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Extended Axiomatic Conjoint Measurement:
A Solution to a Methodological Problem
in Studying Fertility-Related Behaviors
Carol A. Nickerson and Gary H. McClelland
University of Colorado

This paper has three purposes: (1) to develop a
methodology based on axiomatic conjoint measure-
ment to accompany the McClelland (1980) fertility de-
cision-making model; (2) to demonstrate the use of the
methodology by applying it to the study of a specific
fertility-related behavior (contraceptive choice); and
(3) to evaluate the usefulness and validity of the
model and its methodology for studying fertility-re-
lated behaviors. The within-persons methodology de-
veloped is contrasted with the across-persons method-
ology customarily used to test expectancy-value
models of behavior. Index terms: Conjoint mea-
surement, Contraception, Decision making, Expec-
tancy-value models, Preference models, Within-per-
sons analysis.

As effective means of fertility regulation become
more available and more acceptable, fertility-re-
lated behaviors (e.g., deciding to have another child,
or selecting a birth control method) will increas-
ingly become matters of personal decision (Bour-
geois-Pichat, 1967). It therefore seems appropriate
to study these behaviors using a model of individual
decision making such as that proposed by Mc-
Clelland (1980). This model depicts decision mak-
ing as a cognitive process whereby a person eval-
uates a variety of behavioral alternatives and selects
from among them. The purpose of the present paper
is to develop a methodology to accompany this

model and to demonstrate its use by applying it to
the study of contraceptive choice.

According to the McClelland (1980) model, the
decision-making process consists of four major
stages: judgment, valuation, integration, and choice.
In the j~d~rne~xt stage, the person making the de-
cision identifies the possible consequences of per-
forming some behavior. A woman may believe, 9
for example, that the possible consequences of us-
ing an intrauterine device (IUD) include effective
protection against unwanted pregnancy, conven-
ience of use, low cost, and a slight danger of uterine
perforation. These believed consequences may or
may not be veridical. In the valuation stage, each

consequence identified in the judgment stage is as-
signed some value according to its desirability. Thus,
the same woman is likely to view the consequences
of effectiveness, convenience, and low cost as very
desirable and the consequence of uterine perfora-
tion as quite undesirable. Whereas beliefs about
consequences resulting from the performance of a
behavior may be correct or incorrect in an objective
sense, values assigned to consequences are more
subjective. In the integration stage, the values of
the consequences are combined in some manner to

form an overall evaluation of the behavior. For

example, this woman’s values may be combined
in such a way that the IUD’S effectiveness, con-
venience, and low cost more than compensate for
its health risks9 ~nd hence it receives a high overall
evaluation. In the choice stage, the person com-
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pares the overall evaluations of a number of be-

havioral alternatives (e.g., use of the IUD, pill,
diaphragm, etc.) and selects the behavior with the
highest overall evaluation. The decision-making
model assumes that a person attempts to select a
behavior that will maximize benefits (desirable
consequences) relative to costs (undesirable con-
sequences) ; however, decisions may be suboptimal
because of cognitive errors made at one or more
of the four decision-making stages.

As McGlell~r~d (1980) noted, this model has im-
portant implications for the study of fertility-related
decision making. The emphasis on believed con-
sequences, subjective values, and personal inte-

gration rules suggests the existence of significant
individual differences at the judgment, valuation,
and integration stages of the decision sequence.
That is, persons are likely to differ in their judg-
ments of the consequences that may result from a

given behavior, and even persons in agreement on
the possible consequences of a behavior may hold
very different opinions of their desirability. Two
women may agree, for example, that the IUD is

inexpensive to use, but the woman on a limited
budget may value this consequence more than would
a wealthier woman. Furthermore, persons with both
similar beliefs and similar values may integrate this
information differently in forming their overall

evaluations. For the woman described above, the
effectiveness, convenience, and low cost of the ~tJ~
more than compensate for its health risks. Another
woman with the same beliefs and values regarding
the ttl&reg; may combine this information in such a

way that the risk of uterine perforation overrides
all other considerations and the method receives a

low overall evaluation.

The existence of individual differences poses a
dilemma for the study of fertility-related decision
making. These differences suggest the possibility
that several persons may arrive at the same choice
for different reasons; that is, the same choice can
result from different sets of beliefs, values, and
integration rules. For example, one woman may
decide to use the IUD because she believes that it

is very convenient and she places high value on
convenience, whereas another may decide to use
the IUD because she believes that it is very effective

in preventing pregnancy and she places high value
on effectiveness. It is impossible, therefore, to in-
fer beliefs, values, or integration rules from the
observation of a single chosen behavior.
The presence of individual differences also im-

plies that important details of the decision-making
process are lost by aggregating or averaging data
over persons. For example, suppose that one-third
of a study’s respondents value highly the conven-
ience of a contraceptive method, another third place
moderate value on convenience, and the remaining
third are not at all concerned about this conse-

quence. In this case, averaging the data across all
respondents would lead to the conclusion that con-
venience is a moderately-valued contraceptive con-
sequence, a summary that does not reflect the val-

ues of two-thirds of the respondents.
The decision-making model thus implies that in-

ferences about fertility-related decisions cannot be
made from the observation of single behaviors, but
it also rules out the aggregation of data across per-
sons as a means of observing a number of behav-
iors. The resolution of this dilemma clearly re-
quires the within-persons analysis of a number of
behaviors performed by the same person. Unfor-
tunately, however, a person usually makes only a
few fertility-related decisions in an entire lifetime,
seemingly eliminating the possibility of employing
this strategy.
The dilemma can be resolved if it is possible to

obtain preference information about the entire set
of behavioral alternatives under consideration by
the person. This approach simulates the observa-
tion of a number of behaviors by requiring the
person to answer a series of 6 ‘~rh~t-~f 9’ questions
(e.g., &dquo;What is your most preferred contraceptive
method?&dquo;, &dquo;What contraceptive method would you
want to use if for some reason you were unable to

use your most preferred method?&dquo;, etc.) or, equiv-
alently, to rank-order according to preference the
set of behaviors (e.g., use of various contraceptive
methods) under consideration.

If the consequences associated with the entire
set of behavioral alternatives are considered as a

whole, very often it will become evident that those
consequences are in fact variables. That is, a con-

sequence may constitute one category or level of
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a more global, multilevel consequence. For ex-

ample, three different contraceptive methods may
be 75%, 85%, and 95% effective, respectively.
These percentages may be viewed as three different
levels of a single effectiveness consequence rather
than as three separate consequences. The &dquo;levels

of a consequence&dquo; are analogous to the levels of
an independent variable in analysis of variance.

If the behavioral consequences can be viewed
as variables, and if the set of behavioral alternatives
to be ranked can be created by the factorial (or
fractional factorial) combination of the varying lev-
els of those consequences, then axiomatic conjoint
measurement (Krantz, Luce, Suppes, & Tversky,
I9719 Krantz & Tversky, I971 ) can be used to
determine a person’s integration rule and to derive
his or her values for each consequence, each con-

sequence level, and each behavioral alternative. A

person’s beliefs about the behavioral alternatives
are then the levels of the consequences describing
those alternatives. Note, however, that those al-
tematives are necessarily hypothetical, however re-
alistic their descriptions might be (Wallsten & Bu-

descu, 198 1). Real-world behaviors are not naturally
described by their consequences but are intact,
wholistic, named behaviors (Anderson, Deane,
Hammond, 9 ~cClell~nd, ~ Shanteau, 1981, pp.
79-80, 257-258).
Use of axiomatic conjoint measurement is thus

problematic when the interest is in studying real-
world behaviors, as is usually the case in fertility
research (and in many other areas of research as
well). The problem can be circumvented, however,
if the preference information obtained about hy-
pothetical behavioral alternatives is supplemented
by belief and preference information about real-
world behavioral alternatives. The person’s beliefs
about these alternatives are used to establish a cor-

respondence between the hypothetical and the real-
world behaviors. The preference ordering across
real-world behaviors can then be used to determine

the degree to which that ordering is predicted by
the person’s beliefs, values, and integration rule.

