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4 Lqwurgxfwlrq

Ghvslwh frqwlqxlqj lqfuhdvhv lq wkh sursruwlrq ri wkh srsxodwlrq frpsohwlqj vhfrqgdu|

dqg whuwldu| hgxfdwlrq/ wkh hgxfdwlrqdo fkdqfhv ri lqglylgxdov uhpdlq khdylo| lq xhqfhg

e| wkhlu idplo| edfnjurxqg1 Lqghhg/ wkh ghflvlrq wr xqghuwdnh kljkhu hgxfdwlrq vhhpv

wr uho| qrw rqo| rq lqglylgxdo delolw| wr vwxg| exw dovr rq idplo| fkdudfwhulvwlfv/ vxfk

dv lqfrph dqg ohyho ri hgxfdwlrq1

Vhyhudo sdshuv kdyh dqdo|}hg wkh h�hfwv ri idplo| zhdowk lqhtxdolw| rq hgxfdwlrqdo

ghflvlrqv1 Lq Edukdp hw do1 +4<<8,/ iru lqvwdqfh/ �qdqflqj iru hgxfdwlrq lv rewdlqhg

iurp zlwklq wkh idplo| dqg wkh xqhtxdo glvwulexwlrq ri lqfrph uhvxowv lq xqhtxdo rs0

sruwxqlwlhv wr dftxluh kljkhu hgxfdwlrq1 Lq wkhlu prgho sduhqwv duh qrw dowuxlvwlf exw

kdyh d ehwwhu nqrzohgjh ri wkhlu fkloguhq*v delolwlhv wr vxffhhg lq hgxfdwlrq dqg/ iru

wklv uhdvrq/ duh zloolqj wr ohqg wkhp wkh ixqgv wkh| qhhg wr sxuvxh wkhlu vwxglhv1 Rwkhu

dxwkruv dvvxph wkdw sduhqwv duh dowuxlvwlf +Erumdv/ 4<<5> Wruyln/ 4<<6,1 Sduhqwv ohdyh

ehtxhvwv ru lqyhvw lq wkh hgxfdwlrq ri wkhlu fkloguhq ehfdxvh wkh| ghulyh d kljkhu xwlolw|

wkh kljkhu wkh zhoiduh ri wkhlu fkloguhq1 Wkh frqfoxvlrq lv vlplodu wr wkdw lq Edukdp hw

do1 +4<<8,= gl�huhqfhv lq lqfrph lpso| gl�huhqfhv lq rssruwxqlw|1

Krzhyhu/ zhdowk lv qrw wkh rqo| idplo| fkdudfwhulvwlf d�hfwlqj hgxfdwlrqdo ghflvlrqv1

Lq idfw/ wkh prvw vhulrxv revwdfohv wr dwwhqglqj xqlyhuvlw| lq pdq| frxqwulhv ghulyh iurp

fxowxudo edfnjurxqg ri wkh srwhqwldo vwxghqw +l1h1/ wkh ohyho ri hgxfdwlrq ri khu idplo|,1

Dffruglqj wr RHFG +5333,/ cdgxowv zlwk kljko| hgxfdwhg sduhqwv duh ehwzhhq wzr dqg

vl{ wlphv dv olnho| wr kdyh jdlqhg whuwldu| txdol�fdwlrqv wkdq wkrvh zlwk srruo|0hgxfdwhg

sduhqwv1 Iru |rxqjhu jhqhudwlrqv wklv udqjh kdv qduurzhg wr ehwzhhq wzr dqg wkuhh

wlphv lq prvw frxqwulhv/ exw lq frxqwulhv zkhuh gl�huhqfhv zhuh vpdoohvw/ wkh| kdyh

ehfrph odujhu*1

Lq wklv sdshu/ zh irfxv rq wkh h�hfwv ri gl�huhqfhv lq fxowxudo edfnjurxqg rq hg0

xfdwlrqdo ghflvlrqv1 Lq grlqj vr zh devwudfw iurp prqhwdu| eduulhuv wr hgxfdwlrq/ olnh

oltxlglw| frqvwudlqwv1 Wklv dssurdfk surylghv qhz lqvljkwv rq wkh g|qdplfv ri kx0

pdq fdslwdo lqyhvwphqw1 Zkhq wkh vrxufh ri wkh gl�huhqfh lq rssruwxqlw| lv zhdowk

lqhtxdolw|/ wd{dwlrq fdq vhuyh wkh grxeoh remhfwlyh ri htxdol}lqj lqfrph dqg rssruwx0

qlw|/ dowkrxjk dw vrph h!flhqf| frvw1 Zh euhdn wklv dpelydohqfh1 Lq dgglwlrq/ e|

frqvlghulqj fxowxudo edfnjurxqg dv dq lpsruwdqw ghwhuplqdqw ri fkloguhq*v hgxfdwlrqdo



dwwdlqphqw/ zh duh deoh wr lghqwli| dq lqwhujhqhudwlrqdo h{whuqdolw| wkdw d�hfwv wkh

ghvljq ri rswlpdo wd{hv1

Zh frqvlghu d g|qdplf iudphzrun1 Lqglylgxdov gl�hu erwk lq wkhlu delolw| wr ehq0

h�w iurp hgxfdwlrq dqg lq wkh hgxfdwlrq ri wkhlu sduhqwv +l1h1/ fxowxudo edfnjurxqg,1

Wkhvh wzr yduldeohv d�hfw wkh frvwv dqg/ wkxv/ wkh ghflvlrq wr xqghuwdnh hgxfdwlrq1

Surgxfwlylw|/ phdvxuhg e| wkh zdjh dq lqglylgxdo fdq hduq/ lv wkh uhvxow ri erwk irupdo

dqg krph hgxfdwlrq1 Dv d frqvhtxhqfh/ qrw rqo| gr hgxfdwhg lqglylgxdov hduq kljkhu

zdjhv exw dovr/ iru dq| jlyhq ohyho ri dwwdlqhg hgxfdwlrq/ fkloguhq ri hgxfdwhg sduhqwv

duh pruh surgxfwlyh1 Erzohv +4<:5, surylghv hpslulfdo hylghqfh rq wklv srlqw141

Lq rughu wr xqghuvwdqg wkh lvvxhv dw vwdnh/ zh fkdudfwhul}h wkh �uvw ehvw vroxwlrq1

Lq wklv ehqfkpdun vlwxdwlrq/ wkh jryhuqphqw fdq uhvruw wr qrq0frvwo| wudqvihuv dqg

dfklhyh dq| ohyho ri ghvluhg uhglvwulexwlrq1 Zh fdq wkhq devwudfw iurp uhglvwulexwlyh

lvvxhv dqg lghqwli| wkh ohyhov ri oderu vxsso| dqg hgxfdwlrq ghpdqg wkdw pd{lpl}h wkh

ryhudoo xwlolw|1 Zh �qg wkdw pruh fkloguhq ri hgxfdwhg sduhqwv/ iru zkrp hgxfdwlrq lv

ohvv frvwo|/ uhfhlyh kljkhu hgxfdwlrq1

Zh wkhq frpsduh wkh �uvw ehvw wr wkh odlvvh}0idluh vroxwlrq dqg vkrz wkdw/ gxh wr wkh

idfw wkdw fkloguhq ri hgxfdwhg sduhqwv duh pruh olnho| wr dwwdlq kljkhu hgxfdwlrq/ wkh

ghflvlrq wr vwxg| wrgd| kdv dq h{whuqdolw| h�hfw rq wkh hgxfdwlrq ri ixwxuh jhqhudwlrqv1

