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Abstract

The notion of heterogeneous behavior is well grounded in economic theory. Re-
cently it has been shown in a hedging context that the influence of risk attitudes
and risk perceptions varies for different segments using a generalized mixture
regression model. Here, using recently developed individual risk attitude mea-
surement techniques and experimental and accounting data from investors with
differing decision environments, we examine the determinants of heterogeneity
in hedging behavior in a concomitant mixture regression framework. Allowing
for latent heterogeneity, we find that risk attitudes and risk perceptions do not in-
fluence behavior uniformly and that the heterogeneity is influenced by manager’s
focus on shareholder value and the firm’s capital structure.

JEL Classification: D8, G10, G20, G32

l. Introduction

Economic theory suggests that risk attitude and risk perception are important con-
cepts in determining hedging behavior (Holthausen 1979; Rolfo 1980). Notable
work by Pratt (1964) and Arrow (1971) also suggests that the interaction between
these two concepts influences risk management and hence is expected to affect
hedging behavior. These risk variables play an important role in normative mod-
els that guide management strategies as well as in positive models that explain
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hedging behavior. However, the few studies that compare actual to derived optimal
behavior conclude that the models are unable to reflect actual hedging behavior
(Hartzmark 1987; Peck and Nahmias 1989). Furthermore, in various positive (de-
scriptive) analyses (e.g., Géczy, Minton, and Schrand 1997; Haushalter 2000), no
relation between managerial risk aversion and corporate hedging has been found, a
puzzling result that seems counterintuitive. Motivated by these findings, Pennings
and Garcia (2004) examine the role of latent heterogeneity in hedging behavior
using a generalized mixture regression model that classifies firms into segments
such that hedging response is the same within each identified segment but differ-
ent across segments. Their results indicate the influence of risk attitudes and risk
perceptions differs across segments and that these differences result in dissimilar
hedging behavior. However, a question arises: What are the determinants of this
heterogeneous relation between the risk variables and hedging behavior?

In this article we use organizational literature to gain insight into this
question. Research has shown that the environment in which managers operate
heavily influences the weights attached to their decision criteria (Aldrich 1979;
Rajagopalan, Rasheed, and Datta 1993). This suggests that the influence of risk
attitudes and risk perceptions on hedging behavior is moderated by the environment
in which decision makers operate. In a hedging context, a firm’s capital structure as
reflected by the debt-to-asset ratio and the focus on shareholder value are relevant
aspects of its internal environment (Smith and Stulz 1985; Froot, Scharfstein, and
Stein 1993). To examine our research question empirically, we extend Pennings and
Garcia’s (2004) modeling framework by introducing concomitant variables (i.e.,
environmental factors expected to moderate heterogeneity) by collecting experi-
mental field and accounting data from investors who operate in two organizational
environments (private investors vs. portfolio managers).

To identify the influence of risk attitude and risk perception and the de-
terminants of hedging behavior is a challenge, complicated by conceptual and
empirical issues that require careful examination of the decision-making process.
First, risk attitudes and perceptions are difficult to measure; both are psychological
constructs, that is, latent variables that cannot be observed directly. In a related
sense, risk perception is often conceptualized in hedging models in terms of risk
exposure, the volatility in the value of assets or commodities. However, a manager’s
risk perception differs from risk exposure; it is a subjective or personal interpre-
tation of the probability of being exposed to a specific level of risk. Here we use
the framework proposed by Pennings and Smidts (2000) to measure risk attitudes
and risk perceptions. They develop reliable and valid risk attitude and risk percep-
tion measures rooted in the EU framework and psychometric framework.! Second,

IReliability refers to the extent a variable or set of variables is consistent with what it is intended to
measure. Validity refers to the extent to which a measure or set of measures correctly represents a concept
(e.g., latent variable).
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modeling latent heterogeneity and its underlying determinants requires a framework
that can simultaneously identify segments of managers in which the influence of
risk attitudes and risk perceptions are similar, and identify the factors that cause
the heterogeneity. Using recent advancements made in the psychometric and sta-
tistical literature (Wedel and Kamakura 2000; Griin and Leisch 2007),we expand
on Pennings and Garcia’s (2004) framework by estimating a concomitant mixture
regression model that reparameterizes the prior probabilities of segment member-
ship in terms of concomitant—a firm’s capital structure and focus on shareholder
value—factors hypothesized to affect heterogeneity. Because the model classifies
decision makers based on the determinants of behavior, the method emphasizes the
role of theory.

Using information from 105 managers, we show that the influence of
risk on hedging behavior is not homogeneous across managers and that this het-
erogeneity is indeed driven by focus on shareholder value and the firm’s capi-
tal structure. This knowledge is important both in theory and in practice. Pre-
dictions derived from standard economics and finance theory, such as portfo-
lio theory (e.g., capital asset pricing models), are based on the assumption that
risk attitude and risk perception directly influence behavior. From a practical per-
spective, investment consultants, banks, and insurance companies measure cus-
tomers’ risk attitudes using questionnaires to recommend particular investment
portfolios.

Il. Hedging Behavior: The Role of Risk Attitudes
and Risk Perceptions

The Basic Model

Risk attitude reflects a decision maker’s general predisposition to risk. Risk percep-
tion reflects the decision maker’s interpretation of the chance of being exposed to
risk. Theory hypothesizes a positive relation between risk aversion and an individ-
ual’s hedge ratio (Hicks 1939; Ederington 1979; Stein 1986). Also, it hypothesizes
a positive relation between risk perception, which is often approximated by the
volatility in the underlying cash market, and the hedge ratio.> Furthermore, theory
hypothesizes an interaction between the two concepts. In Pratt and Arrow’s work,
risk management, reflected in the risk premium 7, is a function of risk attitude
(risk aversion r), the situation (base wealth /), and perceived risk of obtaining ad-
ditional wealth, which has a mean of & and variance o2. Risk management decisions

ZPetersen and Thiagarajan (2000) argue that the concept of risk exposure is essential for understanding
a firm’s risk management strategies. The concept of risk perception reflects risk exposure through the
perception of the manager.
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are determined such that the risk premium leaves the decision maker indifferent
between holding the perceived risky asset or holding its mean value minus the risk
premium:

EUW +e)=U(W +5—m),

where EU is the expected utility. In the expected utility model, this translates into:

EU(W+8)=fU(W+8)f(8)d8=U(W—f-f&‘f(é‘)dé‘—?[),

where U(.) is the Von Neumann—Morgenstern utility and f(.) is the probability
density function of additional wealth ¢. It can be shown that the risk premium 7 is
equal to

1 =u"(w
"= ] e

which can be written as: mw = EU 2p(W), where r(W) = —U"(W)/U'(W) is the
Pratt—Arrow coefficient of absolute risk aversion. Interpreting the variance o2 of
additional wealth ¢ as a proxy for risk perception, the Pratt (1964) and Arrow
(1971) framework shows that risk management behavior depends on risk attitude,
risk perception, and their interaction. The greater the perception of risk and the
more risk averse the decision maker, the higher the hedge ratio. In mean-variance
models the notion of the interaction between risk attitude and risk perception is
also apparent; subsequent optimal hedge ratio models include the interaction of
risk perception and risk attitude (Levy and Markowitz 1979). Consistent with this
framework, managers’ decision making regarding their hedge ratio can be expressed
by:

HRi = /30 + ﬁlRAi + ﬁzRPl‘ + ﬁ?,RAi *RPi’ (1)

where HR; is the employed hedge ratio by manager i, R4; is the manager’s i risk
attitude, RP; is the manager’s i risk perception, and R4; x RP; is their interaction.

