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.Methodological problems encountered in implementing conjoint analysis include (1) the imprac
tically large set of multiattribute choice alternatives created by the factorial combination of more
than a few attributes, (2) the hypothetical nature of the alternatives in the choice set, and (3) the
assumption that each individual's preferences can be described by the same composition rule.
The techniques of tailoring, belief matching, and axiom testing are suggested as solutions to these
problems, and their use is demonstrated in a conjoint analysis study of individuals' contraceptive
preferences. It is noted that tailoring and belief matching can also be used as methodological
enhancements in functional measurement studies.

One of the major concerns of consumer research for
the last decade has been the modeling of preferences for
multiattribute choice alternatives. A variety of methodol
ogies has been developed for preference modeling; per
haps the most popular is conjoint analysis, a value esti
mation technique developed primarily by Green and his
associates (Green & Rao, 1971; Green & Wind, 1973,
1975). In conjoint analysis, different levels of a number
of product attributes are factorially combined to create
a set of hypothetical multiattribute choice alternatives, and
the value of each alternative, product attribute, and prod
uct attribute level is estimated by various computer al
gorithms from an individual's preference ratings or rank
ordering of the alternatives in the set.

Green, Rao, and DeSarbo (1978) and Green and Srini
vasan (1978) discuss a number of methodological prob
lems encountered in the implementation of conjoint anal
ysis. These problems include (1) the impractically large
set of multiattribute choice alternatives created by the fac
torial combination of more than a few attributes, (2) the
hypothetical nature of the alternatives in the choice set,
and (3) the assumption that each individual's preferences
can be described by the same composition rule. The pur
pose of the present paper is to propose alternatives to the
usual solutions to these problems. Specifically, it is sug
gested that (1) overly large choice sets can be avoided
if the choice set is "tailored" to each individual by com
bining only those few attributes that he or she considers
most important; (2) preferences for real alternatives can
be studied by "matching" each real alternative of interest
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to one of the hypothetical choice alternatives on the basis
of the individual's beliefs about the real alternative; and
(3) a variety of composition rules can be tested if the usual
conjoint analysis procedures are preceded by "axiom
tests." A more detailed discussion of these strategies is
provided below, followed by a demonstration of their use
in a conjoint analysis study of contraceptive preference.

Generation of the Choice Alternatives
Generation of the multiattribute choice alternatives for

conjoint analysis is often a most difficult task. The exis
tence of substantial individual variation in values assigned
to product attributes often means that a large number of
attributes must be considered if one wants to be able to
predict consumer preferences reasonably well. In addi
tion, there are usually at least three or four levels of each
product attribute that are of interest to the consumer
researcher. These levels must be combined in an or
thogonal factorial design if value estimation is to be ac
curate. The factorial combination of three or four levels
of several attributes obviously creates a very large set of
multiattribute choice alternatives. However, in order to
maintain respondent interest and avoid "information over
load, " it is recommended that an individual be presented
with no more than about 30 choice alternatives (Green
& Srinivasan, 1978). Green (1974) has suggested the use
of various fractional factorial designs to reduce the num
ber of choice alternatives while still maintaining orthogo
nality. The difficulty with this solution is that as the ratio
of the number of alternatives to the number of estimated
parameters (i.e., the number of attribute levels summed
over all attributes) decreases, prediction error increases
(Darlington, 1968). With the sparse fractional factorial
designs necessary to accommodate the inclusion of a large
number of product attributes, value estimation may be
quite unreliable.

A possible solution to the problem of alternative gener
ation stems from the observation that not every attribute
included in a factorial design is likely to be important to
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every respondent. Indeed, psychological research on cog
nitive limitations suggests that it is probably not even pos
sible for an individual to consider more than a few product
attributes. (See Abelson and Levi, 1985, for a brief review
of recent research.) Fishbein (1967) noted that the inclu
sion of nonsalient attributes in an attitude model tends to
reduce the precision of attitude measurement, and con
sumer researchers generally agree that orJy salient attri
butes should be included (Wilkie & Weinreich, 1972).
Most consumer researchers seem to assume that their sets
of attributes, generally five to seven in number, are suffi
ciently and exhaustively salient for all respondents. Han
sen (1969), however, reported that the predictive power
of a model was not diminished when only the three most
important attributes of a larger set were used. Wilkie and
Weinreich (1972) conducted a series of studies in which
they allowed both the number of attributes and the attri
butes themselves to vary across respondents and concluded
that maximal predictive power was obtained with an aver
age of2.5 to 3.6 attributes taken from a larger set. These
results suggest that although a large number of attributes
may be needed to predict reasonably well the preferences
of a group of respondents, any single respondent's pref
erences may be predicted accurately using only those few
attributes that he or she considers most important. One
solution to the problem of multiattribute choice alterna
tive generation, then, is to tailor the set of alternatives
to each respondent by factorially combining only those
two or three attributes that he or she considers most im
portant. This tailoring technique is used in the present
study to create an individual set of choice alternatives for
each respondent.

Matching Real to Hypothetical Alternatives
The multiattribute choice alternatives used in conjoint

analysis are usually hypothetical, for several reasons.
First, the number of real products in a product class is
often very small. Second, real products may not be dis
tinctive enough to provide reliable value estimates. Third,
reliable value estimates require orthogonal factorial de
signs, and no set of real products fulfills this requirement.
The use of hypothetical choice alternatives means that con
joint analysis emphasizes the role of values and neglects
the role of beliefs in determining preferences, although
the decision-making models developed by psychologists
and economists have stressed that preferences are deter
mined by beliefs as well as by values. With hypothetical
choice alternatives formed by the factorial combination
of varying levels of product attributes, beliefs about each
alternative are held constant across individuals. That is,
the beliefs that an individual holds about a multiattribute
choice alternative are the attribute levels used to describe
that alternative, and these beliefs must therefore be the
same across all individuals. Holding beliefs constant pre
vents them from interacting with values to determine
preferences. For many applications, particularly those
concerned with the development of new or improved prod
ucts, this neglect of beliefs is not a problem because the
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major interest is in determination of the most valued at
tributes of those products.

However, relying solely on value estimation in deter
mining preferences for existing products such as contra
ceptive methods is likely to be inadequate. Beliefs about
real products undoubtedly play a large role in determin
ing product acceptability. For example, a woman who
values convenience but believes the diaphragm to be in
convenient is unlikely to use the diaphragm. In modeling
individuals' preferences for vacation sites, Green et al.
(1978) and Green and Srinivasan (1978) recognized the
necessity of including beliefs as well as values in the de
velopment of preference models for real products. How
ever, it is generally accepted among consumer researchers
that "perceptual judgments" (beliefs) are much more ho
mogeneous than "preference judgments" (values) (parker
& Srinivasan, 1976). Therefore, although the values in
cluded in each individual's preference model were his or
her own, the beliefs included in that model were not the
beliefs of the individual but instead were group estimates.
This practice ignores the possibility that individuals' be
liefs about real products can, and probably do, vary
greatly.