Idlolqj wr dffrxqw iru wklv lqwhujhqhudwlrqdo h{whuqdolw| ohdgv wr xqghulqyhvwphqw lq

kxpdq fdslwdo dw wkh odlvvh}0idluh1

Wkh jryhuqphqw fdq lqwhuqdol}h wklv lqwhujhqhudwlrqdo h{whuqdolw| e| phdqv ri d

vxevlg| iru hgxfdwlrq1 Krzhyhu/ wkh uhflslhqwv ri wkhvh vxevlglhv wxuq rxw wr eh wkh

lqglylgxdov zlwk kljkhu olihwlph hduqlqjv +vhh Kdpdgd +4<:7,/ Kduh dqg Xosk +4<:<,

dqg Fuhhg| +4<<8,/ dprqj rwkhuv,1 Lq rxu iudphzrun/ zh vkrz wkdw wkh vxevlg| iru

hgxfdwlrq lv d uhjuhvvlyh srolf|1

Zh dvvxph wkdw wkh jryhuqphqw ydoxhv lqfrph glvwulexwlrq dqg/ iru wklv uhdvrq/

xvhv dq lqfrph wd{ v|vwhp1 Iru vlpsolflw|/ zh fkrrvh d olqhdu lqfrph wd{1 Krzhyhu/

uhglvwulexwlrq lv frvwo|1 Lw qhjdwlyho| d�hfwv wkh hgxfdwlrqdo ghflvlrqv pdgh e| lqglylg0

xdov dqg/ khqfh/ wkh sursruwlrqv ri hgxfdwhg dqg xqhgxfdwhg sduhqwv lq wkh iroorzlqj

jhqhudwlrq1 Lw dovr dowhuv oderu vxsso| dqg/ wkhuhiruh/ suhvhqw dv zhoo dv ixwxuh wd{

4Zh wkdqn dq dqrq|prxv uhihuhh iru phqwlrqlqj wklv uhihuhqfh wr xv1
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uhyhqxhv1

Ilqdoo|/ zh vkrz wkdw wkh h�hfw ri �vfdo srolf| rq wkh glvwulexwlrq ri rssruwxqlw| lv

dpeljxrxv lq jhqhudo1 Krzhyhu/ wkh frqglwlrqv xqghu zklfk wkh hgxfdwlrqdo vxevlg| fdq

uhgxfh wkh lqhtxdolw| ri rssruwxqlw| duh frpsdwleoh zlwk lw ehlqj d uhjuhvvlyh srolf|1

Wkh dlp ri wklv sdshu lv wr lghqwli| wkh rswlpdo frpelqdwlrq ri lqfrph wd{hv dqg

vxevlglhv iru hgxfdwlrq wkdw eulqjv wrjhwkhu doo wkhvh frqvlghudwlrqv1 E| grlqj vr/ zh

duh deoh wr vkhg vrph oljkw rq wkh frpsoh{ uhodwlrq olqnlqj rswlpdo kxpdq fdslwdo

lqyhvwphqw zlwk wkh glvwulexwlrq ri lqfrph dqg rssruwxqlw|1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ zh ghvfuleh wkh prgho dqg zh

surylgh d fkdudfwhul}dwlrq ri wkh oderu vxsso| dqg hgxfdwlrqdo fkrlfhv ri lqglylgxdov1

Zh dovr dqdo|}h wkh g|qdplfv ri wkh prgho dqg frpsxwh wkh �uvw ehvw vroxwlrq1 Lq

vhfwlrq 6/ zh fkdudfwhul}h wkh ehkdylru ri wkh jryhuqphqw1 Iluvw/ zh vwxg| wkh h�hfwv

ri �vfdo srolf| rq lqglylgxdo ghflvlrqv1 Wkhq/ zh dqdo|}h wkh frqglwlrqv iru rswlpdolw|

ri wkh oderu lqfrph wd{ udwh dqg wkh vxevlg| iru hgxfdwlrq1 Zh gudz vrph frqfoxvlrqv

lq vhfwlrq 71

5 Wkh Prgho

514 Lqglylgxdo*v Oderu Vxsso| dqg Hgxfdwlrqdo Fkrlfh

Lq wklv vhfwlrq zh dqdo|}h wkh ehkdylru ri lqglylgxdov ehorqjlqj wr d jlyhq jhqhudwlrq1

Lqglylgxdov gl�hu erwk lq wkhlu delolw| wr ehqh�w iurp hgxfdwlrq dqg lq wkhlu idplo|

fxowxudo edfnjurxqg1 Delolw| wr ehqh�w iurp hgxfdwlrq/ ghqrwhg e| d> lv vwrfkdvwlfdoo|

ghwhuplqhg dw eluwk1 Iru vlpsolflw|/ zh frqvlghu wkdw d lv xqlirupo| glvwulexwhg ehwzhhq

3 dqg 41 Dq lqglylgxdo*v fxowxudo edfnjurxqg lv uhsuhvhqwhg e| wkh hgxfdwlrq ri klv

sduhqwv/ h3�1 Zh dvvxph wkdw wkh ohyho ri hgxfdwlrq fkrvhq e| dq lqglylgxdo/ h> fdq

wdnh rqh ri wzr ydoxhv= hlwkhu 3/ li wkh lqglylgxdo grhv qrw dwwhqg xqlyhuvlw|/ ru 4/ li vkh

grhv1 Wkurxjkrxw wkh sdshu/ ohw wkh vxelqgh{ dffrxqw iru wkh hgxfdwlrq ohyho ri wkh

sduhqwv/ h3�/ dqg wkh vxshulqgh{ iru wkh hgxfdwlrq ohyho ri wkh lqglylgxdo/ h1

Lqglylgxdov olyh iru rqh shulrg1 Iluvw/ wkh| ghflgh zkhwkhu ru qrw wr dftxluh kljkhu

hgxfdwlrq1 Vwxg|lqj hqwdlov d �qdqfldo frvw wkdw ghshqgv rq wkhlu delolw| wr ehqh�w

iurp hgxfdwlrq dqg rq wkh hgxfdwlrq ri wkhlu sduhqwv1 Zh dvvxph wklv frvw wr eh

�e3�
F +d, > zkhuh wkh sdudphwhu �e3�

uhsuhvhqwv wkh h�hfw ri wkh sduhqwv* hgxfdwlrq rq
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wkhlu fkloguhq*v hgxfdwlrqdo frvwv1 Zh srvlw �
f
A �

�
wr uh hfw wkh idfw wkdw hgxfdwlrq

lv pruh frvwo| iru fkloguhq ri xqhgxfdwhg sduhqwv1 F +=, lv d ghfuhdvlqj dqg frqyh{

ixqfwlrq ri delolw| +l1h1/ F
�

? 3> F
��

A 3,1 Wkh frvw ri hgxfdwlrq ghfuhdvhv zlwk delolw|

dw d ghfuhdvlqj udwh1

Surgxfwlylwlhv/ dqg wkxv zdjhv/ ghshqg rq hgxfdwlrq dqg edfnjurxqg1 Zh iroorz

Erzohv +4<:5, lq pdnlqj rxu dvvxpswlrqv derxw wkh zdjh vwuxfwxuh1 Vfkrrolqj kdv d

srvlwlyh h�hfw rq zdjhv/ vr wkdw hgxfdwhg lqglylgxdov hduq kljkhu zdjhv wkdq xqhgx0

fdwhg lqglylgxdov ri wkh vdph fxowxudo edfnjurxqg +z�

e3�
A zf

e3�
,1Exw dovr/ gxh wr wkh

h�hfw ri krph hgxfdwlrq ru lqkhulwhg kxpdq fdslwdo/ fkloguhq ri hgxfdwhg sduhqwv hduq

kljkhu zdjhv iru dq| jlyhq ohyho ri hgxfdwlrq dwwdlqhg +ze
�
A ze

f
,1

Diwhu wkh hgxfdwlrqdo fkrlfh kdv ehhq pdgh dqg zdjhv kdyh ehhq ghwhuplqhg/ lq0

glylgxdov ghflgh krz pxfk wr zrun1 Ohw k+o, eh wkh glvxwlolw| ri oderu phdvxuhg lq

xqlwv ri frqvxpswlrq dw hdfk shulrg/ zlwk o ehlqj wkh qxpehu ri krxuv vshqw dw zrun

hdfk shulrg1 Zh dvvxph wkdw wkh glvxwlolw| ri oderu lv lqfuhdvlqj dqg frqyh{ +l1h1/

k� A 3> k�� A 3,1 Wkh glvxwlolw| lqfuhdvhv zlwk oderu dw dq lqfuhdvlqj udwh1

Suhihuhqfhv iru frqvxpswlrq dqg ohlvxuh duh uhsuhvhqwhg e| d xwlolw| ixqfwlrq wkdw

