
❋❛♠✐❧✐❛r✐t② ❉♦❡s ◆♦t ❇r❡❡❞ ❈♦♥t❡♠♣t✿ ❉✐✈❡rs✐t②✱

❉✐s❝r✐♠✐♥❛t✐♦♥ ❛♥❞ ●❡♥❡r♦s✐t② ✐♥ ❉❡❧❤✐ ❙❝❤♦♦❧s

●❛✉t❛♠ ❘❛♦∗

❉❡❝❡♠❜❡r ✸✵✱ ✷✵✶✸

❏❖❇ ▼❆❘❑❊❚ P❆P❊❘

❆❜str❛❝t

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

st✉❞❡♥ts ✐♥ s❝❤♦♦❧s ❛✛❡❝ts s♦❝✐❛❧ ♣r❡❢❡r❡♥❝❡s ❛♥❞ ❜❡❤❛✈✐♦rs✳ ❆ ♣♦❧✐❝② ❝❤❛♥❣❡ ✐♥ ✷✵✵✼

❢♦r❝❡❞ ♠❛♥② ♣r✐✈❛t❡ s❝❤♦♦❧s ✐♥ ❉❡❧❤✐ t♦ ♠❡❡t ❛ q✉♦t❛ ♦❢ ♣♦♦r ❝❤✐❧❞r❡♥ ✐♥ ❛❞♠✐ss✐♦♥s✳

❚❤✐s ❧❡❞ t♦ ❛ s❤❛r♣ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♣♦♦r ❝❤✐❧❞r❡♥ ✐♥ ♥❡✇ ❝♦❤♦rts ✐♥ t❤♦s❡

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

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

■ st✉❞② ✐♠♣❛❝ts ♦♥ t❤r❡❡ ❝❧❛ss❡s ♦❢ ♦✉t❝♦♠❡s✿ ✭✐✮ ♣r♦s♦❝✐❛❧ ❜❡❤❛✈✐♦r✱ ✭✐✐✮ s♦❝✐❛❧ ✐♥t❡r❛❝✲

t✐♦♥s ❛♥❞ ❞✐s❝r✐♠✐♥❛t✐♦♥✱ ❛♥❞ ✭✐✐✐✮ ❛❝❛❞❡♠✐❝ ♦✉t❝♦♠❡s✳ ❋✐rst✱ ■ ✜♥❞ t❤❛t ❤❛✈✐♥❣ ♣♦♦r

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

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

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

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

♣♦♦r ❝❤✐❧❞r❡♥✱ ♠❡❛s✉r❡❞ ❜② t❤❡✐r t❡❛♠♠❛t❡ ❝❤♦✐❝❡ ✐♥ ❛♥ ✐♥❝❡♥t✐✈✐③❡❞ s♣♦rts ❝♦♥t❡st✳

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

s❝❤♦♦❧✳ ❚❤✐r❞✱ ■ ✜♥❞ ♠❛r❣✐♥❛❧❧② s✐❣♥✐✜❝❛♥t ♥❡❣❛t✐✈❡ ❡✛❡❝ts ♦♥ t❡st s❝♦r❡s ✐♥ ❊♥❣❧✐s❤✱

❜✉t ♥♦ ❡✛❡❝t ♦♥ ❍✐♥❞✐ ♦r ▼❛t❤✳ ❖✈❡r❛❧❧✱ ■ ❝♦♥❝❧✉❞❡ t❤❛t ♠✐①✐♥❣ ✐♥ s❝❤♦♦❧s ❤❛❞ s✉❜st❛♥✲

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

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

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

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

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

∗❉❡♣❛rt♠❡♥t ♦❢ ❊❝♦♥♦♠✐❝s✱ ❯♥✐✈❡rs✐t② ♦❢ ❈❛❧✐❢♦r♥✐❛✱ ❇❡r❦❡❧❡②✳ ❊✲♠❛✐❧✿ ❣r❛♦❅❜❡r❦❡❧❡②✳❡❞✉✳ ❚❤❡ ❧❛t❡st
✈❡rs✐♦♥ ♦❢ t❤✐s ♣❛♣❡r ✐s ❛✈❛✐❧❛❜❧❡ ❛t ❤tt♣s✿✴✴s✐t❡s✳❣♦♦❣❧❡✳❝♦♠✴s✐t❡✴❣r❛♦❡❝♦♥♦♠✐❝s✴✳ ■ t❤❛♥❦ ♠② ❡①tr❛♦r✲
❞✐♥❛r② ❛❞✈✐s♦rs ❙t❡❢❛♥♦ ❉❡❧❧❛❱✐❣♥❛✱ ❊❞✇❛r❞ ▼✐❣✉❡❧✱ ▼❛tt❤❡✇ ❘❛❜✐♥✱ ❋r❡❞❡r✐❝♦ ❋✐♥❛♥ ❛♥❞ ❊r♥❡st♦ ❉❛❧ ❇♦
❢♦r t❤❡✐r ❡♥❝♦✉r❛❣❡♠❡♥t✱ ❝♦✉♥s❡❧ ❛♥❞ ♣❛t✐❡♥❝❡ ♦✈❡r t❤❡ ❝♦✉rs❡ ♦❢ t❤✐s ♣r♦❥❡❝t✳ ❚❤✐s ♣❛♣❡r ❛❧s♦ ❜❡♥❡✜t❡❞
❢r♦♠ ❤❡❧♣❢✉❧ ❝♦♠♠❡♥ts ❛t ✈❛r✐♦✉s st❛❣❡s ❢r♦♠ ◆❛✈❛ ❆s❤r❛❢✱ ❉♦✉❣ ❇❡r♥❤❡✐♠✱ ▲♦r❡♥③♦ ❈❛s❛❜✉r✐✱ ❏❛❝q✉❡✲
❧✐♥❡ ❉♦r❡♠✉s✱ ●r❡❣ ❉✉♥❝❛♥✱ ❲✐❧❧❛ ❋r✐❡❞♠❛♥✱ ❘♦❧❛♥❞ ❋r②❡r✱ ▼❛tt ●❡♥t③❦♦✇✱ P❛✉❧ ●❡rt❧❡r✱ ❏♦♥❛s ❍❥♦rt✱
❙✐♠♦♥ ❏❛❡❣❡r✱ ❆s✐♠ ❑❤✇❛❥❛✱ ❉❛✈✐❞ ▲❛✐❜s♦♥✱ ❙t❡✈❡♥ ▲❡✈✐tt✱ ❆♣r❛❥✐t ▼❛❤❛❥❛♥✱ ❏❡r❡♠② ▼❛❣r✉❞❡r✱ ❯❧r✐❦❡
▼❛❧♠❡♥❞✐❡r✱ ▼✐❝❤❛❡❧❛ P❛❣❡❧✱ ❏♦s❤ ❙❝❤✇❛rt③s❡✐♥✱ ❏❡ss❡ ❙❤❛♣✐r♦✱ ❈❤❛r❧✐❡ ❙♣r❡♥❣❡r✱ ❘✐❝❤❛r❞ ❚❤❛❧❡r✱ ❇❡rt✐❧
❚✉♥❣♦❞❞❡♥✱ ❇❡tt② ❙❛❞♦✉❧❡t✱ ❛♥❞ ♠❛♥② ♦t❤❡rs✱ ✐♥❝❧✉❞✐♥❣ ❛✉❞✐❡♥❝❡s ❛t ❯❈ ❇❡r❦❡❧❡②✱ ❯ ❈❤✐❝❛❣♦✱ ❙t❛♥❢♦r❞✱
P❆❈❉❊❱ ❛♥❞ t❤❡ ◆❛t✐♦♥❛❧ ❆❝❛❞❡♠② ♦❢ ❊❞✉❝❛t✐♦♥✳ ❚❛r✉♥✐♠❛ ❙❡♥ ❛♥❞ ❉❤❡❡r❛❥ ●✉♣t❛ ♣r♦✈✐❞❡❞ ❡①❝❡❧❧❡♥t
r❡s❡❛r❝❤ ❛ss✐st❛♥❝❡✳ ❋✉♥❞✐♥❣ ❢♦r t❤✐s ♣r♦❥❡❝t ✇❛s ❣❡♥❡r♦✉s❧② ♣r♦✈✐❞❡❞ ❜② t❤❡ ❙♣❡♥❝❡r ❋♦✉♥❞❛t✐♦♥✱ t❤❡ ◆❛✲
t✐♦♥❛❧ ❆❝❛❞❡♠② ♦❢ ❊❞✉❝❛t✐♦♥✱ t❤❡ ❈❡♥t❡r ❢♦r ❊q✉✐t❛❜❧❡ ●r♦✇t❤✱ t❤❡ Pr♦❣r❛♠ ✐♥ Ps②❝❤♦❧♦❣✐❝❛❧ ❊❝♦♥♦♠✐❝s
❛t ❯❈ ❇❡r❦❡❧❡②✱ t❤❡ ▲❡✈✐♥ ❋❛♠✐❧② ❋❡❧❧♦✇s❤✐♣✱ t❤❡ ❈❡♥t❡r ❢♦r ❊✛❡❝t✐✈❡ ●❧♦❜❛❧ ❆❝t✐♦♥ ✭❈❊●❆✮ ❛♥❞ t❤❡ ❯❈
❇❡r❦❡❧❡② ❙✉♠♠❡r ❘❡s❡❛r❝❤ ●r❛♥t ♣r♦❣r❛♠✳



✶ ■♥tr♦❞✉❝t✐♦♥

❙❝❤♦♦❧s ❛r❡ ❞❡ ❢❛❝t♦ s❡❣r❡❣❛t❡❞ ❛❝r♦ss s♦❝✐❛❧ ❛♥❞ ❡❝♦♥♦♠✐❝ ❧✐♥❡s ✐♥ ♠❛♥② ❝♦✉♥tr✐❡s✳ ▼✉❝❤

r❡s❡❛r❝❤ ❤❛s ❡①❛♠✐♥❡❞ t❤❡ ❡✛❡❝ts ♦❢ s✉❝❤ s❡❣r❡❣❛t✐♦♥ ♦♥ ❧❡❛r♥✐♥❣ ♦✉t❝♦♠❡s✳✶ ❇✉t ❞❡s❡❣r❡✲

❣❛t✐♦♥ ❛♥❞ ❛✣r♠❛t✐✈❡ ❛❝t✐♦♥ ❡✛♦rts ❤❛✈❡ ❤✐st♦r✐❝❛❧❧② ❜❡❡♥ ♠♦t✐✈❛t❡❞ ♥♦t ♦♥❧② ❜② ❝♦♥❝❡r♥s

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

❜❡♥❡✜ts s♦❝✐❡t② ❜② ♣♦s✐t✐✈❡❧② ✐♥✢✉❡♥❝✐♥❣ ✐♥t❡r✲❣r♦✉♣ ❛tt✐t✉❞❡s ❛♥❞ s♦❝✐❛❧ ❜❡❤❛✈✐♦r ✭❙❝❤♦✜❡❧❞

✶✾✾✻✮✳ ❨❡t ❡♠♣✐r✐❝❛❧ ❡✈✐❞❡♥❝❡ ♦♥ s✉❝❤ ❡✛❡❝ts ✐s ❡①❝❡❡❞✐♥❣❧② s❝❛r❝❡✳ ▼♦r❡ ❣❡♥❡r❛❧❧②✱ ❧✐tt❧❡

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

✐♥✢✉❡♥❝❡❞ ❜② ♣♦❧✐❝②✳ ❚❤✐s q✉❡st✐♦♥ ✐s ♦❢ ♣❛rt✐❝✉❧❛r ✐♥t❡r❡st ✐♥ ❞✐✈❡rs❡ ❛♥❞ ♣♦❧❛r✐③❡❞ s♦❝✐❡t✐❡s✱

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

■ ❢♦❝✉s ♦♥ ❛ ♣❛rt✐❝✉❧❛r ❞✐♠❡♥s✐♦♥ ♦❢ ❞✐✈❡rs✐t② ✲ ❡❝♦♥♦♠✐❝ st❛t✉s ✲ ❛♥❞ s❡❡❦ t♦ ❛♥s✇❡r

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

r❡❧❛t✐✈❡❧② ✇❡❛❧t❤② ❢❛♠✐❧✐❡s❄ ■ ❛ss❡♠❜❧❡ ❛ ❞❛t❛ s❡t ♦❢ ❛❜♦✉t t✇♦ t❤♦✉s❛♥❞ st✉❞❡♥ts ✐♥ ❢♦✉rt❡❡♥

s❝❤♦♦❧s ✐♥ ❉❡❧❤✐✱ ■♥❞✐❛ ❛♥❞ ✉s❡ ❛ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ✜❡❧❞ ❛♥❞ ❧❛❜ ❡①♣❡r✐♠❡♥ts✱ t❡sts ♦❢ ❧❡❛r♥✐♥❣

❛♥❞ ❛❞♠✐♥✐str❛t✐✈❡ ❞❛t❛ t♦ ♠❡❛s✉r❡ t❤❡ ❢♦❧❧♦✇✐♥❣ ♦✉t❝♦♠❡s✿ ✭✐✮ ❣❡♥❡r♦s✐t② ❛♥❞ ♣r♦s♦❝✐❛❧

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

❧❡❛r♥✐♥❣ ❛♥❞ ❝❧❛ssr♦♦♠ ❜❡❤❛✈✐♦r✳

▼② ✜rst ❡❝♦♥♦♠❡tr✐❝ str❛t❡❣② ❡①♣❧♦✐ts t❤❡ ♣❧❛✉s✐❜❧② ❡①♦❣❡♥♦✉s st❛❣❣❡r❡❞ t✐♠✐♥❣ ♦❢ ❛

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

❝❛✉s❡s ❛ s❤❛r♣ ❞✐s❝♦♥t✐♥✉✐t② ❛❝r♦ss ❝♦❤♦rts ✐♥ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♣♦♦r st✉❞❡♥ts✳ ■♥ ♠♦st s❝❤♦♦❧s✱

❝♦❤♦rts ❜❡❣✐♥♥✐♥❣ s❝❤♦♦❧✐♥❣ ✐♥ ✷✵✵✼ ♦r ❧❛t❡r ❤❛✈❡ ♠❛♥② ♣♦♦r st✉❞❡♥ts✱ ✇❤✐❧❡ ♦❧❞❡r ❝♦❤♦rts

❛r❡ ❝♦♠♣r✐s❡❞ ❡①❝❧✉s✐✈❡❧② ♦❢ r✐❝❤ st✉❞❡♥ts✳ ❍♦✇❡✈❡r✱ ❛ s♠❛❧❧ ❝♦♥tr♦❧ ❣r♦✉♣ ✭❛❜♦✉t ✹✪✮

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

❛♥♦t❤❡r ❤❛♥❞❢✉❧ ✭✻✪✮ ♦❢ s❝❤♦♦❧s ❝♦♠♣❧✐❡❞ ✇✐t❤ t❤❡ ♣♦❧✐❝② ❛ ②❡❛r ❧❛t❡ ✲ ✐♥ ✷✵✵✽ ✐♥st❡❛❞ ♦❢

✷✵✵✼✳ ■ ❝❛♥ t❤❡r❡❢♦r❡ ✐❞❡♥t✐❢② t❤❡ ❡✛❡❝t ♦❢ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♣♦♦r st✉❞❡♥ts ✭t❤❡ ✏tr❡❛t♠❡♥t✑✮

✶❇✉❝❤♠❛♥♥ ❛♥❞ ❍❛♥♥✉♠ ✭✷✵✵✶✮ ❛♥❞ ❑❛rst❡♥ ✭✷✵✶✵✮ r❡♣♦rt ♠❡❛s✉r❡s ♦❢ ❡❞✉❝❛t✐♦♥❛❧ s❡❣r❡❣❛t✐♦♥ ♦r str❛t✲
✐✜❝❛t✐♦♥ ✐♥ ❛ ♥✉♠❜❡r ♦❢ ❝♦✉♥tr✐❡s✳ ❍❛tt✐❡ ✭✷✵✵✷✮ ❛♥❞ ❱❛♥ ❊✇✐❥❦ ❛♥❞ ❙❧❡❡❣❡rs ✭✷✵✵✾✮ ♣r♦✈✐❞❡ ♠❡t❛✲❛♥❛❧②s❡s
♦❢ t❤❡ ❡✛❡❝ts ♦❢ s❡❣r❡❣❛t✐♦♥ ♦♥ ✐♥❡q✉❛❧✐t✐❡s ✐♥ ❧❡❛r♥✐♥❣✳

✷❆ ❧❛r❣❡ ❡♠♣✐r✐❝❛❧ ❛♥❞ t❤❡♦r❡t✐❝❛❧ ❧✐t❡r❛t✉r❡ ❧✐♥❦s ❣r❡❛t❡r s♦❝✐❛❧ ❞✐✈❡rs✐t②✱ ✐♥❡q✉❛❧✐t② ❛♥❞ ♣♦❧❛r✐③❛t✐♦♥
✇✐t❤ ❝♦♥✢✐❝t ✭❊st❡❜❛♥ ❛♥❞ ❘❛② ✷✵✶✶✮✱ ❝♦❧❧❡❝t✐✈❡ ❛❝t✐♦♥ ♣r♦❜❧❡♠s ✭❇❛r❞❤❛♥ ❡t ❛❧✳ ✷✵✵✼✮✱ ❧♦✇ ❧❡✈❡❧s ♦❢ ♣✉❜❧✐❝
❣♦♦❞ ♣r♦✈✐s✐♦♥ ✭▼✐❣✉❡❧ ❛♥❞ ●✉❣❡rt② ✷✵✵✺✮✱ ♣♦❧✐t✐❝❛❧ ✐♥st❛❜✐❧✐t② ✭❆❧❡s✐♥❛ ❛♥❞ P❡r♦tt✐ ✶✾✾✻✮ ❛♥❞ ❞✐♠✐♥✐s❤❡❞
❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ✭❊❛st❡r❧② ❛♥❞ ▲❡✈✐♥❡ ✶✾✾✼✮✳

✶



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

❝♦❤♦rts ✭❝♦♠♣❛r✐♥❣ tr❡❛t❡❞ ❛♥❞ ✉♥tr❡❛t❡❞ s❝❤♦♦❧s✮ ✉s✐♥❣ ❛ ❞✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡s r❡❣r❡ss✐♦♥

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

❝❤✐❧❞r❡♥ t♦ t❤❡✐r ❝❧❛ssr♦♦♠ ✲ ❛♥ ✐♠♣♦rt❛♥t ❡st✐♠❛t❡ ❢♦r ♣♦❧✐❝②✳

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

❛♥❞ ♣♦♦r st✉❞❡♥ts ❜② ❡①♣❧♦✐t✐♥❣ ✐❞✐♦s②♥❝r❛t✐❝ ✈❛r✐❛t✐♦♥ ✐♥ ♣❡❡r ❣r♦✉♣s ✇✐t❤✐♥ t❤❡ ❝❧❛ssr♦♦♠✳

❙♦♠❡ s❝❤♦♦❧s ✐♥ t❤❡ s❛♠♣❧❡ ✉s❡ ❛❧♣❤❛❜❡t✐❝ ♦r❞❡r ♦❢ ✜rst ♥❛♠❡ t♦ ❛ss✐❣♥ st✉❞❡♥ts t♦ ❣r♦✉♣✲

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

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

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

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

t❤❡ ❝❧❛ssr♦♦♠ ❧❡✈❡❧✱ s❛② ✐♥ t❡❛❝❤❡r ❜❡❤❛✈✐♦r ♦r ❝✉rr✐❝✉❧✉♠✳

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

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

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

t✐❡s✳ ❖♥❡ s✉❝❤ ❛❝t✐✈✐t② ✐♥✈♦❧✈❡s ❛tt❡♥❞✐♥❣ s❝❤♦♦❧ ♦♥ t✇♦ ✇❡❡❦❡♥❞ ❛❢t❡r♥♦♦♥s t♦ ❤❡❧♣ ❢✉♥❞r❛✐s❡

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

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

✭s❡ ✷✳✺✪✮ ♦♥ ❛ ❜❛s❡ ♦❢ ✷✹✪✱ ✇❤✐❧❡ ❤❛✈✐♥❣ ❛ ♣♦♦r st✉❞② ♣❛rt♥❡r ✐♥❝r❡❛s❡s ✈♦❧✉♥t❡❡r✐♥❣ ❜② ❛♥

✐♠♣r❡❝✐s❡❧② ❡st✐♠❛t❡❞ ✶✸ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭s❡ ✾✪✮✳

❚♦ ❝♦♠♣❧❡♠❡♥t t❤❡ ✜❡❧❞ ♠❡❛s✉r❡ ♦❢ ♣r♦s♦❝✐❛❧ ❜❡❤❛✈✐♦r✱ ■ ✐♥✈✐t❡ st✉❞❡♥ts t♦ ♣❛rt✐❝✐♣❛t❡ ✐♥

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

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

st✉❞❡♥ts s❤❛r❡ ✹✺✪ ✭s❡ ✼✪✮ ♦r ❛❜♦✉t ✵✳✹✺ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s ♠♦r❡ t❤❛♥ ❝♦♥tr♦❧ st✉❞❡♥ts

✇❤❡♥ ♦✛❡r❡❞ t❤❡ ❝❤❛♥❝❡ t♦ s❤❛r❡ ♠♦♥❡② ✇✐t❤ ❛♥ ❛♥♦♥②♠♦✉s ♣♦♦r r❡❝✐♣✐❡♥t ❛t ❛♥♦t❤❡r

s❝❤♦♦❧✳ ❇✉t ✐♠♣♦rt❛♥t❧②✱ t❤❡② ❛r❡ ❛❧s♦ ✷✼✪ ✭s❡ ✺✪✮ ♠♦r❡ ❣❡♥❡r♦✉s ✇❤❡♥ ♣❛✐r❡❞ ✇✐t❤ ♦t❤❡r

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

✺✵✲✺✵ s♣❧✐t ♦❢ t❤❡ ❡♥❞♦✇♠❡♥t✳ ❈♦♥s✐st❡♥t ✇✐t❤ t❤✐s✱ ■ ✜♥❞ ✐♥❝r❡❛s❡s ✐♥ s❡♣❛r❛t❡ ❡①♣❡r✐♠❡♥t❛❧

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

✷



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

❢❛✐r♥❡ss ♠♦r❡ ❣❡♥❡r❛❧❧②✳

❚❤❡ s❡❝♦♥❞ ✜♥❞✐♥❣ ✐s t❤❛t ❡❝♦♥♦♠✐❝❛❧❧② ❞✐✈❡rs❡ ❝❧❛ssr♦♦♠s ❝❛✉s❡ ✇❡❛❧t❤② st✉❞❡♥ts t♦

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

❛ ✜❡❧❞ ❡①♣❡r✐♠❡♥t ✐♥ ✇❤✐❝❤ ♣❛rt✐❝✐♣❛♥ts s❡❧❡❝t t❡❛♠♠❛t❡s ❢♦r ❛ r❡❧❛② r❛❝❡✳ ❇② ❤❛✈✐♥❣

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

❝r❡❛t❡ ❛ tr❛❞❡♦✛ ❜❡t✇❡❡♥ ❛❜✐❧✐t② ❛♥❞ s♦❝✐❛❧ s✐♠✐❧❛r✐t②✳ ❆❜✐❧✐t② ✇❛s r❡✈❡❛❧❡❞ ✐♥ ❛ ✜rst st❛❣❡

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

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

■ ✜♥❞ t❤❛t ✇❤❡♥ t❤❡ st❛❦❡s ❛r❡ ❤✐❣❤ ✲ ❘s✳ ✺✵✵ ✭✩✶✵✮✱ ❛❜♦✉t ❛ ♠♦♥t❤✬s ♣♦❝❦❡t ♠♦♥❡②

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

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

♠♦r❡ ❞✐s❝r✐♠✐♥❛t✐♦♥✳ ■♥ t❤❡ ❧♦✇❡st st❛❦❡s ❝♦♥❞✐t✐♦♥ ✭❘s✳ ✺✵✮✱ ❛❧♠♦st ❛ t❤✐r❞ ♦❢ st✉❞❡♥ts

❞✐s❝r✐♠✐♥❛t❡❞ ❛❣❛✐♥st t❤❡ ♣♦♦r✳ ❇✉t ♣❛st ❡①♣♦s✉r❡ t♦ ♣♦♦r st✉❞❡♥ts r❡❞✉❝❡s ❞✐s❝r✐♠✐♥❛t✐♦♥

❜② ✶✷ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✳ ■ str✉❝t✉r❛❧❧② ❡st✐♠❛t❡ ❛ s✐♠♣❧❡ ♠♦❞❡❧ ♦❢ t❛st❡✲❜❛s❡❞ ❞✐s❝r✐♠✐♥❛t✐♦♥

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

t♦ r✐❝❤ ♦♥❡ ❜② ❛♥ ❛✈❡r❛❣❡ ♦❢ ❘s✳ ✸✹✱ ❛❜♦✉t t✇♦ ❞❛②s ✇♦rt❤ ♦❢ ♣♦❝❦❡t ♠♦♥❡②✳ ❍❛✈✐♥❣ ♣♦♦r

❝❧❛ss♠❛t❡s r❡❞✉❝❡s t❤✐s ❞✐st❛st❡ ❜② ✸✵✪✳✸

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

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

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

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

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

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

■♥ ♣❛rt✐❝✉❧❛r✱ ✐t r❡❞✉❝❡❞ t❤❡ ❛✈❡r❛❣❡ s✐③❡ ♦❢ t❤❡ ✐♥❝❡♥t✐✈❡ t❤❡② r❡q✉✐r❡❞ t♦ ❛tt❡♥❞ t❤❡ ♣❧❛②

❞❛t❡ ❜② ✶✾✪ ✭s❡ ✸✪✮✳ ❍❛✈✐♥❣ ❛ ♣♦♦r st✉❞② ♣❛rt♥❡r ❛✛❡❝ts ✏✇✐❧❧✐♥❣♥❡ss t♦ ♣❧❛②✑ ❜② ❛ s✐♠✐❧❛r

✸❚❤❡ ♦❜s❡r✈❡❞ ❜❡❤❛✈✐♦r ✐s ✐♥❝♦♥s✐st❡♥t ✇✐t❤ ❛ s✐♠♣❧❡ ♠♦❞❡❧ ♦❢ st❛t✐st✐❝❛❧ ❞✐s❝r✐♠✐♥❛t✐♦♥✳ ❲❤❡♥ st✉❞❡♥ts
❛r❡ ❛s❦❡❞ ✇❤✐❝❤ ♦❢ t❤❡ ♣r♦s♣❡❝t✐✈❡ t❡❛♠♠❛t❡s ✐s ♠♦st ❧✐❦❡❧② t♦ ✇✐♥ t❤❡ r❡❧❛② r❛❝❡✱ t❤❡② ✐♥✈❛r✐❛❜❧② ✭✾✽✪✮
s❡❧❡❝t t❤❡ ❢❛st❡st st✉❞❡♥t ✐♥ t❤❡ ❛❜✐❧✐t② r❡✈❡❧❛t✐♦♥ r♦✉♥❞✱ s✐♠✐❧❛r❧② ❛❝r♦ss tr❡❛t❡❞ ❛♥❞ ❝♦♥tr♦❧ ❝❧❛ssr♦♦♠s✳
❚❤✐s ✐♠♣❧✐❡s t❤❛t ❛ s✉❜st❛♥t✐❛❧ ♥✉♠❜❡r ♦❢ st✉❞❡♥ts ❝❤♦s❡ ❛ r✐❝❤ t❡❛♠♠❛t❡ ❞❡s♣✐t❡ ❜❡❧✐❡✈✐♥❣ t❤❛t ❤❡ ✐s ❧❡ss

