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,Q WKLV VWXG\/ WR UHVHDUFK WKH SDWKRORJLFDO UROH RI LPPXQRORJLFDO FKDQJHV LQ
DWRSLF GHUPDWLWLV/ ZH LQYHVWLJDWHG WKH VHUXP LPPXQRJOREXOLQV DQG
FRPSOHPHQW OHYHOV DQG WKH FRUUHODWLRQV EHWZHHQ VHYHULW\ VFRULQJ RI DWRSLF
GHUPDWLWLV +VFRUDG LQGH[, DQG WKHVH SDUDPHWHUV1 7KHUH ZDV QR VWDWLVWLFDOO\
VLJQLILFDQW GLIIHUHQFH LQ WKH VHUXP ,J$/ ,J0/ ,J(/ DQG &7 OHYHOV EHWZHHQ WKH
SDWLHQWV ZLWK DWRSLF GHUPDWLWLV DQG FRQWUROV1 %XW/ WKH VHUXP &6 DQG ,J*
OHYHOV ZDV VLJQLILFDQWO\ ORZHU LQ WKH SDWLHQWV WKDQ LQ FRQWUROV1 7KHUH ZDV QR
FRUUHODWLRQ EHWZHHQ VFRUDG LQGH[ DQG WKH VHUXP ,J*/ ,J0/ DQG ,J( OHYHOV/
EXW WKH QHJDWLYH FRUUHODWLRQ EHWZHHQ VFRUDG LQGH[ DQG WKH VHUXP ,J$ DQG
&6 OHYHOV DQG SRVLWLYH FRUUHODWLRQ EHWZHHQ VFRUDG LQGH[ DQG WKH VHUXP &7
OHYHOV1 7KLV ILQGLQJV VXJJHVW WKDW LPPXQRJOREXOLQV DQG FRPSOHPHQW V\VWHP
SDUWLFLSDWHV LQ LQIODPPDWRU\ SURFHVV LQ DWRSLF GHUPDWLWLV1

.H\ ZRUGV= VHYHULW\ VFRULQJ RI DWRSLF GHUPDWLWLV/ LPPXQRJOREXOLQV/
FRPSOHPHQWV1

$WRSLN GHUPDWLWOL KDVWDODUGD VHUXP LPPXQRJOREXOLQ YH
NRPSOHPHQW G�]H\OHUL

%X oDOÕúPDGD/ DWRSLN GHUPDWLWGH LPP�QRORMLN IDNW|UOHULQ SDWRORMLN URO�Q�Q
DUDúWÕUPDN LoLQ/ VHUXP LPP�QRJOREXOLQ YH NRPSOHPDQ VHYL\HOHUL YH EX
SDUDPHWUHOHULQ DWRSLN GHUPDWLWLQ úLGGHW VNRUX +VFRUDG LQGHNVL, DUDVÕQGDNL
NRUHODV\RQODU DUDúWÕUÕOGÕ1 $WRSLN GHUPDWLWOL KDVWDODU LOH NRQWUROOHU DUDVÕQGD
VHUXP ,J$/ ,J0/ ,J( YH &7 VHYL\HOHUL DoÕVÕQGDQ IDUN EXOXQPDGÕ1 )DNDW &6 YH
,J* VHYL\HOHUL KDVWDODUGD G�ú�N LGL1 6FRUDG LQGHNVL LOH VHUXP ,J*/ ,J0/ ,J(
VHYL\HOHUL DUDVÕQGD NRUHODV\RQ \RNWX/ IDNDW VFRUDG LQGHNVL LOH ,J$ YH &6
VHYL\HOHUL DUDVÕQGD QHJDWLI NRUHODV\RQODU YH VFRUDG LQGHNVL LOH VHUXP &7
VHYL\HVL DUDVÕQGD SR]LWLI NRUHODV\RQ EXOXQGX1 %X EXOJXODU J|VWHULUNL
LPP�QRJOREXOLQOHU YH NRPSOHPDQ VLVWHPL DWRSLN GHUPDWLWGHNL LQIODPDWXDU
SURVHVWH \HU DOPDNWDGÕU1

