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wo major approaches to measuring risk attitude are compared. One, based on the expected
utility model is derived from responses to lotteries and direct scaling. The other measure

-is a psychometric approach based on Likert statements that produces a unidimensional risk
attitude scale. The data are from computer-assisted interviews of 346 Dutch owner-managers of
hog farms, who made decisions about their own businesses. While the measures demonstrate

.. some degree of convergent validity, those measures based on lotteries were better predictors:

_of actual market behavior. In contrast the psychometric scale showed more agreement to self-
reported measures of innovativeness, market orientation, and the intention to reduce risk. In
light of the higher predictive validity of lottery-based measurements, we recommend elicitation
methods based on the expected utility paradigm.

(Managerial Decision Making Under Risk; Risk Attitude; Utllzty Theory; Psychometric Scaling;

Nomologzcal Vulzdzty, Price Risk)

1. Introduction
Unpredictability of market pnces implies that risk
attitude plays an important role in understandmg
managerial decision-making behavior (Tversky and
Kahneman 1981, Tufano 1996). Several authors have
shown that decision makers can be simultaneously
risk seeking and risk averse in different domains, im-
plying that risk attitude is context specific (Slovic 1974,
Payne et al. 1980, MacCrimmon and Wehrung 1990,
Schoemaker 1990, March and Shapira 1992, Shapira
1997, Payne 1997). Context specificity not only re-
lates to the substantive domain (e.g., health outcomes
versus financial outcomes), but also to measure-
ment procedures (e.g., response modes or question
framing). ’

In the literature, two major measurement ap-
proaches can be identified: those derived from the
expected utility framework (von Neumann and
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Morgenstern 1974, Schoemaker 1982, Fishburn 1988),
and those constructed using psychometrics (e.g., Miller
et al. 1982, MacCrimmon and Wehrung 1986, Shapira
1995). The goal of this research is to compare the
validity of measures derived from both approaches.

The expected utility (EU) model formulates decision
making under risk as choices among lotteries, each
represented by a probability distribution. Decision
makers are assumed to have a preference ordering de-
fined over the probability distributions, represented
by the utility function u(x). The curvature of the util-
ity function reflects risk attitude for a specific domain
(e.g. monetary outcomes of a busmess) (Keeney and
Raiffa 1976).

‘Within the expected utility approach, one can also
adjust for strength of preference, in order to obtain
a potentially more accurate measure of risk attitude:
the intrinsic risk attitude (Ellsberg 1954, Dyer and
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Sarin 1982, Bell and Raiffa 1982). This approach as-

sumes that an individuals preference for risky choice
alternatives is a combination of: (1) the strength of
preference the individual feels for certain outcomes,
and (2) attitude towards risk (cf. Smidts 1997). The
outcomes of a lottery are transformed into subjective
values under certainty by the strength of preference
function v(x), and these subjective values are subse-
quently evaluated under risk. A difference between
the utility and the strength of preference function is
attributed to the influence of risk preference. Signifi-
cant differences between u(x) and v(x) were found by
Krzysztofowicz (1983a, 1983b) and by Keller (1985).
Recently, Smidts (1997) used a real economic setting
and a longitudinal design to find empirical sup-
port that risk attitude and strength of preference are
two distinct constructs. Another recent study by Weber
and Milliman (1997) also provides empirical support
for the intrinsic risk construct. These studies suggest
that the intrinsic risk measures may be more valid

than risk attitude obtained by utility functions-

only.

Ir): the standard psychometric approach, constructs
such as risk attitude are measured by asking re-
spondents to indicate the extent to which they agree
or disagree with a set of statements (Nunnally and
Bernstein 1994). Kunreuther and Ginsberg (1978),
MacCrimmon and Wehrung (1986), and Shapira
(1995), amongst others, conducted large-scale sur-
veys and interviews investigating risk preferences
using psychometric scaling procedures. We con-
centrate on risk attitude measures in the domain
of financial risk faced by managers of Small- and

Medium-Sized Enterprises (SMEs), specifically price

risk when selling output. Several researchers have
developed risk attitude scales and tested their psy-
chometric properties (Miller et al. 1982, Jaworski and
Kohli 1993, Childers 1986), but they did not consider
financial risks faced by owner-managers of SMEs.
Therefore, we develop a new risk attitude scale. A
personal-computer-guided interview was conducted
with 346 Dutch hog farmers making decisions regard-
ing selling their hogs forward or selling them in the
risky spot market.