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

✸



❛♠♦✉♥t✳

❍❛✈✐♥❣ ❡st❛❜❧✐s❤❡❞ t❤❡ ❡✛❡❝ts ♦❢ ❤❛✈✐♥❣ ♣♦♦r ❝❧❛ss♠❛t❡s ♦♥ s♦❝✐❛❧ ♣r❡❢❡r❡♥❝❡s ❛♥❞ ❜❡❤❛✈✲

✐♦rs✱ ■ t✉r♥ ❛tt❡♥t✐♦♥ t♦ ✐♠♣❛❝ts ♦♥ ❧❡❛r♥✐♥❣ ❛♥❞ ❝❧❛ssr♦♦♠ ❞✐s❝✐♣❧✐♥❡✳ ❆ tr❛❞✐t✐♦♥❛❧ ❝♦♥❝❡r♥

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

❡✛❡❝ts ♦♥ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t✳ ❚♦ ❡✈❛❧✉❛t❡ t❤✐s ❝♦♥❝❡r♥✱ ■ ❝♦♥❞✉❝t t❡sts ♦❢ ❧❡❛r♥✐♥❣ ✐♥

❊♥❣❧✐s❤✱ ❍✐♥❞✐ ❛♥❞ ▼❛t❤✱ ❛♥❞ ❝♦❧❧❡❝t t❡❛❝❤❡r r❡♣♦rts ♦♥ ❝❧❛ssr♦♦♠ ❜❡❤❛✈✐♦r✳ ■ ❞❡t❡❝t ❛

♠❛r❣✐♥❛❧❧② s✐❣♥✐✜❝❛♥t ❜✉t ♠❡❛♥✐♥❣❢✉❧ ❞❡❝r❡❛s❡ ♦❢ ✵✳✵✾ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s ✐♥ ✇❡❛❧t❤② st✉✲

❞❡♥ts✬ ❊♥❣❧✐s❤ ❧❛♥❣✉❛❣❡ s❝♦r❡s✱ ❜✉t ✜♥❞ ♥♦ ❡✛❡❝ts ♦♥ t❤❡✐r ❍✐♥❞✐ ♦r ▼❛t❤ s❝♦r❡s✱ ♦r ♦♥ ❛

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

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

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

❞♦ r❡♣♦rt ❤✐❣❤❡r r❛t❡s ♦❢ ❞✐s❝✐♣❧✐♥❛r② ✐♥❢r❛❝t✐♦♥s ❜② ✇❡❛❧t❤② st✉❞❡♥ts ✐♥ tr❡❛t❡❞ ❝❧❛ssr♦♦♠s✱

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

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

♠♦❞❡st ❡✛❡❝ts ♦♥ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t ❛♥❞ ❞✐s❝✐♣❧✐♥❡✳

❋♦r ❡❛❝❤ ♦❢ t❤❡ ♦✉t❝♦♠❡s ❛❜♦✈❡✱ ■ ❝♦♠♣❛r❡ t❤❡ ❡✛❡❝ts ♦❢ t❤❡ t✇♦ t②♣❡s ♦❢ ✈❛r✐❛t✐♦♥✿

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

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

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

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

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

❛❧♦♥❡ ❡①♣❧❛✐♥s ✼✵✪ ♦❢ t❤❡ ✐♥❝r❡❛s❡ ✐♥ ✏✇✐❧❧✐♥❣♥❡ss t♦ ♣❧❛②✑ ✇✐t❤ ❛ ♣♦♦r ❝❤✐❧❞✱ ❛♥❞ ✸✽✪ ♦❢

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

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

t❤❡✐r st✉❞② ❣r♦✉♣s✳

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

✇❤❡t❤❡r ✐♥t❡r❛❝t✐♦♥ r❡❞✉❝❡s ✐♥t❡r✲❣r♦✉♣ ♣r❡❥✉❞✐❝❡✳ ▼♦st ❝❧♦s❡❧② r❡❧❛t❡❞ ❛r❡ ❇♦✐s❥♦❧② ❡t ❛❧✳

✭✷✵✵✼✮ ❛♥❞ ❇✉r♥s ❡t ❛❧✳ ✭✷✵✶✸✮✱ ✇❤♦ ✜♥❞ t❤❛t ❜❡✐♥❣ r❛♥❞♦♠❧② ❛ss✐❣♥❡❞ ❛ r♦♦♠♠❛t❡ ♦❢ ❛

✹



❞✐✛❡r❡♥t r❛❝❡ ❛t ❝♦❧❧❡❣❡ ✐♥❝r❡❛s❡s ✐♥t❡r✲r❛❝✐❛❧ s♦❝✐❛❧ ✐♥t❡r❛❝t✐♦♥s ✐♥ ❧❛t❡r ②❡❛rs✳✹ ❙❡❝♦♥❞✱ t❤✐s

♣❛♣❡r r❡❧❛t❡s t♦ r❡s❡❛r❝❤ ♦♥ t❤❡ ❡✛❡❝ts ♦❢ ❞❡s❡❣r❡❣❛t✐♦♥ ❛♥❞ ✭♠♦r❡ ❣❡♥❡r❛❧❧②✮ ♣❡❡r ❡✛❡❝ts

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

♦✉t❝♦♠❡s s✉❝❤ ❛s ❝❤✉r❝❤ ❛tt❡♥❞❛♥❝❡ ❛♥❞ ❞r✉❣ ❛♥❞ ❛❧❝♦❤♦❧ ✉s❡ ❛ ♠♦r❡ r♦❜✉st ✜♥❞✐♥❣ ✭s❡❡

❙❛❝❡r❞♦t❡ ✷✵✶✶ ❢♦r ❛ r❡✈✐❡✇✮✳ ❈♦♥s✐st❡♥t ✇✐t❤ t❤✐s✱ ■ ✜♥❞ s✉❜st❛♥t✐❛❧ ❡✛❡❝ts ♦♥ ♣r♦s♦❝✐❛❧

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

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

❢♦r ❡①❛♠♣❧❡ ❜② ❡①♣♦s✉r❡ t♦ ✈✐♦❧❡♥t ❝♦♥✢✐❝t ✭❱♦♦rs ❡t ❛❧✳ ✷✵✶✷✮ ❛♥❞ t❤❡ ✐❞❡♦❧♦❣② ♦❢ ♦♥❡✬s

❝♦❧❧❡❣❡ ♣r♦❢❡ss♦rs ✭❋✐s♠❛♥ ❡t ❛❧ ✷✵✵✾✮✳ ■ ❛❞❞ t♦ t❤✐s ❧✐t❡r❛t✉r❡ ❜② s❤♦✇✐♥❣ t❤❛t ♣❡❡rs ❛t

s❝❤♦♦❧ ❝❛♥ ❛❧s♦ s❤❛♣❡ s♦❝✐❛❧ ♣r❡❢❡r❡♥❝❡s✳ ❋✐♥❛❧❧②✱ t❤✐s ♣❛♣❡r r❡❧❛t❡s t♦ r❡s❡❛r❝❤ ♦♥ t❤❡

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

❜❛s❡❞ ❞✐s❝r✐♠✐♥❛t✐♦♥ ✐♥ ❛♥ ❡①♣❡r✐♠❡♥t ✭❛❧❜❡✐t ✐♥ ❛ ♥♦♥✲♠❛r❦❡t s❡tt✐♥❣ ❛♠♦♥❣st st✉❞❡♥ts✮✱

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

s✉❝❤ ❞✐s❝r✐♠✐♥❛t✐♦♥✳✺

▼② ✜♥❞✐♥❣s ❛r❡ ❛❧s♦ ♦❢ r❡❧❡✈❛♥❝❡ t♦ ♣♦❧✐❝② ♠❛❦❡rs✿ t❤❡ ♣♦❧✐❝② ■ st✉❞② ✇✐❧❧ s❤♦rt❧② ❜❡

❡①t❡♥❞❡❞ t❤r♦✉❣❤♦✉t ■♥❞✐❛ ✉♥❞❡r t❤❡ ❘✐❣❤t ❚♦ ❊❞✉❝❛t✐♦♥ ❆❝t✱ ✇✐t❤ ❝♦♥s❡q✉❡♥❝❡s ❢♦r ♠❛♥②

♦❢ ■♥❞✐❛✬s ✹✵✵ ♠✐❧❧✐♦♥ ❝❤✐❧❞r❡♥✳ ❚❤✐s ♣♦❧✐❝② ✐s ❝♦♥tr♦✈❡rs✐❛❧✱ ✇✐t❤ ❧❡❣❛❧ ❜❛tt❧❡s ♦✈❡r ✐ts ❧❡❣✐t✲

✐♠❛❝② r❡❛❝❤✐♥❣ ■♥❞✐❛✬s ❙✉♣r❡♠❡ ❈♦✉rt✳ ❖♣♣♦♥❡♥ts ❤❛✈❡ ♣r♦♠✐♥❡♥t❧② ❛r❣✉❡❞ t❤❛t ❛♥② ❣❛✐♥

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

Pr♦♣♦♥❡♥ts ❤❛✈❡ r❡s♣♦♥❞❡❞ t❤❛t ❞✐✈❡rs✐t② ✇✐❧❧ ❜❡♥❡✜t ❡✈❡♥ r✐❝❤ st✉❞❡♥ts ❜② ♣r♦✈✐❞✐♥❣ t❤❡♠

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

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

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

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

✹❖✉ts✐❞❡ ♦❢ ❡❝♦♥♦♠✐❝s✱ ❛ ❧♦♥❣ tr❛❞✐t✐♦♥ ♦❢ r❡❧❛t❡❞ ✇♦r❦ ✐♥ s♦❝✐❛❧ ♣s②❝❤♦❧♦❣② ❢♦❧❧♦✇✐♥❣ ❆❧❧♣♦rt ✭✶✾✺✹✮
❣❡♥❡r❛❧❧② ❞♦❝✉♠❡♥ts ❛ ♥❡❣❛t✐✈❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ✐♥t❡r✲❣r♦✉♣ ❝♦♥t❛❝t ❛♥❞ ♣r❡❥✉❞✐❝❡✱ ❜✉t s✉✛❡rs ❢r♦♠ ❜♦t❤
s❡❧❡❝t✐♦♥ ♣r♦❜❧❡♠s ❛♥❞ ❛ r❡❧✐❛♥❝❡ ♦♥ st❛t❡❞ ❛tt✐t✉❞❡s r❛t❤❡r t❤❛♥ ♦❜s❡r✈❡❞ ❜❡❤❛✈✐♦r ❛s ♦✉t❝♦♠❡ ♠❡❛s✉r❡s
✭P❡tt✐❣r❡✇ ❛♥❞ ❚r♦♣♣ ✷✵✵✻✮✳

✺❙❝❤♦❧❛rs ❤❛✈❡ ✐♥✈❡st✐❣❛t❡❞ t❤❡ ❡①t❡♥t t♦ ✇❤✐❝❤ ❞✐s❝r✐♠✐♥❛t✐♦♥ ❡①✐sts ❛♥❞ ♠❛tt❡rs ✐♥ t❤❡ ❧❛❜♦r ♠❛r❦❡t
✉s✐♥❣ ❛✉❞✐t st✉❞✐❡s ✭❇❡rtr❛♥❞ ❛♥❞ ▼✉❧❧❛✐♥❛t❤❛♥ ✷✵✵✹✮✱ q✉❛s✐✲❡①♣❡r✐♠❡♥ts ✭●♦❧❞✐♥ ❛♥❞ ❘♦✉s❡ ✷✵✵✵✮ ❛♥❞
❡①♣❡r✐♠❡♥ts ✭▲✐st ✷✵✵✹✱ ▼♦❜✐✉s ❛♥❞ ❘♦s❡♥❜❧❛t ✷✵✵✻✮✳

✻❚❤❡ ■♥❞✐❛♥ ❊①♣r❡ss✱ ❆♣r✐❧ ✶✸ ✷✵✶✸✳ http://www.indianexpress.com/news/learning-curve/

936084/

✺



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

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

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

❚❤❡ r❡st ♦❢ t❤✐s ♣❛♣❡r ✐s ♦r❣❛♥✐③❡❞ ❛s ❢♦❧❧♦✇s✳ ■♥ ❙❡❝t✐♦♥ ✷✱ ■ ❞❡s❝r✐❜❡ t❤❡ ♣♦❧✐❝② ❝❤❛♥❣❡

✉♥❞❡r❧②✐♥❣ t❤❡ ♥❛t✉r❛❧ ❡①♣❡r✐♠❡♥t✳ ❙❡❝t✐♦♥ ✸ ❞✐s❝✉ss❡s t❤❡ t✇♦ ❡❝♦♥♦♠❡tr✐❝ str❛t❡❣✐❡s ❛♥❞

❛❞❞r❡ss❡s ♣♦ss✐❜❧❡ ❝❤❛❧❧❡♥❣❡s t♦ ✐❞❡♥t✐✜❝❛t✐♦♥✳ ❙❡❝t✐♦♥ ✹ r❡♣♦rts ✐♠♣❛❝ts ♦♥ t❤❡ ✜rst ❝❧❛ss

♦❢ ♦✉t❝♦♠❡s✱ ♣r♦s♦❝✐❛❧ ❜❡❤❛✈✐♦r ❛♥❞ ❣❡♥❡r♦s✐t②✳ ❙❡❝t✐♦♥ ✺ ❞❡s❝r✐❜❡s t❤❡ ❡①♣❡r✐♠❡♥ts ❛♥❞

r❡s✉❧ts r❡❧❛t✐♥❣ t♦ ❞✐s❝r✐♠✐♥❛t✐♦♥ ❛♥❞ s♦❝✐❛❧ ✐♥t❡r❛❝t✐♦♥✳ ❙❡❝t✐♦♥ ✻ r❡♣♦rts ❡✛❡❝ts ♦♥ ❧❡❛r♥✐♥❣

❛♥❞ ❞✐s❝✐♣❧✐♥❡✳ ❙❡❝t✐♦♥ ✼ ❜r✐❡✢② ✐♥t❡r♣r❡ts ❛♥❞ ❝♦♥tr❛sts t❤❡ ❦❡② r❡s✉❧ts✱ ❞r❛✇✐♥❣ ♦✉t t❤❡

♠❛✐♥ t❤❡♠❡s ❛♥❞ ❝❧❛r✐❢②✐♥❣ t❤✐s ♣❛♣❡r✬s ❝♦♥tr✐❜✉t✐♦♥s✳ ❙❡❝t✐♦♥ ✽ s✉♠♠❛r✐③❡s ❛♥❞ ❞✐s❝✉ss❡s

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

✷ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ P♦❧✐❝② ❊①♣❡r✐♠❡♥t

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

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

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

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

♣❛rt✐❝✉❧❛r✱ ♣♦♦r st✉❞❡♥ts ❛r❡ s❡❧❡❝t❡❞ ✉s✐♥❣ r❛♥❞♦♠✐③❡❞ ❧♦tt❡r✐❡s✱ ✇❤✐❧❡ ✇❡❛❧t❤② ❛♣♣❧✐❝❛♥ts

❛r❡ s❡❧❡❝t❡❞ ✉s✐♥❣ ❛ tr❛♥s♣❛r❡♥t s❝♦r✐♥❣ s②st❡♠✱ ✇❤✐❝❤ ❞♦❡s ♥♦t ❛❧❧♦✇ t❤❡ ✉s❡ ♦❢ ❜❛s❡❧✐♥❡

t❡st s❝♦r❡s ♦r ❛❜✐❧✐t② ♠❡❛s✉r❡s✳

❉❡❧❤✐ ✲ ❧✐❦❡ ♠♦st ❝✐t✐❡s ✐♥ ■♥❞✐❛ ✲ ❤❛s ❛ ❤✐❣❤❧② str❛t✐✜❡❞ s❝❤♦♦❧ s②st❡♠✳ P✉❜❧✐❝ s❝❤♦♦❧s ❛♥❞

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

❛t✐✈❡❧② ❡①♣❡♥s✐✈❡ ❵❡❧✐t❡✬ ♣r✐✈❛t❡ s❝❤♦♦❧s ❝❛t❡r t♦ st✉❞❡♥ts ❢r♦♠ ✇❡❛❧t❤② ❤♦✉s❡❤♦❧❞s✳✼ ❚❤❡s❡

t②♣❡s ♦❢ s❝❤♦♦❧s ❞✐✛❡r ✇✐❞❡❧② ✐♥ ❛✛♦r❞❛❜✐❧✐t②✱ s❝❤♦♦❧ ✐♥♣✉ts ❛♥❞ ❛❝❝❡♣t❛♥❝❡ r❛t❡s✳ P✉❜❧✐❝

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

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

✐♥ ❡①❝❡ss ♦❢ ❘s✳ ✷✵✵✵ ♣❡r ♠♦♥t❤ ✭❛♣♣r♦①✐♠❛t❡❧② ✩✹✵✱ ✷✺✪ ♦❢ ♠❡❞✐❛♥ ♠♦♥t❤❧② ❤♦✉s❡❤♦❧❞

✼❆ ❧♦♦s❡❧② ❞❡✜♥❡❞ ♠✐❞❞❧❡ ❝❧❛ss t②♣✐❝❛❧❧② s❡♥❞s ✐t✬s ❝❤✐❧❞r❡♥ t♦ ♣r✐✈❛t❡ s❝❤♦♦❧s ✐♥t❡r♠❡❞✐❛t❡ ✐♥ t❤❡✐r ♣r✐❝❡
❛♥❞ ❡①❝❧✉s✐✈✐t② t♦ ♣✉❜❧✐❝ ❛♥❞ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s✳
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❝♦♥s✉♠♣t✐♦♥ ✐♥ ✷✵✶✵✮✱ ❛♥❞ ❛r❡ ✈❛st❧② ♦✈❡r✲s✉❜s❝r✐❜❡❞✳ Pr✐✈❛t❡ s❝❤♦♦❧s ✐♥ ♠② s❛♠♣❧❡ r❡♣♦rt

❛✈❡r❛❣❡ ❛❝❝❡♣t❛♥❝❡ r❛t❡s ♦❢ ✶✶✪✱ ❛♥❞ ♠♦♥t❤❧② ❢❡❡s ♦❢ ✉♣ t♦ ❘s✳ ✶✵✱✵✵✵✳✽

P♦❧✐❝② ❈❤❛♥❣❡✳ ▼❛♥② ♣r✐✈❛t❡ s❝❤♦♦❧s ✐♥ ❉❡❧❤✐ ✕ ✐♥❝❧✉❞✐♥❣ ♦✈❡r ✾✵✪ ♦❢ t❤❡ ❛♣♣r♦①✐✲

♠❛t❡❧② ✷✵✵ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s ✕ ❡①✐st ♦♥ ❧❛♥❞ ❧❡❛s❡❞ ❢r♦♠ t❤❡ st❛t❡ ✐♥ ♣❡r♣❡t✉✐t② ❛t ❤✐❣❤❧②

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

t♦ ♠❛❦❡ ❡✛♦rts t♦ s❡r✈❡ ✏✇❡❛❦❡r s❡❝t✐♦♥s✑ ♦❢ s♦❝✐❡t②✳ ■♥ ✷✵✵✼✱ ♣r♦♠♣t❡❞ ❜② t❤❡ ❉❡❧❤✐ ❍✐❣❤

❈♦✉rt✱ t❤❡ ●♦✈❡r♥♠❡♥t ♦❢ ❉❡❧❤✐ ❜❡❣❛♥ t♦ ❡♥❢♦r❝❡ t❤✐s r❡q✉✐r❡♠❡♥t✳ ■t ✐ss✉❡❞ ❛♥ ♦r❞❡r r❡q✉✐r✲

✐♥❣ ✸✾✺ ♣r✐✈❛t❡ s❝❤♦♦❧s t♦ r❡s❡r✈❡ ✷✵✪ ♦❢ t❤❡✐r s❡❛ts ❢♦r st✉❞❡♥ts ❢r♦♠ ❤♦✉s❡❤♦❧❞s ❡❛r♥✐♥❣

✉♥❞❡r ❘s✳ ✶✵✵✱✵✵✵ ❛ ②❡❛r ✭❛♣♣r♦①✐♠❛t❡❧② ✩✷✵✵✵✮✳ ❙❝❤♦♦❧s ✇❡r❡ ♥♦t ♣❡r♠✐tt❡❞ t♦ ❝❤❛r❣❡ t❤❡

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

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

t♦ ♠❛♥② r❡❧❛t✐✈❡❧② ♣♦♦r ❝❤✐❧❞r❡♥✳

❚✇♦ ❢❡❛t✉r❡s ♦❢ t❤❡ ♣♦❧✐❝② ❝❤❛♥❣❡ ❛r❡ ♣❛rt✐❝✉❧❛r❧② ✐♠♣♦rt❛♥t ❢♦r ♠② ❛♥❛❧②s✐s✿ ✭✐✮ s❝❤♦♦❧s

✇❡r❡ ♥♦t ♣❡r♠✐tt❡❞ t♦ tr❛❝❦ t❤❡ st✉❞❡♥ts ❜② ❛❜✐❧✐t② ♦r s♦❝✐♦❡❝♦♥♦♠✐❝ st❛t✉s✳ ■♥st❡❛❞✱ t❤❡②

✇❡r❡ r❡q✉✐r❡❞ t♦ ✐♥t❡❣r❛t❡ t❤❡ ♣♦♦r st✉❞❡♥ts ✐♥t♦ t❤❡ s❛♠❡ ❝❧❛ssr♦♦♠s ❛s t❤❡ r✐❝❤✱ ❛♥❞ ✭✐✐✮

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

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

❝♦❤♦rts t❤❛t ❜❡❣❛♥ s❝❤♦♦❧✐♥❣ ❜❡❢♦r❡ ✷✵✵✼✳

❱❛r✐❛t✐♦♥ ✐♥ t✐♠✐♥❣✳ ■ ❞✐✈✐❞❡ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s ✐♥t♦ t❤r❡❡ ❝❛t❡❣♦r✐❡s ❜❛s❡❞ ♦♥ t❤❡✐r

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

✇✐t❤ ✐t ✐♥ t❤❡ ✈❡r② ✜rst ②❡❛r✳ ■♥ t❤❡s❡ s❝❤♦♦❧s✱ ❝♦❤♦rts ❛❞♠✐tt❡❞ ✐♥ ✷✵✵✼ ♦r ❧❛t❡r ❤❛✈❡ ♠❛♥②

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

✐♥❝❧✉❞❡s ❛❜♦✉t ✾✵✪ ♦❢ ❛❧❧ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s✳ ✭✐✐✮ ❉❡❧❛②❡❞ tr❡❛t♠❡♥t s❝❤♦♦❧s ✇❡r❡ ❛❧s♦

s✉❜❥❡❝t t♦ t❤❡ ♣♦❧✐❝②✱ ❜✉t ❢❛✐❧❡❞ t♦ ❝♦♠♣❧② ✐♥ t❤❡ ✜rst ②❡❛r ✲ ❡✐t❤❡r ❜❡❝❛✉s❡ t❤❡② ❡①♣❡❝t❡❞

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

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

❧❛t❡r✱ ✐♥ ✷✵✵✽✱ ❢♦❧❧♦✇✐♥❣ ❛ ❝♦✉rt r✉❧✐♥❣ ✉♣❤♦❧❞✐♥❣ t❤❡ ♣♦❧✐❝②✳ ❚❤✐s ❣r♦✉♣ ❝♦♠♣r✐s❡s ❛❜♦✉t ✻✪

✽P❛r❡♥ts ♦❢ t❤❡ ✇❡❛❧t❤② st✉❞❡♥ts ✐♥ t❤❡ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s ■ st✉❞② ❛♣♣❧② t♦ ✽✳✽ s❝❤♦♦❧s ♦♥ ❛✈❡r❛❣❡ ❛♥❞
❛r❡ ♦✛❡r❡❞ ❛❞♠✐ss✐♦♥ t♦ ✶✳✽ ♦❢ t❤❡♠✳ ❆♥ ❛rt✐❝❧❡ ✐♥ t❤❡ ■♥❞✐❛♥ ❊①♣r❡ss ♠❡♠♦r❛❜❧② ❧❛♠❡♥t❡❞ t❤❛t ❣❛✐♥✐♥❣
❛❞♠✐ss✐♦♥ t♦ ♣r❡s❝❤♦♦❧ ✐♥ ❛♥ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧ ✐♥ ❉❡❧❤✐ ✐s ❤❛r❞❡r t❤❛♥ ❣❡tt✐♥❣ ✐♥t♦ ❍❛r✈❛r❞✳
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♦❢ ❛❧❧ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s✳ ❈♦♥tr♦❧ s❝❤♦♦❧s ❛r❡ t❤❡ ✹✪ ♦❢ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s ✇❤✐❝❤ ✇❡r❡ ♥♦t

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

❝❤❛r✐t❛❜❧❡ tr✉sts ♦r t❤❡ ❢❡❞❡r❛❧ ❣♦✈❡r♥♠❡♥t ✐♥st❡❛❞ ♦❢ t❤❡ st❛t❡ ❣♦✈❡r♥♠❡♥t✳ ■♥ ❝♦♥tr♦❧

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

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

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

❡①✐sts ❜♦t❤ ✇✐t❤✐♥ s❝❤♦♦❧s ✭❛❝r♦ss ❝♦❤♦rts✮ ❛♥❞ ✇✐t❤✐♥ ❝♦❤♦rts ✭❛❝r♦ss s❝❤♦♦❧s✮✳

❙❡❧❡❝t✐♦♥ ♦❢ P♦♦r ❙t✉❞❡♥ts✳ ■❢ t❤❡ s❡❛ts ❢♦r ♣♦♦r ❝❤✐❧❞r❡♥ ❛r❡ ♦✈❡r✲s✉❜s❝r✐❜❡❞✱ s❝❤♦♦❧s

❛r❡ r❡q✉✐r❡❞ t♦ ❝♦♥❞✉❝t ❛ ❧♦tt❡r② t♦ s❡❧❡❝t ❜❡♥❡✜❝✐❛r✐❡s✳ ❈♦♥❞✐t✐♦♥❛❧ ♦♥ ❛♣♣❧②✐♥❣ t♦ ❛ ❣✐✈❡♥

