
Brain (1996), 119, 1775-1790

REVIEW ARTICLE

Paradoxical functional facilitation in
brain-behaviour research
A critical review

Narinder Kapur

Wessex Neurological Centre, Southampton; Department of Correspondence to: Dr N. Kapur, Wessex Neurological
Psychology, University of Southampton Centre, Southampton General Hospital, Southampton SO]6

6YD, UK

Summary
The aim in this review article is to document research findings
that have shown paradoxical effects of nervous system
changes, whereby direct or indirect neural damage may
result in facilitation of behavioural functions. Such findings
have often been ignored or undervalued in the brain-
behaviour research literature. A further aim is to consider
possible mechanisms and theoretical insights related to this
facilitation. Analyses of relevant studies show that two major
types of paradoxical functional facilitation (PFF) effects may
be distinguished, (i) Situations where damage to intact brain
tissue brings to normal or near normal a previously sub-
normal or abnormal level of functioning. I refer to improved
levels of functioning in such contexts as restorative PFF
effects. One of the best documented examples of such PFF
effects is the 'Sprague effect', whereby collicular lesions may
bring about an improvement in visual functioning following
an initial occipital lesion, (ii) Situations where a subject with
nervous system pathology or sensory loss performs better
than normal control subjects on a particular task. I refer to
improved levels of performance in these contexts as enhancing
PFF effects. Restorative and enhancing PFF effects have
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been found in a range of domains, including memory, sensory
and perceptual functions, and language functioning. A
potential contribution of PFF effects is that they highlight
two important neural mechanisms, i.e. inhibition and
compensatory plasticity. Two broad classes of theoretical
insights related to PFF effects are therefore discussed:
(i) inhibitory mechanisms, which form part of an interactive
view of brain function where competitive opponent-processing
is a significant feature; (ii) 'compensatory augmentation',
which occurs as a specific manifestation of CNS plasticity.
Both of these mechanisms are considered in relation to
paradoxical increases in CBF and anatomical annexation
effects that are seen in neurological patients and in subjects
with sensory loss. Paradoxical functional facilitation
paradigms represent a powerful methodological tool for
confirming or refuting hypotheses in brain-behaviour
research. The counter-intuitive nature of PFF findings
provides a particularly persuasive set of evidence in support
of neural, conceptual or computational models of brain
function that specifically predict paradoxical facilitation of
cognitive functioning.

Introduction
When we are faced with a subject who has a brain lesion, it
naturally follows that emphasis is placed on the deficits
which the subject displays. This is for at least two reasons:
firstly, trying to alleviate/analyse these deficits in clinical
contexts is usually the main purpose of the interaction
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between the clinician/researcher and a patient; secondly, it is
usually the deficits in neurological function which are more
prominent compared with other features of a subject's
condition. Thus, if the subject does have some change in
signs or symptoms which represent an improvement rather
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than a deficit in function, this tends to be overlooked in
clinical and research contexts.

In this article, my purpose is to review those studies where
subjects with lesions of the CNS have, in certain contexts,
shown non-trivial facilitation of psychological functioning,
and to consider whether such paradoxical functional
facilitation (PFF) may offer a useful theoretical approach to
the study of neural systems. A large number of relevant
observations are scattered about in the literature. While a
number of these are well-known and firmly established
phenomena, other related findings have tended to be
overlooked. To my knowledge, such observations have never
been integrated into one comprehensive review article.

By 'paradoxical' I mean improved performance on tests
of cerebral function, where this improvement is in the
opposite direction to detrimental effects that have usually
accompanied the neural changes in question. In this review,
I will be primarily concerned with changes induced by
experimental brain lesion, naturally occurring disease or by
sensory deprivation. Psychological manipulations that result
in PFF effects are rare (e.g. Boiler and Marcie, 1978), and
are somewhat outside the scope of this article. Certain
paradoxical effects in human and animal psycho-
pharmacology, such as the retrograde memory facilitation
effects of compounds that usually have anterograde amnesic
effects (Parker and Weingartner, 1984), are also outside the
scope of this article.

In considering improvements in functioning after cerebral
pathology, I will be focusing on two distinctive scenarios,
(i) Situations where alteration to intact neural tissue brings
to normal or near-normal a level of functioning that was
previously sub-normal or abnormal. In these instances, there
are real physical, cognitive or other.psychological gains as a
result of the' specific neural alteration/damage that has been
sustained. I refer to improved levels of functioning in such
contexts as restorative PFF effects, although the degree of
improvement may not always reflect a restoration to
completely normal levels of functioning, (ii) Situations where
a patient with a damaged nervous system can perform better
than normal control subjects on a particular task. This task
may have been especially designed and constructed to take
account of the patient's functional deficits. I refer to improved
levels of performance in such contexts as enhancing PFF
effects.

I will be mainly concentrating on situations where PFF
effects are non-trivial and are not simply secondary to task
instructions or to extensive practice of a particular piece
of behaviour. The phenomenon of so-called idiots savants
represents a somewhat unusual type of enhanced performance
that could be interpreted in this latter way (Treffert, 1988).
It seems that much of the 'better-than-normal' behaviour in
such subjects can simply be explained by repeated practice,
often to an obsessional degree, of a particular set of
behaviours. Thus, the condition of idiots savants, which has
been extensively reviewed in its own right, will not be
considered here.

Some human developmental studies have indicated
situations where children perform better than adults. For
example, Werker et al. (1981) have shown that infants are
able to discriminate non-native speech sounds (e.g. Hindi
speech sounds) better than English speaking adults,
presumably because the infants' speech perception systems
have not yet been 'primed' with the biasing effect of the
experience of hearing native, English speech sounds. There
is also evidence from animal studies of enhanced learning
by infant animals compared with adult animals (Spear et al.,
1994). At the neurobiological level there is evidence in non-
human primates for elimination and refinement of brain
projections during the progression from infancy to adulthood
(Rodman, 1994). However, since this article is primarily
concerned with acute changes related to the occurrence of
specific types of neuropathology in the adult brain, I will not
be giving such developmental studies further consideration.

Restorative PFF effects
In this section I will concentrate on PFF effects that entail
improvements in cognitive functions after cerebral pathology.
Restorative PFF effects have already been well documented
in clinical conditions such as epilepsy (Purves, 1991) and
movement disorder (Marsden and Obeso, 1994) [see Iansek
et al. (1995) and Marsden and Obeso (1995) for further
discussion of paradoxical facilitation effects in the area of
movement disorder]. I will also not be covering the realm of
beneficial personality changes after brain pathology which
has, by its nature, been subject to less experimental rigour
than the cognitive areas examined below. Changes in
temperament and personality have often been based on
clinical observations rather than objective personality
measures. In addition, improvements in temperament/mood
state after brain pathology may occur at a cost, either in
terms of other personality changes that may be maladaptive
(e.g. the person may now become rather placid and apathetic),
or in reduced cognitive functioning. Beneficial changes in
personality after brain surgery have also been well covered
elsewhere (e.g. Hitchcock et al., 1979; Bartlett, 1987; Waziri,
1990; Diering and Bell, 1991).

