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INTRODUCTION

Academic neuropsychologists are increasingly engaged in
(and are part of ) cognitive neuroscience. Neuroimaging is
currently high on the agenda, neuroplasticity is a very top-
ical field within neuroscience, and a number of neuropsy-
chologists work on animal models of brain injury. Clinical
neuropsychologists, particularly those involved in rehabil-
itation, will usually tell you that their work needs to be
guided by theory or else they risk the accusation of being
simply pragmatic. The fundamental question for clinical
neuropsychologists is which theory or theories are most
relevant and useful for the patients and families with whom
they work? While it would seem that most clinical neuro-
psychologists consider cognitive neuroscience to be of direct
or at least indirect benefit to clinical neuropsychological
practice, it is part of the argument of this paper to suggest
that the benefits are less substantial than is sometimes
claimed. As I work with both academic and clinical neuro-
psychologists, I hold the conviction that theory should be
relevant to clinical practice while, at the same time, want-
ing neuropsychological rehabilitation to be respectable in
the eyes of the academic community. However, when treat-
ing a patient with brain injury it is sometimes a struggle to
implement, or even see the relevance of findings from cog-
nitive neuroscience.

At the mid-year meeting of the International Neuropsy-
chological Society in Berlin 2003, Ian Robertson gave an
elegant and influential paper entitled Cognitive Neuro-
science and Brain Injury Rehabilitation: A Promise Kept.
His main argument was that cognitive neuroscience has
indeed been of benefit to brain injury rehabilitation, and he
illustrated this by referring to some admirable research. In
this paper I hope to show that, much as I admire Robertson’s
work in the field of cognitive neuroscience, when we are

considering brain injury rehabilitation in its broadest sense
and attending to the diverse problems and complex needs
of brain injured people, then the value of cognitive neuro-
science on its own may be severely limited.

A Summary of Robertson’s 2003 Paper

Robertson holds the view that it is crucial to develop a
theory combining behavior and physiology or behavior and
biology. He argues that rehabilitation is in the realm of
behavior whereas models of recovery are in the realm of
physiology. Biological models on their own cannot tell us
how to rehabilitate; they inform pharmacological not behav-
ioral treatment. Thus rehabilitation has been, to a great extent,
a theoretical orphan and it needs a home. This home, how-
ever, cannot lie solely in the realm of behavior. We need a
way of making a theoretical link between behavioral and
physiological levels of analysis. Conversely, biological treat-
ments of brain damage must consider behavior: neither
behavioral nor biological treatments on their own can max-
imize the effectiveness of rehabilitation.

Robertson goes on to point out that one of the important
questions in rehabilitation is whether to try to “restore lost
functioning or to try to compensate for deficits.” Some peo-
ple believe that restitution can only occur if there is a spar-
ing of a minimum proportion of cells or connections
(Robertson & Murre, 1999; Sabel, 1997). If more than the
critical proportion of cells is destroyed then compensatory
strategies are necessary. Robertson says it is critically impor-
tant to know whether or not sufficient cells and connections
remain otherwise we will not know whether to attempt to
restore lost function or teach people to compensate. Thus,
for a patient with aphasia we need to know whether to
tackle the aphasia or teach alternative means of communi-
cation; for a person with hemiplegia do we treat the motor
deficit directly or provide alternatives such as a wheelchair;
for someone with executive deficits do we remediate these
or structure the environment so that planning problems can
be bypassed? If we cannot answer these questions we may
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waste precious therapy on ineffective treatments, we may
damage the patient through harmful therapy and we may
allow atrophy of brain tissue by failing to give correct
stimulation.

“Cognitive neuroscience can help us with these ques-
tions,” suggests Robertson. He gives several examples of
how this has happened including neuroplasticity, reduction
of unilateral neglect and remediation of executive disor-
ders. As an example of neuroplasticity, Robertson describes
a fascinating study by Molginer et al. (1993). In this study,
the authors observed two adults with syndactyly (webbed
fingers). These were studied before and after surgical sep-
aration of their webbed fingers. Magnetoencephalography
was used to measure the representation in the brain of the
hand. Before surgery the brain maps of the hand areas were
shrunken and did not represent individual fingers. Within a
few weeks of surgery cortical reorganization had occurred
with an increase in the hand area of 3–9 mm together with
representations for individual digits.

