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e used quantitative genetics techniques to compare the entrepreneurial activity of 870 pairs of monozygotic
(MZ) and 857 pairs of same-sex dizygotic (DZ) twins from the United Kingdom. We ran model-fitting
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field of entrepreneurship has explained only some
of the variance in the tendency of people to engage
in entrepreneurial activity, examination of additional
factors that account for this variance will help schol-
ars to develop a more comprehensive model of why
some people and not others become entrepreneurs.

Moreover, empirical investigation of genetic fac-
tors will provide richer, more precise explanations for
the tendency of people to engage in several impor-
tant aspects of entrepreneurial activity. For example,
genetic research could help to explain to what extent
the influence of parental entrepreneurship on chil-
dren’s propensity to become entrepreneurs is influ-
enced by genetic factors transmitted biologically from
parent to child, and to what extent it is influenced by
environmental factors, such as the role modeling that
the parents provide (Sorenson 2007), the transmission
of information from parents to children about how
to run a business (Aldrich and Kim 2007), and the
transfer of resources useful for entrepreneurship (e.g.,
information, social and financial capital) from parents
to children (Sorenson 2007).

The extant literature shows that people who engage in
entrepreneurial activity are not randomly determined.
A variety of factors are associated with the ten-
dency of people to engage in entrepreneurial activities
including psychological attributes, such as the need
for achievement (McClelland 1961), overconfidence
(Busenitz 1999), locus of control (Evans and Leighton
1989), optimism (Cooper et al. 1988), and risk-taking
propensity (Stewart and Roth 2001), and demographic
factors, such as education (Bates 1995), employment
status (Ritsila and Tervo 2002), age (Bates 1995), mar-
ital status (Evans and Leighton 1989), income (Amit
et al. 1995), career experience (Evans and Leighton
1989), social ties (Aldrich et al. 1987), and social skills
(Baron 2004).

However, no empirical research has examined the
effect of genetic factors on the tendency of people to
engage in entrepreneurship. This is surprising given
the evidence that many aspects of human behavior
are influenced by genes (Benjamin et al. 2003, Plomin
and Walker 2003) including personality (Ebstein et al.
1996, Benjamin et al. 1996), attitudes (Bouchard et al.
2004), intelligence (Plomin and Spinath 2004), job
satisfaction (Arvey et al. 1989), work-related values
(Keller et al. 1992), and interests (Lykken et al. 1993).
If genetic factors influence other aspects of human
behavior, they are likely to influence the tendency of
people to engage in entrepreneurial activity as well.?

2We do not reject the possibility that other factors, such as the
exogenously determined external environment, also influence the

Genetic factors might influence the tendency of
people to engage in entrepreneurship through a vari-
ety of complementary mechanisms. First, genes might
have direct effects on chemical mechanisms in the
brain that predispose people with that genetic com-
position to engage in entrepreneurial activity. Genes
provide instructions for the creation of proteins out
of amino acids. If a gene that codes for the creation
of a particular protein is missing, then the chemi-
cal reaction that it is designed to facilitate will not
occur as efficiently. If that chemical reaction controls
brain activity, it can influence behavior. For exam-
ple, the Taq Al allele® of the DRD2 gene has been
shown to be more prevalent among excessive gam-
blers than the general population because the gene
affects sensations of pleasure in response to risk tak-
ing (Comings et al. 1996). Because entrepreneurship
involves risk taking, it is possible that people with this
variant of the DRD2 gene are more likely to engage
in entrepreneurial activity than other people because
the gene increases the pleasure that they obtain from
taking risks.

Second, genes might predispose people to develop
individual attributes that affect the tendency of peo-
ple to engage in entrepreneurship (White et al. 2006,
2007). For example, extraversion is a personality
trait that incorporates several attributes, including
sociability, gregariousness, talkativeness, and exhi-
bitionism (Barrick and Mount 1991). Extraversion
increases the likelihood that people will engage in
entrepreneurship because it facilitates many skills,
such as selling, that are important to it (Baron and
Markman 2003). Moreover, extraversion is heritable
(Bouchard and Loehlin 2001, Eaves et al. 1989, Jang
et al. 1996, Riemann et al. 1997) and is related to
the long alleles of the DRD4 exon III repeat gene
(Benjamin et al. 1996). Thus, genes might affect the
tendency of people to engage in entrepreneurial activ-
ity by influencing their level of extraversion.

Third, genes might affect the tendency of peo-
ple to select into environments more favorable to
entrepreneurial activity, a phenomenon called

(Plomin et al. 1977, Kendler

development of the characteristics that lead some people to engage
in entrepreneurial activity. Moreover, we do not argue that genes

who engages in entrepreneurial activity in the way that
specific genes whether or not people will develop dis-
eases, such as Huntington’s disease. Rather, we argue that genes
increase the probability that people will engage in entrepreneurial
activity (Plomin et al. 1990). As Plomin et al. (1990, p. 376)
explained, “Genetic effects on behavior are not deterministic in
the sense of a puppeteer pulling our strings. Genetic influences
imply probabilistic propensities rather than hard-wired patterns of
behavior.”

