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1 Introduction

Entrepreneurship has occupied economic thought for nearly a century. This sustained inter-

est reflects a widely-held view that individuals pursuing their own business ventures 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 the fact that many indi-

viduals who remain self-employed would earn more in traditional, paid employment (Hamil-

ton, 2000). Recent research in economics has led to the acknowledgement of the role of

non-cognitive 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 entrepreneurs and—among those who enter—which ones succeed?2

In this paper, we examine how personality traits affect both entry into self-employment

and entrepreneurial returns. We estimate a model in which agents who face credit constraints

maximize utility by choosing between self and paid employment. The model explicitly distin-

guishes between the role of preferences and performance in determining who opens a business

and we allow personality to affect both. We also exploit multiple measures of personality

taken over the lifecycle to identify the distributions of latent, stable personality traits, thus

circumventing possible mis-measurement issues associated with standard personality assess-

ments. Using our setup, we obtain sector-specific market prices of latent personality traits

along with estimates of how personality links to preferences over sectors.

The model captures two reasons why the best business ideas might not make it to the

market. The first is credit constraints, which potentially prevent good business ideas from

being realized since individuals lack the resources to invest in them sufficiently. Second,

preferences over sectors may be “misaligned” with relative performance in each sector.3 If

so, individuals may choose a sector in which they are relatively unproductive. For exam-

ple, a “lifestyle entrepreneur” may choose to open a business based on a low-quality idea

since he enjoys being his own boss. Alternatively, what we term a “reluctant entrepreneur”

may choose paid employment even if he has a good business idea due to an aversion to being

self-employed.4 By allowing individual characteristics to explain both preferences and perfor-

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 “non-cognitive skills”, which are also known in the literature as “soft skills” or “non-cognitive traits”.

2In this study, we define an entrepreneur as an individual who reports self-employment.
3By sector, we are referring to self versus paid employment.
4One possible concern is that the reluctant entrepreneur is risk averse and therefore remains in paid

employment despite having a good business idea. However, evidence on whether entrepreneurs have different
risk preferences than paid employees is mixed Åstebro et al. (2014).
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mance, we can identify which characteristics, including personality, lead to a misalignment

between preferences and performance. Misalignment helps to determine whether policies

promoting entrepreneurship are worthwhile. For example, subsidies for entrepreneurs might

be useful if they induce talented, but reluctant entrepreneurs into self-employment. They are

less useful if they simply attract lifestyle entrepreneurs into opening an unprofitable business.

To distinguish this paper from earlier research, we note that previous literature has rec-

ognized the possibility that workers opt for self-employment because they enjoy it and not

because they are good at it.5 Previous research has also demonstrated how entrepreneurs

differ from paid employees on a variety of important dimensions, including non-cognitive

skill (Levine and Rubinstein, 2013). The model we specify links these two lines of inquiry by

distinguishing between the role of sector preferences and sector performance in determining

entry, where personality is allowed to affect both. Therefore, in contrast to earlier work, we

can identify characteristics that induce individuals into sectors in which they are relatively

unproductive.6 This means that the model is well-equipped to assess how personality inter-

acts with policies encouraging entrepreneurship to influence the distribution of ideas that

make it to the market.

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 individual dif-

ferences in personality help to explain what appear to be puzzling entrepreneurial decisions.

Our main result is that the personality traits that make entrepreneurship most profitable are

not the same personality traits that drive people to open their own business. The starkest

illustration of this dichotomy involves the trait “openness to new experiences”. Income-

maximizing individuals with this trait would do better to remain in paid employment, where

their relative earnings are higher. However, individuals that are open to new experiences also

reveal a preference for entrepreneurship and thus start “lifestyle” businesses with low returns

if they choose self-employment. We also show that credit constraints play a fairly minor role

in driving entrepreneurial decisions. We find limited evidence that these constraints deter

relatively low-productivity entrepreneurs from developing their business ideas, although they

may lead to sub-optimal enterprise scale.

5For example, Hamilton (2000) shows evidence of non-pecuniary benefits to self-employment, whereas
Hurst and Pugsley (2011) use data from a survey to show that most new small business owners do not
plan to grow very much, but do report strong non-pecuniary 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. Second, we 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.

6When we discuss skills, the nomenclature commonly used in the non-cognitive skills literature is partic-
ularly problematic. By saying referring to personality as a set of skills, it appears that personality should
only affect productivity. However, we also allow personality to affect preferences.
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Using our estimated model, we assess subsidies that essentially pay people to open their

own business and also examine tournaments, where a subsidy is offered to support the

best business ideas.7 We show that these policies are largely ineffective. One reason is

that they subsidize businesses that would have been started absent support. Alternatively,

such payments attract individuals into entrepreneurship who possess traits associated with

preferences for self-employment, but whose ideas generate low income. 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—even those that

support the best business ideas—are potentially wasteful.8

The notion that non-cognitive skills can have different impacts in different sectors has

received surprisingly little attention in previous work. One notable exception is Lundberg

(2013), who shows that the role of personality in predicting education attainment varies by

socio-demographic group. Relatedly, Lundberg (2012) shows that the earnings returns to

personality factors vary both by tenure and by educational group, suggesting that different

personality traits may enhance productivity in some occupations, but not others.9 At the

very least, heterogeneity in the impact of non-cognitive skills suggests that policies designed

to influence them could have positive or negative effects depending on the individual, sector

or scenario.10

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 for many would-be entrepreneurs, so that individuals with especially profitable

ideas, but few assets, are unable to pursue their business venture.11 Building on this work

and using a similar conceptual framework, Paulson, Townsend, and Karaivanov (2006) show

that credit constraints alone cannot explain why good business ideas are not pursued and

that moral hazard also plays a role. Both these papers suggest that some paid employ-

ees would be successful entrepreneurs were it not for market imperfections. On the other

hand, Hamilton (2000) shows that many entrepreneurs who are “successful” in that their

businesses have not failed would have earned more had they remained in traditional, paid em-

7The tournament structure we consider is similar to the mechanism used by many business plan compe-
titions in which the best business ideas receive financial grants or equity investments.

8Related, Hurst and Pugsley (2014) provide a theoretical model of entrepreneurship that includes non-
pecuniary benefits. Their model predicts that some policies promoting self employment can be distortionary.

9See also Almlund et al. (2011), who stress the importance of accounting for varying returns to non-
cognitive skills and Cattan (2011), who develops this point for traits related to an individual’s self-confidence
and attitudes towards women.

10For a review of interventions aimed at changing character traits for the better, see Heckman and Kautz
(2013).

11Their framework is similar to a Roy model of sector choice as discussed in Heckman and Honore (1990).
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ployment.12 This finding may reflect important non-pecuniary benefits to self-employment,

such as autonomy.13 Taken together, this research leads to the following somewhat startling

conclusion: entrepreneurship does not necessarily attract the subset of individuals for whom

it would generate the highest pecuniary returns. If so, society may lose out on valuable inno-

vations that could increase wealth, raise employment and tax revenue, improve the quality

of available goods and, perhaps most importantly, spur future innovation.

A second related literature, much of it from personnel psychology, studies how measure-

ments of personality traits relate to job performance and job satisfaction. The correlations

discussed in this research are intriguing and highlight the importance of including person-

ality measurements in studies of entrepreneurship. For example, Barrick and Mount (1991)

show that individuals who are open to new experiences are especially good trainees, per-

haps since they are eager to try new things.14 However, they are not necessarily better

employees. In line with our results, this work shows that traits like openness to new experi-

ences might have different impacts on labor market choices versus labor market performance.

From economics, Cubel et al. (2016) assess the relationship between personality traits and

productivity. They circumvent selection issues by measuring productivity in a laboratory

setting. They demonstrate that more conscientious people perform better and more neurotic

perform worse. Although we use observational data, we believe our study complements their

research since we also aim to address how personality can affect both selection into sectors

and sector-specific performance.

More closely related to self-employment, Barrick and Mount (1993) show that two other

traits, conscientiousness and extraversion, are associated with better job performance, es-

pecially for managers who exercise more autonomy at work. Since autonomy is a hallmark

of self-employment, this finding suggests that the relationship between personality and suc-

cess differs in paid versus self-employment. Further work from psychology has directly ex-

amined how self-employment and personality are connected, suggesting, for example, that

entrepreneurs score highly on the trait openness to new experiences, which is generally

12Levine and Rubinstein (2013) argue that the payoff to entrepreneurship may be higher than Hamilton
(2000) suggests, though their analysis focuses on a subsample of entrepreneurs who may be non-randomly
selected because they have chosen to incorporate.

13In another key contribution to the literature on entrepreneurship, Lazear (2004) shows that a successful
entrepreneur must be a “jack-of-all-trades” with a wide variety of skills. Our focus is different in that we
emphasize the role of a fixed set of non-cognitive traits in determining entrepreneurial entry and returns
whereas Lazear (2004) considers skills that are acquired or learned through optimal investments. Fairlie and
Holleran (2012) and Fairlie, Karlan, and Zinman (2015) connect these two ideas, showing that personality
can affect short-run responsiveness to a training program for entrepreneurs (though they find no evidence of
long-run effects of the program). In related work, Åstebro and Thompson (2011) argue that entrepreneurs
acquire a range of skills in part due to preferences for variety.

14Section 2 provides a discussion of personality measures that are typically used in economic analysis and
that will be used in this analysis.
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consistent with our findings.15 Research relating personality to job satisfaction has been

inconclusive. Judge, Heller, and Mount (2002) study this connection and generally find very

mixed results or zero correlations.16 In general, these studies do not offer a consensus on

the various mechanisms underlying relationships between personality and self-employment.

The lack of a consensus may reflect the shortcomings of simple correlations: in particular,

the inability to use correlations to explicitly account for selection or to distinguish between

the impact of personality on earnings versus preferences. These shortcomings underscore

the need for a model that takes explicit account of counterfactual earnings distributions to

capture more nuanced linkages between personality traits and entrepreneurial decisions and

returns.

A third, burgeoning literature to which we contribute incorporates non-cognitive skills

and personality traits into economic models of rational decision-making. Much of this work

can be traced to Heckman and Rubinstein (2001).17 They show that non-cognitive skills can

account for much of the observed variance in sociodemographic outcomes. Building on this

work, economists have studied how personality traits and non-cognitive 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 relating 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

non-cognitive skills differences can help explain education and earnings differences between

men and women or between blacks and whites.

Comparatively little research has directly connected self-employment and non-cognitive

skills. Notable exceptions include Levine and Rubinstein (2013), who show evidence that

entrepreneurs differ from paid employees on a number of non-cognitive dimensions; Hartog,

Van Praag, and Van Der Sluis (2010), who examine “social ability” and entrepreneurial firms,

albeit in a reduced-form setting; and Asoni (2010) who studies self-employment spells and

self-confidence. More similar to us, Caliendo, Fossen, and Kritikos (2014) relate personality

15These analyses include: Hisrich, Langan-Fox, and Grant (2007), Zhao and Seibert (2006), Brandstätter
(2011), Zhao, Seibert, and Lumpkin (2010) and Rauch and Frese (2007).

16Further contributions to this line of work include: Mount, Barrick, and Stewart (1998), Berings, De Fruyt,
and Bouwen (2004), Barrick, Mount, and Judge (2001), Costa Jr and McCrae (1995), Barrick and Mount
(1993), Mount, Barrick, and Stewart (1998), Hurtz and Donovan (2000), Judge and Bono (2001), Roccas
et al. (2002) and Stawski et al. (2010).

