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t❤❡r❡ ✇❡r❡ t❤r❡❡ ❤♦♥♦r ♣❧❡❞❣❡ ✈❡rs✐♦♥s ✉s❡❞ ❛s tr❡❛t♠❡♥ts✿ ✶✮ s✐❣♥✐♥❣ ❛ ❣✐✈❡♥ ❤♦♥♦r ♣❧❡❞❣❡❀ ✷✮ r❡✲t②♣✐♥❣

t❤❡ s❛♠❡ ❤♦♥♦r ♣❧❡❞❣❡ ❛s ✐♥ tr❡❛t♠❡♥t ✭✶✮ ❜❡❢♦r❡ s✐❣♥✐♥❣❀ ❛♥❞ ✸✮ ❝♦♠✐♥❣ ✉♣ ✇✐t❤ ❛ ♣❡rs♦♥❛❧ ❤♦♥♦r ♣❧❡❞❣❡

t♦ t②♣❡ ❛♥❞ s✐❣♥✳ ❚♦ ❝♦♠♣❧❡t❡ t❤❡ ✸①✷ ❞❡s✐❣♥✱ ■ ❛❧s♦ r❛♥❞♦♠✐③❡❞ ✇❤❡t❤❡r ♦r ♥♦t ❜♦rr♦✇❡rs ✇❤♦ r❡❝❡✐✈❡❞

❛♥ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥t ✇❡r❡ r❡♠✐♥❞❡❞ ♦❢ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ t❤❡② s✐❣♥❡❞ ✐♥ ❛♥ ❡♠❛✐❧ ♠❡ss❛❣❡ s❡♥t ♣r✐♦r

t♦ t❤❡ r❡♣❛②♠❡♥t ❞❡❛❞❧✐♥❡✳ ❯s✐♥❣ t❤✐s ❞❡s✐❣♥✱ ■ t❡st t❤❡ ✐❞❡❛ t❤❛t ♠❛❦✐♥❣ ❛♥ ❡①♣❧✐❝✐t ♣r♦♠✐s❡ ❝❛♥ ♠♦t✐✈❛t❡

r❡♣❛②♠❡♥t ❜② ❣✐✈✐♥❣ ❜♦rr♦✇❡rs ❛♥ ✐♥tr✐♥s✐❝ r❡❛s♦♥ t♦ r❡♣❛②✱ ❛♥❞ t❤❛t r❡♠✐♥❞❡rs ❛❜♦✉t t❤♦s❡ ❡①♣❧✐❝✐t ♣r♦♠✐s❡s

♠✐❣❤t ✐♥❝r❡❛s❡ t❤❡✐r ✐♠♣❛❝t✳ ■ ❛❧s♦ ❞✐s❛❣❣r❡❣❛t❡ t❤❡ r❡s✉❧ts ❜② ✐♥❝♦♠❡✱ ❛❣❡✱ ❛♥❞ ❣❡♥❞❡r✳

❉✐s❛❣❣r❡❣❛t❡❞ tr❡❛t♠❡♥t ❡✛❡❝ts ❛r❡ ✐♠♣♦rt❛♥t ✐♥ t❤✐s ❝♦♥t❡①t✳ ❙♦❝✐❛❧ s❝✐❡♥t✐sts ❤❛✈❡ ❢♦✉♥❞ t❤❛t ♣♦✈❡rt②✲

r❡❧❛t❡❞ ❝♦♥❝❡r♥s ❝♦♥s✉♠❡ s✐❣♥✐✜❝❛♥t ♠❡♥t❛❧ r❡s♦✉r❝❡s ❢♦r t❤❡ ✈❡r② ♣♦♦r✱ r❡❞✉❝✐♥❣ t❤❡✐r ❝♦❣♥✐t✐✈❡ ❝❛♣❛❝✐t②

❛♥❞ ♣❡r❢♦r♠❛♥❝❡ ✭❙❤❛❤ ❡t ❛❧✳ ✷✵✶✷✱ ▼✉❧❧❛✐♥❛t❤❛♥ ❛♥❞ ❙❤❛✜r ✷✵✶✸✮✳ ❚❤❡s❡ ✜♥❞✐♥❣s s✉❣❣❡st t❤❛t ♣♦♦r❡r

❤♦✉s❡❤♦❧❞s t❛❦✐♥❣ s❤♦rt✲t❡r♠ ❧♦❛♥s ♠❛② ❜❡ ♠♦r❡ s✉s❝❡♣t✐❜❧❡ t♦ ❜❡❤❛✈✐♦r❛❧ ❜✐❛s❡s✱ ✏t✉♥♥❡❧✐♥❣✑ ❡✛❡❝t✐✈❡❧② ♦♥

s❤♦rt✲r✉♥ ♥❡❡❞s ✇❤✐❧❡ ♥❡❣❧❡❝t✐♥❣ ♣r♦❜❧❡♠s t❤❛t ♠❛♥✐❢❡st ✐♥ t❤❡ ❧♦♥❣❡r r✉♥ ✭❧✐❦❡ ❝♦♠♣♦✉♥❞✐♥❣ ❧♦❛♥ ❢❡❡s✮✳

❚❤✐s ❝❛♥ ❜❡ ❡s♣❡❝✐❛❧❧② ❞❛♠❛❣✐♥❣ ❜❡❝❛✉s❡ t❤❡s❡ ❜♦rr♦✇❡rs ❣❡♥❡r❛❧❧② ❤❛✈❡ ❧✐♠✐t❡❞ ❛❝❝❡ss t♦ ❛✛♦r❞❛❜❧❡ ❝r❡❞✐t✱

♠❡❛♥✐♥❣ t❤❛t ❢❛✐❧✉r❡ t♦ r❡♣❛② ♦♥❡ ❧♦❛♥ ❝❛♥ ❞r✐✈❡ ❜♦rr♦✇❡rs t♦ ✐♥❝r❡❛s✐♥❣❧② ❝♦st❧② ♦r r✐s❦② ❧♦❛♥ ♦♣t✐♦♥s✳

❚❤❡r❡❢♦r❡✱ ✏s♦❢t ❝♦♠♠✐t♠❡♥ts✑ ✐♥ t❤❡ ❢♦r♠ ♦❢ ❡①♣❧✐❝✐t ♣r♦♠✐s❡s ♠❛② ❜❡ ❤❡❧♣❢✉❧ ✐♥ ♥✉❞❣✐♥❣ ❧♦✇❡r✲✐♥❝♦♠❡

❜♦rr♦✇❡rs t♦ r❡♣❛②✱ ❜② ❜r✐♥❣✐♥❣ r❡♣❛②♠❡♥t ✐♥t♦ t❤❡✐r ✏t✉♥♥❡❧✳✑ ❆❧t❡r♥❛t✐✈❡❧②✱ ✐t ♠❛② ❜❡ t❤❡ ❝❛s❡ t❤❛t r✐❝❤❡r

✭♦r ♦❧❞❡r✮ ❜♦rr♦✇❡rs ❛r❡ ♠♦r❡ ✏❜❡❤❛✈✐♦r❛❧❧② ❡❧❛st✐❝✑ t❤❛♥ ❧♦✇❡r✲✐♥❝♦♠❡ ✭♦r ②♦✉♥❣❡r✮ ❜♦rr♦✇❡rs✱ ❛♥❞ t❤❡r❡❢♦r❡

♠♦r❡ ❧✐❦❡❧② t♦ r❡s♣♦♥❞ t♦ ❜❡❤❛✈✐♦r❛❧ ✐♥t❡r✈❡♥t✐♦♥s✳ ❋✐♥❛❧❧②✱ t❤❡r❡ ✐s ❛ r♦❜✉st ❧✐t❡r❛t✉r❡ ✐♥ ❜♦t❤ ♣s②❝❤♦❧♦❣②

❛♥❞ ❡❝♦♥♦♠✐❝s ♦♥ ❞✐✛❡r❡♥❝❡s ✐♥ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ❜❡t✇❡❡♥ ♠❡♥ ❛♥❞ ✇♦♠❡♥ ✭❊❛❣❧② ❛♥❞ ❲♦♦❞ ✶✾✾✾✱ ❈r♦s♦♥

❛♥❞ ●♥❡❡③② ✷✵✵✾✮✱ ❛♥❞ ♦♥❡ ♠✐❣❤t ❛♥t✐❝✐♣❛t❡ t❤❛t ♣r♦♠✐s❡s ♠❛② ❜❡ ❞✐✛❡r❡♥t✐❛❧❧② ❡✛❡❝t✐✈❡ ❜② ❣❡♥❞❡r✳ ▼②

❞✐s❛❣❣r❡❣❛t❡❞ ❛♥❛❧②s✐s ♣r♦✈✐❞❡s s♦♠❡ ❡✈✐❞❡♥❝❡ ♦♥ t❤❡s❡ q✉❡st✐♦♥s✳
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❚❤❡ r❡s✉❧ts s✉❣❣❡st t❤❛t t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts ❤❛❞ ♠✐♥✐♠❛❧ ✐♠♣❛❝ts ♦♥ r❡♣❛②♠❡♥t ❛♥❞ ♦t❤❡r r❡❧❛t❡❞

♦✉t❝♦♠❡s✳ ❙♣❡❝✐✜❝❛❧❧②✱ ■ tr❛❝❦❡❞ ❢♦✉r ♦✉t❝♦♠❡ ✐♥❞✐❝❛t♦rs ✐♥ t❤❡ ❛❢t❡r♠❛t❤ ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t✿ ✶✮ ♣❛②✐♥❣ ♦✛ t❤❡

❧♦❛♥❀ ✷✮ ♣❛②✐♥❣ ♦✛ t❤❡ ❧♦❛♥ ✐♥ ❡①❛❝t ❛❝❝♦r❞❛♥❝❡ ✇✐t❤ t❤❡ ✐♥✐t✐❛❧ ❛❣r❡❡♠❡♥t ✭❜❡✐♥❣ ❛ ✏♣❡r❢❡❝t ♣❛②❡r✑✮❀ ✸✮ ❜❡✐♥❣

♦✈❡r❞✉❡ ✐♥ r❡♣❛②♠❡♥t ❛t s♦♠❡ ♣♦✐♥t❀ ❛♥❞ ✹✮ t❤❡ ♥✉♠❜❡r ♦❢ ❞❛②s ✉♥t✐❧ r❡♣❛②♠❡♥t✳✶ ❲❤✐❧❡ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡

tr❡❛t♠❡♥ts ❤❛❞ s♠❛❧❧ ♣♦s✐t✐✈❡ ✐♠♣❛❝ts ♦♥ t✇♦ ♦❢ t❤❡s❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s ✭♣❛②✐♥❣ ♦✛ t❤❡ ❧♦❛♥ ❛♥❞ ❜❡✐♥❣ ❛

✏♣❡r❢❡❝t ♣❛②❡r✑✮✱ ♥♦♥❡ ♦❢ t❤❡ ♦❜s❡r✈❡❞ ❡✛❡❝ts ✇❡r❡ st❛t✐st✐❝❛❧❧② ♦r ❡❝♦♥♦♠✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡r❡

✐s ❧✐tt❧❡ ❡✈✐❞❡♥❝❡ t♦ s✉❣❣❡st t❤❛t ❛♥② ♣❛rt✐❝✉❧❛r ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥t ♦✉t♣❡r❢♦r♠❡❞ ❛♥② ♦t❤❡r✱ ♥♦r ✐s t❤❡r❡

❡✈✐❞❡♥❝❡ t♦ s✉♣♣♦rt ❛ ♣♦s✐t✐✈❡ ✐♠♣❛❝t ♦❢ ❜❡✐♥❣ r❡♠✐♥❞❡❞ ❛❜♦✉t t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ ✐♥ t❤❡ ❞❛②s ✐♠♠❡❞✐❛t❡❧②

♣r❡❝❡❞✐♥❣ t❤❡ ❧♦❛♥ r❡♣❛②♠❡♥t ❞✉❡ ❞❛t❡✳ ❚♦❣❡t❤❡r✱ t❤✐s ❡✈✐❞❡♥❝❡ s✉❣❣❡sts t❤❛t ❧♦❛♥ ❞❡❢❛✉❧ts ✐♥ t❤❡ s❤♦rt✲t❡r♠

❧♦❛♥ ♠❛r❦❡t ❛r❡ ♠♦st ❧✐❦❡❧② t❤❡ r❡s✉❧t ♦❢ ❜♦rr♦✇❡rs✬ ✜♥❛♥❝✐❛❧ ❝♦♥str❛✐♥ts✱ ❛♥❞ ♥♦t ❞✐s❤♦♥❡st② ♦r ❜❡❤❛✈✐♦r❛❧

❜✐❛s❡s ✐♥❤✐❜✐t✐♥❣ r❡♣❛②♠❡♥t✳

❚❤✐s ♣❛♣❡r ♣r♦❝❡❡❞s ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥ ✷ ♦✉t❧✐♥❡s ❡①✐st✐♥❣ ❧✐t❡r❛t✉r❡ ❛♥❞ ♣r♦✈✐❞❡s ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡

t❤❡♦r❡t✐❝❛❧ ❜❛❝❦❣r♦✉♥❞ ❛♥❞ ❤②♣♦t❤❡s❡s ❢♦r t❤❡ ❡①♣❡r✐♠❡♥t✳ ❙❡❝t✐♦♥ ✸ ♦✉t❧✐♥❡s t❤❡ ❡①♣❡r✐♠❡♥t ✐ts❡❧❢✳ ❙❡❝t✐♦♥

✹ ❧❛②s ♦✉t t❤❡ ❡♠♣✐r✐❝❛❧ str❛t❡❣② ❢♦r ❛♥❛❧②③✐♥❣ t❤❡ ❞❛t❛ ❢r♦♠ t❤❡ ❡①♣❡r✐♠❡♥t✳ ❙❡❝t✐♦♥ ✺ ♣r❡s❡♥ts r❡s✉❧ts✳

❙❡❝t✐♦♥ ✻ ♣r♦✈✐❞❡s ❛ ❞✐s❝✉ss✐♦♥ ❛♥❞ ❝♦♥❝❧✉❞❡s✳

✷ ❇❛❝❦❣r♦✉♥❞ ▲✐t❡r❛t✉r❡ ❛♥❞ ❚❡st❛❜❧❡ ❍②♣♦t❤❡s❡s

✷✳✶ Pr♦♠✐s❡s ❛♥❞ ❍♦♥♦r P❧❡❞❣❡s

❊①✐st✐♥❣ r❡s❡❛r❝❤ ♦♥ ♠♦t✐✈❛t✐♥❣ ❜❡❤❛✈✐♦r ✉s✐♥❣ ❡①♣❧✐❝✐t ♣r♦♠✐s❡ st❛t❡♠❡♥ts ❡♠♣❤❛s✐③❡s ❜♦t❤ ♦✉r ❞❡s✐r❡

t♦ ❧✐✈❡ ✉♣ t♦ t❤❡ ❡①♣❡❝t❛t✐♦♥s ♦❢ ♦t❤❡rs ✭❈❤❛r♥❡ss ❛♥❞ ❉✉❢✇❡♥❜❡r❣ ✷✵✵✻✱ ▼❝❈❛❜❡ ❡t ❛❧✳ ✷✵✵✶✮ ❛♥❞ ♦✉r

✐♥tr✐♥s✐❝ ♠♦t✐✈❛t✐♦♥ t♦ ✏❦❡❡♣ ♦✉r ✇♦r❞✑ ❛♥❞ ♥♦t ✈✐♦❧❛t❡ ♣r❡✲s❡t ❛❣r❡❡♠❡♥ts ✭❱❛♥❜❡r❣ ✷✵✵✽✱ ❙❤✉ ❡t ❛❧✳ ✷✵✶✶✮✳

❋♦r ❡①❛♠♣❧❡✱ ❈❤❛r♥❡ss ❛♥❞ ❉✉❢✇❡♥❜❡r❣ ✭✷✵✵✻✮ ❤②♣♦t❤❡s✐③❡ ❛ r♦❧❡ ❢♦r ✏❣✉✐❧t ❛✈❡rs✐♦♥✑ ✐♥ st✐❝❦✐♥❣ ✇✐t❤ ♦✉r

♣r♦♠✐s❡s✱ ❞❡s❝r✐❜✐♥❣ ❛ ❣✉✐❧t✲❛✈❡rs❡ ♣❡rs♦♥ ❛s ♦♥❡ ✇❤♦ ✏s✉✛❡rs ❢r♦♠ ❣✉✐❧t t♦ t❤❡ ❡①t❡♥t ❤❡ ❜❡❧✐❡✈❡s ❤❡ ❤✉rts

♦t❤❡rs r❡❧❛t✐✈❡ t♦ ✇❤❛t t❤❡② ❜❡❧✐❡✈❡ t❤❡② ✇✐❧❧ ❣❡t✳ ❚❤❡r❡❢♦r❡✱ ❤❡ ✐s ♠♦t✐✈❛t❡❞ ❜② ❤✐s ❜❡❧✐❡❢s ❛❜♦✉t ♦t❤❡rs✬

❜❡❧✐❡❢s✳✑✷ ■♥ ❜♦t❤ ❈❤❛r♥❡ss ❛♥❞ ❉✉❢✇❡♥❜❡r❣ ✭✷✵✵✻✮ ❛♥❞ ❱❛♥❜❡r❣ ✭✷✵✵✽✮✱ s✉❜❥❡❝ts ✇❤♦ ✇❡r❡ ❣✐✈❡♥ ❛ ❝❤❛♥❝❡

t♦ ❝♦♠♠✉♥✐❝❛t❡ ♣r✐♦r t♦ ♣❧❛②✐♥❣ ❛ ♠♦❞✐✜❡❞ ❞✐❝t❛t♦r ❣❛♠❡ ✇♦✉❧❞ ❡①❝❤❛♥❣❡ ♣r♦♠✐s❡s✱ ❛♥❞ t❤❡s❡ ♣r♦♠✐s❡s ❧❡❞

t♦ s✐❣♥✐✜❝❛♥t ❝❤❛♥❣❡s ✐♥ ❜❡❤❛✈✐♦r✳ ■♥ ❱❛♥❜❡r❣ ✭✷✵✵✽✮✱ ❢♦r ❡①❛♠♣❧❡✱ ✼✸✪ ♦❢ ❞✐❝t❛t♦rs ✇❤♦ ♠❛❞❡ ❛ ♣r♦♠✐s❡ t♦

✏❘♦❧❧✑ ✭❛ ♠♦✈❡ t❤❛t ✇❛s ❧❡ss ❜❡♥❡✜❝✐❛❧ ❢♦r t❤❡ ❞✐❝t❛t♦r✮ st✉❝❦ t♦ t❤❡✐r ♣r♦♠✐s❡s✱ ✇❤❡r❡❛s ✺✷✪ ♦❢ ❞✐❝t❛t♦rs ✇❤♦

♠❛❞❡ ♥♦ ♣r♦♠✐s❡s ❛❜♦✉t t❤❡✐r ❜❡❤❛✈✐♦r ❝❤♦s❡ t♦ ✏❘♦❧❧✳✑ ❙✐♠✐❧❛r❧②✱ ✐♥ ❛ s❡r✐❡s ♦❢ ❡①♣❡r✐♠❡♥ts✱ ❙❤✉ ❡t ❛❧✳ ✭✷✵✶✷✮

✶■♥ ❛♥ ❡❛r❧✐❡r ✈❡rs✐♦♥ ♦❢ t❤✐s ♣❛♣❡r✱ s✐① ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s ✇❡r❡ r❡♣♦rt❡❞✱ ❜✉t ✐t ✇❛s ❞✐✣❝✉❧t t♦ ✐♥t❡r♣r❡t t✇♦ ♦❢ t❤♦s❡ s✐①
✈❛r✐❛❜❧❡s✱ ❛s t❤❡② ✇❡r❡ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ❤❛✈✐♥❣ ❜❡❡♥ ♦✈❡r❞✉❡ ✐♥ r❡♣❛②♠❡♥t✳ ❙♦ ■ ♦♠✐t t❤❡s❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s ❤❡r❡✳

✷❈❤❛r♥❡ss ❛♥❞ ❉✉❢✇❡♥❜❡r❣ ✷✵✵✻✱ ♣✳ ✶✺✽✸

✹
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✜♥❞ t❤❛t ❞✐s❤♦♥❡st ❜❡❤❛✈✐♦r ✇❛s r❡❞✉❝❡❞ ✇❤❡♥ ♣❛rt✐❝✐♣❛♥ts s✐❣♥❡❞ ❛♥ ❛❣r❡❡♠❡♥t ❜❡❢♦r❡ ❢❛❝✐♥❣ ❛♥ ♦♣♣♦rt✉♥✐t②

t♦ ❝❤❡❛t✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ ❛✉t❤♦rs ✜♥❞ t❤❛t ❝❛r ✐♥s✉r❛♥❝❡ ❝✉st♦♠❡rs ✇❤♦ s✐❣♥ ❛♥ ❤♦♥❡st② ♣❧❡❞❣❡ ✭✏■ ♣r♦♠✐s❡

t❤❛t t❤❡ ✐♥❢♦r♠❛t✐♦♥ ■ ❛♠ ♣r♦✈✐❞✐♥❣ ✐s tr✉❡✑✮ ♣r✐♦r t♦ r❡♣♦rt✐♥❣ t❤❡✐r ❝✉rr❡♥t ♦❞♦♠❡t❡r ♠✐❧❡❛❣❡ ❡♥❞❡❞ ✉♣

r❡♣♦rt✐♥❣ s✐❣♥✐✜❝❛♥t❧② ♠♦r❡ ♠✐❧❡s t❤❛♥ t❤♦s❡ ✇❤♦ s✐❣♥❡❞ t❤❡ s❛♠❡ ♣❧❡❞❣❡ ♦♥❧② ❛❢t❡r r❡♣♦rt✐♥❣ ♠✐❧❡❛❣❡✳ ❍❡r❡✱

❣✉✐❧t ❛✈❡rs✐♦♥ ❛r❣✉❛❜❧② ❝♦♥tr✐❜✉t❡s t♦ ❜❡❤❛✈✐♦r ❝❤❛♥❣❡ ❜② ✐♥❞✉❝✐♥❣ ♣s②❝❤♦❧♦❣✐❝❛❧ ❞✐s❝♦♠❢♦rt ❛♥❞ ♣r❡ss✉r❡ t♦

❝♦♥❢♦r♠ t♦ s♦❝✐❛❧ ❡①♣❡❝t❛t✐♦♥s ✭P❡❧❧✐❣r❛ ✷✵✶✶✱ ❙❤✉ ❡t ❛❧✳ ✷✵✶✷✮✳

Pr♦♠✐s❡s ❛♥❞ ❤♦♥♦r ♣❧❡❞❣❡s ❝❛♥ ❛❧s♦ ❜❡ ♣♦✇❡r❢✉❧ ❜❡❝❛✉s❡ t❤❡② tr✐❣❣❡r ✐♥t❡r♥❛❧ ♠♦t✐✈❛t♦rs✳ ❚❤❛t ✐s✱ ❜②

❞✐r❡❝t✐♥❣ ❛♥ ✐♥❞✐✈✐❞✉❛❧s✬ ❛tt❡♥t✐♦♥ t♦ t❤❡✐r ❞❡❝✐s✐♦♥s✱ ♣r♦♠✐s❡s ❝❛♥ ❡❧✐❝✐t r❡✢❡❝t✐♦♥ ❛♥❞ ❛❝t✐♦♥ ❝♦♥s✐st❡♥t ✇✐t❤

t❤❡ ♣r♦♠✐s❡ ✭❉✉✈❛❧ ❛♥❞ ❙✐❧✈✐❛ ✷✵✵✷✮✳ ❚❤✐s ❛r❣✉♠❡♥t ✐s s✐♠✐❧❛r t♦ t❤❛t ✉❧t✐♠❛t❡❧② ♣✉t ❢♦rt❤ ✐♥ ❱❛♥❜❡r❣

✭✷✵✵✽✮✱ ✇❤✐❝❤ ♣r♦✈✐❞❡s ❡①♣❡r✐♠❡♥t❛❧ ❡✈✐❞❡♥❝❡ ❢r♦♠ t❤❡ ❧❛❜♦r❛t♦r② t❤❛t ♣❡♦♣❧❡ ❤❛✈❡ ❛ ✏♣r❡❢❡r❡♥❝❡ ❢♦r ❦❡❡♣✐♥❣

♣r♦♠✐s❡s ♣❡r s❡✳✑✸ ❆❞❞✐t✐♦♥❛❧❧②✱ ✐❞❡♥t✐t② t❤❡♦r② s✉❣❣❡sts t❤❛t t❤✐s ♣r♦♠✐s❡ ❡✛❡❝t ✐s ❡s♣❡❝✐❛❧❧② ♣♦✇❡r❢✉❧ ✐❢

