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This study examined the infl uence of genetic factors on the tendency to engage in entrepre-
neurship. We found that, in the particular sample we examined, between 37 and 42 percent 
of the variance in the tendency of people to engage in entrepreneurship is accounted for by 
genetic factors. A substantial part of this variance was mediated by the psychological trait of 
sensation seeking, suggesting that genes affect the tendency of people to engage in entrepre-
neurship by affecting the distribution of sensation seeking across people. Copyright © 2008 
Strategic Management Society.

INTRODUCTION

One of the central questions in the fi eld of entre-
preneurship is: who becomes an entrepreneur? For 
at least four decades, researchers have examined 
this question (Gartner, 1988; Bird, 1989; Shane 
and Venkataraman, 2000; Aldrich and Martinez, 
2001; Baron, 2004). While this effort has identi-
fi ed a variety of factors that infl uence this decision 
(see Shane, 2003, Chapters 4 and 5 for a review), 
one of the most interesting explanations for the ten-
dency of people to become entrepreneurs—genetic 
factors—has not been examined. This article seeks 
to fi ll this void by introducing an argument for the 
role of genetic factors into the discussion.

Specifi cally, we build on one of the oldest tradi-
tions in the entrepreneurship literature to argue that 

genetic factors affect the probability that people will 
possess an endowment of individual differences that, 
in interaction with environmental stimuli, increases 
the likelihood that they become entrepreneurs. 
Although some researchers have criticized the indi-
vidual differences perspective (e.g., Gartner, 1988; 
Aldrich, 1990), the extant literature shows that who 
becomes an entrepreneur is correlated with a variety 
of psychological attributes, such as need for achieve-
ment (McClelland, 1961; Begley and Boyd, 1986), 
overconfi dence (Busenitz, 1999), locus of control 
(Evans and Leighton, 1989; Cromie and Johns, 
1983), optimism (Cooper, Woo and Dunkelberg, 
1988), and risk-taking propensity (Begley and Boyd, 
1987; Stewart and Roth, 2001). Moreover, several 
rigorous meta-analytic studies have shown signifi -
cant patterns in support of this perspective (Collins 
et al., 2004; Rauch and Frese, 2000; Stewart and 
Roth, 2004; Baum, Frese, and Baron, 2007).

Missing from the discussion of the individual dif-
ference perspective on entrepreneurship has been 
an explanation for the source of variation across 
people in their endowment of these individual 
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differences. We propose that genetic factors account, 
at least in part, for the variation in the endowment 
of these individual differences across people, given 
the evidence that many psychological attributes 
are infl uenced by genes (Benjamin, Ebstein, 
and Belmaker, 2003; Plomin and Walker, 2003; 
DiLalla, 2004), including personality (Ebstein et al., 
1996; Benjamin et al., 1996) and attitudes (Bouchard 
et al., 2004).

We posit that the personality trait of sensation 
seeking increases the likelihood that a person will 
choose an occupation that causes them to bear risk in 
the pursuit of novelty. This is because their genetic 
composition gives them higher arousal thresholds 
for experiencing physiological sensations from 
undertaking these activities. Because starting one’s 
own business is one of those occupations that leads 
people to bear risk in the pursuit of novelty, a genetic 
endowment that leads some people to be more sen-
sation seeking than others also leads them to be 
more likely than other people to start their own 
businesses. We empirically test two hypotheses that 
follow from this argument: (1) A substantial portion 
of the variance in who becomes an entrepreneur 
is, partly, endogenously determined by a person’s 
genetic composition; and (2) genetic factors operate, 
at least in part, through covariance with the indi-
vidual difference of sensation seeking.

Understanding the role of genetic factors in infl u-
encing the tendency of people to engage in entrepre-
neurship is important because it will improve both 
theoretical and empirical research on the topic. First, 
understanding the role of genetic factors might help 
us gain a better understanding of why people become 
entrepreneurs. Recently, management researchers 
have tended to focus on situational factors to answer 
this question (Thornton and Flynn, 2003; Aldrich and 
Wiedenmayer, 1993; Gartner, 1988), leading some 
scholars (e.g., Stewart and Roth, 2001; Baron, 2002; 
Shane and Khurana, 2003; White, Thornhill, and 
Hampson, 2006, 2007) to believe individual differ-
ences have been insuffi ciently considered. Research 
on genetic factors might help us gain an accurate 
understanding of the interaction between individual 
differences and situational factors by showing how 
genetic factors affect the probability of developing 
individual differences that increase the tendency to 
engage in entrepreneurial activity.

Second, consideration of the role of genetic factors 
may help researchers conduct better empirical entre-
preneurship research. For instance, by specifying the 
role of genetic factors in the tendency of people to 

engage in entrepreneurial activity, researchers would 
be better able to identify the appropriate comparison 
group to test the effect of environmental factors. 
This would permit more precise tests and, possibly, 
reveal patterns that have not been shown empiri-
cally, but have been posited theoretically. Similarly, 
by specifying the role of genetic factors, researchers 
can determine if the observed association between 
individual differences and the tendency of people 
to engage in entrepreneurial activity are artifacts of 
omitted variable bias because both are endogenously 
affected by genetic factors.

