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●❛♠❡ t❤❡♦r② ❛✐♠s ❛t ♣r❡❞✐❝t✐♥❣ ❜❡❤❛✈✐♦r ✐♥ str❛t❡❣✐❝ ✐♥t❡r❛❝t✐♦♥s✳ ❆s ❡①♣❡r✲
✐♠❡♥t❛❧ st✉❞✐❡s ❤❛✈❡ s❤♦✇♥✱ ❣❛♠❡✲t❤❡♦r❡t✐❝ ♣r❡❞✐❝t✐♦♥s ❛r❡ ♦❢t❡♥ ❛❝❝✉r❛t❡ ✐♥
t❤❡ s❡♥s❡ t❤❛t ❜❡❤❛✈✐♦r ❝♦♥✈❡r❣❡s t♦ t❤❡s❡ ♣r❡❞✐❝t✐♦♥s ♦✈❡r t✐♠❡✳ ❍♦✇❡✈❡r✱
✜rst✲r♦✉♥❞ ❜❡❤❛✈✐♦r ✐♥ r❡♣❡❛t❡❞ ❣❛♠❡s ❛♥❞ ❜❡❤❛✈✐♦r ✐♥ ♦♥❡✲s❤♦t ❣❛♠❡s ♦❢t❡♥
❞✐✛❡rs ❝♦♥s✐❞❡r❛❜❧② ❢r♦♠ ❣❛♠❡✲t❤❡♦r❡t✐❝ ♣r❡❞✐❝t✐♦♥s✳ ❖♥❡ r❡❛❞✐♥❣ ♦❢ t❤✐s ❢❛❝t
✐s t❤❛t ❛ ❞✐✛❡r❡♥t ❛♣♣r♦❛❝❤ ❢♦r ❝❤❛r❛❝t❡r✐③✐♥❣ ❛♥❞ ♣r❡❞✐❝t✐♥❣ ✐♥❡①♣❡r✐❡♥❝❡❞
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❚❤❡ ❧❡✈❡❧✲❦ ♠♦❞❡❧ ♦❢ str❛t❡❣✐❝ r❡❛s♦♥✐♥❣ ✐s ♦♥❡ s✉❝❤ ❛♣♣r♦❛❝❤✳ ■t ❛ss✉♠❡s
t❤❛t ♣❡♦♣❧❡ ❞✐✛❡r ✇✐t❤ r❡s♣❡❝t t♦ t❤❡✐r ❧❡✈❡❧ ♦❢ r❡❛s♦♥✐♥❣✳ ▲❡✈❡❧✲✵ t②♣❡s
r❡❛❝t ✐♥st✐♥❝t✐✈❡❧② t♦ t❤❡ ❣❛♠❡ ✇✐t❤♦✉t r❡❛s♦♥✐♥❣ ❛❜♦✉t ♦t❤❡rs✬ ✐♥❝❡♥t✐✈❡s✱
✇❤✐❧❡ ❧❡✈❡❧✲❦ t②♣❡s ✇✐t❤ k > 0 ❜❡st✲r❡s♣♦♥❞ t♦ t❤❡ str❛t❡❣② ❡♠♣❧♦②❡❞ ❜②
❧❡✈❡❧✲✭❦ ✲✶✮ t②♣❡s✳ ❚❤✐s ♠♦❞❡❧ ❤❛s ❜❡❡♥ st✐♠✉❧❛t❡❞ ❜② t❤❡ ♦❜s❡r✈❛t✐♦♥s ❢r♦♠
t❤❡ ❣✉❡ss✐♥❣ ❣❛♠❡ ✭◆❛❣❡❧✱ ✶✾✾✺❀ ❍♦✱ ❈❛♠❡r❡r ❛♥❞ ❲❡✐❣❡❧t✱ ✶✾✾✽✮ ❜✉t ❤❛s
❛❧s♦ ❜❡❡♥ ❛♣♣❧✐❡❞ s✉❝❝❡ss❢✉❧❧② t♦ ♠❛♥② ♦t❤❡r ❣❛♠❡s ✭❡✳❣✳✱ ❙t❛❤❧ ❛♥❞ ❲✐❧s♦♥✱
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♣❧❛♥❛t✐♦♥ ❢♦r ❛ ♣✉③③❧❡ ♣♦s❡❞ ❜② ❞❛t❛ ❢r♦♠ t❤❡ ❡①♣❡r✐♠❡♥ts ♦♥ ❤✐❞❡✲❛♥❞✲s❡❡❦
❣❛♠❡s ❜② ❘✉❜✐♥st❡✐♥ ❛♥❞ ❚✈❡rs❦② ✭✶✾✾✸✮✱ ❘✉❜✐♥st❡✐♥✱ ❚✈❡rs❦② ❛♥❞ ❍❡❧❧❡r
✭✶✾✾✻✮ ❛♥❞ ❘✉❜✐♥st❡✐♥ ✭✶✾✾✾✮✳ ■♥ t❤❡s❡ ♠❛t❝❤✐♥❣✲♣❡♥♥✐❡s✲❧✐❦❡ ❣❛♠❡s ❜♦t❤
♣❧❛②❡rs ❡♠♣❧♦② ❛ ♠✐①❡❞ str❛t❡❣② ✐♥ ❡q✉✐❧✐❜r✐✉♠✱ ❛ss✐❣♥✐♥❣ ❛❧❧ ❛❝t✐♦♥s ❡q✉❛❧
♣r♦❜❛❜✐❧✐t✐❡s✳ ❍❡♥❝❡✱ ❛❣❣r❡❣❛t❡ ❜❡❤❛✈✐♦r s❤♦✉❧❞ ❜❡ ❞❡s❝r✐❜❡❞ ❜❡st ❜② ❛ ✉♥✐✲
❢♦r♠ ❞✐str✐❜✉t✐♦♥ ♦✈❡r ❛❧❧ ♣♦ss✐❜❧❡ ❝❤♦✐❝❡s✳ ❍♦✇❡✈❡r✱ ✇❤❡♥ ✐♠♣❧❡♠❡♥t❡❞ ❡①✲
♣❡r✐♠❡♥t❛❧❧②✱ ❛❣❣r❡❣❛t❡ ❜❡❤❛✈✐♦r ❞✐✛❡rs ❢r♦♠ t❤✐s ♣r❡❞✐❝t✐♦♥ ✐♥ ❛ s②st❡♠❛t✐❝
✇❛②✳ ❯s✐♥❣ ❛♥ ❡❝♦♥♦♠❡tr✐❝ ❛♣♣r♦❛❝❤✱ ❈r❛✇❢♦r❞ ❛♥❞ ■r✐❜❡rr✐ ✭✷✵✵✼❛✮ s❤♦✇
t❤❛t ❧❡✈❡❧✲❦ ♣❧❛② ♣r♦✈✐❞❡s ❛ ♣❧❛✉s✐❜❧❡ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤❡ ❞❡✈✐❛t✐♦♥ ✐♥ ❘✉❜✐♥✲
st❡✐♥ ❛♥❞ ❝♦❛✉t❤♦rs✬ ❞❛t❛✳

