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We construct a structural model of entry into self-employment to evaluate the im-

pact of policies supporting entrepreneurship. Previous work has recognized that

workers may opt for self-employment due to the nonpecuniary benefits of run-

ning a business and not necessarily because they are good at it. Other literature

has examined how socio-emotional skills, such as personality traits, affect selec-

tion into self-employment. We link these two lines of inquiry. The model we esti-

mate captures three factors that affect selection into self-employment: credit con-

straints, relative earnings, and preferences. We incorporate personality traits by

allowing them to affect sector-specific earnings as well as preferences. The esti-

mated model reveals that the personality traits that make entrepreneurship prof-

itable are not always the same traits driving people to open a business. This has

important consequences for entrepreneurship policies. For example, subsidies for

small businesses do not attract talented-but-reluctant entrepreneurs, but instead

attract individuals with personality traits associated with strong preferences for

running a business and low-quality business ideas.
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1. Introduction

Entrepreneurship has occupied economic thought for nearly a century. This sustained
interest reflects a widely-held view that individuals pursuing their own business ven-
tures drive innovation and economic growth (Schumpeter (1949)). Entrepreneurship,
however, remains poorly understood. Most small businesses fail, but it is unclear why
some individuals are successful entrepreneurs while others are not. Even more puzzling
is evidence showing that most individuals who remain self-employed would earn more
in traditional paid employment (Hamilton (2000)). Recent research in economics has
led to the acknowledgement of the role of socioemotional, noncognitive or soft skills—
including personality traits—in driving economic behavior like labor supply.1 This shift
raises the question: could personality differences explain which individuals become en-
trepreneurs and, among those who enter, which ones succeed?2

We examine how socioemotional skills affect both entry into self-employment and
entrepreneurial returns. To measure socioemotional skills, we use the Big 5 personal-
ity traits, which will be discussed in detail in Section 2. We estimate a model in which
agents who face credit constraints maximize utility by choosing between self- and paid
employment. Previous literature has recognized the possibility that workers opt for self-
employment because they enjoy it and not because they are good at it.3 Other research
has demonstrated how entrepreneurs differ from paid employees on a variety of impor-
tant dimensions, including socioemotional skills (Levine and Rubinstein (2017)). The
model we specify links these two lines of inquiry by distinguishing between the roles of
sector preferences and sector performance in determining entry, where personality is
allowed to affect both. We also exploit multiple measures of personality taken over the
life cycle to identify the distributions of latent, stable and possibly correlated underlying
traits, thus circumventing possible mis-measurement issues associated with standard
personality assessments. Using our setup, we obtain sector-specific market prices of la-
tent personality traits along with estimates of how personality links to preferences over
sectors.

We highlight two key features of our model, both of which are essential for assess-
ing counterfactual policies, such as subsidies. First, the model captures various mecha-
nisms affecting entry into self-employment. Capturing selection is crucial since policies
such as subsidies shift the composition of individuals who sort into self-employment,
and thus the quality of businesses that are started. In the model, selection arises due
to relative earnings in paid employment, credit constraints, and preferences. For exam-
ple, a “lifestyle entrepreneur” may choose to open a business based on a low-quality

1Economists have yet to settle on the nomenclature. In this paper, we focus on “personality traits” which
we sometimes refer to collectively as “personality.” In our discussion, we view personality traits as a subset
of “noncognitive” or “socioemotional” skills.

2In this study, we define an entrepreneur as an individual who reports self-employment.
3For example, Hamilton (2000) showed evidence of nonpecuniary benefits to self-employment, while

Hurst and Pugsley (2011) used data from a survey to show that most new small business owners do not
plan to grow very much, but do report strong nonpecuniary benefits of being their own boss. Our work
complements these studies. One difference from the latter piece is that we rely on revealed preferences
versus stated intentions. We also construct a structural model of entry that can be used to evaluate policy
given how preferences and expected earnings affect the decision to become self-employed.
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idea since his personality means he enjoys the autonomy of being his own boss. Alter-
natively, what we term a “reluctant entrepreneur” may have a personality type that is
productive in self-employment, but also predicts an aversion to being an entrepreneur.
These types of misalignments can influence the impact of polices designed to promote
entrepreneurship. Subsidies might be useful if they induce talented but reluctant en-
trepreneurs into self-employment, but could be wasteful if they simply attract lifestyle
entrepreneurs to opening unprofitable businesses.

A second important feature of our model, which follows Evans and Jovanovic (1989)
but departs from many prior studies, is that agents are assumed to observe the quality
of their business idea prior to choosing whether to open a business.4 This is in contrast
to models where agents are assumed to lack knowledge about the business they would
open and instead choose a sector based on average earnings differences across sectors
(Willis and Rosen (1979), Rees and Shah (1986)).5 This approach is perhaps defensible if
mean earnings approximate median earnings. However, given the highly right-skewed
self-employment earnings distribution, averages in the context we study vastly exceed
what nearly all potential entrepreneurs can expect to earn. Using mean earnings as ex-
pected earnings is thus potentially misleading. Doing so can generate the erroneous
conclusion that there is a mass of reluctant potential entrepreneurs forgoing high ex-
pected earnings in self-employment and who thus have a distaste for opening a business
which could be overcome through policies, such as a subsidy. Our approach is to model
the worker’s information set to include the expected value of his own potential business
idea. Our modeling assumption is supported by recent research suggesting that individ-
uals opening businesses are aware of the quality of their venture prior to entry. For ex-
ample, Levine and Rubinstein (2017) and Hincapié (2018) showed that individuals who
start more successful businesses make the costly effort of incorporating their businesses
prior to the earnings realization.

We estimate the model using data from the 1995 and 2004 waves of the National
Survey of Midlife Development in the United States (MIDUS). Estimates reveal that the
personality traits that make entrepreneurship most profitable are not the same person-
ality traits that drive people to open their own business. For example, similar to ear-
lier work (see, e.g., Caliendo, Fossen, and Kritikos (2014)), we find evidence that two
of the Big 5 personality traits, extraversion, and “openness to new experiences,” pre-
dict higher rates of self-employment. However, since we explicitly distinguish between
preferences versus performance to explain the entry decision, we can go beyond ear-
lier work to isolate different reasons why. We show that extraverted individuals are at-
tracted to entrepreneurship because they earn more in self-employment than in paid
employment. In contrast, open individuals perform poorly in self-employment, but ex-
hibit a strong preference for starting a business which offsets their low expected earnings
enough to induce entry. Identifying this type of misalignment links our work to the more
general idea that socioemotional skills can have different impacts in different sectors.

4As described below, we model entrepreneurial income as a function of the quality of the business idea,
capital, and a shock that is not known by the agent ex ante.

5Some recent papers relax the limited information assumption by allowing for individual types, which
are known by the individual prior to entry. See, for example, Humphries (2017).
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This point is often overlooked in the literature, though a notable exception is Lundberg
(2013), which shows that the role of personality in predicting educational attainment
varies by sociodemographic group.6 Capturing this type of misalignment also allows us
to understand their consequences for counterfactual policies.

Using our estimated model, we simulate decisions and returns under a counterfac-
tual policy removing credit constraints. Doing so, we show that credit constraints do not
prevent good ideas from entering the market (and may even screen out a small num-
ber of low-quality ideas). However, removing constraints can prevent some businesses
from operating at sub-optimally small scales. We also show that counterfactual subsi-
dies are largely ineffective. One reason is that they subsidize businesses that would have
been started absent support. Such payments also attract individuals into entrepreneur-
ship who possess traits, such as openness to new experiences, which are associated with
strong preferences for, but weak performance in, self-employment. The result of these
policies is an increase in entry but a decline in the average pecuniary value of realized
business ideas. These findings suggest that policies that encourage entrepreneurship are
potentially wasteful.7

This study contributes to three separate literatures. The first studies the decision
to open a business. In a seminal paper, Evans and Jovanovic (1989) show that credit
constraints are binding so that individuals with especially profitable ideas, but few as-
sets, may be unable to pursue their business venture. Relatedly, Paulson, Townsend, and
Karaivanov (2006) showed that credit constraints alone cannot explain why good busi-
ness ideas are not pursued and that moral hazard also plays a role. Both papers suggest
that some paid employees would be successful entrepreneurs were it not for market
imperfections. On the other hand, Hamilton (2000) showed that many entrepreneurs
who are “successful” in that their businesses have not failed would have earned more
had they remained in traditional paid employment. This finding may reflect important
nonpecuniary benefits to self-employment, such as autonomy.8 Taken together, this re-
search leads to the following somewhat startling conclusion: entrepreneurship does not

6Other papers include that by Lundberg (2012), who shows that the pecuniary returns to personality
factors vary both by tenure and by educational group, suggesting that different personality traits may en-
hance productivity in some occupations, but not others. Levine and Rubinstein (2017) showed that deviant
behavior can lead to successful entrepreneurship and Papageorge, Ronda, and Zheng (2016) showed that
some forms of childhood misbehavior capture socioemotional skills that predict higher earnings despite
also being associated with lower educational attainment. Prada and Urzúa (2017) showed that mechanical
skill can reduce four-year college attendance—not necessarily due to low academic ability, but instead due
to high returns in the labor market conditional on not attaining a four-year degree. See also Almlund, Lee
Duckworth, Heckman, and Kautz (2011), who stressed the importance of accounting for varying returns
to socioemotional skills and Cattan (2011), who developed this point for traits related to an individual’s
self-confidence and attitudes toward women.

7Relatedly, Hurst and Pugsley (2015) provided a theoretical model of entrepreneurship that includes
non-pecuniary benefits. Their model predicts that some policies promoting self-employment can be dis-
tortionary.

8In another key contribution, Lazear (2004) showed that a successful entrepreneur must be a “jack-of-
all-trades” with a wide variety of skills. Our focus is different in that we examine how a fixed set of skills
affect entrepreneurial entry and returns, whereas Lazear (2004) considers skills that are acquired or learned
through optimal investments. Fairlie and Holleran (2012) and Fairlie, Dean, and Zinman (2015) connected
these two ideas, showing that personality can affect short-run responsiveness to a training program for
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necessarily attract the subset of individuals for whom it would generate the highest pe-
cuniary returns.

A second related literature, much of it from personnel psychology, studies how mea-
surements of personality traits relate to job performance and job satisfaction. Barrick
and Mount (1991) showed that individuals who are open to new experiences are es-
pecially good trainees, perhaps since they are eager to try new things. However, they
are not necessarily better employees. More closely related to self-employment, Bar-
rick and Mount (1993) showed that two other traits, conscientiousness and extraver-
sion, are associated with better job performance, especially for managers who exercise
more autonomy at work. Since autonomy is a hallmark of self-employment, this find-
ing suggests that the relationship between personality and success differs in paid ver-
sus self-employment.9 Further work from psychology has directly examined how self-
employment and personality are connected, suggesting, for example, that entrepreneurs
score highly on the trait openness to new experiences, which is generally consistent with
our findings.10

A third, burgeoning literature to which we contribute incorporates socioemotional
skills and personality traits into economic models of rational decision-making. Much of
this work can be traced to Heckman and Rubinstein (2001).11 They show that socioe-
motional skills can account for much of the observed variance in sociodemographic
outcomes. Building on this work, economists have studied how personality traits and
socioemotional skills relate to a host of outcomes, including marriage (Lundberg (2012,
2011)), education (Barón and Cobb-Clark (2010), Savelyev (2010), Gensowski, Heckman,
and Savelyev (2011), Heckman and LaFontaine (2010), Heckman, Pinto, and Savelyev
(2013)) and health (Heckman (2012)). More closely related to our study are papers re-
lating personality to labor market behavior (Heckman, Stixrud, and Urzua (2006), Urzua
(2008), Wichert and Pohlmeier (2009), Heineck (2010), Störmer and Fahr (2013)). This
research has led to some particularly striking results, showing, for example, that socioe-
motional skill differences can help explain education and earnings differences between
men and women or between black and white individuals.

Comparatively little research in economics has directly connected self-employment
and socioemotional skills. Notable exceptions include the aforementioned study by
Caliendo, Fossen, and Kritikos (2014); Levine and Rubinstein (2017), who show evi-
dence that entrepreneurs differ from paid employees on a number of socioemotional

entrepreneurs (though they find no evidence of long-run effects of the program). Also related, Åstebro and
Thompson (2011) argued that entrepreneurs acquire a range of skills in part due to preferences for variety.

9From economics, Cubel, Nuevo-Chiquero, Sanchez-Pages, and Vidal-Fernandez (2016) assessed the re-
lationship between personality traits and productivity. They circumvent selection issues by measuring pro-
ductivity in a laboratory setting. They demonstrate that more conscientious people perform better and
more neurotic people perform worse. Although we use observational data, we believe our study comple-
ments their research since we also aim to address how personality can affect both selection into sectors and
sector-specific performance.

