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A reduced-form model of the collective brain
(maybe more familiar to economists)

• The society has a population of size L.

• Assume that a fraction γ of the population L is exposed to a
role model and thus has the opportunity to innovate.

• For those with this opportunity, innovation occurs with
probability µ.

• The extent to which an innovation diffuses into the aggregate
economy, increasing the rate of aggregate knowledge growth
Ȧ/A, is increasing in the cohesiveness of the population θ.

• Thus, knowledge growth is given by:

Ȧ

A
= γµθL



How do we increase innovation?

Ȧ

A
= γµθL

Traditional economic determinants:

1. A larger population, L.
• Scale effects (Kremer, 1993; Henrich, 2004)

2. A more innovative population, µ.
• An important determinant is education and human capital.



How do we increase innovation?

Ȧ

A
= γµθL

Collective brain determinants:

1. A more inclusive population, γ.
• A more inclusive system creates more people who can innovate.
• Inclusiveness can be along the lines of gender, socioeconomic

status, race, ethnicity, or place of birth.

2. A more cohesive/connected population, θ.
• Increases the diffusion of existing knowledge and new

innovations.
• “If you want to have cool technology, it’s better to be social

than smart” (Henrich, 2016, p. 214).



Building a more inclusive society, γ

Inclusion can be imperfect along many dimensions:

• Socioeconomic status

• Gender

• Ethnicity

• Immigration status / country of birth



Evidence from 1.2 million inventors
Source: Chetty et al (2018)FIGURE VIII: The Origins of Inventors: Patent Rates by Childhood Commuting Zone

A. Patent Rates by Childhood CZ
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Notes: Panel A maps the share of children who become inventors by the commuting zone (CZ) in which they grew up using
our intergenerational sample (U.S. citizens in the 1980-84 birth cohorts). Each child is assigned a CZ based on the ZIP code
from which their parents filed their 1040 tax return in the year they were first claimed as dependents (which is typically
1996, as our data begin in 1996). The map is constructed by dividing the CZs into unweighted deciles based on patent rates,
with darker shades representing areas where more children grow up to become inventors. Data for CZs with fewer than 1,000
children, which account for 0.3% of the children in the sample, are omitted. Panel B lists the CZs with the ten highest and
lowest shares of inventors per thousand children among the 100 CZs with the largest populations in the 2000 Census.



Inclusion by socioeconomic class
Source: Chetty et al (2018)

FIGURE I: Patent Rates vs. Parent Income
A. All Inventors by 2014
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B. Highly-Cited Inventors

0
0.

1
0.

2
0.

3
0.

4
H

ig
hl

y-
C

ite
d 

(T
op

 5
%

) I
nv

en
to

rs
 p

er
 T

ho
us

an
d

0 20 40 60 80 100
Parent Household Income Percentile

Notes: This figure characterizes the relationship between patent rates and parental income using our intergenerational analysis
sample, which consists of U.S. citizens in the 1980-84 birth cohorts (see Section II.B for details). Panel A plots the number of
children (per 1,000 individuals) who invent by 2014 vs. their parents’ income percentile. Parents are assigned percentile ranks
by ranking them based on their mean household income from 1996 to 2000 relative to other parents with children in the same
birth cohort. Inventing by 2014 is defined as being listed as an inventor on a patent application between 2001-2012 or grant
between 1996-2014 (see Section II.B). Panel B replicates Panel A, but plots as the outcome the chances of being a highly-cited
inventor, defined as having total citations in the top 5% of the distribution among inventors in the same birth cohort.



