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▲❆❇❖❘❆❚❖❘❨▼❊❆❙❯❘❊❖❋ ❈❍❊❆❚■◆● P❘❊❉■❈❚❙ ❙❈❍❖❖▲

▼■❙❈❖◆❉❯❈❚✯

❆❧❛✐♥ ❈♦❤♥ ❛♥❞ ▼✐❝❤❡❧ ❆♥❞ré ▼❛ré❝❤❛❧

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

t♦ ✇❤❛t ❡①t❡♥t ❝❤❡❛t✐♥❣ ✐♥ t❤❡ ❧❛❜ ❣❡♥❡r❛❧✐③❡s t♦ t❤❡ ✜❡❧❞✳ ❲❡ ❝♦♥❞✉❝t❡❞ ❛♥ ❡①♣❡r✐♠❡♥t ✇✐t❤

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

❞✐❝ts t❤r❡❡ t②♣❡s ♦❢ s❝❤♦♦❧ ♠✐s❝♦♥❞✉❝t✿ ✭✐✮ ❞✐sr✉♣t✐✈❡♥❡ss ✐♥ ❝❧❛ss✱ ✭✐✐✮ ❤♦♠❡✇♦r❦ ♥♦♥✲❝♦♠♣❧❡t✐♦♥✱

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

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

✈✐♦❧❛t✐♥❣ ❜❡❤❛✈✐♦✉r ✐♥ ♥❛t✉r❛❧❧② ♦❝❝✉rr✐♥❣ ❡♥✈✐r♦♥♠❡♥ts✳

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

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

t❤❡ ❜✉s✐♥❡ss ✇♦r❧❞ ✭❡✳❣✳✱ ❱♦❧❦s✇❛❣❡♥✬s r❡❝❡♥t ❡♠✐ss✐♦♥ ❢r❛✉❞ ♦r ✐♥t❡r❡st ❛♥❞ ❡①❝❤❛♥❣❡

r❛t❡ ♠❛♥✐♣✉❧❛t✐♦♥s ✐♥ t❤❡ ✜♥❛♥❝✐❛❧ ✐♥❞✉str②✮ t♦ r✐❣❣❡❞ s♣♦rt ❝♦♠♣❡t✐t✐♦♥s ✭❉✉❣❣❛♥ ❡t ❛❧✳

✷✵✵✷✮✱ r❛♠♣❛♥t ❝♦rr✉♣t✐♦♥ ✐♥ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s ✭P❛♥❞❡ ❛♥❞ ❖❧❦❡♥ ✷✵✶✷❀ ❇❛♥❡r❥❡❡

❡t ❛❧✳ ✷✵✶✸✮✱ ❛♥❞ st✉❞❡♥t ❛♥❞ t❡❛❝❤❡r ❝❤❡❛t✐♥❣ ✭❏❛❝♦❜ ❛♥❞ ▲❡✈✐tt ✷✵✵✸❀ ▲❡✈✐tt ❛♥❞ ▲✐♥

✷✵✶✺✮✳

●✐✈❡♥ t❤❡ ♣r❡✈❛❧❡♥❝❡ ❛♥❞ ❝♦st ♦❢ ❞✐s❤♦♥❡st② t♦ s♦❝✐❡t②✱ ❛ r❛♣✐❞❧② ❣r♦✇✐♥❣ ❧✐t❡r❛t✉r❡

❤❛s ❡♠❡r❣❡❞ ✇✐t❤ t❤❡ ❛✐♠ t♦ ♣r♦✈✐❞❡ ❛ ❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ ❞❡t❡r♠✐♥❛♥ts ♦❢

❧②✐♥❣✱ ❝❤❡❛t✐♥❣✱ ❛♥❞ st❡❛❧✐♥❣ ✭s❡❡ ❆r✐❡❧② ✷✵✶✷❀ ■r❧❡♥❜✉s❝❤ ❛♥❞ ❱✐❧❧❡✈❛❧ ✷✵✶✺✱ ❛♥❞ ❙❤❛❧✈✐

❡t ❛❧✳ ✷✵✶✺ ❢♦r r❡❝❡♥t r❡✈✐❡✇s✮✳ ❉✉❡ t♦ ✐ts ❝❧❛♥❞❡st✐♥❡ ♥❛t✉r❡✱ ❞✐s❤♦♥❡st ❜❡❤❛✈✐♦✉r ✐s

✯ ❈♦rr❡s♣♦♥❞✐♥❣ ❛✉t❤♦rs✿ ❆❧❛✐♥ ❈♦❤♥✱ ❯♥✐✈❡rs✐t② ♦❢ ▼✐❝❤✐❣❛♥✱ ❙❝❤♦♦❧ ♦❢ ■♥❢♦r♠❛t✐♦♥✱ ✶✵✺ ❙♦✉t❤

❙t❛t❡ ❙tr❡❡t✱ ❆♥♥ ❆r❜♦r✱ ▼✐❝❤✐❣❛♥ ✹✽✶✵✾✱ ❯♥✐t❡❞ ❙t❛t❡s✳ ❊♠❛✐❧✿ ❛❞❝♦❤♥✭❛t✮✉♠✐❝❤✳❡❞✉✳ ▼✐❝❤❡❧ ❆♥❞ré

▼❛ré❝❤❛❧✱ ❯♥✐✈❡rs✐t② ♦❢ ❩✉r✐❝❤✱ ❉❡♣❛rt♠❡♥t ♦❢ ❊❝♦♥♦♠✐❝s✱ ❇❧✉❡♠❧✐s❛❧♣str❛ss❡ ✶✵✱ ✽✵✵✻ ❩✉r✐❝❤✱ ❙✇✐t③❡r✲

❧❛♥❞✳ ❊♠❛✐❧✿ ♠✐❝❤❡❧✳♠❛r❡❝❤❛❧✭❛t✮❡❝♦♥✳✉③❤✳❝❤✳
❲❡ t❤❛♥❦ ❏♦♥❛s ❆❞❞♦r ❛♥❞ ❏♦ë❧ ❋❛rr♦♥❛t♦ ❢♦r ❡①❝❡❧❧❡♥t r❡s❡❛r❝❤ ❛ss✐st❛♥❝❡ ❛♥❞ ❉❛✈✐❞ ❚❛♥♥❡♥❜❛✉♠✱

❏♦❤♥ ▲✐st✱ ❑❥❡❧❧ ❙❛❧✈❛♥❡s ✭❡❞✐t♦r✮✱ ❛♥❞ t✇♦ ❛♥♦♥②♠♦✉s r❡❢❡r❡❡s ❢♦r ❤❡❧♣❢✉❧ ❝♦♠♠❡♥ts✳ ❋✐♥❛♥❝✐❛❧ s✉♣♣♦rt
❢r♦♠ t❤❡ ●♦tt❧✐❡❜ ❉✉tt✇❡✐❧❡r ■♥st✐t✉t❡ ✐s ❣r❛t❡❢✉❧❧② ❛❝❦♥♦✇❧❡❞❣❡❞✳

✶
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t②♣✐❝❛❧❧② ❞✐✣❝✉❧t t♦ ♠❡❛s✉r❡ r❡❧✐❛❜❧② ✉s✐♥❣ ♦❜s❡r✈❛t✐♦♥❛❧ ✜❡❧❞ ❞❛t❛ ✭❩✐t③❡✇✐t③ ✷✵✶✷✮✳ ❆s

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

❡♥✈✐r♦♥♠❡♥ts✳✶

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

♣❡r❢♦r♠ ❛ s✐♠♣❧❡ t❛s❦ ♦❢ ❝❤❛♥❝❡ ✭❡✳❣✳✱ ✢✐♣♣✐♥❣ ❝♦✐♥s ♦r r♦❧❧✐♥❣ ❞✐❝❡✮ ❛♥❞ ❛s❦✐♥❣ t❤❡♠ t♦

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

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

❡❛r♥✐♥❣s ❜② ♠✐sr❡♣♦rt✐♥❣ t❤❡✐r ♦✉t❝♦♠❡s ✇✐t❤♦✉t ❛♥② r✐s❦ ♦❢ ❣❡tt✐♥❣ ❝❛✉❣❤t ✭❡✳❣✳✱ ❇✉❝❝✐♦❧

❛♥❞ P✐♦✈❡s❛♥ ✷✵✶✶❀ ❙❤❛❧✈✐ ❡t ❛❧✳ ✷✵✶✶❀ ❋✐s❝❤❜❛❝❤❡r ❛♥❞ ❋ö❧❧♠✐✲❍❡✉s✐ ✷✵✶✸❀ ❈♦❤♥ ❡t ❛❧✳

✷✵✶✹❀ ❆❜❡❧❡r ❡t ❛❧✳ ✷✵✶✻✮✳✷ ❆❧t❤♦✉❣❤ ❝❤❡❛t✐♥❣ ❝❛♥♥♦t ❜❡ ❞❡t❡❝t❡❞ ❛t t❤❡ ✐♥❞✐✈✐❞✉❛❧

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

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

t♦ ❜❡ t❤❡ r❡s✉❧t ♦❢ ❝❤❛♥❝❡✱ ❡❛r♥✐♥❣s ❝❧❛✐♠❡❞ ❜② ✐♥❞✐✈✐❞✉❛❧ s✉❜❥❡❝ts ❝❛♥ s❡r✈❡ ❛s ❛ ♣r♦①②

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

❞❡t❡r♠✐♥❛♥ts ♦❢ ❞✐s❤♦♥❡st② ❛♥❞ r✉❧❡ ✈✐♦❧❛t✐♥❣ ❜❡❤❛✈✐♦✉r✱ t❤❡ ❡①t❡♥t t♦ ✇❤✐❝❤ t❤❡ ✐♥s✐❣❤ts

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

✉♥❝❧❡❛r✳ ❈♦♠♠♦♥ ♦❜❥❡❝t✐♦♥s t♦ t❤❡ ❣❡♥❡r❛❧✐③❛❜✐❧✐t② ♦❢ ❧❛❜ ❡①♣❡r✐♠❡♥ts ❛r❡ t❤❛t s✉❜❥❡❝ts

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

✐s ❜❡✐♥❣ r❡❝♦r❞❡❞ ❛♥❞ ❛♥❛❧②s❡❞ ✭▲❡✈✐tt ❛♥❞ ▲✐st ✷✵✵✼❀ ❋❛❧❦ ❛♥❞ ❍❡❝❦♠❛♥ ✷✵✵✾✮✳

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

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

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

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

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

❤❛❞ ❛ ✜♥❛♥❝✐❛❧ ✐♥❝❡♥t✐✈❡ t♦ ♠✐sr❡♣♦rt t❤❡✐r ♦✉t❝♦♠❡s ❢♦r ✉♥s✉❝❝❡ss❢✉❧ ❝♦✐♥ ✢✐♣s✳ ❖✉r

✶❙❡❡ P✐❡r❝❡ ❛♥❞ ❇❛❧❛s✉❜r❛♠❛♥✐❛♥ ✭✷✵✶✺✮ ❢♦r ❛ s✉r✈❡② ♦❢ t❤❡ ❧✐t❡r❛t✉r❡ ♦♥ ❞✐s❤♦♥❡st ❜❡❤❛✈✐♦✉r t❤❛t
✉s❡s ♦❜s❡r✈❛t✐♦♥❛❧ ❞❛t❛ ❛♥❞ ✜❡❧❞ ❡①♣❡r✐♠❡♥ts✳

✷❆♥♦t❤❡r ❝♦♠♠♦♥ ❛♣♣r♦❛❝❤ ❛r❡ ✐♥t❡r❛❝t✐✈❡ s❡♥❞❡r✲r❡❝❡✐✈❡r ❣❛♠❡s ✇❤❡r❡ s❡♥❞❡rs ❝❛♥ ✐♥❝r❡❛s❡ t❤❡✐r
❡❛r♥✐♥❣s ❜② s❡♥❞✐♥❣ ❞❡❝❡♣t✐✈❡ ♠❡ss❛❣❡s t♦ t❤❡ r❡❝❡✐✈❡r ✭❡✳❣✳✱ ●♥❡❡③② ✷✵✵✺❀ ❙✉tt❡r ✷✵✵✾✮✳
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♠❡❛s✉r❡s ♦❢ s❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r ❛r❡ ❜❛s❡❞ ♦♥ t❤❡ ❯❙ ◆❛t✐♦♥❛❧ ❊❞✉❝❛t✐♦♥ ▲♦♥❣✐t✉❞✐♥❛❧

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

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

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

❡❞✉❝❛t✐♦♥❛❧ ❛❝❤✐❡✈❡♠❡♥t ❛♥❞ ❧❛❜♦✉r ♠❛r❦❡t ♦✉t❝♦♠❡s ✭❙❡❣❛❧ ✷✵✶✸❀ ❆✉t♦r ❡t ❛❧✳ ✷✵✶✺✮✳✸

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

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

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

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

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

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

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

✭♣r❡s✉♠❛❜❧② ❤♦♥❡st ✐♥❞✐✈✐❞✉❛❧s✮ ✐s✱ ♦♥ ❛✈❡r❛❣❡✱ ✵✳✺✸ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s✳ ❋♦r ❝♦♠♣❛r✐✲

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

❛❜✐❧✐t✐❡s ✭✐✳❡✳✱ ❝r②st❛❧❧✐③❡❞ ✐♥t❡❧❧✐❣❡♥❝❡✮ ❞✐✛❡r ❜② ✷✳✼ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s✳ ❚♦❣❡t❤❡r✱ t❤❡s❡

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

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

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

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

✈❛❧✐❞✐t② ♦❢ ❧❛❜♦r❛t♦r② ♠❡❛s✉r❡s ♦❢ ❜❡❤❛✈✐♦✉r✳✹ ❋♦r ❡①❛♠♣❧❡✱ ❑❛r❧❛♥ ✭✷✵✵✺✮ ❢♦✉♥❞ t❤❛t

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

❛♠♦♥❣ ♣❛rt✐❝✐♣❛♥ts ♦❢ ❛ ♠✐❝r♦❝r❡❞✐t ♣r♦❣r❛♠ ✐♥ P❡r✉✳✺ ❯s✐♥❣ ❡①♣❡r✐♠❡♥t❛❧ ♠❡❛s✉r❡s ♦❢