10These analyses include: Hisrich, Langan-Fox, and Grant (2007), Zhao and Seibert (2006), Brandstätter
(2011), Zhao, Seibert, and Lumpkin (2010) and Rauch and Frese (2007).

11Excellent summaries of the state of this line of research are found in Borghans, Lee Duckworth, Heck-
man, and Ter Weel (2008) and Almlund et al. (2011). The techniques used in this literature draw upon Gold-
berger (1972) and Jöreskog and Goldberger (1975).
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dimensions; Hartog, Van Praag, and Van Der Sluis (2010), who examine “social ability”
and entrepreneurial firms; Asoni (2010), who studies self-employment spells and self-
confidence; and Humphries (2017), who studies a unidimensional measure of noncog-
nitive skill coming from a test administered to Swedish army recruits. A key departure for
this study is to explicitly link multiple dimensions of socioemotional skill (five person-
ality traits) to various features of selection and performance in self-employment, thus
increasing the set of conclusions we can draw about potential policies affecting the en-
try decision.

The remainder of the paper proceeds as follows. Section 2 introduces the “Big 5” per-
sonality traits. Section 3 discusses the data we use. Section 4 specifies the model and Sec-
tion 5 discusses estimation. Section 6 examines parameter estimates. Section 7 presents
results from counterfactual experiments. Section 8 concludes.

2. The “Big 5” personality traits

A large literature in psychology has settled upon five traits (the Big 5), which summarize
an individual’s personality. These five are chosen using statistical models (often known
as factor models) intended to focus attention on traits that are neither overlapping nor
redundant. As with any rubric, there is some debate surrounding the Big 5, but they
are attractive for a few reasons.12 While research on the technology of skill formation
points to the mutability of character for children and adolescents (Cunha, Heckman,
and Schennach (2010), Heckman and Kautz (2013)), personality traits appear to be rel-
atively stable over the adult life cycle (Caspi (2000), Cobb-Clark and Schurer (2012)).
One explanation for stability comes from evidence using data on twins suggesting a
genetic basis for personality traits (Zhang et al. (2009), Shane, Nicolaou, Cherkas, and
Spector (2010), Shane and Nicolaou (2013)). The stability of personality traits among
adults should dispel concern about simultaneity if the Big 5 are used as right-hand side
variables in regressions explaining economic behavior. As described below, we investi-
gate this issue by exploiting multiple assessments of a given individual’s personality in
our data to show that self-employment and earnings do not predict personality traits
measured later in life.13 Originally proposed in Goldberg (1971), the Big 5 are: agreeable-
ness, extraversion, neuroticism, conscientiousness, and openness to new experiences. The
characteristics used to measure them are listed in Table 1.

Despite the growing and fruitful integration of personality measures into economic
models, important conceptual problems remain (Almlund et al. (2011)). Most problem-
atic is how (or even whether) personality fits within the utility paradigm in economics.
Personality traits may reflect or be correlated with preferences. Alternatively, as Alm-
lund et al. (2011) propose, personality and preferences may both reflect some deeper,
as yet unknown characteristic, which drives human behavior. Some recent work ad-
dresses this issue, proposing models that explicitly link preferences with socioemotional
skills (Bowles, Gintis, and Osborne (2001), Rustichini, DeYoung, Anderson, and Burks

12Some rubrics suggest a sixth trait, which seems to capture agency or control. We focus on the Big 5 as
it is the most common rubric.

13These findings are discussed in Section 5, when we discuss estimation.
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Table 1. The Big 5 personality traits.

Personality Trait Associated With Being:

Openness to new experiences � Creative, imaginative, intelligent, curious, broad-minded, sophisticated,
and adventurous.

Conscientiousness � Organized, responsible, hardworking, and not careless.
Extraversion � Outgoing, friendly, lively, active, and talkative.
Agreeableness � Helpful, warm, caring, softhearted, and sympathetic.
Neuroticism � Moody, worrying, nervous, and not calm.

Note: Description of the Big 5 personality traits.

(2016)). Bowles, Gintis, and Osborne (2001), for example, model personality as enhanc-
ing preferences. Other researchers have used laboratory experiments to ascertain how
socioemotional abilities relate to measures more familiar to economists, including pref-
erences over risk, time, and ambiguity (Dohmen, Falk, Huffman, and Sunde (2008, 2010),
Fréchette, Schotter, and Trevino (2017), Vandenberghe, St-Onge et al. (2008)).14

One way forward is to think of personality as affecting the utility cost of time in differ-
ent activities. If we accept that hours spent in each employment sector imply a distinct
utility cost, our model effectively suggests that sector-specific utility costs can differ by
personality. Agents with different personalities will then differ in their sector choices
once we have controlled for differences in pecuniary returns in each sector. Personality
traits may also affect the amount of effort or time used to produce a given amount of
output in each sector so that the opportunity costs of production differ by personality
traits in self- versus paid employment. This thinking would align our model with the
framework proposed in Becker (1965), who emphasizes that preferences over consump-
tion reflect how different goods take different amounts of time to consume.

3. Data

In this section, we conduct a preliminary analysis of the data set used in the paper, the
National Survey of Midlife Development in the United States (MIDUS), and highlight
two empirical patterns. First, we show that individuals with more assets are more likely
to be self-employed. However, conditional on self-employment, there is little evidence
that individuals with more assets have more profitable business ideas. Second, we il-
lustrate the idea that some personality traits can have opposing effects on preferences
versus relative performance in each sector, showing that “openness to new experiences”
simultaneously predicts entry into self-employment and relatively low earnings in self-
employment.

14Further work on issues integrating personality into economics is found in Heckman and Kautz (2012),
Roberts, Jackson, Duckworth, and Von Culin (2011), and Borghans, Golsteyn, Heckman, and Humphries
(2011).
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3.1 The MIDUS data set

The MIDUS survey studies midlife from an unusually rich variety of perspectives. In-
formation is collected on the labor market choices and outcomes, physical health, and
psychological well-being of a representative sample of working age men and women in
the United States. Crucially for the present study, the MIDUS data set includes informa-
tion on whether individuals are self-employed, their assets, and standard measures of
the Big 5 personality traits.15

MIDUS data collection occurred in two waves, the first (MIDUS I) in 1995 and the
second (MIDUS II) in 2004. The sample surveyed in 1995 included over 7114 men and
women between ages 25 and 74 from the United States. The second wave surveyed a
nationally representative subsample of 4009 individuals with the goal of understanding
the physical, health, and psychological effects of aging. In our study, we use both waves
of data, including each individual’s answers on two personality assessments. Using both
assessments helps us to circumvent possibly mis-measured personality traits (including
the effect of aging on responses to personality assessments for a given latent factor). In
particular, we use multiple measures to identify the distribution of permanent latent
factors that are measured by the personality assessments.

The MIDUS data collects information on household assets in 1995.16 Notice, this
measure includes salable assets, which thus excludes pensions, retirement wealth, or
expected social security income, which would be difficult or illegal to sell to invest in a
business. In our reduced form analysis, we use 1995 assets as a proxy for 2003 assets,
which are relevant for business investments. We address this type of measurement error
more formally in our structural estimation detailed in Sections 4 and 5

In constructing our analytic sample, we restrict attention to male workers that are
under age 65 in 2004. Starting with the original sample of 7114, by focusing on men, we
drop 3719 observations. By focusing on working-age men, we lose another 449 observa-
tions. We also drop individuals who are not working, losing another 231 observations. By
dropping observations with missing data on assets, we lose 550. Finally, we drop an ad-
ditional 279 observations missing information on other key variables. Of the remaining
1886 observations, 990 are not observed in 2004, which leaves us with an analytic sam-

15To our knowledge, only two previous papers in economics make use of the MIDUS data set. They are
Lundborg (2013) and Cutler and Lleras-Muney (2010). The MIDUS survey was administered by the John D.
and Catherine T. MacArthur Foundation Research Network on Successful Midlife Development. The survey
is designed to be nationally representative, but overweights older men to better assess midlife (MIDMAC
(1999)).

16Individuals are asked “Suppose you (and your spouse or partner) cashed in all your checking and sav-
ings accounts, stocks and bonds, real estate, sold your home, your vehicles, and all your valuable pos-
sessions. Then suppose you put that money toward paying off your mortgage and all your other loans,
debts, and credit cards. Would you have any money left over after paying your debts or would you still owe
money?” Individuals then report the amount of assets in bins. From $1–$19�999, increments are $1000; from
$20�000–$99�999, increments are $5000; from $100�000 to $499�999, increments are $50�000. Remaining in-
crements are $500�000–$999�999 and $1�000�000 or more. Individuals are assigned the midpoint of the bin
they report and those who have negative net assets are assigned 0 salable assets.
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ple of 896 working men in 2004 who have full information on key variables, including
income, sector choice, personality traits, and assets in 1995.17

Summary statistics are found in Table 2 for the analytic sample of 896 men observed
working in 2004 and then separately for individuals in self- versus paid employment. We
also include differences in means between these two groups andp-values from t-tests of
whether group differences are significant.18 According to the table, entrepreneurs earn
more on average than paid employees. One explanation is that entrepreneurship is more
lucrative than paid employment. However, as Hamilton (2000) points out, these types of
averages ignore selection into sectors. A high-earning entrepreneur may have earned
the same or more had they chosen paid employment. Moreover, averages obscure the
skewed distribution of earnings. Looking at medians, we find that the typical individual
would not expect to earn more by opening his own business. The model specified in
Section 4 incorporates both relative sector earnings and the skewed distribution of self-
employment income.

Table 2 reports average sociodemographic and personality measures. We find that
education, marriage, number of children, and spouse’s education do not differ system-
atically by sectors.19 However, conditional on marriage, for individuals who choose self-
employment, spousal education is slightly higher as is the likelihood of a spouse being
employed (though the latter is only significant at the 11% level).20 Cognitive skill, as
measured by fluid cognitive ability, is likewise the same across sectors. However, we do
find average differences by sector in the Big 5 personality traits. For example, Table 2
shows that entrepreneurs tend to be more agreeable, extraverted, and open to new ex-
periences than paid employees. The latter two traits are typically associated with en-
trepreneurship.

17A concern with our use of data from MIDUS II is that the sample is selected toward individuals who
were located for a follow up and agreed to participate again. Of the 990 individuals who are observed in 1995,
but not in 2004, 138 are either not working (or are not working age) in 1995. Thus, we observe 852 working
men in 1995 who are not observed in 2004. Compared to these 852 men, the men in the analytic sample of
896 workers observed in 2004 report higher assets, earned more in 1995 and are more highly educated in
1995. Personality traits are generally not significantly different across these samples, but individuals who
are not observed in 2004 are more open to new experiences compared to those who did respond. There
are no differences across these two groups in the 1995 likelihood of self-employment. A concern arises if
missing individuals are selected on unobservables, which limits the internal validity of estimates, especially
those related to asset growth between 1995 and 2003. How we correct for this in our model and the various
tests for robustness we perform are discussed in Sections 4 and 5. Missing data is also a concern for external
validity if individuals in our sample exhibit relationships between personality and self-employment that are
not representative of the population. Reassuringly, extraversion and openness predict self-employment in
our sample, which is consistent with other papers relating personality to entrepreneurship.

18Table S1, found in the Online Supplementary Material (Hamilton, Papageorge, and Pande (2019)), pro-
vides summary statistics for a larger sample of all working males who participated in the second wave of
MIDUS data collection but who may be missing information for some variables. We show that key patterns
in the data are robust to the inclusion of these individuals.

19In comparison to 2004 Current Population Survey averages, MIDUS II participants report higher educ-
tion.

20There are many reasons why this might be the case, including the possibility of risk-sharing or access
to benefits like subsidized health insurance. Entrepreneurs can effectively use their spouse’s more steady
employment or benefits as a safety net given the high probability of failure and the lack of benefits typical
in self-employment.



652 Hamilton, Papageorge, and Pande Quantitative Economics 10 (2019)

Table 2. Summary statistics.

