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We evaluated evidence for the effectiveness of cognitive rehabilitation methods to improve outcomes for
persons with traumatic brain injury (TBI). A search of MEDLINE, HealthSTAR, CINAHL, PsycINFO, and
the Cochrane Library produced 600 potential references. Thirty-two studies met predetermined inclusion
criteria and were abstracted; data from 24 were placed into evidence tables. Two randomized controlled
trials and one observational study provided evidence that specific forms of cognitive rehabilitation reduce
memory failures and anxiety, and improve self-concept and interpersonal relationships for persons with
TBI. The durability and clinical relevance of these findings is not established. Future research utilizing
control groups and multivariate analysis must incorporate subject variability and must include standard
definitions of the intervention and relevant outcome measures that reflect health and function. Key
words: cognitive rehabilitation, evidence based, systematic review

I Care Policy and Research (AHCPR) pub-
lished an evidence report on rehabilitation of
persons with traumatic brain injury (TBI),1

produced by the Evidence-Based Practice
Center (EPC) at Oregon Health Sciences Uni-
versity. Five key questions addressing the
phases of recovery from TBI were used to
direct a systematic and exhaustive search of
the literature for studies containing evidence
for effectiveness of specified interventions.
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Standards for grading the quality of evidence,
consistent with those used by the U.S. Pre-
ventive Services Task Force,2 were used,
based on the assumption that the strongest
evidence is found in well-designed random-
ized controlled trials (RCTs).

One class of intervention identified for
evaluation was cognitive rehabilitation. The
purpose of this article is to present the find-
ings of the evidence report with respect to
cognitive rehabilitation. We have three goals:

1. To articulate the evidence for effective-
ness of this intervention, using methods
and standards with demonstrated utility
in other areas of medical research3;

2. To illustrate controversies about the use
of such standards in evaluating TBI reha-
bilitation, particularly when applied to
cognitive rehabilitation;

3. To compose reasonable recommenda-
tions for practice and for future re-
search.

DEFINITION AND CLASSIFICATION OF
COGNITIVE REHABILITATION

A standard, widely used definition of cogni-
tive rehabilitation that serves inter- or trans-
disciplinary clinical and research purposes
does not exist. For this review, a concept
founded in Goldstein’s4 schema of cognition
was used: Cognition operates as an integrated
system consisting of performance fields and
various functions within these fields. The
fields include attention, memory and learn-
ing, thinking or mental organization, affect
and expression, and executive functions. De-
pending on many factors, brain injury may af-
fect overall performance and may have differ-
ential effects on performances within these
fields. A traditional and perhaps limited5 defi-
nition of cognitive rehabilitation is that it is a
set of therapies used to help improve dam-
aged intellectual, perceptual, psychomotor,
and behavioral skills.6 It is a system of inter-

ventions designed to increase daily functional
abilities by improving or augmenting deficits
in processing and interpreting information7

or by modifying the environment.5

Therapeutic strategies of cognitive rehabili-
tation have been classified as restorative or
compensatory. Restorative cognitive rehabili-
tation (RCR) is based on the theory that re-
petitive exercise can restore lost function.7

Compensatory cognitive rehabilitation (CCR)
strives to develop internal substitutes5 and/or
external prosthetic assistance for dysfunc-
tions.8 Although this distinction is widely
used in study publications, it is recognized
that, in clinical practice, the two strategies do
not exist independent of each other. Ylvis-
aker5 argues against the fundamental validity
of the distinction, stating that (a) strategic be-
havior is a component of normal cognition,
(b) helping people with TBI to acquire com-
pensatory behaviors and equipment is help-
ing them to become more strategic, and,
therefore, (c) the compensatory intervention
is restorative, in that it operates to restore this
component of normal cognition.

Strategic behavior can be highly individual;
its acquisition may involve setting personal
goals, specifying methods for meeting the
goals, experimenting with methods, and re-
formulating goals, requiring daily changes in
protocol, all of which are a part of the inter-
vention. The question is, What, exactly, is the
intervention or set of interventions? Given
the apparent necessity for individualized
treatment that may change daily, how should
cognitive rehabilitation be operationally de-
fined?

