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Abstract

Objective: To explore how individual differences affect rehabilitation outcomes by specifically investigating whether working memory capacity

(WMC) can be used as a cognitive marker to identify who will and will not improve from memory rehabilitation.

Design: Post hoc analysis of a randomized controlled clinical trial designed to treat learning and memory impairment after traumatic brain injury

(TBI): 2 � 2 between-subjects quasiexperimental design (2 [group: treatment vs control] � 2 [WMC: high vs low]).

Setting: Nonprofit medical rehabilitation research center.

Participants: Participants (NZ65) with moderate to severe TBI with pre- and posttreatment data.

Interventions: The treatment group completed 10 cognitive rehabilitation sessions in which subjects were taught a memory strategy focusing on

learning to use context and imagery to remember information. The placebo control group engaged in active therapy sessions that did not involve

learning the memory strategy.

Main Outcome Measure: Long-term memory percent retention change scores for an unorganized list of words from the California Verbal

Learning Test-II.

Results: Group and WMC interacted (PZ.008, hp
2Z.12). High WMC participants showed a benefit from treatment compared with low WMC

participants. Individual differences in WMC accounted for 45% of the variance in whether participants with TBI in the treatment group benefited

from applying the compensatory treatment strategy to learn unorganized information.

Conclusions: Individuals with higher WMC showed a significantly greater rehabilitation benefit when applying the compensatory strategy to

learn unorganized information. WMC is a useful cognitive marker for identifying participants with TBI who respond to memory rehabilitation

with the modified Story Memory Technique.
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Traumatic brain injury (TBI)erelated learning and memory
impairment negatively affects quality of life, necessitating effective
remediation strategies. In a recent randomized clinical trial,1 par-
ticipants with TBI were taught a compensatory memory rehabili-
tation strategy, the modified Story Memory Technique (mSMT),

that teaches patients to focus on using context and imagery to
remember information. The treatment group completed 10 sessions
of the mSMT, and the placebo control group engaged in active
therapy sessions that did not involve learning the memory strategy.
A treatment benefit was evident when participants learned orga-
nized information (remembering a story), but not when participants
learned unorganized information (remembering a list of words).1

Presently, we further explore these data and examine this discrep-
ancy by evaluating how individual differences influence memory
rehabilitation treatment efficacy, specifically with respect to
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long-termmemory for unorganized information. The main aim is to
investigate whether there is a common cognitive profile/marker to
identify which participants respond to applying the mSMTmemory
rehabilitation strategy to learn unorganized information.

Working memory capacity (WMC) is a strong predictor of
individual differences in cognition2 and a strong candidate to be a
cognitive marker.3 Individuals with high WMC (H-WMCs) better
integrate and retrieve information into and out of long-term
memory than individuals with low WMC (L-WMCs), and H-
WMCs use more efficient cognitive processing strategies.2 Recent
research has demonstrated that WMC is related to memory
impairment in TBI4,5 and other neurologic populations.6,7 The link
between WMC and memory impairment suggests that (1) treat-
ments directed at WMC may improve memory in neurologic pa-
tients or that (2) individual differences in WMC will be useful in
identifying who will and who will not respond to rehabilitation
treatments.3,5 Herein we test this second proposal and hypothesize
that H-WMCs are more responsive to treatment than L-WMCs
when learning unorganized information.

Methods

Participants

Participants with moderate to severe TBI who had documented
impairments in new learning and memory were included. Four of
69 participants reported in the trial did not have posttreatment
data, and they were omitted, leaving 65 participants in the present
analysis. Recruitment, condition assignment, and demographics
are reported elsewhere.1 Groups differed only in education (con-
trols > treatment; P<.01).1

Treatment participants completed 10 sessions of the mSMT.
Active placebo control participants performed cognitive tasks that
did not include the rehabilitation techniques used in the mSMT.1

Institutional review board approval was obtained.

Long-term memory percent retained

To control for individual variability in initial learning and variation
resulting from pre- and posttesting sessions completed on different
days, proportion-retained scores were calculated using the ratio of
California Verbal Learning Test-II (supplemental appendix S1,
available online only at http://www.archives-pmr.org/) long-delay
free recall to short-delay free recall raw scores (see Cowan et al8).
Long-term memory percent retained change scores (LTMPRD)
were calculated by subtracting the proportion retained at t1 (pretest)
from t2 (posttest), providing an estimate of how retention changed:

LTMPRDZ
�hLDFR t2

SDFR t2

i
�
hLDFR t1

SDFR t1

i�
� 100 ð1Þ

where LDFR is long-delay free recall and SDFR is short-delay
free recall.

Quantifying memory using this method allowed for the
greatest control over individual performance differences. Alter-
nate forms were used at t1 and t2.1 Three treatment and 3 control
participants were excluded from the analysis because of division
by zero.

Working memory capacity

Raw scores forDigit Span Total (Digit Span Forward andBackward)
and Letter-Number Sequencing from the Wechsler Adult Intelli-
gence Scale-III (see supplemental appendix S1) administered at t1
were positively correlated (rZ.53, P<.001) and achieved good
reliability (aZ.68). Raw scores were reduced into a single latent
WMC factor using principal component analysis (principal
component analysisZ.86). Individuals were classified as H-WMCs
(control, nZ13; treatment, nZ15) or L-WMCs (control, nZ16;
treatment, nZ15) by computing a median split on the principal
component analysis scores.

Statistical analysis

Education was included as a covariate in all analyses (see
Chiaravalloti et al1). A 2 (group: treatment vs placebo control) � 2
(capacity: H-WMC vs L-WMC) analysis of covariance was used
to evaluate the effects of WMC and group on LTMPRD scores.
Partial correlations were computed to examine the relationships
between LTMPRD and WMC, as well as LTMPRD and the
following cognitive domains at t1: processing speed, executive
functioning, verbal ability, and perceptual ability. Tests making up
each cognitive domain are outlined elsewhere.4 Alpha was set
at .05.

Results

Effect of treatment on LTMPRD

Similar to the main findings,1 LTMPRD scores (unorganized in-
formation) did not differ as a function of group (PZ.45).

Treatment 3 capacity on LTMPRD

Educationwas a significant covariate (PZ.05).Main effects of group
and capacity were not significant (P values >.27). The group �
WMC interaction was significant (F1,54Z7.60, PZ.008, hp

2Z.12).
Simple comparisons revealed that H-WMCs (23.89�37.50) showed
a benefit from treatment compared with L-WMCs (�14.07�43.54)
(F1,27Z6.81, PZ.02, hp

2Z.20). H-WMCs and L-WMCs did not
differ in the placebo control condition (PZ.23).

Partial correlations between LTMPRD, WMC, and
other domains

WMC and LTMPRD were significantly positively related for the
treatment group (rZ.67, P<.001 [R2Z.45]) but not for the pla-
cebo controls (PZ.22) (fig 1).

No correlations between LTMPRD and the other cognitive
domains reached significance (P values >.36), suggesting that
WMC alone is a useful cognitive marker for identifying who will
and will not respond to memory rehabilitation.

List of abbreviations:

H-WMC high working memory capacity individual

LTMPRD long-term memory percent retained change scores

L-WMC low working memory capacity individual

mSMT modified Story Memory Technique

TBI traumatic brain injury

WMC working memory capacity
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