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Many studies have demonstrated that learning mindset 
ƉƌŽŐƌĂŵƐ�ĐĂŶ�ƉŽƐŝƟǀĞůǇ�ĂīĞĐƚ�ƐƚƵĚĞŶƚƐ͛�ĂĐĂĚĞŵŝĐ�ƉĞƌĨŽƌ-
mance.4,5,6,7,8 These studies have typically required extensive 
ŝŶǀŽůǀĞŵĞŶƚ�ŽĨ�ƌĞƐĞĂƌĐŚĞƌƐ�ƚŽ�ŝŵƉůĞŵĞŶƚ�ƚŚĞ�ƉƌŽŐƌĂŵƐ͕�ŚŽǁĞǀĞƌ͕ �
ǁŚŝĐŚ�ŶĂƚƵƌĂůůǇ�ƌĞƐƚƌŝĐƚƐ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƐƚƵĚĞŶƚƐ�ĂŶĚ�ƐĐŚŽŽůƐ�
served.  

WƌĞǀŝŽƵƐ�ƌĞƐĞĂƌĐŚ�ĮŶĚƐ�ůĞĂƌŶŝŶŐ�ŵŝŶĚƐĞƚ�ƉƌŽŐƌĂŵƐ�ĐĂŶ�ďĞ�
ĞƐƉĞĐŝĂůůǇ�ĞīĞĐƟǀĞ�ĨŽƌ�ůŽǁͲƉĞƌĨŽƌŵŝŶŐ�ƐƚƵĚĞŶƚƐ͘4,9 dŚĞƌĞĨŽƌĞ͕�
ƚŚĞ�ƌĞƐĞĂƌĐŚĞƌƐ�ŚǇƉŽƚŚĞƐŝǌĞĚ�ƚŚĂƚ�ŝĨ�ŵŝŶĚƐĞƚ�ƉƌŽŐƌĂŵƐ�ĐŽƵůĚ�ďĞ�
ĚĞƐŝŐŶĞĚ�ƚŽ�ďĞ�ŝŵƉůĞŵĞŶƚĞĚ�ŽŶ�Ă�ůĂƌŐĞƌ�ƐĐĂůĞ͕�ƚŚĞƐĞ�ƵŶĚĞƌ-
ƉĞƌĨŽƌŵŝŶŐ�ƐƚƵĚĞŶƚƐ�ĐŽƵůĚ�ĚŝƐƉƌŽƉŽƌƟŽŶĂůůǇ�ďĞŶĞĮƚ͕�ƌĞĚƵĐŝŶŐ�
achievement gaps. 

Study deSign 

>ĞĂƌŶŝŶŐ�ŵŝŶĚƐĞƚ�ƉƌŽŐƌĂŵƐ�ƚĂƌŐĞƚ�ƐƚƵĚĞŶƚƐ͛�ĐŽƌĞ�ďĞůŝĞĨƐ�ĂďŽƵƚ�
ƐĐŚŽŽů�ĂŶĚ�ůĞĂƌŶŝŶŐ͘��Ǉ�ĐŚĂŶŐŝŶŐ�ƚŚĞƐĞ�ďĞůŝĞĨƐ͕�ƚŚĞ�ƉƌŽŐƌĂŵƐ�
ĐŚĂŶŐĞ�ŚŽǁ�ƐƚƵĚĞŶƚƐ�ŝŶƚĞƌƉƌĞƚ�ƚŚĞ�ŵĞĂŶŝŶŐ�ŽĨ�ĐŚĂůůĞŶŐĞƐ�ŝŶ�
ƐĐŚŽŽů͘�dŚŝƐ�ĂůƚĞƌƐ�ŚŽǁ�ƐƚƵĚĞŶƚƐ�ƌĞƐƉŽŶĚ�ƚŽ�ĐŚĂůůĞŶŐĞƐ͕�ŝŶĐƌĞĂƐ-
ŝŶŐ�ƚŚĞŝƌ�ƌĞƐŝůŝĞŶĐĞ͕�ĂŶĚ�ƐĞƫŶŐ�ŝŶ�ŵŽƟŽŶ�ƉŽƐŝƟǀĞ�ƌĞĐƵƌƐŝǀĞ�
ĐǇĐůĞƐ�ŽĨ�ďĞůŝĞĨƐ�ĂŶĚ�ďĞŚĂǀŝŽƌ͘ 10,11 

/Ŷ�ƚŚŝƐ�ƐƚƵĚǇ�ƚŚĞ�ƌĞƐĞĂƌĐŚĞƌƐ�ƚĞƐƚĞĚ�ƉƌŽŐƌĂŵƐ�ƚŚĂƚ�ƚĂƌŐĞƚ�ƚǁŽ�
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Can learning mindset programs be effective at scale? Mindset Scholars David Paunesku, Greg Walton, 
Carissa Romero, David Yeager, Carol Dweck, and their colleague Eric Smith designed a study to test 
whether brief, online programs could improve academic outcomes for large groups of students. 