The present study demonstrates how this exten-
sion of axiomatic conjoint measurement might be
used to study a real-world fertility-related decision.
The methodology is used to study the process by

which a person who wishes to delay pregnancy
selects a contraceptive method from a set of pos-
sible alternative methods. Empirical applications
of axiomatic conjoint measurement are not com-
mon in psychological research. Furthermore, with
few exceptions (c.~., ~~llste~9 1972, 1976), those
applications that do exist have employed the tech-
nique for determining integration rules and have
de-emphasized or neglected the derivation of val-
ues (e.~.9 Coombs, 1979; Coombs & Bowen, 1971;
Coombs, Coombs, & NlcClell~~d9 1975; Coombs
& Huang, 1970; Fischer, 1976; Ullrich & Painter,
1974; Wallsten & Budescu, 1981). No study has
used the methodology to study wholistic rather than
hypothetical behaviors. Therefore, a step-by-step
analysis of one respondent’s data is presented first
in order to demonstrate the methodology. Summary
results are then presented for an entire group of
respondents. Particular emphasis is given to veri-
fying the existence of individual differences at the
judgment, valuation, and integration stages of the
decision-making process, as it is the existence of

these differences that necessitates a within-persons
methodology.

Method

Respondents

One hundred clients of a Boulder, Colorado fam-

ily-planning clinic agreed to participate in the study.
Both men and women were included in the sample;
each respondent received $5 for his or her partic-
ipation.

1~~~~~a~ls and Procedure

Because this was a demonstration study, expo-
sitional simplicity demanded that some constraints
be placed upon the full range of individual differ-
ences that might exist. Accordingly, beliefs about
birth control methods were restricted to beliefs as-

sociated with three consequences of contraceptive
use: convenience, effectiveness/reversibility, and
side effects. These particular consequences were
selected because they seem to reflect the contra-
ceptive concerns most often expressed in the birth
control information pamphlets and booklets dis-
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tributed by family-planning clinics and women’s
health care groups (e.g., Basics of Birth Control,
1977; Birth Control Handbook, 1973; Boston
Women’s Health Book Collective, 1976).

Convenience refers to such considerations as the

number of visits to a physician that the use of a
particular contraceptive method might require,
whether the method requires preparation immedi-
ately before intercourse, and whether the method
is &dquo;messy.&dquo; Effectiveness is defined in terms of

the percentage of women per year who become

pregnant while using a contraceptive method. Re-
vcr.HM~ refers to the possibility of being able to
bear children after discontinuing use of a contra-
ceptive method. Effectiveness and reversibility were
combined into a single consequence because they
are not independent; it is not possible, for example,
for a contraceptive method to be both ineffective
and irreversible. Side effects refers to the possible
health risks that may arise from use of a contra-

ceptive method.
A possible fourth consequence, cost, was not

included because pilot studies showed that respon-
dents either do not consider the cost of a contra-

ceptive method to be important, or believe that
contraceptive methods do not vary much in overall
cost. Without such variance, the cost consequence
cannot discriminate between contraceptive meth-
ods and therefore cannot affect predictive power,
regardless of its importance.

Three levels of each consequence
were chosen so that the most popular birth control
methods currently available might reasonably be
characterized by one level of each consequence.
Because the verbal of these levels are
quite lengthy, the levels are often referred to in the
text and tables in an abbreviated form. The con-

sequence levels and their abbreviations are shown

in Table 1.

Each respondent was given a list of eight real
birth control methods: ( 1 ) tubal ligation, (2) m&reg;9

(3) vasectomy, (4) pill, (5) condom, (6) di~.~

phragm, (7) vaginal f&reg;~~r~/cr~ar~~/y~lly, and (8)
rhythm. Each method listed was accompanied by
a short description that made no mention of its

convenience, effectiveness, reversibility, or side
effects. For example, the diaphragm was described

as &dquo;a thin rubber dome that is inserted into the

vagina to cover the cervix and prevent sperm from
entering the uterus.&dquo; 

9

As the first task (the judgment task), each re-
spondent was asked to select the level of each con-
sequence that he or she believed to be the most

accurate description of each of the eight real birth
control methods. Thus, a respondent might believe
that the diaphragm is &dquo;somewhat inconvenient,&dquo; 

>

that &dquo;between 15 and 35 women out of 100 will
have accidental pregnancies in a year and that it is
reversible ([one] can nearly always stop using this
method and then have children),’’ and that its use
causes &dquo;rarely any side effects at all.&dquo; 9

For the second task (the hypothetical contracep-
tive ranking task), the three levels of each conse-
quence were factorially combined in a 3 x 3 x 3
design resulting in 27 consequence-level combi-
nations. Each of these combinations describes a

hypothetical contraceptive alternative and was
printed on a separate card. Each respondent was
instructed to rank-order the 27 cards from &dquo;most

preferred&dquo; to &dquo;least preferred&dquo; contraceptive as if
he or she &dquo;didn’t want to have a child just yet but
did want a family in the future.&dquo; 

9

As the third task (the real birth control ranking
task), each respondent was asked to rank-order the
list of eight real birth control methods from most
preferred to least preferred, as if he or she &dquo;didn’t
want to have a child just yet but did want a family
in the future.&dquo; 

9

It may seem odd that a respondent asked to imag-
ine that he or she 6 ‘did~’t want to have a child just
yet but did want a family in the future&dquo; would be
offered tubal ligation and vasectomy as choice al-
ternatives. Tubal ligation and vasectomy were in-
cluded because they are among the birth control
methods available, and it is possible that a person
would prefer an irreversible method to an ineffec-
tive one. This might happen, for instance, if a

person 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
control method.

Analysis

The decision-making model was tested individ-
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Table 1

Levels of the Three Contraceptive Consequences

ually for each respondent. Validation of the model
consists of a sequence of three analytic steps: (1)
testing one or more proposed integration rules, (2)
derivation of the values assigned to the contracep-
tive consequences, and (3) determination and val-
idation of the consequences believed associated with
each of the eight real birth control methods. If one
of the analytic steps in the sequence cannot be

performed, analysis proceeds no further. If all three
steps can be performed, then a correlation coeffi-
cient can be computed to determine the degree to
which a person’s beliefs, values, and integration
rule predict his or her preferences across the set of
real birth control methods and thereby validate the
decision-making model. A detailed explanation of
each analytic step is provided below. For concrete-
ness, the dataset of one respondent is used to il-
lustrate the analytic procedures.

The illustrative respondent’ preference rank or-
dering of the 27 hypothetical contraceptive alter-
natives is shown in Table 2. The respondent’s most
preferred alternative, ranked 27, is one that is very
convenient, is 95% effective and reversible, and

rarely causes side effects. This contraceptive is

obviously ideal for a person wishing to delay child-
bearing. The remainder of the rank ordering ex-
hibits a very marked degree of regularity. Alter-
natives that are 95% effective and reversible are

always preferred to those that are 65% to 85%
effective and reversible, which in turn are always
preferred to those that are 99% effective and ir-
reversible.

