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Abstract

Eleven patients with mild traumatic brain injury (MTBI) and 13 patients with moderate-to-severe TBI (STBI) were compared to 10
matched controls on episodic memory for pictorial scene—object associations (e.g. kitchen—bread) and a range of standardized neuropsycho
logical tests of memory and frontal-lobe functions. We tested the hypothesis that deficits in episodic memory result from impaired attentional
resources and/or strategic control by manipulating attentional load at encoding (focused versus divided attention) and environmental sup-
port at retrieval (free recall and recalled cued by scene versus recognition of object and scene). Patients with TBI were disproportionately
affected by the divided attention manipulation, but this effect was modulated by injury severity and encoding strategy. Overall, MTBI
patients were impaired only when items were encoded under divided attention, indicating memory deficits that were secondary to deficits
in the executive control. STBI patients could be differentiated into two distinct functional subgroups based on whether they favored a
strategy of attending to the encoding or digit-monitoring task. The subgroup favoring the digit-monitoring task demonstrated deficits in
the focused attention condition, and disproportionate memory deficits in the divided attention condition. In contrast, the subgroup favoring
the encoding task demonstrated intact performance across all memory measures, regardless of attentional load, and despite remarkabl
similarity to the other STBI subgroup on demographic, neuropsychological, and acute injury severity measures. We discuss these outcome
differences in terms of the relationship between strategy and executive control and highlight the need for more sensitive anatomical and
behavioral measurement at both acute and chronic stages of injury.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction ularly when acute injury is mild or moderate and/or medial
temporal lobe structures are intdé;41,59] The goal of
Patients with traumatic brain injury (TBI) commonly the present study is to test one hypothesis that has emerged
report residual deficits in memory and attention that in- to account for this apparent paradox: that memory deficits
terfere with their everyday lives, often preventing them are largely due to deficits in attention and/or executive con-
from returning to work or school at their pre-injury level trol, and thus, may only be apparent when task demands
[16,39,40,43,63] Indeed, a recent report found that both on attention and its strategic allocation are sufficiently high
patients and their close relatives find poor memory to be the [34,49,60]
most troubling problem associated with the long-term (>6  Dual-task conditions provide an experimental environ-
years) outcome of TB[45]. Yet, it is not uncommon for ~ ment in which to test both attentional capacity and the
these subjective reports to contrast with intact performance ability to exert control over the allocation of attentional
on objective clinical measures of cognitive functions, partic- resources. Numerous behavioral and neuroimaging stud-
ies have demonstrated that divided attention limits the
* Corresponding author. Tel:1-212-854-7560; fax:-1-212-854-3600.  likelihood that information will be processed to a deep,
E-mail address: mangels@psych.columbia.edu (J.A. Mangels). semantic level in temporal and inferior prefrontal corticies,
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and interferes with strategic organization of the material, mance of a digit-span task was sufficient to disrupt simple
a process putatively subserved by dorsolateral prefrontalreaction time in patients with either subacute or acute severe
regions[3,12,19,32] Thus, we would expect that divided TBI.
attention would interfere with episodic memory formation Data on the specific effects of dual-tasks on long-term
not only in TBI patients, but also in control subjects. How- memory in TBI patients is sparser and even less supportive
ever, encoding under divided attention is not only a function of a clear deficit in attention and/or executive function. To
of the quantity of available resources, but also the ability our knowledge, the only studies that have investigated the ef-
to allocate these resources in an efficient, goal-directedfects of divided attention on episodic memory performance
manner[4,50,51] The finding that dual-task performance in chronic patients have used severe TBI patients. In these
can faithfully reflect instructed trade-offs (i.e. primary-task studies, patients were equally impaired in both focused and
emphasis, secondary-task emphasis, or equal emphasisjlivided attention conditions, rather than disproportionately
demonstrates that attention is a resource whose distribu-impaired in the divided attention condition, as would be pre-
tion is under control of a supervisory or executive control dicted by a specific deficit in executive contfdB,66] The
procesd2,8]. Thus, performance on the primary (memory) effects of divided attention on the memory performance of
task can only be properly evaluated when performance on patients with mild and moderate-to-severe TBI also have not
the secondary task, and any potential strategic trade-offsbeen compared directly. Whereas patients with severe TBI
that may occur between tasks, are taken into account. may sustain chronic deficits in their ability to encode new
If executive control processes were impaired by TBI, we information into episodic memory regardless of attentional
would expect the degree of impairment when information load, mild TBI may result in a memory deficit that is only
is encoded under divided attention to be disproportionate to revealed under the greater attentional demands of dual-task
that of control subjects, and to be unaccounted for by perfor- processing. In addition, these previous studies only assessed
mance on either task aloffi§]. Deficits in executive control  performance on retrieval tasks that provided some type of
have been associated with damage to the prefrontal cortexenvironmental support (i.e. cued recall, recognition). Thus,
but may also occur as the result of damaged connectionsfar, the effects of divided attention in TBI have not been
between the prefrontal cortex and posterior regidris38]. evaluated on retrieval tasks that are specifically associated
Fronto-temporal damage and diffuse axonal shearing, par-with effortful processing and frontal-lobe function, such as
ticularly of longitudinal connections, are common seque- tests of free recall and source mem@y]. Even in normal
lae of the typical deceleration/acceleration injury associated adults, divided attention at encoding affects source memory
with TBI [25]. In particular, orbitofrontal and anterior tem- to a greater extent than item memq@62].
poral regions are vulnerable to TBI because of the jagged In the present study we investigate the extent to which at-
internal geometry of the skull around the orbits and cranial tention and/or executive control resulting from TBI influence
nerve processes, although lesions occasionally occur moreepisodic memory performance. Specifically, we hypothesize
superiorly[34]. Thus, the hypothesis that executive control that in the case of mild TBI, deficits in the executive control
deficits form a core feature of TBI appears to fit with the of attention interfere with the ability of intact memory pro-
neurophysiological profile of the typical TBI patient. cesses to function optimally, whereas in moderate-to-severe
It is therefore surprising that many behavioral studies TBI, deficits in executive control only further exacerbate pri-
have failed to provide unambiguous support for a specific mary memory deficits. Indeed, for patients with more severe
deficit in executive control (for review s¢49]). For exam- TBI, a basic impairment in episodic encoding, rather than
ple, when required to simultaneously perform a dot-counting executive control of attentional resources, may constitute the
task while engaged in a driving simulator, no dispropor- core deficit.
tionate deficits were found in subacute patienrt8@ days To address these hypotheses, we measured episodic mem-
post-injury) when slowing on the single-tasks was taken ory in a paradigm where we carefully controlled and/or ma-
into account[40,64] Vilkki et al. [65] also failed to find nipulated the patient, stimulus, and test factors over which
dual-task deficits in either subacute patients or patients with attention and executive control processes would likely vary.
focal frontal lesions. Deficits were found, however, in acute Specifically, patients with mild or moderate-to-severe TBI
patients, suggesting that time-since-injury influenced per- were compared to age, education, and SES matched controls
formance. Age at the time of injury may also be a factor. on memory for item (object) and context (scene) associa-
Stablum et al[54] did not find dual-task deficits in MTBI  tions under conditions of focused or divided attention at en-
patients under 30 years old, but did find deficits in older coding. We explored the extent to which factors in the acute