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

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

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

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

❦♥♦✇❧❡❞❣❡ ♦❢ t❤❡ ♣r♦❣r❛♠✱ ❛♥❞ t❤❡✐r ❛❜✐❧✐t② t♦ ❝♦♠♣❧❡t❡ t❤❡ ♥❡❝❡ss❛r② ♣❛♣❡r✇♦r❦✳ ❙✐♥❝❡ t❤❡

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

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

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

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

❝❧❛ss t❤❛♥ t❤❡ t②♣✐❝❛❧ ✇❡❛❧t❤② st✉❞❡♥t ✐♥ ❛♥ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧✳ ❋✐❣✉r❡ ✶ s❤♦✇s t❤❛t t❤❡

✐♥❝♦♠❡ ❝✉t♦✛ ♦❢ ❘s✳ ✶✵✵✱✵✵✵ ♣❡r ②❡❛r ✐s ❛r♦✉♥❞ t❤❡ 45th ♣❡r❝❡♥t✐❧❡ ♦❢ t❤❡ ❤♦✉s❡❤♦❧❞ ✐♥❝♦♠❡

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

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

t❤❡ ❝♦♥s✉♠♣t✐♦♥ ❞✐str✐❜✉t✐♦♥✳ ■♥ t❤❡ ❯❙✱ ❛ ❝♦rr❡s♣♦♥❞✐♥❣ ♣♦❧✐❝② ❝❤❛♥❣❡ ✇♦✉❧❞ s❡❡ st✉❞❡♥ts

❢r♦♠ ❤♦✉s❡❤♦❧❞s ♠❛❦✐♥❣ ✩✷✸✱✵✵✵ ❛ ②❡❛r ❛tt❡♥❞ t❤❡ s❛♠❡ s❝❤♦♦❧s ❛s t❤♦s❡ ♠❛❦✐♥❣ ✩✷✵✵✱✵✵✵

❛ ②❡❛r✳

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

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

❞❡❝❧❛r❡❞ ❜② t❤❡ s❝❤♦♦❧s t❤❡♠s❡❧✈❡s✳ ❙❝❤♦♦❧s r❛♥❦ ❛♣♣❧✐❝❛♥ts ✉s✐♥❣ ❛ ♣♦✐♥t s②st❡♠✱ ✇✐t❤ t❤❡

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

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

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

✐t ✐s ❞✐✣❝✉❧t ❢♦r s❝❤♦♦❧s t♦ s❝r❡❡♥ ❛♣♣❧✐❝❛♥ts ♦♥ ❛❜✐❧✐t②✳✾ ❚❤❡ ♦✈❡r✇❤❡❧♠✐♥❣ ♠❛❥♦r✐t② ♦❢

❛❞♠✐ss✐♦♥s t♦ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s ♦❝❝✉r ✐♥ ♣r❡s❝❤♦♦❧ ✭st✉❞❡♥ts ❛❣❡❞ ✸✲✹✮✱ ✇❤✐❝❤ ✐s t❤❡ ✉s✉❛❧

st❛rt✐♥❣ ❣r❛❞❡✳ ◆❡✇ st✉❞❡♥ts ❛r❡ t②♣✐❝❛❧❧② ♦♥❧② ❛❞♠✐tt❡❞ t♦ ❤✐❣❤❡r ❣r❛❞❡s ✇❤❡♥ ✈❛❝❛♥❝✐❡s

❛r❡ ❝r❡❛t❡❞ ❜② tr❛♥s❢❡rs✱ ✇❤✐❝❤ ❛r❡ r❛r❡✿ ✶✳✼✪ ♣❡r ②❡❛r ✐♥ ♠② s❛♠♣❧❡✳

✸ ❊❝♦♥♦♠❡tr✐❝ ❙tr❛t❡❣✐❡s

❇❡t✇❡❡♥ ❋❡❜r✉❛r② ✷✵✶✷ ❛♥❞ ❙❡♣t❡♠❜❡r ✷✵✶✸✱ ■ ❝♦♥❞✉❝t❡❞ ✜❡❧❞ ❛♥❞ ❧❛❜ ❡①♣❡r✐♠❡♥ts✱ ❛♥❞

❣❛t❤❡r❡❞ t❡st s❝♦r❡s ❛♥❞ ❛❞♠✐♥✐str❛t✐✈❡ ❞❛t❛ ♦♥ 2032 st✉❞❡♥ts ✐♥ ✶✹ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s ✐♥

❉❡❧❤✐✳ ❚❤❡ s❛♠♣❧❡ ❝♦♥s✐sts ♦❢ ✾ tr❡❛t♠❡♥t s❝❤♦♦❧s✱ ✷ ❞❡❧❛②❡❞ tr❡❛t♠❡♥t s❝❤♦♦❧s ❛♥❞ ✸ ❝♦♥tr♦❧

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

♦✉t❝♦♠❡s✳✶✵ ❲✐t❤✐♥ ❡❛❝❤ s❝❤♦♦❧✱ ■ ❝♦♥str✉❝t❡❞ ❛ r❛♥❞♦♠ s❛♠♣❧❡ ♦❢ ✇❡❛❧t❤② ✭t❤❛t ✐s✱ ❢❡❡✲

♣❛②✐♥❣✮ st✉❞❡♥ts ✐♥ t❤❡ ❢♦✉r ❝♦❤♦rts ✇❤♦ ❜❡❣❛♥ ♣r❡s❝❤♦♦❧ ❜❡t✇❡❡♥ ✷✵✵✺ ❛♥❞ ✷✵✵✽✱ str❛t✐✜❡❞

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

❣r❛❞❡s ✷ ✭❝♦❤♦rt ♦❢ ✷✵✵✽✮ t❤r♦✉❣❤ ✺ ✭❝♦❤♦rt ♦❢ ✷✵✵✺✮ ❛t t❤❡ t✐♠❡ ♦❢ ❞❛t❛ ❝♦❧❧❡❝t✐♦♥✳

❯s✐♥❣ t❤✐s ❞❛t❛✱ ■ ❡①♣❧♦✐t t✇♦ t②♣❡s ♦❢ ✈❛r✐❛t✐♦♥ t♦ ✐❞❡♥t✐❢② t❤❡ ❡✛❡❝ts ♦❢ ♣♦♦r st✉❞❡♥ts

♦♥ t❤❡✐r r✐❝❤ ❝❧❛ss♠❛t❡s✿ ✇❤❡t❤❡r ♦r ♥♦t ♣♦♦r st✉❞❡♥ts ❛r❡ ♣r❡s❡♥t ✐♥ ❛ ♣❛rt✐❝✉❧❛r ❝♦❤♦rt ❛♥❞

s❝❤♦♦❧✱ ❛♥❞ ✐❞✐♦s②♥❝r❛t✐❝ ✈❛r✐❛t✐♦♥ ✐♥ ✐♥t❡r❛❝t✐♦♥s ✇✐t❤ ♣♦♦r st✉❞❡♥ts ✇✐t❤✐♥ t❤❡ ❝❧❛ssr♦♦♠✳

✸✳✶ ❱❛r✐❛t✐♦♥ ✇✐t❤✐♥ s❝❤♦♦❧s ❛♥❞ ❝♦❤♦rts

❚❤❡ ✜rst ❛♣♣r♦❛❝❤ ✐❞❡♥t✐✜❡s t❤❡ ❛✈❡r❛❣❡ ❡✛❡❝t ♦❢ ❤❛✈✐♥❣ ♣♦♦r st✉❞❡♥ts ✐♥ ♦♥❡✬s ❝❧❛ssr♦♦♠✳

❘❡❝❛❧❧ t❤❛t ✐♥ tr❡❛t♠❡♥t s❝❤♦♦❧s✱ ✇❡❛❧t❤② st✉❞❡♥ts ✐♥ ❣r❛❞❡s ✷ ❛♥❞ ✸ ❛r❡ ✏tr❡❛t❡❞✑ ✇✐t❤ ♣♦♦r

✾❙❝❤♦♦❧s ♠❛②✱ ♦❢ ❝♦✉rs❡✱ ✉s❡ ♣❛r❡♥t ✐♥t❡r✈✐❡✇s t♦ ❥✉❞❣❡ t❤❡ ❛❜✐❧✐t② ♦❢ ❛♣♣❧✐❝❛♥ts✳ ❇✉t ♣❛r❡♥ts ❝❛♥♥♦t
❡❛s✐❧② ♣r♦✈✐❞❡ s❝❤♦♦❧s ✇✐t❤ ❝r❡❞✐❜❧❡ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t st✉❞❡♥t ❛❜✐❧✐t② ✐♥ t❤❡ ✐♥t❡r✈✐❡✇s✱ s✐♥❝❡ t❤❡ ❝❤✐❧❞ ✐s
t②♣✐❝❛❧❧② ✉♥❞❡r ✹ ②❡❛rs ♦❢ ❛❣❡ ❛♥❞ ❤❛s ♥♦ ♣r✐♦r s❝❤♦♦❧✐♥❣✳

✶✵■ ❝♦♥t❛❝t❡❞ ❛ t♦t❛❧ ♦❢ ✶✻ s❝❤♦♦❧s✳ ❚✇♦ ♦❢ t❤❡s❡ s❝❤♦♦❧s ✭♦♥❡ ❝♦♥tr♦❧ ❛♥❞ ♦♥❡ tr❡❛t♠❡♥t s❝❤♦♦❧✮ ❞❡❝❧✐♥❡❞ t♦
♣❛rt✐❝✐♣❛t❡✳ ❚❤❡ ✶✻ s❝❤♦♦❧s ✇❡r❡ s❡❧❡❝t❡❞ ♣❛rt❧② ❢♦r ❝♦♥✈❡♥✐❡♥❝❡✱ ❜✉t ❛❧s♦ t♦ ❝♦✈❡r ❛❧❧ ✶✷ ❡❞✉❝❛t✐♦♥ ❞✐str✐❝ts ♦❢
t❤❡ ❉❡❧❤✐ ❉✐r❡❝t♦r❛t❡ ♦❢ ❊❞✉❝❛t✐♦♥✱ ✇❤✐❧❡ ♦✈❡rs❛♠♣❧✐♥❣ ❝♦♥tr♦❧ ❛♥❞ ❞❡❧❛②❡❞ tr❡❛t♠❡♥t s❝❤♦♦❧s ❛♥❞ s❛t✐s❢②✐♥❣
♠② ❝r✐t❡r✐❛ ❢♦r ❜❡✐♥❣ ❡❧✐t❡ s❝❤♦♦❧s ✭♠♦♥t❤❧② ❢❡❡s ❡①❝❡❡❞✐♥❣ ❘s✳ ✷✵✵✵✮✳ ❆❧❧ s❝❤♦♦❧s ✇❡r❡ ❣✉❛r❛♥t❡❡❞ ❝♦♠♣❧❡t❡
❛♥♦♥②♠✐t② ✐♥ ❡①❝❤❛♥❣❡ ❢♦r ♣❛rt✐❝✐♣❛t✐♥❣✳

✾



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

❣r❛❞❡ ✷ ✐s tr❡❛t❡❞✱ ✇❤✐❧❡ ❣r❛❞❡s ✸✲✺ ❛r❡ ✉♥tr❡❛t❡❞✳ ❆♥❞ ✐♥ ❝♦♥tr♦❧ s❝❤♦♦❧s✱ ❣r❛❞❡s ✷✲✺ ❛r❡

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

✐♥✲❞✐✛❡r❡♥❝❡s s♣❡❝✐✜❝❛t✐♦♥ ❜② ❖▲❙✿

Yigs = α+ δs + φg + β❚r❡❛t❡❞❈❧❛ssr♦♦♠gs + γXigs + εigs ✭✶✮

✇❤❡r❡ Yigs ❞❡♥♦t❡s ♦✉t❝♦♠❡ Y ❢♦r st✉❞❡♥t i ✐♥ ❣r❛❞❡ g ✐♥ s❝❤♦♦❧ s❀ X ✐s ❛ ✈❡❝t♦r ♦❢ ❝♦♥tr♦❧s✱

δs ❛r❡ s❝❤♦♦❧ ✜①❡❞ ❡✛❡❝ts✱ φg ❛r❡ ❣r❛❞❡ ♦r ❝♦❤♦rt ✜①❡❞ ❡✛❡❝ts ❛♥❞ εigs ✐s ❛ st✉❞❡♥t s♣❡❝✐✜❝

❡rr♦r t❡r♠✳ ❚r❡❛t❡❞❈❧❛ssr♦♦♠gs ✐s t❤❡ tr❡❛t♠❡♥t ✐♥❞✐❝❛t♦r❀ ✐t ❡q✉❛❧s ♦♥❡ ✐❢ ❣r❛❞❡ g ✐♥ s❝❤♦♦❧

s ❝♦♥t❛✐♥s ♣♦♦r st✉❞❡♥ts✱ ❛♥❞ ✐s ③❡r♦ ♦t❤❡r✇✐s❡✳ β ✐s t❤✉s t❤❡ ❛✈❡r❛❣❡ ❡✛❡❝t ♦❢ ❤❛✈✐♥❣ ❛

♣♦♦r ❝❧❛ss♠❛t❡✱ ❛♥❞ ✐s t❤❡ ❦❡② ♣❛r❛♠❡t❡r t♦ ❜❡ ❡st✐♠❛t❡❞✳ ■ ❝❧✉st❡r st❛♥❞❛r❞ ❡rr♦rs ❛t t❤❡

❣r❛❞❡✲❜②✲s❝❤♦♦❧ ❧❡✈❡❧✱ s✐♥❝❡ t❤✐s ✐s t❤❡ ✉♥✐t ♦❢ tr❡❛t♠❡♥t✳ ❲✐t❤ ✶✹ s❝❤♦♦❧s ❛♥❞ ✹ ❣r❛❞❡s ✭✷

t❤r♦✉❣❤ ✺✮ ♣❡r s❝❤♦♦❧ ✐♥ t❤❡ s❛♠♣❧❡✱ t❤✐s r❡s✉❧ts ✐♥ ✺✻ ❝❧✉st❡rs✳ ❆s ❛ r♦❜✉st♥❡ss ❝❤❡❝❦✱ ■ ❛❧s♦

❝❧✉st❡r st❛♥❞❛r❞ ❡rr♦rs ❛t t❤❡ s❝❤♦♦❧ ❧❡✈❡❧✳ ●✐✈❡♥ t❤❡ s♠❛❧❧ ♥✉♠❜❡r ♦❢ s❝❤♦♦❧s ✭k = 14✮✱ ■

✉s❡ t❤❡ ✇✐❧❞✲t ❝❧✉st❡r ❜♦♦tstr❛♣ ♠❡t❤♦❞ ♦❢ ❈❛♠❡r♦♥✱ ●❡❧❜❛❝❤ ❛♥❞ ▼✐❧❧❡r ✭✷✵✵✽✮✳

◆♦t❡ t❤❛t ❛✈❡r❛❣❡ ❞✐✛❡r❡♥❝❡s ✐♥ ♦✉t❝♦♠❡s ❛❝r♦ss s❝❤♦♦❧s ❛r❡ ♣❡r♠✐tt❡❞❀ t❤❡② ❛r❡ ❝♦♥✲

tr♦❧❧❡❞ ❢♦r ❜② t❤❡ s❝❤♦♦❧ ✜①❡❞ ❡✛❡❝ts✳ ❚❤✉s✱ ■ ❞♦ ♥♦t ❛ss✉♠❡ t❤❛t tr❡❛t♠❡♥t✱ ❞❡❧❛②❡❞

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

❙✐♠✐❧❛r❧②✱ ❛✈❡r❛❣❡ ❞✐✛❡r❡♥❝❡s ❛❝r♦ss ❝♦❤♦rts ✭♦r ❣r❛❞❡s✮ ❛r❡ ❝♦♥tr♦❧❧❡❞ ❢♦r ✉s✐♥❣ ❝♦❤♦rt ✜①❡❞

❡✛❡❝ts✳ ❚❤✐s ✐s ✐♠♣♦rt❛♥t✱ ❣✐✈❡♥ t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ❛❣❡ ❡✛❡❝ts ✐♥ s♦❝✐❛❧ ❜❡❤❛✈✐♦rs ❛♥❞ ♣r❡❢❡r✲

❡♥❝❡s✱ ❛s s❤♦✇♥ ❜② ❋❡❤r ❡t ❛❧✳ ✭✷✵✵✽✮ ❛♥❞ ❆❧♠❛s ❡t ❛❧✳ ✭✷✵✶✷✮✳ ■ ♦♥❧② ✉t✐❧✐③❡ ✈❛r✐❛t✐♦♥ ✇✐t❤✐♥

s❝❤♦♦❧s ✭❝♦♠♣❛r✐♥❣ st✉❞❡♥ts ✐♥ ❞✐✛❡r❡♥t ❝♦❤♦rts✮ ❛♥❞ ✇✐t❤✐♥ ❝♦❤♦rts ✭❝♦♠♣❛r✐♥❣ st✉❞❡♥ts

✐♥ ❞✐✛❡r❡♥t s❝❤♦♦❧s✮✳

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

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

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

❤❛❞ ✭s❛②✮ ❜❡tt❡r t❡❛❝❤❡rs t❤❛♥ ❝♦♥tr♦❧ s❝❤♦♦❧s ✐♥ ❣r❛❞❡s ✷ ❛♥❞ ✸✱ ❜✉t ♥♦t ✐♥ ❣r❛❞❡s ✹ ❛♥❞ ✺✳

✶✵



❈❤❛❧❧❡♥❣❡s t♦ ■❞❡♥t✐✜❝❛t✐♦♥✳ ❚❤✐s ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣② ❢❛❝❡s t❤❡ ❢♦❧❧♦✇✐♥❣ ♣♦t❡♥t✐❛❧

❝❤❛❧❧❡♥❣❡s✱ ❡❛❝❤ ♦❢ ✇❤✐❝❤ ■ ❜r✐❡✢② ❛❞❞r❡ss ❜❡❧♦✇✳ ✭✐✮ ❲❡❛❧t❤② st✉❞❡♥ts ♠❛② s❡❧❡❝t ✐♥t♦ ❝♦♥tr♦❧

s❝❤♦♦❧s ❜❛s❡❞ ♦♥ t❤❡✐r ❛✣♥✐t② ❢♦r ♣♦♦r ❝❤✐❧❞r❡♥✳ ✭✐✐✮ ❚r❡❛t♠❡♥t ❛♥❞ ❞❡❧❛②❡❞ tr❡❛t♠❡♥t

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

t❤❡ ❛✈❡r❛❣❡ ❛❜✐❧✐t② ♦❢ ❛❞♠✐tt❡❞ st✉❞❡♥ts✳ ✭✐✐✐✮ ❚❤❡r❡ ♠❛② ❜❡ s♣✐❧❧♦✈❡rs ❜❡t✇❡❡♥ tr❡❛t❡❞ ❛♥❞

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

s✐③❡✱ ✇❤✐❝❤ ❝♦✉❧❞ ❞✐r❡❝t❧② ❛✛❡❝t ♦✉t❝♦♠❡s✳

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

♠✐❣❤t s♦rt ❛❝r♦ss t❤❡ ❞✐✛❡r❡♥t t②♣❡s ♦❢ s❝❤♦♦❧s ❜❛s❡❞ ♦♥ t❤❡✐r ❛✣♥✐t② ❢♦r ♣♦♦r ❝❤✐❧❞r❡♥✳✶✶ ■♥

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

❢♦r ♣❛r❡♥ts t♦ ❜❡ ♣✐❝❦②✱ s✐♥❝❡ ❛❝❝❡♣t❛♥❝❡ r❛t❡s ❛t ❡❧✐t❡ s❝❤♦♦❧s ❛r❡ ❧♦✇ ✭❛❜♦✉t ✶✵✪✮ ❛♥❞

❧❡ss t❤❛♥ ✺✪ ♦❢ s✉❝❤ s❝❤♦♦❧s ❛r❡ ❝♦♥tr♦❧ s❝❤♦♦❧s✳ ❚r❛♥s❢❡rs ❜❡t✇❡❡♥ ❡❧✐t❡ s❝❤♦♦❧s ❛r❡ ❛❧s♦

r❛r❡❀ ❝♦♥tr♦❧ s❝❤♦♦❧s r❡♣♦rt ✈❡r② ❢❡✇ ♦♣❡♥ s♣❛❝❡s ✐♥ ❣r❛❞❡s ♦t❤❡r t❤❛♥ ♣r❡s❝❤♦♦❧ ❡❛❝❤ ②❡❛r✳✶✷

❙❡❝♦♥❞✱ ❛s ❛ r♦❜✉st♥❡ss ❝❤❡❝❦✱ ■ ❝❛♥ r❡str✐❝t ❛tt❡♥t✐♦♥ t♦ st✉❞❡♥ts ✇❤♦ ❤❛❞ ♦❧❞❡r s✐❜❧✐♥❣s

❛❧r❡❛❞② ❡♥r♦❧❧❡❞ ✐♥ t❤❡ s❛♠❡ s❝❤♦♦❧✳ ❚❤❡s❡ st✉❞❡♥ts ❛r❡ ❧✐❦❡❧② t♦ ❜❡ ❧❡ss s❡❧❡❝t❡❞✱ ❜♦t❤

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

s✐❜❧✐♥❣s ♦❢ ❛ ❝✉rr❡♥t st✉❞❡♥t ❛r❡ ♠✉❝❤ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ♦✛❡r❡❞ ❛❞♠✐ss✐♦♥ t♦ t❤❡ s❝❤♦♦❧✳ ■

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

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

❝♦♥❝❡r♥✱ s✐♥❝❡ ✐t ❞♦❡s ♥♦t r❡❧② ♦♥ ✈❛r✐❛t✐♦♥ ❛❝r♦ss s❝❤♦♦❧s✳

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

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

❆♥❞ ✐♥❞❡❡❞✱ ✇❤✐❧❡ t❤❡ s❤❛r❡ ♦❢ ♣♦♦r st✉❞❡♥ts ✐♥ t❤❡ ✐♥❝♦♠✐♥❣ ❝♦❤♦rts ✐s ❛r♦✉♥❞ ✶✽✪✱ t♦t❛❧

❝♦❤♦rt s✐③❡ ♦♥❧② ✐♥❝r❡❛s❡s ❜② ✺✪✳✶✸ ❚❤✐s ✐♠♣❧✐❡s t❤❛t ❢❡✇❡r ✇❡❛❧t❤② st✉❞❡♥ts ❛r❡ ❛❝❝❡♣t❡❞

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

✶✶❋♦r ❡①❛♠♣❧❡✱ ❛ ♣❛r❡♥t ✇❤♦ ♣❛rt✐❝✉❧❛r❧② ❞✐s❧✐❦❡s t❤❡ t❤♦✉❣❤t ♦❢ ❤✐s s♦♥ s✐tt✐♥❣ ♥❡①t t♦ ❛ ♣♦♦r ❝❤✐❧❞
♠✐❣❤t tr② ❡①tr❛ ❤❛r❞ t♦ ❤❛✈❡ ❤✐♠ ❡♥r♦❧❧ ✐♥ ♦♥❡ ♦❢ t❤❡ ❢❡✇ ❝♦♥tr♦❧ s❝❤♦♦❧s✳ ❖r st✉❞❡♥ts ✇❤♦ ✜♥❞ t❤❛t t❤❡②
♣❛rt✐❝✉❧❛r❧② ❞✐s❧✐❦❡ t❤❡✐r ♣♦♦r ❝❧❛ss♠❛t❡s ♠✐❣❤t tr❛♥s❢❡r t♦ ❛ ❝♦♥tr♦❧ s❝❤♦♦❧ ✐♥ ❧❛t❡r ②❡❛rs✳

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

✶✸❚❤❡ t❛r❣❡t ♦❢ ✷✵✪ r❡s❡r✈❛t✐♦♥ ✇❛s ♥♦t ❛❧✇❛②s ♠❡t ✐♥ t❤❡ ❡❛r❧② ②❡❛rs ♦❢ t❤❡ ♣r♦❣r❛♠✳

✶✶



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

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

❝♦♥❝❡r♥ ❛s ❛❜♦✈❡ ✲ ❜② r❡str✐❝t✐♥❣ ❛tt❡♥t✐♦♥ t♦ t❤❡ ❧❡ss✲s❡❧❡❝t❡❞ ②♦✉♥❣❡r s✐❜❧✐♥❣s ♦❢ ♣r❡✈✐♦✉s❧②

❡♥r♦❧❧❡❞ st✉❞❡♥ts✱ ❛♥❞ ❜② r❡❧②✐♥❣ ♦♥ t❤❡ s❡❝♦♥❞ ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣②✳ ❍♦✇❡✈❡r✱ ✐t ✐s ❛❧s♦

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

st✉❞❡♥ts ✐♥ st❛rt✐♥❣ ❣r❛❞❡s✳ ❙✐♥❝❡ ♣r❡s❝❤♦♦❧ ❛♣♣❧✐❝❛♥ts ❛r❡ ❜❡t✇❡❡♥ ✸ ❛♥❞ ✹ ②❡❛rs ♦❧❞✱ s❝❤♦♦❧s

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

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

❙♣✐❧❧♦✈❡rs ❜❡t✇❡❡♥ ❣r❛❞❡s ❛r❡ ❧✐❦❡❧② ♠✐♥✐♠❛❧✱ s✐♥❝❡ st✉❞❡♥ts s♣❡♥❞ ♦✈❡r ✽✺✪ ♦❢ t❤❡ s❝❤♦♦❧

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

♦t❤❡r ❝❧❛ssr♦♦♠s ♦❢ t❤❡ s❛♠❡ ❣r❛❞❡✱ ❧❡t ❛❧♦♥❡ st✉❞❡♥ts ✐♥ ♦t❤❡r ❣r❛❞❡s✳ ❚♦ t❤❡ ❡①t❡♥t t❤❛t ❛♥②

s♣✐❧❧♦✈❡rs ❞♦ ❡①✐st✱ t❤❡② ✇♦✉❧❞ ❜✐❛s ❛❣❛✐♥st ✜♥❞✐♥❣ ❡✛❡❝ts✳ ❆♥❞ ✜♥❛❧❧②✱ ❝❧❛ss s✐③❡s ✐♥❝r❡❛s❡

❜② ♦♥❧② ✺✪ ❛❢t❡r t❤❡ ♣♦❧✐❝② ❝❤❛♥❣❡✳ ■t ✐s t❤❡r❡❢♦r❡ ✉♥❧✐❦❡❧② t❤❛t ❝❤❛♥❣❡s ✐♥ ❝❧❛ss s✐③❡ ❝♦✉❧❞

❜❡ ✐♠♣♦rt❛♥t ❞r✐✈❡rs ♦❢ ❛♥② ❡✛❡❝ts✳

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

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

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

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

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

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

❛❜♦✉t ✐♥❡q✉❛❧✐t② ❛♥❞ ♣♦✈❡rt②✳

✸✳✷ ■❞✐♦s②♥❝r❛t✐❝ ✈❛r✐❛t✐♦♥ ✇✐t❤✐♥ ❝❧❛ssr♦♦♠s

❚❤❡ s❡❝♦♥❞ ❛♣♣r♦❛❝❤ ✉s❡s ♠❡♠❜❡rs❤✐♣ ✐♥ t❤❡ s❛♠❡ ✏st✉❞② ❣r♦✉♣s✑ ❛s ❛ ♣r♦①② ❢♦r ♣❡rs♦♥❛❧