17Excellent summaries of the state of this line of research are found in Borghans et al. (2008) and Alm-
lund et al. (2011). The techniques used in this literature draw upon Goldberger (1972) and Jöreskog and
Goldberger (1975).
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to entry and tenure in self-employment. Like us, they focus on a set of widely-used personality

traits that have been shown to be stable over the lifecycle. These are known as the Big 5 and

will be discussed in detail in Section 2. These authors find that openness and extraversion

are important predictors of self-employment entry (but not exit) and that proxies for wealth

are also correlated with self-employment.

Our approach differs in three key respects. First, we explicitly model various features

of selection into self-employment, which includes specification of counterfactual earnings

distributions, sector preferences and credit constraints. This allows us to assess the impact

of policies on different factors affecting the entry decision.18 Second, we allow individual

characteristics, including personality, to affect both sector-specific preferences and earnings.

Therefore, we can identify characteristics that capture a preference for the sector in which

an individual is relatively unproductive. Earlier literature does not identify this type of

misalignment and, as we will argue, this type of misalignment is an important determinant

of whether policies are worthwhile. Third, we use multiple measures of personality traits

to identify stable latent factors rather than relying on a single, potentially mis-measured

assessment.

The remainder of the paper proceeds as follows. After discussing the Big 5 personality

traits in Section 2, we introduce the MIDUS data in Section 3. Section 4 describes the model

and Section 5 discusses estimation. Sections 6-8 present results, including a discussion of

parameter estimates (Section 6), an exploration of model implications (Section 7) and an

assessment of counterfactual policies that encourage entrepreneurship (Section 8). Section 9

concludes.

2 The “Big Five” 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.19 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 relatively stable over the adult lifecycle (Caspi,

18Caliendo, Fossen, and Kritikos (2014) do not explicitly account for expected earnings when explaining
sector choices, though they do consider income from dividends and capital holdings.

19Some rubrics suggest a sixth traits, which seems to capture agency or control. We focus on the Big 5 as
it is the most common rubric.
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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 et al., 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 investigate

this issue by exploiting multiple assessments of a given individual’s personality in our data

to show that self-employment and earnings do not affect personality traits measured later in

life.

Another reason the Big 5 are widely used is that research in psychology and, of late

economics, has found them to be highly predictive of a wide range of economically relevant

behavior. A related reason, which is less conceptually driven, is that widespread use of the

Big 5 in psychology means that many data sets contain measurements of them. Originally

proposed in Goldberg (1971), the Big 5 are: agreeableness, extraversion, neuroticism, con-

scientiousness 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 mod-

els, important conceptual problems remain (Almlund et al., 2011). Most problematic is

how (or even whether) personality fits within the utility paradigm in economics. Person-

ality traits may reflect or be correlated with preferences. Alternatively, as Almlund et al.

(2011) propose, personality and preferences may both reflect some deeper, as yet unknown

characteristic, which drives human behavior. Some recent work addresses this issue, propos-

ing models that explicitly link preferences with non-cognitive skills (Bowles, Gintis, and

Osborne, 2001; Anderson et al., 2011). Bowles, Gintis, and Osborne (2001), for example,

model personality as enhancing preferences. Other researchers have used laboratory experi-

ments to ascertain how non-cognitive abilities relate to measures more familiar to economists,

including preferences over risk, time and ambiguity (Dohmen et al., 2008, 2010; Fréchette,

Schotter, and Trevino, 2011; Vandenberghe, St-Onge et al., 2008).20

One way forward is to think of personality as affecting the utility cost of time in different

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 personal-

ity. Agents with different personalities will then differ in their sector choices once we have

controlled for differences in pecuniary returns in each sector. In this sense, and in line with

the work of Lancaster (1966) (or even Stigler (1945)) on how utility is “produced”), the

utility cost of sector-specific production is itself the output of a production function that

20Further work on issues integrating personality into economics is found in Heckman and Kautz (2012),
Roberts et al. (2011) and Borghans et al. (2011).
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takes as its inputs the type of work along with personality traits. A related possibility is

that personality traits 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 consumption reflect how

different goods take different amounts of time to consume.

3 Data

In this section, we conduct a preliminary analysis of the data used in the paper, the National

Survey of Midlife Development in the United States (MIDUS), and highlight three empirical

patterns. First, 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, among individuals in our sample, personality

scores are stable across time, but are likely measured with error. Third, the personality

trait “openness to new experiences” simultaneously predicts entry into self-employment and

relatively low earnings in self-employment. In Section 4, we will incorporate these features of

the data into a structural model of self-employment entry, credit constraints, and earnings.

3.1 The MIDUS Data Set

The MIDUS survey studies midlife from an unusually rich variety of perspectives. Informa-

tion 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.

Also included in the data set is a host of variables rarely seen in a representative sample,

including measures of social responsibility, exposure to violence as a child and religiosity.

Crucial for the present study, the MIDUS data set includes information on whether individ-

uals are self-employed, their assets and standard measures of the Big 5 personality traits.21

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 7,100 men and women

between ages 25 and 74 from the United States. The second wave surveyed a nationally

representative subsample of 3,485 individuals with the goal of understanding the physical,

21To 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 over-weights older men to better assess midlife (MIDMAC,
1999).
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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). In particular, we use multiple measures to identify the

distribution of permanent latent factors that are measured by the personality assessments.

As we discuss below, we also use two measures to dispel concerns that employment decisions

affect personality through, for example, the technology of skill formation.

In constructing our analytic sample, we restrict attention to male workers that are under

age 65 in 2004.22 We drop observations where information is missing on key explanatory

variables, including personality assessments in both 1995 and 2004, or assets, which are

measured in 1995.23 This leaves us with an analytic sample of 898 employed males in 2004

of whom 169 report self-employment.

Summary statistics are found in Table 2 for the analytic sample and then separately for

individuals in self versus paid employment. We also include differences in means between

these two groups and p-values from t-tests of whether these differences are significant.24 Sev-

eral notable points emerge. First, entrepreneurs earn more on average than paid employees.

One explanation is that entrepreneurship is more lucrative than paid employment. How-

ever, 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 employ-

ment. We also show that median earnings are nearly identical for self versus paid employees,

which reflects a skewed distribution of earnings in self-employment and also suggests that the

typical individual would not expect to earn more by opening his own business. In construct-

ing the model estimated in this paper, we therefore take explicit account of sector choice,

which requires us to specify the counterfactual earnings distributions that agents face when

choosing a sector.

Table 2 reports average sociodemographic and personality measures. We find that edu-

cation, marriage, number of children and spouse’s education do not differ systematically by

sectors.25 However, spousal employment in 1995 is significantly higher for individuals who

22Our main findings are robust if we restrict our attention to the 728 individuals who are not self-employed
in 1995.

23Using 1995 assets to identify credit constraints in 2004 is not ideal, though preferable to using 2004
assets, which are measured at the same time as retrospective sector choice is measured. This means that
assets measured in 2004 are potentially endogenous to sector choice. Of course, we would prefer to use assets
measured in, say, 2003. Instead, 1995 assets provide a noisy measure of assets at the time of the decision to
become self-employed, which we prefer to a possibly endogenous measure.

24Table S1, found in the online appendix, provides summary statistics for a larger sample of all working
males who participated in the second wave of MIDUS data collection. We show that key patterns in the
data are robust to the inclusion of these individuals.

25In comparison to 2004 Current Population Survey averages, MIDUS II participants report higher educ-
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choose self-employment in 2004.26 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 agree-

able, extraverted and open to new experiences than paid employees. Other trait differences

are not significant, though point to paid employees being more neurotic.

3.2 Assets and Self-Employment

Table 2 also shows that individuals in self-employment have, on average, about double 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 relationship further,

Figure 1 plots self-employment entry against assets and includes a fitted non-parametric

polynomial. The figure shows that much of the increase in self-employment by assets occurs

at moderate levels of wealth (below $200,000). These statistics suggest the possibility of

credit constraints. If credit constraints drive entry, it means that for same business idea,

a wealthier individual is able to go into business even though his less wealthy counterpart

cannot.

An alternative explanation is that high-asset individuals are more productive in self-

employment. To assess this possibility, Figure 2 plots self-employment earnings 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 have better business ideas. 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 sub-optimal

scale. Second, and related, credit constraints do not appear to bar low-asset individuals

from opening lucrative businesses. Looking again at Figure 2, notice that there is a cluster

of individuals with near-zero assets who open businesses that generate high earnings (on the

order of $50,000-$100,000).

In summary, reduced-form evidence suggests that assets predict entry into self-employment,

but that low assets do not appear to prevent lucrative ideas from entering the market. In

light of these empirical patterns, our structural model will exploit data on assets to identify

possible credit constraints that potential entrepreneurs face. However, the production func-

tion.
26There 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.
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tion we use to model how business ideas generate income will be specified so that low-asset

individuals with profitable ideas are not precluded from entry through, for example, some

minimum level of assets needed to go into business. This way, low asset individuals can

potentially profit from very good ideas.

3.3 Stability of Personality Traits

In assessing the impact of personality on self-employment, a potential issue is the possibil-

ity of simultaneity. The concern is that personality, like other non-cognitive skills, may be

somewhat mutable over the life-cycle, at least in comparison to other individual character-

istics that predict economic outcomes, such as race, gender and cognition (Heckman and

Rubinstein, 2001). Therefore, in studying personality, we must address the possibility that

personality does not only drive economic decisions, but that economic decisions, through

the technology of skill formation, also affect personality (Cunha, Heckman, and Schennach

(2010)). As our goal is to understand how personality affects self-employment, evidence of

changes to personality resulting from sector choice would threaten the identification of our

econometric model.

Fortunately, we are able to address this concern since we observe 1995 personality scores,

earnings, assets and sector decisions along with 2004 personality scores. To test whether

simultaneity is a problem, for each personality trait, we regress the 2004 score onto 1995

score, age, self-employment in 1995, log assets in 1995 and log earnings in 1995. We expect

1995 scores to predict 2004 score if both are measurements of a stable, underlying trait.

We would be concerned about simultaneity if earnings, self-employment in 1995 or assets

predicted the 2004 score.

Results for each of the five personality traits are presented in Table 3. In no case do we find

any evidence of simultaneity. Not only are all estimated coefficients on log assets, log earnings

and 1995 sector choice insignificant (both individually and jointly), the increase in R2 is 0

for each additional variable.27 Still, we learn from this set of tests that personality scores

can change with age, a pattern consistent with previous research on personality assessments

(McCrae et al., 1999). In particular, we find that older people score more highly on openness,

extraversion and agreeableness and perhaps slightly lower on neuroticism. In our structural

estimation, we will therefore account for the possible impact of age on personality scores.

In particular, and given evidence that personality is mostly stable in adulthood, we treat

27Moreover, main results hold if we restrict attention to individuals who were not self-employed in 1995.
This helps to dispel concerns that earlier exposure to self-employment drives personality or the relationship
between personality and entrepreneurship.
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both personality scores (measured in 1995 and 2004) as possible mis-measurements of an

underlying, stable factor and permit age to explain some of the measurement error.

3.4 Openness, Earnings and Self-Employment

In assessing the impact of personality on self-employment, we aim to disentangle how per-

sonality can affect both earnings and preferences over sectors. This is an important con-

sideration, especially if a given personality trait does not imply a preference for the sector

in which it is the most productive. For example, prior studies consistently find a strong

positive relationship between the personality trait “openness to new experiences” and the

probability of self-employment. As we demonstrate below, this is true despite the fact that

this trait generates lower self-employment earnings.

