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Successive Unfolding of Family Preferences
Joseph Lee Rodgers and Forrest W. Young
University of North Carolina at Chapel Hill

A technique to scale preferences in relation to an
externally derived stimulus configuration, called
Successive Unfolding, is described. Four steps are
involved: (1) computing a matrix of inter-stimulus
distances; (2) using ALSCAL to obtain a stimulus
configuration from the matrix of distances; (3)
using Carroll’s regression procedure to solve for
subject ideal points; and (4) using this starting con-
figuration to scale preference rank orders in
ALSCAL. The technique is used to analyze family
preference data. Results suggest that a number
preference, a sex preference, and a balance pref-
erence are the components contributing to overall
family preferences. Race and sex differences are
portrayed by locating subject ideal points along
these dimensions. Finally, the relationship of Suc-
cessive Unfolding to previous techniques for mea-
suring family preferences is discussed, and the de-
cision-making process modeled by Successive Un-
folding is outlined.

The analysis of preference data is of great im-
portance to psychological researchers. There are
several reasons for this. First, the very idea that
individuals have preferences suggests individual
differences, an important topic in the psycho-
logical literature. Second, the understanding of
preferences has obvious economic and social

benefits. And third, techniques for collecting
preference data, (e.g., paired comparison tech-
niques and rank order techniques) are well
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studied and well defined (see Coombs, 1964;
Torgerson, 1958). Given these, methods to

analyze preference data are quite important. A
popular method for converting preference data
to a spatial representation has been multidimen-
sional unfolding analysis. A relatively recent de-
velopment in this area is external unfolding
analysis. In this paper a technique for external
unfolding will be described and its use illustrat-
ed through application to some family pref-
erence data.

Unfolding Analysis

Coombs (1950) introduced unfolding analysis
as a unidimensional scaling technique. The goal
of unfolding analysis in its multidimensional ex-
tension is the scaling of both subject and stimu-
lus points into a common space. Given a con-
figuration containing both subject and stimulus
points, the rank order of the distances from a
subject’s point to the various stimulus points
ideally corresponds to the rank order of the sub-
ject’s preferences for the various stimuli.

Therefore, a subject’s point is called his/her
&dquo;ideal point,&dquo; and the scaling is successful to the
extent that his/her preference rank order is per-
fectly &dquo;unfolded&dquo; into the space. Unfolding
analysis can be classified into two cate-

gories-internal unfolding and external unfold-
ing.
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In internal unfolding the subject and stimulus
points are scaled simultaneously. This approach
can be conceptualized in the following way.
First, a stimulus point is placed arbitrarily into
an n-dimensional space. All the subject points
are scaled into the space according to the sub-
jects’ preferences for that stimulus. Next,
another stimulus point is placed into the space,
and the subject points are adjusted according to
preferences for this stimulus, while maintaining
the appropriate relationships between the sub-
ject points and the first point (which itself may
be adjusted for this purpose). This process con-
tinues, and as each stimulus point is placed in
the space, appropriate adjustments are made in
the location of the subject points and the pre-
vious stimulus points. In the early stages of this
process, there is a great deal of freedom for plac-
ing subject points in the space while maintaining
the preference rank orders. That is, a subject
point may fall anywhere in a large area of the
space and still be an &dquo;ideal point.&dquo; As more and
more stimulus points are placed in the space,
this freedom is decreased. Finally, it may be-
come impossible to find &dquo;ideal points&dquo; for every
subject. This problem may be solved by using a
higher dimensionality or by maximizing a &dquo;fit&dquo;
criterion so that the solution is as good as possi-
ble (though not perfect).
Relationships may exist among stimuli placing

constraints on the adjustments allowed in the
stimulus points. The researcher may, for in-

stance, have a predetermined or theoretically de-
fined stimulus configuration, and he/she may
wish to scale subject points in relation to this
configuration. In this case the conceptualization
presented above must be revised. The structural
relationships between the stimuli already exist,
and these relationships are nonadjustable in the
scaling. What remains is to locate the subject’s
ideal points, again so that the rank order of dis-
tances to stimulus points reflects the rank order
of his/her preferences. This is the external un-
folding problem proposed by Carroll (1972) to
relate &dquo;preference data to a given stimulus

space.&dquo;