A "belief-matching" technique (e.g., Holbrook, Moore,
Dodgen, & Havlena, 1985; Moore & Holbrook, 1982;
Nickerson & McClelland, 1988; Schuler & Prosperi,
1978; Wittink & Montgomery, 1979) can be used to in
corporate an individual's own beliefs into his or her
preference model. This technique involves designing a set
of hypothetical multiattribute choice alternatives from
product attributes with realistic product levels and then
matching each real product of interest to one of the hy
pothetical alternatives on the basis of the individual's be
liefs about the real product. Belief matching allows one
to gauge the extent of individual differences in beliefs that
may be affecting product preferences. It also allows one
to determine the extent to which the hypothetical product
attributes and attribute levels accurately reflect an in
dividual's beliefs about the real products. In the present
study, this belief-matching technique is used to incorporate
beliefs into the modeling of individuals' preferences.

Assumption of Identical Composition Rules
The preference model underlying conjoint analysis

posits that an individual's evaluation of a product is a func
tion of his or her values or "part worths" for the levels
of the attributes describing that product. The function
describing how an individual combines part worths to
form an overall product evaluation is called the "compo
sition rule. " The typical application of conjoint analysis
recognizes that there is considerable across-individual
variation in values for products, product attributes, and
product attribute levels, and therefore usually performs
a separate analysis for each individual (although group
analyses are by no means uncommon). However, it is
nearly always assumed that all individuals use the same
composition rule, and that that composition rule is addi
tive over all attributes in the study (Green & Srinivasan,
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1978). It is also generally assumed that the conjoint anal
ysis computer algorithm's goodness-of-fit (or badness-of
fit) measure will detect deviations from additivity that may
occur either because the composition rule is not in fact
additive or because of the presence of random response
error.

These assumptions are not warranted. It is possible
that the assumed additive composition rule may not be
appropriate for some individuals. In some cases, the
goodness- or badness-of-fit measure will detect a non
additive composition rule; in other cases, however, it
will not. Busemeyer (1980), Green and Wind (1973), and
Nygren (1980) have noted that conjoint analysis cannot
detect interactive composition rules, and Timmermans
(1980) has shown that it fails to detect other composition
rules as well. Nickerson and McClelland (1984) demon
strated that the badness-of-fit measure "stress" could
equal zero when the composition rule was conjunctive/
additive or interactive, even though a stress of zero theo
retically indicates perfect adherence to an additive com
position rule. They also showed that the stress measure
fails to detect some random response errors, such as ad
jacent pair reversals and outliers, and cannot diagnose at
tributes that are "inessential" or irrelevant to the in
dividual's preferences.

The inability of conjoint analysis to detect nonadditive
composition rules, random response error, and inessential
attributes has been suggested by others as well (Louviere,
1988, p. 26; Srinivasan & Shocker, 1973; Takane, 1978).
More generally, Anderson and Shanteau (1977), Birn
baum (1973), Shanteau (1977), and Zeleny (1976) have
decried the use of goodness-of-fit measures, such as corre
lation coefficients, as indices of model fit. Their studies
have provided compelling demonstrations that correlations
between theoretical or mathematical models and simulated
(error-free) or real (error-containing) data can be very
high, even when the assumed composition rule is incorrect.

Despite these caveats, most researchers using conjoint
analysis appear to be satisfied with its performance, prob
ably because of an interest in prediction rather than ex
planation. The belief is that conjoint analysis provides
good prediction even when there is random response er
ror or when the assumed composition rule is invalid, be
cause linear compensatory composition rules are quite
robust and can approximate the outcomes of other com
position rules quite well (Dawes & Corrigan, 1974; Green
& Srinivasan, 1978; Yntema & Torgerson, 1961). Indeed,
the inability of conjoint analysis to detect nonadditive com
position rules, random response error, and inessential at
tributes would not be serious if these problems had little
or no impact on value estimation. It is not generally recog
nized, however, that value estimation can be extremely
sensitive to deviations from perfect additivity (Carroll,
1973; Kruskal, 1965; Srinivasan & Shocker, 1973). For
example, Nickerson and McClelland (1984) demonstrated
that the introduction of a single outlier into an otherwise
perfectly additive data set changed the values (relative im
portance percentages) associated with three attributes from
5%,59%, and 36% to 0%, 100%, and 0%, respectively.

Nickerson and McClelland (1984) and Nygren (1985)
have suggested that the misestimation of values can be
avoided by preceding conjoint analysis (or, as it is some
times called, "numerical conjoint measurement") with
axiomatic conjoint measurement. Axiomatic conjoint mea
surement does not depend on a goodness- or badness-of
fit statistic, but instead tests the qualitative properties or
"axioms" that a preference rank ordering of alternatives
must satisfy if it is to be represented numerically accord
ing to a proposed composition rule (Krantz, Luce, Suppes,
& Tversky, 1971; Krantz & Tversky, 1971). Unlike con
joint analysis, the axiomatic technique can detect non
additive composition rules, random response error, and
inessential attributes. These problems can then be cor
rected before conjoint analysis is performed, thereby
eliminating the misestimation of values. In the present
study, conjoint analysis is preceded by axiomatic conjoint
measurement.

In summary, tailoring seems an appropriate strategy
when there are a large number of possible product attri
butes that individuals might value; belief matching seems
an appropriate strategy when there may be individual dif
ferences in beliefs about the products under consideration;
and axiomatic conjoint measurement followed by conjoint
analysis seems an appropriate strategy when there may
be individual differences in composition rules or when
the data are not error-free. There are undoubtedly many
different kinds of consumer products and services that fit
these criteria; in the present study, the modeling of in
dividuals' preferences for a variety of contraceptive meth
ods is used to demonstrate the application of these three
techniques.

METHOD

Respondents
One hundred and fifty-six students (both men and

women) enrolled in an introductory psychology course
at the University of Colorado at Boulder participated in
this study in partial fulfillment of course requirements.
This convenience sample was considered appropriate be
cause contraception is a relevant issue for college students
and because the primary purpose of this study is a method
ological demonstration rather than the presentation of sub
stantive results per se. However, because college students
may not be representative of contraceptive users (or po
tential users) in general, the substantive results should
not be generalized to any population other than college
students.

Materials and Procedure
There are many contraceptive attributes that an in

dividual might consider important: (1) simplicity or con
venience of use, (2) effectiveness in preventing pregnancy,
(3) costs (initial and continuing), (4) required frequency

of use or duration of contraceptive effect, (5) permanence
or reversibility, (6) means of administration (e.g., inges
tion, implantation, insertion), (7) legal, moral, and reli
gious concerns, (8) responsibility for use (man, woman,



both partners), (9) circumstance of use (coitus-related or
coitus-independent), (10) possible health benefits (e.g.,
regulation of the menstrual cycle), (11) protection of
privacy or modesty, (12) effects on sexual satisfaction or
pleasure, (13) mode of action (e.g., chemical, mechani
cal, surgical), (14) psychological effects (e.g., embarrass
ment), (15) safety or lack of harmful health side effects,
(16) physical properties (e.g., the taste of contraceptive
foam), (17) the means whereby a method is obtained (e.g.,
over-the-counter at a drugstore, visit to a physician), and
perhaps others (Boston Women's Health Book Collective,
1976, pp. 181-215; Campbell & Bere1son, 1971; Cohen,
Severy, & Ahtola, 1978; Polgar & Marshall, 1976; Salyer
& Bausch, 1978, pp. 6-7).

