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Abstract
We examined the long-term retention of a learned automatic cognitive process in 17 severe TBI
participants and 10 controls. Participants had initially received extensive consistent-mapping (CM)
training (i.e., 3600 trials) in a semantic category visual search task (Schmitter-Edgecombe &
Beglinger, 2001). Following CM training, TBI and control groups demonstrated dramatic
performance improvements and the development of an automatic attention response (AAR),
indicating task-specific and stimulus-specific skill learning. After a 5- or 10-month retention interval,
participants in this study performed a New CM task and the originally trained CM task to assess for
retention of task-specific and stimulus-specific visual search skills, respectively. No significant group
differences were found in the level of retention for either skill type, indicating that individuals with
severe TBI were able to retain the learned skills over a long-term retention interval at a level
comparable to controls. Exploratory analyses revealed that TBI participants who returned at the 5-
month retention interval showed nearly complete skill retention, and greater skill retention than TBI
participants who returned at the 10-month interval, suggesting that “booster” or retraining sessions
may be needed when a skill is not continuously in use.
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INTRODUCTION
Individuals with traumatic brain injuries (TBIs) constitute a large proportion of those who
require extensive post-hospitalization rehabilitation. Central to successful post-injury
rehabilitation is the ability to develop and retain new complex cognitive skills. Because
automatic component processes serve as fundamental building blocks for complex cognitive
skills (Fisk & Rogers, 1992; Logan, 1985), a better understanding of the development and
retention of automatic processes following a TBI could have important implications for
rehabilitation.

Automatic processing can be described as rapid processing that requires minimal conscious
control or effort. In contrast, controlled processing tends to be slow, serial, and under the
conscious control of the individual (Schneider & Shiffrin, 1977). The key differentiation
between controlled and automatic processing is that of attention; controlled processing relies
heavily on conscious attention to the given task, whereas automatic processing occurs with
little or no conscious attention. Therefore, unlike automatic processes, multiple controlled
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processes generally cannot be performed efficiently under situations with a high workload
(Schneider & Chein, 2003).

Most of the previous work examining automatic processes in the TBI population supports the
notion that processes automatized prior to injury are intact in TBI participants by one-year
post-injury (e.g., Schmitter-Edgecombe et al., 1993; Schmitter-Edgecombe & Nissley, 2000;
Schmitter-Edgecombe & Rogers, 1997; Vakil et al., 1991). Two recent studies conducted in
our laboratory also demonstrate that severe TBI participants (>1 year post-injury) can
successfully learn to automatize cognitive components of complex tasks post-injury
(Schmitter-Edgecombe & Beglinger, 2001; Schmitter-Edgecombe & Rogers, 1997). In both
of these studies, the consistency of practice was manipulated to create a situation where
automatic processing could develop (consistent mapping training), and one where controlled
processing was continually required (varied mapping training). During a consistent mapping
(CM) search situation, participants always respond the same way to a specific class of stimuli
across a large number of trials (e.g., >1,800). Such extensive and consistent training on a task
leads from performance being under controlled processing to performance becoming automatic
(Schneider & Chein, 2003). That is, the participant no longer needs to consciously attend to
the stimuli because searching the items has now become an automatic process in which a
parallel, rather than a serial, search strategy is being utilized. In contrast, in a varied mapping
(VM) situation, responses to the same stimuli can vary from one trial to the next. Because of
this inconsistency, the individual must continue to utilize a serial search and, therefore, the task
continues to rely on controlled processing.

In the skill learning studies completed by Schmitter-Edgecombe and colleagues (Schmitter-
Edgecombe & Beglinger, 2001; Schmitter-Edgecombe & Rogers, 1997), following extended
practice in VM training conditions (>1800 trials), TBI participants continued to exhibit slower
memory and visual search rates compared to control participants. However, after extensive
CM training on the tasks, both groups showed performance characteristics indicative of
automatic process development. Whereas the major locus of learning for CM memory search
is believed to be the unitization of the memory set (i.e., the memory set of a given number of
items becomes one unitized, representative set; Fisk et al., 1995; Schneider & Fisk, 1984),
learning for CM visual search is believed to benefit most from the development of an automatic
attention response (AAR) and optimal search strategies (Fisk et al., 1995; Shiffrin, 1988).