Sample Analysis Paid Employment Self-Employment � (Self-Paid) p-Values

Earnings (2004) $78�328�06 $74�687�57 $93�988�64 $19�301�07 0�008
Median earnings (2004) $57�500�00 $58�500 $58�402 $1�000�00 0�757
Assets in 1995 $119�748�30 $100�274�40 $203�520�70 $103�246�30 0�000

High school degree 0�19 0�19 0�20 0�01 0�674
Some college 0�27 0�27 0�26 −0�01 0�835
College graduate 0�25 0�25 0�25 0�00 0�931
Age 50�09 49�35 53�25 3�90 0�000
Married 0�79 0�78 0�83 0�05 0�136
No. of children 2�19 2�19 2�19 0�00 0�989
Spouse educ. (years) 14�46 14�53 14�17 −0�36 0�082
Spouse employed (1995) 0�66 0�64 0�72 0�07 0�110

Fluid cognitive ability 0�35 0�36 0�32 −0�04 0�618

Openness (1995) 3�07 3�06 3�13 0�07 0�083
Openness (2004) 2�97 2�95 3�06 0�12 0�008

Conscientiousness (1995) 3�40 3�40 3�44 0�04 0�232
Conscientiousness (2004) 3�46 3�46 3�48 0�02 0�580

Extraversion (1995) 3�14 3�12 3�25 0�14 0�004
Extraversion (2004) 3�04 3�02 3�16 0�14 0�005

Agreeableness (1995) 3�29 3�28 3�31 0�02 0�602
Agreeableness (2004) 3�24 3�23 3�30 0�07 0�102

Neuroticism (1995) 2�16 2�18 2�10 −0�08 0�152
Neuroticism (2004) 2�02 2�03 1�99 −0�04 0�453

Note: Summary statistics for the analytic sample of 896 individuals, of whom 167 (19%) are self-employed.

3.2 Assets and self-employment

Table 2 also shows that individuals in self-employment have, on average, about dou-
ble the assets of paid employees. This suggests that individuals may select into self-
employment based on their ability to fund their own business. To investigate this re-
lationship further, Figure 1(a) plots self-employment entry against assets and includes
a fitted nonparametric polynomial. The figure shows that much of the increase in self-
employment by assets occurs at moderate levels of wealth (below $200�000).

Credit constraints would suggest that, conditional on a business idea, assets would
drive entry. An alternative explanation is that high-asset individuals are more productive
in self-employment. To assess this possibility, Figure 1(a) plots self-employment earn-
ings by assets in 1995. Two patterns emerge. First, there is some evidence from the raw
data that men with more assets earn more in self-employment, especially at very high
levels (i.e., above $500�000), which could mean that men with more assets expect to earn
more in self-employment. Alternatively, it suggests that assets do not predict entry, but
instead lead to under-investment of very high-quality business ideas, forcing potentially
profitable enterprises to operate at suboptimal scales. Second, and relatedly, credit con-
straints do not appear to bar low-asset individuals from opening lucrative businesses.
Figure 1(b) shows a cluster of individuals with near-zero assets who open businesses that
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Figure 1. Empirical Patterns. Panel (a) shows that self-employment rises with 1995 assets.
Panel (b) shows that earnings rise with assets at high asset levels. Panel (c) shows a positive rela-
tionship between self-employment and openness, and Panel (d) depicts a negative relationship
between openness and self-employment earnings.

generate high earnings (on the order of $50�000–$100�000), suggesting that credit con-
straints may not restrict entry into self-employment. In light of these empirical patterns,
our structural model will exploit data on assets to identify possible credit constraints
that potential entrepreneurs face, which allows for the possibility of starting a business
despite suboptimal investments in the venture. Moreover, the production function we
use to model how business ideas generate income will be specified so that low-asset in-
dividuals with profitable ideas are not precluded from entry through, for example, some
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minimum level of assets needed to go into business. This way, low asset individuals can
potentially profit from very good ideas. Finally, the model accommodates potential cor-
relation between earnings shocks, business ideas and assets. This accounts for the pos-
sibility that individuals with higher expected earnings in either self- or paid employment
may have accumulated more assets, which they can invest in their business venture.

3.3 Openness, earnings, and self-employment

Prior studies consistently find a strong positive relationship between the personality
trait “openness to new experiences” and the probability of self-employment. In Fig-
ure 1(c), we plot a binary variable for self-employment in 2004 against the 2004 measure
of openness for our analytic sample. We add a smoothed polynomial fitted line with
95% confidence intervals. The figure shows that the probability of self-employment in-
creases with openness. However, in Figure 1(d), we plot expected log earnings differ-
ences between self- and paid employment against 2004 openness. To do this, we first
regress log earnings onto personality traits, cognition and a series of sociodemographic
observables (age, education, and marriage) separately by employment sector. Next, we
use estimated coefficients to predict log earnings for each individual and sector, which
we use to compute the expected sectoral difference (self minus paid). The result is a log
earnings differential for each individual. We plot each individual’s self-versus-paid earn-
ings differential against their 2004 openness score. We also plot a smoothed polynomial-
fitted line along with 95% confidence intervals. The scatter plot and fitted line show that
the expected earnings premium in self-employment declines with openness. Moreover,
the decline is both significant and monotonic. Together, Figures 1(c) and 1(d) provide
preliminary empirical evidence that openness has mixed effects, predicting entry into a
sector in which it generates relatively low returns.

The dueling effects of openness remain when we control for other variables that
we expect to affect earnings and sector choices, including other personality traits and
sociodemographic variables. Results from these regressions are presented in Table 3.
Columns 1 and 2 report estimates from OLS regressions of log earnings in self- and paid
employment, respectively. Sector-specific prices vary for a number of factors, including
openness, where the coefficient in self-employment is −0�27 and in paid employment
is 0�06.21 Column 3 presents probit estimates where the outcome variable is an indica-
tor for self-employment. The estimates are similar to the estimates found in previous
work linking entrepreneurship and personality (Caliendo, Fossen, and Kritikos (2014)).
In particular, the coefficient on openness is positive and significant.22

The finding in Table 3 that openness is associated with both a higher propensity
for self-employment and lower self-employment earnings highlights the limitations of

21The standard errors in Column 1 are influenced by the skewness of the self-employment earnings dis-
tribution, in particular the presence of outliers, including earnings more than $750�000. In results available
from the authors, we regress earnings in self- or paid employment on the same set of variables as in Table 3,
including a full set of interactions for self-employment. Once we trim outliers, we find that the coefficient
on self-employment interacted with openness is negative and statistically significant at conventional levels,
which means that individuals with this personality trait earn less in self-employment compared to paid em-
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Table 3. Sector earnings and sector choice.

Earnings

SE PE Sector Choice

Openness (2004) −0�27 0�06 0�25
(0�34) (0�05) (0�12)

Conscientiousness (2004) −0�1 0�13 −0�07
(0�3) (0�06) (0�12)

Extraversion (2004) 0�3 0�06 0�13
(0�31) (0�05) (0�11)

Agreeableness (2004) −0�38 −0�18 −0�03
(0�29) (0�05) (0�11)

Neuroticism (2004) 0�02 0�05 0�03
(0�21) (0�04) (0�09)

Cognition −0�14 0�12 0�04
(0�14) (0�03) (0�06)

Years of education 0�18 0�07 −0�004
(0�06) (0�01) (0�03)

Age −0�02 0�008 0�04
(0�02) (0�003) (0�007)

Married 0�18 0�21 0�58
(0�34) (0�06) (0�27)

Number of kids . . −0�06
(0�04)

Spouse education . . −0�03
(0�02)

Spouse employed (1995) . . 0�22
(0�11)

Observations 169 727 896

Note: OLS regressions of log earnings by sector (where [SE] refers to self-employment and [PE] refers to paid employment)
along with probit estimates for sector choice, where the outcome variable is an indicator for 2004 self-employment. Standard
errors are in parentheses.

a reduced-form model when interpreting these results. These patterns show that an

understanding of the relationship between personality and self-employment requires

consideration of the impact of personality on both expected earnings and preferences,

which cannot be decomposed from the results in Table 3. The structural model speci-

fied in the following section is designed to consider separately how personality affects

the decision to become self-employed, both through its direct impact on preferences

and indirectly through the effect on expected sectoral earnings.

ployment. Given how outliers can affect parameter estimates, the structural model introduced in Section 4
incorporates a mixture distribution for business ideas to accommodate the long right tail.

22In Tables S2 and S3 (available in the Online Supplementary Material), we report estimates from a series
of probit models, where the outcome variable is an indicator for self-employment in 2004. Results on open-
ness are robust to a number of specifications. In results available upon request, we also show that results
are robust if we limit attention to the 726 individuals in our sample who were not self-employed in 1995. Of
these, 65 (8�95%) report self-employment in 2004.
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4. Model

This section specifies a model of selection into self-employment that incorporates socio-
emotional skill and can be used to evaluate the impact of potential policies, such as
subsidies for small business owners. In the model, individuals choose the sector with the
highest returns, composed of earnings and nonpecuniary benefits, the latter captured
as sector-specific flow utility. Monetary returns to self-employment are a function of the
individual’s business idea along with an endogenous capital investment, which may be
suboptimally low due to limited asset holdings and credit constraints. Socioemotional
skills can have different impacts on earnings in each sector and on sector preferences.

Recall that we highlight two key features of the model which are important for
policy conclusions. First, the model captures several sources of selection into self-
employment: credit constraints, flow utility, and relative earnings. This means there
are multiple reasons why an individual with a high-quality business idea may not
choose self-employment. Credit-constraints can limit investments leading to low re-
turns, the individual may enjoy paid employment more than self-employment or paid-
employment earnings could be higher.23 A second feature of the model we highlight is
that agents observe business ideas prior to entry, which provides them with information
about the returns to their business. This stands in contrast to models assuming that indi-
viduals make sector choices based on mean monetary returns, which could vastly over-
state what individuals expect to earn due to the skewed distribution of entrepreneurial
earnings.

4.1 Business ideas, earnings and nonpecuniary benefits

Agents indexed by i draw a business idea θi and then decide between paid and self-
employment, choosing the option delivering the highest expected utility.24 Total util-
ity for sector s is denoted V s, where s ∈ {SE�PE} with SE and PE referring to self-
employment and paid employment, respectively. Utility in sector s is composed of in-
come Is and flow utility ũs. Each of these will be derived below.

Entrepreneurial earnings are generated according to the production function

yi = θikαi ξi� (1)

where ki is agent i’s capital invested in the entrepreneurial venture and α ∈ [0�1] is a
technology parameter that captures returns to capital. Our model of credit constraints
follows Evans and Jovanovic (1989). By entering the model multiplicatively, high draws
from the business idea distribution lead to a higher total and a higher marginal product
of capital. One consequence of this specification is that agents with low reported assets

23The latter point is made in Prada and Urzúa (2017) regarding mechanical skill, which has high returns
among those who do not attain a college degree, helping to explain why individuals with the skill may forgo
college.

24We ignore nonworkers and, therefore, selection into employment, though extending our analysis to
include the decision to become employed would be straightforward.
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can profit from a good idea despite constraints on their credit, which is in line with pat-
terns in the data suggesting that low assets do not appear to preclude high earnings in
self-employment. Rewrite this equation in logs:

ln(yi)= ln(θi)+ α ln(ki)+ eyi � (2)

where eyi ≡ ln(ξi) and ξi is a disturbance term that is not observed by the agent before
he chooses a sector. The distribution of eyi is specified below.

The business idea is generated as follows:

ln(θi)= xθi βθ +
J∑
j=1

κθj fij + eθi � (3)

where xθi is a vector of observable characteristics, βθ is a vector of coefficients, and fij
is personality trait j ∈ {1� � � � �5} for individual i which is mapped by κθj to the log value

of the business idea.25 eθi captures factors affecting the business idea which are not ob-
served by the econometrician, but are observed by the individual prior to the entry deci-
sion and is assumed to follow a mixed-normal distribution to account for the possibility
of skew in entrepreneurial earnings.26 Formally,

eθi ∼ [
pθN

(
μθ�1�σ

2
θ�1

) + (
1 −pθ)N(

μθ�2�σ
2
θ�2

)]
� (4)

Substituting for θi in equation (2), we obtain the following expression for self-
employment earnings:

ln(yi)= xθi βθ +
J∑
j=1

κθj fij + eθi + α ln(ki)+ eyi � (5)

Whereas eyi is a post-decision disturbance, eθi is observed by the agent prior to his deci-
sion and thus must be integrated out of the model. This distinguishes our model from
one in which the agent does not know eθi prior to entry and instead the expected value
of θi helps to explain sector choices. ki is likewise not observed by the econometrician,
but is derived from the optimal capital investment for a given business idea θi subject to
possible credit constraints.

If the agent chooses paid employment, he earns wage wi:

ln(wi)= xwi βw +
J∑
j=1

κwj fij + ewi � (6)

where xwi is a row-vector of observable characteristics that influence wage with prices
βw, κwj is the price of personality trait j in the wage sector and ewi is a disturbance term,

25As will be explained in Section 5, the five fij are possibly correlated latent factors identified from two
measures of each of the five personality traits for each individual.