✐♥❞✐✈✐❞✉❛❧s ❢❡❡❧ t❤❡✐r ♣r♦♠✐s❡s r❡❧❛t❡ ❝❧♦s❡❧② t♦ t❤❡✐r s❡❧❢✲✐❞❡♥t✐t✐❡s✱ s✐♥❝❡ ♦♥❡✬s s❡❧❢✲✐❞❡♥t✐t② ❝r❡❛t❡s ❛ s❡t ♦❢

❡①♣❡❝t❛t✐♦♥s t❤❛t ❣✉✐❞❡ ❜❡❤❛✈✐♦r ✭❙t❡ts ❛♥❞ ❇✉r❦❡ ✷✵✵✵✮✳ ❖✈❡r❛❧❧✱ ❡①✐st✐♥❣ r❡s❡❛r❝❤ s✉❣❣❡sts t❤❛t ♣r♦♠✐s❡s

❛♥❞ ♣❧❡❞❣❡s ❝❛♥ ❝❤❛♥❣❡ ❜❡❤❛✈✐♦r✱ ♣❛rt✐❝✉❧❛r❧② ✇❤❡♥ t❤❡② t❛❦❡ ❛❞✈❛♥t❛❣❡ ♦❢ ✐♥t❡r♥❛❧ ❛♥❞ ❡①t❡r♥❛❧ ♠♦t✐✈❛t♦rs

❛♥❞ ❛r❡ ❡♠♦t✐♦♥❛❧❧② s❛❧✐❡♥t ✭❙❤✉ ❡t ❛❧✳ ✷✵✶✷✮✳ ❚❤❡r❡❢♦r❡✱ ■ t❡st t❤❡ ❤②♣♦t❤❡s✐s t❤❛t t❤❡ s❛❧✐❡♥❝❡ ♦❢ ♣❧❡❞❣❡s ✐s

✐♠♣♦rt❛♥t ❜② ❡①♣❧♦r✐♥❣ ✇❤❡t❤❡r ♦r ♥♦t t❤❡ ❡✛❡❝t✐✈❡♥❡ss ♦❢ ❛♥ ❤♦♥♦r ♣❧❡❞❣❡ ❞❡♣❡♥❞s ♦♥ ❤♦✇ ❜♦rr♦✇❡rs ❛r❡

♣r❡s❡♥t❡❞ ✇✐t❤✱ ❛♥❞ r❡♠❡♠❜❡r✱ t❤❡ ♣❧❡❞❣❡✳

❋✐♥❛❧❧②✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦ ❞✐st✐♥❣✉✐s❤ ❜❡t✇❡❡♥ ♣❡❡r✲t♦✲♣❡❡r ♣r♦♠✐s❡s✱ ✇❤✐❝❤ ❞♦♠✐♥❛t❡ ❝✉rr❡♥t ❡①♣❡r✐♠❡♥t❛❧

❡✈✐❞❡♥❝❡ ♦♥ t❤❡ ❡✛❡❝t ♦❢ ♣r♦♠✐s❡s ♦♥ ❜❡❤❛✈✐♦r✱ ❛♥❞ ♣r♦♠✐s❡s ❜❡t✇❡❡♥ ❝❧✐❡♥ts ❛♥❞ ✜r♠s✳ ❋♦r ❡①❛♠♣❧❡✱

❈❤❛r♥❡ss ❛♥❞ ❉✉❢✇❡♥❜❡r❣ ✭✷✵✵✻✮ ❛♥❞ ❱❛♥❜❡r❣ ✭✷✵✵✽✮ ♣❛✐r❡❞ ♣❛rt✐❝✐♣❛♥ts ✐♥ ❞✐❝t❛t♦r ❣❛♠❡s✱ ✇❤✐❧❡ st✉❞✐❡s ♦♥

t❤❡ ❡✛❡❝t ♦❢ ❝♦♠♣✉t❡r✲♠❡❞✐❛t❡❞ ❝♦♠♠✉♥✐❝❛t✐♦♥ ♦♥ ❝♦♦♣❡r❛t✐♦♥ ✐♥ s♦❝✐❛❧ ❛♥❞ ♣r✐s♦♥❡rs ❞✐❧❡♠♠❛s ❤❛s ❢♦❝✉s❡❞

♦♥ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ ❡q✉❛❧s✳✹ ❙✉❝❤ ❞❡s✐❣♥s ♥❡❝❡ss❛r✐❧② r❡str✐❝t ❛tt❡♥t✐♦♥ t♦ ❛ s✉❜s❡t ♦❢ ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥

s✐♠✐❧❛r ❛❣❡♥ts✳ ❍♦✇❡✈❡r✱ s♦♠❡ r❡s❡❛r❝❤ ♦♥ ❡①♣❧✐❝✐t ♣r♦♠✐s❡s ❤❛s ❡①t❡♥❞❡❞ ♣❛st ♣❡❡r✲t♦✲♣❡❡r ✐♥t❡r❛❝t✐♦♥s✳

◆♦t❛❜❧②✱ ✇♦r❦ ♦♥ ❛❝❛❞❡♠✐❝ ❤♦♥♦r ❝♦❞❡s ❢♦❝✉s❡s ♦♥ ♣r♦♠✐s❡s ❜② st✉❞❡♥ts t♦ ❡❞✉❝❛t✐♦♥❛❧ ✐♥st✐t✉t✐♦♥s ✭▼❝❈❛❜❡

❡t ❛❧✳ ✷✵✵✶✱ ▼❛③❛r ❡t ❛❧✳ ✷✵✵✽✮✱ ✇❤✐❧❡ t❤❡ ❡①♣❡r✐♠❡♥t ✐♥ ❙❤✉ ❡t ❛❧✳ ✭✷✵✶✷✮ ❞❡s❝r✐❜❡❞ ❛❜♦✈❡ t❡sts t❤❡ ❡✛❡❝t ♦❢

❛ ♣r♦♠✐s❡ ✉s✐♥❣ ❛ ✜❡❧❞ ❡①♣❡r✐♠❡♥t ✇✐t❤ ❛ ❝❛r ✐♥s✉r❛♥❝❡ ❝♦♠♣❛♥②✳ ■♥ t❤✐s ♣❛♣❡r✱ ■ ❝♦♥tr✐❜✉t❡ ❜② ❡①♣❧♦r✐♥❣

♣r♦♠✐s❡ ❡✛❡❝ts ✐♥ t❤❡ ❝❧✐❡♥t✲✜r♠ ❝♦♥t❡①t ✉s✐♥❣ ❛ ✜❡❧❞ ❡①♣❡r✐♠❡♥t✱ ❢♦❝✉s✐♥❣ ♦♥ ❤♦✇ ♣r♦♠✐s❡s ❝❛♥ ✐♥✢✉❡♥❝❡

✜♥❛♥❝✐❛❧ ❜❡❤❛✈✐♦r ❜❡t✇❡❡♥ ❜♦rr♦✇❡rs ❛♥❞ ❧❡♥❞❡rs✖✇✐t❤ ♠♦♥❡② ❛t st❛❦❡✳

✸❱❛♥❜❡r❣ ✷✵✵✽✱ ♣✳ ✶✹✻✽
✹❋♦r ❛ r❡✈✐❡✇ ♦❢ s✉❝❤ st✉❞✐❡s s❡❡ ❇✐❝❝❤✐❡r✐ ❛♥❞ ▲❡✈✲❖♥ ✭✷✵✵✼✮✳

✺

https://www.researchgate.net/publication/298969647_Self-awareness_probability_of_improvement_and_the_self-serving_bias?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/230748958_Signing_at_the_beginning_makes_ethics_salient_and_decreases_dishonest_self-reports_in_comparison_to_signing_at_the_end?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/230748958_Signing_at_the_beginning_makes_ethics_salient_and_decreases_dishonest_self-reports_in_comparison_to_signing_at_the_end?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/230748958_Signing_at_the_beginning_makes_ethics_salient_and_decreases_dishonest_self-reports_in_comparison_to_signing_at_the_end?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/228603457_Cheating_in_Academic_Institutions_A_Decade_of_Research?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/228603457_Cheating_in_Academic_Institutions_A_Decade_of_Research?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/228264003_Empathy_Guilt-Aversion_and_Patterns_of_Reciprocity?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/228263998_The_Dishonesty_of_Honest_People_A_Theory_of_Self-Concept_Maintenance?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/23525674_Why_Do_People_Keep_Their_Promises_An_Experimental_Test_of_Two_Explanations_-super-1?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/23525674_Why_Do_People_Keep_Their_Promises_An_Experimental_Test_of_Two_Explanations_-super-1?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/23525674_Why_Do_People_Keep_Their_Promises_An_Experimental_Test_of_Two_Explanations_-super-1?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==


✷✳✷ ❙❤♦rt✲❚❡r♠ ▲❡♥❞✐♥❣ ❛♥❞ ❇♦rr♦✇❡r ❇✐❛s❡s

❘❡s❡❛r❝❤ ✐♥ s♦❝✐❛❧ s❝✐❡♥❝❡ s✉❣❣❡sts t❤❛t ❜♦rr♦✇❡rs ♠❛② s②st❡♠❛t✐❝❛❧❧② ❢❛✐❧ t♦ ♠❛❦❡ r❛t✐♦♥❛❧ ❞❡❝✐s✐♦♥s ✇❤❡♥

❝♦♥s✐❞❡r✐♥❣ ✇❤❡t❤❡r ❛♥❞ ❤♦✇ t♦ r❡♣❛② ❧♦❛♥s ✭❆♠❛r ❡t ❛❧✳ ✷✵✶✶✱ ❇r♦✇♥ ❛♥❞ ▲❛❤❡② ✷✵✶✺✮✳ ❲❤✐❧❡ ❛ ❜♦rr♦✇❡r✬s

✐♥❛❜✐❧✐t② t♦ r❡♣❛② ❛♥ ❡①✐st✐♥❣ ❧♦❛♥ ✐s ❛r❣✉❛❜❧② t❤❡ r❡s✉❧t ♦❢ ❧✐♠✐t❡❞ r❡s♦✉r❝❡s✱ t❤❡ ❝♦♥s✐st❡♥t ❢❛✐❧✉r❡ t♦ r❡♣❛②

♠❛② ❛❧s♦ ❜❡ r❡❧❛t❡❞ t♦ ❜❡❤❛✈✐♦r❛❧ ❢❛❝t♦rs✿ r❡♣❛②♠❡♥t ♠❛② ♥♦t ❜❡ s❛❧✐❡♥t ✇❤❡♥ ♣❛②♠❡♥t ✐s ❞✉❡✱ ❜♦rr♦✇❡rs

♠❛② str✉❣❣❧❡ t♦ ❢♦❧❧♦✇ t❤r♦✉❣❤ ♦♥ t❤❡✐r ❝♦♠♠✐t♠❡♥t t♦ r❡♣❛②✱ ❛♥❞ ♣r❡s❡♥t✲❜✐❛s ♠✐❣❤t ❧❡❛❞ ❜♦rr♦✇❡rs t♦

✐♠♣r♦♣❡r❧② ❞✐s❝♦✉♥t ❢✉t✉r❡ ❝♦sts ❛♥❞ ❜❡♥❡✜ts✳ ❚❤❡ tr❡❛t♠❡♥ts ✐♥ t❤✐s ❡①♣❡r✐♠❡♥t ❛r❡ ♠♦t✐✈❛t❡❞ ❜② t❤❡ ✐❞❡❛

t❤❛t ✐♥tr✐♥s✐❝ ♠♦t✐✈❛t♦rs ♠❛② ❤❡❧♣ ♣r♦♠♦t❡ r❡♣❛②♠❡♥t ❜② s❤✐❢t✐♥❣ ❛ ❜♦rr♦✇❡r✬s ❛tt❡♥t✐♦♥ t♦ t❤❡✐r ❧♦❛♥s ❛♥❞

❝♦♥s❡q✉❡♥t ❝♦♠♠✐t♠❡♥ts✳

❍♦✇❡✈❡r✱ ✉s✐♥❣ ❜❡❤❛✈✐♦r❛❧ ♠♦t✐✈❛t♦rs t♦ ✐♥✢✉❡♥❝❡ ✜♥❛♥❝✐❛❧ ❞❡❝✐s✐♦♥s ✐s ♥♦t s✐♠♣❧❡✱ ❛♥❞ r❡s✉❧ts ❢r♦♠ ♣❛st

❡①♣❡r✐♠❡♥ts ♦♥ ❧♦❛♥ r❡♣❛②♠❡♥t ✉s✐♥❣ ♣❡❡r ♣r❡ss✉r❡ ✭❇r❡③❛ ✷✵✶✷✮ ❛♥❞ r❡♠✐♥❞❡rs ✭❈❛❞❡♥❛ ❛♥❞ ❙❝❤♦❛r ✷✵✶✶✱

❑❛r❧❛♥ ❡t ❛❧✳ ✷✵✶✻✮ ✐❧❧✉str❛t❡ ❜♦t❤ t❤❡✐r ❡✛❡❝t✐✈❡♥❡ss ❛♥❞ ♥✉❛♥❝❡s✳ ❋♦r ❡①❛♠♣❧❡✱ ❇r❡③❛ ✭✷✵✶✷✮ ♣r❡s❡♥ts ❛

✜❡❧❞ ❡①♣❡r✐♠❡♥t ♦♥ t❤❡ ❡✛❡❝t ♦❢ ♣❡❡rs ♦♥ r❡♣❛②♠❡♥t r❛t❡s✱ ♥♦t✐♥❣ t❤❛t ✏♣❡❡r ❡✛❡❝ts ♣♦t❡♥t✐❛❧❧② ❤❛✈❡ ❜♦t❤

♣♦s✐t✐✈❡ ❛♥❞ ♥❡❣❛t✐✈❡ ❡✛❡❝ts ♦♥ r❡♣❛②♠❡♥t✳✑ ❋✉rt❤❡r♠♦r❡✱ ❑❛r❧❛♥ ❡t ❛❧✳ ✭✷✵✶✻✮ ❢♦✉♥❞ t❤❛t r❡♠✐♥❞❡rs ❢♦r ❧♦❛♥

r❡♣❛②♠❡♥t ✐♠♣r♦✈❡ r❡♣❛②♠❡♥t ♦♥❧② ✇❤❡♥ t❤❡ r❡♠✐♥❞❡r ✐♥❝❧✉❞❡❞ t❤❡ ❧♦❛♥ ♦✣❝❡r✬s ♥❛♠❡✱ ❛♥ ❡✛❡❝t t❤❛t ❞✐❞

♥♦t ❤♦❧❞ ❢♦r ✜rst✲t✐♠❡ ❜♦rr♦✇❡rs✳

✷✳✸ ▼♦t✐✈❛t✐♥❣ ▲✐t❡r❛t✉r❡ ❢♦r ❊①♣❡r✐♠❡♥t❛❧ ❉❡s✐❣♥ ❛♥❞ ❍②♣♦t❤❡s❡s

❚❤❡ ❞❡s✐❣♥ ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t❛❧ tr❡❛t♠❡♥ts ✐♥ t❤✐s ♣❛♣❡r ✇❛s ♠♦t✐✈❛t❡❞ ❜② ❞✐✛❡r❡♥t t❤r❡❛❞s ♦❢ ❡①✐st✐♥❣

❜❡❤❛✈✐♦r❛❧ ❧✐t❡r❛t✉r❡✱ ❜✉✐❧❞✐♥❣ ♦♥ t❤❡♦r✐❡s ♦❢ ❣✉✐❧t ❛✈❡rs✐♦♥✱ s❛❧✐❡♥❝❡✱ ❛♥❞ ✐♥❛tt❡♥t✐♦♥✳ ■ ❜r✐❡✢② s✉♠♠❛r✐③❡

t❤✐s ♠♦t✐✈❛t✐♥❣ ❧✐t❡r❛t✉r❡ ❛♥❞ ♣r❡s❡♥t t❤❡ ❢♦✉r ❝❡♥tr❛❧✱ t❡st❛❜❧❡ ❤②♣♦t❤❡s❡s ❢♦r t❤✐s ❡①♣❡r✐♠❡♥t ❤❡r❡✳

✷✳✸✳✶ ❊①♣❧✐❝✐t Pr♦♠✐s❡s

❆s ❞❡s❝r✐❜❡❞ ❡❛r❧✐❡r✱ r❡s❡❛r❝❤ s✉❣❣❡sts t❤❛t s✐❣♥✐♥❣ ❛♥ ❤♦♥♦r ♣❧❡❞❣❡ ♠❛② tr✐❣❣❡r ❜❡❤❛✈✐♦r ❝❤❛♥❣❡ ❜❡❝❛✉s❡ ♦❢

❣✉✐❧t ❛✈❡rs✐♦♥✱ ❛♥ ✐♥tr✐♥s✐❝ ❞❡s✐r❡ t♦ st✐❝❦ t♦ ♦✉r ✇♦r❞✱ ♦r ♦✉r ❞❡s✐r❡ t♦ ♣❡r❝❡✐✈❡ ♦✉rs❡❧✈❡s ❛s ♠♦r❛❧ ✭❈❤❛r♥❡ss

❛♥❞ ❉✉❢✇❡♥❜❡r❣ ✷✵✵✻✱ ❱❛♥❜❡r❣ ✷✵✵✽✱ ❆q✉✐♥♦ ❛♥❞ ❘❡❡❞ ✷✵✵✷✮✳ ❚❤✐s ✉♥❞❡r❧✐❡s ❛❧❧ ❡①♣❡r✐♠❡♥t❛❧ tr❡❛t♠❡♥ts

❛♥❞ ❧❡❛❞s t♦ ❛ ❜❛s✐❝ ❤②♣♦t❤❡s✐s✿

❍✶✿ ❆♥② ❢♦r♠ ♦❢ ❤♦♥♦r ♣❧❡❞❣❡ ✇✐❧❧ ✐♥❝r❡❛s❡ r❡♣❛②♠❡♥t✳

✻

https://www.researchgate.net/publication/304441268_A_personal_touch_in_text_messaging_can_improve_microloan_repayment?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/279166803_Small_Victories_Creating_Intrinsic_Motivation_in_Task_Completion_and_Debt_Repayment?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/228292679_Remembering_to_Pay_Reminders_vs_Financial_Incentives_for_Loan_Payments?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/23525674_Why_Do_People_Keep_Their_Promises_An_Experimental_Test_of_Two_Explanations_-super-1?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/6127751_The_self-importance_moral_identity?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==


✷✳✸✳✷ ❙❛❧✐❡♥❝❡

❊①✐st✐♥❣ r❡s❡❛r❝❤ ♦♥ ❤♦♥♦r ♣❧❡❞❣❡s s✉❣❣❡sts t❤❛t t❤❡② ♥❡❡❞ t♦ ❜❡ s❛❧✐❡♥t t♦ tr✐❣❣❡r ❝♦❣♥✐t✐✈❡ ❞✐ss♦♥❛♥❝❡

✭❙❤✉ ❡t ❛❧✳ ✷✵✶✷✮✱ ✇❤✐❧❡ r❡s❡❛r❝❤ ♦♥ t❤❡ ✐♠♣❛❝t ♦❢ ❞✐r❡❝t❡❞ ❛tt❡♥t✐♦♥ s✉❣❣❡sts t❤❛t s✐♠♣❧❡ ♠❛♥✐♣✉❧❛t✐♦♥s

♦❢ ✐♥❞✐✈✐❞✉❛❧s✬ ❧❡✈❡❧ ♦❢ ❛tt❡♥t✐♦♥ ❝❛♥ ❞❡t❡r♠✐♥❡ s♣❡❝✐✜❝ ❜❡❤❛✈✐♦r ✭❏♦♥❛s ❡t ❛❧✳ ✷✵✵✷✱ ❉✉✈❛❧ ❛♥❞ ❙✐❧✈✐❛ ✷✵✵✷✱

▼❛③❛r ❡t ❛❧✳ ✷✵✵✽✮✳ ■♥ t❤✐s ❡①♣❡r✐♠❡♥t✱ ■ ✈❛r② t❤❡ s❛❧✐❡♥❝❡ ♦❢ ❤♦♥♦r ♣❧❡❞❣❡s ❛t ❧♦❛♥ ✐♥✐t✐❛t✐♦♥ ❜② r❡q✉✐r✐♥❣

❞✐✛❡r❡♥t ❧❡✈❡❧s ♦❢ ❜♦rr♦✇❡r ❛tt❡♥t✐♦♥ ✐♥ t❤❡ ❞✐✛❡r❡♥t tr❡❛t♠❡♥ts✳ ◆♦t❡ t❤❛t ■ r❡❢❡r ❤❡r❡ t♦ t❤❡ ❧❡✈❡❧ ♦❢ s❛❧✐❡♥❝❡

❛t t❤❡ ♠♦♠❡♥t ♦❢ t❤❡ ♣❧❡❞❣❡✱ ♥♦t ✐♠♠❡❞✐❛t❡❧② ✐♥ ❛❞✈❛♥❝❡ ♦❢ r❡♣❛②♠❡♥t ✭✇❤✐❝❤ ✐s ❞✐s❝✉ss❡❞ ✐♥ ✷✳✸✳✹✮✳ ■ ✉s❡

t❤✐s ♠❛♥✐♣✉❧❛t✐♦♥ ♦❢ s❛❧✐❡♥❝❡ t♦ t❡st t❤❡ ❢♦❧❧♦✇✐♥❣ ❤②♣♦t❤❡s✐s✿

❍✷✿ ▼♦r❡ s❛❧✐❡♥t ❤♦♥♦r ♣❧❡❞❣❡s ✇✐❧❧ ❜❡ ♠♦r❡ ❡✛❡❝t✐✈❡ ✐♥ ✐♥❝r❡❛s✐♥❣ r❡♣❛②♠❡♥t✳

✷✳✸✳✸ ❙❡❧❢✲■❞❡♥t✐t② ❛♥❞ P❡rs♦♥❛❧✐③❛t✐♦♥

❚❤❡ ❡✛❡❝t✐✈❡♥❡ss ♦❢ ❛♥ ❤♦♥♦r ♣❧❡❞❣❡ ♠❛② ❛❧s♦ r❡❧② ♦♥ t❤❡ ✈❛❧✉❡ t❤❛t ❜♦rr♦✇❡rs ♣❧❛❝❡ ♦♥ t❤❡ ♣❧❡❞❣❡ ❛♥❞

❤♦✇ t❤❡② r❡❧❛t❡ t♦ ✐t ✭❙t❡ts ❛♥❞ ❇✉r❦❡ ✷✵✵✵✮✳ ▲✐♥❦✐♥❣ t❤❡ ♣❧❡❞❣❡ t♦ ❛ ❜♦rr♦✇❡r✬s s❡❧❢✲✐❞❡♥t✐t②✱ ❢♦r ❡①❛♠♣❧❡✱

❝♦✉❧❞ ✐♥❝r❡❛s❡ t❤❡ ❧✐❦❡❧✐❤♦♦❞ ♦❢ ❡♥❣❛❣❡♠❡♥t ✇✐t❤ t❤❡ ❝♦♥t❡♥t ♦❢ t❤❡ st❛t❡♠❡♥t ✭❑❡tt❧❡ ❛♥❞ ❍❛❜✉❧ ✷✵✶✶✮✳ ■♥

◆♦rt♦♥ ❡t ❛❧✳ ✭✷✵✶✶✮✱ t❤❡ r❡s❡❛r❝❤❡rs ✜♥❞ t❤❛t ✐♥❝r❡❛s❡❞ ❝✉st♦♠✐③❛t✐♦♥ ❛♥❞ ♣❡r❝❡✐✈❡❞ ❝♦♥tr♦❧ ♦✈❡r s❡❧❢✲♠❛❞❡

♣r♦❞✉❝ts ❝❛♥ ♠❛❦❡ t❤❡♠ ♠♦r❡ ✈❛❧✉❛❜❧❡ t♦ t❤❡✐r ❝r❡❛t♦rs✖❛ ♣❤❡♥♦♠❡♥♦♥ t❤❡ ❛✉t❤♦rs ❝❛❧❧ t❤❡ ✏■❑❊❆ ❡✛❡❝t✳✑

❲❤✐❧❡ t❤❡ st✉❞② r❡❧❛t❡s s♣❡❝✐✜❝❛❧❧② t♦ ♣❤②s✐❝❛❧ ♦❜❥❡❝ts✱ ❧✐t❡r❛t✉r❡ ♦♥ ❡✛♦rt ❥✉st✐✜❝❛t✐♦♥ ❤❛s ❞❡♠♦♥str❛t❡❞

t❤❛t ❡✛♦rt ❝❛♥ ✐♥❝r❡❛s❡ t❤❡ ♣❡r❝❡✐✈❡❞ ✈❛❧✉❡ ♦❢ ♥♦♥✲♣❤②s✐❝❛❧ ❣♦♦❞s ♦r ❡①♣❡r✐❡♥❝❡s ❛s ✇❡❧❧ ✭❆r♦♥s♦♥ ❛♥❞ ▼✐❧❧s