The solutions to this and other unfolding
problems are not really derived as described
above. Rather, analytical procedures or iterative
algorithms involving optimization calculus are
used to achieve the same goals. The research de-
scribed here involves both of these. The analyti-
cal procedure is one proposed by Carroll (1972),
and the iterative algorithm is one used in

Takane, Young, and deLeeuw’s (1977) ALSCAL
program. An unfolding technique called Suc-
cessive Unfolding, which successively uses each
procedure, will be described. Use of Successive
Unfolding will be illustrated by analyzing some
family preference data.

Carroll’s External Analysis
of Preference Data

Carroll (1972) defined a linear-quadratic hier-
archy of models to do external analysis of prefer-
ence data. Each of these models involves a re-

gression analysis, in which a Subject x Stimulus
matrix of preference rank orders is regressed on
the coordinates and functions of the coordinates

of the existing stimulus configuration.
His models can be summarized as follows.

Model I, the most general model, gives subjects
a great deal of freedom; subjects are assumed to
share a common perceptual space (in which the
stimulus configuration already exists) but may
choose their own set of (orthogonal) reference
axes in that space, and then may differentially
weight the axes. In addition, negative weights
are permitted, so a subject’s preference function
on any dimension may be single peaked or single
dipped. In Model II, subjects may differentially
weight dimensions and may have negative
weights but are no longer free to select their own
reference axes. Carroll suggests that an &dquo;average
subject&dquo; reference axis may be obtained for the
Model II common axes from Model I. In Model

III all subjects must use the same reference axes
and the same weights (and &dquo;average subject&dquo;
values of these can be obtained from Model II

analysis), so this model assumes that differences
in distances are the same for all subjects. Single
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peaked and dipped preference functions also
exist here. Model IV, on the other hand, as-

sumes monotonicity of preferences on all dimen-
sions and is called the vector model.
As emphasis of the importance of Carroll’s

development, it should be noted that internal

unfolding, the simultaneous scaling of subject
and stimulus points, has repeatedly provided
computational problems for its users. Specifical-
ly, degenerate solutions in which all stimulus

points collapse into one cluster and all subject
points into another are frequently obtained (see
Carroll & Arabie, 1980, pp. 625-626, for an ex-
planation of this degeneracy). Carroll’s external
unfolding solution avoids this problem.

ALSCAL

ALSCAL is a general individual differences
multidimensional scaling program developed by
Takane, Young, and deLeeuw (1977). It esti-
mates a starting configuration, then iteratively
alternates between optimally scaling the data
and estimating the model parameters, a proce-
dure they call Alternating Least Squares. As
such, it can handle metric or nonmetric data (in
addition to missing data) generated by either a
discrete or a continuous measurement process
and existing at various measurement levels. Two
of ALSCAL’s characteristics will be of principal
interest here. First, the user has the option to in-
put the starting stimulus configuration. Second,
the user may specify to the program that the ini-
tial stimulus configuration is not to be modified
(i.e., it is &dquo;fixed&dquo; at the initial values).
The Successive Unfolding to be discussed here

involves four steps:

1. Computing a matrix of inter-stimulus dis-
tances ;

2. Using metric ALSCAL to obtain a stimulus
configuration from the matrix of distances
(a Simple Euclidean MDS);

3. Using Carroll’s regression procedure to

solve for subject &dquo;ideal points&dquo;;

4. Using this solution as the starting con-

figuration in ALSCAL to do a nonmetric
scaling of the preferences into the derived
stimulus space.

This approach looks promising enough that fur-
ther investigation is ongoing, and it may even-
tually be available as an option in ALSCAL.