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

✸❉✐sr✉♣t✐✈❡ ❛♥❞ ♥♦♥❝♦♠♣❧✐❛♥t ❜❡❤❛✈✐♦✉r ✐♥ s❝❤♦♦❧ ❛❧s♦ s❡❡♠ t♦ ♠❛tt❡r ❢♦r st✉❞❡♥ts✬ ❝✉rr❡♥t ❛❝❛❞❡♠✐❝
♣❡r❢♦r♠❛♥❝❡ ❛s ✇❡ ❢♦✉♥❞ ♥❡❣❛t✐✈❡ ❛♥❞ s✐❣♥✐✜❝❛♥t ❝♦rr❡❧❛t✐♦♥s ❜❡t✇❡❡♥ st✉❞❡♥ts✬ s❡❧❢✲r❡♣♦rt❡❞ ❣r❛❞❡ ♣♦✐♥t
❛✈❡r❛❣❡ ✭●P❆✮ ❛♥❞ t❤❡ t❤r❡❡ ♠❡❛s✉r❡s ♦❢ s❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r ✭❞✐sr✉♣t✐✈❡♥❡ss✿ p = 0.001✱ ❤♦♠❡✇♦r❦✿
p < 0.001✱ ❛❜s❡♥t❡❡✐s♠✿ p = 0.002✱ ❙♣❡❛r♠❛♥ t❡sts✮✳

✹❙❡❡ ❈❛♠❡r❡r ✭✷✵✶✺✮ ❢♦r ❛♥ ♦✈❡r✈✐❡✇ ♦❢ ❡①♣❡r✐♠❡♥t❛❧ st✉❞✐❡s ❧✐♥❦✐♥❣ ❜❡❤❛✈✐♦✉r ✐♥ t❤❡ ❧❛❜ ❛♥❞ ✜❡❧❞✳
✺❇❡♥③ ❛♥❞ ▼❡✐❡r ✭✷✵✵✽✮✱ ❈❛r♣❡♥t❡r ❛♥❞ ▼②❡rs ✭✷✵✶✵✮✱ ❋❡❤r ❛♥❞ ▲❡✐❜❜r❛♥❞t ✭✷✵✶✶✮✱ ❇✉r❦s ❡t ❛❧✳

✭✷✵✶✺✮✱ ❛♥❞ ❈♦❤♥ ❡t ❛❧✳ ✭✷✵✶✺❛✮ ♣r♦✈✐❞❡ ❢✉rt❤❡r ❡✈✐❞❡♥❝❡ ❢♦r ♣♦s✐t✐✈❡ ❛ss♦❝✐❛t✐♦♥s ❜❡t✇❡❡♥ ❧❛❜ ❛♥❞ ✜❡❧❞
♠❡❛s✉r❡s ♦❢ ♣r♦s♦❝✐❛❧✐t②✳
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♠♦r❡ ❧✐❦❡❧② t♦ ❜✉② ❛❧❝♦❤♦❧ ❛♥❞ ❝✐❣❛r❡tt❡s✱ ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ♦❜❡s❡✱ ❛♥❞ ❛r❡ ❧❡ss ❧✐❦❡❧② t♦

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

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

r✉❧❡ ✈✐♦❧❛t✐♦♥ ✐♥ t❤❡ ❧❛❜ ❛♥❞ t❤❡ ✜❡❧❞✳ ❍❛♥♥❛ ❛♥❞ ❲❛♥❣ ✭❢♦rt❤❝♦♠✐♥❣✮ ❡①❛♠✐♥❡❞ ❝❤❡❛t✐♥❣

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

✐♥ ❛ ❞✐❝❡ t❛s❦ ❛❧s♦ t❡♥❞❡❞ t♦ s❤♦✇ ✉♣ ❛t ✇♦r❦ ❧❡ss ♦❢t❡♥✳ ❈♦❤♥ ❡t ❛❧✳ ✭✷✵✶✺❜✮ ❝♦♥❞✉❝t❡❞

❛ ❝♦✐♥ t♦ss✐♥❣ ❡①♣❡r✐♠❡♥t ✇✐t❤ ✐♥♠❛t❡s ❢r♦♠ ❛ ♠❛①✐♠✉♠✲s❡❝✉r✐t② ♣r✐s♦♥✳ ❚❤❡② ❢♦✉♥❞

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

✐♥ ♣r✐s♦♥ ✭❡✳❣✳✱ ✐❧❧❡❣❛❧ ❞r✉❣ ♣♦ss❡ss✐♦♥ ♦r ❛❣❣r❡ss✐♦♥ ❛❣❛✐♥st ❣✉❛r❞s ❛♥❞ ♦t❤❡r ✐♥♠❛t❡s✮✳

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

❡♥❞s ♦❢ t❤❡ ❤♦♥❡st② ❞✐str✐❜✉t✐♦♥✳ ❘❡❝❡♥t❧②✱ ❉❛✐ ❡t ❛❧✳ ✭❢♦rt❤❝♦♠✐♥❣✮ r❡♣♦rt❡❞ ❛ ❞✐❡✲

r♦❧❧✐♥❣ ❡①♣❡r✐♠❡♥t ✇✐t❤ ♣✉❜❧✐❝ tr❛♥s♣♦rt ♣❛ss❡♥❣❡rs s❤♦✇✐♥❣ t❤❛t t❤❡ ♣r♦♣♦rt✐♦♥ ♦❢ ❢✉❧❧②

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

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

✉s✐♥❣ ❞✐✛❡r❡♥t ♠❡t❤♦❞s ❛♥❞ s✉❜❥❡❝t ♣♦♦❧s✳✼

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

✐❢❡st❛t✐♦♥s ♦❢ ♥♦♥✲❝♦❣♥✐t✐✈❡ s❦✐❧❧s✳✽ ❋♦r ❡①❛♠♣❧❡✱ ❙❡❣❛❧ ✭✷✵✶✸✮ s❤♦✇s t❤❛t st✉❞❡♥ts ♠✐s✲

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

❛❧♠♦st ✶✵✪ ❧♦✇❡r ❡❛r♥✐♥❣s ❛s ❛❞✉❧ts r❡❧❛t✐✈❡ t♦ ♥♦♥✲❞✐sr✉♣t✐✈❡ st✉❞❡♥ts✳ ❇❡rtr❛♥❞ ❛♥❞

P❛♥ ✭✷✵✶✸✮ ❢♦✉♥❞ t❤❛t ❜❡❤❛✈✐♦✉r❛❧ ♣r♦❜❧❡♠s ✐♥ s❝❤♦♦❧ ❛r❡ ♠♦r❡ ♣r❡✈❛❧❡♥t ❛♠♦♥❣ ❜♦②s✱

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

✇✐❞❡♥✐♥❣ ❣❡♥❞❡r ❣❛♣ ✐♥ ❛❝❛❞❡♠✐❝ ❛❝❤✐❡✈❡♠❡♥t ✐♥ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s ❛♥❞ ♦t❤❡r ❞❡✈❡❧♦♣❡❞

✻▼❡✐❡r ❛♥❞ ❙♣r❡♥❣❡r ✭✷✵✶✵✮ s❤♦✇ t❤❛t ❡①♣❡r✐♠❡♥t❛❧❧② ❡❧✐❝✐t❡❞ ♣r❡s❡♥t ❜✐❛s ✐s ❛ r❡❧✐❛❜❧❡ ♣r❡❞✐❝t♦r ♦❢
❝r❡❞✐t ❝❛r❞ ❜♦rr♦✇✐♥❣✳

✼▲✐st ✭✷✵✵✾✮ ❛♥❛❧②s❡❞ ❛ s✉❜s❛♠♣❧❡ ♦❢ ✶✼ s❡❧❧❡rs ❢r♦♠ ♦♣❡♥ ❛✐r ♠❛r❦❡ts ❢♦r ✇❤✐❝❤ ❤❡ ♦❜s❡r✈❡❞ ❧❛❜
❛♥❞ ✜❡❧❞ ❜❡❤❛✈✐♦✉r✳ ❍❡ ❢♦✉♥❞ t❤❛t s❡❧❧❡rs ✇❤♦ ❜r❡❛❝❤❡❞ ❝♦❧❧✉s✐✈❡ ❛❣r❡❡♠❡♥ts ✐♥ ❝♦♥t❡①t✉❛❧✐③❡❞ ❧❛❜
❡①♣❡r✐♠❡♥ts ✇❡r❡ ❛❧s♦ ♠♦r❡ ❧✐❦❡❧② t♦ ❞♦ s♦ ✐♥ t❤❡ ✜❡❧❞✳ ▼♦r❡ r❡❝❡♥t❧②✱ P♦tt❡rs ❛♥❞ ❙t♦♦♣ ✭✷✵✶✻✮ ❛♥❞
❑rö❧❧ ❛♥❞ ❘✉st❛❣✐ ✭✷✵✶✼✮ ✜♥❞ t❤❛t s✉❜❥❡❝ts ✇❤♦ ❝❤❡❛t ✐♥ t❤❡ ❧❛❜ ❛r❡ ❛❧s♦ ❧❡ss ❧✐❦❡❧② t♦ r❡♣♦rt ✏❛❝❝✐❞❡♥t❛❧✑
♦✈❡r♣❛②♠❡♥ts ❛♥❞ ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❛❞✉❧t❡r❛t❡ ♠✐❧❦ ✇✐t❤ ✇❛t❡r✱ r❡s♣❡❝t✐✈❡❧②✳

✽❊①t❡r♥❛❧✐③✐♥❣ ❜❡❤❛✈✐♦✉r ❛♥❞ ♠✐s❝♦♥❞✉❝t ✐♥ s❝❤♦♦❧ ❛r❡ t②♣✐❝❛❧❧② s❡❡♥ ❛s ❡①♣r❡ss✐♦♥s ♦❢ ♥♦♥✲❝♦❣♥✐t✐✈❡
s❦✐❧❧s ❛♥❞ r❡❧❛t❡ t♦ ♣❡rs♦♥❛❧✐t② tr❛✐ts s✉❝❤ ❛s ❛❣r❡❡❛❜❧❡♥❡ss ❛♥❞ ❝♦♥s❝✐❡♥t✐♦✉s♥❡ss ✭s❡❡ ❊❤r❧❡r ❡t ❛❧✳ ✶✾✾✾❀
❆❧♠❧✉♥❞ ❡t ❛❧✳ ✷✵✶✶✮✳
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❝♦✉♥tr✐❡s ✭●♦❧❞✐♥ ❡t ❛❧✳ ✷✵✵✻❀ ❇❡❝❦❡r ❡t ❛❧✳ ✷✵✶✵❀ ❋♦rt✐♥ ❡t ❛❧✳ ✷✵✶✺✮✳ ❲❡ ✜♥❞ t❤❛t ♠❛❧❡

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

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

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

❝♦❣♥✐t✐✈❡ s❦✐❧❧s ✭❇❡❝❦❡r ❡t ❛❧✳ ✷✵✶✷❀ ❆❧♠❧✉♥❞ ❡t ❛❧✳ ✷✵✶✶✮✳ ❚❤❡ ✐❞❡♥t✐✜❡❞ r❡❧❛t✐♦♥s❤✐♣

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

❤♦♥❡st② ❛♥❞ ❡①♣r❡ss✐♦♥s ♦❢ ♥♦♥✲❝♦❣♥✐t✐✈❡ s❦✐❧❧s ❛t s❝❤♦♦❧ s❤❛r❡ ❛ ❝♦♠♠♦♥ ✉♥❞❡r❧②✐♥❣

♠❡❝❤❛♥✐s♠✳

✶✳ ❉❡s✐❣♥

❲❡ ❝♦♥❞✉❝t❡❞ ❛ ♣❛♣❡r✲❛♥❞✲♣❡♥❝✐❧ ❡①♣❡r✐♠❡♥t ✇✐t❤ ✶✻✷ st✉❞❡♥ts ❢r♦♠ ❡✐❣❤t ❝❧❛ss❡s ✐♥ t✇♦

❙✇✐ss ♣✉❜❧✐❝ s❝❤♦♦❧s✖♦♥❡ ♠✐❞❞❧❡ ❛♥❞ ♦♥❡ ❤✐❣❤ s❝❤♦♦❧✳ ❙t✉❞❡♥ts ✇❡r❡ ❜❡t✇❡❡♥ ✶✷ ❛♥❞

✷✵ ②❡❛rs ♦❧❞✱ ❛♥❞ ✹✸✪ ♦❢ t❤❡♠ ✇❡r❡ ❢❡♠❛❧❡✳ ❚❤❡② ✇❡r❡ ✐♥❢♦r♠❡❞ t❤❛t t❤❡✐r ❞❛t❛ ✇✐❧❧ ❜❡

tr❡❛t❡❞ ❝♦♥✜❞❡♥t✐❛❧❧② ❛♥❞ t❤❛t ✇❡ ✇✐❧❧ ♥♦t r❡✈❡❛❧ t❤❡✐r ❞❛t❛ t♦ ♦t❤❡rs✱ ✐♥❝❧✉❞✐♥❣ t❤❡✐r

t❡❛❝❤❡rs ❛♥❞ s❝❤♦♦❧ ❛✉t❤♦r✐t✐❡s✳ ❚❤❡ ❡①♣❡r✐♠❡♥t t♦♦❦ ♣❧❛❝❡ ✐♥ t❤❡ ❝❧❛ssr♦♦♠s ✐♥ ❛❜s❡♥❝❡

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

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

❆❧t❤♦✉❣❤ ♣❛rt✐❝✐♣❛t✐♦♥ ✇❛s ✈♦❧✉♥t❛r②✱ ❛❧❧ st✉❞❡♥ts ❣❛✈❡ t❤❡✐r ❝♦♥s❡♥t t♦ ♣❛rt✐❝✐♣❛t❡ ✐♥

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

❛✈♦✐❞ ❝r♦ss✲t❛❧❦ ❜❡t✇❡❡♥ s✉❜❥❡❝ts✳

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

q✉❡st✐♦♥s s✉❝❤ ❛s ❛❣❡✱ ❣❡♥❞❡r✱ ♥❛t✐♦♥❛❧✐t②✱ ❛♥❞ ♣❛r❡♥t❛❧ ❡❞✉❝❛t✐♦♥ ✭s❡❡ ❚❛❜❧❡ ✶ ❢♦r ❞❡✲

