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Does Saving Really Matter for Growth? Mexico (1970-2000)

by
M Teresa Alguacil, Ana Cuadros and Vicente Orts

Abstract
This paper uses the Granger non-causality test procedure developed by Toda and
Yamamoto (1995) to analyse the saving-growth nexus in Mexico.  Contrary to the
reverse causation between national saving and domestic income found in recent
empirical studies, evidence is presented in favour of Solow’s model prediction that
higher saving leads to higher economic growth.  The confirmation of a saving-growth
nexus in this country seems to be related to the inclusion of foreign direct investment
(FDI) in the model.  As this study will try to show, this last variable enhances economic
growth and reinforces the connection between the two focus variables.
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3. Data and Methodological Approach
4. Empirical Results
5. Concluding Remarks and Policy Implications
6. 



Grhv Vdylqj Uhdoo| Pdwwhu iru JurzwkB
Ph{lfr +4<:305333,

P@ Whuhvd Dojxdflo/ Dqd FxdgurvW dqg Ylfhqwh Ruwv
Ghsduwphqw ri Hfrqrplfv dqg Lqvwlwxwh ri Lqwhuqdwlrqdo Hfrqrplfv

Xqlyhuvlw| Mdxph L ri Fdvwhoorq/ VSDLQ
Pd| 47/ 5335

Devwudfw
Wklv sdshu xvhv wkh Judqjhu qrq0fdxvdolw| whvw surfhgxuh ghyhorshg e|

Wrgd dqg \dpdprwr +4<<8, wr dqdo|vh wkh vdylqj0jurzwk qh{xv lq Ph{lfr1
Frqwudu| wr wkh uhyhuvh fdxvdwlrq ehwzhhq qdwlrqdo vdylqj dqg grphvwlf
lqfrph irxqg lq uhfhqw hpslulfdo vwxglhv/ hylghqfh lv suhvhqwhg lq idyrxu
ri Vrorz*v prgho suhglfwlrq wkdw kljkhu vdylqj ohdgv wr kljkhu hfrqrplf
jurzwk1 Wkh frq�updwlrq ri d vdylqj0jurzwk qh{xv lq wklv frxqwu| vhhpv
wr eh uhodwhg wr wkh lqfoxvlrq ri iruhljq gluhfw lqyhvwphqw +IGL, lq wkh
prgho1 Dv wklv vwxg| zloo wu| wr vkrz/ wklv odvw yduldeoh hqkdqfhv hfrqrplf
jurzwk dqg uhlqirufhv wkh frqqhfwlrq ehwzhhq wkh wzr irfxv yduldeohv1

WFruuhvsrqglqj dxwkru1 Pdlo Dgguhvv= Ghsduwdphqwr gh Hfrqrpðd/ Xqlyhuvlgdg MdxphL/ Fdpsxv Ulx Vhf/ 453:4/ Fdvwhooöq +Vsdlq,1 Who1= .670<970:5;939> id{= . 670<970:5;8<41H0pdlo dgguhvv = fxdgurvChfr1xml1hv +Dqd Fxdgurv,1
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4 Lqwurgxfwlrq
Wkh fhqwudo suhvxpswlrq ri Vrorz*v +4<89, w|sh jurzwk prghov lv wkdw kljkhu
vdylqj suhfhghv dqg fdxvhv hfrqrplf jurzwk1 Wkh pdlq srolf| lpsolfdwlrq ri
wkhvh prghov iru ghyhorsphqw lv wkdw frxqwulhv wkdw pdqdjh wr lqfuhdvh wkhlu
vdylqj udwh/ dqg wkhuhiruh lqyhvwphqw/ zloo lqfuhdvh wkhlu udwh ri jurzwk1 Dowhu0
qdwlyho|/ li wkh uhyhuvh vhtxhqfh rffxuv/ wkh srolf| hpskdvlv vkrxog eh vkliwhg
dzd| iurp vdylqj dqg frqfhqwudwhg rq uhprylqj lpshglphqwv wr jurzwk1

Wkh h{lvwhqfh ri d srvlwlyh dvvrfldwlrq ehwzhhq vdylqj dqg jurzwk lv d urexvw
hpslulfdo �qglqj +vhh/ iru h{dpsoh/ Prgljoldql/ 4<:3/ Ervzruwk/ 4<<6/ Fduuro
dqg Zhlo/ 4<<7/ dqg Hgzdugv/ 4<<8,1 Krzhyhu/ fruuhodwlrq grhv qrw lpso|
fdxvdolw| dqg wkh ghedwh derxw wkh vdylqj0jurzwk qh{xv lv idu iurp ehlqj vhw0
wohg1 Wkh frqwuryhuv| frqfhuqlqj wkh whpsrudo suhfhghqfh ehwzhhq wkhvh wzr
yduldeohv lv rqh ri wkh prvw txhvwlrqhg lvvxhv lq fxuuhqw pdfurhfrqrplfv/ dv
qrwhg e| Vfkplgw0Kheeho hw do1 +4<<9,1 Qhyhuwkhohvv/ wkh ghwhuplqdwlrq ri wkh
gluhfwlrq ri wkh fdxvdo olqn ehwzhhq vdylqj dqg jurzwk lv d fuxfldo hfrqrplf
sureohp dv lw kdv lpsruwdqw srolf| lpsolfdwlrqv iru ghyhorslqj frxqwulhv1