As this paper is intended to be a demonstration study,
it was decided for expositional simplicity to reduce this
large set of attributes to a smaller set to serve as the
basis for tailoring. The attributes in the reduced set in
clude (1) convenience, (2) effectiveness, (5) reversibil
ity, (8) use, (15) side effects, and (17) type. These par
ticular attributes were selected because they seem to reflect
the concerns most often expressed in the contraceptive
information pamphlets and booklets distributed by family
planning clinics and women's health-eare groups. It is im
portant to note, however, that any other subset ofthe at
tributes, or even the entire set, could have been selected
for study.

Convenience refers to the degree of difficulty ex
perienced in obtaining and using a birth control method;
it involves such considerations as whether or not the
method requires a daily routine, whether or not the method
requires preparation immediately before intercourse or
interruption of sexual activity, and whether or not the
method is "messy." Effectiveness is defined in terms of
the percentage of women per year who become pregnant
while using a birth control method. Reversibility refers
to the possibility of being able to bear children after dis
continuing use of a birth control method. Effectiveness
and reversibility were combined into a single attribute be
cause pilot studies indicated that although effectiveness
and reversibility are conceptually distinct attributes of
contraceptive use, they are in actuality highly related at
tributes; most respondents were aware that the most ef
fective of the currently existing birth control methods are
also irreversible, whereas all the less effective methods
are reversible. (Combining attributes is common in con
joint analysis studies; when there is a large number of
attributes, factor analysis can be used to determine those
that are highly related to one another.) Use refers to the
partner-the man, the woman, or both-who actually uses
a birth control method. Side effects is defined as the pos
sible present and future risks to an individual's health that
using a birth control method entails. Type concerns the
manner in which a birth control method is obtained; for
example, a method may require surgery, may require one
or more visits to a physician or clinic, may be purchased
at the drug counter without a prescription, or may be

CONJOINT ANALYSIS 363

"natural." A possible sixth attribute, costs, was not in
cluded because pilot studies showed that respondents
either do not consider the cost of a birth control method
to be important or believe that birth control methods do
not vary much in overall cost. Without such variance, the
attribute costs cannot be used to discriminate between birth
control methods and therefore cannot increase predictive
power, regardless of its importance.

Each respondent attended two experimental sessions.
At the first session, each respondent was given an infor
mation sheet describing the five contraceptive attributes
and asked to indicate the two or three attributes that he
or she would consider most important in choosing a birth
control method. A questionnaire was then generated by
computer for each respondent on the basis of his or her
chosen attributes. There are 20 different possible combi
nations of two or three attributes chosen from a set of five;
thus, there were 20 different questionnaires. Each ques
tionnaire consisted of three tasks that the respondent com
pleted at a second experimental session.

As the first task (the real birth control ranking task),
each respondent was given a list of the nine most popular
birth control methods currently available: (1) tubal li
gation, (2) intrauterine device, (3) vasectomy, (4) pill,
(5) condom, (6) diaphragm, (7) vaginal foam/cream/jelly,
(8) periodic abstinence, and (9) condom with foam/cream/
jelly. Each method listed was accompanied by a short
description that made no mention of its convenience,
effectiveness-reversibility, use, side effects, or type, inso
far as these attributes are not obvious. For example, the
diaphragm was described as "a thin rubber dome hold
ing a sperm-killing cream or jelly that is inserted into the
vagina to cover the cervix and prevent sperm from enter
ing the uterus. " The respondent was asked to rank order
the nine birth control methods from "most preferred" to
"least preferred" as if he or she "did not want a child
just yet but might want a child or children in the future. "

It may seem odd that a respondent asked to imagine that
he or she "did not want a child just yet but might want
a child or children in the future" would be offered tubal
ligation and vasectomy as choice alternatives. Tubal li
gation and vasectomy were included because they are
among the birth control methods currently available, and
it is possible that an individual would prefer an irrevers
ible method to an ineffective one. This might happen, for
instance, if an individual were ambivalent about having
children and would rather not have any children at all than
risk having one now by using a less effective birth con
trol method.

Three or four levels of each contraceptive attribute were
selected so that the most popular birth control methods
currently available might reasonably be characterized by
one level of each attribute. These levels, and their verbal
descriptions, are shown in Table 1. For the second task
(the hypothetical contraceptive ranking task), the levels
of the two or three contraceptive attributes chosen by the
respondent were factorially combined to form a set of
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Table 1
Levels of the Five Contraceptive Attributes

Attribute Level Description

Convenience

Effectiveness
reversibility

Use

Side effects

Type

(I) convenient

(2) somewhat inconvenient

(3) inconvenient

(I) 98% to 100% effective
and not reversible

(2) 95% to 99% effective
and reversible

(3) 75% to 90% effective
and reversible

(I) man

(2) woman

(3) both

(I) none/minor

(2) minor

(3) minor/major

(I) surgery

(2) physician/clinic

(3) drugstore

(4) natural

[self explanatoryI

1 to 2 women out of 100 will have accidental
pregnancies in a year; once started, the
use of this method cannot be discontinued

1 to 5 women out of 100 will have accidental
pregnancies in a year; one can nearly always
stop using this method and then have children

10 to 25 women out of 100 will have accidental
pregnancies in a year; one can nearly always
stop using this method and then have children

[self explanatory]

virtually no side effects at all; those
that do occur are minor

possible minor side effects (a nuisance, but
not dangerous)

possible minor side effects and a risk of
major (damaging to health) side effects

requires surgery

nonsurgical but requires a visit(s) to a
physician or clinic

can be obtained over the counter (without
a prescription) at a drugstore

requires no surgery, no visits to a physician
or clinic, and no prescription or
nonprescription drugs or devices

hypothetical multiattribute contraceptive choice alterna
tives. The number of choice alternatives ranged from 9
(for a 3 x 3 design such as that formed by factorially com
bining the levels of convenience and side effects) to 36
(for a 3 x 3 x 4 design such as that formed by factorially
combining the levels of effectiveness-reversibility, side
effects, and type). Each choice alternative was printed on
a separate card, and the respondent was instructed to rank
order the cards from "most preferred" to "least pre
ferred" contraceptive as if he or she "did not want a child
just yet but might want a child or children in the future. "
Respondents could refer to descriptions of their selected
attributes and attribute levels while performing the rank
ing task.

As the third task (the belief task), each respondent
was asked to indicate the level of each of his or her
chosen contraceptive attributes that he or she believed
to be the most accurate description of each of the nine
real birth control methods. Thus a respondent who chose
effectiveness-reversibility, side effects, and type as her
most important attributes might indicate that she believes
that the diaphragm is "95 %to 99% effective and rever
sible," entails "possible minor side effects," and "can
be obtained over the counter at a drugstore."