The paper is organized as follows. In §2 we
present a framework for testing construct vahdlty and
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~ formulate hypotheses about the relationship between

risk attitude and other variables. The research method
is described in §3, while §4 provides findings. We
conclude with a discussion of the implications of our
findings. :

2. Framework for Testing Construct
Validity

Construct validity is the extent to which an opera-

_ tionalization measures the construct it is supposed to

measure (Peter 1981, Nunnally and Bernstein 1994).
It is investigated by testing for convergent, discrim-
inant and nomological validity. Convergent validity
refers to the degree to which different measurements
reflect the same construct (i.e., are positively corre-

- lated) (Campbell and Fiske 1959, Cook and Camp-

bell 1979, Churchill 1979). Discriminant validity is
achieved when there is a divergence between measures
of one construct and a related but conceptually distinct
construct.

Nomological validity refers to whether measures are

“related to other constructs in a way that is theoreti-

cally meaningful. Since we measure risk attitude in
a real economic setting, we include variables that ex-
press both managerial attitude and intentions, as well
as actual behavior in the market place (see Figure 1).
One category of attitudinal variables is the manager’s
responsiveness to dynamic market conditions as re-
flected in market orientation and innovativeness. A

Figure 1 . Nomological Net of Risk Attitude

Attitude and intention
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second category is the expressed intention to actively
reduce fluctuations in profit margins and net income.
Three behavioral variables reflect efforts to reduce
risk: the use of price risk management instruments
(such as futures and options), the choice of marketing
channel (safe vs. risky), and the frequency of tradmg
in the risky market.

2.1. Attitude and Intention Variables
Innovativeness. Attitude toward innovation refers to
whether managers are open to new experiences and
novel stimuli, are willing to use information about new
concepts, ideas, products or services, and readily rec-
ognize the potential application of new ideas (Leav-
itt and Walton 1975). Innovators are predisposed to
adopt new or different products, rather than remain
with previous choices (Bhoovaraghavan et al 1996)
Empirical research shows that risk-taking behavior is
a typical characteristic of innovative managers (Nakata
and Sivakumar 1996). Shapira (1995, p. 54) found that
executives unequivocally described risk-prone man-
agers as innovative. Therefore, we hypothesize that a
risk-averse manager will be less innovative than a risk-
prone manager. More formally: '

HYPormESIS 1A Rtsk aversion will be negutzvely corre-
lated with innovativeness.. P RS

- Market orientation. Market orientation consists of
three components: customer orientation, competitor
orientation, and interfunctional coordination (Narver
and Slater 1990). An organization's market orientation
is shaped by its manager’s attitudes and ‘behavior.
Kohli and Jaworski (1990) argued that the greater the
risk aversion of top managers, the lower the organi-
zation’s market orientation. For instance, if managers
are risk averse, they will be less likely to respond
to changes in customer needs. Jaworski and Kohli
(1993) found that responding to market developments
entails some degree of risk taking. Han et al. (1998)
found that greater market orientation leads to higher
degrees of risky, innovative behavior. We therefore
hypothesize that more. risk-averse managers will be
less market oriented. More formally:
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HypotHesis 18. Risk aversion will be negatively corre-
lated with market orientation.

oy

‘The manager’s inténtion to reduce -income risk. Risk-
averse managers should desire to reduce fluctuations
in profit margins. In the context of this study, this can
be achieved by means of cash forward contracts and by
means of i msurance products Therefore, we hypothe-
sxze that ‘ :

HYPOTI{ESIS 1c. " Risk aversion will be positively corre-
lated with the intention to use forwurd contracts and insur-
ance products B : \

2.2. ‘Revealed Market Behavior Variables
We expect risk attitude to be an important determmant
of a manager 5 actual market behavior. A nsk-averse
manager can effectively reduce price risk exposure by
using instruments such as futures and optlons (Stoll
and Whaley 1993) We hypothesme that: o

" Hyporhesis 247 Risk aversion will be positively corre-
Iated wzth the use of prlce rzsk management mstruments

Typlcally, a manager wﬂl have the opportumty to sell
output via different marketing channels that differ in
the price risk'they generate. Selling to a spot -tradér
implies price risk exposure with each and every sale.
In contrast, selling to a cooperative will yield an aver-

age price over a certain period, thereby spreadmg spot
pnce risk. We hypotheswe that

- HyporHesis 28. Risk aversion’ wtll be: posttwely corre-
lated with choice of less risky marketing channels.-

Selling output all at once on the spot'market is very
risky. In contrast, spreading sales by trading frequently
will yield an average price. The latter strategy is attrac-
tive for risk-averse managers, since it allows them to
reduce their price risk substantively, particlarly when
they perceive high risks. We hypothesize that:

Hyroruesis 2. Risk aversion will be positively corre-
lated with trading frequency. The effect of risk aversion on
the frequency of trading will be larger the more risk man-
agers perceive. .. ., o
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3. Research Method

3.1. Decision Context

Several times a year, Dutch hog farmers have to decide
either to sell their hogs forward, thereby eliminating
price risk, or sell their hogs in the spot market, and
hence face price risk. Price changes in the spot mar-
ket are hard to predict (i.e., prices can go up or down
with equal probability), in line with the finance litera-
ture showing that commodity prices follow a random
walk (Cargill and Rausser 1975). Moreover, Dutch hog
farmers are price takers: They are not able to influence
the probabilities. They recognize very clearly that their
business involves a large price risk. These characteris-
tics make this decision context very suitable for testing
the construct validity of risk attitude measures.