The Basic Model and Heterogeneity: What Moderates the Influence of the Risk
Variables on Hedging Behavior?

The basic hedging model (equation (1)) assumes that the influences of risk attitude,
risk perception, and their interaction on hedging behavior are similar for all man-
agers. However, Pennings and Garcia (2004) provide evidence that the influence of
risk variables on hedging behavior is not homogeneous. Furthermore, the assump-
tion of homogeneity is challenged by organizational literature that demonstrates
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a manager’s environment influences decision criteria and the importance of these
criteria (Aldrich 1979; Rajagopalan, Rasheed, and Datta 1993). Here, we hypoth-
esize the influence of risk attitudes and risk perceptions on hedging behavior is
heterogeneous across market participants and that the heterogeneity is driven by
the different environments in which managers operate.

In a hedging context, a firm’ capital structure and the focus on share-
holder value are relevant aspects of the environment. A firm’s capital structure as
reflected by the debt-to-asset ratio is an important aspect of its internal environ-
ment. The expected cost of a firm’s financial distress increases as the probability
of a firm’s insolvency increases. A firm with a higher probability of insolvency
may benefit from a decrease in the variance of firm value (Smith and Stulz 1985;
Shapira and Titman 1986). A firm’s sharecholders are also part of the managers’
environment. Various authors, including Smith and Stulz (1985) and Froot, Scharf-
stein, and Stein (1993) focus on the direct relation between hedging and maxi-
mizing shareholder value. However, evidence on this relation is mixed; here we
examine whether a focus on shareholder value has an indirect effect on hedging
behavior.

Heterogeneity, the idea that the influence of managers’ risk attitudes and
risk perceptions on hedging behavior may differ, can have profound consequences
for the interpretation of empirical evidence and for understanding risk manage-
ment behavior. The notion that heterogeneity must be accounted for when trying
to understand actual behavior is not new. In his Nobel Lecture, Heckman (2001,
p. 675) indicates that the most important discovery was the evidence on the perva-
siveness of heterogeneity and diversity in economic life. The challenge is to model
heterogeneity in an appealing way such that variations in economic behavior are
influenced by differences in its determinants.

Modeling Latent Heterogeneity and Its Drivers

Heterogeneity in the decision maker’s behavior cannot always be observed directly.
In our case, differences in the way managers’ hedging responds to the risk vari-
ables are unobserved before estimation. To accommodate this unobserved (latent)
heterogeneity and to examine how shareholder value and the firm’s capital struc-
ture moderate the influence of the risk variables on actual hedging behavior, we
extend the generalized mixture model used by Pennings and Garcia (2004). Their
modeling framework identifies segments of market participants such that within a
segment the relation between hedging behavior and risk variables are similar, but
they are dissimilar across segments. In this article we identify a similar latent het-
erogeneity but also identify the environmental—concomitant—factors that cause
the heterogeneity. The concomitant variables—firm’s capital structure and man-
ager’s focus on shareholder value—assist in identifying why segments of managers
behave differently by allowing latent segment membership to covary with these
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variables. To accomplish this we reparameterized the prior probabilities in terms of
our concomitant variables.

lll. Empirical Model

Specification

The generalized mixture model assumes heterogeneity arises from the presence
of segments of managers that behave differently. The segments are not observed
directly but are recovered from the data by the model. In order to describe the
process generating managers’ hedge ratios, a statistical distribution is assumed.
The distribution describes the probabilities that managers’ hedge ratios take certain
values, and is characterized by its expectation and variance that are estimated. Given
the distribution, the mixture model decomposes the manager population into the
underlying segments. The mixture regression framework provides the probability
that each manager belongs to the derived segments, and the regression coefficients
in each segment that relate the expectation of the managers’ hedge ratios to the
explanatory variables (Wedel and DeSarbo 1995; Wedel and Kamakura 2000).
Formally, we can define the mixture regression model as follows. First, assume the
vector of managers responses, y, (i.e., the hedge ratios), arises from a population
that is a mixture of S segments in proportions 7y, ..., s, where we do not know
in advance the segment from which a particular vector of observations arises. The
probabilities 7r; are positive and sum to one. We assume that the distribution of y,,
given that y, comes from segment s, f;(v, | 6;), is a member of the exponential or
multivariate exponential family, where 6, is the vector of regression coefficients
for each segment. The distribution f;(y, | 65) is characterized by parameters 6,, and
the means of the s segments (or expectations) are denoted by ;.

Because we want to predict the means of the observations in each segment
by using the set of explanatory variables (R4, RP and RA4 * RP in equation (1)),
we specify a linear predictor 1,,, which is produced by the explanatory variables
denoted by X, ..., Xp (X, =(X,,); p=1,..., P; here P = 3), and parameter
vectors By = (f,) in segment s:

P
Nns = ZXMP’BSP' ()
p=1

The linear predictor is thus the linear combination of the explanatory vari-
ables, and the set of betas that are to be estimated (equation (2) is similar to equa-
tion (1) but in matrix notation).

The linear predictor is in turn related to the mean of the distribution, ug,
through a link function g(.) such that in segment s:
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Mns = g(Mns)~ (3)

Thus, for each segment, a linear model is formulated with a specification
of the distribution in the exponential family, a linear predictor 7,, and a function
2(.) that links the linear predictor to the expectation of the distribution. Because the
dependent variable, the hedge ratio, is assumed normally distributed, the canonical
link is the identity, that is, n,; = us, so that by combining equations (2) and (3),
the standard linear regression model within segments arises.> The unconditional
probability density function of an observation vector y,, can now be expressed in
the finite mixture form:

FOul9) = D m £ 16, )
s=1

where the parameter vector ¢ = (7, 6;), and 6, = .

Within a latent segment, managers are homogeneous in the sense that they
respond similarly to the explanatory variables. Latent segment membership also
may covary with other external or moderating factors. As hypothesized, we expect
that manager’s focus on shareholder value and the firm’s debt-to-asset ratio to
influence the relation and refer to them as concomitant variables. Formally, the
prior probabilities of segment membership can be reparameterized in terms of the
concomitant variables z as shown in equation (5):*

L
€Xp E VisZnl
=1

sz = 7 ) ®)

S
S exp (3
s=1 =1

where the parameter y;, denotes the effect of the /th concomitant variable on the
prior probability for segment s.

Equation (5) is referred to as the submodel and formulates the prior proba-
bility membership to the segments as a logistic regression function of the variables
hypothesized to affect the heterogeneity. The parameters of this multinomial logit

3Using the Jarque—Bera test, we can not reject normality of the dependent variable used in the analysis
at the 20% level.

