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A e e X A AL s N

Two direct elicitation of utility (D.E.U.) techniques
were useé to estimate risk attitudes of a group of agricul-
tural producers. The two elicitation techniques used in the
study were 1) an error-in-response model using a modified
Ramsey method, and 2) stochastic dominance with respect to a
fuﬁction (SDF). The primary objective of the study was fo
determine whether the two elicitation techniques yield con-
sistent estimates of risk attitudes. A second major objec-
tive of the study was to provide additional information
about the distribution of risk attitudes among agricultural
producers.

The study confirmed the results of other research
efforts that the majority of risk_attitude parameters of
agricultural producers lie within the range -.0001 and .00l
with income measured in dollars [King and Robison, 19801. The
study also supports previous research results which_indicate
that a significant portion of decision makers exhibit risk

preferring behavior, at least over some ranges of incomes.



The error-in-response model classified 38.1% of the respond-
ents as risk preferring, 47.6% as risk neutral, and 14.3% as
risk averse. With only one exception, the SDF technique
elicited risk preferring attitudeé for every respondent over
some range of income values.

Individual and aggregate tests for decreasing
(increasing) absolute risk aversion were conducted. No
re spondents were found to exhibit increasing or decreasing
absolute risk aversion. The statistical comparison of the
two elicitation techniques was inconclusive., A paired t-test
failed to reject the null hypothesis of no difference in the
estimated risk attitudes. However, the correlation between
the two measures was virtually zero (-.046) suggesting that
the two measures of risk attitudes are not closely related.

The two elicitation techniques were also compared on
other grounds. Both elicitation techniques are designed to
prevent certainty bias that has plagued other D.E.U.
methods. The SDF technique is found to be superior in over-
coming possible interviewer bias. Neither technique is
superior in coping with probability bias.

The SDF technique is easier to implement but the error-
in-response questionnaire is easier to formulate. The error-
in-respoﬂse model results in a specific estimate of the
respondent's risk attitude when the negative exponential
utilty function is used. Based on the comparisons made in
the study, the SDF procedure is considered to be superior to

- the error-in-response model for eliciting risk attitudes.
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AN INVESTIGATION OF THE MEASUREMENT

OF INDIVIDUAL RISK ATTITUDES
I: INTRODUCTION

The importance of risk in agriculture has long been
recognized and in recent years a great deal of research
ef fort has been devoted to the investigation of the impact
of risk on farmers' decisions. Two major aspects of risk
research are the estimation of individual utility functions
"and the determination of individual risk attitudes. One of
the earliest attempts to elicit individual utility functions
was conducted by Mosteller and Nogee {1951]. Since that
time, many researchers have attempted té improve elicitation
techniques. Some of the most widely known research efforts
in the agricultural context include the work of Lin, Dean,
and Moore [1974]1, Officer and Halter [1968], Halter and Mason
{1978], and Binswanger [{1980]. More recent examples of utility
or risk attitude elicitation include King and Robison [1981],
Wilson and Eidman [1983], and Musser, et.al. {1984], One of
the major shortcomings of these attempts to elicit utility
functions is that a single elicitation technique is used in
every case although Officer and Halter did contrast three
variations of a single technique. No effort has been made to
utilize two or more different elicitation techniques with
the same set of respondents. As a result, it is difficult

(if not impossible) to draw conclusions concerning the



reliability of the various elicitation techniques.
. Consequently, one of the major objectives of the present
study is to directly compare two elicitation techniques.
i Conventional wisdom suggests that most decision-makers
are risk averse. Most of ﬁhe theoretical research incorpo-
rating risk in economic models assumes that economic agents
are risk averse (See Newberry and Stiglitz [1981], Chapter 6
for a particularly good example). However, attempts to
elicit risk atﬁitudes to date have found a substantial num-
ber of individuals exhibiting risk neutral or risk prefer-
ring attitudes. Young, et.al. [1979] present a summary of
several of the most well-known efforts of risk attitude
elicitation. They conclude "...it is our judgment that the
possibility of risk neutral or risk preferring attitudes
...among a significant fraction of agricultural producers
...cannot be excluded." One of the objectives of the
present s;udy is to provide additional information about the
distribution of risk attitudes among agricultural producers.
A good deal of skepticism exists within the agricul-
tural economics profession about researchers' ability to
assess individual risk attitudes. This skepticism arises
because of the inconsistent results of some studies and the
possible introduction of some decision-making biases in the
elicitation techniques that have been used. For example,

Lin, Dean, and Moore [1974] compared three variations of the



von Neumann-Morgenstern elicitation method and found
different utility function estimates. The different
estimates probably arise because of various types of
decision-making biases. Whittaker and Winter [1980] éompared
attempts to elicit utility functions for the same set of
respondents at two points in time. When regressing elicited
risk attitudes against socio-economic variables, they found
that ngarly ali signs were reversed from one time period to
the other. Love and Robison [1984] found risk attitude
classification reversals when comparing risk attitudes
elicited at two different points in time. Binsﬁanger [1982]
discusses some of the problems that have been encountered in
"eliciting risk attitudes and makes a case for relyinglon
experimental methods rather than direct elicitation of
utility. By directly comparing two different elicitation
techniques, the current study will attempt to provide some
insights into the reliability of elicitation techniques and
perhaps shed some light on the usefulness of continued
research in the area of risk attitude elicitation.

‘The major objectives of the study are to:
1. Compare two different techniques for eliciting risk
attitudes to determine if the resulting estimates of risk
attitudes are consistent between techniques when the same
sample of respondents is used;

2. Provide additional information about the distribution of



risk attitudes of agricultural producers; and

3. Provide insights concerning the fruitfulness of further

research in the area of risk attitude elicitation.



PLAN OF THE STUDY

Chapter II presents the theoretical foundations of
utility, including a brief history of the development of the
idea of utility. Chapter III describes the error-in-
response model using a modified Rémsey elicitation method.
Chapter IV presents the details of the stochastic dominance
with respect to a function elicitation technigue. Chapter V
presents the results of the elicitation procedures. Chapter
VI deals with the relative merits of the two approaches of
elicitation based on selected theoretical, statistical, and
empirical grounds. Chapter VII concludes the study with a.
summary of the results and recommendations for future

research.



II. THEORETICAL FOUNDATIONS OF UTILITY AND RISK

ATTITUDE ELICITATION

This chapter presents the theoretical foundations of
utility and risk attitude elicitation. The chapter provides
a brief review‘of the development of utility in economics
and discusses the relationship between neoclassical cardinal
utility theory and von Neumann-Morgenstern cardinal utility.

This study assumes the existence of a von Neumann-
Morgernstern (VNM) utility function. Thé proof of the
expected utility theorem is included in the chapter; this
proof provides the basis for assuming the existence of a VNM

utility function.



UTILITY

Reference has been made to the elicitation of "utility
functions" and "risk attitudes." It will be beneficial to
briefly examine the history of the concept of utility and
the development of the risk attitude parameter.

The original concept of "cardinal utility" is due to
the neoclassical (marginal school of) economists such as.
Gossen, Jevons, Edgeworth, and Marshall [Whittaker, 1940;
Stigler, 1950]. Neoclassical cardinal utility implied a high
degree of measurability of utility where utility was synony-
mous with satisfaction or wellfbeing of an individual. The
neoclassical economists believed in a true science of pleas-
ure or pain} that is, they believed that there existed a
natural unit of utility that could (theoretically) be
measured thus permitting inﬁerpersonal comparisons of
utility. With the existence of a natural unit of utility, it
was meaningful to séy that some good provided twice as much
(or half as much) utility as some other good. This was the
sense of the word "cardinal" in the neoclassical utility
theory. Neoclassical cardinal utility was accepted as the
core of‘economic theory until the late 1930's. The
neoclassical concept of cardinal utility was largely
di scredited by the end of the 1930's by the work of
economists such as J. R. Hicks and R. G. D. Allen. Cardinal

utility was supplanted by the less restrictive concept of



ordinal utility and indifference curve analysis. With
ordinal utility, it is recognized that numerical differences
in utility are meaningless. All that counts is the ranking
of utilities so that if U(X) is a utility function then any
monotonically increasing transformation of U(X) will serve
equally as well as U(X).

Von Neumann and Morgenstern revived the concept of
"cardinal utility" with the publication of the second

edition of The Theory of Games and Economic Behavior [1947].

~ Since the neoclassical concept of cardinal utility had been
in such disrepute, von Neumann and Morgenstern's concept met
a good deal of resistance. While VNM cardinal utility
exhibits some of the properties of neoclassical cardinal
utility, several important distinctions between the two
concepts make them different, The present study assumes the
existence of VNM cardinal utility. Therefore, it is
important to understand the meaning of VNM cardinal utility
and recognize the difference between VNM and neoclassical
cardinal utility.

Von Neumann and Morgenstern [1947] utilized an axiomatic
approach to utility theory. They stated a set of postulates
or axioms about preference orderings that they assumed were
reasonable. VNM then proved that in order to obey the
axioms, one must always prefer the alternative with the

highest expected utility. VNM utility theory incorporates a



decision maker's preference structure for the object of the
utility function (usually, but not restricted to, wealth or
income) and the decision maker's beliefs about the
likelihood of obtaining any particular outcome. The essen-
tial result of VNM cardinal utility is that a decision maker
can rank various prospects (gambles or lotteries) based on
the (mathematically calculated) "expected utility of the

1 Further, a VNM utility function is valid up to a

prospect.”
positive, linear transformation; that is, if U(X) is a VNM
utility function then any V(X)=a+bU(X), b>0, is a strate-
gically equivalent VNM utility function [Keeney and Raiffa,
19761. Strategically equiValent means simply that U(X) and
V(X) are interchangeable for the purpose of investigating
the individual's preferences. The fact that utilities that
are positive linear transformations of one another are
strategically equivalent is the feature that leads to VNM
being considered "cardinal." This characterisitic is opposed
to the neoclassical idea of the existence of a natural unit
of utility that could be measured.

Since VNM's development of the expected utility theo-
rem, numerous other authors have essentially duplicated
VNM's results with slightly differentvsets of axioms
[Savage, 1954; Herstein and Miinor, 1953; Fishburn, 1970;

lrhis property results in VNM utility theory being
alternatively known as expected utility theory.
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and others]. The proof of the expected utility theorem is
presented below. The proof follows the development of Baumol
[1972]) because of its relative simplicity. Begin with a
statement of the theorem.

Expected utility theorem: If we ascribe to every pros-

pect a utility value equal to the mathematical expectation
of the utility values of its payoffs (which may be deter-
minate or another prospect), the resulting utility rankings
of these prospects will be such thét those which receive
higher utility values will be preferred to those that
receive lower utility values, and any prospect preferred to
another will have a higher utility value than the less pre-
ferred prospect.

The following notation is used. [A,B:P] represents a
prospect ("gamble" or "lottery") that yields payoff A with
probability P and payoff B with the complementary proba-
bility (1-P). Denote indifference between two prospects G,
and G,, as G17Gy. G; preferred to G, will be represented by
G >Gj.

The proof of the expected utility theorem is derived
from the following five axioms:

1. Complete ordering: For any twovprospects Gl and Gy,
either G1>G2, Gl'Gz, or G,>G;. As a corollary, preferences

are transitive so that Gl”G2 and G2”G3 implies that Gl”G3.
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2. Continuity: Consider three payoffs A, B, and C such that
A>B>C. Then there exists a probability P such that 0<P<1 and
B™[A,C:P].
3. Independence: ansider-any three payoffs A, B, and C with
AB. Then [A,C:P]”[B,C:P] for any probability P.
4. Unequal probability: For any payoffs A and B and any
probabilities P and P'; if A>B, then [A,B:P]>[A,B:P'] if and
only if<P>P'.
5. Compound probability: For any payoffs A and B and any
probabilities P, Q, and R, [[A,B:Q],[A,B:R]:P]7[A,B:S]) where
S=PQ+(1-P)R.
Axiom 5 may be interpreted to say that decision makers
evaluaté a compound prospect in terms of the probabilities
of winning the ultimate prizes. It is also assumed that the
decision maker can correctly "compound" the probabilities;

i.e., he does not make math errors.
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BAUMOL'S PROQOF OF THE EXPECTED UTILITY THEOREM

Consider two prospects Gl=[A,B:P] and G2=[A',B':P']. By
the continuity axiom, there exists a prospect [E,D:R] for
which AT[E,D:R], assuming that E>A>D.> Similarly, there
exists a prospect such that B~[E,D:S] if E>B>D. By the inde-
pendence axiom, [A,B:P]1 [[E,D:R],[E,D:S]1:P]. By the compound
probability axiom; the compound lottery on the right hand
side is indifferent to the prospect G3=[E,D:T] where
T=PR+(1-P)S. |

Using the same procedure as above, generate a second
compound lottery such that [A',B':P']"([E,D:R'],[E,D:S']:P"].
Again, the compound lottery can be reduced by the compound
p;:obability axiom to G,=(E,D:T'] where T'=P'R'+(1-P')S'.

We now have Gl"G3 and Gy7Gy, where G3 and Gy contain
the identical payoffs E and D. Recall that E>D by assumption
so, by the unequal probabililty axiom, G3>G4 iff ™>T'.

Consider now the utility of the prospect Gy=[A,B:P].
According to the expected utility theorem, U([A,B:P])=P U(A)
+(1-P) U(B) which, by virtue of equivalences stated above is
equal to P U([E,D:r])+(1-P) U([E,D:S]1). 1Invoking the expected
utility theorem a second time indicates that this latter
expression isAequal to
P{R U(E)+(1-R) U(D)}+(1-P){S U(E)+(1-S) U(D)}
or, multiplying out and combining terms,

{PR+(1-P)S} U(E)+{P(1-R)+(1-P)(1-S)} U(D).
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Further expansion of terms yields
{PR+(1-P)S} U(E)+{P=-PR+1-P-S+PS} U(D)
which we recognize as
T U(E)+(1-T) U(D).

Using the same procedure, we can show that
u([A',B':P'])=T' U(E)+(1-T') U(D).