Wkh ylhz wkdw jurzwk dsshduv wr fdxvh vdylqj kdv irxqg vxssruw lq vhyhudo
uhfhqw sdshuv1 Iru lqvwdqfh/ Jdylq hw do1 +4<<:, dujxh wkdw= �Kljkhu jurzwk
udwh suhfhghv kljkhu vdylqj udwkhu wkdq wkh uhyhuvh111 Dffruglqj wr wklv ylhz/
Odwlq Dphulfd*v fkurqlfdoo| orz udwh ri vdylqj lv sulpdulo| wkh frqvhtxhqfh/ pruh
wkdq wkh fdxvh/ ri wkh uhjlrq*v klvwru| ri orz dqg yrodwloh hfrqrplf jurzwk� +s1
46,1 Vlqkd dqg Vlqkd +4<<;, ylqglfdwh wkhvh dvvhuwlrqv dqg frqfoxgh wkdw wkh
frqyhqwlrqdoo| dffhswhg ylhz wkdw kljkhu vdylqj udwh fdxvhv kljkhu hfrqrplf
jurzwk grhv qrw krog iru Ph{lfr1 Wkhlu sulqflsdo �qglqj lv wkdw fdxvdolw| jrhv
lq wkh rssrvlwh gluhfwlrq1
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Lq wklv sdshu/ zh suhvhqw dq dowhuqdwlyh shuvshfwlyh rq wkh vdylqj0jurzwk
uhodwlrqvkls lq Ph{lfr iru wkh shulrg 4<:3053331 Rxu pdlq remhfwlyh lv wr kljk0
oljkw wkdw lq dq rshq hfrqrp|/ grphvwlf lqyhvwphqw fdq eh �qdqfhg e| grphvwlf
ru iruhljq vdylqj/ wkurxjk lq rzv ri lqwhuqdwlrqdo fdslwdo1 Wkdw lv/ qhw iruhljq
uhvrxufh lq rzv pljkw vxssohphqw grphvwlf vdylqj dqg khos frxqwulhv uhdfk
kljkhu udwhv ri lqyhvwphqw dqg jurzwk1 Wklv k|srwkhvlv vhhpv wr eh sduwlfx0
oduo| uhohydqw iru fhuwdlq w|shv ri fdslwdo lq rzv/ sulqflsdoo| iru iruhljq gluhfw
lqyhvwphqw +IGL,1

Wkh uhodwlyho| vxffhvvixo lpsohphqwdwlrq ri pdfurhfrqrplf vwdelolvdwlrq phd0
vxuhv dqg olehudolvdwlrq surjudpv vlqfh wkh ehjlqqlqj ri wkh hljkwlhv kdyh lq0
fuhdvhg wkh sduwlflsdwlrq ri IGL lq wrwdo fdslwdo lq rzv lq wkh Ph{lfdq hfrq0
rp|1 Wkhvh surjudpv kdyh fuhdwhg d pruh idyrxudeoh hfrqrplf hqylurqphqw
dxjphqwlqj iruhljq lqyhvwruv frq�ghqfh lq wklv frxqwu|1 D odujh sursruwlrq ri
iruhljq  rzv kdv ehhq gluhfwhg wr lqqrydwlyh �juhhq�hog� lqyhvwphqwv lq wkh
pdqxidfwxulqj vhfwru/ sduwlfxoduo| wkh pdtxlodgrudv/ zkhuh lqwhuqdwlrqdo wudgh
olqnv duh vwurqj +Udpðuh}/ 5333,1 Wkh Ph{lfdq h{shulhqfh fdq wkxv surylgh dq
lqwhuhvwlqj fdvh vwxg| wr hydoxdwh wkh lq xhqfh ri IGL rq wkh vdylqj0jurzwk
qh{xv1

Frqwudu| wr Vlqkd dqg Vlqkd +4<<;,/ rxu �qglqjv vxssruw wkh grplqdqw ylhz
wkdw kljkhu vdylqj suhfhghv kljkhu jurzwk lq Ph{lfr1 Dv zh zloo ghprqvwudwh/
wkh odfn ri vxssruw iru wkh vdylqj0jurzwk qh{xv irxqg e| wkhvh dxwkruv frxog
eh uhodwhg wr wkh rplvvlrq ri iruhljq gluhfw lqyhvwphqw +IGL,1 E| rplwwlqj wklv
yduldeoh/ wkh| gr qrw frqvlghu hlwkhu wkh uroh sod|hg e| iruhljq lq rzv lq frp0
sohphqwlqj grphvwlf vdylqj/ ru wkh ehqh�fldo h�hfwv ri IGL rq grphvwlf lqfrph1

Wkh uhvw ri wkh sdshu lv rujdqlvhg dv iroorzv1 Vhfwlrq 5 glvfxvvhv wkh wkh0
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ruhwlfdo uhdvrqv iru frqvlghulqj IGL zkhq dqdo|vlqj wkh vdylqj0jurzwk qh{xv1
Vhfwlrq 6 frqwdlqv d ghvfulswlrq ri gdwd dqg wkh hvwlpdwlrq surfhgxuh1 Vhfwlrq
7 suhvhqwv wkh hpslulfdo uhvxowv1 Frqfoxglqj uhpdunv duh jlyhq lq Vhfwlrq 81
5 Wkhruhwlfdo Frqvlghudwlrqv dqg Hpslulfdo Vwxg0

lhv
Wkhruhwlfdoo|/ wkh olqn ehwzhhq vdylqj dqg jurzwk rshudwhv wkurxjk wzr uhod0
wlrqv1 Wkh �uvw lv jlyhq e| wkh djjuhjdwh surgxfwlrq ixqfwlrq/ dqg uhodwhv wkh
lqfuhdvhv lq rxwsxw zlwk fdslwdo vwrfn dffxpxodwlrq1 Wkh vhfrqg uhodwlrq lv dq
htxloleulxp frqglwlrq wkdw vwdwhv wkh htxdolw| ehwzhhq vdylqj dqg lqyhvwphqw1
Dffruglqjo|/ dq lqfuhdvh lq vdylqj lqgxfhv fdslwdo dffxpxodwlrq dqg hyhqwxdoo|
kljkhu rxwsxw ohyho14

Qhyhuwkhohvv/ lq dq rshq hfrqrp| vdylqj dqg lqyhvwphqw qhhg qrw eh htxdo1
D frxqwu| pd| lqyhvw pruh wkdq lw vdyhv dqg eruurz iurp wkh uhvw ri wkh zruog/
uxqqlqj fxuuhqw dffrxqw gh�flwv1 Irupdoo|/ wklv fdq eh zulwwhq dv

Lw � Vw �FDw +4,
zkhuh Vw dqg Lw duh grphvwlf vdylqj dqg lqyhvwphqw/ uhvshfwlyho|/ dqg FDw lv
wkh fxuuhqw dffrxqw edodqfh1

Frqvhtxhqwo|/ grphvwlf lqyhvwphqw fdq eh �qdqfhg e| grphvwlf ru iruhljq
vdylqj/ wkurxjk lq rzv ri lqwhuqdwlrqdo fdslwdo15 Krzhyhu/ Lghqwlw| +4, grhv qrw