An AAR refers to a concept wherein the target stimuli automatically attract the participant’s
attention rather than requiring a controlled process to direct attention. This is because of an
increase in the attention-calling strength of the target stimuli and a decrease in the attention-
calling strength of the distractor stimuli. This type of learning represents stimulus-specific
learning because an AAR is contingent on the specific stimuli utilized in the given task
(Schneider & Shiffrin, 1977; Shiffrin & Dumias, 1981; Shiffrin & Schneider, 1977). The
development of optimal search strategies represents task-specific learning because the general
demands of the task (e.g., using the keypad, pressing the appropriate keys, knowing where in
the visual display to look for the stimuli, etc.) are learned (Batsakes & Fisk, 2000; Fisk et al.,
1995). Changing the specific task stimuli will greatly affect performance for stimulus-specific
but not task-specific skills. Following extended practice with a CM visual search task,
Schmitter-Edgecombe and Beglinger (2001) showed that TBI participants successfully
developed a stimulus-specific AAR and task-specific optimal search strategies.

An important question that remains unanswered by previous studies is that of skill retention.
Specifically, do individuals with a TBI retain stimulus-specific and task-specific skills at a
level comparable to controls when such processes are not recurrently in use, or is there a
difference in the level of skill decay? To answer this question, TBI and control participants
who had successfully developed stimulus-specific and task-specific skills in an earlier visual
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search study (Schmitter-Edgecombe & Beglinger, 2001) were retested in the present study
following a long interval (i.e., 5- or 10-months). We hypothesized that TBI participants would
show no more decay of stimulus-specific skills than control participants. This prediction was
based on the previously reviewed findings, which showed that automatic processes developed
prior to sustaining a severe TBI are typically intact at one year post-injury, and new automatic
processes can be developed post-injury at a level comparable to normal controls. Generating
a solid hypothesis for the retention of general, task-specific skills was more difficult because,
to date, research on the long-term rate of forgetting in TBI populations remains sparse. In
general, previous studies that have examined this issue have utilized shorter retention intervals
ranging from 30 minutes to six weeks and more controlled, rather than automatic, processes.
These studies have found that significant differences between TBI and control groups can be
curtailed if differences in initial learning and acquisition for the material were controlled (e.g.,
Carlesimo et al., 1997; DeLuca et al., 2000; Hillary et al., 2003; Kapur et al., 1996). We
hypothesized that if this is the case, then the TBI and control participants would display
comparable levels of general, task-specific skill retention as well.

METHOD
Participants

Participants were recruited from a sample of 18 individuals with a severe TBI resulting from
a closed-head injury (15 male, 3 female participants) and from 18 matched controls who
participated in a previous visual search skill acquisition study (see Schmitter-Edgecombe &
Beglinger, 2001). Eight TBI and six control participants took part in a retention testing session
five months following initial training, whereas nine TBI and four control participants took part
10 months following initial training. This resulted in an overall sample of 17 TBI and 10 control
participants. The one TBI individual that did not return initially agreed to participate, but
missed his appointment and could not be rescheduled. The non-returning control participants
either could not be located (n = 2), did not respond to attempted solicitations (n =4), or failed
to attend scheduled appointments (n = 2).

For detailed information concerning injury characteristics, exclusionary criteria, and review
of medical records, readers should refer to the original skill-learning study (Schmitter-
Edgecombe & Beglinger, 2001). A severe TBI was defined by a review of medical records
indicating that (a) duration of coma was >48 hours or (b) depth of coma, as assessed by the
Glasgow Coma Scale (Teasdale & Jennett, 1974), was ≤8 or less. All TBI participants were
more than one year post-injury at initial testing. Analyses re-examining demographic and
cognitive variables replicated the original skill-learning study (see Table 1; a detailed narrative
can be found in Schmitter-Edgecombe & Beglinger, 2001). All data included in this manuscript
were obtained in compliance with the regulations of the Washington State University
Institutional Review Board, and all participants received monetary compensation and parking
expenses.

Equipment
Psychological Software Tools’ Micro Experimental Laboratory (MEL) was used to program
the experiment, which was presented on IBM-compatible portable computers.

Design
There were 10 initial training sessions in the original study (Schmitter-Edgecombe &
Beglinger, 2001). Important to this study, sessions 2 through 4 of the original study consisted
of 1,200 experimental CM training trials per day. In the CM condition, the targets (e.g., Trees)
never appeared as distractors, and the distractors (e.g., Vehicles) never appeared as targets.
Session 5 was a transfer session in which participants first received 300 Trained CM trials,
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followed by 300 CM Reversal trials, 300 New CM trials, and finally another 300 trials in the
Trained CM condition. In the CM Reversal trials, the roles of the previously Trained CM
condition targets and distractors were reversed. In the New CM condition, two new categories
were combined into a New CM condition. Assessment of the development of an AAR was
conducted by comparing performances in the transfer conditions to the Trained CM condition.

