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Abstract

A simple method is presented for examining the hierarchical structure of a set of variables, based
on factor scores from rotated solutions involving one to many factors. The correlations among
orthogonal factor scores from adjoining levels can be viewed as path coefficients in a hierarchical
structure. The method is easily implemented using any of a wide variety of standard computer pro-
grams, and it has proved to be extremely useful in a number of diverse applications, some of which
are here described.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Traditionally, structures that include the hierarchical arrangement of variables are
developed from the bottom-up, starting with individual elements, which are then
grouped into clusters, which in turn are then further grouped into larger categories of
variables, until one reaches a highest level in which all of the variables are subsumed
under the one most general attribute. For example, in hierarchical analyses of cognitive
tests, individual test items are grouped to form sub-tests, which in turn are grouped to
form total tests, which in turn are grouped to form highly specific factors, which in turn
are grouped to form large group factors (such as fluid and crystallized intelligence),
which in turn are the building blocks leading to a most general level (such as “g” for gen-
eral intelligence).

There are two kinds of such bottom-up approaches to the development of hierarchical
structures, one based on cluster analysis and the other on factor analysis. Perhaps the most
popular of these are the various algorithms for constructing “tree” representations avail-
able in hierarchical cluster-analysis programs. However, although cluster analysis may be a
useful method for analyzing the structure of objects (as labeled by nouns), it is not as useful
for analyzing the structure of attributes (as labeled by adjectives). One reason is that attri-
bute clusters may have complex relations with other such clusters, and these are not easily
comprehended in the unidimensional arrangement of variables across the bottom of a tree
diagram. Another reason is that negative relations among variables are not easily accom-
modated in conventional clustering algorithms.

In contrast, factor analysis permits one to examine the relations between any variable
and each of many factors, and bipolarity is easily expressed in the signs of the factor
loadings. When factors are rotated obliquely, the correlations among the factors can
then be further analyzed, until one has reached a level when all of the factors are orthog-
onal or there is only one factor remaining. At that point, it is possible to use the proce-
dure described by Schmid and Leiman (1957; see also Yung et al., 1999) to provide a
hierarchical structure in which the factors at each level are completely unrelated to those
of all levels above and below it. Indeed, the use of such orthogonalized hierarchical solu-
tions has now become the received wisdom in analyses of cognitive abilities (e.g., Carroll,
1993). But, what exactly can one make of factors that are independent of all factors at
other levels? How is one to think about a general ability that is unrelated to any of its
constituent parts? For readers who may wonder about the usefulness of such purified
factors, this article provides a more transparent alternative. Moreover, this top down
technique permits investigators to develop hierarchical representations that encompass
far more levels than the two- or three-level factor structures that are most frequently
used to represent cognitive abilities.

2. A simple top-down procedure

In principal factors or principal components analyses, the first factor to be extracted is
the largest one possible, and the next one is therefore smaller than the first. Each subse-
quent principal factor extracted is completely orthogonal to all of those extracted before it.
That is, the first principal factor provides a measure of whatever is most in common to the
variables that have been included in the analysis, and each subsequent factor is again as
large as possible after the influence of all preceding factors has been partialed out.
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A diagram depicting the top down arrangement of a set of principal factors is presented
in Fig. 1. In this figure, like all of the others included later in this article, factors are repre-
sented as rectangles, whose width corresponds to the factor’s size—that is, to the amount
of variance accounted for by that factor, which is equal to the sum of its squared factor
loadings. Included at the top level of each figure is the first unrotated principal factor or
component (FUPC), which is larger than any of the other factors that are extracted subse-
quently. The second level in each figure depicts the two-factor solution, the third level
depicts the three-factor solution, and so on. Factors are labeled by their size at each level,
thus, the largest factor at the four-factor level is labeled 4/1 and the smallest factor at that
level is labeled 4/4. In each figure, the correlations between the factor scores from the fac-
tors at adjacent levels are provided.

To readers accustomed to viewing tree representations, the diagram presented in Fig. 1,
which is based on unrotated factors, will look peculiar because each new factor is unrelated
to all of those extracted before it. (Indeed, it is more like an onion than like a tree, because
as each factor is peeled away, there is a smaller, completely independent, layer lying below
it.) Note that the first factor is the same at each level of the representation, and this is indi-
cated by the correlations of 1.00 between their factor scores. And, then, after a second fac-
tor is extracted, that factor is the same at each lower level, and so on. The number of
possible levels in such a representation is equal to the total number of variables. However,
because one major goal of factor analysis is to simplify a large number of variables into a
much smaller number of factors, one will normally stop the process of factor extraction
long before that number is reached.