4An alternative way to accommodate concomitant variables is simply to include them among the
independent variable(s) in the mixture model (Langeheine and Rost 1988). Based on our conceptual model,
we specify the conditional distribution of the dependent variable given the concomitant variables rather than
the standard mixture model that formulates their joint distribution. Several authors argue that simultaneously
profiling the derived segments with concomitant variables is a more effective procedure to identify the
structure of latent segments (Kamakura, Wedel, and Agrawal 1994).
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submodel are specific to each moderating variable and segment: a positive y;; im-
plies that a higher value of descriptor Z;; increases the probability that a manager
belongs to segment s.

The unconditional probability density function of the observation vector y,
is now obtained by combining the unconditional probabilities (equation (4)) with
the prior membership probabilities of equation (5) and can be expressed in the finite
mixture form:

S
FOul®) = w2 fin 1 65). (6)

s=1

Equation (6) shows that the unconditional density function can be decom-
posed into a weighted average of the latent probability density function, where
the weights |, vary systematically as a function of the concomitant variables.
Equation (6) provides the link between the concomitant variables (i.e., focus on
shareholder value and debt-to-asset ratio) and the probability density function of
the decision-making equation (i.e., hedge ratio).

The parameter vector ¢ in equation (6) is estimated via maximum likeli-
hood using the expectation maximization (EM) algorithm (Redner and Walker 1984;
Titterington 1990). To accomplish this, the likelihood function is maximized. The
likelihood function describes the probability that the data are generated given the
specific set of model parameters (i.e., equation (4)). By maximizing the likelihood,
the set of parameters is obtained that most likely has given rise to the data. The
rationale for using the EM algorithm is that the likelihood function contains missing
observations, that is, the 0/1 membership of subjects in the S segments. If these were
known, maximization of the likelihood would be straightforward. Assuming that
membership in the segments is based on a multinomial distribution, the expectation
of the likelihood can be formulated over the missing observations. This involves
calculating the posterior membership probabilities according to Bayes rule and the
current parameter estimates of ¢ and substituting those into the likelihood. Once this
is accomplished, the likelihood is maximized. Given the new estimates of ¢, new
posteriors can be calculated in the next E—expectation—step, followed by a new
M—maximization—step to find anew ¢. The E and M steps are alternated until con-
vergence.’ Estimates of the posterior probability, p,, that manager n comes from
segment s can be calculated for each observation vector y,, as shown in equation (7):

77:S|Zj[s(yn | 95)

3 .
Zns\zfs(yn I gs)
s=1

Pns = (7

5The EM algorithm is available on request.
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Equation (7) shows that the posterior probabilities are also affected by
the concomitant variable, and it can be used to classify managers in a particular
segment.

To determine the optimal number of segments, Akaike (1974) and Boz-
dogan (1987) develop information criteria tools. These criteria impose a penalty
on the likelihood that is related to the number of parameters estimated. Studies
by Bozdogan indicate that the consistent Akaike information criterion (CAIC) is
preferable in general for mixture models. An entropy statistic can be used to inves-
tigate the degree of separation in the estimated posterior probabilities as defined in
equation (8):

N S
Z ans 1npns
E. —1— n=1 s=1 (8)
’ NInS )

The entropy statistic £ is a relative measure, bounded between 0 and 1,
and describes the degree of separation in the estimated posterior probabilities. E
values close to 1 indicate that the posteriors probabilities of the managers belonging
to specific segments are close to either 0 or 1; the segments are well defined.®

Economic Interpretation of the Empirical Model

The empirical model outlined only identifies segments when the decision-making
behavior differs across segments. When behavior is heterogeneous, the empirical
model discriminates between segments of managers, not on the basis of a single
variable but based on the relation between the risk variables and hedging behav-
ior. From an economic perspective, this implies that the marginal effects of risk
attitude, risk perception, and their interaction on hedging behavior differ across
the identified segments. In addition, the empirical model identifies the drivers of
the heterogeneity by allowing segment membership to covary with environmental
factors (i.e., concomitant variables).

IV. Research Design

Sample and Data Collection Procedure

To examine the research question, we need experienced decision makers who are
actively involved in hedging activities and who work in different business environ-
ments. A sample of portfolio managers and private investors was expected to meet

SWhere only one segment is used, Ej is 1.
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these requirements. The portfolio management literature shows that an effective
way to manage portfolio risk is to use futures and options contracts (Jarrow and
Zhao 20006). This is particularly true when asset allocation constraints exist, which
is common for portfolio managers who hold assets that are needed to fulfill future
financial obligations of the firm (Frost and Savarino 1988). In this situation, stock
index futures and options such as the S&P 500 futures contract and FTSE 100
futures contract play an important role. Stock index futures and options were de-
veloped to allow portfolio managers to conveniently hedge portfolio risk, and they
are shown to be an effective hedging tool (Butterworth and Holmes 2000; Sarkar
and Tripathy 2002; Zafeiropoulos 2005).

Euronext-LIFFE provided us with the names of companies and their port-
folio managers, and private investors. The corporations included large banks, oil
companies, food processors, and large government pension funds. The private in-
vestors were decision makers that manage their own portfolios. Before our data
collection we conducted two in-depth interview sessions to gain better insight in
the decision-making process of the private investors and portfolio managers and to
test our computer-guided interview instrument. The two in-depth sessions consisted
of 15 private investors and 15 portfolio managers, respectively. During the in-depth
interviews, participants discussed risk management activities when investing and
were asked to participate in the computer-guided interview. The in-depth interviews
were helpful in reformulating questions and (risk) elicitation experiments and con-
firmed the notion that risk (attitude and perception) plays a different role depending
on the manager’s environment.

For the large-scale interview, we approached the managers personally and
explained that we were conducting university research and that this research may
help to better understand hedging behavior. The participants were not compen-
sated for participating in the field experiment and interview, but we offered a short
report of our research findings. Overall, participants were highly motivated, as
using derivatives to hedge some of their risks is related to their work activities.
Furthermore, many participants expressed interest in their colleagues’ or competi-
tor’s (hedging) behavior and viewed our report as an opportunity to increase their
knowledge. The response rate was high; 90% of the contacted managers indicated
their willingness to participate.” We collected information from 52 private investors
and 53 portfolio managers. In the remainder of the article we use the generic term
(portfolio) manager to refer to the entire sample, except where we explicitly differ-
entiate.

The final data collection instrument (computer-guided interview) consisted
of two parts. In the first part, demographic data were collected, followed by a series

"In terms of their general activities, the firms that chose not to participate were not appreciably different
from the sample of respondents.
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of questions measuring, among other things, managers’ risk perceptions and focus
on shareholder value. In the second part, the field experiment, we measured the
respondent’s risk attitude by eliciting the utility function.