Perception
In a seminal paper, Sprague (1966) observed a functional
facilitation effect in cats whereby a left-sided hemianopia
brought about by removal of the right occipito-temporal
neocortex could be replaced by evidence of normal responses
to stimuli in the left visual field as the result of subsequent
destruction of the left superior colliculus. A similar effect
was obtained when the commissure that connected the two
colliculi was sectioned, though the return of vision in the
left visual field was less rapid than where the colliculus
itself had been destroyed. Sprague argued that the initial
hemianopia was due to depression of function of the colliculus
ipsilateral to the cortical lesion, and that this depression was
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maintained by influx of inhibition from the other colliculus,
the one contralateral to the cortical lesion. The removal of
that colliculus, or sectioning of the collicular commissure,
was considered to have abolished this inhibition. Therefore,
return of function in the ipsilateral colliculus led to some
degree of recovery from the hemianopia. The degree of
recovery appeared to vary between cats, and appeared to
range from complete to partial recovery, but the important
point to note is that significant recovery did take place. It
seems that the initial hemianopia may have reflected both
loss of cortically mediated vision and also loss of vision in
the midbrain that was mediated by damage to cortical-
midbrain fibre connections. Sprague concluded that, 'The
hemianopia that follows unilateral removal of the cortex that
mediates visual behaviour cannot be explained simply in
classical terms of interruption of the visual radiations that
serve cortical function. Explanation of this deficit requires a
broader point of view, namely, that visual attention and
perception are mediated at both forebrain and midbrain levels,
which interact in their control of visually guided behaviour.
Hemianopia caused by cortical lesion is due to an imbalance
of these neural centres that subserve vision, resulting in an
alteration of function at the midbrain level. Imbalance can
be redressed and vision restored to the previously hemianopic
field by subsequent lesion in the superior colliculus' (Sprague,
1966, p. 1547). Sprague's findings, which have come to be
known as the 'Sprague effect', were subsequently confirmed
by Sherman (1974), by Kirvel et al. (1974) and by Hardy
and Stein (1988). Sherman (1977) showed the effect occurred
regardless of the sequence of cortical and collicular lesions.
Goodale (1973) was able to produce a similar type of twin-
lesion effect in respect of light-evoked potential recorded
from the superior colliculus in the rat. Wallace et al. (1989)
showed that the recovery of visual function in the 'Sprague
effect' is not mediated by fibres arising from the contralateral
superior colliculus but rather by fibres in the caudal half of
the commissure that connected the two superior colliculi.
Wallace et al. (1990) found that the 'Sprague effect' could
also be produced by destruction of neurons that gave rise to
axons in the caudal collicular commissure. These neurons
were primarily located in the rostro-lateral substantia nigra
pars reticulata.

A further PFF effect has recently been reported by Sprague
(1991). He first showed that splitting the optic chiasm
and introducing a cortical, suprasylvian lesion in the right
hemisphere interfered with the transfer of form perception
from the left to the right eye. He then demonstrated that
sectioning of the superior collicular commissure, or of the
colliculus that was contralateral to the side of the suprasylvian
lesion, could restore inter-hemispheric transfer of form
perception that had been disrupted by the presence of the
chiasm lesion and the suprasylvian lesion.

More recently, Ptito et al. (1993) reported a PFF effect
similar to that originally reported by Sprague in his 1966
paper. Cats with impaired visual functioning following lesions
of the left optic tract and right visual cortex showed a

significant improvement of retention and learning of visual
pattern discriminations after subsequent sectioning of the
corpus callosum. Ptito et al. (1993) argued that the
hemispheric disconnection interrupted abnormal influences
exerted by the lesioned hemisphere on the intact left
hemisphere. These abnormal influences included inhibition
of visual pathways that trajected via the collicular system. It
was therefore presumed that sectioning of the corpus callosum
helped to remove this inhibition, and that this mediated the
paradoxical improvement in performance. A further PFF
effect in the area of visual function has been noted by
introducing light deprivation after frontal lesions that induced
visual neglect (Crowne et al., 1983; Corwin and Vargo,
1993). Corwin and Vargo (1993) found that, in rats with
lesions of the left medial agranular frontal cortex, severe
right-sided visual neglect resulted. However, if this lesion was
followed by 48 h of light deprivation, there was accelerated
recovery of function on visual and tactile neglect tasks.
Corwin and Vargo were unable to explain their findings,
but hypothesized that light deprivation may somehow have
reduced an imbalance in activation between the two
hemispheres, an imbalance brought about by the original
lesion, and that the environmental manipulation may have
affected dopaminergic pathways, which had previously been
associated with recovery from neglect (Corwin et al., 1986;
Fleet etal., 1987).

Human analogues of the Sprague effect have rarely been
reported—perhaps the closest was a recent paper (Vuilleumier
et al., 1996), in which the authors reported the disappearance
of left-sided unilateral neglect, brought on by a right parietal
infarct, after the occurrence of a second lesion in the area of
the left frontal eye field. Using the rationale offered by the
Sprague effect, two groups of investigators have attempted
to initiate improvements in neglect in human subjects.
Following a suggestion by Posner and Rafal (1987), Butter
and Kirsch (1992) reasoned that, by patching the right eye
of patients with left-sided neglect, the left superior colliculus
was deprived of its major facilitatory input. Therefore, the
inhibition that it can exert on the right superior colliculus
will be reduced. This should then enable the right superior
colliculus to orient more readily towards the left side of
space, with a consequent improvement in neglect. Butter and
Kirsch (1992) were able to produce improvement in a number
of neglect tasks by devices such as patching the right eye in
patients with left-sided neglect. However, Soroker et al.
(1994) were only able to produce improvement in neglect in
one out of six patients after introducing ipsilesional eye
patching. Although, in a subsequent study, the same
investigators (Serfaty et al., 1995) did find improvement in
13 out of 26 patients, two patients also benefited from contra-
lesional monocular occlusion, and the authors concluded that
the Sprague effect was unlikely to be the sole factor involved
in the facilitation that had been observed in some patients.

Speech expression
There are at least three separate reports of patients who
stuttered since childhood, and in whom there was a cessation
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of stuttering after the onset of specific cerebral pathology. In
all of these patients where handedness was documented, this
yielded evidence of left/mixed handedness in the patient or
in his immediate family. Jones (1966) reported three cases
in which surgery for the removal of a left hemisphere lesion
in adulthood resulted in the cessation of stuttering and one
case where removal of a right hemisphere lesion gave the
same benefit. The lesions in question were either an aneurysm
or a cerebral tumour. On the basis of sodium amytal studies,
he noted that, whereas prior to brain surgery speech appeared
to be bilaterally represented, after removal of the lesion in
the damaged hemisphere, the speech seemed to be represented
solely in the intact hemisphere. This was the right hemisphere
in three patients and the left hemisphere in the remaining
patient. Thus, it appeared that prior to surgery both
hemispheres were involved in the imperfect regulation of
speech. After surgery, with only one hemisphere subserving
speech, it now seemed that, as far as speech fluency was
concerned, one hemisphere was better than two!

Miller (1985) described two patients whose stuttering
ceased when they developed early signs of multiple sclerosis.
In both patients, there was evidence of bilateral cerebellar
dysfunction, and the author considered that this might,
paradoxically, have been responsible for the dramatic
cessation of the stuttering.