4Hyhq li wkh lqfuhdvh lq wkh vdylqj udwh ohdgv wr whpsrudu| kljkhu lqyhvwphqw dqg hfrqrplfjurzwk udwhv/ kljkhu vdylqj udwhv fdq shupdqhqwo| d�hfw wkh ohyho ri rxwsxw dqg wkh vwdqgdugri olylqj15Fdslwdo lq rzv hlwkhu �qdqfh d fxuuhqw dffrxqw gh�flw ru dgg wr uhvhuyh dffxpxodwlrq/
7



fdswxuh dq| fdxvdo uhodwlrqvkls dprqj lwv frpsrqhqwv1 Dq h{rjhqrxv fkdqjh lq
lqwhuqdwlrqdo fdslwdo lq rzv pd| prgli| hlwkhu ri wkh yduldeohv ri wklv lghqwlw|
ghshqglqj rq wkh w|sh dqg qdwxuh ri wkhvh fdslwdo pryhphqwv= iruhljq gluhfw
lqyhvwphqw +IGL,/ sruwirolr lqyhvwphqw ru rwkhu �qdqfldo  rzv +sulpdulo| edqn
ordqv,1

Wkhuh lv lqfuhdvlqj hylghqfh/ lqglfdwlqj wkdw wkh h�hfwv ri wkhvh wkuhh w|shv
ri fdslwdo lq rzv duh gl�huhqw1 Dv Uhlqkduw +4<<<, phqwlrqhg/ zkhq �wkhuh
duh lpsruwdqw ehkdylrxudo gl�huhqfhv dprqj wkh ydulrxv w|shv ri fdslwdo  rzv/
wkhq wkhlu h�hfwv rq hfrqrplf dfwlylw|/ vxfk dv vdylqj dqg lqyhvwphqw/ duh dovr
olnho| wr gl�hu�1 Wkhuh h{lvwv d jhqhudo eholhi wkdw wkh prvw lpsruwdqw ri wkhvh
 rzv lv IGL/ zklfk kdv ehhq frqvlghuhg dv �jrrg frohvwhuro� iru ghyhorslqj
hfrqrplhv +Kdxvpdqq dqg Ihuqäqgh} Duldv/ 5333,1 Ervzruwk dqg Froolqv +4<<<,
�qg wkdw IGL dsshduv wr kdyh kljko| ehqh�fldo h�hfwv rq grphvwlf lqyhvwphqw1
Wkh uhvxowv rewdlqhg e| wkhvh dxwkruv vxjjhvw d qhdu rqh0iru0rqh uhodwlrqvkls1
Lq frqwudvw/ sruwirolr fdslwdo lq rzv dsshdu wr kdyh qr glvfhuqleoh lpsdfw rq
lqyhvwphqw/ dqg wkh h�hfw ri ordqv olhv ehwzhhq wkh rwkhu wzr +s1 497,1

Pruhryhu/ IGL vhhpv wr kdyh d kljkhu shupdqhqw frpsrqhqw/ dv lw lv pruh
shuvlvwhqw wkdq rwkhu frpsrqhqwv ri fdslwdo  rzv/ lq whupv ri lwv yrodwlolw| dqg
suhglfwdelolw| +vhh/ iru h{dpsoh/ Vduqr dqg Wd|oru/ 4<<: dqg Olsvh|/ 4<<<,1 Lq
hdfk ri wkh odvw wkuhh �qdqfldo dqg h{fkdqjh udwh fulvhv +Odwlq Dphulfd lq 4<;5/
Ph{lfr lq 4<<7/ dqg Hdvw Dvld lq 4<<:,/ gluhfw lqyhvwphqw lq rzv lqwr wkh
d�hfwhg frxqwulhv zhuh pruh vwdeoh wkdq lq rzv ri sruwirolr ru rwkhu irupv ri
lqyhvwphqw +Olsvh|/ 5334,16
dffruglqj wr wkh edodqfh ri sd|phqwv uhvwulfwlrq gh�qhg dv= 3��| ' ��U| 3-.7| n.--|/zkhuh QFL duh qhw fdslwdo lq rzv dqg UHV dqg HUU uhsuhvhqw uhvhuyhv dqg huuru dqg rplv0vlrqv/ uhvshfwlyho|16Wklv dxwkru srlqwv rxw wkdw diwhu wkh 4<<7 fulvlv/ gluhfw lqyhvwphqw lq rzv ghfolqhg lq
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Ilqdoo|/ iruhljq gluhfw lqyhvwphqw pd| dovr dffhohudwh jurzwk wkurxjk wkh
wudqvihu ri pdqdjhuldo dqg whfkqrorjlfdo nqrz0krz17 Lq d vxuyh| rq wkh lp0
sdfw ri lqzdug iruhljq gluhfw lqyhvwphqw rq jurzwk lq ghyhorslqj frxqwulhv/
gh Phoor +4<<:, dujxhv wkdw IGL lv eholhyhg wr eh d yhu| lpsruwdqw vrxufh
ri kxpdq fdslwdo dxjphqwdwlrq dqg whfkqrorjlfdo fkdqjh/ vlqfh lw surprwhv
wkh xvh ri pruh dgydqfhg whfkqrorjlhv e| grphvwlf �upv dqg surylghv vshfl�f
surgxfwlylw|0lqfuhdvlqj oderxu wudlqlqj dqg vnloo dftxlvlwlrq18 Lq wkh Ph{lfdq
fdvh/ txlwh d ihz vwxglhv kdyh vxssruwhg wkh fodlp wkdw IGL kdv ohg wr vljql�fdqw
srvlwlyh vslooryhu h�hfwv rq wkh oderxu surgxfwlylw| ri grphvwlf �upv1 Wklv lv
iru lqvwdqfh wkh fdvh ri Eorpvwuùp +4<;9,/ Eorpvwuùp dqg Zroi +4<<7,/ Nrnnr
+4<<9,/ dqg Udpðuh} +5333,1

