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Abstract Spousal correlation in risk attitude is estimated using data from the Ger-
man Socio-Economic Panel over the period 2004–2009. We apply the bivariate panel
ordered probit model to the analysis of the simultaneous determination of the male’s
and the female’s risk attitude, using the survey question about general willingness
to take risk, provided on a 0–10 Likert-scale. The correlations between both the
individual-specific effects of the two partners and the two within-individual errors are
separately estimated, and found to be +0.285 and +0.310, respectively. We consider
the former to be a key parameter, since its positive sign may be interpreted in terms
of positive assortative mating on risk attitude: individuals tend to form partnerships
with others having a similar risk attitude. We also find evidence that this correlation
increases with years of marriage, suggesting either a form of spousal socialization or
a selection process in which marriage breakdown is more likely in poorly matched
couples.
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1 Introduction

There is an enduring fascination with marriage and the ingredients of its success both
at the personal and societal level. In the words of Ribar (2004) “Marriage is positively
associated with a large number of outcomes including improved cognitive, emotional
and physical well-being for children, better mental and physical health for adults, and
greater earnings for family members”.1 The hazards inherent in the increase in the
divorce rate in Western societies are also clear (Light and Ahn 2010): for example,
the consequent increase in the number of single-adult households gives rise to greater
competition for housing and other resources. Clearly there are many dimensions in
which marriage stability has economic implications.

Becker (1974), in his theory of marriage, considers factors that induce the stability
of marriage over time. In this context, he points to assortative mating2 which focuses
on the attributes each party seeks in the other: “men differing in physical capital,
education or intelligence (aside from their effects on wage rates), height, race, or
many other traits will tend to marry women with like values of these traits”.3

There is much empirical evidence relating to Becker’s assortative mating hypoth-
esis. Many of these works find spousal correlation in observable anthropometric fea-
tures, for example Belot and Fidrmuc (2010), Oreffice and Quintana-Domeque (2010),
Chiappori et al. (2012a), Hitsch et al. (2010), Kooreman (1994), Kano (2008) and
McPherson et al. (2001). Others pursue similar goals with regard to health and well-
being (Powdthavee 2009; Wilson 2002), smoking behavior (Chiappori et al. 2012b;
Clark and Etilé 2006), and personality traits (Dupuy and Galichon 2012).

In this paper, we consider empirically the extent of assortative mating on the trait of
risk attitude. Risk attitude may play a different sort of role in the matching process from
the traits listed above, because risk sharing arguments might lead to the prediction that
risk seekers form partnerships with risk averters, that is, to the prediction of negative
assortative mating or disassortative mating (Chiappori and Reny 2006).

Bateman and Munro (2005) and Abdellaoui et al. (2013) obtain experimental data
on, respectively, 76 and 60 married couples, but find no evidence of spousal correlation,
positive or negative, in risk attitude. However, further experimental evidence, although
not involving married couples, due to Di Cagno et al. (2012) leads to the conclusion
that when subjects are allowed to choose a gambling partner, they tend to team up
with other agents displaying similar degrees of risk aversion. They interpret this as
a form of homophily (McPherson et al. 2001): the tendency of individuals to form
partnerships with others having similar personality traits.

In many ways, the laboratory is the ideal testing ground for the type of hypothesis in
which we are interested. Crucially, the laboratory allows control over the experimental

1 Ribar (2004), p. 1.
2 Although Becker refers to this as “assortive mating” (p. 311), the term “assortative mating” is now more
widely used.
3 Becker (1974), p. 326.
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setting, one important means of exercising such control being in the use of task-related
incentives. However, it is possible to pursue the same objectives using a different
type of data source: a longitudinal survey with self-reported risk attitude questions.
Although use of such a source clearly forfeits the levels of control enjoyed in the
laboratory, the potential benefits are considerable. Most obviously, the number of
respondents participating in surveys is typically much higher than the number of
subjects engaging in an experiment, and the sample is more likely to be representative
of the wider population. The benefits in terms of statistical power from using a larger
more representative sample are well known. Moreover, the time-dimension of the
survey typically extends over a meaningful time horizon, facilitating the identification
of within-individual variation and other key parameters.

