
Judsklfv Fdofxodwru Xvh lq wkh Sxeolf
H{dplqdwlrq ri Fdofxoxv= H{shulhqfh ri wkh

Iluvw \hdu

Xwh Pxhoohu
Vfkrro ri Hqjlqhhulqj dqg Pdwkhpdwlfv

Hglwk Frzdq Xqlyhuvlw|/ Shuwk/ Dxvwudold

x1pxhoohuCfrzdq1hgx1dx

Sdwulfld D1 Iruvwhu
Vflhqfh dqg Pdwkhpdwlfv Hgxfdwlrq Fhqwuh

Fxuwlq Xqlyhuvlw| ri Whfkqrorj|/ Shuwk/ Dxvwudold

iruvwhuCllqhw1qhw1dx

Devwudfw

Judsklfv fdofxodwruv zhuh doorzhg lq doo whuwldu| hqwudqfh pdwkh0

pdwlfv h{dplqdwlrqv lq Zhvwhuq Dxvwudold iru wkh �uvw wlph lq 4<<;1

Lq wklv sdshu zh suhvhqw dq dqdo|vlv ri judsklfv fdofxodwru xvh lq wkh

Fdofxoxv h{dplqdwlrq1 Lq sduwlfxodu/ zh glvfxvv plvfrqfhswlrqv dw0

wulexwdeoh wr wkh whfkqrorj| dqg plvxvhv ri lw dqg zh jlyh dq h{dpsoh

ri krz wkh pxowluhsuhvhqwdwlrq fdsdelolwlhv rq lw zhuh xvhg h�hfwlyho|

iru fkhfnlqj1 Wkhvh dvshfwv ri fdofxodwru xwlolvdwlrq zloo eh looxvwudwhg

yld irxu ri wkh txhvwlrqv rq wkh h{dplqdwlrq sdshu1

4 Lqwurgxfwlrq

Wkh xvh ri judsklfv fdofxodwruv lq wkh sxeolf h{dplqdwlrq ri pdwkhpdwlfv
vxemhfwv lv jdlqlqj dffhswdqfh lq ydulrxv vwdwhv ri Dxvwudold1 Lq Zhvwhuq
Dxvwudold judsklfv fdofxodwruv zhuh h{shfwhg wr eh xvhg e| doo vwxghqwv iru
wkh �uvw wlph lq wkh Whuwldu| Hqwudqfh H{dplqdwlrqv +WHH, ri 4<<;1 Lq
wklv sdshu zh frqvlghu h�hfwlyh dqg sureohpdwlf dvshfwv ri wkhlu xvh dqg
dvvrfldwhg plvfrqfhswlrqv dv hylghqfhg lq wkh h{dplqdwlrq vfulswv ri wkh
�uvw Fdofxoxv WHH zlwk judsklfv fdofxodwruv1
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5 Edfnjurxqg

Wkh lqfrusrudwlrq ri judsklfv fdofxodwruv lqwr wkh Zhvw Dxvwudoldq vhfrqgdu|
vfkrro pdwkhpdwlfv fxuulfxod zdv irupdol}hg lq 4<<8 wkurxjk wkh dqqrxqfh0
phqw e| wkh Vhfrqgdu| Hgxfdwlrq Dxwkrulw| wkdw wkh fdofxodwruv zrxog eh
uhtxluhg lq doo whuwldu| hqwudqfh h{dplqdwlrqv +WHH, iurp 4<<; rqzdugv1
Nh| frqvlghudwlrqv ohdglqj wr wklv ghflvlrq lqfoxghg wkh dgrswlrq ri judsklfv
fdofxodwruv e| whdfkhuv lq vrph vfkrrov iru wkh whdfklqj pdwkhpdwlfv iurp
wkh hduo| 4<<3v rq/ htxlw| lvvxhv uhjduglqj dffhvv wr wkh whfkqrorj| dqg
wkh dgyhqw ri vflhqwl�f fdofxodwruv zlwk suhsurjudpphg dgydqfhg ixqfwlrqv
^4`1Wkh �uvw olvw ri judsklfv fdofxodwruv wkdw zrxog eh doorzhg dsshduhg lq
4<<91 Wkh Zhvwhuq Dxvwudoldq jryhuqphqw dvvlvwhg lq wkh lqwurgxfwlrq e|
pdnlqj dydlodeoh ixqgv wr vfkrrov iru sxufkdvlqj fodvv vhwv ri wkhvh fdofxod0
wruv1 Wkh srolf| ghflvlrq zdv iroorzhg e| d shulrg ri h{whqvlyh surihvvlrqdo
ghyhorsphqw lqlwldwlyhv wr idflolwdwh whdfkhuv* dgrswlrq ri wkh qhz whfkqrorj|
dqg d judgxdo lqfrusrudwlrq ri wkh fdofxodwruv lqwr vfkrro h{dplqdwlrqv1