RESULTS

Individual differences in consumer preferences for real
products are the result of individual differences in beliefs
about the attributes of those products, individual differ
ences in values for those attributes, and/or individual
differences in the ways beliefs and values are combined
across attributes to form an overall evaluation of each
product. The three proposed methodological enhance
ments to conjoint analysis are necessitated by these in
dividual differences. Accordingly, the presentation of the
analysis and results has been structured to answer the fol
lowing questions:

1. Are there individual differences in the attributes re
garded as most important in choosing a contraceptive
method?

2. Are there individualdifferences in composition rules?
3. Are there individual differences in the values as

signed to each contraceptive attribute?
4. Are there individual differences in beliefs about real

birth control methods?
5. How well do beliefs, values, and composition rules

predict individuals' preferences for real birth control
methods?
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Note-C = convenience, E = effectiveness-reversibility. U = use,
S = side effects, T = type.

The answers to the first and third questions demonstrate
the use of tailored multiattribute choice alternatives, the
answers to the second and third questions demonstrate the
use of axiom testing followed by traditional conjoint anal
ysis, and the answers to the fourth and fifth questions
demonstrate the use of the belief-matching technique.

Most Important Attributes
Ninety-three of the 156 respondents chose convenience,

effectiveness-reversibility, and side effects as their most
important attributes, 19 chose effectiveness-reversibility
and side effects, and 26 chose effectiveness-reversibility,
side effects, and type. The remaining 18 respondents'
choices were scattered over 8 of the other 17 possible two
or three-attribute combinations, as shown in Table 2. In
terms of single attributes, effectiveness-reversibility, side
effects, convenience, type, and use were chosen by 148,
148,106,35, and 6 respondents, respectively, as one of
their two or three most important attributes.

Composition Rules
The first step in the analysis of each respondent's data

consists of determining his or her composition rule. A
composition rule is a mathematical equation that describes
how an individual combines his or her values for the levels
of the attributes describing a multiattribute choice alter
native in forming an overall evaluation of that alterna
tive. The simplest composition rule is an additive one over
all the attributes selected by the respondent; if the re
spondent selected attributes K, L, and M, then an addi
tive composition rule would be expressed as K + L + M.
Axiomatic conjoint measurement can detect a variety of
composition rules, including additive rules over two or
three attributes, distributive rules [(K + L) x M], and
dual-distributive rules (K x L + M). It can also detect
variants of these rules, such as additive rules for three

attributes in which one or two of those attributes are ir
relevant to the respondent's preferences, distributive rules
in which the three attributes are permuted, and multiplica
tive rules (K x L x M). 1 Ordinarily, the additive com
position rule is proposed and tested first; if it is rejected,
other composition rules are considered sequentially (Krantz
et al., 1971; Krantz & Tversky, 1971).

In axiomatic conjoint measurement, a proposed com
position rule is tested by determining whether the rank
ordering of the multiattribute alternatives in the choice
set satisfies certain qualitative properties called axioms.
For example, the composition rule for a set of alterna
tives created by a 3 x 3 x 3 factorial design is additive if
the rank ordering of those alternatives satisfies the ax
ioms of (1) simple independence, (2) joint independence,
and (3) double cancellation. Simple independence means
that the ordering of the levels of each attribute must be
invariant over every combination of the levels of the other
two attributes. For example, consider a respondent who
selected convenience, effectiveness-reversibility, and side
effects as his or her three most important contraceptive
attributes. In order to satisfy simple independence, the
respondent's rank ordering of the 27 alternatives in the
choice set must be such that (1) the ordering of the three
levels of convenience is the same for each of the nine
possible combinations of the levels of effectiveness-
reversibility and side effects, (2) the ordering of the three
levels of effectiveness-reversibility is the same for each
of the nine possible combinations of the levels of con
venience and side effects, and (3) the ordering of the three
levels of side effects is the same for each of the nine pos
sible combinations of the levels of convenience and ef
fectiveness-reversibility. Joint independence means that
the ordering of every combination of the levels of any
two attributes must beinvariant over each level of the third
attribute. To satisfy joint independence, the above respon
dent's ranking of the 27 alternatives must be such that
(1) the ordering of the nine combinations of the levels of
convenience and effectiveness-reversibility is the same
at each of the three levels of side effects, (2) the ordering
of the nine combinations of the levels of convenience and
side effects is the same at each of the three levels of
effectiveness-reversibility, and (3) theordering of the nine
combinations of the levels of effectiveness-reversibility
and side effects is the same at each of the three levels of
convenience. Double cancellation has no simple intuitive
explanation but is rarely violated when the ranking satis
fies both simple and joint independence. Space consider
ations prevent a more detailed discussion of the various
composition rules and axioms; a theoretical and math
ematically sophisticated treatment can be found in Krantz
et al. (1971). Summaries are available in C. H. Coombs,
Dawes, and Tversky (1970) and Krantz and Tversky
(1971). Barron (1977), Curley (1990), and Nickerson and
McClelland (1988) offer tutorials for the more practically
oriented.

Real-world data are typically fallible, and any evalua
tion of the validity of a proposed composition rule should
take the possibility of error into account (Krantz& Tversky,

n

3
o
I
o
o

19
o
o
o
2
2

93
2
o
1
4
3
o

26
o

Table 2
Attribute Combinations

CE
CU
CS
CT
EU
ES
ET
US
UT
ST
CRU
CRS
CET
CUS
CUT
CST
EUS
EUT
EST
UST

Combination
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1971). Requiring a rank ordering to satisfy perfectly the
axioms of a proposed composition rule is unrealistic; it
is analogous to rejecting the proposed model in a correla
tional study if the correlation coefficient is less than 1.00.
Unfortunately, an error theory that specifies the number
and type of axiom violations that should cause rejection
of a proposed composition rule has not yet been devel
oped for axiomatic conjoint measurement. A common so
lution to this problem is to allow a small, prespecified
number of nonsystematic errors before rejecting the pro
posed composition rule (C. H. Coombs & Bowen, 1971;
C. H. Coombs, L. C. Coombs, & McClelland, 1975;
L. C. Coombs, 1979; Nickerson & McClelland, 1988;
Ullrich & Painter, 1974). This solution was adopted in
the present study; one error was allowed for 9- and 12
alternative choice sets, and up to four errors were allowed
for 27- and 36-alternative choice sets, before rejection of
the proposed composition rule. These error criteria are
stringent given the possible number of errors that might
be made (McClelland, 1977; Nygren, 1985).

An error was defined as (1) the reversal of a pair of
alternatives with adjacent ranks or (2) an alternative that
was clearly misplaced in the ordered card deck. As an
example of a pair-reversal error, consider two choice al
ternatives that differ only in their levels of the convenience
attribute. The more preferred alternative, with a rank of
21, is "somewhat inconvenient," whereas the less
preferred alternative, with a rank of 20, is "convenient.t'f
This preference pattern probably represents an ordering
mistake by the respondent if in all other such adjacent pairs
of alternatives the "convenient" alternative is preferred
to the one that is "somewhat inconvenient." A misplaced
alternative is an outlier or one whose placement in the
rank ordering of the set of alternatives is highly suspect.
For example, a rank ordering with numerous axiom vio
lations may satisfy additivity perfectly if the least preferred
alternative, ranked 1, is either eliminated or inserted into
the ranking between, say, the two alternatives with ranks
of 15 and 14. This type of pattern suggests that the respon
dent inadvertently omitted a card while performing the
card-ordering task and simply placed it at the back of the
card deck after having completed the task.

