
Kremer, Anna

Working Paper

Names, diversity and innovation

CEPIE Working Paper, No. 03/21

Provided in Cooperation with:
Technische Universität Dresden, Faculty of Business and Economics

Suggested Citation: Kremer, Anna (2021) : Names, diversity and innovation, CEPIE Working Paper,
No. 03/21, Technische Universität Dresden, Center of Public and International Economics (CEPIE),
Dresden,
https://nbn-resolving.de/urn:nbn:de:bsz:14-qucosa2-749819

This Version is available at:
https://hdl.handle.net/10419/234183

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://nbn-resolving.de/urn:nbn:de:bsz:14-qucosa2-749819%0A
https://hdl.handle.net/10419/234183
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


ISSN  2510-1196 

CEPIE Working Paper No. 03/21 

Center of Public and International Economics 

NAMES, DIVERSITY AND INNOVATION 

May 2021 

Anna Kremer 

Editors: Faculty of Business and Economics, Technische Universität Dresden. 

This paper is published on the Open Access Repository Qucosa. 

The complete Working Paper Series can be found at the CEPIE Homepage | EconStor | RePEc 

http://nbn-resolving.de/urn:nbn:de:bsz:14-qucosa-209808
https://tu-dresden.de/bu/wirtschaft/cepe
https://www.econstor.eu/escollectionhome/10419/146767
https://ideas.repec.org/s/zbw/tudcep.html


Names,diversityandinnovation

AnnaKremer∗

TUDresdenandifoInstituteDresden

May2021

Abstract

Diversityofacountryisoftenmeasuredbytheamountandspreadofnationalities
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❣❡❤❡ ❞✐✛❡❡♥♣♦✜❝✐❡♥❝✐❡ ❛♥❞❡①❝❤❛♥❣✐♥❣✐❞❡❛✳ ❚❤❡✐❞❡❛❤❛ ❞✐✈❡ ✐②♣♦❞✉❝❡

♣✐❧❧♦✈❡ ❛♥❞❤❡♥✐♥♥♦✈❛✐♦♥✱♦✐❣✐♥❛❧❧②❢♦❝✉❡♦♥❤♦✇❞✐✛❡❡♥✜♠ ❛♥❞❡❝♦ ✐♥✲
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▼♦❞❡❧❛♥❞ ♠❡❛ ✉❡♦❢❞✐✈❡ ✐②