Since U(E)>U(D) by assumption, U(G1)=T U(E)+(1-T) U(D)
will be a larger number than U(G,)=T' U(E)+(1-T') U(D) only
if ™T'. But we have shown previously that T>T' is a neces-
sary and sufficient condition for prospect G1=[A,B;p] to be
preferred to G2=[A',B':P']. Thus use of the expected utility
theorem guarantees that the more preferred prospect will
always have a higher utility value, and that the prospect
having the higher utility value will always be the preferred

prospect.
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CARDINAL UTILITY

A topic that has led to a great deal of confusion is
the relationship (if any) between neoclassical cardinal
utility theory and VNM cardinal utility theory. "It is
generally (though not universally) agreed that there is none
--the two utility measures have nothing in common insofar as
their cardinality is concerned." [Baumol, 1972, p. 547]

Neoclassical cardinal utility provided a measure of
introspective pleasure intensity, permitted interpersonal
utiiity comparisons, and dealt only with conditions of cer-
tainty. ©None of these statements are true with respect to
VNM cardinal utility. The problem that arises and that has
caused so much misunderstanding of VNM utility is that the
word "cardinal" has been used to mean two entirely different
things. The neoclassical concept deals with the absolute
marginal pleasure measurement that permits interpersonal
utility comparisons. The VNM concept is purely operational,
referring to the mathematical property that two VNM utility
functions are "strategically equivalent" [Keeney and Raiffa,
1976] if one function can be expressed as a linear trans-
formation of the other. 1Indeed, to the strict neoclassical
theorist, the VNM cardinal utility function is really only
an ordinal measure in that it can only predict rankings
among prospects. Differences in VNM utility levels ("mar-

ginal utilities"”) do not indicate successive increments of
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marginal satisfaction arising from an incremental change in
the quantity of some item. "The (V)NM cardinal utility index
is a confounded measure of risk-taking attitude and the
intrinsic worth of the attribute." [Schoemaker, 1980, p. 16]
This concept is not a cardinal measure in the neoclassical
sense.

Pratt [1964] and, independently, Arrow [1965] developed
unique measure of risk aversion. Commonly called the Pratt
coefficient, the measure is derived from the first and
second derivatives of the VNM utility function. If U(X) is a
VNM utility function, the absolute risk aversion coeffi-
cient, r(X), is equal to -U''(X})/U' (X) where U''(X) and
U' (X) are, respectively, the second and first derivatives of
the utility function. 'A decision maker can be classified as
risk averse, risk neutral, or risk preferring as r(X)>0,
r(X)=0, or r(Xx)<0, respectively. Thus the risk aversion
measure, being unrestricted in sign, does not preclude the
existence of risk preference or risk neutrality. Hence-
forth, the more generic term "risk attitude pafameter" is
used to refer to r(X). An important property of the risk
attitude parameter is the uniqueness of r(X). For a VNM
utility function, U(X), and any strategically equivalent VNM
utility function, V(X)= a+bU(X) (b>0), the derived risk
attitude parameters will be identical. 1In other words, even

though an infinite number of VNM utility functions can serve
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to represent the preferences of an individual, all of these
utility functions will result in the same risk attitude
parameter,

Young, et.al. [1979] have described three popular
approaches fér eliciting information about individual VNM
utility functions. The two techniqueg used in the current
study fall within the direct elicitation of utility (D.E.U.)
approach. D.E.U. uses interview procedures to determine
preferences between ceftain outcomes and risky options
involving hypothetical gains and losses. Under some variants
the observed preferences of the respondent, as determined
thfough the interview procedure, are used to estimate the
respondent's utility function. The risk attitude parameter
is then derived from the elicited utility function. Because
of the unigueness of the risk attitude parameter as dis-
cussed above, we do not have to be concerned with the fact
that an infinite number of functions could replace the
estimated utility function.

The most popular variations of the D.E.U. approach are
referred to a§ the von Neumann-Morgenstern, modified von
Neumann-Morgenstern, and Ramsey methods [Dillon, 1971].

Of ficer and Halter [1968] discuss and demonstrate the dif-
ferences among these variations. Briefly, the three vari-
ations represent successive advances in elicitation tech-

niques as researchers have sought to overcome some of the
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problems and shortcomings of D.E.U. methods. The two elic-
itation methods used in the present study represent further
advancements in D.E.U. methods. The techniques are: 1) an
error-in-response (ER) model combined with a modified Ramsey
method [Ahmed,1979; Knowies,1980]; and 2) use of stochastic
dominance with respect to a function (SDF) [King and
Robison, 1981]. A significant difference between the two
elicitation techniques is that the ER model requires that
the functional form of the utility function be specified
whereas the SDF model doeslnot require a specific functional
form. Before proceeding to a detailed development of the

models, some basic definitions will be introduced.
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DEFINITIONS

U(X) represents the VNM utility function for the attri-
bute x.2 let [A,B:P] represent the prospect that yields pay-
off A with probability P and payoff B with probability
(1-P). By the expected utility theorem, U([A,B:P])=P U(A)+
(1-P) U(B); that is, the utility of a prospect is equal to
the statistical expectation of the utilities of the
outcomes.

The expected value of a prospect is the statistical

concept .of a probability-weighted average. For example, the
expected value of the prospect [A,B:P] is P (A)+(1l-P) (B).
The expected value of the prospect Gl will be denoted as’
E(Gl),

The certainty equivalent of a risky prospect is that

sure amount that yields the same utility as the risky
prospect itself. Denote the certainty equivalent of a risky
prospect Gl as CE(Gy). By definition, U(CE(G;))=U(Gy).

. The risk premium of a prospect G; will be denoted

RP(Gl). The risk premium is defined as the difference
between the expected value of a prospect and the certainty

equivalent of the same prospect; that is,

RP(Gy)=E(G)-CE(Gy).

2The attribute of the utility function is usually some
measure of money such as wealth or income. However, other
attributes can be accomodated by the expescted utility
theorem.
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The relationship between the expected value of a pros-
pect and the certainty equivalent of a prospect is derived
by Pratt [1964] and Keeney and Raiffa [1976], among others.
This relationship differs as an individual is risk averse,
risk preferring, or risk neutral. The important character-
istics are outlined below without proof.

For a risk averse decision maker, the risk premium of
any non-degenerate prospect3 is positive. Alternatively, we
c&n say that the expected value of the prospect is greater
than the certainty equivalent of the prospect. These rela-
tionships can be derived from the fact tha£ a risk averse
decision maker's utility function is concave. Figure 2.1
demonstrates these relationships for the risk averse deci-
sion maker faced with the prospect [A,B:0.5]. Point C is the
certainty equivalent of the prospect and Point D is the
expected value of the prospect. Note that D is greater than
C, implying that the risk premium is positive,

For a risk preferring decision maker, the risk premium
of any non-degenerate prospect is negative., We can also say
"that the certainty equivalent of the prospect exceeds the
expected value of the prospect for a risk preferring indi-
vidual. Figure 2.2 demonstrates these relationships for the
risk preferring individual faced with the prospect [A,B:0.5].
Again, Point C represents the certainty equivalent of the

3a non-degenerate prospect is defined as any prospect
in which no single outcome will occur with probability 1.0.
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prospect and Poinﬁ D represents the expected value of the
prospect. For the risk preferring individual, D<C and the
risk premium is negative.

Figure 2.3 shows éhe relationship between the expected
value of a prospect and the certainty equivalent of the
prospect for a risk neutral individual faced with the pros-
pect [A,B:0.5]. Point C represents the certainty equivalent
of the prospect and Point D represents the expected value of
the prospect. Since a risk neutral individual's utility .
funcﬁidn is linear, the certainty equivalent and the expec-
ted value of the prospect are equal, implying that the risk
premium is zero.

For aAmore complete development of the above relation-
ships and accompanying proofs, the reader is referred to

Keeney and Raiffa [1976].
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III. THE ERROR-IN-RESPONSE MODEL USING A MODIFIED

RAMSEY ELICITATION TECHNIQUE

D.E.U. METHODS

Some of the earliest attempts to estimate individual
utility functions were based on the continuity axiom. For
convenience the continuity axiom is repeated below:

Consider three payoffs A, B, and C with A>B>C. Then there

exists a probability P such that 0<P<1 and B~[A,C:P], where
B [A,C:P] indicates indifference between the sure amount B

and the prospect [A,C:P].

By the expected utility theorem, we know that the util-
ity of the érospect [A,C:P] is equal to P U(A)+(1-P) U(C). By
the continuity axiom, therefore, there exists a probability
P such that
(1) U(B)=P U(R)+(1l-P) U(C).

The von Neumann-Morgenstern (VNM) method of utility
elicitation utilizes equation (1) to estimate utility func-
tions by providing the three payoffs A, B, and C and elic-
iting the value of P that makes the respondent indifferent
between the prospect [A,C:P] and the certain payoff B. Since

the VNM utility function contains two degrees of freedom
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(origin and scale),4

arbitrary utility values can be
assigned to two of the payoffs (say, A and C) and utility
values can be derived for other payoffs in the manner
described. For example, let A=100, B=50, and C=0. Assign
U(A)=1 and U(C)=0 to fix the origin and scale of the utility
function. Next, elicit the value of P for which the respon-
dent claims indifference between [100,0:P] and 50.

Assume that the elicited value of P is 0.6. Then we
have: |
(2) U(50)=U0([100,0:0.6])=0.6 U(1l00)+(1~0.6) U(O0),
or, by substitution,
(3) U(50)=0.6 (1)+ 0.4 (0)=0.6
and an estimate of the utility value for 50 has been
revealed. Tﬁe elicitation procedure can be repeated as many
times as desired to derive utility values for other payoffs
and to provide consistency checks for the elicited values
{Anderson, Dillon, and Hardaker, 1977].

The VNM approach to utility elicitation has been criti-
cized on two grounds:

1. Probability bias. Bias may be introduced if the respon-
5

dent has a preference for some probability levels,~ and

4rhe two degrees of freedom referred to arise because
utility lacks a unique scale and origin. Thus two utility
values can be selected arbitrarily.

Sedwards [1953] has reported probability preferences in
his research.
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2. Gaming bias. The outcome may be ‘distorted if the respon-

dent has an aversion or preference for the gaming process
itself since he is asked to compare a risky prospect with a
sure amount,

The modified von Neumann-Morgenstern (MVNM) approach
was developed to overcome the first criticism of the VNM
method. MVNM6 uses constant neutral probabilities
(P=(1-P)=0.5) in conjunction with the continuity axiom to
elicit utility functions. Again, two of the payoffs (usually
A and C) are provided along with the fixed probability
P=0.5. The respondent is asked to provide the payoff B that
would make him indifferent between the prospect [A,C:0.5] and
B. Iet A=100, C=0, UfA)=l, and U(C)=0. The respondent is
asked to determine the value B that will make him indiffer-
ent to the prospect [100,0:0.5].7 Suppose the elicited value
is 40, Then
(4) U(40)=0.5 U(100)+0.5 U(0), or by substitution,

(5) U(40)=0.5 (1)+0.5 (0)= 0.5

and a point on the respondent's utility function has been
estimated. Again, the procedure can be repeated as often as
desired to derive other utility-payoff combinations.

6The MVNM approach is the same as Anderson, Dillon, and
Hardaker's [1977) Equally Likely Certainty Equivalent (ELCE)
approach.

"The reader will recognize that the respondent's
certainty equivalent has been elicited in the MVNM approach,.
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The MVNM approach handles the criticism of probability
distortion in £he VNM approach by using neutral probabil-
ities but does not address the criticism of possible distor-
tion due to the effects of "gaming" (Criticism #2, above).
Consequently, most researchers have adopted the Ramsey
method or a variation of the Raméey method for eliciting
utility functions. The Ramsey method is named for Frank
Ramsey who proposed (but never used) the technique in his

book, The Foundations of Mathematics [1931]. A detailed

deéscription of the Ramsey method is présented by Halter and
Mason [1978]. The essential characteristics of the procedure
are outlined below.

The respondent is presented with the choice between two
risky prospects at each stage of the elicitation procedure.
It is assumed that there are only two "states of the world,"
S, and S,, each occuring with probability P=0.5. Thus there
are four possible outcome values. At each stage of the
elicitation procedure, three of the four values are provided
and the respondent is asked to provide the fourth value that
will result in indifference between the two risky options.
The response to the first stage of the procedure is utilized
to construct a second set of risky options that are then
presented to the respondent. By carefully selecting the
values that are presented to the respondent at each stage of
the elicitation procedure, the interviewer can elicit points

on the respondent's utility function. The procedure is
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repeated as often as desired to elicit additional points on
the respondent's utility function. Table 3.1 presents an
abbreviated version of the Ramsey method based on the pro-
cedures used by Halter and Mason [1978]. 1In the first stage
of the interview, values for a, b, and d are provided and
the respondent is asked to determine the value for c¢' that

8 The

would make him indifferent between the two prospects.
second stage of the interview is directly linked to the
first stage by using the elicited value, c', anq the orig-
inal values of "a" and "d" to elicit another indifference
value, c¢''. Stages 3 and 4 continue the process by eliciting
indifférence values a' and a'', respectively. This abbrevi-
ated version of the Ramsey method would result in the deter-
mination of five points on the respondent's utility func-
tion (two points that have assigned values, usually d and
c'', and three points that have calculated values, c', a',
and a''). Additional points can be determined by further
extension of the procedure., For a more detailed description
of the Ramsey method, the reader is referred to Halter and
Mason [1978].

While the Ramsey method overcomes both criticisms
(probability bias and gaming bias) leveled against the VNM
approach, the Ramsey method can be criticized on other
grounds. First of all, the Ramsey method is substantially

8Halter and Mason [1978] related the values in the first
stage to the respondent's income level.



Table 3.1 Basic Framework of . the Ramsey Method

STAGE 1
PROSPECTS STATES
51 52
Fy b ¢’
Pa a d
STAGE 2
51 52
Py -' b ¢'’
Py a ¢’

STAGE 3
51 52
cll cl
a’ d
STAGE 4
51 52
Al g
all cl

6¢C
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more complicated to administer than the VNM or MVNM methods.
Since the values used in constructing.the risky options in
the later stages of the Ramsey method are dependent upon the
responses to the earlier stages, the interview cannot be
entirely planned before the elicitation interview. Conse-
quently, the interviewer must concentrate on properly con-
structing the risky options as the interview progresses. The
need 'to "construct" the options while the interview is in
progress may detract from the interview process and may lead
to- errors in constructing the options that could break the
linkage between the stages of the intervie& and thereby
render the results of the interview useless.