■♥ t❤✐s ♣❛♣❡r✱ ✇❡ s❡❡❦ t♦ ♣r♦✈✐❞❡ ❜❡❤❛✈✐♦r❛❧ ❡✈✐❞❡♥❝❡ ❢♦r t❤✐s ❡①♣❧❛♥❛✲
t✐♦♥✱ ✉s✐♥❣ t❤❡ ❢❛❝t t❤❛t ❧❡✈❡❧✲❦ ♣❧❛②❡rs ❞✐✛❡r ❢r♦♠ tr❛❞✐t✐♦♥❛❧ ❣❛♠❡✲t❤❡♦r❡t✐❝
❛❣❡♥ts ♦♥❧② ✐♥ t❤❡✐r ♥♦♥✲❡q✉✐❧✐❜r✐✉♠ ❜❡❧✐❡❢s✳ ■♥ ♦✉r ❡①♣❡r✐♠❡♥t✱ ✇❡ ✜① ♣❛r✲
t✐❝✐♣❛♥ts✬ ❜❡❧✐❡❢s ❜② ❢♦r❝✐♥❣ t❤❡✐r ♦♣♣♦♥❡♥t ♦✈❡rt❧② t♦ ♣❧❛② t❤❡ ❡q✉✐❧✐❜r✐✉♠
str❛t❡❣②✳ ■❢ ❜❡❤❛✈✐♦r ❞✐✛❡rs ❜❡t✇❡❡♥ ♦✉r ❡①♣❡r✐♠❡♥t ❛♥❞ t❤❡ ❡①♣❡r✐♠❡♥ts
r✉♥ ❜② ❘✉❜✐♥st❡✐♥ ❛♥❞ ❝♦❛✉t❤♦rs✱ ✇❡ ❝❛♥ ✐♥❢❡r t❤❛t ♣❛rt✐❝✐♣❛♥ts✬ ❜❡❧✐❡❢s ❛r❡
❞✐✛❡r❡♥t✱ ❛♥❞ t❤✉s✱ t❤❡ ❝❧❛✐♠ t❤❛t ♣❧❛②❡rs ❤❡❧❞ ♦✉t✲♦❢✲❡q✉✐❧✐❜r✐✉♠ ❜❡❧✐❡❢s ✐♥
t❤❡ ♦r✐❣✐♥❛❧ ❡①♣❡r✐♠❡♥ts ✐s s✉♣♣♦rt❡❞✳ ❚❤❡ r❡s✉❧ts ❢r♦♠ ♦✉r ♠❛✐♥ tr❡❛t♠❡♥ts
s❤♦✇ t❤❛t t❤✐s ✐s t❤❡ ❝❛s❡✳

✶❙❡❡ ❈r❛✇❢♦r❞ ❡t ❛❧✳ ✭✷✵✶✵✮ ❢♦r ❛ s✉r✈❡② ♦❢ r❡❝❡♥t ❛♣♣r♦❛❝❤❡s✳

✷



✷ ❊①✐st✐♥❣ ❡♠♣✐r✐❝❛❧ ❡✈✐❞❡♥❝❡

■♥ t❤❡✐r ❡①♣❡r✐♠❡♥t❛❧ st✉❞✐❡s✱ ❘✉❜✐♥st❡✐♥ ❛♥❞ ❚✈❡rs❦② ✭✶✾✾✸✮✱ ❘✉❜✐♥st❡✐♥✱
❚✈❡rs❦② ❛♥❞ ❍❡❧❧❡r ✭✶✾✾✻✮✱ ❛♥❞ ❘✉❜✐♥st❡✐♥ ✭✶✾✾✾✮ ✭rt❤ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣✮
♣r❡s❡♥t t❤❡✐r s✉❜❥❡❝ts ✇✐t❤ ❤✐❞❡✲❛♥❞✲s❡❡❦ ❣❛♠❡s ✉♥❞❡r ❞✐✛❡r❡♥t❧②✲❧❛❜❡❧❡❞ ❛❝✲
t✐♦♥ s❡ts✳ ■♥ t❤❡✐r ♠♦st ♣r♦♠✐♥❡♥t s❡t✉♣✱ t❤❡② ♣r❡s❡♥t t❤❡ ❣❛♠❡ ❛s t✇♦
♦♣♣♦♥❡♥ts ❢❛❝✐♥❣ ❛ r♦✇ ♦❢ ❢♦✉r ❜♦①❡s t❤❛t ❛r❡ ❧❛❜❡❧❡❞ ❛s ✏❆✑✱ ✏❇✑✱ ✏❆✑✱ ❛♥❞
✏❆✑✳ ❚❤❡ ❤✐❞❡r ♣❧❛❝❡s ❛ ♣r✐③❡ ✐♥ ♦♥❡ ♦❢ t❤❡ ❜♦①❡s ❛♥❞ t❤❡ s❡❡❦❡r✱ ♥♦t ❤❛✈✐♥❣
♦❜s❡r✈❡❞ t❤❡ ❤✐❞❡r✬s ❝❤♦✐❝❡✱ ♠❛② ♦♣❡♥ ♦♥❡ ♦❢ t❤❡ ❜♦①❡s ✐♥ ♦r❞❡r t♦ ✜♥❞ ✐t✳ ■❢
t❤❡✐r ❝❤♦✐❝❡s ♠❛t❝❤✱ t❤❡ s❡❡❦❡r ❣❡ts t❤❡ ♣r✐③❡✱ ♦t❤❡r✇✐s❡ t❤❡ ❤✐❞❡r ❦❡❡♣s ✐t✳

❲❤✐❧❡ st❛♥❞❛r❞ ❣❛♠❡ t❤❡♦r② ✇♦✉❧❞ ♣r❡❞✐❝t t❤❡ ❧❛❜❡❧s ♥♦t t♦ ✐♥✢✉❡♥❝❡
s✉❜❥❡❝ts✬ ❜❡❤❛✈✐♦r✱ rt❤✬s ❞❛t❛ s✉❣❣❡st ♦t❤❡r✇✐s❡✳ rt❤ ❡①♣❧❛✐♥ t❤✐s ✐♥✢✉❡♥❝❡
❜② t❤❡ ❧❛❜❡❧s✬ s❛❧✐❡♥❝❡✳ ❆❝❝♦r❞✐♥❣ t♦ t❤❡✐r ✐♥t❡r♣r❡t❛t✐♦♥✱ t❤❡ ✏❇✑ ❧♦❝❛t✐♦♥ ✐s
s❛❧✐❡♥t ❜❡❝❛✉s❡ ✐t ✐s t❤❡ ♦♥❧② ✏♥♦♥✲❆✑❀ t❤❡ ✏❆✑s ❛t t❤❡ t✇♦ ❡♥❞s ❜❡❝❛✉s❡ ♦❢ t❤❡✐r
♠❛r❣✐♥❛❧ ❧♦❝❛t✐♦♥✳ ❚❤✐s ❧❡❛✈❡s t❤❡ t❤✐r❞ ❜♦①✱ ✏❝❡♥tr❛❧ ❆✑✱ ❛s t❤❡ ❧❡❛st s❛❧✐❡♥t
❧♦❝❛t✐♦♥✳ rt❤ ✜♥❞ t❤❛t ❛t ❧❡❛st ✹✵ ✪ ♦❢ ❤✐❞❡rs ❛♥❞ ❡✈❡♥ ♠♦r❡ s❡❡❦❡rs ❝❤♦♦s❡
✏❝❡♥tr❛❧ ❆✑✱ ❧❡❛✈✐♥❣ s❡❡❦❡rs ✭❤✐❞❡rs✮ ♠✉❝❤ ❜❡tt❡r ✭✇♦rs❡✮ ♦✛ t❤❛♥ ✉♥❞❡r t❤❡
❡q✉✐❧✐❜r✐✉♠ ♣r❡❞✐❝t✐♦♥✳ ❋✐❣✉r❡ ✶ ♣r❡s❡♥ts t❤❡ ♣♦♦❧❡❞ ❝❤♦✐❝❡ ❢r❡q✉❡♥❝✐❡s ♦❢
❤✐❞❡rs ❢r♦♠ ❘✉❜✐♥st❡✐♥✱ ❚✈❡rs❦② ❛♥❞ ❍❡❧❧❡r ✭✶✾✾✻✮ ❛♥❞ ❘✉❜✐♥st❡✐♥ ✭✶✾✾✾✮✳

