
EDITORIAL
WHAT CAN WE INFER FROM DOUBLE DISSOCIATIONS?

John C. Dunn1 and Kim Kirsner 2

(1School of Psychiatry and Clinical Neurosciences, University of Western Australia;
2School of Psychology, University of Western Australia)

The joint aim of cognitive psychology and cognitive neuropsychology is to
describe the functional architecture of the human mind. That is, to identify,
characterize, and enumerate the fundamental mental processes underlying human
behaviour. In both of these fields, behaviour is measured in terms of
performance on a wide range of tasks that are presumed to involve different
combinations of mental functions. The two fields differ primarily in the nature
of the conditions under which these tasks are performed. Specifically, whereas
cognitive psychology generally involves systematic manipulation of variables in
experiments involving non-brain damaged participants, cognitive
neuropsychology is concerned with the impact of brain damage on task
performance.

Although they are, in a sense, the object of study, mental processes are not
directly observable. Rather their existence and function must be inferred from
the manner in which task performance changes from treatment to treatment,
involving different levels of an experimental variable or different forms of brain
damage. This is a primary methodological problem for both cognitive
psychology and cognitive neuropsychology, and, in an attempt to solve this
problem, researchers in both fields have placed increasing reliance on the logic
of dissociations (Coltheart, 1985; Crowder, 1972; Shallice, 1988; Tulving, 1983;
Vallar, 1999).

Dissociations are used to infer the existence of separate mental processes.
There are two main types, single and double. Let A and B be two tasks and let a
and b be two manipulations, variables or factors. A single dissociation is observed
if a affects performance on A but not on B. A double dissociation is observed if,
in addition, b affects performance on B but not on A. In cognitive
neuropsychology, manipulation a would usually correspond to a comparison
between a patient or group of patients who are impaired on A but not B, and
normal controls, who are unimpaired on both A and B. Similarly, manipulation b
would correspond to a comparison between another patient or group of patients
impaired on B but not A and normal controls. Both single and double
dissociations invite the inference that there is an underlying mental function
required by A but not by B. In addition, a double dissociation invites the converse
inference, that there is an underlying mental function required by B but not by A.

Dissociations have long been used in neuroscience as a criterion for
localizing mental function in the brain (Teuber, 1955; Young et al., 2000). In the
late 1960’s, this logic was employed for the first time by cognitive psychologists
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to partition memory into separate short-term and long-term systems (e.g.,
Crowder, 1972; Glanzer and Cunitz, 1966). In this context, it is noteworthy that
“functional dissociations” were used only to support a division of memory
function, not to localize these functions anywhere in the brain. Later, this
principle was incorporated explicitly into the goals of cognitive neuropsychology
(Coltheart, 1985). That is, dissociations are used primarily to infer divisions of
functionality and not to map different functions onto different parts of the brain. 

Dissociations play an increasingly crucial role in the methodology of
cognitive neuropsychology. Used in conjunction with the assumption of
modularity of processing, they have provided critical support for several
influential, almost paradigmatic, models in the field (e.g., Coltheart, 1985; Bruce
and Young, 1986). The topic is now covered in most textbooks and handbooks
in the field (e.g., Denes and Pizzamiglio, 1999; Ellis and Young, 1988; Rapp,
2001; Shallice, 1988) and a search of the PsycINFO© database reveals a recent
increase not only in the number of articles that use the term, but in the spread
of its application to neighboring branches of the discipline, and to neighboring
disciplines. 

The increase in the number of citations for the term ‘double dissociation’ is
illustrated in Figure 1. Interestingly, these data could be interpreted either as
evidence of a consistent increase in use of the term, or as evidence of a kind of
‘punctuated equilibrium’ (Eldredge and Gould, 1972), involving alternating
periods of stability and growth. The citation rates should be viewed as indicative
only as they undoubtedly represent an underestimate of the true values. We
found over 2000 references to the term on the internet for example.

Double dissociation occupies an interesting niche in the evolving history of
psychological science. Whereas cognitive psychology does not depend upon any
particular characterization of a term such as implicit memory, double
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Fig. 1 – Total number of citations containing the term “double dissociation” as a function of
year of publication.



dissociation is an inferential procedure which, if incorrectly formulated, has the
potential to affect the empirical content of the entire discipline. Presently,
cognitive scientists generally treat double dissociation as a valid part of their
methodological tool-kits, yet there is no clear demonstration that it can do what
its proponents claim, while a number of researchers have suggested that
dissociations are unable to support the kinds of inferences that are typically
drawn (e.g., Dunn and Kirsner, 1988; Juola and Plunkett, 2000; Plaut, 1995; Van
Orden et al., 2001). Analyses such as these provide an impetus for the present
forum. 