Method and Procedure

Data were collected from a group of University
of North Carolina at Chapel Hill undergrad-
uates who were enrolled in an introductory psy-
chology class and who signed up for an experi-
ment on family planning attitudes. In a class-
room setting, questionnaires were distributed
and filled out under supervision. The data perti-
nent to this study were obtained by asking the
students to rank order their preferences for 18
family types, which are exhibited in Table 1.

Students were asked to study a list similar to
that in Table 1. Next, they were instructed to
&dquo;decide which of all the families listed above you
would most like to have. Put its number on the
line labelled ’1st choice,’ and cross that family
type off the list.&dquo; This procedure was followed
18 times until a complete rank ordering
(Coombs, 1964) was obtained. All students com-
pleted the task without difficulty. In addition to
the rank ordering, demographic data were also
collected so that the students could be classified

by sex, race, and religion.
From these responses a Subject x Family Type

(N x 18) matrix was constructed. Next, distances
between stimuli (family types) were computed
using the Euclidean distance formula (the
square root of the sum of squared differences
between pairs of columns). This produced an 18
x 18 symmetric matrix of distances between
stimuli. Euclidean distances were used in this

step because they are most appropriate to the
ALSCAL analysis. Using ALSCAL with such
distances is equivalent to performing a principal
components analysis on the preference data.
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Table 1
The 18 Family Types Used in This Analysis

This distance matrix was metrically scaled
using ALSCAL in three, two, and one dimen-
sions. The three-dimensional solution, shown in

Figure 1, was chosen as most appropriate due to
ease of interpretation and goodness of fit (R -
Square = .99). R - Square can be interpreted as
the proportion of variance in the original dis-
tances accounted for by the final configuration.
(Note that in K - 1 = 17 dimensions for metric
scaling or K - 2 = 16 dimensions for nonmetric
scaling, a perfect fit is assured; see Lingoes,
1971. In this case, the first three dimensions ac-
counted for virtually all of the variance.) This
three-dimensional solution was the stable stimu-
lus configuration used in the external unfolding
analysis.
With the stimulus configuration defined, Car-

roll’s regression procedure was used to do an ex-
ternal unfolding. Model III was chosen for this
analysis, for several reasons. First, Model IV was
considered inappropriate because most subjects
clearly have a nonmonotonic preference func-

tion for family size. Coombs (1976) found that
across five cultures family preference data from
85% to 90% of the subjects she studied could be
fit with an unfolding model. Models I and II
would have been appropriate in this case but
would have precluded easy comparison across
subjects, since these models permit more indivi-
dual freedom for defining and weighting direc-
tions in the stimulus space. Furthermore, the
authors felt that for illustrating Successive Un-
folding, the simplest unfolding model would
best serve the purposes of this study. A discus-
sion of model comparisons in this phase will be
presented later.

Subjects’ ideal points were determined in the
following manner. The regression for Model III
involved the equation
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where

P,~ is the preference of subject i for stimulus j;
X, is a variable containing the stimulus

coordinate on the t‘&dquo; dimension;
X*l is a variable containing the sum of

squares of the coordinates; and
a, b, and c are regression coefficients.

The predictors in this case were the stimulus co-
ordinates on each of the three dimensions and a
fourth &dquo;dummy&dquo; variable, the sum of squares of
the coordinates. Given the regression solution,
the coordinates of the ideal point can be solved
for using the equation

where y,, is the coordinate for subject i on the t&dquo;’
dimension. Even though Carroll’s development
permits both &dquo;ideal&dquo; and &dquo;anti-ideal&dquo; points for
Model III, Equation 2 implies that subjects have
a single peaked (but not dipped) preference
function for the various dimensions underlying
family types. (Intuitively, it seems rather un-

likely that an individual would like small and
large families, but not medium-sized ones, and
so at least for family sizes, this assumption
seems quite reasonable.)
An interesting characteristic of this approach

is that although the whole preference rank-order
matrix can be used in the regression, solving the
equation for all subjects simultaneously is

equivalent to solving it for them one by one.
Practically, what this means is that new subjects
can be scaled as time and convenience permit.
With the regression solution defined, the con-

figuration of ideal points was submitted as the
starting configuration to ALSCAL. The derived
stimulus configuration of family types (Figure 1)
was input also, and the program options were
used to fix the configuration of family types in
the space.’ The data were the preference rank