Helm-Estabrooks et al. (1986) reported the case of an
ambidextrous man who had begun to stutter at the age of 8
years. When he was an adult, he ceased to stutter after the
occurrence of a severe head injury in which a right hemisphere
clot was removed. This improvement was evident as soon as
he recovered consciousness, 10 days after the injury. One
year later, his speech was still much improved compared
with what it was prior to the head injury, with only some
minor problems in articulation and fluency.

More recently, it has been shown that left thalamic
stimulation alleviated stuttering in four patients with evidence
of 'subcortical seizure activity' and a history of chronic pain
in addition to their speech disturbance (Andy and Bhatnagar,
1992). Although none of these patients had evidence of
structural lesions in the thalamus, it is unclear if the
'subcortical seizure activity' represented some abnormality
in the thalamus or in related pathways.

Enhancing PFF effects
Sensory and perceptual functioning
Before discussing lesion studies, I will firstly consider cases
of indirect neural changes brought about by sensory loss.
The possible enhancement of sensory functioning in one
modality after total sensory loss in another modality has been
the subject of many studies over the years. For the purposes
of this paper, I will restrict discussion mainly to recent studies
relating to sensory functioning in the blind, although similar
observations have been made in other sensory deprived
subjects. As noted by Bach-y-Rita (1994, p. 459), 'blindness

can be considered to result in 'brain damage', since the loss
of a major sensory input, such as vision, markedly alters
cortical activity'.

Rauschecker and Kniepert (1994) found that visually
deprived cats, who had both eyelids sutured from birth, were
able to localize a sound in space more precisely than
normal control cats. Korte and Rauschecker (1993) found
that auditory spatial tuning of single neurons in the anterior
ectosylvian cortex was sharper in visually deprived cats than
normal control cats. This sharpening of spatial tuning was
found across the whole frequency range. At the tactile level,
Rauschecker et al. (1992) have reported hypertrophy of
facial vibrissae in visually deprived cats and mice, with
a concomitant enlargement of their representation in the
somatosensory cortex.

Muchnik et al. (1991) presented several auditory tasks to
blind and sighted human subjects, including tasks covering
auditory localization, temporal discrimination and speech
perception. They found that blind subjects performed better
than normal control subjects in all three tasks. As Muchnik
et al. (1991), Rauschecker (1995) and Ronnberg (1995) point
out in their reviews of earlier work, the overall picture with
regard to enhanced auditory functioning in blind subjects
remains a complex one, with some divergence between
studies. In the case of olfaction, there is an equivalent degree
of divergence between studies (for a review of earlier
work, see Smith et al. 1993). Two of the better controlled
investigations have produced rather different outcomes.
Murphy and Cain (1986) found that blind subjects performed
better than sighted subjects on an odour identification task,
where they had to recall the name of an odour. Using a
similar task, however, where recognition rather than recall
of names was tested, Smith et al. (1993) did not find
any difference between sighted and control subjects. They
attributed the contrast with the Murphy and Cain (1986)
results to the greater sensitivity of the recall task used by
Murphy and Cain. In the case of surface texture, Walker and
Moylan (1994) found that blind subjects showed better recall
than normal control subjects of the surface texture of objects
that had earlier been described using the auditory modality.
There was evidence that this superiority emerged gradually
in blind subjects in proportion to the percentage of their
lifetime that was spent without sight.

The interpretation of any enhancement in sensory function
in sensorily deprived subjects is of course a matter of debate.
Simple training/practice effects are usually contrasted with
more spontaneous mechanisms such as changes in inhibitory-
excitatory balance, neuronal reorganization, neuronal sprout-
ing, etc. At present, there does not appear to be any firm
evidence in support of one or other explanation, and it
remains possible that a matrix of mechanisms interact to
influence a particular form of sensory enhancement.

One of the first perceptual studies in which enhancing PFF
effects after specific cerebral pathology were reported, is one
that was essentially a problem solving experiment but where
perceptual impairments may have contributed towards the
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facilitation effects that were observed. Golding (1981)
administered a perceptual problem solving task to patients
with right and left hemisphere lesions and to control subjects.
The task required subjects initially to inspect a stimulus array
which included the colours yellow and green, each paired
with diamond or circle shapes. Either half of the card could
include a colour or shape, and there were therefore eight
cards displayed altogether. In the criterion task, two colours
and two shapes were shown, with the other halves of the
cards masked. Subjects had to indicate which cards, out of
four alternative stimulus pairs, were critical for falsifying the
statement: 'whenever there is a circle on one half of the card,
there is a yellow colour on the other half of the card'. More
than half of the right hemisphere lesidhed patients, but none
of the control subjects, were able to solve the task correctly
(by choosing the circle and green cards), and it transpired
that all of those right hemisphere lesioned patients who
solved the task were ones who had difficulties in naming
photographs from unusual angles. Golding speculated that
control subjects failed to solve the problem because of the
dominating effects of the perceptual aspects of the task at
the expense of verbal reasoning, and that this type of
perceptual processing did not interfere with the reasoning
processes of right hemisphere lesioned patients with
perceptual classification deficits. However, Evans and Dennis
(1982) argued that the particular effect which Golding found
could have occurred simply due to the patients with right
hemisphere lesions showing unilateral neglect for the left
side of the array, and consequently greater attention to stimuli
on the right hand side, since one of the critical stimuli (the
card with one half green) was located on the right hand side
of the array.

Ladavas et al. (1990) found that patients with left-sided
neglect due to right hemisphere lesions were faster than
control patients in their response to one of two horizontal
stimuli presented in the ipsi-lesional (right) field—namely,
the right stimulus compared with the left stimulus. The
authors argued that, while control patients distributed their
attention fairly evenly to both horizontal stimuli, neglect
patients selectively favoured the right stimulus due to their
left-sided inattention, and that this resulted in their paradoxical
finding. This particular outcome could therefore be explained
in terms of 'selective attention' that occurred in the neglect
patients but not in the control patients. It should, however,
be noted that control patients in the Ladavas et al. (1990)
study were patients with right hemisphere lesions who did
not suffer from any neglect, and it remains possible that both
sets of patients would have been impaired relative to normal,
neurologically intact, control subjects.

Townsend and Courchesne (1994) found that autistic
subjects with parietal lobe volume loss showed shorter
reaction time than normal control subjects in a simple target
detection task that involved responding when one of several
squares contained a filled circle. They interpreted this
enhanced performance as evidence to support the concept that
visual attention can be distributed as an attention 'spotlight' or

'beam', and that a narrowed attention focus may result from
some types of parietal lobe abnormality.

Wray et al. (1995) have reported that migraine sufferers
were significantly faster than normal control subjects on two
'low-level' visual perception tasks. Stimuli were presented
in one hemifield. One task involved subjects indicating in
which half (top or bottom) a line of differing orientation
appeared. The other task required subjects to indicate which
of two dots appeared first on the screen. Wray et al. (1995)
hypothesized that this superiority could be explained by the
greater visual sensitivity shown by migraine sufferers, related
to a greater excitability of visual areas of the cortex. These
cortical areas may be the same areas that contribute to the
visual aura associated with migraine episodes.