DEFINITION AND CLASSIFICATION OF
OUTCOMES

Ylvisaker’s5 argument raises a similar prob-
lem with defining and measuring outcomes.
The clinical practice of highly individualized
treatment in TBI rehabilitation has generated
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a vast catalog of outcomes and their mea-
sures. Table 1 summarizes the results of the
studies in this review that used laboratory
tests of cognition to measure treatment ef-
fects. Tests are organized within six cognitive
domains, as defined by Lezak,9 as well as a cat-
egory for test batteries, one for miscellaneous
tests and those developed by a clinic for the
purpose of program evaluation (clinic-spe-
cific tests). In 23 studies, 91 individual mea-
sures of outcome were used, of which ap-
proximately 25% are clinic-specific. This
simple tabulation suggests that, as with the
definition of the intervention, there is no stan-
dard set of outcome measures for TBI reha-
bilitation that can be used across clinics to
evaluate both patient progress and program
effectiveness.

Note that the category with the highest
proportion of positive effects is clinic-specific
tests, suggesting that a study conducted in a
practice setting that has generated a unique
protocol for program evaluation is more
likely to show a positive result of its treat-
ment. Such studies, if they met the predeter-
mined inclusion criteria, were used as evi-
dence in this review, contrary to the advice of
members of the Aspen Neurobehavioral Con-
ference,10 who requested that studies be ex-
cluded if the clinicians who designed and op-
erate the practice are also the researchers
who designed and conducted the evaluation.

Although practitioners agree that the de-
sired outcome of cognitive rehabilitation is
improvement in daily function, many of the
commonly used outcome indicators, repre-
sented in Table 1, are intermediate measures,
rather than health outcomes. For example, a
cognitive rehabilitation study may identify
“attention” as the primary dysfunction for pa-
tients, apply an intervention designed to im-
prove attention, and use a common labora-
tory test, such as the Paced Auditory Serial
Attention Task, or PASAT,11 as a measure of
improvement. The question is, Do high

scores on the PASAT accurately predict
whether the patients’ attention performances
will function adequately in the context of
work or social situations in which distraction
and other demands are present? More gener-
ally, do the measures used to assess the effec-
tiveness of cognitive rehabilitation predict
improvement in real-life function?

CAUSAL PATHWAY

Fig 1 shows a causal pathway linking cogni-
tive rehabilitation to potential benefits. We
used this causal pathway to circumscribe our
search for evidence of effectiveness of an
intervention in the face of little or no defini-
tion of the intervention and no standard mea-
sure of effectiveness. Arc 1 represents the di-
rect effect of cognitive rehabilitation on
health outcomes—outcomes that can be felt
or experienced by the patient in daily life. In
the context of a systematic review, “direct”
evidence comes from comparative studies
that examine the effect of cognitive rehabili-
tation on measures of these outcomes. Arc 2

Fig 1. Causal pathway for cognitive rehabilitation.
Note: *PASAT, Paced Auditory Serial Addition
Task; WAIS-R, Wechsler Adult Intelligence Scale—
Revised; See Table 1 for measures of cognitive
abilities.
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represents the direct effect of cognitive reha-
bilitation on measures of employment, such
as return to work and job retention. “Indi-
rect” evidence refers to a causal chain that re-
lies on intermediate measures. In Fig 1, the
first link in this chain is between the interven-
tion and intermediate measures of improve-
ment (Arc 3); this link corresponds to the
question, Does cognitive rehabilitation im-
prove scores on intermediate measures of
cognitive function, such as the PASAT, the
Wechsler Adult Intelligence Scale—Revised
(WAIS-R), etc.? The next links in the causal
chain correspond to the question, Do inter-
mediate measures used to assess the effective-
ness of cognitive rehabilitation predict im-
provement in real-life function (Arc 4) and
employment (Arc 5)?