26Estimating means of eθi implies that equation (3) does not include a constant.
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the distribution of which is specified below.27 Net income from self-employment and
paid employment are given by

ISE
i = yi + r(Ai − ki)�
IPE
i =wi + rAi

(7)

respectively, where r is the risk-free interest rate and Ai are assets in 2003. If the indi-
vidual is in paid employment, he earns wi along with returns to his assets. If he chooses
self-employment, he earns yi along with returns on assets net of what is invested in his
business (Ai − ki).

A problem with our data is that we do not observe assets in 2003, but only in 1995
or 2004. Using 1995 assets as a proxy for 2003 assets introduces measurement error,
while using 2004 assets could introduce bias if they reflect (rather than affect) 2004 self-
employment decisions. We therefore approximate 2003 assets as follows:

ln(Ai)= ln(Ãi)βa + eai � (8)

where Ãi are observed 1995 assets, βa measures asset growth until 2003 and eai a distur-
bance term capturing variance in asset growth that is normally distributed with mean
zero and variance σ2

a . We jointly estimate these parameters with other model parame-
ters.28 Credit constraints are imposed upon the entrepreneur such that ki ≤ λAi, where
λ ≥ 1. The entrepreneur is a net borrower when Ai < k∗

i and a net saver when Ai ≥ k∗
i ,

where k∗
i denotes the optimal investment.29

The agent chooses the sector s ∈ {SE�PE} that generates the highest expected utility
V si given by

V si = ρIsi + ũsi � (9)

where ũsi are nonpecuniary returns for sector s and ρ is a scaling parameter that con-
verts dollars to utils. As we can only identify differences in nonpecuniary returns from
choosing one sector versus the other, we specify net nonpecuniary benefits to self-
employment as

uSE
i = ũSE

i − ũPE
i ≡ ziγSE� (10)

27We model self-employment in greater detail than we model paid employment to account for the role
of optimal investments based on a business idea and credit constraints. Moreover, we permit flexibility in
the portion of the business idea that is unobserved to the researcher (but is assumed to be observed to the
agent prior to entry) to capture the skewed distribution of self-employment earnings.

28Identification is discussed in the following section. Modeling 2003 assets in this manner essentially
treats 1995 assets as a “noisy” measure of 2003 assets. If we instead use 1995 assets as a proxy, most qual-
itative results remain unchanged, though the credit constraint is more noisily estimated and has a smaller
impact on earnings. Another option is to estimate βa and σa outside of the model by regressing 2004 assets
onto 1995 assets and then predict 2003 assets. Doing so does introduce potential bias, but in practice yields
asset growth predictions in line with estimated parameters. By estimating these parameters jointly, how-
ever, we can allow asset growth to be correlated with other unobservables, which we explain below when
discussing the error structure and correlation across equations.

29The credit constraint is homogenous across groups, which could be relaxed. However, when we inter-
act λ with other variables, we fail to detect significant differences.
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which is equivalent to setting ũPE = 0. Here, zi is a vector of characteristics and γSE are
net nonpecuniary returns to observable characteristics in self-employment. zi contains
observable variables that are not included in the returns equations, such as spouse ed-
ucation, spousal employment, and number of children.

4.2 Correlation across earnings equations

Recall that while the agent observes eθi prior to entry, eyi and ewi are post-entry earn-
ings shocks in self- and paid employment, respectively. We permit correlation across the
earnings equations by assuming the following error structure:

e
y
i = δy1eθi + δy2Ãi + δy3eai + νyi �
ewi = δw1 eθi + δw2 Ãi + δw3 eai + νwi �

(11)

where (
ν
y
i

νwi

)
∼N

[(
−σ2

y�ν/2
−σ2

w�ν/2

)
�

(
σ2
y�ν 0
0 σ2

w�ν

)]
� (12)

The error structure means that the post-entry sector-specific earnings disturbances
e
y
i and ewi are not assumed independent. Rather, they are dependent via realizations

observed by the agent prior to entry, including 1995 assets Ãi, the asset growth shock eai ,
and the portion of the business idea unobserved to the econometrician eθi . Intuitively,
this structure permits 1995 assets, along with asset growth between 1995 and 2003 and
the business idea draw, to provide information to the agent about factors affecting post-
entry earnings shocks.

4.3 Optimal investment and expected earnings

When deciding between sectors, the agent first computes expected self-employment
earnings. He computes the optimal choice of ki (supposing θi is known) by solving the
following maximization problem:

maxk E
[
V SE
i |θi�Ai

]
=E[

ISE
i + uSE

i |θi�Ai
]

=E[
ρ(yi + rAi − rki)+ uSE

i |θi�Ai
]

=E[
ρθik

α
i ξi + ρrAi − ρrki + uSE

i |θi�Ai
]

= θikαi E[ξi|θi�Ai] − rki� (13)

ξi is equal to exp(eyi ), which is log-normally distributed.30 Its expectation is thus given
by

E
[
exp

(
e
y
i

)] = exp
[
δ
y
1e
θ
i + δy2Ãi + δy3eai + σ2

y�ν/2 − σ2
y�ν/2

]
30If we instead assumed independence of eyi and ewi , we would obtain that E[ξi|eθi �Ai] = E[ξi] = 1. In

results available from the authors, we show that results using this simplifying assumption are qualitatively
similar to our findings.
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= exp
[
δ
y
1e
θ
i + δy2Ãi + δy3eai

]
� (14)

The agent’s maximization problem conditional on entry is thus

maxk E
[
V SE
i

]
= θikαi

[
exp

[
δ
y
1e
θ
i + δy2Ãi + δy3eai

]] − rki
≡ θikαi ψi − rki� (15)

where we set ψi = exp[δy1eθi + δy2Ãi + δy3eai ].31 This means that

k∗
i =

(
αψiθi
r

) 1
1−α
� (16)

Plugging optimal capital k∗
i into the credit constraint inequality implies that en-

trepreneur is credit-constrained whenever:

θiψi >
r

α
(λAi)

1−α� (17)

The inequality means that the agent is credit-constrained when he has a very good busi-
ness idea but low assets. Expected paid-employment earnings prior to the sector choice
also depend onAi, ea and eθi and are given by

w̄i = E
[
wi|eθi �Ai

] = xwi βw + E
[
ewi |eθi �Ai

]
= xwi βw + δw1 eθi + δw2 Ãi + δw3 eai − σ2

w�ν/2� (18)

The value of the optimal sector choice, denoted V ∗
i , is given by

V ∗
i =

⎧⎪⎪⎨
⎪⎪⎩

max
{((

φα − rφ)
(θiψi)

1
1−α + 1

ρ
uSE
i � w̄i

]}
if θiψi ≤ r

α
(λAi)

1−α�

max
{(
θi(λAi)

α − rλAi + 1
ρ
uSE
i � w̄i

]}
if θiψi >

r

α
(λAi)

1−α�
(19)

where ψi is defined as above and where φi ≡ (αr )
1

1−α .

5. Estimation

Given the specification of the model, the vector of parameters to be estimated is

�≡ [
α�βθ�κθ�pθ�μθ�1�μθ�2�σ

2
θ�1�σ

2
θ�2�β

w�κw�βa�σ2
a�ρ�δ

y�δw�σ2
y�ν�σ

2
w�ν

]
�

This section describes identification and estimation of �. We also discuss how we in-
corporate socioemotional skill, using multiple scores from personality tests to identify
latent factors purged of measurement error.

31Note that if the δy are all equal to zero (or if we assume that eyi and ewi are independent), then ψi = 1.
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5.1 Identification of model parameters

For each individual, conditional on expected earnings differences across sectors, util-
ity parameters are identified from sector choices. The credit constraint parameter λ is
identified from covariation in assets, self-employment entry, and earnings. For example,
if individuals with similar observable characteristics, but different assets, exhibit similar
entry decisions and self-employment earnings patterns, this would suggest that credit
constraints do not play an important role, leading to higher estimates of λ.

An important threat to identification arises because earnings parameters in each
sector are estimated from individuals sorting into that sector, potentially introducing
selection bias. To avoid bias, the model explicitly accounts for selection across sectors
through earnings differences, preferences, and assets, which can affect investments in
business ideas, and thus selection into self-employment. Identification relies on the as-
sumption that our specifications for the earnings processes, along with our incorpora-
tion of various selection mechanisms, are rich enough to allow us to use earnings pa-
rameters estimated from individuals in one sector to calculate expected earnings for
individuals who are observed in the other sector.

Regarding the earnings processes, the key identifying assumption is that once we
account for selection through credit constraints and preferences and have conditioned
on observable characteristics, including personality traits, eyi and ewi (shocks to self-
employment and paid-employment earnings, resp.) are dependent through initial as-
sets, assets growth, and the unobserved portion of the idea eθi . Otherwise, they are inde-
pendent. If not, that is, if there are further omitted factors, the concern is that individuals
sort into sectors because they expect, for instance, higher νyi or lower νwi .

Preferences are a key source of selection into employment sectors. Omitting them
could induce selection bias in estimated earnings parameters. For example, strong pref-
erences for self-employment would lead to entry despite relatively low expected earn-
ings. Failing to account for preferences in modeling sector choices implies that earnings
estimates would be upwardly biased to rationalize observed entry decisions. To help to
separately identify preferences versus returns, we include variables in the utility func-
tion that shift preferences over sectors, but which are excluded from the earnings func-
tion. These include: number of children, spouse education, and spouse employment.
The assumption is that, conditional on variables included in the earnings functions (in-
cluding marriage) excluded variables do not directly affect sector-specific pecuniary re-
turns, but do affect sector preferences. These exclusion restrictions may be problem-
atic if, for example, children help out in the family business, thus raising earnings. We
cannot rule out this possibility, though argue that the first-order effect of variables cap-
turing family structure is on selection into self-employment versus earnings. See Rees
and Shah (1986) for an earlier discussion on family variables and selection into self-
employment.32

32Other possible exclusions include parents’ education and variables indicating whether parents owned
their own business. Not surprisingly, fathers’ self-employment status is predictive of self-employment.
However, we choose to omit it from our structural analysis. The reason is that personality may have a
genetic component and so it is possible that father’s self-employment captures an individual’s personal-
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Asset holdings are another factor affecting selection into sectors and we incorporate
this possibility into the model. For a given business idea and expected paid-employment
earnings, individuals with higher asset holdings are able to invest more in high-quality
businesses, which affects the entry decision. A problem incorporating assets is that they
are potentially endogenous to the earnings shocks. For example, individuals who tend
to generate high quality business ideas may accumulate more assets over time. Failing
to account for this possibility could bias estimates of credit constraints. For example,
suppose individuals who expect to earn less in paid employment due to unobservable
factors have fewer assets to invest in their business. If we fail to account for this cor-
relation, higher entry due to low paid-employment earnings would suggest that assets
are not very important, leading us to understate the importance of credit constraints.
To address this potential source of bias, as discussed, earnings shocks are a function of
1995 asset holdings and the asset shock eai . Earnings shocks are thus specified to capture
the idea that unobserved factors affecting earnings across sectors could include factors
related to 1995 assets or asset growth.

5.2 Latent factors and measurement error

A key advantage of our approach is the incorporation of the Big 5 personality traits into a
model of selection into self-employment. However, assessments of socioemotional skills
are subject to measurement error. In particular, individuals with a given underlying per-
sonality trait could score differently on tests that measure personality, depending on
their observed characteristics, such as their age. This raises additional concerns about
identification since estimates of parameters governing how personality affects earnings
or utility would capture the impact of these other characteristics.

Fortunately, for each personality trait, the MIDUS data set includes two assessment
scores for each individual. We use the two assessments to identify five latent personalty
traits fij , which enter earnings and the utility functions and which are purged of mea-
surement error. This approach reduces standard errors, improving inference. It also has
the advantage of providing a natural way to incorporate multiple assessments into the
analysis.33

Personality test scores are modeled as a function of latent factors, along with ob-
servable characteristics and random measurement error. For J = 5 latent factors, an
observed measurement of skill j ∈ {1� � � � � J} for person i at time t is denoted Cijt and
specified as

Cijt =Mitρjt + dCjtfij + εCijt � (20)

ity. However, reduced-form choice models suggest that main results would not change if we added these
variables. See results from reduced-form choice models (Tables S2 and S3) in the Online Supplementary
Material.

