
330 Twin Research and Human Genetics Volume 13 Number 4  pp. 330–339

This study employs multiple regression models
based on DeFries and Fulker (1985), and a large

sample of twins, to assess heritability in attitudes
towards economic risk, and the extent to which this
heritability differs between males and females.
Consistent with Cesarini et al. (2009), it is found that
attitudes towards risk are moderately heritable, with
about 20 percent of the variation in these attitudes
across individuals being linked to genetic differ-
ences. This value is less than one-half the estimates
reported by Zyphur et al. (2009) and Zhong et al.
(2009). While females are more risk averse than
males, there is no evidence that heritability in atti-
tudes towards risk differs between males and
females. Even though heritability is shown to be
important to economic risk-taking, the analyses
suggest that multivariate studies of the determinants
of attitudes towards risk which to not take heritability
into consideration still provide reliable estimates of
the partial effects of other key variables, such as
gender and educational attainment.
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Preferences for risk play a central role in everyday life.
They impact decisions in financial (and insurance)
markets, labor markets, and consumer markets. In
labor markets they can, for example, affect migration
decisions, employment negotiations, a person’s career
choice, and for a given career, the actions they take and
hence their success. In financial markets they can affect
investment and retirement portfolios, and hence wealth
holdings. In consumer markets, they can, among other
things, impact take-up of new products, preferences
over health treatments, and bargaining over prices.

Reflecting this central role in everyday life, empiri-
cal research has examined whether there are
systematic differences in attitudes towards risk across
groups in the population. For example, Schubert, et al.
(1999), Powell and Ansic (1997) and Eckel and
Grossman (2002), among others, examine whether
there are gender differences in risk aversion. This

work is based on experimental evidence. Hartog et al.
(2002), Dohmen et al. (2005), and Bonin et al. (2009)
study sources of heterogeneity in the willingness to
take risks using survey data. Hartog et al.’s (2002)
analysis aimed to quantify the links between risk aver-
sion and a wide range of individual (e.g., educational
attainment, gender), family (e.g., father’s job level) and
work (e.g., self-employment) characteristics, using
several data sets and multivariate methods of analysis.
The focus of the research by Dohmen et al. (2005)
was on the variations in attitudes towards risk accord-
ing to gender, age, body height and parental
education. Bonin et al. (2009) examine native-immi-
grant differences in willingness to take risk in a
multivariate analysis that also covered educational
attainment, household income, gender, marital status,
family structure, body height, age and location.

The experimental-based and the survey-based
 evidence on attitudes towards risk have both been
 criticized. The experimental evidence has been criticized
mainly on the grounds that the gambling/insurance
experiments may not be well-connected to real world sit-
uations.1 Different findings have been reported from the
study of risk behavior for abstract and contextual deci-
sions. Survey evidence has been criticized largely because
the data sets studied do not offer the control for back-
ground circumstances that can be achieved in the
laboratory. Dohmen et al. (2005), on the basis of analy-
sis of a data set that contained both information
collected via general risk-attitude questions and informa-
tion from a standard lottery experiment, however, have
argued that survey measures are behaviorally relevant.2

Dohmen et al. (2005) canvass avenues for future
research, including establishing whether risk attitudes
may be partially determined by genetics. This possibility
is addressed by Cesarini et al. (2009), Cesarini et al.
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(2010), Zyphur et al. (2009) and Zhong et al. (2009),
where samples of twins are studied to provide evidence
on the extent to which genetic variation accounts for
heterogeneity in preferences for risk. Cesarini et al.
(2009) applied behavioral genetics models to both exper-
imentally elicited preferences for risk and to responses to
questions from a survey. As with the research by Hartog
et al. (2002), Dohmen et al. (2005), and Bonin et al.
(2009), the survey-based evidence in Cesarini et al.
(2009) was ‘derived from hypothetical questions that
have been behaviorally validated’ (Cesarini et al., 2009,
p.811).3 Cesarini et al. (2009) report that preferences for
risk-taking are broadly heritable, with about 20% of the
individual variation being linked to genetic differences.
Little of the individual variation in preferences for risk
could be linked to common environment factors.
Cesarini et al. (2010) report that around 25% of the
individual variation in portfolio risk is due to genetic
variation. This research was based on a field experiment
in the form of a major pension reform in Sweden. In
contrast, Zyphur et al. (2009) report that a much greater
share, of between 45 and 63%, of the individual varia-
tion in attitudes towards risk was heritable.4 Similarly,
Zhong et al. (2009) report the heritability of economic
risk attitudes to be 57%.