$QDKWDU NHOLPHOHU= $WRSLN GHUPDWLWLQ FLGGL\HW VNRUODPDVÕ/
LPPXQRJOREXOLQOHU/ NRPSOHPHQW
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7KH ILUVW DVVRFLDWLRQ RI DWRS\ ZLWK LPPXQRORJLFDO
GHILFLHQF\ ZDV UHSRUWHG LQ 4<6:41 7KHUH DUH KLJK
LQFLGHQFH RI DWRS\ LQ PDQ\ LPPXQRORJLFDO
V\QGURPV VXFK DV %UXWRQ GLVHDVH/ :LVNRWW0
$OGULFK V\QGURPH DQG ,J$ GHILFLHQF\1 7KHVH
V\QGURPV KDYH VLPLODU FOLQLFDO ILQGLQJV OLNH DWRSLF
GHUPDWLWLV5/6/7 1 $GGLWLRQDOO\/ WKHUH LV LQFUHDVHG
WHQGHQF\ IRU EDFWHULDO/ YLUDO DQG IXQJDO LQIHFWLRQV
8/9 DQG LQFLGHQFH RI LPPXQRGHILFLHQF\ LQ SDWLHQWV
ZLWK DWRSLF GHUPDWLWLV1 WKDQ LQ QRUPDO
SRSXODWLRQ4 1

&RQFLGHUDEOH DWWHQWLRQ KDV EHHQ GLUHFWHG
UHFHQWO\ WRZDUG KRVW GHIHQFH PHFKDQLVPV LQ
DWRSLF GHUPDWLWLV9 1 7KH UHVXOWLQJ VWXGLHV KDYH
FDXVHG VRPH FRQIXVLRQ LQ UHJDUG WR WKH VFRSH
DQG GHJUHH RI DOWHUHG LPPXQLW\ LQ DWRSLF
GHUPDWLWLV DQG LWV SRVVLEOH HWLRORJLFDO
LPSRUWDQFH1 $ UHYLHZ RI DWRSLF GHUPDWLWLV DQG
FHOOXODU LPPXQH PHFKDQLVPV HVWDEOLVKHV WKH
LQWHUUHODWLRQVKLS DQG LQGLFDWHV ZK\
LPPXQRORJLFDO HYDOXDWLRQ PD\ EH LPSRUWDQW LQ
WKH DVVHVVPHQW RI WKH SDWKRJHQHVLV RI WKLV
GLVHDVH9 1

,Q WKLV VWXG\/ WR UHVHDUFK SDWKRORJLFDO UROH RI
LPPXQRORJLFDO FKDQJHV LQ DWRSLF GHUPDWLWLV/ ZH
LQYHVWLJDWH WKH VHUXP LPPXQRJOREXOLQV DQG
FRPSOHPHQWV OHYHOV DQG UHODWLRQVKLSV EHWZHHQ
VFRUDG LQGH[ DQG WKHVH SDUDPHWHUV1

0$7(5,$/ $1' 0(7+2'6

)LIW\ SDWLHQWV +DJHG 319 WR 78 \HDUV, ZKR ZHUH
DGPLWWHG WR 'HUPDWRORJ\ FOLQLFV RI $WDW�UN
8QLYHUVLW\ 5HVHDUFK +RVSLWDO +(U]XUXP/ 7XUNH\,
ZLWKLQ WZR \HDUV +4<<9 DQG 4<<:, ZHUH LQFOXGHG
WKH VWXG\1 7KLUW\ ILYH KHDOWK\ YROXQWHUV WDNHQ DV
WKH FRQWURO JURXS KDG QR VHYHUH LQIHFWLRQV/
FKURQLF GLVRUGHUV RU PDOLJQDQF\ ZKLFK DIIHFW
VHUXP LPPXQRJOREXOLQV DQG FRPSOHPHQWV1 7KH
GLDJQRVLV ZHUH PDGH DFFRUGLQJ WR +DQLILQ05DMND
FULWHULDV1 6XEMHFWV KDYH QRW XVHG DQ\ WRSLFDO DQG
V\VWHPLF GUXJ IRU WKH ODVW WKUHH PRQWKV1 6HYHULW\
DQG LQWHQVLW\ RI VNLQ OHVLRQV LQ WKH SDWLHQWV ZHUH
HYDOXDWHG DFFRUGLQJ WR VFRUDG LQGH[: 1