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

t❡sts ❢r♦♠ ❉♦❤♠❡♥ ❡t ❛❧✳ ✭✷✵✶✵✮✿ t❤❡ ✇♦r❞ ✢✉❡♥❝② t❡st ❛♥❞ t❤❡ s②♠❜♦❧✲❞✐❣✐t ❝♦rr❡s♣♦♥✲

✾❲❡ t♦♦❦ t❤❡s❡ ♠❡❛s✉r❡s t♦ ♠✐t✐❣❛t❡ ♣♦t❡♥t✐❛❧ ❝♦♥✜❞❡♥t✐❛❧✐t② ❝♦♥❝❡r♥s✳ ❙✉❝❤ ❝♦♥❝❡r♥s ❝♦✉❧❞✱ ✐♥
♣r✐♥❝✐♣❧❡✱ ❧❡❛❞ t♦ ❛♥ ♦✈❡r❡st✐♠❛t✐♦♥ ♦❢ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ♦✉r ❧❛❜♦r❛t♦r② ♠❡❛s✉r❡ ♦❢ ❝❤❡❛t✐♥❣ ❛♥❞
♠✐s❜❡❤❛✈✐♦r ❛t s❝❤♦♦❧ ✐❢ t❤❡ ♠♦st ✇❡❧❧✲❜❡❤❛✈❡❞ st✉❞❡♥ts ✐♥ t❤❡ ❝❧❛ss ✇❡r❡ ♠♦r❡ ✇♦rr✐❡❞ ❛❜♦✉t ❞❛t❛
♣r✐✈❛❝②✳ ❲❡ t❤❛♥❦ ❛♥ ❛♥♦♥②♠♦✉s r❡❢❡r❡❡ ❢♦r ♣♦✐♥t✐♥❣ t❤✐s ♦✉t✳

✺

This	article	is	protected	by	copyright.	All	rights	reserved

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



❞❡♥❝❡ t❡st✳✶✵ ❇♦t❤ t❡sts ❛r❡ r❡❧❛t❡❞ t♦ ✇♦r❦✐♥❣ ♠❡♠♦r② ❛♥❞ ♣r♦❝❡ss✐♥❣ s♣❡❡❞✱ ✇❤✐❝❤

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

t✐♥❝t ❝♦♥❝❡♣ts ♦❢ r❡❛s♦♥✐♥❣ ❝❛♣❛❜✐❧✐t② ✭❈❛rr♦❧❧ ✶✾✾✸✮✳✶✶ ❚❤❡ ✇♦r❞ ✢✉❡♥❝② t❡st ♠❡❛s✉r❡s

✏❝r②st❛❧❧✐③❡❞ ✐♥t❡❧❧✐❣❡♥❝❡✑ ✭❛❜✐❧✐t② t♦ s♦❧✈❡ ♣r♦❜❧❡♠s ✉s✐♥❣ ❦♥♦✇❧❡❞❣❡ ❛♥❞ ❡①♣❡r✐❡♥❝❡✮ ❜②

❛s❦✐♥❣ s✉❜❥❡❝ts t♦ ❧✐st ❛s ♠❛♥② ❞✐✛❡r❡♥t ❛♥✐♠❛❧s ❛s ♣♦ss✐❜❧❡ ✇✐t❤✐♥ ✾✵ s❡❝♦♥❞s✳ ❙✉❜✲

❥❡❝ts r❡❝❡✐✈❡❞ ♦♥❡ ♣♦✐♥t ❢♦r ❡❛❝❤ ❝♦rr❡❝t ❛♥❞ ✉♥✐q✉❡ ❛♥✐♠❛❧ ♥❛♠❡❞✳ ❚❤❡ s②♠❜♦❧✲❞✐❣✐t

❝♦rr❡s♣♦♥❞❡♥❝❡ t❡st ♠❡❛s✉r❡s ✏✢✉✐❞ ✐♥t❡❧❧✐❣❡♥❝❡✑ ✭✐♥♥❛t❡ ❛❜✐❧✐t② t♦ s♦❧✈❡ ♣r♦❜❧❡♠s✮ ❛♥❞

❝♦♥s✐sts ♦❢ ❞❡❝♦❞✐♥❣ s❡ts ♦❢ ✉♥❢❛♠✐❧✐❛r s②♠❜♦❧s ✐♥t♦ s✐♥❣❧❡ ❞✐❣✐ts ❛s ❢❛st ❛s ♣♦ss✐❜❧❡ ✇✐t❤✐♥

✾✵ s❡❝♦♥❞s✳ ❋♦r ❡❛❝❤ s❡t✱ s✉❜❥❡❝ts ❤❛❞ t♦ ✇r✐t❡ ❞♦✇♥ t❤❡ ❝♦rr❡❝t ♥✉♠❜❡rs ✉♥❞❡r ❛ ❣r✐❞ ♦❢

♥✐♥❡ s②♠❜♦❧s ✉s✐♥❣ ❛ ♣r❡❞❡✜♥❡❞ ♠❛♣♣✐♥❣ ❜❡t✇❡❡♥ s②♠❜♦❧s ❛♥❞ ❞✐❣✐ts✳ ❙✉❜❥❡❝ts s❝♦r❡❞

♦♥❡ ♣♦✐♥t ❢♦r ❡❛❝❤ ❝♦rr❡❝t s②♠❜♦❧✲❞✐❣✐t ♣❛✐r✳

❚❤❡ ❧❛st ♣❛rt ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t ❝♦♠♣r✐s❡❞ t❤❡ ❝♦✐♥ t♦ss✐♥❣ t❛s❦✖♦✉r ❧❛❜♦r❛t♦r②

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

✵✳✺ ❙✇✐ss ❢r❛♥❝s ✭❛❜♦✉t ❯❙ ✩✵✳✺✺✮✳ ❚❤❡♥✱ t❤❡② ✇❡r❡ ✐♥str✉❝t❡❞ t♦ t♦ss ❡❛❝❤ ❝♦✐♥ ✐♥ ♣r✐✈❛t❡

❛♥❞ r❡♣♦rt t❤❡✐r ♦✉t❝♦♠❡s ♦♥ ♣❛♣❡r✳ ❋♦r ❡✈❡r② ❝♦✐♥ t♦ss ❢♦r ✇❤✐❝❤ s✉❜❥❡❝ts r❡♣♦rt❡❞ t❤❡

♦✉t❝♦♠❡ ✏❤❡❛❞s✑ t❤❡② ✇❡r❡ ❛❧❧♦✇❡❞ t♦ ❦❡❡♣ t❤❡ ❝♦✐♥❀ t❤❡② ❤❛❞ t♦ ♣✉t t❤❡ ❝♦✐♥ ❜❛❝❦

✐♥t♦ t❤❡ ❡♥✈❡❧♦♣❡ ♦t❤❡r✇✐s❡✳ P❛rt✐❝✐♣❛♥ts t❤✉s ❢❛❝❡❞ ❛ ✜♥❛♥❝✐❛❧ ✐♥❝❡♥t✐✈❡ t♦ ❝❤❡❛t ❜②

♠✐sr❡♣♦rt✐♥❣ t❤❡ ♦✉t❝♦♠❡s ♦❢ t❤❡✐r ❝♦✐♥ ✢✐♣s ✇✐t❤♦✉t ❛♥② r✐s❦ ♦❢ ❣❡tt✐♥❣ ❝❛✉❣❤t✳✶✷ ❚❤❡

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

t♦ ❤❛❧❢ t❤❡ ❛♠♦✉♥t st✉❞❡♥ts ♦❢ s✐♠✐❧❛r ❛❣❡ r❡❝❡✐✈❡ ✐♥ ♣♦❝❦❡t ♠♦♥❡② ❡✈❡r② ✇❡❡❦ ✭❡✳❣✳✱ s❡❡

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

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

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

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

✶✵❚❤❡ t✇♦ ❝♦❣♥✐t✐✈❡ ❛❜✐❧✐t② t❡sts ❛r❡ ❜❛s❡❞ ♦♥ s✉❜♠♦❞✉❧❡s ♦❢ t❤❡ ❲❡❝❤s❧❡r ❆❞✉❧t ■♥t❡❧❧✐❣❡♥❝❡ ❙❝❛❧❡
✭❲❆■❙✮✖♦♥❡ ♦❢ t❤❡ ♠♦st ❢r❡q✉❡♥t❧② ✉s❡❞ ✐♥t❡❧❧✐❣❡♥❝❡ t❡sts✳

✶✶❚❡st s❝♦r❡s ❛r❡ ♣♦s✐t✐✈❡❧② ❝♦rr❡❧❛t❡❞ ✐♥ ♦✉r s❛♠♣❧❡ ✭❙♣❡❛r♠❛♥✬s r❤♦ = 0.423, p < 0.001✮✳
✶✷◆✐♥❡ s✉❜❥❡❝ts r❡♣♦rt❡❞ ❛ ❧♦✇❡r ♥✉♠❜❡r ♦❢ ❤❡❛❞s t❤❛♥ t❤❡ ♥✉♠❜❡r ♦❢ ❝♦✐♥s t❤❡② ❛❝t✉❛❧❧② t♦♦❦ ♦✉t ♦❢

t❤❡ ❡♥✈❡❧♦♣❡✳ ❋♦r ♦✉r ❛♥❛❧②s✐s✱ ✇❡ ✉s❡ t❤❡ ♥✉♠❜❡r ♦❢ ❝♦✐♥s t❛❦❡♥ ❛s t❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡✳ ❖✉r r❡s✉❧ts
r❡♠❛✐♥ t❤❡ s❛♠❡ ✐❢ ✇❡ ✉s❡ t❤❡ r❡♣♦rt❡❞ ♥✉♠❜❡r ♦❢ ❤❡❛❞s ✐♥st❡❛❞ ✭s❡❡ ❚❛❜❧❡ ❇✳✶ ✐♥ t❤❡ ♦♥❧✐♥❡ ❛♣♣❡♥❞✐①✮✳
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❚❛❜❧❡ ✶✿ ❉❡s❝r✐♣t✐✈❡ ❙t❛t✐st✐❝s

❱❛r✐❛❜❧❡ ▼❡❛♥ ❙❉

❆❣❡ ✶✹✳✾✸✽ ✷✳✵✶✺
❋❡♠❛❧❡ ✵✳✹✸✷ ✵✳✹✾✼
❙✇✐ss ♥❛t✐♦♥❛❧✐t② ✵✳✻✼✸ ✵✳✹✼✶
❍✐❣❤ s❝❤♦♦❧ ✵✳✹✽✽ ✵✳✺✵✶
P❛r❡♥t❛❧ ❡❞✉❝❛t✐♦♥ ✵✳✸✻✹ ✵✳✹✽✸
❈r②st❛❧❧✐③❡❞ ✐♥t❡❧❧✐❣❡♥❝❡ ✷✵✳✹✵✶ ✼✳✹✼✶
❋❧✉✐❞ ✐♥t❡❧❧✐❣❡♥❝❡ ✹✸✳✸✼✵ ✶✵✳✸✸✶
●r❛❞❡ ♣♦✐♥t ❛✈❡r❛❣❡ ✭s❡❧❢✲r❡♣♦rt❡❞✮ ✹✳✻✸✷ ✵✳✺✸✺
❆❜s❡♥t❡❡✐s♠ ✵✳✾✽✶ ✶✳✺✷✷
❉✐sr✉♣t✐✈❡♥❡ss ✵✳✾✽✶ ✶✳✺✸✵
❍♦♠❡✇♦r❦ ♥♦♥✲❝♦♠♣❧❡t✐♦♥ ✶✳✽✶✺ ✶✳✾✾✶
❙❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦r ✐♥❞❡① ✶✳✷✺✾ ✶✳✸✺✺

❚❤✐s t❛❜❧❡ r❡♣♦rts ❞❡s❝r✐♣t✐✈❡ st❛t✐st✐❝s✳ ❆❣❡ ✐s ♠❡❛s✉r❡❞ ✐♥ ②❡❛rs✳ ❋❡♠❛❧❡✱ ❙✇✐ss ♥❛t✐♦♥❛❧✐t②✱ ❍✐❣❤
s❝❤♦♦❧✱ ❛♥❞ P❛r❡♥t❛❧ ❡❞✉❝❛t✐♦♥ ❛r❡ ❞✉♠♠② ✈❛r✐❛❜❧❡s✳ P❛r❡♥t❛❧ ❡❞✉❝❛t✐♦♥ ❡q✉❛❧s t♦ ♦♥❡ ✐❢ ❛t ❧❡❛st ♦♥❡
♣❛r❡♥t ❤❛s ❛ ✉♥✐✈❡rs✐t② ❞❡❣r❡❡✳ ❈r②st❛❧❧✐③❡❞ ❛♥❞ ❋❧✉✐❞ ✐♥t❡❧❧✐❣❡♥❝❡ ❛r❡ ❜❛s❡❞ ♦♥ t❤❡ s❝♦r❡s ❢r♦♠ t❤❡
✇♦r❞ ✢✉❡♥❝② t❡st ❛♥❞ t❤❡ s②♠❜♦❧✲❞✐❣✐t ❝♦rr❡s♣♦♥❞❡♥❝❡ t❡st✱ r❡s♣❡❝t✐✈❡❧②✳ ●r❛❞❡ ♣♦✐♥t ❛✈❡r❛❣❡ ✐s t❤❡
s❡❧❢✲r❡♣♦rt❡❞ ❣r❛❞❡ ♣♦✐♥t ❛✈❡r❛❣❡ ♦♥ ❛ s❝❛❧❡ ❢r♦♠ ✶ ✭✇♦rst✮ t♦ ✻ ✭❜❡st✮✳ ❉✐sr✉♣t✐✈❡♥❡ss✱ ❍♦♠❡✇♦r❦ ♥♦♥✲
❝♦♠♣❧❡t✐♦♥ ❛♥❞ ❆❜s❡♥t❡❡✐s♠ ❛r❡ t❤r❡❡ ♠❡❛s✉r❡s ♦❢ s❝❤♦♦❧ ♠✐s❝♦♥❞✉❝t✱ ❜❛s❡❞ ♦♥ t❤❡ t❡❛❝❤❡rs✬ ❛ss❡ss♠❡♥ts
♦♥ ❛ s❝❛❧❡ ❢r♦♠ ✏♥❡✈❡r ♠✐s❜❡❤❛✈❡s✑ ✭❂ ✵✮ t♦ ✏❛❧✇❛②s ♠✐s❜❡❤❛✈❡s✑ ✭❂ ✻✮✳ ❙❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r ✐♥❞❡① ✐s
t❤❡ ❛✈❡r❛❣❡ ♦❢ t❤❡ t❤r❡❡ ✐t❡♠s ♦❢ s❝❤♦♦❧ ♠✐s❝♦♥❞✉❝t✳ ❚❤❡ ♥✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✐s ✶✻✷✱ ❡①❝❡♣t ❢♦r ❛❣❡
✭◆❂✶✻✶✮ ❜❡❝❛✉s❡ ♦♥❡ s✉❜❥❡❝t ❞✐❞ ♥♦t st❛t❡ ❤✐s ❛❣❡✳