METHODS

A previous publication12 documents the
methods used to conduct the review. The fol-
lowing summarizes the important aspects of
the process:

1. Two panels of technical experts, one lo-
cal and one national, worked with the
research team to define key questions,
research parameters, and outcome mea-
sures, and to specify the causal path-
ways. Relevant health outcomes were:
• Activities of daily living (ADL)
• Long-term measure of disability (re-

striction or lack [resulting from an
impairment] of ability to perform an
activity in the manner or within the
range considered normal for a human
being)

• Long-term measure of impairment
(loss or abnormality of psychological,
physiological, or anatomical structure
or function)

• Independence, relationships, family
life, satisfaction

• Long-term financial burden

2. Search strategies derived from the ques-
tions were used to acquire relevant lit-
erature from MEDLINE (1976–1997),
HealthSTAR (1995–1997), CINAHL
(1982–1997), PsycINFO (1984–1997),
and the Cochrane Library.

3. Of 3,098 abstracts read by two indepen-
dent reviewers, 600 applied to the ques-
tion of cognitive rehabilitation.

4. Exclusion criteria were:
• not TBI (eg, carbon monoxide poi-

soning),
• pediatric,
• pharmacological intervention,
• case report,
• instrument development,
• alcohol/drug abuse as an outcome,
• stroke,
• editorial or no data,
• acute care intervention (eg, surgical),

and
• foreign language.

One hundred fourteen articles passed this
screen.

5. Inclusion criteria were:
• data specific to the question,
• sound scientific methods,
• rehabilitation as an intervention,
• independent variable specific to the

question,
• dependent variable specific to the

question.
6. Level of evidence was determined, us-

ing the following system:
• Class I—Well-designed randomized

controlled trials (RCTs)
• Class II[a]—RCTs with design flaws

and multicenter or population-based
longitudinal (cohort) studies

• Class II[b]—Nonrandomized con-
trolled trials, case-control studies, and
well-designed case series

• Class III—Case reports, uncontrolled
case series, and expert or consensus
opinion
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7. Key studies were critically appraised,
and data from them were abstracted and
placed into evidence tables.

1S

Of the 114 potential references identified
for inclusion by the literature search, 53 met
the predetermined eligibility criteria. From
reference lists of reviewed articles and peer
recommendations, an additional 20 articles
were identified, resulting in a total of 73 full-
text articles that were retrieved and read. Of
those, 41 were excluded. Of the excluded ar-
ticles, 3 were reviews, 5 were studies with
fewer than 5 subjects, 1 was retrospective,
and 25 studies were descriptive. Five studies
measured independent or dependent vari-
ables outside the scope of this research ques-
tion, and two studies compared clients who
were referred for treatment with those re-
ferred for testing. Although excluded as evi-
dence about effectiveness, the descriptive
and observational data from these research
efforts were used in the review process to
provide a foundation for understanding and
interpreting the evidence.

The remaining 32 articles were abstracted
and are presented in the following categories:

11 randomized controlled trials
• 5 measuring relevant health outcomes

(Table 2)
• 6 measuring intermediate outcomes

(Table 3)
4 comparative studies
• 1 measuring employment outcomes

(Table 4)
• 3 measuring intermediate outcomes

(Table 5)
8 studies of the relationship between inter-

mediate tests and employment (Table 6)
9 observational studies
• 1 measuring relevant health outcomes

(Table 7)
• 8 measuring intermediate outcomes

DIRECT EVIDENCE

Does cognitive rehabilitation improve
health outcomes (Arc 1)?

Randomized controlled trials

Five randomized controlled trials13–17 used
measures of relevant health outcomes to com-
pare the effects of specific forms of cognitive
rehabilitation with alternative treatments or
with no treatment (see Table 2). Comparison
groups were provided with unstructured ses-
sions, computer game sessions, or nonthera-
peutic attention. In one study,14 two distinct
interventions were compared; each group
was trained in one of the skills and was tested
for both. Treatment time in four of the studies
ranged from 10 to 20 hours; the fifth16 pro-
vided 96 hours of treatment. Follow-up for
one study17 occurred at 6 months and for a
second study13 at 1 month for 6 of the sub-
jects; the other studies did not include follow-
up testing.