One such survey is the German Socio-Economic Panel (SOEP), in which individu-
als report risk attitude on a 0–10 Likert-scale (Likert 1932). The resulting variable has
already been analyzed by Dohmen et al. (2011, 2012). This data source is used in the
present paper to investigate how individual-specific risk attitude enters the matching
process leading to couple formation. To our knowledge, scant attention has been paid
to the estimation of spousal correlation in risk attitude using survey data. An exception
is Dohmen et al. (2012), who uncover a positive relationship between male and female
risk attitude using linear regression techniques. The current paper builds on that con-
tribution in a number of ways. First our objective is to investigate the way in which
the two spouses’ risk attitudes are jointly determined, since this is consistent with the
concept of “assortative mating.” We approach this by specifying two equations, one
for each partner, and focusing on the correlation between the error terms. Hence, we
avoid any notion of the direction of causality in risk attitude, from male to female, or
vice versa, which is unavoidable in the context of a single linear regression equation.

Second, we fully respect the ordinality of the responses, implicit in Likert-scale
data, using the ordinal regression model as a basic framework.4

Third, the panel structure of the data enables us to estimate separately two different
correlation parameters, which may be interpreted in the context of Becker’s (1973)
theory of marriage. The first (ρu) represents the correlation between individual-specific
terms for the two partners and may be interpreted in terms of the extent of “assortative
mating”; the second (ρε) represents the correlation between the two within-individual
errors and may be interpreted in terms of “shared social environment”. We consider
the first of these (ρu) to be of particular relevance, since it conveys information on the
matching process; specifically, it reveals whether risk-seeking individuals match with
other risk-seeking individuals (if ρu > 0), or with risk-averse individuals (if ρu < 0).
If ρu = 0, we may conclude that risk attitude is irrelevant in the matching process.
Furthermore, by estimating ρu separately by sub-sample, we are able to investigate
the extent of socialization, that is, the tendency for members of a couple to grow more
similar with years of marriage.

Finally, we develop a new estimation framework, the bivariate panel ordered probit
model (BPOP), that is suitable for the separate estimation of these two correlation
parameters. Smith and Moffatt (1999) have drawn attention to the problems arising

4 If linear regression is used, the ordinal responses are being treated as cardinal, and this is well known to
lead to biases in estimation (Daykin and Moffatt 2002).

123



392 P. M. Bacon et al.

in the estimation of correlation parameters in limited dependent variable settings. In
particular, they find that it is very hard to obtain a precise estimate when only cross-
section bivariate binary data are available. This underlines the usefulness of the ordinal
data that are available on self-reported risk attitude, and the importance of exploiting
the full range of ordinal responses. Furthermore, it is important to make maximal use
of the repeated responses. It is for all of these reasons that we develop and estimate
the BPOP, a framework that we expect to be useful to other researchers.

The paper is organized as follows. Section 2 describes the data. Section 3 outlines
the theory underlying the BPOP model which is used for estimation. Section 4 presents
and interprets the estimation results. Section 5 concludes.

2 The data

We draw on data from the SOEP for the four years 2004, 2006, 2008 and 2009. There
are approximately 21,000 individuals, surveyed on average 3.2 times in the four survey
years. For the purposes of this research, a subset of “household couples” is extracted
from the panel, comprising 7,761 couples, observed on average 3.1 times over the four
years.

In constructing the couples dataset a number of items were taken into account.
From the variable “relationship to head” we determine the “head” and “spouse” for
each household for each survey year. We are careful to check that they both report
having a partner or being married (referring to the variable denoting marital status).
This filtering rule excludes: elderly parent heads who have older children living with
them; households headed by single heads; and “non-head” households, in which the
spouse remains following separation, divorce or bereavement. The variable denoting
gender is then used to identify couples with male heads, and couples with female
heads. We do not find any same-gender couples.

The dependent variable in our analysis is on the generic risk attitude question asked
in each of the survey years. This question is reproduced as follows:

“How do you see yourself? Are you generally a person who is fully prepared to
take risks or do you try to avoid taking risks?” Please tick a box on the scale,
where 0 means “risk averse” and the value 10 means “fully prepared to take
risks”

� � � � � � � � � � �
0 1 2 3 4 5 6 7 8 9 10

One potential problem with self-reported data on risk attitude is that responses are
not incentive compatible. This concern has been allayed to some extent by Dohmen
et al. (2011) who find a strongly positive relationship between self-reported risk and
choices made in incentivised choice problems. A second potential problem with the
analysis of self-reported risk is the possibility of measurement error: Likert-scale
responses are dictated partly by the “response style” of respondents. Here, we appeal
to Dittrich et al. (2007) who establish that to include a random-effects component, as
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we do in our model, is sufficient to capture inter-respondent differences in response
style.