It is simple but tedious and time-consuming to deter
mine by hand whether or not a preference rank ordering
satisfies the axioms of a proposed composition rule; there
fore, a computer program such as CMSCAL (Nygren,
1986), CONJOINT (Holt & Wallsten, 1974), or PCJM
(Ullrich & Cumrnins, 1973; Ullrich, Cumrnins, & Waiken
bach, 1978) is usually used. In this study, proposed com
position rules were tested using a revised version of the
PCJM program (pcJM2, Ullrich et al., 1978). The PCJM
analyses show that the preference rank orderings of the
hypothetical contraceptive alternatives of 128 of the 156
respondents are consistent with one of five main types of
composition rules: additive over all attributes selected,
additive with one attribute inessential, one-attribute,
conjunctive/additive over all attributes selected, and
conjunctive/additive with one attribute inessential. Each

of these types is defined below; their frequency distribu
tion is shown in Table 3.

The preference rankorderings of all 25 respondents who
selected two attributes and of 48 of the 131 respondents
who selected three attributes satisfied the additivity ax
ioms for all attributes selected. The composition rules of
these 73 respondents are classified as "additive over all
chosen attributes" in Table 3.

An additional 9 respondents produced rank orderings
that satisfied the additivity axioms for two of the three
attributes they selected. The rank orderings showed that
these respondents were indifferent to the third attribute,
even though they chose it as important. The composition
rules of these respondents are classified as "additive with
one attribute inessential" (C. H. Coombs et al., 1975,
p. 285; Krantz et al., 1971, p. 256). The composition rules
of an additional 8 respondents who were indifferent to
two of the three selected attributes are classified as "one
attribute" rules. These rules might also be considered
"additive with two attributes inessential"; however, they
are not additive in the strict sense because two or more
attributes are required for additivity.

For 36 of the respondents who chose three attributes,
the 9 or 12 least preferred alternatives-all described by
the least desirable level of one attribute-were randomly
ordered, with the preference ordering of the remaining
alternatives satisfying the additivity axioms. The composi
tion rules of these respondentsare classifiedas "conjunctive/
additive over all chosen attributes." It appears that these
respondents first set aside the least preferred alternatives
without ordering them (for example, the 9 alternatives
whose use entails "minor/major side effects" in a con
venience, effectiveness-reversibility, and side effects at
tribute combination), then ordered the remaining con
traceptive alternatives consistent with an additive
composition rule (Nickerson & McClelland, 1984, 1988).
The composition rules of 2 additional respondents are
classified as "conjunctive/additive with one attribute in
essential." The unacceptable attribute levels for all 38
respondents are shown in Table 3. Not surprisingly, the
most common unacceptable attribute level is "98 % to
100% effective and not reversible."

The preference rankings of the remaining 28 respon
dents did not satisfy the axioms of any of the proposed
composition rules. These respondents were eliminated
from subsequent analysis because the derivation of ac
curate values requires the validation of a composition rule.

Values
Given a preference rank ordering that satisfies perfectly

the necessary axioms for the proposed composition rule,
various computer programs can be used to estimate a re
spondent's values for each attribute and attribute level.
If the rank ordering does not satisfy the axioms because
of a small amount of random response error, inessential
attributes, or conjunctivity, error correction must be ap
plied to the rank ordering prior to value estimation. For
example, if the rank ordering would satisfy the axioms
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Table 3
Classification of Composition Rules

Composition RUle/Attributes/Unacceptable Levels n

Additive over all chosen attributes
CE
CS
ES
ST
CES
EST

Additive, one attribute inessential
CU(E)
ES(C)
CE(S)
ST(C)
ES(U)
ES(T)

One-attribute
E(SC)
C(ES)
S(CE)
E(USj
E(ST)

Conjunctive/additive over all chosen attributes
CEU

"98% to 100% effective and not reversible"
CES

"98% to 100% effective and not reversible"
"minor/major side effects"

CET
"requires surgery"

CST
"minor/major side effects"

EST
"98% to 100% effective and not reversible"
"75% to 90% effective and reversible"
"minor/major side effects"

Conjunctive/additive, one attribute inessential
CE(S)

"98 % to 100% effective and not reversible"
CT(U)

"requires surgery"

Not classified

73

9

8

36

2

28

3
I

19
2

38
to

I
2
I
I
I
3

2
2
I
I
2

29

4

25
4

I
I
2

Note-C = convenience, E = effectiveness-reversibility, U = use, S = side effects, T = type.
Attributes in parentheses represent inessential attributes. Attribute levels in quotes represent the
unacceptable attribute levels in conjunctive/additive rules.

for three-attribute additivity were it not for one misplaced
choice alternative, that alternative is eliminated from the
rank ordering prior to value estimation. (For a more com
plete discussion of error correction, see Nickerson and
McClelland, 1984.)3

Available value-estimation programs for additive and
additive-variant rules include ADDALS (de Leeuw, Young,
& Takane, 1976), OPSCOLES (Emery, 1978), NMRG
(Johnson, 1975),MONANOVA (Kruskal, 1965),ORDMET
(McClelland&C. H. Coombs, 1975), UNICON (Roskam,
1974), and POLYCON (Young, 1972). DIST (Emery,
1977a) and DULST (Emery, 1977b) can be used for dis
tributive and dual-distributive rules, respectively. In the
present study, MONANOVA was used to estimate values
for all 128 respondents for whom composition rules could
be determined because all rules were either additive or
additive-variant.

Attribute values are expressed as relative importance
percentages and can vary from 0% to 100%. Inessential
attributes have estimated values of 0%. Presumably, un
chosen attributes have values between 0 % and the value
estimated for the least important of the chosen attributes.
This value is not known, of course, so for the purposes
of additional analysis unchosen attributes were assigned
values of 0 %. It is important to note that an attribute's
value is dependent on the set of attributes and attribute
levels being considered and might change if different at
tributes and/or attribute levels were to be used. As an ex
treme example, consider the likely effect on an individ
ual 's value for the side effects attribute if its third level
were changed to "almost certainly shortens life expec
tancy by 15 years." Attribute values can also change de
pending on the purpose for which a contraceptive method
is being chosen. For instance, an individual's values for
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Figure 1. Box-and-whisker plots of attribute values for the three
largest clusters of respondents (C = convenience, E =effectiveness-
reversibility, U = use, S = side effects, T = type).

(obtained in the real birth control ranking task) and the
evaluations of the hypothetical contraceptives matched to
those methods. The evaluations of the hypothetical contra
ceptives are by definition a function only of the composi
tion rule and the values of the respondent, because the
"beliefs" or attribute levels are specified in the hypo
thetical descriptions. In contrast, the ranking of the real
birth control methods is a function of the respondent's

Beliefs
The determination and validation of an individual's be

liefs about the attributes ofeach of the nine real birth con
trol methods is a three-step procedure. First, the overall
evaluation of each hypothetical contraceptive alternative
is computed by combining, according to the appropriate
composition rule, the values of the attribute levels describ
ing that alternative.