If the level of effectiveness/reversibility is held
constant, an alternative that is very convenient is

preferred to an alternative that is somewhat incon-
venient as long as the first alternative is associated
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Table 2
Ranks and Overall Evaluations of the 27 Hypothetical

Contraceptive Alternatives, Ordered From Most to Least Preferred,
for the Illustrative Respondent

Note. Numbers in parentheses indicate ranks and evaluations after
error correction.

only with rare or minor side effects. However, a
somewhat inconvenient alternative that rarely causes
side effects is preferred to a very convenient al-
tera~ative that may cause major side effects. This
distaste for alternatives with major side effects is
evident throughout the rank ordering; the respon-
dent always prefers to switch to an alternative with
a less desirable level of convenience, rather than
to one associated with major side effects. The reg-
ularity of the rank ordering suggests that it may

satisfy the axioms of a simple polynomial integra-
tion rule.

The preference pattern also suggests the respon-
dent’s relative valuation of the three contraceptive
consequences. The consequences and consequence
levels that are relinquished first in the rank ordering
are those that are valued less. Thus, the rank or-
dering reveals that the consequence of effective-
ness/reversibility is much more important to this
respondent than either convenience or side effects,
and that convenience is somewhat more important
than side effects. These qualitative observations are
verified by the formal axiomatic conjoint measure-
ment analysis.
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1: Test of the Rule

Axiomatic conjoint measurement can diagnose
three classes of simple polynomial integration rules
in three variables: additive rules (A + P + U), dis-
tributive rules [(A + P)U], and dual-distributive
rules (AF + U) (Krantz et al., i 9~ i Krantz &

Tversky, 1971). ~t can also diagnose variants of
these rules, such as an additive rule in three vari-
ables in which one of the variables is irrelevant or
a distributive rule in which the three variables are

permuted. The additive integration rule in three
variables is tested first because it is the simplest of
the polynomial integration rules. Other integration
rules are considered only if the additive rule is

rejected.
An additive integration rule implies that the overall

evaluation of each hypothetical contraceptive al-
terr~ative can be computed by summing the values
associated with the three consequence levels de-

scribing that alternative. For an integration rule for
a 3 x 3 x 3 factorial design to be additive, a pref-
erence rank ordering must satisfy the axioms of ( 1 )
simple independence, (2) joint independence, and
(3) double cancellation. Simple independence means
that the ordering of the levels of each consequence
must be invariant over every combination of the
levels of the other two consequences. Joint inde-

pendence means that the of every com-
bination of the levels of any two consequences must
be invariant over the levels of the third conse-

quence. Joint independence implies simple inde-
pendence, but the converse is not true. However,
when simple independence is satisfied, violations
of joint independence are not common.
Double cancellation has no intuitive ex-

planation and is best illustrated by an example.
Suppose that the level of any one of the three con-
sequences is held constant and that the cells of the

resulting 3 x 3 factorial combination of the other
two consequences and Y) are labeled as shown
in Figure 1. If the rank of cell b is greater than or
equal to the rank of cell f and if the rank of cell d
is greater than or equal to the rank of cell h, then
the rank of cell a must be greater than or equal to
the rank of cell l if double cancellation is to be

satisfied. For a rank ordering to be considered con-

sistent with an additive composition rule.. double
cancellation must be satisfied for all possible com-
binations of two of the three consequences at every
level of the third consequence. Double cancellation

is rarely violated if the rank ordering satisfies sim-
pie and joint independence.
Examination of the illustrative respondent’s

preference rank ordering of the 27 hypothetical
contraceptive alternatives helps to clarify the nature
of these three axioms. This examination is simpli-
fied if the ranks of the alternatives are arranged
into three different row x column x plane mat-
rices, as shown in Table 3. In each matrix, the
column consequence is the consequence being tested
for simple independence. Table 3a shows that the
preference ordering of the levels of convenience
(c) is c >C2>C3 at each of the nine possible
combinations of the levels of effectiveness/revers-

ibility and side effects; convenience is therefore

independent of effectiveness/reversibility and side
effects.

Table 3b shows that the preference ordering of
the levels of effectiveness/reversibility (ER) is

ER2 > ER3 > ERi at each of the nine possible com-
binations of the levels of side effects and conven-

ience ; effectiveness/reversibility is therefore in-

dependent of side effects and convenience.

Figures I
The Double Cancellation Axiom
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Table 3
Three Arrangements of the Preference Rank Ordering

of the Hypothetical Contraceptive Alternatives
for the Illustrative Respondent

In Table 3c, however, the preference ordering
of the levels of side effects (SE) is SEI > SE2 > SE3

at only eight of the nine possible combinations of
the levels of convenience and effectiveness/re-

versibility. At combination C3 X ER2, the ordering
is SEI > SE3 > SE2. The reversal of SE2 and SE3
violates simple independence for side effects.

In each matrix in Table 3, the consequences being
tested for joint independence and double cancel-
lation are the row and column consequences. In

Table 3a the preference ordering of the nine com-
binations of effectiveness/reversibility and conven-
ience is the same at each of the three levels or

planes of the side effects consequence. This is easy
to see if the combinations in each plane are re-
numbered from 9 (most preferred) to 1 (least pre-
ferred). Reading across each row, the nine com-
binations are ordered 3, 2, 1, 9, 8, 7, 6, 5, 4 in
each plane; therefore effectiveness/reversibility and
convenience are jointly independent of side effects.

If the nine combinations of side effects and ef-

fectiveness/reversibility in each plane of Table 3b
are renumbered in a similar fashion and read across

each row, the combinations are ordered 3, 9, 6, 2,
8, 5, 1, 7, 4 in only the first and second planes of
convenience; the ordering in the third plane re-
verses the alternatives with the (renumbered) ranks
of 7 and 8. As a result of this reversal, side effects
and effectiveness/reversibility are not jointly in-

dependent of convenience.
In Table 3c the nine combinations of conven-

ience and side effects have the same (renumbered)
ordering of 9, 8, 6, 7, 5, 3, 4, 2, 1 in only the
first and third planes of effectiveness/reversibility;
the ordering in the second plane reverses the al-
ternatives with the (renumbered) ranks of I and 2.

Therefore, convenience and side effects are not

jointly independent of effectiveness/reversibility.
Because the antecedent conditions do not hold,

there are no tests of double cancellation for the
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combination of effectiveness/reversibility and con-
venience shown in Table 3 a, or for the combination
of side effects and effectiveness/reversibility shown
in Table 3b. A 6 ‘~&reg; test&dquo; situation does not con-

stitute a violation of additivity. In Table 3c double
cancellation is satisfied for the combination of con-

venience and side effects at all three levels of ef-

fectiveness/reversibility.
In practice, computer programs such as CON-

joiNT (Holt & Wallsten, 1974), CMscAL (Nygren,
1986), or PCJM2 (Ullrich & Cummins, 1973; Ull-
rich, Cummins, & Walkenbach, 1978) are used to
test the axioms for any proposed simple polynomial
integration rule. PCJM2 was used to test the three
additivity axioms for the illustrative respondent’s
preference rank ordering of the hypothetical con-
traceptive alternatives. The program yielded the
same conclusions regarding the satisfaction of the
additivity axioms as did direct examination of the
three matrices in Table 3.

Note that all of the violations of simple and joint
independence are due to the ordering of a single
pair of alternatives. These alternatives differ only
in their levels of the side effects consequence. The

more preferred alternative (ranked 20 in Table 2)
may have major side effects, whereas the less pre-
ferred alternative (ranked 19) may have minor side
effects. This preference probably represents a mis-
take by the respondent because ( 1 ) it involves al-

ternatives with adjacent ranks, (2) it makes no sense
to prefer major to minor side effects, and (3) it is
inconsistent with all her other preferences.

Such errors are the bane of axiomatic conjoint
measurement. Although attempts are being made
to develop an error theory that will specify the
number of axiom violations that should cause re-

jection of a proposed integration rule (e.g., Ar-
buckle & Larimer, 1976; 9 ~’~.lm~~r~~, 1978; Mc-
Clelland, 1977; Nygren, 1985, 1986), no adequate
error theory is yet available. Because data are typ-
ically fallible, however, an evaluation of the va-
lidity of an integration rule should take the possi-
bility of error into account (Krantz & Tversky,,
1971). Requiring perfect consistency with the ax-
ioms would be unrealistic; it is analogous to re-
jecting the model in a correlational study if the

correlation coefficient is less than 1.00.