In Figure 3, 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 increases

with openness. Next, in Figure 4, we plot expected log earnings differences between self

and paid employment against 2004 openness. To do this, we first regress log earnings onto

personality traits and a series of sociodemographic observables (including age, education

marriage and number of children) 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 earnings 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 3 and 4 provide preliminary evidence that openness has mixed effects,

predicting entry into a sector where it generates relatively low returns.28

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 socio-demographic

variables. Results from these regressions are presented in Table 4. 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 -0.37 and in paid employment is 0.02.29 Column 3 presents probit

28In supplementary analyses available from the authors, we show that similar patterns emerge for the
sub-sample of individuals who are not self-employed in 1995.

29The standard errors in Column 1 are influenced by the skewness of the self-employment earnings dis-
tribution and the presence of 3 outliers earning more than $750,000. When we trim these individuals from
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estimates where the outcome variable is an indicator 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.30

The finding in Table 4 that openness is associated with both a higher propensity for self-

employment and lower self-employment earnings highlights the limitations of 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 4. The structural model specified in the following section is designed

to separately consider 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.31

4 Model

We now specify a static model of self-employment and earnings, designed to capture the key

patterns in the data detailed in the previous section. In particular, our structural model first

integrates the role of assets in a manner that can be used to assess policies that relax credit

constraints, including subsidies and tournaments. Second, we exploit multiple personality

assessments to control for measurement error. Third, given evidence that preferences and

expected earnings affect entry, the structural model allows sector choice to be a function of

tastes and monetary returns, both of which can be affected by personality.

the sample, the coefficient on openness falls slightly to -0.41, but the standard error declines from 0.34 to
0.22, which means that the parameter is significantly different from 0 at conventional levels. Given how
outliers can affect parameter estimates, our structural model introduced in Section 4 incorporates a mixture
distribution for earnings to accommodate the long right tail in self-employment returns.

30In Tables S2 and S3 (available in the online appendix), we report estimates from a series of probit
models, where the outcome variable is an indicator for self-employment in 2004. Results on openness are
robust to a number of specifications. In results available upon request, we also show that results are also
robust if we limit attention to the 728 individuals in our sample who were not self-employed in 1995. Of
these, 65 (8.9%) report self-employment in 2004.

31In Table S4 (available in the online appendix), we estimate a “structural probit”, which is a sector
choice model where we include as an additional regressor predicted differences in log earnings in self versus
paid employment, which are estimated using a Heckman selection model in a separate first step (with
exclusion restrictions including number of children, spouse education and spouse employment in 1995).
Not surprisingly, once we control for the negative impact of openness on relative earnings, the coefficient on
openness in the sector choice model rises (about 25%). This model is similar to the structural model specified
in the following section. However, it does not account for measurement error or assets, which the structural
model does. However, patterns emerging from the structural probit are similar to our main results, so the
model serves as a robustness check.
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In the model, agents begin by learning their entrepreneurial ability θi. Next, agents de-

cide between paid and self-employment, choosing the option delivering the highest expected

utility.32 Utility 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

income Is and flow utility ũs. Each of these will be derived below.

4.1 Latent Factors and Measurements

Suppose there are J latent traits that affect entrepreneurial preferences and returns. These

could include cognitive skills, non-cognitive skills, personality traits and genetic traits. In

specifying the model in this section, we refer to these collectively as latent skills. Further,

suppose there is a system of measurements to be used to identify these latent skills. An

observed measurement of skill j ∈ {1, . . . , J} for person i at time t is denoted Cijt and

specified as:

Cijt = Mitρjt + dCjtfij + εCijt (1)

where Mit is a row-vector of observed characteristics with accompanying vector of coefficients

ρjt, fij is the value of latent skill j for person i, dCjt is the period-t factor loading on trait

j and εCijt is an error term capturing mis-measurement.33 Latent factors fij are drawn from

normal distributions so that for each j:

fij ∼ N(µCj , σ
C
j ). (2)

Further, we assume that cov(fij, ε
C
ijt) = 0 ∀t (latent traits are independent of measurement

error), cov(fij, fij′ ) = 0 for j 6= j
′

and that latent trait j does not affect the measured value

of trait j
′
: cov(Cij′ t, fijt) = 0 for j 6= j

′
,∀t.34 This measurement system is econometrically

identified under the stated assumptions. See Appendix A for a formal proof.

32We ignore non-workers and, therefore, selection into employment, though extending our analysis to
include the decision to become employed would be straightforward.

33Throughout the paper, t refers to calendar time and is used to distinguish data collected in different
years: 1995 and 2004. It is not meant to index the sequence of decisions assumed in the theoretical model.

34We have also permitted that the measurement error be mixed-normally distributed (with two points of
support), but cannot reject that errors are normally distributed since the estimation routine places nearly
zero probability on the second distribution. Importantly, preference and earnings coefficients do not change.
Therefore, we continue with the assumption that measurement error is normally distributed.
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4.2 Entrepreneurial Ability and Returns

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

ln(wi) = xwi β
w +

J∑
j=1

κwj fij + ewi (3)

where xwi is a row-vector of observable characteristics that influence wage with prices βw, κwj

is the price of latent skill j in the wage sector and ewi is a disturbance term that is distributed

according to:

ewi ∼ N(−σ2
w/2, σ

2
w). (4)

Entrepreneurial earnings are generated according to the production function

yi = θik
α
i ξi (5)

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. This specification means that individuals with low reported assets can profit from a

good idea despite constraints on their credit. This specification is in line with patterns in the

data—namely, the finding that assets predict entry, but that low assets do not necessarily

preclude high earnings in self-employment.

We can rewrite this equation in logs so that:

ln(yi) = ln(θi) + αln(ki) + eyi (6)

where eyi ≡ ln(ξi) and ξi is a disturbance term that is not observed by the agent before he

chooses a sector. Further,

eyi ∼ N(−σ2
y/2, σ

2
y) (7)

where the mean is specified as such so that E[ξ] = 1. Entrepreneurial productivity will be

treated similarly to other latent factors and is generated as follows:

ln(θi) = xθiβ
θ + ψlnAi +

J∑
j=1

κθjfij + eθi (8)

where xθi is a vector of observable characteristics influencing entrepreneurial ability, βθ is a
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vector of coefficients, κθj governs how latent skills affect entrepreneurial ability and eθi is a

disturbance.35 We assume eθi has a mixed-normal distribution to account for the possibility

of skew in entrepreneurial earnings.36 Formally,

eθi ∼
[
pθN(µθ,1, σ

2
θ,1) + (1− pθ)N(µθ,2, σ

2
θ,2)
]
. (9)

Net income from self-employment is given by

ISEi = yi + r(Ai − ki) (10)

where Ai denotes agent i’s assets and r is the risk-free interest rate. Income from paid

employment is given by

IPEi = wi + rAi. (11)

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 in the entrepreneurial venture conditional on having chosen

self-employment.

The agent chooses the sector s ∈ {SE,PE} that generates the highest expected utility

V s
i given by

V s
i = ρIsi + ũsi , (12)

where ũsi are non-pecuniary returns for sector s and ρ is a scaling parameter that converts

dollars to utils. As we can only identify differences in non-pecuniary returns from choosing

one sector versus the other, we specify net non-pecuniary benefits to self-employment as:

uSEi = ũSEi − ũPEi ≡ ziγ
SE (13)

which is equivalent to setting ũPE = 0. Here, zi is a vector of characteristics and γSE

are net non-pecuniary returns to observable characteristics in self-employment. zi contains

observable variables that are not included in the returns equations, such as spouse education,

spousal employment and number of children.

Specified as such, preferences over sectors amount to a residual after we have controlled

35Similar to Evans and Jovanovic (1989), we also permit entrepreneurial ability to be a function of assets.
The intention is to control for the possibility that higher assets reflect previous success in entrepreneurship,
which may be correlated with the quality of current business ideas.

36Estimating means of ei implies that equation (8) does not include a constant. Further, we choose a
mixed-normal distribution since summary statistics show that earnings are skewed and the mixed-normal
assumption, though still very tractable, does not impose normality.
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for the portion of sector selection that can be attributed to observed earnings. Therefore, the

utility function captures preferences that are revealed in the sense that they reflect entry into

self-employment that is not a function of earnings in the first period after entry. We may be

capturing factors that are related to preferences, but could alternatively be capturing other

factors affecting entry, such as errors in beliefs (e.g. optimism with regard to entrepreneurial

returns). Our interpretation of these revealed preferences, which will be discussed in greater

detail as we present and discuss results, must therefore be fairly broad.

4.3 Optimal Investment and Sectoral Choice

When deciding between paid employment and self-employment, the agent must first deter-

mine how much he expects to earn as an entrepreneur. To this end, he computes the optimal

choice of ki (supposing θi is known) by solving the following maximization problem:

maxk E[V SE
i ]

= E[ISEi + uSEi ]

= E[ρ(yi + rAi − rki) + uSEi ]

= E[ρθik
α
i ξi + ρrAi − ρrki + uSEi ]

= θik
α
i − rki,

(14)

where the last equality holds since any additive components of V SE
i not including ki can be

treated as constants. We obtain:

k∗i =

(
αθi
r

) 1
1−α

= φ× θ
1

1−α
i , (15)

where

φ ≡
(α
r

) 1
1−α

. (16)

Plugging the optimal capital into the credit constraint inequality yields the following condi-

tion: the entrepreneur is credit-constrained whenever:

θi >
r

α
(λAi)

1−α. (17)

To understand this inequality, suppose λ = 1. Then, the agent is credit-constrained when

his entrepreneurial productivity is very high (a high draw of θi) in relation to the assets

available to invest in the project Ai. In other words, credit constraints are more relevant for

poorer agents with high entrepreneurial skill.
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The decision to engage in entrepreneurship amounts to comparing utility in paid versus

self-employment and in cases where credit constraints are binding versus when they are not.

In particular, the value of the optimal choice, denoted V ∗
i is given by:

V ∗
i =

{
max{(φα − rφ)θ

1
1−α
i + uSEi , wi} if θi ≤ r

α
(λAi)

1−α

max{(θi(λAi)α − rλAi + uSEi , wi} if θi >
r
α

(λAi)
1−α

(18)

4.4 Parameters

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

Φ ≡
[
βw, σ2

w, α, σ
2
y, β

θ, µθ,1, µθ2 , σ
2
θ,1, σ

2
θ,2, λ, γ

SE, κw, κθ,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 ∈ {1, . . . , 5}, t ∈ {1995, 2004}

In the following section, we discuss the estimation of Φ.

5 Estimation

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 Φ(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 individual and compute the

log, which yields the value of the simulated log likelihood function, the negative of which is

then maximized as with standard likelihood functions.

5.1 Simulation

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 personality

traits and K is the number of draws per individual. We need a block matrix of size J+2 since

37During estimation, we set K =2,500.
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we draw J personality traits, but also draw unobservables for the mixed-normal distribution

of business ideas. We draw B once. Next, at each parameter suggestion Φ(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 k-th draw of individual i.

The simulation of earnings and sectoral choice occurs in several steps. Using parameters

Ξ
(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, σ

2(g)
θ,1 , σ

2(g)
θ,2 and pθ to simulate 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 (8) suitably modified

to permit multiple draws. In particular, individual i with draw k and at parameters (g) is

credit-constrained if:

θ
(g)
ik >

r

α(g)

(
λ(g)Ai

)1−α(g)

. (19)

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 u

SE(g)
i and paid earnings w

(g)
i

using parameter suggestions. Then, using equation (18), 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.