The Dutch hog industry is among the largest ex-
porters of slaughter hogs in the European Union and
accounts for an important part of the countrys export.
Because the market for slaughter hogs in the European
Union is not subject to government regulation, slaugh-
ter hog prices show large fluctuations.! Hog farming
typically accounts for 85% or more of the manager’s
total income. The production process is rather simple:
The manager buys piglets, and raises them to slaugh-
ter hogs in three months. At any moment in time, a
number-of "‘rounds’’ are present, each representing a
group of hogs of the same age. Each "‘round’’ consti-
tutes a new risk when buying piglets and feed, since
the price level of slaughter hogs three months after the
time of purchase is largely unknown. Price risk man-
agement instruments including options, futures, and
cash forward contracts can be used to hedge agamst
these risks. : :

3.2. Data Collection ! ‘ :

A questionnaire was developed using 40 test mter-
views to ensure that the questions would be inter-
preted correctly. The survey consisted of computer-
guided interviews using a user-friendly interface.
From a random sample of 577 enterprises, a net total

1 The coefficient of variation (CV) is 0.19, based on daily ob-
servations over the period 1990-1997. This is relatively high
even when compared to U.S. soybeans (Cvis 0. 14), whlch is
generally known as a risky food raw material.
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of 346 managers were interviewed. The interviews
lasted for about 35 minutes and were held at the man-
ager’s enterprise during the second half of 1996. All
the interviewers had prior experience and received
extensive training. : -

3.3. Measurement Procedures

3.3.1. Assessment of Utility Function: The Lottery
Technique. Utility functions were assessed for the
price for slaughter hogs denoted in Dutch guilders
per kllogram live weight, over a range of 2.34 to 4.29
Dutch guilder.? These boundaries reflect the mini-
mum and maximum price of hogs based on historical
price data. The certainty equivalence method was ap-
plied: The respondent compared a certain outcome
to a two-outcome lottery that assigns probability p
to outcome x; and probability 1—p to outcome xj,
with x; <x,. The certain outcome was varied until the
respondent revealed indifference. This certain out-
come is denoted CE(p) (for further details, see Keeney
and Raiffa 1976). This study implemented a bisection
framework, only using probability 0.5 in which each
question involves a bisection of a particular interval.
The respondents were asked to imagine themselves
selling their hogs. They were given a choice between
three alternatives: Alternative A was a 50/50 chance
of receiving a relatively high price or a relatively low
price, Alternative B was a fixed price, and Alternative
C indicated indifference. Respondents saw the three
alternatives depicted in rectangles on the computer
screen. Upon choice, the computer generated a new
fixed price B and the respondent had to choose again.
The choice between A and B was repeated until the
respondent chose C, after which a new lottery would
start.

The lottery procedure took about 20 minutes. Nine
points were assessed, corresponding to utilities - of
0.125, .0.250, 0.375, 0.500, 0.625,. 0.750, 0.875 (plus
two consistency measurements on utilities 0.500 and
0.625). Exponential functions were fit to each subject’s

2Test interviews showed that hog farmers use the hog priee
per kilogram instead of revenue when deciding on whether or
not to enter a forward contract, and they appeared to relate
hog prices directly to their profit margins.
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outcomes (see Appendix A).3 Based on the assessed
utility curve, the Pratt-Arrow coefficient of absolute
risk aversion was derived as a measure of risk attitude.

3.3.2. Assessment of Strength of Preference Func-
tions: The Rating Technique. The strength of prefer-
ence function v(x) was assessed by means of a rating
technique. The respondent had to express the strength
of preference towards a price level by assigning a value
on a scale from 1 to 10, with fractional increments of
0.25 (e.g., 1.00, 1.25, 1.50, and so on). This scale was
easy to implement because it resembles the grading
system used in Dutch schools. Before beginning the
rating task, respondents were shown the range of price
levels, which was the same as in the lottery assess-
ment. Price levels were presented in randomorder.
Respondents rated nine price levels in less than f1ve
minutes.