One strategy for coping with error that has seen
prior use (e.g., Coombs, 1979; Coombs & Bowen,
1971; Coombs et al., 197591_Tllrich ~ Painter, 1974)
is to allow a small number of nonsystematic errors
before rejecting the proposed integration rule. In

the present study, up to three errors were allowed,
where an error is defined as either the reversal of
a pair of alternatives with adjacent ranks, or an
alternative that is clearly misplaced in the ordered
card deck. Allowing only three errors for a rank
ordering of 27 alternatives is a stringent criterion,
considering the possible number of errors that might
be made (Nygren, 1985). In the illustrative re-

spondent’s data, the pair of alternatives with ranks
19 and 20 constitutes the only error. Because re-
versing the ranks of these alternatives eliminates
all axiom violations, the rank ordering was judged
consistent with an additive integration rule accord-
ing to the above strategy for dealing with error.
Had the ordering been judged inconsistent with

an additive integration rule, it would have been

tested for consistency with an additive-variant rule,
or a distributive or dual-distributive rule. Space
considerations do not permit presentation of the
procedures for testing these rules. Nickerson and
h4cCIeIIand (1984) defined a number of additive-
variant rules and described error correction pro-
cedures for these rules. Krantz and Tversky ( 1971 )
discussed axiom testing for distributive and dual-
distributive rules and provided diagnostic flow-
charts describing the sequence in which integration
rules are proposed and tested.

Step 21 of Values

Once the integration rule has been determined, 9
values may be derived. Given a preference rank
ordering that perfectly satisfies the axioms of the
proposed integration rule, or that has been cor-
rected to satisfy those axioms as in the example
above, various scaling programs may be used to
produce a set of values, one value for each level
of each consequence. These values are then com-
bined according to the validated integration rule to
yield an overall evaluation of each hypothetical
alternative.

Scaling programs for additive and additive-var-
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iant integration rules include ADDALS (de Leeuw,
Young, & Takane, 1976), OPSCOLES (Emery, 1978),
NMRG (Johnson, 1975), MONANOVA (Kruskal, 1965),
ORDMET (Delbeke, 1979; Lehner & Noma, 1980;
l~cClell~nd & Coombs, 1975), UNICON (Roskam,
1974), and POLYCON (Young, 1972). DIST (Emery,
1977a) and DULST (Emery, 1977b) scale data for
distributive and dual-distributive integration rules,
respectively. These programs employ iterative search
algorithms or least-squares regression techniques,
or solve systems of linear inequalities, to estimate
values for consequence levels so that the overall

evaluations of the hypothetical alternatives form an
interval scale that is monotonic with the original
preference rank ordering of those alternatives.
MONANOVA (Kruskal, 1965) was used to produce

the values shown in Table 4 for the illustrative

respondent’s preference rank ordering of the hy-
pothetical contraceptive alternatives. The range of
values across the levels of a consequence reflects

the relative importance of that consequence in de-
termining the respondent’s overall evaluations of
the hypothetical alternatives. Thus effectiveness/
reversibility (range = 1. is more than three times
as important as convenience (range = .296), which
in turn is about twice as important as side effects
(range = .1~6). A relative importance percentage
can be computed for each consequence by dividing

the value range of that consequence by the sum of
the value ranges of all three consequences, then

multiplying by 100. The relative importance per-
centage of each contraceptive consequence is shown
in the last column of Table 4. The quantitative
assessment of the importance to this respondent of
the three contraceptive consequences thus verifies
the qualitative assessment made previously.

It should be emphasized that the importance at-
tached to each consequence is relative to the set of

consequences and consequence levels being stud-
ied, and might change if different consequences
and/or consequence levels were to be used. It might
also change depending upon the purpose for which
a contraceptive method is being chosen. For ex-
ample, a respondent may place different values on
effectiveness/reversibility depending upon whether
she wishes to postpone or to cease childbearing.

Because the integration rule is an additive one,
the overall evaluation of each hypothetical contra-
ceptive alternative equals the sum of the three val-
ues corresponding to the three consequence levels
describing that alternative. Thus, the overall eval-
uation of the alternative that is very convenient,
95% effective and reversible, and rarely causes side
effects (ranked 27) is .648 + 1.000 ~ .593 =

2.241. The overall evaluation of the alternative that

is very convenient, 95% effective and reversible,

Table 4
Values and Relative Importance Percentages
of the Three Contraceptive Consequences

for the Illustrative Respondent
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and risks minor side effects (ranked 26) is .648
+ 1.000 + .500 = 2.14~, and so on. The com-

plete set of overall evaluations is shown in column
5 of Table 2. For intuitive appeal, the set of overall
evaluations has been rescaled and rounded so that

the overall evaluations of the most and least pre-
ferred alternatives equal 1.0 and 0.0, respectively.
Reseating is permissible because the set of overall
evaluations is unique only up to a positive linear
transformation. The rescaled overall evaluations are

shown in the last column of Table 2.

3:
l~~~e~ ~~~t~&reg;~ and Validation ~~° 1~~~~~~°s

The determination and validation of a person’s
beliefs about the consequences of the eight real
birth control methods is a two-part procedure. First,
a correspondence between the real birth control
methods and the hypothetical contraceptive alter-
natives is established by using the information ob-
tained in the judgment task to match each real birth
control method to one of the hypothetical contra-
ceptive alternatives. In the judgment task, the il-

lustrative respondent chose the level of each con-
sequence that she believes to describe most accurately
each of the eight real birth control methods. For
example, she believes the diaphragm to be a some-
what inconvenient, 95% effective and reversible
birth control method with possible minor side ef-
fects ; this description matches the hypothetical al-
temative with rank 23. Consequence levels, ranks,
and overall evaluations of the hypothetical alter-
natives matching the eight real birth control meth-
ods are shown in Table 5. Note that tubal ligation
and vasectomy, and the pill and the ~ut~, have tied
ranks and evaluations because the respondent be-
lieves that they are described by the same level of
each of the three consequences.

Second, the validity of the beliefs about the real
birth control methods is ascertained by computing
the correlation between the ranking of the real birth
control methods and the overall evaluations of the

hypothetical contraceptive alternatives matched to
those methods. The overall evaluations of the hy-
pothetical alternatives are by definilion a function
only of the integration rule and values used by the

P

cu
0
v m
*~ ~,tf P4
w
q >
~ °~a
41 cz

4-4 0 41 m ~4
U) bD 1-4 :~

~ ~ 5’-’
o §£r-t 4-)

0Cd 44
0 0’~ ’5&copy; f
.~a s

~4 U) u r-4 ~4 0
I:zi (L) 4-) r. aa

&reg;
t£
41M I

Qt

m
M
Q)

&dquo;0 ~
a) 4-)

f £
cÙ ..-1
~

~ M
m v
!-4 ~
9

U1 m
c >
o
o
w£
m>
J

r-I CD
~ <
> .~)
Q) %-)

m
’1j p..
~ s
(Ij 0

U
U1
fl e
c ..-1
~
o

M
o ts
~a
4-)

H
0 0
~4 4=4
~

~0 13
0

’o ~
~4
~ m

44
Ln v

~
& m

C
S W
~ M
9 m
0 0
09 . .

wfl

K
°< 8 <

o 9
Q)Wr-I
m o
Q),.-...c.)