We employ the methodology of behavioral genet-
ics, which holds that researchers can compare mono-
zygotic (MZ) and dizygotic (DZ) twins1 to determine 
if genetic factors infl uence the propensity of people 
to engage in an outcome of interest. Because MZ 
twins share all their genetic composition and DZ 
twins share, on average, half of their segregating 
genes, differences in the concordance between 
entrepreneurial activity of MZ and DZ twins can 
be attributed to genetic factors, if one assumes that 
shared environmental factors are not systematically 
different for MZ and DZ twin pairs.2 By examining 
the genetic predisposition to entrepreneurship and 
sensation seeking, we can determine whether entre-
preneurship is heritable and, if so, whether sensation 
seeking mediates this heritability.

BOUNDARY CONDITIONS

Before we turn to an explanation of our theory, we 
provide some boundary conditions on our effort. 
First, we are not proposing that genes determine who 
engages in entrepreneurial activity because genetic 
factors do not cause people to engage in social activ-
ities. Rather, we are proposing that people with a 
certain genetic composition have a higher probabil-
ity of becoming entrepreneurs because they are more 
likely to be sensation seekers. As Plomin, DeFries, 

1 In common parlance, monozygotic twins are identical twins 
and dizygotic twins are fraternal twins.
2 Identical twins are formed when a single sperm fertilizes a 
single egg, which then splits to form two embryos. Because 
identical twins are formed from the same egg and the same 
sperm, they receive exactly the same genes from their parents. 
Fraternal twins are formed when two sperm fertilize two eggs 
at the same time, resulting in two embryos. Because fraternal 
twins can each get a particular variant of a gene from either 
their mother or their father, on average, they have half the same 
genetic composition.
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and McClearn (1990: 376) explained, ‘Genetic 
effects on behavior are not deterministic in the sense 
of a puppeteer pulling our strings. Genetic infl u-
ences imply probabilistic propensities rather than 
hard-wired patterns of behavior.’

Second, we also are not suggesting that there is a 
specifi c gene for entrepreneurship. Entrepreneurship 
is a complex phenotype,3 and it is very unlikely that 
there is a strong association between one particular 
gene and the tendency to engage in it. Moreover, the 
relationship between specifi c genes and the tendency 
to engage in entrepreneurship is likely to be quite 
complex, given the length of the causal chain from 
genes to entrepreneurial activity. Rather, we propose 
that the effect of genes on sensation seeking is likely 
to be epistatic; multiple genes may interact with 
each other in order to increase the likelihood for a 
person to be sensation seeking (Wolf et al., 2000; 
Grigorenko, 2003). This combination of genes infl u-
ences the propensity of people to become entrepre-
neurs by partially affecting the distribution of the 
endowment of sensation seeking across individuals.

Third, we are not arguing that the genetic factors 
that affect the probability that some people become 
entrepreneurs are unique to entrepreneurship. Rather, 
we propose that these genetic effects are pleiotro-
pic—the genes that infl uence one social behavior 
can also infl uence another (Plomin et al., 2001). 
The pleiotropic effect of genes means that those 
genes which increase the propensity of people to 
engage in entrepreneurship also increase the pro-
pensity of people to engage in other activities. In 
the specifi c mechanism we are examining empiri-
cally, those genes which combine to make people 
more sensation seeking will increase the probability 
that people engage in all activities which sensa-
tion seeking affects, whether that is to become an 
entrepreneur, play high-risk sports (Jack and Ronan, 
1998), engage in physical and verbal aggression 
(Joireman, Anderson, and Strathman, 2003), drive 
drunk (Arnett, 1990), and so on.

Fourth, we believe that environmental factors also 
affect the tendency of people to become entrepre-
neurs. Specifi cally, a person’s endowment of sen-
sation seeking, which is affected by their genetic 

composition, interacts with exogenously deter-
mined environmental factors that affect the amount 
of information about entrepreneurial opportunities 
they receive. In fact, these environmental factors 
have a large effect on defi ning the phenotype that is 
affected by the pleiotropic effect of the genes.

Fifth, we propose that the mechanisms that we 
examine are the same regardless of the operation-
alization of entrepreneurship (i.e., self-employment, 
fi rm formation, business ownership, etc.), and explic-
itly examine the level of convergence between these 
different operationalizations of entrepreneurship.

THEORY DEVELOPMENT

The extant literature shows that who becomes an 
entrepreneur is correlated with a variety of psy-
chological attributes, such as need for achievement 
(McClelland, 1961; Begley and Boyd, 1986), over-
confi dence (Busenitz, 1999), locus of control (Evans 
and Leighton, 1989; Cromie and Johns, 1983), opti-
mism (Cooper et al., 1988), and risk-taking pro-
pensity (Begley and Boyd, 1987; Stewart and Roth, 
2001, 2004). However, little empirical research has 
examined whether genetic factors lead people to 
develop psychological attributes which predispose 
them to become entrepreneurs, despite the evidence 
that many psychological attributes are infl uenced by 
genes (Benjamin et al., 2003; Plomin and Walker, 
2003; DiLalla, 2004), including personality (Ebstein 
et al., 1996; Benjamin et al., 1996) and attitudes 
(Bouchard et al., 2004). The lack of evidence not-
withstanding, it is quite plausible that genes lead 
some people (and not others) to develop psycho-
logical attributes that affect the probability they will 
become entrepreneurs.

The mechanism through which this happens is 
straightforward. 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 chemical reaction that it is 
designed to facilitate will not occur as effi ciently. 
If that chemical reaction controls brain activity, it 
can infl uence the development of individual attri-
butes that affect behaviors, such as the tendency of 
people to become entrepreneurs (White et al., 2006, 
2007).

