
�����������	�
��������������

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

 ,QVWLWXWH IRU /DQJXDJH DQG 6SHHFK 3URFHVVLQJ
(SLGDYURX 	 $UWHPLGRV �� ��� �� 0DURXVVL� *UHHFH

^JPLNURV� JFDUD`#LOVS�JU

$EVWUDFW

7KH DLP RI WKLV SDSHU LV WR H[SORUH WKH ZD\ LQ ZKLFK GLIIHUHQW NLQG RI OLQJXLVWLF YDULDEOHV FDQ EH XVHG LQ RUGHU WR GLVFULPLQDWH WH[W W\SH

LQ ��� SUHFODVVLILHG SUHVV WH[WV� 0RGHUQ *UHHN �0*� ODQJXDJH GXH WR LWV SDVW GLJORVVLF VWDWXV H[KLELWV H[WHQGHG YDULDWLRQ LQ ZULWWHQ

WH[WV DFURVV DOO OLQJXLVWLF OHYHOV DQG FDQ EH H[SORLWHG LQ WH[W FDWHJRUL]DWLRQ WDVNV� 7KH UHVHDUFK SUHVHQWHG XVHG 'LVFULPLQDQW )XQFWLRQ

$QDO\VLV �')$� DV D WH[W FDWHJRUL]DWLRQ PHWKRG DQG H[SORUHV WKH ZD\ GLIIHUHQW YDULDEOH JURXSV FRQWULEXWH WR WKH WH[W W\SH