Research based on twins has been used previously
by economists to good effect in the study of both earn-
ings and educational attainment.5 In the study of
earnings, the framework has been used to address the
issue of genetic influences on earnings as well as the
bias in the conventional estimate of the return to
schooling. Due in large part to Ashenfelter and
Krueger (1994), this approach has stimulated consider-
able interest and has now been applied to data from
the US (Ashenfelter and Rouse, 1996), Australia
(Miller et al., 1995; 2006), the UK (Bonjour et al.,
2003) and Sweden (Isacsson, 2003). This replication
across countries has generated additional confidence in
the findings.

The aim of the current study is to provide further
evidence on the genetic variation in preferences for
risk, using a larger and arguably more representative
sample than those used by Cesarini et al. (2009),
Zyphur et al. (2009) and Zhong et al. (2009).6 Cesarini
et al. (2009) based their research on a sample of 319
identical twin pairs, and 141 non-identical same-sex
twin pairs. Each twin in a pair needed to live in the
same city or surrounding area and was required to
attend the same experimental session. Zyphur et al.’s
(2009) study was based on 111 identical twin pairs
and 89 nonidentical twin pairs. Zhong et al.’s (2009)
research was based on 167 identical twin pairs and 65
nonidentical twin pairs, where each twin was required
to attend the same experimental session. The current
analysis is based on data from The Australian Twin
Study of Gambling, which has 1,875 complete twin
pairs, comprising 867 pairs of identical twins and
1,008 pairs of nonidentical twins (including both same
sex and mixed sex pairs); it also includes 1,014 single

twins from pairs where only one completed the survey.
These twins were registered by their parents with the
Australian Twin Registry during 1980–1982. They
were born between 1964 and 1971, and were aged
between 32 and 43 years (mean 37.7) at the time the
surveys were conducted in 2004–2007. They thus
cover a narrower age range than Cesarini et al. (2009),
where the twins were born between 1959 and 1985, or
Zhong et al. (2009) (age range of 15 to 69 years), but a
wider age range than that in the Minnesota Parenting
Project data used by Zyphur et al. (2009), where the
twins were born between 1961 and 1964, with a mean
age at the time of the survey of 36.7 years. Unlike
Cesarini et al. (2009) and Zhong et al. (2009),
however, we do not have access to data from experi-
mental sessions:7 our data are from interviews and
self-reported questionnaires. While the data set con-
tains a rich set of information on gambling behavior
(see Slutske et al., 2009), the focus of the current study
is on responses to two general questions: first, ‘On a
scale of 1 to 10, with 1 meaning No risk, and 10
meaning Extremely high risk, how much risk are you
willing to tolerate when deciding how to invest your
money?; second, ‘On a scale of 1 to 10, with 1
meaning Not at all conservative, and 10 meaning
Extremely conservative, how conservative are you in
making decisions about how to spend your money?’

The current study, while taking a behavioral genet-
ics perspective, will be based on models that will be
familiar to economists. Specifically, we use multiple
regression models based on DeFries and Fulker
(1985), which can be estimated using Ordinary Least
Squares, and which offer specifications that enable
quantification of the genetic and common environ-
ment contributions to attitudes towards risk, along
with the contributions of the regressors such as
gender, age and educational attainment that have been
the focus of past research. The issue of whether the
genetic and common environment contributions differ
between males and females can be readily assessed
within this framework.

The structure of this article is as follows. Section 1
outlines the behavioral genetics model of DeFries and
Fulker (1985). Section 2 provides a brief overview of
the data set. Included in this brief overview is a pre-
sentation of the variation in the responses to the two
risk questions according to twin type, gender and age.
Section 3 presents the results of the estimation of the
behavioral genetics model that accounts for variation
in attitudes towards risk. Section 4 concludes.

1. A Behavioral Genetics Model
The starting point for the DeFries and Fulker (1985)
model (in the context of a study of the determination
of risk preferences) is the estimating equation:8

(1) Attij = α0 + α1Att-ij + α2Rij + α3Att-ijRij + vij j = 1,…, n,
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where Attij  is the attitude towards risk of the ith

member (i =1, 2) of the jth twin pair (j = 1, n), Att-ij is
the attitude of the respondent’s co-twin, Rij is a coeffi-
cient of genetic relationship, which is defined using
the fractions of gene frequencies derived in simple
biometrical models, namely 1 for identical twins
(monozygotic or MZ) and 0.5 for nonidentical (dizy-
gotic or DZ) twins, and νij is a stochastic disturbance
term. Given this definition of Rij, α3 is, by construc-
tion, twice the difference between the identical and
nonidentical twins in the regression coefficients on the
risk attitude variable of the co-twin. That is, α3 =
2(αMZ – αDZ), which given the model formulation can
also be written as α3 = 2(rDZ – rDZ).9 Accordingly, α3,
under the standard assumptions of an additive model,
random mating, and non-common environment of a
fraternal twin is not correlated with his/her co-twin’s
genes, provides a direct estimate of heritability (h2) of
attitudes towards risk.10