❋✐❣✉r❡ ✶✿ ❈❤♦✐❝❡ ❢r❡q✉❡♥❝✐❡s ♦❢ ❤✐❞❡rs ♦❜s❡r✈❡❞ ❜② rt❤ ✭♣♦♦❧❡❞✮
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■♥ t❤❡✐r ❡①♣❧❛♥❛t✐♦♥ ♦❢ t❤❡ r❡s✉❧ts✱ rt❤ ❝♦♥❝❧✉❞❡ t❤❛t ✏t❤❡ ♣❧❛②❡rs ❡♠✲
♣❧♦②❡❞ ❛ ♥❛ï✈❡ str❛t❡❣② ✭❛✈♦✐❞✐♥❣ t❤❡ ❡♥❞♣♦✐♥ts✮✱ t❤❛t ✐s ♥♦t ❣✉✐❞❡❞ ❜② ✈❛❧✐❞
str❛t❡❣✐❝ r❡❛s♦♥✐♥❣✑ ✭❘✉❜✐♥st❡✐♥✱ ❚✈❡rs❦②✱ ❛♥❞ ❍❡❧❧❡r✱ ✶✾✾✻✱ ♣✳ ✹✵✷✮✳ ❈r❛✇✲
❢♦r❞ ❛♥❞ ■r✐❜❡rr✐ ✭✷✵✵✼✮ ♣r♦♣♦s❡ ❛ ❞✐✛❡r❡♥t ❡①♣❧❛♥❛t✐♦♥ ❛♥❞ s❤♦✇ t❤❛t ❛
❧❡✈❡❧✲❦ ❛♣♣r♦❛❝❤ ✐s ❛❜❧❡ t♦ ❛❝❝♦✉♥t ❢♦r t❤❡ ✜♥❞✐♥❣s ✐❢ ✐t ✐s ❜❛s❡❞ ♦♥ ❛ ❧❡✈❡❧✲✵
t❤❛t ❢♦❧❧♦✇s ❘✉❜✐♥st❡✐♥ ❡t ❛❧✳✬s ❛ss❡ss♠❡♥t ♦❢ s❛❧✐❡♥❝❡✳ ❋♦r t❤❡✐r ♣r❡❢❡rr❡❞
❧❡✈❡❧✲❦ ♠♦❞❡❧✱ t❤❡ ❡❝♦♥♦♠❡tr✐❝ ❛♥❛❧②s✐s ②✐❡❧❞s ♥♦ ❡✈✐❞❡♥❝❡ ❢♦r ❧❡✈❡❧✲✵ ♣❧❛②✳ ■♥
❢❛❝t✱ t❤❡② ♦❜s❡r✈❡ t❤❛t s✉❜❥❡❝ts ❛r❡ ✉s✐♥❣ ❤✐❣❤❡r ❧❡✈❡❧s ♦❢ r❡❛s♦♥✐♥❣ t❤❛♥ ✐♥
♠♦st ♦t❤❡r ❣❛♠❡s✳

✸



❚❛❜❧❡ ✶✿ ❚r❡❛t♠❡♥ts ✭❙❡ss✐♦♥s✮

❇❡❧✐❡❢s

❊q✉✐❧✐❜r✐✉♠ ❯♥r❡str✐❝t❡❞

❋r❛♠✐♥❣

❖r✐❣✐♥❛❧ ❊q❇✲❖r✐❣ ❯♥❇✲❖r✐❣

✭❉❡❝ ✷✵✵✾✱ ✼✻ ♣❛rt✐❝✐♣❛♥ts✮ ✭❖❝t ✷✵✶✶✱ ✷✵✽ ♣❛rt✐❝✐♣❛♥ts✮

✭❉❡❝ ✷✵✶✵✱ ✾✵ ♣❛rt✐❝✐♣❛♥ts✮

◆❡✉tr❛❧ ❊q❇✲◆❡✉t ❯♥❇✲◆❡✉t

✭❉❡❝ ✷✵✵✾✱ ✽✷ ♣❛rt✐❝✐♣❛♥ts✮ ✭❖❝t ✷✵✶✶✱ ✷✶✹ ♣❛rt✐❝✐♣❛♥ts✮

✭❉❡❝ ✷✵✶✵✱ ✶✶✵ ♣❛rt✐❝✐♣❛♥ts✮

✸ ❖✉r ❡①♣❡r✐♠❡♥t

■♥ t❤✐s ♣❛♣❡r✱ ✇❡ ✐♥tr♦❞✉❝❡ t✇♦ tr❡❛t♠❡♥t ✈❛r✐❛t✐♦♥s t♦ t❤❡ ♦r✐❣✐♥❛❧ ❡①♣❡r✲
✐♠❡♥ts✳ ❚❤❡ ✜rst ✐s ❞❡s✐❣♥❡❞ t♦ t❡st ✇❤❡t❤❡r t❤❡ ♥♦♥✲❡q✉✐❧✐❜r✐✉♠ ❜❡❤❛✈✐♦r
❞♦❝✉♠❡♥t❡❞ ✐♥ ❘✉❜✐♥st❡✐♥✱ ❚✈❡rs❦② ❛♥❞ ❍❡❧❧❡r ✭✶✾✾✻✮ ❛♥❞ ❘✉❜✐♥st❡✐♥ ✭✶✾✾✾✮
✐s ❛ ❝♦♥s❡q✉❡♥❝❡ ♦❢ ♥♦♥✲❡q✉✐❧✐❜r✐✉♠ ❜❡❧✐❡❢s ❛s t❤❡ ❧❡✈❡❧✲❦ ❡①♣❧❛♥❛t✐♦♥ s✉❣✲
❣❡sts✳ ❋♦r t❤✐s ♣✉r♣♦s❡✱ ✇❡ ✐♥❢♦r♠ ♣❛rt✐❝✐♣❛♥ts t❤❛t ✇❡ ✇♦✉❧❞ ❛ss✐❣♥ t❤❡✐r
♦♣♣♦♥❡♥t ❛♥ ❛❝t✐♦♥ ❜② ❛ r❛♥❞♦♠ ❞r❛✇ ♦✈❡r t❤❡ ❛❝t✐♦♥ s❡t r❛t❤❡r t❤❛♥ ❧❡t t❤❡
♦♣♣♦♥❡♥t ❝❤♦♦s❡ t❤❡ ❛❝t✐♦♥✳ ■♥ ♦t❤❡r ✇♦r❞s✱ ♣❛rt✐❝✐♣❛♥ts ❢❛❝❡ ❛♥ ♦♣♣♦♥❡♥t
✇❤♦ ✐s ❦♥♦✇♥ t♦ ♣❧❛② t❤❡ ❡q✉✐❧✐❜r✐✉♠ str❛t❡❣② ✭t❤❡ ✐♥str✉❝t✐♦♥s st❛t❡❞ t❤❛t
t❤❡ ♦♣♣♦♥❡♥t✬s ❝❤♦✐❝❡ ✇♦✉❧❞ ❜❡ ✏r❛♥❞♦♠❧② ❞❡t❡r♠✐♥❡❞ ❢♦r ❤✐♠✑✮✳✷ ❲❤✐❧❡ ✇❡
❞♦ ♥♦t ♠❛❦❡ ❛ ♣r❡❞✐❝t✐♦♥ ❢♦r ❜❡❤❛✈✐♦r ✐♥ t❤✐s ✈❛r✐❛t✐♦♥✱ ✇❡ ♠❛❦❡ ❛♥ ♦✉t✲
♦❢✲s❛♠♣❧❡ ♣r❡❞✐❝t✐♦♥✿ t❤❡r❡ ✐s ♥♦ r❡❛s♦♥ ❢♦r ❜❡❤❛✈✐♦r ✐♥ rt❤✬s ❡①♣❡r✐♠❡♥ts
t♦ ❞✐✛❡r ❢r♦♠ t❤❛t ✐♥ ♦✉r ❡①♣❡r✐♠❡♥t✱ ✉♥❧❡ss ♣❧❛②❡rs✬ ❜❡❧✐❡❢s ❛r❡ ❞✐✛❡r❡♥t✳✸