Knowles [1980, 1984] has described other criticisms of
the Ramsey method. In particular, he points outs that there
may be problems of "accumulating errors" as the interview
progresses. The accumulation of errors arises because
responses to earlier stages of the interview are used to
develop the later options presented to the respondent and
the responses at each stage of the procedure represent an
estimate of the indifference value but may not actually be
equal to the "true" indifference value. Knowles [1980, 1984]
shows how the accunulation of errors can limit the confi-
dence in the pérameter estimates (of the utility function)
because of autocorrelation and heteroscedasticity. He
proposes an "error-in-response"” model to overcome these

criticisms.
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THE ERROR-IN-RESPONSE MODEL

Consider the first stage of the Ramsey framework pre-
seﬁted in table 3.1. There exists a value c* for which the
respondent is indifferent between the two prospects. The
value c¢' (not necessarily equal to c*) is elicited so that
the respondent claims indifference between the two
prospects.

The error-in-response model explicitly assumes that the
subjectct responds with error, so that
(6) c'=c*+u
where u represents a random error term.

By the expected utility theorem,

(7) U(a)+U(d)=0(b)+U(c*).

Rearranging terms and applying the inverse of the
utility function yields
(8) c*=u"1{U(a)+U(d)-U(b)}.

Combining (6) and (8),

(9) c'=u"1{U(a)+U(d) -U(b)} +u

Each stage of the elicitation procedﬁre results in an
equation like (9) with different values for a, b, ¢', and d.
A least squares criterion can be used to estimate the param-
eter(s) of the utility function. With the error-in-response
model the subsegquent stages of the elicitation procedure do
not need to be constructed from the responses from earlier

stages of the interview. The interviewer is relieved of the
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necessity of constructing the options as the interview is in
progress. Also, each subject in the study can be presented
with the same set of options to provide greater ease in
analyzing (assembling) the data. Since the error-in-response
model removes the need to "link" the prospects presented to
the respondent, we also are able to overcome the problems of
autocorrelation and heteroscedasticity pointed out by

Knowles [1980, 1984].
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THE ERROR-IN-RESPONSE MODEL USING

A MODIFIED RAMSEY METHOD AND THE

NEGATIVE EXPONENTIAL UTILITY FUNCTION

The negative exponential utility function (hereafter,
exponential utility function) is specified in (10) for risk
averse individuals and (1ll) for risk preferring individuals
(also see figure 3.4). |
(10) U(X)=k-2¢"BX; A, B > 0
(11) u(x)=k+a"B%; a > 0, B < 0.

Figure 3.4 shows that the location and scale of the
utility function are mutually determined by the constants K
and A. |

It is easily verified that the risk attitude parameter,
r(X)=-U"(X)/U'(X); is equal to B for both (10) and (1ll).
Thus, the risk attitude parameter of the exponential utility
function is a constant.

Another important property of the exponential utility
function concerns the risk premium and certainty equivalent
of prospects which differ by a fixed increment for each pos-
sible outcome., Consider Pl=[A,B:R] and P,=[A+h,B+h:R], where h
is a constant. If the certainty equivalent of Py is CE and
utility is (10) or (11), then the certainty equivalent of P2
is CE+h. An extension of this result is that the risk

premiums for Pl and Py will be equal. The importance of
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these relationships can be seen by considering two

additional prospects, P3=[c,0:1] (that is, a prospect that
yields C for certain) and P,=[C+h,0:1]. If an individual with
an exponential utility function prefers (has a higher

utility value for) P, to P3, that individual will prefer P,
to P4. The compléte development and proof of the
relationships outlined above can be found in Keeney and
Raiffa [1976].

Substantial debate has centered around the appropriate
attribute to be measured in a VNM utility function with the
two most widely used attributes being money wealth or money
income. Because of the properties just cited, it does not
matter whether wealth or income is used with the exponential

utility function.
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THE ESTIMATION PROCEDURE

The purpose of D.E.U. methods is to estimate respon-
dents' utility funcfions so that we may determine their risk
attitude. With the error-in-response model, we directly
estimate the risk attitude parameter instead of deriving the
risk attitude parameter from an estimated utility function.
The procedure is outlined below for the exponential utility-
-function and stage 1 of the Ramsey framework presented in
table 3.1. The respondent is presented with ﬁhe choice
between two prospects, P1=[a,d:0.5] and P2=[b,c':0.Sj where a,
d, and b are constants provided by the interviewer. We seek
the value for c' at which the respondent claims indiffefence
between the two prospects. The error-in-response model
assumes that the respondent's answer, c', differs from the
true value, c*, by a random error term, u, so that c'=c*+u.

For the true value, c*, application of the expected
utility theorem yields
(12) U(a)+U(d)=U(b)+U(c*) .

Rearranging terms and substituting the assumed exponen-
tial utility function yields

(13) K-2e B(C*)_g_po=B(a) g _po~B(d) g p.~B(b).
Combining like terms and dividing both sides of the

equation by (-A), yields
(14) e~B(C*)_g-Bla) o-B(d)_o-B(b)

and the arbitrary scale and origin parameters, A and K, have
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been removed.

Taking the natural logarithm9 (denoted 1ln) of both
sides of (14) and dividiné through by (-B) gives
(15) c*=(-1/B) In{e B(3)4e B(d)_g-B(b);

Finally, combining the assumption that c'=c*+u with
(15) yields
(16) c'=(-1/B) In{a B(3)4o"B(d)_o-B(b)y

Each stage of the elicitation procedure results in dn
equation like (16) by substituting different values for a,
b, and 4. After several stages have been completed by the
respondent, a least squares criterion with non-linear
regression can be applied to derive an estimate of the risk
attitude parameter B.

The questionnaire used to elicit risk attitudes wiﬁh
the error-in-response model is in Appendix I. The gquestion-
naire consists of nine sections; each section is associated
with a different base (average) income level. The different
income levels associated with each section are presented in
table 3;2. buring the interview, each respondent was

9 vnM utility functions are valid up to a linear trans-
formation. Note that we are taking the natural logarithm of
both sides of an equation, not utility functions. There-

fore, we are not violating this principle. Also, see Knowles
[1984].



Table 3.2: Base Income ILevels Used in Error-in-Response

Section

A

T 6 = =3 0O 0O 9w

(o]

Elicitation Procedure

Base Income Level ($)

-10,000
- 5,000

-0~
10, 000
20, 000
30,000
40,000
50,000

60,000
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presented with five of the nine sections. The sections
presented to a particular respondent's farm size as measured
by planted acreage (owned and rented combined). The
objective of this approach was to keep the values presenﬁed
to the respondents within the range of income levels
normally experienced by the respon- dents. The delineation
of farm size and income levels was determined in
consultation with Mr. Hugh Hickerson, .Linn County Oregon
Agricultural Extension Agent. Based on Mr. Hickerson's
experience and knowiedge of the agricultural industry in the
study area, farm sizes were identified as small, medium, or
large in the following manner:

Small: less than or equal to 750 acres

Medium: more than 750 but less than 2,000 acres

Large: 2,000 acres or more,

The five sections presented to a respondent, as deter-
mined by farm size, were as follows (refer to table 3.2):

Small farm: sections B, C, D, E, G

Medium farm: sections A, C, D, F, G

large farm: sections A, C, E, G, I.

The sample consisted of nine small farms, nine medium
farms and three large farms according to the definitions

above.
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IV: ELICITING RISK ATTITUDES USING STOCHASTIC DOMINANCE

WITH RESPECT TO A FUNCTION

This chapter presents the details of a relatively new
approach for eliciting risk attitudes. A general description
of stochastic dominance with respect to a function is
provided first, followed by the specific details of the
elicitation procedure utilized in the current study.

The concept of stochastic efficiency was first formal-
ized by Quirk and Saposnik [1962]. A mathematical treatment
of the various concepts of stochastic dominance (complete
with proofs) is presented by Hadar and Russell [1971]. A
less rigorous and quite readable discussion of stochastic
dominance is given by Anderson, Dillon and Hardaker [1977].
Meyer [1977] extends the idea of first- and second-degree
stochastic dominance to encompass less restrictive behav-
~ioral assumptions (see below) in describing stochastic
dominance with respect to a function. Meyer's basic results
are utilized in this study to elicit producers' risk
attitudes. It appears that the first widespread use of
stochastic dominance with respect to a function to elicit
risk attitudes was undertaken by King and Robison {1981].
This chapter draws heavily upon the work of King and
Robison.

First-~degree stochastic efficiency rests on the behav-

ioral assumption that decision makers prefer more to less
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(i.e. the first derivative of the utility function is posi-
tive). First-degree stochastic dominance (FSD) can be used
to identify probability distributions that are "not domi-
nated" by any other probabilty distribution in the choice
set and are thereby considered stochastically efficient in
the first degree (FSE). This means simply that probability
distributions that are not in the FSE set would not be
preferred to any of the probability distributions in the FSE
set by decision makers who prefer more to less.

Second-degrée stochastic efficiency édds the assumption
that decision makers are risk averse (i.e. the second deriv-
ative of the utility function is negative). Second-degree
stochastic dominance (SSD) can be used to identify those
probability distributions that are stochastically efficient
in the second degree (SSE). Distributions that are not in
the SSE set would not be preferred by a risk averse deci-
sion maker to any of the distributions that are in the SSE
set. |

Stochastic dominance with respect to a function (SDF)
is an evaluative criterion that will identify the efficient
set of distributions from a choice set for a decision maker
whose risk attitude parameter, r(X)=-U'"'(X)/U0'(X), lies
within specified upper and lower bounds. If the upper bound
is + » and the lower bound is - ©*, SDF is equivalent to FSD.
If the upper bound is + ©* and the lower bound is 0, SDF is

equivalent to SSD. Thus SDF is a more flexible (or general)
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version of stochastic efficiency than either FSD or SSD.

Up to now the discussion of stochastic efficiency has
been in the framework of identifying the efficient set of
distributions where the efficient set is made up of all dis-
tributions that are not dominated by any other distribution
in the choice set. This feature provides the usefulness of
stochastic dominance in the area of portfolio selection
(see, for example, Hadar and Russell [1971,1974]). One of the
essential elements of portfolio selection is the elimination
of some of the possibie choices from the admissible set for
a specified class of decision makers to make the selection
of the preferred "portfolio" a simpler task. In this
research stochastic efficiency has the converse use. Instead
of specifying an upper and lower bound for the risk attitude
parameter and then eliminating some portfolios as being
inefficient, stated preferences between distributions will
be observed and some values of the risk attitude parameter
will be eliminated for being inconsistent with the stated
preferences of the respondent.

The mathematical foundations for "eliciting”" respon-
dents' risk attitudes in the manner described above is found
in Meyer [1977)]) and the operational considera£ions are
explained in King and Robison [198l1)]. A numerical example
will provide an understanding of the procedure. Suppose we
are trying to elicit the risk attitude of a decision maker

whose true (but unknown) utility function is U(x)=l-e~-2X,
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The decision maker is offered the choice between two simple
prospects (say, F and G) where prospect F is $5 for certain
and prospect G is an equal chance of $10 or $0. It is easily
shown that all risk averse decision makers will prefer
prospect F to prospect G. For our decision maker, U(F)=.6321
and U(G)=.4323 (see the proof of the expected utility
theorem in chapter I for the details of calculating the
utility of a prospect). Thus, the decision maker (DM) will
reveal that F is preferred to G and the conclusion is that
the DM is risk averse (at least within the range of monetary
outcomés between $0 and $10).

The DM is next offered a choice between the prospect G
and a new prospect H which is $4 for certain. To simplify
the example, assume that the DM has an exponential utility
-function, U(X)=K-Ae'Bx. A unique value of B at which the DM
is indifferent between G and H exists. However, the value of
B that would indicate indifference between the two prospects
cannot be identified with a closed form equation. 1Instead,
the expected utilities of the two gambles are compared as a
specific interval of risk attitudes is examined, say from
rr(X) to ry(X) where rp(X) is a lower bound and ry(X) is an
upper bound for r(X). One of Meyer's [1977] fundamental
results is that the exﬁected utilities of the two prospects
need only be compared at the endpoints of the interval of
risk attitudes under consideration, r;(X) and ry(x).

Comparing the expected utilities of the two prospects at the
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endpoints will reveal one of two relationships: (1) one of
the prospects (either G or H) will be preferred at both
values of the risk attitude parameter, rL(x) and rU(x), or
(2) one gamble will be preferred when the risk attitude
parameter is r (X) and the other gamble will be preferred
when the risk attitude parameter is ry(Xy. 1In implementing
SDF, the interval (rL(X),rU(X)) is varied until condition
(2) above holds. When condition (2) holds, the unigue value
of B at which the DM is indifferent between G and H is
within the interval (r (X),ry(X)). Based on this knowledge
concerning B and the observed preférence of the DM, further
limitations can be placed on the DM's risk attitude.

To continue the example, let rL(x)=.05 and rU(X)=.10.
when B=.05, U(G)=.1968 and U(H)=.1813; G is preferred. Wwhen
B=.10, U(G)=.3161 and U(H)=.3297; H is preferred and condi-
tion (2) holds. For our DM (B=.,2), U(G)=.4324 and
U(H)=.5507. When presented with the choice between G and H,
the DM will reveal his preference for H. Based on his stated
preference for H, the concusion is reached that the DM's
risk attitude is greater than the lower bound of .05.

Values for the risk attitude parameter between 0 and .05
have then been eliminated. By repeating the comparison of
carefully selected prospects, further limits can be placed
on the range of risk attitudes that are consistent with the
DM's stated preferences. Note that, in the example above, we

cannot conclude that the DM's risk attitude is greater than



.1l at this time since neither of the gambles (G nor H) is
preferred by all DM's with risk attitudes between .05 and

.1.

45
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OPERATIONAL CONSIDERATIONS

A number of operational considerations must be
addressed in order to elicit risk attitude parameters
through the use of stochastic dominance with respect to a
function. The elements that must be determined include the
appropriate values of the risk attitude parameter to use in
the elicitation process, the number of values of the risk
attitude parameter to use, and the "richness" of probability
distributions to offer to the respondents. King and Robison
[1981] have studied and discussed these and other issues in
implementing stochastic dominance. Their recommendations
were used heavily in structuring the questionnaire used in
this study.

The number of values of risk attitude parameters
required by the elicitation process is determined by the
number of distribution comparisons that each respondent
will be asked to make. King and Robison developed the
re lationship between the structure of the gquestionnaire
(number of distibution comparisons) and the number of values
of risk attitude parameters that must be specified. They
show that the number of values needed is 2N where N is the
number of distribution comparisons that the respondent will
make in the elicitation process. 1In-the present study, each
respondent will be asked to make three pair-wise

comparisons of distibutions requiring the specification of
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eight values of risk attitude parameters.