α1 in this model is an estimate of the twin resem-
blance that is independent of genetic resemblance (as
captured by the other model terms). α1 therefore pro-
vides a direct estimate of common environmental
influences (c2). It has been shown that α1 and α3 yield
unbiased estimates of c2 and h2, respectively (see
Cherny et al., 1992b).11

The regression model does not constrain the esti-
mates of c2 and h2 to be in the unit interval. Thus, it is
possible to find estimates of c2 that are negative and of
h2 that exceed unity. Of particular concern in the
current application is the former possibility (which
can indicate the presence of genetic nonadditivity,
including genetic dominance (allelic interaction) or
epistasis (gene × gene interaction)). In most studies of
willingness to take risk, the measures of common envi-
ronmental influences are found to be of minor
importance. For example, if direct measures of family
background are included in an equation explaining
willingness to take risk (e.g., father’s job level in
Hartog et al., 2002, parental educational attainment
in Dohmen et al., 2005), they are typically found to be
statistically insignificant and, where statistically signif-
icant, economically unimportant. Similarly, in the
variance components models of Cesarini et al. (2009)
and Zhong et al. (2009), the common environment
accounts for a minor portion of the variance in will-
ingness to take risks. Cherny et al. (1992b) show,
however, that if the estimate of c2 is not significant, the
corresponding model term can be omitted from the
estimating equation, and the estimate of h2 obtained
from the parsimonious model will be unbiased.
Preliminary estimations with The Australian Twin
Study of Gambling generated small, negative values
for the c2 component of the variance (typically the esti-
mates were around –0.01 to –0.03, with ‘t’ statistics of
about 0.3). Consequently, the family environment
component has been constrained to equal zero in the
estimations presented below.

DeFries and Fulker (1985, p. 472) note that their
regression model can be extended to include other
independent variables, such as gender, age and ethnic-
ity. The additional variables considered for inclusion
in this analysis are the educational attainment, age,
gender, and marital status variables that have been
considered in previous research. Thus, the estimating
equation used in this research is given by equation (2):

(2)   Attij = α0 + α1Att-ij + α2Rij + α3Att-ijRij + 

Behavioral Genetics Part
j = 1,…, n,

α4 Femaleij + α5EDUCij + α6Ageij + α7Marriedij + vij

Economics Part

There are two distinct parts to equation (2): The first
three terms, which are derived from the behavioral
genetics literature, and the final four terms, which are
standard in studies such as Hartog et al. (2002) and
Bonin et al. (2009). This illustrates a further advan-
tage of the DeFries and Fulker (1985) model for this
work, in that it enables an assessment of the contribu-
tions of genetic and common environment variation to
attitudes towards risk in the context of a linear regres-
sion model similar to that used in prior research in
this area.

The models outlined in equations (1) and (2) have
been extended to capture differential heritability
across levels of cognitive ability (Cherny et al.,
1992a), differential heritability by age (Wadsworth et
al., 1989) and differential heritability by gender
(DeFries et al., 1993). This is achieved, in the context
of a focus on gender, and in relation to equation (1),
by adding gender interaction terms as follows (see, for
example, Detterman et al., 1990, p. 373):

(3) Attij = α0 + α1Att-ij + α22Rij + α3Att-ijRij + α4 Femaleij + 

j = 1,…, n,

α8Femaleij × Att-ij + α9Femaleij × Rij + α10Female-ij

× Att-ijRij + vij

In this model, α1 is an estimate of environmentality
(c2) for males. α8 is an estimate of the differential
effect of c2 for females compared to males. Similarly,
α3 is an estimate of heritability (h2) for males, and α10

is an estimate of the differential effect of h2 for females
compared to males.

There is one methodological issue that needs to be
considered when using the model of DeFries and
Fulker (1985). The model was developed for the case
where one twin had a deviant score on the variable of
interest, thereby providing a natural index for assign-
ment to the status of ‘twin’ and ‘co-twin’. For
applications based on unselected samples, like the
study of attitudes towards risk, there are a number of
approaches that can be taken (see Cherny et al.,
1992a). These include random assignment to the
status of ‘twin’ and ‘co-twin’, taking an average of the
results from multiple trials involving random assign-
ment as ‘twin’ and ‘co-twin’, and a double entry
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method. Under the double-entry method, each twin’s
risk attitude index is entered twice, once as ‘twin’ and
once as ‘co-twin’, and all estimations are based on this
double-entered data. Studies that have compared find-
ings from the double-entry method to averages
obtained from multiple trials involving random assign-
ment of members of twin pairs to twin and co-twin
status in single-entry estimations have found that the
two approaches yield similar results, and have pre-
ferred the simpler double-entry method (see, for
example, Cherny et al., 1992a). Hence the double-
entry method is used in this study. Following Cherny
et al. (1992b), all standard errors are adjusted for the
correct degrees of freedom computed on the basis of
the true sample size. This adjustment factor is

√df double-entered/df single entered.