Wkh uhvxowv ri wkh deryh hpslulfdo vwxglhv ohqg vxssruw wr wkh k|srwkhvlv
wkdw IGL lv �gl�huhqw� zkhq frpsduhg zlwk rwkhu fdslwdo lq rzv/ dqg wkh �suh0
ihuuhg� w|sh ri  rz iru surprwlqj jurzwk1 Wkxv/ wkh vkliw ri wkh frpsrvlwlrq ri
fdslwdo  rzv wr ghyhorslqj frxqwulhv wrzdug iruhljq gluhfw lqyhvwphqw dqg dzd|
iurp ordqv diwhu wkh 4<;5 fulvlv fdq eh frqwhpsodwhg dv �jrrg qhzv� iru wkhvh
frxqwulhv1 Wkh 4<;3v dqg 4<<3v zlwqhvvhg dq xqsuhfhghqwhg lqfuhdvhg lq IGL
 rzv lq wkh pruh g|qdplf hfrqrplhv1 Fdslwdo  rzv wr ghyhorslqj hfrqrplhv duh
frqfhqwudwhg dprqj d ihz frxqwulhv lq Dvld dqg Odwlq Dphulfd1 Ilyh frxqwulhv
+lq ghvfhqglqj rughu/ Fklqd/ Ph{lfr/ Nruhd/ Wkdlodqg dqg Eud}lo, dffrxqwhg
iru qhduo| wzr0wklugv ri �qdqfldo  rzv wr ghyhorslqj frxqwulhv lq wkh 4<<30<8
shulrg +Ervzruwk dqg Froolqv/ 4<<<,1
Ph{lfr/ exw qrw dv pxfk dv rwkhu lqyhvwphqw lq rzv1 Pruhryhu/ wkh| qhyhu wxuqhg qhjdwlyh/dv glg wkh rwkhuv/ dqg wkh| uherxqghg pxfk pruh txlfno|17 Vhh Eruhqv}whlq hw do +4<<;, dqg Edodvxeudpdq|dp hw do +4<<9, iru hylghqfh shuwdlqlqjwr wkh idyrxudeoh h�hfwv ri IGL18Qhyhuwkhohvv/ dffruglqj wr Eorpvwuùp hw do +5333,/ IGL frqwulexwhv wr hfrqrplf jurzwkrqo| zkhq d vx!flhqw devruswlyh fdsdelolw| ri wkh dgydqfhg whfkqrorjlhv lv dydlodeoh lq wkhkrvw hfrqrp|1
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Wr vxppdulvh/ wkh nh| srlqw wkdw zh wu| wr vwuhvv lv wkdw hvwlpdwhv ri grphv0
wlf vdylqj h�hfwv rq jurzwk/ zklfk ljqruh wkh uroh ri IGL +lq frxqwulhv zlwk dq
lpsruwdqw rshqqhvv surfhvv, pd| jlyh d plvohdglqj slfwxuh ri wkh wuxh vdylqj0
jurzwk qh{xv1 Wklv vwxg| dwwhpswv wr forvh wklv jds dqg wr lghqwli| wkh fkdqqhov
wkurxjk zklfk IGL pd| d�hfw wklv frqqhfwlrq lq Ph{lfr1
6 Gdwd dqg Phwkrgrorjlfdo Dssurdfk
Lq wklv vhfwlrq/ zh lqyhvwljdwh Judqjhu fdxvdolw| ehwzhhq grphvwlf vdylqj dqg
lqfrph lq Ph{lfr1 Lw lv zhoo grfxphqwhg wkdw wkh h{foxvlrq ri uhohydqw yduldeohv
lqgxfhv vsxulrxv vljql�fdqfh dqg lqh!flhqw hvwlpdwhv +vhh h1j1 Jxmdudwl/ 4<<8/
dqg Fdqryd/ 4<<8,1 Dv Idlu +4<;;, ghprqvwudwhg/ zkhq wkh rplwwhg yduldeohv
duh fruuhodwhg zlwk wkh lqfoxghg rqhv/ wkh qrq0fdxvdolw| whvw zloo eh plvvshfl�hg1
Wkhuhiruh/ zh hydoxdwh wkh vdylqj0jurzwk qh{xv lq d pxowlyduldwh vhwwlqj/ lq
zklfk iruhljq gluhfw lqyhvwphqw lv dovr doorzhg wr h{huw lwv lq xhqfh ryhu wkhvh
wzr irfxv yduldeohv1

Wkh gdwd hpsor|hg lq wklv zrun duh dqqxdo dqg duh wdnhq iurp wkh Zruog
Ghyhorsphqw Lqglfdwruv +Zruog Edqn,/ h{fhsw iruhljq gluhfw lqyhvwphqw  rzv/
zklfk duh rewdlqhg iurp wkh Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv +LPI,1 Doo vhulhv
duh lq uhdo grooduv +4<<8 sulfhv, dqg lq doo uhjuhvvlrqv wkh| duh h{suhvvhg lq qdwx0
udo orjdulwkpv1 Jurvv grphvwlf surgxfw lv hpsor|hg lq sodfh ri grphvwlf lqfrph
dqg grphvwlf vdylqj dqg IGL duh erwk gh dwhg e| xvlqj wkh JGS gh dwru1 Wkh
vdpsoh shulrg uxqv iurp 4<:3 wr 53331

Iljxuh 4 suhvhqwv wkh furvv sorwv ri grphvwlf vdylqj dqg iruhljq lqyhvwphqw
 rzv lq uhodwlrq wr grphvwlf lqfrph1 Dv zh fdq vhh/ h{fhsw iru wkh shulrg iurp
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Iljxuh 4= Grphvwlf vdylqj dqg IGL lq uhodwlrq wr grphvwlf lqfrph +lq uhdo orjwhupv,
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plg0hljkwlhv wr hduo|0qlqhwlhv +frlqflglqj zlwk hfrqrplf uhfhvvlrq lq Ph{lfr,/
erwk vdylqj dqg iruhljq gluhfw lqyhvwphqw dsshdu srvlwlyho| uhodwhg wr grphvwlf
rxwsxw1 Wklv h�hfw lv hyhq pruh surqrxqfhg lq wkh vdylqj0lqfrph uhodwlrq1 Krz0
hyhu/ wklv fruuhodwlrq grhv qrw lpso| fdxvdolw| exw rqo| d srvlwlyh dvvrfldwlrq/
wkxv ohdylqj xqvhwwohg wkh ghedwh frqfhuqlqj wkh gluhfwlrq ri wkh vdylqj0jurzwk
qh{xv1