One of the examples Robertson gives of unilateral neglect
is from his own work on limb activation. This work has
established that people with neglect following right hemi-
sphere stroke improve performance if they move their left
arm or hand (Robertson et al., 1998). Later studies have
shown that improvement only occurs if patients move the
left limb in left space. Performance is not improved by
moving the right hand in right space, the right hand in left
space, the left hand in right space or both hands together.
Thus, this is also an example of how general stimulation
(moving both hands together) can lead to poorer perfor-
mance. These findings are obviously important to people
working with patients with neglect.

The third example I will give here from Robertson’s paper,
is the remediation of planning and organizational (execu-
tive) disorders. In one intriguing study (Manly et al., 2001),
it was demonstrated that providing an external noise to
patients with executive deficits following traumatic brain
injury improved their performance on a planning task. Once
again, this is an important finding and one we should be
aware of in brain injury rehabilitation.

Cognitive rehabilitation according to Robertson is a struc-
tured, planned experience causing temporary or permanent
changes in brain function; it must be embedded within a
relevant theoretical framework and he argues that cognitive
neuroscience provides that framework. His conclusions are
that behavior changes the brain as much as it is determined
by it and that we need all branches of neuroscience, partic-
ularly cognitive neuroscience, to understand how to har-
ness this fact for rehabilitation.

The Limitations of Cognitive Neuroscience
in Clinical Practice

Robertson’s initially persuasive paper contains important
findings and was very well received at the Berlin meeting
so why was I uncomfortable with it and why did I feel that

the promise had not been kept? My answer to this lies partly
I think in the fact that Robertson’s discussion of research
findings and interpretations was directed solely at brain dam-
age resulting from focal lesions rather than traumatic brain
injury, and his examples were therefore based on cases result-
ing in specific sequelae that were more likely to be respon-
sive to intervention by cognitive neuroscience. For me the
promise has been kept only in such examples (and not in all
cases of focal lesions) and certainly not across the whole
spectrum of brain injury rehabilitation. In this paper, I wish
to consider the current limitations of cognitive neurosci-
ence when it is applied to brain injury rehabilitation in gen-
eral. I use the word “current” here because it should be
conceded that cognitive neuroscience is in its infancy and
may in the future contribute more significantly to knowl-
edge in the field of rehabilitation. For now, however, I would
suggest that cognitive neuroscience remains in a state of
possible future promise rather than widely applicable
achievement in this field.

Most people receiving rehabilitation for the conse-
quences of brain injury have both cognitive and non-
cognitive problems. A typical patient in a rehabilitation center
will have several cognitive problems such as poor atten-
tion, memory, planning, and organizational difficulties
together with some emotional problems such as anxiety,
depression or in some cases posttraumatic stress disorder.
The patient may exhibit behavior problems such as poor
self control or anger outbursts; there may be some subtle
motor difficulties leading to reduced stamina and unsteady
gait; there may well be problems connected with social
skills and relationships; family members probably do not
understand what has happened to the person they once felt
they knew and understood and there will probably be issues
connected with the continuation of work or education. All
these important rehabilitation issues are hard or impossible
to address with an approach derived solely from cognitive
neuroscience. The same can be said both of the patient’s
pre-injury status which is also likely to impact on his or her
post-injury status and the issue of cognitive reserve. People
with the same amount of brain damage may have very dif-
ferent disabilities resulting from the damage. This is thought
to be due to cognitive reserve; thus people with high reserve
or more capacity can cope better with the limitations imposed
by the brain damage than someone with less capacity or
less cognitive reserve. Again, cognitive neuroscience on its
own cannot be fully informative regarding these issues; nor
can it provide insight into cognitive, social and behavioral
problems faced by patients. The idea of treating the whole
person which is imperative in brain injury rehabilitation is
not new and has been espoused by Ben-Yishay (1978), Priga-
tano (1986, 1999) and Sohlberg and Mateer (1989, 2001).

Similarly regarding the question of compensation versus
restitution (posed, incidentally, by Zangwill in 1947 and
still not answered satisfactorily), decisions about which
approach to take are made primarily through behavioral
observations of patients’ responses to treatment. It is possi-
ble that this will always prove to be the most economical
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and sensible way to decide between restoration or compen-
satory approaches. Furthermore, even though Robertson
believes one’s choice of strategy depends on the number of
cells and connections remaining, I think that it also depends
on the function concerned. For a person with organic amne-
sia there is no evidence that restoration of function can
occur, while for a person with language or attention deficits
the proportion of remaining cells and connections may be
important.