The Concept of Risk Attitude

Risk attitude is a psychological construct that identifies the extent to which the
decision makers like or dislike risk. Risk attitude is context specific and needs to be
measured in the decision-making context under examination. In the following we
describe the procedures used to measure intrinsic risk attitudes for individual deci-
sion makers with a global risk attitude measure (e.g., Pennings and Smidts 2000).
The global risk attitude reflects the manager’s intrinsic risk attitude conditioned
by the context in which the manager operates. As discussed, part of the managers
are responsible for the assets that companies hold to meet retirement obligations,
and for these managers an important factor influencing their work environment is
the firm’s compensation scheme. Ross (2004) shows that a firm’s compensation
scheme influences the manager’s utility function and hence the manager’s global
risk attitude. However, the willingness to accept risk is not solely driven by the
compensation scheme; the manager’s inherent personality also plays an important
role. Portfolio managers have their “own style” and are hired by companies because
of their style and associated performance. It is not uncommon for a company to
employ various types of managers, each with his or her own investment style, which
is influenced by the manager’s intrinsic risk attitude (Brown and Goetzmann 1997;
Ennis 2001). Using a unique and validated procedure, we obtain the manager’s
global risk attitude measure that reflects differences in compensation schemes and
individual styles in the context of managing portfolios.

Several authors provide conditions to minimize response biases when elic-
iting a decision maker’s utility function. Hershey, Kunreuther, and Schoemaker
(1982), Harrison (1986), and Holt and Laury (2002) provide useful discussions.
These authors stress the importance of constructing relevant choice sets to obtain
the decision maker’s utility function, and they argue that the response bias is min-
imized when two conditions are met: (1) decision makers have well-articulated
preferences and beliefs, and (2) decision makers use a consistent algorithm.® The
notion of an appropriate solicitation framework is highlighted by Cox et al. (2008),
who show that utility and value functions can differ across applications and that
it is difficult to identify the theoretical foundations for decision making under
risk.

8There is an extensive body of literature that outlines the potential pitfalls of eliciting utility functions
using a hypothetical experimental research design (e.g., Harrison 1986; Holt and Laury 2002). Although
the experimental research design for this research is hypothetical because choices do not affect managers’
actual wealth or well-being, they reflect daily manager’s choices.
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We designed the elicitation procedure in accordance with these guidelines
so that managers were exposed to a situation they face on a daily basis and hence
responded in their managerial role.” We accomplished this by exposing managers
to portfolios with a 50/50 chance of a high/low return and portfolios with a fixed
return. Work by Pennings and Smidts (2000) on the reliability and validity of risk
attitude elicitation procedures shows that such a procedure yields reliable and valid
risk attitude measures. The research design is appealing because the task reflects
the relevant choices made by real decision makers on a daily basis (Smith 1991).

Risk Attitude Elicitation Process

The global risk attitude is derived from the assessed utility function u(x), by means
of the certainty equivalence technique (Keeney and Raiffa 1976) and the value
function (e.g., strength of preference function) v(x) using the midvalue splitting
technique (Smidts 1997). The global risk attitude is determined by relating the func-
tions such that u(x) = f(v(x)). The risk attitude measure is defined as —u" (v(x))/v/
v(x)) (analogue to the Pratt—Arrow coefficient of risk aversion). It represents the
remaining curvature in the utility function after eliminating the nonlinear effect
related to the value function v(x).!"® The measurement procedure was computer-
ized, took about 45 minutes, and is described in detail in Appendix A. The negative
exponential function is used to relate u(x) and v(x) as expressed in equation (9):

1— e—cv(xi)

u(x;) = B + e, )

where u(x;) is an element of the vector of certainty equivalents corresponding to
utility levels, 0.125, 0.25, ..., 0.875 assessed by the certainty equivalence tech-
nique; v(x;) is an element of the vector of value equivalents corresponding to value
levels, 0.125, 0.25, ..., 0.875 assessed by the midvalue splitting technique; and e;
is random error.

Measurement and Internal Consistency of the Risk Attitude Measure

To estimate equation (9), the assessed equivalents are used. For the certainty equiv-
alence technique and the midvalue technique, nine points (certainty equivalents for
u(x) and value equivalents for v(x)) are available for each manager. These nine points
correspond to the pairwise levels of utility/value. For example, for u(x) = v(x) =
0.5, a certainty equivalent, say x’, and a value equivalent, say y’, are assessed. For

9The choice tasks and the experimental design are available on request.

YDyer and Sarin (1982), Smidts (1997), and others argue that only after removing the nonlinearity
in the utility function associated with the nonlinear strength of preference (i.e., value function v(x)) for
increased outcomes can actual preferences for risk be identified.
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each manager, the parameters in equation (9) are estimated using nonlinear least
squares and the Fletcher Quasi-Newton method. If parameter ¢ > 0, the manager
is said to be risk averse, and if ¢ < 0, the manager is said to be risk seeking.

In addition, two measurements at u(x) = 0.5 and two measurements at
u(x) = 0.625 were taken when eliciting the manager’s utility function to test the in-
ternal consistency of the elicitation procedure. If managers respond in a consistent
matter, the same certainty equivalents should result except for random response
error. Using a pairwise test, the differences between the assessed certainty equiva-
lents for the same utility levels were not significant (p > .99) for both consistency
measurements. These findings support the notion that the research design elicited
well-articulated preferences and that managers use a consistent algorithm to arrive
at their responses, ensuring the validity of the measurement procedure. This further
substantiates that the research design closely reflects the real business context of
the managers, thereby minimizing response mode effects.

Measuring Risk Perception, Managers’ Focus on Shareholder Value, and
Debt-to-Asset Ratio

Based on previous research (e.g., Pennings and Smidts 2000), a 10-point Likert
scale, consisting of three items, was used to measure risk perception. The scale
was validated by testing its psychometric properties (Nunnally and Bernstein 1994;
Pennings and Smidts 2000). Appendix B describes in detail the scale and its psy-
chometric properties.

The extent to which manager’s focus on shareholder value was measured
by a Likert scale consisting of one item.!! Managers were asked to indicate on a
nine-point scale ranging from 1 (“strongly disagree”) to 10 (“strongly agree”) their
agreement with the statement “My company focuses predominantly on the interest
of our shareholders.”

The firm’s debt-to-asset ratio was obtained from accounting data.

Dependent Variable: Hedge Ratio

Accounting data provided us with the employed hedge ratio. The hedge ratio in
this context reflects the part of the portfolio that is protected against adverse price
movement by means of derivative instruments (e.g., stock index and bond futures
and options). Specifically, accounting data from the firm identified average face
value of the manager’s portfolio for the fiscal year 2000. Managers provided con-
fidential information identifying the average face value of the futures and options
contracts used to hedge (part) of the manager’s portfolio risk.

""We use a Likert scale to measure managers’ focus on shareholder value because of its good perfor-
mance in previous studies. As identified by Nunnally and Bernstein (1994), Likert scales do not suffer from
drawbacks in Guttman, and Thurstone and Chave scaling procedures.
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V. Empirical Results

Table 1A provides descriptive statistics for the whole sample. The average age of the
managers was 40.26 years and the majority had a college (bachelor’s) or university
(master’s) degree. The other statistics reflect a range of work experience, portfolio
values, the debt-to-asset ratios, and focus on shareholder value. In Tables 1B and
1C, the descriptive statistics are provided for the private investors and portfolio
managers, respectively. On average, portfolio managers are more experienced and
more highly educated. They also focus more on shareholder value, manage larger
portfolios than private investors, and are more leveraged.