,.c::’1j 
4J v ~
~4 -,i
o n
n o 0
cd 44 cn
Chv 0

~a ~ r~
C & 4-i

4-~ ~
u~ ~
o ..-1
m Z 3
&copy;°

3 S ao e M
’ s 9
Q) 0 r-I
...c:: H 0
U,-4 U

Q)
&
o
Z

Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227.  
May be reproduced with no cost by students and faculty for academic use.  Non-academic reproduction  

requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ 



140

respondent, because the &dquo;beliefs’ or consequence
levels are specified in the hypothetical descriptions.
In contrast, the ranking of the real birth control
methods is a function of the respondents’ integra-
tion rule and values and of her beliefs about the

consequences of each birth control method. If it is

assumed that the respondent used the same inte-
gration rule and values in rank-ordering both the
real methods and the hypothetical alternatives, this
correlation constitutes a test of the accuracy of the

consequences and the consequence levels used in

this study for describing her beliefs about the real
birth control methods.

The Goodman-Kruskal (1954) gamma correla-
tion for rank order data with ties was used to assess
the relationship between the ranking of the real
birth control methods and the overall evaluations

of the hypothetical contraceptive alternatives
matched to those methods. The gamma for the il-

lustrative respondent’s data was .92, indicating a
slightly-less-than-perfect capturing of her beliefs
about real birth control methods. Note that the re-

spondent described the pill and the IUD with the
same consequence levels, but assigned those meth-
ods ranks of 8 and 6, respectively, in the real birth
control ranking task, causing the slight discrep-
ancy.
Two possible reasons (other than random error)

exist for this discrepancy. The respondent may have
considered some consequence(s) in addition to those
of convenience, effectiveness/reversibility, and side
effects when ranking the real birth control methods.
The additional consequence(s) distinguishes the pill
from the IUD, with the pill having a more desirable
consequence level. Alternatively, the respondent
may have been able to make finer distinctions in

consequence levels than were pennitted in this study.
For example, she may believe that use of the IUD
may cause more serious side effects than does use

of the pill, even though she described both as pos-
sible causes of major side effects.
The correlation between the overall evaluations

of the hypothetical contraceptive alternatives and
the ranking of the real birth control methods was
described above as being a test of the accuracy of
the consequences and consequence levels used. This

correlation actually reflects both the accuracy of

the consequences and consequence levels in de-

scribing the respondent’s beliefs about the real birth
control methods and the degree to which the re-
spondent’ beliefs, values, and integration rule pre-
dict her preferences across the real birth control
methods. This is because testing the decision-mak-
ing model with the extended axiomatic conjoint
measurement methodology is a funnel-like proce-
dure involving a sequence of analytic steps. If one
of the steps in the sequence cannot be performed,
analysis proceeds no further. The validation of be-
liefs is the last step in the sequence; hence, if the
beliefs can be validated, then the decision-making
model can be validated as well.
A gamma correlation coefficient of 1.00 would

indicate that the decision-making model has per-
fectly captured the respondent’s integration rule,
values, and beliefs, and accurately described her
decision-making process. The term &dquo;perfectly&dquo; is
used in the context of the set of consequences and

consequence levels included in this study. It would
be possible for a respondent to hold slightly dif-
ferent beliefs than those allowed in this study and
still obtain a gamma of 1.00. For example, a re-
spondent may really believe that the condom is

60% effective and reversible, but may have chosen
65% to 85% effective and reversible because a

consequence level describing her true belief was
not available. A perfect gamma could still occur

in this situation as long as the true beliefs are close
enough to the allowed beliefs so that the ranking
of the real birth control methods is not affected.

If it is assumed that the same integration rule
and values were used in both preference rank or-
dering tasks, then failure of the decision-making
model must be attributed to inaccuracy in the de-
scription of the beliefs, as discussed above. There
is no way to test whether the respondent did indeed
use the same integration rule and values in both
tasks. Note, however, that the slightly-less-than-
perfect correlation occurs because she matched the
pill and the IUD to the same hypothetical alternative
so that they ought to have adjacent ranks in the
real birth control method rank ordering, regardless
of the integration rule used. Instead, the diaphragm
is ranked between them. This suggests that the

slight failure of the model must be due to a failure
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of the consequences and consequence levels used

in this study to reflect accurately the respondent’s
beliefs about real birth control methods, rather than
to the use of a different integration rule or different
values in the two tasks.

Results

The analysis outlined above was performed in-
dividually for each respondent in the study. A sum-
mary of the integration rules, values, and beliefs
for all 100 respondents follows.

Rules

The preference rank ordering of the 27 hypo-
thetical contraceptive alternatives was consistent
with an additive or an additive-variant integration
rule for 66 of the 100 respondents. Each of these
rules is defined below, and their frequency distri-
bution is shown in Table 6.

The rank orderings of 32 respondents satisfied
the axioms of simple independence, joint inde-
pendence, and double cancellation for all three con-
traceptive consequences with the correction of three
or fewer errors, as defined above. The integration
rules of these respondents were classified as &dquo;ad-

ditive over three consequences.&dquo;

Two respondents produced rank orderings that
satisfied the three additivity axioms for only two
of the three contraceptive consequences, with ran-
dom ordering of the levels of the third and least
important consequence. These respondents were
assumed to be indifferent to that consequence, which

is labeled &dquo;inessential.&dquo; (See Coombs et ~1. 1975, 9
p. 285, and Krantz et al., 9 19719 p. 256, for formal
definitions of essential and inessential variables.)
The integration rules of these respondents were
classified as &dquo;additive over two consequences.&dquo;
An additional nine respondents were indifferent

to two of the three contraceptive consequences.
The rank orderings of these respondents show the
set of hypothetical alternatives divided into three
subsets of nine alternatives. The alternatives in each

subset are characterized by one level of the im-
portant consequence, with random ordering of the
alternatives within each subset. The integration rules
of these respondents were classified as &dquo;one-con-
sequence&dquo; rules. (One-consequence rules might also
be considered &dquo;additive over one consequence;&dquo;
however, these rules are not additive in the strict
sense, as two or more consequences are required
for additivity.)

For 21 respondents, the rank orderings of the 18
most preferred alternatives satisfied the three ad-
ditivity axioms, but the nine least preferred alter-

Table 6

Classification of Integration Rules
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natives-all nine described by the least desirable
level of one consequence-were randomly or-

dered. It appears that these respondents first set

aside these alternatives without ordering them (for
example, the nine alternatives with the greatest risk
of major side effects), then ordered the remaining
alternatives consistent with an additive integration
rule. The integration rules of these respondents were
classified as &dquo;conjunctive/additive over three con-
sequences.&dquo; A conjunctive integration rule clas-
sifies an alternative as acceptable &reg;nly if the levels
of all the consequences describing that alternative
are acceptable (Anderson et al., 19 1, pp. 54-55).
A conjunctive/additive integration rule additionally
orders the acceptable alternatives according to an
additive integration rule, while the unacceptable
alternatives remain randomly ordered (Nickerson
& McClelland, 1984).
The integration rules of two additional respon-

dents were classified as &dquo;conjunctive/additive over
two consequences.&dquo; The preference rank orderings
of the remaining 34 respondents did not satisfy the
axioms of any of the proposed integration rules.
These respondents were eliminated from subse-
quent analysis because the derivation of values re-
quires the validation of an integration rule.