5.2 Likelihood

Ultimately, we want to match paid employment earnings, self-employment earnings, mea-

sured personality traits and sector choices, meaning that the likelihood function will consist

of several components. Given the assumption that earnings shocks are normally distributed,

we form the earnings portion of the likelihood using the normal density function, which

we denote h(y
(g)
ik ) and h(w

(g)
ik ) for self-employment wage density and paid employment wage

density, respectively, for individual i, draw k and parameter suggestion g. Next, given as-

sumptions on the normality of the measurement error in latent traits, we can also derive the

density function for personality measurements for each individual i, draw k and parameter
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vector g, denoting this h(M
(g)
ik ). Then, we must average these, though these averages are

conditional on the relevant 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)

]
(20)

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)

]
. (21)

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

eter 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. L
y(g)
i and L

w(g)
i are the

product of average earnings densities for each sector and average personality trait densities,

conditional on a sector being chosen. Therefore, they are a weighted average of each indi-

vidual’s likelihood contribution, where the average is taken over the subset of the K 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
. (22)

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

L
(g)
i =

[
P̃

(g)
i × L

y(g)
i

]dit=SE [(
1− P̃ (g)

i

)
L
w(g)
i

]dit=PE

, (23)

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 predicting that

sector.

After constructing L
(g)
i for each individual i, we take the log of each individual’s contri-

bution and then sum over individuals to obtain the log-likelihood:

l(g) =
I∑
i=1

log
(
L
(g)
i

)
. (24)
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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.

5.3 Identification of Model Parameters

Here, we discuss identification of model parameters.38 Observed paid employment earnings

identify the parameters of the paid employment earnings function. Parameters governing

the conditional distribution of business ideas and the returns to capital investments are

identified from observed self employment earnings. Selection into sectors could induce biases

in parameters, which would threaten identification. However, we explicitly model selection

into each sector, which is governed by expected earnings, but also by assets (which determine

credit constraints) and non-pecuniary benefits. Assets not only affect entry through credit

constraints. Following Evans and Jovanovic (1989), we also permit assets to affect expected

self-employment earnings directly, which captures how individuals with more assets may

have better business ideas.39 We assume that assets are independent of preferences over

sectors. To estimate non-pecuniary benefits of self employment, we include variables in the

utility function that shift preferences over sectors, but which are excluded from the earnings

function. These include number of children, spouse education and spouse employment. The

identifying assumption is that these variables do not affect sector-specific pecuniary returns,

but do affect sector preferences. These exclusion restrictions may be problematic if, for

example, children help out in the family business. We cannot rule out that possibility,

though argue that the first-order effect of variables capturing 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.40

38Arguments on how we identify latent factors using multiple measures of personality traits are relegated
to an appendix.

39Also following Evans and Jovanovic (1989), the inclusion of assets in the self-employment earnings func-
tion is a reduced form way to capture previous self-employment experience if experience increases both assets
and productivity in self-employment. As we will show, however, when reporting parameter estimates, assets
do not have a significant relationship with earnings in self employment. In fact, the estimated parameter is
negative. This is consistent with reduced-form evidence showing that assets do not predict earnings in self
employment.

40In results available from the authors, we have experimented with additional excluded variables, including
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 personality. 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) available in the online appendix. Moreover, as mentioned earlier, in Table S4 in the
appendix, we provide estimates from a Heckman selection model using these same exclusion restrictions and
show that estimates are similar to structural parameter estimates.
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6 Parameter Estimates and Earnings Distributions

In this section, we present estimates of model parameters, including those governing mea-

surements of personality traits, earnings and preferences. We also highlight estimates where

preferences and productivity go in different directions, creating a misalignment that drives

agents towards a sector where they will earn less.

6.1 Measurement of Latent Traits

Estimated coefficients of the measurement system that relates latent, stable personality traits

to scores from personality assessments are presented in Table 5. Means are not very far from

raw data means of the personality assessments, though variance is significant, implying that

measurement error could be a concern if we simply included both 1995 and 2004 measure-

ments in our earnings and utility equations. Moreover, the factor loadings, though near one,

are significantly different from one, implying that the assessments are not perfect measure-

ments. Finally, there are important changes as agents age. For example, the age parameter

in the measurement equation for extraversion is 0.001 in 1995 and 0.005 in 2004. Age thus

leads to a higher assessment in 2004 versus 1995 for the same underlying trait. For these rea-

sons, it is important to exploit multiple measures of personality to identify the distribution

of latent traits, which are then used in the choice and earnings equations.

6.2 Earnings Parameters

Structural estimates of the earnings equations are found in Table 6 for paid employment and

Table 7 for self-employment. In paid employment, agents earn more when they are more

highly educated, older, married and of higher intelligence. In self-employment, education

leads to even higher returns, which means the sectoral price of a year of education is higher

for entrepreneurs versus paid employees.41 Further, age does not lead to higher earnings in

self-employment, though marriage does, and more strongly so than in paid employment.

Interestingly, fluid cognitive ability, our measure of intelligence, does not have a positive

return in entrepreneurship. The sign on the parameter, though insignificant, is negative.

One possible explanation is that fluid cognitive ability is a mis-measurement of cognition.

Previous research has shown that fluid cognitive ability varies over the lifecycle, peaking

around age 30 and declining thereafter.42 Hence, the coefficient may capture avenues through

41Our 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).

42See, for example Horn and Cattell (1967) and Bugg et al. (2006).
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which aging encourages less productive entrepreneurs to start a business. One example would

be that assets tend to rise with age in which case the coefficient reflects how older agents face

relaxed credit constraints. In any case, fluid cognitive ability is only measured once in the

MIDUS data, which means we do not have enough information to separately identify a latent

cognitive factor versus mis-measurement as a function of age.43 These types of problems

underscore the need to apply methods that isolate latent, potentially mis-measured factors,

which is what we do in the case of personality traits.

Turning to the impact of latent personality traits on sector earnings and returns, sev-

eral key findings emerge from the parameter estimates. First, a striking contrast emerges

regarding returns to the trait “openness to new experiences”. Though marginally profitable

in paid employment, it carries a sharp wage penalty in self-employment. This finding is sur-

prising since openness captures creativity and insight and entrepreneurs choose careers that

often require creativity and entail new experiences. These results on openness are, however,

consistent with mixed findings from previous literature. For example, results in Barrick and

Mount (1991) indicate that open individuals are eager trainees though not better employees.

Further, Barrick and Mount (1993) find no evidence that open individuals fare better in jobs

with greater autonomy.

The second trait, conscientiousness is profitable in paid employment, though costly in

self-employment. In both cases, however, the estimates are insignificant. This latter finding

is somewhat surprising as one would expect characteristics such as an attention to detail

to be helpful in running a successful business. To understand this result, we must once

again consider detailed interpretations of the trait to better understand what it is capturing.

Lacking conscientiousness is related to self-indulgence or a penchant for ignoring rules for

personal gain. This possibly links conscientiousness to a high disutility from breaking rules

even if doing so will improve business performance. Consistent with this finding, Levine

and Rubinstein (2013) find that deviant behaviors can be profitable in entrepreneurship.

Further, a literature in personnel and organizational psychology has studied pro-social rule-

breaking, also known as constructive deviance, whereby individuals break rules when it

makes a business run better (Dahling et al., 2012). This research suggests 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; Viinikainen et al.,

2010; Caliendo, Fossen, and Kritikos, 2014). The impact of extraversion on paid employment

43It is worth mentioning that the estimate of returns to cognition is conditional on education and person-
ality traits, which may also capture true underlying cognitive ability.
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earnings is not significant. In contrast, agreeableness carries an earnings penalty in both

sectors, though more strongly so in self-employment. In fact, wage penalties for agreeableness

have been shown in several 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 confirmed 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. If agreeableness

indeed captures unselfishness, our findings are not surprising and instead reflect how higher

earnings may sometimes require profit-taking at the expense of others. Our results therefore

suggest that agreeableness captures other-regarding preferences or altruism, and may signal

a preference for others to be well-off or a high psychic cost of making demands and acting

selfishly. Other-regarding or social preferences have been studied in great detail in behavioral

economics and found to play a significant role in a wide variety of economic scenarios.44 It

should therefore not be surprising that a trait capturing social preferences would carry a

wage penalty.

Neuroticism is profitable in both sectors, though the impact is noisy, insignificant and

small. Not surprisingly, previous results on neuroticism are mixed. Whereas Mueller and

Plug (2006) and Heineck (2010) find a negative impact of neuroticism on earnings, Vi-

inikainen 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 history. This thinking is in line with

the contention that neuroticism is linked to depression, which like other chronic illnesses can

lead to gaps in work history (Artazcoz et al., 2004).

Remaining parameters in Table 7 govern the mixed normal distribution of business ideas

and earnings uncertainty, which is larger in self versus paid employment. Moreover, we

estimate the credit constraints parameter λ as just under 2, which means that individuals

can invest about twice their reported assets in a business venture. This number is similar to

findings in Evans and Jovanovic (1989).

6.3 Earnings Distributions

In this section, we use the estimated model to explore earnings distributions. First, we

plot sector-specific earnings distributions to compare model predictions with the data in

both the paid employment and self-employment sectors. We begin with the distribution of

observed characteristics of the 898 individuals in our sample. Next, for each individual, we

simulate 2,500 business ideas and calculate expected earnings in each sector in light of credit

44For a relatively early contribution on social preferences, see Kahneman, Knetsch, and Thaler (1986).
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constraints. We also compute sector-specific utility. With expected earnings in both sectors

and sector utility, we are able to assign each draw a sector choice. Then, for each individual,

we compute average sector-specific expected earnings conditional on the sector being chosen

for that draw. Finally, we plot histograms of sector specific earnings for individuals observed

in each sector in Figures 5 and 6 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, we use the model to examine model predictions of expected self-minus-paid-employment

earnings for the analytic sample of individuals. Notice that expected earnings differentials

require computing counterfactual earnings since each individual in the sample is observed in

only one of the two sectors. For each of the 898 workers in the sample, we again draw 2,500

business ideas and then compute earnings differentials. This amounts to simulating a set of

workers with the same distribution of observable characteristics as individuals in our sample.

In Figure 7, we plot earnings differntials (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 7 shows that our model captures earnings patterns that are important for under-

standing entrepreneurship. First, simple comparison of average earnings across sectors can

be misleading (Hamilton, 2000). Fully 80% of draws plotted in Figure 7 are below zero. In

other words, if each draw is interpreted as a simulated worker, 80% of simulated workers

would earn less by choosing self-employment.45 Second, there is a small probability of earn-

ing substantial returns in entrepreneurship. For example, a draw in the top 0.1% generates

an earnings differential of almost $2,000,000. These exceedingly high, and exceedingly rare,

draws are enough to drive up within-individual averages considerably. The figure essentially

illustrates the observation that if Bill Gates walks into a bar, the average individual in the

bar is a multi-millionaire. The typical individual, however, is not. The average is misleading

since the median worker expects to earn less in self-employment than in paid employment.

Our next question is why some individuals enter self-employment even though they would

earn more in paid employment. We argue that some individuals enjoy self-employment. We

turn now to sector-specific preferences and their relationship to personality traits.