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

❡♥❣❛❣❡❞ ✐♥ ❧❡❛r♥✐♥❣ ❛❝t✐✈✐t✐❡s ✐♥ s♠❛❧❧ ❣r♦✉♣s ♦❢ ✷✲✹ st✉❞❡♥ts✳ ❊①❛♠♣❧❡s ♦❢ s✉❝❤ ❛❝t✐✈✐t✐❡s

✐♥❝❧✉❞❡ ❝♦❧❧❛❜♦r❛t✐✈❡ ❝r❛❢t ♣r♦❥❡❝ts✱ r♦❧❡ ♣❧❛②✐♥❣ ❡①❡r❝✐s❡s✱ ❛♥❞ r❡❝✐t❛t✐♦♥✳ ■ ❝♦❧❧❡❝t ❞❛t❛ ♦♥

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

❝❤✐❧❞r❡♥ ✐♥ ❤✐s st✉❞② ❣r♦✉♣✳ ■ ❞❡♥♦t❡ t❤✐s ❜✐♥❛r② ♠❡❛s✉r❡ ❜② HasPoorStudyPartnersi✳
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■♥ ✽ ♦❢ t❤❡ ✶✹ s❝❤♦♦❧s✱ st✉❞❡♥ts ❛r❡ ❛ss✐❣♥❡❞ t♦ st✉❞② ❣r♦✉♣s ❜② ❛❧♣❤❛❜❡t✐❝ ♦r❞❡r ♦❢ ✜rst

♥❛♠❡ ✭SchoolUsesAlphaRule = 1✮✳ ■♥ t❤❡ r❡♠❛✐♥✐♥❣ s❝❤♦♦❧s✱ ❣r♦✉♣s ❛r❡ ❡✐t❤❡r ❢r❡q✉❡♥t❧②

r❡s❤✉✤❡❞ ❜② t❡❛❝❤❡rs✱ ♦r ♥♦ s②st❡♠❛t✐❝ ❛ss✐❣♥♠❡♥t ♣r♦❝❡❞✉r❡ ✐s ✉s❡❞ ✭SchoolUsesAlphaRule =

0✮✳ ■ ♦❜t❛✐♥ ❝❧❛ss r♦st❡rs✱ ❛♥❞ s♦rt t❤❡♠ ❛❧♣❤❛❜❡t✐❝❛❧❧② t♦ ❝♦♠♣✉t❡ ✇❤❡t❤❡r ❡❛❝❤ st✉✲

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

HasPoorAlphabeticNeighbori✳ ■ t❤❡♥ ❡st✐♠❛t❡ t❤❡ ❢♦❧❧♦✇✐♥❣ r❡❣r❡ss✐♦♥ ❜② t✇♦✲st❛❣❡ ❧❡❛st

sq✉❛r❡s✿

Yicgs = α+ νcgs + β1❍❛sP♦♦r❙t✉❞②P❛rt♥❡rsi + γXi + εigs ✭✷✮

✇❤❡r❡ Yicgs ❞❡♥♦t❡s ♦✉t❝♦♠❡ Y ❢♦r st✉❞❡♥t i ✐♥ ❝❧❛ssr♦♦♠ c ✐♥ ❣r❛❞❡ g ✐♥ s❝❤♦♦❧ s✱ νcgs ✐s ❛

❝❧❛ssr♦♦♠ ✜①❡❞ ❡✛❡❝t✱ ❛♥❞ ❍❛sP♦♦r❙t✉❞②P❛rt♥❡rsi ✐s ✐♥str✉♠❡♥t❡❞ ❢♦r ✉s✐♥❣ SchoolUsesAlphaRules∗

HasPoorAlphabeticNeighbori✳

❚❤✐s ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣② ✐s♦❧❛t❡s t❤❡ ❡✛❡❝t ♦❢ ♣❡rs♦♥❛❧ ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ r✐❝❤ ❛♥❞

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

❛♥❞ ❞❡❧❛②❡❞ tr❡❛t♠❡♥t ❝❧❛ssr♦♦♠s✱ ❛♥❞ ❛✈❡r❛❣❡ ❞✐✛❡r❡♥❝❡s ❛❝r♦ss ❝❧❛ssr♦♦♠s ✭♦r s❝❤♦♦❧s ❛♥❞

❝♦❤♦rts✮ ❛r❡ ❝♦♥tr♦❧❧❡❞ ❢♦r ✉s✐♥❣ ❝❧❛ssr♦♦♠ ✜①❡❞ ❡✛❡❝ts✳ ❚❤✉s✱ t❤✐s str❛t❡❣② ✐s ♥♦t s✉❜❥❡❝t t♦

❝♦♥❝❡r♥s ❛❜♦✉t t❤❡ s♦rt✐♥❣ ♦❢ ✇❡❛❧t❤② st✉❞❡♥ts ❛❝r♦ss ❞✐✛❡r❡♥t t②♣❡s ♦❢ s❝❤♦♦❧s✱ ♦r ❝❤❛♥❣❡s

✐♥ ❝❧❛ss s✐③❡ ♦r t❡❛❝❤❡r ❜❡❤❛✈✐♦r✳

◆♦t❡ t❤❛t t❤✐s ❛♣♣r♦❛❝❤ ❞♦❡s ♥♦t r❡q✉✐r❡ t❤❛t ♣♦♦r ❛♥❞ r✐❝❤ st✉❞❡♥ts ❤❛✈❡ ❛ s✐♠✐❧❛r

❛❧♣❤❛❜❡t✐❝ ❞✐str✐❜✉t✐♦♥ ♦❢ ♥❛♠❡s✳ ◆♦r ❞♦ ■ ❛ss✉♠❡ t❤❛t ❛ r✐❝❤ st✉❞❡♥t✬s ✜rst ♥❛♠❡ ❤❛s ♥♦

❞✐r❡❝t ❡✛❡❝t ♦♥ ❤✐s ♦✉t❝♦♠❡s✳ ■♥st❡❛❞✱ ■ ♦♥❧② ✉t✐❧✐③❡ ✈❛r✐❛t✐♦♥ ✐♥ st✉❞② ❣r♦✉♣s ♣r❡❞✐❝t❡❞

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

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

❝♦♥tr♦❧s ✐♥❝❧✉❞❡ ✜rst ❧❡tt❡r ♦❢ ✜rst ♥❛♠❡✱ ❛♥❞ t❤✉s ❞✐r❡❝t❧② ❝♦♥tr♦❧ ❢♦r ❛♥② ❛✈❡r❛❣❡ ❞✐✛❡r❡♥❝❡s

❛❝r♦ss ❛❧♣❤❛❜❡t✐❝ ♦r❞❡r ♦❢ ♥❛♠❡s✳

❋✐❣✉r❡ ✷ ❣r❛♣❤✐❝❛❧❧② r❡♣♦rts t❤❡ ✜rst st❛❣❡ ♦❢ t❤✐s r❡❣r❡ss✐♦♥✳ ■t s❤♦✇s t❤❛t ✐♥ t❤❡ s❝❤♦♦❧s

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

❛❞❥❛❝❡♥t t♦ ❛t ❧❡❛st ♦♥❡ ♣♦♦r st✉❞❡♥t s✉❜st❛♥t✐❛❧❧② ✐♥❝r❡❛s❡s t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❤❛✈✐♥❣ ❛t
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❧❡❛st ♦♥❡ ♣♦♦r st✉❞② ♣❛rt♥❡r✱ ❢r♦♠ ❛❜♦✉t ✹✵✪ t♦ ✾✵✪✳ ■♥ ❝♦♥tr❛st✱ ❛❧♣❤❛❜❡t✐❝ ❛❞❥❛❝❡♥❝②

❤❛s ♥♦ ❡✛❡❝t ✐♥ ♦t❤❡r s❝❤♦♦❧s✳ ❚❛❜❧❡ ✶ ♣r♦✈✐❞❡s t❤❡ ✜rst st❛❣❡ r❡❣r❡ss✐♦♥✱ ❛♥❞ r❡♣♦rts t❤❛t

t❤❡ ✐♥str✉♠❡♥t ✐s str♦♥❣✱ ✇✐t❤ ❛♥ F ✲st❛t✐st✐❝ ♦❢ ♦✈❡r ✹✵✳

✹ ●❡♥❡r♦s✐t② ❛♥❞ Pr♦s♦❝✐❛❧ ❇❡❤❛✈✐♦r

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

❛❜♦✉t ❢❛✐r♥❡ss✳ ❊❝♦♥♦♠✐sts ❤❛✈❡ ❛r❣✉❡❞ ❢♦r t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ s✉❝❤ ✏s♦❝✐❛❧ ♣r❡❢❡r❡♥❝❡s✑ ✐♥

❞♦♠❛✐♥s ✐♥❝❧✉❞✐♥❣ ❝❤❛r✐t❛❜❧❡ ❞♦♥❛t✐♦♥s ✭❆♥❞r❡♦♥✐ ✶✾✾✽✮✱ s✉♣♣♦rt ❢♦r r❡❞✐str✐❜✉t✐♦♥ ✭❆❧❡s✐♥❛

❛♥❞ ●❧❛❡s❡r ✷✵✵✺✮✱ ✈♦t❡r t✉r♥♦✉t ✭❊❞❧✐♥ ❡t ❛❧✳ ✷✵✵✼✮✱ ❛♥❞ ❧❛❜♦r ♠❛r❦❡ts ✭❆❦❡r❧♦❢ ✶✾✽✹✱

❇❛♥❞✐❡r❛ ❡t ❛❧✳ ✷✵✵✺✮✳ ❘❡s❡❛r❝❤❡rs ❤❛✈❡ ♠❡❛s✉r❡❞ s♦❝✐❛❧ ♣r❡❢❡r❡♥❝❡s ✐♥ t❤❡ ✜❡❧❞ ✉s✐♥❣

❜❡❤❛✈✐♦rs ❧✐❦❡ ❝❤❛r✐t❛❜❧❡ ❣✐✈✐♥❣ ❛♥❞ ♣✉❜❧✐❝ ❣♦♦❞s ♣r♦✈✐s✐♦♥ ✭❉❡❧❧❛❱✐❣♥❛ ✷✵✵✾✮✱ ❛♥❞ ✐♥ t❤❡

❧❛❜ ✉s✐♥❣ ❞✐❝t❛t♦r ❣❛♠❡s ✭❑❛❤♥❡♠❛♥ ❡t ❛❧✳ ✶✾✽✻✮✱ ✇❤❡r❡ t❤❡ ♣❛rt✐❝✐♣❛♥t ✭t❤❡ ✏❞✐❝t❛t♦r✑✮

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

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

❡①♣❡r✐❡♥❝❡s✱ ✐♥❝❧✉❞✐♥❣ ❡❞✉❝❛t✐♦♥ ✭❏❛❦✐❡❧❛ ❡t ❛❧✳ ✷✵✶✵✮✱ t❤❡ ✐❞❡♦❧♦❣② ♦❢ ♦♥❡✬s ❝♦❧❧❡❣❡ ♣r♦❢❡s✲

s♦rs ✭❋✐s♠❛♥ ❡t ❛❧✳ ✷✵✶✷✮✱ ♣♦❧✐t✐❝❛❧ ✈✐♦❧❡♥❝❡ ✭❉❡ ❱♦♦rs ❡t ❛❧✳ ✷✵✶✷✮ ❛♥❞ ♠❛❝r♦❡❝♦♥♦♠✐❝

❝♦♥❞✐t✐♦♥s ✭❋✐s♠❛♥ ❡t ❛❧✳ ✷✵✶✸✮✳ ❘❡s❡❛r❝❤❡rs ❤❛✈❡ ❛❧s♦ ❜❡❣✉♥ t♦ tr❛❝❡ t❤❡ ❡♠❡r❣❡♥❝❡ ♦❢

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

✹✲✽ ✭❋❡❤r ❡t ❛❧✳ ✷✵✵✽✮✱ ✇❤✐❧❡ ♠♦r❡ s♦♣❤✐st✐❝❛t❡❞ ♥♦t✐♦♥s ♦❢ ❢❛✐r♥❡ss ❡♠❡r❣❡ ✐♥ ❛❞♦❧❡s❝❡♥❝❡

✭❆❧♠❛s ❡t ❛❧✳ ✷✵✶✵✮✳

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

✇❡❛❧t❤② st✉❞❡♥ts✳ ■ ♠❡❛s✉r❡ s✉❝❤ ❜❡❤❛✈✐♦r ✐♥ t✇♦ ✇❛②s✿ ✐♥ t❤❡ ✜❡❧❞ ✉s✐♥❣ ❛❞♠✐♥✐str❛t✐✈❡

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

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

❝❧❛ss♠❛t❡s ✐♥ s❝❤♦♦❧✳ ◆❡①t✱ ■ s❤♦✇ t❤❛t t❤❡ ✐♥❝r❡❛s❡ ✐♥ ♣r♦s♦❝✐❛❧ ❜❡❤❛✈✐♦r ✐s ❛❧s♦ ✈✐s✐❜❧❡ ✐♥ t❤❡

✶✹▼♦r❡ s♦♣❤✐st✐❝❛t❡❞ ✈❡rs✐♦♥s ♦❢ ❞✐❝t❛t♦r ❣❛♠❡s ♠✐❣❤t ✈❛r② t❤❡ ✐❞❡♥t✐t② ♦❢ t❤❡ r❡❝✐♣✐❡♥t ✭❍♦✛♠❛♥ ❡t ❛❧✳
✶✾✾✻✮ ♦r ✈❛r② t❤❡ ❡①❝❤❛♥❣❡ r❛t❡ ❛t ✇❤✐❝❤ ♠♦♥❡② ❝❛♥ ❜❡ tr❛♥s❢❡rr❡❞ ❜❡t✇❡❡♥ t❤❡ ❞✐❝t❛t♦r✬s ❡♥❞♦✇♠❡♥t ❛♥❞
t❤❡ r❡❝✐♣✐❡♥t ✭❆♥❞r❡♦♥✐ ❛♥❞ ▼✐❧❧❡r ✷✵✵✷✮✳ ❈❤♦✐❝❡s ♠❛❞❡ ✐♥ s✉❝❤ ❧❛❜ ❣❛♠❡s ❤❛✈❡ ❜❡❡♥ s❤♦✇♥ t♦ ♣r❡❞✐❝t
r❡❛❧✲✇♦r❧❞ ❜❡❤❛✈✐♦r s✉❝❤ ❛s ❝❤❛r✐t❛❜❧❡ ❞♦♥❛t✐♦♥s ✭❇❡♥③ ❛♥❞ ▼❡✐❡r ✷✵✵✽✮✱ ❧♦❛♥ r❡♣❛②♠❡♥t ✭❑❛r❧❛♥ ✷✵✵✺✮ ❛♥❞
✈♦t✐♥❣ ❜❡❤❛✈✐♦r ✭❋✐♥❛♥ ❛♥❞ ❙❝❤❡❝❤t❡r ✷✵✶✷✮✳

✶✹



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

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

♣r❡❢❡r❡♥❝❡s ♦✈❡r ♠♦♥❡t❛r② ♣❛②♦✛s✳

✹✳✶ Pr♦s♦❝✐❛❧ ❇❡❤❛✈✐♦r ✲ ❱♦❧✉♥t❡❡r✐♥❣ ❢♦r ❈❤❛r✐t②

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

✐♥ ❉❡❧❤✐✳ ❆❧❧ t❤❡ s❝❤♦♦❧s ✐♥ ♠② s❛♠♣❧❡ ♣r♦✈✐❞❡ st✉❞❡♥ts ✇✐t❤ ♦❝❝❛s✐♦♥❛❧ ♦♣♣♦rt✉♥✐t✐❡s t♦

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

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

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

r❛✐s❡ ♠♦♥❡② ❢♦r t❤❡ ❝❤❛r✐t②✳ P❛rt✐❝✐♣❛t✐♦♥ ✐♥ t❤❡s❡ ❡✈❡♥ts ✐s str✐❝t❧② ✈♦❧✉♥t❛r②❀ ♦♥❧② ✷✽✪ ♦❢

st✉❞❡♥ts ❝❤♦♦s❡ t♦ ❛tt❡♥❞✳ ❱♦❧✉♥t❡❡r✐♥❣ ❛❝t✐✈✐t✐❡s t❤✉s s❡r✈❡ ❛s ❛ ♥❛t✉r❛❧ r❡❛❧✲✇♦r❧❞ ♠❡❛s✉r❡

♦❢ ♣r♦s♦❝✐❛❧ ❜❡❤❛✈✐♦r✳

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

❡❝♦♥♦♠❡tr✐❝ str❛t❡❣✐❡s ❞❡s❝r✐❜❡❞ ✐♥ t❤❡ ♣r❡✈✐♦✉s s❡❝t✐♦♥ t♦ ✐❞❡♥t✐❢② t❤❡ ❡✛❡❝ts ♦❢ ♣♦♦r st✉✲

❞❡♥ts ♦♥ t❤❡✐r ✇❡❛❧t❤② ❝❧❛ss♠❛t❡s✳ ❋✐❣✉r❡ ✸❛ ❣r❛♣❤✐❝❛❧❧② ❞❡♣✐❝ts t❤❡ ❞✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡s

str❛t❡❣②✱ ♣❧♦tt✐♥❣ t❤❡ s❤❛r❡ ♦❢ st✉❞❡♥ts ✈♦❧✉♥t❡❡r✐♥❣ ❜② ❣r❛❞❡ ❛♥❞ s❝❤♦♦❧ t②♣❡✳ ❚❤❡ ❣r❛♣❤

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

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

♠❡♥t✮✳ ❚❤✐s s✉❣❣❡sts t❤❛t t❤❡ ❝♦♥tr♦❧ s❝❤♦♦❧s ❛r❡ ♥♦t ❡s♣❡❝✐❛❧❧② ❜❛❞ ❛t t❡❛❝❤✐♥❣ ♣r♦s♦❝✐❛❧

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

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

❣r❛❞❡s ✷ ❛♥❞ ✸ ✲ ♣r❡❝✐s❡❧② t❤❡ ❣r❛❞❡s ✇❤✐❝❤ ❝♦♥t❛✐♥ ♣♦♦r st✉❞❡♥ts✳ ❚❤❡ s❛♠❡ ♣❛tt❡r♥ ✐s

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

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

✇❡❛❧t❤② st✉❞❡♥ts✬ ♣r♦s♦❝✐❛❧ ❜❡❤❛✈✐♦r✳

❋✐❣✉r❡ ✸❜ s❤♦✇s t❤❡ ❡✛❡❝t ♦❢ ❤❛✈✐♥❣ ❛ ♣♦♦r st✉❞② ♣❛rt♥❡r✱ ❛♥❞ ❝♦♥✈❡②s t❤❡ ❡ss❡♥❝❡ ♦❢

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

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

✶✺



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

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

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

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

❛♥ ✐♥❝r❡❛s❡ ✐♥ ♣r♦s♦❝✐❛❧ ❜❡❤❛✈✐♦r✳

❚❤❡ r❡❣r❡ss✐♦♥ r❡s✉❧ts ✐♥ ❚❛❜❧❡ ✷ ❝♦♥✜r♠ t❤❡s❡ ✜♥❞✐♥❣s✱ ❛♥❞ ❛tt❛❝❤ ❛ ♣r❡❝✐s❡ ♠❛❣♥✐t✉❞❡

t♦ t❤❡ ❡✛❡❝ts✳ ❈♦❧✉♠♥ ✶ r❡♣♦rts t❤❡ ♠❛✐♥ ❞✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡s ❡st✐♠❛t❡ ❛♥❞ s❤♦✇s t❤❛t

❤❛✈✐♥❣ ♣♦♦r ❝❧❛ss♠❛t❡s ✐♥❝r❡❛s❡s ✈♦❧✉♥t❡❡r✐♥❣ ❜② ✶✵ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭s❡ ✷✳✹✮✱ ❛♥ ✐♥❝r❡❛s❡

♦❢ ✹✸✪ ♦r ✵✳✷✺ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s ♦✈❡r t❤❡ ✈♦❧✉♥t❡❡r✐♥❣ r❛t❡ ✐♥ ❝♦♥tr♦❧ ❝❧❛ssr♦♦♠s✳ ❚❤❡

❡✛❡❝t r❡♠❛✐♥s ❤✐❣❤❧② s✐❣♥✐✜❝❛♥t ✭p < 0.01✮ ✇❤❡♥ st❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞ ❛t t❤❡ s❝❤♦♦❧

❧❡✈❡❧ ✉s✐♥❣ t❤❡ ✇✐❧❞ ❝❧✉st❡r ❜♦♦tstr❛♣ ♠❡t❤♦❞ ♦❢ ❈❛♠❡r♦♥ ❡t ❛❧✳ ✭✷✵✵✽✮✳ ❈♦❧✉♠♥ ✷ r❡♣♦rts

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

✐♥ t❤❡ s❛♠❡ s❝❤♦♦❧✳ ❚❤❡ r❡s✉❧ts ❛r❡ s✐♠✐❧❛r ❛♥❞ ♥♦t st❛t✐st✐❝❛❧❧② ❞✐✛❡r❡♥t✿ ❛♥ ✐♥❝r❡❛s❡ ✐♥

✈♦❧✉♥t❡❡r✐♥❣ ♦❢ ✼ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭s❡ ✸✳✵✮✳ ❈♦❧✉♠♥ ✸ r❡♣♦rts t❤❡ ✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡

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

st✉❞② ♣❛rt♥❡r ❝❛✉s❛❧❧② ✐♥❝r❡❛s❡s ✈♦❧✉♥t❡❡r✐♥❣ ❜② ✶✸ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭s❡ ✽✳✻✮✱ ❛♥ ✐♠♣r❡❝✐s❡❧②

❡st✐♠❛t❡❞ ✐♥❝r❡❛s❡ ♦❢ ✺✸✪ ♦✈❡r st✉❞❡♥ts ✇✐t❤♦✉t ❛♥② ♣♦♦r st✉❞② ♣❛rt♥❡rs✳

✹✳✷ ❉✐❝t❛t♦r ●❛♠❡s

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

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

■ ✉s❡ t✇♦ ❞✐❝t❛t♦r ❣❛♠❡s t♦ ♠❡❛s✉r❡ t❤❡✐r ❣❡♥❡r♦s✐t② t♦✇❛r❞s ❜♦t❤ ♣♦♦r ❛♥❞ r✐❝❤ r❡❝✐♣✐❡♥ts✳

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

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

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

Pr♦t♦❝♦❧✳ ❲✐t❤✐♥ ❡❛❝❤ s❝❤♦♦❧✱ ■ r❛♥❞♦♠❧② s❡❧❡❝t❡❞ ❛❜♦✉t ✸✵ st✉❞❡♥ts ❢r♦♠ ❡❛❝❤ ♦❢ ❣r❛❞❡s

✷ t❤r♦✉❣❤ ✺✳ ■ ✐♥✈✐t❡❞ t❤❡s❡ st✉❞❡♥ts t♦ ❡①♣❡r✐♠❡♥t❛❧ s❡ss✐♦♥s ❝♦♥❞✉❝t❡❞ ✐♥ ❛ s❡♣❛r❛t❡ r♦♦♠

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

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

✶✻



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

♦♥❧② ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ t✇♦ ❣❛♠❡s ✇❛s t❤❡ ✐❞❡♥t✐t② ♦❢ t❤❡ r❡❝✐♣✐❡♥t✳ ■♥ ♦♥❡ ❣❛♠❡✱ t❤❡

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

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

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

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

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

✐♠♣❧❡♠❡♥t❛t✐♦♥ t❤r♦✉❣❤ ❛ ❝♦✐♥ t♦ss✳

❚❤❡ ❞❡❝✐s✐♦♥ s❤❡❡t ❝♦♥t❛✐♥❡❞ ❛ t❛❜❧❡ ✇✐t❤ r♦✇s ❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ ♣♦ss✐❜❧❡ s♣❧✐ts

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

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

✈❛❧✉❡s ♣❡r♠✐tt❡❞✳ ❙t✉❞❡♥ts ✇❡r❡ ❛s❦❡❞ t♦ ❝✐r❝❧❡ t❤❡✐r ❞❡s✐r❡❞ ❛❧❧♦❝❛t✐♦♥✳ ❆s ❛ ❝❤❡❝❦✱ t❤❡②

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

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

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

t❤❡ ♣r♦❝❡❞✉r❡ ✈❡r② ✇❡❧❧✱ ❛♥❞ ✇❡r❡ ❛❜❧❡ t♦ ❝♦rr❡❝t❧② st❛t❡ ❤♦✇ ♠✉❝❤ t❤❡② ✇♦✉❧❞ r❡❝❡✐✈❡ ❜②

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

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

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

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

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

q✉❡st✐♦♥s ❢♦r ❛ r❡❧❛t❡❞ r❡s❡❛r❝❤ ♣r♦❥❡❝t✳ ❆t t❤❡ ❡♥❞ ♦❢ t❤✐s ♣❡r✐♦❞✱ s❡❛❧❡❞ ❡♥✈❡❧♦♣❡s ✇❡r❡

r❡t✉r♥❡❞ t♦ st✉❞❡♥ts ❝♦♥t❛✐♥✐♥❣ t❤❡✐r ❝❤♦s❡♥ ♣❛②♦✛✳ ❙t✉❞❡♥ts t❤❡♥ ❤❛❞ t❤❡ ♦♣t✐♦♥ t♦ ✉s❡

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

s❡t ✉♣ ❜② t❤❡ ❡①♣❡r✐♠❡♥t❡r✳

P♦♦r ❘❡❝✐♣✐❡♥t ✳ ■ ✜♥❞ t❤❛t ❤❛✈✐♥❣ ♣♦♦r ❝❧❛ss♠❛t❡s ❛♥❞ ✐♥t❡r❛❝t✐♥❣ ✇✐t❤ t❤❡♠ ✐♥ st✉❞②

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

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

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

✶✼



♣♦✐♥ts ✭s❡ ✶✳✾✮✱ ❛♥ ✐♥❝r❡❛s❡ ♦❢ ✹✺✪ ♦r ✵✳✹✺ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s ♦✈❡r t❤❡ ❛✈❡r❛❣❡ ❣✐✈✐♥❣ ✐♥

❝♦♥tr♦❧ ❝❧❛ssr♦♦♠s✳ ❚❤❡ r❡s✉❧ts ❛r❡ ✈❡r② s✐♠✐❧❛r ❢♦r t❤❡ r❡❞✉❝❡❞ s❛♠♣❧❡ ♦❢ ②♦✉♥❣❡r s✐❜❧✐♥❣s