It is rare in psychology that investigators end their analyses after having extracted prin-
cipal factors; instead, they normally rotate the factors to some criterion of “simple
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Fig. 1. Unrotated principal components derived from 1710 English personality-trait adjectives (FUPC, first unro-
tated principal component).
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structure,” such as varimax (orthogonal) or promax (oblique). These rotational procedures
have been developed to provide structural representations in which, to the extent possible
given the data, most variables will be related to only one factor, and most factors will have
relatively few variables that are highly related to it. Because the variance of principal fac-
tors is always maximized as each factor is extracted (see Fig. 1), the process of factor rota-
tion will inevitably spread some of the variance from the first factors onto later ones; for a
non-technical description of the logic behind factor extraction and rotation, see Goldberg
and Velicer (in press).

One important use of factor analysis is to discover the relations between the factors
derived in one domain and other variables not included in the factor analysis. To obtain
such relations, one might assess the standing of every individual in the subject sample on
each of the factors, and then correlate their scores with the additional variables; such “fac-
tor scores” for all subjects are easily available in the major statistical computing packages
(e.g., SPSS). Moreover, the factor scores derived from any particular number of factors can
be correlated with the corresponding scores derived from some other number of factors.
This is the basis of the particular procedure described in this article.

Specifically, one begins by extracting the first principal component from any data set,
then extracting and rotating two components, then three components, then four, and five,
and continuing the extraction and rotation process until one reaches a point where there is
a component on which no variable has its highest factor loading. For each successive num-
ber of components, the factor scores are computed and saved; at the end, one can then
intercorrelate the total set (one, plus two, plus three, plus four, and so on) of factor scores
in one large correlational analysis. The correlations between the factor scores derived from
analyses at each level with those at the level below it can then be used as path coefficients to
construct a hierarchical representation, with the first unrotated factor at the top, followed
by the factors derived when two factors are rotated, followed by the three rotated factors,
and then the four-factor structures, and so on down successively lower levels of the hierar-
chical representation. In giving meaning to the factors arranged this way, it may be useful
to think of them on a continuum of abstractness or generality, with the most abstract con-
struct at the top level and the most specific constructs at the bottom level.

Because factor scores are the basic building blocks used to construct the hierarchical
representation, I recommend the extraction of principal components rather than principal
factors: in the former model, factor scores are directly computed, whereas in the latter
model they must be estimated. However, because the resulting structures will be virtually
identical using either of the two factor models, readers whose theoretical propensities favor
principal factors can easily use them instead of components. See Goldberg and Velicer (in
press) for a description of the differences between the two types of factor models, and for a
rationale for the use of the components model.

3. Some illustrations from analyses of personality-descriptive terms

The principal components displayed in Fig. | are based on an analysis of self-descrip-
tions to 1710 personality-related adjectives (Goldberg, 1982) reported by Ashton, Lee,
and Goldberg (2004). In the article by Ashton et al. (2004), the hierarchy is extended to
seven levels, but for simplicity only a truncated five-level version is displayed here. When
compared to the size of the first principal component (set to 1.00), the relative sizes of the
other four unrotated components are .93 (2), .72 (3), .60 (4), and .38 (5). Fig. 2 shows the
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Fig. 2. Varimax-rotated components derived from 1710 English personality-trait adjectives (FUPC, first unro-
tated principal component; A, Agreeableness; E, Extraversion; C, Conscientiousness; N, Neuroticism; and Factor
V, Intellect/Imagination/Openness).

hierarchical representation of these same data after varimax rotations at each level. In
this figure and all others in this article, only path coefficients of .30 or stronger are
provided.

Fig. 2 is useful in showing some of the ways in which factors can be reorganized at the top
levels of a hierarchical representation. However, in this as in most other data sets, by the four-
factor solution most factors appear in a form that stays much the same down through many
levels below it. For example, by the four-factor level in Fig. 2 three of the Big-Five factors-
Factor I (Extraversion), Factor II (Agreeableness), and Factor III (Conscientiousness)—have
appeared in a form that remains unchanged through seven factors (with all path coefficients
in the range from .95 to 1.00). At this four-factor level, the remaining two Big-Five factors
(Emotional Stability and Intellect/Imagination) are fused, but they split apart at the fifth level
and then remain virtually identical through seven factors.

Figs. 1 and 2 are both based on the largest set of person-descriptive adjectives that have
ever been studied in this fashion. In such an extensive item pool, some of the terms may not
be commonly used in contemporary discourse and thus might have been unfamiliar to
some of the research participants; moreover, as described in Goldberg (1982), the 1710
terms include a sizeable number of negations (e.g., un-, non-, i-, and -less) which adds to the
complexity of a self-rating task. In contrast, Fig. 3 provides a hierarchical representation
for 435 of the most familiar trait-descriptive adjectives in American English; this figure
from Goldberg and Somer (2000) is based on the analyses reported in Saucier and Gold-
berg (1996).