Wkhruhwlfdoo|/ wkh uhodwlrqvkls ehwzhhq vdylqj dqg rxwsxw/ dqg ehwzhhq wkhvh
wzr yduldeohv dqg iruhljq gluhfw lqyhvwphqw pd| uxq lq hlwkhu ru erwk gluhfwlrqv
dqg srwhqwldoo| fdxvh vlpxowdqhlw| eldv1 Lq idfw/ wkh uhyhuvh fdxvdwlrq ehwzhhq
vdylqj dqg jurzwk uhsruwhg e| Vlqkd dqg Vlqkd +4<<;, grhv qrw frqwudglfw wkh
suhglfwlrq ri Vrorz*v prgho1 Mxvw dv grphvwlf hfrqrplf dfwlylw| lv olnho| wr
ghshqg rq vdylqj/ vr wrr fdq wkh ohyho ri rxwsxw lq xhqfh vdylqj/ dv hfrqrplf
jurzwk lv rqh ri lwv pdlq ghwhuplqdqwv1 Dgglwlrqdoo|/ juhdwhu grphvwlf lqfrph
dv dq lqglfdwru ri kljkhu h{shfwhg sur�wv pljkw dwwudfw qhz iruhljq lqyhvwphqw
surmhfwv1 Lq wkhvh flufxpvwdqfhv/ wkh hvwlpdwlrq ri d YDUprgho wr whvw fdxvdolw|
k|srwkhvhv lv pruh uholdeoh wkdq wkdw ri d vlqjoh htxdwlrq prgho1 YDU prghov
wuhdw doo yduldeohv dv srwhqwldoo| hqgrjhqrxv dyrlglqj wkxv lqihfwlqj wkh prgho
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zlwk idovh lghqwli|lqj uhvwulfwlrqv +Vlpv/ 4<;3,1
Dffruglqjo|/ wr xqghuwdnh rxu hpslulfdo dqdo|vlv/ zh vshfli| wkh iroorzlqj

wkuhh0yduldeoh yhfwru dxwruhjuhvvlyh prgho frpsulvhg ri jurvv grphvwlf vdylqjv
+V,/ jurvv grphvwlf surgxfw +\ , dqg iruhljq gluhfw lqyhvwphqw  rzv +IGL ,1

{w @ �. �w.�4{w�4 . � � �.�v{w�v . x w w @ 4> = = = > W +5,
zkhuh {w @ +V3w> \ 3w > IGL 3w,3/ �l+l @ 4> � � � > v, duh doo pdwulfhv ri frh!flhqwv dqg
xw q LQ+3>	x,19

Iroorzlqj wkh Vrorz*v prgho suhglfwlrq/ zh zrxog h{shfw wr rewdlq d fdxvdo
uhodwlrqvkls uxqqlqj iurp V wr \ / zklfk dprxqwv d uhmhfwlrq ri wkh qxoo k|0
srwkhvlv wkdw doo ri wkh frh!flhqwv rq odjjhg vdylqjv duh htxdo wr }hur lq wkh
rxwsxw htxdwlrq +wkdw lv/ K3 = !+54, @ 3 / zkhuh !+54, @ !+54,4 > !+54,5 = = = > !+54,v ,1
Wkh uhyhuvh fdxvdwlrq ehwzhhq vdylqj dqg rxwsxw/ dv hvwdeolvkhg e| Vlqkd dqg
Vlqkd +4<<;,/ zloo uhtxluh wkh vljql�fdqfh ri wkh odjjhg rxwsxw yduldeoh lq wkh
vdylqj htxdwlrq wr eh irxqg +l1h1/ wr uhmhfw K3 = !+45, @ 3 / zkhuh !+45, @
!+45,4 > !+45,5 = = = > !+45,v ,1:

D jhqhudo sureohp iru Judqjhu fdxvdolw| whvwlqj lq wlph vhulhv dqdo|vlv lv
wkh srvvleoh h{lvwhqfh ri vwrfkdvwlf wuhqgv lq wkh yduldeohv1 Wkh wudglwlrqdo I 0
whvw dqg lwv Zdog whvw frxqwhusduw wr ghwhuplqh zkhwkhu vrph sdudphwhuv ri d
vwdeoh YDU prgho duh mrlqwo| }hur duh qrw ydolg iru qrq0vwdwlrqdu| surfhvvhv/

9 Lw zdv irxqg qhfhvvdu| wr lqfoxgh wkuhh lpsxovh gxpp| yduldeohv lq 4<;7/ 4<;; dqg 4<<71Wkh �uvw rqh wulhv wr fdswxuh wkh wudqvlwlrq iurp dq lqzdug wr dqg rxwzdug0rulhqwhg prgho rihfrqrplf ghyhorsphqw/ ehjlqqlqj zlwk wkh Pljxho gh od Pdgulg Dgplqlvwudwlrq +4<;504<;;,1Wkh rwkhu wzr dffrxqw iru wkh hfrqrplf fulvhv h{shulhqfhg e| Ph{lfr1:Dv sursrvhg e| Judqjhu +4<9<,/ lq wklv vwxg| fdxvdolw| lv v|qrq|prxv zlwk suhglfwdelolw|1Wkdw lv/ % lv vdlg wr Judqjhu fdxvh + li dqg rqo| li ++w, lv suhglfwhg ehwwhu e| xvlqj wkh sdvwklvwru| ri %/ wrjhwkhu zlwk wkh sdvw klvwru| ri lwvhoi/ udwkhu wkdq e| xvlqj mxvw wkh sdvw klvwru|ri +1
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dv wkh whvw vwdwlvwlfv gr qrw kdyh d vwdqgdug glvwulexwlrq +Vlpv hw do1/ 4<<3>
Wrgd dqg Skloolsv/ 4<<6,1 Dowkrxjk dowhuqdwlyh surfhgxuhv kdyh ehhq ghyhorshg
wr lpsuryh wkh srzhu dqg vl}h ri wkh Judqjhu qrq0fdxvdolw| whvw +Hqjoh dqg
Judqjhu/ 4<;:/ Mrkdqvhq/ 4<;;/ Mrkdqvhq dqg Mxvholxv/ 4<<3/ dqg Prvfrql dqg
Jldqqlql/ 4<<5;,/ wkh| duh fxpehuvrph dqg lqyroyh suh0whvwlqj iru lqwhjudwlrq
dqg frlqwhjudwlrq1 Dv Hqjoh dqg Judqjhu +4<;:, ghprqvwudwh/ li wkh ruljlqdo
vhulhv duh qrq0vwdwlrqdu|/ ydolg uhvxowv lq Judqjhu fdxvdolw| duh rewdlqhg vlpso|
e| �uvw gl�huhqwldwlqj wkh YDU prgho1 Qhyhuwkhohvv/ wklv wudqvirupdwlrq pd|
ohdg wr orvv ri lqirupdwlrq derxw wkh orqj0uxq uhodwlrqvkls ehwzhhq wkh wuhqg
frpsrqhqwv ri wkh ruljlqdo vhulhv1 Lq wkdw fdvh/ Judqjhu fdxvdolw| zloo ixuwkhu
uhtxluh wkh lqfoxvlrq ri dq huuru fruuhfwlrq whup lq wkh vwdwlrqdu| prgho lq rughu
wr fdswxuh wkh vkruw0whup ghyldwlrqv ri vhulhv iurp wkhlu orqj0whup htxloleulxp
sdwk1