3.3.3. Psychometric Risk Attitude Scale. Weused a
Likert scaling procedure adhering to the iterative pro-
cedure recommended by Churchill (1979). First a large
pool of items was generated from previous studies
(Childers 1986, Jaworski and Kohli 1993, MacCrimmon
and Wehrung 1986, 1990, Miller et al. 1982, Shapira
1995). Next, items were tested for clarity and appropri-
ateness in pretests with 40 managers. Based on feed-
back from the respondenfs, some items were elim-
inated, others were modified, and additional items

were developed. In the final questlonnalre, seven items
were mcluded , :

" 3.3.4. Attitude and Intention Variables. Innova-
tiveness was measured using a shortened version of
the Open Processing Scale (OPS), first developed by
Leavitt and Walton (1975). The abridged scale con-
sisted of four items identified in Appendix B. Confir-
matory factor analysis shows that the measure is uni-
dimensional and sufficiently reliable (see Appendix B
for statistics).

Market orientation was measured using four items
from the scale developed by Narver and Slater (1990).

A

3Both power and exponential functions were fit to the data.
The exponential function fit the data consistently better.
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The scale is un1d1mensmnal and sufﬁaently reliable
(see Appendix B).. = Co
The extent to- wh1ch managers mtend to reduce
fluctuations in their profit margin was measured by
indicating their agreement with:the statement T in-
tend to reduce profit margin fluctuations’’ on a nine-
point scale. The extent to which managers intend to
reduce net income ﬂuctuatlons -was operatlonahzed
smularly , :

3.3.5. Market Behavmr Vanables Managers were
asked whether they had used futures as a hedging tool
in the last three years. They were-also asked to indi-
cate their current marketing channel: (1) selling to a
trader, (2) selling to a slaughterhouse, or (3) selling
to a cooperative. When selling to the first two.chan-
nels, the manager receives the spot price and is ex-
posed to cash market risk. When selling to a cooper-
ative, they receive an average price and consequently
reduce cash price risk. Also, credit risk is lower for
cooperatives, making this a relatlvely safe marketmg
channel.

The frequency of tradmg was measured by record-
ing the annual number of market transactions, between
a maximum of once a week and a minimum of four
times per year. This minimum is imposed by the na-
ture of the production process, since raising piglets
into hogs takes three months. :

Managers used a nine-point scale to express the
extent.to which they perceived the market for hogs
as nsky Secondly, managers used a nine-point scale
to indicate their ability to predict the market price in
three months. These two ratings correlated positively
and significantly (r=0.65, p <0.001).

4, Results

4.1. Risk Perceptmn and Tradmg Behawor

An-average score of 7.5 on a nine-point scale (with
a standard deviation of 2.1) suggests that managers
perceive the market in which they operate as risky.
Managers also indicated that prices are hard to pre-
dict (@n average score of 7.5 with a standard devi-
ation of 2.5). This perception of market risk, how-
ever, is not associated with frequent use of price risk
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management instruments. ‘A mere 13% of the man-
agers interviewed used futures contracts, and 3% used
cash forward contracts to cover their price risk. These
results suggest that managers were willing to tolerate
price risk in the sale of slaughter hogs. As one manager
put it during an interview: ""We value markets with
high price volatility because they provide opportuni-
ties for gain.”” A total of 64% of respondents sold to
traders or directly to slaughterhouses, where they are
exposed to price risk; only 23% sold exclusively to a
cooperative, thus spreading their risk. The remaining
13% sold their slaughter hogs through a combination
of ,marketing channels (trader,. slaughterhouse, and
cooperatlve) :

4.2, Lottery Measurement

Table 1 reports descriptive statistics of the parameter
estimates for the lottery assessments. A negative pa-
rameter indicates risk-seeking preferences and a posi-
tive parameter indicates risk-averse preferences.

Two sets of repeated measurements were obtained
to test the internal consistency of the utility assess-
ments. The repeated assessments were not signifi-
cantly different (p>0.99 (pairwise tests)). The cor-
relations between the repeated measurements were
quite high (r=0.88, p<0.001 and r=0.86, p<0.001,
respectively), further supporting internal consistency.

Examining the second column of Table 1, the median
mean squared error (MSE) for u(x) is 0.019, the median
mean absolute error (MAE) is'0.102, and the median
R2is 092, indicating that the exponential function pro-
vided a good fit to the managers’ lottery responses. On
average, managers were risk-prone (mean a = —0.497).
About 60% were risk-seeking, whereas 40% were ei-
ther risk-neutral or risk-averse.