GLVFULPLQDWLRQ�

��� ��������������

%RWK ZULWWHQ DQG VSRNHQ 0RGHUQ *UHHN �0*� H[KLELW

H[WHQGHG YDULDWLRQ GXH WR WKH GLJORVVLF VWDWXV RI WKH

QDWLRQDO ODQJXDJH IRU RYHU D FHQWXU\ �)HUJXVRQ� ������

$OWKRXJK� *UHHFH KDV DFFHSWHG OLWHUDU\ 'KLPRWLNL �'� DV

RIILFLDO ODQJXDJH IURP WKH PLG ��
 D ODUJH QXPEHU RI

SKRQRORJLFDO� PRUSKRORJLFDO DQG V\QWDFWLF SKHQRPHQD RI

.DWKDUHYXVD �.� KDYH VXUYLYHG LQ WKH FXUUHQW ODQJXDJH

DQG FRQWLQXH WR FRH[LVW LQ WKH VDPH HQYLURQPHQW RI XVH�

0* KDV QRZ IRXQG D EDODQFH EHWZHHQ LWV VRFLDO GLDOHFWV

DQG WKH REVHUYHG YDULDWLRQ LV XWLOL]HG VW\OLVWLFDOO\� 7KH

JRDO RI WKH SUHVHQW UHVHDUFK LV WR FRPSULVH DQ LQYHQWRU\ RI

0* ODQJXDJH YDULDWLRQ SKHQRPHQD LQ RUGHU WR H[SORUH

SRVVLEOH LQWUD DQG H[WUD OLQJXLVWLF IDFWRUV WKDW PD\

FRQGLWLRQ WKHLU XVDJH DQG XVH WKHP DV LQGLFDWRUV RI WH[W

W\SH� ,Q DGGLWLRQ WR WKH SUHYLRXV PHQWLRQHG OLQJXLVWLF

YDULDEOHV� ZH ZLOO LQFOXGH VRPH RWKHU YDULDEOHV UHODWHG WR

WKH ZRUG DQG WH[W RUJDQL]DWLRQ WU\LQJ WR ILQG WKH RSWLPXP

FRPELQDWLRQ RI GLVFULPLQDWRU\ SDUDPHWHUV WR WH[W W\SH

FODVVLILFDWLRQ�

��� 
���������������

,Q RUGHU WR LQYHVWLJDWH WKH YDULDELOLW\ RI ZULWWHQ 0* ZH

H[DPLQHG ��� SUHVV WH[WV RI DSSUR[� ���� 0 ZRUGV VL]H�

7KLV VDPSOH XVHV WKH 3$52/( SURMHFW FODVVLILFDWLRQ

VFKHPH �*DYULOLGRX HW DO� ����� DQG LV SDUW RI WKH FRUSXV

RI 0* WH[WV WKDW KDV EHHQ GHYHORSHG E\ WKH ,QVWLWXWH IRU

/DQJXDJH DQG 6SHHFK 3URFHVVLQJ �,/63�� 7KH VDPSOH ZH

FRQVWUXFWHG FRQVLVWV RI � WH[W W\SHV �%86� +80� /(,�

62&� ZLWK �� WH[WV LQ HDFK RQH RI WKHP� 7KH RQO\ D SULRUL

FRQVWUDLQW ZH SRVHG ZDV WKDW WKH VL]H RI DOO WKH WH[WV ZRXOG

EH DW OHDVW ���� ZRUGV IRU HDFK RQH� 7KH GLVWULEXWLRQ RI

ZRUGV DQG WH[WV LQ WKH VDPSOH DFFRUGLQJ WR WKH WH[W W\SH LV

JLYHQ WR WKH 7DEOH ��

7KH WH[W W\SHV ODEHOV ZHUH NHSW DV WKH\ ZHUH RULJLQDOO\

JLYHQ LQ WKH 3$52/( SURMHFW DQG DUH GHVFULEHG DV

IROORZV�

%86LQHVV� $UWLFOHV UHODWHG WR HFRQRP\�

+80DQLWLHV� $UWLFOHV UHJDUGLQJ KXPDQLWLHV DQG FXOWXUH�

/(,VXUH� $UWLFOHV ZKLFK UHODWH WR OHLVXUH DFWLYLWLHV�

KREELHV� YDFDWLRQV HWF�

62&LHW\� $UWLFOHV UHJDUGLQJ SROLWLFV DQG VRFLHW\ LVVXHV�

��� ����� �������������

:ULWWHQ YDULDWLRQ KDV EHHQ XVHG VXFFHVVIXOO\ LQ RUGHU

WR FRQVWUXFW YDULDEOHV IRU WH[W FDWHJRUL]DWLRQ LVVXHV �%LEHU�

����� %LEHU� ����� )RUV\WK� ������ ,W KDV EHHQ UHSRUWHG
�)RUV\WK� ����� WKDW LQ WKH PDMRULW\ RI WKH VW\ORPHWULF
VWXGLHV WKH FKRLFH RI YDULDQW IRUPV� ZKLFK DUH LQWHQGHG WR
EH XVHG DV VW\OH LQGLFDWRUV DUH VHOHFWHG VXEMHFWLYHO\�
+RZHYHU� LQ WKH ZULWWHQ 0* FRUSXV ZH FDQ REMHFWLYHO\
GHILQH OLQJXLVWLF YDULDEOHV H[SORLWLQJ WKH FRH[LVWHQFH RI .
DQG ' OLQJXLVWLF HOHPHQWV LQ WKH VDPH WH[W�

1(:63$3(5 (/()7+(527<3,$
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723,& 7H[WV :RUGV �
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62& �� ������� ����

7RWDO ��� ������� ���

7DEOH �� 'LVWULEXWLRQ RI ZRUGV DQG WH[WV DFURVV WH[W W\SH

FDWHJRULHV�

���� /DQJXDJH VSHFLILF YDULDEOHV

,Q RUGHU WR H[SORLW WKH 0* LQKHUHQW YDULDWLRQ UHODWHG WR

WKH GLVWULEXWLRQ RI .�' HOHPHQWV ZH FRQVWUXFWHG D OLVW RI

OLQJXLVWLF YDULDEOHV� ZKLFK WUDGLWLRQDOO\ ZHUH FRQVLGHUHG DV



PDUNHUV RI .�' OLQJXLVWLF XVDJH
�
� 7KH HOHPHQWV FKRVHQ GR

QRW IRUP DQ H[KDXVWLYH OLVWLQJ RI DOO WKH SRVVLEOH PDUNHUV

IRU WKH SUHYLRXVO\ PHQWLRQHG GLPHQVLRQ� 7KH\ GR�

KRZHYHU� FRPSULVH D IDLUO\ UHSUHVHQWDWLYH VDPSOH RI

FKDUDFWHULVWLFV IURP PRVW OLQJXLVWLF OHYHOV �SKRQRORJ\�

PRUSKRORJ\� V\QWD[� DQG DUH IUHTXHQWO\ HYHQ LQ VPDOO

WH[WV� 7KH OLVW RI WKH LQYHVWLJDWHG HOHPHQWV LV VKRZQ LQ

7DEOH � DQG LV EDVHG PDLQO\ RQ 3DSDW]LNRX � &RFKUDQ

�������

/LQJXLVWLF

/HYHO
9DULDEOHV

3KRQRORJ\ )LQDO ±Q UXOH ��Q!
�

' YDULDQW
'HOHWLRQ RI ILQDO �Q RI SURFOLWLF ZRUGV

EHIRUH FRQWLQXDQW FRQVRQDQWV

. YDULDQW 6XVWDLQ RI ILQDO ±Q LQ DOO HQYLURQPHQWV

0RUSKRORJ\
*HQLWLYH RI �

UG
LQIOHFWLRQ FODVV IHPLQLQH

QRXQV ��JHQ!

' YDULDQW (QGLQJV LQ �LV ³��"´

. YDULDQW (QGLQJV LQ �HRV ³�0&"´

$GYHUELDO HQGLQJV ��DGY!

' YDULDQW (QGLQJV LQ ±D ³�.´

. YDULDQW (QGLQJV LQ ±RV ³�&"´

6\QWD[ 8VH RI UHODWLYH SURQRXQV ��SURQ!

' YDULDQW SX ³� #´

. YDULDQW RSLRV� �D� �R ³ � � "� �.� � ´

7DEOH �� /LVW RI LQYHVWLJDWHG ODQJXDJH VSHFLILF YDULDEOHV

3UHYLRXV VWXGLHV KDYH FRQILUPHG WKDW WKH DERYH

YDULDEOHV H[KLELW FRQVLGHUDEOH VRFLR�VW\OLVWLF YDULDWLRQ LQ

ERWK ZULWWHQ DQG VSRNHQ 0* �0LNURV 	 &DUD\DQQLV�
IRUWKFRPLQJ� 0LNURV� ����� $QGULRPHQRV� ����� $OH[LRX�

������ ,Q WKH SUHVHQW VWXG\ ZH FDOFXODWHG WKH ' DQG .
YDULDQW RFFXUUHQFHV VHSDUDWHO\ DQG WKHLU UHODWLYH UDWLR
�Q'�Q.�� 7KH IUHTXHQF\ RI WKH ' DQG . HOHPHQWV ZDV
QRUPDOL]HG WR D WH[W OHQJWK RI ���� ZRUGV LQ RUGHU WR KDYH
FRPSDUDEOH UHVXOWV DPRQJ WH[WV RI GLIIHUHQW VL]H�

���� /DQJXDJH LQGHSHQGHQW YDULDEOHV

%HVLGHV ODQJXDJH VSHFLILF YDULDEOHV ZH FDOFXODWHG IRU

HDFK WH[W D QXPEHU RI ODQJXDJH LQGHSHQGHQW YDULDEOHV
ZKLFK DUH FRPPRQO\ XVHG LQ WH[W FDWHJRUL]DWLRQ UHVHDUFK�

)ROORZLQJ .DUOJUHQ ������ ZH KDYH FOXVWHUHG WKHP

DFFRUGLQJ WR WKHLU DSSOLFDWLRQ GRPDLQ� WKDW LV� ZRUG EDVHG
DQG WH[W EDVHG YDULDEOHV�

������ :RUG GRPDLQ YDULDEOHV

:RUG EDVHG PHDVXUHV KDYH EHHQ FDOFXODWHG IRU DOO WKH
WH[WV RI RXU FRUSXV� 7KH EDVLF YDULDEOHV WKDW ZHUH VHOHFWHG

ZHUH WKH IROORZLQJ�

� )RU D VLPLODU DSSURDFK WR 0* WH[W FDWHJRUL]DWLRQ XVLQJ &OXVWHU

$QDO\VLV VHH 7DPERXUDW]LV HW DO� �������
� 7KH VWULQJ LQVLGH WKH DQJOHG EUDFNHWV GHQRWHV WKH FRGH QDPH RI

WKH YDULDEOH� 7KH ' W\SH RI WKH YDULDEOH LV GHQRWHG E\ WKH SUHIL[

G RU N EHIRUH WKH FRGH QDPH H�J� WKH ' YDULDQW ³SX´ RI WKH

YDULDEOH ³8VH RI UHODWLYH SURQRXQV´ LV PDUNHG DV ³G��SURQ!´�

:KHQ D YDULDEOH LV SUHVHQWHG LQ DQJOHG EUDFNHWV ZKLWKRXW SUHIL[

�H�J� ��DGY!� LW GHQRWHV WKH UDWLR RI ' YV� . HOHPHQWV RI WKLV

YDULDEOH�

D� :RUG OHQJWK� )RU HDFK WH[W ZH FDOFXODWHG WKH

DYHUDJH ZRUG OHQJWK LQ FKDUDFWHUV� 7KH VW\ORPHWULF

HIIHFW RI WKH ZRUG OHQJWK KDV EHHQ H[WHQVLYHO\

GRFXPHQWHG LQ (QJOLVK DQG RWKHU (XURSHDQ

ODQJXDJHV �DPRQJ RWKHUV =LHJOHU� ����� :LPPHU

HW DO�� ������ +RZHYHU� LW KDV QRW EHHQ XVHG LQ 0*

VW\ORPHWU\ VWXGLHV \HW DQG ZH GR QRW NQRZ LWV

GLVWULEXWLRQ SURSHUWLHV DV ZHOO DV LWV FRUUHODWLRQ

ZLWK RWKHU PLFUR DQG PDFUR WH[WXDO FKDUDFWHULVWLFV�

E� 'LVWULEXWLRQ RI ZRUG OHQJWK� :H FDOFXODWHG

VHSDUDWHO\ IRU HDFK WH[W WKH QXPEHU RI RQH

FKDUDFWHU� WZR FKDUDFWHU ZRUGV �FZ� HWF� FDSWXULQJ

LQ WKLV ZD\ WKH ZRUG OHQJWK GLVWULEXWLRQ RI HDFK

WH[W �8KOLURYD� ������ )ROORZLQJ WKLV SURFHGXUH

ZH FUHDWHG �� YDULDEOHV ZKLFK UHSUHVHQW WKH

QXPEHU RI WRNHQV RI ZRUG OHQJWK � ± �� FKDUDFWHUV

ORQJ�

F� /H[LFDO GHQVLW\� 7KH UDWLR RI FRQWHQW YV� IXQFWLRQDO

ZRUGV IRU HDFK WH[W ZDV FDOFXODWHG�

������ 7H[W GRPDLQ YDULDEOHV

7H[W EDVHG PHDVXUHV ZHUH DOVR FDOFXODWHG� 7KH PDLQ

VHW RI YDULDEOHV VHOHFWHG IRU WKH SUHVHQW UHVHDUFK DUH WKH
IROORZLQJ�

D� 1XPEHU RI VHQWHQFHV
�
� 7KH WRWDO QXPEHU RI

VHQWHQFHV IRU HDFK WH[W ZDV FDOFXODWHG�
E� 6HQWHQFH OHQJWK� 7KH VHQWHQFH OHQJWK LV DOVR

FRPPRQO\ XVHG LQ VW\OLVWLF FRPSDULVRQV DQG LV

GLUHFWO\ UHODWHG WR WKH GLPHQVLRQ RI WH[W
FRPSOH[LW\ �0LNN� ������

F� 6WDQGDUG GHYLDWLRQ RI VHQWHQFH OHQJWK