patients. Finally, the nature of the secondary task and thestage of TBI predicted cognitive outcome by subdividing pa-
degree to which it taxes both attentional resources and ex-tients for analysis in two ways. First, patients were divided
ecutive control is likely to influence performance. Hartman a priori according to differences in injury severity (i.e. Glas-
et al. [18] found that conversation with the experimenter gow Coma Score (GCS), loss of consciousness (LOC), and
caused disproportionate impairment in STBI patients on a post-traumatic amnesia (PTA)) and evaluated in terms of be-
visual-motor tracking task, but a digit-span task did not. In havioral differences. Then patients were subdivided a poste-
contrast, McDowell et al[36] found that concurrent perfor-  riori according to differences in behavioral performance in
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the dual-task condition (i.e. apparent differences in strategic ercised in interpreting the results, we use these findings to
trade-offs between primary and secondary tasks) and eval-emphasize the importance of considering how TBI patients
uated in terms of neurobehavioral and demographic differ- strategically allocate attention in interpreting their perfor-
ences. mance in multi-tasking situations.
With regard to stimuli, we manipulated the extent to
which objects were semantically congruent with their asso-
ciated scene. Given that attention appears to be a necessar®. Method
condition for deep, elaborative processing, deficits result-
ing from reduced resources might be exacerbated when2.1, Subjects
the association between object and scene is incongruous
(e.g. kitchen—clown). For incongruous associations, lack of  Patients were recruited from a series of consecutive ad-
pre-existing semantic associations may make the integrationmissions to a major medical trauma center for participation
of object and scene more effortful, and thus, more suscepti-in a larger prospective study on cognitive and behavioral
ble to disruption from increased attentional load. Similarly, outcomes from TBI. Criteria for inclusion in this larger
we predicted that impaired attention would produce greater study were hospitalization for TBI, no visual field defect,
deficits on memory tests that required greater integration of and a willingness to cooperate in the project. Patients in
source/context with item information, such as tests of free the present study were tested approximately 3—-4 years
and source-cued recall, as is often found in patients with dor- post-injury (mean= 3.6 years). Patients who had sustained
solateral prefrontal damage (e[d4,21,31,56,69] There- serious medical or psychiatric illness, engaged in substance
fore, we assessed memory using free recall, scene-cued reabuse, refused to participate, or could no longer be contacted
call, object recognition and object—scene recognition tests,were excluded, resulting in a total of 24 subjects who were
and measured not only total correct responses, but alsoavailable for testing. All but one subject had participated in
intrusion errors and strategic organization. an earlier TBI study at approximately 1.5 years post-injury
To preview our results, although we did not find straight- [30], at which time the majority of neuropsychological tests
forward interactions between group (TBI versus controls) were administered (s€&ble J).
and attention condition (focused versus divided) for most  Subjects were initially subdivided by injury severity ac-
memory measures, exploratory post hoc comparisons andcording to the standard GCS critef&l]. This classification
measures of divided attention “cost” did provide some ev- resulted in 11 patients with mild TBI (MTBI; GCS: 13-15),
idence that the TBI patients experienced greater declines5 patients with moderate TBI (GCS: 9-12), and 8 patients
in memory performance under divided attention than con- with severe TBI (GCS: 3-8). Because of the relatively small
trol subjects, garnering some support for the hypothesis thatsample size of the moderate TBI group, they were combined
deficits in the executive control of attention contribute, at with the severe TBI group to form a single group of 13 pa-
least in part, to memory problems in TBI. Yet, the magni- tients (STBI). As may be seen ifable 1 patients in the
tude of these impairments was relatively uninfluenced by STBI group had a longer duration of post-traumatic amnesia
the stimulus and test manipulations that we hypothesized (PTA) than MTBI patients. PTA was defined as the num-
would be diagnostic of reduced attentional resources. Oneber of days from injury onset required to achieve a score
explanation for this somewhat unexpected pattern of resultsof 75 or greater on the Galveston Orientation and Amne-
is that TBI influenced the ability to strategically allocate re- sia Test (GOAT{26]) for 2 consecutive days. STBI patients
sources across multiple tasks more than the absolute amounalso had higher scores on the Word Recall Latency-Adjusted
of available resources. (WRLA) indicating a greater delay in recovery of the abil-
The importance of considering allocation strategy in in- ity to perform a 24-h delay free recall test for three words
terpreting TBI memory performance was even more evident without error[57,58]
when we scrutinized individual differences in trade-offs be-  These patients also had a higher incidence of focal or dif-
tween the encoding and digit-monitoring task. In this a poste- fuse lesions on acute CT scans. Acute CT scans, which were
riori analysis, we found that moderate-to-severe TBI patients read by the attending neurosurgeon (M.L.S.) and classified
could be characterized according to whether they appearedaccording to a standardized schef@8], revealed intracra-
to bias attention toward encoding or digit-monitoring tasks nial swelling and diffuse or focal lesions in 8 out of 12 STBI
in the dual-task condition. Those patients who biased atten-and 1 out of 10 MTBI patients for which scans were avail-
tion toward the digit-monitoring task demonstrated a pattern able. Of the six patients with focal damage, four had damage
of performance consistent with a primary deficit in memory in the frontal lobes (one bilateral, two left, one right), one
encoding, such as deficits on both free recall and standard-had damage in the right parietal lobe and one had damage
ized neuropsychological memory performance tested underin the right temporal lobe.
focused attention conditions, whereas patients who biased Ten age- and education-matched control subjects with-
attention toward the encoding task performed with normal out history of neurological or psychiatric disorders were
limits on all tasks. Although the groups resulting from this recruited. In order to minimize confounds related to the
subdivision were small, and therefore caution must be ex- psychosocial cohort from which TBI patients are drdi,
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Table 1
Subject characteristics
Controls MTBI STBI
All Digit-bias Encoding-bias
Demographics
n2 10 11 13 8 5
Gender 5M, 5F 5M, 6F 7™, 6F 4M, 4F 3M, 2F
Handedness 1L, 9R 1L, 10R 1L, 12R 1L, 7R 5R
Age (years) 32.3 (3.0) 29.4 (3.3) 30.1 (1.9) 28.5 (2.4) 32.6 (3.1)
Education (years) 14.7 (0.8) 13.1 (0.6) 13.2 (0.8) 13.1 (1.2) 12.6 (1.4)
Time since injury (years) - 3.7 (0.2) 3.6 (0.2) 3.6 (0.4) 3.6 (0.3)
GCS - 14.5 (0.2) 7.2 (0.%) 7.4 (1.0§ 6.9 (1.0§
PTA (days) - 7.2 (4.3) 25.1 (213) 23.7 (4.4) 26.5 (2.3)
WRLA (days) - 9.2 (1.9) 30.8 (3.0) 27.9 (5.3 33.8 (2.7}
Neuropsychological tests
Picture naming (BNT) 55.7 (1.3) 54.1 (2.3) 54.1 (1.1) 54.8 (0.9) 53.2 (2.4)
WAIS-R subtests
Informatiorf 18.4 (2.3) 16.1 (1.3) 18.3 (1.5) 16.9 (1.9) 20.2 (2.4)
Vobabulary 48.7 (4.7) 46.3 (3.1) 48.2 (3.3) 47.5 (4.5) 49.0 (5.3)
Digit-spar? 12.4 (0.8) 11.6 (0.7) 12.3 (0.4) 12.0 (0.7) 12.6 (0.4)
Digit-symboP 64.2 (3.4) 66.7 (1.8) 57.1 (37) 55.6 (4.2} 59.2 (7.2)
WMS-R subtests
Figural memory immediafe 38.1 (1.0) 37.6 (0.5) 37.9 (0.9) 37.3 (1.4) 38.8 (0.7)
Figural memory delayét 35.7 (1.1) 36.3 (1.0) 35.3 (1.5) 33.3 (#2) 38.2 (1.3)
Paired association immediéte 21.2 (0.9) 22.1 (0.5) 20.3 (1.0) 19.7 (1.6) 21.0 (0.6)
Paired association delayed 7.9 (0.1) 7.7 (0.1) 8.0 (0) 8.0 (0) 8.0 (0)
Story recall immediate 29.2 (2.4) 31.3 (2.0) 27.4 (2.1) 247 (Z1) 31.2 (3.7)
Story recall delayed 25.8 (2.2) 28.5 (1.4) 24.6 (1.9) 21.6 (1.9) 28.8 (3.1)
Tests of frontal function
WCST % per errofs 17.3 (3.0) 16.0 (1.2) 14.4 (1.0) 14.6 (1.6) 14.2 (1.1)
Concept generatién 4.6 (0.4) 5.0 (0.3) 4.2 (0.4) 3.7 (0'8) 5.0 (0.5)
Stroop interference () 93.6 (4.4) 102.5 (10.9) 107.3 (8.5) 110.6 (11.7) 102.8 (13.3)
Stroop interference errdrs 1.8 (0.7) 2.5 (0.5) 2.8 (1.0) 3.6 (1.7) 1.8 (0.2)
Trails A (msf 19.9 (1.9) 19.4 (2.5) 27.1 (3%) 25.3 (5.0) 29.6 (4.3)
Trails B (ms} 455 (2.4) 51.5 (5.1) 57.2 (3%) 54.7 (4.5) 60.6 (5.0)
Trails B-A (ms§ 25.6 (2.3) 32.2 (4.0) 30.1 (2.2) 29.4 (1.8) 31.0 (5.0)
Trails B error§ 0.5 (0.2) 0.5 (0.3) 0.4 (0.1) 0.4 (0.2) 0.4 (0.2)
Phonemic fluendy 43.6 (2.0) 35.0 (1.6) 37.6 (2.9) 33.7 (2.8) 43.0 (5.0)
Semantic fluendy 30.1 (2.5) 26.0 (2.8) 25.9 (1.5) 25.0 (2.3) 27.0 (2.0)