’The ALSCAL option to achieve this is implemented by
specifying to &dquo;read, print, and fix initial column stimulus
configuration&dquo; in column 24 of the INPUT/OUTPUT OP-
TIONS card. Specifying to &dquo;read and print initial stimulus
configuration&dquo; in column 20 of this same card informs the
program that the starting configuration will be input.

orders. ALSCAL iterated nonmetrically until it
achieved its exit criterion, at which point the fit
of the spatial model to the preferences was con-
sidered optimal.
By classifying subject ideal points on demo-

graphic characteristics, subgroup differences
can be observed. In these external unfolding
analyses, the sex and race of each subject were
known. By scaling males and females and blacks
and whites, differences between these groups in

defining family preferences were discernible.

Results

As described, prior to the external unfolding a
Simple Euclidean MDS was obtained from the
preference-derived distances between the 18

family types. Three directions in this three-di-
mensional space are interpretable. Figure 2
shows exactly the same space as Figure 1, but
the viewpoint of the space is controlled so that
these directions may be seen. The horizontal di-
mension in Figure 2 can be considered a family-
size dimension. On the far right is a cluster of
small (one- and two-child) families, in the mid-
dle are medium-sized (three-child) families, and
on the left are large (four- or more child) fami-
lies. The point for zero-child families is in the
front of the space in Figure 2 and is separate
from the other family types. The vertical dimen-
sion in Figure 2 is a sex preference dimension.
Except for zero-child families and four- or more
child families with equal boys and girls, each
family type can be considered either a boy-
biased or a girl-biased family. When there are
more of one sex than the other, the bias is for the
more numerous sex (e.g., GGB is a girl bias).
When there are an equal number of each sex, or-
der is considered, with the first child dictating
the preference (e.g., BG is boy biased). The
family types almost perfectly divide in half on
this distinction, the boy-biased family points in
the bottom half and the girl-biased families in
the top half of the space. (The one exception was
the GBB family, which was scaled into the girl
preference side.) The dimension looking into the
space in Figure 2 can be interpreted as a balance
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Figure 1
Overall Stimulus (Family Type) Space in Three Dimensions

dimension. In the back half are families with
both boys and girls (heterogeneous families),
and in the front half are families with only boys
or only girls (homogeneous families).
Using the Carroll-ALSCAL technique, subject

points were scaled into this space. Four different
scalings will be reported-for males, females,
blacks, and whites; 84 females, 79 males, 80
whites, and 18 blacks were scaled. (These in-
cluded all of the males and blacks from the orig-
inal sample of 222 subjects. A random subset of

females and whites were chosen for this scaling.)
Computational limitations in ALSCAL restrict-
ed the number of subjects to around 85; and al-
though multiple runs could have scaled more
subjects, these sample sizes were considered

adequate for showing group differences.
The external unfoldings are shown by sex and

by race in Figures 3 and 4, respectively. For ease
of comparison, two 2-dimensional plots (rather
than one 3-dimensional one) are shown for each
space. The boxes correspond to the family types
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Figure 2
Overall Stimulus Space with View of Interpretable Dimensions

(shown in Figures 1 and 2) and the small circles
to subject ideal points. The lines divide the space
on the three interpretable dimensions, and the
divisions are identified with abbreviations of the
divisions shown in Figure 2.
Comparison across subgroups was done by ob-

serving the proportions falling in each division.
These proportions are shown in Table 2. Pref-

erences on these factors can thus be summarized
as follows. Males had a slightly stronger boy bias
and slightly weaker heterogeneous family bias
than females. Both desired small families, and
this desire was stronger for males than for fe-
males. Blacks showed a markedly stronger boy
bias than whites, as well as a stronger small
family bias. Interestingly, a majority of blacks
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Figure 3
Successive Unfolding by Sex

