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The Role of Farmers’ Behavioral
Attitudes and Heterogeneity
in Futures Contracts Usage

Joost M.E. Pennings and Raymond M. Leuthold

The relationship between farmers’ behavioral attitudes and use of futures contracts is examined,
taking into account non-directly observable variables and the heterogeneity of farmers.The relation-
ships are tested on a stratified data sample of 440 farmers. Cluster analysis and covariance structure
equation models are used to validate the relationships. Farmers are found not to be homogenous
regarding the factors influencing their use of futures. Heterogeneity at the segment level masked
important effects at the aggregate level, notably risk attitude. Furthermore, several psychologi-
cal constructs for farmers related to market orientation, risk exposure, market performance and
entrepreneurial behavior play important roles in their use of futures contracts.
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Developing and maintaining viable agri-
cultural futures contracts is an expensive
and time-consuming process.1 Therefore, it
seems valuable to gain insight into the
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2.2 billion futures and options contracts traded throughout the
world in 1998, competition is stiff in the financial services indus-
try (Futures Industry Association). The derivatives industry is
composed of competing firms such as exchanges, banks and bro-
kerage houses offering and facilitating over-the-counter trading.
With commodity derivatives, the risk of failure is considerable
(Carlton). In the period 1994–1998 a total of 140 new commodity
derivatives were introduced around the world. Twelve of these
derivatives were de-listed within this period. The London Inter-
national Financial Futures & Options Exchange and the Chicago
Mercantile Exchange were the leaders in introductions with fif-
teen and fourteen, respectively, during 1994–98. If we follow the
criteria formulated by Silber, fifty-eight percent of the introduc-
tions have failed.

characteristics of farmers who use futures
markets. In the finance literature, several fac-
tors such as a firm’s risk exposure, its growth
opportunity, level of wealth, managerial risk
aversion, financial distress costs, tax liabil-
ity, and the accessibility to financing have
been identified as influencing the decision of
a corporation to adapt derivatives to their
risk management toolbox (Géczy, Minton,
and Schrand; Graham and Smith; Koski and
Pontiff; Mian; Nance, Smith, and Smithson;
Smith and Stulz; Tufano). In the agricultural
economics literature Asplund, Foster, and
Stout; Goodwin and Schroeder; Makus et al.;
Musser, Patrick, and Eckman; Shapiro and
Brorsen; and Turvey and Baker, among oth-
ers, identified such factors as experience, edu-
cation, farm size, off-farm income, expected
income change from hedging, age, farm orga-
nization meetings, leverage, risk management,
and marketing seminar participation, as influ-
encing farmers’ use of futures contracts.
These studies have increased our under-

standing of how firm characteristics influence
the use of futures and hence the viability
of futures trade. In this paper, we recog-
nize that farmers make decisions based on,
among others, their beliefs that are formed by
perceptions.2 For example, the perceived risk
reduction performance may differ from the

2 Beliefs pertain to the degree to which an object (e.g., futures
contracts) may have particular consequences, and perceptions
reflect the interpretation of these consequences.
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actual performance as reflected in hedging
effectiveness measures. Moreover, farmers
may very well evaluate the hedging service
provided by futures exchanges using crite-
ria other than just performance. Therefore,
we take psychological constructs into account
(Thaler).3
An important variable from a theoretical

point of view related to hedging behavior is
risk attitude. Some studies assume that man-
agers are risk averse. However, risk attitudes
may differ across managers. Brockhaus and
March and Shapira found large differences
in risk attitudes among managers of corpora-
tions and farmers. Elsewhere, Goodwin and
Schroeder found that farmers with a stated
preference for risk are more likely to adopt
forward pricing (i.e., hedge) than risk-averse
farmers, a puzzling result. One of the reasons
for these contra-intuitive findings is the dif-
ficulty in measuring risk attitudes. Variables
such as risk attitude are not always directly
observable (so-called latent variables).4 We
show that farmers make decisions regarding
the use of futures based on, among others,
latent variables.We refer to these latent vari-
ables as attributes as well to indicate that
these variables can be seen as the criteria
farmers use when deciding to use futures.
Two empirical problems may arise when

taking latent constructs into account. First,
we have to make sure that we have reliable
and valid constructs.5 We therefore measure

3 The present study focuses on farmers, that is, owner-managers
of small and medium-sized enterprises. An important difference
between farmers and managers of a large enterprise lies in the
fact that farmers do not have different functional departments,
such as research and development, manufacturing-quality con-
trol, sales and accounting. All these departments are combined
within the farmer. The decision process in the farmer’s case is
not as rationalized as that of large enterprises. Some of the con-
cepts used by farmers might be psychological constructs (such
as ‘level of understanding’) that are not directly measurable,
and therefore remain absent in accounting data used in recent
studies about managers in large companies (Géczy, Minton, and
Schrand). These psychological constructs may very well play a
part in the farmer’s decision to use futures.
4 A latent variable is a hypothesized and unobserved concept

that can only be approximated by observable or measured vari-
ables (indicators). An example of an unobserved concept (in this
paper also referred to as a construct) is farmers’ risk attitude
and farmers’ market orientation. In this paper, we use a set of
indicators, obtained in personal computer-guided interviews, to
measure latent variables. In the psychometric and statistical liter-
ature, methods are developed to test the reliability and validity
of such variables (Nunnally and Bernstein).
5 Reliability refers to the extent to which a variable or set of