2. The Australian Twin Study of Gambling
The starting point for the data collection is the
Australian Twin Registry Younger Cohort (see Miller
et al. 2006). This comprises a volunteer twin panel
born between 1964 and 1971. Nearly all these twins
were first registered with the panel between 1980 and
1982 by their parents. The twins have been inter-
viewed at various times and for various purposes: the
data for the current study come from interviews and
questionnaires for a study of gambling conducted over
2004–2007. The data collection procedure was quite
standard, and details are provided in Slutske et al.
(2009). The sample size is 4,764, which gives an
overall response rate in the study of 80%. There are
3,750 twins from complete twin pairs, and 1,014 from
incomplete pairs. Of the complete twin pairs, 867 are
identical twins and 1,008 are nonidentical twins.
Zygosity was determined on the basis of self-reports in
the first wave of data collection in 1989–1992.
Inconsistent responses from members of a twin pair
were resolved by the Australian Twin Registry. In line
with assessments of the accuracy of the self-reported
measures of zygosity in other data sets of twins,
checking of the self-reports against analysis of DNA
showed that the self-reports of zygosity had relatively
low misclassification rates (see Slutske et al., 2009).

The Australian Twin Registry Younger Cohort has
been used extensively in research (see the web site of
the Queensland Institute of Medical Research at
qimr.edu.au). Examples of economics publications are
Miller et al. (2005, 2006) and Le et al. (2005). The
Australian Twin Study of Gambling is described and
analyzed in Slutske et al. (2009). It is argued by
Slutske et al. (2009, p.70) to ‘represent a relatively
broad cross-section of the Australian general popula-
tion’ of the relevant age group.

As noted in the introduction, the two key questions
in The Australian Twin Study of Gambling that
provide the basis for the current paper are: ‘On a scale
of 1 to 10, with 1 meaning No risk, and 10 meaning

Extremely high risk, how much risk are you willing to
tolerate when deciding how to invest your money?’
and ‘On a scale of 1 to 10, with 1 meaning Not at all
conservative, and 10 meaning Extremely conservative,
how conservative are you in making decisions about
how to spend your money?’ These questions will be
referred to as RISK and CONSERVE in the analyses
that follow.12

Table 1 presents information on the responses to
the RISK question. Higher values on this variable
indicate greater aversion to risk. In this presentation
the twins are treated as if they are a sample of indi-
viduals. The first column is for all valid responses (n
= 4,738). These data have two main features. First,
there is a high concentration in the fifth response
category (moderate risk-taking), with 26% of
respondents giving this answer. Second, there are rel-
atively few respondents giving high values of the risk
index: only 6% of respondents give values of eight or
higher. The mean score is 4.39 (standard deviation of
2.09), and the median is in the same category (5) as
the mode.

Columns (ii) and (iii) list data on the distribution
of responses to the RISK question for identical and
nonidentical twins, respectively. These follow the same
pattern. The proportions in each risk category are not
related to twin type according to the chi-squared test
for independence. The mean responses for identical
and nonidentical twins are virtually identical.

Columns (iv) and (v) list data for males and
females, respectively. In this instance the main picture
that emerges is that the responses for females are sys-
tematically skewed towards the lower risk categories.
Thus, the distribution across risk categories are statis-
tically different (χ2 test of independence yields a test
statistic of 139.91), and the mean for males (4.77) is
significantly higher than that for females (4.11).
Moreover, the median category for females (4) is
lower than that for males (5).

Data on the distribution and means of responses to
the CONSERVE question are presented in Table 2.
For this question, a lower value indicates lesser aver-
sion to risk, and a higher value a more conservative
approach. Again, this presentation treats the sample of
twins as one of individuals. The first column is for all
the sample. Here, the mean of the CONSERVE index
is 6.13 (standard deviation is 2.19). The modal cate-
gory is 5, and the median category is 6. There are
relatively fewer people in the more risk-averse tail for
the CONSERVE question, and relatively more in the
less risk-averse tail for this question, than there is for
the RISK question. However, other than for these
observations there are not great differences. If we were
to reverse the order of the coding (so that 10 = 1 and
1 = 10) of the CONSERVE index, the mean would be
4.87. In comparison the mean of RISK was 4.39. This
suggests that respondents appear to interpret ‘invest-
ment’ and ‘spending’ to mean the same, or very
similar, thing. Thus one should be able to use the data
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from the CONSERVE question (focused on spending)
to test the robustness of findings based on the data
from the RISK question (focused on investment).
However, the correlation between RISK and (the
rescaled) CONSERVE is only 0.233. We return to this
issue below.

