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,GLRPV DQG 2EOLJDWRU\ &RQWURO LQ 5XVVLDQ� DQ
([SHULPHQWDO ,QYHVWLJDWLRQ

$OH[DQGUD 6KLNXQRYD� VXSHUYLVHG E\ 3DYHO 5XGQHY� 3K'

$EVWUDFW

,GLRPV DUH RIWHQ HPSOR\HG WR GLVWLQJXLVK EHWZHHQ PRYHPHQW DQG EDVH JHQHU�
DWLRQ �3RVWDO ����� 6DO]PDQQ ����� &KRPVN\ ����� ����� 9HUJQDXG ����� %KDWW
����� $GJHU 	 5DPFKDQG ����� .ZRQ� 3ROLQVN\ 	 .OXHQGHU ������ +RZHYHU� WKH
YDOLGLW\ RI WKLV WHVW KDV EHHQ TXHVWLRQHG E\ VRPH UHVHDUFKHUV �1XQEHUJ� 6DJ 	 :D�
VRZ ����� 5XZHW ������ $ GHWDLOHG LQYHVWLJDWLRQ RI WKH SUREOHP LV ODFNLQJ IRU
5XVVLDQ� 7KHUH LV QR DJUHHPHQW DV WR ZKLFK 5XVVLDQ SUHGLFDWHV H[KLELW FRQWURO
DQG ZKLFK GR QRW� DQG LGLRPV DUH VWLOO XVHG LQ V\QWDFWLF DUJXPHQWDWLRQ �%XUXN�
LQD ������ , SURYLGH H[SHULPHQWDO GDWD VKRZLQJ WKDW WKH DFFHSWDELOLW\ RI LGLRPV LQ
FRQWURO�UDLVLQJ HQYLURQPHQWV LV QRW GHWHUPLQHG E\ WKH SUHGLFDWH W\SH� WKXV SURYLQJ
WKH LGLRP WHVW XQUHOLDEOH�

� ,QWURGXFWLRQ

��� ,GLRPV LQ V\QWDFWLF DUJXPHQWDWLRQ
,GLRPV KDYH ORQJ EHHQ XVHG DV D V\QWDFWLF WHVW PHDQW WR GL˨HUHQWLDWH EHWZHHQ PRYH�
PHQW DQG EDVH JHQHUDWLRQ LQ WKH UHDOP RI ERWK $ DQG $·�GHSHQGHQFLHV �3RVWDO �����
6DO]PDQQ ����� &KRPVN\ ����� ����� 9HUJQDXG ����� %KDWW ����� $GJHU 	 5DPFKDQG
����� .ZRQ� 3ROLQVN\ 	 .OXHQGHU ������ $V WKH IROORZLQJ H[DPSOHV IURP (QJOLVK IHD�
WXULQJ WKH LGLRP WKH VKLW KLW WKH IDQ LQGLFDWH� LGLRPV DUH JUDPPDWLFDO LQ FDVHV RI UDLVLQJ
WR VXEMHFW� OLNH H[DPSOH ��D�� EXW QRW FRQWURO� OLNH H[DPSOH ��E��

��� D� 7KH\ EHOLHYH WKH VKLW W WR KDYH KLW WKH IDQ \HVWHUGD\� �UDLVLQJ WR REMHFW  PRYHPHQW�
E� 
7KH\ FRQYLQFHG WKH VKLW 352 WR KLW WKH IDQ \HVWHUGD\� �FRQWURO� QR PRYHPHQW�
�3RVWDO �����

7KH LGLRP SDUW VKLW LQ H[DPSOH ��D� LV EDVH�JHQHUDWHG LQ WKH HPEHGGHG FODXVH DQG
LV QRW RFFXS\LQJ D WKHPDWLF SRVLWLRQ LQ WKH PDWUL[ FODXVH� VR WKH VHQWHQFH LV DFFHSWDEOH�
,Q H[DPSOH ��E�� KRZHYHU� VKLW LV EDVH�JHQHUDWHG DV D PDWUL[ REMHFW� VHSDUDWHO\ IURP
WKH UHVW RI WKH LGLRP LQ WKH HPEHGGHG LQ˞QLWLYDO FODXVH� ZKLFK UHQGHUV WKH VHQWHQFH
XQDFFHSWDEOH�
7KH WHVW SUHVXSSRVHV WKDW DOO FRQVWLWXHQW SDUWV RI DQ LGLRP DUH EDVH�JHQHUDWHG WR�

JHWKHU� VR WKH\ PXVW EH DGMDFHQW DW VRPH SRLQW RI WKH V\QWDFWLF GHULYDWLRQ� 7KXV�
PRYHPHQW RI DQ LGLRP SDUW LV SRVVLEOH� EHFDXVH LW FDQ SURFHHG RXW RI DQ LGLRP WKDW
ZDV EDVH�JHQHUDWHG DV D ZKROH� &RQWURO RU SURQRPLQDO DQDSKRUD� RQ WKH RWKHU KDQG�
UHTXLUH D SDUW RI DQ LGLRP WR EH EDVH�JHQHUDWHG RXWVLGH RI LW� ZKLFK SUHYHQWV WKH LG�
LRPDWLF UHDGLQJ�

�



+RZHYHU� RWKHU UHVHDUFKHUV KDYH WDNHQ LVVXH ZLWK WKLV WHVW� 5XZHW ������ DQG
1XQEHUJ� 6DJ 	 :DVRZ ������ KDYH VKRZQ WKDW LGLRPV DFWXDOO\ FDQ SDUWLFLSDWH LQ
FRQWURO� ([DPSOHV RI SURQRPLQDO DQDSKRUD DQG FRQWURO ZLWK LGLRPV LQ (QJOLVK DERXQG
RQ WKH ,QWHUQHW ��D²�E�� DV VKRZQ LQ %UXHQLQJ ������ �

��� D� , WKRXJKW , ZRXOG PLVV WKH ERDW� DQG PLVV LW , GLG�
E� 7KH SOXJ LV ZDLWLQJ WR EH SXOOHG RQFH DOO WKH ���� VWRFN LV JRQH��� �%UXHQLQJ �����

,Q WKH SUHVHQW SDSHU� , ZLOO IRFXV RQ WKH V\QWD[ RI 5XVVLDQ LQ˞QLWLYDO FODXVHV� QDPHO\�
ZKHWKHU WKH LGLRP WHVW FDQ SUHGLFW WKH SUHGLFDWH W\SH FRUUHFWO\ �FRQWURO DJDLQVW UDLVLQJ
RU (&0��

��� &RQWURO DQG UDLVLQJ LQ 5XVVLDQ
&RQWURO� UDLVLQJ DQG (&0 DUH GL˨HUHQW V\QWDFWLF FRQ˞JXUDWLRQV RI VXERUGLQDWH FODXVHV�
W\SLFDOO\ QRQ�˞QLWH� ZLWK DQ HPEHGGHG DUJXPHQW WKDW LV PDQGDWRULO\ FRUHIHUHQW ZLWK
D PDWUL[ DUJXPHQW �VHH 3ROLQVN\ ���� IRU GHWDLOHG GLVFXVVLRQ RI UDLVLQJ DQG FRQWURO��
5DLVLQJ LV D SKHQRPHQRQ RI WKHUH EHLQJ QR WKHWD�UROH WR ˞OO LQ WKH PDWUL[ FODXVH� OLNH LQ
H[DPSOH ��D�� 7KDW LV ZK\ WKH PDWUL[ VXEMHFW FDQ EH DQ H[SOHWLYH� DV VKRZQ LQ H[DPSOH
��E��

��� D� -RKQ VHHPV > W WR EH XSVHW� @
E� ,W VHHPV �WKDW� > -RKQ LV XSVHW� @

-RKQ LQ H[DPSOH ��D� KDV D VLQJOH WKHWD�UROH ² LW LV WKH RQO\ DUJXPHQW RI WKH HP�
EHGGHG SUHGLFDWH WR EH XSVHW� 7KH PDWUL[ YHUE VHHP GRHV QRW DVVLJQ DQ\ WKHWD�UROHV
RWKHU WKDQ WKH SURSRVLWLRQ� VR -RKQ FDQ EH ORFDWHG LQ WKH PDWUL[ FODXVH� OLNH LQ H[DPSOH
��D�� DV ZHOO DV LQ WKH HPEHGGHG FODXVH� OLNH LQ H[DPSOH ��E�� VLQFH WKHUH LV RQO\ RQH
WKHWD�UROH IRU LW WR RFFXS\�
&RQWURO UHVXOWV IURP WKHUH EHLQJ WZR WKHPDWLF SRVLWLRQV RFFXSLHG E\ WKH VDPH SDU�

WLFLSDQW RI WKH VLWXDWLRQ� LQ WKH PDWUL[ FODXVH DQG LQ WKH HPEHGGHG FODXVH� 6LQFH LW LV QRW
SRVVLEOH IRU RQH DUJXPHQW WR ˞OO WZR WKHWD�UROHV� DFFRUGLQJ WR WKH WKHWD�FULWHULRQ �VHH
&KRPVN\ ���� IRU GHWDLOV�� D VLOHQW SURQRXQ DSSHDUV LQ WKH HPEHGGHG FODXVH� ZKRVH
UHIHUHQFH LV GHWHUPLQHG E\ DQ DUJXPHQW LQ WKH PDWUL[ FODXVH� OLNH LQ H[DPSOH ����

��� .LPL ZDQWV > 352L WR EX\ D KRXVH� @

.LP LQ H[DPSOH ��� UHFHLYHV WKH ¶ZDQWHU· UROH IURP WKH PDWUL[ YHUE ZDQW DQG WKH
¶EX\HU· UROH IURP WKH HPEHGGHG YHUE EX\� 2QH SDUWLFLSDQW FDQQRW KDYH WZR WKHWD�UROHV
DW RQFH� VR 352 DSSHDUV LQ WKH HPEHGGHG VXEMHFW SRVLWLRQ�
([FHSWLRQDO FDVH PDUNLQJ �(&0� LV GL˨HUHQW IURP ERWK UDLVLQJ DQG FRQWURO� 7KH