In Table 2A, descriptive statistics for the risk attitude parameter ¢ in equa-
tion (9) are presented for the whole sample. The negative exponential function fit
the data well, with mean squared errors (MSE) small relative to the mean, and high
average R*s (mean 0.87). This result is in line with Smidts (1997) and Pennings
and Smidts (2000, 2003). The results show that risk attitudes vary widely among
managers, indicating that the assumption of risk aversion or risk neutrality is not
(always) valid. The largest group (55.6% of the total sample) can be classified as
risk averse (parameter ¢ > 0), and a small group (5.9%) is risk neutral. A relatively
large number (38.5%) appears to be risk seeking (parameter ¢ < 0). The presence of
risk-seeking behavior may seem surprising, but these results are highly consistent
with the small but growing literature in the management sciences and psychol-
ogy. For example, Shapira (1997) and Smidts (1997) find risk-seeking behavior.
Several explanations of risk-taking behavior have been advanced depending on the
specific domain. For instance, Jaworski and Kohli (1993) find that responding to
market developments entails some degree of risk taking. Han, Kim, and Srivastava
(1998) find that greater market orientation is associated with higher degrees of
risky, innovative behavior.

Tables 2B and 2C show the descriptive statistics for the risk attitude param-
eter ¢ in equation (9) for the private investors and portfolio mangers, respectively.
The negative exponential function fit the data equally well for both private and
portfolio managers. There is no significant difference in risk attitudes between pri-
vate investors and portfolio managers (p = .186). The proportions of risk averse,
risk neutral and risk seeking are similar between private investors and portfolio
managers.

Table 3 presents the risk perception scales—1 = low risk to 10 = high
risk—for the samples. Portfolio managers perceive significantly more risk than
private investors (p = .01), but there appears to be considerable variability in both
the private and portfolio’s perception of risk.

In Table 4 we first provide the results of equation (1) assuming homo-
geneous behavior. The results support the puzzling findings in previous studies
(Géczy, Minton, and Schrand 1997; Haushalter 2000) that risk attitude, risk per-
ception, and their interaction are not significantly related to the managers’ hedge
ratios.
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TABLE 1A. Descriptive Statistics for Whole Sample (N = 105).

Panel A. Work Experience

Work Experience % Value of the Portfolio in Euros (2000) %
0-1 years 154 <0.5 million 28.9
1-2 years 154 0.5-5 million 10.6
24 years 20.2 5-25 million 10.6
4-8 years 144 25-50 million 5.8
8-15 years 14.4 20— 250 million 5.8
>15 years 20.2 250 million—0.5 billion 4.8
0.5-2.5 billion 13.5
>2.5 billion 18.3
Did not disclose 1.9
Panel B. Educational Level
Highest Educational Degree % Debt-to-Asset Ratio %
High school 1.9 0-20% 36.2
College (BS degree) 54.8 21-40% 15.4
University (MS/MA degree) 39.4 41-60% 13.2
Other 3.8 81-100% 32.8
Did not disclose 24
Panel C. Focus on Shareholder Value
Company Focuses on the Interest of Shareholders? %
1 (strongly disagree) 27.6
2 17.1
3 9.5
4 8.6
5 38
6 8.6
7 29
8 5.8
9 6.6
10 (strongly agree) 9.5

Note: This table presents the distribution of the managers’ work experience, educational level, the value of
their portfolio, the debt-to-asset ratio of the firm, and focus on shareholder value. The sample consists of
105 managers who either managed a part of a firm’s assets or who managed their own accounts (e.g., private
investors). Work and educational experience were measured during personal computer-guided experiments.
The values of the portfolio and the debt-to-asset ratio were obtained from the firm’s accounting data, and
when the private investors’ experiments were administered.

2Managers were asked to indicate on a 10-point scale ranging from 1 (“strongly disagree”) to 10 (“strongly
agree”) their agreement with the statement “My company focuses predominantly on the interest of our
shareholders.”

Because we hypothesized that there might be a number of latent segments
in the sample, the model was applied to the data for segments, S = 1 to § = 5.2

12For completeness, mean group values for the three observations that did not disclose their debt-to-
asset ratio were used. Repeating the analysis without these three observations did not change the results
presented qualitatively.
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TABLE 1B. Descriptive Statistics for Private Investors (N = 52).

Panel A. Work Experience

Work Experience % Value of the Portfolio in Euros (2000) %
0-1 years 28.8 <0.5 million 51.9
1-2 years 28.8 0.5-5 million 19.2
24 years 28.8 5-25 million 19.2
4-8 years 5.8 25-50 million 9.6
8-15 years 7.7 20— 250 million 0.0
>15 years 0.0 250 million—0.5 billion 0.0
0.5-2.5 billion 0.0
>2.5 billion 0.0
Did not disclose 0.0
Panel B. Educational Level
Highest Educational Degree % Debt-to-Asset Ratio %
High school 1.9 0-20% 65.4
College (BS degree) 78.9 21-40% 13.5
University (MS/MA degree) 13.5 41-60% 11.5
Other 5.8 81-100% 7.7
Did not disclose 1.9
Panel C. Focus on Shareholder Value
Company Focuses on the Interest of Shareholders? %
1 (strongly disagree) 28.9
28.9
3 17.3
4 15.3
5 38
6 5.8
7 0.0
8 0.0
9 0.0
10 (strongly agree) 0.0

Note: This table presents the distribution of the private investors’ work experience, educational level, the
value of their portfolio, the debt-to-asset ratio of the firm, and focus on shareholder value.

2Managers were asked to indicate on a 10-point scale ranging from 1 (“strongly disagree”) to 10 (“strongly
agree”) their agreement with the statement “My company focuses predominantly on the interest of our
shareholders.”

Based on the minimum CAIC, we select S = 3 as the appropriate number of
segments. The solution has a log likelihood of 324 and an R? of 0.72.!3 The entropy
value of 0.95 indicates that the mixture components are well separated. The R? has

13The three-group solution R? is calculated using the method developed by Cameron and Windmeijer
(1997) for generalized regression models. The R? is defined as the proportionate reduction in uncertainty
measured by Kullbac—Leibler divergence due to the inclusion of regressors. Under further conditions con-
cerning the conditional mean function, it can also be interpreted as the proportion of uncertainty explained
by the fitted model.
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TABLE 1C. Descriptive Statistics for Portfolio Managers (N = 53).

Panel A. Work Experience

Work Experience % Value of the Portfolio in Euros (2000) %
0-1 years 1.9 <0.5 million 5.8
1-2 years 1.9 0.5-5 million 1.9
24 years 11.5 5-25 million 1.9
4-8 years 23.1 25-50 million 1.9
8-15 years 21.2 20-250 million 11.5
>15 years 40.4 250 million—0.5 billion 9.6
0.5-2.5 billion 26.9
>2.5 billion 36.5
Did not disclose 3.8
Panel B. Educational Level
Highest Educational Degree % Debt-to-Asset Ratio %
High school 1.9 0-20% 7.5
College (BS degree) 30.8 21-40% 17.0
University (MS/MA degree) 65.4 41-60% 15.1
Other 1.9 81-100% 56.6
Did not disclose 3.8
Panel C. Focus on Shareholder Value
Company Focuses on the Interest of Shareholders? %
1 (strongly disagree) 26.4
2 5.7
3 1.9
4 1.9
5 3.7
6 11.3
7 5.7
8 11.3
9 132
10 (strongly agree) 18.9

Note: This table presents the distribution of the portfolio managers’ work experience, educational level,
the value of their portfolio, the debt-to-asset ratio of the firm, and focus on shareholder value.