■♥♦❞❡ ♦ ❛❦❡♣♦❡♥✐❛❧❝♦ ❛♥❞❛❞✈❛♥❛❣❡ ♦❢❞✐✈❡✐②❢♦ ✐♥♥♦✈❛✐✈❡♥❡ ✐♥♦

❛❝❝♦✉♥■❡❧②♦♥❤❡♠♦❞❡❧♦❢◆✐❡❜✉❤ ✭✷✵✶✵✮✭✇✐❤❛ ❧✐❣❤❞❡✈✐❛✐♦♥✮✳■❡①♣❡❝

❤❛ ❡①❝❡✐✈❡❞✐✛❡❡♥❝❡ ❤✐♥❞❡ ❡①❝❤❛♥❣❡❛♥❞ ❤✉ ✐♥♥♦✈❛✐♦♥✳ ❆❞✈❛♥❛❣❡ ♦♥ ❤❡

♦❤❡❤❛♥❞❝♦✉❧❞❛✐❡❢♦♠❞✐✈❡✐②✈✐❛✇♦❝❤❛♥♥❡❧✿❋✐ ❧②✱✐❢♠♦❡❞✐✈❡❡♣❡♦♣❧❡

♠❡❡✱✐♥❡❛❝✐♦♥❛❡❡①♣❡❝❡❞♦❜❡♠♦❡♣♦❞✉❝✐✈❡❛♥❞❣❡♥❡❛❡♥❡✇❦♥♦✇❧❡❞❣❡✳

❙❡❝♦♥❞❧②✱❢♦♠❤❛✈✐♥❣❛❧❛❣❡♣♦♦❧♦❢♠♦❡❞✐✈❡❡♣❡♦♣❧❡✜♠ ❝❛♥❝❤♦♦❡❤❡♠♦

❝❛♣❛❜❧❡❡♠♣❧♦②❡❡✇❤♦ ❤❡♥❣❡♥❡❛❡♠♦❡✐♥♥♦✈❛✐♦♥✳

❚❤❡❝♦♠♠♦♥♣♦❞✉❝✐♦♥❢✉♥❝✐♦♥✐♥♣❧❛❝❡i✐❛✉❣♠❡♥❡❞❜②❤❡❡✛❡❝ ♦❢❝✉❧✉❛❧

❞✐✈❡ ✐②✱❜❛❡❞♦♥❖❛✈✐❛♥♦❛♥❞ ❡✐✭✷✵✵✻✮✳❈✉❧✉❛❧❧②❞✐✛❡❡♥♦✐❣✐♥✱♥♦❡❞❜②o✱

✐♥❝❡❛❡♦✉♣✉ ❢♦❛✜①❡❞♥✉♠❜❡♦❢✇♦❦❡ ✳ ❚❤❡❡❢♦❡❤❡♣♦❞✉❝♦❢❧❛❜♦✉♦✈❡

❞✐✛❡❡♥♦✐❣✐♥✐✉❡❞✳✷❚❤✐ ✐♠♣❧✐❡ ❤❛♥♦♦♥❧②❛❤✐❣❤❡❞✐✈❡ ✐②✐♥❝❡❛❡♦✉♣✉

❜✉❛❞❞✐✐♦♥❛❧❧②✱❤❡❡✐❛❝♦♠♣❧❡♠❡♥❛✐②❜❡✇❡❡♥❡♠♣❧♦②❡❡ ♦❢❞✐✛❡❡♥♦✐❣✐♥✳❆♥

❛❞❞✐✐♦♥❛❧✏❞✐✈❡❡✑❡♠♣❧♦②❡❡✐♥❝❡❛❡ ❤❡♦✉♣✉ ♦❢❤❡♦❤❡ ❜❡❝❛✉❡❤❡②❜❡♥❡✜

❢♦♠❤❡ ♥❡✇❦♥♦✇❧❡❞❣❡✳ ❚❤❡❝♦ ♦❢❞✐✛❡❡♥❝❡✭τ✮✱❡✳❣✳❝♦♠♠✉♥✐❝❛✐♦♥❜❛✐❡✱

♦♥ ❤❡♦❤❡ ❤❛♥❞❛❡❛♥✐♥❝❡❛✐♥❣❢✉♥❝✐♦♥♦❢❞✐✈❡✐②✭div✮❛♥❞❤✉ ❡❞✉❝❡❤❡

❛❞✈❛♥❛❣❡♦❢✐✳

Yi=[1−τ(divi)]
αA1−αi (Lio)