variables is consistent with what it is intended to measure. Valid-
ity refers to the extent to which a measure or set of measures
correctly represents a concept (i.e., latent variable). Validity is
concerned with how well the concept is defined by the measures
(i.e., indicators), while reliability relates to the consistency of the
measures. Ensuring validity starts with a thorough understand-
ing of what is to be measured and taking the measurement as

latent variables by a set of observable indica-
tors that are subjected to confirmatory factor
analysis to assess their properties. Confirma-
tory factor analysis permits a rigorous assess-
ment of the properties of the latent variables
(Hair et al.). Second, relationships between
and among latent theoretical concepts (con-
structs) that are not directly observable may
result in biased coefficients when estimated
in a linear regression framework because
of measurement error. To account for mea-
surement error, a covariance structure model
is used as framework (often referred to as
structural equation modeling), as it permits
the explicit modeling and estimation of errors
in measurement (Bagozzi; Baumgartner and
Homburg; Bollen; Steenkamp and van Trijp).
Often, the literature assumes enterprises

to be homogenous regarding firms’ use of
futures. When estimating models, data are
treated as if they were collected from a sin-
gle population. This assumption of homo-
geneity might be unrealistic. For example,
farmers of different size or from different
regions may have different decision struc-
tures. Hence, pooling data across farmers
might produce misleading results. Both issues,
measurement error when using latent vari-
ables and farmers’ heterogeneity, will be elab-
orated on.
The remainder of the paper is structured

as follows. Initially, we introduce a behav-
ioral framework in which the characteristics
that might be associated with futures usage
are discussed. Then we address how unob-
servable constructs can be measured and
tested for reliability using a confirmatory
factor analysis framework, followed by the
specification of a covariance structure model
that simultaneously estimates the latent vari-
ables from observed variables and the struc-
tural relations between these variables and
the farmers’ use of futures contracts. After
the research method and the operationaliza-
tion of the variables, different relationships
between farmers’ characteristics and use of
futures are estimated. Data obtained from
440 farmers by means of computer-assisted
personal interviews constitute the input for
this part of the research.We conclude with an

“correct” and accurate as possible. However, accuracy does not
ensure validity. For example, the researcher could very precisely
define total household income but still have an invalid measure
of discretionary income because the “correct” question was not
being asked. Reliability is the degree to which observed variables
measure the “true” value. If the same measure is asked repeat-
edly, more reliable measures will show greater consistency than
less reliable measures.
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evaluation of the study and make suggestions
for further research.

A Behavioral Conceptual Framework

One of the pillars in behavioral choice mod-
els is the multi-attribute attitude theory, first
introduced by Fishbein and Azjen. In this
theory the attitude towards an object (e.g.,
futures contracts) will lead to the intention
to choose that object (e.g., the probabil-
ity of choosing futures) and ultimately to a
choice. In this paper we use this framework
to study farmers’ probability of using futures
and farmers’ choice of using futures. We dis-
cuss some constructs and identify characteris-
tics that might influence farmers’ probability
of using futures.
In most hedging theories Risk Attitude

(RA) plays an important role in the deci-
sion to engage in futures contracts (Carter).
Recently, Tufano found that managerial risk
aversion affects corporate risk management
policy in the North American gold mining
industry. Risk must first be perceived before a
farmer is able to respond to it. Perceived Risk
Exposure (PRE)may be defined as a farmer’s
assessment of the risk inherent in a situation.
We expect these two constructs to play a role
in the farmers’ probability of using futures.
Tashjian and McConnell have shown that

hedging effectiveness is a determinant in
explaining the success of futures contracts
and, as a result, considerable attention
has been paid to the hedging effectiveness
of futures contracts (Ederington; Howard
and D’Antonio). However, for farmers the
Perceived Performance (PP) may differ from
the performance as reflected by hedging
effectiveness measures. We expect the farm-
ers’ perceived performance to influence their
use of futures.
In line with the broader definition of mar-

ket orientation proposed by Jaworski and
Kohli, we consider farmers’ efforts to obtain
information about prices and volume traded
a central element of their Market Orientation
(MO). If farmers are more market oriented
in terms of tracing the market, we expect
them to be more inclined to use futures as a
method of pricing their products.
Farmers often perceive futures as a com-

plex financial service, which inhibits partic-
ipation in futures trading (Ennew, Morgan,
and Rayner). Costs associated with using
futures include information gathering and the

efficiency of their adoption. A high level of
Understanding (UNDER) futures increases
the ability of farmers to use futures contracts.
We expect the level of understanding futures
to be positively related to farmers’ use of
futures.
Sharpiro and Brorsen found that farmers

who are in a high debt position are more
likely to hedge since hedging can increase
returns and/or reduce risk. Furthermore,
Turvey and Baker found a clear relation-
ship between the use of price risk manage-
ment instruments and theDebt-to-Asset Ratio
(DAR) of farmers.
Farmers often base their decisions on the

opinions of the members of their Decision
Unit (DU), such as spouse, partner and advi-
sors.We hypothesize that if a farmer believes
that relevant others expect him/her to make
use of the hedging service of futures con-
tracts, that (s)he will be more inclined to use
futures. Therefore, we included the farmer’s
perception of the extent to which signifi-
cant others think that (s)he should engage in
futures trading.
Working provided an alternative explana-

tion for farmers’ motivation to hedge that
has not yet been addressed empirically: using
futures gives the farmer a greater freedom
for business action. Working argued that the
freedom gained could be used to make a sale
or purchase that would otherwise not be pos-
sible. This is in line with the recent findings
in management studies showing that man-
agers value instruments that increase their
“degrees of freedom of action” in the mar-
ket place (e.g., Brandstätter). In the context
of our study, we may expect that farmers
value using futures as a way to exploit their
Entrepreneurial Freedom (EF).
We hypothesize that the constructs

reviewed influence farmers’ probability of
using futures and ultimately their choice for
or against futures. We do not expect farm-
ers to be a homogeneous population, that
is, different variables influence farmers’ use
of futures and that common variables are
weighted differently. Therefore, we segment
across farmers, such that the choice process
is similar within a segment and dissimilar
across segments.