An economic determinant: Education, µ
Source: Chetty et al (2018)
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But, education does not explain everything
Source: Chetty et al (2018)
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  Patent Rates vs. 3rd Grade Test Scores by Parental Income 



Lack of inclusion by race
Source: Chetty et al (2018)
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Patent Rates vs. 3rd Grade Math Test Scores by Race and Ethnicity 



Lack of inclusion by gender
Source: Chetty et al (2018)

Patent Rates vs. 3rd Grade Math Test Scores by Gender 
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Gender inclusion and stereotypes
Source: Chetty et al (2018)
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Evidence for role model effects I
Source: Chetty et al (2018)

2.0 

18.0 

Parents not Inventors Parents Inventors 

  
Patent Rates for Children of Inventors vs. Non-Inventors 

157,058 16,238,825 No. of Children 

FIGURE VII: Children’s Patent Rates vs. Class-Level Patent Rates in Childhood Environment

A. Patent Rates by Distance from Father’s Technology Class for
Children of Inventors
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B. Effects of Class-Level Patent Rates within Father’s Industry
by Technological Distance
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C. Effects of Class-Level Patent Rates within Childhood CZ
by Technological Distance
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Notes: This figure shows how children’s propensities to patent in a technology class vary with the class in which their father
(Panel A), father’s colleagues (Panel B), or childhood neighbors (Panel C) patented. In Panel A, the sample consists of all
children in our intergenerational sample whose fathers are inventors (those who applied for a patent between 2001-2012 or
were granted a patent between 1996-2014) and who were not listed as co-inventors on a patent with their fathers. To construct
Panel A, we first assign fathers and children a technology class based on the class in which they have the most patents and
patent applications. We then define the distance between two technology classes A and B based on the share of inventors in
class A who also invent in class B. Using this distance metric, for each child, we define d = 0 as the class in which his or her
father patents, d = 1 as the next closest class, etc. We then plot the share of children (per 1,000 individuals) who invent in a
technology class that is d units away from their father’s class. Classes in which fewer than 100 inventors have a patent grant
or application between 1996-2014 are omitted. In Panels B and C, the sample consists of all children in our intergenerational
sample whose parents are not inventors. Each bar in Panel B plots estimates from a separate regression, with one observation
per father’s industry (six digit NAICS code) and patent technology class. In the first bar, we regress the fraction of children
who patent in technology class c among those with fathers in industry j on the patent rate among workers in industry j in
the same technology class c. We measure the class-level patent rate among workers in each industry as the average number
of patents in class c issued to individuals in that industry per year (between 1996-2012) divided by the average number of
workers per year in each industry between 1999-2012. In the second bar, we regress the same dependent variable on the mean
patent rate in the father’s industry in the 10 closest classes (d = 1 to 10). The third bar uses the average patent rate in
classes with d = 11 to 20, etc. All regressions are weighted by the number of children in each cell and include class level fixed
effects for class c. Panel C replicates Panel B, replacing patent rates in the father’s industry with patent rates of workers in
the CZ where the child grew up. CZ-level patent rates are defined as the average number of patents issued in class c per year
to individuals from a given CZ between 1980-1990 divided by the CZ’s population between ages 15-64 in the 1990 Census.

• The children of inventors are more likely to invent themselves.

• Innovation occurs within the same fine-grained technology
class.



Evidence for role model effects II
Source: Chetty et al (2018)

FIGURE IX: Children’s Patent Rates vs. Patent Rates of Workers in their Childhood CZ
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Notes: The figure plots the patent rates of children who grow up in a given CZ (constructed exactly as in Figure VIII) vs. the
patent rates of workers who live in that CZ. Patent rates of workers in each CZ are defined as the average number of patents
per year issued to inventors residing in that CZ between 1980-1990 (based on the universe of USPTO data) divided by the CZ’s
population between the ages of 15-64 in the 1990 Census. We restrict the figure to the 100 CZs with the largest populations
in the 2000 Census. The solid best-fit line is estimated using an unweighted OLS regression on these 100 observations (slope
= 4.22, standard error = 0.40).

• Similar patterns are also found at the county level.



The costs of exclusion: A historical example
Source: Nunn (2008)

• Are there really economic costs associated with exclusion?

• Unfortunately, history provides many examples of exclusion
that can be studied.



The costs of exclusion: A historical example
Source: Nunn (2008)
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The costs of exclusion: A historical example
Source: Nunn (2008)
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Increased connection and cohesion, θ

• One measure of a society’s cohesion is the extent to which
individuals trust one another.