Sensory-motor functioning
In the case of sensory-motor performance, a dramatic example
of enhancing PFF has recently been demonstrated by Lajoie
et al. (1992). Following two episodes of sensory poly-
neuropathy, their patient suffered a permanent and specific
loss of the large sensory myelinated fibres in both arms and
legs. Clinical investigations showed total loss of the senses
of touch, vibration, pressure and kinaesthesia in all four
limbs. Lajoie et al. (1992) asked their patient to perform a
standard mirror drawing task, where she had to trace a six-
pointed star while viewing the image of the star through a
mirror. The task had to be performed as accurately and as
quickly as possible. For the five control subjects who were
also tested, the mirror drawing task posed difficulties, since
reversed visual information coded within a visual map had
to be compared with proprioceptive information coded in a
normal proprioceptive internal map. These conflicting sources
of information resulted in difficulties in making the correct
movements, especially for oblique lines. By contrast, the
deafferented patient had no such sensory conflict, due to loss
of proprioception. For this patient, the task was simply one
of visual tracking. Thus, she performed significantly better
than normal control subjects on the mirror drawing task. This
phenomenon could be seen as the proprioceptive equivalent
of the Stroop effect, whereby an automatic encoding process
(in this case, generated by proprioceptive cues in relation to
movement in space) interfered with a second process involved
in task performance (in this case, generated by visuospatial
cues).

Memory functioning
Animal studies
A large number of animal lesion studies have led to reports
of enhancing PFF effects in the area of memory functioning
(for a review of some of these studies, see Spear et al., 1994).
Monkeys with split-brain lesions that involved sectioning of
the corpus callosum have been shown to be able to learn
conflicting visual discriminations if these are presented
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separately to each hemisphere, while this task proved to be
very difficult and frustrating for a normal control animal
(Trevarthen, 1962). Some investigators have examined
reversal learning, which usually entails the animals learning
a particular discrimination-or-reward-association, and then
learning the reverse procedure in which the originally 'correct'
stimulus is made 'incorrect', and vice versa. They typically
found impaired reversal learning in animals with lesions
within the limbic system (e.g. Winocur and Olds, 1978, who
worked with rats). However, there are a few reports of
enhancing PFF effects which resulted in better-than-normal
reversal learning by animals with limbic system lesions. For
example, Eichenbaum et al. (1986) found superior reversal
learning of odour discriminations in rats who had bilateral
lesions of the fornix or combined bilateral lesions of the
fornix and amygdala. In a recent study, Eichenbaum and
Bunsey (1995) showed that rats with hippocampal lesions
were better than control rats at distinguishing odour pairs
that were associated with a reward stimulus. These authors
hypothesized that hippocampal lesioned rats relied on a
'fused' representation of odour pairs, with the fusion mediated
by intact structures such as the parahippocampal gyrus,
whereas control rats treated odours within a pair as discrete
items to be remembered, a strategy that resulted in slower
learning compared with control rats.

Staubli et al. (1984) provided evidence that rats with
lateral entorhinal lesions showed enhanced reversal learning
compared with control rats on an olfactory discrimination
learning task. Staubli et al. (1984) suggested that it was rapid
forgetting of information from earlier trials, brought about
by the entorhinal lesions, that contributed to the enhanced
reversal learning. Zola and Mahut (1973) reported facilitation
of visual reversal learning by monkeys with bilateral lesions
of the fornix. One of the reasons for this facilitation may
have been that animals with limbic lesions may simply have
shown more rapid forgetting of information from earlier
trials, with this memory loss resulting in less interference
during their learning of the second set of reversal trials.
Zola and Mahut (1973) suggested that some form of faster
extinction of earlier responses, rather than weak learning on
the initial trials, may have contributed to the facilitation
effects which they found. It is unclear why the reversal
learning data from these four studies are at variance from
those of other published studies of the effects of limbic
system pathology, though it is possible that cue modality and
degree of training sophistication may have been critical,
especially for control animals. Shaw and Aggleton (1993)
found that rats with fornix lesions performed better than
control rats on the acquisition trials of a delayed nonmatching
to sample task. They argued that this was due to the presence
of spatial biases in the responses of control animals, which
resulted in their failing to return to a maze arm from which
they had come and therefore performing poorly on specific
trials where the animal was required to return to the same
arm used in the previous trial. Shaw and Aggleton (1993)
reasoned that fornix lesioned rats did not use such allocentric

cues to direct their performance, and that this absence of a
spatial bias contributed towards their better performance
compared with control animals. Irle (1985) proposed that the
slight facilitation effect found in a study of learning in cats
after extensive lesions in the limbic system may have been
due in part to a greater calmness and better attentional state
in lesioned animals, compared with control animals who
tended to be more active during testing.

Several other PFF effects have been reported in animal
lesion studies of memory functioning. Butter and Doehrman
(1968) reported that monkeys with lateral striate lesions
showed better performance on a visual discrimination learning
task than control subjects, due to an apparent reduction in
the interference they suffered from having learned similar
visual stimuli on an earlier training session. Butter and
Doehrman (1968) reasoned that this paradoxical enhancement
of transposition following posterior cortical lesions was due
to an impairment in detecting differences between the training
and test stimuli. Klapdor et al. (1994) have recently shown
that bilateral lesions of the tuberomamillary nucleus, an
area in the posterior hypothalamus, resulted in enhanced
performance by rats on a one-trial step-through avoidance
task. They hypothesized that the lesions resulted in a
disinhibition of reinforcement processes, possibly related to
histamingergic mechanisms.

Prado de Carvalho and Zornetzer (1981) found that rats
who were given bilateral locus coeruleus lesions prior to the
acquisition of an inhibitory avoidance response showed
accelerated forgetting of the response 14 days after training.
However, when the rats were then administered electro-
convulsive shock at this time, this resulted in a paradoxical
improvement in memory functioning. Galey et al. (1989)
found that lesions of the septum resulted in facilitation of
spatial discrimination learning compared with control
animals. They argued that these lesions reduced the inhibitory
control exerted by the septum on cholinergic neurons of the
septo-hippocampal pathway. However, as the authors pointed
out, their findings did conflict with those from an earlier
study (Simon et al., 1986).

Human studies

Alcoholic Korsakoff patients/patients with global
amnesia. Turning to human lesion studies, a number of
studies that could be classified under the rubric of 'priming'
have found enhanced performance in amnesic patients. It
should, however, be remembered that the majority of priming
studies have found normal or below normal performance
in amnesic as compared with control subjects (Graf and
Masson, 1993).

Gardner et al. (1973) carried out a study in which alcoholic
Korsakoff patients first learned words related to certain
categories, e.g. the name of a tree is an oak. They had to
learn six such items to a criterion of two successive correct
trials. Ninety seconds later, they were administered several
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retention test conditions. One of these took the form of an
implicit memory test, where subjects simply had to generate
items from the earlier set of categories. Alcoholic Korsakoff
patients were more likely than alcoholic control subjects to
offer items from the target set that they originally learned.
'Here, possession of a relatively intact memory leads to a
recall score which is apparently lower than that of a group
characterized by its deranged memory' (Gardner et al.,
1973, p. 173). One of several mechanisms may have been
responsible for this finding. It is possible that the effect
relates to the population of available responses in the two
groups of subjects. For controls, this may be relatively large,
but for Korsakoff patients, due to their retrograde amnesia,
it may only have consisted of the pool of items which were
most prominent in their immediate past experience—in this
case the set of words used in the earlier learning task. As
the authors of this particular study pointed out, their results
may also have been due to Korsakoff and control subjects
interpreting instructions in the verbal fluency task rather
differently. It is possible that control subjects thought that in
their generation of words they were to omit any responses
which overlapped with items in the learning task that had
been administered a short time earlier. Korsakoff patients,
on the other hand, would probably have forgotten about the
memory task and just given any items which came to mind,
with the recently learned items still having some trace in
their memory.