7KH EORRG VDPSOHV ZHUH WDNHQ DW 3;133 WR 3<133
D1P1 DIWHU VWDUYDWLRQ RI 45 KRXUV IURP WKH
SDWLHQWV DQG FRQWUROV1 9HQRXV EORRG VDPSOHV
ZHUH FHQWULIXJDWHG DW 6333 USP IRU WHQ PLQXWHV1
$IWHU FHQWULIXJDWLRQ WKH VHSHUDWHG VHUXP ZDV
VWRUHG LQ SODVWLF WXEHV DW 053 °& XQWLO DQDO\VLV1

VWRUHG LQ SODVWLF WXEHV DW 053 °& XQWLO DQDO\VLV1
7KH VHUXP ,J*/ ,J$ DQG ,J0 OHYHOV PHDVXUHG E\
XVLQJ FRPPHUFLDOO\ DYDLODEOH NLWV +,QFVWDU
FRPSDQ\, LQ 0LWVXELVKL 6= ;4; DXWRDQDO\]HU1
7KH VHUXP ,J( OHYHO ZDV GHWHFWHG E\ (,$
PHWKRG1 7KH VHUXP &6 DQG &7 OHYHOV ZHUH
PHDVXUHG E\ LPPXQRWXUELGLPHWULF PHWKRG1

)RU WKH VWDWLVWLFDO DQDO\VLV/ 6WDWJUDSKLFV
FRPSXWHU SURJUDP ZDV XVHG1 7KH 6WXGHQW¶V W
WHVW DQG FRUUHODWLRQ DQDO\VHV ZHUH DSSOLHG1

5(68/76

)LIW\ SDWLHQWV +5<+8;13(, PHQ DQG 54 +7513(,
ZRPHQ> DJHG 319 WR 78 \HDUV/ PHDQ±6'
4416±441;, DQG FRQWUROV +59 +:716(, PHQ DQG <
+581:(, ZRPHQ> DJHG 8 WR 58 \HDUV/ PHDQ±6'
4719±:16, HQWHUHG WKH VWXG\1

7KH VHUXP ,J*/ ,J$/ ,J0/ ,J(/ &6 DQG &7 OHYHOV
+PHDQ±6', LQ WKH SDWLHQWV DQG FRQWUROV ZDV
VKRZQ LQ 7DEOH 41 7KHUH ZDV QR VLJQLILFDQW
GLIIHUHQFH LQ WKH VHUXP ,J$/ ,J0/ ,J( DQG &7
OHYHOV EHWZHHQ WKH SDWLHQWV DQG FRQWUROV1 %XW/
WKH VHUXP ,J* DQG &6 ,J* OHYHOV ZDV
VLJQLILFDQWO\ ORZHU LQ WKH SDWLHQWV WKDQ LQ
FRQWUROV +UHVSHFWLYHO\/ W 513</ S?3134> W 7179/
S?31334,1

7KHUH ZDV QR FRUUHODWLRQ EHWZHHQ WKH VFRUDG
LQGH[ DQG WKH VHUXP ,J*/ ,J0 DQG ,J( OHYHOV/
EXW QHJDWLYH FRUUHODWLRQV EHWZHHQ WKH VFRUDG
LQGH[ DQG WKH ,J$ DQG &6 OHYHOV +UHVSHFWLYHO\/
U 3173/ S?31334> U 317:/ S?31334, DQG D
SRVLWLYH FRUUHODWLRQ EHWZHHQ WKH VFRUDG LQGH[
DQG WKH VHUXP &7 OHYHO +U 3163/ S?3138,1

',6&866,21

7KH ILUVW DVVRFLDWLRQ RI DWRS\ ZLWK LPPXQRORJLFDO
GHILFLHQF\ ZDV UHSRUWHG LQ 4<6:4 1 ,Q WKLV VWXG\/
LW ZDV IRXQG WKDW LPPXQRJOREXOLQV H[FHSW ,J(

O K K O K

SDUDPHWHUV SDWLHQWV
+Q 83,

FRQWUROV +Q 68, W S

,J* +PJ2G/, 48;9169±77816: 4;7919<±67718< 513< ?3134
,J$ +PJ2G/, 4;8189±54;145 5:3187±4;91:7 41;: !3138
,J0 +PJ2G/, <51<5±:<1;: 46318:±458135 419< !3138
,J( +82PO, 4<<1;;±59316: 44<15;±4<8167 4188 !3138
&6 +PJ2G/, 47918;±;918< 54:156±6614 7179 ?3133