✉❛t❡❞ t❤❡ st✉❞❡♥ts ♦♥ ❛ s❝❛❧❡ ❢r♦♠ ✏♥❡✈❡r ♠✐s❜❡❤❛✈❡s✑ ✭❂ ✵✮ t♦ ✏❛❧✇❛②s ♠✐s❜❡❤❛✈❡s✑ ✭❂

✻✮✳ ❚❤❡s❡ ♠❡❛s✉r❡s ♦❢ s❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r ✇❡r❡ ✐♥s♣✐r❡❞ ❜② t❤❡ ❯❙ ◆❛t✐♦♥❛❧ ❊❞✉❝❛✲

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

♠♦r❡ t❤❛♥ ✷✵✱✵✵✵ st✉❞❡♥ts ♦✈❡r s❡✈❡r❛❧ ②❡❛rs✳ ❲❡ ❝❤♦s❡ t❤❡s❡ ♠❡❛s✉r❡s ♦❢ s❝❤♦♦❧ ♠✐s❜❡✲

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

❧❛❜♦✉r ♠❛r❦❡t ♦✉t❝♦♠❡s ✭❙❡❣❛❧ ✷✵✶✸❀ ❆✉t♦r ❡t ❛❧✳ ✷✵✶✺✮✳ ❇❡❝❛✉s❡ t❤❡ t❤r❡❡ ✐t❡♠s ❛r❡

str♦♥❣❧② ❝♦rr❡❧❛t❡❞ ✭❈r♦♥❜❛❝❤✬s α = 0.718✮ ✇❡ ❝r❡❛t❡❞ ❛♥ ✐♥❞❡① ♦❢ s❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r

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

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

t❤❡ r❡s✉❧ts ✉s✐♥❣ t❤❡ t❤r❡❡ ♠❡❛s✉r❡s ♦❢ ♠✐s❜❡❤❛✈✐♦✉r s❡♣❛r❛t❡❧② ✭s❡❡ ❚❛❜❧❡ ❇✳✷ ✐♥ t❤❡

♦♥❧✐♥❡ ❛♣♣❡♥❞✐①✮✳ ❲❡ ♠❛t❝❤❡❞ t❡❛❝❤❡rs✬ ❡✈❛❧✉❛t✐♦♥s ✇✐t❤ t❤❡ ❡①♣❡r✐♠❡♥t❛❧ ❞❛t❛ ✉s✐♥❣

✐❞❡♥t✐✜❝❛t✐♦♥ ❝♦❞❡s t♦ ♣r❡s❡r✈❡ s✉❜❥❡❝ts✬ ❛♥♦♥②♠✐t②✳
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✷✳ ❘❡s✉❧ts

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

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

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

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

♦✈❡rr❡♣r❡s❡♥t❡❞ ✭p < 0.001 ❢♦r ❛❧❧ t❤r❡❡ ♦✉t❝♦♠❡s✱ ❜✐♥♦♠✐❛❧ t❡sts✮✱ ✇❤❡r❡❛s t✇♦✱ t❤r❡❡✱

❢♦✉r✱ ❛♥❞ ✜✈❡ ❝♦✐♥s ❛r❡ s✐❣♥✐✜❝❛♥t❧② ✉♥❞❡rr❡♣r❡s❡♥t❡❞ ✭p = 0.011✱ p < 0.001✱ p = 0.032✱

❛♥❞ p = 0.055✱ ❜✐♥♦♠✐❛❧ t❡sts✮✳ ❖♥ ❛✈❡r❛❣❡✱ t❤❡ st✉❞❡♥ts t♦♦❦ ✻✷✳✽✪ ♦❢ t❤❡ ❝♦✐♥s ✐♥

t❤❡ ❡♥✈❡❧♦♣❡s ✭✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧✿ ✻✵✳✵✪✱ ✻✺✳✼✪✮✳✶✸ ❆ss✉♠✐♥❣ t❤❛t ♥♦♥❡ ♦❢ t❤❡

♣❛rt✐❝✐♣❛♥ts ❝❤❡❛t❡❞ t♦ ❤✐s ♦r ❤❡r ❞✐s❛❞✈❛♥t❛❣❡ ✇❡ ❡st✐♠❛t❡ t❤❛t ✷✺✳✼✪ ♦❢ t❤❡ ❝♦✐♥s ✇❡r❡

♠✐sr❡♣♦rt❡❞✳✶✹

❲❡ ❛❧s♦ ❛♥❛❧②s❡❞ ✐♥❞✐✈✐❞✉❛❧ ❞❡t❡r♠✐♥❛♥ts ♦❢ ❝❤❡❛t✐♥❣ ✉s✐♥❣ ♠✉❧t✐✈❛r✐❛t❡ r❡❣r❡ss✐♦♥

❛♥❛❧②s✐s✳ ❍✐❣❤❡r ❡❛r♥✐♥❣s ❛r❡ ❧❡ss ❧✐❦❡❧② t♦ ❜❡ t❤❡ r❡s✉❧t ♦❢ ❝❤❛♥❝❡✳ ❚❤✉s✱ ✇❡ ✉s❡ t❤❡

♥✉♠❜❡r ♦❢ ❝♦✐♥s ❡❛❝❤ s✉❜❥❡❝t t♦♦❦ ❛s ❛ ♣r♦①② ❢♦r ❝❤❡❛t✐♥❣ ✐♥ t❤❡ r❡❣r❡ss✐♦♥ ❛♥❛❧②s✐s✳

❈♦❧✉♠♥ ✭✶✮ ♦❢ ❚❛❜❧❡ ✷ ✐♥❞✐❝❛t❡s t❤❛t ❢❡♠❛❧❡ st✉❞❡♥ts ❜❡❤❛✈❡❞ ♠♦r❡ ❤♦♥❡st❧② t❤❛♥ ♠❛❧❡

st✉❞❡♥ts ❛s t❤❡② t♦♦❦ s✐❣♥✐✜❝❛♥t❧② ❧❡ss ❝♦✐♥s ✭p < 0.000✱ t✲t❡st✮✳✶✺ ▼♦r❡♦✈❡r✱ ✇❡ ❢♦✉♥❞

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

❝♦♥tr♦❧❧✐♥❣ ❢♦r ❛❣❡ ✭p = 0.011✱ t✲t❡st✮✱ ✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ❡①♣❧❛✐♥❡❞ ❜② ❧❡ss ❞❡✈✐❛♥t st✉❞❡♥ts

s❡❧❡❝t✐♥❣ ✐♥t♦ ❤✐❣❤❡r ❡❞✉❝❛t✐♦♥✳ ❊❛r♥✐♥❣s ✐♥ t❤❡ ❝♦✐♥ t♦ss✐♥❣ t❛s❦ ❛♥❞ t❤❡ t✇♦ ♠❡❛s✉r❡s

♦❢ ❝♦❣♥✐t✐✈❡ ❛❜✐❧✐t② ❛r❡ ♥❡❣❛t✐✈❡❧② ❝♦rr❡❧❛t❡❞✳ ❍♦✇❡✈❡r✱ t❤❡ ❝♦rr❡❧❛t✐♦♥s ❞♦ ♥♦t r❡❛❝❤

st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡✱ ♥❡✐t❤❡r ❢♦r ❝r②st❛❧❧✐③❡❞ ♥♦r ❢♦r ✢✉✐❞ ✐♥t❡❧❧✐❣❡♥❝❡ ✭p = 0.599 ❛♥❞

✶✸■❢ ✇❡ ✉s❡ r❡♣♦rt❡❞ ♦✉t❝♦♠❡s ✐♥st❡❛❞✱ t❤❡ ♣❡r❝❡♥t❛❣❡ ♦❢ ❤❡❛❞s ✐s ✻✶✳✻✪ ✭✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧✿
✺✽✳✾✪✱ ✻✹✳✸✪✮✳

✶✹❚❤❡ ❝❛❧❝✉❧❛t✐♦♥ ♦❢ ♣❡r❝❡♥t❛❣❡ ♦❢ ♠✐sr❡♣♦rt❡❞ ❝♦✐♥ t♦ss❡s ✐s str❛✐❣❤t❢♦r✇❛r❞ ✐❢ ✇❡ ❛ss✉♠❡ t❤❛t ♥♦♥❡
♦❢ t❤❡ ♣❛rt✐❝✐♣❛♥ts ❝❤❡❛t❡❞ t♦ ❤✐s ♦r ❤❡r ❞✐s❛❞✈❛♥t❛❣❡ ✭s❡❡ ❍♦✉s❡r ❡t ❛❧✳ ✷✵✶✷✮✳ ▲❡t h ❜❡ t❤❡ ♣❡r❝❡♥t❛❣❡
♦❢ ❝♦✐♥s t❛❦❡♥ ❢r♦♠ t❤❡ ❡♥✈❡❧♦♣❡s ❛♥❞ m ❜❡ t❤❡ ♣❡r❝❡♥t❛❣❡ ♦❢ ♠✐sr❡♣♦rt❡❞ ❝♦✐♥ t♦ss❡s✳ ❋♦r ❛♥② ❣✐✈❡♥
❝♦✐♥ t♦ss✱ ❛ ♣❛rt✐❝✐♣❛♥t ✇❤♦ ❝❤❡❛ts ❦❡❡♣s ✐t ✇✐t❤ ❛ ♣r♦❜❛❜✐❧✐t② ♦❢ ✶✳ ❇② ❝♦♥tr❛st✱ ❛ ♣❛rt✐❝✐♣❛♥t ✇❤♦ ✐s
tr✉t❤❢✉❧ ❦❡❡♣s ❡❛❝❤ ❝♦✐♥ ✇✐t❤ ❛ ♣r♦❜❛❜✐❧✐t② ♦❢ ✵✳✺✳ ❚❤✉s✱ t❤❡ ♣❡r❝❡♥t❛❣❡ ♦❢ ❝♦✐♥s t❛❦❡♥ ❢r♦♠ t❤❡ ❡♥✈❡❧♦♣❡
✐s h = m ∗ 1 + (1−m) ∗ 0.5 = 0.5 ∗ (1 +m)✳ ❙♦❧✈✐♥❣ t❤❡ ❡q✉❛t✐♦♥ ②✐❡❧❞s t❤❡ ♣❡r❝❡♥t❛❣❡ ♦❢ ♠✐sr❡♣♦rt❡❞
❝♦✐♥ t♦ss❡s m = 2 ∗ h− 1✳

✶✺❉r❡❜❡r ❛♥❞ ❏♦❤❛♥♥❡ss♦♥ ✭✷✵✵✽✮ ❞♦❝✉♠❡♥t ❛ s✐♠✐❧❛r ❣❡♥❞❡r ❞✐✛❡r❡♥❝❡ ✐♥ ❞✐s❤♦♥❡st ❜❡❤❛✈✐♦✉r✳
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❋✐❣✉r❡ ✶✿ ❙t✉❞❡♥ts✬ ❇❡❤❛✈✐♦✉r ✐♥ t❤❡ ❈♦✐♥ ❚♦ss✐♥❣ ❚❛s❦

0

10

20

30

P
e

rc
e

n
ta

g
e

 o
f 

s
u

b
je

c
ts

0 1 2 3 4 5 6 7 8 9 10

Number of coins taken

Binomial Empirical

❚❤❡ ✜❣✉r❡ ✐♥❞✐❝❛t❡s t❤❛t ❛ s✐❣♥✐✜❝❛♥t ♣r♦♣♦rt✐♦♥ ♦❢ st✉❞❡♥ts ❝❤❡❛t❡❞ ✐♥ t❤❡ ❝♦✐♥ t♦ss✐♥❣ t❛s❦✳ ❚❤❡

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

❜✐♥♦♠✐❛❧ ❞✐str✐❜✉t✐♦♥ ✐♠♣❧✐❡❞ ❜② ❢✉❧❧② ❤♦♥❡st ❜❡❤❛✈✐♦✉r ✭❜❧✉❡ ❜❛rs✮✳

p = 0.744✱ t✲t❡sts✮✳

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

♠✐s❝♦♥❞✉❝t✳ P❛♥❡❧s ✭❛✮ t♦ ✭❝✮ ✐♥ ❋✐❣✉r❡ ✷ ✐❧❧✉str❛t❡ t❤❡ ❛✈❡r❛❣❡ s❝♦r❡s ❢♦r t❤❡ t❤r❡❡

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

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

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

❡❛❝❤ ♠❡❛s✉r❡ ♦❢ s❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r✳ ❙✉❜❥❡❝ts ✇❤♦ t♦♦❦ ♠♦r❡ t❤❛♥ ✜✈❡ ❝♦✐♥s s❝♦r❡ ✵✳✺

♣♦✐♥ts ✭♦r ✼✷✪✮ ❤✐❣❤❡r ♦♥ ❞✐sr✉♣t✐✈❡♥❡ss ✐♥ ❝❧❛ss✱ ✵✳✾ ♣♦✐♥ts ✭♦r ✻✾✪✮ ❤✐❣❤❡r ♦♥ ♥♦♥✲