Warrington and Weiskrantz (1978) reported significant
facilitation effects in a study of word-completion performance
in amnesic patients. Subjects were first asked to try to
generate words from the initial three letters of a set of words.
These items were unique words, e.g. juice, ankle and aisle,
such that there was only one possible answer to complete
the three-letter word-stem. They were later given a memory
task, the first stage of which involved copying and reading
a set of 20 whole words which the patients could not complete
from the set of 200. After 24 h, they were given an unexpected
retention test for these items, where they were presented with
40 three-letter stems, 20 from the set which they copied and
read, and 20 which they successfully completed in the earlier
part of the study. They were required to complete these
letter stems. Amnesic patients performed better than control
subjects on this implicit retention task. Here again, it would
appear that prior learning may have had a more dominating
effect on the performance of amnesic patients compared with
control subjects. However, it is of note that amnesic patients
were also superior to control subjects on the very first task,
i.e. generating words for the set of 200 three-letter stems,
and it remains possible that this superiority also played a
part in their enhanced performance on the retention test.

Jacoby and Witherspoon (1982) presented amnesic patients
and control subjects with a naming task, where the test
sentence included a homophone (e.g. 'Name a musical
instrument that employs a reed'). They then administered
an oral spelling task which included the set of 'primed'
homophones. This was followed by a standard recognition

test for the set of target words. Amnesic patients were more
likely than control subjects to spell a homophone by the way
in which it was biased by the earlier naming task. On
the recognition memory test, they displayed the expected
recognition memory deficit. Jacoby and Witherspoon (1982)
speculated that it may have been perseverative tendencies of
their amnesic patients which led them to respond in this way,
thus rendering them more sensitive to the effects of an earlier
experience. At least two qualifications in respect of the
Jacoby and Witherspoon study need to be stated. First, some
of the test procedures were not described in detail, and it
appears that the control subjects and amnesic patients may
have differed in age and/or educational level. Secondly, two
subsequent studies, in which the same or similar paradigms
were used, have failed to replicate this facilitation effect
(Cermak et al., 1986; Kapur, 1988). In the Cermak et al.
(1986) study, control subjects actually showed a greater
priming effect than Korsakoff patients.

Cermak et al. (1988) also examined word-stem completion
performance in alcoholic Korsakoff patients. Subjects were
presented with a series of word pairs, and after a 3-min filler-
task were then provided with stems (first three letters) of the
second words in the pair. These word stems were paired with
either the same words as in the presentation trial, with other
words in the same set of items, or with new, 'distractor'
words. Alcoholic Korsakoff patients were better than control
subjects at completing word stems, i.e. the first letters of
words used in the presentation trial. This effect was apparent
across the various conditions and did not depend on whether
or not subjects were told before the presentation trial that their
memory would be tested. The paradoxical effect prompted the
authors of the study to comment: 'Why does the performance
of alcoholic Korsakoff patients on the word-stem completion
task actually exceed the performance of alcoholic controls?
It appears that amnesics are more sensitive than controls to
semantic activation of a previously presented word' (1988,
p. 322). In a further study (Cermak et al., 1992), the authors
found that, in a task which involved primed stem completion
of high frequency words, Korsakoff patients produced more
responses from the primed list than alcoholic control subjects.
The authors reasoned that alcoholic controls had more
conscious control over their performance, and that this
resulted in their sometimes choosing to complete stems with
words other than those on the study list. In this study, the
amnesics seemed more bound than the control subjects to
respond to the 'fluency' produced by an item's recent
presentation. Similarly, Squire and McKee (1993) showed
that amnesic subjects were more likely than control subjects
to judge previously presented non-famous names as famous,
and noted that in their study 'prior events have been found
to influence amnesic patients to a greater extent than they
influence normal subjects' (1993, p. 428).

Musen et al. (1990) gave amnesic patients and control
subjects a task in which they were required simply to read
the same story three successive times. The reduction in time
over these three trials was taken as a measure of implicit
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memory for the story. In one experiment, Musen et al. (1990)
found that amnesic patients showed a significantly faster
learning curve than control subjects, with greater latency
gains on the third compared with the first trial. There was
also a tendency for the same effect to occur in a second
experiment, where repeated reading of the same story was
also required, but in this case the differences did not reach
significance. Musen et al. (1990) were uncertain of the
reliability of their finding, but speculated that control subjects
may have slowed their rate of reading to allow for a later
retention test that was to be given for the story, whereas
amnesic patients might have forgotten that this retention test
was to occur and therefore this 'slowing down' factor would
not have influenced their reading speed.

Other memory disordered patients. In most of the
above articles, authors found PFF effects in studies of
anterograde amnesia. Warrington and McCarthy (1988) found
a PFF effect in their study of retrograde amnesia. They
reported that their amnesic patient was more successful
than control subjects in producing the names of famous
personalities in response to verbal cues (Christian name and
first letter of surname). As Warrington and McCarthy noted,
this finding may have been due, in part, to a possible
confound resulting from the prior presentation of a similar
face-naming task that was given to the amnesic patient but
not to the same control subjects. However, it is also possible
that, when making such a verbal retrieval, control subjects
rely on a much wider repertoire of responses, whereas the
amnesic patient is reliant on a more limited repertoire, one
that has been unaffected by his retrograde and anterograde
amnesia. This may mean that for a given verbal cue, control
subjects will have to make a wider search and be more
tempted to offer alternative names, whereas the search of the
amnesic patient will be more constrained.

Heindel et al. (1990) found that in patients with
Huntington's disease, there was, compared with control
subjects, enhanced priming of the threshold to name fragments
of pictures that had been shown previously. A similar
observation of 'hyperpriming' by Huntington's disease
patients was made by Randolph (1991), this time using
word-stems rather than picture fragments. In a recent study,
Jernigan (1994) has reported a positive correlation between
the amount of tissue loss in the caudate area, as estimated
from MRIs, and the degree of priming shown by Huntington's
disease patients on a word identification task. Jernigan (1994)
reasoned that impairment of perceptual and lexical processing
of verbal stimuli, associated with caudate damage in
Huntington's disease patients, may make such processing
more difficult and more effortful. In normal subjects, it had
been shown that degrading the visual features of stimuli, or
using less familiar stimuli, resulted in a larger degree of
priming. Jernigan reasoned that in Huntington's disease
patients, more difficult and effortful processing may therefore
result in enhanced retention of stimuli, as shown on a
subsequent word identification task.

The set of facilitation effects found in the studies reviewed
above can be explicable in part by control subjects, but not
amnesic patients, being encumbered with explicit memories
that acted to hinder or interfere with task performance. A
similarly induced type of facilitation effect has been reported,
this time due to the reduction or elimination of interference
where the interference may stem from semantic rather than
episodic memories. This results from a process, which
operates in normal subjects, but which may be partly
operational or non-operational in memory disordered patients
due to a lesion that disrupts the process in question.