Like Robertson, I am of the opinion that no single model
or theory is sufficient in itself to inform the practice of
cognitive rehabilitation. As we cannot therefore be con-
strained by any one theoretical approach (Wilson, 2002), I
am left questioning the suggestion that cognitive neurosci-
ence can be a complete answer. Even though biological and
behavioral models are important, we need a whole range of
other theories, models and frameworks to inform our reha-
bilitation practices (Wilson, 1997, 2002). It is not that the
findings and models from cognitive neuroscience are wrong;
it is rather that they are limited in terms of description. At
one level everything we do is mediated by the brain and
must have correlates in brain function, thus one could argue
that all models and theories of behavior, learning, emotion
and so forth can be understood within a neuroscience frame-
work but the point I am trying to make here is that in terms
of intervention, cognitive neuroscience does not always pro-
vide useful levels of description. To use an analogy pro-
vided by my colleague, Tom Manly, one can describe the
making of a cake in terms of how the molecules interact or
as a recipe. While both descriptions may be accurate the
second description is more useful when one wants to cook a
cake. Thus, some theories inform our rehabilitation strat-
egies more than other theories and, I suggest, cognitive
neuroscience has informed intervention to a lesser degree
than theories of behavior, learning and emotion. At present,
cognitive neuroscience has not kept its promise to brain
injury rehabilitation. This is not true of other models as I
hope to illustrate with an example.

CLINICAL EXAMPLE

One patient seen at the Oliver Zangwill Centre for Neuro-
psychological Rehabilitation illustrates a number of these
points. At the age of 30, Mark fell 1000 feet while on a
mountain biking holiday in Switzerland. It is thought that
he stopped to take some photographs and when his friends
moved on he stepped back and fell. He was airlifted to a
specialist hospital where he received very good treatment.
He sustained a very severe head injury, he was in coma for
1 week and in post traumatic amnesia for a further week. A
CT scan showed a diffuse axonal injury, edema, small deep
mid-line hemorrhages and a subdural hematoma. The hema-
toma was evacuated via a burr hole. Mark had a tracheos-
tomy tube in for 10 days; he contracted meningitis,
pneumonia and septicemia. Thus it can be seen that he had
a stormy post injury course on the road to his final level of
recovery.

Once stable, Mark was transferred to London and admit-
ted to hospital there. He was said to be agitated and ataxic
at this time. He received early rehabilitation and 9 months
later was transferred to The Oliver Zangwill Centre for help
with memory, attention and planning problems. He was
described as lacking initiative and although he had some
realization that all was not right in his everyday life, he did
not appreciate the nature and extent of his problems nor the
potential impact of these on his work.

Neuropsychological assessment showed that his general
level of intellectual functioning was above average; he had
particular problems with memory tasks, being at the first
percentile on delayed memory on the Wechsler Memory
Scale–Revised; and he experienced some problems with
executive tasks (for example he was at the 10th percentile
on Trails B).

Like all clients at the center, rehabilitation was focussed
around goals. For a description of goal setting see Wilson
et al. (2002). The goals were negotiated between the reha-
bilitation staff, Mark and his family, and were those that
Mark wanted to achieve and expected to achieve by the end
of his 6-month program.

Goals Agreed for Mark:

1. Develop an awareness of his strengths and weaknesses
in a written form

2. Describe how these would impact on his domestic, social
and work situations

3. Identify whether he can return to former employment
(underwriter for an insurance firm)

4. Manage his own financial affairs independently

5. Demonstrate competence in negotiating skills as rated
by a work colleague

6. Develop a range of leisure interests.

Mark attended both group and individual therapy during
his 6-month program. Groups included the Understanding
Brain Injury (UBI) Group, the Memory Group and The
Problem Solving Group. Individual sessions included Psy-
chological Support, Individual Memory Rehabilitation, Com-
puter work and liaison with Mark’s employers. Mark was
an underwriter for a large insurance company and his com-
pany was keeping his job open for him in the hope he could
return after rehabilitation. In the UBI group Mark learned
about the effects of a brain injury and how cognitive, emo-
tional, motor, social and behavioral problems might arise.
The main purpose of this group was to increase patients’
awareness and understanding of what had happened to them.
In the memory group he was encouraged to keep a record of
his memory failures and prompted in this if he failed to
observe an error. Again this was to help improve his insight.
He was also introduced to various memory aids and strat-
egies. In the problem-solving group he was provided with
strategies to cope with problem-solving difficulties (see
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Evans 2001 for a further description of the problem-solving
group and strategies employed). Individual psychological
support sessions addressed Mark’s emotional well being
and helped him to come to terms with his increasing aware-
ness of the effects of his brain injury, including the fact that
he would not find return to work as effortless as he once
believed. In his individual memory therapy sessions, Mark
learned to use an organizer to remember his daily schedule
and mnemonics for remembering people’s names. The com-
puter work was largely centered around tasks he would need
to do for a successful return to work. He was encouraged to
consider what skills and tasks he would need to accomplish
in order to function adequately at work. Liaison with the
company began early to find out exactly what was required
of Mark and to plan a gradual return to his former job.