There is another possible source of measurement error, arising from our use of the
generic risk measure in preference to the domain-specific risk measures (financial,
health, etc.) that are also available within the SOEP database. One obvious potential
problem with the generic measure is the possibility that the two members of a couple
have different types of risk in mind when responding to the general risk question. Our
principal reason for working with the generic measure is a practical one: this is the only
measure which is observed at a sufficient number of separate time-points per couple,
for identification of our model’s parameters to be feasible. However, we have other
compelling reasons for this choice of measure. Once again we appeal to Dohmen et al.
(2011) who find that risk attitudes are strongly correlated across contexts, and who
also use principal components analysis to find evidence of the existence of a single trait
governing risk taking in all contexts. They furthermore find that, of all risk measures,
the generic risk measure is the best all-round predictor of actual risky behavior. The
usefulness of the generic risk measure is further confirmed by its success in explaining
actual behavior in several recent applied studies (see for example, Bonin et al. 2007;
Jaeger et al. 2010).

A number of explanatory variables feature in the model. Age (in years) and age-
squared are used in order to allow for a non-monotonic age effect. The variable rep-
resenting educational attainment contains four levels: none recorded; less than high
school; high school; more than high school. From this we extract a dummy variable to
denote whether the individual has a higher education level than their spouse. The occu-
pation variable is converted into four dummy variables: unemployed; self-employed;
retired; and other occupation (being the base case). For each of these we include the
status of both in each equation for example: “female is self-employed” and “male is
self-employed.” The variable “presence of children in the HH” denotes the presence
of children aged 17 or under in the household. Log of household income is derived
from the income of all family members reported for the survey year, including bene-
fits. This income figure is applied to both members of the couple. The time variable
indicates the month number in which the interview takes place, taking values between
1 (January 2004) and 72 (December 2009).

3 Bivariate panel ordered probit (BPOP) model

The ordered probit model was introduced by Aitchison and Silvey (1957) and extended
to repeated outcomes by Frechette (2001a, b). In this paper, we make the further exten-
sion that is necessary when repeated ordered outcomes are observed simultaneously
for two different agents; we refer to this extended model as the BPOP model. The main
scope of this section is to derive the log-likelihood function for the BPOP model. For
this purpose, we shall focus on the empirical example considered in the paper: the
simultaneous modeling of the risk-attitude of male and female partners.

Let i index couples i , i = 1,. . . , n, and let t index time period, t=1,. . . , T . Let
ym,i t be the response (to the risk question) of the male in couple i in period t , and let
y∗

m,i t (−∞ < y∗
m,i t < +∞) be that male’s underlying latent propensity to risk-taking.
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Let y f,i t and y∗
f,i t be similarly defined for the female in couple i in period t . ym,i t

and y f,i t may take values 1, . . . , J , J being the length of the Likert scale. Let xm,i t

and x f,i t be vectors of explanatory variables pertaining to the male and the female,
respectively, at time t .

We then specify two equations:

y∗
m,i t = x ′

m,i tβm + um,i + εm,i t

y∗
f,i t = x ′

f,i tβ f + u f,i + ε f,i t(
um,i

u f,i

)
∼ N

[(
0
0

)
,

(
σ 2

m,u ρuσm,uσ f,u

σ 2
f,u

)]
(1)

(
εm,i t

ε f,i t

)
∼ N

[(
0
0

)
,

(
1 ρε

1

)]

Here, both the between-subject error u and the within-subject error ε are assumed
to be bivariate normal. ρu and ρε are crucial parameters, respectively, representing
the correlation between the individual-specific effects, and the correlation between
the within-errors, for the two members of the same couple. ρu reveals the man-
ner in which risk-attitude enters the matching process leading to couple forma-
tion. ρε reveals the manner in which the two individuals are jointly influenced
by unobserved “shocks” occurring in the time period leading up to the survey
date.

Note that um,i and u f,i , the individual-specific risk attitude terms, are assumed to
be fixed over time, and it is this assumption that enables us to interpret our estimate
of ρu in terms of a correlation in intrinsic risk attitudes at the time of forming the
relationship, even though no data is available from that time.5

Suppressing i and t subscripts for a moment, it is noted that y∗
m and y∗

f are unob-
served, but the relationships between these and the observed variables ym and y f

are:

ym = 1 if − ∞ < y∗
m < κ1,m y f = 1 if − ∞ < y∗

f < κ1, f

ym = 2 if κ1,m < y∗
m < κ2,m y f = 2 if κ1, f < y∗

f < κ2, f

ym = 3 if κ2,m < y∗
m < κ3,m y f = 3 if κ2, f < y∗

f < κ3, f

...
...

ym = J if κJ−1,m < y∗
m < ∞ y f = J if κJ−1, f < y∗

f < ∞

The parameters κ1,m ,· · · ,κJ−1,m and κ1, f ,· · · ,κJ−1, f , j=1,· · · ,J−1, are known as
“cut-points”. The absence of intercepts in the first two lines of Eq. 1 is a consequence
of the cut-points all being free parameters.