✭❈♦❧✉♠♥ ✷✮✳ ❚❤❡ ✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡ ❡st✐♠❛t❡s ♦❢ ❈♦❧✉♠♥ ✸ s❤♦✇ t❤❛t ❤❛✈✐♥❣ ❛t ❧❡❛st

♦♥❡ ♣♦♦r st✉❞② ♣❛rt♥❡r ♣❛rt♥❡r ❝❛✉s❛❧❧② ✐♥❝r❡❛s❡s ❣✐✈✐♥❣ ❜② ✼ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭s❡ ✸✳✶✮✱ ❛♥

✐♥❝r❡❛s❡ ♦❢ ✷✷✪✳

❘✐❝❤ ❘❡❝✐♣✐❡♥t✳ ❋✐❣✉r❡ ✺ ♣❧♦ts t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ r❡s✉❧ts ❢♦r t❤❡ ❛♠♦✉♥ts s❤❛r❡❞ ✇✐t❤ r✐❝❤

r❡❝✐♣✐❡♥ts✳ ❚❤❡② s❤♦✇ ❛ ✈❡r② s✐♠✐❧❛r ♣❛tt❡r♥ t♦ t❤❡ r❡s✉❧ts ❢♦r ♣♦♦r r❡❝✐♣✐❡♥ts✱ ❛❧❜❡✐t ✇✐t❤

s❧✐❣❤t❧② s♠❛❧❧❡r ❡✛❡❝t s✐③❡s✳ ❚❛❜❧❡ ✹ r❡♣♦rts t❤❛t ❤❛✈✐♥❣ ♣♦♦r ❝❧❛ss♠❛t❡s ✐♥❝r❡❛s❡s ❣✐✈✐♥❣ t♦

✇❡❛❧t❤② r❡❝✐♣✐❡♥ts ❜② ✷✼✪ ✭s❡ ✺✪✮✱ ✇❤✐❧❡ ❤❛✈✐♥❣ ❛ ♣♦♦r st✉❞② ♣❛rt♥❡r ✐♥❝r❡❛s❡s ❣✐✈✐♥❣ ❜② ❛

❧❡ss ♣r❡❝✐s❡❧② ❡st✐♠❛t❡❞ ✹✷✪ ✭s❡ ✷✸✪✮✳

❚❤✐s ✐♥❝r❡❛s❡ ✐♥ ❣❡♥❡r♦s✐t② t♦✇❛r❞s r✐❝❤ st✉❞❡♥ts ❛♣♣❡❛rs ♣✉③③❧✐♥❣ ❛t ✜rst✳ ❲❤② ✇♦✉❧❞

❡①♣♦s✉r❡ t♦ ♣♦♦r ❝❤✐❧❞r❡♥ ♠❛❦❡ ♦♥❡ ♠♦r❡ ❣❡♥❡r♦✉s t♦✇❛r❞s r✐❝❤ ❝❤✐❧❞r❡♥❄ ❋✐❣✉r❡ ✻ ♣r♦✈✐❞❡s

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

tr❡❛t❡❞ ❛♥❞ ✉♥tr❡❛t❡❞ ❝❧❛ssr♦♦♠s✳ ❚❤❡ ✜❣✉r❡s s❤♦✇ ❛ ❞✐st✐♥❝t ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♣r♦❜❛❜✐❧✐t②

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

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

♦✈❡r ♠♦♥❡t❛r② ♣❛②♦✛s✳

❊❣❛❧✐t❛r✐❛♥ Pr❡❢❡r❡♥❝❡s✳ ❚♦ ❡①♣❧♦r❡ t❤✐s ♣♦ss✐❜✐❧✐t② ❢✉rt❤❡r✱ ■ ✉s❡ ❛ s❡t ♦❢ t❤r❡❡ s✐♠♣❧❡

❞✐❝t❛t♦r ❣❛♠❡s ❞❡s✐❣♥❡❞ t♦ ✐❞❡♥t✐❢② ✇❤❡t❤❡r s✉❜❥❡❝ts ❞✐s❧✐❦❡ ✉♥❡q✉❛❧ ❛❧❧♦❝❛t✐♦♥s✳✶✺ ❊❛❝❤

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

♣❛②♦✛s✳ ❚❤❡ ❧❡ss ❡q✉❛❧ ♦♣t✐♦♥ ♣r♦✈✐❞❡s ❛ ❤✐❣❤❡r ♣❡rs♦♥❛❧ ♣❛②♦✛ ✭✐♥ t❤❡ ✏❡q✉❛❧✐t② ❣❛♠❡✑✮ ♦r

❛ ❤✐❣❤❡r s✉♠ ♦❢ ♣❛②♦✛s ❢♦r t❤❡ t✇♦ r❡❝✐♣✐❡♥ts ✭✐♥ t❤❡ t✇♦ ✏❞✐s✐♥t❡r❡st❡❞✑ ❞✐❝t❛t♦r ❣❛♠❡s✮✳

❚❤❡ ♣❛②♦✛s ✐♥ t❤❡ ❣❛♠❡s ❛r❡ ❧✐st❡❞ ✐♥ t❤❡ t❛❜❧❡ ❜❡❧♦✇✳✶✻

▼♦r❡ ❡q✉❛❧ ♦♣t✐♦♥ ▲❡ss ❡q✉❛❧ ♦♣t✐♦♥
❊q✉❛❧✐t② ●❛♠❡ ❉✐❝t❛t♦r❂✺✱ ❘❡❝✐♣ ❂✺ ❉✐❝t❛t♦r❂✻✱ ❘❡❝✐♣ ❂✶
❉✐s✐♥t❡r❡st❡❞ ●❛♠❡ ✶ ❘❡❝✐♣ ❆ ❂ ✹✱ ❘❡❝✐♣ ❇ ❂ ✹ ❘❡❝✐♣ ❆ ❂ ✽✱ ❘❡❝✐♣ ❇ ❂ ✸
❉✐s✐♥t❡r❡st❡❞ ●❛♠❡ ✷ ❘❡❝✐♣ ❆ ❂ ✹✱ ❘❡❝✐♣ ❇ ❂ ✹ ❘❡❝✐♣ ❆ ❂ ✶✷✱ ❘❡❝✐♣ ❇ ❂ ✵

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

✶✺❚❤❡s❡ ❣❛♠❡s ❛r❡ ❛❞❛♣t❡❞ ❢r♦♠ ❈❤❛r♥❡ss ❛♥❞ ❘❛❜✐♥ ✭✷✵✵✷✮✳
✶✻◆♦t❡ t❤❛t t❤❡ ❣❛♠❡s t❤❡♠s❡❧✈❡s ✇❡r❡ ♣r❡s❡♥t❡❞ ✇✐t❤♦✉t ❧❛❜❡❧s✱ ❛♥❞ t❤❡ ♦r❞❡r ♦❢ t❤❡ t✇♦ ♦♣t✐♦♥s ✇❛s

r❛♥❞♦♠✐③❡❞✳
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t❤❡ ♠♦r❡ ❡q✉❛❧ ♦✉t❝♦♠❡✳ ❈♦❧✉♠♥ ✶ s❤♦✇s t❤❛t tr❡❛t❡❞ st✉❞❡♥ts ❛r❡ ✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts

♠♦r❡ ❧✐❦❡❧② t♦ r❡❞✉❝❡ t❤❡✐r ♦✇♥ ♣❛②♦✛ ❜② ❝❤♦♦s✐♥❣ ✭✺✱✺✮ ♦✈❡r ✭✻✱✶✮ ✐♥ t❤❡ ❡q✉❛❧✐t② ❣❛♠❡✱

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

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

t❤❡② ❛r❡ ✶✷ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ ❧✐❦❡❧② t♦ ❝❤♦♦s❡ ✭✹✱✹✮ ♦✈❡r ✭✽✱✸✮ ❛♥❞ ✶✹ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts

♠♦r❡ ❧✐❦❡❧② t♦ ♣✐❝❦ ✭✹✱✹✮ ♦✈❡r ✭✶✷✱✵✮✳

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

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

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

❡♥❝❡s ♦✈❡r ♠♦♥❡t❛r② ♣❛②♦✛s✳ ❚❤✐s ✐s ❛♥ ✐♠♣♦rt❛♥t ♣♦✐♥t✱ s✉❣❣❡st✐♥❣ t❤❛t ✐♥t❡r❛❝t✐♥❣ ✇✐t❤

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

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

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

t❡❡r✐♥❣ ❜❡❤❛✈✐♦r ❞❡s❝r✐❜❡❞ ♣r❡✈✐♦✉s❧②✳ P✉tt✐♥❣ t♦❣❡t❤❡r t❤❡ ✜♥❞✐♥❣s ♦❢ ✐♥❝r❡❛s❡❞ ❣❡♥❡r♦s✐t②

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

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

✺ ❙♦❝✐❛❧ ■♥t❡r❛❝t✐♦♥s ❛♥❞ ❉✐s❝r✐♠✐♥❛t✐♦♥

❉✐s❝r✐♠✐♥❛t✐♦♥ ✐s ❛ ♣❡r✈❛s✐✈❡ ❛♥❞ ✐♠♣♦rt❛♥t ♣❤❡♥♦♠❡♥♦♥ ✐♥ ❧❛❜♦r ♠❛r❦❡ts ✭●♦❧❞✐♥ ❛♥❞

❘♦✉s❡ ✷✵✵✵✱ ❇❡rtr❛♥❞ ❛♥❞ ▼✉❧❧❛✐♥❛t❤❛♥ ✷✵✵✹✮✱ ❧❛✇ ❡♥❢♦r❝❡♠❡♥t ✭P❡rs✐❝♦ ✷✵✵✾✮✱ r❡s✐❞❡♥t✐❛❧

❧♦❝❛t✐♦♥ ❝❤♦✐❝❡ ✭❇❡❝❦❡r ❛♥❞ ▼✉r♣❤② ✷✵✵✾✮ ❛♥❞ ♦t❤❡r ❝♦♥t❡①ts✳ ❚❤❡♦r✐❡s ♦❢ ❞✐s❝r✐♠✐♥❛t✐♦♥

❛r❡ ♦❢ t✇♦ ♠❛✐♥ t②♣❡s✿ t❛st❡✲❜❛s❡❞ ❞✐s❝r✐♠✐♥❛t✐♦♥✱ r❡✢❡❝t✐♥❣ ❛♥ ✐♥♥❛t❡ ❛♥✐♠♦s✐t② t♦✇❛r❞s

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

r❡s✉❧ts ❢r♦♠ ✐♠♣❡r❢❡❝t ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t ♣r♦❞✉❝t✐✈✐t② ♦r ❛❜✐❧✐t② ✭P❤❡❧♣s ✶✾✼✷✱ ❆rr♦✇ ✶✾✼✸✱

❆✐❣♥❡r ❛♥❞ ❈❛✐♥ ✶✾✼✼✮✳

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

❇✉t s♦❝✐❛❧ ✐♥t❡r❛❝t✐♦♥ ♠♦❞❡❧s ❛❧s♦ ❡①♣❧❛✐♥ ❢❡❛t✉r❡s ♦❢ r❡s✐❞❡♥t✐❛❧ ♣❛tt❡r♥s ✭❙❝❤❡❧❧✐♥❣ ✶✾✼✶✮✱

❝♦❧❧❡❝t✐✈❡ ❛❝t✐♦♥ ✭●r❛♥♦✈❡tt❡r✱ ✶✾✼✽✮✱ ❥♦❜ s❡❛r❝❤ ✭❇❡❛♠❛♥ ❛♥❞ ▼❛❣r✉❞❡r ✷✵✶✷✮ ❛♥❞ t❤❡

✶✾



♠❛rr✐❛❣❡ ♠❛r❦❡t✳ ❈❤❛♥❣❡s ✐♥ ✇✐❧❧✐♥❣♥❡ss t♦ ✐♥t❡r❛❝t ✇✐t❤ ♠❡♠❜❡rs ♦❢ ♦t❤❡r s♦❝✐❛❧ ❣r♦✉♣s

❛r❡ t❤❡r❡❢♦r❡ ❛ ♣♦t❡♥t✐❛❧❧② ✐♠♣♦rt❛♥t ♦✉t❝♦♠❡ ♦❢ ❞✐✈❡rs✐t② ✐♥ s❝❤♦♦❧s✳ ■♥❞❡❡❞✱ t❤❡♦r② s✉❣❣❡sts

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

s✐♥❝❡ s♦❝✐❛❧ ✐♥t❡r❛❝t✐♦♥ ♠♦❞❡❧s ♦❢t❡♥ ❢❡❛t✉r❡ ♠✉❧t✐♣❧❡ ❡q✉✐❧✐❜r✐❛ ✭❈❛r❞ ❡t ❛❧✳ ✷✵✵✽✮✳

■♥ t❤✐s s❡❝t✐♦♥✱ ■ ❡st✐♠❛t❡ ❤♦✇ ❤❛✈✐♥❣ ♣♦♦r ❝❧❛ss♠❛t❡s ✐♥ s❝❤♦♦❧ ❛✛❡❝ts r✐❝❤ st✉❞❡♥ts✬

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

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

✜rst ✐s ❛ t❡❛♠ s❡❧❡❝t✐♦♥ ✜❡❧❞ ❡①♣❡r✐♠❡♥t ❞❡s✐❣♥❡❞ t♦ ❡st✐♠❛t❡ t❛st❡✲❜❛s❡❞ ❞✐s❝r✐♠✐♥❛t✐♦♥

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

st✉❞❡♥ts ✏✇✐❧❧✐♥❣♥❡ss t♦ ♣❧❛②✑ ✲ t❤❡ ❝♦st t❤❡② ❛tt❛❝❤ t♦ ❛tt❡♥❞✐♥❣ ❛ ♣❧❛② ❞❛t❡ ✇✐t❤ ♣♦♦r

❝❤✐❧❞r❡♥✳

✺✳✶ ❚❡❛♠✲❙❡❧❡❝t✐♦♥ ❋✐❡❧❞ ❊①♣❡r✐♠❡♥t

❉❡s✐❣♥✳ ❚❤❡ ♠❛✐♥ ✐❞❡❛ ♦❢ t❤❡ t❡❛♠✲s❡❧❡❝t✐♦♥ ❡①♣❡r✐♠❡♥t ✐s t♦ ❝r❡❛t❡ ❛ tr❛❞❡♦✛ ❢♦r ✇❡❛❧t❤②

st✉❞❡♥ts ❜❡t✇❡❡♥ ❝❤♦♦s✐♥❣ ❛ ❤✐❣❤ ❛❜✐❧✐t② t❡❛♠♠❛t❡ ✭❛♥❞ t❤✉s ✐♥❝r❡❛s✐♥❣ t❤❡✐r ♦✇♥ ❡①♣❡❝t❡❞

♣❛②♦✛✮ ✈❡rs✉s ❝❤♦♦s✐♥❣ ❛ ❧♦✇❡r✲❛❜✐❧✐t② t❡❛♠♠❛t❡ ✇✐t❤ ✇❤♦♠ t❤❡② ✇♦✉❧❞ ♣r❡❢❡r t♦ s♦❝✐❛❧✐③❡✳

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

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

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

s♦❝✐❛❧✐③✐♥❣ ✇✐t❤ t❤❡✐r t❡❛♠♠❛t❡s✳

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

t✇♦ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s ✲ ♦♥❡ ❛ tr❡❛t♠❡♥t s❝❤♦♦❧✱ ❛♥❞ t❤❡ ♦t❤❡r ❛ ❝♦♥tr♦❧ s❝❤♦♦❧✳ ❚❤❡

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

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

t❤❛t ❛tt❡♥❞❛♥❝❡ ✐♥ t❤✐s s✉♣♣♦rt✐♥❣ r♦❧❡ ✇❛s ❝♦♠♣✉❧s♦r② ❢♦r st✉❞❡♥ts ✐♥ ❜♦t❤ s❝❤♦♦❧s❀ t❤❡

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

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

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

♣❛rt✐❝✉❧❛r ✐♥t❡r❡st ✐♥ ❛t❤❧❡t✐❝s✳

✷✵



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

❘❛♥❞♦♠✐③❛t✐♦♥✳ ❋✐rst✱ st✉❞❡♥ts ✇❡r❡ r❛♥❞♦♠✐③❡❞ t♦ ❞✐✛❡r❡♥t s❡ss✐♦♥s ✭s❡♣❛r❛t❡❧② ❜②

❣❡♥❞❡r✮ ✇✐t❤ ✈❛r②✐♥❣ st❛❦❡s ❢♦r ✇✐♥♥✐♥❣ t❤❡ s✉❜s❡q✉❡♥t r❡❧❛② r❛❝❡ ✲ ❡✐t❤❡r ❘s✳ ✺✵✵✱ ❘s✳ ✷✵✵

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

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

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

✜❢t❡❡♥ ♠✐♥✉t❡s✳ ❚❤✐s ❡♥s✉r❡❞ t❤❛t st✉❞❡♥ts ✇❡r❡ ❛❜❧❡ t♦ ❛❝❝✉r❛t❡❧② ✐❞❡♥t✐❢② t❤❡ ❞✐✛❡r❡♥❝❡

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

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

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

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

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

❆❜✐❧✐t② ❘❡✈❡❧❛t✐♦♥ ❛♥❞ ❚❡❛♠ ❙❡❧❡❝t✐♦♥✳ ❙t✉❞❡♥ts ✇❛t❝❤❡❞ ❛ s❡r✐❡s ♦❢ ♦♥❡✲♦♥✲♦♥❡ s♣r✐♥ts✱

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

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

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

r❛♥❦ ✭✜rst ♦r s❡❝♦♥❞✮ ❛♥❞ t✐♠❡s ♦❢ t❤❡ t✇♦ r✉♥♥❡rs ✇❡r❡ ❛♥♥♦✉♥❝❡❞✳ P❛rt✐❝✐♣❛♥ts t❤❡♥

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

t❤❡✐r t✇♦✲♣❡rs♦♥ t❡❛♠ ❢♦r ❛ s✐①✲t❡❛♠ r❡❧❛② r❛❝❡✳

❈❤♦✐❝❡ ■♠♣❧❡♠❡♥t❛t✐♦♥ ❛♥❞ ❘❡❧❛② ❘❛❝❡✳ ❆❢t❡r t❤❡ s♣r✐♥ts ✇❡r❡ ❝♦♠♣❧❡t❡✱ s✐① st✉❞❡♥ts

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

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

♣r✐③❡s ✇❡r❡ ❞✐str✐❜✉t❡❞ ❛s ♣r♦♠✐s❡❞✳

❙♦❝✐❛❧✐③✐♥❣ ✇✐t❤ ❚❡❛♠♠❛t❡✳ ❆❢t❡r t❤❡ ♣r✐③❡s ✇❡r❡ ❞✐str✐❜✉t❡❞✱ st✉❞❡♥ts ✇❡r❡ r❡q✉✐r❡❞ t♦

s♣❡♥❞ t✇♦ ❤♦✉rs s♦❝✐❛❧✐③✐♥❣ ✇✐t❤ t❤❡✐r t❡❛♠♠❛t❡✳ ❚❤❡② ✇❡r❡ ♣r♦✈✐❞❡❞ ✇✐t❤ ❜♦❛r❞ ❣❛♠❡s

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

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

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

♠✐♥✉t❡s s♣❡♥t ♦♥ t❤❡ r❡❧❛② r❛❝❡ ✐ts❡❧❢✳
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❘❡❞✉❝❡❞ ❋♦r♠ ❘❡s✉❧ts✳ ❚❤❡ ✜rst r❡❞✉❝❡❞ ❢♦r♠ ✜♥❞✐♥❣ ✐s s✐❣♥✐✜❝❛♥t ❞✐s❝r✐♠✐♥❛t✐♦♥

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

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

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

r❡✇❛r❞ ❝♦♥❞✐t✐♦♥s✱ ♣❛rt✐❝✐♣❛♥ts ❞✐s❝r✐♠✐♥❛t❡ ✶✾✪ ♦❢ t❤❡ t✐♠❡✳ ❚❤❡s❡ ❛r❡ ♥♦t ❥✉st ♠✐st❛❦❡s✱

s✐♥❝❡ t❤❡ s②♠♠❡tr✐❝ ♠✐st❛❦❡ ♦❢ ✏❞✐s❝r✐♠✐♥❛t✐♥❣✑ ❛❣❛✐♥st ❛ r✐❝❤ st✉❞❡♥t ♦❝❝✉rs ♦♥❧② ✸✪ ♦❢

t❤❡ t✐♠❡✳ ❆♥❞ ✇❤❡♥ ♣❛rt✐❝✐♣❛♥ts ❛r❡ ❝❤♦♦s✐♥❣ ❜❡t✇❡❡♥ t✇♦ r✉♥♥❡rs ❢r♦♠ t❤❡ s❛♠❡ ✭♦t❤❡r✮

s❝❤♦♦❧✱ t❤❡② ♣✐❝❦ t❤❡ s❧♦✇❡r r✉♥♥❡r ♦♥❧② ✷✪ ♦❢ t❤❡ t✐♠❡✳ ❚❤✉s✱ ♦♥❧② ♣♦♦r st✉❞❡♥ts ❝♦♠♣❡t✐♥❣

❛❣❛✐♥st r✐❝❤ st✉❞❡♥ts ❛r❡ s②st❡♠❛t✐❝❛❧❧② ❞✐s❝r✐♠✐♥❛t❡❞ ❛❣❛✐♥st✳

❚❤❡ s❡❝♦♥❞ ✜♥❞✐♥❣ ✐s t❤❛t ❞✐s❝r✐♠✐♥❛t✐♦♥ ❞❡❝r❡❛s❡s ❛s t❤❡ st❛❦❡s ✐♥❝r❡❛s❡✳ ■♥ t❤❡ ❝♦♥tr♦❧

s❝❤♦♦❧✱ ✸✺✪ ♦❢ ❝❤♦✐❝❡s ❡①❤✐❜✐t ❞✐s❝r✐♠✐♥❛t✐♦♥ ❛❣❛✐♥st t❤❡ ♣♦♦r ✐♥ t❤❡ ❘s✳ ✺✵ ❝♦♥❞✐t✐♦♥✱ ❜✉t

t❤✐s ❢❛❧❧s t♦ ✷✼✪ ✇❤❡♥ t❤❡ r❡✇❛r❞ ✐s ❘s✳ ✷✵✵✱ ❛♥❞ ♦♥❧② ✺✪ ✐♥ t❤❡ ❤✐❣❤❡st st❛❦❡s ❝♦♥❞✐t✐♦♥

♦❢ ❘s✳ ✺✵✵✳ ❚❤✐s r❡s✉❧t ✐s s❤♦✇♥ ❜② t❤❡ s♦❧✐❞ ❧✐♥❡ ✐♥ ❋✐❣✉r❡ ✼✱ ✇❤✐❝❤ ■ ✐♥t❡r♣r❡t ❛s ❛ ❞❡♠❛♥❞

❝✉r✈❡ ❢♦r ❞✐s❝r✐♠✐♥❛t✐♦♥✳

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

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

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

t❤❡ ❞❡♠❛♥❞ ❝✉r✈❡ ❢♦r ❞✐s❝r✐♠✐♥❛t✐♦♥ ✐s ❤✐❣❤❡r ❢♦r st✉❞❡♥ts ✇✐t❤ ♣♦♦r ❝❧❛ss♠❛t❡s✳ ❋✐❣✉r❡ ✽✭❛✮

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

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

✐♥ t❤❡ ❝♦♥tr♦❧ s❝❤♦♦❧ ✐♥ t❤❡ tr❡❛t❡❞ ❣r❛❞❡s ✷ ❛♥❞ ✸✱ ❜✉t ♥♦t ✐♥ ❣r❛❞❡s ✹ ❛♥❞ ✺✳ ❋✐❣✉r❡

✽✭❜✮ ✐♥st❡❛❞ ❞❡♣✐❝ts t❤❡ r❡❞✉❝❡❞ ❢♦r♠ ♦❢ t❤❡ ■❱ str❛t❡❣②✱ ♣❧♦tt✐♥❣ r❛t❡s ♦❢ ❞✐s❝r✐♠✐♥❛t✐♦♥

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

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

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

❧❡ss✳

❘❡❣r❡ss✐♦♥ ❡st✐♠❛t❡s ❛r❡ r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ✻✳ ❈♦❧✉♠♥ ✶ s❤♦✇s t❤❛t ❤❛✈✐♥❣ ❛ ♣♦♦r

✶✼■ ❞♦ ♥♦t ❝♦♥s✐❞❡r ❛ ❝❤♦✐❝❡ t♦ ❜❡ ❞✐s❝r✐♠✐♥❛t♦r② ✐❢ ✐t ✐♥✈♦❧✈❡s ❝❤♦♦s✐♥❣ ♦♥❡s ♦✇♥ s❝❤♦♦❧♠❛t❡ ♦✈❡r ❛
❤✐❣❤❡r✲❛❜✐❧✐t② ♣♦♦r st✉❞❡♥t✱ s✐♥❝❡ ♣❛rt✐❝✐♣❛♥ts ♠❛② ♣r❡❢❡r t♦ ♣❛rt♥❡r ✇✐t❤ ❝❤✐❧❞r❡♥ t❤❡② ❛❧r❡❛❞② ❦♥♦✇✳

✷✷



❝❧❛ss♠❛t❡ r❡❞✉❝❡s ❞✐s❝r✐♠✐♥❛t✐♦♥ ❜② ✶✷ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭s❡ ✺✮✳✶✽ ❚❤✐s ❡✛❡❝t ✐s ❝♦♠♣❛r❛❜❧❡

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

❘s✳ ✺✵ t♦ ❘s✳ ✷✵✵ ✭❛♥ ✐♥❝r❡❛s❡ ♦❢ ❛❜♦✉t ✩✸✮✳ ❈♦❧✉♠♥ ✷ s❤♦✇s t❤❛t ❤❛✈✐♥❣ ♣♦♦r ❝❧❛ss♠❛t❡s

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

♣♦✐♥t r❡❞✉❝t✐♦♥✮✳ ❈♦❧✉♠♥ ✸ r❡♣♦rts t❤❡ ■❱ r❡s✉❧t t❤❛t ❤❛✈✐♥❣ ❛ ♣♦♦r st✉❞② ♣❛rt♥❡r r❡❞✉❝❡s

❞✐s❝r✐♠✐♥❛t✐♦♥ ❜② ✶✹✳✼ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭s❡ ✽✳✽✮✳✶✾

❚❤❡ ♦❜s❡r✈❡❞ ❜❡❤❛✈✐♦r ✐s ♠♦r❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❛st❡✲❜❛s❡❞ ❞✐s❝r✐♠✐♥❛t✐♦♥ t❤❛♥ ✇✐t❤

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

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

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

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

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

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

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

s♣❡♥❞ t✐♠❡ s♦❝✐❛❧✐③✐♥❣ ✇✐t❤ t❤❡✐r t❡❛♠♠❛t❡s ✲ ❛s ✐s ♦❢t❡♥ t❤❡ ❝❛s❡ ✇❤❡♥ ❤✐r✐♥❣ ❝♦❧❧❡❛❣✉❡s ♦r