α

❲❤❡ ❤❡ ✭❞✐✮❛❞✈❛♥❛❣❡ ♦❢❝✉❧✉❛❧❞✐✈❡✐②♣❡✈❛✐❧❞❡♣❡♥❞♦♥ ❤❡❡❧❛ ✐❝✐②♦❢

✉❜ ✐✉✐♦♥❜❡✇❡❡♥♣❡♦♣❧❡✇✐❤❞✐✛❡❡♥♦✐❣✐♥✳

❚❤❡❞❡✐✈❡❞❜❛✐❝❡❣❡✐♦♥♠♦❞❡❧♦❞❡❡♠✐♥❡ ❤❡♦✈❡❛❧❧❡✛❡❝♦❢❞✐✈❡✐②♦♥

✐♥♥♦✈❛✐✈❡♥❡ ✐

✷◆✐❡❜✉❤ ✭✷✵✶✵✮✉❡ ❤❡ ✉♠♦✈❡ ♦✐❣✐♥✐♥❡❛❞✳

✹



Pi/Li=β+β1∗Divi+
m

(βm∗Cmi)+

❚❤❡❡✉❛✐♦♥❞❡✜♥❡✐♥♥♦✈❛✐✈❡♥❡ ❛♣❛❡♥ ♣❡❡♠♣❧♦②❡❡❛♥❞❡ ✐✐♥❡❧❛✐♦♥

♦❞✐✈❡✐②✳ ❆❞❞✐✐♦♥❛❧❧②✱✐❝♦♥♦❧ ❢♦♦❤❡ ✐♠♣♦❛♥❞❡❡♠✐♥❛♥ ♦❢✐♥♥♦✈❛✐♦♥

✭C✮❧✐❦❡❡❝♦ ✉❝✉❡✱✉❜❛♥✐❛✐♦♥❛♥❞❡❞✉❝❛✐♦♥❧❡✈❡❧✳

❚♦♠❡❛✉❡❞✐✈❡✐②■❧♦♦❦❛ ✭❞❡✮❝♦♥❝❡♥❛✐♦♥♦❢❢❛♠✐❧②♥❛♠❡✳ ❆❝♦♠♣❛✐♦♥

♦❢❤❡♥✉♠❜❡♦❢❞✐✛❡❡♥❢❛♠✐❧②♥❛♠❡✇✐❤❤❡♦❛❧♥✉♠❜❡♦❢❡♥✐❡✐♥❤❡♣❤♦♥❡

❜♦♦❦✐♥❛♠✉♥✐❝✐♣❛❧✐②❡✈❡❛❧❤♦✇❞✐✈❡ ❡❛♣❧❛❝❡✐✐♥❡♠ ♦❢❢❛♠✐❧②♥❛♠❡✳■❤✉

❝❛❧❝✉❧❛❡❢♦❡✈❡②♣❧❛❝❡i

Divi=namesi/entriesi

▼♦ ♦❢❤❡❧✐❡❛✉❡❧♦♦❦✐♥❣❛❞✐✈❡ ✐②❛♥❞✐♥♥♦✈❛✐♦♥❛❧♦❡♠♣❧♦②❛❢❛❝✐♦♥❛❧✲

✐❛✐♦♥♦❡♥♦♣②✐♥❞❡①✭❡✳❣✳❍❡✜♥❞❛❤❧✭❖ ❛✈✐❛♥♦❛♥❞ ❡✐✱✷✵✵✻✮♦❚❤❡✐❧✭◆✐❡❜✉❤✱

✷✵✶✵✮✮♦❛❝❝♦✉♥❢♦❜✐ ❤♣❧❛❝❡❞✐✈❡ ✐②✳❚❤❡❡✐♥❞✐❝❡❛❝❝♦✉♥♥♦♦♥❧②❢♦ ❤❡♥✉♠❜❡

♦❢❞✐✛❡❡♥❣♦✉♣❜✉❛❞❞✐✐♦♥❛❧❧②❢♦ ❤❡❡✈❡♥♥❡ ♦❢❞✐ ✐❜✉✐♦♥♦❢❞✐✛❡❡♥❣♦✉♣✳

❲❤✐❧❡ ❤✐✐ ❡❧❡✈❛♥✇✐❤❡♣❡❝ ♦♥❛✐♦♥❛❧✐✐❡■❛❣✉❡❤❛ ❤❡❡♠❡❛✉❡❛❡♥♦

❡♥❧✐❣❤❡♥✐♥❣❛❜♦✉❞✐✈❡ ✐②✇✐❤❡♣❡❝ ♦❢❛♠✐❧②♥❛♠❡✳❚❤❡❡♣❡❡♥❛✐♦♥♦❢❞✐✛❡✲

❡♥♥❛✐♦♥❛❧✐✐❡✐✉♥❡✈❡♥✐❢♦♥❧②♦♥❡♦ ✇♦❣♦✉♣♣❡✈❛✐❧✇❤✐❧❡♠❛♥②♠♦❡❛❡♣❡❡♥

❛✭♠❛❧❧✮♠✐♥♦✐✐❡✳■✐❡✈❡♥✐❢❛❧❧♥❛✐♦♥❛❧✐✐❡❛❡❛❜♦✉❡✉❛❧✐♥ ✐③❡✳❇♦❤❝❛❡