One genetically-infl uenced individual attribute 
that could infl uence the tendency of people to engage 
in entrepreneurship is sensation seeking, a personal-
ity trait that creates a need for novel experiences 

3 A genotype is the genetic composition that leads to a phe-
notype, or the observed set of characteristics of the organ-
ism. In our case, the genotype is the (unobserved) combination 
of genes that infl uences the tendency of people to engage in 
entrepreneurship. The phenotype is the observed behavior of 
entrepreneurship or something else.
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(Zuckerman, 1994; Stephenson et al., 2003). People 
who are sensation seeking search out change and 
novelty (Sjoberg and Engelberg, 2006) and approach 
new situations more positively and with less appre-
hension than other people (Joy, 2004). They have 
‘an aversion to repetition and routine’, like ‘lots 
of change and excitement’ and ‘enjoy getting into 
new situations.’ (Zuckerman, Eysenck, and Eysenck, 
1978; Zuckerman, 1994).

People high in sensation seeking are more willing 
than people low in sensation seeking to take risks 
to achieve the sensations they get from doing new 
things (Lusher, Ebersole, and Ball, 2000), and are 
less likely to perceive risks (Weber et al., 2002; 
Rosenbloom, 2003). As a result, people high in sen-
sation seeking have a preference for higher risk/
higher reward choices, particularly in situations in 
which making decisions depends on both risk and 
skill (Zuckerman, 1994), because they tend to value 
the rewards from high-risk activities more and the 
risks less than low sensation seekers (Rosenbloom, 
2003).

The willingness to bear the risks associated with 
starting a business is likely to be affected by sensa-
tion seeking because ‘risk taking can be any behav-
ior that has a signifi cant degree of uncertainty about 
losses associated with its outcome’ (Rosenbloom, 
2003: 375). In fact, studies have shown that high 
sensation seekers are more likely than low sensation 
seekers to engage in a variety of risky activities that 
are related to starting a business, including taking 
jobs which involve risk bearing (Rosenbloom, 2003), 
and bearing personal fi nancial (Wong and Carducci, 
1991) and career risk (Zuckerman, 1994).

Entrepreneurship is an activity that involves the 
bearing of risk from the pursuit of novelty (Shane, 
2003). Regardless of the type of business a person 
starts, whether it is a new restaurant or a biotechnol-
ogy fi rm, when a person starts a new business he 
or she engages in novel activity. The person needs 
to create a product or service to offer to customers, 
identify and attract those customers, and establish 
an organization to provide the product or service. 
This pursuit of novelty involves risk because an 
entrepreneur is the residual claimant on profi ts from 
his or her business, and is compensated only if rev-
enues exceed costs (Khilstrom and Laffont, 1979). 
Because an entrepreneur cannot know in advance 
that the business will be profi table – the costs of cre-
ating the new business need to be incurred before the 
entrepreneur will know if the effort to create a new 
product (or service), attract customers, or set up the 

organization will be successful (Knight, 1921) – the 
entrepreneur stands to lose the fi nancial resources 
and time (opportunity cost) that were invested in the 
entrepreneurial effort if he or she is not successful.

Genetic factors may lead high sensation seekers to 
be more likely to start businesses than low sensation 
seekers through the following physiological mecha-
nism: Sensation seeking has a biochemical com-
ponent (Zuckerman, 1983); high sensation seekers 
have low levels of the enzyme monoamine oxidase 
(MAO), which metabolizes neurotransmitters4 like 
norepinephrine and dopamine (Zuckerman, 2004). 
When people are in a high risk situation, they often 
experience anxiety that keeps them from undertak-
ing risky activity because the body produces neu-
rotransmitters like norepinephrine and dopamine. 
However, when high sensation seekers are faced 
with the opportunity to engage in a risky action 
in pursuit of novelty, they are less likely than low 
sensation seekers to experience the anxiety which 
keeps them from engaging in that activity because 
their bodies produce less MAO, leading them to 
have less dopamine and norepinephrine in their 
systems (Rosenbloom, 2003). Because high sensa-
tion seekers have less dopamine and norepinephrine 
in their systems, they have a sense of arousal gener-
ated by the novelty that exceeds the discomfort with 
the risk, which makes them more likely to act to 
pursue novelty in situations that involve taking risks 
(Rosenbloom, 2003).

Research has shown that there is a genetic basis 
to sensation seeking. First, behavioral genetics 
studies have shown that sensation seeking is heri-
table (Cloninger, Adolfsson, and Svrakic, 1996; 
Hur and Bouchard, 1997; Koopmans et al., 1995), 
with estimates indicating that it is as high as 58 
percent (Fulker, Eysenck, and Zuckerman, 1980; 
Zuckerman, 2004). Second, molecular genetics 
studies have found that people higher in a particular 
allele of the DRD4 gene are more likely than others to 
be sensation seeking (Ebstein et al., 1996). Moreover, 
studies have shown that people who had this particu-
lar allele of the DRD4 gene combined with a poly-
morphism of the DRD2 gene were more likely than 
people who only had one of these genes to exhibit 
novelty seeking behavior (Noble et al., 1998).

Researchers believe the DRD4 gene affects sensation 
seeking by infl uencing the release of neurotransmitters, 

4 A neurotransmitter is a chemical that is used to relay and 
modulate signals between a neuron and a cell.
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such as dopamine and norepinephrine, in the central 
nervous system (Geen, 1997; Van Tol et al., 1991, 
1992). Because high sensation seekers have greater 
physiological arousal than low sensation seekers 
when stimuli are new (Zuckerman, 2004), researchers 
believe people with particular alleles of the DRD4 gene 
have different arousal thresholds in response to stimuli. 
These arousal thresholds mean that sensation-seeking 
individuals need to pursue more novelty through 
riskier actions to reach the threshold of stimulation 
necessary to release neurotransmitters, such as dopa-
mine, that provide the desired physiological response 
(Linnet et al., 2006). The result is that people with dif-
ferent genetic compositions behave differently on the 
domain of sensation seeking. High sensation seekers 
are more likely than low sensation seekers to bear 
risk in the pursuit of novelty through activities–such 
as starting businesses–because the greater stimulus is 
necessary for them to get an equivalent physiological 
response.