❝♦♠♣❧❡t✐♦♥ ♦❢ ❤♦♠❡✇♦r❦✱ ❛♥❞ ✵✳✹ ♣♦✐♥ts ✭♦r ✻✶✪✮ ❤✐❣❤❡r ♦♥ ❛❜s❡♥t❡❡✐s♠ r❡❧❛t✐✈❡ t♦ t❤❡

♦t❤❡r s✉❜❥❡❝ts✳ ❯s✐♥❣ t❤❡ r❛✇ ❞❛t❛✱ ✇❡ ✜♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❝♦rr❡❧❛t✐♦♥s ❜❡t✇❡❡♥

✶✻❋✐✈❡ ❝♦✐♥s ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ♠❡❞✐❛♥ ♥✉♠❜❡r ♦❢ ❝❧❛✐♠s✳ ❆❧t❡r♥❛t✐✈❡❧②✱ ❋✐❣✉r❡ ❆✳✷ ✐♥ t❤❡ ♦♥❧✐♥❡
❛♣♣❡♥❞✐① ✐❧❧✉str❛t❡s t❤❛t t❤❡r❡ ✐s ❛ ♠♦♥♦t♦♥✐❝ r❡❧❛t✐♦♥s❤✐♣ ❢♦r ❛❧❧ t❤r❡❡ ♠❡❛s✉r❡s ♦❢ s❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r
✇❤❡♥ t❤❡ ❞❛t❛ ✐s s♣❧✐t ❜② t❡rt✐❧❡s ♦❢ ❝♦✐♥s t❛❦❡♥✳
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t❤❡ ♥✉♠❜❡r ♦❢ ❝♦✐♥s t❛❦❡♥ ❛♥❞ ❞✐sr✉♣t✐✈❡♥❡ss ❛♥❞ ❤♦♠❡✇♦r❦ ♥♦♥✲❝♦♠♣❧❡t✐♦♥ ✭p = 0.003

❛♥❞ p = 0.020✮✱ ❜✉t t❤❡ ❝♦rr❡❧❛t✐♦♥ ✇✐t❤ ❛❜s❡♥t❡❡✐s♠ ❢❛✐❧s t♦ r❡❛❝❤ st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡

✭p = 0.136✱ ❙♣❡❛r♠❛♥ t❡sts✮✳

❋✐❣✉r❡ ✷✿ ❇❡❤❛✈✐♦✉r ✐♥ t❤❡ ❈♦✐♥ ❚❛s❦ ❛♥❞ ❙❝❤♦♦❧ ▼✐s❝♦♥❞✉❝t
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❚❤❡ ✜❣✉r❡ s❤♦✇s t❤❛t✱ r❡❧❛t✐✈❡ t♦ t❤♦s❡ ✇❤♦ t♦♦❦ ✜✈❡ ❝♦✐♥s ♦r ❧❡ss ✭✐✳❡✳ ✜✈❡ ❝♦✐♥s ❝♦rr❡s♣♦♥❞s t♦ t❤❡

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

❡①t❡♥❞✮ ❞✐sr✉♣t t❤❡ ❝❧❛ss t♦ ❛ ❧❛r❣❡r ❞❡❣r❡❡ ✭❛✮✱ ❢❛✐❧ t♦ ❞♦ t❤❡✐r ❤♦♠❡✇♦r❦ ♠♦r❡ ♦❢t❡♥ ✭❜✮✱ ❛♥❞ ❛r❡ ♠♦r❡

❢r❡q✉❡♥t❧② ❛❜s❡♥t ❢r♦♠ s❝❤♦♦❧ ✭❝✮✳ ❊rr♦r ❜❛rs ✐♥❞✐❝❛t❡ t❤❡ st❛♥❞❛r❞ ❡rr♦r ♦❢ t❤❡ ♠❡❛♥ ✭❛❞❥✉st❡❞ ❢♦r

❝❧✉st❡r✐♥❣ ❛t t❤❡ ❝❧❛ss ❧❡✈❡❧✮✳

❲❡ ❛❞❞✐t✐♦♥❛❧❧② ❡st✐♠❛t❡❞ r❡❣r❡ss✐♦♥ ♠♦❞❡❧s t♦ ❝♦♥tr♦❧ ❢♦r ❢❛❝t♦rs t❤❛t ♠✐❣❤t ❥♦✐♥t❧②

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

♠✐s❜❡❤❛✈✐♦✉r ✐♥❞❡①✱ ✇❤✐❝❤ ✐s t❤❡ ❛✈❡r❛❣❡ s❝♦r❡ ♦❢ ❛❧❧ t❤r❡❡ ✐♥❞✐✈✐❞✉❛❧ ♠❡❛s✉r❡s ♦❢ s❝❤♦♦❧
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♠✐s❜❡❤❛✈✐♦✉r ✭s❡❡ ❋✐❣✉r❡ ❆✳✸ ✐♥ t❤❡ ♦♥❧✐♥❡ ❛♣♣❡♥❞✐① ❢♦r ❛ ❣r❛♣❤ ❞❡♣✐❝t✐♥❣ t❤❡ ❞✐str✐❜✉t✐♦♥

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

♠❡❛s✉r❡ ♦❢ s❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r s❡♣❛r❛t❡❧② ✭s❡❡ ❚❛❜❧❡ ❇✳✷ ✐♥ t❤❡ ♦♥❧✐♥❡ ❛♣♣❡♥❞✐①✮✳

❈♦❧✉♠♥ ✭✷✮ ♦❢ ❚❛❜❧❡ ✷ ❝♦♥✜r♠s t❤❛t ❜❡❤❛✈✐♦✉r ✐♥ t❤❡ ❝♦✐♥ t♦ss✐♥❣ t❛s❦ ✐s s✐❣♥✐✜❝❛♥t❧②

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

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

❜❡❤❛✈✐♦✉r❛❧ ♣r♦❜❧❡♠s ✐♥ s❝❤♦♦❧ ✭p = 0.015✮✳✶✼ ■♥t❡r❡st✐♥❣❧②✱ ✐♥ ❛❞❞✐t✐♦♥ t♦ ♣♦❝❦❡t✐♥❣ ❛

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

✭p = 0.015 ❛♥❞ p < 0.008✱ r❡s♣❡❝t✐✈❡❧②✮✳ ❚❤❡ ♠♦❞❡❧ r❡♣♦rt❡❞ ✐♥ ❝♦❧✉♠♥ ✭✸✮ ❛❞❞✐t✐♦♥❛❧❧②

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

✇✐t❤ ❜♦t❤ s❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r ❛♥❞ ❞✐s❤♦♥❡st②✳✶✽ ❲❡ ✜♥❞ t❤❛t ❝r②st❛❧❧✐③❡❞ ✐♥t❡❧❧✐❣❡♥❝❡ ✐s

♥❡❣❛t✐✈❡❧② ❛ss♦❝✐❛t❡❞ ✇✐t❤ s❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r ✭p = 0.044✮✱ ❜✉t ✢✉✐❞ ✐♥t❡❧❧✐❣❡♥❝❡ ✐s ♥♦t

✭p = 0.771✮✳ ❲❤✐❧❡ ❞✐✛❡r❡♥❝❡s ✐♥ ❝♦❣♥✐t✐✈❡ ❛❜✐❧✐t② ❡①♣❧❛✐♥ s♦♠❡ ✈❛r✐❛t✐♦♥ ✐♥ ❞✐sr✉♣t✐✈❡

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

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

❛s ❝♦❣♥✐t✐✈❡ ❛❜✐❧✐t② ✭p = 0.015✮✳ ❚❤❡ ❝♦❡✣❝✐❡♥t ❡st✐♠❛t❡ ✐♠♣❧✐❡s t❤❛t t❤❡ ❞✐✛❡r❡♥❝❡ ✐♥

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

t❤♦s❡ ✇❤♦ t♦♦❦ ✜✈❡ ❝♦✐♥s ✭♣r❡s✉♠❛❜❧② ❤♦♥❡st ✐♥❞✐✈✐❞✉❛❧s✮ ✐s ♠♦r❡ t❤❛♥ ✵✳✼ ♣♦✐♥ts ✭♦r

✵✳✺✸ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s✮ ♦♥ ❛✈❡r❛❣❡✳ ❋♦r ❝♦♠♣❛r✐s♦♥✱ ✐t ✇♦✉❧❞ r❡q✉✐r❡ st✉❞❡♥ts t♦ ❞✐✛❡r

❜② ✷✳✼ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s ✐♥ ❝♦❣♥✐t✐✈❡ ❛❜✐❧✐t② ✭✐✳❡✳✱ ❝r②st❛❧❧✐③❡❞ ✐♥t❡❧❧✐❣❡♥❝❡✮ t♦ ♣r♦❞✉❝❡

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

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

❣❡♥❞❡r ❣❛♣ ✐♥ ♠✐s❜❡❤❛✈✐♦✉r ✭❡✳❣✳✱ ❇❡rtr❛♥❞ ❛♥❞ P❛♥ ✷✵✶✸✮✳ ■♥ ❝♦❧✉♠♥ ✭✹✮ ♦❢ ❚❛❜❧❡ ✷

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

✶✼❲❡ ❝♦♠♣✉t❡❞ p✲✈❛❧✉❡s t❤❛t ❛r❡ r♦❜✉st t♦ ❝❧✉st❡r✐♥❣ ❛t t❤❡ ❝❧❛ss ❧❡✈❡❧✳ ❚♦ ❛❝❝♦✉♥t ❢♦r t❤❡ ❧♦✇ ♥✉♠❜❡r
♦❢ ❝❧✉st❡rs ✇❡ ❛♣♣❧✐❡❞ t❤❡ ✇✐❧❞ ❝❧✉st❡r ❜♦♦tstr❛♣ ♣r♦❝❡❞✉r❡ ✭❈❛♠❡r♦♥ ❡t ❛❧✳ ✷✵✵✽✮ ✉s✐♥❣ ❲❡❜❜✬s ✭✷✵✶✸✮
✻✲♣♦✐♥t ❞✐str✐❜✉t✐♦♥ ♦❢ ✇❡✐❣❤ts ✭s❡❡ ♦♥❧✐♥❡ ❛♣♣❡♥❞✐① ❢♦r ❛ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ ♣r♦❝❡❞✉r❡✮✳

✶✽❋♦r ❡①❛♠♣❧❡✱ ❘✉✤❡ ❛♥❞ ❚♦❜♦❧ ✭✷✵✶✼✮ ❛♥❞ ❉❡❝❦❡rs ❡t ❛❧✳ ✭✷✵✶✻✮ ❢♦✉♥❞ ♥❡❣❛t✐✈❡ ❛ss♦❝✐❛t✐♦♥s ❜❡t✇❡❡♥
❝♦❣♥✐t✐✈❡ ❛❜✐❧✐t② ❛♥❞ ✐♠♠♦r❛❧ ❜❡❤❛✈✐♦✉r✳
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t❤❛t t❤❡ ❣❡♥❞❡r ❝♦❡✣❝✐❡♥t ✐♥❝r❡❛s❡s ❢r♦♠ ✲✵✳✻✻✸ t♦ ✲✵✳✽✶✼✳ ❚❤✐s s✉❣❣❡sts t❤❛t ❣❡♥❞❡r

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

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

✸✳ ❈♦♥❝❧✉s✐♦♥

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

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

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

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

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

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

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

❜❛❝❦❣r♦✉♥❞ ❛♥❞ ❝♦❣♥✐t✐✈❡ ❛❜✐❧✐t②✳

❖✉r ✜♥❞✐♥❣s ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ❛❝t✐✈❡ ❞❡❜❛t❡ ❛❜♦✉t t❤❡ ❣❡♥❡r❛❧✐③❛❜✐❧✐t② ♦❢ ❧❛❜♦r❛t♦r②

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

♦❝❝✉rr✐♥❣ ❡♥✈✐r♦♥♠❡♥ts ✭▲❡✈✐tt ❛♥❞ ▲✐st ✷✵✵✼❀ ❋❛❧❦ ❛♥❞ ❍❡❝❦♠❛♥ ✷✵✵✾✮✳ ❲❡ ✜♥❞ ❛

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

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

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

❡♥✈✐r♦♥♠❡♥ts ❞✐✣❝✉❧t✳ ❖✉r ✜♥❞✐♥❣s ❝♦♥❝✉r ✇✐t❤ ✈❡r② r❡❝❡♥t r❡s✉❧ts ❢r♦♠ st✉❞✐❡s t❤❛t

❞♦❝✉♠❡♥t ♣♦s✐t✐✈❡ ❝♦rr❡❧❛t✐♦♥s ❜❡t✇❡❡♥ ❧❛❜ ❛♥❞ ✜❡❧❞ ♠❡❛s✉r❡s ♦❢ ❞✐s❤♦♥❡st② ✭P♦tt❡rs ❛♥❞

❙t♦♦♣ ✷✵✶✻✱ ❉❛✐ ❡t ❛❧✳ ❢♦rt❤❝♦♠✐♥❣✱ ❛♥❞ ❑rö❧❧ ❛♥❞ ❘✉st❛❣✐ ✷✵✶✼✮✳ ❚❤❡ ❢❛❝t t❤❛t t❤❡s❡

❝♦rr❡❧❛t✐♦♥s ❡♠❡r❣❡ ❢r♦♠ ✐♥❞❡♣❡♥❞❡♥t st✉❞✐❡s t❤❛t ✉s❡ ❞✐✛❡r❡♥t ♠❡t❤♦❞s ❛♥❞ s✉❜❥❡❝t

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

❝❤❡❛t✐♥❣ ❜❡❤❛✈✐♦✉r✱ ❛s ❝❤❡❛t✐♥❣ ❤❛s ❜❡❡♥ ❝♦♥❥❡❝t✉r❡❞ t♦ ❜❡ ♠♦r❡ ❝♦♥t❡①t✲s❡♥s✐t✐✈❡ t❤❛♥