The log-likelihood function for this model is constructed as follows. Let Pit (ym, y f |
um,i , u f,i ) be the joint probability (conditional on um,i and u f,i ) that the responses of

5 On this point, we resort to empirical evidence on the stability of risk preferences provided by Sahm (2012)
whose findings relate favorably to the assumptions we make.
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the male and female in the i-th couple in period t are, respectively, ym and y f . This
conditional joint probability is given by:

Pit (ym, y f |um,i , u f,i )

= P({κym−1,m < y∗
m,i t < κym ,m} ∩ {κy f −1, f < y∗

f,i t < κy f , f }|um,i , u f,i )

= �2(κym ,m − x ′
m,i tβm − um,i , κy f , f − x ′

f,i tβ f − u f,i , ρε)

−�2(κym ,m − x ′
m,i tβm − um,i , κy f −1, f − x ′

f,i tβ f − u f,i , ρε)

−�2(κym−1,m − x ′
m,i tβm − um,i , κy f , f − x ′

f,i tβ f − u f,i , ρε)

+�2(κym−1,m − x ′
m,i tβm − um,i , κy f −1, f − x ′

f,i tβ f − u f,i , ρε) (2)

where �2(z1, z2, ρ) is the bivariate normal cdf. The probability (conditional on um,i

and u f,i ) of the complete set of responses (ym,i1, . . . , ym,iT ; y f,i1, . . . , y f,iT ) for
couple i is:

T∏
t=1

Pit (ym,i t , y f,i t |um,i , u f,i ) (3)

The likelihood contribution for couple i , that is, the unconditional joint probability
of ym and y f , is obtained by integrating both um and u f out of Eq. 3:

Li =
+∞∫

−∞

+∞∫
−∞

[
T∏

t=1

Pit (ym,i t , y f,i t |um, u f )

]
f (um,u f ; σm,σ f ,ρu)dumdu f (4)

where f (um ,u f ;,σm ,σ f ,ρu) is the bivariate normal density function with mean vector
zero, and covariance matrix as specified in the third line of Eq. 1.

Based on a sample (ym,i t , xm,i t , y f,i t , x f,i t ; i = 1 · · · n, t = 1 · · · T ), the log-
likelihood is given by:

LogL(βm, β f , σm, σ f , ρu, ρε, κ1,m, · · · , κJ−1,m, κ1, f , · · · ,κJ−1, f ) =
n∑

i=1

lnLi

(5)

Equation 5 is maximized using the method of maximum simulated likelihood (MSL)
to give maximum likelihood estimates of all parameters. The use of MSL in this case
requires two sets of Halton draws: one to simulate each of um and u f . The STATA
code is available from the authors.

4 Results

Table 1 contains the results from the BPOP model, constructed in Sect. 3, which
simultaneously models the risk attitude of males and females in couples. A number
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of explanatory variables are used, and these were introduced in Sect. 2. Some of the
variables have a similar effect for both members of the couple; in other cases the effects
differ between them.

The first two columns contain the results obtained from the whole sample. Age
appears to have a negative effect on risk taking for both males and females. A dummy
indicating whether the individual has more years of education than the spouse is
included; this has a significant positive effect on risk-taking for males but not for
females. Self-employment has the expected positive effect on risk-taking, as is well-
documented (e.g., see Ekelund et al. 2005). Retirement appears to have a significant
positive effect for females but negative for males. The effect of unemployment is
interesting. Although males’ risk attitude appears to be unaffected by their own unem-
ployment, it is found to depend negatively on the unemployment of their spouse.
Females’ risk attitude is negatively affected by both female and male unemployment.
The presence of children has a significant negative effect on female risk taking, but
has no effect on males. Dohmen et al. (2011) found a strongly significant effect of
height on risk taking, and suggested explanations of this phenomenon. Here, we find
that male height has a positive effect on risk taking for both partners, but that female
height has a positive effect only for the female. The effect of income is positive for
both partners. The coefficients of the variable “time” indicate that both males and
females show a strongly significant decline in risk taking over the period covered by
the sample. This might be attributed to the changing economic climate over the period
2004-2009.