In short, we hypothesize the following:

Hypothesis 1: Entrepreneurial activity is 
heritable.

Hypothesis 2: The heritability of entrepreneur-
ial activity is partially mediated by sensation 
seeking.

METHODOLOGY

Twin studies

The natural experiment of twins allows us to measure 
whether there is a genetic predisposition in the ten-
dency of people to engage in entrepreneurial activity. 
The experiments are based on comparison of mono-
zygotic (MZ) twins, who are created when a single 
sperm fertilizes a single egg, and are 100 percent 
genetically identical, and dizygotic (DZ) twins, who 
are created when two separate eggs are fertilized 
by two separate sperm, and share, on average, 50 
percent of their segregating genes.

Examining the similarity and difference in entre-
preneurship between the two types of twins provides 
insight into the proportion of variance in entrepre-
neurship that is explained by genetic factors. If 
genetic factors are important for entrepreneurship, 
then MZ twins, who share all their genetic make-
up, must be more similar than DZ twins, who share 
only 50 percent of their segregating genes. However, 
if the tendency to engage in entrepreneurship is 

explained solely by environmental factors, then no 
difference in the similarity between MZ and DZ 
twins in entrepreneurship should be observed.

Twin studies depend on the assumption that 
MZ and DZ twins experience equivalent shared 
environments. For violation of this assumption to 
occur, environmental factors must treat MZ twins 
more similarly than DZ twins and the similarity 
in treatment must make a difference to the pheno-
type under study. MZ twins having more similar 
experiences than DZ twins because they are more 
similar genetically does not constitute a violation 
of the equal environments assumption because the 
differences are not caused environmentally (Plomin 
et al., 2001). The equal environments assump-
tion has been tested extensively and many sources 
now confi rm the robustness of this assumption 
(Scarr and Carter-Saltzman, 1979; Bouchard and 
Propping, 1993; Kendler et al., 1993; Hettema, 
Neale, and Kendler, 1995; Carey, 2003). Studies of 
MZ and DZ twins reared together and apart have 
shown that the MZ twins reared apart are consis-
tently more similar than both DZ twins who are 
reared together and DZ twins who are reared apart 
(Bouchard, 1998; Bouchard et al., 1990). In addi-
tion, studies of twins reared apart and together and 
studies of biologically unrelated people reared in the 
same household have shown that the rearing envi-
ronment explains only a small part of variance in 
most social outcomes (Bouchard et al., 1990; Plomin 
and Daniels, 1987). Furthermore, many parents tend 
to randomize the environmental treatment of their 
children. Some 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 individualize their MZ twins. As 
a result, researchers observe little systematic differ-
ence in the treatment of MZ and DZ twins by their 
parents. In fact, studies have shown that in cases 
where parents made incorrect conclusions about the 
zygosity of their twins, it was actual, rather than per-
ceived, zygosity that predicted similarity between 
twins (Scarr and Carter-Saltzman, 1979). Given this 
evidence, Lykken et al., (1993) argued that research-
ers can safely assume that pairs of MZ and DZ twins, 
on average, face the same environments, and herita-
bility can be estimated conservatively from samples 
of twins reared together.
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Sample

Our sample consists of 3,454 twins, comprising 870 
pairs of MZ and 857 pairs of same sex DZ pairs from 
the TwinsUK registry—the national volunteer twin 
register in the U.K.—initially recruited through a 
national media campaign to collect data for medical 
research (www.twinsuk.ac.uk, Spector et al., 1996). 
All were healthy volunteers with no cognitive or 
neuropsychological defects, and were comparable to 
age-matched singletons (Andrew et al., 2001). The 
zygosity of the twins was determined by a standard 
validated questionnaire, which has an accuracy of 
more than 95 percent (Martin and Martin, 1975; 
Peeters et al., 1998), and was validated where nec-
essary through multiplex DNA fi ngerprinting using 
variable tandem repeats, which has a 99.7 percent 
accuracy (Singer et al., 2005). Table 3 shows the 
descriptive statistics on the sample, as well as the 
correlation matrix, and provides information on such 
things as the gender and age of the respondents.

In 2006, each subject was sent a postal question-
naire that focused mainly on health-related issues 
and medical history. For example, it included ques-
tions on osteoporosis, response to pain, dyslexia, 
and exercise. Given the focus of the questionnaire, 
respondents were unaware of the hypotheses of this 
study when deciding whether or not to respond to 
the survey. Table 1 shows the questionnaire items 
used in this study.