VXEMHFW RI WKH HPEHGGHG FODXVH UHFHLYHV LWV FDVH IURP WKH PDWUL[ SUHGLFDWH �VHH &KRP�
VN\ ���� IRU GHWDLOV�� 'HVSLWH EHLQJ QRQ�QRPLQDWLYH� LW RFFXSLHV WKH HPEHGGHG VXEMHFW
SRVLWLRQ UDWKHU WKDQ DQ DUJXPHQW SRVLWLRQ LQ WKH PDWUL[ FODXVH� OLNH LQ H[DPSOH ���
EHORZ�

��� .LP ZDQWV > PH WR EX\ D KRXVH� @

0H LV WKH VXEMHFW RI WKH HPEHGGHG FODXVH LQ H[DPSOH ���� +RZHYHU� LW UHFHLYHV
DFFXVDWLYH FDVH IURP WKH PDWUL[ SUHGLFDWH ZDQWV� 1RWH WKDW RQH DQG WKH VDPH YHUE

�



�ZDQW� FDQ SDUWLFLSDWH LQ WZR GL˨HUHQW VWUXFWXUHV� FRQWURO� OLNH LQ H[DPSOH ���� DQG
(&0� OLNH LQ H[DPSOH ����
7KH GLVWLQFWLRQ EHWZHHQ FRQWURO DQG UDLVLQJ LV QRW HQWLUHO\ FOHDU IRU 5XVVLDQ� 'L˨HU�

HQW DQDO\VHV KDYH EHHQ SURSRVHG E\ %XUXNLQD ������ DQG 0LQRU ������ IRU PDQGDWLYH
YHUEV ZLWK GDWLYH DUJXPHQWV� 6XFK SUHGLFDWHV DV YHOHW· ¶RUGHU·� UD]UHؠLW· ¶DOORZ·� SRPRJDW·
¶KHOS·� PHؠDW· ¶KLQGHU·� ZKLFK DSSHDU WR DVVLJQ D WKHPDWLF UROH LQ WKH PDWUL[ FODXVH� DQG
KHQFH WR H[KLELW FRQWURO� KDYH EHHQ FODLPHG E\ %XUXNLQD ������ WR DFWXDOO\ SURGXFH
DQ DPELJXLW\� 7KH WZR SRVVLEOH VWUXFWXUHV DUH VKRZQ LQ H[DPSOH ���� ,Q SDUWLFXODU�
WKH GDWLYH DUJXPHQW FDQ HLWKHU GHQRWH WKH +ROGHU RI WKH REOLJDWLRQ DQG EH FRUHIHUHQW
ZLWK WKH HPEHGGHG 352 �L�H� WUDGLWLRQDO REMHFW FRQWURO� RU EH ORFDWHG LQ WKH HPEHG�
GHG FODXVH LWVHOI� VLPLODUO\ WR WKH (&0 VWUXFWXUHV RI (QJOLVK DQG RWKHU ODQJXDJHV� 7KH
˞UVW UHDGLQJ RI H[DPSOH ��� UHVXOWV ZKHQ 9ROGHPRUW LV WKH +ROGHU �VHH WKH VFKHPD LQ
H[DPSOH �D�� DQG WKH VHFRQG LV GHULYHG ZKHQ 9ROGHPRUW LV WKH HPEHGGHG VXEMHFW �VHH
WKH VFKHPD LQ H[DPSOH �E��
��� D� > SRPRǪ�SRPHؠDW· '3�'$7L > 352L LQ˞QLWLYH @ @

E� > SRPRǪ�SRPHؠDW· > '3�'$7 LQ˞QLWLYH @ @ �%XUXNLQD ����� ��

��� 'LUHNWRU
GLUHFWRU�௷ఒ௯

SULND]DO
RUGHUHG

9ROGHPRUWX
9ROGHPRUW�ૹੰಊ

XELW·
NLOO�க௷ୀ

PDO·ǪLND�
ER\�ੰ૦૦

¶7KH GLUHFWRU RUGHUHG 9ROGHPRUW WKDW KH VKRXOG NLOO WKH ER\·�
¶7KH GLUHFWRU RUGHUHG WKDW 9ROGHPRUW VKRXOG NLOO WKH ER\·� �%XUXNLQD ����� ��

2QH DUJXPHQW %XUXNLQD ������ SURYLGHV LQ VXSSRUW RI KHU DQDO\VLV LV EDVHG RQ
WKH LQWHUSUHWDWLRQ RI LGLRP FKXQNV� +HU UHDVRQLQJ JRHV DV IROORZV� VHQWHQFHV ZLWK D
PDQGDWLYH YHUE DQG DQ LGLRP� VXFK DV H[DPSOH ���� FDQ NHHS WKH LGLRPDWLF UHDGLQJ�
7KXV� WKH FRQVWLWXHQW SDUWV RI WKH LGLRP PXVW KDYH EHHQ EDVH�JHQHUDWHG WRJHWKHU� VR
WKHUH PXVW EH VRPH RSWLRQ RWKHU WKDQ FRQWURO� VKH SUHVXSSRVHV WKDW LW LV (&0�
��� -D

,
QH
௷଎୕

YHOHO
RUGHUHG

ǪɹUQRM
EODFN

NRؠNH
FDW�ૹੰಊ

SUREHJDW·
UXQ�க௷ୀ

PHރGX
EHWZHHQ

QLPL�
WKHP

/LWHUDOO\� ¶, GLG QRW RUGHU WKH EODFN FDW WR UXQ EHWZHHQ WKHP�·
,GLRPDWLF UHDGLQJ DYDLODEOH� ¶, GLG QRW RUGHU WKHP WR TXDUUHO�· �%XUXNLQD ����� ��

%XUXNLQD ������ FRQWUDVWV 5XVVLDQ PDQGDWLYH SUHGLFDWHV ZLWK ¶SURSHU· REMHFW FRQ�
WURO SUHGLFDWHV VXFK DV ]DVWDYLW· ¶IRUFH· WKDW GR QRW FUHDWH VXFK DQ DPELJXLW\ DQG DOVR
GLVDOORZ LGLRPDWLF UHDGLQJV�
/HWXFKL\ 	 9LNORYD ������ VXJJHVW� RQ WKH RWKHU KDQG� WKDW SRPRJDW· ¶KHOS·� PHؠDW·

¶KLQGHU· EHKDYH OLNH FRQWURO SUHGLFDWHV DFFRUGLQJ WR VXFK WHVWV DV WKHPDWLF UROH DVVLJQ�
PHQW� WKH LQWHUSUHWDWLRQ RI QHJDWLYH DQG LQGH˞QLWH SURQRXQV DQG WKH DYDLODELOLW\ RI
VXEVWLWXWLRQ RI WKH HPEHGGHG FODXVH ZLWK WKH GHPRQVWUDWLYH SURQRXQ HWR ¶WKLV� LW·� =DV�
WDYLW· ¶IRUFH· LV FLWHG LQ /HWXFKL\ 	 9LNORYD ������ DV D SURWRW\SLFDO FRQWURO SUHGLFDWH�
MXVW OLNH LQ %XUXNLQD ������ �

��� 7KH DLP RI WKH SDSHU
7KLV VWXG\ DLPV WR LQYHVWLJDWH WKH UHODWLRQVKLS EHWZHHQ SUHGLFDWH W\SH �FRQWURO� UDLV�
LQJ RU (&0� DQG WKH DFFHSWDELOLW\ RI LGLRPV LQ WKHLU QRQ�˞QLWH VHQWHQWLDO FRPSOHPHQWV�
7KH LGLRP WHVW GHVFULEHG LQ 6HFWLRQ ��� ZLOO IDUH ZHOO IRU 5XVVLDQ LI LGLRPV DUH XQDFFHSW�
DEOH LQ FRQWURO HQYLURQPHQWV� WKDW LV� WKHLU FRQVWLWXHQW SDUWV PXVW EH EDVH�JHQHUDWHG
WRJHWKHU� 7R FKHFN ZKHWKHU WKLV DVVXPSWLRQ LV DFWXDOO\ FRUUHFW� , KDYH FRQGXFWHG D
OLQJXLVWLF H[SHULPHQW�

�



� ([SHULPHQWDO HYLGHQFH
6LQFH LGLRPV KDYH EHHQ HPSOR\HG DV D WHVW WR GLVWLQJXLVK FRQWURO IURP PRYHPHQW� LW
ZRXOG EH VHQVLEOH WR WHVW WKH K\SRWKHVLV WKDW 5XVVLDQ FRQWURO YHUEV DUH XQDFFHSWDEOH
ZLWK LGLRPV HPSLULFDOO\� $SDUW IURP WKDW� IURP ZKDW %XUXNLQD ������ VXJJHVWV� FRQ�
WURO YHUEV ZLWK GDWLYH DUJXPHQWV� WKDW LV� DOWHUQDWLQJ EHWZHHQ FRQWURO DQG (&0� VKRXOG
EH PRUH DFFHSWDEOH ZLWK LGLRPV� 7KLV LV DQRWKHU K\SRWKHVLV WR FKHFN� EHFDXVH VXFK
YHUEV FDQ H[KLELW (&0 DV ZHOO DV FRQWURO� WKH LGLRP SDUWV WKDW DFW DV VXEMHFWV LQ WKHLU
FODXVDO FRPSOHPHQWV FDQ EH EDVH�JHQHUDWHG HLWKHU WRJHWKHU RU VHSDUDWHO\� WKXV WKH\
PXVW EH PRUH DFFHSWDEOH ZLWK LGLRPV WKDQ WKH SURSHU FRQWURO YHUEV�
%DVHG RQ WKH GLVFXVVLRQ DERYH� , KDYH IRUPXODWHG WKH IROORZLQJ WZR K\SRWKHVHV�

L� 2EMHFW FRQWURO SUHGLFDWHV DUH XQDFFHSWDEOH ZLWK LGLRPV�

LL� 3UHGLFDWHV ZLWK GDWLYH DUJXPHQWV DUH PRUH DFFHSWDEOH ZLWK LGLRPV LQ WKHLU VXERU�
GLQDWH FODXVH�

,I WKHUH LV QR VWDWLVWLFDOO\ VLJQL˞FDQW GL˨HUHQFH LQ VFRUHV EHWZHHQ WHVW LWHPV ZLWK WKH
REMHFW FRQWURO SUHGLFDWH ]DVWDYLW· ¶IRUFH· DQG XQJUDPPDWLFDO ˞OOHUV� +\SRWKHVLV L� ZLOO
EH FRUUHFW� :H ZLOO SURYH WKDW LGLRPV DUH QRW DFFHSWDEOH LQ FRQWURO HQYLURQPHQWV DQG
FDQ WKXV EH XVHG DV D WHVW WR GL˨HUHQWLDWH EHWZHHQ FRQWURO DQG UDLVLQJ�(&0�
+\SRWKHVLV LL� ZLOO EH SURYHQ LI WKH SDUDPHWHU RI SUHGLFDWH W\SH �FRQWURO YV� FRQ�

WURO�(&0� ZLOO VLJQL˞FDQWO\ LQˠXHQFH WKH DFFHSWDELOLW\ VFRUHV� 7KLV ZRXOG LPSO\ WKDW
WKH DELOLW\ RI SUHGLFDWHV WR H[KLELW (&0 LV FRQQHFWHG ZLWK LGLRPV EHLQJ PRUH DFFHSW�
DEOH LQ FODXVDO FRPSOHPHQWV RI WKHVH SUHGLFDWHV� WKH LGLRPV· VXEMHFWV RFFXS\LQJ WKH
HPEHGGHG VXEMHFW SRVLWLRQ�

��� 6HOHFWLQJ WKH SUHGLFDWHV
)RXU SUHGLFDWHV ZHUH VHOHFWHG� WKUHH YHUEV ZLWK GDWLYH DUJXPHQWV DQG RQH ZLWK DQ
DFFXVDWLYH DUJXPHQW� SUHVHQWHG LQ 7DEOH �� $OO RI WKH YHUEV WDNH LQ˞QLWLYH FODXVHV
DV FRPSOHPHQWV� WKH GDWLYH�DFFXVDWLYH DUJXPHQWV EHLQJ FRUHIHUHQW ZLWK WKH LQ˞QLWLYH
FODXVHV· VXEMHFWV�

9HUE 7UDQVODWLRQ $UJXPHQW FDVH

SRPRJDW· ¶KHOS· ૹੰಊ
PHؠDW· ¶KLQGHU· ૹੰಊ
SR]YROLW· ¶DOORZ· ૹੰಊ
]DVWDYLW· ¶IRUFH· ੰ૦૦

7DEOH �� &RQWURO SUHGLFDWHV XVHG WR SURGXFH WHVW LWHPV�

7KUHH RI WKH YHUEV� EDVHG RQ ZKDW %XUXNLQD ������ VXJJHVWV� PXVW EH DOWHUQDWLQJ
EHWZHHQ FRQWURO DQG (&0 �SRPRJDW· ¶KHOS·� PHؠDW· ¶KLQGHU·� SR]YROLW· ¶DOORZ·�� 7KHUH
LV DOVR RQH SUHGLFDWH ² ]DVWDYLW· ¶IRUFH· ² ZKLFK H[KLELWV REMHFW FRQWURO� DFFRUGLQJ WR
%XUXNLQD ������� , H[SODLQ WKH UHDVRQ EHKLQG FUHDWLQJ DQ LPEDODQFH LQ WKH VDPSOH
E\ LQFOXGLQJ WKUHH FRQWURO�(&0 YHUEV DQG RQO\ RQH REMHFW FRQWURO YHUE LQ WKH QH[W
VXEVHFWLRQ�

�



��� 6HOHFWLQJ WKH LGLRPV
,GLRPV FDQ EH VHPDQWLFDOO\ FRPSRVLWLRQDO� LI WKH YHUE DQG WKH REMHFW KDYH VHSDUDWH
PHWDSKRULFDO UHIHUHQFHV �1XQEHUJ� 6DJ 	 :DVRZ ������ 7KH PRUH FRPSRVLWLRQDO DQ
LGLRP LV� WKH PRUH DPHQDEOH LW ZLOO EH WR V\QWDFWLF WUDQVIRUPDWLRQV VXFK DV FRQWURO
RU UDLVLQJ� VR IRU WKH SXUSRVH RI RXU VWXG\ ZH VKRXOG FKRRVH WKH PRUH V\QWDFWLFDOO\
WUDQVIRUPDEOH LGLRPV� 7KH FULWHULRQ IRU VXFK LGLRPV KDV EHHQ IRUPXODWHG E\ %HQMDPLQ
%UXHQLQJ�

>7@KH RQO\ UHTXLUHPHQW RQ LGLRPV LV WKDW D FKXQN RI DQ LGLRP QRW UHFHLYH DQ LQWHU�
SUHWDWLRQ WKDW LV LQFRQVLVWHQW ZLWK LWV LGLRPDWLF LQWHUSUHWDWLRQ� 2QFH WKLV FRQVWUDLQW LV
VDWLV˞HG� LGLRP FKXQNV FDQ SDUWLFLSDWH LQ SURQRPLQDO DQDSKRUD DQG FRQWURO LQ DGGLWLRQ
WR PRYHPHQW� �%UXHQLQJ �����

%UXHQLQJ GHPRQVWUDWHV ZLWK QXPHURXV H[DPSOHV IURP WKH ,QWHUQHW WKDW (QJOLVK LG�
LRPV FDQ EH FRPSOHWHO\ DFFHSWDEOH LQ FRQWH[WV RI FRQWURO DQG SURQRPLQDO DQDSKRUD�
7KH UHTXLUHPHQW LV WKDW WKH\ DUH FRPSRVLWLRQDO HQRXJK IRU WKHLU SDUWV QRW WR FRPELQH
LQ D ZD\ WKDW SURGXFHV D QRQ�LGLRPDWLF LQWHUSUHWDWLRQ� 7R LOOXVWUDWH� H[DPSOH ��D� IHD�
WXUHV DQ LGLRP FRQVLVWLQJ RI WZR VHSDUDEOH SDUWV� ZKHUHDV WKH LGLRP LQ H[DPSOH ��E�
FDQQRW EH VSOLW LQWR SDUWV ZLWK VHSDUDWH PHDQLQJV� 7KH ODFN RI WKH LGLRPDWLF UHDGLQJ LQ
H[DPSOH ��E� LV FDXVHG E\ WKH LGLRP FKXQN FDW UHFHLYLQJ D WKHWD�UROH IURP WKH PDWUL[
YHUE WULHG� &DW WKXV FDQ QR ORQJHU EH LQWHUSUHWHG DV SDUW RI WKH LGLRP� WKH FDW WKDW LV
RXW RI WKH EDJ LV PHWDSKRULFDO� ZKLFK LV LQFRPSDWLEOH ZLWK EHLQJ WKH DJHQW RI WKH YHUE
WU\� ,Q H[DPSOH ��D�� RQ WKH RWKHU KDQG� SOXJ WKH LGLRP SDUW DQG SOXJ WKH H[SHULHQFHU
RI LV ZDLWLQJ DUH ERWK PHWDSKRULFDO� VR WKH LGLRPDWLF UHDGLQJ SHUVLVWV�

��� D� 7KH SOXJ LV ZDLWLQJ WR EH SXOOHG RQFH DOO WKH ���� VWRFN LV JRQH��� �%UXHQLQJ �����
E� 7KH FDW WULHG WR EH RXW RI WKH EDJ� �
LGLRPDWLF� �'DYLHV 	 'XELQVN\ �����

2EMHFW FRQWURO SUHGLFDWHV WKDW ZRXOG EH VHPDQWLFDOO\ IHOLFLWRXV ZLWK LGLRP SDUWV
DUH UDWKHU VSDUVH� 0RVW REMHFW FRQWURO YHUEV UHTXLUH WKHLU DFFXVDWLYH DUJXPHQW WR EH
DQLPDWH DQG�RU DJHQWLYH� )RU WKLV UHDVRQ , KDYH RQO\ LQFOXGHG RQH REMHFW FRQWURO YHUE
WKDW LPSRVHV PLQLPDO VHPDQWLF UHTXLUHPHQWV RQ LWV DUJXPHQW ² ]DVWDYLW· ¶IRUFH·� ,WV
GLUHFW REMHFW FDQ EH LQDQLPDWH� DV VKRZQ LQ H[DPSOH �����

���� <D
,
]DVWDYLO
IRUFHG

GYHU·
GRRU�ੰ૦૦

RWNU\W·VMD�
\LHOG�౎ੰ౹౹

¶, IRUFHG WKH GRRU WR RSHQ·�

)RU WKH SUHVHQW H[SHULPHQWDO VWXG\� LGLRPV ZHUH MXGJHG DFFRUGLQJ WR WKH IROORZLQJ
FULWHULD� , KDYH RQO\ XVHG WKH LGLRPV WKDW FRQIRUPHG WR HYHU\ RQH RI WKHP�

L� 7KH LGLRP KDV D ˞[HG VXEMHFW�

LL� 7KH LGLRP LV VHPDQWLFDOO\ FRPSRVLWLRQDO�

LLL� 7KH LGLRP GRHV QRW KDYH D ˞[HG WHPSRUDO RU DVSHFWXDO LQWHUSUHWDWLRQ�

LY� 7KH LGLRP GRHV QRW KDYH D PDQGDWRU\ ¶X�DUJXPHQW·�

, ZLOO GLVFXVV WKHVH FULWHULD LQ PRUH GHWDLO EHORZ�

�



����� 6XEMHFW

6LQFH , DP LQYHVWLJDWLQJ FRQWURO DQG (&0� WKH LGLRPV WHVWHG VKRXOG KDYH D VXEMHFW WKDW
ZRXOG EH D ˞[HG SDUW RI WKH LGLRP DQG HLWKHU UHVLGH LQ WKH HPEHGGHG FODXVH RU FRQ�
WURO 352 IURP WKH PDWUL[ FODXVH� ,W LV LPSRUWDQW WR QRWH WKDW YHU\ IHZ 5XVVLDQ LGLRPV
KDYH D ˞[HG VXEMHFW� +RZHYHU� PDQ\ 5XVVLDQ LGLRPV FDQ EH SDVVLYLVHG �%DUDQRY 	
'REURYROVN\ ������ DV VKRZQ LQ H[DPSOH ����� ,Q RUGHU WR WDNH LQWR DFFRXQW WKH HI�
IHFW RI SDVVLYLVDWLRQ� D SDLU RI SDVVLYLVHG LGLRPV ZDV LQFOXGHG LQ WKH VDPSOH IRU HDFK
SUHGLFDWH��

���� =DYDULOD�V·
FRRN�ౣ଎ୀ௚

PDOR�SRPDOX
ELW E\ ELW

NDؠD
SRUULGJH

QD
RQ
SRǪYH
JURXQG

DQWLVHPLWL]P�D���
DQWLVHPLWLVP�୕଎௷

�1.5-D�

¶7KLQJV ZHUH HVFDODWLQJ RQ WKH JURXQG RI DQWLVHPLWLVP���·

$IWHU DQ LGLRP LV SDVVLYLVHG� LWV VXEMHFW SRVLWLRQ LV ˞OOHG ZLWK LWV RZQ SDUW� VR WKH
DGMDFHQF\ RI LGLRP SDUWV LV QRW YLRODWHG� +RZHYHU� SDVVLYLVDWLRQ PLJKW D˨HFW WKH DF�
FHSWDELOLW\ RI LGLRPV LQ FRQWURO HQYLURQPHQWV� ,W KDV EHHQ VKRZQ H[SHULPHQWDOO\ E\
'ėEURZVND ������ WKDW SDVVLYLVDWLRQ KLQGHUV FRPSUHKHQVLRQ� $OWKRXJK WKLV GRHV QRW
QHFHVVDULO\ PHDQ WKDW SDVVLYH KDV DQ H˨HFW RQ DFFHSWDELOLW\ MXGJHPHQWV� , ZLOO FKHFN
WKH SDVVLYH�DFWLYH GLVWLQFWLRQ DV D SDUDPHWHU WKDW FDQ SRWHQWLDOO\ LQˠXHQFH WKH DFFHSW�
DELOLW\ VFRUH�

����� 7HQVH DQG DVSHFW

'L˨HUHQW SHUVSHFWLYHV H[LVW RQ WKH TXHVWLRQ RI WHPSRUDO DQG DVSHFWXDO FRPSRVLWLRQDOLW\
RI LGLRPV� 7KH SUREOHP DULVHV EHFDXVH RI WKH IDFW WKDW LGLRPV FDQ KDYH FKDQJHDEOH RU
˞[HG WHQVH DQG DVSHFW� 6RPH UHVHDUFKHUV DUJXH IRU V\VWHPDWLF OLWHUDO FRPSRVLWLRQDOLW\
�0DUDQW] ����� 0F*LQQLV ������ ZKLOH VRPH RWKHUV FODLP WKDW RQO\ LGLRP PHDQLQJV
DOORZ IRU FRPSRVLWLRQDOLW\� ZKHUHDV WKHLU DVSHFWXDO SURSHUWLHV FDQ GL˨HU EHWZHHQ WKHLU
OLWHUDO DQG LGLRPDWLF UHDGLQJV �*ODVEH\ ����� ������ )LQDOO\� WKHUH KDYH EHHQ VRPH
DWWHPSWV WR UHFRQFLOH WKH WZR YLHZV E\ VWDWLQJ WKDW WKH DVSHFWXDO LQWHUSUHWDWLRQ RI DQ
LGLRP LV FRPSXWHG SRVW�V\QWDFWLFDOO\ �/HLYDGD ������
7KH LGLRP ]DNUXWLW· JDMNL ¶WR LQFUHDVH FRQWURO· �OLWHUDOO\ ¶WR VFUHZ WKH QXWV WLJKW·� FDQ

KDYH ERWK WKH SHUIHFWLYH DVSHFW� OLNH LQ H[DPSOH ���D�� DQG LPSHUIHFWLYH DVSHFW� OLNH
LQ H[DPSOH ���E�� 7KXV� WKH LGLRP·V WHPSRUDO�DVSHFWXDO LQWHUSUHWDWLRQ LV QRW ˞[HG EXW
IROORZV FRPSRVLWLRQDOO\ IURP WKH SURSHUWLHV RI WKH YHUE LQYROYHG�

���� D� 9
LQ
qWRP
WKLV

JRGX
\HDU

QDǪDO·VWYR
PDQDJHPHQW

HؠǪH
౎ಊ૦௚

VLO·QHH
PRUH

]DNUXWLOR
KDV VFUHZHG

JDMNL�
QXWV

¶7KH PDQDJHPHQW KDYH LQFUHDVHG FRQWURO RYHU WKLQJV HYHQ PRUH WKLV \HDU·�
E� 3RND
ZKLOH

QDǪDO·VWYR
PDQDJHPHQW

]DNUXǪLYDOR
ZDV VFUHZLQJ

JDMNL�
QXWV

YR]PXؠǪHQLH
LQGLJQDQFH

PRL[
P\

NROOHJ
FROOHDJXHV

URVOR�
ZDV JURZLQJ

¶:KLOH WKH PDQDJHPHQW ZHUH HQIRUFLQJ FRQWURO� P\ FROOHDJXHV ZHUH VORZO\ ORVLQJ
WHPSHU·�

7KH LGLRP �QD QsP� EXGWR VYHW NOLQRP VRؠsOVMD ¶HYHU\RQH OLNHV �VRPHRQH� IRU VRPH
UHDVRQ· �OLWHUDOO\ ¶�VRPHRQH� LV LQ WKH VSRWOLJKW·� KDV ˞[HG WHPSRUDO�DVSHFWXDO PHDQLQJ
�7KH XVH RI WKH V· SDUWLFOH LQ 5XVVLDQ LV QRW OLPLWHG WR SDVVLYH FRQVWUXFWLRQV� ,W FDQ DOVR DFW DV D

UHˠH[LYH� SURGXFLQJ� IRU H[DPSOH� P\W·V·D ¶WR ZDVK RQHVHOI· IURP P\W· ¶WR ZDVK·� 7KDW LV ZK\ WKH ౣ଎ୀ௚
JORVV LV XVHG LQ H[DPSOH �����

�



�SDVW WHQVH DQG SHUIHFWLYH DVSHFW�� ZKLFK LV QRW FKDQJHDEOH� DV VKRZQ LQ H[DPSOH ���E��
7KLV LGLRP LV WKHUHIRUH QRW VHPDQWLFDOO\ FRPSRVLWLRQDO�

���� D� 1D
RQ
QsP
KLP

EXGWR
DV WKRXJK

VYHW
OLJKW

NOLQ�RP
ZHGJH�க௷౹

VRؠsOVMD�
JDWKHUHG

¶)RU VRPH UHDVRQ� HYHU\ERG\ WKLQNV KH LV VR VSHFLDO·�
E� �6YHW
OLJKW

VRMGsWVMD
ZLOO JDWKHU

NOLQ�RP
ZHGJH�க௷౹

QD
RQ
NRP XJRGQR�
ZKRHYHU

NWR
ZKR

SRQUDYLWVMD
ZLOO SOHDVH

.ROH�

.�
([SHFWHG� LGLRPDWLF� ¶$Q\ERG\ ZKR LV OLNHG E\ .RO\D ZLOO EH VR VSHFLDO �DFFRUGLQJ
WR HYHU\RQH HOVH�·�
/LWHUDO� ¶$Q\ERG\ .RO\D OLNHV ZLOO EH LQ WKH VSRWOLJKW·�

)RU WKH SXUSRVH RI RXU VWXG\ LW ZRXOG WKHUHIRUH EH VHQVLEOH WR VHOHFW LGLRPV WKDW DUH
PRUH FRPSRVLWLRQDO� WKDW LV� WKDW DUH VXEMHFW WR WHPSRUDO DQG DVSHFWXDO WUDQVIRUPDWLRQV
ZLWKRXW WKH ORVV RI WKH LGLRPDWLF UHDGLQJ�

����� 8�DUJXPHQW

0DQ\ 5XVVLDQ LGLRPV ZLWK D VXEMHFW KDYH D PDQGDWRU\ DUJXPHQW WKDW LV LQWURGXFHG
ZLWK WKH SUHSRVLWLRQ X DQG D JHQLWLYH 13� DV LQ H[DPSOH ���� EHORZ� 6KXVKXULQ ������
FDOOV WKLV DUJXPHQW D X�SRVVHVVRU� 7KLV DUJXPHQW GHQRWHV D XVXDOO\ DQLPDWH SDUWLFLSDQW�
ZKLFK DOVR YHU\ RIWHQ EHDUV WKH H[SHULHQFHU UROH�

���� 2Q
KH
LJUDHW
SOD\V

QD
RQ
VDNVRIRQH
VD[RSKRQH

XރH
DOUHDG\

ǪDV
KRXU

² X
E\
PHQMD
PH�୕଎௷

JRORYD
KHDG

UDVNDO\YDHWVMD�
LV EXUVWLQJ

¶+H·V EHHQ SOD\LQJ WKH VD[RSKRQH IRU DQ KRXU ² P\ KHDG·V DERXW WR EXUVW·�

, VXVSHFW WKDW WKH X�SRVVHVVRU FDQ LQWHUIHUH ZLWK WKH SKHQRPHQD DW KDQG� ,W KDV
VRPH SURSHUWLHV RI WKH V\QWDFWLF VXEMHFW� DQG VRPH UHVHDUFKHUV KDYH DUJXHG WKDW LW FDQ
RFFXS\ >6SHF� 73@ �%DLO\Q ����� /LYLW] ����� 6KXVKXULQ ������ , OHDYH WKLV LVVXH IRU
IXUWKHU LQYHVWLJDWLRQ� KRZHYHU� IRU WKH SUHVHQW VWXG\� LGLRPV ZLWK D X�SRVVHVVRU ZLOO EH
H[FOXGHG�

��� ([SHULPHQW GHVLJQ
, KDYH FRQGXFWHG DQ RQOLQH DFFHSWDELOLW\ MXGJHPHQW VWXG\ RQ 3&,EH[ )DUP �=HKU 	
6FKZDU] ������ 6RXUFH FRGH FRQWDLQLQJ WKH VWLPXOL DQG WKH UHVXOWV RI WKH H[SHULPHQW
FDQ EH IRXQG RQ *LW+XE �https://github.com/poisongrapevine/idioms�� (LJKW SDLUV
RI WHVW VHQWHQFHV IHDWXUHG LGLRPV ZLWK FRQWURO�UDLVLQJ�(&0 SUHGLFDWHV� WKHUH ZHUH DOVR
�� SDLUV RI JUDPPDWLFDO DQG XQJUDPPDWLFDO ˞OOHUV� (YHU\ SDUWLFLSDQW ZDV R˨HUHG ��
VHQWHQFHV WR UDWH RQ D VFDOH IURP � WR �� LQFOXGLQJ WZR WUDLQLQJ VHQWHQFHV �RQH JUDP�
PDWLFDO DQG RQH XQJUDPPDWLFDO�� 7KH WUDLQLQJ VHQWHQFHV LQWURGXFHG WKH SDUWLFLSDQWV
WR WKH VFDOH DQG ZHUH QRW LQFOXGHG LQ WKH VDPSOH� ([DPSOHV ����²���� UHSUHVHQW VRPH
RI WKH WHVW LWHPV�

���� 1DSUMDރHQQRH
WHQVH

PROǪDQLH
VLOHQFH

]DVWDYOMDOR
ZDV PDNLQJ

DWPRVIHUX
DWPRVSKHUH�ੰ૦૦

VJXؠǪDW·VMD
JHW GHQVH

VLO·QHH
PRUH

L
DQG
VLO·QHH�
PRUH

¶7KH KHDY\ VLOHQFH ZDV PDNLQJ SHRSOH LQ WKH URRP IHHO PRUH DQG PRUH XQHDV\·�
�/LWHUDOO\� ¶7KH KHDY\ VLOHQFH ZDV PDNLQJ WKH DWPRVSKHUH PRUH DQG PRUH GHQVH·�

�

https://github.com/poisongrapevine/idioms


� data['answer'] = data.groupby('ip')['answer'].transform(lambda x: (x - x.
mean()) / x.std())

)LJXUH �� 3\WKRQ FRGH IRU FRQYHUWLQJ WKH DQVZHUV WR ]�VFRUHV

���� ��� LVNUHQQLH
VLQFHUH

L]YLQHQLMD
DSRORJLHV

��� SRPRJOL
KHOSHG

JQHYX
DQJHU�ૹੰಊ

VPHQLW·VMD
EH VXSHUFHGHG

QD
RQ
PLORVW·�
PHUF\

¶6LQFHUH DSRORJLHV KDG PDGH KHU VWRS EHLQJ DQJU\·�
�/LWHUDOO\� ¶6LQFHUH DSRORJLHV KHOSHG WKH DQJHU EH VXSHUFHGHG E\ PHUF\·�

$ WRWDO RI �� SHRSOH SDUWLFLSDWHG LQ WKH H[SHULPHQW� RI ZKLFK IRXU KDG WR EH OHIW
RXW GXH WR XQUHOLDEOH MXGJHPHQWV� 7KH\ HLWKHU UDWHG JUDPPDWLFDO ˞OOHUV ORZHU WKDQ �
RU XQJUDPPDWLFDO ˞OOHUV KLJKHU WKDQ � �RQ DYHUDJH�� ZKLFK LQGLFDWHV WKDW WKHLU MXGJH�
PHQWV DERXW WKH WHVW LWHPV DUH QRW WR EH WUXVWHG� )RU GDWD DQDO\VLV DQG YLVXDOLVDWLRQ ,
DP XVLQJ WKH VNOHDUQ� PDWSORWOLE DQG VHDERUQ SDFNDJHV IRU 3\WKRQ�
$QVZHUV RQ WKH VFDOH IURP � WR � ZHUH FRQYHUWHG WR ]�VFRUHV ² WKH QXPEHU RI VWDQ�

GDUG GHYLDWLRQV IURP WKH PHDQ RI HDFK SDUWLFLSDQW·V VFRUHV �VHH FRGH VQLSSHW LQ )LJXUH
��� %\ GRLQJ WKLV ZH HQVXUH WKDW� HYHQ WKRXJK SHRSOH FDQ WUHDW WKH VFDOH GL˨HUHQWO\�
ZH LQWHUSUHW WKHLU DQVZHUV FRUUHFWO\ DQG FDQ UXQ FRPSDULVRQV RQ WKHP�

��� 5HVXOWV
2Q DYHUDJH� WHVW LWHPV ZHUH UDWHG IDLUO\ ZHOO �VHH )LJXUH ��� 0RVW RI WKH LWHPV KDYH
VFRUHG DERYH DYHUDJH�

)LJXUH �� $YHUDJH DFFHSWDELOLW\ VFRUHV IRU DOO WHVW LWHPV

�



&RPSDUHG WR ˞OOHU LWHPV� WHVW LWHPV VKRZ D GLVWULEXWLRQ VLPLODU WR WKDW RI WKH JUDP�
PDWLFDO ˞OOHUV DQG YHU\ GL˨HUHQW IURP WKDW RI WKH XQJUDPPDWLFDO ˞OOHUV� DV VKRZQ LQ
)LJXUH ��

)LJXUH �� 7HVW LWHPV FRPSDUHG

, KDYH FDUULHG RXW D W�WHVW WR FKHFN WKH K\SRWKHVLV WKDW WKHUH LV QR VWDWLVWLFDOO\ VLJQLI�
LFDQW GL˨HUHQFH LQ VFRUHV EHWZHHQ WHVW LWHPV DQG XQJUDPPDWLFDO ˞OOHUV� 7KH W�VWDWLVWLFV
DQG S�YDOXHV RI WHVW LWHPV ZLWK GL˨HUHQW SUHGLFDWH W\SHV DUH SUHVHQWHG LQ 7DEOH � EH�
ORZ� %RWK REMHFW FRQWURO DQG FRQWURO�(&0 DOWHUQDWLQJ YHUEV DUH IDU IURP VLPLODU WR
WKH XQJUDPPDWLFDO ˞OOHUV� WKH VWDWLVWLFV DUH KLJK DQG WKH S�YDOXHV DUH H[WUHPHO\ FORVH
WR ]HUR� VR WKH DERYH PHQWLRQHG K\SRWKHVLV FDQQRW EH DFFHSWHG ZLWK DQ\ FRQ˞GHQFH
LQWHUYDO�

REMHFW FRQWURO FRQWURO�(&0

W�VWDWLVWLF �������� �������
S�YDOXH ������ ������

7DEOH �� 7�VWDWLVWLFV DQG S�YDOXHV RI WHVW LWHPV ZLWK GL˨HUHQW SUHGLFDWH W\SHV FRPSDUHG
WR XQJUDPPDWLFDO ˞OOHUV�

7R HVWDEOLVK ZKHWKHU WKH GLVWULEXWLRQ RI DQVZHUV ZDV UDQGRP DQG ZKDW LW GHSHQGHG
RQ� WZR SDUDPHWHUV KDYH EHHQ FRQWUROOHG IRU�

L� &DVH� WKH FDVH RI WKH PDWUL[ SUHGLFDWH·V LQWHUQDO DUJXPHQW ² DFFXVDWLYH RU GDWLYH�
$FFXVDWLYH FDVH FRUUHVSRQGV WR SURSHU REMHFW FRQWURO DQG GDWLYH ² WR WKH SXWDWLYH
FRQWURO�(&0 DOWHUQDWLRQ �VHH 6HFWLRQ �����

LL� 9RLFH� ZKHWKHU WKH HPEHGGHG LGLRP LV SDVVLYLVHG RU QRW �VHH 6HFWLRQ �������

�



7KH GLVWULEXWLRQV RI DFFHSWDELOLW\ VFRUHV E\ 9RLFH DQG &DVH DUH UHSUHVHQWHG E\
ZKLVNHU SORWV LQ )LJXUH �� 7KH PDSSLQJ IURP FDWHJRULDO YDOXHV WR QXPHULFDO YDOXHV
RI &DVH DQG 9RLFH LV VKRZQ LQ 7DEOH �� $FWLYH YRLFH �YRLFH  �� SORW RQ WKH OHIW RI HDFK
SLFWXUH� UDLVHV WKH SRLQWV VOLJKWO\� ZKLOH &DVH GRHV QRW FKDQJH WKH GLVWULEXWLRQV PXFK�
VLQFH WKH WZR SDUWV RI WKH SLFWXUH �FDVH  � DQG FDVH  �� ORRN VLPLODU�

)LJXUH �� 7KH GLVWULEXWLRQV RI DFFHSWDELOLW\ VFRUHV E\ 9RLFH DQG &DVH

QXPHULFDO
YDOXH &DVH 9RLFH

� ੰ૦૦ ౎ੰ౹౹
� ૹੰಊ ੰ૦ಊ

7DEOH �� 0DSSLQJ IURP FDWHJRULDO IHDWXUHV WR QXPHULFDO YDOXHV

,Q WKH IROORZLQJ 6HFWLRQV �����²����� , ZLOO UHYLHZ WZR GL˨HUHQW DSSURDFKHV WR PRG�
HOOLQJ WKH UHVXOWV� OLQHDU UHJUHVVLRQ DQG FODVVL˞FDWLRQ� ,Q 6HFWLRQ ����� , SUHVHQW WKH
FRQFOXVLRQV GUDZQ IURP WKH HPSLULFDO GDWD�

����� /LQHDU UHJUHVVLRQ

,Q RUGHU WR DVVHVV WKH VLJQL˞FDQFH RI WKH LQSXW YDULDEOHV �L�H� &DVH� 9RLFH� IRU WKH
SUHGLFWHG UHVXOWV �DFFHSWDELOLW\ VFRUHV�� LW LV VHQVLEOH WR XVH OLQHDU UHJUHVVLRQ� ,W FDQ
˞QG OLQHDU GHSHQGHQFLHV EHWZHHQ WKH LQSXW DQG WKH UHVXOWV� DQG WKH ZHLJKW IRU D FHUWDLQ
SDUDPHWHU FDQ EH LQWHUSUHWHG DV D PHDVXUH RI LWV VLJQL˞FDQFH� ,I WKH &DVH SDUDPHWHU
UHFHLYHV D ZHLJKW FORVH WR ]HUR RU PXFK ORZHU WKDQ WKH RWKHU ZHLJKWV LQ WKH PRGHO �IRU
&DVH RU 7LPH�� +\SRWKHVLV LL �UHSHDWHG EHORZ� ZLOO EH GLVSURYHG� EHFDXVH SUHGLFDWH
W\SH ZLOO EH GHHPHG LQVLJQL˞FDQW IRU WKH DFFHSWDELOLW\ VFRUH�

���� +\SRWKHVLV LL� 3UHGLFDWHV ZLWK GDWLYH DUJXPHQWV DUH PRUH DFFHSWDEOH ZLWK LGLRPV LQ
WKHLU VXERUGLQDWH FODXVH�

$ OLQHDU UHJUHVVLRQ PRGHO ZDV FUHDWHG� ZKLFK WRRN &DVH� 9RLFH DQG UHVSRQVH WLPH
DV LQSXW YDULDEOHV DQG SUHGLFWHG WKH DFFHSWDELOLW\ VFRUH RI D VHQWHQFH ZLWK VDLG SDUDPH�
WHUV� 7KH FRGH IRU FUHDWLQJ DQG WUDLQLQJ WKH PRGHO LV SURYLGHG LQ )LJXUH �� 7KH ZHLJKWV
WKH PRGHO DVVLJQHG WR WKH YDULDEOHV DUH SUHVHQWHG LQ )LJXUH ��

��



� from sklearn.linear_model import LinearRegression
� from sklearn.model_selection import train_test_split
� from sklearn.metrics import mean_absolute_error
�

� # input and output variables
� X = data[['case', 'voice', 'time']]
� y = data['answer']
�

� # split the sample into the train and test parts
�� X_tr, X_te, y_tr, y_te = train_test_split(
�� X, y, test_size=0.33, random_state=11)
��

�� # train the model
�� model = LogisticRegression(random_state=0).fit(X_tr, y_tr)
��

�� # make predictions
�� preds_tr = model.predict(X_tr)
�� preds_te = model.predict(X_te)
��

�� # get mean absolute error for test items
�� print(mean_absolute_error(y_te, preds_te))
��

�� # get the model's weights
�� print(model.coef_)

)LJXUH �� 3\WKRQ FRGH IRU FUHDWLQJ DQG WUDLQLQJ D OLQHDU UHJUHVVLRQ PRGHO

)LJXUH �� :HLJKWV DVVLJQHG WR LQSXW YDULDEOHV E\ D OLQHDU UHJUHVVLRQ PRGHO

$V WKH ZHLJKWV LQ )LJXUH � VXJJHVW� WKH H˨HFW RI SUHGLFDWH W\SH �L�H� WKH &DVH YDUL�
DEOH� LV QHJOLJLEOH� (YHQ 9RLFH KDV D PXFK JUHDWHU LPSDFW RQ WKH DQVZHU� SDVVLYLVHG
LGLRPV DUH UDWHG ZRUVH WKDQ QRQ�SDVVLYLVHG RQHV� 7KLV LV QRW VXUSULVLQJ� JLYHQ WKH UH�
VXOWV RI 'ėEURZVND·V ������ VWXG\ RQ ODQJXDJH FRPSUHKHQVLRQ WKDW , PHQWLRQHG HDUOLHU�
2QH ZD\ RI IXUWKHU SURYLQJ WKH LQVLJQL˞FDQFH RI D SDUDPHWHU LV UHPRYLQJ LW IURP WKH

PRGHO DOWRJHWKHU DQG FKHFNLQJ WKH FKDQJHV LQ WKH SUHGLFWLRQ TXDOLW\� ,I WKH SDUDPHWHU

��



�D� 1R &DVH SDUDPHWHU �E� 1R 9RLFH SDUDPHWHU

)LJXUH �� :HLJKWV LQ OLQHDU UHJUHVVLRQ PRGHOV ZLWK UHPRYHG SDUDPHWHUV

LV LPSRUWDQW� LWV UHPRYDO ZRXOG KDUP WKH SUHGLFWLRQV� ,I ZH UHPRYH WKH &DVH SDUDPHWHU
IURP WKH LQSXW� WKH PHDQ DEVROXWH HUURU �0$(� RI WKH PRGHO LQFUHDVHV E\ DSSUR[LPDWHO\
���� �VHH 7DEOH ��� DQG WKH ZHLJKWV DUH DV VKRZQ LQ )LJXUH �D� ,I ZH UHPRYH WKH 9RLFH
SDUDPHWHU� RQ WKH RWKHU KDQG� WKH PRGHO HVVHQWLDOO\ GULYHV LWVHOI WR DEVXUGLW\� JLYLQJ
7LPH D JUHDWHU ZHLJKW WKDQ &DVH �VHH )LJXUH �E��
7KH FKDQJHV LQ 0$( DUH SUHVHQWHG LQ 7DEOH �� 7KH UHPRYDO RI 9RLFH IURP WKH PRGHO

D˨HFWV WKH HUURU E\ IDU PRUH WKDQ WKH UHPRYDO RI &DVH�

&DVH� 9RLFH�
7LPH 9RLFH� 7LPH &DVH� 7LPH

������ ������ ������

7DEOH �� 0$( RI GL˨HUHQW OLQHDU UHJUHVVLRQ PRGHOV

/LQHDU UHJUHVVLRQ LV D ˠDZHG PHWKRG LQ WKDW LW RYHUORRNV QRQ�OLQHDU GHSHQGHQFLHV�
+RZHYHU� ZH DUH GHDOLQJ ZLWK YHU\ IHZ LQSXW YDULDEOHV WKDW DUH DOVR ELQDU\ �� RU ��� VR
QRQ�OLQHDU GHSHQGHQFLHV DUH HTXLYDOHQW WR OLQHDU RQHV LQ RXU FDVH� 7KXV� WKH ELJ 0$(
LQGLFDWHV WKDW WKH LQSXW YDULDEOHV ZH KDYH FKRVHQ DUH QRW ˞W WR SUHGLFW WKH DQVZHU� EXW
ZH FDQ LQWHUSUHW WKH UHVXOWV DQ\ZD\�

����� /LQHDU69&

/LQHDU 6XSSRUW 9HFWRU &ODVVL˞FDWLRQ �/LQHDU69&� LV D FODVVL˞HU� PHDQLQJ WKDW WKH WDU�
JHW YDULDEOH LV D FHUWDLQ FODVV� $IWHU D /LQHDU69& PRGHO LV WUDLQHG� LW FDQ SODFH DQ
REMHFW ZLWK FHUWDLQ SURSHUWLHV RQ D K\SHUSODQH FRUUHVSRQGLQJ WR RQH RI WKH FODVVHV�
&RRUGLQDWHV RI WKH SODQH LQ D PXOWLGLPHQVLRQDO VSDFH FDQ EH LQWHUSUHWHG OLNH WKLV� LI D
FRRUGLQDWH LV FORVH WR ]HUR� WKHQ WKH SODQH LV SDUDOOHO WR WKH SDUDPHWHU·V D[LV DQG KHQFH
WKH SDUDPHWHU LV QRW VLJQL˞FDQW WR WKH FODVV�
)RU WKLV VWXG\ , GLYLGHG WKH REMHFWV LQWR WZR DFFHSWDELOLW\ FODVVHV� $FFHSWDEOH� ZKHUH

WKH VWDQGDUGLVHG DQVZHU LV JUHDWHU WKDQ ]HUR� DQG 8QDFFHSWDEOH� ZKHUH WKH VWDQGDUGLVHG
DQVZHU LV QHJDWLYH�
7KH LQSXW YDULDEOHV VWD\HG WKH VDPH DV IRU WKH OLQHDU UHJUHVVLRQ PRGHO� &DVH� 9RLFH

DQG 7LPH� 7KH RXWSXW RI /LQHDU69& LV D YHFWRU WKDW LV SHUSHQGLFXODU WR D K\SHUSODQH
WKDW VHSDUDWHV WKH DFFHSWDEOH LWHPV IURP WKH XQDFFHSWDEOH RQHV� $V VKRZQ LQ )LJXUH ��
WKH FODVVL˞HU FDQ SUHGLFW WKH LWHP·V FODVV ZLWK DQ DFFXUDF\ VFRUH RI ������� ZKLFK LV D

��



GHFHQW UHVXOW IRU VXFK D PHDJUH LQSXW� 7KH FRRUGLQDWHV RI 7LPH DQG &DVH LQ WKH YHFWRU
FRUUHVSRQGLQJ WR WKH SODQH DUH QH[W WR ]HUR �VHH 7DEOH ��� ZKHUHDV 9RLFH KDV UHFHLYHG
D PXFK ELJJHU RQH�

)LJXUH �� 7HVW LWHPV LQ D ��GLPHQVLRQDO VSDFH VHSDUDWHG E\ D SODQH FUHDWHG E\ /LQ�
HDU69&

7LPH &DVH 9RLFH

����� ����� ����

7DEOH �� &RRUGLQDWHV RI D YHFWRU FRUUHVSRQGLQJ WR WKH LWHP�VHSDUDWLQJ SODQH

7KH FRQFOXVLRQV ZH FDQ GUDZ IURP LPSOHPHQWLQJ D FODVVL˞HU LQVWHDG RI D UHJUHVVLRQ
PRGHO DUH WKH VDPH� WKH LQWHUSUHWDWLRQ RI /LQHDU69& FDQ IXUWKHU FRUURERUDWH WKH VWDWH�
PHQW WKDW &DVH �SUHGLFDWH W\SH� SOD\V D PLQRU UROH LQ GHWHUPLQLQJ WKH DQVZHU� 9RLFH
LV WKH PRVW �DQG WKH RQO\� VLJQL˞FDQW SDUDPHWHU DPRQJ WKH LQSXW YDULDEOHV�

����� &RQFOXVLRQV

0RGHOOLQJ ZLWK OLQHDU UHJUHVVLRQ DQG /LQHDU69& GLVSURYHV +\SRWKHVLV LL UHSHDWHG EH�
ORZ�

���� +\SRWKHVLV LL� 3UHGLFDWHV ZLWK GDWLYH DUJXPHQWV DUH PRUH DFFHSWDEOH ZLWK LGLRPV LQ
WKHLU VXERUGLQDWH FODXVH�

��



$V , KDYH VKRZQ� WKH &DVH SDUDPHWHU LV JLYHQ FRHˢFLHQWV H[WUHPHO\ FORVH WR ]HUR�
FRPSDUHG WR WKH FRHˢFLHQWV RI� VD\� 9RLFH� (YHQ 7LPH� ZKLFK UHFHLYHV QH[W�WR�]HUR
ZHLJKWV DV ZHOO� FDQ RXWZHLJK &DVH� LI WKH 9RLFH SDUDPHWHU LV UHPRYHG�
%DVHG RQ WKH H[SHULPHQW·V UHVXOWV� , FRQFOXGH�

L� ,GLRPV FDQ EH DFFHSWDEOH LQ FRQWURO HQYLURQPHQWV �RQ DYHUDJH� WHVW LWHPV DUH FORVHU
WR JUDPPDWLFDO ˞OOHUV LQ WKHLU DFFHSWDELOLW\ VFRUH��

LL� 3UHGLFDWH W\SH �FRQWURO RU WKH SXUSRUWHG FRQWURO�(&0 DOWHUQDWLRQ� KDV D QHJOLJLEOH
H˨HFW RQ DFFHSWDELOLW\� LQ IDFW� ZKHWKHU WKH LGLRP LV SDVVLYLVHG RU QRW PDNHV D
JUHDWHU FRQWULEXWLRQ WR WKH VFRUH�

LLL� 3DVVLYLVDWLRQ QHJDWLYHO\ LPSDFWV WKH DFFHSWDELOLW\ RI LGLRPV ZLWK FRQWURO SUHGL�
FDWHV�

� 'LVFXVVLRQ
, KDYH GHPRQVWUDWHG ZLWK P\ H[SHULPHQWDO GDWD WKDW FRQWURO HQYLURQPHQWV DUH LQGHHG
FRPSDWLEOH ZLWK LGLRPV� ,Q IDFW� ZKHWKHU D SUHGLFDWH H[KLELWV FRQWURO RU DOWHUQDWHV
EHWZHHQ FRQWURO DQG (&0 GRHV QRW PDWWHU� DFFHSWDELOLW\ VFRUHV DUH EDUHO\ D˨HFWHG�
7KLV FDUULHV VRPH LPSOLFDWLRQV IRU DQDO\VHV VXFK DV %XUXNLQD ������ � ZKLFK UHO\ RQ

WKH LGLRP WHVW� 6XSSRVH WKDW WKHUH DUH REMHFW FRQWURO YHUEV DQG FRQWURO�(&0�DOWHUQDWLQJ
YHUEV DIWHU %XUXNLQD ������ � 7KH LGLRP WHVW WKHQ ZRXOG QRW PDNH D GL˨HUHQFH� ERWK
SUHGLFDWH W\SHV� DV , KDYH VKRZQ ZLWK WKH H[SHULPHQWDO GDWD� FDQ EH DFFHSWDEOH ZLWK
LGLRPV� 7KHUH DUH WZR ZD\V RXW RI WKLV SUREOHP� 7KH ˞UVW RQH LV WR FRQFHGH WKDW� IRU
LQVWDQFH� ]DVWDYLW· ¶IRUFH· EHKDYHV MXVW OLNH YHUEV ZLWK GDWLYH DUJXPHQWV DQG SRVLW DQ
DGGLWLRQDO� (&0�OLNH� PHFKDQLVP RI DFFXVDWLYH FDVH DVVLJQPHQW� ZKLFK ZRXOG QRW EH
IRXQG DQ\ZKHUH HOVH LQ WKH JUDPPDU RI 5XVVLDQ� 7KH RWKHU RSWLRQ LV WR UHFRJQL]H WKDW
LGLRPV DUH DQ XQUHOLDEOH GLDJQRVWLF RI 13 SRVLWLRQ�
7KH SURSHUW\ RI FRQWURO SUHGLFDWHV WKDW DFWXDOO\ KDV DQ H˨HFW RQ WKH DFFHSWDELOLW\

RI LGLRPV LQ 5XVVLDQ LQ˞QLWLYHV LV ZKHWKHU LW LPSRVHV DQ\ VHPDQWLF UHVWULFWLRQV RQ LWV
DUJXPHQWV� )RU LQVWDQFH� Y\QXGLW· ¶IRUFH· UHTXLUHV LWV GLUHFW REMHFW WR EH DQLPDWH� VHH
H[DPSOH ���� EHORZ�
���� D� 
<D

,
Y\QXGLO
IRUFHG

GYHU·
GRRU�ੰ૦૦

SRGGDW·VMD�
\LHOG�౎ੰ౹౹

([SHFWHG� ¶, IRUFHG WKH GRRU WR RSHQ·�
E� <D
,
Y\QXGLO
IRUFHG

0DUND
0DUN�ੰ૦૦

SRGGDW·VMD
\LHOG�౎ੰ౹౹

¶, IRUFHG 0DUN WR JLYH LQ·�

,GLRPV GL˨HU� WRR� 7KH PRUH VHPDQWLFDOO\ FRPSRVLWLRQDO DQG WUDQVIRUPDEOH RQHV
FDQ DSSHDU LQ FRQWURO HQYLURQPHQWV� OLNH H[DPSOH ����� DQG WKH PRUH LPPXWDEOH RQHV
FDQ EH XQDFFHSWDEOH HYHQ ZLWK UDLVLQJ SUHGLFDWHV� OLNH LQ H[DPSOH ���� �EULGJH YHUEV
OLNH QDǪLQDW· ¶VWDUW· DUH UDLVLQJ SUHGLFDWHV LQ 5XVVLDQ� DFFRUGLQJ WR /HWXFKL\ 	 9LNORYD
������
���� 1DSUMDރHQQRH

WHQVH
PROǪDQLH
VLOHQFH

]DVWDYOMDOR
ZDV PDNLQJ

DWPRVIHUX
DWPRVSKHUH�ੰ૦૦

VJXؠǪDW·VMD
JHW GHQVH

VLO·QHH
PRUH

L
DQG
VLO·QHH�
PRUH

¶7KH KHDY\ VLOHQFH ZDV PDNLQJ SHRSOH LQ WKH URRP IHHO PRUH DQG PRUH XQHDV\·�
/LWHUDOO\� ¶7KH KHDY\ VLOHQFH ZDV PDNLQJ WKH DWPRVSKHUH PRUH DQG PRUH GHQVH·�

��



���� .RVD
VF\WKH

QDǪLQDOD
ZDV VWDUWLQJ

QD[RGLW·
WR PHHW

QD
RQ
NDPHQ·�
URFN

,GLRPDWLF UHDGLQJ �H[SHFWHG� QRW DYDLODEOH�� ¶3UREOHPV ZHUH VWDUWLQJ WR DSSHDU·�
/LWHUDOO\� ¶7KH VF\WKH ZDV VWDUWLQJ WR KLW D URFN·�

7KH PDWUL[ SUHGLFDWH LQ H[DPSOH ���� LV WKH SURSHU REMHFW FRQWURO YHUE ]DVWDYLW·
¶IRUFH·� DQG LW LV DFFHSWDEOH ZLWK DQ LGLRP SDUW LQ WKH PDWUL[ VXEMHFW SRVLWLRQ� ,Q H[DP�
SOH ����� KRZHYHU� WKH PDWUL[ YHUE LV QDǪLQDW· ¶WR EHJLQ· ² D UDLVLQJ SUHGLFDWH� DFFRUGLQJ
WR /HWXFKL\ 	 9LNORYD ����� 1HYHUWKHOHVV� WKH VHQWHQFH LV XQDFFHSWDEOH� WKH LGLRP SDUW
NRVD ¶VF\WKH· FDQQRW EH PRYHG ZLWKRXW ORVLQJ WKH LGLRPDWLF LQWHUSUHWDWLRQ� 7KLV LV EH�
FDXVH WKH LGLRP QDؠOD NRVD QD NDPHQ· ¶SUREOHPV VWDUWHG WR DSSHDU· LV QRW WUDQVIRUPDEOH�
)RU LQVWDQFH� FKDQJLQJ LWV WHQVH RU DVSHFW ZRXOG UHVXOW LQ XQDFFHSWDELOLW\ �VHH H[DPSOH
����

���� .RVD
VF\WKH

ǪDVWR
RIWHQ

QD[RGLOD
PHW

QD
RQ
NDPHQ·�
URFN

,GLRPDWLF UHDGLQJ �H[SHFWHG� QRW DYDLODEOH�� ¶3UREOHPV ZHUH RFFXULQJ RIWHQ·�
/LWHUDOO\� ¶7KH VF\WKH RIWHQ KLW D URFN·�

$OWKRXJK PDQ\ LGLRPV FDQQRW DSSHDU LQ FRQWURO HQYLURQPHQWV� WKHUH DUH DFFHSWDEOH
H[DPSOHV RI FRQWURO YHUEV ZLWK LGLRP SDUWV LQ WKH PDWUL[ VXEMHFW SRVLWLRQ� DV ZH KDYH
VHHQ� 7KH LQIHOLFLW\ RI VRPH LGLRPV ZLWK VRPH FRQWURO SUHGLFDWHV LV VHPDQWLF LQ QDWXUH�
QRW V\QWDFWLF� WKXV WKH LGLRP WHVW VKRXOG QRW EH WUXVWHG ZKHQ WU\LQJ WR GLVWLQJXLVK WZR
V\QWDFWLF VWUXFWXUHV� :LWK WKH ULJKW FKRLFH RI LGLRP DQG�RU SUHGLFDWH LW FDQ \LHOG DQ\
UHVXOW�
7KH H[SHULPHQW , KDYH FRQGXFWHG E\ QR PHDQV SURYLGHV H[KDXVWLYH GDWD RQ WKH