Stimuli
Stimulus-set items were selected from a group of 12 non-overlapping semantic categories
(Battig & Montague, 1969; Collen et al., 1975). Each category contained six high association
words that were four to six letters in length. Ten of the 12 categories were presented during
the initial skill learning study (Schmitter-Edgecombe & Beglinger, 2001). The remaining two
categories were used in this retention study along with the original two categories used for each
participant during the Trained CM condition (see Retention Testing Procedure below).

General Procedure
A detailed visual layout of the task is provided in Figure 1. For narrative information, see the
original skill learning study (Schmitter-Edgecombe & Beglinger, 2001).

Retention Testing Procedure
To examine both task-specific and stimulus-specific skill retention, all participants completed
300 trials in a Retention New CM condition, followed by 900 trials in the original Trained
(Retention) CM condition. The Retention New CM condition was administered prior to the
Retention CM condition to allow for the examination of task-specific skills without
contamination of stimulus-specific skills. In the Retention New CM condition, participants
were required to perform the same task as the Trained CM condition, but with new categories,
thus revealing the extent to which general, task-specific skills were retained. In the Retention
CM condition, the same categories and their respective category exemplars as the Trained CM
condition were utilized to examine stimulus-specific skills.

RESULTS
Because few long-term skill retention studies have been conducted in the TBI population, we
initially planned to not only examine differences in overall skill retention between the TBI and
control samples, but also to explore skill retention at a five-month interval for approximately
half of the participants and a 10-month interval for the other half. Because only a total of 10
control participants returned for retention testing, we were unable to statistically analyze
potential differences between the retention intervals for this group. For this reason, as well as
the fact that our primary question related to group differences in overall skill retention, data
were collapsed across the retention intervals for our initial set of analyses.

Original CM Training and Transfer Data
To ensure that our returning sample was representative of the original sample, we first
compared the original Trained CM data for the returning TBI and control participants. As can
be seen in Figure 2, the RT data for the returning participants replicated the original full sample
analysis, indicating that both groups demonstrated significant CM learning. To confirm AAR
development, we calculated proportional difference scores separately for each participant by
subtracting their Trained CM RT (final 5 blocks of original CM training) from their RT in the
New CM and CM Reversal conditions, and then divided by the Trained CM RT. Replicating
the original study, the CM Reversal condition significantly disrupted performance and led to
longer RTs relative to the New CM condition for both groups, F(1,25) = 40.56, MSE = .50,
p < .01, with no significant interaction, F < 2, indicating that the returning TBI and control
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participants did not differ in their level of AAR development (see Fig. 2). Together, these
findings indicated that both the returning TBI and control groups demonstrated comparable
levels of stimulus-specific and task-specific skill learning.

Retention Data
Next, we examined potential differences between the returning TBI and control participants
in the level of overall skill retention by computing and comparing scores for stimulus-specific
savings and task-specific loss. Three hundred Retention New CM trials (5 sets of 60), followed
by 900 Retention CM trials (15 blocks of 60), were administered at retention testing. These
trials were grouped into blocks (300 trials per block) and averaged across set sizes (set size 2,
3, and 4) to obtain one mean RT per block for each participant. This resulted in one mean RT
and accuracy rate per participant for the Retention New CM condition, and three mean RTs
and accuracy rates per participant for the Retention CM condition. The analyses that
immediately follow utilized only the first mean RT and accuracy rate for the Retention CM
condition.

Reaction time data—To determine whether participants’ retention performances were
faster than their performances during the first block of initial learning (i.e., first block of initial
Trained CM), a Group (returning TBI and returning controls) X Condition (original Trained
CM, Retention New CM, and Retention CM) mixed-model ANOVA was conducted on the
RT data. Results revealed that control participants (M =810.87, SD = 76.77) exhibited
significantly faster overall RT than the TBI participants (M = 1062.41, SD = 58.88), F(1,25)
= 6.76, MSE =1195207.12, p < .05. In addition, RT for the Retention CM condition (M =
870.27, SD = 42.83) was also significantly faster than RT for the Retention New CM condition
(M =939.28, SD =50.01), t(26) =3.74, p <.01, which, in turn, was significantly faster than RT
for the original Trained CM condition (M = 1000.37, SD = 58.59), t(26) =−2.16, p <.05; F
(2,50) =11.33, MSE =106705.65, p < .01.

