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Part 1
Local Area Variation in Upward Mobility

Upward Mobility, Innovation, and Economic Growth



Equality of Opportunity and Economic Growth

 How does increasing equality of opportunity affect economic growth?

 Difficult to measure effects on growth directly

– Instead, focus here on a channel that many economists think is the 
key driver of economic growth: innovation

Reference: Bell, Chetty, Jaravel, Petkova, and van Reenen. “Who Becomes an Inventor in 
America? The Importance of Exposure to Innovation” QJE 2018
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1.2 million inventors

Using Big Data to Study Who Becomes an Inventor in America
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Patent Rates vs. Parent Income



Why do Patent Rates Vary with Parent Income?
Three Potential Explanations

Ability

Lower income children prefer other 
occupations (e.g., to avoid risk)Preferences

Constraints
Lower income children have comparable 
talent and preferences but lack resources 
or exposure

Preferenc
esChildren from high-income families have 

greater ability to innovate

2

3
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Patent Rates vs. 3rd Grade Math Test Scores 
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High-scoring children are much more 
likely to become inventors if they are 
from high-income families

Patent Rates vs. 3rd Grade Math Test Scores
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How Much of the Innovation Gap is Explained by 3rd Grade Test Scores?

 Estimate how much of the gap in innovation by parent income is explained by 
test scores using propensity score reweighting

 Suppose there are only two levels of test scores (letter grades): A and B

– Out of 300 low-income students: 150 get an A and 150 get a B

– Out of 300 high-income students, 200 get an A and 100 get a B

 To adjust for test-score differences, count students who got an A twice as much 
as those who got a B when calculating average patent rate for low-income kids

– Tells us what patent rate for low-income kids would be if they had the same grades 
as high-income kids



 Result: if low-income children had same test score distribution as high-income 
(top quintile) children, gap in patent rates would fall by 31%

 That is, differences in 3rd grade test scores account for 31% of the income gap 
in innovation

– Given that there are substantial differences in environment for low vs. high-income 
kids even by 3rd grade, this suggests that relatively little of gap is explained by ability

 How does this change if we use test scores in later grades?

How Much of the Innovation Gap is Explained by 3rd Grade Test Scores?



The Gap in Patent Rates Explained by Test Scores 
Grows as Children Progress Through School
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Slope = 4.39% per grade
Null hypothesis that Slope = 0: p = 0.025



 We find similar gaps in innovation not just by parental income but also by 
race/ethnicity and by gender…

Disparities in Patent Rates by Race and Gender



90th Percentile

0

2

4

6

8

Inventors per 
Thousand

-2 -1 0 1 2
3rd Grade Math Test Score (Standardized)

Patent Rates vs. 3rd Grade Test Scores by Race & Ethnicity

Hispanic

Black
White

Asian



Patent Rates vs. 3rd Grade Math Test Scores by Gender
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Percentage of Female Inventors by Year of Birth

0

10

20

30

40

50

% 
Female 
Inventors 

1940 1950 1960 1970 1980
Year of Birth

 Average 
change per 
year: 0.27% 

 118 years 
to reach 
50% female 
share



Effects of Childhood Environment on Innovation Gap

 Test score data suggest that most of the innovation gap across income, 
race, and gender is not due to ability differences

– But not conclusive because tests are imperfect measures of ability

– And genetic ability may be better manifested in tests at later ages

 Next, turn to study effects of environment directly by focusing on effect of 
exposure to innovation during childhood through family and neighbors

– Start by analyzing relationship between children’s and their own parents’ patent 
rates
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 Correlation between child and parent’s propensity to patent could be driven 
by genetics or by exposure (environment)

– Isolate causal effect of exposure by analyzing propensity to patent by 
narrow technology class

 Intuition: genetic ability to innovate is unlikely to vary significantly across 
similar technology classes

 Define similarity of two technology classes based on the fraction of 
inventors who hold patents in both classes

Impacts of Parents: Exposure or Genetics?



Distance Between Technology Classes

Category: Computers + Communications
Subcategory: Communications

Pulse or digital communications 0
Demodulators 1
Modulators 2
Coded data generation or conversion 3
Electrical computers: arithmetic processing and calculating 4
Oscillators 5
Multiplex communications 6
Telecommunications 7
Amplifiers 8
Motion video signal processing for recording or reproducing 9
Directive radio wave systems and devices (e.g., radar, radio navigation) 10

Technology Class Distance Rank
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 Parents are not an easily replicable source of exposure to innovation

 Next, analyze a broader source of influence: neighbors

 Start by examining the geographic origins of inventors: how patent rates 
vary depending upon where child grows up

Effects of Neighborhood Environment



The Origins of Inventors in America
Patent Rates by Childhood Commuting Zone
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 How do we know these geographic differences are driven by causal effects 
of place rather than sorting?

 Again, show that the effects are technology-class specific

 Consider two people currently living in Boston, one from Silicon Valley and 
one from Minneapolis (a medical device hub)

– The one from Silicon Valley is most likely to patent in computers

– The one from Minneapolis is most likely to patent in medical devices

Differences Across Areas are Driven by Exposure Effects



 Evidence on who becomes an inventor is consistent with broader evidence that 
neighborhood environment in childhood matters greatly for long-term success

 But differences across areas in production of inventors are unlikely to be due to 
broad differences in school quality or resources

– Technology-class patterns are more likely due to direct exposure effects 
such as mentoring or role models

 Further evidence supporting this view come from the fact that the impacts of 
exposure are gender-specific

Mechanisms Underlying Neighborhood Exposure Effects on Innovation
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If girls were as exposed to female inventors 
as boys are to male inventors, the gender 
gap in innovation would fall by half.

Gender-Specific Innovation Exposure Effects
Change in Number of Inventors per 1000 Children



Development of Gender Stereotypes During Childhood

 Bian et al. (Science 2017): conduct experiments to analyze 
development of gender stereotypes about intellectual ability

 Present children with pictures of men and women ask them to 
say who is “really nice” and who is “really smart”

– At age 5: no difference across boys and girls

– At age 6: girls much more likely to choose man as “really smart”

 Similarly, girls less likely to choose to play games that are for 
“children who are really smart” at age 6 than age 5



 Evidence suggests that gender gap is self-perpetuating due to 
social norms and aspirations

– Under-representation of female scientists in current generation 
reduces female scientists in next generation

– Could explain why gender gap is closing at a rate of only 0.27% per 
year

The Dynamics of Gender Gaps in Innovation



Lost Einsteins: The Importance of Exposure to Innovation

If women, minorities, 
and children from 
low-income families 
invent at the same 
rate as high-income 
white men, the 
innovation rate in 
America would 
quadruple4x
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