4.3. Strength of Preference Measurement

All farmers rated the randomly presented prices in a
consistent ‘manner, that is, higher prices were rated
as more preferred. Results show that, on average, the
managers show decreasing marginal preferences (i.e.,
the strength of preference function v(x) is concave) (see
Table 1, Column 3). The fit of the exponential func-
tion to the data is good (median MSE for v(x) is 0.008,
median MAE is 0.064, and median R? is 0.94).
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Table 1 Restits of Estimating the Risk Attitude, Strength of Preference
and Intrinsic Risk Measures for the Exponential Function
; (W=345) . r
Lottery Rating Intrinsic risk
PR : . - measure
Parameter® L. a4 b e
Mean o . 047 03% —0.884
Median ' " L0266 0368 —0.642
Stdev. - ! 1569 - 0491 -7 1877
Fit indices® S 3 e : (R
Mean MSE . o 0.026 .. 0.012 0012
Median MSE .. 0019 0008 0.007
Mean MAE B 0106 0069 0065
Median MAE ST 02 T 0064 10,085
Mean R? ‘ S 0891 0.908 © 0909
Median A2 . IR 0.922 10939 - " 0845
Percontiles parameter L
20th -1.322 —-0.083 —1.683
40th _ —0.492 0.245 —~0914
6oth ST 0048 T - 0460 —0.381
80th : s 0595 - 0700 0.229
Classification of respondents
on the basis of the f-value® ‘ )
Concave function C35% 84% " 26%
Linear function A% 1%
Convex function v 1% - 1% TO7%

b For the functlon specrﬁwtlons, see Table A1 in Appendix A. Parameters reflect
the Pratt-Arrow coefficient of absolute risk aversion. In order to compare the
parameter estimates of the lottery with those of the intrinsic risk measure, the
latter estimates were divided by 1.95 (which is the range of the price levels, that
is xy — x;). If a>0 the respondent is said to be risk-averse and if a<0 risk-
prone. If b>0 the respondent shows decreasing marginal strength of preference
and it bx0 increasing marginal strength of preference. If ¢>0 the respondent
is said to be intrinsically risk-averse and if <0 intrinsically risk-prone.

b MSE Mean Squared Error; MAE =Mean Absolute Error, R? is calculated by
squaring the Pearson corfelation beMeen actual values and the values predlcled
from the model.

A respondent is classified as risk-neutral when the parameter is not slgnrﬁ-
cantly different from zero at the p=0.05 leve! (iwo-tailed). We assume that the
residuals are independent and that the non-linear-squares estimator is distributed
approximately normal.

4.4. Intrinsic Risk Measure

Table 1 (fourth column) shows the results for the
intrinsic risk measure. The median MSE for the expo-
nential function is 0.007, median MAE is-0.055, and
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median R? is 0.95, again indicating a good fit. The
mean intrinsic risk measure parameter implies that
the average respondent was intrinsically risk-prone,
which corresponds to the findings of Smidts (1997).
A total of 73% of managers were classified as in-
trinsically risk-prone. Krzysztofowicz (1983a, 1983b),
Keller (1985), and Weber and Milliman (1997) also
found high percentages of intrinsically risk-seeking
respondents. The tendency to intrinsically risk-prone
behavior is indeed significantly different from in-
trinsic risk-neutrality (¢t = —7.74, p <0.001). The mean
absolute deviation between the utility and strength of
preference function, evaluated at u(x) =v(x)=0.5, is
0.39 Dutch guilders per kilogram (standard deviation
0.15). As in previous studies, our results confirm the
proposition that u(x) and v(x) are different constructs.

4.5. Psychometric Risk Attitude Scale

We used item-total correlation and exploratory factor
analysis for purification of the initial scale of seven
items. Selecting only high-loading items further re-
duced the number of items, following the procedure
described in Steenkamp and van Trijp (1991). The
composite scale averaging three items appeared to be
unidimensional, all factor loadings were significant
(minimum t-value was 4.60, p <0.001) and exceeded
0.4, with a composite reliability of 0.72. Appendix B
shows the items in the final scale and their psychome-
tric properties. .

4.6. Convergent and Discriminant Validity

Table 2 shows the correlation matrix for all three mea-
sures of risk attitude and the strength of preference
measure. All measures are scaled so that higher values
correspond to risk aversion and lower values corre-
spond to risk taking. Measures of risk attitude show a
significant, albeit low, positive convergent correlation.
Also, some support for discriminant validity can be
derived. The correlation between the lottery and the
rating technique is not significant at the 5% level and
is lower than that found by Smidts (1997). We may
expect to find some relationship between the lottery
and the rating technique because v(x) is embedded
in u(x), i.e., u(x) =f(v(x)). The weak relationship may
be explained by heterogeneity in intrinsic risk attitude.

MANAGEMENT SCIENCE/ Vol. 46, No. 10, October 2000

Table 2 Pearson Correlations Between the Measurements.
Psychometric  Lottery Intrinsic Rating
scale risk measure
Psychometric scale 1.000
Lottery 0.157* 1.000
p=0.00
Intrinsic risk measure 0.134* 0.760* - 1.000
' p=001 p=0.00 .
Rating 0.054 0.093 0.133* . 1.000
p=0.30 p=0.07 p=0.01

Note. An asterisk indicates that the correlation is significant at p<0.05 (two-
tailed).