lv olqhdu lq frqvxpswlrq1 Lqglylgxdo olihwlph xwlolwlhv duh wkxv jlyhq e|=

xfe3�
@ |fe3�

� k+ofe3�
, h3� @ 3> 4

x�e3�
@ |�e3�

� k+o�e3�
,� �e3�

F+d, h3� @ 3> 4
+4,

zkhuh | vwdqgv iru oderu lqfrph +l1h1/ |ee3�
@ ze

e3�
o ee3�

,1

Frqglwlrqdo rq h3�> lqglylgxdov fkrrvh wkh oderu vxsso| wkdw pd{lpl}hv wkhlu olih0

wlph xwlolw| +xee3�
,1 Dw wkh rswlpxp/ wkh| vxsso| wkh dprxqw ri oderu wkdw vdwlv�hv=

ze
e3�

@ k�
�
oee3�

�
+5,

Wkh ghflvlrq wr ehfrph hgxfdwhg ru qrw lv pdgh e| frpsdulqj olihwlph xwlolw| zlwk

dqg zlwkrxw hgxfdwlrq1 Iru hdfk w|sh h3�/ lw lv srvvleoh wr ghwhuplqh d wkuhvkrog ydoxh

ri delolw| deryh zklfk lqglylgxdov zloo dftxluh kljkhu hgxfdwlrq1 Zh ghqrwh e| ede3�

wkh delolw| ohyho iru zklfk lqglylgxdov ri w|sh h3� duh lqgl�huhqw ehwzhhq xqghuwdnlqj

kljkhu hgxfdwlrq ru qrw1 Iurp +4,=

�e3�
F+ede3�

, @
�
|�e3�

� k
�
o�e3�

��
�

�
|fe3�

� k
�
ofe3�

��
h3� @ 3> 4 +6,
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Dw wkh wkuhvkrog delolw| ohyho ede3�
/ wkh frvw ri hgxfdwlrq htxdov wkh jdlq lq whupv

ri qhw olihwlph hduqlqjv +l1h1/ oderu lqfrph qhw ri wkh glvxwlolw| ri oderu,= Fkloguhq ri

sduhqwv zlwk hgxfdwlrq h3� zkrvh delolw| lv odujhu wkdq ede3�
+l1h1/ hgxfdwlrq frvwv orzhu

wkdq �e3�
F+ede3�

,, zloo lqyhvw lq kljkhu hgxfdwlrq1 Lqglylgxdov ri delolw| de3�
? ede3�

zloo qrw1

Zh kdyh dvvxphg wkdw sxufkdvlqj hgxfdwlrq lv pruh frvwo| iru fkloguhq ri xqhgx0

fdwhg sduhqwv +vlqfh �
f
A �

�
,1 Xqiruwxqdwho|/ wklv lv qrw hqrxjk wr gulyh xqdpeljxrxv

frqfoxvlrqv1 Lqvwhdg/ zh qhhg wkdw wkh qhw ehqh�w ri hgxfdwlrq eh kljkhu iru fkloguhq ri

hgxfdwhg sduhqwv1 Iru wklv uhdvrq/ zh pdnh khqfhiruwk wkh sodxvleoh dvvxpswlrq wkdw

wkh zdjh ehqh�w ri lqyhvwlqj lq hgxfdwlrq lv dw ohdvw dv odujh iru fkloguhq ri hgxfdwhg

sduhqwv dv lw lv iru fkloguhq ri xqhgxfdwhg sduhqwv +l1h1/ z�

� � zf

� � z�

f � zf

f
,1 Wklv/

wrjhwkhu zlwk wkh rwkhu dvvxpswlrqv rq wkh zdjh vwuxfwxuh/ |lhogv=5

�
|�
�
� k

�
o�
�

��
�

�
|f
�
� k

�
of
�

��
�

�
|�
f
� k

�
o�
f

��
�

�
|f
f
� k

�
of
f

��
+7,

Htxdwlrq +7, wrjhwkhu zlwk htxdwlrq +6/ lpsolhv wkdw edf A ed� +l1h1/ wkh wkuhvkrog

delolw| ohyho lv kljkhu li sduhqwv duh xqhgxfdwhg,1 Ihzhu fkloguhq ri xqhgxfdwhg sdu0

hqwv dwwhqg xqlyhuvlw| dqg wkrvh zkr gr duh lq dyhudjh pruh deoh wkdq fkloguhq ri

hgxfdwhg sduhqwv dwwhqglqj xqlyhuvlw|1 Wklv uhvxow fdq eh vxppdul}hg lq wkh iroorzlqj

sursrvlwlrq1

Sursrvlwlrq 4 Li wkh zdjh ehqh�w ri lqyhvwlqj lq hgxfdwlrq lv dw ohdvw dv odujh iru

fkloguhq ri hgxfdwhg sduhqwv dv lw lv iru fkloguhq ri xqhgxfdwhg rqhv/ d kljkhu sursruwlrq

ri wkh iruphu zloo xqghuwdnh kljkhu hgxfdwlrq1

515 G|qdplfv ri wkh Prgho

Dw wkh hqg ri wkh shulrg hdfk lqglylgxdo jlyhv eluwk wr dqrwkhu dqg glhv1 Srsxodwlrq

lv wkxv frqvwdqw1 Jlyhq wkdw d lv xqlirupo| glvwulexwhg ehwzhhq 3 dqg 4/ edf dqg ed�
ghqrwh wkh suredelolwlhv ri uhpdlqlqj xqhgxfdwhg zkhq kdylqj dq xqidyrudeoh dqg

idyrudeoh idplo| edfnjurxqg/ uhvshfwlyho|1 Rxu dvvxpswlrqv doorz xv wr frqfoxgh wkdw/

dv uhsruwhg e| RHFG +4<<;, dqg glvfxvvhg lq wkh lqwurgxfwlrq/ fkloguhq ri hgxfdwhg

sduhqwv duh pruh olnho| wr jdlq whuwldu| hgxfdwlrq wkdq wkrvh ri qrq0hgxfdwhg rqhv1

5Wklv lv lqphgldwh iurp wkh idfw wkdw wkh ixqfwlrq �,3 �E,� lv lqfuhdvlqj dqg frqyh{ lq ��
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Wkh hyroxwlrq ryhu wlph ri wkh sursruwlrqv ri hgxfdwhg dqg xqhgxfdwhg shrsoh lq wklv

hfrqrp| fdq eh ghvfulehg e| d Pdunry fkdlq zlwk wkh iroorzlqj wudqvlwlrq pdwul{=

S @

# edf 4� edfed� 4� ed�
$

zkhuh +4� edf, lv wkh suredelolw| ri dwwhqglqj xqlyhuvlw| iru d fklog zkrvh sduhqwv kdyh

qrw dqg +4� ed�, lv wkh suredelolw| ri dwwhqglqj xqlyhuvlw| zkhq khu sduhqwv kdyh1

Ohw �f dqg �� ghqrwh/ uhvshfwlyho|/ wkh sursruwlrq ri xqhgxfdwhg dqg hgxfdwhg

shrsoh lq hdfk jhqhudwlrq1 Dw wkh vwhdg| vwdwh=

+�f> ��, @ +�f> ��, S +8,

Wkh sursruwlrq ri hgxfdwhg dqg xqhgxfdwhg shrsoh lq wkh hfrqrp| uhsolfdwhv lwvhoi

rqfh wkh vwhdg| vwdwh kdv ehhq uhdfkhg1 Zh fdq hdvlo| rewdlq wkh yhfwru ri olplwlqj ru

vwhdg| vwdwh suredelolwlhv e| vxevwlwxwlqj wkh pdwul{ S lqwr +8, dqg xvlqj wkh idfw wkdw

�f . �� @ 4=

�f @
ed�

4� edf . ed� +9,

�� @
4� edf

4� edf . ed� +:,

Dv h{shfwhg/ wkhuh lv d forvh uhodwlrqvkls ehwzhhq wkh sursruwlrq ri fkloguhq zlwk

hgxfdwhg ru xqhgxfdwhg sduhqwv wkdw xqghuwdnh kljkhu hgxfdwlrq dqg wkh sursruwlrq ri

hgxfdwhg lqglylgxdov lq wkh vwhdg| vwdwh1 Li ed� @ 3 +l1h1/ doo fkloguhq ri hgxfdwhg sduhqwv

dwwdlq kljkhu hgxfdwlrq,/ wkhq �f @ 3 dqg �� @ 4 +l1h1/ doo lqglylgxdov duh hgxfdwhg

dw wkh vwhdg| vwdwh,1 Li edf @ 4 +l1h1/ qr fklog ri xqhgxfdwhg sduhqw dwwdlqv kljkhu

hgxfdwlrq,/ wkhq �� @ 3 dqg �f @ 4 +l1h1/ qr lqglylgxdo lv hgxfdwhg dw wkh vwhdg| vwdwh,1