✶✾✺✾✮✳ ❚❤❡r❡❢♦r❡✱ ■ ❤②♣♦t❤❡s✐③❡ t❤❛t tr✐❣❣❡r✐♥❣ s❡❧❢✲✐❞❡♥t✐t② t❤r♦✉❣❤ ♣❡rs♦♥❛❧✐③❛t✐♦♥ ♠❛② ✐♥❝r❡❛s❡ ❛ ♣r♦♠✐s❡✬s

✈❛❧✉❡ t♦ ✐♥❞✐✈✐❞✉❛❧s✱ ❛❝t✐✈❛t✐♥❣ ❛ str♦♥❣❡r ✐♥tr✐♥s✐❝ ♠♦t✐✈❛t✐♦♥ t♦ ❢♦❧❧♦✇ t❤r♦✉❣❤❀ t❤✐s r❡s✉❧ts ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣

❤②♣♦t❤❡s✐s✿

❍✸✿ P❡rs♦♥❛❧✐③❡❞ ❤♦♥♦r ♣❧❡❞❣❡s ✇✐❧❧ ❜❡ ♠♦r❡ ❡✛❡❝t✐✈❡ ✐♥ ✐♥❝r❡❛s✐♥❣ r❡♣❛②♠❡♥t t❤❛♥

st❛♥❞❛r❞✐③❡❞ ♦♥❡s✳

✷✳✸✳✹ ❘❡♠✐♥❞❡rs

❋✐♥❛❧❧②✱ ❜❡❤❛✈✐♦r❛❧ r❡s❡❛r❝❤❡rs ❛r❣✉❡ t❤❛t s✐♠♣❧❡ r❡♠✐♥❞❡rs ❝❛♥ ✐♥❝r❡❛s❡ ❧♦❛♥ r❡♣❛②♠❡♥t r❛t❡s ✭❈❛❞❡♥❛ ❛♥❞

❙❝❤♦❛r ✷✵✶✶✱ ❑❛r❧❛♥ ❡t ❛❧✳ ✷✵✶✻✮✳ ❋♦r ❡①❛♠♣❧❡✱ ❈❛❞❡♥❛ ❛♥❞ ❙❝❤♦❛r ✭✷✵✶✶✮ ♣♦s✐t t❤❛t ♣♦♦r r❡♣❛②♠❡♥t ❜❡❤❛✈✐♦r

✐s ❛ r❡s✉❧t ♦❢ ❧✐♠✐t❡❞ ✜♥❛♥❝✐❛❧ ♣❧❛♥♥✐♥❣✱ ❛♥❞ s✉❣❣❡st t❤❛t t❡①t ♠❡ss❛❣❡ r❡♠✐♥❞❡rs ✐♥❝r❡❛s❡ r❡♣❛②♠❡♥t r❛t❡s ❜②

❦❡❡♣✐♥❣ ❞❡❜t s❛❧✐❡♥t✳ ■♥ t❤✐s ❡①♣❡r✐♠❡♥t✱ ❛❧❧ ♣❛rt✐❝✐♣❛♥ts r❡❝❡✐✈❡ ❡♠❛✐❧ r❡♠✐♥❞❡rs ❛❜♦✉t r❡♣❛②♠❡♥t✱ ❜✉t ❤❛❧❢

r❡❝❡✐✈❡ ❛ r❡♠✐♥❞❡r t❤❛t ✐♥❝❧✉❞❡s ❛♥ ❛❞❞✐t✐♦♥❛❧ s❡❝t✐♦♥ ❡♠♣❤❛s✐③✐♥❣ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ ♠❛❞❡ ❛t ❧♦❛♥ ✐♥✐t✐❛t✐♦♥✳

✼

https://www.researchgate.net/publication/298969647_Self-awareness_probability_of_improvement_and_the_self-serving_bias?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/272581791_Identity_Theory_and_Social_Identity_Theory?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/257474482_The_IKEA_effect_When_labor_leads_to_love?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/247746786_The_Scrooge_Effect_Evidence_That_Mortality_Salience_Increases_Prosocial_Attitudes_and_Behavior?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/232485348_The_Effect_of_Initiation_Severity_on_Liking_for_a_Group?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/232485348_The_Effect_of_Initiation_Severity_on_Liking_for_a_Group?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/230748958_Signing_at_the_beginning_makes_ethics_salient_and_decreases_dishonest_self-reports_in_comparison_to_signing_at_the_end?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/228263998_The_Dishonesty_of_Honest_People_A_Theory_of_Self-Concept_Maintenance?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==
https://www.researchgate.net/publication/228263998_The_Dishonesty_of_Honest_People_A_Theory_of_Self-Concept_Maintenance?el=1_x_8&enrichId=rgreq-f8dd33bbec1d37feea14447376b10f3f-XXX&enrichSource=Y292ZXJQYWdlOzMwODQxODMzMztBUzo0Nzc2Njg4OTk1OTQyNDBAMTQ5MDg5NjU0ODI3Ng==


❚❤✐s ❦❡❡♣s t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ ❞✐✛❡r❡♥t✐❛❧❧② s❛❧✐❡♥t ❛t t❤❡ ♠♦♠❡♥t ♦❢ r❡♣❛②♠❡♥t ❛❝r♦ss tr❡❛t♠❡♥t ❣r♦✉♣s✱ ❛♥❞

❡♥❛❜❧❡s ✉s t♦ t❡st t❤❡ ❢♦❧❧♦✇✐♥❣ ❤②♣♦t❤❡s✐s✿

❍✹✿ ❙❛❧✐❡♥t r❡♠✐♥❞❡rs ♦❢ ♣r❡✈✐♦✉s❧②✲s✐❣♥❡❞ ❤♦♥♦r ♣❧❡❞❣❡s ✇✐❧❧ ✐♥❝r❡❛s❡ r❡♣❛②♠❡♥t✳

✸ ❊①♣❡r✐♠❡♥t ❖✈❡r✈✐❡✇

✸✳✶ ❊①♣❡r✐♠❡♥t❛❧ ❉❡s✐❣♥

✸✳✶✳✶ P❛rt♥❡rs

▼② r❡s❡❛r❝❤ ♣❛rt♥❡r ❢♦r t❤✐s ✜❡❧❞ ❡①♣❡r✐♠❡♥t ✇❛s ▲❡♥❞❯♣✱ ❛ st❛rt✉♣ ♦♥❧✐♥❡ ❧❡♥❞✐♥❣ ✜r♠ ❜❛s❡❞ ✐♥ ❙❛♥

❋r❛♥❝✐s❝♦✱ ❈❆✱ ✇❤✐❝❤ ♠❛❦❡s s❤♦rt✲t❡r♠ ❧♦❛♥s t♦ q✉❛❧✐✜❡❞ ❜♦rr♦✇❡rs t❤r♦✉❣❤ ❛♥ ♦♥❧✐♥❡ ♣❧❛t❢♦r♠✳ ❚❤❡ ✜r♠✬s

♠✐ss✐♦♥ ✐s t♦ ♣r♦✈✐❞❡ s❤♦rt t❡r♠ ❧♦❛♥s ✐♥ ❛ s♦❝✐❛❧❧②✲r❡s♣♦♥s✐❜❧❡ ✇❛②✳ ▲❡♥❞❯♣✬s ♣r✐♠❛r② ♠❡t❤♦❞ ♦❢ ❝✉st♦♠❡r

❡♥❣❛❣❡♠❡♥t ✐s t❤❡✐r ✇❡❜s✐t❡✱ ✇❤❡r❡ ✉s❡rs ❛♣♣❧② ❢♦r ❧♦❛♥s✱ ❣❡t ❛♣♣r♦✈❛❧✱ ❛♥❞ ❤❛✈❡ ♠♦♥❡② s❡♥t t♦ t❤❡✐r ❜❛♥❦

❛❝❝♦✉♥ts ✐♥ ❛ ✈❡r② s❤♦rt ✇✐♥❞♦✇ ♦❢ t✐♠❡✳

✸✳✶✳✷ ❙✉❜❥❡❝ts

❚❤❡ s✉❜❥❡❝ts ✐♥ t❤✐s st✉❞② ✇❡r❡ ✹✱✽✽✸ r❡❝✐♣✐❡♥ts ♦❢ ❧♦❛♥s t❤r♦✉❣❤ t❤❡ ✜r♠ ♦✈❡r ❛ s✐①✲♠♦♥t❤ ♣❡r✐♦❞✱ ❢r♦♠

▼❛r❝❤ ✷✵✶✸ t♦ ❙❡♣t❡♠❜❡r ✷✵✶✸✳ ❚❤❡ s✉❜❥❡❝ts ✇❡r❡ ♥♦t r❡❝r✉✐t❡❞✖t❤❡② ✇❡r❡ ❝✉st♦♠❡rs ✇❤♦ ❝❛♠❡ t♦ t❤❡

▲❡♥❞❯♣ ✇❡❜s✐t❡ ❢r❡❡❧② t♦ t❛❦❡ ❛ ❧♦❛♥✱ ❛♥❞ ❝♦♥s❡♥t❡❞ t♦ ❝♦♠♠✉♥✐❝❛t✐♦♥ t❤r♦✉❣❤ t❤❡ ✜r♠ ❛s ♣❛rt ♦❢ t❤❡

❜♦rr♦✇✐♥❣ ❛❣r❡❡♠❡♥t✳ ◆♦ ✐♥❞✉❝❡♠❡♥t ✇❛s ♦✛❡r❡❞ ❢♦r t❤❡✐r ♣❛rt✐❝✐♣❛t✐♦♥✱ ❛♥❞ t❤❡② ✇❡r❡ ✉♥❛✇❛r❡ ♦❢ t❤❡

❡①♣❡r✐♠❡♥t❛❧ ♥❛t✉r❡ ♦❢ t❤❡ ❜♦rr♦✇✐♥❣ ♣r♦❝❡ss✱ ❛s ❞❡s❝r✐❜❡❞ ❤❡r❡✳ ❆❧❧ s✉❜❥❡❝ts ✇❡r❡ ✜rst✲t✐♠❡ ❜♦rr♦✇❡rs✱

♠❡❛♥✐♥❣ t❤❡② ❤❛❞ ♥❡✈❡r ♦❜t❛✐♥❡❞ ❛ ❧♦❛♥ ❢r♦♠ t❤❡ ✜r♠ ♣r❡✈✐♦✉s❧②✳

✸✳✶✳✸ ❙t✉❞② ❉❡s✐❣♥

❯♣♦♥ ✐♥✐t✐❛t✐♥❣ ❛ ❧♦❛♥ ♣r♦❝❡ss t❤r♦✉❣❤ ▲❡♥❞❯♣✬s ♦♥❧✐♥❡ ♣❧❛t❢♦r♠✱ s✉❜❥❡❝ts ✇❡r❡ r❛♥❞♦♠❧② ❛ss✐❣♥❡❞ ✐♥t♦ ♦♥❡

♦❢ s❡✈❡♥ ❝♦♥❞✐t✐♦♥s✖♦♥❡ ❝♦♥tr♦❧ ❣r♦✉♣ ❛♥❞ s✐① tr❡❛t♠❡♥t ❣r♦✉♣s✳ ❆❧❧ ❣r♦✉♣s ❤❛❞ ❛ s✐♠✐❧❛r ♦♥❧✐♥❡ ♣r♦❝❡ss

t♦ ♦❜t❛✐♥ t❤❡ ❧♦❛♥✱ ❝♦♥s✐st✐♥❣ ♦❢ s❡✈❡♥ s❝r❡❡♥s ❜❡❢♦r❡ t❤❡ ❛♣♣r♦✈❛❧ ❝♦♥✜r♠❛t✐♦♥ s❝r❡❡♥✳ ❙❝r❡❡♥s❤♦ts ❢♦r t❤❡

♦♥❜♦❛r❞✐♥❣ ❧♦❛♥ ♣r♦❝❡ss ❢r♦♠ t❤❡ ♣❡rs♣❡❝t✐✈❡ ♦❢ t❤❡ ❜♦rr♦✇❡r ❛r❡ ✐♥❝❧✉❞❡❞ ✐♥ ❆♣♣❡♥❞✐① ✶✳ ■♠♣♦rt❛♥t❧②✱ t❤❡

✜rst s✐① s❝r❡❡♥s ✇❡r❡ t❤❡ s❛♠❡ ❢♦r ❛❧❧ ✐♥❞✐✈✐❞✉❛❧s r❡❣❛r❞❧❡ss ♦❢ tr❡❛t♠❡♥t✴❝♦♥tr♦❧ ❣r♦✉♣✳ ❖♥❧② t❤❡ s❡✈❡♥t❤

s❝r❡❡♥ ✇❛s ❞✐✛❡r❡♥t ❢♦r t❤❡ ❝♦♥tr♦❧ ❛♥❞ tr❡❛t♠❡♥t ❣r♦✉♣s❀ t❤❡ ❝♦♥tr♦❧ ❣r♦✉♣ ❤❛❞ t♦ ❝❤❡❝❦ t✇♦ ❜♦①❡s ❛❝❝❡♣t✐♥❣

✽



❋✐❣✉r❡ ✶✿ ❋✐♥❛❧ Pr❡✲❆♣♣r♦✈❛❧ ❙❝r❡❡♥✿ ❈♦♥tr♦❧ ✈s✳ ❚❤r❡❡ ❚r❡❛t♠❡♥ts

t❤❡ t❡r♠s ♦❢ t❤❡ ❧♦❛♥✱ ✇❤✐❧❡ t❤❡ tr❡❛t♠❡♥t ❣r♦✉♣s s❛✇ t❤❡ s❛♠❡ t✇♦ ❝❤❡❝❦❜♦①❡s ❛❧♦♥❣ ✇✐t❤ ❛♥ ❤♦♥♦r ♣❧❡❞❣❡

t❛s❦✳ ❚❤✐s ❡♥s✉r❡❞ t❤❛t ❞✐✛❡r❡♥t✐❛❧ ❛ttr✐t✐♦♥ ❞✉❡ t♦ t❤❡ tr❡❛t♠❡♥t ✇❛s ♠✐♥✐♠✐③❡❞ ✭❛s s❤❛r✐♥❣ ♦❢ ♣❡rs♦♥❛❧

✐♥❢♦r♠❛t✐♦♥✱ ❛ ♣♦t❡♥t✐❛❧ ❤✉r❞❧❡ ❢♦r s❦❡♣t✐❝❛❧ ❜♦rr♦✇❡rs✱ ✇❛s ❞♦♥❡ ♦♥ ♣r❡✲tr❡❛t♠❡♥t s❝r❡❡♥s✮✳

✸✳✶✳✹ ❚r❡❛t♠❡♥ts ❛♥❞ ❈♦♥tr♦❧s

■ ✉s❡❞ ❛ ✸①✷ ✐♥❝♦♠♣❧❡t❡ ❢❛❝t♦r✐❛❧ ❞❡s✐❣♥✱ ✇✐t❤ ❛ ❝♦♥tr♦❧ ❣r♦✉♣ ♥♦t r❡❝❡✐✈✐♥❣ ❛♥ ❤♦♥♦r ♣❧❡❞❣❡ ♠❡ss❛❣❡ ❛t

❛♥② st❛❣❡✳ ❚❤❡ ✸①✷ s❡t✉♣ ❢♦r t❤❡ s✐① ❡①♣❡r✐♠❡♥t❛❧ tr❡❛t♠❡♥ts ♦♣❡r❛t❡❞ ❛s ❢♦❧❧♦✇s✳ ❋✐rst✱ s✉❜❥❡❝ts ✇❡r❡

r❛♥❞♦♠❧② ❛ss✐❣♥❡❞ t♦ r❡❝❡✐✈❡ ♦♥❡ ♦❢ t❤r❡❡ ❤♦♥♦r ♣❧❡❞❣❡ ✏tr❡❛t♠❡♥ts✑ ♦♥ t❤❡ ✜♥❛❧ ♣r❡✲❛♣♣r♦✈❛❧ s❝r❡❡♥ ❞✉r✐♥❣

t❤❡ ❧♦❛♥ ✐♥✐t✐❛t✐♦♥ ♣r♦❝❡ss✖r❡❢❡rr❡❞ t♦ ❤❡r❡❛❢t❡r ❛s t❤❡ ✏❙✐♠♣❧❡✱✑ ✏❈♦♣②✱✑ ❛♥❞ ✏❲r✐t❡✲■♥✑ tr❡❛t♠❡♥ts✳ ❚❤❡s❡

t❤r❡❡ tr❡❛t♠❡♥ts ♦✛❡r❡❞ ❞✐✛❡r❡♥t ✈❡rs✐♦♥s ♦❢ ❛♥ ✏❤♦♥♦r ♣❧❡❞❣❡✑ ❢♦r t❤❡ s✉❜❥❡❝ts✱ s♣❡❝✐✜❝❛❧❧②✿ ✶✮ t❤❡ ✏❙✐♠♣❧❡✑

tr❡❛t♠❡♥t r❡q✉✐r❡❞ t❤❡♠ t♦ r❡❛❞ ❛♥❞ s✐❣♥ ❛ ❣✐✈❡♥✱ ❞❡❢❛✉❧t ❤♦♥♦r ♣❧❡❞❣❡❀ ✷✮ t❤❡ ✏❈♦♣②✑ tr❡❛t♠❡♥t r❡q✉✐r❡❞

t❤❡♠ t♦ r❡✲t②♣❡ t❤❡ s❛♠❡ ❣✐✈❡♥✱ ❞❡❢❛✉❧t ❤♦♥♦r ♣❧❡❞❣❡ ✇♦r❞✲❢♦r✲✇♦r❞ ✐♥t♦ ❛ t❡①t ❜♦①✱ ❛♥❞ s✐❣♥ ✐t ❜❡❢♦r❡

♣r♦❝❡❡❞✐♥❣❀ ❛♥❞ ✸✮ t❤❡ ✏❲r✐t❡✲■♥✑ tr❡❛t♠❡♥t r❡q✉✐r❡❞ t❤❡♠ t♦ ❝♦♠❡ ✉♣ ✇✐t❤ t❤❡✐r ♦✇♥ ❤♦♥♦r ♣❧❡❞❣❡✱ ✇r✐t❡

✐t ✐♥t♦ ❛ t❡①t ❜♦①✱ ❛♥❞ s✐❣♥ ✐t ❜❡❢♦r❡ ♣r♦❝❡❡❞✐♥❣✳ ◆♦t❡ t❤❛t ✐♥ ❛❧❧ ❝❛s❡s✱ t❤❡ ❢♦♥t ✉s❡❞ ❢♦r t❤❡ s✐❣♥❛t✉r❡

✇❛s ✏❤❛♥❞✇r✐t✐♥❣✑ ❢♦♥t t♦ ✐♥❝r❡❛s❡ r❡❛❧✐s♠✳ ❋✐❣✉r❡ ✶ s❤♦✇s t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ ❝♦♥tr♦❧ ❛♥❞ t❤r❡❡

tr❡❛t♠❡♥t s❝r❡❡♥s ✭✈✐s✉❛❧s ♦❢ t❤❡ ❡♥t✐r❡ ✜♥❛❧ ♣r❡✲❛♣♣r♦✈❛❧ s❝r❡❡♥s ❛❝r♦ss ❝♦♥❞✐t✐♦♥s ❛r❡ ♣r♦✈✐❞❡❞ ✐♥ ❆♣♣❡♥❞✐①

✷✮✳

❙❡❝♦♥❞✱ t❤❡ s✉❜❥❡❝ts ❛❧s♦ ❞✐✛❡r❡❞ ✐♥ t❤❡ t②♣❡ ♦❢ r❡♣❛②♠❡♥t r❡♠✐♥❞❡r t❤❡② r❡❝❡✐✈❡❞ t❤r❡❡ ❞❛②s ❜❡❢♦r❡ t❤❡

r❡♣❛②♠❡♥t ❞❡❛❞❧✐♥❡✳ ❙♣❡❝✐✜❝❛❧❧②✱ s✉❜❥❡❝ts ✇❡r❡ r❛♥❞♦♠❧② ❛ss✐❣♥❡❞ t♦ r❡❝❡✐✈❡ ❡✐t❤❡r t❤❡ ✏st❛♥❞❛r❞✑ r❡♠✐♥❞❡r
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❋✐❣✉r❡ ✷✿ ❘❡♠✐♥❞❡r ❊♠❛✐❧ ❊①❛♠♣❧❡

❡♠❛✐❧✱ ♦r ❛ r❡♠✐♥❞❡r t❤❛t ♠❛❞❡ ❡①♣❧✐❝✐t r❡❢❡r❡♥❝❡ t♦ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ t❤❡ s✉❜❥❡❝t s✐❣♥❡❞ ✭s❡❡ ❋✐❣✉r❡ ✷✮✳

◆♦t❡ t❤❛t ❛❧❧ s✉❜❥❡❝ts✱ ✐♥❝❧✉❞✐♥❣ t❤❡ ❝♦♥tr♦❧ s✉❜❥❡❝ts✱ r❡❝❡✐✈❡❞ ❛ r❡♠✐♥❞❡r ❡♠❛✐❧✳ ❍❡♥❝❡❢♦rt❤✱ t❤❡ tr❡❛t♠❡♥ts

t❤❛t ✐♥❝❧✉❞❡❞ ❛ r❡♠✐♥❞❡r ♦❢ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ ✇✐❧❧ ❜❡ ❧❛❜❡❧❡❞ ✇✐t❤ ✏❍P✑ ✭s♦✱ ✏❙✐♠♣❧❡✲❍P✱✑ ✏❈♦♣②✲❍P✱✑ ❛♥❞

✏❲r✐t❡✲■♥✲❍P✑✮✳

✸✳✶✳✺ ❋❡❡s ❛♥❞ ▲♦❣✐st✐❝s ♦❢ t❤❡ ▲♦❛♥ Pr♦❝❡ss

❇♦rr♦✇❡rs t♦♦❦ ♦✉t ❧♦❛♥s ❢♦r ❜❡t✇❡❡♥ ✼ ❛♥❞ ✸✵ ❞❛②s t❤r♦✉❣❤ t❤❡ s✐t❡✳ ▲♦❛♥s r❛♥❣❡❞ ❢r♦♠ ✩✶✵✵✲✩✷✺✵✱ ✇✐t❤ ❛

♠❡❛♥ ❧♦❛♥ s✐③❡ ♦❢ ✩✷✶✾✳✶✵✳ ❚❤❡ ✈❛st ♠❛❥♦r✐t② ♦❢ ❧♦❛♥s ✇❡r❡ ❢♦r ✩✷✵✵ ✭✸✻✳✸✪✮ ♦r ✩✷✺✵ ✭✺✵✳✾✪✮✳ ■❢ t❤❡ ❝❤♦s❡♥

❧♦❛♥ ❞✉r❛t✐♦♥ ❛t ✐♥✐t✐❛t✐♦♥ ✇❛s ✉♥❞❡r ✸✵ ❞❛②s✱ s✉❜❥❡❝ts ✇❡r❡ ❛❧❧♦✇❡❞ t♦ ❡①t❡♥❞ t❤❡✐r ❧♦❛♥s ✉♣ t♦ t❤❡ ✸✵ ❞❛②

♠❛①✐♠✉♠ ❛t ❛♥② t✐♠❡✱ ✇✐t❤♦✉t ♣❡♥❛❧t②✳ ❚❤❡ ❢❡❡s ❢♦r t❤❡ ❧♦❛♥ ✇❡r❡ ✶✼✳✻✪ ♦❢ t❤❡ ❛♠♦✉♥t ♦❢ ♠♦♥❡② ❜♦rr♦✇❡❞✱

✇✐t❤ ❛ ✸✵ ❝❡♥t✲♣❡r✲❞❛② r❡❞✉❝t✐♦♥ ✐♥ ❢❡❡ ❢♦r ❡❛r❧② r❡♣❛②♠❡♥t✳ ■♥❞✐✈✐❞✉❛❧s ✇❤♦ ✇❡r❡ ❧❛t❡ ✐♥ r❡♣❛②✐♥❣ t❤❡✐r

❧♦❛♥s ❝♦✉❧❞ ♦♣t t♦ ❡♥t❡r ✐♥t♦ ❛ ♣❛②♠❡♥t ♣❧❛♥ ✇✐t❤ t❤❡ ✜r♠✱ ♥❡❣♦t✐❛t❡❞ ♦♥ ❛ ❝❛s❡✲❜②✲❝❛s❡ ❜❛s✐s✳ ❚❤❡r❡ ✇❛s ❛

✢❛t ✩✶✺ ❢❡❡ ❢♦r ❧❛t❡ r❡♣❛②♠❡♥t✳ ❚❤✐s ❧❛t❡ r❡♣❛②♠❡♥t ❢❡❡ ✇❛s r❡❞✉❝❡❞ ❜② ✸✵ ❝❡♥ts ♣❡r ❞❛② ✐❢ ②♦✉r ❧♦❛♥ ✇❛s