Research Method and Empirical Models

The Dutch hog industry is examined empir-
ically. It represents a domain in which the
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underlying commodity is homogeneous, the
underlying cash market is broad, there are
many participants, and large, unpredictable,
price fluctuations exist.6

A personal computer-guided interview was
developed on the basis of the literature. Prior
to the quantitative study, we conducted four
group discussions with farmers about price
risk management. The goal of the group dis-
cussions was to gain insight into the process
involved in selling hogs using futures. More
specifically, we wanted to gain insight into
the criteria (the so-called attributes) farm-
ers use when choosing futures. The groups
consisted of ten farmers each. The group
discussions took place in an informal atmo-
sphere and each session lasted for about two
and a half-hours. From the group discussions
it became clear that the relevant price risk
management instrument is the hog futures
contract traded on the Amsterdam Exchange.
It also became clear that a number of cri-
teria are used in deciding whether or not
to use futures contracts, such as the (per-
ceived) risk reduction performance and the
possibility of exercising entrepreneurial free-
dom. The latter meant that futures are per-
ceived as an attractive instrument whenever
their use increases the degrees of freedom
in the market place (that is, whenever they
are perceived as a tool which can be added
to the existing marketing toolbox and hence
increase the strategies farmers can employ),
confirming the suggestion made by Working
more than forty years ago.
The survey was computerized. Care was

taken to build a user-friendly interface. We
carefully designed the interview instrument
such that it resembled the farmers’ decision-
making process within their own business
context. To ensure that the computer inter-
face was well understood and perceived as
“very user-friendly” and fitting “the real busi-
ness setting”, fifteen test interviews were con-
ducted. The large-scale interview took place
in the first half of 1998, on appointment, at
the farmer’s enterprise. All the interviewers
had prior interviewing experience and had
followed an extensive training program for
the assessment procedures. A total of 440
farmers participated.

6 Dutch hog prices fluctuate widely. The coefficient of varia-
tion (CV) is 0.19, which is relatively high when compared to, for
example, US soybeans (CV is 0.14), based on daily observations
over the period 1990–97.

The interview consisted of several parts.
After being asked several background ques-
tions (pertaining to size of the enterprise,
age, education level and debt-to-asset ratio,
where the latter was measured on a 10
point scale with 1 = debt-to-asset ratio
1–9%, 2 = 10–19% etc.), the farmers were
confronted with statements about futures
contracts.
In selecting the measurement procedure,

we evaluated the different scaling proce-
dures as first proposed by Guttman, Likert,
and Thurstone and Chave. Because previ-
ous scales based on the Likert scale pro-
cedure demonstrated good performance, the
Likert scaling procedure was used to mea-
sure farmers’ characteristics. Likert scales are
easy to construct and can easily be tested on
their reliability and unidimensionality. Fur-
thermore, they do not suffer from some draw-
backs of the Guttman, and Thurstone and
Chave scaling procedures, as identified by
Nunnally and Bernstein (see the Appendix
for a description of the scales and the statis-
tical properties of the scales).
The influence of the decision unit was mea-

sured by asking the farmer to indicate the
extent to which persons surrounding him/her
thought that (s)he should or should not use
futures as a hedging tool by distributing 100
points across using futures as a hedging tool
or not using them as a hedging tool.
The probability of using futures contracts

was measured by asking the farmer to dis-
tribute 100 points across using futures as a
hedging tool or not using them as a hedg-
ing tool.7 Finally, the use of futures was based
on past market activity, registering whether
farmers had used futures in the last three
years.8

Measuring Unobservable Constructs:
A Confirmatory Factor Analytical Model

Because the unobserved variables are mea-
sured with a set of observable vari-
ables (so-called indicators), we adhered to
the iterative procedure recommended by
Churchill to obtain reliable and valid con-
structs. First, a large pool of questions

7 Putte van den, Hoogstraten and Meertens showed that dis-
tributing 100 points across alternatives provides a more accu-
rate measure: it forces respondents to make a trade-off between
alternatives, thereby not assuming a particular comparison
mechanism.
8 Because we have accounting and survey data, we were able

to distinguish between futures use for speculative and for risk
management reasons. Our measure exclusively reflects futures
usage in a hedging context.
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(i.e., indicators) was generated.The indicators
were based on the literature available. Care
was taken to tap the domain of the construct
as closely as possible. Next, the indicators
were tested for clarity and appropriateness in
personally administered pre-tests. The farm-
ers were asked to complete a questionnaire
and indicate any ambiguity or other diffi-
culty they experienced in responding to the
indicators, and to make any suggestions they
deemed appropriate. Based on the feedback
received from the farmers, some indicators
were eliminated, others were modified, and
additional indicators were developed. The
resulting set of indicators was administered
to the farmers in the large-scale personal
interview.
Confirmatory factor analysis was used to