2Managers were asked to indicate on a 10-point scale ranging from 1 (“strongly disagree”) to 10 (“strongly
agree”) their agreement with the statement “My company focuses predominantly on the interest of our
shareholders.”

dramatically improved from 0.01 for the aggregate regression model (S = 1) to
0.72 for the three-segment solution. Table 5 presents the estimated coefficients for
this three-segment solution.

The behavior of Segment 1 is consistent with the decision-making relation
identified in equation (1) and the theory outlined earlier.!* A significant relation

“We tested whether the segments differed regarding the managers’ risk attitude using analysis of
variance. It appears that the managers in the different segments do not significantly differ regarding their
risk attitude (p = .57). This further substantiates that the heterogeneity is latent and that it is the decision-
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TABLE 2A. Summary Results of Estimating the Manager’s Risk Attitude (N = 105).

Parameter ¢ Fit Indices
Mean 0.247 Mean MSE 0.012
Median 0.198 Median MSE 0.007
St. dev. 4.895 Mean MAE 0.076
Percentile Median MAE 0.068
25th —0.757 Mean R? 0.869
50th 0.198 Median R? 0.902
75th 0.988
Classification of respondents
Risk averse 55.6%
Risk neutral 5.9%
Risk seeking 38.5%

Note: This table presents the summary descriptive statistics of the global risk attitude parameter estimates
and the fit statistics from estimating equation (9),

1 — e—cvxi)

for each manager. u(x;) is an element of the vector of certainty equivalents corresponding to utility levels,
0.125,0.25,. .., 0.875 assessed by the certainty equivalence technique. v(x;) is an element of the vector of
value equivalents corresponding to value levels, 0.125, 0.25, ..., 0.875 assessed by the midvalue splitting
technique, and ¢; is random error. MSE is mean squared error, and MAE is mean absolute error. R? is
calculated by squaring the Pearson correlation between actual values and the values predicted from the
model. A manager is classified risk neutral when the parameter is not significantly different from ¢ = 0 at
the .01 level. To perform this test, the residuals must be normally, as well as independently and identically,
distributed for each individual. Because it is questionable whether the residuals fit the assumptions, the
analysis is for descriptive purposes only.

u(x;) =

exists between risk attitude, risk perception, their interaction, and the hedge ratio.
Table 5 also shows that the hypothesized drivers of the heterogeneity, the con-
comitant variables, the debt-to-asset ratio, and the focus on shareholder value are
highly significant. The positive coefficients indicate that managers with a high
debt-to-asset ratio and an intense focus on shareholder value are likely to belong to
this segment. The results suggest that the importance of the risk variables emerges
when managers face financial distress, as reflected in a high debt-to-asset ratio. The
findings also indicate that risk has more influence on behavior when managers op-
erate in an environment characterized by a relative high focus on shareholder value.
One explanation may be that managers who are faced with a high debt-to-asset
ratio or focus on shareholder value make the risk—return trade-off more explicitly
than managers who do not (Benninga and Sarig 1997; Leland 1998; Borokhovich
et al. 2004). The results show that the effect of focus shareholder value and

making behavior (e.g., the influence of risk attitude on behavior) reflected in the regression coefficients
that differs across segments.
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TABLE 2B. Summary Results of Estimating the Risk Attitude of Private Investors (N = 52).

Parameter ¢ Fit Indices
Mean 0.885 Mean MSE 0.011
Median 0.267 Median MSE 0.006
St. dev. 5.330 Mean MAE 0.081
Percentile Median MAE 0.069
25th —0.905 Mean R? 0.869
50th 0.267 Median R? 0.903
75th 0.171
Classification of respondents
Risk averse 55.8%
Risk neutral 5.7%
Risk seeking 38.5%

Note: MSE is mean squared error, and MAE is mean absolute error. R? is calculated by squaring the Pearson
correlation between actual values and the values predicted from the model. A manager is classified risk
neutral when the parameter is not significantly different from ¢ = 0 at the .01 level. To perform this test, the
residuals must be normally, as well as independently and identically, distributed for each individual. Be-
cause it is questionable whether the residuals fit the assumptions, the analysis is for descriptive purposes only.

TABLE 2C. Summary Results of Estimating the Risk Attitude of Portfolio Managers (V = 53).

Parameter ¢ Fit Indices
Mean —0.389 Mean MSE 0.013
Median 0.118 Median MSE 0.008
St. dev. 4.374 Mean MAE 0.072
Percentile Median MAE 0.067
25th —0.618 Mean R? 0.852
50th 0.118 Median R? 0.901
75th 0.107
Classification of respondents
Risk averse 55.6%
Risk neutral 5.9%
Risk seeking 38.5%

Note: MSE is mean squared error, and MAE is mean absolute error. R? is calculated by squaring the Pearson
correlation between actual values and the values predicted from the model. A manager is classified risk
neutral when the parameter is not significantly different from ¢ = 0 at the .01 level. To perform this test, the
residuals must be normally, as well as independently and identically, distributed for each individual. Be-
cause it is questionable whether the residuals fit the assumptions, the analysis is for descriptive purposes only.

debt-to-asset ratio on the employed hedge ratio is an indirect, as opposed to a
direct, effect. This result is in line with Tufano (1996), who finds little empirical
support for theories that view risk management as a direct means to maximize
shareholder value.!®

13To test whether focus on shareholder value and debt-to-asset ratio had a direct effect on the managers’
employed hedge ratios, we estimated equation (1) including the focus on shareholder value and the debt-to-
asset ratio variables in a simple mixture framework (equation (5)). The MLE estimates indicate that neither
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TABLE 3. Summary Results of Estimating the Risk Perceptions of Private Investors (N = 52) and
Portfolio Managers (/V = 53).

Whole Sample Private Investors Portfolio Managers

Mean 5.680 4.940 6.420
Median 6.000 5.000 7.000
St. dev. 3.006 2.866 2.986
Percentile

25th 3.000 3.000 3.000

50th 6.000 5.000 7.000

75th 8.000 7.000 9.000

Note: Risk perception is measured using a 10-point validated scale where low values indicate low risk
perception and high values indicate high risk perception. Appendix B describes the risk perception scale
in detail and its psychometric properties. The difference in risk perception between private investors and
portfolio managers is significant (p = .01).

TABLE 4. One-Segment Solution.

Explanatory Variables Regression Coefficients t-values
Risk perception 0.13 1.44
Risk attitude 0.83 1.48
Interaction between risk attitude and risk perception 0.18 1.28
Log-likelihood 430

R? 0.01

Note: This table presents the results of the mixture regression model in which the managers’ hedge ratio is
a function of risk attitude, risk perception, and their interaction. The one-segment solution assumes that
the influence of these risk variables on the hedge ratios is homogeneous.