❢♦r ✉♥❞❡r ✸✵ ❞❛②s✱ ✐♥ ❧✐♥❡ ✇✐t❤ t❤❡ ❛❧❧♦✇❛♥❝❡ ❢♦r ❧♦❛♥ ❡①t❡♥s✐♦♥s ❛♥❞ t❤❡ ❡❛r❧② r❡♣❛②♠❡♥t ❢❡❡ r❡❞✉❝t✐♦♥✳

■♠♣♦rt❛♥t❧②✱ ❜♦rr♦✇❡rs ✇❡r❡ s❡t ✉♣ ❢♦r ❛✉t♦✲r❡♣❛②♠❡♥t ♦❢ t❤❡✐r ❧♦❛♥s t❤r♦✉❣❤ ❛♥ ❆❈❍ tr❛♥s❢❡r ✉♣♦♥ ❧♦❛♥

✐♥✐t✐❛t✐♦♥✳ ■♥ ♦t❤❡r ✇♦r❞s✱ t❤❡ ✏❞❡❢❛✉❧t✑ ✇❛s ❢♦r ❧♦❛♥ r❡♣❛②♠❡♥t t♦ ❜❡ ✐♥✐t✐❛t❡❞ ♦♥ t❤❡ ❞✉❡ ❞❛t❡ ✐♥ t❤❡ ✐♥✐t✐❛❧

❧♦❛♥ ❛❣r❡❡♠❡♥t✳ ❚❤✐s ✐s ✐♠♣♦rt❛♥t ❜❡❝❛✉s❡ ✐t ♠❛② ❧❡❛❞ ✉s t♦ ✉♥❞❡r❡st✐♠❛t❡ t❤❡ ❜❡❤❛✈✐♦r❛❧ ❡✛❡❝ts ♦❢ t❤✐s

✶✵



✐♥t❡r✈❡♥t✐♦♥✖s✐♥❝❡ t❤❡ ❞❡❢❛✉❧t ✐s t♦ r❡♣❛②✱ ✐t ♠❛② ❜❡ t❤❡ ❝❛s❡ t❤❛t s♦♠❡ ✐♥❞✐✈✐❞✉❛❧s r❡♣❛② ❜❡❝❛✉s❡ ✐t ✐s t❤❡

❞❡❢❛✉❧t✱ ❛♥❞ ♥♦t ❜❡❝❛✉s❡ t❤❡② ♠❛❦❡ ❛♥ ❛❝t✐✈❡ ❝❤♦✐❝❡ t♦ r❡♣❛②✳ ❲❡ r❡✈✐s✐t t❤✐s ✐♥ t❤❡ ❞✐s❝✉ss✐♦♥ s❡❝t✐♦♥✳

✸✳✶✳✻ P♦✇❡r

❚❤❡ s❛♠♣❧❡ s✐③❡ ❢♦r t❤✐s st✉❞② ✇❛s ❞❡t❡r♠✐♥❡❞ ✇✐t❤ t❤❡ ❧♦❛♥ r❡♣❛②♠❡♥t r❛t❡ ♦✉t❝♦♠❡ ✐♥ ♠✐♥❞✱ ❜❛s❡❞ ♦♥ ❛♥

❡st✐♠❛t❡❞ ❡①✲❛♥t❡ r❡♣❛②♠❡♥t r❛t❡ ♦❢ ✽✵✪✱ ♣♦✇❡r ♦❢ ✵✳✽✵✱ ❛♥❞ ❛♥ ❡st✐♠❛t❡❞ ❡✛❡❝t s✐③❡ ♦❢ ✜✈❡ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts

✭✐♥❢♦r♠❡❞ ♣r✐♠❛r✐❧② ❜② t❤❡ ✜♥❞✐♥❣s ✐♥ ❙❤✉ ❡t ❛❧✳ ✭✷✵✶✷✮ ❛♥❞ ❑❛r❧❛♥ ❡t ❛❧✳ ✭✷✵✶✵✮✮✳✺ ❲❤❡♥ ♣♦♦❧✐♥❣ ❤♦♥♦r

♣❧❡❞❣❡ t②♣❡s ✭✐♥ ♦t❤❡r ✇♦r❞s✱ ✐❣♥♦r✐♥❣ t❤❡ ✈❛r✐❛t✐♦♥ ✐♥ ❡♠❛✐❧ r❡♠✐♥❞❡r ✈❡rs✐♦♥✮✱ t❤❡ st✉❞②✬s ♣♦✇❡r t♦ ❞❡t❡❝t

❛ ✜✈❡ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t ❡✛❡❝t r♦s❡ t♦ ✵✳✾✵✳✻ ❍♦✇❡✈❡r✱ ■ s❤♦✉❧❞ ♥♦t❡ t❤❛t ▲❡♥❞❯♣ ✇❛s ♥♦t ❛❜❧❡ t♦ ❣✉❛r❛♥t❡❡

❛ s❛♠♣❧❡ s✐③❡ ❡①✲❛♥t❡✱ ❜✉t ✐♥st❡❛❞ ♣r♦✈✐❞❡❞ ❛ t✐♠❡ ❢r❛♠❡ ❞✉r✐♥❣ ✇❤✐❝❤ t❤❡ st✉❞② ✇♦✉❧❞ r✉♥✳ ❚❤❡r❡❢♦r❡ t❤❡

♣♦✇❡r ❛♥❛❧②s✐s ❞❡s❝r✐❜❡❞ ❤❡r❡ ✐♥❢♦r♠❡❞ t❤❡ st✉❞②✬s ❞✉r❛t✐♦♥✳ ■♥ t❤❡ ❡♥❞✱ t❤❡ s❛♠♣❧❡ s✐③❡ r♦✉❣❤❧② ♠❛t❝❤❡❞✱

❜✉t ❢❡❧❧ s❧✐❣❤t❧② s❤② ♦❢✱ t❤❡ ❡①✲❛♥t❡ ✜❣✉r❡s ♥❡❡❞❡❞ t♦ ❞❡t❡❝t t❤❡ ✜✈❡ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t ❡✛❡❝t s✐③❡✳ ❚❤❡ ❧♦✇❡st

♣♦✇❡r ❜❛s❡❞ ♦♥ t❤❡ ✜♥❛❧ s❛♠♣❧❡ s✐③❡s ❢♦r t❤❡ ❝♦♥tr♦❧ ❛♥❞ ❛♥② s✐♥❣❧❡ tr❡❛t♠❡♥t ❝♦♥❞✐t✐♦♥ ✇♦✉❧❞ ❤❛✈❡ ❜❡❡♥

✵✳✼✼✳✼

✸✳✷ ❉❛t❛ ❛♥❞ ❇❛s❡❧✐♥❡ ❈❤❛r❛❝t❡r✐st✐❝s

❚❤❡ ❞❛t❛ ✇❡r❡ ❝♦❧❧❡❝t❡❞ ❜② ▲❡♥❞❯♣✱ ❛♥❞ ♥♦t t❤❡ r❡s❡❛r❝❤❡r✳ ❚❤❡ ✜r♠ ❝♦❧❧❡❝t❡❞ ❞❛t❛ ♦♥ r❡♣❛②♠❡♥t st❛t✉s✱

❧♦❛♥ ❛♠♦✉♥ts ❛♥❞ ❞❛t❡s ♦❢ ❛❣r❡❡♠❡♥t✱ ❛♥❞ ❞❡♠♦❣r❛♣❤✐❝ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ❜♦rr♦✇❡rs✱ ❛s r❡q✉✐r❡❞ ❜② ❧❛✇✳✽

❆❧❧ ❞❛t❛ ✇❡r❡ ❝♦❧❧❡❝t❡❞ ✇✐t❤ t❤❡ ❝♦♥s❡♥t ♦❢ t❤❡ ❝✉st♦♠❡r✱ ❛s r❡q✉✐r❡❞ ❜② t❤❡ ❋❛✐r ❈r❡❞✐t ❘❡♣♦rt✐♥❣ ❆❝t ❢♦r

❧❡♥❞❡rs✳ ❚❤❡ ✜r♠ r❡♠♦✈❡❞ ❛❧❧ ✐❞❡♥t✐✜❛❜❧❡ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ t❤❡ ❞❛t❛✱ s❤❛r✐♥❣ ♦♥❧② ❛♥♦♥②♠✐③❡❞ ❞❛t❛ ✇✐t❤

t❤❡ r❡s❡❛r❝❤❡r✳

✸✳✷✳✶ ❉❡s❝r✐♣t✐✈❡ ❉❛t❛ ❛♥❞ ❇❛s❡❧✐♥❡ ❈❤❛r❛❝t❡r✐st✐❝s

■ ♦❜s❡r✈❡ ❞❛t❛ ❢r♦♠ ✹✱✽✽✸ ✜rst✲t✐♠❡ ❜♦rr♦✇❡rs✳ ❚❛❜❧❡ ✶ ♦✉t❧✐♥❡s t❤❡ ♥✉♠❜❡r ♦❢ s✉❜❥❡❝ts ✐♥ ❡❛❝❤ tr❡❛t♠❡♥t

❛♥❞ ❝♦♥tr♦❧ ❣r♦✉♣✱ ❛♥❞ s✉♠♠❛r✐③❡s t❤❡ ❞❡♠♦❣r❛♣❤✐❝ ✈❛r✐❛❜❧❡s ❛✈❛✐❧❛❜❧❡ ❢♦r ✐♥❞✐✈✐❞✉❛❧s ✐♥ t❤❡s❡ ❣r♦✉♣s✳ ■♥

❛❞❞✐t✐♦♥✱ ❆♣♣❡♥❞✐① ✸ ♣r♦✈✐❞❡s ✈✐s✉❛❧s ❞❡♣✐❝t✐♥❣ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ s✉❜❥❡❝ts✬ ❥♦❜ st❛t✉s✱ ❛❣❡✱ ❛♥❞ ✐♥❝♦♠❡✳

◆♦t❡ t❤❛t t❤❡ ♥✉♠❜❡r ♦❢ ♦❜s❡r✈❡❞ ❞❡♠♦❣r❛♣❤✐❝ ✈❛r✐❛❜❧❡s ✐s ❧✐♠✐t❡❞✱ ❞✉❡ t♦ ❧❡❣❛❧ r❡str✐❝t✐♦♥s ❛r♦✉♥❞ s❡♥s✐t✐✈❡

✜♥❛♥❝✐❛❧ tr❛♥s❛❝t✐♦♥s✳
✺❙t❛t❛ ❝♦♠♠❛♥❞✿ s❛♠♣s✐ ✳✽ ✳✽✺✱ ♦♥❡s✐❞❡❞ ♣♦✇❡r✭✵✳✽✮
✻❙t❛t❛ ❝♦♠♠❛♥❞✿ s❛♠♣s✐ ✳✽ ✳✽✺✱ ♥✶✭✼✺✸✮ ♥✷✭✶✺✵✻✮ ♦♥❡s✐❞❡❞
✼❙t❛t❛ ❝♦♠♠❛♥❞✿ s❛♠♣s✐ ✳✽ ✳✽✺✱ ♥✶✭✼✷✾✮ ♥✷✭✻✺✻✮ ♦♥❡s✐❞❡❞
✽❚❤❡ s♣❡❝✐✜❝ ❞❛t❛ t❤❛t t❤❡ ✜r♠ ❝♦❧❧❡❝t❡❞ ❢r♦♠ ❡❛❝❤ ❜♦rr♦✇❡r ❛r❡✿ ◆❛♠❡✱ ❆❞❞r❡ss✱ P❤♦♥❡ ◆✉♠❜❡r✱ ❙♦❝✐❛❧ ❙❡❝✉r✐t② ◆✉♠❜❡r✱

❊♠♣❧♦②❡r✱ ❇❛♥❦✱ ❝❤❛♥♥❡❧ ❞❛t❛ ✭■P ❛❞❞r❡ss✱ ❜r♦✇s❡r✱ ❡t❝✮✱ ❛♥❞ ❜❡❤❛✈✐♦r❛❧ ❞❛t❛ ✭✉s❡r ❛❝t✐♦♥s ♦♥ t❤❡ ▲❡♥❞❯♣ ✇❡❜s✐t❡ ✕ ❧♦❣✐♥s✱
♣❛❣❡ ❝❧✐❝❦s✱ t✐♠❡ s♣❡♥t ♦♥ ♣❛❣❡s✱ ❡t❝✮✳
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❚✇♦ ♣❛rt✐❝✉❧❛r ❡❧❡♠❡♥ts ♦❢ t❤❡ ❞❡♠♦❣r❛♣❤✐❝ ❞❛t❛ ❛r❡ ✇♦rt❤ ♠❡♥t✐♦♥✐♥❣✳ ❋✐rst✱ s✉❜❥❡❝t ❣❡♥❞❡r ✇❛s ♥♦t ✐♥

t❤❡ ❞❛t❛✱ ❜✉t ▲❡♥❞❯♣ ✇❛s ❛❜❧❡ t♦ ❣❡♥❡r❛t❡ ❛ ✈❛r✐❛❜❧❡ ✭✏Pr♦❜❛❜✐❧✐t② ▼❛❧❡✑✮ t❤❛t ❝❛♣t✉r❡s t❤❡ ♣r♦❜❛❜✐❧✐t②

t❤❛t ❛ ❣✐✈❡♥ ✐♥❞✐✈✐❞✉❛❧ ✇❛s ♠❛❧❡ ♦r ❢❡♠❛❧❡ ✉s✐♥❣ ❛♥ ✐♥t❡r♥❛❧ ❛❧❣♦r✐t❤♠ ❜❛s❡❞ ♦♥ t❤❡ ✐♥❞✐✈✐❞✉❛❧✬s ✜rst ♥❛♠❡✳

❚❤❡ ♠❡❛♥ ❛♥❞ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ t❤✐s ✈❛r✐❛❜❧❡ ❛r❡ r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ✶✱ ❛❧♦♥❣ ✇✐t❤ ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❢♦r

❣❡♥❞❡r✱ ❝r❡❛t❡❞ ✉s✐♥❣ t❤❡ ✏Pr♦❜❛❜✐❧✐t② ▼❛❧❡✑ ✈❛r✐❛❜❧❡✳✾ ❙❡❝♦♥❞✱ t❤❡ ✐♥❝♦♠❡ ❞❛t❛ ❛r❡ s❡❧❢✲r❡♣♦rt❡❞✱ ❛♥❞ t❤❡r❡

❛r❡ ♠❛❥♦r ♦✉t❧✐❡rs ✭♥✐♥❡ s✉❜❥❡❝ts r❡♣♦rt❡❞ ✐♥❝♦♠❡ ❣r❡❛t❡r t❤❛♥ ✩✶✱✵✵✵✱✵✵✵✱ ❛s ✈✐s✐❜❧❡ ✐♥ ❆♣♣❡♥❞✐① ✸✮✳ ❚❤✐s

❧❛r❣❡❧② ❡①♣❧❛✐♥s ♦❜s❡r✈❡❞ ✈❛r✐❛t✐♦♥ ✐♥ ♠❡❛♥ ✐♥❝♦♠❡ ❛❝r♦ss tr❡❛t♠❡♥t ❣r♦✉♣s✳✶✵

✸✳✷✳✷ ❘❛♥❞♦♠✐③❛t✐♦♥ ❈❤❡❝❦

❆ r❛♥❞♦♠✐③❛t✐♦♥ ❝❤❡❝❦ ✐s ♥❡❝❡ss❛r② ✐♥ t❤✐s ❝❛s❡ ❢♦r t✇♦ r❡❛s♦♥s✳ ❋✐rst✱ t❤❡ r❛♥❞♦♠✐③❛t✐♦♥ ♣r♦❝❡ss ✇❛s

❝♦♥❞✉❝t❡❞ ❜② ▲❡♥❞❯♣ ❛♥❞ ♥♦t t❤❡ r❡s❡❛r❝❤❡r✳ ❚❤♦✉❣❤ t❤❡ ✜r♠ ❤❛s ❛ tr❛❝❦ r❡❝♦r❞ ♦❢ ❡①♣❡r✐♠❡♥t❛t✐♦♥ ❛♥❞

❛ ❜❛❝❦❣r♦✉♥❞ ✐♥ r❛♥❞♦♠✐③❛t✐♦♥ ♣r♦❝❡❞✉r❡s✱ t❤❡ r❛♥❞♦♠✐③❛t✐♦♥ ❝❤❡❝❦ r❡♠❛✐♥s ✐♠♣♦rt❛♥t✳

❙❡❝♦♥❞✱ ■ ❝❛♥♥♦t r✉❧❡ ♦✉t ❛ttr✐t✐♦♥ ❞✉r✐♥❣ t❤❡ ❧♦❛♥ ♦♥❜♦❛r❞✐♥❣ ♣r♦❝❡ss✳ ❚❛❜❧❡ ✶ s❤♦✇s t❤❛t t❤❡r❡ ✐s ✐♠♣❡r❢❡❝t

❜❛❧❛♥❝❡ ✐♥ t❡r♠s ♦❢ t❤❡ ♥✉♠❜❡r ♦❢ s✉❜❥❡❝ts ✐♥ ❡❛❝❤ tr❡❛t♠❡♥t ❣r♦✉♣✳ ❚❤✐s ✐s ❞✉❡ t♦ t❤❡ ❢❛❝t t❤❛t s✉❜❥❡❝ts ✇❡r❡

r❛♥❞♦♠❧② ❛ss✐❣♥❡❞ ❛t t❤❡ ✐♥✐t✐❛t✐♦♥ ♦❢ t❤❡ s✐❣♥✲✉♣ ♣r♦❝❡ss✳ ❚❤❡r❡❢♦r❡✱ ❛♥② ❛ttr✐t✐♦♥ ❞✉r✐♥❣ t❤❡ ♠✉❧t✐✲s❝r❡❡♥

s✐❣♥✲✉♣ ♣r♦❝❡ss ✇♦✉❧❞ ❝❛✉s❡ ❛♥ ✐♠❜❛❧❛♥❝❡✳ ■♠♣♦rt❛♥t❧②✱ ❛ttr✐t✐♦♥ ♦♥ t❤❡ ✜rst s✐① s❝r❡❡♥s ✇♦✉❧❞ ♥♦t ❤❛✈❡ ❜❡❡♥

❝❛✉s❡❞ ❜② t❤❡ ❞✐✛❡r❡♥❝❡s ✐♥ tr❡❛t♠❡♥t✱ ✇❤✐❝❤ ♦♥❧② ❤❛♣♣❡♥❡❞ ♦♥ t❤❡ s❡✈❡♥t❤ s❝r❡❡♥✳ ❍♦✇❡✈❡r✱ ✐t ✐s ♣♦ss✐❜❧❡

t❤❛t ❛♥② ♦♥❡ ♦❢ t❤❡ tr❡❛t♠❡♥ts ✐♥❝r❡❛s❡❞ ❛ttr✐t✐♦♥ ♦♥ t❤✐s s❡✈❡♥t❤ s❝r❡❡♥✳ ❚❤❡r❡❢♦r❡ ❛ r❛♥❞♦♠✐③❛t✐♦♥ ❝❤❡❝❦

✐s ❡ss❡♥t✐❛❧✱ t♦ ❡♥s✉r❡ ❜❛❧❛♥❝❡ ❛♠♦♥❣st t❤♦s❡ ✇❤♦ ❝♦♠♣❧❡t❡❞ t❤❡ s✐❣♥✲✐♥ ♣r♦❝❡ss✳

❚❛❜❧❡ ✷ ♣r❡s❡♥ts t❤❡ r❡s✉❧ts ♦❢ t❤❡ r❛♥❞♦♠✐③❛t✐♦♥ ❝❤❡❝❦✳ ❙♣❡❝✐✜❝❛❧❧②✱ t❤❡ t❛❜❧❡ ♣r❡s❡♥ts t❤❡ ❝♦❡✣❝✐❡♥ts ♦♥
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yi ❂ β0+
∑
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k=1
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✶✮ ❙✉❜❥❡❝t ♣❛✐❞ ♦✛ ❧♦❛♥
✭❞✉♠♠②✮

▲✐❦❡❧✐❤♦♦❞ ♦❢ ❜❡✐♥❣ ♣❛✐❞ ♦✛ ✐♥ ❢✉❧❧ ✐s ❛ ❜✐❣✲♣✐❝t✉r❡
♠❡❛s✉r❡ ♦❢ t❤❡ ❡✣❝❛❝② ♦❢ t❤❡ ❡①♣❧✐❝✐t ♣r♦♠✐s❡ tr❡❛t♠❡♥ts

r❡❧❛t✐✈❡ t♦ t❤❡ ❝♦♥tr♦❧✳

P❛✐❞ ❖✛

✷✮ ❙✉❜❥❡❝t ✇❛s ❛
✏♣❡r❢❡❝t ♣❛②❡r✑ ✭❞✉♠♠②✮

▲✐❦❡❧✐❤♦♦❞ ♦❢ st✐❝❦✐♥❣ t♦ t❤❡ ❝♦♥tr❛❝t ❡①❛❝t❧② ❛s ✇❛s
❛❣r❡❡❞ ✐s ❛ ♠❡❛s✉r❡ ♦❢ ❤♦✇ ✇❡❧❧ t❤❡ ❡①♣❧✐❝✐t ♣r♦♠✐s❡
tr❡❛t♠❡♥ts ❡♥❝♦✉r❛❣❡❞ ❢♦❧❧♦✇ t❤r♦✉❣❤✱ r❡❧❛t✐✈❡ t♦ t❤❡

❝♦♥tr♦❧✳

P❡r❢❡❝t P❛②❡r

✸✮ ❙✉❜❥❡❝t ✇❛s ♦✈❡r❞✉❡
✭❞✉♠♠②✮

❇❡✐♥❣ ♦✈❡r❞✉❡ ✐s ❛ s✐❣♥ ♦❢ ❛ ❢❛✐❧✉r❡ t♦ ❢♦❧❧♦✇ t❤r♦✉❣❤ ♦♥
t❤❡ ❝♦♠♠✐t♠❡♥t ♠❛❞❡ ❛t ❧♦❛♥ ✐♥✐t✐❛t✐♦♥✳

❊✈❡r ❖✈❡r❞✉❡

✹✮ ❉❛②s ❜❡t✇❡❡♥ ❧♦❛♥
✐♥✐t✐❛t✐♦♥ ❛♥❞ r❡♣❛②♠❡♥t

❚❤✐s ✈❛r✐❛❜❧❡ ✐s ❝♦♥❞✐t✐♦♥❛❧ ♦♥ t❤❡ s✉❜❥❡❝t ♣❛②✐♥❣ ♦✛ t❤❡
❧♦❛♥✳ ■❢ t❤❡ ♠❡❛♥ ❞❛②s t♦ r❡♣❛② ✐s ❧♦✇❡r ❢♦r ❛ ❣✐✈❡♥

tr❡❛t♠❡♥t✱ ✐t s✉❣❣❡sts t❤❛t s✉❜❥❡❝ts ✐♥ t❤❛t tr❡❛t♠❡♥t ❢❡❧t
❣r❡❛t❡r ✉r❣❡♥❝② t♦ r❡♣❛② t❤❡ ❧♦❛♥✳

❉❛②s t♦ P❛②

✸✳✷✳✸ ❖✉t❝♦♠❡ ❱❛r✐❛❜❧❡s

■ tr❛❝❦❡❞ ❛ ♥✉♠❜❡r ♦❢ r❡♣❛②♠❡♥t✲r❡❧❡✈❛♥t ✈❛r✐❛❜❧❡s ✐♥ t❤❡ ❞❛t❛ ♦✈❡r t✐♠❡ ❛♠♦♥❣st ❡①♣❡r✐♠❡♥t❛❧ s✉❜❥❡❝ts✳ ■♥

♣❛rt✐❝✉❧❛r✱ ■ ❢♦❝✉s ♦♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❢♦✉r ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s✿ ✶✮ ✇❤❡t❤❡r t❤❡ s✉❜❥❡❝t ❡✈❡r ♣❛✐❞ ♦✛ t❤❡ ❧♦❛♥❀

✷✮ ✇❤❡t❤❡r t❤❡ s✉❜❥❡❝t ✇❛s ❛ ✏♣❡r❢❡❝t ♣❛②❡r✱✑ ♠❡❛♥✐♥❣ t❤❡② r❡♣❛✐❞ t❤❡ ❧♦❛♥ ✐♥ ❢✉❧❧ ❜② t❤❡ ♦r✐❣✐♥❛❧ ❞✉❡ ❞❛t❡

t❤❡② s❡❧❡❝t❡❞ ✇❤❡♥ ♦❜t❛✐♥✐♥❣ t❤❡ ❧♦❛♥❀ ✸✮ ✇❤❡t❤❡r t❤❡ s✉❜❥❡❝t ✇❛s ❡✈❡r ♦✈❡r❞✉❡ ✐♥ r❡♣❛②✐♥❣ t❤❡✐r ❧♦❛♥❀ ❛♥❞