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

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

■ ❝❛♥♥♦t ❞✐r❡❝t❧② t❡st t❤❡ ❝❧❛ss✐❝ ♣r❡❞✐❝t✐♦♥ ♦❢ t❛st❡✲❜❛s❡❞ ❞✐s❝r✐♠✐♥❛t✐♦♥ t❤❛t ♦♥❧② t❤❡

♠❛r❣✐♥❛❧ ❡♠♣❧♦②❡r✬s t❛st❡s ♠❛tt❡r✳ ❍♦✇❡✈❡r✱ t❤❡ ❢❛❝t t❤❛t ❛❜♦✉t ✸✺✪ ♦❢ ❝♦♥tr♦❧ st✉❞❡♥ts

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

❞✐s❧✐❦❡ ❤❛✈✐♥❣ ❛ ♣♦♦r t❡❛♠♠❛t❡ ✭r❡❧❛t✐✈❡ t♦ ❛ ✇❡❛❧t❤② t❡❛♠♠❛t❡✮✳

▼♦❞❡❧ ❛♥❞ ❙tr✉❝t✉r❛❧ ❊st✐♠❛t✐♦♥✳ ❚❤❡ r❡❞✉❝❡❞ ❢♦r♠ r❡s✉❧ts ♣r♦✈✐❞❡ ❡✈✐❞❡♥❝❡ ♦❢ ❛

r❡❞✉❝t✐♦♥ ✐♥ ❞✐s❝r✐♠✐♥❛t✐♦♥✳ ❇✉t t❤❡② ❞♦ ♥♦t ✐♥❢♦r♠ ✉s ♦❢ t❤❡ ♠❛❣♥✐t✉❞❡ ♦❢ t❤❡ ❞✐st❛st❡ t❤❛t

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

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

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

✶✽❙✐♥❝❡ t❤❡ ❞✐s❝r✐♠✐♥❛t✐♦♥ ❡①♣❡r✐♠❡♥t ❤❛s ✇❡❛❧t❤② st✉❞❡♥ts ❢r♦♠ ♦♥❧② t✇♦ s❝❤♦♦❧s✱ ■ ❞♦ ♥♦t ❛tt❡♠♣t t♦
❝❧✉st❡r st❛♥❞❛r❞ ❡rr♦rs ❛t t❤❡ s❝❤♦♦❧ ❧❡✈❡❧✳ ■♥st❡❛❞✱ ■ r❡♣♦rt ✉♥❝❧✉st❡r❡❞ st❛♥❞❛r❞ ❡rr♦rs ❛♥❞✱ ❛s ❛ r♦❜✉st♥❡ss
❝❤❡❝❦✱ ❝❧✉st❡r ❛t t❤❡ s❝❤♦♦❧✲❜②✲❣r❛❞❡ ❧❡✈❡❧ ✭✽ ❝❧✉st❡rs✮ ✉s✐♥❣ t❤❡ ✇✐❧❞ ❝❧✉st❡r ❜♦♦tstr❛♣ ♠❡t❤♦❞✳

✶✾❚❤❡ tr❡❛t♠❡♥t s❝❤♦♦❧ ✉s❡s ❛❧♣❤❛❜❡t✐❝ ♦r❞❡r t♦ ❛ss✐❣♥ st✉❞② ♣❛rt♥❡rs✳ ❙✐♥❝❡ t❤❡ s❛♠♣❧❡ ❢♦r t❤✐s ❡①♣❡r✐✲
♠❡♥t ❞♦❡s ♥♦t ✐♥❝❧✉❞❡ ❛♥② ♦t❤❡r tr❡❛t♠❡♥t s❝❤♦♦❧s ✇❤✐❝❤ ❞♦ ♥♦t ✉s❡ s✉❝❤ ❛ r✉❧❡✱ ■ ❞✐r❡❝t❧② ✉s❡ ❛❧♣❤❛❜❡t✐❝
❛❞❥❛❝❡♥❝② t♦ ❛ ♣♦♦r st✉❞❡♥t ❛s t❤❡ ✐♥str✉♠❡♥t ❢♦r ❤❛✈✐♥❣ ❛ ♣♦♦r st✉❞❡♥t ✐♥ ♦♥❡✬s st✉❞② ❣r♦✉♣✳

✷✸



▼♦❞❡❧ ✳ ❙✉♣♣♦s❡ t❤❡ ❞❡❝✐s✐♦♥✲♠❛❦❡r ❤❛s ❡①♣❡❝t❡❞ ✉t✐❧✐t②✿

Ut = ptM + St ✭✸✮

✇❤❡r❡ pt ✐s t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ✇✐♥♥✐♥❣ t❤❡ r❛❝❡ ✇✐t❤ t❡❛♠♠❛t❡ t✱ M ✐s t❤❡ ♠♦♥❡t❛r②

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

■ ❛ss✉♠❡ t❤❛t t❡❛♠♠❛t❡s ❛r❡ ♦❢ t✇♦ t②♣❡s✱ t ∈ {R,P}✱ ✇❤❡r❡ R ❞❡♥♦t❡s ❛ r✐❝❤ st✉❞❡♥t ❛♥❞

P ❞❡♥♦t❡s ❛ ♣♦♦r st✉❞❡♥t✳

❚❤❡♥✱ s❤❡ ❝❤♦♦s❡s t❤❡ r✐❝❤ t❡❛♠♠❛t❡ ✐❢

pRM + SR > pPM + SP

⇔ SR − SP > (pP − pR)M

■♥ t❤❡ ❛❜s❡♥❝❡ ♦❢ ❛ ♣❛rt✐❝✉❧❛r ❞✐st❛st❡ ❢♦r ❤❛✈✐♥❣ ❛ ♣♦♦r t❡❛♠♠❛t❡✱ SP = SR. ❆♥❞ ✐♥ t❤❡

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

t❤❡ s♣r✐♥t ✇♦✉❧❞ ❜❡ ♣❡r❝❡✐✈❡❞ t♦ ❜❡ ❡q✉❛❧❧② ❛❜❧❡✱ pP = pR. ❉❡✜♥❡ Dpoor ≡ SR − SP ❛s t❤❡

❞✐st❛st❡ ❢♦r ✐♥t❡r❛❝t✐♥❣ ✇✐t❤ ❛ ♣♦♦r st✉❞❡♥t ✭r❡❧❛t✐✈❡ t♦ ❛ r✐❝❤ st✉❞❡♥t✮✱ ❛♥❞ δpoor ≡ pP −pR

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

t❤❡ ♣♦♦r st✉❞❡♥t ✇♦♥ t❤❡ ❛❜✐❧✐t②✲r❡✈❡❧❛t✐♦♥ s♣r✐♥t✳ ❚❤❡♥✱ t❤❡ ❞❡❝✐s✐♦♥✲♠❛❦❡r ❞✐s❝r✐♠✐♥❛t❡s

❛❣❛✐♥st ❛ ♣♦♦r st✉❞❡♥t ✐❢✿

Dpoor > δpoorM ✭✹✮

❙✐♠✐❧❛r❧②✱ ✐♥ t❤❡ ❝❛s❡ ✇❤❡r❡ t❤❡ r✐❝❤ st✉❞❡♥t ✇✐♥s t❤❡ s♣r✐♥t✱ ✇❡ ❝❛♥ ❞❡✜♥❡ t❤❡ ✐♥❝r❡❛s❡

✐♥ ♣r♦❜❛❜✐❧✐t② ♦❢ ✇✐♥♥✐♥❣ ❢r♦♠ ❝❤♦♦s✐♥❣ t❤❡ r✐❝❤ t❡❛♠♠❛t❡✱ δrich✳

■♥ ♦r❞❡r t♦ ❡st✐♠❛t❡ t❤❡ ♠♦❞❡❧✱ ■ ✐♠♣♦s❡ t❤❡ ❢♦❧❧♦✇✐♥❣ ❞✐str✐❜✉t✐♦♥❛❧ ❛ss✉♠♣t✐♦♥✿ Dpoor

✐s ❞✐str✐❜✉t❡❞ ♥♦r♠❛❧❧② ✇✐t❤ ♠❡❛♥ µT
D ❛♥❞ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ σT

D✱ s❡♣❛r❛t❡❧② ❢♦r st✉❞❡♥ts

❢r♦♠ tr❡❛t❡❞ ❝❧❛ssr♦♦♠s ✭T = 1✮ ❛♥❞ ✉♥tr❡❛t❡❞ ❝❧❛ssr♦♦♠s ✭T = 0✮✳ ❈♦♥s✐st❡♥t ✇✐t❤ t❤❡
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❢❛❝t t❤❛t ✾✽✪ ♦❢ st✉❞❡♥ts st❛t❡ t❤❛t t❤❡ ✇✐♥♥❡r ♦❢ t❤❡ ❛❜✐❧✐t② s♣r✐♥t ✐s ♠♦r❡ ❧✐❦❡❧② t♦ ✇✐♥

t❤❡ r❡❧❛② r❛❝❡ ✭r❡❣❛r❞❧❡ss ♦❢ ✇❤❡t❤❡r t❤❡ ✇✐♥♥❡r ✇❛s r✐❝❤ ♦r ♣♦♦r✮✱ ■ ❛❞❞✐t✐♦♥❛❧❧② ✐♠♣♦s❡ t❤❡

❛ss✉♠♣t✐♦♥ ♦❢ ♥♦ st❛t✐st✐❝❛❧ ❞✐s❝r✐♠✐♥❛t✐♦♥✱ δpoor = δrich ≡ δ✳

❚❤❡♥✱ t❤❡ ♣❛r❛♠❡t❡rs t♦ ❜❡ ❡st✐♠❛t❡❞ ❛r❡✿ ✭✐✮ µ1

D ❛♥❞ µ0

D✱ t❤❡ ❛✈❡r❛❣❡ ❞✐st❛st❡ ❢♦r

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

✭✐✐✮ σ1

D ❛♥❞ σ0

D ✱ t❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s ♦❢ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❞✐st❛st❡❀ ✭✐✐✐✮ δ✱ t❤❡ ✐♥❝r❡❛s❡

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

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

t❤❡ ❡st✐♠❛t♦r s♦❧✈❡s ▼✐♥θ (m(θ)− m̂)
′

W (m(θ)− m̂)✱ ✇❤❡r❡ m̂ ✐s ❛ ✈❡❝t♦r ♦❢ t❤❡ ❡♠♣✐r✐✲

❝❛❧ ♠♦♠❡♥ts ❛♥❞ m(θ) ✐s t❤❡ ✈❡❝t♦r ♦❢ t❤❡♦r❡t✐❝❛❧❧② ♣r❡❞✐❝t❡❞ ♠♦♠❡♥t ❢♦r ♣❛r❛♠❡t❡rs θ✳

❚❤❡ ✇❡✐❣❤t✐♥❣ ♠❛tr✐① W ✐s t❤❡ ❞✐❛❣♦♥❛❧✐③❡❞ ✐♥✈❡rs❡ ♦❢ t❤❡ ✈❛r✐❛♥❝❡ ♦❢ ❡❛❝❤ ♠♦♠❡♥t❀ ♠♦r❡

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

❚❤❡ ♠♦♠❡♥ts ❢♦r t❤❡ ❡st✐♠❛t✐♦♥ ❛r❡ t❤❡ ❢♦❧❧♦✇✐♥❣✿ ✭✐✮ ❚❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❞✐s❝r✐♠✐♥❛t✐♥❣

❛❣❛✐♥st ❛ ❤✐❣❤❡r✲❛❜✐❧✐t② ♣♦♦r st✉❞❡♥t✱ s❡♣❛r❛t❡❧② ❜② st❛❦❡s M ∈ {50, 200, 500} ❛♥❞ tr❡❛t♠❡♥t

st❛t✉s T ∈ {0, 1}✱ ❛♥❞ ✭✐✐✮ ❚❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❞✐s❝r✐♠✐♥❛t✐♥❣ ❛❣❛✐♥st ❛ ❤✐❣❤❡r✲❛❜✐❧✐t② r✐❝❤

st✉❞❡♥t✱ ❜② st❛❦❡s M ❛♥❞ tr❡❛t♠❡♥t st❛t✉s T ✳ ❚❤❡ ❡♠♣✐r✐❝❛❧ ♠♦♠❡♥ts ❛r❡ s✐♠♣❧② s❤❛r❡s

♦❢ st✉❞❡♥ts ♦❜s❡r✈❡❞ t♦ ❞✐s❝r✐♠✐♥❛t❡ ✐♥ ❡❛❝❤ ❝♦♥❞✐t✐♦♥✱ ❡st✐♠❛t❡❞ ❜② ❛♥ ✉♥❝♦♥tr♦❧❧❡❞ ❖▲❙

r❡❣r❡ss✐♦♥✳

■❞❡♥t✐✜❝❛t✐♦♥✳ ❆❧❧ ✺ ♣❛r❛♠❡t❡rs ❛r❡ ❥♦✐♥t❧② ✐❞❡♥t✐✜❡❞ ✉s✐♥❣ t❤❡ ✶✷ ♠♦♠❡♥ts✳ ❚❤❡ ✐♥✲

t✉✐t✐♦♥ ❢♦r t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ✐s str❛✐❣❤t❢♦r✇❛r❞✳ ❈♦♥❞✐t✐♦♥❛❧ ♦♥ δ✱ t❤❡ ❡①♦❣❡♥♦✉s ✈❛r✐❛t✐♦♥

✐♥ t❤❡ st❛❦❡s M ♣✐♥s ❞♦✇♥ t❤❡ ♠❡❛♥ µD ❛♥❞ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ σD ♦❢ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢

❞✐st❛st❡ D✳ ❈♦♥❞✐t✐♦♥❛❧ ♦♥ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ D✱ t❤❡ ♣❡r❝❡✐✈❡❞ ✐♥❝r❡❛s❡ ✐♥ ♣r♦❜❛❜✐❧✐t② ♦❢

✇✐♥♥✐♥❣ ❢r♦♠ ❝❤♦♦s✐♥❣ ❛ ❤✐❣❤✲❛❜✐❧✐t② t❡❛♠♠❛t❡ (δ)✱ ✐s ✐❞❡♥t✐✜❡❞ ❢r♦♠ ❝♦♠♣❛r✐♥❣ t❤❡ ♣r♦❜✲

❛❜✐❧✐t✐❡s ♦❢ ❝❤♦♦s✐♥❣ ✭s❛②✮ t❤❡ ♣♦♦r st✉❞❡♥t ✇❤❡♥ ❤❡ ✇✐♥s ✈❡rs✉s ❧♦s❡s t❤❡ ❛❜✐❧✐t②✲r❡✈❡❧❛t✐♦♥

s♣r✐♥t✳

❊st✐♠❛t❡s✳ ❚❤❡ ❧♦✇❡r ♣❛♥❡❧ ✐♥ ❚❛❜❧❡ ✼ r❡♣♦rts t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❞ ✜tt❡❞ ✈❛❧✉❡s ♦❢ t❤❡

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

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

❚❛❜❧❡ ✼ ❛❧s♦ r❡♣♦rts t❤❡ str✉❝t✉r❛❧ ❡st✐♠❛t❡s ♦❢ t❤❡ ♣❛r❛♠❡t❡rs✳ ❚❤❡ ♣❡r❝❡✐✈❡❞ ✐♥❝r❡❛s❡
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✐♥ ♣r♦❜❛❜✐❧✐t② ♦❢ ✇✐♥♥✐♥❣ ❢r♦♠ ❝❤♦♦s✐♥❣ ❛ ❤✐❣❤✲❛❜✐❧✐t② t❡❛♠♠❛t❡ ✐s ✐♠♣r❡❝✐s❡❧② ❡st✐♠❛t❡❞✱

δ = 0.08 ✭s❡ ✵✳✶✮✳ ❙t✉❞❡♥ts ✇✐t❤♦✉t ♣♦♦r ❝❧❛ss♠❛t❡s ❛r❡ ❡st✐♠❛t❡❞ t♦ ❢❡❡❧ ❛♥ ❛✈❡r❛❣❡ ❞✐st❛st❡

❢♦r ❤❛✈✐♥❣ ❛ ♣♦♦r t❡❛♠♠❛t❡ ♦❢ µ0

D =❘s✳ ✸✼ ✭s❡ ❘s✳ ✹✳✹✮✱ ✇✐t❤ ❛ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ σ0

D =

❘s✳ ✻ ✭s❡ ❘s✳ ✶✳✾✮✳ ■♥ ❝♦♥tr❛st✱ tr❡❛t❡❞ st✉❞❡♥ts ❛r❡ ❡st✐♠❛t❡❞ t♦ ❤❛✈❡ ❛ s✉❜st❛♥t✐❛❧❧②

❧♦✇❡r ❞✐st❛st❡ ♦❢ µ1

D =❘s✳ ✷✻ ✭s❡ ❘s✳ ✹✳✽✮ ❛♥❞ ❛ s✐♠✐❧❛r st❛♥❞❛r❞ ❞❡✈✐❛✐♦♥✱ σ1

D = ❘s✳ ✺ ✭s❡

❘s✳ ✷✳✶✮✳ ❚❤❡ ❞✐✛❡r❡♥❝❡ ✐♥ ❛✈❡r❛❣❡ ❞✐st❛st❡ ♦❢ ❘s✳ ✶✶ ✐s s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✶✵✪ ❧❡✈❡❧✱ ❛♥❞

❝♦♥st✐t✉t❡s ❛ ✸✵✪ r❡❞✉❝t✐♦♥ r❡❧❛t✐✈❡ t♦ st✉❞❡♥ts ✇✐t❤♦✉t ♣♦♦r ❝❧❛ss♠❛t❡s✳

✺✳✷ ❲✐❧❧✐♥❣♥❡ss t♦ P❧❛②

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

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

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

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

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

✇❡❛❧t❤② st✉❞❡♥ts✬ ✇✐❧❧✐♥❣♥❡ss t♦ ❛❝❝❡♣t t♦ ❛tt❡♥❞ t❤❡s❡ ♣❧❛② ❞❛t❡s✳ ■ ✜♥❞ t❤❛t ❤❛✈✐♥❣ ♣♦♦r

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

♣♦♦r ❝❤✐❧❞r❡♥✳

Pr♦t♦❝♦❧✳ ❋✐rst✱ st✉❞❡♥ts ✇❡r❡ ✐♥❢♦r♠❡❞ ✐♥ s❝❤♦♦❧ ❛❜♦✉t t❤❡ ♣❧❛② ❞❛t❡s✳ ❚❤❡ ♣❧❛② ❞❛t❡ ✇❛s

♣r❡s❡♥t❡❞ t♦ t❤❡♠ ❛s ❛♥ ♦♣♣♦rt✉♥✐t② t♦ ♠❛❦❡ ♥❡✇ ❢r✐❡♥❞s ✐♥ t❤❡✐r ♥❡✐❣❤❜♦r❤♦♦❞✳ ❚❤❡ ❤♦st

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

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

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

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

✐♥❣♥❡ss t♦ ❛❝❝❡♣t ✲ t❤❡ ♣❛②♠❡♥t t❤❡② r❡q✉✐r❡❞ ✲ t♦ ❛tt❡♥❞ t❤❡ ♣❧❛② ❞❛t❡✳✷✵ ■ ❡♠♣❧♦②❡❞ ❛

s✐♠♣❧❡ ❇❡❝❦❡r✲❉❡❣r♦♦t✲▼❛rs❝❤❛❦ ♠❡❝❤❛♥✐s♠✱ ✇❤❡r❡ st✉❞❡♥ts ✇❡r❡ ♣r❡s❡♥t❡❞ ✇✐t❤ ❛ ❞❡❝✐s✐♦♥

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

❧❡✈❡❧✱ t❤❡② ✇❡r❡ ❛s❦❡❞ t♦ ✐♥❞✐❝❛t❡ ✇❤❡t❤❡r t❤❡② ✇♦✉❧❞ ❧✐❦❡ t♦ ❛tt❡♥❞ t❤❡ ♣❧❛② ❞❛t❡✳ ❚❤❡♥✱ ❛

✷✵P✐❧♦t ✇♦r❦ r❡✈❡❛❧❡❞ t❤❛t st✉❞❡♥ts ❣❡♥❡r❛❧❧② ✜♥❞ t❤❡ ♣❧❛② ❞❛t❡s ✉♥❛ttr❛❝t✐✈❡ ✕ ♥❡❛r❧② ❛❧❧ st✉❞❡♥ts ❡①✲
♣r❡ss❡❞ ❛ ♥❡❣❛t✐✈❡ ✇✐❧❧✐♥❣♥❡ss t♦ ♣❛②✳ ❚❤✐s ✐s ✉♥s✉r♣r✐s✐♥❣✱ ❣✐✈❡♥ t❤❛t t❤❡ ♣❧❛② ❞❛t❡s ✇❡r❡ ❤❡❧❞ ♦♥ ✇❡❡❦❡♥❞s✱
✇❤✐❝❤ ❛r❡ s✉r❡❧② ❛ ♣r❡❝✐♦✉s ♣❛rt ♦❢ ❛ ❝❤✐❧❞✬s ✇❡❡❦✳ ❚❤❡ ♦♣♣♦rt✉♥✐t② ❝♦st ♦❢ ❛tt❡♥❞✐♥❣ ❛♥❡❝❞♦t❛❧❧② ✐♥❝❧✉❞❡❞
✇❛t❝❤✐♥❣ t❡❧❡✈✐s✐♦♥ ❛♥❞ ♣❧❛②✐♥❣ ✇✐t❤ ❡①✐st✐♥❣ ❢r✐❡♥❞s✳

✷✻



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

♣❧❡♠❡♥t❡❞✳ ■♥ ♣❛rt✐❝✉❧❛r✱ ✐❢ t❤❡② ❤❛❞ ✐♥❞✐❝❛t❡❞ t❤❡② ✇♦✉❧❞ ❧✐❦❡ t♦ ❛tt❡♥❞ ❢♦r t❤❡ ❞r❛✇♥ ♣r✐❝❡✱

t❤❡✐r ♥❛♠❡ ✇❛s ✇r✐tt❡♥ ❞♦✇♥ ♦♥ ❛ ❧✐st✱ ❛♥❞ t❤❡② ✇❡r❡ ♣r♦✈✐❞❡❞ ❛♥ ✐♥✈✐t❛t✐♦♥ ❢♦r♠ t♦ t❛❦❡

❤♦♠❡ t♦ t❤❡✐r ♣❛r❡♥ts✳✷✶ ❚❤❡ ❡♥t✐r❡ ♣r♦❝❡❞✉r❡ ✇❛s ✜rst ❡①♣❧❛✐♥❡❞ t♦ t❤❡ st✉❞❡♥ts ✈❡r❜❛❧❧②✱

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

t❤❡ ❞❡❝✐s✐♦♥ ✇❡❧❧✳

❘❡s✉❧ts✳ ❚❤❡ ❦❡② ✜♥❞✐♥❣ ✐s t❤❛t st✉❞❡♥ts ❜❡❝♦♠❡ ♠♦r❡ ✇✐❧❧✐♥❣ t♦ s♦❝✐❛❧✐③❡ ✇✐t❤ ♣♦♦r

❝❤✐❧❞r❡♥ ✐❢ t❤❡② ❛❧r❡❛❞② ❤❛✈❡ ♣♦♦r ❝❧❛ss♠❛t❡s✳ ❋✐❣✉r❡ ✾ s❤♦✇s t❤❡ r❡s✉❧ts ♦❢ t❤❡ t✇♦ ✐❞❡♥t✐✲

✜❝❛t✐♦♥ str❛t❡❣✐❡s ❣r❛♣❤✐❝❛❧❧②✳ P❛♥❡❧ ✭❛✮ ♣❧♦ts ❛✈❡r❛❣❡ ✇✐❧❧✐♥❣♥❡ss t♦ ❛❝❝❡♣t ❜② s❝❤♦♦❧ t②♣❡

✭❝♦♥tr♦❧✱ tr❡❛t♠❡♥t ❛♥❞ ❞❡❧❛②❡❞ tr❡❛t♠❡♥t✮ ❛♥❞ ❣r❛❞❡✳ ❋♦r tr❡❛t♠❡♥t s❝❤♦♦❧s✱ ✇✐❧❧✐♥❣♥❡ss

t♦ ❛❝❝❡♣t ✐s ❧♦✇❡r t❤❛♥ ❝♦♥tr♦❧ s❝❤♦♦❧s ♦♥❧② ✐♥ t❤❡ tr❡❛t❡❞ ❣r❛❞❡s ✷ ❛♥❞ ✸✱ ❜✉t ♥♦t ✐♥ t❤❡

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

♦♥❧② ❣r❛❞❡ ✸ ✐s tr❡❛t❡❞✳ ❆ ❧♦✇❡r ✇✐❧❧✐♥❣♥❡ss t♦ ❛❝❝❡♣t ✐♥❞✐❝❛t❡s ❣r❡❛t❡r ✇✐❧❧✐♥❣♥❡ss t♦ s♦❝✐❛❧❧②

✐♥t❡r❛❝t ✇✐t❤ ♣♦♦r ❝❤✐❧❞r❡♥✳ ❋✐❣✉r❡ ✶✵ ♣❧♦ts t❤❡ r❡s✉❧t✐♥❣ s✉♣♣❧② ❝✉r✈❡s ❢♦r ❛tt❡♥❞✐♥❣ t❤❡

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

❋✐❣✉r❡ ✾✭❜✮ ❞❡♣✐❝ts t❤❡ ■❱ str❛t❡❣② ❣r❛♣❤✐❝❛❧❧②✱ ❜② ♣❧♦tt✐♥❣ ❛✈❡r❛❣❡ ✇✐❧❧✐♥❣♥❡ss t♦ ❛❝❝❡♣t

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

❲❡ s❡❡ t❤❛t ❤❛✈✐♥❣ ❛♥ ❛❧♣❤❛❜❡t✐❝ ♥❡✐❣❤❜♦r ♦♥❧② ✐♥❝r❡❛s❡s ✇✐❧❧✐♥❣♥❡ss t♦ ♣❧❛② ✐♥ s❝❤♦♦❧s ✇❤✐❝❤

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

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

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

❋✐♥❛❧❧②✱ ❚❛❜❧❡ ✽ r❡♣♦rts ♥✉♠❡r✐❝❛❧ ❡st✐♠❛t❡s ♦❢ t❤❡ ❡✛❡❝ts✱ ✉s✐♥❣ t❤❡ s♣❡❝✐✜❝❛t✐♦♥s ❞✐s✲

❝✉ss❡❞ ✐♥ ❙❡❝t✐♦♥ ✸✳ ■ ✜♥❞ t❤❛t ❤❛✈✐♥❣ ♣♦♦r ❝❧❛ss♠❛t❡s ❞❡❝r❡❛s❡s ✇✐❧❧✐♥❣♥❡ss t♦ ❛❝❝❡♣t ✭✐✳❡✳