33A related concern in linking personality to self-employment is reverse causality, the idea that self-
employment decisions might affect personality. We cannot directly test this hypothesis using latent factors.
However, we can test whether there is evidence for this type of reverse causality by examining personality
assessment scores for individuals over time. In Table S4 in the Appendix, we show that personality scores
exhibit strong within-individual persistence over time. However, conditional on 1995 assessments for each
of the five traits, 2004 assessments are not related to 1995 self-employment, 1995 assets, or 1995 earnings.
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where Mit is a row-vector of observed characteristics with the accompanying vector of
coefficients ρjt , fij is the value of latent skill j for person i, dCjt is the period-t factor load-

ing on trait j and εCijt is an error term capturing mismeasurement.34 Mit includes age
and education at time t as well as the individual’s fluid cognitive ability test. Including
these variables allows them to partially explain measurement error, which is the differ-
ence between the latent factor and the personality assessment. To fix ideas, conditional
on a latent personality trait fij , an individual may exhibit a different score on the per-
sonality assessment Citj due to age, education or cognitive ability. The latent and stable
personality traits that we recover and which enter into the utility and earnings functions
are therefore purged of average differences across the sample that are attributed to these
observable factors. Latent factors fij are drawn from a multivariate joint distribution.35

To achieve identification, a number of assumptions are required. First, we assume
that cov(fij� εCijt)= 0 ∀t (latent traits are independent of measurement error) and that la-
tent trait j does not affect the measured value of trait j′: cov(Cij′t � fijt) = 0 for j �= j′�∀t.
The latent traits are also assumed independent of the observables (age and cognition);
that is, age and cognition are treated as observable components of the measurement er-
ror affecting personality scores, but are not related to the underlying personality traits.
Identification of parameters of the measurement system also requires normalizations.
In particular, we set the first factor loading for each personality trait to 1. Moreover,
we assume dedicated measurements, which means that functions of measurements for
each trait (e.g., extraversion) only contain the corresponding underlying factor, that is,
we do not allow the factor “agreeableness” to explain the measurement of extraversion.
Further details along with a proof of identification are in the Appendix.

Parameters of the measurement system are jointly estimated with all model param-
eters, which is reflected in the likelihood function derived in the Appendix.36 More-
over, we augment the set of parameters due to joint estimation, which now includes
Ξf , where Ξf includes all parameters of the measurement system of the latent factors
fij :

Ξf ≡ [
ρjt� d

C
jt �μ

C
j �σ

C
j�j′

]
� j� j′ ∈ {1� � � � �5}� t ∈ {1995�2004}�

34Here, t refers to calendar time and is used to distinguish data collected in different years: 1995 and
2004.

35In particular, ⎛
⎜⎜⎜⎜⎜⎝

fiO
fiC
fiE
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⎞
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⎡
⎢⎢⎢⎢⎢⎣

⎛
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⎞
⎟⎟⎟⎟⎟⎠ �
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⎞
⎟⎟⎟⎟⎟⎠ �

⎤
⎥⎥⎥⎥⎥⎦ (21)

36We have experimented with alternative approaches, including assuming independence across factors
(which also permits estimation of the measurement system in a separate first step), introducing more flexi-
ble function forms for factors (e.g., mixed normals) and omitting age and cognition from the measurement
system. In general, our key qualitative results are not sensitive to these different assumptions on the mea-
surement system, though some magnitudes change. Results are also robust to simply ignoring measure-
ment error and using 1995 or 2004 measurements of personality, though standard errors are larger, which
is expected.
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5.3 Estimation procedure using simulated maximum likelihood

We estimate the parameters of the model described in the previous section via simulated
maximum likelihood. There are three main steps to the estimation procedure. First, at
each set of parameter value suggestions, indexed by g and denoted �(g), and for each
individual i, we simulate earnings, personality traits, and sector choice K times, where
K represents the number of draws of unobservables for each individual.37 Second, we
compute each individual’s average likelihood contribution, where the average is taken
over the K draws. Third, we sum over average likelihood contributions from each indi-
vidual and compute the log, which yields the value of the simulated log likelihood func-
tion, the negative of which is then maximized as with standard likelihood functions. In
this procedure, the business idea is “integrated out” in that it is assumed observed by
each simulated agent prior to the entry decision and entry decisions are then averaged
across simulated agents for each individual in the sample. Further details on the algo-
rithm and the likelihood function are found in the Appendix.

6. Parameter estimates and earnings distributions

6.1 Sector-specific earnings parameters

Earnings equations estimates are found in the first two columns of Panel A of Table 4. Be-
ginning with personality traits, a contrast emerges regarding returns to the trait “open-
ness to new experiences.” Though marginally profitable in paid employment, it low-
ers the quality of business ideas and, therefore, entrepreneurial earnings. Earlier work
shows mixed results on returns to openness. Barrick and Mount (1991) showed that
open individuals are eager trainees though not better employees and Barrick and Mount
(1993) found no evidence that open individuals fare better in jobs with greater auton-
omy. In some contexts, openness has been shown to predict a lack of commitment to
an organization and a higher willingness to leave for a better opportunity (Moss, McFar-
land, Ngu, and Kijowska (2007)). Openness may undermine business success if it means
that individuals are less committed to a new business venture once it has been started.38

In such cases, a more rigid focus on the new business may lead to greater success com-
pared to imaginative thinking. We return to these points in the following section, when
we discuss how openness to new experiences, despite being relatively unproductive in
self-employment, also predicts a strong preference for it.

The second trait we examine, conscientiousness, is profitable in paid employment,
though costly in self-employment. This latter finding is somewhat surprising as one
would expect characteristics such as an attention to detail to be helpful in running a suc-
cessful business. However, lacking conscientiousness is also related to self-indulgence
or a tendency for ignoring rules for personal gain. This possibly links conscientiousness
to a high disutility from breaking rules even if doing so will improve business perfor-
mance. Consistent with this finding, Levine and Rubinstein (2017) found that deviant
behaviors can be profitable in entrepreneurship. Further, a literature in personnel and

37During estimation, we setK = 2500.
38A bit more bluntly, Oldham, Skodol, and Bender (2009) suggest that openness may reflect “flakiness.”
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Table 4. Structural parameter estimates.

Panel A: Earnings

Relative Returns Self-Emp. Paid Emp. Self-Utility Parameters

Openness −0�24 0�07 0�79
(0�10) (0�05) (0�22)

Conscientiousness −0�13 0�10 −0�10
(0�11) (0�05) (0�19)

Extraversion 0�26 0�05 −0�20
(0�07) (0�04) (0�18)

Agreeableness −0�32 −0�16 −0�12
(0�09) (0�03) (0�20)

Neuroticism 0�02 0�09 0�23
(0�04) (0�04) (0�24)

Years of education 0�13 0�06 −0�07
(0�01) (0�01) (0�04)

Age −0�02 0�01 0�06
(0�01) (0�003) (0�01)

Married 0�18 0�18 0�51
(0�16) (0�06) (0�40)

Cognition −0�19 0�08 0�41
(0�06) (0�03) (0�18)

Number of kids . . −0�10
(0�10)

Spouse education . . −0�04
(0�02)

Spouse employed (1995) . . 0�19
(0�24)

Utility weight . . 4�84e-05
(9�13e-06)

Constant . 8�68 −2�72
(0�09) (0�70)

Panel B:
Business Ideas, Technology, Credit Constraints, and Assets

Business idea constant 1 6�67 Technology 0�14
(1�29) (0�04)

Business idea constant 2 10�17 Credit constraints 1�94
(0�20) (1�67)

Business idea variance 1 0�94 1995 assets 1�01
(0�62) (0�24)

Business idea variance 2 0�19 Assets variance 4�60
(0�12) (1�39)

Mixture probability 0�79
(0�01)

(Continues)
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Table 4. Continued.

Panel C:
Earnings Shocks Self-Emp. (ey ) Paid Emp. (ew)

eθ 0�05 0�06
(0�05) (0�02)

Ã 0�04 0�03
(0�03) (0�01)

ea 0�07 0�05
(0�04) (0�02)

Variance 1�25 0�58
(0�11) (0�02)

Note: Parameter estimates along with standard errors in parentheses.

organizational psychology has studied pro-social rule-breaking, also known as “con-
structive deviance,” whereby individuals break rules when it makes a business run bet-
ter (Dahling, Chau, Mayer, and Gregory (2012)). This research and our findings suggest
that conscientious people could earn less in self-employment since they are inflexible
or overly concerned with following rules even when doing so harms their business.

Extraversion is profitable in self-employment, which is consistent with previous
work on personality and the labor market (Bowles, Gintis, and Osborne (2001), Vi-
inikainen et al. (2010), Caliendo, Fossen, and Kritikos (2014)). The impact of extraver-
sion on paid-employment earnings is smaller and marginally significant. In contrast,
agreeableness carries an earnings penalty in both sectors, though more strongly so in
self-employment. In fact, earnings penalties for agreeableness have been shown in sev-
eral studies (Heineck (2010), Nyhus and Pons (2005), Mueller and Plug (2006)). A key
component of agreeableness is a lack of selfish behavior. Laboratory evidence has con-
firmed this. Ben-Ner, Kong, and Putterman (2004) relate behavior in dictator games to
measurements of personality and find that agreeable individuals who are assigned the
role of the dictator are more likely to offer higher amounts of money. Our results sug-
gest that agreeableness may capture other-regarding or social preferences, altruism or a
high psychic cost of profit-seeking at the expense of others.39 It should therefore not be
surprising that a trait capturing social preferences would carry an earnings penalty.

Neuroticism is profitable in both sectors, though the impact in self-employment is
noisier, insignificant and smaller. Previous results on neuroticism are similarly mixed.
Whereas Mueller and Plug (2006) and Heineck (2010) find a negative impact of neuroti-
cism on earnings, Viinikainen et al. (2010) do not once they have controlled for work
experience, which they offer as evidence that neuroticism leads to a less stable work his-
tory. This thinking is in line with the idea that neuroticism is linked to depression, which
like other chronic illnesses can lead to gaps in work history (Artazcoz, Benach, Borrell,
and Cortès (2004)).

Turning to remaining earnings parameters, we find that in self-employment, indi-
viduals earn more when they are more highly educated and younger. Marriage also has

39For a relatively early contribution on social preferences, see Kahneman, Knetsch, and Thaler (1986).
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a positive impact on earnings, but the parameter is insignificant. Fluid cognitive ability
has a negative impact on earnings, which is not the expected sign. One possible expla-
nation is that fluid cognitive ability is a mismeasurement of true cognition. Previous
research has shown that the measure peaks around age 30 and declines thereafter.40

Hence, the coefficient may capture avenues through which aging encourages less pro-
ductive entrepreneurs to start a business. Assets tend to rise with age, in which case the
coefficient could reflect how older agents face relaxed credit constraints, which could
encourage entry with less lucrative ideas.41 In paid employment, education has a pos-
itive effect, which is weaker than its impact on self-employment earnings.42 Moreover,
age, marriage, and cognition lead to higher earnings in paid employment.

6.2 Preference parameters

Utility parameters are found in the third column of Panel A in Table 4. These parame-
ters capture relative utility in self-employment versus paid employment and can help to
explain why individuals choose sectors in which they expect to earn relatively little. We
find that openness to new experiences, though it generates relatively low-quality busi-
ness ideas, captures a strong preference for running a business. Openness to new ex-
periences is characterized by an attraction to new ideas and novel experiences. A new
business venture might therefore be enticing for individuals with this personality trait.
However, when coupled with earlier results about performance in self-employment,
this finding suggests that the relationship between openness and business ownership
is more nuanced. Open individuals may perform poorly once the novelty of a new ven-
ture wears off and the drudgery of running a business sets in. As discussed earlier, Moss
et al. (2007) report an inverse relationship between openness and commitment to an or-
ganization. They also find that this negative relationship is stronger when organizational
resources are limited, which likely characterizes new businesses. Remaining estimates
suggest that conscientiousness, extraversion, and agreeableness capture preferences for
paid employment, while neuroticism captures a preference for self-employment.

Results on openness and extraversion illustrate the added value of our approach.
Both predict self-employment, but for different reasons. Open individuals start busi-
nesses because they enjoy it and not because they are good at it. Extraverted individu-
als do so because they generate high-value ideas. These distinctions would be difficult
to identify absent the type of choice model we estimate. Moreover, this distinction will
have implications for the impact of policies.

40See, for example, Horn and Cattell (1967) and Bugg, Zook, DeLosh, Davalos, and Davis (2006).
41The negative coefficient is also present in the reduced-form earnings regressions; see Table 3. It is also

worth noting that fluid cognitive ability is only measured once in the MIDUS data, which means we do not
have enough data to separately identify a latent cognitive factor separately from a mismeasurement that
we can allow to be a function of age to explicitly test this hypothesis. These types of problems underscore
the value of applying methods that isolate latent, potentially mismeasured factors, which is what we do in
the case of personality traits.

