQJ PDUNHWLQJ WZHHWV RI D VSHFLILF

FRPSDQ\ KDV EHFRPH PXFK LPSRUWDQW LQ WKLV DUHD� ,I WKLV NLQG RI DQDO\VLV DSSO\ VXFK D WZHHW

UHFRJQLWLRQ SURFHVV� WKH SRWHQWLDO RI DFKLHYLQJ PRUH DFFXUDWH UHVXOWV FRXOG EH H[WHQGHG� EHFDXVH

WKLV VWUDWHJ\ FDQ VLJQLILFDQWO\ UHGXFH WKH UHGXQGDQF\ DQG QRLVH LQ WKH GDWD�

���



,W SURSRVHG D VLPSOH EXW HIIHFWLYH VROXWLRQ HQDEOLQJ WKH JHQHUDWLRQ RI D ORFDOLVHG VHQWLPHQW NH\�

ZRUG OLVW� $OWKRXJK WKH EDJ�RI�ZRUGV PRGHO KDV EHHQ RQH RI WKH PRVW SRSXODU DSSURDFKHV LQ

FXUUHQW VHQWLPHQW DQDO\VLV� PRVW RI WKH DSSOLFDWLRQV XVHG D SUH�GHVLJQHG ZRUG OLVW WKDW PD\ QRW

ILW WKH VSHFLILF GDWD ZHOO� 'HVLJQLQJ D ORFDOLVHG ZRUG OLVW IRU WKH IXUWKHU DQDO\VLV FDQ LPSURYH WKH

DFFXUDF\ RI VHQWLPHQW FODVVLILFDWLRQ� DQG WKLV DSSURDFK FDQ EH DSSOLHG WR RWKHU VLPLODU FODVVLILFD�

WLRQV EDVHG RQ WKH RFFXUUHQFH RI WKH ZRUGV�

,W GHPRQVWUDWHG D VLJQLILFDQW LPSURYHPHQW RI VHQWLPHQW FODVVLILFDWLRQ DFFXUDF\ZLWKLQ VWRFN WZHHW

GDWDVHWV� $V GHPRQVWUDWHG LQ WKH SUHYLRXV FKDSWHUV� WKH VHQWLPHQW DQDO\VLV EDVHG RQ WKH VWHPPHG

VWRFN WZHHWV E\ DGGLQJ GLIIHUHQW OLQJXLVWLF IHDWXUHV WR WKH EDJ�RI�ZRUGV PRGHO KDV LPSURYHG LWV

DFFXUDF\� 6XFK DQ DSSURDFK KDV D ZLGH DSSOLFDWLRQ� VR LW FDQ EH DSSOLHG WR QRW RQO\ WKH VWRFN

WZHHWV� EXW DOVR RWKHU GRPDLQV RI GDWD� )RU H[DPSOH� DQ DQDO\VLV RI SURGXFW UHYLHZV RU UHVWDXUDQW

UHYLHZV FDQ DSSO\ WKLV VWUDWHJ\� DV WKH GDWD WR EH DQDO\VHG DUH VLPLODUO\ FRQFLVH DQG IXOO RI VSHOOLQJ

YDULDQWV�

%DVHG RQ WKH YDULRXV FRQWULEXWLRQV UHYLHZHG DERYH� WKLV WKHVLV SURYLGHV D FOHDU GLUHFWLRQ IRU IXWXUH

VHQWLPHQW DQDO\VLV� DGGLQJ WKDW WKH OLQJXLVWLF IHDWXUHV RI WKH WH[WXDO GDWD DUH WKH HVVHQFH RI VXFK

DQDO\VHV� WKHUHIRUH� DQDO\VLQJ WKH OLQJXLVWLF IHDWXUHV RI VXFK WH[WXDO GDWDVHWV VKRXOG UHFHLYH PRUH

DWWHQWLRQ�

,Q D EURDGHU VHQVH� WKLV WKHVLV DOVR VHWV DQ H[DPSOH IRU IXWXUH DQDO\VLV RI VRFLDO QHWZRUN GDWD E\

VKRZLQJ WKDW DQDO\VLQJ WKH WH[WXDO GDWD LV D PXVW� WR LJQRUH WKH OLQJXLVWLF IHDWXUHV RI WH[WXDO GDWD

ZRXOG EH WR PLVV PXFK RI WKH YDOXH RI ZRUNLQJ ZLWK VRFLDO QHWZRUN GDWD�

)XUWKHUPRUH� LW SURYLGHV D EOXHSULQW IRU EULGJLQJ OLQJXLVWLFV DQG QDWXUDO ODQJXDJH SURFHVVLQJ�

DQG VKRZV WKDW DQ LQWHUGLVFLSOLQDU\ DSSURDFK WR DQDO\VLV FDQ \LHOG EHWWHU UHVXOWV WKDQ ZRXOG EH

DFKLHYHG E\ HLWKHU GLVFLSOLQH ZRUNLQJ DORQH� 7KHUHIRUH� WKHUH VKRXOG EH PRUH FROODERUDWLRQV EH�

WZHHQ WKHVH WZR DUHDV� EHFDXVH VXFK LQWHUGLVFLSOLQDU\ VWXGLHV GR UHTXLUH D JUHDW GHDO RI KLJK�OHYHO

���



NQRZOHGJH IURP ERWK DUHDV� DQG ZRUNLQJ DORQH LQGHHG WDNHV PXFK PRUH WLPH DQG HIIRUW WR VROYH

SUREOHPV LQ WKHVH RYHUODSSLQJ DUHDV�

���� /LPLWDWLRQ DQG )XWXUH :RUN

7KLV VWXG\ ZDV QRW ZLWKRXW OLPLWDWLRQV� *LYHQ WKH OLPLWHG WLPH DQG UHVRXUFHV� WKLV UHVHDUFK IR�

FXVHG RQ D IDLUO\ VPDOO VFDOH GDWDVHW� ,Q WKH IXWXUH� LW LV ZRUWK VFDOLQJ XS WKLV UHVHDUFK LQ WKH

IROORZLQJ ZD\V�

7KH UHVHDUFK RQO\ DQDO\VHG *( �*HQHUDO (OHFWURQLFV� WZHHWV� DQG XVHG D VPDOO SURSRUWLRQ RI &$7

�&DWHUSLOODU� ,QF�� WZHHWV WR YDOLGDWH WKH UHVXOW� +RZHYHU� GDWD FROOHFWLRQ REWDLQHG D PXFK ODUJHU

GDWDVHW� ZKLFK FDQ EH XVHG WR HYDOXDWH WKH UHVHDUFK UHVXOW�

7ZHHW GDWD ZHUH DFKLHYHG IURP WKH 6HDUFK $3,� DQG WKLV RQO\ SURYLGHG D OLPLWHG VHW RI GDWD� ,W LV

ZRUWK WU\LQJ WR DQDO\VH UHDO�WLPH GDWD IURP WKH 6WUHDPLQJ $3,�

2QH TXHVWLRQ WKDW UHPDLQHG XQDQVZHUHG LQ WKLV UHVHDUFK LV ZK\ WKH IRXU PDFKLQH OHDUQLQJ PHWK�

RGV SHUIRUP YHU\ GLIIHUHQWO\ EDVHG RQ GLIIHUHQW IHDWXUHV� $OWKRXJK LW LV DQ DOJRULWKPLF SUREOHP

UDWKHU WKDQ D OLQJXLVWLF SUREOHP� LW LV ZRUWK IXUWKHU H[SORUDWLRQ LQ WKH IXWXUH�

7KLV UHVHDUFK XVHG WKH EDJ�RI�ZRUGV PRGHO WR LGHQWLI\ RQO\ VHQWLPHQW LQ WZHHWV� EXW LW PD\ DOVR

EH SRVVLEOH WR LGHQWLI\ QRQ�VWRFN�UHODWHG RU QRQ�WLFNHU�UHODWHG WZHHWV XVLQJ WKLV PRGHO� )XWXUH

VWXGLHV FDQ LPSOHPHQW WKLV�

7KH UHVHDUFK GLG QRW FRQGXFW D WLPH VHULHV DQDO\VLV EDVHG RQ WKH DXWRPDWLF VHQWLPHQW FODVVLILFD�

WLRQ UHVXOWV� ,W LV ZRUWK FDUU\LQJ RXW RQH WR VHH ZKHWKHU LW LV SRVVLEOH WR UHDFK %ROOHQ HW DO� ������¶V

KLJK FRUUHODWLRQ�

���



$SSHQGL[ $ 6FULSWV

$SSHQGL[ $�� 6FULSWV IRU 'DWD &ROOHFWLRQ

$SSHQGL[ $���� 6FULSWV IRU FUDZOLQJ WLFNHU WZHHWV

$SSHQGL[ $���� 6FULSWV IRU FUDZOLQJ WLFNHU WZHHWV

$SSHQGL[ $���� 6FULSWV IRU FUDZOLQJ UHWZHHWV

���



$SSHQGL[ $�� 6FULSWV IRU 'DWD $QDO\VLV

$OO WKH VFULSWV IRU GDWD DQDO\VLV FDQ EH IRXQG DW�

���
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$SSHQGL[ % $GGUHVV %RRN IRU 'DWD &ROOHFWLRQ

$SSHQGL[ %�� $GGUHVV %RRN IRU 7LFNHU 7ZHHWV

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���,17&	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���000	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���$$	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���$;3	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���6%&	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���1%	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%$	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���&$7	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���&+9	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���&6&2	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���.2	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���''	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���;21	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���*(	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���+:3	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���+'	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���,%0	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���-1-	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���&+/	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���.)7	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���0&'	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���05.	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

���



KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���06)7	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���3)(	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���3*	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���63&	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���87;	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%(/	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���:07	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���',6	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

$SSHQGL[ %�� $GGUHVV %RRN IRU 0HGLD 7ZHHWV

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���PVQEFBEUHDNLQJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%UHDNLQJQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���FQQEUN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%%&%UHDNLQJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���ZVMEUHDNLQJQHZVJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���6N\1HZV%UHDN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%UHDNLQJ1HZ]	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���&1%&EUN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���86$%UHDNLQJ1HZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���$%6&%1%UHDNLQJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���QHZVBRIBWKHBGD\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���EUHDNLQJVWRUP	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���DXEUN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%UHDNLQJB1HZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���5HXWHUV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

���



KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���WKRPVRQUHXWHUV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���5/6WUHDP	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���5HXWHUV$JHQF\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���5HXWHUV0DUNHWV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���UHXWHUVXN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���(85HXWHUV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���5HXWHUV7HFK	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���5HXWHUV86	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���5WUV+HGJH)XQGV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���5HXWHUVB7RS1HZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���UHXWHUVBFRBXN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ1HZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ-DSDQ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ*RY	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ/DZ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ/3	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ0UNWV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ0XVH	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ1()	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ1HZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ1RZ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ5DGLR	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ7HFK	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ79	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ9LHZ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