King and Robison [1981] recommend that the focus of the
measurement scale should be concentrated iﬁ the risk
attitude parameter interval between -.0001 and .00l since
most previously elicited risk attitudes fall within this
range. In reviewing the results of previous elicitation
attempts by Officer and Halter [1968], Lin, Dean, and Moore
[{1974], Halter and Mason [1978], and Wilson and Eidman [1983]
conclude that elicited risk attitudes have ranged from
-.0002 to .0012. Musser, et.al. [1984], estimated risk
attitudes in the range of -,00014 to .00325. The eight
values of risk attitude parameters that are used in the
pre sent study are -.0005, -.0001, 0.0, .0001, .0003, .0006,
.001, and .005. These values were chosen in an effort to
concentrate attention within the range of previously
elicited values. It should be noted at this time that the
value of the risk attitude parameter is dependent upon the
corresponding measure of money included in the utility
function. In particular, for any specified income level, the
product of income and the risk attitude parameter is a
constant., Therefore, if the measure of income is changed
from dollars to thopsand dollars (i.e., multiplied by 1000),
the corresponding risk attitude parameter will be divided by
1000. All values of risk attitude parameters discussed above

assumes income measured in dollars.
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Once the measurement scale for the risk atti tude
parameter has been specified, sample distributions that will
serve as the basis for the choices to reveal the

respondents' risk atitudes must be generated. King and

Robison [1981] have written a computer program that generates
normal probability distribﬁtions using parameters specified
by the user (mean and standard deviation). The user must
also specify the number of income values to include in each
of the distributions. King and Robison have tested varying
numbers of income values and have concluded that si# values
per distribution seem to work quite well., Their
recommendation is based on the desire to present choices
between distributions that are "rich" enough to be
interesting to the respondent without making it unduly
di fficult to choose (specify preference) between any two
di stributions. After any (user-specified) number of
distributions have been generated, the program tests each
pair of distributions to determine which distributions are
efficient in the sense of stochastic dominance with respect
to a function. The information generated by the computer
program can then be used to develop the questibnnaire to be
used to elicit individual risk attitudes. For greater detail
about the procedure for generating the questionnaire, the
reader is referred to King and Robison [1981].

The specific structure of the gquestionnaire used in

this study is presented in Figure 4.1. The letters A-N
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represent the distributions that are presented to the
respondents. The procedure that is followed during the
interview is similar to a programmed text where the path
that is followed is determined by the choices made by the
re spondent. Even though each stage of the questionnaire is
comprised of fifteen pairs of distributions, each respondent
will be asked to make only four comparisons. The result of
the first three choices is to place the respondent's risk
attitude in one of the eight intervals specified in figure
4.1. Based on the exhibited preferences of the respondent,
we conclude that his risk attitude parameter lies somewhere
within the indicated interval. The final (fourth) comparison
of distributions is a consistency check. Once a
respondent's risk attitude is determined to lie within a
specified range, prediction can be concerning the
respondent's preference between other carefully chosen
di stributions. The fourth comparison provides a test of the
ability to predict the respondent's preference by comparing
the stated preference with the preference implied by the
results of the first three (3) comparisons of distributions.
A copy of the questionnaire that was used in this study
to elicit risk attitudes is found in Appendix I. The portion
of the questionnaire dealing with stochastic dominance with
respect to a function consists of nine different sections;
each of the nine sections is associated with a different

base level of income., Each respondent is presented with five
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of the nine sections during the interview. The five sections
presented to a respondent are based on the size of the
respondent's farm as outlined in Chapter 3 above. The SDF
procedure assumes that the risk attitude parameter is a
constant within the range of values presented in the
distribﬁtion comparisons. By repeating the elicitation
procedure at differing base income levels, the risk attitude
parameter is allowed to vary as the income level changes.
The respondent's true utility function is approximated by
several different'segments with each segment having a
constant value for the ;isk attitude parameter. The
procedure outlined above provides the 6pportunity to test
whether there is a significant relationship between the risk
attitude parameter and the level of income.

Table 4.1 shows the nine base income levels used in the
gquestionnaire. All of the distributions used in the gues-
tionnaire were generated using the respective base income
levels as the mean of a normal distribution. The standard
deviations were chosen so that the coefficient of variation
(standard deviation divided by mean) remained constant at a
value of 0.1. The only exception to this guideline is the
section with a mean of zero. The standard deviation for that
section was set to 500, the same level as the section with a
mean of -5,000. The same procedure was used to generate the
questionnaire for the error-in-response model described in

the previous chapter.
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Base Income levels Used in the SDF Elicitation

Procedure.

Base Income ($)

-10, 000
- 5,000

-0-
10,000
20,000
30,000
40,000
50,000

60,000

Standard Deviation

1,000
500
500

.1,000

2,000

3,000

4,000

5,000

6,000



V: RESULTS

The elicitation methods described in the two previous
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chapters were used to elicit the risk attitude parameters of

a sample of grass-seed producers in the Willamette Valley in

western Oregon. The producers who cooperated in the study

are a subset of the producers who previously cooperated in

studies by Halter and Mason [1978] and Ahmed [1979]. Through

retirements, deaths, and other causes, the number of
individuals in the sample has decreased. Halter and Mason
began with forty-four reépondents in 1974. The sample was
reduced to thirty-seven by 1976 for Ahmed's study. 1In
completing the survey for the current study in 1979, only
twenty-six individuals could be contacted. Two of these
individuals refused to co§perate in the study. Twenty
respondents successfuily completed all portions of the

gque stionnaire. One more respondent completed only the
error-in~-response portion and three more completed only the

SDF portion.
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THE ERROR-IN-RESPONSE MODEL

The second section of the questionnaire contains the
modified-Ramsey elicitation procedure. As explained in Chap-
ter III above, nine different income levels (Parts A-I) are
included. For any one respondent, five of the nine sections
are used. The particular sections that are used for any
respondent are determined by the size of the respondent's
farming operation as measured by total tilled acres (both
owned and rented). As the questionnaire was originally
designed, three indifference points would be elicited in
each of the five parts, resulting in fifteen elicited points
to fit the léast squares estimate of the utility function.
After several interviews were completed, it became apparent
that the respondent's patience was being taxed.10
Consequently, one of the points at each income level was
deleted, resulting in ten elicited points for fitting the
utility functions for eéch respondent.

0Respondents' impatience for playing "games" with

hypothetical gains and losses has long been recognized as
one of the problems associated with D.E.U. methods.
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In addition to the problem of taxing respondents'
patience with hypothetical situations, other problems arose
in implementing the modified-Ramsey method. Some respondents
had difficulty in understanding the framework. This
misunderstanding seemed to be exacerbated when working with
negative values. Some respondents disliked the simple,
two-outcome framework because of lack of realism: "I never
make decisions that way." Some individuals found it
difficult to accept that they could not influence the prob-
abilities. 1In this vein, somé respondents felt that their
managerial capabilities could be applied to make the more
favorable outcome more likely to occur. Thus, in some cases
there may have been probability distortions. While the
interviewer can spend additional time trying to handle these
difficulties as they arise, determination of how much impact
these problems may have on the final, elicited values is
impossible. These types of problems are the primary reason
for utilizing the error-in-response model. The
error-in-response model is designed to minimize the impact
of these types of problems between stages of the elicitation
procedure [Knowles, 1980, 1984].

Non-linear regression was used to estimate the
individual risk attitude parameters. Since the exponential
utility function does not permit risk neutrality, per se',
each respondent's utility function was tested for risk

neutrality prior to attempting to estimate the risk attitude
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parameters. A simple regression approach was devised to
perfom this test.

Recall the Ramsey framework described in Chapter III
and presented in Table 3.1. The values a, b, and d are
- provided and c¢' is elicited so that the respondent claims
indifference between the two alternative prospects, Py and
P,. 1If the respondent is risk neutral, the utility function
is linear and may be specified as U(X)=X. Assuming
indifference between the prospects and applying the expected
utiliﬁy theorem, it is easy to show that
(17) a+d=b+c’'
or,
(18) c'=a+d-b,
when the individual is risk neutral.

Ietting s=a+d-b, c'=s for a risk neutral individual.
Risk neutrality can be tested using simple linear regression
by estimating 8 in equation 19.
(19) c'i=B*si + e;5 i=1,2,3,...,n
where n is equal to the number of games presented to the
respondent. If the respondent is risk neutral, 8=1.0. Note
that the appropriate regression equation does not contain a
constant, i.e., the equatién is forced through the origin.
Testing the hypothesis, HO: B=i.0, provides a simple test
of risk neutrality. If Hj; is rejected, the conclusion is
that the respondent is not risk neutral. Furthermore,

carefully structuring the values a, b, and d allows the
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magnitude of 8 to provide additional information. If a>b>d,
then 8>1 implies risk preference and B8<1 implies risk
aversion. Because of no a priori basis for assuming that a
respondent's risk attitude falls into any particular
classification, the appropriate test of Hj is the two-tailed
t-test. '

The results of the procedure outlined above are summé-
rized in Table 5.1. According to this simple test of risk
attitude classification, six respondents are risk preferring
(28.6%), three respondents are risk averse (14.3%), and
twelve respondents are risk neutral (57.1%); The regression
procedure does not directly estimate the magnitude of the
risk attitude parameter but by providing information per-
taining to the risk attitude classification of respondents,
the procedure provides a type of validity test for the

error-in-response model.



TABLE 5.1. Results of a Regression Test for Risk Neutrality.

ID
1101
1116
1124
1125
1204
1205
1309
1314
1317
1410
1411
2502
3108
3112
3113
3121
3206
3319
4115
4218
4420

8N=Neutral, A=Averse, P=Preferring; Significance level=,05.

b
instance.

8

1.007120
0.930345
1.039630
1. 000050
1.046840
1.017500
1.000000
1.047520
1.004280
0.883974
1.046200
1. 022990
0.997240
1.003990
1.001090
1.009920
0.999639
1.008530
0.946670
1.033320
0.985424

t-value

1.71
-8.02

2.929

0.1839
5.673
3.217
0.0
4. 24
0.6328
-9.948
4.676
4,545
-0.635
0. 409
0. 415
0.4699
-0.2395
1l.21
-3.669
1.898
-0.843

Classification

a

ZZPAZ2zZ2zZy0pZzUZONZUOP A

o

Respondent gave exact risk neutral response in every
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RESULTS OF THE ERROR-IN-RESPONSE MODEL

The NLIN (Non-linear regression) procedure of SAS
(Statistical Analysis System) was used to estimate B in
equation 16, reproduced below for convenience.

(20) c¢'=(-1/B) ln{e'B(a)+e'B(d)-e'B(b)}+u.

The non-linear regression procedure uses an iterative
procedure to find the value of tﬁe unknown parameter (B)
that minimizes the sum of squared errors. The estimated risk
attitude‘parameters are given in Table 5.2. The classifi-
cation of respondénts into the three categories of risk
averse, risk neutral, and risk preferring correspond exactly
with the results of the simple linear test presented in
Table 5.1 with only two exceptions. The error-in-response
model showed respondents 1101 and 4218 to be risk prefer-
ring. The linear regression approach of classification
showed these two respondents to be risk neutral. Note that
the t-values for the linear test (see Table 5.1) were rela-
tively large (and positive) for both of these respondents;
both respondents would have been classified as risk prefer-

ring with a significance level of .10.



TABLE 5.2. Estimated Risk Attitude Parameters from the
Error-in-Re sponse Model.

ID B2 t-value Classificationb
1101 -0.021211 -2.64 P
1116 0.105691 5.22 A
1124 -0.061129 -9.13 P
1125 -0.000004 -0.01 N
1204 -0.108420 -10.66 P
1205 -0.048940 -3.71 P
1309 0.0 NA N©
1314 -0.063215 -3.07 P
1317 -0.002690 -0. 36 N
1410 0.222709 6. 27 A
1411 -0,075997 -9.02 P
2502 -0.037515 -5.42 P
3108 0.001800 0.15 N
3112 -0.038790 -1.73 N
3113 -0.005340 -1.05 N
3121 -0.043330 -1.99 N
3206 -0.000560 -0.19 N
3319 -0.005174 -0.63 N
4115 0.081780 3.52 A
4218 -0.066898 -2.96 P
4420 0. 009448 0.76 N

4gstimated risk attitude with money measured in $1,000.

bN=Neutral; A=Averse; P=Preferring; Significance level=. 05.

CRe spondent gave exact risk neutral response in every
instance. Exponential utility function is not applicable.
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The error-in-response model classifies eight respon-
dents (38.1%) as risk preferring, ten respondents (47.6%) as
risk neutral, and three respondents (14.3%) as risk averse.
Young, et.al. [1979]), has reported the results of other
attempts to elicit risk attitudes. The results of the
present study are not greatly dissimilar from previous
studies. In particular, a significant portion of respondents

are found to exhibit risk preferring behavior.
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RESULTS OF THE STOCHASTIC DOMINANCE WITH RESPECT

TO A FUNCTION ELICITATION PROCEDURE

Part III of the questionnairé (see Appendix I) con-
sists of nine parts (A-I). As in the case of the error-in-
response model, each respondent was presented with only five
of the nine parts based on the size of their farming
operation. Each part of the questionnaire proceeds like a
programmed text. Although there are fifteen binary compari-
sons for each part of the questionnaire, the respondent made
only four actual comparisons. " After making four binary
comparisons for each part of the questionnaire, the respon-
dent's risk attitude was elicited so as to fall within a
specified upper and lower boundary of ;isk atti tude
parameters,.

As the respondent moves from part to part of the ques-
tionnaire during the interview, the elicited range of their
risk attitude can (and often does) vary. Connecting the
elicited risk attitude ranges with linear segments results
in a graph like that in figure 5.1. The graphs that resulted
from eliciting risk attitudes of twenty-one respondents
using the SDF procedure are presented in Appendix II. It is
interesting to note that all but four of the respondents (ID
numbers 3112, 3121, 3203, and 4218) had elicited risk atti-
tude parameter ranges that encompassed both positive and

negative values. King and Robison's [1981] findings closely
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paralleled these results, casting doubts on the
appropriateness of eiiciting single-valued utility functions
that restrict the risk attitude to be non-negative and on
the applicability of a criterion such as second-degree
stochastic dominance which holds only for decision makers
who are risk averse at all income 1evéls.