Measures of entrepreneurship

The research literature does not agree on the defi ni-
tion of entrepreneurship. Given these differences, 
we seek convergent validity for our argument 
by examining several different operationaliza-
tions common in the literature. These include: (1) 

starting a new business (Gartner, 1988; Mesch and 
Czamanski, 1997; Delmar and Davidsson, 2000), 
which we operationalize with the question ‘In your 
working life, how many new businesses have you 
started?;’ (2) being an owner-operator of a company 
(Hull, Bosley, and Udell, 1980; Ahmed, 1985; Bitler 
et al., 2005), which we operationalize with the ques-
tion ‘In your working life, how many companies 
have you been an owner-operator of?;’ (3) engaging 
in the fi rm start-up process (Reynolds et al., 2004; 
Ruef, Aldrich, and Carter, 2003; Delmar and Shane, 
2003), which we operationalize with the question ‘In 
your working life, for how many new business ideas 
have you taken any actions toward the creation of 
a new business?;’ and (4) self-employment (Amit, 
Muller, and Cockburn, 1995; Evans and Leighton, 
1989; Taylor, 1996; Le, 1999; Burke, FitzRoy, and 
Nolan, 2000; Van Praag and Cramer, 2001; Parker, 
2004; Sorensen, forthcoming), which we operation-
alize with the question ‘In your working life, how 
long have you been self employed?’ The types of 
businesses that the entrepreneurs in our study have 
started are similar to those found in most studies 
of new business creation or self-employment con-
ducted on representative samples of the population. 
That is, the distribution of new businesses in the 
sample resembles the distribution of new businesses 
started in the United Kingdom.

Sensation seeking

We used the sensation-seeking scale from the short 
form of the Zuckerman Kuhlman Personality Ques-
tionnaire (ZKPQ-S) (Zuckerman, 2002). The ZKPQ-
S draws from earlier versions of the ZKPQ that 
have been developed and refi ned for over a decade 
(Zuckerman, Kuhlman, Thornquist, and Kiers, 

Table 1. Questionnaire items

Variable Item

Years self-employed How long have you been self-employed?
Businesses owned and operated How many companies have you been an owner-operator of?
Businesses founded How many new businesses have you started?
Start-up efforts undertaken For how many new business ideas have you taken any actions toward the creation 

of a new business?
Gender (1 = female; 0 = male)
Age Age of the respondents
Religious (=atheist; 0 = religious)
Has children (=children; 0 = no children)
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1991; Zuckerman et al., 1993; Zuckerman, 1994).5 
The internal consistency and the convergent and dis-
criminant validity of the questionnaire is well docu-
mented (Zuckerman, 2002; Angleitner, Riemann, 
and Spinath, 2004; Joireman and Kuhlman, 2004; 
Schmitz, 2004). Typical questions from the scale 
include ‘I enjoy getting into situations where you 
can’t predict how things will turn out;’ ‘I often get 
so carried away by new and exciting things and ideas 
that I never think of possible complications;’ ‘I am 
an impulsive person;’ and ‘I would like the kind of 
life where one is on the move and traveling a lot, 
with lots of changes and excitement,’

Factor analysis of the items composing the sen-
sation-seeking scale (using tetrachoric correlations 
due to the dichotomous nature of the answer cat-
egories) revealed a single factor with an eigenvalue 
of 4.16. Table 2 shows the factor loadings of the 
items. A scale composed of the items had a reli-
ability of 0.79.

Structural equation modeling

Following the standard approach in behavioral genet-
ics, we use quantitative genetic modeling techniques 
(which are based on structural equation models fi t to 
a dataset) to estimate the genetic and environmental 
contributions to twin resemblance in entrepreneur-
ship (Neale and Cardon, 1992; Falconer, 1989; Sham 
et al., 1994). Quantitative genetic theory holds that 

three unobservable components can be combined 
additively to explain the variance in a phenotype (in 
our case, entrepreneurship) and generate the basic 
ACE model of behavioral genetics: genetic effects 
(A), shared environmental effects (or the environ-
mental factors that people in the same family have 
in common) (C), and non-shared environmental 
effects (the environmental effects that are unique 
to an individual) (E).6 The models allow us to esti-
mate the magnitude of the genetic and environmen-
tal infl uences as well as the confi dence intervals of 
these estimates, and test the fi t of the model (Plomin 
et al., 1990).7

Figure 1 shows a graphical representation of the 
path models that we estimate. Observed entrepre-
neurship status is represented by the rectangles 
(Twin 1, Twin 2) while the latent factors, which 
the study estimates, are represented by the circles. 
A, C, and E correspond to the additive genetic, 
common environmental, and unique environmental 
infl uences, respectively. The curved, double-headed 
arrows between the latent variables represent the 
covariances between them. (Because monozygotic 
twins share the same genes and dizygotic twins share 
half their additive genes, the covariance between 
the latent additive genetic factors is 1.0 for MZs 
and 0.5 for DZs. Because monozygotic and dizy-
gotic twins share the same common environment, 

Table 2. Sensation-seeking scale: Cronbach’s α = 0.79

Question Loadings

I am an impulsive person. 0.79
I like ‘wild’ parties. 0.69
I enjoy getting into new situations where you can’t predict how things will turn out. 0.78
I would like the kind of life where one is on the move and traveling a lot, with lots of changes and 

excitement.
0.72

I prefer friends who are excitingly unpredictable. 0.77
I often get so carried away by new and exciting things and ideas that I never think of possible 

complications.
0.81

I often do things on impulse. 0.84

5 Sensation seeking is one of the fi ve factors that constitute the 
ZKPQ-S (the other four being neuroticism-anxiety; aggression-
hostility; sociability; and activity). There are seven questions 
for each of these fi ve factors in the ZKPQ-S (Zuckerman, 
2002). We only used the seven questions from the sensation-
seeking factor in the questionnaire that we administered to 
the twins.