The logic of double dissociation is intuitively plausible and provides an
inferential tool that complements the frames of reference provided by concepts
such as localization of function (Young et al., 2000), fractionation (Shallice,
1988) and modularity (Fodor, 1983). If double dissociation cannot support the
type of inferences for which it is used, a broad body of empirical and theoretical
work will undoubtedly be compromised. It is a paradox that despite this
uncertainty and the high stakes involved, there has not been a strong tradition of
debate on this issue. For this reason, we wish to invite comment on five
questions concerning the nature and validity of inferences based on single and
double dissociations. Each of these questions raises an issue that is fundamental
to what we can infer from double dissociations.

(1) What is a dissociation?The first question is the most basic. The
consensual definition, given above, turns out, on closer examination, to be just
one of several possibilities. Shallice (1988) has defined four kinds of single
dissociation, called classical, strong, robust, and trend, as well as two kinds of
double dissociation, called cross-over and non-cross-over. Dunn and Kirsner
(1988) have distinguished between crossed and uncrossed double dissociations
(corresponding to cross-over and non-cross-over, respectively), and have defined
another form, called a reversed association. Vallar (1999) has identified two
forms of cross-over double dissociations, called classic (or strong) and weak. In
the strong form, each patient is unimpaired on one of the tasks while in the
weak form, both patients are impaired to different degrees on both tasks.
Terminological confusion reaches a peak when it is noted that Vallar’s weak
form is similar to Shallice’s strong single dissociation as well as being
equivalent to Dunn and Kirsner’s reversed association. However, the confusion
is not just terminological. Shallice (1988) has argued that inferences from cross-
over dissociations are more valid than inferences form non-cross-over
dissociations while Dunn and Kirsner (1988) have argued that even inferences
from cross-over dissociations are not secure if the dependent variables are a
priori negatively correlated. For this reason, they suggested that inferences
should be based on reversed associations, defined as the conjunction of a
negative association (i.e., a cross-over dissociation) and a positive association. In
contrast, Vallar (1999) has argued that while inferences from both strong and
weak cross-over dissociations are valid, the interpretation of the weak form is
more complex. Yet this form is identical to a reversed association, claimed by
Dunn and Kirsner (1988) to be the strongest possible.

(2) Can we ever show that a dissociation exists? Teuber (1955) introduced
the concept of a double dissociation in order to overcome a perceived logical
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difficulty of single dissociations where impaired performance is observed on
only one task. It is well known that this constitutes only weak evidence for the
existence of separate mental functions underlying the two tasks since it is
possible that the unimpaired task is simply less sensitive to the manipulation
(i.e., brain damage) that affects performance on the impaired task. Shallice
(1988) has elegantly extended this argument in terms of monotonic resource
functions. A single dissociation may arise if the two tasks depend upon the same
resource but, over the levels of the manipulation under test, the resource
function of one task is relatively flat compared to the other. This reasoning is a
variant of the well-known argument against accepting the null hypothesis. That
is, the failure to detect a difference does not imply that the difference is really
zero. On this view, a single dissociation may always involve a large and
detectable difference on one task and a small and undetectable difference on
another task. This, in turn, implies that there is no principled way of
distinguishing between a classical single dissociation, for which the smaller
difference is supposed to be zero, and a strong or trend dissociation, for which
the smaller difference is non-zero. Therefore, it is unclear how we can show that
a dissociation exists. And we will have the same difficulty with double
dissociations, minimally defined as the conjunction of two opposite single
dissociations. However, double dissociations are often more than this. If one
patient performs better than another patient on one task but worse on a another
task, then a double dissociation entails a cross-over interaction (Jones, 1983)
which counts as a negative association under all possible monotonic resource
functions (Loftus, 1978). Thus, we may be better off looking for positive and
negative associations rather than dissociations which are impossible to find.