As seen in Table 2, the studies varied in set-
ting, populations, size, client chronicity, and
measures of severity of injury. One hundred
thirty-seven clients were observed in these
trials; 69 received the targeted treatments.

Measures used in these studies, which ap-
proximated important health outcomes, were
the Functional Independence Measure
(FIM),15 Observed Everyday Memory Failures
(EMFs), Rabideau Kitchen Evaluation Revised
(RKE-R),14 Katz Adjustment Scale (KAS),16 and
a variety of inventories designed to measure
anxiety, communication, and relationships.13

In addition, these studies used neuropsycho-
logical test batteries and other intermediate
measures of cognitive function to evaluate
treatment effect.

In two studies, treatment produced statis-
tically significant effects on relevant out-
come measures. In one,17 individuals trained
in the use of notebooks and equipped with
wristwatch alarm cues had fewer EMFs than
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did those who did not have the compensa-
tory devices. However, the effect was not
present at 6-month follow-up. In the second
study,13 clients who received compensatory
training had better results than did those
given nontherapeutic attention on one vari-
able from an anxiety scale and three vari-
ables from a communication scale, and had
better performance on the Interpersonal Re-
lationship Rating Scale and Independent Ob-
server Report Scale. Six scales were used in
this study. The numbers of variables per
scale were not provided, nor were the group
means.

In the other three studies described in
Table 2, the cognitive rehabilitation interven-
tion was not more effective than were the al-
ternatives. The predominantly negative re-
sults of these small, Class I and II[a] trials may
be mitigated by three important factors. First,
in general, both groups in these studies im-
proved from pre- to posttreatment, produc-
ing no treatment effect in the statistical analy-
sis. This raises the question, What is operating
to cause general improvement—stimulation
or spontaneous recovery, or both? In each
study, the comparison group received equal
hours of some form of stimulation, some of
which was therapy of an unstructured nature.
Second, four of the five studies provided 20
hours or less of treatment time. With the per-
vasive and lifelong cognitive deficits that re-
sult from TBI, results from interventions of
such limited duration should not be general-
ized to more sustained interventions. Third, it
isn’t clear whether the patients included in
these studies are representative of patients
who might undergo cognitive rehabilitation
in current practice. Along with the small size
of the studies and the narrow range of inter-
ventions studied, the lack of information
about the representation of included patients
makes it difficult to apply the findings of
these studies to cognitive rehabilitation prac-
tice in general.

Does cognitive rehabilitation improve
employment outcomes (Arc 2)?

There is no direct evidence from random-
ized trials of the effect of cognitive rehabilita-
tion on employment.

Comparative studies

One study18 compared employment out-
comes for clients of an intensive cognitive re-
habilitation program (NRP) with those of
people who were referred to the program but
who did not participate (see Table 4). The in-
tervention involved RCR and CCR in a coordi-
nated multidisciplinary program. Participants
were provided a minimum of 624 hours of
treatment (4 days a week for 6 hours a day)
over 6 months. The treatment group con-
sisted of patients who entered NRP between
February 1980 and August 1982, and who
stayed in the program at least 6 months. Files
for patients referred to NRP during the same
time period and who did not enter the pro-
gram were retrospectively evaluated to pro-
vide control group data. Follow-up took place
approximately 3 months after the last client
was discharged; consequently, follow-up var-
ies from 3 months to 33 months. Eighteen
people received the treatment; 17 were the
nontreatment referrals. Chronicity for the
control group was shorter (13.6 months) than
that of the treatment group (21.6 months).
Severity was not specified.

Participants were evaluated with 13 neu-
ropsychological tests, the KAS Relative Scale,
and a measure of employment. People who
were gainfully employed, either part time or
full time, or who were actively engaged in a
realistic school program were considered to
be employed. There were treatment effects
on 3 of the 13 neuropsychological tests. Cli-
ent attrition resulted in a reduction of partici-
pants at the time of follow-up. Of 18 people
in the treatment group, 9 were employed at
follow-up (50%). Of 13 in the control group, 5
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were employed (38%). The statistical signifi-
cance of this difference was not reported.