This similarity between the two measures carries
over to the comparison of the responses to the CON-

SERVE question on the basis of zygosity and gender.
Hence, the distribution of the responses for identical
and nonidentical twins to CONSERVE do not differ
statistically. The responses for females are more
skewed towards risk aversion than is the case of
males, and the difference in the distributions is statisti-
cally significant (χ2 test of independence yields a test
statistic of 101.37).

Table 2

Distribution and Mean of Responses to CONSERVE by Twin Type and Gender

CONSERVE Twin Type Gender
Total (i) Identical (ii) Non-identical (iii) Males (iv) Females (v)

1 2.57 2.81 2.40 2.62 2.54
2 2.47 2.56 2.40 3.01 2.06
3 6.56 6.46 6.64 8.35 5.23
4 8.27 8.38 8.19 9.98 7.00
5 24.80 25.09 24.58 26.77 23.33
6 10.76 10.99 10.59 11.65 10.10
7 14.99 14.93 15.02 14.72 15.19
8 15.72 15.13 16.17 13.33 17.51
9 5.36 5.42 5.32 3.65 6.63
10 8.48 8.23 8.67 5.93 10.39
Total 100.00 100.00 100.00 100.00 100.00
Sample size 4,738 2,029 2,709 2,025 2,713
Test for independ.
of frequencies 2.38 101.37***
Mean score 6.13 6.09 6.16 5.79 6.38

‘t’ for difference in means 1.03 9.16***

Note: *** = significant at the 1% level.

� �� �
Table 1

Distribution and Mean of Responses to RISK by Twin Type and Gender

RISK Twin Type Gender
Total (i) Identical (ii) Non-identical (iii) Males (iv) Females (v)

1 11.80 11.78 11.81 8.64 14.15
2 8.44 8.43 8.45 6.57 9.84
3 15.53 16.26 14.99 13.78 16.84
4 10.85 10.45 11.15 10.47 11.13
5 25.96 24.54 27.02 25.78 26.10
6 11.10 11.88 10.52 12.64 9.95
7 10.28 10.69 9.97 14.32 7.26
8 3.90 3.75 4.02 5.48 2.73
9 0.40 0.39 0.41 0.35 0.44
10 1.73 1.82 1.66 1.98 1.55
Total 100.00 100.00 100.00 100.00 100.00
Sample size 4,738 2,029 2,709 2,025 2,713
Test for independ. 
of frequencies 7.42 139.91***
Mean score 4.39 4.40 4.39 4.77 4.11
‘t’ for difference in means 0.18 10.79***

Note: *** = significant at the 1% level.

� �� �
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The similarity of identical and nonidentical twins
on the attitudes to risk (as measured by both RISK
and CONSERVE) follows the evidence in Cesarini et
al. (2009, Table 1). The gender difference is in line
with the survey-based evidence (see Dohmen et al.,
2005). Survey-based evidence also suggests that will-
ingness to take risks is negatively related to age (see
Dohmen et al., 2005). In the current sample, the
respondents were born between 1964 and 1971. In
principle, this gives a 7-year age range. However, as
the interviews spanned 2004–2007, twins can differ in
age at interview by 11 years. Investigation of the uni-
variate relationship between attitudes to risk and age
showed that there was a weak, negative relationship.
However, this was not statistically significant.

The RISK and CONSERVE variables have the
expected relationship with self-reports of decision-
making under uncertainty in the survey. Hence, for
example, twins were asked ‘If you had sufficient
funds, would you prefer to keep your money in the
bank or invest it?’ The mean of RISK for twins who
reported ‘Bank’ was 3.19 (for CONSERVE it was
6.52) whereas the mean of RISK for those stating
‘Invest’ was 4.67 (CONSERVE = 6.03). Both differ-
ences are statistically significant. Similarly, a
regression of the largest amount the twin had ever
gambled in a single bet on, alternatively, RISK and
CONSERVE, showed that RISK was significantly and
positively related to the amount stated, and CON-
SERVE was significantly and negatively related to the
amount stated. In other words, both RISK and CON-
SERVE appear to be behaviorally relevant.