• Trust is particularly important since nearly all economic
interactions, including innovation, require some form of trust.

• Trust also correlates strongly with other measures of social
cohesion e.g., social capital.



The benefits of high trust
Source: Algan and Cahuc (2013)

4. THE RELATIONSHIP BETWEEN TRUST AND GROWTH

Since the seminal work of Knack & Keefer (1997), the economic literature has stressed the ex-
istence of a strong relationship between trust and economic development across countries.Figure 5
plots the average income per capita (ln) between 1980 and 2009 against the average trust between
1981 and 2008 for a sample of 106 countries. Countries with higher levels of trust also display
higher income levels. The correlation is steady; one-fifth of the cross-country variation in income
per capita is related to differences in generalized trust.

Table 5 shows the regressions of income per capita (ln) on trust. A one–standard deviation
increase in trust, approximately 0.14, increases income per capita (ln) by 0.59, or 6.8% of the
sample mean. When additional controls for education, ethnic segmentation, and population are
included (column 2), the coefficient for trust stays significant but decreases in magnitude. In-
creasing trust by one standard deviation leads to a rise in income per capita of 0.18, or 2% of the
samplemean. As a comparison, increasing segmentation by one standard deviation (2.5) decreases
income by 0.225, or 2.5%of themean.We additionally control for several institutional measures,
such as legal origins (column 3) and political institutions (column 4). Trust remains significant at
the 5% or 10% level, while the other institutional variables are insignificant.

To compare the importance of generalized trust relative to other measures of trust for income,
we run regressions replacing the measure of generalized trust by measures of limited trust, con-
trolling for education, ethnic segmentation, and population. As Table 5 makes clear, only gen-
eralized trust is significantly associated with income per capita. Limited trust (such as trust in
family, neighbors, and people one knows personally) is positively associated with income levels,
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Figure 5

Cross-country correlation between average income per capita (ln) and trust. Data taken from Penn World
Tables 7.0, World Values Survey (1981–2008), European Values Study (1981–2008), and the Afrobarometer
(2005).
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The benefits of high trust
Source: Algan and Cahuc (2013)

performance? To answer this question, we must confront the various identification issues raised
by the estimation of the following equation:

Yc ¼ a0 þ a1Tc þ a2Xc þ ec, ð1Þ

where Yc denotes economic performance in the geographic location c (country or region); Tc

denotes trust;Xc is a vector of characteristics of the location, including the educational level of the
population, current and past institutions, andpast economic development; and ec is an unobserved
error term.

The identification of Equation 1 raises two main issues. The first is reverse causality: Con-
temporaneous trust is likely to be influenced by the current state of economic development in
locality c. The second issue is that of omitted variables that might codetermine both trust and
economic performance. Specifically, institutions (Hall & Jones 1999, Rodrik 1999, Acemoglu
et al. 2001) and geography (Sachs 2003) have been found to affect economic performance. But
as pointed out above, those factors also shape trust. In principle, it might be possible to control for
institutional quality, but such variables are well known to present difficulties of measurement and,
in any case, cannot capture informal norms. Worse, if Equation 1 is estimated in cross section, it is
impossible to include a fixed effect at the geographic location level c in the regression. This opens
up the possibility of a confounding factor: It is impossible to isolate the impact of trust from other
time-invariant characteristics of location c, such as other cultural values or local institutions.

This implies that trust and the unobserved error term can be correlated: covðTc, ecÞ � 0. The
ordinary least squares estimates of Equation 1 lead to biased estimates of the effect of trust, which
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Figure 6

Correlation between average income per capita (ln) and generalized trust in 69 European regions. Data taken from Tabellini (2010).
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makes it impossible to identify the specific effect of trust on economic performance. We discuss
in this section the two main strategies proposed so far in the literature to address these identi-
fication issues.