  KEY FINDINGS:

• ��������ȱ����ȱ�������ȱ������ȱ���ȱ������ȱ������ȱ�ě��-
tively implemented brief, online exercises promoting 

a growth mindset and a larger sense of purpose with 

a total of 1,500 students 

• These programs improved academic achievement 

among low-performing high school students
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  STUDENT UNDERPERFORMANCE STATISTICS:

• Hundreds of thousands of students leave high 

school every year without a diploma
1

• Students who lack a high school diploma experi-

ence poorer job prospects, worse physical health, 

and higher incarceration rates than their peers who 

graduate from high school
2

• While the overall number of jobs in the United 

States has increased by over 11.6 million since the 

recession, 99% of these jobs have gone to workers 

with at least some college education
3
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ĚŝīĞƌĞŶƚ�ƵŶĚĞƌůǇŝŶŐ�ďĞůŝĞĨƐ͗�ŵŝŶĚƐĞƚƐ�ĂďŽƵƚ�ŝŶƚĞůůŝŐĞŶĐĞ�ĂŶĚ�ƚŚĞ�
ĞǆƚĞŶƚ�ƚŽ�ǁŚŝĐŚ�ƐƚƵĚĞŶƚƐ�ďĞůŝĞǀĞ�ƚŚĞŝƌ�ƐĐŚŽŽůǁŽƌŬ�ŝƐ�ĐŽŶŶĞĐƚĞĚ�ƚŽ�
Ă�ƉƵƌƉŽƐĞ�ƚŚĂƚ�ŝƐ�ďŝŐŐĞƌ�ƚŚĂŶ�ƚŚĞŵƐĞůǀĞƐ͘

'ƌŽǁƚŚ�ŵŝŶĚƐĞƚ�ƉƌŽŐƌĂŵƐ�ĐŽŶǀĞǇ�ƚŚĂƚ�ŝŶƚĞůůŝŐĞŶĐĞ�ĐĂŶ�ŝŶĐƌĞĂƐĞ�
ŽǀĞƌ�ƟŵĞ�ĂŶĚ�ƚŚĂƚ�ĞŵƉůŽǇŝŶŐ�ĞīĞĐƟǀĞ�ƐƚƌĂƚĞŐŝĞƐ�ƚŽ�ĂĐĐŽŵƉůŝƐŚ�
ĐŚĂůůĞŶŐŝŶŐ�ƚĂƐŬƐ�ŝƐ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ĐŽŵƉŽŶĞŶƚ�ŽĨ�ƚŚĞ�ůĞĂƌŶŝŶŐ�
process. Students complete a 45-minute program that provides 
ĂŶ�ŽǀĞƌǀŝĞǁ�ŽĨ�ƚŚĞƐĞ�ĐŽŶĐĞƉƚƐ͕�ǁŚŝĐŚ�ŝƐ�ƚŚĞŶ�ƌĞŝŶĨŽƌĐĞĚ�ƚŚƌŽƵŐŚ�
ƚǁŽ�ǁƌŝƟŶŐ�ĞǆĞƌĐŝƐĞƐ�ƚŚĂƚ�ĞŶĐŽƵƌĂŐĞ�ƐƚƵĚĞŶƚƐ�ƚŽ�ŝŶƚĞƌŶĂůŝǌĞ�ƚŚĞƐĞ�
messages.

^ĞŶƐĞͲŽĨͲƉƵƌƉŽƐĞ�ƉƌŽŐƌĂŵƐ�ĞŶĐŽƵƌĂŐĞ�ƐƚƵĚĞŶƚƐ�ƚŽ�ƌĞŇĞĐƚ�ŽŶ�ŚŽǁ�
ůĞĂƌŶŝŶŐ�ĂŶĚ�ǁŽƌŬŝŶŐ�ŚĂƌĚ�ŝŶ�ƐĐŚŽŽů�ĐĂŶ�ŚĞůƉ�ƚŚĞŵ�ĂĐĐŽŵƉůŝƐŚ�
ŵĞĂŶŝŶŐĨƵů�ŐŽĂůƐ�ƚŚĂƚ�ĂƌĞ�ďŝŐŐĞƌ�ƚŚĂŶ�ƚŚĞŵƐĞůǀĞƐ͘�^ƚƵĚĞŶƚƐ�ǁƌŝƚĞ�
ĂďŽƵƚ�ƚŚĞŝƌ�ŽǁŶ�ŐŽĂůƐ�ĂŶĚ�ĂƌĞ�ŐƵŝĚĞĚ�ƚŽ�ĐŽŶŶĞĐƚ�ƚŚĞƐĞ�ƚŽ�ŚŽǁ�
ƚŚĞǇ�ĐŽƵůĚ�ĐƌĞĂƚĞ�Ă�͞ƉŽƐŝƟǀĞ�ŝŵƉĂĐƚ�ŝŶ�ƚŚĞ�ǁŽƌůĚ͟�ƚŚƌŽƵŐŚ�ŚĂƌĚ�
ǁŽƌŬ͘�

The research team recruited 13 economically and geographi-
ĐĂůůǇ�ĚŝǀĞƌƐĞ�ŚŝŐŚ�ƐĐŚŽŽůƐ�ƚŽ�ƉĂƌƟĐŝƉĂƚĞ�ĂŶĚ�ĐŽůůĞĐƚĞĚ�ĚĂƚĂ�ĨƌŽŵ�
ŽǀĞƌ�ϭ͕ϱϬϬ�ƉĂƌƟĐŝƉĂƟŶŐ�ƐƚƵĚĞŶƚƐ�ŝŶ�ŐƌĂĚĞƐ�ϵͲϭϮ͘�^ƚƵĚĞŶƚƐ�ǁĞƌĞ�
ƌĂŶĚŽŵůǇ�ĂƐƐŝŐŶĞĚ�ƚŽ�ŽŶĞ�ŽĨ�ĨŽƵƌ�ĐŽŶĚŝƟŽŶƐ͗�ƚŚĞ�ŐƌŽǁƚŚ�ŵŝŶĚƐĞƚ�
ƉƌŽŐƌĂŵ͕�ƚŚĞ�ƐĞŶƐĞͲŽĨͲƉƵƌƉŽƐĞ�ƉƌŽŐƌĂŵ͕�Ă�ĐŽŵďŝŶĞĚ�ƉƌŽŐƌĂŵ�
;ƚŚĂƚ�ŝŶƚĞŐƌĂƚĞĚ�ďŽƚŚ�ƚŚĞ�ŐƌŽǁƚŚ�ŵŝŶĚƐĞƚ�ĂŶĚ�ƐĞŶƐĞͲŽĨͲƉƵƌƉŽƐĞ�
ƉƌŽŐƌĂŵƐͿ͕�Žƌ�Ă�ĐŽŶƚƌŽů�ĐŽŶĚŝƟŽŶ͘�^ƚƵĚĞŶƚƐ�ŝŶ�ƚŚĞ�ĐŽŶƚƌŽů�ĐŽŶĚŝ-
ƟŽŶ�ĐŽŵƉůĞƚĞĚ�ƐŝŵŝůĂƌ�ĐŽŵƉƵƚĞƌŝǌĞĚ�ĂĐƟǀŝƟĞƐ�ƚŚĂƚ�ĚŝĚ�ŶŽƚ�ŚĂǀĞ�
ĞŝƚŚĞƌ�ƚŚĞ�ŐƌŽǁƚŚ�ŵŝŶĚƐĞƚ�Žƌ�ƉƵƌƉŽƐĞ�ĨŽƌ�ůĞĂƌŶŝŶŐ�ŵĞƐƐĂŐŝŶŐ�
;ŝ͘Ğ͕͘�ƚŚĞǇ�ƌĞĂĚ�ĂŶĚ�ƌĞƐƉŽŶĚĞĚ�ƚŽ�ƉƌŽŵƉƚƐ�ĂďŽƵƚ�ƌŽůĞƐ�ŽĨ�ĚŝīĞƌĞŶƚ�
ĂƌĞĂƐ�ŽĨ�ƚŚĞ�ďƌĂŝŶͿ͘�

How did Learning MindSet PrograMS affect tHe 
PerforMance of Low-PerforMing StudentS

�ůů�ƚŚƌĞĞ�ƉƌŽŐƌĂŵƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ƌĂŝƐĞĚ�ƉƌĞǀŝŽƵƐůǇ�ůŽǁͲƉĞƌĨŽƌŵŝŶŐ�
ƐƚƵĚĞŶƚƐ͛�ŐƌĂĚĞ�ƉŽŝŶƚ�ĂǀĞƌĂŐĞƐ�;'W�ƐͿ͘�KŶ�ĂǀĞƌĂŐĞ͕�ůŽǁͲƉĞƌĨŽƌŵ-
ŝŶŐ�ƐƚƵĚĞŶƚƐ͛�'W�Ɛ�ŝŵƉƌŽǀĞĚ�ďĞƚǁĞĞŶ�Ϭ͘ϭϯ�ƚŽ�Ϭ͘ϭϴ�ƉĞƌĐĞŶƚĂŐĞ�
ƉŽŝŶƚƐ�ĨŽƌ�ƐƚƵĚĞŶƚƐ�ǁŚŽ�ƌĞĐĞŝǀĞĚ�ŽŶĞ�ŽĨ�ƚŚĞ�ůĞĂƌŶŝŶŐ�ŵŝŶĚƐĞƚ�
ƉƌŽŐƌĂŵƐ�ƌĞůĂƟǀĞ�ƚŽ�ƚŚĞŝƌ�ƉĞĞƌƐ�ŝŶ�ƚŚĞ�ĐŽŶƚƌŽů�ĐŽŶĚŝƟŽŶ͘