The discussion of the data in the Australian Twin
Study of Gambling to date has treated the respondents
as individuals. Table 3 examines relationships within
twin pairs. This presents the correlation between the
responses for members of twin pairs by zygosity.
Asymptotic standard errors are also reported. The
figures in the top panel are for identical twins, and
those in the bottom panel are for nonidentical twins.

In each comparison possible in Table 3, the corre-
lation coefficient for identical twins exceeds the
correlation coefficient for nonidentical twins.13 The
difference is statistically significant in each case with

the RISK measure, but only for the data pooled across
males and females for CONSERVE.14 Moreover, the
correlation coefficients for the CONSERVE variable
are less than those for the RISK variable. Inspection of
cross-tabulations of the risk measures for the twins
does not point to any single reason for this, though
retest data provide an important insight. One hundred
and sixty-six subjects were retested on the gambling
interview, at a mean test–retest interval of 3.5 months.
The retest reliability is r = 0.63 for RISK, but only
r = 0.26 for CONSERVE. This suggests that some
respondents had difficulty with the CONSERVE ques-
tion, and given the low reliability for this question,
greater emphasis will be placed on the analysis of the
RISK data.

The RISK measure is similar to that used by Cesarini
et al. (2005). In that study, the mean of the measure of
risk was 4.98 for identical twins and 5.25 for non-identi-
cal twins, and the difference was at the margin of
statistical significance. In the current analysis the mean
of RISK is lower, and does not differ by zygosity (Table
1). The correlation for identical twins in Cesarini et al.
(2009, Table II) was 0.384, which is higher than that in
the current study (Table 3), and the correlation for non-
identical twins in Cesarini et al. (2009, Table II), at
–0.043, is lower than that in Table 3.15

4. Statistical Analyses
Table 4 lists results from application of the DeFries and
Fulker (1985) model to the RISK measure. Table 5 con-
tains the parallel set of results for the CONSERVE
measure. The estimates (of heritability and of differen-
tial heritability) that are of primary interest are in bold.
Prior to discussing these, however, brief comment on
the coefficients of the statistically significant gender and
educational attainment variables is provided.

Consistent with the earlier discussion, the results in
Tables 4 and 5 show that females have a lower propen-
sity to take on risk, and are more conservative. The
female effect in the model for RISK implies that they
provide scores on the 10-point RISK scale almost one
less than their male counterparts. In the case of the
CONSERVE measure, the female coefficient is almost
two-thirds of a point. The better educated are more

Table 3

Correlation Coefficients for Identical and Non-Identical Twins

Measure Measure
RISK CONSERVE

Identical twins (all pairs) 0.241 (0.038) 0.156 (0.037)
Females 0.210 (0.048) 0.130 (0.049)
Males 0.240 (0.057) 0.152 (0.058)

Non-identical twins (all pairs) 0.105 (0.032) 0.074 (0.034)
Females 0.111 (0.058) 0.061 (0.056)
Males 0.095 (0.068) 0.073 (0.077)
Mixed 0.073 (0.048) 0.043 (0.051)

Note: Asymptotic standard errors in parentheses.
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likely to take on risk, and are less likely to be conserva-
tive in their decision-making. An extra 10 years of
education is associated with an increase in the RISK
score of about one, and is associated with a reduction
in the CONSERVE score by about one-half a point.

Comparison of the estimates for the effects of
being female and educational attainment on attitudes
to risk with estimates from models that do not include
the information on twin type and the co-twins’ atti-
tudes towards risk indicates that the control for
heritability does not greatly affect these other esti-
mates. For example, the estimate for females
corresponding to that in column (ii) of Table 4 is
–0.714, and that for educational attainment is 0.109.
In other words, studies such as Hartog et al. (2002)
and Dohmen et al. (2005), which do not control for
heritability, still provide very reliable indications of the
importance to willingness to take risk of these vari-
ables. As most survey-based studies will not permit a
control for heritability, this is an important result.

Turning to the estimate of heritability, it is seen
that this is 0.23 in the basic model of DeFries and
Fulker (1985) in the case of risk — column (i) of Table
4. When additional controls for personal characteris-
tics are added to the model (column (ii)), the estimate
drops to 0.19, and this is largely due to the inclusion
of the variable for educational attainment. The esti-
mates presented in columns (iii) and (iv) of Table 4
indicate there is no evidence that heritability of atti-

tudes towards risk differ between males and females.
Exactly the same finding emerges from analysis of her-
itability separately for males and females. The same
findings also arises in models where the constraint
that c2 = 0 is not imposed.