VXEMHFW� 0RUH SUHGLFDWHV� QDPHO\ UDLVLQJ DQG VXEMHFW FRQWURO YHUEV FDQ EH LQFOXGHG LQ
WKH VDPSOH� ,GLRPV ZLWK X�SRVVHVVRUV� ZKLFK , GLVFXVVHG LQ 6HFWLRQ ������ DUH \HW WR EH
H[SORUHG� )XWXUH UHVHDUFK RQ WKH YDOLGLW\ RI WKH LGLRP WHVW FDQ DOVR FRYHU ODQJXDJHV
RWKHU WKDQ 5XVVLDQ DQG (QJOLVK�

5HIHUHQFHV
$GJHU� 'DYLG 	 *LOOLDQ 5DPFKDQG� ����� 0HUJH DQG PRYH� :K�GHSHQGHQFLHV UHYLVLWHG�

/LQJXLVWLF ,QTXLU\ ������ ���²����
%DLO\Q� -RKQ )UHGHULFN� ����� *HQHUDOL]HG LQYHUVLRQ� 1DWXUDO /DQJXDJH 	 /LQJXLVWLF 7KH�

RU\ ������ �²���
%DUDQRY� $� 	 '� 'REURYROVN\� ����� $VSHNW\ WHRULL IUD]HRORJLL >$VSHFWV RI WKH WKHRU\ RI

SKUDVHRORJ\@� 0RVFRZ� =QDN�
%KDWW� 5DMHVK� ����� 7KH UDLVLQJ DQDO\VLV RI UHODWLYH FODXVHV� (YLGHQFH IURP DGMHFWLYDO
PRGL˞FDWLRQ� 1DWXUDO /DQJXDJH 6HPDQWLFV ������ ��²���

%UXHQLQJ� %HQMDPLQ� ����� ,GLRPV� DQDSKRUD� DQG PRYHPHQW GLDJQRVWLFV� 8QSXEOLVKHG
0V �� 8QLYHUVLW\ RI 'HODZDUH�

%XUXNLQD� ,ULQD� ����� 0DQGDWLYH YHUEV DQG GHRQWLF PRGDOV LQ 5XVVLDQ� %HWZHHQ REOLJ�
DWRU\ FRQWURO DQG RYHUW HPEHGGHG VXEMHFWV� *ORVVD �����

%XUXNLQD� ,ULQD� ����� 5XVVLDQ YHUEV SRPRǪ· ¶KHOS· DQG SRPHؠDW· ¶SUHYHQW·� FRPSOH[ SUHGL�
FDWH IRUPDWLRQ YV� HPEHGGLQJ D SURSRVLWLRQ� 0V� https://ling.auf.net/lingbuzz/
004469�

&KRPVN\� 1RDP� ����� $VSHFWV RI WKH WKHRU\ RI V\QWD[� &DPEULGJH� 0$� 0,7 3UHVV�

��

https://ling.auf.net/lingbuzz/004469
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&KRPVN\� 1RDP� ����� /HFWXUHV RQ JRYHUQPHQW DQG ELQGLQJ� ,Q 6WXGLHV LQ *HQHUDWLYH
*UDPPDU� YRO� �� %HUOLQ� 'H *UX\WHU 0RXWRQ�

&KRPVN\� 1RDP� ����� 7KH 0LQLPDOLVW 3URJUDP� &DPEULGJH� 0$� 0,7 3UHVV�
'ėEURZVND� (ZD� ����� 'L˨HUHQW VSHDNHUV� GL˨HUHQW JUDPPDUV� LQGLYLGXDO GL˨HUHQFHV
LQ QDWLYH ODQJXDJH DWWDLQPHQW� /LQJXLVWLF $SSURDFKHV WR %LOLQJXDOLVP ����� ���²����

'DYLHV� :LOOLDP ' 	 6WDQOH\ 'XELQVN\� ����� 7KH JUDPPDU RI UDLVLQJ DQG FRQWURO� $
FRXUVH LQ V\QWDFWLF DUJXPHQWDWLRQ� +RERNHQ� 1HZ -HUVH\� -RKQ :LOH\ 	 6RQV�

*ODVEH\� 6KHLOD� ����� /HW·V SDLQW WKH WRZQ UHG IRU D IHZ KRXUV� &RPSRVLWLRQ RI DVSHFW
LQ LGLRPV� ,Q 3URFHHGLQJV RI WKH $&/ ���� :RUNVKRS RQ WKH /H[LFRQ DQG )LJXUDWLYH
/DQJXDJH� ��²���

*ODVEH\� 6KHLOD� ����� $VSHFWXDO FRPSRVLWLRQ LQ LGLRPV� ,Q 5HFHQW DGYDQFHV LQ WKH V\QWD[
DQG VHPDQWLFV RI WHQVH� DVSHFW DQG PRGDOLW\� ��²��� %HUOLQ� 'H *UX\WHU 0RXWRQ�

.ZRQ� 1D\RXQJ� 0DULD 3ROLQVN\ 	 5REHUW .OXHQGHU� ����� 6XEMHFW SUHIHUHQFH LQ NR�
UHDQ� 3URFHHGLQJV RI WKH ��WK:HVW &RDVW &RQIHUHQFH RQ )RUPDO /LQJXLVWLFV �:&&)/�����
�²���

/HLYDGD� (YHOLQD� ����� 7KH SULPLWLYHV RI WKH OH[LFRQ� ,QVLJKWV IURP DVSHFW LQ LGLRPV�
*ORVVD �� https://doi.org/10.5334/gjgl.145�

/HWXFKL\� $� %� 	 $� 9� 9LNORYD� ����� 3RGµHP L VPHރQ\H MDYOHQLMD Y UXVVNRP MD]\NH
�SUHLPXؠǪHVWYHQQR QD PDWHULDOH SRYHGHQLMD PHVWRLPHQLM� >5DLVLQJ DQG VLPLODU SKH�
QRPHQD LQ 5XVVLDQ �PDLQO\ EDVHG RQ WKH EHKDYLRXU RI SURQRXQV�@� 9RSURV\ -D]\NR]�
QDQLMD �� ��²���

/LYLW]� ,QQD� ����� :KDW·V LQ D 1RPLQDWLYH" ,PSOLFDWLRQV RI 5XVVLDQ QRQ�1RPLQDWLYH 6XE�
MHFWV IRU D &URVVOLQJXLVWLF $SSURDFK WR 6XEMHFWKRRG� %$ ZLWK +RQRUV 7KHVLV� +DUYDUG
8QLYHUVLW\� &DPEULGJH� 0$�

0DUDQW]� $OHF� ����� 1R HVFDSH IURP V\QWD[� 'RQ·W WU\ PRUSKRORJLFDO DQDO\VLV LQ WKH
SULYDF\ RI \RXU RZQ OH[LFRQ� 8QLYHUVLW\ RI 3HQQV\OYDQLD :RUNLQJ 3DSHUV LQ /LQJXLVWLFV
����� ���

0F*LQQLV� 0DUWKD� ����� 2Q WKH V\VWHPDWLF DVSHFW RI LGLRPV� /LQJXLVWLF ,QTXLU\ ������
���²����

0LQRU� 6HUJH� ����� &RQWUROOLQJ WKH KLGGHQ UHVWULFWRU� D SX]]OH ZLWK FRQWURO LQ UXVVLDQ�
,Q 3URFHHGLQJV RI 1(/6� YRO� ��� https://doi.org/10.13140/2.1.4787.1361�

1.5-D� ���������� 1DFLRQDO·Q\M NRUSXV UXVVNRJR MD]\ND >1DWLRQDO FRUSXV RI WKH 5XVVLDQ
ODQJXDJH@� https://ruscorpora.ru�

1XQEHUJ� *HR˨UH\� ,YDQ $ 6DJ 	 7KRPDV :DVRZ� ����� ,GLRPV� /DQJXDJH ������ ���²
����

3ROLQVN\� 0DULD� ����� 5DLVLQJ DQG FRQWURO� ,Q 0DUFHO 'HQ 'LNNHQ �HG��� 7KH &DPEULGJH
+DQGERRN RI *HQHUDWLYH 6\QWD[� ���²���� &DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV�

3RVWDO� 3DXO 0� ����� 2Q UDLVLQJ� RQH UXOH RI (QJOLVK JUDPPDU DQG LWV WKHRUHWLFDO LP�
SOLFDWLRQV� )RXQGDWLRQV RI /DQJXDJH ������

3RVWDO� 3DXO 0� ����� 6NHSWLFDO OLQJXLVWLF HVVD\V� 2[IRUG�1HZ <RUN� 2[IRUG 8QLYHUVLW\
3UHVV�

5XZHW� 1LFRODV� ����� 2Q WKH XVH DQG DEXVH RI LGLRPV� &KLFDJR� ,/� 8QLYHUVLW\ RI &KLFDJR
3UHVV� ���²����

6DO]PDQQ� 0DUWLQ� ����� 5HVXPSWLYH SUROHSVLV� $ VWXG\ LQ LQGLUHFW $·�GHSHQGHQFLHV� /27
3XEOLFDWLRQV�

6KXVKXULQ� 3KLOLSS� ����� 1RXQV� 9HUEV DQG 3KL�)HDWXUHV� 1HZ <RUN 8QLYHUVLW\ GLVVHUWD�
WLRQ�

��
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9HUJQDXG� -HDQ�5RJHU� ����� )UHQFK UHODWLYH FODXVH� 0DVVDFKXVHWWV ,QVWLWXWH RI 7HFKQRO�
RJ\ GLVVHUWDWLRQ�

=HKU� - 	 ) 6FKZDU]� ����� 3HQQ&RQWUROOHU IRU ,QWHUQHW %DVHG ([SHULPHQWV �,%(;�� https:
//doi.org/10.17605/OSF.IO/MD832�

��
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