���



KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ:HVW	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%6859(,//$1&(	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%:	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���2Q7KH(FRQRP\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���%ORRPEHUJ:HVW	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���WKHOH[FROXPQ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWDVLD	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWFKLQD	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���FRQQHFWHGEL]	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWHQHUJ\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWILQDQFHQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWFRPPHQW	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWFRPPRGLWLHV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWFRPSDQLHV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWPRQH\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWPHGLDQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWWHFKQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWXNQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWXVHFRQRP\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWFRQIHUHQFHV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���)7:HHNHQG0DJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���ILQDQFLDOWLPHV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���IWILUHKRVH	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���:6-	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���:6-0DUNHWV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

���



KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���ZVMXVQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���:6-1<	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���:6-+HDUG	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���:6-'HDOV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���:6-:RUOG0DUNHWV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���:6-7HFK	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���:6-RSLQLRQ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���:6-5HDO(VWDWH	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���VWRFNWZLWV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T ���PVQEFBEUHDNLQJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ���	

$SSHQGL[ %�� $GGUHVV %RRN IRU 5HZHHWV

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���PVQEFBEUHDNLQJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%UHDNLQJQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���FQQEUN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%%&%UHDNLQJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���ZVMEUHDNLQJQHZVJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���6N\1HZV%UHDN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%UHDNLQJ1HZ]	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���&1%&EUN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���86$%UHDNLQJ1HZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���$%6&%1%UHDNLQJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���QHZVBRIBWKHBGD\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���EUHDNLQJVWRUP	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���DXEUN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

���



KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%UHDNLQJB1HZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���5HXWHUV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���WKRPVRQUHXWHUV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���5/6WUHDP	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���5HXWHUV$JHQF\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���5HXWHUV0DUNHWV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���UHXWHUVXN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���(85HXWHUV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���5HXWHUV7HFK	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���5HXWHUV86	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���5WUV+HGJH)XQGV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���5HXWHUVB7RS1HZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���UHXWHUVBFRBXN	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ1HZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ-DSDQ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ*RY	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ/DZ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ/3	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ0UNWV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ0XVH	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ1()	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ1HZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ1RZ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ5DGLR	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ7HFK	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

���



KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ79	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ9LHZ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ:HVW	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%6859(,//$1&(	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%:	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���2Q7KH(FRQRP\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���%ORRPEHUJ:HVW	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���WKHOH[FROXPQ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWDVLD	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWFKLQD	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���FRQQHFWHGEL]	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWHQHUJ\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWILQDQFHQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWFRPPHQW	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWFRPPRGLWLHV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWFRPSDQLHV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWPRQH\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWPHGLDQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWWHFKQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWXNQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWXVHFRQRP\	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWFRQIHUHQFHV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���)7:HHNHQG0DJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���ILQDQFLDOWLPHV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���IWILUHKRVH	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

���



KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���:6-	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���:6-0DUNHWV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���ZVMXVQHZV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���:6-1<	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���:6-+HDUG	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���:6-'HDOV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���:6-:RUOG0DUNHWV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���:6-7HFK	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���:6-RSLQLRQ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���:6-5HDO(VWDWH	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���VWRFNWZLWV	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

KWWS���VHDUFK�WZLWWHU�FRP�VHDUFK�MVRQ"T 57���PVQEFBEUHDNLQJ	UHVXOWBW\SH UHFHQW	ODQJ HQ	USS ��	

���



$SSHQGL[ & 1RUPDOLW\ WHVW UHVXOWV

$SSHQGL[ &�� 1RUPDOLW\ 7HVW 5HVXOWV IRU &KDSWHU �

$SSHQGL[ &���� $QDO\VLV RI EDJ�RI�ZRUGV VFRUHV

7DEOH &���� 7KH 6KDSLUR WHVW RI WKH RYHUDOO %R: VFRUHV LQ 1(*� 1(8� DQG 367 WZHHWV

7\SH : YDOXH S�YDOXH

1(* ������ ����H���

1(8 ������ �����H���

367 ������ �����H���

7DEOH &���� 7KH 6KDSLUR WHVW RI WKH SRVLWLYH %R: VFRUHV LQ 1(*� 1(8� DQG 367 WZHHWV

7\SH : YDOXH S�YDOXH

1(* ������ ���H���

1(8 ������ �����H���

367 ������ �����H���

7DEOH &���� 7KH 6KDSLUR WHVW RI WKH QHJDWLYH %R: VFRUHV LQ 1(*� 1(8� DQG 367 WZHHWV

7\SH : YDOXH S�YDOXH

1(* ������ �����H���

1(8 ������ ���H���

367 ������ ���H���

���



$SSHQGL[ &���� $QDO\VLV RI 326 WDJV

7DEOH &���� 7KH 6KDSLUR WHVW RI DGMHFWLYHV LQ 1(*� 1(8� DQG 367 WZHHWV

7\SH : YDOXH S�YDOXH

1(* ������ ����H���

1(8 ������ ����H���

367 ������ ����H���

7DEOH &���� 7KH 6KDSLUR WHVW RI FRPPRQ QRXQV LQ 1(*� 1(8� DQG 367 WZHHWV

7\SH : YDOXH S�YDOXH

1(* ������ ������H���

1(8 ����� ������H���

367 ������ ����H���

7DEOH &���� 7KH 6KDSLUR WHVW RI SUHSRVLWLRQV LQ 1(*� 1(8� DQG 367 WZHHWV

7\SH : YDOXH S�YDOXH

1(* ������ ����H���

1(8 ������ ����H���

367 ������ ����H���

7DEOH &���� 7KH 6KDSLUR WHVW RI SURSHU QRXQV LQ 1(*� 1(8� DQG 367 WZHHWV

7\SH : YDOXH S�YDOXH

1(* ������ ����H���

1(8 ������ ����H���

���



7\SH : YDOXH S�YDOXH

367 ������ ����H���

7DEOH &���� 7KH 6KDSLUR WHVW RI YHUEV LQ 1(*� 1(8� DQG 367 WZHHWV

7\SH : YDOXH S�YDOXH

1(* ������ ����H���

1(8 ����� ����H���

367 ������ ����H���

$SSHQGL[ &�� 1RUPDOLW\ 7HVW 5HVXOWV IRU &KDSWHU �

7DEOH &���� 7KH 6KDSLUR WHVW RI ZRUG FRXQW LQFOXGLQJ 85/V LQ 165� 175� 1(*� 1(8� DQG 367
WZHHWV

7\SH : YDOXH S�YDOXH

165 ������ ���H���

175 ������ �����H���

1(* ����� ���������

1(8 ������ ���������

367 ������ �����H���

7DEOH &���� 7KH .ROPRJRURY�6PLUQRY WHVW RI ZRUG FRXQW LQFOXGLQJ 85/V LQ WLFNHU�UHODWHG DQG
VWRFN�UHODWHG WZHHWV

7\SH : YDOXH S�YDOXH

7LFNHU�UHODWHG ������ � ���H���

6WRFN�UHODWHG ����� � ���H���

���



7DEOH &���� 7KH 6KDSLUR WHVW RI FKDUDFWHU FRXQW LQFOXGLQJ 85/V LQ 175� 165� 1(*� 1(8� DQG
367 WZHHWV LQFOXGLQJ 85/V

7\SH : YDOXH S�YDOXH

175 ������ � ���H���

165 ������ � ���H���

1(* ������ ����H���

1(8 ������ �����H���

367 ������ � ���H���

7DEOH &���� 7KH .ROPRJRURY�6PLUQRY WHVW RI FKDUDFWHU FRXQW LQFOXGLQJ 85/V LQ WLFNHU�UHODWHG
DQG VWRFN�UHODWHG WZHHWV

7\SH : YDOXH S�YDOXH

7LFNHU�UHODWHG � � ���H���

6WRFN�UHODWHG � � ���H���

7DEOH &���� 7KH 6KDSLUR WHVW RI ZRUG FRXQW H[FOXGLQJ 85/V LQ 165� 175� 1(*� 1(8 DQG 367
WZHHWV

7\SH : YDOXH S�YDOXH

165 ����� � ���H���

175 ������ �����H���

1(* ������ �����H���

1(8 ������ �����H���

367 ������ � ���H���

���



7DEOH &���� 7KH .ROPRJRURY�6PLUQRY WHVW RI ZRUG FRXQW H[FOXGLQJ 85/V LQ WLFNHU�UHODWHG DQG
VWRFN�UHODWHG WZHHWV

7\SH : YDOXH S�YDOXH

7LFNHU�UHODWHG ������ � ���H���

6WRFN�UHODWHG ������ � ���H���

7DEOH &���� 7KH 6KDSLUR WHVW RI FKDUDFWHU FRXQW H[FOXGLQJ 85/V LQ 165� 175� 1(*� 1(8 DQG 367
WZHHWV

7\SH : YDOXH S�YDOXH

175 ����� � ���H���

165 ������ �����H���

1(* ����� �����H���

1(8 ������ �����H���

367 ����� �����H���

7DEOH &���� 7KH .ROPRJRURY�6PLUQRY WHVW RI FKDUDFWHU FRXQW H[FOXGLQJ 85/V LQ WLFNHU�UHODWHG
DQG VWRFN�UHODWHG WZHHWV

7\SH : YDOXH S�YDOXH

7LFNHU�UHODWHG � � ���H���

6WRFN�UHODWHG � � ���H���

7DEOH &���� 7KH 6KDSLUR WHVW RI KDVKWDJ FRXQW LQ 165� 175� 1(*� 1(8 DQG 367 WZHHWV
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5HIHUHQFH