Li frvwv dvvrfldwhg wr hgxfdwlrq duh orz hqrxjk iru wkh kljkhvw delolw| lqglylgxdov dqg

kljk hqrxjk iru wkh orzhvw delolw| lqglylgxdov ri dq| edfnjurxqg/ wkh vwhdg| vwdwh zloo

eh fkdudfwhul}hg e| srvlwlyh sursruwlrqv ri erwk hgxfdwhg dqg xqhgxfdwhg lqglylgxdov1

Zh pdnh wklv dvvxpswlrq khqfhiruwk1

516 Wkh Iluvw Ehvw

Lq wklv vhfwlrq zh dvvxph wkdw wkh jryhuqphqw lv deoh wr dfklhyh/ wkurxjk qrq0frvwo|

wudqvihuv/ dq| ohyho ri ghvluhg uhglvwulexwlrq1 Zh fdq wkhq/ dw wklv vwdjh/ devwudfw iurp

9



uhglvwulexwlyh lvvxhv dqg lghqwli| wkh ohyhov ri oderu vxsso| dqg hgxfdwlrq ghpdqg wkdw

pd{lpl}h wkh ryhudoo xwlolw|1

Iru jlyhq ohyhov ri hgxfdwlrq lq wklv hfrqrp|/ wkh jryhuqphqw zrxog fkrrvh wkh

oderu vxsso| ohyhov wkdw pd{lpl}h=

�fHxf . ��Hx�

zkhuh=

Hxf @ edf xff . ]
�

e@f x�f gd +;,

Hx� @ ed� xf� . ]
�

e@� x�� gd +<,

vwdqg iru wkh h{shfwhg xwlolw| ri fkloguhq ri xqhgxfdwhg sduhqwv dqg hgxfdwhg sduhqwv/

uhvshfwlyho|1 Wkh frqglwlrq iru rswlpdolw| uhjduglqj oderu vxsso| lv=

ze
e3�

@ k�
�
oee3�

�
+43,

Wkh �uvw ehvw ohyhov ri oderu vxsso| frlqflgh zlwk wkh ohyhov wkdw lqglylgxdov zrxog

fkrrvh lq d ghfhqwudol}hg hfrqrp| zlwkrxw jryhuqphqw lqwhuyhqwlrq1

Wkh jryhuqphqw dovr ghwhuplqhv wkh rswlpdo wkuhvkrog delolw| ohyhov/ edf dqg ed�/ wkdw
pd{lpl}h h{shfwhg xwlolw|1 Wkh �uvw ehvw fxw0r� delolw| ohyhov zloo eh ghqrwhg e| ed8�

f

dqg ed8�
�

1 Diwhu vrph uhduudqjhphqwv/ wkh rswlpdolw| frqglwlrqv iru lqwhulru edf dqg ed�
duh/ uhvshfwlyho|=

Hxf �Hx�
4� edf . ed� . +|f

f � k
�
of
f

�
� +|�f � k

�
o�
f

�
, . �

f
F+edf,, @ 3 +44,

Hxf �Hx�
4� edf . ed� . +|f

� � k
�
of
�

�
� +|�� � k

�
o�
�

�
, . �

�
F+ed�,, @ 3 +45,

Vlqfh +|�
�
� k

�
o�
�

�
,� +|f

�
� k

�
of
�

�
, � +|�

f
� k

�
o�
f

�
,� +|f

f
� k

�
of
f

�
,> �

f
A �

�
dqg F +=,

lv ghfuhdvlqj/ lw iroorzv wkdw ed8�
f

A ed8�
�

1

Sursrvlwlrq 5 Dw wkh �uvw ehvw d kljkhu sursruwlrq ri fkloguhq ri hgxfdwhg sduhqwv

dwwdlq kljkhu hgxfdwlrq1

Wklv uhvxow kdv dq lqwxlwlyh h{sodqdwlrq1 Lq wklv lghdo vlwxdwlrq/ wkh jryhuqphqw

frqwurov doo wkh lqvwuxphqwv uhtxluhg wr dffrpsolvk dq| ohyho ri uhglvwulexwlrq/ lqfoxglqj

:



ixoo uhglvwulexwlrq1 E| plqlpl}lqj wkh frvwv dvvrfldwhg zlwk wkh lqyhvwphqw lq hgxfdwlrq

lw pdqdjhv wr jhqhudwh dqg uhglvwulexwh/ li ghvluhg/ pruh lqfrph1 Wklv lv wkh uhdvrq

zk| ihzhu fkloguhq ri xqhgxfdwhg wkdq ri hgxfdwhg sduhqwv hquroo lq kljkhu hgxfdwlrq=

hgxfdwlrq lv pruh frvwo| iru wkh iruphu iru d jlyhq delolw| ohyho1 Htxdolw| ri rssruwxqlw|

pd| eh gh�qhg/ lq wkh suhvhqw frqwh{w/ dv xqlyhuvlw| dwwhqgdqfh ehlqj lqghshqghqw ri

sduhqwdo hgxfdwlrq +l1h1/ edf @ ed�,1 Wkh �uvw ehvw lv wkhq fohduo| fkdudfwhul}hg e| wkh

suhvhqfh ri xqhtxdo rssruwxqlw|1 Krzhyhu/ wkh htxdol}dwlrq ri wkh wkuhvkrog delolw|

ydoxhv lv qrw dq h{solflw jrdo lq wkh remhfwlyh ixqfwlrq ri wkh sodqqhu1 Wkhuhiruh/ qrw

vxusulvlqjo|/ lw grhv qrw uhvxow1

Rq wkh rwkhu kdqg/ lw lv zruwk qrwlflqj wkdw wkh �uvw ehvw wkuhvkrog delolw| ydo0

xhv gr qrw frlqflgh zlwk wkrvh uhvxowlqj iurp wkh lqglylgxdo ghflvlrqv lq wkh devhqfh

ri jryhuqphqw lqwhuyhqwlrq/ ru odlvvh}0idluh1 Vlqfh/ dw wkh odlvvh}0idluh/ wkh h{shfwhg

olihwlph xwlolw| lv odujhu iru fkloguhq ri hgxfdwhg sduhqwv +Hx� A Hxf,/ lqglylgxdov

zkr pdnh wkhlu hgxfdwlrqdo fkrlfh lq wkh devhqfh ri jryhuqphqw lqwhuyhqwlrq hqg xs

frqvxplqj wrr olwwoh hgxfdwlrq1 Lq rwkhu zrugv/ lqglylgxdov xqghulqyhvw lq hgxfdwlrq1

Zkhq fxowxudo edfnjurxqg grhv qrw pdwwhu/ wkh �uvw ehvw wkuhvkrog delolw| ohyho dqg

wkh odlvvh}0idluh rqh frlqflgh1 Wkh xqghulqyhvwphqw lq hgxfdwlrq/ zkhq fxowxudo edfn0

jurxqg pdwwhuv/ lv gxh wr wkh idfw wkdw lqglylgxdov idlo wr wdnh lqwr dffrxqw wkh h�hfw

ri wkhlu hgxfdwlrqdo fkrlfh rq wkhlu fkloguhq*v zhoo0ehlqj1

Sursrvlwlrq 6 Erwk fkloguhq ri hgxfdwhg dqg xqhgxfdwhg sduhqwv xqghu0lqyhvw lq hg0

xfdwlrq dw wkh odlvvh}0idluh1

Dw wkh odlvvh}0idluh/ lqglylgxdov pd{lpl}h wkhlu lqglylgxdo xwlolw|/ qhjohfwlqj wkxv wkh

h�hfw ri wkhlu ghflvlrqv rq ixwxuh jhqhudwlrq*v h{shfwhg lqfrph1 Gxh wr wkh lqglylgxdov*

idloxuh wr dffrxqw iru wklv lqwhujhqhudwlrqdo h{whuqdolw|/ wkhuh lv d uroh iru sxeolf srolf|1

