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ABSTRACT

We study the effect of physician workforce diversity on the demand for preventive care among African-American

men. In an experiment in Oakland, California, we randomize black men to black or non-black male

medical doctors. We use a two-stage design, measuring decisions before (pre-consultation) and after

(post-consultation) meeting their assigned doctor. Subjects select a similar number of preventives in

the preconsultation stage, but are much more likely to select every preventive service, particularly

invasive services, once meeting with a racially concordant doctor. Our findings suggest black doctors

could reduce the black-white male gap in cardiovascular mortality by 19%.
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▼❛♥② ❢❛❝t♦rs ❧✐❦❡❧② ❝♦♥tr✐❜✉t❡ t♦ t❤✐s ♣✉③③❧❡ ✐♥❝❧✉❞✐♥❣ ❧❛❝❦ ♦❢ ✐♥❢♦r♠❛t✐♦♥✱ ✐♥❛❞❡q✉❛t❡ ♦r

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

♣r♦♠✐♥❡♥t ❤✐st♦r② ♦❢ ♥❡❣❧❡❝t ❛♥❞ ❡①♣❧♦✐t❛t✐♦♥ ♦❢ ❞✐s❛❞✈❛♥t❛❣❡❞ ♣♦♣✉❧❛t✐♦♥s ❜② ❤❡❛❧t❤ ❛✉t❤♦r✲

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

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

❜❡❡♥ ❢♦✉♥❞ s♣❡❝✐✜❝❛❧❧② ❛♠♦♥❣ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♠❡♥ ✐♥ t❤❡ ✐♠♠❡❞✐❛t❡ ❛❢t❡r♠❛t❤ ♦❢ t❤❡ ❯✳❙✳

P✉❜❧✐❝ ❍❡❛❧t❤ ❙❡r✈✐❝❡ s②♣❤✐❧✐s ❡①♣❡r✐♠❡♥t ✐♥ ❚✉s❦❡❣❡❡✱ ❆❧❛❜❛♠❛✱ ✭❆❧s❛♥ ❛♥❞ ❲❛♥❛♠❛❦❡r

✷✵✶✽✮ ❛♥❞ ♣❡rs✐st✐♥❣ ❞❡❝❛❞❡s ❛❢t❡r ❝♦❧♦♥✐❛❧ ♠❡❞✐❝❛❧ ❝❛♠♣❛✐❣♥s ✐♥ ❈❡♥tr❛❧ ❆❢r✐❝❛ ✭▲♦✇❡s ❛♥❞

▼♦♥t❡r♦ ✷✵✶✽✮✳ ❘❡❝❡♥t st✉❞✐❡s ✐♥ ♣✉❜❧✐❝ ❤❡❛❧t❤ ❞❡♠♦♥str❛t❡ t❤❛t ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♠❡♥

❝♦♥t✐♥✉❡ t♦ s❝♦r❡ ❤✐❣❤❡r ♦♥ ♠❡❞✐❝❛❧ ♠✐str✉st ♠❡❛s✉r❡s t❤❛♥ ♦t❤❡r ❣r♦✉♣s ✭❑✐♥❧♦❝❦ ❡t ❛❧✳

✷✵✶✼✱ ◆❛♥♥❛ ❡t ❛❧✳ ✷✵✶✽✱ ❍❛♠♠♦♥❞ ❡t ❛❧✳ ✷✵✶✵✮✳

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

✐♥✢✉❡♥❝❡❞ ❜② s♦❝✐❛❧ ✐❞❡♥t✐t② ✭❆❦❡r❧♦❢ ❛♥❞ ❑r❛♥t♦♥ ✷✵✵✵❀ ❇❡♥❥❛♠✐♥✱ ❈❤♦✐✱ ❛♥❞ ❙tr✐❝❦❧❛♥❞

✷✵✶✵✮✳ ▼♦st ♥♦t❛❜❧②✱ ❚❛❜❡❧❧✐♥✐ ✭✷✵✵✽✮ s❤♦✇s ❤♦✇ ❝♦♦♣❡r❛t✐♦♥ ❝❛♥ ❜❡ s✉st❛✐♥❡❞ ✐♥ ❛ ♦♥❡✲s❤♦t

♣r✐s♦♥❡r✬s ❞✐❧❡♠♠❛ ❛♠♦♥❣ ❛❣❡♥ts ✇❤♦ ♣❡r❝❡✐✈❡ ❛ ♥♦♥✲❡❝♦♥♦♠✐❝ ❜❡♥❡✜t ❢r♦♠ ❝♦♦♣❡r❛t✐♥❣ ✇✐t❤

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

❞❡rs❝♦r❡❞ ❤♦✇ ❞✐✈❡rs✐t②✱ ♦r ❧❛❝❦ t❤❡r❡♦❢✱ ♠❛② ❜❡ ♣❛rt✐❝✉❧❛r❧② r❡❧❡✈❛♥t ✐♥ ❛s②♠♠❡tr✐❝❛❧ ♣♦✇❡r

r❡❧❛t✐♦♥s❤✐♣s✳ ❋♦r ✐♥st❛♥❝❡✱ ●❧♦✈❡r✱ P❛❧❧❛✐s✱ ❛♥❞ P❛r✐❡♥t❡ ✭✷✵✶✼✮ ✜♥❞ t❤❛t ♠✐♥♦r✐t② ✇♦r❦❡rs

❡①❡rt ❧❡ss ♦♥ t❤❡ ❥♦❜ ❡✛♦rt ✐♥ ❣r♦❝❡r② st♦r❡s ✇✐t❤ ❜✐❛s❡❞ ♠❛❥♦r✐t② ♠❛♥❛❣❡rs✳ ❆❞❞✐t✐♦♥❛❧

❡✈✐❞❡♥❝❡ ♦♥ ❤♦✇ ❞✐✈❡r✐st② ❛✛❡❝ts ❤✐r✐♥❣ ❛♥❞ ❥♦❜ ♣❡r❢♦r♠❛♥❝❡ ❝❛♥ ❜❡ ❢♦✉♥❞ ✐♥ ❙t♦❧❧✱ ❘❛♣❤❛❡❧✱

❛♥❞ ❍♦❧③❡r ✭✷✵✵✹✮❀ ●✐✉❧✐❛♥♦✱ ▲❡✈✐♥❡✱ ❛♥❞ ▲❡♦♥❛r❞ ✭✷✵✵✾✮❀ ❍❥♦rt ✭✷✵✶✹✮❀ ❛♥❞ ❇❡rtr❛♥❞ ❡t ❛❧✳

✭✷✵✶✽✮✳ ❆ s♣❛t❡ ♦❢ st✉❞✐❡s ❤❛s ❢♦✉♥❞ t❤❛t s❛♠❡ r❛❝❡ ♦r s❛♠❡ ❣❡♥❞❡r t❡❛❝❤❡rs ❛r❡ ♣♦s✐t✐✈❡❧②

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

●♦❧❞❤❛❜❡r✱ ❛♥❞ ❇r❡✇❡r ✭✶✾✾✺✮❀ ❉❡❡ ✭✷✵✵✹✮❀ ❉❡❡ ✭✷✵✵✺✮❀ ❇❡tt✐♥❣❡r ❛♥❞ ▲♦♥❣ ✭✷✵✵✺✮❀ ❈❛rr❡❧❧✱

P❛❣❡✱ ❛♥❞ ❲❡st ✭✷✵✶✵✮❀ ❋❛✐r❧❡❡✱ ❍♦✛♠❛♥♥✱ ❛♥❞ ❖r❡♦♣♦✉❧♦s ✭✷✵✶✹✮❀ ❛♥❞ ▲✉s❤❡r✱ ❈❛♠♣❜❡❧❧✱

❛♥❞ ❈❛rr❡❧❧ ✭✷✵✶✽✮✮✳

❚❤❡r❡ ❛r❡ s❡✈❡r❛❧ ✇❛②s ✐♥ ✇❤✐❝❤ r❛❝✐❛❧ ❞✐✈❡rs✐t② ❝♦✉❧❞ ♣❧❛② ❛ r♦❧❡ ✐♥ ♠❡❞✐❝✐♥❡✱ s♣❡❝✐✜❝❛❧❧②

❛s ✐t r❡❧❛t❡s t♦ t❤❡ ♣❛t✐❡♥t✲❞♦❝t♦r r❡❧❛t✐♦♥s❤✐♣✳ ❚❛st❡✲❜❛s❡❞ ❞✐s❝r✐♠✐♥❛t✐♦♥ ✭❇❡❝❦❡r ✶✾✺✼✮ ♦♥

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

t❤♦s❡ ✇❤♦ ❞♦ ♥♦t s❤❛r❡ t❤❡✐r r❛❝✐❛❧ ❜❛❝❦❣r♦✉♥❞✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ✐♥t❡r♥❛❧✐③❡❞ r❛❝✐s♠✱ ♦r

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

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

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

✷



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

✭✐✳❡✳ ❝♦♠♣❧✐❛♥❝❡ ✇✐t❤ ❞♦❝t♦rs✬ ❛❞✈✐❝❡ ♦r ✇✐❧❧✐♥❣♥❡ss t♦ ❡♥❣❛❣❡✮✳ ❆s ♥♦t❡❞ ❜② ❆rr♦✇ ✭✶✾✻✸✮✱

✏✳✳✳✐t ✐s ❛ ❝♦♠♠♦♥♣❧❛❝❡ t❤❛t t❤❡ ♣❤②s✐❝✐❛♥✲♣❛t✐❡♥t r❡❧❛t✐♦♥ ❛✛❡❝ts t❤❡ q✉❛❧✐t② ♦❢ t❤❡ ♠❡❞✐❝❛❧

❝❛r❡ ♣r♦❞✉❝t✳✑

■♥ t❤✐s st✉❞②✱ ✇❡ ❡①❛♠✐♥❡ ✇❤❡t❤❡r ❞♦❝t♦r r❛❝❡ ❛✛❡❝ts t❤❡ ❞❡♠❛♥❞ ❢♦r ♣r❡✈❡♥t✐✈❡ ❝❛r❡

❛♠♦♥❣ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♠❡♥✳ ❲❡ ✐♥❞✉❝❡ ❡①♦❣❡♥♦✉s ✈❛r✐❛t✐♦♥ ❜② r❛♥❞♦♠❧② ❛ss✐❣♥✐♥❣ s✉❜✲

❥❡❝ts t♦ ❜❧❛❝❦ ❛♥❞ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs✳✷ ❖✉r ❡①♣❡r✐♠❡♥t ✇❛s ❝♦♥❞✉❝t❡❞ ✐♥ ❖❛❦❧❛♥❞✱ ❈❛❧✐❢♦r♥✐❛✱

✇❤❡r❡ ✇❡ r❡❝r✉✐t❡❞ ♦✈❡r ✶✱✸✵✵ ❜❧❛❝❦ ♠❡♥ ❢r♦♠ ❛❜♦✉t ✷✵ ❧♦❝❛❧ ❜❛r❜❡rs❤♦♣s ❛♥❞ t✇♦ ✢❡❛ ♠❛r✲

❦❡ts✳ ❆t t❤❡s❡ r❡❝r✉✐t♠❡♥t s✐t❡s✱ s✉❜❥❡❝ts ✜❧❧❡❞ ♦✉t ❜❛s❡❧✐♥❡ q✉❡st✐♦♥♥❛✐r❡s ❛♥❞ r❡❝❡✐✈❡❞ ❛

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

♣r❡✈❡♥t✐✈❡ s❡r✈✐❝❡s t♦ t❤❡ s✉❜❥❡❝ts✳ ❚❤❡ ❝❧✐♥✐❝ ✇❛s st❛✛❡❞ ✇✐t❤ ❢♦✉rt❡❡♥ ❜❧❛❝❦ ❛♥❞ ♥♦♥✲❜❧❛❝❦

♠❛❧❡ ❞♦❝t♦rs ❢r♦♠ t❤❡ ❇❛② ❆r❡❛ ❛s ✇❡❧❧ ❛s ❛ ❞✐✈❡rs❡ t❡❛♠ ♦❢ r❡❝❡♣t✐♦♥✐sts✳ ❉♦❝t♦rs ❛♥❞ st❛✛

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

✐♥ ❖❛❦❧❛♥❞✱ ❜✉t ♥♦t s♣❡❝✐✜❝❛❧❧② ✐♥❢♦r♠❡❞ ❛❜♦✉t t❤❡ r♦❧❡ ♦❢ ❞♦❝t♦r r❛❝❡✳ ❙✉❜❥❡❝ts ❧❡❛r♥❡❞ ♦❢

t❤❡✐r ✭r❛♥❞♦♠❧②✮ ❛ss✐❣♥❡❞ ❞♦❝t♦r ✈✐❛ t❛❜❧❡t ✐♥ t❤❡ ♣r✐✈❛❝② ♦❢ t❤❡✐r ♦✇♥ ♣❛t✐❡♥t r♦♦♠✳

❚❤❡ ❡①♣❡r✐♠❡♥t ♣r♦❝❡❡❞❡❞ ✐♥ t✇♦ st❛❣❡s ❛♥❞ ❝r♦ss✲r❛♥❞♦♠✐③❡❞ ❞♦❝t♦r r❛❝❡ ✇✐t❤ ✐♥❝❡♥t✐✈❡s

❢♦r t❤❡ ✢✉ ✈❛❝❝✐♥❡ ❛t t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❧❡✈❡❧✳ ■♥ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡✱ ♣❛t✐❡♥ts ✇❡r❡

✐♥tr♦❞✉❝❡❞ t♦ t❤❡✐r ❞♦❝t♦r ✈✐❛ t❤❡ t❛❜❧❡t ❜② ✇❛② ♦❢ t❡①t ❛♥❞ ♣❤♦t♦✱ ❜♦t❤ st❛♥❞❛r❞✐③❡❞

❛s ❞❡s❝r✐❜❡❞ ✐♥ ❙❡❝t✐♦♥ ■■✳ ❙✉❜❥❡❝ts ✇❡r❡ t❤❡♥ ♣r♦✈✐❞❡❞ t❤❡ ♦♣♣♦rt✉♥✐t② t♦ s❡❧❡❝t ✇❤✐❝❤✱

✐❢ ❛♥②✱ ♦❢ t❤❡ ❢♦✉r ❛❞✈❡rt✐s❡❞ ❝❛r❞✐♦✈❛s❝✉❧❛r s❝r❡❡♥✐♥❣ s❡r✈✐❝❡s t❤❡② ✇♦✉❧❞ ❧✐❦❡ t♦ r❡❝❡✐✈❡✳

❚❤❡s❡ s❡r✈✐❝❡s ✐♥❝❧✉❞❡❞ ❜♦❞② ♠❛ss ✐♥❞❡① ✭❇▼■✮ ♠❡❛s✉r❡♠❡♥t✱ ❜❧♦♦❞ ♣r❡ss✉r❡ ♠❡❛s✉r❡♠❡♥t✱

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

s✉❜❥❡❝ts ✇❡r❡ ♠❛❞❡ ❛✇❛r❡ ♦❢ t❤✐s ❢❡❛t✉r❡✳ ❆❢t❡r ♠❛❦✐♥❣ t❤❡✐r s❡❧❡❝t✐♦♥s ❢♦r ❝❛r❞✐♦✈❛s❝✉❧❛r

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

❜② t❤❡✐r ❛ss✐❣♥❡❞ ❞♦❝t♦r✳ ❋♦r s✉❜❥❡❝ts r❛♥❞♦♠✐③❡❞ t♦ r❡❝❡✐✈❡ ❛ ✢✉ ✐♥❝❡♥t✐✈❡ t♦ ❡♥❝♦✉r❛❣❡

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

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

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

♣❤♦t♦✳

■♥ t❤❡ s❡❝♦♥❞ st❛❣❡✱ s✉❜❥❡❝ts ♠❡t t❤❡✐r ❛ss✐❣♥❡❞ ❞♦❝t♦r ✐♥ ♣❡rs♦♥✳ ❲❡ r❡❢❡r t♦ t❤✐s st❛❣❡

t❤r♦✉❣❤♦✉t t❤❡ ♣❛♣❡r ❛s ♣♦st✲❝♦♥s✉❧t❛t✐♦♥ ✭s✐♥❝❡ ❞❡❝✐s✐♦♥s ♦❝❝✉r ❛❢t❡r ✐♥t❡r❛❝t✐♥❣ ✇✐t❤ t❤❡✐r

❞♦❝t♦r✮✳ ❙✉❜❥❡❝ts ❝♦✉❧❞ r❡✈✐s❡ t❤❡✐r ❝❤♦✐❝❡ ♦❢ ♣r❡✈❡♥t✐✈❡s ❞✉r✐♥❣ t❤✐s st❛❣❡✱ ❛❢t❡r ✇❤✐❝❤ t❤❡

❞♦❝t♦r ❛❞♠✐♥✐st❡r❡❞ t❤❡ s❡❧❡❝t❡❞ s❡r✈✐❝❡s✳ ❲❡ t❤❡r❡❢♦r❡ ♠❡❛s✉r❡ ❤♦✇ ❜❧❛❝❦ ✈s✳ ♥♦♥✲❜❧❛❝❦

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

✷❚❤r♦✉❣❤♦✉t t❤❡ ♣❛♣❡r✱ ✇❡ ✉s❡ ✏❜❧❛❝❦✑ t♦ r❡❢❡r t♦ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥s ❛♥❞ ✏♥♦♥✲❜❧❛❝❦✑ t♦ r❡❢❡r t♦ ❈❛✉✲
❝❛s✐❛♥ ❛♥❞ ❆s✐❛♥✲❆♠❡r✐❝❛♥s✳

✸



t❤❡ ❞❡❧t❛✱ s✐♥❝❡ ✐t r❡♣r❡s❡♥ts t❤❡ ❝❤❛♥❣❡ ✐♥ s❡❧❡❝t❡❞ s❡r✈✐❝❡s ❛❝r♦ss t❤❡ t✇♦ ♣❡r✐♦❞s✳ ❚❤❡s❡ ❛r❡

t✇♦ ❝❤♦✐❝❡ ❡✈❡♥ts ♦❝❝✉rr✐♥❣ ❛❢t❡r r❛♥❞♦♠✐③❛t✐♦♥ ❛♥❞ ❜♦t❤ r❡♣r❡s❡♥t ❡①♣❡r✐♠❡♥t❛❧ ♦✉t❝♦♠❡s✳

❋♦❧❧♦✇✐♥❣ t❤❡ ♣❛t✐❡♥t✲❞♦❝t♦r ✐♥t❡r❛❝t✐♦♥✱ s✉❜❥❡❝ts ✜❧❧❡❞ ♦✉t ❢❡❡❞❜❛❝❦ ❢♦r♠s ❛♥❞ ❡①✐t❡❞ t❤❡

❝❧✐♥✐❝✳

■t ✐s ✐♠♣♦rt❛♥t t♦ ♥♦t❡ t❤❛t t❤❡ st✉❞② ♣r♦✈✐❞❡❞ ♦♥❧② ♣r❡✈❡♥t✐✈❡ ✭✐✳❡✳ ❝❛r❡ r❡❝♦♠♠❡♥❞❡❞

❞✉r✐♥❣ ❛ st❛t❡ ♦❢ r❡❧❛t✐✈❡❧② ❣♦♦❞ ❤❡❛❧t❤ t♦ ❛✈♦✐❞ ❢✉t✉r❡ ✐❧❧♥❡ss ✕ s✉❝❤ ❛s s❝r❡❡♥✐♥❣s ❛♥❞ ✐♠♠✉✲

♥✐③❛t✐♦♥s✮ ❛s ♦♣♣♦s❡❞ t♦ ❝✉r❛t✐✈❡ ✭✐✳❡✳ ❝❛r❡ ♥❡❡❞❡❞ ❞✉r✐♥❣ ❛ st❛t❡ ♦❢ ✐❧❧♥❡ss t♦ r❡st♦r❡ ❤❡❛❧t❤✮

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

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

s♦♠❡♦♥❡ t❤❡② ❞♦♥✬t tr✉st✱ ✇❤✐❝❤ ❝❛♥ ❞❛♠♣❡♥ ❞❡♠❛♥❞✳✸ ❍❡♥❝❡ t❤❡ r♦❧❡ ♦❢ st✉❞② ❞♦❝t♦rs ✇❛s

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

❛♥❞ t❤❡♥ ♣r♦✈✐❞✐♥❣ t❤♦s❡ ❝❤♦s❡♥✳

❆♣♣r♦①✐♠❛t❡❧② ❤❛❧❢ ♦❢ t❤❡ s✉❜❥❡❝ts ✇❡ r❡❝r✉✐t❡❞ ❢r♦♠ t❤❡ ❝♦♠♠✉♥✐t② ✈✐s✐t❡❞ ♦✉r ❝❧✐♥✐❝✳

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

s✉r✈❡② ❜✉t ❞✐❞ ♥♦t ❝♦♠❡ t♦ t❤❡ ❝❧✐♥✐❝✳ ❙✉❜❥❡❝ts ✇❤♦ r❡❞❡❡♠❡❞ t❤❡ ❝❧✐♥✐❝ ❝♦✉♣♦♥ ✇❡r❡ ✶✸

♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ✉♥❡♠♣❧♦②❡❞ ✭❝♦♠♣❛r❡❞ t♦ ✶✽✪ ❛♠♦♥❣ ♥♦♥✲♣❛rt✐❝✐♣❛♥ts✮

❛♥❞ ✶✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ ❤❛✈❡ ❛ ❤✐❣❤ s❝❤♦♦❧ ❡❞✉❝❛t✐♦♥ ♦r ❧❡ss ✭❝♦♠♣❛r❡❞

t♦ ✹✹✪ ❛♠♦♥❣ ♥♦♥✲♣❛rt✐❝✐♣❛♥ts✮✳ ■♥ t❡r♠s ♦❢ ❤❡❛❧t❤ ❛♥❞ ❤❡❛❧t❤❝❛r❡ ✉t✐❧✐③❛t✐♦♥✱ t❤❡② ❤❛❞

s✐❣♥✐✜❝❛♥t❧② ❧♦✇❡r s❡❧❢✲r❡♣♦rt❡❞ ❤❡❛❧t❤✱ ✇❡r❡ ❧❡ss ❧✐❦❡❧② t♦ ❤❛✈❡ ❛ ♣r✐♠❛r② ❝❛r❡ ♣❤②s✐❝✐❛♥✱ ❛♥❞

♠♦r❡ ❧✐❦❡❧② t♦ ❤❛✈❡ ✈✐s✐t❡❞ t❤❡ ❡♠❡r❣❡♥❝② r♦♦♠✳

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

s❛♠❡ ♥✉♠❜❡r ♦❢ ♣r❡✈❡♥t✐✈❡ s❡r✈✐❝❡s ❛s t❤♦s❡ ❛ss✐❣♥❡❞ t♦ ❛ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r ✐♥ t❤❡ ♣r❡✲

❝♦♥s✉❧t❛t✐♦♥ st❛❣❡✳ ■♥ s❤❛r♣ ❝♦♥tr❛st✱ ✇❡ ✜♥❞ t❤❛t s✉❜❥❡❝ts ❛ss✐❣♥❡❞ t♦ ❜❧❛❝❦ ❞♦❝t♦rs✱ ✉♣♦♥

✐♥t❡r❛❝t✐♥❣ ✇✐t❤ t❤❡✐r ❞♦❝t♦r✱ ❛r❡ ✶✽ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ t❛❦❡ ✉♣ ♣r❡✈❡♥t✐✈❡s

r❡❧❛t✐✈❡ t♦ t❤♦s❡ ❛ss✐❣♥❡❞ t♦ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs✳ ❚❤❡s❡ ✜♥❞✐♥❣s ❛r❡ r♦❜✉st t♦ ❝♦rr❡❝t✐♦♥s

❢♦r ❝♦rr❡❧❛t❡❞ ❡rr♦r str✉❝t✉r❡s ✇✐t❤✐♥ ❞♦❝t♦r❀ t❤❡ ✐♥❝❧✉s✐♦♥ ♦❢ ✜①❡❞ ❡✛❡❝ts ❢♦r ❝❧✐♥✐❝ ❞❛t❡✱

✜❡❧❞ st❛✛✱ ❛♥❞ r❡❝r✉✐t♠❡♥t ❧♦❝❛t✐♦♥❀ ❛s ✇❡❧❧ ❛s ✈❛r✐♦✉s ♣❡r♠✉t❛t✐♦♥s ♦❢ t❤❡ st✉❞② ❞♦❝t♦rs✱

✐♥❝❧✉❞✐♥❣ ❞r♦♣♣✐♥❣ t❤❡ ✏❜❡st✑ ❜❧❛❝❦ ❛♥❞ ✏✇♦rst✑ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r✳

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

♠♦r❡ s❡r✈✐❝❡s ✉♣♦♥ ✐♥t❡r❛❝t✐♥❣ ✇✐t❤ t❤❡♠❄ ❲❡ ♣r♦✈✐❞❡ s❡✈❡r❛❧ ♣✐❡❝❡s ♦❢ ❡✈✐❞❡♥❝❡ t❤❛t ❜❡tt❡r

❝♦♠♠✉♥✐❝❛t✐♦♥ ❜❡t✇❡❡♥ ❜❧❛❝❦ s✉❜❥❡❝ts ❛♥❞ ❜❧❛❝❦ ❞♦❝t♦rs ❡①♣❧❛✐♥s ♦✉r r❡s✉❧ts✱ ❛♥❞ ❞✐s❝✉ss

❛❧t❡r♥❛t✐✈❡ ♠❡❝❤❛♥✐s♠s ❜❡❧♦✇✳ ❋✐rst✱ ✐♥ ♦✉r ❝♦♥tr♦❧❧❡❞ st✉❞② ❡♥✈✐r♦♥♠❡♥t✱ t❤❡ r♦❧❡ ♦❢ t❤❡

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

❛♥❞ t❤❡♥ ♣r♦✈✐❞✐♥❣ t❤♦s❡ ❝❤♦s❡♥✳ ❙❡❝♦♥❞✱ ❢♦r ♥♦♥✲✐♥✈❛s✐✈❡ t❡sts ✭t❤♦s❡ t❤❛t ❞♦ ♥♦t r❡q✉✐r❡

❜❧♦♦❞ ♦r ❛♥ ✐♥❥❡❝t✐♦♥✮✱ ❜♦t❤ ♥♦♥✲❜❧❛❝❦ ❛♥❞ ❜❧❛❝❦ ❞♦❝t♦rs s❤✐❢t❡❞ ♦✉t ❞❡♠❛♥❞ ✐♥ t❤❡ ♣♦st✲

✸❆❝❝♦r❞✐♥❣ t♦ t❤❡ ❈❉❈✱ ✉♣ t♦ ✹✵✪ ♦❢ ❛♥♥✉❛❧ ❞❡❛t❤s ✐♥ t❤❡ ❯✳❙✳ ❛r❡ ❞❡❡♠❡❞ ♣r❡✈❡♥t❛❜❧❡ ✭❈❉❈ ✷✵✶✹✮✳

✹



❝♦♥s✉❧t❛t✐♦♥ st❛❣❡ r❡❧❛t✐✈❡ t♦ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡✱ t❤♦✉❣❤ t❤❡ ❡✛❡❝t ✇❛s ❧❛r❣❡r ❢♦r

t❤❡ ❧❛tt❡r✳ ❨❡t✱ ❢♦r ✐♥✈❛s✐✈❡ t❡sts✱ t❤♦s❡ t❤❛t ❝❛rr② ♠♦r❡ r✐s❦ ❛♥❞ t❤✉s ❧✐❦❡❧② r❡q✉✐r❡ ♠♦r❡

tr✉st ✐♥ t❤❡ ♣❡rs♦♥ ♣r♦✈✐❞✐♥❣ t❤❡ s❡r✈✐❝❡✱ ♦♥❧② s✉❜❥❡❝ts ❛ss✐❣♥❡❞ t♦ ❜❧❛❝❦ ❞♦❝t♦rs r❡s♣♦♥❞❡❞✿

✐♥❝r❡❛s✐♥❣ t❤❡✐r t❛❦❡✲✉♣ ♦❢ ❞✐❛❜❡t❡s ❛♥❞ ❝❤♦❧❡st❡r♦❧ s❝r❡❡♥✐♥❣s ❜② ✷✵ ❛♥❞ ✷✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts

✭✹✾✪ ❛♥❞ ✼✶✪✮✱ r❡s♣❡❝t✐✈❡❧②✳ ❚❤✐r❞✱ s✉❜❥❡❝ts ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ t❛❧❦ t♦ t❤❡✐r ❛ss✐❣♥❡❞ ❞♦❝t♦r

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

str♦♥❣ ❛♠♦♥❣ t❤♦s❡ ✇❤♦ ♦❜t❛✐♥ ❛♥ ✐♥✈❛s✐✈❡ ❡①❛♠✳

❚❤❡ ❡①♣❡r✐♠❡♥t❛❧ ✜♥❞✐♥❣s ❤✐❣❤❧✐❣❤t✐♥❣ ✐♠♣r♦✈❡❞ ❝♦♠♠✉♥✐❝❛t✐♦♥ ❢♦r ❜❧❛❝❦ ♠❛❧❡ ♣❛t✐❡♥ts

♣❛✐r❡❞ ✇✐t❤ ❜❧❛❝❦ ♠❛❧❡ ❞♦❝t♦rs ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤♦s❡ ❝♦❧❧❡❝t❡❞ ✐♥ ❛ ♥♦♥✲❡①♣❡r✐♠❡♥t❛❧

♠❛♥♥❡r✳ ❲❡ s✉r✈❡②❡❞ ✶✱✹✾✵ ❜❧❛❝❦ ❛♥❞ ✇❤✐t❡ ❛❞✉❧t ♠❛❧❡s ✇❤♦ ♠❛t❝❤❡❞ ♦✉r s❛♠♣❧❡ ✐♥ t❡r♠s

♦❢ ❡❞✉❝❛t✐♦♥❛❧ ❛tt❛✐♥♠❡♥t✳ ❚❤❡ r❡s♣♦♥❞❡♥ts ✇❡r❡ ❛s❦❡❞ t♦ s❡❧❡❝t ❛ ❞♦❝t♦r ♦❢ ❛ ♣❛rt✐❝✉❧❛r r❛❝❡

❜❛s❡❞ ♦♥ ❛❝❝❡ss✐❜✐❧✐t②✱ q✉❛❧✐t②✱ ❛♥❞ ❝♦♠♠✉♥✐❝❛t✐♦♥✳ ❲✐t❤ r❡s♣❡❝t t♦ q✉❛❧✐t② ✭✐✳❡✳ ✇❤✐❝❤ ❞♦❝t♦r

✐s t❤❡ ♠♦st q✉❛❧✐✜❡❞✮ ❜❧❛❝❦ ❛♥❞ ✇❤✐t❡ r❡s♣♦♥❞❡♥ts ❜♦t❤ s❡❧❡❝t❡❞ ❞♦❝t♦rs ♦❢ t❤❡ s❛♠❡ r❛❝❡

❛❜♦✉t ✺✵✪ ♦❢ t❤❡ t✐♠❡✳ ❍♦✇❡✈❡r✱ ❢♦r q✉❡st✐♦♥s r❡❣❛r❞✐♥❣ ❝♦♠♠✉♥✐❝❛t✐♦♥✱ ✐♥ ♣❛rt✐❝✉❧❛r ✇❤✐❝❤

❞♦❝t♦r ✇♦✉❧❞ ✉♥❞❡rst❛♥❞ ②♦✉r ❝♦♥❝❡r♥s✱ t❤❡ ♣r♦♣♦rt✐♦♥ ♦❢ r❡s♣♦♥❞❡♥ts ❝❤♦♦s✐♥❣ ❞♦❝t♦rs ♦❢

t❤❡✐r ♦✇♥ r❛❝✐❛❧ ❜❛❝❦❣r♦✉♥❞ ❥✉♠♣❡❞ t♦ ♥❡❛r❧② ✻✺✪ ❢♦r ❜❧❛❝❦s ❛♥❞ ✼✵✪ ❢♦r ✇❤✐t❡s✳

❆♥ ❛❧t❡r♥❛t✐✈❡ ✐♥t❡r♣r❡t❛t✐♦♥ ♦❢ ♦✉r r❡s✉❧ts ✐s t❤❛t t❤❡ ❡st✐♠❛t❡❞ tr❡❛t♠❡♥t ❡✛❡❝t ✐s

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

❛✛❡❝ts t❤❡ ♦✉t❝♦♠❡ ♦❢ ✐♥t❡r❡st✳ ❆ ♣r♦♠✐♥❡♥t ❝❛♥❞✐❞❛t❡ ❢♦r ❛ ❤❛r❞✲t♦✲♠❡❛s✉r❡ ❝❤❛r❛❝t❡r✐st✐❝

t❤❛t ♠❛② ❝♦rr❡❧❛t❡ ✇✐t❤ ❞♦❝t♦r r❛❝❡ ✐s q✉❛❧✐t②✳✹ ❚❤❡ ♥♦♥✲❡①♣❡r✐♠❡♥t❛❧ ✜♥❞✐♥❣s ❝✐t❡❞ ❛❜♦✈❡

❞❡♠♦♥str❛t❡ ❜❧❛❝❦ ♠❛❧❡ r❡s♣♦♥❞❡♥ts ❜❡❧✐❡✈❡ t❤❛t ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs ❛r❡ ❛s q✉❛❧✐✜❡❞ ❛s ❜❧❛❝❦

❞♦❝t♦rs✳ ❨❡t✱ ❛❝t✉❛❧ ❞♦❝t♦r q✉❛❧✐t② ✇✐t❤✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ♦✉r st✉❞② ❝♦✉❧❞ ✈❛r②✳

❲❡ ❛❞❞r❡ss t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ❞✐✛❡r❡♥t✐❛❧ q✉❛❧✐t② ❛❝r♦ss ❞♦❝t♦r r❛❝❡ ✐♥ t❤❡ st✉❞② s❡tt✐♥❣

✐♥ s❡✈❡r❛❧ ✇❛②s✳ ❋✐rst✱ ❞♦❝t♦rs ✇❡r❡ ❜❛❧❛♥❝❡❞ ♦♥ ♦❜s❡r✈❛❜❧❡s ✐♥ ❛❣❡✱ ❡①♣❡r✐❡♥❝❡✱ ❛♥❞ ♠❡❞✐❝❛❧

s❝❤♦♦❧ r❛♥❦✿ ❝❤❛r❛❝t❡r✐st✐❝s ✇❡ ❝♦❧❧❡❝t❡❞ ❢r♦♠ t❤❡✐r r❡s✉♠❡s✳ ▼♦r❡♦✈❡r✱ ❛❧❧ ♦❢ t❤❡ ♥♦♥✲

❜❧❛❝❦ ❞♦❝t♦rs✱ ❜✉t ♦♥❧② ✻✼✪ ♦❢ ❜❧❛❝❦ ❞♦❝t♦rs✱ ♣r❛❝t✐❝❡❞ ✐♥t❡r♥❛❧ ♠❡❞✐❝✐♥❡✳ ■♥ ❛❞❞✐t✐♦♥✱ ✇❡

❝r❡❛t❡❞ ❛ s✉r✈❡② ❢♦r t❤❡ st✉❞② ❞♦❝t♦rs ❞❡s✐❣♥❡❞ t♦ ❛ss❡ss t❤❡✐r t②♣✐❝❛❧ ♣❛t✐❡♥t ❝❤❛r❛❝t❡r✐st✐❝s✱

t❤❡✐r ♣❡rs✉❛s✐✈❡♥❡ss✱ ❛♥❞ t❤❡✐r ❝✉rr❡♥t ♠❡❞✐❝❛❧ ❦♥♦✇❧❡❞❣❡ ✉s✐♥❣ q✉❡st✐♦♥s t②♣✐❝❛❧❧② ❢♦✉♥❞ ♦♥

♠❡❞✐❝❛❧ ❝r❡❞❡♥t✐❛❧✐♥❣ ❡①❛♠s✳ ■♥t❡r❡st✐♥❣❧②✱ t❤❡ ♥♦♥✲❜❧❛❝❦ st✉❞② ❞♦❝t♦rs ✇❡r❡ ♠♦r❡ ❧✐❦❡❧② t♦

st❛t❡ t❤❡✐r ♣❛t✐❡♥ts ❝♦♠♣❧② ✇✐t❤ ♠❡❞✐❝❛❧ ❛❞✈✐❝❡ ❛♥❞ t❤❛t t❤❡② ❛r❡ ❛❜❧❡ t♦ ♣❡rs✉❛❞❡ ❜♦t❤

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

■❢ ❜❧❛❝❦ ❞♦❝t♦rs ✇❡r❡ ❤✐❣❤❡r q✉❛❧✐t② t❤❛♥ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs ✇❡ ♠✐❣❤t ❤❛✈❡ ❡①♣❡❝t❡❞ t❤❡♠

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

✹❚❤✐s ❝♦✉❧❞ ❛r✐s❡ ✐❢✱ ❢♦r ❡①❛♠♣❧❡✱ ❜❧❛❝❦ ❞♦❝t♦rs ❛r❡ ♠♦r❡ q✉❛❧✐✜❡❞ t❤❛♥ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs ✐♥ t❤❡ ♣♦♣✉❧❛t✐♦♥
❛♥❞ ✇❡ ❢❛✐❧❡❞ t♦ ❞r❛✇ ♦✉r s❛♠♣❧❡ ❢r♦♠ ❛♥ ❛r❡❛ ♦❢ ♦✈❡r❧❛♣♣✐♥❣ s✉♣♣♦rt ✖ ♦r ✐❢ t❤❡ ❞✐str✐❜✉t✐♦♥s ✇❡r❡ s✐♠✐❧❛r✱
❜✉t ✇❡ ❞r❡✇ ❢r♦♠ ❞✐✛❡r❡♥t t❛✐❧s✳

✺



✭❤✐❣❤❧②✮✳ ❚❤✐s ❝♦♠♣r❡ss✐♦♥ ❧✐❦❡❧② r❡✢❡❝ts t❤❡ ❞❡s✐❣♥✳ ❉✐✛❡r❡♥❝❡s ✐♥ q✉❛❧✐t② t❤❛t ✇♦✉❧❞ st❡♠

❢r♦♠ ❞✐❛❣♥♦st✐❝ ♦r tr❡❛t♠❡♥t s❦✐❧❧s ✇❡r❡ ♥♦t ❡❧✐❝✐t❡❞ ✐♥ ♦✉r st✉❞②✱ ✇❤✐❝❤ ♥❛rr♦✇❧② ❢♦❝✉s❡❞

♦♥ ❡♥❝♦✉r❛❣✐♥❣ t❤❡ t❛❦❡✲✉♣ ♦❢ ♣r❡✈❡♥t✐✈❡s✳ ❋✉rt❤❡r♠♦r❡ ✐❢ ❜❧❛❝❦ ❞♦❝t♦rs ✇❡r❡ ❤✐❣❤❡r q✉❛❧✐t②✱

t❤❡② s❤♦✉❧❞ ♣❡r❢♦r♠ ❜❡tt❡r ✇✐t❤ ❛❧❧ ♣❛t✐❡♥ts ❛♥❞ ♦♥ ❛❧❧ t❡sts✳ ❆❧t❤♦✉❣❤ ♦✉r r❡❝r✉✐t♠❡♥t

❡✛♦rts ✇❡r❡ ❢♦❝✉s❡❞ ♦♥ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♠❡♥✱ ✶✷ ❝❧✐❡♥ts ✐❞❡♥t✐✜❡❞ ❛s ❢r♦♠ ❛♥♦t❤❡r r❛❝✐❛❧

♦r ❡t❤♥✐❝ ❜❛❝❦❣r♦✉♥❞✳✺ ❆♠♦♥❣ t❤✐s ♦✉t✲♦❢✲s❛♠♣❧❡ ❣r♦✉♣✱ ✐♥❞✐✈✐❞✉❛❧s ✇❡r❡ ✷✵ ♣❡r❝❡♥t❛❣❡

♣♦✐♥ts ❧❡ss ❧✐❦❡❧② t♦ ❝❤♦♦s❡ ✐♥✈❛s✐✈❡ s❡r✈✐❝❡s ✐♥ t❤❡ ♣♦st✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡ ✇❤❡♥ r❛♥❞♦♠✐③❡❞

t♦ ❜❧❛❝❦ ❞♦❝t♦rs ✭❛ ✜♥❞✐♥❣ t❤❛t ✐s ♠♦r❡ ❡①tr❡♠❡ t❤❛♥ ✾✼✪ ♦❢ ❜♦♦tstr❛♣ ❝♦❡✣❝✐❡♥ts ♦♥ ❞r❛✇s

♦❢ ✶✷ ✐♥✲s❛♠♣❧❡ s✉❜❥❡❝ts✮✳ ▼♦r❡♦✈❡r ❢♦r t❤❡ ✐♥✲s❛♠♣❧❡ s✉❜❥❡❝ts✱ t❤❡ ❞✐✛❡r❡♥❝❡s ✐♥ ♣♦st✲

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

❜❧♦♦❞ ♣r❡ss✉r❡✮ t❤❛♥ ❢♦r ❡①❛♠s t❤❛t r❡q✉✐r❡❞ ❜❧♦♦❞ ✭❡✳❣✳ ❝❤♦❧❡st❡r♦❧✮✳ ❚❤✉s✱ ✐♥ ♦r❞❡r ❢♦r ❛♥

❛ttr✐❜✉t❡ ❝♦rr❡❧❛t❡❞ ✇✐t❤ t❤❡ r❛❝❡ ♦❢ ❜❧❛❝❦ ❞♦❝t♦rs t♦ ❜❡ ❞r✐✈✐♥❣ ♦✉r r❡s✉❧ts✱ ✐t ♠✉st ♠❛♥✐❢❡st

♦♥❧② ✇❤❡♥ tr❡❛t✐♥❣ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♠❛❧❡ ♣❛t✐❡♥ts ❛♥❞ ❡s♣❡❝✐❛❧❧② ❢♦r ✐♥✈❛s✐✈❡ ❡①❛♠s✳

❚❤✐s ❧❡❛❞s t♦ ❛♥♦t❤❡r ❝♦♠♣❡t✐♥❣ ❡①♣❧❛♥❛t✐♦♥✱ ♣❡r❤❛♣s ❜❧❛❝❦ ♠❛❧❡ ❞♦❝t♦rs ❡①❡rt❡❞ ♠♦r❡

❡✛♦rt ✇✐t❤ ♣❛t✐❡♥ts ✇❤♦ s❤❛r❡❞ t❤❡✐r r❛❝✐❛❧ ❜❛❝❦❣r♦✉♥❞✳ ❙✐♥❝❡ ❝♦♠♠✉♥✐❝❛t✐♦♥ r❡q✉✐r❡s s♦♠❡

❛♠♦✉♥t ♦❢ ❡✛♦rt✱ t❤✐s ✐s ♥♦t ❛♥ ✐♥t❡r♣r❡t❛t✐♦♥ t♦ ✇❤✐❝❤ ✇❡ ♦❜❥❡❝t ✭t❤♦✉❣❤ ✇❡ ♥♦t❡ ✐❢ ❝♦♠✲

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

❡✛♦rt t♦ ❛❝❤✐❡✈❡ t❤❡ s❛♠❡ ♦r ❜❡tt❡r r❡s✉❧ts ✖ ✐✳❡✳ ❝♦♠♠✉♥✐❝❛t✐♦♥ ♠❛② ❜❡ ♠♦r❡ ❡✣❝✐❡♥t✮✳

❚✐♠❡ s♣❡♥t ✇✐t❤ ♣❛t✐❡♥ts ❤❛s ❜❡❡♥ ✉s❡❞ ❛s ❛ ♣r♦①② ❢♦r ♣r♦✈✐❞❡r ❡✛♦rt ✭❉❛s ❡t ❛❧✳ ✷✵✶✻✮✳

❊q✉❛t✐♥❣ t✐♠❡ s♣❡♥t ✇✐t❤ ❡✛♦rt ✐s ♣r♦❜❧❡♠❛t✐❝ ✐♥ ♦✉r s❡tt✐♥❣ ❜❡❝❛✉s❡ ✐t r❡✢❡❝ts ♠❛♥② ❞✐❢✲

❢❡r❡♥t ❢❛❝t♦rs✳ ❆ ❧♦♥❣❡r t✐♠❡ s♣❡♥t ❝♦✉❧❞ s✐♠♣❧② r❡✢❡❝t t❤❡ tr❡❛t♠❡♥t ❡✛❡❝t ✭✐✳❡✳ s✉❜❥❡❝ts

❡❧❡❝t t♦ r❡❝❡✐✈❡ ♠♦r❡ s❡r✈✐❝❡s ❢r♦♠ ❜❧❛❝❦ ❞♦❝t♦rs✮✱ ❧♦✇ q✉❛❧✐t② ✭✐✳❡✳ ❞✐✣❝✉❧t② ♣❡r❢♦r♠✐♥❣

t❤❡ s❡r✈✐❝❡s✮✱ ♦r ❝♦♠♠✉♥✐❝❛t✐♦♥ ✭✐✳❡✳ ❛ ❜❡tt❡r ♣❛t✐❡♥t✲❞♦❝t♦r ❝♦♥♥❡❝t✐♦♥ ❢❛❝✐❧✐t❛t✐♥❣ ❝r❡❞✐❜❧❡

✐♥❢♦r♠❛t✐♦♥ ❡①❝❤❛♥❣❡✮✳ ❲❡ ✜♥❞ t❤❛t ❜❧❛❝❦ ❞♦❝t♦rs ✐♥❞❡❡❞ s♣❡♥t ♠♦r❡ t✐♠❡ ✇✐t❤ s✉❜❥❡❝ts✱

❜✉t t❤✐s ✜♥❞✐♥❣ ✐s ❞r✐✈❡♥ ❜② t❤❡ tr❡❛t♠❡♥t ❡✛❡❝t ✖ t❤❡ ❞✐✛❡r❡♥❝❡ ✐♥ ✈✐s✐t ❧❡♥❣t❤s ✐s s♠❛❧❧

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

♣♦t❡♥t✐❛❧ ♣r♦①② ❢♦r ❡✛♦rt✱ t❤❡ ❛❧❧♦❝❛t✐♦♥ ♦❢ s❡r✈✐❝❡s t♦ t❤❡ ✏❤✐❣❤❡st ♥❡❡❞✑ s✉❜❥❡❝ts✱ ✇❡ ❢❛✐❧

t♦ ✜♥❞ ❡✈✐❞❡♥❝❡ t❤❛t ❞♦❝t♦rs ♦❢ ❡✐t❤❡r r❛❝❡ ✇❡r❡ ❡①♣❡♥❞✐♥❣ ❡✛♦rt t♦ t❛r❣❡t ✐♥t❡r✈❡♥t✐♦♥s✳

▲❛❝❦ ♦❢ t❛r❣❡t✐♥❣ ❛❧s♦ r❡✢❡❝ts ♦✉r ✐♥str✉❝t✐♦♥ t♦ t❤❡ st✉❞② ❞♦❝t♦rs t♦ tr② ❛♥❞ ❡♥❝♦✉r❛❣❡ ❛❧❧

♣❛t✐❡♥ts t♦ t❛❦❡ ✉♣ ♣r❡✈❡♥t✐✈❡s✳

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

♣♦ss✐❜❧❡ t❤❛t ❜❧❛❝❦ ♠❛❧❡ ❞♦❝t♦rs ❤❛✈❡ ♠♦r❡ ❢❛♠✐❧✐❛r✐t② ✇✐t❤ s❡r✈✐♥❣ ❜❧❛❝❦ ♠❛❧❡ ♣❛t✐❡♥ts✳

❚❤✐s s♦rt✐♥❣ ✇♦✉❧❞ ❜❡ ❝♦♥s✐st❡♥t ✇✐t❤ ♥❛t✐♦♥❛❧ st❛t✐st✐❝s ♦♥ ❞♦❝t♦r✲♣❛t✐❡♥t ♣❛✐r✐♥❣s ❛s ✇❡❧❧

❛s ✇✐t❤ t❤❡ t❡♥❞❡♥❝② ❢♦r ♠✐♥♦r✐t② ♣❤②s✐❝✐❛♥s t♦ ✇♦r❦ ✐♥ ♠❡❞✐❝❛❧❧② ✉♥❞❡rs❡r✈❡❞ ❛r❡❛s ✇✐t❤

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

✻



♠♦r❡ ❧♦✇✲✐♥❝♦♠❡ ❛♥❞ ♠✐♥♦r✐t② ♣❛t✐❡♥ts ✭❑♦♠❛r♦♠② ❡t ❛❧✳ ✶✾✾✻❀ ❲❛❧❦❡r✱ ▼♦r❡♥♦✱ ●r✉♠❜❛❝❤

✷✵✶✷✮✳ ❖✉r st✉❞② ❞♦❝t♦r s✉r✈❡② r❡✈❡❛❧s t❤❛t ❜❧❛❝❦ ❞♦❝t♦rs ✇❡r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❤❛✈❡ s❡❡♥ ❛t

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

✜①❡❞ ❡✛❡❝ts✳ ■♥ ❛❞❞✐t✐♦♥✱ ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ♦✉r ♦✇♥ ❡①♣❡r✐♠❡♥t✱ ♥♦♥✲❜❧❛❝❦ ♣❤②s✐❝✐❛♥s ❞✐❞ ♥♦t

✏❝❧♦s❡ t❤❡ ❣❛♣✑ ✇✐t❤ ❜❧❛❝❦ ❞♦❝t♦rs ✈✐s✲à✲✈✐s ♣♦st✲❝♦♥s✉❧t❛t✐♦♥ ♣r❡✈❡♥t✐✈❡ ❝❛r❡ t❛❦❡✲✉♣ ♦✈❡r

t✐♠❡✳

▲❛st❧②✱ ✇❡ ❞♦ ♥♦t ✜♥❞ ❡✈✐❞❡♥❝❡ ❢♦r t❤❡ ❝♦♥tr♦✈❡rs✐❛❧ ❤②♣♦t❤❡s✐s t❤❛t s✉❜❥❡❝ts ♦r ❞♦❝t♦rs

✇❡r❡ ❞✐s❝r✐♠✐♥❛t✐♥❣ ❛❣❛✐♥st ❡❛❝❤ ♦t❤❡r✳ ❋✐rst✱ t❤❡r❡ ✇❛s ♥♦ r❛❝❡✲♣r❡❢❡r❡♥❝❡ ❡❧✐❝✐t❡❞ ✐♥ t❤❡

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

❝♦♥s✐st❡♥t❧② ♣♦s✐t✐✈❡ ❢♦r ❜♦t❤ s❡ts ♦❢ ❞♦❝t♦rs✳ ❆s ❢♦r ♣r♦✈✐❞❡r✲❧❡✈❡❧ ❞✐s❝r✐♠✐♥❛t✐♦♥✱ ❛❧❧ ❞♦❝t♦rs

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

♠❡♥ ✭t❤♦✉❣❤ ✇❡r❡ ❜❧✐♥❞ t♦ t❤❡ ♥♦t✐♦♥ t❤❛t t❤❡✐r r❛❝❡ ✇❛s ❜❡✐♥❣ r❛♥❞♦♠✐③❡❞✱ t❤✉s ✇❡ ❝♦✉❧❞

♥♦t ❛❞♠✐♥✐st❡r ✐♠♣❧✐❝✐t ❛ss♦❝✐❛t✐♦♥ t❡sts✮✳ ❚❛st❡✲❜❛s❡❞ ❞✐s❝r✐♠✐♥❛t✐♦♥ ❜② ❞♦❝t♦rs ✇♦✉❧❞ ❛❣❛✐♥

❜❡ ✐♥❝♦♥s✐st❡♥t ✇✐t❤ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs ❜❡✐♥❣ r❛t❡❞ ❛s ❤✐❣❤❧② ❛s ❜❧❛❝❦ ❞♦❝t♦rs✳ ❲❡ ❛❧s♦ ❢❛✐❧❡❞

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

❢♦r ❞✐s❡❛s❡✱ ❝♦♥s✐st❡♥t ✇✐t❤ ❈❤❛♥❞r❛ ❛♥❞ ❙t❛✐❣❡r ✭✷✵✶✵✮✳

❘❛❝✐❛❧ ❝♦♥❝♦r❞❛♥❝❡ ❜❡t✇❡❡♥ s✉❜❥❡❝ts ❛♥❞ ❞♦❝t♦rs ❛♣♣❡❛rs t♦ ❜❡ ❛ ♣❛rt✐❝✉❧❛r ❝♦♠♣♦♥❡♥t

♦❢ s♦❝✐❛❧ ❞✐st❛♥❝❡ t❤❛t ✐s ✐♥✢✉❡♥t✐❛❧ ✐♥ ❛✛❡❝t✐♥❣ ❞❡♠❛♥❞✳ ❆❧t❡r♥❛t✐✈❡ ❝♦♥❝♦r❞❛♥❝❡ ♠❡❛s✉r❡s✱

s✉❝❤ ❛s ✇❤❡t❤❡r s✉❜❥❡❝ts ❛♥❞ ❛ss✐❣♥❡❞ ❞♦❝t♦rs s❤❛r❡ ❛♣♣r♦①✐♠❛t❡❧② t❤❡ s❛♠❡ ❛❣❡ ♦r ❡❞✉❝❛✲

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

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

❝❛✉t✐♦♥ s✐♥❝❡ t❤❡s❡ ❝❤❛r❛❝t❡r✐st✐❝s ✇❡r❡ ♥♦t r❛♥❞♦♠✐③❡❞✳

❙✐♠✐❧❛r t♦ ♣r✐♦r s❝❤♦❧❛rs❤✐♣ ♦♥ ✐♥❝❡♥t✐✈❡s ❢♦r ♣r❡✈❡♥t✐✈❡s ❛♠♦♥❣ ❧♦✇✲✐♥❝♦♠❡ ❝♦♠♠✉♥✐✲

t✐❡s✱ ✭❇❛♥❡r❥❡❡ ❡t ❛❧✳ ✷✵✶✵❀ ❈♦❤❡♥ ❛♥❞ ❉✉♣❛s ✷✵✶✵❀ ❚❤♦r♥t♦♥ ✷✵✵✽✮ ✇❡ ✜♥❞ t❤❛t ✜♥❛♥❝✐❛❧

✐♥❝❡♥t✐✈❡s ❢♦r t❤❡ ✢✉ s❤♦t ✐♥❝r❡❛s❡❞ ❞❡♠❛♥❞ ❢♦r t❤❡ ✈❛❝❝✐♥❡✿ ❜② ✶✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❢♦r ❛ ✩✺

✐♥❝❡♥t✐✈❡ ❛♥❞ ✸✵ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❢♦r ❛ ✩✶✵ ✐♥❝❡♥t✐✈❡ ✐♥ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡✳ ❨❡t ♥♦t

❛❧❧ t❤♦s❡ ✇❤♦ s❡❧❡❝t❡❞ ❛♥ ✐♥❝❡♥t✐✈✐③❡❞ ✢✉ s❤♦t ❛❝t✉❛❧❧② r❡❝❡✐✈❡❞ ✐t✿ ❛❜♦✉t ✶✽✪ ♦❢ s✉❜❥❡❝ts

r❛♥❞♦♠✐③❡❞ t♦ ❜❧❛❝❦ ❞♦❝t♦rs ❛♥❞ ✷✻✪ r❛♥❞♦♠✐③❡❞ t♦ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs ❞❡❝❧✐♥❡❞ t❤❡ s❤♦t

✐♥ t❤❡ ♣♦st✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡ ✭♠❛♥② ❝✐t❡❞ ❝♦♥tr❛✐♥❞✐❝❛t✐♦♥s✮✳ ❆♥❞ r❡❣❛r❞❧❡ss ♦❢ ✐♥❝❡♥t✐✈❡

❧❡✈❡❧✱ ❜❧❛❝❦ ❞♦❝t♦rs ✐♥❝r❡❛s❡❞ ❞❡♠❛♥❞ ✐♥ t❤❡ ♣♦st✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡ ✖ ❝♦♥✈✐♥❝✐♥❣ ❛❜♦✉t

✷✻✪ ♦❢ s✉❜❥❡❝ts ✇❤♦ ✐♥✐t✐❛❧❧② t✉r♥❡❞ ❞♦✇♥ ❛♥ ✐♥❝❡♥t✐✈❡ ❛♥❞ r❡❢✉s❡❞ ❛ ✢✉ s❤♦t t♦ ♦❜t❛✐♥ ✐t✱

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

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

❝❡❛s❡ t♦ ❜❡ ❛ s✉✣❝✐❡♥t st❛t✐st✐❝ ❢♦r ✇❡❧❢❛r❡ ❝❛❧❝✉❧❛t✐♦♥s ✭P❛✉❧② ❛♥❞ ❇❧❛✈✐♥ ✷✵✵✽❀ ❇❛✐❝❦❡r✱

▼✉❧❧❛✐♥❛t❤❛♥✱ ❛♥❞ ❙❝❤✇❛rt③st❡✐♥ ✷✵✶✺❀ ❈❤❡tt②✱ ▲♦♦♥❡②✱ ❛♥❞ ❑r♦❢t ✷✵✵✾✮✳ ❋✉rt❤❡r♠♦r❡✱ ✇❡

✐♥❝❡♥t✐✈✐③❡❞ t❛❦❡✲✉♣ ❢♦r ♦♥❧② ♦♥❡ ♣r❡✈❡♥t✐✈❡ ②❡t ❞❡♠❛♥❞ ❢♦r ❡✈❡r② ♣r❡✈❡♥t✐✈❡ ✇❛s ❛✛❡❝t❡❞

✼



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

❡st✐♠❛t❡s ♦♥ t❤❡ ❤❡❛❧t❤ ✈❛❧✉❡ ♦❢ ✐♥t❡r✈❡♥t✐♦♥s ♦✛❡r❡❞ ✐♥ ♦✉r ❝❧✐♥✐❝ ✇✐t❤ r❡s✉❧ts ❢r♦♠ ♦✉r

st✉❞②✳ ❚❤❡ ❤❡❛❧t❤ ✈❛❧✉❡ ❡st✐♠❛t❡s ❝♦♠❡ ❢r♦♠ ❝♦st✲❡✛❡❝t✐✈❡♥❡ss s✐♠✉❧❛t✐♦♥s ✐♥ ✇❤✐❝❤ t❤❡

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

t❤✐s ❛♣♣r♦❛❝❤✱ ✇❡ ❝❛❧❝✉❧❛t❡ t❤❛t ❜❧❛❝❦ ❞♦❝t♦rs ✇♦✉❧❞ r❡❞✉❝❡ ♠♦rt❛❧✐t② ❢r♦♠ ❝❛r❞✐♦✈❛s❝✉❧❛r

❞✐s❡❛s❡ ❜② ✶✻ ❞❡❛t❤s ♣❡r ✶✵✵✱✵✵✵ ♣❡r ②❡❛r✱ ❛❝❝♦✉♥t✐♥❣ ❢♦r ✶✾✪ ♦❢ t❤❡ ❜❧❛❝❦✲✇❤✐t❡ ❣❛♣ ✐♥

❝❛r❞✐♦✈❛s❝✉❧❛r ♠♦rt❛❧✐t② ✭❑❛❤♥ ❡t ❛❧✳ ✷✵✶✵❀ ❉❡❤♠❡r ❡t ❛❧✳ ✷✵✶✼❀ ▼✉r♣❤② ❡t ❛❧✳ ✷✵✶✼❀ ❛♥❞

❍❛r♣❡r✱ ❘✉s❤❛♥✐✱ ❛♥❞ ❑❛✉❢♠❛♥ ✷✵✶✷✮✳ ■❢ t❤❡s❡ ❡✛❡❝ts ❡①tr❛♣♦❧❛t❡ t♦ ♦t❤❡r ❧❡❛❞✐♥❣ ❝❛✉s❡s ♦❢

❞❡❛t❤ ❛♠❡♥❛❜❧❡ t♦ ♣r✐♠❛r② ♦r s❡❝♦♥❞❛r② ♣r❡✈❡♥t✐♦♥✱ s✉❝❤ ❛s ❍■❱✴❆■❉❙ ♦r ❝❛♥❝❡r✱ t❤❡ ❣❛✐♥s

✇♦✉❧❞ ❜❡ ❡✈❡♥ ❧❛r❣❡r✳

❚❤❡s❡ ❝❛❧❝✉❧❛t✐♦♥s ♣r❡s✉♠❡ t❤❛t t❤❡r❡ ✐s ❛ s✉♣♣❧② ♦❢ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♠❛❧❡ ❞♦❝t♦rs ✇❤♦

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

♠❛❧❡s ❛r❡ ❡s♣❡❝✐❛❧❧② ✉♥❞❡r✲r❡♣r❡s❡♥t❡❞ ✐♥ t❤❡ ♣❤②s✐❝✐❛♥ ✇♦r❦❢♦r❝❡✱ ❝♦♠♣r✐s✐♥❣ ❛❜♦✉t ✶✷✪

♦❢ t❤❡ ❯✳❙✳ ♠❛❧❡ ♣♦♣✉❧❛t✐♦♥ ❜✉t ♦♥❧② ✸✪ ♦❢ ♠❛❧❡ ❞♦❝t♦rs ✭❆❆▼❈ ✭✷✵✶✹✮❀ ❈❡♥s✉s ❇✉r❡❛✉

✭✷✵✶✸✮✮✳ ❆❝❝♦r❞✐♥❣ t♦ ❛ r❡❝❡♥t r❡♣♦rt ❜② t❤❡ ❆❆▼❈ ✭✷✵✶✺✮✱ t❤❡ ♥✉♠❜❡r ♦❢ ❜❧❛❝❦ ♠❛❧❡

♠❡❞✐❝❛❧ st✉❞❡♥ts ❤❛s ❜❡❡♥ r♦✉❣❤❧② ❝♦♥st❛♥t s✐♥❝❡ ✶✾✼✽ ✭✇❤❡♥ ✺✹✷ ♠❛tr✐❝✉❧❛t❡❞ ✐♥t♦ ♠❡❞✐❝❛❧

s❝❤♦♦❧ ❝♦♠♣❛r❡❞ t♦ ✺✶✺ ✐♥ ✷✵✶✹✮✳ ❘❡t✉r♥✐♥❣ t♦ t❤❡ ♥♦♥✲❡①♣❡r✐♠❡♥t❛❧ r❡s✉❧ts✱ ❜❧❛❝❦ ♠❛❧❡

r❡s♣♦♥❞❡♥ts ✇❡r❡ ✷✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❧❡ss ❧✐❦❡❧② t❤❛♥ ✇❤✐t❡ r❡s♣♦♥❞❡♥ts t♦ st❛t❡ t❤❛t ❛

❞♦❝t♦r ✇❤♦ ♠❛t❝❤❡❞ t❤❡✐r r❛❝❡ ❛♥❞ s❡① ✇❛s ❛✈❛✐❧❛❜❧❡ t♦ t❤❡♠✳

❚❤❡ r❡♠❛✐♥❞❡r ♦❢ t❤❡ ♣❛♣❡r ♣r♦❝❡❡❞s ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥ ■■ ❞❡s❝r✐❜❡s t❤❡ ❡①♣❡r✐♠❡♥t❛❧

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

t❤❡ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ st✉❞② s✉❜❥❡❝ts✳ ❙❡❝t✐♦♥ ■❱ ♣r❡s❡♥ts t❤❡ ♠❛✐♥ ✜♥❞✐♥❣s ❛♥❞ ❙❡❝t✐♦♥ ❱

❡①♣❧♦r❡s ♣♦t❡♥t✐❛❧ ♠❡❝❤❛♥✐s♠s ❛♥❞ ✈❛❧✐❞✐t② ❝♦♥❝❡r♥s✳ ❙❡❝t✐♦♥ ❱■ ❞✐s❝✉ss❡s ❤❡❛❧t❤ ❜❡♥❡✜ts

❛♥❞ ❙❡❝t✐♦♥ ❱■■ ❝♦♥❝❧✉❞❡s✳

■■✳ ❊①♣❡r✐♠❡♥t❛❧ ❉❡s✐❣♥ ❛♥❞ ❍②♣♦t❤❡s❡s ❚❡st❡❞

❆✳ ❉❡s✐❣♥

❚❤❡ ❡①♣❡r✐♠❡♥t ✇❛s ❝♦♥❞✉❝t❡❞ ✐♥ ❖❛❦❧❛♥❞✱ ❈❛❧✐❢♦r♥✐❛✱ ✐♥ t❤❡ ❢❛❧❧ ❛♥❞ ✇✐♥t❡r ♦❢ ✷✵✶✼✕✷✵✶✽

✭s❡❡ ❋✐❣✉r❡ ✶ ❢♦r st✉❞② ❞❡s✐❣♥ ❛♥❞ ✢♦✇✮✳ ❲❡ r❡❝r✉✐t❡❞ ♠❡♥ ❢r♦♠ ✶✾ ❜❧❛❝❦ ❜❛r❜❡rs❤♦♣s ❛s

✇❡❧❧ ❛s t✇♦ ✢❡❛ ♠❛r❦❡ts ✐♥ ❛♥❞ ❛r♦✉♥❞ t❤❡ ❊❛st ❇❛② ✭❛❜♦✉t ✽✽✪ ♦❢ ❛❧❧ r❡❝r✉✐t❡❞ ✇❡r❡ ❛t

❜❛r❜❡rs❤♦♣s✮✳ ❋✐❡❧❞ ♦✣❝❡rs ✭❋❖✮ ❛♣♣r♦❛❝❤❡❞ ♠❡♥ ✐♥ t❤❡ ❜❛r❜❡rs❤♦♣s t♦ ❡♥r♦❧❧ ✐♥ t❤❡ st✉❞②✳

❆❢t❡r ♦❜t❛✐♥✐♥❣ ✇r✐tt❡♥ ✐♥❢♦r♠❡❞ ❝♦♥s❡♥t✱ t❤❡ s✉❜❥❡❝t ✇❛s ❣✐✈❡♥ ❛ s❤♦rt ❜❛s❡❧✐♥❡ s✉r✈❡②✳✻

✻Pr♦t♦❝♦❧ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ❧✐♥❦s t♦ t❤❡ ♣r❡✲❛♥❛❧②s✐s ♣❧❛♥ ❛s ✇❡❧❧ ❛s ♦t❤❡r st✉❞② ❞♦❝✉♠❡♥ts ❛r❡ ♣r♦✈✐❞❡❞
✐♥ t❤❡ ❖♥❧✐♥❡ ❆♣♣❡♥❞✐①✳ ❋✐❡❧❞ ♦✣❝❡rs ✇❡r❡ ♠♦st❧② ♠✐♥♦r✐t② ♦r ✜rst✲❣❡♥❡r❛t✐♦♥ ❝♦❧❧❡❣❡ st✉❞❡♥ts ♣❧❛♥♥✐♥❣ t♦
❛♣♣❧② t♦ ♠❡❞✐❝❛❧ s❝❤♦♦❧✳ ❋❖s ✇❡r❡ ❡♥❝♦✉r❛❣❡❞ t♦ ❛♣♣r♦❛❝❤ ♠❡♥ ✇❤♦ ✇❡r❡ ❜❧❛❝❦✱ t❤❡ ♠❛❥♦r✐t② ♦❢ ❝❧✐❡♥t❡❧❡

✽



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

❋♦r ❝♦♠♣❧❡t✐♥❣ t❤❡ s✉r✈❡②✱ t❤❡ ♠❡♥ r❡❝❡✐✈❡❞ ❛ ❝♦✉♣♦♥ ✭✇♦rt❤ ✉♣ t♦ ✩✷✺✮ ❢♦r t❤❡✐r ❤❛✐r❝✉t ♦r✱

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

❣✐✈❡♥ ❛ ❝♦✉♣♦♥ t♦ r❡❝❡✐✈❡ ❛ ❢r❡❡ ❤❡❛❧t❤ s❝r❡❡♥✐♥❣ ❢♦r ❜❧♦♦❞ ♣r❡ss✉r❡✱ ❇▼■✱ ❝❤♦❧❡st❡r♦❧✱ ❛♥❞

❞✐❛❜❡t❡s ❛t t❤❡ ❝❧✐♥✐❝ ✇❡ ♦♣❡r❛t❡❞ ♦♥ ❡❧❡✈❡♥ ❙❛t✉r❞❛②s ✭s❡❡ ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ✶✮✳ ❙✉❜❥❡❝ts

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

❝♦✉❧❞ r❡❝❡✐✈❡ ❛ r✐❞❡ t♦ t❤❡ ❝❧✐♥✐❝ ❝♦✉rt❡s② ♦❢ ❯❜❡r✳ ❋✐❡❧❞ ♦✣❝❡rs ✉s❡❞ t❤❡✐r ♦✇♥ s♠❛rt ♣❤♦♥❡s

t♦ ♦❜t❛✐♥ t❤❡ r✐❞❡s✳ ❆tt❡♥❞❛♥❝❡ ❛t t❤❡ ❝❧✐♥✐❝ ✇❛s ❡♥❝♦✉r❛❣❡❞ ✇✐t❤ ❛ ✩✺✵ ✐♥❝❡♥t✐✈❡✳

❯♣♦♥ ❛rr✐✈❛❧ ❛t t❤❡ ❝❧✐♥✐❝✱ s✉❜❥❡❝ts ✇❤♦ ❤❛❞ ❛ ✈❛❧✐❞ ❝♦✉♣♦♥ ✇❡r❡ ❡s❝♦rt❡❞ ✐♥t♦ ❛ ✇❛✐t✐♥❣

r♦♦♠ ✇❤❡r❡ ❛ t✐❝❦❡t ♥✉♠❜❡r ✇❛s ❞✐s♣❡♥s❡❞✳ ❖♥❝❡ t❤❡✐r t✐❝❦❡t ♥✉♠❜❡r ✇❛s ❝❛❧❧❡❞✱ t❤❡② ✇❡r❡

❧❡❞ t♦ ❛ ♣r✐✈❛t❡ ♣❛t✐❡♥t r♦♦♠ ❜② ❛ r❡❝❡♣t✐♦♥✐st ♦✣❝❡r ✭❘❖✮✳ ❘❖s ✇♦r❡ ❝r✐♠s♦♥ ♣♦❧♦ s❤✐rts

✇✐t❤ ❛ ❙t❛♥❢♦r❞ ✲ ❇r✐❞❣❡ ❈❧✐♥✐❝❛❧ ❧♦❣♦ ❛♥❞ ❦❤❛❦✐ ♣❛♥ts✳ ❚❤❡ ❘❖ ✇♦✉❧❞ t❤❡♥ ♣r♦✈✐❞❡ t❤❡

s✉❜❥❡❝t ✇✐t❤ ❛ t❛❜❧❡t✱ ✇❤✐❝❤ r❛♥❞♦♠✐③❡❞ t❤❡ s✉❜❥❡❝t t♦ ❛ ✢✉ ✈❛❝❝✐♥❡ ✐♥❝❡♥t✐✈❡ ❛♥❞ t♦ ❛ ❜❧❛❝❦

♦r ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r✳ ❋♦✉rt❡❡♥ ❞♦❝t♦rs ♣❛rt✐❝✐♣❛t❡❞ ✐♥ t❤❡ ❡①♣❡r✐♠❡♥t✱ ✐♥❝❧✉❞✐♥❣ ❡✐❣❤t ♥♦♥✲

❜❧❛❝❦ ❛♥❞ s✐① ❜❧❛❝❦✳ ❲❡ r❡❝r✉✐t❡❞ st✉❞② ❞♦❝t♦rs ✉s✐♥❣ ❡❧❡❝tr♦♥✐❝ ❛♥❞ ♣r✐♥t ❛❞✈❡rt✐s❡♠❡♥ts

t♦ ❆❧❛♠❡❞❛✲❈♦♥tr❛ ❈♦st❛ ▼❡❞✐❝❛❧ ❆ss♦❝✐❛t✐♦♥ ❛s ✇❡❧❧ ❛s ✇✐t❤ ❛♥♥♦✉♥❝❡♠❡♥ts ❛t ✈❛r✐♦✉s

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

❢♦r t❤❡ ❛♣♣❧✐❝❛t✐♦♥✱ ❞✉❡ t♦ ❧✐❛❜✐❧✐t② ❝♦♥❝❡r♥s✳

❙✉r✈❡②❈❚❖ ♣r♦❣r❛♠♠❡❞ ✐♥✲❢♦r♠ r❛♥❞♦♠✐③❛t✐♦♥ ✉s✐♥❣ ❛ ❝♦♠♣✉t❡r✐③❡❞ r❛♥❞♦♠ ❛ss✐❣♥✲

♠❡♥t ❛❧❣♦r✐t❤♠ ❢♦r t❤❡ t❛❜❧❡ts✳ ❆t ❧❡❛st ❢♦✉r ❞♦❝t♦rs ✇❡r❡ ♦♥ s✐t❡ ❡✈❡r② ❙❛t✉r❞❛② ✭❢♦r

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

✷✵✶✺✮✮✳ ◆♦t❡ t❤❛t t❤❡ t❛❜❧❡t ✇❛s t❤❡ ✜rst t✐♠❡ s✉❜❥❡❝ts ❧❡❛r♥❡❞ ❛❜♦✉t t❤❡ ♦♣♣♦rt✉♥✐t② t♦

r❡❝❡✐✈❡ ❛ ✢✉ ✈❛❝❝✐♥❡✱ s✐♥❝❡ ✐t ✇❛s ♥♦t ❛❞✈❡rt✐s❡❞✳ ❚❤✐s ❞❡s✐❣♥ ❞❡❝✐s✐♦♥ ✇❛s ❜❛s❡❞ ♦♥ ♦✉r ❢♦❝✉s

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

t❤❡ s❤♦t ✇♦✉❧❞ r❡❞✉❝❡ ❛tt❡♥❞❛♥❝❡✳ ❚❤❡ ❘❖ ✇♦✉❧❞ ❝♦❧❧❡❝t t❤❡ ❝♦✉♣♦♥ ❛♥❞ ❣✐✈❡ t❤❡ s✉❜❥❡❝t ❤✐s

✩✺✵ ♣❛rt✐❝✐♣❛t✐♦♥ ✐♥❝❡♥t✐✈❡✱ t❤❡♥ ✐♥str✉❝t t❤❡ s✉❜❥❡❝t ♦♥ ❤♦✇ t♦ ✉s❡ t❤❡ t❛❜❧❡t✳ ❚✇♦ ♣r❛❝t✐❝❡

q✉❡st✐♦♥s ✇❡r❡ ❛♥s✇❡r❡❞ ❜② t❤❡ s✉❜❥❡❝t ✇✐t❤ t❤❡ ❘❖ ♣r❡s❡♥t t♦ ♠❛❦❡ s✉r❡ t❤❡② ❝♦✉❧❞ ♦♣❡r❛t❡

t❤❡ t❛❜❧❡t✳ ❋♦✉rt❡❡♥ s✉❜❥❡❝ts ✇❡r❡ ✐❧❧✐t❡r❛t❡ ❛♥❞ ♥❡❡❞❡❞ t♦ ❤❛✈❡ t❤❡ ❘❖ r❡❛❞ t❤❡ t❛❜❧❡t t♦

t❤❡♠✳ ❲❡ t❡st ❢♦r r♦❜✉st♥❡ss t♦ ❞r♦♣♣✐♥❣ t❤♦s❡ ♦❜s❡r✈❛t✐♦♥s ✐♥ ❙❡❝t✐♦♥ ■❱✳ ❚❤❡ ❘❖ t❤❡♥

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

❚❤❡ t❛❜❧❡t ✐♥tr♦❞✉❝❡❞ t❤❡ s✉❜❥❡❝t t♦ t❤❡✐r ❛ss✐❣♥❡❞ ❞♦❝t♦r ❛♥❞ ❡♠♣❤❛s✐③❡❞ t❤❡ ❞♦❝t♦r

❛t t❤❡ r❡❝r✉✐t♠❡♥t ❜❛r❜❡rs❤♦♣s✳ ❍♦✇❡✈❡r✱ t❤❡② ✇❡r❡ ❛❧s♦ ✐♥str✉❝t❡❞ t❤❡② s❤♦✉❧❞ ♥♦t ❝♦♥❢r♦♥t ❛♥②♦♥❡ ✇❤♦
✐♥s✐st❡❞ ♦♥ t❛❦✐♥❣ t❤❡ s✉r✈❡② ❛♥❞ r❡❝❡✐✈✐♥❣ t❤❡ ❢r❡❡ ❤❛✐r❝✉t ❡✈❡♥ ✐❢ t❤❡② ❞♦ ♥♦t ❛♣♣❡❛r t♦ ♠❡❡t st✉❞② ❝r✐t❡r✐❛
✭✐✳❡✳ ✐♥❞✐✈✐❞✉❛❧s ✇❤♦ s❡❧❢✲✐❞❡♥t✐✜❡❞ ❛s ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♠❛❧❡s ❛♥❞ ✇❤♦ ✇❡r❡ ❛t ❧❡❛st ✶✽ ②❡❛rs ♦❢ ❛❣❡✮✳ ❚❤❡
♥❡t ❡✛❡❝t ✐s t❤❛t ✇❡ ✇❡r❡ ✈❡r② s✉❝❝❡ss❢✉❧ ❛t r❡❝r✉✐t♠❡♥t ✐♥ t❤❡ s❤♦rt ❛♠♦✉♥t ♦❢ t✐♠❡ ✭♦✈❡r ✶✱✸✵✵ s✉❜❥❡❝ts
✐♥ ❛❜♦✉t t❤r❡❡ ♠♦♥t❤s✮ ❜✉t ✶✹ ✐♥❞✐✈✐❞✉❛❧s ✇❤♦ ❝❛♠❡ t♦ t❤❡ ❝❧✐♥✐❝ ❞✐❞ ♥♦t ♠❡❡t st✉❞② ❝r✐t❡r✐❛ ❛♥❞ ✇❡r❡
r❡♠♦✈❡❞ ❢r♦♠ t❤❡ ♠❛✐♥ ❛♥❛❧②s✐s ✖ s❡❡ ❋✐❣✉r❡ ✶✳ ❚❤❡s❡ ♦✉t✲♦❢✲s❛♠♣❧❡ s✉❜❥❡❝ts ❛r❡ ✉s❡❞ ✐♥ t❤❡ ❡①♣❧♦r❛t✐♦♥
♦❢ ♠❡❝❤❛♥✐s♠s ❞✐s❝✉ss❡❞ ❜❡❧♦✇✳

✾



✇♦✉❧❞ ❜❡ ♣r♦✈✐❞✐♥❣ t❤❡ s❡r✈✐❝❡s✿

❨♦✉r ❛ss✐❣♥❡❞ ❞♦❝t♦r ❢♦r t♦❞❛② ✐s ❉r✳ ❬▲❛st ◆❛♠❡❪✳ ❖♥ t❤❡ ♥❡①t ♣❛❣❡✱ ②♦✉

✇✐❧❧ ❜❡ ❛s❦❡❞ t♦ s❡❧❡❝t t❤❡ s❡r✈✐❝❡s ②♦✉ ✇✐s❤ t♦ r❡❝❡✐✈❡ ❢r♦♠ ❉r✳ ❬▲❛st ◆❛♠❡❪✳ ❉r✳

❬▲❛st ◆❛♠❡❪ ✇✐❧❧ ❛❞♠✐♥✐st❡r ❛❧❧ t❤❡ s❡r✈✐❝❡s t❤❛t ②♦✉ ❝❤♦♦s❡✳

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

❉r✳ ❬▲❛st ◆❛♠❡❪ ✐s ❛ ♠❡❞✐❝❛❧ ❞♦❝t♦r ❧✐❝❡♥s❡❞ t♦ ♣r❛❝t✐❝❡ ✐♥ t❤❡ st❛t❡ ♦❢ ❈❛❧✐✲

❢♦r♥✐❛ ❛♥❞ ❝✉rr❡♥t❧② ♣r❛❝t✐❝✐♥❣ ✐♥ t❤❡ ❇❛② ❆r❡❛✳

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

❜❛❝❦❣r♦✉♥❞✳ ❉♦❝t♦rs ✇❡r❡ t♦❧❞ t❤❡ ♣✉r♣♦s❡ ♦❢ t❤❡ ♣❤♦t♦s ✇❛s ❢♦r ✐❞❡♥t✐✜❝❛t✐♦♥ ❝❛r❞s ❛♥❞

✇❡r❡ ♥♦t ❛✇❛r❡ t❤❛t t❤❡ ♣❤♦t♦s ✇❡r❡ s❤♦✇♥ t♦ s✉❜❥❡❝ts ♦♥ ❛ t❛❜❧❡t ✐♥ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥

st❛❣❡✳ ❚❛❜❧❡t s❝r❡❡♥s❤♦ts ❝❛♥ ❜❡ ❢♦✉♥❞ ✐♥ ❋✐❣✉r❡ ✷✳ ❚♦ ♣r♦t❡❝t t❤❡ ✐❞❡♥t✐t② ♦❢ t❤❡ st✉❞②

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

s❝r❡❡♥ ✇❛s ❛♣♣r♦①✐♠❛t❡❧② ✶✵ ✐♥❝❤❡s✳ ❆s ❞❡s❝r✐❜❡❞ ❢✉rt❤❡r ❜❡❧♦✇✱ s✉❜❥❡❝ts s❡❡♠❡❞ t♦ r❡❛❞

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

❛♥❞ ✇❤❡t❤❡r t❤❡ t❡st r❡q✉✐r❡❞ ❛ ❜❧♦♦❞ s❛♠♣❧❡✳

❚❤❡ ♥❡①t s❝r❡❡♥ ❧✐st❡❞ ❢♦✉r s❡r✈✐❝❡s ✐♥ ❛ r❛♥❞♦♠ ♦r❞❡r ✭❜❧♦♦❞ ♣r❡ss✉r❡ ♠❡❛s✉r❡♠❡♥t✱

❜♦❞② ♠❛ss ✐♥❞❡① ♠❡❛s✉r❡♠❡♥t✱ ❝❤♦❧❡st❡r♦❧ t❡st✐♥❣✱ ❛♥❞ ❞✐❛❜❡t❡s t❡st✐♥❣✮ ❛s ✇❡❧❧ ❛s t❤❡ ❞♦❝t♦r

♣❤♦t♦ ❛♥❞ q✉❡r✐❡❞ t❤❡ s✉❜❥❡❝ts ♦♥ ✇❤✐❝❤ s❡r✈✐❝❡s t❤❡② ✇♦✉❧❞ ❧✐❦❡ t♦ r❡❝❡✐✈❡✳ ❚❤❡ ♥❡❡❞ ❢♦r ❛

✜♥❣❡r ♣r✐❝❦ ♦❢ ❜❧♦♦❞ ❢♦r ❞✐❛❜❡t❡s ❛♥❞ ❝❤♦❧❡st❡r♦❧ ✇❛s ❝❧❡❛r❧② ❞❡♠❛r❝❛t❡❞✳ ❙❡❧❡❝t✐♥❣ ✏♥♦♥❡ ♦❢

t❤❡ ❛❜♦✈❡✑ ✇❛s ❛❧s♦ ❛♥ ♦♣t✐♦♥✳

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

✇♦✉❧❞ ✏♣r♦t❡❝t ②♦✉ ❛♥❞ ②♦✉r ❝♦♠♠✉♥✐t②✳✑ ❚❤♦s❡ r❛♥❞♦♠✐③❡❞ t♦ r❡❝❡✐✈❡ ❛♥ ✐♥❝❡♥t✐✈❡ ✇❡r❡

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

s❤♦✇♥ ❢♦r ❛ t❤✐r❞ t✐♠❡ ❛♥❞ t❤❡ s✉❜❥❡❝t ✇❛s ❛s❦❡❞ ✇❤❡t❤❡r t❤❡② ✇♦✉❧❞ ❧✐❦❡ t♦ r❡❝❡✐✈❡ ❛ s❤♦t

❢r♦♠ ❉r✳ ❬▲❛st ◆❛♠❡❪✳ ■❢ t❤❡ s✉❜❥❡❝t r❡s♣♦♥❞❡❞ ❛✣r♠❛t✐✈❡❧②✱ ❛ ❧✐st ♦❢ s❝r❡❡♥✐♥❣ q✉❡st✐♦♥s

✇♦✉❧❞ ❛♣♣❡❛r ❢♦r ❝♦♥tr❛✐♥❞✐❝❛t✐♦♥s✳ ❙✉❜❥❡❝ts ✇❡r❡ ✐♥❢♦r♠❡❞ t❤❡ ✩✺ ♦r ✩✶✵ ✐♥❝❡♥t✐✈❡ ✇♦✉❧❞

❜❡ ❣✐✈❡♥ r❡❣❛r❞❧❡ss ♦❢ ✇❤❡t❤❡r t❤❡② ❤❛❞ ❛ ❝♦♥tr❛✐♥❞✐❝❛t✐♦♥✳ ❚❤✐s ✇❛s ♥❡❝❡ss❛r② t♦ ❡♥❝♦✉r❛❣❡

r❡♣♦rt✐♥❣ ♦❢ ❛♥② ❝♦♥❞✐t✐♦♥ ✇❤✐❝❤ ❝♦✉❧❞ ♠❛❦❡ ✢✉ ✈❛❝❝✐♥❛t✐♦♥ ♣♦t❡♥t✐❛❧❧② ❞❛♥❣❡r♦✉s ✭❡✳❣✳

❛❧❧❡r❣✐❝ r❡s♣♦♥s❡✮✳ ❍♦✇❡✈❡r✱ s✉❜❥❡❝ts ✇❤♦ ✇❡r❡ r❡❧✉❝t❛♥t t♦ r❡❝❡✐✈❡ t❤❡ s❤♦t ✐♥ t❤❡ ✜rst

♣❧❛❝❡ ❝♦✉❧❞ ❧✐❡ ❛❜♦✉t ❤❛✈✐♥❣ ❛ ♣r♦❜❧❡♠✳ ❚❤❡ ❘❖ r❡t✉r♥❡❞ t♦ t❤❡ ♣❛t✐❡♥t r♦♦♠✱ ❝♦❧❧❡❝t❡❞ t❤❡

t❛❜❧❡t✱ r❡❝♦r❞❡❞ t❤❡ r❡s♣♦♥s❡s✱ ❛♥❞ ❤❛♥❞❡❞ ❛ ❝❧✐♣❜♦❛r❞ t♦ t❤❡ ❛ss✐❣♥❡❞ ❞♦❝t♦r✳ ■t✬s ♣♦ss✐❜❧❡

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

❞♦❝t♦r ✇♦✉❧❞ ❛❝t✉❛❧❧② ♠❡❡t t❤❡♠✳ ❨❡t ♠❛♥② s❡❡♠❡❞ t♦ ❜❡❧✐❡✈❡ ✭❛♥❞ r❡s♣♦♥❞✮ t♦ t❤❡ ✢✉

s❤♦t ✐♥❝❡♥t✐✈❡ ❜② ❝❤♦♦s✐♥❣ ✐t ❛♥❞ ♦✉r r❡s✉❧ts ♦♥ t❤✐s s✉❜s❡t ❛r❡ s✐♠✐❧❛r ✕ r❡s✉❧ts ❛✈❛✐❧❛❜❧❡ ♦♥

r❡q✉❡st✳

✶✵



❙t✉❞② ❞♦❝t♦rs ✇❡r❡ ✐♥str✉❝t❡❞ t♦ ❡♥❝♦✉r❛❣❡ ♣❛t✐❡♥ts t♦ r❡❝❡✐✈❡ ❛❧❧ ♣r❡✈❡♥t✐✈❡s✳✼ ❚❤❡

❞♦❝t♦rs✱ s✉❜❥❡❝ts✱ ❛♥❞ ✜❡❧❞ st❛✛ ✇❡r❡ ♥♦t ✐♥❢♦r♠❡❞ t❤❛t ❞♦❝t♦r r❛❝❡ ✇❛s ❜❡✐♥❣ r❛♥❞♦♠✐③❡❞✱

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

✇❛s t♦ ✐♠♣r♦✈❡ t❤❡ t❛❦❡✲✉♣ ♦❢ ♣r❡✈❡♥t✐✈❡ ❤❡❛❧t❤ s❝r❡❡♥✐♥❣ s❡r✈✐❝❡s ❢♦r ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♠❡♥

✭t❤❡ st✉❞② ✇❛s ♦✣❝✐❛❧❧② ❧❛❜❡❧❡❞ t❤❡ ✏❖❛❦❧❛♥❞ ▼❡♥✬s ❍❡❛❧t❤ ❉✐s♣❛r✐t✐❡s Pr♦❥❡❝t✑✮✳ ❉♦❝t♦rs

✇❡r❡ ❛✇❛r❡ t❤❛t s✉❜❥❡❝ts ✇❡r❡ r❛♥❞♦♠✐③❡❞✱ s♦ t❤❛t t❤❡② ✇♦✉❧❞ ♦♥❧② ♠❡❡t ✇✐t❤ s✉❜❥❡❝ts

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

st✉❞② ❞♦❝t♦rs ✇❡r❡ ✐♥str✉❝t❡❞ ♥♦t t♦ ♣r♦✈✐❞❡ ♠❡❞✐❝❛❧ ❝❛r❡ ♦t❤❡r t❤❛♥ t❤❡ s❡r✈✐❝❡s t❤❛t ✇❡r❡

❝♦✈❡r❡❞ ❜② t❤❡ st✉❞②✳ ❙✉❜❥❡❝ts ✇❡r❡ ❛❧s♦ ✐♥❢♦r♠❡❞ t❤❛t t❤❡ ❞♦❝t♦rs ✇❡r❡ ♦♥❧② ❛❜❧❡ t♦ ♣r♦✈✐❞❡

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

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

✜❧❧❡❞ ♦✉t ❛ ❢❡❡❞❜❛❝❦ ❢♦r♠✳ ❚❤❡② ✇❡r❡ t❤❡♥ ❡s❝♦rt❡❞ ♦✉t ♦❢ t❤❡ ❝❧✐♥✐❝ ❜② ❛♥ ❘❖ ❛♥❞ t❤❡

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

❙t❛♥❢♦r❞ ❛♥❞ ❜② t❤❡ ■❘❇ ❝♦♠♠✐tt❡❡ ❛t ◆❇❊❘ ❢♦r t❤❡ ♥♦♥✲❡①♣❡r✐♠❡♥t❛❧ s❛♠♣❧❡✳ ❚❤❡ ■❘❇

❝♦♠♠✐tt❡❡s ❛t ❇❡r❦❡❧❡② ❛♥❞ ▼■❚ ❝❡❞❡❞ ❛✉t❤♦r✐t② t♦ ❙t❛♥❢♦r❞✳

❇✳ ❈♦♥❝❡♣t✉❛❧ ❋r❛♠❡✇♦r❦ ❛♥❞ ❍②♣♦t❤❡s❡s ❚❡st❡❞

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

✐③❡❞ ✐♥ t❤❡ ❖♥❧✐♥❡ ❆♣♣❡♥❞✐①✳ ❚❤❡ ♠♦❞❡❧ ❢♦❧❧♦✇s P❛✉❧② ❛♥❞ ❇❧❛✈✐♥ ✭✷✵✵✽✮ ❛♥❞ ❇❛✐❝❦❡r✱

▼✉❧❧❛✐♥❛t❤❛♥✱ ❛♥❞ ❙❝❤✇❛rt③st❡✐♥ ✭✷✵✶✺✮✱ ❛❧❧♦✇✐♥❣ ♣❛t✐❡♥ts t♦ ❤❛✈❡ ❢❛❧s❡ ❜❡❧✐❡❢s ❛❜♦✉t t❤❡

❜❡♥❡✜ts ♦❢ ♣r❡✈❡♥t✐✈❡ ❝❛r❡ ❧❡❛❞✐♥❣ t♦ ✉♥❞❡r✉t✐❧✐③❛t✐♦♥ ✭✐✳❡✳ ❞❡♠❛♥❞✐♥❣ ❧❡ss t❤❛♥ ✇❤❛t ✐s ♣r✐✲

✈❛t❡❧② ♦♣t✐♠❛❧✮✳ ❚❤✐s ❛ss✉♠♣t✐♦♥ ♠✐rr♦rs ✇❤❛t ✇❡ ♦❜s❡r✈❡❞ ✐♥ t❤❡ ✜❡❧❞ ✇✐t❤ ♠❛♥② ♣❛t✐❡♥ts

❡①♣r❡ss✐♥❣ ❢❛❧s❡ ❜❡❧✐❡❢s ♦r ♣r❡s❡♥t✲❜✐❛s✳ ❋♦r ❡①❛♠♣❧❡✱ ♦♥❡ s✉❜❥❡❝t ❤❛❞ ❜❡❡♥ ❞✐❛❣♥♦s❡❞ ✇✐t❤

❞✐❛❜❡t❡s ✐♥ t❤❡ ♣❛st ❜✉t ✏r❡❢✉s❡❞ t♦ ❜❡❧✐❡✈❡ ✐t✳✧✽ ❖t❤❡rs t❤♦✉❣❤t ✢✉ s❤♦ts ❝❛✉s❡❞ s✐❝❦♥❡ss✱

♦r t❤❛t ♦t❤❡r ♥♦♥✲♣r♦✈❡♥ r❡♠❡❞✐❡s ❝♦✉❧❞ ✇❛r❞ ♦✛ ✐❧❧♥❡ss ✐♥st❡❛❞✱ ❡❝❤♦✐♥❣ ✜♥❞✐♥❣s ✐♥ P❡tt❡②

❡t ❛❧✳ ✭✷✵✶✻✮✳ ❙❡✈❡r❛❧ s❛✐❞ t❤❛t t❤❡② ✇♦✉❧❞ ❣❡t t❤❡ s❤♦t ❧❛t❡r✳ ❖♥❡ ♣❛t✐❡♥t ♠❛❞❡ ❛ ♣♦ss✐❜❧❡

r❡❢❡r❡♥❝❡ t♦ t❤❡ s②♣❤✐❧✐s ❡①♣❡r✐♠❡♥t ✐♥ ❚✉s❦❡❣❡❡ st❛t✐♥❣ ❤❡ ❞✐❞ ♥♦t ✇❛♥t t❤❡ ✢✉ s❤♦t ♦✉t ♦❢

✏❢❡❛r ♦❢ ❜❡✐♥❣ ❡①♣❡r✐♠❡♥t❡❞ ♦♥✳✑ ❲❡ ♥♦t❡ t❤❛t t❤✐s s✉❜❥❡❝t✬s ❜❡❧✐❡❢ ✇❛s ❛❝❝✉r❛t❡ ✐♥ t❤❡ s❡♥s❡

t❤❛t ❤❡ ✐♥❞❡❡❞ ✇❛s ❛♥ ❡♥r♦❧❧❡❡ ✐♥ ♦✉r st✉❞②✱ ❛♥❞ t❤❡r❡❢♦r❡ ♣❛rt ♦❢ ❛♥ ❡①♣❡r✐♠❡♥t✳ ■t ❛❧s♦

r❡✢❡❝ts ♠❛♥② ✜♥❞✐♥❣s ❢r♦♠ t❤❡ ♠❡❞✐❝❛❧ ❧✐t❡r❛t✉r❡ ✇❤✐❝❤ s✉❣❣❡st t❤❛t ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥s ❛r❡

✇❛r② ♦❢ ♣❛rt✐❝✐♣❛t✐♥❣ ✐♥ ❝❧✐♥✐❝❛❧ tr✐❛❧s ❛♥❞ ♣❛rt ♦❢ t❤✐s ❤❡s✐t❛t✐♦♥ ♠❛② ❜❡ r❡❧❛t❡❞ t♦ ❚✉s❦❡❣❡❡

✭▼✉rt❤②✱ ❑r✉♠❤♦❧③✱ ●r♦ss ✷✵✵✹❀ ❇r❛✉♥st❡✐♥ ❡t ❛❧✳ ✷✵✵✽❀ ❙❝❤❛r✛ ❡t ❛❧✳ ✷✵✶✵✮✳

✼❙✐♠✐❧❛r t♦ ❈♦✛♠❛♥ ❛♥❞ ◆✐❡❤❛✉s ✭✷✵✶✽✮ ✇❤♦ st✉❞② ❤♦♠♦♣❤✐❧② ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ t❤❡ s❡❧❧❡r✲❜✉②❡r r❡❧❛t✐♦♥✲
s❤✐♣✱ ✇❡ ❞✐❞ ♥♦t ♣r♦✈✐❞❡ ❛ s♣❡❝✐✜❝ s❝r✐♣t ❢♦r t❤❡ ❞♦❝t♦rs t♦ ✉s❡ ✐♥ t❤❡✐r ♠❡❡t✐♥❣s✳ ❆ s❝r✐♣t ❝♦✉❧❞ ❤❛✈❡ ❧✐♠✐t❡❞
❝♦♠♠✉♥✐❝❛t✐♦♥ ❛♥❞ ♠❛❞❡ ❞♦❝t♦rs ❛♣♣❡❛r ❧❡ss ❣❡♥✉✐♥❡✴tr✉st✇♦rt❤② ✐♥ ✇❤❛t ✇❛s ❛ r❡❛❧ ❝❧✐♥✐❝❛❧ ❡♥❝♦✉♥t❡r✳

✽✏❉✐s❜❡❧✐❡❢ ♦❢ ❞✐❛❜❡t❡s ❞✐❛❣♥♦s✐s✑ ❤❛s ❜❡❡♥ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ♠❡❞✐❝❛t✐♦♥ ♥♦♥✲❛❞❤❡r❡♥❝❡ ❛♠♦♥❣ ❆❢r✐❝❛♥✲
❆♠❡r✐❝❛♥ ♣❛t✐❡♥ts ✭❙❤✐②❛♥❜♦❧❛✱ ❇r♦✇♥✱ ❛♥❞ ❲❛r❞ ✷✵✶✽✮✳

✶✶



■❢✱ ✐♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ❞✐s❝♦♠❢♦rt ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❡st✐♥❣✱ ✐♥❞✐✈✐❞✉❛❧s ❤❛✈❡ ❛ str♦♥❣ ❛✈❡rs✐♦♥

❢♦r ❞♦❝t♦rs ✇❤♦ ❞♦ ♥♦t s❤❛r❡ t❤❡✐r r❛❝❡ ✭❛s ✐♥ ❇❡❝❦❡r ✶✾✺✼✮✱ t❤❡♥ s✐♠♣❧② ❧❡❛r♥✐♥❣ t❤❡✐r ❞♦❝t♦r

✐s ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ✈✐❛ ❛ ♣❤♦t♦ ♦♥ t❤❡ t❛❜❧❡t ✐♥ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡ ✐s ❤②♣♦t❤❡s✐③❡❞

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

■♥ t❤❡ ♣♦st✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡✱ ✇❡ ❛ss✉♠❡ ❛ ❞♦❝t♦r ♣r♦✈✐❞❡s ✐♥❢♦r♠❛t✐♦♥ s✉✣❝✐❡♥t ❢♦r

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

❝♦♠♣r❡❤❡♥s✐❜❧❡ ❞❡♣❡♥❞s ♦♥ t❤❡ s♦❝✐❛❧ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ t❤❡ t✇♦ ❛❣❡♥ts ✭❚❛❜❡❧❧✐♥✐ ✷✵✵✽✮✳ ■❢

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

t❤❡♥ ❞✐✛❡r❡♥❝❡s ❛❝r♦ss s✉❜❥❡❝ts ❛ss✐❣♥❡❞ t♦ ❞♦❝t♦rs ♦❢ ❞✐✛❡r❡♥t r❛❝❡s ✇♦✉❧❞ ♦♥❧② ❜❡ ❞❡t❡❝t❡❞

❛❢t❡r t❤❡ ❝♦♥s✉❧t❛t✐♦♥✳ ❋✐♥❛❧❧②✱ t❤❡r❡ ✐s t❤❡ ♣♦ss✐❜✐❧✐t② t❤❛t ❜♦t❤ ❢♦r❝❡s ❛r❡ ❛t ✇♦r❦✿ ❛✈❡rs✐♦♥

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

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

t❤❡ t❛❦❡✲✉♣ ❣r❛❞✐❡♥t ❛❝r♦ss ❞♦❝t♦rs✳

■■■✳ ❊♠♣✐r✐❝❛❧ ❙tr❛t❡❣② ❛♥❞ ❙❛♠♣❧❡ ❈❤❛r❛❝t❡r✐st✐❝s

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

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

❡st✐♠❛t✐♦♥ ❢r❛♠❡✇♦r❦ ❛♥❞ t❤❡ ❞❛t❛ ✉s❡❞ ✐♥ t❤❡ st✉❞②✳ ❲❡ t❤❡♥ t✉r♥ t♦ ❞❡s❝r✐❜✐♥❣ ❝❤❛r❛❝✲

t❡r✐st✐❝s ♦❢ t❤❡ st✉❞② s❛♠♣❧❡✳

❆✳ ❊st✐♠❛t✐♥❣ ❊q✉❛t✐♦♥s

❯s✐♥❣ ❡①♣❡r✐♠❡♥t❛❧ ❞❛t❛✱ ✇❡ ❡st✐♠❛t❡ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡q✉❛t✐♦♥✿

Yi = α + β1 · ✶
BlackMD
i + β2 · ✶

$5
i + β3 · ✶

$10
i + Γ

′Xi + ǫi ✭✶✮

✇❤❡r❡ i ✐s ❛♥ ✐♥❞✐✈✐❞✉❛❧ s✉❜❥❡❝t✳ Yi ✐s t❤❡ ❞❡♠❛♥❞ ❢♦r ♣r❡✈❡♥t✐✈❡s ❞✉r✐♥❣ ✈❛r✐♦✉s st❛❣❡s ♦❢ t❤❡

❡①♣❡r✐♠❡♥t✳ ✶BlackMD
i ,✶$5

i ✱ ❛♥❞ ✶$10
i ❛r❡ ✐♥❞✐❝❛t♦rs ❢♦r r❛♥❞♦♠ ❛ss✐❣♥♠❡♥t t♦ ❛ ❜❧❛❝❦ ❞♦❝t♦r✱

❛ ✜✈❡ ❞♦❧❧❛r ✢✉ ✐♥❝❡♥t✐✈❡✱ ❛♥❞ ❛ t❡♥ ❞♦❧❧❛r ✢✉ ✐♥❝❡♥t✐✈❡✱ r❡s♣❡❝t✐✈❡❧②✳ Xi ❛r❡ ❝❤❛r❛❝t❡r✐st✐❝s

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

t♦ ❡①♣❧♦r❡ ♠❡❝❤❛♥✐s♠s✱ ❝❤❛r❛❝t❡r✐st✐❝s ❛r❡ ✐♥t❡r❛❝t❡❞ ✇✐t❤ r❛♥❞♦♠✐③❡❞ ❝♦♠♣♦♥❡♥ts✳ ❚❤❡

r❡s✉❧ts ❢r♦♠ ♦✉r ❛♥❛❧②s✐s ♦❢ ❊q✉❛t✐♦♥ ✶ ✇✐❧❧ s❤♦✇ t❤❛t t❤❡ ✢✉ ✐♥❝❡♥t✐✈❡s ♦♥❧② ❝♦♥s✐st❡♥t❧②

❛✛❡❝t ❞❡♠❛♥❞ ❢♦r t❤❡ ✢✉✳

■♥ ❛❞❞✐t✐♦♥✱ ✇❡ st❛❝❦ t❤❡ ❞❛t❛ ✇❤❡r❡ ❡❛❝❤ ❡❛❝❤ ♦❜s❡r✈❛t✐♦♥ ✐s ❛ s✉❜❥❡❝t✲❜②✲♣r❡✈❡♥t✐✈❡

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

s❡r✈✐❝❡✳ ❚❤✐s ❛❧❧♦✇s ✉s t♦ t❡st ✇❤❡t❤❡r t❤❡ tr❡❛t♠❡♥t ❡✛❡❝t ✈❛r✐❡s ❛❝r♦ss s❡r✈✐❝❡s✳

✶✷



❲❤❡♥ ❡st✐♠❛t✐♥❣ st❛♥❞❛r❞ ❡rr♦rs ❢♦r t❤❡ ♠❛✐♥ tr❡❛t♠❡♥t ❡✛❡❝t ♦❢ ✐♥t❡r❡st✱ ✇❡ ❛♣♣r♦❛❝❤

t❤❡ ❞❛t❛ ❛s ✐❢ ♦✉r ❞❡s✐❣♥ ✐♥✈♦❧✈❡❞ r❛♥❞♦♠✐③✐♥❣ ❝❧✉st❡rs ♦❢ ♣❛t✐❡♥ts t♦ ❛ ♣❛rt✐❝✉❧❛r ❞♦❝t♦r

✐♥st❡❛❞ ♦❢ ✐♥❞✐✈✐❞✉❛❧ ❛ss✐❣♥♠❡♥t ♦❢ s✉❜❥❡❝ts t♦ ❞♦❝t♦rs ♦❢ ❛ ❣✐✈❡♥ r❛❝❡ ✭❆❜❛❞✐❡ ❡t ❛❧✳ ✷✵✶✼❀

❇❡rtr❛♥❞✱ ❉✉✢♦✱ ❛♥❞ ▼✉❧❧❛✐♥❛t❤❛♥ ✷✵✵✹✮✳ ❚❤❡s❡ st❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❧✐❦❡❧② ✐♥❝♦rr❡❝t ❣✐✈❡♥ t❤❡

s♠❛❧❧ ♥✉♠❜❡r ♦❢ ❝❧✉st❡rs ✭❈❛♠❡r♦♥ ❛♥❞ ▼✐❧❧❡r ✷✵✶✺✮❀ t❤❡r❡❢♦r❡✱ ✇❡ ❛❧s♦ r❡♣♦rt r❛♥❞♦♠✐③❛t✐♦♥

✐♥❢❡r❡♥❝❡ ✭❘■✮ ♣✲✈❛❧✉❡s ✉s✐♥❣ ❛❧❧ ✸✱✵✵✸
(

14

6

)

❝♦♠❜✐♥❛t✐♦♥s ♦❢ ❞♦❝t♦r r❛❝❡✳✾ ❲❤❡♥ ❡①❛♠✐♥✐♥❣

✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ ❤❛✈✐♥❣ ❛ ❜❧❛❝❦ ❞♦❝t♦r ❛♥❞ ♦t❤❡r ❝♦✈❛r✐❛t❡s✱ ✇❡ ❣❡♥❡r❛t❡ ♣❧♦ts ♦❢ t❤❡

❥♦✐♥t ❞✐str✐❜✉t✐♦♥ ♦❢ ❘■ ❞r❛✇s ✭s❡❡ ❍❡ÿ ✷✵✶✼✮ ✕ ❛✈❛✐❧❛❜❧❡ ♦♥ r❡q✉❡st✳ ❚❤❡ ♠♦❞❡ ♦❢ ✐♥❢❡r❡♥❝❡

❞❡❝✐s✐♦♥ ✐♥✈♦❧✈❡s ❛ ❚②♣❡ ■ ❛♥❞ ❚②♣❡ ■■ ❡rr♦r tr❛❞❡♦✛ ❛♥❞ ♦✉r ❢♦❝✉s ✐s ♦♥ ♠✐♥✐♠✐③✐♥❣ t❤❡

❢♦r♠❡r✳

❚♦ ❢✉rt❤❡r ♣r♦❜❡ ♠❡❝❤❛♥✐s♠s✱ ✇❡ ❝♦❧❧❡❝t❡❞ ♥♦♥✲❡①♣❡r✐♠❡♥t❛❧ ❞❛t❛ ❢r♦♠ ❛ s✉r✈❡② ♦❢ ✶✱✹✾✵

♦t❤❡r ❜❧❛❝❦ ❛♥❞ ✇❤✐t❡ ♠❛❧❡ r❡s♣♦♥❞❡♥ts ✇❤♦s❡ ❡❞✉❝❛t✐♦♥ ♣r♦✜❧❡ ♠✐rr♦r❡❞ t❤❛t ♦❢ ♦✉r ❡①♣❡r✲

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

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

✉♥✐q✉❡ t♦ ❜❧❛❝❦ ♠❛❧❡ r❡s♣♦♥❞❡♥ts ❛♥❞ ✇❤❡t❤❡r ✐t ✈❛r✐❡s ❛❝r♦ss ❤❡❛❧t❤❝❛r❡ ❞♦♠❛✐♥s✳ ❙♣❡❝✐✜✲

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

✶
RaceMD=k
i = α + β1 · ✶

RaceResp=k
i + Γ

′Xi + ǫi ✭✷❛✮

✶
RaceMD=RaceResp
i = α + β1 · ✶

BlackResp
i + Γ

′Xi + ǫi ✭✷❜✮

✶
RaceMD=RaceResp

il = α + β1 · ✶
BlackResp
i + λl · ✶

Domain
l + Γ

′Xi + ǫil ✭✷❝✮

✇❤❡r❡ i ✐♥❞✐❝❛t❡s r❡s♣♦♥❞❡♥t✱ k s✐❣♥✐✜❡s r❛❝❡ ✭❜❧❛❝❦ ♦r ✇❤✐t❡✮ ❛♥❞ l ✐s ♦♥❡ ♦❢ t❤❡ ❞♦✲

♠❛✐♥s ❝✐t❡❞ ❜② t❤❡ ❲♦r❧❞ ❍❡❛❧t❤ ❖r❣❛♥✐③❛t✐♦♥ ✭❲❍❖✮ ❛s ❢❡❛t✉r❡s ♦❢ ❛ r❡s♣♦♥s✐✈❡ ❤❡❛❧t❤

s②st❡♠✿ ❛❝❝❡ss✱ q✉❛❧✐t②✱ ❛♥❞ ❝♦♠♠✉♥✐❝❛t✐♦♥ ✭●♦st✐♥ ❡t ❛❧✳ ✷✵✵✸✮✳ Xi ✐♥ t❤❡ ❛❜♦✈❡ r❡❢❡rs t♦

r❡s♣♦♥❞❡♥t✬s ❛❣❡✱ ❡❞✉❝❛t✐♦♥✱ ❛♥❞ ✐♥❝♦♠❡✳ ❊q✉❛t✐♦♥ ✷❛ ❡①❛♠✐♥❡s ✇❤❡t❤❡r r❡s♣♦♥❞❡♥ts ❛r❡

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

❛♥❞ RaceResp ❛r❡ ❡✐t❤❡r ❜♦t❤ ❜❧❛❝❦ ♦r ❜♦t❤ ✇❤✐t❡✳ ❊q✉❛t✐♦♥ ✷❜ t❡sts ✇❤❡t❤❡r t❤❡ ♣r❡❢❡r✲

❡♥❝❡ ❢♦r r❛❝✐❛❧ ❝♦♥❝♦r❞❛♥❝❡ ❞✐✛❡rs ❜❡t✇❡❡♥ ❜❧❛❝❦ ❛♥❞ ✇❤✐t❡ r❡s♣♦♥❞❡♥ts✳ ❋✐♥❛❧❧②✱ ❊q✉❛t✐♦♥

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

r❛❝❡ ♦❢ t❤❡ r❡s♣♦♥❞❡♥t✳

❇✳ ❙❛♠♣❧❡ ❈❤❛r❛❝t❡r✐st✐❝s

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

t♦ ❝❤❡❝❦ t❤❛t ♦❜s❡r✈❛❜❧❡ ❝❤❛r❛❝t❡r✐st✐❝s ❛r❡ ❜❛❧❛♥❝❡❞ ❛❝r♦ss ❛r♠s ❜❡❢♦r❡ t✉r♥✐♥❣ t♦ ♦✉r ♠❛✐♥

✾❚❤❡r❡ ❛r❡ ✶✹ ❞♦❝t♦rs ✐♥ t❤❡ ❡①♣❡r✐♠❡♥t✱ s✐① ♦❢ ✇❤♦♠ ❝♦♠♣r✐s❡ t❤❡ ✏tr❡❛t❡❞✑ ❣r♦✉♣✳ ❲❡ t❤✉s ♣❡r♠✉t❡
(

14

6

)

❝♦♠❜✐♥❛t✐♦♥s ♦❢ ♣❤②s✐❝✐❛♥✲❧❡✈❡❧ tr❡❛t♠❡♥t ❤♦❧❞✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ tr❡❛t❡❞ ✉♥✐ts ✭✻✮ ❝♦♥st❛♥t✳

✶✸



✜♥❞✐♥❣s✳

❘❡❝r✉✐t♠❡♥t ❛♥❞ P❛rt✐❝✐♣❛t✐♦♥ ✖ ❚♦ ❡①❛♠✐♥❡ ♣❛rt✐❝✐♣❛t✐♦♥ ✐♥ t❤❡ ❡①♣❡r✐♠❡♥t✱ ✇❡ ♠♦❞✐❢②

❊q✉❛t✐♦♥ ✶✱ r❡❣r❡ss✐♥❣ Xi ♦♥ ❛ ❞✉♠♠② ❢♦r ❈❧✐♥✐❝ Pr❡s❡♥t❛t✐♦♥✳ ❚❤❡s❡ r❡s✉❧ts ❛r❡ ❣❛t❤❡r❡❞

✐♥ ❚❛❜❧❡ ✶✳✶✵ ■♥ ❣❡♥❡r❛❧✱ t❤♦s❡ ✇❤♦ ❝❛♠❡ t♦ t❤❡ ❝❧✐♥✐❝ ✇❡r❡ ♦❧❞❡r✱ ❤❛❞ ❧♦✇❡r s❡❧❢✲r❡♣♦rt❡❞

❤❡❛❧t❤✱ ✈✐s✐t❡❞ t❤❡ ❡♠❡r❣❡♥❝② r♦♦♠ ♠♦r❡ ✐♥ t❤❡ ♣❛st t✇♦ ②❡❛rs✱ ❛♥❞ ✇❡r❡ ❧❡ss ❧✐❦❡❧② t♦ ❤❛✈❡ ❛

♣r✐♠❛r② ❝❛r❡ ♣❤②s✐❝✐❛♥ ✭P❈P✮ ❝♦♠♣❛r❡❞ t♦ t❤♦s❡ t❤❛t ❞✐❞ ♥♦t ❝♦♠❡✳ ❚❤❡ s❡❧❡❝t❡❞ ♠❡♥ ❛❧s♦

❤❛❞ ❧♦✇❡r r❡♣♦rt❡❞ ✐♥❝♦♠❡❀ ✇❡r❡ ❧❡ss ❧✐❦❡❧② t♦ ❜❡ ♠❛rr✐❡❞❀ ✇❡r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ r❡❝❡✐✈✐♥❣

✉♥❡♠♣❧♦②♠❡♥t✱ ❞✐s❛❜✐❧✐t②✱ ♦r ❙✉♣♣❧❡♠❡♥t❛❧ ❙❡❝✉r✐t② ■♥❝♦♠❡❀ ✇❡r❡ ✶✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡

❧✐❦❡❧② t♦ ❤❛✈❡ ❛ ❤✐❣❤ s❝❤♦♦❧ ❞✐♣❧♦♠❛ ♦r ❧❡ss❀ ❛♥❞ ✇❡r❡ ✶✸ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡

✉♥❡♠♣❧♦②❡❞✳

❘❡❝❛❧❧ t❤❛t t❤❡ ✈✐s✐t t♦ t❤❡ ❝❧✐♥✐❝ ✇❛s ✐♥❝❡♥t✐✈✐③❡❞ ❛♥❞ ❜❛rr✐❡rs ❛ss♦❝✐❛t❡❞ ✇✐t❤ ♥♦t ❤❛✈✐♥❣

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

❝♦♠❜✐♥❡❞ r❡❞✉❝t✐♦♥ ✐♥ tr❛♥s♣♦rt ❜❛rr✐❡rs ❛♥❞ ✐♥❝❡♥t✐✈❡ t♦ ❛tt❡♥❞ ❧✐❦❡❧② ❝♦♥tr✐❜✉t❡❞ t♦ t❤✐s

♣❛tt❡r♥ ♦❢ ♣❛rt✐❝✐♣❛t✐♦♥✳

❇❛❧❛♥❝❡ ✖ ❚r❡❛t♠❡♥t ❣r♦✉♣s ❛r❡ ✇❡❧❧✲❜❛❧❛♥❝❡❞ ♦♥ ♦❜s❡r✈❛❜❧❡s ✇✐t❤ t✇♦ ❡①❝❡♣t✐♦♥s ✭s❡❡

❚❛❜❧❡ ✷✮✳ ❚❤❡ ❝❡❧❧ ❝♦♥t❛✐♥✐♥❣ s✉❜❥❡❝ts ✇❤♦ ✇❡r❡ r❛♥❞♦♠✐③❡❞ t♦ ❛ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r ❛♥❞ ✩✶✵

✐♥❝❡♥t✐✈❡ ❢♦r ✢✉ ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ✉♥✐♥s✉r❡❞ ❛♥❞ ❧❡ss ❧✐❦❡❧② t♦ ❤❛✈❡ ❣♦♦❞ s❡❧❢✲❛ss❡ss❡❞

❤❡❛❧t❤✳ ❚❤❡ ♦♥❧② s✐❣♥✐✜❝❛♥t ❥♦✐♥t ❋ ✲t❡st ✐s ♦♥ s❡❧❢✲r❡♣♦rt❡❞ ❤❡❛❧t❤✱ ❜✉t ✐♥❝❧✉❞✐♥❣ t❤❡s❡ t✇♦

❝♦✈❛r✐❛t❡s✱ ❛♠♦♥❣ ♦t❤❡rs✱ ✐♥ ❊q✉❛t✐♦♥ ✶ ❞♦❡s ♥♦t ❛❧t❡r ♦✉r r❡s✉❧ts ✭s❡❡ ❞✐s❝✉ss✐♦♥ ❜❡❧♦✇✮✳

❆♣♣❡♥❞✐① ❚❛❜❧❡ ✶ ❞❡♠♦♥str❛t❡s t❤❛t t❤❡ ❣r♦✉♣s ❛r❡ ❛❧s♦ ✇❡❧❧✲❜❛❧❛♥❝❡❞ ✇❤❡♥ ❡①❛♠✐♥✐♥❣

r❛♥❞♦♠✐③❛t✐♦♥ t♦ ❛ ❜❧❛❝❦ ❞♦❝t♦r ♦r ❛ ✢✉ ✐♥❝❡♥t✐✈❡ ❛♠♦✉♥t s❡♣❛r❛t❡❧②✳

■❱✳ ❊①♣❡r✐♠❡♥t❛❧ ❘❡s✉❧ts

▼❛✐♥ ❘❡s✉❧ts ✖ ❲❡ ♥♦✇ t✉r♥ t♦ ♦✉r ❡①♣❡r✐♠❡♥t❛❧ r❡s✉❧ts ❛♥❞ t❤❡ ♣r✐♥❝✐♣❧❡ ❛✐♠ ♦❢ ♦✉r ❛♥❛❧✲

②s✐s✳ ❉♦ ❜❧❛❝❦ ♠❛❧❡ s✉❜❥❡❝ts r❛♥❞♦♠✐③❡❞ t♦ ❜❧❛❝❦ ♠❛❧❡ ❞♦❝t♦rs ❞❡♠❛♥❞ ♠♦r❡ ♣r❡✈❡♥t✐✈❡s❄

❚❛❜❧❡ ✸ ♣r❡s❡♥ts t❤❡ ♠❛✐♥ r❡s✉❧ts ❝♦♥❞✐t✐♦♥✐♥❣ ♦♥❧② ♦♥ t❤❡ r❛♥❞♦♠✐③❡❞ tr❡❛t♠❡♥ts✿ ❞♦❝t♦r

r❛❝❡ ❛♥❞ ✢✉ ✐♥❝❡♥t✐✈❡✳ ❇❛s❡❧✐♥❡ r❡s✉❧ts ✇✐t❤ ♦♥❧② t❤❡ ❜❧❛❝❦ ❞♦❝t♦r tr❡❛t♠❡♥t ❝❛♥ ❜❡ ❢♦✉♥❞

✐♥ ❙❡❝t✐♦♥ ■❱✳ ■♥ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡✱ ❛❝r♦ss ❡✈❡r② t❡st ♦✛❡r❡❞✱ t❤❡ r❛❝❡ ♦❢ t❤❡ ❞♦❝t♦r

✐♥ t❤❡ ♣❤♦t♦ ❞✐❞ ♥♦t ✐♥✢✉❡♥❝❡ ❞❡♠❛♥❞ ✐♥ ❛♥② s✐❣♥✐✜❝❛♥t ✇❛② ✭s❡❡ ❚❛❜❧❡ ✸ P❛♥❡❧ ✭❆✮✮✳ ❚❤❡s❡

r❡s✉❧ts ❛r❡ ❛❧s♦ ❛♣♣❛r❡♥t ✇❤❡♥ ❝♦♠♣❛r✐♥❣ t❤❡ ♠❡❛♥s ♦❢ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ t❛❦❡✲✉♣ ❛♠♦♥❣ ❜❧❛❝❦

❛♥❞ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs ✐♥ ❋✐❣✉r❡ ✸ ✭t❤❡ ♣❛✐r ♦❢ ✈❡rt✐❝❛❧ ❜❛rs ♦♥ t❤❡ ❧❡❢t s✐❞❡ ♦❢ ❡❛❝❤ ✜❣✉r❡✮✳

❙✉❝❤ ✜♥❞✐♥❣s ❛r❡ ✐♥❝♦♥s✐st❡♥t ✇✐t❤ r❛❝✐❛❧ ❛✈❡rs✐♦♥ ♣❧❛②✐♥❣ ❛ ♠❛❥♦r r♦❧❡ ✐♥ t❛❦❡✲✉♣ ❞❡❝✐s✐♦♥s✳

❘❛t❤❡r✱ t❤❡② ❛r❡ s✉♣♣♦rt✐✈❡ ♦❢ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ ❝❛s❡ ✸ ♦❢ t❤❡ ♠♦❞❡❧ ✐♥ t❤❡ ❖♥❧✐♥❡ ❆♣♣❡♥❞✐①

✶✵❖✉r ♠❛✐♥ ❝❧✐♥✐❝ s❛♠♣❧❡ ✐♥❝❧✉❞❡s ❛❧❧ ♦❢ t❤♦s❡ ✇❤♦ ✐❞❡♥t✐❢② ❛s ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ❛♥❞ ❛r❡ ❛t ❧❡❛st ✶✽ ②❡❛rs
♦❢ ❛❣❡ ♦♥ t❤❡ ❜❛s❡❧✐♥❡ s✉r✈❡② ❛s ✇❡❧❧ ❛s ❛♣♣r♦①✐♠❛t❡❧② ✾✪ ✇❤♦ s❦✐♣♣❡❞ t❤❡ ❞❡♠♦❣r❛♣❤✐❝ q✉❡st✐♦♥s ❜✉t ✇❡r❡
r❡❝r✉✐t❡❞ ✐♥ ❛ ❜❧❛❝❦ ❜❛r❜❡rs❤♦♣✳ ■♥ ❙❡❝t✐♦♥ ■❱ ✇❡ ❛ss❡ss s❡♥s✐t✐✈✐t② t♦ ✈❛r✐♦✉s s❛♠♣❧❡ r❡str✐❝t✐♦♥s✳

✶✹



✖ ✐♥ ✇❤✐❝❤ s✉❜❥❡❝ts ❞♦ ♥♦t ❛❞❞ ❞♦❝t♦r✲r❡❧❛t❡❞ ❝♦sts t♦ t❤❡✐r ✉t✐❧✐t② ❝❛❧❝✉❧❛t✐♦♥ ♦r ❛❞❞ ✐t

❡q✉❛❧❧② ❛❝r♦ss ❞♦❝t♦r r❛❝❡ t②♣❡s✳

❲❡ ✜♥❞ t❤❛t t❤❡ ✐♥❝❡♥t✐✈❡ ✐♥✢✉❡♥❝❡s ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ ❞❡♠❛♥❞ ❢♦r t❤❡ ✢✉ s❤♦t✳ ❆♣♣r♦①✲

✐♠❛t❡❧② ✷✵✪ ♦❢ s✉❜❥❡❝ts s❡❧❡❝t❡❞ t❤❡ ✢✉ s❤♦t ♦♥ t❤❡ t❛❜❧❡t ✐♥ t❤❡ ❛❜s❡♥❝❡ ♦❢ ❛♥ ✐♥❝❡♥t✐✈❡✳

❆ ✩✺ ✐♥❝❡♥t✐✈❡ ✐♥❝r❡❛s❡❞ ✢✉ t❛❦❡✲✉♣ ❜② ❛❜♦✉t ✶✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✱ ❛♥❞ ❛ ✩✶✵ ✐♥❝❡♥t✐✈❡

✐♥❝r❡❛s❡❞ ✐t ❜② ✸✵ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✳ ❲✐t❤ ❛ ✩✶✵ ✐♥❝❡♥t✐✈❡✱ ❛❧♠♦st ✺✵✪ s❡❧❡❝t❡❞ t❤❡ ✢✉ s❤♦t

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

r❡❝❡✐✈❡❞ ✐t s✐♥❝❡ s✉❜❥❡❝ts ❝♦✉❧❞ r❡✈✐s❡ t❤❡✐r ❞❡❝✐s✐♦♥✱ ✉s✉❛❧❧② ❜② ❡♥❞♦rs✐♥❣ ❛ ❝♦♥tr❛✐♥❞✐❝❛t✐♦♥✳

❚❤❡ r❡s♣♦♥s✐✈❡♥❡ss ♦❢ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ ❞❡♠❛♥❞ t♦ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ✐♥❝❡♥t✐✈❡ s✉❣❣❡sts

t❤❛t s✉❜❥❡❝ts ✇❡r❡ ❛tt❡♥❞✐♥❣ t♦ t❤❡ t❛❜❧❡t✳

■♥ t❤❡ ♣♦st✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡ ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t✱ t❤❡ ❡✛❡❝t ♦❢ ❜❡✐♥❣ r❛♥❞♦♠✐③❡❞ t♦ ❛ ❜❧❛❝❦

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

❢♦r ✐♥✈❛s✐✈❡ ❡①❛♠s✳ ❚❛❜❧❡ ✸ P❛♥❡❧ ✭❇✮ ❈♦❧✉♠♥ ✭✶✮ s❤♦✇s t❤❛t s✉❜❥❡❝ts r❛♥❞♦♠✐③❡❞ t♦ ❛ ❜❧❛❝❦

❞♦❝t♦r ❛r❡ ✶✶ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ ❞❡♠❛♥❞ ❛ ❜❧♦♦❞ ♣r❡ss✉r❡ ♠❡❛s✉r❡♠❡♥t✱ ❛♥

✐♥❝r❡❛s❡ ♦❢ ✶✺✪ ❝♦♠♣❛r❡❞ t♦ t❤❡ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r ♠❡❛♥✳ ❆❝❝♦r❞✐♥❣ t♦ t❤❡ ❡st✐♠❛t❡s ✐♥

P❛♥❡❧ ✭❇✮ ❈♦❧✉♠♥ ✭✷✮✱ t❤❡ ❡✛❡❝t ♦❢ ❛ ❜❧❛❝❦ ❞♦❝t♦r ♦♥ ❇▼■ t❛❦❡✲✉♣ ✐s ✶✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts

♦r ✷✼✪✳ ◆♦t❡ t❤❛t✱ ❢♦r ❜♦t❤ ♦❢ t❤❡s❡ t❡sts✱ s✉❜❥❡❝ts ❛ss✐❣♥❡❞ t♦ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs ❛r❡ ❛❧s♦

❞❡♠❛♥❞✐♥❣ ♠♦r❡ ❡①❛♠s ✭s❡❡ ❋✐❣✉r❡ ✸ P❛♥❡❧s ✭❆✮ ❛♥❞ ✭❇✮✮❀ ❤♦✇❡✈❡r✱ t❤♦s❡ ❛ss✐❣♥❡❞ t♦ ❜❧❛❝❦

❞♦❝t♦rs ❞♦ s♦ ♠♦r❡ ❢r❡q✉❡♥t❧②✳ ❚❤❡ ❘■ ♣✲✈❛❧✉❡s ❛r❡ ♠✉❝❤ ❧♦✇❡r t❤❛♥ ✐♥ P❛♥❡❧ ✭❆✮ ✭❡✳❣✳ ✵✳✷✷

❢♦r ❇▼■ ❝♦♠♣❛r❡❞ t♦ ❛ ♠✐♥✐♠✉♠ ♦❢ ✵✳✹✸ ❛❝r♦ss ❛❧❧ t❡sts ✐♥ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ ♣❛♥❡❧✮✱ ❜✉t

❛r❡ ♥♦t ❜❡❧♦✇ t❤❡ ❝♦♥✈❡♥t✐♦♥❛❧ ❧❡✈❡❧s ♦❢ st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡✳

▼♦✈✐♥❣ t♦ t❤❡ ✐♥✈❛s✐✈❡ t❡sts ✖ t❤♦s❡ t❤❛t r❡q✉✐r❡❞ ❜❧♦♦❞ s❛♠♣❧❡s ❢r♦♠ t❤❡ s✉❜❥❡❝t ♦r

✐♥✈♦❧✈❡❞ ❛♥ ✐♥❥❡❝t✐♦♥ ✖ t❤❡ r❡s✉❧ts ❞❡♠♦♥str❛t❡ ❛♥ ❡✈❡♥ ❧❛r❣❡r r❡❧❛t✐✈❡ ❡✛❡❝t ♦❢ ❜❧❛❝❦ ❞♦❝t♦r

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

✐♥✈❛s✐✈❡ s❡r✈✐❝❡s✱ s✉❜❥❡❝ts ❛ss✐❣♥❡❞ t♦ ♥♦♥✲❜❧❛❝❦ ♠❛❧❡ ❞♦❝t♦rs ✇❡r❡ ♥♦t✱ ♦♥ ❛✈❡r❛❣❡✱ ♠♦r❡

❧✐❦❡❧② t♦ ❛❣r❡❡ t♦ t❤❡ ✐♥✈❛s✐✈❡ s❡r✈✐❝❡s ❛❢t❡r ♠❡❡t✐♥❣ t❤❡ ❞♦❝t♦r ✭❙❡❡ t❤❡ ❧✐❣❤t ✭❣r❛②✮ ❜❛rs ✐♥

❋✐❣✉r❡ ✸ P❛♥❡❧s ✭❈✮✕✭❋✮✮✳ ❆ s✉❜❥❡❝t r❛♥❞♦♠❧② ❛ss✐❣♥❡❞ t♦ ❛ ❜❧❛❝❦ ❞♦❝t♦r ✇❛s ✷✵ ♣❡r❝❡♥t❛❣❡

♣♦✐♥ts ✭✹✾✪✮ ♠♦r❡ ❧✐❦❡❧② t♦ ❛❣r❡❡ t♦ ❛ ❞✐❛❜❡t❡s s❝r❡❡♥✐♥❣ ❛♥❞ ✷✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭✼✶✪✮

♠♦r❡ ❧✐❦❡❧② t♦ ❛❝❝❡♣t ❛ ❝❤♦❧❡st❡r♦❧ s❝r❡❡♥✐♥❣ ✭❚❛❜❧❡ ✸ P❛♥❡❧ ✭❇✮ ❈♦❧✉♠♥s ✭✸✕✹✮✮✳ ❲✐t❤

r❡s♣❡❝t t♦ t❤❡ ✢✉ ✈❛❝❝✐♥❡✱ ✇❤✐❝❤ ✇❛s ❝r♦ss✲r❛♥❞♦♠✐③❡❞ ✇✐t❤ ❛♥ ✐♥❝❡♥t✐✈❡✱ s✉❜❥❡❝ts r❛♥❞♦♠❧②

❛ss✐❣♥❡❞ t♦ ❛ ❜❧❛❝❦ ♠❛❧❡ ❞♦❝t♦r ✇❡r❡ ✶✵ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② ✭✺✻✪✮ t♦ ❛❣r❡❡ t♦ t❤❡

✢✉ s❤♦t ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ✜♥❛♥❝✐❛❧ ✐♥❝❡♥t✐✈❡s ♦✛❡r❡❞ ✐♥ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡ t♦ ❝❤♦♦s❡ t❤❡

✢✉✳✶✶

❈♦❧✉♠♥s ✭✻✮ ❛♥❞ ✭✼✮ ❡①♣❧♦r❡ t❤❡ ❡✛❡❝t ♦❢ ❤❛✈✐♥❣ ❛ ❜❧❛❝❦ ❞♦❝t♦r ♦♥ t✇♦ ❝♦♠♣♦s✐t❡ ♠❡❛✲

✶✶❙❡❡ ❚❤✐r✉♠✉rt❤②✱ ❆s❝❤✱ ❛♥❞ ❱♦❧♣♣ ✭✷✵✶✾✮ ❢♦r ❛ ❞✐s❝✉ss✐♦♥ ♦♥ t❤❡ ✏✉♥❝❡rt❛✐♥ ❡✛❡❝ts✑ ♦❢ ✜♥❛♥❝✐❛❧ ✐♥❝❡♥t✐✈❡s
✐♥ ❤❡❛❧t❤✳

✶✺



s✉r❡s✱ t❤❡ s❤❛r❡ ♦❢ t❤❡ ❢♦✉r ♥♦♥✲✐♥❝❡♥t✐✈✐③❡❞ ❡①❛♠s ✭❛❧❧ s❝r❡❡♥✐♥❣s ❡①❝❡♣t t❤❡ ✢✉ s❤♦t✮ ❛♥❞

t❤❡ s❤❛r❡ ♦❢ ✐♥✈❛s✐✈❡ ❡①❛♠s ✭❝❤♦❧❡st❡r♦❧✱ ❞✐❛❜❡t❡s✱ ❛♥❞ ✢✉✮✳ ❖✈❡r❛❧❧✱ t❤❡ tr❡❛t♠❡♥t ❡✛❡❝t

✐♥❝r❡❛s❡s t❛❦❡✲✉♣ ❜② ✶✽ ❛♥❞ ✶✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✱ r❡s♣❡❝t✐✈❡❧②✳ ❚❤❡s❡ r❡s✉❧ts ❛r❡ ❝♦♥s✐st❡♥t

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

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

s♦✉r❝❡ ✭♣♦st✲❝♦♥s✉❧t❛t✐♦♥ ❝❛s❡ ✶✮✳

❋✐❣✉r❡ ✹ P❛♥❡❧ ✭❆✮ ♣❧♦ts t❤❡ ♣♦st✲❝♦♥s✉❧t❛t✐♦♥ ❜❧❛❝❦ ✈s✳ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r ❞✐✛❡r❡♥❝❡ ✐♥

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

❞♦❝t♦rs ✐s ♣♦s✐t✐✈❡❧② ❝♦rr❡❧❛t❡❞ ✇✐t❤ t❤❡ ✐♥✈❛s✐✈❡♥❡ss ♦❢ t❤❡ t❡st✳ ❇❧♦♦❞ ♣r❡ss✉r❡ ✐s ❛ ♥♦♥✲

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

❧♦✇ r✐s❦ ❛♥❞ ❧♦✇ ❤❛ss❧❡ t❡st ❤❛❞ t❤❡ ❧♦✇❡st ❜❧❛❝❦ ❞♦❝t♦r ❡✛❡❝t r❡❧❛t✐✈❡ t♦ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs✳

❇▼■ ♠❡❛s✉r❡♠❡♥t r❡q✉✐r❡❞ t❤❡ ❞♦❝t♦r t♦ ❡s❝♦rt t❤❡ s✉❜❥❡❝t ❞♦✇♥ t❤❡ ❤❛❧❧✇❛② t♦ ❛ ♣✉❜❧✐❝

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

t❤❡ ❤❡✐❣❤t ❛♥❞ ✇❡✐❣❤t ♦❢ t❤❡ s✉❜❥❡❝t ❛♥❞ t❤❡♥ ❝❛❧❝✉❧❛t❡❞ t❤❡ ❇▼■✳ ❈❤♦❧❡st❡r♦❧ ❛♥❞ ❞✐❛❜❡t❡s

t❡sts r❡q✉✐r❡❞ ❛ ✜♥❣❡r ♣r✐❝❦ ♦❢ ❜❧♦♦❞ ✭✉s✉❛❧❧② t✇♦ s❡♣❛r❛t❡ st✐❝❦s✮✳ ❚❤❡ ❝❤♦❧❡st❡r♦❧ ❛♥❞

❞✐❛❜❡t❡s t❡sts ❛❧s♦ t♦♦❦ ❧♦♥❣❡r t❤❛♥ ♦t❤❡r t❡sts ✖ ♦♥ ❛✈❡r❛❣❡✱ ✈✐s✐t ❧❡♥❣t❤s ❢♦r s✉❜❥❡❝ts ✇❤♦

s❡❧❡❝t❡❞ ❞✐❛❜❡t❡s t❡sts ✇❡r❡ ❛❜♦✉t s✐① ♠✐♥✉t❡s ❧♦♥❣❡r❀ ❛ ❝❤♦❧❡st❡r♦❧ s❝r❡❡♥✐♥❣ ❛❞❞❡❞ ❛❜♦✉t

t❤r❡❡ ♠✐♥✉t❡s✳ ❋♦r ♠♦r❡ ✐♥✈❛s✐✈❡ t❡sts✱ t❤❡ r❡s✉❧ts s✉❣❣❡st t❤❡r❡ ✇❛s ❛ ❣r❡❛t❡r ❛❞✈❛♥t❛❣❡ t♦

❜❡✐♥❣ ❛ss✐❣♥❡❞ ❛ ❜❧❛❝❦ ❞♦❝t♦r✳

❚❛❜❧❡ ✸ P❛♥❡❧ ✭❈✮ ♣r❡s❡♥ts t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ♣♦st✲ ❛♥❞ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ ❞❡♠❛♥❞

✭✐✳❡✳ t❤❡ ❞❡❧t❛✮✳ ❚❤✐s ✐s s✐♠✐❧❛r t♦ ❝♦♥❞✐t✐♦♥✐♥❣ ♦♥ t❤❡ ✜rst ❝❤♦✐❝❡✱ ✇❤✐❝❤✱ ♣❡r ❛❜♦✈❡✱ ✇❛s ♥♦t

st❛t✐st✐❝❛❧❧② ❞✐✛❡r❡♥t ❛❝r♦ss r❛❝❡ ♦❢ ♠❛❧❡ ❞♦❝t♦r✱ ❛♥❞ ✐s ❛ ❞✐r❡❝t ♠❡❛s✉r❡ ♦❢ ❤♦✇ ♠✉❝❤ ❞❡♠❛♥❞

❝❤❛♥❣❡s ❛❢t❡r ♠❡❡t✐♥❣ t❤❡ r❛♥❞♦♠❧② ❛ss✐❣♥❡❞ ❞♦❝t♦r✳ ❋♦r ✐♥st❛♥❝❡✱ ✐♥ ❈♦❧✉♠♥ ✭✹✮✱ s✉❜❥❡❝ts

❛ss✐❣♥❡❞ t♦ ❛ ❜❧❛❝❦ ❞♦❝t♦r ✇❡r❡ ✷✺ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ s❡❧❡❝t ❛ ❝❤♦❧❡st❡r♦❧

s❝r❡❡♥✐♥❣ ❛❢t❡r ♠❡❡t✐♥❣ t❤❡✐r ♣❤②s✐❝✐❛♥ t❤❛♥ t❤♦s❡ ❛ss✐❣♥❡❞ t♦ ❛ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r✳✶✷ ❚♦

❜❡♥❝❤♠❛r❦ t❤❡ ❡✛❡❝ts s❤♦✇♥ ✐♥ P❛♥❡❧ ✭❈✮✱ ✇❡ ❢♦❧❧♦✇ ❉❡❧❧❛❱✐❣♥❛ ❛♥❞ ❑❛♣❧❛♥ ✭✷✵✵✼✮ ❛♥❞

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

❡①♣♦s✉r❡ t♦ ❛ ❜❧❛❝❦ ❞♦❝t♦r✳ ❋✐❣✉r❡ ✹ P❛♥❡❧ ✭❇✮ ❞❡♠♦♥str❛t❡s t❤❛t t❤❡ ♣❡rs✉❛s✐♦♥ r❛t❡ ✐s ❤✐❣❤

r❡❧❛t✐✈❡ t♦ st✉❞✐❡s s✉r✈❡②❡❞ ✐♥ ❉❡❧❧❛❱✐❣♥❛ ❛♥❞ ●❡♥t③❦♦✇ ✭✷✵✶✵✮✳

❚❤❡ ❛❜♦✈❡ r❡s✉❧ts s✉❣❣❡st t❤❡ tr❡❛t♠❡♥t ❡✛❡❝t ❢♦r ✐♥✈❛s✐✈❡ ❡①❛♠s ✐s str♦♥❣❡r t❤❛♥ ❢♦r ♥♦♥✲

✐♥✈❛s✐✈❡ ♦♥❡s✳ ❚♦ ✐♥✈❡st✐❣❛t❡ t❤✐s ❢✉rt❤❡r✱ ✇❡ st❛❝❦ t❤❡ ❞❛t❛ t♦ ❝r❡❛t❡ ❛ s✉❜❥❡❝t✲♣r❡✈❡♥t✐✈❡

♣❛♥❡❧✱ ❢✉❧❧② ❛❜s♦r❜✐♥❣ t❤❡ ❜❧❛❝❦ ❞♦❝t♦r ❝♦❡✣❝✐❡♥t ❜② ✐♥t❡r❛❝t✐♥❣ ✐t ✇✐t❤ ✐♥❞✐❝❛t♦rs ❢♦r ❡✈❡r②

s❡r✈✐❝❡ ✭s❡❡ ❚❛❜❧❡ ✹✮✳ ❚❤✐s s♣❡❝✐✜❝❛t✐♦♥ ❛❧❧♦✇s ✉s t♦ t❡st t❤❡ ❥♦✐♥t s✐❣♥✐✜❝❛♥❝❡ ♦❢ t❤❡ ❜❧❛❝❦

❞♦❝t♦r✯✐♥✈❛s✐✈❡ ✐♥t❡r❛❝t✐♦♥s ❛s ✇❡❧❧ ❛s t❤❡ ❞✐✛❡r❡♥t✐❛❧ ❡✛❡❝ts ♦❢ t❤❡ ❜❧❛❝❦ ❞♦❝t♦r tr❡❛t♠❡♥t ❢♦r

✶✷❆♣♣❡♥❞✐① ❋✐❣✉r❡ ✷ ♣❧♦ts t❤❡ ❤✐st♦❣r❛♠ ♦❢ ❞❡❧t❛ ❛s ❛ s❤❛r❡ ♦❢ t❤❡ ❢♦✉r ♥♦♥✲✐♥❝❡♥t✐✈✐③❡❞ t❡sts ✭✐✳❡✳ ❡①✲
❝❧✉❞✐♥❣ t❤❡ ✢✉✮✳

✶✻



✐♥✈❛s✐✈❡ ❡①❛♠s✳ ❚❤❡ r❡s✉❧ts ❛r❡ s❤♦✇♥ ✐♥ t❤❡ ❜♦tt♦♠ ❢♦✉r r♦✇s✳ ❈♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❛❜♦✈❡✱

✐♥ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡ t❤❡ ❋ ✲t❡sts ❢♦r t❤❡ ✐♥t❡r❛❝t✐♦♥ ♦❢ ❜❧❛❝❦ ❞♦❝t♦r ✇✐t❤ ✐♥✈❛s✐✈❡

❡①❛♠s ❛♥❞ ✐ts ❞✐✛❡r❡♥❝❡ ✇✐t❤ ♥♦♥✲✐♥✈❛s✐✈❡ ❡①❛♠s ❛r❡ ❛r♦✉♥❞ ♦♥❡ ❛♥❞ ♥♦t s✐❣♥✐✜❝❛♥t✳ ❚❤❡ ❧❛st

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

❛ ❝♦♥s✐st❡♥t ❛❞❞✐t✐♦♥❛❧ ♠❛r❣✐♥❛❧ ❡✛❡❝t ♦❢ ❜❧❛❝❦ ❞♦❝t♦r ❛♥❞ ✐♥✈❛s✐✈❡ ❡①❛♠s ✇❤✐❝❤ ❞✐✛❡rs

s✐❣♥✐✜❝❛♥t❧② ❢r♦♠ ♥♦♥✲✐♥✈❛s✐✈❡s✱ ♣❛rt✐❝✉❧❛r❧② ✐♥ ❈♦❧✉♠♥ ✭✸✮✳

❘♦❜✉st♥❡ss ✖ ■♥ ❆♣♣❡♥❞✐① ❚❛❜❧❡ ✷✱ ✇❡ ♣r♦❜❡ ✇❤❡t❤❡r ♦✉r r❡s✉❧ts ❛r❡ s❡♥s✐t✐✈❡ t♦ t❤❡

✐♥❝❧✉s✐♦♥ ♦❢ ❝♦✈❛r✐❛t❡s t❤♦✉❣❤t t♦ ✐♥✢✉❡♥❝❡ ❤❡❛❧t❤✱ s✉❝❤ ❛s s✉❜❥❡❝t ❛❣❡ ✭❛♥❞ ✐ts sq✉❛r❡✮✱

❤❛✈✐♥❣ ❛ r❡❣✉❧❛r P❈P✱ ✐♥s✉r❛♥❝❡✱ t❤❡ ❝❧✐♥✐❝ ✈✐s✐t ❞❛t❡✱ ❡❞✉❝❛t✐♦♥✱ ✐♥❝♦♠❡✱ ❛♥❞ s❡❧❢✲❛ss❡ss❡❞

❤❡❛❧t❤✳ ❚❤❡ r❡s✉❧ts ❛r❡ ✈❡r② s✐♠✐❧❛r t♦ t❤♦s❡ ♣r❡s❡♥t❡❞ ✐♥ ❚❛❜❧❡ ✸ ❛♥❞ ❋✐❣✉r❡ ✸✳ ❲❡ ❛❧s♦

s❡❧❡❝t❡❞ ❝♦✈❛r✐❛t❡s ✈✐❛ ❞♦✉❜❧❡ ❧❛ss♦✱ ❜✉t ❢❛✐❧❡❞ t♦ ✜♥❞ ❝♦♥s✐st❡♥t ♣r❡❞✐❝t♦rs ♦❢ t❛❦❡✲✉♣ ♦t❤❡r

t❤❛♥ ♦✉r tr❡❛t♠❡♥t ✈❛r✐❛❜❧❡s ✭❉✉✢♦ ✷✵✶✽❀ ❇❡❧❧♦♥✐✱ ❈❤❡r♥♦③❤✉❦♦✈✱ ❛♥❞ ❍❛♥s❡♥ ✷✵✶✹✮✳

❆s ❛ r♦❜✉st♥❡ss ❝❤❡❝❦✱ ✇❡ ✐♥❝❧✉❞❡ ❞✐✛❡r❡♥t ✜①❡❞ ❡✛❡❝ts ✭❘❖✱ ❞❛t❡✱ ❛♥❞ r❡❝r✉✐t♠❡♥t ❧♦✲

❝❛t✐♦♥ ✭❆♣♣❡♥❞✐① ❚❛❜❧❡ ✸ P❛♥❡❧ ✭❆✮✮ ❛♥❞ ❞✐✛❡r❡♥t s❛♠♣❧❡s ✭✐✳❡✳ ✐♥❝❧✉❞✐♥❣ ❡✈❡r②♦♥❡ ✇❤♦

❝♦♥s❡♥t❡❞ r❡❣❛r❞❧❡ss ♦❢ t❤❡✐r r❛❝❡ ♦r ❡t❤♥✐❝✐t②✱ ❡①❝❧✉❞✐♥❣ t❤♦s❡ ✇❤♦ ❝♦✉❧❞ ♥♦t r❡❛❞✱ ✐♥❝❧✉❞✐♥❣

♦♥❧② t❤♦s❡ ✇❤♦ r❡s♣♦♥❞❡❞ t♦ ❡✈❡r② ❞❡♠♦❣r❛♣❤✐❝ q✉❡st✐♦♥ ✭❆♣♣❡♥❞✐① ❚❛❜❧❡ ✸ P❛♥❡❧ ✭❇✮✮✮❀

❛❣❛✐♥ t❤❡ r❡s✉❧ts ❛r❡ ✈❡r② s✐♠✐❧❛r✳ ❲❡ ❛❧s♦ s❤♦✇ t❤❛t t❤❡ r❡s✉❧ts ❛r❡ ♥♦t s❡♥s✐t✐✈❡ t♦ ❞r♦♣♣✐♥❣

✐♥❞✐❝❛t♦rs ❢♦r ✢✉ ✐♥❝❡♥t✐✈❡ ❧❡✈❡❧s ✭❆♣♣❡♥❞✐① ❚❛❜❧❡ ✹✮✳✶✸ ❋✐♥❛❧❧②✱ r❛❝❡ ❛♣♣❡❛rs t♦ ❜❡ ❛ s♣❡❝✐❛❧

❢❛❝❡t ♦❢ s♦❝✐❛❧ ❞✐st❛♥❝❡ ✖ s❤❛r✐♥❣ t❤❡ s❛♠❡ ❛❣❡ ♦r ❡❞✉❝❛t✐♦♥❛❧ ❜❛❝❦❣r♦✉♥❞ ❛s ❞♦❝t♦rs ❞♦❡s

♥♦t s❡❡♠ t♦ ♣♦s✐t✐✈❡❧② ✐♥✢✉❡♥❝❡ t❛❦❡✲✉♣ ✭s❡❡ ❚❛❜❧❡ ✺✮✳ ❈❛✉t✐♦♥ s❤♦✉❧❞ ❜❡ ✉s❡❞ ✐♥ ✐♥t❡r♣r❡t✲

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

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

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

❞❡♠❛♥❞ ❢♦r ♣r❡✈❡♥t✐✈❡s✳

❱✳ ▼❡❝❤❛♥✐s♠s

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

❜② ✉s✐♥❣ ❞❛t❛ ❢r♦♠ t❤❡ ♣❤②s✐❝✐❛♥ ♥♦t❡s ❛♥❞ s✉❜❥❡❝t ❢❡❡❞❜❛❝❦ ❢♦r♠s t♦ ❢✉rt❤❡r ♦✉r ✉♥❞❡rst❛♥❞✲

✐♥❣ ♦❢ t❤❡ ❝❧✐♥✐❝❛❧ ❡♥❝♦✉♥t❡r❀ s❡❝♦♥❞✱ ❜② ❡①❛♠✐♥✐♥❣ ❤❡t❡r♦❣❡♥❡✐t② ❛❝r♦ss s✉❜❥❡❝ts❀ t❤✐r❞✱ ❜②

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

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

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

s✉r✈❡② r❡s♣♦♥s❡s ❛♥❞ ❜❛❝❦❣r♦✉♥❞ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ t❤❡ st✉❞② ❞♦❝t♦rs✳ ❲❡ ❜❡❣✐♥ ❜② ❡①❛♠✐♥✲

✶✸■♥ ✉♥r❡♣♦rt❡❞ r❡s✉❧ts✱ ✇❡ ❞♦ ♥♦t ✜♥❞ ❡✈✐❞❡♥❝❡ t❤❛t ❦♥♦✇✐♥❣ ❛♥♦t❤❡r s✉❜❥❡❝t ❛t t❤❡ ❝❧✐♥✐❝✱ ❛ ♣r❛❝t✐❝❡
q✉❡st✐♦♥ ✇❡ ❛s❦❡❞ t♦ ❡♥s✉r❡ s✉❜❥❡❝ts ❝♦✉❧❞ ♦♣❡r❛t❡ t❤❡ t❛❜❧❡t✱ ❛✛❡❝t❡❞ ❞❡♠❛♥❞✳

✶✼



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

✐♥❝❧✉❞✐♥❣ ♣❤②s✐❝✐❛♥ ❡✛♦rt✱ q✉❛❧✐t②✱ ❛♥❞ ❞✐s❝r✐♠✐♥❛t✐♦♥✳

❆✳ ❈♦♠♠✉♥✐❝❛t✐♦♥ ❇❡t✇❡❡♥ P❛t✐❡♥ts ❛♥❞ ❉♦❝t♦rs

❖✉r ♣r✐♠❛r② ❞❛t❛ s♦✉r❝❡s ❢♦r ✉♥❞❡rst❛♥❞✐♥❣ ✇❤❛t tr❛♥s♣✐r❡❞ ❞✉r✐♥❣ t❤❡ ❝❧✐♥✐❝❛❧ ❡♥❝♦✉♥t❡r ❛r❡

❞♦❝t♦rs✬ ♥♦t❡s ♦♥ t❤❡ ♣❛t✐❡♥t ❛♥❞ s✉❜❥❡❝t ❢❡❡❞❜❛❝❦ ❢♦r♠s ❛❜♦✉t t❤❡✐r ❝❧✐♥✐❝❛❧ ❡①♣❡r✐❡♥❝❡✳ ❆s

♠❡♥t✐♦♥❡❞ ❛❜♦✈❡✱ ❞♦❝t♦rs ✇❡r❡ ✐♥str✉❝t❡❞ t♦ ♣r♦✈✐❞❡ ♦♥❧② t❤❡ ❛❞✈❡rt✐s❡❞ s❡r✈✐❝❡s t♦ s✉❜❥❡❝ts✳

■♥ ❚❛❜❧❡ ✻ P❛♥❡❧ ✭❆✮ ❈♦❧✉♠♥ ✭✶✮ ✇❡ ✜♥❞ ❡✈✐❞❡♥❝❡ t❤❛t s✉❜❥❡❝ts ❛ss✐❣♥❡❞ t♦ ❜❧❛❝❦ ❞♦❝t♦rs

✇❡r❡ ✶✵ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ tr② ❛♥❞ t❛❧❦ t♦ t❤❡✐r ❞♦❝t♦r ❛❜♦✉t ✐ss✉❡s ✉♥r❡❧❛t❡❞ t♦

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

t❤❡ ♣❛t✐❡♥t ❡♥❝♦✉♥t❡r ♦♥ t❤❡ ♣❛t✐❡♥t ✜❧❡s✳ ❙✉❜❥❡❝ts ✇❡r❡ ✶✶ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧②

t♦ ❤❛✈❡ t❤✐s s❡❝t✐♦♥ ✜❧❧❡❞ ✐♥ ✐❢ t❤❡✐r ❛ss✐❣♥❡❞ ❞♦❝t♦r ✇❛s ❜❧❛❝❦ ✭❈♦❧✉♠♥ ✭✸✮✮✳ ❲❡ ❛♥❛❧②③❡❞

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

❝♦❞❡ t❤❡♠ ❛s r❡❧❛t❡❞ ♦r ✉♥r❡❧❛t❡❞ t♦ t❤❡ s❝r❡❡♥✐♥❣✳ ❙✉❜❥❡❝ts ❛ss✐❣♥❡❞ t♦ ❜❧❛❝❦ ❞♦❝t♦rs ✇❡r❡

✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ ❞✐s❝✉ss ♣❡rs♦♥❛❧ ♠❛tt❡rs ♦r ❤❡❛❧t❤ ✐ss✉❡s ✉♥r❡❧❛t❡❞ t♦ t❤❡

s❝r❡❡♥✐♥❣ ✭❈♦❧✉♠♥ ✭✺✮✮✳

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

✇❛s ❛♥ ✐♠♣♦rt❛♥t ❢❡❛t✉r❡ ♦❢ t❤❡ ❝♦♥❝♦r❞❛♥t ♣❛t✐❡♥t✲❞♦❝t♦r ✐♥t❡r❛❝t✐♦♥✳ ■♥❞❡❡❞✱ ✇❤❡♥ ✇❡

✐♥t❡r❛❝t ❜❧❛❝❦ ❞♦❝t♦r ✇✐t❤ ❛♥ ✐♥❞✐❝❛t♦r ❢♦r t❤❡ s✉❜❥❡❝t r❡❝❡✐✈✐♥❣ ❛♥② ✐♥✈❛s✐✈❡ ❡①❛♠ ✭❡✈❡♥

♥✉♠❜❡r❡❞ ❝♦❧✉♠♥s ✐♥ P❛♥❡❧ ✭❆✮ ❚❛❜❧❡ ✻✮ t❤❡ ✐♥t❡r❛❝t✐♦♥ t❡r♠s ❛r❡ ♣♦s✐t✐✈❡ ❛♥❞ ❧❛r❣❡ ✐♥

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

❛♠♦♥❣ s✉❜❥❡❝ts ✇❤♦ ♦❜t❛✐♥❡❞ ❛♥ ✐♥✈❛s✐✈❡ ❡①❛♠✳

◗✉❛❧✐t❛t✐✈❡ ❡✈✐❞❡♥❝❡ ❢r♦♠ t❤❡ s✉❜❥❡❝t ❢❡❡❞❜❛❝❦ ❢♦r♠s ❛♥❞ ❞♦❝t♦rs✬ ♥♦t❡s ❛❧s♦ s✉♣♣♦rt

t❤❡ ♠❡❝❤❛♥✐s♠ ♦❢ ✐♠♣r♦✈❡❞ ❝♦♠♠✉♥✐❝❛t✐♦♥ ❛♥❞ t❤❡ ❝♦rr❡❝t✐♦♥ ♦❢ ❢❛❧s❡ ❜❡❧✐❡❢s✳ ❖♥❡ s✉❜❥❡❝t

r❛♥❞♦♠✐③❡❞ t♦ ❛ ❜❧❛❝❦ ❞♦❝t♦r ✇r♦t❡✿ ✏❉r✳ ❳❳❨❨ ✇❛s ❡①❝❡❧❧❡♥t✱ ❤❡ t❛❧❦❡❞ ♠❡ ✐♥t♦ ❣❡tt✐♥❣

❛ ✢✉ s❤♦t ❛♥❞ t❤❡ ❝♦♥s♣✐r❛❝② t❤❡♦r✐❡s✳ ■ s❛✐❞ ❵❖❤✦✬ ●r❡❛t ✈✐s✐t ❛♥❞ ♣✉tt✐♥❣ ♠❡ ♦♥ tr❛❝❦ t♦

♠♦♥✐t♦r ♠② s✉❣❛r ❛♥❞ ❝❤♦❧❡st❡r♦❧✳ ❚❤❛♥❦s✦✑ ❆s ❢♦r t❤❡ ❞♦❝t♦rs✬ ♥♦t❡s✱ ❛ ❢r❡q✉❡♥t ♣❤r❛s❡

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

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

❆♣♣❡♥❞✐① ❚❛❜❧❡ ✺ P❛♥❡❧ ✭❆✮✮✳ ❚❤✉s✱ ♣❡r ♠✐♥✉t❡ ❝♦♠♠✉♥✐❝❛t✐♦♥ ✇❛s ♠♦r❡ ❧✐❦❡❧② t♦ ♦❝❝✉r

❜❡t✇❡❡♥ r❛❝✐❛❧❧② ❝♦♥❝♦r❞❛♥t ❞♦❝t♦rs✳

■♥ ❚❛❜❧❡ ✼✱ ✇❡ t❡st ✇❤❡t❤❡r s✉❜❥❡❝ts ❛ss✐❣♥❡❞ t♦ ❜❧❛❝❦ ❞♦❝t♦rs ✇❡r❡ ♠♦r❡ r❡s♣♦♥s✐✈❡ t♦

t❤❡ tr❡❛t♠❡♥t ❜❛s❡❞ ♦♥ t❤❡✐r ❜❛s❡❧✐♥❡ ❞❡♠♦❣r❛♣❤✐❝ ❝❤❛r❛❝t❡r✐st✐❝s ✭P❛♥❡❧ ✭❆✮✮✱ st✉❞② ❝❧✐♥✐❝

❡①♣❡r✐❡♥❝❡ ✭P❛♥❡❧ ✭❇✮✮✱ ♦r ♣❛st ❤❡❛❧t❤❝❛r❡ ❡①♣❡r✐❡♥❝❡ ✭P❛♥❡❧ ✭❈✮✮✳ ❲❡ ❢♦❝✉s ♦♥ ✐♥✈❛s✐✈❡

❡①❛♠s ❜❡❝❛✉s❡ ♦❢ t❤❡ ❡✈✐❞❡♥❝❡ ❢r♦♠ ❚❛❜❧❡ ✸ t❤❛t ❜❧❛❝❦ ❞♦❝t♦rs ❛✛❡❝t❡❞ ❞❡♠❛♥❞ ❢♦r t❤❡s❡

s❡r✈✐❝❡s ♠♦st✳ ❲❡ ❢❛✐❧ t♦ ✜♥❞ str♦♥❣ ❡✈✐❞❡♥❝❡ ♦❢ ❛♥ ✐♠♣♦rt❛♥t ✐♥t❡r❛❝t✐♦♥ ❡✛❡❝t ❜❡t✇❡❡♥ ❜❧❛❝❦

✶✽



❞♦❝t♦r ❛♥❞ ❡✐t❤❡r ❧♦✇ ✐♥❝♦♠❡ ✭r❡♣♦rt❡❞ ❤♦✉s❡❤♦❧❞ ✐♥❝♦♠❡ ❜❡❧♦✇ ✩✺✱✵✵✵✮✱ ❛❣❡ ✭❛♥ ✐♥❞✐❝❛t♦r

❢♦r ②♦✉♥❣❡r t❤❛♥ ✹✵✮✱ ♦r ❧♦✇ ❡❞✉❝❛t✐♦♥ ✭❛♥ ✐♥❞✐❝❛t♦r ❢♦r ❛ ❤✐❣❤ s❝❤♦♦❧ ❞❡❣r❡❡ ♦r ❧❡ss✮✳ ❚❤❡

❛❜s❡♥❝❡ ♦❢ ❛ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ✜♥❞✐♥❣ ✐♥ t❤✐s ❧❛tt❡r ❝❛s❡ ✐s ✐♥t❡r❡st✐♥❣✱ s✐♥❝❡✱ ✐❢ ❜❧❛❝❦

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

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

❝♦♠♣♦rt ✇✐t❤ ♦✉r ❝♦♥❝❡♣t✉❛❧ ❢r❛♠❡✇♦r❦ t❤❛t ❡♠♣❤❛s✐③❡s ❤♦✇ t❤❡ s♦✉r❝❡ ♦❢ t❤❡ ✐♥❢♦r♠❛t✐♦♥

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

❝❧✐♥✐❝❛❧ ❞❡❝✐s✐♦♥✲♠❛❦✐♥❣✳

■♥ ❝♦♥tr❛st✱ ❜♦t❤ P❛♥❡❧s ✭❇✮ ❛♥❞ ✭❈✮ r❡✈❡❛❧ ✐♠♣♦rt❛♥t ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ t❤❡ ❜❧❛❝❦

❞♦❝t♦r tr❡❛t♠❡♥t ❛♥❞ ❡✐t❤❡r ❤❛ss❧❡ ❝♦sts ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ st✉❞② ❝❧✐♥✐❝ ♦r ❧✐♠✐t❡❞ ♣r✐♦r

❤❡❛❧t❤❝❛r❡ ❡①♣❡r✐❡♥❝❡✱ r❡s♣❡❝t✐✈❡❧②✳ ■♥ ♣❛rt✐❝✉❧❛r✱ s✉❜❥❡❝ts ✇❤♦ ✇❡r❡ r❛♥❞♦♠✐③❡❞ t♦ ❛ ❜❧❛❝❦

❞♦❝t♦r ❜✉t ❤❛❞ ❧♦♥❣❡r ✇❛✐t t✐♠❡s ✭❛♥ ✐♥❞✐❝❛t♦r ❢♦r ♦✈❡r ❛♥ ❤♦✉r✮ ❞❡♠❛♥❞❡❞ ♠♦r❡ s❡r✈✐❝❡s

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

❞♦❝t♦r✳ ❙✉❜❥❡❝ts ✇❤♦ ❡①♣❡r✐❡♥❝❡❞ ❤✐❣❤ ❝♦♥❣❡st✐♦♥ ✭❣r❡❛t❡r t❤❛♥ ♥✐♥❡ ♣❡♦♣❧❡ ✐♥ t❤❡ ✇❛✐t✐♥❣

r♦♦♠✱ t❤❡ ✺✵t❤ ♣❡r❝❡♥t✐❧❡✮ ♦r t❤♦s❡ ✇❤♦ ✇❡r❡ r❡❝r✉✐t❡❞ ❢r♦♠ ❢❛rt❤❡r ❛✇❛② ❧♦❝❛t✐♦♥s ✭❧♦♥❣❡r

t❤❛♥ ✶✽ ♠✐♥✉t❡s ❜② ❝❛r✱ t❤❡ ✺✵t❤ ♣❡r❝❡♥t✐❧❡✮ ❛❧s♦ ❡❧❡❝t❡❞ t♦ r❡❝❡✐✈❡ ♠♦r❡ s❡r✈✐❝❡s ✇❤❡♥

r❛♥❞♦♠✐③❡❞ t♦ ❛ ❜❧❛❝❦ ❞♦❝t♦r t❤❛♥ ❛ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r✳✶✹

❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥s ✈✐s✐t t❤❡ ❡♠❡r❣❡♥❝② r♦♦♠ ♠♦r❡ ♦❢t❡♥ t❤❛♥ ♥♦♥✲❍✐s♣❛♥✐❝ ✇❤✐t❡s✱ ✇❤✐❝❤

s♦♠❡ ❤❛✈❡ ❧✐♥❦❡❞ t♦ ❧❛❝❦ ♦❢ ✐♥s✉r❛♥❝❡✱ ❧♦✇❡r s♦❝✐♦❡❝♦♥♦♠✐❝ st❛t✉s✱ ❛♥❞ ♠✐str✉st t❤❛t ♣r❡✲

❝❧✉❞❡s ❤❡❛❧t❤❝❛r❡ ✉t✐❧✐③❛t✐♦♥ ✉♥t✐❧ ❛♥ ❛❞✈❛♥❝❡❞ st❛❣❡ ♦❢ ✐❧❧♥❡ss ✭❆r♥❡tt ❡t ❛❧✳ ✷✵✶✻✱ ❇r♦✇♥

❡t ❛❧✳ ✷✵✶✷✮✳ P❛♥❡❧ ✭❈✮ ❞❡♠♦♥str❛t❡s t❤❛t t❤♦s❡ ✇❤♦ ✉s❡ t❤❡ ❡♠❡r❣❡♥❝② r♦♦♠ ♠♦r❡ ♦❢t❡♥

✐♥❝r❡❛s❡❞ t❤❡✐r ❞❡♠❛♥❞ ❢♦r s❡r✈✐❝❡s ✇❤❡♥ r❛♥❞♦♠✐③❡❞ t♦ ❛ ❜❧❛❝❦ ❞♦❝t♦r✳ ❚❤✐s r❡s✉❧t ✐s ♣❛r✲

t✐❝✉❧❛r❧② str♦♥❣ ❢♦r t❤❡ ✉♥✐♥s✉r❡❞✿ ✐♥ ✉♥r❡♣♦rt❡❞ r❡s✉❧ts✱ t❤❡ ❝♦❡✣❝✐❡♥t ♦♥ t❤❡ ✐♥t❡r❛❝t✐♦♥

❜❡t✇❡❡♥ ❜❧❛❝❦ ❞♦❝t♦r ❛♥❞ ♥✉♠❜❡r ♦❢ ❊❘ ✈✐s✐ts ✐s r♦✉❣❤❧② s❡✈❡♥ t✐♠❡s ❣r❡❛t❡r ✐❢ ❛ s✉❜❥❡❝t r❡✲

♣♦rt❡❞ ❤❛✈✐♥❣ ♥♦ ✐♥s✉r❛♥❝❡✳✶✺ ❙✐♠✐❧❛r❧②✱ t❤♦s❡ ✇❤♦ ❤❛❞ ♥♦ r❡❝❡♥t s❝r❡❡♥✐♥❣ ❤❛❞ ❛ ❤❡✐❣❤t❡♥❡❞

r❡s♣♦♥s❡✳

❘❡s❡❛r❝❤ ✐♥ ♠❡❞✐❝✐♥❡ ✜♥❞s t❤❛t ❜❧❛❝❦ ♠❡♥ ❤❛✈❡ ❤✐❣❤❡r ❧❡✈❡❧s ♦❢ ♠❡❞✐❝❛❧ ♠✐str✉st t❤❛♥

t❤❡✐r ✇❤✐t❡ ❝♦✉♥t❡r♣❛rts✱ ❛♥❞ t❤✐s ♠✐str✉st ✐s ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❞❡❧❛②s ✐♥ ❝❛r❡✱ ❧♦✇❡r ❤❡❛❧t❤❝❛r❡

✉t✐❧✐③❛t✐♦♥✱ ❛♥❞ ✇♦rs❡ ❤❡❛❧t❤ ♦✉t❝♦♠❡s ✭❑✐♥❧♦❝❦ ❡t ❛❧✳ ✷✵✶✼✱ ◆❛♥♥❛ ❡t ❛❧✳ ✷✵✶✽✱ ❍❛♠♠♦♥❞ ❡t

❛❧✳ ✷✵✶✵✮✳ ❆s ❞✐s❝✉ss❡❞ ❛❜♦✈❡✱ ✇❡ ✜♥❞ t❤❛t s✉❜❥❡❝ts ✐♥❝r❡❛s❡❞ t❤❡✐r ❞❡♠❛♥❞ ♦❢ ❛❧❧ ♣r❡✈❡♥t✐✈❡

s❡r✈✐❝❡s ✇❤❡♥ ❛ss✐❣♥❡❞ t♦ ❛ ❜❧❛❝❦ ❞♦❝t♦r✱ ❛♥❞ t❤✐s ❡✛❡❝t ✇❛s ❤❡✐❣❤t❡♥❡❞ ✐❢ t❤❡ s❝r❡❡♥✐♥❣ t❡st

✶✹❚❤❡ ✇❛✐t t✐♠❡ ❛♥❞ ❝♦♥❣❡st✐♦♥ ✐♥t❡r❛❝t✐♦♥s ❤❛✈❡ ❢❡✇❡r ♦❜s❡r✈❛t✐♦♥s ❞✉❡ t♦ ♠✐ss✐♥❣ ❞❛t❛ ❢♦r t❤❡ ✜rst t✇♦
❝❧✐♥✐❝ ❞❛②s✳ ❚❤❡s❡ ✈❛r✐❛❜❧❡s ❛r❡ ❜❛❧❛♥❝❡❞ ❛❝r♦ss ❜❧❛❝❦ ❛♥❞ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r tr❡❛t♠❡♥t✳

✶✺❲❡ ❛❧s♦ ❛s❦❡❞ ❛ q✉❡st✐♦♥ ❛❜♦✉t ✉s✉❛❧ s♦✉r❝❡ ♦❢ ❝❛r❡ ✐♥ t❤❡ ❜❛s❡❧✐♥❡ s✉r✈❡②✱ ❜✉t ♠❛♥② s✉❜❥❡❝ts s❡❧❡❝t❡❞
♠✉❧t✐♣❧❡ ♦♣t✐♦♥s ♠❛❦✐♥❣ t❤❡✐r r❡s♣♦♥s❡s ❞✐✣❝✉❧t t♦ ✐♥t❡r♣r❡t✳ ❆s ✐♥ ❩❤♦✉ ❡t ❛❧✳ ✭✷✵✶✼✮✱ ✇❡ ✜♥❞ t❤❛t t❤❡
✉♥✐♥s✉r❡❞ ✉s❡ t❤❡ ❊❘ ❛t ❛ s✐♠✐❧❛r r❛t❡ t♦ t❤❡ ✐♥s✉r❡❞✱ t❤♦✉❣❤ t❤❡② ❤❛✈❡ ❢❡✇❡r t♦t❛❧ ❤♦s♣✐t❛❧ ❛❞♠✐ss✐♦♥s ❛♥❞
❞♦❝t♦r ✈✐s✐ts✳ ❘❡s✉❧ts ❛✈❛✐❧❛❜❧❡ ♦♥ r❡q✉❡st✳

✶✾



✇❛s ✐♥✈❛s✐✈❡✳ ▼♦r❡ ✐♥✈❛s✐✈❡ ♣r♦❝❡❞✉r❡s✱ s✉❝❤ ❛s t❛❦✐♥❣ ❜❧♦♦❞ ♦r ♣r♦✈✐❞✐♥❣ ✐♥❥❡❝t✐♦♥s✱ r❡q✉✐r❡

❛ ❤✐❣❤❡r ❞❡❣r❡❡ ♦❢ tr✉st ❜❡t✇❡❡♥ ❞♦❝t♦r ❛♥❞ ♣❛t✐❡♥t✳ ❲❡ ❡①❛♠✐♥❡ ✇❤❡t❤❡r ♠❡♥ ✇❤♦ s❝♦r❡❞

❤✐❣❤❡r ♦♥ ♦✉r ♠❡❞✐❝❛❧ ♠✐str✉st ♠❡❛s✉r❡ r❡s♣♦♥❞❡❞ ❞✐✛❡r❡♥t❧② t♦ t❤❡ ❜❧❛❝❦ ❞♦❝t♦r tr❡❛t♠❡♥t

t❤❛♥ ♦t❤❡r ❣r♦✉♣s✳ ■♥ ❈♦❧✉♠♥ ✭✸✮ ♦❢ P❛♥❡❧ ✭❈✮ ✇❡ ✜♥❞ t❤❛t s✉❜❥❡❝ts ✇❡r❡ ✺ ♣❡r❝❡♥t❛❣❡

♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ ♦❜t❛✐♥ ♣r❡✈❡♥t✐✈❡ s❡r✈✐❝❡s ♣❡r ❛ ♦♥❡ ✉♥✐t ✐♥❝r❡❛s❡ ✐♥ ♠❡❞✐❝❛❧ ♠✐str✉st

✭♦♥ ❛ ❝♦❧❧❛♣s❡❞ s❝❛❧❡ ♦❢ ✶✕✸✱ s❡❡ ❉❛t❛ ❆♣♣❡♥❞✐① ❢♦r ❞❡t❛✐❧s✮ ✇❤❡♥ r❛♥❞♦♠✐③❡❞ t♦ ❛ ❜❧❛❝❦

✈s✳ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r✳ ❋♦r t❤❡ ✉♥❝♦❧❧❛♣s❡❞ ♣❤②s✐❝✐❛♥ ♠✐str✉st ♠❡❛s✉r❡ ✭s❝❛❧❡ ♦❢ ✶✕✺✮✱ ✺✵

s✉❜❥❡❝ts s❛✐❞ t❤❡② ✇♦✉❧❞ ✏♥♦t ❛t ❛❧❧✑ tr✉st ❞♦❝t♦rs t♦ ♠❛❦❡ ❞❡❝✐s✐♦♥s ♦♥ t❤❡✐r ❜❡❤❛❧❢✳ ❚❤❡s❡

❤✐❣❤✲♠✐str✉st s✉❜❥❡❝ts ✇❡r❡ ✶✹ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭❝❧✉st❡r❡❞ s✳❡✳ ✵✳✵✻✻✮ ♠♦r❡ ❧✐❦❡❧② t♦ t❛❦❡

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

✏❝♦♠♣❧❡t❡❧②✑ tr✉st❡❞ t❤❡✐r ❞♦❝t♦r✳

❆♥ ❛❞❞✐t✐♦♥❛❧ s♦✉r❝❡ ♦❢ ❞❛t❛ ✇❡ ✉s❡ t♦ ✐♥❢♦r♠ ♠❡❝❤❛♥✐s♠s ✐s ❢r♦♠ ❛ s✉r✈❡② ✇❡ ❝♦♥❞✉❝t❡❞

♦♥ ✶✱✹✾✵ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ❛♥❞ ✇❤✐t❡ ✭s❡❧❢✲✐❞❡♥t✐✜❡❞✮ ♠❛❧❡s✳ ❲❡ ♠❛t❝❤❡❞ t❤❡ s✉r✈❡② s❛♠♣❧❡

t♦ t❤❡ r❡❝r✉✐t❡❞ ♣❛rt✐❝✐♣❛♥ts ✐♥ t❡r♠s ♦❢ ❡❞✉❝❛t✐♦♥✱ s♦ t❤❛t ❛♣♣r♦①✐♠❛t❡❧② ❤❛❧❢ ♦❢ t❤❡ s✉r✈❡②

r❡s♣♦♥❞❡♥ts ❤❛❞ ❛ ❤✐❣❤ s❝❤♦♦❧ ❡❞✉❝❛t✐♦♥ ♦r ❧❡ss✳ ●✐✈❡♥ ❛ ❝❤♦✐❝❡ ❜❡t✇❡❡♥ ❛ ❜❧❛❝❦✱ ✇❤✐t❡✱ ♦r

❆s✐❛♥ ♠❛❧❡ ❞♦❝t♦r✱ r❡s♣♦♥❞❡♥ts ✇❡r❡ ❛s❦❡❞ t♦ ❝❤♦♦s❡ ✇❤✐❝❤ ❞♦❝t♦r r❛♥❦❡❞ t❤❡ ❤✐❣❤❡st ❛❝r♦ss

t❤r❡❡ ❲❍❖ ❞♦♠❛✐♥s✿ q✉❛❧✐t②✱ ❝♦♠♠✉♥✐❝❛t✐♦♥✱ ❛♥❞ ❛❝❝❡ss✐❜✐❧✐t②✳ ❚❤❡ r❡s✉❧ts ❛r❡ r❡♣♦rt❡❞ ✐♥

❚❛❜❧❡ ✽✳

❋✐rst ✇❡ ❡①❛♠✐♥❡ r❡s♣♦♥❞❡♥t ♣r❡❢❡r❡♥❝❡s ❢♦r ❛ ❞♦❝t♦r ♦❢ t❤❡ s❛♠❡ r❛❝❡✱ ✐✳❡✳ ❝♦♥❝♦r❞❛♥❝❡

✭❊q✉❛t✐♦♥ ✷❛✮✳ ■♥ ❈♦❧✉♠♥ ✭✶✮✱ ✇❡ ✜♥❞ t❤❛t ❜❧❛❝❦ r❡s♣♦♥❞❡♥ts ✇❡r❡ ♠♦r❡ ❧✐❦❡❧② t❤❛♥ ✇❤✐t❡

r❡s♣♦♥❞❡♥ts t♦ s❡❧❡❝t ❜❧❛❝❦ ♠❛❧❡ ❞♦❝t♦rs ❛s t❤❡ ♠♦st q✉❛❧✐✜❡❞✳ ❈♦❧✉♠♥ ✭✷✮ ❞❡♠♦♥str❛t❡s t❤❛t

✇❤✐t❡ r❡s♣♦♥❞❡♥ts s❡❧❡❝t❡❞ ✇❤✐t❡ ❞♦❝t♦rs ♠♦r❡ ♦❢t❡♥ t❤❛♥ ❜❧❛❝❦ r❡s♣♦♥❞❡♥ts✳ ❚❤✐s ✜♥❞✐♥❣

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

❧✐❦❡❧② t♦ ❝❤♦♦s❡ ❛ ❝♦♥❝♦r❞❛♥t ♣❤②s✐❝✐❛♥ r❛t❤❡r t❤❛♥ ❛ ❞✐s❝♦r❞❛♥t ♣❤②s✐❝✐❛♥ ✭s❡❡ ❈♦❧✉♠♥s ✭✹✮

❛♥❞ ✭✺✮ ❛♥❞ ❈♦❧✉♠♥s ✭✼✮ ❛♥❞ ✭✽✮✮✳

❙❡❝♦♥❞✱ ✇❡ ❡①❛♠✐♥❡ ✇❤❡t❤❡r ♣r❡❢❡r❡♥❝❡s ❢♦r ❝♦♥❝♦r❞❛♥❝❡ ✈❛r② ❛❝r♦ss r❛❝❡ ✭❊q✉❛t✐♦♥ ✷❜✮✳

❈♦❧✉♠♥ ✭✸✮ t❡sts ✇❤❡t❤❡r r❡s♣♦♥❞❡♥ts ✇❡r❡ ♠♦r❡ ♦r ❧❡ss ❧✐❦❡❧② t♦ r❛t❡ ❝♦♥❝♦r❞❛♥t ❞♦❝t♦rs

❛s ♠♦st q✉❛❧✐✜❡❞✳ ❲❡ ✜♥❞ t❤❛t ✇❤✐t❡ r❡s♣♦♥❞❡♥ts ✇❡r❡ ✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦

s❡❧❡❝t ✇❤✐t❡ ❞♦❝t♦rs ❛s ♠♦st q✉❛❧✐✜❡❞ t❤❛♥ ❜❧❛❝❦ r❡s♣♦♥❞❡♥ts s❡❧❡❝t ❜❧❛❝❦ ❞♦❝t♦rs ❛s t❤❡

♠♦st q✉❛❧✐✜❡❞✳ ❇♦t❤ s❡ts ♦❢ r❡s♣♦♥❞❡♥ts ✈✐❡✇ ❝♦♥❝♦r❞❛♥❝❡ ❛s ✐♠♣♦rt❛♥t ❢♦r ❝♦♠♠✉♥✐❝❛t✐♦♥

✭❛❜♦✉t ✻✾✪✱ s❡❡ ❈♦❧✉♠♥ ✭✻✮✮ ❛♥❞ t❤❡r❡ ✐s ♥♦ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ t✇♦ ❣r♦✉♣s✳ ❚✉r♥✐♥❣

t♦ ❛❝❝❡ss✐❜✐❧✐t②✱ r❡s♣♦♥s❡s ❢r♦♠ t❤❡ t✇♦ ❣r♦✉♣s ❞✐✛❡r s✐❣♥✐✜❝❛♥t❧② ✭❈♦❧✉♠♥ ✭✾✮✮✱ ❛ ♣♦✐♥t ✇❡

r❡t✉r♥ t♦ ✇❤❡♥ ❞✐s❝✉ss✐♥❣ ❡①t❡r♥❛❧ ✈❛❧✐❞✐t②✳

❚❤✐r❞✱ ✇❡ ❡st✐♠❛t❡ ❊q✉❛t✐♦♥ ✷❝✱ ✇❤✐❝❤ t❡sts ✇❤❡t❤❡r ❝♦♥❝♦r❞❛♥❝❡ ✐s str♦♥❣❡r ❢♦r s♦♠❡

❞♦♠❛✐♥s t❤❛♥ ♦t❤❡rs✳ ■♥ ❈♦❧✉♠♥ ✭✶✵✮ ✇❡ ✜♥❞ t❤❛t ❜❧❛❝❦ ❛♥❞ ✇❤✐t❡ r❡s♣♦♥❞❡♥ts ✇❡r❡ ✶✼

♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ s❡❧❡❝t ❛ ❝♦♥❝♦r❞❛♥t ❞♦❝t♦r ✇❤❡♥ t❤❡ q✉❡st✐♦♥ ✇❛s ❛❜♦✉t

✷✵



❝♦♠♠✉♥✐❝❛t✐♦♥ ❛s ♦♣♣♦s❡❞ t♦ ✇❤❡♥ t❤❡ q✉❡st✐♦♥ r❡❢❡rr❡❞ t♦ q✉❛❧✐t②✳ ❚❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢

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

❋✐❣✉r❡ ✺ s✉♠♠❛r✐③❡s t❤❡ r❡s✉❧ts ❢r♦♠ ❚❛❜❧❡ ✽✳ ❚❤❡ ✜❣✉r❡ ♣❧♦ts t❤❡ ♣❡r❝❡♥t ♦❢ r❡s♣♦♥❞❡♥ts

❢r♦♠ ❛ ❣✐✈❡♥ r❛❝❡ s❡❧❡❝t✐♥❣ ❛ ❞♦❝t♦r ♦❢ t❤❡✐r ♦✇♥ r❛❝❡ ❛❝r♦ss t❤❡ t❤r❡❡ ❞♦♠❛✐♥s✳ ❲❡ ✜♥❞ ❛

s❧✐❣❤t ♣r❡❢❡r❡♥❝❡ ❢♦r ❝♦♥❝♦r❞❛♥❝❡ ✇❤❡♥ ✐t ❝♦♠❡s t♦ q✉❛❧✐t②✱ t❤♦✉❣❤ ❜♦t❤ s❡ts ♦❢ r❡s♣♦♥❞❡♥ts

❛r❡ ✈❡r② ❝❧♦s❡ t♦ t❤❡ ✭r❡❞✮ ✺✵ ♣❡r❝❡♥t ❧✐♥❡✱ ✐♥❞✐❝❛t✐♥❣ t❤❛t✱ ♦♥ ❛✈❡r❛❣❡✱ r❡s♣♦♥❞❡♥ts ✇❡r❡

❛s ❧✐❦❡❧② t♦ s❡❧❡❝t ❝♦♥❝♦r❞❛♥t ♣❤②s✐❝✐❛♥s ❛s t❤❡② ✇❡r❡ t♦ s❡❧❡❝t ❞✐s❝♦r❞❛♥t ♣❤②s✐❝✐❛♥s✳ ■♥

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

s❤✐❢t r✐❣❤t✇❛r❞s✿ r❡✢❡❝t✐♥❣ ❛ ❝❧❡❛r ♣r❡❢❡r❡♥❝❡ ❢♦r ❝♦♥❝♦r❞❛♥t ❞♦❝t♦rs✳ ◆❡❛r❧② ✻✺✪ ♦❢ ❜❧❛❝❦

r❡s♣♦♥❞❡♥ts ❛♥❞ ✼✵✪ ♦❢ ✇❤✐t❡ r❡s♣♦♥❞❡♥ts r❡♣♦rt❡❞ t❤❛t ❛ ❞♦❝t♦r ♦❢ t❤❡✐r ♦✇♥ r❛❝❡ ✇♦✉❧❞

✉♥❞❡rst❛♥❞ t❤❡✐r ❝♦♥❝❡r♥s ❜❡st✳

❚♦ ✉♥❞❡rst❛♥❞ ✇❤❡t❤❡r t❤❡s❡ ♣❛tt❡r♥s ❛r❡ ❛❧s♦ ❢♦✉♥❞ ✐♥ ♥❛t✐♦♥❛❧❧② r❡♣r❡s❡♥t❛t✐✈❡ ❞❛t❛✱

✇❡ ✉s❡ t❤❡ ▼❡❞✐❝❛❧ ❊①♣❡♥❞✐t✉r❡ P❛♥❡❧ ❙✉r✈❡② ✭▼❊P❙✮✱ ✇❤✐❝❤ q✉❡r✐❡s ✐♥❞✐✈✐❞✉❛❧s ♦♥ ❝❤❛r❛❝✲

t❡r✐st✐❝s ♦❢ t❤❡✐r ❞♦❝t♦r ❛s ✇❡❧❧ ❛s ✉t✐❧✐③❛t✐♦♥ ✭❇❧❡✇❡tt ❡t ❛❧✳ ✷✵✶✽❜✮✳ ❘❡s♣♦♥❞❡♥ts ✇❡r❡ ♠♦r❡

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

♦❢ t❤❡ r❡s♣♦♥❞❡♥t✳ ❙♣❡❝✐✜❝❛❧❧②✱ ✽✺✪ ♦❢ ✇❤✐t❡ r❡s♣♦♥❞❡♥ts ❛♥❞ ✼✶✪ ♦❢ ❆s✐❛♥ r❡s♣♦♥❞❡♥ts r❡✲

♣♦rt❡❞ t❤❡✐r ✉s✉❛❧ ♠❡❞✐❝❛❧ ♣r♦✈✐❞❡r ✇❛s ♦❢ t❤❡ s❛♠❡ r❛❝❡ ✭s❡❡ ❆♣♣❡♥❞✐① ❚❛❜❧❡ ✻✮✳ ❆❧t❤♦✉❣❤

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

♦♥❧② ✷✻✪ ♦❢ ❜❧❛❝❦ r❡s♣♦♥❞❡♥ts s❛✐❞ t❤❡② ❤❛❞ ❜❧❛❝❦ ❞♦❝t♦rs✳ ❚❤❡ ♣❛tt❡r♥ ❢♦r ❍✐s♣❛♥✐❝s ✐s

s✐♠✐❧❛r✳ ❚❤✐s ♠❛② r❡✢❡❝t ✉♥❞❡r✲r❡♣r❡s❡♥t❛t✐♦♥ ♦❢ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥s ❛♥❞ ❍✐s♣❛♥✐❝s ✐♥ t❤❡

♣❤②s✐❝✐❛♥ ✇♦r❦❢♦r❝❡✱ ❛ ♣♦✐♥t ✇❡ r❡t✉r♥ t♦ ✇❤❡♥ ❞✐s❝✉ss✐♥❣ ❡①t❡r♥❛❧ ✈❛❧✐❞✐t② ❜❡❧♦✇✳

❆♣♣❡♥❞✐① ❚❛❜❧❡ ✼ r❡♣♦rts ❝♦rr❡❧❛t✐♦♥s ❜❡t✇❡❡♥ ♣❛t✐❡♥t✲❞♦❝t♦r ❝♦♥❝♦r❞❛♥❝❡ ❛♥❞ t❤r❡❡

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

t❤✐♥❦ t❤❡✐r ❞♦❝t♦r ❧✐st❡♥s t♦ t❤❡♠ ❝❛r❡❢✉❧❧②✱ ❛♥❞ ✇❤❡t❤❡r t❤❡✐r ❞♦❝t♦r✬s ✐♥str✉❝t✐♦♥s ✇❡r❡

❡❛s② t♦ ✉♥❞❡rst❛♥❞✳ ❚❤❡ s❛♠♣❧❡ ✐s ❧✐♠✐t❡❞ t♦ ❛❞✉❧t ♠❛❧❡s✳ ❚❤❡ ❡st✐♠❛t✐♥❣ ❡q✉❛t✐♦♥ ✐♥❝❧✉❞❡s

✐♥❞✐❝❛t♦rs ❢♦r ♣❛t✐❡♥t ❛♥❞ ❞♦❝t♦r r❛❝❡✴❡t❤♥✐❝✐t② ❛s ✇❡❧❧ ❛s ❝♦♥❝♦r❞❛♥t ✐♥t❡r❛❝t✐♦♥s✳ ❘❡s✉❧ts

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

♦r ✈✐❝❡✲✈❡rs❛✳ ◆❡✈❡rt❤❡❧❡ss✱ t❤❡ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ ❜❧❛❝❦ ♠❛❧❡ ♣❛t✐❡♥t ❛♥❞ ❜❧❛❝❦ ❞♦❝t♦r

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

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

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

❝♦♥s✐st❡♥t❧② s✐❣♥✐✜❝❛♥t ✖ ❛ ✜♥❞✐♥❣ t❤❛t ❞♦❡s ♥♦t s✉♣♣♦rt ❞✐✛❡r❡♥t✐❛❧ q✉❛❧✐t② ♦❢ ❞♦❝t♦rs

❛❝r♦ss r❛❝❡✳ ❙❡❡ ❛❧s♦ t❤❡ ♥❡①t s✉❜s❡❝t✐♦♥ ❢♦r ❢✉rt❤❡r ❡✈✐❞❡♥❝❡ ♦♥ ✭❧❛❝❦ ♦❢✮ ❞✐✛❡r❡♥t✐❛❧ q✉❛❧✐t②

❛❝r♦ss r❛❝❡✳

✷✶



❇✳ ❚❤r❡❛ts t♦ ■♥t❡r♥❛❧ ❱❛❧✐❞✐t②

■♥ t❤✐s s❡❝t✐♦♥✱ ✇❡ ❝♦♥s✐❞❡r ✇❤❡t❤❡r ❞♦❝t♦r r❛❝❡ r❡♣r❡s❡♥ts ❛ ❝❛✉s❛❧ ❡✛❡❝t✳ ❘❛❝❡ ✐s ♥♦t

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

❝♦rr❡❧❛t❡❞ ✇✐t❤ ❛ ❝❤❛r❛❝t❡r✐st✐❝ t❤❛t ✐♥✢✉❡♥❝❡s t❤❡ ❛❜✐❧✐t② ♦❢ ❞♦❝t♦rs t♦ ❡♥❝♦✉r❛❣❡ s✉❜❥❡❝ts

t♦ t❛❦❡ ✉♣ ♣r❡✈❡♥t✐✈❡s ✭✐✳❡✳ ♦✉r ♦✉t❝♦♠❡ ♦❢ ✐♥t❡r❡st✮✳ Pr♦♠✐♥❡♥t ♣♦t❡♥t✐❛❧ ♦♠✐tt❡❞ ✈❛r✐❛❜❧❡s

✐♥❝❧✉❞❡ q✉❛❧✐t② ❛♥❞ ❡✛♦rt✱ ✇❤✐❝❤ ❛r❡ ❤❛r❞ t♦ ♠❡❛s✉r❡ ♦✉ts✐❞❡ ♦❢ t❤❡ ❝❧✐♥✐❝ ❝♦♥t❡①t✳ ■♥

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

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

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

P❤②s✐❝✐❛♥ ◗✉❛❧✐t② ✖ P❤②s✐❝✐❛♥ q✉❛❧✐t② ✐s t❤♦✉❣❤t t♦ ✐♥✢✉❡♥❝❡ ♣❛t✐❡♥t ♦✉t❝♦♠❡s✱ ❜✉t ✐s

❛❝❦♥♦✇❧❡❞❣❡❞ t♦ ❜❡ ❝♦♠♣❧❡① ❛♥❞ ❞✐✣❝✉❧t t♦ ♠❡❛s✉r❡✱ ♣❛rt✐❝✉❧❛r❧② ✐♥ ♣r✐♠❛r② ❝❛r❡ ✭❨♦✉♥❣✱

❘♦❜❡rts✱ ❛♥❞ ❍♦❧❞❡♥ ✷✵✶✼❀ ❆❍❘◗ ✷✵✶✻✮✳ ❙♦♠❡ ♠❡❛s✉r❡s ♦❢ q✉❛❧✐t② ✐♥❝❧✉❞❡ ♠❛❧♣r❛❝t✐❝❡

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

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

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

❚✉r♥✐♥❣ t♦ t❤❡ q✉❛❧✐t② ♠❡tr✐❝s✱ ✜rst✱ ❛❧❧ ❞♦❝t♦rs ✇❡r❡ ✈❡tt❡❞ ❜② ❛ ♠❡❞✐❝❛❧ ❧✐❛❜✐❧✐t② ❝♦♠♣❛♥②

❛♥❞ ❙t❛♥❢♦r❞ ❛tt♦r♥❡②s ❛s ❛ r❡q✉✐r❡♠❡♥t ♦❢ t❤❡✐r ♣❛rt✐❝✐♣❛t✐♦♥✳ ❙❡❝♦♥❞✱ ❛❢t❡r t❤❡ ❡♥❝♦✉♥t❡r✱

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

❡①♣❡r✐❡♥❝❡ ♦♥ ❛ s❝❛❧❡ ♦❢ ✶ t♦ ✺ ❛♥❞ t❤❡♥ ❛s❦❡❞ ✇❤❡t❤❡r t❤❡② ✇♦✉❧❞ r❡❝♦♠♠❡♥❞ t❤❡✐r ❞♦❝t♦r

t♦ ❛ ❢r✐❡♥❞✳ ❆s s❡❡♥ ✐♥ ❚❛❜❧❡ ✻ P❛♥❡❧ ✭❇✮ ❈♦❧✉♠♥s ✭✸✮ ❛♥❞ ✭✺✮ t❤❡r❡ ❛r❡ ♥♦ st❛t✐st✐❝❛❧

❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ r❛t✐♥❣s ❛♥❞ r❡❝♦♠♠❡♥❞❛t✐♦♥s ❛♠♦♥❣ t❤♦s❡ ❛ss✐❣♥❡❞ t♦ ❜❧❛❝❦ ♦r ♥♦♥✲

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

♠❡❛s✉r❡s ✇❡r❡ ❛❧❧ ✈❡r② ❤✐❣❤ ❛♥❞ ✇✐t❤♦✉t ♠✉❝❤ ✈❛r✐❛t✐♦♥✳ ❋♦r ✐♥st❛♥❝❡✱ t❤❡ ♠❡❛♥ ❡①♣❡r✐❡♥❝❡

r❛t✐♥❣ ✇❛s ❛❜♦✉t ✹✳✽ ✇✐t❤ ✽✺✪ ♦❢ s✉❜❥❡❝ts ❝❤❛r❛❝t❡r✐③✐♥❣ ✐t ❛s ❡①❝❡❧❧❡♥t ✭❛ r❛t✐♥❣ ♦❢ ✺✮ ❛♥❞

✾✾✪ s❛②✐♥❣ t❤❡② ✇♦✉❧❞ r❡❝♦♠♠❡♥❞ t❤❡✐r ❞♦❝t♦r t♦ ❛ ❢r✐❡♥❞✳✶✻

❚❤✐r❞✱ ✇❡ ❣❧❡❛♥❡❞ ❞❡t❛✐❧s ♦❢ ❞♦❝t♦rs✬ tr❛✐♥✐♥❣ ❢r♦♠ t❤❡✐r r❡s✉♠❡s ❛♥❞ ❛ st✉❞② ❞♦❝t♦r

s✉r✈❡② q✉❡r②✐♥❣ t❤❡♠ ♦♥ t❤❡✐r ♣❛t✐❡♥t ❞❡♠♦❣r❛♣❤✐❝s✱ ♦✈❡r❛❧❧ ♣❡rs✉❛s✐✈❡♥❡ss✱ ❛♥❞ ✇♦r❦✐♥❣

♠❡❞✐❝❛❧ ❦♥♦✇❧❡❞❣❡ ✉s✐♥❣ ❜♦❛r❞ st②❧❡ q✉❡st✐♦♥s✳ ❚❤❡ ❞♦❝t♦rs ✇❡r❡ ✉♥❜❧✐♥❞❡❞ ❜② t❤❡ t✐♠❡

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

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

tr❛✐♥❡❞ ✐♥ ✐♥t❡r♥❛❧ ♠❡❞✐❝✐♥❡ t❤❛♥ t❤❡✐r ♥♦♥✲❜❧❛❝❦ ❝♦✉♥t❡r♣❛rts ✭s❡❡ ❚❛❜❧❡ ✾ P❛♥❡❧ ✭❆✮✮✳ ◆♦♥✲

❜❧❛❝❦ st✉❞② ❞♦❝t♦rs ✇❡r❡ ♠♦r❡ ❧✐❦❡❧② t♦ st❛t❡ t❤❡✐r ♣❛t✐❡♥ts ❝♦♠♣❧② ✇✐t❤ ♠❡❞✐❝❛❧ ❛❞✈✐❝❡ ❛♥❞

✶✻P❛t✐❡♥ts ♠❛② ♣r♦✈✐❞❡ ❢❡❡❞❜❛❝❦ ❜❛s❡❞ ♦♥ ❛ ❞✐✛❡r❡♥t ♠❛①✐♠❛♥❞ ❛♥❞ s❛t✐s❢❛❝t✐♦♥ s❝♦r❡s ❞♦ ♥♦t s②st❡♠❛t✐✲
❝❛❧❧② ❝♦✈❛r② ✇✐t❤ ♦t❤❡r q✉❛❧✐t② ♠❡tr✐❝s ✭❈❤❛♥❞r❛ ❡t ❛❧✳ ✷✵✶✻✮✳ ❚❤❡r❡ ♠❛② ❛❧s♦ ❜❡ ❜✐❛s ✐♥ ♣❛t✐❡♥t s❛t✐s❢❛❝t✐♦♥
s❝♦r❡s✱ t❤♦✉❣❤ t❤✐s ✇♦✉❧❞ ❜❡ ❛t ♦❞❞s ✇✐t❤ r❡s✉❧ts ✐♥ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡ ✭●❛r❝✐❛ ❡t ❛❧✳ ✷✵✶✾❀ ❙♦tt♦✲
❙❛♥t✐❛❣♦✱ ❙❧❛✈❡♥✱ ❘♦❤r✲❑✐r❝❤❣r❛❜❡r ✷✵✶✾❀ P♦♦❧❡ ✷✵✶✾✮✳

✷✷



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

✐♥✐t✐❛❧❧② r❡❢✉s❡❞ ✭s❡❡ ❚❛❜❧❡ ✾ P❛♥❡❧ ✭❇✮✮✳ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ❞♦❝t♦rs ✇❡r❡ ♠♦r❡ ❧✐❦❡❧② t♦ s❡❡

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

✭❆♣♣❡♥❞✐① ❚❛❜❧❡ ✻✮✳

❚♦ ❢✉rt❤❡r ❛♥❛❧②③❡ q✉❛❧✐t②✱ ✇❡ ♠♦❞✐❢② ❊q✉❛t✐♦♥ ✶ r❡♣❧❛❝✐♥❣ t❤❡ ❜❧❛❝❦ ❞♦❝t♦r ✐♥❞✐❝❛t♦r

✇✐t❤ ❛ ✜①❡❞ ❡✛❡❝t ❢♦r ❡❛❝❤ st✉❞② ❞♦❝t♦r✳ ❲❡ t❤❡♥ ❡①❛♠✐♥❡ ✇❤❛t ❡①♣❧❛✐♥s t❤❡ ❝♦rr❡❧❛t✐♦♥

❜❡t✇❡❡♥ ❞♦❝t♦r ❛ttr✐❜✉t❡s ❛♥❞ t❤❡ ✜①❡❞ ❡✛❡❝t ❡st✐♠❛t❡s ✭s❡❡ ❚❛❜❧❡ ✶✵✮✳ P❤②s✐❝✐❛♥ r❛❝❡

❡①♣❧❛✐♥s ❛♣♣r♦①✐♠❛t❡❧② ✹✺✪ ♦❢ t❤❡ ❝r♦ss✲s❡❝t✐♦♥❛❧ ✈❛r✐❛t✐♦♥ ❛♥❞ ✐s ❤✐❣❤❧② s✐❣♥✐✜❝❛♥t✳ ■♥

❈♦❧✉♠♥ ✭✷✮ ✇❡ ❛❞❞ ❡①♣❡r✐❡♥❝❡ ✇✐t❤ ❜❧❛❝❦ ♠❛❧❡ ♣❛t✐❡♥ts✱ ❛❧t❤♦✉❣❤ t❤❡ ❝♦❡✣❝✐❡♥t ✐s ♣♦s✐t✐✈❡

✐t ♦♥❡✲s✐①t❤ t❤❡ s✐③❡ ♦❢ r❛❝❡ ❛♥❞ ✐s ♥♦t ✐ts❡❧❢ s✐❣♥✐✜❝❛♥t✳ ❲❡ ❛❧s♦ ❢❛✐❧ t♦ ✜♥❞ ❛♥② s✐❣♥✐✜❝❛♥t

❡✛❡❝t ✇❤❡♥ ✐♥t❡r❛❝t✐♥❣ t❤✐s ✈❛r✐❛❜❧❡ ✇✐t❤ ❞♦❝t♦r r❛❝❡✳ ■♥ ❈♦❧✉♠♥s ✭✸✮ t♦ ✭✺✮ ✇❡ ✐♥❝❧✉❞❡

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

✐♥t❡r♥✐st✱ r❡s♣❡❝t✐✈❡❧②✳ ❆❧❧ ❞♦ ❧✐tt❧❡ t♦ ❡①♣❧❛✐♥ t❤❡ ✈❛r✐❛t✐♦♥ ✐♥ ✜①❡❞ ❡✛❡❝ts✳ ❈♦❧✉♠♥ ✭✻✮

✐♥❝❧✉❞❡s ❛❧❧ t❤❡ ❛❢♦r❡♠❡♥t✐♦♥❡❞ ❝♦✈❛r✐❛t❡s ✐♥ t❤❡ s❛♠❡ s♣❡❝✐✜❝❛t✐♦♥✳ ❈♦♠♣❛r✐♥❣ ❈♦❧✉♠♥ ✭✶✮

❛♥❞ ✭✻✮✱ r❛❝❡ ❛❝❝♦✉♥ts ❢♦r ❛❜♦✉t ✽✻✪ ♦❢ t❤❡ ❘✲sq✉❛r❡❞✳✶✼

■❢ r❛❝❡ ♦❢ ❞♦❝t♦r ✐♥ t❤❡ st✉❞② ✇❛s ❤✐❣❤❧② ❝♦rr❡❧❛t❡❞ ✇✐t❤ q✉❛❧✐t②✱ t❤❡♥ ✇❡ s❤♦✉❧❞ ✜♥❞ ❜❧❛❝❦

❞♦❝t♦rs ♣❡r❢♦r♠ ❜❡tt❡r ♦♥ s✉❜❥❡❝ts ❢r♦♠ ❛❧❧ ❜❛❝❦❣r♦✉♥❞s✳ ❚✇❡❧✈❡ ✐♥❞✐✈✐❞✉❛❧s ❞✐❞ ♥♦t ✐❞❡♥t✐❢②

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

♣❛rt✐❝✐♣❛t❡ ❞✉r✐♥❣ r❡❝r✉✐t♠❡♥t✳ ❚❤❡s❡ ❝❧✐❡♥ts ✇❡r❡ r❛♥❞♦♠✐③❡❞ ❛❝r♦ss ❡✐❣❤t ♦❢ t❤❡ ❢♦✉rt❡❡♥

st✉❞② ❞♦❝t♦rs✱ ❡q✉❛❧❧② ❜❛❧❛♥❝❡❞ ❜② r❛❝❡✱ ❛♥❞ ✇❡r❡ ✷✵ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❧❡ss ❧✐❦❡❧② t♦ ❝❤♦♦s❡

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

t♦ ❛ ♣❧❛❝❡❜♦ t❡st ✇❤❡r❡ ✇❡ r❛♥❞♦♠❧② s❡❧❡❝t ✶✷ ✐♥✲s❛♠♣❧❡ s✉❜❥❡❝ts ❛♥❞ r❡❣r❡ss t❤❡ s❤❛r❡ ♦❢

s❡r✈✐❝❡s r❡❝❡✐✈❡❞ ♦♥ ❜❧❛❝❦ ❞♦❝t♦r✳ ❲❡ ✜♥❞ t❤❛t t❤❡ ❝♦❡✣❝✐❡♥t ♦♥ ❜❧❛❝❦ ❞♦❝t♦r ❢♦r t❤❡ ♦✉t✲♦❢✲

s❛♠♣❧❡ ❣r♦✉♣ ✐s ❧♦✇❡r t❤❛♥ ✾✼ ♣❡r❝❡♥t ♦❢ t❤❡s❡ ❜♦♦tstr❛♣ ❝♦❡✣❝✐❡♥ts ✭s❡❡ ❋✐❣✉r❡ ✻✮✳❚♦ t❤❡

❡①t❡♥t t❤❛t q✉❛❧✐t② ✐s ❛ r❡❧❛t✐✈❡❧② st❛❜❧❡ ❛ttr✐❜✉t❡ ♦❢ ❛ ❝❧✐♥✐❝✐❛♥✱ t❤✐s ✜♥❞✐♥❣ ✐s ✐♥❝♦♥s✐st❡♥t

✇✐t❤ ❛ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ❞♦❝t♦r r❛❝❡ ❛♥❞ q✉❛❧✐t② ❝♦♥❢♦✉♥❞✐♥❣ t❤❡ ✐♥t❡r♣r❡t❛t✐♦♥ ♦❢ ♦✉r

r❡s✉❧ts✳ ❚❤❡s❡ r❡s✉❧ts ♠❛② ✉♥❞❡rst❛t❡ r❛❝✐❛❧ ❞✐s❝♦r❞❛♥❝❡ ❣✐✈❡♥ t❤❛t t❤❡ s✉❜❥❡❝ts ✇❡r❡ st✐❧❧

r❡❝r✉✐t❡❞ ❢r♦♠ ❜❧❛❝❦ ❜❛r❜❡rs❤♦♣s✳ ■♥ ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ✸ P❛♥❡❧ ✭❆✮ ✇❡ ❞♦ ♥♦t ✜♥❞ ❛ s✐❣♥✐✜❝❛♥t

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

t❤❛t ♥♦♥✲❝r✐t❡r✐❛ s✉❜❥❡❝ts ❛r❡ ♠✉❝❤ ❧❡ss ❧✐❦❡❧② t♦ t❛❧❦ t♦ ❜❧❛❝❦ ❞♦❝t♦rs ✭❆♣♣❡♥❞✐① ❋✐❣✉r❡ ✸

P❛♥❡❧ ✭❇✮✮✳

✶✼❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡ ❘✲sq✉❛r❡❞ ✇✐t❤ ❛❧❧ ♦❢ t❤❡ ❝♦♥tr♦❧ ✈❛r✐❛❜❧❡s ❡①❝❡♣t t❤❡ ❜❧❛❝❦ ❞♦❝t♦r ✐♥❞✐❝❛t♦r ✐s ❡q✉❛❧
t♦ ✵✳✶✽✸✳ ❚❤✉s✱ ❜❧❛❝❦ ❞♦❝t♦r r❡♣r❡s❡♥ts ✹✶✪ ♦❢ t❤❡ r❡s✐❞✉❛❧ ✈❛r✐❛t✐♦♥ ✭✭✵✳✺✶✻ ✲ ✵✳✶✽✸✮ ✴ ✭✶ ✲ ✵✳✶✽✸✮✮✳ ❲❡
❛❧s♦ t❡st❡❞ ✇❤❡t❤❡r ♣❤②s✐❝✐❛♥s ✐♠♣r♦✈❡❞ ♦✈❡r t✐♠❡ ❛t t❤❡ ❝❧✐♥✐❝✳ ❙♣❡❝✐✜❝❛❧❧②✱ ✇❡ ❝♦❧❧❛♣s❡❞ t❤❡ ❞❛t❛ t♦ t❤❡
♣❤②s✐❝✐❛♥✲✈✐s✐t ❞❛t❡ ❧❡✈❡❧ ❛♥❞ r❡❣r❡ss❡❞ t❤❡ ♣♦st✲❝♦♥s✉❧t❛t✐♦♥ t❛❦❡✲✉♣ ♦♥ ❜❧❛❝❦ ❞♦❝t♦r ❛♥❞ ❛ ❝♦✉♥t ♦❢ t❤❡
✈✐s✐t ❞❛② ♥✉♠❜❡r ❢♦r ❡❛❝❤ ❞♦❝t♦r✳ ❚❤❡ ❝♦❡✣❝✐❡♥t ♦♥ ✈✐s✐t ❞❛② ♥✉♠❜❡r ✐s ✲✵✳✵✵✹ ❛♥❞ ✐♥s✐❣♥✐✜❝❛♥t❀ t❤❡ ❜❧❛❝❦
❞♦❝t♦r ❝♦❡✣❝✐❡♥t ✐s ✵✳✶✽✼ ✭s✳❡✳ ✵✳✵✹✽✮✳

✷✸



❆s ❛♥ ❛❞❞✐t✐♦♥❛❧ ♠❡❛s✉r❡ ♦❢ ✇✐t❤✐♥ st✉❞② q✉❛❧✐t②✱ ✇❡ t❛❜✉❧❛t❡ t❤❡ ♥✉♠❜❡r ♦❢ ♠❡❝❤❛♥✐❝❛❧

❡rr♦rs ♦♥ t❤❡ ♠❡❞✐❝❛❧ ❞❡✈✐❝❡s ❜② ❞♦❝t♦r✳ ❚❤❡r❡ ✇❡r❡ ✈❡r② ❢❡✇ ❡rr♦rs ✐♥ t♦t❛❧ ❛♥❞ t❤❡② ❞✐❞

♥♦t ✈❛r② ❛❝r♦ss r❛❝❡✳ ❋✐♥❛❧❧②✱ ✇❡ ✜♥❞ ♥♦ ❞✐✛❡r❡♥❝❡s ✐♥ ♦♥❧✐♥❡ r❛t✐♥❣s ♦❢ t❤❡ st✉❞② ❞♦❝t♦rs

♦♥ t❤❡ s✐t❡ ✈✐t❛❧s✳❝♦♠✳ ❖♥ ❛ s❝❛❧❡ ♦❢ ✶ t♦ ✺✱ t❤❡ ❛✈❡r❛❣❡ ❜❧❛❝❦ ❞♦❝t♦r s❝♦r❡ ✇❛s ✹✳✹ ❛♥❞ t❤❡

❛✈❡r❛❣❡ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r s❝♦r❡ ✇❛s ✹✳✻✱ t❤♦✉❣❤ ♥♦t ❛❧❧ ♦❢ t❤❡ ❞♦❝t♦rs ✇❡r❡ r❛t❡❞ ♦♥ t❤❡ s✐t❡✳

P❤②s✐❝✐❛♥ ❊✛♦rt ✖ ❆♥♦t❤❡r ♣♦t❡♥t✐❛❧ ❡①♣❧❛♥❛t✐♦♥ ✐s t❤❛t ❜❧❛❝❦ ❞♦❝t♦rs ❡①❡rt❡❞ ♠♦r❡

❡✛♦rt ✇❤❡♥ ✇♦r❦✐♥❣ ✇✐t❤ ❜❧❛❝❦ ♣❛t✐❡♥ts t❤❛♥ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs✳ ❙✐♠✐❧❛r t♦ q✉❛❧✐t②✱ ♣❤②s✐❝✐❛♥

❡✛♦rt ✐s ❞✐✣❝✉❧t t♦ ♠❡❛s✉r❡✳ ❖❢t❡♥✱ t✐♠❡ s♣❡♥t ✇✐t❤ t❤❡ ♣❛t✐❡♥t ✐s ✉s❡❞ ❛s ❛ ♠❡tr✐❝✱ ❜✉t

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

t✐♠❡ ❝♦✉❧❞ r❡✢❡❝t t❤❡ tr❡❛t♠❡♥t ❡✛❡❝t ✭✐✳❡✳ s✉❜❥❡❝ts ❡❧❡❝t t♦ r❡❝❡✐✈❡ ♠♦r❡ s❡r✈✐❝❡s ❢r♦♠ ❜❧❛❝❦

❞♦❝t♦rs✮✱ ❧♦✇ q✉❛❧✐t② ✭✐✳❡✳ ❞✐✣❝✉❧t② ♣❡r❢♦r♠✐♥❣ t❤❡ t❡st✮✱ ♦r ❝♦♠♠✉♥✐❝❛t✐♦♥ ✭✐✳❡✳ ❛ ❜❡tt❡r

♣❛t✐❡♥t✲❞♦❝t♦r ❝♦♥♥❡❝t✐♦♥ ❢❛❝✐❧✐t❛t✐♥❣ ❝r❡❞✐❜❧❡ ✐♥❢♦r♠❛t✐♦♥ ❡①❝❤❛♥❣❡✮✳ ■♥ ❚❛❜❧❡ ✻ P❛♥❡❧ ✭❇✮

❈♦❧✉♠♥ ✭✶✮ ✇❡ ✜♥❞ t❤❛t ❜❧❛❝❦ ❞♦❝t♦rs s♣❡♥t ❛♣♣r♦①✐♠❛t❡❧② ❢♦✉r ♠♦r❡ ♠✐♥✉t❡s ✇✐t❤ s✉❜❥❡❝ts✳

❍♦✇❡✈❡r✱ t❤✐s ✜♥❞✐♥❣ ✐s ♠❛✐♥❧② r❡❧❛t❡❞ t♦ ♦✉r tr❡❛t♠❡♥t ❡✛❡❝t ♦❢ ❜❧❛❝❦ ❞♦❝t♦r ♦♥ ✐♥✈❛s✐✈❡

❡①❛♠ t❛❦❡✲✉♣✳ ■♥❞❡❡❞ ✇❤❡♥ ✇❡ ❝♦♥❞✐t✐♦♥ ♦♥ s✉❝❤ t❛❦❡✲✉♣ ✭P❛♥❡❧ ✭❇✮ ❈♦❧✉♠♥ ✭✷✮✮ ♥❡✐t❤❡r t❤❡

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

t❡st✐♥❣ ❞♦❡s ❧❡♥❣t❤❡♥ t❤❡ ❡♥❝♦✉♥t❡r ❜② ✶✷ ♠✐♥✉t❡s✳✶✽

❲❡ ❛❧s♦ ❡①❛♠✐♥❡ ✇❤❡t❤❡r st✉❞② ❞♦❝t♦rs ❡①❡rt❡❞ ♠♦r❡ ❡✛♦rt ❜② t❛r❣❡t✐♥❣ s❡r✈✐❝❡s t♦ t❤❡

t❤♦s❡ ❛t ✐♥❝r❡❛s❡❞ r✐s❦ ❢♦r ❞✐s❡❛s❡ ✭❛s ❞❡✜♥❡❞ ❜② ♥❛t✐♦♥❛❧ ❣✉✐❞❡❧✐♥❡s ✖ s❡❡ ❉❛t❛ ❆♣♣❡♥❞✐① ❢♦r

❞❡t❛✐❧s✮✳ ❙✉❝❤ t❛r❣❡t✐♥❣ ✇♦✉❧❞ r❡q✉✐r❡ ❝❧✐♥✐❝❛❧ ❛❝✉♠❡♥ ❛♥❞ ❡✛♦rt s✐♥❝❡ ❞♦❝t♦rs ✇❡r❡ ♣r♦✈✐❞❡❞

♥♦ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ s✉❜❥❡❝ts✬ ♠❡❞✐❝❛❧ ❤✐st♦r✐❡s ♣r✐♦r t♦ t❤❡✐r ❜r✐❡❢ ❡♥❝♦✉♥t❡r✳ ❘❡s✉❧ts ✐♥

❆♣♣❡♥❞✐① ❚❛❜❧❡ ✽ ❢❛✐❧ t♦ ✜♥❞ ❡✈✐❞❡♥❝❡ ♦❢ t❛r❣❡t✐♥❣✳

❖✉t❧✐❡rs ✖ ❆ t❤✐r❞ ♣♦ss✐❜✐❧✐t② ✐s t❤❛t ♦✉r r❡s✉❧ts ❛r❡ ❞r✐✈❡♥ ❜② ♦✉t❧✐❡rs✳ ❆s ♥♦t❡❞ ❛❜♦✈❡✱

t❤❡r❡ ❛r❡ ♥♦ ♣r♦♠✐♥❡♥t ❞✐✛❡r❡♥❝❡s ✐♥ ♦❜s❡r✈❛❜❧❡s ✭✐❢ ❛♥②t❤✐♥❣✱ t❤❡ s❡t ♦❢ ❜❧❛❝❦ ❞♦❝t♦rs ❛t✲

t❡♥❞❡❞ ❧♦✇❡r r❛♥❦❡❞ ♠❡❞✐❝❛❧ s❝❤♦♦❧s ❛♥❞ ✇❡r❡ s❧✐❣❤t❧② ❧❡ss ❧✐❦❡❧② t♦ ❜❡ ✐♥t❡r♥✐sts✱ s❡❡ ❚❛❜❧❡

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

❞♦❝t♦r ❡✛❡❝t ❞r♦♣♣✐♥❣ ♦♥❡ ❞♦❝t♦r ❛t ❛ t✐♠❡✳ ❚❤❡ r❡s✉❧ts ❣❛t❤❡r❡❞ ✐♥ ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ✹

❞❡♠♦♥str❛t❡ t❤❛t t❤❡ r❡s✉❧ts ❛r❡ r❡♠❛r❦❛❜❧② st❛❜❧❡ ❛❝r♦ss t❤❡ ❧❡❛✈❡✲♦♥❡✲♦✉t ❡st✐♠❛t❡s✳ ■❢ ✇❡

❞r♦♣ t❤❡ ✏❜❡st✑ ❜❧❛❝❦ ❞♦❝t♦r✱ ✇❡ ♦❜t❛✐♥ ❛ ❝♦♥s✐st❡♥t ❝♦❡✣❝✐❡♥t ♦❢ ✵✳✶✷✵ ✭❝❧✉st❡r s✳❡✳ ✵✳✵✹✸✮✳

■♥ t❤❡ ♠♦st str✐♥❣❡♥t ❝♦♥❞✐t✐♦♥✱ ✇❡ ♦♠✐t t❤❡ ✏❜❡st✑ ❜❧❛❝❦ ❛♥❞ t❤❡ ✏✇♦rst✑ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r

❛♥❞ st✐❧❧ ✜♥❞ ❛ tr❡❛t♠❡♥t ❡✛❡❝t ♥❡❛r ✶✶ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✳ ❚❤❡ r❛♥❞♦♠✐③❛t✐♦♥ ✐♥❢❡r❡♥❝❡

♣r♦❝❡❞✉r❡ ❛❧s♦ ❛❞❞r❡ss❡s t❤✐s ❝♦♥❝❡r♥✳

❉✐s❝r✐♠✐♥❛t✐♦♥ ✖ ❆ ❢♦✉rt❤ ♣♦ss✐❜✐❧✐t② ✐s t❤❛t s✉❜❥❡❝ts ❞❡r✐✈❡ ❞✐s✉t✐❧✐t② ❢r♦♠ ♥♦♥✲❜❧❛❝❦

❞♦❝t♦rs t❤✉s ❞❡❝r❡❛s✐♥❣ ❞❡♠❛♥❞✳ ❖✉r r❡s✉❧ts s✉❣❣❡st t❤✐s ✐s ✉♥❧✐❦❡❧②✳ ❋✐rst✱ ✐❢ ❛✈❡rs✐♦♥ ❢♦r ❛

✶✽▲✐❦❡✇✐s❡✱ ❆♣♣❡♥❞✐① ❚❛❜❧❡ ✺ P❛♥❡❧ ✭❇✮ ❈♦❧✉♠♥ ✭✶✮ ❝♦♥tr♦❧s ❢♦r ❡❛❝❤ ✐♥❞✐✈✐❞✉❛❧ t❡st ❛♥❞ s❤♦✇s t❤❛t ✈✐s✐ts
✇✐t❤ ❜❧❛❝❦ ❞♦❝t♦rs ✇❡r❡ ❛❜♦✉t ♦♥❡ ♠✐♥✉t❡ ❧♦♥❣❡r✱ t❤♦✉❣❤ ♥♦t s✐❣♥✐✜❝❛♥t❧② s♦✳

✷✹



♣❛rt✐❝✉❧❛r r❛❝❡ ✇❛s str♦♥❣✱ ✇❡ ✇♦✉❧❞ ❤❛✈❡ ❡①♣❡❝t❡❞ t♦ ♦❜s❡r✈❡ t❤✐s ✐♥ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥

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

t❤♦✉❣❤✱ ✇❡ ✜♥❞ ♥♦ st❛t✐st✐❝❛❧ ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ t❛❜❧❡t s❡❧❡❝t✐♦♥s ✭❚❛❜❧❡ ✸✮✳

❙❡❝♦♥❞✱ ✐♥ t❤❡ ♣♦st✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡✱ ✇❡ ✜♥❞ t❤❛t✱ ♦♥ ❛✈❡r❛❣❡✱ s✉❜❥❡❝ts ❛ss✐❣♥❡❞ t♦ ♥♦♥✲

❜❧❛❝❦ ❞♦❝t♦rs ✐♥❝r❡❛s❡❞ t❤❡✐r ❞❡♠❛♥❞ r❡❧❛t✐✈❡ t♦ t❤❡ ♣r❡✲❝♦♥s✉❧t❛t✐♦♥ st❛❣❡ ✭s❡❡ ❧✐❣❤t ✭❣r❛②✮

❜❛rs ✐♥ ❋✐❣✉r❡ ✸✮✱ ❥✉st ♥♦t ❛s ♠✉❝❤ ♦❢ ❛♥ ✐♥❝r❡❛s❡ ❛s ✇✐t❤ ❜❧❛❝❦ ❞♦❝t♦rs ✭❛♥❞ ♥♦t ❛t ❛❧❧ ✇✐t❤

✐♥✈❛s✐✈❡ ❡①❛♠s✮✳

❉✐s❝r✐♠✐♥❛t✐♦♥ ❜② ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs ❝♦✉❧❞ ♠❛♥✐❢❡st ❛s ❤✐❣❤❡r r✐s❦ t❤r❡s❤♦❧❞s t♦ t❡st

❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♣❛t✐❡♥ts ❢♦r ❞✐s❡❛s❡✳ ❈❤❛♥❞r❛ ❛♥❞ ❙t❛✐❣❡r ✭✷✵✶✵✮ ♥♦t❡ t❤❡ ✏❇❡❝❦❡r✐❛♥ ✐♥✲

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

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

♦♠♠❡♥❞✐♥❣ ❛ tr❡❛t♠❡♥t t♦ ♥♦♥✲♠✐♥♦r✐t② ♣❛t✐❡♥ts ✐❢ ✐t ♣r♦❧♦♥❣s t❤❡✐r ❧✐❢❡ ❜② ❛t ❧❡❛st t❤r❡❡

♠♦♥t❤s✱ ❜✉t ♦♥❧② tr❡❛t✐♥❣ ♠✐♥♦r✐t② ♣❛t✐❡♥ts ✐❢ ✐t ♣r♦❧♦♥❣s t❤❡✐r ❧✐❢❡ ❜② ❛t ❧❡❛st ✜✈❡ ♠♦♥t❤s✮✳✑

❨❡t t❤❡ ❞✐str✐❜✉t✐♦♥s ♦❢ t❡st r❡s✉❧ts ❝♦♥❞✐t✐♦♥❛❧ ♦♥ t❡st✐♥❣✱ ♣r❡s❡♥t❡❞ ✐♥ ❋✐❣✉r❡ ✼✱ ❛r❡ ✐♥✲

❞✐st✐♥❣✉✐s❤❛❜❧❡ ❛❝r♦ss r❛❝❡ ❣r♦✉♣s✱ s✉❣❣❡st✐♥❣ ❜♦t❤ s❡ts ♦❢ ❞♦❝t♦rs ✇❡r❡ ❢♦❧❧♦✇✐♥❣ ♣r♦t♦❝♦❧

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

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

✈❛r✐❛t✐♦♥ ✐♥ s✉❜❥❡❝t ❢❡❡❞❜❛❝❦ ❛❝r♦ss ❞♦❝t♦r r❛❝❡ ❛♥❞ ❧♦✇❡r s❝♦r❡s ❢♦r ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs✳ ■♥✲

st❡❛❞ ✇❡ ✜♥❞ t❤❛t t❤❡ ❛✈❡r❛❣❡ r❛t✐♥❣s ✇❡r❡ ✈❡r② ❤✐❣❤ ❛♥❞ t❤❡r❡ ✇❛s ♥♦ ❞✐✛❡r❡♥❝❡ ❛❝r♦ss

❞♦❝t♦r r❛❝❡✳

❲❡ q✉❛❧✐t❛t✐✈❡❧② ❡①❛♠✐♥❡ t❤❡ s✉❜❥❡❝t ❝♦♠♠❡♥ts r❡❣❛r❞✐♥❣ t❤❡ ❝❧✐♥✐❝❛❧ ❡①♣❡r✐❡♥❝❡ ❜②

✈✐s✉❛❧✐③✐♥❣ t❤❡ ♦❝❝✉rr❡♥❝❡ ♦❢ s♣❡❝✐✜❝ ✇♦r❞s ✉s✐♥❣ t❤❡ ❲♦r❞❙t❛t ❝♦♥t❡♥t ❛♥❛❧②s✐s s♦❢t✇❛r❡✳

❚❤❡ ♣❧♦ts ♦❢ t❤❡ s✉❜❥❡❝t ❝♦♠♠❡♥ts ❛r❡ ✐♥❞✐st✐♥❣✉✐s❤❛❜❧❡ ❛❝r♦ss t❤♦s❡ ❛ss✐❣♥❡❞ t♦ ❜❧❛❝❦ ❛♥❞

♥♦♥✲❜❧❛❝❦ ♣❤②s✐❝✐❛♥s ✭❆♣♣❡♥❞✐① ❋✐❣✉r❡ ✺✮✳ ❚❤❡ s❛♠❡ ❛♥❛❧②s✐s ❢♦❝✉s❡❞ ♦♥ ❞♦❝t♦rs✬ ♥♦t❡s

✭❆♣♣❡♥❞✐① ❋✐❣✉r❡ ✻✮ ✐❧❧✉str❛t❡s t❤❡ ❝❡♥tr❛❧✐t② ♦❢ t❤❡ ✇♦r❞ ✏P❈P✑ ❢♦r ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs ❛♥❞

✏♣❛t✐❡♥t✑ ❢♦r ❜❧❛❝❦ ❞♦❝t♦rs✳ ❲❡ ❡①❛♠✐♥❡❞ t❤❡ ♥❛t✉r❡ ♦❢ t❤✐s ❞✐✛❡r❡♥❝❡ ❛♥❞ ❢♦✉♥❞ t❤❛t ♥♦♥✲

❜❧❛❝❦ ❞♦❝t♦rs ✇❡r❡ ♦❢t❡♥ r❡❝♦r❞✐♥❣ r❡❛s♦♥s ❢♦r r❡❢✉s❛❧s ✖ t❤❡ ♠♦st ❝♦♠♠♦♥ ❜❡✐♥❣ t❤❛t t❤❡

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

♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs✱ ✻✵✪ ♦❢ t❤❡ r❡❢❡r❡♥❝❡s t♦ P❈P ✐♥ t❤❡ ❞♦❝t♦r ♥♦t❡s ❛r❡ ✐♥ t❤❡ ❝♦♥t❡①t ♦❢

❛♥ ❡①❝✉s❡ ✭❡✳❣✳ ✏❝❤♦❧❡st❡r♦❧ ❛♥❞ ✢✉ s❤♦t ❢r♦♠ P❈P✑✮✱ ✇❤❡r❡❛s t❤✐s ♦❝❝✉rs ✐♥ ♦♥❧② ✶✹✪ ♦❢ t❤❡

r❡❢❡r❡♥❝❡s t♦ P❈P ❜② ❜❧❛❝❦ ❞♦❝t♦rs✳

❈✳ ❚❤r❡❛ts t♦ ❊①t❡r♥❛❧ ❱❛❧✐❞✐t②

■♥ ♦r❞❡r t♦ ❜❡♥❝❤♠❛r❦ ♦✉r r❡s✉❧ts ❛♥❞ ❛ss❡ss t❤❡✐r r❡❧❡✈❛♥❝❡ ❢♦r t❤❡ ❧❛r❣❡r ❞✐s❝✉ss✐♦♥ ♦♥

r❡❞✉❝✐♥❣ ❤❡❛❧t❤ ❞✐s♣❛r✐t✐❡s ✐♥ t❤❡ ❯✳❙✳✱ ✐t✬s ✐♠♣♦rt❛♥t t♦ ❝♦♠♣❛r❡ ♦✉r st✉❞② ❞♦❝t♦rs ❛♥❞

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

✷✺



❝❛✉t✐♦♥✳

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

❧✐❦❡❧② t♦ ❜❡ ✉♥✐♥s✉r❡❞ ✭✷✽✪✮ ❛♥❞ ✉♥❡♠♣❧♦②❡❞ ✭✸✶✪✮✱ ❛s ❝♦♠♣❛r❡❞ t♦ ❜❧❛❝❦ ♠❡♥ ✐♥ t❤❡ ❯✳❙✳

✭❛❜♦✉t ✶✼✪ ❛♥❞ ✼✪✱ r❡s♣❡❝t✐✈❡❧②✮✳✶✾ ❋♦r t❤❡ ❡♥t✐r❡ st✉❞② s❛♠♣❧❡✱ ✐♥❝❧✉❞✐♥❣ t❤♦s❡ ✇❤♦ ❞✐❞

♥♦t ❝♦♠❡ t♦ t❤❡ ❝❧✐♥✐❝✱ t❤❡ ❛✈❡r❛❣❡ ✉♥✐♥s✉r❡❞ r❛t❡ ✇❛s ✷✻✪ ❛♥❞ t❤❡ ✉♥❡♠♣❧♦②♠❡♥t r❛t❡ ✇❛s

✷✹✪✳ ❍♦✇❡✈❡r✱ t❤❡ st✉❞② s❛♠♣❧❡s ❛r❡ ✈❡r② s✐♠✐❧❛r ✐♥ t❡r♠s ♦❢ ❛✈❡r❛❣❡ ❛❣❡ ❛♥❞ ❡❞✉❝❛t✐♦♥

r❡❧❛t✐✈❡ t♦ t❤❡ r❡st ♦❢ t❤❡ ❯✳❙✳ ✭✹✸ ②❡❛rs ❛♥❞ ✺✽✪ ✇✐t❤ ❛ ❤✐❣❤ s❝❤♦♦❧ ❡❞✉❝❛t✐♦♥ ♦r ❧❡ss ✐♥ t❤❡

❯✳❙✳ ✈❡rs✉s ✹✸ ②❡❛rs ❛♥❞ ✻✸✪ ✇✐t❤ ❛ ❤✐❣❤ s❝❤♦♦❧ ❡❞✉❝❛t✐♦♥ ♦r ❧❡ss ✐♥ t❤❡ ❝❧✐♥✐❝ s❛♠♣❧❡ ❛♥❞

✹✸ ②❡❛rs ❛♥❞ ✺✸✪ ❢♦r ❛❧❧ r❡❝r✉✐t❡❞✮✳

❚✉r♥✐♥❣ t♦ ❤❡❛❧t❤ ❝❤❛r❛❝t❡r✐st✐❝s✱ t❤❡ ❛✈❡r❛❣❡ ✈❛❧✉❡ ❢♦r s②st♦❧✐❝ ❜❧♦♦❞ ♣r❡ss✉r❡ ✇❛s ✶✸✷✳✼

♠♠ ❍❣ ❝♦♥s✐st❡♥t ✇✐t❤ st❛❣❡ ✶ ❤②♣❡rt❡♥s✐♦♥ ✭❞✐str✐❜✉t✐♦♥s ♦❢ ♠❡❞✐❝❛❧ s❝r❡❡♥✐♥❣ r❡s✉❧ts ❛r❡

❞✐s♣❧❛②❡❞ ✐♥ ❋✐❣✉r❡ ✼✮✳ ❚❤❡ ❛✈❡r❛❣❡ ❇▼■ ✈❛❧✉❡ ✇❛s ✷✼✳✹ ❦❣✴♠2 ❝♦♥s✐st❡♥t ✇✐t❤ ❛♥ ♦✈❡r✇❡✐❣❤t

❝❛t❡❣♦r✐③❛t✐♦♥✳ ❚❤❡ ❛✈❡r❛❣❡ ❤❡♠♦❣❧♦❜✐♥ ❆✶❝ ✇❛s ✺✳✽✪✱ ❝♦♥s✐st❡♥t ✇✐t❤ ❛ ❞✐❛❣♥♦s✐s ♦❢ ♣r❡✲

❞✐❛❜❡t❡s✳ ❆❜♦✉t ✶✳✹✪ ♦❢ t❤❡ s❛♠♣❧❡ ❤❛❞ ❛ ❤②♣❡rt❡♥s✐✈❡ ❝r✐s✐s ✖ ❛ ❝r✐t✐❝❛❧❧② ❤✐❣❤ ✈❛❧✉❡ ♦❢

❜❧♦♦❞ ♣r❡ss✉r❡ r❡q✉✐r✐♥❣ ✉r❣❡♥t ❝❛r❡✱ ✹✳✹✪ ✇❡r❡ ♠♦r❜✐❞❧② ♦❜❡s❡✱ ❛♥❞ ✸✳✶✪ ♦❢ t❤❡ s✉❜❥❡❝ts

❤❛❞ ❛ ❤❡♠♦❣❧♦❜✐♥ ❆✶❝ ✈❛❧✉❡ ✐♥ t❤❡ s❡r✐♦✉s❧② ❡❧❡✈❛t❡❞ r❛♥❣❡ ✭✐✳❡✳ ❃✾✪✮✳

■♥ t❡r♠s ♦❢ ❞✐s❡❛s❡ ♣r❡✈❛❧❡♥❝❡✱ ❛❜♦✉t ✸✵✪ ♦❢ t❤❡ s❝r❡❡♥❡❞ st✉❞② s❛♠♣❧❡ ❤❛❞ ✈❛❧✉❡s ♦❢

❜❧♦♦❞ ♣r❡ss✉r❡✱ ❇▼■✱ ❛♥❞ ❝❤♦❧❡st❡r♦❧ ❝♦♥s✐st❡♥t ✇✐t❤ ❤②♣❡rt❡♥s✐♦♥✱ ♦❜❡s✐t②✱ ❛♥❞ ❞②s❧✐♣✐❞❡♠✐❛✱

r❡s♣❡❝t✐✈❡❧②❀ ❛♥❞ ✶✺✪ ❤❛❞ ❤❡♠♦❣❧♦❜✐♥ ❆✶❝ ❧❡✈❡❧s ❞✐❛❣♥♦st✐❝ ♦❢ ❞✐❛❜❡t❡s✳ ❙♦♠❡ s✉❜❥❡❝ts

✐♥❞✐❝❛t❡❞ t❤❛t t❤❡② ✇❡r❡ ♦♥ ♠❡❞✐❝❛t✐♦♥s ❢♦r t❤❡s❡ ❝♦♥❞✐t✐♦♥s❀ ✇❡ ♦♥❧② ✐♥❝❧✉❞❡ t❤❡♠ ✐♥ t❤❡

❡st✐♠❛t❡ ✐❢ t❤❡② ❝❤♦s❡ t♦ r❡❝❡✐✈❡ ❛ s❝r❡❡♥✐♥❣✳ ❉❡s♣✐t❡ ♦✉r s❛♠♣❧❡ ❤❛✈✐♥❣ ❤✐❣❤❡r r❛t❡s ♦❢

✉♥❡♠♣❧♦②♠❡♥t ❛♥❞ ✉♥✐♥s✉r❛♥❝❡✱ t❤❡s❡ ✜❣✉r❡s ❛r❡ ✉♥❢♦rt✉♥❛t❡❧② ✈❡r② s✐♠✐❧❛r t♦ t❤❡ ♣r❡✈❛❧❡♥❝❡

♦❢ t❤❡ ❛❢♦r❡♠❡♥t✐♦♥❡❞ ❝♦♥❞✐t✐♦♥s ❛♠♦♥❣ ❜❧❛❝❦ ♠❡♥ ✐♥ t❤❡ ❯✳❙✳ ♠♦r❡ ❜r♦❛❞❧②✱ ❛s s❡❡♥ ✐♥ ❋✐❣✉r❡

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

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

✐♥ t❤❡ ❯✳❙✳ ✐s ✹✶✪✱ ❝♦♠♣❛r❡❞ t♦ ✸✵✪ ❢♦r ✇❤✐t❡ ♠❡♥✱ t❤❡ ♣r❡✈❛❧❡♥❝❡ ♦❢ ❤②♣❡r❝❤♦❧❡st❡r♦❧❡♠✐❛

✐s ✸✸✪ ❢♦r ❜❧❛❝❦ ♠❡♥ ❝♦♠♣❛r❡❞ t♦ ✸✼✪ ❢♦r ✇❤✐t❡ ♠❡♥✱ ❛♥❞ t❤❡ ♣r❡✈❛❧❡♥❝❡ ♦❢ ❞✐❛❜❡t❡s ✐s ✶✽✪

❢♦r ❜❧❛❝❦ ♠❡♥ ✈s✳ ✾✪ ❢♦r ✇❤✐t❡ ♠❡♥ ✭❋r②❛r ❡t ❛❧✳ ✷✵✶✼❀ ❍❛❧❡s ❡t ❛❧✳ ✷✵✶✼❀ ❈❉❈ ✷✵✶✼❜❀

❛♥❞ ❈❉❈ ✷✵✶✼❝✮✳ ❚❤❡s❡ ❝♦♠♣❛r✐s♦♥s s✉❣❣❡st t❤❛t ♦✉r ✜♥❞✐♥❣s ❛r❡ ♥♦t ❞✉❡ t♦ ❛ s❛♠♣❧❡ ♦❢

✐♥❞✐✈✐❞✉❛❧s ✇✐t❤ ✇♦rs❡ ❤❡❛❧t❤ ♦♥ ❛✈❡r❛❣❡ ✭❙✐♠♦♥ ❡t ❛❧✳ ✭✷✵✶✻✮✮✳

❉♦❝t♦rs ✖ ❍♦✇ r❡♣r❡s❡♥t❛t✐✈❡ ✇❡r❡ t❤❡ ❞♦❝t♦rs ❤✐r❡❞ ❢♦r ♦✉r st✉❞②❄ ❆❧❧ ❞♦❝t♦rs ✇❤♦

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

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

✶✾❈❛❧❝✉❧❛t✐♦♥s ♦♥ t❤❡ ❯✳❙✳ ♣♦♣✉❧❛t✐♦♥ ❝♦♠❡ ❢r♦♠ ✷✵✶✻ ✶✲②❡❛r ❆♠❡r✐❝❛♥ ❈♦♠♠✉♥✐t② ❙✉r✈❡② ❞❛t❛ ✭❘✉❣❣❧❡s
❡t ❛❧✳ ✷✵✶✼✮✳ ❖✉r st✉❞② s❛♠♣❧❡ ❛❧s♦ ❛♣♣❡❛rs ♠♦r❡ ❞✐s❛❞✈❛♥t❛❣❡❞ ❝♦♠♣❛r❡❞ t♦ ❆❈❙ s✉♠♠❛r② st❛t✐st✐❝s ❢♦r
❆❧❛♠❡❞❛ ❈♦✉♥t②✳

✷✻



♣r❡❥✉❞✐❝❡❞ ♣❛rt ♦❢ t❤❡ ❞✐str✐❜✉t✐♦♥✳ ❚❤❡ ❞♦❝t♦rs ❛❧s♦ ❣❛✈❡ ✉♣ t❤❡✐r ❙❛t✉r❞❛②s ✐♥ ❡①❝❤❛♥❣❡

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

❝♦♠♣❡♥s❛t✐♦♥ ✇❛s ❝♦♠♣❡t✐t✐✈❡ ✇✐t❤ t❤❡ ♠❛r❦❡t r❛t❡ ❢♦r ♠♦♦♥❧✐❣❤t✐♥❣ ♣❤②s✐❝✐❛♥s ✐♥ t❤❡ ❇❛②

❆r❡❛✳ ❉♦❝t♦rs ♦❢ ❜♦t❤ r❛❝❡s ❛tt❡♥❞❡❞ ❤✐❣❤❧② r❛♥❦❡❞ ♠❡❞✐❝❛❧ s❝❤♦♦❧s✳ ❆❝r♦ss ❛❧❧ ✶✹ st✉❞②

❞♦❝t♦rs✱ ❡✐❣❤t ❣r❛❞✉❛t❡❞ ❢r♦♠ s❝❤♦♦❧s r❛♥❦❡❞ ✐♥ t❤❡ t♦♣ ✶✵ ♦❢ t❤❡ ❯✳❙✳ ◆❡✇s ❘❡s❡❛r❝❤

❘❛♥❦✐♥❣s✱ ❛ ♠✉❝❤ ❤✐❣❤❡r s❤❛r❡ ♦❢ ❣r❛❞✉❛t❡s r❡❧❛t✐✈❡ t♦ t❤❡ ♣♦♣✉❧❛t✐♦♥ ❛t ❧❛r❣❡✳ ❇❧❛❝❦ ❞♦❝t♦rs

✐♥ t❤❡ st✉❞② ❣r❛❞✉❛t❡❞ ❢r♦♠ s❧✐❣❤t❧② ❧♦✇❡r r❛♥❦❡❞ s❝❤♦♦❧s✱ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ♥❛t✐♦♥❛❧ ❞❛t❛

✭s❡❡ ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ✼✮✳

❖♥❡ ✇❛② ♦✉r st✉❞② ✇❛s ✉♥✐q✉❡✱ ❤♦✇❡✈❡r✱ ✇❛s t❤❛t s✉❜❥❡❝ts ❤❛❞ ❡❛s② ❛❝❝❡ss t♦ ❛ ❜❧❛❝❦

♠❛❧❡ ❞♦❝t♦r ♦♥❝❡ r❛♥❞♦♠✐③❡❞ t♦ t❤❡♠✳ ❙❡✈❡r❛❧ st✉❞✐❡s r❡♣♦rt t❤❛t ♠✐♥♦r✐t② ❞♦❝t♦rs ❛r❡

♠♦r❡ ❧✐❦❡❧② t❤❛♥ ✇❤✐t❡ ❞♦❝t♦rs t♦ ✇♦r❦ ✐♥ ✉♥❞❡rs❡r✈❡❞ ❛r❡❛s ❛♥❞ s❡❡ ♣❛t✐❡♥ts ✇❤♦ s❤❛r❡

t❤❡✐r r❛❝✐❛❧ ❜❛❝❦❣r♦✉♥❞ ✭▼♦② ❛♥❞ ❇❛rt♠❛♥ ✶✾✾✺❀ ❑♦♠❛r♦♠② ❡t ❛❧✳ ✶✾✾✻❀ ❈❛♥t♦r ❡t ❛❧✳ ✶✾✾✻❀

❲❛❧❦❡r✱ ▼♦r❡♥♦✱ ●r✉♠❜❛❝❤ ✷✵✶✷✮✳ ❨❡t ❞❡s♣✐t❡ t❤✐s ❛❧❧♦❝❛t✐♦♥✱ t❤❡r❡ r❡♠❛✐♥s ❛ ❞✐✛❡r❡♥❝❡ ✐♥

❛❝❝❡ss✳ ❘❡t✉r♥✐♥❣ t♦ ♦✉r ♥♦♥✲❡①♣❡r✐♠❡♥t❛❧ ❡✈✐❞❡♥❝❡ ✐♥ ❋✐❣✉r❡ ✺✱ ❜② ❢❛r t❤❡ ❧❛r❣❡st ❞✐✈✐❞❡

❜❡t✇❡❡♥ ❜❧❛❝❦ ❛♥❞ ✇❤✐t❡ ♠❛❧❡ r❡s♣♦♥❞❡♥ts ✐s ✇✐t❤ r❡❣❛r❞s t♦ ❛❝❝❡ss✐❜✐❧✐t② ♦❢ ❛ ❞♦❝t♦r ✇❤♦

✐s ♦❢ t❤❡✐r s❛♠❡ r❛❝❡ ❛♥❞ s❡① ❜❛❝❦❣r♦✉♥❞ ✭✸✼✪ ✈s✳ ✻✷✪✮✳ ■♥ ❚❛❜❧❡ ✽ ❈♦❧✉♠♥ ✭✾✮✱ ❜❧❛❝❦

♠❛❧❡ r❡s♣♦♥❞❡♥ts ✇❡r❡ ✷✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❧❡ss ❧✐❦❡❧② t♦ r❡s♣♦♥❞ t❤❛t ❛ ❜❧❛❝❦ ♠❛❧❡ ❞♦❝t♦r

✐s ❛✈❛✐❧❛❜❧❡ ♥❡❛r t❤❡♠ t❤❛♥ ✇❤✐t❡ ♠❛❧❡s r❡♣♦rt ✇❤✐t❡ ♠❛❧❡ ❞♦❝t♦rs ❛r❡ ❛✈❛✐❧❛❜❧❡✱ ❝♦♥❞✐t✐♦♥❛❧

♦♥ ❛❣❡✱ ✐♥❝♦♠❡✱ ❛♥❞ ❡❞✉❝❛t✐♦♥✳✷✵

❆s st❛t❡❞ ✐♥ t❤❡ ✐♥tr♦❞✉❝t✐♦♥✱ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥s ❝♦♠♣r✐s❡ ♦♥❧② ✹✪ ♦❢ ♣r❛❝t✐❝✐♥❣ ♣❤②s✐✲

❝✐❛♥s ✐♥ t❤❡ ❯✳❙✳ ❇♦t❤ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ❛♥❞ ❍✐s♣❛♥✐❝ ♣❤②s✐❝✐❛♥s ❛r❡ s✐❣♥✐✜❝❛♥t❧② ✉♥❞❡r✲

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

t❤❡✐r s❤❛r❡ ✐♥ t❤❡ ❯✳❙✳ ♣♦♣✉❧❛t✐♦♥✳ ◆♦♥✲❍✐s♣❛♥✐❝ ✇❤✐t❡ ♣❤②s✐❝✐❛♥s ❛♣♣r♦❛❝❤ ❛ r❛t✐♦ ♦❢ ♦♥❡

❛♥❞ ❆s✐❛♥ ♣❤②s✐❝✐❛♥s ❛♣♣r♦❛❝❤ ❛ r❛t✐♦ ♦❢ ❢♦✉r ✭s❡❡ ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ✽✮✳ ▼♦r❡♦✈❡r✱ t❤❡

♣✐♣❡❧✐♥❡ ♦❢ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♠❡❞✐❝❛❧ s❝❤♦♦❧ ❣r❛❞✉❛t❡s ✐s r❡❧❛t✐✈❡❧② ✢❛t ✖ ❤♦✈❡r✐♥❣ ❛r♦✉♥❞

✻✪ ❢♦r t❤❡ ❧❛st ❞❡❝❛❞❡✱ ❛♥ ✐♥❝r❡❛s✐♥❣❧② ❧♦✇❡r s❤❛r❡ ♦❢ t❤❡ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♣♦♣✉❧❛t✐♦♥ ✭s❡❡

❆♣♣❡♥❞✐① ❋✐❣✉r❡ ✾✮✳ ❚❤✐s ❛s♣❡❝t ♦❢ t❤❡ st✉❞② ✇❛s ❛❧s♦ ♥♦t❡❞ ❜② ♦♥❡ ♦❢ t❤❡ s✉❜❥❡❝ts✿ ✏❘❡❛❧❧②

❡①❝✐t❡❞ ❛❜♦✉t t❤❡ ❜❧❛❝❦ ♠❛❧❡ ❞♦❝t♦rs✦✦✦✑

❱■✳ ❍❡❛❧t❤ ❱❛❧✉❛t✐♦♥

■♥ ❜❡❤❛✈✐♦r❛❧ ❤❛③❛r❞ ♠♦❞❡❧s✱ ✐♥❞✐✈✐❞✉❛❧s ♠❛② ✉♥❞❡r✉s❡ ♠❡❞✐❝❛❧ ❝❛r❡ ❞✉❡ t♦ ♠✐s♣❡r❝❡♣t✐♦♥s❀

t❤✉s t❤❡ ❞❡♠❛♥❞ ❝✉r✈❡ ❝❡❛s❡s t♦ ❜❡ ❛ s✉✣❝✐❡♥t st❛t✐st✐❝ ❢♦r ✇❡❧❢❛r❡ ❝❛❧❝✉❧❛t✐♦♥s ✭P❛✉❧② ❛♥❞

❇❧❛✈✐♥ ✷✵✵✽❀ ❇❛✐❝❦❡r✱ ▼✉❧❧❛✐♥❛t❤❛♥✱ ❛♥❞ ❙❝❤✇❛rt③st❡✐♥ ✷✵✶✺❀ ❈❤❡tt②✱ ▲♦♦♥❡②✱ ❛♥❞ ❑r♦❢t

✷✵■♥ t❤❡ ❜❛s❡❧✐♥❡ s✉r✈❡②✱ ✇❡ ❛s❦❡❞ ❤♦✇ ♠✉❝❤ ❝❤♦✐❝❡ ✐♥❞✐✈✐❞✉❛❧s ❤❛❞ ✐♥ ✇❤❡r❡ t❤❡② ❣♦ ❢♦r ♠❡❞✐❝❛❧ ❝❛r❡ ✖
♦♥❧② ✸✼✪ ♦❢ r❡s♣♦♥❞❡♥ts ❛♥s✇❡r❡❞ t❤❛t t❤❡② ❤❛❞ ❛ ✏❣r❡❛t ❞❡❛❧ ♦❢ ❝❤♦✐❝❡✳✑

✷✼



✷✵✵✾✮✳ ■♥ ❛❞❞✐t✐♦♥✱ ♠♦st ♦❢ t❤❡ ♣r❡✈❡♥t✐✈❡s ✇❡ ♦✛❡r❡❞ ✇❡r❡ ♥♦t ❝r♦ss✲r❛♥❞♦♠✐③❡❞ ✇✐t❤

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

r❡❧❛t❡❞ ❞❡❛t❤s ✉s✐♥❣ r❡❝❡♥t❧② ♣✉❜❧✐s❤❡❞ ♠❡❞✐❝❛❧ st✉❞✐❡s ✭❑❛❤♥ ❡t ❛❧✳ ✷✵✶✵✱ ❉❡❤♠❡r ❡t ❛❧✳

✷✵✶✼✮✳✷✶ ❙✐♥❝❡ t❤❡s❡ ♠♦❞❡❧s ❛r❡ ❝♦♥❝❡r♥❡❞ ✇✐t❤ t❤❡ ❡✛❡❝t ♦❢ s❝r❡❡♥✐♥❣ ♦♥ ❤❡❛❧t❤✱ ✇❡ ❝♦♠❜✐♥❡

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

❲❡ ✜♥❞ t❤❛t ❜❧❛❝❦ ❞♦❝t♦rs r❡❞✉❝❡ ♠②♦❝❛r❞✐❛❧ ✐♥❢❛r❝t✐♦♥s ❜② ✶✱✵✼✷ ♣❡r ✶✵✵✱✵✵✵ ❛♥❞

❝❛r❞✐♦✈❛s❝✉❧❛r✲r❡❧❛t❡❞ ❞❡❛t❤s ❜② ✻✷✷ ♣❡r ✶✵✵✱✵✵✵ ✭♦r ✶✺✳✻ ♣❡r ②❡❛r✮ ❢♦r ❜❧❛❝❦ ♠❡♥ ♦✈❡r ❛❜♦✉t

❛ ✹✵✲②❡❛r t✐♠❡ ❤♦r✐③♦♥✳ ❚❤❡ ❞✐✛❡r❡♥❝❡ ✐♥ ❛♥♥✉❛❧ ❛❣❡✲❛❞❥✉st❡❞ ♠♦rt❛❧✐t② r❛t❡s ❢♦r ❝❛r❞✐♦✈❛s✲

❝✉❧❛r ❞✐s❡❛s❡ ❜❡t✇❡❡♥ ♥♦♥✲❍✐s♣❛♥✐❝ ✇❤✐t❡ ✭✷✻✽✳✹ ♣❡r ✶✵✵✱✵✵✵✮ ❛♥❞ ♥♦♥✲❍✐s♣❛♥✐❝ ❜❧❛❝❦ ♠❛❧❡s

✭✸✺✵✳✸ ♣❡r ✶✵✵✱✵✵✵✮ ✐♥ t❤❡ ❯✳❙✳ ✐s ✽✶✳✾ ♣❡r ✶✵✵✱✵✵✵ ✭▼✉r♣❤② ❡t ❛❧✳ ✷✵✶✼✮✳ ❚❤❡r❡❢♦r❡✱ t❤❡

tr❡❛t♠❡♥t ❡✛❡❝t ✇❡ ❡st✐♠❛t❡ ❢♦r ❜❧❛❝❦ ❞♦❝t♦rs ❝♦✉❧❞ r❡❞✉❝❡ t❤✐s ❣❛♣ ❜② ❛♣♣r♦①✐♠❛t❡❧② ✶✾✪✳

❚♦ t❤❡ ❡①t❡♥t ♣r❡✈❡♥t✐✈❡ s❡r✈✐❝❡s r❡❞✉❝❡ ❊❘ ✈✐s✐ts✱ ♦✉r ✐♥t❡r✈❡♥t✐♦♥ ❝♦✉❧❞ tr❛♥s❧❛t❡ ✐♥t♦ ❝♦st

s❛✈✐♥❣s ❢♦r ❤♦s♣✐t❛❧s ❛s ✇❡❧❧ ✭s❡❡ ●❛rt❤✇❛✐t❡✱ ●r♦ss✱ ❛♥❞ ◆♦t♦✇✐❞✐❣❞♦ ✭✷✵✶✽✮✮✳

❚❤❡ ❞✐✛❡r❡♥❝❡ ✐♥ ❛♥♥✉❛❧ ❛❣❡✲❛❞❥✉st❡❞ ♠♦rt❛❧✐t② r❛t❡s ❢♦r ✐♥✢✉❡♥③❛ ❛♥❞ ♣♥❡✉♠♦♥✐❛ ❜❡✲

t✇❡❡♥ ♥♦♥✲❍✐s♣❛♥✐❝ ✇❤✐t❡ ❛♥❞ ♥♦♥✲❍✐s♣❛♥✐❝ ♠❛❧❡s ✐♥ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s ✐s ✷✳✼ ♣❡r ✶✵✵✱✵✵✵

✭✷✵✳✸ ✈❡rs✉s ✶✼✳✻✮✳ ❋❧✉ ✈❛❝❝✐♥❛t✐♦♥ ❢♦r ❛❞✉❧ts ♦✈❡r t❤❡ ❛❣❡ ♦❢ ✶✽ ✐s ❡st✐♠❛t❡❞ ❛s ❛✈❡rt✐♥❣ ✷✳✼

❞❡❛t❤s ♣❡r ✶✵✵✱✵✵✵ ♣❡r ②❡❛r ✭❜❛s❡❞ ♦♥ ❈❉❈ ✷✵✶✻ ❛♥❞ ❈❉❈ ✷✵✶✼❛✮✳ ▼✉❧t✐♣❧②✐♥❣ t❤❡ tr❡❛t✲

♠❡♥t ❡✛❡❝t ♦❢ ❜❧❛❝❦ ❞♦❝t♦rs ❜② t❤❡ ❡✣❝❛❝② ♦❢ ✢✉ ✈❛❝❝✐♥❛t✐♦♥ t♦ ♣r❡✈❡♥t ✢✉ ❞❡❛t❤s ❛♠♦♥❣

❛❞✉❧ts✱ ✇❡ ♦❜t❛✐♥ ✵✳✷✼✱ ✇❤✐❝❤ ✐s r♦✉❣❤❧② ✶✵✪ ♦❢ t❤❡ ❣❛♣ ✐♥ ♠♦rt❛❧✐t② ❢♦r t❤✐s ❝❛✉s❡ ♦❢ ❞❡❛t❤✳

❍❛r♣❡r✱ ❘✉s❤❛♥✐✱ ❛♥❞ ❑❛✉❢♠❛♥ ✭✷✵✶✷✮ ❝❛❧❝✉❧❛t❡ t❤❛t ✹✶✪ ♦❢ t❤❡ ❧✐❢❡✲❡①♣❡❝t❛♥❝② ❣❛♣ ❜❡✲

t✇❡❡♥ ❜❧❛❝❦ ❛♥❞ ✇❤✐t❡ ♠❛❧❡s ✐♥ ✷✵✵✽ ✇❛s ❞✉❡ t♦ ❝❛r❞✐♦✈❛s❝✉❧❛r ❞✐s❡❛s❡ ❛♥❞ ❞✐❛❜❡t❡s✳ ❚❤❡r❡✲

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

❣❛♣ ❜❡t✇❡❡♥ ❜❧❛❝❦ ❛♥❞ ✇❤✐t❡ ♠❛❧❡s ❡①❝❧✉s✐✈❡ ♦❢ ✐♥❢❛♥t ♠♦rt❛❧✐t② ❝♦✉❧❞ ❜❡ r❡❞✉❝❡❞ ❜② ❛♣♣r♦①✲

✐♠❛t❡❧② ✽✪ ♦r ✺ ♠♦♥t❤s ❢r♦♠ ❝❛r❞✐♦✈❛s❝✉❧❛r ❞✐s❡❛s❡ ❛♥❞ ❞✐❛❜❡t❡s ❛❧♦♥❡✳ ■❢ ✇❡ ❡①tr❛♣♦❧❛t❡ t❤❡

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

❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♠❡♥ ✭✐✳❡✳ ❍■❱ ❛♥❞ ❝❛♥❝❡r✮✱ t❤❡ ❧✐❢❡ ❡①♣❡❝t❛♥❝② ❣❛✐♥ ❝♦✉❧❞ ❜❡ ❡✈❡♥ ❧❛r❣❡r

s✐♥❝❡ t❤❡s❡ ❝❤r♦♥✐❝ ✐❧❧♥❡ss❡s ❛❝❝♦✉♥t ❢♦r ❛♥♦t❤❡r ✷✻✪ ♦❢ t❤❡ ❜❧❛❝❦✲✇❤✐t❡ ♠❛❧❡ ❧✐❢❡ ❡①♣❡❝t❛♥❝②

❣❛♣✳ ❈❡rt❛✐♥ t②♣❡s ♦❢ ❝❛♥❝❡r ♦r ❝❛♥❝❡r✲r❡❧❛t❡❞ ❞❡❛t❤s ❝❛♥ ❜❡ ♣r❡✈❡♥t❡❞ t❤r♦✉❣❤ ❝❛r❡ ❛♥❞

tr❡❛t♠❡♥t ❛❞❤❡r❡♥❝❡ ✭❡✳❣✳ ❍P❱ ✈❛❝❝✐♥❡✱ t♦❜❛❝❝♦ ❝❡ss❛t✐♦♥✱ ❡❛r❧✐❡r st❛❣❡ ❞✐❛❣♥♦s❡s✮✳

✷✶❇♦t❤ ❑❛❤♥ ❡t ❛❧✳ ❛♥❞ ❉❡❤♠❡r ❡t ❛❧✳ ♣❡r❢♦r♠ ❛ ▼♦♥t❡✲❈❛r❧♦ s✐♠✉❧❛t✐♦♥ ♦♥ ❛ r❡♣r❡s❡♥t❛t✐✈❡ ❯✳❙✳
♣♦♣✉❧❛t✐♦♥ t♦ ❝♦♠♣❛r❡ s❝r❡❡♥✐♥❣ t♦ ❛ ♥♦ s❝r❡❡♥✐♥❣ ❝♦♥❞✐t✐♦♥✱ ❛♥❞ ❛ss✉♠❡ t❤❛t t❤♦s❡ ✇❤♦ s❝r❡❡♥ ♣♦s✐t✐✈❡
r❡❝❡✐✈❡ ❣✉✐❞❡❧✐♥❡✲r❡❝♦♠♠❡♥❞❡❞ t❤❡r❛♣②✳ ❙✐♥❝❡ ❜♦t❤ st✉❞✐❡s ✇❡r❡ ♣✉❜❧✐s❤❡❞ r❡❧❛t✐✈❡❧② r❡❝❡♥t❧②✱ tr❡❛t♠❡♥t
❡✣❝❛❝② ✐s ❧✐❦❡❧② t♦ r❡✢❡❝t t❤❡ ❝✉rr❡♥t st❛t❡ ♦❢ ❝❛r❡✱ t❤♦✉❣❤ ✈❛r②✐♥❣ t❤❡ ❢r❛❝t✐♦♥ ♦❢ s❝r❡❡♥✲♣♦s✐t✐✈❡ ✇❤♦ ♦❜t❛✐♥
❛♥❞ ❢♦❧❧♦✇ ❛♣♣r♦♣r✐❛t❡ tr❡❛t♠❡♥t r❡❝♦♠♠❡♥❞❛t✐♦♥s ✇✐❧❧ ❛❧t❡r t❤❡ r❡s✉❧ts✱ ♣❛rt✐❝✉❧❛r❧② ✐❢ t❤✐s ❢r❛❝t✐♦♥ ❛❧s♦
✐♥t❡r❛❝ts ✇✐t❤ ❞♦❝t♦r r❛❝❡✳ ❚❤❡ ❉❡❤♠❡r ❡t ❛❧✳ st✉❞② ❛ss✉♠❡s ♦♥❧② ✾✵✪ ♦❢ t❤♦s❡ ♦✛❡r❡❞ s❝r❡❡♥✐♥❣ t❛❦❡ ✐t
✉♣✱ t❤✉s ✇❡ ❞✐✈✐❞❡ ❜② ✵✳✾ t♦ ♠❛❦❡ t❤❡ r❡s✉❧ts ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❑❛❤♥ ❡t ❛❧✳ st✉❞②✳ ❚❤❡ ❉❡❤♠❡r ❡t ❛❧✳
st✉❞② ❛❧s♦ ♣r♦✈✐❞❡s ❡st✐♠❛t❡s ♦❢ t❤❡ ❡✛❡❝ts ♦❢ s❝r❡❡♥✐♥❣ s✉❜❞✐✈✐❞❡❞ ❜② r❛❝❡ ❛♥❞ s❡①✳ ❙✉❝❤ str❛t✐✜❝❛t✐♦♥ ✐s
♥♦t ❛✈❛✐❧❛❜❧❡ ✐♥ ❑❛❤♥ ❡t ❛❧✳ ❋✉rt❤❡r ❞❡t❛✐❧s ♦♥ t❤❡ st✉❞✐❡s ❛♥❞ t❤❡ ❝❛❧❝✉❧❛t✐♦♥ ❝❛♥ ❜❡ ❢♦✉♥❞ ✐♥ t❤❡ ❖♥❧✐♥❡
❆♣♣❡♥❞✐①✳

✷✽



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

t❤❡ ♠❛r❣✐♥❛❧ ✐♠♣❛❝t ♦❢ t❤❡ s❝r❡❡♥✐♥❣ ❡✛❡❝t ♦❢ ❜❧❛❝❦ ❞♦❝t♦rs ♦♥ ❧✐✈❡s s❛✈❡❞✳ ❍♦✇❡✈❡r✱ ❛ ♠♦r❡

r❡❛❧✐st✐❝ ❛ss✉♠♣t✐♦♥ ♦❢ ❧❡❛❦❛❣❡ ✭♦r ❧❛❝❦ ♦❢ ❝♦♠♣❧✐❛♥❝❡✮ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ s❝r❡❡♥ ♣♦s✐t✐✈❡ ❡①❛♠s

❝♦✉❧❞ ❞❡❧✐✈❡r ❡✈❡♥ ❧❛r❣❡r ❞✐✛❡r❡♥t✐❛❧ ❡✛❡❝ts ♦❢ ❞♦❝t♦r r❛❝❡ ♦♥ ❧✐✈❡s s❛✈❡❞ s✐♥❝❡ ❝♦♠♣❧✐❛♥❝❡

✇✐t❤ r❡❝♦♠♠❡♥❞❛t✐♦♥s ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ❤❛✈✐♥❣ ❛ ❞✐s❡❛s❡ ♠✐❣❤t ❛❧s♦ ✈❛r② ✇✐t❤ ❝♦♥❝♦r❞❛♥❝❡

✭❚r❛②❧♦r ❡t ❛❧✳ ✷✵✶✵✮✳

❱■■✳ ❈♦♥❝❧✉s✐♦♥

■♥ t❤✐s st✉❞②✱ ✇❡ ❡①❛♠✐♥❡ t❤❡ ❡✛❡❝t ♦❢ ❞✐✈❡rs✐t② ♦❢ t❤❡ ♣❤②s✐❝✐❛♥ ✇♦r❦❢♦r❝❡ ♦♥ t❤❡ ❞❡♠❛♥❞

❢♦r ♣r❡✈❡♥t✐✈❡ ❝❛r❡ ❛♠♦♥❣ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♠❡♥ ✉s✐♥❣ ❛ r❛♥❞♦♠✐③❡❞ tr✐❛❧✳ ❲❡ ✜♥❞ t❤❛t✱

✇❤❡♥ ♣❛t✐❡♥ts ❛♥❞ ❞♦❝t♦rs ❤❛❞ ❛♥ ♦♣♣♦rt✉♥✐t② t♦ ♠❡❡t ✐♥ ♣❡rs♦♥✱ ♣❛t✐❡♥ts ❛ss✐❣♥❡❞ t♦ ❛

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

❚❤❡s❡ ✜♥❞✐♥❣s ✇❡r❡ str♦♥❣❡r ❛♠♦♥❣ s✉❜❥❡❝ts ✇❤♦ ❤❛❞ ❧✐♠✐t❡❞ ♣r✐♦r ❡①♣❡r✐❡♥❝❡ ✇✐t❤ r♦✉t✐♥❡

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

✐ss✉❡s ❛♥❞ ✇❡r❡ ♠♦r❡ ❧✐❦❡❧② t♦ s❡❡❦ ❛❞✈✐❝❡ ❢r♦♠ ❜❧❛❝❦ ❞♦❝t♦rs✱ ❛s r❡✢❡❝t❡❞ ✐♥ t❤❡ ❞♦❝t♦rs✬

♥♦t❡s✳

❚❤❡s❡ ✜♥❞✐♥❣s ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ ❛ ❢r❛♠❡✇♦r❦ ✐♥ ✇❤✐❝❤ ❛❣❡♥ts ✉♥❞❡r❡st✐♠❛t❡ t❤❡ ❜❡♥❡✜t

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

r❛♣♣♦rt ✇✐t❤ ♣❛t✐❡♥ts✱ ✇❤✐❝❤ ✈❛r✐❡s ❜② s♦❝✐❛❧ ❞✐st❛♥❝❡✱ ❝❛♥ ❤❡❧♣ ❝♦rr❡❝t ❢❛❧s❡ ❜❡❧✐❡❢s ❛♥❞

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

❝♦♠♣❧❡t❡❧② s✉❜st✐t✉t❡ ❢♦r ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ❛ tr✉st❡❞ s♦✉r❝❡✳ ❙♦♠❡ s✉❜❥❡❝ts ✇❤♦ s❡❧❡❝t❡❞

✢✉ s❤♦ts ✐♥✐t✐❛❧❧②✱ ❡♥❝♦✉r❛❣❡❞ ❜② t❤❡ ✐♥❝❡♥t✐✈❡✱ ❞❡❝❧✐♥❡❞ t♦ ❛❝t✉❛❧❧② r❡❝❡✐✈❡ t❤❡♠ ✭♦❢t❡♥
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❯♥✐♥s✉r❡❞ ❉♦ ◆♦t ❯s❡ t❤❡ ❊♠❡r❣❡♥❝② ❉❡♣❛rt♠❡♥t ▼♦r❡ ✖ ❚❤❡② ❯s❡ ❖t❤❡r ❈❛r❡
▲❡ss✳✑ ❍❡❛❧t❤ ❆✛❛✐rs ✸✻✭✶✷✮✿ ✷✶✶✺✕✷✷✳
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(1) (2) (3) (4) (5) (6) (7)

Self-Reported 

Health 

Any Health 

Problem 
Hospital Visits ER Visits

Nights 

Hospital

Medical 

Mistrust

Has Primary 

MD

Clinic Presentation -0.126 0.033 0.244 0.513 -0.332 -0.011 -0.072

(0.025) (0.028) (0.469) (0.183) (0.746) (0.042) (0.029)

Mean 0.81 0.57 4.74 1.24 1.93 1.64 0.69

Observations 1,148 1,241 935 1,031 1,041 1,232 1,096

Uninsured Age Married Unemployed
≤ High School 

Education
Low Income SSI/DI/UI

Clinic Presentation 0.038 3.411 -0.053 0.129 0.190 0.198 0.113

(0.027) (0.811) (0.022) (0.025) (0.029) (0.027) (0.024)

Mean 0.24 41.06 0.20 0.18 0.44 0.25 0.18

Observations 1,074 1,241 1,201 1,176 1,141 1,171 1,198

Table 1: Participation in Experiment 

PANEL A: Health and Medical Care

PANEL B: Socio-demographics

◆♦t❡✿ ❚❛❜❧❡ r❡♣♦rts r❡s✉❧ts ❢r♦♠ ❛ r❡❣r❡ss✐♦♥ ♦❢ ✈❛r✐♦✉s ❜❛s❡❧✐♥❡ ❝❤❛r❛❝t❡r✐st✐❝s ♦♥ ❝❧✐♥✐❝ ♣r❡s❡♥t❛t✐♦♥✳ ❖❜s❡r✈❛t✐♦♥ ❝♦✉♥t ✈❛r✐❡s ❞✉❡ t♦
♠✐ss✐♥❣ r❡s♣♦♥s❡s ✐♥ t❤❡ ❜❛s❡❧✐♥❡ s✉r✈❡②✳ ❘❡♣♦rt❡❞ ♠❡❛♥ ✐s ❛♠♦♥❣ s✉❜❥❡❝ts t❤❛t ❞✐❞ ♥♦t ♣r❡s❡♥t t♦ t❤❡ ❝❧✐♥✐❝✳ ❙❡❡ ❉❛t❛ ❆♣♣❡♥❞✐① ❢♦r
♦t❤❡r ✈❛r✐❛❜❧❡ ❞❡✜♥✐t✐♦♥s✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s❡s✳
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(1) (2) (3) (4) (5) (6) (7) (8)

Mean 

(S.D.)

Non-Black 

MD - $5

Non-Black 

MD - $10

Black 

MD - $0

Black 

MD - $5

Black 

MD - $10 
p-value N

Self-Reported Health 0.72 -0.033 -0.181 0.007 -0.016 0.004 0.067 563

[0.45] (0.066) (0.067) (0.065) (0.064) (0.063)

Any Health Problem 0.62 -0.026 0.036 -0.015 -0.025 -0.021 0.940 614

[0.49] (0.068) (0.065) (0.069) (0.067) (0.066)

ER Visits 1.69 -0.149 0.867 -0.212 0.145 -0.391 0.247 511

[3.54] (0.434) (0.609) (0.443) (0.558) (0.419)

Nights Hospital 1.20 -0.392 0.839 1.956 -0.214 0.230 0.249 511

[3.52] (0.415) (0.734) (1.490) (0.466) (0.663)

Medical Mistrust 1.61 0.162 -0.046 0.032 0.016 -0.034 0.430 611

[0.74] (0.105) (0.100) (0.105) (0.105) (0.100)

Has Primary MD 0.63 -0.042 0.033 -0.059 0.008 -0.019 0.838 537

[0.49] (0.074) (0.070) (0.073) (0.070) (0.071)

Uninsured 0.22 0.042 0.146 0.112 0.057 0.010 0.223 517

[0.42] (0.066) (0.067) (0.070) (0.064) (0.062)

Age 44.96 -1.051 -0.100 -0.261 -1.109 -0.495 0.990 620

[14.76] (1.973) (2.001) (1.982) (2.048) (1.944)

Married 0.14 0.043 -0.037 0.069 -0.015 0.024 0.348 586

[0.35] (0.052) (0.045) (0.055) (0.047) (0.050)

Unemployed 0.32 -0.045 -0.008 -0.051 0.008 0.025 0.853 570

[0.47] (0.066) (0.066) (0.065) (0.065) (0.065)

≤ High School Education 0.62 0.006 -0.006 -0.029 0.055 0.034 0.886 556

[0.49] (0.070) (0.070) (0.072) (0.068) (0.068)

Low Income 0.47 -0.026 -0.033 -0.043 0.022 -0.042 0.936 571

[0.50] (0.072) (0.071) (0.072) (0.070) (0.069)

Attrition 0.03 0.022 0.045 0.031 0.015 -0.029 0.129 684

[0.18] (0.033) (0.034) (0.034) (0.031) (0.025)

Table 2: Balance

◆♦t❡✿ ❈♦❧✉♠♥ ✭✶✮ r❡♣♦rts t❤❡ ♠❡❛♥ ❛♥❞ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥✳ ❈♦❧✉♠♥s ✭✷✮✕✭✻✮ r❡♣♦rt r❡❣r❡ss✐♦♥ ❝♦❡✣❝✐❡♥ts ❛♥❞ st❛♥❞❛r❞ ❡rr♦rs ❢♦r ❡❛❝❤
r❛♥❞♦♠✐③❛t✐♦♥ ❣r♦✉♣ r❡❧❛t✐✈❡ t♦ t❤❡ ♦♠✐tt❡❞ ❣r♦✉♣ ✭❈♦❧✉♠♥ ✭✶✮✱ t❤❡ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r ❛♥❞ ♥♦ ✐♥❝❡♥t✐✈❡ ❣r♦✉♣✮✳ ❈♦❧✉♠♥ ✭✼✮ s❤♦✇s t❤❡
♣✲✈❛❧✉❡ ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ❋✲st❛t✐st✐❝ t❡st✐♥❣ ✇❤❡t❤❡r t❤❡ tr❡❛t♠❡♥t ❛r♠s ❛r❡ ❥♦✐♥t❧② ❡q✉❛❧ t♦ ③❡r♦✳ ❖❜s❡r✈❛t✐♦♥ ❝♦✉♥t ✈❛r✐❡s ❞✉❡ t♦
♠✐ss✐♥❣ r❡s♣♦♥s❡s ✐♥ t❤❡ ❜❛s❡❧✐♥❡ s✉r✈❡②✳ ❆ttr✐t✐♦♥ ✐s ❛♥ ✐♥❞✐❝❛t♦r ❢♦r t❤❡ ✹✼ s✉❜❥❡❝ts t❤❛t ❞✐❞ ♥♦t ❝♦♠♣❧❡t❡ t❤❡ st✉❞② ❜❡❝❛✉s❡ t❤❡② ❧❡❢t
❜❡❢♦r❡ t❤❡ ❝❧✐♥✐❝ ❡♥❝♦✉♥t❡r ✭✸ ♦❢ t❤❡ ✺✵ s✉❜❥❡❝ts ✇❤♦ ❛ttr✐t❡❞ s❡❧❢✲✐❞❡♥t✐✜❡❞ ❛s ❛ r❛❝❡✴❡t❤♥✐❝✐t② ♦t❤❡r t❤❛♥ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ♦r ❛s ❛ ❢❡♠❛❧❡
❛♥❞ ❛r❡ t❤❡r❡❢♦r❡ ❡①❝❧✉❞❡❞✮✳ ❙❡❡ ❉❛t❛ ❆♣♣❡♥❞✐① ❢♦r ♦t❤❡r ✈❛r✐❛❜❧❡ ❞❡✜♥✐t✐♦♥s✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s❡s✳ ❙t❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s
✐♥ ❜r❛❝❦❡ts✳
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(1) (2) (3) (4) (5) (6) (7)

Blood 

Pressure
BMI Diabetes Cholesterol 

Flu 

Vaccination
Share Four

Share of 

Invasives

Black Doctor 0.025 0.023 0.050 0.010 -0.009 0.027 0.017

{0.045} {0.043} {0.048} {0.052} {0.039} {0.040} {0.039}

$5 Incentive 0.028 -0.059 0.085 0.067 0.192 0.030 0.115

{0.037} {0.041} {0.045} {0.030} {0.047} {0.022} {0.028}

$10 Incentive -0.023 -0.009 0.028 -0.014 0.299 -0.004 0.104

{0.037} {0.035} {0.028} {0.039} {0.031} {0.020} {0.027}

Prob(| β RI: Black Dr
| > | β Study Est.

|) 0.635 0.645 0.431 0.875 0.850 0.637 0.746

Control Mean 0.56 0.50 0.37 0.35 0.20 0.44 0.36

Black Doctor 0.107 0.161 0.204 0.256 0.100 0.182 0.186

{0.074} {0.099} {0.062} {0.071} {0.037} {0.064} {0.046}

$5 Flu Incentive 0.044 0.019 0.110 0.065 0.221 0.059 0.132

{0.036} {0.056} {0.047} {0.036} {0.039} {0.032} {0.030}

$10 Flu Incentive -0.026 -0.010 0.054 -0.004 0.219 0.003 0.090

{0.038} {0.028} {0.045} {0.040} {0.026} {0.028} {0.028}

Prob(| β RI: Black Dr
| > | β Study Est.

|) 0.251 0.220 0.039 0.023 0.047 0.036 0.017

Control Mean 0.72 0.60 0.42 0.36 0.18 0.53 0.37

Black Doctor 0.082 0.138 0.154 0.246 0.108 0.155 0.169

{0.100} {0.101} {0.059} {0.072} {0.050} {0.077} {0.051}

$5 Flu Incentive 0.017 0.078 0.024 -0.002 0.029 0.029 0.017

{0.052} {0.043} {0.022} {0.029} {0.035} {0.026} {0.016}

$10 Flu Incentive -0.003 -0.001 0.026 0.010 -0.080 0.008 -0.015

{0.028} {0.028} {0.047} {0.055} {0.030} {0.028} {0.039}

Prob(| β RI: Black Dr
| > | β Study Est.

|) 0.468 0.277 0.051 0.005 0.098 0.116 0.016

Control Mean 0.16 0.11 0.05 0.01 -0.02 0.08 0.01

Observations 637 637 637 637 637 637 637

Table 3: Pre-Consultation, Post-Consultation, and Delta Demand for Preventives

PANEL A: Pre-Consultation

PANEL B: Post-Consultation

PANEL C: Delta (Post - Pre)

◆♦t❡✿ ❚❛❜❧❡ r❡♣♦rts ❖▲❙ ❡st✐♠❛t❡s ♦❢ ❊q✉❛t✐♦♥ ✶✳ ❚❤❡ ♦✉t❝♦♠❡ ✈❛r✐❡s ❜② ❝♦❧✉♠♥ ❤❡❛❞✐♥❣✳ ❈♦♥tr♦❧ ♠❡❛♥ r❡❢❡rs t♦ s✉❜❥❡❝ts r❛♥❞♦♠✐③❡❞
t♦ ❛ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r ❢♦r t❤❡ ♥♦♥✲✢✉ s❝r❡❡♥✐♥❣s ❛♥❞ t♦ s✉❜❥❡❝ts r❛♥❞♦♠✐③❡❞ t♦ ❛ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦r ❛♥❞ ♥♦ ✐♥❝❡♥t✐✈❡ ❢♦r t❤❡ ✢✉
✈❛❝❝✐♥❛t✐♦♥✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ❝❧✉st❡r❡❞ ❛t t❤❡ ❞♦❝t♦r ❧❡✈❡❧ ✐♥ ❝✉r❧② ❜r❛❝❦❡ts✳ Pr♦❜ r❡❢❡rs t♦ t❤❡ r❛♥❞♦♠✐③❛t✐♦♥ ✐♥❢❡r❡♥❝❡ ♣✲✈❛❧✉❡
❢r♦♠ ♣❡r♠✉t✐♥❣ ❞♦❝t♦r r❛❝❡ ❢♦r ❡❛❝❤ ♦❢ t❤❡ ✸✱✵✵✸

(

14

6

)

❝♦♠❜✐♥❛t✐♦♥s✳
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(1) (2) (3)

Pre Post Delta

Body Mass Index -0.062 -0.114 -0.052

{0.032} {0.025} {0.026}

-0.210 -0.358 -0.148

{0.019} {0.077} {0.076}

-0.185 -0.293 -0.108

{0.027} {0.064} {0.061}

-0.213 -0.395 -0.182

{0.030} {0.053} {0.057}

0.022 0.103 0.081

{0.044} {0.075} {0.099}

0.017 0.157 0.140

{0.043} {0.097} {0.102}

0.008 0.254 0.245

{0.052} {0.071} {0.072}

0.051 0.205 0.154

{0.048} {0.061} {0.058}

0.002 0.109 0.107

{0.040} {0.039} {0.051}

Black Doctor * Invasive Test Interactions = 0 1.257 7.434 4.364

Prob(F
RI

 > F
Study

) 0.482 0.058 0.151

Sum of Invasives = Sum of Non-Invasives 0.054 4.366 9.921

Prob(F
RI

 > F
Study

) 0.829 0.088 0.008

Observations 3,185 3,185 3,185

Black MD * Flu

Table 4: Heterogeneity by Invasiveness of Preventive Service

Black MD * Dia

Black MD * BMI

Black MD * BP

Black MD * Cho

Cholesterol

Diabetes

Flu

◆♦t❡✿ ❚❛❜❧❡ r❡♣♦rts ❖▲❙ ❡st✐♠❛t❡s✳ ❚❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡ ✐s ✐♥❞✐✈✐❞✉❛❧ t❡st t❛❦❡✲✉♣ ❜② st❛❣❡✳ ❚❤❡
♦♠✐tt❡❞ ❝❛t❡❣♦r② ✐s ❜❧♦♦❞ ♣r❡ss✉r❡✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ❝❧✉st❡r❡❞ ❛t t❤❡ ❞♦❝t♦r ❧❡✈❡❧ ✐♥ ❝✉r❧②
❜r❛❝❦❡ts✳ ■♥❞✐❝❛t♦rs ❢♦r ✐♥❝❡♥t✐✈❡ ❧❡✈❡❧s ❛r❡ ✐♥❝❧✉❞❡❞ ❜✉t ♥♦t r❡♣♦rt❡❞✳ ❚❤❡ t✇♦ ❋✲t❡sts t❡st t❤❡ ❥♦✐♥t
s✐❣♥✐✜❝❛♥❝❡ ♦❢ t❤❡ ❜❧❛❝❦ ❞♦❝t♦r✯✐♥✈❛s✐✈❡ ✐♥t❡r❛❝t✐♦♥s ✭❇❧❛❝❦ ❉♦❝t♦r ✯ ■♥✈❛s✐✈❡ ❚❡st ■♥t❡r❛❝t✐♦♥s ❂ ✵✮
❛s ✇❡❧❧ ❛s t❤❡ ❞✐✛❡r❡♥t✐❛❧ ❡✛❡❝ts ♦❢ t❤❡ ❜❧❛❝❦ ❞♦❝t♦r tr❡❛t♠❡♥t ❢♦r ✐♥✈❛s✐✈❡ ❡①❛♠s ✭❙✉♠ ♦❢ ■♥✈❛s✐✈❡s
❂ ❙✉♠ ♦❢ ◆♦♥✲■♥✈❛s✐✈❡s✮✳ ❚❤❡ ❝❤♦❧❡st❡r♦❧✱ ❞✐❛❜❡t❡s✱ ❛♥❞ ✢✉ t❡sts ❛r❡ ❝♦♥s✐❞❡r❡❞ ✐♥✈❛s✐✈❡ ❛s t❤❡②
r❡q✉✐r❡ ❛ ❜❧♦♦❞ ❞r❛✇ ♦r ❛♥ ✐♥❥❡❝t✐♦♥✳ Pr♦❜ ✐♥❞✐❝❛t❡s r❛♥❞♦♠✐③❛t✐♦♥ ✐♥❢❡r❡♥❝❡ ♣✲✈❛❧✉❡ ❜❛s❡❞ ♦♥
❋ ✲t❡sts ✉s✐♥❣ t❤❡ ✸✱✵✵✸

(

14

6

)

❝♦♠❜✐♥❛t✐♦♥s ♦❢ ❞♦❝t♦rs✳
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(1) (2) (3) (4) (5) (6) 

X =

0.008 -0.005 0.015 -0.019 0.002 -0.024

{0.030} {0.039} {0.026} {0.034} {0.052} {0.098}

0.008 0.037 -0.018

{0.053} {0.048} {0.118}

0.165 0.153 0.157

{0.051} {0.059} {0.057}

Observations 620 620 620 620 556 556

Black Doctor

Table 5: Demand for Preventives 

with Alternative Concordance Measures

Age, 5 Years Age, 10 Years Education

X

X  * Black Doctor

◆♦t❡✿ ❚❛❜❧❡ r❡♣♦rts ❖▲❙ ❡st✐♠❛t❡s ♦❢ ❊q✉❛t✐♦♥ ✶✳ ❚❤❡ ♦✉t❝♦♠❡ ✐s t❤❡ ❞❡❧t❛ s❤❛r❡ ♦❢ t❤❡ ✐♥✈❛s✐✈❡
s❝r❡❡♥✐♥❣s✳ ❈♦❧✉♠♥s ✭✶✮ ❛♥❞ ✭✷✮ ❡①♣❧♦r❡ ❛❣❡ ❝♦♥❝♦r❞❛♥❝❡ ✭✐✳❡✳ ❞♦❝t♦r ❛♥❞ s✉❜❥❡❝t ❜♦r♥ ✇✐t❤✐♥
✜✈❡ ②❡❛rs ♦❢ ❡❛❝❤ ♦t❤❡r✮✱ ❈♦❧✉♠♥s ✭✸✮ ❛♥❞ ✭✹✮ ❡①❛♠✐♥❡ ❝♦♥❝♦r❞❛♥❝❡ ✇✐t❤✐♥ ❛ ✇✐❞❡r ❛❣❡ ✇✐♥❞♦✇
✭✐✳❡✳ ❞♦❝t♦r ❛♥❞ s✉❜❥❡❝t ❜♦r♥ ✇✐t❤✐♥ ✶✵ ②❡❛rs ♦❢ ❡❛❝❤ ♦t❤❡r✮✱ ❛♥❞ ❈♦❧✉♠♥s ✭✺✮ ❛♥❞ ✭✻✮ ❡①♣❧♦r❡
❝♦♥❝♦r❞❛♥❝❡ ❛❝r♦ss ❡❞✉❝❛t✐♦♥❛❧ ❛tt❛✐♥♠❡♥t ✭✐✳❡✳ s✉❜❥❡❝t ❤❛s ❛t ❧❡❛st ❛ ❜❛❝❤❡❧♦r ♦❢ ❛rts ❞❡❣r❡❡✮✳
■♥❞✐❝❛t♦rs ❢♦r ✐♥❝❡♥t✐✈❡ ❧❡✈❡❧s ❛r❡ ✐♥❝❧✉❞❡❞ ❜✉t ♥♦t r❡♣♦rt❡❞✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ❝❧✉st❡r❡❞ ❛t
t❤❡ ❞♦❝t♦r ❧❡✈❡❧ ✐♥ ❝✉r❧② ❜r❛❝❦❡ts✳
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(1) (2) (3) (4) (5) (6) 

Outcome = 

0.115 0.167 0.100

{0.088} {0.072} {0.057}

0.100 0.006 0.111 0.004 0.089 0.024

{0.150} {0.132} {0.130} {0.159} {0.076} {0.105}

0.039 -0.149 -0.079

{0.053} {0.070} {0.042}

Control Mean 0.35 0.35 0.32 0.32 0.08 0.08

Observations 637 637 637 637 637 637

Outcome = 

0.399 -0.110 -0.015

{1.363} {0.140} {0.026}

4.384 2.253 -0.019 0.049 -0.0005 0.006

{1.730} {1.307} {0.053} {0.134} {0.009} {0.026}

11.996 0.116 0.036

{1.234} {0.125} {0.022}

Control Mean 20.53 20.53 4.80 4.80 0.99 0.99

Observations 498 498 574 574 597 597

Black Doctor * Invasive

Black Doctor

Invasive Test

Black Doctor

Invasive Test

PANEL B: Time Spent and Satisfaction

Length Visit, Minutes
Subject Rating of 

Experience
Subject Recommend MD

Table 6: Communication, Time Spent, and Satisfaction with Doctor

PANEL A: Communication

Subject Talk

to MD

Doctor Notes about 

Subject
Non-Preventive Notes

Black Doctor * Invasive

◆♦t❡✿ ❚❛❜❧❡ r❡♣♦rts ❖▲❙ ❡st✐♠❛t❡s ❢r♦♠ ❛ ♠♦❞✐✜❡❞ ✈❡rs✐♦♥ ♦❢ ❊q✉❛t✐♦♥ ✶✳ ❊✈❡♥ ❝♦❧✉♠♥s ✐♥❝❧✉❞❡
❛♥ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ ❜❧❛❝❦ ❞♦❝t♦r ❛♥❞ ❛♥ ✐♥❞✐❝❛t♦r ❢♦r ✇❤❡t❤❡r t❤❡ s✉❜❥❡❝t ❝❤♦s❡ ❛♥② ✐♥✈❛s✐✈❡
♣r❡✈❡♥t✐✈❡ s❡r✈✐❝❡ ✭❝❤♦❧❡st❡r♦❧✱ ❞✐❛❜❡t❡s✱ ♦r ✢✉✮✳ ■♥❞✐❝❛t♦rs ❢♦r ✐♥❝❡♥t✐✈❡ ❧❡✈❡❧s ❛r❡ ✐♥❝❧✉❞❡❞ ❜✉t ♥♦t
r❡♣♦rt❡❞✳ ❙❡❡ ❉❛t❛ ❆♣♣❡♥❞✐① ❛♥❞ t❡①t ❢♦r ✈❛r✐❛❜❧❡ ❞❡✜♥✐t✐♦♥s✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ❝❧✉st❡r❡❞ ❛t
t❤❡ ❞♦❝t♦r ❧❡✈❡❧ ✐♥ ❝✉r❧② ❜r❛❝❦❡ts✳

✹✷



(1) (2) (3) 

      X = Low Income ≤ High School Education Younger than 40

0.061 -0.043 0.020

{0.091} {0.071} {0.039}

0.031 0.044 0.014

{0.031} {0.057} {0.013}

0.130 0.180 0.160

{0.037} {0.037} {0.051}

Observations 571 556 620

      X = Long Wait Time High Congestion Long Commute

0.157 0.150 0.093

{0.050} {0.034} {0.077}

-0.033 -0.042 -0.020

{0.019} {0.012} {0.026}

0.135 0.115 0.126

{0.049} {0.058} {0.055}

Observations 451 451 618

      X = No Recent Screening ER Visits Medical Mistrust

0.113 0.010 0.047

{0.044} {0.006} {0.032}

-0.003 -0.005 -0.009

{0.034} {0.004} {0.017}

0.144 0.151 0.092

{0.047} {0.050} {0.061}

Observations 604 511 611

Outcome = Delta Share Invasives

Table 7: Heterogeneity by 

Demographics, Hassle Costs, and Medical Care Experience

Black Doctor

PANEL A: Demographics

Black Doctor * X 

X

Black Doctor

PANEL C: Medical Care Experience

Black Doctor * X 

PANEL B: Hassle Costs

Black Doctor * X 

X

Black Doctor

X

◆♦t❡✿ ❚❛❜❧❡ r❡♣♦rts ❖▲❙ ❡st✐♠❛t❡s ❢r♦♠ ❛ ♠♦❞✐✜❡❞ ✈❡rs✐♦♥ ♦❢ ❊q✉❛t✐♦♥ ✶ ✐♥❝❧✉❞✐♥❣ ✐♥t❡r❛❝t✐♦♥s ❜❡✲
t✇❡❡♥ ❜❧❛❝❦ ❞♦❝t♦r ❛♥❞ ❝❡rt❛✐♥ ❜❛s❡❧✐♥❡ ❝❤❛r❛❝t❡r✐st✐❝s✳ ❚❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡ ❢♦r ❡✈❡r② s♣❡❝✐✜❝❛t✐♦♥
✐s t❤❡ ❞❡❧t❛ ✐♥ ❞❡♠❛♥❞ ❢♦r t❤❡ s❤❛r❡ ♦❢ ✐♥✈❛s✐✈❡ ♣r❡✈❡♥t✐✈❡s✳ ❖❜s❡r✈❛t✐♦♥ ❝♦✉♥t ✈❛r✐❡s ❞✉❡ t♦ ♠✐ss✐♥❣
r❡s♣♦♥s❡s ✐♥ t❤❡ ❜❛s❡❧✐♥❡ s✉r✈❡②✳ ■♥❞✐❝❛t♦rs ❢♦r ✐♥❝❡♥t✐✈❡ ❧❡✈❡❧s ❛r❡ ✐♥❝❧✉❞❡❞ ❜✉t ♥♦t r❡♣♦rt❡❞✳ ❙❡❡
❉❛t❛ ❆♣♣❡♥❞✐① ❛♥❞ t❡①t ❢♦r ✈❛r✐❛❜❧❡ ❞❡✜♥✐t✐♦♥s✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ❝❧✉st❡r❡❞ ❛t t❤❡ ❞♦❝t♦r
❧❡✈❡❧ ✐♥ ❝✉r❧② ❜r❛❝❦❡ts✳
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Black MD White MD Concordance Black MD White MD Concordance Black MD White MD Concordance Concordance

0.350 -0.055 0.531 -0.001 0.241 -0.255 -0.028

(0.025) (0.030) (0.024) (0.029) (0.024) (0.029) {0.025}

0.273 0.479 0.175

(0.029) (0.027) (0.030)

0.171

{0.014}

Mean 0.11 0.27 0.54 0.12 0.19 0.69 0.11 0.43 0.62 0.54

R-squared 0.12 0.08 0.03 0.23 0.24 0.04 0.09 0.04 0.07 0.06

Observations 1,490 1,490 1,490 1,490 1,490 1,490 1,490 1,490 1,490 2,980

Table 8: Perceptions of Doctors among Black and White Male Respondents

Quality Communication  Access Communication 

vs. Quality 
Which MD most qualified? Which MD understands me? Which MD available near me? 

Black Respondent 

White Respondent 

Communication

◆♦t❡✿ ❈♦❧✉♠♥s ✭✶✮✱ ✭✷✮✱ ✭✹✮✱ ✭✺✮✱ ✭✼✮✱ ❛♥❞ ✭✽✮ r❡♣♦rt ❖▲❙ ❡st✐♠❛t❡s ♦❢ ❊q✉❛t✐♦♥ ✷❛✱ t❡st✐♥❣ ✇❤❡t❤❡r r❡s♣♦♥❞❡♥ts ❤❛✈❡ ❛ ♣r❡❢❡r❡♥❝❡ ❢♦r
❞♦❝t♦rs ♦❢ t❤❡ s❛♠❡ r❛❝❡ ✇✐t❤ r❡s♣❡❝t t♦ t❤r❡❡ ❞♦♠❛✐♥s ♦❢ ❤❡❛❧t❤❝❛r❡✿ q✉❛❧✐t②✱ ❝♦♠♠✉♥✐❝❛t✐♦♥✱ ❛♥❞ ❛❝❝❡ss✱ r❡s♣❡❝t✐✈❡❧②✳ ❈♦❧✉♠♥s ✭✸✮✱ ✭✻✮✱
❛♥❞ ✭✾✮ r❡♣♦rt ❖▲❙ ❡st✐♠❛t❡s ♦❢ ❊q✉❛t✐♦♥ ✷❜ t❡st✐♥❣ ✇❤❡t❤❡r ♣r❡❢❡r❡♥❝❡ ❢♦r ♦✇♥ r❛❝❡ ✈❛r✐❡s ❛❝r♦ss ❜❧❛❝❦ ❛♥❞ ✇❤✐t❡ r❡s♣♦♥❞❡♥ts✳ ❈♦❧✉♠♥
✭✶✵✮ r❡♣♦rts ❖▲❙ ❡st✐♠❛t❡s ♦❢ ❊q✉❛t✐♦♥ ✷❝ ❝♦♠♣❛r✐♥❣ ♣r❡❢❡r❡♥❝❡ ❛❝r♦ss ❞♦♠❛✐♥ ❛♥❞ r❛❝❡✳ ❚❤❡ ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣ ♠❡❛♥ ✐s t❤❡ ❛✈❡r❛❣❡ ✇❤✐t❡
r❡s♣♦♥❞❡♥ts ✇❤♦ ♣r❡❢❡r ❜❧❛❝❦ ❞♦❝t♦rs ✐♥ ❈♦❧✉♠♥s ✭✶✮✱ ✭✹✮✱ ❛♥❞ ✭✼✮❀ t❤❡ ❛✈❡r❛❣❡ ❜❧❛❝❦ r❡s♣♦♥❞❡♥ts ✇❤♦ ♣r❡❢❡r ✇❤✐t❡ ❞♦❝t♦rs ✐♥ ❈♦❧✉♠♥s
✭✷✮✱ ✭✺✮✱ ❛♥❞ ✭✽✮❀ t❤❡ ❛✈❡r❛❣❡ ✇❤✐t❡ r❡s♣♦♥❞❡♥ts ✇❤♦ ♣r❡❢❡r ✇❤✐t❡ ❞♦❝t♦rs ✐♥ ❈♦❧✉♠♥s ✭✸✮✱ ✭✻✮✱ ❛♥❞ ✭✾✮❀ ❛♥❞ t❤❡ ❛✈❡r❛❣❡ ✇❤✐t❡ r❡s♣♦♥❞❡♥ts
✇❤♦ s❡❧❡❝t ❝♦♥❝♦r❞❛♥❝❡ ✐♥ r❡❣❛r❞s t♦ q✉❛❧✐t② ✐♥ ❈♦❧✉♠♥ ✭✶✵✮✳ ❙❡❡ ❉❛t❛ ❆♣♣❡♥❞✐① ❛♥❞ t❡①t ❢♦r ✈❛r✐❛❜❧❡ ❞❡✜♥✐t✐♦♥s✳ ❆❧❧ s♣❡❝✐✜❝❛t✐♦♥s
✐♥❝❧✉❞❡ ❝❛t❡❣♦r✐❝❛❧ ❝♦♥tr♦❧s ❢♦r ❛❣❡✱ ❡❞✉❝❛t✐♦♥✱ ❛♥❞ ❤♦✉s❡❤♦❧❞ ✐♥❝♦♠❡ ❧❡✈❡❧s✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s❡s ❢♦r ❈♦❧✉♠♥s ✭✶✮✕✭✾✮✳
❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ❝❧✉st❡r❡❞ ❛t t❤❡ r❡s♣♦♥❞❡♥t ❧❡✈❡❧ ✐♥ ❝✉r❧② ❜r❛❝❦❡ts ❢♦r ♣❛♥❡❧ ❛♥❛❧②s✐s ✭❈♦❧✉♠♥ ✭✶✵✮✮✳
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(1) (2) (3) (4) 

Years of 

Experience

Medical School 

Rank
Internist

Board Question 

Performance

Black Mean 15.17 24.00 0.67 0.78

Non-Black Mean 12.25 11.00 1.00 0.83

p -value 0.74 0.85 0.09 0.66

Persuade Black 

Men

Persuade White 

Men
Most Comply

>5 Black Patients 

/ Week

Black Mean 0.50 0.33 0.50 0.67

Non-Black Mean 0.75 0.75 1.00 0.38

p -value 0.35 0.13 0.03 0.30

Observations 14 14 14 14

Table 9: Doctor Characteristics and Quality

PANEL A: Occupational Characteristics

PANEL B: Persuasiveness and Patient Panel Characteristics

◆♦t❡✿ ❚❛❜❧❡ r❡♣♦rts ♠❡❛♥ ❞♦❝t♦r ❝❤❛r❛❝t❡r✐st✐❝s ❜② r❛❝❡✳ ❙❡❡ ❉❛t❛ ❆♣♣❡♥❞✐① ❛♥❞ t❡①t ❢♦r ✈❛r✐❛❜❧❡
❞❡✜♥✐t✐♦♥s✳ ❲✐❧❝♦①♦♥ r❛♥❦✲s✉♠ t❡st ♣✲✈❛❧✉❡s ❛r❡ r❡♣♦rt❡❞ ✐♥ r♦✇ ✸ ❛♥❞ ✻✳
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(1) (2) (3) (4) (5) (6)

0.142 0.135 0.143 0.137 0.151 0.177

(0.049) (0.043) (0.054) (0.050) (0.069) (0.068)

0.023 -0.037

(0.039) (0.073)

-0.005 -0.008

(0.052) (0.065)

0.002 0.004

(0.002) (0.004)

0.028 0.102

(0.071) (0.079)

Prob(| β RI: Black Dr 
| > | β Study Est.

|) 0.010 0.024 0.021 0.025 0.008 0.019

R-squared 0.445 0.455 0.445 0.472 0.451 0.516

Observations 14 14 14 14 14 14

Years of Experience

Internist

Table 10: Examining Doctor Fixed Effects

Top 10 Ranked Medical School

Black Doctor

>5 Black Patients / Week

Doctor Fixed Effects

◆♦t❡✿ ❚❛❜❧❡ r❡♣♦rts ❖▲❙ ❡st✐♠❛t❡s✳ ❚❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡ ✐s t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❞♦❝t♦r ✜①❡❞ ❡✛❡❝ts
❢♦r t❤❡ ❞❡❧t❛ s❤❛r❡ ✐♥✈❛s✐✈❡s✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s❡s✳ Pr♦❜ ✐♥❞✐❝❛t❡s r❛♥❞♦♠✐③❛t✐♦♥
✐♥❢❡r❡♥❝❡ ♣✲✈❛❧✉❡ ❜❛s❡❞ ♦♥ ✸✱✵✵✸

(

14

6

)

❝♦♠❜✐♥❛t✐♦♥s ♦❢ ❞♦❝t♦rs✳

✹✻



❋✐❣✉r❡ ✶✿ ❙t✉❞② ❉❡s✐❣♥ ❛♥❞ ❋❧♦✇

1,374 recruited 

At Oakland barbershops & flea markets 

667 

Did not redeem clinic coupon 
707 

Redeemed clinic coupon 

637 

Completed the study 

70 

Excluded: 
 

12 self-identify as not African-American 
2 self-identify as women  
6 missing consent forms 

50 attrit (did not see doctor) 

324 

Randomized to non-black doctor 
313 

Randomized to black doctor 

120 

No vaccine 
incentive 

96 

$5 vaccine 
incentive 

108 

$10 vaccine 
incentive 

96 

No vaccine 
incentive 

106 

$5 vaccine 
 incentive 

111 

$10 vaccine 
incentive 

Pre- 

Consultation: 

Tablet 

Selection 

BMI BP DIA CHO FLU 

Post-  

Consultation: 

Receive 

Services  

BMI BP DIA CHO FLU 

VISIT WITH DOCTOR 

SUBJECT FEEDBACK 

NONE 

NONE 

◆♦t❡✿ ❚✇♦✲st❛❣❡ r❛♥❞♦♠✐③❛t✐♦♥ ❞❡s✐❣♥ ❛♥❞ ✢♦✇ ♦❢ s✉❜❥❡❝ts ❢r♦♠ r❡❝r✉✐t♠❡♥t t❤r♦✉❣❤ ❝❧✐♥✐❝ ❡①✐t✳
◆♦t❡ t❤❛t ✼✵ s✉❜❥❡❝ts ✇❡r❡ r❛♥❞♦♠✐③❡❞ ❜✉t ❛r❡ ♥♦t ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❛♥❛❧②s✐s st✉❞② ❡✐t❤❡r ❜❡❝❛✉s❡
t❤❡② ❞✐❞ ♥♦t ♠❡❡t ❝r✐t❡r✐❛ ✭✐✳❡✳ t❤❡② s❡❧❢✲✐❞❡♥t✐✜❡❞ ❛s ❛ ❞✐✛❡r❡♥t r❛❝❡✴❡t❤♥✐❝✐t② ♦r ❛s ❛ ❢❡♠❛❧❡✱ ✇❡r❡
✉♥❞❡r❛❣❡✱ ♦r ❞✐❞ ♥♦t ❝♦♥s❡♥t✮ ♦r t❤❡② ❧❡❢t ❜❡❢♦r❡ t❤❡ ❝❧✐♥✐❝ ❡♥❝♦✉♥t❡r ✭✐✳❡✳ ❛ttr✐t❡❞✮✳
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◆♦t❡✿ ❙❝r❡❡♥s❤♦ts ♦❢ ❝❧✐♥✐❝ s✉r✈❡② t❛❜❧❡t✿ P❛♥❡❧ ✭❆✮ ✐♥tr♦❞✉❝❡s s✉❜❥❡❝t✬s ❞♦❝t♦r❀
P❛♥❡❧ ✭❇✮ ♣r❡s❡♥ts t❤❡ ♥♦♥✲✐♥❝❡♥t✐✈✐③❡❞ s❝r❡❡♥✐♥❣s ❛✈❛✐❧❛❜❧❡ ✭t❤❡ ♦r❞❡r ✇❛s
r❛♥❞♦♠✐③❡❞✮❀ P❛♥❡❧ ✭❈✮ ✐♥❢♦r♠s t❤❡ s✉❜❥❡❝t ❛❜♦✉t t❤❡ ✢✉ s❤♦t ❛♥❞ ❛ss♦❝✐❛t❡❞
✐♥❝❡♥t✐✈❡ ✭✐❢ ❛♣♣❧✐❝❛❜❧❡✮❀ P❛♥❡❧ ✭❉✮ ❛s❦s t❤❡ s✉❜❥❡❝t ✇❤❡t❤❡r ❤❡ ✇♦✉❧❞ ❧✐❦❡ t♦
r❡❝❡✐✈❡ ❛ ✢✉ ✈❛❝❝✐♥❛t✐♦♥✳ ❙❝r❡❡♥s❤♦ts ♥♦t s❤♦✇♥ t♦ s❝❛❧❡❀ t❛❜❧❡t s❝r❡❡♥ ✇❛s
❛♣♣r♦①✐♠❛t❡❧② ✶✵ ✐♥❝❤❡s✳ ✹✽
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✭❜✮ P❡rs✉❛s✐♦♥ ❘❛t❡s

◆♦t❡✿ P❛♥❡❧ ✭❆✮ ♣❧♦ts t❤❡ ♣❡r❝❡♥t ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❜❧❛❝❦ ❞♦❝t♦rs ✈s✳ ♥♦♥✲❜❧❛❝❦ ❞♦❝t♦rs ✐♥ ♣♦st✲
❝♦♥s✉❧t❛t✐♦♥ ❞❡♠❛♥❞ ❜② ♣r❡✈❡♥t✐✈❡✳ ◆♦t❡ t❤❛t t❤❡ ♣❡r❝❡♥t ❞✐✛❡r❡♥❝❡ ✐♥ ❞❡♠❛♥❞ ❢♦r t❤❡ ✢✉ ✇✐t❤
❛♥ ✐♥❝❡♥t✐✈❡ ✭♥♦t s❤♦✇♥✮ ✐s ❡q✉❛❧ t♦ ❛❜♦✉t ✷✺✪✳ ❚❤❡ ♣r❡✈❡♥t✐✈❡s ❛r❡ ♦r❞❡r❡❞ ❜② t❤❡✐r ②✲❛①✐s ✈❛❧✉❡✳
P❛♥❡❧ ✭❇✮ ♣❧♦ts ♣❡rs✉❛s✐♦♥ r❛t❡s ✭s❡❡ t❡①t ❢♦r ♠♦r❡ ❞❡t❛✐❧s✮✳ ❊❛❝❤ ❜❧✉❡ ❜❛r r❡♣r❡s❡♥ts t❤❡ ♣❡rs✉❛s✐♦♥
r❛t❡ ❢♦r ♦♥❡ ♦❢ t❤❡ ✜✈❡ ♥♦♥✲✐♥❝❡♥t✐✈✐③❡❞ ❝❧✐♥✐❝ s❝r❡❡♥✐♥❣s✿ ❢r♦♠ ❧❡❢t t♦ r✐❣❤t✱ ❜❧♦♦❞ ♣r❡ss✉r❡✱ ❜♦❞②
♠❛ss ✐♥❞❡①✱ ❞✐❛❜❡t❡s✱ ✢✉ ✇✐t❤♦✉t ❛♥ ✐♥❝❡♥t✐✈❡✱ ❛♥❞ ❝❤♦❧❡st❡r♦❧✳ ●r❛② ❜❛rs r❡♣r❡s❡♥t ♣❡rs✉❛s✐♦♥ r❛t❡s
♦❢ st✉❞✐❡s ❢r♦♠ ❚❛❜❧❡ ✶ ♦❢ ❉❡❧❧❛❱✐❣♥❛ ❛♥❞ ●❡♥t③❦♦✇ ✭✷✵✶✵✮✳
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❋✐❣✉r❡ ✺✿ ◆♦♥✲❊①♣❡r✐♠❡♥t❛❧ Pr❡❢❡r❡♥❝❡ ❢♦r ❈♦♥❝♦r❞❛♥❝❡

understand your concerns best?

you be comfortable discussing concerns with?

give you appropriate treatment?

be the most qualified?

be available near you?

35 40 45 50 55 60 65 70 75
Percentage selecting MD of same race

Black Respondent White Respondent

Which doctor would...

◆♦t❡✿ ❋✐❣✉r❡ ♣❧♦ts t❤❡ ♣❡r❝❡♥t ♦❢ ❜❧❛❝❦ ❛♥❞ ✇❤✐t❡ s✉r✈❡② r❡s♣♦♥❞❡♥ts ✇❤♦ s❡❧❡❝t ❛ ❞♦❝t♦r ♦❢ t❤❡
s❛♠❡ r❛❝❡ ✐♥ r❡s♣♦♥s❡ t♦ ✈❛r✐♦✉s q✉❡st✐♦♥s✳ ❈❤♦✐❝❡ s❡t ✐♥❝❧✉❞❡❞ ❜❧❛❝❦✱ ✇❤✐t❡✱ ♦r ❆s✐❛♥ ♠❛❧❡ ❞♦❝t♦rs✳
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❋✐❣✉r❡ ✻✿ P❡r♠✉t❛t✐♦♥ ❚❡st ♦❢ ❇❧❛❝❦ ❉♦❝t♦r ❊✛❡❝t ♦♥ ◆♦♥✲❈r✐t❡r✐❛ ❙❛♠♣❧❡
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✭❛✮ P♦st
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✭❜✮ ❉❡❧t❛

◆♦t❡✿ ❋✐❣✉r❡ ♣❧♦ts t❤❡ ❜❧❛❝❦ ❞♦❝t♦r ❝♦❡✣❝✐❡♥t ♦♥ ❛ r❛♥❞♦♠ s❡❧❡❝t✐♦♥ ♦❢ ◆ s✉❜❥❡❝ts ✇✐t❤
r❡♣❧❛❝❡♠❡♥t✱ ✇❤❡r❡ ◆ ❂ ✶✷✳ ❲❡ ❧✐♠✐t t❤❡ r❛♥❞♦♠ s❡❧❡❝t✐♦♥ t♦ s✉❜❥❡❝ts ✇❤♦ ✇❡r❡ ❛ss✐❣♥❡❞
t♦ t❤❡ ❡✐❣❤t ❞♦❝t♦rs ✇❤♦ s❛✇ t❤❡ ✶✷ ♦✉t✲♦❢✲s❛♠♣❧❡ s✉❜❥❡❝ts✳ P❡r♠✉t❛t✐♦♥ t❡st r✉♥s t❤❡ ♠❛✐♥
r❡❣r❡ss✐♦♥ ✭❊q✉❛t✐♦♥ ✶✮ ✶✱✵✵✵ t✐♠❡s✳ ❱❡rt✐❝❛❧ ✭r❡❞✮ ❧✐♥❡ s✐❣♥✐✜❡s t❤❡ ❝♦❡✣❝✐❡♥t ❢r♦♠ t❤❡
s✉❜❥❡❝ts ✇❤♦ ❞✐❞ ♥♦t ♠❡❡t st✉❞② ❝r✐t❡r✐❛✳
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◆♦t❡✿ ❉✐str✐❜✉t✐♦♥ ♦❢ ♠❡❞✐❝❛❧ s❝r❡❡♥✐♥❣ r❡s✉❧ts ❢♦r s✉❜❥❡❝ts ✇❤♦ ❡❧❡❝t❡❞ t♦ r❡❝❡✐✈❡ ♣r❡✈❡♥t✐✈❡s ❜② r❛❝❡ ♦❢ ❞♦❝t♦r✳
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◆♦t❡✿ ❋✐❣✉r❡ ♣❧♦ts t❤❡ ♣❡r❝❡♥t❛❣❡ ♦❢ ❡❛❝❤ ❞❡♠♦❣r❛♣❤✐❝ ❣r♦✉♣ ❞✐❛❣♥♦s❡❞ ✇✐t❤
t❤❡ ❧✐st❡❞ ❝♦♥❞✐t✐♦♥s✳ ❍②♣❡rt❡♥s✐♦♥ ✐s ❞❡✜♥❡❞ ❛s ❛ s②st♦❧✐❝ ❜❧♦♦❞ ♣r❡ss✉r❡ ✈❛❧✉❡
❣r❡❛t❡r ♦r ❡q✉❛❧ t♦ ✶✹✵ ♠♠ ❍❣✱ ♦❜❡s✐t② ❛s ❛ ❇▼■ ❣r❡❛t❡r ♦r ❡q✉❛❧ t♦ ✸✵ ❦❣✴♠✷✱
❤✐❣❤ ❝❤♦❧❡st❡r♦❧ ❛s ❛ ❝❤♦❧❡st❡r♦❧ ✈❛❧✉❡ ❣r❡❛t❡r ♦r ❡q✉❛❧ t♦ ✷✵✵ ♠❣✴❞▲✱ ❛♥❞ ❞✐❛❜❡t❡s
❛s ❛♥ ❆✶❝ ✈❛❧✉❡ ❣r❡❛t❡r ♦r ❡q✉❛❧ t♦ ✻✳✺✪✳ ❙t✉❞② s❛♠♣❧❡ ✈❛❧✉❡s ❛r❡ ❢♦r s✉❜❥❡❝ts
✇❤♦ ♦♣t❡❞ t♦ r❡❝❡✐✈❡ ❛ s❝r❡❡♥✐♥❣✳ ❱❛❧✉❡s ❢♦r t❤❡ ❯✳❙✳ ♣♦♣✉❧❛t✐♦♥ ❛r❡ ❢r♦♠ ❋r②❛r
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