Values

Values may vary across respondents in several
different ways. First, respondents may vary in their
preference orderings of the levels of the contra-
ceptive consequences. In this study, all 66 respon-
dents for whom integration rules could be deter-
mined favored very convenient over somewhat
inconvenient over inconvenient contraceptive al-

ternatives, and rare over minor over major side
effects (given that the convenience and side effects
consequences are essential). Of the respondents for
whom effectiveness/reversibility was essential, 88%
preferred alternatives that are 95% effective and
reversible over those that are 65% to 85% effective
and reversible over those that are 99% effective
and irreversible, with the remaining respondents
having a different preference ordering of these lev-
els. This lack of variation in the preference order-
ings of the consequence levels is probably due to

the particular consequences included in the study.
It is easy to imagine other contraceptive conse-
quences where great individual variation might be
expected, for example, the consequence respon-
sibility-which partner is responsible for obtaining
and using the contraceptive method-with possible
levels ’ ’ male , ’ ’ ’ ’ female , ’ ’ and &dquo;both.&dquo; 9

Second, respondents may vary in the values they
assign to the levels of the consequences. Compar-
ison of these values across respondents is simplified
if they are rescaled so that the most and least pre-
ferred levels of each consequence equal 1.0 and
0.0, respectively, in order to establish a common
scale across all respondents. Individual differences
in the valuation of the levels of a consequence then

appear as spread in the distribution of the values
of the &dquo;middle&dquo; level of the consequence-the
middle level being the one that is neither most nor
least preferred. The middle-level value distribu-
tions for convenience, side effects, and effective-

ness/reversibility are shown in Figure 2. (Respon-
dents indifferent to a consequence are omitted from
the distribution for that consequence. Only re-
spondents who preferred the 95% effective and
reversible alternatives over the 65% to 85% effec-
tive and reversible alternatives over the 99% ef-
fective and irreversible alternatives are included in

the distribution for effectiveness/reversibility.) Ex-
amination of the three distributions indicates great
individual variation in the valuation of the middle

levels of the three consequences. Furthermore, this
variation is not due to a few idiosyncratic respon-
dents9 the distributions for effectiveness/reversi-
bility and side effects are bimodal, and nearly one-
third of the respondents are not at the single mode
of the distribution for convenience.

Third, respondents may also differ in their val-
uations of the contraceptive consequences them-
selves. A cluster analysis (BMDP2M; Dixon & Brown,
1977) of the relative importance percentages of the
three contraceptive consequences showed that val-
ues varied widely for the 66 respondents for whom
integration rules could be determined. The cluster
analysis produced three primary and six smaller
clusters of respondents. The three primary clusters
are depicted by the ‘ ‘b&reg;x-a~d&reg;~rhisl~er&dquo; plots (Tu-
key, 1977, pp. 27-56) in Figure 3. In these plots
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the endp&reg;ints &reg;f the &dquo;~hiskers&dquo; represent the min-
imum and the maximum relative importance per-
centages of a consequence in a given cluster, he
vertical line represents the median, and the &dquo;box&dquo; 9

encloses the interquartile range.
Respondents in the largest cluster (n = 24) are

moderately concerned about effectiveness/revers-
ibility (median relative importance percentage of
60%), somewhat concerned about side effects (32%),
and only slightly concerned about convenience (8%).
Respondents in a second cluster (n = 12) also show
moderate concern about effectiveness/reversibility
(64%), but are somewhat concerned about con-
venience (33%) and only slightly concerned about
the risk of side effects (8%). Respondents in the
third cluster of respondents (n = 18) are moder-
ately concerned about side effects (56%), some-
what concerned about effectiveness/reversibility
(36%), and only slightly concerned about conven-
ience (8%). Three of the six smaller clusters con-
tain only respondents for whom only one conse-
quence is essential, and the other three each contain
a single idiosyncratic respondent. It is important
to note that the relative importance percentages of
the three contraceptive consequences are homo-
geneous within clusters but heterogeneous across
clusters, evidence of the existence of large indi-
vidual differences in values.

Beliefs

The median gamma correlation coefficient for

the 66 respondents for whom integration rules can
be determined was .65. Standard tests of signifi-
cance are not appropriate for within-persons anal-
yses ; therefore a gamma of .50 was arbitrarily se-
lected to be &dquo;acceptable.&dquo; The rationale for this
selection is that this value assures that at least 75%

of all possible pair comparisons (between the rank-
ing of the real birth control methods and the overall
evaluations of the hypothetical contraceptive alter-
natives matched to those methods) had the same

ordering or are tied. Of the 66 respondents, 40
(61 %) had acceptable gamma correlation coeffi-
cients, with a median of .75. If it is assumed that

respondents used the same integration rule and val-

ues in the real birth control ranking task as they
did in the hypothetical contraceptive ranking task,
then the results of the gamma analyses indicate that
the consequences and consequence levels em-

ployed in this study accurately describe beliefs about
real birth control methods for a majority of the
respondents for whom integration rules can be de-
termined.

Table 7 presents the beliefs about the eight real
birth control methods for the 40 respondents with
acceptable gamma coefficients. It shows that there
are indeed individual differences in respondents’
beliefs about the consequences associated with the

methods. Specifically, respondents disagreed in their
judgments of the convenience of the IUD, pill, con-
dom, diaphragm, foam/cream/je!!y and rhythm, but
generally agreed on the convenience of tubal lig-
ation and vasectomy. There was nearly unanimous
agreement on the effectiveness/reversibility of six
of the eight real birth control methods; disagree-
ment occurred only for the condom and the dia-
phragm. Respondents generally agreed in their

judgments of the side effects of the IUD, pill, con-
dom, and rhythm, but disagreed on the side effects
of tubal ligation, vasectomy, diaphragm, and f&reg;ar~/
crc~rn/jclly.

It should be noted that the percentages reported
in Table 7 would not vary substantially if based

upon the beliefs of all 100 respondents, rather than
on the beliefs of just the 40 respondents with ac-
ceptable gamma correlations. The important point
is that for these latter respondents, the conse-
quences and consequence levels used in this study
accurately describe beliefs about real birth control
methods. They do not do so for the remaining 26
respondents for whom integration rules can be de-
termined. The validity of the beliefs of respondents
for whom integration rules cannot be determined
cannot be tested.

Discussion

Individual Differences

The results of this study clearly show that there
are substantial individual differences in contracep-
tive beliefs, values, and integration rules even in
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Table 7

Percentages of the 40 Respondents With Acceptable Gammas
for Whom a Consequence Was Essential, Who Described Each Real

Birth Control Method in Terms of a Particular Level of Each Consequence

a small, relatively homogeneous sample of re-
spondents. Although the respondents in this study
either were contraceptive users or intended to be-
come users after their visits to the family-planning
clinic, no effort was made to obtain a sample of
respondents representative (in terms of sociode-
mographic characteristics, etc.) of contraceptive
users in general; hence, the substantive results (e.g.,
the precise cluster definitions and the proportion
of respondents in each cluster) may not be gener-
alizable. However, there is no reason to expect that
the degree of heterogeneity found in this study would
not be typical of a larger, more representative sam-
ple.

Individual differences are important for their
methodological and theoretical implications. For
example, many if not most studies employing a
behavioral model that incorporates an integration
rule assume that that rule is an additive one and

do not test it. It is also assumed that the integration
rule is additive over all variables in the model. As

the present study shows, these assumptions are not
warranted. The integration rules of only one-third
of the respondents were additive over all three con-
sequences. The integration rules were additive var-
iants for another third, and for the remaining third,
no integration rules could be determined.
The assumption of integration rule additivity can

have considerable impact on the results of a study.
For example, the &dquo;part-worth&dquo; preference model

used by consumer researchers usually assumes an
additive integration rule. This model is often tested
with conjoint analysis (e.g., Green & Srinivasan, 9
1978; Green & Wind, 1973), which is not axio-
matic conjoint measurement but a numerical scal-
ing technique. Conjoint analysis does not test ax-
ioms but instead searches (usually through an

iterative scaling algorithm such as MONANOVA;

Kruskal, 1965) for an appropriate monotonic trans-
formation of the rank ordering that best satisfies
the assumed additive then it evaluates the
correspondence between the original and the trans-
formed data (i.e., the overall evaluations) with a

goodness-of-fit measure. It is generally believed
that this measure will indicate whether the as-

sumption of an additive integration rule is valid.
This belief is incorrect. Nickerson and McClelland

(1984) have demonstrated that it is possible to ob-
tain a value for the goodness-of-fit measure that
indicates that the rank ordering is perfectly consis-
tent with an additive integration rule, even though
that rule is in fact an interactive or a conjunctive/
additive one.