Lq Zhvwhuq Dxvwudold/ Fdofxoxv lv d \hdu 45 vhfrqgdu|0vfkrro vxemhfw wkdw
lv vwxglhg lq wkh vhfrqg |hdu ri d wzr0|hdu whuwldu| hqwudqfh surjudpph1 lw
fryhuv wkh iroorzlqj wrslfv= fdofxoxv ri wuljrqrphwulf ixqfwlrqv/ ixqfwlrqv dqg
olplwv/ wkhru| dqg whfkqltxhv ri wkh fdofxoxv/ dssolfdwlrqv/ yhfwru fdofxoxv dqg
frpsoh{ qxpehuv1 Prvw vwxghqwv zkr zhuh fdqglgdwhv lq wkh 4<<; Fdofxoxv
WHH zrxog kdyh hlwkhu rzqhg d judsklfv fdofxodwru/ ru kdg orqj0whup dffhvv
wr rqh wkurxjk vfkrro eruurzlqj vfkhphv iru wkh wzr |hduv ohdglqj xs wr
wkh h{dplqdwlrq1 Judsklfv fdofxodwruv zlwkrxw v|perolf surfhvvlqj dqg wkh
Khzohww Sdfndug KS6;J zlwk olplwhg v|perolf surfhvvlqj zhuh dssuryhg
^5`1 Lq frqwudvw/ fdofxodwruv zlwk qrq0v|perolf fdsdelolwlhv rqo| zhuh doorzhg
iru wkh Ylfwruldq Fhuwl�fdwh ri Hgxfdwlrq iru 4<<; ^6` dqg wkh srolf| iru wkh
vlplodu vwdqgdug XV Dgydqfhg Sodfhphqw +DS, Fdofxoxv h{dplqdwlrq ^7` zdv
wr vwdwh wkh plqlpxp ohyho ri fdsdelolwlhv dvvxphg lq vhwwlqj txhvwlrqv/ exw
wr doorz ixoo v|perolf fdsdelolwlhv1

D qrq0suhvfulswlyh dssurdfk zdv wdnhq iru wkh wkuhh krxu 4<<; Fdofxoxv
WHH zlwk uhjdug wr wkh zrunlqj uhtxluhg iru fdofxodwru0dvvlvwhg dqvzhuv1 Qr
h{solflw lqvwuxfwlrqv zhuh jlyhq wr xvh d judsklfv fdofxodwru lq dffrugdqfh
zlwk wkh v|oodexv jrdo wr �vhohfw dqg xvh dssursuldwh whfkqrorj|�1 Krzhyhu/
wkh h{dplqdwlrq sdshu frqwdlqhg surpswv vxfk dv �vkrz dqdo|wlfdoo|� wr
hqvxuh wkh xvh ri wudglwlrqdo phwkrgv iru wzr sduw txhvwlrqv dqg rqh txhvwlrq
frxog qrw eh vroyhg zlwkrxw xvlqj wkh whfkqrorj|1 Wkhuh zdv qr uhtxluhphqw
wr fohdu phprulhv ri wkh fdofxodwruv ehiruh wkh h{dplqdwlrq dqg vr vwruhg
surjudpv dqg wh{w frxog eh xvhg1 Wzr dssuryhg judsklfv fdofxodwruv dqg dq|
qxpehu ri vflhqwl�f fdofxodwruv zhuh doorzhg dqg/ ehfdxvh wkh wh{w vwrudjh
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fdsdflwlhv ri wkh ydulrxv eudqgv ri judsklfv fdofxodwruv gl�hu/ vwxghqwv zhuh
shuplwwhg irxu D7 sdjhv +wzr vkhhwv, ri qrwhv1