6.4 Preferences

Sector-specific utility parameters are found in Table 8. The first parameter in the table

converts utils to dollars. The next parameters are attached to variables that were excluded

45Of the remaining 20% 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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from the earnings equation, but 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

entails a lower cost in families with a second, steady income. For similar reasons of stability,

more children seems to lower the desire to enter self-employment. Fluid cognitive ability is

consistent with a strong preference for entrepreneurship. This finding suggests that intel-

ligent 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.

Turning to personality traits and sector-specific preferences, the most striking finding

is that openness to new experiences, though it lowers earnings, seems to capture a strong

preference for entrepreneurship. This result illustrates an important general point. Person-

ality traits that are consistent with high earnings in self-employment are not necessarily the

same ones that induce agents to choose entrepreneurship. Rather, personality traits, like

other non-cognitive traits, can have different impacts in different sectors and along differ-

ent dimensions. Conscientiousness captures weaker preferences for self-employment, whereas

extraverted and agreeable individuals seem to favor entrepreneurship. In contrast to “open-

ness to new experience”, extraversion is a personality trait that captures a preference for

the sector in which it is most productive. Finally, neuroticism does not appear to capture a

preference for either sector.

Since our model is static in the sense that we focus on a single year of earnings, one could

raise the argument that utility parameters capture unobserved changes in wage profiles over

time. This would be especially concerning if the sorts of discrepancies we highlight in this

section reflect rational expectations about future earnings rather than a preference for a

low-productivity sector. To assess whether this is true, we use data on 1995 and 2004

sector choices and earnings and find no evidence that this is the case. For example, among

individuals who were entrepreneurs in 1995, being open to new experiences is not associated

with higher rates of entrepreneurship in 2004.46 In general, this suggests that our results

on personality, preferences and sector choices are not driven by first-year earnings being

un-representative of future entrepreneurial success.

6.5 When Preferences and Performance are Misaligned

A strength of our modeling approach, which distinguishes this paper from earlier work,

is that it allows us to identify characteristics that predict strong preferences for sectors

in which they are relatively unproductive. To illustrate, Table 9 lists the characteristics

46These findings are presented in Table S5 (available in the online appendix).
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affecting both earnings and utility, indicating those where a misalignment exists. According

to Table 9, higher education is associated with a stronger preference for paid employment

even though higher education leads to higher relative earnings in self-employment. Age and

being married work the opposite way. Older agents may prefer self-employment despite

earning more in paid employment in part since self-employment offers greater flexibility

as agents move towards semi-retirement.47 Married agents may choose self-employment

despite higher earnings in paid employment since they can enjoy the non-pecuniary benefits

of a working spouse, including risk-sharing and benefits like health insurance. Turning

to personality traits, both agreeableness and openness to new experiences lead to lower

relative earnings in self-employment and a preference for self-employment. This pattern

is much stronger for openness versus agreeableness. In the following section, we highlight

how these discrepancies between sector specific prices and preferences influence entry into

self-employment.

Using our estimates, we distinguish between individuals whose preferences and relative

performance across sectors are aligned or misaligned in paid versus self-employment. A

resulting taxonomy is presented in Table 10. Individuals are “aligned” in self or paid em-

ployment if they possess characteristics, including personality traits, for which preferences

are stronger for the sector in which the trait is most productive. Misalignment occurs when

individuals possess traits that capture preferences for a sector in which they are not pro-

ductive. The taxonomy in Table 10 highlights how there are two forms of misalignment.

An individual could be a “lifestyle entrepreneur”, one who forgoes higher paid employment

income by opening an unprofitable business since he enjoys doing so. Openness to new expe-

riences is an illustrative trait for the lifestyle entrepreneur since it predicts strong preferences

for—and low productivity in—self-employment. Alternatively, an individual’s characteristics

and personality might make him a “reluctant entrepreneur”, one who refrains from open-

ing a profitable business since he is averse to doing so. As will be expanded upon below,

misalignment ultimately helps to determine whether subsidies promoting small business are

worthwhile. The reason is that policies promoting entrepreneurship should only be expected

to attract good ideas if there exists a large set of “reluctant entrepreneurs”. Otherwise,

policies attract relatively low quality ideas from individuals who are well-aligned in paid

employment or “lifestyle entrepreneurs”.

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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7 Credit Constraints and Preferences in Entrepreneur-

ship

In this section, we use the estimated model to explore how earnings, preferences and credit

constraints affect self-employment entry decisions. We highlight two factors that potentially

deter individuals from maximizing their earnings: credit constraints and preferences over

sectors. Next, we analyze the role of personality in determining sector-specific earnings,

entry into self-employment and the quality of business ideas that are ultimately realized. In

assessing how personality and counterfactual policies affect the value of business ideas that

make it to the market, our main measure is simply the value of θi from equation (5), which

is identified through earnings, conditional on entry into self-employment.

7.1 Credit Constraints, Preferences and Starting a Business

A key feature of the estimated model is that it permits an investigation of how earnings and

preferences interact to affect entrepreneurial choice and, in particular, how entrepreneurial

decisions are not driven solely by earnings maximization. Recall that the model permits two

additional factors to affect sector choices. The first is credit constraints, which potentially

keep profitable business ideas from being realized. The second is preferences: agents may

choose to start their own business despite earning less than in paid employment. A simple

way to illustrate this interaction is to simulate the entry decisions of each individual in the

sample when one or both of these factors is removed. In addition, we examine the values of

business ideas (θi) that make it to market under these counterfactual scenarios.

Table 11 shows that in the baseline model, the average value of a business idea (i.e., the

average value of θi) is $71,089. The second row shows that when we simulate the removal

of liquidity constraints, self-employment entry increases slightly by 3.3%. Note, however,

that these new entrants have lower quality business ideas, since the average value of business

ideas (measured by θi) declines to $69,847. This means that credit constraints, rather than

obstruct the realization of good business ideas generated by agents with few assets, instead

appear to keep less-productive business ideas from making it to the market.

In the third row of Table 11 we assume that agents choose the sector that maximizes

earnings (liquidity constraints are imposed). In the absence of the non-pecuniary benefits

of entrepreneurship, self-employment entry declines approximately 19%. Not surprisingly,

the reduction in entry reflects the screening out of lower quality business ideas, so that

the average value of the realized business ideas that remain increases to $83,316. When

we assume earnings maximization and remove liquidity constraints, the impact on entry is
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slightly reduced, but again we observe that individuals deterred from entrepreneurship due

to credit constraints tend to be less productive entrepreneurs. Overall, the simulations show

that credit constants play a role in preventing lower quality businesses from reaching the

market. However, preferences over sector-specific non-pecuniary benefits appear to compel

many agents to open a business even though they would earn more elsewhere.

Our findings are consistent with the idea that assets predict entry, but do not prevent

good business ideas from entering the market. Recall that the empirical patterns in Figure

2 demonstrated that low-asset individuals can still open profitable businesses. In Figure

8, we plot the distribution of the value of business ideas entering the market given model

estimates and then absent sector preferences or credit constraints. Consistent with findings

in Table 11, if preferences do not play a role, the distribution shifts to the right. If credit

constraints are removed, however, the distribution shifts slightly to the left, suggesting that

limitations on liquidity, rather than preventing high-quality ideas from entering the market,

instead appear to screen out low-quality ideas.

However, credit constraints can also be problematic. In Figure 9, we plot the histogram of

expected self-employment minus paid employment earnings as predicted by the model, when

preferences play no role, and then again when neither preferences nor credit constraints affect

decisions or earnings. When preferences play no role, the distribution shifts markedly to the

right, again suggesting that people with relatively low earnings in self-employment open

businesses because they enjoy it. Interestingly, the removal of credit constraints shifts the

right tail of expected earnings differentials to the right. This means that individuals at the

upper tail of the distribution (i.e., those with high quality business ideas) earn more relative

to paid employment when credit constraints are removed. This shift in the distribution

occurs despite the fact that some lower quality ideas enter the market, as seen in Figure 8.

Together, Figures 8 and 9 suggest that very high quality ideas are sub-optimally funded

due to credit constraints even though they are not prevented from entering the market. This

finding is consistent with evidence in the data. Recall, Figure 2, which plots self-employment

earnings as a function of assets, shows a positive relationship, but only at asset levels on the

order of $500,000 or more. Our findings are also consistent with Hurst and Lusardi (2004),

who show that liquidity constraints may force some entrepreneurs to operate at sub-optimal

scale, but do not appear to affect the distribution of realized ideas.

7.2 Personality and Entrepreneurship

Having understood the importance of preferences in driving agents to sectors with low earn-

ings, we now focus specifically on the role of personality traits, since these traits have large
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effects on both earnings and preferences. To illustrate how different combinations of per-

sonality traits can affect sector choices, we focus on two traits that have been highlighted

in previous literature as being associated with self-employment or autonomous work envi-

ronments: openness to new experiences and extraversion. To understand how these two

combine to affect behavior and outcomes, we first compute the deciles of each. Then, for

each of the resulting possible one hundred combinations, we set traits to these levels for each

individual in the sample. Then, we simulate optimal earnings and decisions to illustrate the

labor market impact of latent, stable personality traits.

Figure 10 plots earnings in self-employment for different combinations of values of ex-

traversion 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, ranging between about $52,000 and $131,000. In paid employment, the highest

wage penalties accrue to those who are neither extraverted nor open to new experiences (Fig-

ure 11). Here, the range of earnings is smaller: about $73,000 to $95,000. Figure 12 plots

utility uSEi (converted to dollars using the estimated multiplier). Utility of self-employment

ranges from about 0 to about $40,000. This range helps to explain why many individuals

choose to run a business that will not be particularly lucrative: the sheer enjoyment of doing

so is worth tens of thousands of dollars.

Personality enters non-linearly into the agent’s decision problem and so it is not a sur-

prise that average entry for different combinations of traits is not only not linear but can also

be non-monotonic. According to Figure 13, higher levels of extraversion encourage entry.

However, whereas a marginal increase in openness decreases entry (due to lower expected

earnings) at low levels, at higher levels of openness the marginal impact on entry is posi-

tive. This occurs because the increase in utility supersedes the decrease in the quality of the

business idea at higher levels of openness. In general, Figure 13 illustrates how the inter-

play between personality traits, earnings and preferences leads to a non-linear relationship

between non-cognitive traits and key decisions like business ownership.48

Ultimately, the landscape of personality traits affects the distribution of business ideas

that are realized, i.e., that turn into actual businesses. Figure 14 plots the average value

of business ideas θi conditional on self-employment for different combinations of deciles of

the distributions of openness and extraversion. Why is this important? Most people are not

business owners and yet society benefits when better ideas make it to the market. There-

48These non-linearities also highlight the shortcomings of reduced form models of entry that ignore selec-
tion.
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fore, it behooves us to understand that, for example, the quality of realized business ideas

diminishes for agents who tend to be less extraverted or more open to new experiences. In

the following section we focus our attention on assessing public policies to encourage en-

trepreneurship similar to the sorts of programs that have already been implemented. In

particular, we use the estimated model to consider two counterfactual policies: (i) subsidies

for all small businesses and (ii) tournaments that aim to identify and fund high quality

business ideas.

8 Personality and Policies Promoting Entrepreneur-

ship

Many policymakers have considered how best to design and implement policies that foster

successful entrepreneurship.49 The motivation appears to be the following: if good ideas do

not make it to the market, then society loses out on innovations, tax revenue, better products

and—assuming path-dependence—future innovation. However, one should be careful in

designing policies affecting self-employment. It is not 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 several policy approaches.