3 An is any one of a number of possible DNA codings of the
same gene.
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and Eaves 1986). Because genes lead people to
select their environments (Scarr 1992), environmen-
tal factors are nonrandomly distributed among peo-
ple of different genetic make-up (Neale and Maes
2002). For example, gene-environment correlations
might influence the tendency of people to engage
in entrepreneurial activity by affecting their educa-
tional choices (Taubman 1976, Lichtenstein et al. 1992,
Tambs et al. 1989, Behrman and Taubman 1989).
People are more likely to engage in entrepreneurial
activity if they are more highly educated because
education provides the background knowledge nec-
essary to notice new business opportunities (Shane
2000), and information and skills that increase the
expected returns to entrepreneurial activity (Clouse
1990). Genes affect the level of education that peo-
ple obtain (Behrman and Taubman 1989, Tambs et al.
1989). Thus, genes might affect the tendency of peo-
ple to engage in entrepreneurship by influencing their
level of education.

Fourth, genes might make some people more sensi-
tive than others to environmental stimuli that increase
the likelihood of engaging in entrepreneurial activ-
ity. This tendency, called ,
means that a person with the relevant gene dis-
plays a greater reaction to the environmental stimu-
lus than a person without that gene (Plomin et al.
1977, Rowe 2003, Moffitt et al. 2005). For example,
the dopamine D4 receptor gene, which regulates the
level of dopamine in the brain (Ebstein et al. 1996,
Benjamin et al. 1996), has been shown to increase
the salience of information (Berridge and Robinson
1998, Volkow 2004). The identification of new busi-
ness ideas is affected by the salience of information to
the person receiving it (Gaglio and Katz 2001, Shane
2000). People with the DRD4 gene might be more
sensitive than others to the stimulus of information
about potential business opportunities. That is, the
DRD4 gene might interact with information about
opportunities to increase the likelihood that a per-
son will identify a new business idea, and therefore
increase the probability that the person will engage in
entrepreneurship.

These four mechanisms, through which genes influ-
ence social outcomes, suggest that the tendency of
people to engage in entrepreneurship might be at
least partially heritable. Therefore, we hypothesize:

The natural experiment of twins allows us to mea-
sure whether the tendency of people to engage in

entrepreneurship has a genetic component. The exper-
iments are based on the comparison of MZ twins,
which are created when a single sperm fertilizes a
separate egg, and therefore share 100% of their genetic
make-up, and DZ twins, which are created when two
separate eggs are fertilized by two separate sperm,
and share, on average, 50% of their segregating genes.

Comparing the similarity and difference in entre-
preneurship between the two types of twins pro-
vides insight into the proportion of variance in
entrepreneurship that is explained by genetic factors.
Because MZ twins share all of their genetic make-up
and DZ twins share, on average, 50% of their segre-
gating genes, greater MZ than DZ twin concordances
in entrepreneurship would indicate that genetic fac-
tors are important. However, if the tendency to
engage in entrepreneurship is explained solely by
environmental factors, then no difference between
MZ and DZ twin concordances in entrepreneurship
should be observed.

Twin studies depend on the assumption that MZ
and DZ twins experience equivalent environments.
For violation of this assumption to occur, environmen-
tal factors must treat MZ twins more similarly than
DZ twins and the similarity in treatment must make
a difference in the phenotype under study. The equal
environments assumption has been tested extensively
and many sources now confirm the robustness of
this assumption (Scarr and Carter-Saltzman 1979,
Bouchard and Propping 1993, Kendler et al. 1993,
Hettema et al. 1995, Carey 2003). Studies of MZ and
DZ twins raised together and apart have shown that
the MZ twins raised apart are consistently more sim-
ilar than DZ twins raised together (Bouchard 1998,
Bouchard et al. 1990). In addition, studies of twins
reared apart and together and studies of biologically
unrelated people reared in the same household have
shown that the rearing environment explains very lit-
tle variance in most social outcomes (Bouchard et al.
1990, Plomin and Daniels 1987). Furthermore, many
parents tend to randomize the environmental treat-
ment of their children. Many are misinformed or
make erroneous evaluations about the zygosity of
their twins, leading some parents to raise their DZ
twins as MZ twins and other parents to treat their
MZ twins as DZ twins. Some parents accentuate the
similarity of their DZ offspring by making certain
that they wear the same clothes and have the same
hairstyles, while others deliberately try to individual-
ize their MZ twins. As a result, researchers observe
little systematic difference in the treatment of MZ and
DZ twins by their parents. In fact, studies have shown
that in cases where parents made erroneous conclu-
sions about the zygosity of their twins, it was actual,
rather than perceived zygosity that predicted similar-
ity between twins (Scarr and Carter-Saltzman 1979).
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Given this evidence, Lykken et al. (1993) explain that
researchers can safely assume that pairs of MZ and
DZ twins, on average, face the same environments,
and heritability can be estimated conservatively from
samples of twins reared together.

Our sample is drawn from the TwinsUK registry—
the national volunteer twin register in the UK—
initially recruited through a national media campaign
(www.twinsuk.ac.uk; see Spector et al. 1996). All were
healthy volunteers, comparable to age-matched sin-
gletons (Andrew et al. 2001). The majority was born
in the British Isles (96% and 98% of MZ and DZ twins,
respectively) and was Caucasian (97% and 96% of MZ
and DZ twins, respectively). Over 90% of the sample
was female (this is because the twins were initially
recruited to examine bone density and osteoporosis,
a disease which occurs primarily in females). All the
twins were twins reared together and there were no
opposite-sex DZ twins in the sample. Zygosity of each
twin pair was determined by using a standard val-
idated questionnaire, which has an accuracy of over
95% (Martin and Martin 1975, Peeters et al. 1998), and,
where necessary, through multiplex DNA fingerprint-
ing using variable tandem repeats, which has a 99.7%
accuracy (Singer et al. 2005).