Standard errors of the mean are shown in parentheses.

a2Some controls and TBI patients were not available for all neuropsychological testing, resulting in a reqawdmum two subjects missing per

group for any given test).
b Tested~1.5 years post-injury.

¢ Tested~3.6 years post-injury (part of current test-battery).

d Significantly different from controls¥ < 0.05).
€Marginally different from controls # = 0.05-Q07).

f Significantly different from MTBI.

9 Significantly different from encoding-bias STBI.
h Marginally different from encoding-bias STBI.

these controls were recruited from the family and friends of the MTBI group generated significantly fewer words than

the patients. As shown ifiable 1, control subjects did not

differ from either the MTBI or STBI group on standardized

controls on phonemic fluency.

tests of pre-morbid intelligence (i.e. WAIS-R Information 2.2 Stiimuli and procedure

and Vocabulary subtests), immediate and delayed memory

(e.g. WAIS-R Digit Span and WMS-R subtests), or picture  Subjects memorized pairs of pictures under focused and
naming (i.e. Boston Naming Test (BNT)). Overall, perfor- divided attention. Each pair of pictures consisted of a pho-
mance on tests of set-switching and interference associatedograph of an everyday scene presented to the left of a line
with frontal-lobe function, such as the WCST, Stroop, and drawing of a common object. Each photograph and line
Trails test, also appeared normal in the patient groups. Yet,drawing pair was projected simultaneously from slides onto



J.A. Mangels et al./Neuropsychologia 40 (2002) 2369-2385 2373

a white wall 72 in. from the subject. The total area of the two scenes. Subjects first classified an object as “old” or “new,”
adjacent pictures was 72ixx 22in. The scenes consisted and then for “old” items, chose the scene it had been paired
of a kitchen, living room, bedroom, and garage (set A), or with from a reminder card listing the names of the four
workshop, street, park, and beach (set B). Although eachscenes.
scene contained objects that helped to specify its location
and identity, none of the objects contained within the scene 2.3. Data analysis
were used as target or distractor objects. Line drawings of
the objects were taken from the Snodgrass and Vanderwart Digit-monitoring performance was measured as the per-
[53] picture norms. cent of 3-digit sequences correctly detected out of a max-
During the study phase of the experiment, subjects wereimum of 11 sequences. Subjects were not given credit for
presented with a total of 48 scene—object pairs at a rate ofpartial recall of a sequence. Object names that were given
5s per pair. These pairs were constructed by pairing eachduring free recall and scene-cued recall tests were scored
of the four scenes in set A or B with 12 different objects. by two independent judges using strict scoring criteria. An
Six of the objects paired with each scene were highly con- item was counted as correct only if the subject gave the ex-
gruous with the scene (e.g. bedroom: shoe), and six wereact Snodgrass and Vanderwgi8] name, a strong synonym
highly incongruous with the scene (e.g. bedroom: snow- (e.g. “tumbler” for “glass”), or the name of a highly per-
man). Incongruous objects were selected to have minimalceptually and semantically similar object (e.g. “crocodile”
congruity with the other scenes in that set. The sequence offor “alligator”). Unacceptable items included those that
48 scene-object pairs was presented in one of four possi-were semantically similar, but perceptually different (e.g.
ble pseudo-random orders that were constructed so that nd'vase” for “watering can”), or too general (e.g. “bug” for
scene could occur twice in a row. The order of slide pair “grasshopper”). These responses were scored as intrusion
presentation was counterbalanced across subjects. errors, along with any recalled items that were unrelated to
Subjects were instructed to remember the scene and ob+the target objects.
ject together for later memory tests and were fully informed  Intrusion errors were divided into three categories:
about the nature of these upcoming tests. Each set of 48extra-experimental errors, intra-experimental list-source
scene—object pairs was memorized under either focused aterrors, and intra-experimental scene-source errors. Extra-
tention or while performing an auditory digit-monitoring experimental errors refer to intruded items that were not
task (divided attention), and was always tested under fo- shown at any point in the experiment. List-source errors
cused attention. Each subject received both attention condi-refer to intrusions of items from the first test session during
tions, counterbalanced with stimulus set (A/B), across two the second test session. Scene-source errors, which could
test sessions separated by approximately 50 min. only occur in the scene-cued recall test, refer to intrusions
In the auditory digit-monitoring task, subjects listenedto a when the subject recalled the item correctly but associ-
stream of odd and even digits presented at a rate of 1 digit/s.ated it with the incorrect scene. We analyzed errors as a
When the subject detected a sequence of 3 odd-digits in afunction of the percentage of total responses in a given
row, they were to write that sequence down on a sheet of condition.
paper without looking away from the picture presentation.  Given that the objects could be grouped according to the
They practiced this task alone until they performed it with- four scenes, we also examined the use of organizational
out error and without looking down. Subjects in all groups strategies in free recall using the adjusted ratio of cluster-
were able to learn this task rapidly, usually in one practice ing (ARC) [42]. ARC measures the extent to which items
run. They were instructed to divide their attention equally from the same category (i.e. scene) are grouped together at
across the encoding and digit-monitoring tasks because per+ecall, while adjusting for total items recalled and chance.
formance on both tasks would be scored. This measure ranges from around 0 to 1.0, although nega-
Following a 1-min distractor task, in which subjects tive numbers are possible if observed clustering is less than
counted backward by threes from a three-digit number, chance.
three memory tests were given in the following order: free  For recognition memory, we measured both “hit-hit”
recall, scene-cued recall, and recognition. For the free re-recognition, which included only those items that were
call test, subjects were instructed to recall the names of correctly identified and assigned to the correct scene, and
all the objects they could remember from the set without “hit-miss” recognition which included both “hit—hit” items
regard to the scene with which it had been paired. For the and items that were correctly recognized but assigned to the
scene-cued recall test, each of the four scenes was preincorrect scene (i.e. item recognition regardless of scene
sented, one at a time, and subjects were instructed to recalfecognition).
only the objects that had been shown with that scene. Inthe Post hoc comparisons involving groups with < 10
recognition test, 48 target and 48 distractor objects were were only reported as significant when both post hoc
presented. Distractor objects were selected such that halfparametric (Tukey’'s HSD test) and non-parametric tests
were congruous with one of the studied scenes (six ob- (Mann-WhitneyU-test) wereP < 0.05, although for clarity
jects per scene) and half were incongruous with any of the only the results from the parametric tests will be reported.
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Fig. 1. Digit-monitoring performance of TBI patients and control subjects. TBI patients were subdivided according to GCS severity, and STBI patient
were additionally divided according to strategy (see text for explanation). Error bars represent S.E. of the mean.