Mark soon began to use the organizer effectively and
continues to do so to this day. He set up a computer “con-
tacts” card for recording relevant information such as names
of customers and their birthdays, and other information to
ensure they felt the company cared about them. He used the
mnemonics taught to him for learning names of new people
and other information and continues to use these. He also
developed a data-base for high-risk areas such as the loca-
tion of a major oil spill or earthquake as this could affect
the decision to insure or not insure a company. Finally,
return to work was carefully planned by Jonathan Evans,
Mark’s program co-ordinator. Mark began by going into
work one day a week and shadowing a colleague. He grad-
ually took on more responsibilities such as taking decisions
in minimal risk situations with a senior colleague checking
these decisions. He increased the number of days at work
and gradually took on more responsibility. At first Mark’s
manager checked everything but as his confidence in Mark’s
capability grew he let Mark make the decisions.

Seven months after starting the program Mark returned
to full-time work in his previous role and on the same sal-
ary. The program had allowed Mark’s manager time to
develop confidence in Mark’s abilities in a high-risk busi-
ness. It allowed Mark time to develop his self-confidence
and time to learn to apply the strategies. Four years later
Mark remains employed, a considerable feat for someone
with his history. He has paid for the cost of his rehabilita-
tion through the tax he pays and the tax paid by his employer.

There is little doubt that in this case rehabilitation was
clinically and economically effective. However, it seems
very remote from the cognitive neuroscience examples
described earlier. It is possible that in Mark’s case more
areas of the brain were functioning, or functioning at a supe-
rior level, but we do not know this as Mark was not scanned
before and after treatment. He may have had greater cogni-
tive reserve and almost certainly had good pre-morbid func-
tioning. Apart from the CT scan in hospital no other scans
were administered. This is usually the case for rehabilita-
tion patients. One wonders, if he had been scanned, would
the findings have enabled us to improve on the rehabilita-
tion program? Probably not. In keeping with most people
with severe head injury, Mark did not have unilateral neglect

so the elegant limb activation studies were not appropriate
here. He did have attention and executive deficits so the
alerting tones may well have improved his performance in
certain situations. Findings from cognitive neuroscience may
have been of limited use in planning Mark’s program. As
for teaching the use of memory aids and helping Mark to
understand the effects of brain injury, I would suggest that
learning theory is more relevant than cognitive neurosci-
ence. In regard to the program that led to Mark’s successful
return to intellectually demanding work, as far as I am aware
there are no studies from cognitive neuroscience that would
have informed us how to do this.

It is also possible to find examples of successful rehabil-
itation that are not driven by theory. With Hazel Emslie,
Jonathan Evans and other colleagues I have published sev-
eral papers evaluating a paging system for people with mem-
ory and0or planning problems. This system, NeuroPage,
was developed by a father for his head injured son. The
father was an engineer with no knowledge of psychology,
neuroscience or learning theory who simply wanted to help
his son remember what to do and where to go when he went
back to college after his head injury. It has been one of the
most rewarding areas of research I have ever worked in. We
have established that NeuroPage can increase indepen-
dence and save money for health and social services (Evans
et al., 1998; Wilson et al., 1997, 1999, 2001, 2002, 2003;
Wilson & Evans, 2003). As a result of our research, the
local National Health Service Trust has set up a NeuroPage
service for people throughout the United Kingdom. This is
a good example of how research that has not been informed
by cognitive neuroscience has influenced clinical practice.

OTHER USEFUL MODELS AND
THEORIES IN BRAIN INJURY
REHABILITATION

Apart from behavioral, physiological or biological models
considered by Robertson (2002) to be important in rehabil-
itation, what other models might be available to us? Theo-
ries and models of emotion are becoming increasingly
important in cognitive rehabilitation and may make all the
difference between a successful and unsuccessful outcome.
Gainotti (1993) suggests there are three main categories of
emotional disorder: first, such disorders may arise as a direct
result of neurological damage, thus someone with a spe-
cific lesion in the limbic system may be unable to regulate
emotional and social behavior. Gainotti points out that this
is typically seen in people with closed head injury. Another
example would be a patient with a right hemisphere stroke
who is unable to judge and express emotion accurately. The
second category includes emotional disorders that arise from
psychological or psychodynamic factors; for example, loss
of cognitive ability may cause poor self-esteem and depres-
sion. The third category includes emotional problems that
result from psychosocial causes, the effect that the conse-
quences of brain injury have on the patient’s social activi-
ties and social network, for example; thus social isolation,
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common after traumatic head injury, may give rise to
depression.