/ŶƚĞƌĞƐƟŶŐůǇ͕ �ƚŚĞ�ƐƚƵĚĞŶƚƐ�ŝŶ�ƚŚĞ�ĐŽŵďŝŶĞĚ�ƉƌŽŐƌĂŵ�;ŐƌŽǁƚŚ�
ŵŝŶĚƐĞƚ�ĂŶĚ�ƐĞŶƐĞͲŽĨͲƉƵƌƉŽƐĞͿ�ĚŝĚ�ŶŽƚ�ŝŵƉƌŽǀĞ�ŵŽƌĞ�ƚŚĂŶ�ƚŚŽƐĞ�
ǁŚŽ�ĐŽŵƉůĞƚĞĚ�ĞŝƚŚĞƌ�ƚŚĞ�ŐƌŽǁƚŚ�ŵŝŶĚƐĞƚ�Žƌ�ƐĞŶƐĞͲŽĨͲƉƵƌƉŽƐĞ�
program. dŚĞ�ƌĞƐĞĂƌĐŚĞƌƐ�ŚǇƉŽƚŚĞƐŝǌĞ�ƚŚĂƚ�ƐƚƵĚĞŶƚƐ�ǁŚŽ�ƌĞĐĞŝǀĞĚ�
ƚŚĞ�ĐŽŵďŝŶĞĚ�ƉƌŽŐƌĂŵ�ĚŝĚ�ŶŽƚ�ŝŶƚĞƌŶĂůŝǌĞ�ƚǁŽ�ƐĞƉĂƌĂƚĞ�ŵĞƐƐĂŐĞƐ�
ĂďŽƵƚ�ƚŚĞŝƌ�ďĞůŝĞĨƐ͕�ƚŚƵƐ�ƌĞĐĞŝǀŝŶŐ�ŽŶůǇ�Ă�ƉĂƌƟĂů�͞ĚŽƐĞ͟�ŽĨ�ĞĂĐŚ�
ƉƌŽŐƌĂŵ͘�EĞǁ�ƌĞƐĞĂƌĐŚ�ŝƐ�ĞǆƉůŽƌŝŶŐ�ƚŚĞ�ĞīĞĐƟǀĞŶĞƐƐ�ŽĨ�ĐŽŵďŝŶĞĚ�
ŝŶƚĞƌǀĞŶƟŽŶƐ͘

>ŽǁͲƉĞƌĨŽƌŵŝŶŐ�ƐƚƵĚĞŶƚƐ�ǁŚŽ�ĐŽŵƉůĞƚĞĚ�ůĞĂƌŶŝŶŐ�ŵŝŶĚƐĞƚ�ƉƌŽ-
ŐƌĂŵƐ�ǁĞƌĞ�ŵŽƌĞ�ůŝŬĞůǇ�ƚŽ�ƌĞĐĞŝǀĞ�ƐĂƟƐĨĂĐƚŽƌǇ�ŐƌĂĚĞƐ�ŝŶ�ƚŚĞŝƌ�ĐŽƌĞ�
academic classes.�dŚĞƐĞ�ƐƚƵĚĞŶƚƐ�ǁĞƌĞ�ĞŝŐŚƚ�ƉĞƌĐĞŶƚĂŐĞ�ƉŽŝŶƚƐ�

ŵŽƌĞ�ůŝŬĞůǇ�ƚŽ�ƌĞĐĞŝǀĞ�ŐƌĂĚĞƐ�ŶĞĐĞƐƐĂƌǇ�ĨŽƌ�ƉƌŽŵŽƟŽŶ�;�͕��͕��͕�Žƌ�
WͿ�ƚŚĂŶ�ƚŚĞŝƌ�ƉĞĞƌƐ�ŝŶ�ƚŚĞ�ĐŽŶƚƌŽů�ĐŽŶĚŝƟŽŶ͘