Because of the potential and unknown dif-
ferences between treatment and control
groups, interpretation of these results is diffi-
cult. Authors did not specify why clients in
the control group, although referred to NRP,
did not participate. It is possible that the same
factor or factors that caused them not to par-
ticipate in NRP operated to influence their
employment outcomes (in either direction).
This Class II(b) study does not provide evi-
dence for or against the effect of cognitive re-
habilitation on employment. However, it pro-
vides limited evidence of the effect of the
intervention on some intermediate measures
of cognitive function.

INDIRECT EVIDENCE

Does cognitive rehabilitation improve
performance on intermediate measures
of cognitive function (Arc 3)?

Randomized controlled trials

Six randomized controlled trials19–24 used a
variety of neuropsychological tests and other
intermediate measures to compare the effects
of different forms of cognitive rehabilitation
with each other and with other forms of
therapy and stimulation (see Table 3). Dura-
tion of treatment ranged from a single train-
ing session to a total of 160 hours of interven-
tion. Two studies19,20 conducted follow-up
testing at 2 weeks. The other studies did not
follow up participants. The studies varied in
setting, client populations, sample size, client
chronicity, and measures of severity of injury.
One hundred eighty-two clients were ob-
served; 106 received the targeted treatments.

A number of individual tests of cognition,
such as the PASAT, was used in the six RCTs.
In addition, three of the studies also used a
full battery of neuropsychological subtests.

Three studies produced treatment effects.
Outcomes for one23 were a computerized
screening module and a neuropsychological
battery. No follow-up testing was conducted.
Outcomes for the second study24 were num-
ber of words and colors recalled immediately
after practicing mnemonic techniques with
the words and colors. No follow-up testing
was conducted. Outcomes for the third
study19 were a Memory Index (MI) task and an
Acquisition Recall (AR) task, measured in
scaled and standard forms. The treatment
group received computer-assisted cognitive
rehabilitation (CACR) targeting memory re-
training. A control group used computers to
create graphics, and a second control group
had no intervention. With three groups and
two forms of measuring each of the two tests,
twelve effects were possible. Treatment ef-
fects were produced on 5 of the 12 measures
at posttreatment. Improvement by the treat-
ment group was not maintained at 2-week fol-
low-up; however, the two control groups did
not receive a follow-up test. Therefore, group
differences in the decline were not assessed.

Two of the three studies for which there
were no treatment effects21,22 compared
equal amounts of structured cognitive reha-
bilitation programs with unstructured activi-
ties. The third20 compared equal hours (36
total) of attention remediation with memory
remediation. For all three studies, clients in
both treatment and comparison groups im-
proved from pre- to posttreatment. This re-
sult underlines the previous suggestion that
more may be learned about treatment effects
by comparing intervention with no interven-
tion, rather than by comparing one form of
intervention (ie, structured) with another
form (unstructured) in a design that provides
equal amounts of time and stimulation. Also,
this result suggests that there may be a gen-
eral effect of stimulation, perhaps interacting
with spontaneous recovery, that exceeds the
effect of the intervention.
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To conclude, there is evidence from three
small Class I trials that practice, both with and
without the aid of a computer, operates to
improve short-term recall on laboratory tests
of memory for persons with TBI. However, it
is not known whether these improvements
were clinically meaningful to the individuals
tested.

Comparative studies

Three studies with comparison groups to
which participants were not randomly as-
signed used laboratory tests to evaluate the
effect of cognitive rehabilitation on cogni-
tion25–27 (see Table 5). All three used CACR to
enhance the intervention. One26 compared
the effect of CACR with that of recreational
computing; the other two compared CACR to
therapy that did not make use of computers.
Treatment time ranged from 17.5 to 20 hours.
Two studies26,27 performed follow-up testing
at 6 months and 20 days, respectively.
Samples included both inpatients and outpa-
tients; the populations from which they were
drawn varied. Ninety-five people were ob-
served in these studies; 44 received the tar-
geted interventions.