G� 1XPEHU RI SDUDJUDSKV� 7KH XVH RI SDUDJUDSKV FDQ

UHYHDO VLJQLILFDQW DVSHFWV RI PDFURWH[WXDO

RUJDQL]DWLRQ�

H� 3DUDJUDSK OHQJWK� 7KH DYHUDJH OHQJWK RI WKH

SDUDJUDSKV IRU HDFK WH[W�

I� 6WDQGDUG GHYLDWLRQ RI SDUDJUDSK OHQJWK�

J� 1XPEHU RI VXERUGLQDWH FODXVHV� 7KLV LV DOVR DQ

LQGH[ WKDW FRUUHODWHV WR WKH VHQWHQFH VWUXFWXUH

FRPSOH[LW\ DQG EURDG WH[W W\SH FKDUDFWHULVWLFV

�7HVLWHORYD� ������

K� 1XPEHU RI WHQVH DQG PRRG SDUWLFOHV� :H

FDOFXODWHG WKH QXPEHU RI IXWXUH WHQVH SDUWLFOHV

³WKD´ DQG WKH QXPEHU RI WKH VXEMXQFWLYH SDUWLFOH

³QD´�

!�� ���"��������

���� ,QYHVWLJDWLRQ RI WH[W QRUPDOL]DWLRQ

6LQFH PRVW RI RXU ODQJXDJH GHSHQGHQW YDULDEOHV ZHUH

FDUU\LQJ D FHUWDLQ DPRXQW RI LGHRORJLFDO ORDG ZH GHFLGHG

WR FRQGXFW D SUHOLPLQDU\ LQYHVWLJDWLRQ LQ WKHLU SHUFHQWDJHV

RI RFFXUUHQFH LQ WKH WZR QHZVSDSHUV� ,Q RUGHU WR KDYH D

FOHDU SLFWXUH RI WKH HTXLOLEULXP EHWZHHQ YDULDEOH OLQJXLVWLF

HOHPHQWV ZH KDG WR LQYHVWLJDWH LI WKH QHZVSDSHUV LQ ZKLFK

WKH DUWLFOHV KDG EHHQ SXEOLFL]HG KDG H[HUWHG D SUHOLPLQDU\

QRUPDOL]DWLRQ WRZDUGV WKH RQH RU WKH RWKHU IRUP UHJDUGLQJ

WKHLU ODQJXDJH SROLF\� 7KLV LV YHU\ LPSRUWDQW VLQFH ZH

� (YHU\ YDULDEOH WKDW LQYROYHV FRXQWLQJ RI D VSHFLILF HOHPHQW LV

QRUPDOL]HG WR D WH[W OHQJWK RI ���� ZRUGV�



QHHG WR NQRZ ZKLFK OLQJXLVWLF PDUNHUV H[KLELW UHDO

YDULDWLRQ LQ WKH FRUSXV DQG ZKLFK KDYH EHHQ QRUPDOL]HG LQ

RUGHU WR FRQIRUP WR VSHFLILF UXOHV� )XUWKHUPRUH� WKH

LQFOXVLRQ RI DQ\ QRUPDOL]HG YDULDEOH ZLOO LQWURGXFH ELDV LQ

WKH VWDWLVWLFDO DQDO\VLV DQG VKRXOG QRW EH VXEWUDFWHG IURP

WKH OLVW RI WKH SUHGLFWRU SDUDPHWHUV�

7KH UHVXOWV VKRZHG WKDW ILQDO ±Q RFFXUUHQFHV ZHUH

QRUPDOL]HG WRZDUGV WKH . YDULDQW LQ WKH QHZVSDSHU ³72

9,0$´ ZKLFK H[KLELWV ]HUR ' YDULDQW� 7KH VSHFLILF

YDULDEOH ZDV QRW LQFOXGHG LQ WKH VXEVHTXHQW DQDO\VLV�

���� 1HZVSDSHU DQG WRSLF LQWHUDFWLRQ

$ VHFRQG VWHS LQ RXU PHWKRGRORJ\ ZDV WR LQYHVWLJDWH
WKH ZD\ LQ ZKLFK DOO YDULDEOHV RI RXU VWXG\ ZHUH FRUUHODWHG
ZLWK WKH WRSLF DQG WKH SXEOLVKHU� 6LQFH ZH KDG WZR
VXEFRUSRUD RI WH[WV� RQH IRU HDFK QHZVSDSHU� ZH KDG WR
GHWHFW ZKLFK IHDWXUHV DUH XVHG V\VWHPDWLFDOO\ GLIIHUHQW
EHWZHHQ WKH QHZVSDSHUV� EHWZHHQ WKH GLIIHUHQW WRSLFV DQG
EHWZHHQ WKH FRPELQDWLRQV RI WKHP� 2XU DLP ZDV WR
LQYHVWLJDWH WKHLU EHKDYLRXU� VR ZH FRXOG VHOHFW D VXEVHW RI
LQGHSHQGHQW YDULDEOHV WKDW LV UHODWHG GLUHFWO\ ZLWK WKH
UHVHDUFK IDFWRUV ³7RSLF´ DQG WKH ³7RSLF ; 1HZVSDSHU´