One of the by-products of the SDF elicitation procedure
is the opportunity to test for a relationship between the
elicited ranges of the risk attitude parameter and the in-
come levels. Thus we can test for increasing or decreasing
risk attitudes as income levels increase.

Arrow [1974] argues in favor of the hypothesis of
decreasing (absolute) risk aversion. Decreasing absolute
risk aversion implies that an individual's willingness to
accept a "bet" of a fixed size will increase as that
individual's wealth increases. Stated another way, the
individual's risk attitude parameter will decrease (that
is, become less risk averse or more risk preferring) as
wealth increases. Arrow's support for the stated hypothesis
is on intuitive grounds rather than theoretical or
empirical. As a by-product of the SDF elicitation procedure,
we have empirical data to provide a test of the hypothesis
of decreasing absolute risk aversion. Each respondent has an
elicited range of risk attitude parameters for five
different income levels, Simple linear regression can be

used to test whether the elicited range of risk attitudes



65

varies systematically with the income levels. 1In order to
accomplish the regression test, it is necessary to associate
a single value of the risk attitude parameter (rather than a
range of values) with each of the five income levels. While
any procedure for reducing a range of parameters to a single
value will be somewhat arbitrary, it seems logical to use
the midpoint of the range as a representative indicator. A
problem arises with using the midpoint of the range of
elicited values when the elicited range of risk attitide
parameters is at one of the endpoints of the risk attitude
spectrum (see Figure 4.1) since the endpoints are unbounded
on one side. When the elicited range was at one of the ends
of the risk attitude spectrum, the final finite value within
the elicited range was used as the single value of the risk
attitude parameter for the associated level of income (i.e.,
.005 at the upper end and -.0005 at the lower end). Thus for
Respondent 1116 (figure 5.1) the five values used to
represent the elicited ranges of risk attitude parameters
were .0028, .00065, -.00025, -.0005, and -.00025. These five
values were regressed against the corresponding average
income levels (measured in $1,000) to determine if there was
a significant linear association between the risk attitude
parameter and the level of income. There did not exist a
significant (p=.05) relationship between these variables for
any respondent. We must keep in mind, however, that there

are only five observations to use in the regression
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analysis. Nonetheless, we cannot conclude that the risk
attitude parameters varied systematically with the level of
income, i.e., the respondents did not exhibit either
increasing or decreasing absolute risk aversion.

Another approach to testing for decreasing (increasing)
absolute risk aversion is to pool the data across
respondents. In this manner, many more observations are
available to increase the statistical reliability of the
results., The problem that needs to be considered is
off-setting behavior among individuals. 1In other words, if
one respondent exhibits increasing absolute risk aversion
and another exhibits decreasing absolute risk aversion,
observations from these two respondents may "wash out" and
result in.a conclusion of constant absolute risk aversion.
Despite this potential problem, the test of decreas;ng
(increasing) absolute risk aversion over the entire sample
was conducted. The conclusion of constant absolute risk
aversion was borne out since the coefficient for income was
not significant.

The final topic to be discussed in this chapter is the
ef fectiveness of the SDF elicitation procedure in measuring
respondents' preferences. When evaluating the effectiveness
of an elicitation technique, we need to be concerned with
two different aspects--discrimination and accuracy.
Discrimination refers to the ability to eliminate some of

the possible choices without eliminating the preférred
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alternative., Obviously it is beneficial to be able to
eliminate "inefficient" or inferior alternatives from the
choice set. First- and second-degree stochastic dominance
have been found to be rather weak with respect to this
criteria [King and Robison, 198l; Porter and Gaumnitz,
1972]. Accuracy refers to the ability to correctly predict a
respondent's preferred choice from among the admissible set.
King and Robison [1981] discuss and demonstrate the direct
tradeoff that exists between discrimination and accuracy of
~alternative preferencé measures including SDF, first- and

se cond~degree stochastic dominance, and single-valued
utility functions.

One of the advantages of stochastic dominance with
respect to a function is the user's ability to determine the
"width" of the risk attitude ranges used for the elicitation
process. The wider the range the less discriminating the
procedure will be. However, accuracy {(in the sense of not
eliminating preferred choices) will be increased. Therefore,
the user can take into account the direct tradeoff between
accuracy and discrimination in structuring the
questionnaire., King and Robison [198l1] have empirically
tested the tradeoff between accuracy and discrimination.
Based on their results, a reasonable tradeoff between
accuracy and discrimination appears to be achieved when the
questionnaire consists of three or four binary comparisons.

Experience to date also suggests that respondents do not
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find this number of comparisons to be unduly taxing of their
patience and willingness to participate in the interview.
For the overall sample of respondents who participated
in the current study, 72.5% (74 out of 102) of the
consistency checks were accurately predicted based on the
elicited risk attitudes. Predicting the preferred
distribution can be thought of as a binomial experiment. The
appropriate test is whether more than fifty percent of the
choiqes can be predicted. The expected number of correct
predictions under the null hypothesis is 51 with a variance
of 25.5 (standard deviation of 5.05) with a normal
distribution. The actual result (74) lies 4.55 standard
deviations from the mean. Thé conclusion is that the SDF
procedure was able to predict significantly more than 50
percent of the preferred distributions. Only two of the
twenty-three respondents who completed the questionnaires
resulted in prediction accuracy below 50%. There was no test

of the discriminatory power of SDF in the current study.
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VI: COMPARISON OF THE TWO ELICITATION TECHNIQUES

As indicated previously, individual producer's risk
attitudes were estimated using two different elicitation
techniques. The primary objective of the study was to
determine if the two different elicitation techniques would
yield consistent estimates of ;isk attitudes for the same
individual.

A paired t-test is one method of statistically testing
whether the two elicitation techniques yield the same
estimates for each individual. The paired t-test is
appropriate since the elicitation techniques are applied to
the same individual. Thus we wish to test whether the
average of the differences between the two measures for each
individual is zero rather than testihg whether the
di fference of the averages of the two measures is zero.

The error-in-response model described in Chapter II
yields a single estimate of the respondent's risk attitude.
The stochastic dominance with respect to a function (SDF)
technique does not yield a single estimate of the
respondent's risk attitude but rather a range of values. 1In
order to apply the paired t-test, it is necessary to
condense the elicited range of risk attitudes from the SDF
procedure to a single value.

In the previous chapter a regression approach was used

to test for increasing or decreasing absolute risk aversion.

Il
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The regression results suggested that none of the
individuals exhibited increasing or decreasing absolute risk
aversion. For this study the mean value of the respondent's
risk attitude estimates was used as the most appropriate
singie—valued estimate of the individual's risk attitude.
The risk éttitudes that result from the procedure described
above are presented in table 6.1 along with the point
estimates that resulted from the error-in-response
elicitation technique.

The paired t-teét to determine‘if the average
di fference between the pairs is equal to zero was conducted.
The resulting t-value was -.847 with nineteen degrees of
freedom. The null hypothesis of no difference between the
elicited values from the two techniques could not be
rejected at any reasonable level of significance. The level
of significance of a statistical test is the probability of
making a Type I error (rejecting a hypothesis that is in
fact true). The concern that arisés when the paired t-test
fails to reject the null hypothesis is the power of the
test. The power of a test is equal to one minus the
probability of making a Type II error (failure to reject a
false null hypothesis). The power function of a test is the
probability that the test will reject the null hypothesis
when in fact ﬁhe alternative hypothesis is true. The simple

correlation between the two elicited estimates of individual



Table 6.1: Comparison of Error-in-Response and SDF

Elicitation Techniques.

mp 2 Error-in-Response SDF
1101 -.000021 .00074
1116 .000106 .00049
1124 -. 000061 -.00023
1125 -0- -.00018
1204 -.000108 .00061
1205 -.000049 -.00022
1309 -0- -.00030
1314 -. 000063 -.00092
1317 -.000003 -.00025
1411 -. 000076 -.00020
2502 -.000038 -.00008
3108 . 000002 -.00012
3112 -.000039 -. 00050
3113 -. 000005 -.00007
3121 -.000043 . 00500
3206 -. 000001 .00001
3319 -. 000005 .00093
4115 .000082 .00003
4218 -.000067 -.00040
4420 . 000009 -.00017

Note: Income is measured in dollars.
2Includes only respondents who successfully completed both

elicitation techniques.
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risk attitudes is -.046. The fact that the simple
correlation is negative would indicate that the power of the
paired t-test is not large. One would expect a large,
positive correlation between the elicited values if in fact
the two techniques did give consistent estimates of
individual risk attitudes. The conclusion that results from
the statistical comparison of the two elicitation techniques
is mixed. On the one hand, the paired t-test failed to
reject the hypothesis that the average difference between
the measures is zéro. The negative correlation, on the other
hand, would suggest that ﬁhe two elicitation techniques do
not yield similar estimates. Therefore, the results of the
statistical comparison are inconclusive.

A number of other points should be discussed. Seventeen
of the respondents' risk attitude ranges elicited through
the SDF procedure went off of the specified range
(-.0005,.005) for at least one income level. This
observation suggests that the specified range of risk
attitudes used in the SDF procedure was too narrow. A larger
range of values may have in fact resulted in different point
estimates for the SDF procedure which in. turn may have
affected the correlation between the two measures. Future
research using the SDF procedure should heéd this result.

In addition to statistical tests, there are other
criteria for comparing the two elicitation technigues. One

of these criteria is interviewer bias. Binswanger [1980] has
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discussed the issue of interviewer bias as it applies to DEU
methods. In summarizing research of Dillon and Scandiz:zo
[1978], Binswanger shows that elicited risk attitudes of
respondents can change significantly as a result of

di fferent interviewers. This interviewer bias may be

re lated to the decision making bias known as anchoring
[Musser and Musser, 1984]. Anchoring occurs when an initial
value (either given or computed) serves as a starting point
for evaluationhand the basis for additional judgements.
While adjustments are made, they generally prdve to be
insufficient and the final result is then biased toward the
"anchor" or starting point [Tversky and Kahneman, 1974].
Thus, if one interviewer is very risk averse, in eliciting
others' utility functions he will probably supply risk
averse values as an anchor and bias the elicited risk
attiﬁude parameters toward risk aversion, The opposite
effect would arise if the interviewer were risk preferring.
The anchoring bias is most likely to arise in elicitation
methods that require or permit the interviewer to suggest
values for consideration such as in the Ramsey technique or
any of its variations. The SDF elicitation procedure does
not require the interviewer to elicit indifference values;
the respondent is presented with a comparison of
‘distributions and asked to state his preference. Thus,
little opportunity is available for the interviewer to

influence the results. 1In fact, King and Robison [1981l] have
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had success with the SDF procedure through mail surveys
without the direct interaction of an interviewer and the
respondent. On the grounds of the anchoring bias, SDF is
superior to the Ramsey method.

A criticism that is often levied against DEU methods is
lack of realism, This oriticism generally pertains to the
context of the problem as it is presented to the respondent
and the fact that the elicitation procedure uses
hypothetical gains and losses. Binswénger [1980, 1982] has
been especially critical of DEU methods because of a lack of
realism. Neither of the two elicitiation technigues used
receive high marks in dealing with this criticism. The
interviewer can cast the distributions in terms of
alternative income levels that will be achieved under
di fferent, uncontrollable states of the world to try to put
the problem in a context that the respondent can understand.
Since the problem does not relate to a specific decision
faced by the respondent, it is still difficult to argue that
the problem is presented in a realistic framework. Indeed,
one of the criticisms raised by the respondents during the
interview process was the lack of realism of the problems.
The difficulty with presenting a "realistic".problém setting
is the required detail and complexity that arises. The
increasing complexity will most likely outweigh any
advantages that arise from casting the problem in a more

realistic setting. One of the objectives of DEU methods is
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to be able to measure individual risk attitudes in a simple
setting and then extend the results to more realistic
settings. In addition, casting the problem in some sort of
realistic setting may in turn introduce new biases that
arise from the respondents familiarity with the problem as
it is casted. Thus the respondent's stated preferences may
reflect decisions that have been made in the past rather
than a careful consideration of the choices that are
presented.

Another means for selecting between the two elicitation
methods is the ease of administering the procedure.
Respondents seem to have a more difficult time in specifying
indi fference levels like those required in the Ramsey model
than in identifying a preference between two distributions
required in the SDF procedure. The SDF procedure is also
much easier for the interviewer to administer. Based on the
criteria of ease of administration, the SDF model appears to
be superior to the Ramsey model.

Some of the earliest attempts to elicit individual risk
attitudes (using the von Neumann-Morgenstern or modified von
Neumann-Morgenstern methods) were criticized for possible
biases arising from the certainty effect [(Tversky and
Kahneman, 1974] and possiblevprobability preferences. As
discussed in previous chapters, both of the techniques
utilized in this study have been modified to overcome these

criticisms. No grounds for preferring one of the techniques
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over the other can be based on these two points.

One possible édvantage of the Ramsey model is that it
results in a specific estimate of the respondent's risk
attitude or utility function. Consequently, each respondent
will be uniquely classified as either risk averse, risk
neutral, or risk preferring at a specified income level.

The SDF procedure does not necessarily result in such clear
cut classifications as evidenced by the figures in Appendix
ITI. Recall that all but four of the respondents had
elicited risk attitude ranges that encompassed both negative
and positive values for the risk attitude parameter. Even
though the Ramsey method will provide a definitive
classification of an individual's risk attitude at any
specified income level, it should be noted that Musser,
et.al. [1984] found classification reversals when they
estimated different functional forms of the utility
function. The apparent superiority of the Ramsey method in
classifying risk attitudes may be illusory.

A particular disadvantage of the SDF procedure is the
construction of the questionnaire. The SDF procedure
requires the ability to generate many possible distributions
and the ability to determine the stochastic dominance
rankings of the distributions as'diffgrent ranées of risk
attitudes are considered. King and Robison [1980] have
written a computer program to assist in the task of

constructing the questionnaire but the job is still
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formidable. Furthermore, if a fairly narrow range of. risk
attitudes is desired, several binary comparisons will be
required to gain the desired precision. The difficulty of
constructing the questionnaire grows exponentially with the
number of comparisons that are required. However, once the
gquestionnaire is constructed, the rest of the elicitation
procedure is quite easy to complete.