(3) What does a dissociation signify?Dissociations are used to infer the
existence of a mental function that is involved in performing one task but not
another. Given the widespread use of dissociations, it is surprising that little
agreement exists concerning what is meant by this deliberately vague term,
“mental function”. Dissociations seem to imply a partition, but a partition of
what? They have been variously interpreted as signifying a partition of systems
(e.g., Gabrieli et al., 1995; Nyberg and Tulving, 1996; Tranel et al., 1995), of
modules(e.g., Coltheart, 2001; Shallice, 1988), and of processes(e.g., Dunn and
Kirsner, 1988; Roediger et al., 1989). More recently, Plaut (1995), Juola and
Plunkett (2000) and others have argued that dissociations do not imply a
partition of anything. This view is based on analyses of lesioned connectionist
systems that are shown to be capable of generating double dissociations in the
absence of clear divisions of function or modularity. Does this mean that double
dissociations can mean anything that one wants them to mean? That is, while a
dissociation may be interpreted as signifying something within an a priori
conceptual framework, they do not constitute, in themselves, evidence for this
framework. Shallice (1988, p.248) has drawn attention to this point by
observing that, “if modules exist, then … double dissociations are a relatively
reliable way of uncovering them”. But goes on to say that it would be fallacious
to conclude that since double dissociations exist, modules must also exist. 

(4) What do dissociations tell us about mental functions? Suppose that we
have adopted a framework for interpreting dissociations and then find one. What
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can we conclude about the nature of the underlying system/ module/ process/
function/ network from this fact? The most common approach to this question is
to postulate a different mental function for each of the tasks involved. That is, if
tasks A and B are doubly dissociated, then there exists a mental function A that
is required for A but not for B, and another mental function B that is required
for B but not for A. By way of example, there is a double dissociation between
reading irregular words and reading nonwords. That is, it is possible to find
some brain-damaged patients who are selectively impaired in reading irregular
words and other patients who are selectively impaired in reading nonwords
(Coltheart, 1985). If this result is interpreted within a modular framework, it
supports the existence of at least two modules underpinning reading and, using
the above logic, it would seem to imply that one of the modules is concerned
with reading irregular words (defining the so-called lexical route) while the
other module is concerned with reading nonwords (defining the so-called
nonlexical route). But for this to be a valid conclusion, two additional
assumptions are required. First, it must be assumed that each type of brain
damage affects one and only one of the underlying modules. That is, the patients
need to be pure cases(Shallice, 1988). Second, it must also be assumed that
each module affects one and only one of the two tasks. That is, the tasks need
to be process pure(Jacoby, 1991). The problem that these twin assumptions
raise is that there is no independent way of determining whether a case or a task
is pure in this sense (Van Orden et al., 2001). Therefore, dissociations may tell
us nothing about mental functions other than that there are two of them.
Crowder (1972) made this point long ago in the context of models of memory,
stating that “the data on functional dissociation speak more to the question of
whether a two-process theory is necessary than to the properties of either of the
two processes themselves. For example, functional dissociation is compatible
with either the assumption of two retrieval processes … or of two codes … as
well as with the assumption that there are two separate memory stores” (p. 146).

(5) Since no two tasks recruit exactly the same mental functions, aren’t
dissociations trivial? This statement is undoubtedly true. Since any two tasks,
different enough to be called different, cannot recruit exactly the same mental
functions in exactly the same way, it is inevitable that they will eventually yield
a dissociation. This fact has begun to cause difficulties in memory research. In
the mid-1980’s, a number of studies reported dissociations between implicit
memory tests, such as word stem completion, and explicit memory tests, such as
recognition and recall, inviting speculation that there may exist two kinds of
memory system underlying these different kinds of test. But then dissociations
were found between different implicit tests as well as between different explicit
tests (e.g., Srinivas and Roediger, 1990). Similarly, dissociations have been
found that draw into question whether unilateral visuospatial neglect is really a
unitary disorder (Halligan and Marshall, 1998). Such fractionations call into
question the utility of dissociations as they seem to suggest that we will
eventually need as many mental functions or modules or systems as there are
tasks for humans to do. As such, it would undermine the central aim of
cognitive psychology and cognitive neuropsychology to explain human
behaviour.
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In addition to these five fundamental questions, the use of dissociations in
different fields raises a number of other issues. These include, the relationship
between dissociations of function and anatomical localisation as revealed, for
example in PET or fMRI studies, the status of functional dissociations in
cognitive psychology that do not involve deficits arising from brain damage, the
implications of models containing two or more processing systems or modules
for patterns of dissociations between different pairs of tasks, and the relationship
between double dissociation and other inferential techniques such as additive
factors (Sternberg, 1969, 2001) or dual-task methodology (e.g., Della Sala et al.,
1999). We invited the contributors to the Forum in the present issue to address
these and other questions relating to the fundamental logic of dissociations in
cognitive psychology, neuropsychology, and neuroscience. What, if anything,
can we infer from double dissociations?
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