In 1999, each subject was sent a postal questionnaire
(response rate of 68%) that focused mainly on health-
related issues and medical history. For example, it
included questions on osteoarthritis and osteoporosis,
asthma, skin conditions, and general medical history.
It also included some “lifestyle” questions related to
alcohol consumption, smoking, and physical activity.
Given this focus, respondents were unaware of the
hypothesis of this study when deciding whether or
not to respond to the survey. The sample consisted
of 2,532 twins comprising of 607 pairs of MZ and
657 pairs of same-sex DZ twins.

Of particular interest to this study, the question-
naire elicited information on demographic character-
istics, including marital status, ethnicity, whether they
were born in the British Isles, household income,
educational level, and self-employment status. In
2006, we sent an additional postal questionnaire to
the twins, which elicited information using addi-
tional operationalizations of entrepreneurship. The
2006 sample consisted of 3,454 twins comprising of
870 pairs of MZ and 857 pairs of same-sex DZ twins.

Table 1 shows the questionnaire items used in this
study.

The research literature does not agree on the defini-
tion of entrepreneurship. Given these differences, we
seek convergent validity for our argument by exam-
ining several different operationalizations common

Table 1 Questionnaire ltems

Variables Items

Self-employment
Years self-employed
Owner-operator

Working as self-employed (yes =1)

How long have you been self-employed?

Have you been an owner-operator of
a company?

How many companies have you been an owner-
operator of?

Have you started a new business?

Businesses founded How many new businesses have you started?

Engaged in start-up Have you taken any actions toward the creation
effort of a new business?

Start-up efforts For how many new business ideas have you

Businesses owned and
operated
Business founder

undertaken taken any actions toward the creation of a
new business?
Attitudes toward Please identify your attitudes toward

entrepreneurship entrepreneurship as a career (an entrepreneur
is a person who starts a new business venture)
Race Which of the following best describes your ethnic
origin? Caucasian, Asian, Oriental, Black,
or other.
Were you born in the British Isles? (yes=1)

What is your marital status? (married = 1)

Immigrant status
Marital status

Qualification 12-point scale ranging from
“no qualification” to “university degree.”
Income What is your total yearly income before taxes
(7 scales ranging from “less than £5000”
to “over £50000”)—subsumed into 3 scales
to conserve degrees of freedom in the analysis.
Gender (1 ="female; 0 = male)
Age Age of the respondents

in the literature. These include (1) self-employment
(Amit et al. 1995, Evans and Leighton 1989, Taylor
1996, Burke et al. 2000, Van Praag and Cramer 2001,
Parker 2004), which we operationalize with the ques-
tions: “Are you self-employed?” and “In your work-
ing life, how long have you been self employed?”;
(2) starting a new business (Gartner 1988, Mesch and
Czamanzki 1997, Delmar and Davidsson 2000), which
we operationalize with the questions: “Have you ever
started a new business?” and “In your working life,
how many new businesses have you started?” (this
latter question is measured on the following scale:
“one”; “two”; “three”; “four or more”); (3) being
an owner-operator of a company (Hull et al. 1980,
Ahmed 1985, Bitler et al. 2005), which we opera-
tionalize with the questions: “Have you ever been an
owner-operator of a company?” and “In your work-
ing life, how many companies have you been an
owner-operator of?” (this latter question is measured
on the following scale: “one”; “two”; “three”; “four or
more”); and (4) engaging in the firm start-up process
(Reynolds et al. 2004, Ruef et al. 2003, Delmar and
Shane 2003), which we operationalize with the ques-
tions: “Have you taken any actions toward the cre-
ation of a new business?” and “In your working life,
for how many new business ideas have you taken any
actions toward the creation of a new business?” (this
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latter question is measured on the following scale:
“one”; “two”; “three”; “four or more”).

To identify the mechanism through which genetic fac-
tors operate, we also examined the respondents’ atti-
tudes toward entrepreneurship through a Likert scale
item that asked them to indicate, on a scale from one
(a very good career) to five (a very bad career), their
view of entrepreneurship as a career.

Quantitative genetic theory holds that three unob-
servable components can be combined additively to
explain the variance in a phenotype (in our case,
entrepreneurship): genetic effects (A), shared environ-
mental effects (or the environmental factors that peo-
ple in the same family have in common) (C), and
nonshared environmental effects (the environmental
effects that are unique to an individual) (E).* These
three components generate the basic ACE model of
behavioral genetics.

Following the standard approach in behavioral
genetics, we use quantitative genetic modeling tech-
niques (which are based on structural equation mod-
els fit to a data set) to estimate the genetic and
environmental contributions to twin resemblance in
entrepreneurship (Neale and Cardon 1992, Falconer
1989, Sham et al. 1994).° These techniques allow us

*By environment, we mean all nongenetic effects (including the
biological effects of the uterus, the home in which people are raised,
and the social environment in which people live and work) on
entrepreneurship.