Based on the criteria discussed above for comparing the
two elicitation techniques used in this study, the SDF
appears to be a superior technique for eliciting individual
risk attitudes. While the SDF procedure ié not without its
problems, the problems associated with the SDF procedure are
primarily operational in nature. The Ramsey méthod on the
other hand seems much more likely to introduce interviewer
bias that may substantially alter the elicited risk

attitudes.
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VII: SUMMARY AND CONCLUS IONS
SUMMARY

Two different direct elicitation of utility (D.E.U.)
techniques were ﬁsed to elicit the risk attitudes of a group
of agricultural producers. The major objective of the study
was to determine if consistent estimates of a respondent's
risk attitude parameter could be obtained from two different
elicitation techniques. '

Chapter I introduces the study. Chapter II continues
with a discussion of the basic idea of von Neumann-
Morgenstern (VNM) utility and the relationship between VNM
utility and the neoclassical concept of cardinal utility.
The important differences between these two types of utility
are often over-looked or misunderstood, resulting in confu-
sion and skepticism regarding VNM utility based on well-
-founded criticisms of neoclassical cardinal utility.

Chapter III presents the error-in-response model using
a modified Ramsey elicitation technigque. Some of the short-
comings of earlier attempts to elicit individual utility
functions are discussed. The error-in-response model is
introduced as one means for overcoming some of these
shortcomings.

Chapter IV presents the stochastic dominance with

respect to a function (SDF) elicitation technigque. The SDF
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elicitation technique is relatively new but seems to be
gathering fairly wide acceptance as a reasonable alternative
to some of the earlier elicitation methods.

Chapter V shows the results obtained from using the two
di fferent elicitation techniques for the same sample of
agricultural producers. Chapter VI provides a comparison of
the elicitation results. The paired t-test was used to test
whether the elicitation techniques yielded consistent esti-
mates of individual risk attitudes. The hypothesis that the
two elicitation techniques yielded the same estimates could
not be rejected at the 10% confidence level. However, the
virtually zero correlation between the elicited values sug-
gests that the methods did not yield consistent -estimates of
individual risk atti tudes.

Ideally, the next step to be pursued in validating the-
results of the elicitation techniques would be to integrate
the elicitated risk attitudes with research that identifies
specific actions that should be preferred by selected
classes of decision makers. An excellent example of this
type of research is the study by Kramer and Pope [198l] that
re lates participation in government programs to risk aver-
sion levels. By observing the actual economic behavior of
respondents, we can then test whether predicted actions
(based on elicited risk attitudes) parallel actual choices.

Research of this type might lead to a more definite conclu-
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sion concerning the validity of the two elicitation tech-
nigues by showing which method resulted in elicited risk
attitudes that indicated choices that more nearly paralled
actual economic behavior. Even in this case, though, we must
consider the role of utility theory. In particular, is
utility theory prescriptivé or predicitive? There is not
universal agreement on the answer to this question. Some
[Raiffa, 1968 for example] feel that the theory is prescrip-
"tive--that is, the theory suggests which decision should be
made based on the decision makers risk attitude rather than
being a good device for predicting which decision will be
made. In this case, checking predicted choices with actual
decisions may not necessarily be a good method of validating
elicited risk attitudes. Here we must heed the warning of
Musser and Musser [1984] that utility functions or risk atti-
tudes that are elicited from generalized elicitation methods
will not be very useful (or accurate) in predicting behavior
in a specific managerial setting. If VNM utility theory can-
not predict choices, tﬂe guestion might arise as to the use-
fulness of the theory. As a prescriptive theory, the useful-
ness lies in its capability of being a decision aid--helping
managers make rational decisions based on their risk atti-
tude when confronted with complex decisions. Indeed, Kramer
and Pope [198l1] have used the theory in just this way--to

identify superior choices for managers based on a stated



81

risk aversion level. The most famous example of using expec-
ted utility theory in a prescriptive nature is Savage who,
when presented with the Allais' paradox, changed his prefer-
red choice based on an inconsistency between his stated
preference and expected utility theory. For a more complete

discussion of the role of utility theory, see Swalm [1966].
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CONCLUSIONS

One of the noteable results of the elicitation tech-
nigques was that a large portion of respondents exhibited’
risk preferring behavior over at least some levels of
income. This result parallels the findings of several other
attempts to elicit individual risk attitudes which are sum-
marized by Young, et. al., [1979). Many studies in agricul-
tural economics assume that producers are risk averse. The
common assumption of risk aversion should be reconsidered in
light of the results of this and other studies eliciting
individual risk atti tudes.

A test of decreasing (or increasing) absolute risk
aversion was undertaken. None of the respondents' risk atti-
tudes showed a statistically significant relétion between
income and risk attitude. Since very few other formal tests
of the relationship between income and risk attitude exist,
the result of the test should be of interest to researchers.
An implication of this result is that the exponential util-
ity function is an appropriate representation of individual
utility functions since the exponential utility function
exhibits constant absolute risk aversion. Musser, et. al.
[1984] have shown the importance of selecting an appropriate
functional form for the utility function. The results of the

current research provide support for the exponential utility
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function. An equally important contribution of the current
research is evidence that the exponential utility function
can be estimated without undue difficulty by using the
error-in-responsé mode 1,

Since the statistical tests comparing the two elicita-
tion models was inconclusive, the models were compared on
other grounds to determine if one of the models was supe-
rior. In particular, some of the common biases that have
been observed in decision making under uncertainty were
investigated to determine if one of the elicitation tech-
nigques was better suited to avoid or overcome the biases. In
addition to poésible biases that would influence the results
of the elicitation procedures, other difficulties that may
arise in the elicitation process were discussed.

The biases that were discussed included bias attributed
to the interviewer, bias arising from the certainty effect,
and probability bias., The SDF procedure was found to be
superior for coping with possible interviewer bias. Both
elicitation methods were designed to overcome possible bias
arising from the certainty effect. Neither method is supe-
rior in dealing with bias that may arise from probability
preferences.

Other criteria used for comparing the two elicitation
techniques included the level of realism of decision

choices, ease of administering the elicitation technique,



84

difficﬁlties in constructing the elicitation questionnaire,
and type of output that results from the elicitation |
methods.

Neither elicitation method used in this study appears
.to be superior on grounds of realism, SDF is superior to
the error-in-response model on the basis of ease of adminis-
tration. However, the error-in-response model is superior to
the SDF model on the grounds of ease of gquestionnnaire con-
struction. The error-in-response model is potentially supe-
rior because of the ability to derive a single-valued

function for the risk attitude parameter.
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SHORTCOMINGS OF THE STUDY

AND RECOMMENDATIONS FOR FUTURE RESEARCH

Alfred Marshall has been quoted as saying that every
short statement about economics is misleading [Samuelson,
19731. An extension of this thouéht would be that every
study in economics has some shortcomings. Some of the short-
comings or deficiencies of the current study will now be
di scussed.

Upon completion of the elicitation procedure, twenty
‘useable questionnaires were avail&ble for comparing the two
elicitation techniques. In order for the questionnaire to be
useable, the respondent had to complete both portions (SDF
and error-in-response) of the questionnaire. In some cases,
interviews were terminated prematurely if a respondent com-
pletely lost his patience and willingness to further cooper-
ate in the study. Obviously, statistical comparisons of the
two>techniques would be better if more observations were
available. One of the common problems with D.E.U. methods is
the difficulty in deriving estimated utility functions (or
risk attitude parameters) for a large number of respondents.
Consequently, a small number of respondents ié a very common
shortcoming of D.E.U. studies. The current study ié no
exception,

A second (but related) shortcoming of the current study
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is the use of five different income levels in the elicita-
tion techniques. Again it would have been better if more
observations could have been derived. The number of observa-
tions for testing the SDF procedure for decreasing (increas-
ing) absolute risk aversion levels is limited to the number
of income levels used in the elicitation process. Obviously,
lfive observations is barely acceptable for regression analy-
sis., Nonetheless, it must be stressed that elicitation
methods tax the patience of most respondents and increasing
the number of income levels would necessarily increase the
length of the questionnaire. Practical considerations make
it difficult to increase the questionnaire to include many
more levels of income.

An extension of the problem just discussed can be made
to the error-in-response model. Practical considerations
led to limiting the number of indifference points elicited
to ten for each respondent. Consequently, the non-linear
regression used to estimate the risk attitude parameter had
only ten observations available. Again, additional data are
desirable from the statistical viewpoint but not easily
obtained without unduly'taxing respondents' patience and
willingness to participate.

A large number of respondents expressed preferences
between distributions in the SDF procedure such that the

elicited risk attitude range was at the extremes of the
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presented values. 1In retrospect, it would have been desir-
able to expand the presented range beyond the (-.0005,.005)
range used to construct the questionnaire. An expansion of
the range used to construct the SDF questionnaire coﬁld also
alleviate some of the problems that were enéountered when
trying to condense the SDF elicited ranges to a single
value. Recall that one of the primary difficulties that
arose was in assigning a single value to an interval that
was unbounded either above or below. Expanding the rénge of
parameters used to construct the questionnaire would likely
reduce the number of instances in which an elicited risk
attitude rahge would result in an.unbounded interval.
Despite the shortcomings cited above, the study led to
several significant conclusions. Two D.E. U. methods that
are quite different in nature were compared to determine if
the methods would yield consistent estimates of individual
risk attitudes. Very little research has been completed that
contrasts different elicitation techniques so this is a sig-
nificant contribution even though the comparison was some-
what inconclusive. A large percentage of iﬁdividuals exhib-
ited risk preferring behavior over some ranges of income
levels. This is not a novel result but does lend support to
other D.E.U. studies that have reached similar conclusions.
A test of decreasing (increasing) absolute risk aversion was

included in the study. None of the respondents in the study
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were found to have eitherAincreasing or decreasing absoluﬂe
risk aversion. An implication of this result is that the
negative exponential utility function is appropriate for
these respondents. "Substantial debate has centeréd on the
appropriate utility function to use when eliciting risk
attitudes. Researchers planning to continue research in the
area of risk attitude elicitation should be cognizant of the
results of this study. While we cannot conclude that the
negative exponential utility function will serve as "every-
one's utility function,"” we do now have some concrete evi-
dence that the negative exponential utility fuhction may be
an acceptable alternative to other utility forms without
some of the shortcomings that have been well documented in

the literature.
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APPENDIX I

THE ELICITATION QUESTIONNAIRE

Aépendix I contains a copy of the gquestionnaire that
was used to elicit risk attitudes. The questionnaire con-
sists of three separate parts. The first part of the ques-
tionnaire solicits various socio-economic data of the
-respondent. The second part of the questionnaire consists of
the framework for eliciting risk attitudes using the modi -~
fied Ramsey method and the error-in-response model. The
final part of the questionnaire consists of the distribu-
tions that were used to elicit risk attitudes using stochas-

tic dominance with respect to a function.



PART A: -10,000

PART B: - 5,000
PART C: -0-

PART D: 10, 000
PART E: 20,000

PART F: 30,000
PART G: 40,000
PART H: 50,000

PART I: 60,000

FARM SIZE PARTS
Iless than or equal to 750 acres B,C,D,E,G
Between 750 and 2000 acres A,C,D,F,H

Greater than 2000 acres A,C,E,G,I
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SOCIO-ECONOMIC INFORMATION

1.0. Number

Legal Form of Farm Ownership

Age of Principal D-M

Years of Formal Schooling

Number of Dependents (including self)

OFF-FARM EMPLOYMENT
) : Full«Time Approx. Annual
Name (Relationship to D-M) Month Equivalents Net Income
Acres Under Your Control

1979-80 Qwned Leased Type of Lease

{or being purchased)
1980-81 Qwned Leased Type of Lease

{or being purchased)

What percent of total farm sales were made using each of the following pricing
arrangements?

1979-80 1978-79
Forward Contracting

Cash Market, 1 or 2 Sales
Cash Market, 2 - 5 Sales
Cash Market, 6 or more sales
Deferred Pricing'

Futures Hedging

Other

-
- Deferred pricing refers to storing grain (seed) at an elevator for sale at & future date).
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PART II: ERROR-IN-RESPONSE MODEL
In this section, you are asked to identify the outcome
level that will make you indifferent between two alternative
actioné. The outcomes can be considered as possible returns
above cash production costs for a portion of your farm
business. The outcomes are to be considered equally likely
for each alternative and completely beyond your influence.