Measures used to evaluate treatment effect
included tests developed by the clinic or re-
search project, as well as established neuro-
psychological tests. Of 36 intermediate tests
performed, two of the three studies produced
treatment effects on nine tests. Group means
were not presented, preventing an assess-
ment of the magnitude of improvement. As
with the RCTs for this category, equal
amounts of stimulation were provided to
both the treatment and control groups. Im-
provements from posttreatment to follow-up
suggest the presence of spontaneous recov-
ery. These small, Class II(b) studies provide
limited evidence that CACR improves perfor-
mance on laboratory tests of cognition for
persons with TBI. How the improved perfor-
mance translates into daily life is not estab-
lished.

In Table 1, column (a) shows the number
of RCTs in which cognitive rehabilitation had
a statistically significant effect on the test
listed for that row; column (b) presents the
same information for comparative studies.
Column (c) gives the number of correlational
studies in which there was a significant asso-
ciation between the test and a health out-
come or employment. Columns (d), (e), and
(f) list numbers of studies for each test for
which there was no effect or association. The
last two columns are

1. the proportion of times that the test was
used in controlled studies (RCTs and
other comparative studies) in which the
intervention produced an effect on the
test and

2. the proportion of times the test was
used in correlation studies in which
there was a positive correlation be-
tween the test and a health outcome or
employment.

For RCTs, there was an effect of treatment
14 of 51 times (27%). Other comparative stud-
ies produced a treatment effect 12 of 45 times
(27%). For correlation studies, there was a sig-
nificant association between intermediate
tests and health outcomes or employment 33
of 64 times (52%). Thus, as the strength of
evidence decreased, the effect increased. In
addition, as the strength of research design
decreased, the number of studies increased.

Although limited, there is some evidence
that certain cognitive rehabilitation methods
improve performance on neuropsychological
tests and other laboratory-based methods of
evaluating cognitive function. The next ques-
tion addresses the second link in the indirect
path from intervention to relevant outcome.

Do intermediate measures of cognitive
function associate with health outcomes
(Arc 4) or employment (Arc 5)?

No studies meeting the criteria for this re-
view reported an association between labora-
tory-based measures of cognitive function
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and health outcomes such as functional inde-
pendence, ADLs, or measures of everyday
memory.

Table 6 presents eight studies that mea-
sured the cognitive function of persons with
TBI, using a variety of neuropsychological
tests. It also measures postinjury employment
status or productivity and activity level.28–35

Each used a correlation-based method to ana-
lyze the relationship between the laboratory
tests and employment status. Although spe-
cific research methods varied, in general,
these studies retrospectively gathered hospi-
tal and inpatient rehabilitation chart data to
establish test scores, then interviewed clients
and/or relatives to establish employment sta-
tus. Sample sizes ranged from 20 to 152 par-
ticipants; 724 people were observed. Chro-
nicity and severity varied within and across
samples.

One hundred twenty-three tests of cogni-
tion were administered. Two studies30,33 used
numeric scales to measure productivity from
1 (worst) to 10 and 6, respectively. Four stud-
ies28,29,32,34 used dichotomous measures of re-
turn to work or former level of productive
activity. Two31,35 placed clients into five and
four categories of employment, respectively.
Methods of analysis included regression, t-
tests, chi-square, Wilcoxon rank sum, dis-
criminant analysis, and factor analysis.

Approximately half of the time, clients
with higher intermediate test scores had re-
turned to work or productivity, full or part
time, but not necessarily to the pretrauma
level. In one study that used a regression
analysis,33 9 of 28 test scores, combined with
3 demographic characteristics, accounted for
30 % of the variance in outcome; 19 of the
tests did not help explain the difference in
employment outcomes. In another study,31

intermediate test scores were used in a dis-
criminant analysis to derive a formula for pre-
dicting employment status. With this method,
high scores on tests accurately predicted full-
time employment 62% of the time, and low

scores on tests accurately predicted unem-
ployment 67% of the time. These proportions
indicate that, whereas there appears to be
some relationship between intermediate mea-
sures of cognition and employment, the asso-
ciation is not strong.

OBSERVATIONAL RESEARCH

Although research designs without control
groups have limitations, they can be a source
of hypotheses that can be tested in controlled
trial settings. This section highlights insights
from studies with uncontrolled research de-
signs identified in our literature search.