$KPDG� .�� &KHQJ� '�� 	 $OPDV� <� ������� 0XOWL�OLQJXDO VHQWLPHQW DQDO\VLV RI ILQDQFLDO QHZV

VWUHDPV� ,Q *ULG WHFKQRORJ\ IRU ILQDQFLDO PRGHOLQJ DQG VLPXODWLRQ� 3DOHUPR�

$PPLUDWL� 6� ������ 6HSWHPEHU�� 7ZLWWHU¶V 2SHQ 3ODWIRUP $GYDQWDJH� 5HWULHYHG IURP

$QGUp� 3�� %HUQVWHLQ� 0�� 	 /XWKHU� .� ������� :KR JLYHV D WZHHW"� HYDOXDWLQJ PLFUREORJ FRQWHQW

YDOXH� ,Q 3URFHHGLQJV RI WKH D&0 ���� FRQIHUHQFH RQ FRPSXWHU VXSSRUWHG FRRSHUDWLYH ZRUN �SS�

���±�����

$QWKRQ\� /� ������� $QW&RQF� $ OHDUQHU DQG FODVVURRP IULHQGO\� PXOWL�SODWIRUP FRUSXV DQDO\VLV

WRRONLW� ,Q 3URFHHGLQJV RI DQ LQWHUDFWLYH ZRUNVKRS RQ ODQJXDJH H�OHDUQLQJ �SS� �±����

$QWZHLOHU� :�� 	 )UDQN� 0� ������� ,V DOO WKDW WDON MXVW QRLVH" 7KH LQIRUPDWLRQ FRQWHQW RI LQWHUQHW

VWRFN PHVVDJH ERDUGV� 7KH -RXUQDO RI )LQDQFH� ������ ����±�����

$UJDQ� 0�� 6HYLO� *�� 	 <DODPD� $� ������� :RUG�RI�0RXWK &RPPXQLFDWLRQ (IIHFW LQ WKH +ROGLQJV

DQG 7UDGHV RI 6WRFNV� (PSLULFDO (YLGHQFH IURP (PHUJLQJ 0DUNHW� ,Q $FDGHPLF DQG EXVLQHVV

UHVHDUFK LQVWLWXWH LQWHUQDWLRQDO FRQIHUHQFH� LQWHUQDWLRQDO FRQIHUHQFH� /DV 9HJDV�

$VXU� 6�� 	 +XEHUPDQ� %� ������� 3UHGLFWLQJ WKH IXWXUH ZLWK VRFLDO PHGLD� ,Q:,�L$7 ¶�� SURFHHG�

LQJV RI WKH ���� L((( LQWHUQDWLRQDO FRQIHUHQFH RQ ZHE LQWHOOLJHQFH DQG LQWHOOLJHQW DJHQW WHFKQRO�

RJ\�

$Z� $�� =KDQJ�0�� ;LDR� -�� 	 6X� -� ������� $ SKUDVH�EDVHG VWDWLVWLFDOPRGHO IRU 606 WH[W QRUPDO�

L]DWLRQ� ,Q 3URFHHGLQJV RI WKH F2/,1*�$&/ ���� PDLQ FRQIHUHQFH SRVWHU VHVVLRQV �SS� ��±����

$VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV�

$ZDQ� $� ������� 6HQWLPHQW $QDO\VLV 2YHU 1HZVZLUH )LQDO 5HSRUW�

���
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%DD\HQ� 5� ������� $QDO\]LQJ OLQJXLVWLF GDWD� $ SUDFWLFDO LQWURGXFWLRQ WR VWDWLVWLFV XVLQJ 5 ��VW

HG��� &DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV�

%DFFLDQHOOD� 6�� (VXOL� $�� 	 6HEDVWLDQL� )� ������� 6HQWL:RUG1HW ���� $Q HQKDQFHG OH[LFDO UH�

VRXUFH IRU VHQWLPHQW DQDO\VLV DQG RSLQLRQ PLQLQJ� ,Q 6HYHQWK FRQIHUHQFH RQ LQWHUQDWLRQDO ODQ�

JXDJH UHVRXUFHV DQG HYDOXDWLRQ� PDOWD� �S� ������

%DU�+DLP� 5�� 'LQXU� (�� )HOGPDQ� 5�� )UHVNR� 0�� 	 *ROGVWHLQ� *� ������� ,GHQWLI\LQJ DQG IROORZ�

LQJ H[SHUW LQYHVWRUV LQ VWRFNPLFUREORJV� ,Q (01/3 ¶�� SURFHHGLQJV RI WKH FRQIHUHQFH RQ HPSLULFDO

PHWKRGV LQ QDWXUDO ODQJXDJH SURFHVVLQJ� (GLQEXUJK�

%DUEHU� %� 0�� 	 2GHDQ� 7� ������� $OO 7KDW *OLWWHUV� 7KH (IIHFW RI $WWHQWLRQ DQG 1HZV RQ WKH

%X\LQJ %HKDYLRU RI ,QGLYLGXDO DQG ,QVWLWXWLRQDO ,QYHVWRUV� 5HYLHZ RI )LQDQFLDO 6WXGLHV� ������

���±����

%DUERVD� *�� 6LOYD� ,�� =DNL� 0�� 0HLUD� :�� 3UDWHV� 5�� 	 9HORVR� $� ������� &KDUDFWHUL]LQJ WKH HIIHF�

WLYHQHVV RI WZLWWHU KDVKWDJV WR GHWHFW DQG WUDFN RQOLQH SRSXODWLRQ VHQWLPHQW� ,Q &+, ¶�� H[WHQGHG

DEVWUDFWV RQ KXPDQ IDFWRUV LQ FRPSXWLQJ V\VWHPV�

%DURQ� $� ������� 9$5' �� 3URFHHGLQJV RI WKH 3RVWJUDGXDWH &RQIHUHQFH LQ &RUSXV /LQJXLVWLFV�

%HQHYHQXWR� )�� 0DJQR� *�� 5RGULJXHV� 7�� 	 $OPHLGD� 9� ������� 'HWHFWLQJ VSDPPHUV RQ WZLW�

WHU� ,Q 3URFHHGLQJV RI WKH �WK DQQXDO FROODERUDWLRQ� HOHFWURQLF PHVVDJLQJ� DQWL�DEXVH DQG VSDP

FRQIHUHQFH �F($6��

%LVKRS� &� 0� ������� 3DWWHUQ 5HFRJQLWLRQ DQG 0DFKLQH /HDUQLQJ� 1HZ <RUN� 6SULQJHU�

%ORRP� .� ������� 6HQWLPHQW$QDO\VLV %DVHG RQ$SSUDLVDO 7KHRU\DQG)XQFWLRQDO /RFDO*UDPPDUV

�3K' WKHVLV�� OLQJFRJ�LLW�HGX�

%ROOHQ� -�� 0DR� +�� 	 =HQJ� ;� -� ������� 7ZLWWHU PRRG SUHGLFWV WKH VWRFN PDUNHW� -RXUQDO RI

&RPSXWDWLRQDO 6FLHQFH� ����� �±��

���



%ROOHQ� -�� 3HSH� $�� 	 0DR� +� ������� 0RGHOLQJ SXEOLF PRRG DQG HPRWLRQ� 7ZLWWHU VHQWLPHQW

DQG VRFLR�HFRQRPLF SKHQRPHQD� ,Q )LIWK LQWHUQDWLRQDO D$$, FRQIHUHQFH RQ ZHEORJV DQG VRFLDO

PHGLD�

%RQWFKHYD� .�� 'HUFU\QVNL� /�� )XQN� $�� *UHHQZRRG� 0�� 0D\QDUG� '�� 	 $VZDQL� 1� �������

7ZLW,(� $Q 2SHQ�6RXUFH ,QIRUPDWLRQ ([WUDFWLRQ 3LSHOLQH IRU 0LFUREORJ 7H[W� ,Q 3URFHHGLQJV RI

WKH LQWHUQDWLRQDO FRQIHUHQFH RQ UHFHQW DGYDQFHV LQ QDWXUDO ODQJXDJH SURFHVVLQJ �U$1/3 ������

%RUGLQR� ,�� %DWWLVWRQ� 6�� &DOGDUHOOL� *�� &ULVWHOOL� 0�� 8NNRQHQ� $�� 	:HEHU� ,� ������� :HE VHDUFK

TXHULHV FDQ SUHGLFW VWRFN PDUNHW YROXPHV� 3/26 21(� �����

ER\G� GDQDK PLFKHOH� ������� 7DNHQ 2XW RI &RQWH[W� 3URTXHVW� 8PL 'LVVHUWDWLRQ 3XEOLVKLQJ�

%UHLPDQ� /� ������� 5DQGRP IRUHVWV� 0DFKLQH /HDUQLQJ� ��� �±���

%URZQ� (� ������� :LOO WZLWWHU PDNH \RX D EHWWHU LQYHVWRU" D ORRN DW VHQWLPHQW� XVHU UHSXWDWLRQ

DQG WKHLU HIIHFW RQ WKH VWRFN PDUNHW� ,Q 3URFHHGLQJV RI WKH VRXWKHUQ DVVRFLDWLRQ IRU LQIRUPDWLRQ

V\VWHPV FRQIHUHQFH� ����� $WODQWD�

&DPEULD� (�� 6FKXOOHU� %�� ;LD� <�� 	 +DYDVL� &� ������� 1HZ $YHQXHV LQ 2SLQLRQ 0LQLQJ DQG

6HQWLPHQW $QDO\VLV� ,QWHOOLJHQW 6\VWHPV� ������ ��±���

&DUH\� %� ������� 8VLQJ WKH 7ZLWWHU 5(67 $3,� �±��

&DYLFFKL� 7� -� ������� 'LJLWDO 6LJQDO 3URFHVVLQJ� +RERNHQ� :LOH\�

&KDNRXPDNRV� 5�� 7UXVKHLP� 6�� 	 <HQGOXUL� 9� ������� $XWRPDWHG 0DUNHW 6HQWLPHQW $QDO\VLV RI

7ZLWWHU IRU 2SWLRQV 7UDGLQJ�

&KDOPHUV� '�� )OHPLQJ� 6�� :DNHPDQ� ,�� 	:DWVRQ� '� ������� 5K\WKPV LQ 7ZLWWHU� ,Q �VW LQWHUQD�

WLRQDO ZRUNVKRS RQ VRFLDO REMHFW QHWZRUNV� �UG L((( FRQIHUHQFH RQ VRFLDO FRPSXWLQJ� %RVWRQ�

&KDQ� :� 6� ������� 6WRFN SULFH UHDFWLRQ WR QHZV DQG QR�QHZV� GULIW DQG UHYHUVDO DIWHU KHDGOLQHV�

-RXUQDO RI )LQDQFLDO (FRQRPLFV� ������ ���±����

���



&KDWILHOG� &� ������� 7KH DQDO\VLV RI WLPH VHULHV� DQ LQWURGXFWLRQ� /RQGRQ� &KDSPDQ� +DOO�

&KHQ� 5�� 	 /D]HU� 0� ������� 6HQWLPHQW $QDO\VLV RI 7ZLWWHU )HHGV IRU WKH 3UHGLFWLRQ RI 6WRFN

0DUNHW 0RYHPHQW�

&K\DQ� $�� /HQJHULFK� &�� 	 +VLHK� 7� ������� $ VWRFN�SXUFKDVLQJ DJHQW IURP VHQWLPHQW DQDO\VLV

RI WZLWWHU�

&RKHQ� -� ������� 6WDWLVWLFDO 3RZHU $QDO\VLV IRU WKH %HKDYLRUDO 6FLHQFHV� 0DKZDK� /DZUHQFH

(UOEDXP $VVRFLDWHV�

&RQRYHU� :� -� ������� 3UDFWLFDO QRQSDUDPHWULF VWDWLVWLFV ��UG HG��� +RERNHQ� :LOH\�

&RUWHV� &�� 	 9DSQLN� 9� ������� 6XSSRUW�YHFWRU QHWZRUNV� 0DFKLQH /HDUQLQJ� ��� ���±����

&RVWROR� '� ������ 'HFHPEHU�� 0HDQLQJIXO *URZWK� 5HWULHYHG IURP

&XQQLQJKDP� +�� 7DEODQ� 9�� 5REHUWV� $�� 	 %RQWFKHYD� .� ������� *HWWLQJ PRUH RXW RI ELRPHG�

LFDO GRFXPHQWV ZLWK *$7(¶V IXOO OLIHF\FOH RSHQ VRXUFH WH[W DQDO\WLFV� 3/R6 &RPSXW %LRO� �����

H�������±H��������

'DV� 6� 5�� 	 &KHQ� 0� ������� <DKRR� IRU $PD]RQ� 6HQWLPHQW H[WUDFWLRQ IURP VPDOO WDON RQ WKH

ZHE� 0DQDJHPHQW 6FLHQFH� ������ ����±�����

'DWDVLIW� ������ 'HFHPEHU�� 'DWD 6RXUFHV � 'DWD6LIW� 5HWULHYHG IURP

'DYLGRY� '�� 7VXU� 2�� 	 5DSSRSRUW� $� ������� (QKDQFHG VHQWLPHQW OHDUQLQJ XVLQJ 7ZLWWHU KDVK�

WDJV DQG VPLOH\V� ,Q 3URFHHGLQJV RI WKH ��UG LQWHUQDWLRQDO FRQIHUHQFH RQ FRPSXWDWLRQDO OLQJXLV�

WLFV� 3RVWHUV �SS� ���±�����

'DYLHV� $�� 	 *KDKUDPDQL� =� ������� /DQJXDJH�LQGHSHQGHQW %D\HVLDQ VHQWLPHQW PLQLQJ RI 7ZLW�

WHU� ,Q )LIWK LQWHUQDWLRQDO ZRUNVKRS RQ VRFLDO QHWZRUN PLQLQJ DQG DQDO\VLV �V1$.'' ������

���
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'DYLHV� 0� ������ 2FWREHU�� 7KH &RUSXV RI &RQWHPSRUDU\ $PHULFDQ (QJOLVK� ��� PLOOLRQ ZRUGV�

�����SUHVHQW�

'HEELQL� '�� (VWLQ� 3�� 	 *RXWDJQ\� 0� ������� 0RGHOLQJ WKH 6WRFN 0DUNHW 8VLQJ 7ZLWWHU 6HQWL�

PHQW $QDO\VLV�

'HUF]\QVNL� /�� 5LWWHU� $�� &ODUN� 6�� 	 %RQWFKHYD� .� ������� 7ZLWWHU 3DUW�RI�6SHHFK 7DJJLQJ IRU

$OO� 2YHUFRPLQJ 6SDUVH DQG 1RLV\ 'DWD� ,Q 3URFHHGLQJV RI UHFHQW «�

'HZDOO\� 0� ������� ,QWHUQHW LQYHVWPHQW DGYLFH� ,QYHVWLQJ ZLWK D URFN RI VDOW� )LQDQFLDO $QDO\VWV

-RXUQDO� ������ ��±���

'LFKWHU� (� ������� +RZ ZRUG�RI�PRXWK DGYHUWLVLQJ ZRUNV� +DUYDUG %XVLQHVV 5HYLHZ� ����������

���±����

'LFWLRQDU\� 2� (� �Q�G��� ³HFRV\VWHP� Q�´� 5HWULHYHG IURP

'RDQ� 6�� 2KQR�0DFKDGR� /�� 	 &ROOLHU� 1� ������� (QKDQFLQJ 7ZLWWHU 'DWD $QDO\VLV ZLWK 6LPSOH

6HPDQWLF )LOWHULQJ� ([DPSOH LQ 7UDFNLQJ ,QIOXHQ]D�/LNH ,OOQHVVHV� ,Q ���� L((( VHFRQG LQWHUQD�

WLRQDO FRQIHUHQFH RQ KHDOWKFDUH LQIRUPDWLFV� LPDJLQJ DQG V\VWHPV ELRORJ\� /D -ROOD�

'RDQ� 6�� 9R� %�� 	 &ROOLHU� 1� ������� $Q DQDO\VLV RI 7ZLWWHU PHVVDJHV LQ WKH ���� 7RKRNX (DUWK�

TXDNH� /HFWXUH 1RWHV RI WKH ,QVWLWXWH IRU &RPSXWHU 6FLHQFHV� 6RFLDO ,QIRUPDWLFV DQG 7HOHFRPPX�

QLFDWLRQV (QJLQHHULQJ� ��� ��±���

'XQQLQJ� 7� ������� $FFXUDWH PHWKRGV IRU WKH VWDWLVWLFV RI VXUSULVH DQG FRLQFLGHQFH� &RPSXWD�

WLRQDO /LQJXLVWLFV� ������ ��±���

(DUOH� 3� 6�� %RZGHQ� '� &�� 	 *X\� 0� ������� 7ZLWWHU HDUWKTXDNH GHWHFWLRQ� HDUWKTXDNH PRQLWRU�

LQJ LQ D VRFLDO ZRUOG� $QQDOV RI *HRSK\VLFV� ������

(DUOH� 3�� *X\� 0�� %XFNPDVWHU� 5�� 2VWUXP� &�� +RUYDWK� 6�� 	 9DXJKDQ� $� ������� 20* (DUWK�

���
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TXDNH� &DQ 7ZLWWHU LPSURYH HDUWKTXDNH UHVSRQVH"� ������ ����

(QGHUV� &� .� ������� $SSOLHG 0LVVLQJ 'DWD $QDO\VLV� 1HZ <RUN� *XLOIRUG 3UHVV�

(VFREDU� 0� ������� +RZ WR VHOHFW D VRFLDO PRQLWRULQJ WRRO� )DFWRUV WR FRQVLGHU� �±��

)DPD� (� �����D�� 5DQGRP ZDONV LQ VWRFN PDUNHW SULFHV� )LQDQFLDO $QDO\VWV -RXUQDO� ������ ��±

���

)DPD� (� �����E�� 7KH %HKDYLRU RI 6WRFN�0DUNHW 3ULFHV� -RXUQDO RI %XVLQHVV� ������ ��±����

)DPD� (� ������� (IILFLHQW FDSLWDO PDUNHWV� $ UHYLHZ RI WKHRU\ DQG HPSLULFDO ZRUN� -RXUQDO RI

)LQDQFH� ������ ���±����

)DPD� (� ������� 'LVFRXQWLQJ XQGHU XQFHUWDLQW\� -RXUQDO RI %XVLQHVV� ������ ���±����

)LHOGLQJ� 5� ������� $UFKLWHFWXUDO VW\OHV DQG WKH GHVLJQ RI QHWZRUN�EDVHG VRIWZDUH DUFKLWHFWXUHV

�3K' WKHVLV��

)LQJHU� /�� 	 'XWWD� 6� ������� :KR LV )$.(" ,Q 2¶5HLOO\¶V VWUDWD FRQIHUHQFH� ���� �SS� �±����

6DQWD &ODUD�

*DUUHWW� 6� ������ -XQH�� %LJ *RDOV� %LJ *DPH� %LJ 5HFRUGV� 5HWULHYHG IURP

*LOEHUW� (�� 	 .DUDKDOLRV� .� ������� :LGHVSUHDG ZRUU\ DQG WKH VWRFN PDUNHW�

*LPSHO� .�� 6FKQHLGHU� 1�� 2&RQQRU� %�� 'DV� '�� 0LOOV� '�� (LVHQVWHLQ� -�� « 6PLWK� 1� $� �������

3DUW�RI�VSHHFK WDJJLQJ IRU WZLWWHU� $QQRWDWLRQ� IHDWXUHV� DQG H[SHULPHQWV� ,Q 7KH ��WK DQQXDO

PHHWLQJ RI WKH DVVRFLDWLRQ IRU FRPSXWDWLRQDO OLQJXLVWLFV� +XPDQ ODQJXDJH WHFKQRORJLHV�

*QLS� ������ 'HFHPEHU�� +LVWRULFDO 7ZLWWHU 'DWD � *QLS� 5HWULHYHG IURP

*QLS� ������� 7ZLWWHU 'DWD � *QLS� 5HWULHYHG IURP

���
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*R� $�� 	 %KD\DQL� 5� ������� ([SORLWLQJ WKH 8QLTXH &KDUDFWHULVWLFV RI 7ZHHWV IRU 6HQWLPHQW $QDO�

\VLV�

*R� $�� %KD\DQL� 5�� 	 +XDQJ� /� ������� 7ZLWWHU VHQWLPHQW FODVVLILFDWLRQ XVLQJ GLVWDQW VXSHUYL�

VLRQ�

*REU\� 3��(� ������ 'HFHPEHU�� %8%%/( :$7&+� 1HZ +HGJH )XQG 8VHV 7ZLWWHU 7R

3LFN 6WRFNV � %XVLQHVV ,QVLGHU� 5HWULHYHG IURP

*RRQDWLODNH� 5�� 	 +HDUWK� 6� ������� 7KH 9RODWLOLW\ RI WKH 6WRFN 0DUNHW DQG 1HZV� ,QWHUQDWLRQDO

5HVHDUFK -RXUQDO RI )LQDQFH DQG (FRQRPLFV� ����� ��±���

*ULHV� 6� 7� ������� 6WDWLVWLFV IRU OLQJXLVWLFV ZLWK 5� D SUDFWLFDO LQWURGXFWLRQ� %HUOLQ� :DOWHU GH

*UX\WHU�

*ULPHV� 6� ������� 7H[W $QDO\WLFV LQ ����� ,Q 7H[W DQDO\WLFV LQ ���� �SS� �±��� 6DQ )UDQFLVFR�

*URVV� 0� ������� &RQVWUXFWLQJ OH[LFRQ�JUDPPDUV�

+DQ� %�� 	 %DOGZLQ� 7� ������� /H[LFDO 1RUPDOLVDWLRQ RI 6KRUW 7H[W 0HVVDJHV� 0DNQ 6HQV D�

WZLWWHU� ,Q 3URFHHGLQJV RI WKH ��WK DQQXDO PHHWLQJ RI WKH DVVRFLDWLRQ IRU FRPSXWDWLRQDO OLQJXLVWLFV

�SS� ���±����� 3RUWODQG�

+DUULV� =� 6� ������� 'LVWULEXWLRQDO 6WUXFWXUH� :RUG� �������� ���±����

+DVVDQ� 0�� 	 1DWK� %� ������� 6WRFN PDUNHW IRUHFDVWLQJ XVLQJ KLGGHQ 0DUNRY PRGHO� D QHZ

DSSURDFK� ,Q 7KH �WK LQWHUQDWLRQDO FRQIHUHQFH RQ LQWHOOLJHQW V\VWHPV GHVLJQ DQG DSSOLFDWLRQV

�L6'$����

+DVWLH� 7�� 7LEVKLUDQL� 5�� 	 )ULHGPDQ� -� +� ������� 7KH (OHPHQWV RI 6WDWLVWLFDO /HDUQLQJ� 'DWD

0LQLQJ� ,QIHUHQFH� DQG 3UHGLFWLRQ� 1HZ <RUN� 6SULQJHU�

+DW]LYDVVLORJORX� 9�� 	0F.HRZQ� .� ������� 3UHGLFWLQJ WKH VHPDQWLF RULHQWDWLRQ RI DGMHFWLYHV� ,Q

���

http://www.businessinsider.com/new-hedge-fund-uses-twitter-to-pick-stocks-2010-12
http://www.businessinsider.com/new-hedge-fund-uses-twitter-to-pick-stocks-2010-12