Second, each real birth control method is matched, us
ing the information obtained in the belief task, to one of
the hypothetical contraceptive alternatives and given that
alternative's evaluation. For example, if a respondent in
dicated that he or she believes the diaphragm to be "95%
to 99 % effective and reversible," to entail "possible
minor side effects, " and to be "obtainable over the coun
ter at a drugstore," then the diaphragm is assigned the
evaluation computed for the hypothetical multiattribute
contraceptive with that description.

Third, the validity of the beliefs about the real birth
control methods is ascertained by computing the correla
tion between the ranking of the nine birth control methods

effectiveness-reversibility may vary depending on whether
she wishes to postpone or to cease childbearing.

The values of the five contraceptive attributes vary
widely for the 128 respondents for whom composition
rules could be determined. A cluster analysis over respon
dents using the attribute values as respondent descriptors
(BMDP2M, Dixon & Brown, 1977) produced 3 major
and 13 smaller clusters of respondents. The 3 major
clusters are described by the box-and-whisker plots
(Tukey, 1977, pp. 39-41) in Figure 1. In these plots, the
endpoints of the "whiskers" represent the minimum and
maximum attribute values in a given cluster, the vertical
line represents the median, and the "box" encloses the
interquartile range.

Exactly half of the 128 respondents are contained in the
largest cluster. These respondents are moderately con
cerned about effectiveness-reversibility (median value of
59%), somewhat concerned about side effects (30%), and
only slightly or not-at-all concerned about convenience,
use, or type (9%,0%, and 0%, respectively). Respon
dents in a second cluster (n = 19) are also moderately
concerned about effectiveness-reversibility (62%), but are
somewhat concerned about convenience (31 %), with lit
tie or no concern about use, side effects, or type (0%,
8%, and 0%, respectively). Respondents in the third
cluster (n = 19) are primarily concerned about side ef
fects (55%), somewhat concerned about effectiveness
reversibility (37%), and show little or no concern about
convenience, use, or type (7%, 0%, and 0%, respec
tively). The 13 smaller clusters each consist of 1 or a few
respondents with other values for the five contraceptive
attributes and will not be described here. Both the exis
tence ofa large number ofclusters and the fact that the at
tribute values are homogeneous within clusters but hetero
geneous across clusters are evidence of large individual
differences in contraceptive values.



composition rule and values, and of his or her beliefs about
the attributes of each birth control method. If it is assumed
that the respondent uses the same composition rule and
values in rank ordering both the real methods and the
hypothetical contraceptives, then this correlation consti
tutes a test of the accuracy of the attributes and attribute
levels used in this study for describing the respondent's
beliefs about the real birth control methods.

The Goodman-Kruskal (1954) gamma correlation
coefficient for rank order data with ties was used to as
sess belief validity for the 128 respondents for whom com
position rules could be determined. The median gamma
correlation equals .63. Standard tests of significance are
not appropriate for within-individual analyses; therefore,
a gamma coefficient of .50 was arbitrarily selected to be
"acceptable. " The rationale for this selection is that this
value assures that at least 75 % of all possible pair com
parisons in the two rankings have the same ordering or
are tied. Eighty-three of the 128 respondents (65%) have
an acceptable gamma correlation coefficient, with a me
dian of .75.

Table 4 presents the beliefs about the nine real birth
control methods for the 83 respondents with acceptable
gamma coefficients. It shows that there are, in most in
stances, great individual differences in respondents' be
liefs about the attributes of the real birth control methods.
All nine methods show substantial variation in believed
level of convenience. With the exception of tubal liga
tion and vasectomy, which nearly all respondents believe
to be "98% to 100% effective and not reversible," the
birth control methods show a fair amount of variation in
believed effectiveness-reversibility. There is also substan
tial variation in the degree of side effects believed to be
associated with all methods except the condom and peri
odic abstinence, which nearly all respondents agree en
tail "none/minor side effects. " The only attribute of real
birth control methods about which respondents agree is
type; for all methods except the pill, respondents are
unanimous or nearly so with respect to the type of a birth
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control method. There is a bit of disagreement as to
whether the pill "can be obtained over the counter at a
drugstore" or "requires a visit to a physician or clinic. "
Beliefs about use of the real birth control methods cannot
be assessed because for no respondent with an acceptable
gamma correlation coefficient is use both a chosen and
essential attribute.

Prediction
The correlation between the evaluations of the hypothet

ical contraceptives and the ranking of the real birth con
trol methods was described above as being a test of the
validity of the attributes and attribute levels used. This
correlation actually reflects both the accuracy of the at
tributes and attribute levels in describing a respondent's
beliefs about the real birth control methods and the degree
to which the respondent's beliefs, values, and composi
tion rule predict his or her preferences across the nine
real birth control methods. This is so because the course
of analysis is a funnel-like procedure involving a sequence
of analytic steps. Ifone of the steps in the sequence can
not be performed for a respondent, then analysis proceeds
no further for that respondent. The validation of beliefs
is the last step in the sequence; hence, if the gamma corre
lation coefficient validates beliefs, then prediction of a
respondent's preferences from his or her beliefs, values,
and composition rule has been successful also. Thus, the
individual preference models developed using each re
spondent's contraceptive beliefs, values, and composition
rule are able to predict preferences for real birth control
methods for 83 respondents. This number constitutes 53%
of the total number of respondents in the sample and 65%
of the respondents for whom composition rules could be
classified.

DISCUSSION

The results of this study clearly show that there are
substantial individual differences in contraceptive val-

Table 4
Beliefs about the Nine Real Birth Control Methods

Effectiveness-
Convenience Reversibility Side Effects Type

Birth Control Method 1 2 3 1 2 3 1 2 3 1 2 3 4

Tubal ligation 68 13 19 95 5 0 43 38 19 100 0 0 0
Intrauterine device 56 35 9 3 81 16 8 28 64 0 100 0 0
Vasectomy 68 17 15 95 4 1 52 30 18 100 0 0 0
Pill 68 30 2 3 88 9 12 37 51 0 85 15 0
Condom 11 52 37 0 32 68 95 5 0 0 0 100 0
Diaphragm 4 72 24 1 58 41 67 26 7 0 92 8 0
Foam/cream/jelly 6 41 53 0 10 90 65 34 I 0 0 100 0
Periodic abstinence 13 41 46 0 12 88 93 7 0 0 0 0 100
Condom with 4 32 64 I 70 29 62 35 3 0 0 100 0

foam/cream/jelly

Note-Table entries are percentages of the 83 respondents with acceptable gammas who described each real birth con-
trol method in terms of a particular level of each attribute. Only respondents for whom an attribute is both chosen and
essential are included in the percentages for each attribute (n = 54, 79, 74, and 13 for convenience, effectiveness-
reversibility, side effects, and type, respectively). There are no respondents with acceptable gammas for whom use
is both a chosen and essential attribute.
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ues, beliefs, and composition rules even among a socio
demographically homogeneous group of respondents. Such
individual differences undoubtedly exist for other con
sumer products and services as well. The existence of
these individual differences creates methodological prob
lems for the modeling of multiattribute preferences via
conjoint analysis. The three strategies of tailoring, belief
matching, and axiom testing were proposed as solutions
to these problems. This discussion first evaluates the en
hanced conjoint analysis methodology and then notes that
the proposed solutions should also be useful in functional
measurement studies.