4
&7 +PJ2G/, 65155±5715 58156±4517 418: !3138

7DEOH 41 7KH VHUXP ,J*/ ,J$/ ,J0/ ,J(/ &6 DQG &7
OHYHOV +PHDQ±6', LQ WKH SDWLHQWV DQG FRQWUROV1
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,J( ZHUH ORZHU LQ WKH SDWLHQWV WKDQ FRQWUROV1
7KLV ILQGLQJ VXSSRUWV WKH K\SRWKHVLV WKDW WKHUH
LV LPPXQRORJLFDO GHILFLHQF\ LQ WKH SDWLHQWV ZLWK
DWRSLF GHUPDWLWLV4 1 $OVR/ LQ WKLV VWXG\/ VHUXP &6
OHYHO ZDV ORZHU LQ SDWLHQWV WKDQ FRQWUROV1
+RZHYHU/ VRPH DXWKRUV PHDVXUHG &6 OHYHO DQG
IRXQG DV ZLWKLQ QRUPDO OLPLWV RU HYHQ LQFUHDVHG
;/ </ 43/ 44 1 ,PPXQRIORXUHVFHQFH VWXGLHV RI VNLQ
ELRSV\ VSHFLPHQV IURP WKH SDWLHQWV ZLWK DWRSLF
GHUPDWLWLV KDYH VKRZQ GHSRVLWLRQ RI &6 DQG
VRPHWLPHV LPPXQRJOREXOLQV +EXW QRW ,J( DW WKH
GHUPRHSLGHUPDO MXQFWLRQ DQG DURXQG VXSHUILFLDO
EORRG YHVVHOV45/46/47 RU UHGXFHG VHUXP
FRPSOHPHQW OHYHOV PD\ EH GXH WR FRPSOHPHQW
FRQVXPSWLRQ/ SUREDEO\ FDXVHG E\ LQYLYR
IRUPDWLRQ RI DQWLJHQ0DQWLERG\ FRPSOH[HV/ RU
GHFUHDVHV V\QWKHVLV RU LQFUHDVHG FDWDEROLVP RI
FRPSOHPHQW44 1

,Q WKLV VWXG\/ WKHUH ZHUH QHJDWLYH FRUUHODWLRQV
EHWZHHQ VFRUDG LQGH[ DQG ,J$ DQG &6 OHYHOV/ D
SRVLWLYH FRUUHODWLRQ EHWZHHQ WKH VFRUDG LQGH[
DQG WKH VHUXP &7 OHYHO1 $ VWXG\ RI 974 DWRSLF
SDWLHQWV UHFRUGHG DQ LQFUHDVHG IUHTXHQF\ RI ,J$
GHILFLHQF\4/47 DQG WKH DXWKRUV VXJJHVWHG WKDW D
GHIHFWLYH LQWHVWLQDO PXFRVDO ,J$ EDUULHU DOORZHG
LQFUHDVHG DEVRUEWLRQ RI DOOHUJHQV/ SUHGLVSRVLQJ
WR ODWHU GHYHORSPHQW RI DWRS\47/48 1 7KLV
FRUUHODWLRQV EHWZHHQ VFRUDG LQGH[ DQG
FRPSOHPHQWV VXJJHVW WKDW WKH FRPSOHPHQW
V\VWHP SDUWLFLSDWHV LQ WKH LQIODPPDWRU\ SURFHVV
LQ DWRSLF GHUPDWLWLV1 7KH QHJDWLYH FRUUHODWLRQ
EHWZHHQ &6 OHYHO DQG WKH VFRUDG LQGH[ PD\ EH

GXH WR FRPSOHPHQW FRQVXPSWLRQ/ SUREDEO\
FDXVHG E\ LQYLYR IRUPDWLRQ RI DQWLJHQ0DQWLERG\
FRPSOH[HV44 1 %XW/ WKH SRVLWLYH FRUUHODWLRQ
EHWZHHQ &7 OHYHO DQG WKH VFRUDG LQGH[ LV QRW
FOHDU DQG QHHG IXUWKHU VWXGLHV1