assess the (psychometric) measurement qual-
ity of our constructs (Hair et al.). The factor
analytical model assumes that the observed
variables are generated by a smaller num-
ber of latent variables (called factors). The
relationship between the observed and latent
variables can be represented by the following
matrix equation:

x = �κ + δ(1)

where x is the q × 1 vector of the n sets of
observed variables (i.e., indicators), κ is the
n × 1 vector of underlying factors, � is the
q × n matrix of regression coefficients relat-
ing the indicators to the underlying factors,
and δ is the q×1 vector of error terms of the
indicators. Because we wish to develop unidi-
mensional constructs, a construct is hypothe-
sized to consist of a single factor. The overall
fit of the model provides the necessary and
sufficient information to determine whether a
set of indicators describes a construct. Hence,
equation (1) describes a measurement model.
In the Appendix the results for the con-

firmatory factor analysis are given. All fac-
tor loadings (i.e., the regression coefficients
in � in equation (1)) were significant (mini-
mum t-value was 4.60, p < 0�001) and greater
than 0.4. These findings support the conver-
gent validity of the indicators (Anderson and
Gerbing). The composite reliabilities for the
constructs ranged from 0.70 to 0.76, indi-
cating good reliabilities for the construct
measurements (see Appendix). The selected
indicators are used in our structural model
describing the relation between the farmers’
characteristics and the farmers’ probability of
using futures, and the relation between the
expressed probability of using futures and
whether or not farmers had used futures.

Covariance Structure Model

The factor model in equation (1) estimates
the latent variables from the observed vari-
ables but does not provide information about
the structural relationship among these latent
variables and the farmers’ probability of
using futures. Because the latent variables
are measured with error, a covariance struc-
ture model is introduced that simultaneously
estimates the latent variables from observed
variables and estimates the structural rela-
tions between these variables and the farm-
ers’ probability of using futures and the
choice for or against futures.
Let η be a r × 1 vector of the endoge-

nous latent variables (i.e., probability of using
futures and futures usage), and let ξ be a
s × 1 vector of the exogenous latent vari-
ables (i.e, the farmers’ characteristics).9 The
model assumes that the variables are related
by the following system of linear structural
equations:

η = Bη + �ξ + ς(2)

where B is a r × r matrix of coefficients relat-
ing the latent endogenous variables to one
another, and � is a r × s matrix of coeffi-
cients relating the latent exogenous variables
to the endogenous variables. In the equa-
tions, ς is a r × 1 vector of errors indicat-
ing that the endogenous variables are not
perfectly predicted by the structural equa-
tions. Equation (2) can be written alterna-
tively as

•
Bη = �ξ + ς , where

•
B is defined

as (I − B). It is assumed that: 1) all vari-
ables are measured as deviations from their
means: E(η) = E(ς) = E(ξ) = 0 (this does
not affect the generality of the model, since
the structural parameters contained in B and
� are not affected by this assumption), 2)
none of the structural equations is redun-
dant:

•
B exists, and 3) the errors in equations

and the exogenous variables are uncorre-
lated: E(ξς ′) = 0. The covariance matrix for
the exogenous variables is: 	 = E(ξξ′), the
covariance matrix for the errors in equations
is:
 = E(ςς ′) and the covariance matrix for
the endogenous variables is

COV(η) = E(ηη′)

= • −1
B (�	� ′ + 
)

• −1
B �

9 Note that the variable measuring whether or not farmers used
futures is not a latent variable, therefore this variable is not mea-
sured with error, and hence, the measurement error of this vari-
able is zero.



Pennings and Leuthold Farmers’ Heterogeneity and Futures Contracts Usage 913

Unlike regression models, η and ξ are not
required to be observable variables. Rather,
η and ξ are related to observable variables x
and y by a pair of confirmatory factor models
as expressed in

x = �xξ + δ(3)

y = �yη + ε

where x is a q × 1 vector of observed exoge-
nous variables (i.e., the indicators measured
during the interview) and y is a p × 1
vector of observed endogenous variables (i.e.,
the farmers’ probability of using futures and
choice of futures). �x is a q × s matrix of
loadings of the observed x-variables on the
latent ξ variables, �y and is a p× r matrix of
loadings of the observed y variables on the
latent η variables.The vectors of disturbances
δ (q × 1) and ε (p × 1) represent measure-
ment errors (the so-called unique factors).
Within each factor model (e.g., equation (3))
the unique factors may be correlated. That
is, COV(δ) = E(δδ′) = �δ and COV(ε) =
E(εε′) = �ε.
Since the variables are measured as devia-

tions from their means, the covariance matrix
for the observed variables can be written as

=E




�yηη
′�y +εε′ �yηξ

′�x
′ +εδ′

+�yηε
′ +εη′�y

′ +�yηδ
′ +εξ′�x

′

�xξη
′�y

′ +δε′ �xξξ
′�x

′ +δδ′

+�xξε
′ +δη′�y

′ +�x
′ξδ′ +δξ′�x

′


�(4)

Using the assumptions made about the zero
covariances among variables and applying
the definitions of the covariances among vari-
ables, the covariance can be expressed in
terms of the parameters of the structural
model:

=



�yB

−1(��� ′ +�) �y

•
B ′ −1���x

′

×
•
B ′ −1�y

′ +�ε

�x�� ′ •
B ′ −1�y

′ �x��x
′ +�δ


�(5)

This equation relates the variances and
covariances of the observed variables to the
parameters of the model. Estimation of the
model involves finding values for the param-
eter matrices that produce an estimate of
 according to equation (5) that is as close
as possible to the sample matrix S (e.g., the
covariance matrix of the raw data).

