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the classes (spikes) or positioning one class in
the same position as another. One conse-
quence of all this is that results showing an
ordered set of classes, such as those we have
reported so far from the Eaves et al. (1993)
analysis, cannot be taken as evidence for the
existence of distinct “types” of children, but
they may simply be the best way to statisti-
cally represent a smooth distribution.

On postulating a fourth category, Eaves et
al. (1993) found that the former third category
was split into two, one of children who stole
and one of children who did not. On the face
of it, this is more convincing evidence of dis-
tinct types of children because it is not merely
a distinction in terms of severity. In practice
there are reasons to doubt this, too. First, this
subtyping may be reflecting not discrete cate-
gories but the fact that the children are smooth-
ly distributed over two dimensions, the second
now being a stealing dimension. (We know
that the argument of the previous paragraph
also applies to multidimensional data; see Da-
vies & Pickles, 1987.) Second, the improve-
ment in model fit from three to four latent
classes, although significant, was modest. Third,
classes distinguished by the complete absence
of one item can result from the use of too
small a sample size, and one must be very
cautious about the interpretation of class pro-
file differences under these circumstances.
Kendler et al. (1998) applied similar methods
to adult psychosis, identifying six classes with
somewhat different symptom profiles. Caution
is clearly recommended before interpreting
such findings as proving a particular taxonomy
or even excluding dimensional underpinnings.

Trajectories, timing, and events

Particularly in the area of antisocial behavior,
researchers have become enthusiastic about a
variant of this latent class approach, one in
which the classes define developmental tra-
jectories and the classification is based on a
set of measures over time rather than over a
single cross-section (Nagin & Land, 1993).
The data required for such analyses consist of
symptom or behavioral profiles obtained over
a series of occasions. Previous work and theo-
retical considerations have led to an expecta-
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tion of finding three groups: one with early-
onset and persistent disorder, one adolescense
limited group, and one nonantisocial group
(Moffitt, 1993). In practice, however, results
have been mixed; it is becoming clear that the
specific groupings that are identified are de-
pendent on the data that are chosen or avail-
able for analysis. For example, if the window
of observation is extended beyond early adult-
hood, then additional desistance and late-
onset classes can be identified. The approach
does provide a sound framework within which
to compare models that impose alternative re-
strictions on the number or form of classes,
but as in all such tests there is an assumption
that the overall class of models being consid-
ered includes one that is correct. Moreover,
the approach does not explicitly consider di-
mensional alternatives that could yield equally
well fitting models, nor that some of the mod-
els may be close approximations to a nonpara-
metric maximum likelihood representation,
one that we have seen is quite neutral on the
category or dimension question.

As we have just seen, among the distin-
guishing features of trajectories are differences
in age of onset and desistance. Methods of
analysis specific to the timing of events have
been developed, in the form of survival and
event history models (Allison, 1984; Cox,
1972), and differences in age of onset have
been used to distinguish qualitatively different
forms of pathology, as when early onset de-
mentia was linked to APO-E4 (reviewed in
Ritchie & Dupuy, 1999). Event history meth-
ods typically presuppose that a categorical
phenomenon exists with an onset occurring in
a sharply localized period of time. However,
much psychopathology is not of this kind.
There may be early-onset prodromal symp-
toms, or symptom severity may increment
progressively over time. Whether we can con-
sider a developmental onset as an event may
depend on our study design. For example, at
age 6, very few girls are biologically compe-
tent to become pregnant, but by age 16 most
are. Thus, in a comparison of 6- and 16-year-
olds, pubertal status has a strongly bimodal
distribution and some sort of transitional
“event” (i.e., puberty) has apparently occurred.
However, if one were studying just 11-year-
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old girls, a wide range of pubertal statuses
would be observed and this condition might
best be regarded as being dimensionally dis-
tributed. When viewed over the longer period,
pubertal development could be treated as an
event and its timing analyzed using survival
analysis methods. Even when restricted to the
teenage years, some aspects of pubertal devel-
opment such as menarche remain more event-
like, but others, such as breast development
are often better approached using growth
curves. Pickles et al. (1996, 1998) contrasted
these two types of event onset as “hard” and
“soft”; they showed that, although they seemed
to be under the control of a common set of
genes, when gathered by means of retrospec-
tive report, these two types of events suffered
different forms of measurement error (Hutten-
locher, Hedges, & Prochaska, 1988). Hard
events suffered heteroscedastic measurement
error (random error that increases with time
since the event), but soft events were prone
to telescoping (systematic bias in which the
reported time is moved toward the time at
which the report was elicited). Overall, there-
fore, interest in timing and age of onset favors
the presumption of a categorical phenomenon
but does not exclude underlying dimensional
variation. Nonetheless, the researcher may
need to remain sensitive to the possibly differ-
ing measurement issues that arise with hard
and soft events.