3. Results well as the strategic allocation of attention across tasks.
Furthermore, primary ability on a given task may influence

3.1. Digit-monitoring task how much attention one allocates to that task. Nonetheless,
our examination of performance trade-offs between memory

3.1.1. Overall analysis and digit-monitoring tasks failed to reveal any consistent

As shown inFig. 1, both MTBI and STBI patient groups  group-wide relationships in the control and MTBI groups.
performed significantly better than the control group on the A consistent relationship was found in the STBI group,
digit-monitoring task F (2, 31) = 4.3, P < 0.02. These dif- however. Digit-monitoring was significantly correlated with
ferences persisted even when an outlier in the control groupboth free recall { = —0.81, P < 0.001) and scene-cued
with a score of 9.1% was excludefi(2,30) = 3.4, P < recall ¢ = —0.80, P < 0.001), although it did not cor-
0.05. The superior performance of the patient groups to the relate with either recognition task (object only:= 0.08,
control group was unexpected. Because it could have ariserobject-scener = 0.32). As shown inFig. 2, the scatter-
from differences in strategy (i.e. where control subjects bi- plot of these recall correlations revealed that the STBI group
ased attention in favor of the encoding task and TBI patients was composed of two well-defined subgroups: (1) patients
biased attention in favor of the digit-monitoring task), we scoring<85% correct on digit-monitoring and >15% cor-
investigated the relationship between these two tasks beforgect on recall, and (2) patients scoring >85% correct on

proceeding. digit-monitoring and<15% correct on recall. Relative to the
STBI group as a whole, the performance pattern of the first

3.1.2. Relationship between digit-monitoring and memory subgroup £ = 5) indicated a bias toward the encoding task

performance (encoding-bias (EB)), whereas the pattern of the second sub-

Fig. 2 shows performance on the digit-monitoring group ¢ = 8) indicated a bias toward the digit-monitoring
task plotted against performance on the free recall andtask (digit-bias (DB)). As expected, the STBI(DB) sub-
scene-cued recall tests. In the control group, performancegroup performed significantly better than controls on the
on the digit-monitoring task was not significantly correlated digit-monitoring task, whereas the STBI(EB) group did not
with any of the memory tests, even when the outlier de- differ from controls.
scribed above was removed. Likewise, in the MTBI group,  We were concerned that if combined into a single group,
there was no correlation between digit-monitoring and free the contrasting biases of these two STBI subgroups might
recall ¢ = —0.23) or recognition (hit-missr = 0.10, cancel each other out and mask potential group differences.
hit=hit: » = 0.01). Digit-monitoring and scene-cued recall Therefore, we created two a posteriori subgroups within the
performance at first appeared somewhat correlated in thisSTBI(all) group by dividing this group according to whether
group ¢ = —0.62, P = 0.05), but further analysis indicated ~ subjects demonstrated the digit- or encoding-bias strategies
that this correlation was heavily influenced by an outlier described above. As such, all analyses of memory perfor-
who scored more than 2 S.D. above the group mean. Whenmance were conducted on TBI groups defined both a priori
this subject was removed from the analysis, the correlation by severity (i.e. MTBl and STBI(all) groups versus controls),
disappearedr(= —0.33). When interpreting these results, and a posteriori by strategy (i.e. STBI(EB) and STBI(DB)
we must consider that performance on the two tasks reflectsversus MTBI and controls). The MTBI group could not be
the subject’s underlying ability on each individual task, as divided by strategy because clear performance-based subdi-
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visions did not emerge, but was included in this latter anal- 3.2.2. Overall recall performance
ysis for comparison against the two STBI subgroups. Overall free and scene-cued recall performance is shown
Although it was possible to counterbalance condition or- in Fig. 3. Two-factor (attentionx subject type) ANOVAs
der (i.e. focused and divided attention) within group when conducted on these two recall measures yielded similar re-
subjects were subdivided by severity, it was not possible to sults. As expected, subjects recalled significantly more items
do this for the division by strategy. As a result, there were in the focused attention condition than the divided atten-
more patients in the STBI(DB) than the STBI(EB) group tion condition on both tests (free recal:(1, 30) = 1656,
who had received the divided attention condition second. To P < 0.0001; scene-cued recalf(1,30) = 1207, P <
determine whether this difference influenced any of the re- 0.0001). In addition, for free recall, there was a main ef-
sults, order of condition was entered into each of the anal- fect of subject type, regardless of whether the TBI groups
yses described below. It had no significant effect on any were subdivided by severity(2,31) = 4.3, P < 0.05,

result. or strategy,F(3,30) = 6.8, P < 0.005. Overall, the STBI
group recalled fewer items relative to controls. Yet, when