Fig. 3 tells a much more simple story than Fig. 2. In Fig. 3, we can see that the first
unrotated principal component combines the four factors that are most highly related
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Fig. 3. Varimax-rotated components derived from 435 familiar English personality-trait adjectives (FUPC, first
unrotated principal component; E, Extraversion; A, Agreeableness; C, Conscientiousness; N, Neuroticism; and
Factor V, Intellect/Imagination/Openness).

to Evaluation (Factors II, ITI, IV, and V), and at the two-factor level the Big-Five factor
that is the least evaluatively polarized (Factor I: Extraversion) appears in a form
that stays virtually identical down through the fifth level. When three factors are
varimax-rotated, both Factors I and IT (Agreeableness) have peeled off in their final
form. When four factors are rotated, Factors I, I, and III (Conscientiousness) are now
available. And, finally, at the five-factor level all five of the factors have appeared in a
kind of “classic” version of the Anglo-German Big-Five structure (Saucier & Goldberg,
2003).

The structural representation displayed in Fig. 3 is particularly useful in compara-
tive analyses of personality terms across different languages (e.g., Goldberg & Somer,
2000). As an illustration, Fig. 4 provides a picture of the structure of 440 of the most
familiar personality-trait terms in Turkish, an Altaic language (which includes such
languages as Mongolian) that is linguistically quite distinct from the Indo-European
tongues that have been studied most extensively. In contrast to the English structure,
the first unrotated principal component in Turkish splits at the two-factor level into
two broad composites, one of which combines Extraversion, Emotional Stability, and
Intellect, and the other that combines Agreeableness and Conscientiousness. At the
three-factor level, the former factor remains the same while the latter factor now splits
into its two parts, both of which remain identical down through five levels. Interest-
ingly, at the five-factor level the Turkish factors are quite similar to the Big Five in
English.
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Fig. 4. Varimax-rotated components derived from 440 familiar Turkish personality-trait adjectives (FUPC, first
unrotated principal component; E, Extraversion; A, Agreeableness; C, Conscientiousness; N, Neuroticism; and
Factor V, Intellect/Imagination/Openness).

4. Some other illustrations

An appealing characteristic of these top down factor representations is that one need
not commit oneself in advance to the optimal number of factors to extract and rotate.
Instead, one can continue down into the hierarchy until one reaches a level at which no
new interesting factors appear. One criterion for stopping the process is that no variables
have their highest loadings on a factor, in which case one should surely stop at the level
above that one. However, in analyses of very large variable sets (e.g., the 1710 English per-
sonality adjectives) one will quickly reach a level (usually between five and ten factors)
when only a few variables load most highly on each factor, and thus the factors that incor-
porate those clusters of highly specific variance can normally be discarded. Sometimes,
however, such lower-level factors point to important content that is poorly represented in
the set of variables under study, and thus the analyses suggest that new variables reflecting
that content be developed.

4.1. Self-reported dissociative experiences

Fig. 5 displays a hierarchical representation of the major symptoms reflecting the psy-
chiatric state of dissociation. The analysis, from Goldberg (1999), is based on a 31-item
revision of the Dissociative Experiences Scale (Bernstein & Putnam, 1986); the revised item
pool, which included three additional symptoms and a more user-friendly item format, was
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Fig. 5. Varimax-rotated components derived from 31 symptoms of dissociation (FUPC, first unrotated principal
component, general dissociation).

administered to an adult community sample. This structure is particularly interesting
because it permits future investigators to measure (a) total dissociation (as reflected in the
first unrotated principal component), (b) two relatively equal-sized broad aspects of disso-
ciative experiences, (¢) the three components of dissociation that have traditionally been
distinguished (typically labeled Depersonalization/Derealization, Absorption, and Amne-
sia), which appear at the three-factor level, and/or (d) to find additional symptoms associ-
ated with each of the two subcomponents of Amnesia so as to measure a more
comprehensive four-factor representation of dissociative experiences. Our parallel as-yet-
unpublished hierarchical analyses of the symptoms included in the Center for Epidemiol-
ogic Studies Depression Scale (CES-D: Radloff, 1977) also suggest that some important
aspects of depressive experiences are not well represented in the original CES-D item pool.

4.2. Eating habits and food preferences

Fig. 6 provides the hierarchical structure of 48 dietary practices that had been included
in three popular eating surveys, again administered to a large adult community sample
(Goldberg & Strycker, 2002). Translating the relations displayed in Fig. 6 into words, one
could say that a large undifferentiated factor reflecting a Generally Healthy Diet (the first
unrotated principal component) subdivides into two mega-components reflecting the
Avoidance of Fat (factor 2/1) and the Consumption of Fiber (2/2). The total fat factor (2/1)
in turn subdivides into two components, reflecting the Avoidance of Meat-related Fats (3/
1) and the Avoidance of Fats of Other Kinds (3/2). Finally, the latter fat factor (3/2) subdi-
vides into components reflecting the Avoidance of Foods Flavored with Fat (4/2) and the
Substitution of Low-Fat for High-fat Foods (4/3).