Krzhyhu/ dv Jlohv dqg Plu}d +4<<<, srlqwhg/ wkh deryh whvwlqj vhtxhqfh
pd| lqgxfh dq ryhu0uhmhfwlrq ri wkh qrq0fdxvdo qxoo +l1h1/ suh0whvwlqj iru qrq0
vwdwlrqdulw| fdq riwhq frqyh| wkh zurqj frqfoxvlrq ri fdxvdolw|,/ ohdylqj xv
rshq wr wkh srvvlelolw| ri glvwruwlrqv lq wkh lqihuhqfh surfhgxuh1 Dgglwlrqdoo|/
Wrgd +4<<7, dqg Kr dqg Vruhqvh +4<<9, ghprqvwudwh wkdw wkh uhgxfhg udqn
phwkrgrorj|/ ghylvhg e| Mrkdqvhq dqg Mxvholxv +4<<3, kdv olplwdwlrqv lq wkh
ghwhfwlrq ri hfrqrplf orqj0uxq uhodwlrqvklsv1

Wr ghdo zlwk wkhvh sureohpv/ Wrgd dqg \dpdprwr +4<<8, dqg Grodgr dqg
Oÿwnhsrko +4<<9,/ khuhdiwhu W\GO/ sursrvh d whfkqltxh wkdw lv dssolfdeoh luuh0
vshfwlyh ri wkh lqwhjudwlrq dqg frlqwhjudwlrq surshuwlhv ri wkh v|vwhp +dqg vr
wr wkh srvvleoh suh0whvw eldvhv,1 Wklv phwkrg lqyroyhv xvlqj d Prgl�hg Zdog

;Prvfrql dqg Jldqqlql +4<<5, sursrvhg d olnho|krrg udwlr whvw iru frlqwhjudwhg v|vwhpv
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vwdwlvwlf +ghqrwhg PZdog, iru whvwlqj vljql�fdqfh ri wkh sdudphwhuv ri d YDU+v,
prgho +zkhuh v lv wkh odj ohqjwk lq wkh v|vwhp,1< Lq wklv fdvh/ wkh hvwlpdwlrq ri
d YDU+v. gpd{, jxdudqwhhv wkh dv|pswrwlf "5 glvwulexwlrq ri wkh Zdog vwdwlv0
wlf/ zkhuh gpd{ lv wkh pd{lpdo rughu ri lqwhjudwlrq zh eholhyh pd| rffxu lq wkh
prgho143 Dv zh duh qrw lqwhuhvwhg lq wkh frlqwhjudwlrq uhodwlrqvklsv wkhpvhoyhv
exw udwkhu lq whvwlqj uhvwulfwlrqv rq wkh frh!flhqwv ri wkh prgho/ wklv whvwlqj
surfhgxuh zloo eh suhihudeoh wr wkh wzr0vwhs phwkrgrorj| ri wkh huuru fruuhfwlrq
prghov1 Iroorzlqj Grodgr dqg Oÿwnhsrko +4<<9,/ zh frqvwuxfw wkhvh whvwv edvhg
rq pxowlyduldwh ohdvw vtxduhv hvwlpdwlrq1
7 Hpslulfdo Uhvxowv
Sulru wr dsso|lqj wkh W\GO whfkqltxh iru Judqjhu qrq0fdxvdolw| whvwlqj/ zh
surfhhg wr hvwdeolvk wkh rswlpdo odj ohqjwk ri wkh v|vwhp dqg wkh pd{lpxp
rughu ri lqwhjudwlrq ri yduldeohv1 Wkh rughu ri lqwhjudwlrq ri wkh vhulhv lv whvwhg
khuh e| phdqv ri wkh Dxjphqwhg Glfnh| dqg Ixoohu +4<:</ 4<;4,/ dqg Skloolsv
dqg Shuurq +4<;;, whvwv1 Dffruglqj wr wkh � dqg ]+w, vwdwlvwlfv/ vkrzq lq Wdeoh
4/ wkh qxoo k|srwkhvlv ri d xqlw urrw lv qrw uhmhfwhg iru V/ \ / dqg IGL1 Wkh qxoo
k|srwkhvlv ri yduldeohv lqwhjudwhg ri rughu rqh lv krzhyhu fohduo| uhmhfwhg lq wkh
gl�huhqwldwhg yduldeohv +ghqrwhg zlwk �,/ lqglfdwlqj wkdw wkh| kdyh d xqlw urrw
lq wkhlu ohyhov1

Wr vhohfw wkh odj vwuxfwxuh ri wkh YDU prgho/ zh hpsor| wkh Dndlnh*v Lqiru0
<E| phdqv ri d Prqwh Fduor h{shulphqw/ ]dsdwd dqg Udpedogl +4<<:, ghprqvwudwh wkdwwkh PZdog whvw kdv d frpsdudeoh shuirupdqfh lq vl}h dqg srzhu wr wkh Zdog dqg olnholkrrgudwlr whvwv143Wrgd dqg \dpdprwr +4<<8, vkrz wkdw li yduldeohv duh lqwhjudwhg ri rughu _/ wkh xvxdovhohfwlrq surfhgxuh lv ydolg zkhqhyhu & D _1 Wkhuhiruh/ li _ ' �/ wkh odj vhohfwlrq surfhgxuhlv dozd|v frqvlvwhqw1
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Wdeoh 4= Whvw ri wkh Xqlw Urrw K|srwkhvlvK3 = Rqh Xqlw UrrwK4 = Qr Xqlw UrrwDGI vwdwlvwlfv SS vwdwlvwlfvYduldeoh +odj, ��+l, ��+ll, �+lll, ]+wh�,+l, ]+w��,+ll, ]+we�,+lll,\ +4, 05189 04195 5199 05135 041:7 71;5V +4, 0515: 05158 41:7 04193 04197 5143IGL +5, 05183 0319: 5159 06186 0318; 41;5
�\ +4, 06136 06138 041;7 061:< 0619: 05143�V +4, 051;8 051:: 0516< 0714: 07135 06177�IGL +4, 0815; 08175 07187 09157 09169 081<5Fulwlfdo ydoxhv iru 433 revhuydwlrqvVlj1 ohyhov=4( 0713: 06184 0518< 0713: 06184 0518<8( 06179 051;< 041<7 06179 051;< 041<7