It is also generally believed that even if the in-
tegration rule is not additive, conjoint analysis will
nevertheless achieve &dquo;good prediction&dquo; if there are
monotonic preference functions over increasing
levels of the consequences, as is often the case in

consumer research studies (Green & Srinivasan,
1978). However, the criterion being used for good
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prediction is the value of the goodness-of-fit mea-
sure. It is possible for conjoint analysis to produce
a goodness-of-fit measure that indicates very good
or even perfect prediction, even though the scaling
is extremely distorted (Nickerson & McClelland,
1984). This phenomenon occurs because scaling
algorithms tend to tie the overall evaluations of

alternatives in order to attenuate violations of ad-

ditivity. Tying maintains the monotonicity neces-
sary to maximize a goodness-of-fit measure, while
simultaneously distorting the values calculated for
the levels of the consequences (Srinivasan &
Shocker, 1973). The tendency of scaling algo-
rithms to produce these degenerate solutions sug-
gests that their use should always be preceded by
axiom testing procedures (Nickerson & Mc-

Clelland, 1984; Nygren, 1985).
The existence of individual differences has prac-

tical as well as methodological and theoretical im-
plications. For example, the diversity in beliefs

suggests that inaccurate i~f&reg; ati&reg;n-n&reg;nveridic~l
beliefs about the consequences of available birth
control mcth~ds-rn~y be a significant determinant
of contraceptive choice for some persons. In this
study, 30% of the respondents believed that use of
tubal ligation risks major side effects even though
such effects are extremely uncommon (Saidi &
Zainie, 1980). The influence of incorrect infor-
mation is to make decisions suboptimal because
the person will not achieve the desired goal by
using the contraceptive method selected. Family
planning counselors and contraceptive advocates
may therefore find that providing the target pop-
ulation with accurate information about particular
contraceptive methods can be as effective in mod-
ifying fertility behavior as attempts to change val-
ues.

Usefulness and Validity of
the Model and the ~~1~&reg;d&reg;~&reg;~~’

Because there are individual differences in con-

traceptive beliefs, values, and integration rules, it

is important to use a model and a methodology that
can accommodate this diversity. The ~cClcll~nd
(1980) decision-making model, which allows for
and even expects individual differences, and the

extended axiomatic conjoint measurement meth-
odology, which depends on within-persons analytic
techniques, were proposed as a means whereby this
diversity might be studied. In this study the model
accurately described the contraceptive decision-

making process for 40 of the 100 respondents (40%).
This percentage, although not extremely high, seems
promising in light of the facts that ( 1 ) this is the

first application of the model and its methodology
to fertility-related decision making, (2) some re-
spondents apparently found the tasks rather diffi-
cult, (3) beliefs about the consequences of real birth
control methods were restricted to one of only three
levels of only three contraceptive consequences,
and (4) quite stringent criteria were adopted for
integration rule classification and beliefs valida-
tion.
A major strength of the decision-making model

and the extended axiomatic conjoint measurement
methodology is the ability to pinpoint, for each

respondent for whom the model cannot be vali-
dated, the stage in the decision process where the
model first fails. The sequential method of analysis
determines the integration rule, derives values, and
evaluates the accuracy of the beliefs in describing
the real birth control methods. If the entire analysis
can be completed for a respondent, the decision-
making model is judged to describe accurately the
contraceptive decision-making process of that re-
spondent. If the analysis reveals a failure of the
model at a particular stage of the decision process,
the respondent is eliminated from further analysis
at that stage. Tabulation of these failures across

respondents then gives an assessment of the overall
success of the model in describing the contracep-
tive decision making of the respondents.

For example, in the present study 34 of the 100
respondents were eliminated because their integra-
tion rules could not be classified within the limits

of the adopted error criterion (and therefore their
values could not be derived), and 26 of the re-

maining respondents were eliminated because their
gamma correlation coefficients showed that the

consequences and consequence levels used in this

study did not accurately describe their beliefs about
real birth control methods. In a study using the
typical across-persons methodology to investigate
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behavioral choice, it is not at all clear where the

problem lies if a low correlation is obtained be-

tween the beliefs and values and the behavioral
choices. It is not possible, for instance, to determine
whether the low correlation results from respon-
dents’ use of some integration rule other than the
assumed additive one, or from problems with the
measurement of beliefs and values.

The inability to determine integration rules for
one-third of the respondents in this study does not
imply inadequacy of the decision-making model or
the methodology per se; rather it is an empirical
result, of interest in and of itself. Close examina-
tion of the preference rank orderings of these re-
spondents shows that a few of these orderings ex-
hibit substantial regularity but would require the
correction of more than the three allowable errors
in order to satisfy the axioms of any of the proposed
integration rules. The rank orderings of the ma-
jority, however, generated huge numbers of axiom
violations. Several of these rank orderings ap-

peared to be random or very nearly so. The others
fell into one of two patterns. In the first pattern,
the several most preferred alternatives were ordered
as if consistent with an additive integration rule,
but the ordering of the rest of the alternatives was
random or very nearly so. The second pattern re-
sembled the first, except that the nine least pre-
ferred alternatives-all nine described by the least
desirable level of one consequence-were set aside
as in a conjunctive/additive rule, and only the mid-
dle altematives-those neither most nor least pre-
ferred-were randomly ordered.

There are several possible explanations for these
preference rank orderings:
1. Comments by a few respondents indicate that

they found the task too long or too difficult,
primarily because of the long verbal descrip-
tions used to characterize the hypothetical con-
traceptive alternatives. Subsequent research has
shown that it is possible to ameliorate this
problem by using brief code words instead of
long verbal descriptions to characterize the al-
ternatives.

2. It is possible that some respondents did not
take the task seriously and therefore responded

almost randomly. It is well known that &dquo;real

people,&dquo; such as the family-planning clinic
clients serving as respondents in the present
study, often perform less well than the more
usual college-student respondents.

3. The decision-making model assumes that a fer-
tility-related behavior is the result of deliber-
ative choice. However, there are certainly some
respondents for whom the use of a contracep-
tive method does not involve a decision. For

example, a person may simply accept the con-
traceptive method prescribed by her physician
or may request the contraceptive method used
by a friend or a sister without giving the matter
much, if any, thought. The decision-making
model cannot be expected to describe the de-
cision-making process of a person if no de-

cision is being made. The ranking tasks would
not make much sense to these respondents.

4. Although the decision-making model assumes
a causal direction from beliefs and values to

choices, the possibility exists that a respondent
might select a contraceptive method and then
justify that choice by adjusting his or her be-
liefs and values to match it. It is highly un-
likely that such a respondent could maintain
the consistency of beliefs and values required
by the axiomatic conjoint measurement meth-
odology.

5. It may be that respondents know what they
like, and perhaps also what they dislike, but
have difficulty selecting from among the me-
diocre alternatives in between, all of which are
characterized by a less-than-desirable level of
at least one consequence. This may be partic-
ularly true for respondents who have not given
the matter of selecting a birth control method
much thought.

6. The effectiveness/reversibility consequence

actually consists of two combined conse-
quences, effectiveness and reversibility. It is

well known that correlated consequences in-

crease inconsistency and random errors in de-
cision making (Ei~h&reg;r~, Kleinmuntz, & Klein-

muntz, 1979). For many persons, the effec-
tiveness and reversibility consequences are un-
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doubtedly negatively correlated; the most pre-
ferred level of effectiveness is combined with
the least preferred level of reversibility, and
vice-versa. It is possible that this correlation
caused difficulty for some respondents, even
though the consequence was presented as a
single consequence rather than as two separate
consequences.