✐♥❝r❡❛s❡s ✇✐❧❧✐♥❣♥❡ss t♦ ♣❧❛②✮ ❜② ❘s✳ ✼ ✭s❡ ✶✳✶✮ ♦♥ ❛ ❜❛s❡ ♦❢ ❘s✳ ✸✼✱ ❛ ❞❡❝r❡❛s❡ ♦❢ ✶✾✪✳ ❚❤❡

❡✛❡❝t ✐s ❤✐❣❤❧② s✐❣♥✐✜❝❛♥t ✭♣❁✵✳✵✶✮ ❡✈❡♥ ✇❤❡♥ ❝❧✉st❡r✐♥❣ st❛♥❞❛r❞ ❡rr♦rs ❛t t❤❡ s❝❤♦♦❧ ❧❡✈❡❧✱

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

♣❛rt♥❡r r❡❞✉❝❡s ✇✐❧❧✐♥❣♥❡ss t♦ ❛❝❝❡♣t ❜② ✷✹✪ ✭s❡ ✾✪✮✳

✷✶P❛r❡♥ts✱ ♦❢ ❝♦✉rs❡✱ ❤❛❞ t❤❡ ❛❜✐❧✐t② t♦ ✈❡t♦ t❤❡✐r ❝❤✐❧❞r❡♥s✬ ❝❤♦✐❝❡ t♦ ❛tt❡♥❞ t❤❡ ♣❧❛② ❞❛t❡✱ ❛♥❞ ❞✐❞
s♦ ✐♥ ❛❜♦✉t ✸✺✪ ♦❢ ❝❛s❡s✳ ❙✐♥❝❡ ■ ✇✐s❤ t♦ ✐s♦❧❛t❡ t❤❡ ❝❤✐❧❞✬s t❛st❡s r❛t❤❡r t❤❛♥ t❤❡ ♣❛r❡♥ts✱ ■ ✉s❡ t❤❡
❡❧✐❝✐t❡❞ ✇✐❧❧✐♥❣♥❡ss t♦ ♣❛② ✭♦r ❛❝❝❡♣t✮ ❛s t❤❡ ♦✉t❝♦♠❡ ♠❡❛s✉r❡✳ ❯s✐♥❣ ❛❝t✉❛❧ ❛tt❡♥❞❛♥❝❡ ♦❢ ♣❧❛② ❞❛t❡s ❛s ❛♥
❛❧t❡r♥❛t✐✈❡ ♦✉t❝♦♠❡✱ ■ ✜♥❞ s✐♠✐❧❛r ❜✉t ♠✉t❡❞ ❡✛❡❝ts✳

✷✼



■♥ ❝♦♥tr❛st✱ ■ ✜♥❞ ♥♦ ❡✛❡❝ts ♦♥ ✇✐❧❧✐♥❣♥❡ss t♦ ❛tt❡♥❞ ♣❧❛② ❞❛t❡s ✇✐t❤ r✐❝❤ st✉❞❡♥ts✳

■♥ ❆✉❣✉st ✷✵✶✸✱ ■ ❝♦♥❞✉❝t❡❞ ❛ ♣❛r❛❧❧❡❧ ❡①♣❡r✐♠❡♥t ✐♥ ❛ s♠❛❧❧❡r s❛♠♣❧❡ ❛s ❛ ♣❧❛❝❡❜♦ t❡st✳

❙t✉❞❡♥ts ♥♦✇ ❤❛❞ t❤❡ ♦♣♣♦rt✉♥✐t② t♦ s♣❡♥❞ t✇♦ ❤♦✉rs ♣❧❛②✐♥❣ ✇✐t❤ ♦t❤❡r ✇❡❛❧t❤② st✉❞❡♥ts

❢r♦♠ ❛ ❝♦♥tr♦❧ ♣r✐✈❛t❡ s❝❤♦♦❧✳ ❲❤✐❧❡ t❤❡ ❡st✐♠❛t❡s ❛r❡ ❧❡ss ♣r❡❝✐s❡ ❞✉❡ t♦ ❛ s♠❛❧❧❡r s❛♠♣❧❡

s✐③❡✱ ❖♥❧✐♥❡ ❆♣♣❡♥❞✐① ❚❛❜❧❡ ✷ r❡♣♦rts ♥♦ ❛✈❡r❛❣❡ ❡✛❡❝t ♦♥ ✇✐❧❧✐♥❣♥❡ss t♦ ♣❧❛② ✇✐t❤ r✐❝❤

st✉❞❡♥ts✳

✻ ❆❝❛❞❡♠✐❝ ❖✉t❝♦♠❡s

❖♥❡ ❝♦♥❝❡r♥ ✇✐t❤ ✐♥t❡❣r❛t✐♥❣ ❞✐s❛❞✈❛♥t❛❣❡❞ st✉❞❡♥ts ✐♥t♦ ❡❧✐t❡ s❝❤♦♦❧s ✐s t❤❛t ✇❡❛❧t❤② st✉✲

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

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

❡✛❡❝ts ✭❍♦①❜② ✷✵✵✵✱ ❍❛♥✉s❤❡❦ ❡t ❛❧✳ ✷✵✵✸✮ ❛♥❞ ❛t ♦t❤❡r t✐♠❡s ♥♦ ❡✈✐❞❡♥❝❡ t❤❛t ♣❡❡rs ❛✛❡❝t

t❡st s❝♦r❡s ✭❆♥❣r✐st ❛♥❞ ▲❛♥❣ ✷✵✵✹✱ ■♠❜❡r♠❛♥ ❡t ❛❧✳ ✷✵✵✾✮✳ ❈❧❛ssr♦♦♠ ❞✐sr✉♣t✐♦♥s ❜② ♣♦♦r❧②

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

❢❡❝ts ✭▲❛③❡❛r ✷✵✵✶✱ ▲❛✈② ❛♥❞ ❙❝❤❧♦ss❡r ✷✵✶✶✱ ❋✐❣❧✐♦ ✷✵✵✼✮✳ ■♥❞❡❡❞✱ ♣r✐♥❝✐♣❛❧s ✐♥ t❤❡ s❝❤♦♦❧s

■ st✉❞✐❡❞ r❡♣♦rt❡❞ ❜❡✐♥❣ ♣❛rt✐❝✉❧❛r❧② ❝♦♥❝❡r♥❡❞ ❛❜♦✉t ❝❧❛ssr♦♦♠ ❞✐sr✉♣t✐♦♥s ❛♥❞ ❧❡❛r♥✐♥❣✳

■♥ t❤✐s s❡❝t✐♦♥✱ ■ t❤❡r❡❢♦r❡ t✉r♥ ❛tt❡♥t✐♦♥ t♦ ❡st✐♠❛t✐♥❣ t❤❡ ✐♠♣❛❝t ♦❢ ♣♦♦r st✉❞❡♥ts ♦♥ t❤❡

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

✻✳✶ ▲❡❛r♥✐♥❣

❚♦ ♠❡❛s✉r❡ ❡✛❡❝ts ♦♥ ❧❡❛r♥✐♥❣✱ ■ ❝♦♥❞✉❝t s✐♠♣❧❡ t❡sts ♦❢ ❧❡❛r♥✐♥❣ ✐♥ ❊♥❣❧✐s❤✱ ❍✐♥❞✐ ❛♥❞

▼❛t❤✳ ❲✐t❤ t❤❡ ❛ss✐st❛♥❝❡ ♦❢ t❡❛❝❤❡rs ✐♥ ❛ ♥♦♥✲s❛♠♣❧❡ s❝❤♦♦❧✱ ■ ✜rst ❛ss❡♠❜❧❡❞ ❛ ♠❛st❡r ❧✐st

♦❢ q✉❡st✐♦♥s ❢r♦♠ st❛♥❞❛r❞ t❡①t❜♦♦❦s ❢♦r ❣r❛❞❡s ✶ t❤r♦✉❣❤ ✼✳ ❙t✉❞❡♥ts ✐♥ ❡❛❝❤ ❣r❛❞❡ ✇❡r❡

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

♦❢ q✉❡st✐♦♥s ❛t ❧♦✇❡r ❛♥❞ ❤✐❣❤❡r ❣r❛❞❡ ❧❡✈❡❧s✳ ❚❤❡ t❡st ✇❛s ❞❡s✐❣♥❡❞ t♦ ❜❡ q✉✐❝❦ ❛♥❞ ❡❛s②

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

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

s②st❡♠ ♦❢ st❛♥❞❛r❞✐③❡❞ t❡st✐♥❣ ✐♥ ♣r✐♠❛r② s❝❤♦♦❧s✳ ■ ♥♦r♠❛❧✐③❡ t❤❡ t❡st s❝♦r❡ ✐♥ ♦r❞❡r t♦

✷✽



♣r♦✈✐❞❡ st❛♥❞❛r❞✐③❡❞ ❡✛❡❝t s✐③❡s✳

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

❤❡t❡r♦❣❡♥❡✐t②✳ P♦♦r st✉❞❡♥ts s❝♦r❡ ✵✳✸✷ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s ✭s✳❞✳✮ ✇♦rs❡ t❤❛♥ ✇❡❛❧t❤②

st✉❞❡♥ts ✐♥ ❊♥❣❧✐s❤✱ ✵✳✶✷ s✳❞✳ ✇♦rs❡ ✐♥ ❍✐♥❞✐ ❛♥❞ ✵✳✷✹ s✳❞✳ ✇♦rs❡ ✐♥ ▼❛t❤✳ ❚❤❡ ❧♦✇❡r

❛✈❡r❛❣❡ ❧❡❛r♥✐♥❣ ❧❡✈❡❧s ♦❢ ♣♦♦r st✉❞❡♥ts ♠❛❦❡ t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ♥❡❣❛t✐✈❡ ♣❡❡r ❡✛❡❝ts ✈❡r②

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

t❤❡r❡ ✐s t❤✉s ♣❧❡♥t② ♦❢ ♦✈❡r❧❛♣ ✐♥ t❤❡ ❞✐str✐❜✉t✐♦♥s ♦❢ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t✳ ❋♦r ❡①❛♠♣❧❡✱

♣♦♦r st✉❞❡♥ts ❤❛✈❡ ✇❡❛❦❧② ❤✐❣❤❡r s❝♦r❡s t❤❛♥ ✹✵✪ ♦❢ t❤❡✐r ✇❡❛❧t❤② st✉❞② ♣❛rt♥❡rs ❡✈❡♥ ✐♥

❊♥❣❧✐s❤✳

❚❛❜❧❡ ✾ r❡♣♦rts r❡❣r❡ss✐♦♥ ❡st✐♠❛t❡s ♦❢ t❤❡ ❡✛❡❝ts ♦❢ ♣♦♦r st✉❞❡♥ts ♦♥ t❤❡✐r ✇❡❛❧t❤②

❝❧❛ss♠❛t❡s✬ t❡st s❝♦r❡s✳ ❚❤❡ ✜rst t✇♦ ❝♦❧✉♠♥s s❤♦✇ ❛ s♠❛❧❧ ❛♥❞ ✐♥s✐❣♥✐✜❝❛♥t ❡✛❡❝t ♦♥ ❛♥

❡q✉❛❧❧② ✇❡✐❣❤t❡❞ ❛✈❡r❛❣❡ ♦❢ st❛♥❞❛r❞✐③❡❞ s❝♦r❡s ✐♥ t❤❡ ✐♥❞✐✈✐❞✉❛❧ s✉❜❥❡❝ts✳ ■ ❛❧s♦ ❝♦♥s✐❞❡r

❡✛❡❝ts ♦♥ ❡❛❝❤ s✉❜❥❡❝t ✐♥ t✉r♥✳ ▼♦st ✐♠♣♦rt❛♥t❧②✱ ■ ❡st✐♠❛t❡ ❛ ✵✳✵✾ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥

r❡❞✉❝t✐♦♥ ✐♥ ❛✈❡r❛❣❡ t❡st s❝♦r❡s ✐♥ ❊♥❣❧✐s❤ ✐♥ tr❡❛t❡❞ ❝❧❛ssr♦♦♠s✱ s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✶✵✪

❧❡✈❡❧✳ ❚❤❡ ❝♦❡✣❝✐❡♥t ♦♥ t❤❡ ■❱ r❡❣r❡ss✐♦♥ ♦❢ ❊♥❣❧✐s❤ s❝♦r❡s ♦♥ ❤❛✈✐♥❣ ❛ ♣♦♦r st✉❞② ♣❛rt♥❡r

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

❝❧❛ss♠❛t❡s ♦♥ ✇❡❛❧t❤② st✉❞❡♥ts✬ t❡st s❝♦r❡s ✐♥ ❍✐♥❞✐ ♦r ▼❛t❤✳ ❚❤❡ ♦♥❧✐♥❡ ❛♣♣❡♥❞✐① r❡♣♦rts

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

❈♦♥s✐❞❡r✐♥❣ t❤❡ r❡s✉❧ts ❢♦r t❤❡ ❞✐✛❡r❡♥t s✉❜❥❡❝ts t♦❣❡t❤❡r✱ t❤❡ ♦✈❡r❛❧❧ ♣❛tt❡r♥ ✐s ♦♥❡

♦❢ ♠✐①❡❞ ❜✉t ❛r❣✉❛❜❧② ♠♦❞❡st ❡✛❡❝ts ♦♥ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t✳ ❚❤❡ ♦♥❧② ♥❡❣❛t✐✈❡ ❡✛❡❝t

✐s ♦♥ ❊♥❣❧✐s❤ s❝♦r❡s✳ ❚❤✐s ✐s ❝♦♥s✐st❡♥t ✇✐t❤ ❊♥❣❧✐s❤ ❜❡✐♥❣ t❤❡ s✉❜❥❡❝t ✇✐t❤ t❤❡ ❧❛r❣❡st

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

❛❧♠♦st ❡①❝❧✉s✐✈❡❧② r❡♣♦rt s♣❡❛❦✐♥❣ ♦♥❧② ❍✐♥❞✐ ❛t ❤♦♠❡✳ ❇✉t s✉❜st❛♥t✐❛❧ ❧❡❛r♥✐♥❣ ❣❛♣s ❛❧s♦

❡①✐st ✐♥ ▼❛t❤ ❛♥❞ ✭t♦ ❛ ❧❡ss❡r ❡①t❡♥t✮ ❍✐♥❞✐✱ ❛♥❞ ②❡t ■ ❞❡t❡❝t ♥♦ ♥❡❣❛t✐✈❡ ♣❡❡r ❡✛❡❝ts

✐♥ t❤♦s❡ s✉❜❥❡❝ts✳ ❚❤❡s❡ ❧❛tt❡r ♥♦♥✲❡✛❡❝ts ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤♦s❡ ♦❢ ▼✉r❛❧✐❞❤❛r❛♥ ❛♥❞

❙✉♥❞❛r❛r❛♠❛♥ ✭✷✵✶✸✮✱ ✇❤♦ ✜♥❞ ♥♦ ❡✛❡❝ts ♦♥ t❤❡ ❛❝❤✐❡✈❡♠❡♥t ♦❢ ❡①✐st✐♥❣ st✉❞❡♥ts ✐♥ ♣r✐✈❛t❡

s❝❤♦♦❧s ✐♥ r✉r❛❧ ■♥❞✐❛ ✇❤❡♥ ✐♥✐t✐❛❧❧② ❧♦✇❡r✲❛❝❤✐❡✈✐♥❣ ✈♦✉❝❤❡r✲r❡❝✐♣✐❡♥ts ❡♥t❡r t❤❡✐r s❝❤♦♦❧s✳✷✷

✷✷❇✉t ♥♦t❡ t❤❛t ▼✉r❛❧✐❞❤❛r❛♥ ❛♥❞ ❙✉♥❞❛r❛r❛♠❛♥ ✭✷✵✶✸✮ st✉❞② ❛ q✉✐t❡ ❞✐✛❡r❡♥t s❡tt✐♥❣✳ ■ st✉❞② t❤❡ ❡✛❡❝ts
♦♥ q✉✐t❡ ✇❡❛❧t❤② st✉❞❡♥ts ❛tt❡♥❞✐♥❣ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s ✐♥ ✉r❜❛♥ ❉❡❧❤✐✱ ✇❤✐❧❡ t❤❡② st✉❞② t❤❡ ❡✛❡❝ts ♦♥
st✉❞❡♥ts ❛tt❡♥❞✐♥❣ r❡❧❛t✐✈❡❧② ♠♦❞❡st ♣r✐✈❛t❡ s❝❤♦♦❧s ✐♥ r✉r❛❧ ❆♥❞❤r❛ Pr❛❞❡s❤✱ ✇❤❡r❡ t❤❡ s♦❝✐❛❧ ❛♥❞ ❡❝♦♥♦♠✐❝
❞✐s♣❛r✐t② ❜❡t✇❡❡♥ t❤❡ ❡①✐st✐♥❣ ❛♥❞ ✐♥❝♦♠✐♥❣ st✉❞❡♥ts ✐s ❧✐❦❡❧② ♠✉❝❤ s♠❛❧❧❡r✳

✷✾



❆♥ ❛❞❞✐t✐♦♥❛❧ ♠❡❝❤❛♥✐s♠✱ s✉♣♣♦rt❡❞ ❜② ❛♥❡❝❞♦t❛❧ r❡♣♦rts ❢r♦♠ t❡❛❝❤❡rs✱ ✐s t❤❛t t❤❡ ♣r❡s❡♥❝❡

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

✇❤✐❝❤ ♠✐❣❤t ✇❡❧❧ r❡❞✉❝❡ ✇❡❛❧t❤② st✉❞❡♥ts✬ ✢✉❡♥❝② ✐♥ ❊♥❣❧✐s❤✳ ❍♦✇❡✈❡r✱ ■ ✜♥❞ ♥♦ ❡✈✐❞❡♥❝❡

♦❢ ❛ s✐❣♥✐✜❝❛♥t ✐♥❝r❡❛s❡ ✐♥ ❍✐♥❞✐ t❡st s❝♦r❡s✳

✻✳✷ ❉✐s❝✐♣❧✐♥❡

❚♦ ♠❡❛s✉r❡ ❝❧❛ssr♦♦♠ ❞✐s❝✐♣❧✐♥❡✱ ■ ❛s❦ t❡❛❝❤❡rs t♦ r❡♣♦rt ✇❤❡t❤❡r ❡❛❝❤ st✉❞❡♥t ❤❛s ❜❡❡♥

❝✐t❡❞ ❢♦r ❛♥② ❞✐s❝✐♣❧✐♥❛r② ✐♥❢r❛❝t✐♦♥s ✐♥ t❤❡ ♣❛st s✐① ♠♦♥t❤s✷✸✳ ■ ✜♥❞ t❤❛t ✷✷✪ ♦❢ ✇❡❛❧t❤②

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

❜✉t ♦♥❧② ❛❜♦✉t ✻✪ ❛r❡ ❝✐t❡❞ ❢♦r ❞✐sr✉♣t✐✈❡ ♦r ✈✐♦❧❡♥t ❜❡❤❛✈✐♦r✳ P♦♦r st✉❞❡♥ts ❛r❡ ♥♦ ♠♦r❡

❧✐❦❡❧② t❤❛♥ r✐❝❤ st✉❞❡♥ts t♦ ❜❡ ❞✐sr✉♣t✐✈❡ ✐♥ ❝❧❛ss✱ ❜✉t t❤❡② ❛r❡ ✶✷ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡

❧✐❦❡❧② t♦ ❜❡ r❡♣♦rt❡❞ ❢♦r ✉s✐♥❣ ♦✛❡♥s✐✈❡ ❧❛♥❣✉❛❣❡✳

❚❛❜❧❡ ✶✵ r❡♣♦rts r❡❣r❡ss✐♦♥ ❡st✐♠❛t❡s ♦❢ t❤❡ ❡✛❡❝ts ♦❢ ♣♦♦r st✉❞❡♥ts ♦♥ ❞✐s❝✐♣❧✐♥❛r②

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

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

♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭s❡ ✸✳✼✮✳ ❍❛✈✐♥❣ ❛ ♣♦♦r st✉❞② ♣❛rt♥❡r ❝❛✉s❡s ❛♥ ❡✈❡♥ ❧❛r❣❡r ✐♥❝r❡❛s❡ ♦❢ ✶✵

♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭s❡ ✻✮✱ ❛♥ ✐♥❝r❡❛s❡ ♦❢ ❛❜♦✉t ✹✺✪✳ ■♥ ❝♦♥tr❛st✱ ■ ✜♥❞ ♣r❡❝✐s❡❧② ❡st✐♠❛t❡❞

③❡r♦ ❡✛❡❝ts ♦♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ ♦❢ ❜❡✐♥❣ ❝✐t❡❞ ❢♦r ❞✐sr✉♣t✐✈❡ ♦r ✈✐♦❧❡♥t ❜❡❤❛✈✐♦r✳

❚❤❡ ✜♥❞✐♥❣ t❤❛t ♣♦♦r st✉❞❡♥ts ❞♦ ♥♦t ♠❛❦❡ t❤❡✐r ✇❡❛❧t❤② ❝❧❛ss♠❛t❡s ♠♦r❡ ❞✐sr✉♣t✐✈❡ ✕

❛♥❞ ✐♥❞❡❡❞ ❛r❡ ♥♦ ♠♦r❡ ❞✐sr✉♣t✐✈❡ t❤❛♥ ✇❡❛❧t❤② st✉❞❡♥ts t❤❡♠s❡❧✈❡s ✕ ✐s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡

❛❜s❡♥❝❡ ♦❢ ♥❡❣❛t✐✈❡ ♣❡❡r ❡✛❡❝ts ♦♥ ❍✐♥❞✐ ❛♥❞ ▼❛t❤ s❝♦r❡s✳ ■♥ t❤❡ ❝♦♥t❡①t ■ st✉❞②✱ ❝♦♥❝❡r♥s

❛❜♦✉t ❞✐✈❡rs✐t② ❛✛❡❝t✐♥❣ t❡st s❝♦r❡s t❤r♦✉❣❤ ✐♥❞✐s❝✐♣❧✐♥❡ ❛♣♣❡❛r t♦ ❜❡ ✉♥✇❛rr❛♥t❡❞✳ ■♥

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

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

✷✸❚❤✐s q✉❡st✐♦♥ ✇❛s ❛s❦❡❞ ❛t t❤❡ ❡♥❞ ♦❢ t❤❡ ❛❝❛❞❡♠✐❝ ②❡❛r

✸✵



✼ ❉✐s❝✉ss✐♦♥

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

✇❡❛❧t❤② st✉❞❡♥ts✳ ❆ ❦❡② ✜♥❞✐♥❣ ✇❛s t❤❛t ❣❡♥❡r♦s✐t② ✐♥ t❤❡ ❧❛❜ ✐♥❝r❡❛s❡❞ ♥♦t ♦♥❧② t♦✇❛r❞s

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

st✉❞❡♥ts s②st❡♠❛t✐❝❛❧❧② ❝❤♦♦s❡ ♠♦r❡ ❡q✉❛❧ ❞✐str✐❜✉t✐♦♥s ♦❢ ♣❛②♦✛s ✐♥ ❞✐❝t❛t♦r ❣❛♠❡s✳ ❚❤❡s❡

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

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

♦t❤❡rs✳ ❚❤✐s r❡s✉❧t ❝♦♥tr✐❜✉t❡s t♦ ❛ r❡❝❡♥t ❧✐t❡r❛t✉r❡ st✉❞②✐♥❣ t❤❡ ❢❛❝t♦rs t❤❛t ✐♥✢✉❡♥❝❡

s♦❝✐❛❧ ♣r❡❢❡r❡♥❝❡s✷✹✱ ❛♥❞ ♣r♦✈✐❞❡s t❤❡ ✜rst ❡✈✐❞❡♥❝❡ t❤❛t ♣❡❡rs ❛t s❝❤♦♦❧ ❝❛♥ s❤❛♣❡ ❛ st✉❞❡♥t✬s

s♦❝✐❛❧ ♣r❡❢❡r❡♥❝❡s✳

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

✇❡❛❧t❤② st✉❞❡♥ts ❛❣❛✐♥st t❤❡ ♣♦♦r✱ ❛♥❞ ✐♥❝r❡❛s❡s t❤❡✐r ✏✇✐❧❧✐♥❣❡ss t♦ ♣❧❛②✑ ✇✐t❤ ♣♦♦r ❝❤✐❧✲

❞r❡♥✳ ❍♦✇❡✈❡r✱ ❛ s♠❛❧❧❡r ❝♦♠♣❧❡♠❡♥t❛r② ❡①♣❡r✐♠❡♥t ♠❡❛s✉r✐♥❣ t❛st❡s ❢♦r ❛tt❡♥❞✐♥❣ ♣❧❛②

❞❛t❡s ✇✐t❤ r✐❝❤ ❝❤✐❧❞r❡♥ ❢♦✉♥❞ ♥♦ ❡✛❡❝ts✳ ❯♥❧✐❦❡ t❤❡ ❣❡♥❡r❛❧✐③❡❞ ✐♥❝r❡❛s❡ ✐♥ ❣❡♥❡r♦s✐t② ✐♥ t❤❡

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

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

❝♦♥t❛❝t✱ ❛♥❞ ✐s ♠♦st ❝❧♦s❡❧② r❡❧❛t❡❞ t♦ r❡❝❡♥t r❡s❡❛r❝❤ ✉s✐♥❣ r❛♥❞♦♠✐③❡❞ r♦♦♠♠❛t❡ ❛ss✐❣♥✲

♠❡♥ts ❜② ❇✉r♥s ❡t ❛❧✳ ✭✷✵✶✸✮✱ ✇❤♦ ♠❡❛s✉r❡ ❡✛❡❝ts ♦♥ r❛❝✐❛❧ ♣r❡❥✉❞✐❝❡ ✉s✐♥❣ ♣s②❝❤♦❧♦❣✐❝❛❧

t❡sts✱ ❛♥❞ ❡✛❡❝ts ♦♥ tr✉st ✉s✐♥❣ ❧❛❜ ❡①♣❡r✐♠❡♥ts✳ ■ ❛❞❞✐t✐♦♥❛❧❧② ✉s❡ ❛ ✜❡❧❞ ❡①♣❡r✐♠❡♥t t♦

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

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

❋♦r ❜♦t❤ ❝❧❛ss❡s ♦❢ s♦❝✐❛❧ ❜❡❤❛✈✐♦rs✱ ■ ✜♥❞ t❤❛t ♣❡rs♦♥❛❧ ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ ✇❡❛❧t❤②

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

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

✭✻✽✪✮✱ ■ ✜♥❞ t❤❛t ❤❛✈✐♥❣ ❛ ♣♦♦r st✉❞② ♣❛rt♥❡r ❛❧♦♥❡ ❡①♣❧❛✐♥s ✼✵✪ ♦❢ t❤❡ ♦✈❡r❛❧❧ ❝❧❛ssr♦♦♠✲