® Maximum likelihood estimation of covariance structure provides
the best statistical method for disentangling genetic from envi-
ronmental variance in behavior (Cherny et al. 1992, Sham 1998).
Although regression methodology for the analysis of twins has
been proposed (Sham et al. 1994), there are distinct advantages in
using the more general framework of structural equation modeling
(Martin and Eaves 1977, Sham et al. 1994, Sham 1998). First, the
hypothetical causal relationships which are made explicit in a struc-
tural equation model are only implicit in the regression models
(Sham 1998). Consequently, if we simply regressed the behaviors
of twin one on the behaviors of twin two to see if there was a dif-
ferential risk for MZ and DZ twins, this would only provide a test
of genetic aetiology, not latent heritability. To estimate latent heri-
tability, we need structural equation modeling which assumes that
all polygenes act in an independent additive manner to provide a
hypothetical normal distribution of risk underlying a binary trait.
Second, structural equations permit nested submodel comparisons,
which make possible identification of the most parsimonious model
(Bulik et al. 2000). Third, the regression approach requires the dou-
ble entry of twins, which creates problems with interpretation of the
coefficients because the cotwins are not independent of each other
(Turkheimer et al. 2005). Fourth, the regression approach requires
constrained estimation to avoid nonsensical estimates (e.g., nega-
tive proportions of variance or estimates exceeding unity) (Cyphers
et al. 1990). Fifth, the regression approach faces problems with het-
eroskedasticity, arising from the fact that DZ twins are expected to
have a greater residual variance than MZ twins, in the presence of
a genetic component (Sham 1998).

Figure 1 Path Model for Entrepreneurship Status for Twins 1 and 2

MZ=1,DZ=05

MZ=1,DZ=1

to estimate the magnitude of the genetic and environ-
mental influences and the size of the errors of these
estimates, and test the fit of the model (Plomin et al.
1990).6

Figure 1 shows the path models we test graphi-
cally. Observed entrepreneurship status is represented
by the rectangles (Twins 1 and 2). Latent factors,
which the study estimates, are represented by the cir-
cles. A, C, and E are the additive genetic, common
environmental, and unique environmental influences,
respectively. (Because monozygotic twins share the
same genes, and dizygotic twins share half their addi-
tive genes, the correlation between the latent addi-
tive genetic factors is 1.0 for MZs and 0.5 for DZs.
Because monozygotic and dizygotic twins share the
same common environment, the correlation between
the latent common environmental factors is 1.0 for
MZs and DZs.)” The regression coefficients of the
observed variables on the different latent factors are
shown in lowercase letters: a denotes the additive
genetic effect, ¢ the common environmental effect,
and e the unique environmental effect.

The models that we use are represented by the fol-
lowing structural equations:

Pj=aA;+cCj+eE;,

V,=a*+c*+e =1,

®McGue et al. (1987) showed that model-fitting techniques pro-
vide parameter estimates that are robust to violations of normality
assumptions.

7 The shared and nonshared environments represent the environ-
mental subcomponents of variance in a phenotype; the nonshared
(or unique) environment refers to environmental influences that
contribute to differences between family members, while the shared
(or common) environment refers to environmental factors that
make family members similar (Plomin et al. 2001, Carey 2003). In
other words, the nonshared environmental influences which are
uncorrelated across siblings (Rowe 1994) capture “the extent to
which idiosyncratic experiences make relatives different,” while
the shared environment—things like parenting style and family
socio-economic status if these increase twin similarity—captures
“the extent to which being raised together makes relatives similar”
(Carey 2003, p. 305).
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where P is the phenotype of the ith individual in the
jth pair (i=1,2; j=1,...,n; all variables are scaled
as deviations from zero), and V, is the total pheno-
typic variance of the population representing the sum
of additive genetic (4*), common environmental (c?),
and unique environmental variance (e?).

These models generate the following predicted
variance-covariance matrices for the ACE models:

Twin 1 Twin 2
Twin 1 a*+c* +é? a*+ c?
COV MZ = ,
Twin 2 a%+c? a% + c? 4 e?
Twin 1 Twin 2
Twin 1 a?+c2+er jat+ P
Cov DZ: = .
Twin 2 124 Pcte

We use maximum likelihood methods to generate
parameter estimates, which are similar to regression
coefficients, and can be interpreted as estimates of the
variance in the genetic (A), shared environmental (C),
and nonshared environmental effects (E) (although
the coefficient for nonshared environmental effects
includes measurement error).

The genetic effect measured in the model serves
as our key coefficient of interest. If entrepreneurship
is completely genetically determined, then the esti-
mate of the effect of the variance in the genetic effect
would be 1.00. In contrast, if a phenotype is com-
pletely environmentally determined, then the esti-
mate of the effect of the variance in the genetic effect
would be zero.

The fit of the overall model is estimated using a chi-
square goodness-of-fit test (a perfect fit is 1.00), with a
nonsignificant chi-square test showing that the model
fits the data well (Betsworth et al. 1994). The contribu-
tion of A, C, and E to the total variance is evaluated
by removing each of them in a nested submodel and
testing the level of fit of that model relative to the
overall model.