6 Gdwd Froohfwlrq

Ehiruh wkh h{dplqdwlrq zh vhohfwhg vl{ ri wkh qlqhwhhq txhvwlrqv lq wkh h{0
dplqdwlrq sdshu iru ghwdlohg dqdo|vlv1 Wkh wrslfv fryhuhg lq wkh txhvwlrqv
lqfoxghg frpsoh{ qxpehuv/ judsklqj/ ghwhuplqdwlrq ri olplwv/ lqwhjudwlrq
dqg vroxlwrqv ri htxdwlrqv1 Wkh| vdwlv�hg wkh fulwhuld *Judsklfv fdofxodwruv
duh h{shfwhg wr eh xvhg 1 1 1 Judsklfv fdofxodwruv duh h{shfwhg wr eh xvhg e|
vrph vwxghqwv exw qrw e| rwkhuv* ^8`1 Iru wkhvh txhvwlrqv h{dplqdwlrq pdun0
huv zhuh dvnhg e| wkh Fxuulfxoxp Frxqflo wr uhfrug wkh sduw pdunv dzdughg
iru dqvzhuv dqg wr flufoh wkh phwkrgv vwxghqwv xvhg iurp d olvw ri fkrlfhv1
V|vwhpdwlf vdpsolqj ri wkh vfulswv ri wkh �uvw wzr fdqglgdwhv olvwhg rq hdfk
qrupdo pdunv uhfruglqj vkhhw uhvxowhg lq d vdpsoh ri 737 +54(, rxw ri wkh
wrwdo 4;;5 vfulswv1

Txdolwdwlyh gdwd zhuh rewdlqhg iurp irxu vrxufhv1 Iluvwo|/ 4:5 +<(, ri wkh
4;;5 h{dplqdwlrq vfulswv zhuh shuxvhg wr dvfhuwdlq wkh ghwdlov ri vwxghqwv*
zrunlqj1 Wkhvh zhuh doo sdshuv lq vl{ exqgohv ri vfulswv dvvljqhg udqgrpo| wr
xv iru pdunlqj1 Vwxghqwv zhuh dvnhg/ dqg prvw frpsolhg zlwk wkh uhtxhvw/
wr zulwh wkh eudqg ri wkhlu fdofxodwru rq wkhlu vfulsw1 Doo frpprqo| xvhg
eudqgv ri fdofxodwruv doorzhg iru wkh h{dplqdwlrq zhuh uhsuhvhqwhg lq wklv
vhw ri vfulswv1 Vhfrqgo|/ wkuhh ihpdoh dqg wkuhh pdoh h{dplqdwlrq fdqglgdwhv
ri gl�hulqj delolwlhv zhuh lqwhuylhzhg lq wkh zhhn iroorzlqj wkh h{dplqdwlrq
zlwk d ylhz wr dvfhuwdlqlqj vwxghqwv* fdofxodwru xvh qrw dssduhqw lq zulwwhq
dqvzhuv1 Wklug/ wzr whdfkhuv ri Fdofxoxv lq 4<<; zhuh lqwhuylhzhg diwhu wkhlu
kdylqj zrunhg wkh h{dplqdwlrq sdshu1 Irxuwk/ wzr h{shulhqfhg h{dplqdwlrq
pdunhuv zhuh dvnhg derxw wkhlu shufhswlrqv ri wkh irup dqg dghtxdf| ri
vwxghqwv* vroxwlrqv1

7 Wkh Txhvwlrqv

Zh irfxv rxu glvfxvvlrq rq wkuhh txhvwlrqv ri wkh vl{ txhvwlrqv vhohfwhg iru
dqdo|vlv dqg rqh txhvwlrq wkdw ihoo lqwr wkh fdwhjru| �Judsklfv fdofxodwruv
duh qrw h{shfwhg wr eh xvhg1 ^8`� 1 Iru hdfk ri wkh �uvw wkuhh txhvwlrqv zh
rxwolqh wkh srvvleoh vroxwlrq vwudwhjlhv dqg jlyh dq ryhuylhz ryhu wkh dgrswlrq
ri wkhvh phwkrgv e| wkh vwxghqwv lq wkh vdpsoh1 Qrwh wkdw hyhq wkrxjk wkh
vdpsoh vl}h zdv 737/ wkh wrwdo qxpehu ri vwxghqwv iru zkrp d phwkrg zdv
uhfrughg lv xvxdoo| ohvv wkdq 7371 Wklv lv dwwulexwdeoh wr hlwkhu vwxghqwv qrw
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Wdeoh 4= Vroxwlrq vwudwhj| dgrswhg iru Txhvwlrq 4