❍❡♥❝❡✱ ❞❛t❛ t❤❛t ❞♦❡s ♥♦t ❞✐✛❡r ❢r♦♠ rt❤✬s ❞❛t❛ ✇♦✉❧❞ s✉❣❣❡st t❤❡r❡ ❛r❡
❛❧t❡r♥❛t✐✈❡ ❡①♣❧❛♥❛t✐♦♥s ❢♦r t❤❡ ❧❛tt❡r ❜❡s✐❞❡s t❤❡ ❧❡✈❡❧✲k ❤②♣♦t❤❡s✐s✳ ❉❛t❛
t❤❛t ❞✐✛❡rs ❢r♦♠ rt❤✬s ❞❛t❛✖❛♥❞ ❡s♣❡❝✐❛❧❧② ❜❡❤❛✈✐♦r t❤❛t ❝❛♥♥♦t ❜❡ ❞✐st✐♥✲
❣✉✐s❤❡❞ ❢r♦♠ ❛ ✉♥✐❢♦r♠ ❞✐str✐❜✉t✐♦♥✖✇♦✉❧❞ ❧❡❛❞ ✉s t♦ ❝♦♥❝❧✉❞❡ t❤❛t ♣❧❛②❡rs
❞♦ ♥♦t ❜❡❧✐❡✈❡ t❤❡✐r ♦♣♣♦♥❡♥t ✇✐❧❧ ♣❧❛② t❤❡ ❡q✉✐❧✐❜r✐✉♠ str❛t❡❣② ✐♥ t❤❡ ♦r✐❣✲
✐♥❛❧ ❣❛♠❡✳ ❲❡ r❡❢❡r t♦ t❤✐s ✈❛r✐❛t✐♦♥ ❛s ✏❡q✉✐❧✐❜r✐✉♠ ❜❡❧✐❡❢s✑ ✭❊q❇✮ ❛♥❞ t♦
t❤❡ ♦r✐❣✐♥❛❧ s❡t✉♣ ❛s ✏✉♥r❡str✐❝t❡❞ ❜❡❧✐❡❢s✑ ✭❯♥❇✮✳

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

✷❙❡❡ t❤❡ ❛♣♣❡♥❞✐① ❢♦r ❛ tr❛♥s❧❛t❡❞ ✈❡rs✐♦♥ ♦❢ t❤❡ ✜rst s❡ss✐♦♥✬s ❝♦♠♣❧❡t❡ ✐♥str✉❝t✐♦♥s✳
❆❢t❡r✇❛r❞s ✇❡ ❛❞❞❡❞ ❛ q✉❡st✐♦♥ t♦ ✐❞❡♥t✐❢② ❛♥❞ ❡①❝❧✉❞❡ t❤❡ ❢❡✇ s✉❜❥❡❝ts ✇❤♦ ♣❛rt✐❝✐♣❛t❡❞
✐♥ ♠♦r❡ t❤❛♥ ♦♥❡ s❡ss✐♦♥✳

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

✹



✭✶✾✾✾✮✳✹ ❚❤❡ s❡❝♦♥❞ tr❡❛t♠❡♥t ✈❛r✐❛t✐♦♥ ✐s ❞❡s✐❣♥❡❞ t♦ ❝❤❡❝❦ t❤❡ r♦❜✉st♥❡ss
♦❢ t❤❡ ❞❛t❛ t♦ ❝❤❛♥❣❡s ✐♥ t❤❡ ❣❛♠❡✬s ❢r❛♠❡✳ ❋♦r t❤✐s ✈❛r✐❛t✐♦♥ ✇❡ ❝❤❛♥❣❡❞
t❤❡ ♦r✐❣✐♥❛❧ ✇♦r❞✐♥❣ ♦❢ ✏②♦✉r ♦♣♣♦♥❡♥t✑ ❛♥❞ ✏s❡❧❡❝t✐♥❣ ❛ ❜♦①✑ t♦ ✏t❤❡ ♦t❤❡r
♣❧❛②❡r✑ ❛♥❞ ✏❤✐❞✐♥❣ t❤❡ ♣r✐③❡ ✐♥ t❤❡ ❜♦①✑✱ r❡s♣❡❝t✐✈❡❧②✱ t❤✉s ❛✈♦✐❞✐♥❣ t❤❡
❤✐❞❡✲❛♥❞✲s❡❡❦ ❢r❛♠❡ ✇✐t❤♦✉t ❝❤❛♥❣✐♥❣ t❤❡ ✐♥❝❡♥t✐✈❡s ♦r t❤❡ s❛❧✐❡♥❝❡ ♣❛tt❡r♥✳
❲❡ r❡❢❡r t♦ t❤✐s ✈❛r✐❛t✐♦♥ ❛s ✏♥❡✉tr❛❧✑ ❢r❛♠✐♥❣ ✭◆❡✉t✮ ❛♥❞ t♦ t❤❡ ♦r✐❣✐♥❛❧
✇♦r❞✐♥❣ ❛s ✏♦r✐❣✐♥❛❧✑ ❢r❛♠✐♥❣ ✭❖r✐❣✮✳

❚❛❜❧❡ ✶ s✉♠♠❛r✐③❡s t❤❡ ❢♦✉r r❡s✉❧t✐♥❣ tr❡❛t♠❡♥ts✳ ■♥ ❛❧❧ tr❡❛t♠❡♥ts ✜rst✲
②❡❛r st✉❞❡♥ts ♦❢ ✐♥tr♦❞✉❝t♦r② ❡❝♦♥♦♠✐❝s ♣❧❛②❡❞ rt❤✬s ❆✲❇✲❆✲❆ ❣❛♠❡ ✐♥ ❛
❝❧❛ssr♦♦♠ s❡tt✐♥❣ ❛t t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ❉✉✐s❜✉r❣✲❊ss❡♥✱ ●❡r♠❛♥②✳ ❚❤❡ ✐♥✲
str✉❝t✐♦♥s ✇❡r❡ ❛♠❡♥❞❡❞ ❜② ❛❞❞✐♥❣ t❤❛t ✇❡ ✇♦✉❧❞ r❛♥❞♦♠❧② ❞r❛✇ t✇♦ ♣❛r✲
t✐❝✐♣❛♥ts ✇❤♦ ✇♦✉❧❞ ❜❡ ♣❛✐❞ ❛♥❞ t❤❛t t❤❡ s✉❝❝❡ss❢✉❧ ♣❧❛②❡r ✇♦✉❧❞ r❡❝❡✐✈❡ ❛
♣r✐③❡ ♦❢ ✺✵ ❊✉r♦s✳ ❚♦ ❡♥s✉r❡ ❛♥♦♥②♠✐t②✱ ♣❛rt✐❝✐♣❛♥ts ✇❡r❡ ✐❞❡♥t✐✜❡❞ ❜② r❛♥✲
❞♦♠❧② ❣❡♥❡r❛t❡❞ ✐❞❡♥t✐✜❝❛t✐♦♥ ❝♦❞❡s✳ ■♥ t❤❡ ❊q❇ tr❡❛t♠❡♥ts✱ ✇❡ r❡str✐❝t❡❞
t❤❡ ❡①♣❡r✐♠❡♥t t♦ t❤❡ r♦❧❡ ♦❢ ❤✐❞❡rs ♦♥❧②✱ ❛s t❤✐s ✇♦✉❧❞ ❛❧❧♦✇ ✉s t♦ ❛♥s✇❡r
t❤❡ r❡s❡❛r❝❤ q✉❡st✐♦♥ ✇❤✐❧❡ ♠❛①✐♠✐③✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ ❞❛t❛ ♣♦✐♥ts ❛✈❛✐❧❛❜❧❡✳
■♥ t❤✐s ❝❛s❡✱ t❤❡ ✜rst ♣❛rt✐❝✐♣❛♥t✬s ❞❡❝✐s✐♦♥ ✇❛s ✐♠♣❧❡♠❡♥t❡❞✱ ✇❤❡r❡❛s t❤❡
s❡❝♦♥❞ ♣❛rt✐❝✐♣❛♥t✬s ❞❡❝✐s✐♦♥ ✇❛s ❞❡t❡r♠✐♥❡❞ ❜② t❤❡ ♣✉❜❧✐❝❧② ❡♥❛❝t❡❞ ❞r❛✇
♦❢ ❛ ❝♦❧♦r❡❞ ❜❛❧❧ ❢r♦♠ ❛♥ ✉r♥ ❜② ❛ ✈♦❧✉♥t❡❡r✐♥❣ st✉❞❡♥t✳