DQG OHDYH RXW WKH YDULDEOHV WKDW FRUUHODWH WR WKH

³1HZVSDSHU´ RQO\� 7KLV NLQG RI ILOWUDWLRQ ZRXOG LPSURYH

WKH SHUIRUPDQFH RI WKH VWDWLVWLFDO FDWHJRUL]DWLRQ VLQFH

ZRXOG LQFOXGH RQO\ WKRVH YDULDEOHV WKDW FRQWULEXWHG

VLJQLILFDQWO\ WR WKH WH[W W\SH GLVFULPLQDWLRQ�

,Q RUGHU WR LQYHVWLJDWH WKH LQWHUDFWLRQ RI QHZVSDSHU DQG

WH[W WRSLF ZH XVHG 0$129$ DQDO\VLV� 7KH RYHUDOO

LQWHUDFWLRQ ZDV IRXQG VWDWLVWLFDOO\ VLJQLILFDQW �:LONV¶

/DPEGD ����� S�������� ([DPLQLQJ WKH GHWDLOHG UHVXOWV RI

WKH DQDO\VLV ZH FRQVWUXFWHG WKH YDULDEOH PDWUL[ ZKLFK ZDV

GLUHFWO\ UHODWHG WR WKH WRSLF� WR WKH QHZVSDSHU DQG WKH

LQWHUDFWLRQ RI WKHP� 7KH YDULDEOHV WKDW ZHUH VWDWLVWLFDOO\

VLJQLILFDQW GLIIHUHQW GXH WR WKH UHVHDUFK IDFWRUV

�³1HZVSDSHU´� ³7RSLF´� ³1HZVSDSHU ; 7RSLF´� DUH

PDUNHG ZLWK DQ DVWHULVN �� LQ WKH 7DEOH ��

9DULDEOHV
1HZV�

SDSHU
7RSLF

1HZV�

SDSHU ;

7RSLF

7H[W VL]H   

:RUG OHQJWK  

1XPEHU RI VHQWHQFHV   

6HQWHQFH OHQJWK   

VG� 6HQWHQFH OHQJWK 

1XPEHU RI SDUDJUDSKV 

3DUDJUDSK OHQJWK   

VG� 3DUDJUDSK OHQJWK   

� FZ  

� FZ  

� FZ

� FZ  

� FZ   

� FZ 

� FZ 

� FZ  

� FZ  

�� FZ  

�� FZ  

�� FZ  

�� FZ  

��� FZ 

G��SURQ!  

N��SURQ! 

��SURQ! 

G��JHQ! 

N��JHQ !   

��JHQ !  

G��DGY!  

N��DGY !  

��DGY ! 

G��Q! 

N��Q!   

��Q!  
1XPEHU RI VXERUGLQDWH

FODXVHV
 

1XPEHU RI ³QD´ FODXVHV 

1XPEHU RI ³WKD´ FODXVHV 

/H[LFDO GHQVLW\   

7DEOH �� 6WDWLVWLFDO VLJQLILFDQFH RI WKH LQGHSHQGHQW

YDULDEOHV IRU RQH�ZD\ PDLQ HIIHFWV RI WKH IDFWRUV

³1HZVSDSHU´ DQG ³7RSLF´ DQG WZR�ZD\ LQWHUDFWLRQV

EHWZHHQ WKHP�

)URP WKH DERYH PDWUL[ ZH VHOHFWHG RQO\ WKH YDULDEOHV
WKDW ZHUH VWDWLVWLFDOO\ VLJQLILFDQW DW WKH ³7RSLF´ RU WKH
LQWHUDFWLRQ ³1HZVSDSHU ; 7RSLF´� 7KH YDULDEOHV WKDW ZHUH
VXEWUDFWHG IROORZLQJ WKLV SURFHGXUH ZHUH� ³VG� VHQWHQFH
OHQJWK´� ³QXPEHU RI SDUDJUDSKV´� ³�FZ´� ³��DGY!´�
³G��Q!´� ³WKD FODXVHV´�

#�� $������������������

���� &ODVVLILFDWLRQ DOJRULWKP

$ QXPEHU RI FODVVLILFDWLRQ WHFKQLTXHV KDYH EHHQ
DSSOLHG WR WH[W FDWHJRUL]DWLRQ DQG LQYROYH PDLQO\ /LQHDU
3UHGLFWLRQ 0RGHOV� 1HXUDO 1HWZRUNV� %D\HV %HOLHI
1HWZRUN� 1HDUHVW 1HLJKERU &ODVVLILHU� 'HFLVLRQ 7UHHV�
5XOH /HDUQLQJ DOJRULWKPV DQG ,QGXFWLYH /HDUQLQJ
WHFKQLTXHV� 7KH FRQWUDVWLYH DQDO\VLV RI WKHLU FODVVLILFDWRU\
SRZHU �<DQJ� ����� KDV UHYHDOHG WKDW HDFK WHFKQLTXH