Evaluation of Methodology
As noted above, use of a methodology in which con

joint analysis was enhanced with the techniques of tailor
ing, belief matching, and axiom testing resulted in the ac
curate modeling of the contraceptive preferences of 83
of the 156 respondents (53 %) in the study. The median
gamma correlation predicting preferences for real birth
control methods from contraceptive beliefs, values, and
composition rules was. 75 for these respondents. These
figures seem reasonable in light of the fact that respon
dents were not screened for contraceptive use, intended
use, or familiarity prior to participation in the study.
Although contraception is a relevant issue for college stu
dents in general, it is undoubtedly not a relevant issue for
every individual college student. Better prediction might
have been achieved had respondents been, for instance,
students visiting the university birth-control clinic.

It is useful to compare these figures with the results
of other contraception studies. Although consumer re
searchers have virtually ignored the area of contraceptive
preference (but see Downs, 1977, Weitz and Wright,
1979, and Wright and Weitz, 1977, for three exceptions),
social and population psychologists have long been in
terested in the prediction of contraceptive use or con
traceptive use-intention (e.g., Cohen et al., 1978; David
son & Jaccard, 1975; Fishbein & Jaccard, 1973; Jaccard
& Davidson, 1972; Werner & Middlestadt, 1979). Their
studies generally consider the impact of both beliefs and
values on contraceptive behavior; however, they differ
from the present study in that they do not model the prefer
ences or intentions of individuals, nor do they predict
preferences or intentions across a numberof contraceptive
alternatives. Instead, predictions of contraceptive use or
contraceptive use-intention are made for contraception in
general or for a single specific contraceptive method such
as the pill (e.g., Davidson & Jaccard, 1975). These studies
generally obtain a single across-respondents correlation
of about .50 to .85 predicting contraceptive use or use
intention from contraceptive beliefs and values. The re
sults of the present study are within this range. It is worth
noting, however, that these studies typically assess be
liefs and values for 10 to 25 attributes and one contra
ceptive method, whereas in the present study, only two
or three attributes were needed to reach about the same
level of predictive accuracy across nine methods. One

great advantage of the methodology used in the present
study would thus appear to be its parsimony.

Traditional conjoint analysis typically assumes that all
respondents use an additive composition rule over all
product attributes included in the study. This assumption
was warranted for only 73 of the 156 (47%) respondents
in the present study. Although the argument has been
made that conjoint analysis performs at least as well as
axiomatic conjoint measurement in detecting error or vio
lations of the assumed composition rule (Emery & Barron,
1979), evidence is accumulating that this is not so. Un
fortunately, the presence of error or an incorrectly diag
nosed composition rule can result in estimated values that
are quite inaccurate. Preceding conjoint analysis with ax
iom testing and correcting errors as necessary helps pre
vent the misestimation of values.

The inability to determine composition rules for one
fifth of the respondents in this study is troublesome but
does not necessarily imply inadequacy of either the card
ordering task or the axiom-testing methodology; it may
simply reflect the fact that the contraceptive decision is
a difficult one to make for some individuals. There may
have been a few respondents for whom the card-ordering
task was just too difficult, even though it was refined over
several pilot studies to be as easy as possible and no re
spondent complained. However, close examination of the
error patterns in the preference rank orderings of those
respondents for whom composition rules could not be de
termined suggests at least two alternative explanations.
First, many respondents simply seemed unclear about
their contraceptive values, perhaps as a result of never
having given much thought to the matter of choosing a
method of birth control. Other respondents seemed to
know what they like, and also what they don't like, but
had difficulty choosing among the mediocre alternatives
in between, all of which were characterized by a less-than
desirable level of at least one attribute. Perhaps axiomatic
conjoint measurement's inability to determine a compo
sition rule for these respondents should be considered an
advantage of the methodology and not a flaw: Should nice
neat preference models be created for respondents who
don't seem to have nice neat preferences?

It is worth noting that even though the elimination cri
terion used here was more stringent, the number of re
spondents eliminated from further analysis via axiom test
ing compares favorably with the number of respondents
eliminated on the basis of the stress measure in studies
using only conjoint analysis to model preferences. For
example, in a study of consumer preferences for shop
ping discount cards, 49% of the respondents' data sets
obtained a stress value greater than .10, the usual crite
rion for rejection of the proposed additive composition
rule (Green, Carmone, & Wind, 1972), and in a study
of consumer preferences for restaurant menus, 30% of
the respondents' data sets obtained stress values greater
than .10 (Green & Wind, 1973, p. 171).

The percentage of respondents for whom the attributes
and attribute levels used in this study do not capture be-



liefs about real birth control methods is rather disconcert
ingly high, particularly given the educational level of the
respondents. The reason for this is not clear. It may be
due to respondents' having received inaccurate informa
tion about specific contraceptive methods; in her review
of adolescent contraceptive behavior, Morrison (1985)
noted that adolescents' contraceptive information is more
likely to come from peers and books and other media than
from medical sources, sex education classes, or parents,
and that peer information is often of poor quality. It may
be due to lack of information rather than to misinforma
tion, or to lack of experience; respondents were not
screened for either sexual or contraceptive experience,
and even those respondents who had used or were cur
rently using contraception could have had, at most, only
very short contraceptive careers. A third possibility is that
respondents may not have been offered the opportunity
to select those attributes that they consider most impor
tant in choosing a contraceptive method; Morrison (1985)
noted that in addition to traditional contraceptive concerns
such as effectiveness, safety, and convenience, adoles
cents also have concerns peculiar to their age group such
as feelings of guilt, fear of discovery, feelings of embar
rassment, and so on.

A study predicting preferences from beliefs and values
should include all of the attributes actually considered by
respondents and the attribute levels that best describe their
beliefs about real products. Failure to capture contra
ceptive beliefs for 35 %of the respondents for whom com
position rules could be determined suggests that each re
spondent must be allowed to select his or her two or three
(or perhaps four) most important attributes from a larger
pool of attributes than was provided in this study. 4 It also
suggests that it may be necessary to tailor attribute levels
as well as attributes to each individual respondent if good
prediction is to be achieved. This "double tailoring" ap
proach would not be feasible with the pencil-and-paper
and card-ordering tasks used in this study; it would re
quire an on-line interactive computer program for alter
native generation and presentation and data collection.
Such programs have been used successfully in commer
cial applications of conjoint analysis (Cattin & Wittink,
1982).

The use of an interactive program offers several ad
vantages in addition to that of tailoring attributes and at
tribute levels. These include (1) speed of data collection,
(2) maintenance of respondent interest, (3) elimination of
data entry from questionnaires to computer files prior to
data analysis, and (4) the possibility of providing the
respondent with immediate feedback about his or her be
liefs and values. The availability of immediate feedback
suggests that such a program would be useful not only
as a research tool but also as a decision aid. For exam
ple, in the contraceptive situation, the program could be
used in a family-planning clinic to assist the individual
in selecting the best contraceptive method for personal
use and to enhance his or her understanding of, commit-
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ment to, and effective use of that method (Sachs & Pitz,
1981; Wall, 1985).