5.1. Identification Using Historical Events

A first strategy is to search for historical events as an exogenous variation in trust that could
be used as instruments. To rationalize the use of historical events, the literature draws on the
theory of the transmission of values. Studies by Bisin & Verdier (2001), Guiso et al. (2008b),
and Tabellini (2008) stress the role of two main forces. A portion of current values is shaped
by the contemporaneous environment (horizontal transmission of values), and another
portion is shaped by beliefs inherited from earlier generations (oblique and vertical trans-
mission of values). These theories suggest estimating the following equation for the formation of
trust:

Tc ¼ b0 þ b1Tc,0 þ b2Xc þ rc, ð2Þ

where contemporaneous trust Tc in locality c is explained by the initial trust present in the previ-
ous generationTc,0, initial economic performance, and the initial and current other characteristics
of the locality Xc. rc is a random residual.
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Correlation between average income per capita (ln) (1972–2011) and generalized trust in 46 US states. Data taken from the US Census
Bureau and General Social Survey (1973–2006).
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Explaining variation in trust

Question

• If trust increases the incomes of countries, why don’t all
countries have high levels of trust?

Answers

• Adverse historical shocks (e.g., Nunn and Wantchekon, 2011;
Lowes and Montero, 2018)

• Multiple equilibria and ‘distrust traps’ (Guiso, Sapienza, and
Zingales, 2008)

• What is optimal at the society level is not optimal at the
individual level (Butler et al, 2016)



Trust and income
Source: Butler et al. (2016)

Butler, Giuliano, and Guiso The Right Amount of Trust 1167

FIGURE 3. The empirical relationship between trust and income.

higher, but the qualitative result is unchanged. Column (3) tests whether the hump-
shaped effect of trust on income is robust to the inclusion of a larger set of controls.
In particular, we include a full set of age dummies to better capture the nonlinearity
in the age–income relationship, a full set of education dummies and their interactions
with each country to account for country-specific human capital effects, measures of
mother’s and partner’s education (in addition to own and father’s education), as well
as the number of people living at home. The inclusion of this richer set of controls
(although it substantially reduces the sample size) does not alter the results. Column
(4) addresses another concern: generalized trust in people could be correlated with,
and therefore pick up the effect of, trust in institutions. To allow for this possibility
we include ten dummies measuring the level of trust individuals have in the legal
system (also available in the survey on a scale from 0 to 10).18 The “trust in the
legal system” variable does not affect the hump in the generalized trust regression.
Using other measures of trust such as trust in parliament, trust in the police, trust in
politicians, trust in political parties, and trust in the United Nations produces similar
results (Table A.6 of OA).

Another concern is that people with extreme beliefs (not only with respect to
trust) could do worse in life than people with correct beliefs. If this is the case, their

income when taxes are due. Hence, the probability of reporting should decrease with the distance between
the interview and tax filing. However, this distance is unlikely to systematically affect the level of reported
income. The complete estimates of the Heckman model are reported in Table A.4 of the OA.

18. The question reads as follows: “Please tell me on a score of 0–10 how much do you personally trust
the legal system. 0 means you do not trust an institution at all, and 10 means you have complete trust.”
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FIGURE 4. The empirical relationship between trust and income in low-, average-, and high-trust
countries.

have peculiar characteristics. It also allows us to document that exceeding in personal
trust can be harmful even when high-quality institutions are in place and when
most of the population has a high level of trust.22 Finally, because Sweden is a
highly homogeneous country with average levels of trust very similar across areas
(Figure A.2), individuals in the sample are likely to interact with pools of people with
similar levels of trustworthiness.

Results from the Swedish sample are shown in Table 3.23 These estimates also
point to a hump-shaped relationship between income and trust: as shown at the bottom
of the table we can reject the hypothesis that income at trust D 10 is not lower than at
the income-maximizing level of trust. Those with a trust level of 10 have an income
about 7.7 percentage points lower than the peak of income, which occurs at trust level
of 9. The second column uses a quadratic specification. With this specification, the
income-maximizing level of trust is also equal to 9.