Also, while the psychometric scale' correlates sig-
nificantly with the risk attitude obtained from
the lotteries (r=0.157, p=0.003) and the intrin-
sic risk measure (r=0.134, p=0.012), it not signif-
icantly correlated with the strength of preference
measure (r=0.054, p=0299). Moreover, the cor-
relation between the lottery and the rating tech-
nique is lower than between the lottery and the
psychometric. scale. The main conclusion from
Table 2, however, is that the measures are quite di-
verse, and thus may differ in their ab111ty to predict
intentions and market behavmr

4.7. Nomologlcal Validity i
Structural equation modelmg (SEM) ‘was used to
test the hypotheses formulated earlier (Joreskog and
Sorbom 1993). Each of the attitude and intention vari-
ables is treated as a latent construct that is measured
by a set of observable indicators (items). Observable
variables are assumed to be measured with error.
The coefficients in' the structural equation model
represent theoretical cause-and-effect - relationships
among the latent variables that underlie the observed
variables.* The relationships between risk attitude
(measured by the lottery, intrinsic risk measure, and

4 PRELIS (Joreskog and Sorbom 1996) was used to test the un-
derlying assumptions of SEM. The coefficient of relative mul-
tivariate kurtosis was 1.09, indicating multivariate normality
(Steenkamp and van Trijp 1991). We used LISREL 8 (Jéreskog
and Sérbom 1993) to find maximum likelihood estimates for
the structural equation models, with the covariance matrix as

input.
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Table 3 Relationship Between Risk Attitude Measures and Attitudes

and Intentions (Structural Equation Models using LISREL 8,
- N=346)
Construct Psychometric Lottery Infrinsic risk H{+-)
scale measure

Innovativeness :

B= —0.445 —0.064 —0.037 H(-)

t= (—5.593)* (—1.043) (—0.597)

Market orientation

B= —0.178 —0.099 - 0.053 H(-)

t= . (—2.429)* (—1.612) .(0.863)

Intention to reduce profit margin fluctuations

B= 0.255 0.164 0.096 H(+)

t= (3.925)* (3.085)* (1.782)

Intention to reduce net-income fluctuations '

B= 0.184 0.090 0.065 H(+)

t= . (2872 (1.676) (1.219)

Note. H(+/-) indicates the expected sign of §; Beta is the standardized regression
coefficient (= correlation) which shows the relationship between the risk attitude
measures and the latent constructs. An asterisk indicates that the f-value is
significant at the 5% level (two-tailed test).

the psychometric scale, respectively) and the (four)
attitude and intention variables were tested one by
one, resulting in twelve models.

Table 3 summarizes the results. We report only
beta coefficients (which represent the unbiased cor-
relations) and corresponding f-values. The fit of all
models was good when evaluated using the recom-
mended goodness of fit indices (RMSEA, GFI, AGHI,
TLL see Joreskog and Sérbom 1993).5 Table 3 shows

that the psychometric scale is significantly related to -

all four attitude and intention variables in the pre-
dicted direction, hence, confirming hypothesés Hila
to H1c. More risk-averse subjects are indeed less in-
novative, less market oriented, and express stronger
intentions to reduce the fluctuations in profit margins
and net income. In contrast, risk attitude measured by
lotteries showed a significant relationship only with
the intention to reduce fluctuations in profit margins.
Finally, the intrinsic risk attitude measure showed no
significant relationship with any of the attitude and
intention variables. Based on these results, we con-
clude that the psychometric scale outperforms both

5 These statistics are available from the authors on request.
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Table 4~ Results of Logistic Regression in Which Risk Attitude Predicts
Behavior . .
Psychometric Lottery Intrinsic risk
scale o measure
Uses fulures markets to cover risk: Yes (=1) or No (= 6) )
B 0.062 ; 0567 . 0.320
Wald Statistic . 1.813 7.105 6.870
Significance  0.178 - 007t 0.009*
R 0.000 ' 0.190 0.186
y-improvement  1.902 . 8.022 - 8.115
Significance 0.168 0.005* 0.004*

‘Mafketing channel choice: Selling to a trader or directly to a slaughterhouse -
- (=1) versus selling to a cooperative (=0)

B ' 0.023 0.192 0.080
Wald Statistic 1.388 6.116 3927
Significance 0.238. 0.013* 0.047*
R 0.000 0.093 0.064
y2-improvement  1.392 6.667 4.822
Significance 0238 0.010* 0.028*

Note. An asterisk indicates that each model significantly improves the fit when
compared fo the null model, which includes only an intercept, at the 5% level.

Cy

measures derived from the expected utility framework
in predicting attitude and intention measures.