As previously discussed, the key parameter in the model is ρu , the correlation
between the individual-specific terms for males and females. This is estimated to be
+0.285 with a standard error of 0.019. The overwhelmingly strong significance of this
coefficient is consistent with Becker’s positive assortative mating theory.

An interesting possibility is that spouses “socialize” each other and that their pref-
erences grow more similar with the accumulation of years of marriage. This would
mean that the correlation parameter ρu grows over time. In order to accommodate this
idea, we have estimated the model separately for two groups of couples: those who
have been married for 10 years or less; and those who have been married for more than
10 years. The results are shown in the final four columns of Table 1. The correlation
parameter ρu is estimated as larger for the second group (+0.338 as compared with
+0.260; Wald test of this comparison gives p value = 0.0081), and this is consistent
with the “socialization” hypothesis. However, there is an alternative explanation for
the difference. Marriages that last for more than 10 years must be seen as successful
marriages and it may be that marriages are more successful if the spouses match more
closely; couples who are not closely matched are more likely to experience a mar-
riage breakdown in the early years, and are therefore likely to be under-represented in
the second group. Such a selection process would of course explain the difference in
parameters that we have uncovered.

The other correlation coefficient is ρε , and this represents the association between
the within-error terms for the male and the female at the same point in time. This is
estimated to be +0.310 with a standard error of 0.009, when all data are used. We
also see in the later columns of Table 1 that this parameter appears to be stable over
years of marriage. As with the estimate of ρu , the estimate of ρε is of overwhelming
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significance, indicating that the two members of the couple respond in similar ways
to short-term shocks that have an impact on risk attitude.

5 Conclusion

Marriage is an important institution in human societies that brings about considerable
societal benefits. The determinants of a successful marriage are clearly of great interest.
Matching on the trait of risk attitude is the factor of interest in this paper.

We have combined the data sets from four cohort years of a statistically representa-
tive sample of the German population, in order to obtain a panel of couples. We have
used these data to analyze the determinants of risk attitude for each member of the
couple, and we have also considered the association between their risk attitudes. In
analyzing the data set we have been careful to exploit the longitudinal nature of the
data, and also to respect the ordinality of the dependent variable.

The key result relates to the significantly positive estimate of the parameter ρu ,
which has been interpreted in terms of “assortative mating” in the context of Becker’s
(1973) theory of marriage. First of all, it is by no means obvious that a positive value
of ρu is expected. Risk-sharing arguments (Chiappori and Reny 2006) would lead to
the hypothesis that ρu < 0. However, our data lead us to the opposite conclusion.
This result builds on results reported by Dohmen et al. (2012), and also corroborates
recent experimental findings regarding team-formation in decision tasks (Di Cagno
et al. 2012), where, by a process known as homophily, individuals appear to seek out
similarly minded team mates. An obvious difference from that experimental study is
that, in the present study, we are interested in the formation of unions that are expected
to last somewhat longer than the duration of an experiment.

Closer examination of our data has revealed that ρu is larger for couples who have
been married for longer. This has been explained in terms of a “socialization” process
in which preferences grow more similar with time together. An alternative explanation
was that unsuccessful marriages tend to break down in the early years and are therefore
under-represented in the second sample. If this alternative explanation is valid, our
overall conclusion is strengthened: not only is positive matching on risk attitude a
precondition for marriage; it is a precondition for a successful marriage. Establishing
which of these two explanations has greater validity is a promising avenue for further
research.

The other correlation coefficient, ρε , has been interpreted in terms of “shared social
environment”, and is also significantly positive, implying that partners react in similar
ways to shocks. ρε has also been found to be stable over years of marriage. Note that
separate identification of the two correlation coefficients (ρu and ρε) has been possible
only because repeated data have been available on couples.

The two strongly significant estimates of the correlation coefficients, ρu and ρε ,
underline the importance of adjusting for clustering when working with individual
level data that are grouped into household clusters.

To our knowledge, we are the first researchers to have developed the BPOP model,
which, given the rapidly growing interest in ordinal data, and the widening acceptance
of Likert-scale data (Likert 1932) as a valid source of attitudinal information, we expect
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to be useful in other contexts. For example the BPOP could be used in a situation in
which the respondent has been asked for their willingness to take risks in two different
domains [e.g., financial and environmental, Riddel (2012)]. The only difference from
the analysis of this paper is that the same vector of explanatory variables would apply
to both responses. Once again the key parameters would be ρu and ρε : in this case
they would capture the degree of consistency of risk attitude over domains.
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