42Our finding that education has high returns in self-employment in the U.S. accords with results from a
meta-analysis reported in Van der Sluis, Van Praag, and Vijverberg (2008).
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Turning to other sociodemographic variables, we find that educated individuals face
lower relative utility in self-employment, which may arise if highly educated individuals
who are paid employees have some of the benefits of self-employment, such as flexibility
or autonomy. Age and marriage also predict higher relative utility as an entrepreneur,
though the parameter for marriage is not significant. Fluid cognitive ability predicts a
stronger preference for entrepreneurship. This finding suggests that intelligent people
are more likely to be entrepreneurs, but parameter estimates in the earnings equations
suggest they may not be particularly successful in terms of earnings.

The next parameters in Column [3] are for variables excluded from the earnings
equation, but which play a role in the decision to enter self-employment. For example,
spousal employment in 1995, which is a noisy measure of spousal employment in 2004,
induces men to choose self-employment. This may be a signal that self-employment en-
tails a lower cost in families with a second, steady income. Having more children seems
to lower the desire to enter self-employment, but this parameter is insignificant. The
second-to-last parameter in the panel converts utils to dollars.

One concern is that we do not model dynamics, so that preference parameters could
capture future earnings. For example, among individuals who are open to new experi-
ences, what we interpret as a strong taste for self-employment might instead capture
expectations over future success in business, which is omitted from the model. Using
data from 1995, we find little evidence that this is the case. Among individuals who are
entrepreneurs in 1995, we would be concerned if openness predicted continued self-
employment in 2004. Instead, we find that 2004 self-employment is negatively related
to openness among individuals who were self-employed in 1995, though the parame-
ter is insignificant. Thus, there is no evidence that openness leads to longer survival in
self-employment. We would also be concerned that utility captures differences in earn-
ings profiles if, among individuals who are self-employed in 1995 and in 2004, we found
that openness predicted higher earnings in 2004. This would suggest that open individ-
uals start out earning little as entrepreneurs, but foresee higher future returns, which
our static model captures as utility. However, we find that openness has no relationship
to 2004 earnings in self-employment for individuals who are self-employed in 1995.43

In general, these findings suggests that our results on personality, preferences and sec-
tor choices are not driven by first-year earnings being unrepresentative of future en-
trepreneurial success.44

6.3 Additional structural parameters

6.3.1 Business ideas, technology, credit constraints and assets Panel B of Table 4
presents estimates of additional structural parameters. Column [1] contains parame-
ters describing the mixed normal distribution of business ideas. The long right tail of

43These findings are presented in Tables S7 and S8 in the Appendix.
44Some recent papers on self-employment model dynamics (Humphries (2017), Dillon and Stanton

(2017), Hincapié (2018)). While these papers can focus on aspects of self-employment that we do not (e.g.,
learning), our model handles both information about business ideas and credit constraints more formally,
which means our model is well-suited for the types of counterfactuals we perform below.
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the distribution of self-employment earnings is captured by a relatively low probability
(21%) of a high mean draw. The first estimate in Column [2] of Panel [B] is the technol-
ogy parameter, α, which maps business ideas into earnings. It is estimated at 0�14 and
is statistically significant. The credit constraint parameter λ is 1�94, which means that
individuals can invest roughly twice their reported assets in a business venture (Evans
and Jovanovic (1989)). The estimate is noisy, with a standard error of 1�67. This is not sur-
prising given the weak empirical relationship between 1995 assets and self-employment
earnings in 2004. The finding also foreshadows results from policy simulations showing
that relaxing credit constraints does relatively little to change which ideas enter the mar-
ket, which is a key finding of our study. In other words, although we cannot reject less
binding credit constraints, even if we take the low point estimate at face value, relaxing
credit constraints does very little to affect entry.

The remaining two parameters in Column [2] of Panel C suggest that unobserved
2003 assets Ai (which enter the decision problem) are expected to be slightly higher
than 1995 assets and that the error term has a large variance (4.60).45

6.3.2 Earnings shocks Panel C of Table 4 presents estimates of parameters governing
the distribution of post-entry earnings shocks ew and ey . These shocks are correlated
through joint correlation with the realized business idea eθ, starting assets Ã and the
asset shock ea. We find that higher starting assets, higher asset growth, and better busi-
ness ideas are all associated with higher earnings shocks in both sectors. In other words,
assets accumulated by 2003 are endogenous to unobserved factors affecting expected
sector-specific earnings. Intuitively, individuals with high-quality ideas and high levels
of accumulated assets by 2003 (through higher 1995 assets or faster asset growth be-
tween 1995 and 2003) also expect relatively high post-entry earnings shocks in both em-
ployment sectors.

6.3.3 Measurement of latent traits Estimated coefficients of the measurement system
that relates latent, stable personality traits to scores from personality assessments are
presented in Tables S5 and S6. We begin with a discussion of correlation among fac-
tors, coefficients for which are presented in the first part of Table S5. We find that, in
the population, underlying personality traits are correlated. Openness is positively cor-
related with conscientiousness, extraversion, and agreeableness and is negatively cor-
related with neuroticism. Conscientious individuals tend to be more extraverted and
agreeable, but less neurotic. Extraversion and agreeableness exhibit a strong positive
correlation. Finally, neuroticism is negatively correlated with all other traits. It is impor-
tant to account for these correlations. For example, ignoring the correlation could lead
to overestimation of the utility open individuals gain from self-employment if we ignore
that open individuals tend to be extraverted, which raises expected self-employment
earnings through better business ideas.

Means for each personality trait are not very far from raw data means of the per-
sonality assessments though variance is significant, implying that measurement error

45Similar parameter estimates are obtained by regressing observed 2004 assets onto 1995 assets, even
though we do not explicitly match 2004 assets in our estimation procedure.
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could be a concern if we simply included both 1995 and 2004 measurements (or some
combination of the two) in our earnings and utility equations. Factor loadings tend to be
near one. In general, the education parameters are negative, small, and often insignifi-
cant. The interpretation is that, for a given latent personality trait, individuals who are
more highly educated exhibit lower measures of each trait on the assessments, the ex-
ception being openness. Cognition also exhibits weak and generally insignificant rela-
tionships with departures of personality assessments from the latent personality trait.
Coefficients are positive for openness, extraversion, and agreeableness, but negative for
the other traits. Some interesting patterns emerge as individuals age. For example, the
age parameter in the measurement equation for openness is −0�012 in 1995 and −0�007
in 2004. This means that, for a given underlying openness factor, individuals would be
assessed as less open as they age, though this effect is small in 2004 versus 1995. Another
example is extraversion. In 1995, the age parameter is negative, but it is positive in 2004,
which means that older individuals are assessed to be more extraverted than they ac-
tually are in 2004. Generally, parameters in Tables S5 and S6 suggest that measurement
error exists, which means that inference is improved if we exploit multiple measures of
personality to identify the distribution of latent traits, which are then used in the choice
and earnings equations.

6.4 Model fit and earnings distributions

We simulate earnings distributions to assess model fit and to illustrate the skewed distri-
bution of self-employment earnings. In particular, for each of the 896 individuals in our
sample, we simulate 2500 observations, which amounts to simulating roughly 2�2 mil-
lion workers with the same distribution of observable characteristics as individuals in
our sample. For each observation, we then draw business ideas, utility, expected earn-
ings, sector choice, and then sector-specific shocks. The predicted probability of self-
employment is 19%, which corresponds to the observed probability from the data. We
also plot histograms of sector specific earnings for individuals observed in each sector
in Figures 2(a) and 2(b) where, for comparison, we also plot observed earnings. Notice
that in both sectors earnings are considerably skewed, which is captured quite well by
the estimated model.

Next, in Figure 3, we plot earnings differentials (self versus paid) for each tenth of
a percentile. The x-axis is the percentile tenth and the y-axis is the expected earnings
differential. Figure 3 shows that our model captures earnings patterns that are impor-
tant for understanding entrepreneurship. First, simple comparison of average earnings
across sectors can be misleading (Hamilton (2000)). Roughly 82% of draws plotted in
Figure 3 are below zero. In other words, if each draw is interpreted as a simulated worker,
82% of simulated workers would earn less by choosing self-employment.46 Second,
there is a small probability of earning substantial returns in entrepreneurship. For ex-
ample, a draw in the top 0�1% generates an earnings differential up to $5�000�000. These
exceedingly high, and exceedingly rare, draws are enough to drive up within-individual

46Of the remaining 18% who would earn more, some would still opt for paid employment due to the
opportunity cost of investing assets in their business rather than investing it elsewhere.
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Figure 2. Model Fit. Earnings histograms from the data and predicted using estimated model
parameters for individuals in paid employment and in self-employment.

Figure 3. Percentiles of Simulated Expected Earnings Differentials. For each individual in the
sample, expected self- and paid-employment earnings are drawn 2500 times. All draws are or-
dered and plotted against their corresponding percentile. The x-axis is the tenth-percentile and
the y-axis is earnings (in levels). The figure shows that most simulated workers (80%) would ex-
pect to lose money in self-employment. The simulation also illustrates why average earnings are
high in self-employment: there is the possibility of an extremely high business idea draw.
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Table 5. Preferences versus earnings.

Highest Relative Payoff in Self or
Paid?

Characteristic Earnings Utility Misalignment?

Education Self Paid �
Age Paid Self �
Married Same Self

Cognition Paid Self �
Openness Paid Self �
Conscientiousness Paid Paid

Extraversion Self Paid �
Agreeableness Paid Paid

Neuroticism Paid Self �

Note: For individual characteristics, we identify whether the marginal payoff (earnings and utility) is higher in paid or self-
employment and then add a checkmark if there is a misalignment. For example, openness to new experiences leads to higher
relative earnings in paid-employment, but higher utility in self-employment, leading to a misalignment.

averages considerably. The figure essentially illustrates the observation that if Bill Gates
walks into a bar, the average individual in the bar is a multimillionaire. The typical indi-
vidual, however, is not. Figure 3 therefore illustrates why a model using average earnings
as an additional regressor in a choice model (e.g., a “structural probit”) to explain entry
could be highly misleading. The skewed distribution means that using average earn-
ings to compute expected earnings in self-employment could lead to an upward bias.
To rationalize low entry probability, utility would thus be biased downwards. This would
in turn suggest that there is a large group of “reluctant entrepreneurs,” those with high
expected earnings, but low utility from running a business. If so, policies attracting indi-
viduals into entrepreneurship could appear to be more beneficial than they are.

6.5 Misaligned preferences and performance in self-employment

A strength of our modeling approach we illustrate next, and which distinguishes this
paper from earlier work linking socioemotional skill to entrepreneurial behavior, is
that it allows us to identify characteristics that predict strong preferences for sectors
in which they are relatively unproductive. Here, we highlight estimates where prefer-
ences and productivity are misaligned, driving agents toward a sector in which they
will earn less. Next, we examine the relationship between extraversion, openness and
self-employment more closely since both predict entry, but—as parameter estimates
suggest—for very different reasons.

Table 5 lists the characteristics affecting both earnings and utility, indicating those
where a misalignment exists. According to Table 5, higher education is associated with a
stronger preference for paid employment even though higher education leads to higher
relative earnings in self-employment. Age works the opposite way. Older agents may
prefer self-employment despite earning more in paid employment in part since self-
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employment offers greater flexibility as agents move toward semi-retirement.47 Turn-
ing to personality traits, consider the distinction between openness and agreeableness.
Both generate higher relative earnings in paid employment. However, while agreeable
individuals prefer paid employment, individuals who are open to new experiences pre-
fer self-employment. In other words, there is a misalignment because open individuals
prefer a sector in which they are relatively unproductive.

6.6 Externalizing, openness and entry: An illustration

To further highlight the value of our approach, we examine in more depth the vari-
ous ways in which two personality traits, extraversion, and openness, affect the en-
try decision. Previous literature has recognized their association with self-employment.
A benefit of our approach is that it allows us to show that the the mechanisms underly-
ing these relationships are different. While extraverted individuals are attracted to self-
employment because they generate high-quality business ideas, open individuals start
businesses because they enjoy it.