3.2. Memory tests this group was subdivided according to strategy, it was only
the STBI(DB) group that was significantly impaired. The

3.2.1. Congruity effects STBI(EB) group was superior to the STBI(DB) group and

A main effect of congruity between scene and object equivalent to the control and MTBI groups. The difference
was found for all memory measureB (< 0.0001), except  between the MTBI group and control group failed to reach
hit—-miss recognition ® = 0.3). Overall, congruent objects  significance f = 0.1). For scene-cued recall, there was a
were remembered better than incongruent objects. A signif- marginal effect of subject type when analyzed as a function
icant interaction between congruity and attention was found of strategy,F (3, 30) = 2.8, P = 0.06, although there was
for hit-hit, F(1, 30) = 6.9, P < 0.01, and hit-miss recog- only a weak trend for this effect when analyzed as a func-
nition, F(1,30) = 4.8, P < 0.05. As expected, in both tion of severity,F (2, 31) = 2.3, P = 0.1. Post hoc analyses
cases, divided attention impaired memory for incongruent for scene-cued recall were in the same direction as those for
scene—object pairs more than for congruent pairs. However,free recall.
interactions between subject group and congruity did not  The interaction of attention and subject type did not reach
approach significance for any recall or recognition mea- significance, regardless of how subjects were grouped or
sures. Thus, to simplify the analyses that follow, memory whether recall was free or cued by scene (e.g. strategy:
performance was collapsed over congruous and incongruoudree recall: F(3,30) = 1.3, P = 0.3; scene-cued recall:

items. F(3,30) = 1.2, P = 0.3). Yet, it is possible that the large
. Free Recall . Scene-Cued Recall
40 ‘|v—
= X
(&]
2 23
20-
. 0 00
Focused Divided Focused Divided
Severity Strategy

[ Controls Ed STBI(Digit-Bias)
O MTBI STBI(Encoding-Bias)
[ STBI(all)

Fig. 3. Overall free recall (left) and scene-cued recall (right) performance. TBI patients were subdivided according to severity, and STBigratients
additionally divided according to strategy (see text for explanation); error bars represent S.E. of the mean and asterisks indicate differehees fro
control group ¢ < 0.05).
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effect of attention on all groups and the numerically poorer group did not differ from any of the other subject groups on

performance of the TBI groups in the focused attention con- the scene-cued recall test.

dition may have masked a disproportionate deficit in the TBI

groups in the divided attention condition. Because we pre- 3.2.3. Intrusion errors

dicted a priori that any recall memory deficits in the TBI The percentage of total free recall responses (i.e. cor-

groups would be more evident when information was en- rect and incorrect combined) that were classified as extra-

coded under conditions of high attentional load, we opted to and intra-experimental list-source errors (Sztion 2 is

explore this hypothesis further by analyzing group perfor- shown inFig. 4. The relative percentage extra-experimental,

mance in focused and divided attention conditions in sepa- list-source, and scene-source errors on the scene-cued re-

rate single-factor analyses. call test is shown irFig. 5. In both figures, the error rates
For both free and scene-cued recall, these analyses indi-are stacked to illustrate the total error percentage; however

cated that groups significantly differed in the divided atten- it should be noted that the probability of making these er-

tion condition (free recallF(3,30) = 123, P < 0.0001; rors was not equivalent. Whereas extra-experimental and
scene-cued recalF' (3, 30) = 5.9, P < 0005), but not the  scene-source errors could occur on either the first or second
focused attention condition (free recal:(3,30) = 1.7, list, list-source errors could only occur on the second list.

P = 0.2; scene-cued recalF (3, 30) = 0.8, P = 0.5). Post For all error types, participants most often intruded names

hoc comparisons confirmed that when items were encodedof objects that were semantically related to a target object.
under focused attention, there were no significant differencesit was less common for subjects to intrude a completely
between patients and controlB ¢ 0.2), with the exception unrelated item and quite rare for subjects to intrude items that
of the STBI(DB) group, which was significantly impaired on were only perceptually similar to a target object. Yet, given
free recall relative to controlsA( < 0.04). The STBI(DB) the small numbers of errors overall, we could not analyze
group was also largely responsible for the group effect in the effect of error relatedness further. All reported analyses
the divided attention condition. The STBI(DB) group was were conducted on total errors of a given type, regardless of
impaired in the divided attention condition for both free re- their relatedness to the target.

call and scene-cued recall. In contrast, the STBI(EB) group  On both free recall and scene-cued recall tests, list-source
did not differ from controls on either free or scene-cued re- errors did not differ as a function of attentiof & 0.5), nor

call, when encoded under either focused or divided atten- was there an interaction between attention and either group
tion conditions, and even performed better than the MTBI variable (P > 0.3). Although the effect of severity was not
group on the free recall test in the divided attention condi- significant, the effect of strategy on list-source errors was
tion. The MTBI group was impaired on free recall-divided marginally significant for both free recalk (3, 29) = 2.6,
attention relative to the control group, although they were P = 0.07, and scene-cued recali,(3,29) = 25, P =
significantly better than the STBI(DB) group. The MTBI 0.08. For free recall, this effect was driven by the STBI(DB)
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Fig. 4. Intrusion errors in free recall performance. Error rates for each type of error were calculated as a percentage of total responses.akgror rates
stacked to illustrate overall error rate in each group.
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Scene-Cued Recall Errors
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Fig. 5. Intrusion errors in scene-cued recall performance. Error rates for each type of error were calculated as a percentage of total respasss. Erro
are stacked to illustrate overall error rate in each group.

group, who made significantly more errors than either the controls. There was no interaction between attention and
STBI(EB) or MTBI patients £ < 0.03), and marginally group.
more errors than controls?(= 0.08). Indeed, only one of
the patients in the STBI(EB) group made any list-source 3.2.4. Free recall organization: clustering
errors, whereas all but one of the STBI(DB) group made Scene-related clustering in free recall provides an in-
list-source errors. Notably, the one patient in the STBI(DB) dex of semantic organization at retrieval. Aagtention x
group who did not make any list-source errors simply did not 4(group-strategy ANOVA indicated that clustering levels
produce any items during the second list test. For scene-cuedvere lower when items were encoded under divided atten-
recall, the pattern was similar, but post hoc comparisons did tion as compared to focused attenti@i(1, 30) = 4.8, P <
not reach statistical significance. 0.05. This main effect of attention was also observed when
Divided attention led to an increase in extra-experimental subjects were divided according to severity. Although there
errors in both free recallF (1, 31) = 5.6, P < 0.05, and was no overall effect of subject typ&y(3,30) = 1.2, P =
scene-cued recalF' (1, 31) = 8.3, P < 0.01. There was no 0.3, post hoc analyses indicated that only the STBI(all) group
effect of group on extra-experimental errors, nor did atten- demonstrated a significant decrease in clustering when at-
tion interact with group # > 0.5).! These results suggest tention was divided at encoding (focused: mean0.25,
that subjects in all groups were relying more on semantic SE.M. = 0.07; divided: mean= —0.10, SE.M. = 0.19),
gist and guessing at retrieval when items were encoded un-relative to controls (focused: mean0.32, SE.M. = 0.09;
der divided attention. divided: mean= 0.13, SE.M. = 0.07). Clustering in the
Scene-source errors were significantly affected by group, MTBI group did not differ as a function of attention (fo-
F(2,31) = 3.6, P < 0.05, but not attention® > 0.1). cused: mear= 0.22, SE.M. = 0.93; divided: mean= 0.22,
Somewhat surprisingly, it was the MTBI patients who S.E.M. = 0.18). The poorer performance of the STBI(all)
produced significantly more scene-source errors overall in the divided attention condition was largely due to the sig-
than either STBI subgroup (STBI(DBP < 0.05, versus nificant effect of attention on the STBI(DB) group (focused:
STBI(EB): P < 0.05), although the MTBI patients did not mean= 0.23, SE.M. = 0.89; divided: mean= —0.31,
differ significantly from controls. The STBI(EB) subgroup S.E.M. = 0.29). The STBI(EB) group did not show a sig-
actually produced marginally fewer scene source errors thannificant change in clustering as a function of attention (fo-
cused: mear= 0.29, SE.M. = 0.11; divided: mean= 0.23,
SEM. =0.9).
1 The apparent high extra-experimental error rate for the STBI(DB)
group under divided attention was due to a single outlier with a 325 Recognition