In the case of the CONSERVE index (Table 5), the
estimate of heritability is a little lower than in the case
of RISK, being 0.154 in the simple model of DeFries
and Fulker (1985), and 0.134 in the extended model
that includes the controls for age, educational attain-
ment, marital status and gender (columns (i) and (ii),
respectively in Table 5). Again this slight reduction fol-
lowing the introduction of these statistical controls is
linked to the inclusion of the variable for educational
attainment. The lower estimate of heritability using
CONSERVE is likely to be a result of the lower relia-
bility of this measure. The results presented in columns
(iii) and (iv) in Table 5 reveal there is no evidence that
heritability of the CONSERVE measure differs
between males and females. Again, the same finding of
similarity in the estimate of heritability for males and
females emerges from analysis of the samples of males
and females separately, and in estimations where the
constraint that c2 = 0 is not imposed.

The estimates of heritability in the individual varia-
tion in attitudes to risk, as captured by the survey
measure RISK, at between 19.2% and 23.4%, are
broadly in line with the findings reported in Cesarini
et al. (2009) and Cesarini et al. (2010). Cesarini et al.

Table 4

Estimates of Multiple Regression Model of Heritability of RISK

Variable (i) (ii) (iii) (iv)

Constant 4.354 2.445 4.829 2.567
(28.94) (2.97) (20.97) (3.03)

Risk–ij 0 0 0 0
Rj –0.965 –0.793 –1.074 –0.955

(3.95) (3.27) (2.61) (2.35)
Rj × Risk–ij 0.234 0.192 0.224 0.196

(7.00) (5.79) (4.09) (3.64)

Genderij (a) –0.646 –0.838 –0.825
(6.69) (2.78) (2.77)

Genderij × Rj (a) (a) 0.357 0.26
(0.70) (0.51)

Genderij × Rj × Risk–ij (a) (a) –0.014 –0.003

(0.21) (0.05)

Ageij (a) 0.027 (a) 0.027
(1.31) (1.29)

Educationij (a) 0.097 (a) 0.097
(5.93) (5.92)

Marriedij (a) –0.037 (a) –0.037
(0.36) (0.37)

Adjusted R2 0.032 0.073 0.054 0.072
True sample size 1779 1779 1779 1779

Note: Absolute values of robust ‘t’ statistics in parentheses, adjusted to degrees of freedom of true sample size; estimations constrain c2 = 0; (a) = variable not entered.
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(2009), for example, report (p.811) ‘Our point esti-
mates from the best-fitting models suggest that
approximately 20% of individual variation can be
explained by genetic differences’. The results in the
current study therefore reinforce Cesarini et al.’s
(2009) conclusion that preferences for economic risk-
taking are moderately heritable. This finding contrasts
with the results in Zyphur et al. (2009) and Zhong et
al. (2009), where heritability was associated with
between 45 and 63% of the individual variation in
attitudes towards risk.

Conclusion
The study of twins has the potential to inform on the
extent to which individual variation in an economic
outcome or characteristic can be linked to heritability,
shared environmental influences, and individual influ-
ences. This approach has previously been applied to
the analysis of variations in earnings, educational
attainments, and health outcomes. Recently, Cesarini
et al. (2009), Cesarini et al. (2010), Zhong et al.
(2009) and Zyphur et al. (2009) have extended this
line of enquiry to attitudes towards risk. The analyses
in the current article provide supportive evidence for
the conclusions of Cesarini et al. (2009) and Cesarini
et al. (2010), but are at odds with the findings in
Zyphur et al. (2009) and Zhong et al. (2009). This
evidence is derived from an alternative, considerably
larger, and arguably more representative data set to

those used by Cesarini et al. (2009), Zyphur et al.
(2009) and Zhong et al. (2009).16 It is based on multi-
ple regression models, similar to those used in
previous studies (e.g., Hartog et al., 2002), which can
be estimated using ordinary least squares and which
enable direct estimates of both heritability and
common environmental influences.

The results show that, like the study by Cesarini et
al. (2009), attitudes towards risk are moderately heri-
table. About 20% of the individual variation in
attitudes towards risk can be linked to genetic differ-
ences. There is little, if any, difference in heritability
between males and females. This finding is robust to
estimation on separate samples of males and females,
and to estimation with models that constrain the
common environment effect to be zero, and which
relax this constraint.

The results of the current study also indicate that
the findings in Hartog et al. (2002), Dohmen et al.
(2005), and Bonin et al. (2009), on the links between
attitudes towards risk and individual characteristics, are
not be distorted by the absence of controls for genetic
influences. Analysis of these large data sets, therefore,
remains a valuable source of information on the sources
of heterogeneity in the willingness to take risks.