The data on Sweden are also useful to rule out the possibility that results are driven
by composition effects. One worry with the ESS is that there might be different groups,
possibly different by country, all of which have a different trust–income relationship
(e.g., some positively others negatively sloped), and that the hump-shaped relationship

22. See Figure A.2 in the OA for the distribution of trust across different regions of Sweden.

23. The controls are the same individual-level variables as in Table 2. The full specification is reported
in Table A.11 of the OA.
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Micro-level evidence on trust and innovation
Source: Nguyen (2019)

• Studies the CEOs of 3,598 public firms in the United States.

• Collects information on the ancestry of the CEO and of all
inventors in a firm.

• Finds that innovation is more rapid and of higher quality
when:

1. CEOs are from places with higher levels of trust.
2. CEOs exhibit more trust towards the inventors themselves.



Micro-level evidence on trust and innovation
Source: Nguyen (2019)Figure A1: Patents by Change in CEO’s Trust (Non-Matched Sample)

Notes: This figure plots firms’ average residual patent application counts (after partialling out the
covariates) by year with respect to CEO transition year (i.e., year 0). The solid blue line groups
together all CEO transitions in which the new CEOs are more trusting than their predecessors (i.e.,
trust-increasing transitions), and the dotted red line corresponds to those in which the new CEOs are
less trusting (i.e.,trust-decreasing transitions). Each group’s annual average residual patent counts are
plotted relative to the group’s pre-transition mean, which is normalized to 0. The sample includes
CEO transitions in which both predecessor’s and successor’s tenures are at least 5 years.

Figure A2: CEO’s Trust Effect by Change in CEO’s Trust

Notes: This figure plots semi-parametric estimates of the CEO’s trust coefficient on firm’s patents as
a function of the change in CEO’s trust after the corresponding transition (the X-axis variable). The
semiparametric estimation is based on equation (5), using a Gaussian kernel function of the X-axis
variable and a bandwidth of 20% of the range. The dashed lines indicate the 95% confidence intervals
for the CEO’s trust coefficients. Standard errors are clustered by CEO’s main ethnicity.
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Can policies increase trust and cohesion?

• Integration and contact
• Government-mandated integration of children from different

economic classes in private schools in India (Rao, 2019)

• Shared group experiences
• National team football matches in Africa (Depetris-Chauvin et

al, 2019)
• Independence day celebrations in the United States (Madestam

and Yanagizawa-Drott, 2011)

• Lower barriers to entry and increased competition
• Firm competition and trust (Francois et al, 2010)



Global migration and the collective brain: Increasing
γ and θ internationally

• One can think of the collective brain network in global terms.

• International contact and migration, increases the size,
diversity, and connectivity of the collective brain.



Evidence for the benefits of immigration
Source: Sequeira, Nunn, and Qian (forthcoming)

• Study the effects of
immigration during America’s
“Age of Mass Migration”.

• Immigrants increased the rate
of innovation in their county of
residence.

• Directly through immigrant
innovations.

• Indirectly through native-born
innovations.

• Places that had more
immigration historically, are
wealthier, more educated, and
more urban today.



Migration and global connectivity
Source: Burchardi, Chaney, and Hassan (2019)

• Study the origin countries of
immigrants to the U.S.

• Locations with more
immigrants from an origin
country have more foreign
ownership links (i.e., FDI)
with that country today.



Transportation costs and global connectivity
Source: Campante and Yanagizawa-Drott (2017)

Figure	2.	Connections	Between	City	Pairs,	by	Distance	
	

		 	 	 A:	2014	 	 	 	 	 								B:	1989	&	2014	

	
	