Nonlinearity

If the distribution of the indicators of the pa-
thology alone cannot help, perhaps we should
expand the scope of potential evidence by
looking for some sort of validator. What can
the relationship of pathology to some other
variable tell us about the nature of that pathol-
ogy? Simple linear logistic regressions pro-
vide estimates of effects that average across
the whole sample ranges of the predictor vari-
ables, whereas ordinary correlations and lin-
ear regressions estimate average relationships
across the ranges of both the predictors and
the outcome variable. It is also the case that a
computer statistical package will fit a linear
model of this sort if asked of it, even if any
relationship is shared by only part of the
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range of the predictor variable. Without delib-
erate effort, the routine use of these standard
statistical techniques rarely bring such discon-
tinuities to the researcher’s attention, but they
may be important indicators of the presence
of categorical states.

An essential feature of the categorical dis-
ease entity model (at least as it is imple-
mented in the DSM-IV) is that the categories
should be associated with functional impair-
ment (Wakefield, 1992, 1997). Pickles et al.
(2001), again using the VISABD, examined
how symptom related impairment increased
with the number of symptoms. For conduct
disorder, oppositional defiant disorder, and
depression, there was a smooth linear rela-
tionship. There was no evidence of any dis-
continuity or jump in impairment associated
with the DSM-III-R symptom cutoffs, or any
other plausible symptom cutoff. Impairment
increased with severity, but disorder per se
added nothing more. Had it been found that
symptoms at or above the threshold were as-
sociated with a more marked increase in im-
pairment than those below the threshold, then
could this have been taken as evidence of a
discrete pathology? Again, the answer is “not
necessarily.” As with inference from the shape
of the symptom distribution itself, consider-
ation still has to be given to whether a transfor-
mation of the impairment scale was appropriate
and whether applying such a transformation
would have eliminated the evidence for non-
linearity.

Risk to other relatives has also been used
as a potential validator of a category. Using
the Twins Early Development Study, Dale et al.
(1998) applied the DeFries and Fulker (1985)
regression method to assess differential heri-
tability of language problems: whether herita-
bility increased or decreased as the severity of
problems experienced by the proband increased.
In a general population sample of UK twins,
they found that language skills at age 2 were
predominantly influenced by environmental
factors but that genetic factors appeared to be
of greater importance for the most severely
delayed. This provided some support for the
distinctiveness of severe language problems.
However, here, the results of the DeFries—
Fulker method can also be quite sensitive to
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the choice of transformation applied to the
phenotypic measure.