✹✮ ❞❛②s ❜❡t✇❡❡♥ ❧♦❛♥ ✐♥✐t✐❛t✐♦♥ ❛♥❞ ❧♦❛♥ r❡♣❛②♠❡♥t ✭❢♦r t❤♦s❡ ✇❤♦ r❡♣❛✐❞ ♦♥❧②✮✳✶✶ ❋✐❣✉r❡ ✸ ♦✉t❧✐♥❡s t❤❡

r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡s❡ ❢♦✉r ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s ❛♥❞ ❛ ❥✉st✐✜❝❛t✐♦♥ ❢♦r t❤❡✐r ❝♦♥♥❡❝t✐♦♥ t♦ t❤❡ ❡①♣❧✐❝✐t

♣r♦♠✐s❡ tr❡❛t♠❡♥ts✳

◆♦t❡ t❤❛t ✇❤✐❧❡ ■ tr❛❝❦ ❢♦✉r ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s✱ t❤❡r❡ ❛r❡ ❞✐✛❡r❡♥❝❡s ✐♥ ❤♦✇ ✐♠♣♦rt❛♥t t❤❡s❡ ✈❛r✐❛❜❧❡s ❛r❡

❛s ✐♥❞✐❝❛t♦rs ♦❢ ❜❡❤❛✈✐♦r❛❧ r❡s♣♦♥s❡✳ ❚❤✐s ✐s ❡s♣❡❝✐❛❧❧② tr✉❡ s✐♥❝❡ ✈❛r✐❛❜❧❡ ✹ ✐♥ ❋✐❣✉r❡ ✸✱ ❉❛②s t♦ P❛②✱ ✐s

❝♦♥❞✐t✐♦♥❛❧ ♦♥ ❤❛✈✐♥❣ r❡♣❛✐❞ t❤❡ ❧♦❛♥ ❛t ❛❧❧✳ ❇❡❝❛✉s❡ ♦❢ t❤✐s✱ ✐t ✐s ♥♦t ♦❜✈✐♦✉s ✇❤❡t❤❡r ❛ ❤✐❣❤ ♦r ❧♦✇ ✈❛❧✉❡

❢♦r t❤✐s ✈❛r✐❛❜❧❡ ✐s ❛ ❣♦♦❞ t❤✐♥❣✖♦♥ t❤❡ ♦♥❡ ❤❛♥❞✱ t❛❦✐♥❣ ❧♦♥❣❡r t♦ r❡♣❛② ✐s ❛ s✐❣♥ ♦❢ ❛ ❢❛✐❧✉r❡ t♦ ❢♦❧❧♦✇

t❤r♦✉❣❤ ♦♥ ②♦✉r ❝♦♠♠✐t♠❡♥t✱ ❜✉t ✐t ✐s ❜❡tt❡r t♦ t❛❦❡ ❛ ❧♦♥❣ t✐♠❡ t♦ r❡♣❛② t❤❛♥ t♦ s✐♠♣❧② ♥♦t r❡♣❛② ❛t ❛❧❧✳

■♥❞❡❡❞✱ ✇❡ ❝❛♥ t❤✐♥❦ ♦❢ t❤❡r❡ ❜❡✐♥❣ t✇♦ ✈❛r✐❛❜❧❡s t❤❛t ❜❡st ❝❛♣t✉r❡ ❜❡❤❛✈✐♦r❛❧ r❡s♣♦♥s❡✖✈❛r✐❛❜❧❡s ✶ ❛♥❞ ✷

✐♥ ❋✐❣✉r❡ ✸✱ P❛✐❞ ❖✛ ❛♥❞ P❡r❢❡❝t P❛②❡r✳ ❲❤❡♥ ■ ❛ss❡ss t❤❡ ❡①♣❡r✐♠❡♥t❛❧ r❡s✉❧ts ■ ♣❛② ♣❛rt✐❝✉❧❛r ❛tt❡♥t✐♦♥

t♦ t❤❡s❡ t✇♦ ✈❛r✐❛❜❧❡s✳

✶✶❆s ♠❡♥t✐♦♥❡❞ ✐♥ ❢♦♦t♥♦t❡ ✶✱ t✇♦ ❛❞❞✐t✐♦♥❛❧ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s ✇❡r❡ ✐♥❝❧✉❞❡❞ ✐♥ ❛♥ ❡❛r❧✐❡r ✈❡rs✐♦♥ ♦❢ t❤✐s ♣❛♣❡r✱ ❜✉t ❛r❡
♦♠✐tt❡❞ ❤❡r❡ ❜❡❝❛✉s❡ t❤❡② ❛r❡ ❞✐✣❝✉❧t t♦ ✐♥t❡r♣r❡t ✭t❤❡② ✇❡r❡ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ❤❛✈✐♥❣ ❜❡❡♥ ♦✈❡r❞✉❡ ✐♥ r❡♣❛②♠❡♥t✮✳ ❚❤❡ r❡s✉❧ts
✇❡r❡ s✐♠✐❧❛r ❢♦r t❤❡s❡ t✇♦ ♦♠✐tt❡❞ ✈❛r✐❛❜❧❡s✱ s♦ t❤❡✐r ♦♠✐ss✐♦♥ ❞♦❡s ♥♦t s✉❜st❛♥t✐✈❡❧② ❛❧t❡r ♠② ✜♥❞✐♥❣s✳

✶✺



✹ ❊♠♣✐r✐❝❛❧ ❙tr❛t❡❣②

✹✳✶ ❆✈❡r❛❣❡ ❚r❡❛t♠❡♥t ❊✛❡❝ts

■ ✜rst ❝♦♠♣✉t❡ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝ts ✉s✐♥❣ r❡❣r❡ss✐♦♥s✱ ✇✐t❤ ❛ ❧✐♥❡❛r ♣r♦❜❛❜✐❧✐t② ♠♦❞❡❧ s♣❡❝✐✜❝❛t✐♦♥ ❢♦r

✐♥st❛♥❝❡s ✇❤❡r❡ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ❜✐♥❛r②✳ ❚❤❡ r❡❣r❡ss✐♦♥ s♣❡❝✐✜❝❛t✐♦♥ ✐s ❛s ❢♦❧❧♦✇s✿

yi ❂ β0+
∑

6

m=1
βm(Tm)i + γi + ηi + ε

■ ❝♦♥tr♦❧ ❢♦r ❧♦❛♥ ❝❤❛r❛❝t❡r✐st✐❝s ✭❧♦❛♥ ❛♠♦✉♥t ❛♥❞ ❞❛②s ♦❢ t❤❡ ❧♦❛♥✱ s❤♦✇♥ ❛s γi ❛❜♦✈❡✮ ❛♥❞ ❞❡♠♦❣r❛♣❤✐❝s

♦❢ t❤❡ ❜♦rr♦✇❡r ✭❥♦❜ t②♣❡✱ ♣❛② ❢r❡q✉❡♥❝②✱ ♣❛② t②♣❡✱ ❧♦❣ ♦❢ ✐♥❝♦♠❡✱ ❛♥❞ ❛❣❡✱ s❤♦✇♥ ❛s ηi ❛❜♦✈❡✮ ✐♥ t❤❡s❡

r❡❣r❡ss✐♦♥s✳ ◆♦t❡ t❤❛t ■ ❞♦ ♥♦t ❝♦♥tr♦❧ ❢♦r ❣❡♥❞❡r ✐♥ t❤❡ s♣❡❝✐✜❝❛t✐♦♥ ❛❜♦✈❡✱ s✐♥❝❡ ■ ❞♦ ♥♦t ❤❛✈❡ ❛ ❝❡rt❛✐♥

♠❡❛s✉r❡ ♦❢ ❜♦rr♦✇❡r ❣❡♥❞❡r ✭t❤♦✉❣❤ ■ ❞♦ ✐♥❝♦r♣♦r❛t❡ t❤❡ ❣❡♥❞❡r ✈❛r✐❛❜❧❡ ✐♥ s❡❝t✐♦♥ ✹✳✸ ❛♥❞ ✐♥❝❧✉❞❡ t❤❡

✈❛r✐❛❜❧❡ ✐♥ ❛ r♦❜✉st♥❡ss ❝❤❡❝❦ ❛s ❞❡s❝r✐❜❡❞ ✐♥ s❡❝t✐♦♥ ✹✳✹✮✳

✹✳✷ ●r♦✉♣✐♥❣ ❚r❡❛t♠❡♥ts ❛♥❞ ■s♦❧❛t✐♥❣ ❘❡♠✐♥❞❡r ❊✛❡❝ts

❖♥❡ ♣❧❛✉s✐❜❧❡ ❡①✲❛♥t❡ ♣r❡❞✐❝t✐♦♥ ♠✐❣❤t ❜❡ t❤❛t t❤❡ ❛❞❞✐t✐♦♥ ♦❢ ❛ ✏r❡♠✐♥❞❡r✑ ♦❢ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ ✇♦✉❧❞ ♥♦t

❤❛✈❡ ❛ ❧❛r❣❡ ✐♠♣❛❝t✱ ♣❛rt✐❝✉❧❛r❧② ❣✐✈❡♥ t❤❛t ❛❧❧ s✉❜❥❡❝ts r❡❝❡✐✈❡❞ s♦♠❡ ❢♦r♠ ♦❢ ❡♠❛✐❧ r❡♠✐♥❞❡r ❢r♦♠ t❤❡ ✜r♠✳

❋♦r ❡①❛♠♣❧❡✱ ✐❢ ♣❡♦♣❧❡ ❞✐❞ ♥♦t r❡❛❞ t❤❡ r❡♠✐♥❞❡r ❡♠❛✐❧ ❝❛r❡❢✉❧❧② ♦r s✐♠♣❧② ❞❡❧❡t❡❞ ✐t ✇✐t❤♦✉t r❡❛❞✐♥❣ ✐t✱

✇❡ ✇♦✉❧❞ ❡①♣❡❝t ♥♦ s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❛ ❣✐✈❡♥ ❤♦♥♦r ♣❧❡❞❣❡ ✈❡rs✐♦♥ ✇✐t❤ ♦r ✇✐t❤♦✉t t❤❡ ❛❞❞❡❞

r❡♠✐♥❞❡r✳ ■❢ t❤❛t ✐s t❤❡ ❝❛s❡✱ ❛♥ ❛❧t❡r♥❛t✐✈❡ s♣❡❝✐✜❝❛t✐♦♥ t❤❛t ♣♦♦❧s ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts ❜② t②♣❡ ♦❢

♣❧❡❞❣❡ ❛♥❞ ❛❞❞s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❢♦r ❛ ❝♦♠♠♦♥ ✏r❡♠✐♥❞❡r ❡✛❡❝t✑ ✇♦✉❧❞ ❜❡ ❛ ♣❧❛✉s✐❜❧❡ ✇❛② t♦ ❡st✐♠❛t❡

tr❡❛t♠❡♥t ❡✛❡❝ts✳ ■♥❞❡❡❞✱ t❤✐s s♣❡❝✐✜❝❛t✐♦♥ ✇♦✉❧❞ ❤❛✈❡ t❤❡ ❛❞❞❡❞ ❜❡♥❡✜t ♦❢ ✐♥❝r❡❛s✐♥❣ t❤❡ s❛♠♣❧❡ s✐③❡ ✇✐t❤✐♥

❡❛❝❤ ♣❧❡❞❣❡ t②♣❡ ❛♥❞ r❡❞✉❝✐♥❣ st❛♥❞❛r❞ ❡rr♦rs✳

❚❤❡ ♣r♦❝❡ss t♦ ❣❡♥❡r❛t❡ ❛ s♣❡❝✐✜❝❛t✐♦♥ ❢♦r t❤✐s ❛♥❛❧②s✐s ✐s ❛s ❢♦❧❧♦✇s✳ ❋✐rst✱ ■ ❝r❡❛t❡ t❤r❡❡ ❞✉♠♠② ✈❛r✐❛❜❧❡s ❢♦r

✏❆❧❧ ❙✐♠♣❧❡✱✑ ✏❆❧❧ ❈♦♣②✱✑ ❛♥❞ ✏❆❧❧ ❲r✐t❡✲■♥✑ tr❡❛t♠❡♥ts ❜② ♣♦♦❧✐♥❣ s✉❜❥❡❝ts ✇❤♦ r❡❝❡✐✈❡❞ ❡❛❝❤ ❤♦♥♦r ♣❧❡❞❣❡

t②♣❡✱ ✐❣♥♦r✐♥❣ ✇❤❡t❤❡r ♦r ♥♦t t❤❡② r❡❝❡✐✈❡❞ t❤❡ ❛❞❞❡❞ ❤♦♥♦r ♣❧❡❞❣❡ r❡♠✐♥❞❡r ✭t❤❡s❡ ❞✉♠♠② ✈❛r✐❛❜❧❡s ❛r❡

s❤♦✇♥ ❜❡❧♦✇ ❛s ✭
∑

3

m=1
(TGm)i)✳ ■ t❤❡♥ ❝r❡❛t❡ ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ✭s❤♦✇♥ ❛s PledgeTreat∗Reminder ❜❡❧♦✇✮

t❤❛t ✐♥t❡r❛❝ts ❛ ❞✉♠♠② ❢♦r ❜❡✐♥❣ ✐♥ ❛♥② ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥t ❛t ❧♦❛♥ ✐♥✐t✐❛t✐♦♥ ✭✐♥ ♦t❤❡r ✇♦r❞s✱ ❜❡✐♥❣ ✐♥

❛♥② ❣r♦✉♣ ❡①❝❡♣t t❤❡ ❝♦♥tr♦❧✖s❤♦✇♥ ❛s PledgeTreat ❜❡❧♦✇✮ ✇✐t❤ ❛ ❞✉♠♠② ❢♦r r❡❝❡✐✈✐♥❣ ❛ r❡♠✐♥❞❡r ❡♠❛✐❧

t❤❛t ♠❛❦❡s ❡①♣❧✐❝✐t r❡❢❡r❡♥❝❡ t♦ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ ✭s❤♦✇♥ ❛s Reminder ❜❡❧♦✇✮✳ ■ t❤❡♥ r✉♥ t❤❡ r❡❣r❡ss✐♦♥

s♣❡❝✐✜❝❛t✐♦♥ ❜❡❧♦✇✱ ✇✐t❤ ❛❞❞❡❞ ❝♦♥tr♦❧s ❢♦r ❧♦❛♥ ❝❤❛r❛❝t❡r✐st✐❝s ✭❧♦❛♥ ❛♠♦✉♥t ❛♥❞ ❞❛②s ♦❢ t❤❡ ❧♦❛♥✮ s❤♦✇♥

❛s γi✱ ❛♥❞ ❞❡♠♦❣r❛♣❤✐❝s ♦❢ t❤❡ ❜♦rr♦✇❡r ✭❥♦❜ t②♣❡✱ ♣❛② ❢r❡q✉❡♥❝②✱ ♣❛② t②♣❡✱ ❛♥❞ ❧♦❣ ♦❢ ✐♥❝♦♠❡✮ s❤♦✇♥ ❛s ηi✿

✶✻



yi ❂ β0+
∑

3

m=1
βm(TGm)i + β4(PledgeTreat ∗Reminder) + γi + ηi + ε

❚❤❡ β1, β2 ❛♥❞ β3 r❡❣r❡ss✐♦♥ ❝♦❡✣❝✐❡♥ts ✐♥ t❤✐s s♣❡❝✐✜❝❛t✐♦♥ ❡st✐♠❛t❡ t❤❡ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝t ♦❢ ❡❛❝❤

t②♣❡ ♦❢ ❤♦♥♦r ♣❧❡❞❣❡ ✭❙✐♠♣❧❡✱ ❈♦♣②✱ ❛♥❞ ❲r✐t❡✲■♥✮ ✇✐t❤♦✉t t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ r❡♠✐♥❞❡r✱ ✇❤✐❧❡ t❤❡ β4 ❝♦❡✣❝✐❡♥t

❡st✐♠❛t❡s t❤❡ ❡✛❡❝t ♦❢ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ r❡♠✐♥❞❡r ❛❝r♦ss ❛❧❧ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts✳ ◆♦t❡ t❤❛t ■ ❛❧s♦ r✉♥ ❛♥

❛❧t❡r♥❛t✐✈❡ ✈❡rs✐♦♥ ♦❢ t❤✐s s♣❡❝✐✜❝❛t✐♦♥✖♦♥❡ t❤❛t ♦♠✐ts t❤❡ β4(PledgeTreat ∗Reminder) t❡r♠✱ ❛♥❞ s✐♠♣❧②

❡st✐♠❛t❡s t❤❡ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝t ♦❢ t❤❡ t❤r❡❡ ❤♦♥♦r ♣❧❡❞❣❡ t②♣❡s ✇✐t❤♦✉t ✐s♦❧❛t✐♥❣ ❛ ❝♦♥st❛♥t ✏r❡♠✐♥❞❡r

❡✛❡❝t✑ ❛❝r♦ss tr❡❛t♠❡♥ts✳

❋✐♥❛❧❧②✱ ■ r✉♥ ❛ r❡❣r❡ss✐♦♥ t❤❛t ♣♦♦❧s ❛❧❧ s✐① tr❡❛t♠❡♥ts ✐♥t♦ ♦♥❡ ❧❛r❣❡ ✏❤♦♥♦r ♣❧❡❞❣❡✑ ❣r♦✉♣ ❛♥❞ ❡st✐♠❛t❡s t❤❡

❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝t ♦❢ s♦♠❡ t②♣❡ ♦❢ ❤♦♥♦r ♣❧❡❞❣❡ ❛t ✐♥✐t✐❛t✐♦♥✱ r❡❧❛t✐✈❡ t♦ t❤❡ ❝♦♥tr♦❧✳ ❚❤✐s s♣❡❝✐✜❝❛t✐♦♥

♣r♦✈✐❞❡s ❛♥ ❡st✐♠❛t❡ ♦❢ t❤❡ ❡✛❡❝t ♦❢ t❤❡ ♣❧❡❞❣❡s ❛♥❞ ♣❧❡❞❣❡ r❡♠✐♥❞❡rs ❛s ❛♥ ♦✈❡r❛❧❧ ❛♣♣r♦❛❝❤✱ ✐❣♥♦r✐♥❣ t❤❡

❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ s♣❡❝✐✜❝ ♣❧❡❞❣❡ tr❡❛t♠❡♥t ❝♦♥❞✐t✐♦♥s✳

✹✳✸ ❉✐s❛❣❣r❡❣❛t❡❞ ❛♥❞ ❈♦♥❞✐t✐♦♥❛❧ ❆✈❡r❛❣❡ ❚r❡❛t♠❡♥t ❊✛❡❝ts

❋✐♥❛❧❧②✱ ■ ❝♦♠♣✉t❡ ❞✐s❛❣❣r❡❣❛t❡❞ ❛♥❞ ❝♦♥❞✐t✐♦♥❛❧ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝ts ❜❛s❡❞ ♦♥ ♣r✐♦r ❝❤❛r❛❝t❡r✐st✐❝s✳

■♥ ♣❛rt✐❝✉❧❛r✱ ■ ❢♦❝✉s ♦♥ t❤r❡❡ ❝♦✈❛r✐❛t❡s✿ ✐♥❝♦♠❡✱ ❛❣❡✱ ❛♥❞ ❣❡♥❞❡r✳ ❚❤❡ ❧♦❣✐❝ ❢♦r ❝❤♦♦s✐♥❣ t❤❡s❡ t❤r❡❡

✐s ❛s ❢♦❧❧♦✇s✳ ❋✐rst✱ ♦♥❡ ❝♦✉❧❞ ❤②♣♦t❤❡s✐③❡ t❤❛t ❧♦✇✲✐♥❝♦♠❡ ❜♦rr♦✇❡rs ❛r❡ ♠♦r❡ ♣r♦♥❡ t♦ ❜❡❤❛✈✐♦r❛❧ ❜✐❛s

❛r♦✉♥❞ ❧♦❛♥ r❡♣❛②♠❡♥t✱ ❛♥❞ t❤❡r❡❢♦r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ✐♥✢✉❡♥❝❡❞ ❜② t❤❡ ❜❡❤❛✈✐♦r❛❧ tr❡❛t♠❡♥ts t❤❛♥ ❤✐❣❤✲

✐♥❝♦♠❡ ❜♦rr♦✇❡rs✳ ❚♦ ❡①♣❧♦r❡ t❤✐s✱ ■ ❜r❡❛❦ s✉❜❥❡❝ts ✐♥t♦ t❤✐r❞s ❜❛s❡❞ ♦♥ s❡❧❢✲r❡♣♦rt❡❞ ✐♥❝♦♠❡✱ ❛♥❞ ❡st✐♠❛t❡

❝♦♥❞✐t✐♦♥❛❧ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝ts ❜② ✐♥❝♦♠❡ t❤✐r❞s ✉s✐♥❣ t❤❡ s❛♠❡ s♣❡❝✐✜❝❛t✐♦♥ ❛s ✐♥ s❡❝t✐♦♥ ✹✳✶✳

❙❡❝♦♥❞✱ ■ ❡①♣❧♦r❡ t❤❡ ✐❞❡❛ t❤❛t ♠❛❦✐♥❣ ❛♥ ❡①♣❧✐❝✐t ♣r♦♠✐s❡ ♠✐❣❤t ♠❡❛♥ ♠♦r❡ ♦r ❧❡ss ❢♦r ❛ ②♦✉♥❣❡r ❜♦rr♦✇❡r

t❤❛♥ ❛♥ ♦❧❞❡r ♦♥❡✳ ❚❤❡r❡ ❛r❡ ♠✉❧t✐♣❧❡ ❤②♣♦t❤❡s❡s ♣♦ss✐❜❧❡ ❤❡r❡✳ ❨♦✉♥❣❡r ❜♦rr♦✇❡rs ♠❛② ❜❡ ❧❡ss s❡❧❢✲

❛✇❛r❡ ❛❜♦✉t t❤❡✐r ✜♥❛♥❝✐❛❧ ❞❡❝✐s✐♦♥s t❤❛♥ t❤❡✐r ❛❞✉❧t ❝♦✉♥t❡r♣❛rts✱ ♠❛❦✐♥❣ ❛♥ ❡①♣❧✐❝✐t ♣r♦♠✐s❡ ♠♦r❡ ❧✐❦❡❧②

t♦ ✐♥✢✉❡♥❝❡ t❤❡✐r ❜❡❤❛✈✐♦r✳ ❆❧t❡r♥❛t✐✈❡❧②✱ ♦♥❡ ❝♦✉❧❞ ❛r❣✉❡ t❤❛t ❛❞✉❧ts ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ t❛❦❡ ❛ ♣r♦♠✐s❡

s❡r✐♦✉s❧② t❤❛♥ ❛ ②♦✉♥❣❡r ❜♦rr♦✇❡r✳✶✷ ❚♦ t❡st t❤✐s✱ ■ ✐♥t❡r❛❝t ❛ ❝♦♥t✐♥✉♦✉s ✈❛r✐❛❜❧❡ ❢♦r s✉❜❥❡❝t ❛❣❡ ✇✐t❤

t❤❡ tr❡❛t♠❡♥t ✈❛r✐❛❜❧❡s t♦ ♦❜t❛✐♥ ❛♥ ❡st✐♠❛t❡ ♦❢ ❤♦✇ t❤❡ tr❡❛t♠❡♥t ❡✛❡❝ts ❞✐✛❡r ❜② ❛❣❡✳ ❚❤❡ r❡❣r❡ss✐♦♥

s♣❡❝✐✜❝❛t✐♦♥ ❢♦r t❤✐s ❛♥❛❧②s✐s ✐s ❛s ❢♦❧❧♦✇s✱ ✇✐t❤ ❝♦♥tr♦❧s ❢♦r ❧♦❛♥ ❝❤❛r❛❝t❡r✐st✐❝s ✭❧♦❛♥ ❛♠♦✉♥t ❛♥❞ ❞❛②s ♦❢

t❤❡ ❧♦❛♥✮ s❤♦✇♥ ❛s γi✱ ❛♥❞ ❞❡♠♦❣r❛♣❤✐❝s ♦❢ t❤❡ ❜♦rr♦✇❡r ✭❥♦❜ t②♣❡✱ ♣❛② ❢r❡q✉❡♥❝②✱ ♣❛② t②♣❡✱ ❛♥❞ ❧♦❣ ♦❢