There are no right or wrong answers. Your responses

should reflect your own preference.
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PART A
CHANCES OP
OCCURRING ALTERNATIVES
1 2 3 4 5 6
1/2 - 9,000
1/2 -11,000 -10,500 | -10,500{-10,500 | -10,500 |-10,500
1 2 3 4 5 6
1/2 - 8,000
1/2 -12,000 -10,5001{ -10,500}-10-500 | -10,500{-10,500
1 2 3 4 5 6
1/2 - 7,500
- 1/2 -10,500 -10,000} -10,000{-10,000{ -10,000} -10,000 '
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PART B
ALTERNATIVES
2 3 4 5 6

-5,250 | -5,250} -5,250 | -5,250{ -5,250

-5,250| -5,250| -5,250 -5,250 | -5,250|

CHANCES OF
OCCURRING
1
1/2 -4,500
1/2 | -5,500
1
1/2 | -4,000
1/2 -6,000
1
1/2 -3,750

1/2 -5,250

-5,000 | -5,000{ -5,000{ -5,000 | -5,000
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PART C

CHANCES OF

OCCURRING ALTERNATIVES
1 2 3 4 5 [

1/2 500

1/2 - 500 -250 | -250 | -250 -250 -250
1 2 3 L4 5 6

1/2 {1,000

1/2 -1,000 -250 | -250 -250 | -250 | -250
1 2 3 I 5 é

1/2 1,250

1/2 - 250 o | o | o 0 0




PART D

CHANCES OF

OCCURRING ALTERNATIVES
1 2 3 4 5 6

1/2 11,000

1/2 9,000 9,500 | 9,500 | 9,500 9,500 | 9,500
1 2 3 4 5 6

1/2 12,000

1/2 8,000 9,500 | 9,500 | 9,500 9,500 | 9,500
1 2 3 b 5 6

1/2 12,500

1/2 9,500 1o,ooo' 10,000 | 10,000 10,000 {10,000

98
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PART E

CHANCES OF

OCCURRING ALTERNATIVES
1 2 3 4 5 6

1/2 22,000

1/2 18,000 19,000 | 19,000 | 19,000 {19,000 | 19,000
1 2 3 4 5 6

1/2 24,000

1/2 - 16,000 19,000 } 19,000 | 19,000 {19,000 | 19,000
1 2 3 I 5 6

1/2 25,000

1/2 19,000 20,000 | 20,000 { 20,000 | 20,000 { 20,000
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PART F
CHANCES OF
OCCURRING ALTERNATIVES
1 2 3 4 5 6
1/2 33,000
1/2 27,000 28,500 | 28,500 {28,500 [28,500 | 28,500
1 2 3 4 5 6
1/2 36,000
1/2 24,000 28,500 | 28,500 | 28,500 | 28,500 | 28,500
1 2 3 4 5 6
1/2 37,500
1/2 28,500 30,000 | 30,000 | 30,000 | 30,000 }30,000
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PART G
CHANCES OF
OCCURRING ALTERNATIVES
1 2 3 4 5 6
1/2 44,000
1/2 36,000 38,000 | 38,000 | 38,000 |38,000 | 38,000
1 2 3 4 5 6
1/2 48,000
1/2 1 32,000 138,000 | 38,000 | 38,000 | 38,000 38,000
1 2 3 4 5 6
1/2 50,000

1/2 18,0000 | 40,000 | 40,000 {40,000 | 40,000 | 40,000
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PART H
CHANCES OF
OCCURRING ALTERNATIVES
1 2 3 L 5 6
1/2 55,000
1/2 45,000 47,500 | 47,500 {47,500 |47,500 | 47,500
1 2 3 4 5 6
1/2 60,000
1/2 50,000 47,500 | 47,500 | 47,500 | 47,500 |47,500
1 2 3 4 5 6
1/2 62,500

1/2 : 47,500 50,000 | 50,000 {50,000 | 50,000 50,000
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PART I
. CHANCES OF
OCCURRING ALTERNATIVES
1 2 3 4 5 6
1/2 66,000
1/2 54,000 57,000 | 57,000} 57,000 |57,000 | 57,000
1 2 3 4 5 6
1/2 72,000
1/2 148,000 57,000 | 57,000 | 57,000 {57,000 | 57,000|
1 2 3 b 5 6
1/2 75,000

1/2 57,000 60,000 | 60,000 | 60,000 160,000 | 60,000
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PART III: SDF ELICITATION PROCEDURE

In this éection, you are asked to compare distributions
of ﬁumbers and indicate which you prefer. The numbers
represent levels of return ovér cash costs that may be
returned from your farming operation. The distributions
should be thought of as ranges of possible outcomes that can
occur under pafticular management strategies and
environmental situations. Six levels are listed for each
distribution and each level is considered to have one chance
in six of occuring for the particular distribution. 1In each
part you will answer only four questions.

Your choices should reflect your own attitudes and

preferences. As before, there are no right or wrong answers.



Compare:
A

-10,900
-10,600 .
-10,400
- 9,900
- 9,800
- 9)600

If you chose A, g0
If you chose 8, go

Compare:

£
-11,200
-11,000
-10,500
-10,200
- 9,100
- 9,000

If you chose E, 90
If you chose F, 90

Compare:
1

-11,200
-10,300
-10,200
-10,200
- 9,900
- 9,700

If you chose I, go
If you chose J, g0

Compare:
M

-11,000
-10,000
-10,000
- 9,500
- 9,300
- 8,700

If you chose M, g0
If you chose N, go
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PART A
2. Compare:

8 [ 9
-11,500 -10,600 -11,100
-10,800 -10,500 -10,000
']0)700 '10)200 -]0)000
- 9,900 - 9,100 - 9,200
- 9,700 - 9,100 - 8,700
- 8,000 - 8,800 - 7,800
to question 2. If you chose C, 90 to question 4.
to question 3. If you chose 0, go to question 5.

4, Compare:

E [ H
-11,500 -11,300 -11,400
-11,400 -11,100 -11,100
-10,800 -10,900 -10,200
- 9,400 -10,600 -10,100
- 9,200 - 9,700 - 9,100
- 8,800 ) - 9,400 - 9,000
to question 6. If you chose G, 90 to question 8.
to question 7. If you chose H, 90 to question 9.

6. Compare:

J K L
-11,300 -10,900 -12,000
-10,900 -10,800 -10,400
-10,700 - 9,700 -10,000
-10,100 - 9,400 - 9,800
- 8,900 - 9,300 - 8,800
- 8,800 - 9,100 - 7,900
to question 10. If you chose K, go to question 12.
to question 11. If you chose L, go to question 13

8. Compare:

] 9 ]
-12,000 -12,000 -11,900
-10,900 -10,900 -10,100
-10,300 -10,300 -10,000
- 9,200 - 9,200 - 9,900
- 9,100 - 9,100 - 9,700
- 7,800 - 7,800 - 9,600
to question 14, Go to next part.

to question 15.
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9. Compare: 10. Compare:
q R s I
-11,200 -11,300 -11.300 ~11.400
-11,100 -11,100
-10,300 -10,900
-10,900 -10,200
-10,200 -10,700
-10,600 -10,100
-10,200 -10,100
- 9,700 - 9,100
- 3,900 - 8,900 - 9,400 - 9,000
- 9,700 - 8,800 ' ’
Go to next part. Go to next part.
11. Compare: 12. Compare:

y y ¥ X
-12,000 -11,900 -11,200 -12,000
-10,900 -10,100 -10,300 -11,900
-10,300 -10,000 -10,200 -11,700
- 9,200 - 9,900 -10,200 -10,000
- 9,100 - 9,700 - 9,900 - 8,600
- 7,800 - 9,600 _ - 9,700 - 7,800

Go to next part. ’ Go to next part.
13. Compare: 14. Compare:

Y z aa Bd
-11,000 -12,000 -10,900 -12,000
-10,000 -10,900 -10,800 -10,400
-10,000 -10,300 ~ 9,700 -10,000
- 9,500 - 9,200 - 9,400 - 9,800
- 9,300 - 9,100 - 9,300 - 8,800
- 8,700 - 7,800 - 9,100 - 7,900

Go to next part. Go to next part.

15. Compare:

e« 4
-11,200 -12,000
-10,300 -11,900
-10,200 -11,700
-10,200 -10,000
- 9,900 - 8,600

- 9,700 - 7,800



1. Compare:
A

- 5,950
- 5,550
- 5,100
- 5,050
- 4,950
- 4.550

If you.chose A, go to
[f you chose 8, go to

3. Compare:
E

5,450
5,400
4,850
4,700
4,650
4,550

If you chose E, go to
If you chose F, go to

5. Compare:
L

5,600
5,150
5,100
5,100
4,950
4,850

If you chose [, go to
[f you chose J, go to

7. Compare:
M

5,750
5,100
5,050
4,300
4,200
4,150

[f you chose M, go to
[f you chose N, go to

PART B

' 2. Compare:

8 <
6,000 - 5,350 -
5,950 - 5,150 -
5,850 - 5,150 -
5,000 - 4,900 -
4,300 - 4,759 -
3,900 - 4,500 -
qﬁestion 2. [f you chose C, go to
ques tion 3. I[f you chose 0, go to

4. Compare:

F g
6,000 - 5,300 -
5,450 - 5,150 -
5,150 - 5,050 -
4,600 - 4,650 -
4,550 - 4,600 -
3,900 - 4,200 -
question 6. If you chose G, go to
question 7. If you chose H, go to

6. Compare:

J X
5,950 - 5,450 -
5,050 - 5,300 -
5,000 - 5,200 -
4,950 - 4,950 -
4,850 - 4,900 -
4,800 - 4,800 -
question 10. [f you chose K, go to
question 11. [f you chose L, go to

8. Compare:

N 0
5,150 - 5,750 -
4,900 - 5,400 -
4,750 - 5,350 -
4,600 - 4,950 -
4,500 - 4,850 -
4,350 - 4,000 -

question 14,
question 15,

Go to next part.
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Q

5,750
5,100
4,900
4,850
4,759
3,950

ques tion 4.
question 5.

L}

5,550
5,000
5,000
4,600
4,350
3,900

question 8.
question 9.

L

5,750
5,700
5,400
4,700
4,600
4,400

question 12.
question 13.

o

5,600
5,500
5.250
5,100
4,550
4,500



9. Compare:

q

5,600
5,150
5,100
5,100
4,950
4,850

Go to next

11. Compare:
U

5,750
5,400
5,350
4,950
4,850
4,000

Go to next

13. Compare:

=<

5,750
5,100
5,050
4,300
4,200
4,150

Go to next

15. Compare:
cc

6,000
5,200
5,000
4,900
4,400
3,950

part.

part.

part.

I~

5,950
5,050
5,000
4,950
4,850
4,800

=<

5,600
5,500
5,250
5,100
4,550
4,500

I~

5,150
4,900
4,750
4,600
4,500
4,350

dd

5,450
5,250
5,150
4,750
4,700
4,100

10. Compare:

Go

s

5,300
5,150
5,050
4,650
4,600
4,200

to next part.

12. Compare:

Go

L}
6,000
5,200
5,000
4,900
4,400
3,950

to next part.

14, Compare:

Go

a

5,450
5,300
5,200
4,950
4,900
4,800

to next part.

-

5,550
5,000
5,000
4,600
4,350
3,900

I><

5,450
5,250
5,150
4,750
4,700
4,100

bb

5,750
5,700
5,400
4,700
4,600
4,400
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PART C
Compare: 2. Compare:
A B ¢ I’}
-950 -1,000 -350 - 750
-550 - - 950 -150 - 100
-100 - 850 -150 100
- 50 1] 100 150
50 700 250 250
450 1,100 500 1,050
[f you chose A, go to guestion 2. [f you chose C, go to question 4.
If you chose B, go to question 3. [f you chose 0, go to question 5.
Compare: 4. Compare:
£ 3 g H
-450 -1,000 -300 - 550
-400 - 450 =150 0
150 - 150 - 50 "]
300 400 ) 350 400
350 450 400 650
450 1,100 ) 800 1,100
[f you chose E, go to question 6. If you chose G, go to gquestion 8.
[f you chose F, go to question 7. If you chose H, go to question 9.
Compare: 6. Compare:
L J 4 L
-600 . =950 -450 -750
-150 - 50 =300 -700
-100 "] . -200 -400
-100 50 . 50 300
50 150 100 400
150 200 200 600
If you chose [, go to question 10. [f you chose K, go to question 12.
[f you chose J, go to question 11. [f you chose L, go to question 13.
Compare: . 8. Compare:
] T 0 P
-750 -150 -750 '-600
-100 100 -400 -500
- 50 250 -350 -250
700 400 50 -100
800 500 150 450
850 650 1,000 500
[f you chose M, go to question 14, GO to next part.

If you chose N, go to question 15.



9. Compare:

q

-600
-150
-100
-100
50
150

Go to next part.

11. Compare:

g

-750
-400
-350
50
150
1,000

Go to next part.

13. Compare:

1
-750
-100
- 50

700
800
850

Go to next part.

15. Compare:
4

-1,000
- 200

100
600
1,050

o

-950
- 50

50
150
200

j=<

-600
-500
-250
-100
450
500

I~

-150
100
250
400
500
650

=450
=250
-150
250
300
900

10. Compare:

s
-300
-150
- 50

350

400

800

Go to next.

12. Compare:

L]

-1,000
- 200
0

100
600
1,050

Go to next

. 14. Compare:

-450
=300
-200
50
100
200

Go to next

part.

part.

part.

-4

-550
0

400
650
1,100

I><

=450
-250
-150
250
300
900

b

-750
-700
-400
300
400
600
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1.

3.

5.

7.

Compare:

A
9,100
9,400
9,600

10,100
10,200
10,400

[f you chose A, go to question 2.
[f you chose B, go to question 3.

Compare:

E
8,800
9,000
9,500
9,800

10,900

11,000

If you chose E, 90 to question 6.
If you chose F, go to question 7.

Compare:
I

8,800
9,700
9,800
9,800
10,100
10,300

[f you chose I, go to question 10.
[f you chose J, 9o to question 11.

Compare:

hl
9,000
10,000
10,000
10,500
10,700
11,300

[f you chose M, g0 to question 14.
[f you chose M, go to question 15.

8

8,500
9,200
9,300
10,100
10,300
12,000

£

8,500
8,600
9,200
10,600
10,800
11,200

Pl

8,700
9,100
9,300
9,900
11,100
11,200

N

8,000
9,100
9,700
10,800
10,900
12,200

PART O

2.

4.

6.

8.

Compare:

¢
9,400
9,500
9,800
10,900
10,900
11,200

D

8,900
10,000
10,000
10,800
11,300
12,200
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If you chose C, go to question 4.

[f you chose D, go to gquestion 5.

Compare:

8
8,700
8,900
9,100
9,400

10,300

10,600

H

8,600
8,900
9,800
9,900
10,990
11,000

[f you chose G, go to question 8.
If you chose H, go to question 9.

Compare:

K
9,100
9,200

10,300
10,600
10,700
10,990

L

8,000
9,600
10,000
10,200
11,200
12,100

If you chose K, go to question I[2.
If you chose L, 9o to question 13.

Compare:

9
8,000
9,100
9,700

10,800
10,900
12,200

Go to next part.

o

8,100
9,990
10,000
10,100
10,300
10,400



9. Compare:

9

8,800
9,700
9,800
9,800
10,100
10,300

Go to next part.

11. Compare:

Y
8,000
9,100
9,700

10,800
10,900
12,200

Go to next part.

13. Compare:
Y

9,000
10,000
10,000
10,500
10,700
11,300

Go to next part.

15. Compare:

£c
8,800
9,700
9,800
9,800
10,100
10,300

R

8,700
9,100
9,300
9,900
11,100
11,200

(B3

8,100
9,900
10,000
10,100
10,300
10,400

i~

8,000
9,100
9,700
10,800
10,900
12,200

dd

8,000
8,100
8,300
10,000
11,400
12,200

10. Compare:
s

8,700
8,900
9,100
9,400
10,300
10,600

Go to next part.

12. Compare:

W
8,800
9,700
9,800
9,800

10,100

10, 300

Go to next part,

14. Compare:

aa

9,100

9,200
10,300
10,600
10,700
10,300

Go to next part.