To illustrate these mechanisms, we compute deciles of extraversion and openness.
Then, for each of the resulting possible one hundred combinations, we set traits to these
levels for each individual in the sample. Finally, we simulate optimal earnings and deci-
sions to illustrate the labor market impact of latent, stable personality traits. Figure 4(a)
plots earnings in self-employment for different combinations of values of extraversion
and openness applied to all individuals in the sample regardless of their optimal choice.
We see that low levels of extraversion combined with high levels of openness have the
starkest income penalties in self-employment. Introverted individuals who are open
to new experiences can expect the lowest returns to opening their own business. The
differences are not small, with average earnings ranging between about $22�000 and
$50�000. In paid employment, the highest wage penalties accrue to those who are nei-
ther extraverted nor open to new experiences (Figure 4(b)). Here, the range of earnings
is smaller: about $70�000 to $84�000. Figure 4(c) plots utility uSE

i (converted to dollars us-
ing the estimated multiplier). Utility of self-employment ranges from about $10�000 to
about $40�000. This range helps to explain why many individuals choose to run a busi-
ness that will not be particularly lucrative: the enjoyment of doing so is worth thousands
of dollars.

Misalignment suggests that the relationship between personality traits and sorting
into self-employment is complex and that average entry for different combinations of
traits can also be nonmonotonic. According to Figure 4(d), higher levels of extraversion
encourage entry at low levels of openness. As openness increases, entry rises. At high
levels of openness, extraversion can even reduce entry. The interpretation is that at low
levels of openness, extraversion encourages entry through better business ideas, while
at high levels of openness, extraversion discourages entry through its impact on utility.

47Alternatively, older self-employed agents would not have to contend with the risk of being replaced by
younger employees with lower tenure who are therefore cheaper to employ.
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Figure 4. Personality and Self-Employment: We simulate expected earnings for self- and paid
employment, utility and entry probability where Openness to New Experiences and Extraversion
are set equal to each combination of deciles for the subsample of individuals used in our analysis.

7. Credit constraints, preferences, and subsidies

This section uses the estimated model to perform several experiments. The first set ex-

amines impediments to high-quality businesses by assessing the role of preferences and

constraints in sector choices. Next, we consider a counterfactual subsidy of $25�000 for

business owners. For each experiment, we simulate earnings differentials and entry de-

cisions for each individual in the sample 2500 times. Earnings differentials are one mea-

sure of business quality, but are also affected by capital investment decisions and credit

constraints, which depend on agent assets. Thus, to measure the impact of policies on

business quality, rather than individual returns, we also examine changes to the value
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Table 6. Policy simulations and self-employment entry and earnings.

Counterfactual
Policy
Simulation

Entry
Probability

% Change:
Average SE
Earnings

% Change:
Average Val.
of Bus. Ideas

Baseline 0�19 0�00 0�00

No credit constraints 0�22 0�02 < 0�00
Preferences do not affect entry 0�13 0�30 0�19
Both 0�15 0�26 0�18

Subsidy 0�37 −0�46 −0�41
No preferences and subsidy 0�18 0�09 0�09

Note: This table shows percent changes in entry probability, average self-employment earnings and the average value of
realized business ideas (θi) under counterfactuals where: (i) there are no credit constraints, (ii) preferences do not affect entry
(agents maximize earnings), (iii) there are no credit constraints and preferences do not affect entry, (iv) there is a blanket
subsidy of $25�000 for any individual who starts a business and (v) there is a blanket subsidy of $25�000 for any individual who
starts a business and preferences do not affect entry. In computing the percent change in self-employment earnings due to a
counterfactual subsidy, we use earnings net of the subsidy.

of business ideas θi, which provide an arguably better measure of the social benefits of
businesses.48

7.1 Credit constraints, preferences, and starting a business

Table 6 provides results from counterfactuals, in particular removing credit constraints
and the role of preferences. Recall that average entry probability predicted by the model
is 19%, which aligns with observed entry probability. The second row shows that when
we simulate the removal of liquidity constraints, self-employment entry increases to
22%. Moreover, average self-employment earnings rise slightly (by about 0�2%). This
could be due to better ideas or higher investments in high quality ideas. By simulat-
ing the value of realized ideas, we show that the increase in earnings is due to the lat-
ter. In fact, the average value of realized ideas is slightly lower. This means that credit
constraints, rather than obstructing the realization of good business ideas generated by
agents with few assets, instead lead some firms to operate at sub-optimal scale (and
perhaps also exert a screening effect, which is however very small).

In the third row of Table 6, we assume that agents choose the sector that maxi-
mizes earnings (liquidity constraints are imposed). The goal is to assess whether self-
employment is driven by reluctant entrepreneurs with good ideas who would other-
wise prefer paid employment or, alternatively, it is dominated by individuals who enjoy
opening a business despite low relative returns. We find clear evidence for the latter. In
the absence of the non-pecuniary benefits of entrepreneurship, self-employment entry
declines to 13%, which reflects the reduction in entry of lower-quality business ideas.
Earnings rise by 30% and the value of ideas rises by 19%. When we assume earnings
maximization and remove liquidity constraints, the impact on entry is slightly reduced,

48Given that business ideas map into earnings according to the production function, it is not clear that
the level of the value of θi is meaningful, so we only report changes resulting from each policy experiment.
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Figure 5. Counterfactual Simulations—Removing Impediments. Panels (a) and (b) show sim-
ulated relative earnings and values of realized business ideas, respectively, (i) using estimated
model parameters (ii) absent a credit constraint and (iii) absent the credit constraint and where
preferences play no role. Panel (c) plots the simulated relationship between openness and busi-
ness ideas using model parameters (i) unconditionally, (ii) conditional on entry, (iii) absent credit
constraints, and (iv) absent credit constraints if preferences play no role. Panel (d) repeats the ex-
ercise of Panel (c) normalizing the value of business ideas to 1 at the lowest decile of Openness
for ease of comparison.

but again we find that individuals deterred from entrepreneurship due to credit con-
straints tend to be less productive entrepreneurs. To further illustrate these patterns, in
Figures 5(a) and 5(b) we show the distributions of simulated relative earnings and the
value of business ideas, respectively, under the baseline model and the two counterfac-
tuals. Average income from self-employment is slightly higher absent credit constraints
due to larger investments in very high-quality businesses, but eliminating a role for pref-
erences shifts both distributions markedly to the right.
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Overall, the simulations show that credit constraints play a limited role in prevent-
ing lower-quality businesses from reaching the market. This is consistent with Hurst and
Lusardi (2004), who show that liquidity constraints may force some entrepreneurs to op-
erate at sub-optimal scale, but do not appear to affect the distribution of realized ideas.
The logic is that if potential business owners have a very valuable idea, they may not be
able to invest in it at an optimal level due to credit constraints. However, they will still
start the business. Yet, given the noisiness of the estimated credit constraint parameter,
we interpret this result with caution.

To further illustrate the roles of utility and credit constraints in selection into self-
employment, we plot openness and the value of business ideas in Figures 5(c) and 5(d).
The solid line at the bottom of Figure 5(c) shows the unconditional average value of
business ideas for different levels of openness. The dashed line conditions on entry and,
because it sits well above the solid line, shows positive selection at entry across the dis-
tribution of openness. The degree of this selection, though, appears to decrease as open-
ness increases, as the conditional and unconditional average values are closer together
at higher levels of openness. Removing credit constraints has very little effect on the
average value of business ideas. However, eliminating the role of preferences (the dot-
dashed line) further increases positive selection, particularly at high levels of openness.
That is, if individuals’ preferences are not permitted to affect whether they enter self-
employment, selection into self-employment by the value of business ideas operates
more strongly and to a more similar degree across the distribution of openness. This
last point is made clearer by Figure 5(d), in which we normalize average business idea
value to 1 at the lowest decile of openness under each counterfactual. This facilitates
comparison of proportional changes; the degree to which increased openness propor-
tionally decreases the value of business ideas in each scenario is the slope of the appro-
priate line in Figure 5(d), with the solid line representing all business ideas. The slope is
steeper if we simply condition on entry. Unconditionally, high-openness ideas are worth
70% of low-quality ideas. Conditional on entry, this number is 62%. The reason is that
conditioning on entry allows utility to play a role, and greater openness induces entry by
entrepreneurs with lower-value ideas than would otherwise enter.49 Accordingly, if pref-
erences play no role, agents care only about relative earnings, and the relative decline
in average idea quality with openness is smaller than in the unconditional distribution
(high-openness ideas are now 85% the value of low-openness ideas). This is because
high-openness individuals with low-quality ideas are no longer induced into business
by their preferences, which are nullified here.

7.2 The impact of subsidies promoting entrepreneurship

Many policymakers have considered how best to design and implement policies that
foster successful entrepreneurship.50 The motivation appears to be the following: if

49Again, according to the dot-dashed line, removing credit constraints does little to change the relation-
ship between openness and the value of realized ideas.

50See, for example, Lerner (2009) for a discussion of the pitfalls associated with public policies promoting
entrepreneurship and venture capital.
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good ideas do not make it to the market, then society loses out on innovations, tax rev-
enue, better products and—assuming path-dependence—future innovation. However,
one should be careful in designing policies affecting self-employment. It may not be
worthwhile to foster entrepreneurship per se, but to encourage the realization of good
business ideas. In this section, we use our estimated model to assess a subsidy.51

Before presenting results, we briefly discuss reasons why according to our model a
subsidy could change the average quality of ideas entering the market. If individuals
were modeled simply as maximizing income when choosing a sector, a subsidy could
only attract ideas by inducing individuals who earn more in paid employment to start a
business. By incorporating preferences, we allow for the possibility that a subsidy could
attract talented “reluctant entrepreneurs” who would otherwise choose paid employ-
ment. If this occurs, then policies promoting entrepreneurship could be worthwhile be-
cause they attract individuals with high-quality business ideas but an aversion to open-
ing their own business. On the other hand, we would not expect a subsidy to attract in-
dividuals with extremely high-quality ideas because they would likely enter without the
subsidy even with preferences for paid employment. Moreover, recall that our model
captures the skewed distribution of self-employment earnings. This means that, despite
high average earnings, most individuals do not earn more in self-employment, which
means that preferences play an important role in the decision. A subsidy could be coun-
terproductive if it attracts “lifestyle entrepreneurs” who would enjoy owning a business,
but who refrain from doing so because they have low-quality ideas. In summary, in our
framework the impact of a subsidy on the average quality of ideas is conceptually am-
biguous, and thus an empirical question. A related possibility that is worth mentioning
is that government policy could help highly productive entrepreneurs to overcome their
aversion to risk. Though we do not measure risk aversion explicitly, it is not the case that
our main results on whether subsidies are worthwhile are therefore incorrect. Risk aver-
sion is a preference and, therefore, it is captured in our utility function. Indeed, Åstebro,
Herz, Nanda, and Weber (2014) argued that evidence on whether entrepreneurs have
different risk preferences than paid employees is mixed and inconclusive.

We assess the impact of a subsidy that pays entrepreneurs $25�000 if they open their
own business.52 We also assess the effect of the policy on the distribution of realized
business ideas. We find that the subsidy encourages the realization of relatively low-
quality ideas. Rather than attracting reluctant but talented entrepreneurs—a possibility
that has been used to justify government support of small business—the subsidy attracts
people with low-quality ideas who would enjoy owning their own business. Absent the
subsidy, these individuals stay in paid employment due to low expected earnings in self-
employment.

51For example, in the U.S. city of St. Louis, there are multiple sources of funding for startups. While some
grants are for existing and profitable firms, there are also “pre-revenue,” equity-free grants aimed at funding
startups, generally ranging between $5000 and $50�000. Often, these are in the form of a competition, which
would suggest a tournament funding only the highest-quality ideas. The implicit assumption behind the
straight subsidy we examine is that the supply of such grants is elastic.

52For each draw, once an agent has solved the maximization problem conditional on the realization of
his business idea, $25�000 is added to his self-employment earnings. The linear structure of consumption
utility means that the subsidy does not affect the optimal capital investment.
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The last two lines of Table 6 illustrate the impact of a subsidy. Entry nearly doubles
from 19% to 37%. Earnings and the value of business ideas fall by 46% and 41%, respec-
tively. We also find that preferences exacerbate the negative impact of a subsidy on the
distribution of ideas that enter the market. If agents are assumed to be income maximiz-
ers, entry falls by 1 percentage point, with earnings and business idea value rising by 9%.
This suggests that a key mechanism of the subsidy is to attract agents with a preference
for self-employment, but low expected returns, into entrepreneurship, where they start
businesses based on low-quality ideas.

Shifts in the distributions of entry probabilities and the value of realized ideas in-
duced by the subsidy are plotted in Figures 6(a) and 6(b). Here, these shifts are measured
using estimated preference parameters and again where preferences for the nonpecu-
niary aspects of entrepreneurship are assumed to play no role. These figures illustrate
that the shifts are much sharper due to preferences. In Figures 6(c) and 6(d), we repeat
the exercise from Figures 6(c) and 6(d). As before, we find clear evidence of positive se-
lection into self-employment across the distribution of openness. Moreover, a subsidy
steepens the relative loss of value of ideas as openness increases since individuals with
low-quality ideas, but high utility from owning a business, are induced into the sector. As
illustrated by the dotted line, this effect is attenuated in the presence of a subsidy where
preferences play no role.