Although some cognitive neuroscientists may be inter-
ested in emotion and the areas of the brain involved in
emotion, their work has to date had little influence on treat-
ment of emotional problems in survivors of brain injury
even though sometimes such treatment may override cog-
nitive needs. One of the Oliver Zangwill Centre patients
was stabbed through the head in the right temporoparietal
area with a hunting knife while traveling on a train. She
was 19 years old at the time and did not lose consciousness,
probably because the knife did not enter her brain stem. She
described feeling a pain in her head and a weight as if the
carriage had fallen on top of her. She stood up and realized
that something terrible had happened. She went into the
next carriage where another man told her to sit down and
stay still and he would get help. She put her hand up and
felt the knife and asked if she was going to die. The man
said “No” and that he would get help. At the next stop an
ambulance arrived and took her to hospital.

After a few months she came to our rehabilitation center.
She had a number of cognitive problems including visuo-
spatial and memory deficits but the emotional difficulties
almost certainly took priority in treatment. She was anx-
ious and avoided many social situations, she would not look
at people, feared for her family, had classic symptoms of
posttraumatic stress disorder including flashbacks and night-
mares and refused to go on public transport. Like Mark, she
had both group and individual therapy including a consid-
erable amount of psychological support and treatment for
the emotional problems identified (Williams et al., 2003).
This involved cognitive behavior therapy including stress
inoculation and graded exposure to situations she avoided.
She also had treatment for her cognitive difficulties but if
these had been the only ones treated, it is doubtful that she
would have made such a good recovery and returned to a
full and meaningful life.

Models and theories of behavior have also played a large
part in brain injury rehabilitation for many years (Wilson,
1991). They are particularly useful because they provide
structure, ways of analyzing problems, a means of assess-
ing everyday manifestations of problems, and methods for
analyzing treatment effectiveness. Alongside behavioral
models and theories are models and theories of learning. In
1993 Baddeley said, “A theory of rehabilitation without a
model of learning is a vehicle without an engine” (Badde-
ley, 1993, p. 235). An important aspect of neuropsycholog-
ical rehabilitation in the past 10 years is Errorless
Learning—a teaching technique whereby people with organic
memory deficits are prevented from making mistakes while
learning (Baddeley & Wilson, 1994; Clare et al., 2000;
Wilson et al., 1994). Errorless learning is now a widely
used strategy in memory rehabilitation and is a good exam-
ple of how two different types of theoretical models have
come together. Errorless discrimination learning from behav-
ioral psychology (Terrace, 1963, 1966) and implicit learn-
ing from cognitive psychology (e.g., Schacter, 1985) were

the two theoretical strands that led Baddeley and Wilson to
start evaluating errorless learning for people with memory
difficulties. This work provides evidence of how clinical
practice develops from theoretical underpinnings. In our
first study we asked the question, “Do amnesic people learn
better if prevented from making mistakes while learning?”
and followed an experimental design that required people
to learn lists of words. Once we had an answer to the ques-
tion (Yes), we wanted to know if the principle could be
applied to real life problems and again the answer was
positive.

The work cited above provides evidence that models from
many sources can be drawn upon in the treatment of brain
injured people. Models of assessment, recovery and com-
pensation as well as models of cognitive functioning and
models from cognitive neuroscience are all important in
trying to understand and reduce the complex problems of
people with brain injury.

CONCLUSIONS

There is much evidence to support the fact that many suc-
cessful rehabilitation programs have not relied upon cogni-
tive neuroscience for their theoretical input. Findings from
cognitive neuroscience are indeed important, and some excit-
ing research is coming from workers in this field, but we
should not forget that there are other fields and other
approaches. We need to draw on a number of fields in our
clinical practice. If we are too wedded to one approach or
one style, this is likely to lead to poor clinical practice.
Brain injury rehabilitation makes clinical and economic sense
but we must not lose sight of the needs of the individual
patients, their families, their many different problems and
their need to return to their own most appropriate
environments.
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