Endnotes
1 See Falk and Heckman (2009) for a rebuttal of the

main criticisms of the experimental evidence.

Table 5

Estimates of Multiple Regression Model of Heritability of CONSERVE

Variable (i) (ii) (iii) (iv)

Constant 6.102 7.45 5.75 7.423
(38.65) (8.61) (24.49) (8.38)

Risk–ij 0 0 0 0
Rj –0.947 –0.835 –0.838 –0.81

(3.30) (2.94) (2.00) (1.95)
Rj × Risk–ij 0.154 0.134 0.14 0.135

(4.67) (4.07) (2.76) (2.67)

Genderij (a) 0.580 0.627 0.620
(5.66) (1.99) (1.98)

Genderij × Rj (a) (a) –0.029 –0.045
(0.05) (0.08)

Genderij × Rj × Risk–ij (a) (a) –0.007 –0.002

(0.11) (0.03)

Ageij (a) –0.032 (a) –0.032
(1.47) (1.47)

Educationij (a) –0.043 (a) –0.043
(2.43) (2.44)

Marriedij (a) 0.153 (a) 0.153
(1.42) (1.42)

Adjusted R2 0.014 0.035 0.03 0.034
True sample size 1779 1779 1779 1779

Note: Absolute value of robust ‘t’ statistics in parentheses, adjusted to degrees of freedom of true sample size; estimations constrain c2 = 0; (a) = variable not entered.



2 See also Ding et al. (2010).

3 Cesarini et al. (2009) reference the work of Dohmen
et al. (2005) in support of this statement.

4 Classical twin studies assign variation in a phenotype,
such as attitudes to risk, to either: additive genetic
effects (A); dominant genetic effects (D); shared envi-
ronmental effects (C); or unshared environmental
effects (E). Heritability is the ratio of additive and
dominant genetic variation to the total variation. With
data only on twins, only D or C can be estimated. D is
assumed to be present when the within-twin pair
 correlation on the phenotype for monozygotic twins is
more than twice that for dizygotic twins. Cesarini et
al. (2009) estimate an ACE model, as their testing for
dominant genetic effects did not yield support for the
alternative ADE model. In contrast, Zyphur et al.
(2009) report evidence in favor of dominant genetic
effects, and hence prefer the ADE model, although
they also present results from an AE model (they
assumed C = 0 to nest this in their ADE model). Their
estimate of heritability of 0.45 is from the AE model,
and the estimate of heritability of 0.63 is from the
ADE model. The difference between the correlations
in the data for monozygotic and dizygotic twins used
in the current study is similar to the case in Cesarini et
al. (2009), in that the hypothesis that the correlations
for dizygotic twins are at least one-half those for
monozygotic twins cannot be rejected.

5 Other applications include to the analysis of health
outcomes — see Amin, Behrman and Spector (2009).

6 See Cesarini et al. (2010) for discussion of some of the
limitations of study of twins data obtained from
experimental sessions.

7 Likewise, Zyphur et al. (2009) base their analysis on
three survey questions.

8 For an application of this model to the study of earn-
ings, see Miller et al. (1996).

9 See Fulker et al. (1991, p.114).

10 In the context of this study, heritability is the propor-
tion of the variance in attitudes towards risk that is
due to genetic factors.

11 Cherny et al. (1992b) show that, for data sets charac-
terized by moderate twin correlations, compared to
the multiple regression model of DeFries and Fulker
(1985), the power advantage from maximum likeli-
hood estimation of the genetic and environmental
parameters from the covariance structure is minimal.

12 Dohmen et al. (2005) contains discussion of the advan-
tages and disadvantages of the survey question
approach in relation to study of attitudes towards risk.

13 The measures in Table 3 were also computed using a
polychoric correlation, and using bootstrapping.
There is a minor, though inconsequential, increase in
the standard errors under bootstrapping. The poly-
choric correlation coefficient is slightly larger than the
Pearson correlation coefficient in each instance,

although the same material conclusions can be drawn
regardless of the choice of correlation coefficient.

14 Statistical significance is assessed using the bootstrap-
ping method proposed by Cesarini et al. (2009, pp.
822–823).

15 Comparison data are not available in Zyphur et al.
(2009). Zhong et al. (2009) report the correlation for
identical twins for their lottery-based measure of risk
attitudes to be 0.57, and for nonidentical twins 0.02.

16 Cesarini et al. (2010) have, however, a much larger
data set, comprising over 13,000 twin pairs. Martin
and Wilson (1982) show that the use of non-random
samples of twins can lead to biases in the estimation
of heritability. Our further research will investigate
this matter with respect to the differences that have
emerged in the literature in the study of the heritabil-
ity of economic risk-taking.
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