To ascribe sources of variation to the ordinal measures
of entrepreneurship (the number of businesses started,
number of businesses that are owner-operated, num-
ber of years self-employed, and number of new busi-
ness start-up efforts), we used polychoric models
based on asymptotically distribution free weighted
least squares (Browne 1982, 1984; Joreskog 1990; Neale
2004). To ascribe sources of variation to the dichoto-
mous measures of entrepreneurship (ever started a
business, was ever a business owner-operator, was
ever self-employed, and ever engaged in the business
start-up process), we used liability threshold models
in which the presence or absence of entrepreneurship

Table 2 Summary Statistics
Monozygotic  Dizygotic

twins twins p-value
Age (years) 43 44 0.112
Female 92% 94% 0.134
Currently self-employed 10% 9% 0.565
Years self-employed 0.67 0.69 0.656
Owner-operator 0.16 0.16 0.600
Companies owned and operated 0.25 0.25 0.990
Business founder 0.22 0.23 0.673
Businesses founded 0.36 0.35 0.601
Engaged in start-up effort 0.25 0.26 0.554
Start-up efforts undertaken 0.48 0.48 0.984
Attitudes toward entrepreneurship 2.52 2.51 0.926
Caucasian 97% 96% 0.39%4
Born in British Isles 96% 98% 0.100
Married 61% 63% 0.351
Qualification 5 5% 5% 0.403
Income <15 K 13% 16% 0.164
Income 15 K-25 K 23% 26% 0.124
Income >25 K 64% 58% 0.025

is based on the assumption of an underlying continu-
ous liability and that the “trait” is expressed when the
liability exceeds a threshold value (Sham 1998). (See
the electronic companion for further details.)®

The ability to make strong causal statements
about genetic factors requires a correction for poten-
tial factors that can lead to a correlation of twin
scores (Cropanzano and James 1990). Therefore, we
adjust the model for potential confounders associated
with self-employment: age, education, marital status,
income, race, and immigrant status. If genetic factors
also predict factors that exert an environmental influ-
ence on entrepreneurship, then the effect of these fac-
tors on self-employment could be the result of either
genetic or environmental factors, and the genetic fac-
tors cannot be accurately estimated. We follow previ-
ous research (e.g., Mohammed et al. 2003, Hakim et al.
2004) in adjusting the model for potential confounders
to see how estimates of variance components varied
once confounders were included in the model.

Basic demographic data for the MZ and DZ twins are
shown in Table 2. The two groups were well matched
for factors associated with entrepreneurship, with
only statistically significant difference between MZ
and DZ twins (at the p < 0.10 level) having income
over 25,000 pounds. There were no statistically signif-
icant differences between the two groups of twins on
measures of self-employment, owner-operator, com-
pany founding, or engaging in the business forma-
tion process (Levene’s test, which was used for the

8 An electronic companion to this paper is available as part of
the online version that can be found at http://manscijournal.
informs.org/.
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Table 3 Correlations Between the Various Measures of

Entrepreneurship

Variables 1 2 3 4 5 6 7

1. Businesses founded
2. Businesses owned 0.64
and operated
3. Years self-employed 0.60 0.51

4. Start-up efforts 069 048 045
undertaken
5. Business founder 085 051 0.62 0.61
6. Owner-operator 053 0.85 051 041 0.83
7. Self-employment 058 048 0.88 043 087 0.81
8. Engaged in start-up 0.61 041 047 085 089 0.72 0.73

effort

nondichotomous measures, also indicated equality of
variances between the groups). A correlation table
between the various measures of entrepreneurship is
provided in Table 3.

Table 4 predicts whether the respondent was
currently self-employed. The chi-square test for
goodness-of-fit for the model, the Akaike information
criterion (AIC) (Akaike 1987), and the root mean
square error of approximation (RMSEA) showed
that the best-fitting model to explain the variance
in self-employment included additive genetic and
environmental factors. Estimates of the genetic and
environmental variance components revealed that
48% of the variance in the propensity to become self-
employed is explained by genetic factors. None of
the variance in self-employment can be attributed
to shared environmental factors, while 52% can be
attributed to nonshared environmental factors plus
measurement error.

If measures of entrepreneurship are correlated with
gender, then estimates of genetic effects will be
upwardly biased because all MZ twins share the same
gender (McGue and Bouchard 1984). Therefore, we
reran our analysis on just the female respondents. As
Table 5 shows, our results for whether or not the
respondent is self-employed remain qualitatively the
same.

We also reran the analysis adjusting the model
for potential confounders—income, education, mar-
riage, age, race, and immigrant status—that have
been shown to be associated with entrepreneurship
(Aldrich and Kim 2007, Shane 2003). Consequently,
differences in these dimensions across MZ and DZ
twins might explain some of the differences in the
concordance of self-employment between the two
types of twins. Table 6 shows that adjusting for these
potential confounders does little to reduce the her-
itability estimates for self-employment, which drop
only to 0.41 when these variables are included.

We also examined the convergent validity across
different measures of entrepreneurship. Table 7 shows

the results of our analysis. Across the seven addi-
tional operationalizations of entrepreneurship, we
found that the best model to explain the vari-
ance in entrepreneurship included additive genetic
and unshared environmental factors, and heritabil-
ities that ranged between 0.37 and 0.42.° Combin-
ing these results with the heritability that we found
for our measure of self-employment, we conclude
that there is convergent validity for the heritability
of entrepreneurship. Moreover, under the assumption
that genetic factors are exogenous (genetic factors can
affect entrepreneurship, but entrepreneurship cannot
affect genetic factors), we can attribute causality to the
relationship. That is, genetic factors make some peo-
ple more likely than others to become entrepreneurs.

We also examined the respondents’ attitude toward
entrepreneurship as a career. This analysis showed
that the best-fitting model to explain the variance
in attitudes included shared and unshared environ-
mental factors. None of the variance in attitudes
toward entrepreneurship as a career was explained
by genetic factors, indicating that the mechanism
through which these factors affect the tendency to
become an entrepreneur is not through attitudes
toward the vocation.