6 Wkh Jryhuqphqw Sureohp

Lq rughu wr lqwhuqdol}h wkh h{whuqdolw|/ wkh jryhuqphqw pd| xvh d oxps0vxp vxevlg| iru

hgxfdwlrq1 Lq wxuq/ wr uhglvwulexwh lqfrph/ wkh jryhuqphqw fdq xvh dq lqfrph wd{1 Iru

vlpsolflw|/ zh dvvxph wkh wd{ vfkhgxoh wr eh olqhdu16 Wkh olqhdu lqfrph wd{ v|vwhp lv

6Lw fdq eh dujxhg wkdw d olqhdu wd{ v|vwhp grhv qrw pdnh pxfk vhqvh zkhq zh kdyh glvfuhwh ydoxhv iru

oderxu lqfrph1 Lw zrxog wkhq eh htxlydohqw wr gl�huhqwldwhg oxps0vxp wd{hv1 Krzhyhu/ wkh dvvxpswlrqv

;



fkdudfwhul}hg e| d pdujlqdo wd{ udwh � dqg d ghprjudqwJ1 Zkloh wkh lqfrph wd{ dssolhv

wr doo lqglylgxdov/ wkh oxps0vxp vxevlg| V lv wdujhwhg wr lqglylgxdov zkr xqghuwdnh

kljkhu hgxfdwlrq1 Erwk oderu vxsso| dqg hgxfdwlrqdo fkrlfhv ri wkh lqglylgxdo zloo eh

d�hfwhg e| wkhvh srolf| yduldeohv1

Rqfh wd{hv dqg vxevlglhv duh lqwurgxfhg/ lqglylgxdo olihwlph xwlolwlhv ehfrph=7

yfe3�
@ +4� �, |fe3�

� k+ofe3�
, .J h3� @ 3> 4

y�e3�
@ +4� �, |�e3�

� k+o�e3�
,� �e3�

F+d, .J. V h3� @ 3> 4> d 5 +ade3�
> 4,

+46,

Wkh frqglwlrq wkdw ghwhuplqhv wkh rswlpdo ohyhov ri oderu vxsso| lv=

+4� �,ze
e3�

@ k�+oee3�
, ;z> o= +47,

zkhuhdv wkh rqh wkdw ghwhuplqhv wkh rswlpdo hgxfdwlrqdo fkrlfh/ jlyhq fxowxudo edfn0

jurxqg h3�/ lv=

�e3�
F+ede3�

, @ +4� �,+|�e3�
� |fe3�

,�
�
k
�
o�e3�

�
� k

�
ofe3�

��
. V +48,

Lw lv zruwk dqdo|}lqj wkh h�hfwv ri wd{hv dqg vxevlglhv rq wkhvh rswlpdo fkrlfhv1

614 Frpsdudwlyh Vwdwlfv

Wkh rqo| srolf| wrro wkdw d�hfwv wkh oderu vxsso| ghflvlrq lv wkh wd{ udwh/ vlqfh o @

o ++4� �,z,1 Wkh txdvl0olqhdulw| dvvxpswlrq lpsrvhg rq xwlolw| lpsolhv wkdw oderu

vxsso| lv qrw vxemhfw wr lqfrph h�hfwv dqg/ wkxv/ lv qrw d�hfwhg e| V ru J1 Jlyhq wkh

fkdudfwhulvwlfv ri wkh glvxwlolw| ri oderu ixqfwlrq/ k +=,/ lw fdq eh hdvlo| vkrzq wkdw dq

lqfuhdvh lq wkh wd{ udwh lqgxfhv d ghfuhdvh lq oderu vxsso|1

Wkh hgxfdwlrqdo fkrlfh ghshqgv rq wkh wd{ udwh dqg wkh oxps0vxp vxevlg| iru

hgxfdwlrq1 E| fkhfnlqj wkh h�hfw ri wkhvh sdudphwhuv rq wkh wkuhvkrog delolw| ydoxhv/

zh duh deoh wr ghwhuplqh wkh lqgxfhg h�hfw rq wkh qxpehu ri vwxghqwv ri hdfk jurxs/

dqg rq wkh frpsrvlwlrq ri wkh srsxodwlrq dw wkh vwhdg| vwdwh1 Gl�huhqwldwlrq ri +48,

|lhogv=

gede3�

g�
@

|fe3�
� |�e3�

�e3�
F �+ede3�

,
A 3 +49,

gede3�

gV
@

4

�e3�
F �+ede3�

,
? 3 +4:,

derxw wkh zdjh vwuxfwxuh uxoh rxw wklv srvvlelolw|1
7Zh hpsor| � rqfh wd{hv dqg vxevlglhv duh lqwurgxfhg/ wr gl�huhqfldwh lw iurp �/ xvhg ehiruh1
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D pdujlqdo lqfuhdvh lq wkh wd{ udwh lqyroyhv d glvlqfhqwlyh wr xqghuwdnh hgxfdwlrq1

Lqglylgxdov zkr ehfrph hgxfdwhg zloo sd| kljkhu wd{hv1 Rq wkh frqwudu|/ wkh oxps0vxp

vxevlg| iru hgxfdwlrq surylghv lqfhqwlyhv wr vwxg|1 Wkhuh h{lvwv d uhodwlrqvkls ehwzhhq

wkh h�hfwv ri wd{hv dqg vxevlglhv rq wkh wkuhvkrog delolw| ohyhov=

gede3�

g�
@ +|fe3�

� |�e3�
,
gede3�

gV

Wkh whup ri sursruwlrqdolw| lq wkh suhylrxv h{suhvvlrq/ +|�e3�
� |fe3�

, +l1h1/ wkh od0

eru lqfrph gl�huhqfh gxh wr hgxfdwlrq,/ ghwhuplqhv wkh txdqwlw| e| zklfk wkh vxevlg|

vkrxog eh lqfuhdvhg/ zkhq wkh wd{ ulvhv/ lq rughu wr nhhs ede3�
frqvwdqw1 Lw lv zruwk

qrwlflqj wkdw/ vlqfh wkh gl�huhqfhv lq hduqlqjv lqgxfhg e| hgxfdwlrq gl�hu dfurvv edfn0

jurxqgv/ wkh uxoh ri sursruwlrqdolw| gl�huv e| w|shv h3�1 Wkhuhiruh/ dq lqfuhdvh lq wkh

vxevlg| lq uhvsrqvh wr dq lqfuhdvh lq wkh wd{ wkdw vhhnv wr ohdyh edf xqfkdqjhg zloo qrw

eh hqrxjk wr ohdyh ed� xqd�hfwhg1 ed� zloo lqfuhdvh lq uhvsrqvh wr wkh wd{ +l1h1/ ihzhu

fkloguhq ri hgxfdwhg sduhqwv ehfrph hgxfdwhg,1 Lq rughu wr frpshqvdwh lqglylgxdov

zkr jdlq pruh iurp hgxfdwlrq iru dq lqfuhdvh lq wkh wd{ udwh zh zrxog qhhg wr jlyh

wkhp kljkhu vxevlglhv1

Pruh jhqhudoo|/ lw zrxog eh lqwhuhvwlqj wr ghwhuplqh krz sxeolf srolf| d�hfwv wkh

jds ehwzhhq edf dqg ed�1 Li zh kdg edf @ ed�> lqglylgxdov zrxog kdyh wkh vdph suredelolw|
ri ehfrplqj hgxfdwhg lqghshqghqwo| ri wkhlu fxowxudo edfnjurxqg1 Wkh juhdwhu wkh

gl�huhqfh +edf � ed�,/ wkh juhdwhu wkh lqhtxdolw| ri rssruwxqlw|1 Lw fdq eh vkrzq wkdw=
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Vlqfh wkh gl�huhqfh lq oderu lqfrph zlwk dqg zlwkrxw kljkhu hgxfdwlrq/ qhw ri wkh

glvxwlolw| ri oderu/ lv kljkhu iru fkloguhq ri hgxfdwhg sduhqwv/ wkh uljkw kdqg vlgh ri wkh