The managers in Segment 2 are highly sensitive to the interaction between
risk attitude and risk perception. The main effects of risk attitude and risk perception
do not drive their behavior; rather, their interaction is most influential. The more
these managers perceive risk, the more risk-averse managers avoid risk and hence
the higher the hedge ratio. The effects of the concomitant variables are similar to
those identified in Segment 1. The probability of being a member of this segment
is higher when the manager focuses on shareholder value and/or is confronted with
high debt-to-asset ratios.

For managers in Segment 3, risk does not influence their employed hedge
ratios, results that confirm the counterintuitive findings of Géczy, Minton, and
Schrand (1997) and Haushalter (2000). The insignificant submodel results support
the notion that these managers are hard to classify based on the firm’s debt-to-asset

variable was significant in the identified segments, supporting the notion these variables do not have a direct
effect on the managers’ hedge ratios but instead have an indirect effect as they influence heterogeneity.
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TABLE 5. Parameter Estimates for the Three-Segment Model.

Regression Coefficients

Segment 1 Segment 2 Segment 3
(n=30) n=14) (n=061)
Explanatory variables
Risk perception 0.42%** 0.03 0.02
Risk attitude 1.93%** 2.54 0.15
Interaction between risk attitude 0.45%** 0.72** 0.04
and risk perception
Concomitant variables
Debt-to-asset ratio 2.19%** 0.43** 0.14
Focus on shareholder value 2.06*** 0.94** 0.11
Relative segment size 0.29 0.13 0.58
Log-likelihood —324
R? 0.72
Type of manager in segments
Portfolio managers 100% (n = 30) 64.3% (n=29) 22.9% (n = 14)
Working on behalf of company
Private investors 0% (n=10) 357% (n=5) 77.1% (n = 47)
Average hedge ratio 90.08% 31.13% 17.74%

Note: This table presents the estimated coefficients for the three-segment solution of the concomitant
variable mixture regression model. The managers’ hedge ratio is a function of risk attitude, risk perception,
their interaction, and the concomitant variables. The table also presents a breakdown of manager type by
segment and the average hedge ratio employed by the managers in the three segments. The hypothesis that
the means of the managers’ hedge ratios of the three segments are equal was rejected at the 1% level using
analysis of variance.

***Significant at the 1% level.

**Significant at the 5% level.

ratio, the manager’s focus on shareholder value, or the structure of the conceptual
model.

Investigating the average hedge ratio employed by managers in the three
segments, we find a positive relation between the importance and magnitude of the
risk variables and the hedge ratio: Segment 1 has the highest average hedge ratio,
whereas Segment 3 has the lowest (Table 5). Further examination of the relation
between risk attitude and the hedge ratio indicates that even risk-seeking managers
have hedge ratios larger than zero, a finding that can be explained by Schrand and
Unal’s (1998) coordinated risk management concept.

Examining the distribution of types of managers in the three segments
reveals a clear structure (Table 5, lower part). Segment 1 is dominated by managers
managing portfolios on behalf of a company, Segment 3 is dominated by private
investors (77.1%), and Segment 2 is in between with 64.3% managers working
on behalf of a company and 35.7% private investors. These findings suggest that
the basic model (equation (1)) hypothesized to explain owner-manager behavior
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(Smith and Stulz 1985; Mayers and Smith 1987) is also relevant for managers
making decisions on behalf of a company when conditioned by the appropriate
concomitant factors. In fact, the risk variables have more influence on hedging
behavior of managers that work in a company environment than investors that
manage their own portfolio. One explanation of this result is that small and medium
enterprises’ (SMEs) organizational structure differs from larger companies and that
members of the SMEs’ decision-making unit significantly affect hedging decisions
independent of risk (e.g., Pennings and Garcia 2004).

VI. Conclusion and Discussion

In an uncertain world, the notion that risk influences behavior is pervasive and well
grounded in economic theory. Based on management theory, decision makers may
develop strategies that permit them to mitigate the effects of risky situations. This
notion is particularly well accepted for hedging behavior. Theoretical models have
been developed to explain and predict hedging, suggesting that it should be highly
influenced by risk attitudes and risk perceptions. However, empirical studies that
compare actual and predicted behavior reveal that these models are incapable of
explaining actual outcomes. Recent research by Pennings and Garcia (2004) sug-
gests that the influence of risk attitudes and risk perceptions is not homogeneous
across market participants. Here, we examine the heterogeneous relation between
the risk variables and hedging behavior and the drivers of the heterogeneity. Het-
erogeneity, referring to the notion that the influence of managers’ risk attitudes and
risk perceptions on hedging behavior may differ, can have profound consequences
for the interpretation of empirical evidence and for understanding risk management
behavior. Following Heckman (2001), heterogeneity refers to the idea that decision
makers respond differently to similar economic stimuli, which in our context trans-
lates into the notion that the influence of risk on hedging varies across decision
makers. We show that for some segments risk does indeed influence hedging behav-
ior, but not for others. We further explore the factors that drive this heterogeneity
using a concomitant mixture model and find that the debt-to-asset ratio and the
firm’s focus on shareholder value are important.

The findings have implications for sharpening our understanding of the
relevance and structure of theory. First, in uncertain times it seems necessary to
collect data to identify how decision makers actually respond. Examining actual
behavior in relevant situations can lead to a clearer understanding of the relation
between risk and actual choices. Second, in a related context, we need to develop
a better understanding of the factors that influence the relation between the risk
and actual behavior. Here, the concomitant variables partially address this issue.
For example, Segment 3’s hedging activities were not sensitive to risk, whereas
managers in Segment 1 were highly influenced. Managers in Segment 1 tended to
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work for companies that have third-party shareholders and high debt-to-asset ratios.
This result is consistent with Bernstein’s (1999) observation: “The seats on which
corporate executives sit today are far hotter than ever before. The penalties are now
severe—often terminal—for executives who neglect shareholder interests or just
plain err in running their companies. No wonder risk management is on the front
burner” (p. 2). At a more general level, the findings emphasize the importance of
identifying the moderating factors that affect the heterogeneous relation between
behavior and its determinants. Furthermore, the results suggest that knowledge
of drivers of the heterogeneous relation between the risk variables and hedging
behavior—a client’s capital structure and focus on shareholder value—may provide
useful information to investment consultants, banks, and insurance companies on
how they can customize recommended portfolios for their customers.

In this article we examine the drivers of the hedging ratio, the proportion of
the underlying position that is hedged. Standard theory on optimal hedging suggests
that there is no relation between portfolio size and hedge ratio; in these models the
optimal hedge ratio is independent of the portfolio size. However, portfolio size may
have an influence on the optimal hedging ratio by means of transaction costs: firms
with larger portfolios may incur relative lower transaction costs per unit hedged.!®
Brown (2001) indicates that the cost of maintaining a hedging program is not trivial
and hence may influence whether managers hedge. Brokerage fees can differ across
market participants, with fees decreasing with the number of trades. Furthermore,
maintenance of an effective hedging program may require additional costs for
collecting information and monitoring market movements and positions. Hence,
one may expect small firms (private investors) to face higher transaction costs than
portfolio managers, influencing their willingness to hedge and their hedge ratios.
At the extremes, our results suggest that differences in transaction costs may affect
actual hedge ratios. Segment 1, which has the highest average hedge ratio, is solely
composed of portfolio managers. Similarly, Segment 3, in which the average hedge
ratio is lowest, is composed to a large extent of private investors. However, the
findings are less clear for the portfolio managers that are members of Segment 3
and for the mixed group of managers in Segment 2. Further research that examines
whether actual hedging behavior is influenced by transaction costs in the presence
and measurement of risk is needed. Care will need to be taken to differentiate in an
effective manner between risk perceptions, a willingness to accept risk, and actual
transactions costs incurred by the firm.