Estimation Procedure

The covariance structure in equation (5)
can be estimated by one of the full infor-
mation methods: unweighted least squares,
generalized least squares, and maximum like-
lihood. The fitting function measures show
how close a given ̂ is to the sample covari-
ance matrix S. Because of its attractive statis-
tical properties, we use maximum likelihood
procedures (Bollen). The maximum likeli-
hood estimators minimize the following fit-
ting function:

FML(S; ̂) = tr(̂
−1

S) + (log |̂|(6)

− log |S|) − (r + s)�

where log |̂| is the log of the determinant of
̂, r is the number of endogenous variables
(in our case r = 2) and s is the number of
exogenous variables (in our case s = 8). If
ξ and η have a multivariate distribution, the
maximum likelihood procedure has desirable
asymptotic properties, is scale invariant and
has desirable properties for statistical testing
(e.g.,Anderson and Gerbing; Bagozzi; Bollen;
Gerbing and Anderson).
Prior to the estimation, we tested whether

the underlying assumptions of the covari-
ance structure model had been satisfied. We
screened the data for coding errors and the
presence of outliers, and tested for univariate
and multivariate normality of the observed
variables. The coefficient of relative mul-
tivariate kurtosis was 1.09, indicating that
the assumption of multivariate normality is
tenable (Steenkamp and Van Trijp). As a
measure of association we used the covari-
ances. As pointed out by Baumgartner and
Homburg the use of covariances or corre-
lations has no effect on the overall good-
ness of fit indices. However, standard errors
may be inaccurate when using correlations.
Therefore, we used covariances. The model
can be estimated in the maximum likelihood
LISREL framework developed by Jöreskog
and Sörbom.

Results

First, we model the farmers use of futures
across the whole sample. That is, we do not
take heterogeneity into account, assuming
the sample to be homogeneous.Table 1 shows
that, in this case, the decision unit, perceived
performance, exercising entrepreneurial free-
dom, and level of understanding significantly
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Table 1. Results of Covariance Structure Models for the Whole Sample and Different Segments (equation 2)

Probability of Using Futures Use of Futures

Explanatory Variables Explanatory Variables

Probability of Using
DU PP EF MO RA PRE DAR UNDER Futures

Total sample (N = 440) � 0.254 0.195 0.188 0�042 0�156 0�123 0�004 0.130 B 0�682
t-value 5�632 4�028 3�872 1�126 1�567 0�943 0�426 2�041 15�776

Fit statistics χ2/df = 4�3 p = 0�01 RMSEA = 0�09 GFI = 0�97 TLI = 0�78

Segment 1 (N = 120)
Spot market: cooperative � 0.212 0.201 0�084 0�062 0.306 0.212 0.091 0�092 B 0�566

t-value 2�203 2�488 1�422 1�246 3�246 2�228 2�066 1�567 13�682

Fit statistics χ2/df = 1�0 p = 0�23 RMSEA = 0�03 GFI = 0�94 TLI = 0�95

Segment 2 (N = 320)
Spot market: trader � 0.264 0.189 0.258 0.111 0�172 0�148 0�036 0�980 B 0�599

t-value 4�996 3�966 5�348 2�003 1�636 1�171 0�412 1�678 14�238

Fit statistics χ2/df = 2�0 p = 0�01 RMSEA = 0�05 GFI = 0�98 TLI = 0�92

Note: Beta is the standardized regression coefficient that shows the relationship between the probability of using futures and the latent constructs. DU is the decision unit (indicating the influence of the farmer’s spouse, partner and
advisors on the probability of using futures), PP perceived performance, EF exercising entrepreneurial freedom, MO market orientation, RA risk attitude, PRE perceived risk exposure, DAR debt-to-asset ratio and UNDER the level of
understanding futures. RMSEA is the root mean square error of approximation, GFI the goodness-of-fit index, and TLI the Tucker Lewis Index (Jöreskog and Sörbom). See footnote 11 for a detailed description of these measures.



Pennings and Leuthold Farmers’ Heterogeneity and Futures Contracts Usage 915

influence the probability of using futures and
consequently farmers’ choice. Surprisingly,
risk attitude and perceived risk exposure
are not significantly related to the farmer’s
use of futures (Makus et al.; Shapiro and
Brorsen).
We suspect that the sample is not homoge-

nous. That is, we expect different groups
of farmers use different criteria (attributes)
when deciding to use futures. If this is the
case, we might find that different factors
influence their choice behavior, and that
the common factors are weighted differ-
ently (i.e., the coefficients in matrix � in
equation (2)).
To test for heterogeneity we use cluster

analysis using squared Euclidian distances
and Ward’s method (error sum of squares
method) (Punj and Stewart).10 We found two
distinct segments. Segment 1 consists of 120
farmers who have a relatively low probabil-
ity of using futures. Segment 2 consists of 320
farmers who have a relatively high proba-
bility of using futures. In order to explore
the differences between these two segments,
we analyzed the characteristics of the farm-
ers regarding the probability of using futures
using the Mann-Whitney U test (Hinkle,
Wiersma, and Jurs). The two segments mainly
differed on their cash-trading behavior (“sell-
ing to a cooperative”, z = 4�88 [p = 0�00]
and “selling to a trader”, z = 5�28 [p =
0�00]). These two segments do not signifi-
cantly differ regarding age and education. So,
while both segments may appear similar, dif-
ferent factors influence the use of futures con-
tracts. Hence, we divide the sample into two
segments and estimate the model for each
segment.
From table 1 it is clear that risk atti-

tude and perceived risk exposure do play
a role in segment 1. Also, the debt-to-asset
ratio plays a role for this segment, which is
in line with the recent findings of Sharpiro
and Brorsen, and Turvey and Baker. The
value of taking heterogeneity into account
is shown in this case. Had we treated the
sample as homogenous, we would have con-
cluded that risk attitude and perceived risk
exposure do not influence the use of futures
contracts, which would not have complied
with financial theory. In segment 2 it was
found that market orientation and exercis-
ing entrepreneurial freedom are factors that
influence the probability of using futures,