71% extra-experimental error rate on the free recall test and 80% . .
extra-experimental error rate on the scene-cued recall test. Interestingly, Table Zillustrates the percentage of objects that were

this individual was also the only TBI patient whose acute CT scan demon- cqrreqtly recogmzed and associated Wlth the correct scene
strated bilateral frontal damage. (hit=hit recognition), the percentage of objects correctly rec-
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Table 2
Recognition memory performance
Controls MTBI STBI
All Digit-bias Encoding-bias

Hit—hit

Focused 69.2 (4.7) 65.9 (4.5) 72.3 (4.5) 69.3 (5.8) 77.1(7.2)

Divided 53.5 (4.3) 43.2 (3.9) 46.6 (4.1) 40.6 (4.2) 56.3 (6.5%4
Hit-miss

Focused 86.5 (6.3) 92.8 (1.3) 90.9 (3.3) 88.5 (4.9) 94.6 (3.5)

Divided 81.3 (4.7) 70.6 (2.2) 73.2 (5.2) 69.3 (6.7 79.6 (8.1)
False alarms

Focused 4.0 (1.5) 6.8 (2.2) 5.8 (1.9) 7.8 (2.7) 25 (2.1)

Divided 11.3 (2.5) 16.3 (3.7) 16.5 (3.6) 19.0 (4.5) 12,5 (6.1)

Hit rates for object—scene (hit-hit) and object-only (hit—-miss) recognition, and false alarms. Standard errors of the means are given irsparenthese
aSignificantly different from controlsK < 0.05).
b Marginally different from controls # = 0.05-Q07).
¢Marginally different from MTBI.
d Significantly different from encoding-bias STBI.

ognized, but associated with the incorrect scene (hit-misscontrols (P < 0.04) and the MTBI group was marginally
recognition), and false alarm rate. impaired relative to controlsR = 0.07).

Hit—miss recognition was corrected for false alarm rate,
which did not differ across groups,(3, 30) = 0.6, P = 0.6. 3.3. Rdative “ cost” when items were encoded under
For this corrected hit-miss recognition, there was a main ef- divided attention (all retrieval measures)
fect of attentionF'(1, 31) = 72.4, P < 0.0001, and a signif-
icant interaction between attention and sevefity], 31) = The single-factor analyses and post hoc comparisons
3.8, P < 0.05. The interaction with strategy, however, was across all four retrieval measures consistently demonstrated
only marginally significantF (1, 30) = 2.6, P = 0.07. As that the MTBI and STBI(DB) groups suffered from dis-
with the recall analyses, post hoc comparisons indicated thatproportionate deficits in the divided attention conditions.
there were no group differences in the focused attention con-Nonetheless, two-factor (group attention) ANOVAs on
dition, but that in the divided attention condition, MTBI pa- these retrieval measures failed to yield any significant in-
tients were impaired relative to control® (< 0.05). The teractions, with the exception of hit—-miss recognition when
difference between controls and STBI patients in the divided analyzed as a function of severity. It is likely that the nu-
attention condition failed to reach significance & 0.1), merically lower, though not statistically lower, performance
yet the MTBI and STBI patient groups also did not sig- of the TBI groups on the focused attention conditions may
nificantly differ from each other. When divided into STBI have weakened our potential to detect these interactions.
subgroups, only the STBI(DB) patients were significantly Therefore, we also calculated performance in the divided
impaired relative to the controls’(< 0.04). STBI(EB) pa- attention (DA) condition as a proportion of performance
tients did not differ significantly from any of the other groups in the focused attention (FA) condition (% retrieved in DA
(P =0.2). condition/% retrieved in FA condition), thereby treating fo-

When we turned our analysis to hit—hit recognition, we cused attention performance as a baseline. Consistent with
found only a significant effect of attentiof(1, 31) = 95.3, the single-factor analyses of divided attention performance,
P < 0.0001. The group attention interaction did notreach the STBI(DB) group was impaired relative to controls on
significance regardless of whether it was analyzed as a func-all types of retrieval P < 0.05). Yet, this group was only
tion of severity or strategyR > 0.3). Nonetheless, because impaired relative to MTBI or STBI(EB) groups on free and
we had predicted a priori that group differences would be scene-cued recall tasks, perhaps suggesting that the abso-
more apparent when scene—object pairs were encoded unlute magnitude of the STBI(DB) impairment was somewhat
der divided attention, we again cautiously explored post hoc related to the amount of environmental support at retrieval.
comparisons within each level of attention. There were no The MTBI patients demonstrated a significantly greater
group differences when the scene—object pairs were encodedcost” from divided attention than controls on hit—miss
under focused attention. In the divided attention condition, recognition ¢ < 0.02) and scene-cued recal? (= 0.05).
however, the STBI(EB) performed significantly better than For the STBI(EB) group, the effect of divided attention was
the STBI(DB) group P < 0.04), and marginally better than  equivalent to controls across all tasks, and also equivalent
the MTBI group (P = 0.06), but did not differ from controls.  to MTBI patients for all tasks except scene-cued recall,
The STBI(DB) group was significantly impaired relative to where they were marginally betteP (= 0.08).
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Table 3

Memory performance, neurobehavioral and neurological status at time of injury of STBI subgroups

Subgroup Free recall Scene-cued recall Neurobehavioral/neurological status

Focused Divided Focused Divided GCS PTA LOC Lesion Edema

Digit-bias
KW 22.9 0 22.9 0 3.0 37.9 144 None No
NH 50.0 12.5 31.3 6.2 9.0 NA <0.5 R-pariet No
T™W 52.1 14.6 56.3 12.5 5.0 125 96 L-front No
MH 39.6 6.2 29.2 4.2 10.0 175 NA Bi-front No
KM 31.2 4.2 25.0 21 11.0 22.9 32 L-front Yes
JK 47.9 6.2 41.7 8.3 6.0 27.9 72 None No
KP 35.4 12.5 25.0 6.3 9.0 NA 39 None Yes
LL 29.2 12.5 39.6 12.5 6.0 NA NA NA NA

Mean 38.5 8.6 33.9 6.5 7.4 237 63.9

Encoding-bias
TP 27.1 27.1 22.9 18.8 9.0 26.9 48 R-Temp Yes
MS 41.7 29.2 29.2 27.1 3.0 22.9 48 None No
LD 54.2 33.3 41.7 29.2 7.5 33.9 128 None Yes
BH 54.2 25.0 50.0 18.8 7.5 285 96 None No
MM 56.2 22.9 54.2 18.8 7.5 20.5 24 None No

Mean 46.7 275 39.6 225 6.9 26.5 68.8

3.4. Encoding-bias STBI versus digit-bias STBI observable focal lesions (three frontal, one parietal), whereas

focal lesions were apparent in only one of the five STBI(EB)

Despite differences in functional outcome on the current patients. Notably, the STBI(EB) patient who had focal dam-
study, these two subgroups were similar, both to each otherage in the right temporal lobe demonstrated a different pat-
and to the other groups, with regard to many subject charac-tern of performance than the other patients. Although he
teristics, including age, education and gender distribution, performed within the range of STBI(EB) patients on the di-
as well as tests of pre-morbid intelligence (i.e. Information vided attention tasks, his performance on the focused atten-
and Vocabulary subtests of the WAIS-R) and frontal-lobe tion tasks was quite low, and unlike the other patients in
function (seeTable 1. Notable differences between the this group, his performance did not decline as a function of
STBI(DB) group and the other groups included poorer divided attention.
performance on standardized neuropsychological tests of
delayed memory (i.e. Delayed Figural Memory and Story
Recall subtests of the WMS-R) and some tests of speeded?. Discussion
performance (i.e. Digit-Symbol subtest of the WAIS-R,
phonemic fluency), as well as fewer categories achieved on In the present investigation, memory deficits in TBI pa-
a concept generation test that measures mental flexibility tients classified as either mild or moderate-to-severe with
[29], similar to the California Card Sort Tel§t]. In contrast, standard clinical measures were most evident when the exec-
the STBI(EB) group was not only statistically equivalent utive control of attention was challenged by dual-task encod-
to controls on the majority of neuropsychological tests, but ing conditions. However, there was significant heterogeneity
actually performed numerically better than controls on five in the nature and degree of deficit when we examined perfor-
out of six WMS-R memory subtests. The notable exception mance carefully as a function of both injury severity and task
for this group was slower overall performance on both trails bias. Although these patterns were only evidenced when we
A and B, although there was no evidence of disproportion- explored the data through single-factor ANOVAs and post
ate slowing on trails B. It is unclear whether this slowing is hoc comparisons, the internal consistency of the data was
evidence of a speed—accuracy trade-off, as number of errorsencouraging and warrants discussion. We observed similar
did not differ between groups. patterns of memory performance in these groups regardless

With regard to neurological and neurobehavioral status at whether memory was tested with tasks that taxed strategic
time of injury, there were no differences between these sub- processing at retrieval (i.e. recall) or provided more envi-
groups on standard indices of injury severity (i.e. GCS and ronmental support (i.e. recognition). Semantic congruity be-
PTA), number of hours unconscious, or presence/absence ofween object and scene also did not interact with group. Both
edema (se@able 3. Yet, there appeared to be a higher inci- TBI patients and controls found the semantically congru-
dence of focal brain damage in the STBI(DB) group. Over ent objects easier to remember than the incongruent objects
half of the STBI(DB) patients with available CT scans had across all encoding and test conditions.
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This pervasive memory deficit in the TBI patients as a  The pattern of performance exhibited by moderate-to-
whole across stimulus and test manipulations designed tosevere TBI (STBI) patients appeared similar to the MTBI
be sensitive to differences in attentional resources was un-group when first analyzed as a whole (i.e. a priori anal-
expected and suggests that, in our patients, the quantity ofysis). Importantly, however, very different results emerged
available resources was affected less than the ability to al-within this group when functional differences in strategy
locate these resources as effectively as possible. In genwere taken into account (i.e. a posteriori analysis). Specifi-
eral, these patients may spend more time attending to thecally, there appeared to be two distinct subgroups of STBI
digit-monitoring task and/or take longer than controls to patients: one group who appeared to bias their attention
switch attention between tasks. Yet, when attention is even-more toward either the digit-monitoring task than the mem-
tually switched to the memory task, the resources available ory task (STBI(DB)) and one that appeared to bias attention
are such that encoding processes may take place as theynore toward the encoding task or at least equally between
would in control subjects, or at least at the level that the the two tasks (STBI(EB)).
patient was capable of under focused attention. Such an in- The cognitive bias of the STBI(DB) group proved
terpretation is consistent with the findings of some previ- maladaptive. It led to superior performance on the
ous studies, in which the degree of dual-task deficit differed digit-monitoring task, but severely impaired memory per-
as a function of demand that the secondary task placed onformance on both recall and recognition tests. Evidence
switching processes or could be accounted for wholly by of poor strategy use was apparent in other aspects of their
performance deficits on the single-tasks al¢h®,40,64] performance as well. Strategic retrieval was impaired, as
Indeed, the heterogeneity that we observed as a functionsuggested by impaired overall free recall even in the focused
of injury severity and task bias may be best understood in attention condition, as well as impaired semantic clustering.
terms of differences in baseline ability and strategic alloca- Yet, unlike the MTBI patients, the STBI(DB) group did
tion of attention. We will now address these differences in not demonstrate significantly more intrusion errors of any
detail. type, although one subject produced a heightened number

MTBI patients demonstrated a unique pattern of intrusion of extra-experimental errors.
errors. They made significantly more scene-source errors Notably, patients with severe memory deficits, arising
than controls—analogous to the type of source monitoring from either basal forebrain damaf&/] or medial tempo-
deficits observed in patients with dorsolateral prefrontal ral lobe damag@16,47,52] appear more likely than normal
damage (e.g[21]). In addition, although MTBI patients controls to make extra-experimental source errors or intrude
demonstrated significant impairment on only one of the items that are unrelated to target items. Yet, these subjects
administered tests of frontal-lobe function (i.e. phonemic are less likely to make intra-experimental source errors or
fluency), performance on this test was negatively corre- errors based on semantic gist. Melo et[all] propose that
lated with the decline in scene-cued recall performance in the latter type of error requires the extraction and retention
the divided attention conditionr (= —0.71, P < 0.02). of at least some semantic information about target items
Frontal-lobe test performance and memory performance and will not occur in patients where memory deficits are se-
did not correlate in any of the STBI subgroups. Finally, vere enough that little item information is retained. Because
although both the MTBI group and the STBI(DB) subgroup STBI(DB) produced normal intrusion rates, but impaired
(described below) were disproportionately impaired in the performance on delayed Figural and Story Recall subtests
divided attention condition, unlike the STBI(DB) group, of the WMS-R, we cannot rule out the possibility that this
the MTBI group did not demonstrate impaired performance group not only had severe deficits in executive control, but
on standardized neuropsychological tests of immediate andalso suffered from basic memory encoding deficits similar to
delayed memory. those found in patients with medial temporal lobe amnesia.