Next, we test the nomological validity of risk at-
titude measures for actual market behavior. We pre-
dicted that more risk-averse managers would be more
likely to use futures contracts (Hypothesis 24). We
used logistic regression (Hosmer and Lemeshow 1989)
to model the probability of the choice to use futures
contracts. The results, displayed in Table 4, show that
greater risk aversion, reflected by both lottery and in-
trinsic risk measures, is significantly (p <0.005) related
to the use of futures contracts. In contrast, the psy-
chometric scale is not significantly related to the use
of futures contracts (p>0.2). Therefore, Hypothesis 2a
is confirmed for the lottery and intrinsic risk attitude
measures, but is rejected for the psychometric scale.

In Hypothesis 2B, we predicted that risk-aversion
wouldbe associated with selling to a "’safe’’ rather
than a “‘risky '’ marketing channel. Logistic regression
results displayed in Table 4 show that both the lottery
and the intrinsic risk measure are significantly related
to the choice of marketing channel (p <0.03), thereby
confirming Hypothesis 2B. The poor fit of the model
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Table § Results of Muttiple Regression In Which Risk Attitude Predicts
Behavior

Frequency of trading B Standard error ~ fvalue  p-value

in the risky market

Size of enterprise 0.144 0.000 27 0.006

Risk perception (RP) 0.159 0.026 301 - 0.002

Intrinsic risk measure (IRM)  0.067 0.153 1.22 0.220

Interactiont (IRM*RP) 0.018 +0.009 1.91 0.057

R?=0.07

Adjusted A2=0.06
Fi4,341)=6.15 (p=0.00)

1The variables risk perception and intrinsic risk measure were céntered prior to
forming the multiplicative term (Jaccard, Turrisi and Wan 1990).

containing the psychometric scale shows that Hypoth-
esis 2B is rejected for this measure. :

In Hypothesis 2c, we predicted that a risk-averse
manager would tend to trade more frequently, that
is, enter the market more often. To investigate the
relationship between the frequency of trading in the
risky market and risk attitude, a model was developed
which includes an interaction between risk perception
and risk attitude. Apart from "risk attitude’’ and "risk
perception,’’ the model includes "’size of enterprise,”’
because technical and logistic aspects of the production
process force larger companies to keep more rounds
at the same time.

Table 5 shows the regression results for the intrinsic
risk measure. As expected, the variable "’size of enter-
prise’”’ shows a positive, significant relationship with
the frequency of trading in the market. Also, the in-
teraction between risk perception and intrinsic risk
measure is significant. This indicates that risk-averse
managers will trade in the risky market relatively more
often than a risk-prone subject. However, this behav-
ior occurs when risk is perceived to be large. With little
perceived risk, that behavior will not be so prominent.
Similarly, for a risk-prone manager, high risk percep-
tion will lead to an even lower frequency of trades in
the market, thereby increasing risk exposure.

We also estimated this model for the psychometric
scale and the lottery measure. In both cases, there was
no significant association between risk attitude, the in-
teraction between risk attitude, risk perception, and
trading frequency.

MANAGEMENT SCIENCE/ Vol. 46, No. 10, October 2000

5. Discussion

In this paper, we use a real business settmg to eval-
uate risk attitude measures derived from two distinct
theoretical approaches. The three risk attitude mea-
sures show significant, yet low, positive correlation,
indicating very limited convergent validity. They
also show “discriminant validity. While the psycho-
metric measure correlates significantly with the risk
attitude measure based on lotteries and the intrinsic
risk attitude measure, it does not correlate with the
strength of preference function, apparently because the
strength of preference functlon does not measure risk
attitude.

The tests of nomological vahdlty produce a striking
pattern of results. The risk attitude measure derived
from the psychometric framework shows a relation-
ship with the attitude and intention variables. Man-
agers who describe themselves as more risk averse
appear to be less innovative, less market orientated,
and more-intent on reducing fluctuations in net in-
come and profit margin. However, no relationship was
found between the psychometric scale and actual be-
havior. For risk attitude measures derived from the ex-
pected utility framework, the reverse pattern emerges.
The intrinsic risk measure showed no relationship to
the attitude and intention variables, while the lottery
was associated only with the manager’s intention to
reduce profit fluctuations. In contrast, both the lottery
and intrinsic risk measures were significant predictors

of the manager’s choice of market channel, the inci-
dence of using futures contracts, and the number of

trades.

One possible explanation for these findings is that
responding. to lotteries may elicit a mental set that
resembles daily decision-making behavior. The choice
between a 50% chance of receiving either a relatively
high or a relatively low price and receiving a fixed
price is quite similar to the choices these managers
make, ie., selling in the cash market and hence be-
ing exposed to price risks (a '‘lottery’’) or selling
forward in the futures market and hence fixing the
pnce

The psychometric scale, on the other hand, per-
forms better with respect to the self-report scales.
This may be explained by the fact that both attitudes
and intentions and the psychometric scale are on an
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’opinion’’ level (See Sherman 1980, Lance et al. 1994).
Although managers may truly consider themselves
to be risk-takers, their actual behavior (as compared to
that of others) may reveal patterns mconsmtent ‘with
this self-assessment. ;

An important goal in marketing and management
research is to understand and predict actual mar-
ket behavior. Our findings imply that when investi-
gating decision-making behavior under risk, it may
be advisable to use measurement methods based
on the expected utility model (lottenes) to reveal
preferences.