✐♥❝♦♠❡✮ s❤♦✇♥ ❛s ηi✿

✶✷❚❤❡r❡ ✐s r❡❛s♦♥ t♦ s✉s♣❡❝t t❤❛t s❡❧❢✲❛✇❛r❡♥❡ss ✈❛r✐❡s ❛ ❣r❡❛t ❞❡❛❧ ✇✐t❤✐♥ ✐♥❞✐✈✐❞✉❛❧ ❛❞✉❧ts✳ ❆s ❘♦❝❤❛t ✭✷✵✵✸✮ ♥♦t❡s✿ ✏❆s
❛❞✉❧ts✱ ✇❡ ❛r❡ ❝♦♥st❛♥t❧② ♦s❝✐❧❧❛t✐♥❣ ✐♥ ♦✉r ❧❡✈❡❧s ♦❢ ❛✇❛r❡♥❡ss✿ ❢r♦♠ ❞r❡❛♠✐♥❣ ♦r ❧♦s✐♥❣ ❛✇❛r❡♥❡ss ❛❜♦✉t ♦✉rs❡❧✈❡s ❞✉r✐♥❣ s❧❡❡♣✱
t♦ ❜❡✐♥❣ ❤✐❣❤❧② s❡❧❢✲❝♦♥s❝✐♦✉s ✐♥ ♣✉❜❧✐❝ ❝✐r❝✉♠st❛♥❝❡s ♦r ✐♥ ❛ st❛t❡ ♦❢ ❝♦♥❢✉s✐♦♥ ❛♥❞ ❞✐ss♦❝✐❛t✐♦♥ ❛s ✇❡ ✐♠♠❡rs❡ ♦✉rs❡❧✈❡s ✐♥
♠♦✈✐❡s ♦r ♥♦✈❡❧s✳✑ ✭❘♦❝❤❛t ✷✵✵✸✱ ♣✳ ✼✷✽✮
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yi ❂ β0+
∑

6

m=1
βm(Tm)i ∗Age+

∑
12

m=7
βm(Tm)i + β13(Age) + γi + ηi + ε

❚❤❡ β1✲β6 r❡❣r❡ss✐♦♥ ❝♦❡✣❝✐❡♥ts ❛r❡ t❤❡ ❦❡② ❝♦❡✣❝✐❡♥ts ✐♥ t❤✐s s♣❡❝✐✜❝❛t✐♦♥✱ ❛s t❤❡② ✇✐❧❧ ♣r♦✈✐❞❡ ✉s ✇✐t❤ ❛♥

❡st✐♠❛t❡ ♦❢ ❤♦✇ t❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s ❞✐✛❡r ❜② ❛❣❡ ❛❝r♦ss t❤❡ tr❡❛t♠❡♥ts✳

❚❤✐r❞✱ t❤❡r❡ ✐s ❛ ❧❛r❣❡ ❜♦❞② ♦❢ ❧✐t❡r❛t✉r❡ ✐♥ ♣s②❝❤♦❧♦❣② ❛♥❞ ❡❝♦♥♦♠✐❝s ❧♦♦❦✐♥❣ ✐♥t♦ ❤♦✇ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ❞✐✛❡rs

❜② ❣❡♥❞❡r✳ ❋♦r ❡①❛♠♣❧❡✱ ❡①✐st✐♥❣ r❡s❡❛r❝❤ s✉❣❣❡sts t❤❛t ✇♦♠❡♥ ♠❛② ❜❡ ♠♦r❡ ❧✐❦❡❧② t♦ t❤✐♥❦ ♦❢ ❝♦♠♠✉♥❛❧

✇❡❧❧❜❡✐♥❣ ✭❊❛❣❧② ❛♥❞ ❲♦♦❞ ✶✾✾✾✮ ♦r ❝♦♥t❡①t✉❛❧ ❢❛❝t♦rs ✭❊❝❦❡❧ ❛♥❞ ●r♦ss♠❛♥ ✶✾✾✻✮ ✇❤❡♥ ♠❛❦✐♥❣ ❞❡❝✐s✐♦♥s✱

t✇♦ ❢❡❛t✉r❡s ✇❡ ♠✐❣❤t ❛ss♦❝✐❛t❡ ✇✐t❤ t❤❡ ❡①♣❧✐❝✐t ♣r♦♠✐s❡ tr❡❛t♠❡♥ts✳ ❚♦ ❡①♣❧♦r❡ t❤✐s✱ ■ ✜rst r❡str✐❝t ❛♥❛❧②s✐s

t♦ s✉❜❥❡❝ts ✇❤♦♠ t❤❡ ❣❡♥❞❡r ❛❧❣♦r✐t❤♠ ✭❞❡s❝r✐❜❡❞ ✐♥ s❡❝t✐♦♥ ✸✳✷✳✶✮ r❡♣♦rts ❛s ❜❡✐♥❣ ❡✐t❤❡r ♠❛❧❡ ♦r ❢❡♠❛❧❡

✇✐t❤ ❛t ❧❡❛st ✾✾✪ ❝❡rt❛✐♥t②✳ ■ t❤❡♥ ✐♥t❡r❛❝t ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❢♦r ✏♠❛❧❡✑ ✇✐t❤ t❤❡ tr❡❛t♠❡♥t ✈❛r✐❛❜❧❡s✱ t♦

♦❜t❛✐♥ ❡st✐♠❛t❡s ♦❢ ❞✐✛❡r❡♥❝❡s ✐♥ tr❡❛t♠❡♥t ❡✛❡❝ts ❜② ❣❡♥❞❡r✳ ❚❤❡ r❡❣r❡ss✐♦♥ s♣❡❝✐✜❝❛t✐♦♥ ❢♦r t❤✐s ❛♥❛❧②s✐s

✐s ❛s ❢♦❧❧♦✇s✱ ✇✐t❤ ❝♦♥tr♦❧s ❢♦r ❧♦❛♥ ❝❤❛r❛❝t❡r✐st✐❝s ✭❧♦❛♥ ❛♠♦✉♥t ❛♥❞ ❞❛②s ♦❢ t❤❡ ❧♦❛♥✮ s❤♦✇♥ ❛s γi✱ ❛♥❞

❞❡♠♦❣r❛♣❤✐❝s ♦❢ t❤❡ ❜♦rr♦✇❡r ✭❥♦❜ t②♣❡✱ ♣❛② ❢r❡q✉❡♥❝②✱ ♣❛② t②♣❡✱ ❛❣❡✱ ❛♥❞ ❧♦❣ ♦❢ ✐♥❝♦♠❡✮ s❤♦✇♥ ❛s ηi✿

yi ❂ β0+
∑

6

m=1
βm(Tm)i ∗Male+

∑
12

m=7
βm(Tm)i + β13Male+ γi + ηi + ε

❆❣❛✐♥✱ β1✲β6 ❛r❡ t❤❡ ❦❡② ❝♦❡✣❝✐❡♥ts✱ ♣r♦✈✐❞✐♥❣ ❛♥ ❡st✐♠❛t❡ ♦❢ t❤❡ ❞✐✛❡r❡♥t✐❛❧ ✐♠♣❛❝t ♦❢ t❤❡ ✈❛r✐♦✉s tr❡❛t♠❡♥ts

❢♦r ♠❡♥ r❡❧❛t✐✈❡ t♦ ✇♦♠❡♥✳ ❚❤❛t s❛✐❞✱ t❤❡ β7✲β12 ❝♦❡✣❝✐❡♥ts ❛r❡ ❛❧s♦ ✐♠♣♦rt❛♥t✱ ❛s t❤❡② ♣r♦✈✐❞❡ ❛♥ ❡st✐♠❛t❡

♦❢ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝ts ❢♦r ✇♦♠❡♥ ♦♥❧②✱ ❛❝r♦ss tr❡❛t♠❡♥t ✈❡rs✐♦♥s✳

✹✳✹ ❘♦❜✉st♥❡ss ❈❤❡❝❦s

❚♦ t❡st t❤❡ r♦❜✉st♥❡ss ♦❢ ♠② ✜♥❞✐♥❣s✱ ■ r❡✲r❛♥ t❤❡ ❛♥❛❧②s❡s ❛❜♦✈❡ ✇✐t❤ ❛ ❢❡✇ s♠❛❧❧ ♠♦❞✐✜❝❛t✐♦♥s✳ ❋✐rst✱

■ r❡✲r❛♥ ❛❧❧ ❛♥❛❧②s❡s ❢r♦♠ s❡❝t✐♦♥s ✹✳✶ ❛♥❞ ✹✳✷ ✇✐t❤ t❤❡ ❢♦❧❧♦✇✐♥❣ ♠♦❞✐✜❝❛t✐♦♥s t♦ t❤❡ ❝♦✈❛r✐❛t❡ ❝♦♥tr♦❧s✿

✶✮ ✐♥❝❧✉❞✐♥❣ t❤❡ ✏Pr♦❜❛❜✐❧✐t② ▼❛❧❡✑ ✈❛r✐❛❜❧❡❀ ✷✮ ✐♥❝❧✉❞✐♥❣ ❛❣❡ ❛s ❛ ❝❛t❡❣♦r✐❝❛❧ ✈❛r✐❛❜❧❡ ✭✇✐t❤ t❡♥ ②❡❛r ❛❣❡

r❛♥❣❡s✮❀ ❛♥❞ ✸✮ ✐♥❝❧✉❞✐♥❣ ❛ q✉❛❞r❛t✐❝ t❡r♠ ♦♥ t❤❡ ❛❣❡ ✈❛r✐❛❜❧❡✳ ■♥ ❛❞❞✐t✐♦♥✱ ✐♥ ❛❧❧ ♠② ❛♥❛❧②s✐s ♦❢ t❤❡ ✏❉❛②s t♦

P❛②✑ ✈❛r✐❛❜❧❡✱ ■ ❝♦♥❞✉❝t❡❞ ▼❛♥♥✲❲❤✐t♥❡② t❡sts ✐♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ❛♥❛❧②s❡s ♦✉t❧✐♥❡❞ ❛❜♦✈❡✳ ❋♦r ❛❧❧ ♦❢ t❤❡s❡

❝❤❡❝❦s✱ t❤❡ r❡s✉❧ts ❞✐❞ ♥♦t ❞✐✛❡r q✉❛❧✐t❛t✐✈❡❧② ❢r♦♠ t❤❡ ♦♥❡s ❞❡s❝r✐❜❡❞ ❜❡❧♦✇✱ s♦ ■ ❤❛✈❡ ♦♠✐tt❡❞ ❞✐s❝✉ss✐♦♥s

♦❢ t❤❡s❡ ♠♦❞✐✜❡❞ s♣❡❝✐✜❝❛t✐♦♥s✳

✺ ❘❡s✉❧ts

❚❛❜❧❡s ✸✲✼ ♣r❡s❡♥t ❛ ❝♦♠♣r❡❤❡♥s✐✈❡ r❡♣♦rt ♦❢ t❤❡ r❡❣r❡ss✐♦♥ r❡s✉❧ts✱ ❛♥❞ s❤♦✇ t❤❡ ❡st✐♠❛t❡❞ tr❡❛t♠❡♥t

❡✛❡❝ts ❢♦r ❡❛❝❤ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡✳ ❘❡❝❛❧❧ ❛❣❛✐♥ t❤❛t ✇❤✐❧❡ ■ r❡♣♦rt ♦♥ ❢♦✉r ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s✱ ■ ❛♠ ❡s♣❡❝✐❛❧❧②
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r❡♣♦rts ♦♥ ❛♥ ♦✉t❝♦♠❡ t❤❛t ✐s ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ❤❛✈✐♥❣ ❛❝t✉❛❧❧② r❡♣❛✐❞ t❤❡ ❧♦❛♥✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡
❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐♥ s♣❡❝✐✜❝❛t✐♦♥s ✭✶✮✲✭✸✮ ❛r❡ ❜✐♥❛r② ✭✇❤❡t❤❡r ♦r ♥♦t s✉❜❥❡❝ts ❝♦♠♣❧❡t❡❞ ❡❛❝❤
♦❢ t❤❡ t❤r❡❡ ❛s♣❡❝ts ✐♥ ❧♦❛♥ r❡♣❛②♠❡♥t✮✱ ✇❤✐❧❡ ✐♥ s♣❡❝✐✜❝❛t✐♦♥ ✭✹✮ ✐t ✐s ❝♦♥t✐♥✉♦✉s ✭❞❛②s✮✳

✐♥t❡r❡st❡❞ ✐♥ t❤❡ ✏P❛✐❞ ❖✛✑ ❛♥❞ ✏P❡r❢❡❝t P❛②❡r✑ ♦✉t❝♦♠❡s✳ ❘❡s✉❧ts ❛t t❤❡ ❛❣❣r❡❣❛t❡ ❧❡✈❡❧ ✭s❡❝t✐♦♥ ✹✳✶✮ ❛r❡

♣r❡s❡♥t❡❞ ✐♥ ❚❛❜❧❡s ✸ ❛♥❞ ✹✱ ✇✐t❤ ❝♦♥tr♦❧s✱✶✸ ✇❤✐❧❡ ❚❛❜❧❡s ✺ ❛♥❞ ✻ r❡♣♦rt ♣♦♦❧❡❞ ❛♥❞ ❤♦♥♦r ♣❧❡❞❣❡ r❡♠✐♥❞❡r

✐s♦❧❛t✐♥❣ ❡st✐♠❛t❡s ❛t t❤❡ ❛❣❣r❡❣❛t❡ ❧❡✈❡❧ ✭s❡❝t✐♦♥ ✹✳✷✮✳ ❚❛❜❧❡ ✼ r❡♣♦rts ❡st✐♠❛t❡s ❜② ✐♥❝♦♠❡ ❣r♦✉♣ ✭s❡❝t✐♦♥

✹✳✸✮✳

❚❤❡ r❡s✉❧ts ✐♥ ❚❛❜❧❡ ✸ s❤♦✇ t❤❛t s✉❜❥❡❝ts ✐♥ ❛❧❧ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts ✇❡r❡ s❧✐❣❤t❧② ♠♦r❡ ❧✐❦❡❧② t♦ ♣❛② ♦✛

t❤❡✐r ❧♦❛♥s ❛♥❞ ❜❡ ✏♣❡r❢❡❝t ♣❛②❡rs✑ t❤❛♥ t❤♦s❡ ✐♥ t❤❡ ❝♦♥tr♦❧ ❣r♦✉♣✳ ❚❤❡ ❡✛❡❝t s✐③❡s ❢♦r t❤❡s❡ t✇♦ ✈❛r✐❛❜❧❡s

r❛♥❣❡ ❢r♦♠ r♦✉❣❤❧② ✵✲✹ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✳ ❍♦✇❡✈❡r✱ ♥♦♥❡ ♦❢ t❤❡s❡ ❡✛❡❝ts ✇❡r❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✱ ❛♥❞

❥♦✐♥t ❤②♣♦t❤❡s✐s t❡sts ♦♥ ❛❧❧ tr❡❛t♠❡♥t ❝♦❡✣❝✐❡♥ts ❝♦♥✜r♠ t❤❛t ■ ❝❛♥♥♦t r❡❥❡❝t ❛ ♥✉❧❧ ❤②♣♦t❤❡s✐s t❤❛t t❤❡

✈❛r✐♦✉s ❤♦♥♦r ♣❧❡❞❣❡s ❤❛❞ ♥♦ ❡✛❡❝t ♦♥ t❤❡ ❦❡② ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝ts

✶✸❚❤♦✉❣❤ t❤❡ ❡st✐♠❛t❡s r❡♣♦rt❡❞ ✐♥ t❤❡ ♣❛♣❡r ✐♥❝❧✉❞❡ ❝♦♥tr♦❧ ✈❛r✐❛❜❧❡s✱ r❡❣r❡ss✐♦♥s ✇✐t❤♦✉t ❝♦♥tr♦❧s ②✐❡❧❞ s✐♠✐❧❛r r❡s✉❧ts ❛♥❞
❛r❡ ♣r♦✈✐❞❡❞ ✐♥ t❤❡ ♦♥❧✐♥❡ ❛♣♣❡♥❞✐① ✭❚❛❜❧❡ ✶✮ ❢♦r t❤✐s ♣❛♣❡r✳

✶✾



❚❛❜❧❡ ✹✿ ❊st✐♠❛t❡❞ ❖✉t❝♦♠❡ ❱❛❧✉❡s ❢♦r ✏❆✈❡r❛❣❡✑ ❙✉❜❥❡❝ts✱ ❜② ❚r❡❛t♠❡♥t

❈♦♥tr♦❧ ❙✐♠♣❧❡ ❙✐♠♣❧❡✲ ❈♦♣② ❈♦♣②✲ ❲r✐t❡✲■♥ ❲r✐t❡✲■♥✲
❍P ❍P ❍P

✶✮ ❙✉❜❥❡❝t ♣❛✐❞ ✼✽✳✸✪ ✽✵✳✸✪ ✼✽✳✼✪ ✽✵✳✽✪ ✼✾✳✺✪ ✼✾✳✶✪ ✼✾✳✵✪
♦✛ ❧♦❛♥ ✭t❂✵✳✾✵✮ ✭t❂✵✳✶✽✮ ✭t❂✶✳✶✽✮ ✭t❂✵✳✺✽✮ ✭t❂✵✳✸✻✮ ✭t❂✵✳✸✸✮

✷✮ ❙✉❜❥❡❝t ✇❛s ❛ ✺✻✳✽✪ ✺✼✳✹✪ ✺✼✳✺✪ ✺✾✳✼✪ ✺✽✳✼✪ ✺✽✳✽✪ ✺✼✳✷✪
✧♣❡r❢❡❝t ♣❛②❡r✧ ✭t❂✵✳✷✶✮ ✭t❂✵✳✷✺✮ ✭t❂✶✳✶✸✮ ✭t❂✵✳✼✺✮ ✭t❂✵✳✼✽✮ ✭t❂✵✳✶✺✮

✸✮ ❙✉❜❥❡❝t ✇❛s ✷✺✳✷✪ ✷✹✳✽✪ ✷✻✳✹✪ ✷✸✳✽✪ ✷✺✳✹✪ ✷✺✳✶✪ ✷✺✳✺✪
♦✈❡r❞✉❡ ✭t❂✵✳✶✻✮ ✭t❂✵✳✺✷✮ ✭t❂✵✳✻✶✮ ✭t❂✵✳✵✽✮ ✭t❂✵✳✵✸✮ ✭t❂✵✳✶✷✮

✹✮ ❉❛②s ❜❡t✇❡❡♥ ✷✻✳✷✪ ✷✻✳✾✪ ✷✻✳✺✪ ✷✻✳✺✪ ✷✻✳✶✪ ✷✻✳✶✪ ✷✻✳✾✪
❧♦❛♥ ✐♥✐t✐❛t✐♦♥ ✭t❂✵✳✽✵✮ ✭t❂✵✳✸✽✮ ✭t❂✵✳✸✹✮ ✭t❂✵✳✶✹✮ ✭t❂✵✳✵✽✮ ✭t❂✵✳✼✷✮
❛♥❞ r❡♣❛②♠❡♥t

◆♦t❡s✿ ❊①♣❡❝t❡❞ ✈❛❧✉❡s ❢♦r ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s ❜② tr❡❛t♠❡♥t ❜❛s❡❞ ♦♥ r❡❣r❡ss✐♦♥ ♦✉t❝♦♠❡s✱ ✉s✐♥❣ ❛✈❡r❛❣❡ ♣♦♣✉❧❛t✐♦♥
✈❛❧✉❡s ❢♦r ❝♦✈❛r✐❛t❡s✳ ❚❤❡ t✲st❛t✐st✐❝s ✐♥ ♣❛r❡♥t❤❡s❡s ❝❛♣t✉r❡ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ❡①♣❡❝t❡❞ ✈❛❧✉❡s ❢♦r t❤❡
tr❡❛t♠❡♥ts ❛♥❞ t❤❡ ❝♦♥tr♦❧✱ ❛s r❡♣♦rt❡❞ ✐♥ t❤❡ ✜rst ❝♦❧✉♠♥ ♦❢ t❤❡ t❛❜❧❡✳

❢♦r t❤❡ ♦t❤❡r t✇♦ ✈❛r✐❛❜❧❡s ❛r❡ ♠✐①❡❞✱ ❢✉rt❤❡r s✉❣❣❡st✐♥❣ t❤❛t t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts ❤❛❞ ♠✐♥✐♠❛❧

✐♠♣❛❝ts✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡r❡ ✐s ❧✐tt❧❡ t♦ s✉❣❣❡st t❤❛t ❛♥② ✐♥❞✐✈✐❞✉❛❧ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥t ♣❡r❢♦r♠❡❞

❞✐✛❡r❡♥t✐❛❧❧② ❜❡tt❡r t❤❛♥ ❛♥② ♦t❤❡r✱ ♦♥ ❛❣❣r❡❣❛t❡✳ ❚❛❜❧❡ ✹ ♣r❡s❡♥ts t❤❡ r❡s✉❧ts ♦❢ ❚❛❜❧❡ ✸ ✐♥ ❛ ❞✐✛❡r❡♥t ✇❛②✱

s❤♦✇✐♥❣ t❤❡ ❡①♣❡❝t❡❞ ✈❛❧✉❡s ♦❢ t❤❡ ❢♦✉r ❦❡② ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s ❜② ❝♦♥❞✐t✐♦♥✱ ❛ss✉♠✐♥❣ ✏❛✈❡r❛❣❡✑ ♣♦♣✉❧❛t✐♦♥

✈❛❧✉❡s ❢♦r t❤❡ ❝♦✈❛r✐❛t❡s ✉s❡❞ ❛s ❝♦♥tr♦❧s ✐♥ t❤❡ r❡❣r❡ss✐♦♥s✳ ◆♦t❡ t❤❛t ♥♦♥❡ ♦❢ t❤❡ ♦❜s❡r✈❡❞ ❞✐✛❡r❡♥❝❡s

❜❡t✇❡❡♥ tr❡❛t♠❡♥t ❛♥❞ ❝♦♥tr♦❧ ♦✉t❝♦♠❡s ❛r❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✖❚❛❜❧❡ ✹ ❛❧s♦ ✐♥❝❧✉❞❡s t✲st❛t✐st✐❝s ❢♦r

t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ❝♦♥tr♦❧ ❣r♦✉♣ ❛♥❞ t❤❡ ✐♥❞✐✈✐❞✉❛❧ tr❡❛t♠❡♥t ❣r♦✉♣s ✐♥ ♣❛r❡♥t❤❡s❡s✳

❚❛❜❧❡s ✺ ❛♥❞ ✻ ♣♦♦❧ t❤❡ s✐① tr❡❛t♠❡♥ts ✐♥t♦ ❜r♦❛❞❡r ❝❛t❡❣♦r✐❡s ♦❢ tr❡❛t♠❡♥t✱ ✐♥ t❤r❡❡ ✇❛②s ❢♦r ❡❛❝❤ ♦✉t❝♦♠❡

✈❛r✐❛❜❧❡✳ ❚❤❡ ✜rst ♠♦❞❡❧ ❢♦r ❡❛❝❤ ♦✉t❝♦♠❡ ♣♦♦❧s s✉❜❥❡❝ts ❜② ❤♦♥♦r ♣❧❡❞❣❡ t②♣❡✱ ✐❣♥♦r✐♥❣ t❤❡ ✈❛r✐❛t✐♦♥ ✐♥

r❡♠✐♥❞❡r ✈❡rs✐♦♥✳ ❚❤❡ s❡❝♦♥❞ ♠♦❞❡❧ ❢♦r ❡❛❝❤ ♦✉t❝♦♠❡ ❛❞❞s ❛♥ ✐♥t❡r❛❝t✐♦♥ t❡r♠✱ ❛❧❧♦✇✐♥❣ ❢♦r ❛ ❝♦♥st❛♥t

✏r❡♠✐♥❞❡r ❡✛❡❝t✑ ❛❝r♦ss ♣♦♦❧❡❞ ❤♦♥♦r ♣❧❡❞❣❡ t②♣❡s✳ ❚❤❡ t❤✐r❞ ♠♦❞❡❧ ❢♦r ❡❛❝❤ ♦✉t❝♦♠❡ ♣♦♦❧s ❛❧❧ ❤♦♥♦r ♣❧❡❞❣❡

tr❡❛t♠❡♥ts t♦❣❡t❤❡r t♦ ❢♦r♠ ♦♥❡ ❧❛r❣❡ tr❡❛t♠❡♥t ❣r♦✉♣✱ t♦ ❝♦♠♣❛r❡ t♦ t❤❡ ❝♦♥tr♦❧✳ ❚❛❜❧❡ ✺ ♣r❡s❡♥ts t❤❡

r❡s✉❧ts ❢♦r t❤❡ t✇♦ ❦❡② ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s✱ P❛✐❞ ❖✛ ❛♥❞ P❡r❢❡❝t P❛②❡r✱ ❛♥❞ ❝♦♥s✐st❡♥t❧② s❤♦✇s ♥♦ st❛t✐st✐❝❛❧❧②

s✐❣♥✐✜❝❛♥t ❡✛❡❝ts ♦❢ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡s ❛❝r♦ss ♠♦❞❡❧s✳ ❚❤❡ r❡s✉❧ts ✐♥ ❚❛❜❧❡ ✻ ♣r♦✈✐❞❡ s✐♠✐❧❛r ❝♦♥❝❧✉s✐♦♥s