I

8,600
8,900
9,800
9,900
10,900
11,000

i<

8,000
8,100
8,300
10,000
11,400
12,200

bb

8,000
9,600
10,000
10,200
11,200
12,100
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1. Compare:
A

17,200
18,200
18,600
19,300
19,500
20,600

If you chose A, go to question 2.
If you chose B, 90 to ques;ion 3.

3. Compare:

E

16,100
19,700

19,900

20,200
20,600
20,800

If you chose E, 90 to question 6.
If you chose F, go to question 7.

5. Compare:
1

18,200
18,800
19,100
20,200
20,500
20,900

If you chose I, 90 to questfon 10.
If you chose J, 90 to question 11.

7. Compare:

ik
18,800
19,300
19,800
21,400
21,600
23,300

[f you chose M, go to question 14.
[f you chose N, 90 to question 1§.

16,100
18,800
19,600
19,700
20,300
21,900

£

15,900
16,200
16,600
20,000
22,900
24,500

)

17,000
19,600
20,400
20,600
21,000
24,300

N

16,000
18,100
19,300
21,600
21,800
24,400

PART E

2. Compare:

c

18,200
19,000
19,300
21,000
21,200
23,600

o

17,700
19,900
20,100
21,600
22,600
24,400
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If you chose C, 90 to question 4.
[f you chose 0, go to question 5.

4. Compare:

[
17,300
17,800
18,200
18,800
20,600
21,300

H

17,100
17,800

19,600 -

19,800
21,800
22,000

If you chose G, 90 to question 8.
If you chose H, go to question 9.

6. Compare:
K

17,500
19,400
19,500
19,500
20,200
20,600

L

16,900
17,200
18,300
21,200
21,700
22,500

If you chose K, 9o to question 12.
If you chose L, go to question 13

8. Compare:

[
17,100
17,200
18,300
18,400
18,800
18,900

Go to next part.

2

16,200
17,600
18,900
20,100
20,400
20,700



9.

11.

13.

1s.

Compare:

9

18,200
18,800
19,100
20,200
20,500
20,900

Go to next part.

Compare:

u

17,100
17,200
18,300
18,400
18,800
18,900

Go to next part.

Compare:

Y
18,800
19,300
19,800
21,400
21,600
23,300

Go to next part.

Compare:
£c

17,300
18,600
19,900
21,000
22,200
22,400

R

17,000
19,600
20,400
20,600
21,000
24,300

¥
16,200
17,600
18,900
20,100
20,400
20,700

I~

16,000
18,100
19,300
21,600
21,800
24,400

dd

18,100
18,300
20,700

21,200

21,400
21,900

10.

12.

14.

Compare:

S

17,300
17,800
18,200
18,800
20,600
21,300

Go to next part.

Compare:

W

17,300
18,600
19,900
21,000
22,200
22,400

Go to next part.

Compare:
aa

17,500
19,400
19,500
19,500
20,200
20,600

Go to next part.

T

17,100
17,800
19,600
19,800
21,800
22,000

18,100

18,300 -

20,700
21,200
21,400

21,900

bb

16,900
17,200
18,300
21,200
21,700
22,500
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1.

3.

5.

7.

Compare:
A

27,300
28,200
28,600
30,300
30,700
31,400

* If you chose A, go to question 2.
If you chose 8, go to guestion 3.

Compare:

£
25,900
27,300
27,700
29,600
33,400
33,700

If you chose E, 9o to question 6.
If you chose F, go to question 7.

Compare:
1

25,700
25,700
27,400
27,600
28,200
28,300

If you chose I, go to gquestion 10.
If you chose J, g0 to question 11,

Compare:

L}
28,100
28,400
29,400
32,900
32,900
33,700

If you chose M, go to guestion 14.
If you chose N, go to gquestion 15.

8
24,000
27,100
28,900
32,400
32,800
36,600

£

23,800

24,300
24,900
30,000
34,400
36,800

3

24,200
26,700
29,400
29,600
30,500
32,800

N

25,500
27,500
27,500
30,400
31,000
36,000

PART F

2.

4.

6.

8.

Compare:

c
27,100
27,500
31,100
31,800
32,100
32,900

Q

26,600
29,800
30,200
32,500
33,500
36,600
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If you chose C, go to gquestion 4.
If you chose D, go to question S.

Compare:

8
26,000
26,700
27,200
28,200
31,000
32,000

L.}

25,500
29,400
30,600
31,000
31,600
36,500

If you chose G, g0 to question 8.
If you chose H, go to question 9.

Compare:

X
27,500
29,000
29,100
30,700
31,600
33,200

L

25,900
27,900
29,5900
31,500
33,300
33,600

If you chose K, go to question 12.
If you chose L, go to question 13

Compare:

]
25,500
. 29,400
29,500
34,400
35,000
35,200

Go to next part.

|o

26,200
26,800
28,400
29,200
32,900
33,000



9.

Go to next part.

11.

13.

15.

Go to next part.

Go to next part.

Compare:

'}

25,700
25,700
27,400
27,600
28,200
28,300

Compare:

1]

25,500
29,400
29,500
34,400
35,000
35,200

Compare:

Y
28,100
28,400
29,400
32,900
32,900
33,700

Compare:
c

23,800
28,700
29,800
30,700
33,700
36,500

24,200
26,700
29,400
29,600
30,500
32,800

v

26,200
26,800
28,400
29,200
32,900
33,000

z

25,500
27,500

27,900 -

30,400
31,000
36,000

ad

26,800
30,000
30,100
31,500
32,200
34,100

10.

12.

14.

Compare:

)

26,000
26,700
27,200
28,200
31,000
32,000

Go to next part.

Compare:

W

23,800
28,700
29,800
30,700
33,700
36,500

Go to next part.

Compare:
aa

27,900
29,000
29,100
30,700
31,600
33,200

Go to next part.

25,500
29,400
30,600
31,000
31,600
36,500

X

26,800
30,000
30,100
31,500
32,200
34,100

bb

25,900
27,900
29,900
31,500
33,300
33,600
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1.

3.

5.

7.

Compare:
A

37,500
38,500
39,500
42,900
43,200
46,600

If you chose A, go to gquestion 2.
If you chose B, go to gquestion 3.

Compare:

E.
37,100
38,600
38,700
41,000
42,200
44,300

If you chose E, go to question 6.
If you chose F, go to question 7.

Compare:
1

32,200
35,600
39,200
39,400
40,700
43,800

If you chose I, go to question 10Q.
If you chose J, go to question 11.

Compare:

L4
36,100
36,600
41,500
42,400
42,800
43,900

If you chose M, go to question 14.
If you chose N, go to question 15.

35,400
39,800
40,300
43,300
45,200
48,800

E

33,900
36,700
37,200
40,600
41,300
48,000

J

32,000
36,100
38,500
43,200
43,700
48,800

N

34,500
36,300
37,000
39,500
44,600
44,900

PART G

8.

Compare:

[
36,400
37,600
38,200
40,400
41,000
41,900

o

35,800
40,000
40,200
42,000
22,900
45,500

If you chose C, go to gquestion 4.
If you chose D, go to question 5.

Compare:
G

34,600
35,600
36,300
37,600
41,300
42,700

L.}

34,500
36,300
37,000
39,500
44,600
44,900

If you chose G, go to gquestion 8.
If you chose H, go to question 9.

6. Compare:

X
32,300
35,100
37,800
40,300
40,900
41,400

L

31,800
32,400
33,200
40,000
45,900
49,000

If you chose K, go to question 12.
If you chose L, go to question 13

Compare:

0
34,900
35,800
37,900
38,900
43,800
44,100

Go to next part.

4

34,500
37,200
39,800
42,000
44,400
44,800



9.

1.

13.

15.

Compare:

q

32,200
35,600
39,200
39,400
40,700
43,800

Go to next part.

Compare:

]

34,900
35,800
37,900
38,900
43,800
44,100

Go to next part.

Compare:
Y

36,100
36,600
41,500
42,400
42,800
43,900

Go to next part.

Compare:

ce
37,500
37,900
39,200
43,900
43,900
45,000

R

32,000
36,100
38,500
43,200
43,700
48,800

34,500
37,200
39,800
42,000
44,400
44,800

Z

34,500
36,300
37,000
39,000
44,600
44,900

dd

31,700
38,200
39,800
40,900
44,900
48,700

10.

12.

14.

Compare:

S

34,600
35,600
36,300
37,600
41,300
42,700

Go to next part.

Compare:

W

37,500
37,900
39,200
43,900
43,900
45,000

Go to next part.

Compare:

32,300
35,100
37,800
40,300
40,900
41,400

Go to next part.

34,500
36,300
37,000
39,500
44,600
44,900

31,700
38,200
39,800
40,900
44,900
48,700

bb

31,800
32,400
33,200
40,000
45,900
49,000
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1. Compare:

A

43,800
48,400
48,800
48,800
50,400
51,600

If you chose A, go to guestion 2.
[f you chose 8, go to question 3.

3. Compare:

£
44,800
50,000
50,200
52,400
53,600
56,800

If you chose E, go to question 6-
If you chose F, go to question 7.

5. Compare:
1

45,200
45,800
51,800
53,000
53,400
54,800

If you chose I, go to question 10.
If you chose J, go to question 11.

7. Compare:

L}
48,400
51,000
52,600
54,400
55,200
56,600

If you chose M, go to question 14.
If you chose N, go to question 15.

39,800
47,800
49,800
51,000
56,200
60,800

F

39,800
40,600
41,400
50,000
57,400
61,200

J

44,200
49,800
50,400
54,200
56,400
61,000

N

42,600
49,000
51,000
51,600
52,600
60,800

PART H

2. Compare:

c

43,600
44,800
47,400
48,600
54,800
55,000

0

43,200
46,600
49,800
52,400
55,400
56,000

If you chose C, go to question 4.
If you chose 0, go to gquestion 5.

4. Caompare:

8.

G

43,400
44,600
45,400
47,000
51,600
53,400

H

43,200
45,400
46,200
49,400
55,800
56,000

If you chose G, go to question 8.
If you chose H, go to question 9.

6. Compare:

X

43,600
44,800
47,400
48,600
54,800
55,000

L

42,400
43,000
45,800
53,200
54,200
56,400

If you chose K, go to question 12.
If you chose L, go to question 13

Compare:

0

42,600
49,000
49,200
57,400
58,200
58,800

Go to next part.

P

43,000
45,600
45,400
48,400
48,800
51,600



9.

1.

13.

15.

Compare:

q

45,200
45,800
51,800
53,000
53,400
54,800

Go to next part.

Compare:

Y

42,600
- 49,000
49,200
57,400
58,200
58,800

Go to next part.

Compare:

Y

48,400
51,000
52,600
54,400
55,200
56,600

Go to next part.

Compare:
cc

40,000
45,200
48,200
54,000
54,600
61,000

R

44,200
49,800
50,400
54,200
56,400

61,000 .

v

43,000
45,600
46,400
48,400
48,800
51,600

z

42,600
49,000
51,000
51,600
52,600
60,800

dd

46,800
48,200
49,400
53,600
54,000
58,200

10. Compare:

12.

14.

S

43,400
44,600
45,400
47,000
51,600
53,400

Go to next part.

Compare:

W

40,000
45,200
48,200
54,000
54,600
61,000

Go to next part.

Compare:

aa
43,600
44,800
47,400
48,600
54,800
55,000

Go to next part.

43,200
45,400
46,200
49,400
55,800
56,000

X

46,800
48,200
49,400
53,600
54,000
58,200

bb

42,400
43,000
45,800
53,200
54,200
56,400

120



1.

3.

5.

7.

Compare:
A

52,400
58,200
58,600
58,600
60,600
62,000

If you chose A, go to question 2.
If you chose 8, go to question 3.

Compare:

E
52,400
58,200

- 58,600
58,600
60,600
62,000

If you chose E, go to question 6.
If you chose F, go to question 7.

Compare:
1

52,000
53,400
54,400
56,400
62,000
64,000

If you chose I, go to question 10.
If you chose J, go to question 11.

Compare:

¥
55,800
58,000
58,200
61,400
63,200
66,400

If you chose M, go to question 14.
If you chose N, go to question 15.

51,000
58,800
61,200
62,000
63,200
73,000

£

48,400
53,400
58,800
59,200
61,000
65,600

4

51,000
58,800
59,000
68,800
70,000
70,400

Lt

50,800
51,600
55,000
63,800
65,000
67,600

PART I

2.

4.

6.

8.

Compare:

[
54,600
56,400
57,200
60,600
61,400
62,800

g

54,400
57,000
58,000
63,200
63,800
70,800

121

If you chose C, go to gquestion 4.
If you chose O, go to question 5.

Compare:

[
51,400
51,400
54,800
55,200
56,400
56,600

L.}

51,000
55,000
55,800
60,800
62,000
72,000

If you chose G, go to question 8.
If you chose H, go to question 9.

Compare:

X
48,600
52,600
56,800
60,400
61,400
62,000

L

47,600
48,600
49,800
60,000
68,800
73,600

If you chose K, go to question 12.
If you chose L, go to question 13

Compare:

0
51,800
55,800
59,800
63,000
66,600
67,200

Go to next part.

4

52,400
53,600
56,800
58,400
65,800
66,000



9.

1.

13.

15.

Compare:

Q

52,000
53,400
54,400
56,400
62,000
64,000

Go to next part.

Compare:

g

51,800
55,800
59,800
63,000
66,600
67,200

Go to next part.

Compare:

Y
55,800
58,000
58,200
61,400
63,200
66,400

Go to next part.

Compare:

ce
48,000
54,200
57,800
64,800
65,600
73,200

R

51,000
58,800
59,000
68,800
70,000
70,400

¥

52,400
53,600
56,800
58,400
65,800
66,000

'z

50,800
51,600
55,000
63,800
65,000
67,600

ad

56,200
57,800
59,200
64,400
64,800
70,000

10.

12.

14.

Compare:

s
51,400
51,400
54,800
55,200
56,400
56,600

Go to next part.

Compare:

L]

48,000
54,200
57,800
64,800
65,600 -
73,200

Go to next part.

Compare:
aa

48,600
52,600
56,800
60,400
61,400
62,000

Go to next part.

I

51,000
55,000
55,800
60,800
62,000
72,000

I

56,200
57,800
59,200
64,400
64,800
70,000

bb

47,600
48,600
49,800
60,000
68,800
73,600
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APPENDIX II

RESULTS OF THE SDF ELICITATION PROCEDURE

Appendix II contains graphicai representations of the

results of the SDF elicitation procedure.
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