Qrwhv= +l,/ +ll, dqg +lll, lqglfdwh wkh prgho vwdwlvwlfv zlwk guliw dqgwuhqg/ zlwk guliw/ dqg zlwkrxw hlwkhu guliw ru wuhqg/ uhvshfwlyho|1 Wkhrswlpdo odj xvhg iru wkh Dxjphqwhg Glfnh|0Ixoohu whvwv +DGI,/ dqg wkhwuxqfdwlrq odj sdudphwhu lq wkh Skloolsv dqg Shuurq whvwv +SS, zdv ghwhu0plqhg xvlqj Dndlnh Lqirupdwlrq Fulwhuld1
pdwlrq Fulwhulrq/ DLF/ dqg Kdqqdq0Txlqq Fulwhulrq/ KTF +zkhuh wkh fulwhuld
lqglfdwhg gl�huhqw odj ohqjwkv/ wkh DLF fulwhulrq zdv suhihuuhg,/ vhwwlqj wkh
pd{lpxp odj dw �yh441 Wkhvh fulwhuld zhuh plqlplvhg iru v@7/ khqfh wkh rughu
ri wkh YDU hpsor|hg wr dsso| wkh Zdog whvw zdv �yh1 Qhyhuwkhohvv/ vlqfh wkh
fkrlfh ri wkh odj ohqjwk pd| d�hfw lqihuhqfhv/ wkh whvwv ri fdxvdolw| zhuh dovr
frqgxfwhg xvlqj dq dgglwlrqdo odj ohqjwk lq rughu wr hqvxuh wkdw wkh uhvxowv
rewdlqhg glg qrw uho| rq wklv fkrlfh1

Lq Wdeoh 5/ zh uhsruw wkh "50whvw vwdwlvwlfv rewdlqhg iru Judqjhu qrq0fdxvdolw|
whvwlqj wrjhwkhu zlwk wkh hvwlpdwh s0ydoxhv1 Wkh uhvxowv iru wkh pxowlyduldwh
dqg elyduldwh fdxvdolw| whvwv duh erwk rewdlqhg iurp wkh hvwlpdwlrq ri d wkuhh0
htxdwlrq v|vwhp/ lq zklfk V/ \ / dqg IGL kdyh ehhq mrlqwo| ghwhuplqhg/ dv

44Kljkhu rughuv ri wkh YDU prgho surgxfh vlqjxodu yduldqfh0fryduldqfh pdwulfhv1
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Wdeoh 5= Judqjhu Fdxvdolw| WhvwK3 = Odj ohqjwk 2YDU rughu PZdog+g1r1i, S0ydoxh
V < \ 7 2 8 671:6 +7, 313338 2 9 5;15< +8, 31333IGL < \ 7 2 8 651:: +7, 313338 2 9 64183 +8, 31333V>IGL < \ 7 2 8 95138 +;, 313338 2 9 8<186 +43, 31333\ < V 7 2 8 <177 +7, 313848 2 9 :1<4 +8, 31494V < IGL 7 2 8 54165 +7, 313338 2 9 :3155 +8, 31333IGL < V 7 2 8 :1:: +7, 314338 2 9 819< +8, 3166;\>IGL < V 7 2 8 55137 +;, 313388 2 9 4618; +43, 314<6

Qrwh= < ghqrwhv �gr+hv, qrw fdxvh�1 Wr ghwhuplqh wkh dssursuldwh odjohqjwk/ s/ zh hpsor| Dndlnh*v Lqirupdwlrq Fulwhulrq dqg Kdqqdq0TxlqqFulwhulrq1 Iljxuhv lq sduhqwkhvhv duh ghjuhh ri iuhhgrp +g1r1i,1
vkrzq lq Htxdwlrq +5,1 Wkh rxwfrphv iru wkh rswlpdo prgho duh uhsruwhg lq
erog ohwwhuv1

Dv fdq eh dssuhfldwhg/ luuhvshfwlyh ri wkh fkrlfh ri wkh odj ohqjwk/ wkhuh lv
vwurqj hylghqfh ri d fdxvdo uhodwlrqvkls uxqqlqj iurp grphvwlf vdylqj wr rxw0
sxw1 Wklv uhvxow vxssruwv wkh Vrorz*v prgho suhglfwlrq wkdw vdylqj suhfhghv dqg
fdxvhv hfrqrplf jurzwk1 Zh �qg dovr wkdw iruhljq gluhfw lqyhvwphqw Judqjhu0
fdxvhv grphvwlf rxwsxw lq doo fdvhv frqvlghuhg/ zklfk frq�upv wkh h{shfwhg
ehqh�fldo h�hfwv ri IGL rq grphvwlf lqyhvwphqw dqg lqfrph lq Ph{lfr1 Pruh0
ryhu/ wkh pxowlyduldwh fdxvdolw| whvw lqglfdwhv wkdw erwk vdylqj dqg IGL mrlqwo|
fdxvh hfrqrplf jurzwk1 Ixuwkhupruh/ wkh "5 vwdwlvwlfv rewdlqhg surylgh vxssruw
iru wkh �qglqjv ri Vlqkd dqg Vlqkd +4<<8,/ zklfk lv frqvlvwhqw zlwk d srvlwlyh
lpsdfw ri dq lqfuhdvh lq rxwsxw ryhu grphvwlf vdylqj1 Lq rxu vshfl�fdwlrqv/
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krzhyhu/ wklv fdxvdwlrq uholhv rq wkh odj vwuxfwxuh ri wkh prgho1 Rqo| iru wkh
rswlpdo odj ohqjwk gr zh rewdlq hylghqfh ri el0gluhfwlrqdo fdxvdolw| ehwzhhq
vdylqj dqg rxwsxw1