10 For a detailed explanation on cluster analysis, see Hair et al.

along with the decision unit and the per-
ceived performance. The role of understand-
ing futures does not play a significant role
any more when analyzing the two segments
separately.
In this paper, the model fit is evalu-

ated using different types of fit indices
recently developed in the literature. We
use the likelihood-ratio Chi-square statistic,
Goodness-of-Fit Index (GFI), Tucker Lewis
Index (TLI), and the Root Mean Squared
Error of Approximation (RMSEA) to evalu-
ate the model fit.11 The fit statistics show that
the model that covers the whole sample has a
modest fit, while the model that describes the
use of futures contracts for segments 1 and 2
shows a very good fit.
It appears that farmers in segment 1

use “financial structure” characteristics (as
imbedded in the debt-to-asset ratio, risk atti-
tude and the perceived risk exposure) in their
decision to engage in futures, whereas the
farmers in segment 2 use “marketing” char-
acteristics (imbedded in market orientation
and exercising entrepreneurial freedom) in
their decision to engage in futures. Farmers
in segment 1 (cooperative farmers) attach
high value to “continuing the firm’s opera-
tion for successors” whereas farmers who sell
to traders (segment 2) attach value to “keep-
ing up with markets and trying to get high
prices”.
Also, we estimated the models with mul-

tiple regression, using the sum scores of
the latent constructs in the regression. This
was done to test whether taking measure-
ment error into account using a covariance
structure model does indeed contribute to
our understanding of farmers’ behavior. In
the multiple regression, the latent variables

11 The likelihood-ratio Chi-square statistic (χ2) tests whether
the matrices observed and those estimated differ. Statistical sig-
nificance levels indicate the probability that these differences are
due solely to sampling variations. Low χ2 per degree of freedom
(value lower than 2.5) indicates that the actual and predicted
input matrixes are not statistically different. The likelihood-ratio
Chi-square statistic is heavily (negatively) influenced by sam-
ple size (N > 200) (Bentler). Because of this problem, other
fit indices have been developed, such as the Goodness-of-Fit
Index (GFI), which represents the overall degree of fit, that is,
the squared residuals from prediction compared with the actual
data. The measure ranges from 0 (poor fit) to 1.0 (perfect fit).
The Tucker Lewis Index (TLI) is an incremental fit measure
that combines a measure of parsimony into a comparative index
between the proposed and null model. A recommended value is
0.9 or greater. The Root Mean Squared Error of Approximation
(RMSEA) estimates how well the fitted model approximates the
population covariance matrix per degree of freedom (Steiger).
Browne and Cudeck suggested that a value below 0.08 indicates
a close fit (see Baumgartner and Homburg; Bentler; Hair et al.).
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risk attitude, market orientation, and exercis-
ing entrepreneurial freedom were not signif-
icant, thereby substantiating the importance
of taking measurement error into account.
These results show that by taking measure-
ment error into account we are able to detect
relevant factors influencing farmers’ use of
futures that otherwise (i.e., in a regression
framework) would not have been identified.
The proposed modeling procedure is a more
general modeling framework than the mul-
tiple regression framework as it can include
directly observable variables and non-directly
observable variables (constructs). This frame-
work allows researchers to include farm-
ers’ perceptions when trying to understand
farmers’ behavior. Farmers’ perceptions and
beliefs appear to have relationships with
revealed behavior.
Our results show that farmers are a het-

erogeneous group, suggesting that futures
exchanges might consider offering different
tools to different segments. Identifying the
different segments is a challenge. With this
information, the futures exchange could tar-
get their marketing efforts. Based on the
characteristics of the different segments, they
would be able to select a group of potential
customers to whom they would offer a risk
reduction service designed to match the cus-
tomer’s choice profile. This implies differen-
tiation of the services offered by exchanges.
In our empirical study, the segments could
easily be observed by the exchange, because
they relate to the farmers’ cash trading pat-
tern. In this regard, a challenge for further
research would be to develop a method that
simultaneously estimates all parameters, such
that a set of parameters identifies the seg-
ments to which farmers belong, and that
also represents the structural equation model
within the segments. The recent findings by
Jedidi, Jagpal, and DeSarbo on general finite
mixture structural equation modeling relate
to this.