Nine observational studies of clients before
and after cognitive rehabilitation fulfilled the
criteria for inclusion in this review.36–44 One
used a measure of a relevant health outcome,
EMFs, and an A-B-A design (baseline-treat-
ment-return to baseline) to evaluate treat-
ment effect (Table 7).44

The other eight studies either compared
clients’ performance from baseline phase
with treatment phase (without a return to
baseline), provided the same or similar treat-
ments to different matched groups, or com-
bined group and individual methods of mea-
surement. In general, results indicate that, for
the selected clients treated in these clinical
studies, one-on-one interaction with thera-
pists in a rehabilitation environment is likely
to improve individual performance on tar-
geted laboratory tasks. Based on the criteria
for evidence used in this review, the studies
do not contribute to the body of evidence
about the intervention being provided. How-
ever, the fact that clients do, in fact, improve
gives rise to innovations in rehabilitation
technology that may be useful to persons
with TBI and that warrant further evaluation.

For example, in the study presented in
Table 7,44 15 clients were provided with an
electronic device programmed to assist them
in remembering to do routine daily tasks.
Prior to the intervention, they were inter-
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viewed to identify targets for memory
remediation unique and important to them.
Thus, the intervention was individually
adapted. The score for EMFs was the number
of times that a target was forgotten. Everyday
Memory Functions were measured for 2—6
weeks during baseline. During the treatment
phase, which lasted 12 weeks, each person in
the study wore and used the device. The re-
turn-to-baseline phase was 3 weeks.

All participants had significant decreases in
EMFs during treatment. During the return-to-
baseline phase, EMFs increased for 11 of the
15 participants; 5 increases were statistically
significant. The results of this study suggest
that the use of an electronic cueing device
decreases EMFs for some people with TBI,
contributing to the link represented by Arc 1
of the Causal Pathway. The observational de-
sign of this study weakens its value as evi-
dence of effectiveness. However, in consid-
ering that the nature of most of the
interventions reviewed here is not individu-
ally adapted and, on face value, does not ap-
pear to be as pragmatic as an effective re-
minder device, this study is useful, in that it
generates a hypothesis about an intervention
that may have potential to prosthetically im-
prove memory for persons with TBI.

DISCUSSION

Our goals for this review were to
1. present the findings of our search for

evidence of the effectiveness of cogni-
tive rehabilitation,

2. highlight controversies about methods
for evaluating forms of the intervention
and their outcomes, and

3. make recommendations for practice
and future research.

SUMMARY OF THE EVIDENCE

Very few controlled studies of cognitive re-
habilitation have examined health outcomes
or employment. One small randomized con-

trolled trial (Level I) and one observational
study (Level III) provide evidence of the di-
rect effect of compensatory cognitive devices
(notebooks, wristwatch alarms, programmed
reminder devices) on the reduction of EMFs
for persons with TBI. A second randomized
controlled trial (Level II[a]) provides evi-
dence that cognitive rehabilitation reduces
anxiety and improves self-concept and inter-
personal relationships for persons with TBI.

In the absence of strong and sufficient evi-
dence for a direct effect of cognitive interven-
tions on health and employment, we exam-
ined a causal pathway linking cognitive
rehabilitation to intermediate measures of
cognition and subsequent associations be-
tween those measures and health or employ-
ment. Three small randomized controlled tri-
als (Level I) and two comparative studies
(Level II[b]) provide evidence that practice
and CACR improve performance on labora-
tory-based measures of immediate recall.
However, no studies evaluated the link be-
tween cognitive tests and health outcomes,
and associations between performance on
cognitive tests and posttrauma employment
and productivity were equivocal.