Maximizing within category association

The previous section hints that the kind of evi-
dence that could be persuasive of the existence
of categories involves showing that different
categories possess distinctive patterns of associ-
ation (Meehl, 1992). Meehl (Meehl, 1995; Wal-
ler & Meehl, 1998) formalizes this approach
into the maximum covariance (MAXCOYV) cri-
terion. This requires that we consider at least
three variables, say x, y, and z. A priori con-
siderations suggest that one of these, say x, is
thought to be an indicator of a binary categor-
ical variable rather than a measure of some
underlying dimensional score. If correct, then
we would expect those in one category to
have lower values and those in the other cate-
gory to have higher values of x. Moreover, on
the supposition that categories are internally
homogeneous, we would expect that if we con-
sidered each category separately, there would
be a rather modest covariance between y and z,
whereas if we took a mix of subjects from both
categories, we would observe a more substan-
tial y—z covariance. For example, x could be a
symptom score and y and z could be two mea-
sures of risk, say parental neglect and problems
with peers. Within the disorder group we might
expect both risk factors to be raised, whereas
in the normal group we would expect both to
be low, resulting in low within group covari-
ances. Only when the groups are mixed do we
see that the two risk factors covary together.
Meehl formalizes this into a criterion. The
y—z covariance is calculated for sets of sub-
jects defined by a range or window of values
of x. This is repeated several times, moving
the window across the distribution of x. Plot-
ted (with suitable smoothing) against the mid-
value of each window, the y—z covariance will
oscillate randomly if there is no category un-
derlying x, but it will increase to a maximum
and then decrease if a category underlies x,
the MAXCOV being that obtained from the
window position in which subjects from each
category are equally represented. The plot
thus allows both the categorical nature and the
prevalence of the categories to be identified.
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Do we see such patterns in real samples?
Waller, Putnam, and Carlson (1996) applied
the MAXCOV criterion (and other related
methods) to data from a case-normal control
study of dissociative identity disorder and
found strong evidence for a categorically dis-
tinct pattern of association among a subset of
the symptoms of the Dissociative Experiences
Scale (Bernstein—Carlson & Putnam, 1986).
In this application one cannot help feeling,
however, that the selection of subjects from
the extremes that is a consequence of the
case-normal control design is likely to favor
taxon hunters. However, perhaps more impor-
tantly, we should question the underlying
model. First, the expectation of no within cat-
egory association is an assumption and there
would seem to be many circumstances where
our scientific theory might suggest categories
that are distinguished, not by having a com-
mon lack of association between y and z, but
by them having distinctively different patterns
of association, say, being positively associ-
ated in one category and not, or even nega-
tively, associated in the other. For example,
in a study of the symptomatology shown by
relatives of autistic probands, Pickles et al.
(2001) found that the proportion of affected
relatives appeared to increase with the sever-
ity of autism shown by the proband, but only
among probands with “useful speech.” This
raised the possibility that speech was a marker
for etiologically distinct forms of autism. Sec-
ond, the categoric nature of x clearly depends
upon the choice of y and z. What do we con-
clude if we apply the MAXCOV approach
with variables x, y, and z and find evidence
for categories underlying x, but then apply the
same approach to x, u, and v and find evi-
dence for x being continuous?

Dimensional or Categorical Nature
Versus Dimensional and Categorical
Properties: Depression in the Great
Smoky Mountains Study

The question above is resolved when we recog-
nize that we never directly observe our objects
of interest but instead observe their properties.
Different properties do not need to conform to
a single conceptual model of the pathology.



Categories and dimensions

1 -
e .8
2
3
£
i)
o
£ .6“
>
(7]
c
Ke)
&
O 44
Q
)
o°
[
o
o
E 24
o_

545

3
Tanner Pubertal Stage

T

Figure 4. The mean DSM-IV depression symptom count by pubertal stage for girls from the

Great Smoky Mountains Study.

We illustrate this point with data from the Great
Smoky Mountains Study. We examine first
the relationship between puberty and depres-
sion in girls. We began this line of research
in an attempt to clarify the timing and causes
of the emergence of the female preponderance
of depression observed in adults, and have
concluded that the most potent factor appears
to be increasing levels of sex steroid hor-
mones acting through a mechanism unrelated
to effects on secondary sex characteristics
(Angold, Costello, & Worthman, 1998, 1999;
Angold & Worthman, 1993). Here we present
some additional analyses of this topic de-
signed to illustrate some of the analytical is-
sues we have discussed thus far.

First, we note that DSM-IV depression and
dysthymia symptom counts were ‘“‘continu-
ously” (but certainly not normally) distrib-
uted, with no obvious points of rarity or
bulges in the distribution. As shown in Figure
4, the count also increased with Tanner stage,
but this increase was not linear on the Tanner
scale. The counts were very similar at Stages
1, 2, or 3 but higher at stages 4 and 5. If we
ignore this and simply fit a linear regression
model, we find no significant relationship be-

tween the Tanner stage and the number of de-
pressive symptoms (p = .3).

However, if one divides the Tanner stage
into two categories formed by grouping stage
3 or below versus stage 4 and above, the sig-
nificance of the effect increases (p=.07).
Taking this analysis a step further, we can ex-
amine the outcome variable (depressive symp-
tom count) in a similar way. However, it turns
out that the relationship between pubertal
stage and symptom count is not uniform across
the range of symptom counts. Figure 5 shows
that there is no relationship between pubertal
stage and the probability of having just one
symptom. All of the effect of puberty on symp-
toms is carried by those with two or more
symptoms, odds ratio (OR) = 1.7; 95% confi-
dence interval (CI) 1.2-2.5, p = .008. Thus, it
turns out that we are dealing with a relation-
ship that is most parsimoniously described as
categorical, even though both the predictor
and outcome variables were measured on di-
mensional scales.