Wkh �qglqjv ri wklv sdshu dovr vxjjhvw d xql0gluhfwlrqdo fdxvdo uhodwlrqvkls
jrlqj iurp vdylqj wr iruhljq lqyhvwphqw exw qrw lq wkh rssrvlwh gluhfwlrq1 Wkh
qxoo k|srwkhvlv ri Judqjhu qrq0fdxvdolw| iurp V wr IGL lv vwurqjo| uhmhfwhg dw
4( ohyho/ uhjdugohvv ri wkh odj ohqjwk ri wkh v|vwhp1 Frqyhuvho|/ wkh k|srwkhvlv
ri Judqjhu qrq0fdxvdolw| iurp IGL wr vdylqj fdqqrw eh uhmhfwhg dw vwdqgdug
vljql�fdqfh ohyhov lq hlwkhu prgho1 Wkh vljql�fdqw lpsdfw ri vdylqj rq IGL
suredeo| uh hfwv wkh lqfuhdvlqj frq�ghqfh ri iruhljq lqyhvwruv zkhq grphvwlf
vdylqj ulvhv1

Lq vxppdu|/ wkh ryhudoo h�hfw ri IGL rq wkh Ph{lfdq hfrqrp| vhhpv wr
eh qrw qhjoljleoh1 Lwv lpsdfw ryhu grphvwlf lqyhvwphqw dqg rxwsxw lv suredeo|
uhlqiruflqj wkh uhodwlrq ehwzhhq qdwlrqdo vdylqj dqg rxwsxw/ zklfk frq�upv rxu
shufhswlrq derxw wkh lpsruwdqfh ri lqfoxglqj iruhljq lqyhvwphqw  rzv zkhq
dqdo|vlqj wklv frqqhfwlrq lq dq rshq hfrqrp|1
8 Frqfoxglqj Uhpdunv dqg Srolf| Lpsolfdwlrqv
Dv zh kdyh wulhg wr vwuhvv/ erwk wkh gluhfwlrq ri fdxvdolw| ehwzhhq vdylqj dqg
jurzwk/ dqg wkh lqwhusuhwdwlrq ri wkhlu fdxvdo uhodwlrqvkls duh vwloo rshq lvvxhv1
Wkh ylhz wkdw jurzwk dsshduv wr suhfhgh vdylqj dqg qrw ylfh yhuvd kdv irxqg
vxssruw lq vhyhudo uhfhqw sdshuv1 Wkxv/ wkh fdxvdwlrq ehwzhhq wkhvh wzr ydul0
deohv lv idu iurp ehlqj vhwwohg dqg wklv fdq eh d fuxfldo hohphqw lq srolf| ghvljq1

Rxu dqdo|vlv vwduwv r� iurp wkh suhplvh wkdw vdylqj dqg lqyhvwphqw qhhg
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qrw eh htxdo lq dq rshq hfrqrp|1 Lqghhg/ grphvwlf lqyhvwphqw fdq eh �qdqfhg
e| grphvwlf ru iruhljq vdylqj/ wkurxjk lq rzv ri lqwhuqdwlrqdo fdslwdo1 Wklv
lv sduwlfxoduo| hylghqw iru iruhljq gluhfw lqyhvwphqw/ zklfk vkrzv lpsruwdqw
ehkdylrxudo gl�huhqfhv zlwk rwkhu w|shv ri fdslwdo  rzv1

Wkxv/ zh lqyhvwljdwh wkh vdylqj0jurzwk qh{xv lq Ph{lfr e| wdnlqj lqwr df0
frxqw erwk wkh uroh sod|hg e| iruhljq lq rzv lq frpsohphqwlqj grphvwlf vdylqj
dqg wkh ehqh�fldo h�hfwv ri IGL rq grphvwlf lqyhvwphqw dqg lqfrph1 Wkh uh0
vxowv rewdlqhg/ xvlqj wkh Judqjhu qrq0fdxvdolw| whvw surfhgxuh ghyhorshg e|
Wrgd dqg \dpdprwr +4<<8, dqg Grodgr dqg Oÿwnhsrko +4<<9,/ dgg hpslulfdo
vxssruw wr wkh fhqwudo suhvxpswlrq ri Vrorz*v prgho wkdw kljkhu vdylqj suhfhghv
hfrqrplf jurzwk1 Wklv rxwfrph lv wr vrph ghjuhh frqwudu| wr wkdw ri Vlqkd dqg
Vlqkd +4<<;,/ zklfk lqglfdwhv wkdw kljkhu jurzwk udwh lv d suhfxuvru ri vdylqj
udwkhu wkdq wkh uhyhuvh1 Zh suryhg wkdw wklv rqh0zd| fdxvdolw| pljkw eh uh0
odwhg wr wkh rplvvlrq ri iruhljq gluhfw lqyhvwphqw1 Lq idfw/ e| dovr frqvlghulqj
wkh lq xhqfh ri iruhljq fdslwdo lq rzv/ zh vkrz wkdw wkh fdxvdwlrq ehwzhhq vdy0
lqj dqg rxwsxw lv el0gluhfwlrqdo lqvwhdg ri xql0gluhfwlrqdo1 Pruhryhu/ wkh fdxvdo
uhodwlrqvkls uxqqlqj iurp IGL wr rxwsxw/ wkdw kdv ehhq lghqwl�hg lq wklv zrun/
frq�upv wkh lpsruwdqfh ri wkhvh lqyhvwphqw surmhfwv lq vwlpxodwlqj hfrqrplf
jurzwk lq Ph{lfr1 Dgglwlrqdo hylghqfh kdv ehhq irxqg rq d vdylqj0IGL olqndjh/
surylglqj ixuwkhu vxssruw wr wkh fuxfldo uroh ri grphvwlf vdylqj iru hfrqrplf
jurzwk1

Wkh pdlq srolf| lpsolfdwlrq ri rxu dqdo|vlv lv wkh qhhg wr dfklhyh d surshu
frpelqdwlrq ri dq rxwzdug rulhqwhg vwudwhj| zlwk srolflhv wkdw surprwh vdy0
lqj dqg jxdudqwhh pdfurhfrqrplf vwdelolw|1 Dv ghprqvwudwhg/ zlwkrxw vdylqj/
qhlwkhu lqyhvwphqw qru jurzwk rffxuv1
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Frxqwu| Vslooryhuv iurp Iruhljq Gluhfw Lqyhvwphqw1 FHSU Glvfxvvlrq Sd0
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Frqyhujhqfh lq Ph{lfr1 Lq Frqyhujhqfh ri Surgxfwlylw|= Furvv0Qdwlrqdo
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