iMPLicationS for future reSearcH, PoLicy, and 

Practice

�ĂŶ�ůĞĂƌŶŝŶŐ�ŵŝŶĚƐĞƚ�ƉƌŽŐƌĂŵƐ�ƵƐĞ�ǁŝĚĞͲƐĐĂůĞ͕�ůŽǁ�ĐŽƐƚ�ŵĞƚŚŽĚƐ�
ƚŽ�ŚĞůƉ�ƐƚƵĚĞŶƚƐ�ƌĞĂĐŚ�ƚŚĞŝƌ�ƉŽƚĞŶƟĂů͍�dŚŝƐ�ƐƚƵĚǇ�ƐƵŐŐĞƐƚƐ�ƚŚĂƚ�
ƚŚĞƐĞ�ƉƌŽŐƌĂŵƐ�ĐĂŶ�ĞīĞĐƟǀĞůǇ�ŝŵƉƌŽǀĞ�ƉƌĞǀŝŽƵƐůǇ�ůŽǁͲĂĐŚŝĞǀŝŶŐ�
ƐƚƵĚĞŶƚƐ͛�ĂĐĂĚĞŵŝĐ�ƉĞƌĨŽƌŵĂŶĐĞ�ďǇ�ĐŚĂŶŐŝŶŐ�ƚŚĞ�ǁĂǇ�ƚŚĞƐĞ�ƐƚƵ-
ĚĞŶƚƐ�ŝŶƚĞƌƉƌĞƚ�ĂĐĂĚĞŵŝĐ�ĐŚĂůůĞŶŐĞƐ�ƚŚĞǇ�ĞŶĐŽƵŶƚĞƌ͘ �dŚŝƐ�ĮŶĚŝŶŐ�
ŚĂƐ�ďĞĞŶ�ƌĞƉůŝĐĂƚĞĚ�ŝŶ�ĂŶŽƚŚĞƌ�ŵŽƌĞ�ƌĞĐĞŶƚ�study that provided 
ƐƚƵĚĞŶƚƐ�ǁŝƚŚ�ŵŝŶĚƐĞƚ�ƉƌŽŐƌĂŵƐ�ĚƵƌŝŶŐ�ƚŚĞŝƌ�ƚƌĂŶƐŝƟŽŶ�ƚŽ�ŚŝŐŚ�
ƐĐŚŽŽů͕�ƉƌŽǀŝĚŝŶŐ�ĨƵƌƚŚĞƌ�ĞǀŝĚĞŶĐĞ�ĨŽƌ�ƚŚĞ�ĞīĞĐƟǀĞŶĞƐƐ�ŽĨ�ƚŚĞƐĞ�
online exercises.

>ĞĂƌŶŝŶŐ�ŵŝŶĚƐĞƚ�ƉƌŽŐƌĂŵƐ�ŽīĞƌ�ŽŶĞ�ǁĂǇ�ƚŽ�ŚĞůƉ�ƐƚƵĚĞŶƚƐ�ƌĞ-
ĨƌĂŵĞ�ƚŚĞŝƌ�ĞǆƉĞƌŝĞŶĐĞƐ�ĂŶĚ�ŝŵƉƌŽǀĞ�ƐĐŚŽŽů�ŽƵƚĐŽŵĞƐ͘��ůŽŶŐƐŝĚĞ�
ĐŚĂŶŐĞƐ�ƚŽ�ĐůĂƐƐƌŽŽŵ�ƉƌĂĐƟĐĞƐ�ĂŶĚ�ƐĐŚŽŽů�ĐƵůƚƵƌĞ�ƚŚĂƚ�ĐŽŶǀĞǇ�
ŵĞƐƐĂŐĞƐ�ŽĨ�ĂĐĂĚĞŵŝĐ�ƉŽƚĞŶƟĂů�ĂŶĚ�ƉƵƌƉŽƐĞ�ƚŽ�ƐƚƵĚĞŶƚƐ͕�ƚŚĞƐĞ�
ƉƌŽŐƌĂŵƐ�ĐĂŶ�ďĞ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ŵĞĂŶƐ�ŽĨ�ŝŵƉƌŽǀŝŶŐ�ĂĐŚŝĞǀĞŵĞŶƚ͕�
ƉĂƌƟĐƵůĂƌůǇ�ĂŵŽŶŐ�ƐƚƵĚĞŶƚƐ�ǁŚŽ�ŚĂǀĞ�ƐƚƌƵŐŐůĞĚ�ĂĐĂĚĞŵŝĐĂůůǇ�ŝŶ�
the past.  