■♥ ❛ ✜rst r✉♥✲t❤r♦✉❣❤ ♦❢ t❤❡ ❊q❇ tr❡❛t♠❡♥ts ✐♥ ❉❡❝❡♠❜❡r ✷✵✵✾✱ ✶✺✽
st✉❞❡♥ts ♣❛rt✐❝✐♣❛t❡❞✳ ❚♦ ❝❤❡❝❦ ❢♦r r♦❜✉st♥❡ss ♦❢ ♦✉r r❡s✉❧ts✱ ✇❡ r❡♣❡❛t❡❞
t❤❡ tr❡❛t♠❡♥ts ♦♥❡ ②❡❛r ❧❛t❡r✱ ✐♥ ❉❡❝❡♠❜❡r ✷✵✶✵✱ ✇✐t❤ ❛♥♦t❤❡r ❝♦❤♦rt ♦❢ ✷✵✵
st✉❞❡♥ts✳ ❚❤❡ ❞❛t❛ ❢♦r t❤❡ ❯♥❇ tr❡❛t♠❡♥ts ✇❛s ❝♦❧❧❡❝t❡❞ ✐♥ ❖❝t♦❜❡r ✷✵✶✶
✇✐t❤ ❛ t❤✐r❞ ❝♦❤♦rt ♦❢ ✻✻✼ st✉❞❡♥ts✳ ✹✷✷ ♦❢ t❤❡♠ ♣❧❛②❡❞ t❤❡ ❣❛♠❡ ❛s ❤✐❞❡rs
✇❤✐❧❡ t❤❡ r❡♠❛✐♥✐♥❣ ♣❛rt✐❝✐♣❛♥ts ❛❝t❡❞ ❛s s❡❡❦❡rs✳ ■♥ ❛❧❧ s❡ss✐♦♥s✱ ♣❛rt✐❝✐♣❛♥ts
✇❡r❡ ❛ss✐❣♥❡❞ r❛♥❞♦♠❧② t♦ t❤❡ ◆❡✉t ❛♥❞ ❖r✐❣ ❝♦♥❞✐t✐♦♥s✱ ✇❤✐❝❤ ❞✐✛❡r❡❞
♦♥❧② ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ✇♦r❞✐♥❣ ♦❢ t❤❡ ✐♥str✉❝t✐♦♥s✳

✹ ❘❡s✉❧ts

❋✐rst ♦❢ ❛❧❧✱ ✇❡ ❞♦ ♥♦t ✜♥❞ ❛♥② ❡✈✐❞❡♥❝❡ ❢♦r ❛ ❢r❛♠✐♥❣ ❡✛❡❝t ♦♥ ❤✐❞❡r ❜❡❤❛✈✐♦r
✐♥ ❤✐❞❡✲❛♥❞✲s❡❡❦ ❣❛♠❡s ✇✐t❤ ✉♥r❡str✐❝t❡❞ ❜❡❧✐❡❢s ✭p = 0.927 ❢♦r ❯♥❇✲❖r✐❣
✈s ❯♥❇✲◆❡✉t✱ ✷✵✽ ❛♥❞ ✷✶✹ ♦❜s❡r✈❛t✐♦♥s✱ r❡s♣❡❝t✐✈❡❧②✮✳✺ ❚❤✉s✱ ✇❡ ♣♦♦❧
t❤❡ ❯♥❇✲❖r✐❣ ❛♥❞ ❯♥❇✲◆❡✉t ❞❛t❛ ❢♦r ❢✉rt❤❡r ❛♥❛❧②s✐s✳ ❈♦♠♣❛r✐♥❣ t❤❡
❞❛t❛ t♦ rt❤✬s ❞❛t❛✱ ✇❡ ❞♦ ♥♦t ✜♥❞ ❡✈✐❞❡♥❝❡ ♦❢ ❛ s✉❜❥❡❝t✲♣♦♦❧ ❡✛❡❝t✱ ❡✐t❤❡r
✭p = 0.195 ✐♥❞✐✈✐❞✉❛❧✲tr❡❛t♠❡♥t ❝♦♠♣❛r✐s♦♥s t♦ rt❤✬s ❞❛t❛ ②✐❡❧❞ p = 0.207

❢♦r ❯♥❇✲❖r✐❣ ❛♥❞ p = 0.328 ❢♦r ❯♥❇✲◆❡✉t✮✳ ❋✉rt❤❡r♠♦r❡✱ ✇❡ ✜♥❞ ♥♦
s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ t✇♦ s❡ss✐♦♥s ♦❢ ♦✉r ♠❛✐♥ tr❡❛t♠❡♥ts ✇✐t❤

✹❙❡❡ ❤tt♣✿✴✴❛r✐❡❧r✉❜✐♥st❡✐♥✳t❛✉✳❛❝✳✐❧✴✾✾✴❣t✶✵✵✳❤t♠❧✳
✺❆❧❧ ♣✲✈❛❧✉❡s ❝♦rr❡s♣♦♥❞ t♦ χ2✲t❡sts✳

✺



✐♥❞✉❝❡❞ ❡q✉✐❧✐❜r✐✉♠ ❜❡❧✐❡❢s t❤❛t ✇❡r❡ ❝♦♥❞✉❝t❡❞ ✇✐t❤ t✇♦ ❞✐✛❡r❡♥t ❝♦❤♦rts ♦❢
✜st✲②❡❛r st✉❞❡♥ts ✭p = 0.437 ❢♦r ❊q❇✲❖r✐❣ ❛♥❞ p = 0.699 ❢♦r ❊q❇✲◆❡✉t✮✳
❆❝❝♦r❞✐♥❣❧②✱ ✇❡ ♣♦♦❧ t❤❡ ❞❛t❛ ❢r♦♠ ✷✵✵✾ ❛♥❞ ✷✵✶✵ ❢♦r ♦✉r ❛♥❛❧②s✐s✳✻ ❚❤❡
r❡s✉❧t✐♥❣ ❞✐str✐❜✉t✐♦♥s ♦❢ ❝❤♦✐❝❡s ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❋✐❣✉r❡ ✷✳

❋✐❣✉r❡ ✷✿ ❈❤♦✐❝❡ ❢r❡q✉❡♥❝✐❡s ✐♥ ❊q❇✲❖r✐❣ ✭❧❡❢t✮ ❛♥❞ ❊q❇✲◆❡✉t ✭r✐❣❤t✮
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❲❡ ♠❛❦❡ t❤r❡❡ ♥♦t❡✇♦rt❤② ♦❜s❡r✈❛t✐♦♥s✳ ❋✐rst✱ ✇❤❡♥ ♣r❡s❡♥t✐♥❣ ♦✉r ♣❛r✲
t✐❝✐♣❛♥ts ✇✐t❤ ✐♥str✉❝t✐♦♥s t❤❛t ❝❧♦s❡❧② ❢♦❧❧♦✇ t❤❡ ♦r✐❣✐♥❛❧ ✐♥str✉❝t✐♦♥s ✉s❡❞
❜② rt❤ ✭♦✉r ❊q❇✲❖r✐❣ tr❡❛t♠❡♥t✮✱ t❤❡ ❝❤♦✐❝❡ ❞✐str✐❜✉t✐♦♥ ❝❛♥ ♥♦ ❧♦♥❣❡r
❜❡ ❞✐st✐♥❣✉✐s❤❡❞ ❢r♦♠ ✉♥✐❢♦r♠ r❛♥❞♦♠✐③❛t✐♦♥ ✭p = 0.793✮✳ ❆t t❤❡ s❛♠❡ t✐♠❡
✐t ✐s s✐❣♥✐✜❝❛♥t❧② ❞✐✛❡r❡♥t ❢r♦♠ rt❤✬s ❞❛t❛ ✭p = 0.013✮ ❛♥❞ ♦✉r r❡♣❧✐❝❛t✐♦♥
✭p = 0.010❀ ❛ ❝♦♠♣❛r✐s♦♥ ♦♥❧② t♦ ❯♥❇✲❖r✐❣ ②✐❡❧❞s p = 0.070✮✳