Dojheudlf Gluhfw
Qr vwxghqwv fkrrvlqj wkh phwkrg 55: 46;
Qr vwxghqwv zlwk uhfrughg pdun 538 456
Qr vwxghqwv zlwk ixoo pdunv 438 99
Phdq pdun +wrwdo= 7, 51: 51;

kdylqj iroorzhg wkh vshfl�hg dssurdfk ru pdunhuv kdylqj ehhq xqdeoh wr
ghwhuplqh zklfk dssurdfk zdv xvhg1

Txhvwlrq 4 Ohw sE%� ' �

�ne
3%

iru �4 	 % 	41

+d, Ghwhuplqh wkh udqjh ri s�

+e, Vkrz dqdo|wlfdoo| wkdw s lv lqfuhdvlqj1

+f, Vnhwfk wkh judsk ri wkh lqyhuvh ri s / fohduo| lqglfdwlqj doo lqwhu0
fhswv dqg dv|pswrwhv1

Wkh �uvw wzr sduwv ri wklv txhvwlrq zhuh lqwhqghg wr vhw wkh vfhqh iru re0
wdlqlqj wkh judsk ri wkh lqyhuvh lq wkh odvw sduw dqg zloo qrw eh glvfxvvhg
lq zkdw iroorzv1 Wkhuh duh wkuhh phwkrgv iru rewdlqlqj wkh judsk ri wkh lq0
yhuvh1 Lq wkh �uvw phwkrg/ wkh Dojheudlf phwkrg +vhh Wdeoh 4,/ dq dojheudlf
h{suhvvlrq iru wkh lqyhuvh ixqfwlrq lv rewdlqhg �uvw dqg wkhq judskhg1 Wkh
vhfrqg phwkrg/ zklfk zh fdoo wkh Gluhfw phwkrg +vhh Wdeoh 4,/ lv wr judsk
s dqg wkhq wudqvfuleh wkh uh hfwlrq ri wkh judsk ri s lq wkh olqh + ' %1 Dv
d wklug dssurdfk wkh gh�qlwlrq ri wkh judsk ri wkh lqyhuvh ixqfwlrq dv wkh
vhw ri rughuhg sdluv iEsE%�c %� m �4 	 % 	4j lv xvhg wr rewdlq wkh judsk ri
wkh lqyhuvh ixqfwlrq1 Ri wkhvh srvvleoh dssurdfkhv/ rqo| wkh �uvw wzr fdq eh
hdvlo| glvwlqjxlvkhg lq wkh vfulswv dv wkh wklug lv exw d yduldwlrq ri wkh vhfrqg1
Wkh �uvw/ pruh wudglwlrqdo phwkrg zdv wkh rqh dgrswhg prvw iuhtxhqwo| e|
wkh vwxghqwv lq rxu vdpsoh +vhh Wdeoh 4,

Vwxghqwv prvw olnho| xvhg wkhlu judsklfv fdofxodwruv iru judsklqj lq erwk
phwkrgv1 Shuxvdo ri vfulswv vkrzhg wkdw vrph vwxghqwv zkr fkrvh wkh wud0
glwlrqdo phwkrg ri fdofxodwlqj wkh lqyhuvh ixqfwlrq idlohg wr uhfrjql}hg wkh
dv|pswrwhv dw % ' � dqg % ' f1 Wklv plvfrqfhswlrq lv dq duwlidfw ri wkh
vfuhhq uhvroxwlrq dqg uhvxowv iurp dq lqdssursuldwh fkrlfh ri vfdoh +vhh Iljxuh
4,1
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Iljxuh 4= Judsk ri s3�

Dqrwkhu sureohp h{klelwhg lq vwxghqwv* zulwwhq dqvzhuv wkdw lv dwwulexwdeoh
wr wkh fdofxodwru glvsod| +vhh Iljxuh 4, zdv qrw vkrzlqj wkh fxuydwxuh ri
wkh judsk/ ru vkrzlqj lw lqfruuhfwo|1 Wklv zdv xvxdoo| fdxvhg e| fkrrvlqj
wrr vpdoo d yhuwlfdo ylhzlqj lqwhuydo dqg fdq hdvlo| eh uhphglhg e| }rrplqj
rxw yhuwlfdoo|1 Krzhyhu/ fruuhfwo| ghgxflqj wkh dv|pswrwlf ehkdylru ri wkh
lqyhuvh ixqfwlrq uhtxluhv d wkrurxjk xqghuvwdqglqj ri wkh uhodwlrqvkls eh0
wzhhq wkh judsk ri wkh ixqfwlrq dqg wkh judsk ri wkh lqyhuvh1 Khuh/ uhshdwhg
}rrplqj lq qhdu wkh dv|pswrwhv fdq doorz lqvljkw lqwr wkh dv|pswrwlf ehkdy0
lru1 Wkh phdq pdun ri 51: rxw ri d srvvleoh 7 +vhh Wdeoh 4, lv h{sodlqhg e|
wkhvh huuruv dqg e| huuruv lq shuiruplqj wkh qhfhvvdu| dojheud1 Krzhyhu/ 438
+84(, rxw ri 538 vwxghqwv lq wkh vdpsoh +vhh Wdeoh 4, zkr fkrvh wr fdofxodwh
wkh lqyhuvh ixqfwlrq vfruhg ixoo pdunv/ dq lqglfdwlrq ri frpshwhqw fdofxodwru
xvdjh1 Huuruv zlwk wkh gluhfw phwkrg lqfoxghg wudglwlrqdo sureohpv ri vwx0
ghqwv plvsodflqj wkh dv|pswrwhv dqg lqyhuwlqj wkh fxuydwxuh rq sduwv ri wkh
uh hfwhg fxuyh1 Dowhuqdwlyhv dgrswhg e| wkh 6< +43(, rxw ri 737 vwxghqwv
+vhh Wdeoh 4, qrw uhfrughg dv xvlqj wkh phwkrgv ghvfulehg deryh lqfoxgh
judsklqj wkh uhflsurfdo ri s udwkhu wkdq lwv lqyhuvh1

Txhvwlrq 5 Ghwhuplqh wkh iroorzlqj olplwv vkrzlqj |rxu uhdvrqlqj1

+d, *�4
%<"

e
%ne

2e%

+e, *�4
%<3�

%
�n%

2nD

%
�n�

+f, *�4
|<f

|@?2E�|�

|

Iru doo wkuhh sduwv ri wklv txhvwlrq/ judsklfdo/ wdexodu ru v|perolf phwkrgv
zrxog kdyh ohg wr dffhswdeoh vroxwlrqv1 +vhh ^<`, Lq doo wkuhh fdvhv/ ohvv wkdq
43( ri doo vwxghqwv lq wkh vdpsoh rswhg iru d judsklfdo dssurdfk1 Pruh
wkdq 83( rswhg iru d v|perolf dssurdfk lq +d, dqg +f, zkloh wkh shufhqwdjhv
ri vwxghqwv xvlqj d wdexodu ru v|perolf dssurdfk iru sduw +e, zhuh doprvw
htxdo +vhh ^;`,1 Dqhfgrwdo hylghqfh vxjjhvwv wkdw wkh zrugv �vkrzlqj |rxu
uhdvrqlqj� surpswhg vwxghqwv wr xvh d v|perolf dssurdfk udwkhu wkdq wkh
rwkhu wzr phwkrgv1 Wkh phdq pdunv dfklhyhg iru doo olplwv iru judsklfdo
dqg wdexodu dssurdfkhv/ dqg wkh sursruwlrqv ri vwxghqwv kdylqj fkrvhq rqh
ri wkhvh dssurdfkhv dqg uhfhlylqj ixoo pdunv/ zhuh orzhu wkdq iru wudglwlrqdo
v|perolf dssurdfkhv iru wkh olplwv1 Zh zloo olplw rxu glvfxvvlrq wr Txhvwlrq
5+d,1 Wdeoh 5 vxppdul}hv wkh uhvxowv iru txhvwlrq 5+d,1

Iru wkrvh vwxghqwv zkr xvhg judsklfv fdofxodwruv wkh prvw frpprq sureohpv
od| lq wkh mxvwl�fdwlrq ri wkhlu dqvzhu1 Lq wkh fdvh zkhq d judsk zdv surylghg
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Wdeoh 5= Vroxwlrq vwudwhj| dgrswhg iru Txhvwlrq 5+d,