7KH ��WK DQQXDO PHHWLQJ RI WKH DVVRFLDWLRQ IRU FRPSXWDWLRQDO OLQJXLVWLFV DQG HLJKWK FRQIHUHQFH

RI WKH HXURSHDQ FKDSWHU RI WKH DVVRFLDWLRQ IRU FRPSXWDWLRQDO OLQJXLVWLFV �D&/ ¶��� �SS� ���±�����

0DGULG� 6SDLQ�

+HSZRUWK� ,� ������ 2FWREHU�� 7KH KXPDQ IDFH RI ELJ GDWD _ 7ZLWWHU %ORJV� 5HWULHYHG IURP

+RJHQERRP� $�� %DO� '�� )UDVLQFDU� )�� %DO� 0�� -RQJ� )�� 	 .D\PDN� 8� ������� ([SORLWLQJ HPRWL�

FRQV LQ VHQWLPHQW DQDO\VLV� ,Q ��WK DQQXDO D&0 V\PSRVLXP RQ DSSOLHG FRPSXWLQJ� V$& �����

&RLPEUD�

+RQH\FXWW� &�� 	 +HUULQJ� 6� &� ������� %H\RQG 0LFUREORJJLQJ� &RQYHUVDWLRQ DQG &ROODERUDWLRQ

YLD 7ZLWWHU� ,Q ��QG KDZDLL LQWHUQDWLRQDO FRQIHUHQFH RQ V\VWHP VFLHQFHV� /RV $ODPLWRV� &$�

+VX� (�� 6KLX� 6�� 	 7RUF]\QVNL� '� ������� 3UHGLFWLQJ GRZ MRQHV PRYHPHQW ZLWK WZLWWHU�

+X� 0�� 	 /LX� %� ������� 0LQLQJ DQG VXPPDUL]LQJ FXVWRPHU UHYLHZV� ,Q 3URFHHGLQJV RI WKH

D&0 V,*.'' LQWHUQDWLRQDO FRQIHUHQFH RQ NQRZOHGJH � GLVFRYHU\ DQG GDWD PLQLQJ �N''������

�SS� ���±����� 6HDWWOH� $&0�

+XQVWRQ� 6� ������� &RUSRUD LQ $SSOLHG /LQJXLVWLFV� &DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV�

,QGYLN� /� ������ $SULO�� 7ZHHWV &RPLQJ WR %ORRPEHUJ 7HUPLQDOV� 5HWULHYHG IURP

,QJUDP� 0� ������ $SULO�� &DQ 7ZLWWHU +HOS <RX 3UHGLFW WKH 6WRFN 0DUNHWV 7HFK 1HZV DQG $QDO�

\VLV� 5HWULHYHG IURP

-RQHV� '� ������ $XJXVW�� 'RZ -RQHV $YHUDJHV� 5HWULHYHG IURP

-RUGDQ� -� ������ 'HFHPEHU�� +HGJH )XQG :LOO 7UDFN 7ZLWWHU WR 3UHGLFW 6WRFN 0RYHV �

���

http://blog.twitter.com/2012/10/the-human-face-of-big-data.html
http://mashable.com/2013/04/04/bloomberg-terminals-twitter/
http://mashable.com/2013/04/04/bloomberg-terminals-twitter/
http://gigaom.com/2011/04/06/can-twitter-help-you-predict-the-stock-market/
http://gigaom.com/2011/04/06/can-twitter-help-you-predict-the-stock-market/
http://www.djaverages.com/?go=industrial-overview
http://www.djaverages.com/?go=industrial-overview


%ORRPEHUJ� 5HWULHYHG IURP

.DXIPDQQ� 0� ������� 6\QWDFWLF 1RUPDOL]DWLRQ RI 7ZLWWHU 0HVVDJHV�

.HYLQ� +��<� /�� <DQJ� &�� 	 +VLQ�+VL� &� ������� (PRWLRQ FODVVLILFDWLRQ RI RQOLQH QHZV DUWLFOHV

IURP WKH UHDGHU¶V SHUVSHFWLYH� ,Q 3URFHHGLQJV RI WKH ���� L(((�:,&�$&0 LQWHUQDWLRQDO FRQIHU�

HQFH RQ ZHE LQWHOOLJHQFH DQG LQWHOOLJHQW DJHQW WHFKQRORJ\ �SS� ���±����� 6\GQH\�

.LFLPDQ� (� ������� /DQJXDJH 'LIIHUHQFHV DQG 0HWDGDWD )HDWXUHV RQ 7ZLWWHU� ,Q :HE Q�JUDP

ZRUNVKRS DW D&0 V,*,5 VSHFLDO LQWHUHVW JURXS RQ LQIRUPDWLRQ UHWULHYDO ����� *HQHYD�

.LOJDUULII� $� ������� /DQJXDJH LV QHYHU� HYHU� HYHU� UDQGRP� &RUSXV /LQJXLVWLFV DQG /LQJXLVWLF

7KHRU\� ����� ���±����

.RQRQHQNR� ,�� 	 .XNDU� 0� ������� 0DFKLQH /HDUQLQJ DQG 'DWD 0LQLQJ� ,QWURGXFWLRQ WR 3ULQFL�

SOHV DQG $OJRULWKPV� &DPEULGJH� +RUZRRG 3XEOLVKLQJ�

.RSSHO� 0�� 	 6KWULPEHUJ� ,� ������� *RRG QHZV RU EDG QHZV" OHW WKH PDUNHW GHFLGH� ,Q 3UR�

FHHGLQJV RI WKH D$$, VSULQJ V\PSRVLXP RQ H[SORULQJ DWWLWXGH DQG DIIHFW LQ WH[W� 7KHRULHV DQG

DSSOLFDWLRQV �SS� ���±����� 6WDQIRUG�

.XOHVKRY� 9� ������� &DQ 7ZLWWHU SUHGLFW WKH VWRFN PDUNHW"

.XPDU� $�� 	 6HEDVWLDQ� 7� ������� 6HQWLPHQW $QDO\VLV RQ 7ZLWWHU� ,QWHUQDWLRQDO -RXUQDO RI &RP�

SXWHU 6FLHQFH ,VVXHV� ����� ���±����

.XPDU� $�� 	 6HEDVWLDQ� 7� 0� ������� 6HQWLPHQW $QDO\VLV� $ 3HUVSHFWLYH RQ LWV 3DVW� 3UHVHQW DQG

)XWXUH� ,QWHOOLJHQW 6\VWHPV DQG $SSOLFDWLRQV� ������ �±���

.ZDN� +�� /HH� &�� 3DUN� +�� 	0RRQ� 6� ������� :KDW LV 7ZLWWHU� D VRFLDO QHWZRUN RU D QHZVPHGLD"

::: �����

/DNH� 7� ������� 6WDWXV UHSRUW� 7ZLWWHU QOS� :HVWHUQ 0LFKLJDQ 8QLYHUVLW\� .DODPD]RR�

���

http://www.bloomberg.com/news/2010-12-22/hedge-fund-will-track-twitter-to-predict-stockmarket-movements.html
http://www.bloomberg.com/news/2010-12-22/hedge-fund-will-track-twitter-to-predict-stockmarket-movements.html