5()(5(1&(6
41 .DXIPDQ +)/ +REEV -5 ,PPXQRJOREXOLQ GHILFLHQFLHV LQ DQ DWRSLF SRSXODWLRQ1
/DQFHW 4<:3/ 54= 4394043961

51 %XFNOH\ 5+/ 'HHV 6&/ 2¶)DLORQ :0 6HUXP LPPXQRJOREXOLQV= ,1 OHYHOV LQ
QRUPDO FKLOGUHQ DQ LQ XQFRPSOLFDWHG FKLOGKRRG DOOHUJ\1 3HGLDWULFV 4<9;/
74+6,=93309441

61 2JDZD 0/ %HUJHU 3$ 0F,QW\UH 25 HW DO ,J( LQ DWRSLF GHUPDWLWLV1 $UFK 'HUPDWRO
4<:4/ 436=8:808;31

71 2KPDQ 6/ -RKDQVHQ 6*' ,PPXQRJOREXOLQV LQ DWRSLF GHUPDWLWLV ZLWK VSHFLDO
UHIHUHQFH WR ,J(1 $&7$ 'HUPDWRO 9HQHUHRO 4<:7/ 87=4<605351

81 *DVWRU0FKU]DQ %/ )DON (6 /\VR]\PH DQG ,J( YDOXHV LQ SDWLHQWV ZLWK DWRSLF
GHUPDWLWLV1 $&7$ 'HUPDWRO 9HQHUHRO 4<<3/ :3=77;07831

91 5RJJH -+/ +DQLILQ -0 ,PPXQRGHILFLHQFLHV LQ VHYHUH DWRSLF GHUPDWLWLV1 $UFK
'HUPDWRO 4<:9/ 445=46<4046<91

:1 (XURSHDQ 7DVN )RUFH RQ $WRSLF 'HUPDWLWLV1 6HYHULW\ VFRULQJ RI DWRSLF
GHUPDWLWLV= 7KH VFRUDG LQGH[1 'HUPDWRORJ\/ 4<<6/ 4;9=560641

;1 5LQJ - 6HQWHU 7/ &RUQHOO 57/ $UUR\DYH &0/ 7DQ (0 3ODVPD FRPSOHPHQW DQG
KLVWDPLQH FKDQJHV LQ DWRSLF GHUPDWLWLV1 %U - 'HUP 4<:</ 433=85408631

431 :�WKULFK % =XU ,PPXQRSDWKRORJLH GHU QHXURGHUPLWLV FRQVWLWXWLRQDOLV1 %HUQ/
6WXWWJDUW/ 9LHQQD/ +DQV 5XEHU/ 4<:81

441 .DSS $/ 6FK|SI ( ,QYROYHPHQW RI FRPSOHPHQW LQ DWRSLF GHUPDWLWLV1 $&7$
'HUPDWRO 9HQHUHRO/ 4<;8=6XSSO1 447=48504871

451 6HFKHU // 3HUPLQ +/ -XKO ) ,PPXQRIOXRUHVFHQFH RI WKH VNLQ LQ DOOHUJLF
GLVHDVHV= DQ LQYHVWLJDWLRQ RI SDWLHQW ZLWK FRQWDFW GHUPDWLWLV/ DOOHUJLF YDVFXOLWLV
DQG DWRSLF GHUPDWLWLV1 $&7$ 'HUPDWRO 9HQHUHRO 4<:;/ 8;= 44:1

461 5LQJ -/ 6HQWHU 7/ &RUQHOO 57/ $UUR\DYH &0/ 7DQ (0 &RPSOHPHQW DQG
LPPXQRJOREXOLQ GHSRVLWV LQ WKH VNLQ RI SDWLHQW ZLWK DWRSLF GHUPDWLWLV1 %U -
'HUPDWRO 4<:;/ <<=7<81

471 +DQLILQ -0 $WRSLF GHUPDWLWLV - RI $OOHUJ\ DQG &OLQLFDO ,PPXQ 4<;715=544054<1

481 7D\ORU %/ 1RUPDQQ $3/ 2UJHO +$ HW DO 7UDQFLHQW ,J$ GHILFLHQF\ DQG
SDWKRJHQHVLV RI LQIDQWLOH DWRS\1 /DQFHW/ 4<:6/ 5=4441