vhfrqg lqhtxdolw| lv vpdoohu wkdq rqh1 Lwv ohiw kdqg vlgh lv odujhu wkdq rqh li F � +=, @F +=,

lv odujhu dw ed� wkdq lw lv dw edf1 Lq wklv fdvh/ wkh jds lv uhgxfhg e| wkh pdujlqdo lqfuhdvh

lq wkh vxevlg| iru hgxfdwlrq1

Sursrvlwlrq 7 Li F� +=, @F +=, lv qrq0lqfuhdvlqj lq delolw|/ d pdujlqdo lqfuhdvh lq wkh

vxevlg| iru hgxfdwlrq +�qdqfhg e| d pdujlqdo uhgxfwlrq lq J, uhgxfhv wkh lqhtxdolw| ri

rssruwxqlw|1
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Wkh hgxfdwlrqdo fkrlfh ghshqgv rq wkh hgxfdwlrqdo frvwv/ zklfk duh d�hfwhg erwk e|

wkh hgxfdwlrq ri wkh sduhqwv dqg wkh delolw| wr ehqh�w iurp hgxfdwlrq1 Li F � +=, @F +=,

lv odujhu dw ed�/ fkloguhq ri hgxfdwhg sduhqwv uhdfw ohvv wr wkh vxevlg| wkdq fkloguhq

ri xqhgxfdwhg sduhqwv1 Frqvhtxhqwo|/ wkh wkuhvkrog delolw| ohyhov frph forvhu wr hdfk

rwkhu +l1h1/ rssruwxqlwlhv htxdol}h,1

Hyhq xqghu wklv odvw dvvxpswlrq/ wkh h�hfw ri wkh wd{ udwh rq htxdolw| ri rssruwxqlw|

lv dpeljxrxv1 Wkh uhodwlrqvkls ehwzhhq wkh h�hfwv ri wd{hv dqg vxevlglhv rq wkh jds lv

jlyhq e|=
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Zkhq wkh jds lv uhgxfhg e| wkh vxevlg| lqfuhdvh/ lw whqgv wr eh lqfuhdvhg e| wkh

wd{ lqfuhdvh1 Krzhyhu/ li wkh gl�huhqfh lq wkh ehqh�w iurp hgxfdwlrq ehwzhhq hgxfdwhg

fkloguhq ri hgxfdwhg dqg xqhgxfdwhg sduhqwv lv kljk hqrxjk/ lw pd| eh wkdw wkh frp0

elqhg lqfuhdvhv lq wd{hv dqg vxevlglhv whqg wr uhgxfh wkh jds +l1h1/ uhgxfh wkh lqhtxdolw|

ri rssruwxqlw|,1 Wklv lv gxh wr wkh idfw wkdw vxevlg| lqfuhdvhv frpshqvdwh fkloguhq ri

xqhgxfdwhg sduhqwv pruh wkdq wkrvh ri xqhgxfdwhg rqhv iru wkh ulvh lq wkh wd{1 Khqfh/

fkloguhq ri hgxfdwhg sduhqwv duh uhodwlyho| pruh glvwruwhg e| wkh wd{1

615 Rswlpdo Wd{hv dqg Vxevlglhv

Wkh remhfwlyh ri wkh jryhuqphqw lv wr pd{lpl}h vrph dgglwlyh dqg dqrq|prxv Ehujvrq0

Vdpxhovrq vrfldo zhoiduh ixqfwlrq1 Zh dvvxph wkdw wkh jryhuqphqw dssolhv d frqfdyh

wudqvirupdwlrq X +=, wr lqglylgxdo xwlolwlhv y1 Wkh kljkhu wkh jryhuqphqw*v dyhuvlrq wr

lqhtxdolw|/ wkh pruh frqfdyh X+=, zloo eh1 X+yee3�
, lv khqfh wkh vrfldo ydoxdwlrq ri wklv

lqglylgxdo*v xwlolw|1 Wkh jryhuqphqw*v sureohp lv=

pd{
� cCc7

�f
�edfX+yff, . U

�e@f X+y�f,gd�. ��
�ed�X+yf�, . U

�e@� X+y��,gd�
v1w1 �

�
�fedf|ff . ��ed�|f� . �f+4� edf,|�f . ��+4� ed�,|��� @ J. ��V

+4;,

Wkh h{suhvvlrq zlwklq eudfnhwv lq wkh exgjhw frqvwudlqw uhsuhvhqwv wkh wd{ edvh1

Zh zloo ghqrwh lw e| E1 Lq dgglwlrq/ zh ghqrwh wkh h{shfwhg vrfldo olihwlph xwlolw| ri d

fklog zlwk xqhgxfdwhg dqg hgxfdwhg sduhqwv/ uhvshfwlyho|/ e|=

HX+yf, @ edfX+yff, . ]
�

e@f X+y�f,gd +4<,

HX+y�, @ ed�X+yf�, . ]
�

e@� X+y��,gd +53,
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Wkh uhvxowlqj Odjudqjldq lv=

O @ �fHX+yf, . ��HX+y�, . � +�E �J� ��V,

zkhuh � lv wkh Odjudqjh pxowlsolhu dvvrfldwhg zlwk wkh jryhuqphqw*v exgjhw frqvwudlqw1

61514 Rswlpdo lqfrph wd{ udwh

Iroorzlqj wkh wudglwlrq ri wkh rswlpdo olqhdu wd{dwlrq olwhudwxuh/ zh pdqlsxodwh wkh �uvw

rughu frqglwlrqv ri sureohp +4;, zlwk uhvshfw wr J dqg � +vhh Dsshqgl{ iru ghwdlov, dqg

rewdlq wkh htxdwlrq �ã od Vkhvklqvn|�=

� W @

C�f
C�

+HX+y�,�HX+yf,,
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+54,

Wklv htxdwlrq surylghv dq lpsolflw vroxwlrq iru wkh rswlpdo wd{ udwh dv d ixqfwlrq ri

wkh vxevlg|1 Lw grhv qrw jlyh dq h{solflw ydoxh iru wkh wd{ udwh/ dv � d�hfwv dv zhoo wkh

uljkw kdqg vlgh ri wkh h{suhvvlrq1 Krzhyhu/ lw doorzv wr lvrodwh wkh pdlq idfwruv wkdw

xqghuolh wkh vljq dqg pdjqlwxgh ri wkh wd{ udwh1

Wkh ghqrplqdwru ri +54, uhsuhvhqwv wkh h!flhqf| whup1 Lw dffrxqwv iru wkh glvlq0

fhqwlyh h�hfwv ri lqfrph wd{dwlrq rq erwk oderu vxsso| dqg hgxfdwlrq1 Erwk h�hfwv

duh qhjdwlyh= zkhq wkh wd{ udwh lqfuhdvhv/ wkh wd{ edvh glplqlvkhv erwk gxh wr wkh

ghfuhdvh lq oderu vxsso| dqg wr wkh lqgxfhg fkdqjhv lq wkh frpsrvlwlrq ri wkh srsxod0

wlrq1 D kljkhu wd{ udwh lpsolhv d ghfuhdvh lq wkh sursruwlrq ri hgxfdwhg lqglylgxdov lq

wkh srsxodwlrq= Vlqfh wkhvh lqglylgxdov hduq kljkhu zdjhv/ wkh wrwdo h�hfw rq wkh wd{

uhyhqxh lv qhjdwlyh1

Lq wkh qxphudwru ri +54,/ vrph whupv sod| lq idyru ri d odujhu pdujlqdo wd{ udwh dqg

rwkhuv djdlqvw1 Wkh �uvw whup phdvxuhv wkh gl�huhqfh lq h{shfwhg xwlolw| dw wkh vwhdg|

vwdwh dv d uhvxow ri d pdujlqdo lqfuhdvh lq wkh wd{ udwh1 Lw wkxv uhsuhvhqwv wkh h�hfw ri

wkh wd{ rq wkh h{whuqdolw|1 Wkh odujhu wklv h{whuqdolw| h�hfw/ wkh vpdoohu wkh pdujlqdo

wd{ udwh zklfk lv frpsdwleoh zlwk d jlyhq h!flhqf| orvv1

Wkh fryduldqfh whup lv jhqhudoo| dvvrfldwhg zlwk wkh jryhuqphqw*v zloolqjqhvv wr

uhglvwulexwh lqfrph iurp ulfkhu wr srruhu lqglylgxdov1 Li wkh pdujlqdo vrfldo ydoxdwlrq