6 By environment, we mean all non-genetic 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. Thus, environmental effects 
are very much included in any quantitative genetics study, 
such as this one.
7 McGue, Wette, and Rao (1987) showed that model fi tting 
techniques provide parameter estimates that are robust to viola-
tions of normality assumptions.



14 N. Nicolaou et al.

Copyright © 2008 Strategic Management Society Strat. Entrepreneurship J., 2: 7–21 (2008)
 DOI: 10.1002/sej

the covariance between the latent common environ-
mental factors is 1.0 for both MZs and DZs.) The 
regression coeffi cients of the observed variables on 
the different latent factors are shown in lowercase 
letters: ‘a’ denotes the additive genetic effect, ‘c’ the 
common environmental effect, and ‘e’ the unique 
environmental effect.

The structural equations models that we use are 
represented by the following structural equations:

 Pij = aAij + cCij + eEij

 Vp = a2+ c2+ e2 = 1

where P is the phenotype of the ith individual in the 
jth pair (i = 1,2; j = 1.  .  .  .  n; all variables scaled as 
deviations from zero), and Vp is the total phenotypic 
variance of the population representing the sum of 
additive genetic variance (a2), common environmen-
tal variance (c2) and unique environmental variance 
(e2).

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

 

Cov MZ
Twin

Twin

Twin Twin

a c e a c

a c a c e

1

2

1 2
2 2 2 2 2

2 2 2 2 2
= + + +

+ + +










 
Cov DZ

Twin

Twin

Twin Twin

a c e a c

a c a c e

1

2

1 2
2 2 2 1

2
2 2

1
2

2 2 2 2 2
=

+ + +
+ + +











We use maximum likelihood methods to produce 
parameter estimates of the variance in the genetic 
(A), shared environmental (C), and non-shared 

environmental effects (E) (the coeffi cient for non-
shared environmental effects includes measurement 
error). If entrepreneurship is entirely genetically 
determined, then the estimate of the contribution of 
genetic variance would be 1.00. In contrast, if entre-
preneurship is entirely environmentally determined, 
then the estimate of the contribution of genetic 
variance would be 0.

The fi t of the overall model is estimated using 
the chi-square goodness of fi t test statistic, which is 
calculated by subtracting the log likelihood of the 
fi tted model with the log likelihood of the observed 
data under a saturated model. A non-signifi cant 
chi-square test shows that the model fi ts the data 
well (Betsworth et al., 1994). (We also utilized the 
Akaike Information Criterion [AIC] [Akaike, 1987] 
and the Root Mean Square Error of Approximation 
[RMSEA] in the estimation of model fi t and found 
similar results). The contribution of A, C, and E to 
the total variance is evaluated by removing each of 
them in a series of nested sub-model comparisons 
and testing the level of fi t of each of the sub-models 
relative to the overall model.

To examine whether the heritability of entrepre-
neurship is genetically mediated through sensation 
seeking, we regressed out the effect of sensation 
seeking from each of the four measures of entrepre-
neurship and then computed heritability estimates on 
the adjusted results (Neale, 2004).

The ability to make strong causal statements about 
genetic factors also requires a correction for poten-
tial factors that can lead to a correlation of twin 
scores (Cropanzano and James, 1990). Therefore, 
we also adjusted the models for potential confound-
ers associated with entrepreneurship (age, gender, 
religion, children) to see how estimates of the vari-
ance components varied once confounders were 
included in the models (Mohammed et al., 2003; 
Hakim et al., 2004).

RESULTS

The descriptive statistics and correlation matrices 
are shown in Table 3. The two groups of twins 
(MZ, DZ) were well matched for factors associated 
with entrepreneurship. There were no statistically 
signifi cant differences between the two groups of 
twins on sensation seeking (p = 0.33) or our mea-
sures of entrepreneurship: self-employment (p = 
0.66), owner-operator (p = 0.99), company founding 

e

A

Twin 1 

C E A

Twin 2 

C E

MZ = 1, DZ = 0.5 MZ = 1, DZ = 1

a c eca

Figure 1. Path model for entrepreneurship status for 
Twin 1 And Twin 2
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(p = 0.60), or engaging in the business formation 
process (p = 0.98).

Table 4 shows the heritabilities of entrepreneur-
ship across the four operationalizations of entrepre-
neurship. The chi-square test for goodness of fi t for 
the model, the Akaike Information Criterion (Akaike, 
1987), and the Root Mean Square Error of Approxi-
mation (RMSEA) showed that the best-fi tting model 
to explain the variance in self-employment included 
additive genetic and environmental factors (AE) 
for all four operationalizations of entrepreneurship. 
(Table 4 reports the heritabilities of the best-fi tting 
AE model only for each of the operationalizations 
of entrepreneurship.) Moreover, we found heritabili-
ties that ranged between 0.37 and 0.42, leading us 
to conclude that there is convergent validity for the 
heritability of entrepreneurship.

We confi rmed the fi ndings of previous studies of 
the heritability of sensation seeking, which we esti-
mate to be 0.32 in our sample. Given the phenotypic 
correlation between sensation seeking and entrepre-
neurship, we then estimated the genetic contribution 
to entrepreneurship that is mediated through genes 
affecting sensation-seeking behavior. After sensa-
tion seeking was included in the model, the contribu-
tion of genetic factors to entrepreneurship dropped 

considerably (see Table 5). The analysis suggests 
that between 31 and 46 percent of the heritability of 
entrepreneurship was mediated by the psychological 
trait of sensation seeking.8

The results are robust on two key robustness 
checks. First, the results are qualitatively the same 
when we look at only the female respondents. This is 
important because measures of entrepreneurship are 
correlated with gender, leading estimates of genetic 
effects to be upwardly biased (all MZ twins share 
the same gender [McGue and Bouchard, 1984]). 
Second, the results do not change substantively when 
we adjust the model for potential confounders—age, 
gender, number of children, and religion—that have 
been shown to be associated with entrepreneurship 
(see Table 6; Aldrich and Kim, 2007; Shane, 2003).