Any one of these situations can explain the lack
of regularity in the preference rank orderings of
the 34 respondents for whom integration rules can-
not be determined. It must be emphasized, how-
ever, that these explanations are speculative only.
No definitive explanation for the large numbers of
axiom violations in the rank orderings can be ob-
tained from examination of the rank orderings
themselves. Einhorn et al. (1979) have suggested
that questions regarding persons’ cognitive pro-
cesses during decision making may be answerable
if the formal decision-making tasks are supple-
mented with process-tracing procedures such as
concurrent or retrospective verbal protocols (Er-
icsson & Simon, 1980; Newell & Simon, 1972).
It is recommended that future applications of the
extended axiomatic conjoint measurement meth-
odology include these procedures.

Another strength of the funnel-like analytic pro-
cedure used in the present study is that it suggests
where modifications need to be made in the study
design. The inability of the consequences and
consequence levels to capture 26 respondents’ be-
liefs about real birth control methods indicates that

other consequences and/or consequence levels need

to be used in addition to or in place of those used
in the present study. For example, some persons
may consider important the means by which a con-
traceptive method is obtained, that is, whether it
can be purchased at a drugstore, whether it requires
a visit to a physician or a clinic, or whether it

requires surgery.
Although it seems likely that a respondent con-

siders no more than about four consequences when

selecting a contraceptive method because of cog-
nitive limitations, a study should include all of the
consequences actually considered by a respondent
and the consequence levels believed possible for

each consequence. The factorial combination of
more than a few consequences would create a very
large number of behavioral alternatives, resulting
in a task that would be too burdensome for most

respondents. However, axiomatic conjoint mea-
surement permits the use of fractional factorial de-
signs as a means of reducing the number of be-
havioral alternatives to be ranked. Alternatively,
the task materials might be tailored for each indi-
vidual respondent. That is, each respondent would
first select, from a large set of possible conse-
quences, the few that he or she considers most

important in selecting a birth control method, and
perhaps also indicate possible levels of each con-
sequence. The materials for the judgment task and
the hypothetical contraceptive ranking task would
then be based upon only those consequences and
consequence levels selected by the respondent.

With Expectancy.Value Models

The fertility decision-making model is obviously
very similar to the class of behavior models known

as &dquo;expectancy-value&dquo; or &dquo;expectancy-valence’ 
9

models. These models have been used extensively
by psychologists to study a wide variety of behav-
ioral phenomena (Feather, 1982; Lawler, 1971).
Expectancy-value models all theorize that the
strength or &dquo;force&dquo; of a person’s tendency to act
in a certain way is an additive function of the strength
of his or her expectancies or beliefs that the act or
behavior will be followed by given consequences
or outcomes multiplied by the desirabilities, val-
ues, or valences of those consequences or out-

comes :

where Fi is the force on the person to perform act
i,

Eii is the strength of the expectancy or belief
that act i will be followed by outcome j,

Vj is the valence or value of outcome j, and
r~ is the number of outcomes.

Expectancy-value theories assume that persons se-
lect from among alternative courses of action the
one with the greatest force (Vroom, 1964).
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The fertility decision-making model differs from
expectancy-value models in that ( 1 ) it tests rather

than assumes an integration rule, (2) it does not
restrict the integration rule to being an additive one, 9
and (3) it does not multiply beliefs (expectancies)
by values (valences). These are not trivial differ-
ences. The results of the present study show that
the assumption that all persons use the same (ad-
ditive) integration rule is not warranted. When some
persons employ the assumed integration rule but
others do not, tests of the model may not accurately
reflect its validity. Schmidt (1973) has criticized
the multiplication operation in expectancy-value
models because it presumes that the measures of

expectancies and values are ratio scales; these mea-
sures (usually five- or seven-point Likert rating
scales) are interval scales at best. The result is that
tests of the model are both logically and empirically
ambiguous. The methodology developed in this pa-
per avoids these two problems.
The most important difference between the fer-

tility decision-making model and the expectancy-
value models, however, is a methodological rather
than a theoretical one. Both the decision-making
model and the expectancy-value models are models
of the behavior of an individual. Both theorize that

a person is most likely to perform the behavior
towards which he or she holds the most favorable
beliefs and values; prediction as to whether a per-
son will perform a given behavior must depend
therefore on a comparison of his or her beliefs and
values regarding that behavior with his or her be-
liefs and values regarding alternative competing
behaviors. Tests of these models quite clearly re-
quire a within-persons method of analysis.
The extension of axiomatic conjoint measure-

ment used here to study contraceptive choice is a
within-persons methodology. The methodology used
in nearly all expectancy-value studies, however,
has been an across-persons one (Mitchell, 1974).
For example, an expectancy-value model known
as the &dquo;Fishbein model&dquo; (Fishbein, 1980; Fishbein
& Ajzen, 1975) has often been used to study con-
traceptive choice (e.g., Cohen, Severy, & Ahtola,
1978; Davidson & Jaccard, 1975; Fishbein & Jac-

card, 1973; Jaccard & Davidson, 1972; Werner &
Middlestadt, 1979). Typically the Fishbein model

is tested by obtaining rating scale measures of be-
liefs and values regarding a single contraceptive
behavior, performing the indicated algebraic op-
erations on the and then correlating across
respondents the value of F (known in the Fishbein
model as behavioral intention or Bt) predicted by
the model with a separate rating scale measure of
~~. For example, Davidson and Jaccard ( 1975) used
the Fishbein model to predict respondents’ inten-
tions to use birth control pills.

Note that the assumption underlying this regres-
sion-based across-persons methodology is that the
persons most likely to perform a behavior are those
whose beliefs and values are most favorable toward

that behavior; prediction as to whether a person
will perform a given behavior therefore depends
not upon a comparison of his or her beliefs and
values regarding that behavior with a comparison
of his or her beliefs regarding possible alternative
behaviors, but upon a comparison of his or her
beliefs and values regarding that behavior with the
beliefs and values of other persons regarding that
behavior. Thus, although the theoretical model

clearly dictates that comparisons should be made
across multiple behavioral alternatives for one per-
son, the methodology makes comparisons across
multiple persons for one behavioral alternative.

There is a discrepancy, then, between expec-
tancy-value models and the regression-based meth-
odology almost invariably used to test them; the
methodology does not in fact provide a valid test
of those models. Furthermore, the methodology is
clearly an inappropriate one for the explanation and
prediction of the behavior of persons. Why, then,
has this methodology been used?

Undoubtedly, the primary reason why an across-
persons methodology has been used to test within-
persons models is that few researchers have rec-

ognized that a model/methodology discrepancy ex-
ists (h4itchell, 1974). However, the methodology
is also used by researchers who are cognizant of
the discrepancy, probably because within-persons
analyses are viewed as &dquo;impractical&dquo; (Mitchell,
1974). Adapting the regression-based across-per-
sons methodology to a within-persons methodol-
ogy requires that rating scale measures of beliefs
and values be collected for each level of each con-
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sequence for each behavioral alternative under con-
sideration. Thus, 144 responses would be required
from each respondent in order to collect the same
information obtained from the judgment task and
the hypothetical contraceptive ranking task in the
present study. Collection of these responses would
be tedious for the respondents and their analysis
cumbersome for the researcher. The extension of

axiomatic conjoint measurement proposed here as
a solution to a methodological dilemma encoun-
tered in the study of fertility-related decision malc-
ing should also provide a practical, workable al-
ternative to a regression-based within-persons
methodology for testing expectancy-value models.
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