❢♦r t❤❡ ❊✈❡r ❖✈❡r❞✉❡ ❛♥❞ ❉❛②s t♦ P❛② ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s✳ ❋✉rt❤❡r♠♦r❡✱ ❛❝r♦ss t❤❡ ❜♦❛r❞✱ r❡♠✐♥❞❡rs ♦❢ t❤❡

❤♦♥♦r ♣❧❡❞❣❡ ❤❛❞ ♥♦ ❡✛❡❝t ♦♥ ♦✉t❝♦♠❡s✱ ✇✐t❤ t❤❡ ✐♥t❡r❛❝t✐♦♥ t❡r♠s ✐♥ s♣❡❝✐✜❝❛t✐♦♥s ✭✷✮ ❛♥❞ ✭✺✮ ✐♥ ❜♦t❤

❚❛❜❧❡s ✺ ❛♥❞ ✻ s❤♦✇✐♥❣ ❝♦❡✣❝✐❡♥ts ✐♥❞✐st✐♥❣✉✐s❤❛❜❧❡ ❢r♦♠ ③❡r♦✳

❚❛❦❡♥ t♦❣❡t❤❡r✱ t❤❡ r❡s✉❧ts ❢r♦♠ ❚❛❜❧❡s ✸✲✻ ♣r♦✈✐❞❡ ❞✐r❡❝t ❡✈✐❞❡♥❝❡ r❡❣❛r❞✐♥❣ t❤❡ ❢♦✉r ❤②♣♦t❤❡s❡s ♦✉t❧✐♥❡❞

✐♥ s❡❝t✐♦♥ ✷✳✸✳ ❋✐rst✱ t❤❡ r❡s✉❧ts s✉❣❣❡st t❤❛t ♥♦♥❡ ♦❢ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts ❤❛❞ ❛ s✐❣♥✐✜❝❛♥t ❡✛❡❝t

♦♥ r❡♣❛②♠❡♥t r❛t❡s✱ ❡✈❡♥ ✇❤❡♥ t❤❡ ♣❧❡❞❣❡ tr❡❛t♠❡♥ts ✇❡r❡ ♣♦♦❧❡❞ t♦❣❡t❤❡r ✐♥ s♣❡❝✐✜❝❛t✐♦♥s ✭✸✮ ❛♥❞ ✭✻✮

✐♥ ❚❛❜❧❡s ✺ ❛♥❞ ✻✳ ❙❡❝♦♥❞✱ ♣❧❡❞❣❡s t❤❛t ✇❡r❡ ♠♦r❡ s❛❧✐❡♥t ❛t t❤❡ ♠♦♠❡♥t ♦❢ t❤❡ ♣❧❡❞❣❡ ❞✐❞ ♥♦t ♣❡r❢♦r♠
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❚❛❜❧❡ ✺✿ ❆❚❊s ♦♥ P❛✐❞ ❖✛ ✫ P❡r❢❡❝t P❛②❡r ❖✉t❝♦♠❡s ✭❚r❡❛t♠❡♥ts ●r♦✉♣❡❞✮

❖✉t❝♦♠❡✿ P❛✐❞ ❖✛ ❖✉t❝♦♠❡✿ P❡r❢❡❝t P❛②❡r

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮ ✭✻✮

❆❧❧ ❙✐♠♣❧❡ ✵✳✵✶✷ ✵✳✵✶✻ ✵✳✵✵✻✷ ✵✳✵✶✵
✭✵✳✵✶✾✮ ✭✵✳✵✷✵✮ ✭✵✳✵✷✸✮ ✭✵✳✵✷✹✮

❆❧❧ ❈♦♣② ✵✳✵✶✽ ✵✳✵✷✸ ✵✳✵✷✹ ✵✳✵✷✾
✭✵✳✵✶✽✮ ✭✵✳✵✶✾✮ ✭✵✳✵✷✷✮ ✭✵✳✵✷✹✮

❆❧❧ ❲r✐t❡■♥ ✵✳✵✵✼✸ ✵✳✵✶✷ ✵✳✵✶✷ ✵✳✵✶✻
✭✵✳✵✶✾✮ ✭✵✳✵✷✵✮ ✭✵✳✵✷✷✮ ✭✵✳✵✷✹✮

❚r❡❛t♠❡♥t ✯ ❘❡♠✐♥❞❡r ✲✵✳✵✵✾✻ ✲✵✳✵✵✽✼
✭✵✳✵✶✷✮ ✭✵✳✵✶✺✮

P♦♦❧❡❞ ❚r❡❛t♠❡♥ts ✵✳✵✶✷ ✵✳✵✶✹
✭✵✳✵✶✻✮ ✭✵✳✵✷✵✮

❈♦♥st❛♥t ✵✳✼✽∗∗∗ ✵✳✼✽∗∗∗ ✵✳✼✽∗∗∗ ✵✳✷✽∗∗ ✵✳✷✾∗∗ ✵✳✷✽∗∗

✭✵✳✵✾✸✮ ✭✵✳✵✾✹✮ ✭✵✳✵✾✸✮ ✭✵✳✶✷✮ ✭✵✳✶✷✮ ✭✵✳✶✷✮

❖❜s❡r✈❛t✐♦♥s ✹✽✽✸ ✹✽✽✸ ✹✽✽✸ ✹✽✽✸ ✹✽✽✸ ✹✽✽✸
R2 ✵✳✵✷✽ ✵✳✵✷✽ ✵✳✵✷✽ ✵✳✵✸✵ ✵✳✵✸✵ ✵✳✵✷✾
❉❡♠♦❣✳ ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s
▲♦❛♥ ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❙t❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s❡s
∗ p < 0.10✱ ∗∗ p < 0.05✱ ∗∗∗ p < 0.01

◆♦t❡s✿ ❆❧❧ r❡❣r❡ss✐♦♥ ❡st✐♠❛t❡s ❛❜♦✈❡ ✐♥❝❧✉❞❡ ❝♦♥tr♦❧s ❢♦r ❧♦❛♥ ❝❤❛r❛❝t❡r✐st✐❝s ✭❧♦❛♥ ❛♠♦✉♥t✱ ❞❛②s ♦❢
✐♥✐t✐❛❧ ❧♦❛♥✮ ❛♥❞ ❜♦rr♦✇❡r ❞❡♠♦❣r❛♣❤✐❝s ✭❛❣❡✱ ❧♦❣ ♦❢ s❡❧❢✲r❡♣♦rt❡❞ ✐♥❝♦♠❡✱ ❥♦❜ ❝❛t❡❣♦r② ♦❢ ❜♦rr♦✇❡r✱
♣❛② ❢r❡q✉❡♥❝② ❛♥❞ ❢♦r♠ ❢♦r ❜♦rr♦✇❡r ✭❝❛s❤ ✈s✳ ❞✐r❡❝t ❞❡♣♦s✐t ✈s✳ ❝❤❡❝❦✮✮✳ ❙♣❡❝✐✜❝❛t✐♦♥s ✭✶✮✲✭✸✮
r❡♣♦rt ♦♥ t❤❡ ❜✐♥❛r② P❛✐❞ ❖✛ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡✱ ♣♦♦❧✐♥❣ tr❡❛t♠❡♥ts ✐♥ ❛ ✈❛r✐❡t② ♦❢ ✇❛②s✿ s♣❡❝✐✜❝❛t✐♦♥
✭✶✮ ♣♦♦❧s tr❡❛t♠❡♥ts ❜② ❤♦♥♦r ♣❧❡❞❣❡ t②♣❡❀ s♣❡❝✐✜❝❛t✐♦♥ ✭✷✮ ♣♦♦❧s tr❡❛t♠❡♥ts ❜② ❤♦♥♦r ♣❧❡❞❣❡
t②♣❡ ❜✉t ✐♥❝❧✉❞❡s ❛♥ ✐♥t❡r❛❝t✐♦♥ ❡✛❡❝t t♦ ❡①tr❛❝t ❛ ❝♦♠♠♦♥ ✧❤♦♥♦r ♣❧❡❞❣❡ r❡♠✐♥❞❡r✧ ❡✛❡❝t❀ ❛♥❞
s♣❡❝✐✜❝❛t✐♦♥ ✭✸✮ ♣♦♦❧s ❛❧❧ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts t♦❣❡t❤❡r✮✳ ❙♣❡❝✐✜❝❛t✐♦♥s ✭✹✮✲✭✻✮ ❞♦ t❤❡ s❛♠❡✱ ❜✉t
❢♦r t❤❡ ❜✐♥❛r② P❡r❢❡❝t P❛②❡r ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡✳

❜❡tt❡r t❤❛♥ t❤♦s❡ t❤❛t ✇❡r❡ ❧❡ss s❛❧✐❡♥t✱ ❛s ❡✈✐❞❡♥❝❡❞ ❜② t❤❡ ❢❛❝t t❤❛t t❤❡ ❝♦❡✣❝✐❡♥ts ❢♦r t❤❡ ❈♦♣② ❛♥❞

❲r✐t❡✲■♥ tr❡❛t♠❡♥ts ✇❡r❡ st❛t✐st✐❝❛❧❧② ✐♥❞✐st✐♥❣✉✐s❤❛❜❧❡ ❢r♦♠ t❤♦s❡ ❢♦r t❤❡ ❙✐♠♣❧❡ tr❡❛t♠❡♥ts✳ ❚❤✐r❞✱ t❤❡r❡

✐s ♥♦ ❡✈✐❞❡♥❝❡ t❤❛t ♣❡rs♦♥❛❧✐③✐♥❣ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡s ✐♠♣r♦✈❡❞ t❤❡✐r ❡✣❝❛❝②❀ t❤❡ ❲r✐t❡✲■♥ ♣❧❡❞❣❡ tr❡❛t♠❡♥ts

❝❧❡❛r❧② ❞✐❞ ♥♦t ♦✉t♣❡r❢♦r♠ ❛♥② ♦❢ t❤❡ ♦t❤❡r tr❡❛t♠❡♥ts✳ ❋✐♥❛❧❧②✱ t❤❡r❡ ✐s ♥♦ ❡✈✐❞❡♥❝❡ t❤❛t s❛❧✐❡♥t r❡♠✐♥❞❡rs

♦❢ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ ✐♠♠❡❞✐❛t❡❧② ❜❡❢♦r❡ t❤❡ ❧♦❛♥ r❡♣❛②♠❡♥t ❞✉❡ ❞❛t❡ ❤❛❞ ❛♥② ✐♠♣❛❝t ♦♥ ❧♦❛♥ r❡♣❛②♠❡♥t✳

■♥ ❢❛❝t✱ t❤❡ ❝♦❡✣❝✐❡♥ts ♦♥ t❤❡ ✐♥t❡r❛❝t✐♦♥ t❡r♠s ❢♦r r❡❝❡✐✈✐♥❣ ❛♥ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥t ❛♥❞ r❡❝❡✐✈✐♥❣ ❛

r❡♠✐♥❞❡r ✐♥ ❚❛❜❧❡s ✺ ❛♥❞ ✻ ✭✏❚r❡❛t♠❡♥t✯❘❡♠✐♥❞❡r✑ ✐♥ t❤❡ t❛❜❧❡s✮ s❤♦✇✱ ✐❢ ❛♥②t❤✐♥❣✱ ❛ ❞❡tr✐♠❡♥t❛❧ ❡✛❡❝t ♦❢

t❤❡s❡ r❡♠✐♥❞❡rs✖t❤♦✉❣❤ t❤❡s❡ ❡✛❡❝ts ❛r❡ ♥♦t st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳

❖❢ ❝♦✉rs❡✱ t❤❡s❡ ❛❣❣r❡❣❛t❡ ❧❡✈❡❧ r❡s✉❧ts ♠✐❣❤t ♠❛s❦ ❤❡t❡r♦❣❡♥❡✐t✐❡s ♦❢ ❡✛❡❝ts ❛♠♦♥❣st s✉❜❣r♦✉♣s✳ ■ ❡①♣❧♦r❡

t❤✐s ♣♦ss✐❜✐❧✐t② ✉s✐♥❣ t❤❡ s♣❡❝✐✜❝❛t✐♦♥s ♦✉t❧✐♥❡❞ ✐♥ s❡❝t✐♦♥ ✹✳✸✱ st❛rt✐♥❣ ✇✐t❤ ❞✐s❛❣❣r❡❣❛t✐♦♥ ❜② ✐♥❝♦♠❡ ✭❞✐✈✐❞✲

✐♥❣ t❤❡ ♣♦♣✉❧❛t✐♦♥ ✐♥t♦ t❤r❡❡ ❣r♦✉♣s ❜❛s❡❞ ♦♥ s❡❧❢✲r❡♣♦rt❡❞ ✐♥❝♦♠❡✮✳ ❚❛❜❧❡ ✼ ♣r♦✈✐❞❡s ❡st✐♠❛t❡s ♦❢ ❛✈❡r❛❣❡
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❚❛❜❧❡ ✻✿ ❆❚❊s ♦♥ ❊✈❡r ❖✈❡r❞✉❡ ✫ ❉❛②s t♦ P❛② ❖✉t❝♦♠❡s ✭❚r❡❛t♠❡♥ts ●r♦✉♣❡❞✮

❖✉t❝♦♠❡✿ ❊✈❡r ❖✈❡r❞✉❡ ❖✉t❝♦♠❡✿ ❉❛②s ❚♦ P❛②

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮ ✭✻✮

❆❧❧ ❙✐♠♣❧❡ ✵✳✵✵✹✷ ✲✵✳✵✵✶✺ ✵✳✺✺ ✵✳✺✺
✭✵✳✵✷✵✮ ✭✵✳✵✷✶✮ ✭✵✳✼✾✮ ✭✵✳✽✸✮

❆❧❧ ❈♦♣② ✲✵✳✵✵✺✽ ✲✵✳✵✶✷ ✵✳✵✽✺ ✵✳✵✽✹
✭✵✳✵✷✵✮ ✭✵✳✵✷✶✮ ✭✵✳✼✸✮ ✭✵✳✼✽✮

❆❧❧ ❲r✐t❡■♥ ✵✳✵✵✶✶ ✲✵✳✵✵✹✽ ✵✳✸✸ ✵✳✸✷
✭✵✳✵✷✵✮ ✭✵✳✵✷✶✮ ✭✵✳✼✻✮ ✭✵✳✼✻✮

❚r❡❛t♠❡♥t ✯ ❘❡♠✐♥❞❡r ✵✳✵✶✷ ✵✳✵✵✷✽
✭✵✳✵✶✸✮ ✭✵✳✺✷✮

P♦♦❧❡❞ ❚r❡❛t♠❡♥ts ✲✵✳✵✵✵✷✼ ✵✳✸✶
✭✵✳✵✶✼✮ ✭✵✳✻✺✮

❈♦♥st❛♥t ✵✳✶✷ ✵✳✶✶ ✵✳✶✷ ✽✳✽✺∗∗∗ ✽✳✽✺∗∗∗ ✽✳✽✸∗∗∗

✭✵✳✵✾✽✮ ✭✵✳✵✾✽✮ ✭✵✳✵✾✽✮ ✭✸✳✷✶✮ ✭✸✳✷✸✮ ✭✸✳✷✵✮

❖❜s❡r✈❛t✐♦♥s ✹✽✽✸ ✹✽✽✸ ✹✽✽✸ ✸✽✼✼ ✸✽✼✼ ✸✽✼✼
R2 ✵✳✵✸✶ ✵✳✵✸✶ ✵✳✵✸✶ ✵✳✶✼✵ ✵✳✶✼✵ ✵✳✶✼✵
❉❡♠♦❣✳ ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s
▲♦❛♥ ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❙t❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s❡s
∗ p < 0.10✱ ∗∗ p < 0.05✱ ∗∗∗ p < 0.01

◆♦t❡s✿ ❆❧❧ r❡❣r❡ss✐♦♥ ❡st✐♠❛t❡s ❛❜♦✈❡ ✐♥❝❧✉❞❡ ❝♦♥tr♦❧s ❢♦r ❧♦❛♥ ❝❤❛r❛❝t❡r✐st✐❝s ✭❧♦❛♥ ❛♠♦✉♥t✱ ❞❛②s ♦❢
✐♥✐t✐❛❧ ❧♦❛♥✮ ❛♥❞ ❜♦rr♦✇❡r ❞❡♠♦❣r❛♣❤✐❝s ✭❛❣❡✱ ❧♦❣ ♦❢ s❡❧❢✲r❡♣♦rt❡❞ ✐♥❝♦♠❡✱ ❥♦❜ ❝❛t❡❣♦r② ♦❢ ❜♦rr♦✇❡r✱
♣❛② ❢r❡q✉❡♥❝② ❛♥❞ ❢♦r♠ ❢♦r ❜♦rr♦✇❡r ✭❝❛s❤ ✈s✳ ❞✐r❡❝t ❞❡♣♦s✐t ✈s✳ ❝❤❡❝❦✮✮✳ ❙♣❡❝✐✜❝❛t✐♦♥s ✭✶✮✲✭✸✮ r❡♣♦rt
♦♥ t❤❡ ❜✐♥❛r② ❊✈❡r ❖✈❡r❞✉❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡✱ ♣♦♦❧✐♥❣ tr❡❛t♠❡♥ts ✐♥ ❛ ✈❛r✐❡t② ♦❢ ✇❛②s✿ s♣❡❝✐✜❝❛t✐♦♥
✭✶✮ ♣♦♦❧s tr❡❛t♠❡♥ts ❜② ❤♦♥♦r ♣❧❡❞❣❡ t②♣❡❀ s♣❡❝✐✜❝❛t✐♦♥ ✭✷✮ ♣♦♦❧s tr❡❛t♠❡♥ts ❜② ❤♦♥♦r ♣❧❡❞❣❡ t②♣❡ ❜✉t
✐♥❝❧✉❞❡s ❛♥ ✐♥t❡r❛❝t✐♦♥ ❡✛❡❝t t♦ ❡①tr❛❝t ❛ ❝♦♠♠♦♥ ✧❤♦♥♦r ♣❧❡❞❣❡ r❡♠✐♥❞❡r✧ ❡✛❡❝t❀ ❛♥❞ s♣❡❝✐✜❝❛t✐♦♥
✭✸✮ ♣♦♦❧s ❛❧❧ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts t♦❣❡t❤❡r✮✳
❙♣❡❝✐✜❝❛t✐♦♥s ✭✹✮✲✭✻✮ ❞♦ t❤❡ s❛♠❡✱ ❜✉t ❢♦r t❤❡ ❝♦♥t✐♥✉♦✉s ❉❛②s t♦ P❛② ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡✳

tr❡❛t♠❡♥t ❡✛❡❝ts ❢♦r ❡❛❝❤ ♦❢ t❤❡ ✐♥❝♦♠❡ ❣r♦✉♣s ♦♥ t❤r❡❡ ❦❡② ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s✱ ✇❤✐❧❡ ❋✐❣✉r❡s ✹ ❛♥❞ ✺ ♣❧♦t

t❤❡ r❡❣r❡ss✐♦♥ ❝♦❡✣❝✐❡♥ts ❢r♦♠ ❚❛❜❧❡ ✼ ❢♦r t❤❡ t✇♦ ♠❛✐♥ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s✱ P❛✐❞ ❖✛ ❛♥❞ P❡r❢❡❝t P❛②❡r✱ ❜②

✐♥❝♦♠❡ ❣r♦✉♣✳

❚❤♦✉❣❤ t❤❡ ❝♦❡✣❝✐❡♥ts ❛r❡ ♥♦t ❛❧❧ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✱ t❤❡ ✜❣✉r❡s s❤♦✇ ❛♥ ✐♥t❡r❡st✐♥❣ ♣❛tt❡r♥✳ ❙♣❡❝✐❢✲

✐❝❛❧❧②✱ t❤❡ tr❡❛t♠❡♥ts s❡❡♠❡❞ t♦ ✇♦r❦ ♠❛r❣✐♥❛❧❧② ❜❡tt❡r ❢♦r ❤✐❣❤✲ ❛♥❞ ♠✐❞❞❧❡✲✐♥❝♦♠❡ ❜♦rr♦✇❡rs t❤❛♥ ❢♦r

❧♦✇✲✐♥❝♦♠❡ ❜♦rr♦✇❡rs✳ ❋♦r ❡①❛♠♣❧❡✱ ❋✐❣✉r❡ ✺ s❤♦✇s t❤❛t ❛❧❧ ❜✉t t❤❡ ❈♦♣② tr❡❛t♠❡♥t ✇❡r❡ ❛ss♦❝✐❛t❡❞ ✇✐t❤

❞❡❝r❡❛s❡s ✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ t❤❛t ❛ ♣♦♦r❡st✲t❤✐r❞ ❜♦rr♦✇❡r ✇❛s ❛ ♣❡r❢❡❝t ♣❛②❡r✱ ✇❤✐❧❡ ❛❧❧ tr❡❛t♠❡♥ts ♠❛❞❡

❛ r✐❝❤❡st✲t❤✐r❞ ❜♦rr♦✇❡r ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ❛ ♣❡r❢❡❝t ♣❛②❡r ✭❛♥❞ ♠♦st ✇❡r❡ ❡✣❝❛❝✐♦✉s ♦♥ ♠✐❞❞❧❡✲✐♥❝♦♠❡

❜♦rr♦✇❡rs ❛❧s♦✮✳

❖♥❡ ♠✐❣❤t ❛r❣✉❡ t❤❛t t❤❡s❡ ♣❛tt❡r♥s ✐♥ t❤❡ ❞❛t❛ ♦❝❝✉r ❜❡❝❛✉s❡ ❤✐❣❤❡r✲✐♥❝♦♠❡ ❜♦rr♦✇❡rs ✜♥❞ ✐t ❡❛s✐❡r ♦r ♠♦r❡

✐♠♣♦rt❛♥t t♦ st✐❝❦ t♦ ♣r♦♠✐s❡s t❤❛♥ ❧♦✇❡r✲✐♥❝♦♠❡ ❜♦rr♦✇❡rs✳ ❍♦✇❡✈❡r✱ ♠♦st ❡✛❡❝t s✐③❡s ❛r❡ ♥♦t ❧❛r❣❡ ❡♥♦✉❣❤

✷✷
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t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts ♦♥ ♣❛②✐♥❣ ♦✛ t❤❡ ❧♦❛♥✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ✐♥❝❧✉❞❡❞ ❛s ❡rr♦r ❜❛rs✳

❋✐❣✉r❡ ✺✿ ❆✈❡r❛❣❡ ❚r❡❛t♠❡♥t ❊✛❡❝ts ♦♥ ❜❡✐♥❣ ❛ P❡r❢❡❝t P❛②❡r✱ ❜② ■♥❝♦♠❡

❚❤✐s ✜❣✉r❡ ❞✐s♣❧❛②s t❤❡ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝ts✱ r❡❧❛t✐✈❡ t♦ t❤❡ ❝♦♥tr♦❧ ❣r♦✉♣ ❛♥❞ ❞✐s❛❣❣r❡❣❛t❡❞ ❜② s❡❧❢✲r❡♣♦rt❡❞ ✐♥❝♦♠❡✱ ♦❢
t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts ♦♥ r❡♣❛②✐♥❣ ✐♥ ❛❝❝♦r❞❛♥❝❡ ✇✐t❤ t❤❡ ✐♥✐t✐❛❧❧② s❡❧❡❝t❡❞ ❞✉❡ ❞❛t❡ ✭❜❡✐♥❣ ❛ ✧♣❡r❢❡❝t ♣❛②❡r✧✮✳ ❙t❛♥❞❛r❞
❡rr♦rs ❛r❡ ✐♥❝❧✉❞❡❞ ❛s ❡rr♦r ❜❛rs✳
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t♦ ❜❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✱ s♦ ■ ❝❛♥♥♦t ♠❛❦❡ ❛♥② ❞❡✜♥✐t✐✈❡ ❝❧❛✐♠s ❛❜♦✉t ♣♦t❡♥t✐❛❧ ❞✐✛❡r❡♥t✐❛❧ ✐♠♣❛❝ts ♦❢

t❤❡ ❤♦♥♦r ♣❧❡❞❣❡s ❜② ✐♥❝♦♠❡✳ ❍♦✇❡✈❡r✱ t❤❡s❡ r❡s✉❧ts ❛r❡ ❝❡rt❛✐♥❧② ♥♦t s✉❣❣❡st✐✈❡ ♦❢ ❛♥② ❞✐✛❡r❡♥t✐❛❧❧② ❧❛r❣❡

✐♠♣❛❝t ♦❢ t❤✐s ✐♥t❡r✈❡♥t✐♦♥ ♦♥ t❤❡ ❜❡❤❛✈✐♦r ♦❢ t❤❡ ♣♦♦r❡st ✐♥❞✐✈✐❞✉❛❧s ✐♥ t❤❡ s✉❜❥❡❝t ♣♦♦❧✱ ❛ ♣❛tt❡r♥ ✇❡ ✇♦✉❧❞