We used quantitative genetics techniques to compare
the entrepreneurial activity of a sample of MZ and
same-sex DZ twins from the United Kingdom. We
ran model-fitting analyses to estimate the genetic,
shared environmental, and nonshared environmen-
tal effects on the propensity of people to become
entrepreneurs. We found qualitatively similar heri-
tability estimates across different operationalizations
of entrepreneurship, which were of similar magnitude
to that obtained in many studies of other social out-
comes (MacGregor 2000). Moreover, our estimates of
heritability remained high even after we adjusted the
model for potential confounders such as gender, age,
income, education, marital status, race, and immi-
grant status.

In short, our results indicate that genetic factors
influence the tendency to become an entrepreneur.

° Following the suggestion of a reviewer, we derived heritability
estimates on a scale based on the ordinal measures of entrepreneur-
ship used in this study. First, we conducted a factor analysis on the
measures, which yielded a single factor. All loadings on the factor
were greater than 0.80, the eigenvalue was 2.70, and the factor cap-
tured 68% of the variance. The Kaiser-Meyer-Olkin measure of sam-
pling adequacy was 0.77 and Bartlett’s test of sphericity was 5,668.94
(p < 0.001). The scale composed of the items had a Cronbach’s alpha
of 0.80. Second, we generated heritability estimates for this compos-
ite scale and used the AIC, RMSEA, and chi-square statistic to iden-
tify the best-fitting model. We found that the best fit was with an AE
model which had a heritability of 0.33 (AIC = —3.17; RMSEA = 0.02;
p =0.31), further corroborating the findings of the study.
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Table 4 Genetic Modeling Analysis to Predict Currently Self-Employed

Model A (95% Cl) C (95% Cl) E (95% Cl) Ve df  p-value AlC RMSEA
ACE 0.48 (0.17 t0 0.63) 0 (0t00.23) 0.52 (0.37 to 0.69) 4.53 3 0.21 —1.47 0.01
CE — 0.34 (0.20 to 0.47) 0.66 (0.53 to 0.80) 11.74 4 0.02 3.74 0.05
AE 0.48 (0.31 t0 0.63) — 0.52 (0.37 to 0.69) 4.53 4 034 347 0.01

Note. A, additive genetic; G, common environment; E, unique environment.

However, they do not indicate that entrepreneurship
is genetically determined. Although our measures
of environmental factors include measurement error
(given our study design), their size suggests that they
explain much of the variance in entrepreneurial activ-
ity, providing strong evidence of the effect of envi-
ronmental factors on the propensity to become an
entrepreneur.

This study does not identify the genes that influence
the tendency to engage in entrepreneurship. There-
fore, we cannot know which genes matter, how many
genes matter, or the relative importance of differ-
ent genes to entrepreneurship. In fact, such informa-
tion cannot be ascertained through twin studies, such
as this one, but require molecular genetics research
that examines specific genes. Nevertheless, our results
indicate the value of conducting molecular genetics
studies of entrepreneurship.

Second, this study does little to specify the mecha-
nism through which genetic factors influence the ten-
dency to become an entrepreneur. Our evidence could
be explained by direct genetic effects on brain phys-
iology, leading to chemical rewards in response to
actions that fit a genetic predisposition. They could
also be explained by genetic influences on the pre-
disposition to have other attributes, such as intelli-
gence or social skills, which increase the propensity to
become an entrepreneur. It is also possible that envi-
ronmental factors mediate the effects of genetic factors
on the tendency become an entrepreneur. Alterna-
tively, people with certain genes might be more likely
than others to become entrepreneurs when confronted
with a favorable environmental stimulus.

Data availability limited the variables that could
be included in our structural equation models. As
a result, we could only examine income, education,
marriage, age, gender, race, and immigrant status.
The inclusion of these mediating variables changed
our estimates of the heritability of entrepreneurship

very little, suggesting that these variables are not the
mediators through which genetic factors operate, and
that future research will be necessary to identify those
mechanisms.

Third, our study cannot be directly generalized to
males because the twin population we studied is over-
whelmingly female. This gender imbalance exists for
historical reasons (many of the initial medical condi-
tions that the study was designed to address, such as
osteoporosis, are more common among women than
among men, leading to a focus on collecting data from
women). While we have no reason to believe that the
results are gender specific (our analyses using females
only and males and females yielded identical esti-
mates of heritability), we cannot conclude from our
evidence that genetic factors influence the likelihood
that men become entrepreneurs.

Fourth, like almost all twin studies in behavioral
genetics, this study assumes that there is no assor-
tative mating. If this assumption was shown to be
untrue, then the estimates of the heritability shown
in this study would be overstated. Assortative mat-
ing occurs when people with similar phenotypes tend
to have children, leading the genetic characteristics of
the parents to be positively correlated (Carey 2003).
While we have no empirical evidence to suggest that
entrepreneurs are more likely to have children with
other entrepreneurs than they are to have children
with nonentrepreneurs, such evidence would violate
the no-assortative-mating assumption, and lead our
estimates of the heritability of entrepreneurship to be
too high.