(a) Sex Preference by Family Size Dimensions
for Females

(b) Balance by Family Size Dimensions
for Females

(c) Sex Preference by Family Size Dimensions
for Males

(d) Balance by Family Size Dimensions
for Males
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Figure 4
Successive Unfolding by Race

(a) Sex Preference by Family Size Dimensions
for Whites

(b) Balance by Family Size Dimensions
for Whites

(c) Sex Preference by Family Size Dimensions
for Blacks

(d) Balance by Family Size Dimensions
for Blacks
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Table 2

Percentages Favoring Family Types by Sex and Race

preferred homogeneous families (influenced,
certainly, by the degree of their small family
bias, in which balance is not nearly as relevant
as in larger families). The small family pref-
erence among blacks is not an unusual result

(see Mendoza, 1967), contrary to what many be-
lieve. The small sample size of blacks made this
group less than ideal for inferential purposes,
however, and precluded investigation of Race x
Sex interactions. Whites maintained the expect-
ed heterogeneous family bias.

Discussion

This technique has revealed three substantive
results. First, the attributes underlying the way
these subjects chose their family preferences
have been illuminated in the stimulus space de-
rived in the Euclidean MDS. Second, ideal

points for individual subjects have been ob-
tained in relation to dimensions representing
these attributes by using external unfolding.
And finally, groups of ideal points have been
compared to show group differences on these
factors.
The use of Carroll’s regression in combination

with ALSCAL is an advantageous union for both
components. ALSCAL is, under certain circum-
stances, subject to local minimum problems (es-
pecially in unfolding), due to its initial con-

figuration estimation procedure. Using
ALSCAL alone to unfold the females in this

study resulted in problems of this nature. Car-
roll’s regression procedure often provides ade-
quate solutions, but in several cases ALSCAL
has improved the fit of these solutions. In the
four sex and race categories presented here,
ALSCAL only needed two iterations from the re-
gression solution to achieve its exit criterion. In
a sense, then, ALSCAL only &dquo;fine tuned&dquo; the so-
lutions obtained from the regression analysis in
these problems. Regressions of the same sub-
jects broken down by four religious subgroups
were not quite as good; in these ALSCAL need-
ed 9, 5, 3, and 2 iterations to exit. So in some
cases ALSCAL can improve on the initial con-
figuration obtained by external unfolding.
Various other techniques have been used to

measure family preferences and the contributing
influences. These include parity progression ra-
tios, preferred sex of first child, and preferred
family size (see Coombs, 1977, for a review of
these). The current state of the art in family
preference measurement is represented by the
technique described in Coombs, Coombs, and
McClelland (1975). This approach involves the
use of conjoint measurement analysis to test the
fit of conjoint measurement models to a sub-
ject’s data, with indices of sex and number pref-
erences derived from unidimensional unfolding
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analyses of sex and number preferences. A fur-
ther elaboration of this technique by McClelland
(1979) uses stopping rule measures along with
the unfolding scales in analyses that are even
more sensitive to underlying preferences.
Thus far, Successive Unfolding has been

developed as a purely descriptive technique, de-
pending heavily on careful inspection of the de-
rived spaces in the MDS solutions. On the other
hand, the Coombs et al. (1975) technique for as-
sessing family preferences involves testing the fit
between specified models and the data, and as
such it has model-building and theory-testing
capabilities. The authors of this paper believe
Successive Unfolding has this potential, also. Its
theoretical base must be developed and

strengthened, however, and work on this is cur-
rently in progress. The thrust of that work will
be summarized here, following a comparison of
Successive Unfolding and the Coombs et al.