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

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

✷✹❏❛❦✐❡❧❛ ❡t ❛❧✳ ✭✷✵✶✵✮✱ ❱♦♦rs ❡t ❛❧✳ ✭✷✵✶✷✮ ❛♥❞ ❋✐s♠❛♥ ❡t ❛❧✳ ✭✷✵✶✷✮
✷✺❯♥❧✐❦❡ ♠✉❝❤ ♦❢ t❤❡ r❡❧❛t❡❞ ❧✐t❡r❛t✉r❡ ✐♥ s♦❝✐❛❧ ♣s②❝❤♦❧♦❣② ✭P❡tt✐❣r❡✇ ❛♥❞ ❚r♦♣♣✱ ✷✵✵✻✮✱ ■ ♣r♦✈✐❞❡ ❝❛✉s❛❧

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

✸✶



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

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

❜❡❤❛✈✐♦rs ❛♣♣❡❛r t♦ ❜❡ ❧❛r❣❡✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ ✵✳✹✺ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ✐♥❝r❡❛s❡ ✐♥ s❤❛r✐♥❣

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

s❝♦r❡s ✐♥ ❏❛❦✐❡❧❛ ❡t ❛❧✳ ✭✷✵✶✵✮✳ ❚❤❡ ❡st✐♠❛t❡❞ ✸✵✪ r❡❞✉❝t✐♦♥ ✐♥ ❞✐st❛st❡ ❢♦r ❤❛✈✐♥❣ ❛ ♣♦♦r

t❡❛♠♠❛t❡ ✭r❡❧❛t✐✈❡ t♦ ❛ r✐❝❤ ♦♥❡✮ ✐s s✐♠✐❧❛r❧② s✉❜st❛♥t✐❛❧✳ ■♥ ❝♦♥tr❛st✱ t❤❡ ♦✈❡r❛❧❧ ❡✛❡❝t ♦♥

t❡st s❝♦r❡s ✐s s♠❛❧❧ ✭✲✵✳✵✷ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s✮✱ ❛❧t❤♦✉❣❤ t❤❡ r❡❞✉❝t✐♦♥ ✐♥ ❊♥❣❧✐s❤ ❧❛♥❣✉❛❣❡

s❝♦r❡s ♦❢ ✵✳✵✾ s✳❞✳ ✐s ❡❝♦♥♦♠✐❝❛❧❧② ♠❡❛♥✐♥❣❢✉❧ ❛♥❞ ❝♦♠♣❛r❛❜❧❡ t♦ t❤❡ str❡♥❣t❤ ♦❢ ♣❡❡r ❡✛❡❝ts

♦♥ r❡❛❞✐♥❣ s❝♦r❡s ✐♥ ❍♦①❜② ✭✷✵✵✵✮✳

✽ ❈♦♥❝❧✉s✐♦♥

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

❣r❡❛t❡r ❡❝♦♥♦♠✐❝ ❞✐✈❡rs✐t② ✐♥ ❝❧❛ssr♦♦♠s ❛✛❡❝ts ✇❡❛❧t❤② st✉❞❡♥ts✳ ■ ❛ss❡♠❜❧❡ ❛ ✈❛r✐❡t②

♦❢ ❡✈✐❞❡♥❝❡ ❢r♦♠ ✜❡❧❞ ❛♥❞ ❧❛❜ ❡①♣❡r✐♠❡♥ts✱ ❛❞♠✐♥✐str❛t✐✈❡ ❞❛t❛ ❛♥❞ t❡sts ♦❢ ❧❡❛r♥✐♥❣ t♦

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

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

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

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

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

✇✐t❤ ♥❡❣❛t✐✈❡ ❡✛❡❝ts ♦♥ ❊♥❣❧✐s❤ ❧❛♥❣✉❛❣❡ ❧❡❛r♥✐♥❣ ❜✉t ♥♦ ❡✛❡❝t ♦♥ ❍✐♥❞✐ ♦r ▼❛t❤✳ ❚❤✉s✱

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

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

♦✉t❝♦♠❡s✳

❖♥❡ ✐♠♣❧✐❝❛t✐♦♥ ♦❢ t❤✐s ♣❛♣❡r ✐s t❤❛t s❝❤♦♦❧ ♣♦❧✐❝✐❡s ✐♥✈♦❧✈✐♥❣ ❛✣r♠❛t✐✈❡ ❛❝t✐♦♥✱ ❞❡✲

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

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

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

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

✸✷



❚❤✐s ❤❛s ✐♠♣❧✐❝❛t✐♦♥s ❢♦r ❞✐✈❡rs❡ ❛♥❞ ♣♦❧❛r✐③❡❞ s♦❝✐❡t✐❡s✱ ✇❤❡r❡ t❤❡ ❝♦sts ♦❢ s♦❝✐❛❧ ❞✐✈✐s✐♦♥s

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

t❤✐s ♣♦❧✐❝② ❛❝r♦ss ■♥❞✐❛ ♦✈❡r t❤❡ ♥❡①t ❢❡✇ ②❡❛rs✱ ✇❤❡r❡ ✐t ✇✐❧❧ t♦✉❝❤ ♠❛♥② ♦❢ ■♥❞✐❛✬s ✸✵✵

♠✐❧❧✐♦♥ s❝❤♦♦❧ ❝❤✐❧❞r❡♥✳

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

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

✐♥t❡r❛❝t✐♦♥s ❛s ❛❞✉❧ts✱ ❛♥❞ ♠❛rr✐❛❣❡ ♠❛r❦❡t ❝❤♦✐❝❡s✳ ❆♥♦t❤❡r ❧✐♠✐t❛t✐♦♥ ✐s t❤❡ ✈❡r② ♣❛rt✐❝✉❧❛r

♥❛t✉r❡ ♦❢ t❤❡ s❛♠♣❧❡ ✲ ✇❡❛❧t❤② st✉❞❡♥ts ✐♥ ❡❧✐t❡ ♣r✐✈❛t❡ s❝❤♦♦❧s ✐♥ ❉❡❧❤✐✳ ❋✐♥❛❧❧②✱ t❤✐s ♣❛♣❡r

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

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

❛♥❞ ❢✉t✉r❡ ✇♦r❦✱ ■ ❤♦♣❡ t♦ ❛❞❞r❡ss t❤❡s❡ s❤♦rt❝♦♠✐♥❣s✱ ❛s ✇❡❧❧ ❛s ❡①❛♠✐♥❡ ♦t❤❡r ❛s♣❡❝ts ♦❢

t❤❡ ✐♠♣❛❝ts ♦❢ ❞✐✈❡rs✐t② ✐♥ s❝❤♦♦❧s✳
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Figure 1. Program eligibility and the household income distribution in Delhi 

 

Note: This graph is based on the household consumption distribution reported in NSS-2010, with 

consumption amount converted to income levels using the ratio of household income to household 

consumption for urban Indian households reported in IHDS-2005. 
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Figure 2. First Stage of Instrumental Variable 

 

 

Note: Having a name alphabetically adjacent to a poor student predicts having a poor student 

in one’s study group, but only in the schools which explicitly use alphabetic ordering 
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Figure 3. Volunteering for Charity 

 

 

 

Note: The top panel plots the share of wealthy students who participate in voluntary charitable 

fundraising activities in school, separately by type of school. Error bars plot 95% confidence intervals 

(unclustered). 

The bottom panel plots share volunteering by whether the subject has a name alphabetically adjacent to 

any poor students, separately by whether schools use alphabetic order to assign study groups.  
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Figure 4. Giving to Poor Recipients in Dictator Game. 

 

 

 

 

 

 

 

 

 

 

 

 

Note: The top panel plots the share given to a poor recipient against grade, separately by type of school. 

95% confidence intervals (unclustered) for the mean are included. The figure shows that giving is higher 

in treatment and delayed treatment schools only in the treated grades.  

The bottom panel plots the share of the endowment given to the poor recipient by whether the subject 

has a name alphabetically adjacent to any poor students, separately by whether schools use alphabetic 

order to assign study groups. This figure thus graphically depicts the reduced form regression of 

generosity to the poor on the excluded instrument. 
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Figure 5. Giving to Wealthy Recipients in Dictator Game. 

 

 

Note: The top panel plots the share given to a wealthy recipient against grade, separately by type of 

school. 95% confidence intervals (unclustered) for the mean are included.  

The bottom panel plots the share of the endowment given to the poor recipient by whether the subject 

has a name alphabetically adjacent to any poor students, separately by whether schools use alphabetic 

order to assign study groups.  
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Figure 6. Distribution of Giving in Treated and Untreated Classrooms 

 

 

 

Note: The top panel shows the distribution of giving by wealthy students to poor recipients, separately 

for whether they have poor classmates (red bars) or not (blue bars). The bottom panel shows the same 

results for giving to wealthy recipients instead of poor recipients. 
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Figure 7. Demand Curve for Discrimination 

 

Notes: This graph plots the share of wealthy students who discriminate against the poor (on the y axis) 

by the stakes of the decision, separately by whether the student has poor classmates (dotted red line) or 

not (solid green line). A student is classified as having discriminated against the poor if he chooses a 

lower-ability rich student over a higher-ability poor student.  
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Figure 8. Discrimination Against the Poor 

 

 

Notes: The top panel plots the share of wealthy students who discriminate against the poor (on the y 

axis)  by grade (on the axis), separately by school type. The control school is represented by the solid 

green line, while the treatment school is represented by the dotted red line. Error bars plot 95% 

confidence intervals (unclustered).  

The bottom panel plots discrimination rates by whether the participant has a name alphabetically 

adjacent to any poor students, only for the treatment school. 
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Figure 9. Willingness to Play 

 

Note: The top panel plots wealthy students’ average Willingess To Accept a play date with poor children, 
separately by type of school. Error bars plot 95% confidence intervals (unclustered). 

The bottom panel plots “willingess to play” by whether the subject has a name alphabetically adjacent 
to any poor students, separately by whether schools use alphabetic order to assign study groups.  
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Figure 10. Supply Curve for Attending Play Date

 

 

Note: This graph plots the share of wealthy students willing to attend the play date with poor children 

(on the y axis)  for each given level of payment for attending the play date (on the x axis). The solid 

green line represents this supply curve for wealthy students without poor classmates, while the dotted 

red line represents wealthy students who do have poor classmates.  
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Table 1. First Stage of IV 
 

Dependent Variable:  

Indicator for having at least one poor student in one’s study groups 
 (1) 

Instrument Has Poor Study Partner 

(Name Adjacent to Poor Student) x 

(School Uses Alphabetic Rule) 

0.519*** 

(0.0808) 

  

Constant 
0.456*** 

(0.0793) 

N 677 

F-Statistic 41.25 
 

Note: Standard errors in parentheses. This table reports the results from regressing an indicator for 

whether the student has a poor study group partner on the excluded instrument, the direct effect of 

having a name immediately adjacent to at least one poor student, school and grade dummies, and 

a vector of second stage control variables. The F statistic reports results of a Wald test of a zero 

coefficient on the excluded instrument. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 2. Volunteering for Charity 

 

Dependent Variable:  

Indicator for Volunteering for Charity 
 (1) (2) (3) (4) 

Specification: 

Sample: 

DiD 

Full Sample 

DiD 

Younger Sibs 

IV 

Treated Class 

DiD+IV 

Full Sample 

Treated Classroom 0.105*** 

(0.0244) 

 

0.0715** 

(0.0305) 

 

 

-0.0409 

(0.0766) 

     

Has Poor Study Partner  

 

 

 

0.130 

(0.0866) 

0.208** 

(0.0881) 

     

Controls  Yes Yes Yes Yes 

Fixed Effects School, Grade School, Grade Classroom School, Grade 

p-value (CGM) < 0.01 0.06 . . 

Control Mean 0.242 0.220 0.245 0.242 

Control SD 0.428 0.414 0.431 0.428 

N 2017 1143 677 2017 

 

Note. Standard errors in parentheses. This table reports results from linear probability models for the likelihood 

of volunteering for a charity. Col 1 reports a difference-in-differences estimates of the effect of having poor 

students in one's classroom, with standard errors clustered at the school-by-grade level. The p-value reported in 

the table instead is calculated using clustering at the school level (k=14) using Cameron, Gelbach and Miller's 

wild-cluster bootstrap. Col 2 reports the same specification as Col 1, but restricts the sample to students who have 

older siblings enrolled in the same school. Col 3 reports IV estimates of the effect of having a poor study partner, 

and presents robust standard errors. Col 4 reports a specification estimating both the classroom level effect using 

the difference-in-differences term and an additional effect of having a poor study partner, with standard errors 

clustered at the school-by-grade level. Individual controls include gender, age, mother’s education, distance of 

student’s home from school, and whether the student uses a private (chauffeured) car to commute to school.  
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 3. Generosity towards Poor Students 
 

Dependent Variable:  

Share Given to Poor Recipient in Dictator Game (%) 
 (1) (2)  (3) (4) 

Specification: 

Sample: 

DiD 

Full Sample 

DiD 

Younger Sibs 

IV 

Treated Class 

DiD+IV 

Full Sample 

Treated Classroom 12.22*** 

(1.901) 

 

12.95*** 

(2.274) 

 

 

8.747** 

(3.510) 

     

Has Poor Study Partner  

 

 

 

7.53** 

(3.147) 

12.08*** 

(4.313) 

     

Controls  Yes Yes Yes Yes 

 

Fixed Effects School, Grade School, Grade Classroom School, Grade 

p-value (CGM) < 0.01 < 0.01 . . 

Control Mean 27.12 26.75 33.77 27.12 

Control SD 27.22 26.53 28.13 27.22 

N 2015 1141 677 2015 

 

Note. Standard errors in parentheses. This table reports regression results for giving in the dictator game when 

matched with a poor recipient. Col 1 reports a difference-in-differences estimates of the effect of having poor students 

in one's classroom, with standard errors clustered at the school-by-grade level. The p-value reported in the table 

instead is calculated using clustering at the school level (k=14) using Cameron, Gelbach and Miller's wild-cluster 

bootstrap. Col 2 reports the same specification as Col 1, but restricts the sample to students who have older siblings 

enrolled in the same school. Col 3 reports IV estimates of the effect of having a poor study partner, and presents 

robust standard errors. Col 4 reports a specification estimating both the classroom level effect using the difference-

in-differences term and an additional effect of having a poor study partner, with standard errors clustered at the 

school-by-grade level. Individual controls include gender, age, mother’s education, distance of student’s home from 

school, and whether the student uses a private (chauffeured) car to commute to school. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 4. Generosity towards Wealthy Students 
 

Dependent Variable:  

Share Given to Wealthy Recipient in Dictator Game (%) 
 (1) (2) (3) (4) 

Specification: 

Sample: 

DiD 

Full Sample 

DiD 

Younger Sibs 

IV 

Treated Class 

DiD+IV 

Full Sample 

Treated Classroom 5.861*** 

(1.135) 

 

6.053*** 

(1.742) 

 

 

2.867 

(2.801) 

     

Has Poor Study Partner  

 

 

 

8.342* 

(4.479) 

8.02** 

(3.866) 

     

Controls  Yes Yes Yes Yes 

Fixed Effects School, Grade School, Grade Classroom School, Grade 

p-value (CGM) < 0.01 0.01 . . 

Control Mean 21.44 22.49 19.62 21.44 

Control SD 25.08 26.07 22.56 25.08 

N 2015 1141 677 2015 

 

Note: Standard errors in parentheses. This table reports regression results for giving in the dictator game when 

matched with a rich recipient. Col 1 reports a difference-in-differences estimates of the effect of having poor 

students in one's classroom, with standard errors clustered at the school-by-grade level. The p-value reported in 

the table instead is calculated using clustering at the school level (k=14) using Cameron, Gelbach and Miller's 

wild-cluster bootstrap. Col 2 reports the same specification as Col 1, but restricts the sample to students who have 

older siblings enrolled in the same school. Col 3 reports IV estimates of the effect of having a poor study partner, 

and presents robust standard errors. Col 4 reports a specification estimating both the classroom level effect using 

the difference-in-differences term and an additional effect of having a poor study partner, with standard errors 

clustered at the school-by-grade level. Individual controls include gender, age, mother’s education, distance of 

student’s home from school, and whether the student uses a private (chauffeured) car to commute to school. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 5. Egalitarian Preferences 
  

Dependent Variable: Indicator for Choosing the more egalitarian option in a binary choice dictator game 

 Equality Game  Disinterested Game 1  Disinterested Game 2 

 (5,5) v (6,1)  (0,4,4) v (0,8,3)  (0,4,4) v (0,12,0) 
 DiD 

Full Sample 

IV 

Treated Class 

 DiD 

Full Sample 

IV 

Treated Class 

 DiD 

Full Sample 

IV 

Treated Class 

 (1) (2)  (3) (4)  (5) (6) 

Treated 

Classroom 

0.0933* 

(0.0525) 

 

 

 0.123*** 

(0.0476) 

 

 

 0.143*** 

(0.0321) 

 

 

         

Has Poor 

Study Partner 

 

 

0.0516 

(0.0908) 

  

 

0.0648 

(0.0718) 

  

 

0.1052** 

(0.0517) 

         

Controls  Yes Yes  Yes Yes  Yes Yes 

Fixed Effects School, 

Grade 

Classroom  School, Grade Classroom  School, Grade Classroom 

p-value (CGM) 0.09 .  0.02 .  < 0.01 . 

Control Mean 0.551 0.623  0.467 0.500  0.769 0.896 

Control SD 0.498 0.486  0.499 0.501  0.422 0.306 

N 2017 677  2017 677  2017 677 

 

Note: Standard errors in parentheses. This table reports results of linear probability models of the likelihood of choosing the more equal or egalitarian of two 

options in three binary choice dictator games. Cols 1 and 2 report shares choosing (5,5) over (6,1). Cols 3 and 4 report shares choosing (0,4,4) over (0,8,3). Cols 

5 and 6 report shares choosing (0,4,4) over (0,12,0). Odd numbered columns report difference-in-difference estimates of the effect of having poor students in one's 

classroom. In these columns, standard errors  are clustered at the school-by-grade level, while the p-value reported in the table comes from clustering at the school 

level using Cameron, Gelbach and Miller's wild-cluster bootstrap. Even numbered columns report IV estimates of the effect of having a poor study partner, and 

present robust standard errors. Individual controls include gender, age, mother’s education, distance of student’s home from school, and whether the student uses 

a private (chauffeured) car to commute to school. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 6. Discrimination Against Poor Children 
  

Dependent Variable: Indicator for choosing lower-ability wealthy student over 

higher-ability poor student 
 (1) (2)          (3)         (4) 

    DiD-1 

 Full Sample 

  DiD-2 

Full Sample 

  IV-1 

 Treated Class 

IV-2 

Full Sample 

Treated Classroom -0.123** 

(0.0466) 

-0.256*** 

(0.0654) 

 

 

 

 

     

Prize = Rs. 200 -0.110** 

(0.0423) 

-0.137** 

(0.0540) 

-0.0582 

(0.0757) 

-0.0415 

(0.126) 

     

Prize = Rs. 500 -0.250*** 

(0.0583) 

-0.314*** 

(0.0498) 

-0.126* 

(0.0713) 

-0.101 

(0.135) 

     

(Treated Classroom) x 

(Prize = Rs. 200) 

 

 

0.1153* 

(0.0667) 

 

 

 

 

     

(Treated Classroom) x 

(Prize = Rs. 500) 

 

 

0.186* 

(0.0939) 

 

 

 

 

     

Has Poor Study Partner  

 

 

 

-0.147* 

(0.0885) 

-0.118 

(0.156) 

     

(Poor Study Partner) x 

(Prize = Rs. 200) 

 

 

 

 

 

 

-0.0337 

(0.210) 

     

(Poor Study Partner) x 

(Prize = Rs. 500) 

 

 

 

 

 

 

-0.0510 

(0.227) 

Fixed Effects School, Grade School, Grade Classroom Classroom 

Control Mean 0.226 0.226 0.220 0.220 

Control SD 0.419 0.419 0.418 0.418 

N 342 342 116 116 
Note: Standard errors in parentheses. This table reports results of linear probability models of the likelihood of 

discriminating: i.e. choosing a wealthy teammate despite the poor child winning the first round race. Cols 1 and 2 

report difference-in-difference estimates of the effect of having poor students in one's classroom, with robust standard 

errors. Cols 3 and 4 report parallel IV estimates of the effect of having a poor study partner, with robust standard 

errors.  
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 7. Structural Estimates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Estimates Difference

-11*

(6.5)

-1

(2.8)

Boost in probability of winning from 

choosing high ability teammate (δ)

Moments (Probability of Discriminating)

Empirical Predicted Empirical Predicted

Control Students:

Stakes = Rs. 50 35% 46% 4% 11%

Stakes = Rs. 200 27% 24% 3% 0%

Stakes = Rs. 500 5% 1% 2% 0%

Treated Students:

Stakes = Rs. 50 20% 32% 6% 16%

Stakes = Rs. 200 15% 18% 4% 1%

Stakes = Rs. 500 6% 0% 2% 0%

Mean distaste for poor teammate 

relative to rich  (µD), in Rupees

Std. Dev. of distaste for poor teammate 

relative to rich  (σD), in Rupees

Notes: Estimates from minimum-distance estimator using the moments shown, and weights given 

by the inverse of each moment's variance. Standard errors are in parentheses. 

Treated

26

(4.8)

Against Poor Against Rich

Control

37

(4.4)

6

(1.9)

5

(2.1)

0.08

(.1)
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Table 8. Willingess to Play with Poor Children 

 

Dependent Variable:  

Willingness to Accept to Attend Play Date (Rupees) 
 (1) (2) (3) (4) 

Specification: 

Sample: 

DiD 

Full Sample 

DiD 

Younger Sibs 

IV 

Treated Class 

DiD+IV 

Full Sample 

Treated Classroom -6.961*** 

(1.075) 

 

-6.262*** 

(1.698) 

 

 

-1.891 

(2.355) 

     

Has Poor Study Partner  

 

 

 

-7.878*** 

(2.889) 

-7.226** 

(3.272) 

     

Controls  Yes Yes Yes Yes 

Fixed Effects School, Grade School, Grade Classroom School, Grade 

p-value (CGM) < 0.01 0.02 . . 

Control Mean 36.84 40.02 32.08 36.84 

Control SD 11.94 13.67 14.75 11.94 

N 2017 1143 677 2017 

 

Note: Standard errors in parentheses. This table reports regression results for wealthy students' minimum 

willingness to accept to attend a play date with poor children. Col 1 reports a difference-in-differences estimates 

of the effect of having poor students in one's classroom, with standard errors clustered at the school-by-grade level. 

The p-value reported in the table instead is calculated using clustering at the school level (k=14) using Cameron, 

Gelbach and Miller's wild-cluster bootstrap. Col 2 reports the same specification as Col 1, but restricts the sample 

to students who have older siblings enrolled in the same school. Col 3 reports IV estimates of the effect of having 

a poor study partner, and presents robust standard errors. Col 4 reports a specification estimating both the 

classroom level effect using the difference-in-differences term and an additional effect of having a poor study 

partner, with standard errors clustered at the school-by-grade level. Individual controls include gender, age, 

mother’s education, distance of student’s home from school, and whether the student uses a private (chauffeured) 

car to commute to school. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 9. Test Scores in English, Hindi and Math 
  

Dependent Variable: Normalized Test Score 

 Combined  English  Hindi  Math 
Specification: 

Sample: 

DiD 

Full  

IV 

Treated 

 DiD 

Full 

IV 

Treated  

 DiD 

Full  

IV 

Treated 

 DiD 

Full  

IV 

Treated 

 (1) (2)  (3) (4)  (5) (6)  (7) (8) 

Treated Classroom -0.024 

(0.068) 

  -0.087* 

(0.050) 

 

 

 0.0260 

(0.0632) 

 

 

 0.037 

(0.0466) 

 

 

            

Has Poor Study 

Partner 

 -0.025 

(0.132) 

  

 

-0.066 

(0.135) 

  

 

-0.181 

(0.172) 

  

 

0.0146 

(0.083) 

            

Controls  Yes Yes  Yes Yes  Yes Yes  Yes Yes 

Fixed Effects School, 

Grade 

  School, 

Grade 

Classroom  School, 

Grade 

Classroom  School, 

Grade 

Classroom 

 

p-value (CGM) 0.76 .  0.09 .  0.72 .  0.45 . 

Control Mean 0 0.0466  0 0.0266  0 0.0372  0 0.0761 

Control SD 0.594 0.628  1.000 1.127  1.000 1.021  1.000 0.974 

N 2017 677  2017 677  2017 677  2017 677 

 

Note: Standard errors in parentheses. This table reports effects on an index of test scores comprised of equally weighted normalized scores in English normalized 

test scores of wealthy students in English (Cols 3 and 4), Hindi (Cols 5 and 6), (Cols 7 and 8). Odd numbered columns report difference-in-difference estimates 

of the effect of having poor students in one's classroom. In these columns, standard errors are clustered at the school-by-grade level, while the p-value reported in 

the table comes from clustering at the school level using Cameron, Gelbach and Miller's wild-cluster bootstrap. Even numbered columns report IV estimates of 

the effect of having a poor study partner, and present robust standard errors. Individual controls include gender, age, mother’s education, distance of student’s 

home from school, and whether the student uses a private (chauffeured) car to commute to school. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 10. Indiscipline 

  

Dependent Variable: Indicator for being cited by teacher for indiscipline – either 

inappropriate language or disruptive behavior 

 Cursing  Disruptive Behavior 

Specification: 

Sample: 

DiD 

Full Sample 

IV 

Treated 

 DiD 

Full Sample 

IV 

Treated 
 (1) (2)  (3) (4) 

Treated Classroom 0.0749** 

(0.0368) 

 

 

 -0.0181 

(0.0193) 

 

 

      

Has Poor Study Partner  

 

0.1032* 

(0.0612) 

  

 

-0.0251 

(0.0488) 

      

Controls  Yes Yes  Yes Yes 

Fixed Effects School, Grade Classroom  School, Grade Classroom 

p-value (CGM) 0.06 .  0.624 . 

Control Mean 0.219 0.231  0.0619 0.0613 

Control SD 0.414 0.423  0.241 0.240 

N 2017 677  2017 677 

 

Note: Standard errors in parentheses. This table reports linear probability models for the likelihood of being cited by 

the class teacher for two types of indiscipline - inappropriate language (Cols 1 and 2) and disruptive behavior (Cols 3 

and 4). Odd numbered columns report difference-in-difference estimates of the effect of having poor students in one's 

classroom. In these columns, standard errors are clustered at the school-by-grade level, while the p-value reported in 

the table comes from clustering at the school level using Cameron, Gelbach and Miller's wild-cluster bootstrap. Even 

numbered columns report IV estimates of the effect of having a poor study partner, and present robust standard errors. 

Individual controls include gender, age, mother’s education, distance of student’s home from school, and whether the 

student uses a private (chauffeured) car to commute to school. 
* p < 0.10, ** p < 0.05, *** p < 0.01 

 

 
 