In the empirical study we elicited the intrinsic utility function following
Pennings and Smidts (2000). Future research may, in addition to eliciting the intrin-
sic utility function, elicit hedging probability functions. Cox et al. (2008) provide

161n a theoretical context, various authors (see Howard and D’ Antonio 2006 for a review) show that
transaction costs influence optimal hedge ratios.
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useful guidelines on how to calibrate these functions and integrate them into a
framework for decision making under risk. Mattos, Garcia, and Pennings (2008)
show that probability weighting does influence hedging behavior using an analyti-
cal model that is rooted in a non-expected-utility framework. Measuring hedgers’
utility functions and probability function simultaneously and relating them to actual
hedging behavior is a promising avenue to explore.

Finally, it should be noted that the risk perception measure used here may be
subject to some measurement error because it was developed using a self-reporting
scale rather than a revealed preference method. Our measure, which was developed
in the decision sciences literature and has been used successfully in prior research,
demonstrates strong reliability and validity scores. Nevertheless, future research
should strengthen our procedures and findings by using risk perception measures
based on assessment of respondent’s probability function using the interval tech-
nique (Hershey, Kunreuther, and Schoemaker 1982; Farquhar 1984; Smidts 1997).

Appendix A. Risk Attitude Measure: Description of Field Experiment

The certainty equivalence technique was formulated in terms of relatively high/low
returns with a range of —5% to +20%, with a probability of 0.5 and a fixed return.
The assessment of the certainty equivalent was an iterative process. If a manager
chose alternative A (the 50/50 high/low return), the computer would randomly
generate a higher fixed return (alternative B) than the previous one, thus making
alternative B more attractive or would generate a lower fixed return, making al-
ternative A (even) more attractive. If a manager chose alternative B, the computer
would randomly generate a lower fixed return (alternative B) the next time, making
alternative A more attractive or would generate a higher fixed return, making alter-
native A less attractive.!” The next measurement would start after the respondent
had indicated an indifference between alternative A or B. Nine points of the utility
function were assessed by means of this iterative process. In the midvalue splitting
technique, a manager specifies whether a change from x; to x; equals in value a
change from x; to x;, where x; < x; < x;. By iteration, a value of x; can be found so
that a manager is indifferent between both changes, and the first midvalue is de-
termined. Similar to the certainty equivalence technique, a sequence of successive
bisections results in a number of points of the value function. The procedure used in
the midvalue splitting technique resembles the certainty equivalence technique to
a large extent. The same boundaries (—5% return and +20% return) and sequence
of successive bisections were used. In the experiments, a manager was presented

"The randomization was introduced to remove the incentive for individuals to keep choosing A to
receive a higher fixed price (Harrison 1986).
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with two situations: one concerning a change in return on their portfolio from A to
B, and one concerning a change from B to C (with A < B < C). This situation was
shown on a computer screen by means of a line divided by the three points A, B,
and C. Subsequently a respondent was asked to indicate which change in returns
was deemed more valuable: the change from A to B or the change from B to C. By
adjusting the value C through the computer program, a respondent iterated toward
the indifference point. Nine points of the value function were assessed by means
of this iterative process.

The u(x), obtained by the certainty equivalence technique, and v(x), ob-
tained by the midvalue technique, are numerically related to obtain the global risk
attitude. In the expected utility framework the functional form of the utility func-
tion u(x) and value function v(x) is left open. Tsiang (1972) refers to Arrow (1971),
who provides four conditions for an acceptable utility function: (1) marginal util-
ity of wealth is positive, (2) marginal utility of wealth decreases with increasing
wealth, (3) marginal absolute risk aversion is constant or decreasing with increas-
ing wealth, and (4) marginal proportional risk aversion is constant or increasing
with increasing wealth. The negative exponential, power, and logarithmic function
meet all four conditions. Keeney and Raiffa (1976) and Fishburn and Kochenberg
(1979) demonstrate that the negative exponential and power functions perform well
relative to the logarithmic function. Moreover, both functions are straightforward
to use. After scaling the boundaries of the functions, the estimation of only one
parameter suffices to characterize a manager’s risk attitude. Pennings and Smidts
(2000) find that the negative exponential function performed slightly better than
the power function; therefore, we use the negative exponential function to relate
u(x) and v(x) as expressed in equation (9) in the text:

1 — e—cv(x,»)

u(xi) = ———— +ei 9)
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where u(x;) is an element of the vector of certainty equivalents corresponding to
utility levels, 0.125, 0.25,..., 0.875 assessed by the certainty equivalence tech-
nique, v(x;) is an element of the vector of value equivalents corresponding to value
levels, 0.125, 0.25, ..., 0.875 assessed by the midvalue splitting technique, and ¢;
is random error.

Appendix B. Risk Perception Measure: Psychometric Properties

We use a Likert scale to measure managers risk perception because of its good per-
formance in previous studies. As identified by Nunnally and Bernstein (1994), Lik-
ert scales do not suffer from drawbacks in Guttman, and Thurstone and Chave scal-
ing procedures. The items of the scale were based on the validated risk
perception scale developed by Pennings and Wansink (2004).
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Managers were asked to indicate their agreement with the following items
using a 10-point scale that ranged from “strongly disagree” to “strongly agree”:

1. I am able to predict the value of my portfolio over time.
2. My portfolio is not at all risky.
3. I 'am exposed to a large amount of risk with my portfolio.

Confirmatory factor analysis was used to assess the psychometric measure-
ment quality of the risk perception scale. The analytical model underlying factor
analysis assumes that the observed indicators (questions 1-3) are generated by a
one-latent factor (risk perception). The relation between the indicators and the latent
variable can be represented by the following matrix equation:

x = Ak + &, (B1)

where x is the ¢ x 1 vector of the n sets of observed variables (i.e., indicators), K
is the n x 1 vector of underlying factor (risk perception), A is the ¢ x »n matrix of
regression coefficients relating the indicators to the underlying factors, and § is the
g x 1 vector of error terms of the indicators. The overall fit of the model provides
necessary and sufficient information to determine whether our set of questions
accurately describes risk perception. All factor loadings (i.e., the regression coeffi-
cients, A) were significant (»p < .001) and greater than 0.4. These findings support
the convergent validity of the indicators (Anderson and Gerbing 1988). The average
sum score of the indicators are used in the analyses to measure risk perception. In
addition, we measured the reliability of the risk perception scale. The value of the
construct reliability, which ranges between 0 and 1, with higher values indicating
higher reliability (see Hair et al. 1995), was 0.80.
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