Unfortunately, the lottery assessment task is rela-
tively time consuming, and is best performed through
relatively expensive face-to-face interviews. In con-
trast, psychometric scales can be implemented rela-
tively quickly and easily, though they may not be as
predictive of actual behavior.

Also note that in this study, the intrinsic risk mea-
sure appeared to perform slightly better than the
measures derived from lotteries.” This confirms
the results of Weber and Milliman (1997). There-
fore, if one decides to use lotteries, it seems wise
to include strength of preference measurement as
well. 6 : :

$The. authors are very grateful for the generous par-
ticipation of 346 owner-managers. The authors ex-
press special thanks to P. Garcia, F. ter Hofstede,
RM. Leuthold, M.T.G. Meulenberg, J-BEM. Steenkamp,
Martin Weber, the associate editor, and two anonymous re-
viewers for valuable and helpful comments on earlier drafts
of the paper. We benefited from the comments of participants
at the 6th 1998 Behavioral Decision Research in Management
Conference at the University of Miami, the 1998 Market-
ing Science Conference held at INSEAD, France, and the
1999 ACE-Finance seminar at the University of Illinois at
Urbana-Champaign. The authors would like to thank J.A.
Bijkerk for building a user-friendly interface for the computer-
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grants from the Amsterdam Exchanges (AEX), Chicago Mer-
cantile Exchange, the Foundation for Research in Agricultural
Derivatives, the Niels Stensen Foundation, and the Foundatlon
“Vereniging Trustfonds Erasmus Umvers1te1t Rotterdam

the Netherlands.
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Appendix A e .
Table A1 Function Specifications
Lottery ~ Rating Intrinsic risk
o o _ Measure
Function
. l 1 — g—o—x) { — g—ta—x) ,‘. 1— a—rv(x)
wn) = 1 — o~ = 1 — g—t0—2) ul)= P
Estimation function ‘
In(0.5(e—* + ¢~ 1—gtw—x) 1 — gon)
X= ..L...J v(x,)— —Tb(x———)—r— .- U(XI) = “'—_c
R —a =) I]
+6 . +& . . : +6 -

Xy and x, denote the upper and lower bound respectively of the outcome range.
In the estimation function for the lottery technique, x and x, represent the
low and high outcomes of the lottery, and x; represents the assessed certainty
equivalent. For the rating technique, x; is the price level that the respondent
valued on a 10-point scale (indicated by v(x;)), and xy and x, denote the highest
and lowest price level presented. All parameters estimated using least squares
estimates obtained by Fletcher's Quasi-NeMon Method (see Smidts 1997).

Appendlx B Confirmatory Factor Analysis Results
of the Measures
To examine the measurement quality of the constructs
(Steenkamp and van Trijp 1991), confirmatory factor analysis
has been performed .using LISREL 8 (Joreskog and Sérbom
1993). The input for the analysis consisted of covariance matri-
ces. In what follows, RMSEA is the root mean square error of
approximation, GFI the goodness-of-fit index, TLI the Tucker-
Lewis index, and the CFI the comparatrve fit mdex (Ioreskog
and Sorbom 1993).

. Managers were asked to mdxcate their agreement: mth each
item on a nine-point scale ranging from "’strongly disagree’ to
"'strongly agree’’ for the following constructs:

Innovativeness
DI buy new products before my colleagues (compehtors)
buy them
2) 1 like to experiment with new ways of doing things
3) I take chances more than others do
4) I generally like trying out new ideas in my enterprise

Construct reliability = 0.76; Fit-indices: y? =837 (df =2, p=001);
RMSEA =0.09; GFI=099; TLI=095; CFI=098

Market orientation’
1) I think it is 1mportant to understand the wishes of my
customers |
2) I think it is important to know how my customers eval-
 uate my product
3) I adapt to changes in the market
4) 1 think it is important to know a lot of the end-users
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Construct reliability = 0.72; Fit-indices: y2 =454 (df =2, p= 008)
RMSEA =0.06; GFI =0.99; TLI=0,96; CFI=099 -

Psychometnc scale
1) 1am willing to take high | financial risks in order to realize
lugher average yields
" 2) 1like taking big financial risks
"'3) I am willing to take high financial risks when selling my
hogs, in order to reahze hlgher average ylelds ‘

Construct rehablhty 0. 72 model is saturated
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