Discussion and Conclusions

This study expands earlier work on farmer’s
use of futures by including their market ori-
entation, perceived risk reduction and market
performance, farmers’ entrepreneurial behav-
ior and perceived risk exposure as factors
that influence futures usage. These factors
are all non-directly observable variables and

hence must be measured by a set of observ-
able indicators. By introducing a modeling
technique that is able to account for the
measurement error of these variables, we
were able to identify their effect on farm-
ers’ decision making. Not taking account of
measurement error (e.g., using a multiple
regression framework) would have led us
to conclude that these factors do not play
a role in farmers’ decision to use futures.
The proposed modeling method allowed us
to confirm empirically a suggestion made by
Working more than forty years ago, namely
that futures usage is positively related with
the extent to which farmers believe that
using futures gives them greater freedom
for business action. These results show the
importance of farmers’ perceptions, and psy-
chological constructs in general, and the
importance of taking measurement error
into account, when attempting to understand
farmers’ futures usage behavior.
In this study we also included the influ-

ence of the members of the farmer’s deci-
sion unit, such as husband, wife and succes-
sor, on futures usage. It appears that the opin-
ions of these decision-unit members about
futures have an influence on the farmer’s
futures usage. Hence, the decision to use
futures is not solely made by the farmer,
but it is also influenced by the opinions of
others.
Special attention is paid to the funda-

mental driver of risk management: farmers’
risk attitude. Although theory suggests that
risk attitude should be related to futures
usage, empirical research in agricultural eco-
nomics does not always confirm that rela-
tionship (Goodwin and Schroeder). Here,
risk attitude is an important determinant of
futures usage for a particular segment of
farmers. In this group of farmers (segment
1 in our study), other financial factors also
play an important role, such as the debt-to-
asset ratio, which is in line with the find-
ings of Shapiro and Brorsen, and Turvey and
Baker.
Because some of the theoretical constructs

related to futures usage can not be mea-
sured directly, but must instead be estimated
from multiple indicator measures, it is recom-
mended to use a covariance structure mod-
eling framework. This framework provides
us with a method for estimating structural
relationships among unobservable constructs
and for assessing the adequacy with which
those constructs have been measured. Such
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framework allows agricultural economists to
include farmers’ perceptions in their analy-
sis. The proposed modeling approach is not
a substitute but rather a complement to the
regression framework used in previous stud-
ies on futures usage. These studies could have
benefited from this modeling framework
because it allows for explicit management
of measurement error of the independent
variables. As shown in this study, variables
that seemed to play no role in explaining
futures usage in a regression framework did
play a role when measurement error was
accounted for. Moreover, taking farmers’ het-
erogeneity into account showed that differ-
ent groups of farmers have different decision
structures. Such information can be valuable
for a futures exchange, especially when the
exchange wishes to customize its hedging
service.
Some caveats of our analysis should be

mentioned. First, this paper focused exclu-
sively on the level of the individual farmer,
thereby not taking into account the farmer’s
commercial environment, that is, the mar-
keting channel (s)he is in. Although Dutch
hog farmers do not have as many alterna-
tive risk management instruments (there is
virtually no forward trading) as their U.S.
colleagues, we might expect the farmer’s
choice for futures contracts to interact with
the risk management decisions made by the
wholesaler or processor whom (s)he sup-
plies. Second, we do not include transaction
costs in our analysis. Recently, Lence showed
that hedging costs are important determi-
nants of hedging behavior. In the context
of our model it would be interesting to
include the farmers’ perceived transaction
costs. Third, the reason farmers use futures
contracts is often not to reduce the price risk
of a single commodity, but rather to reduce
the risk which remains after all price risks
have been offset against one another, the
so-called residual risk (Anderson and Dan-
thine; Fackler and McNew). For a futures
exchange, it may therefore be interesting to
add other types of futures contracts to the
contracts already listed. This raises an impor-
tant question that needs to be solved: is it
beneficial to add new futures contracts to the
existing ones? Further research that includes
these elements are interesting avenues to
explore.

Appendix. Description of the Scales
Describing Farmer’s Characteristics Using
Confirmatory Factor Analysis

Farmers were asked to indicate their agree-
ment with each item through a nine-point
scale ranging from “strongly disagree” to
“strongly agree”.

Perceived Performance
Construct reliability = 0�76∗

1. I think that selling my hogs by means of futures
contracts will enable me to reduce the fluctua-
tions in my revenues.

2. I think that a futures contract can help me man-
age risk.

3. I think that using futures contracts will reduce
price risk.

Model is saturated resulting in a perfect fit
(χ2 = 0; df = 0; p = 1).

Entrepreneurial freedom
Construct reliability = 0�75
1. I think that by using futures contracts I can fully
exploit my spirit of free enterprise.

2. I think that the use of futures contracts gives
me the opportunity to receive an extra high
price.

3. I think that using futures contracts gives me a
large freedom regarding actions in the market
place.

Model is saturated resulting in a perfect fit
(χ2 = 0; df = 0; p = 1).

Perceived risk exposure
Construct reliability = 0�74
1. I am able to predict hog prices.
2. The hog market is not at all risky.
3. I am exposed to a large amount of risk when I
buy/sell hogs.

Model is saturated resulting in a perfect fit
(χ2 = 0; df = 0; p = 1).

Risk attitude
Construct reliability = 0�73
1. I like to “play it safe.”
2. With respect to the conduct of business I am
risk averse.

3. With respect to the conduct of business I like
to take the sure thing instead of the uncertain
thing.

4. When I am selling hogs I like to take risks.
χ2/df = 1�0 (p = 0�37); RMSEA = 0�0; GFI =
0�99; AGFI = 0�99; CFI = 1.
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Market orientation
Construct reliability = 0�70
1. I think it is important to understand the wishes
of my customers.

2. I think it is important to know how my cus-
tomers evaluate my product.

3. I adapt to changes into the market place.
4. I track the market prices of the products I pro-
duce.

χ2/1�1 (p = 0�31); RMSEA = 0�01; GFI = 0�99;
AGFI = 0�99; CFI = 0�99.