Finally, this study assumes that MZ twins are no
more likely to imitate the behaviors of their cotwins
than DZ twins. If this assumption was untrue, then
MZ twins could be more likely than DZ twins to
be entrepreneurs if their cotwins were entrepreneurs
for both genetic and nongenetic reasons. If the MZ
twins were more likely to imitate the behavior of
their cotwins for genetic reasons, our results would
be unaffected, but if the MZ twins were more likely

Table 5 Genetic Modeling Analysis to Predict Current Self-Employment for Females Only
Model A (95% Cl) C (95% Cl) E (95% Cl) )% df  p-value AlC RMSEA
ACE 0.48 (0.14 t0 0.63) 0 (0t00.27) 0.52 (0.37 to 0.69) 5.48 3 0.14 -0.52 0.02

CE — 0.35 (0.20 to 0.49)
AE 0.48 (0.31 t0 0.63) —

0.65 (0.51 to 0.80) 11.79 4 0.02 3.79 0.05
0.52 (0.37 to 0.69) 5.48 4 0.24

-2.52 0.01

Note. A, additive genetic; G, common environment; E, unique environment.
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Table 6 Genetic Modeling Analysis for Self-Employment Adjusting for Income, Qualification Level, Marital
Status, Age, Born in the British Isles and Caucasian

Model A (95% ClI) C (95% ClI) Difference in y2 Difference in df

ACE 0.67 (—0.03 to 1.37) —0.23 (—0.82 t0 0.36) — —

CE — 0.29 (0.12 to 0.46) 7.36 1

AE 0.41 (0.20 to 0.62) — 1.21 1

Note. A, additive genetic; C, common environment; E, unique environment.

to imitate the behavior of their cotwins for nongenetic
reasons, then our estimates of the heritability of
entrepreneurship would be overstated. To rule out the
effect of nongenetic mimicry conclusively, we would
need data on MZ and DZ twins reared together and
apart, thereby ensuring that some portion of the twins
were unaware of the entrepreneurial decisions of their
cotwins. Unfortunately, we do not have these data.

However, we believe that imitation for nongenetic
reasons is an unlikely explanation for the higher
concordance for entrepreneurship between pairs of
MZ twins than between pairs of DZ twins. Previ-
ous research on MZ and DZ twins indicates that MZ
twins reared together are no more likely than MZ
twins reared apart to make the same choices as their
cotwins. For example, MZ twins reared together and
MZ twins reared apart are equally likely to smoke
if their cotwin smokes (Kendler et al. 2000), indicat-
ing that knowledge of the cotwin’s smoking decision
does little to affect the likelihood that an MZ twin
will smoke, and showing that nongenetically driven
imitation cannot be the source of the concordance. If
there is little evidence that MZ twins imitate the easy-
to-undertake activities of their cotwins, like smoking,
then it is unlikely that MZ twins will be more likely
than DZ twins to imitate the difficult-to-undertake
entrepreneurial decisions of their cotwins for non-
genetic reasons.

Furthermore, for the alternative explanation of
the greater likelihood that MZ twins imitate the
entrepreneurial choice of DZ twins for nongenetic rea-
sons to explain the higher level of concordance for
entrepreneurship between MZ twins, imitating the
behavior of a cotwin would have to be something
that MZ twins consider to be more desirable than DZ

twins. However, previous research indicates the oppo-
site (Pearlman and Ganon 2000). MZ twins are more
likely than DZ twins to choose behaviors to differen-
tiate themselves from their cotwin. If that were the
case for entrepreneurship as well, our heritability esti-
mates would actually be understated, not overstated.

Our findings suggest the value of broadening the the-
oretical frameworks to explain entrepreneurship to
consider the effects of genetic factors. Extant research
does not explain all of the variance in the tendency of
people to become entrepreneurs, and examination of
genetic factors offers the potential to account for some
of this unexplained variance (Aldrich and Kim 2007).

Second, our results offer the potential to rein-
vigorate a longstanding, but not universally agreed
upon, aspect of entrepreneurship research: the role of
individual differences in the tendency of people to
become entrepreneurs. Although some entrepreneur-
ship researchers consider individual differences to
be an important explanatory factor in who becomes
an entrepreneur (Shane and Venkataraman 2000),
many researchers believe that individual differences
are unimportant (Gartner and Carter 2003) or even
a dead end (Aldrich and Wiedenmeyer 1993). As
a result, in recent years, the field of entrepreneurship
has tended to focus less on the role of individu-
als and more on the role of environmental condi-
tions to explain the tendency of people to become
entrepreneurs (Thornton and Flynn 2003). Our results
indicate that individual differences matter consider-
ably, and offer an avenue for invigorating research on
the role of individual differences in entrepreneurship.

Table 7 Summary of the Results of the Genetic Modeling Using Different Measures of Entrepreneurship
Dependent variables A (95% Cl) C (95% Cl) E (95% CI)
Years self-employed 0.39 (0.24 t0 0.44) — 0.61 (0.56 to 0.66)
Owner operator 0.37 (0.25 t0 0.49) — 0.63 (0.51 t0 0.75)
Number of companies owned and operated 0.37 (0.32t0 0.42) — 0.63 (0.58 to 0.68)
Having started a business 0.41 (0.31 10 0.51) — 0.59 (0.49 to 0.69)
Number of businesses started 0.42 (0.37 10 0.47) — 0.58 (0.53 t0 0.63)
Engaged in start-up effort 0.41 (0.31 to0 0.50) — 0.59 (0.50 to 0.69)
Number of start-up efforts 0.42 (0.37 10 0.47) — 0.58 (0.53 t0 0.63)
)

Attitudes toward entrepreneurship as a career —

0.18 (0.13 t0 0.23) 0.82 (0.77 t0o 0.87

Notes. A, additive genetic; C, common environment; E, unique environment. The results for the best-fitting model for each variable are shown.
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For example, our results suggest that genetic fac-
tors may account for the differences in testosterone
levels between entrepreneurs and nonentrepreneurs,
and thus might affect the tendency to become
an entrepreneur through physiological mechanisms
(White et al. 2006).