We begin by discussing conceptual reasons why policies promoting entrepreneurship,

such as a subsidy for small business owners, could raise the average quality of ideas entering

the market. One possibility is that a subsidy helps people to overcome credit constraints.

However, we have shown that credit constraints do not appear to bar entry of good ideas.

Returning to Table 10 a second possibility is that a subsidy could attract talented, “reluctant

entrepreneurs” who would otherwise choose paid employment. To emphasize the importance

of allowing preferences to determine entry, we note that if individuals were modeled simply

as maximizing income, a subsidy could only attract relatively low quality ideas by inducing

individuals who earn more in paid employment to start a business. In contrast, our model

sees individuals as choosing between sectors in light of sector preferences and earnings. We

therefore capture the possibility of misalignment between preferences and performance, in

particular, the idea that individuals choose a sector in which they are relatively unproductive.

If so, then policies promoting entrepreneurship could be worthwhile by attracting individuals

with high-quality business ideas, but an aversion to opening their own business. On the other

hand, we would not expect a subsidy to attract individuals with extremely high quality

49See, for example, Lerner (2009) for a discussion of the pitfalls associated with public policies promoting
entrepreneurship and venture capital.
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ideas as expected income does ultimately affect entry. Moreover, a subsidy could have a

counterproductive impact 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,

the impact of a subsidy on the average quality of ideas is conceptually ambiguous.

8.1 Subsidizing Entrepreneurship

The first policy we assess using our estimated model is a fairly blunt instrument: all en-

trepreneurs are given $25,000 if they open their own business.50 Here, and in other counter-

factual policy simulations, we assess the effect of the policy on the distribution of realized

business ideas. Again, the underlying question is whether the policy improves the distribu-

tion of ideas or simply encourages individuals to open less profitable businesses. We find

that the effect of the blanket $25,000 subsidy is to encourage the realization of relatively

low-quality ideas. This result rests, in part, on the finding that an aversion for entrepreneur-

ship is not generally correlated with talent for entrepreneurship. Therefore, a subsidy does

not appear to attract a group of talented, but reluctant entrepreneurs, a possibility that has

been used to justify government support of small business.

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 aversion is a preference and therefore it is captured in our

utility function. Our findings therefore suggest that individuals who avoid self-employment

due to risk aversion are not expected to have especially high-quality ideas worth subsidizing.

Further, Åstebro et al. (2014) argue in a recent study that evidence on whether entrepreneurs

have different risk preferences than paid employees is mixed and inconclusive. In contrast,

we find that, rather than attract reluctant, but talented entrepreneurs, 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.

To illustrate the impact of a subsidy, Table 12 lists changes to the average value of realized

business ideas (i.e., the average value of θi) using estimated model parameters and then under

the subsidy. The average value of θi goes from slightly more than $71,000 to under $44,000.

Entry into self-employment nearly doubles, rising about 90%. Moreover, the estimated model

50For 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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is well-equipped to assess how preferences interact with the counterfactual subsidy. We 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 maximizers, the post-subsidy average

value of realized business ideas declines from $83,316 to $67,238 and entry rises nearly 30

percentage points (minus 19% to plus 10% relative to the baseline). This suggests that a key

mechanism of the subsidy is to attract agents with a predisposition for self-employment, but

low expected returns, into entrepreneurship, where they start businesses based on low-quality

ideas.51

Shifts in the distributions of entry probabilities and the value of realized ideas induced

by the subsidy are plotted in Figures 15 and 16. Here, these shifts are measured using

estimated preference parameters and again where preferences for the non-pecuniary aspects

of entrepreneurship are assumed to play no role. These figures illustrate that the shifts

are much sharper due to preferences. The notion that agents with poor ideas are being

induced into entrepreneurship is illustrated in Figure 17, where the distribution of each

personality trait in self-employment is plotted according to model parameters and again

assuming the counterfactual subsidy. The subsidy induces individuals into entrepreneurship

who are agreeable, neurotic and open to new experiences, none of which is predictive of future

entrepreneurial success. This effect is somewhat attenuated by the fact that the subsidy

seems to encourage individuals into self-employment who are less conscientious. On balance,

however, a blunt instrument like an across-the-board subsidy for entrepreneurship seems

ill-advised as it simply encourages less productive ventures, having the most dramatic effect

on individuals who have low quality ideas, but who nonetheless reveal a strong preference

for entrepreneurship.

8.2 Do Business Plan Tournaments Attract Reluctant Entrepreneurs?

One alternative to a blanket subsidy is to subsidize high-quality business ideas via a tourna-

ment. Business plan competitions rewarding the best ideas are widely used and the estimated

model can provide insight into their effectiveness. It is important to remember that tour-

naments increase the average value of realized business ideas only if they attract “reluctant

entrepreneurs”: those with above average ideas, but with personality traits leading them to

prefer (or be paid relatively well in) paid employment. For example, a tournament funding

51In supplementary regressions in the online appendix, we show that low income-entrepreneurs in 1995
had significantly lower incomes if they remained self-employed in 2004, and were not more likely to remain
in business over that period than high income entrepreneurs in 1995. It does not seem to be the case that
initial self-employment incomes are lower due to steeper investment profiles (Hamilton, 2000). See Tables
S5 and S6.
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the top 10% of business ideas is helpful only if some individuals with ideas in the top decile

who would normally choose paid employment can be induced by the tournament prize to

open a business. Otherwise, the tournament at best subsidizes businesses that would have

been started absent financial support. At worst, it attracts individuals with traits associated

with less productive ideas into self-employment, with the perverse effect of lowering rather

than raising the average quality of ideas that enter the market. Finally, even if a tournament

does manage to attract reluctant entrepreneurs with high quality ideas, policymakers still

need to assess whether it does so in a cost-effective manner.

We simulate the tournament as follows. For each individual, a random draw from the

distribution of business ideas is selected. These draws are ordered from highest to lowest

value. Then, a portion of the top ideas (5%, 10%, 15% and 20%) is subsidized. We consider

subsidy amounts of $10,000, $25,000, $50,000, $100,000 and $500,000. Next, for each indi-

vidual, a second random draw is selected and the ordering and subsidization procedure is

repeated. In all, we simulate 2,500 business ideas per person. For each combination of the

fraction of ideas subsidized and subsidy amount, we calculate the average value of realized

ideas (where averages are taken over individual-draw pairs) and also calculate the percent

change in entry probability.

The results reported in Table 13 indicate that tournaments are relatively ineffective tools

for inducing the “reluctant entrepreneur” to start a business, even before accounting for

tournament costs. To understand why, suppose we first limit the winners to the top 5% of

business ideas. The first row of Table 13 shows that increasing the prize induces only a tiny

fraction of individuals to choose self-employment: the increase in entry is roughly 0.004%.

Even when the subsidy increases to $500,000, entry does not increase. This finding arises

due to the fact that virtually every individual with an idea in the top 5% is already choosing

to start their business. Consequently, the tournament is redundant in the sense that the

top ideas are already making it to the market. To be sure, the new entrants have very

high quality ideas (worth about $104,000 on average). However, these valuable additions to

entrepreneurship comprise such a small proportion of the top 5% of ideas that the average

value of all realized business ideas remains nearly the same, rising about $1.32. This rise is

negligible and comes at great cost, especially when we take into account that the tournament

prize is awarded to all agents in the top 5%, not just the 0.004% induced to enter by the

prize.

The remainder of the table shows that increasing the fraction of top ideas funded does

increase entrepreneurial entry, with the magnitude of the effect increasing in the size of

the prize. Note, however, that increased entry is accompanied by a decline in the average

value of the realized business idea. For example, awarding a $50,000 prize to the top 20% of
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business ideas increases self-employment entry by 5.9%, but the average value of the business

ideas that now make it to market declines over $2,000. This finding highlights the fact that

increasing the fraction of tournament winners induces more individuals with lower quality

ideas to try entrepreneurship. In other words, the tournament begins to have the same impact

as a subsidy, attracting individuals with personalities such that they favor entrepreneurship,

but are unproductive in it. Moreover, the tournament is costly: All business owners with top

20% ideas are given $50,000 in this example, even though 93% of them would have opened

their business without the prize.

In summary, we show that a tournament is capable of attracting reluctant entrepreneurs,

but the increases in value and entry are quite small. Our simulations show that the vast

majority of tournament “winners” would have made it to the market absent a tournament,

and so paying them to start a business is unnecessary. We also observe that the tournament

runs the risk of attracting entry from lifestyle entrepreneurs as the number of winners is

increased. Consequently, an already costly and largely ineffective policy can have the perverse

effect of lowering rather than raising the average value of realized ideas.52 Finally, we note

that our results on tournaments are generalizable in contexts where credit markets function

well. For our sample, we have shown that credit markets appear to be well-functioning in

that they screen out bad ideas without preventing the good ones. Nonetheless, a tournament

could be a good policy if it helps potential entrepreneurs to overcome credit constraints that

act as poor screening devices and instead keep good ideas from turning into innovative

businesses. This could occur in economies with nascent credit markets, e.g., in developing

countries.

9 Conclusion

We have shown that the personality traits that make entrepreneurship the lucrative choice

are not the personality traits that ceteris paribus induce people to become entrepreneurs.

The most striking example of this misalignment involves the trait “openness to new expe-

riences”, which lowers earnings in self-employment, but drives people to be entrepreneurs.

Our findings on credit constraints are mixed. First, we show that credit constraints are only

marginally important in determining which business ideas are realized. Further, we show

evidence suggesting that, rather than obstructing productive business ideas from entering

52In results that are not shown, but that are available upon request, we simulate entry and average value
of ideas for larger subsidies and for higher proportions of rewarded ideas. We find that at quantities larger
than those presented in Table 13, entry rises precipitously and the average value of ideas that make it to the
market plummets.
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the market, credit constraints screen out low-quality ideas. Nonetheless, we also show that

credit constraints imply that high quality business ideas are operated at sub-optimal scale.

We go on to study the effect of policies encouraging entrepreneurship and show that

they tend to subsidize businesses that would already be started. Alternatively, they attract

individuals with low quality ideas, but a preference for self-employment. In particular, we

show that subsidies encourage people with the wrong personality traits (in terms of profitable

entrepreneurship) to enter self-employment.

It is important to note that we cannot use our model to assess whether a subsidy is

welfare-enhancing or efficient. Instead, we can conclude that subsidies do not improve the

value of business ideas that make it to the market. We argue that this consideration is of

first-order importance since a typical justification of costly policies supporting small busi-

nesses is the concern that credit constraints prevent good ideas from becoming businesses.

The reasoning is that society as a whole would benefit from these ideas and that subsidies

(financed largely through taxation) should be used to support them. In contrast, we show

that the quality of ideas that enter the market becomes worse and not better if a subsidy is

offered. The reason is not that entrepreneurship is wasteful. Rather, the underlying reason

is that good ideas tend to become businesses absent subsidies.

Policies aimed at encouraging small business ownership therefore require a different jus-

tification. One justification would be that small business owners enjoy self-employment.