Use with Functional Measurement
Empirical applications of either axiomatic conjomt

measurement or conjoint analysis are not common in psy
chological research. Just why such a useful and powerful
methodology is so rarely employed is not clear; the claim
is often made that conjoint measurement is not very prac
tical because it lacks a formal error theory. Lack of an
error theory, however, has not prevented widespread use
of such techniques as factor analysis, cluster analysis, and
multidimensional scaling. The popularity of functional
measurement (Anderson, 1981, 1982b) in psychology sug
gests a more likely reason: Most researchers in psychol
ogy are either unfamiliar with or uncomfortable with an
approach to data analysis that deviates from the multiple
regression/analysis of variance paradigm that has domi
nated psychological research for so long (Cliff, 1973).

Functional measurement (Anderson, 1981, 1982b) is
similar to axiomatic conjoint measurement in that it
(1) generates choice alternatives through the factorial or
fractional factorial combination of different levels of at
tributes and (2) derives values for those attributes subse
quent to the validation of a proposed composition rule
(called the "integration rule"). It differs in that (1) respon
dents are asked to assign numerical evaluations to the
choice alternatives rather than to rank order them and
(2) standard analysis of variance techniques are used to
test proposed composition rules and derive values. In con
joint techniques, the attributes studied are usually charac
teristics of consumer products or services, whereas in
functional measurement, the attributes are usually charac
teristics or consequences of behavioral or psychological
phenomena. This difference, however, is not dictated by
the methodologies themselves but reflects their usual ap
plications: Conjoint techniques are used most often by
consumer researchers, and functional measurement is used
most often by psychologists. However, conjoint tech
niques can be, and have been, used to study psychologi
cal phenomena (e.g., C. H. Coombs & Bowen, 1971, and
C. H. Coombs & Huang, 1970, on the perceived riski
ness of gambles; C. H. Coombs et al., 1975, on family
size and sex-composition preferences; L. C. Coombs,
1979, on job/family preferences; Fischer, 1976, on job
offer preferences; Nygren, 1985, on workload prefer
ences; Orkin & Greenhow, 1978, on the competence of
medical residents; Ullrich & Painter, 1974, on job
applicant preferences; Wallsten, 1972, 1976, on probabi
listic information processing; Wallsten & Budescu, 1981,
on the assessment of personality profiles; and Wittink &
Montgomery, 1979, on job preferences). Likewise, func
tional measurement can be, and has been, used to study
preferences for consumer goods and services (e.g., Bett
man, Capon, & Lutz, 1975a, 1975b, on toothpaste pref
erences; Kocur, Hyman, & Aunet, 1982, Lerman &
Louviere, 1978, Levin & Herring, 1981, Norman, 1977,
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and Norman & Louviere, 1974, on transportation and
travel preferences; Meyer, 1982, on preferences for pizza
parlors and apartments; and Troutrnan & Shanteau, 1976,
on preferences for disposable diapers and infant car seats).

The question then arises as to which of the two meth
odologies is "better." There has been extensive and ac
rimonious debate about the relative merits of the two
approaches. Critics of axiomatic conjoint measurement
emphasize its lack of an error theory; critics of functional
measurement question whether the numerical evaluations
assigned by respondents to the choice alternatives can be
regarded as the interval-scale measurements required by
analysis of variance. We do not intend to reopen this de
bate; the interested reader is referred to Anderson (1981,
pp. 347-356, 378-380; 1982a; 1982b, pp. 220-226),
Birnbaum (1982), Cliff (1973), Dawes and Smith (1985),
Falmagne (1976), Krantz et al. (1971, pp. 445-447),
Krantz and Tversky (1971), and the exchange of letters
in The Psychological Review (Anderson, Krantz, &
Tversky, 1971), and invited to draw his or her own con
clusions. We note, however, that two of the three meth
odological problems encountered in implementing conjoint
analysis-the problems of an overly large set of choice
alternatives and the hypothetical nature of the alternatives
in the choice set-also occur in implementing functional
measurement, and that the suggested solutions of tailor
ing and belief matching, used here in a conjoint analysis
study, can be used in functional measurement studies as
well (e.g., Jaccard & Becker, 1985). In fact, because
rating-scale tasks are easier to present on computer
terminal screens than rank-ordering tasks, functional
measurement would be particularly useful in implement
ing the "double tailoring" approach described above.
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NOTES

I. In the absence of "signed" attributes, however, multiplicative rules
are not distinguishable from additive rules. A signed attribute is one
that has a natural zero or neutral level; levels on either side of the neu
trallevel are negatively and positively valued, respectively. The contra
ceptive attributes used in this study are not signed.

2. Higher ranks indicate greater preference.
3. For some reason, the correction of data errors (e.g., eliminating

outliers) is often viewed in the social sciences as "cheating" or "fudg
ing," even though it is well known that such errors can have undue
and extraordinary influence on the results of a data analysis, particu
larly when the total number of observations in the data set is small. (See
Anscombe, 1973, for some compelling examples in regression analysis.)
Although there is no doubt that procedures for error detection and elimi
nation or correction can be abused, we think that it is more honest to
eliminate or correct such errors and thereby allow the results to be based
on the majority of the data observations than it is to ignore them and
present results that may be grossly distorted (Judd & McClelland, 1989,
pp. 231-232).

4. One problem with the tailoring approach is that it presumes that
individuals know enough about their own values to be able to select the
two or three product attributes most important to them. The fact that
a number of respondents selected attributes that analysis showed to be
irrelevant to their preferences suggests that some individuals do not pos
sess this self-knowledge. In fact, there exists a fair amount of empirical
evidence that individuals tend to overestimate the importance of less
valued attributes (Einhorn, Kleinmuntz, & Kleinmuntz, 1979; Schmitt
& Levine, 1977; Slovic & Lichtenstein, 1971). Even more troublesome
is the possibility that a respondent may fail to select an attribute that
has great influence on his or her preferences. These possibilities create
a methodological dilemma: cognitive psychology suggests that individuals
are not able to consider more than a few attributes, but there may be
a large set of possible attributes that might affect any given individual's
preferences. Furthermore, different individuals may consider different
subsets of the total set of attributes. How can the appropriate set of at
tributes be selected for each respondent? There is no guarantee that a
respondent is able to select the few attributes that affect his or her prefer
ences. On the other hand, there is no guarantee that the researcher is
able to select those attributes either (although the vast majority of studies
of multiattribute preferences have used attributes selected by the re
searcher). We don't know the solution to this dilemma, but we will note
that if the selected attributes are not the ones that are affecting the respon
dent's preferences for real alternatives, then the correlation between the
evaluations of the hypothetical multiattribute alternatives and the rank
ing of the real alternatives should be low for that respondent. It should
be noted that the question of self-knowledge bedevils many other meth
odologies used in psychology. For example, verbal protocol analysis
assumes that a respondent both knows and can describe what he or she
is doing in a problem-solving task, an assumption that has been much
disputed (Nisbett & Wilson, 1977).
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