The notion that agents with personalities predicting low-quality ideas are being in-
duced into entrepreneurship is illustrated in Figure 7, where the distribution of each
personality trait in self-employment is plotted according to model parameters and again
assuming the counterfactual subsidy. The subsidy attracts individuals who are open and
agreeable. Interestingly, it also induces extraverted individuals, who tend to have higher-
quality ideas but also prefer paid employment, a fact which should mitigate the negative
impact of the subsidy on average ideas in general. On balance, however, an across-the-
board subsidy for entrepreneurship seems ill-advised as it simply encourages less pro-
ductive ventures, having the most dramatic effect on individuals who have low-quality
ideas, but who nonetheless reveal a strong preference for entrepreneurship.

8. Conclusion

We provide a framework which captures how multiple dimensions of noncognitive skill
(as measured by the Big 5 personality traits) affect selection into entrepreneurship. Our
framework allows the same personality traits to have different effects on sector-specific
earnings and preferences. We also take explicit account of credit constraints along with
the skewed distribution of earnings, the latter implying that the typical potential en-
trepreneur does not expect to earn a lot, but might start a business if it is enjoyable. We
find that in many cases the same personality trait can predict both strong preferences
for and poor performance in self-employment. Using the estimated model, we also find
evidence that credit constraints do not appear to prevent high quality ideas from en-
tering the market, though they might lead to sub-optimally low investments. Moreover,
rather than attracting talented, reluctant entrepreneurs, a subsidy instead attracts in-
dividuals with personalities that generate low-quality ideas. While our model does not
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Figure 6. Counterfactual Simulations—Subsidy. Panels (a) and (b) show simulated entry prob-
ability and values of realized business ideas, respectively, (i) using estimated model parameters
(ii) under a subsidy and (iii) under a subsidy and where preferences play no role Panel (c) plots
the simulated relationship between openness and business ideas using model parameters un-
conditionally, conditional on entry, in the presence of a subsidy and with a subsidy if prefer-
ences play no role. Panel (d) repeats the exercise normalizing the value of business ideas to 1 at
the lowest decile of Openness for ease of comparison.

account for dynamics, we show that low self-employment income in the first year is not
associated with steeper income profiles, which suggests that first-year earnings are an
adequate proxy for the pecuniary returns to self-employment given the types of policies
we use the model to evaluate.

A typical justification for policies aimed at encouraging small business owner-
ship, such as subsidies (financed largely through taxation), is that society as a whole
would benefit from unrealized ideas. Such arguments may be an artifact of using mean
earnings from a highly skewed distribution to characterize the median potential en-
trepreneur’s entry choice. We show that a subsidy attracts low-quality ideas.
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Figure 7. Personality and Subsidies. We plot the distribution of personality traits among indi-
viduals choosing self-employment simulated from the model and then under the counterfactual
where entrepreneurship is subsidized ($25�000 for all small businesses).
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Our findings suggest that subsidies may therefore require a different justification,
one that is not rooted in the idea that there is a mass of productive potential en-
trepreneurs with an aversion to self-employment. One potential alternative justification
is that entrepreneurship has positive externalities. For example, small businesses pro-
vide jobs and could thus help low-income communities where large corporations find it
unprofitable to locate or provide value as an amenity if consumers enjoy enterprises that
are independently owned. In other words, from a social welfare perspective, individual
earnings are but one factor to consider. Indeed, Åstebro et al. (2014) suggested that 90%
of the benefits of breakthrough innovation go to society as a whole rather than to the
individual inventor, their partners, or their financial backers. Assessing whether pricing
this externality justifies tax-funded subsidies is beyond the scope of our model, which
focuses on individual earnings. Thus, a fruitful—but by no means simple—direction for
future research would examine an expanded set of social returns to entrepreneurship,
such as positive externalities or spillover effects, which are not captured by individual
earnings.

Appendix A

A.1 Identification

We are interested in identifying the distributions of five latent personality traits, as mea-
sured by the Big 5.53 The aim is to show that we can use observed measurements of per-
sonality to identify the joint distribution of the latent factors along with the parameters
mapping latent factors to observed outcomes.

To simplify exposition, suppose there are only two personality traits, each with two
measurements (scores on personality assessments). Express the measurement of trait
j ∈ {1�2} for agent i at time t ∈ {95�04} as follows:

Ci1�95 = fi1 + εCi�95�1�

Ci1�04 = dC1�04fi1 + εCi�04�1�

Ci2�95 = fi2 + εCi�95�2�

Ci2�04 = dC2�04fi2 + εCi�04�2�

(22)

These expressions reflect two assumptions. One, each personality assessment is dedi-
cated to a single underlying trait. Two, for each underlying trait, we normalize the 1995
factor loading (the parameter linking the underlying trait to the observed assessment)
to 1.

For every individual in the sample, we also observe earnings (in either paid or self-
employment). To further simplify exposition, write log earnings as

ln(yi)= η1fi1 +η2fi2 + νyi � (23)

53We adapt identification arguments presented, for example, in Urzua (2008).
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Finally, we assume that the ε are independent of each other and of νyi . However, we do
not assume that fi1 ⊥ fi2, that is, we permit underlying latent traits to be correlated.

The aim is to show that we can identify the κ, which requires identification of the
joint distribution of the underlying factors fi1 and fi2. Under stated assumptions (in-
dependence of error terms, dedicated measurements and the normalizations), it holds
that

dC1�04 = Cov
(
Ci1�04� ln(yi)

)
Cov

(
Ci1�95� ln(yi)

) �
dC2�04 = Cov

(
Ci2�04� ln(yi)

)
Cov

(
Ci2�95� ln(yi)

) �
(24)

This allows us to obtain the variance and covariance of each factor:

Var(fi1)= Cov(Ci1�95�Ci1�04)

dC1�04

�

Var(fi2)= Cov(Ci2�95�Ci1�04)

dC2�04

�

Cov(fi1� fi2)= Cov(Ci1�95�Ci2�95)�

(25)

Finally, η1 and η2 are identified from the covariance of ln(yi) and Ci1�95 and Ci2�95, re-
spectively.

Identification of the remaining unobservables in the model is less straightforward.
Self-employment and paid-employment earning shocks are dependent on both the
business idea and asset growth disturbances (eθ and ea). As a result, it follows that both
disturbances also influence the individual’s sector choice. Identification of the model re-
lies on the identification of the asset disturbance. To see that, note that the model with-
out the asset growth disturbance (ea) is a modified version of the Roy model (Roy (1951))
and standard identification arguments would apply (see, e.g., Heckman and Honore
(1990)). Identification of the asset equation is possible since the asset disturbance en-
ters nonlinearly in the credit constraint equation (see especially equations (16) and (19)).
Otherwise, it would not be possible to distinguish between the two disturbance shocks.

To assess robustness, we have tried some alternatives, which includes estimating
the asset growth equation outside of the model using average asset growth from 1995 to
2004, though this may induce endogeneity through reverse causality, which is what we
aim to avoid. We can also use 1995 assets as a noisy measure of 2004 assets. These al-
ternatives do not change main qualitative results appreciably. One important exception
is that using 1995 assets leads to a noisier estimate of the credit constraint parameter λ.
This likely occurs because 1995 assets are too low relative to predicted 2003 assets. This
leads to an underestimation of the importance of credit constraints in reducing entry.
Finally, it is worth mentioning that, similar to predicted 2003 assets, observed 2004 as-
sets exhibit far higher variance than 1995 assets, which is noteworthy since we do not
use 2004 assets as a moment to be matched, that is, the rise in asset variance over time
is matched “out-of-sample.”
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A.2 Estimation algorithm and likelihood

The simulation procedure begins as follows: we draw a block matrix (denoted B) of size
K × I × (J + 2) from a standard normal distribution. Recall that J is the number of per-
sonality traits and K is the number of draws per individual. We need a block matrix of
size J + 2 since we draw not only J personality traits, but also unobservables for the
mixed-normal distribution of business ideas. We draw B once. Next, at each parame-
ter suggestion �(g) and for each individual i, we compute expected earnings in paid
employment (denoted w(g)ik ), expected earnings in self-employment (denoted y(g)ik ), and

the resulting sector choice (denoted d(g)ik ). For earnings and choices, the superscript (g)
indexes the parameter suggestion and the subscript ik refers to the kth draw of individ-
ual i.

The simulation of earnings and sectoral choice occurs in several steps. Using pa-
rametersΞ(g)

f , we simulate vectors of latent factors f (g)ikj , j ∈ {1� � � � � J} for each individual

i and draw k. Similarly, we use the parameters μ(g)θ�1, μ(g)θ�2, σ2(g)
θ�1 , σ2(g)

θ�2 and pθ to simu-

late a business draw for each individual i and draw k, which we denote θ(g)ik . From here,
we can determine whether or not each individual-draw pair is credit-constrained using
equation (3) suitably modified to permit multiple draws. In particular, individual i with
draw k and at parameters (g) is credit-constrained if

θ
(g)
ik ψ

(g)
ik >

r

α(g)
(
λ(g)Ai

)1−α(g)
� (26)

Note that the k subscript is omitted from α, which remains constant across all K draws.
Moreover, assets Ai, which are data, and the interest rate r (set to 1.1 for this analysis)
do not change with draws or with suggested parameters (g). θ(g)ik , however, is different
for each individual i, draw k and parameter suggestion (g).

Once it is clear which individuals are credit-constrained, we can compute y(g)ik for
each individual, using r, Ai, α(g), and λ(g) when the credit constraints are binding and
r, α(g), and θ(g)ik when they are not binding. Similarly, we compute utility uSE(g)

i and paid

earnings w(g)i using parameter suggestions. Then, using equation (19), we compute a

sector choice for each individual-draw pair, denoting this d(g)ik . In what follows, we use

f
(g)
ikj , w(g)ik , y(g)ik , and d(g)ik to construct the likelihood.

The likelihood function consists of several components. Given the assumption that
earnings shocks are normally distributed, we form the earnings portion of the likeli-
hood using the normal density function, which for individual i, draw k and parameter
suggestion g we denote h(y(g)ik ) and h(w(g)ik ) for self-employment wage density and paid
employment wage density, respectively. Next, given assumptions on the normality of the
measurement error in latent traits, we can also derive the density function for person-
ality measurements for each individual i, draw k and parameter vector g, denoting this
h(M

(g)
ik ). Then we must average these, though these averages are conditional on the rel-

evant sector being chosen for a given draw:

L
y(g)
i ≡ 1

K
(g)
i�SE

K
(g)
i�SE∑
k=1

[
h
(
y
(g)
ik

) × h(
M
(g)
ik

)|d(g)ik = SE)
]

(27)
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and

L
w(g)
i ≡ 1

K
(g)
i�PE

K
(g)
i�PE∑
k=1

[
h
(
w
(g)
ik

) × h(
M
(g)
ik

)|d(g)ik = PE)
]
� (28)

In the above equations, K(g)i�SE denotes the number of draws for which individual i at

parameter draw (g) chooses self-employment. Similarly, K(g)i�PE denotes the number of

draws for which individual i at parameter draw (g) chooses paid employment.Ly(g)i and

L
w(g)
i are the product of average earnings densities for each sector and average person-

ality trait densities, conditional on a sector being chosen. Therefore, they are a weighted
average of each individual’s likelihood contribution, where the average is taken over the
subset of theK draws where the individual chooses the relevant sector at draw k.

Next, we weight likelihood contributions by the probability that the model predicts
that a sector is chosen by a given individual. We denote this probability P̃i, defined as
the number of times that the individual chooses self-employment given K draws:

P̃i =
K
(g)
i�SE

K
� (29)

Then the likelihood contribution for individual i and draw k will be given by

L
(g)
i = [

P̃
(g)
i ×Ly(g)i

]dit=SE[(
1 − P̃(g)i

)
L
w(g)
i

]dit=PE
� (30)

where dit is the observed sector choice so that, for each individual, the contribution to
the likelihood is only a function of the probability the model predicts their observed
sector is chosen, multiplied by the average of the product of the earnings density in that
sector and personality traits density, where the average is conditional on the model pre-
dicting that sector.

After constructingL(g)i for each individual i, we take the log of each individual’s con-
tribution and then sum over individuals to obtain the log-likelihood:

l(g) =
I∑
i=1

log
(
L
(g)
i

)
� (31)

We evaluate l(g) at different values in the parameter space, indexing these suggestions
by (g) and, using both simplex and gradient methods, search until a maximum is found.
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