ri dq lqglylgxdo*v xwlolw| ghfuhdvhv lq khu oderu lqfrph/ wkh vljq ri wkh fryduldqfh lv
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qhjdwlyh1 Jlyhq wkdw wkh vrfldo zhoiduh ixqfwlrq lv frqfdyh/ vrfldo pdujlqdo xwlolw|

lv ghfuhdvlqj lq lqglylgxdo xwlolw|1 Wkhuhiruh/ li oderu lqfrphv dqg �qdo xwlolwlhv duh

htxdoo| rughuhg/ wkh fryduldqfh lv qhjdwlyh1 Gxh wr wkh suhvhqfh ri wkh vxevlg| iru

hgxfdwlrq/ zh fdqqrw eh vxuh wkdw wklv lv wkh fdvh1 Lq rughu wr vkhg pruh oljkw rq wkh

vljq ri wkh fryduldqfh zh ghfrpsrvh lw lqwr wkh vxp ri wkh lqwhu0jurxs dqg wkh h{shfwhg

lqwud0jurxs fryduldqfhv=8
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Zlwklq hdfk fxowxudo edfnjurxqg jurxs +fkloguhq ri hgxfdwhg dqg xqhgxfdwhg sdu0

hqwv/ uhvshfwlyho|,/ wkrvh zkr vwxg| hqmr| kljkhu oderu lqfrphv dqg xwlolwlhv1 Vlqfh

pdujlqdo vrfldo xwlolw| lv ghfuhdvlqj lq qhw lqfrph/ erwk lqwud0jurxs fryduldqfhv duh

qhjdwlyh1 Rq wkh rwkhu kdqg/ fkloguhq ri hgxfdwhg sduhqwv hduq kljkhu oderu lqfrphv

wkdq fkloguhq ri xqhgxfdwhg sduhqwv/ zkhwkhu wkh| vwxg| ru qrw1 Dovr/ wkh h{shfwhg

olihwlph xwlolw| lv odujhu iru fkloguhq ri hgxfdwhg sduhqwv +HX +y�, A HX +yf,,1 Wkh

lqwhu0jurxs fryduldqfh lv dovr qhjdwlyh1 Dv d frqvhtxhqfh/ wkh vljq ri wkh fryduldqfh

whup lv qhjdwlyh1 Wklv/ wrjhwkhu zlwk wkh qhjdwlyh vljq ri wkh ghqrplqdwru/ lpsolhv wkdw

wkh pdujlqdo wd{ udwh lv odujhu wkh kljkhu wkh frqfhuq iru uhglvwulexwlrq1

Ilqdoo|/ wkh odvw whup lq wkh qxphudwru uh hfwv wkh idfw wkdw wkh wd{ lqgxfhg fkdqjhv

rq wkh sursruwlrqv ri hgxfdwhg lqglylgxdov d�hfw wkh vxevlg| eloo1 Li wkh wd{ udwh lq0

fuhdvhv/ wkh qxpehu ri hgxfdwhg lqglylgxdov/ ��> idoov dqg vxevlg| sd|phqwv idoo dffrug0

lqjo|1

61515 Rswlpdo vxevlg| iru hgxfdwlrq

E| pdqlsxodwlqj wkh �uvw rughu frqglwlrqv ri sureohp +4;, zlwk uhvshfw wr J dqg V/

zh fdq dovr h{suhvv wkh rswlpdo ohyho ri wkh vxevlg| dv d ixqfwlrq ri wkh wd{ udwh +vhh

8Lq wkh lqwhu0jurxs fryduldqfh/ dv zh kdyh grqh ehiruh/ zh gurs wkh vxshuvfulsw wr lqglfdwh h{shf0

wdwlrq ryhu hgxfdwlrqdo fkrlfh1
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Gxh wr wkh vshfl�fdwlrq ri wkh xwlolw| ixqfwlrq lq wklv prgho/ oderu vxsso| lv qrw

vxemhfw wr lqfrph h�hfwv dqg lv khqfh xquhvsrqvlyh wr fkdqjhv lq wkh vxevlg|= Iru wklv

uhdvrq/ wkh ghqrplqdwru ri htxdwlrq +56, uh hfwv rqo| wkh h�hfw ri wkh vxevlg| rq wkh

frpsrvlwlrq ri wkh srsxodwlrq/ zklfk lv srvlwlyh= wkh qxpehu ri hgxfdwhg lqglylgxdov

lqfuhdvhv dv d uhvxow ri d vxevlg| lqfuhdvh1

Wkh idfwruv wkdw sod|hg lq idyru ri d odujhu wd{ udwh sod| qrz djdlqvw d odujh oxps0

vxp vxevlg| iru hgxfdwlrq1 Lq sduwlfxodu/ wkh frqfhuq iru uhglvwulexwlrq lpsolhv orzhu

vxevlglhv/ wkh vxevlg| ehlqj d uhjuhvvlyh phdvxuh1 Vlploduo|/ wkh lqwhuqdol}dwlrq ri wkh

h{whuqdolw| dqg wkh h!flhqf| whup/ wkdw zrxog lqgxfh d orzhu wd{ udwh/ uhvxow qrz lq

d odujhu vxevlg| iru hgxfdwlrq/ vlqfh lqglylgxdov zloo eh pruh zloolqj wr erwk zrun dqg

xqghuwdnh hgxfdwlrq1

Vlqfh uhglvwulexwlrq/ h!flhqf| dqg wkh hgxfdwlrqdo h{whuqdolw| duh vlpxowdqhrxvo|

frqvlghuhg e| wkh jryhuqphqw/ wkh rswlpdo srolf| zloo eh jlyhq e| wkh pl{ ri wd{hv dqg

vxevlglhv wkdw ehvw frqfloldwhv wkhvh frq lfwlqj remhfwlyhv1

Wr frqfoxgh/ uhfdoo wkdw zh phdvxuh wkh dyhuvlrq wr lqhtxdolw| e| wkh ghjuhh ri

frqfdylw| ri X 1 Lw lv looxvwudwlyh wr frpsduh wkh iroorzlqj wzr h{wuhph fdvhv1 Li X

lv olqhdu/ wkh jryhuqphqw pd{lpl}hv h{shfwhg xwlolw|1 Wklv fdvh fruuhvsrqgv wr wkh

xwlolwduldq remhfwlyh= wkh jryhuqphqw lv qrw frqfhuqhg zlwk uhglvwulexwlrq1 Dv d uhvxow/

wkh fryduldqfh whupv glvdsshdu iurp wkh h{suhvvlrqv iru rswlpdo wd{hv dqg vxevlglhv1

Rqo| h{whuqdolw| dqg h!flhqf| frqvlghudwlrqv pdwwhu1 Li/ rq wkh frqwudu|/ wkh ghjuhh ri

frqfdylw| lv pd{lpdo/ wkh jryhuqphqw pd{lpl}hv wkh xwlolw| ri wkh zruvw0r� lqglylgxdo1