Level of understanding
Construct reliability = 0�74
1. I know how the futures market is functioning.
2. There is sufficient information on the function-
ing of futures markets.

3. I understand the way I can hedge my risk on
the futures market.

4. I keep informed about futures prices.
χ2/df = 3�1 (p = 0�04); RMSEA = 0�06; GFI =
0�99; AGFI = 0�97; CFI = 0�98.

∗The value of the construct reliability ranges between 0 and 1, with higher
values indicating higher reliability (see Hair et al.)

[Received July 1999;
accepted February 2000.]

References

Anderson, R.W., and J.P. Danthine. “Hedging and
Joint Production, Theory and Illustrations.”
J. Finan. 35(May 1980):487–98.

Anderson, J.C., and D.W. Gerbing. “Structural
Equation Modeling in Practice:A Review and
Recommended Two-step Approach.” Psych.
Bull. 103(May 1988):411–23.

Asplund, N.M., D.L. Foster, and T.T. Stout. “Farm-
ers’ Use of Forward Contracting and Hedg-
ing.” Rev. Fut. Mkts. 8,1(1989):24–37.

Bagozzi, R.P. “Structural Equation Models in
Marketing Research: Basic Principles.” in
R. Bagozzi, ed. Principles of Marketing
Research. Cambridge MA: Blackwell, 1994,
317–85.

Baumgartner, H., and C. Homburg. “Applications
of Structural Equation Modeling in Mar-
keting and Consumer Research: A Review.”
Internat. J. Res. Mktg. 13(April 1996):139–61.

Bentler, P.M. “Comparative Fit Indexes in
Structural Models.” Psych. Bull. 107(March
1990):238–46.

Bollen, K.A. Structural Equations with Latent Vari-
ables. New York: John Wiley, 1989.

Brandstätter, H. “Becoming an Entrepreneur: A
Question of Personality Structure.” J. Econ.
Psych. 18(April 1997):157–77.

Brockhaus, R.H. “Risk Taking Propensity of
Entrepreneurs.” Academy Mgt. J. 23(Septem-
ber 1980):509–20.

Browne, M.W., and R. Cudeck. “Single Sam-
ple Cross-Validation Indices for Covariance
Structures.” Multiv. Beh. Res. 24(October
1986):445–55.

Carlton, D.W. “Futures Markets: Their Purpose,
Their Growth, Their Successes and Failures.”
J. Fut. Mkts. 4(Fall 1984):237–71.

Carter, C.A. “Commodity Futures Markets:A Sur-
vey.” Austr. J. Agr. Resour. Econ. 43(June
1999):209–47.

Churchill, G.A. “A Paradigm for Developing
Better Measures of Marketing Constructs.”
J. Mktg. Res. 16(February 1979):64–73.

Ederington, L.H. “The Hedging Performance of
the New Futures Markets.” J. Finan. 34(March
1979):157–70.

Ennew, T.C., W. Morgan, and T. Rayner. “Role of
Attitudes in the Decision to Use Futures Mar-
kets: The Case of the London Potato Futures
Market.” Agribus.: An Internat. J. 8(Novem-
ber 1992):561–73.

Fackler, P.L., and K.P. McNew. “Multi-product
Hedging: Theory, Estimation, and an Appli-
cation.” Rev. Agr. Econ. 15(September
1993):521–35.

Fishbein, M., and I. Azjen. Belief, Attitude, Inten-
tion and Behavior: An Introduction to Theory
and Research. Reading MA: Addison-Wesley,
1975.

Futures Industry Association. 1999 Volume
Reports.

Géczy, C., B.A. Minton, and C. Schrand. “Why
Firms Use Currency Derivatives.” J. Finan.
52(September 1997):1323–54.

Gerbing, D.W., and J.C. Anderson. “An Updated
Paradigm for Scale Development Incorporat-
ing Unidimensionality and its Assessment.”
J. Mktg. Res.25(May 1988):186–92.

Goodwin, B.K., and T.C. Schroeder. “Human Cap-
ital, Producer Education Programs, and the
Adoption of Forward Pricing Methods.”Amer.
J. Agr. Econ. 76(November 1994):936–47.

Graham, J.R., and C.W. Smith. “Tax Incentives
to Hedge.” J. Finan. 54(December 1999):
2241–62.

Guttman, L.A. “Basis for Scaling Quantitative
Data.” Amer. Soc. Rev. 9(April 1944):139–50.

Hair, J.F., R.E. Anderson, R.L. Tanham, and
W.C. Black.Multivariate Data Analysis. Engle-
wood Cliffs NJ: Prentice Hall, Inc., 1995.

Hinkle, D.E., W. Wiersma, and S.G. Jurs. Applied
Statistics for the Behavioral Sciences. Boston:
Houghton Mifflin Co., 1998.



Pennings and Leuthold Farmers’ Heterogeneity and Futures Contracts Usage 919

Howard, C., and L. D’Antonio. “A Risk-return
Measure of Hedging Effectiveness.” J. Finan.
Quant. Anal. 19(March 1984):101–12.

Jaworski, B.J., and A.K. Kohli. “Market Ori-
entation: Antecedents and Consequences,”
J. Mktg. 57(July 1993):53–70.

Jedidi, K., H.S. Jagpal, and W.S. DeSarbo.
“Finite-Mixture Structural Equation Mod-
els for Response-Based Segmentation and
Unobserved Heterogeneity.” Mktg. Science
16,1(1997):39–59.
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