❙❡❝♦♥❞✱ t❤❡ r❡s♣♦♥s❡ ♣❛tt❡r♥ ✐s s❡♥s✐t✐✈❡ t♦ t❤❡ ✇♦r❞✐♥❣ ♦❢ t❤❡ ✐♥str✉❝✲
t✐♦♥s✿ ✇❤❡♥ t❤❡ t❛s❦ ✐s ♣r❡s❡♥t❡❞ ❛s ♦♥❡ ♦❢ ✏s❡❧❡❝t✐♥❣ ❜♦①❡s✑ ❛s ✐♥ ♦✉r ❊q❇✲
◆❡✉t tr❡❛t♠❡♥t✱ t❤❡ ❝❤♦✐❝❡ ❞✐str✐❜✉t✐♦♥ ✐s ♥♦ ❧♦♥❣❡r ✉♥✐❢♦r♠ ✭p = 0.003✮✳
❍♦✇❡✈❡r✱ ✐t ❝❛♥♥♦t ❜❡ ❞✐st✐♥❣✉✐s❤❡❞ st❛t✐st✐❝❛❧❧② ❢r♦♠ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❜✲
s❡r✈❡❞ ❜② rt❤ ✭p = 0.307✮ ♦r t❤❡ r❡♣❧✐❝❛t✐♦♥ ✭p = 0.723❀ t❤❡ ❝♦♠♣❛r✐s♦♥
t♦ ❯♥❇✲◆❡✉t ♦♥❧② ②✐❡❧❞s p = 0.671✮✱ ❡✈❡♥ t❤♦✉❣❤ t❤❡ ♠♦❞❡ s✇✐t❝❤❡s ❢r♦♠
✏❝❡♥tr❛❧ ❆✑ t♦ ✏❇✑✳✼

❋✐♥❛❧❧②✱ ♥♦t❡ t❤❛t ✇❡ ❝♦✉❧❞ ❤❛✈❡ ♠❛❞❡ t❤❡ ❛❜♦✈❡ ❝❧❛✐♠s ✇✐t❤ ❞❛t❛ ❢r♦♠
t❤❡ ✷✵✵✾ s❡ss✐♦♥ ♦♥❧② ✭t❤❡ ❛❝❝♦r❞✐♥❣ p−✈❛❧✉❡s ❢♦r ♦❜s❡r✈❛t✐♦♥s ♦♥❡ ❛♥❞ t✇♦
❛r❡ p = 0.617 ❛♥❞ p = 0.015✱ r❡s♣❡❝t✐✈❡❧②✮✳ ❍♦✇❡✈❡r✱ ✇❡ ✇❡r❡ ♥♦t ❝♦♥✈✐♥❝❡❞
♦✉r ✜♥❞✐♥❣s ✇♦✉❧❞ ❜❡ r❡♣❧✐❝❛❜❧❡✳ ❋♦r t❤✐s r❡❛s♦♥✱ ✇❡ ❞❡❝✐❞❡❞ t♦ r❡♣❧✐❝❛t❡ ♦✉r
❡❛r❧✐❡r r❡s✉❧ts ❛♥❞ ❤♦❧❞ t❤❡✐r r♦❜✉st♥❡ss t♦ ❜❡ ♥♦t❡✇♦rt❤②✳

✻❙❡❡ t❤❡ ❛♣♣❡♥❞✐① ❢♦r ❛ ❞❡t❛✐❧❡❞ ❞❛t❛ ♦✈❡r✈✐❡✇✳
✼■♥tr✐❣✉✐♥❣❧②✱ ✇❡ ❛❧s♦ ♦❜s❡r✈❡ ❛ str♦♥❣ ❢r❛♠✐♥❣ ❡✛❡❝t ❢♦r t❤❡ s❡❡❦❡rs ✐♥ ♦✉r r❡♣❧✐❝❛t✐♦♥

✭p = 0.029✮✿ ✐♥ ❝♦♥tr❛st t♦ t❤❡ t②♣✐❝❛❧ ❞✐str✐❜✉t✐♦♥ ✇✐t❤ ❛ ♠♦❞❛❧ ✏❝❡♥tr❛❧ ❆✑ ✐♥ ❯♥❇✲

❖r✐❣✱ t❤❡ ❞✐str✐❜✉t✐♦♥ ✐♥ ❯♥❇✲◆❡✉t ✐s ♣❡r❢❡❝t❧② s②♠♠❡tr✐❝ ✇✐t❤ ♦♥❡ t❤✐r❞ ♦❢ t❤❡ ❞❡♥s✐t②
♠❛ss ♦♥ ✏❇✑✱ ✏❝❡♥tr❛❧ ❆✑✱ ❛♥❞ t❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ t❤❡ ♠❛r❣✐♥❛❧ ✏❆✑s✱ r❡s♣❡❝t✐✈❡❧②✳ ❆s ❛
❝♦♥s❡q✉❡♥❝❡✱ t❤❡ s❡❡❦❡r ❛❞✈❛♥t❛❣❡ r❡❧❛t✐✈❡ t♦ t❤❡ ❡q✉✐❧✐❜r✐✉♠ ❤✐t r❛t❡ ♦❢ ✷✺✪ ❞❡❝r❡❛s❡s
❢r♦♠ ✷✼✳✼✹✪ ✐♥ ❯♥❇✲❖r✐❣ t♦ ✷✻✳✼✶✪ ✐♥ ❯♥❇✲◆❡✉t✳

✻



✺ ❉✐s❝✉ss✐♦♥

■♥ t❤❡✐r ✐♥s♣✐r✐♥❣ ♣❛♣❡r✱ ❈r❛✇❢♦r❞ ❛♥❞ ■r✐❜❡rr✐ ✭✷✵✵✼❛✮ ♣r♦✈✐❞❡ ❛ ❝♦♥✈✐♥❝✐♥❣
❡①♣❧❛♥❛t✐♦♥ ❢♦r ♦❜s❡r✈❛t✐♦♥s ❢r♦♠ ❛ s❡r✐❡s ♦❢ ❡①♣❡r✐♠❡♥ts ♦♥ ❤✐❞❡✲❛♥❞✲s❡❡❦
❣❛♠❡s ❝♦♥❞✉❝t❡❞ ❜② ❘✉❜✐♥st❡✐♥ ❛♥❞ ❚✈❡rs❦② ✭✶✾✾✸✮✱ ❘✉❜✐♥st❡✐♥✱ ❚✈❡rs❦②
❛♥❞ ❍❡❧❧❡r ✭✶✾✾✻✮ ❛♥❞ ❘✉❜✐♥st❡✐♥ ✭✶✾✾✾✮✳ ❚❤❡② ❡❝♦♥♦♠❡tr✐❝❛❧❧② s❤♦✇ t❤❛t✱
❝♦♥tr❛r② t♦ t❤❡ ❝♦♥❥❡❝t✉r❡ ♦❢ ❘✉❜✐♥st❡✐♥ ❛♥❞ ❝♦❛✉t❤♦rs✱ t❤❡ ♦❜s❡r✈❡❞ ❜❡❤❛✈✲
✐♦r ❝❛♥ ❜❡ ❡①♣❧❛✐♥❡❞ ❜② str❛t❡❣✐❝ ❜❡❤❛✈✐♦r✳ ■♥ ❢❛❝t✱ t❤❡✐r ❛♥❛❧②s✐s s✉❣❣❡sts
❤✐❣❤ ❧❡✈❡❧s ♦❢ ♣❧❛②❡r s♦♣❤✐st✐❝❛t✐♦♥ ✐♥ t❡r♠s ♦❢ ❛ ❧❡✈❡❧s✲♦❢✲r❡❛s♦♥✐♥❣ ❛♣♣r♦❛❝❤✳