What is particularly interesting about this hierarchical structure is that the factors at
different levels are differentially related to various personality and demographic variables,
thus providing some suggestive leads for tailoring preventive health practices to different
sorts of individuals (see Goldberg & Strycker, 2002). And, although the structure displayed in
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Fig. 6. Varimax-rotated components derived from 48 food preferences and dietary practices (FUPC, first unro-
tated principal component).

Fig. 6 was derived from a sample of research participants who are almost exclusively Cauca-
sian and somewhat above average in their education and level of affluence, analyses of a sim-
ilar set of dietary practices in a multi-ethnic Hawaiian sample (including particular foods that
are commonly consumed in Hawaii but not on the mainland, such as poi) shows remarkable
similarity between the two factor structures, suggesting that this representation may tran-
scend at least some ethnic differences in the specific foods that individuals consume.

4.3. Characterizing the musical phenotype

Fig. 7 provides a hierarchical representation of 33 items from a recent survey of musical
behaviors and experiences (Levitin et al., 2004). The original data from that study have been
reanalyzed, resulting in the new path coefficients provided here. Also, I have substituted new
labels for some of the music-related factors. At the seven-factor level, the components include
content related to musical Complexity, Reproduction, Sensitivity, Musical theory and
achievement, Listening habits, Positivity, and Emotions. As one can see in Fig. 7, the Repro-
duction factor splits off relatively early and stays virtually unchanged all the way down the
hierarchy. What is particularly important about this representation is that factors at different
levels turn out to differentiate between three samples of individuals with neurodevelopmental
genetic disorders: Williams Syndrome, Autism, and Downs Syndrome. The differences on the
music-related factors among these three types of disorders, and between each of them and a
sample of normal controls, are discussed in Levitin et al. (2004).

5. Some caveats and conclusions

Although the illustrations in this article have come from studies conducted by the
author or his former students, variations on these ideas have been proposed by others. One
early example of a partial representation of this sort was provided by Zuckerman,
Kuhlman, and Camac (1988). A more complete structural representation was included in
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Fig. 7. Varimax-rotated components derived from 33 kinds of musical behaviors and experiences (FUPC, first
unrotated principal component).

Ostendorf*s (1990) now-classic account of his German lexical taxonomy project. And, one
of the most influential uses of the method may have been Saucier’s (1997) comprehensive
analyses of the effects of variable selection on the factor structure of English person
descriptors. Later articles by Di Blas and Forzi (1998) and Saucier (2000, 2003) provide
additional examples of this top down procedure, as do the recent reports by Markon,
Krueger, and Watson (2005), Mlaci¢ and Ostendorf (2005), Roberts, Chernyshenko, Stark,
and Goldberg (2005), Saucier, Georgiades, Tsaousis, and Goldberg (2005).

All of the factor representations displayed in the present article have been based on
principal components analyses with orthogonal varimax rotations; as already noted, the
corresponding structures based on principal factors would be virtually indistinguishable
from those presented here. The author’s preference for examining orthogonal factors at
each hierarchical level, instead of using an oblique rotational algorithm such as promax, is
not without its critics, and many readers may opt for the oblique alternative. However,
orthogonal factor scores have the advantage of parsimony when used in multiple-regres-
sion analyses to predict any important criteria (Goldberg, 1993), and they encourage the
development of factor markers that are maximally unrelated to each other (Saucier, 2002).

To many factor theorists, the structural representations included in this article are not
truly “hierarchical,” in the sense that this term is most often used in the methodological
literature (e.g., Yung, Thissen, & McLeod, 1999). For those who define hierarchies in
conventional ways, one might think of the present procedure in a metaphorical sense,
perhaps construing this representation as akin to a flow-chart of factor emergence.
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Consequently, one might think of these representations as “sequential” rather than hier-
archical. Moreover, while the author has found it useful to speak of the correlations
between factor scores at different levels as “path coefficients,” strictly speaking they are
akin to part-whole correlations, but again the non-traditional usage can be construed
metaphorically.

In any case, it should always prove useful for investigators to analyze their data in
diverse ways, and this certainly applies to the development of structural representations.
The present article is meant to introduce readers to a new option, not as a replacement but
as a supplement to all of the other techniques available. Some potential advantages of this
procedure over its competitors include its wide range of applicability, its straightforward
simplicity to implement, and its easy amenability to pictorial representations. Doubtless
other techniques, including hierarchical clustering algorithms, and the Schmid-Leiman
approach to factor orthogonalization, will prove to be even more useful in some scientific
contexts.
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