In the first study in which such an effect was examined,
Kapur et al. (1986) reported an experimental investigation
of a patient who presented with transient amnesic attacks
which subsequently developed into a form of temporal lobe
epilepsy. Further details on the patient are presented in that
paper and in a follow-up article (Kapur et al., 1989). The
patient showed focal deficits on tests of public events, famous
faces and famous names in the presence of intact performance
on standard anterograde memory tasks. In an experimental
investigation of his memory functioning, he was presented
with six names which he did not recognize. These were
paired with occupations, such that the associations to the
names were ones which might normally interfere with
memory performance (e.g. John Newcombe—singer). The
patient's paired-associate learning performance was superior
to that of normal control subjects. In this case, it appeared
that interfering associations, which the stimuli provided for
control subjects, did not operate to affect the patient's memory
test performance adversely. A remarkably similar facilitation
effect has recently been reported by De Renzi and Luchelli
(1993)—their patient was left with a dense retrograde
amnesia, but intact paired-associate learning ability. When
he was required to associate famous names with incongruent
occupations, he also performed better than control subjects.
He thus showed an 'interference elimination' effect, whereby
his performance was unaffected by the normal interference
that would impinge on the behaviour of control subjects,
due to the absence of prior associations to the famous
names used in the paired-associate learning task. In some
respects, these sets of findings represent a human analogue
of the facilitation in reversal learning referred to earlier in
the review of animal studies, and to 'interference reduction'
mechanisms proposed by Hinrichs et al. (1984) to explain the
retrograde facilitation effects of diazepam on human memory.

Semantic processing
Kapur (1980) found facilitation effects in a study of semantic
categorization by a 'deep dyslexic' patient. Such patients
typically have difficulty in reading abstract and function
words, as compared with concrete words. In addition, they
cannot read 'nonsense words' and they make semantic
paralexic errors when reading words aloud. In this study, the
patient was presented with a written target word, e.g. ostrich;
he would then hear 14 stimulus words and was asked to
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indicate after each word was spoken whether it reminded
him of the target word in any way. Seven words bore a
relationship to the target word and seven were unrelated to
it. Control subjects made a large number of false negative
responses to a same-category member of stimulus words e.g.
in the case of ostrich, the word 'peacock'. Thus, they tended
to say that a word was not associated with the target word,
whereas the paralexic patient made a relatively small number
of such errors. There was also a pathological tendency by
the paralexic patient to accept neutral words as stimulus
words to the target word such that he might accept the word
'sun' as an associate word. It did not appear that this was
directly related to the patient's better-than-normal scores in
respect to false negative errors, as this was selective to
one category of associates rather than reflecting an overall
response bias.

An analogous semantic priming effect for indirect
associates has been reported for schizophrenic patients, and
shown to be stronger than that found in control subjects.
Spitzer et al. (1993) assessed schizophrenic patients and
control subjects using a reaction time paradigm where the
prime could be directly related to the target word (e.g. hen-
egg), or indirectly related to the target word (e.g. lemon-
sweet). Subjects had to indicate whether the second word
was a real word (in some conditions, the second word
was a nonsense word). Compared with control subjects,
schizophrenic patients showed enhanced facilitation, relative
to a neutral condition, for the indirect priming situation, and
it was most apparent in thought-disordered schizophrenic
patients. The effect was particularly evident where the target
immediately followed the prime. Spitzer et al. (1993)
interpreted their findings as reflecting hightened activation/
reduced inhibition in the semantic memory network of
schizophrenic patients. Their finding paralleled an earlier
observation of enhanced semantic priming in schizophrenic
patients by Kwapil et al. (1990).

Paradoxical functional facilitation: theoretical
mechanisms and methodological gains
The evidence reviewed above has shown that subjects with
cerebral dysfunction may, in certain contexts, show improved
levels of functioning compared with their pre-lesioned state
or compared with normal control subjects. These observations
have been documented in a variety of disease aetiologies,
with a number of animal species, over a number of lesion
sites and across several experimental paradigms.

What theoretical insights derive from PFF effects? What
new methodological gains arise as a result of PFF findings?
I will now attempt to address these issues.

Inhibitory mechanisms
I propose that PFF effects provide novel insights into a
framework of neural functioning where inhibition, and the

balance between inhibitory and excitatory neuronal popu-
lations, play a critical role.

Restorative PFF effects point to the importance of
'opponent' processing models of brain function, whereby, in
normal subjects, inhibitory and excitatory mechanisms
interact in a complex harmony to bring about a specific set
of behaviours. The role of inhibitory processes may be
critical in mediating specific restorative PFF effects.
Reversal of excessive inhibition may be important, as in the
case of facilitation of motor functioning following pallidal
lesions (Marsden and Obeso, 1994), and alleviation of a
visual field defect after lesioning of the superior colliculus.
A related mechanism is interference elimination—perhaps
most dramatically seen after sectioning of the corpus
callosum to relieve epilepsy (Purves, 1991). In some
circumstances, it may not be possible to distinguish between
the presence of simple inhibitory/excitatory mechanisms and
those that relate to interference/reduction of interference.
From the point of view of PFF effects, the behavioural
outcome will often be the same, regardless of which type of
mechanism may be operating.

Recent PET studies have shown that neural activity
associated with some types of cognitive activity may involve
increases in blood flow in task-related structures and parallel
decreases in blood flow in neighbouring, alternative sensory
modalities. (NB Increases in blood flow may arise from
increases in firing either of inhibitory neurons or of excitatory
neurons.) Haxby et al. (1994) found that performance on a
faces matching task or a visual location matching task was
accompanied by increases in blood flow in visual regions
such as the occipital-temporal or the parieto-occipital areas,
and at the same time there were decreases in CBF in auditory
and somatosensory areas. Similarly, Kapur et al. (1995) noted
blood flow reductions in the left superior temporal gyrus and
in both inferior parietal areas during faces memory tasks.
Inhibitory mechanisms underlying functional facilitation may
be related to reports of paradoxical increases in blood flow,
in structures distal but connected to the lesion site, that have
been noted in PET studies of patients with focal cerebral
lesions (e.g. Weiller et al., 1992). This increase in CBF has
been hypothesized to be due to functional disinhibition of
structures connected by inter- or intra-hemispheric pathways
to the critical lesion site. In the case of functional facilitation
phenomena, it is possible, for example, that the improvements
noted in some memory studies may be due to selective
disinhibition in particular frontal lobe structures connected
to critical limbic-diencephalic lesion sites.

Paradoxical functional facilitation data support PET data in
suggesting a conceptual framework for cognitive performance
that emphasizes complex inhibitory and excitatory inter-
actions between a number of diverse neural circuits, rather
than the operation of discrete neural systems in isolation. If
one regards the brain as a dynamic system, where specific
states of cerebral functioning derive from complex excitatory
and inhibitory interactions between neuronal populations,
then it is quite possible that an abnormal state may reflect
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an imbalance between these sets of influences (cf. Kinsbourne,
1970). The introduction of lesions to a dysfunctional brain
may lead to changes that partly or wholly rectify this
imbalance by creating new sets of excitatory and inhibitory
interactions. This scenario has been succinctly summarized
by Wall (1987, p. 241): 'Lesions of the peripheral or central
nervous system may immediately unmask the existence
of previously unsuspected neural circuitry by way of the
differential effect of the lesion on excitatory and inhibitory
mechanisms. It follows also that the disappearance of a
function is not necessarily caused by the anatomical
interruption of some input-output pathway necessary for that
function. Loss of function, as well as appearance of novel
function, may result from shifts of excitation and inhibition
which mask or unmask the ability of existing anatomical
pathways to transmit nerve impulses'.