✶✾❲❡ ❢♦✉♥❞ ✈❡r② s✐♠✐❧❛r r❡s✉❧ts ✉s✐♥❣ t❤❡ ♣♦♦❧❡❞ ❇❧✐♥❞❡r✲❖❛①❛❝❛ ❞❡❝♦♠♣♦s✐t✐♦♥ ♠❡t❤♦❞✖❛ t❡❝❤♥✐q✉❡
t❤❛t ✇❛s ✐♥✐t✐❛❧❧② ❞❡✈❡❧♦♣❡❞ ❢♦r st✉❞②✐♥❣ ❣❡♥❞❡r ❣❛♣s ✐♥ ❧❛❜♦✉r ♠❛r❦❡t ❡❛r♥✐♥❣s ✭❇❧✐♥❞❡r ✶✾✼✸❀ ❖❛①❛❝❛
✶✾✼✸✮✳
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♦t❤❡r t②♣❡s ♦❢ ❜❡❤❛✈✐♦✉r✱ s✉❝❤ ❛s ❝♦♦♣❡r❛t✐✈❡♥❡ss ❛♥❞ ❝♦♥s✉♠♣t✐♦♥ ❝❤♦✐❝❡s ✭❆❜❡❧❡r ❡t ❛❧✳

✷✵✶✹✮✳

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

❜❡t✇❡❡♥ ❡❝♦♥♦♠✐❝ ♣r❡❢❡r❡♥❝❡s ❛♥❞ ♥♦♥✲❝♦❣♥✐t✐✈❡ s❦✐❧❧s ✭❇❡❝❦❡r ❡t ❛❧✳ ✷✵✶✷❀ ❆❧♠❧✉♥❞ ❡t ❛❧✳

✷✵✶✶✮✳ ❖✉r r❡s✉❧ts r❛✐s❡ t❤❡ ♣♦ss✐❜✐❧✐t② t❤❛t ✐♥tr✐♥s✐❝ ❤♦♥❡st② ❛♥❞ ❡①♣r❡ss✐♦♥s ♦❢ ♥♦♥✲

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

❯♥✐✈❡rs✐t② ♦❢ ▼✐❝❤✐❣❛♥

❯♥✐✈❡rs✐t② ♦❢ ❩✉r✐❝❤

❆❝❝❡♣t❡❞✿ ✶✷ ▼❛② ✷✵✶✼

❉❛t❛ s❡t ✭✐♥ ❙t❛t❛ ❢♦r♠❛t✮✱ ❝♦♠♠❛♥❞ ✜❧❡ ✭❞♦✲✜❧❡✮✱ ❛♥❞ ❘❊❆❉▼❊ ✜❧❡ ❛r❡ ❛✈❛✐❧❛❜❧❡ ♦♥❧✐♥❡✳
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❚❛❜❧❡ ✷✿ ❉❡t❡r♠✐♥❛♥ts ♦❢ ❇❡❤❛✈✐♦✉r ✐♥ t❤❡ ❈♦✐♥ ❚❛s❦ ❛♥❞ ❙❝❤♦♦❧ ▼✐s❜❡❤❛✈✐♦✉r

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮
❉❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ★ ♦❢ ❝♦✐♥s ❙❝❤♦♦❧ ▼✐s❜❡❤❛✈✐♦✉r ■♥❞❡①

★ ♦❢ ❝♦✐♥s t❛❦❡♥ ✵✳✶✺✵∗∗ ✵✳✶✹✺∗∗

✭✵✳✵✶✺✮ ✭✵✳✵✶✺✮

❆❣❡ ✲✵✳✵✸✽ ✵✳✹✽✾∗∗∗ ✵✳✹✼✷∗∗∗ ✵✳✹✻✼∗∗∗

✭✵✳✼✸✶✮ ✭✵✳✵✵✻✮ ✭✵✳✵✵✼✮ ✭✵✳✵✵✽✮

❋❡♠❛❧❡ ✲✶✳✵✻✶∗∗∗ ✲✵✳✻✷✶∗∗ ✲✵✳✻✻✸∗∗ ✲✵✳✽✶✼∗∗

✭✵✳✵✵✵✮ ✭✵✳✵✶✺✮ ✭✵✳✵✶✵✮ ✭✵✳✵✶✶✮

❙✇✐ss ♥❛t✐♦♥❛❧✐t② ✲✵✳✹✶✶ ✵✳✶✹✸ ✵✳✶✽✻ ✵✳✶✷✼
✭✵✳✶✹✵✮ ✭✵✳✷✷✻✮ ✭✵✳✷✵✻✮ ✭✵✳✹✹✵✮

❍✐❣❤ s❝❤♦♦❧ ✲✶✳✵✶✽∗ ✲✶✳✸✻✵∗∗∗ ✲✶✳✵✸✸∗ ✲✶✳✶✽✶∗∗

✭✵✳✵✺✵✮ ✭✵✳✵✵✽✮ ✭✵✳✵✺✹✮ ✭✵✳✵✸✵✮

P❛r❡♥t❛❧ ❡❞✉❝❛t✐♦♥ ✲✵✳✶✷✵ ✵✳✹✻✷ ✵✳✺✸✷ ✵✳✺✶✹
✭✵✳✻✺✼✮ ✭✵✳✶✾✵✮ ✭✵✳✶✺✹✮ ✭✵✳✶✻✸✮

❈r②st❛❧❧✐③❡❞ ✐♥t❡❧❧✐❣❡♥❝❡ ✲✵✳✵✽✵ ✲✵✳✷✻✼∗∗ ✲✵✳✷✼✾∗∗

✭✵✳✺✾✾✮ ✭✵✳✵✹✹✮ ✭✵✳✵✸✺✮

❋❧✉✐❞ ✐♥t❡❧❧✐❣❡♥❝❡ ✲✵✳✵✹✶ ✵✳✵✹✵ ✵✳✵✸✹
✭✵✳✼✹✹✮ ✭✵✳✼✼✶✮ ✭✵✳✽✵✽✮

❈♦♥st❛♥t ✽✳✶✹✺∗∗∗ ✲✻✳✸✷✶∗∗∗ ✲✻✳✷✸✾∗∗∗ ✲✺✳✵✺✻∗∗

✭✵✳✵✵✵✮ ✭✵✳✵✵✹✮ ✭✵✳✵✵✺✮ ✭✵✳✵✷✵✮

❖❜s❡r✈❛t✐♦♥s ✶✻✶ ✶✻✶ ✶✻✶ ✶✻✶
R2 ✵✳✷✷✻ ✵✳✸✶✵ ✵✳✸✸✸ ✵✳✸✵✸

❚❤✐s t❛❜❧❡ r❡♣♦rts ❖▲❙ ❝♦❡✣❝✐❡♥t ❡st✐♠❛t❡s✳ p✲✈❛❧✉❡s ❛r❡ r❡♣♦rt❡❞ ✐♥ ♣❛r❡♥t❤❡s✐s✳ ■♥ ❝♦❧✉♠♥ ✭✶✮✱ ✇❡
r❡❣r❡ss t❤❡ ♥✉♠❜❡r ♦❢ ❝♦✐♥s t❛❦❡♥ ✐♥ t❤❡ ❝♦✐♥ t♦ss✐♥❣ t❛s❦ ♦♥ ❛ s❡t ♦❢ ✐♥❞✐✈✐❞✉❛❧ ❝❤❛r❛❝t❡r✐st✐❝s ❛♥❞ t✇♦
♠❡❛s✉r❡s ♦❢ ❝♦❣♥✐t✐✈❡ ❛❜✐❧✐t②✳ ❆❣❡ ✐s ♠❡❛s✉r❡❞ ✐♥ ②❡❛rs✳ ❋❡♠❛❧❡✱ ❙✇✐ss ♥❛t✐♦♥❛❧✐t②✱ ❍✐❣❤ s❝❤♦♦❧✱ ❛♥❞
P❛r❡♥t❛❧ ❡❞✉❝❛t✐♦♥ ❛r❡ ❞✉♠♠② ✈❛r✐❛❜❧❡s✳ P❛r❡♥t❛❧ ❡❞✉❝❛t✐♦♥ ❡q✉❛❧s t♦ ♦♥❡ ✐❢ ❛t ❧❡❛st ♦♥❡ ♣❛r❡♥t ❤❛s ❛
✉♥✐✈❡rs✐t② ❞❡❣r❡❡✳ ❈r②st❛❧❧✐③❡❞ ❛♥❞ ❋❧✉✐❞ ✐♥t❡❧❧✐❣❡♥❝❡ ❛r❡ ❜❛s❡❞ ♦♥ t❤❡ s❝♦r❡s ❢r♦♠ t❤❡ ✇♦r❞ ✢✉❡♥❝② t❡st
❛♥❞ t❤❡ s②♠❜♦❧✲❞✐❣✐t ❝♦rr❡s♣♦♥❞❡♥❝❡ t❡st✱ r❡s♣❡❝t✐✈❡❧②✳ ❇♦t❤ ❝♦❣♥✐t✐✈❡ ❛❜✐❧✐t② ♠❡❛s✉r❡s ❛r❡ ♥♦r♠❛❧✐③❡❞
t♦ ❤❛✈❡ ❛ ♠❡❛♥ ♦❢ ③❡r♦ ❛♥❞ ❛ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ♦♥❡✳ ■♥ ❝♦❧✉♠♥s ✷ t♦ ✹✱ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s
t❤❡ ❙❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r ✐♥❞❡①✱ ✇❤✐❝❤ ✐s ❝♦♥str✉❝t❡❞ ❜② ❛✈❡r❛❣✐♥❣ t❤❡ t❤r❡❡ ✐t❡♠s ♦❢ s❝❤♦♦❧ ♠✐s❝♦♥❞✉❝t✱
✐♥❝❧✉❞✐♥❣ ❞✐sr✉♣t✐✈❡♥❡ss ✐♥ ❝❧❛ss✱ ❢❛✐❧✉r❡ t♦ ❝♦♠♣❧❡t❡ ❤♦♠❡✇♦r❦✱ ❛♥❞ ❛❜s❡♥t❡❡✐s♠ ✭❛❧❧ ♠❡❛s✉r❡❞ ♦♥ ❛
s❝❛❧❡ ❢r♦♠ ✏♥❡✈❡r ♠✐s❜❡❤❛✈❡s✑ ✭❂ ✵✮ t♦ ✏❛❧✇❛②s ♠✐s❜❡❤❛✈❡s✑ ✭❂ ✻✮✮✳ ❇❡❝❛✉s❡ t❤❡ ♠♦❞❡❧s ✐♥ ❝♦❧✉♠♥s ✷
t♦ ✹ ✉s❡ t❡❛❝❤❡r ❡✈❛❧✉❛t✐♦♥s✱ ✇❡ ❝♦♠♣✉t❡❞ p✲✈❛❧✉❡s t❤❛t ❛r❡ r♦❜✉st t♦ ❝❧✉st❡r✐♥❣ ❛t t❤❡ ❝❧❛ss ❧❡✈❡❧✳ ❚♦
❛❝❝♦✉♥t ❢♦r t❤❡ ❧♦✇ ♥✉♠❜❡r ♦❢ ❝❧✉st❡rs ✇❡ ❛♣♣❧✐❡❞ t❤❡ ✇✐❧❞ ❝❧✉st❡r ❜♦♦tstr❛♣ ♣r♦❝❡❞✉r❡ ✭❈❛♠❡r♦♥ ❡t ❛❧✳

✷✵✵✽✮ ✉s✐♥❣ ❲❡❜❜✬s ✭✷✵✶✸✮ ✻✲♣♦✐♥t ❞✐str✐❜✉t✐♦♥ ♦❢ ✇❡✐❣❤ts ✭s❡❡ ♦♥❧✐♥❡ ❛♣♣❡♥❞✐① ❢♦r ❛ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡
♣r♦❝❡❞✉r❡✮✳ ❚❤❡ ♥✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✐s ✶✻✶ ✐♥st❡❛❞ ♦❢ ✶✻✷ ❜❡❝❛✉s❡ ♦♥❡ s✉❜❥❡❝t ❞✐❞ ♥♦t st❛t❡ ❤✐s ❛❣❡✳
❙✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧s✿ ∗ p < 0.10✱ ∗∗ p < 0.05✱ ∗∗∗ p < 0.01✳
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❘❡❢❡r❡♥❝❡s

❆❜❡❧❡r✱ ❏✳✱ ❇❡❝❦❡r✱ ❆✳ ❛♥❞ ❋❛❧❦✱ ❆✳ ✭✷✵✶✹✮✳ ❵❘❡♣r❡s❡♥t❛t✐✈❡ ❡✈✐❞❡♥❝❡ ♦♥ ❧②✐♥❣ ❝♦sts✬✱
❏♦✉r♥❛❧ ♦❢ P✉❜❧✐❝ ❊❝♦♥♦♠✐❝s✱ ✈♦❧✳ ✶✶✸✭❈✮✱ ♣♣✳ ✾✻✕✶✵✹✳

❆❜❡❧❡r✱ ❏✳✱ ◆♦s❡♥③♦✱ ❉✳ ❛♥❞ ❘❛②♠♦♥❞✱ ❈✳ ✭✷✵✶✻✮✳ ❵Pr❡❢❡r❡♥❝❡s ❢♦r tr✉t❤✲t❡❧❧✐♥❣✬✱ ❲♦r❦✐♥❣
P❛♣❡r✱ ❯♥✐✈❡rs✐t② ♦❢ ❖①❢♦r❞✳

❆❧♠❧✉♥❞✱ ▼✳✱ ❉✉❝❦✇♦rt❤✱ ❆✳▲✳✱ ❍❡❝❦♠❛♥✱ ❏✳❏✳ ❛♥❞ ❑❛✉t③✱ ❚✳❉✳ ✭✷✵✶✶✮✳ ❵P❡rs♦♥❛❧✐t②
♣s②❝❤♦❧♦❣② ❛♥❞ ❡❝♦♥♦♠✐❝s✬✱ ✐♥ ✭❙✳ ▼✳ ❊r✐❝ ❆✳ ❍❛♥✉s❤❡❦ ❛♥❞ ▲✳ ❲♦❡ss♠❛♥♥✱ ❡❞s✳✮✱
❍❛♥❞❜♦♦❦ ♦❢ t❤❡ ❊❝♦♥♦♠✐❝s ♦❢ ❊❞✉❝❛t✐♦♥✱ ♣♣✳ ✶✕✶✽✶✱ ✈♦❧✳ ✹✱ ❆♠st❡r❞❛♠✿ ❊❧s❡✈✐❡r✳