/DPSRV� 9�� 	 &ULVWLDQLQL� 1� ������� 7UDFNLQJ WKH IOX SDQGHPLF E\ PRQLWRULQJ WKH 6RFLDO :HE�

,Q �QG LQWHUQDWLRQDO ZRUNVKRS RQ FRJQLWLYH LQIRUPDWLRQ�

/HHXZHQ� /� YDQ� ������ -XO\�� 0RQLWRULQJ WKH FKDWWHU LQ VRFLDO PHGLD� 7KH $PVWHUGDP ([FKDQJH

,QGH[ �3K' WKHVLV��

/HKUHU� $� ������� 6HPDQWLF )LHOGV DQG /H[LFDO 6WUXFWXUH� 1RUWK�+ROODQG�

/HLQZHEHU� '�� 	 6LVN� -� ������� 5HODWLQJ 1HZV $QDO\WLFV WR 6WRFN 5HWXUQV� ,Q �WK DQQXDO

F$5,60$ FRQIHUHQFH �SS� �±���� /RQGRQ� &$5,60$� /RQGRQ�

/L� )� ������� 'R VWRFN PDUNHW LQYHVWRUV XQGHUVWDQG WKH ULVN VHQWLPHQW RI FRUSRUDWH DQQXDO UH�

SRUWV�

/LWRVVHOLWL� /� ������� 5HVHDUFK 0HWKRGV LQ /LQJXLVWLFV� &RQWLQXXP�

/LX� .�� /L� :�� 	 *XR� 0� ������� (PRWLFRQ 6PRRWKHG /DQJXDJH 0RGHOV IRU 7ZLWWHU 6HQWLPHQW

$QDO\VLV� ,Q 7ZHQW\�VL[WK D$$, FRQIHUHQFH RQ DUWLILFLDO LQWHOOLJHQFH� 7RURQWR�

/RXJKUDQ� 7�� 	 0F'RQDOG� %� ������� :KHQ LV D OLDELOLW\ QRW D OLDELOLW\" 7H[WXDO DQDO\VLV� GLFWLR�

QDULHV� DQG ��.V� 7KH -RXUQDO RI )LQDQFH� ������ ��±���

0DONLHO� %� ������� 7KH HIILFLHQW PDUNHW K\SRWKHVLV DQG LWV FULWLFV� -RXUQDO RI (FRQRPLF 3HUVSHF�

WLYHV� ���� ��±���

0DR� +�� &RXQWV� 6�� 	 %ROOHQ� -� ������� 3UHGLFWLQJ )LQDQFLDO 0DUNHWV� &RPSDULQJ 6XUYH\� 1HZV�

7ZLWWHU DQG 6HDUFK (QJLQH 'DWD� $U[LY 3UHSULQW $U;LY�����������

0DR� <�� :DQJ� %�� :HL� :�� 	 /LX� %� ������� &RUUHODWLQJ 6	3 ��� 6WRFNV ZLWK 7ZLWWHU 'DWD�

1ODE�HQJU�XFRQQ�HGX�

0DVRQ� 2� ������� $XWRPDWLF SURFHVVLQJ RI ORFDO JUDPPDU SDWWHUQV� ,Q 3URFHHGLQJV RI WKH �WK

DQQXDO FROORTXLXP IRU WKH X. VSHFLDO LQWHUHVW JURXS IRU FRPSXWDWLRQDO OLQJXLVWLFV� XQLYHUVLW\ RI

ELUPLQJKDP �SS� ���±�����

���



0F&UDQN� -�� 	 *DIIHQ� '� ������ -DQXDU\�� +RD[ WZHHWV VHQG $XGLHQFH VKDUHV DWZLWWHU� 5H�

WULHYHG IURP

0F(QHU\� 7�� 	 +DUGLH� $� ������� &RUSXV /LQJXLVWLFV� 0HWKRG� 7KHRU\ DQG 3UDFWLFH� &DPEULGJH�

&DPEULGJH 8QLYHUVLW\ 3UHVV�

0F1DLU� '� 0�� /RUU� 0�� 	 'URSSOHPDQ� /� )� ������� 3URILOH RI 0RRG 6WDWHV �3206��

0HL� 4�� /LQJ� ;�� :RQGUD� 0�� 6X� +�� 	 =KDL� &� ������� 7RSLF VHQWLPHQW PL[WXUH� PRGHOLQJ

IDFHWV DQG RSLQLRQV LQ ZHEORJV� ,Q ,QWHUQDWLRQDO ZRUOG ZLGH ZHE FRQIHUHQFH FRP� PLWWHH �L:�&��

�SS� ���±����� %DQII�

0HODQVRQ� 0� ������ )HEUXDU\�� 7ZLWWHU .LOOV WKH $3, :KLWHOLVW� :KDW LW 0HDQV IRU 'HYHORSHUV

	 ,QQRYDWLRQ� 5HWULHYHG IURP

0LWFKHOO� 7� 0� ������� 0DFKLQH /HDUQLQJ� 1HZ <RUN� 6SULQJHU�

0LWL[D� 5� 3�� 	 5DQD� $� ������� $ 6XUYH\ RQ 2SLQLRQ DQG 6HQWLPHQW $QDO\VLV :LWK $SSOLFDWLRQV

DQG ,VVXHV� ,Q ,QWHUQDWLRQDO MRXUQDO RI FRPSXWDWLRQDO OLQJXLVWLFV DQGQDWXUDO ODQJXDJH SURFHVVLQJ

�SS� ���±�����

0LWWDO� $�� 	 $USLW� *� ������� 6WRFN 3UHGLFWLRQ 8VLQJ 7ZLWWHU 6HQWLPHQW $QDO\VLV� )LQDO 5HSRUW RI

0DFKLQH /HDUQLQJ &RXUVH� �����

0L]UDFK� %�� 	 :HHUWV� 6� ������� ([SHUWV RQOLQH� $Q DQDO\VLV RI WUDGLQJ DFWLYLW\ LQ D SXEOLF ,QWHU�

QHW FKDW URRP� -RXUQDO RI (FRQRPLF %HKDYLRU 	 2UJDQL]DWLRQ� ��� ���±����

0L]XPRWR� .�� <DQDJLPRWR� +�� 	 <RVKLRND� 0� ������� 6HQWLPHQW $QDO\VLV RI 6WRFN0DUNHW 1HZV

ZLWK 6HPL�VXSHUYLVHG /HDUQLQJ� ,Q ����,(((�$&,6 ��WK LQWHUQDWLRQDO FRQIHUHQFH RQ FRPSXWHU

DQG LQIRUPDWLRQ VFLHQFH� 6KDQJKDL�

���

http://www.reuters.com/article/2013/01/29/us-audience-shares-idUSBRE90S11T20130129
http://www.reuters.com/article/2013/01/29/us-audience-shares-idUSBRE90S11T20130129
http://readwrite.com/2011/02/11/twitter_kills_the_api_whitelist_what_it_means_for
http://readwrite.com/2011/02/11/twitter_kills_the_api_whitelist_what_it_means_for


0RKDPPDG� 6�� 'XQQH� &�� 	 'RUU� %� ������� *HQHUDWLQJ +LJK�&RYHUDJH 6HPDQWLF 2ULHQWDWLRQ

/H[LFRQV )URP 2YHUWO\ 0DUNHG :RUGV DQG D 7KHVDXUXV� ,Q 3URFHHGLQJV �SS� ���±����� 6LQJD�

SRUH�

0RUJDQ� 6� ������ 0DUFK�� &DQ 7ZLWWHU 3UHGLFW WKH 0DUNHW� 5HWULHYHG IURP

0XNKHUMHH� 6�� %KDWWDFKDU\\D� 3�� 	 %DODPXUDOL� $� ������� 6HQWLPHQW $QDO\VLV LQ 7ZLWWHU ZLWK

/LJKWZHLJKW 'LVFRXUVH $QDO\VLV� ,Q 7KH ��WK LQWHUQDWLRQDO FRQIHUHQFH RQ FRPSXWDWLRQDO OLQJXLV�

WLFV �F2/,1* ������ %XPEDL�

1DDPDQ� 0�� %RDVH� -�� 	 /DL� &� ������� ,V LW UHDOO\ DERXW PH"� PHVVDJH FRQWHQW LQ VRFLDO DZDUH�

QHVV VWUHDPV� ,Q ���� D&0 FRQIHUHQFH RQ FRPSXWHU VXSSRUWHG FRRSHUDWLYH ZRUN� 6DYDQQDK�

1DQQ� 6�� .UDXVV� -�� 	 6FKRGHU� '� ������� 3UHGLFWLYH $QDO\WLFV 2Q 3XEOLF 'DWD�7KH &DVH 2I 6WRFN

0DUNHWV� ,Q 7KH ��VW HXURSHDQ FRQIHUHQFH RQ LQIRUPDWLRQ V\VWHPV�

1DYHHG� 1�� *RWWURQ� 7�� .XQHJLV� -�� 	 $OKDGL� $� &� ������� %DG 1HZV 7UDYHO )DVW� $ &RQWHQW�

EDVHG $QDO\VLV RI ,QWHUHVWLQJQHVV RQ 7ZLWWHU� :HE6FL ¶���

1LJDP� .�� 	 +XUVW� 0� ������� 7RZDUGV D UREXVW PHWULF RI RSLQLRQ� $$$, 6SULQJ 6\PSRVLXP RQ

([SORULQJ $WWLWXGH DQG $IIHFW LQ 7H[W� �������

2JLOYLH� '� 0�� 6WRQH� 3� -�� 	 .HOO\� (� )� ������� &RPSXWHU�DLGHG FRQWHQW DQDO\VLV� ,Q 5� %� 6PLWK

	 3� .�0DQQLQJ �(GV���+DQGERRN RI VRFLDO VFLHQFHPHWKRGV� 4XDOLWDWLYHPHWKRGV� 3HQVDFROD� )/�

%DOOLQJHU�

2K� &�� 	 6KHQJ� 2� ������� ,QYHVWLJDWLQJ 3UHGLFWLYH 3RZHU RI 6WRFN 0LFUR %ORJ 6HQWLPHQW LQ

)RUHFDVWLQJ )XWXUH 6WRFN 3ULFH 'LUHFWLRQDO 0RYHPHQW� ,Q 7KLUW\ VHFRQG LQWHUQDWLRQDO FRQIHUHQFH

RQ LQIRUPDWLRQ V\VWHPV� 6KDQJKDL�

2OLYHLUD� 1�� &RUWH]� 3�� 	 $UHDO� 1� ������� 6RPH H[SHULPHQWV RQPRGHOLQJ VWRFNPDUNHW EHKDYLRU

���

http://www.smartmoney.com/invest/stocks/can-twitter-predict-the-market/
http://www.smartmoney.com/invest/stocks/can-twitter-predict-the-market/


XVLQJ LQYHVWRU VHQWLPHQW DQDO\VLV DQG SRVWLQJ YROXPH IURP 7ZLWWHU� ,Q:,06���

2WWR� 0� ������ $XJXVW�� %RRWVWUDS ��� DQG FRXQWLQJ� 5HWULHYHG IURP

2ZRSXWL� 2�� 2¶&RQQRU� %�� '\HU� &�� *LPSHO� .�� 6KQHLGHU� 1�� 	 6PLWK� 1� ������� ,PSURYHG SDUW�

RI�VSHHFK WDJJLQJ IRU RQOLQH FRQYHUVDWLRQDO WH[W ZLWK ZRUG FOXVWHUV� ,Q 7KH FRQIHUHQFH RI WKH QRUWK

DPHULFDQ FKDSWHU RI WKH DVVRFLDWLRQ IRU FRPSXWDWLRQDO OLQJXLVWLFV� +XPDQ ODQJXDJH WHFKQRORJLHV�

�����

2¶&RQQRU� %�� %DODVXEUDPDQ\DQ� 5�� 5RXWOHGJH� %� 5�� 	 6PLWK� 1� $� ������� )URP 7ZHHWV WR

SROOV� /LQNLQJ WH[W VHQWLPHQW WR SXEOLF RSLQLRQ WLPH VHULHV� ,Q 7KH IRXUWK LQWHUQDWLRQDO D$$,

FRQIHUHQFH RQ ZHEORJV DQG VRFLDO PHGLD �SS� ���±�����

3DJH� 5� ������� 6WRULHV DQG 6RFLDO 0HGLD� ,GHQWLWLHV DQG ,QWHUDFWLRQ� /RQGRQ� 5RXWOHGJH�

3DLFH� &� '� ������� $QRWKHU VWHPPHU� ,Q $&0 V,*,5 VSHFLDO LQWHUHVW JURXS RQ LQIRUPDWLRQ UH�

WULHYDO ���� �SS� ��±���� $&0�

3DN� $�� 	 3DURXEHN� 3� ������� 7ZLWWHU DV D FRUSXV IRU VHQWLPHQW DQDO\VLV DQG RSLQLRQPLQLQJ� ,Q

7KH VHYHQWK LQWHUQDWLRQDO FRQIHUHQFH RQ ODQJXDJH UHVRXUFHV DQG HYDOXDWLRQ �O5(&��

3DQJ� %�� 	 /HH� /� ������� 2SLQLRQ 0LQLQJ DQG 6HQWLPHQW $QDO\VLV �9RO� ��� +DQRYHU� 1RZ

3XEOLVKHUV ,QF�

3DQJ� %�� /HH� /�� 	 9DLWK\DQDWKDQ� 6� ������� 7KXPEV XS" VHQWLPHQW FODVVLILFDWLRQ XVLQJ PD�

FKLQH OHDUQLQJ WHFKQLTXHV� ,Q 3URFHHGLQJV RI WKH FRQIHUHQFH RQ HPSLULFDO PHWKRGV LQ QDWXUDO ODQ�

JXDJH SURFHVVLQJ �H01/3�� SKLODGHOSKLD� MXO\ ���� �SS� ��±���� 3KLODGHOSKLD� 3HQQV\OYDQLD�

3DVV� *� ������ -DQXDU\�� %XLOGLQJ RQ 2SHQ 6RXUFH� 5HWULHYHG IURP

3DWHOO� -�� 	:ROIVRQ� 0� ������� 7KH LQWUDGD\ VSHHG RI DGMXVWPHQW RI VWRFN SULFHV WR HDUQLQJV DQG

���

http://blog.twitter.com/2012/08/bootstrap-21-and-counting.html
http://blog.twitter.com/2012/08/bootstrap-21-and-counting.html
https://blog.twitter.com/2009/building-open-source
https://blog.twitter.com/2009/building-open-source