While we show this to be true on average, it is not clear if the utility of the business owner

is enough to justify the use of public funds to support his endeavor. Another justification

is that small businesses provide jobs, help communities where large corporations find it un-

profitable to locate or create value since consumers enjoy enterprises that are independently

owned. In other words, from a social welfare perspective, individual earnings are but one

factor to consider. For example, Åstebro et al. (2014) suggests 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 these considerations justify tax-

funded subsidies is beyond the scope of our model. What we can conclude from our model,

however, is that subsidies do not lead to more profitable ideas entering the market. In other

words, a community may wish to support small businesses for a variety of valid reasons—and

these reasons should be explored in future research. However, we find no evidence subsidies

should be justified with the claim that profitable businesses are otherwise barred from the

market.

An important caveat to our analysis is that the model we estimate is static, and thus

we cannot account for the possibility that policies could have long run effects operating,
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for example, through dynamic selection. For example, tournaments or subsidies may allow

individuals to gain experience in self-employment, which in turn generates more profitable

business ideas in the future. We argue that our static model is appropriate in the context

of subsidies and tournaments as both schemes are designed to benefit society in the short

run. Moreover, we have shown evidence that low self-employment income is not associated

with steeper income profiles. Still, to assess possible longer run effects, we would need to use

panel data to estimate a dynamic model of sector choice, which would account for the impact

of subsidies or tournaments on factors such experience in self-employment and subsequent

earnings. A model accounting for dynamic selection would also permit an analysis of other

sorts of policies that are designed to have longer run effects. Consider, for example, education

programs targeting students and young workers and with the aim of encouraging successful

entrepreneurship. A dynamic model would allow us to assess such policies, including the

degree to which personality mitigates their impact on self-employment and, ultimately, the

set of ideas that enter the market.
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Åstebro, Thomas, Holger Herz, Ramana Nanda, and Roberto A Weber. 2014. “Seeking the Roots of En-
trepreneurship: Insights from Behavioral Economics.” The Journal of Economic Perspectives 28 (3):49–69.
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10 Tables and Figures

Table 1: The Big 5 Personality Traits

Personality Trait Associated With Being:
Openness to New Experiences � Creative, imaginative, intelli-

gent, curious, broad-minded, so-
phisticated and adventurous.

Conscientiousness � Organized, responsible, hard-
working and not careless.

Extraversion � Outgoing, friendly, lively , ac-
tive and talkative.

Agreeableness � Helpful, warm, caring, soft-
hearted and sympathetic.

Neuroticism � Moody, worrying, nervous and
not calm.

The Big 5 along with the attributes and characteristics used to measure them in the
MIDUS data set.
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Table 2: Summary Statistics

Analysis Paid Self ∆
Sample Employment Employment (Self−Paid) p-values

Earnings (2004) $78,153.61 $74,482.67 $93,988.64 $19,505.97 0.044
Median Earnings (2004) $57,500 $57,500 $58,402 $902.00 0.782
Assets in 1995 $120,595.20 $101,371.10 $203,520.70 $102,149.60 0.000
High school degree 0.19 0.19 0.20 0.01 0.669
Some college 0.27 0.27 0.26 -0.01 0.821
College graduate 0.25 0.25 0.25 0.00 0.946
Age 50.09 49.36 53.25 3.89 0.000
Married 0.79 0.78 0.83 0.05 0.117
No. of children 2.19 2.19 2.19 0.00 0.991
Spouse educ. (years) 12.03 12.00 12.16 0.16 0.739
Spouse employed (1995) 0.58 0.56 0.66 0.10 0.020
Fluid Cognitive Ability 0.35 0.36 0.32 -0.04 0.608
Openness (1995) 3.07 3.06 3.13 0.07 0.075
Openness (2004) 2.97 2.95 3.06 0.11 0.004
Conscientiousness (1995) 3.40 3.39 3.44 0.04 0.224
Conscientiousness (2004) 3.46 3.46 3.48 0.02 0.586
Extraversion (1995) 3.14 3.12 3.25 0.14 0.002
Extraversion (2004) 3.04 3.02 3.16 0.14 0.002
Agreeableness (1995) 3.29 3.28 3.31 0.02 0.587
Agreeableness (2004) 3.24 3.23 3.30 0.07 0.087
Neuroticism (1995) 2.16 2.18 2.10 -0.08 0.170
Neuroticism (2004) 2.02 2.03 1.99 -0.04 0.469

Summary statistics for the analytic sample of 898 individuals, of whom 169 are self-
employed.
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Table 3: Reduced Form Results: Trait Stability

2004 Personality Scores
[O] [C] [E] [A] [N]

Openness (1995) 0.73∗∗∗ . . . .
(0.03)

Conscientiousness (1995) . 0.63∗∗∗ . . .
(0.03)

Extraversion (1995) . . 0.71∗∗∗ . .
(0.02)

Agreeableness (1995) . . . 0.65∗∗∗ .
(0.03)

Neuroticism (1995) . . . . 0.57∗∗∗

(0.03)

Age 0.004∗∗ 0.001 0.006∗∗∗ 0.006∗∗∗ -0.003
(0.002) (0.001) (0.002) (0.002) (0.002)

Self-employment (1995) 0.04 -0.008 0.02 -0.01 0.007
(0.03) (0.03) (0.04) (0.03) (0.04)

Log assets (1995) -0.004 0.001 -0.002 -0.005 -0.006
(0.004) (0.004) (0.004) (0.004) (0.005)

Log earnings (1995) 0.009 -0.002 -0.01 0.008 -0.006
(0.01) (0.01) (0.01) (0.01) (0.02)

Observations 898 898 898 898 898
R2 0.45 0.4 0.49 0.43 0.37

OLS regression coefficients where the outcome variables are 2004 personalty trait scores
(Openness to New experiences [O], Conscientiousness [C], Extraversion [E], Agreeableness
[A] and Neuroticism [N]), which are regressed onto 1995 scores along with 1995 labor
market activity and outcomes. Standard errors are in parentheses and significance at the
10%, 5% and 1% levels are indicated with one, two and three stars, respectively.
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Table 4: Sector Earnings and Sector Choice

Earnings Sector
SE PE Choice
[1] [2] [3]

Openness (2004) -0.37 0.02 0.25∗∗

(0.34) (0.07) (0.12)

Conscientiousness (2004) -0.01 0.14∗ -0.07
(0.3) (0.08) (0.12)

Extraversion (2004) 0.32 0.12∗ 0.13
(0.31) (0.07) (0.11)

Agreeableness (2004) -0.41 -0.23∗∗∗ -0.03
(0.29) (0.07) (0.11)

Neuroticism (2004) 0.07 0.09 0.04
(0.2) (0.05) (0.08)

Cognition -0.2 0.13∗∗∗ 0.04
(0.14) (0.04) (0.06)

Years of education 0.14∗∗ 0.06∗∗∗ -0.005
(0.06) (0.02) (0.03)

Age -0.002 0.009∗∗ 0.04∗∗∗

(0.02) (0.004) (0.007)

Father education 0.06∗ 0.002 .
(0.03) (0.008)

Mother education 0.04 0.01 .
(0.04) (0.01)

Married . . 0.58∗∗

(0.27)

Number of kids . . -0.06
(0.04)

Spouse education . . -0.03∗

(0.02)

Spouse employed (1995) . . 0.21∗

(0.11)

Observations 169 729 898

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 out-
come variable is an indicator for 2004 self-employment. Standard errors are in parentheses
and significance at the 10%, 5% and 1% levels are indicated with one, two and three stars,
respectively.
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Table 5: Results: Latent Personality Traits.

Variable Coefficient Std. Error

Openness to New Experiences:
Mean 3.171 0.071
Variance 0.412 0.011
Factor loading 0.927 0.027
Age parameter (1995) -0.003 0.002
Age parameter (2004) 0.001 0.002
Meas. error variance (1995) 0.244 0.011
Meas. error variance (2004) 0.335 0.010

Conscientiousness:
Mean 3.299 0.065
Variance 0.343 0.010
Factor loading 1.004 0.026
Age parameter (1995) 0.002 0.002
Age parameter (2004) 0.003 0.001
Meas. error variance (1995) 0.280 0.009
Meas. error variance (2004) 0.273 0.009

Extraversion:
Mean 3.096 0.083
Variance 0.484 0.015
Factor loading 0.902 0.032
Age parameter (1995) 0.001 0.002
Age parameter (2004) 0.005 0.002
Meas. error variance (1995) 0.294 0.014
Meas. error variance (2004) 0.350 0.013

Agreeableness:
Mean 3.147 0.052
Variance 0.451 0.014
Factor loading 0.917 0.029
Age parameter (1995) 0.003 0.001
Age parameter (2004) 0.007 0.002
Meas. error variance (1995) 0.320 0.012
Meas. error variance (2004) 0.339 0.013

Neuroticism:
Mean 2.494 0.091
Variance 0.497 0.018
Factor loading 0.942 0.038
Age parameter (1995) -0.008 0.002
Age parameter (2004) -0.007 0.002
Meas. error variance (1995) 0.410 0.016
Meas. error variance (2004) 0.409 0.015

Coefficients: distribution of latent personality traits
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Table 6: Results: Paid Employment.

Variable Coefficient Std. Error

Education 0.067 0.002
Age 0.008 0.006
Married 0.190 0.104
Fluid Cognitive Ability 0.109 0.030
Openness to New Experiences 0.039 0.087
Conscientiousness 0.153 0.125
Extraversion 0.108 0.095
Agreeableness -0.200 0.004
Neuroticism 0.086 0.083
Constant 9.167 0.024
Variance 0.836 0.006

Coefficients: paid-employment earnings

Table 7: Results: Self Employment.

Variable Coefficient Std. Error

Log Assets -0.004 0.059
Education 0.156 0.001
Age -0.010 0.002
Married 0.256 0.449
Fluid Cognitive Ability -0.095 0.108
Openness to New Experiences -0.294 0.009
Conscientiousness -0.072 0.176
Extraversion 0.227 0.046
Agreeableness -0.291 0.001
Neuroticism 0.039 0.247
Constant 1 8.478 0.035
Constant 2 10.647 0.443
Variance 1 0.494 0.288
Variance 2 0.007 1.044
Mixture Probability 0.844 0.001
Earnings Uncertainty 1.560 0.071
Technology Parameter 0.135 0.056
Credit Constraints 1.990 0.992

Coefficients: self-employment earnings

48



Table 8: Results: Preference Parameters.

Variable Coefficient Std. Error

Earnings Utility Parameter 3.496e-05 2.507e-07
Number of Kids -0.108 0.011
Spouse Education 0.005 0.002
Spouse Employment (1995) 0.379 0.054
Education -0.025 0.006
Age 0.085 0.000
Married 0.045 0.020
Fluid Cognitive Ability 0.178 0.018
Openness to New Experiences 0.687 0.004
Conscientiousness -0.025 0.003
Extraversion 0.085 0.008
Agreeableness 0.105 0.020
Neuroticism -0.002 0.520
Constant -6.115 0.028

Coefficients: utility parameters

Table 9: Preferences versus Earnings

Highest Relative Payoff
in Self or Paid?