■♥ t❤✐s ♥♦t❡✱ ✇❡ ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ❞✐s❝✉ss✐♦♥ ❜② ♣r♦✈✐❞✐♥❣ ❡♠♣✐r✐❝❛❧ ❡✈✐✲
❞❡♥❝❡ t❤❛t✱ ✐♥❞❡❡❞✱ ♥♦♥✲❡q✉✐❧✐❜r✐✉♠ ❜❡❧✐❡❢s r❛t❤❡r t❤❛♥ ♥❛ï✈❡ ❜❡❤❛✈✐♦r ❛r❡ t❤❡
❝✉❧♣r✐t ❢♦r t❤❡ ♣❛tt❡r♥s ♦❜s❡r✈❡❞ ✐♥ t❤❡ ♦r✐❣✐♥❛❧ ❡①♣❡r✐♠❡♥ts✿ ✇❤❡♥ ❤✐❞❡rs ❢❛❝❡
❛♥ ❡q✉✐❧✐❜r✐✉♠ ♣❧❛②❡r ❛♥❞ ✐♥str✉❝t✐♦♥s ❛r❡ ❝❧♦s❡ t♦ t❤❡ ♦r✐❣✐♥❛❧ ✐♥str✉❝t✐♦♥s✱
❝❤♦✐❝❡s ❛r❡ s♣r❡❛❞ ❡✈❡♥❧② ♦✈❡r t❤❡ ❛❝t✐♦♥ s♣❛❝❡ ✭❊q❇✲❖r✐❣✮✳ ■❢ ❤✐❞❡rs ✐♥ t❤❡
❡①♣❡r✐♠❡♥ts ♦❢ ❘✉❜✐♥st❡✐♥ ❛♥❞ ❤✐s ❝♦❛✉t❤♦rs✖♦r ♦✉r r❡♣❧✐❝❛t✐♦♥s❯♥❇✲❖r✐❣
❛♥❞ ❯♥❇✲◆❡✉t✖❜❡❧✐❡✈❡❞ t❤❡✐r ♦♣♣♦♥❡♥ts t♦ ♣❧❛② ❛s ♣r❡❞✐❝t❡❞ ❜② ❣❛♠❡ t❤❡✲
♦r②✱ ✇❡ ❤❛✈❡ ♥♦ r❡❛s♦♥ t♦ ❛ss✉♠❡ ❛❣❣r❡❣❛t❡ ❜❡❤❛✈✐♦r t♦ ❜❡ ❛♥② ❞✐✛❡r❡♥t ❢r♦♠
♦✉r ❞❛t❛✳ ❍❡♥❝❡✱ ✐❢ ❤✐❞❡rs ✐♥ t❤❡ ♦r✐❣✐♥❛❧ ❡①♣❡r✐♠❡♥ts ❤❛❞ ❤❡❧❞ ❡q✉✐❧✐❜r✐✉♠
❜❡❧✐❡❢s✱ ♦✉r ❊q❇✲❖r✐❣ tr❡❛t♠❡♥t s✉❣❣❡sts t❤❡✐r ❜❡❤❛✈✐♦r ✇♦✉❧❞ ❤❛✈❡ ❜❡❡♥
❡q✉✐❧✐❜r✐✉♠ ❜❡❤❛✈✐♦r✱ t♦♦✳

❆t t❤❡ s❛♠❡ t✐♠❡✱ ♦✉r ♥❡✉tr❛❧❧②✲✇♦r❞❡❞ ❊q❇✲◆❡✉t tr❡❛t♠❡♥t ♣♦s❡s ❛
♥❡✇ ♣✉③③❧❡ t❤❛t ❛✇❛✐ts ❛ ❝♦♥✈✐♥❝✐♥❣ ❡①♣❧❛♥❛t✐♦♥✿ ✐♥ t❤✐s tr❡❛t♠❡♥t✱ r❡s♣♦♥s❡s
❝♦♥❝❡♥tr❛t❡ ❛r♦✉♥❞ t❤❡ ♠✐❞❞❧❡✱ ②❡t ✇✐t❤♦✉t t❤❡ ❝❧❡❛r ♣❡❛❦ ❛t ✏❝❡♥tr❛❧ ❆✑
r❡♣♦rt❡❞ ✐♥ t❤❡ ♦r✐❣✐♥❛❧ ❡①♣❡r✐♠❡♥ts✳ ❚❤✐s ❝♦✉❧❞ ❜❡ ❞✉❡ t♦ t❤❡ ✏♣✉❧❧✲t♦✲t❤❡✲
♠✐❞❞❧❡✑ ❡✛❡❝t ❞♦❝✉♠❡♥t❡❞ ✐♥ ♣s②❝❤♦❧♦❣✐❝❛❧ q✉❡st✐♦♥♥❛✐r❡ st✉❞✐❡s ✭❈❤r✐st❡♥✲
❢❡❧❞✱ ✶✾✾✺❀ ❙❤❛✇✱ ❇❡r❣❡♥✱ ❇r♦✇♥ ❛♥❞ ●❛❧❧❛❣❤❡r✱ ✷✵✵✵❀ ❆tt❛❧✐ ❛♥❞ ❇❛r✲❍✐❧❧❡❧✱
✷✵✵✸❀ ❱❛❧❡♥③✉❡❧❛ ❛♥❞ ❘❛❣❤✉❜✐r✱ ✷✵✵✾✮✱ ❜✉t ✐t ✐s ❢❛r ❢r♦♠ ❝❧❡❛r ✇❤② t❤✐s ❡✛❡❝t
✇♦✉❧❞ ❛♣♣❧② t♦ t❤❡ ❊q❇✲◆❡✉t tr❡❛t♠❡♥t ♦♥❧②✱ ❡✈❡♥ t❤♦✉❣❤ ✐ts ✏s❡❧❡❝t✐♥❣✲❛✲
❜♦①✑ ✇♦r❞✐♥❣ ❛r❣✉❛❜❧② ✐s ❝❧♦s❡r t♦ ❛ q✉❡st✐♦♥♥❛✐r❡ t❤❛♥ t❤❡ ♦r✐❣✐♥❛❧ ✏❤✐❞✐♥❣✑
✈❛r✐❛♥t✳ ❆❧s♦✱ t❤❡r❡ ♠❛② ❜❡ ♦t❤❡r ❢❛❝t♦rs ♣❧❛②✐♥❣ ❛ r♦❧❡✱ s✉❝❤ ❛s ❛ str♦♥❣❡r
♣❡r❝❡♣t✐♦♥ ♦❢ s✐♠✉❧t❛♥❡✐t② ♦❢ ♠♦✈❡s ✐♥ t❤❡ ❊q❇✲◆❡✉t tr❡❛t♠❡♥t✳ ❆ ❢❛❝t t❤❛t
❝♦✉❧❞ ❜❡ ✐♥t❡r♣r❡t❡❞ ❛s ❛♥ ✐♥❞✐❝❛t✐♦♥ ✐♥ t❤✐s ❧❛tt❡r ❞✐r❡❝t✐♦♥ ✐s t❤❛t t❤❡ s❡❡❦✲
❡rs✬ ❛❞✈❛♥t❛❣❡ r❡❧❛t✐✈❡ t♦ t❤❡ ❡q✉✐❧✐❜r✐✉♠ ♣r❡❞✐❝t✐♦♥✱ ❜♦t❤ ✐♥ rt❤✬s ❞❛t❛ ❛♥❞
♦✉r ❯♥❇✲❖r✐❣ r❡♣❧✐❝❛t✐♦♥✱ ✐s r❡❞✉❝❡❞ ✐♥ ❯♥❇✲◆❡✉t❀ ❤♦✇❡✈❡r✱ t❤✐s ✐♥t❡r✲
♣r❡t❛t✐♦♥ ❝♦♥tr❛sts ✇✐t❤ ✜♥❞✐♥❣s ♦❢ ❊❧✐❛③ ❛♥❞ ❘✉❜✐♥st❡✐♥ ✭✷✵✶✶✮ ✇❤♦ ❞♦ ♥♦t
✜♥❞ s❡q✉❡♥❝❡ ❡✛❡❝ts t♦ ❜❡ s✐❣♥✐✜❝❛♥t ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ❛ r❡♣❡❛t❡❞ ♠❛t❝❤✐♥❣✲
♣❡♥♥✐❡s ❣❛♠❡✳ ❨❡t✱ t❤❡ ✜♥❞✐♥❣s ❢r♦♠ ♦✉r ❊q❇ tr❡❛t♠❡♥ts ❛r❡ r❡♠❛r❦❛❜❧❡ ✐♥
t❤❛t t❤❡✐r r♦❜✉st♥❡ss ✐s ❛ s✐❣♥ ♦❢ s②st❡♠❛t✐❝ ❜❡❤❛✈✐♦r❛❧ ♣❛tt❡r♥s✿ ✇❡ ✜♥❞ t❤❡
s❛♠❡ ❝❤♦✐❝❡ ♣❛tt❡r♥s ✐♥ t✇♦ ❞✐✛❡r❡♥t ❝♦❤♦rts ♦❢ ✜rst✲②❡❛r st✉❞❡♥ts✳

❆❧❧ ✐♥ ❛❧❧✱ ♦✉r st✉❞② ❤✐❣❤❧✐❣❤ts t✇♦ ♣♦✐♥ts✳ ❋✐rst✱ ✇❤❡♥ t❤✐♥❦✐♥❣ ❛❜♦✉t
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■♥str✉❝t✐♦♥s ❢♦r t❤❡ ❊q❇✲❖r✐❣ tr❡❛t♠❡♥t

Welcome to the experiment! 