❡❛♦♥❛❜❧②❛✛❡❝❡❝♦♥♦♠✐❝♣❡❢♦♠❛♥❝❡✳❋❛♠✐❧②♥❛♠❡ ❤♦✇❡✈❡❞❡✜♥❡♠❛♥②♠♦❡❛♥❞

♠✉❝❤ ♠❛❧❧❡ ❣♦✉♣ ❤❛❛❡✉✉❛❧❧②❛❧❧✏♠✐♥♦✐✐❡✑✳❇❡❝❛✉❡♥♦♦♥❡♦❛❢❡✇❣♦✉♣

♣❡✈❛✐❧✱❡✈❡♥♥❡ ✐❧❡ ❡❧❡✈❛♥❜❡❝❛✉❡✉✉❛❧❧②❤❡❞✐ ✐❜✉✐♦♥✐✉♥♥♦✐❝❡❛❜❧❡♦❤❡

✐♥❞✐✈✐❞✉❛❧✳

❋✉ ❤❡♠♦❡✱■♠❛❦❡✉❡♦❢❤❡❞✐ ✐❜✉✐♦♥♦❢❢❛♠✐❧②♥❛♠❡✐♥✭❛♣♣♦①✐♠❛❡❧②✮

✶✽✾✵♦❡❡❤♦✇♦♣❡♥♣❧❛❝❡✇❡❡❤♦✉❣❤♦✉ ❤❡♣❛ ✶✵✵②❡❛✳❋♦ ❤✐ ■❝♦♠♣❛❡

❤❡❞❡✈❡❧♦♣♠❡♥♦❢✭❞❡✮❝♦♥❝❡♥❛✐♦♥❜❡✇❡❡♥✶✽✾✵❛♥❞✶✾✾✻❛♥❞ ❡❢❡ ♦❤✐♠❡❛✉❡

❛♦♣❡♥♥❡✳❆♣♦✐✐✈❡♦♣❡♥♥❡ ✐♠♣❧✐❡❛❤✐❣❤❡❞✐✈❡ ✐②✐♥✶✾✾✻❤❛♥✐♥✶✽✾✵✳

❉❛❛

❚❤❡❞✐ ✐❜✉✐♦♥♦❢♥❛♠❡✐♣♦✈✐❞❡❞✐♥✇♦♠❛♣ ❢♦♠❈♦♠♣●❡♥✭❱❡❡✐♥❢ ❈♦♠✲

♣✉❡❣❡♥❡❛❧♦❣✐❡❡✳❱✳✮✱✇❤✐❝❤❛❡✉❡❞♦❞❡✐✈❡❞✐✈❡✐②♠❡❛✉❡✳ ❚❤❡✜ ✐❜❛❡❞

♦♥❝❛✉❛❧②❧✐ ❢♦♠ ❲❲■❛♥❞♣♦①✐❡❢♦ ❤❡ ✐♠❡❛❜♦✉✶✽✾✵❛✐♣♦✈✐❞❡❜✐ ❤

♣❧❛❝❡♦❢❤♦❡❤❛❞✐❡❞✳❚❤❡❡❝♦♥❞❞❛✇❢♦♠❛❞✐❣✐❛❧✐③❡❞♣❤♦♥❡❜♦♦❦❤❛♣♦✈✐❞❡

❤❡❞✐ ✐❜✉✐♦♥♦❢♥❛♠❡✐♥✶✾✾✻✳■♠❛❝❤❣❡♦❝♦❞❡❞♥❛♠❡✸✇✐❤♦❞❛②✬♠✉♥✐❝✐♣❛❧✐②

❜♦✉♥❞❛✐❡ ♦❤❛✈❡✐♠❡✲❝♦♥✐❡♥❛❡❛✳

❇❡❝❛✉❡♣✐✈❛❡♣❤♦♥❡❝♦✈❡❛❣❡✐♥❊❛ ●❡♠❛♥②✇❛ ♦♥❧②❡❛❧❧②❛❞✈❛♥❝✐♥❣❛❢❡

❡✉♥✐✜❝❛✐♦♥❜✉❤❛❞♥♦ ✜♥✐❤❡❞✐♥✶✾✾✺✭❉✐❞❝③✉♥❡✐✱✷✵✶✺✮■❡ ✐❝♠② ❛♠♣❧❡♦

❲❡ ●❡♠❛♥②✇❤❡❡❤❡ ✉❡❞✐ ✐❜✉✐♦♥♦❢♥❛♠❡✐❡①♣❡❝❡❞♦❜❡❡❧✐❛❜❧②✐❞❡♥✐✜❡❞✳

■♥❡✈❡②♣❧❛❝❡❛❜♦✉ ✶✽✶✹✺✭♠❡❛♥✮❞✐✛❡❡♥❢❛♠✐❧②♥❛♠❡❛♣♣❡❛ ❛♥❞❡✈❡②♥❛♠❡
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♣❡♥❞❡♥❝✐❡♠✐❣❤ ❜❡♣❡❡♥❛♥❞❤♦✉❧❞❜❡❛❦❡♥✐♥♦❛❝❝♦✉♥✳