Judsklfdo Wdexodu V|perolf
Qr vwxghqwv fkrrvlqj wkh phwkrg 59 9: 5<3
Qr vwxghqwv zlwk uhfrughg pdun 57 93 598
Qr vwxghqwv zlwk ixoo pdunv < 43 499
Phdq pdun +wrwdo= 5, 415 31< 417

lq vxssruw ri wkh dqvzhu wkh krul}rqwdo dv|pswrwh dw + ' �D zdv iuhtxhqwo|
rplwwhg dqg lq wkh fdvh ri mxvwl�fdwlrq e| phdqv ri d wdeoh/ wkh qxpehu ri
ydoxhv vkrzq zdv iuhtxhqwo| wrr orz wr hvwdeolvk dq| wuhqg1 Vrph vwxghqwv
jdyh dq dqvzhu ri rqh iru wkh olplw lq +d,1 Wklv huuru lv fdxvhg e| wkh
olplwdwlrqv wr vwrulqj yhu| odujh ru yhu| vpdoo qxpehuv lq judsklfv fdofxodwruv
uhvxowlqj lq wkh judsklfdo dqg fdofxodwlrq h�hfwv looxvwudwhg lq Iljxuhv 5 dqg
6 iru wkh fdvh ri wkh Khzohww Sdfndug KS6;J1

Iljxuh 5= Judsk ri
e
%ne

2e%

Iljxuh 6= Wdeoh ri

ydoxhv

Txhvwlrq 6 D ixqfwlrq lv gh�qhg e| sE%� ' �� %

E%3��2
� Vnhwfk wkh judsk ri

s / lqglfdwlqj doo dv|pswrwhv dqg wkh fr0ruglqdwhv ri doo wxuqlqj srlqwv1

Wkh pdmrulw| ri vwxghqwv lq wkh vdpsoh dsshduhg wr xvh wkhlu judsklfv fdo0
fxodwruv e| surylglqj wkh judsk zlwkrxw zrunlqj1 Krzhyhu/ wkh phdq pdun
ri 61: dqg wkdw rqo| 99 +56(, rxw ri 5;< vwxghqwv surylglqj wkh judsk rqo|
vfruhg ixoo pdunv/ lqglfdwhv wkdw vwxghqwv hqfrxqwhuhg gl!fxowlhv lq lqwhu0
suhwlqj wkh fdofxodwru vfuhhq glvsod|1

Huuruv zhuh wkh lqfoxvlrq ri d wxuqlqj srlqw dw % ' �/ srvvleo| irxqg e| uxq0
qlqj wkh fxuvru dorqj wr wkh erwwrp ri wkh judsk rq wkh fdofxodwru vfuhhq>
idloxuh wr lghqwli| wkh wxuqlqj srlqw dw % ' ��> dqg iru wkh ohiw eudqfk ri wkh
judsk wr gurs ehorz wkh krul}rqwdo dv|pswrwh1 Lq idfw/ forvh wr kdoi wkh vwx0
ghqwv zkrvh vfulswv zhuh vljkwhg idlohg wr lqfoxgh wkh krul}rqwdo dv|pswrwh1
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Wdeoh 6= Vroxwlrq vwudwhj| dgrswhg iru Txhvwlrq 6

Judsklfdo V|perolf
Qr vwxghqwv fkrrvlqj wkh phwkrg 654 96
Qr vwxghqwv zlwk uhfrughg pdun 5;< 8<
Qr vwxghqwv zlwk ixoo pdunv 99 4;
Phdq pdun +wrwdo= 8, 61: 619

Krzhyhu/ frpsdulqj zlwk d phdq pdun ri 619 iru vwxghqwv vkrzlqj zrun0
lqj/ vwxghqwv zkr fkrvh wr surylgh wkh judsk rqo| glg qrw vfruh vljql�fdqwo|
gl�huhqwo| wkdq wkrvh zkr xvhg v|perolf zrunlqj1

Txhvwlrq 7 Frqvlghu wkh ixqfwlrq

sE%� ' �� m%mn
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+d, Uhzulwh s dv d slhfh0zlvh gh�qhg ixqfwlrq1

+e, Mxvwli| wkdw s lv frqwlqxrxv dw % ' f1

+f, Zulwh wkh ghulydwlyh ri s dv d slhfhzlvh ixqfwlrq dqg mxvwli| zkhwkhu
ru qrw s lv gl�huhqwldeoh dw % ' f�

Iru vrph txhvwlrqv lq wkh Fdofxoxv WHH wkh xvh ri d judsklfv fdofxodwru kdg
qrw ehhq dqwlflsdwhg1 Txhvwlrqv ri wklv jurxs zhuh wkrvh sulpdulo| frqfhuqhg
zlwk dvfhuwdlqlqj vwxghqwv * xqghuvwdqglqj ri surshuwlhv ri ixqfwlrqv1 Wkh
�uvw wzr sduwv ri txhvwlrq 4 idoo lqwr wklv fdwhjru| dv grhv wkh txhvwlrq 71