Taken together, these results suggest that MTBI patients One possible explanation for the bias of the STBI(DB)
suffer from a milder deficit in memory and executive con- group is that they were aware of their episodic memory en-
trol than STBI patients, and overall, demonstrate a pattern coding deficit, and may have adapted to this deficit by allo-
of memory deficits similar to that of frontal-lobe patients. cating effort only to tasks that they knew they might be able
Although the damage in MTBI may not be severe enough to accomplish with some level of proficiency, such as the
to elicit clinically significant memory impairment when en- on-line digit-monitoring task. On the other hand, their bias
coding takes place under focused attention, it may lead to may not have represented a conscious choice, but rather, may
a “fragility” of cognitive function in which this “normal” have resulted from involuntary distraction by the potentially
focused attention performance is accomplished only with greater saliency of the digit-monitoring task. TBI patients
maximal effort. This leaves little reserve for when perfor- have difficulty in maintaining attention to a primary task, a
mance demands are increased further. Neuroimaging studiesleficit that may be exacerbated when distracting stimuli are
of MTBI patients have also shown evidence of hyperme- present in the environmef$8,69] Event-related potential
tabolism in task-relevant areas on tests of working memory (ERP) studies have shown that chronic moderate-to-severe
and sustained attentioii7,35] suggesting that these pa- TBI patients elicit enhanced neural responses related to the
tients require greater effort to perform these tasks. involuntary orienting of attention (i.e. P3a, MMN) at the
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onset of novel, unexpected stimuli, suggesting that they ential recovery within TBI group§24,41] Although there
suffer from increased reactivity and distractibilig2,23]. was some suggestion of greater focal damage in the more
In contrast, ERP components associated with the working impaired STBI group, there was insufficient power to ana-
memory and the conscious detection of task-relevant eventslyze lesion effects. Moreover, acute CT may underestimate
(i.e. P3b), show attenuation and increased latency (for re-the extent of focal and diffuse neuropathology in chronic
view se€[7]). TBI patients, which is better revealed by MRI3,25] or
Alternatively, the bias of the STBI(DB) patients toward functional imaging[15,20] acquired in the chronic phase.
the secondary task may represent a deficit in shifting atten- Functional neuroimaging may also reveal altered functional
tion. Using a strategy application task (R-SAT), Levine et al. networks that distinguish subgroups of patients, even when
[30] demonstrated that both mild and moderate-to-severe structural neuroimaging findings are otherwise similar
TBI patients have difficulty in executing task-appropriate [27].
strategies in the face of distracting stim{8D]. Yet, a sub- A second possibility is that these two subgroups differed
sequent study found that only the more severe TBI patientsin “cognitive reserve,” operationally defined as the degree to
were impaired when efficient performance required sponta- which one can withstand neurological insult without demon-
neous shifting from a previously reinforced response pat- strating clinically-significant behavioral impairment (for re-
tern to a new pattern even though learning and retention of view see[55]). The cognitive reserve hypothesis has been
task instructions was inta¢®8]. In the present study, the used to explain why demographic variables, such as age,
digit-monitoring task was always practiced at least once be- education, and occupation, have sometimes yielded more
fore the dual-task commenced, and the experimenter startecsuccess than acute severity measures in explaining variance
the presentation of the digits approximately 5s before the in long-term cognitive outcome after TB4#1,44] Specifi-
presentation of the pictures during the actual task. Thus, cally, advanced age, lower education or premorbid intellec-
STBI(DB) patients may have had difficulty shifting atten- tual ability, a stressful occupation, and a previous history of
tion from the digit-monitoring task, despite understanding neurological or psychiatric problems have been associated
the instruction to divide attention equally across tasks. with poorer recovery, potentially because they leave the in-
The intact performance of the STBI(EB) group, however, dividual with less neural resources and/or a smaller dynamic
indicates that severe TBI at the acute stage doeemt range of strategies with which to deal with the effects of
essarily resign one to debilitating, chronic impairments in brain trauma. In the present sample, however, there was no
attention and memory. Although they were less accurate ondifference between STBI subgroups, or between the good
the digit-monitoring task than the STBI(DB) group, their memory STBI group and the MTBI group, on measures of
performance on this task was not impaired relative to con- age, education, or standardized neuropsychological tests of
trols. The STBI(EB) patients also performed within normal pre-morbid 1Q. Similar to the problems of low resolution as-
limits on all standardized neuropsychological tests and on all sociated with CT scans, however, these measures also serve
of the experimental memory tests regardless of attentionalas only a crude indicator of the “active reserve” that may
load. Not only did this group exhibit superior encoding even endow individuals with a larger and more efficient set of
under conditions of high attentional load than the other TBI strategies for approaching a task.
groups, but also better retrieval monitoring. STBI(EB) pa-  Intact executive control may have contributed to the opti-
tients exhibited very low error rates across all error types and mal strategy of the STBI(EB) group. As a result, this group
were marginally better than controls and significantly bet- was able to compensate for acute injury that, at least with
ter than MTBI patients in minimizing scene-source errors. the measures available, appeared as severe as the STBI(DB)
It is possible that these patients were less prone to intru- group. Given that the mean of the MTBI group was typically
sions because awareness of the severity of their initial injury between that of the good and poor STBI groups, however,
made them more motivated than control or MTBI patients we cannot rule out the possibility that there also were some
to monitor slips (also seR8]). Indeed, the relative bias of MTBI patients who adopted more (or less) optimal strategies
this group toward the encoding task may have representedthan others, even though the group as a whole demonstrated
a deliberate strategy to compensate for concerns about poodeficits commensurate with impaired executive control. One
memory. reason that trade-offs may have been less apparent in the
What factors at the time of injury might account for the MTBI group is that the digit-monitoring task was not as dif-
behavioral differences in chronic outcome between STBI ficult for them, and therefore did not force patients to bias
subgroups? Unfortunately, detailed analysis of demographicattention consistently toward one of the two tasks. Future
and neurobehavioral profiles at the time of injury provide studies with TBI patients could investigate possible differ-
little insight. We propose two possible hypotheses for the ences in dual-task trade-offs more systematically by assess-
poor predictive validity of these measures. First, there may ing performance when explicitly instructed to emphasize one
be differences in quantity and quality of acute injury that task over the other, then comparing this performance with
our injury severity measures were too crude to detect. It performance when the two tasks are given equal emphasis,
is not unprecedented for standard behavioral severity mea-similar to Craik et al.[8]. Such a comparison could po-
sures, such as LOC and PTA, to fail to account for differ- tentially reveal whether a patient characteristically exhibits
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a particular type of bias, as well as whether the patient is heterogeneity of strategy could only be observed in the group

capable of exerting cognitive control over the allocation of effect, manipulation of task emphasis may be able to reveal

resources. strategy differences on an individual basis, where it could
provide important information regarding the direction and
success of an individual’'s rehabilitation program.
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