(1975) technique.
Successive Unfolding as applied to family

preferences has several important relationships
to the Coombs et al. (1975) approach. Both are
concerned with validating the legitimacy of the
components influencing family preference de-
cisions. The two techniques approach this vali-
dation from opposite directions, however.
Coombs et al. define composition models and
test the fit between the models and the data. To
the extent that the fit is good, the specified mod-
el is appropriate. In Successive Unfolding the
stimulus structure is extracted directly from the
data and portrayed in the stimulus space. Here,
components are &dquo;discovered&dquo; rather than speci-
fied.
The distinction between exploratory and con-

firmatory data analysis is illuminating here. If
the experimenter has little idea about the in-

fluences contributing to a subject’s preferences,
Successive Unfolding can suggest those in-

fluences and how a subject’s preferences are de-
fined over them. In this case, however, the mod-
el specification necessary in the Coombs et al.

(1975) approach would be difficult. If, however,
the researcher can specify with some degree of

confidence the components influencing prefer-
ences, the tests of conjoint measurement axioms
involved in the Coombs et al. approach provides
a great deal of information about each subject
(some of which is not available in a Successive
Unfolding analysis). The techniques are useful
in different (and, in fact, complementary) situa-
tions-Successive Unfolding in more pre-
liminary and exploratory phases of a research
problem and the Coombs et al. approach in later
confirmatory phases.
The Successive Unfolding technique can be

considered a model of a decision-making pro-
cess in the following sense. If it is assumed that
there are societal or cultural factors influencing
a subject’s preferences for a set of stimuli, the
stimulus space derived in the second phase of
Successive Unfolding can be viewed as a reflec-
tion of those influences. On the other hand, spe-
cific preferences within the framework of the
stimulus structure are defined at an individual
level and are represented by the subjects’ ideal
points. For instance, subjects may realize that
there are societal pressures to have a small fam-

ily and that small families are those with either
one or two children. How much influence that
realization has will vary across individuals, how-
ever.

The apparent circularity built into the Succes-
sive Unfolding analysis presented here (subject
preferences are used to define a stimulus space
into which those same subjects are scaled) can
be considered the reflection of these two differ-
ent levels of preferences. The stimulus space re-
flects the structure of the general societal prefer-
ences as defined by this sample, and it is as-
sumed that subjects recognize and (at least sub-
consciously) organize a set of stimuli according
to these societal norms. In the external unfold-

ing analysis, preferences are defined in relation
to this societal framework. Very good fits of the
subject ideal points in the stimulus space are to
be expected, because these points are scaled into
a space they helped define. (Note that this is only
true when the stimulus space is derived directly
from the data, as in this case. A stimulus space
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defined by the researcher or derived from differ-
ent data would not have this characteristic.)
Scaling subjects into this space is not a problem
interpretationally, since different subjects
should have different preferences in relation to
this space. The technique must be accompanied
by a warning, however, concerning the interpre-
tation of good fits of ideal points. Most, and per-
haps all, of the ideal points must fit well, for the
reason mentioned above.
Tests of the Successive Unfolding model

would involve two phases. First, the goodness of
fit of the stimulus space can be considered an in-
dex of how well the cultural norms as perceived
by this sample are captured in the stimulus

space; and the appropriate preference function
for an individual across this stimulus space can
be obtained by testing the fit of each of Carroll’s
four models. Tests of these models are not well

defined, however, and may have some statistical
problems associated with them. This is being
studied.

Conclusion

A Successive Unfolding solution can be pro-
duced using Carroll’s (1972) regression proce-
dure with Takane, Young, and deLeeuw’s (1977)
ALSCAL. The solutions were quite interpretable
and provided useful substantive results. Fur-

thermore, the technique seems general enough
to suggest that other preference data of this type
could be so scaled in relation to an externally de-
rived stimulus configuration. Finally, Successive
Unfolding can be considered to model a de-
cision-making process occurring in the context
of cultural norms, and tests of the model may be

developed in the future.
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