❆r✐❡❧②✱ ❉✳ ✭✷✵✶✷✮✳ ❚❤❡ ✭❍♦♥❡st✮ ❚r✉t❤ ❛❜♦✉t ❉✐s❤♦♥❡st②✿ ❍♦✇ ✇❡ ▲✐❡ t♦ ❊✈❡r②♦♥❡✕
❊s♣❡❝✐❛❧❧② ❖✉rs❡❧✈❡s✱ ◆❡✇ ❨♦r❦✿ ❍❛r♣❡r❝♦❧❧✐♥s✳

❆✉t♦r✱ ❉✳✱ ❋✐❣❧✐♦✱ ❉✳✱ ❑❛r❜♦✇♥✐❦✱ ❑✳✱ ❘♦t❤✱ ❏✳ ❛♥❞ ❲❛ss❡r♠❛♥✱ ▼✳ ✭✷✵✶✺✮✳ ❵❋❛♠✐❧②
❞✐s❛❞✈❛♥t❛❣❡ ❛♥❞ t❤❡ ❣❡♥❞❡r ❣❛♣ ✐♥ ❜❡❤❛✈✐♦r❛❧ ❛♥❞ ❡❞✉❝❛t✐♦♥❛❧ ♦✉t❝♦♠❡s✬✱ ❲♦r❦✐♥❣
P❛♣❡r ❙❡r✐❡s✱ ◆♦rt❤✇❡st❡r♥ ❯♥✐✈❡rs✐t②✳

❇❛♥❡r❥❡❡✱ ❆✳✱ ❍❛♥♥❛✱ ❘✳◆✳ ❛♥❞ ▼✉❧❧❛✐♥❛t❤❛♥✱ ❙✳ ✭✷✵✶✸✮✳ ❵❈♦rr✉♣t✐♦♥✬✱ ✐♥ ✭❘✳ ●✐❜❜♦♥s ❛♥❞
❏✳ ❘♦❜❡rts✱ ❡❞s✳✮✱ ❍❛♥❞❜♦♦❦ ♦❢ ❖r❣❛♥✐③❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s✱ ♣♣✳ ✶✶✵✾✕✶✶✹✼✱ Pr✐♥❝❡♥t♦♥✿
Pr✐♥❝❡t♦♥ ❯♥✐✈❡rs✐t② Pr❡ss✳

❇❡❝❦❡r✱ ❆✳✱ ❉❡❝❦❡rs✱ ❚✳✱ ❉♦❤♠❡♥✱ ❚✳✱ ❋❛❧❦✱ ❆✳✱ ❑♦ss❡✱ ❋✳ ❡t ❛❧✳ ✭✷✵✶✷✮✳ ❵❚❤❡ r❡❧❛t✐♦♥s❤✐♣
❜❡t✇❡❡♥ ❡❝♦♥♦♠✐❝ ♣r❡❢❡r❡♥❝❡s ❛♥❞ ♣s②❝❤♦❧♦❣✐❝❛❧ ♣❡rs♦♥❛❧✐t② ♠❡❛s✉r❡s✬✱ ❆♥♥✉❛❧ ❘❡✈✐❡✇
♦❢ ❊❝♦♥♦♠✐❝s✱ ✈♦❧✳ ✹✭✶✮✱ ♣♣✳ ✹✺✸✕✹✼✽✳
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▼❛t❡r✐❛❧s ❛♥❞ ▼❡t❤♦❞s

❲❡ ❝♦♥❞✉❝t❡❞ ❛ ♣❛♣❡r✲❛♥❞✲♣❡♥❝✐❧ ❡①♣❡r✐♠❡♥t ✇✐t❤ ✶✻✷ st✉❞❡♥ts ❢r♦♠ ❡✐❣❤t ❝❧❛ss❡s ✐♥ t✇♦
❙✇✐ss ♣✉❜❧✐❝ s❝❤♦♦❧s✳ ❆❧❧ st✉❞❡♥ts ❢r♦♠ t❤❡s❡ ❡✐❣❤t ❝❧❛ss❡s ♣❛rt✐❝✐♣❛t❡❞ ✐♥ t❤❡ st✉❞②✳

• ■♥ t❤❡ ✜rst ♣❛rt ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t✱ s✉❜❥❡❝ts ✇❡r❡ ❛s❦❡❞ ❜❛s✐❝ s♦❝✐♦✲❞❡♠♦❣r❛♣❤✐❝
q✉❡st✐♦♥s✱ s✉❝❤ ❛s ❛❣❡✱ ❣❡♥❞❡r✱ ♥❛t✐♦♥❛❧✐t②✱ ❛♥❞ ♣❛r❡♥t❛❧ ❡❞✉❝❛t✐♦♥✳

• ■♥ t❤❡ s❡❝♦♥❞ ♣❛rt✱ s✉❜❥❡❝ts ❝♦♠♣❧❡t❡❞ t✇♦ ❝♦❣♥✐t✐✈❡ ❛❜✐❧✐t② t❡sts✿ ❛ ✇♦r❞ ✢✉❡♥❝②
t❡st ❛♥❞ t❤❡ s②♠❜♦❧✲❞✐❣✐t ❝♦rr❡s♣♦♥❞❡♥❝❡ t❡st✳

• ■♥ t❤❡ ❧❛st ♣❛rt✱ ✇❡ ♠❡❛s✉r❡❞ r✉❧❡ ✈✐♦❧❛t✐♥❣ ❜❡❤❛✈✐♦r ✉s✐♥❣ ❛ s✐♠♣❧❡ ❝♦✐♥ t♦ss✐♥❣
t❛s❦✳ ❙♣❡❝✐✜❝❛❧❧②✱ s✉❜❥❡❝ts ✇❡r❡ ❛s❦❡❞ t♦ ♣r✐✈❛t❡❧② ✢✐♣ ✶✵ ❝♦✐♥s ❛♥❞ r❡♣♦rt t❤❡
♦✉t❝♦♠❡ ♦❢ ❡❛❝❤ t♦ss✳ ❋♦r ❡❛❝❤ ❝♦✐♥ t♦ss ❢♦r ✇❤✐❝❤ s✉❜❥❡❝ts r❡♣♦rt❡❞ t❤❡ ♦✉t❝♦♠❡
✏❤❡❛❞s✑ t❤❡② ✇❡r❡ ❛❧❧♦✇❡❞ t♦ ❦❡❡♣ t❤❡ ❝♦✐♥ ✭✇♦rt❤ ✵✳✺ ❙✇✐ss ❢r❛♥❝s ❛❜♦✉t ❯❙ ✩✵✳✺✺✮❀
t❤❡② ❤❛❞ t♦ ♣✉t t❤❡ ❝♦✐♥ ❜❛❝❦ ✐♥t♦ t❤❡ ❡♥✈❡❧♦♣❡ ♦t❤❡r✇✐s❡✳

❚♦ ♠❡❛s✉r❡ s❝❤♦♦❧ ♠✐s❝♦♥❞✉❝t✱ ✇❡ ❛s❦❡❞ t❡❛❝❤❡rs t♦ ❡✈❛❧✉❛t❡ t❤❡✐r st✉❞❡♥ts ❛❧♦♥❣ ✸
❞✐♠❡♥s✐♦♥s ✭❞✐sr✉♣t✐✈❡♥❡ss ✐♥ ❝❧❛ss✱ ♥♦♥✲❝♦♠♣❧❡t✐♦♥ ♦❢ ❤♦♠❡✇♦r❦✱ ❛♥❞ ❛❜s❡♥t❡❡✐s♠✮ ✉s✐♥❣
❛ s❝❛❧❡ ❢r♦♠ ✏♥❡✈❡r ♠✐s❜❡❤❛✈❡s✑ ✭❂ ✵✮ t♦ ✏❛❧✇❛②s ♠✐s❜❡❤❛✈❡s✑ ✭❂ ✻✮✳
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t❤❡ st❛♥❞❛r❞ ❡rr♦r ♦❢ t❤❡ ♠❡❛♥ ✭❛❞❥✉st❡❞ ❢♦r ❝❧✉st❡r✐♥❣ ❛t t❤❡ ❝❧❛ss ❧❡✈❡❧✮✳
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❚❤❡ ✜❣✉r❡ ❞✐s♣❧❛②s t❤❡ ❦❡r♥❡❧ ❞❡♥s✐t② ❡st✐♠❛t❡ ❢♦r t❤❡ s❝❤♦♦❧ ♠✐s❜❡✲
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★ ♦❢ r❡♣♦rt❡❞ ❤❡❛❞s ✵✳✶✺✹∗∗ ✵✳✶✹✹∗∗

✭✵✳✵✹✶✮ ✭✵✳✵✹✾✮

❆❣❡ ✲✵✳✵✺✾ ✵✳✹✾✷∗∗∗ ✵✳✹✼✺∗∗∗

✭✵✳✺✼✺✮ ✭✵✳✵✵✺✮ ✭✵✳✵✵✻✮
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❛❜✐❧✐t② ♠❡❛s✉r❡s ❛r❡ ♥♦r♠❛❧✐③❡❞ t♦ ❤❛✈❡ ❛ ♠❡❛♥ ♦❢ ③❡r♦ ❛♥❞ ❛ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ♦♥❡✳ ❇❡❝❛✉s❡ t❤❡
♠♦❞❡❧s ✉s❡ t❡❛❝❤❡r ❡✈❛❧✉❛t✐♦♥s✱ ✇❡ ❝♦♠♣✉t❡❞ p✲✈❛❧✉❡s t❤❛t ❛r❡ r♦❜✉st t♦ ❝❧✉st❡r✐♥❣ ❛t t❤❡ ❝❧❛ss ❧❡✈❡❧✳ ❚♦
❛❝❝♦✉♥t ❢♦r t❤❡ ❧♦✇ ♥✉♠❜❡r ♦❢ ❝❧✉st❡rs ✇❡ ❛♣♣❧✐❡❞ t❤❡ ✇✐❧❞ ❝❧✉st❡r ❜♦♦tstr❛♣ ♣r♦❝❡❞✉r❡ ✭❈❛♠❡r♦♥ ❡t ❛❧✳

✷✵✵✽✮ ✉s✐♥❣ ❲❡❜❜✬s ✭✷✵✶✸✮ ✻✲♣♦✐♥t ❞✐str✐❜✉t✐♦♥ ♦❢ ✇❡✐❣❤ts✳ ❚❤❡ ♥✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✐s ✶✻✶ ✐♥st❡❛❞ ♦❢
✶✻✷ ❜❡❝❛✉s❡ ♦♥❡ s✉❜❥❡❝t ❞✐❞ ♥♦t st❛t❡ ❤✐s ❛❣❡✳ ❙✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧s✿ ∗ p < 0.10✱ ∗∗ p < 0.05✱ ∗∗∗ p < 0.01✳
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✇♦r❦s ❛s ❢♦❧❧♦✇s✿

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

β1✿ w = (β̂1 − β0)/sβ̂1
✱ ✇❤❡r❡ sβ̂1

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

❝♦❡✣❝✐❡♥t β̂1✳ ■♥ ❛❞❞✐t✐♦♥ ✇❡ ❝♦♠♣✉t❡ β̂R ❛♥❞ t❤❡ r❡s✐❞✉❛❧s {ûR
1
, ..., ûR

G} ✉s✐♥❣ ❖▲❙ ❛♥❞

✐♠♣♦s✐♥❣ t❤❡ r❡str✐❝t✐♦♥ H0 : β1 = β0

1
✭✐✳❡✳✱ ✇❡ r❡❣r❡ss t❤❡ ♠❡❛s✉r❡ ♦❢ s❝❤♦♦❧ ♠✐s❜❡❤❛✈✐♦✉r

yig ♦♥ ❛ ❝♦♥st❛♥t ❛♥❞ ❛❧❧ r❡❣r❡ss♦rs ❡①❝❡♣t ❢♦r x1,ig✮✳ ❲❡ t❤❡♥ ✐t❡r❛t❡ t❤❡ ❢♦❧❧♦✇✐♥❣ st❡♣s

✶✵✵✵ t✐♠❡s✿

✶✳ ❲❡ ❢♦r♠ ❛ s❛♠♣❧❡ ♦❢ G ❝❧✉st❡rs {(ŷ∗
1
, X1), ..., (ŷ

∗

G, XG)} ❛s ❢♦❧❧♦✇s✿ ❋♦r ❡❛❝❤ ❝❧✉st❡r

g = 1, ..., G ✇❡ ❢♦r♠❡❞ ûR∗

g = dg ∗ ûR
g ✱ ✇❤❡r❡ t❤❡ ✇❡✐❣❤ts dg ❤❛✈❡ ❛ ✶✴✻ ❝❤❛♥❝❡ t♦

t❛❦❡ ❡❛❝❤ ✈❛❧✉❡ ✐♥ t❤❡ s✐① ♣♦✐♥t ❞✐str✐❜✉t✐♦♥ {−
√
1.5,−

√
1,−

√
0.5,

√
0.5,

√
1,
√
1.5}✳

❚❤❡♥✱ ✇❡ ❢♦r♠ ŷ∗g = X ′

gβ̂
R + ûR∗

g ❢♦r g = 1, ..., G✳

✷✳ ❲❡ ❝❛❧❝✉❧❛t❡ t❤❡ ❲❛❧❞ st❛t✐st✐❝ w∗

b = (β̂∗

1,b − β0)/sβ̂∗

1,b
✉s✐♥❣ β̂∗

1,b ❛♥❞ ✐ts st❛♥❞❛r❞

❡rr♦r sβ̂∗

1,b
❡st✐♠❛t❡ ❢r♦♠ t❤❡ bt❤ ♣s❡✉❞♦ s❛♠♣❧❡✳

❋✐♥❛❧❧②✱ ✇❡ r❡tr✐❡✈❡ t❤❡ ♣✲✈❛❧✉❡ ❢♦r β̂1 ❜② ❝♦♠♣✉t✐♥❣ t❤❡ ❢r❛❝t✐♦♥ ♦❢ t✐♠❡s w∗

b > w ❢♦r

b = 1, ..., 1000✳

✺
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E. Instructions of the Experiment  
 
Instructions (original in French) 
 
 • A partir de maintenant, nous vous prions de ne plus discuter avec vos collègues 

et de rester silencieux. • Si vous avez une question, levez votre main et nous viendrons vers vous. • Le questionnaire est anonyme. Il est identifié au travers d’un numéro unique. Il 
n’est à aucun moment possible de faire la relation entre la personne et les 
données s’y rapportant. • Veuillez d’abord lire les instructions ci-dessous et répondre aux questions.  • Ne tournez les  pages qu’à notre signal . 