DISCUSSION

We used quantitative genetics techniques to compare 
the entrepreneurial activity of a sample of MZ and 

Table 3. Descriptive statistics and correlations

Variable m s 1 2 3 4 5 6 7 8

1. Age 55.60 13.20
2. Gender 0.91 0.29 −0.01
3. Religious 0.10 0.31 −0.08 −0.03
4. Has children 0.73 0.44 0.30 0.02 −0.04
5. Sensation seeking 0.28 0.28 −0.14 −0.05 0.02 −0.05
6. Businesses founded 0.36 0.78 0.05 −0.09 0.06 0.05 0.44
7. Businesses owned and operated 0.25 0.68 0.03 −0.09 0.04 0.04 0.47 0.64
8. Years self-employed 0.68 1.33 0.09 −0.06 0.05 0.07 0.43 0.60 0.51
9. Start-up efforts undertaken 0.48 0.96 0.02 −0.01 0.03 0.05 0.42 0.70 0.50 0.45

All correlations ≥0.05 signifi cant at p < 0.01

8 We also calculated cross trait cross twin correlations (not 
reported here), which further corroborated our fi ndings.

Table 4. Heritabilities of the different measures of entrepreneurship

Dependent variable A (95% CI) C (95% CI) E (95% CI) c2 (d.f.) RMSEA AIC

Years self-employed 0.39 (0.24 to 0.44) − 0.61 (0.56 to 0.66) 1.32 (4) 0.01 −6.68
Number of businesses owned 

and operated
0.37 (0.32 to 0.42) − 0.63 (0.58 to 0.68) 1.12 (4) 0.01 −6.88

Number of businesses founded 0.42 (0.37 to 0.47) − 0.58 (0.53 to 0.63) 7.29 (4) 0.03 −0.71
Number of start-up efforts 0.42 (0.37 to 0.47) − 0.58 (0.53 to 0.63) 0.49 (4) 0.01 −7.51

A, additive genetic; C, common environment; E, unique environment. The table shows the results for the best-fi tting model for each 
variable.
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same-sex DZ twins from the United Kingdom. We 
ran model-fi tting analyses to estimate the genetic, 
shared environmental, and non-shared environmen-
tal effects on the propensity of people to become 
entrepreneurs. We found, in the particular sample 
we examined, between 37 and 42 percent of the 
variance in the tendency of people to engage in 
entrepreneurship (heritability) is accounted for by 
genetic factors (through all the mechanisms through 
which genetic factors operate). Depending on the 
operationalization of the construct, between 31 and 
46 percent of this variance was mediated by the 
psychological trait of sensation seeking, suggesting 
that genes affect the tendency of people to engage 
in entrepreneurship by affecting the distribution of 
sensation seeking across people.

Limitations

First, this study does not identify the genes that infl u-
ence the tendency to engage in entrepreneurship. 
Therefore, we cannot know which genes matter, how 
many genes matter, or the relative importance of dif-
ferent genes to entrepreneurship. In fact, such infor-
mation cannot be ascertained through twin studies 

such as this one, but requires linkage or association 
studies to identify specifi c genes. Nevertheless, our 
results indicate the value of conducting molecu-
lar genetics studies of entrepreneurship because 
the results we have found suggest that researchers 
examine certain categories of genes.

Second, we have posited–but not directly tested–a 
mechanism through which genetic factors infl uence 
the tendency to become an entrepreneur. Our evi-
dence suggests that genetic differences may affect 
brain physiology, leading some people to become 
high sensation seekers and others to become low 
sensation seekers. Because high sensation seekers 
have higher arousal thresholds, they are more willing 
to engage in careers that involve the bearing of risk 
in the pursuit of novelty, which entrepreneurship 
provides.

Third, like all quantitative genetics studies, this 
study assumes that there is no assortative mating. 
Assortative mating takes place when individuals 
tend to mate with individuals who have similar 
phenotypic characteristics. In evolution, assorta-
tive mating can decrease the range of variation in 
a trait, leading to overstated heritability estimates. 
Our study assumes that there is no assortative mating 
for entrepreneurship or sensation seeking. (We are 

Table 5. Heritabilities of the different measures of entrepreneurship after taking out the effect of sensation seeking

Dependent variable A (95% CI) C (95% CI) E (95% CI) c2 (d.f.) RMSEA AIC

Years self-employed 0.25 (0.20 to 0.31) − 0.75 (0.69 to 0.80) 2.27 (4) 0.01 −5.73
Number of businesses owned 

and operated
0.20 (0.14 to 0.25) − 0.80 (0.75 to 0.86) 3.61 (4) 0.01 −4.39

Number of businesses founded 0.27 (0.21 to 0.32) − 0.73 (0.68 to 0.79) 4.57 (4) 0.02 −3.43
Number of start-up efforts 0.29 (0.23 to 0.34) − 0.71 (0.66 to 0.77) 5.93 (4) 0.02 −2.07

A, additive genetic; C, common environment; E, unique environment. The table shows the results for the best-fi tting model for each 
variable.