GLYLGHQG DQQRXQFHPHQWV� -RXUQDO RI )LQDQFLDO (FRQRPLFV�

3D\QH� $� ������ -DQXDU\�� 3XWWLQJ D FHLOLQJ RQ UHTXHVWV IURP XVHUV DQG ,3V RQ WKH ZKLWHOLVW

� *RRJOH *URXSV� 5HWULHYHG IURP

3HUUHDXOW� 0�� 	 5XWKV� '� ������� 7KH (IIHFW RI 0RELOH 3ODWIRUPV RQ 7ZLWWHU &RQWHQW *HQHUDWLRQ�

,Q )LIWK LQWHUQDWLRQDO FRQIHUHQFH RQ ZHEORJV DQG VRFLDO PHGLD� %DUFHORQD�

3HWURYLF� 6�� 2VERUQH� 0�� 	 /DYUHQNR� 9� ������� 7KH (GLQEXUJK 7ZLWWHU &RUSXV� ,Q 3URFHHGLQJV

RI WKH Q$$&/ K/7 ���� ZRUNVKRS RQ FRPSXWDWLRQDO OLQJXLVWLFV LQ D ZRUOG RI VRFLDO PHGLD �S� ����

3HWWLW� $� �����D� 2FWREHU�� 6WHS �� &ROOHFW VRFLDO PHGLD GDWD WKDW PHQWLRQV FRRNLHV� 'RHV WKH

NLQG RI FRRNLH PDWWHU" �HVR�G� 5HWULHYHG IURP

3HWWLW� $� �����E� 2FWREHU�� 6WHS �� &OHDQ WKH VRFLDO PHGLD GDWD� 'R ZH UHDOO\ ZDQW YLUDO JDPHV

LQ RXU GDWDVHW" ,W GHSHQGV RQ WKH UHVHDUFK REMHFWLYH� �05; �HVR�G� 5HWULHYHG IURP

3HWWLW� $� �����F� 2FWREHU�� 6WHS �� 'LG \RX IRUJHW WR FRGH VODQJ" (PRWLFRQV" 'RHV LW PDW�

WHU" <(6� �HVR�G �PU[� 5HWULHYHG IURP

3HWWLW� $� �����G� 2FWREHU�� 6WHS �� 6DPSOH SUHFLVHO\� 2U ZKHUHYHU \RX¶UH DOORZHG� 2U ZKHUHYHU

\RX UHPHPEHU WR ORRN� �05;�HVR�G� 5HWULHYHG IURPKWWSV���WZLWWHU�FRP�ORYHVWDWV�VWDWXV�������������������

3RUWD� -�� 	 6DQFKR� -� /� ������� :RUG QRUPDOL]DWLRQ LQ 7ZLWWHU XVLQJ ILQLWH�VWDWH WUDQVGXFHUV� ,Q

7ZHHW QRUPDOL]DWLRQ ZRUNVKRS DW DQQXDO FRQIHUHQFH RI WKH VSDQLVK VRFLHW\ IRU QDWXUDO ODQJXDJH

SURFHVVLQJ �����

3RUWHU� 0� ������� $Q DOJRULWKP IRU VXIIL[ VWULSSLQJ� 3URJUDP� (OHFWURQLF /LEUDU\ DQG ,QIRUPD�

���

https://groups.google.com/forum/?fromgroups=#!topic/twitter-development-talk/v2WnFgqKRMk
https://groups.google.com/forum/?fromgroups=#!topic/twitter-development-talk/v2WnFgqKRMk
https://twitter.com/lovestats/status/129638092322779136
https://twitter.com/lovestats/status/129638092322779136
https://twitter.com/lovestats/status/129639133726515200
https://twitter.com/lovestats/status/129639133726515200
https://twitter.com/lovestats/status/129639914718511104
https://twitter.com/lovestats/status/129639914718511104


WLRQ 6\VWHPV� ������ ���±����

3RUWHU� 0� ������ 2FWREHU�� 7KH 3RUWHU 6WHPPLQJ $OJRULWKP� 5HWULHYHG IURP

3RWWV� &� ������ 1RYHPEHU�� 6HQWLPHQW 6\PSRVLXP 7XWRULDO� /DQJXDJH DQG FRJQLWLRQ� 5HWULHYHG

IURP

3URJUDPV� 7� $� 5�� 	 ,QF� ������� 0HDVXULQJ WKH *UDSHYLQH±&RQVXPHU 5HVSRQVH DQG :RUG�RI�

0RXWK� �±���

5DPERFDV� 0�� 	 *DPD� -� ������� 0DUNHWLQJ 5HVHDUFK� 7KH 5ROH 2I 6HQWLPHQW $QDO\VLV�

,GHDV�UHSHF�RUJ�

5DR� 6�� 	 +RQJ� -� ������� $QDO\VLV RI KLGGHQ PDUNRY PRGHOV DQG VXSSRUW YHFWRU PDFKLQHV LQ

ILQDQFLDO DSSOLFDWLRQV �1R� 8&%�((&6����������

5DR� 7�� 	 6ULYDVWDYD� 6� ������� 0RGHOLQJ 0RYHPHQWV LQ 2LO� *ROG� )RUH[ DQG 0DUNHW ,QGLFHV XV�

LQJ 6HDUFK 9ROXPH ,QGH[ DQG 7ZLWWHU 6HQWLPHQWV� $U;LY� 5HWULHYHG IURP

5DR� 7�� 	 6ULYDVWDYD� 6� ������� 7ZLWWHU 6HQWLPHQW $QDO\VLV� +RZ 7R +HGJH <RXU %HWV ,Q 7KH

6WRFN 0DUNHWV� $U;LY 3UHSULQW $U;LY�����������

5D\VRQ� 3� ������� 0DWUL[� $ VWDWLVWLFDO PHWKRG DQG VRIWZDUH WRRO IRU OLQJXLVWLF DQDO\VLV WKURXJK

FRUSXV FRPSDULVRQ� 8QSXEOLVKHG 'RFWRUDO 7KHVLV� /DQFDVWHU 8QLYHUVLW\� /DQFDVWHU�

5D]DOL� 1�� 	 :DK� <� ������� 3RZHU FRPSDULVRQV RI VKDSLUR�ZLON� NROPRJRURY�VPLUQRY� OLOOLHIRUV

DQG DQGHUVRQ�GDUOLQJ WHVWV� -RXUQDO RI 6WDWLVWLFDO 0RGHOLQJ DQG $QDO\WLFV� ����� ��±���

5HDG� -� ������� 8VLQJ HPRWLFRQV WR UHGXFH GHSHQGHQF\ LQ PDFKLQH OHDUQLQJ WHFKQLTXHV IRU VHQ�

WLPHQW FODVVLILFDWLRQ� ,Q 3URFHHGLQJV RI WKH D&/ VWXGHQW UHVHDUFK ZRUNVKRS �D&/VWXGHQW ¶����
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5LFKLQV� 0� ������� :RUG RI PRXWK FRPPXQLFDWLRQ DV QHJDWLYH LQIRUPDWLRQ� $GYDQFHV LQ &RQ�

VXPHU 5HVHDUFK� ������ ���±����

5RFKH� (� ������� )LQLWH VWDWH WUDQVGXFHUV� SDUVLQJ IUHH DQG IUR]HQ VHQWHQFHV� ,Q 3URFHHGLQJ RI

WKH H&$, �� ZRUNVKRS H[WHQGHG ILQLWH VWDWH PRGHOV RI ODQJXDJH �SS� ���±�����

5R\VWRQ� 3� ������� 5HPDUN $6 5��� $ UHPDUN RQ DOJRULWKP $6 ���� 7KH :�WHVW IRU QRUPDOLW\�

-RXUQDO RI WKH 5R\DO 6WDWLVWLFDO 6RFLHW\� ������ ���±����

5XL]� (�� +ULVWLGLV� 9�� &DVWLOOR� &�� *LRQLV� $�� 	 -DLPHV� $� ������� &RUUHODWLQJ ILQDQFLDO WLPH

VHULHV ZLWK PLFUR�EORJJLQJ DFWLYLW\� ,Q 7KH ILIWK D&0 LQWHUQDWLRQDO FRQIHUHQFH RQ ZHE VHDUFK DQG

GDWD PLQLQJ �SS� ���±�����

6DNDNL� 7�� 2ND]DNL� 0�� 	 0DWVXR� <� ������� (DUWKTXDNH VKDNHV 7ZLWWHU XVHUV� UHDO�WLPH HYHQW

GHWHFWLRQ E\ VRFLDO VHQVRUV� ,Q 3URFHHGLQJV RI WKH ��WK LQWHUQDWLRQDO FRQIHUHQFH RQ ZRUOG ZLGH

ZHE �SS� ���±�����

6DUYHU� 5� ������0DUFK�� (QDEOLQJ$5XVKRI ,QQRYDWLRQ _ 7ZLWWHU%ORJV� 5HWULHYHG IURP

6FKXPDNHU� 5�� 	 &KHQ� +� ������� 7H[WXDO DQDO\VLV RI VWRFN PDUNHW SUHGLFWLRQ XVLQJ EUHDNLQJ

ILQDQFLDO QHZV� 7KH $=)LQ WH[W V\VWHP� ,Q $&0 WUDQVDFWLRQV RQ LQIRUPDWLRQ �SS� �±���� 1HZ

<RUN�

6FRWW� 0�� 	 7ULEEOH� &� ������� 7H[WXDO 3DWWHUQV� .H\ :RUGV DQG &RUSXV $QDO\VLV LQ /DQJXDJH

(GXFDWLRQ� $PVWHUGDP� -� %HQMDPLQV�

6HJDUDQ� 7� ������� 3URJUDPPLQJ &ROOHFWLYH ,QWHOOLJHQFH� %XLOGLQJ 6PDUW :HE ��� $SSOLFDWLRQV�

6HEDVWRSRO� 2¶5HLOO\ 0HGLD�

6KDVKD� '� ������� 7LPH 6HULHV LQ )LQDQFH� WKH DUUD\ GDWDEDVH DSSURDFK� 5HWULHYHG IURP
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6KXPZD\� 5� +�� 	 6WRIIHU� '� 6� ������� 7LPH VHULHV DQDO\VLV DQG LWV DSSOLFDWLRQV� ZLWK 5 H[DP�

SOHV� �QG HG� 1HZ <RUN� 6SULQJHU�

6LHJHO� 6�� 	 &DVWHOODQ� 1� -� ������� 1RQSDUDPHWULF 6WDWLVWLFV IRU %HKDYLRXUDO 6FLHQFH� 1HZ <RUN�

0F*UDZ�+LOO %RRN &RPSDQ\�

6LQJOHWDU\� 7� ������ )HEUXDU\�� 3ODQQLQJ IRU $3, Y�V 5HWLUHPHQW� 5HWULHYHG IURP

6LSSH\� 0� ������ $XJXVW�� &KDQJHV FRPLQJ LQ 9HUVLRQ ��� RI WKH 7ZLWWHU $3, _ 7ZLWWHU 'HYHORSHUV�

5HWULHYHG IURP

6PDLORYLü� -�� *UþDU� 0�� 	 =QLGDUVLF� 0� ������� 6HQWLPHQW DQDO\VLV RQ WZHHWV LQ D ILQDQFLDO GR�

PDLQ� ,SVVF�PSV�VL�

6SUHQJHU� 7�� 	 :HOSH� ,� ������� 7ZHHWV DQG 7UDGHV�7KH ,QIRUPDWLRQ &RQWHQW RI 6WRFN 0L�

FUREORJV� 3DSHUV�VVUQ�FRP�

6SUHQJHU� 7�� 7XPDVMDQ� $�� 6DQGQHU� 3� *�� 	 :HOSH� ,� 0� ������� 7ZHHWV DQG WUDGHV� 7KH LQIRU�

PDWLRQ FRQWHQW RI VWRFN PLFUREORJV� (XURSHDQ )LQDQFLDO 0DQDJHPHQW�

6WRQH� %� ������ 6HSWHPEHU�� ,QWURGXFLQJ WKH 7ZLWWHU $3,� 5HWULHYHG IURP

6XNXPDU� 1� ������� '&0 &DSLWDO 3XWV ,WVHOI 8S IRU 6DOH LQ 2QOLQH $XFWLRQ � %ORRPEHUJ�

%ORRPEHUJ�FRP�

7lFNVWU|P� 2�� 	 0F'RQDOG� 5� ������� 'LVFRYHULQJ ILQH�JUDLQHG VHQWLPHQW ZLWK ODWHQW YDULDEOH

VWUXFWXUHG SUHGLFWLRQ PRGHOV� $GYDQFHV LQ ,QIRUPDWLRQ 5HWULHYDO� ���±����

7HDP� 5� ������� 5� $ /DQJXDJH DQG (QYLURQPHQW IRU 6WDWLVWLFDO &RPSXWLQJ� 9LHQQD� $XVWULD�

7KDX� .� ������ 1RYHPEHU�� 7ZLWWHU � 3LQJ  'LVFRYHULQJ0RUH0XVLF� 5HWULHYHG IURP
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7LPPHUPDQQ� $�� 	 *UDQJHU� &� ������� (IILFLHQW PDUNHW K\SRWKHVLV DQG IRUHFDVWLQJ� ,QWHUQD�

WLRQDO -RXUQDO RI )RUHFDVWLQJ� ����� ��±���

7XUQH\� 3� ������� 7KXPEV XS RU WKXPEV GRZQ"� VHPDQWLF RULHQWDWLRQ DSSOLHG WR XQVXSHUYLVHG

FODVVLILFDWLRQ RI UHYLHZV� ,Q 3URFHHGLQJV RI WKH ��WK DQQXDO PHHWLQJ RQ DVVRFLDWLRQ IRU FRPSXWD�

WLRQDO OLQJXLVWLFV �SS� ���±�����

7ZLWWHU� �����D� $SULO�� $3, 7HUPV RI 6HUYLFH� $SULO ��� ����� 5HWULHYHG IURP

7ZLWWHU� �����E� -XO\�� 2QH 0LOOLRQ 5HJLVWHUHG 7ZLWWHU $SSV� 5HWULHYHG IURP

7ZLWWHU� �����F� 2FWREHU�� 7ZHHWV SHU VHFRQG� 5HWULHYHG IURP

7ZLWWHU� �����G� 6HSWHPEHU�� 2QH KXQGUHG PLOOLRQ YRLFHV� 5HWULHYHG IURP

7ZLWWHU� �����D� $XJXVW�� 5DWH /LPLWLQJ� 5HWULHYHG IURP

7ZLWWHU� �����E� $XJXVW�� 5(67 $3, Y��� 5HVRXUFHV� 5HWULHYHG IURP

7ZLWWHU� �����F� 'HFHPEHU�� *(7 VHDUFK� 5HWULHYHG IURP

7ZLWWHU� �����G� 'HFHPEHU�� 7KHUH DUH QRZPRUH WKDQ ���0PRQWKO\ DFWLYH#WZLWWHU XVHUV� <RX

DUH WKH SXOVH RI WKH SODQHW� :H¶UH JUDWHIXO IRU \RXU RQJRLQJ VXSSRUW� 5HWULHYHG IURP

7ZLWWHU� �����H� 0DUFK�� 7ZLWWHU WXUQV VL[� 5HWULHYHG IURP
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7ZLWWHU� �����I� 6HSWHPEHU�� 7KH 6WUHDPLQJ $3,V� 5HWULHYHG IURP

7ZLWWHU� �����D� $SULO�� )UHTXHQWO\ $VNHG 4XHVWLRQV� 5HWULHYHG IURP

7ZLWWHU� �����E� 0DUFK�� *(7 VHDUFK�WZHHWV� 5HWULHYHG IURP

7ZLWWHU� �����F� 0DUFK�� 5(67 $3, 5DWH /LPLWLQJ LQ Y���� 5HWULHYHG IURP

7ZLWWHU(QJ� ������ -XQH�� ��� PLOOLRQ 7ZHHWV SHU GD\� 5HWULHYHG IURP

9DQGRU� 0� ������ 'HFHPEHU�� <RXU 7ZLWWHU DUFKLYH� 5HWULHYHG IURP

9HQDEOHV� :� 1�� 	 5LSOH\� %� '� ������� 0RGHUQ $SSOLHG 6WDWLVWLFV ZLWK 6� 1HZ <RUN� 6SULQJHU�

9LQFHQW� $�� 	 $UPVWURQJ� 0� ������� 3UHGLFWLQJ EUHDN�SRLQWV LQ WUDGLQJ VWUDWHJLHV ZLWK 7ZLWWHU�

6651 (/LEUDU\�

9ODVWHOLFD� 5�� %DVHV� '�� 	 )OLWWHU� (� ������ -DQXDU\�� 6HFRQG 7ZLWWHU KRD[ LQ WZR GD\V VPDFNV DQ�

RWKHU VWRFN� 5HWULHYHG IURP
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,QWHUQDWLRQDO -RXUQDO RI (QJLQHHULQJ� �����
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:HLO� .� ������ )HEUXDU\�� 0HDVXULQJ 7ZHHWV� 5HWULHYHG IURP

:KLWHODZ� &�� *DUJ� 1�� 	 $UJDPRQ� 6� �����D�� 8VLQJ DSSUDLVDO JURXSV IRU VHQWLPHQW DQDO\VLV�

,Q 3URFHHGLQJV RI WKH ��WK D&0 LQWHUQDWLRQDO FRQIHUHQFH RQ LQIRUPDWLRQ DQG NQRZOHGJH PDQDJH�

PHQW �SS� ���±�����

:KLWHODZ� &�� *DUJ� 1�� 	 $UJDPRQ� 6� �����E�� 8VLQJ DSSUDLVDO WD[RQRPLHV IRU VHQWLPHQW DQDO\�

VLV� ,Q $&0 LQWHUQDWLRQDO FRQIHUHQFH RQ LQIRUPDWLRQ DQG NQRZOHGJH PDQDJHPHQW �S� �����

:LFNKDP� +� ������� JJSORW� � HOHJDQW JUDSKLFV IRU GDWD DQDO\VLV� 1HZ <RUN � 6SULQJHU�

:LOOLDPV� '� �Q�G��� 7ZLWWHU &HUWLILHG 3URGXFWV� 7RROV IRU %XVLQHVVHV� 5HWULHYHG IURP

:LOVRQ� 7�� +RIIPDQQ� 3�� 6RPDVXQGDUDQ� 6�� .HVVOHU� -�� :LHEH� -�� &KRL� <�� « 3DWZDUGKDQ� 6�

�����D�� 2SLQLRQ)LQGHU� $ V\VWHP IRU VXEMHFWLYLW\ DQDO\VLV� ,Q 3URFHHGLQJV RI K/7�(01/3 RQ

LQWHUDFWLYH GHPRQVWUDWLRQV �SS� ��±����

:LOVRQ� 7�� :LHEH� -�� 	 +RIIPDQQ� 3� �����E�� 5HFRJQL]LQJ FRQWH[WXDO SRODULW\� $Q ([SORUDWLRQ

RI )HDWXUHV IRU 3KUDVH�/HYHO 6HQWLPHQW $QDO\VLV� ,Q 3URFHHGLQJV RI WKH FRQIHUHQFH RQ KXPDQ ODQ�

JXDJH WHFKQRORJ\ DQG HPSLULFDO PHWKRGV LQ QDWXUDO ODQJXDJH SURFHVVLQJ �SS� ���±�����

;XH� =�� <LQ� '�� 'DYLVRQ� %� '�� 	 'DYLVRQ� %� '� ������� 1RUPDOL]LQJ 0LFURWH[W� ,Q 3URFHHG�

LQJV RI WKH DVVRFLDWLRQ IRU WKH DGYDQFHPHQW RI DUWLILFLDO LQWHOOLJHQFH� ����� ZRUNVKRS RQ DQDO\]LQJ

PLFURWH[W �SS� ��±���� /DV 9HJDV�

<DQJ� -�� 	 /HVNRYHF� -� ������� 3DWWHUQV RI WHPSRUDO YDULDWLRQ LQ RQOLQHPHGLD� ,Q 7KH IRXUWK D&0

LQWHUQDWLRQDO FRQIHUHQFH RQ ZHE VHDUFK DQG GDWD PLQLQJ �SS� ���±����� +RQJ .RQJ� $&0�

<DURZVN\� '� ������� 2QH VHQVH SHU FROORFDWLRQ� ,Q:RUNVKRS RQ KXPDQ ODQJXDJH WHFKQRORJ\�
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<L� $� ������� 6WRFN 0DUNHW 3UHGLFWLRQ %DVHG RQ 3XEOLF $WWHQWLRQV� D 6RFLDO :HE 0LQLQJ $S�

SURDFK�

=DSSDYLJQD� 0� ������� $PELHQW DIILOLDWLRQ� $ OLQJXLVWLF SHUVSHFWLYH RQ 7ZLWWHU� 1HZ 0HGLD 	

6RFLHW\� ������

=DSSDYLJQD� 0� ������� 'LVFRXUVH RI 7ZLWWHU DQG 6RFLDO 0HGLD� +RZ:H 8VH /DQJXDJH WR &UHDWH

$IILOLDWLRQ RQ WKH :HE� /RQGRQ� %ORRPVEXU\ 3XEOLVKLQJ�

=KDQJ� :� %�� 	 6NLHQD� 6� ������� 7UDGLQJ 6WUDWHJLHV 7R ([SORLW %ORJ DQG 1HZV 6HQWLPHQW� ,Q

)RXUWK LQWHUQDWLRQDO D$$, FRQIHUHQFH RQ ZHEORJV DQG VRFLDO PHGLD�

=KDQJ� ;�� 	 =KX� ;� ������� $1HZ7\SH RI )HDWXUH/RRVH1�*UDP)HDWXUH LQ 7H[W &DWHJRUL]DWLRQ�

,Q 7KH �UG LEHULDQ FRQIHUHQFH RQ SDWWHUQ UHFRJQLWLRQ DQG LPDJH DQDO\VLV� SDUW L �SS� ���±�����

6SULQJHU�

=KDQJ� ;�� )XHKUHV� +�� 	 *ORRU� 3� ������� 3UHGLFWLQJ VWRFN PDUNHW LQGLFDWRUV WKURXJK 7ZLWWHU,

KRSH LW LV QRW DV EDG DV , IHDU� 3URFHGLD � 6RFLDO DQG %HKDYLRUDO 6FLHQFHV� ��� ��±���

=KDQJ� ;�� )XHKUHV� +�� 	*ORRU� 3� ������� 3UHGLFWLQJ$VVHW 9DOXH WKURXJK7ZLWWHU %X]]� $GYDQFHV

LQ &ROOHFWLYH ,QWHOOLJHQFH ����� ������ ��±���

=ZHLJ� -� ������ $XJXVW�� 0DNLQJ 6HQVH RI 0DUNHW )RUHFDVWV� 5HWULHYHG IURP
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