Accuracy data—A 2 (Group) × 3 (Condition) mixed-model ANOVA conducted on the
accuracy data revealed no significant main effect of Group, F < 1, or Condition, F < 1, and no
significant Group X Condition interaction, F < 1. Accuracy rates were 94%, 95%, and 95%
for the TBI group and 94%, 95% and 95% for the control group in the original Trained CM,
Retention New CM, and Retention CM conditions, respectively, indicating that the TBI and
control participants were uniformly accurate across conditions.

Savings and loss scores—To examine stimulus-specific and task-specific skill retention
across groups, we computed savings and loss scores following the procedure used by Fisk and
colleagues (1994). A stimulus-specific cost score was computed as the difference between the
last block of the original Trained CM condition and the Retention CM condition. A task-
specific savings score was computed as the difference between the first block of the original
Trained CM condition and the Retention New CM condition. To account for baseline
differences between the TBI and control groups, we also computed proportional stimulus
specific loss and task-specific savings scores, calculated as the stimulus-specific cost score
divided by the last block of the original Trained CM condition and the task-specific savings
score divided by the first block of the original Trained CM condition, respectively. The savings
and loss scores for the TBI and control groups were then compared using independent-samples
t-tests.

No significant difference was found in the amount of loss for stimulus-specific skills between
the returning TBI (M =−67.66, SD =93.09) and control participants (M =−93.65, SD =66.10),
t(25) =−.77. The task-specific savings analysis also revealed no significant difference between
the returning TBI (M =85.75, SD =190.48) and control (M =36.43, SD =99.20) groups, t(25)
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=−.76. Analyses of the proportional difference scores revealed similar findings, indicating that
the returning TBI and control participants did not differ significantly in stimulus-specific skill
loss (TBI: M =−.09, SD = .10; control M = −.15, SD = .09), t(25) =−1.36, or in task-specific
skill savings (TBI: M =.06, SD = .16; control: M = .03, SD = .12), t(25) = −.46.

The small sample size and large standard deviation values for both skill types could have
potentially obscured group differences. However, given that the TBI participants exhibited
numerically greater retention of stimulus-specific and task-specific skills compared to the
returning controls, an increase in sample size would not influence the interpretation of our
findings. TBI participants would likely continue to demonstrate skill retention comparable to,
or above, that of controls with a larger sample size. As will be seen in the following section,
part of the large variability in skill retention for both groups was a factor of duration of the
retention interval.

TBI retention interval exploration—Given that approximately half of the returning TBI
participants completed retention testing after 5 months and the other half after 10 months, we
explored possible differences between intervals in stimulus-specific and task-specific skill
retention. An independent-samples t-test on proportional difference scores revealed a
significantly greater loss for stimulus-specific skills after the 10-month retention interval (M
=−.15, SD =.07) compared to the 5-month interval (M = −.03, SD = .07), t(15) = 3.63, p < .01.
In fact, the data demonstrated nearly complete savings of stimulus-specific skills for the TBI
participants retested at the 5-month retention interval. Although the difference in task-specific
savings between the retention intervals did not reach statistical significance, t(15) = 1.54, p > .
05, the results were also in the direction of decreased retention from the 5-month (M = .12,
SD = .10) to the 10-month (M =.01, SD =.19) interval, with the 10-month TBI group exhibiting
essentially no task specific savings. A similar decrease in the retention of both skill types from
the 5-month (stimulus specific: M =−.12, SD =.11; task-specific: M = .06, SD = .10) to the 10-
month (stimulus-specific: M =−.18, SD =.06; task-specific: M =−.003, SD =.14) interval was
noted for the control group, although statistical analyses were not conducted because of the
small sample size (see Fig. 3).