It is important to note that these programs are not implemented 
ŝŶ�Ă�ǀĂĐƵƵŵ͘�tŚŝůĞ�ƚŚŝƐ�ƐƚƵĚǇ�ƉƌŽǀŝĚĞƐ�ĞǀŝĚĞŶĐĞ�ĨŽƌ�ŵŽƌĞ�ǁŝĚĞ-
ƐƉƌĞĂĚ�ƵƐĞ�ŽĨ�ůĞĂƌŶŝŶŐ�ŵŝŶĚƐĞƚ�ƉƌŽŐƌĂŵƐ�ŝŶ�ƐĐŚŽŽůƐ͕�ŶĞǁ�ƌĞƐĞĂƌĐŚ�
ďǇ�ŵĞŵďĞƌƐ�ŽĨ�ƚŚĞ�DŝŶĚƐĞƚ�^ĐŚŽůĂƌƐ�EĞƚǁŽƌŬ�ŝƐ�ĞǆĂŵŝŶŝŶŐ�ŚŽǁ�
ƚŚĞƐĞ�ƉƌŽŐƌĂŵƐ�ŝŶƚĞƌĂĐƚ�ǁŝƚŚ�ĚŝǀĞƌƐĞ�ĐŽŶƚĞǆƚƐ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�ĨŽƌ�
ǁŚŽŵ�ĂŶĚ�ƵŶĚĞƌ�ǁŚĂƚ�ĐŽŶĚŝƟŽŶƐ�ƚŚĞǇ�ĂƌĞ�ŵŽƐƚ�ĞīĞĐƟǀĞ͘�dŚŝƐ�
ǁŝůů�ĂůůŽǁ�ƉƌĂĐƟƟŽŶĞƌƐ�ĂŶĚ�ƉŽůŝĐǇŵĂŬĞƌƐ�ƚŽ�ŵĂŬĞ�ĚĞĐŝƐŝŽŶƐ�ďĂƐĞĚ�
ŽŶ�ĚĂƚĂ�ƚŚĂƚ�ƐƉĞĂŬ�ƚŽ�ƚŚĞ�ƐƉĞĐŝĮĐ�ŶĞĞĚƐ�ŽĨ�ƚŚĞ�ŝŶĚŝǀŝĚƵĂůƐ�ƚŚĞǇ�
serve. 

dŚŝƐ�ďƌŝĞĨ�ǁĂƐ�ĞĚŝƚĞĚ�ďǇ�>ŝƐĂ�YƵĂǇ͕ ��ǆĞĐƵƟǀĞ��ŝƌĞĐƚŽƌ�ŽĨ�ƚŚĞ�DŝŶĚƐĞƚ�^ĐŚŽůĂƌƐ�EĞƚǁŽƌŬ͘