Characteristic Earnings Utility Misalignment?
Education Self Paid X
Age Paid Self X
Married Paid Self X
Fluid Cognitive Ability Self Self
Agreeableness Paid Self X
Extraversion Self Self
Neuroticism Paid Paid
Conscientiousness Paid Paid
Openness to New Experiences Paid Self X

For individual characteristics, we identify whether the marginal payoff (earnings and util-
ity) is higher in paid or self-employment and then add a checkmark if there is a mis-
alignment. For example, openness to new experiences leads to higher relative earnings in
paid-employment, but higher utility in self-employment, leading to a misalignment.
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Table 10: Preferences versus Performance: A Taxonomy

Relative Performance
in Self-Employment

Preference for
Self-Employment High Low

Aligned Lifestyle
Strong Entrepreneur Entrepreneur

(e.g: Extraversion) (e.g: Openness)
Reluctant Aligned

Weak Entrepreneur Paid Employee
(e.g: Education) (e.g: Conscientiousness)

This table characterizes individuals by their preferences for entrepreneurship and their
entrepreneurial ability (relative to paid employment ability). For each category, the table
includes a trait or characteristic of individuals falling in that group according to our esti-
mation results. Categories are (1) the Aligned Entrepreneur (the exemplary charac-
teristic is Extraversion, which means individuals have higher returns in self relative to paid
employment and we estimate that they have a positive preference for self-employment);
(2) the Lifestyle Entrepreneur (Openness is associated with a strong preference for
self-employment, but also generates lower returns in self-employment compared to paid
employment); (3) the Reluctant Entrepreneur (Education has higher return in self-
employment compared to paid employment, but we find more education is associated
with lower preference for self-employment); and (4) the Aligned Paid Employee (Con-
scientiousness has higher returns in paid employment than self-employment, and more
conscientious individuals have a weaker preference for self-employment.)
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Table 11: Removing Market Imperfections

Average % Change
Counterfactual Value of in Entry

Policy Simulation Business Ideas Probability
Baseline $71,089.82 0
No Credit Constraints $69,847.26 3.30
Preferences do not Affect Entry $83,315.91 -18.99
Both $81,866.66 -15.97

The average value of business ideas that are realized, i.e., conditional on self-employment
under counterfactuals where (i) there are no credit constraints, (ii) where preferences do
not affect entry (agents maximize earnings) and (iii) where there are no credit constraints
and preferences do not affect entry. Also recorded are percent changes to entry relative to
the baseline where credit constraints and preferences influence entry.

Table 12: Subsidizing Entrepreneurship

Average % Change
Counterfactual Value of in Entry

Policy Simulation Business Ideas Probability
Baseline $71,089.82 0
Subsidy $43,861.76 87.56
Preferences do not Affect Entry $83,315.92 -18.99
No Preferences and Subsidy $67,237.68 10.05

The average value of business ideas that are realized, i.e., conditional on self-employment
under counterfactuals where (i) there is a blanket subsidy of $25,000 for any individual who
starts a business, (ii) where preferences do not affect entry (agents maximize earnings) and
(iii) where there is a blanket subsidy of $25,000 for any individual who starts a business
and preferences do not affect entry. Also recorded are percent changes to entry relative to
the baseline where preferences influence entry and there is no subsidy.

51



Table 13: Business Plan Tournaments: Subsidizing the Best Ideas

Amount of
Tournament Prize

Awarded to Best Ideas

Percent of Top $0 $10,000 $25,000
Ideas Funded

5% $71,089.82 [0.00%] $71,091.05 [0.0036%] $71,091.09 [0.0038%]
10% $71,089.82 [0.00%] $71,096.72 [0.0625%] $71,098.54 [0.0851%]
15% $71,089.82 [0.00%] $71,063.62 [0.2968%] $71,035.73 [0.5028%]
20% $71,089.82 [0.00%] $70,369.93 [2.0684%] $69,600.54 [4.2155%]

$50,000 $100,000 $500,000

5% $71,091.14 [0.0040%] $71,091.14 [0.0040%] $71,091.14 [0.0040%]
10% $71,099.30 [0.0928%] $71,099.38 [0.0942%] $71,099.38 [0.0942%]
15% $71,017.90 [0.6019%] $70,999.81 [0.6835%] $70,999.56 [0.6842%]
20% $68,997.53 [5.8907%] $68,671.59 [6.8636%] $68,659.59 [6.8978%]

Each cell contains the average value of realized business ideas and the percent increase in
entry (the latter in brackets) for varying tournament prize amounts awarded to varying
proportions of the highest value business ideas. When the tournament prize is zero,
there is no change in average value (which remains at $71,089.82) and no change in entry
probability. If the tournament prize is $100,000 for the top 10% of ideas, the average
value of ideas rises to $71,099.38 and entry increases by 0.09%. If the tournament prize is
$100,000 for the top 20% of ideas, the average value of ideas sinks to $68,671.59 and entry
increases by 6.86%.
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Figure 1: Scatter plot of self-employment in 2004 against assets reported in 1995 along
with a smoothed fitted polynomial and 95% confidence bands.
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Figure 2: Scatter plot of self-employment earnings in 2004 against assets reported in
1995 along with a smoothed fitted polynomial and 95% confidence bands.

53



0

.5

1

1 2 3 4

95% CI
lpoly smooth: Self-employment
Self-employment

Figure 3: Scatter plot of self-employment in 2004 against 2004 score on the personality
trait “openness to new experiences” along with a smoothed fitted polynomial and 95%
confidence bands.
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Figure 4: Scatter plot of relative log earnings in self-employment in 2004 (predicted from
sector-specific regressions of log earnings on 2004 personality scores and sociodemographic
variables (e.g., age and education) against 2004 score on the personality trait “openness
to new experiences” along with a smoothed fitted polynomial and 95% confidence bands.
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Figure 5: Model fit: Observed and simulated paid employment earnings using estimated
model parameters.
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Figure 6: Model fit: Observed and simulated self-employment earnings using estimated
model parameters.

55



Percentiles
0 10 20 30 40 50 60 70 80 90 100

E
ar

ni
ng

s

#105

-2

0

2

4

6

8

10

12

14

16

18

Figure 7: Percentiles of simulated expected earnings differentials. For each individual in
the sample, expected self and paid employment are drawn 2,500 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 expect to lose money in self-employment. The simulation also illustrates why av-
erage earnings are high in self-employment: there is the possibility of an extremely high
business idea draw.
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Figure 8: Simulated value of realized business ideas, i.e., conditional on entry into self-
employment using: (i) estimated model parameters, (ii) under the counterfactual where
preferences do not affect entry (agents maximize earnings) and (iii) under the counter-
factual where preferences do not affect entry and credit constraints are removed and so
agents simple maximize expected earnings
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Figure 9: Earnings differential (expected self minus paid employment earnings) condi-
tional on choosing self-employment and simulated using: (i) estimated model parameters,
(ii) under the counterfactual where preferences do not affect entry (agents maximize earn-
ings) and (iii) under the counterfactual where preferences do not affect entry and credit
constraints are removed and so agents simple maximize expected earnings.
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Figure 10: Simulated expected earnings in self-employment evaluated where Openness
to New Experiences and Extraversion are set equal to each combination of deciles for the
sub-sample of individuals used in our analysis.
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Figure 11: Simulated expected earnings in paid employment evaluated where Openness
to New Experiences and Extraversion are set equal to each combination of deciles for the
sub-sample of individuals used in our analysis.
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Figure 12: Simulated expected relative utility from self-employment evaluated where
Openness to New Experiences and Extraversion are set equal to each combination of
deciles for the sub-sample of individuals used in our analysis.
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Figure 13: Simulated expected probability of entry into self-employment where Openness
to New Experiences and Extraversion are set equal to each combination of deciles for the
sub-sample of individuals used in our analysis.
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Figure 14: Simulated expected value of business ideas conditional on self-employment
evaluated where Openness to New Experiences and Extraversion are set equal to each
combination of deciles for the sub-sample of individuals used in our analysis.
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Figure 15: Simulated entry probability using estimated model parameters and then under
the counterfactuals where (i) self-employment is subsidized ($25,000 for all businesses) (ii)
individuals maximize earnings, i.e., preferences play no role in the self-employment decision
and (iii) self-employment is subsidized and preferences play no role.
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Figure 16: Simulated value of realized business ideas, i.e., conditional on entry into self-
employment using estimated model parameters and then under the counterfactuals where
(i) self-employment is subsidized ($25,000 for all businesses) (ii) individuals maximize earn-
ings, i.e., preferences play no role in the self-employment decision and (iii) self-employment
is subsidized and preferences play no role.
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Figure 17: Distribution of personality traits among individuals 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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Appendix A Identification of Latent Factors

We are interested in identifying the distributions of five latent personality traits, as measured

by the Big 5, along with latent intelligence, as measured by fluid intelligence.53 For now,

we focus on the Big 5, where the measurement of trait j ∈ {1 . . . 5} for agent i at time

t ∈ {1995, 2004} is specified as follows (where we suppress notation indicating conditioning

on a vector of observables):

Cijt = dCjtfij + εCitj (25)

Without loss of generality, focus on trait 1. For latent trait 1, there are two measurements:

Ci1(04) = dC1(04)fi1 + εCi1(04)
Ci1(95) = dC1(95)fi1 + εCi1(95).

(26)

Further, for each individual in the sample, we record earnings in one of the two sectors. If

individual i is in the paid sector, we observe wages, specified as:

ln(wi) = xwi β
w +

J∑
j=1

κwj fij + ewi . (27)

If individual i is self-employed, we observe earnings (or entrepreneurial returns), specified

as:

ln(yi) = ln(θi) + αln(k∗i ) + eyi (28)

where:

ln(θi) = xθiβ
θ + ψlnAi +

J∑
j=1

κθjfij + eθi (29)

and, from first order conditions,

k∗i =

(
αθi
r

) 1
1−α

= φ× θ
1

1−α
i , (30)

We can rewrite equation [28] as:

ln(yi) = xθiβ
θ + ψlnAi +

J∑
j=1

κθjfij + eθi + αln(k∗i ) + eyi (31)

and therefore show that for every individual in the sample there are two measurements of

53We follow identification arguments presented, for example, in Urzua (2008).

65



latent factor 1 as well as an outcome that is also function of latent factor 1. Assuming that

εCi1(04) ⊥ εCi1(95) ⊥ eyi ⊥ ewi , we have that:

Cov
(
Ci1(04), ln(wi)

)
= dC1(95)γ1σ

2
fj

Cov
(
Ci1(95), ln(wi)

)
= dC1(04)γ1σ

2
fj

(32)

Then,
Cov

(
Ci1(04), ln(wi)

)
Cov

(
Ci1(95), ln(wi)

) =
dC1(95)
dC1(04)

(33)

If we normalize dC1(04) = 1, we have that:

Cov
(
Ci1(04), ln(wi)

)
Cov

(
Ci1(95), ln(wi)

) = dC1(95) (34)

Next, we go back to two measurement equations:

Ci1(04) = fi1 + εCi1(04)
Ci1(95) = dC1(95)fi1 + εCi1(95)

(35)

Rewrite the second equation as:

Ci1(04) = fi1 + εCi1(04)
Ci1(95)
dC
1(95)

= fi1 +
εC
i1(95)

dC
1(95)

(36)

Under these conditions, we can apply a theorem attributed to Kotlarski, which is:

Theorem 1. Suppose X1, X2 and ν are three independent, real-valued random variables

where we define Y1 = X1 + ν and Y2 = X2 + ν. If the characteristic function of (Y1, Y2) does

not vanish, then the joint distribution of (Y1, Y2) determines the distributions of X1, X2 and

ν up to a change of the location.

In our case, ν is the latent factor, X1 andX2 are both measurement error and Y1 and Y2 are

the measurements. Given that our system of equations satisfies the conditions under which

Kotlarski’s theorem applies, we can identify the densities of fi1, ε
C
i1(04) and εCi1(95). Further,

the previous identification argument applies to the remaining Big 5 measures, which means

we can identify all five latent personality traits using the repeated measurements along with

data on earnings.
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