❈♦♥❝❧✉✐♦♥

❇②♠❡❛✉✐♥❣❞✐✈❡✐②✇✐❤❤❡❞✐ ✐❜✉✐♦♥♦❢❢❛♠✐❧②♥❛♠❡✐♥●❡♠❛♥②■ ❤♦✇❤❛

❞✐✈❡ ✐②❡♥❤❛♥❝❡ ✐♥♥♦✈❛✐♦♥❛❧♦✇❤❡♥❞❡✜♥❡❞❛✐♥❛✲❝♦✉♥②❞✐✛❡❡♥❝❡✳ ❆♠♦❡

❞✐✈❡ ❡❢❛♠✐❧②♥❛♠❡❞✐ ✐❜✉✐♦♥✱✐♥❡♠ ♦❢❞❡❝♦♥❝❡♥❛✐♦♥♦♠❡❛✉❡❞❛♦♣❡♥♥❡

❜②❞❡✈❡❧♦♣♠❡♥♦✈❡ ✐♠❡✱✇✐❤✐♥❛♠✉♥✐❝✐♣❛❧✐②❛ ♦❝✐❛✐♦♥✐❛♦❝✐❛❡❞✇✐❤❛❤✐❣❤❡

♥✉♠❜❡♦❢❣❡♥❡❛❡❞♣❛❡♥✳❚❤✐ ❤♦✇ ❤❛❝✉❧✉❛❧❞✐♣❛✐✐❡✇✐❤✐♥❛❝♦✉♥ ②❛❡

❡❧❡✈❛♥ ♦❡❝♦♥♦♠✐❝♦✉❝♦♠❡✳

✽



❚❛❜❧❡✷✿❊ ✐♠❛✐♦♥❡✉❧ ✇✐❤♠♦❡❝♦♥♦❧✈❛✐❛❜❧❡❛♥❞✉✲❤❛♣❡❞

✭✶✮❖▲❙ ✭✷✮❖▲❙
❧♦❣✭♣❛❡♥✴❡♠♣❧♦②❡❡✮ ❧♦❣✭♣❛❡♥✴❡♠♣❧♦②❡❡✮

❉✐✈❡ ✐② ✶✳✽✵✼∗∗∗ ✼✳✼✹✻∗∗∗

✭✵✳✺✸✵✮ ✭✷✳✽✼✹✮

❉✐✈❡ ✐②2 ✲✺✳✺✼✷∗∗

✭✷✳✼✶✻✮

▼❡❞✐✉♠✲ ✐③❡❞❝✐✐❡ ✵✳✷✺✻∗∗ ✵✳✵✻✾✼
✭✵✳✶✸✵✮ ✭✵✳✶✹✾✮

✭▲❛❣❡✮❙♠❛❧❧❝✐✐❡ ✵✳✸✼✶∗∗ ✵✳✶✺✽
✭✵✳✶✺✺✮ ✭✵✳✶✼✸✮

❙♠❛❧❧❡ ♦✇♥ ✵✳✹✼✼∗∗∗ ✵✳✷✺✹
✭✵✳✶✼✷✮ ✭✵✳✶✽✻✮

❘✉❛❧❛❡❛ ✵✳✸✻✻∗ ✵✳✶✷✺
✭✵✳✷✵✺✮ ✭✵✳✷✵✽✮

❙❤❛❡❢♦❡✐❣♥ ✾✳✷✸✵∗∗∗ ✾✳✶✷✾∗∗∗

✭✶✳✵✽✹✮ ✭✶✳✵✺✺✮

❙❤❛❡❤✐❣❤✲❦✐❧❧❡❞ ✸✳✷✷✵∗∗∗ ✸✳✾✽✼∗∗∗

✭✶✳✶✶✾✮ ✭✶✳✶✷✸✮