ϭ͘�<ĞŶĂ͕�'͕͘�,ƵƐƐĂƌ�t͕͘�DĐ&ĂƌůĂŶĚ�:͕͘�ĚĞ��ƌĞǇ͕ ��͕͘�DƵƐƵͲ'ŝůůĞƩĞ͕�>͕͘�tĂŶŐ͕�y͕͘��ŚĂŶŐ͕�:͕͘�ZĂƚŚďƵŶ͕��͕͘�
tŝůŬŝŶƐŽŶ�&ůŝĐŬĞƌ͕ �^͕͘��ŝůŝďĞƌƟ͕�D͕͘��ĂƌŵĞƌ͕ ��͕͘��ƵůůŽĐŬ�DĂŶŶ͕�&͘ ͕�Θ��ƵŶůŽƉ�sĞůĞǌ͕��͘�;ϮϬϭϲͿ͘�dŚĞ��ŽŶ-
ĚŝƟŽŶ�ŽĨ��ĚƵĐĂƟŽŶ�ϮϬϭϲ�;E��^�ϮϬϭϲͲϭϰϰͿ͘�h͘^͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĚƵĐĂƟŽŶ͕�EĂƟŽŶĂů��ĞŶƚĞƌ�ĨŽƌ��ĚƵ-
ĐĂƟŽŶ�^ƚĂƟƐƟĐƐ͘�ZĞƚƌŝĞǀĞĚ�EŽǀĞŵďĞƌ�ϯϬƚŚ͕�ϮϬϭϲ�ĨƌŽŵ�ŚƩƉ͗ͬͬŶĐĞƐ͘ĞĚ͘ŐŽǀͬƉƵďƐϮϬϭϲͬϮϬϭϲϭϰϰ͘ƉĚĨ͘
Ϯ͘�DĐ&ĂƌůĂŶĚ͕�:͕͘�^ƚĂƌŬ͕�W͘ ͕�Θ��Ƶŝ͕�:͘�;ϮϬϭϲͿ͘�dƌĞŶĚƐ�ŝŶ�,ŝŐŚ�^ĐŚŽŽů��ƌŽƉŽƵƚ�ĂŶĚ��ŽŵƉůĞƟŽŶ�ZĂƚĞƐ�ŝŶ�
ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ͗�ϮϬϭϯ�;E��^�ϮϬϭϲͲϭϭϳͿ͘�tĂƐŚŝŶŐƚŽŶ͕��͘�͘�h͘^͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĚƵĐĂƟŽŶ͗�EĂƟŽŶĂů�
�ĞŶƚĞƌ�ĨŽƌ��ĚƵĐĂƟŽŶ�^ƚĂƟƐƟĐƐ͘�ZĞƚƌŝĞǀĞĚ�EŽǀĞŵďĞƌ�ϯϬƚŚ͕�ϮϬϭϲ�ĨƌŽŵ�ŚƩƉƐ͗ͬͬŶĐĞƐ͘ĞĚ͘ŐŽǀͬƉƵď-
ƐĞĂƌĐŚͬƉƵďƐŝŶĨŽ͘ĂƐƉ͍ƉƵďŝĚсϮϬϭϲϭϭϳ͘�
ϯ͘��ĂƌŶĞǀĂůĞ͕��͘�W͘ ͕�:ĂǇĂƐƵŶĚĞƌĂ͕�d͘ ͕�Θ�'ƵůŝƐŚ͕��͘�;ϮϬϭϲͿ͘��ŵĞƌŝĐĂ Ɛ͛�ĚŝǀŝĚĞĚ�ƌĞĐŽǀĞƌǇ͗��ŽůůĞŐĞ�ŚĂǀĞƐ�
and have nots. 'ĞŽƌŐĞƚŽǁŶ��ĞŶƚĞƌ�ŽŶ��ĚƵĐĂƟŽŶ�ĂŶĚ�ƚŚĞ�tŽƌŬĨŽƌĐĞ.  
ϰ͘��ůĂĐŬǁĞůů͕�>͘�^͕͘�dƌǌĞƐŶŝĞǁƐŬŝ͕�<͘�,͕͘�Θ��ǁĞĐŬ͕��͘�^͘�;ϮϬϬϳͿ͘�/ŵƉůŝĐŝƚ�ƚŚĞŽƌŝĞƐ�ŽĨ�ŝŶƚĞůůŝŐĞŶĐĞ�ƉƌĞĚŝĐƚ�
ĂĐŚŝĞǀĞŵĞŶƚ�ĂĐƌŽƐƐ�ĂŶ�ĂĚŽůĞƐĐĞŶƚ�ƚƌĂŶƐŝƟŽŶ͗���ůŽŶŐŝƚƵĚŝŶĂů�ƐƚƵĚǇ�ĂŶĚ�ĂŶ�ŝŶƚĞƌǀĞŶƟŽŶ͘��ŚŝůĚ�
�ĞǀĞůŽƉŵĞŶƚ͕�ϳϴ͕�ϮϰϲʹϮϲϯ͘
ϱ͘��ŽŚĞŶ͕�'͘�>͕͘�'ĂƌĐŝĂ͕�:͕͘�WƵƌĚŝĞͲsĂƵŐŚŶƐ͕�s͘ ͕��ƉĨĞů͕�E͕͘�Θ��ƌǌƵƐƚŽƐŬŝ͕�W͘ �;ϮϬϬϵͿ͘�ZĞĐƵƌƐŝǀĞ�ƉƌŽĐĞƐƐĞƐ�
ŝŶ�ƐĞůĨͲĂĸƌŵĂƟŽŶ͗�/ŶƚĞƌǀĞŶŝŶŐ�ƚŽ�ĐůŽƐĞ�ƚŚĞ�ŵŝŶŽƌŝƚǇ�ĂĐŚŝĞǀĞŵĞŶƚ�ŐĂƉ͘�^ĐŝĞŶĐĞ͕�ϯϮϰ͕�ϰϬϬʹϰϬϯ͘