Third, our results inform an important research
issue, which is concerned with the mechanism
through which parental entrepreneurship influ-
ences children’s propensity to become entrepreneurs
(Aldrich and Kim 2007). There is strong evidence
across a wide range of studies that the likelihood
of becoming an entrepreneur increases with parental
entrepreneurship (Fairlie 1999, De Wit and van Widen
1989, Taylor 1996, Burke et al. 2000, Uusitalo 2001).
The prevailing explanations for this empirical pat-
tern are (1) that the children of the entrepreneurs
learn more about entrepreneurship than the chil-
dren of nonentrepreneurs from the information gath-
ered either actively or passively during their child-
hood, (2) have greater exposure to entrepreneurial
role models, or (3) receive more resources useful to
entrepreneurship from their parents, such as informa-
tion, social, and financial capital (Aldrich and Kim
2007, Krueger 1993, Sorenson 2007). While our study
does not negate these mechanisms, it suggests that the
intergenerational transmission of entrepreneurship is
also influenced by genetic factors passed from parents
to children.

Fourth, our findings contribute to a literature on
the effect of genetic factors on career choice, voca-
tional interests, and work-related behavior. Segal’s
(1999a, 1999b; 2005) case studies provide fascinating
examples of identical twins choosing similar occupa-
tions. In addition, behavioral genetics studies have
consistently pointed to a substantial genetic influence
on vocational interests (McGue and Bouchard 1998,
Gottfredsson 1999, Moloney et al. 1991, Betsworth
et al. 1994), job satisfaction (Arvey et al. 1989), and
work-related values (Keller et al. 1992). Our study
complements this literature by showing that genetic
factors affect an important aspect of work-related
behavior—the choice to become an entrepreneur.

Finally, our findings contribute to an emerging lit-
erature that adopts a “biosocial model” of behavior
(White et al. 2007), which brings together both biolog-
ical and sociological explanations for entrepreneurial
activity. In an insightful study, White et al. (2007)
found that testosterone was positively associated with
entrepreneurship only in the presence of a fam-
ily business background. Our paper supports White
et al.’s findings, but suggests that social and learning
processes are not the only mechanism through which
the family business background might influence chil-
dren’s tendency to become entrepreneurs; the trans-
mission of genes passed from entrepreneurial parents

to their children also affects that tendency. Our
finding of a genetic effect, but no shared environ-
mental influences on the tendency to engage in
entrepreneurial activity, means that the net effect of
being raised in the same family does not, on aver-
age, increase the similarity of siblings in their ten-
dency to engage in entrepreneurial activity, but that
parents who own a family business are more likely
to pass on the genes that increase the predisposition
to entrepreneurship than parents who do not own a
family business.

Our finding that the entire environmental influence
on entrepreneurship (regardless of operationalization
of the phenomenon) was accounted for by nonshared
environmental factors has important implications for
corporate venturing and the creation of spin-off com-
panies. Under the assumption (supported by the liter-
ature) that a significant component of the nonshared
environment comes from a person’s work environ-
ment, this result suggests that companies can influ-
ence the likelihood that their employees will become
entrepreneurs by the type of work environment that
they provide. Thus, companies can influence the ten-
dency of their employees to engage in two activities
of strategic importance: the tendency of employees to
engage in corporate venturing (the creation of new
companies by established companies) and the level of
spin-off activity (people quitting companies to pursue
business opportunities rather than pursuing them on
behalf of their employers).

Second, our finding that attitudes toward entrepre-
neurship as a career are not heritable has implications
for entrepreneurship education. Attitudes toward
entrepreneurship influence the likelihood that a per-
son becomes an entrepreneur (Kolvereid 1996, Luhtje
and Franke 2003, Souitaris et al. 2007). Because these
attitudes are not influenced by genetic factors, but
other factors that influence the tendency to become
an entrepreneur are influenced by genetics, if all
other things are equal, then changes in environmen-
tal factors that affect attitudes toward entrepreneur-
ship should have a greater effect on the tendency
of people to become entrepreneurs than changes in
environmental factors that affect other things. There-
fore, our results suggest that the use of entrepreneur-
ship courses to change students’ attitudes toward
entrepreneurship as a career (Souitaris et al. 2007) is
a good focus for entrepreneurship education.

Third, our results bring to the fore the ethical issue
of using genetic tests for business purposes. Our
results show that science may identify multiple gene
systems that allow for more precise predictions about
the relationship between genetic factors and the ten-
dency of people to become entrepreneurs. The poten-
tial for genetic tests that identify people on the basis
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of their tendency to become entrepreneurs shows that
the ethical problems, which occur when companies
collect genetic information on employees, is not lim-
ited to current concerns about the potential misuse of
data for medical insurance purposes, but can be much
broader. Therefore, corporate human resource man-
agers and venture capitalists need to be aware of the
new ethical issues that genetics brings to the human
resource management process.

An electronic companion to this paper is available as
part of the online version that can be found at http://
mansci.journal.informs.org/.
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