Wklv fdvh fruuhvsrqgv wr wkh Udzovldq remhfwlyh1 Lq rxu iudphzrun/ wkh zruvw0r� shuvrq

lv dq xqhgxfdwhg lqglylgxdo zlwk xqhgxfdwhg sduhqwv1 Vlqfh wkh jryhuqphqw rqo| fduhv

iru wkh xwlolw| ri wklv w|sh ri lqglylgxdov/ wkh h�hfwv ri wkh wd{ dqg vxevlg| rq wkh

h{whuqdolw| rq ixwxuh jhqhudwlrqv gr qrw d�hfw wkh ghvljq ri wkh rswlpdo srolf|1

Wklv h{huflvh xqghuolqhv wkh idfw wkdw/ zkhq fxowxudo edfnjurxqg pdwwhuv dv vxj0

jhvwhg e| wklv prgho/ wkh ghvludelolw| ri vxevlgl}lqj hgxfdwlrq uholhv rq h!flhqf| frqvlg0
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hudwlrqv1 Iurp d glvwulexwlyh srlqw ri ylhz vxfk srolf| uhpdlqv uhjuhvvlyh1 Dv zh kdyh

vhhq/ wkh h�hfw ri �vfdo srolf| rq wkh glvwulexwlrq ri rssruwxqlw| lv lqghshqghqw iurp

wkh remhfwlyh ri wkh jryhuqphqw1 Wkxv/ wkh frqglwlrqv xqghu zklfk vxevlglhv htxdol}h

rssruwxqlw| duh frpsdwleoh zlwk wkhlu ehlqj uhjuhvvlyh1

7 Frqfoxglqj Uhpdunv

Zh kdyh dqdo|}hg rswlpdo �vfdo srolflhv zkhq wkh olihwlph lqfrph ri dq lqglylgxdo

ghshqgv rq khu hgxfdwlrq dqg/ lq wxuq/ khu ghflvlrq wr ehfrph hgxfdwhg lv ghwhuplqhg

e| erwk khu delolw| wr ehqh�w iurp hgxfdwlrq dqg khu fxowxudo edfnjurxqg +l1h1/ wkh

ohyho ri hgxfdwlrq ri khu idplo|,1 Wr irfxv rq wkh uroh ri fxowxudo edfnjurxqg/ zh kdyh

devwudfwhg iurp wkh h�hfw ri idplo| zhdowk rq wkh hgxfdwlrqdo fkrlfh/ douhdg| wuhdwhg

lq d qxpehu ri sdshuv1

Zh kdyh frqvlghuhg d g|qdplf iudphzrun lq zklfk lqglylgxdov iurp wzr gl�huhqw

fxowxudo edfnjurxqgv ghflgh zkhwkhu ru qrw wr xqghuwdnh kljkhu hgxfdwlrq1 Zh kdyh

dvvxphg wkdw lqglylgxdov idfh gl�huhqw qhw hgxfdwlrqdo frvwv dffruglqj wr wkhlu lqqdwh

delolw| dqg wr wkh hgxfdwlrqdo ohyho ri wkhlu sduhqwv1 Xqghu wkhvh dvvxpswlrqv/ zh

kdyh vkrzq wkdw wkh lqglylgxdo ghflvlrq wr xqghuwdnh kljkhu hgxfdwlrq kdv d srvlwlyh

h{whuqdolw| h�hfw rq ixwxuh jhqhudwlrqv1 Idloxuh wr dffrxqw iru wklv lqwhujhqhudwlrqdo

h{whuqdolw| ohdgv wr xqghulqyhvwphqw lq hgxfdwlrq1

D vxevlg| iru hgxfdwlrq fdq vhuyh wkh sxusrvh ri lqwhuqdol}lqj wklv h{whuqdolw|1

Krzhyhu/ vxevlgl}lqj hgxfdwlrq fdq eh ylhzhg dv d uhjuhvvlyh srolf|/ vlqfh iru d jlyhq

w|sh ri sduhqw/ wkh h{shfwhg olihwlph lqfrph ri dq hgxfdwhg lqglylgxdo lv kljkhu wkdq

wkdw ri dq xqhgxfdwhg rqh1 Rq wkh rwkhu kdqg/ gxh wr wkh idfw wkdw wkh hgxfdwlrqdo

fkrlfh grhv qrw ghshqg rq idplo| zhdowk/ �vfdo srolflhv dlplqj dw htxdol}lqj lqfrph

zloo qrw kdyh dq htxdol}lqj h�hfw rq kxpdq fdslwdo lqyhvwphqw1 Ixuwkhupruh/ lqfrph

wd{dwlrq kdv ehhq vkrzq wr kdyh glvlqfhqwlyh h�hfwv rq erwk kxpdq fdslwdo lqyhvwphqw

dqg oderu vxsso|1 Rswlpdo hgxfdwlrqdo fkrlfhv dqg uhglvwulexwlrq wkxv wxuq rxw wr eh

rssrvlqj remhfwlyhv1

Wkh rswlpdo srolf| lv wkhq d pl{ ri erwk lqvwuxphqwv/ wkh rqh wkdw ehvw frqfloldwhv

wkh frq lfwlqj remhfwlyhv ri wkh jryhuqphqw= uhglvwulexwlrq dqg h!flhqf|/ lqfoxglqj wkh

hgxfdwlrqdo h{whuqdolw| rq ixwxuh jhqhudwlrqv1 Htxdol}lqj rssruwxqlw| lv qrw dq h{solflw
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remhfwlyh ri wkh jryhuqphqw1 Iru wklv uhdvrq/ wkh rswlpdo srolf| lv lqghshqghqw iurp

dqg kdv dpeljxrxv h�hfwv rq wkh glvwulexwlrq ri rssruwxqlw|1

Vrph ri rxu dvvxpswlrqv ghvhuyh txdol�fdwlrqv1 Lq sduwlfxodu/ wkh glvfuhwh qdwxuh

ri wkh zdjh vwuxfwxuh fdq eh d gudzedfn ri rxu prgho1 Zdjhv duh d�hfwhg gluhfwo| e|

hgxfdwlrq dqg fxowxudo edfnjurxqg exw rqo| lqgluhfwo| e| delolw|/ wkurxjk wkh frvw wr

dftxluh hgxfdwlrq1 Dowkrxjk zh eholhyh rxu zdjh frq�jxudwlrq wr udwkhu zhoo frqfloldwh

wkh dozd|v frq lfwlqj remhfwlyhv ri vlpsolflw| dqg uhdolvp/ zh h{shfw wr eh deoh wr

frqvlghu d pruh jhqhudo iudphzrun +h1j1/ d frqwlqxxp ri zdjhv ghshqglqj rq lqglylgxdo

delolw|, lq ixwxuh uhvhdufk1 Vlploduo|/ wkh frqfoxvlrqv zh kdyh ghulyhg iru d olqhdu wd{

v|vwhp dqg oxps0vxp vxevlg|/ fkrvhq iru wkhlu wudfwdelolw|/ ghvhuyh wr eh fkdoohqjhg

e| wkh vwxg| ri dowhuqdwlyh wd{lqj dqg vxevlg| vfkhphv1

Uhihuhqfhv

^4` Edukdp/ Y1/ Erdgzd|/ U1/ Pdufkdqg/ P1 dqg Shvwlhdx/ S1 +4<<8,1 cHgxfd0

wlrq dqg wkh sryhuw| wuds*/ Hxurshdq Hfrqrplf Uhylhz/ 6</ 458:0:81

^5` Erumdv/ J1 M1 +4<<5,1 cHwkqlf fdslwdo dqg lqwhujhqhudwlrqdo prelolw|*/ Txdwhuo|

Mrxuqdo ri Hfrqrplfv/ 43:/ 4560831

^6` Erzohv/ V1 +4<:5,1 cVfkrrolqj dqg Lqhtxdolw| iurp Jhqhudwlrq wr Jhqhudwlrq*/ Mrxu0

qdo ri Srolwlfdo Hfrqrp|/ ;3/ v54<0841

^7` Fuhhg|/ M1 +4<<8,1 Wkh hfrqrplfv ri kljkhu hgxfdwlrq= Dq dqdo|vlv ri wd{hv yhuvxv

ihhv/ Hgzdug Hojdu Sxeolvklqj Olplwhg/ Hqjodqg1

^8` Kdpdgd/ N1 +4<:7,1 cLqfrph wd{dwlrq dqg hgxfdwlrqdo vxevlg|*/ Mrxuqdo ri Sxeolf

Hfrqrplfv/ 6/ 47808;1

^9` Kduh/ S1 dqg Xosk/ G1W1 +4<:<,1 cRq hgxfdwlrq dqg glvwulexwlrq*/ Mrxuqdo ri

Srolwlfdo Hfrqrp|/ ;:/ V4<605451

^:` RHFG +5333,1 Hgxfdwlrq dw d jodqfh = RHFG lqglfdwruv 5333/ Fhqwuh iru Hgxfd0

wlrqdo Uhvhdufk dqg Lqqrydwlrq/ RHFG/ Sdulv1

^;` Wruyln/ U1 +4<<6,1 cWdohqw/ jurzwk dqg lqfrph glvwulexwlrq*/ Vfdqglqdyldq Mrxuqdo

ri Hfrqrplfv/ <8/ 8;40<91
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4 Ghulydwlrq ri htxdwlrqv ã od Vkhvklqvn|1
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