ϲ͘�,ĂƌĂĐŬŝĞǁŝĐǌ͕�:͘�D͕͘�ZŽǌĞŬ͕��͘�^͕͘�,ƵůůĞŵĂŶ͕��͘�^͕͘�Θ�,ǇĚĞ͕�:͘�^͘�;ϮϬϭϮͿ͘�,ĞůƉŝŶŐ�ƉĂƌĞŶƚƐ�ƚŽ�ŵŽƟǀĂƚĞ�
ĂĚŽůĞƐĐĞŶƚƐ�ŝŶ�ŵĂƚŚĞŵĂƟĐƐ�ĂŶĚ�ƐĐŝĞŶĐĞ͗��Ŷ�ĞǆƉĞƌŝŵĞŶƚĂů�ƚĞƐƚ�ŽĨ�Ă�ƵƟůŝƚǇͲǀĂůƵĞ�ŝŶƚĞƌǀĞŶƟŽŶ͘�
WƐǇĐŚŽůŽŐŝĐĂů�^ĐŝĞŶĐĞ͕�Ϯϯ͕�ϴϵϵʹϵϬϲ͘
ϳ͘�^ŚĞƌŵĂŶ͕��͘�<͕͘�,ĂƌƚƐŽŶ͕�<͘��͕͘��ŝŶŶŝŶŐ͕�<͘�Z͕͘�WƵƌĚŝĞͲsĂƵŐŚŶƐ͕�s͘ ͕�'ĂƌĐŝĂ͕�:͕͘�dĂďŽƌƐŬǇͲ�ĂƌďĂ͕�^͕͘�
dŽŵĂƐĞƫ͕�^͕͘�EƵƐƐďĂƵŵ͕��͘��͕͘�Θ��ŽŚĞŶ͕�'͘�>͘�;ϮϬϭϯͿ͘��ĞŇĞĐƟŶŐ�ƚŚĞ�ƚƌĂũĞĐƚŽƌǇ�ĂŶĚ�ĐŚĂŶŐŝŶŐ�ƚŚĞ�
ŶĂƌƌĂƟǀĞ͗�,Žǁ�ƐĞůĨͲĂĸƌŵĂƟŽŶ�ĂīĞĐƚƐ�ĂĐĂĚĞŵŝĐ�ƉĞƌĨŽƌŵĂŶĐĞ�ĂŶĚ�ŵŽƟǀĂƟŽŶ�ƵŶĚĞƌ�ŝĚĞŶƟƚǇ�ƚŚƌĞĂƚ͘�
:ŽƵƌŶĂů�ŽĨ�WĞƌƐŽŶĂůŝƚǇ�ĂŶĚ�^ŽĐŝĂů�WƐǇĐŚŽůŽŐǇ͕ �ϭϬϰ͕�ϱϵϭʹϲϭϴ͘
ϴ͘�tĂůƚŽŶ͕�'͘�D͕͘�Θ��ŽŚĞŶ͕�'͘�>͘�;ϮϬϭϭͿ͘���ďƌŝĞĨ�ƐŽĐŝĂůͲďĞůŽŶŐŝŶŐ�ŝŶƚĞƌǀĞŶƟŽŶ�ŝŵƉƌŽǀĞƐ�ĂĐĂĚĞŵŝĐ�
ĂŶĚ�ŚĞĂůƚŚ�ŽƵƚĐŽŵĞƐ�ŽĨ�ŵŝŶŽƌŝƚǇ�ƐƚƵĚĞŶƚƐ͘�Science, 331, ϭϰϰϳʹϭϰϱϭ͘
ϵ͘�zĞĂŐĞƌ͕ ��͘�^͕͘�,ĞŶĚĞƌƐŽŶ͕�D͕͘��͛DĞůůŽ͕�^͕͘�WĂƵŶĞƐŬƵ͕��͕͘�tĂůƚŽŶ͕�'͘�D͕͘�^ƉŝƚǌĞƌ͕ ��͘�:͕͘�Θ��ƵĐŬǁŽƌƚŚ͕�
�͘�>͘�;ϮϬϭϰͿ͘��ŽƌŝŶŐ�ďƵƚ�ŝŵƉŽƌƚĂŶƚ͗���ƐĞůĨͲƚƌĂŶƐĐĞŶĚĞŶƚ�ƉƵƌƉŽƐĞ�ĨŽƌ�ůĞĂƌŶŝŶŐ�ĨŽƐƚĞƌƐ�ĂĐĂĚĞŵŝĐ�
ƐĞůĨͲƌĞŐƵůĂƟŽŶ͘�:ŽƵƌŶĂů�ŽĨ�WĞƌƐŽŶĂůŝƚǇ�ĂŶĚ�^ŽĐŝĂů�WƐǇĐŚŽůŽŐǇ͕ �ϭϬϳ͕�ϱϱϵʹϱϴϬ͘
ϭϬ͘�'ĂƌĐŝĂ͕�:͕͘�Θ��ŽŚĞŶ͕�'͘�>͘�;ϮϬϭϮͿ͘���ƐŽĐŝĂů�ƉƐǇĐŚŽůŽŐŝĐĂů�ƉĞƌƐƉĞĐƟǀĞ�ŽŶ�ĞĚƵĐĂƟŽŶĂů�ŝŶƚĞƌǀĞŶƟŽŶ͘�
/Ŷ��͘�^ŚĂĮƌ�;�Ě͘Ϳ͕��ĞŚĂǀŝŽƌĂů�&ŽƵŶĚĂƟŽŶƐ�ŽĨ�WŽůŝĐǇ�;ƉƉ͘�ϯϮϵʹϯϱϬͿ͘�WƌŝŶĐĞƚŽŶ͕�E:͗�WƌŝŶĐĞƚŽŶ�hŶŝǀĞƌ-
sity Press. 
ϭϭ͘�zĞĂŐĞƌ͕ ��͘�^͕͘�Θ�tĂůƚŽŶ͕�'͘�D͘�;ϮϬϭϭͿ͘�^ŽĐŝĂůͲƉƐǇĐŚŽůŽŐŝĐĂů�ŝŶƚĞƌǀĞŶƟŽŶƐ�ŝŶ�ĞĚƵĐĂƟŽŶ͗�dŚĞǇ͛ƌĞ�
not magic. ZĞǀŝĞǁ�ŽĨ��ĚƵĐĂƟŽŶĂů�ZĞƐĞĂƌĐŚ͕�ϴϭ͕�ϮϲϳʹϯϬϭ͘
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