Before concluding that passage of time accounted for the greater retention of stimulus-specific
and task-specific skills in the 5-month TBI group, we compared initial skill development
between the 5-month and 10-month TBI group. As can be seen in Figure 4, although the 5-
month TBI participants showed a larger decrease in RT between block 4 (end of Day 1 of CM
training) and block 5 (beginning of Day 2 of CM training) of the original Trained CM condition
(M = 222.16, SD =190.82) compared to the 10-month TBI group (M =63.65, SD =63.38), t
(15) =2.36, p <.05, F(11,165) = 3.79, MSE =19115.77, p < .01, both groups demonstrated
comparable rates of overall improvement from block 1 to block 12 of training (5-month group:
276.28 ms or a 22% decrease in RT; 10-month group: 222.71 ms or a 21% decrease in RT). In
terms of AAR development, both groups exhibited longer RTs in the CM Reversal condition
(5-month: M = 1334.68, SD = 133.14; 10-month: M = 1139.73, SD = 83.25) compared to the
original New CM condition (5-month: M = 1144.39, SD = 129.74; 10-month: M = 1072.57,
SD = 70.63), F(1,15) = 26.38, MSE = .22, p < .01, indicating the development of an AAR.
However, the 5-month TBI participants showed greater disruption in the original CM Reversal
condition than the 10-month TBI participants, F(1,15) =5.73, MSE =.05, p < .05, suggesting
that the 5-month group may have initially developed a stronger AAR. To control for initial
AAR development, a univariate ANCOVA was conducted with the proportional stimulus-
specific loss score as the dependent variable and AAR development (i.e., the original New CM
proportional difference score subtracted from the original CM Reversal proportional difference
score) as the covariate. The results continued to reveal a highly significant main effect for TBI
Group, F(1,14) = 31.53, MSE = .10, p < .001, indicating that the 5-month group exhibited
greater stimulus-specific skill retention (M = .002, SD = .02) compared to the 10-month group
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(M =−.18, SD =.02). Furthermore, correlational analysis revealed no significant relationship
between initial AAR development and stimulus-specific skill retention for the TBI participants,
r = −.04.

To evaluate whether differences in injury characteristics, demographic variables, or
neuropsychological variables contributed to the findings of differing levels of skill loss between
the 5-month and 10-month retention intervals, independent samples t-tests were conducted on
the variables reported in Table 1 and injury variables. Results revealed no significant
differences between the 5-month and 10-month TBI participants for any injury characteristics,
demographic variables, or neuropsychological variables, t’s < 2, p’s > .05. Taken together,
these findings indicate that the passage of time is the most likely factor contributing to
differences in skill retention between the 5-month and 10-month TBI groups.

Lastly, we examined the 5-month and 10-month TBI groups’ level of re-learning. Consistent
with the stimulus-specific savings analysis, a paired-samples t-test revealed no significant
difference in performance between the final block of the original Trained CM condition (M =
999.32, SD =442.39) and the first block of the Retention CM condition (M =1004.65, SD
=362.88) for the five-month TBI participants, t(7) =.17, p >.05. In contrast, for the 10-month
TBI participants, performance during the final block of the original Trained CM condition
(M =817.69, SD =128.29) was significantly faster than performance on the first block of the
Retention CM condition (M =940.76, SD =133.35), t(8) = 6.61, p < .01. Although the 10-month
TBI group demonstrated improvements in performance throughout the retention trials (i.e.,
over a total of 900 trials), they did not reach their final-level performance of original CM
training [final block of original CM training: (M = 817.69, SD = 128.29); final block of
Retention CM condition: (M = 887.60, SD =140.17)], t(8) = 4.30, p < .01 (see Fig. 4).

DISCUSSION
We were interested in whether individuals who had sustained a severe TBI (>1 year post-injury)
could retain task-specific and stimulus-specific skills over a long-term retention interval (i.e.,
5–10 months) at a rate comparable to controls. In an earlier visual search skill learning study
(Schmitter-Edgecombe & Beglinger, 2001), we found that individuals with a TBI were able
to develop general, task-specific skills, and an AAR (i.e., a stimulus-specific skill) at a level
comparable to controls. The TBI and control participants who returned for the retention phase
of this study were representative of the original sample, as RT performances for both groups
improved with CM training and a comparable level of AAR development was demonstrated.
Therefore, we were able to examine the long-term retention of skills initially developed to a
similar level by TBI and control participants.

We found that the returning TBI and control participants demonstrated comparable levels of
skill retention when the data were collapsed across the 5- and 10-month retention intervals.
Specifically, difference and proportional difference scores revealed that the returning TBI and
control participants were comparable in their levels of stimulus-specific skill loss and task-
specific skill savings. These findings are unique in suggesting that once an automatic cognitive
process has been developed, individuals with a TBI show skill retention at a level comparable
to normal controls without continued practice across a 5- to 10-month period.