You are participating in an analysis of decision making in the field of experimental 

economics. Please read the following instructions carefully and insert your answers to the 

questions. It is absolutely necessary that you make your decision independently. 

Unfortunately we have to exclude you from the experiment, if you communicate with others 

during the course of the experiment.  

 

Instructions: 

You and another student are playing the following game: 

You possess a prize which you can hide in one of four boxes arranged in a row. The boxes 

are marked as follows: A, B, A, A. 

Your opponent will be allowed to find the prize by opening one (and only one) of the four 

boxes. The choice of the box will be randomly determined for him. Where will you hide the 

prize so that it will remain in your possession? Please mark that box with a cross: 

 

 

 

At the end of the lecture one participant, whose own decision will be relevant, will be 

randomly drawn. This participant will be matched with another randomly drawn participant, 

the opponent, whose decision will be determined by a random device. The successful player 

receives the prize of 50 Euro. 

 

Additional information: 

Please also provide the following information about yourself: 

Age:  _________         Semester:  _________ 

Gender (please mark the appropriate box): 

female  male 

Field of study (please mark the appropriate box): 

business economics  information systems        teaching certificate       other 

 

Please cut off part 2 of this sheet now and keep it. You need it to receive your payoff in case 

that you are randomly drawn. Please fold part 1 once and wait until we start collecting part 

1. Thank you for participating. 

 

Part 1 

Part 2 

A B A A

Identification code: 34rk3qd 

Identification code: 34rk3qd 

✶✶
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Welcome to the experiment! 

You are participating in an analysis of decision making in the field of experimental 

economics. Please read the following instructions carefully and insert your answers to the 

questions. It is absolutely necessary that you make your decision independently. 

Unfortunately we have to exclude you from the experiment, if you communicate with others 

during the course of the experiment.  

 

Instructions: 

You and another student are playing the following game: 

You can choose one of four boxes arranged in a row. The boxes are marked as follows: A, 

B, A, A. 

The other player will also choose one (and only one) of the four boxes. The choice of the 

box will be randomly determined for him. You will earn a prize if you select a different box 

than the other player. Otherwise the other player will earn the prize. Which box are you 

going to select in order to win the prize? Please mark that box with a cross: 

 

 

 

At the end of the lecture one participant, whose own decision will be relevant, will be 

randomly drawn. This participant will be matched with another randomly drawn participant, 

the “other player”, whose decision will be determined by a random device. The successful 

player receives the prize of 50 Euro. 

 

Additional information: 

Please also provide the following information about yourself: 

Age:  _________         Semester:  _________ 

Gender (please mark the appropriate box): 

female  male 

Field of study (please mark the appropriate box): 

business economics  information systems        teaching certificate       other 

 

Please cut off part 2 of this sheet now and keep it. You need it to receive your payoff in case 

that you are randomly drawn. Please fold part 1 once and wait until we start collecting part 

1. Thank you for participating. 

 

Part 1 

Part 2 

A B A A

Identification code: 34rk3qd 

Identification code: 34rk3qd 
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❙❡ss✐♦♥ ✭♣❛rt✐❝✐♣❛♥ts❀ p−✈❛❧✉❡ ♦❢ ❛ χ2✲t❡st ✉♥❞❡r ❈❤♦✐❝❡ ❢r❡q✉❡♥❝✐❡s

H0✿ t❤❡ ♣r❡❝❡❞✐♥❣ tr❡❛t♠❡♥ts ❤❛✈❡ t❤❡ s❛♠❡ ✉♥❞❡r❧②✐♥❣ ✭✐♥ ✪✮

❞❛t❛✲❣❡♥❡r❛t✐♥❣ ♣r♦❝❡ss✮ A B A A

❍✐❞❡rs

❉❡❝ ✷✵✵✾✱ ❊q❇✲❖r✐❣ ✭✼✻✮ ✸✵ ✷✵ ✷✻ ✷✹

❉❡❝ ✷✵✶✵✱ ❊q❇✲❖r✐❣ ✭✾✵✮ ✷✸ ✸✵ ✷✼ ✷✵

❊q❇✲❖r✐❣✱ ♣♦♦❧❡❞ ✭✶✻✻❀ p = 0.437✮ ✷✼ ✷✺ ✷✼ ✷✷

❉❡❝ ✷✵✵✾✱ ❊q❇✲◆❡✉t ✭✽✷✮ ✶✸ ✸✺ ✸✷ ✷✵

❉❡❝ ✷✵✶✵✱ ❊q❇✲◆❡✉t ✭✶✶✵✮ ✶✻ ✷✾ ✸✵ ✷✺

❊q❇✲◆❡✉t✱ ♣♦♦❧❡❞ ✭✶✾✷❀ p = 0.699✮ ✶✺ ✸✷ ✸✶ ✷✷

❘✉❜✐♥st❡✐♥✱ ❚✈❡rs❦②✱ ❛♥❞ ❍❡❧❧❡r ✭✶✾✾✻✮❀ ❤✐❞❡rs ✭✺✸✮ ✾ ✸✻ ✹✵ ✶✺

❘✉❜✐♥st❡✐♥ ✭✶✾✾✾✮❀ ❤✐❞❡rs ✭✺✵✮ ✶✻ ✶✽ ✹✺ ✷✷

rt❤✱ ♣♦♦❧❡❞ ✭✶✵✸❀ p = 0.197✮ ✶✸ ✷✼ ✹✷ ✶✽

❖❝t ✷✵✶✶✱ ❯♥❇✲❖r✐❣❀ ❤✐❞❡rs ✭✷✵✽✮ ✶✺ ✷✾ ✸✵ ✷✺

❖❝t ✷✵✶✶✱ ❯♥❇✲◆❡✉t❀ ❤✐❞❡rs ✭✷✶✹✮ ✶✹ ✷✼ ✸✸ ✷✻

❯♥❇✱ ♣♦♦❧❡❞ ✭✹✷✷❀ p = 0.927✮ ✶✺ ✷✽ ✸✷ ✷✻

❙❡❡❦❡rs

❘✉❜✐♥st❡✐♥✱ ❚✈❡rs❦②✱ ❛♥❞ ❍❡❧❧❡r ✭✶✾✾✻✮❀ s❡❡❦❡rs ✭✻✷✮ ✽ ✶✾ ✷✽ ✼

❘✉❜✐♥st❡✐♥ ✭✶✾✾✾✮❀ s❡❡❦❡rs ✭✻✹✮ ✶✵ ✶✷ ✸✺ ✼

rt❤✱ ♣♦♦❧❡❞ ✭✶✷✻❀ p = 0.466✮ ✶✽ ✸✶ ✻✸ ✶✹

❖❝t ✷✵✶✶✱ ❯♥❇✲❖r✐❣❀ s❡❡❦❡rs ✭✶✹✶✮ ✶✸ ✸✶ ✼✷ ✷✺

❖❝t ✷✵✶✶✱ ❯♥❇✲◆❡✉t❀ s❡❡❦❡rs ✭✾✷✮ ✶✺ ✸✶ ✸✶ ✶✺

❯♥❇✱ ♥♦t ♣♦♦❧❡❞ ✭✶✹✶ ✈s ✾✷❀ p = 0.029✮

✶✸