	
				C:	1989-2014	Changes	 	 	 D:	Potential	Connections,	Total	City	Pairs	

	
Notes:	A	connected	city	pair	(airport	pair)	 is	defined	as	having	at	 least	weekly	non-stop	 flights	between	
the	two	cities.	The	data	consists	of	the	819	cities	in	our	baseline	sample.	Panel	A	displays	the	total	number	
of	 connected	 city	 pairs	 in	 2014	 by	 distance.	 Panel	 B	 adds	 connected	 pairs	 in	 1989.	 Panel	 C	 shows	 the	
change	 in	 connected	pairs	 from	1989	 to	2014.	Panel	D	 shows	 the	 total	 city	pairs	by	distance,	 across	all	
possible	permutations	of	 city	pairs.	The	x-axis	bin	 size	 is	200	miles.	 In	 each	bin,	 the	dot	 represents	 the	
number	of	city	pairs	in	the	preceding	200	miles.	Together,	the	graphs	show	there	is	a	clear	discontinuity	in	
connections	 around	 6000	 miles	 in	 2014,	 that	 this	 relationship	 is	 primarily	 driven	 by	 changes	 in	
connections	 after	1989,	 and	 that	 there	 is	no	 sharp	discontinuity	 for	potential	 connections	 around	6000	
miles.	

	
	
	
	
	
	
	
	
	
	
	
	
	

	



Small costs matter a lot
Source: Campante and Yanagizawa-Drott (2017)

Figure	8.	Number	of	Firms	with	Cross-Ownership	Links,	by	Distance	between	Closest	Airports	
	

A:	All	Firms	
	

	
	
	

B:	Firms	within	100	miles	of	Airport	
	

	
	

Notes:	 This	 graph	 depicts	 the	 total	 number	 of	 firms	with	 cross-ownership	 links	 as	 per	 the	 Orbis	 data,	
according	to	the	distance	between	the	airport	in	our	sample	that	is	closest	to	the	location	of	the	company	
and	the	airport	in	our	sample	that	is	closest	to	the	location	of	the	owner.	Panel	A	includes	all	firms	in	our	
data	 set	 of	 georeferenced	 companies	 and	 owners.	 Panel	 B	 restricts	 the	 attention	 to	 companies	 that	 are	
within	100	miles	of	one	of	the	819	airports	in	our	sample.	The	x-axis	bin	size	is	200	miles.	In	each	bin,	the	
dot	 represents	 the	 number	 of	 city	 pairs	 in	 the	 preceding	 200	miles.	 The	 graphs	 show	 there	 is	 a	 clear	
discontinuity	in	the	number	of	cross-ownership	links	around	6000	miles.	
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Implications for visa requirements
Source: Umana-Dajud (forthcoming)

Figure 1: Visa restrictions for an Ethiopian national

Ethiopia
No data
Visa Free
Visa upon arrival
Visa required

Source: Based on data from http://www.doyouneedvisa.com

Note: This map shows short-stay visa requirements for Ethiopian citizens by destination country

There are two main reasons why visa restrictions might affect international trade in goods.
First, there is recent empirical evidence of the importance of face to face contact in interna-
tional trade (e.g. Cristea (2011), Oxford Economics (2012), Startz (2017)). Visas might thus
reduce international trade by hindering or impeding the exports of firms whose managers or
owners cannot travel to conduct business. A survey conducted by Oxford Economics shows
the importance given to in-person meetings by firms when engaging in exporting. Figure 2 is
taken from this survey. It shows the conversion rate from prospective customers to costumers
with and without in-person meetings. The results were obtained using the answers to a survey
conducted among 300 executives and 500 business travelers. According to the obtained answers,
the percentage of prospective customers who become actual customers nearly triples when an
in-person meeting takes place.

2

Figure: Visa requirement for an Ethiopian traveling abroad



Lessons from our collective brain

1. Greater inclusion and equality of opportunity, whether it
be along ethnic, socioeconomic, or gender lines, is beneficial
for innovation and economic growth.

• Shows that there is no trade-off between equality and
economic growth.

• Highlights the importance of policies that provide equality of
opportunity for all segments of the population e.g., universal
free education, healthcare, etc.

2. Greater cohesion within a society is beneficial for innovation
and economic growth.

• Trust can be increased through integration and contact, shared
experiences, and an open and competitive environment.

3. The movement of populations (e.g., migration) is beneficial
for all involved.

• Has important implications for countries’ migration policies.