SHUIRUPV GLIIHUHQW UHJDUGLQJ WKH FRUSRUD LQYROYHG� 6LQFH

RXU FRUSXV FRQVLVWV RI SUHVV WH[WV RI VSHFLILF QHZVSDSHUV

ZH FRQVLGHUHG DV D ILUVW DSSURDFK WR DGRSW D /LQHDU

3UHGLFWLRQ 0RGHO� $V PDLQ FODVVLILFDWRU\ WHFKQLTXH ZH

XVHG 'LVFULPLQDQW )XQFWLRQ $QDO\VLV �')$�� ZKLFK LV D

PHWKRG RI DVVLJQLQJ FDVHV LQ SUHGHWHUPLQHG JURXSV XVLQJ

D VHW RI SUHGLFWRU YDULDEOHV� ,W KDV EHHQ HPSOR\HG LQ WH[W

FDWHJRUL]DWLRQ ZLWK VXFFHVV �.DUOJUHQ� ����� DQG WKHUH DUH

VWXGLHV �+XOO� 3HGHUVHQ� 6FK�W]H� ����� WKDW FODLP LWV

VXSHULRULW\ RYHU RWKHU /LQHDU 3UHGLFWLYH 0RGHOV VXFK DV

/RJLVWLF 5HJUHVVLRQ�

')$ LQYROYHV GHULYLQJ D YDULDWH� WKH OLQHDU

FRPELQDWLRQ RI WZR �RU PRUH� LQGHSHQGHQW YDULDEOHV WKDW

ZLOO GLVFULPLQDWH EHVW EHWZHHQ D SULRUL GHILQHG JURXSV�



'LVFULPLQDWLRQ LV DFKLHYHG E\ VHWWLQJ WKH YDULDWH¶V ZHLJKW

IRU HDFK YDULDEOH WR PD[LPL]H WKH EHWZHHQ�JURXS YDULDQFH

UHODWLYH WR WKH ZLWKLQ�JURXS YDULDQFH �+DLU HW DO�� ������ ,I

WKH GHSHQGHQW YDULDEOHV KDYH PRUH WKDQ WZR FDWHJRULHV

')$ ZLOO FDOFXODWH &�� GLVFULPLQDQW IXQFWLRQV� ZKHUH & LV

WKH QXPEHU RI FDWHJRULHV� (DFK IXQFWLRQ DOORZV XV WR

FRPSXWH GLVFULPLQDQW VFRUHV IRU HDFK FDVH IRU HDFK

FDWHJRU\� E\ DSSO\LQJ WKH IRUPXOD�
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,Q RUGHU WR YDOLGDWH WKH ')$ UHVXOWV ZH XVHG FURVV�
YDOLGDWLRQ SURFHGXUHV VR WKDW ZH FDQ GHWHUPLQH WKH

FODVVLILFDWLRQ DFFXUDF\ UDWH� 7KH VHOHFWHG SURFHGXUH ZDV

WKH 8�PHWKRG ZKLFK LV EDVHG RQ WKH ³OHDYH�RQH�RXW´
SULQFLSOH �+XEHUW\� :LVHQEDNHU� 6PLWK� ������ 8VLQJ WKLV

PHWKRG� WKH GLVFULPLQDQW IXQFWLRQ LV ILWWHG WR UHSHDWHGO\

GUDZQ VDPSOHV RI WKH RULJLQDO VDPSOH� (VWLPDWHV N��

VDPSOHV� HOLPLQDWLQJ RQH REVHUYDWLRQ DW D WLPH IURP D

VDPSOH RI N FDVHV�

���� &ODVVLILFDWLRQ SUHFLVLRQ
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7DEOH �� ')$ FODVVLILFDWLRQ UHVXOWV LQ WKH ZKROH FRUSXV

7KH RYHUDOO SHUIRUPDQFH ZDV ����� RI RULJLQDO

JURXSHG WH[WV FRUUHFWO\ FODVVLILHG ������ FRUUHFW

FODVVLILFDWLRQ LQ FURVV�YDOLGDWLRQ�� 7KH UHVXOWLQJ VFDWWHUSORW

RI WKH ILUVW � GLVFULPLQDQW IXQFWLRQV LV JLYHQ WR WKH )LJXUH
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,Q DGGLWLRQ ZH SHUIRUPHG D VHSDUDWH ')$ IRU WKH

VXEFRUSXV RI HDFK QHZVSDSHU� 7KH FODVVLILFDWLRQ UHVXOWV

DUH JLYHQ WR WKH 7DEOHV � DQG � UHVSHFWLYHO\�
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7KH SHUFHQWDJHV RI FRUUHFW FODVVLILFDWLRQ LQ WKH DUWLFOHV

RI HDFK QHZVSDSHU VHSDUDWHO\ ZDV�
D� ³72 9,0$´� ����� ������ FRUUHFW FODVVLILFDWLRQ

LQ FURVV�YDOLGDWLRQ��
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FODVVLILFDWLRQ LQ FURVV�YDOLGDWLRQ��

([DPLQLQJ VHSDUDWHO\ WKH FRQWULEXWLRQ RI HDFK YDULDEOH
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7H[W 'RPDLQ �� ���� ���� ���� ���� ����

7DEOH �� &RQWUDVWLYH DQDO\VLV RI WKH FODVVLILFDWLRQ UHVXOWV

IRU HDFK YDULDEOH JURXS ZKHQ XVHG VHSDUDWHO\

)LJXUH �� 7H[W FDWHJRUL]DWLRQ VFDWWHUSORW EDVHG RQ WKH ILUVW WZR GLVFULPLQDQW IXQFWLRQV H[WUDFWHG IURP WKH DQDO\VLV�

7KH GLVFULPLQDWRU\ SRZHU RI HDFK YDULDEOH JURXS
GLIIHUV LQ UHODWLRQ WR WKH QHZVSDSHU� 2QO\ WKH OLQJXLVWLF
YDULDEOH JURXS SHUIRUPV HTXDOO\ LQ ERWK QHZVSDSHUV� 7KLV
IDFW UHYHDOV WKDW .�' HOHPHQWV DUH SURGXFWLYHO\ XWLOL]HG LQ
VW\OLVWLF GHFLVLRQV DQG WKH\ FRUUHODWH ZLWK VSHFLILF WH[W
W\SH SURILOHV�
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7KH DERYH UHVXOWV VKRZ WKDW ')$ SHUIRUPV IDLUO\ ZHOO
LQ EURDG WH[W W\SH FDWHJRUL]DWLRQ� +RZHYHU� LWV
SHUIRUPDQFH LV LQIOXHQFHG IURP WKH FRUSXV KRPRJHQHLW\�
7KH FDWHJRU\ ³62&´ SUHVHQWHG WKH JUHDWHU HUURU UDWHV LQ
FODVVLILFDWLRQ EHFDXVH PRVW YDULDEOHV EHKDYHG VLPLODUO\
ZLWK WKH UHVSHFWLYH YDULDEOHV RI WKH FDWHJRU\ ³+80´�
+RZHYHU� WKH FDWHJRULHV ³%86´ DQG ³/(,´ ZHUH FODVVLILHG
ZLWK KLJK SUHFLVLRQ DQG WKHLU FOXVWHUV ZHUH NHSW GLVWDQW
IURP WKH RWKHU WH[W W\SHV�

7KH VLJQLILFDQW ORZHU FODVVLILFDWLRQ UHVXOWV LQ WKH
QHZVSDSHU ³72 9,0$´ FDQ SDUWO\ EH H[SODLQHG E\ WKH
GHYLDWLRQ IURP WKH DVVXPSWLRQ RI KRPRJHQHLW\ RI YDULDQFH
WKDW WKH PDMRULW\ RI WKH YDULDEOHV H[KLELWHG LQ WKH VSHFLILF
VXEFRUSXV GDWD� ,Q RUGHU WR LQYHVWLJDWH WKH HTXDOLW\ RI WKH
YDULDQFHV DPRQJ WKH WZR QHZVSDSHUV ZH XVHG WKH /HYHQH
WHVW� )URP WKH ZKROH VHW RI WKH SUHGLFWRU YDULDEOHV� ��
ZHUH YLRODWLQJ KRPRJHQHLW\ RI YDULDQFH LQ WKH GDWD IURP
WKH QHZVSDSHU WR ³72 9,0$´ DQG RQO\ � IURP WKH
QHZVSDSHU ³(/()7+(527<3,$´�

+RZHYHU� LW LV HYLGHQW WKDW WH[W FDWHJRUL]DWLRQ LQ
ODQJXDJHV WKDW H[KLELW LQKHUHQW YDULDWLRQ OLNH 0* VKRXOG
HPSOR\ OLQJXLVWLF YDULDEOHV� 7KH FRQWULEXWLRQ RI WKH
OLQJXLVWLF YDULDEOHV LQ WKH FODVVLILFDWLRQ ZDV WKH PRVW

VWDEOH DPRQJ WKH RWKHU YDULDEOH JURXSV DQG DFKLHYHG
QHDUO\ HTXDO FODVVLILFDWLRQ UDWHV LQ ERWK QHZVSDSHUV� 7KH
FRPELQDWLRQ RI YDULDEOHV IURP GLIIHUHQW OLQJXLVWLF OHYHOV
SURYHV WR EH D IUXLWIXO PHWKRG� DQG FRQVWLWXWHV D UREXVW
PHWKRGRORJ\ IRU FRQIURQWLQJ WH[W W\SH FODVVLILFDWLRQ�

)XUWKHU UHVHDUFK ZLOO EH GLUHFWHG WRZDUG D PRUH
GHWDLOHG JURXS RI OLQJXLVWLF YDULDEOHV DQG WKH DSSOLFDWLRQ
RI QRQ�OLQHDU FODVVLILFDWLRQ DOJRULWKPV�
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7KH DXWKRUV ZLVK WR WKDQN WKH *UHHN QHZVSDSHUV ³72
9,0$´ DQG ³(/()7+(527<3,$´ IRU WKH SURYLVLRQ RI
WKHLU DUWLFOHV WR WKH ,/63 FRUSXV� D SDUW RI ZKLFK ZDV XVHG
LQ RXU VWXG\�
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$OH[LRX� 0�� ����� 'LJORVVLD LQ *UHHFH� ,Q :� +DDV �HG���
6WDQGDUG /DQJXDJHV� VSRNHQ DQG ZULWWHQ� 0DQFKHVWHU�

0DQFKHVWHU 8QLYHUVLW\ 3UHVV�

$QGULRPHQRV� *� ����� 0LD NHLPHQLNL DQDOLVL LSRYOLWLNRQ
DQDIRURQ WLV DVWLQRPLDV� L DQDPLNVL ORJLRQ NDL

GLPRWLNRQ VWRL[HLRQ� >$ WH[WXDO DQDO\VLV RI SROLFH

UHSRUWV� WKH PHUJLQJ RI . DQG ' HOHPHQWV@� *UHHN
/LQJXLVWLFV ¶��� 3URFHHGLQJV RI WKH �

UG

LQWHUQDWLRQDO

FRQIHUHQFH RQ WKH *UHHN ODQJXDJH� ��������
%DD\HQ� 5�+�� ����� 'HULYDWLRQDO SURGXFWLYLW\ DQG WH[W

W\SRORJ\� -RXUQDO RI 4XDQWLWDWLYH /LQJXLVWLFV� ��������

� )RU VLPLODU FRQVLGHUDWLRQV UHJDUGLQJ WKH XVHIXOQHVV RI WKH

FRPELQDWLRQ RI OLQJXLVWLF YDULDEOHV VHH %DD\HQ �������
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%LEHU� '�� ����� 9DULDWLRQ DFURVV VSHHFK DQG ZULWLQJ�
&DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV�

%LEHU� '�� ����� 'LPHQVLRQV RI UHJLVWHU YDULDWLRQ�

&DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV�
&DUOJUHQ� -�� ����� 5HFRJQL]LQJ WH[W JHQUHV ZLWK VLPSOH
PHWULFV XVLQJ GLVFULPLQDQW DQDO\VLV� &2/,1*��� �����
�����

)HUJXVRQ� &�$�� ����� 'LJORVVLD� :RUG� �����������
*DYULOLGRX� 0�� 3� /DEURSRXORX DQG $� &KULVWRILGRX�
����� 6LVWLPD NDWLJRULRSLLVLV JUDSWRQ NHLPHQRQ�
>&DWHJRULVDWLRQ V\VWHP RI ZULWWHQ WH[WV@� 6WXGLHV LQ
*UHHN OLQJXLVWLFV ��� ��������

)RUV\WK� 5�� ����� 6W\OLVWLF VWUXFWXUHV� D FRPSXWDWLRQDO
DSSURDFK WR WH[W FODVVLILFDWLRQ� 3K�'� WKHVLV� 8QLYHUVLW\
RI 1RWWLQJKDP�

)RUV\WK� 5�� ����� (YROXWLRQDU\ FRPSXWLQJ DQG WH[W

FDWHJRUL]DWLRQ� 3UHVHQWHG LQ WKH :RUNVKRS RI

&RPSXWDWLRQDOO\ ,QWHQVLYH 0HWKRGV LQ 4XDQWLWDWLYH

/LQJXLVWLFV� *ODVJRZ�

+DLU� -�� 5� $QGHUVRQ� 5� 7DWKDP DQG :� %ODFN� �����

0XOWLYDULDWH GDWD DQDO\VLV� 1HZ -HUVH\� 3UHQWLFH +DOO�

+XOO� '�� -� 3HGHUVHQ DQG +� 6FK�W]H� ����� 'RFXPHQW

URXWLQJ DV VWDWLVWLFDO FODVVLILFDWLRQ� $$$, 6SULQJ

6\PSRVLXP RQ 0DFKLQH /HDUQLQJ LQ ,QIRUPDWLRQ

$FFHVV� 6WDQIRUG�

+XEHUW\� &�� -� :LVHQEDNHU DQG -� 6PLWK� ����� $VVHVLQJ

SUHGLFWLYH DFFXUDF\ LQ GLVFULPLQDQW DQDO\VLV�

0XOWLYDULDWH %HKDYLRXUDO 5HVHDUFK� �����������

.DUOJUHQ� -�� ����� 6W\OLVWLF H[SHULPHQWV LQ LQIRUPDWLRQ

UHWULHYDO� ,Q 7� 6WU]DONRZVNL �HG��� 1DWXUDO ODQJXDJH

LQIRUPDWLRQ UHWULHYDO� 'RUGUHFKW� .OXZHU�

0LNN� -�� ����� 0HWKRGV IRU GHWHUPLQLQJ RSWLPDO

UHDGDELOLW\ RI WH[WV� -RXUQDO RI 4XDQWLWDWLYH /LQJXLVWLFV�
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0LNURV� *� DQG *� &DUD\DQQLV� IRUWKFRPLQJ� 4XDQWLWDWLYH

DQDO\VLV RI ILQDO ±Q UXOH XVDJH LQ 0RGHUQ *UHHN WH[WV�

,/63 :RUNLQJ 3DSHUV�
0LNURV� *�� ����� .RLQRQLRJORVVRORJLNL SURVHJLVL

IRQRORJLNRQ SURYOLPDWRQ WLV 1HDV (OOLQLNLV�

>6RFLROLQJXLVWLF DSSURDFK RI WKH SKRQRORJLFDO SUREOHPV
RI 0RGHUQ *UHHN@� 3K�'� WKHVLV� $WKHQV 8QLYHUVLW\�

3DSDW]LNRX � &RFKUDQ� (�� ����� $Q LQVWDQFH RI WULJORVVLD "
&RGHVZLWFKLQJ DV HYLGHQFH IRU WKH SUHVHQW VWDWH RI
*UHHFH
V ³ODQJXDJH TXHVWLRQ´� ,QWHUQDWLRQDO -RXUQDO RI

6RFLRORJ\ RI /DQJXDJH� ����������
7DPERXUDW]LV� *�� 6� 0DUNDQWRQDWRX� 1� ;DLUHWDNLV� *�

&DUD\DQQLV� ����� $XWRPDWLF VW\OH FDWHJRUL]DWLRQ RI
FRUSRUD LQ WKH *UHHN ODQJXDJH� 3DSHU SUHVHQWHG LQ

/5(& ����� $WKHQV�
7HVLWHORYD� 0�� ����� 4XDQWLWDWLYH OLQJXLVWLFV�

$PVWHUGDP � -RKQ %HQMDPLQV�

8KOLURYD� /�� ����� 2Q WKH JHQHUDOLW\ RI VWDWLVWLFDO ODZV
DQG WKH LQGLYLGXDOLW\ RI WH[WV� $ FDVH RI V\OODEOHV� ZRUG

IRUPV� WKHLU OHQJWK DQG IUHTXHQFLHV� -RXUQDO RI

4XDQWLWDWLYH /LQJXLVWLFV� ����������
:LPPHU� *�� 5� .|KOHU� 5� *URWMDKQ DQG *� $OWPDQQ�

����� 7RZDUGV D WKHRU\ RI ZRUG OHQJWK GLVWULEXWLRQ�

-RXUQDO RI 4XDQWLWDWLYH /LQJXLVWLFV� ���������
<DQJ� <�� ����� $Q HYDOXDWLRQ RI VWDWLVWLFDO DSSURDFKHV WR

WH[W FDWHJRUL]DWLRQ� 6FKRRO RI &RPSXWHU 6FLHQFH�

&DUQHJLH 0HOORQ 8QLYHUVLW\� 7HFKQLFDO 5HSRUW 1R�

&08�&6��������

=LHJOHU� $�� ����� :RUG OHQJWK LQ 3RUWXJXHVH WH[WV�

-RXUQDO RI 4XDQWLWDWLYH /LQJXLVWLFV� ����������


