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❚❤❡ ❡✛❡❝ts ♦❢ ❙❝❤♦♦❧ ❆❝❝♦✉♥t❛❜✐❧✐t② ♦♥ ❚❡❛❝❤❡r ▼♦❜✐❧✐t②

❛♥❞ ❚❡❛❝❤❡r ❙♦rt✐♥❣ ∗

❍❡❣❡ ▼❛r✐❡ ●❥❡❢s❡♥† ❛♥❞ ❚r✉❞❡ ●✉♥♥❡s‡

❆❜str❛❝t

❉♦❡s s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ❝❤❛♥❣❡ t❤❡ t❡❛❝❤❡r ❝♦♠♣♦s✐t✐♦♥ ✐♥ s❝❤♦♦❧s❄ ❲❡ ❡①♣❧♦✐t

❛ ♥❡st❡❞ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠ t♦ ❡st✐♠❛t❡ t❤❡ ❝❛✉s❛❧ ❡✛❡❝t ♦❢ ❛❝❝♦✉♥t❛❜✐❧✐t② ♦♥

t❡❛❝❤❡r ♠♦❜✐❧✐t② ❛♥❞ t❡❛❝❤❡r s♦rt✐♥❣✳ ■♥ ✷✵✵✸✱ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧s ✐♥ ❖s❧♦ ❜❡❝❛♠❡

❢♦r♠❛❧❧② ❛❝❝♦✉♥t❛❜❧❡ t♦ t❤❡ s❝❤♦♦❧ ❞✐str✐❝t ❛✉t❤♦r✐t②✳ ■♥ ✷✵✵✺✱ ❛ ✈❛❧✉❡ ❛❞❞❡❞ ♠❡❛s✉r❡ ♦❢

st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ✐♥ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧s ❛❧s♦ ❜❡❝❛♠❡ ♣✉❜❧✐❝ ✐♥❢♦r♠❛t✐♦♥✳ ❇♦t❤

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

t❡❛❝❤❡r ♠♦❜✐❧✐t②✳ ❆❧♠♦st ❛❧❧ t❡❛❝❤❡rs t❤❛t ♠♦✈❡❞ ❧❡❢t t❤❡ t❡❛❝❤✐♥❣ s❡❝t♦r ❡♥t✐r❡❧②✳ ◆♦♥✲

st❛②❡rs ✇❡r❡ ❧❛r❣❡❧② r❡♣❧❛❝❡❞ ❜② ❤✐❣❤✲❛❜✐❧✐t② t❡❛❝❤❡rs✱ ②✐❡❧❞✐♥❣ ❛ ♣♦s✐t✐✈❡ s♦rt✐♥❣ ❡✛❡❝t

❛❢t❡r t❤❡ s❡❝♦♥❞ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠✳

❏❊▲✲❝❧❛ss✐✜❝❛t✐♦♥s✿ ■✷✱ ❏✷

❑❡②✇♦r❞s✿ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t②✱ t❡❛❝❤❡r t✉r♥♦✈❡r✱ t❡❛❝❤❡r s♦rt✐♥❣✱ ❞✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡

∗❲❡ ❛r❡ ❣r❛t❡❢✉❧ ❢♦r ❣❡♥❡r♦✉s ❝♦♠♠❡♥ts ❢r♦♠ ❚♦r❜❡r❣ ❋❛❧❝❤✱ ❉❛✈✐❞ ❋✐❣❧✐♦✱ ▲❛rs ❑✐r❦❡❜ø❡♥✱ ▼❛rt❡ ❘ø♥♥✐♥❣✱
❑❥❡t✐❧ ❚❡❧❧❡✱ ✐♥ ❛❞❞✐t✐♦♥ t♦ ❝♦♠♠❡♥ts ❢r♦♠ s❡♠✐♥❛r ♣❛rt✐❝✐♣❛♥ts ❛t t❤❡ ◆♦r✇❡❣✐❛♥ ❛♥♥✉❛❧ ♠❡❡t✐♥❣ ❢♦r ❡❝♦♥♦♠✐sts
✐♥ ❖s❧♦ ✷✵✶✹✱ t❤❡ ❘♦②❛❧ ❊❝♦♥♦♠✐❝ ❙♦❝✐❡t② ❈♦♥❢❡r❡♥❝❡ ✐♥ ▼❛♥❝❤❡st❡r ✷✵✶✹✱ ❛♥❞ t❤❡ ❙❖▲❊✴❊❆▲❊ ✇♦r❧❞ ♠❡❡t✐♥❣
✐♥ ▼♦♥tr❡❛❧ ✷✵✶✺✳ ❲❡ ❛r❡ ❛❧s♦ ❣r❛t❡❢✉❧ ❢♦r ❞❛t❛ ♣r♦✈✐❞❡❞ ❜② t❤❡ ◆♦r✇❡❣✐❛♥ ❯♥✐✈❡rs✐t✐❡s ❛♥❞ ❈♦❧❧❡❣❡s ❆❞♠✐ss✐♦♥
❙❡r✈✐❝❡✱ ❛♥❞ ❢♦r ✈❛❧✉❛❜❧❡ ❝♦♠♠❡♥ts ❢r♦♠ t❤❡ s❝❤♦♦❧ ❞✐str✐❝t ❛✉t❤♦r✐t② ✐♥ ❖s❧♦✳ ❚❤❡ ✉s✉❛❧ ❞✐s❝❧❛✐♠❡r ❛♣♣❧✐❡s✳

†❙t❛t✐st✐❝s ◆♦r✇❛②✱ ❘❡s❡❛r❝❤ ❉❡♣❛rt♠❡♥t✱ P♦st❜♦① ✽✶✸✶ ❉❡♣✳✱ ◆✲✵✵✸✸ ❖s❧♦✱ ◆♦r✇❛②✱ ❡✲♠❛✐❧✿ ❤♠❣❅ss❜✳♥♦
‡❙t❛t✐st✐❝s ◆♦r✇❛②✱ ❘❡s❡❛r❝❤ ❉❡♣❛rt♠❡♥t✱ P♦st❜♦① ✽✶✸✶ ❉❡♣✳✱ ◆✲✵✵✸✸ ❖s❧♦✱ ◆♦r✇❛②✱ ❡✲♠❛✐❧✿ ❣✉t❅ss❜✳♥♦

✶



✶ ■♥tr♦❞✉❝t✐♦♥

❙❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ✐s ✐♥t❡♥❞❡❞ t♦ r❡❞✉❝❡ t❤❡ ♣r✐♥❝✐♣❛❧✲❛❣❡♥t ♣r♦❜❧❡♠ ✐♥ ❡❞✉❝❛t✐♦♥ ❜② ♣r♦✲

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

❍♦✇❡✈❡r✱ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ♠❛② ❛❧s♦ ✐♥❞✉❝❡ t❡❛❝❤❡r ♠♦❜✐❧✐t② ❛♥❞ ✇♦r❦ ❛s ❛ s♦rt✐♥❣ ♠❡❝❤✲

❛♥✐s♠✳ ❋♦r ✐♥st❛♥❝❡✱ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ✐s ♥♦t ❞✐r❡❝t❧② ❛ttr✐❜✉t❛❜❧❡ t♦ t❡❛❝❤❡r ❜❡❤❛✈✐♦r✳ ■♥

❢❛❝t✱ ♠❛♥② ❡❧❡♠❡♥ts ✐♥✢✉❡♥❝✐♥❣ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ❛r❡ ♦✉t ♦❢ t❤❡ t❡❛❝❤❡rs✬ ❝♦♥tr♦❧✳✶ ▼❛❦✐♥❣

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

❤❡♥❝❡ tr✐❣❣❡r t❡❛❝❤❡r ♠♦❜✐❧✐t②✳ ■♥ ❛❞❞✐t✐♦♥✱ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ♠❛② ✐♥❝r❡❛s❡ t❤❡ ❛❞♠✐♥✐s✲

tr❛t✐✈❡ ✇♦r❦❧♦❛❞ ❢♦r t❡❛❝❤❡rs ❛♥❞ ♠❛② ❝r♦✇❞ ♦✉t t❤❡✐r ✐♥tr✐♥s✐❝ ♠♦t✐✈❛t✐♦♥✳✷ ▼♦r❡♦✈❡r✱ ✐t ♠❛②

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

❢♦r s♦♠❡ t❡❛❝❤❡rs✳ ❚❡❛❝❤❡r ♠♦❜✐❧✐t② ♠✐❣❤t ❢✉rt❤❡r ❛✛❡❝t t❤❡ ❝♦♠♣♦s✐t✐♦♥ ♦❢ t❡❛❝❤❡rs ✇✐t❤✐♥

s❝❤♦♦❧s✳ ❉✐✛❡r❡♥❝❡s ✐♥ t❤❡ t✉r♥♦✈❡r ❞❡❝✐s✐♦♥s ♠❛❞❡ ❜② ❤✐❣❤✲ ❛♥❞ ❧♦✇✲❛❜✐❧✐t② t❡❛❝❤❡rs ♠❛② ✐♥✲

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

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

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

t❡❛❝❤❡r ❝♦♠♣♦s✐t✐♦♥✱ ❛♥❞ ✇❤❡t❤❡r ✐t ✇♦r❦s ❛s ❛ s♦rt✐♥❣ ♠❡❝❤❛♥✐s♠✳ ❲❡ ❡①♣❧♦✐t ❛ ♠❛♥❛❣❡♠❡♥t

r❡❢♦r♠ ❢r♦♠ ✷✵✵✸ t❤❛t ♠❛❞❡ s❝❤♦♦❧s ✐♥t❡r♥❛❧❧② ❛❝❝♦✉♥t❛❜❧❡ t♦ t❤❡ s❝❤♦♦❧ ❞✐str✐❝t ❛✉t❤♦r✐t②

❢♦r st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t✱ ❛♥❞ t❤❡ ❢❛❝t t❤❛t ❛ ♠❛r❦❡t✲❡❧❡♠❡♥t ✇❛s ❛❞❞❡❞ ✐♥ ✷✵✵✺✿ ■♥❢♦r♠❛t✐♦♥

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

s❝❤♦♦❧s ❛❧s♦ ❡①t❡r♥❛❧❧② ❛❝❝♦✉♥t❛❜❧❡✳

✶❙❡❡ ❑❛♥❡ ❛♥❞ ❙t❛❣✐❡r ✭✷✵✵✷✮ ❛♥❞ ❑♦r❡t③ ✭✷✵✵✷✮ ❢♦r t❤❡ ♣✐t❢❛❧❧s ♦❢ ✐♠♣r❡❝✐s❡ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ♠❡❛s✉r❡s✳
✷❊①t❡♥s✐✈❡ ✇♦r❦ ❜② ❉❡❝✐ ❛♥❞ ❘②❛♥ ✭❡✳❣✳✱ ✶✾✽✺✱ ✷✵✵✵✮ ✐♥❞✐❝❛t❡s t❤❛t t♦♦ ♠✉❝❤ ❝♦♥tr♦❧ ♦r ❞✐str✉st ♠✐❣❤t

♥❡❣❛t✐✈❡❧② ✐♥✢✉❡♥❝❡ ❛♥ ✐♥❞✐✈✐❞✉❛❧✬s ✐♥tr✐♥s✐❝ ♠♦t✐✈❛t✐♦♥✳ ❲❤❡r❡❛s s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ✐s ♠❡❛♥t t♦ ❣✐✈❡
t❡❛❝❤❡rs ♠♦r❡ ❛✉t♦♥♦♠② ✐♥ t❤❡ ❝❧❛ssr♦♦♠✱ s❝❤♦♦❧ q✉❛❧✐t② ♠❡❛s✉r❡s ♠✐❣❤t ❜❡ ♣❡r❝❡✐✈❡❞ ❛s ❛ s✐❣♥❛❧ ♦❢ ❞✐str✉st✳
❙❡❡ ❋❡❤r ❛♥❞ ❋❛❧❦ ✭✷✵✵✷✮ ❝♦♥❝❡r♥✐♥❣ t❤❡ ♣s②❝❤♦❧♦❣② ♦❢ ✐♥❝❡♥t✐✈❡s ✐♥ ❣❡♥❡r❛❧✳

✷



❲❤❡♥ st✉❞②✐♥❣ t✉r♥♦✈❡r ❛♥❞ r❡❝r✉✐t♠❡♥t✱ ❡❝♦♥♦♠✐sts ❤❛✈❡ tr❛❞✐t✐♦♥❛❧❧② ❡♠♣❤❛s✐③❡❞ ♣❡✲

❝✉♥✐❛r② ✈❛r✐❛❜❧❡s ❛♥❞ t♦ ❛ ❧❡ss❡r ❡①t❡♥t ♦r❣❛♥✐③❛t✐♦♥❛❧ ❛♥❞ s♦❝✐❛❧ str✉❝t✉r❡s✳ ❍♦✇❡✈❡r✱ t❤❡r❡

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

❜❡tt❡r ♣r❡✲s❡r✈✐❝❡ q✉❛❧✐✜❝❛t✐♦♥s ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❛♣♣❧② ❢♦r ❛ tr❛♥s❢❡r✱ ✇❤✐❧❡ t❡❛❝❤❡rs ✇❤♦s❡

st✉❞❡♥ts ❞❡♠♦♥str❛t❡ ❤✐❣❤❡r ❛❝❤✐❡✈❡♠❡♥ts ❛r❡ ❧❡ss s♦✳ ❏❛❝❦s♦♥ ✭✷✵✵✾✮ st✉❞✐❡s t❤❡ ❝❛✉s❛❧ ❡✛❡❝t

♦❢ ❝❤❛♥❣❡s ✐♥ st✉❞❡♥t ❝❤❛r❛❝t❡r✐st✐❝s ♦♥ t❡❛❝❤❡r s♦rt✐♥❣✳ ❍❡ ✜♥❞s ❛ ❞❡❝❧✐♥❡ ✐♥ t❡❛❝❤❡r q✉❛❧✐t②

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

❡✛❡❝t✐✈❡ t❡❛❝❤❡rs✳

❆❧t❤♦✉❣❤ t❤❡r❡ ❡①✐sts ❛ ✈❛st ❧✐t❡r❛t✉r❡ ♦♥ t❡❛❝❤❡r ♠♦❜✐❧✐t② ❛♥❞ s♦rt✐♥❣✱ t❤❡✐r ❡✛❡❝ts ❤❛✈❡

❧❛r❣❡❧② ❜❡❡♥ ♦✈❡r❧♦♦❦❡❞ ✐♥ t❤❡ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ❧✐t❡r❛t✉r❡✳ ◆✉♠❡r♦✉s st✉❞✐❡s ❤❛✈❡ ❢♦✉♥❞

t❤❛t s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ❤❛s ❛ ♣♦s✐t✐✈❡ ❡✛❡❝t ♦♥ st✉❞❡♥t t❡st s❝♦r❡s ✭❡✳❣✳✱ ❘♦✉s❡ ❡t ❛❧✳✱

✷✵✶✸✮✱ ❤♦✇❡✈❡r t❤❡r❡ ✐s ♥♦ r❡❛❧ ❝♦♥s❡♥s✉s ♦♥ t❤❡ ♠❡❝❤❛♥✐s♠ t❤r♦✉❣❤ ✇❤✐❝❤ t❤❡ ✐♠♣❛❝t ♦❢

❛❝❝♦✉♥t❛❜✐❧✐t② t❛❦❡s ♣❧❛❝❡✳✸

❈♦♥❢♦✉♥❞✐♥❣ s♦rt✐♥❣ ❡✛❡❝ts ♣❧❛② ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ✐♥ ♦t❤❡r s❡tt✐♥❣s✳ ▲❛③❡❛r ✭✷✵✵✵✮ ✜♥❞s

t❤❛t ✐♥tr♦❞✉❝✐♥❣ ♣❡r❢♦r♠❛♥❝❡ ♣❛② ✐♥ t❤❡ ❛✉t♦ ❣❧❛ss s❡❝t♦r ✐♥❝r❡❛s❡❞ ♣r♦❞✉❝t✐✈✐t② ❜② ✹✹ ✪✳ ❍❛❧❢

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

▲❡✉✈❡♥ ❡t ❛❧✳ ✭✷✵✶✶✮ ✜♥❞ t❤❛t ♠♦r❡ ❛❜❧❡ st✉❞❡♥ts t❡♥❞ t♦ s❡❧❡❝t t❤❡♠s❡❧✈❡s ✐♥t♦ t♦✉r♥❛♠❡♥ts

✇✐t❤ t❤❡ ❤✐❣❤❡r ♣r✐③❡s✱ ❛♥❞ ✜♥❞ ♥♦ ❡✛❡❝t ♦❢ t♦✉r♥❛♠❡♥t ♣❛rt✐❝✐♣❛t✐♦♥ ♦♥ st✉❞② ❡✛♦rt ❛♥❞

❡①❛♠ r❡s✉❧ts✳ ❚❤❡✐r r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ♥♦♥✲❡①♣❡r✐♠❡♥t❛❧ r❡s✉❧ts ❛r❡ ❝♦♠♣❧❡t❡❧② ❞✉❡ t♦

s♦rt✐♥❣✱ ♥♦t ✐♥❝❡♥t✐✈❡s✳

✸❍❛♥✉s❤❡❦ ❛♥❞ ❘❛②♠♦♥❞ ✭✷✵✵✹✮✮ ✜♥❞ t❤❛t ❥✉st r❡♣♦rt✐♥❣ r❡s✉❧ts ❤❛s ♠✐♥✐♠❛❧ ✐♠♣❛❝t ❛♥❞ t❤❛t t❤❡ ❢♦r❝❡ ♦❢
❛❝❝♦✉♥t❛❜✐❧✐t② ❝♦♠❡s ❢r♦♠ ❛tt❛❝❤✐♥❣ s❛♥❝t✐♦♥s ❛♥❞ r❡✇❛r❞s✳ ❇✐s❤♦♣ ❡t ❛❧✳ ✭✷✵✵✶✮ ✜♥❞ t❤❛t t❤❡ ✏st✐❝❦ ✐s ♠♦r❡
❡✛❡❝t✐✈❡ t❤❛♥ t❤❡ ❝❛rr♦t✑✳ ❍❛rr✐ ❛♥❞ ❍❡rr✐♥❣t♦♥ ✭✷✵✵✻✮ ❛r❣✉❡ t❤❛t t❤❡ ♣♦s✐t✐✈❡ ❡✛❡❝ts ♦❢ ❛❝❝♦✉♥t❛❜✐❧✐t② s❤♦✉❧❞
♠❛✐♥❧② ❜❡ ❛ttr✐❜✉t❡❞ t♦ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❡①✐t ❡①❛♠s✳ ❘♦✉s❡ ❡t ❛❧✳ ✭✷✵✶✸✮ s❤♦✇ t❤❛t ✐♠♣r♦✈❡♠❡♥t ✐♥ st✉❞❡♥t
❛❝❤✐❡✈❡♠❡♥t ❝❛♥ ❜❡ ❛ttr✐❜✉t❡❞ t♦ ❝❤❛♥❣❡s ✐♥ t❡❛❝❤✐♥❣ ♣r❛❝t✐❝❡s✳

✸



❚❤❡ ❧✐t❡r❛t✉r❡ ♦♥ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ❢♦❝✉s❡s ♠❛✐♥❧② ♦♥ ❝❤❛♥♥❡❧s t❤r♦✉❣❤ ✇❤✐❝❤ s❝❤♦♦❧

r❛♥❦✐♥❣s ❝❛♥ ✐♥❞✉❝❡ ❣❛♠✐♥❣ r❡s♣♦♥s❡s✿ ❚❡❛❝❤❡rs ✐♥❝r❡❛s❡ t❤❡ ✉s❡ ♦❢ s♣❡❝✐❛❧ ❡❞✉❝❛t✐♦♥ ♣❧❛❝❡✲

♠❡♥ts ✭❏❛❝♦❜✱ ✷✵✵✺❀ ❋✐❣❧✐♦ ❛♥❞ ●❡t③❧❡r✱ ✷✵✵✻✮✱ s✉❜st✐t✉t❡ ❛✇❛② ❢r♦♠ ❧♦✇✲st❛❦❡s s✉❜❥❡❝ts

✭❋✐❣❧✐♦✱ ✷✵✵✻✮✱ t❡❛❝❤ ❢♦r t❤❡ t❡st ✭❏❛❝♦❜✱ ✷✵✵✺✮✱ ❝❤❡❛t ✭❏❛❝♦❜ ❛♥❞ ▲❡✈✐tt✱ ✷✵✵✸✮✱ ❛♥❞ s❤✐❢t

♠♦r❡ ❛tt❡♥t✐♦♥ t♦ st✉❞❡♥ts ✐♥ t❤❡ ♠✐❞❞❧❡ ♦❢ t❤❡ ❛❝❤✐❡✈❡♠❡♥t ❞✐str✐❜✉t✐♦♥ ✐♥ ♦r❞❡r t♦ ✐♥✢❛t❡

❛❝❝♦✉♥t❛❜✐❧✐t② s❝♦r❡s ✭◆❡❛❧ ❛♥❞ ❙❝❤❛♥③❡♥❜❛❝❤✱ ✷✵✶✵✮✳

❋❡♥❣ ❡t ❛❧✳ ✭✷✵✶✶✮ ❛r❡ ♦♥❡ ♦❢ ❢❡✇ t♦ st✉❞② t❤❡ ❡✛❡❝t ♦❢ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ♦♥ t❡❛❝❤❡r

♠♦❜✐❧✐t②✳✹ ❚❤❡② ❡①♣❧♦✐t ❛ ❝❤❛♥❣❡ ✐♥ ❋❧♦r✐❞❛✬s s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② s②st❡♠ t❤❛t ❡①♦❣❡♥♦✉s❧②

s❤♦❝❦❡❞ s♦♠❡ s❝❤♦♦❧s t♦ ❤✐❣❤❡r ❛❝❝♦✉♥t❛❜✐❧✐t② s❝♦r❡s ❛♥❞ ♦t❤❡rs t♦ ❧♦✇❡r ❛❝❝♦✉♥t❛❜✐❧✐t② s❝♦r❡s✳

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

❛♥❞ ❧❡ss ❧✐❦❡❧② t♦ ❧❡❛✈❡ s❝❤♦♦❧s t❤❛t ❤❛✈❡ ❜❡❡♥ ✉♣✇❛r❞❧② s❤♦❝❦❡❞✳ ❉✐③♦♥✲❘♦ss ✭✷✵✶✹✮ ❣♦❡s ♦♥❡

st❡♣ ❢✉rt❤❡r ❛♥❞ ❛❧s♦ st✉❞② ❥♦✐♥✐♥❣ t❡❛❝❤❡rs✬ q✉❛❧✐t②✳ ❙❤❡ ✜♥❞s t❤❛t ❛ ❧♦✇❡r ❛❝❝♦✉♥t❛❜✐❧✐t②

❣r❛❞❡ ❛♠♦♥❣ s❝❤♦♦❧s ❛t t❤❡ ❜♦tt♦♠ ❡♥❞ ♦❢ t❤❡ s❝❤♦♦❧ ❣r❛❞❡ ❞✐str✐❜✉t✐♦♥ ❞❡❝r❡❛s❡s t❡❛❝❤❡r

t✉r♥♦✈❡r ❛♠♦♥❣ ❤✐❣❤✲q✉❛❧✐t② t❡❛❝❤❡rs ❛♥❞ ✐♥❝r❡❛s❡s ❥♦✐♥✐♥❣ t❡❛❝❤❡rs✬ q✉❛❧✐t②✱ ✇❤❡r❡❛s ❛ ❧♦✇❡r

❛❝❝♦✉♥t❛❜✐❧✐t② ❣r❛❞❡ ❛♠♦♥❣ s❝❤♦♦❧s ❛t t❤❡ t♦♣ ❡♥❞ ♦❢ t❤❡ s❝❤♦♦❧ ❣r❛❞❡ ❞✐str✐❜✉t✐♦♥ ❤❛s ♥♦

t✉r♥♦✈❡r ❡✛❡❝t✱ ❜✉t ❞❡❝r❡❛s❡s ❥♦✐♥✐♥❣ t❡❛❝❤❡rs✬ q✉❛❧✐t②✳

❲❡ ❢♦❧❧♦✇ ✉♣ t❤❡ ❛♥❛❧②s✐s ♦❢ ❋❡♥❣ ❡t ❛❧✳ ✭✷✵✶✶✮ ❛♥❞ ❉✐③♦♥✲❘♦ss ✭✷✵✶✹✮ ❜② st✉❞②✐♥❣ t❤❡ ❡✛❡❝t

♦❢ ❛❝❝♦✉♥t❛❜✐❧✐t② ♦♥ t❡❛❝❤❡r ❝♦♠♣♦s✐t✐♦♥✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ✇❡ st✉❞② ✐❢ t❤❡ ❛❜✐❧✐t② ❞✐str✐❜✉t✐♦♥

♦❢ t❤❡ t❡❛❝❤❡rs ❝❤❛♥❣❡s ❛s ❛ ❝♦♥s❡q✉❡♥❝❡ ♦❢ t❤❡ r❡❢♦r♠✳ ❚❡❛❝❤❡r ❛❜✐❧✐t② ✐s ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❜❛s❡❞

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

✹❚❤❡r❡ ❛r❡ s♦♠❡ ♣❛♣❡rs ♦♥ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ❛♥❞ t❤❡ ♠♦❜✐❧✐t② ♦❢ s❝❤♦♦❧ ♣r✐♥❝✐♣❛❧s✳ ❊✳❣✳✱ ▲✐ ✭✷✵✶✷✮
✜♥❞s t❤❛t ◆♦ ❈❤✐❧❞ ▲❡❢t ❇❡❤✐♥❞ ✐♥❞✉❝❡❞ ♠♦r❡ ❛❜❧❡ ♣r✐♥❝✐♣❛❧s t♦ ♠♦✈❡ t♦ s❝❤♦♦❧s ❧❡ss ❧✐❦❡❧② t♦ ❢❛❝❡ s❛♥❝t✐♦♥s✱
t❤❡r❡❜② ❞❡❝r❡❛s✐♥❣ t❤❡ ❛✈❡r❛❣❡ ♣r✐♥❝✐♣❛❧ q✉❛❧✐t② ❛t s❝❤♦♦❧s s❡r✈✐♥❣ ❞✐s❛❞✈❛♥t❛❣❡ st✉❞❡♥ts✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡r❡
❛r❡ ❛ ❢❡✇ ♣❛♣❡rs ♦♥ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ❛♥❞ ♣✉♣✐❧ s♦rt✐♥❣✳ ❊✳❣✳✱ ❇✉r❣❡ss ❡t ❛❧✳ ✭✷✵✶✸✮ ✜♥❞ ✐♥❞✐❝❛t✐♦♥s ♦❢
st✉❞❡♥t s♦rt✐♥❣ ✇❤❡♥ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ✇❛s ❝♦♠❜✐♥❡❞ ✇✐t❤ s❝❤♦♦❧ ❝❤♦✐❝❡✳

✹



❛ ♣♦s✐t✐✈❡ ✐♥✢✉❡♥❝❡ ♦❢ t❡❛❝❤❡r✬ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t ♦♥ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t✱ ❛♥❞ ❤❡♥❝❡ t❤❛t

t❡❛❝❤❡rs✬ ♦✇♥ ❣r❛❞❡s ❢r♦♠ ❤✐❣❤❡r ❡❞✉❝❛t✐♦♥ ✐s ❛ ♣r♦①② ❢♦r t❡❛❝❤❡r q✉❛❧✐t② ✭❡✳❣✳✱ ❍❛♥✉s❤❡❦ ❡t ❛❧✳✱

✷✵✶✹❀ ❍❛♥✉s❤❡❦ ❛♥❞ ❘✐✈❦✐♥✱ ✷✵✵✻❀ ❈❧♦t❢❡❧t❡r ❡t ❛❧✳✱ ✷✵✵✻ ❛♥❞ ✷✵✵✼✮✳ ■♥ ❛❞❞✐t✐♦♥✱ t❡❛❝❤❡rs✬ ♦✇♥

❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t ✐s ❛ ❣♦♦❞ ✐♥❞✐❝❛t♦r r❡❣❛r❞✐♥❣ t❡❛❝❤❡rs✬ ♦✉ts✐❞❡ ♦♣t✐♦♥s ❛s t❡❛❝❤❡rs ♦✇♥

❣r❛❞❡s ❛r❡ s❛❧✐❡♥t ❢♦r ♣♦t❡♥t✐❛❧ ❢✉t✉r❡ ❡♠♣❧♦②❡rs✳ ■♥ ❝♦♥tr❛st t♦ ❋❡♥❣ ❡t✳ ❛❧✳ ✭✷✵✶✵✮ ❛♥❞ ❉✐③♦♥✲

❘♦ss ✭✷✵✶✹✮✱ ✇❡ st✉❞② t❤❡ r❡❛❝t✐♦♥s t♦ t❤❡ ✐♥tr♦❞✉❝t✐♦♥ ♦❢ ❛♥ ❛❝❝♦✉♥t❛❜✐❧✐t② s②st❡♠ ✐♥st❡❛❞

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

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

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

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

❝❤❛♥❣❡s ✐♥ t❤❡ ❛❜✐❧✐t② ❝♦♠♣♦s✐t✐♦♥ ♦❢ t❡❛❝❤❡rs✳

❚❤❡ ♣❡r❢♦r♠❛♥❝❡ ✐♥❞✐❝❛t♦r ✐s s❛❧✐❡♥t ✐♥ ❛♥ ❛❝❝♦✉♥t❛❜✐❧✐t② s②st❡♠✳ ❚❤❡ ♣❡r❢♦r♠❛♥❝❡ ✐♥✲

❞✐❝❛t♦r ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ♥❡st❡❞ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠ ✇❛s ❜❛s❡❞ ♦♥ st✉❞❡♥t ❣r❛❞❡s✳

❚❤❡ ❧❛❝❦ ♦❢ ❣r❛❞✐♥❣ ✐♥ ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥ ❝r❡❛t❡❞ ❛ ❤✐❣❤❡r r❡❢♦r♠ ✐♥t❡♥s✐t② ✐♥ ❧♦✇❡r s❡❝♦♥❞❛r②

t❤❛♥ ✐♥ ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥✳ ❲❡ ❡①♣❧♦✐t t❤✐s ❞✐✛❡r❡♥❝❡ ✐♥ r❡❢♦r♠ ✐♥t❡♥s✐t② ✐♥ ❛ ❞✐✛❡r❡♥❝❡s✲

✐♥✲❞✐✛❡r❡♥❝❡s ✭❉❉✮✲❛♣♣r♦❛❝❤✳ ❋♦r t❤❡ ❣❡♥❡r❛❧ ♣♦❧✐❝② ❡♥✈✐r♦♥♠❡♥t ❛♥❞ t❤❡ ❝♦♠♣♦s✐t✐♦♥ ♦❢

st✉❞❡♥ts t♦ ❜❡ s✐♠✐❧❛r ✐♥ t❤❡ tr❡❛t♠❡♥t ❛♥❞ ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣s✱ ✇❡ ❝♦♠♣❛r❡ ❧♦✇❡r s❡❝♦♥❞❛r②

s❝❤♦♦❧ t❡❛❝❤❡rs t♦ ♣r✐♠❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ✐♥ ❖s❧♦✱ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ r❡❢♦r♠ ✇❛s ✐♥tr♦❞✉❝❡❞✳

❚♦ ❡♥s✉r❡ t❤❛t ❛♥② r❡s✉❧ts ❛r❡ ♥♦t ❞r✐✈❡♥ ❜② s②st❡♠❛t✐❝ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ❧♦✇❡r s❡❝♦♥❞❛r②

❛♥❞ ♣r✐♠❛r② s❝❤♦♦❧ t❡❛❝❤❡rs✱ ✇❡ ❛❞❞ ❛ t❤✐r❞ ❞✐✛❡r❡♥❝❡✿ ❲❡ ❝♦♠♣❛r❡ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥

tr❡❛t❡❞ t❡❛❝❤❡rs ✐♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ ❛♥❞ ✉♥tr❡❛t❡❞ t❡❛❝❤❡rs ✐♥ ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥ ✐♥

t❤❡ r❡❢♦r♠ ❞✐str✐❝t t♦ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❛♥❞ ♣r✐♠❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ✐♥

s❝❤♦♦❧ ❞✐str✐❝ts ♥♦t ❛✛❡❝t❡❞ ❜② t❤❡ r❡❢♦r♠ ✐♥ ❛ ❞✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡s ✭❉❉❉✮✲

✺



❛♣♣r♦❛❝❤✳ ❲❡ ✉s❡ r✐❝❤ ◆♦r✇❡❣✐❛♥ ❞❛t❛ ♦♥ ♣✉❜❧✐❝ s❝❤♦♦❧ t❡❛❝❤❡rs t♦ st✉❞② ❝❛✉s❛❧ ❡✛❡❝ts ♦❢

s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ♦♥ t❡❛❝❤❡r t✉r♥♦✈❡r ❛♥❞ s♦rt✐♥❣✳

❲❡ ✜♥❞ s✐❣♥✐✜❝❛♥t❧② ✐♥❝r❡❛s❡❞ t❡❛❝❤❡r ♠♦❜✐❧✐t② ❛❢t❡r t❤❡ ✐♥t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠✳ ❚❤❡

❡①t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠ ❛❧s♦ tr✐❣❣❡rs t❡❛❝❤❡r t✉r♥♦✈❡r ✐♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥✱ ❜✉t

♥♦t t♦ ❛ ❧❛r❣❡r ❡①t❡♥t t❤❛♥ t❤❡ ✐♥t❡r♥❛❧ ♣❛rt✳ ❆❧♠♦st ❛❧❧ ♥♦♥✲st❛②❡rs ❧❡❛✈❡ t❤❡ t❡❛❝❤✐♥❣ s❡❝t♦r

❡♥t✐r❡❧②✳ ❍✐❣❤✲❛❜✐❧✐t② t❡❛❝❤❡rs r❡s♣♦♥❞ ♠♦r❡ str♦♥❣❧② ✐♥ t❡r♠s ♦❢ t❡❛❝❤❡r ♠♦❜✐❧✐t② t❤❛♥ ❧♦✇✲

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

♦❢ t❤❡ r❡❢♦r♠✱ ✐♥❞✐❝❛t✐♥❣ t❤❛t ❤✐❣❤✲❛❜✐❧✐t② t❡❛❝❤❡rs ✇❤♦ q✉✐t ❛r❡ ❜❡✐♥❣ r❡♣❧❛❝❡❞ ❜② ♦t❤❡r

❤✐❣❤✲❛❜✐❧✐t② t❡❛❝❤❡rs✳ ❲❡ ✜♥❞ ❛ s♠❛❧❧ ♣♦s✐t✐✈❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ❛♥❞

s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ❛❢t❡r t❤❡ ❡①t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠✱ ✇❤✐❝❤ ✐s ❝♦❤❡r❡♥t ✇✐t❤ t❤❡ ♣❛tt❡r♥

♦❢ t❡❛❝❤❡r s♦rt✐♥❣✳

❚❤❡ ♣❛♣❡r ♣r♦❝❡❡❞s ❛s ❢♦❧❧♦✇s✿ ❙❡❝t✐♦♥ ✷ ♣r❡s❡♥ts t❤❡ ✐♥st✐t✉t✐♦♥❛❧ s❡tt✐♥❣ ❛♥❞ t❤❡ r❡❢♦r♠

❞❡t❛✐❧s✳ ❚❤❡ ❡♠♣✐r✐❝❛❧ str❛t❡❣② ✐s ♦✉t❧✐♥❡❞ ✐♥ s❡❝t✐♦♥ ✸✳ ❙❡❝t✐♦♥ ✹ ♣r❡s❡♥ts t❤❡ ❞❛t❛✱ ❞❡✜♥❡s

✐♠♣♦rt❛♥t ✈❛r✐❛❜❧❡s ✐♥ t❤❡ ❛♥❛❧②s✐s✱ ❛♥❞ ♣r❡s❡♥ts s♦♠❡ ❞❡s❝r✐♣t✐✈❡ st❛t✐st✐❝s✳ ❙❡❝t✐♦♥ ✺ ♣r❡s❡♥ts

t❤❡ ❡♠♣✐r✐❝❛❧ r❡s✉❧ts ❛♥❞ r♦❜✉st♥❡ss t❡sts r❡❣❛r❞✐♥❣ t❡❛❝❤❡r ♠♦❜✐❧✐t② ❛♥❞ s♦rt✐♥❣✳ ❙❡❝t✐♦♥ ✻

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

❙❡❝t✐♦♥ ✼ ♦✛❡rs s♦♠❡ ❝♦♥❝❧✉❞✐♥❣ r❡♠❛r❦s✳

✻



✷ ■♥st✐t✉t✐♦♥❛❧ s❡tt✐♥❣ ❛♥❞ t❤❡ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠

✷✳✶ ❚❤❡ ◆♦r✇❡❣✐❛♥ ❡❞✉❝❛t✐♦♥❛❧ s②st❡♠

❚❤❡ ❡❞✉❝❛t✐♦♥❛❧ s②st❡♠ ✐♥ ◆♦r✇❛② ✐s ❜❛s❡❞ ♦♥ ♣✉❜❧✐❝ s❝❤♦♦❧s✱ ✐♥ ✇❤✐❝❤ ♠♦r❡ t❤❛♥ ✾✺✪ ♦❢

t❤❡ st✉❞❡♥ts ❛r❡ ❡♥r♦❧❧❡❞✳ P✉❜❧✐❝ s❝❤♦♦❧s ❤❛✈❡ ❛ ❝♦♠♠♦♥ ❝✉rr✐❝✉❧✉♠ ❛♥❞ t❤❡ s❛♠❡ ♥✉♠❜❡r

♦❢ t❡❛❝❤✐♥❣ ❤♦✉rs ✐♥ ❡❛❝❤ s✉❜❥❡❝t✳ ❚❤❡② ❛r❡ ♦r❣❛♥✐③❡❞ ✐♥ s❝❤♦♦❧ ❞✐str✐❝ts ❛♥❞ ❡❛❝❤ ❞✐str✐❝t ✐s

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

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

t❤❡ ❝❛s❡ ❢♦r ❛❧❧ s❝❤♦♦❧ ❞✐str✐❝ts ✐♥ ◆♦r✇❛②✳ ❲❤❡r❡❛s t❤❡ ❣♦✈❡r♥❛♥❝❡ str✉❝t✉r❡ ❝❛♥ ✈❛r② ❛❝r♦ss

❞✐str✐❝ts✱ ✐t ✐s s✐♠✐❧❛r ❢♦r ♣r✐♠❛r② ❛♥❞ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ✇✐t❤✐♥ s❝❤♦♦❧ ❞✐str✐❝ts✳

❚❤❡ ❞❡s✐r❛❜✐❧✐t② ♦❢ r❡t❛✐♥✐♥❣ ❛♥❞ ✜r✐♥❣ t❡❛❝❤❡rs ♠❛② ❝❤❛♥❣❡ ❛s s❝❤♦♦❧s ❜❡❝♦♠❡ ♠♦r❡ r❡✲

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

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

❣❛✐♥✐♥❣ ✐s ❝❡♥tr❛❧✐③❡❞✳ ❚❤❡r❡ ✐s ❧✐tt❧❡ ✈❛r✐❛t✐♦♥ ✐♥ ✇❛❣❡s ❛❝r♦ss t❡❛❝❤✐♥❣ ❥♦❜s✱ ❛♥❞ ✇❛❣❡s ❛r❡

❞✐✣❝✉❧t t♦ ✉s❡ ❛s ❛ ♠❡❛♥s ♦❢ r❡t❛✐♥✐♥❣ t❡❛❝❤❡rs✳ ■♥ s✉❝❤ ❛♥ ❡♥✈✐r♦♥♠❡♥t✱ ♠♦❜✐❧✐t② ✇✐t❤✐♥ t❤❡

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

❙trø♠ ✭✷✵✵✺✮✳

❆❧t❡r♥❛t✐✈❡ ✇❛❣❡s ❛r❡ ✐♠♣♦rt❛♥t ✐♥ ❡①♣❧❛✐♥✐♥❣ ♦✉t ♦❢ s❡❝t♦r ♠♦❜✐❧✐t② ✭❉♦❧t♦♥ ❛♥❞ ✈❛♥ ❞❡r

❑❧❛❛✉✇✱ ✶✾✾✺✱ ✶✾✾✾❀ ❍♦①❜② ❛♥❞ ▲❡✐❣❤✱ ✷✵✵✹✮✳ ❈❤✐♥❣♦s ❛♥❞ ❲❡st ✭✷✵✶✷✮ ✜♥❞ t❤❛t t❡❛❝❤❡rs ✇✐t❤

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

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

❧♦✇✱ ♣❛rt✐❝✉❧❛r ✐♥ t❤❡ ♣✉❜❧✐❝ s❡❝t♦r ✭❇❛rt❤ ❛♥❞ ▼♦❡♥❡✱ ✷✵✵✵✮✳ ■♥ t❡r♠s ♦❢ ✇❛❣❡s✱ t❡❛❝❤❡rs✬

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

❚❤❡ ❝♦♠♣✉❧s♦r② ❡❞✉❝❛t✐♦♥ tr❛❝❦✱ ❝♦♠♣♦s❡❞ ♦❢ ♣r✐♠❛r② ❛♥❞ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥✱ st❛rts

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

◆♦r✇❛② ❛r❡ ♥♦t ❣r❛❞❡❞ ❜❡❢♦r❡ ❡♥t❡r✐♥❣ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ ❛t t❤❡ ❛❣❡ ♦❢ ✶✸✳ ■♥ ♣r✐♠❛r②

❡❞✉❝❛t✐♦♥✱ t❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ st✉❞❡♥ts ✐s ❜❛s❡❞ ♦♥ ❧♦✇✲st❛❦❡s t❡sts ♦♥❧②✳ ❚❤❡r❡ ✐s ♥♦ ♦❜❥❡❝t✐✈❡

♠❡❛s✉r❡ ♦❢ s❝❤♦♦❧ ♣❡r❢♦r♠❛♥❝❡ ✐♥ ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥ ✐♥ t❤❡ t✐♠❡ ♣❡r✐♦❞ ❛♥❛❧②③❡❞✳ ❙t✉❞❡♥ts

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

t❡♥ s✉❜❥❡❝ts✳ ■♥ ❛❞❞✐t✐♦♥✱ st✉❞❡♥ts s✐t ❢♦r ♦♥❡ ❝❡♥tr❛❧ ❡①✐t ❡①❛♠✳✺ ●r❛❞❡s ❢r♦♠ t❤❡ ❧❛st ②❡❛r

♦❢ ❝♦♠♣✉❧s♦r② ❡❞✉❝❛t✐♦♥ ❛r❡ ✉s❡❞ t♦ ❝♦♠♣❡t❡ ❢♦r st✉❞② s❡❛ts ✐♥ ✉♣♣❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥✱

♠❛❦✐♥❣ t❤❡♠ ❤✐❣❤ st❛❦❡s ❢♦r t❤❡ st✉❞❡♥ts✳

✷✳✷ ❚❤❡ ♥❡st❡❞ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠

❆♥ ❡♠♣❤❛s✐s ♦♥ s❝❤♦♦❧ ♣❡r❢♦r♠❛♥❝❡ ✇❛s ❣r❛❞✉❛❧❧② ✐♠♣❧❡♠❡♥t❡❞ ✐♥ ❖s❧♦✳ ■♥ ✷✵✵✷✱ t❤❡r❡ ✇❛s

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

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

■♥ ✷✵✵✸ ✭✐✳❡✳✱ t❤❡ ✐♥t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠✮✱ s❝❤♦♦❧ ♣r✐♥❝✐♣❛❧s ❜❡❝❛♠❡ ❛❝❝♦✉♥t❛❜❧❡ t♦

t❤❡ s❝❤♦♦❧ ❞✐str✐❝t ❛✉t❤♦r✐t② ❢♦r st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t✳ ■♥❞✐✈✐❞✉❛❧ ♠❡❡t✐♥❣s ❛t ✇❤✐❝❤ s❝❤♦♦❧

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

♣r✐♥❝✐♣❛❧✳ ❙❝❤♦♦❧ ♣❡r❢♦r♠❛♥❝❡ ✇❛s ❜❛s❡❞ ♦♥ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t✳ ■♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉✲

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

✐♥ t❤✐s r❡s♣❡❝t✳ ❙t✉❞❡♥t ❣r❛❞❡s ❛r❡ ❡❛s✐❧② ✐♥t❡r♣r❡t❛❜❧❡ t♦ ❜♦t❤ t❡❛❝❤❡rs✱ ♣r✐♥❝✐♣❛❧s✱ ❛♥❞ t❤❡

✺❙t✉❞❡♥ts ❛r❡ r❛♥❞♦♠❧② ❛ss✐❣♥❡❞ t♦ ♦♥❡ ❡①❛♠✐♥❛t✐♦♥ ❛♠♦♥❣ ❢♦✉r s✉❜❥❡❝ts✿ ◆♦r✇❡❣✐❛♥ ■ ❛♥❞ ■■✱ ❊♥❣❧✐s❤
❛♥❞ ♠❛t❤❡♠❛t✐❝s✳
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s❝❤♦♦❧ ❞✐str✐❝t ❛✉t❤♦r✐t②✳ ■♥ t❤❡ ❝❛s❡ ♦❢ ❧♦✇ ♣❡r❢♦r♠❛♥❝❡✱ s❝❤♦♦❧ ♣r✐♥❝✐♣❛❧s ❤❛❞ t♦ ❝♦♠♠✐t t♦

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

■♥ ✷✵✵✺ ✭✐✳❡✳✱ t❤❡ ❡①t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠✮✱ ❛ ♠❛r❦❡t ❡❧❡♠❡♥t ✇❛s ❛❞❞❡❞ t♦ t❤❡ ❛❝❝♦✉♥t✲

❛❜✐❧✐t② r❡❣✐♠❡✳ ❋✐rst✱ ❛ ♥❡✇ ❛❞❥✉st❡❞ s❝❤♦♦❧ q✉❛❧✐t② ✐♥❞✐❝❛t♦r ✇❛s ❝❛❧❝✉❧❛t❡❞ ❢♦r s❝❤♦♦❧s ✐♥

❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥✱ ✇❤✐❝❤ ❛✐♠❡❞ ❛t ✐♥❞✐❝❛t✐♥❣ ❡❛❝❤ s❝❤♦♦❧✬s ❝♦♥tr✐❜✉t✐♦♥ t♦ st✉❞❡♥t

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

t❡❛❝❤❡r✲❛✇❛r❞❡❞ ❣r❛❞❡s ❛♥❞ ❝❡♥tr❛❧ ❡①❛♠s✱ ❛♥❞ ✐t ✇❛s ❛❞❥✉st❡❞ ❢♦r ✐♥❞✐✈✐❞✉❛❧ st✉❞❡♥t ❛♥❞

♣❛r❡♥t❛❧ ❝❤❛r❛❝t❡r✐st✐❝s ✭❍æ❣❡❧❛♥❞ ❡t ❛❧✳✱ ✷✵✵✹✮✳ ❇② r❡❧❛②✐♥❣ ♦♥ st✉❞❡♥t ❣r❛❞❡s t❤❛t ❛r❡ ❤✐❣❤

st❛❦❡s ❢♦r st✉❞❡♥ts ✐♥ ❝♦♥tr❛st t♦ ❛❝❝♦✉♥t❛❜✐❧✐t② t❡sts✱ t❤❡ s❝♦♣❡ ❢♦r ❣❛♠✐♥❣ ❜② t❡❛❝❤❡rs ✇❛s

r❡❞✉❝❡❞✳ ❆❞❥✉st✐♥❣ t❤❡ s❝❤♦♦❧ q✉❛❧✐t② ✐♥❞✐❝❛t♦r ❛♥❞ ✐♥❝❧✉❞✐♥❣ ❝❡♥tr❛❧❧② ❣r❛❞❡❞ ❡①❛♠ s❝♦r❡s

❛❧s♦ ♠❛❞❡ ❛rt✐✜❝✐❛❧❧② ✐♥✢❛t✐♥❣ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ♠♦r❡ ❞✐✣❝✉❧t✳

❙❡❝♦♥❞✱ t❤❡ s❝❤♦♦❧ q✉❛❧✐t② ✐♥❞✐❝❛t♦r ✇❛s ♣✉❜❧✐❝❧② ❞✐s❝❧♦s❡❞ ❢♦r t❤❡ ✜rst ❛♥❞ ♦♥❧② t✐♠❡

♦♥ ◆♦✈❡♠❜❡r ✶✽t❤✳ ❚❤❡ ❛✐♠ ✇❛s t♦ ✐♥❢♦r♠ ♣❛r❡♥ts ❛♥❞ ♦t❤❡r st❛❦❡❤♦❧❞❡rs✱ ❛♥❞ t♦ ❢✉rt❤❡r

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

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

♦❢ s❝❤♦♦❧ q✉❛❧✐t② ✐♥❞✐❝❛t♦rs✳ ❆❢t❡r t❤❡ ✷✵✵✺ ❣❡♥❡r❛❧ ❡❧❡❝t✐♦♥✱ t❤❡ ♥❡✇ ❣♦✈❡r♥♠❡♥t str♦♥❣❧②

♦♣♣♦s❡❞ ♣✉❜❧✐❝ ❞✐s❝❧♦s✉r❡ ♦❢ s❝❤♦♦❧ ♣❡r❢♦r♠❛♥❝❡✳ ❍❡♥❝❡✱ t❤❡ t❤r❡❛t ♦❢ ❢✉rt❤❡r ❡①♣♦s✉r❡ ❢♦r

t❡❛❝❤❡rs ✐♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ ✐♥ ❖s❧♦ ✇❛s ♥♦ ❧♦♥❣❡r ✐♠♠✐♥❡♥t✳

■♥ ✷✵✵✻✱ ❛ ♥❛t✐♦♥❛❧ r❡❢♦r♠ ✐♠♣❧❡♠❡♥t❡❞ ❛❝❝♦✉♥t❛❜✐❧✐t② ♠❡❝❤❛♥✐s♠s ✐♥ ❛❧❧ s❝❤♦♦❧ ❞✐str✐❝ts✱

t❤❡r❡❜② ❛❧✐❣♥✐♥❣ t❤❡ s②st❡♠ ✐♥ ❖s❧♦ ✇✐t❤ ♦t❤❡r s❝❤♦♦❧ ❞✐str✐❝ts✳ ■♥ ❛❞❞✐t✐♦♥✱ ❛ ♥❡✇ ♣❡r❢♦r♠❛♥❝❡

♠❡❛s✉r❡ ✇✐t❤ ✇r✐tt❡♥ ❛ss❡ss♠❡♥ts ✇❛s ✐♠♣❧❡♠❡♥t❡❞ ✐♥ ♣r✐♠❛r② s❝❤♦♦❧s ✐♥ ❖s❧♦ ❢r♦♠ ✷✵✵✻✳

✾



✷✳✸ ❲❤❛t t♦ ❡①♣❡❝t ♦❢ t❤❡ ♥❡st❡❞ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠❄

◆❡✐t❤❡r t❤❡ ✐♥t❡r♥❛❧ ♥♦r t❤❡ ❡①t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠ ✇❡r❡ s♦✲❝❛❧❧❡❞ ❤✐❣❤✲st❛❦❡s ❛❝❝♦✉♥t✲

❛❜✐❧✐t② r❡❣✐♠❡s✳ ❇♦t❤ ✇❡r❡ ❧♦✇✲♣♦✇❡r❡❞ ❛s ♥♦ r❡✇❛r❞s ♦r s❛♥❝t✐♦♥s ✲ s✉❝❤ ❛s t❤r❡❛ts ♦❢ ✜r✐♥❣

t❡❛❝❤❡rs✱ r❡♣❧❛❝❡♠❡♥t ♦❢ ♣r✐♥❝✐♣❛❧s✱ ♦r r❡❝♦♥st✐t✉t✐♦♥ ♦❢ s❝❤♦♦❧s ✲ ✇❡r❡ ❛tt❛❝❤❡❞✳ ❲❤❡r❡❛s

t❤❡s❡ ❡❧❡♠❡♥ts ❛r❡ ♦❢t❡♥ r❡❣❛r❞❡❞ ❛s ♥❡❝❡ss❛r② t♦ ❝❤❛♥❣❡ t❡❛❝❤❡r ❜❡❤❛✈✐♦r✱ ❋✐❣❧✐♦ ❛♥❞ ▲♦❡❜

✭✷✵✶✶✮ s✉❣❣❡st t❤❛t ❡✈❡♥ ❛❝❝♦✉♥t❛❜✐❧✐t② s②st❡♠s ❛❜s❡♥t ♦❢ str♦♥❣ s❛♥❝t✐♦♥s ♦r r❡✇❛r❞s ✇✐❧❧

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

s❝❤♦♦❧ ♣❡r❢♦r♠❛♥❝❡ ❛♥❞ ❝r❡❛t✐♥❣ ❛ ♥❡✇ ❢♦❝❛❧ ♣♦✐♥t ❝❛♥ ✐♥ ✐ts❡❧❢ ❜❡ ❡✛♦rt ❡♥❤❛♥❝✐♥❣✻

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

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

t♦✇❛r❞s t❤❡ s❝❤♦♦❧ ❞✐str✐❝t ❛✉t❤♦r✐t②✱ ❛♥❞ t❡❛❝❤❡rs ✇❡r❡ t❤❡ ♠❛✐♥ ❝❤❛♥♥❡❧ t❤r♦✉❣❤ ✇❤✐❝❤

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

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

❛❝❝♦✉♥t❛❜❧❡ ❢♦r st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ ✐♥❝❡♥t✐✈❡ ❡♠❜❡❞❞❡❞ ✐♥ t❤❡ ❡①t❡r♥❛❧

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

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

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

✐♥❝❡♥t✐✈❡s ❢♦r t❡❛❝❤❡r t♦ ✐♥❝r❡❛s❡ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t✳✼

❙❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ♠❛②✱ ❤♦✇❡✈❡r✱ ♥♦t ❢✉♥❝t✐♦♥ ❛s ❛♥ ✐♥❝❡♥t✐✈❡ ❢♦r ✐♥❝✉♠❜❡♥t t❡❛❝❤❡rs

✻■♥ ❛ t❤❡♦r❡t✐❝❛❧ s❡tt✐♥❣✱ ❉❡✇❛tr✐♣♦♥t ❡t ❛❧✳ ✭✶✾✾✾✮✱ ❜② ❡①t❡♥❞✐♥❣ t❤❡ ♦♥❡✲t❛s❦ ❝❛r❡❡r ❝♦♥❝❡r♥s ♠♦❞❡❧
♦❢ ❍♦❧♠strö♠ ✭✶✾✽✷✮✱ ✜♥❞ t❤❛t t♦t❛❧ ❡✛♦rt ❣♦❡s ✉♣ ✇❤❡♥ t❤❡ ♥✉♠❜❡r ♦❢ t❛s❦s ❛♥ ✐♥❞✐✈✐❞✉❛❧ ❤❛s t♦ ♣❡r❢♦r♠
❞❡❝r❡❛s❡s✳ ❚❤❡ r❛t✐♦♥❛❧❡ ❜❡❤✐♥❞ t❤✐s r❡s✉❧t ✐s t❤❛t ❛❝❝♦✉♥t❛❜✐❧✐t② ✐♥❝r❡❛s❡s ✇✐t❤ t❤❡ ✏❝❧❛r✐t②✑ ♦❢ ❛♥ ♦r❣❛♥✐③❛t✐♦♥✬s
♠✐ss✐♦♥✳ ■♥ ❝♦♥tr❛st✱ ✇❤❡♥ ❛♥ ♦r❣❛♥✐③❛t✐♦♥ ♣r❛❝t✐❝❡s ❛ ✏❢✉③③② ♠✐ss✐♦♥✑ t❤❡ ♠❛r❦❡t ✐s ✉♥❝❡rt❛✐♥ ❛❜♦✉t ✇❤✐❝❤
♠✐ss✐♦♥ ❛♥ ✐♥❞✐✈✐❞✉❛❧ ✐s ❛❝t✉❛❧❧② ♣✉rs✉✐♥❣✱ ✐♥❞✉❝✐♥❣ ❧♦✇❡r ❝❛r❡❡r ❝♦♥❝❡r♥s✱ ❡✛♦rt ❛♥❞ ♣❡r❢♦r♠❛♥❝❡✳

✼❈❛r♥♦② ❛♥❞ ▲♦❡❜ ✭✷✵✵✷✮ ✜♥❞ ❛ ♣♦s✐t✐✈❡ ❛♥❞ s✐❣♥✐✜❝❛♥t r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ str❡♥❣t❤ ♦❢ st❛t❡s✬ ❛❝✲
❝♦✉♥t❛❜✐❧✐t② s②st❡♠s ❛♥❞ ❛❝❤✐❡✈❡♠❡♥t ❣❛✐♥s✳

✶✵



t♦ ✐♥❝r❡❛s❡ t❤❡✐r ❡✛♦rt✳ ❆s ♠❡♥t✐♦♥❡❞ ✐♥ t❤❡ ✐♥tr♦❞✉❝t✐♦♥✱ t❡❛❝❤❡rs ♠✐❣❤t ✜♥❞ t❤❡ ❝♦♥❞✐t✐♦♥s

✉♥❞❡r ✇❤✐❝❤ t❤❡② ♦♣❡r❛t❡ ✐♥❛❞❡q✉❛t❡✿ ▼❛♥② ❡❧❡♠❡♥ts ✐♥✢✉❡♥❝✐♥❣ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ❛r❡ ♦✉t

♦❢ t❤❡✐r ❝♦♥tr♦❧✳ ❆❝❝♦✉♥t❛❜✐❧✐t② ♠❛② ❛❧s♦ ❝r♦✇❞ ♦✉t t❡❛❝❤❡rs✬ ✐♥tr✐♥s✐❝ ♠♦t✐✈❛t✐♦♥✱ ❛♥❞ ♠❛②

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

s❝❤♦♦❧s ❛♥❞ t❤❡ s❝❤♦♦❧ ❞✐str✐❝t ❛✉t❤♦r✐t② ✐s ❛❧s♦ ❧✐❦❡❧② t♦ ❤❛✈❡ ✐♥❞✉❝❡❞ ❛ ❤✐❣❤❡r ❛❞♠✐♥✐str❛t✐✈❡

✇♦r❦❧♦❛❞ ❢♦r t❡❛❝❤❡rs ✐♥ ❖s❧♦ ❝♦♠♣❛r❡❞ t♦ ✐♥ ♦t❤❡r ♣❛rts ♦❢ t❤❡ ❝♦✉♥tr②✳ ❍❡♥❝❡✱ t❤❡ ♥❡st❡❞

s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠ ♠❛② tr✐❣❣❡r t❡❛❝❤❡r ♠♦❜✐❧✐t②✳

❉✐✛❡r❡♥t t❡❛❝❤❡r t②♣❡s ♠❛② r❡❛❝t ❞✐✛❡r❡♥t❧② t♦ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t②✳ ❲❤❡r❡❛s ❤✐❣❤✲q✉❛❧✐t②

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

❛♥❞ t❤❡r❡❢♦r❡ ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ st❛② t❤❛♥ ❧♦✇ ❛❜✐❧✐t② t❡❛❝❤❡rs✱ t❤❡② ♠✐❣❤t ✜♥❞ ✐t ❤❛r❞ t♦

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

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

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

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

❉♦❤♠❡♥ ❛♥❞ ❋❛❧❦ ✭✷✵✶✵✮ ✜♥❞ t❤❛t ✐♥tr♦❞✉❝✐♥❣ ♣❡r❢♦r♠❛♥❝❡ ♣❛② ❢♦r t❡❛❝❤❡rs ♠❛② ❝r♦✇❞ ✐♥

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

❆s ❛ ❝♦♥s❡q✉❡♥❝❡✱ t❤❡ ❝♦♠♣♦s✐t✐♦♥ ♦❢ t❡❛❝❤❡rs ♠✐❣❤t ♥❡❣❛t✐✈❡❧② ❝❤❛♥❣❡ ❛♥❞ ❤❛✈❡ ❛♥ ❛❞✈❡rs❡

❡✛❡❝t ♦♥ st✉❞❡♥ts✬ ❡❞✉❝❛t✐♦♥❛❧ ♣r♦❣r❡ss✳ ❆ ❧♦✇✲st❛❦❡s ❛❝❝♦✉♥t❛❜✐❧✐t② s②st❡♠ ✐s ❧✐❦❡❧② t♦ ②✐❡❧❞

❞✐✛❡r❡♥t r❡s✉❧ts✳ ❚❤❡ ✐♥❝❡♥t✐✈❡s ✐♥❤❡r❡♥t ✐♥ t❤❡ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❣✐♠❡ st✉❞✐❡❞ ✐♥ t❤✐s ♣❛♣❡r

♠✐❣❤t ❜❡ ♠♦r❡ s✉✐t❛❜❧❡ ❢♦r t❡❛❝❤❡rs t❤❛♥ t❤❡ ✐♥❞✐✈✐❞✉❛❧✐③❡❞ ❛♥❞ ❡①♣❧✐❝✐t ✐♥❝❡♥t✐✈❡ st✉❞✐❡❞ ❜②

❉♦❤♠❡♥ ❛♥❞ ❋❛❧❦ ✭✐❜✐❞✳✮✳✽

✽■♥❞✐✈✐❞✉❛❧ ♣❡r❢♦r♠❛♥❝❡ ♣❛② ❝❛♥ ❜❡ ❛♥ ❛❞❡q✉❛t❡ ✐♥❝❡♥t✐✈❡ ❢♦r t❡❛❝❤❡rs ✭❡✳❣✳✱ ▲❛✈②✱ ✷✵✵✾✮✳ ▲❛✈② ✭✷✵✶✺✮ ❡✈❡♥
✜♥❞s t❤❛t t❡❛❝❤❡rs✬ ♣❛② ❢♦r ♣❡r❢♦r♠❛♥❝❡ ❤❛s ♣♦s✐t✐✈❡ ❧♦♥❣ r✉♥ ❡✛❡❝ts ♦♥ st✉❞❡♥ts✬ ❡❞✉❝❛t✐♦♥❛❧ ❛♥❞ ❧❛❜♦r ♠❛r❦❡t
♦✉t❝♦♠❡s✳ ❇❛r❧❡② ❛♥❞ ◆❡❛❧ ✭✷✵✶✷✮ ♣r♦♣♦s❡ ❛♥ ✐♥❝❡♥t✐✈❡ s❝❤❡♠❡ ❢♦r ❡❞✉❝❛t♦rs t❤❛t r❡❧② ♦♥ ♦r❞✐♥❛❧ ✐♥❢♦r♠❛t✐♦♥
❝♦♥t❛✐♥❡❞ ✐♥ ❛ss❡ss♠❡♥t r❡s✉❧ts✳ ❚❤❡② ❝❧❛✐♠ t❤❛t s✉❝❤ ❛ s❝❤❡♠❡ ✇✐❧❧ r❡❞✉❝❡ t❤❡ ❣❛♠✐♥❣ ❜❡❤❛✈✐♦r ♦❢ t❡❛❝❤❡rs
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✸ ❊♠♣✐r✐❝❛❧ str❛t❡❣②

✸✳✶ ❚❡❛❝❤❡r ♠♦❜✐❧✐t②

❚♦ ❡st✐♠❛t❡ ✇❤❛t ✇❡ ❝❛♥ ✐♥t❡r♣r❡t ❛s ❛ ❝❛✉s❛❧ ❡✛❡❝t ♦♥ t❡❛❝❤❡r ♠♦❜✐❧✐t② ❜② t❤❡ r❡❢♦r♠✱ ✇❡

♥❡❡❞ t♦ ❝♦♥tr♦❧ ❢♦r t✇♦ ❦✐♥❞s ♦❢ ♣♦t❡♥t✐❛❧❧② ❝♦♥❢♦✉♥❞✐♥❣ tr❡♥❞s✿ ❈❤❛♥❣❡s ✐♥ t❡❛❝❤❡r ♠♦❜✐❧✐t②

♦✈❡r t✐♠❡ t❤❛t ❤❛✈❡ ♥♦t❤✐♥❣ t♦ ❞♦ ✇✐t❤ t❤❡ ♥❡st❡❞ r❡❢♦r♠✱ ❛♥❞ ❞✐✛❡r❡♥❝❡s ✐♥ t❡❛❝❤❡r ♠♦❜✐❧✐t②

❜❡t✇❡❡♥ t❡❛❝❤❡rs ❛t t❤❡ ❞✐✛❡r❡♥t s❝❤♦♦❧ ❧❡✈❡❧s✳ ❲❡ ❡♠♣❧♦② ❛ ❉❉✲❢r❛♠❡✇♦r❦ t♦ ❡st✐♠❛t❡ t❤❡

❡✛❡❝t ♦❢ t❤❡ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠ ♦♥ t❡❛❝❤❡r ♠♦❜✐❧✐t②✳

❚❤❡ ❡①✐st❡♥❝❡ ♦❢ ❣r❛❞✐♥❣ ✐♥ ❧♦✇❡r s❡❝♦♥❞❛r② ✐♥ ❝♦♥tr❛st t♦ ✐♥ ♣r✐♠❛r② s❝❤♦♦❧s r❡s✉❧t ✐♥

❧♦✇❡r s❡❝♦♥❞❛r② ❜❡✐♥❣ ❛✛❡❝t❡❞ ❛♥❞ ♣r✐♠❛r② s❝❤♦♦❧s ♥♦t ❛✛❡❝t❡❞ ❜② t❤❡ r❡❢♦r♠✳ ❲❡ ❡①♣❧♦✐t

t❤✐s ❞✐✛❡r❡♥❝❡ ✐♥ ❛❝❝♦✉♥t❛❜✐❧✐t② ♣r❡ss✉r❡ ❜② ✉s✐♥❣ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ ❛s tr❡❛t♠❡♥t

❣r♦✉♣ ❛♥❞ ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥ s❝❤♦♦❧s ❛s ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣✳

❚❤❡ s❝❤♦♦❧ ❞✐str✐❝ts ❛r❡ ✐♥ ❝❤❛r❣❡ ♦❢ s❝❤♦♦❧ ♣♦❧✐❝✐❡s✱ ❛♥❞ ❖s❧♦ ❤❛s ♣r♦✈❡❞ t♦ ❜❡ ❛♥ ❛❝t✐✈❡

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

✐s♦♥ ❣r♦✉♣s✱ ✇❡ ♦♥❧② ✐♥❝❧✉❞❡ s❝❤♦♦❧s ❢r♦♠ t❤❡ s❛♠❡ s❝❤♦♦❧ ❞✐str✐❝t✳ ▼♦r❡♦✈❡r✱ ♣r✐♠❛r② ❛♥❞

❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧s ✐♥ ❖s❧♦ s❤❛r❡ t❤❡ s❛♠❡ st✉❞❡♥t ♣♦♣✉❧❛t✐♦♥✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ❛ ❢❛❝t♦r

✐♠♣❛❝t✐♥❣ t❡❛❝❤❡r t✉r♥♦✈❡r✳

❚❤❡ ❢♦❧❧♦✇✐♥❣ ❉❉✲❡q✉❛t✐♦♥ ✐s ❡st✐♠❛t❡❞✿

yist = βo + β1Es + dt + γ1(Esd
T

t
) + β2Xit + εist ✭✶✮

❛s t❤❡s❡ s❝❤❡♠❡s ❛r❡ ♠♦r❡ ❛❞❡q✉❛t❡ t❤❛♥ t❤♦s❡ r❡❧②✐♥❣ ♦♥ ❝❛r❞✐♥❛❧ r❛♥❦✐♥❣s✳ ■♥ ❣❡♥❡r❛❧ t❤♦✉❣❤✱ ♦✉t♣✉t✲❜❛s❡❞
✐♥❝❡♥t✐✈❡s ❢♦r t❡❛❝❤❡rs ❛r❡ ♦❢t❡♥ s✉❣❣❡st❡❞ t♦ ❜❡ ❧♦✇✲♣♦✇❡r❡❞ ✐♥ ♦r❞❡r t♦ ❛✈♦✐❞ ❣❛♠✐♥❣ ❛s ❤✐❣❤✲♣♦✇❡r❡❞ ❡①♣❧✐❝✐t
✐♥❝❡♥t✐✈❡s ❛r❡ ❜❡st ✉s❡❞ ✇❤❡♥ ♦✉t♣✉t ✐s ✇❡❧❧ ❞❡✜♥❡❞✱ t❤❡ ❡✛♦rt✲♣❡r❢♦r♠❛♥❝❡ r❡❧❛t✐♦♥ ✐s ✇❡❧❧ ✉♥❞❡rst♦♦❞✱ t❤❡
♣r♦❞✉❝t✐♦♥ ✐s ✉♥✐✲❞✐♠❡♥s✐♦♥❛❧✱ ❛♥❞ t❤❡ ♦✉t❝♦♠❡ ✐s ❡❛s✐❧② ♠❡❛s✉r❡❞ ✭❉✐①✐t✱ ✷✵✵✷❀ ▲❛③❡❛r✱ ✷✵✵✸✮✳
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❚❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡ yist ✐s ❛ ❞✉♠♠② ❢♦r ✇❤❡t❤❡r t❡❛❝❤❡r i ✇❤♦ ✇♦r❦s ❛t s❝❤♦♦❧ s q✉✐ts

t❤❡ ❥♦❜ ✐♥ ②❡❛r t ♦r ♥♦t✳ βo ✐s ❛ ❝♦♥st❛♥t✳ Es ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ t❤❛t ❡q✉❛❧s ♦♥❡ ✐❢ s ✐s ❛

❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ ❛♥❞ ③❡r♦ ✐❢ ❛ ♣r✐♠❛r② s❝❤♦♦❧✱ ✐✳❡✳✱ t❤❡ ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣✳ dt ✐s ❛ s❡t ♦❢

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

✭✐✳❡✳✱ ✷✵✵✵✲✷✵✵✻✮✳ dT
t
✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❡q✉❛❧ t♦ ♦♥❡ ✐❢ ❛ r❡❢♦r♠ ②❡❛r ✭✐✳❡✳✱ ✷✵✵✹✲✷✵✵✺ ♦r

✷✵✵✻✮ ♦r ③❡r♦ ♦t❤❡r✇✐s❡✳ Xit ✐s ❛ ✈❡❝t♦r ♦❢ ❝♦✈❛r✐❛t❡s t❤❛t ✐♥❝❧✉❞❡ ❣❡♥❞❡r✱ ❛❣❡✱ ❡①♣❡r✐❡♥❝❡✱

❝♦♥tr♦❧s ❢♦r ②❡❛r❧② ❧♦❝❛❧ ❧❛❜♦r ♠❛r❦❡t ❝♦♥❞✐t✐♦♥s ❜② ❡❞✉❝❛t✐♦♥❛❧ ❜❛❝❦❣r♦✉♥❞✱ ❛ ❞✉♠♠② ❢♦r

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

❤❛✈✐♥❣ ❛ t❡❛❝❤❡r ❡❞✉❝❛t✐♦♥ ❛t ❜❛❝❤❡❧♦r✬s ❛♥❞ ♠❛st❡r✬s ❧❡✈❡❧✳ ❆❣❡ ❛♥❞ ❡①♣❡r✐❡♥❝❡ ❛r❡ ✐♥❝❧✉❞❡❞

❛s ❛ q✉❛❞r❛t✐❝ ❢✉♥❝t✐♦♥s✳ εist ✐s ❛ r❛♥❞♦♠ ❡rr♦r t❡r♠ ❝❧✉st❡r❡❞ ♦♥ s❝❤♦♦❧ ❧❡✈❡❧ t♦ s❛❢❡❣✉❛r❞

❛❣❛✐♥st t❤❡ ♣♦ss✐❜✐❧✐t② t❤❛t t❤❡ ❡rr♦r t❡r♠ ❝❛♥ ❜❡ ❝♦rr❡❧❛t❡❞ ✇✐t❤✐♥ s❝❤♦♦❧s✳✾ ❖✉r ♣❛r❛♠❡t❡r

♦❢ ✐♥t❡r❡st ✐♥ ❊q✉❛t✐♦♥ ✶ ✐s γ1✳ ❚❤✐s ♣❛r❛♠❡t❡r✱ ✐♥ ✇❤✐❝❤ t❤❡ r❡❢♦r♠ ②❡❛r ❞✉♠♠② ✐s ✐♥t❡r❛❝t❡❞

✇✐t❤ tr❡❛t♠❡♥t ❣r♦✉♣ st❛t✉s✱ ♠❡❛s✉r❡s t❤❡ ❝❤❛♥❣❡ ✐♥ t❡❛❝❤❡r t✉r♥♦✈❡r ✐♥ t❤❡ r❡❢♦r♠ ②❡❛rs

r❡❧❛t✐✈❡ t♦ t❤❡ ②❡❛rs ❜❡❢♦r❡ t❤❡ r❡❢♦r♠✳

◗✉✐t ❞❡❝✐s✐♦♥s ❛r❡ ♠❛❞❡ ❡❛❝❤ ②❡❛r✱ s♦ ✇❡ ❛❧s♦ ❡st✐♠❛t❡ ❛ ♠♦r❡ ❣❡♥❡r❛❧ ❡q✉❛t✐♦♥ t❤❛♥

❊q✉❛t✐♦♥ ✶✳ ■♥st❡❛❞ ♦❢ ❛♥ ❛✈❡r❛❣❡ r❡❢♦r♠ ❡✛❡❝t✱ ♣♦♦❧❡❞ ♦✈❡r ❛❧❧ r❡❢♦r♠ ②❡❛rs ✇❡ r❡♣❧❛❝❡ t❤❡

❉❉✲♣❛r❛♠❡t❡r✱ γ1✱ ✇✐t❤ ❛ ✈❡❝t♦r ♦❢ ②❡❛r s♣❡❝✐✜❝ ♣❛r❛♠❡t❡rs✳ ❇♦t❤ s♣❡❝✐✜❝❛t✐♦♥s ❛❧❧♦✇ ✉s t♦

st✉❞② t❤❡ ♠♦❜✐❧✐t② r❡s♣♦♥s❡s t♦ t❤❡ ✐♥t❡r♥❛❧ ✭✷✵✵✹✲✷✵✵✺✮ r❡❢♦r♠ ❛♥❞ t❤❡ ❛❞❞✐t✐♦♥❛❧ ❡①t❡r♥❛❧

❡❧❡♠❡♥t ✐♥ ✷✵✵✻✳

❚❤❛t t❤❡ s❛♠❡ r❡❢♦r♠ ❧❡❛❞s t♦ ❞✐✛❡r❡♥t ❛❝❝♦✉♥t❛❜✐❧✐t② ♣r❡ss✉r❡ ✐♥ ♣r✐♠❛r② ❛♥❞ ❧♦✇❡r s❡❝✲

♦♥❞❛r② s❝❤♦♦❧s ✐s ❛ ❤②♣♦t❤❡s✐s t❤❛t ✐s ✐♠♣♦rt❛♥t ❢♦r ✐❞❡♥t✐✜❝❛t✐♦♥✳ ●r❛❞❡s ✐♥ ❧♦✇❡r s❡❝♦♥❞❛r②

✾❚♦ ❛✈♦✐❞ ❛ ♣♦t❡♥t✐❛❧ ❜✐❛s ❢r♦♠ t♦♦ ❢❡✇ ❝❧✉st❡rs✱ ✇❡ ♥❡✈❡r ❤❛✈❡ ❢❡✇❡r t❤❛♥ ✹✷ ❝❧✉st❡rs ✐♥ ❛♥② ♦❢ ♦✉r
r❡❣r❡ss✐♦♥s✳ ❙❡❡ ❆♥❣r✐st ❛♥❞ P✐s❝❤❦❡ ✭✷✵✵✽✮✳
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❡❞✉❝❛t✐♦♥✱ s❛❧✐❡♥t t♦ t❤❡ ❞✐✛❡r❡♥❝❡ ✐♥ ❛❝❝♦✉♥t❛❜✐❧✐t② ♣r❡ss✉r❡✱ ❛r❡ ❡❛s✐❧② ✐♥t❡r♣r❡t❛❜❧❡ ❛♥❞ t❤❡

❧❡❛r♥✐♥❣ ♦❜❥❡❝t✐✈❡s ❢♦r t❤❡ t❤❡♠ ❛r❡ ❝❧❡❛r❧② st❛t❡❞✳ ●r❛❞❡s ✐♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ ❛r❡

❣✐✈❡♥ ❢♦r ❡❛❝❤ ❣r❛❞❡ ❧❡✈❡❧ ❛♥❞ ✐♥ ❛❧❧ s✉❜❥❡❝ts✳ ■♥ ❝♦♥tr❛st✱ t❡sts ✐♥ ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥ ❛r❡

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

❝❧❛ssr♦♦♠s✳ ■❢ t❤❡ ❤②♣♦t❤❡s✐s ❞♦❡s ♥♦t ❤♦❧❞✱ ❛♥❞ ♣r✐♠❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ❛r❡ ❛✛❡❝t❡❞ ✐♥ t❤❡

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

✐♥✢✉❡♥❝✐♥❣ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ♣r✐♠❛r② ❛♥❞ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ ✐♥ ❖s❧♦✳ ❖♥ t❤❡ ♦t❤❡r

❤❛♥❞✱ ✐❢ ♣r✐♠❛r② ❛♥❞ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ❛r❡ s✐♠✐❧❛r❧② ❛✛❡❝t❡❞ ❜② t❤❡ r❡❢♦r♠✱ ❜✉t

r❡❛❝t ♦♣♣♦s✐t❡✱ ✇❡ ✇✐❧❧ ♦✈❡r❡st✐♠❛t❡ t❤❡ ❡✛❡❝t ♦❢ t❤❡ r❡❢♦r♠✳

❚❤❡r❡ ❛r❡ ❝♦♥❝❡r♥s ✇✐t❤ t❤❡ ❉❉✲❛♣♣r♦❛❝❤✳ ❙②st❡♠❛t✐❝ ❞✐✛❡r❡♥❝❡s ✐♥ ❡❞✉❝❛t✐♦♥❛❧ tr❛✐ts ❢♦r

♣r✐♠❛r② ❛♥❞ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ❝♦✉❧❞ ✐♠♣❧② t❤❛t ❝♦♠♠♦♥ s❤♦❝❦s ✐♥ t❤❡ ❧❛❜♦r

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

✉s✐♥❣ ❊q✉❛t✐♦♥ ✶ ✐s ♥♦t ♥❡❝❡ss❛r✐❧② ❛♥ ❡✛❡❝t ♦❢ t❤❡ r❡❢♦r♠✱ ❜✉t ❝♦✉❧❞ ❜❡ ❛♥ ❡✛❡❝t ♦❢ ❞✐✛❡r❡♥t

r❡❛❝t✐♦♥s t♦ ❧❛❜♦r ♠❛r❦❡t ❝♦♥❞✐t✐♦♥s ✐♥ ♣r✐♠❛r② ❛♥❞ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥✳

❙②st❡♠❛t✐❝ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ♣r✐♠❛r② ❛♥❞ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ t❡❛❝❤❡rs s❤♦✉❧❞ ❜❡

s✐♠✐❧❛r ❛❝r♦ss s❝❤♦♦❧ ❞✐str✐❝ts✳ ❚❤❡r❡ ♠✐❣❤t ❜❡ ❛ ❞✐✛❡r❡♥❝❡ ✐♥ ❤♦✇ s❤♦❝❦s ❛✛❡❝t ♣r✐♠❛r②

❛♥❞ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ t❡❛❝❤❡rs✱ ❜✉t t❤❡ ❞✐✛❡r❡♥❝❡ s❤♦✉❧❞ ❜❡ s✐♠✐❧❛r ✐♥s✐❞❡ ❛♥❞ ♦✉ts✐❞❡

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

r❡❛❝t✐♦♥s t♦ t❤❡ s❛♠❡ s❤♦❝❦s✱ ✇❡ ❝♦♠♣❛r❡ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❛♥❞ ♣r✐♠❛r②

s❝❤♦♦❧ t❡❛❝❤❡rs ✐♥ t❤❡ r❡❢♦r♠ ❞✐str✐❝t t♦ t❤❡ s❛♠❡ ❞✐✛❡r❡♥❝❡ ✐♥ t❤❡ r❡st ♦❢ t❤❡ ❝♦✉♥tr② ❜❡❢♦r❡

❛♥❞ ❛❢t❡r t❤❡ r❡❢♦r♠✳

❇② ❛❞❞✐♥❣ ❛ t❤✐r❞ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❡❛❝❤❡rs ✐♥s✐❞❡ ❛♥❞ ♦✉ts✐❞❡ t❤❡ r❡❢♦r♠ s❝❤♦♦❧ ❞✐str✐❝t✱

❛♥② ✇✐t❤✐♥✲s❝❤♦♦❧ ❧❡✈❡❧ ❞✐✛❡r❡♥❝❡s✱ ❡✳❣✳✱ s②st❡♠❛t✐❝ ❞✐✛❡r❡♥❝❡s ✐♥ ❡❞✉❝❛t✐♦♥❛❧ tr❛✐ts✱ ❛r❡ ♥❡tt❡❞
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♦✉t✳ ❉✐✛❡r❡♥❝❡s ✐♥ t❤❡ ❧❛❜♦r ♠❛r❦❡t s✐t✉❛t✐♦♥ ❛❝r♦ss s❝❤♦♦❧ ❞✐str✐❝ts ❛r❡ st✐❧❧ ❛❝❝♦✉♥t❡❞ ❢♦r ❜②

t❤❡ ❢❛❝t t❤❛t ♣r✐♠❛r② ❛♥❞ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ t❡❛❝❤❡rs ❛r❡ s✐t✉❛t❡❞ ✐♥ t❤❡ s❛♠❡ ❧❛❜♦r

♠❛r❦❡t ❛r❡❛✳

■♥ t❤❡ ❉❉❉✲❢r❛♠❡✇♦r❦✱ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡q✉❛t✐♦♥ ✐s ❡st✐♠❛t❡❞✿

yist = βo + β1Ts + β2Es + dt + dtEs + dtTs + γ1(TsEs) + γ2(TsEsd
T

t
) + β3Xit + εist ✭✷✮

❖✉r ♣❛r❛♠❡t❡r ♦❢ ✐♥t❡r❡st ❢r♦♠ ❊q✉❛t✐♦♥ ✷ ✐s γ2✳ ❚❤✐s ♣❛r❛♠❡t❡r ♠❡❛s✉r❡s t❤❡ ❝❤❛♥❣❡ ✐♥

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

s❝❤♦♦❧ t❡❛❝❤❡rs ❛♥❞ ♣r✐♠❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ✐♥s✐❞❡ ❛♥❞ ♦✉ts✐❞❡ t❤❡ r❡❢♦r♠ ❞✐str✐❝t✳ Ts ✐s ❛

❞✉♠♠② t❤❛t ❡q✉❛❧s ♦♥❡ ✐❢ s❝❤♦♦❧ s ✐s s✐t✉❛t❡❞ ✐♥ t❤❡ r❡❢♦r♠ ❞✐str✐❝t ❛♥❞ ③❡r♦ ✐❢ s✐t✉❛t❡❞ ♦✉ts✐❞❡

♦❢ t❤❡ r❡❢♦r♠ ❞✐str✐❝t✳

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

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

✐♥ s❝❤♦♦❧s✱ ✇❤✐❝❤ ❛❣❛✐♥ ❝♦✉❧❞ ❛✛❡❝t t❡❛❝❤❡r ♠♦❜✐❧✐t②✳ ❋✐✈❛ ❛♥❞ ❑✐r❦❡❜ø❡♥ ✭✷✵✶✶✮ ✜♥❞ ❛♥

✐♥❝r❡❛s❡ ✐♥ ❤♦✉s✐♥❣ ♣r✐❝❡s ♥❡❛r ❤✐❣❤✲q✉❛❧✐t② s❝❤♦♦❧s ✐♥ ❖s❧♦ ❛s ❛ ❝♦♥s❡q✉❡♥❝❡ ♦❢ t❤❡ s❡❝♦♥❞

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

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

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

■♥ ❣❡♥❡r❛❧✱ t❤❡r❡ ❛r❡ ✐♥❞✐❝❛t✐♦♥s ♦❢ st✉❞❡♥t ❝♦♠♣♦s✐t✐♦♥ ✐♥✢✉❡♥❝✐♥❣ t❡❛❝❤❡rs✬ ♠♦❜✐❧✐t② ❞❡❝✐✲

s✐♦♥s ✭❡✳❣✳✱ ▲❛♥❦❢♦r❞ ❡t ❛❧✳✱ ✷✵✵✷❀ ❍❛♥✉s❤❡❦ ❡t ❛❧✳✱ ✶✾✾✾❀ ❋❛❧❝❤ ❛♥❞ ❙trø♠✱ ✷✵✵✺✮✳ ❲❡ t❤❡r❡❢♦r❡

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

✶✺



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

❚❤❡ ❧❛❜♦r ♠❛r❦❡t ❢♦r t❡❛❝❤❡rs ❝♦✉❧❞ ❜❡ s②st❡♠❛t✐❝❛❧❧② ❞✐✛❡r❡♥t ✐♥ ❧❛r❣❡ ❝✐t✐❡s ❛♥❞ ♠♦r❡ r✉r❛❧

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

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

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

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

❣r♦✉♣ ✐♥ ❛♥♦t❤❡r r♦❜✉st♥❡ss t❡st✳

❈❤❛♥❣❡s ✐♥ t❤❡ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❣✐♠❡ ❝♦✉❧❞ ❧❡❛❞ t♦ s♦rt✐♥❣ ✇✐t❤✐♥ t❤❡ s❝❤♦♦❧ s❡❝t♦r✱ ✐✳❡✳✱

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

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

❊q✉❛t✐♦♥ ✷ ✇✐t❤ t❤❡ ♦✉t❝♦♠❡ ♦❢ ❧❡❛✈✐♥❣ t❤❡ t❡❛❝❤✐♥❣ s❡❝t♦r✳

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

t❡❛❝❤❡r s♦rt✐♥❣ ❡✛❡❝ts✳ ❲❡ ❡st✐♠❛t❡ ❊q✉❛t✐♦♥ ✷ s❡♣❛r❛t❡❧② ❢♦r t❡❛❝❤❡rs ✇✐t❤ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡✲

♠❡♥t ❛❜♦✈❡ ❛♥❞ ❜❡❧♦✇ ♠❡❛♥ s❡♣❛r❛t❡❧②✳ ❲❡ ❛❧s♦ ❡st✐♠❛t❡ ❊q✉❛t✐♦♥ ✷ s❡♣❛r❛t❡❧② ❛❝❝♦r❞✐♥❣ t♦

❣❡♥❞❡r✱ ❡❞✉❝❛t✐♦♥❛❧ ❜❛❝❦❣r♦✉♥❞✱ ❛❣❡ ❛♥❞ ❡①♣❡r✐❡♥❝❡✳

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

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

❡①❛♠✐♥❛t✐♦♥ ❛♥❞ ❛ ♣❧❛❝❡❜♦ t❡st✳

✸✳✷ ❚❡❛❝❤❡r s♦rt✐♥❣

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

t❡❛❝❤❡rs r❡♣❧❛❝✐♥❣ t❤❡ ♦♥❡s ✇❤♦ ❧❡❛✈❡✳ ❚♦ ✜♥❞ ♦✉t ✐❢ t❤❡r❡ ✐s ❛ s♦rt✐♥❣ ❡✛❡❝t ♦❢ t❤❡ ♥❡st❡❞
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s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠✱ ✇❡ ❡st✐♠❛t❡ t❤❡ ❡✛❡❝t ♦♥ t❤❡ ♠❡❛♥ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t ♦❢ t❤❡

t❡❛❝❤❡r st♦❝❦ ✐♥ s❝❤♦♦❧s✳ ❙②st❡♠❛t✐❝ ❞✐✛❡r❡♥❝❡s ✐♥ t❡❛❝❤❡r ❝♦♠♣♦s✐t✐♦♥ ❜❡t✇❡❡♥ ♣r✐♠❛r② ❛♥❞

❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ ♠✐❣❤t ❜❡ ❛ ❧❛r❣❡r ❝♦♥❝❡r♥ ✇❤❡♥ st✉❞②✐♥❣ ♦✉t❝♦♠❡s ❛t t❤❡ s❝❤♦♦❧

❧❡✈❡❧✳ ❲❡ t❤❡r❡❢♦r❡ ✉s❡ ❛ s✐♠✐❧❛r ❡♠♣✐r✐❝❛❧ ❛♣♣r♦❛❝❤ ❛s ✐♥ ❊q✉❛t✐♦♥ ✷✱ ❜✉t ✇✐t❤ ♠❡❛♥ ❛❝❛❞❡♠✐❝

❛❝❤✐❡✈❡♠❡♥t ✇✐t❤✐♥ t❤❡ s❝❤♦♦❧ ❛s t❤❡ ♦✉t❝♦♠❡✿

yst = βo + β1Ts + β2Es + dt + dtEs + dtTs + γ1(TsEs) + γ2(TsEsd
T

t
) + β3Xst + εst ✭✸✮

❚❤❡ ♦✉t❝♦♠❡ yst ♠❡❛s✉r❡s ♠❡❛♥ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t ♦❢ t❤❡ t❡❛❝❤❡r st♦❝❦ ❛t t✐♠❡ t ❢♦r

s❝❤♦♦❧ s✳ ❆❧❧ ❡①♣❧❛♥❛t♦r② ✈❛r✐❛❜❧❡s ❤❛✈❡ t❤❡ s❛♠❡ ✐♥t❡r♣r❡t❛t✐♦♥ ❛s ✐♥ ❊q✉❛t✐♦♥ ✷✱ ✇✐t❤ t❤❡

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

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

✐♥t❡r❡st ✐s st✐❧❧ γ2.

❙❡✈❡r❛❧ ❛✉t❤♦rs ♣r♦✈✐❞❡ ❡✈✐❞❡♥❝❡ ♦❢ ❛ ♣♦s✐t✐✈❡ ✐♥✢✉❡♥❝❡ ♦❢ t❡❛❝❤❡rs✬ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t

♦♥ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ❛♥❞ ❤❡♥❝❡ t❤❛t t❡❛❝❤❡rs✬ ♦✇♥ ❣r❛❞❡s ❢r♦♠ ❤✐❣❤❡r ❡❞✉❝❛t✐♦♥ ✐s ❛ ♣r♦①②

❢♦r t❡❛❝❤❡r q✉❛❧✐t② ✭❡✳❣✳✱ ❍❛♥✉s❤❡❦ ❡t ❛❧✳✱ ✷✵✶✹❀ ❍❛♥✉s❤❡❦ ❛♥❞ ❘✐✈❦✐♥✱ ✷✵✵✻❀ ❈❧♦t❢❡❧t❡r ❡t ❛❧✳✱

✷✵✵✻ ❛♥❞ ✷✵✵✼✮✳ ❚❡❛❝❤❡rs ✇✐t❤ str♦♥❣ ❛❝❛❞❡♠✐❝ r❡❝♦r❞s ❛r❡ ♥♦t ❛❧✇❛②s t❤❡ s❛♠❡ ❛s t❤♦s❡

✇❤♦ ❛❝t✉❛❧❧② ❜♦♦st st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t✱ ❜✉t ✇❤❡♥ ❛♥❛❧②③✐♥❣ t❡❛❝❤❡r ♠♦❜✐❧✐t②✱ t❡❛❝❤❡rs✬ ♦✇♥

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

s✐❣♥❛❧s ❛❜✐❧✐t② t♦ ❢✉t✉r❡ ❡♠♣❧♦②❡rs✳ ❲❡ ❛❧s♦ ❝❤❡❝❦ ❤♦✇ ❝♦♠♣♦s✐t✐♦♥ ✐♥ t❡r♠s ♦❢ ♠❛❧❡ s❤❛r❡✱

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

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

t✉r♥♦✈❡r ❛♥❞ s♦rt✐♥❣ ✐♥ ◆♦r✇❛② ✐♥ t❤❡ ♣❡r✐♦❞ ❜❡t✇❡❡♥ ✷✵✵✵ ❛♥❞ ✷✵✵✻✳ ❊♠♣❧♦②♠❡♥t ❞❛t❛ ♦♥

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

✭♠❡❛s✉r❡❞ ❛s ②❡❛rs s♣❡♥t ❛t t❤❡ s❝❤♦♦❧✮✳ ❚❤❡ ❡♠♣❧♦②♠❡♥t ❞❛t❛ ❞♦❡s ♥♦t ♦♥❧② ❝♦✈❡r ❛ ②❡❛r❧②

r❡❢❡r❡♥❝❡ ✇❡❡❦✱ ❜✉t ❡✈❡r② ✹ ✇❡❡❦s ❞✉r✐♥❣ t❤❡ ②❡❛r✳ ❚❤❡ ❞❛t❛ s♦✉r❝❡ ❝♦♥t❛✐♥s s❝❤♦♦❧ ✐❞❡♥t✐✜❡rs

❛♥❞ ♣❡rs♦♥❛❧ ✐❞❡♥t✐✜❝❛t✐♦♥ ❝♦❞❡s ❢♦r ❡❛❝❤ t❡❛❝❤❡r✳ ❙✐♥❝❡ t❡❛❝❤❡r ♠♦❜✐❧✐t② ❝❛♥ ❜❡ ✐♥✢✉❡♥❝❡❞ ❜②

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

❚❤❡ s❛♠♣❧❡ ✐s r❡str✐❝t❡❞ t♦ t❡❛❝❤❡rs ❡❧✐❣✐❜❧❡ ❢♦r ♣❡r♠❛♥❡♥t ❛♣♣♦✐♥t♠❡♥ts✳ ◆♦♥✲❝❡rt✐✜❡❞

t❡❛❝❤❡rs ❛r❡ ♥♦t ❡❧✐❣✐❜❧❡ ❢♦r ♣❡r♠❛♥❡♥t ♣♦s✐t✐♦♥s✱ ❛♥❞ ❛r❡ s✉❜❥❡❝t t♦ ✐♥✈♦❧✉♥t❛r② ♠♦✈❡s✳ ❲❡

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

❡♠♣❧♦②♠❡♥t ❝♦❞❡✳ ❲❡ ❛❧s♦ r❡str✐❝t t❤❡ s❛♠♣❧❡ t♦ t❤♦s❡ ✇❤♦ ✇♦r❦ ♠♦r❡ t❤❛♥ ✺✵ ♣❡r❝❡♥t ♦❢

❢✉❧❧✲t✐♠❡✳ ❚❤❡ ♣❡♥s✐♦♥ ❛❣❡ ✐♥ ◆♦r✇❛② ✐s ✻✷ ❢♦r ♠♦st t❡❛❝❤❡rs✱ ❛♥❞ ✇❡ ❞♦ ♥♦t ✇❛♥t t♦ ✐♥❝❧✉❞❡

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

❛♥❞ ✻✵ ❛r❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ s❛♠♣❧❡ ❢♦r ❡❛❝❤ ②❡❛r✳ ▼♦r❡♦✈❡r✱ s♦♠❡ s❝❤♦♦❧s ✐♥ ◆♦r✇❛② ❛r❡

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

❛t ❝♦♠❜✐♥❡❞ s❝❤♦♦❧s ✇♦r❦ ✐♥ ♣r✐♠❛r② ♦r ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥✱ ❛♥❞ ❝♦♠❜✐♥❡❞ s❝❤♦♦❧s ❛r❡

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

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

❲❡ ❛❞❞ ♠✐❝r♦ ❞❛t❛ ♦♥ t❡❛❝❤❡r ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t✳ ❚♦ ❝♦♥str✉❝t ❛♥ ❛❜✐❧✐t② ✐♥❞❡①✱ ✇❡

✉s❡ t❡❛❝❤❡rs✬ ♦✇♥ ❣r❛❞❡s ❢r♦♠ ❤✐❣❤❡r ❡❞✉❝❛t✐♦♥ ✐♥st✐t✉t✐♦♥s ✭❍❊■✮✱ t❤❛t ✐s✱ ❛❧❧ ✉♥✐✈❡rs✐t✐❡s ❛♥❞

✉♥✐✈❡rs✐t② ❝♦❧❧❡❣❡s ✐♥ ◆♦r✇❛②✳ ❆ r❛♥❣❡ ♦❢ ❞✐✛❡r❡♥t ❣r❛❞✐♥❣ s❝❛❧❡s ✐s ✉s❡❞ ❢♦r ❣r❛❞❡s ✐♥❝❧✉❞❡❞
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✐♥ t❤❡ s❛♠♣❧❡✳✶✵ ❲❡ ♥♦r♠❛❧✐③❡ ❡✈❡r② ❣r❛❞❡ ✇✐t❤✐♥ ❡❛❝❤ ❣r❛❞✐♥❣ s❝❛❧❡ ❛♥❞ ②❡❛r✱ ❛♥❞ ❝❛❧❝✉❧❛t❡

t❤❡ ♠❡❛♥ ❣r❛❞❡ ❢♦r ❡❛❝❤ ♣❡rs♦♥✱ ✉s✐♥❣ ❛❧❧ ❣r❛❞❡s ❡①❝❡♣t ❢♦r ♣❛ss✴❢❛✐❧✳✶✶ ❚❤❡ ❛❜✐❧✐t② ✐♥❞❡①

✐s ❛❞❥✉st❡❞ ❢♦r ✐♥st✐t✉t✐♦♥✲ ❛♥❞ ✜❡❧❞✲s♣❡❝✐✜❝ ❡✛❡❝ts✳ ❊✈❡♥ ✐❢ ✐t ✐s ❛ str❡♥❣t❤ t❤❛t ❍❊■ ✉s❡

❡①t❡r♥❛❧ ❡①❛♠✐♥❡rs ❢r♦♠ ♦t❤❡r ✐♥st✐t✉t✐♦♥s✱ ❣r❛❞✐♥❣ ♣r❛❝t✐❝❡s ❝❛♥ st✐❧❧ ✈❛r② ❛❝r♦ss ❍❊■ ❛♥❞

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

t❡❛❝❤❡r ❡✛♦rt✱ ♣❡rs♦♥❛❧ tr❛✐ts✱ ❛♥❞ t❡❛❝❤✐♥❣ ♣r❛❝t✐❝❡s✳ ◆❡✈❡rt❤❡❧❡ss✱ ♦✉r ❛❜✐❧✐t② ✐♥❞❡① ✐s ❛

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

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

❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t ❛❜♦✈❡ ❛✈❡r❛❣❡✳

❚❤❡ s❛♠♣❧❡ ✐♥❝❧✉❞❡s ✷✷ ✶✾✻ ♦❜s❡r✈❛t✐♦♥s ✐♥ ❖s❧♦✱ ❛♥❞ ✷✼✽ ✾✵✾ ♦❜s❡r✈❛t✐♦♥s ✐♥ t♦t❛❧ ❢♦r ✻✹

✸✵✻ t❡❛❝❤❡rs ❢♦r t❤❡ ②❡❛rs ✷✵✵✵✲✷✵✵✻✳ ❚❛❜❧❡ ❆✳✶ ✐♥ t❤❡ ❆♣♣❡♥❞✐① ❣✐✈❡s ❛ ❞❡s❝r✐♣t✐✈❡ ♦✈❡r✈✐❡✇

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

❝♦♠♣❛r✐s♦♥ ❣r♦✉♣s s❡♣❛r❛t❡❧②✳ ❆s r❡❣❛r❞s ❞❛t❛ ♦♥ t❡❛❝❤❡rs✬ ♣❡r❢♦r♠❛♥❝❡ ✐♥ ❤✐❣❤❡r ❡❞✉❝❛t✐♦♥✱

✇❡ ❤❛✈❡ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t ❛t ❧❡❛st ♦♥❡ ❣r❛❞❡ ❢♦r ✹✽ ✼✾✷ t❡❛❝❤❡rs ✐♥ t❤❡ s❛♠♣❧❡✳

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

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

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

❛s ❡♠♣❧♦②❡❞ ✐♥ t❤❡ ♥❡①t ②❡❛r✱ ❛♥❞ ❛r❡ t❤✉s ♠❛❦✐♥❣ ❛ tr❛♥s✐t✐♦♥✳ ❚❤❡ ❡①❝❡♣t✐♦♥ ✐s ✐❢ t❤❡② q✉✐t

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

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

▼♦st t❡❛❝❤❡r ♠♦❜✐❧✐t② t❛❦❡s ♣❧❛❝❡ ❞✉r✐♥❣ s✉♠♠❡r✳ ❋♦r t❡❛❝❤❡rs ✇❤♦ ❛r❡ ❡♠♣❧♦②❡❞ ❛t s❡✈❡r❛❧

✶✵❆ ♥❛t✐♦♥❛❧ ❣r❛❞✐♥❣ s②st❡♠ ✐♥ ❍❊■ ✇❛s ✜rst ✐♠♣❧❡♠❡♥t❡❞ ✐♥ ✷✵✵✸✳
✶✶✻✵ ♣❡r❝❡♥t ♦❢ ❛❧❧ ❣r❛❞❡s ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ s❛♠♣❧❡ ❛r❡ ♦❜t❛✐♥❡❞ ❜② t❡❛❝❤❡rs ✇✐t❤ ❡①❛♠s ✐♥ ❡❞✉❝❛t✐♦♥❛❧ s❝✐❡♥❝❡✳

✶✾
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Difference between lower secondary and primary education

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

♦❢ ✇♦r❦✐♥❣ ❤♦✉rs ❛♥❞ ❤✐❣❤❡st s❡♥✐♦r✐t②✮✳ ❚♦ ❧❡❛✈❡ t❤❡ s❝❤♦♦❧ t❤✉s ✐♥❝❧✉❞❡s ❝❤❛♥❣✐♥❣ ❥♦❜s t♦

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

▼❛❦✐♥❣ s❝❤♦♦❧s ❛❝❝♦✉♥t❛❜❧❡ ❢♦r st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t t♦ t❤❡ s❝❤♦♦❧ ❞✐str✐❝t ❛✉t❤♦r✐t② ✐♥ ✷✵✵✸✱

❛♥❞ ♣✉❜❧✐❝❧② ❞✐str✐❜✉t✐♥❣ ♥❡✇ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t s❝❤♦♦❧ q✉❛❧✐t② ✐♥ ◆♦✈❡♠❜❡r ✷✵✵✺✱ ❛r❡ ♠♦st

❧✐❦❡❧② t♦ ✐♥✢✉❡♥❝❡ t❡❛❝❤❡r t✉r♥♦✈❡r ❢r♦♠ ✷✵✵✹ ❛♥❞ ✷✵✵✻✱ r❡s♣❡❝t✐✈❡❧②✳✶✷

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

♥❡st❡❞ r❡❢♦r♠✱ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❛♥❞ ♣r✐♠❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ❢♦❧❧♦✇ ❛

s✐♠✐❧❛r tr❡♥❞✳ ❚❤❡ ✜rst ♣❛rt ✐♥ ❋✐❣✉r❡ ✶ ✐♥❞✐❝❛t❡s ❛ ❝♦♠♠♦♥ ♣r❡✲tr❡❛t♠❡♥t tr❡♥❞ ✐♥ ❖s❧♦✱ t❤❡

tr❡❛t♠❡♥t ❛r❡❛✳ ❚❤❡ t❤✐r❞ ♣❛rt ✐♥ ❋✐❣✉r❡ ✶✱ ✇❤✐❝❤ s❤♦✇s t❤❡ ❞✐✛❡r❡♥❝❡ ✐♥ ♠♦❜✐❧✐t② r❡s♣♦♥s❡s

❜❡t✇❡❡♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❛♥❞ ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥ t❡❛❝❤❡rs ✐♥ t❤❡ tr❡❛t♠❡♥t ❛♥❞ ❝♦♠♣❛r✐s♦♥

❛r❡❛s✱ s✉❣❣❡sts t❤❛t t❤❡r❡ ✐s ❛❧s♦ ❛ ❝♦♠♠♦♥ tr❡♥❞ ✐♥ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❧♦✇❡r s❡❝♦♥❞❛r②

❛♥❞ ♣r✐♠❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ❜❡❢♦r❡ t❤❡ r❡❢♦r♠✳ ■♥ t❤❡ ♣r❡✲tr❡❛t♠❡♥t ♣❡r✐♦❞✱ t❡❛❝❤❡r t✉r♥♦✈❡r

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

❝❤❛♥❣❡s✱ ❤♦✇❡✈❡r✱ ✐♥ t❤❡ tr❡❛t♠❡♥t ♣❡r✐♦❞✳ ❋♦r t❤❡ ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣ ✭s❡❡ s❡❝♦♥❞ ♣❛rt ✐♥

✶✷❚❡❛❝❤❡rs ✇❡r❡ ♥♦t ✐♥❢♦r♠❡❞ ❧♦♥❣ ❜❡❢♦r❡ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❡❛❝❤ r❡❢♦r♠✱ ✐✳❡✳✱ t❡❛❝❤❡rs ❝♦✉❧❞ ♥♦t ❛❞❥✉st
t❤❡✐r ♠♦❜✐❧✐t② r❡s♣♦♥s❡s ❡① ❛♥t❡✱ ♦♥❧② ❡① ♣♦st✳

✷✵



❋✐❣✉r❡ ✶✮✱ t❤❡r❡ ✐s ♥♦ s✉❝❤ s❤✐❢t✳ ❚❤❡s❡ ✜❣✉r❡s t❤✉s ♣r♦✈✐❞❡ t❤❡ ✜rst ✐♥❞✐❝❛t✐♦♥ t❤❛t t❤❡ ♥❡st❡❞

s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠ ✐♠♣❛❝ts ❧♦✇❡r s❡❝♦♥❞❛r② ❛♥❞ ♣r✐♠❛r② t❡❛❝❤❡rs ✐♥ t❤❡ r❡❢♦r♠

❞✐str✐❝t ❞✐✛❡r❡♥t❧②✳

❆s s✉❣❣❡st❡❞ ✐♥ ❙❡❝t✐♦♥ ✸✳✶✱ t❤❡r❡ ❛r❡ ♥♦ ♣❛r❛❧❧❡❧ ♣r❡✲tr❡♥❞ ✇❤❡♥ ❝♦♠♣❛r✐♥❣ ❧♦✇❡r s❡❝♦♥❞❛r②

s❝❤♦♦❧ t❡❛❝❤❡rs✬ ♠♦❜✐❧✐t② ✐♥ ❖s❧♦ t♦ t❤❡ r❡st ♦❢ t❤❡ ❝♦✉♥tr② ✭s❡❡ ♣❛rt ♦♥❡ ❛♥❞ t✇♦ ✐♥ ❋✐❣✉r❡ ✶✮✳

❚❤✐s✱ ❤♦✇❡✈❡r✱ ✐s ♥♦t ❛ t❤r❡❛t t♦ ♦✉r ❉❉✲ ❛♥❞ ❉❉❉✲❡st✐♠❛t♦rs ❛s ✇❡ ❡①♣❧♦✐t t❤❡ ❞✐✛❡r❡♥❝❡s

❜❡t✇❡❡♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❛♥❞ ♣r✐♠❛r② s❝❤♦♦❧ t❡❛❝❤❡rs✳

❚❤❡r❡ ✐s ❛ s♣✐❦❡ ✐♥ t❡❛❝❤❡r ♠♦❜✐❧✐t② ✐♥ ✷✵✵✸ ❢♦r ❜♦t❤ t❡❛❝❤❡r ❣r♦✉♣s ✐♥ ❜♦t❤ ❛r❡❛s✱ ❛s

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

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

❝②❝❧❡ ❝♦♥❞✐t✐♦♥s✳✶✸ ❚❡❛❝❤❡r ✉♥❡♠♣❧♦②♠❡♥t r❡❛❝❤❡❞ ❛ ♣❡❛❦ ✐♥ ✷✵✵✸✱ ✇❤✐❝❤ ✐s ❝♦❤❡r❡♥t ✇✐t❤ t❤❡

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

r❡❛s♦♥ ❢♦r t❤❡ ❤✐❣❤ t❡❛❝❤❡r ✉♥❡♠♣❧♦②♠❡♥t ✐♥ ✷✵✵✸✳ ◆❡✐t❤❡r ♦❢ t❤❡s❡ ❡✈❡♥ts s❤♦✉❧❞ ✐♥✢✉❡♥❝❡ ♦✉r

❉❉✲ ❛♥❞ ❉❉❉✲❡st✐♠❛t❡s✱ s✐♥❝❡ ✐t ✐s ✉♥❧✐❦❡❧② t❤❛t t❤❡② ✇♦✉❧❞ ✐♥✢✉❡♥❝❡ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥

t❡❛❝❤❡r ♠♦❜✐❧✐t② ✐♥ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧s ❛♥❞ ♣r✐♠❛r② s❝❤♦♦❧s ✐♥ ❖s❧♦✱ ❛♥❞ ✉♥❧✐❦❡❧② t❤❛t

t❤❡② ✇♦✉❧❞ ✐♥✢✉❡♥❝❡ t❤❡ s❛♠❡ ❞✐✛❡r❡♥❝❡ ✐♥ ♦t❤❡r ♣❛rts ♦❢ t❤❡ ❝♦✉♥tr②✳

❖✉r ♠❛✐♥ ❛♥❛❧②s✐s ❡♥❞s ✐♥ ✷✵✵✻ ✇❤❡♥ t❤❡ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❣✐♠❡ ✐♥ ♦✉r ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣

❝❤❛♥❣❡s✳ ❆s ❛ ♣❛rt ♦❢ t❤❡ r♦❜✉st♥❡ss t❡sts✱ ❧♦♥❣✲t❡r♠ ❡✛❡❝ts ❛r❡ ❛❧s♦ ❛♥❛❧②③❡❞ ❜② ❛❞❞✐♥❣

❞❛t❛ t♦ ✷✵✵✽✳ ❲✐t❤ ❤✐❣❤❡r ❛❝❝♦✉♥t❛❜✐❧✐t② ✐♥t❡♥s✐t② ✐♥ ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥ ✐♥ ❖s❧♦✱ ❛♥❞ t❤❡

✐♥tr♦❞✉❝t✐♦♥ ♦❢ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❣✐♠❡s ✐♥ t❤❡ r❡st ♦❢ t❤❡ ❝♦✉♥tr②✱ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ♠♦❜✐❧✐t② ✐♥ ❛❧❧

♣❛rts ♦❢ ♦✉r ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣ ❝♦✉❧❞ ❜❡ ❡①♣❡❝t❡❞ ❛❢t❡r ✷✵✵✻✳

✶✸❉✉r✐♥❣ t❤❡ ♣❡r✐♦❞ st✉❞✐❡❞✱ ◆♦r✇❛② ♣❛rt✐❝✐♣❛t❡❞ ✐♥ P■❙❆ ✐♥ ✷✵✵✵✱ ✷✵✵✸✱ ❛♥❞ ✷✵✵✻✳ ◆♦r✇❛② ♣❡r❢♦r♠❡❞
❜❛❞❧② ♦♥ t❤❡ ✜rst P■❙❆✲t❡st✱ ❛♥❞ t❤✐s ✐s ♦❢t❡♥ r❡❢❡rr❡❞ t♦ ❛s t❤❡ ✏P■❙❆✲s❤♦❝❦✑✳

✷✶



❚❤❡ ❞❛t❛ ✉s❡❞ ✐♥ t❤❡ s♦rt✐♥❣ ❛♥❛❧②s✐s ❛r❡ ❛❣❣r❡❣❛t❡❞ t♦ s❝❤♦♦❧ ❧❡✈❡❧✳ ❲❡ ❝❛❧❝✉❧❛t❡ ♠❡❛♥

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

t❤❡ s♦rt✐♥❣ ❛♥❛❧②s✐s✳ P♦s✐t✐✈❡ s♦rt✐♥❣ ✐♥ t❡r♠s ♦❢ ♠❡❛♥ t❡❛❝❤❡r ❛❜✐❧✐t② ✐♠♣❧✐❡s t❤❛t s❝❤♦♦❧s ❛r❡

❛❜❧❡ t♦ ❛ttr❛❝t ❛♥❞✴♦r r❡♣❧❛❝❡ t❤❡✐r ❤✐❣❤✲❛❜✐❧✐t② t❡❛❝❤❡rs✳ ❋♦r t❤✐s ❛♥❛❧②s✐s✱ ✇❡ ❤❛✈❡ ✶✸ ✹✾✺

♦❜s❡r✈❛t✐♦♥s ❢r♦♠ ✷✸✻✵ s❝❤♦♦❧s✳

❲❡ ✉s❡ ❞❛t❛ ♦♥ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t t♦ ❞✐s❝✉ss s♦rt✐♥❣ ❛♥❞ ✐♥❝❡♥t✐✈❡ ❡✛❡❝ts ♦♥ st✉❞❡♥t

❛❝❤✐❡✈❡♠❡♥t ✐♥ ❙❡❝t✐♦♥ ✻✳ ■♥ ◆♦r✇❛②✱ ❞❛t❛ ♦♥ t❡❛❝❤❡rs✬ ❡✈❛❧✉❛t✐♦♥s ❛♥❞ ❝❡♥tr❛❧ ❡①❛♠ s❝♦r❡s

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

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

s♦❝✐❛❧ ❜❛❝❦❣r♦✉♥❞ ✈❛r✐❛❜❧❡s ❢♦r ✷✼✽ ✷✷✸ st✉❞❡♥ts ❢♦r t❤❡ ②❡❛rs ✷✵✵✷✲✷✵✵✽✳

✺ ❘❡s✉❧ts

✺✳✶ ❚❡❛❝❤❡r ♠♦❜✐❧✐t②

❚❛❜❧❡ ✶ s❤♦✇s t❤❡ r❡s✉❧ts ❢r♦♠ t❤❡ ❉❉✲❛♥❛❧②s✐s ❜❛s❡❞ ♦♥ ❊q✉❛t✐♦♥ ✶✳ ❈♦❧✉♠♥ ✶ s❤♦✇s t❤❡

❛✈❡r❛❣❡ ❡✛❡❝t ♣♦♦❧❡❞ ♦✈❡r r❡❢♦r♠ ②❡❛rs ✇❤✐❧❡ ❝♦❧✉♠♥ ✷ ❛♥❞ ✸ s❤♦✇ ②❡❛r s♣❡❝✐✜❝ ❡✛❡❝ts✳ ■♥

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

❈♦❧✉♠♥ ✶ r❡✈❡❛❧s ❛ s✉❜st❛♥t✐❛❧ ❡✛❡❝t ♦❢ t❤❡ r❡❢♦r♠ ♦♥ t❡❛❝❤❡r ♠♦❜✐❧✐t②✳ ❲❡ ❡st✐♠❛t❡ ❛

✼✳✼ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✐♥❝r❡❛s❡ ✐♥ t❡❛❝❤❡r ♠♦❜✐❧✐t② ❛❢t❡r t❤❡ ✜rst ♣❛rt ♦❢ t❤❡ r❡❢♦r♠ ❛♥❞ ❛ ✽✳✾

♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✐♥❝r❡❛s❡ ❛❢t❡r t❤❡ s❡❝♦♥❞ ♣❛rt✱ ❢r♦♠ ❛ ♣r❡✲r❡❢♦r♠ ❧❡✈❡❧ ♦❢ ❛r♦✉♥❞ ✶✵ ♣❡r❝❡♥t

✭s❡❡ ❚❛❜❧❡ ❆✳✶✮✳ ❈♦❧✉♠♥ ✷ s❤♦✇s t❤❛t t❤❡ r❡❢♦r♠ ❡✛❡❝t ✐s t❤❡ s♠❛❧❧❡st ✐♥ t❤❡ ✜rst ②❡❛r✱

✇✐t❤ ❛♥ ❡st✐♠❛t❡ ♦❢ ✻✳✼ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✱ ❜❡❢♦r❡ ✐t ✐♥❝r❡❛s❡s ✇✐t❤ ❛❜♦✉t ✷ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts

✶✹❚❡st s❝♦r❡s ♦♥ ♥❛t✐♦♥❛❧ t❡sts ❢♦r ♣r✐♠❛r② ❛♥❞ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ ❛r❡ ♦♥❧② ❛✈❛✐❧❛❜❧❡ ❢r♦♠ ✷✵✵✼✳

✷✷



❚❛❜❧❡ ✶✿ ❚❤❡ ❊✛❡❝t ♦❢ ❆❝❝♦✉♥t❛❜✐❧✐t② ♦♥ ❚❡❛❝❤❡r ▼♦❜✐❧✐t②✱ ❉❉✲s♣❡❝✐✜❝❛t✐♦♥
P♦♦❧❡❞ r❡❢♦r♠ ❡✛❡❝t ❘❡❢♦r♠ ❡✛❡❝t ❜② ②❡❛r ❘❡❢♦r♠ ❡✛❡❝t ❜② ②❡❛r ✇✐t❤ ❝♦♥tr♦❧s

▲♦✇❡r ❙❡❝♦♥❞❛r② ✲✵✳✵✻✷ ✭✵✳✵✵✽✮✯✯✯ ✲✵✳✵✻✷ ✭✵✳✵✵✽✮✯✯✯ ✲✵✳✵✸✼✯✯✯ ✵✳✵✵✾✮

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②✯✭✷✵✵✹✲✷✵✵✺✮ ✵✳✵✼✼ ✭✵✳✵✶✸✮✯✯✯

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②✯✷✵✵✹ ✵✳✵✻✼ ✭✵✳✵✶✺✮✯✯✯ ✵✳✵✹✺ ✭✵✳✵✶✸✮✯✯✯

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②✯✷✵✵✺ ✵✳✵✽✽ ✭✵✳✵✶✼✮✯✯✯ ✵✳✵✻✹ ✭✵✳✵✶✻✮✯✯✯

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②✯✷✵✵✻ ✵✳✵✽✾ ✭✵✳✵✷✷✮✯✯✯ ✵✳✵✽✾ ✭✵✳✵✷✷✮✯✯✯ ✵✳✵✻✻ ✭✵✳✵✶✾✮✯✯✯

❘✲sq✉❛r❡❞ ✵✳✵✶✸ ✵✳✵✶✸ ✵✳✷✵✷

◆✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✷✷ ✶✾✻ ✷✷ ✶✾✻ ✷✷ ✶✾✻

◆♦t❡✿ ❆❧❧ s♣❡❝✐✜❝❛t✐♦♥s ❛r❡ ❡st✐♠❛t❡❞ ❜② ❖▲❙ ❛♥❞ ✐♥❝❧✉❞❡ ❛ ❝♦♥st❛♥t t❡r♠✱ ②❡❛r ❞✉♠♠✐❡s ✭r❡❢✳ ✷✵✵✵✮✱ ❛♥❞ t❤❡

✐♥t❡r❛❝t✐♦♥ t❡r♠s (Es ∗ dt)✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞ ♦♥ s❝❤♦♦❧ ❧❡✈❡❧✳ ✯✴✯✯✴✯✯✯ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❛t

t❤❡ ✶✵✴✺✴✶ ♣❡r❝❡♥t ❧❡✈❡❧✳

❢r♦♠ ✷✵✵✺✳ ❚❤❡ ❡①t❡r♥❛❧ r❡❢♦r♠ ❡❧❡♠❡♥t ❛❞❞❡❞ ✐♥ ✷✵✵✺ ❞♦❡s ♥♦t ❧❡❛❞ t♦ ❛ ❢✉rt❤❡r ✐♥❝r❡❛s❡

✐♥ t❤❡ ✷✵✵✻✲❡✛❡❝t✳ P✉❜❧✐❝❧② ❞✐s❝❧♦s✐♥❣ s❝❤♦♦❧ ♣❡r❢♦r♠❛♥❝❡ s❡❡♠s t❤❡r❡❢♦r❡✱ ♦♥ ❛✈❡r❛❣❡✱ ♥♦t t♦

❛❧t❡r t❤❡ ♠♦❜✐❧✐t② r❡s♣♦♥s❡ ♦❢ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ t❡❛❝❤❡rs r❡❧❛t✐✈❡ t♦ t❤❡ r❡s♣♦♥s❡ ❛❧r❡❛❞②

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

❞❡❝r❡❛s❡s t❤❡ ♠❛❣♥✐t✉❞❡ ♦❢ t❤❡ ❡✛❡❝t✱ ❛❧t❤♦✉❣❤ t❤❡ ♣❛tt❡r♥ ✐s s✐♠✐❧❛r✳ ❈♦❧✉♠♥ ✸ r❡✈❡❛❧s ❛

r❡❢♦r♠ ❡✛❡❝t ♦❢ ✹✳✺ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts t❤❡ ✜rst ②❡❛r✱ ❜❡❢♦r❡ ✐t ✐♥❝r❡❛s❡s t♦ ❛❜♦✉t ✻✳✺ ♣❡r❝❡♥t❛❣❡

♣♦✐♥ts ✐♥ t❤❡ s✉❜s❡q✉❡♥t ②❡❛rs✳

❆s ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ❤❛✈❡ ❞✐✛❡r❡♥t ❝❤❛r❛❝t❡r✐st✐❝s✱ ❛♥❞ t❤✉s ♠❛② ❜❡ ❡①♣♦s❡❞

t♦ ❞✐✛❡r❡♥t s❤♦❝❦s✱ ✇❡ ❛❞❞ ❛ t❤✐r❞ ❞✐✛❡r❡♥❝❡❀ ❜❡t✇❡❡♥ t❤❡ s❝❤♦♦❧ ❞✐str✐❝t ♦❢ ❖s❧♦ ❛♥❞ ♦t❤❡r

s❝❤♦♦❧ ❞✐str✐❝ts✳ ❈♦❧✉♠♥ ✶ ✐♥ ❚❛❜❧❡ ✷ r❡♣♦rts ❡st✐♠❛t❡❞ r❡s✉❧ts ❜❛s❡❞ ♦♥ ❊q✉❛t✐♦♥ ✷✱ ✇❤❡r❡❛s

❈♦❧✉♠♥s ✷ ❛♥❞ ✸ r❡♣♦rt ②❡❛r s♣❡❝✐✜❝ ❡✛❡❝ts✳ ❈♦♥tr♦❧ ✈❛r✐❛❜❧❡s ❢♦r t❡❛❝❤❡r ❜❛❝❦❣r♦✉♥❞ ❛r❡

❛❞❞❡❞ ✐♥ ❈♦❧✉♠♥ ✸✳

❈♦❧✉♠♥ ✶ s❤♦✇s ❛♥ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝t ♦❢ ✼ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❛❢t❡r t❤❡ ✐♥t❡r♥❛❧ ♣❛rt

♦❢ t❤❡ r❡❢♦r♠✱ ❛♥❞ t❤❡ s❛♠❡ ❡✛❡❝t ✐s ❢♦✉♥❞ ❢♦r t❤❡ ❡①t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠✳ ❉❡❝♦♠♣♦s✐♥❣

t❤❡ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝t ♦❢ t❤❡ ✷✵✵✸ r❡❢♦r♠ ✭❝❛❧❝✉❧❛t❡❞ ❢♦r t❤❡ ♣❡r✐♦❞ ✷✵✵✹✲✷✵✵✺✮ ✐♥t♦

✷✸



❚❛❜❧❡ ✷✿ ❚❤❡ ❊✛❡❝t ♦❢ ❆❝❝♦✉♥t❛❜✐❧✐t② ♦♥ ❚❡❛❝❤❡r ▼♦❜✐❧✐t②✱ ❉❉❉✲s♣❡❝✐✜❝❛t✐♦♥
P♦♦❧❡❞ r❡❢♦r♠ ❡✛❡❝t ❘❡❢♦r♠ ❡✛❡❝t ❜② ②❡❛r ❘❡❢♦r♠ ❡✛❡❝t ❜② ②❡❛r ✇✐t❤ ❝♦♥tr♦❧s

❖s❧♦ ✵✳✵✷✻ ✭✵✳✵✵✹✮✯✯✯ ✵✳✵✷✻ ✭✵✳✵✵✹✮✯✯✯ ✵✳✵✶✼ ✭✵✳✵✵✹✮✯✯✯

▲♦✇❡r ❙❡❝♦♥❞❛r②✱ ❖s❧♦ ✲✵✳✵✸✼ ✭✵✳✵✵✷✮✯✯✯ ✲✵✳✵✸✼ ✭✵✳✵✵✷✮✯✯✯ ✲✵✳✵✷✵ ✭✵✳✵✵✷✮✯✯✯

▲♦✇❡r ❙❡❝♦♥❞❛r② ✲✵✳✵✶✶ ✭✵✳✵✵✺✮✯✯ ✲✵✳✵✶✶ ✭✵✳✵✵✺✮✯✯ ✲✵✳✵✶✺ ✭✵✳✵✵✹✮✯✯✯

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②✯✭✷✵✵✹✲✷✵✵✺✮ ✵✳✵✼✶ ✭✵✳✵✵✹✮✯✯✯

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②✯✷✵✵✹ ✵✳✵✻✺ ✭✵✳✵✵✹✮✯✯✯ ✵✳✵✺✷ ✭✵✳✵✵✹✮✯✯✯

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②✯✷✵✵✺ ✵✳✵✼✼ ✭✵✳✵✵✺✮✯✯✯ ✵✳✵✻✻ ✭✵✳✵✵✺✮✯✯✯

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②✯✷✵✵✻ ✵✳✵✼✺ ✭✵✳✵✵✺✮✯✯✯ ✵✳✵✼✺ ✭✵✳✵✵✺✮✯✯✯ ✵✳✵✻✸ ✭✵✳✵✵✺✮✯✯✯

❘✲sq✉❛r❡❞ ✵✳✵✵✻ ✵✳✵✵✻ ✵✳✶✼✾

◆✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✷✼✽ ✾✵✾ ✷✼✽ ✾✵✾ ✷✼✽ ✾✵✾

◆♦t❡✿ ❆❧❧ s♣❡❝✐✜❝❛t✐♦♥s ❛r❡ ❡st✐♠❛t❡❞ ❜② ❖▲❙ ❛♥❞ ✐♥❝❧✉❞❡ ❛ ❝♦♥st❛♥t t❡r♠✱ ②❡❛r ❞✉♠♠✐❡s ✭r❡❢✳ ✷✵✵✵✮✱ ❛♥❞ t❤❡

✐♥t❡r❛❝t✐♦♥ t❡r♠s (Ts ∗ dt) ❛♥❞ (Es ∗ dt)✳ ❚❤❡ t❤✐r❞ s♣❡❝✐✜❝❛t✐♦♥ ✐s ✉s❡❞ ✐♥ ❛❧❧ s✉❜s❡q✉❡♥t t❛❜❧❡s✳ ❙t❛♥❞❛r❞

❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞ ♦♥ s❝❤♦♦❧ ❧❡✈❡❧✳ ✯✴✯✯✴✯✯✯ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✶✵✴✺✴✶ ♣❡r❝❡♥t ❧❡✈❡❧✳

②❡❛r✲s♣❡❝✐✜❝ ❡✛❡❝ts ✐♥ ❈♦❧✉♠♥ ✷ ❛♥❞ ✸ r❡✈❡❛❧ t❤❡ s❛♠❡ ♣✐❝t✉r❡ ❛s ❜❡❢♦r❡✿ ❚❤❡ r❡❢♦r♠ ❡✛❡❝t ✐s

t❤❡ s♠❛❧❧❡st ✐♥ t❤❡ ✜rst ②❡❛r✱ t❤❡♥ ✐♥❝r❡❛s❡s ✐♥ ✷✵✵✺✱ ❛♥❞ r❡♠❛✐♥s t❤❡ s❛♠❡ ✐♥ ✷✵✵✻✳

❚❤❡ r❡s✉❧ts ✐♥ ❚❛❜❧❡ ✶ ❛♥❞ ✷ ❛r❡ q✉❛♥t✐t❛t✐✈❡❧② t❤❡ s❛♠❡✳ ❚❤❡ ❡st✐♠❛t❡s ❛r❡ s♦♠❡✇❤❛t

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

❝♦♥tr♦❧s ❢♦r t❡❛❝❤❡rs✬ ❡❞✉❝❛t✐♦♥❛❧ ❜❛❝❦❣r♦✉♥❞ ✐♥ ❝♦❧✉♠♥ ✸✱ t❤❡ r❡s✉❧ts ❢r♦♠ t❤❡ t✇♦ ♠♦❞❡❧s ❛r❡

❛❧✐❣♥❡❞✳ ❚❤❡ s✐♠✐❧❛r✐t② ♦❢ t❤❡ r❡s✉❧ts ✐♥ t❤❡ t✇♦ ♠♦❞❡❧s ❧❡❛❞s t♦ t❤❡ ❝♦♥❝❧✉s✐♦♥ t❤❛t ♣r✐♠❛r②

❛♥❞ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ❛r❡ ♥♦t ❡①♣♦s❡❞ t♦ ❞✐✛❡r❡♥t s❤♦❝❦s✳ ❍♦✇❡✈❡r✱ t❤❡r❡ ❛r❡

❝♦♠♣♦s✐t✐♦♥❛❧ ❡✛❡❝ts t❤❛t ❧❡❛❞ t❤❡ r❡s✉❧ts ✐♥ ❝♦❧✉♠♥ ✷ ❛♥❞ ✸ t♦ ❜❡ ❞✐✛❡r❡♥t ✐♥ t❤❡ ❉❉✲❛♥❛❧②s✐s✳

❚❤❡ ❉❉❉✲❛♥❛❧②s✐s ❛r❡ ❧❡ss s❡♥s✐t✐✈❡ t♦ s✉❝❤ ❛ ❝♦♥❝❡r♥✳ ■♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❛♥❛❧②s✐s✱ ✇❡ t❤✉s ❦❡❡♣

t❤❡ ❉❉❉✲❢r❛♠❡✇♦r❦ ❛♥❞ t❤❡ t❤✐r❞ s♣❡❝✐✜❝❛t✐♦♥ ✇✐t❤ t❡❛❝❤❡r ❝♦♥tr♦❧s✳

■♥❞✐✈✐❞✉❛❧s ♠❛② r❡s♣♦♥❞ ❞✐✛❡r❡♥t❧② t♦ ✐♥❝❡♥t✐✈❡s ✭❡✳❣✳✱ ▲❡✉✈❡♥ ❡t ❛❧✳✱ ✷✵✶✵❀ ❇❡tt✐♥❣❡r✱

✷✵✶✵❀ ❆♥❣r✐st ❡t ❛❧✳✱ ✷✵✵✾❀ ❆♥❣r✐st ❛♥❞ ▲❛✈②✱ ✷✵✵✾✮✳ ❍❡t❡r♦❣❡♥❡✐t② ✐♥ t❡r♠s ♦❢ ♠♦❜✐❧✐t② ♠❛②

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

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

✷✹



✸✳ ❲❡ ✜♥❞ t❤❛t ❤✐❣❤✲❛❜✐❧✐t② t❡❛❝❤❡rs ❛r❡ ♠♦r❡ r❡s♣♦♥s✐✈❡ t♦ t❤❡ r❡❢♦r♠ t❤❛♥ ❧♦✇✲❛❜✐❧✐t②

t❡❛❝❤❡rs✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ t❡❛❝❤❡rs ✇✐t❤ str♦♥❣ ❛❝❛❞❡♠✐❝ r❡❝♦r❞s r❡❛❝t str♦♥❣❡r t❤❛♥ t❤♦s❡

✇✐t❤ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t ❜❡❧♦✇ ❛✈❡r❛❣❡ ✐♥ ✷✵✵✹ ❛♥❞ ✷✵✵✻✳ ■♥ ✷✵✵✺✱ t❤❡r❡ ✐s ♥♦ s✐❣♥✐✜❝❛♥t

❞✐✛❡r❡♥❝❡ ✐♥ t❤❡ ♠♦❜✐❧✐t② r❡s♣♦♥s❡ ❢♦r t❤❡ t✇♦ ❣r♦✉♣s✳✶✺ ❚❤❡ ❞✐✛❡r❡♥❝❡ ✐♥ t❤❡ ✷✵✵✻✲❡✛❡❝t ✐s

s✉❜st❛♥t✐❛❧ ❝♦♥s✐❞❡r✐♥❣ t❤❛t t❤❡ ❜❛s❡❧✐♥❡ ♠♦❜✐❧✐t② ✐s s✐♠✐❧❛r ❢♦r ❤✐❣❤✲ ❛♥❞ ❧♦✇✲❛❜✐❧✐t② t❡❛❝❤❡rs✳

❘❡❣❛r❞✐♥❣ t❤❡ str♦♥❣❡r r❡❛❝t✐♦♥ ✐♥ t❤❡ ❤✐❣❤✲❛❜✐❧✐t② ❣r♦✉♣✱ ❛♥ ✐♠♣♦rt❛♥t r❡❛s♦♥ ♠❛② ❜❡ t❤❛t

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

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

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

❍♦✇❡✈❡r✱ t❤❡ r❡❞✉❝t✐♦♥ ♦❢ t❤❡ s❛♠♣❧❡ ❞♦❡s ♥♦t ❝❤❛♥❣❡ t❤❡ r❡s✉❧ts ✇❤❡♥ ❡st✐♠❛t✐♥❣ ❊q✉❛t✐♦♥

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

❧❡❛✈❡ t❤❡ t❡❛❝❤✐♥❣ ♣r♦❢❡ss✐♦♥ t❤❛♥ t❡❛❝❤❡rs ✇✐t❤ ❧♦✇❡r s❝♦r❡s✱ ❛❧t❤♦✉❣❤ ♥♦t ❛s ❛ ❝♦♥s❡q✉❡♥❝❡

♦❢ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ✭▼✉r♥❛♥❡ ❛♥❞ ❖❧s❡♥✱ ✶✾✾✵❀ ❍❡♥❦❡ ❡t ❛❧✳✱ ✷✵✵✵❀ P♦❞❣✉srs❦② ❡t ❛❧✳✱

✷✵✵✹❀ ❇♦②❞ ❡t ❛❧✳✱ ✷✵✶✶✮✳✶✻

❋♦r ♦t❤❡r s✉❜❣r♦✉♣s✱ t❤❡ ❤❡t❡r♦❣❡♥❡♦✉s ❡✛❡❝ts ❛r❡ ❛s ❢♦❧❧♦✇s✿ ❚❡❛❝❤❡rs ✇✐t❤ r❡❧❛t✐✈❡❧② s❤♦rt

❡①♣❡r✐❡♥❝❡ ✭❧❡ss t❤❛♥ ✹ ②❡❛rs ❛t t❤❡ s❛♠❡ s❝❤♦♦❧✮ r❡❛❝t str♦♥❣❡r t♦ t❤❡ r❡❢♦r♠ t❤❛♥ t❤❡✐r ♠♦r❡

❡①♣❡r✐❡♥❝❡❞ ❝♦❧❧❡❣❡s✳ ❨♦✉♥❣❡r t❡❛❝❤❡rs ✭❜❡❧♦✇ ✹✵✮ r❡s♣♦♥❞ ♠♦r❡ str♦♥❣❧② t♦ ♣✉❜❧✐❝ ❡①♣♦s✉r❡

t❤❛♥ t❤❡✐r ♦❧❞❡r ❝♦✉♥t❡r♣❛rts ❛s ②♦✉♥❣❡r t❡❛❝❤❡rs ❝❤❛♥❣❡ ❥♦❜s t♦ ❛ s✐❣♥✐✜❝❛♥t❧② ❣r❡❛t❡r ❡①t❡♥t

t❤❛♥ ♦❧❞❡r t❡❛❝❤❡rs ❛❢t❡r t❤❡ ❡①t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠✳ ▼♦❜✐❧✐t② r❡s♣♦♥s❡ ✐s s♦♠❡✇❤❛t ❤✐❣❤❡r

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

✶✺❚♦ ❝❤❡❝❦ ✇❤❡t❤❡r t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ s✉❜❣r♦✉♣ ♣❛✐rs✬ ❉❉❉✲❡st✐♠❛t❡s ❛r❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t
✇❡ t❡st t❤❡ ❧✐♥❡❛r ❝♦♠❜✐♥❛t✐♦♥ ♦❢ t✇♦ ❡st✐♠❛t❡s✳

✶✻❲❡ ❛❧s♦ ❛♥❛❧②③❡ t❤❡ ❡✛❡❝t ♦❢ ♥❡✇ ✐♥❢♦r♠❛t✐♦♥ ❝♦♥❝❡r♥✐♥❣ s❝❤♦♦❧ ♣❡r❢♦r♠❛♥❝❡ ♦♥ t❡❛❝❤❡r ♠♦❜✐❧✐t②✳ ❲❡
❝♦♠♣❛r❡ t❤❡ r❛♥❦✐♥❣ ♦❢ s❝❤♦♦❧s ❜❛s❡❞ ♦♥ t❤❡ ❛❞❥✉st❡❞ ❛♥❞ t❤❡ ♥♦♥✲❛❞❥✉st❡❞ ♣❡r❢♦r♠❛♥❝❡ ✐♥❞✐❝❛t♦r r❡❧❛t❡❞ t♦
t❤❡ ❡①t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠✳ ❲❡ ✜♥❞ r❡❞✉❝❡❞ ♠♦❜✐❧✐t② ❛♠♦♥❣ ❧♦✇✲❛❜✐❧✐t② t❡❛❝❤❡rs ✐♥ s❝❤♦♦❧s r❡❝❡✐✈✐♥❣ ❛
♥❡❣❛t✐✈❡ ✐♥❢♦r♠❛t✐♦♥ s❤♦❝❦✱ ✇❤✐❧❡ ❢♦r ❤✐❣❤✲❛❜✐❧✐t② t❡❛❝❤❡rs ✐♥ t❤❡ s❛♠❡ s❝❤♦♦❧s t❤❡ ♠♦❜✐❧✐t② ✐♥❝r❡❛s❡s✳

✷✺



❚❛❜❧❡ ✸✿ ❍❡t❡r♦❣❡♥❡♦✉s ❚r❡❛t♠❡♥t ❊✛❡❝ts✱ ❚❡❛❝❤❡r ▼♦❜✐❧✐t②
♠❛❧❡ ❢❡♠❛❧❡ ②♦✉♥❣ ♦❧❞

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②

✯✷✵✵✹ ✵✳✵✻✹ ✭✵✳✵✵✺✮✯✯✯ ✵✳✵✹✽ ✭✵✳✵✵✺✮✯✯✯ ✵✳✵✺✷ ✭✵✳✵✵✼✮✯✯✯ ✵✳✵✺✵ ✭✵✳✵✵✹✮✯✯✯

✯✷✵✵✺ ✵✳✶✵✶ ✭✵✳✵✵✼✮✯✯✯ ✵✳✵✺✵ ✭✵✳✵✵✺✮✯✯✯ ✵✳✵✺✺ ✭✵✳✵✵✽✮✯✯✯ ✵✳✵✻✾ ✭✵✳✵✵✺✮✯✯✯

✯✷✵✵✻ ✵✳✵✻✹ ✭✵✳✵✵✼✮✯✯✯ ✵✳✵✺✸ ✭✵✳✵✵✺✮✯✯✯ ✵✳✵✼✽ ✭✵✳✵✵✽✮✯✯✯ ✵✳✵✹✻ ✭✵✳✵✵✺✮✯✯✯

❘✲sq✉❛r❡❞ ✵✳✷✷✵ ✵✳✷✵✹ ✵✳✷✸✹ ✵✳✶✻✵

◆✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✼✾ ✸✼✷ ✶✾✾ ✺✸✼ ✾✵ ✷✼✽ ✶✽✽ ✻✸✶

❇❛s❡❧✐♥❡ ♠♦❜✐❧✐t② ✶✵✳✽✸ ✶✶✳✺✷ ✶✺✳✼✺ ✼✳✽✽

❧♦♥❣ ❡①♣❡r✐❡♥❝❡ s❤♦rt ❡①♣❡r✐❡♥❝❡ ❚❡❛❝❤❡r ❊❞✉❝❛t✐♦♥ ❣❡♥❡r❛❧ ❡❞✉❝❛t✐♦♥

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②

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

✯✷✵✵✺ ✵✳✵✺✽ ✭✵✳✵✵✹✮✯✯✯ ✵✳✵✽✼ ✭✵✳✵✶✻✮✯✯✯ ✵✳✵✺✵ ✭✵✳✵✵✺✮✯✯✯ ✵✳✵✸✹ ✭✵✳✵✶✷✮✯✯✯

✯✷✵✵✻ ✵✳✵✹✷ ✭✵✳✵✵✹✮✯✯✯ ✵✳✶✷✼ ✭✵✳✵✶✼✮✯✯✯ ✵✳✵✸✼ ✭✵✳✵✵✺✮✯✯✯ ✵✳✵✹✵ ✭✵✳✵✶✸✮✯✯✯

❘✲sq✉❛r❡❞ ✵✳✵✻✵ ✵✳✵✺✹ ✵✳✷✵✷ ✵✳✷✼✷

◆✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✷✸✷ ✵✸✻ ✹✻ ✽✼✸ ✷✺✵ ✸✶✻ ✷✽ ✺✾✸

❇❛s❡❧✐♥❡ ♠♦❜✐❧✐t② ✷✳✹✷ ✷✹✳✶✷ ✶✷✳✻✸ ✾✳✹✵

❤✐❣❤ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t ❧♦✇ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②

✯✷✵✵✹ ✵✳✵✼✹ ✭✵✳✵✵✻✮✯✯✯ ✵✳✵✸✾ ✭✵✳✵✵✻✮✯✯✯

✯✷✵✵✺ ✵✳✵✻✶ ✭✵✳✵✵✼✮✯✯✯ ✵✳✵✺✼ ✭✵✳✵✵✻✮✯✯✯

✯✷✵✵✻ ✵✳✵✾✼ ✭✵✳✵✵✼✮✯✯✯ ✵✳✵✸✷ ✭✵✳✵✵✻✮✯✯✯

❘✲sq✉❛r❡❞ ✵✳✶✾✼ ✵✳✷✸✺

◆✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✶✵✻ ✺✸✵ ✾✾ ✸✵✻

❇❛s❡❧✐♥❡ ♠♦❜✐❧✐t② ✶✶✳✵✹ ✶✷✳✼✷

◆♦t❡✿ ❙❡❡ ❚❛❜❧❡ ✷

✷✻



♦♥❧② s✐❣♥✐✜❝❛♥t ✐♥ ✷✵✵✺✳ ❚❡❛❝❤❡rs ✇✐t❤ ❛ ❞❡s✐❣♥❛t❡❞ t❡❛❝❤✐♥❣ ❞❡❣r❡❡ ❤❛✈❡ ❛ str♦♥❣❡r ♠♦❜✐❧✐t②

r❡s♣♦♥s❡ t❤❛♥ t❡❛❝❤❡rs ✇✐t❤ ❛ ❣❡♥❡r❛❧ ❡❞✉❝❛t✐♦♥ ✐♥ ✷✵✵✹✳

✺✳✶✳✶ ❖✉t ♦❢ s❡❝t♦r ♠♦❜✐❧✐t②

❙♦ ❢❛r✱ ✇❡ ❤❛✈❡ st✉❞✐❡❞ ✇❤❡t❤❡r ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ❝❤❛♥❣❡ ✇♦r❦♣❧❛❝❡s ♦r ♥♦t✳

❆♥ ❛❧t❡r♥❛t✐✈❡ ♦✉t❝♦♠❡ ✐s t❤❡ ❡①t❡♥t t♦ ✇❤✐❝❤ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ t❡❛❝❤❡rs ❧❡❛✈❡ t❤❡

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

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

❡♥t✐r❡❧②❄ ❚❛❜❧❡ ❆✳✷ s❤♦✇s t❤❛t ♠♦st ♦❢ t❤♦s❡ ✇❤♦ ❝❤❛♥❣❡ ❥♦❜s ❛❝t✉❛❧❧② ❧❡❛✈❡ t❤❡ t❡❛❝❤✐♥❣

♣r♦❢❡ss✐♦♥✳✶✼ ❚❤❡ s❛♠❡ ♠♦❜✐❧✐t② ❡✛❡❝ts ✭r❡s✉❧ts ♥♦t s❤♦✇♥✮ ❛r❡ ❢♦✉♥❞ ❢♦r ♦✉t ♦❢ s❡❝t♦r ♠♦❜✐❧✐t②

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

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

✭❙t✐♥❡❜r✐❝❦♥❡r✱ ✷✵✵✷❀ ❋r✐t❥❡rs ❡t ❛❧✳✱ ✷✵✵✹✮✳ ❋❡✇ ❣♦ t♦ ❜❡tt❡r ♣❛✐❞ ❥♦❜s✱ ✇❤✐❝❤ ✐s ❝♦❤❡r❡♥t ✇✐t❤

♥♦♥✲✇❛❣❡ ❛ttr✐❜✉t❡s ❞r✐✈✐♥❣ t❡❛❝❤❡r ♠♦❜✐❧✐t② ❛s ❞✐s❝✉ss❡❞ ✐♥ ❙❡❝t✐♦♥ ✷✳✶✳

✺✳✷ ❘♦❜✉st♥❡ss ❝❤❡❝❦s

✺✳✷✳✶ P❧❛❝❡❜♦ ❛♥❞ ❛❧t❡r♥❛t✐✈❡ ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣s

❲❡ ❝♦♥❞✉❝t s❡✈❡r❛❧ r♦❜✉st♥❡ss ❝❤❡❝❦s t♦ ✐♥✈❡st✐❣❛t❡ t❤❡ s❡♥s✐t✐✈✐t② ♦❢ ♦✉r ✜♥❞✐♥❣s✳ ❋✐rst✱

✇❡ ♣❡r❢♦r♠ ❛ ♣❧❛❝❡❜♦ t❡st✳ ❇❛s❡❞ ♦♥ ❊q✉❛t✐♦♥ ✷✱ ✇❡ t❡st ❢♦r ♣❧❛✉s✐❜❧❡ r❡❢♦r♠ ❡✛❡❝ts ✐♥ t❤❡

②❡❛rs ❜❡❢♦r❡ t❤❡ ♥❡st❡❞ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠✳ ❘❡❢♦r♠ ❡✛❡❝ts s❤♦✉❧❞ ♥♦t ❜❡ ❢♦✉♥❞ ❜❡❢♦r❡ t❤❡

✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ♥❡st❡❞ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠ ✐❢ t❤❡r❡ ❡①✐st ❛ ❝♦♠♠♦♥ tr❡♥❞✳ ❚❛❜❧❡

✹ s❤♦✇s t❤❡ ②❡❛r✲s♣❡❝✐✜❝ ❡✛❡❝ts ❢♦r ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ ✐♥ ❖s❧♦ ❜❡❢♦r❡✱ ❞✉r✐♥❣ ❛♥❞

✶✼❚❤❡r❡ ❛r❡ t♦♦ ❢❡✇ ♦❜s❡r✈❛t✐♦♥s t♦ st✉❞② ♦t❤❡r tr❛♥s✐t✐♦♥s✱ s✉❝❤ ❛s ♠♦❜✐❧✐t② ✐♥ ♦r ♦✉t ♦❢ tr❡❛t♠❡♥t✳

✷✼



❛❢t❡r t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ♥❡st❡❞ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠✳ ❚❤❡ ❉❉❉✲❡st✐♠❛t❡s ❛r❡ ✐♥❞❡❡❞

✐♥s✐❣♥✐✜❝❛♥t ✐♥ t❤❡ ♣r❡✲tr❡❛t♠❡♥t ②❡❛rs ✷✵✵✶✱ ✷✵✵✷ ❛♥❞ ✷✵✵✸✳ ❚❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❧♦✇❡r

s❡❝♦♥❞❛r② ❛♥❞ ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥ t❡❛❝❤❡rs ✐♥ ❖s❧♦ ❛♥❞ t❤❡ r❡st ♦❢ t❤❡ ❝♦✉♥tr② t❤✉s ❤❛✈❡ ❛

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

❚❛❜❧❡ ✹✿ P❧❛❝❡❜♦ ❚❡st✱ ❚❡❛❝❤❡r ▼♦❜✐❧✐t②
❙♣❡❝✐✜❝❛t✐♦♥ ✭✸✮

❚r❡❛t♠❡♥t ❊✛❡❝t ✭r❡❢✳ ✷✵✵✵✮

✷✵✵✶ ✵✳✵✵✸ ✭✵✳✵✵✻✮

✷✵✵✷ ✵✳✵✵✸ ✭✵✳✵✵✻✮

✷✵✵✸ ✲✵✳✵✵✹ ✭✵✳✵✵✻✮

✷✵✵✹ ✵✳✵✺✷ ✭✵✳✵✵✻✮✯✯✯

✷✵✵✺ ✵✳✵✻✸ ✭✵✳✵✵✼✮✯✯✯

✷✵✵✻ ✵✳✵✺✾ ✭✵✳✵✵✻✮✯✯✯

❘✲sq✉❛r❡❞ ✵✳✷✵✼

◆✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✷✼✽ ✾✵✾

◆♦t❡✿ ❙❡❡ ❚❛❜❧❡ ✷

❚♦ ✐♥✈❡st✐❣❛t❡ ❢✉rt❤❡r ✇❤❡t❤❡r t❤❡ r❡s✉❧ts ❛r❡ s❡♥s✐t✐✈❡ t♦ t❤❡ ❝❤♦✐❝❡ ♦❢ ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣✱

✇❡ ✜rst ❡①❝❧✉❞❡ s♠❛❧❧ s❝❤♦♦❧s ✭❧❡ss t❤❛♥ ✷✵ ♣❡rs♦♥s ✐♥ ❢✉❧❧✲t✐♠❡ ♣♦s✐t✐♦♥s ♣❡r s❝❤♦♦❧✮ ❛s ❛

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

♦✉r ❉❉❉✲❡st✐♠❛t❡s✳ ◆❡✐t❤❡r ❞♦❡s ❡①❝❧✉❞✐♥❣ s❝❤♦♦❧s ✇✐t❤ ❤✐❣❤ ✐♠♠✐❣r❛♥t s❤❛r❡✱ ✇❤✐❝❤ ❛r❡

❝♦♥❝❡♥tr❛t❡❞ ✐♥ t❤❡ tr❡❛t♠❡♥t ❛r❡❛✳

■t ♠✐❣❤t st✐❧❧ ❜❡ ❛ ❝♦♥❝❡r♥ t❤❛t t❤❡ ❧❛❜♦r ♠❛r❦❡t ❢♦r t❡❛❝❤❡rs ✐♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ ✐s

❞✐✛❡r❡♥t t❤❛♥ ❢♦r t❡❛❝❤❡rs ✐♥ ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥✱ ❛♥❞ t❤❛t t❤❡r❡ ❛r❡ ❞✐✛❡r❡♥❝❡s ✐♥ ❧❛❜♦r ♠❛r❦❡t

❝♦♥❞✐t✐♦♥s ✐♥ ❖s❧♦ ❝♦♠♣❛r❡❞ t♦ t❤❡ r❡st ♦❢ t❤❡ ❝♦✉♥tr②✳ ❲❡ t❤❡r❡❢♦r❡ ❝❤❛♥❣❡ t❤❡ ❝♦♠♣❛r✐s♦♥

❣r♦✉♣ t♦ ✜rst ♦♥❧② ✐♥❝❧✉❞❡ s❝❤♦♦❧ ❞✐str✐❝ts ❛r♦✉♥❞ ❖s❧♦✱ ✇❤✐❝❤ ❛r❡ ♣❛rt ♦❢ t❤❡ s❛♠❡ ❧❛❜♦r

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

❛♥❞✱ ♦♥ ❛✈❡r❛❣❡✱ ❜❡tt❡r ♣♦♦❧s ♦❢ ❛♣♣❧✐❝❛♥ts✳ ◆♦♥❡ ♦❢ t❤❡s❡ ❝❤❛♥❣❡s ✐♥ t❤❡ ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣
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❋✐❣✉r❡ ✷✿ ▲♦♥❣ ❚❡r♠ ❚r❛♥s✐t✐♦♥ ❘❛t❡s
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Treatment Comparison

Difference between lower secondary and primary education

✐♥✢✉❡♥❝❡ ♦✉r ❉❉❉✲❡st✐♠❛t❡s ✭r❡s✉❧ts ♥♦t s❤♦✇♥✮✳

✺✳✷✳✷ ▲♦♥❣✲t❡r♠ ❡✛❡❝ts

◆♦ ❧♦♥❣✲t❡r♠ ❡✛❡❝ts ✭❢♦r t❤❡ ②❡❛rs ✷✵✵✼✲✷✵✵✽✮ ♦♥ t❡❛❝❤❡r ♠♦❜✐❧✐t② ♦❢ t❤❡ ♥❡st❡❞ ❛❝❝♦✉♥t❛❜✐❧✐t②

r❡❢♦r♠ ❛r❡ ❢♦✉♥❞ ✐♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ ✐♥ ❖s❧♦✳ ❚❤❡ ❡✛❡❝t ❢❛❞❡s ♦✉t ✐♥ ✷✵✵✼ ❛♥❞ ✐s

♥♦♥✲❡①✐st❡♥t ✐♥ ✷✵✵✽ ✭r❡s✉❧ts ♥♦t s❤♦✇♥✮✳ ❋✐❣✉r❡ ✷ s❤♦✇s t❤❛t t❤❡ tr❛♥s✐t✐♦♥ r❛t❡ ❢♦r t❡❛❝❤❡rs

✐♥ ❧♦✇❡r s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥ ✐♥ t❤❡ r❡❢♦r♠ ❞✐str✐❝t ❞❡❝r❡❛s❡s ❛❢t❡r ✷✵✵✻✱ ✇❤✐❧❡ ✐t r✐s❡s ❢♦r

t❡❛❝❤❡rs ✐♥ ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥ ✐♥ t❤❡ r❡❢♦r♠ ❞✐str✐❝t✳ ❲r✐tt❡♥ ♣❡r❢♦r♠❛♥❝❡ ❛ss❡ss♠❡♥ts ✇❡r❡

✐♥tr♦❞✉❝❡❞ ❢♦r ♣r✐♠❛r② s❝❤♦♦❧s ✐♥ ❖s❧♦ ✐♥ ✷✵✵✻✱ t❤✉s ✐♥❝r❡❛s✐♥❣ ❛❝❝♦✉♥t❛❜✐❧✐t② ✐♥t❡♥s✐t② ❢♦r

t❤❡s❡ t❡❛❝❤❡rs✳ ❆♥ ✐♥❝r❡❛s❡ ✐♥ tr❛♥s✐t✐♦♥ r❛t❡s ✐s ❛❧s♦ ♦❜s❡r✈❡❞ ✐♥ t❤❡ ❝♦♠♣❛r✐s♦♥ ❛r❡❛ ♣♦st

✷✵✵✻✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ❡①♣❡❝t❡❞ ❛s ❛ ❝♦♥s❡q✉❡♥❝❡ ♦❢ t❤❡ ♥❛t✐♦♥❛❧ ✷✵✵✻ s❝❤♦♦❧ r❡❢♦r♠✳ ❋r♦♠

✷✵✵✻✱ t❤❡r❡ ✐s ❛♥ ❛❧✐❣♥♠❡♥t ♦❢ ❛❝❝♦✉♥t❛❜✐❧✐t② s②st❡♠s ❛❝r♦ss t❤❡ ❝♦✉♥tr②✱ ✇❤✐❝❤ ✐s ❝♦❤❡r❡♥t

✇✐t❤ t❤❡ ♣❛tt❡r♥ ❢♦r t❡❛❝❤❡r t✉r♥♦✈❡r✳ ■♥ t❤✐s ❝❛s❡✱ t❤❡ ❧❛❝❦ ♦❢ ❧♦♥❣✲t❡r♠ ❡✛❡❝ts str❡♥❣t❤❡♥s

♦✉r ❛r❣✉♠❡♥t t❤❛t s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ❞♦❡s ✐♥ ❢❛❝t ✐♥❝r❡❛s❡ t❡❛❝❤❡r ♠♦❜✐❧✐t②✳
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✺✳✸ ❚❡❛❝❤❡r s♦rt✐♥❣

❲❤✐❝❤ t②♣❡s ♦❢ t❡❛❝❤❡rs s♦rt ✐♥t♦ s❝❤♦♦❧s ✉♥❞❡r s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t②❄ ❚❤❡ ♣r❡✈✐♦✉s ❛♥❛❧②s✐s

✇❡r❡ ❝♦♥❝❡r♥❡❞ ✇✐t❤ t❤❡ ♦✉t✢♦✇ ♦❢ t❡❛❝❤❡rs✱ ❛♥❞ ♥♦t❛❜❧② t❡❛❝❤❡r t✉r♥♦✈❡r ❛♠♦♥❣ ❤✐❣❤✲❛❜✐❧✐t②

t❡❛❝❤❡rs✳ ❲❡ ♥♦✇ st✉❞② ❝❤❛♥❣❡s ✐♥ t❤❡ ❛❜✐❧✐t② ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ st♦❝❦ ♦❢ t❡❛❝❤❡rs ❛t t❤❡

s❝❤♦♦❧ ❧❡✈❡❧✳ ❇② ❡st✐♠❛t✐♥❣ t❤❡ ❉❉❉✲❡✛❡❝t ✉s✐♥❣ ❊q✉❛t✐♦♥ ✸✱ ✇❡ ❞✐s❝❧♦s❡ ✐❢ t❤❡r❡ ❛r❡ ❛♥②

s♦rt✐♥❣ ❡✛❡❝ts✳

❚❤❡ ♠❡❛♥ t❡❛❝❤❡r ❛❜✐❧✐t② ✐♥❝r❡❛s❡s ✐♥ t❤❡ r❡❢♦r♠ s❝❤♦♦❧s ✐♥ ✷✵✵✺ ✭♥♦t st❛t✐st✐❝❛❧❧② s✐❣✲

♥✐✜❝❛♥t✮ ❛♥❞ ✷✵✵✻ ✭st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✮✱ ❛s s❡❡♥ ✐♥ ❚❛❜❧❡ ✺✳ ❚❤❡ ♣♦s✐t✐✈❡ ✷✵✵✻✲❡✛❡❝t ♦♥

♠❡❛♥ t❡❛❝❤❡r ❛❜✐❧✐t② ❛♠♦✉♥ts t♦ ✸✳✻ ♣❡r❝❡♥t ♦❢ ❛ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ✇✐t❤✐♥ ❛ s❝❤♦♦❧✳ ❚❤✐s

♠❡❛♥s t❤❛t ❡✈❡♥ t❤♦✉❣❤ t❤❡ ♥❡st❡❞ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠ ❞♦❡s ♥♦t ❡♥❝♦✉r❛❣❡ t❤❡ r✐❣❤t

♣❛tt❡r♥ ♦❢ r❡t❡♥t✐♦♥ ❛s s❡❡♥ ✐♥ ❙❡❝t✐♦♥ ✺✳✶✱ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧s ✐♥ ❖s❧♦ ❛r❡ ❛❜❧❡ t♦ ❛ttr❛❝t

❤✐❣❤✲❛❜✐❧✐t② t❡❛❝❤❡rs✳

▲❛r❣❡ ❝✐t✐❡s ❢❛❝❡ ❛ ❞✐✛❡r❡♥t ♣♦♦❧ ♦❢ ♣♦t❡♥t✐❛❧ ❛♣♣❧✐❝❛♥ts ❢♦r ❛✈❛✐❧❛❜❧❡ t❡❛❝❤❡r ♣♦s✐t✐♦♥s t❤❛♥

t❤❡ r❡st ♦❢ t❤❡ ❝♦✉♥tr②✳ ❙♦rt✐♥❣ ♠❛② t❤✉s ❜❡ ❞✐✛❡r❡♥t ✐♥ t❤❡ ❧❛r❣❡ ❝✐t✐❡s t❤❛♥ ✐♥ t❤❡ r❡st ♦❢

t❤❡ ❝♦✉♥tr②✱ s♦ ✇❡ r❡♣❡❛t t❤❡ ❛♥❛❧②s✐s ♦♥❧② ✇✐t❤ t❤❡ ♠❛✐♥ ❝✐t✐❡s ✐♥❝❧✉❞✐♥❣ ❛r❡❛s ❛r♦✉♥❞ t❤❡s❡

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

❝♦✉♥tr② ❛s ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣✳ ❲❤❡♥ ♣❡r❢♦r♠✐♥❣ ♣❧❛❝❡❜♦ t❡sts✱ ♥♦ s✐❣♥✐✜❝❛♥t ❡✛❡❝ts ❛r❡ ❢♦✉♥❞

❢♦r t❤❡ ♣r❡✲r❡❢♦r♠ ②❡❛rs ✭r❡s✉❧ts ♥♦t s❤♦✇♥✮✳

❆❧s♦ s❝❤♦♦❧s ♣❡r❢♦r♠✐♥❣ ❜❡❧♦✇ ❛✈❡r❛❣❡ ❛r❡ ❛❜❧❡ t♦ ❛ttr❛❝t ❤✐❣❤✲q✉❛❧✐t② t❡❛❝❤❡rs✳ ❖t❤❡r

st✉❞✐❡s ✜♥❞ ❛❞✈❡rs❡ ❡✛❡❝ts ♦♥ t❡❛❝❤❡r t✉r♥♦✈❡r ✐♥ ❧♦✇✲♣❡r❢♦r♠✐♥❣ s❝❤♦♦❧s ✭❡✳❣✳✱ ❈❧♦t❢❡❧t❡r ❡t

❛❧✳✱ ✷✵✵✹✮ ❛♥❞ ❛❞✈❡rs❡ ❡✛❡❝ts ♦♥ s❝❤♦♦❧ ♣r✐♥❝✐♣❛❧ ♠♦❜✐❧✐t② ✐♥ ❧♦✇✲♣❡r❢♦r♠✐♥❣ s❝❤♦♦❧s ✭❡✳❣✳✱ ▲✐✱

✷✵✶✷✮✳ ❉✐③♦♥✲❘♦ss ✭✷✵✶✹✮✱ ♦♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ✜♥❞s t❤❛t ❛ ❧♦✇❡r ❛❝❝♦✉♥t❛❜✐❧✐t② ❣r❛❞❡ ❛♠♦♥❣

✸✵



❚❛❜❧❡ ✺✿ ❚❤❡ ❊✛❡❝t ♦❢ ❆❝❝♦✉♥t❛❜✐❧✐t② ♦♥ ❚❡❛❝❤❡r ❙♦rt✐♥❣✱ ❉❉❉✲s♣❡❝✐✜❝❛t✐♦♥
❘❡st ♦❢ t❤❡ ❝♦✉♥tr② ❛s ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣ ▲❛r❣❡ ❝✐t✐❡s ❛s ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣

❖s❧♦ ✲✵✳✵✹✶ ✭✵✳✵✵✻✮✯✯✯ ✲✵✳✵✷✾ ✭✵✳✵✵✽✮✯✯✯

▲♦✇❡r ❙❡❝♦♥❞❛r②✱ ❖s❧♦ ✲✵✳✵✵✷ ✭✵✳✵✶✵✮ ✲✵✳✵✶✶ ✭✵✳✵✶✺✮

▲♦✇❡r ❙❡❝♦♥❞❛r② ✲✵✳✵✶✵ ✭✵✳✵✶✷✮ ✲✵✳✵✵✶ ✭✵✳✵✶✻✮

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②✯✷✵✵✹ ✲✵✳✵✵✹ ✭✵✳✵✵✾✮ ✵✳✵✵✸ ✭✵✳✵✶✵✮

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②✯✷✵✵✺ ✵✳✵✶✺ ✭✵✳✵✵✾✮ ✵✳✵✶✾ ✭✵✳✵✶✶✮

❖s❧♦✯▲♦✇❡r ❙❡❝♦♥❞❛r②✯✷✵✵✻ ✵✳✵✸✻ ✭✵✳✵✶✵✮✯✯✯ ✵✳✵✷✼ ✭✵✳✵✶✷✮✯✯

❘✲sq✉❛r❡❞ ✵✳✵✶✼ ✵✳✵✷✾

◆✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✶✸ ✹✾✺ ✹ ✷✻✽

◆♦t❡✿ ❙❡❡ ❚❛❜❧❡ ✷

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

❤✐❣❤✲q✉❛❧✐t② t❡❛❝❤❡rs ❛♥❞ ✐♥❝r❡❛s❡s ❥♦✐♥✐♥❣ t❡❛❝❤❡rs✬ q✉❛❧✐t②✳

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

❛❧❧ ♣❛rts ♦❢ t❤❡ ❝♦✉♥tr②✳ ❙❝❤♦♦❧ ❞✐str✐❝ts ❢❛❝✐♥❣ ❞✐✣❝✉❧t✐❡s ✇✐t❤ r❡❝r✉✐t♠❡♥t ✐♥ t❤❡ ✜rst ♣❧❛❝❡

❛r❡ ❝♦♥str❛✐♥❡❞ ✐♥ r❡❝r✉✐t✐♥❣ ❤✐❣❤ ❛❜✐❧✐t② t❡❛❝❤❡rs✱ ❛♥❞ ♥❡❣❛t✐✈❡ s♦rt✐♥❣ ♠❛② t❤✉s ❜❡ ❛ ❝♦♥❝❡r♥✳

■♥ ❖s❧♦✱ ✇❡ ✜♥❞ t❤❛t t❤❡ ♣♦s✐t✐✈❡ s♦rt✐♥❣ ❡✛❡❝t ✐s s♠❛❧❧❡r ❢♦r s❝❤♦♦❧s ✇✐t❤ t❤❡ ❤✐❣❤❡st t✉r♥♦✈❡r

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

❛ttr❛❝t ❡♥♦✉❣❤ t❡❛❝❤❡rs ✇✐t❤ ❤✐❣❤ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥ts✳

❚❛❜❧❡ ✻ s❤♦✇s t❤❡ ❝♦♠♣♦s✐t✐♦♥❛❧ ❡✛❡❝ts ❝♦♥❝❡r♥✐♥❣ ♦t❤❡r t❡❛❝❤❡r ❝❤❛r❛❝t❡r✐st✐❝s t❤❛♥ ❛❜✐❧✲

✐t②✳ ❈♦❧✉♠♥ ✶ s❤♦✇s ❤♦✇ t❤❡ ♠❛❧❡ s❤❛r❡ ✐♥ t❤❡ s❝❤♦♦❧s ❛r❡ ❛✛❡❝t❡❞ ❜② t❤❡ r❡❢♦r♠✳ ❚❤❡r❡

❛r❡ ♣♦s✐t✐✈❡ ❡✛❡❝ts ♦♥ t❤❡ ♠❛❧❡ s❤❛r❡ ✐♥ ✷✵✵✺✱ ❜✉t s✉❝❤ ❛ ✜♥❞✐♥❣ ❞✐s❛♣♣❡❛rs ✐♥ ✷✵✵✻✳ ❋♦r

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

❣r♦✇✐♥❣ ✇✐t❤ ❡①♣♦s✉r❡ t✐♠❡ t♦ t❤❡ r❡❢♦r♠✿ ❲❡ ✜♥❞ ❛ s❧✐❣❤t ♥❡❣❛t✐✈❡ ❡✛❡❝t ♦♥ t❤❡ s❤❛r❡ ✇✐t❤

❛ ❞❡s✐❣♥❛t❡❞ t❡❛❝❤❡r ❞❡❣r❡❡✱ ❛ ❞❡❝r❡❛s❡ ✐♥ ❡①♣❡r✐❡♥❝❡ ❛s ❛ t❡❛❝❤❡r✱ ❛♥❞ r❡❞✉❝❡❞ ♠❡❛♥ ❛❣❡

❛t t❤❡ s❝❤♦♦❧s✳ ■♥ ✷✵✵✻✱ ✐✳❡✳✱ t❤❡ t❤✐r❞ ②❡❛r ❛❢t❡r ✐♠♣❧❡♠❡♥t❛t✐♦♥✱ t❤❡ ♠❡❛♥ ❡①♣❡r✐❡♥❝❡ ✐s ♦♥

✸✶



❚❛❜❧❡ ✻✿ ❖t❤❡r ❈♦♠♣♦s✐t✐♦♥❛❧ ❊✛❡❝ts✱ ❉❉❉✲s♣❡❝✐✜❝❛t✐♦♥
▼❛❧❡ s❤❛r❡ ❊❞✉❝❛t✐♦♥❛❧ ❧❡✈❡❧ ❊①♣❡r✐❡♥❝❡ ❆❣❡

❘❡❢♦r♠ ❡✛❡❝t

✷✵✵✹ ✵✳✵✵✺ ✭✵✳✵✵✼✮ ✲✵✳✵✶✺ ✭✵✳✵✵✼✮✯✯ ✵✳✵✾✹ ✭✵✳✶✸✼✮ ✲✵✳✸✵✵ ✭✵✳✶✼✷✮✯

✷✵✵✺ ✵✳✵✷✽ ✭✵✳✵✵✽✮✯✯✯ ✲✵✳✵✶✻ ✭✵✳✵✵✼✮✯✯ ✲✵✳✶✼✶ ✭✵✳✶✹✽✮ ✲✵✳✸✷✾ ✭✵✳✶✽✸✮✯

✷✵✵✻ ✲✵✳✵✵✶ ✭✵✳✵✵✽✮ ✲✵✳✵✷✵ ✭✵✳✵✵✼✮✯✯✯ ✲✵✳✷✼✼ ✭✵✳✶✻✸✮✯✯✯ ✲✵✳✻✶✻ ✭✵✳✶✾✷✮✯✯✯

❘✲sq✉❛r❡❞ ✵✳✷✹✶ ✵✳✶✾✷ ✵✳✶✼✸ ✵✳✶✽✽

◆✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✶✸ ✹✾✺ ✶✸ ✹✾✺ ✶✸ ✹✾✺ ✶✸ ✹✾✺

◆♦t❡✿ ❙❡❡ ❚❛❜❧❡ ✷

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

✶✵ ②❡❛rs✳ ❚❤✐s ❝♦✉❧❞ ❡①♣❧❛✐♥ ✇❤② ✇❡ ❞♦ ♥♦t ✜♥❞ ❡✈❡♥ ❧❛r❣❡r ❝♦♠♣♦s✐t✐♦♥❛❧ ❡✛❡❝ts ❢♦r ❛❣❡ ❛♥❞

❡①♣❡r✐❡♥❝❡✳

❚❤❡ s♦rt✐♥❣ ❡✛❡❝ts ❛r❡ ♠♦r❡ s✉❜t❧❡ t❤❛♥ t❤❡ ♠♦❜✐❧✐t② ❡✛❡❝ts✳ ■❢ ❡st✐♠❛t✐♥❣ ❛ s✐♠✐❧❛r ♠♦❞❡❧

❛s ❊q✉❛t✐♦♥ ✸ ♦♥❧② ✇✐t❤ ♥✉♠❜❡r ♦❢ t❡❛❝❤❡rs q✉✐tt✐♥❣ ❛s t❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡✱ ♦♥ ❛✈❡r❛❣❡

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

t❡❛❝❤❡r ✇♦r❦❢♦r❝❡ ✐♥ ❡❛❝❤ s❝❤♦♦❧ ❝♦♥s✐sts ♦❢ ♦♥ ❛✈❡r❛❣❡ ✸✵ ♣❡rs♦♥s✳ ■t t❤✉s t❛❦❡s t✐♠❡ ❜❡❢♦r❡

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

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

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

❝♦♠♣♦s✐t✐♦♥ ✐♥ ②❡❛r t, ❜✉t ❛❧s♦ t❤❡ ②❡❛rs ✐♥ ❛❞✈❛♥❝❡✳ ❲❡ t❤❡r❡❢♦r❡ ❝❛♥♥♦t ❛ttr✐❜✉t❡ ❛ ✷✵✵✻

s♦rt✐♥❣ ❡✛❡❝t ♦♥❧② t♦ t❤❡ ❡①t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠✳

✻ ❲❤❛t ❛❜♦✉t st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t❄

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

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

✸✷



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

❢♦r♠❛♥❝❡ ✐s ❛✈❛✐❧❛❜❧❡ ❢♦r ♣r✐♠❛r② ❡❞✉❝❛t✐♦♥✱ t❤✉s ✇❡ ❝❛♥♥♦t ✉s❡ t❤❡ s❛♠❡ ❡♠♣✐r✐❝❛❧ ❛♣♣r♦❛❝❤

❛s ❢♦r t❤❡ ♠♦❜✐❧✐t② ❛♥❞ s♦rt✐♥❣ ❛♥❛❧②s✐s✳ ❆ ❝♦♠♠♦♥ tr❡♥❞ ❛ss✉♠♣t✐♦♥ ❛❝r♦ss s❝❤♦♦❧ ❞✐str✐❝ts

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

t✐♦♥✱ t❤❡ tr❡❛t❡❞ s❝❤♦♦❧ ❞✐str✐❝t ✐s ❞✐✛❡r❡♥t ❢r♦♠ ♦t❤❡r s❝❤♦♦❧ ❞✐str✐❝ts ✐♥ t❡r♠s ♦❢ t❡❛❝❤❡r ❛♥❞

st✉❞❡♥t ❝♦♠♣♦s✐t✐♦♥✿ ❖s❧♦ ❤❛s ❛ ❤✐❣❤❡r s❤❛r❡ ♦❢ ✐♠♠✐❣r❛♥t st✉❞❡♥ts✱ ♠♦r❡ ❞✐s♣❡rs❡❞ s♦❝✐❛❧

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

r❡st ♦❢ t❤❡ ❝♦✉♥tr②✳

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

s②♥t❤❡t✐❝ ❝♦♥tr♦❧ ❣r♦✉♣✳ ❋♦r ❞❡❝♦♠♣♦s✐♥❣ ❛♥② ❡✛❡❝ts ♦♥ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ✐♥t♦ ✐♥❝❡♥t✐✈❡

❛♥❞ s♦rt✐♥❣ ❡✛❡❝ts✱ ✐t ✇♦✉❧❞ ❜❡ ♥❡❝❡ss❛r② t♦ ❧✐♥❦ t❡❛❝❤❡rs ❛♥❞ st✉❞❡♥ts ❢♦r ❛ ♠❡❛s✉r❡ ♦❢ t❡❛❝❤❡r

✈❛❧✉❡ ❛❞❞❡❞✳ ❙✉❝❤ ❞❛t❛ ❛r❡ ♥♦t ❛✈❛✐❧❛❜❧❡ t♦ ✉s✳

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

❛❝❤✐❡✈❡♠❡♥t ✐♥ ❖s❧♦ t♦ t❤❡ r❡st ♦❢ t❤❡ ❝♦✉♥tr②✱ ✐t ✐s ✐♥t❡r❡st✐♥❣ t♦ ❝❤❡❝❦ ✐❢ t❤❡r❡ ❛r❡ ❛♥② ♣❛tt❡r♥s

✐♥ t❤❡ ❞❛t❛ ❢♦❧❧♦✇✐♥❣ t❤❡ ♥❡st❡❞ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❢♦r♠✳ ❚♦ ♠❡❛s✉r❡ t❤❡ ✐♥✢✉❡♥❝❡s ♦♥

st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t✱ ✇❡ ❝♦♥str✉❝t ❛♥ ✐♥❞❡① ❜❛s❡❞ ♦♥ ✶✵t❤ ❣r❛❞❡ ♣❡r❢♦r♠❛♥❝❡✳ ■t ✐♥❝❧✉❞❡s

❣r❛❞❡s ♦❜t❛✐♥❡❞ ✐♥ ▼❛t❤✱ ❊♥❣❧✐s❤ ❛♥❞ ◆♦r✇❡❣✐❛♥✱ ✐♥ ❛❞❞✐t✐♦♥ t♦ ❝❡♥tr❛❧ ❡①❛♠ s❝♦r❡s✱ ❛♥❞

❝♦rr❡s♣♦♥❞s t♦ t❤❡ ✉♥❛❞❥✉st❡❞ s❝❤♦♦❧ q✉❛❧✐t② ✐♥❞✐❝❛t♦r ❝❛❧❝✉❧❛t❡❞ ❢♦r ❛❧❧ s❝❤♦♦❧s ✐♥ ❖s❧♦ ✐♥

✷✵✵✺✳ ❚❤❡ t❡st s❝♦r❡s ❛r❡ ♥♦r♠❛❧✐③❡❞ ✇✐t❤ ♠❡❛♥ ✵ ❛♥❞ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ✶✳

❲❡ ✜♥❞ ❛ ♥❡❣❛t✐✈❡ ❡st✐♠❛t❡ ♦❢ ❜❡✐♥❣ ✐♥ ❛ ❧♦✇❡r s❡❝♦♥❞❛r② s❝❤♦♦❧ ✐♥ t❤❡ r❡❢♦r♠ ❞✐str✐❝t ✐♥

❜♦t❤ ✷✵✵✹ ✭s✐❣♥✐✜❝❛♥t✮ ❛♥❞ ✷✵✵✺ ✭♥♦t s✐❣♥✐✜❝❛♥t✮✳ ■♥ ✷✵✵✻✱ ✐t s❤✐❢ts t♦ ❛ s♠❛❧❧✱ ❜✉t s✐❣♥✐✜❝❛♥t❧②

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

❚❡❛❝❤❡r✲❛✇❛r❞❡❞ ❣r❛❞❡s ❛r❡ ❛t ❧❡❛st ♣❛rt✐❛❧❧② ✇✐t❤✐♥ t❤❡ ❝♦♥tr♦❧ ♦❢ t❡❛❝❤❡rs ❛♥❞ ❛r❡ t❤❡r❡✲

✸✸



❢♦r❡ ♠♦r❡ ♠❛♥✐♣✉❧❛❜❧❡ t❤❛♥ ❝❡♥tr❛❧ ❡①❛♠ s❝♦r❡s✳ ❲❡ ✜♥❞✱ ❤♦✇❡✈❡r✱ ♥♦ ✐♥❞✐❝❛t✐♦♥ ♦❢ t❡❛❝❤❡rs

✐♥ ❖s❧♦ ✐♥✢❛t✐♥❣ t❤❡✐r st✉❞❡♥ts✬ ❣r❛❞❡s ❛s t❤❡② ❞♦ ♥♦t s❡❡♠ t♦ ✐♥❝r❡❛s❡ ♠♦r❡ r❡❧❛t✐✈❡ t♦ ❝❡♥tr❛❧

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

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

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

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

❲❡ ✜♥❞ ❛ s✐❣♥✐✜❝❛♥t❧② ♣♦s✐t✐✈❡ ♣❧❛❝❡❜♦ ❡✛❡❝t ✐♥ ✷✵✵✸✳ ❲❡ ❛r❡ t❤✉s ♥♦t ❛❜❧❡ t♦ ❝♦♥✜r♠ ❛

❝♦♠♠♦♥ tr❡♥❞ ❜❡❢♦r❡ t❤❡ r❡❢♦r♠✳✶✽ ❆❧t❤♦✉❣❤ ♥♦t ❝❛✉s❛❧✱ ♦✉r r❡s✉❧ts ♦♥ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t

❛r❡ ❝♦❤❡r❡♥t ✇✐t❤ t❤❡ ✜♥❞✐♥❣s ♦♥ t❡❛❝❤❡r s♦rt✐♥❣✱ ✇✐t❤ ❛ ♣♦s✐t✐✈❡ s♦rt✐♥❣ ❡✛❡❝t ✐♥ t❡r♠s ♦❢

t❡❛❝❤❡r ❛❜✐❧✐t② ✐♥ ✷✵✵✻✳ P♦s✐t✐✈❡ s♦rt✐♥❣ ❛❝❝✉♠✉❧❛t❡❞ ♦✈❡r t✐♠❡ ♠❛② ❧❡❛❞ t♦ ✐♠♣r♦✈❡❞ st✉❞❡♥t

♣❡r❢♦r♠❛♥❝❡ ✐♥ ✷✵✵✻✳

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

❝♦♥s✐❞❡r❡❞ r❡❧❡✈❛♥t ❢♦r st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ✭❡✳❣✳✱ ❲✐s✇❛❧❧✱ ✷✵✶✸✮✱ ✐s s❧✐❣❤t❧② r❡❞✉❝❡❞✳ P♦s✐✲

t✐✈❡ s♦rt✐♥❣ ✐♥ t❡r♠s ♦❢ t❡❛❝❤❡r ❛❜✐❧✐t② ❛♥❞ ❞❡❝r❡❛s❡❞ ❡①♣❡r✐❡♥❝❡ ❧❡✈❡❧ ❝♦✉❧❞ ♣✉❧❧ ✐♥ ❞✐✛❡r❡♥t

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

❚❡❛❝❤❡r t✉r♥♦✈❡r ♠❛② ✐♥ ✐ts❡❧❢ ❤❛✈❡ ❛ ♥❡❣❛t✐✈❡ ❡✛❡❝t ♦♥ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ✭❡✳❣✳✱ ❘♦♥❢❡❧❞t

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

✜rst ②❡❛rs ♦❢ t❤❡ r❡❢♦r♠✳

❲❡ ❝❛♥♥♦t r✉❧❡ ♦✉t t❤❛t t❤❡ ♠❛r❦❡t ❡❧❡♠❡♥t ❛❞❞❡❞ ✐♥ ✷✵✵✺ ❝♦♥tr✐❜✉t❡❞ t♦ ✐♥❝r❡❛s✐♥❣

st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t t❤r♦✉❣❤ ❛♥ ✐♥❝❡♥t✐✈❡ ❡✛❡❝t✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡r❡ ♠✐❣❤t ❜❡ ❛♥ ❛❞❞✐t✐♦♥❛❧

✐♥❝❡♥t✐✈❡ ❡✛❡❝t t❤r♦✉❣❤ t❡❛❝❤❡r s♦rt✐♥❣✿ ❏♦✐♥✐♥❣ t❡❛❝❤❡rs ♦❢ ❤✐❣❤ q✉❛❧✐t② ♠❛② ✇♦r❦ ❛s ❛♥ ✐♥❝❡♥✲

✶✽❲❡ ❛❧s♦ ❝♦♥str✉❝t ❛ ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣ ❜❛s❡❞ ♦♥ ♣r♦♣❡♥s✐t② s❝♦r❡ ♠❛t❝❤✐♥❣❀ ♠❛t❝❤❡❞ ♦♥ ❝❤❛r❛❝t❡r✐st✐❝s ❢♦r
♣❛r❡♥t❛❧ ❡❞✉❝❛t✐♦♥✱ ♠✐❣r❛t✐♦♥ ❝❤❛r❛❝t❡r✐st✐❝s ✭♠✐❣r❛t✐♦♥ ❛❣❡ ❛♥❞ ♠✐❣r❛t✐♦♥ ❛r❡❛✮✱ ❛♥❞ t❡❛❝❤❡r ❝❤❛r❛❝t❡r✐st✐❝s
✭❣❡♥❞❡r ❛♥❞ ❡❞✉❝❛t✐♦♥✮✳ ❯s✐♥❣ s✉❝❤ ❛ ❝♦♠♣❛r✐s♦♥ ❣r♦✉♣ ❞♦❡s ♥♦t ❛❧t❡r ♦✉r r❡s✉❧ts✳
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t✐✈❡ ❢♦r ✐♥❝✉♠❜❡♥t t❡❛❝❤❡rs t♦ ✐♥❝r❡❛s❡ t❤❡✐r ❡✛♦rt ❛♥❞ ♣❡r❢♦r♠❛♥❝❡ ✭❏❛❝❦s♦♥ ❛♥❞ ❇r✉❡❣♠❛♥♥✱

✷✵✵✾✮✳

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

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

t❤❡ ✇❤♦❧❡ s❛♠♣❧❡✳ ❙❝❤♦♦❧s ✇✐t❤ t✉r♥♦✈❡r ❛❜♦✈❡ t❤❡ ♠❡❛♥ ❛❧s♦ ❤❛✈❡ s♠❛❧❧❡r ♣♦s✐t✐✈❡ ❡✛❡❝ts

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

❛❝❤✐❡✈❡♠❡♥t✳

✼ ❈♦♥❝❧✉❞✐♥❣ r❡♠❛r❦s

■t ✐s ❡ss❡♥t✐❛❧ t♦ ✉♥❞❡rst❛♥❞ t❡❛❝❤❡r ♠♦❜✐❧✐t② ❛♥❞ t❡❛❝❤❡r s♦rt✐♥❣ ✐❢ ✇❡ ✇❛♥t t♦ ❞❡s✐❣♥ ❛❞❡q✉❛t❡

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

t✇♦ ❛❝❝♦✉♥t❛❜✐❧✐t② r❡❣✐♠❡s✱ ♦♥❡ ✐♥t❡r♥❛❧ ❛♥❞ ♦♥❡ ❡①t❡r♥❛❧✱ ❛♥❞ ❡✈❛❧✉❛t❡❞ t❤❡✐r ❝❛✉s❛❧ ❡✛❡❝ts

♦♥ t❡❛❝❤❡r ♠♦❜✐❧✐t② ❛♥❞ s♦rt✐♥❣✳ ❲❡ ❤❛✈❡ ❛❧s♦ ❞✐s❝✉ss❡❞ t❡❛❝❤❡r s♦rt✐♥❣ ❛s ❛ ♠❡❝❤❛♥✐s♠ ❢♦r

✐♥❝r❡❛s❡❞ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ✉♥❞❡r s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t②✳

❲❡ ✜♥❞ s✐❣♥✐✜❝❛♥t❧② ✐♥❝r❡❛s❡❞ t❡❛❝❤❡r ♠♦❜✐❧✐t② ✐♥ t❤❡ ②❡❛rs ❛❢t❡r t❤❡ ✐♥t❡r♥❛❧ ♣❛rt ♦❢ t❤❡

r❡❢♦r♠✳ ❲❤❡♥ ✉s✐♥❣ ❛ ❉❉❉✲❡st✐♠❛t♦r✱ ✇❡ ✜♥❞ t❤❛t t❡❛❝❤❡r ♠♦❜✐❧✐t② ✐♥❝r❡❛s❡s ✇✐t❤ ❛❜♦✉t ✻

♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❛❢t❡r t❤❡ r❡❢♦r♠ ❢r♦♠ ❛ ❜❛s❡❧✐♥❡ ♦❢ ✶✵ ♣❡r❝❡♥t✳ ❚❤❡ ❡①t❡r♥❛❧ ♣❛rt ❞♦❡s ♥♦t

tr✐❣❣❡r t❡❛❝❤❡r t✉r♥♦✈❡r t♦ ❛ ❤✐❣❤❡r ❡①t❡♥t t❤❛♥ t❤❡ ✐♥t❡r♥❛❧ ♣❛rt✳ ❚❤❡ ♠❛❥♦r✐t② ♦❢ t❡❛❝❤❡rs

✇❤♦ ❝❤❛♥❣❡ ❥♦❜s ❧❡❛✈❡ t❤❡ ♣✉❜❧✐❝ s❝❤♦♦❧ s❡❝t♦r ❡♥t✐r❡❧②✳

❆❧t❤♦✉❣❤ t❤❡ t✉r♥♦✈❡r r❛t❡ ✐♥❝r❡❛s❡s s✉❜st❛♥t✐❛❧❧②✱ t❤❡ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♥✉♠❜❡r ♦❢ t❡❛❝❤❡rs

❧❡❛✈✐♥❣ t❤❡✐r ❥♦❜ ✐s st✐❧❧ ♥♦t ❞r❛♠❛t✐❝✳ ❖♥ ❛✈❡r❛❣❡ ❜❡t✇❡❡♥ ✷ ❛♥❞ ✷✱✺ ♠♦r❡ t❡❛❝❤❡rs q✉✐t ✐♥

❡❛❝❤ s❝❤♦♦❧ ♣❡r ②❡❛r ❢♦❧❧♦✇✐♥❣ t❤❡ r❡❢♦r♠✱ ❢r♦♠ ❛♥ ❛✈❡r❛❣❡ t❡❛❝❤❡r st♦❝❦ ♦❢ ✸✵ ♣❡rs♦♥s✳
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❲❡ ✜♥❞ t❤❛t ❤✐❣❤✲❛❜✐❧✐t② t❡❛❝❤❡rs r❡s♣♦♥❞ ♠♦r❡ str♦♥❣❧② ✐♥ t❡r♠s ♦❢ t❡❛❝❤❡r ♠♦❜✐❧✐t② t❤❛♥

❧♦✇✲❛❜✐❧✐t② t❡❛❝❤❡rs✳ ◆♦♥❡t❤❡❧❡ss✱ ❤✐❣❤✲❛❜✐❧✐t② t❡❛❝❤❡rs ❛r❡ ❧❛r❣❡❧② r❡♣❧❛❝❡❞ ❜② ❤✐❣❤✲❛❜✐❧✐t②

t❡❛❝❤❡rs✿ ❉❡s♣✐t❡ ❛❞✈❡rs❡ t✉r♥♦✈❡r ❡✛❡❝ts✱ tr❡❛t❡❞ s❝❤♦♦❧s ❡①♣❡r✐❡♥❝❡ ❛ ♣♦s✐t✐✈❡ s♦rt✐♥❣ ❡✛❡❝t

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

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

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

t♦ t❤❡ ❡①t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠✳

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

❜❡t✇❡❡♥ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ❛♥❞ s❝❤♦♦❧ ❛❝❝♦✉♥t❛❜✐❧✐t② ❛❢t❡r t❤❡ ❡①t❡r♥❛❧ ♣❛rt ♦❢ t❤❡ r❡❢♦r♠✳

❲✐t❤ ♠♦r❡ s✉✐t❛❜❧❡ ❞❛t❛✱ t❤❡ ❝❛✉s❛❧ ✐♠♣❛❝t ♦♥ st✉❞❡♥t ❛❝❤✐❡✈❡♠❡♥t ❝♦✉❧❞ ❜❡ st✉❞✐❡❞✱ ❛♥❞

s♦rt✐♥❣ ❛♥❞ ✐♥❝❡♥t✐✈❡ ❡✛❡❝ts ❝♦✉❧❞ ❜❡ ❜❡tt❡r ❞✐s❡♥t❛♥❣❧❡❞ ❜② ❧✐♥❦✐♥❣ t❡❛❝❤❡rs ❛♥❞ st✉❞❡♥ts✳

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

❜❡ ✐♥t❡r❡st✐♥❣ ✐♥ ♦r❞❡r t♦ s❡❡ ❤♦✇ str♦♥❣❧② t❤❡s❡ t✇♦ ♠❡❛s✉r❡s ♦❢ t❡❛❝❤❡r q✉❛❧✐t② ❛r❡ ❝♦rr❡❧❛t❡❞✳
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❘❡❢❡r❡♥❝❡s

❬✶❪ ❆♥❣r✐st✱ ❏✳ ❛♥❞ ▲❛✈②✱ ❱✳ ✭✷✵✵✾✮✳ ❚❤❡ ❊✛❡❝ts ♦❢ ❍✐❣❤ ❙t❛❦❡s ❙❝❤♦♦❧ ❆❝❤✐❡✈❡♠❡♥t ❆✇❛r❞s✿

❊✈✐❞❡♥❝❡ ❢r♦♠ ❛ ❘❛♥❞♦♠✐③❡❞ ❚r✐❛❧✳ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇ ✾✾✱ ✸✵✶✕✸✸✶✳

❬✷❪ ❆♥❣r✐st✱ ❏✳✱ ▲❛♥❣✱ ❉✳✱ ❛♥❞ ❖r❡♦♣♦✉❧♦s✱ P✳ ✭✷✵✵✾✮✳ ■♥❝❡♥t✐✈❡s ❛♥❞ ❙❡r✈✐❝❡s ❢♦r ❈♦❧❧❡❣❡

❆❝❤✐❡✈❡♠❡♥t✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❛ ❘❛♥❞♦♠✐③❡❞ ❚r✐❛❧✳ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧✿ ❆♣♣❧✐❡❞

❊❝♦♥♦♠✐❝s ✶✱ ✶✱ ✶✲✷✽✳

❬✸❪ ❆♥❣r✐st✱ ❏✳ ❛♥❞ P✐s❝❤❦❡✱ ❏✳✲❙✳ ✭✷✵✵✾✮✳ ▼♦st❧② ❍❛r♠❧❡ss ❊❝♦♥♦♠❡tr✐❝s✿ ❆♥ ❊♠♣✐r✐❝✐st✬s

❈♦♠♣❛♥✐♦♥ ❏♦s❤✉❛ ❉✳ Pr✐♥❝❡t♦♥ ❯♥✐✈❡rs✐t② Pr❡ss
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