Allowing for an obvious degree of caution when
extrapolating to human contexts, and for appropriate ethical
considerations, we should nevertheless take more seriously
the possibility that for some perceptual/cognitive disorders
treatment may be accelerated by the introduction of a lesion
in a particular area of the brain, and that in some cases certain
pathologies may offer protection against other pathologies.
Rather than thinking, for example, in terms of absent or
depleted neural circuits, it may be more fruitful to think in
terms of mechanisms such as excessive interference which
may be due to abnormal excitation or inhibition within a
network of neural circuits, or due to lack of synchrony
between inhibitory and excitatory systems. The question may
then be of how we can introduce a lesion to diminish
the amount of interference and ensure a more harmonious
interplay of neural activation. For example, apart from the
eye-patching studies discussed earlier (Butter and Kirsch,
1992; Soroker et al., 1994), there appears to have been no
attempt with nonhuman primates to consider whether the
'Sprague effect' may generalize from species such as the cat,
i.e. whether improvement in cortically induced loss of visual
function may be brought about by a second, discrete
subcortical lesion.

Models of memory that have inhibitory systems amongst
their key features are now emerging (Read et al., 1994).
Within the range of inhibitory phenomena, there are particular
effects, such as latent inhibition and negative priming, which
predict better-than-normal performance in neurological
patients with inhibitory deficits. Both latent inhibition and
negative priming refer to the deleterious effects of prior
exposure to a stimulus, in a situation where different response
demands are made of the stimulus than were made in the
initial priming phase. The phenomenon of negative priming
has been examined in more detail in the human population,
and examples from this effect are therefore more readily
available (McDowd et al., 1995; Neill et al.. 1995). The
experimental paradigm used in negative priming studies
usually involves two phases. In phase one, a target and a
distractor stimulus are presented to a subject, who is asked
to respond to the target stimulus but to ignore the distractor

stimulus. On a following trial, the previous distractor stimulus
is now presented alone, as a target stimulus. In normal
subjects, a response to this stimulus is now slowed down
because of persisting 'inhibitory effects' from its earlier
presentation. However, where the subject suffers from a
defect in inhibition, then the negative effects of the prior
exposure of the stimulus are minimized. Supporting data
have been gathered, mainly from older versus younger
subjects, with older subjects showing evidence of inhibitory
deficits that result in reduced levels of negative priming. As
McDowd et al. (1995, p. 387) noted: 'It is interesting to note
that like latent inhibition, one of the useful aspects of the
negative-priming paradigm is that an inhibitory deficit results
in better than normal performance. An individual with
decreased inhibitory function will actually respond faster in
the negative-priming condition than will an individual with
normal inhibitory function.' It is possible that if we can reach
a level of understanding of neural mechanisms for areas such
as memory, similar to that which has already been reached
for motor functioning (Marsden and Obeso, 1994), then there
are more realistic prospects for more novel and more soundly
based interventions that may improve cognition.

Compensatory plasticity
A second major insight that is offered by PFF effects relates
to various manifestations of CNS plasticity, and in particular
'compensatory augmentation'. In the case of enhanced
sensory functioning in visually deprived subjects, which was
reviewed earlier, several studies have used functional imaging
techniques, either event-related potentials (Alho et al., 1993)
or magnetic encephalographic responses (Kujala et al., 1995),
to show that in blind subjects the 'visual' cortex is used to
perform auditory detection tasks. Uhl et al. (1991) and Rosier
et al. (1993) also found similar 'anatomical annexation' when
they gave a tactile task to blind and sighted subjects;
they reported higher event-related DC potential shift in the
occipital cortex area of blind subjects than in sighted subjects.
Pascual-Leone and Torres (1993) reported an expansion of
the sensorimotor cortical representation of the Braille reading
finger in blind subjects. A number of non-human studies
have shown that enucleation or thalamic lesions will result
in sprouting of new fibres that project to visual cortical areas
(e.g. Cusick and Lund, 1982). While the precise nature of
the changes reported in the above papers remains to be
determined, it would appear that expansion or reorganization
of the cortical representation of sensory functions may take
place after the onset of a sensory loss such as blindness, and
that, in some cases, this may play a part in the enhanced
non-visual sensory functioning shown by blind subjects.

At present, it is impossible to say whether this 'compensatory
augmentation' simply derives from the fact that sensory-
deprived subjects take part in intensive practice in particular
sensory activities, or whether it is due to more subtle CNS
mechanisms (Ramachandran, 1993; Rauschecker, 1995).
These mechanisms may include: (i) unmasking of 'silent
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synapses' or pre-existent 'latent' anatomical connections,
perhaps as a result of disinhibition; (ii) reduced competition/
interference between cortical-sensory areas; (iii) synaptic
supersensitivity; or (iv) new connections being formed in the
form of 'anatomical sprouting'. This sprouting may reflect
compensatory sprouting from the uninjured branches of a
neuron's axonal tree or the collateral sprouting of new
connections from the axonal terminals of nearby neurons
(Devor, 1994). Prolonged, intensive experience using a
particular sensory modality may result in specific structural
changes in the brain. Alternatively, the occurrence of a direct
brain lesion or deafferentiation may result in more rapid
structural reorganization at the neuronal level (cf. Chino et ai,
1992; Gilbert and Wiesel, 1992). A third possibility is that both
factors may occur to varying degrees in a given individual. It
is important to keep in mind that any compensatory structural
changes, either at the level of specific cortical representations
or in terms of more general changes in inhibitory-excitatory
balance, may be mediated by other 'superordinate' changes.
These may, for example, occur at the subcortical level or they
may be reflected in neurochemical changes. Either of these
could then modulate changes at a hierarchically more specific
level of neural functioning.

The extent of neuroanatomical plasticity that is possible
in altered brain states has been illustrated by observations
such as visual responsiveness of somatosensory neurons in
hamsters in whom retinal cells were made to project to the
main thalamic somatosensory nucleus at birth (Metin and
Frost, 1989), and the responsiveness to auditory or
somatosensory cues of the ectosylvian visual area of cats
who have been deprived of vision for several years
(Rauschecker and Korte, 1993). Ramachandran (1994) has
suggested that sensory remapping at the cortical level
may explain the distribution of reference fields on the face
for phantom limb sensations that are experienced by some
limb amputees (Yang et ai, 1994). Ramachandran (1994, p.
316) further predicted that in such amputees the increased
'magnification factor' for the face might result in enhanced
tactile perception on the faces of these subjects.