 
Ce questionnaire est composé de trois exercices différents. Pour les deux premiers 
exercices, le temps est limité. Nous vous indiquerons à chaque fois quand les débuter 
et quand tourner la page. 
 
Numéro : 
 
Sexe :  masculin          féminin          
 
Age : 
 
Moyenne générale du dernier semestre : 
 
Nationalité : 
 
Formation la plus élevée achevée par mes parents : 
 Scolarité obligatoire (primaire, secondaire, inférieur)    père     mère  
 Formation professionnelle (apprentissage, école professionnelle)  père     mère  
 Formation générale (école de maturité, de diplôme, école normale)  père     mère  
 Formation professionnelle supérieure (brevet, diplôme, maîtrise fédérale) père     mère  
 Université, EPF, HES       père     mère  
 Je ne sais pas        père     mère  
 
Par rapport aux autres familles suisses, comment vous situez-vous financièrement : 
  
Très en -dessous  
de la moyenne  

Très au -dessus  
de la moyenne  

-3 -2 -1 0 1 2 3 
       

 
  
 
Avez-vous des question s avant de commencer le premier exercice  ? 
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EXERCICE 1 – INSTRUCTIONS 
 
 
Vous allez commencer le premier exercice de ce questionnaire. 
 
 
Veuillez ne tourner la page qu’à notre signal.  
 
 
Dès que vous aurez tourné la page, vous aurez 90 secondes  pour répondre au mieux 
à la question.  
 
Au terme des 90 secondes nous vous avertirons et vous devrez alors à nouveau 
tourner la page. 
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EXERCICE 1  
 
Citez le plus grand nombre d’animaux : 
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EXERCICE 2 – INSTRUCTIONS 
 
Vous venez de finir le premier exercice. Sur la page suivante se trouve le deuxième 
exercice. 
 
Veuillez ne tourner la page qu’à notre signal.  
 
Dès que vous aurez tourné la page, vous aurez 90 secondes  pour remplir au mieux  
la question.  
 
Au terme des 90 secondes nous vous avertirons et vous devrez alors à nouveau 
tourner la page. 

 
ENONCE DE L’EXERCICE : 
 
Dans chaque différente série, chaque numéro de 1 à 9 est représenté par un symbole 
dans une table. 
Vous devrez alors écrire pour chaque symbole le numéro correspondant. Voici un 
exemple : 
 
Enoncé  : Série 0  
 

∂  ∑  ρ  π  &  Ψ  #    ∃ 

1  2  3  4  5  6  7  8  9 
 
ρ  ∃  ∂  #  ∑  π    Ψ  &  ρ 

                   
 
Réponse s: Série 0  
 

∂  ∑  ρ  π  &  Ψ  #    ∃ 

1  2  3  4  5  6  7  8  9 
 
ρ  ∃  ∂  #  ∑  π    Ψ  &  ρ 

3  9  1  7  2  4  8  6  5  3 
 
 
 
Vous avez 90 secondes pour remplir le plus possible les 8 différentes séries.  
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Série 1  : 

∀  Ψ  ⊇  ∇  Ξ  ∠  ⊂  ±  θ 

1  2  3  4  5  6  7  8  9 
 

Ψ  ∇  ⊇  ∠  ∀  ⊂  Ξ  θ  ⊂  ⊇ 

                   

 
Série 2  : 

Ζ  ∇  ♥  ℑ  Π  ϒ  ω  Φ  ↔ 

1  2  3  4  5  6  7  8  9 
 

ω  ϒ  ♥  Π  ℑ  ∇  Φ  Π  Ζ  ↔ 

                   

 

Série 3  : 

∃  ∝  χ  &  #  Θ  ς  ∫  ∴ 

1  2  3  4  5  6  7  8  9 
 

Θ  #  &  ∴  ∝  ∫  χ  ∃  ς  ∴ 

                   

 

Série 4  : 

♣  ↵  ∅  °    ≠  ∉  •  ◊ 

1  2  3  4  5  6  7  8  9 
 

♣  ∅  ≠  ∉  ↵  °  ♣  ◊  •   

                   

Série 5  : 

≥  ⊗  ℘  %  π  Σ  ↔  √  ∋ 
1  2  3  4  5  6  7  8  9 

 

%  ⊗  ↔  ∋  √  ℘  ≥  π  Σ  % 

                   

 
Série 6  : 

Λ  ⊥  ξ  Ψ  ≅  ∇  ♠  Ω  − 

1  2  3  4  5  6  7  8  9 
 

ξ  Ψ  ∇  Ω  ⊥  −  ♠  ≅  Ω  Λ 

                   

 
Série 7  : 

∑  ∫  φ  ∴  +  &  Ψ  ∏  θ 

1  2  3  4  5  6  7  8  9 
 

φ  ∫  ∏  ∑  ∴  ∏  &  Ψ  θ  + 

                   

 
Série 8  : 

          ∂  |  Χ  σ 

1  2  3  4  5  6  7  8  9 
 

        σ  |  ∂  Χ     
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EXERCICE 3 – INSTRUCTIONS 
 
Dans l'enveloppe blanche ci-jointe se trouvent dix  pièces de 50 centimes. Avec un peu 
de chance, vous pouvez gagner jusqu'à 5 CHF. Nous vous prions d'ouvrir l'enveloppe 
blanche, d'en retirer les dix pièces et de les déposer devant vous. Prenez, s'il vous 
plaît, une des pièces de 50 centimes et lancez la. Notez le résultat du lancer de la 
pièce dans le tableau ci-dessous.  
 • Si vous obtenez face (côté statue) , vous avez gagné  et vous pouvez garder la 

pièce de 50 centimes. Mettez s’il vous plaît la pièce de côté. 
 • Si vous obtenez pile  (côté chiffre) , vous avez perdu . Remettez s’il vous plaît 
la pièce dans l'enveloppe blanche. 

 
Veuillez procéder exactement de la même manière avec les neuf pièces restantes: 
lancez l'une après l'autre chacune des pièces restantes et notez après chaque lancer 
dans le tableau ci-dessous si vous avez obtenu pile ou face. Vous pouvez garder 
chaque pièce pour laquelle vous avez obtenu face. Vous rendez et remettez dans 
l'enveloppe blanche chaque pièce dont le lancer vous a donné pile. 
 
Exemple : Si vous avez obtenu au total huit fois face et deux fois pile, vous gagnez 4 
CHF. En obtenant au total deux fois face et huit fois pile, vous gagnez 1 CHF. 
 
Veuillez inscrire ici le résultat de vos dix lancers de pièces: 
 

 face (0.50CHF) pile (0 CHF)  

1ère pièce    

2e pièce    

3e pièce    

4e pièce    

5e pièce    

6e pièce    

7e pièce    

8e pièce    

9e pièce    

10e pièce    

 
 
 
 
 
 

Merci pour votre participation!  

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



13 

 

Instructions (English translation) 
 
 
 • From now on, we ask you not to talk with your colleagues and to remain silent. • If you have any question, raise your hand and we will come to you. • The questionnaire is anonymous. It is identified by a unique number. It is not 

possible at any time to make a connection between a participant and the data 
relating to him or her. • Please read the instructions below and answer the questions. • Turn the pages only when you are told  to do so.  
 

 
 

This questionnaire consists of three different tasks. Time is limited for the first two 
tasks. We will tell you at the appropriate time when to start and when to turn the page. 
 
 
 
Number: 
 
Gender:  male          female          
 
Age: 
 

Grade point average in the previous semester: 
 
Nationality: 
 

Highest education completed by my parents: 
 Compulsory education (primary, secondary, lower)    father     mother  
 Professional education (apprenticeship, professional school)   father     mother  
 General education (high school, diploma school, normal school)  father     mother  
 Higher professional education (certificate, diploma, federal certificate) father     mother  
 University, Federal Institute for Technology, universiy of applied sciences father     mother  
 I don’t know         father     mother  
 
 

Compared to other Swiss families, how are you financially situated:  
 
Much below average  Much above average  

-3 -2 -1 0 1 2 3 
       

 
  
 
Do you have any questions before starting with the first task ? 
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TASK 1 – INSTRUCTIONS 
 
 
 

You will begin with the first task of this questionnaire.  
 
 
Please turn the page only when you are told to do so. 
 

 

As soon as you turn the page, you will have 90 seconds  to complete the task. 
 

 

At the end of the 90 seconds we will notify you and you will have to turn the page again.
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TASK 1  
 
 

List the names of as many animals as you can: 
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TASK 2 – INSTRUCTIONS 
 
You have just finished the first task. On the next page is the second task. 
 
 

Please turn the page only when you are told to do so. 
 
 

As soon as you have turned the page, you will have 90 seconds to complete the task. 
 
 
At the end of the 90 seconds we will notify you and you will have to turn the page again. 

 
 
DESCRIPTION OF THE TASK : 
 
 

In each set, numbers from 1 to 9 are represented by symbols as indicated by a table. 
 
You will then have to write down the corresponding number for each symbol. Here is 
an example: 
 
Example: Set 0  
 

∂  ∑  ρ  π  &  Ψ  #    ∃ 

1  2  3  4  5  6  7  8  9 
 
ρ  ∃  ∂  #  ∑  π    Ψ  &  ρ 

                   
 
Solution: Set 0  
 

∂  ∑  ρ  π  &  Ψ  #    ∃ 

1  2  3  4  5  6  7  8  9 
 
ρ  ∃  ∂  #  ∑  π    Ψ  &  ρ 

3  9  1  7  2  4  8  6  5  3 
 
 
You have 90 seconds to complete as many of the 8 sets as possible. 
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Set 1:  

∀  Ψ  ⊇  ∇  Ξ  ∠  ⊂  ±  θ 

1  2  3  4  5  6  7  8  9 
 

Ψ  ∇  ⊇  ∠  ∀  ⊂  Ξ  θ  ⊂  ⊇ 

                   

 
Set 2:  

Ζ  ∇  ♥  ℑ  Π  ϒ  ω  Φ  ↔ 

1  2  3  4  5  6  7  8  9 
 

ω  ϒ  ♥  Π  ℑ  ∇  Φ  Π  Ζ  ↔ 

                   

 

Set 3:  

∃  ∝  χ  &  #  Θ  ς  ∫  ∴ 

1  2  3  4  5  6  7  8  9 
 

Θ  #  &  ∴  ∝  ∫  χ  ∃  ς  ∴ 

                   

 

Set 4:  

♣  ↵  ∅  °    ≠  ∉  •  ◊ 

1  2  3  4  5  6  7  8  9 
 

♣  ∅  ≠  ∉  ↵  °  ♣  ◊  •   

                   

 

Set 5:  

≥  ⊗  ℘  %  π  Σ  ↔  √  ∋ 
1  2  3  4  5  6  7  8  9 

 

%  ⊗  ↔  ∋  √  ℘  ≥  π  Σ  % 

                   

 
Set 6:  

Λ  ⊥  ξ  Ψ  ≅  ∇  ♠  Ω  − 

1  2  3  4  5  6  7  8  9 
 

ξ  Ψ  ∇  Ω  ⊥  −  ♠  ≅  Ω  Λ 

                   

 
Set 7:  

∑  ∫  φ  ∴  +  &  Ψ  ∏  θ 

1  2  3  4  5  6  7  8  9 
 

φ  ∫  ∏  ∑  ∴  ∏  &  Ψ  θ  + 

                   

 
Set 8:  

          ∂  |  Χ  σ 

1  2  3  4  5  6  7  8  9 
 

        σ  |  ∂  Χ     
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TASK 3 – INSTRUCTIONS 
 
In the enclosed white envelope, you find ten  50-centime coins. With a little luck, you 
can now win up to 5 Swiss Francs. Please open the white envelope, take out the ten 
coins and put them down in front of you. Take one of the coins and toss it. Write down 
the result in the table below. 
 
 • If the result is “Heads ” (side with the statue) , you won and, therefore, you 

can keep the 50-centime coin.  

• If the result is “T ails ” (side with the number) , you lost. Please put the coin 
back in the white envelope.  

 
Do the same with the other nine coins: toss each of the other nine coins and after each 
turn write down in the table below, whether the result has been heads or tails. You can 
keep each coin you tossed heads. Please put back each coin you tossed tails into the 
white envelope.  
 

Example : If you flip Heads eight times and Tails two times, you win 4 Swiss Francs. If 
you flip Heads two times and Tails eight times, you win 1 Swiss Franc. 
 
Please write down the results of your ten coin tosses. 

 

 Heads (0.50CHF) Tails (0 CHF)  

1st coin    

2nd coin    

3rd coin    

4th coin    

5th coin    

6th coin    

7th coin    

8th coin    

9th coin    

10th coin    

 
 
 
 
 
 

Thank you for your participation!  
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F. Teacher E valuation  
 

N
° é

lè
ve

 

L’élève est -il souvent 
absent ? 

L’élève est -il négligent  
dans ses devoirs?  

L’élève est -il 
perturbateur en 

classe?  

 NON OUI NON OUI NON OUI 

1                      

2                      

3                      

4                      

5                      

6                      

7                      

8                      

9                      

10                      

11                      

12                      

13                      

14                      

15                      

16                      

17                      

18                      

19                      

20                      

21                      

22                      

23                      

24                      

25                      

26                      

27                      

28                      

29                      

30                      
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S
tu

de
nt

 #
 

Is the student often 
absent?  

Does the student rarely 
completes his/her 

homework  

Is the student 
frequently disruptive in 

class?  

 NO YES NO YES NO YES 

1                      

2                      

3                      

4                      

5                      

6                      

7                      

8                      

9                      

10                      

11                      

12                      

13                      

14                      

15                      

16                      

17                      

18                      

19                      

20                      

21                      

22                      

23                      

24                      

25                      

26                      

27                      

28                      

29                      

30                      
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