Clinical protocols and TBI

In a previous publication summarizing the
five key questions addressed in the evidence
report,12 we illustrated a controversy in TBI
rehabilitation that we characterized as stan-
dardization of care versus individualized treat-
ment. The analog in research is the use of
RCTs versus single-subject designs and other
observational techniques to evaluate treat-
ment effect. Some professionals assert that,
by definition, application of a standard clini-
cal protocol eliminates the best avenue avail-
able for a person with TBI to respond to treat-
ment. Constrained by clinical procedure, the
person cannot follow the best course to re-
covery—that of ongoing, individual, strategic
modification.5,45 If so, lack of treatment effect
from RCTs would be the expected outcome.
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This is a cogent argument, and it seems to
direct attention to the importance of process
in the recovery from TBI instead of to static
clinical regimens of testing and skill training.
However, this argument must not become
merely a non sequitur addressed to research-
ers who are seeking ways to establish meth-
ods for proving effectiveness. Clinicians who
present this argument must work to specify
and define their methods of treatment to a
degree that allows their methods to be tested
for efficacy. Failing to do so will expose their
clients to the danger of withdrawal of ben-
efits that support their treatment because it is
increasingly the case that health plans will
pay for only proven treatments. Clinicians
and researchers must join forces to discover
how best to demonstrate the success of effec-
tive methods.

In fact, the best clinicians are providing
both a standard protocol and individualized
treatment dictated by their clinical experi-
ence. We assert that this practice model can
be transcribed into a research model, with
variability arising from individual needs ac-
counted for by multivariate analysis and inno-
vative research designs.

RECOMMENDATIONS

Future research

Independent variables

The work begins with the basic task of for-
mulating operational definitions. What is the
scope of cognitive rehabilitation overall?
How is it best defined, in general? What are its
subcomponents? To what extent can cogni-
tive rehabilitation be divided into parts for
the purpose of evaluating the relative effec-
tiveness of its components within specified
patient groups, before division into parts ren-
ders the evaluation meaningless?

Dependent variables

What outcomes are relevant to people with
TBI and their families? What outcomes are rel-

evant to insurance companies? Among the
studies we reviewed, perhaps the most prag-
matic outcome measure was EMFs. It is pos-
sible that the absence of treatment effect in
some studies is a function of the lack of rel-
evance in the lives of the people being evalu-
ated, represented in outcome measures and
interventions that have little meaning to
those people.

Subject variables

In studies with large samples, variability
arising from individual differences can be
managed with multivariate analysis. How-
ever, the majority of studies has been too
small for statistical control of variability. One
solution is to limit the range of severity, age,
chronicity, social factors, premorbid factors,
and other sources of individual differences
for each study to become very specific in de-
scribing the category of individual being
evaluated.

Intermediate measures

Laboratory tests that are strongest and most
reliable in their ability to measure cognitive
function in relevant contexts must be identi-
fied and their use standardized across re-
search projects and hospital and clinical set-
tings.

Confounding variables

How should spontaneous recovery and the
effect of stimulation be measured? In general,
the studies in this review that did not produce
a treatment effect compared one form of cog-
nitive rehabilitation with another form—
CACR to non-CACR practice and specific to
unstructured rehabilitation methods. Treat-
ment effects were not observed when one
kind of remediation was compared with an-
other, given equal levels of stimulation for
both treatment and comparison groups. We
must test the differential effects of general
stimulation versus cognitive rehabilitation
technology with a strong research design that
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accounts for both the unique and universal
characteristics of the patient group, validate
the findings, be willing to accept what is
found, and use it to build reasonable practice
standards.

Practice

Based on the evidence found in this review,
we recommend the application of compensa-
tory cognitive strategies, adapted to patient
groups and to individuals, to improve the
functional ability of persons with TBI. We ac-
knowledge that, for optimal success, this set
of interventions must be delivered within a
broader program that accounts for individual
needs and utilizes various cognitive remedia-

tion technologies traditionally labeled restor-
ative and/or compensatory.

In the absence of strong evidence for the
effectiveness of other cognitive rehabilitation
methods and in light of the strong possibility
that traditional distinctions for therapies (re-
storative versus compensatory) are simplistic
and not clinically useful, we see no good rea-
son why they should be abandoned. In effec-
tively all of the studies in this review, patients
improved. Although group differences were
rarely observed, recovery across groups oc-
curred. Until we have done the work neces-
sary to be able to demonstrate what is operat-
ing to produce improvement, we are bound
to provide the services and care at our dis-
posal for this population of people.
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