Table 6. Heritabilities of the different measures of entrepreneurship after taking out the effect of sensation seeking 
(corrected for age, gender, religion, children)

Dependent Variable A (95% CI) C (95% CI) E (95% CI) c2 (d.f.) RMSEA AIC

Years self-employed 0.24 (0.17 to 0.30) − 0.76 (0.70 to 0.83) 1.29 (4) 0.01 −6.71
Number of businesses owned 

and operated
0.17 (0.10 to 0.23) − 0.83 (0.77 to 0.90) 6.48 (4) 0.03 −1.52

Number of businesses founded 0.27 (0.21 to 0.33) − 0.73 (0.67 to 0.79) 7.07 (4) 0.03 −0.93
Number of start-up efforts 0.28 (0.22 to 0.34) − 0.72 (0.66 to 0.78) 6.76 (4) 0.03 −1.24

A, additive genetic; C, common environment; E, unique environment. The table shows the results for the best fi tting-model for each 
variable.
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aware of no study that shows evidence of assortative 
mating for either characteristic.)

Fourth, our study cannot be directly generalized 
to males because the twin population we studied 
is overwhelmingly female. This gender imbalance 
exists for historical reasons (many of the initial 
medical conditions 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 the results are gender specifi c (our 
analyses using females only and males and females 
yielded identical estimates of heritability), we 
cannot conclusively determine from our evidence 
that genetic factors infl uence the likelihood that men 
become entrepreneurs.

Implications

Our fi ndings suggest the importance of consider-
ing the effects of genetic factors in explaining why 
people become entrepreneurs. Extant research does 
not explain all the variance in the tendency of people 
to become entrepreneurs, and examination of factors 
that account for some of this unexplained variance is 
important (Aldrich and Kim, 2007). The high heri-
tabilities found for different operationalizations of 
entrepreneurship suggest that genetic factors may 
explain a signifi cant portion of the unexplained 
variance in who becomes an entrepreneur. More-
over, because genetic factors are exogenous (genetic 
factors can affect entrepreneurship, but entrepreneur-
ship cannot affect genetic factors), we can attribute 
causality to the correlations observed in this study. 
That is, genetic factors make some people more 
likely than others to become entrepreneurs.

The study shows evidence that genetic factors 
operate through a particular mechanism. They infl u-
ence the distribution of sensation seeking across 
individuals. Sensation seeking increases the prob-
ability that people will become entrepreneurs, just 
as it affects the probability that they will engage in 
a variety of other activities that involve the bearing 
of risk in the pursuit of novelty. Given a random 
distribution of the necessary environmental stimulus 
across the population, the high sensation seekers are 
more likely than the low sensation seekers to start 
businesses, as we observe.

So what implications do our fi ndings have? While 
we do not want to draw too strong conclusions from 
a single study and certainly do not want to make 

recommendations for public policy or entrepreneur-
ial practice until more work has been done, our 
results have several implications for the scholarly 
investigation of entrepreneurship. Our results offer 
the potential to reinvigorate a longstanding, but not 
universally agreed upon, aspect of entrepreneurship 
research: the role of individual differences in the ten-
dency of people to become entrepreneurs. Although 
some entrepreneurship researchers consider indi-
vidual differences to be an important explanatory 
factor in who becomes an entrepreneur (Shane and 
Venkataraman, 2000), many researchers believe 
individual differences are unimportant (Gartner and 
Carter, 2003), or even a dead end (Aldrich and Wie-
denmeyer, 1993). As a result, in recent years, the 
fi eld of entrepreneurship has tended to focus less 
on the role of individuals and more on the role of 
environmental conditions to explain the tendency 
of people to become entrepreneurs (Thornton and 
Flynn, 2003). Our results indicate that individual 
differences matter considerably because they are an 
important mechanism through which genes affect 
the tendency of people to become entrepreneurs.

Moreover, our results point to a key mechanism 
through which genetic factors lead some people to 
become entrepreneurs. Genes affect the likelihood 
that people will be high or low sensation seekers. 
High sensation seekers are more likely than low 
sensation seekers to become entrepreneurs because 
entrepreneurship offers a career in which people can 
bear risk in the pursuit of novelty, which is attrac-
tive to high sensation seekers. This pattern suggests 
that future researchers might further investigate the 
effect of this individual difference on the tendency 
of people to engage in entrepreneurship, as this 
dimension has received relatively little scholarly 
examination.

Furthermore, our fi ndings suggest that the genes 
associated with sensation seeking are plausible can-
didate genes for molecular studies of entrepreneur-
ial activity. Since researchers have already found 
an association between the 7-repeat allele of the 
DRD4 gene and sensation seeking (Ebstein et al., 
1996; Benjamin et al., 1996), our fi nding of genetic 
mediation by sensation seeking in the heritability 
of entrepreneurship suggests that this variant of the 
DRD4 gene is also a good candidate for investiga-
tion by molecular geneticists interested in fi nding 
genes associated with entrepreneurial activity.

Finally, our fi ndings bound the very concept on 
which this new journal is based. Our results are con-
sistent with the argument that some people are more 
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likely to become entrepreneurs than others because 
genetic factors lead them to produce an enzyme 
that affects their likelihood of becoming sensation 
seeking, and high sensation seekers are more likely 
than low sensation seekers to pursue careers, like 
entrepreneurship, that involve the bearing of risk in 
the pursuit of novelty. Therefore, at least some of 
the variance in the decision to become an entrepre-
neur involves physiological processes that people 
are not conscious of, making the decision of people 
to become entrepreneurs less a function of strategic 
choice than is commonly believed.
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