Paradoxical increases in blood flow in neurologically
damaged patients has been observed in several PET studies,
although the precise significance of these remains uncertain.
Grady et ai (1993) reported that during a face-matching
task, patients with Alzheimer-type dementia showed greater
blood flow activation than control subjects in the occipital
pole and in the frontal cortex, in the area of the frontal eye
fields. One possibility is that for patients, the face-matching
was more difficult than for control subjects, and thus required
more effort or greater eye-movement activity, which in turn
led to increased blood flow. Weiller et ai (1992) assessed
patients with left-sided subcortical, striatocapsular infarcts.
During a resting state, there were predictable reductions in
blood flow in areas such as the basal ganglia and thalamus, but
these were accompanied by increased flow in the contralateral
posterior cingulate and premotor cortices, and in the caudate
nucleus ipsilateral to the recovered hand. Weiller et ai (1992)

also gave their patients a simple motor task to perform with
their recovered right hand. Compared with control subjects,
these patients showed increased blood flow in both insulae,
in the inferior parietal, prefrontal and anterior cingulate
cortices, in the ipsilateral premotor cortex and basal ganglia,
and in the contralateral cerebellum. In a study of patients
during their migraine attack, Weiller et ai (1995) found
increased blood flow in the cingulate region, in auditory and
visual association cortices and in the brainstem. Engelien
et ai (1995) observed that a patient who partially recovered
from auditory agnosia showed blood flow increases in right
fronto-parietal structures, that were not found in normal
control subjects, during a sound categorization task. In a
recent PET study, Becker et ai (1996) found that, in a verbal
memory task, patients with Alzheimer-type dementia showed
two areas of activation not found in control subjects, one in
the dorsolateral prefrontal cortex of both hemispheres and
the other in the left supramarginal and angular gyri.

Brain-behaviour methodology
From the methodological point of view, there are both general
and specific implications of PFF effects.

At the general level, PFF effects represent some of the
most powerful forms of evidence to confirm or refute
hypotheses in cognitive neuropsychology. This is because
one has avoided the whole argument inherent in the 'deficit'
approach, namely that a demonstrated impairment in a group
of neurological patients may have been simply due to a
'brain-damage' effect which depressed test scores. In this
respect, PFF effects can be seen to be an enhanced form of
'double-dissociation' effects. The traditional use of double-
dissociation methodology has been shown to have a number
of limitations, including the susceptibility of its outcomes to
be influenced by ceiling or floor effects (Weisktrantz, 1968;
Jones, 1983; Miller, 1993) and the possibility that single-
process inferences may be compatible with some double-
dissociation findings (Dunn and Kirsner, 1988). Miller (1993)
has also pointed to selection and statistical artefacts that
may accompany some forms of double dissociation outcomes
in single-case studies. Paradoxical functional facilitation
effects largely avoid such problems of interpretation. The
presence of PFF effects may represent a particularly powerful
set of data with which to help decide a specific conceptual
issue. One of the values of such demonstrations lies in the
power that their counter-intuitive nature gives to the design
of a particular experimental paradigm, and the ability of such
a paradigm to address a particular hypothesis or conceptual
issue with challenging data. Thus, enhancing PFF effects
may serve to encourage a 'paradigm shift' (Kuhn, 1970) in
neural systems research, a shift to experimental designs that
may not only yield more convincing data but also suggest
novel ways of conceptualizing brain-behaviour relationships.

At a more specific level, there are a number of novel
paradigms in cognitive psychology that may be associated
with the occurrence of PFF effects. Such paradigms have
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been in use, to some extent, in a few studies, but hitherto
their potential has probably been underestimated. The first
paradigm is one which is similar to the one used by Kapur
et al. (1986), and by other researchers in more recent years
(e.g. De Renzi and Lucchelli, 1993; Young et al., 1986).
This involves paired-associate learning where some of the
items are non-veridical (i.e. 'false') and some are veridical
('true'). Thus, one may be examining face-name learning
where famous personalities form the set of stimulus items,
and where 'true'/'untrue' names are paired with the faces.
With this type of paradigm, one can investigate topics such
as implicit learning for the items in question. In some cases,
where there are strong interference effects in normal subjects,
it may be possible to demonstrate significant functional
facilitation effects.

The second paradigm is also a form of interference
paradigm, and is partly similar to the 'stroop' task used
in a number of studies (e.g. Golden, 1976). It differs from
the first paradigm in being less dependent on singular
memories for the source of interference, and being more
dependent on generic knowledge. Essentially, the prototype
paradigm would be concerned with the operation of two
cognitive processes. A task would be constructed, such
that both processes may be sampled, and such that either
one may have deleterious effects on performance, depending
on the instructions given to the subject. An example of
such a task is the naming of pictures with and without
the interfering effects of superimposed printed names
(Lupker, 1979), though a variety of other paradigms could
be envisaged. Here again, implicit perception/memory could
be examined and, in some neurological patients, such as
those with visual agnosia or acquired dyslexia, significant
facilitation effects could be uncovered. Both of the above
paradigms may be particularly applicable to patients with
semantic memory loss, such that an absent piece of
knowledge in a neurological patient will result in reduction
or elimination of interference effects, and consequently
superior performance compared with control subjects. A
third paradigm, which remains to be exploited to produce
functional facilitation effects, is the 'oppositional' paradigm
described by Jacoby et al. (1992). Using this paradigm,
Jacoby and other researchers have used processes which
may be opposing each other in a particular patient for a
specific cognitive task, such as explicit recollection for
previous material on the one hand and unconscious priming
effects for the same material on the other hand. It is
possible that with the use of such a paradigm, amnesic
patients may, in some settings, show facilitation effects
compared with normal control subjects, analogous to the
interference effects that have already been demonstrated
to result from amnesic patients showing greater effects of
prior experience on performance (Squire and McKee,
1993). A fourth paradigm is the negative priming paradigm
referred to earlier, one which has recently been reviewed
in detail elsewhere (May et al., 1995).

Conclusions
In summary, PFF effects contribute towards five potential
advances in our knowledge of brain function. First, they
demonstrate that inhibitory mechanisms are important for
understanding brain-behaviour relationships. Secondly,
they highlight the role of compensatory augmentation as
a significant mechanism in CNS plasticity. Thirdly, PFF
paradigms represent a powerful methodological tool for
confirming or refuting hypotheses in brain-behaviour
research. Fourthly, PFF effects provide a particularly
persuasive set of evidence for models of brain function—those
neural, conceptual or computational models that specific-
ally predict PFF effects have added value compared with
other models. Fifthly, PFF effects help to focus research on
other paradoxical mechanisms by which lesions result in
beneficial changes to brain and to behaviour, such as instances
where increased lesion size may be associated with better
recovery of function (Irle, 1987).

In one of his last papers, the late Norman Geschwind
(Geschwind, 1985) referred to neglected work on paradoxical
recovery of paralysis of the diaphragm, i.e. loss of function
caused by sectioning of the upper cervical cord could be
restored by cutting the opposite phrenic nerve. Geschwind
(1985, p. 1) commented: 'This important, though neglected,
experiment illustrates several important principles. First, there
must be many other cases in which the capacity for recovery
is latent, and revealed only by some further manipulation,
but experimenters have only rarely been zealous in their
search for the right manoeuvre. Secondly, plasticity is not
confined to more advanced structures, but occurs even at
lower levels. This experiment also provides evidence against
a semi-philosophical argument advanced as an objection to
therapy (e.g. thalamotomy for parkinsonism) by means of
the placement of additional lesions, that is, that it makes no
sense to try to treat a damaged nervous system by damaging
it further.' Geschwind's comments themselves have been
somewhat neglected. I hope that researchers and clinicians
alike will be stimulated to pursue further paradoxes, similar
to those reviewed in this article.
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