In a similar visual search skill retention study, Fisk and colleagues (1994) reported a remarkable
amount of skill retention over a 16-month interval, with stimulus-specific skill loss of only
28% and 38% for neurologically normal young and older adult participants, respectively. Using
a similar method of data interpretation, our findings also demonstrated an impressively small
amount of average skill loss (i.e., 9% for TBIs and 15% for controls) across a shorter 5- to 10-
month retention interval. It should be noted, however, that Fisk and colleagues’ method of
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interpretation may be misleading given that stimulus-specific loss was computed without
taking into consideration the maximum possible loss based on initial skill development. After
taking this into consideration (i.e., skill gain from the beginning of CM training to the end of
CM training), our data indicated that the TBI participants demonstrated an average 9% loss of
stimulus-specific skills when the maximum possible loss was 27% on average, and the control
participants demonstrated an average 15% loss when the maximum possible loss was 26% on
average. This interpretation indicates a greater overall loss for stimulus-specific skills than
originally believed.

An interesting pattern that emerged in our data was that TBI participants retested at the 5-month
retention interval showed almost complete stimulus-specific skill retention, which was
significantly greater than that shown by the TBI participants retested at the 10-month interval.
Although examination of the original training data revealed that the 5-month TBI group initially
developed a stronger AAR than the 10-month TBI group, retention analyses revealed that the
5-month TBI group continued to demonstrate greater stimulus-specific skill retention
compared to the 10-month TBI group after controlling for initial AAR development. These
results, combined with the findings that no demographic, injury-related, or neuropsychological
variables differed between the two returning TBI groups, indicate that the passage of time is
likely the most significant contributor to this pattern of data. Consistent with this explanation,
the control data showed a similar pattern of decreased stimulus-specific skill retention between
the 5- and 10-month retention intervals. These findings suggest that rehabilitation techniques
relying on automatic cognitive skill development and involving visual information may benefit
from “booster” or re-training sessions following initial training, especially if the skill is not
being continuously utilized. Future research will be needed to further examine this issue,
including the best time for booster sessions. Future studies with larger sample sizes will also
be needed to more closely examine participant and injury related factors (e.g., site of injury)
that might influence skill acquisition rate and retention capacity. In addition, future studies that
manipulate training related variables (e.g., number of learning trials, level of stimulus-response
consistency) will help clarify the parameters necessary to develop and sustain an automatic
cognitive skill.

Although not statistically significant, there was a trend for TBI participants retested at the 5-
month interval to show greater task-specific skill retention compared to the 10-month interval.
The control group also showed a similar pattern of task-specific skill loss, with both the TBI
and control groups demonstrating nearly complete loss of task-specific skills by the 10-month
retention interval. The TBI literature generally suggests that differences in the rate of forgetting
or memory decay between individuals with a TBI and controls are non-significant once
differences in the initial learning and acquisition for the material are controlled (Carlesimo et
al., 1997; DeLuca et al., 2000; Hillary et al., 2003; Kapur et al., 1996). The current findings
support this by showing similar levels of retention across a 5- to 10-month interval for a skill
that was initially learned to a comparable level by both groups.

In an earlier study, we demonstrated that TBI participants were able to automatize components
of a complex visual search task at a level comparable to controls. In the current study, we found
that TBI participants were also able to retain stimulus-specific and task-specific visual search
skills at a level comparable to controls over a collapsed 5-to 10-month retention interval without
continued practice. Together, these findings have important implications for cognitive
rehabilitation techniques following a severe TBI. Specifically, breaking down complex
cognitive skills and consistently training individuals on smaller components of the task in order
to develop automatic cognitive processes is a worthwhile strategy since such skills are likely
to be retained over a long-term interval, perhaps more so with follow-up “booster” or retraining
sessions.
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Fig. 1.
Example of the visual search task experimental trials for a correct CM training response and
an incorrect CM training response.
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Fig. 2.
Mean reaction time and standard error data plotted as a function of CM training, CM Reversal
training, and New CM Training for the returning controls and the returning TBI groups. Each
CM training block represents a total of 300 trials collapsed across set sizes 2, 3, and 4.
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Fig. 3.
Mean proportional difference score and standard error data for Stimulus-specific loss (3a) and
Task specific savings (3b) for TBI and control participants that returned at 5 months and 10
months.
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Fig. 4.
Mean reaction time and standard error data plotted as a function of the initial CM training,
transfer conditions, and the first three Retention CM trials for the TBI participants returning
after 5 months and 10 months. Each CM training block represents a total of 300 trials collapsed
across set sizes 2, 3, and 4.
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