Zkloh wkh txhvwlrq frxog qrw eh dqvzhuhg e| vxsso|lqj d judsk/ judsklqj
wkh ixqfwlrq rq wkh fdofxodwru frxog srwhqwldoo| dvvlvw vwxghqwv lq ghwhuplqlqj
olplwv/ ixqfwlrq ydoxhv dqg ghulydwlyh ydoxhv iru +e, dqg +f,1 Wkh lqwhuylhzv
frqgxfwhg zlwk vwxghqwv diwhu wkh h{dplqdwlrq vkrzhg wkdw wkh judsklfv
fdofxodwru zdv xvhg dv d phdqv wr fkhfn dqvzhuv1 Wkh dssurdfk ri sorwwlqj
wkh judskv ri wkh ixqfwlrqv dsshdulqj lq wkh slhfhzlvh gh�qlwlrq +vhh Iljxuh
7, wrjhwkhu zlwk wkh judsk ri wkh ruljlqdo ixqfwlrq lv d yldeoh phwkrg iru
fkhfnlqj wkh dqvzhu iru sduw +d,1 Krzhyhu/ wkh judsklfdo glvsod| fdq eh
frqixvlqj li wkh grpdlqv ri wkh slhfhv duh qrw uhvwulfwhg1 Grpdlqv fdq eh
uhvwulfwhg e| vhwwlqj wkh krul}rqwdo udqjh ri wkh ylhzlqj zlqgrz dssursuldwho|
dqg pxowlso|lqj wkh ixqfwlrq dv vkrzq lq Iljxuh 71
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Iljxuh 7= Judsk ri s

Krzhyhu/ lqwhuylhzv zlwk vwxghqwv vkrzhg wkdw wkh judsk ri wkh ixqfwlrq
fdxvhg vrph vwxghqwv frqixvlrq dv wkh| frxog qrw uhfrqfloh wkh vkdsh ri wkh
ixqfwlrq zlwk wkh idfw wkdw lwv gh�qlwlrq lqyroyhg wkh devroxwh ydoxh ixqfwlrq1
Dq h{shfwdwlrq zdv wkdw wkh judsk vkrxog kdyh rqo| srvlwlyh ixqfwlrq ydoxhv
dqg fxvsv1 Rqh vwudwhj| lqglfdwhg lq vwxghqwv* vfulswv zdv wr frsh zlwk wkh
xqh{shfwhg qdwxuh ri wkh judsk e| dssur{lpdwlqj lw zlwk fxuyhv zlwk zklfk
wkh| zhuh idploldu/ iru h{dpsoh/ }E%� ' � � D%2� Wkh frh!flhqwv ri wklv
sduderod fdq eh rewdlqhg e| vroylqj wkh v|vwhp ri olqhdu htxdwlrqv

@� f�DKn f�2DS ' sE�f�D�

@ ' sEf�

@n f�DKn f�2DS ' sEf�D�

dqg vxevhtxhqw urxqglqj1 Vwxghqwv zkr wulhg wr xvh wklv dssurdfk kdg wr
�vwhs vlghzd|v� dqg hpsor| phwkrgv ohduqw lq dqrwkhu vxemhfw1 Wkh forvh
uhvhpeodqfh ri wkh judskv ri s dqg } +vhh Iljxuhv 8 dqg 9, lv hylghqw1 Lq
d sureohp0vroylqj vfhqdulr wklv dssurdfk ri uhsodflqj wkh jlyhq ixqfwlrq e|
dq dssur{lpdwlrq zlwk pruh idploldu ixqfwlrqv pd| kdyh vhuyhg d vwduwlqj
srlqw iru xqghuvwdqglqj wkh ixqfwlrq1

Iljxuh 8= Judsk ri s Iljxuh 9= Judsk ri }

Lqwhuylhzv ^43` dvfhuwdlqhg wkdw vwxghqwv zkr glg qrw xvh wkhlu fdofxodwruv dv
wkh sulpdu| vroxwlrq wrro lq vrph fdvhv xvhg wkhp dv d ghylfh iru fkhfnlqj
dqvzhuv1 Wklv fkhfnlqj lqyroyhg uhdglqj olplwlqj ixqfwlrq ydoxhv dqg sEf�
iurp wkh judsk wr hvwdeolvk frqwlqxlw|/ dqg uhdglqj olplwlqj ghulydwlyh ydoxhv
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iurp wkh judsk wr mxvwli| gl�huhqwldelolw|1 Vxfk judsklfdo fkhfnlqj ri v|p0
erolf vroxwlrqv lv d qrq0wulyldo vnloo/ dv lv wkh fr0ruglqdwlrq ri dq| gl�huhqw
irupv ri uhsuhvhqwdwlrq1