❙❤❛❡❧♦✇✲❦✐❧❧❡❞ ✲✹✳✵✸✺∗∗∗ ✲✸✳✼✹✶∗∗∗

✭✶✳✶✵✻✮ ✭✶✳✵✾✸✮

❙❤❛❡✇♦♠❡♥ ✵✳✺✻✵
✭✵✳✺✸✽✮

❙❤❛❡✷✵✲✷✾②❡❛♦❧❞ ✲✷✳✵✾✾
✭✶✳✹✵✵✮

❈♦♥ ❛♥ ✲✼✳✸✺✽∗∗∗ ✲✾✳✵✹✹∗∗∗

✭✵✳✹✼✹✮ ✭✵✳✻✾✵✮
N ✸✶✹✶ ✸✶✹✶
❛❞❥✳R2 ✵✳✵✼✽ ✵✳✵✼✽

❙❛♥❞❛❞❡ ♦ ✐♥♣❛❡♥❤❡❡
∗p<0.1✱∗∗p<0.05✱∗∗∗p<0.01

✾



❚❛❜❧❡✸✿❊ ✐♠❛✐♦♥❡✉❧ ♦❢✇♦✲ ❡♣✜①❡❞❡✛❡❝ ❡✐♠❛✐♦♥

✭✶✮❖▲❙
✷♥❞ ❡♣

❡❣✐♦♥✜①❡❞❡✛❡❝
❉✐✈❡ ✐② ✸✳✵✹✵∗∗∗

✭✵✳✷✶✵✮

❈♦♥ ❛♥ ✲✶✳✺✷✶∗∗∗

✭✵✳✶✵✼✮
N ✶✶✷✺✺
❛❞❥✳R2 ✵✳✵✶✽

❘❡❣✐♦♥✜①❡❞❡✛❡❝ ❡❢❡ ♦❡ ♦ ❡♠ ♦❢♠✉♥✐❝✐♣❛✲

❧✐②❛ ♦❝✐❛✐♦♥✳❚❤❡②❛❡❡✐♠❛❡❞✐♥❛✶ ❡♣

❡❣❡✐♦♥❢♦♠❝♦♥♦❧♦♥♣❛❡♥ ♣❡ ❡♠♣❧♦②❡❡✳

❙❛♥❞❛❞❡ ♦ ✐♥♣❛❡♥❤❡❡
∗p<0.1✱∗∗p<0.05✱∗∗∗p<0.01

❆❝❦♥♦✇❧❡❞❣❡♠❡♥

■❛♠❣❛❡❢✉❧♦ ❲♦❧❢❣❛♥❣❉❛✉❤❢♦♠■❆❇❢♦❞❛❛♦♥❤❡❡♠♣❧♦②♠❡♥ ✉❝✉❡✐♥

❤❡♠✉♥✐❝✐♣❛❧✐✐❡✳■❤❛♥❦●❡♦❣❍✐❡❛♥❞♣❛✐❝✐♣❛♥ ♦❢❤❡❇♦✇♥❇❛❣❡♠✐♥❛❛

❚❯❉❡❞❡♥❢♦ ❤❡✐❤❡❧♣❢✉❧❝♦♠♠❡♥ ✳

✶✵



❘❡❢❡❡♥❝❡

❇❛❦❡♥✱❏✳✱◆✐❥❦❛♠♣✱ ✳✱❛♥❞ ♦♦✱❏✳✭✷✵✶✺✮✳ ❊ ❧✉✐❜✉ ♦♣❡✐❛✿ ❖♥❝✉❧✉❛❧

❞✐✈❡ ✐②❛♥❞❡❝♦♥♦♠✐❝❞❡✈❡❧♦♣♠❡♥✳■♥❇❛❦❡♥✱❏✳✱◆✐❥❦❛♠♣✱✳✱❛♥❞ ♦♦✱❏✳✱