It is well known that if a genuinely dimen-
sional relationship exists between two phe-
nomena, then modeling it as a categorical
relationship is wasteful of information (and
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Figure 5. Sample proportions with one or more DSM-IV symptoms of depression by puber-
tal stage for girls, from the Great Smoky Mountains Study.

therefore power). Thus, if a continuous rela-
tionship exists across the range of two vari-
ables, then performing a median split on each
and testing the relationship using a 2 X 2 con-
tingency table will underestimate the size of
the relationship. However, it seems to be less
appreciated that the same is true if one im-
poses a continuous metric on a categorical re-
lationship.

We next turn to examine the relationship
of the count of depressive symptoms to a risk
index defined by a summary scale of 26 so-
cial, family, and life event risk factors for psy-
chopathology. Here we observe a quite differ-
ent pattern. In this case, we see, in Figure 6,
what looks like a genuinely dimensional rela-
tionship. No cut-point on the predictor risk
factor scale or the depression scale produced a
larger test statistic for the association between
these two variables than the linear association
of the two (means ratio from Poisson regres-
sion = 1.14; 95% CI = 1.10-1.19; p < .0001).
What we see is that the “same psychopathol-
ogy” may apparently behave both categori-

cally and dimensionally in relation to different
risk factors.

Conclusions

It is perhaps unsurprising that psychopatholo-
gists continue to debate the issues surrounding
the use of categorical and dimensional per-
spectives. Their workplaces and research cen-
ters are dominated by medical doctors, who
draw on a long tradition of discrete medical
diagnoses and therapeutic interventions, and
by psychologists, who are part of a long tradi-
tion of population measurement and continu-
ous scale score construction. It is hard to em-
phasize just how profound are the consequences
of these contrasting perspectives for the cul-
tures of these two disciplines.

There is a strong desire for our chosen tax-
onomy to be “right.” Meehl approvingly quotes
the aphorism from Plato, that we should “cut
nature at its joints” and points to the fact that
we have gophers and chipmunks but we do
not have “gophmunks.” We cannot add, mix,
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Figure 6. The mean DSM-IV depression symptom count by risk index score for girls from

the Great Smoky Mountains Study.

and average these qualitatively distinct spe-
cies as we could were the distinctions between
them quantitative. While it should be empha-
sized that Meehl does not argue that there are
not also important dimensions of variation,
there is nonetheless the sense that, once a
qualitative facet has been found, the objects
or phenomena are therefore categorical in na-
ture. Before drawing such a conclusion, it is
worth noting that species boundaries are by
no means so distinct and in the process of evo-
lIution gophmunks might very well appear!
After all, the whole notion of evolution first
required acceptance of the mutability of spe-
cies. More importantly, we believe that the
species analogy places the focus of attention
on some abstract state of nature of the object
of study, rather than on the properties that it
exhibits. It is through these properties that we
largely define objects of study, the properties
are many and it is they that are also com-
monly of direct scientific and clinical interest.
Crucially, our argument is that these varied
properties need not be consistent with a single
state of nature. Rather than the analogy with

species, we prefer an analogy with high school
theories of the duality of light. When it comes
to understanding refraction, a conception of
light as behaving as a continuous wave turns
out to be helpful, whereas particulate behavior
is more helpful conceptually for understand-
ing reflection and energy transfer. In the same
way, to understand depression, we find cir-
cumstances where it behaves as a dimension
and circumstances where it behaves as a more
discrete phenomenon. Thus, while we accept
the absence of gophmunks, we can envisage
purposes, such as making Brunswick Stew,
where we are merely concerned with weight,
and the difference between a small gopher
and a large chipmunk counts for nothing (ex-
cept among those who believe that only squir-
rel should appear in Brunswick Stew). The
important issue is not whether depression is
categorical or dimensional in any general sense,
but how its relationships with etiological, out-
come, and other factors are manifested. If we
are to answer those questions properly, then
we need to keep an open mind about the shapes
of the associational curves. In other words, we
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need to adopt a truly empirical approach that
is unblinkered by either categorical or dimen-
sional prejudices.

There are a number of consequences of
holding this view. First, we should strive against
the metatheoretical implications of a choice
that results in us unconsciously selecting whole
superstructures of thought and practice when
we choose to use categories or dimensions.
Second, although there may well be circum-
stances in which one perspective is clearly
more parsimonious, these are probably com-
paratively rare and proving the empirical ad-
vantage of one or the other is nontrivial, and
may not often be worth the trouble. Thus, we
will typically find that we need to entertain
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