8 Glvfxvvlrq

Wkh irxu txhvwlrqv glvfxvvhg lq wklv sdshu kljkoljkw wkh pdlq gl!fxowlhv
vwxghqwv vhhphg wr hqfrxqwhu lq xvlqj wkhlu judsklfv fdofxodwruv lq wkh h{0
dplqdwlrq1 Wkh prvw frpprqo| hqfrxqwhuhg sureohpv zlwk wkh xvh ri wkh
whfkqrorj| uhodwh wr wkh wudqvfulswlrq ri judskv iurp wkh fdofxodwru vfuhhq
wr wkh h{dplqdwlrq vfulsw1 Wkh| lqfoxgh wkh idloxuh wr uhfrjql}h dqg frqvh0
txhqw rplvvlrq ri dv|pswrwhv/ wkh lqfoxvlrq ri qrq0h{lvwhqw wxuqlqj srlqwv/
dqg fkrlfh ri lqdssursuldwh vfdoh/ wkh odwwhu riwhq ohdglqj wr wkh ghslfwlrq
ri wkh judsk zlwkrxw vkrzlqj lwv fxuydwxuh dghtxdwho|1 Vlplodu revhuydwlrqv
zhuh uhsruwhg lq ^9` dqg ^:`1 Dqrwkhu duhd ri frqfhuq lv wkh odfn ri nqrzohgjh
derxw wkh qdwxuh ri pdfklqh fdsdflw| zlwk uhjdug wr vwrulqj dqg pdqlsxodw0
lqj odujh qxpehuv zklfk ohg wr d idoodflrxv frqfoxvlrq derxw lwv ydoxh lq wkh
fdvh ri rqh olplw1

Ryhudoo/ wkhuh dsshduhg wr eh dq xqghu0xwlol}dwlrq ri judsklfv fdofxodwruv
lq wkh h{dplqdwlrq1 Wkh fdofxodwruv zhuh xvhg iru wkrvh txhvwlrqv gluhfwo|
uhodwhg wr wkh judsklqj ri ixqfwlrqv/ dqg wkh qxphulf fdofxodwlrq ri lqwhjudov/
exw wkhuh zdv d vxusulvlqjo| orz xswdnh ri fdofxodwru edvhg dssurdfkhv wr
ghwhuplqlqj olplwv dqg vroylqj dojheudlf htxdwlrqv1 Hyhq wkrxjk v|oodexv
vwdwhphqwv uhodwlqj wr wkh wuhdwphqw ri olplwv fohduo| vwdwh wkdw wklv vkrxog
eh lqirupdo/ vwxghqwv rswhg iru v|perolf phwkrgv wr ghwhuplqh olplwv qrw
pdnlqj xvh ri wkh judsklfdo ru wdexodwlrq fdsdelolwlhv ri wkhlu fdofxodwruv wr
khos hvwdeolvk olplwv1

9 Frqfoxvlrqv

Wkh uhvxowv uhsruwhg deryh vxjjhvw duhdv ri gl!fxow| h{shulhqfhg e| vwxghqwv
wkdw zduudqw ehlqj wkh vxemhfw ri lqvwuxfwlrq1 Wkhvh duh pdlqo| frqfhuqhg
zlwk lqwhsuhwdwlrq ri wkh vfuhhq glvsod| ri judskv1 Krzhyhu/ wkh uhvxowv lqgl0
fdwh wkdw fkrrvlqj wr xvh judsklfv fdofxodwruv zdv qrw dvvrfldwhg zlwk kljkhu
+ru orzhu, pdunv wkdq wkrvh rewdlqhg yld pruh wudglwlrqdo phwkrgv1 Wkh
dssduhqw uhoxfwdqfh wr xvh wkh whfkqrorj| lq duhdv zkhuh wkhuh zrxog eh dq
dgydqwdjh wr gr vr/ iru h{dpsoh lq hydoxdwlqj olplwv/ lqglfdwhv wkdw wkhuh lv
xqfhuwdlqw| dv wr zkhq wr xvh wkh whfkqrorj|1 Wklv rxwfrph pd| fhdvh wr eh
d sureohp dv idploldulw| zlwk wkh fdofxodwruv lqfuhdvhv1
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