❡❞✐♦✱❚❤❡❊❝♦♥♦♠✐❝ ♦❢❈✉❧✉❛❧❉✐✈❡ ✐②✳❊❞✇❛❞❊❧❣❛ ✉❜❧✐❤✐♥❣✳

❇❡❧❧✐♥✐✱❊✳✱❖ ❛✈✐❛♥♦✱●✳■✳✱ ✐♥❡❧❧✐✱❉✳✱❛♥❞ ❛♦❧♦✱●✳✭✷✵✶✸✮✳ ❈✉❧✉❛❧❞✐✈❡✐②

❛♥❞❡❝♦♥♦♠✐❝♣❡❢♦♠❛♥❝❡✿❊✈✐❞❡♥❝❡❢♦♠❊✉♦♣❡❛♥❡❣✐♦♥✳■♥❋✐❝❤❡✱▼✳▼✳✱

❚❤✐❧❧✱❏✳✲❈✳✱✈❛♥❉✐❥❦✱❏✳✱❛♥❞ ❲❡ ❧✉♥❞✱❍✳✱❡❞✐♦✱❆❞✈❛♥❝❡ ✐♥❙♣❛✐❛❧❙❝✐❡♥❝❡✳

❙♣✐♥❣❡✳

❇✉♥♦✇✱❙✳❛♥❞❙♦❝❦✐♥❣❡✱❇✳✭✷✵✶✺✮✳❊❛❜❧✐❤♠❡♥ ✬❝✉❧✉❛❧❞✐✈❡✐②❛♥❞✐♥♥♦✈❛✐♦♥✿

❡✈✐❞❡♥❝❡❢♦♠●❡♠❛♥②✳■♥◆✐❥❦❛♠♣✱ ✳✱ ♦♦✱❏✳✱❛♥❞❇❛❦❡♥✱❏✳✱❡❞✐♦✱❚❤❡

❡❝♦♥♦♠✐❝♦❢❝✉❧✉❛❧❞✐✈❡ ✐②✳❊❞✇❛❞❊❧❣❛ ✉❜❧✐❤✐♥❣✳

❇✉♥❞❡✐♥✐✉ ❢ ❇❛✉✲❙❛❞✲✉♥❞❘❛✉♠❢♦❝❤✉♥❣✭❇❇❙❘✮✭✷✵✷✶✮✳■◆❑❆❘✳■♥❞✐❦❛✲

♦❡♥✉♥❞❑❛❡♥③✉❘❛✉♠✲✉♥❞❙✐❡❞❧✉♥❣❡♥✇✐❝❦❧✉♥❣✳❤ ♣✿✴✴✇✇✇✳✐♥❦❛✳❞❡✴✳

❈♦♠♣●❡♥✭❱❡❡✐♥❢ ❈♦♠♣✉❡❣❡♥❡❛❧♦❣✐❡❡✳❱✳✮✭✷✵✷✶✮✳ ◆❛♠❡♥✈❡❜❡✐✉♥❣❦❛❡✳

❤♣✿✴✴♥✈❦✳❣❡♥❡❛❧♦❣②✳♥❡✴♠❛♣✳

❈♦♦❦❡✱❆✳❛♥❞❑❡♠❡♥②✱❚✳✭✷✵✶✼✮✳ ❈✐✐❡✱✐♠♠✐❣❛♥❞✐✈❡ ✐②✱❛♥❞❝♦♠♣❧❡①♣♦❜❧❡♠

♦❧✈✐♥❣✳❘❡❡❛❝❤ ♦❧✐❝②✱✹✻✭✻✮✿✶✶✼✺✕✶✶✽✺✳

❉❡✉ ❝❤❡ ❛❡♥✲ ✉♥❞ ▼❛❦❡♥❛♠ ✭✷✵✷✶✮✳ ❉▼❆ ❡❣✐❡✳

❤♣✿✴✴❡❣✐❡✳❞♣♠❛✳❞❡✴❉▼❆❡❣✐❡✴♣❛✴❡①♣❡❡✳

❉✐❞❝③✉♥❡✐✱ ❱✳✭✷✵✶✺✮✳ ✧❊♥❞❧✐❝❤ ❚❡❧❡❢♦♥✧✲ ❉❡ ❆✉❢❜❛✉❞❡ ❚❡❧❡❦♦♠♠✉♥✐❦❛✲

✐♦♥♥❡③❡ ✐♥ ❞❡♥ ♥❡✉❡♥ ❇✉♥❞❡❧♥❞❡♥✳ ❤ ♣✿✴✴✇✇✇✳♠❢❦✲❜❡❧✐♥✳❞❡✴✇♣✲

❝♦♥❡♥✴✉♣❧♦❛❞✴❊♥❞❧✐❝❤✲❚❡❧❡❢♦♥✳♣❞❢✳

●❛♥③❡✱ ❆✳✱❙❝❤♠✐❞❧❡✐♥✱ ▲✳✱❙❡❣♠❛✐❡✱❏✳✱❛♥❞ ❲♦❧❡✱❙✳✭✷✵✷✶✮✳ ❊❛❜❧✐❤✲

♠❡♥ ❍✐ ♦② ❛♥❡❧✶✾✼✺✲✷✵✶✾✳ ❋❉❩✲❉❛❡♥❡♣♦✳✶✻✴✷✵✷✵✈✷✭❡♥✮✳ ❉❖■✿

✶✵✳✺✶✻✹✴■❆❇✳❋❉❩❉✳✷✵✶✻✳❡♥✳✈✷✳

●❧❛❡❡✱❊✳▲✳✱❑❛❧❧❛❧✱❍✳❉✳✱❙❝❤❡✐♥❦♠❛♥✱❏✳❆✳✱❛♥❞❙❤❧❡✐❢❡✱❆✳✭✶✾✾✷✮✳ ●♦✇❤✐♥

❈✐✐❡✳❏♦✉♥❛❧♦❢ ♦❧✐✐❝❛❧❊❝♦♥♦♠②✱✶✵✵✭✻✮✿✶✶✷✻✕✶✶✺✷✳

❍❡♥❞❡ ♦♥✱❱✳✭✶✾✾✼✮✳ ❊①❡♥❛❧✐✐❡❛♥❞■♥❞✉ ✐❛❧❉❡✈❡❧♦♣♠❡♥✳❏♦✉♥❛❧♦❢❯❜❛♥

❊❝♦♥♦♠✐❝✱✹✷✭✸✮✿✹✹✾✕✹✼✵✳

❏❛❝♦❜✱❏✳✭✶✾✻✾✮✳❚❤❡❡❝♦♥♦♠②♦❢❝✐✐❡✳❘❛♥❞♦♠❍♦✉❡✱◆❡✇❨♦❦✳

▼ ❤❧♠❛♥♥✱❏✳❛♥❞❇❛❦❡♥✱❏✳✭✷✵✶✺✮✳ ❊❤♥✐❝❞✐✈❡ ✐②❛♥❞✜♠♣♦❞✉❝✐✈✐②✐♥ ❤❡

◆❡❤❡❧❛♥❞✳■♥◆✐❥❦❛♠♣✱✳✱♦♦✱❏✳✱❛♥❞❇❛❦❡♥✱❏✳✱❡❞✐♦✱❚❤❡❊❝♦♥♦♠✐❝ ♦❢
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