❤❛✈❡ ❡①♣❡❝t❡❞ ✐❢ ❤❡✐❣❤t❡♥❡❞ ❜❡❤❛✈✐♦r❛❧ ❜✐❛s❡s st❡♠♠✐♥❣ ❢r♦♠ ♣♦✈❡rt② ✇❡r❡ ❞r✐✈✐♥❣ ❛ ❢❛✐❧✉r❡ t♦ r❡♣❛② ❧♦❛♥s

❢♦r t❤❡ ♣♦♦r❡st ❜♦rr♦✇❡rs✳

▲❛st❧②✱ ■ r❡♣♦rt ♦♥ t❤❡ ❞✐s❛❣❣r❡❣❛t❡❞ tr❡❛t♠❡♥t ❡✛❡❝ts ❜② ❛❣❡ ❛♥❞ ❣❡♥❞❡r ✐♥ ❚❛❜❧❡s ✷ ❛♥❞ ✸ ♦❢ t❤❡ ♦♥❧✐♥❡

❛♣♣❡♥❞✐①✱ r❡s♣❡❝t✐✈❡❧②✳ ❚❤❡ r❡s✉❧ts ❢♦r ❜♦t❤ ❛r❡ ♠✐①❡❞✱ ✇✐t❤ s♦♠❡ ❡✈✐❞❡♥❝❡ t❤❛t t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts

✇❡r❡ ❧❡ss ❡✣❝❛❝✐♦✉s ❢♦r ♦❧❞❡r ❜♦rr♦✇❡rs✳ ■♥ ♣❛rt✐❝✉❧❛r✱ t❤❡ r❡s✉❧ts s✉❣❣❡st t❤❛t t❤❡ tr❡❛t♠❡♥ts ✭♣❛rt✐❝✉❧❛r❧②

t❤❡ ❙✐♠♣❧❡ ❛♥❞ ❲r✐t❡✲■♥ tr❡❛t♠❡♥ts✮ ✇❡r❡ ❧❡ss ❡✛❡❝t✐✈❡ ❛t ❡♥❝♦✉r❛❣✐♥❣ ♦❧❞❡r ❜♦rr♦✇❡rs t♦ ❜❡ ♣❡r❢❡❝t ♣❛②❡rs

✭✇✐t❤ ❜♦t❤ ❝♦❡✣❝✐❡♥ts s✐❣♥✐✜❝❛♥t ❛t ❛ ✾✵✪ ❧❡✈❡❧❀ s❡❡ s♣❡❝✐✜❝❛t✐♦♥ ✭✷✮ ✐♥ ❚❛❜❧❡ ✷ ♦❢ t❤❡ ♦♥❧✐♥❡ ❛♣♣❡♥❞✐①✮✳

❍♦✇❡✈❡r✱ ❣✐✈❡♥ t❤❡ ❡✛❡❝t s✐③❡s ❛♥❞ st❛♥❞❛r❞ ❡rr♦rs✱ t❤❡r❡ ✐s ♥♦t s✉✣❝✐❡♥t ❡✈✐❞❡♥❝❡ t♦ s✉❣❣❡st ❛ str♦♥❣ ❞✐✛❡r✲

❡♥t✐❛❧ ✐♠♣❛❝t ♦❢ ❤♦♥♦r ♣❧❡❞❣❡ tr❡❛t♠❡♥ts ❜② ❛❣❡✳ ▼❡❛♥✇❤✐❧❡✱ t❤❡ r❡s✉❧ts ❛r❡ ♥♦t s✉❣❣❡st✐✈❡ ♦❢ s✐❣♥✐✜❝❛♥t❧②

❞✐✛❡r❡♥t tr❡❛t♠❡♥t ❡✛❡❝ts ❜② ❣❡♥❞❡r✱ ✇✐t❤ ♠✐①❡❞ r❡s✉❧ts ❛❝r♦ss ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡s✳

✻ ❉✐s❝✉ss✐♦♥

▲✐t❡r❛t✉r❡ ✐♥ ❡①♣❡r✐♠❡♥t❛❧ ❡❝♦♥♦♠✐❝s ❛♥❞ ♣s②❝❤♦❧♦❣② ♦❢t❡♥ ✜♥❞s ✐♠♣❛❝ts ♦❢ ♣r♦♠✐s❡s ❛♥❞ ❡①♣❧✐❝✐t ❤♦♥♦r

♣❧❡❞❣❡s ♦♥ ❜❡❤❛✈✐♦r✱ ❛♥❞ ✐♥ ♣❛rt✐❝✉❧❛r ♦♥ r❡❞✉❝✐♥❣ ❞✐s❤♦♥❡st ❜❡❤❛✈✐♦r✳ ❍♦✇❡✈❡r✱ t❤❡ r❡s✉❧ts ♦❢ t❤✐s ✜❡❧❞

❡①♣❡r✐♠❡♥t s✉❣❣❡st ♥♦ ♠❡❛♥✐♥❣❢✉❧ ❡✛❡❝ts ❢r♦♠ ❛♥ ❡①♣❧✐❝✐t ♣r♦♠✐s❡ ✭❛♥❞ ✐♥❞❡❡❞✱ ❛ s❛❧✐❡♥t ♣r♦♠✐s❡✮ ♦♥ ❧♦❛♥

r❡♣❛②♠❡♥t ❜❡❤❛✈✐♦r ✐♥ ❛ r❡❛❧✲✇♦r❧❞ s❡tt✐♥❣✱ ✇✐t❤ ♠♦♥❡② ❛t st❛❦❡✳ ❋✉rt❤❡r♠♦r❡✱ ❛ s❡❧❢✲✇r✐tt❡♥ ❤♦♥♦r ♣❧❡❞❣❡

✇❛s ♥♦ ♠♦r❡ ❡✣❝❛❝✐♦✉s t❤❛♥ ❛♥② ♦t❤❡r✱ ❛♥❞ ❛❧t❡r✐♥❣ t❤❡ s❛❧✐❡♥❝❡ ♦❢ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡✱ ❜♦t❤ ❛t ❧♦❛♥ ✐♥✐t✐❛t✐♦♥

❛♥❞ ✐♥ r❡♠✐♥❞❡r ❡♠❛✐❧s✱ ❤❛❞ ♥❡❣❧✐❣✐❜❧❡ ✐♠♣❛❝ts ♦♥ ♦✉t❝♦♠❡s✳ ■♥ ♦t❤❡r ✇♦r❞s✱ ■ ✜♥❞ ♥♦ ❡✈✐❞❡♥❝❡ ❢♦r t❤❡

❤②♣♦t❤❡s❡s t❤❛t s❛❧✐❡♥❝❡✱ r❡♠✐♥❞❡rs✱ ♦r ♣❡rs♦♥❛❧✐③❛t✐♦♥ str❡♥❣t❤❡♥ t❤❡ ✐♠♣❛❝t ♦❢ ❛ ♣r♦♠✐s❡ ♦♥ ❜❡❤❛✈✐♦r✳

■♥❞❡❡❞✱ t❤❡ r❡s✉❧ts ♦❢ t❤❡ st✉❞② s✉❣❣❡st t❤❛t ♦♥❧✐♥❡ ❧♦❛♥ r❡♣❛②♠❡♥t ✐s ❛ ❞♦♠❛✐♥ ✇❤❡r❡ s✉❝❤ ❜❡❤❛✈✐♦r❛❧

t♦♦❧s ❞♦ ♥♦t ❤❛✈❡ ❛♥ ✐♠♣❛❝t ♦♥ ❞❡❝✐s✐♦♥s✳ ❚❤✐s ✐s ❛ s✐❣♥✐✜❝❛♥t r❡s✉❧t✱ ❜❡❝❛✉s❡ ✐t ♣r♦✈✐❞❡s ✐♥s✐❣❤ts ✐♥t♦ ✇❤②

❜♦rr♦✇❡rs ♠✐❣❤t ❢❛✐❧ t♦ r❡♣❛② ❧♦❛♥s❀ ♠♦st ♥♦t❛❜❧②✱ ✐t s✉❣❣❡sts t❤❛t t❤❡ ❢❛✐❧✉r❡ t♦ r❡♣❛② s❤♦rt✲t❡r♠ ❧♦❛♥s

♠❛② ♥♦t ❜❡ ❛ q✉❡st✐♦♥ ♦❢ ❞✐s❤♦♥❡st ❜❡❤❛✈✐♦r ♦r ❜❡❤❛✈✐♦r❛❧ ❜✐❛s❡s✱ ❜✉t r❛t❤❡r ❛♥ ✐♥❞✐❝❛t✐♦♥ ♦❢ tr✉❡ ✜♥❛♥❝✐❛❧

❤❛r❞s❤✐♣✳ ❙✐♠♣❧② ♣✉t✱ ✇❤❡♥ r❡♣❛②♠❡♥t ✐s ♥♦t ✜♥❛♥❝✐❛❧❧② ♣♦ss✐❜❧❡✱ ❢r❛♠✐♥❣✱ r❡♠✐♥❞❡rs✱ ♦r ♦t❤❡r ✐♥t❡r✈❡♥t✐♦♥s

✉t✐❧✐③✐♥❣ ❜❡❤❛✈✐♦r❛❧ s❝✐❡♥❝❡ ❛r❡ ♦❢ ❧✐♠✐t❡❞ ✉s❡✳

❚❤❡r❡ ❛r❡ s❡✈❡r❛❧ ❛❧t❡r♥❛t✐✈❡ ❡①♣❧❛♥❛t✐♦♥s ❢♦r t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t✱ ✇❤✐❝❤ ■ ❞♦ ♥♦t ✜♥❞ ❛s ❝♦♠♣❡❧❧✐♥❣✳

❋✐rst✱ ♦♥❡ ♠✐❣❤t ❛r❣✉❡ t❤❛t t❤❡ ❡①♣❡r✐♠❡♥t❛❧ ✐♥t❡r✈❡♥t✐♦♥s ✇❡r❡ ♥♦t ✐♠♣❛❝t❢✉❧ ❡♥♦✉❣❤ t♦ ❝❤❛♥❣❡ ❜❡❤❛✈✐♦r✳

❍♦✇❡✈❡r✱ t❤❡ ❞❡s✐❣♥ ♠❛❞❡ t❤❡ ❡①♣❧✐❝✐t ♣r♦♠✐s❡ s❛❧✐❡♥t t♦ t❤❡ ❜♦rr♦✇❡r✖✐♥❞❡❡❞✱ ✐♥ t❤❡ ❈♦♣② ❛♥❞ ❲r✐t❡✲

✷✺



■♥ ❝♦♥❞✐t✐♦♥s✱ ❜♦rr♦✇❡rs ✇❡r❡ ❢♦r❝❡❞ t♦ ♣❤②s✐❝❛❧❧② t②♣❡ ✐♥ ❛♥❞ s✐❣♥ ♣r♦♠✐s❡ st❛t❡♠❡♥ts✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡

❡①♣❡r✐♠❡♥t ✇❛s ✇❡❧❧✲♣♦✇❡r❡❞ t♦ ❞❡t❡❝t ♠❡❛♥✐♥❣❢✉❧ ❡✛❡❝ts✱ ❡s♣❡❝✐❛❧❧② ✇❤❡♥ ❛❧❧ tr❡❛t♠❡♥ts ✇❡r❡ ♣♦♦❧❡❞✳✶✹

●✐✈❡♥ t❤❡ ✐♥t❡r✈❡♥t✐♦♥✬s s❛❧✐❡♥❝❡ ❛♥❞ st❛t✐st✐❝❛❧ ♣♦✇❡r✱ t❤❡ ❧❛❝❦ ♦❢ ❛♥② ❞❡t❡❝t❛❜❧❡ ❡✛❡❝t ✐s ♥♦t❡✇♦rt❤②✳ ❙❡❝♦♥❞✱

✐♥ t❤✐s ❝❛s❡ ❜♦rr♦✇❡rs ✇❡r❡ ❞❡❢❛✉❧t❡❞ ✐♥t♦ r❡♣❛②✐♥❣ t❤❡ ❧♦❛♥✖▲❡♥❞❯♣ ❛✉t♦♠❛t✐❝❛❧❧② ✐♥✐t✐❛t❡❞ ❧♦❛♥ r❡♣❛②♠❡♥t

♦♥ t❤❡ ❞✉❡ ❞❛t❡ ✐♥ t❤❡ ❛❜s❡♥❝❡ ♦❢ ❝♦♠♠✉♥✐❝❛t✐♦♥ ❢r♦♠ t❤❡ ❜♦rr♦✇❡r✳ ❚❤❡r❡❢♦r❡ ✐t ✐s ♣♦ss✐❜❧❡ t❤❛t s♦♠❡

s✉❜❥❡❝ts ❞✐❞ ♥♦t ✇✐s❤ t♦ r❡♣❛② t❤❡✐r ❧♦❛♥ ✭❞❡s♣✐t❡ ❤❛✈✐♥❣ s✉✣❝✐❡♥t ❢✉♥❞s t♦ ❞♦ s♦✮✱ ❜✉t ❢♦r❣♦t t♦ ❝♦♥t❛❝t

t❤❡ ✜r♠ t♦ ❝❛♥❝❡❧ t❤❡ r❡♣❛②♠❡♥t✳ ■♥ ❛♥ ❡①♣❡r✐♠❡♥t ✇✐t❤♦✉t t❤❡ r❡♣❛②♠❡♥t ❞❡❢❛✉❧t✱ ✇❡ ♠✐❣❤t ❤❛✈❡ s❡❡♥

❧♦✇❡r r❡♣❛②♠❡♥t r❛t❡s ❛❝r♦ss ❛❧❧ s✉❜❥❡❝ts✱ ❜✉t r❡❧❛t✐✈❡❧② ❤✐❣❤❡r r❡♣❛②♠❡♥t ✐♥ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ ❝♦♥❞✐t✐♦♥s✱

✇❤❡r❡ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ ♠❛② ❤❛✈❡ t✉r♥❡❞ ✇❤❛t ✇♦✉❧❞ ❤❛✈❡ ❜❡❡♥ ✏❛❝❝✐❞❡♥t❛❧ r❡♣❛②❡rs✑ s✇❛②❡❞ ❜② t❤❡ ❞❡❢❛✉❧t

✐♥t♦ ✏✇✐❧❧✐♥❣ r❡♣❛②❡rs✳✑ ❚❤✐s ❧✐♠✐ts t❤❡ ❡①t❡r♥❛❧ ✈❛❧✐❞✐t② ♦❢ t❤❡ ✜♥❞✐♥❣s ❤❡r❡✱ t♦ s♦♠❡ ❡①t❡♥t❀ ✇❡ ❝❛♥♥♦t

❦♥♦✇ ✐❢ ❛ ♣❧❡❞❣❡ ✐♥t❡r✈❡♥t✐♦♥ ✇♦✉❧❞ ❜❡ ♠♦r❡ ✐♠♣❛❝t❢✉❧ ✐♥ ❛♥ ❡♥✈✐r♦♥♠❡♥t ✇✐t❤♦✉t ❛ ❞❡❢❛✉❧t✱ ♦r ✐♥❞❡❡❞ ❛♥②

❡♥✈✐r♦♥♠❡♥t ✇❤❡r❡ ❜♦rr♦✇❡rs ❛r❡ ❡s♣❡❝✐❛❧❧② ❛tt❡♥t✐✈❡ t♦ ❧♦❛♥ ❞✉❡ ❞❛t❡s✳ ❚❤❛t s❛✐❞✱ ✷✵✪ ♦❢ s✉❜❥❡❝ts ✐♥ t❤✐s

st✉❞② ❞✐❞ st♦♣ r❡♣❛②♠❡♥t ✐♥ ❛❧❧ ❝♦♥❞✐t✐♦♥s✱ s✉❣❣❡st✐♥❣ t❤❛t s✉❜❥❡❝ts ❞✐❞ ♥♦t ✜♥❞ ✐t ❜✉r❞❡♥s♦♠❡ t♦ ♦✈❡r❝♦♠❡

t❤❡ ❞❡❢❛✉❧t✳

❚❤✐r❞✱ s✉❜❥❡❝ts ♠❛② ❤❛✈❡ ❜❡❡♥ s♦ ♦✈❡r✇❤❡❧♠❡❞ ❜② t❤❡✐r ♣♦♦r ✜♥❛♥❝✐❛❧ s✐t✉❛t✐♦♥ t❤❛t t❤❡② ❛✈♦✐❞❡❞ ❝♦♠♠✉✲

♥✐❝❛t✐♦♥s ❛❜♦✉t t❤❡ ❧♦❛♥ ✭t❤❡ r❡♠✐♥❞❡r ❡♠❛✐❧✮ ❛♥❞ ❥✉st ❢♦❧❧♦✇❡❞ t❤❡ ❞❡❢❛✉❧t ❝♦✉rs❡ ♦❢ ❛❝t✐♦♥✳ ❚❤✐s r❡❧❛t❡s

t♦ t❤❡ ✐❞❡❛ ♦❢ ✏♦str✐❝❤✐♥❣✱✑ ♦r ✐❣♥♦r✐♥❣ ✉♥✇❛♥t❡❞ ♦r ❝♦♠♣❧❡① ✐♥❢♦r♠❛t✐♦♥ ✭▲✐❡❜♠❛♥ ❛♥❞ ❩❡❝❦❤❛✉s❡r ✷✵✵✹✮✳

❍♦✇❡✈❡r✱ ✇❤✐❧❡ t❤✐s ❝♦✉❧❞ ❡①♣❧❛✐♥ ✇❤② ✐♥❝❧✉❞✐♥❣ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ ✐♥ t❤❡ ❡♠❛✐❧ r❡♠✐♥❞❡r ❤❛❞ ❛ ♠✐♥✐♠❛❧ ❡✛❡❝t✱

✐t ✇♦✉❧❞ ♥♦t ❡①♣❧❛✐♥ ✇❤② t❤❡ ✉♣❢r♦♥t s✐❣♥✐♥❣ ♦❢ t❤❡ ❤♦♥♦r ♣❧❡❞❣❡ ✇❛s ♥♦t ✐♠♣❛❝t❢✉❧✳

❚❤✐s ❡①♣❡r✐♠❡♥t ❛♥❞ ✐ts r❡s✉❧ts ❝♦♠❡ ✇✐t❤ ❝❛✈❡❛ts✱ ❛♥❞ r❛✐s❡ ❝♦♥❝❡♣t✉❛❧❧②✲✐♥t❡r❡st✐♥❣ ♣♦✐♥ts t❤❛t r❡❧❛t❡ t♦

t❤❡ ❡①t❡r♥❛❧ ✈❛❧✐❞✐t② ♦❢ t❤❡ ✜♥❞✐♥❣s✳ ❋✐rst✱ t❤✐s st✉❞② ✐♥✈♦❧✈❡❞ ❛ ♣r♦♠✐s❡ ♠❛❞❡ ❞✐❣✐t❛❧❧② ❜② ❛ ❝❧✐❡♥t ✭t❤❡

❜♦rr♦✇❡r✮ t♦ ❛ ✜r♠ ✭t❤❡ ❧❡♥❞❡r✮✱ ✇❤✐❝❤ ♠❛② ❤❛✈❡ ❢❛❝✐❧✐t❛t❡❞ ❛ ✏❝❤❡❛♣ ♣r♦♠✐s❡✑ ❜② t❤❡ ❜♦rr♦✇❡r✳ ❚❤❛t ✐s✱

❛ ❜♦rr♦✇❡r ♠✐❣❤t ❤❛✈❡ ❢♦✉♥❞ ❛ ♣r♦♠✐s❡ ♠❛❞❡ t♦ ❛ ❢❛❝❡❧❡ss✱ ♦♥❧✐♥❡ ✜r♠ ❡❛s✐❡r t♦ ✐❣♥♦r❡ ❛♥❞ r❡♥❡❣❡ ♦♥ t❤❛♥

❛ s✐♠✐❧❛r ♣r♦♠✐s❡ t♦ ❛♥ ✐♥❞✐✈✐❞✉❛❧✱ ❛ ♣❡❡r✱ ♦r ✐♥✲♣❡rs♦♥ ❛t ❛ ✜r♠✳ ❚❤❡r❡ ✐s s✉♣♣♦rt ❢♦r t❤✐s ❤②♣♦t❤❡s✐s ✐♥

t❤❡ ❧✐t❡r❛t✉r❡✳ ❋♦r ❡①❛♠♣❧❡✱ ❑❛r❧❛♥ ❡t ❛❧✳ ✭✷✵✶✻✮ ✜♥❞s t❤❛t r❡♣❛②♠❡♥t r❡♠✐♥❞❡rs ❛r❡ ♠♦r❡ ❡✛❡❝t✐✈❡ ✇❤❡♥

t❤❡② ✐♥❝❧✉❞❡❞ t❤❡ ❧♦❛♥ ♦✣❝❡r✬s ♥❛♠❡✱ ✇❤✐❧❡ ❈❤♦✉ ✭✷✵✶✺✮ ❞✐s❝✉ss❡s ❤♦✇ ❡✲s✐❣♥❛t✉r❡s ♠❛② ❡♥❝♦✉r❛❣❡ ❣r❡❛t❡r

❞✐s❤♦♥❡st② r❡❧❛t✐✈❡ t♦ s✐❣♥✐♥❣ ❜② ❤❛♥❞✳

❙❡❝♦♥❞✱ t❤❡ ♣r♦♠✐s❡s ✐♥ t❤✐s ❡①♣❡r✐♠❡♥t ✇❡r❡ ❡①♣❧✐❝✐t❧② ♣r✐✈❛t❡✖♠❛❞❡ ❜② ❛♥ ✐♥❞✐✈✐❞✉❛❧ t♦ ❛ ✜r♠✱ ✇✐t❤ ♥♦

t❤✐r❞ ♣❛rt② ✐♥✈♦❧✈❡♠❡♥t✳ ■♥ t❤❡ r❡❛❧ ✇♦r❧❞✱ ♠❛♥② ♣r♦♠✐s❡s ❤❛✈❡ ❛ s♦❝✐❛❧ ❝♦♠♣♦♥❡♥t✱ ✐♥ t❤❛t ②♦✉ s✉✛❡r ❛

s♦❝✐❛❧ ♦r ♣✉❜❧✐❝❧②✲♦❜s❡r✈❛❜❧❡ s❛♥❝t✐♦♥ ❢♦r ❢❛✐❧✐♥❣ t♦ ❛❞❤❡r❡ t♦ ②♦✉r ♣r♦♠✐s❡✳ ❚❤✐s ❡①♣❧❛✐♥s ✇❤② ❤♦♥♦r ❝♦❞❡s

❛r❡ s♦ ✇✐❞❡❧② ✉s❡❞ ✐♥ ❛❝❛❞❡♠✐❝ ❝♦♥t❡①ts❀ ✐♥ t❤❡s❡ ✐♥st❛♥❝❡s✱ t❤❡ s♦❝✐❛❧ st✐❣♠❛ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ✈✐♦❧❛t✐♦♥ ♦❢ t❤❡

✶✹❚❤❡ ♠✐♥✐♠✉♠ ❞❡t❡❝t❛❜❧❡ ❡✛❡❝t ✇✐t❤ ♣♦✇❡r ♦❢ ✵✳✽✱ ✇❤❡♥ ❛❧❧ tr❡❛t♠❡♥ts ❛r❡ ♣♦♦❧❡❞ ❛♥❞ ❜❛s❡❞ ♦♥ t❤❡ ✜♥❛❧ s❛♠♣❧❡ s✐③❡✱ ✇❛s
r♦✉❣❤❧② ✸✳✽✽ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭❙t❛t❛ ❝♦♠♠❛♥❞✿ s❛♠♣s✐ ✳✽ ✳✽✸✽✽✱ ♥✶✭✼✷✾✮ ♥✷✭✹✶✺✹✮ ♦♥❡s✐❞❡❞✮✳

✷✻



❤♦♥♦r ❝♦❞❡ ♠❛② ❜❡ ❛s ❣r❡❛t ❛ ❞❡t❡rr❡♥t ❛s t❤❡ ♣✉♥✐s❤♠❡♥t ❢♦r t❤❡ ✈✐♦❧❛t✐♦♥✳ ■❢ t❤✐s ✐s ❛♥ ✐♠♣♦rt❛♥t ❢❛❝t♦r ✐♥

t❤❡ ❡✣❝❛❝② ♦❢ ❡①♣❧✐❝✐t ♣r♦♠✐s❡s✱ ✐t ♠❛② ❡①♣❧❛✐♥ ✇❤② t❤❡ ♣r♦♠✐s❡s ✐♥ t❤✐s ❡①♣❡r✐♠❡♥t ✇❡r❡ ♥♦t ❛s ❡✛❡❝t✐✈❡ ❛t
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